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BBepgeHue

[MepBoe 3HAKOMCTBO ¢ MATEMATHKOM (M €e MaTepUATTbHBIMH aTpuOyTaMH) y Kax-
JOr0 4YeJ0BeKa MPOUCXOAUIIO N0-CBoeMyY. Jljisi MHOMMX 3TO ObLIN CUETHBIS Nanoy-
KH, ¢ MOMOIIBIO KOTOPBIX BBITIOMHSIUCH SICMEHTAPHBIC MAaTEMATHUSCKUE Orepa-
LKW CJOXKCHHUA W BbIYHUTAHUA. I[aﬂee Ha CUCHY BbIXOAWIHU 60nee 3aMbICJIOBAThIC
MEXaHH3MBI, Bpoje JorapudMudeckoii muHeiiku. Ha ¢oHe KambKyIsaTOpOB Bee 3TO
KaKeTCsl IETCKOH UrpyLIKOH 0COOSHHO celiuac, Korja mpakTuuecku Jitoboe pado-
Yyee MECTO, MPUYEM He TOIBKO YYEHOTO-HCCIEeIOBATeNsl, HO M MPOCTOTO KIepKa,
OCHAILIIEHO MEPCOHAIbLHBIM KOMITbIOTEpOM. Ha 3ape ke pa3BuTHs BbIYMCIUTENbHOM
TEXHUKH T€ BO3MOKHOCTH, KOTOPBIMU B HACTOsIIEE BpeMs 00aqaeT YeoBeuecT-
BO, BbIMIseM npocto daHTacTukoi. M ecnu B 06JacTH UUCIEHHBIX PaCUETOB HC-
KITFOUHUTETBHYIO POJIb KOMIBIOTEPOB MPEAyrafaTh ObUIO HECIOXKHO, BOZMOXKHOCTh
MX WCIOJIb30BaHUs /Uil aHAIM3a B CUMBOJILHOM BH/IE HE MPEJICTaBIIsIaACh CTOJIb
OYEBHIHOMN. PeasbHOCTB, TEM He MEHee, MPEB30LILIA BCE OXKHIAHHUS.

Ha ceromns cymmecTByeT HECKOIBKO MAaTEMaTHUYECKUX MAKETOB, C TIOMOIIBIO KOTO-
pbix ObicTpo, NpocTo U 3(PPEeKTUBHO BLIMOMHSAIOTCS CIOKHbIE MaTeMaTHUECKHE
pacdeThl, IpUUeM Jake B CUMBOJIBHOM BHUZE. 31ech cleqyeT 0OpaTuTh BHUMAaHUE
yuTaTeNsl HAa TaKWe CPeACTBAa BbluuciieHul, kak Maple, Mathematica n Mathcad.
[MakeTsr 3TH BBIIENCHBI HMEHHO TIOTOMY, YTO B HHUX Ha JIOCTATOYHO CEPbE3HOM
YPOBHE MOAJIEPIKUBAIOTCS CUMBOJIbHBIE BbluMciieHus. Yto kacaercs nakera Mathcad,
KOTOPOMY TIOCBSIIIEHA JaHHAS KHUTa, TO B HEM CHMBOJIbHBIC BBIYHUCIICHHS SIBIIS-
I0TCS CKOpee JaHblO MOAE U OTBETOM Ha COBPEMEHHbIC BbI30Bbl pbiHKa. OJHAKO
3TO HU B Koeil Mepe He ymaiyisieT Bo3MokHOcTelt Mathcad, ckopee HaoGopor. OH
HEeU3MEHHO MOIYJISIpeH, 0COOEHHO CPeAM CTYJEHTOB U HHKEHEPOB (MO-BUAUMOMY,
B CHJIy TIPOCTOTHI B3aUMOAEHCTBHUS TOIB30BATENS ¢ TPUIOKEHHEM U TPO3PavHO-
CTH BBIMOJIHSIEMbIX onepaluii). BoaMOXHOCTH NPUIIOKEHUs NOCTOSHHO pacluupsi-
1oTca, B cuimy dero Mathcad Bce warme wucmonb3yercs He TONBKO B (pu3MKO-
MHXKEHEPHBbIX pacyeTax, HO M MpU PelleHUH 3a7ay DKOHOMHKH, B (PMHAHCOBbBIX
pacdeTax, B COLMOIOTHN U OUOJIOTHH (CITUCOK MOYKHO TPOIOTIKHUT).



2 BeedeHue

ns Koro ata KHura

UuraTento npeanaracTes KHUTa, B KOTOPOM Ha IIPOCTHIX U Oosee CIOXKHBIX IpUMe-
pax M 3amadax OMMCHIBatOTCS Bo3MoxHocTH Mathcad u mMetoasl paboThl ¢ HUM.
[IpencraBneHHble 3agauu B OCHOBHOM MaTeMaTHUYecKHe Win ¢pusndeckue. OnHAKO
OHHU MOTYT CIIy>KUTh OCHOBOM U151 peLCHUs 3aAa4 U3 APYTUX 0OJacTeid.

IIpumepsl pa3HOro ypOBHS CI0KHOCTH paccMaTpHUBalOTCs He citydaliHo. C oaHoi
CTOPOHBI, NPOCTbIe MPUMEPbI OYJYT MOJE3HbI TEM, KTO MOKA UYTO MJIOXO 3HAKOM
¢ BbICLIECH MaTeMaTUKON. [IpocToTa NpUMEpPOB NO3BOJUT UM COCPENOTOUNUTLCA HA
0cO0EHHOCTAX padoThbl MPUIOKEHHs, @ HE MATEMaTHUECKOH CyTH pellaemMoi 3aja-
yu. C Apyroi cTopoHbl, YuTaTeNb, 00JaAAI0UIMI JOCTATOYHBIMH NO3HAHHUIMU
B 00J1aCTH MaTeMaThyeckoro aHanusa u auddepeHumnaibHbIX YpaBHEHUH, CMOXKET
BOOUMIO yoenuTbed, uro Mathcad UCKIIIOUMTENLHO MOJME3€H NPU PEUICHHH CI10XK-
HbiX 3a1a4. TyT, oaHaKO, cpa3y OTMETHM, YTO €Ciu pelieHre TOH WIIM WHOH 3aja-
yy TpeOyeT crneuuaibHbIX MO3HAHWI B O0JIACTH BbICLUEH MaTeMaTWKW, B KHHre
NPUBOAUTCS B HEOOXoaMMas TeopeTuueckas WHPOPMALIMS 110 3TOMY BONpPOCY.
Tak uTo uuraTento He mpujercs odpallaTbes K cCreuuanbHOM JuTeparype (XoTs
3TO MOJIE3HO J1eN1aTh).

Takxum 06pa30M, KHUTA MOKET OBITh MOJIe3HOMH crenyalimcraM, HMCIOIIKUM €TI0
¢ MNpPUKIAAHBIMU MAaTCMATUYCCKUMU pacyHCTaMH. B ocHoBHOM 3TO HAy4YHBIC CO-
TPYAHUKH, UHIKCHCPBI, CTYACHTHL q)I/IBI/IKO-MaTeMaTI/I‘IeCKI/IX, HWHKCHCPHBIX U 3KO-
HOMHUYCCKHX BY30B, 4 TAKKC BCC, KTO HHTCPECYCTCA COBpPCMCHHBIMU BbBIYUCIIN-
TCJIbHBIMHU CPCACTBAMMU.

CTpyKTypa KHUIU

Knura coctout u3 cemu rnaB. YCIOBHO e¢ MOKHO pa3fenuTh Ha aBe yactu. [lep-
BbI€ TPH IJIaBbl OCBAIICHBI OMUCAHUIO rpadudeckoro uHTepdeiica Noap30BaTeNs
(nepBast rnaBa), OCHOBHBIM 3JIEMEHTAPHBIM OMEPaLMsIM, KOTOPbIE MOTYT BBINOJ-
HATBCA C TIOMOLIBIO NPUWIOKEHUs (BTOpas IyiaBa), MeTogaMm paboThl ¢ rpadUKoM
(TpeTbs TaBa). DTH TPU TaBbl cOAEPKaT 0a30BbIe CBEACHUS, HCOOXOOUMBIC IS
yCIeHOM paboThl ¢ mpuaoxkeHueM. YerBepras riaBa MOCBALIEHA METOAAM MpO-
rpaMMHpoBaHus ¢ noMoiesko Mathcad. B HekoTopoM cMmbicie 3Ta riaBa nepexo-
Has. [IsTas, wecras u ceapmas IaaBbl LEJIUKOM MOCBALICHBI PEIICHUIO MTPAKTHYE-
CKHMX 3a1a4 (B OCHOBHOM U3 Kypca BbICIIeH MaTeMaTuku). B maToit (oTHOCHTEIBHO
HeOONBLIOHN) IMaBe paccMaTpUBAIOTCA 3JEMEHTAPHBIE METOXbl BBIIOJIHECHUS CUM-
BOJIHBIX BBIUMCIICHUNA. bornee cnokHble 3amaud pelnaroTcss B IUECTOH IJiaBe.
Cenpmas riaBa NOCBALIEHA YACICHHBIM METOAAM M CTATUCTUUECKOMY aHATHU3Y.

Kaknas rnaea (kpome nepBoii) Britouaet B cedsl npumepsl M 3a1aud (BO3MOXKHO-
CTH MPWIOKEHHUs WIIIOCTPUPYIOTCA B MpoLecce UX peulenus). PazaeneHue npak-
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TUYECKHUX MaTepUaiOB Ha MPHUMEPbI U 3aJa4l JOCTaTouHO yciaoBHoe. Kak mpasu-
JI0, K 3aa4aM OTHECeHbl KOMIUICKCHbBIE MPOOIEMBbI, PELIEHUEe KOTOPBIX MOApasy-
MEBAeT UCMOIB30BAHNE HECKOIBKUX METONOJOTHUECKUX MOAX0A0B (XOTS 3TO U HE
Bcerga Tak). Ha mpunaraeMoM K KHUrMe KOMIAKT-IHCKe coxaepkarcsa (aiiibl
¢ IpUMepaMHy U 3aa4aMi U3 KHUTH (cM. npunodicenue ). Kaxnelii mpumep umeet
Ha3BaHWE, B TOYHOCTH COBMNAJAIOIIEe C Ha3BAHUEM COOTBETCTBYIOLIEro (haiina Ha
KOMNAaKT-Aucke. Ha3BaHus 3amad HECKOJNBKO OTJIMYAIOTCS OT TEX, YTO B KHUrE,
OHAKO COOTBETCTBHE MOKHO YCTAHOBUTH MO HOMepaM. Hymepauus npumepoB u
3ajJa4 CKBO3HAs B mpenenax riasel. [IpuMepsl n 3agauu HyMEpYyOTCS HE3aBUCHMO
OpyT OT Apyra.

O Bepcuu nakeTa

OcHOBHass BepcHs TaKeTa, paccMoTpeHHas 37ech — Mathcad 13 (Ha MomeHT
HaMMCaHUs KHUTH 3TO MoclienHss Bepeus). Tem He MeHee, Bce IpUMepbl noadupa-
JIUCH C TAKUM PacyeToM, YTOObl OHHM pellaIuCh TEMH K€ METOAaMU U B OoJiee paH-
HUX Bepcusx npunoxkenus. Kpome toro, erasa 5 comepxur paszaen (MCnoiab3oBa-
HHe kKoMaH Maple), onmcheiaromuii ocobeHHoCTH npeapblayinei Bepcun (Mathcad 11).
UznoxeHHbIM B KHUre MaTepyail B MUHUMAJIbHOM CTENEHH OPUEHTHPOBAH Ha OCO-
OeHHOCTH, TIpUCcyInue Tombko 13-if Bepcun Mathcad (3a uckmouenneM, TOKaIyH,
HEKOTOPBIX 3IeMEHTOB rpaduueckoro uatepgeiica moabp3oBaTens).

Bce e Ha oiHO 0OCTOSITENLCTBO ciieyeT o0paTuTh BHMMaHue vurateds. Jeno
B TOM, YTO 3alMCaHHble Ha MPUJIaraeMoM K KHUI'e KOMMNakT-Aucke daiiiabl coxpa-
HslMCh Kak aokymeHTbl Mathcad 13, moaTomy npu nomnbiTKe OTKPLITH UX C MOMO-
1ibto Hosiee paHHeH BepCUM MPUIIOKEHHSI MOTYT BO3HHKHYThL NPOOJIEMBbI.

Komnakr-anck

Kak ormeuasnioch, K KHUIe MPUIAraeTcs KOMMNAKT-JMCK C MPUMEPaMU M3 KHUIU,
3TO JOMKHO 00JIErYnTh YMTATENO Npollece YCBOeHusl Matepuana. Jlng ynobcrea
BCE MPUMEPbl pa3OuThI MO IJiaBaM, Ha3BaHWUs (AIOB OJIHO3HAYHO YKA3bIBAIOT,
0 KakoM npumepe uaer peds. [logpoOHoe onucaHue KOMNAKT-AUCKA MPUBEICHO
B npusiodicenuu 1.

O cnucke nutepaTypbl

B KkoOHlLIle KHUIKM NpUBElEH KPaTKWH CMHUCOK JIUTEPaTypbl, KOTOpas MOMKET ObITh
NoJie3HOH uuTaTesto B npouecce uzyueHus Mathcad win B panbHeliniem npu pa-
6ore c npunokeHueM. Kpome KHUI HEMOCPEICTBEHHO MO MPUIMKEHHIO, TaM
MNpeACTaBJICHbl TAKIKE HEKOTOPLIC CliCUUa/IbHLIC HU3JaHWd 1O (bl/ISI/IKe M BbICLIEH
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MatemaTuke. ClemyeT MOHWMATBH, YTO CIHCOK 3TOT, B CHJIY IMOHATHBIX M OOBEK-
TUBHBIX MTPUYMH, HE SBJISETCS UCUESPITHIBAIOIINM (B HETO, HAITPUMEp, HE BKITIOUSHBI
AHTTIOA3BIYHBIC M3aHUS, 4 KHUTH TI0 pa3HbIM BepchsaM makeTa Mathcad ykazaHsl,
HaunHas ¢ Mathcad 11). Ynratemo mpepocTarisercs MoiHas cBododa BBIOOpa
WCTOYHUKOB MHpopManuu. OTMETHM JIHUINb, YTO B TIOCJIeHEe BpeMs KHUT U CTa-
Tel MO cUcTeMaM KOMMBIOTEPHOM MaTeMaTHKH BBIXOAUT Bce OOJbIne W OOIbIle,
y>Ke MO>KHO BBIJGNIUTS TieJTbie HATIPABIICHUSI W IIKOJTBI B ATOH 00IacTy.

BnarogapHocTu

Mou cryaeHdYeckue rojibl COBNAIM C TeM BpeMeHeM, Korja pyluuiach 6oJibuias
CTpaHa, BOKpYT Obljl )KyTKMH Xaoc M HeonpeaeneHHoCTb. Hayka u Toraa, v ceiivac
NEPEIKUBACT HE CaMbI€ JIYHLIIUC BPEMCHA. Tem He MCHECC, 1 HUKOraa HC UCIIbIThIBAJI
HEO0CTaTKa HU B KHUIraxX, HU BO BCEM OCTAJIbHOM, YTO TaK WJIM MHAYC OTHOCHTCH
K JKW3HHU CTYJIeHTa (MU He TOJIbKO). B pesynbrare 310 no3B0JMI0 NOayUuTh 00paso-
BaHWE W 3aHUMATbCS B MU3HU TEM, YTO MHe HpaBuTci. B aTom Bceueno 3acnyra
MOUX POAUTENICH, KOTOPBIM I XOUY BbIPa3uTh CBOIO UCKPEHHIOIO U OrpoMHYyto Oia-
rOAAPHOCTb ATOM CKPOMHOM KHUTOH.

OGpaTHas cBA3b

ABTOp 6y,I[CT 6J1ar02[apeH UUTATCIIAM 3a KPpUTHYCCKUC 3aMCUYaHUA MO MMOBOAY KHH-
TH. Afpec 3MEKTPOHHOM MOYTHI: vasilev@univ.kiev.ua. MOXKHO Takke BBIWTH
Ha CaMT http://www.phys.univ.kiev.ua/theory/vasilev.php. K cokaneHmio,
JIMYHO OTBCTUTH HA BCC MHUCHbMA B CUJTY ITIOHATHBIX IIPAYUH aBTOp HE 06eLuaeT, oa-
HAKO MHCHHSA YHTATEICH IO noBoay TOro, 4ro B KHUI'C MOJKHO OBIIIO OBI YCOBEp-
MEHCTBOBATh U HA KaKHUC TCMbI O6paTI/ITB BHHUMAaHHC, BCCbMAa Ba KHBI. Xouetcs 3a-
paHee BbBIPA3UTH 6J'Ial"0,[[apHOCTB BCCM, KTO OTKJIMKHCTCA HaA 3Ty HpOCB6y.



NnaBa 1l

I
1

Mpachmnyecknm nutepdcdenc
nonb3oBartens

B 3710if T1aBe peus mnoiineT o rpadudeckoM uHTEpdeiice momp3oBarens. byxyt onm-
CaHbl OCHOBHBIE 3JIEMEHTHI HHTepdeiica 1 MPUHIKIBI paOOTHI ¢ IPUIIOKEHUEM B 11€-
sioM. [loMumo 3TOTO, B TITaBe 0OCYKIAFOTCS BOTIPOCHI, CBSI3aHHBIE C HACTPONKOW WH-
tepdeiica Mathcad u Mmeromamu hopmMaTHpOBaHHS TaHHBIX B paO0YNX TOKYMEHTAX.

CTpyKTypa pabo4yero okHa

ITpu 3amycke Mathcad oTkpsiBaeTcsi OKHO MPHIIOKEHHSI, BUA KOTOPOTO MOKa3aH
Ha puc. 1.1.

=
dml File Edit View Insert Format Tools Symbelics Window Help =18 x|
ID-BERH|EGAY|: BB |(T: (o= |0 @
JINormaI jl.ﬁ.rial jllD jl B I U H%% = |i= i= | x* X,

J A ] v= [2<F 3 ap |J|Tut0rials | e

- -

-

4 I I 3
Press F1 For help, ALTO I_ Page 1 4

Puc. 1.1. Pabo4ee okHo npunoxexHusa Mathcad
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B crpoke 3arosioBka, Kak ¥ BO BCEX IMPUIOKEHHUSIX, pa0OTAOMINX C OMEPAIHOHHOM
cuctemoir Windows, 3a naszsanuem npmioxenus (Mathcad) cienyer ums paboue-
ro JOKyMeHTa. B JaHHOM ciiydae 3TO MpHCBamBaeMoe 110 YMOJYAHHIO HAa3BaHHE
1u1st HoBoro pabouero mokymenta (Untitled: 1). TTocie cTpoku 3arosioBka, BHH3Y,
pacrmionaraeTcs manens Mexio (puc. 1.2).

Hﬁi’ File Edit “iew Insert Format Tools Symbolics ‘Window Help ;Iilill

Puc. 1.2. lNaHenb MeHo

IManens comepxut nemsatb nynktoB (File, Edit, View, Insert, Format, Tools,
Symbolics, Window u Help). HecmoTps Ha TO, 4TO 3aroj0BKH MEHIO TpaKTHUe-
CKH TIOJIHOCTBIO COBIAIAIOT C X aHAIOTAMH B MTPOUHX MOMYJIAPHBIX TPUI0KESHUAX
(manpumep, Excel nwnm Word), komans1, coOpaHHBIE B HUX, BO MHOTOM CITEI[H-
¢uuner g Mathcad, xots1, 6e3yciioBHO, CyIleCTBYeT U MHOTO OOIIHX CBOWCTB,
0COOEHHO /IS peAaKTHPOBAHHS PabOUYrX JOKYMEHTOB U HACTPOWKH IpadUuecKoro
uHTEepdeiica monp3oBaTens. B mpaBoil yacTu maHelIW MEHIO MOYKHO BUJETh TPH
crauaapTHeIX it Windows snemenTa yrpaBieHus!, MO3BOJISIONINX CBOPAYNBaTh,
pasBopaunBaTh M 3aKpHIBaTh pabouee OKHO JOKyMeHTa. [IMKTorpaMma cjieBa Ciiy-
JKHUT TEM JKe IEISIM — OJIHAKO B 3TOM CJTydae OTKPBIBAETCS CITUCOK C COOTBETCT-
BYIOIIIUMH KOMaH/IaMH.

CranpaapTHas maHejIb HHCTPYMeHTOB (puc. 1.3) pacrosaraercs o1 naHeIblo MEHIO.

e | me = & | <] @

Puc. 1.3. CtaHgapTHas naHernb MHCTPYMEHTOB

D-E2H SRAY $2B| o~

Ha stoi#t manenu coOpaHbl KHOIKH JIJIS1 BBITOJTHEHHS! OCHOBHBIX KOMaH I, Hanbosee
4acTo MCIOB3yeMbIX Tpu pabore ¢ Mathcad. Dt koMaH/IBI TOCTYITHBI TAKXKE Ue-
pe3 ocHOBHOE MeHI0. OIHAKO MaHelb HHCTPYMEHTOB CYLISCTBEHHO YIPOILNAET pa-
00Ty C IPUIIOKCHHUEM B IICJIOM.

[TomMuMO cTaHAAPTHOW TaHETN WHCTPYMEHTOB IO YMOJYAHMIO OTOOpaskaeTcs
u nanenb Gopmaruposanus (puc. 1.4). Komanpl, npeacraBieHHbIE 3[€Ch, UMEIOT
NPUHIUIAAIEHO WHOe HazHadeHue. Ecimu Ha oOmeit manenn coOpaHbl B OCHOBHOM
KOMaH/Ibl, CBSI3aHHBIE C MAaHUITyJIHPOBAaHUEM PA0OYNM JOKYMEHTOM B IIEJIOM WIIH
0a30BBIMH MHCTPYMEHTaMH, HEOOXOIMMBIMH B padoOTe, TO MaHelb (opMaTHpoBa-
HHSI MOXKET OBITB I0JIE3HA B Ipolecce 0GpOpMIICHHS JaHHbIX (B OCHOBHOM TEKCTO-
BbIX) B IOKyMEHTE.

JINormaI jl.ﬁ.rial jllﬂ jl B 7 U | E ==

Puc. 1.4. MaHenb popmaTpoBaHns
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Ecnu nanenb ¢opmatupoBaHus W 00Liasi MaHelb HMHCTPYMEHTOB (B HECKOJBKO
MEHBIIIEH CTeneHn) UMetoT (Mo KpaitHeil Mepe, BHEIIHE) /sl OOJIBIIMHCTBA MOJIb-
3oBateneil Windows 1ocTaToOYHO 3HAKOMBIA BHI, TO MaTeMaTHuYecKas MaHelb
(puc. 1.5) sBnsiercs Beeneno " netuinemM” npuinoxenus Mathcad.

I

Puc. 1.5. MaTemaTu4deckas naHenb

Aa[sss]ul%"z‘gj“”’l

[exgox HAa OJHOW M3 KHOIOK 3TOW IMaHETH MPHUBOAMT K TOMY, YTO OyJIeT 0ToOpa-
JK€Ha COOTBETCTBYIOIIas nanuTpa. Kaxkaas nanuTpa uMeeT cBoe Ha3HAueHHeE, a UxX
HCIIOJIb30BAaHHUE CYIIECTBEHHO YIIPOILAET MPOLIECC B3aMMOJIEHCTBUS MOJIb30BATEI
¢ cucrtemou. B ocHOBHOM MAJIMTPLI MMOJIC3HBI IMPU BBIYHUCIICHUAX U npeoGpa3OBa-
HUU BbIpakeHuid. CripaBa (10 YMOJYaHHUIO) OT MaTeMaTHYECKOMN MaHeIn pa3Mela-
eTcs maHesb pecypcos (puc. 1.6).

|J ITutoriaIs j e

Puc. 1.6. MNMaHenb pecypcoB

C nOMOIIBIO 2JIEMEHTOB ATOM MaHenu (MX, COOCTBEHHO, JBa — PACKPHIBAIOIIUIACS
CIIMCOK MW KHOIIKA BBIINTOJIHCHUS nepexona) MOXXHO aKTUBU3UPOBATH AONOJIHUTECIIb-
Hble pecypesl Mathcad. Bosbinast Genast 061acTh BHU3Y 101 TIEPEYHUCIICHHBIMU T1a-
Henmsimu (cM. puc. 1.1) sBisieTcs HeMmoCcpenCTBEHHO padoueii 00J1aCThIO, TIe MOJIb-
30BaTesieM BBOJATCS KOMaHbl. Tam e oToOpaxaeTcs pe3ysbTaT UX BBIIOIHEHUS.
B HkHeilt yacTu pabodero okHa, moJ paboueil 001acThi0, MOKHO BUAETH CTPOKY
cocrostams (puc. 1.7).

Press F1 Far help, aUTo [ MM Page1

Puc. 1.7. CTpoka cocTosiHUst

Ha sTom ocHOBHBIE 351eMeHThI pabouero okHa (eCiii He CYMTATh MOJIOCHI IIPOKPYTKHM)
ncuepnsiBarorcs. He crnenyer, oqHako, 3a0bIBaTh, 4TO TaKOH BUJ pabouee OKHO UMe-
eT mo ymonyaHuio. [lonp30BaTenb MOKET CaMOCTOSITEIFHO HACTpaNBaTh BHELIHUI
Buj pabo4ero okHa. B 3aBUCHMOCTH OT HACTPOEK OKHO MOKET UMETh CBOM OCOOEH-
HocTH. [laniee maHenn HHCTPYMEHTOB M MEHIO ONMCHIBAIOTCS MOAPOOHEe.

MaHenb MeHIO

Kak ormeuanoch, maHenb COAEP)KUT NEBATH MEHIO. B KaxkqoMm W3 HUX COOpaHbI
KOMaH[Ipl, MOCPEICTBOM KOTOPBHIX, MO OONBIIOMY CYETy, W peau3yercsl BeCh
criekTp (YHKIMOHAIBHBIX BO3MOkHOCTel Mathcad. Komanabl crpynmupoBaHs
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B 3aBHCHMOCTH OT WX Ha3Ha4YeHWs. TakuM 00pa3oM, KOMaHIbI KaKIOTO MEHIO
00BEIMHEHBI MEXTy COOON TEeMaTHUYECKH, XOTS Takas UX OOIIHOCTh B HEKOTOPBIX
CJIy4asiX BBITIISIUT HECKOJIBKO YCIOBHO.

MeHwo File

B wmenro File mpencraBnensl KOMaHAbI, TOJE3HBIE MPU paboOTe C JOKYMEHTOM
B 1esioM. Ilpu 1ienuke MBIIIBIO HA 3TOM MEHIO OTKPBIBAETCS CITUCOK TOCTYITHBIX
KoMaH1. Pabodee OKHO Ipu 3TOM BBITJISIUT TaK, KakK Moka3aHo Ha puc. 1.8.

i) Mathcad - [Untitled:1] =]

dﬁ File Edit View Insert Format Tools Symbolics  Window Help ===l
[l S ERAlo s T (mesea0|u 5@
= = Cpen... Cerl+0 e N T
t Close Chrl+w A =s rujEs=SEE|x =
J E & save ctries B8 ™ le"hI Site j oo |
T Save fs... ﬂ
Save as Web Page...
Saye bo Designate
Page Setup...
@ Print Presview
& print... Chrl4P

Send...

Propetties. ..

1 chap0Z_03.mcd
2 chap02_0Z . mcd
3 chap0Z_01.mcd
4 CAMDCILO70L.MCD

-

Exit
< —
M - |

3
Create a new worksheet auTo [ Pagel 4

Puc. 1.8. Cogepxnmoe meHio File

[ToMHMO HETOCPEeICTBEHHO HAa3BaHUsI KOMaH/I, B PACKPBIBAIOLIEMCS CITUCKE JUIs He-
KOTOPBIX MX HUX CIIpaBa yKa3aHbl KOMOMHAIIMK KJIABUII, HAYKATHE HA KOTOPbIC MPH-
BOJIUT K BBIMOJTHEHHUIO KOMAaH/IbI (TaK Ha3bIBAEMBbIE TOPSIUHME KIABHUINHN). DTO YI00HO,
MOCKOJIbKY MO3BOJISIET BBHIMOJIHUTH KOMaHAy 0e3 HEMOCPEeACTBEHHOTO OOpalieHUst
K TaHeau MeHro. Kpome Toro, yisi HeKOTOPBIX KOMaH/I CJIeBa yKa3aHbl ITMKTOTPaM-
MBI, MO3BOJISIONIME OE30IIMO0YHO HANTH KHOINKY Ha MaHeId MHCTPYMEHTOB, C I10-
MOIIIBIO KOTOPOI KOMaH/1a MOXKET ObITh BeNoNIHeHa. Ha3Hauenue komann meto File
omucaHo B Ta0i. 1.1. MHor#e 13 HUX UMEIOT IOCTATOYHO TOYHBIE aHAIOTH B JPYTHX
NPHJIOKEHHUSIX U TOATOMY B OCOOBIX KOMMEHTAPHSIX HE HYKIAIOTCS.
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Tabnuuya 1.1. KomaHOb! meHio Fil

e

KomaHpa

OnucaHue

New

Open

Close

Save

Save As

Save as Web Page

Save to Designate

Page setup

Print Preview

Print
Send

Properties

Cnucok dannoB

Exit

KomaHnga co3gaHums HoBOro pabo4vero JOKyMeHTa

C NOMOLLbLI0 3TON KOMaHAbl MOXHO OTKPbITb paHee Co3-
OaHHbIA JOKYMEHT. B pesynbTaTe ee BbINOMHEHWUS OTKPbI-
BaeTCA AMarioroBOe OKHO, C MOMOLLBIO KOTOPOrO Heno-
CPEACTBEHHO U OCYyLLEeCTBASETCS BbIGOP HyXXHOro danna

BbinonHeHne 3ToM KOMaHAbl npuBOAUT K 3aKpPbITUO Te-
KyLiero pa6oqero LOOKyMeHTa

KomaHga coxpaHenus pabodero gokymeHTa. Ecnn goky-
MEHT COXpaHsieTcs BrepBble, byaeT BbiBEAEHO AManoro-
BOE OKHO, B KOTOPOM creayeT ykasaTb HasBaHue darnna
OOKYMEHTa M MeCTO ero coxpaHeHusa. Ecnu gokymeHT
paHee coxpaHdanca, To BbiMNOJIHEHNE aTon KOMaHAbl npu-
BeJeT K COXPaHEHUD W3MEHEHWI Mocne nocneaHero
COXpaHeHNA — U HUKaKNX AnanoroBbiX OKOH

KomaHga nossonseT coxpaHuTb KOMWIO Tekyliero pabo-
yero gokymeHTa. Npu 3TOM MCXOOHBIN OOKYMEHT He M3-
meHsieTcs. lNpu Bblibope 3TOM KOMaHAbl OTKpbIBaeTCA
Takoe e AManoroBoe OKHO, KaK 1 NMpu NepBOM COXpaHe-
HUM JOKyMeHTa. [MoMMMO 3TOro, MOXHO yKasaTb Tvn
dopmaTta ans coxpaHsemoro davina (Bnpodvem, Kak u
MpyY NEPBOM COXPaHEHUWN [OKyMEHTa)

CoxpaHeHne pabouero pokymeHta B kadectBe Web-
CTpaHuubl

CoxpaHeHuve paboyero JOKyMeHTa B peno3ntopui

HacTpoiikv napameTpoB cTpaHuubl. OHU BbIMOSHSOTCS
06bIYHO NPW NOArOTOBKE AOKYMEHTA K nevartu

MpenBapuTenbHbI NPOCMOTP AOKYMEHTa nepepn BbIBO-
[IOM €ro Ha nevarb

BbiBOA4 Ha nevaTb pa60qero OOKyMeHTa

OTtnpaBka OOKYMEHTa B KayeCTBe BIOXEHUSI MO 3JreK-
TPOHHOWN noYTe

B pesynbtaTte Bbibopa kOMaHAbl OTKPbIBAETCH AMAnNoro-
Boe okHO File Properties. B 3TomM guManoroBomM OKHe Ha
Tpex Bknagkax Summary, Custom n XML Options cob-
paHa Bcs OCHOBHasi MHdopMaLus o pabovyem JOKyMeHTe

B aTon Bknagke CoOepXUTCA CMMCOK OOKYMEHTOB, KOTO-
pble OTKpbIBaNnchb nocrnegHumMmu. Ytobbl OTKPbITb OAMH U3
HUX, AOCTATOYHO LLEMKHYTb HA HEM MbILLIbIO

3aBepLueHne paboTkl ¢ npunoxeHmem Mathcad
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Ucnonp3zoBanne koMmauapl NEW coznmanust HOBOro pabodero JOKyMeHTa TpedyeT
HEKOTOPBIX KOMMCHTAPHUCB. I[GJ'IO B TOM, 4YTO IO CpaBHCHUIO C IIPOUYUMU PHUIIOKE-
HHUSIMH, TIPOLIECC CO3JaHUs HOBOIO JOKYMEHTa B HOCJIeIHHX Bepcusix Mathcad
uMeeT cBoOM 0cOOEHHOCTH. B 4acTHOCTH, NpW BBHIMOJHEHUH YKa3aHHOW KOMaH/bI
OTKpBIBaeTCs auanorosoe okHo New (puc. 1.9), B KOTOPOM Ipe/ICTaBlIeH CIUCOK
noctynHeix B Mathcad 1rabmoHoB 1 co3/1aHus Ha X OCHOBE JOKYMEHTOB. I10
yMOJT4YaHHIO ycTaHoBieH mabimoH Normal. B atom ciydae co3maercst ctaHaapT-
HBIH ycToit nokyment Mathcad.

New ]
Wwiorksheet Templates
Blank worksheet Ok, I
Calculation Form
Corporate_defs Cancel |
E-baook.
Picrozoft Waord Brawsze |
Fieport

Specification Form
Table of Contents
Weh Page

Puc. 1.9. OkHO co3gaHnsa HOBOrO AOKyMeHTa

B ma6ioHe DOKyMeHTa ONpECISIOTCS MapaMeTphl TEKCTa U MaTeMaTHUECKHUE
CTHUJIM, TUIIBI 3arOJIOBKOB U KOJIOHTUTYJIbI, 3HAUYCHUA BCTPOCHHLIX MECPEMEHHBIX
U [IPOYHe aHAJIOTHYHBIC MapaMeTpsl. [IpeiaraemMpie IO YMOIYaHUIO [IA0JIOHBI
Mathcad mo3BoJsiFoT, TOMHMO CTAaHAAPTHOTO paboyYero JOKYMEHTa, CO3/1aBaTh
JOKYMEHTBI CIIE[HalbHOro Tuna (HampumMep, oT4eThl). B 3TOM ciydae mosnb30-
BAaTEIII0, MPH CO3JaHUU JTOKYMEHTa, cpa3y mpeaiararTcs (B paMKax TEKyIIeTo
JOKYMEHTa) TOTOBBIE CTPYKTYPHBIE 3JEMEHTHI, KOTOPbIE MOXXHO pPEIaKTHPO-
BaTh MO CBOeMYy ycMmoTpeHuto. Creayer, OlHaKO, OTMETHTh, YTO OOBIYHO IIO-
A0OHOTO PO/ia JOKYMEHTHI IPUXOIUTCS CO3[1aBaTh B COOTBETCTBHH C TEMH Tpe-
6OBaHI/IHMI/I, KOTOpKBIC MMPEABABIIAIOTCA IIO0Jb30BaTCIIEM npu peUICHUHA
KOHKPETHOW NpUKIaJHON 3aaayu. JOCTaTOYHO pEeNKO NaHHBIA BOINPOC MOXET
6I>ITI) peuICH C MOMOIIBIO MpCAIara€MbIX HIa6HOHOB, U NPpUXOJUTCA CO3aaBaTh
cobcTBeHHBIC. Bripouem, 3T0 JenaeTcs BecbMa MPOCTO: JOKYMEHT COXPaHAETCs
B kauecTBe maGnona komannoii File | Save As (¢aiin coxpansiercs ¢ pacmu-
penrem Xmct). Ecnu coxpanuth mabion B karajore Template (3To noakara-
JIOT TOT'O Karajora, riae pasmeineHa cucrema Mathcad), To manubIi 1m1a6I0H
OyzeTr mpemiaraTbCs B CIHUCKE JOCTYIHBIX MIA0JIOHOB TMPH BBIOOPE KOMAHIIbI
File | New.
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MeHio Edit

B mento Edit (puc. 1.10) cobpanbl KOMaH Ibl, 03BOJIsIIONIHE 3)(DEKTHBHO pelak-
THUPOBATh JAaHHbBIC B pabounx qokymeHTax Mathcad.

J Warial In

J

K1

n::[Mathcad [Untitled:1] i ] 54
dﬂ File: Ed|t Wiews Imsert  Format  Tools Symbolics  Window  Help — =] x|

WI B | o o
O Redo Chrl+

oF If@E‘;J |

R.oman

Cut

il B3 Copy
E Paste

Paste Special.. .

Chrl+i
Chrl+C
Chrl+y

- J ITutoriaIs

s Delete

Select all

Chrl+D
Chrl+4,

% Find...

Replace. ..

Go ko Page. ..

Chrl+F
Chrl+H

Links. ..
QELERT,

Unda the last action

3
aUTo [ num Page 1

Puc. 1.10. Cogepxmmoe meHto Edit

Komanasl menro Edit onucans! B Tadi. 1.2.

Tabnuuya 1.2. KomaHobl meHio Edit

KomaHnpa OnucaHue

Undo KomaHga oTMmeHbl nocnegHero aencTaus. o ymonyaHuio Mox-
HO OTMeHuTb Ao 100 gencteuin. KonnyectBo 3anomMmHaemblix
OEeNCTBUN (T. €. JOCTYMHbIX AN OTMEHbI) MOXET MEHATLCA
none3oBaTtenem (komaHga Tools | Preferences)

Redo KomaHga noBTopeHus O-TMEHEHHOIO AeNCTBUSA

Cut BblaeneHHbIn dhparMeHT yaanseTcs u konupyeTcs B Oydep
obmeHa

Copy KonunpoBaHue BbligeneHHoro gpparmeHTa B 0ydep obmeHa

Paste BcraBka cogepxumoro 6ycdepa obmeHa B MeCTO pa3meLleHus

Kypcopa
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Tabnuya 1.2 (okoH4YaHue)

KomaHpa

OnucaHue

Paste Special

Delete
Select All
Find

Replace

Go to Page

Links

Object

BcraBka copepxumoro Bycepa obmMeHa B MeCTO pasMeLleHUs
Kypcopa B cneuuansHom cgopmaTte. Mpu BbiGOpe KOMaHAbl OT-
KpblBaeTCcs AManoroBoe OKHO, KOTOpoe ro3BONsieT BblGpaTtb
dopmat, B KOTOpoM OyaeT BCTaBMeH 3anucaHHbld B Gydepe
obmeHa 06bekT

YpaneHue BbiaeneHHoro obbekTa
BbloeneHne Bcex 06beKTOB B paboyeM fOKyMeHTe

B pe3ynbTaTte BbINONMHEHUA KOMaHAbl OTKpbiBaeTCA AOManoro-
BO€ OKHO, no3Bosidwollee BbIMOJIHATb NMOUCK B paGoqu LOOKy-
MEeHTE YKa3aHHbIX TEeKCTOBbIX ¢dparmMeHToB, CUMBOSMOB WK
BeNNYnH

KomaHga nouncka v 3ameHbl HangEeHHbIX 3N1EMEHTOB (Ha TOT,
YTO YyKas3aH I'IOJ'IbSOBaTeJ'IeM). Mpn BbINOAHEHUN KOMaHAbI
OTKpblBAaeTCA AuanoroBoe OKHO, nocpeactBOM KOTOPOro wu
ocyuwiecTBndaeTcd B3aMMOOeNCTBME MoNb3oBaTens U cucrte-
Mbl B Mnpouecce noucka un 3aMeHbl 3JIEMEHTOB B pa6oqu
LOOKYyMEeHTe

Mepexon k cTpaHuue, KOTOPYKO yKa3blBaeT nosib3oBaTeslb B OT-
KpbiBakwLWemMca OnanoroBomM OkKHe

KomaHaa nosBonsieT pefakTMpoBaTh CCbIKU B paGodeM [OKy-
MeHTe. BCTaBKa CCbIfiKM MOXET BbiTb BbINOMHEHA C MOMOLLbH
komaHnabl Edit | Paste Special

KomaHga pegaktmpoBaHnsa BCTaBEHHbIX B OOKYMEHT 00BHEKTOB.
Ecnu Takmx o6beKTOB B LOOKyMeHTe HeT, KOMaHAa HeoCTynHa

bonee l'IOI[pO6HO HECKOTOPBIC U3 NEPEUYHCIICHHBIX KOMAaHJ OINHCBIBAOTCA OaJiee
B KOHTCKCTEC pacCMAaTpHUBACMbIX 3a/a4.

MeHro View

B mento View (puc. 1.11) npencraBieHbl B OCHOBHOM T€ KOMaH/Ibl, KOTOPbIE MO-
3BOJISIIOT BBINOJNHATh HACTPOWKY BHEIIHEro BUAA pabdOYero OKHA MPHIOKEHHUS

Mathcad.

Komanzpl 3T0r0 MeHI0 KpaTKo onucansl B Tabm. 1.3.
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i Mathcad - [Untitled:1] =10f x|

dﬁ’ File Edit | view Insert Format Tools  Symbolics  Window  Help &=l

D - o (I s bo = b 0w oo
| — Ruler |7 Formatting 0
I _— = = = = 2
J Mormal |7 Skatus Bar |7 MMath I U | == = | i= = | xS
J A [] Trace Window Controls j P Go ‘
— |7 Resources
Header and Fooker, .. -
) Debug
Regions
Annotations Calculator
Graph
Refresh Chrl+R S
Iakriz
Z00M, .. -
Evaluation
Calculus
Boolean
Prograrmming
Greek
Symbialic
b
‘I | TModifier _'I—I
Custom Characters
ALUTO Fage 1 v

Puc. 1.11. KomaHabl MmeHo View

Tabnuuya 1.3. KomaHObI MeHo View

KomaHnaa OnucaHue

Toolbars MoameHo no3sonseT oTobpaxaTb BCEBO3MOXHbIE MaHe-
M 1 nanuTpbl B paboyem nucte. CNmMCoK AOCTYMHbIX
naHenen MOXHO YBUOETb, €CNU HABECTU Kypcop MbILN
Ha 3T0 noAMeHo. YTobbl 0TOBpasuTbL Ty MNKU UHYK na-
Henb, BO3Me ee Ha3BaHWs criefyeT MocTaBuTb (DaXoK.
Ecnu cdonaxok ybpaTb, naHenb oTobpaxaTtbcst He ByaeT

Ruler KomaHnga otobpaxeHua nuHenku. Ecnu Bosne aTtoro
MyHKT@ MEHI0 MOCTaBUTb OIaxoK, B BEPXHEW YacTu pa-
bo4ert obnactn (cpasy noa naHensimv) 6yaet otobpaxe-
Ha nuHenka

Status Bar KomaHga otobpaxeHust CTpoku cocTosiHusA. Ytobbl cTpo-
Ka cocTosiHMa Obina oTobpaxeHa B paboveM nucte,
y 3TOr0 NyHKTa MEHIO criegyeT NoCcTaBUTb Oraxok

Trace Window KomaHga oTtobpaxkeHusa okHa oTnagku nporpamm

Header and Footer C nomoLLplo 3TOM KOMaHAbl MOXHO 3aJaBaTb BEPXHME U
HWKHWE KOMOHTUTYMblI pabovmx NUCToB. DT HaCTPOMKK
UrpaloT ponb TOMbKO NpU BbiBOAE [OKYMEHTOB Ha ne-
yatb. lNpn BbI30BE KOMaHAbl OTKPbIBAETCH AManoroBoe
OKHO, B KOTOPOM M 334at0TCA KONIOHTUTYIbI
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Tabnuya 1.3 (okoHYaHue)

KomaHpa OnucaHune

Regions KomaHaoa nepexoga B pexvm oTobpaxeHus coHa. B atom
pexunme (poH OOKyMeHTa oTobpaxaeTcs cepbiM LIBETOM,
3a WUCKMYeHneM Tex obnacrten, rage pasmMeLleHbl KOMaH-
bl nonb3oBaTens. B obnacTsx BbiAeneHns komaHg oTo-
OpaxaeTcsa cneumanbHasi TOMKa — OHa onpegenseTr To
MEecTO, [Ae HenocpeAcCTBEHHO pa3MelleHa KomaHaa
B paboyeM nucte (ee Akopb). YUTOObI OTMEHUTL pPEXUM,
cnepyeT NOBTOPHO BbI3BaTb KOMaHAy

Annotations KomaHZa nepexofa B PEXWMM BblAENEHUS BblpaXkeHUi
C KOMMEHTapUsIMU

Refresh KomaHga obHoBneHus akpaHa
Zoom KomaHnga Bbibopa macwtaba otobpaxeHunsa. OTKpbiBaeT-

Csl OnanoroBoe OKHO, B KOTOPOM MOXHO BblbpaTb unu
YCTaHOBUTb MacLuTab oTobpaxeHnsi

IMTockoabky B Mathcad B mporiecce paboThl ¢ TJOKYMEHTOM KakK TaKOBOW pa3OMBKH
paboueii obnacT Ha JUCTBI HeT (OHa MMEET MECTO TOJBKO HPH BBIBOJE Ha Iie-
9aTh), 3TO OOYCJIOBIMBAET HEKOTOPYIO Crelu(UKYy B paboTe C MPHIOKEHHEM
(B mIaHe HACTPOWKH BHEIIHEro BHIa JOKyMeHTa). OCOOCHHOCTH HACTPOWKHU BHA
pabodero TOKyMEHTa ONHCHIBAIOTCS J1ajiee B ATOM TIIaBe.

MeHio Insert

Cnenyromee nocie View — menro Insert (puc. 1.12). 3neck coOpaHbl KOMaH b,
MmoJie3HBIe MY paboTe ¢ pasmuuHsIMU 00bexTamu Mathcad.

Kak HecJI05KHO 3aMETHUTh, HE BCE KOMAH/IBI 3TOI'0 MEHIO JTOCTYITHBI IPH CO3JIaHUU
HOBOTO JIOKyMeHTa. JlaHHOE 3aMedYaHne OTHOCHTCS K KOMaHJIe BCTaBKH Marema-
tuueckoro nosst (Math Region) u runepcceuiku (Hyperlink). Tem e menee,
OHHM OYIyT DOCTYIIHBI B mporecce paboThl (B 3aBHCHMOCTH OT BBIOJHSIEMBIX
[OJIb30BATENIEM JICHCTBHIA, KOT/Ia BCTaBKa COOTBETCTBYIOIIUX OOBEKTOB OyjaeT
BO3MO’KHA).

B Ta6:1. 1.4 npencraBieHsl M KpaTKO OMKCaHBI KOMaHIbI MeHIo | nsert.
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JINormaI
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33‘ Component. ..

Daka

Control

Obiject. ..

Reference. ..
By Hyperlink. ..
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T - . R =
Polar Plak Chrl+7
[3] mateie,..  Chrl+m @ eolarplo ! T Hg = =|:1= = | < %
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189 Function..,  Crrl+E @ Surface Plot  Ctrl+2
P Uni,.. Chrl+ Contour Plat  Chrl4+5 | e
Pickure Chrl+T j;’;:- 30 Scatter Plok ﬂ
Area .j 30 Bar Plok
Page Break B Wectar Figld Plat
Math Region Plot Wizard, ..
Text Region !

-

»
aute | | |Paget

Puc. 1.12. KomaHabl MeHto Insert

Tabnuuya 1.4. KomaHdbl MeHro Insert

KomaHpa

OnucaHue

Graph

Matrix

Function

Unit

Picture

Area

MoameHo coaepXXmMT KOMaHabl BCTAaBKM BCEBO3MOXHbIX rPadiuKoB,
avarpamm, nosepxHoctei. MNogpobHee 3T KOMaHAbl ONUCLIBAIOT-
cA B eflage 3, koTopas NOCBsLLEHA LEeNMKOM U NOSHOCTbIO paboTe
¢ rpachmkon B Mathcad

KomaHza BcTaBkv MaTpuupbl. [locre ee BbI3oBa OTKpbIBAETCA AMaroro-
BOE OKHO, B KOTOPOM CriedyeT yKasaTb YMCIIO CTPOK M CTOMNBLIOB MaTpu-
ubl. MeToabl paboTbl ¢ MaTpyLiaMM ONUCHIBAKOTCS B 2/1age 2

BcraBka dyHkummn. OTKpbIBaeTCs AMAnoroBoe OKHO, B KOTOPOM
cnepyeT BbibpaTb COOTBETCTBYHOLLYIO PyHKUMIO. Ecnn cuHTakcmc
dyHKUMM MoNb30oBaTenNto U3BECTEH, MOXHO HabpaTb HasBaHue
YHKUMM C NOMOLLbIO KraBmaTypbl. MeTtoabl paboTbl ¢ yHKUMSA-
MW paccMOTpeHbl B eflagax 2, 4 — 7

BcTaBka eauHuL, pasmepHOCTY Anst Puanyeckmx BenmunH. Obbly-
HO pasMepHble BEMNUYMHBLI UCMOMb3YIOTCA MPU pelleHnn usmye-
CKMX M MHXEHEepHbIX 3aay

KomaHnga BCTaBkM pUCyHka

BctaBka rpynnbl B pabounii nuct. B aTom cnyyae B paboyem go-
KyMeHTe BblaenseTcsa ropm3oHTanbHas obnacte. B aToi obnactu
MOXHO BBOAWTb KOMaHAbI, Kak U B 0O6bIYHOM paboyem JOKyMeHTE.
Yno6CcTBO COCTOMT B TOM, YTO TaKyto rpynmny MOXHO CBEPHYTb (To-
roa ee copgepxvmoe He oTtobpaaeTcs), a MOTOM pasBepHYTb.
Pexum ynobeH npu paboTe ¢ 60nblumMmMmu JOKyMEHTamMm
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Tabnuya 1.4 (okoH4YaHue)

KomaHpa

OnucaHue

Page Break

Math Region
Text Region

Component

Data

Control

Object

Reference

Hyperlink

KomaHga nepexopa Ha HOBYK CTpaHuly. OpdekT nmeeT MecTo
npu BbIBOAE AOKYMEHTa Ha nevyatb

BcTaBka maTtemaTnyeckoro nonsi B TekcTe
BcTtaBka TekcToBOro nons

BctaBka komnoHeHTa B pa60l-|14171 LOOKYMEHT. Sal'lyCKaeTCﬂ cneuun-
anbHaa ytunmta, C NOMOLLbIO KOTOPOW B AMarnioroBOM pexunme
MOX>HO Bbl6paTb TWN BCTaBNSIEMOro o6bekTa

MoameHIo No3BONSAET AKCNOPTUPOBATL U UMMOPTMPOBATL AAHHbIE

MoameHo cooepXuT KOMaHAbl BCTaBkM B paboumit JOKYMEHT
SMEeMEHTOB ynpaBreHus (KHOMOK, MnepeknioyaTenen, TEeKCTOBbIX
nonew M T.Q4.), KOTOPble MO3BOMSOT BbINOMHATE BCEBO3MOXHbIE
OeNcTBusA ¢ anemeHtamu paboyero gokymeHta. C STOWM Lernbio
ucnonb3yeTcsa nporpammHbin kog VBScript unn JScript. Moapo6-
Hee BOMpPOChbl paboTbl C 3NeMeHTaMW yrnpaBrieHUs ONMUCbIBaOTCS
B nocreayoLmx rnaesax

Mocne BbI30Ba KOMaHAbl OTKPLIBAETCS AMANIOroBOoe OKHO BCTaBKM
o6bekta OLE B pabounii OKYMEHT

C nomoLlblo 3TOM KOMaHAbl B paboyemM OOKYMEHTE MOXHO Bbl-
NOMHUTL CCbINKy Ha dann Mathcad. Bnocneacteun atoT dhann
(no pasmelleHHON B paboyem OOKYMEHTEe CCbIike) MOXHO Byaet
OTKPbITb M3 TekyLlero AokymeHTa. lNpu Buibope kOMaHAbl OTKPbI-
BaeTCs AMaroroBoe OKHO Bbibopa ¢havina, ¢ MOMOLLBK KOTOPOro
MOXHO HanTW HyXHbIV hann B KaTanorax CUCTEMbI

KomaHga BbinonHeHusi runepccbinkn. KomaHga aktveHa npu pa-
6oTe ¢ TekcToBbIM nonem. ocne ee BbI30Ba OTKpbIBAeTCA Auna-
1IoroBoe OKHO, NO3BOMAOLLEe, BO-NEPBbLIX, onpeaenutb dann (Ha
rniokanbHOM KOMMbIOTEPE UMK B CETU), KOTOPbI ByaeT oTKpbiBaTb-
CA Npu [OBOWHOM LUENYKe Ha runepcchbiike (TEKCTOBOM MOne),
a BO-BTOpbIX, BbINOMHWUTL PS4 AOMOMHUTENbHBLIX HACTpoeKk (Ha-
npumep, 3apatb TEeKCToBoe coobuieHve, koTopoe byaeTt noss-
NATbCS B CTPOKE COCTOSIHUSI MPWU HaBeAEHUWM Kypcopa MbIwW Ha
rMnepcebInky)

B manHOM MeHIO mpe/CTaBIEeHBI, HECOMHEHHO, MHOTHE 0a30BbIe KOMaHIBI, OIIpe-
Jensonye (QyHKIIMOHAIBHOCTh BCEro MpUIokKeHus. OnUcaHbl OHU OBUIM OYEHBb
KpaTKO C TOH JIMIITB TENBI0, YTOOBI MOXKHO OBLIO COCTaBUTH 00IIIee MPEICTaBICHUE
O HHX. I[CTaJ'II)HOC OIMMMCaHNUE HCKOTOPLIX KOMAaH/J MPUBOJUTCA B KHUI'C B TCX CIIy-
qasx, €CIIM 3TO aKTyaJbHO B KOHTEKCTE PAaCCMaTPHBAEMBIX IIPHMEPOB U 3a71ad.
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MeHro Format

B wmento Format (puc. 1.13) cobOpanbl yTHIHTB (HOpPMATHPOBAHUS OOBEKTOB

1 3JIEMEHTOB B pab0YuX JOKYMEHTAaX.

Equatior. ..

D-z@ &R’
Resulk. ..
jﬁ A Text...

i x= [ <E D =% Paragraph, .
Tabs...
Skyle. ..

J INormaI

i3] Mathcad - [Untitled:1]

I}m File Edit Wiew Insert | Format Tools Symbolics Window Help

=0l x|
=81x|

fmEs me = s @O o @
2 |ECE

Propetties. ..

Graph 4

Separate Regions

Align Regions 4

Repaginate MNow

area ! 4

@ Background. ..
Highlight...

Annokation, ..

Wse Default Palette

Optirize Palette _ILI
I »

auta | | |Pame1

Puc. 1.13. KomaHabl meHto Format

KpaTKOC ONNMCaHUEC KOMaH[, MNPEACTaBJICHHBIX B 3TOM MCEHIO, MOXHO HalTH

B Tabiu. 1.5.

Ta6bnuuya 1.5. KomaHOb! meHo Format

KomaHpa

OnucaHue

Equation

Result

Text

KomaHaa no3BonisieT BbINOMHATL HACTPOMKM ONA maTema-
TUYECKUX cTuner (pasmep M TUN wWwpudTa, UBeT U T. 4.).
3TV CTUNK cnyxaT Ans OTOBPaKeHUs NEPeMEHHbIX U KOH-
CTaHT B paboymx JOKYMeHTax. ViameHeHust B CTumne npume-
HAOTCA KO BCEM 3fieMeHTaM, MCMOMb3yoWmnM AaHHbIN
cTunb. NMOMUMO 3TOro, MOXHO CO3AaBaTb COGCTBEHHbIE
CTUNK nosnb3oBaTens

KomaHga BbINOMHEHUs HAacTpoeKk AN OToOpaxeHus 4yuc-
NEHHbIX 3HaYeHun B paboyem AokymeHTe. HacTponku Bbl-
MOMHAIOTCA B [AManoroBOM OKHE, KOTOpOe OTKpbIBaeTcs
npv Belibope kKomaHAbl

Komanpa onpepenexus doopmaTta TeKCTa B TEKCTOBbIX MO-
nax. Onpegensetca Tun wpudTa, pasmep, UBET, a Takke
PS4 ApYrMX napameTpoB 1 3hdEKTOB BbiAENEHNS TEKCTA
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Tabnuya 1.5 (okoHYaHue)

KomaHpa

OnucaHue

Paragraph

Tabs

Style

Properties

Graph

Color

Area

Separate Regions

Align Regions

Repaginate Now

KomaHga onpepenexus chopmata naparpada. 3agatorcs
OTCTYM, BbIpaBHMUBAHWE, HyMepauus 1 T. M.

KomaHga onpegeneHns Toyek nepexofoB Mapkepa B pa-
boyem [OokyMeHTe npwu HaxaTum knasuwm <Tab>. [pwu
MCMOMb30BaHNUN TakMx METOK pa3yMHO OTOGpaxaTb NnHewn-
Ky (komaHaa View | Ruler)

B pesynbTaTe BbINONHEHWS KOMaH4bl OTKpbIBAETCA Anano-
rosoe okHo Text Style, ¢ NOMOLLbIO KOTOPOro MOXHO NMBo
NPUMEHUTL K oparMeHTy CTunb, MO0 Co3aaTh HOBBIN

B pesyrbTaTe BbINOMHEHUSI KOMaHAbl OTKpbIBAETCsA Anano-
roeoe OkHo. B aTtom pgmanoroBoMm okHe 3agjaeTcs psag
BECbMa MONE3HbIX MapamMeTpPoB W HACTPOEK, Kak, Hampw-
Mep, BblAeNeHre ananasoHa LBETOM, 0TOGpaxeHne pamku
BOKPYI PWUCYHKa, MOXHO Takke BbIOpaTb psia PEeXUMOB
oTobpaXkeHus AaHHbIX U T. M.

MoaMeHI0 coaepXUT psia KoMaHd, KoTopble MOo3BONAT
BbIMOMHUTL HACTPOWKY OCHOBHbIX, YCTAHOBMEHHbLIX MO
YyMOMYaHUio, NapameTpoB rpadukoB (OBYMEPHbIX, NOMsp-
HbIX, TPEXMEPHBIX) TaKMX, KaK TOMLWMHA, TUN U LUBET NUHWNA,
KOOpAMHAaTHbIE OCU, KOOPAMHATHbLIE NIMHAM U T. M.

I'Io,qmeHro coaepXnTt KoMaHabl, no3eondaline BbINONMHUTb
LUBETOBble HacTporku paboumx nuctoB. B 4yacTHocTw,
30ecb MOXHO 3afaTth LBeT hoHa pabouen obnactu OoKy-
meHTa (komaHaa Format | Color | Background)

MoaMeHo coaepXXnT KoMaHabl 6rIOKMPOBKM U ynpaBneHns
obnactamu. Takune obnactm MOXHO CBOpayMBaThb, pPasBo-
paumBaTb MnNKn GnoknposaTth (OrpaHNuMBaThL AOCTYM K HUM,
HanpvmMep, ¢ MOMOLLIbIO Mapons) 1, pasymeeTcs, OTMEHATb
paHee ycTaHOBIEHHblE GNOKMPOBKM

Komanpa pasgeneHvs amanasoHoB. Heobxogmma B Tex
cnyyasix, korga B paboyeM [okymeHTe popMynbl Mnu
TEeKCT HaknaabliBalkTCA ApPYr Ha Apyra, 4YTO Bbi3biBaeT Oo4ye-
BUAHbIe HeynobcTBa

Komanga BbipaBHMBaAHUA OMana3oHOB. [nanasoHsbl MoryT
BblpaBHUBATbLCA MO rOPU3OHTAI N U BEPTUKaINn

KomaHnaa KoppekTMpoBKM pa3buBKM Ha cTpaHuubl. Takas
KOppekTupoBKka Heobxoamma ans Toro, YTobbl AnanasoHbl
C OaHHbIMK B paboyeM AOKyMeHTe He nmonaganu Ha NUHUK
pasgena cTpaHuy. OTa KoMaH[a BbINOMHSAETCA aBTomMaTy-
YecKku npu nNpeaBapuTEnbHOM MPOCMOTPE OOKYMEHTa ne-
pen neyaTtbio U NpU BbIBOAE LOKYMEHTa Ha nevyartb
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Komanger merro FOrmat oObraHO MpUMEHSFOTCS TIpH OOPMIICHUH JTOKYMEHTOB
Mathcad.

MeH1o Tools

B menio To0OlS comepxarcsi KOMaHIbl BbI30BA YTHJIMT OOIIEro Xapakrepa, Ha-
CTPOMKHM NapaMeTpoB JOKYMEHTA, ONUMHU BBIIOJHEHUS BBIYUCICHHHA W T. . Paz-
BEpHYTOE MEHIO TIpe/icTaBleHo Ha puc. 1.14.

iijjMathcad - [Untitled:1] - O] x|

ﬂﬂ’ File Edit Wiew Insert Format | Tools Symbolics  Window  Help _|E’|£|
AE: N
JDY@Q|§@39|3{,J$EIM-.. e =20 =@
Animation 4
JINDIITIEI| jIAriaI B 7 U ”%% = | == | x* X,
Brotect Worksheet, .
A A ] x= |2 <F 3] af | 1 @ |
-
Optimize L4 Calculate Worksheet  Chrl+F3
»
Debug v Automatic Calculation
Disable Evaluation
Trace Efrar:
License 4

Workshest Options...

Preferences, ., he

3
auto [ [ jPage1 s

Puc. 1.14. KomaHabl meHto Tools
B Ta6s1. 1.6 MOXHO HAWTH ONMCaHWE KOMaH ¥ NOAMEHIO MEHIO T 00IS.

Tabnuuya 1.6. KomaHObl MeHo Tools

KomaHpa OnucaHue
Spelling Komanga nposepku opdorpadum
Animation MoameHo ansa co3gaHWss M nNpocmoTpa aHumauuu. Pabota

C aHuMmaLuuen noapobHee obbACHAETCA B 21ase 3

Protect Worksheet KomaHaa 3awmTbl paboyero LOKYMeHTa OT HeCaHKLMOHMPO-
BaHHOro JocTtyna

Calculate B nogmeHio npeactaBneHbl KOMaHAbl, aKTUBU3MPYIOLLME Bbl-
YucneHumsa B pa6oqe|v| OOKYMEHTE. 31N KOMaHAbl pa3yMHO WUC-
nonb3oBaTh B TOM Cry4ae, eCiv OTKMIOYEH PEXUM aBTOMaTu-
YEeCKOro BbIMUCINIEHUA p[OaHHbIX B OOKYMEHTe (STOT pexnm
BKIIOYEH MO YMOMYaHWI0O — YyCTaHOBMEH (hraxoK y KOMaHAbl
Automatic Calculation 13 gaHHOro NoAMeHHo)
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Tabnuya 1.6 (okoH4YaHue)

Komanpa Onwucanune

Optimize MoameHo ¢ kOMaHgamu onTuMmM3aunn. 34ecb BKIOYAETCS U
BbIKINIOYAETCA PEXUM ONTUMM3auMM CUMBOSIbHBIX BbluMCIIE-
HUIA. DTOT pexmm MOXeT OblTb MPUMEHEH Kak KO BCEMY [OKY-
MEHTY, TaK 1 K OTAENbHOMY BblPaXXEHNI0

Debug MogmeHto ¢ koMaHAaMm oTnagkvM NPorpaMMHOro Koga

Disable Evaluation

Trace Error

Worksheet Options

Preferences

Komanaa peaktvBauum (akTMBmM3aLmun) BbIYUCIIEHNUST Bblpaxe-
HUs. Ecnn BblpaxeHne AeakTMBMPOBAHO (TO €CTb MpU BblYUC-
neHuax B paboyem nucTe OHO UrHOPUPYETCs), KOMaHaa 3ame-
HsieTcs Ha Enable Evaluation

KomaHnga oTcnexvBaHus owmbok

3anyck OAHOMMEHHOIO AManoroBoro OkHa, B KOTOPOM MOXHO
3agaTb o6LWme napameTpbl CUCTEMBI

HacTpoika LOnOMHUTENbHbIX NapaMeTpoB CUCTEMBI. OTKpr-
BaeTCsl OQHOMMEHHOE C KOMaHAOW AManoroBoe OKHO

[lepeuncnennbie B Ta01. 1.6 KOMaHABI YaCTHYHO OIMCHIBAKOTCS B pasjienax, Io-
CBSIIICHHBIX BBITIOJHCHHUIO OOIIMX HACTPOCK CUCTEMBI, a TAKXKE B 21a6ax 2 U S, T1e
peYb B OCHOBHOM HJIET O BBIYUCICHUSIX, B TOM YHCJIC U CUMBOJILHBIX.

MeHro Symbolics

B menro Symbolics npencrapieHsl KOMaHIbl, KOTOPbIe KpailHe BaKHBI MPH BBINOJ-
HEHMU CHUMBOJIBHBIX BBIYMCIICHUH. KOMaHBl 3TOr0 MEHIO Iokas3aHbl Ha puc. 1.15
U KpaTKO ONMcaHbl B Ta0i. 1.7.

Ta6bnuuya 1.7. KomaHdbl meHo Symbolics

KomaHpa

OnucaHune

Evaluate

Simplify
Expand

MoameHo nossonsieT npeobpa3oBbiBaTb BCEBO3MOXHbIE
MaTeMaTU4eCKue BbipaXKeHUs, BKMYasi uHTerpansl U npo-
nssogHble. OTO MNOAMEHID COAEPXWUT TPU  KOMaHAbI:
Symbolically (ans BbinonHeHusi npeobpas3oBaHUA B CUM-
BonbHOM BuAe), Floating Point (B atom cnyyae npu cum-
BOMbHbIX MPeobpa3oBaHNsX BO3BpaLLaeTcsl, ecnu 3TO BO3-
MOXHO, YMCInEeHHbIV pe3ynbTaT) u Complex (npeobpas3oBaHus
Ha MHOXECTBE KOMMJSIEKCHbIX Yncen)

KomaHga ynpoLieHus BblpaXKeHuin

KomaHga packpbITusi CKOBOK B CyMMaXx, MPOU3BEAEHUSAX U T. M.
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Puc. 1.15. Komangpl meHio Symbolics
Tabnuuya 1.7 (npodormkeHue)
KomaHnpa OnucaHue
Factor KomaHga Bo mHorom obpatHas komaHae Expand. B pesyne-
TaTe ee BbINOJHEHNs cyMMa (pa3HoCTb) Apoben npuBoauTcs
K o6LemMy 3HameHaTeno, npeanpuHMMaeTcs nonbiTka npea-
CTaBUTb BbIpaXXeHWE B BMUAE MPOU3BELAEHNSA U T. M.
Collect KomaHga rpynnupoBKM CTEMEHHbIX CriaraemblX B BblpaXKeHUmn

Polynomial Coefficients

Variable

KomaHga BbluucneHus koadpduumeHToB nonvHoma. B pe-
3ynbTaTe BbIMOMIHEHUS KOMaHAbl BO3BPALLAeTCs BEKTOp C
koapmumeHTamm nonmHoma

MoameHto copepxuT psig kKomaHa,. B yactHocTw, BbIGpaB koMaHay
Solve, MOXHO peLunTb ypaBHeHVe, NoMyYaloLLEeecst B pesyrnbrarte
MPVPaBHMBAHWS HYM0 BbIPAXKEHWS, COOAEPXKALLEro BblAENEHHYHO
(Ha MOMEHT BbIMOMHEHMST KOMaHAb!) NEPEMEHHYH) OTHOCUTENBHO
aTo nepemeHHon. KomaHpa Substitute ygobHa, ecny HyxHO
3aMEHUTb BbIOENEHHYIO NMEPEMEHHYIO B BbIPAXXEHUN COAEPXKU-
MbiM Bydepa obmeHa. Ecrm BbiGpath komaHgy Differentiate,
MOXHO BbIMMCIIUTE MPOM3BOAHYIO MO BbIAENEHHON NEPEMEHHON
OT BbIpaXXeHusi, CoAepXaLlero 3Ty nepemeHHyto. Ytobbl BbHmUC-
MUTb WHTErpan no nepeMeHHONn, criegyeT BbIOpaTb KoMaHady
Integrate. Kpome 3T0ro BbIpa)keHMEe MOXHO pasfoXuTb B CTEMEH-
HOW psf No nepemeHHow (komaHaa Expand to Series) n packna-
OblBaTb BbIpaXEHUS1 Ha dnemMeHTapHble Apobu (komaHaa
Convert to Partial Fraction)
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Tabnuya 1.7 (okoH4YaHuUe)

KomaHnaa OnucaHue

Matrix MogmeHo coaepXut TpM KOMaHAbl, BECbMa MonesHble npu
pabote ¢ matpuuyamu. 310 Transpose — TpaHCNOHWPOBa-
HWe maTtpuubl, Invert — BbluMCneHMe obpaTHOW MaTpuLbl
(maTpuua, Kak W3BECTHO, [ofkHa OblTb KBagpaTHOW) U
Determinant — BbluMcneHue onpepenutenst (QeTepMuHaH-
Ta) MaTpuubl

Transform MoomeHo coaepXuT KOMaHAbl BbIMOMHEHUS WHTErparnb-
HbIX npeobpasoBaHuin (NpambIX U obpaTHbix). B 4yacTHo-
CTU MOXHO BbINONHATL NpAMoe n obpaTHoe npeobpaso-
BaHne ®Pypbe (COOTBETCTBEHHO KOMaHAabl Fourier un
Inverse Fourier), npamoe n obpaTtHoe npeobpasoBaHue
JNlannaca (komaHabl Laplace u Inverse Laplace), a Tak-
xe npsamoe n obpaTtHoe Z-npeobpasoBaHue (komaHabl Z
nlnverse Z)

Evaluation Style KomaHga ans onpegeneHusa obnactu BbiBoga pesynbTaTta
CMMBOJIbHbIX onepaunii. MoXHO BbIBOAUTL pe3ynbTaTt Moj
npeobpasyeMbiM BblpaXeHWem Wnu cnpasa oT Hero. [lpu
3TOM VMMeeTCs BO3MOXHOCTb BblIBOAWTL KOMMeHTapui. Kpo-
Me TOro, MOXHO 3adaTb PexXuMm, Npu KOTOPOM pesynbTaTt
3amMellaeT UCXOAHOE BblpaXKeHne

[MepeuncienHple KOMaHbl 0O0Jice JIETAIbHO OMHMCAHBI B 21a6e 5, MOCBSIIIEHHON
METOJaM CUMBOJILHBIX BhIUHCIeHNM B Mathcad.

MeHo Window

B mento Window (puc. 1.16) cobpanbl KOMaH/Ibl YIIPABICHUS OKHAMH OTKPBITHIX
Ha MOMEHT ceaHca paboThl JOKYMEHTOB.

CoOCTBEeHHO, KOMaH/] B TOM MEHIO cOBceM HeMHoro (tabu. 1.8).

Crneayer 3aMeTHTh, YTO pa3HHUIA Mexay komanmamu TileHorizontal u
Tile Vertical mpocnexuBaercs, eciid OTKPBITO HE OOJIbIlE TPeX OKOH. B mpo-
TUBHOM ClJly4ae MpaKTHUEeCKUN pe3ydbTaT UX BBINOJHEHMS OAWH U TOT ke. Ok-
Ha paboYMX JTOKYMEHTOB BBHIPAaBHUBAIOTCS KaK 10 TOPU3OHTANH, TaK U MO Bep-
TUKaIU. B 1eaoM ke Ha3HayeHHe KOMaHJ 3TOTO0 MEHIO JIOJDKHO OBITH XOPOIIO
3HAKOMO BCEM, KTO paboTai XOTa Obl ¢ OJHUM MOMYISPHBIM O(QUCHBIM MPHIIO-
KEHUEM.
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Puc. 1.16. MeHo Window

Tabnuua 1.8. KomaHObl meHo Window

KomaHpa

OnucaHue

Cascade

Tile Horizontal

Tile Vertical

CnnCcoK OKOH

OkHa pacnonaraloTcsi KackafloM OAHO 3a APYrMM, HO Tak,
4TOObI BbINU BUAHBI UX NAHeNM Ha3BaHUM

OkHa pasmeLlLalTca O4HO Mo OOHUM TakK, YTO MOSIHOCTLIO
3aKpbiBaeTcs paboyas o6nacTb NPUNOXeHUs

OkHa BbICTpanBaloTCs 0AHO Bosne gpyroro. Mpu atom pa-
6oyas obnacTb MPWUMIOXEHWUS MOMHOCTLIO 3aKpbiBaeTCs
OKHamu

CnuMCoK C Ha3BaHUSIMU OTKPbITbIX HA TEKYLLUA MOMEHT pa-
6o4umx gokymeHTtoB. Ecnu otkpbiTo 6onee 10 pabounx go-
KYMEHTOB, OHU oTobpaatoTcs He Bce. Ho B 3TOM cnyyae B
MeHI0 nosiBnsieTcs komaHga More Windows, BbiGpaB Ko-
TOPYIO MOXHO MOMYYUTb AOCTYN K MNOSIHOMY CMUCKY OTKPbI-
TbIX OOKYMEHTOB. YToObl caenaTb AOKYMEHT aKTUBHbIM,
BO3M€e Hero cneayeTt NOCTaBUTb (PRaXokK

MeHto Help

Camoe MoJIe3HOE MEHIO, MPUYEM MPAKTHYECKH B JII000M mpuiiokerud, — Help

(puc. 1.17).
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Puc. 1.17. MeHto Help

Komansr MeHto Help mo3BosnsitoT nosyyars CripaBky MO CaMbIM  Pa3IHYHBIM ac-
nekTam paboThsl ¢ npuioxenuem Mathcad (ta6m. 1.9).

Ta6bnuua 1.9. KomaHObl meHto Help

KomaHpa

OnucaHune

Mathcad Help
What's This?

Developer's Reference

Author's Reference

Tutorials

QuickSheets

Reference Tables

BbizoB nonHomacLtabHom cnpaBku no Mathcad

BbI30B KOHTEKCTHOW CrpaBKW, MO3BOMSOLIENA MOMYYnNTb
onepaTvMBHY0 MOMOLLb MO KOHKPETHOMY SMEMEHTY WH-
Tepdperica

BbI30B cripaBo4HOro pecypca paspaboTumka

BbI30B cnpaBo4YHOro pecypca C AaHHbIMKM O crocobax
CO3[aHWsl 3MEKTPOHHBIX KHUF U KOHBepTupyeMbix Web-
[OKYMEHTOB

CnpaBka c oby4alowummn yTunmtamu, MO3BONSAIOLMMM
ObICTPO 1 nerko ycBouTb MeToAdbl paboTbl C nNpunoxe-
HVem

Basa gaHHbIX ¢ onucaHneM Mnones3HbiX WabnoHoB n oc-
BELLEHNEM HEKOTOPLIX cneumMdpuniecknx Metogos paboThbl
C MPUIOXeHNeM

CnpaBquaﬂ 0asa [aHHbIX MO KIYeBbIM Bonpocawm,
MMerLwnm OTHOLWEHNE K Hay4YHbIM nccnegosaHUam
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Tabnuya 1.9 (okoH4YaHue)

KomaHnpa OnucaHue

E-books OTO NogMeH0 coaepXXnT KomaHabl Ans paboTbl ¢ anek-
TPOHHBLIMUW KHAraMM ¥ NakeTaMm pacLUnpeHunia

User Forums dopym nonb3osatenen Mathcad

Mathcad.com Mepexon Ha Web-cainTt noaoepxku Mathcad

Mathcad Training Mepexopn Ha cTpaHuuy oby4atowero LeHTpa Mathcad

Mathcad Update MpoBepka BO3MOXXHOCTN OOHOBMNEHMS NPUIIOXEHUS HA

caunte nogaepxkun Mathcad
http://iwww.mathcad.com/services/training/

About Mathcad PerncrpaumoHHble AaHHbIE BEPCUUN NPUNOXEHNS

Register Mathcad Pervctpauusa nporpammHoro npogykra

Ha sToM Kkpatkuii 0630p OCHOBHBIX KOMAH]| [TAHEIH MEHIO MOYKHO CUHTATh 3aBEp-
ICHHBIM. BOJIBIIMHCTBO M3 YIIOMSIHYTBIX KOMAaH]I e1ie Oy/IyT OMHMCHIBATHCS B KHH-
re 1Mo Mepe MU3JIOKEHHs MaTepuaa, OTHOCSIIEroCs K KOHKPETHBIM ()yHKI[HOHAITb-
HBIM BO3MOJKHOCTSM TIpuiokeHus. OHAKO HCHOIb30BaHHE KOMAHI ITAHEINH
MEHIO — JIaJIeKO HE eIMHCTBEHHBIH (XOTS M J0cTaTouyHO 3()(EKTHBHBIN) METO]
B3aUMOJICHCTBHS TI0JIb30BaTeNs U pHiIokeHus: Mathcad.

NMaHenu MHCTPYyMEHTOB

C ¢(yHKUMOHANBHONW TOYKM 3pEHUs] HE MEHBIIMH WHTEpeC, 4eM MaHeNlb MEHIO,
Npe/ICTaBISIFOT NMaHein HHCTpyMeHToB Mathcad. Tlpu penakrupoBaHuu JOKYMEH-
TOB TOJIE3HBIMH OYJyT CTaHJapTHAs ITaHelb HHCTPYMEHTOB U MaHel b GopmMaTHpo-
BaHus. MaTeMaTnueckas maHelb HHCTPYMCHTOB COACPIKUT KHOIIKH, ITO3BOJIAIOIIUC
OBICTPO U 3(PPEKTUBHO OMEPUPOBATH C MATEMATHUYECKUMH OOBEKTAaMU B pabodemM
mucre. Jlanee mocienoBaTeNbHO OMUCHIBAIOTCS ATH TPHU MAHETH HHCTPYMEHTOB,
KOTOpBIE, HAITOMHHUM, OTOOPaKaIOTCS TI0 YMOJIYaHHIO TIPH 3aITyCKe MPUIIOKEHNUS.

CTaH,qapTHail naHeslb MHCTPYMEHTOB

Ha sToii maHenu pacroio)KeHbl KHOMKH, TyOJIUPYIONIHe B OCHOBHOM KOMAaH/IbI 13
mento File, Edit u yactuuno Format u Tools. B ta6a. 1.10 MoxHO HaiiTu omnuca-
HHE KHOMOK (TO €CTh TeX KOMaH]I, KOTOPbIe BBIMOIHAIOTCS MPH IIETIKE HA COOT-
BETCTBYIOIIUX KHOTIKAX).
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Tabnuya 1.10. KHonku cmaHOapmHoU naHenu UHCmMpyMeHmos

KHonka

OnucaHue

El

& @ D [W

<F

[=]

[ [ [ (B (8

Mpu wenuke Ha KHOMKe co3daeTcs HOBbI pabounii [OKyMeHT. Ecrniu
LWemNKHYTb Ha CTpesnKe crpaBa OT KHOMKW, OTKPOETCS CMUCOK C yKazaHuem
6a30BbIX LWAONOHOB, HA OCHOBE KOTOPbIX MOXHO CO34aTb HOBbIA [OOKY-
MeHT. [na 3Toro [OCTaToO4YHO BbIOpaTb COOTBETCTBYIOLLMIN 3MEMEHT U3
cnvcka. KHorka Bo MHorom gyGnupyeT komanay File | New

KHomka [nsi KoMaHZbl OTKPbITUS AOKyMEHTa. OKBMBAmNEHT KOMaHAbl
File | Open

Mpu Wwenyke Ha KHOMKe BLINOHSAETCSH COXpaHeHWe paboyero fOKyMeHTa.
AkBUBaneHT komaHabl File | save

BbIBOJ, [IOKyMEHTa Ha MneyvaTb. BbiBOJ Ha MeyaTh OCYLIECTBMSIETCS Takke
yepe3s MeHio komanpoii File | Print

KHonka Ansi KoMaHabl NpeABapUTENbHOTO NPOCMOTPA Mepen BbIBOAOM
[OKyMeHTa Ha neuyaTb. TOro e pesynbTata MOXHO A0GWUTHCS, BbIGpaB
komaHay File | Print Preview

Mpu wenyke Ha 3TOM KHOMKE aKTUBU3WPYETCA YTUNuUTa NpoBepku opdho-
rpachmm. To xe nmeeT mecTto npu Bbibope komaHabl Tools | Spelling

YaaneHne BblgeneHHOro dparmeHta B Gydep obMmeHa. OKBMBaneHT
komangbl Edit | Cut

KonupoBaHue BbligeneHHoro dparmeHta B Oydep obmeHa. JksuBaneHT
komangbl Edit | Copy

BcraBka cogepxumoro bydepa obmeHa B MeCcTo pasmelleHusi Kypcopa.
LLlenyok Ha aTOM KHOMKE 3KBMBaNeHTEH BbIOopy komaHabl Edit | Paste

Llenyok Ha KHOMKe NPUBOAMT K OTMEHe MocrneaHero AewucTBus. Toro xe
achdekTa MOXXHO A0BUTLCSA BbIGOPOM koMaHAbl Edit | Undo

LLlenyok Ha KHOMKe NMPUMBOAUT K NOBTOPEHMIO OTMEHEHHOro AEenCTBUSA. IK-
BUBaneHT komaHabl Edit | Redo

BbipaBHMBaHMe 0ObekTOB paboyero AoKymMeHTa B BblOENEHHON oGracTtu
B MOMNEpeYyHOM HanpaBneHun. OKBUBANEHT koMaHabl Format | Align
Regions | Across

BblpaBH/BaHne ob6bekToB pabovero AOKyMeHTa B BbiAeneHHOW obnactu
B NPOAONBHOM HanpaBneHWW. JKBUBANEHT KomaHabl Format | Align
Regions | Down

Mpu LLEnNyKe Ha KHOMKE OTKPbIBAETCS AMANIOroBOE OKHO BCTABKM (hyHKLMM
Insert Function, B KOTOPOM MOXHO BbIGpaTh (PYHKLIWIO 1St BCTABKM B pa-
Gounit JOKyMeHT. LLienyok Ha 3Toi KHOMKe 3KBUBANEHTEH BbIGOPY KOMaHb!
Insert | Function

LLlenyok Ha KHOMKe MPUBOAMT K OTKPbITUIO AManoroBoro okHa Insert Unit,
nocpeacTBOM KOTOPOrO OCYLLECTBNSETCA BCTaBKa €OUHUL, pasmMepHOCTW.
OKkBMBaNeHTHas KomaHaa MeHio — Insert | Unit
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Ta6bnuya 1.10 (okoH4aHue)

KHonka OnucaHue

[=] LLlenyok Ha KHOMKE paBHO3HauYeH BbIGOpy komaHasl Tools | Calculate |
Calculate Now, B pe3ynbTate 4ero BbINOMHAETCHA BbluMcneHne paboyero
[OKyMeHTa

Mocne wulenyka Ha 3TOW KHOMKe, Kak W nocne BbiGopa KomaHAbl
Insert | Hyperlink, MOXHO co3gaTb rMNepcebInKy

KHonka gy6nvpyeT komaHay BCTaBku obbekTa Insert | Component

@ KHonka nonesHa npu BcTaBke Tabnuupl. Lllenyok Ha Hel akBMBaNEHTEH

BbIGOPY komaHzsl Insert | Data | Table

o= Morne ¢ packpbIBAOLWMMCS CMMCKOM, NO3BONAILWMM 3a4aTh MacluTab oTo-
OpaxeHns paboyero OokymeHTa. AnbTepHaTUBOM MOXeT ObiTb KOMaHaa
View | Zoom

LLlenyok Ha KHOMke NpuBOAUT K TOMY e addeKTy, YTO 1 BbiGop KOMaHAbI
Help | Mathcad Help, T. e. k BbI30BY cripaBkm no npunoxexuio Mathcad

BaxxHo nmoHumark, uto omnucaHHbie B Ta0i. 1.10 KHOKH OTOOpaXKAIOTCS HA CTaH-
JAPTHOM MaHen WHCTPYMEHTOB Mo yMonmdanuto. OJHAKO B paMKax MPUIOKEHUS
Mathcad mosb30BaTennto MPEIOCTABISETCS BO3MOXHOCTh CaMOCTOSITEIbHO Ha-
CTpauBaTh CYNICCTBYIONIHME MaHEeNU. B YacTHOCTH, TyJa MOXHO J0O0aBISTh WM
yAaisITh KHOMKH. [1o3ToMy ecii 1oJI00HbIe HACTPOWKHU 1O OTHOIICHHIO K MPHIIO-
J)KEHMIO OBIIM ITOJIB30BATENIEM BBINOIHEHEI, MMAHENh, COOTBETCTBEHHO, M3MEHUT
CBOU BHJI. DTO K€ 3aMEYaHUE OTHOCUTCS M K IPOYUM IAHEINSIM HHCTPYMEHTOB.

MaHenb hopmaTupoBaHua

[Tanens dopmatupoBaHus B EPBO3JAHHOM CBOEM BHIE COAEP)KUT KHOIIKH, AyO-
JUPYIOLINE T KOMaH/Ibl, KOTOphIE UMEIOT HEIIOCPEICTBEHHOE OTHOLIEHUE K (hop-
MAaTHPOBAHUIO TEKCTOBBIX IMosied. KHONKM 3TON MaHeau UHCTPYMEHTOB MPEACTAB-
JIeHBI U ornucansl B Tabm. 1.11.

Tabnuya 1.11. KHonku naHenu ¢gpopmamuposaHusi

KHonka OnucaHue
Mormal - PackpbiBatommncsa cnmcok Beibopa ctuns. Pesynbstat nocne

LienyKa Ha KHOMKE TaKoW e, KaK 1 Npy BbiGope KoMaHbl
Format | Style

[aa j| Mone BbIbopa TUNa wpndTa. CooTBETCTBYIOLLAA HAaCTpoKKa
yepes naHenb MEHI0 MOXeT ObITb BbINOMHEHa nocne Bbibopa
komaHabl Format | Text
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Tabnuya 1.11 (okoH4aHue)

OnucaHue

W = & = OEE
Al 3

F

)

][] [ [w] (]

El

Mone BbIGOpa pasmepa wWpudTa. Pasmep MOXHO Takke ycTa-
HOBMTb MOCPEACTBOM KoMaHabl Format | Text

MpVMEHEHNE NOMYXMPHOTO CTUMS. YCTaHaBNMBAETCS TaKkKe B
[MaroroBoM OKHE, OTKPbIBAIOLLEMCS MOCTE BbIGOpa KOMaHAb!
Format | Text

BbineneHne KypcuBoM. MoxeT GbiTb MPUMEHEHO Takke Nocre
BbIGopa komaHabl Format | Text

BblgeneHue nogyepkusaqnem. MonesHa MoXeT GbiTb BCE Ta Xe
komaHga Format | Text

BrlpaBHVBaHWe TekcTa no neBomy kpato. MoXHO Takke ycTaHo-
BUTb 3TOT PEXUM, €CIl1 C NOMOLL b0 KOMaHAbl

Format | Paragraph, B pesynbTate BbiGopa KOTOPOIt OTKpbIBA-
eTcsi AnanoroBoe okHo Paragraph Format, 3agatb HacTponku

napameTpoB CTUNs naparpada

BblpaBHMBaHWe TekcTa no LeHTpy. AnbTepHaTnBa — BOCMONb-
30BaThCS KOMaHAoi Format | Paragraph

BblpaBHMBaHMe TekcTa no npaBoMmy kpato. [TonesHon MoxeT
6bITb kKOMaHAa Format | Paragraph

Mepexoa B pexxum MapknpoBaHHOro cnucka. MoxHo Takke BOC-
nonb30BaTbCs komaHaol Format | Paragraph

Mepexon B pexvMm HyMepoBaHHOro cnucka. AnbtepHaTmea —
BbI30B KOMaHabl Format | Paragraph

[Mepexon B pexxum BEPXHUX MHAEKCOB. Pexnm Takke MOXeT
ObITb YCTAHOBIMNEH B AnanoroBom okHe Text Format, kotopoe
OTKpbIBaeTCs nocne Bbibopa komaHabl Format | Text

Mepexop, B PEXUM HUXKHUX UHOEKCOB. PEXUM yCTaHaBNMBAETCS
B TOM e A1anorosom okHe Text Format (komaHaa
Format | Text)

IMockonbky B Mathcad umeercst manesns, npegHasHauYSHHAS /IS paOOTHI ¢ TEKCTOM,
TO BIIOJIHE JIOTHYHO, YTO €CTh U IMaHeJb, Mojie3Has npu paboTe ¢ MaTeMaTHYECKHU-
MU 00BEKTaMH, KOTOpasi OMUCHIBACTCS B CJICAYIONIEM MOApa3IeIie.

MaTtemaTunyeckas naHemnb

Ha maremaruueckoil maHenu MpeacTaBiIeHO MO0 yMOJTYaHUIO (M M3MEHHUTh TH Ha-
CTPOMKH HE YHacTcs) NEBSTh KHOMOK. J[aHHbIE 000 BCEX 3TUX KHOMKAX CBEICHBI
B Tabmn. 1.12. [llenyok Ha M000¥ M3 HUX NPUBOAHUT K TOMY, YTO OTOOpakaeTcs
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OJlHa U3 MaTeMaTH4YEeCKHUX MaJUTp, KOTOpPbIE, B CBOIO O4Yepenb, CIyXaT A ObICT-
pOro BBOAA MAaTEMaTUYECKUX BBIPAKEHWH W BCTaBKH BCEBO3MOMKHBIX OOBEKTOB
B paboumii nokymeHT. Camu MaTeMaTH4ecKue MajJuTPbl OMMUCHIBAIOTCS HECKOJIBKO
MIO3XKE.

Ta6bnuuya 1.12. KHonku mamemamud4eckol naHesnu

KHonka OnucaHue

OtobpaxeHue nanutpbl Calculator, nossonsiowen BBOAUTHL LLENYKOM
Mblwy 6a3oBble PyHKUMM, YMCTa, KOHCTAHTbI U CUMBOJIbI apUPMETUYECKMX
onepauui. OKkBUBaneHT koMmaHapl View | Toolbars | Calculator

OtobpaxeHne nanutpbl Graph, nossomsiolien BbINONHATL BCTaBKy BCe-
BO3MOXHbIX rpadvkoB B pabounit [OKYMEHT. JKBMBaneHT KOMaHAbl
view | Toolbars | Graph

OtobpaxeHne nanutpel Matrix. Manutpa wncnonb3yeTca AnNS BCTaBKU
B YAOOHOM pexvmMe BEKTOPOB U MaTpuL, B paboymin JOKYMEHT. QKBMBaNeHT
komaHab! View | Toolbars | Matrix

x= OTobpaxeHue nanutpel Evaluation, nonesHow npu npoBeaeHnnN npeobpa-
30BaHWI, B TOM YnCre CUMBOIbHbIX. Nanutpa oTobpaxaeTcs nocrne Bbl-
NorHeHus komaHabl (YCTaHOBKM hrnaxka y COOTBETCTBYIOLLENO dreMeHTa)
View | Toolbars | Evaluation

OtobpaxeHue nanutpbl Calculus, koTopas HeMnOCPeACTBEHHO CBs3aHa
C BbINOMHEHNEM TaKuX OMepaLmii, Kak BbIYUCHEHNE NPOU3BOAHBIX, MHTErpa-
noBs, onpeneneHue npeaerioB, BblYUCNIEHME CYyMM M npou3BeneHuin. Ma-
nuTpa oTobpaxaeTcsi nocne Bbibopa komaHabl View | Toolbars | Calculus

OTo6paxeHune nanutpbl Boolean onst BbINONHEHWUS NTOTMYECKUX OnepaLuit.
OkBMBaneHT Bbl3oBa komaHas! View | Toolbars | Boolean

OTtobpaxeHne nanutpel Programming, koTopas yaobHa ans coctasrne-
HWSA MporpaMMHbIX KOAOB B cpefe npunoxeHus Mathcad. OksmBaneHT Bbl-
3oBa komanasl View | Toolbars | Programming

E OTtobpaxeHne nanuTpbl BBoAa rpeyeckmx cumsonos Greek. [ina otobpa-
XeHVs 9TOM ManuMTpbl MOXHO Takke BOCMOMb30BaTbCA KOMaHAOW
View | Toolbars | Greek

H OTobGpaxeHne nanuTpbl C KOMaH4aMu CUMBOMbHbIX Npeobpa3oBaHWin Bbl-
paxeHun Symbolic. Ona oTtobpaxeHus 3TOM NanuMTpbl MOXHO Takke Bbl-
6paTb komaHay View | Toolbars | Symbolic

[Mocne menyka Ha KHOTIKE MaTeMaTHYECKOW MaHeJH, 3Ta KHOIKa OCTAaeTCsl B HaXa-
TOM COCTOSIHUHU (OTOOpa)kaeTcs Ha TaHEN CIeIHaIbHBIM 00pa3oM B BHIC BIaB-
JeHHOH oOnacTu). Eciu Ha KHOIKE HIETKHYTH eIe pa3, OHa BEPHETCS B CBOE MC-
XO0AHOE cocTostHue. [Ipr 3TOM 3aKpoeTcs U cOOTBETCTBYMOMas nanutpa. [lomumo



30 Maeal

OIIMCAHHBIX TPEX MaHeNel WHCTPYMEHTOB, NPHU paboTe C NPUIOKEHHUEM MOTYT HC-
[0JIb30BaThCs U Apyrue. O HUX — faiee.

MaHenu pecypcoB U 35fiIeMeHTOB ynpaBlieHUsA

KpoMe paccMOTpEHHBIX OCHOBHBIX ITaHEJIEH, B OKHE TPHIIOKEHUsST MOTYT OTOOpa-
’KaThCs BCIIOMOTATENIbHbIE, HEOOXOIMMBIE HE TaK Y4acTo, HO, BMECTE C TEM, BEChbMa
noJsie3Hble. B 1mepByro odepesib 3TO OTHOCHTCS K MaHenu pecypcoB. OHa 0OBIYHO
0TOOpaKaeTCsl IPH 3aMyCKe MPHIOKEHUS (XOTS 9TOT PEKUM MOXKHO M OTMEHHTB)
U COJICPYKUT BCero jiBa 3eMenTa (Tadu. 1.13).

Tabnuya 1.13. KHonku naHenu pecypcos

KHonka OnucaHune

[ Tutorials = Cnimcok Bbibopa pecypca. lNMpakTnyeckn aTn xe anemeHTbl
MoryT 6bITb BblIGpaHbl, eCrin 06paTUTLCS K COAEPKUMOMY
MeHto Help

Mepexoa K TOMy pecypcy, KOTopblii oToBpaxaeTcs B none

cnuvcka BbiGopa pecypcos

Kpome 3T0r0, HHTEpEC Mpe/ICTaBIsIeT elie O/Ha aHe b HHCTpyMeHToB (puc. 1.18).
JUist ee OTOGpaXKeHUs CliedyeT BOCIoIb30BaThes komannoil View | Toolbars |
Controls.

M & 1 4= [l EH

Puc. 1.18. lNaHenb 3neMeHToB yrnpasneHns

Onmcanre KHOTIOK, pa3MeIIeHHBIX Ha 3TOW TTaHeIH, MO>KHO HaiTh B Tabn. 1.14.

Tabnuya 1.14. KHonku naHenu pecypcos

KHonka OnucaHue

BcraBka B paGoumit JOKYMEHT MHAMKATOPA. ITO e MOXHO CAenaTh C ro-
MoLLbIo KoMaHapl Insert | Control | Check Box

BcraBka B paGounit JOKyMEHT nepekrioyatensi. B 3ToM criyuae Takke MOX-
HO BbI3BaTb komaHay Insert | Control | Radio Button

BcTaBka B pabounii [OKYMEHT KHOMKW. [lonesHom Takke MOXeT ObITb KOMaH-
pa Insert | Control | Push Button
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Ta6bnuya 1.14 (okoH4aHue)

KHonka OnucaHue

BcTtaBka B paboymin JOKYMEHT Nonochkl NPOKPYTKU. OTO e MOXHO caenatb
¢ nomoLLbio koMaHab! Insert | Control | Slider

b1 Bcraeka B pabounin 4OKyMEHT TEKCTOBOro nons. Mcnonb3yeTcs Takke komaHaa
Insert | Control | Text Box

BcTtaBka B paboumn gokymeHT cnucka. MoxHO Bbi3BaTb komaHay Insert |
Control | List Box

JloGaBieHre 31eMEHTOB YIIpaBIICHUSI B paboumii JOKYMEHT MOXET OBITh BeChMa
a¢ddexTrBHBIM. OCOOEHHO 3TO CHPaBEUIMBO B CiTydae, KOT/a B JOKYMEHTE pean-
3YIOTCSI CIIOXKHBIE JIOTHYECKHE CXEMBI BBIUYMCIICHHUH, CYIIECTBEHHO 3aBHCAIINE OT
BbIOOpa Tosk30BaTeNs. [IoMHMO 3TOTO, 3JIEMEHTHI YNPaBICHUS YIPOIIAIOT IPO-
Hexypy B3aMMOAEHCTBHUS IOJb30BaTeNs ¢ npuiokeHneM. I[logpobnee 006 sTOM
paccka3bpIBaeTCsl B CIEAYIONINX TJIaBaX KHUTH W, B YaCTHOCTH, B 21age 4, TOCBsI-
IIIEHHO# MeTo1aM TporpamMmupoBanus B Mathcad.

HacTtpounka nHtepdenca nonb3oBarens

Jlaxke ecnu mpeaaraeMslii o yMoayaHuio Buj uHTepdeiica Mathcad ycrpanaer
OYEeHb MHOTHX MOJIb30BaTEIICH, HABEPHIKA HAWIYTCS T€, KTO TOXKeNan Obl BHECTH
B HEro HEKOTOPbIC, XOTS Obl HE3HAYMTEINIbHbIC, N3MEHEHHs. YacTo sl 3TOTO €CTh
O00BEKTHBHBIC NMPUYMHBI. Besib, Kak NpaBUiIo, OJHU KOMaH/bl HEOOXOAMMBI Yalle,
4yeM jpyrue. [IpuyeM y KakAoro Mojb30BaTelis MPEIIOYTeHUS] B 00JIACTH ITHX
nro0uMbIX KoMaHn cBou. Ha atoT ciydait B Mathcad npenycmorpena Bo3MOX-
HOCTb BHOCHUTb M3MEHEHHs BO BHEUIHHUI BHJ paboyero JOKyMeHTa, 0TOOpakaeMo-
ro MpUJIOKEHHeM 1pu 3anmycke. HauneM ¢ HanboJiee pOCThIX METO/I0B, UMEHOIIHX
B OCHOBHOM "KOCMETHYECKHI'" XapakTep.

Hactpouka naHenem UHCTPYMEHTOB

OCHOBHOI METO/A HACTPOMKHM TaHeneld HMHCTPYMEHTOB COCTOUT B JOOaBICHUH
U yJaJeHUN PaclloIOKEHHbIX Ha Hel kHomok. Cpa3y ciielyeT OTMETHTbh, YTO BbI-
MOJHSTh TaKHE MAHUIYJSLUK MOXHO JIANeKO HE cO BceMH NaHensMu. Eciu ObITh
a0COIIOTHO TOYHBIM, TO HACTPAMBAIOT CTAHAAPTHYIO MaHeJIh HHCTPYMEHTOB U Ma-
Hesb (opMaTupoBanus. [IpoBepuTh, HacTpauBaeTcsl MaHeNb WM HET, JOCTATOYHO
JIerKo. JIJIst 3TOro MOKHO HAaBECTH KyPCOP MBIIIM Ha COOTBETCTBYIOIYIO ITAHEINb U
LIENKHYTh HA HEW IIPaBOM KHOIKOW. B pe3ynbrare OTKpOETCs CIUCOK, COCTOSIIIAN
u3 nByx anementoB: Hide u Customize (puc. 1.19).
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itw]Mathcad - [Untitled:1] =10 x|

fm File Edt Wiew Insert Format Tooks Symbolics ‘Window Help == x|
|D-FEESGRY $BR|-|(T: (P = e O 5@
[ PO o s zulE=

| @A == [2 < 2 s @ |J|Tut0rials x| @ |

Puc. 1.19. PackpbiBatoLleecss MEHI0 C KOMaHAaMun CKPbITUS U peAakTUupoBaHns
naHenn MHCTPYMEHTOB

— 1— =
i = IP

z

Ecnu BbiOpath nepssiii snement crincka (Hide), coorBercTByromas nanens Oyaet
ckpbITa. BTOpoit sanement crnimcka (Customize) BeIOMparoOT Kak pa3 B TOM cliydae,
€CJIM eCTh JKEJaHWEe HECKOJIbKO BUIOM3MEHHTH JIAaHHYIO MaHesb. [Ipobiema B TOM,
9TO 3TOT BIIEMEHT He BCer/ia JA0CTyreH. ECu OH BBIACIEH CEPhIM IIBETOM, 3TO 03-
Ha4aeT, YTo MaHeNlb HACTPOUTh He yjaactcs (eCiii BBIOpPATh ATOT AJIEMEHT JUIs Ta-
KOI1 TIaHEJIH, POBHBIM CYETOM HUYETO HE MPOH30IeT).

Ecnu ke mienkHyTh NpaBOW KHOMKOW MBIIMIM Ha TaHeNd (HOpMATHPOBAHHS WIIH
CTaHJAPTHOI MaHelH, a IIOTOM BbIOpaTh dneMeHT CUStOMize, To B pe3ynbTare oT-
Kpoetcs muanoropoe okHo Hacrpoiika manesnm uHcTpyMeHTOB (puc. 1.20).

HacTpoiika NaHenK WHCTPYMEHTOE i |

HiEmW HECA KHOMKM: MaHe Nk MHETYMEHTOE: o
Paznenirens - 2 Insert Component ;I C6
o
[3¢) Insert Excel Component 1 Inzert Table P

@ Inzert Smart5ketch Compone TofasuTh | Paspenrent Crpaeka

ﬁD Fead D ata File Zoom

EQ wirite: D ata File <= Yaanume | Pazgenrent

0 Create Animation [Z) Help EEemy
] User Forums

N2 wihat's This? - - Btz
l i « | B

Puc. 1.20. nanorosoe okHO HacTponka naHenu MHCTPYMEHTOB

i

B »ToM nmanoroBoM oxkHe B JIeBOHW 4acTH, B cnucke Mmerommecss KHOIKH, CO-
JiepKaTcs Te KHONKHU (IpEe/ICTaBIeHbl KaK Ha3BaHHEM, TaK M COOTBETCTBYIOIIEH
MUKTOTPaMMOii), KOTOpbIe MOXHO pa3MeCTUTh Ha MaHesiu. B mpaBoii yacTu auano-
roBoro oxkHa, B cnucke IlaHeab HHCTPYMEHTOB, IEPEUYUCICHBl KHOIKH, pa3Me-
IIEHHbIC HA TEKYIIMI MOMEHT Ha NaHEJIM UHCTPYMEHTOB. B 3aBUCHUMOCTH OT TOTO,
JUTSE KaKOW TTaHEeH BBITIONHAETCS HACTPOHKa, pa3HBIMU OYIyT U YIIOMSHYTHIE CIIH-
cku. Ha puc. 1.20 noka3aHo OKHO, KOTOpPOE€ OTKPBIBACTCS NPU HACTPOUMKE CTaH-
JApTHOU NaHEIN UHCTPYMEHTOB.
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HacTpoiKka NnaHen MHCTPYMEHTOE

Hrewmecn kHOMEM; T aHENE MHCTPYMEHT OB
= Py Jakpers

- [ Mew - =
! Ingert Excel Component = Open B2

@ Ingert SmartSketch Cormpane TIO6aEMTE -3 IE Save Crpaeka
G- Fead Data Fil Paznenmens
HQ wirite Data File <- Haanure | =P Pririt

= Create Animation @ Frint Presiew Beepx
o] User Forums % Check Spelling

W2 What's This? hd Paznenirens hd L
“| | v 4| | v

Puc. 1.21. Npouecc fobaBneHnst KHOMKM Ha naHerb

Pazgenurent

flr el

Jlnst Toro 4toObI 100aBUTh KHOIIKY Ha MaHeIb HHCTPYMEHTOB, 3Ty KHOIKY CJIEyeT
BBIOpATh B JIGBOM CIHMCKe JuanoroBoro okHa HacTpoiika maHeqm HHCTPYMEHTOB.
[Tociie 3TOrO HYXKHO HIENKHYThH Ha KHOTKE JlodaBuTh (puc. 1.21).

Knonka nobasisieTcs mepes TOM KHONKOW MaHEeIW WHCTPYMEHTOB, KOTOpas Oblia
BblieNieHa B ciiiicke [laHe b HHCTPYMEHTOB, JI0 Hayaja Mpoueayphl 100aBIeHUS
HOBO# KkHOMKM (TO eCTh 70 TOTO, Kak Oblia BbIAeneHa go0aBisieMas KHOITKA).
B nanHom ciiyyae kHomka BctaBku kommonenta Excel (Insert Excel Component)
Oyner mobaBiieHa MEX/y KHOIIKAMH COXPAHEHHUSI U OTKPBITHS JTOKyMeHTa (Save u
Open). Tocie menuka Ha KHOMKE [06aBUTh COOTBETCTBYIOIIAs KHOIKA MIEpeMe-
maercst u3 crucka MMeromuecsi KHONKH B Crucok IlaHeq b MHCTPYMEHTOB U
cpasy 0ToOpa)kaeTcsi M Ha MaHel HHCTPYMEHTOB.

[loce pazmemnieHus] KHOIKM MOXXKHO MEHATh €€ TIO3UIMIO Ha TIaHEeNId MHCTPYMEHTOB.
st Toro 4roObl IEPEMECTUTh KHOTIKY BHU3 110 criMcKy IlaHes b MHHCTPYMeEHTOB, ciie-
JyeT BBIICIUTD 3Ty KHOMKY (yxe B criucke IlaHej b HHCTPYMEHTOB) U IIEIKHYTh
Ha kHonike Bum3. lllenuok Ha kHONKe BBepx NpUBOAUT K MPOTUBOIOIOKHOMY
sdpdexty. Ha puc. 1.22 nokaszaHo, kak mocie meirdka Ha KHomnke BBepx, kHomka
Insert Excel Component oka3siBaeTcsi MEKIy KHOTIKAMH CO3aHHUS HOBOTO JOKY-
meHTa New u otkperTus qokymeHTa Open.

Y100l YAQIUTH KHOIKY C TAHEId HHCTPYMEHTOB, CJIEAYET KHOINKY BBIIEIUTH
(B cricke TlaHe b MHCTPYMEHTOB, Pa3yMeeTCsl) U IIEIKHYTh Ha KHOIIKE Y AAJIUTh
(puc. 1.23).

Ecnmu B mporiecce nepeMenieHuss U yaalieHUss KHOTIOK Ha TAHEJH JIOTHYecKas Iie-
MOYKa BHECEHUs M3MEHEHHM yTepsiHa, MOXKHO HICNKHYTh Ha KHOomke COpoc, B pe-
3yJIbTaTe Yero Bce CTAHET Tak, Kak ObUIO JIO Havyana BHeceHHs u3mMeHeHuid. Creny-
€T Takxe OOpaTWTh BHUMAaHHE Ha HAJMYME B OOOMX CIIMCKAaX TAKOTO JJICMCHTA,
kak Pa3genmrenn. TO He KHOMKA, a UIMEHHO paszjeiutenb. Ero yno0Ho pasme-
marh Ha TAHEJIU HHCTPYMEHTOB i O0OCOOJICHUS OTACIBHBIX TPYII SYCCK.
WuTepecHo u TO, 4TO TepeMemaTh KHONMKW W3 crnucka Mmerommecsi KHONMKH
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B cicok IlaHelb MHCTPYMEHTOB U 0OpPaTHO MOKHO OOBIYHBIM IEPETACKUBAHUEM
MUKTOTPaMMBbl COOTBETCTBYIOIIEH KHOMKHU C TIOMOIIbIO MbIMIH. JIJ19 3TOr0 JMocTa-
TOYHO MUKTOIPAaMMYy BBIICIUTH M, YAEPKUBas HaXKaTOH JIEBYIO KHOIKY MBbIIIH,

MepeTaIlUTh KHOMIKY B HY)KHOE MecTo Jipyroro crucka (puc. 1.24).

MMEILHECA KHOMKM:

HacTpoiika naHen MHCTPYMEHTOE

[MaHENE WHCTPYMEHT OB:

i

x

3akpeTs

_axaers |

Pazneret = [ Mew j Cépac |

Ingert SmartSketch Compone Inzert Excel Component
ﬁl'_‘l Fiead Data File TNOBaBUTE -5 | = Open Crpagxa |
n‘;} Wrike D'ata File & save
= Create Animation <- Yganure | Pasaeaqrent
%) User Forums = Frint
W2 wikat's This? [&, Prirt Presricws k

_lj "% Check Speling _|;| Briuz
1 | » | | >
Puc. 1.22. lNepemeLleHne KHOMKN Ha nNaHenu

MMEILHECA KHOMKM:

Pasgenirens

B

Ingert SmartSketch Compone

B Read Data File
s Wiite Data File
2 Create Animation
%) User Forums
W2 wikat's This?

4]

<-Hoanyre

5

ToGsemnTe -» | =

[MaHENE WHCTPYMEHT OB:

Pasaenurans

= Frint
[&, Prirt Presricws

fff’ Check Speling -
| | >

Puc. 1.23. YaaneHue KHOMKU C NaHenu MHCTPYMEHTOB

MMEOWHECA KHOMKH:

Pazaenment

zert Exc
@ Ins
b )
HD Read Data File
g wite Data File
23 Create Animation
%] User Forums
W2 wihat's This?
ol

= Component
ert SmartSketch Componer

JogaerTE -» |
<-Hoane I

| o

HacTpofFka naHen HHCTPYMEHTOB

[NaHenke HHETPYMEHT OB:

[ Mew
= Open
& 5ave

ANLNMTENR
T t

[ &, Prirt Preview
w Check Spelling
FPazpenrens

Puc. 1.24. NepemelleHne KHOMKM C MOMOLLbIO MbILLN
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[Tocme BHECEHHS BceX HEOOXOIMMBIX H3MEHEHHU MIETKAIOT HA KHOTIKE 3aKPbITh.

Ha 3ToM BO3MOXHOCTH IO HACTPOWKE MaHeNied WHCTPYMEHTOB, MO OOJIBIIOMY
cuery, 3akaHunBatoTcs. CaMu MmaHenu MOKHO IepeMenaTs o pabouemMy JIHCTY.
s 5TOTO Ha HEW NOCTATOYHO LICJIKHYTh JIEBOW KHOIIKOW MBIIIU U, yIEpPKUBAs
KHOIKY MBIIIA HAXKaTOW, IEPEMECTUTh MaHeb B HY)KHOE MECTO paboyvero JucTa.
Kpome TOro, kak yxe OTMeHasoCch, NMaHENIW MOXKHO CKPBIBaTh C IOMOIIBIO
KoMaHpl Hide U3 MeHI0, pacKphIBAIOIIETrOCs MOCJe MIeTYKa MPaBOW KHOIKOM
MBI Ha TMaHeNIW, WM, OTMEHHB (JIaKOK Yy Ha3BaHUSl CKPBIBAEMOM MaHEeIH
B moamenio T00lS u3 menro View. UtoOsl 0TOOPa3UTh MaHelb CHOBA, (HIaKOK
cienyeT BepHYTb Ha MECTO.

JlnHenka, macwtab n ¢oH

[ToMuMoO maHese WHCTPYMEHTOB, CYHISCTBYIOT M JAPYTUE CIOCOOBI BBITOJIHEHUS
HACTPOEK, KOTOphIe HETMOCPEACTBEHHO BIMSIOT Ha BUA pabouero nokymeHnrta. Ha-
MPUMEP, MOXHO J100aBUTh TaKOM 3JeMeHT rpaduueckoro uHTepdelica, KaK Ju-
He#ika. J[7s 3TOro cjeayeT BBIMOJHUTH KOMaHay View | Ruler. Pa6ouee oxuo
C OTOOpaXXEHHOW B HEM cpa3y IOJ NaHEJIsIMU HHCTPYMEHTOB JIMHEHKOM MMOKa3aHO
Ha puc. 1.25.

e

fm File Edit View Insert Format Tools Symbolics Window Help =181 x|

ID-SHISGAY | RR|ve|(T: my =2 20w =@

[Normal =l[adial Ao =le zu|===|E=EE< =
D ap HITutoriaIs ~| @60

| @ A ] »= 2 <
-

Povd o 020 | Povd o5 o I N N

-

4 I | 3
Press F1 for help, auTo [ Pagel

Puc. 1.25. OkHO ¢ nuHenkomn

XOTS ¢ MOMOIIBIO JMHEWKH U JIerde KOHTPOJIMPOBATH PACIONIOKCHHE OOBEKTOB
B pa0oueli 001aCTH JOKYMEHTa, OHA UMEET B OCHOBHOM JICKOPATUBHBIN XapaKTep.
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—ioix
fm) File Edit Wiew Insert Format Tools Symbolics Window Help == ]
ID-ZH|@RAY @« |(T: (o= (20|[m Q@
| [Nomal =|fadal ol ruz===EE] < =
J ] A ] x= [ <F ] ap W HITutolials | oo
R N R N R KN R IR A

+ MNonvHoMManbHaA perpeccus ii

=30 i=0,1..n

ﬂaHHble ANnA aHanuia:

xo=0Li =t 5-51':{40:"‘] +momin+1,0,3 4=0,01.01n

Perneccuouuaﬂ Honenb:

Frt.n = interp(regress(x,y,m) 1, 7,1) 4P PerpeccuoHHan hyHKUMA
Press F1 for help, aomo [ [ |Page1

Puc. 1.26. Pabounii OKYMEHT B peXunMe BblAENEHNs BblPaXXeHWUi

Ecnu BITOTHUTE KOMaHTy View | Regions, To B pe3ysipraTe pabodas 4acTh J10-
KyMeHTa OyJeT 3aKpalleHa CepbIM I[BETOM, 32 UCKIIOUEHHEM TeX 00JIacTel, I/ie B
JOKYMEHTE pa3MelIieHbl 00beKThl. OOBIYHO 3TO BCEBO3MOXKHBIC MaTeMaTHUECKUE
BbIpakeHus. Ha puc. 1.26 mokazaHo, Kak TOKYMEHT MOXET BBIMJISJECTh B 3TOM
ciryvae.

Taxkoit pexxuMm ObIBaeT BechbMa yI0O€H, OCOOEHHO B TEX CITydasx, KOTJa JOKYMEHT
COIEPKHUT OOJIBIIOE YHCIIO AIIEMEHTOB, KOTOpBIE IEPEKPHIBAIOTCS HA padouem
nucTe. Beinenenne ux 1BeToM MMo3BOJISIET, KaK MUHUMYM, KOHTPOJIMPOBATh CUTYa-
0. XOTs CIPaBEUTMBOCTH PAJIN CIEIyeT OTMETUTh, YTO 3TO HE €IMHCTBEHHBIN
croco® 60pr0bI ¢ maHHOW mpobiemoi. Tak, MOXHO BapbHpOBaTh MacHiTad OTO-
OpaxeHHsI TIEMEHTOB B pabouei oomactu. [ n3meHeHnst macmTada BEITIOTHSIOT
Komauay View | Zoom. Tlocne sroro OTKpBIBaeTCS JTHAIIOTOBOE OKHO BBHIOOpa
macirradba Zoom (puc. 1.27).

B sTOM nuanoroBoM OkHE MOXHO JHOO BBIOpPAaTh OJUH W3 MPENONpeeTIeHHBIX
MaciTaboB, 1100 ykazaTh coocTBeHHbIH B mosie Custom. Hanpumep, ipu BeiOOpe
Mmaciraba 200 % pabouee OKHO OyeT BHIMJISACTh TaK, Kak oka3aHo Ha puc. 1.28.

st ycraHOBKH MacmuTaba MOXHO BOCIIOJIB30BATHCS] PACKPHIBAIOIIMMCS CIIHCKOM
Ha CTaHAAPTHOM MaHeIN UHCTPYMEHTOB. OJJHAKO B 3TOM CIIy4ae AOCTYIHBI TOJIBKO
T€ 3HAYEHUs, YTO INPeNJIararoTcs B PAcKpPbIBAIOIIEMCS CHHMCKE. DTO HE BCeraa
yI0OHO, XOTSI COOTBETCTBYIOLIMH CHMCOK M 0OoJiee MOJIHBIMA, YeM B IHAJIOTOBOM
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okHe Zoom. Ecth, oHaKO, psA HACTPOEK, KOTOPHIE HEMOCPEACTBEHHO HA BHETII-
HeM Bujie pabodero okHa Mathcad He ckaswpiBaroTCs, 3aTO CYIICCTBEHHO BIIHSIOT
Ha BUJI JJOKYMEHTA MPH BBIBOJIC €0 Ha Ievarh.

Zoom x|
—Magnification
 200%
0 100%
 75%
 50%
" 25%,

¢ Custom IlDD %o
0K I Cancel |

Puc. 1.27. [lnanoroBoe okHO Zoom

o
fml File Edt View Insert Format Tools Symbolics Window Help _1&] x|
ID-2E(EGLY |4 2B o™t (we =220 =@
| [Normal =fera SoEe rulEz==(EE] -

=R (ggjtzﬁﬁulmtmia\s =] o
[+~ 1 - a1

+ MNonuHoMUuankbHaga perpeccus

n:= 50 1:=0.1..n

JlaHHble ANsA aHanusa:

. [ 40-m-x
X, = 0.1-1 v o= 2xX + 5-81n + morm(n + 1,0.2)  .t:=0.01..0.1n
n

PerpeccuoHHas mogensb:

Lt m) = mterp(regress(x.y.m).x.y.t) ‘= PerpeccuoHHad dyHKLMS

ol | »
Press F1 for help. auto [ Page1

-

Puc. 1.28. MacwTtab otobpaxeHns 200 %

HacTtpoiika konoHTuTynos

B otnmume ot tekcroBoro pemaktopa Word, B Mathcad, kak yke otmevanoch, pa-
Oouast obnmacTp Ha JUCTHI He pa3Outa. pyruMu cioBamu, TPU BBOJE KOMaHJ
B pabouyto obiacts okHa Mathcad uHorma kpaitne mpodIeMaTHYHO ONPEIEIHTh,
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KaK ero coiepxumoe OyeT BBITIISIETh IPH BbIBOJE Ha medyarh. CaMblil IPOCTOi
crocoG IpoBepUTH 3T0 — BbIGpaTh Komanay File | Preview. B pesynbrate moxHO
y3HATh, 4TO OyIET MPEeICTaBIATh COOOM JOKYMEHT B pacledaraHHoM Bumie. [lpu
3TOM €CTh BO3MOXKHOCTDH BBIIIOJIHUTH Psijl HACTPOEK, KOTOPHIE CKa3bIBAIOTCS IMPH
pacmedatke H0KyMeHTa. OCHOBHBIC HACTPOMKH, TOMHMO TEX, YTO OTHOCSTCS He-
MOCPE/ICTBEHHO K MPOIECCY IeYaTH TOKYMEHTOB, BBIMONHSIOTCS B JIHAIOTOBOM
okue Header and Footer (puc. 1.29), koTOpoe OTKPBIBAETCS C MOMOIIHIO KOMAaH-
el View | Header and Footer. B Hem 3amaercsi BUI KOJIOHTHTYJIOB, TPHHIIHIT
HyMepalii CTPAHHUII, & TAKXKE BBIIIOJTHICTCSI PSJI CMEKHBIX HACTPOEK.

Header and Footer I

Header | Footer I

Left Center Bight

[ Use full width for each section

Tool Option Frame

El EI Farmat... | Start at page number H [ Page

™ Header

; ] ™ Different header and fook
B Bl m o  mee | onfistpage I Eooter
k. I Cancel

Puc. 1.29. lnanoroBoe okHo Header and Footer

B ncxomHOM BapHaHTe OKHO COAEPKUT aBe Bkiaaaku: Header u Footer, rae ompe-
JICTIAIOTCST COOTBETCTBEHHO BEPXHHME U HMYKHUE KOJOHTHUTYJIBI, TPUHITHIT 3aOJTHE-
HUS TIOJIeH ¥ BBIOOpA OMIMIA T KOTOPBIX MACHTHYEH. Jlamee st ompeaeneHHo-
CTH peuyb OyAeT HATH O BEPXHHUX KOJOHTHUTYJIax. YacTh HACTPOEK, WMEIOIINX
OTHOIIIEHHE KaK K BEPXHUM, TaK U HIKHUM KOJIOHTHTYJIAM, BBITTOIHSIETCS B HIK-
HEH 4acTu QUAJIOrOBOT0 OKHA, O BKIAJKAMU.

B nonsix Left, Center u Right BBoguTcst TeKCT, 0TOOpa)kaeMblii B KOJIOHTHTYJIaX
COOTBETCTBEHHO CJIeBa, 1O HEeHTpy u cmpaBa. Pmaxok y ommmu Use full width
for each section nmeer cMbIC) yCTaHABIUBATE TOJBKO MPU HAJIUYUU B KOJIOHTHTY-
Jax JUTMHHBIX TEKCTOBBIX BhIpaxkeHuit. Eciu omnmuust He BhIOpaHa, TO TaKWe 3HAYe-
HHS Pa3MEIIAOTCs B TOM YaCTH KOJIOHTHUTYIIA, YTO OTBEEHA /Ul HUX (TO eCThb Clie-
Ba, CIIpaBa WM IO HEHTPY). Eciam (Guaxkok y Omiuu MOCTaBUTh, TO TEKCT OyaeT
BBIPABHHUBATBCS 10 MIMPHHE CTPAaHHIbBL. [IpH 3TOM BO3MOXKHBI HAKIIAIKH 4YacTeit
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KOJIOHTUTYJA JIpyr Ha Jpyra, TaKk 4YTO IMOJb30BATHCS AAHHBIM PEKUMOM CIIEAYET
KpailHEe OCTOPOKHO.

Kpome yrmoMsiHyTBIX BKJIAJJOK JUAJIOTOBOE OKHO COJEPXHUT TpU pazjena. B onHom
W3 HUX, 1O/ Ha3BaHHEM 100lS, mpencTaBieHbl KHOIKH, KOTOPBIC MO3BOJISIOT
BCTaBIISITh B KOJIOHTUTYJIBI BCAKOTO POJia MOJIE3HYIO0 HH(POPMAIIUIO, B TOM YHCIE U
HOMepa ctpaHuil. Ha3zHaueHue kHOMOK onrcano B Tadu. 1.15.

Ta6bnuua 1.15. KHorniku pa3dena Tools duanozosozo okHa Header and Footer

KHonka OnucaHune

BcTaBka B KOMOHTUTYN HasBaHus channa (MHCTpykums {£1})

BcTaBka B KONMOHTUTYN NOMHOro Nyt Kk dpanny (MHCTpyKums {p})

BcTaBka B KONIOHTUTYN HOMepa CTpaHuubl (MHCTpyKumns {n})

BcTaBka B KONMOHTUTYN KONMYECTBA CTPaHUL, B AOKYMEHTE (MHCTPYKLUUS

{nn})

BcTtaBka B KOJNIOHTUTYN AaTbl nocrieaHero CoxXpaHeHusa cba|7|na (MHCT-
pykums {£d})

BcTaBka B KOMOHTUTYN BPEMEHU NOCMEAHEero coxpaHeHus cdanna (UMH-
cTpykums {£t})

BcTaBka B KOMOHTUTYN AaThl (MHCTPyKUMs {d})

BcTaBka B KONOHTUTYN BpeMeHn (MHCTpykums {t})

Famat... Lenyok Ha KHOMKe MPUBOAUT K PacKpbITUIO OMAnNoroBOro OKHa,
B KOTOPOM MOXHO onpegenuTb popmaT UCMNOMb3yeMOro B KOMOHTU-
Tynax TekcTa

Image... B pesynbTaTte Lenyka Ha KHOMKe OTKPbIBAETCS CUCTEMHOE AnarnoroBoe
OKHO BblbOpa rpadumyeckoro carina, KoTopbln 3aTtem Gyaet otobpa-
XKaTbCs B KONOHTUTYNax

IIEH“EE

[Ipu BcTaBke AaHHBIX B KOJOHTHUTYJBI C MOMOIIBIO MEPEYHCICHHBIX B Ta0m. 1.15
kHomok B mojsix Left, Center u Right (B 3aBucuMocTH oT TOTO, Ky/1a JaHHBIE BBO-
JISITCS), OTOOPaXKAETCs CIIEIMATBHBIA CHMBOJI, 3aK/IFOYCHHBIA B (UTYpHBIE CKOOKH
(3T MHCTPYKIMU TpHUBEACHBI B Tabnuile). Ecin cOOTBETCTBYONLIYIO HHCTPYKIIUIO
BBECTH C NIOMOIIBIO KIaBHATYpHl, TO 3dekT Oyaer TakuMm >ke. Y IansioTcsi BBe-
JICHHBIC B TIOJISI KOJIOHTUTYJIOB HHCTPYKLIUHN OOBIYHBIM 00pa3oM.

IMomumo ToolS, B muamoroom okxHe Header and Footer cymectByroT ere 1Ba
paznmena: Options u Frame. B nepBom u3 Hux ecth moje Start at page number,
rle yKa3blBacTCs HAaYallbHOE 3HAUYCHHE /Ul HyMEpalluh CTPAHHIl, a TaKXKe Tam
npencrasiena ommus Different header and footer on first page. Ecnu y Hee ycra-
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HOBUTH ()JIaXKOK, TO B JUAJIOTOBOM OKHE IOSIBUTCS ABE JONOJHUTEIBHBIX BKIAIKH,
B KOTOPBIX OTJEJBHO 3aJal0TCS KOJIOHTHTYIIBI JUlsi iepBoii crpanuisl (puc. 1.30).
K aroit ycnyre ynobHo npuberats B TeX Cilydyasix, KOTAa NepBas CTpaHULA SBISIET-
Cs1, HAIIpUMeEp, TUTYJIbHBIM JINCTOM.

Header and Footer I
Header | Footer Header - Page 1 I Footer - Page 1 I
Left LCerter Eight

[~ Use full width for each section

Frame

Tools Optian:
EI EI Format,.. | Start at page number |1 _|:;‘ [~ Page
[ Header
i i Difterent header and footer —
EI @l @I &I on first page B; I™ Footer
Different First Page

(]9 I Cancel

Puc. 1.30. OkHo Header and Footer ¢ fononHUTENbHLIMW BKNaakamm

Cnpasa B muanorosom okae Header and Footer naxoaurcst pasmen Frame ¢ tpe-
ms onuusimu: Page, Header u Footer. Eciu y 9Tux omiuii yCTaHOBUTH (PIIasKKH,
TO 00JIaCTh BEPXHETO KOJIOHTHTYIA, paboyas 0OJAcTh CTPAHWIBI W HIDKHUH KO-
JIOHTUTYJI TIPH BBIBOJIC JOKyMEHTa Ha Te4aTh OYAyT 3aKJIIOYCHBI B PaMKH. DTH
PaMKH MOXXHO BHETH, €CJIM BBINOJHUTh KOMaH/y MPEIBAPUTEIBHOIO MPOCMOTpPA
nokymenra File | Preview.

Pa3buBka Ha cTpaHu1LbI

Cxoxas ¢ HaCTPOWKOH KOJOHTHUTYJIOB CUTYaIMsi UMEET MECTO U TpU pa3OUBKeE JI0-
KyMEHTa Ha CTpaHMIBl. XOTs IPU BHIBOJE IOKYMEHTa Ha IedyaTh pa30OMBKa Ha
CTPaHHMIIBI OCYLICCTBIISIETCS aBTOMAaTHYECKH, HHOT/Ia OBIBACT HEOOXOAUMO CTPYK-
TypUpOBaTh MaTepUaN MO CBOEMY YCMOTPEHHIO. /[pyrMMH CIIOBaMH, KEJIATENBHO
yMeTh pa3MelaTh BIOpaHHBIH ()parMeHT JaHHBIX Ha OTAEIbHOM cTpaHwmie. B Ta-
KHMX CIy4asx B pa0O4Mi JOKYMEHT BCTaBJIAIOT MHCTPYKLHIO IE€pPEXoJa Ha HOBYIO
CTpaHHMIly, IUIsl 4ero BBI3bIBAIOT KoMaHay |nsert | Page Break. B pesynbrate
B paboyeM JOKyMeHTe, TaM, rje Obul Mapkep (KpPEeCTHK B BHJIE 3HaKa IUIFOC) MOS-
BUTCSl TOPU30HTAJIbHAS 1oJioca. Bee, uTo pacnosnoxeHo Hike Hee, OyAeT IpH pac-
IeyaTKke JOKYMEHTa HaXOUThCS Ha CIIEIYIOIIEH CTpaHHIIE.
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MUcnonb3oBaHue rpynn

B pabounx nokymenrax Mathcad nanHbie MOXHO pasMellaTth B CIHELHAIbHBIX
CTPYKTYpHBIX OJIOKax WM rpymmnax. [IpemMyIiecTBo Takoro Imojaxojia COCTOUT
B TOM, 4TO TPYIIIBl MOYKHO CBOPAYMBATh M Pa3BOpAuMBaTh, CKPhIBAsk U OTOOpaXkast
TEM caMbIM (parMeHTHl JaHHBIX B pabodeM JokymeHTe. Korma moKymMeHT He
O4eHb OOJNBIIOH, 3TO He HyXHO. OJHAKO eciaH B JOKyMEHTE MHOTO KOMaHJ, pu-
CYHKOB M TIPOYHX 3JIEMEHTOB, MCHOJIB30BaHUE TPYII MOXKET OKa3aThCsl BEChMa
NPOIYKTHBHBIM, OCOOCHHO €CJIM JOKYMEHT COJEPKHT MHOTO HPOMEKYTOYHBIX
BBIYHCIIEHUH. BcroMorarenbHble WM BTOPOCTENCHHBIC JAaHHBIE MOMENIA0TCS
B TPYIIbI, U, €CIH HYXXHO NPOMJUTIOCTPHPOBATH TOJIBKO OCHOBHBIE MOMEHTHI pe-
IIEHHs, TPYNIBI CBOPAYMBAIOTCS. B cirygae HEOOXOIMMOCTH MOYKHO IOKa3aTh U
BCIO "TIOJTHOTOTHYIO" — JAOCTaTOYHO Pa3BepHYThH IPYMITHI B pabodeM JOKyMEHTE.

J7nst BcTaBKY TpyIbl B paboumnii TOKyMEHT ciieAyeT BbI3BaTh KoMaHy | nsert | Area.
[Nocne 3TOrO B JOKYMEHTE IO MapKepOoM MOSIBIAETCSl 00NacTh, BbIICICHHAsT ABYMS
TOPU30HTAILHBIMH JIMHUSIMHU C MAJICHBKUMU cTpesikamu ciieBa (puc. 1.31).

=
ﬂm’ File Edit “iew Insert Format Tools Symbolics  Window Help _|5’|5|
[D-2RERY |+ =B|lo Tt (=0 [u &|B
| [Nomai ][ Ao zlerujEs=s===|< =

A [ v= 13 € 3 o & [wosie =] P

-

1
|
=

-
4 | | »
Press F1 for help, auTo [ Page 1 %

Puc. 1.31. Pabounii LOKYMEHT, cogepaLumin rpynny

I'paHuLBI TPYHIIBI MOXKHO NIEPEMEINATH. J[JIs 3TOr0 HY>KHO LIEJIKHYTh HA OJJHOU U3
TCPAHMI] TPYIIIBI JIEBOM KHONKOM MBIIIH. B pe3ysbrare COOTBETCTBYOLIAS IPAHULIA
Oyzet BeieneHa. Ecnu mocie 3Toro HaBeCcTH Ha JAaHHYIO TPaHUILy KypCOp MBIIIH,
OH IIPUMET BUJ Pa3BEPHYTOM JaJOHU. Y AEPKUBasi HAXKATOM JIEBYIO KHOIIKY MBIIIH,
MOJKHO TIEpEMECTHTD TPaHHUILy B Tpedyemoe MecTo pabdouero jucra (puc. 1.32).
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A ] 2= [2<F T 2f W HITutoriaIs j o

Puc. 1.32. lNMepemeLyeHune rpaHnL, rpynmebl

YT10oOBI IEPEeMECTUTh IPYIIy B pabo4yeM JOKYMEHTE, €¢ HYXHO BBLACIUTH (yaep-
KHMBask Ha)KaTOM JICBYI0 KHOINKY MBIIIM C 3aXBaTOM OOEMX TpaHMI[ TPYIIIbI)
U TIOCJIE 3TOT0 MEpEeMenIaTh 0 TOKyMEHTY. ECIi Ha IpaHuIle TPYIIIEl BBITOJIHUTh
JBOWHOW INETYOK MBINIBIO, OHa OyJeT cBepHyTa. B pesynbrate 00e TIpaHHIIBI
IPYIIBl COBMELIAIOTCS, a BCE, YTO OBLIO MEXIy HUMH, CKpbIBaeTcs. B nokymeHnTe
oTOOpa)kaeTcs 0JJHAa TOPU30HTAJIbHAS JIMHHUS CO CTPENKOH B JieBoi yactu. Ha puc. 1.33
MOKa3aHa pa3BepHyTas IpyINa ¢ JaHHBIMH, a Ha puc. 1.34 — sta ke rpymma, HO
B CBEPHYTOM BHUJIE.

JIBOIHOW IIETYOK HA CBEPHYTOM TpyIne (Toi rOpu30HTAIBHOM JIMHUM, YTO OT HEe
OCTasach) MPUBOJINT K €€ Pa3BOPAYNBAHHIO.

o]
ﬂm File Edit Wiew Insert Format Tools Symbolics  Wwindow Help _|5’|ﬂ
|D-FRIGAY|[IEB|v« (" (wme =220 @
| [Morma ][ Ho=le ruj===iEs| < =
| @ 4 [ == % <2 2105 ®|[[isre =] o |
+ HcnonbsoBanue rpynn ﬂ
Mepean fyHKUMA i) = sin2%)
Bropaa dyHkumMA 20 = yz
TpeTea fyHEUMA 3(z) = fl{f2(=))
3HaYeHUE diyHELMKH 31 = 0.909
4 | »
Press F1 for help. auTo [ Page 1 o

Puc. 1.33. 'pynna ¢ AaHHbIMU pa3BepHyTa
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=
ﬂm’ File Edit Yiew Insert Faormat Tools Symbolics  Window Help _|5|5|
ID-ZRIGRAY | 2@ v |": (=220 -@
| [Nomal =][eda o =Elle rujEs=|EE]< =
A ] x= [£<F 3] of W “M_I,J Site j Feact
Hcnonb3oBanue rpynn ﬂ

Mepean dyHKUMA (%) = sinf2-%)
]

TpeTea dyHKUMA f3¢z) = L5

3HAYEHKE PyHELMK f3(1 = 0.909
| »
Press F1 For help, aumo [ Pagel 4

Puc. 1.34. [pynna c gaHHbIMK CBEpHYTa

OCHOBHblIe HaCTPOMKU

Xots rpadudeckuii nHTEphENC SBISETCS NOCTATOYHO BAKHOH XapaKTEPHUCTUKOM
MPWIOKEHUS, HE TOJBKO OH OMNPEACISeT €ro (PyHKIHOHAILHOCTh. CyIIeCTBYeT
MHOTI'O N1aPaMeTPOB, KOTOPBIE CYLIECTBEHHBIM 00pa30M BIIMSIOT Ha PaboOTy MpHIIO-
xeHus. HekoTopele U3 HUX MOTYT HaCTpauBaThCs MOJIb30BATEIIEM.

MapameTpbl AOKYyMeHTa

YacTb HacTpOeK BBIMONHsETCS B quanoroBom okae Worksheet Options, koropoe
OTKpPBIBAETCS TOCIJIC BBITIOJIHCHUS KOMaHIbl T 00lS | Wor ksheet Options. OxkHo
COJIEP)KUT HECKOJIbKO BKJIaa0K. Ha puc. 1.35 nmokazaHo JaHHOE OKHO, OTKPBITOE Ha
Briaake Built-In Variables.

Ha Bknaake pazMerieHo mecTs Moyiei U o/Ha KHOMKa. JTO HE CUMTas TpeX CTaH-
JAPTHBIX KHOMIOK B HIDKHEH wacTu auanoroBoro okHa: OK s moaTBepkaeHUs
u3menenunii, Cancel (Otmena) mist ormensl u3menennii u Help (Cripaska) st mo-
JIy4EeHHs CIIPABKH.

Kuomnka Restore Defaults na Brmaake Built-In Variables ucrnons3yercs B Tom
cllydae, eClii Hy)XHO BOCCTAHOBHTH HACTPOWKH CHCTEMBI 10 YMOIYaHu0. UTo 3T0
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3a HACTPOMKHU, MOXKHO OINPE/ICIUTH 110 YHCIIaM, KOTOPbIE YKa3aHbl CIIpaBa OT COOT-
BETCTBYIOIIMX MoJied B ckoOkax (cm. puc. 1.35). Ha3naueHue mnosell BKIaaKu

Built-In Variables onucano B ta6i. 1.16.
i
Unit System | Dimensions | Carmpatibility
Built-In ‘Yariables Calculation I Display

Array Origin (ORIGIN)

Convergence Tolerance (TOL) ID.EIEIl {0.001)
Constraint Tolerance (CTOL) I 0.001 {0.001)
Seed value for random numbers I 1 (1)

0 = (0

PRM File: Settings

Precision {PRMPRECISICR) 4 = 4

Calumn Width (PRIMCOLWIDTH) 8 = @

Restore Defaults |

Ok I OTMEHA CNpaeka

Puc. 1.35. lnanorosoe okHo Worksheet Options
OTKpbITO Ha Bknaake Built-In Variables

Tabnuuya 1.16. HazHayeHue roneli sknadku Built-In Variables

Mone

OnucaHue

Array Origin (ORIGIN)

Convergence Tolerance (TOL)

Constraint Tolerance (CTOL)

Seed value for random numbers

3HayeHMe nepemMeHHoM ORIGIN, KoTopasi onpe-
JensieT HavanbHbIl WMHOEKC 3MEMEHTOB Maccu-
BOB, MCMOMb3yeMbIX B pabounx aokymeHTax. 3Ha-
YyeHue no ymonyaHuo — 0

3HayeHne nepemeHHoOW TOL, KoTOpas 3ajaeT
TOYHOCTb BbIYMCMEHWUS MHTErpanoB M MpousBoa-
Hbix. Kpome 3TOro nepemeHHasi BMusieT Ha TOu-
HOCTb NOMyY€eHUS PeLLUEeHN ypaBHEeHN. 3HadYeHne
no ymonyaxuio — 0.001

3HayeHne nepemeHHOM CTOL, onpegensiolien
TOYHOCTb BbINONMHEHUA OONOJIHUTENbHbLIX yCJ'IOBVII?I
B 3aja4yax noucka pelleHuin n ontummnsaumm. 3Ha-
YyeHue no ymonyaHuio — 0.001

MapameTp MHWUManu3aumMu Ans reHepartopa ciny-
YarHbIX Yncen. 3HaveHre no ymonyaHmio — 1
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Tabnuya 1.16 (okoH4aHue)

Mone OnucaHune

Precision (PRNPRECISION) 3HayeHne nepemMeHHon PRNPRECISION, B KOTO-
pov 3agaeTcs YMCno 3Havawmx umdp npu 3anucu
dannoB gaHHbIx B hopmate ASCII. 3HaveHune no
ymon4yaxuio — 4

Column Width (PRNCOLWIDTH) 3HayeHMe nepemMeHHoW PRNCOLWIDTH, onpege-
NSoLWen LWMprHy cTonbuoB B co3gaBaeMoM dai-
ne paaHHbIx ASCII. 3HayeHne no ymonyaHuio — 8

Ha Briagke Calculation 3amaroTcs mapameTpbl, OTHOCSIITHECS K MPOIECCY BbIUKC-
JICHU B paboyeM JOKyMEHTe. B 4YacTHOCTH, 37eCh MMEETCS 4YEThIPE OIIUU
(puc. 1.36).

Worksheet Dptions |
Unit System | Dimensions | Carmpatibility
Built-In Yariables Calculation | Display

IV Use strict singularity checking For matrices

[V Use exact equality for compatisons and truncation
[~ Use GRIGIN For string indexing

¥ ojo=no

Ok I OTMEHA CNpaeka

Puc. 1.36. nanoroeoe okHo Worksheet Options oTkpbITo Ha Bknagke Calculation

Hammume ¢maxka y omuu Use strict singularity checking for matrices mosgo-
JISIET BBITIOJHATH MIPOBEPKY MATPHI] HA CHHTYJISIPHOCTH. DTa OMIUS BaXKHA P BBI-
YUCJIICHUN O6paTHLIX MaTpull, Korjga I1eTepMHUHAHT oGpamaeMoix'l MaTpHUlbl JOJDKEH
OBITH OTJIMYEH OT HyJs. Eciiu omnmms ycTaHOBJIeHA, MPOBEPKa OCYIIECTBISIETCS 00-
JIEC CTPOT'O, UTO MOKET CYIICCTBECHHO CKA3aThCA Ha pE3yJibTaTax pa6OTI)I.

Omus Use exact equality for comparisons and truncation mo3BossieT KOHTpPO-
JIMPOBAaTh TOYHOCTH COBHNAACHHA YHCEJ IMPU CPABHCHUHN U OKPYTJICHUU. TaK, €Clin



46 Maeal

OIIUSI YCTAHOBIICHA, TO JIBA YHCJIA CYHUTAIOTCS OJIMHAKOBBIMH, KOTJIA pPa3HUIIA
MEX]ly HIMU HE MPEBBIMIAeT TOYHOCTH MaTeMaTHYeCcKOoro comporeccopa. [pu ot-
KIFOYEHHOW OMIMU JIUISl TOTO, YTOOBI YHCIa WHTEPIPETHPOBAINCH KaK OJMHAKO-
BbI€, OTHOIIICHHUE PA3HOCTH ITHUX YUCEI K UX CPEHEMY 3HAUCHHIO HE JIOJDKHO Tpe-
Bobimats 10722,

Ecnmu ycranosnen duaxok ormmuu Use ORIGIN for string indexing, to mpu pa-
00Te ¢ TeKCTOBBIMH (HYHKIUSAME 3HAYEHHE MMEPEMEHHON ORIGIN OyJIeT MCIIONIb30-
BaThCsl B KAYECTBE MHEKCA, aCCOLMUPYIOIIETOCS C IEPBBIM CUMBOJIOM TEKCTOBOM
CTPOKH.

Omust 0/0 = O npeiHa3HaveHa Uit KOHTPOJIE U 00pabOTKU CUTYaIHii, KOTr/ia HMe-
€T MECTO JIeJIeHHe HyJis Ha Hynb. Eciu ¢uiaxkok ONiuM yCTaHOBIIEH, TO B Pe3yllb-
Tare BBHINOJHEHUS TaKoi orepanuu OyJaeT BO3BpaIlIaThCs HyJEBOE 3HAUCHHE.
B npotuBHOM cityuae — coobuieHue 06 ommuoke.

Ha Bknangke Display mpeacraBineno cempb packpsiBatomuxcsi crnucko (puc. 1.37),
C MOMOIIBIO KOTOPBIX OMPEEIIeTCs] COCO00 0TOOpaKEHHsT OCHOBHBIX MaTEMaTH-
YECKUX OIEepaTopoB B paboueM JOKyMEHTE.

i
Unit System I Dimensions | Compatibility |
Built-In Yariables I Calculation Display

— Cperator Display
Wiew As

Multiplication Marrow Dok

Derivative Derivative j
Literal Subscript Large Subscript j
Definition ICoIon Equal j
Global Definition ITripIe Equal j
Local Definition ILeFt BEFOW j
Equality IBD|C| Equal j
Symbuolic Evaluation IRight Shaft j

QK I OTHEHA | Cnpaska |

Puc. 1.37. dnanorosoe okHo Worksheet Options oTkpbITO Ha Bknaake Display

Hexortopeie cBeneHus mo 3Tomy MoBOAy mpuBeneHbl B Tabdn. 1.17. Te, koro 3Ta
npoOyieMa MHTEpecyeT 0ojee cepbe3HO, MOTYT 3aHSTHCS JETabHBIM H3Y4YeHHEM
BOIPOCA CAMOCTOSITEIHHO, JyUIlle BCETO METOJOM '"MPSIMOTO KCIIEPUMEHTA" WM
npuOerHyB K MOMOIIH CripaBouHO# cuctembl Mathcad.
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Tabnuya 1.17. Hacmpolku eknadku Display

PackpbiBarowmiics
CruncoK

OnucaHue

Multiplication

Derivative

Literal Subscript

Definition

Global Definition

Local Definition

Equality

Symbolic
Evaluation

OnpegenexHve Buaa onepaTtopa yMHOXeHus. Bo3amoxHbie 3Hade-
HMs: AutoSelect — Bug onepatopa YMHOXEHUS aBTOMaTUYeCKU
BblIbMpaeTca B KOHTEKCTe BbipaxeHus, Dot — onepaTop yMHOXe-
HUSA nmeeT Bua Todkn, Narrow Dot — onepaTtop YMHOXeHVS B BUae
HeBOoMbLION TOYKM (3HayeHWe no ymonyanuio), Large Dot — one-
paTop YMHOXEHMS B BMOE KPYMHOW TOYKM, X — OonepaTop YMHOXe-
HWs B BUAE KOCOro Kpecta, Thin Space — BMecTo onepartopa yMm-
HOXEHUs1 OCTaBnsgeTcs y3kuh npoben Mexgy onepaHgamu,
No Space — onepaTtop yMHOXeHus He oTobpaxaeTtca u npoben
Mexay onepaHaamu He ocTaBnseTcs

OnpegeneHune cnocoba oTobpaxeHns MPon3BOAHbIX. Bo3aMoOXHbIe
3HayeHus: Derivative — obbldHas npousBogHasi (3HayYeHue Mo
ymon4yanuto) un Partial Derivative — yacTHast npousBoaHas

OnpepenexHve Buaa HWKHUX MHOEKCHbIX Haanucen. Bo3moxHbie
3HayeHus: Large Subscript — pansa oTobpaxeHns KpynHbIM
wpucdptom u Small Subscript — gna oTobpaxeHns Menkum
LWPUTOM (3HAYEHME N0 YMONYAHMIO)

OnpegenexHve Buaa onepaTtopa AeKknapupoBaHUsi NepemMeHHOWN.
Mo cyTn cBOe — 3TO onepaTop npucBavBaHus. BoaMoxHble 3Ha-
yeHusi: Colon Equal (3HayeHue no ymonuaHuiw) — onepaTop
npucBavMBaHUS UMeeT BUA 3HaKa paBeHCTBa C ABOETOYMEM (:=) U
Equal — onepaTtop npucBavBaHus coBrnagaeT Co 3HAaKOM paBeH-
ctBa (=)

OnpepeneHne onepartopa rnobanbHOro AeknapuvpoBaHUsA ne-
pemeHHON. BoamoxHble 3HayeHus: Triple Equal (3HauyeHue no
yMOM4yaHuio) — B 3TOM cnyvae onepaTop rnobanbHoro npu-
cBauBaHusA (hopmanbHO CoBnagaeT Co 3HAaKOM TOXAECTBEHHOro
paBeHcTBa (=) 1 Equal — onepaTop 3agaeTcst 3HaKOM paBEHCT-
Ba (=)

OnpegeneHvie onepartopa nokanbHOrO AeKnapupoBaHus nepe-
MeHHoii. Peub ugeT 06 onepaTtope npucBanBaHUs, UCTIONb3yeMOM
B Mporpammax. BoamoxHbl ABa 3HauyeHus: Left Arrow (3HaueHve
No YMOMYaHWI0) — oOnepaTop MMeeT BWUA CTPenku BreBo, U
Equal — onepartop umeeT BUf 3Haka paBeHCTBa

Onpepgenexve BMAa onepatopa paBeHCTBa. Bo3moxHbl ABa 3Ha-
yeHusi: Bold Equal (3HayeHue no ymon4yaHuio) — onepartop ume-
€T BWf 3HaKa paBeHCTBa, BblAENEHHOro MOMYXUPHbIM CTUMEM, U
Equal — onepaTop nmeeT BMA OObIMHOIO 3HaKa paBeHCTBA

OnpegeneHve Buaa onepaTopa CUMMBOSIbHOTO paBeHcTBa. Bos-
MOXHble 3HadeHusi: Right Shaft (cTpenka BnpaBo, yctaHOBNeHO
no ymon4yaHnuio) u Equal (3Hak paBeHcTBa)
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[MpuHIMIB paboOThI ¢ ONEepaTopaMy M UX Ha3HauyeHHe Oojiee NEeTalbHO OIMCHIBA-
I0TCS B MOCJIC/IYIOLIMX TJIaBax MPH PEHICHHU 3a/1ad. 3/1eCh JKe X04eTcs 0OpaTUTh
BHMMaHHE Ha jaBa oOcrosiTenbcTBa. Bo-mepBbix, Ha Bkiaake Display 3amaercs
crnoco0 oToOpakeHHs OnepaTopoB B paboueM nokymente. Ecnu, Hampumep, ycra-
HoBuTh B criucke Definition 3nayenne Equal, To omepaiiu npucBauBaHus B pa-
0o4yeM JIOKyMEHTe OyAyT OTOOpakaThCs C TOMOINBI0 3HAaKa paBeHCTBa. OJHAKO
IpPH BBIJCTICHUU BBIPAKECHHS C ONEPATOPOM IIPHUCBAUBAHHS COOTBETCTBYIOLIHI
orepaTop 0ToOpa)kaeTcs B BUIC PABEHCTBA C TBOCTOUUCM.

Bo-Bropsix, Ha Briaake Display 3amarorcst HaCTpOWKY Juis Bcero JOKyMeHTa. Eciu
HE00X0MMO M3MEHHUTH (opMaT OTOOpaKEHUs ONepaTropa B OTIACIEHOM BBIpaXKe-
HUH, CJlelyeT MIETKHYTh Ha HEM MPaBO KHOMKOW MBIIIN U U3 PacKpPHIBAIOLIETOCS
CIIMCKa BHIOpATh HY)XHYIO0 KOMaHIy. B wactHOCTH, Ha puc. 1.38 npowmutocTpupo-
BaH IPOIECC U3MEHEHUs BUIa OrepaTopa NpUCBaBaHMs.

=T
dﬁ’ File Edit Yiew Insert Format Tools Symbolics  Window  Help _|ﬁ||5|
|- BRIERY[$ BR[0Tt (D =% [0 - @
HICDnstants leimesNewHoman jI'ID j| B 7 U |§ == == L %
B AR~ 2T ® HIM}ISite = @Go|
B -
a=3l
Annotate Selection... |
Definition As 4 |7 Default
é‘: Cuk Colon Equal
Copy
E Paste
Propetties. ..
Disable Evaluation
Optimize 2
1| | 3
Press FL for help. ALUTO I_ Page 1 v

Puc. 1.38. ilameHeHune Bnga onepaTtopa npuceBavBaHus

B obriem ske citydae, B oaMeHio View onepamop AS cieayeT BHIOpaTh OJHO W3
BO3MOJKHBIX 3HAYEHHH I BUJA orepartopa (3HaYeHHE M0 YMOIYaHHIO, TOMHMO
OTOOpaKCHHS €r0 CPeJM NMPOYUX BO3MOXKHBIX 3HAYCHUM, €IIE U SIBHO BHIHECCHO
B OT/ICJIbHBII MTYHKT).

Ha Brmaake Unit System BeiOupaercs cucrema equnuil. Hactpoiika ocyrecTsis-
eTcsi ¢ TIOMOILBIO nepektoyareneit rpynmsl Default Units (puc. 1.39).
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Worksheet Options x|
Built-In Yariables | Calculation | Display I
Unik Syskem Dimensions Compatibility

r~ Default Units Base dimensians:
~ Current (Ampere) Change... |
2 Length (Meter)
 MES Luminous Intensity (Candela)
Mass (Kilogram)
" Cas Substance (Mole)
Temperature (Kelvin)
s, Time {Second)
£ Nane Derived units:
@ Custom Capacitance (Farad) gt . |
. Catalytic Activity (katal)
Based on: harge {Coulomb)
Sl - Dose (Sievert) ;I Remove. .. |
Frierowe ( Tanlst

o1

OTHEHS |

CNpaBka |

Puc. 1.39. [lnanorosoe okHo Worksheet Options oTkpbITO Ha Bknagke Unit System

B 7eBoit wacti BKIAAKKM pa3MeleHa rpymnma nepeximodartencii Default Units.
C MOMOIIBIO ATUX TEPEKITIOYATENEHl MOXKHO BBIOPATH OJIHY M3 MPEIONPEISICHHBIX
CHCTEM eIMHUIl WM ONpeleinTbh coOCTBeHHyro. HasHaueHue mnepekirodateseit
omucano B Tabx. 1.18.

Tabnuya 1.18. lNepeknroyamernu eknadku Unit System

MepekntoyvaTenb

OnucaHue

Sl (International)

MKS

CGS
us

None

Custom

MexayHapogHast cuctema egunHuy CU. B aTton cucteme paccros-
HWe n3MepsieTcsl B MeTpax, BpeMs — B CEKyHAaX, Macca — B KWMO-
rrammax n T. a.

Cuctema MKC (abb6peBuatypa oT MeTp-kunorpamm-cekyHaa). Kak
HECNOXHO AoraaaTtbCs, B 3TON CUCTEME PacCTOsIHWE, BPEMS U Mac-
ca onpefensitoTcs B TeX Xe eguHuuax, Yto n B cucteme CU, cama
cucTeMa SIBNSIETCS CUCTEMOM MEXaHWYEeCKUX eauHUL, U BXOAUT B
cocTaB cuctembl CH

Cuctema CI'C (abbpeBnaTypa OT CaHTUMETp-rpaMmM-cekyHaa). Eau-
HUL@ OMWHBI — CaHTUMETP, MacChl — rpamMmM, BpEMEHU — CeKyHaa

AmepukaHckasi cuctema eauHuy. EgvHuua gnuHel — dyT, mac-
Cbl — (DYHT, BpEMEHU — ceKyHAa

He ncnonb3yeTcst HM 0QHa U3 CUCTEM eAMHULY

Onpe,qeneHme CUCTeMbl eanHUL, nofib3oBaTeneMm. Ecnn nepeknto-
YyaTenb YCTaHOBMIEH B 3TO MONOXEHWE, AOCTYMHbIM CTAHOBUTCS
packpbiBaloOLLMIACA CNMCOK Based on B HWXHEN 4acTu BKMagKu.
C nomoLbio 3TOro cnucka BelibupaeTtcsi 6a3oBas cuctemMa eguHunL,
Ha OCHOBE KOTOPOW MoNnb3oBaTenb ONpeaensieT HOBYO
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B TekcroBeix mossix Base dimensions u Derived units st BBIOpaHHON CHCTEMBbI
OTOOPaXXAIOTCSI OCHOBHBIE SIMHHUIIBI M TIPOU3BOIHBIE OT HHUX. BO3MOXHOCTH BBIOOPa
pa3MepHbIX eIMHHI] CYIECTBEHHO PACHIUPSIET HYHKIIMOHATEHOCTD TPUIIOKEHHUSL.

Ha Bknanke Dimensions 3agaior crmoco0d OTOOpa)KeHUsI pa3MEPHOCTEW MPH BbI-
TIOJIHEHHH OTIepaliii ¢ pa3MepHbIMH BenrmurHamu (puc. 1.40).

Worksheet Dptions |
Built-In Yariables | Calculation | Display
Unit Swskem Dimensions | Carnpatibility

[ Display dimensions

r~ Dimension Mames

Mass I mass

Length length

Tirne: tirme
Current current

Temperakure temperature

Lurninosity I lurninosity
Subskance I substance

Ok I OTMEHA CNpaeka

Puc. 1.40. inanoroBoe okHo Worksheet Options oTkpbITO Ha Bknagke Dimensions

Ecnu ¢naxok y onmumu Display dimension He ycraHoBiieH, TO AJIsl pa3MepHOTo
pe3ynbTara 0ToOpa)xkaeTcst Ta pa3MepHasl €IMHHIIA, YTO COOTBETCTBYET BHIOPAHHOMN
cucteme enunuil. Ecnu diaxok y omuu Display dimension umeercsi, TO akTHBH-
supyercst Biiaaka Dimension Names, conmepkarias cempb moseit (cm. puc. 1.40),
B K&X/OM M3 KOTOPBIX MOXHO 3aJ1aTh Ha3BaHHE, OTOOpaXkaeMoe B KaueCTBE pas-
MEPHOCTH BEJIMYHMHBI, TOJyYEHHOH B pe3yibTaTe MaHHITYISIUA C HCXOJHBIMH
nanHbiMH. Ha3nauenue nosneii Bkiiagku Dimensions onucaso B Tadu. 1.19.

Ta6bnuua 1.19. lNons eknadku Dimensions

Mone Pa3mepHocTb
Mass Macca
Length OnuHa
Time Bpewms

Current Tok (anmekTpuyeckmnin)
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Ta6bnuya 1.19 (okoH4aHue)

Mone Pa3mepHoCTb

Temperature Temnepatypa

Luminosity ApkocTb

Substance BelecTBo (MMelOTCA B BUAY BENUYUHBI, XapakTepuayto-

LLine KoJ1im4ecTBO BellecTBa, B MONAX, Hanpmmep)

B nmaHHBIX HACTpOWKax HEOOXOMMOCTh BO3HUKAET PEJIKO, HO BCE XK€ MHOT/IA MPH-
Oerartb K HUM OBIBA€T OYEHb JaXKe ITOJIE3HO.

Ha Bxiagke Compatibility umeroTcs nBe rpymnmbl nepekirodaTesneld, Kakablid Ha
nBa nosoxkenus (puc. 1.41).

Worksheet Options il
Built-In Yariables | Calculation | Display |
LInit Swstem I Cimensions Cormnpatibility
Mulkiple assignment: ' MC11 & Mc1z2
Local assignment result:  MC11 ' MC12

These switches set interpretation of the listed construct ko be
consistent with a previous version of Mathcad, Please rewrite
worksheets that depend on these switches to a version-neutral
construction, See Help For more information.

These switches will be available in Mathcad 13 and 14,

OF I OTMEHA Cnpaska

Puc. 1.41. Bknagka Compatibility ananorosoro okHa Worksheet Options

[lepexmrogarenu MoryT HaxonuThes B monokennu MC11 u M C12, uto o3HauaeT
PEKHM COBMECTUMOCTH C Bepcusimu riporpammbl Mathcad 11 u Mathcad 12, coot-
BeTCTBeHHO. COBMECTHMOCTD MOXKHO YCTaHABJIMBAThH JUISl TPOLEAYPHI MHOKECT-
BEHHOTO W JIOKaJbHOro mpucBamBanus (rpymmer Multiple assignment u Local
assignment result). Jleio B TOM, 4TO MpH ONpPEICICHUH 3JIEMEHTOB MacCHBa
B Bepcun Mathcad 11 3HaueHus 3y1eMEHTaM MMPUCBAUBAIOTCS 110 OYEPE/IH, TaK YTO
yKe 3aJJaHHbIC 3HAUCHHUS] MOKHO HCIOJIB30BaTh [UISl ONPEIESICHHS HOBBIX JJIEMEH-
toB. B Mathcad 12 u Mathcad 13 3naueHust 37ieMeHTaM PUCBAUBAIOTCS OJHOBpE-
menHo. [Ipu nokansHOM npricBanBanuu B Mathcad 11 u Mathcad 13 Bosspariaercs
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3HaUeHHE CrpaBa oT omepanaa, a B Mathcad 12 — cieBa. Dtu ocobeHHOCTH CO-
BMECTHMOCTH Pa3HBIX BEPCHI MPHIIOKEHHUH CIIeTyeT UMETh B BUILY.

HacTpowkn npunoxeHus

[epeuncienHble HACTPOHKHN MPHUMEHSIOTCS 110 OTHOIICHUIO K pabodeMy JOKyMeH-
Ty. [ToMmuMO 3TOTO, CYIIECTBYEeT BO3MOXKHOCTH BHOCHTH TaKH€ W3MEHEHHS B Ha-
CTPOMKH, 4TO OHM aBTOMATHYECKH MTPUMEHSIOTCS KO BCeMy NMpHIIoKeHuIo. [lenmaer-
cst oaT0 B okHe Preferences, koropoe OTKphIBaeTCsl MOCIE BBIOOpAa KOMAaHJIbI
Tools | Preferences (puc. 1.42).

i

Warnings | SCripk Security I Language Save
General | File Locations | HTML Options

— Skartup Cptions
[~ Show Mathcad tips at starkup

r~keyboard Options
|v sStandard Windows shorteut keys

I Context-sensitive equal signs

—Recently Used Files
Show the last I 4 _l; files which have been opened.

r~Undo History
Maxirmum nurber of undoable actions per document: I 100 _%

OR I OTHMEHA | Cnpaeka |

Puc. 1.42. inanoroBoe okHo Preferences oTkpbITo Ha Bknagke General

JlnamoroBoe OKHO, KaK HECIJIOJKHO 3aMETHTh, COJIEPXKHUT CEMb BKIanok. Ha Biaake
General BeIMOMHSIOTCS 00IIe HACTPONKH MPHJIOKEHHs. B gacTHOCTH, Tam rmpej-
cTaBiieHbl TpH omuuu 1 aBa noss. Omus Show Mathcad tips at startup (eaun-
cTBeHHas B pasznene Startup Options) BeiOupaercst B TOM Cliydae, €ciid Mpu 3a-
MyCKe MPHJIOKEHHs eCTh JKeJIaHue HaOmoaaTh quainorosoe okao Tip of the Day,
[PHUBETCTBYIOLIEE MOJTH30BATENS OPIUEH ITOJIE3HBIX COBETOB. [I0HITHO, 4TO eI
OT COBETOB T'OJIOBA U TaK HUIET KPyroM, (IIaKOK y OIIIIMHK CTABHUTH He HyXHO. B pasne-
ne Keyboard Options ase ommuu: Standard Windows shortcut keys u Context-
sensitive equal signs. Eciu BeicTaBiieH (IakKoK y IEpBOi M3 HHUX, TO JUIs KOMAH/]I
Mathcad B kadecTBe ropstuux HCHoNb3yroTCs obmenpunsThic B Windows kom6u-
Haiuu kinasunl. Eciu duraxkka y ONMIMU HET, YyCTAHABIMBAIOTCS TE KOMOWHAINH,
4TO CBOWCTBEHHBI MMeHHO Uit Mathcad. B nroGom citydae mpu BeI30Be KOMaH]I
Yepe3 MaHelb MEHIO KOMOWHAIMM KJABHWIN, JEHCTBYIOIME HA JAHHBI MOMEHT
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B COOTBETCTBHH C BBIIIOJIHEHHOW HACTPOWKOW, OTOOpakaroTCs CIpaBa OT KOMaH]I.
C omHO# CTOPOHBI, BEIOOP cTaHAapTHBIX 1 WindoOws koMOuHanuii KiIaBuIl Ka-
)KETCsI BIOJIHE pa3yMHBIM. JTO ya00HO, U, KPOME TOTr0, CTaHmapTHbIH Habop Win-
dows Heckospko mmmpe npemaaraemoro B Mathcad. Onqnako He HCKIIIOYEHO, YTO
MHOTHE I0JIb30BaTEH, KTO YK€ JaBHO paboTaer ¢ Mathcad, npuBbikin K Tpaau-
[MOHHBIM HacTpoiikam Mathcad. B stom cmbiciie namuuue onmumu Standard
Windows shortcut keys Brioste onpaB/piBaet ceosl.

Omnucanue ommmu Context-sensitive equal signs TpedyeT HEKOTOPBIX MOSICHEHUIA.
B Mathcad anst Toro, 4yToObl y3HAaTh 3HaYCHHE TEPEMEHHOM, MOCIE €€ Ha3BaHUS
B paboueM JOKyMEHTE yKa3bIBacTCsi 3HaK paBeHCTBA. UTOOBI MEepeMEeHHON 3Have-
HHE MPUCBOUTDH, UMEETCs OTIEPaTOp MPUCBaMBaHMs (3TO 3HAK PABEHCTBA C JIBOCTO-
qreM W BBOJIHUTCS OH HakaTheM KomOwHarmu kimaBwum <Shift>+<:>). Ecou mepe-
MCHHOW 3HAYCHHE HE MPUCBOCHO, TO TOINBITKA y3HATh €€ 3HayeHUe (yKazaB 3HAK
paBeHCTBa TOCIE e¢ Ha3BaHHs) MpHBEAET K omuoOke. OJHAKO CyLIECTBYET BO3-
MOHOCTb NEPEHTH B PEIKHUM, IIPH KOTOPOM TaKasi CUTyaIisi HHTEPIPETUPYETCS HE
Kak TIOTbITKA ONPEeTUTh 3HaYeHHEe MIEPEMEHHOM, a KaK BBIIOJIHCHUE TPHCBANBa-
Hud. [IpyrumMu CJIOBaMH, €CJIU IEPEMEHHON 3HAYEHUE HE IIPUCBOEHO, TO 3HAK pa-
BEHCTBA MOCJIC UMCHHU MEPEMEHHOI MHTEPIPETUPYETCS KaK OIepaTop MpHCBanBa-
Hys. JlaHHBIA PEXHUM YCTAHOBJIEH II0 YMOJIYAHWIO, O YE€M CBUJETEIbCTBYET
¢dnaxok y omuu Context-sensitive equal signs. YToObI BEIATH M3 3TOTO PEKUMA,
(120K y OMIIMU cIelyeT yopars.

Bo Brimagke Recently Used Files ycranaBnuBaetcs umcio (aitsioB, KOTopbie yKa-
3BIBAIOTCS CIUCKOM B MeHI0 File. D1o Te daitsibl, YT0 OTKPHIBATHUCH MOCIETHIMH.
CootBeTcTByIOIIee nciio Haxoautes B mose Show the last ... file which have
been opened. TTo ymonmuanuio orobpaskaeTcsi CIIMCOK U3 YeThipex (daitos. B pas-
aene Undo History BbImonHsSETCsl JOCTATOYHO BaXKHAsi HACTPOIKA, OMpPEIelIsto-
11asi KOJIMYECTBO JICHCTBHI, KOTOPBIE MOKHO OTMEHATh KoMaHa0ii Undo. Dto mo-
xkeT ObITh umcio B auanazone or 20 mo 200, koTopoe yka3blBaeTcs B IMOJE
Maximum number of undoable actions per document. 3naueHue o ymosr4ya-
auto — 100.

Ha Brmagke HTML Options KOHTpOMMpPYIOTCS HACTPONKH, ONMPEAENSIONie Xa-
pakTep coxpaHeHus TokyMeHTa B popmate Web-ctpanuiipl. OTKpbITOE Ha BKIIAIKE
HTML Options nuanoroBoe okuo Prefer ences nokaszano Ha puc. 1.43.

dopmar H300paKeHHIi 3a1aeTCs MePEeKITIoYaTeNIeM rpynibl Save images as. Tawm,
B YaCTHOCTH, MOXHO ycTaHoBuTh (hopmatr PNG (mepexiovaTesb B MOJOKCHUU
PNG) wmun JPEG (nepexirouarens B nmojoxkennn JPEG). B nocnennem ciyvae
B mosie Quality yka3pIBaeTCst CTENICHb CHKATHSL.

Coxpansth 1oKyMeHT B Bujae WeD-ctpanuisl MOXHO ¢ (PMKCHPOBAHHOI MM OT-
HOCHUTEILHON pasMeTkoi. [y GuKCHpOBaHHOM pasMeTKH B rpyme Save layout
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as nepekiroyareh yCTaHaBIMBaoT B nmojoxenue Fixed, monoxenue Relative co-
OTBETCTBYET OTHOCHTENIBHOM pazMmerke. B mocnennem ciydae B none Web page
template ykaspiBaeTcsi maONOH Uil COXpaHEeHHs JIOKyMeHTa B Buume Web-
crpanuipl. [Ipu 9TOM MoJIe3HON MOXET ObITh KHOMKa Browse, ¢ moMoripo Koto-
poii (haiin mabioHa HAMHOTO JIETYe UCKATh IO CUCTEME.

i

Warnings I SCripk Security I Language Save |
General | File: Locations HTML Cptions

—Save as HTML Options

Specify how infarmation is saved in an HTML File when you save a
file as a web page,

Save images as: {* PN  JPEG  Quality: I?S 3:

Save layout as: ' Fixed " Relative
‘web page template;

Browse. .. |

OR I OTHMEHA Cnpaeka

Puc. 1.43. Inanoroeoe okHO Preferences oTkpbiTo Ha Bknagke HTML Options

Yacto B pabouymx TOKyMEHTaX HEOOXOIMMBI 3JIEMEHTHI YIPABJICHUs, KOTOpBIE,
B CBOKO OYepe/lb, HCIOJIB3YIOT KaKHEe-TO CIIeHApHH. TaKkue 3JeMEHThI MOTYT Hpeji-
CTaBJIATh MOTEHIMAIBHYIO Yrpo3y, HalpuMmep, colaepkaTh BUpychl. Ha Briajike
Script Security MOXHO ONMpeAeIuTh YPOBEHD 3AIUTHI IS MOJOOHBIX CIyYacB.
B wactHOCTH, B €IMHCTBEHHOM paszeie SCriptable Components MoxHO, ycTaHOBHUB
nepeKIovaTesb B oaHo u3 tpex nojoxenuid (High Security, Medium Security
u Low Security), onpenenuts BBICOKHHN, CPEJIHUA W HU3KUAN YpOBEHb 3alIllUTHI,
cootBeTcTBEeHHO (puc. 1.44).

Ecnu mepekirouarens ycraHoBiieH B nosnokenune High Security, Bce amemeHTs!,
cojiepiKalue CleHapuu, OyayT aBTOMaTHYECKU JCaKTUBH3UPOBaHBL. YTOOBI clie-
JaTh WX aKTUBHBIMH, MPUACTCS BBIICIATh KAXK/bI TAKOH 3JIEMEHT U aKTHBHU3UPO-
BaTh X, YTO HA3bIBACTCs, Bpy4YHYH0. [l 9TOTO 3J€MEHT BBIIEISACTCS, TIOCIE Yero
Ha HEeM CJIeJyeT IIESIKHYTh IPaBOil KHOITKOW MBIIIN U U3 PAaCKPBIBAIOIIETOCS CITH-
cka BeIOpaTs komaHay Enable Evaluation. Ilpu cpemsem ypoBHe 6e30MacHOCTH
(mepexmovarens B monokennu Medium Security) mpu OTKpBITHH TOKyMEHTa
MOJIb30BATENIO TPEAOCTABISECTCS BO3MOKHOCTD C/AEIaTh BBIOODP: aKTHBH3HPOBAThH
WJIA HET DJIEMEHTHI CO CIieHapusMu. Huskuii ypoBeHs 0e30macHOCTH (MONOKEHHE
L ow Security) moapa3zymeBaeT OTCYTCTBUE BCSIKOM 3allUTHI.
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General I File Locations I HTML Options
Warnings Seript Security | Language | Save

—Scriptable Components

Choose a security level ko determine what action should be taken
when opening worksheets containing potentially unsafe Scriptable
Components:

£ High Security
' Medium Security
' Low Security

edium Security: You are warned whenever a workshest
antaining Scriptable Components is opened, You may opk ko
izable the affected regions at that time.

o1

OTHEHA Cnpaska

Puc. 1.44. Qnanorosoe okHO Preferences oTkpbITo Ha Bknagke Script Security

Ha Bkianke Language B paszaese Language Options BeiOupaeTcst 3bIK 151 MEHIO
u auanoros (crmcok Menus and dialogs) u s3bIKk MaTeMaTHYECKUX BBIPaKCHUIN

(crimcox M ath language) (puc. 1.45).

i

General I File: Locations I HTML Options
\Warnings | Scripk Security Language | Save
—Language Cptions
Menus and dalogs: -

Math language: IEninsh

i

—5Spell Check Options

Spell check language: IEninsh

Spell check dislect: I.ﬁ.merican English j

[ o ]

OTHEHS | Cnpaska |

Puc. 1.45. [lnanorosoe okHO Preferences oTkpbITO Ha Bknagke Language

B pasgene Spell Check Options 3agarotcs HaCTPONKHM sA3bIKA TSI TPOBEPKH OP-
¢dorpadun: B cnucke Spell check language ykaseiBaroT si3bik, a B crincke Spell
check dialect moxxHO BBIOpaTh NUANEKT si3bIKa MPH paboTe ¢ AOKYMEHTAMH.
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Ha Brnanke File Locations ycraHaBinBaroT HCIOIb3yEMbIE [0 YMOJTYAHHUIO TTAITKU
1u1st paboThl ¢ npuioxkenueM (puc. 1.46).

ﬂ

Warnings I Script Security | Language | Save
General File Locations | HTML Cptions

Default worksheet location:

k:'l,Documents and SettingsiuseriMom aokyHEHTE Browse, ., |
My Site:

I C:YProgram Files\MathsoftiMathcad 13gsheetihtmlishome, html

Save To Designate Location

URL: |

QR I OTMEHA Cnpaeka

Puc. 1.46. nanorosoe okHO Preferences oTkpbITo Ha Bknagke File Locations

B mone Default worksheet location 3amaercs pabouas mamka, Kotopas OyaeT
NpeIaraThCsl MOJIb30BATENI0 PU COXPAHEHHH JOKYMEHTOB M OTKPBITHUH YXKE Cy-
eCTBYIOMMX. [l TOro 4ToOBl ONPENETUTh 3Ty MAaNKy, CleIyeT IIeIKHYTh Ha
kHomke Browse. B pesynbrare oTkpbiBaetcs quanoroBoe okHo Browse for Folder,
C TOMOILIBI0 KOTOPOTO ¥ BBIOMpAETCsl Hy)KHas Mamka. [IOHSATHO, 4TO B KayecTBe
pabodeii manku yJo0HO BEIOMPATH Ty, YTO HAUOOJIEE YacTo HeoOxoauMa B padoTe.
IManka ¢ mepcoHa bHOMN CTpaHHIEH yKka3biBaeTcs B moje My Site.

[Tomb30BaTeNnh MOXKET yNPaBIATH CUCTEMON COOOMIEHUA W MPEAYyPEKICHHHA, BbI-
BOJUMBIX CHCTEMOH mpH paboTe. ONuu ynpasieHHS STHM MPOLECCOM COOpaHbI
Ha Bkiaake Warnings (puc. 1.47).

Bosee TOYHO, 9TH OMIMHU TO3BOJISIOT ONPEICIISATh CUTYAIMH, B KOTOPBIX BBIBOIUTCS
COOOIIICHHE O TIEPEUMEHOBaHNN 00BEKTOB padouero jucta Mathcad. UtoOwr Takue
COOOIIICHHUS TIOSIBIISUINCH, CIIEAYeT YCTaHOBHUTH (hi1akok omiu Show warnings on
redefinition of. Eciu onuust akTHBU3MPOBaHa, JOCTYIHBIMU OYAyT M MPOYHE OIl-
MU BKJIAJKH, KOTOpble pa30MTHl Ha JBa paszieia. B omHOM paszene pedb HIET
0 BcTpoeHHbIX 00bekTax (Built In), Bo BTopoM — 00 onpeeneHHbIX M0JIb30BaTe-
nem (User Defined). 31ech MOXHO mepeonpeiesuTh ClIeIyoNme 0ObEKThI:

O ¢yukun (omuu Functions);
O enunuip pazmeprocty (ommums Units);
O xoucrauTs! (ommus Constants);
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O nepemennsie (omust Variables);
O ckanspHbie BenuuuHbl (omims Scalar Variables);
O BekTops! U MaTpuils! (omust Vectorsand Matrices).

Haxkonen, na Bkianke Save 3amaioT ¢opMmar cCOXpaHEHHs PabO4YMX TOKYMEHTOB
Mathcad (puc. 1.48).

ﬂ

General | File Locations | HTML Cptions
Wiarnings | Seriph Security I Langquange I Save
—Warnings
v Shaw warnings on redefinitions of:
~Built In: User Defined:
IV Functions ¥ Functions
v Units v scalar variables
IV Constants [ wectors and Matrices
[ variables

0K I OTMEHS Cnpaeka

Puc. 1.47. OnanoroBoe okHO Preferences oTkpbITo Ha Bknagke Warnings

T

General I File Locations I HTML Options |
Warnings I Scripk Security I Language Save
—Autosave

[T Aukosave every I ] _,? minutes

r~Default Format

Sawve Mathcad Files As: IMathcad AL Document j

Ok I OTMEHS Cnpaeka

Puc. 1.48. lnanoroeoe okHO Preferences oTkpbITO Ha Bknagke Save
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Bkiagka comepKUT BCEro OJMH pacKpbiBaromuiics crucok Save Mathcad Files
AS, B KOTOPOM YKa3bIBAIOT OIPEIEIICHHBIN [0 YMOIYaHHIO0 (OPMAT IS COXpaHe-
uus jgokymentoB Mathcad. [ocrymusr Ttakue ¢opmarer: Mathcad XML
Document (moxyment XML) u Mathcad Compressed XML Document (moky-
meat XML co cxaruem), a B Mathcad 12 taxxe dopmar Mathcad Worksheet
(pabounii moxyment Mathcad). TTo ymomuanuio ycranosien ¢opmar Mathcad
XML Document.

Taxum oO6pa3oM, B 3TOH T1aBe OBUTH ONMMCAHBI OCHOBHBIC YJIEMEHTHI M METOJIBI Ha-
cTpoiiku rpaduueckoro uHTepdeiica nonszoparens. B Mathcad cymectByror noc-
TATOYHO MIUPOKHE BO3MOXKHOCTH IO YNpaBIEHHIO pabouyuMH JOKyMeHTamu. Bo
MHOT'OM OHH CYHIECTBEHHO 3aBHCAT OT MCIOJIb3YeMbIX 00BEKTOB. B CBs3M ¢ 3THM
COOTBETCTBYIOIIME TEMBI PACCMATPUBAIOTCSA B CIEAYIOIIMX IJIaBaX, B KOHTEKCTE
pelaemMbIX TpUKIagHbIX 3a1ad. KpoMe Toro, cieayer oTMETUTh, YTO MHOTAA Obl-
BaeT JOBOJILHO CIJIOKHO OTAEIHUTH HEMOCPEICTBEHHO HACTPOHKM TrpaduvecKkoro
uHTEpdeiica OT METOA0B pabOThl C JOKYMEHTOM B LEJIIOM MU OTICIBHBIMH €T0
o0bekramu. [loaToMy B IanbHeleM 1Mo Xoxy KHHIH, €CJI BO3HHMKAeT Takas He-
00X0INMOCTh, TIPUBOASTCS CBEACHHUS O METO/AaX HACTPOWKH CHUCTEMBI WM OoJjee
JeTalbHO YTOUHSIOTCS T€, YTO OBLIM U3JI0KEHBI B 3TOM TJIaBe.
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OcHOBbI paboTbl C AOKYMEHTaMMu

B sroii rnaBe pacckasbiaercs 0 ToM, kak B Mathcad BbinosnustoTes 6a30Bbie, Hau-
0oJiee npocTble, MaTEMATUYECKUE onepaluu, MeTo bl pelleHUsl Pa3/InUHbIX MaTe-
MaTU4CCKUX 3ajauy, apl/l(bMeTl/lLleCKl/le BbIYHCJICHUS, PCLUCHUEC ypaBHeHHﬁ, HaXO0xK-
ACHUE UHTErpajioB U MPOU3BOJHLIX OMUCLIBAKOTCA AOCTATOYHO KPATKO, HA TaKOM
YPOBHE, UTOObI MOXHO ObLJIO COCTABUTH MPEJCTABACHUE O BO3MOXKHOCTIX CHUCTE-
Mbl. Bojiee jieTasibHO 3TH BONPOCH 00CYKAAIOTCS B MOC/SAYIOLMX IJIaBaX KHUIU,
3/1eCh K€ OCHOBHOE BHUMAHUE YCJSCTCS, B NEPBYID O4ePe/ib, B3aUMOICUCTBUIO
NoJib30BaTesl C NPUJIOKEHHEM B Mpoliecce BBoJa kKoManja. Kpome Toro, wanara-
I0TCSl HEKOTOpbIE CBEJIeHUs, NMoJe3Hble MPU GOPMATUPOBAHKM JIAHHBIX B pabounx
AOKYMCHTax.

MaTtemaTun4yeckue BblpaXXeHus
n KOMaHAbl Nonb3oBaTens

Kak yke ormeuanoch B e1ase 1, nociie 3anycka MmpuioKeHHUs] OTKPbIBAETCs MyCTOe
padouee okHo. Bee komaH/1bl 110J1b30BATENS BBINOJHSAOTCS UMEHHO B HeM, Koman-
Jlbl BBOJIATCS B MECTE pa3MellieHus yKaszareis B paboudeii obnacru. [locneanuii no
YMOJIYQHHUIO UMEET BHUJI KPaCHOro Kpectuka. M3meHutsb ero nosiokeHue Ha pabo-
4yeM JIMCTe MOXKHO JIMOO LIETYKOM MbILK, JIMOO ¢ MOMOUIBIO K/aBHLI CO CTpeJiKa-
mu. UTo KacaeTcsi HENOCPEJICTBEHHO KOMaH 1 MOJIb30BATEIS, TO OHU TAKXKE MOIYT
BBO/JIMTHCSl C KJIABUMATYPbI HJIK BLIOOPOM DJIEMEHTOB Ha naHensx meHto. Camo co-
0ol pasymeercsi, uto Jyist 3PPEKTUBHOW PabOThl ¢ NPUIOKEHUEM HEOOXOAUMO
3HaTb XOTA 6bl OCHOBHBLIC IMpaBnjia BBOJa KOMaH/.

MaTtemaTtun4yeckue Bblpa>xxeHus

CaMBIMH TIPOCTBIMU, MIOKATYH, ABIAIOTCS apupmeTndeckue onepauun. B Mathcad
IUIsl BBILIOJTHEHUS! CIIOXKEHUSI, BBIYMTAHUS, YMHOKCHHUA U ACTCHUS WUCTIONb3YIOTCS
CTaHIApTHbIC MaTeMaTHUCCKUE OMEPaTOphbl, 4 UMEHHO: OMepaTrop CIoXKeHHs (+),
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BBIMHUTAHUA (-), YMHOKEHUS (*) U JleneHus (/). DTH onepaTtopbl OOBIYHO BBOJSTCS
HETMOCPEJCTBEHHO C MOMOIIBIO KIABHATYPBI, OJHAKO WX e MOXKHO BBECTH, IIEJ-
Kasg Ha KHOTMKax MareMathieckoil manutpbl Calculator. Kpome ynoMsSHyTBIX oc-
HOBHBIX OTIepaTopoB, B pabounx nucrtax Mathcad MOXKHO BBOAMTE M OoNee CIOXK-
Hele. B Tabn. 2.1 mepedrclieHbl STH OMEPATOPHl ¢ OMHUCAHHUEM HMX HA3HAYCHUS
¥ METOJIOB BBOJIA B pabouuii TOKYMEHT.

Tabnuua 2.1. Mamemamuyeckue onepamops!

Onepatop OnucaHue CumBon unn
KOMOUuHauus
KnaBuLl
Cnoxenne BuHapHbIn onepatop (+), ucnonedyetca gna  <Shift>+<=>
CINOXeHWs ABYX Ymcen
Cnoxenue c nepe-  OnepaTop crioxeHus (BHapHbIN) — Takown <Ctrl>+<Enter>
XOZ0M K HOBOW Xe, KaKk B npeaplayLiemM crnyyae, Tornbko
CTpoke onepaHabl BBOAATCHA B pa3HbIX CPOKax
KomnnekcHoe co- Onepartop BbYMCINEHMS YMACHa, KOMINIEKCHO  <Shift>+<">
npskeHme COMPSIKEHHOTO K AaHHOMY (B pabouem go-
KyMEHTe BbIrMSAAMT Kak )
JdenenHne Onepatop (GuHapHbI) AeneHns ABYX Ym- </>
cen. Jpobb oTobpaxaeTcs B CTaHA4APTHON,
o0LWwenpurHATON HOTaUmMK, T. €. C YncnuTe-
nem v 3HameHaTenem
[JeneHne B ogHy BuHapHbeIn onepatop genexus. OT npeapi- <Ctrl>+</>
CTPOKY JAyLwiero criyyasi oTrimyme coctouT B TOM, YTO
onepatop AeneHnst u COOTBETCTBYOLWME
onepaHabl oTobpaxkaloTcs B OAHOWN CTpoke
dakTopuan YHapHbIin onepaTop BbluMCNeHns OakTo- <Shift>+<1>
puana (!). YkasbiBaeTcs nocre onepaHga
Bossepenune BuHapHbIn onepaTtop Bo3BeaeHus B cTeneHs  <Shift>+<6>
B CTeneHb (™). MNepBbI onepang 3agaeT YMCro, BO3BO-
AVMOoe B CTENeHb, BTOPON — CTENEHb 3TOr0
yncna
Mogyrnb Mopaynb uncna. Yucno saknovaetcs B nps- <Shift>+<\>
Mble CKOOKHU
YMHOXeHne BrHapHbIN onepaTop YMHOXEHNs yncen <Shift>+<8>
OTtpuuaHue YHapHbIi onepaTop oTpuLlaHusi <>
(3Hak "muHyc")
KopeHb 13 ynucna BbluncneHune KopHsi 3a4,aHHON CTENEHN U3 <Ctrl>+<\>
yncna
lMpounsBeneHne BbluncneHne npounsseneHns Habopa uncen <Ctrl>+<Shift>+<3>
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Tabnuua 2.1 (0koHYaHue)

Onepartop OnucaHue CumBon vnu
KOMOUuHauus
KnaBuLl
MpownsseneHne BeluncneHvne npounssegeHns Habopa umicen.  <Shift>+<3>
no AnanasoHy NHpekcHas nepemeHHas 3ajaeTcs B Buge
AvanasoHa
Cymma BbluvcrieHne cyMMbl HECKONbKUX criarae- <Shift>+<4>
no gmanasoHy MbIx. [lepemeHHas cymmumpoBaHms 3agaeTcs
B BUAE AManasoHa
KBappaTHbIil KO- KopeHb kBagpaTHbIV U3 yncna <\>
peHb
BblumTtanne BrHapHbIN onepaTop BbIYMCNEHNS Pa3HOCT — <—>
AByX uncen
Cymma BbluncneHve cymmbl Heckonbkux cnaraembix — <Ctrl>+<Shift>+<4>

Bropn Beipakenuii B pabouem mmcte Mathcad umeer psm ocobGenHocTedt. OHHU
KpaTKo OMNuCbIBalOTCs jajiee. B vacTHocTH, Npu BBOJAE YMCEN WM CHMBOJIOB
TIOCJICIHUE BBIACIAIOTCS JIMHUAMH PEeJaKTHPOBAaHUS. JTO OJHA TOPU3OHTAJIbHAS
v 0/lHa BepTUKaJIbHAs JIMHUKU. HekoTopbie (He Bce) BOBMOXKHbIE COCOOLI BblaEe-
HUS JIMHUSIMA PeIaKTHPOBAHUS TIO/IBBIPA’KCHUM B CTIOKHOM BBIPKCHHUH TPUBEICHBI
B Tabn. 2.2. Ciieyer OTMETUTb, UTO TAKYH) ke MOC/IE/0BATE/bHOCTb BbIIC/ICHUE
MOYHO TIONYYHTh, €CJI B pabodeM TOKyMEHTe MOOYepeTHO HaKMMATh KIIaBHIILY
npodena (. e. <Space>).

Tabnuua 2.2. /luHuu pedakmuposaHusi

Mpumep BbigeneHna KommeHTapum

B uncnutene BblpaxxeHUs B CUMBOJSIbHON CymMMe BblaeneH

n
2
wep() + Y e nokasaTenb CTENneHn craraembix
i=1

10
si.n(z)+Hj
j=1

n B uncnutene BbipaxeHus BblJeneHbl Criaraemele B CUMBOMLHOIA
aorp(h + 5 ] cymme
i=1

10
sin(E) + H i

=1
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Tabnuua 2.2 (0kOHYaHue)

Mpumep BbigeneHna KommeHTapum

n Bblﬂ,eﬂeHa CMMBOJTbHaA Cymma B Yncnurene
aexp(®) + % i
i=1

10
si.n(z)+Hj
j=1

n B uncnutene BblpaXeHunsa BblaeneHa CUMBOJIbHad CyMmmMa BMe-
a-exp(i) + S i CT€ CO BTOPbIM MHOXWUTEJ1IEM NEepBOro cnaraemMmoro Yncnutend
i=1

10
sin(E) + H i

i=1

n Bblﬂ,e]’leH YucnuTenb
aexp(®) + % i
o1
1
sinfz) + H i
j=1

n BbloeneHo Bce BbipaxeHue
a-exp(x) + 5 i2
i=1

10
sin(E) + Hj
j=1

Kak y’ke oTMeuanocs, BBIAEIATh Pa3HbIE YACTH BBIPAXKCHHA MOYKHO, HAKUMas Kia-
Bully <Space>. CyllleCTBEHHbIM NPH 3TOM SBJIAETCS TO, KaKas 4acTb BbIPAXKEHHs
BBIIENICHA TEPBOHAYAIBHO. B 3aBHCHMOCTH OT 3TOTO MOCNIEAOBATEIBHO BBIACIA-
I0TCS paszHble YacTH BblpaxkeHus. [lockonbKy nepebupaloTcsi He Bce BO3MOMKHbIE
CHocoOBl BBIACICHUS MOABBIPAXKEHUH, Ha 3TO ciieAyeT oOpawarbk BHUManue. O6-
LLLYO 3aKOHOMEPHOCTb TAKUX NePEXO0/0B OTCIeAUTh AOCTATOUHO ClI0KHO. OHAKO
Ha TIPaKTHKE MOYKHO MOJIB30BaThCS TAKUM TPAaBHJIOM: MPH HAKATUW KJIABHINH
<Space> BblA€AETCS MUHUMAaJbHOE BbIPaKEHHE, JJI1 KOTOPOro BbIJENEHHbIN Ha
MOMEHT Ha)KaTHs KJIaBUIOW (parMEHT SBISeTCs MoABbIpakeHueM. Paciimpenue
BBIPAXKEHUS, €CJIM TAK MOKHO BbIPA3UThLCS, OCYLLECTB/ISICTCS B HATPABJICHUU FOPU-
30HTAJIGHOH JTMHHU peJakTHPOBaHUs MO OTHOIIEHHUIO K BepTHKaIbHOH. [locne BeI-
JleJIeHUs BCEro BbIPKEHUS CJIGAYIOUIUM BbIJEIseTcs TOT (parMeHTt, ¢ KOTOPOro
BCE HaYMHAIOCh. [Ipy 3TOM pazauyHble apuYMETUUECKUE OMEpaTOpbl UMEIOT PaB-
HbIH IpUOpUTET.
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Kpome knaBumm <Space> BbIAETATH pa3iMyHbIC YaCTH BBIPAKCHUS MOXKHO Kila-
BHIIAMH CO CTPeJIKAMU WJIM ¢ IOMOLIBIO MbIIK. bornee Toro, BepTuKanbHas JTUHUS
PENAKTUPOBAHUS MOXKET HAXOAMTHCS HE TOJIBKO CIIpaBa WM cjieBa OT TOPU3OH-
TajbHOMU, HO U mocpeanne. [Ipumepsr npuBeneHs! B Ta0d. 2.3. OHU Ke WLTIOCTPH-
PYIOT MOCEAOBATEIbHOCTD BBIACICHUS Pa3HbIX ()ParMEHTOB BHIPAXKCHUS NPU Ha-
JKaTHH KIaBUIIK <Space™>.

Tabnuua 2.3. lNonoxeHue NuHUll pedakmuposaHus

Mpumep BblaeneHus KommeHTapum

e B uncnnTene BbipaXeHUs BbIAENEHO HA3BAHUE 3KCMOHEH-
askpCh + S i uManbHon yHKUMK. [py 3TOM ropusoHTanbHas NMHNUS
i=1 penakTUpoBaHWs HAaXOAUTCS MOCPEAMHE

10
sin(E) + H i

i=1

n Mocne HaxaTus KnaBuLWM <Space> ropusoHTanbHas nu-

aprpy + S ¢ HUS pefakTUPOBaHMS CMELLAeTCs K Onmxanluei rpaHmue
i-1 rOpV30OHTanNbHO NNHUN peaakTMpoBaHus. B gaHHOM cny-
10 yae 310 neBas rpaHuua

sinfz) + H i

j=1

" Mocrnepytowee HaxaTne Ha knasuwwe <Space> npuBoauT K
apup(y + 3" BbIJENEHUNIO NIMHNAMW PeAaKTUPOBAHUS BCEW 3KCMOHEHLM-
i=1 anbHOW PYHKLMW, BMECTE C €€ apryMeHTOM

10
sin(E) + H i

i=1

v BblaeneHa akcnoHeHUmManbHas yHKLUMS 1 CUMBOMbHasA
aprp( + > CymMMa B yucnutene

10
si.n(z)+Hj
j=1

" BelgeneHo Bce BoipaxeHne. Ecnv HaxaTb Ha knasuwe
S CR <Space>, BblgensieTcs aKcnoHeHumanbHas yHkumus (6es
i=1 aprymeHTa). [Opr3oHTanbHas NMHNS peaakTMpoBaHus

_ 0 ByaeT pacronoXxeHa Ha NEBON rpaHuLie, T. €. pe3ynbTaT
i+ [ 3 6yeT COOTBETCTBOBATL BTOPOIA, @ HE NMEPBOIi CTPOKE faH-
L=t Ho Tabnmupbl

IIpu BBOAE omepaTopoB aBTOMAaTUYECKH, B 3aBUCHMOCTH OT WX THIIA (T. €. OWHap-
Hble, YHApHEIEe U T. 11.) B pabodeM JOKyMeHTe, B 00JacTH BBOJIA BEIPAKEHUS TIOSB-
JIAFOTCSA CTPYKTYPHBIE 3aTIOTHUTEITH, BMECTO KOTOPBIX U BBOASTCS UHCIIA WU CHM-
Bombl. Ha puc. 2.1 mpencraBneHa cutyanus, Korna B paboumii TOKyMEHT BBeIeH
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omeparop cioxeHus (+). B pesynbrare aBTomMaTuuecku A00aBISAIOTCA ABa CTPYK-
TYPHBIX 3allOJTHUTEIA (CTIpaBa U cjeBa OT 3HaKa ILJIHOC).

B [ == 18 F D s @

i+

Puc. 2.1. CTpyKTypHbIE 3anonHUTENM

OdeHb YacTo B paboUnX JOKYMEHTaX OOBSBIAIOTCA TIepeMEHHbBIE UITN BBIYHCIISET-
cs ux 3HadeHue. Jlig 3TUX Leaeld MCMONB3YIOT OnepaTopbl MpuUcBauBaHUsS (:=)
U PaBEHCTBA (=) COOTBETCTBEHHO.

Mpumep 2.1. CnoxeHne vncen

Hanpumep, uto0sl cnoxxuth ABa uucia 3 u 4, AOCTaTOYHO BBECTH B pabouuii TUCT
xoMaHay 3+4=. Cpa3sy nocjie BBOJa 3HaKa PaBEHCTBA CIpaBa OT HEro MOSBUTCA
pe3ynbTar, T. €. uuciao 7 (puc. 2.2).

A 1] x= [§ <€ 3 af #

3+4="Ta

Puc. 2.2. BblumcneHme cymmbl yncen

TOYHO Tak ke BBIYUCIIAIOTCS U MPOUYUE BLIPAXKEHUS, B TOM YUCIIE U TE, YTO COAEP-
JKaT mepeMeHHble. [Ipy 3TOM AOMyCKaroTCsl CKOOKHM, KOTOpble HEOOXOIUMBI AJIs
OMnpejiesieHus MPaBUILHOIO MOPSI/IKA BbIMOJHEHHUS apUPMETHUECKHUX Orepaluii.
3adacTyro, gaxe eciaM CKOOKM M He HECYT MpAMOM (PYHKLUMOHAIBHOW Harpyskw,
OHHW MPUAAIOT BbIpaXkeHHW10 Gosee MpocToil U NOoHITHLIH BUj. [loaToMy MOXKHO pe-
KOMEHJOBATh UX TPH BBOJE OOJBIINX BBIPAKEHHH.

Mpumep 2.2. BoluncneHne CrNoXHOro BbipaXxeHus

B kauectBe npuMepa Ha puc. 2.3 mokazaH PE3YJIbTAaT BBIYUCJIICHUA BbIPAKCHUA,
CoACpKaLlero oneparopbl CJA0KEHUA, YMHOXKCHHUSA, NCJICHUA U BbIUUTAHUS.

Ha pucyHke coxpaHeHo neppoe BbipakeHue. Takol BuJ oHO OyaeT UMeTh nociie
TOrO, KaK ¢ BBIPAXECHUS CHATO BblAeneHue. UToObl CHATH BbIAEICHUE, TOCTATOYHO
nocje ero BblUMCIeHHd (T. €. BBOJA 3HaKa paBeHCTBa), HaXKaTh kuasully <Enter>
WIH 1IENKHYTh MBILIBIO 3a MpedeaaMy 00IacTH BbIpaKCHHS.
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A [] x= JR<E F0 ap W

3+4=7

Puc. 2.3. BbluncneHne CrnoXHOro BblpaXkeHus

Mpumep 2.3. UHNLManu3auma nepemMeHHOM

Kak yxe orMeuanock, BaKHBIM MOMEHTOM Ipu padore ¢ nokymeHTamu Mathcad
ABIISICTCS MHULMAIM3aUUs nepeMeHHbIX. Camas mpocTas cuTyalus — KOTAa [e-
PEMEHHOH TpucBaMBaeTCA YMCICHHOE 3HaUeHHe. HanpuMep, 4ToObl mepeMeHHOH x

NPHUCBOMTH 3HaueHue ~ 2 sin(7/6), cieayeT BBECTH B paboUmii JOKYMEHT KOMAHIY

x=~2- sin(gj (puc. 2.4).

A [ n= [E<E F0 ap W

Puc. 2.4. lHnunanunsauus nepemMeHHon

Yrobbl B JasibHEHIEM y3HAThb 3HAuUeHUE MEpeMEeHHOH x, B padouem JIOKyMeHTe
BBOJMTCS Ha3BaHUE MEPEMEHHON U 3HAK PABEHCTBA Nocjie Hero (puc. 2.5).

A [ n= [E<E F0 ap W

)

Puc. 2.5. OnpegeneHune 3HavyeHns1 NEPEMEHHON

CrenyeT OTMETUTb, YTO MO YMOTYaHUIO 3TO 3HAUYCHHE B O0IIEM ciydae sBJIseTCs
MPUOJIMKEHHBIM, MOCKOJBKY BO3BPALIACTCS B BUIE YHC/IA C IUIABAKOIICH TOUKOH.
B cumBOnBHOM BHAC 3HAUCHHE NEPEMEHHOW BBIYMCIACTCH C MOMOLIBIO KOMAaHA
meHio Symbolics. O6 3Tom peus moiinet B anase 3.
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Mpumep 2.4. 3Hak paBeHCTBa

B HekoTOpBIX cydasx 3HaK paBEeHCTBA MOXKET CIIYKUTh HE TOJIBKO IJIs Ompeese-
HUSl 3HAYCHHUA TMEPEMEHHOM, HO U AN ee MHMLManu3auuu. Jemro B TOM, 4TO
B Mathcad nonbITka y3Hath (YKa3aB Moc/ie IEPEMEHHON 3HAK paBCHCTBA) 3HAYCHHUE
MePEMEHHOM, KOTOpas MpeaBapUTeIbHO He MHULINATIN3UPOBAaHA, HHTEPIPETUPYET-
¢l Kak ee MHMOManmu3auus. Tak, eciiv HepeMEeHHOU a 3HAUYCHUE ellle He MPUCBarBa-
JI0Ch, TO BBOZ 3HAaKa PaBEHCTBA MMOCje e¢ Ha3BaHUA OyIeT HKBUBAJIICHTECH BBOAY
omeparopa npucBaupanus (puc. 2.6).

A [ n= [E<E F0 ap W

Puc. 2.6. lHMumannsaumsa nepeMeHHON ¢ NOMOLLBIO 3HaKka paBeHCTBa

OnHako eclii 3HaYCHUE TIEPEeMEHHOW YK€ TIPMCBOCHO, TO BBOJ 3HaKa PaBEHCTBA
Oyzaer crmocoboM BEIMHUCIICHUS 3HAUCHUS TIepeMeHHoH (puc. 2.7).

A 1] x= [§ <€ 3 ap W

Puc. 2.7. MNocne nHuumManusaumm nepeMeHHon 3Hak paBeHCcTBa
ucronb3yeTca 4N BblUUCNEHNS 3HAYEHNS

ITomumo dwmcen, B kadecTBe 3HAYCHUS NEpeMEHHBIM MOXKHO TIPHCBAWBATh BBIpa-
skeHus Wik ctpokd. OO 3TOM peub UAET Aaliee, a 3/1eCh OCTAHOBUMCS JeTajlbHEee Ha
crocodax OOBIBICHHUS TIepeMEHHBIX B pabodyeM JOKYMEHTE.

Cnoco6bl MHMLManNu3auum nepeMeHHbIX

Bce komanner B pabouem moxymeHTe Mathcad BBITTOMHSIOTCS TOCIIEAOBATEIBHO,
T. €. B TOH OUEPEIHOCTU, KAK OHU BBE/ICHbI B pabouuii auct. [loaromy, Hanpumep,
YTOOBI WCTIONB30BATh B BRIPAKEHHUAX KAKyFO-TO MMEHOBAHHYIO KOHCTAHTY (T. €. me-
PEMEHHYI0 ¢ (PUKCUPOBAHHBIM 3HAUYEHUEM), ITY KOHCTAHTY cjle/lyeT HHULUAIU3H-
pOBaTh A0 ee MepBOro MCIONB30BAaHUA. DTO pa3yMHO, HO HE BCeTaa YA0OHO, 0co-
O6enHo ecnu AokymeHT Mathcad sBasiercs cBOeOOpasHbIM UYEPHOBHUKOM JUisl
MPOBEACHUS OLECHOYHBIX BBIYUCICHUH, PE3yNIbTaT KOTOPBIX CI0XKHO COPOTHO3UPO-
BaTb. OObIYHO B 3THX CJIy4asX MPUXOJAUTCS HaCTO MEHSTb MOJArOHOYHbIE MapamMeTphbl,
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YTOUHSITb 3HAUCHUS NEPEMEHHBIX U T. M. Ecnu 10KyMeHT 10CTaToOuHO GOJIbLLOH U
MEePEMEHHBIX B HEM MHOT0, BCE TAKHE MEepPeMEHHbIe YIOOHO COOUpaTh B OTAETBHbIC
rpynnsl. Toraa ux nerue Haiith B JOKyMeHTe. 1Ipu 3TOM, Kak npaBuio, NpUMeHs-
eTCA 2106ANbHASL UHUYUANU3AYUSL NEPEMEHHDIX.

Jleno B TOM, 4TO CNOCOO MHULMATIU3ALMK C NOMOLIBIO OfepaTopa NPUCBaUBaHUS,
KOTOPbIH YyNIOMUHAJICS paHee, NoApa3yMeBaeT, UTo nepeMeHHas cHavana oObsBis-
eTcs B JIOKYMEHTe (TO eCTb el MpUCBauBaeTCs 3HAYeHHWE), U TOJILKO MOC/e 3TOro
vcnois3yercs. Takoil cnocod MHUUMANU3aLUK HA3bIBASTCS JIOKAIbHBIM (HE Clle1y-
€T nyTrarb C JIOKAJIbHbBIM ONPEACJICHUEM MNEPEMCHHbLIX B TMPOrpaMMHLbIX KO[laX).
Ilpu enobanvnoi unuyuanuzayuu NepBoHavYaibHOS 3HAYCHHUE NEPEMEHHON MOMXKHO
npucBauBath B Jtobom Mmecte padouero aokymeHTa. Boinonusercs rnobanbhas
MHULIMATU3aLMS ¢ MOMOLIBIO OnepaTopa TOXK/eCTBa (TPU rOpPU30HTANIbHbIE JTMHUN
=). B paGouem 10KyMeHTE 3TOT ONepaTop MOMKHO BBECTU, €CJIM HAXKaTh KOMOUHA-
uuio kaaeui <Shift>+<"> (T. e. BBECTH C KJIaBUATYypbl CUMBOJI ~, KOTOPbIHA B pa-
0ouem fokymeHTe OyAerT OTOOpaXkeH Kak ONepaTrop TOXKAECTBA) WM BOCMOJIB30-
BaTbCS COOTBETCTBYIOLEH nukTOorpaMMoil Ha nanutpe Evaluation (puc. 2.8).

Evaluatiolt]
—3-—;3{*

xf xfy xfy

Puc. 2.8. BcTaBka onepatopa ToxaecTea ¢ nomoLlpto nanuTpbl Evaluation

Mpumep 2.5. Tnob6anbHOe onpegeneHne nepemMeHHomn

Ha puc. 2.9 npuseaeH npumep rinobaipbHOTO ONpeneIeHuUs MepeMeHHOM.

o [ x= [§ <€ 30 ap W

Puc. 2.9. MmobanbHoe onpeaeneHne nepemMeHHon

B nanHoMm ciyvae nepeMeHHas MHULHATHU3UPOBAHA MOCICAHEH KOMaHAOH x = 5
(deTBepTas CTpOKa CBEPXY) € MOMOLIBIO ONEpaTopa TOKAeCTBa (el IPUCBOCHO 3Hade-
Hue 5). Takum oOGpazom, 3T0 rnodanbHOE ONpEAETICHUE NEPEMEHHON, U MO3TOMY
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COOTBETCTBYIOIICE 3HAUCHUE AOCTYIHO B PaMKax BCEro NOKYMEHTa, HE3aBHUCHMO
OT MecTa BbI30Ba 3HAUCHHS MEPEMEHHOU B paboueM AokymeHTe. B mepBoii ko-
MaHIHOU CTpOoKe Ha puc. 2.9 mocie TOro, Kak 3a Ha3BaHHEM MMEPEMEHOH yKa3aH
3HAK PaBEHCTBA, BO3BpAILACTCd MMEHHO TO 3HAYCHHE, YTO ObLIO MPHUCBOCHO TNpH
r1o0aNbHON MHULMANIM3ALMH TIePEMEHHOM (T. . 3HadeHue 5). Ecnu B nanpHeiem
3HAYCHUE TIEPEMEHHON nepeornpeneauTs (BTopas MO cHeTY KOMaHIa x := 3), TO
HMMEHHO TaKoe 3Ha4eHue U OyAeT BO3BpaLlaThCA I JaHHOH NEPeMEHHON (TpeThs
KOMaH[1a).

3ajaHHbIe [0 YMOJIYAHUIO OMEpaTopbl NMPUCBAHMBaHUs (JIOKAJILHOIO W riodaibHo-
r0) MO>KHO MeHATh. Harpumep, MOXKHO BBIOpaTh PesKUM, IIPU KOTOPOM OIEpaTop
npucBauBaHus B pabouem JoKyMeHTe Oy/IeT OTOOpaXkaThCsl B BUle O0bIYHOIO 3Ha-
Ka paBeHcTBa. J[j1s1 3TOrO HYXHO BBIOpaTh KoMaHAy Tools | Worksheet Options,
B pe3ysbTaTe 4ero OTKPBIBAETCS OJHOMMEHHOe auanoroBoe okHO Worksheet
Options. B aTom okHe caenyet nepeiitu k Bkiajake Display (puc. 2.10).

ﬂ
Unit: Swskem I Dimensions I Compatibility |
Built-In Wariables I Calculation Display

— Operator Display
Wigw As

Multiplication -

Derivakive Derivative j
Literal Subscript Large Subscript j
Defiritian ICoIon Equal j
Global Definition ITripIe Equal j
Local Definition ILeFt Arrow j
Equality IBD|C| Equal j
Symbolic Evaluation IRight Shaft j

OR I OTHEHA | Crnpaska |

Puc. 2.10. Iuanorosoe okHo Worksheet Options oTkpbiTo Ha Bknagke Display

Ha stoii Bknanke cripasa ot noJisi Definition B packpbiBaromemcsi Crucke MOXHO
BbIOpaTh oauH U3 ABYX 31eMeHTOB: Colon Equal (ycTaHoBieH mo ymMon4aHMIO
M COOTBETCTBYET OMNMEepaTropy NMpUCBaUBaHUA, T. €. JIBOETOUME M 3HAK PABEHCTBA)
u Equal (B xauecTBe omepaTtopa mpHcBauBaHHsA OTOOpa)kaeTcs 3HAK PAaBEHCTBA).
Ecnu BbiOpath snement Equal, Bce oneparopsl npucBavBaHus B paboyem J10-
KyMeHTe OyIyT 3aMEHCHBI Ha 3HAKW PaBeHCTBA, KaK MMOoKa3aHo Ha puc. 2.11.
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Puc. 2.11. B kauecTBe onepatopa npucesameaH1s NCMONb3yeTCA 3HaK paBeHCTBA

K coxainenuto, B Takoii curyauuu ObiBaeT KpaliHe nmpo0J/ieMaTHUHO ONPEAS/IUTD,
KaKoW 3HaK PaBEHCTBA COOTBETCTBYET BBIUMCIICHHIO 3HAYCHUS MEPEMEHHOM, a Ka-
KOW — MpuUcBauBaHuWIO eil 3HaueHus. B atom sierko yoeaurbes us toro xe puc. 2.11.
UroObl y3HATH, KAKOM HMEHHO OTIEPATOp B KOMaHe, 3TY KOMaHIy CleAyeT Bbijae-
JauTh (puc. 2.12).

A [i] x= [§ <€ 3 ap W

Puc. 2.12. BolgeneHve kKoMmaHabl C onepaTopom npuceBavBaHus

ITomobHO TOMy, Kak ycTaHaBIMBAaeTCA CIIOCO0 OTOOpaXkeHHs oriepaTopa MpUcBan-
BaHMs, MOXKHO W3MEHUTH U crocod oToOparkeHHs ornepatopa riaobajlbHOro Mnpu-
cRanBaHus. B wacTHocTH, ANg »TOro ciedyeT Bce B TOM ke okHe Worksheet
Options Ha Bkiiajke Display B cnivicke nojst Global Definition BeiOpars snemeHT
Equal, 9T0 COOTBETCTBYET OTOOpaKeHHIO oTiepaTopa T1o0aTbHOTO TPUCBAUBAHUS
B BUJE 3HaKa paBeHCTBa (MO ymojvaHuio ycraHoBiaeHo 3HaueHue Triple Equal
IUTst 0TOOpaskeH!s 3TOTO OllepaTopa B BUAE 3HaKa Toxxaectsa). Ha puc. 2.13 mpen-
CTaBJ/ieHa CUTYalUs, KOr/a ONnepaTopbl JOKaNbHOrO U rinodanbHOro npucBanBaHuii
oToOpakaroTcsl B BU/E 3HAKA PaBEHCTRA.

COBEpIICHHO OUYECBUAHO, YTO TEMEPb OMPECTIHTh, KAKOM OMepaTop BCTpevaeTcs
B TOM UM MHOM KOMaH/e, NPAKTUHECKH HEBO3MMKHO. M3 cuTyalluu BbIXOAT, KaK
U paHee, BbIACHSS HYXHYIO KoManay. Ha puc. 2.14 BbigeneHa KoMaHaa ¢ ONepaTo-
POM rino6anbLHOro NpUcBaMBaHUs.

XO0Ts BOBMOXKHOCTDb MepeornpeeneHns cnocoda oTodpakeHs onepaTopoB HHOrAa
BeChbMa KCTaTH, 3J10yNOTpeOsTh €10 BCe KE HE CTOMT. Pa3yMHO OrpaHM4MBaTHCS
HACTPOMKAMMU 10 YMOIYAHUIO.
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A ] x= [§ <€ 3 af #

Puc. 2.13. OTobpaxeHne onepaTopoB flokasnbHOro 1 rmobaneHoro npuceanBaHns
C MOMOLL|bIO 3HaKa paBeHCTBa

Puc. 2.14. BoigeneHa komaHga ¢ onepaTopoM rnobanbHoro npuceavmsaHus

Xouercs Takxke 00paTUTh BHUMAHUE HA TO, YTO Ha Bkiiajke Display auaiorosoro
okHa Worksheet Options nmeerca none Loeal Definition. HecMoTps Ha xapak-
TEPHOE Ha3BaHHWE, 3TO MOJIe HUKAKOr0 OTHOUIEHUS K 00CyKAaBlUeMYCs OnepaTopy
JIOKaJIBHOTO MpUCBauBaHUA He uMmeeT. Tam ycTaHaBnmMBaeTca cnocob (Bua onepa-
TOpa) AEKJIAPUPOBAHUS JIOKAJIbHBIX NEPEMEHHbBIX B MPOrPaMMHBIX MOYJISX.

PaboTta c umcnamm

[Mpy MHULMATU3ALMK TIEPEMEHHBIX ¢ YUCICHHBIMHM 3HAYCHUSAMH WIH MPOCTO MPU
BBOJle uMcesl B pabodem Jlokymente Mathcad cnepyer umeTh B BUY HECKOJIBKO
NPUHLUIHAIBHBIX MOMEHTOB. DTO MO3BOJMT CYIIECTBCHHO 00JErduTh paboTy
C NPUWIOKEHHUEM.

OcobeHHOCTU BBOAA YMCINOBbIX 3HAYEeHUN

[MoHATHO, YTO BBOJ IENBIX YHCEN 0COOBIX MpoblieM BBI3BaTh He AoikeH. Hecro-
3KEH BBOJ| M HeOOJIbLIMX (110 a0CONIOTHOMY 3HAUEHHUIO) PaLiMOHAJIbHBIX Ynce. Lle-
nast ¥ AecATHYHAS YacTH Yrclia pasaenstoTes Toukoi. HeymoOcTBa BOZHUKAIOT TIPH
BBOJIE 00J1bLIMX uncell. B aToM ciyuae pasyMHO NpuderHyTh K HAy4HOH HOTALMU.
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Mpumep 2.6. HayyHasa HoTauua

Uucno mpexncrapiasercs B BUAE MPOU3BEACHU MAaHTHCCHL U ICCATH B LICIOYHUCICHHON
crenienn. Hanpumep, urcno 2000 000 MOKHO BBECTH € MOMOLUBIO KOMaHIbL 2*10°6
(B pabGouem TOKyMEHTE 3TO MOKET BBITJIS/IETh TaK, Kak MOKa3aHo Ha puc. 2.15).

A 1] x= [§ <€ 31 of *

=2 ID6 v = 2000000

x=2>-<106 y=2x106

Puc. 2.15. Beog 6onbLumx yncen

Ha puc. 2.15 mpoumntocTpupoBaHa CUTyalHs, KOTJa OBYM IMEPEMEHHBIM x U y
[PUCBAMBAIOTCA OJMHAKOBBIC 3HAYCHHA, HO B pa3Hoi Horauuu. [lpucBamBaemoe
MepBOH MepeMeHHOH 3HaueHHE MPEACTABICHO B BUIC MPOU3BEACHUS, a 3HAUCHHUE
BTOPOH — B OOBIYHOM U LIETOTO uMciaa Buae. B ciemytrommel cTpoke mpoBeps-
I0TCS 3HaYeHUS TiepeMeHHbIX. Kak BUIHO U3 puc. 2.15, BHE 3aBUCUMOCTH OT CIO-
coba MpHUCBAaMBaHMUS 3HAUCHMSA, PE3YbTAT OTOOpaskaeTca OOMHAKOBO. OIHAKO
Croco0 OTOOpaXKEeHUs YNCTICHHBIX Pe3yJIbTaTOB MOKHO MEePeONpeaesTh.

HacTpoikn hopmaTpoBaHMa YNCIEHHbIX AaHHbIX

CyuiecTByeT ABa MPUHUMNHANbHBIX cnocoda (bopMaTupOBaHuﬂ JNaHHbIX: 3aaaTb
dhopMaTupoBaHue Ui BCEro padoyero JAOKYMEHTa WM TOJbKO jJisi OTAS]bHbIX
BbIPAKEHUN B JIOKYMEHTE, DTO OTHOCUTCS HE TOJIbKO K (hOpMaTUPOBaHUIO JICHCT-
BUTCJIbHBLIX YUCECJI, HO U AAaHHbLIX MNPOYUX THUIIOB. BbINnoaHUTL HaCTpOﬁKM (bopMa-
TUPOBaHHUS JaHHBIX (M HE TOJBKO YMCIEHHBIX) MOKHO C MOMOILBIO HAJOrOBOIr0
okHa Result Format, kotopoe oTkpbiBaeTcs nociie Bbibopa komanabl Format |
Result (puc. 2.16).

OxHo coaepxkuT ueTbipe BKIaaku: Number Format, Display Options, Unit Display
u Tolerance. UHTepec B JaHHOM ciiydae npeacTapisier Bkiaaka Number Format,
KOTOpas W OTKpeITa Ha puc. 2.16. B 71eBoil 4yacTW BKIAJKH MMEETCS CIHUCOK
Format, cogeprkammii nsite 3neMeHTOB. BoIOpaB TOT Wiy MHOM 3J1eMEHT, MOXKHO
3a1aTh HACTPOMKM (POPMATUPOBAHUS UMCICHHBIX JaHHBIX B pabodeM JOKyMEHTE
WIA OTOCNBHOM BblpaskeHMH. Ecnm mepen BeimodHeHueMm komaHzasl Format |
Result 0b110 BBIAENEHO KaKoe-TO BbIpazkeHHE (KoMaHOa) B paboueM JOKyMEHTE
Mathcad, To HacTpoliku OyayT MPUMEHEHBI TOJBKO K 3TOMY BbIpaskeHHIO. Eciu
HUKAKO€ BBIPAKCHME HAa MOMEHT BbI30Ba OUAJIOTOBOTO OKHA BBIAETICHO HE OBLIO
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(AL ATOTO OOCTATOYHO INEJKHYTh MBIIIBIO B pabovyeM AOKYMEHTE BHE O0JIacTH
KOMaH[ 1 BBIPQKEHU ), TO HACTPOUKH MPUMEHSIOTCS KO BCEMY JOKYMEHTY.

Result Format x|
MNumber Format I Dizplay Dptionsl Linit Displa_l.JI Tolerancel
Formnat
Mumber of decimal places |3 3:
Decimal
Scientific [~ Show trailing zeros
Engineering . . .
Fraction [~ Show exponents in engineering

format

E=ponential threshold |3 3:

0K I OrraeHa | Crpaeka |

Puc. 2.16. Juanoroeoe okHO Result Format

BriOpae snement General, MoKHO 3anaTh psi NapaMeTpoOB, ONPEACIAIOLINX CIIO-
co0 oTOOpaXkeHHUsI YMCIIEHHbIX AaHHbIX. B yacTHOCTH, NpH BLIGPAHHOM 2/eMeHTe
General B npaBoii yactu auanorosoro okHa Format Result npeactaBieHsl ABe
onuuy Show trailing zeros 1 Show exponents in engineering format u g8a nons
Number of decimal places u Exponential threshold. IlocTtaBus ¢naxkok ormiuu
Show trailing zeros, nepexoAsT B pex<uM, MpU KOTOPOM OTOOpPaKAIOTCsl HE3HA-
yalme HyJld B ACCATHYHOW 4acTH YMCEN. DTa OMUMS MMECT OTHOLICHUE K IO
Number of decimal places, rie yka3biBaeTcs KOJMUYECTBO LIMGP, OTOOpaKaeMbIX
mnocse AecITUIHOM Touku. Takum oOpazoM, eciiu B ACCATUYHOM YacTH unciaa udp
MeHblle, YeM ykazaHo B rnosie Number of decimal places, a onuus Show trailing
Zeros aKTUBU3UPOBAHA, TO ACCATUYHAA 3allUCh YUCIa AOMOTHACTCS HYISIMH.

Mpumep 2.7. Yucnosble popmartbl

Ecnn octaButh mpeanaraeMoe 1Mo yMOMYaHHIO 3HAYEHHUE 3 U YCTAaHOBUTDH (DIXKOK OII-
uyu Show trailing zeros, To uncno 123. 45 (OHO NPUCBAUBAETCS B KAYECTBE 3HAYECHUSI
MepeMeHHOi) OyaeT oToOpaKeHO B BUAE 123 . 450, KaK 9TO NOKa3aHo Ha puc. 2.17.

A [ 2= R <E F ap W

= 12345

x=123.450

Puc. 2.17. OtobpaxeHune yncrna c HesHavalMMm HyNsaMK B ECATUYHON YacTu
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B none Exponential threshold ykazpiBaeTcs uncio mudp B Ie0i YacTH YHMCIa,
[P MPEBBIIICHUN KOTOPOT0 YHUCIO OTOOpa)kacTcs B HKCIOHEHLUMANbHOH (opme,
T. €. ¢ MAHTUCCOH, YMHOKEHHOM Ha OECATh B HEKOTOpOM cTeneHU. B kauectpe
WUTIOCTPALMK TIPoJeiaeM CICAYIOLLYIO MpoueaAypy. YCTaHOBUM 3HAUCHHE MO
Exponential threshold paBabM 4 u BbicTaBuM Quaxkok ommmu Show trailing
Zeros (eclii OH JI0 3TOro He Obl1 ycTaHoBiieH). [anee nepeMeHHOH x MPUCBOUM
B KAQ4eCTBE 3HAYCHUS LIETIOE YACIO 1230, MOCIEe Yero 3HaUYCHUe TOH MepeMEeHHOM
BeIumMcisiercs (puc. 2.18).

A [ 2= [£ <2 30 ap W

x:= 1230

x = 1230.000

Puc. 2.18. Hnumnanmsauus sHa4yeHns nepeMeHHon N oTobpaxeHne ee 3Ha4eHus
B 0ObIYHOW HOTaLMK

[Nockonbky uucno uugp BO BBEACHHOM YKCIIE PABHO 4 U HE MPEBBIIACT MOPOro-
Boro 3HaueHus B noje Exponential threshold, To 3HaueHHe coOTBeTCTRYIOLIECH
nepeMeHHOM OyneT 0TOOpaKeHO B OOBIMHOM BHAE C TpeMs HYJSIMH TOCie Aecs-
TUIHON TOUKH (Tipu 3HavyeHWH 3 B moise Number of decimal places). Ecmu ke
K 3HAQUCHUIO NIEPEMEHHON B KOMaHJe MHULMATN3ALMK 100aBUTH elle OOHy Ludpy
(HOIMB), T. €. BBECTH YMCIIO 12300, TIOIYYHMM HECKOITBKO WHOH pe3ynbTaT (puc. 2.19).

o [ x= [R <E F0 ap W

¥ = 12300

x= 1230 x 104

Puc. 2.19. NHnunanm3aums 3Ha4yeHns nepeMEHHON 1 oTobpaxeHne ee 3HaYeHus
B 9KCMOHEHLManbHOM HoTauum

B sToM ciyuae 3HaueHHe NepeMEHHON OTOOpaskaeTca B SKCIOHCHUMAIBHONW HOTa-
LUH, IPUYEM B MaHTHCCE ApoOHAs 4acTh YKa3aHa, B COOTBETCTBUH C HACTPOHKaAMU
nosis Number of decimal places, Tpems nudpamu ¢ HezHAYAIUM HyJIEM.

Mpumep 2.8. UHXeHepHbIn hopmaTt

Onaxok onuuu Show exponents in engineering format yctaHaBIMBaeTcs B TOM
cllydae, eciii HeoOX0IUMO 0TOOpaKaTh 3HAYEHHUS B SKCIIOHCHUMAIBHOM HOTALMH
B MHXXEHEPHOM opmaTe. 3T0T dopMaT NoapasyMeBacT TaKOE XKe MpeacTaBICHHUE,
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KaK U B OOBIYHOW SKCMOHEHLMATBbHOM HOTALMHM, HO TOJBKO MOKA3aTeNb CTECNCHU
ABIISICTCS UUCIOM, KpaTHBIM TpeM. Hampumep, npu 3HaueHun noseit Exponential
threshold u Number of decimal places paBHBIM 3 W YCTaHOBIEHHBIX (IIaKKax
onuuii Show trailing zeros 1 Show exponents in engineering format 14 nepe-
MEHHBIX, KOTOPble MHULHUAIU3UPYIOTCA CO 3HAYCHUSAMM 12345 W 1200000, B MO-
CIIEeAYIOIIEM 3HAUCHHUS BO3BPAILAIOTCS B TAKOM BUAE, KaK NOKa3aHo Ha puc. 2.20.

A 1] x= [§ <€ 3 af #

xi= 12345 v = 1200000

x= 12345 % 103 o= 1200 ID6

Puc. 2.20. Vcnonb3oBaHune MHXeHepHoro opmara

O0wui dhopmar General, oOCyxaaBIIMACS paHee, XOTS U YA00€H, HO HE Beeraa
npuemsieM. MHorna GbiBaer HEOOX0AUMO O0ECHEUUTH OJHOTUIHOCTHL OTOOpaNKe-
HUST YUCJIEHHBIX Pe3yJbTaToB. Ha aTOT ciyuail npelycMOTpeHbl MpoYHre JIEMEHTI
cnucka Format guanorosoro okna Result Format. Tak, eciiv BbiOpaTh djieMeHT
Decimal u3 ynomsHyroro cnucka, Bkiajgka Number Format npumer Buj, Kak
nokasaHo Ha puc. 2.21.

Result Format x|

Murnber Formnat | Display Dptionsl Unit Displa_l,.ll Tolerancel

Mumber of decimal places |3 3:

[ Show hrailing zers

Format

0K I OtreHa Crpaeka

Puc. 2.21. Bbibop anemenTa Decimal 13 cnucka Format

Bknanka coaep:kut oHO nojie u oaHy omnuuio. B nose Number of decimal places
yKa3bIBaeTcs KOJIMYECTBO LM(P, 0TOOpaXKaeMbIX B A€CATUUHON HacTu yucia. Ecau
ycraHoBieH duaxok onuuu Show trailing zeros, B necstuuHoi yacTu uucia Oy-
JYT, B cllyyae noTpedHOCTH, 0TOOpaxkarhesi He3Havalue nynu. [lpumenenue dop-
mata Decimal o3HayaeT, UTo uMcia MPEACTABIAIOTCA TONLKO B JIECITUMHOM BH/E.
Hayunast HoTauus, APYrUMH C/IOBaMK, MPHU TaKOM GopMaTe He MPUMEHSIETCS.
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s oroOpaskeHHs YMces B HAYYHOH HOTALMM (B BUAC MAHTHUCCHI, YMHO)KEHHOW Ha
JecaTh B LIEJOUUCICHHON cTeneHn), B cnucke Format nuanorosoro okna Result
Format BweiOupator smemeHT Scientific. [Ipuy sToM mmanoroBoe okHo Result
Format Oyzet BHITISAAETH TaK, Kak TOKa3aHo Ha puc. 2.22.

Result Format x|

Number Format I Diisplay Dptionsl Unit Displa_l.JI Tolerancel

Mumber of decimal places |3 3:

[~ Show trailing zeros
[~ Show exponents as E+000

Engineering
Fraction

0K I OrraeHa Crpaeka

Puc. 2.22. Buibop anemeHTa Scientific n3 cnucka Format

B srom cnyuae, noMuMo y)ke 3HakoMoro uyutatento nosis Number of decimal
places u onuuu Show trailing zeros (HazHaueHHe y HUX TaKoe ke, KaKk U paHee),
npucytcTByer euie W onuus Show exponents as E+000. Ycranosus daaxkok 3Toii
OMLMH, MEePexXojaT B PEeKHUM, MPU KOTOPOM BMECTO MHOMKUTENI-AECATKH B COOT-
BETCTBYIOLIEH CTeNEeHH YKa3bIBA€TCs CUMBOJ E M CTENEHb, B KOTOPYIO BO3BOAUTCS
necsitb, [lpu BhiGope dhopmara Scientific Bce unciieHHbie pe3yiibTaThl 0OTOOpaAXKA-
10TCs TOJILKO B HaydHOH HoTauuu. J[ns dopmara Engineering nactpoiiku TouHO
Takue ke, kKak 1 s Scientific. PazHuua cocrour TObKO B TOM, YTO B JAHHOM
cllyyae UCNoJb3yeTcs HHKEHepHbIH popmar.

Mpumep 2.9. PaznuuHblie oopmatbl

B nokymente Ha puc. 2.23 nokaszaH pe3yJibTaT NpUMeHEeHUs pa3iiduHbix GopmMaToB:
aecaruuHoro (Decimal), Hayunoro (Scientific) u urxenepaoro (Engineering) s
OJIHUX U TeX YK€ YMCIEHHbIX IJAHHbIX.

CrnenyeT OTMETHTh, UTO B JAHHOM ciiyuae (popMaThl IPUMEHSIMCH HE KO BCEMY
JOKYMEHTY, a TOJBbKO K OTAETBbHBIM pe3yibTaTaM. [ 3Toro BHIMOMHSAETCS ABOA-
HOM IIENTYOK MBILIBIO Ha YKCIIC B BBIpAXKCHUU. B pesynbraTe OTKpbIBaeTCs aUAaIO-
roBoe okHO Result Format, B koTopom 1 genatoTca HyKHble HACTpOHKU. OHU, Kak
O0TMEUANOCh, IPUMEHSIOTCS HE KO BCEMY JOKYMEHTY, a TOJIbKO K TOMY YHCJICHHO-
MY pe3yJbTaTy, Ha KOTOPOM ObUI BBITIOJIHEH ABOMHOM 1IeM4OK MbIlIb0. YTo Kaca-
€TCA HEMOCPEACTBEHHO HACTPOEK, TO BO BCEX TPEX CIydasX NMPUMEHSIICS PEeXUM
oTOOpaKEeHUsT HEe3HAYALIMX HYJIeH (KOTMYeCTBO IU(P MOCIEe AECITUUHOM TOUKH — 3).
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Kpowme Toro, B Hay4HOM M MHXXKeHEpHOM (opMarax A MEePEeMEHHON z aKTHUBU3H-
poBanacek onuusa Show exponents as E+000.

A ] 2= [2<F F of HITutoriaIs j &G0

Huuuuanuzauua nepemeHHbIx
=123 v= 12345 z .= 12345678

MpuMeHeHHe pazAHYHBIX hopMaToE

Hecamuynbiii
x= 123000 v = 12345000 z= 12345678

Hayunsiii
2 4
x= 123010 v=13234= 10 z =1 235E-HI04

HuweHepHbi

= 123000 x IDD v= 12345 x 103 z = 12346E+H003

Puc. 2.23. lNpumeHeHne pa3nunyHbix popmaTos

HakoHel, MOKHO yCTaHOBUTbL (hopMaT OTOOPaKEHUSI YUCJICHHbBIX JIAHHBIX B BU/IE
apodeii. Jng sroro u3 cnucka Number Format BoiGupator anement Fraction
(puc. 2.24).

Result Format x|

Murnber Formnat | Display Dptionsl Unit Displa_l,.ll Tolerancel

Format

General Level of accuracy 12 5
Decimal _

Scientific ™ Use mixed numbers

Ehigineerin

0K I OtreHa Crpaeka

Puc. 2.24. YcraHoBKa hopmaTa oTobpaxeHns yicen B Buae apobu

Ilocne npumeHeHus aaHHOro ¢opMara Bce uucia B paboyeM JOKyMmeHTe (eciu,
pazymeercs, opMaT NPUMEHSIICS K JIOKYMEHTY, a He K OT/eJIbHOMY BbIP2XKEHHIO)
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oToOpaxaroTcs B BUAE OOBIMHON ApoObu — ¢ duciauTeneM U 3HameHatenem. Cre-
meHb TOYHOCTH 3amaercs B moje Level of accuracy. Ona Bnuser Ha Oam30CTb
OpoOHOTO YKCIia K €r0 BBIPAXKCHUIO B hopMaTe ¢ AecITUUHOM Toukoi. Yem Oosb-
e 3HaueHue B ose Level of accuracy, TeM Beillle TOUHOCTS.

Mpumep 2.10. BoigeneHuve uenomn yactun

Kpome sToro, MmoxxHO ycTaHOBUTH ¢uraxkok omiun Use mixed numbers. [1pu yc-
TAHOBJIGHHOM ()IaKKe B IPOOHBIX BBIPAXKCHUSAX BBIIC/IACTCS Lienas 4acTh, B MPO-
TUBHOM ciydae — HeT. Oco0eHHOCTH OTOOpasKeHHUs IpPOOHOro 4Mcia B PEKUME
Use mixed numbers unnroctpupyer puc. 2.25.

A [] x= [2<F T af - JIM-'" Site j & an
:c‘—E . Zi=X+
S 7 LA ’ ¥
= 1603 _—_ o122
63 63

Puc. 2.25. BoigeneHve uenon yactu B 4pobHOM BbipaXeHun

Mpumep 2.11. Ucnonb3oBaHune gpobein

B cnyuae npumenenus npooHoro gopmara Bce UMCICHHBIE Pe3yIbTaThl B paboueM
JIOKYMEHTE NpeACTaBsitoTcs B Buje japodeii. Ha puc. 2.26 uHuumanuzvpopaHsbl
TPHU TIepeMeHHbIe, TIpUYeM KaKAOW W3 HUX MPHUCBAUBACTCS YHUCIEHHOE 3HAYEHHE
B pazHoOM dopmare.

A ] 2= [2<F T apf W HITutorials j &eo

HH“LI,“BI'II|3BQ,I|H nepeMeHHbIX

2
¥ = 0.02-102 vo=08 I= 3

Mpumepbl Henonb3oeaHuA apobHoro chopuata

+ 13 3 x 64 +03 23
X == Ty = — P == r+03==
7 3 7 3 9 10

Puc. 2.26. Ucnonb3soBaHne gpobHoro hopmaTta

Tem He MCHEE, PE3yJibTaT onepauul‘/’l C OTUMH NECPEMEHHLIMU TPEACTABIACTCA B BUIC
JpoOHbIX BhIpaxkeHuii (B npeaenax ycraHosjieHHoi B nojie Level of accuracy tou-
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HoctH). [lo yMomyaHuio B ApOOHBIX BBIPAXKECHHUAX Lefas 4acTb HE BBIACIAETCS.
s Toro 4ToOBl M3MEHUTH CUTYALMIO, KaK YK€ 0TMEYanoCh, CICAYET YCTAHOBUTD
thnaxkok onmu Use mixed numbers. Ha puc. 2.27 npeacTaBieH TOT ke AOKYMEHT
Mathcad, uro u B mpempiAyIieM ciydae, HO TOJBKO Temepb omius Use mixed
numbers aKTHBHU3HUPOBaHA.

A ] x= |2 <F T of W JITutoriaIs | Pen

HH“LI,“BI'IHSBIJ.HR nepeMeHHbIX

2
i= 0.02-102 wo=08 = 3

n[C_IHMEan HCNoNbL30oBaHWA g_poﬁuu-ru- dropmarta

3 3 x 1 3
i+ y=2— ry=1— L =7—= i+ 03=2—
7 5 7 5 2 10

Puc. 2.27. BoligeneHuve Lenon yactu B gpobsix

Kak cneactBue aktuBmzupoBaHus onuuu Use mixed numbers, B 4YHMCIEHHBIX
IPOOHBIX BBIPAKEHUSIX BBIAEIAETCS Iiefias 4acTh, HO pe3yNbTaT MpH 3TOM He Me-
HieTC.

MUcnonb3oBaHMe KOMMMEKCHbIX Yncen

[Nomumo aeiicTBUTENbHBIX uncen, B Mathcad MoxkHO paboTaTh U ¢ KOMILIEKCHBI-
Mu. CUMBOJIaMH MHUMOCTH YMCIa MOXKET ObITh ub0 i, 1ubo 5. [Ipudem ams BBo-
Ja MHUMOW eMHULbI OJUH €€ CUMBOJ YKa3aTb HEAOCTaTOYHO. B sTOM ciydae i
win j OyIOyT WHTepHpeTUpOBaThCcs KaKk OOBIYHBIE mepeMmeHHble. UToOm Mathcad
BOCIPUHUAMAJT 3TH NIEPEeMEHHbIC MIMEHHO KaK MHUMYIO CAUHUILLY, Tepell HUMH yKa-
3pIBacTCs (0€3 3HaKa YMHOMKEHMA — 3TO BasKHO!) uMcno, 3aparoliee MHUMYIO
yacTe. Hanpumep, KOMIJIEKCHAs €AMHHULA MOKET OBITh BBEACHA KaK 1i WM 17, MO
BbIOOpY mosp3oBarens. [lpu 5ToM equHULIA B MHUMOM YacTH KOMIUIEKCHOTO YHcia
He oToOpaxaetcs. OHa BUAHA TOJIBKO MPH BBIACIICHUH COOTBETCTBYIOLLETO BbIpa-
skeHud. Ecnu yMcno coaepsKuT He TOAbKO MHUMYIO 4acTb, HO U AGHCTBUTENBHYIO,
OHO BBOAMTCSH KaK CyMMa JICHCTBUTENILHOW M MHUMOM 4acTeil. B ogHoM pabouem
JOKyMeHTe 111 0003HaueHUss MHUMOM 4acTH YHKCEN TOMyCTUMBI OJHOBPEMEHHO
00a cumBona (i U j), OOHAKO MO YMOTYAHUIO HE3aBHUCUMO OT TOTO, Kakas JuTepa
BbIOpaHa, B MpoLecce BHIMOJIHCHUS MaTeMAaTHUCCKUX ONepaluid HaJ KOMILUICKCHBI-
MU YHCIaMM OHA MeHseTcd Ha i. CleayeT Takke OTMETHTh, YTO BBECTH MHHUMYIO
CAMHULYY MOXKHO ¢ nomouibto nanutpsl Calculator, BeiOpaB Ha Heil mUKTOrpaMmy
C IUTEpOi i.
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Mpumep 2.12. KomnnekcHble uncna

C xoMmmnekcHbIMU umciamMu B Mathcad MOXKHO BBITIOJNHATH TPAKTUYECKH Te Ke
OMepaLku, YTO U C JISHCTBUTENbHBIMU. B 4acTHOCTH, UX MOXKHO CKJIaJblBaTh, Bbl-
YUTAaTh, YMHOKATh W eNUTh. KOMIUTeKCHBIE YHcIa TakkKe MOTYT YKa3bIBaThes ap-
rymenTamu ¢yHkuuii. [lpumep npuseneH Ha puc. 2.28.

A ] 2= [R<E 3T af HITutoriaIs | oo
a=34+4 bh=2-j

ab=10+5 a+hb=5+73

b2=3—4i sih) = 1.403 + 04891

i
) =3
exp[-nz] i N

Puc. 2.28. Onepaunm ¢ KOMMAEKCHbIMU Yncnamm

Eiwe pa3z xouercs oOpaTuTb BHUMAHUE HA TO, YTO MHUMAasl YacTb KOMIUIEKCHOIO
yrcaa BBOAWTCA Oe3 3HaKa yMHOXKeHus. HarnsoHee 3TO MpoaeMOHCTPUPOBAHO
Ha puc. 2.29. Tam BblzenseHa KOMaHJa, KOTOPOH NEPEeMEHHOH NpUCBauBaeTCs
B KaueCcTBE 3HAUYCHHUS KOMIUIEKCHOE YMCIO C MHHUMOW YacThiO, paBHOM -1. Ota
eAMHULa 0053aTelIbHO YKa3blBAETCSl MepPe] CUMBOJIOM KOMITJIEKCHOW €JUHULbI
(T. e. 1 WM 7). 3HAK YMHOKEHHA MPU 3TOM HE HY>KEH.

A 1] x= [§ <€ 3 af #

Puc. 2.29. BoigeneHo BbIpaxeHne ¢ KOMMIEKCHbIM YACIIOM

bosiee Toro, eciiv 3HaK YMHOXEHUSI BCE K€ MOCTaBUTb, TO YHUCIIO KaK KOMIJIEKCHO®
BOcIpUHUMaThes cuctemoit Mathcad He Oyner. [lockonbKy, Kak y:ke 0TMe4asoCh,
€/IMH11IA B MHUMOW YacTH KOMIIJIEKCHOrO YMciia He oToOpaxaercs, Oe3 rnpeasapu-
TENBHOTO BBIACTCHUS BBIPAKCHUS ObIBACT CIOXKHO OMPEACTUTh, KAK UMEHHO OHO
BBOAWJIOCh. B KkayecTBe mpumepa MOXKHO NMPHUBECTH CUTYyalMIO C BbIYUCIEHHEM
SKCIOHEHTHI OT KOMIUIEKCHOTO YHCIIA, MHMMAs 4acTh KOTOporo paeua 7/2 . 3Ha-
YEHUE BBIPAXKEHUS BBIUMCICHO Ha puc. 2.28, a Ha puc. 2.30 3Ta ke KoMaHAa Mpu-
BEACHA BbIIEJIEHHOM.

Uucmo m MOKHO BBecTH JIMOO ¢ momotbio nanmutpsl Calculator (puc. 2.31), mubo
HaxxaB koMOuHauuio Kiasuil <Ctrl>+<Shift>+<P>.
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A 1] x= [§ <€ 3 af #

Puc. 2.30. BoigeneHo BbipaxeHne ¢ MyHKUMEN, Y KOTOPOA MHUMbIA apryMeHT

nl

|
~ ®l- =

Calculator

sin cos tan

[=]

)

—

o Mmoo

In

.

ES
b

L7 I w 3 A

Puc. 2.31. Beog uncna © ¢ nomowybto nanutpbl Calculator

CJ0)KHOCTb COCTOUT B TOM, YTO €CJIM [0CJIE€ UMC/a T BBECTH CUMBOJI MHMMOK
eAVHULII (i WKW j), TO aBToMaThyecku OyneT moOaBlieH M 3HAK YMHOMKEHUS.

B PE3YJIbTATC YHUCIIO B APTYMCHTC KaK KOMIUICKCHOC BOCIPUHHUMATLCA HE 6yz[eT.
Hp06neMa MOKeT OBIThH pemecHa TaK: BBOOAUTCA YUCIIO T, MOCJIC YC€ro 3TO YUCIIO

YMHOXAeTCqd Ha MHUMYIO €IHMHULLY, T. €. Ha 11 (MM 17).

CHMBOJ MHUMOH YacTH KOMIUIEKCHBIX 4uces (i WM j) MOXKHO MEepeonpeacinTb,
BOCTIONB30BaBIINCH KoMaHnoit Format | Result. B pesynprate oTKpbIBacTCs ua-
nsorooe okHO Result Format, B xoTopom cienyer nepeiitu k Bknaake Display

Options (puc. 2.32).

[~ Ewpand nested amays

Imaginary walue Im 'l
Radix IDecimaI 'I

Result Format

Mumber Format  Display Options IUnit Displa_l.JI Tolerancel

b atrix dizplay style If-\utomatic "I

x|

[ o |

OTreHa |

Puc. 2.32. Buibop crumBona ans otobpaxeHust MHUMOW YacTuh
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Bxnaaka Display Options, noMHUMO mpoyero, COASP:KUT PacKpbIBAIOIIMICS CIU-
cok Imaginary Value, B koTopoM ABa sneMeHTa. BeiOpaB oanH U3 HUX, yCTaHAB-
JIUBAIOT CUMBOJI OTOOpa)keHWss MHAMOM 4YacTH umciia. B gactHocTH, Ha puc. 2.33
MPECTABICH PACCMOTPEHHBIN paHee TOKYMEHT, B KOTOPOM M3MEHEHbBI HACTPOMKH:
Tenepb MHAMAs 4acTh OTOOPAKAETCS ¢ CUMBOJIOM 3.

J @ A [] x= [2<F 3] af “Tutorials | Pen
a=3+4 bh=2-
ab=10+ 5 At b=54
Wo3oyg sin(h) = 1.403 + 0.439]

i
2= =5
em[ﬂzj ] [l

Puc. 2.33. Ucnonb3oBaHne cumBona j Ans otobpaxeHnust MHAMOW YacTu yicna

CumBO j OOBIYHO MPHUCYTCTBYET TPHU PELICHUM 3ajad, CBA3AHHBIX C PacueTOM
AEKTPUUECKUX LieNeH, MOCKOJbKY MO CJAOKHUBLIEHCS TpaAULUK CUMBOJIOM i 000-
3HAYAETCs CUJIAa TOKA. XOTs, KaK U3BECTHO, TPAIULIMM HMEHHO U1l TOTO U CYIIECT-
BYIOT, YTOObI MHOT/1a UX MEHSTh.

Pa3nuyHble cucteMbl CYUCNEHUA

HocraTouHo 4acTo BO3HUKaeT HEOOXOIUMOCTh B UHMCIIAX, TIPEACTABIICHHBIX B CHC-
TeMax CUMCJCHUS, OTJIIMUHBIX OT jiecaTH4HOi. Hanbosiee nonyssipHbiMU SBJISIOTCS
IIBOWYHAS U IIECTHANATepUYIHAS CUCTEMbI CUMCIIeHHs. B TBOMYHOM crcTeMe, Kak
M3BECTHO, YMC/IO MPEACTABAETCS TOJbKO C MOMOLIbIO HyJel u eaunuil. Eciu no-
3WIMOHHAS 3alich 4WClIa B JBOWYHOW CHCTeMe CUWCICHHS WMeeT BHJ
a,a,_...araiqy (rae a; =0,1 mnga Beex i =0,1,..,n), TO B IECATUUHOU cHCTEME

cuncnenus 310 uncno pasusercs a2’ + a2 + a2 + ..+ a,12" " + a,2" . Hanpu-
Mep, aporyHoe uncno 101 B mecstuuHoil cucteme paBHo 5 (1- 2040.2+1.22=5 ).
AHanorn4Has cuTyalys ¢ TpeAcTaBIeHHEeM Yrcell B IIeCTHAIIATEPUIHON CUCTEMe.
i qucna ¢ TOZWIMOHHOM 3aIlmichio BUAA d,d,_|...dxd1dy B TIECTHAANATEPUIHON
cucTeme 3HadeHue Buluncasiercs Kak dgl6° + 16" + ay162 + ...+ a, (16" + a,16” .
Ho Tonbko B 3TOM ciyvyae g; MOryT npuHuMath 3HadeHust ot 0 no 15. [lockonbky

OTAENBHBIMH IU(ppaMH B AECATUYHON cHUcTeMe 3afatoTcs uncia ot 0 mo 9, To mis
yucen ot 10 no 15 ucnons3ytor narunckue 6yksbl: A (uncno 10), B (uucno 11),
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C (uucno 12), D (uncno 13), E (uucno 14), F (ancno 15). Hanpumep, necatuanoe
yucyio 2589 B 1IeCTHAALIATEpPUYHOM CcHUCTeMe MOXeT umeTh Bua AlD
(ald = 13:16° +1-16 +10-162 ). B Mathcad gomycTumMbl Kak JBOWYHBIC, TaK U
miecTHaAATepHUHble Yyhcia. Bo3MoxHa Takke paboTa ¢ YUCIaMH, 3alHCaHHBIMUA
B BOCbMEPUUYHON CUCTEME CUMC/ICHUS, B KOTOPOU UYMCJIO ¢ MO3ULIMOHHOM 3aMUChIO
A,y ..araa, Tpenctasumo B Buge ap8” + ¢ 8 + 4,8 + ...+ a, 8" + a,8",

a yhcna @; MOTYT IPUHUMATH 3HadeHus ot O go 7.

Mpumep 2.13. [1BONYHbIE YNCna

Jl1s BBOJA yuciia B cCUCTEME, OTJIMUHOM OT JIeCATUYHOM, CHavasia 3a1aeTcsl ero no3u-
LIMOHHAS 3alKCh, NIOCIIC YEro yKas3biBaeTcs OYKBa-MHAMKATOP CUCTEMbl CUMCIICHHUS.
YT00bl UHC0 UHTEPNIPETUPOBAIIOCH KaK JIBOMUHOE, HE00X0JMMO cpa3y MocJje yucia,
6e3 rpobena, ykazaTh Jurepy b wiu B. [Ipoctoit mpumep npuBeneH Ha puc. 2.34.

o [ x= [R <E F0 ap W

x= 10110 w:=1111E

i+ oy =26

Puc. 2.34. icnonb3oBaHne LBONYHbBIX YNCEN

JIByM TiepeMeHHBIM, x U y, IPUCBAUBAIOTCS B KAUECTBE 3HAYCHUU ABOWYHBIC YHCIIA.
OaHAKO €CJIM NOMbITATLCS BBIUUCUTD 3HAUEHUE, HAMPUMED, CYMMbl TAKHX JIBOMU-
HBIX YHces, pe3ynbTaT OyaeT MpeJCTaBlICH KaK YUCIO B JICCATUYHOU cHCTEMe
cuucaeHus. B Takom ke BU/I€ BLIUMCIISETCS U 3HAYSHUE CAMUX MEPEMEHHbIX X U y
(cm. puc. 2.34).

Mpumep 2.14. [1BOon4Haa cucrema

UtoOBl HM3MEHUTH CHUCTEMY CHUHCIICHHS, B KOTOpOH oToOpakaeTcs pe3yJbTar,
cneayeT oTKpbITh Bkaanaky Display Options auanorooro oxkua Result Format
(cM. puc. 2.32). CucrteMa CUHMCICHHs 3aJaeTcs BHIOOPOM OIHOTO W3 AJIIEMEHTOB
packpbiBatolierocs cnvcka Radix. B aTom cnrcke mpucyTCTBYIOT Takue ajeMeH-
1hI: Decimal (mecatnunas cucrema curcnenus), Binary (apouwunas), Octal (Boch-
mepuuHas), Hexadecimal (mectHaauarepuyHnas). Ha puc. 2.35 npencrasneH ao-
KYMEHT, B KOTOPOM YCTAaHOBJICH PEKHMM OTOOpPaXECHWs pe3yibTaTra B JBOUYHOMN
CHUCTEME CUUCIICHHUS.
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A [ x= [2 <E F0 ap W

x= 10110 v=11118

a4+ v =11010x mleDb

w=101Thx ID‘rJH}:I

v=1111b = IDbllb

Puc. 2.35. OtobpaxeHue pesynbtata B ABOUYHON CUCTEME CUUCIIEHMS

ﬂpu OTOM HUMECT MECTO JOCTATOYHO UHTEpPECHasA CUTyallus. ITo YMOJIHaHHIO, KakK
M3BECTHO, K UMCJEHHbIM 3HAYEHUSIM MpuMeHsieTcss oOLuui  dopmar (1eMeHT
General B cnucke Format Bknaaku Number Format guanoroesoro okHa Result
Format). llpu Tex HacTpoiikax, 4TO MCIHOJB3YKOTCH, LIEJIOE YUCIO OTOOpaKaeTCs
B HAY4HOM HOTALMU, €CJIM €ro JUIMHA NPEBbIIAST TPU LUPPbl. DTO MMPABUIO OCTACT-
Cd B CHWJIE, KOIJIJa YMCJIO MNPEACTABIEHO U HE B JIECATHUYHOM CUCTEME CUMC/IEHHUS.
B ABOWYHOM cHUCTEME, OUEBHIHO, JaKe HEOOJIbLIUE 110 BEeJIMUMHE YMCa COJASPIKAT
jaocrarouHo MHoro uudp. [loaroMmy npu nepexose K ABOMUHON CUCTEME TAKUE UMC-
Jia npeACTaB/IAOTCA B BUAC MAHTUCCHI, yMHO)KeHHOFl Ha ABa B HGKOTOpOFI CTCIICHU.
Ilpuuem u MaHTHCCA, U CTENEHb OTOOPAKAIOTCS B JIBOUMHOMN CUCTEME CUMCIICHUSL.

UroObl yBUAETH YKCTa B OOBIMHOM NPEACTABICHUHU, 0€3 MHOXKHTENIEH, MOKHO Ha
Biutagke Number Format B criicke Format BeiOpats snemenT Decimal. Pesynb-
TaT IpUMeHeHus 3Toro (opmara mokazaH Ha puc. 2.36.

A =g E D s ®
x:= 10110 v = 1111E

x+ = 11010b

x= 1011k

y= 11114

Puc. 2.36. lNpumeHeHune opmata Decimal
K paboyemy AOKYMEHTY C ABOUYHBLIMU YMCHaMu

Mpumep 2.15. LLlecTHaguaTepu4vHble U BOCbMepPUYHble Yncna

I/IHlll/lKaTOpOM yucjia B BOCbMGpM'-lHOFl CHUCTCMEC CUHUCIICHHA ABJIACTCA 6yKBa o WJIH
0. HakoHell, wecTHajuarepuyHble 4ucia OTOOpaXkKaloTCs ¢ JUTEPOH h (WM H)
B KOHILE. ﬂpuqu mecTHaaAuaTepuIHoOeC YHCJ10 00513aTENLHO JOJIDKHO HaYMWHaTbhCA
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¢ mupsl (MHAUYEe OHO KaK YMCIIO WHTEPIPETUPOBAThCA He OydeT Aaxke NMpH Halu-
YUM JUTEPBHI h B KoHLE). [loaToMy eciau B mpeacTaBacHUM MIECTHAALUATEPUUHOTO
yKcsa IepBbIM CUMBOJIOM ABJsieTcs: OykBa (OT a [0 £), Iepel Hell ciedyeT nocra-
BUTH 0. [lpumep peanusaluv YMCIEHHOTO pe3yfbTaTa B PasiU4HBIX CHCTEMax
CUMCIICHHS MPUBEICH Ha puc. 2.37.

m A 5] 2= [£<F 3] ap “Tutorials j o

"Hl1Ll,l|al'll133Ll,l1ﬂ nepeMeHHbIX B PAa3HbIX
CHCTEMaX CHHCNEeHWA

a=0abech h:=1230 o= 123
anMEEbI HCNoNnbL30BaHWA

b= 1116 x 1060 ah = 6753640

atb+ o= 56120 1007 a+b+c=0b3sh
288917

sinfa) = 0.cTEh al =

i) 370732

Puc. 2.37. YncnerHble pe3ynbTaThl B Ppa3HbIX CUCTEMAX CHACIEHUS

Jlns kaxaoro BbipaskeHust npumeHsiacs cBod Gopmar. CTOUT HAMOMHUTD, YTO
NMPUMEHEHHE HACTPOEK K OT/AEJIbHOMY YMCIly OCYLIECTBJSETCS €ro BblAEIeHH-
€M W JBOHHBIM LIEJIYKOM Ha HEM Mbillbl0. B pe3ysibTaTte OoTKpbIBaeTCs AMaso-
rosoe okHO Result Format 1 Bce HACTPOHKHM BbINOJIHSAIOTCS TaK XK€, KaK U NpU
onpejaeieHun Qopmara Al uenoro aokymenrta. UTto kacaercs Hemocpejact-
BEHHO JIOKYMEHTa, TO B HEM MHHULMAJIM3UPYIOTCS TPH NnepeMeHHsbie (a, b U c).
OTUM MepeMeHHbIM MPUCBAUBAIOTCA YMCJIEHHbIe 3HaYeHus (llecTHaALaTepuy-
HOE, BOCbMEpPUYHOE M AECATHMUHOE COOTBETCTBeHHO). /lanee BhiuMchseTcs
NMpPOMU3BEIeHHE MEePBbIX JBYX MEPEMEHHbIX, CYMMa TPEeX MEePEeMEHHbIX U CHHYC
OT nepBod nepeMeHHo. Bce 3Tu BblpaKeHUs BbBIYUCIAIOTCS ABAX/Ibl, U pe-
3yJIbTAaT NpejAcTaB/seTcs no-pasHomy. B jesom crondue Ha puc. 2.37 pesyiib-
TaT MpPejacTaBjieH B JBOWYHOH, BOCbMEPUUHONW MU LIECTHAALUATEPUUYHOU cUCTe-
Max CYHCJEHMs, COOTBETCTBEHHO. Hukakve AOMOJIHWTENbHbIE HACTPONKU He
npumMensuivcs. [lpaBbiii cTondely colepKUT AaHHbIE B BOCbMEPUYHON cUCTEME
cuucienus (¢ npumeneHuem ¢opmara Decimal), wecTHaauarepuuHoi cucre-
Me CUMCJIEHMsl W YMUCJIeHHOe 3HaveHue B ApoOHoM (opmarte. llpuuem B no-
CJI€/IHEM cjyuyae JIOMyCKaeTcs TOJIbKO AecsATHUYHAs cucTema cuucieHus. Ctout
o0paTuTh BHUMaHUe Ha cjaeaylollee obcrosrenberBo. llpu BBOjEe OyKB-
MHJMKATOPOB cHcTeMbl cuucieHuss Mathcad aBromaTuueckd MbITaeTcsi BCTa-
BUTb 3HAK YMHOeHusi. Ero npuaercs yaanutb BpyUHyIo, YTOObl UUCIO UHTEP-
MpPeTHPOBaNoCh NPaBUIbHO.
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KoHcTaHTbI

B Mathcad, xax v B 1000M APYTOM aHATOTHYHOM TPHIIOKEHUH, eCTh IIeJIbli Habop
[peAonpeeNeHHbIX KOHCTAHT. JTO Takue (MKCUPOBaHHbIC 3HAYCHHA, K KOTOPBIM
MOXHO oOpalaTecs depes UMs, HanpuMep uucao n . Hanbonee yacto BCTpeyaroTes
MareMaTHdeckue KoHcTaHTbl. [loMUMO ynoMmuHaBuielcs paHee MHUMON €AUHMLIbI
(1i wim 15), 8 Mathcad ectb koHcTanTa Diiniepa (CUMBOJI e BBOJMTCS HEMOCPE/ICT-
BEHHO C KJIaBUATypbl), uucio n (komOuHaums kinasuwl <Ctrl>+<Shift>+<p>), cum-
BOJ1 OECKOHEUHOCTH o (koMOMHaums knaeu <Ctrl>+<Shift>+<z>) u npouenr, 06o-
3HAYaIOLLUICA CUMBOJIOM % (3Ha4eHue ITO KoHcTaHThl pasHo 0,01).

Mpumep 2.16. Ucnonb3oBaHne KOHCTAHT

B nokymeHTe Ha puc. 2.38 npuBeaeHbl MpUMephl UCMOJIb30BAaHUS MpelonpeaeseH-
HbIX KOHCTaHT B pabouem aokymeHte Mathcad.

A ] x= R <F 5] «f HITutorials | Pan
3% =005 e=2T718

2 s -0z

%

= 3142
e = 101
Z 1
e N =12
n =20%4 Sy &

n
1
lim (1 + —] — expl 1) = 2718
n— oo n

Puc. 2.38. lNMpumepel ncnonb3oBaHns NPeAonpeaeneHHbIX KOHCTaHT

Kak Hec0KHO 3aMeTUTb, YHAC/ICHHbIE 3HAYEHHUS, B CHJTy HACTPOEK CHCTEMbI, OTO-
OpaxatoTcsi ¢ Tpemsi uMdpamMu B ASCATUHHONW YaCTH, XOTS TOYHOCTh UX BbIYMCIIE-
HUS CYLIECTBEHHO Bbille (10 15 3Hakor). CiyyaeTes, 4TO HY)KHO 3HaTh 0oJiee TOuU-
HOE 3Ha4yeHWe B CPaBHEHHUM C TeM, KOTOpOe yKa3zaHo B pabodem jucrte. [lis aToro
MOXKHO M3MEHUTH riio0anbHble HACTPOHKH CUCTEMbl (YBEJIMUKUTL 4YMCiio oTobpa-
JKaeMbIX rocjie 3ansaToi 3nakoB). Ecin aocTarouHo mpocMOTpeTh TOUHOE 3Haue-
HHE OT/AENbHOrO Pe3yJibTaTa, ero cleyeT BbICIUTh U HaXKaTh KOMOMHALMIO KJia-
Bull <Ctrl>+<Shift>+<N>. Ilpu stom B cTpoke coctosiuus Oyaer oToOpaykeHO
TOUYHOE (B Mpejeiax BO3MOMXKHOCTEH CUCTEMbI) 3HAYSHHE YMCICHHOTO pe3yJibTara.
Ha puc. 2.39 B IeBOM HIKHEM YIay B CTPOKE COCTOSHUSI MPE/CTABICHA KOHCTaHTA
Oiinepa, koTopas Oblja MNpeaBapUTENIbHO BbIUMCIIEHA Kak 3HAYeHWe Mpejesna

lim(1+1/m)".
n—>0
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n
1
litn, (1+—) — exp(1) = 271Ey
n— oo n

K1

2,718231828459045

Puc. 2.39. OTobpaxeHune B CTPOke COCTOSIHUSI TOYHOrO 3Ha4YeHns

ITonb3oBarenn Mathcad Moryt He TOJbLKO onpeAessiTh COOCTBEHHbIC, HO W Nepe-
onpeAensiTh NepequcieHHble paHee KOHCTaHThl. llepeonpeneneHne KOHCTaHT
OCYLIECTBJISICTCS JJOCTATOUHO NPOCTO — KAaK U C OObIYHBIMU MEPEMEHHBIMH C M0~
MOILLIBIO OMepaTopa NPUCBAUBAHUSA. DTO OUYEHb CUJILHO pacUIMPSAET BO3MOKHOCTH
CHUCTEMbI MPH PElISHUU NPUKIAAHBIX 3a/a4.

[NomMumo mMaTemaTnieckux KoHcTaHT, B Mathcad ectb pan cuctemHbix. OHU OTBe-
YarOT 38 OCHOBHBIE HACTPOUKH CUCTEMBI U MOTYT U3MEHATHCS B Ipouiecce paboThl.
OTH KOHCTAHTHI TIEPEYUCIICHBI B TA0M. 2.4.

Ta6nuua 2.4. CucmeMHble KOHcmaHmbi Mathcad

CucrtemHas OnucaHune 3HauyeHue no
KOHCTaHTa yMoOrn4aHuo
TOL 3ajaeT TOYHOCTb BblYMCNEHUS UHTerpanoB u npo- 0,001
M3BOAHbIX. Ee 3HauyeHne Takke onpepensieT npo-
OOIMKUTENBbHOCTb UTEPALMOHHOIO Mpouecca npu
peLLEHNN YypaBHEHMN
CTOL 3ajaeT TOYHOCTb, C KOTOpOWM BbiMonHATcs orpa- 0,001
HUYEHNS NPU peLleHnn 3a4a4 onTMMM3aunn
ORIGIN 3HayeHuMe 3TOl KOHCTaHTbI onpeaenseT HavyanbHbin 0
MHOEKC HyMepauuu 3rIeMEHTOB BCEX MacCUBOB B
paboyeM fOKyMeHTe
PRNPRECISION  OnpegensieT KONMYECTBO 3Hayawmx uucdp ana 4
YMCIIEHHbIX AaHHbLIX MpY 3anucu ux B dann c no-
MOLLBIO PYHKUMN WRITEPRN
PRNCOLWIDTH OnpepenseT wnpuHy cronbuos B ¢anne, B koto- 8
pbii 3aNMCbIBAOTCA AAHHbIE C MOMOLLBIO (DYHKLMMK
WRITEPRN
CWD 3HayeHMeM KOHCTaHTbl SIBNSIeTCS TEeKCToBasi CTPO-

Ka C HasBaHMeM paboyein nanku (TOYHee, MOJHbIN
nyTb K HEN)

Hepeonpez[enﬂTb 3HAYCHUA TICPCHUCIICHHBIX KOHCTAHT MOXKHO IIPpAMO B pa6oqu
AOKYMCHTC. I[OCTaTOLIHO KOHCTAHTC MMPUCBOUTH HOBOC 3HAUCHHUC. EH.Ie OJHUH crocod
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OTIpene/ICHUs 3HAYCHUH CUCTEMHBIX KOHCTAHT YIOMMHaNcs B einage . Tam peub
ma O HAacTpoiikax, BBIMOMHAEMBIX B auanoroBoM okHe Worksheet Options Ha
Biutagke Built-In Variables. /luanoroBoe okHO OTKpBIBaeTCS BHIOOPOM KOMAaHIbI
Tools | Worksheet Options.

HecMoTpd Ha HanuuMe CNeUHaIbHOTO AUANIOTOBOIO OKHA, € MOMOLIBIO KOTOPOro
MO3KHO 3a1aBaTbh 3HAUEHUSI CUCTEMHbIX KOHCTAHT, NEPEONPEACIICHUE NX 3HAYCHUI
HEMOCPEe/ACTBEHHO B paboveM AOKYMEHTe MnpeacTaBiseTcs 60siee NeperneKTHBHbIM.
B aToMm ciiyuae, hakTuueckd, MOXKHO AJIsi Pa3HbIX A@HHBIX YCTAHOBUTh Pa3jiMuHbIe
HACTPONKH.

Mpumep 2.17. 3anuch paHHbIX B chain

Ha puc. 2.40 npuBeaeH psii KOMaH[A, ¢ MOMOIIBIO KOTOPbIX B KOHEUHOM HTOIe
B halijl 3a1nChIBAOTCS AIEMEHThI YUCJEHHONW MaTPHLLbI.

A ] x= [ <F 3] af W HITutoriaIs | o
Pabounii katanoer
CWD = "Dy Docat!
OnpeneneHue MaTpuubl
123 1234 12345 123456 1234567
Bo=| 123 1234 13345 133450 123457
012 0133 01234 012345 0123456

3HayveHnA cHCTEMHbIX NeperMeHHbIX
PRMPRECIZION =35 FPENCOLWIDTH = 13

3anuck B dhaiin

WRITEPRN(" datatxt") = B

Puc. 2.40. 3anncb gaHHbIX B hain

Ileproii koMaHAOWH CWD:="D:\My Docs\” yCTaHaBIMBaeTCS TEKyIIWi pabouwit
karanor. Jlanee 3ajaercs uucieHHas marpuua B (MeTojibl paboTbl ¢ MaTpuuamu
00CYKIAK0TCsl HECKONBKO No3:ke). KonuuecTBo 3Havammx umdp a1d 3anicu AaH-
HbIX B (aiia onpenaensiercsi KOMaH/10l PRNPRECISION:=5, a LIMPUHA CTONOLIOB —
KOMaHIOW PRNCOLWIDTH:=15. HakoHew, 3anuch B TEKCTOBbIM (paiin ¢ Ha3BaHUEM
data.txt ocyuiecTByisieTcss KOMaHAOM WRITEPRN ("data.txt"):=B. B pesynbrare
B pabodem karasore (T. e. D:\My Docs\) aneMeHTsl MaTpHIlbl B OYAYT 3alicaHbl
B aiin data.txt. Pesynbrar (conepxumoe aiina data.txt) npespcrasieH Ha puc. 2.41,

Kak Hec/103kHO 3aMCTUTDb, BCC HMUCJIa OTO6pa)Ka}OTCﬂ He 0oJiee YeM ¢ MAThLIO 3Ha-
HauuMu umbpaMu, B COOTBCTCTBHWH C BbINMOJIHCHHBIMH HaCTpOﬁKaMH. B Tom cjiydace,
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CCJIN MPEABAPUTCIIBHO (baﬁ.]'[ B pa6oqu Karajaore co3jgaH HE 6BIJ'I, OH CO34acTCs
IIPpX BBITIOJTHCHHUH KOMaHAbl WRITEPRN.

P data - BroxknoT

tafin Mpaeka dopwat Ewa  Cnpaeka

| 123 1234 12345 1.2346et005 1.2346e1H006
1.23 1.234 1.2345 1.2346 1.2346
0.12 0.123 0.1234 0.12345 0.12346

Puc. 2.41. Copepxmmoe cbaina data.txt

Pa6oTta ¢ hyHKuMAMM

[pakTryeckne BO3ZMOKHOCTH JTFOOOTO MAaTeMaTHUECKOTO TPHUIIOKEHHS OTpeaes-
JOTCS BO MHOTOM TeéM HaOOpOM BCTPOCHHBIX (BYHKIHH, KOTOPBIC JOCTYITHBI MOJb-
3oBarento B pabore. He sBnsercs uckmouyenneM U Mathcad. Cpasy oroBopumcs,
yro B Mathcad BcTpoeHHBIX (YHKIMI TOCTATOYHO MHOTO. [IpakTHieckn Bce OHU
Mmarematuueckre. KpoMe 3T0oro, Ha OCHOBE BCTPOCHHBIX (DYHKIMH TOIB30BATEIh
MOXET OIpeAeNaTh COOCTBeHHBIC. JlemaeTcs 3To 10CTaTOYHO MPOCTO (TakK ke Mmpo-
CTO, KaK W OONBIIMHCTBO ApYrux omeparmii B Mathcad). CooTBeTcTBYIOIINE METO-
ITBI OTIMICHIBAFOTCS cpasy mociie 0030pa BeTpoeHHBIX ¢yHkuuid Mathcad.

BcTaBka BCTPOEHHbIX (hyHKLUN

CymecTByeT ABa crocoba BCTABKUA BCTPOCHHON (YHKIUHM B pabouuii TOKYMEHT
Mathcad. MoHo mpocTo BBECTH HazBaHHe (PYHKIMH HETOCPEACTBEHHO ¢ KIIaBHa-
Typbl. OZIHAKO IS 9TOTO clieAyeT 3HAThL U MOMHUTh CHHTAKCHC BbI30BA (DYHKIIWH.
Hns muorux dyakiuit nx nvena 8 Mathcad coBmagaroT uinm OnHM3KM K 0OIeTpu-
HATHIM MaTEeMAaTUYeCKUM Ha3BAHUAM, MO3TOMY ¢ HUMH MpoOJieM HE BO3HHUKACT.
Bece ke cOBepIIeHHO OYEBHIHO, UTO 3aNOMHHTH CHHTAKCHC a0CONIOTHO BCEX
(dYHKIUH MpakTHUECKH HEBO3MOXKHO, TeM Ooiee uto B Mathcad ux mHoro. Bropoii
cnoco® BCTaBKH (DYHKIIMK B IOKYMEHT TOAPA3yMeBacT BHI30B CHCIIHATBHOTO HA-
JIOTOBOTO OKHA, ¢ MOMOIINBI0 KOTOPOTO W OCYIIECTBIACTCA BBIOOP HYKHOW (hyHK-
i, B 9ToM ciydae HeT HEOOXOAUMOCTH 3alOMUHATH MOAPOOHOCTH TOTO, KaK
WMEHHO Ha3bIBaeTcs (DYHKIMS, CKOJIBKO y Hee apryMEHTOB, M B KaKOM MOPAIKE
OHH yKa3bIBatoTcsa. KpoMe Toro, B BEI3BIBAEMOM JTHATIOTOBOM OKHE MOJKHO YBHJCTh
TAKKE U KPATKYIO CIIPABKY O BHIOPAHHOU (DYHKIIUH.

Y1o6bl OTKpBUIOCH AManoroBoe okHO BetaBku (yHkuuu Insert Function (puc. 2.42),
cneayer BbiOparh komanay Insert | Function <Ctrl>+<E>. Kpome 3T0ro, MoxHo
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BOCIIOJIB30BATHCS CHELMAIBHON KHOIMKON Ha CTaHAAPTHOM MaHEIN WHCTPYMEHTOB
(Ha KHOTIKE N300 paKeH CUMBOJT (DYHKLIUH).

sertronction ﬂ
Function Category Function Marme
Bessel
Complex Mumbers acot
Curye Fitting and Smoothing acoth
Debugging ACSC
Differential Equation Salving acsch
Expression Type A
File Access Al.sC
|acus(z)
Returns the angle (in radians) whose cosine is z. Principal value for j
cormples z.

(2) | Ci, I Insert Cancel |

Puc. 2.42. lnanoroeoe okHO Insert Function

Huanorosoe okHo Insert Function cogepxkut asa cnucka: Function Category u
Function Name. B nepsom oTo0paxkeHbl T€ KaTEropuu, Ha KOTOPbIE YCJIOBHO pas-
Ooutel Bce BcTpoeHHble (yHKIMM Mathcad. B wactHocTH, B cmucke Funetion
Category npe/icraBjieHbl C1€1YOLIUE JIEMEHTbL:

m

d

All — npu BbIOOpe 3TOro 3ieMeHTa B MpaBol 4acTH Auanorororo okHa Insert
Function B criucke Function Name otoOpaskaercss CITUCOK BCEX BCTPOSHHBIX
¢dyHkuuii Mathcad;

Bessel — BbIGop 2/1eMeHTa MPUBOIMT K TOMY, YTO B MPABOH 4acTH OTOOpaka-
eTcs crucok GyHKOWMA beccens (MX AOBONBHO MHOTO). DIIEMEHT BBIOMPAIOT
B TEX Clydasx, ec/iM BcTapjisieMas B pabounil JOKYMEHT (YHKLMSI OTHOCHTCS
K OIHOMY W3 TUIIOB ClieliManbHbIX QyHKIMM beccens;

Complex Numbers — B 3Ty kareroputo BXoAiT (yHKINH, TIpeTHA3HAYCHHBIC
2151 paboThl C KOMIUIEKCHBIMHM YUCIaMU;

Curve Fitting and Smoothing — kareropusi GyHKUME Ui BbINOJIHEHUs arl-
MPOKCHMALIUH U CTTIaKUBAHUS;

Debugging — ¢yHKIMH OTIIAAKH KOJIOB;

Differential Equation Solving — ¢yHkium mis pernenus auddepeHmans-
HBIX YPaBHEHHUI 1 CMEXHbIX 3a/1a4;

Expression Type — kareropus ¢pyHKUME 47151 onpeesieHusl TUIIOB BbIPaKEHUH;
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File Access — dyHKIWMH Ut pabOTHI ¢ BHEITHUMH (paiimamu;
Finance — ¢unaHCcOBBIC (PYHKITNH;

Fourier Transform — kareropus (QpyHKIHH, UMEIOIUX OTHOINEHUE K TPeod-
pazoBaHuto Oyphbe;

Graphing — ¢yHkunu a1 pabotsl ¢ rpaduyecKUMHU 00beKTaMHU;
Hyperbolic — runepbonunueckue GyHKIUM;
Image Processing — kareropus dpyHkumii 1yis 00paboTku U300paxeHuii;

Interpolation and Prediction — rpynna yHkUMH A1 BLINOAHEHUS] MHTEPIIO-
JSIUUU U SKCTPANOSLNK;

Log and Exponential — norapudmudeckue u mokazarenbHble (GyHKIIHN;
Lookup — rpynna ¢yHKIMA 4715 BBITOJIHEHUS TIOUCKA TaHHBIX;

Number Theory/Combinatorics — rpymnma (yHKIHii a1 paboThl ¢ YUCIICH-
HBIMH J1aHHBIMH;

Piecewise Continuous — KycouHo-HenpepbiBHbIE (YHKIIHH;

Probability Density — rpynna ¢yHKUMH, OTHOCSILMXCS K TEOPHUU BEPOSITHOCTEH,
a MIMEHHO K ONIPEAETICHUIO BEPOATHOCTEH UTA Pa3IUUYHBIX paclipee/CHH;

Probability Distribution — (yHKITMN BceBO3MOXKHBIX paciipe/IeIIeHHI;

Random Numbers — kateropus (pyHKIHH, OTHOCAIMXCA K TEeHEPUPOBAHUIO
Clly4daiHbIX YUCElT;

Signal Processing — yHkuMM /11 00pabOTKHU CUTHAJIOB;

Solving — BbIOpaB ATOT 3jIeMEHT, B MpaBoii yactu auanorosoro okHa Insert
Function MOXHO yBHUIETh CHHMCOK (ZVYHKIMM, WUCTIOIB3YEMBIX TPH pelleHuN
YPaBHEHUH, MOUCKE SKCTPEMYMOB U T. I1.;

Sorting — (QyHKLMH COPTUPOBKH U YIOPAAOHHBAHUS AAHHbIX;

Special — HaGop HekoTOpbIX crielMalibHbIX (YHKUMH U TakuX, KOTOpbIE MO
Pa3HBIM MPUYMHAM HE TIONAJIA B IpyTHE KaTerOpuH;

Statistics — cTatrcTryeckue QpyHKINH;
String — ¢yHKuMYM 1714 paboThI C TEKCTOBBIMU CTPOKAMMU;
Trigonometric — TpuroHoMeTpuueckre yHKIAN;

Truncation and Round Off — dyHkImmn okpyriaedns u npeoOpa3oBaHus 3Ha-
YEHUI;

User Defined — onpejensiembie nosib3oBareieM QyHKLWH;
Vector and Matrix — QyHKuUMM JUis paboThl C BEKTOPAMU U MATPULIAMM;

Wavelet Transform — dyHkUMU /151 BLINOJHEHUS BEHBIET-NPeoOpa3oBaHusl.
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Bei6upare (h)yHKIMH W3 TOJHOTO CIHCKa — 3aHATHE He camoe mpoctoe. C 3Toi
TOUKH 3PEHUs pa3yMHee NpeiBaApUTENbHO BbIOPaTh Ty KATEropuio, K KOTOPOH uc-
KkoMas (PyHKIHs oTHOocuTes. TeM He MeHee, CliefyeT OTMETUTD, YTO TIPUHIIMIT Pa3-
OueHusl GYHKUMH MO rpynnaM Wik KaTeropusM B HEKOTOPbIX Cilyyasx MpejacTas-
JSETCs IOCTATOYHO CHOpHBIM. [losToMy momne3Ho oOpalnaTh BHAMaHHEe Ha [Ba
NoJjisi, CJASAYIOUIMX Cpa3y 3a CUCKaMU Kareropuil gyHkumi u camux yHKUMA,
B mepBoM mone oroOpaxkaeTcs Ha3BaHHE BBHIOPaHHOHN (YHKIWH (C yKa3aHHEM ee
apryMEeHTOB), B CJIe/YIOLIEM 32 HUM — KpaTKasl, HO, KaK MpaBujlo, MCUEpIbIBato-
I1as CrpaBKa 1Mo AaHHOH QyHKuuHU. OHa MO3BOJISET cAeaTh BBIBOJ OTHOCHTEIHHO
BO3MOXKHOCTH (WJIH HEBO3MOKHOCTH) HCMOJb30BaHUS (YHKLIMH B NPOBOAUMOM
uccienoBaHuy. OIHAKO YBIIEKATHCS CTPABOYHBIMHA BO3MOKHOCTSIMU THATIOTOBOTO
okHa Imsert Function He cienyer. Ecin ecth xors Obl maneiilnee coMmHeHHe
B a/ICKBaTHOCTH BBIOpaHHOW ()YHKIMHM pelraeMoii 3afade, TO pasymMHee OyaeT 3a-
TPaTHUTb JOMOJIHUTEILHOE BpEMsi HA O3HAKOMJIGHHE C MOJHOH CNpaBoO4YHOU WH-
¢dopmarmeit o GyHkuuu. Jlemo B TOM, 4TO OYEeHb YacTO BCTPOCHHBIC (PyHKLUH
Mathcad, no cpaBHeHUIO C UX MATEMATHYECKUMH JIBOMHUKAMU, HMEIOT HEKOTOpbIE
O0COOCHHOCTH OmpeneNieHus (HampuMep, orpaHWYeHHas o07IacTh OIpeneIeHus,
00paboTKa KOMIJIEKCHBIX aPTYMEHTOB U T. M1.), HE3HAHUE KOTOPLIX MOXKET MpUBeEC-
TH K BeChbMa TEYaATbHBIM MOCICACTBHAM. DTO 3aMe4YaHHe, KCTaTH, OTHOCHUTCA He
Tosbko K Mathcad, HO W K GONBIIMHCTBY aHAJIOTHYHBIX MATEMATHYECKHX MAKETOB.
Hanee nmpennaraercs kpatkuii 0030p ocHOBHBIX (hyHKIMI Mathcad. J{ns ymoOcTra
9TU (DYHKLUMKW pa3OUThbl HA FPYMMbl, UCXOJS U3 BO3MOXKHOM 001acTH UX NpUMeHe-
HUS, TIOTOMY pa3OMeHHe He BCeraa CoBMaaaeT ¢ TeM, YTO MCHonb3oBaHo B Mathcad
B auajnoroeom okHe Insert Function.

CTaHﬂapTH ble MaTemMaTnyeckKkume beH Kuuun

OcHOBHas Harpyska, €cli MOKHO TaK BBIPa3WUThCS, B MpoLiecce pelIeHNs MPaKTH-
4ecKHM JII00Ok 3a7a4u JIOXKUTCS Ha SIIPO U3 CTAHJAPTHBIX MaTeMaTHYecKuX (yHK-
LWH, KOTOpbIE PUBEACHBI U KPAaTKO omrcaHbl B Tab. 2.5.

Tabnuuya 2.5. OcHosHble MameMamuyeckue OyHKYUU

DyHKUMA OnucaHune

acos (z) ApPKKOCHHYC OT z

acosh(z) M'Mnep6onuyecknin apKKOCUHYC OT z
acot (z) ApPKKOTaHIeHC OT z

acoth(z) Mnep6onuyecknin apkKOTaHIeHC OT z
acsc(z) ApPKKOCEKaHC OT z

acsch(z) M'Mnepbonnyecknin apKKkoCEeKaHe oT z
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Tabnuua 2.5 (okoHYaHue)

DyHKUMA OnucaHune

asec(z) ApkcekaHc oT z

asech(z) M'Mnep6onuyecknin apkcekaHc oT z
asin(z) ApKCUHYyC OT z

asinh(z) M'Mnep6onuyecknin apkCUHycC oT z
atan(z) ApKTaHreHc oT z

atan2 (x,vy)

In(z)

Inl (z)

log(z,b)

sec(z)
sech (z)
sin(z)
sinc(z)
sinh(z)
tan(z)

tanh (z)

DyHKUMEN B kKayecTBe pesynbTaTa Bo3BpallaeTcs yron (B paguaHax)
MeXAy OCbo Ox W NMPSAMON, MPOXOASLLEN Yepes Havyano KOopauHaT 1
TOUKY C KOOpAMHaTaMu x 1 y. [Jpyrumm cnosamu, atan2(x, y) = atan(y/x)

M'Mnepbonunyecknin apkTaHreHc oT z

Kocunyc ot z

MMnepbonuyecknin KOCMHYC OT z

KoTaHreHc oT z

'Mnepbonnyeckmin KOTaHreHe oT z

KocekaHc oT z

M'Mnepbonunyeckmin kocekaHc oT z
[MokasaTenbHas PyHKUUSA (e ~ 2,72 B CTENEHM z)

)

Mamma-cyHKUMA dnnepa oT z. BblumcnaeTcs Kak I'(z) = J:tz’l exp(—t)dt
0

Jlorapudm HaTypanbeHbIl OT z

Jlorapndm HaTypanbHbIN OT ramma-yHKUMKM Jnunepa ¢ apryMeHToMm z.
Cumeon I' MOXHO BBECTM Tak: CHa4ana Beectu GonbLuyto nutepy G
(komBuHaums knasuw <Shift>+<G>), nocne 4Yero HaxxaTb KOMOMHaLUKIO
knaeuw <Ctrl>+<G>

Jlorapudm oT z no ocHoBaHuo b. Ecnun BTopor apryMeHT yHKLUN He
ykasaH, norapvdm BbIYUCASIETCS MO OCHOBaHMIO 10

CekaHc 0T z

CekaHc 0T z

CuHyc oT z

DyHKLMSA, 3HAYEHME KOTOPOI BBIMUCTIAETCS N0 DOPMYIIE sinc(z) = sin(z)/z
CuHyc runep6onuyeckni oT z

TaHreHc ot z

TaHreHc runepbonuyecknn oT z
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Kak Buanm, nprBeaeHHBIH MepedeHb COACPKUT B OCHOBHOM IMpAMbIe 1 OOpaTHbIE
TPUTOHOMETPHUUECKHE U TUNEPOOTUUCCKUE (PYHKLINU.

Mpumep 2.18. MatemaTuyeckune pyHKUUN

B aokymenTe Ha puc. 2.43 npencTaBieHbl IPUMEPbl BbI30BA HEKOTOPHIX (hYHKLIMA.

A [] x= Ig g g:l of HITutorials j #an

MpuMepsl BLIZ0Ba MaTeMaTHYECKHX hyYHKLNUA

82 +e 2 2 33 e 3
acoscoa(11 =1 acoth) ——— | =2 asech( } =1 atanh| —— [ =3
2 -2 -1 3, -3
g - e+e e+
coshiingdh) = 1.25 CD{E] =1 exp(ln i = 5 logld, & =2
(05 =1772 ]11(1"(0.5)) = 0.572 Inl(0.5) = 0.572 logr1om =2
sine(l) = 1 sinh(ing5) = 2.4 sech(lni2y = 0.8 sin[g] =03

tan(1) = 1.557 tanh(In(Z)) = 06

Puc. 2.43. Npumepbl BbI30Ba MatemMaTnyeckmx yHKUMIA

B paGounx nokymentax Mathcad gomycTUMBI HE TOJIBKO ACHCTBUTENBHBIC YUCA,
HO M KOMIUICKCHBIC. OHU MOTYT OBITb, B YACTHOCTH, apryMEHTOM (MM apryMeH-
TaMH) [UIA OONBIIMHCTBA CTAHAAPTHBIX MareMatudeckux ¢yHkuuit. Kpome Toro,
B Mathcad ectb (yHKUMH, TIpeAHA3HAUYCHHBIC AT PabOThl UMEHHO ¢ KOMIUICKC-
HBIMH YWCJIAMH, MTPUYEM B HEKOTOPBIX CiIydasX Bo3BpallaeMoe (yHKLMEH 3Have-
HUe, B cUiIy ec ompeneneHus B Mathcad, HeckonbKko OTAMYAaeTCs OT TOro, KOTOPOE
MO3KHO OBLTO Obl OXKHIATh UCXOIS U3 O0leMaTeMaTHIecKuX MpeAcTaBieHuil. Ha-
npuMep, QpyHKLUMEH signum() B KQUeCTBE 3HAUCHMS BO3BPAILACTCS B OOILEM CiIydae
KOMILUICKCHOE YHCJIO, PaBHOE OTHOLICHHUIO YWCNIA-apryMeHTa (PYHKIHMU K MOIYIIO
3TOro aprymeHnTa. Ecnu aprymeHT y (hyHKUMH HyJeBOH, (DyHKUMEH BO3BpallaeTcs
3HadyeHue 1. Takum oOpaszom, Ans ACHCTBUTEIBHOTO apryMeHTa (YHKLHMS BO3Bpa-
maeT ero 3Hak. B HekoTOopoMm poxacTBe K Hel (ecau Tak MOKHO CKasaTh O (hyHK-
UuH) HaxoauTcs GyHKUMSA csgn (). OAHAKO Bo3BpallaeMoe 3TOH QyHKLMel 3Have-
HUE Bcerga ACHCTBUTENBHO. AJITOPUTM €ro BBIYMCICHHUS AOBOJBHO 3aMbICIOBAT.
OyHKIMEH BO3BpallacTca 3HAK ACHCTBUTENBHOM 4acTu aprymeHTa. Ecnu uumcno
MHUMOE (T. €. ACWCTBUTENbHAS YacTh paBHA HYJ0), (PYHKLHMS BO3BpaLIaeT 3HAK
MHUMOH 4acTd apryMmeHTa. [st HyleBoro aprymeHTa 3HaueHUe (PyHKUMK PaBHO HYJIFO.
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[NostoMy st AefCTBUTENBHBIX apryMEHTOB pazinuve (PYHKUMHA signum() M csgn()
COCTOMT JIMILb B TOM, YTO MIEPBast /151 HyJ1s1 BO3BpaIlaeT 3HaueHue 1, a Bropast — 0.

DYHKUUY BbIYUCIIEHUSI JEUCTBUTEIbHOM W MHUMOW 4acTed KOMILIEKCHOIO 4ucjia
B Mathcad umeroT O0LLENPUHSTLIC MATEMATUHECKWUE HA3BAHUS: Re () YISl BbIUMC/ICHUS!
JIEUCTBUTENBHOM YacTW U Im() — i1l MHUMOW. HakoHel, apryMeHT KOMIIEKCHOro
4yucna (ITO Yrosl MeXKAY JSHCTBUTENbHOM OChIO M BEKTOPOM, HAMpPaBASHHLIM U3 Hauaja
CHUCTEMbI KOOPAMHAT K TOUKE HAa KOMIUIEKCHOH MIOCKOCTH) MOKHO OIMpPEAESUTh C MO-
MOLLBIO QYHKIMHK arg (). 34€Ch YMECTHO HANIOMHUTb, YTO /IS 33/JaHHsl KOMIIJIEKCHOI'O
4KC/ia JI0CTATOYHO 3HATH JIBA rapaMeTpa. 1o MOryT ObITh JeHCTBUTEIbHAS U MHUMASI
YaCTU KOMIIIEKCHOIO 4Yucia Jiubo ero MO/yJib U aprymeHt. MojiyJ/ib KOMILIEKCHOIO
YKC/IA MOYKHO BbIYUCIINTh, 3AK/IFOUUB YKC/I0 B NPSIMbIE CKOOKU.

Mpumep 2.19. PaboTta ¢ KOMMNNIEKCHbLIMWU YNCNiaMmm

IIpumep dyHkuMiT ¢ KOMIIEKCHBIMH apryMEHTaMM NPUBEJIEH B JOKYMEHTE Ha puc. 2.44.

A ] 2= [R<E 3] of HITutorials | @eo

OyHKUWK ANA paboTel ¢ KOMMNEKCHBIMKW YCnaMK

=3 y=—4 ¢o Muusuanuzauus nepemenusix
Z=X+ 71

signum(z) = 0.6 — 0.81 csgn(z) =1 Re(z) =3

sighum®) = 1 csgnl-%) = -1 Im(%) = —4
sighuny) = -1 cegnl—-1v) =1 atglz) = -0.927
signum(0) = 1 cegnll) = 0 |z] =5

|z|-expr—i-argfziy = 3 + 4

Puc. 2.44. lNMpumep BbI3oBa QYHKLUMIA N5t paboTbl C KOMNIEKCHBIMW YCamMm

OnucaHnble GYHKUMU BCTPEHAIOTCS J0CTaTOUHO YacTo. K coxaneHuio, npuxoamT-
cs npuberarb K NOMOLIM U Oojiee CEpbLe3HOro MaremaThyeckoro annapara. Basx-
HbIM SABJISICTCA KJIAaCC TaAK Ha3bIBACMbIX CIICLIMAJIbHbIX qJYHKUHﬁ. B JaHHOM cjiydac
K 9TOMYy KJIacCy OTHEceM Te Maremaruueckue (PpyHkuun Mathcad, koropbie He
MPUHATO CYHUTATDL DJICMEHTAPHLIMU.

CneuvanbHbie pyHKUUMN

B nepByio ouepeap ciieayer odparuth BHUMaHWe Ha cyuiectBoBaHue B Mathcad
dhyHkumii beccens. Jns toro 4robbl yBUETH CIMCOK JIOCTYIHBIX (yHKIMI beccenst
M CUHTAKCUC WX BbI30Ba, HeoOx0auMo B criucke Function Category auanoroeoro
okna Insert Function BbiOpath nyHkT Bessel. B pesynbrare nosignsiercs jiocra-
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TOYHO JIJIMHHBIA CMMCOK BCTPOEHHBIX (YHKUMH, HA3BaHUs KOTOPBIX JlalieKO He
BCErAa yKasblBalOT HAa MPUHAICKHOCTh K JaHHOMY Kiaccy ¢yHkumid. [lpuyem
MHOrue M3 Hux creuuduuabl uMeHHo Juis Mathcad. Dto maciurabupoBaHHbie
(YHKLHK, KOTOpbIE NoJy4aloTes U3 0a30BbIX YMHOKEHUEM Ha SKCIOHEHLIHAILHYIO
¢dyHkuuto. B taba. 2.6 npuBeaeHbl kpaTkue cBeieHus 06 3TUX PyHKUMSAX.

Tabnuuya 2.6. ®yHkyuu beccens e Mathcad

DyHKUMSA OnucaHue

Al (x) PyHKUMA Sipn NepBoro poaa oT aprymeHTa x

Al.sc(x) MaciuTtabupoBaHHasi Ha exp(| Re(2/3x%/2)|) cyHkums iipu nepsoro
poaa oT aprymeHTa x

bei (m, x) Muumas dyHkuma KenbBuHa nopsgka m OT apryMeHTa x

ber (m, x) JencreutensHasn dyHkums KenbBrHa nopsiaka m OT apryMmeHTa x

Bi (x) PyHKUMA Sipn BTOPOro poaa OT aprymeHTa x

Bi.sc(x) MacwtabupoBaHHasi Ha exp(| Re(2/3x%2)|) cyHkums Siipn BTOporo
poaa oT aprymeHTa x

H1 (m, %) DyHKUMS XaHKens nepsoro poaa (anbTepHaTUBHOE Ha3BaHUe — QyHK-

H2 (m, x)

H2.sc(m, x)

umsa Beccens TpeTtbero poaa)

MacwrabupoBaHHasa yHKUMS XaHKens nopsgka m OT apryMeHTa x.
MacwtabHbiii MHOXWUTEND NEpexoaa OT MacLITabMPOBaHHOW OYHKLMM K
06blyHON — exp(—(3 — 2m)xi)

(DyHKU,VIﬂ XaHkensa BTOpOro poga nopsigka m ot aprymeHTa x

MacwTabupoBaHHasa dyHKUMS XaHkens BTOpPoOro poaa, nosnyyaeTcs ns
06bIYHON PYHKLMKM YMHOXEHNEM Ha exp(—(3 — 2m)xi)

I0 (%) MopundurumnposaHHasa dyHkuusa Beccenst nepeoro poga Hyneeoro nNopsia-
Ka OT aprymeHTa x

I0.sc(x) MacwrabupoBaHHas MoamdgurLumpoBaHHas yHkumsa beccens nepsoro
poaa HyneBoro nopsigka ot aprymeHTa x. MoxeT ObITb nonyyeHa ns
06bIYHON PYHKLUMM YMHOXEHUEM Ha exp(— | Re(x) |)

I1(x) MopundvumnposaHHas dyHkuua Beccens nepeoro poga nepsoro nopsaka
OT aprymeHTa x

Il.sc(x) MacwrabuposaHHas Ha exp(— | Re(x)|) moauduumposaHHasa dyHKLmUS
Beccens nepBoro poga nepBoro nopsigka oT aprymeHTa x

In(m, x) MoanduuuposaHHas dyHkUnA beccens nepeoro poga nopsgka m ot

In.sc(m, x)

aprymeHTa x

MacwrabuposaHnHas Ha exp(— | Re(x) |) moauduumposaHHasa dyHKLUmMS
Beccens nepsoro poaa nopsiaka m OT apryMeHTa x
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Tabnuua 2.6 (okoHYaHue)

DyHKUMSA OnucaHue

J0 (x) PyHkuma beccensa nepsoro poga HyneBoro Nopsiaka OT aprymeHTa x

J0.sc(x) MacwrabuposaHnHas Ha exp(— | Im(x) [) dyHkums Beccens nepsoro po-
[a HyneBoro nopsiaka oT apryMeHTa x

J1L (x) ®yHKUMA Beccens nepBoro poaa NepBoro nopsifka oT apryMmeHTa x

Jl.sc(x) MacwrabupoBaHHas Ha exp(— | Im(x) |) dyHkums Beccens nepsoro po-
[a nepBoro nopsigka oT aprymeHTa X

Jn (m, x) PyHkuma beccensa nepsoro poga nopsaka m OT apryMeHTa x

Jn.sc(m, x)

js (m, x)

KO (x)

KO.sc(x)

K1 (x)

Kl.sc(x)

Kn (m, x)

Kn.sc(m, x)

YO0 (x)

YO.sc(x)

Y1 (x)

Y1l.sc(x)

Yn (m, x)

Yn.sc(m, x)

ys (m, x)

MacwrabuposaHHas Ha exp(— | Im(x) [) dyHkums Beccens nepsoro po-
Aa nopsgka m OT aprymeHTa x

Cdbepuyeckasn dyHKUMA Beccenst nepBoro poda nopsiaka m oT aprymMmeHTa x

MoanduuuposaHHas dyHkUMA Beccens BToporo poga Hynesoro nopsa-
Ka OT aprymeHTa x

MacwrabuposaHHaa mogmdurumposaHHas dyHkumsa beccens BToporo
poAa HyneBsoro nopsigka ot aprymeHnTa x. MoxeT 6biTb nonyveHa ns
06BbIYHON PYHKLUKM YMHOXEHNEM Ha exp(x)

MogauduumpoBaHHasa yHKUMSI Beccensi BTOporo poga nepBoro nopsaka
OT aprymeHTa x

MacwrabuposaHHas Ha exp(x) mogmduumpoBaHHas dyHkumsa beccens
BTOPOro poAa nepBoro nopsgka ot apryMeHTa x

MopundvumnposaHHas dyHkunsa Beccenst BTOporo poaa nopsigka m ot
aprymeHTa x

MacwrabupoBaHHas Ha exp(x) moamduumpoBaHHas dyHkuma beccens
BTOPOro poAa nopsigka m OT aprymeHTa x

®yHkumsa Beccens BTOPOro poga HyneBoro nopsigka ot aprymeHTa x

MacwrabuposaHnHas Ha exp(— | Im(x) [) dyHkums Beccens BToporo poaa
HyNeBOro nopsaka OT aprymeHTa x

PyHkuma Beccensa BTOporo poga nepeoro nopsaka ot aprymeHTa x

MacwrabuposanHas Ha exp(— | Im(x) |) dyHkums Beccens BToporo poaa
nepBoro Nopsiaka OT aprymeHTa x

PyHkuma beccensa nepsoro poga nopsaka m OT apryMeHTa x

MacwrabuposanHas Ha exp(— | Im(x) [) dyHkums Beccens BToporo poaa
nopsigka m OT apryMeHTa x

Cahepurueckas pyHkuma Beccens BTOporo poga nopsigka m oT aprymeHTa x
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Haspanus macmraOupoBaHHBIX (PYHKIMH OTIUYAIOTCS OT Ha3BaHWK OOBIYHBIX Ha-
JWYHEM HIDKHeTO HWHAeKca sc. B Tabm. 2.6 3TOT MHAEKC OTAENeH OT Ha3BaHUS
¢yHKIMK Touko#. Eci BBOAUTH Ha3BaHWE MacITaOHPOBaHHOUN (YHKIHH B pabo-
YeM JOKyMEHTE ¢ MOMOIIBIO KIIaBHATYPhI, TO MOCHe Ha3BaHUS (YHKIMH MOXKHO
BBECTH TOUKY (TOUHEE, HAKaTh KIABHMIIY <.>), B pe3ybTaTe 4ero Kypcop BBOJA
MIePEXOUT B TIOJIOKCHNE HWKHETO MHIECKca Y Ha3BaHMA (GyHKIMU. B pesynbprate
MOKHO KOPPEKTHO BBECTH WHICKC MacimuTabupoBaHus. FIMEHHO 5THM U 0OBACHS-
eTcs crmocod yKa3aHWd HA3BaHUN MacIITaOMPOBaHHEIX (DYHKIHM B TabIHIe.

ITomumo dyukuui beccesns, B NpakTHUECKM BaXKHBIX 3a/a4ax 4acTo BCTPEeUaloTcs
OpPTOroHaJIbHbIE MOJUHOMbI, HIIEPreoMeTpUUecKie U paj Apyrux GpyHkuui, Ko-
Topble Takke umetorcsi B Mathcad. bonblias ux vacth cobpaHa B Kareropuu
Special B nuanorosom okHe Insert Function. Jlocrynubie B Mathcad maremaru-
yeckue PyHKUMU W3 3TOH KaTeropuu npuBeaeHsl B Tadu. 2.7.

Tabnuya 2.7. CneyuansHbie yHkyuu Mathcad

DyHKUMA OnucaHune

DMS (x) 3HaueHue yrna B pagnaHax

erf (x) DyHKLMA OLWMBOK

erfc(x) JononHuTtenbHasa yHKUUS ombok

fhyper(a,b, c, x) unepreomeTpuyeckas yHkums [aycca ¢ napameTtpa-
MU a, b, c OT aprymMeHTa x

Her (n, x) lMonuHoM OpMuTa cTeNeHn n OT aprymeHTa x

ibeta(a, x,y) HenonHas 6eTa-yHKUUSI OT apryMeHToB x U y C na-
pameTpom a

Jac(n,a, b, x) MonuHom Akobu cTeneHn n OT aprymeHTa x C napa-
MeTpamu a u b

Lag (n, x) [MonuHom Jlareppa cTeneHun n OT aprymeHTa x

Leg (n, x) [MonuHom JlexxaHapa cTeneHu n OT apryMmeHTa x

mhyper (a, b, x) BbipoxaeHHas runepreomeTpuyeckas yHKUMUSI OT ap-
rymeHTa x C napamMmeTpamm a U b

Tcheb (n, x) MonnHom YebbilweBa nepBoro poga CreneHn n OT ap-
rymeHTa x

Ucheb (n, x) MonuHom YebbiweBa BTOPOro poga CTeneHu n OT ap-
rymeHTa x

Kax mpasumno, npeacrapneHHoro Habopa GhyHKIOMA JOCTATOYHO M1 PEIICHHUS JIFO-
0011 caMoii CIIOKHOM 3aIauu.
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q)YHKLIMM OKpyrneHunsa YncrieHHbIX 3Ha4YeHun

I'pynna ¢yukumit Mathcad, npennazHaueHHas 11 npeoOpa3oBaHUs U OKPYTIICHUS
YHUCJICHHBIX 3HAYCHUM, mpuBeacHa B Tabid. 2.8. OTu QyHKUMM cOOpaHBI B KaTero-
pun Truncation and Round Off nuamoroeoro okHa BctaBku ¢GyHKImA Insert
Function.

Tabnuua 2.8. OyHKyuUU npeocbpa3oeaHust 3HaYeHUl

DyHKUMSA OnucaHue

Ceil (x,V) PyHKUMEW B KayeCTBE 3HAYEHMS BO3BpALLAETCS HaWMEHbLUee
KpaTHOe uncna y, He MeHbLUee Yyncna x

ceil (x) dyHKUMel Bo3BpalLaeTCs HaMMeHbLUee Lierioe Yncno, Kotopoe
Bonblie nubo paBHO x

Floor (x,y) BosepaluaeTtca HanbonbLUee KpaTHOE v, HE NPeBbIAoLEe x

floor(x) 3HaueHvem yHKumKn aBnseTcs Hanbonbluee BO3MOXHOE Lenoe

YUCIo, He npeBbillallee x

Round (x,y) 3HaueHue x oKpyrnseTcsa Ao Grvkanwero Yncna, KpaTHoro BTo-
pOMYy aprymMeHTy (yHKUMM y. STO 3HA4YeHMe M BO3BpallaeTcs
hyHKUMEN, NPU 3TOM 3HaYEHUE NePEMEHHON x He MeHsIeTcs

round (x,n) Uncno x OKpyrnsieTcs Ao n 3HaKOB MOCHe AECATUYHOW TOYKM.
Ecnu BTOpOI apryMeHT (OYHKLMW He yKasaH, TO OKpPYrieHue Bbl-
MOJHSAETCHA 40 LENOYMCIIEHHOTO 3HaveHus. [pu oTpuLaTensHOM
3HayeHUn n abCosoTHOE 3HauyeHWe BTOPOro aprymeHTa onpe-
JensieT KoNMYeCTBO paspsifoB OKPYITeHUs B LieSoii YacTu Yyucna

Trunc (x,y) dyHKUMEN B KaYeCTBE 3HAYEHMs1 BO3BPALLAETCA pesynbTar yM-
HOXEHMS1 BTOPOro aprymeHTa (yHKLMU (T. €. y) Ha Lenylo YacTb
OTHOLLIEHUSI NePBOro apryMeHTa (T. €. x) KO BTOpoMy

trunc (x) ®yHKUMel Bo3BpaLlaeTcs Lienas yacTb Yyncna x

Yacto Takue (PyHKUMM HEOOXOJMMbI B MPOLECCEe PELUSHUS 3a/a4 CMELIAHHOrO
THMNA, B KOTOPbIX, HANIPUMEP, U3 HENPEPLIBHOIO AUANa3oHa 3HAUYEHUU BbIOUPAIOTCS,
B CU1y crieuu( MKy 3aa4u, TOJIbKO LIEIOYUCISHHBIE,

Mpumep 2.20. NMpeobpa3zoBaHne 3HaUYeHU

B nokymente na puc. 2.45 npexacrapieHbl MPOCTble NMPUMEPBI BbI30Ba (PYHKLMI
OKpYIJIEHUS! 3HAUEHUH.

Mexay dyakumsamu Mathcad 11 OKpyriaeHUs YUCICHHBIX 3HAYCHUH CyIIECTBYIOT
OUEBU/IHbIE COOTHOUIGHHS, a caM Habop 3TUX QYHKLMI XOTsSl U HE COBCEM [OJIOH,
HO, TeM HEe MEHEe, MO3BOJIIET pellaTh JT00bIC BOSHUKAIOIIME Ha IPAKTUKE 3aJa4u.
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Hanpumep, 4ToOBl BBIYMCIATL APOOHYIO YACTh OT YHCTA x, MOXHO BOCIOJB30-
BaTLCH KOMaHAOW x-round (x). Kpome atoro, npejacrasieHtbie B tabi. 2.8 dyHk-
UM UMEIOT PSIi HHTSPECHBIX OCOOEHHOCTEH, HETMOCPEACTBEHHO BBITEKAIOIIUX W3
UX ONpeAC/ICHUS. B HYaCcTHOCTH, CTOUT O6paTl/lTb BHUMAHHEC, YTO €CJIU nepan‘/’l ap-
TYMEHT (DYHKIIHK Trunc () MEHbIIE BTOPOTO MO abCONIOTHOM BETMUYHHE, TO €€ 3Ha-
yeHue OyAeT PABHO HYJIHO.

™ :‘1-:‘ [] x= I% <§ g:l aff ﬂ HITutoriaIs j ﬁGo

(D!HKLI,““ OKpyrmeHUA YHCNeHHLIX FHAYEHMIA

Ceilf30,5.00L) = 30,006 ceil(5.001) = 6

Floor'20,4.01) = 16.04 floon(401) = 4

Found(49,3) = 4 round(12.156,3) = 12.16

Round(49,3) = 6 round(12.156,-13 = 10

Round(49,3.5 =35 round(12.156) = 12

Tranc(5,3) =3 truncl4.8) = 4

Trune(3,4 = 0 trunc(-3.23) = =3

Puc. 2.45. OyHKUMM OKPYINEHNS YNCNEHHBIX 3HAYEHUIA

Mpumep 2.21. DYyHKUNMN OKPYreHNA

Paznnuns mMexay GpyHKUMSIMH Ha MepBblid Brisi/i MOIYT ObITh JOCTATOYHO HE3HA-
yhTeabHBIMU. B KauecTBe npuMepa MOKHO MPUBECTH PyHKUUH trunc () U £loor ().
Jliis nonoKUTENbHBIX apryMEeHTOB pe3yJibTaT Bbi3oBa 0berX (YHKIUMI OJHMHAKOB,
IUTS. OTPHIIATETBHBIX — 3HAYEHHS MOTYT OTJIMYAThCS Ha eIUHUITY (puc. 2.46).

A [ x= 2 <E 30 af ®

floor(-51) = 6 floaer5.1) = 5

trunc(=51) = =5 trune(5D) =3

Puc. 2.46. Pasnununa B pyHkUmMsAX trunc () n £looxr ()

@yHKUMA round (), €CIHM €€ BHI3BIBATH TOJBKO C OJHUM apryMEHTOM, B 3aBUCHMO-
CTH OT 3HAUEHU$ ApPryMEHTA, OKPYTJISIeT ero no npapuiam, OTJAUUHbIM OT QYHKLMIH
trunc () W floor (). B maHHOM ciydyae 4ucio OKpyTiIseTcs K OnmKalleMy HeIoMy.
JlokymeHT Ha puc. 2.47 no3BoJsieT COCTaBUTh MPEACTABIEHHE O Pa3jiniid B OTHUX
(QDyHKIHIX.

Bri0op Toit nnu uHO# QyHKIMH 3aBUCHUT, 0€3YCIOBHO, OT pelacMoii 3a1auu.



100 aesa 2

A [i#] 2= [2 <F F] af W HITutoriaIs j &eo
floow(—3.0) = -6 floow3N =35 floos®) = 5 floot—59) = -6
tune(-5.1 = -5 tune(5.1) =5 trunc(59) = 5 trune(-59) = -5

round(-511 = =5 round(31) =35 roundi3 9 =8 round( -39 = -8

Puc. 2.47. PasnuyHble yHKLUN OKPYTIIEHUS YNCTIEHHBIX 3HAYEHNIA

q)YH KUUn nonb3oBaTtens

Omnpenencaue (GyHKIMIA MOTB30BATENS OCYIIECTBISAETCS, KaK MPaBUIIO, HA OCHOBE
BcTpoeHHbIX dyHkuuii Mathcad. Jlenaercs aro aocrarouno npocro. B uacrHocTy,
IUIS1 TOTO, YTOOBI ONIPEICNTUTE B pabodeM NOKyMeHTe (DYHKIHIO MOJIb30BaTeNs, He-
00X0/JMMO BBECTH €€ Ha3BaHWe, B CKOOKax MOC/ie Ha3BaHWs YKa3aTb apryMeHT.
Ecnu apryMeHTOB HECKOIBKO, OHHM pa3feNsioTes 3amiThiMH. [locme 3Toro BBOIUT-
Csl OMEpaToOp NPUCBAMBAHMS U BbIPKEHHUE, KOTOPbIM HEMOCPEACTBEHHO U 33/1aeTCs
¢yHKIMA. B 3TOM BBIpasKeHWH MOIDKHBI MPUCYTCTBOBATH apTyMEHTHI (YHKIWH,
a TaKKe MOTyT 6blTb APYrue nepeMeHHbIC, KOTOPLIC CIACAYCT NPEeABAPUTEIILHO UHUN-
IUATM3UPOBaTh. B MPOTHBHOM ciTyuae epeMeHHBIC BBIICIAIOTCS LIBETOM, a B pa-
OoueM JIOKyMEHTe MNOsBIISIETCs] COO0LIEHHE COOTBETCTBYIOLIEro Xapakrepa. UTolsbl
y3HaTh 3HaYeHUE (PYHKIHHU A KaKOTO-TO KOHKPETHOTO apryMeHTa, (YyHKIUS BbI-
3bIBAETCS C ITUM apPryMEHTOM M 110C/1€ HEe YKa3bIBASTCs 3HAK PABEHCTBA.

Mpumep 2.22. DyHKUUM Nonb3oBaTens

B noxymenTe Ha puc. 2.48 npuBeaeH npumep onpeaeseHus NpocThix GyHKLM
MOJIB30BATEIIA C OAHUM U JBYMS apryMEeHTaMu. Tam ke MpeACTaBICHbl KOMaHMbI,
C NOMOUIbIO KOTOPbIX BBIUMCISIOTCS 3HAaYeHWs] (BYHKUMH )il KOHKPETHbIX 4KMC-
JICHHBIX 3HAYCHUH apryMEHTOB.

B A = D

Mpuuepsl onpegenelns
thyHKUHIl nonkL30BaTenA

fix) = 2-x2 Fiz,v) = x-sin[gy]
i3 =18 F(2,1) =2

Puc. 2.48. MNpumep onpeaeneHnsa MyHKUMM Nonb3oBaTens
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B[] = [2EFas W

fix) = a-ﬂ
Thiz wariable or function
% is niot defined above.

Puc. 2.49. B cyHKUMM ncnonb3oBaHa HEM3BECTHas NepeMeHHas

Ha puc. 2.49 npowuitocTpupoBaHa CUTyalus, KOrja B ornpejaeieHun ¢GyHKUUU
N0JIL30BaTEN sl BCTpeUYaeTcsl nepeMeHHas, 3HaueHue KOTOpoi He onpejeneHo. B atom
cllyyae, KaK y)Ke 0TMeUalloch, MOsBISETCsS COOTBETCTRYIOLIEE COO0LLEHHeE.

Beiiitu 3 cutyamu HecnoxHo. J{ns sToro nepen onpeaencHueM QpyHKUMY BBOIST
KOMaHIy MpUCBalBaHUs 3HAYCHUS IepeMeHHOH (puc. 2.50).

A [ 2= R <E F ap W

a=2
fix) = a-x2
fidy =18

Puc. 2.50. KoppekTHoe onpeaeneHne gyHKLumn

Panee peupr 1m1a o BBIYMCIICHUM 3HAUYCHUs (PYHKLUMH TPU YUCICHHOM 3HAUYCHUH
apryMeHra (Wi apryMEeHTOB).

Mpumep 2.23. CUMBONBbHbIN pe3ynbTaT

Ilpu noreITKe BLIMUCIUTL 3HAYECHWE (PYHKUMU B CUMBOJILHOM BHJE, T. €. KOIja
apryMeHTaMH YKa3aHbl HE YMCJA, a CUMBOJIbI (Ha3BaHUS MEPEMEHHBIX, KOTOPbIM
HE MPUCBOCHBbI YMCJCHHBIE 3HAUEHUS) C MOMOLILIO BBOJIA 3HAKA PaBEeHCTBA MOC/E
HazBaHust QyHKUMU, Pe3y/bTaT OyJeT HeraTuBHbIM, OJHAKO C/IENaTh 3TO MOMKHO,
©CJIM BMECTO 3HAKAa PABEHCTBA BBECTH OMEPATOP BBLIYMCIICHHS CUMBOJILHOIO 3Ha-
yeHus (cTpesika Brpapo). llpuuem B KauecTBe apryMeHTOB MOXKHO YKa3biBaTb HE
TOJIbKO OT/IEJIbHbIC Ha3BAHUS, HO U LIEbIe BbipaxkeHus (puc. 2.51).

Uro kacaercs caMoro ornepaTopa BBIYMCICHUS CUMBOJBHOTO 3HAUCHHSA, TO €TO
MOKHO BBECTH, HakaB KoMOMHauuio knapum <Ctrl>+<>. [Ipyroii cnocob cocto-
UT B BBIOOpE 3TOTO omnepaTtopa Ha nanenu Symbolic (puc. 2.52).

bosiee noapoOHO BOMNPOCHI, CBA3aHHBIE C CUMBOJIbHBIMU BbIUUCJECHUSIMH, OOCYHK-
JaloTes B enaese 3.
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A ] x= [2 <2 T af HITutUriaIs

j ﬁGo

MpHKepsl BLIMHCNEHHA 3HaAYEHHA BYHKUHK

B CHMEONLHOM EHOE

fix) = 2-):2

Fix,v)l = x sin[%yj

1 1
) — 247 F(b-z,—j - b-z-sm(—-f]
t 2t

Puc. 2.51. lMpumep BbIMUCIEHNA 3HAYEHWNA B CUMBOSIbHOM BUAE

=

— " Modifiers

float complex  assume

solve simplify  substitute
factar axpand coeffs
collect series parfrac
fourier laplace Ztrans

invfourier  invlaplace  imatrans
m' — Ml — | —

Puc. 2.52. Beog onepatopa BblYNCIIEHUS CUMBOJSIBHOMO 3HAYEHMWS

BbluucrneHue BbipaXeHUuun

Kak yxe oTmeuanock, Asi BBIMUCICHUS YMCICHHOTO 3HAYEHUS alreOpanieckoro
BbIpakeHHs B paboueM aokymeHTe Mathcad, mocie 3TOro BIpasKeHHs CleAyeT
MOCTaBUTh 3HAK paBeHCTBAa. OJHAKO HE BCErAa MOYXKHO OIPaHHUYMTHCS, HanpuMep,
BBIYMCIICHUEM CYMMBbI WM MPOU3BEACHUS HEOOMBLIOrO Yncia ciaraeMbix. OueHb
YacTO BBIPAXKCHUS UMEIOT JOCTATOUYHO CIOKHYIO CTPYKTYpY. [lomumo 3toro, mpu-
XOIUTCS BBIYUCIIATD 3HAYCHUS BBIPAKCHUN WM QyHKUMH, 3aBUCALINX OT KaKOW-TO
MePEMEHHOM, NPU Pa3HbIX ee 3HavYeHusIX. He Bceraa yaoOHO BBI3BIBAaTh, HANIpUMeEp,
(YHKUMIO C Pa3HbIMHM 3HAYCHUAMHU apTyMEHTOB — 3THUX 3HAUYCHUH MOXKeT ObITh
CJIMIIKOM MHOTO WITH PE3yJIbTaT HYKHO MOTY4YHTh B KOMIAKTHOM Buze. Kak Haxo-
IOUThH BBIXOA U3 OJOOHBIX CUTYalLlMi, paccKa3blBaeTCs B JAHHOM pazele.

BbluucrneHue no Anana3oHy 3Ha4YeHun

B Mathcad NEpEMCHHBIM B KaUYCCTBC 3HAYCHUH MOXKHO MNpUCBAUBATL HEC TOJIBKO
Hucyia Wik TCKCTOBBIC CTPOKH (06 9TOM pPAacCKa3bIBaCTCA z[anee), HO H, KpOME IIpO-
qero, auMara3oHbl 3HadcHui. B JAAaHHOM cCJjiydac pedb UACT O NOCICAOBATCIBHOCTH
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YHUCJICHHBIX 3HAYCHUH, KOTOpas NPUCBAMBACTCS B KAYECTBE 3HAYCHUS IEPEMEHHOH.
Ecnu nepemeHHyo nocne Toro, Kak € MpUCBOCHO 3HAYCHHUE, yKa3aTh apryMeHTOM
¢$yHKUMY, TO QyHKUMA OyAeT BBIUYMCIEHA AJS KaXXAOTO 3JIEMEHTA MOCIeA0BaTeNb-
HOCTH-3Ha4YeHUs nepeMeHHOU. Takum oOpa3zoM, pe3ybTaT BHIYNCICHUA 3HAUCHUS
(YHKUMU 171 apryMeHTa, UMEIOLIero 3HaueHUe-AUaras3oH, sSBAsSeTcs AUarNa3oHOM
3HadYeHuil. 310 BecbMa mojie3Hoe cBoMcTBO Mathcad ycmemHo peanusyercs Ha
MPaKTHKE NPU PEIICHUN CaMbIX Pa3HBIX 3a1ad.

Ilpoueaypa npucBaMBaHMs /lMana3oHa B KayecTBE 3HAUCHUsI MepeMeHHOW JocTa-
TOYHO NPOCTa U MAJIO YEM OTJMYAETCSl OT NPUCBAWBAHUS MEPEMEHHOH OOBIYHOTO
YUCJIGHHOrO 3HaueHus. Hauunaercs oHa ¢ BBOJA Ha3BaHMWSI MEpPEeMEHHOM, nocie
KOTOPOro yKa3blBaeTcs oneparop npucbBavBaHus (komOunauus <Shift>+<>, 1. e.
CIIGAYET BBECTH JBOETOYHME, a 3HAK paBeHCTBa OyAeT J00aBjieH aBTOMATHUECKH).
Ilocne 3Toro ykasniBaercs reppoe 3HaueHUe U3 auanasoHa (3T0 MOKET ObITh JINOO
MUHUMAJIbHOE, MO0 MaKCUMaJIbHOE 3HaYeHKE). 3aTeM uepes 3alsTy0 YKa3blBaeT-
cs cieayrolnee 3Hadenue. [1o 9TuM ABYM 3HAUEHUSIM CUCTEMOM onpeaensieTcsl 1ar
u3MeHeHus nepemeHHoli. Eciv nepBoe BBeJeHHOE 3HAUEHUE MEHbLIE BTOPOro, TO
liar JAMCKPETHOCTH MOJIOXKHTENeH, B NPOTUBHOM cilyyae — oTrpuuareneH. Hako-
Hell, Noclie oneparopa Auana3zoHa (3To JBe TOUKH, KOTOpPbIE, OJHAKO, BBOJSITCS
Ha’KaTHEM KJIaBUUIU <> — €CJIM MPOCTO BBECTH C KJIABHATYPbI JBE TOUKU NOAPSL,
TO OHU UHTEPIPETUPYIOTCS KaK JECITHUYHbIe W MOsBsieTcs: cooblueHue 00 omuob-
Ke) yKa3biBaeTcsd KOHeYHOe 3HaudeHue auanazona. Ecnu mar JUCKpeTHOCTH noJio-
JKUTEJIEH, OHO AOJKHO ObiTh OOJblI€ MEPBOrO 3HAUYEHMS, €Cu OTpUllaTe]eH —
MeHblle. Bropoe 3HaueHHe MOXKHO He yka3biBaThb. B 2TOM ciiyuae wiar guckpeTHo-
CTH paBeH Mo abCOJIOTHON BeJIMUMHE eAMHULIe, a ero 3HaK BbIOWpaeTcs B 3aBUCH-
MOCTH OT TOr0, KAKOe 3HauyeHHUe B juanazoHe OoJible — MEPBOE WIIK MOC/eHee.
B n1060M cayyvae syulie clieAUThb 382 KOPPEKTHOCTHIO BBOJAUMbBIX 3HAYEHHA.

IIpu BBOZE 3HAYEHMI-AWANA30HOB MOKHO MPUMEHUTH nanuTtpy Matrix. Ha Heid,
B YaCTHOCTH, €CTh CHELHANbHAS MUKTOTpaMMa Uil BBOJA JUANA30HHBIX 3HAUCHUH
(puc. 2.53).

[Matrix

B o, = I
fim M oMt m..i
0o G Y
He¥ Hx¥ Eu ,rE

Puc. 2.53. Ucnone3osaHne nanutpel Matrix
ANs BBOAA AManasoHa 3HavyeHuin

[Tocsie wenuka MbllIBIO HA MUKTOTPAMME B JJOKYMEHT BCTAaBJISIETCS CTPYKTYpa U3
JIBYX 3aMojIHUTENIEeH, MEKY KOTOPbIMU Pa3MelLieH OnepaTop Auana3oHa (JIBe TOUKH)
(puc. 2.54).
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’”In‘ﬁu J& <F 31 af #
e

Puc. 2.54. CTpyKTypHble Hynn Puc. 2.55. [lnanasoH B paboyem gOKyMeEHTE
W onepaTop AvanasoHa

BumecTo cTpyKTYpHBIX 3amOTHUTETIEN BBOIATCS IPaHUIBI TUATIA30HA U, €CJIH He00-
XOAUMO, — BTOPOH 3JIEMEHT JUTsl OTIPEAE/ICHH ara JUCKPEeTHOCTH (puc. 2.55).

Mpumep 2.24. [lnana3oH 3Ha4YeHU

Ha puc. 2.56 npuBeneH npumep NpucBavBaHUS AUANA30HA B KaYECTBE 3HAUCHUS
MEePEMEHHOM, KOTOPOe 3aTeM BBIYMCIAETCS (MOce Ha3BaHUs EPEMEHHON BBOAUT-
sl 3HAaK PaBeHCTBA).

A [ 2= [2 <E T ap #

x=1,3.15

{5

sin| — | =
= 12
0.259
007
0.966
0.966
0.ro7
0.259
-0.259
14 -0.Fo7

Puc. 2.56. lNepemeHHasn co 3Ha4YeHNeM-gmana3oHom

Ecnu Takyro mepeMeHHYHO YKa3aTh B KAYeCTBE apryMeHTa (DYHKITHH U MOTBITATHCS
MPOBEPUTH 3HAUCHHE, TO, KAK yXKe OTMEUalloch, Pe3ylbTaT OyAeT BBIUMCICH IS
KaKAOTO 3HAYCHUS TEPEeMEHHOM W3 Auamna3oHa | OTOOpa3sHTCs BHU3Y B BHJC
cTonOuKa 3HaueHU (cM. puc. 2.56).

Ecnu dyHkuMsS MMeeT HECKOJIbKO apryMeHTOB, KOTOPbIE MPUHUMAIOT 3HAYCHHSI-
JMana3oHbl, TO pe3yJbTaT BbIYUCIISETCS TakK: NP (UKCUPOBAHHBIX MPOYMX apry-
MEHTax NnepBbli npoberaer BCe 3HaYE€HHUs U3 JUaNa3oHa, MOcje 3TOro Ha Liar Auc-
KPEeTHOCTU U3MEHSETCs BTOpas NepeMeHHast, a rneppasi CHOBa rnpoderaer 3HaueHUs
u3 cBoero auana3oHa. Korjga Bech amana3oH 3HaueHuil npoOeraer BTOpas nepe-
MEHHasl, Ha Lar JUCKPETHOCTH U3MEHSETCS TPETbS U T. .
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Mpumep 2.25. DyHKUNA ABYX NEepPEeMEHHbIX

B nokymenre Ha puc. 2.57 npuBeAeH NpUMep BBIUUCICHUS (YHKLUMH OBYX TEpe-
MEHHBIX.

A mx= J& <F 31 af HITutorials | Pen
x=0,01.1 ¥i=X Fla, b= b2+ 1-005[?]
- y - F(x.) =

a 0 1

01 01 0958

0.z 0z 0.951

0.3 0.3 0.as1

0.4 0.4 0.209

05 IR n.ror

0.6 0.6 0.588

07 o7 0.454

0.8 0.4 0.309

09 04 0156

1 1 1]
o o 1.008
0.993

0.956

0.8495

0a13

Puc. 2.57. lNMpumep BblMUCNEHNA (DYHKLMN ABYX NEPEMEHHBLIX

Crucok co 3HauYeHUAMHU (PYHKLIHM MOXKET OBITh JOCTATOYHO OOJBIINM, U TOTAA OH
orobpaskaercsi He LeJMKOM. UToObl NPOCMOTPETh BCe 3HAUEHMS, CEAyeT Bblje-
JIUTH 3TOT CITUCOK B 00JIaCTH 0TOOpakeHUs 3HaUeHM (prc. 2.58).

B cnyuae He MOTHOCTBIO OTOOPAKEHHOrO CIMCKA 3HAUCHHUN MOSBIAETCA MOI0CA
MPOKPYTKH, C MOMOLIbIO KOTOPOH MOXKHO MPOCMOTPETh CMHUCOK MOJHOCTBIO.
Ha puc. 2.59 npeacrapneHa HIDKHSASA 9acTh CIMCKA 3HAYCHUH (QYHKINH.

Pazymeetcs, npu HeoOX0AUMOCTH pazMepbl OTOOpaXkaeMol YacTH CIHMCKA 3Have-
HUH MOXKHO M3MEHWUTb: YMEHbIUUTH WK YBEJIUUYWTb B 3aBUCHMOCTH OT MOTpebHO-
cTeil. g 3TOro HOCTaTOYHO HABECTH KYpPCOp MBIIIM Ha PaMKy BOKPYT CITHCKA,
KOTOpas MOSBISETCS MPU €ro BblAGJEHUH, B TO MECTO, I/ie ecTh YepHas y3/oBas
TOYKA, U IEPEMECTHTh TPAHULIBI B HY>KHOM HampasieHuH (puc. 2.60).

Amnanorudaas CUTyalusa UMCCT MECTO, KOr'Ja BBIYUCTIACTCA 3HAUCHUC BBIPAKCHUA,
B KOTOPOM €CTb NNEPEMEHHLIC CO 3HAYCHUAMU-/IMalla30HaMHU.
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H&lﬁxm J2<Z 31 «p |J|Tutorials x| @en
x=0,01.1 Fi=x Fla, k) = h2+ 1-005(?]
x= ¥= Flx,3) =

0 1] 1
o] 57| ,
02| ozl ”’D’.’Qﬂﬁ’:l’j
| 03] 03] 0.891
| 0.4] | 04] 0.809
| 05 | 05 0.7o7
| 06 | 06| 0.588

07 oy 0.454

0.a 0.8 0.300 "

09 0.8 0.156
i 1 -

1.005
0.993
0.956
0.895
0.813 |

Puc. 2.58. BeigeneHme cnucka co 3Ha4YeHnsiMm yHKLmnn

A m::: I% <& gj cf - HITutoriaIs j &G0
r=0,01.1 yi=x Fla,b) = b2+ l-cos(?]
x= ¥= F(x,3) =
|0 | 0] To7or]al

il 01 0611

0.2 0.2 0.416
H W 0.21
o] o] -

E F 1.414

W W 1.397

? F 1.345

| 08] | 0] Tas|

W W 1144

] ] :
0.a31
0.642
0.437
0221

0

Puc. 2.59. lNpocmMoTp cnncka 3HavyeHnin yHKLMN
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A |rx= J2 <E 37 af HITutoriaIs | e
x=0,01.1 ¥i=X Fla b= b2+ l-cos[?]
*= V= F(x,3) =

0 i ‘“s“ "

01 04 MD(./E{I(SHS(/:_

0.z n.2 0,051 |—

03 0.3 0.891

0.4 0.4 nenn

IR 0.5 0707

06 05 0538

07 0.7 e 0454 =

08 08 0.308

04 0.9 0156

1 1 0
1.005
0.9493
0.956
0895 |,
| |
4
+

Puc. 2.60. IameHeHne pa3mepoB cnmncka

BbluncneHue cymm

Oneparop clioxkeHus yJ00€H, KOr/ia cllaraéMblX B BbIPaXKEHHH HE CJMILIKOM MHO-
ro. B mpoTHBHOM ciy4ae moje3eH CHelMalbHbIH ONepaTop CyMMHUPOBAHUS, MOJ-
pa3yMeBalolIMi yKa3aHWe WHJEKCHOW nepeMeHHOl cymmupoBaHus. Crnaraemble
HMEIOT OOIIMI BUA, B KOTOPOM OTOOpa)keHa CBS3b ¢ MHAECKCHOM MepeMEeHHOH.
B 3aBucuMMOCTH 0 TOI'0, KaKUe€ 3HAYCHUA NPUHUMACT UHACKCHAA MNEpeMEHHas, Cy-
LIECTBYIOT /IBa THIIA ONepaTopa BBIYMCICHUS CyMMbl. B mepBoM ciydae yka3biBa-
FOTCA HUIKHAA W BEPXHAA I'paHULlibl AUanas’oHa WU3MCHCHUS HHﬂeKCHOﬁ NEPEMCH-
Hoi. Illar AUCKpeTHOCTH MEPEeMEHHOW NpU 3TOM paBeH eauHuue. Muoroa cymmy
NPpUXOANUTCA BbIYHUCIIATL MO 3HAYUCHUAM HHﬂeKCHOﬁ nepemeHHoﬁ, mar UM3MeHEHUs
KOTOPOH OTAMYEH OT €IMHULBL. Torga MOKHO NpeABapUTEIEHO MHACKCHOM mepe-
MEHHOH B Ka4eCTBE 3HAYEHHS MPUCBOUTH JMaMNa3oH, Moc/e Yero BOCMONb30BaThCS
aIbTepHATUBHOM (POpMO ornepaTopa BEIUYUCICHUS CYMMBI, B KOTOPOM MepeMeHHast
CYMMUPOBaHHUS yKa3biBaeTcs 6e3 rpaHull Juana3oHa ee W3MeHeHHus!.

Mpumep 2.26. BbiuncneHne cymmbl

B moxymenTe Ha puc. 2.61 TpoHILTIOCTpUPOBAHEI 00a MOAX0/A.
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BbluHcneHne CYHH
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N~ (l) = 1963 = CyMaia MO UBROHUCTIEHRLIM ZHIHEHURAM
L ha

=0
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i=0,05.5 T HuuuuanuzauuR Repemensoll CyMMUpOsaHUA

]
T,‘. (%j =3339 = Cryaama no Jpo0HEIM 3R3ISRUAM
i

Puc. 2.61. Beiuncnenve cymm pasnuyHbeiMmn cnocobamm

B nepBom BbIpa)keHUM BBIUYMCIISCTCS CyMMa MO LIEJIOUMCIICHHBIM 3HAUCHUAM C 111a-
rOM AWCKPETU3aLH, PaBHBIM eauHune. TaMm ynorpebiseTcs oneparop CyMMHpPO-
BaHUs, B KOTOPOM, IOMHMO UHIACKCHOH NEPEeMEHHOMN, YKa3bIBAIOTCS U TPAHULIBI €€
HU3MEHEHUS (PUUYEM HaYaJbHOE 3HAUCHUE MOXKET ObITh MEHbBILIE KOHEUHOTO). DTOT
orepaTop MOXXHO BBECTH, HaykaB KomOuHatwro Kiasui <Ctrl>+<Shift>+<4> nubo
Bocnob30BaBmmch nanmutpoii Calculus (puc. 2.62).

Ecinn uHaekcHas nepeMeHHas WHULMATU3UPYETCsl CO 3HaYEHUEeM-AHaNa3oHOM, TO
HeoOX0UM ApPYroH onepaTop CyMMHUPOBaHHS, KOTOPbI BBOAWUTCS B pabouuii J10-
KYMEHT Haxkaruem koMmOuHauuu kjiasuul <Shift>+<4> unu BeIOOpOM nukTorpam-
mbl Ha najgutpe Calculus (puc. 2.63).

E k|
# o oo & o o0
N = b oE @
a E[ i) e 4 I

J B I En?[ i)

4 g by

Puc. 2.62. Bctaska oneparopa Cymmbl Puc. 2.63. Bctaska oneparopa Cymmbl
C yKka3aHvmem rpaHuy ananasoHa U3MeHeHus 6e3 ykasaHusi rpaHvL, Anana3oHa U3MeHeHust
VHOEKCHOW NepeMeHHON VHOEKCHOW NepeMEHHON

CTOUT OTMETHTH, YTO YACTO 3a/layda COCTOUT B BBIYMCICHUH CYMMBI O€CKOHEUYHOTO
YHUclia cllaraeMbiX. Ecim oTBeT HY)KHO TOTYYWTHh B YHCICHHOM BHIE (T. €. TpH-
ONKEeHHBIHN), pa3yMHO BBECTH B KauecTBe BepXHEH TpaHHUIlBI AOCTATOYHO OOIb-
moe 4rcio. B mMpoTHBHOM citydae, T. €. [T HaXOXK/IeHUs TOYHOTO 3HAYCHUS psja
3 OECKOHEYHOTO YHCIIA CIAaraeMbIX HY>KHO BBIUHMCIISATH pe3yNIbTaT B CUMBOJIEHOM
Buze. OO 3TOM pedb MoHnIeT B 2nase 3.
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BbluucneHue npousBe.quMﬁ

[IpakTideckn Bce ckazaHHOE OTHOCHUTENHHO BBIUMCIICHUS CYMM OOJBIIOTO YHCIIa
ClTaraeMbIX ¢ MUHUMAJIbHBIMA U3MEHEHUSIMA OTHOCUTCS W K BBHIYHCICHUIO TIPOU3-
BeJICHNM CYIIECTBEHHOTO Yncia MHOXHTeNe. B wactHoctr, B Mathcad ects, mo-
MHMO CTaHAAPTHOTO OTlepaTopa YMHOXKEHUS, /IBa OmepaTopa BBIYMCIICHHS TIPOU3-
BEJICHUI: B OJHOM IJIs MHIEKCHOHN TepeMeHHOW T'paHUIlBl JUarna3oHa W3MEHEHUs
YKa3bIBAIOTCS, B IPYTOM — HET.

Mpumep 2.27. BoluncneHune nponssegeHuii

Ha puc. 2.64 npounaocTpupoBaHsl NpUMEPhl BEIYUCICHUS TIPOU3BEACHHH.

A ] == 1% <2 31 ap @My Sie =] @eo

BruiuMcneHne npenzBeneHHI

5
H i=120 ST flpouseedente MO LEROIUCTIGHRLIM

ic1 2HaYekLAM

j=1,12.5 = Huuyuanu3auus undercnol RepaMarHol

H 1=1355x ID9 = MMpouzaedanue no dpoBHLIM 3HIYEHUAM

]

Puc. 2.64. BuiuncneHve npovsseneHuii pasnnyHbiMyi cnocobamm

OmepaTop BBIUMCIICHUS MPOU3BEACHUS C YKa3aHHEM TpaHuI] AWara3oHa W3MeHe-
HUS WHACGKCHOHW TICPeMEHHOM BBOAUTCA HaKaTHeM KOMOWHALMM —KJIABHII
<Ctrl>+<Shift>+<3>. Ha puc. 2.65 nokazaHo, rae Ha nanutpe Calculus pazme-
IIeHa MUKTOTpaMMa BCTAaBKH JaHHOTO OTIepaTopa.

Oneparop BblUMCIAEHUs MPOU3BEJEHUS, AJ11 KOTOPOro CielyeT NpeiBapUTesbHO
UHULMATIU3UPOBATL UHJEKCHYIO MEPEeMEHHYIO CO 3HAYeHHEeM-UaNa30HOM, BBOAST
HaxkaTheM komOuHauuu <Shift>+<3> wiu npuberailor K NoMOUM NATUTPbI
Calculus (puc. 2.66).

Urto kacaeTcs OIMMCAaHHBIX paHee OIepaTopoOB (KaK BBIYHUCIICHUA CYMMBbI, TaK U
HpOI/IBBeZ[eHI/ISI), B KOTOPBIX YKAa3bIBACTCA TOJIBKO MHACKCHAaA MEPEMCHHAA (HO HC
3a4ar0TCA I'PAHULIBI €€ I/I3MeHeHI/I$I), TO, CTPOTO T'OBOPs, MPEABAPUTCIIBHO €€ MOKHO
U HC MHUIHATNU3UPOBATh. H xoTa B umnicaeHHOM BHAC BBIPAKCHUC BBIYHUCIINTHL HE
YAACTCA, MOXHO IOMBITATECA TTOAYYHUTH CHUMBOJIBHOC 3HAYCHUC AJI1 CYMMBbI WA
MNpOU3BCACHMUA. OZ[HaKO 9TH BOMPOCHI BEIHECCHBI B 2iasy 5.
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Puc. 2.65. BctaBka onepartopa npovsBeaeHunsi Puc. 2.66. BcTaBka onepatopa npovnsseaeHus
C yKasaHueM rpaHuL, gnanasoHa nsmMeHeHus 6e3 ykasaHusi rpaHuyL, Anana3oHa U3MeHeHUs
WHAEKCHOW NepeMeHHon WHAEKCHOW NepeMeHHon

Ucnonb3oBaHue pa3MmepHbIX eaUHUL,

Jlio6oii cepbe3Hblil NPOrpaMMHBIN NaKeT OPUEHTUPOBAH B NEPBYIO ouepeb Ha
pellenyue NpukiaaHbix 3a1a4. Kak npaBuiio, UMeroTes B BUAY pU3UUECKUE 3a/1auH.
A, KaK U3BECTHO, MPU ITOM MPHUXOJMTCH UMETh /1€JI0 C pa3MEePHbIMU BEJMUHHAMM.
Camo no cebe 10 npobiiemoii He apasiercs. OnHako npeobpazoBaHue pa3MepHbIX
BEJIMYMH K €JMHON CUCTeMe pa3MEepHOCTEH 4acTo CTaHOBMTCS 3ajaayeil manonpu-
stHoM. K cuacteio, B Mathcad npeaycmorpeHa BO3MOKHOCTL paboThl ¢ pazmep-
HbIMM BesinurHaMHu. [1o100HbIe onepaly OCYLLECTRISIIOTCS C YHETOM UX pa3Mep-
HOCTEH, KOTOpbIe MOTryT ObITh 3alMcaHbl B pa3HbiX cuctemax. B aanbHeliniem
nepeMeHHYIO, 3HaUeHUe KOTOPOH SIBSETCSl BEJIMUMHOW pa3MepHOil, OyJeM Hazbl-
BaTh pa3MepHOl nepemMeHHOH.

s vHUIIMaMM3anuy pa3MepHO epeMeHHO clie/lyeT BBeCTH ee Ha3BaHHe, Mociie
Yero ATOU IMepeMeHHOM MprcBanBaeTcs 3HaueHHe. Takas mpoleaypa HHALAAIA3a-
LMW TIePEMEHHON He OTJIMJaeTcs OT cTaHmapTHo#. llocie uncneHHOTO 3HAUCHUS
TIepeMEeHHOUN BBOJUTCS 3HAK YMHOXKEHUS, U Jajiee BMECTO MHOKHUTEIS BCTABIIAETCS
CHUMBOJIFHOE BBIpa)KE€HHE pa3MepHOCTH. lIpolme Bcero 3To chenarh ¢ TMOMOIIBIO
komanzp! Insert | Unit (puc. 2.67).

B pesyabrate oTkpwiBacTca auanoroBoe okHO Insert Unit, mpencraBneHHOE
Ha puc. 2.68.

B okne ectb nBa cnucka: Dimension u Unit. B Dimension npeacraeieHbl kate-
ropuH, N0 KOTOPbIM CIPYIIUPOBaHbI Pa3MEPHbIC BeJIMUMHbI. BbiOpas Ty wiinu uHyto
rpynny, MOKHO CYLIECTBEHHO COKPATHUTh CIHUCOK Pa3MEPHBLIX €IHUHHLL, KOTOpbIe
orobpaxarorcs B cniucke Unit. Ha puc. 2.69 nokasaHo, Kak MOKHO BbIOpaTh pas-
MEPHOCTb BpeMeHu mumymol. B 31OoM cayuae B cnucke Dimension BbiOupator
anemeHT Time, a 8 Unit — Minute (min).
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Puc. 2.67. BeiGop komanael Insert | Unit

msertunit x|

Dimension Systarn

G oK |
Arceleration
Activity [ |
Angle
Area ;l
Cancel |

Uit

15 degree C Caloriz (callSs)

20 degree C Calorie (cal20)

Acre (acre)

Arnpere (A

Arnpere (amp)

Angstrom (Angstrom) Ll

Puc. 2.68. Jnanorosoe okHo Insert Unit
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Lnit

Cimension System
TEmperature N

welocity
wiscasity, dynamic — Inzert
Wiscosity, kinernatic ;l

Cancel

e |

Hours-Minutes-Seconds (hhrnmss) ;[
Microsecond (ps)

Milisecond (ms J
Second (s)

Second (sec) LI

Puc. 2.69. Bbibop B kKauecTBe pasmepHOCTU MUHYT

Mpumep 2.28. PazmepHble BENNYNHbI

B nokymente Ha puc. 2.70 mpencTaBieH pe3ynbTaT OMpeAeNiCHUs IBYX pa3MEpHBIX
BenuuuH. [lpuuem oana onpeneneHa B MUHyTax, a Apyras — B CeKyHJax. Pesyabrar
HX CIIOKEHHS — TAaKKE BETMUMHA pa3MepHast, IpUYeM NPEICTAaBIeHa OHA B CEKYH/IaX.

A [ x= [£ <2 30 ap W

t = 5-miry T = 1005

t+T=400z

Puc. 2.70. PesynbTaT onpegeneHunst pasmepHbiX BENUYNH

OcTaHOBUMCSI HA OCHOBHBIX BO3MOXKHOCTAX M0 paboTe ¢ pa3MepHbIMU BEJIHUYHHAMM,
MPeIOCTaBIIEMBIX MOIB30BaTeNio NpunoxkenreM Mathcad. Crout oOpaTuTth BHUMa-
Hue Ha Tabun. 2.9, B KOTOpoH coOpaHbl BCEBO3MOMKHbIE THIIbI PA3MEPHbBIX BEJUUYMH.

Tabnuuya 2.9. Tunbi pasMepHbIX 8eUYUH

Kateropus

OnucaHue

All

Acceleration
Activity
Angle

Area

Ecnu BbiGpaHa aTa onuus, B cnucke Unit otobpaxatotcs

BCE AOCTYMHbIE PAa3MEPHOCTY

EAMHMUBLI pasmepHOCTY Ans YCKOpeHUa

EAMHMUBI pasMepHOCTM AN pagnMoakTUBHOCTU

EAMHMUBLI pasmepHOCTY Ans yrnos

EavHuubl pasmepHOCTY Ans nnowagm
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Tabnuua 2.9 (npodomkeHue)

Kateropus

OnucaHune

Capacitance
Catalytic Activity
Charge
Conductance
Current

Dose

Energy

Flow Rate

Force

Force Density
Force per Length
Frequency
llluminosity
Inductance

Length

Luminous Intensity
Magnetic Field Strength
Magnetic Flux
Magnetic Flux Density
Mass

Permeability
Permittivity
Potential

Power

Pressure

Resistance

Substance

Temperature

EQvHMLBI pa3MepHOCTU ANS 9NEeKTPUYECKON eMKOCTH
KaTanutnyeckas akTMUBHOCTb

EQvHMUBI pa3MepHOCTU AN 9NeKTPUYeCcKoro 3apsga
EOVHMLBI pa3aMepHOCTU AN SNeKTPMYECKOn NpOBOAUMOCTH
EQuHMUBI pa3mepHOCTU A45is ArEeKTPMYECKOro Toka

[osa nanyyeHus

EQuHMUBl pasmepHOCTU Ans SHepruu

EOVHMLBI NOTOKA XUAKOCTU

EQuHMUBl pasmepHOCTU Ans Cunbl

O6bemHasi NNOTHOCTb CUTbI

JInHenHas NNOTHOCTb CUnbl

EQvHMLEBI pa3amepHOCTU A451s YacToThl

EpuHMUBl pasmepHOCTU A4S OCBELEHHOCTM

EAvHUUBI pasmepHOCTY 4SS UHOYKTUBHOCTM

EQuHMUBl pasmepHOCTU ANS ANUHBI

EOVHMLBI pa3MepHOCTU NS SpKOCT CBEYEHMS

EQuHMUBI pa3mMepHOCTU NS CUmbl MarHUTHOIO MOnst
EQvHMUBI pa3amMepHOCTU ANS MarHMTHOro NoToka
EQuHMUBl pa3mepHOCTU AN NAOTHOCTA MarHUTHOIO NOTOKA
EOvHMLBI pa3MepHOCTU NS Macchl

MarnuTHas npoHMLaemocTb

OnekTpuyeckasi MPOHNLIAEMOCTb

EQuHMUBI pa3mMepHOCTU NS 9NeKTPUYECKoro noTeHumana
EOVHMLBI pa3aMepHOCTU 4SS MOLLIHOCTU

EQuHMUBI pasmepHOCTU ANs AaBneHus

EAMHMUBI pasMepHOCTM ANns SNeKTPUYecKoro cConpoTunane-
HUA

EAMHMUBI pasMepHOCTY ANns KonuyecTBa BellecTsa

EAMHMUBI pa3smepHOCTM Ansa TemnepaTtypbl
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Tabnuua 2.9 (0koHYaHue)

Kateropusi OnucaHune

Time EAuHMLBI pasmepHOCTU AN BpeMeHn

Velocity EAuHMLUBI pasMepHOCTU AN CKOPOCTU

Viscosity, dynamic EAVHULBI pasmepHOCTY AS1S AVMHAMUYECKOW BA3KOCTH
Viscosity, kinematic EAuHMLBI pa3MepHOCTU AN KWHEMATUYECKOW BA3KOCTU
Volume EavHuubl pasmepHocTy Ans obbema

B 3aBUCUMMOCTH OT TOro, Kakas BbiOpaHa CUCTEMa Pa3MEPHOCTEH, CIIUCOK JI0CTYII-
HbIX ©/IMHUL] PA3MEPHOCTH UMEET CBOU 0cobeHHocTu. UTo kacaercs BbiOOpa cuc-
TeMbI €AUHULL, TO CJIENaTh DTO MOXKHO Ha Bkagke Unit System B 14anoroBoM OkHe
Worksheet Options, ebi6pas komanay Tools | Worksheet Options (puc. 2.71).

Worksheet Options il

Built-In Yariables I Calculation I Display
Unit Syskem | Dimensions I Campatibility
r~ Default Units Base dimensions:
t (Ampere) Change. .,
51 Length {Metet) _gI
 MES Luminous Intensity (Candela)
Mass {Kilogram)
" cGs Substance (Mole)
Temperature (kelvin)
[N TR-A Tirme {Second)
' Nere Derived units:
" Custom Capacitance (Farad) Insert, ., |
, Catalybic Activity (Katal)
el Charge (Coulomb)
sI - Dose (Sievert) REMBEYE, ., |
Frarme (lonlal LI

Ok I CTMEHA | Cnpaeka |

Puc. 2.71. OkHo BbiGopa cucTembl egnHNLL

OkHo onuceiBanock B 2rage I. HanmoMHUM, YTO OHO COAEPXUT rpynny Nepexsto-
yaresieli Default Units u3 wectu snementoB. BoiOpap ouH U3 211€MEHTOB, MOKHO
OMpeesiuTh 3aJaHHyl0 B pabouyeM JOKyMeHTe cucTeMmy eauHul. B vactHocTw,
B Mathcad npejionpesenernl pasMepHbie €/1MHMLIbI B TakuX cucteMax: cucrema CU
(anement SI (International)); cuctema MKC (anement MKS) — B 3T0ii cucteme
OCHOBHbLIMHU 3JIEMEHTaAMU UIMHbI, MacCbl U BPEMEHU ABJIAKOTCA METP, KWIOI'pamMm
U cekyHaa cootBercTBeHHO;, cuctema CI'C (anement CGS) — cokpaiueHue
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OT canmumMemp-epamMm-cexynoa; aMepukanckas cucrema eaunun (3nement U.S.).
Haxonen, ecnu BeIOpath snemeHT None, pasMepHbIC eIUHULBI B paboueM IOKY-
MEHTE UCIOB30BaThCs He OyOyT, a COOTBETCTBYIOIINME KOMAaH/bI IO BCTABKE pas-
MEPHOCTEH CTAaHOBSTCA HEAKTUBHBIMHU.

B Ta6:. 2.10 npuBeaeH CNMCOK OCHOBHBIX pa3MEPHbIX €IMHULL, KOTOPbIE HMEIOTCs
B Mathcad. Caenyer oTMeTUTb, UTO HEKOTOPbIE PA3MEPHOCTH IOCTYTHbI TOJILKO B
TOM clly4ae, eciiM BblOpaHa npaBuiibHas cuctema eaunul,. [losromy 3xech xe yka-
3aHO, K Kakod cucTeme (WM KaKkuM CUCTeMaM) €MHML, OTHOCUTCS Ta WM HHas
Pa3MepHOCTbD.

Tabnuua 2.10. EOQuHuUbI GhU3UYECKUX 8ENUYUH

O6o3HauyeHue OnucaHue Cucrema
eanHuy
A Amnep (ctaHgapTHoe obo3HayeHne A) — egu- cu
HUUa cunbl Toka, NpuHaTas B CU
a0 Paawnyc nepsoii 6opoBckon opbuTbl, paBHbIN CU, MKC, CI'C n
5,29177><10"11 M amepuKaHckas
acre Akp — nnowagb, pasHas npumepHo 0,4 ra unu CU, MKC, CI'C n
4047 W* amepuKaHckas
amp Amnep — cuna Toka. OkBuBaneHT A (cm. Bbiwe), CU, MKC, CTC u
OfHaKO JaHHOe 0003HauYEeHE MOXET UCMONb30-  amMepuKaHckas
BaTbCH B CUCTEMAX eAuHNL, OTNMYHbIX 0T CU
Angstrom AHrcTpem — eavHuua AnuvHbl, paBHas 107" m CU, MKC, CI'Cn
amMepuKaHckas
atm dusuueckasn atmocdepa (craHgapTHoe obosHa- CU, MKC, CI'C um
YeHne amM) — eanHMLA SABEHMS, paBHas amMepuKaHckas
101,325 klNa
bar bap — eguHvua paeneHus, paBHas 10° Na CU, MKC n
amMepuKaHckas
barn bapH — eanHuua nnowaam, paBHas 1072 m? CU, MKC, CI'Cn
amMepuKaHckas
bhp Maposas nowaguHas cuna — eguumua mowHo-  CU, MKC, CI'C u
cTn, paBHasa 9809,5 BT amepuKaHckas
bohr Papuyc nepeon 60poBckoi opbuThl, paBHBbINA CU, MKC, CI'C n
5,29177><10"11 M amepuKaHcKas
Bg Bekkepenb (cTaHgapTHOe 0603HauYeHne bk) — CU, MKC, CIT'C u
eAvHULA pagmaLoHHON akTUBHOCTU amMepuKaHckas
BTU BpuTtaHckas TennoBas eanHMLua — eamMHULa CWN, MKC, CI'Cn
aHeprum, pasHas npumepHo 1055 [x amepukaHckas
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Tabnuuya 2.10 (npodosmkeHue)

O603Ha4yeHune OnucaHue Cucrema
eauHuy

BTU15 BputaHckas Tennosas eauHuua (15-rpagyc- CU, MKC, CI'C n
Has) — eguHuMUa aHeprun, paBHasa 1054,8 [x amepuKaHckas

c CKOpOCTb CBETA, paBHasi npumepHo 2,998x10° mic®  CI'C

c KynoH (ctaHgapTHoe o6o3HauveHne Kim) — egu- cu
HUUAa anekTpuyeckoro 3apsiga B CU

cal Kanopus (ctangaptHoe o603HaveHne kas) — CU, MKC, CI'C n
eavHuua aHeprum, pasHasi 4,1868 [Ix amepuKaHckas

callb Kanopwus (15-rpagycHas) — eguHuLa aHepriu, CWN, MKC, CI'Cun
pasHas 4,1858 [Ix amMmepukaHckas

cal20 Kanopwus (20-rpagycHas) — eguHuLa aHepriu, CWN, MKC, CI'Cun
pasHas 4,1819 [Ix amMmepukaHckas

CBTU BpuTtaHckas Tennosas eanHmua (KaHaga) — CWN, MKC, CI'Cun
eavHuua aHeprum, pasHasi npumepHo 1054,6 [k amepukaHckas

cd Kangena (ctangaptHoe o603HavyeHne k0) — CWN, MKC, CI'Cn
eAnHnLA CUnbl CBETAa, TO Xe, YTO U 0Ha cBeYa amepuikaHckasi
(1 ce)

cm CaHtumeTp (cTangapTHoe 0603HaYEeHne cM) — CU, MKC, CIT'C u
eavHuua anuHbl, pasHas 0,01 m amepuKaHcKkas

coul KynoH (ctaHgapTHoe ob6o3HaveHne Kim) — egu- CW, MKC, CI'Cn
HULIA 3NEKTPUYECKOro 3apsiaa, TO XKe camoe, YTO  aMepurKaHCkas
M C, HO 0003HAYEHNE MOXET UCMONb30BaTLCA HE
TONbKO B cucteme eguHuy, CU

cubit JloKkoTb — eguHULA ANuHBIL, paBHas NPUMEpPHO CWU, MKC, CI'Cn
45,7 cm amepuKkaHckas

day CyTKn — vHTEpBarn BpEMEHM, COCTOSALLMNA CW, MKC, CI'Cun
n3 24 4y nnn 86400 ¢ amMmepukaHckas

dcal [dueTnyeckas Kkanopus — eguHuLa sHeprum, CW, MKC, CI'Cun
pasHas 4185,5 [Ix amMmepukaHckas

deg [pagyc — eamHuua nsmepeHus yrna, paBHas CWU, MKC, CI'Cwn
0,0174533 paguaH amMmepukaHckas

dyne [uHa (cTaHaapTHoe 06o3Ha4YeHne OuH) — eaun- CWN, MKC, CI'Cn
HUUa cunbl, pasHasa 10 mkH amepukaHckas

€0 OnekTpuyeckas NOCTOSHHAs, paBHasi CU, MKC, CI'C n
8,85418x1 0" do/m amepuKkaHckas

ehp JlowaanHas cuna (anekTpuyeckas) — egmHula CU, MKC, CI'Cn
MOLLHOCTU, paBHas 746 BT amepuKaHckas
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Tabnuuya 2.10 (npodosmkeHue)

O603Ha4yeHune OnucaHue Cucrema
eauHuy
erg Opr (ctaHgapTHoe 06o3HayeHue 3p2) — eanHn-  CU, MKC, CI'C u
Lia MOLLHOCTHY, paBHas 1077 ok amepuKaHckas
esu CraTtkynoH — eguHuua anekTpuyeckoro 3apsiga CIC
B CI'C: 1 Kn paBeH 2997924580 ctaTkynoH
F dapag (ctaHgapTHoe o6o3HaveHne @) — eau- cu
HUUa anekTpuyeckon emkoctn B CU
farad dapap — eanHULA ANEKTPUYECKON EMKOCTH. CU, MKC, CI'Cn
O06o03Ha4YeHne MOXET UCMONb30BaTLCA B OTNINY-  aMepUKaHcKast
HbIx 0T CU cuctemax eanHny,
fl oz YKnpkasa yHUMS — eguHuLa obbema, paBHas CW, MKC, CI'Cun
29,574 om® amepukaHckas
fortnight [MpomexyTok BpeMeHu B ABe Heaenu CWN, MKC, CI'Cun
amMmepukaHckas
ft dyT — eamHULA ANWHBIL, paBHas 12 gonmam CWN, MKC, CI'Cun
unu 0,3048 m amepukaHckas
furlong Bocbmast yactb Munu, pasHas 201 m CWU, MKC, CICu
amMmepukaHckas
G laycc, paBeH 10* Tn CU, MKC n
amMmepukaHckas
g YckopeHue cBoboaHoro nageHns otHocutensHo  CU, MKC, CI'C u
yCKOpeHusa cB06OAHOrO NageHnst Ha NOBEPXHO- amMmepukaHckas
ctu 3emnu. Takum obpasom, yckopeHue B 1g
npubnuxeHHo pasHo 9,8 m/c
gal ["annoH (amepukaHcknii) — eguHNLa o6bema, CW, MKC, CI'Cun
paBHas npumepHo 3,785 ,a,M3 amepukaHckas
galUK BpuTtaHckun rannoH — eg:unwua obbema, paB- CW, MKC, CI'Cun
Hasi npumepHOo 4,546 am amepuKkaHckas
gauss [Maycc (ctaHgapTHOe 0603HaueHune ¢c) — egu- CHU, MKC un
HMLA NNOTHOCTU MarHWTHOIO MNOTOKA, paBHast amMmepukaHckas
0,0001 Tn
GHz lvrarepy (ctaHgapTHoe obo3HauveHne Tu) — CU, MKC, CI'C n
eAnHnLA 4YacToThl, paBHas 10° My amepuKaHckas
gm 'pamm (cTaHgapTHoe ob6o3HaveHne em) — egn-  CU, MKC, CTC u
Huua Mmacchbl, pasHas 0,001 kr amepuKaHckas
gpm EpuvHmua noToka xugkocTu, paBHas O4HOMY CU, MKC, CI'C n
rannoHy B MUHYTY amMepuKaHckas
Gy pert — eanHuLa JO3bl U3Ny4YeHUs CU, MKC, CI'Cn

aMepunKaHckas
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Tabnuuya 2.10 (npodosmkeHue)

O603Ha4yeHune OnucaHue Cucrema
eauHuy

H "eHpu (cTaHpapTHOE 0603HaveHue [H) — egu- cu
Huua nHaykTmeHocTn B CU

hectare extap (ctaHpapTHOe o6o3HaueHue 2a) — ean-  CU, MKC, CTC n
Huua nnowagu, pasHasa 10000 M2 amepuKaHckas

henry eHpu — egmHULA NHAYKTUBHOCTU. OTO 060- CU, MKC, CI'C n
3Ha4yeHne MOXHO Mcnonb3oBaTb Npu paboTte ¢ amMepuKaHckas
pasHbIMU CUCTEMaMM €AVHNLY

hhp JlowagnHasa cuna (Boga) — eguHULA MOLLHO- CWN, MKC, CI'Cun
CcTu, paBHas 746,043 Bt amepukaHckas

hp JlowaanHas cuna (ctaHpapTHoe o603HavyeHne CWN, MKC, CI'Cn
J1.C.) — eAnHMLa MOLHOCTM, paBHasa B Mathcad amepukaHckas
745,699871582 BT

hpUK BbpuTaHckasa nowaguHasa cuna — egmHuua CWN, MKC, CI'Cun
MOLLIHOCTK, paBHas 745,7 Bt amepuKkaHckas

hr Yac (ctaHaapTHoe 06o3HayeHne 4) — nHTepsan CU, MKC, CI'C un
BpemeHHu, paHbin 3600 ¢ amepuKkaHckas

Hz epu (ctaHgapTHOEe 0603HaueHne y) — ean- CU, MKC, CI'C n
Huua YacTtoTbl B CU amepuKaHcKkas

Hza lepy (yrnoeas yactoTta) — eAmHMULA YriioBoOn CW, MKC, CI'Cun
YacToThl, paBHas npumepHo 6,283185307 My amepukaHckas
(aTo yacToTa, yMHOXEHHas Ha 2)

IBTU CrangapTHas GputaHckas Tennosas eguHiua —  CU, MKC, CI'C un
eanHnua sHeprun, pasHasa 1054,5 [x amepuKaHckas

in Owonm — eguHunga anvHbl, pasHasi 0,0254 m CU, MKC, CI'Cn

amMepuKaHckas

in_Hg [JionmoB pTyTHOro ctonba — eguHula gaerne- CU, MKC, CI'Cn
HUSA, paBHas npumepHo 3386,38 lNa amepuKaHckas

J [xoynb (ctaHgapTHoe 06o3HaueHne [Jx) — cu
eavHuua aHeprun B CU

joule [xoynb — egunnua aHeprnn. O6o3HaueHne CU, MKC, CI'C n
MO>XXHO MCMOMb30BaTh B PasfiMYHbIX CUCTEMAX amMepuKaHckas
eanHny

K KenbBvH — rpagyc TepmoguHamuyeckon wkansl  CU, MKC, CTC n
KenbBuHa amepukaHckas

KQ Kunoowm (ctaHgapTHoe o603HadyeHne KOm) — CW, MKC, CI'Cun
egvHuga conpotusneHus, pasHasi 1000 Om amMmepukaHckas
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Tabnuuya 2.10 (npodosmkeHue)

O603Ha4yeHune OnucaHue Cucrema
eouHuy
kQ Kunoowm, paseH 1000 Om CU, MKC, CI'C n
amMepuKaHckas
kA Kunoamnep (crangaptHoe o6o3HaveHne kA) — CU, MKC, CI'C n
eavHuga cunel Toka, pasHas 1000 A amepuKaHckas
KA Kunoamnep — eauHuua cunbl Toka, pasHast 1000A.  CU
O6o3Ha4eHne ncnonbayeTcs Tonsko B CU
katal EnunHMLA CKOpPOCTU KaTanmnTUYecKon peakumm CWN, MKC, CI'Cun
amepuikaHckasi
kcal Kunokanopus (ctaHgaptHoe o6o3HadeHne kkan) — CU, MKC, CT'C u
eanHuua sHeprum, pasHas 1000 kan amepukaHckas
kg Kunorpamm (ctaHgapTHoe o603HaveHue k2) — CU, MKC, CIT'C u
eavHuLa Macchl amMepuKaHckas
kgt Kunorpamm-cuna — eanHuua cusbl, paBHas CW, MKC, CI'Cun
9,80665 H amepuikaHckasi
kHz Kunorepu (ctaHaapTHoe 0603HayeHne Ku) — cu
eavHuua YyacToTbl, paBHasa 1000 My, O6o3Have-
Hune ncnonb3yetcsi B CU
KHz Kunorepu — eguHumua YactoTel, paBHas 1000 My CWN, MKC, CI'Cun
amepukaHckasi
kip EaunHuua cunbl, akBMBaneHTHasi Becy Tena mac-  CU, MKC, CTC u
con B 1000 cpyHTOB (453,59 KT) amepukaHckasi
km KunomeTp (ctaHgapTHoe o603HavyeHne KM) — CU, MKC, CITC
eanHnua anuHel, pasHas 1000 m amepukaHckas
kN KunonbloToH, paseH 1000 H CU, MKC, CI'C n
aMepuKaHckas
knot Mopckon y3en — eanHuua CKOpoCTu, paBHas CU, MKC n
1,87 kM/M amepuKaHckas
kph KunomeTpsbl B yac (ctaHgapTHoe 0603HaueHne CU, MKC, CI'Cu
KM/4) — eanHMLA U3MEPEHUS CKOPOCTU amMepuKaHckas
kv KunoBonbT (cTangapTHoe o6o3HaveHne kB) — CW, MKC, CI'Cn
eaMHULA N3MEpPEHNs 3NIEKTPUYECKOrO NOTEH- amepuikaHckasi
umana, pasHasa 1000 B
ksi EaunHuua paBnenns B pacyete 1000 pyHtoBHa  CU, MKC, CTC n
KBagpaTHbIA A0AM amepukaHckas
KV KnnoBonbT — eAuHULA U3MEPEHUS 3feKTpuye- (617

ckoro noteHuuana, pasHasa 1000 B (o6o3Haue-
Hue ucnonbsyetcs B CU)
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Tabnuuya 2.10 (npodosmkeHue)

O603Ha4yeHune OnucaHue Cucrema
eauHuy
kw KunosatT (CTaHAapTHoe 06o3HayeHwe kBm) — 617
e[vHuLa nsMepeHnst MoLHocTu, pasHasa 1000 Bt
(ncnonb3yetcs B CU)
L JlnTp (cTaHpapTHOe 0603HaYeHue J1) — eanHU- cu
ua o6vema, 1000 n coctaBnstoT 1 M. O6o3Ha-
YyeHue vcnonbayetcs B CU
1b DyHT (TOProeein GpuTaHCKNiA) — eanHMLA Mac- CU, MKC, CI'C n
cbl, paBHas 0,45359237 kr amepuKaHckas
1bf DyHT-CcUNa — eguHnla Cunbl, paBHas CU, MKC, CI'Cn
4448221615 H amepuKaHckas
liter ﬂI/ITJD — eanHuua obbema, 1000 n coctaBnsaoT CU, MKC, CI'C n
1 m°. O603HauYeHne Mcnonb3yeTcs B pasHbiX amMepuKaHckas
cUcTeEMax eamHuL
I1m JTiomeH (ctanpgapTHoe o6o3HaueHue v) — ean-  CU, MKC, CI'C un
HULA CBETOBOrO NOTOKA amMmepukaHckas
1x JTioke (ctaHgapTHOE 0603HaueHne 1K) — ean- CW, MKC, CI'Cn
HULA OCBELLEHHOCTU amMepukaHckas
m MeTtp (ctaHgapTHOe o6o3HaveHue M) — eamHn-  CU, MKC, CTC u
La AnuHbI amMmepukaHckas
mBTU CpenHss 6puTaHckan Tennosas eaMHnLa — CWN, MKC, CICu
eavHuua aHeprum, pasHas 1055,87 [Ox amepukaHckas
mcal CpeaHsia kanopusi — eguHnua aHeprun, pasHas  CU, MKC, CI'C un
4,19002 [Ox amepukaHckas
MQ Meraom (ctaHgapTHOe o603HauyeHne MOm) — CW, MKC, CI'Cun
eanHvLua CONPOTUBIEHNS, paBHas 10° Om amepukaHckas
mA Munnuamnep (ctangapTHoe ob6osHaveHne vA) —  CU, MKC, CTC n
eanHuLa cunbl Toka, paBHas 102 A amepukaHckas
pa Mwukpoamnep (craHgapTHoe obo3Hauenne mkA) —  CU, MKC, CTC n
eanHuua cunbl Toka, paBHas 10°A amepukaHckas
mg Munnurpamm (ctaHpapTHoe obosHayveHne mem) —  CU, MKC, CTC n
eAnHvua Macceol, paBHas 103r amepukaHckas
mH Munnurepy (ctaHpapTHoe obo3Hayenune my) — CU, MKC, CTC n
eAnHuLa 4YacToThl, paBHas 1072 My amepukaHckas
mho Mo — eaunHuua npoBoauMocTU, paBHas 1 Cwm CWU, MKC, CI'Cn
amMmepukaHckas
mhp MeTpuyeckas nowagmHasa cuna (CtaHgapTHoe CW, MKC, CI'Cun
o603HayeHmne /1.c.) — eAMHMLA MOLLHOCTU, paB-  amMepuKaHckasi

Hasa 735,499 BT
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Tabnuuya 2.10 (npodosmkeHue)

O6o3Ha4yeHue OnucaHue Cucrema
eanHuy
MHz Merarepu (ctaHgapTHoe obo3HaveHne Mly) — CU, MKC, CI'C n
eAnH1Ua 4YacToTbl, paBHas 10° My amepuKaHcKkas
mi Mwnsi — eanHuua anuHel, pasHas 1760 spaam CU, MKC, CI'Cn
mnu 1609,344 m amepuKaHckas
micron MuvkpoH — eauHMUA AMMHBI, paBHas 10°m CU, MKC, CI'Cn
aMepuKaHckas
mil Mepa gnvHbl, paBHas OQHOM TbICAYHONW AloMa CU, MKC, CI'Cn
amMepuKaHckas
min MuHyTa — eanHuua BpemeHu, pasHas 60 ¢ CU, MKC, CI'C n
amMepuKaHckas
mL Munnunutp (ctaHpapTHoe obosHayveHne mi) —  CU, MKC, CTC n
eanHuua obbema, 1000 mn coctaBnaloT 1 N amepuKkaHckas
mm MunnumeTp (ctaHgapTHoe o6osHaveHne mm) —  CU, MKC, CT'C n
eanHuua anuHel, pasHas 0,001 m amepuKaHckas
mol Monb — eanHMua kKONM4YecTBa BELLECTBA CU, MKC, CI'Cn
amMepuKaHckas
mole Monb — eanHMua kKONM4YecTBa BELLECTBA CU, MKC, CI'Cn
amMepuKaHckas
MPa Meranackanb — eguHuLa AaBreHUs, paBHas CU, MKC, CI'Cn
10° Ma amepuKaHckas
mph Mwvnb B yac — eguHULa N3MEPEHNsi CKOPOCTH, CU, MKC, CI'Cn
paBHas 0,44704 wm/c amepuKaHckas
ms MwunnncekyHaa — ofHa TbICsiIMHAas CEKyHAbl CU, MKC, CI'Cn
aMepuKaHckas
mv MunnusoneT (cTaHaapTHoe obosHaveHne mB) —  CU, MKC, CT'C n
eaMHULA 3NEKTPUYECKOro NoTeHumana, paBHas amMepuKaHckas
0,001 B
uo MarHuTtHas nocTosiHHas, paBHas CWN, MKC, CI'Cn
1,256637x10™° [H/m amepuKaHckas
pm MwvkpomeTp — egnHuua AnvHbl, paBHas 10° m CU, MKC, CI'C n
amMepuKaHckas
UF Mwukpodpapap, (ctangaptHoe o6o3Haverne mk®) —  CU, MKC, CT'C n
eayMHULA 3NEKTPUYECKON EMKOCTH, aMepuKaHckas
paBHas 10° @
uH MWKpPOHBIOTOH — eAnHMLA CUIbl, paBHasi 10°H CW, MKC, CI'Cn

amepuikaHckasi
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O6o3Ha4yeHue OnucaHue Cucrema
eanHuy
us MuvkpocekyHaa — o0aHa MUNMNOHHAS CEKyHAbI CWU, MKC, CI'C n
amMepuKaHckas
N HbtloToH (cTaHgapTHOe o6o3HaueHne H) — egn-  CU
Huua cunbl B cucteme CU
newton HblOTOH — eanHuLa cunbl, KOTOpasi MOXET UC- CU, MKC, CI'Cn
nosnb3oBaTbCA M B OTNMYHBLIX 0T CU cuctemax amMepuKaHckas
eguHL
nm HaHomeTp — eguHMUA ANVHbI, paBHasi 10°m CWN, MKC, CI'Cun
amepukaHckasi
nmi Mopckas munsi, paBHas 1853,6 m CW, MKC, CI'Cun
amepuikaHckasi
nkF HaHodapag (ctaHaapTHoe o6o3HayeHne HO) — CU, MKC, CTC u
e4vHMLA 3rEKTPUYECKON EMKOCTY, paBHas 10 amepukaHckas
Oe OpcTen (ctaHaapTHoe obo3HaveHne 3) — cuna  CU
marHutHoro nons B CU, pasHas 79,577471546 Alm
oersted OpcTen — eguHMLA CuUbl MarHUTHOTO MOSIS. CWN, MKC, CI'Cn
0O603HaueHne ncnornb3yeTcst B pasHbIX CUCTE- amMmepukaHckas
Max eauHuL
ohm Owm (ctaHgapTHoe 0b6o3HaveHne Om) — eguHm- CU, MKC, CI'Cn
Lia ConpoTUBIEHMS amMepuKaHckas
oz YHums — eguHuuga maccenl, paeHas 0,028349523 kr - CU, MKC, CI'C n
amMepuKaHckas
Pa Mackanb (ctaHgapTHOE 0603HaveHue 1a) — CU, MKC, CIT'C
eavHULA aaBrneHns amMepuKaHckas
pF Mukodpapapg (ctTaHgapTHOE 0603HaUYEHME n(D? — CU, MKC,CICwu
e[uHMLA 3NeKTPUYECKON eMKOCTK, paBHast 10~ o amepuKaHckas
poise Myas (craHgapTHOe 0603HaueHue 1) — eanHu- CU, MKC, CI'Cn
Lua AnHamun4yeckon BaskocTtu, pasHas 0,1 MNa-c amepuKaHckasi
psi dyHTOB Ha KBagpaTHbIV oM — eamHuua aas-  CU, MKC, CI'C un
nenwus, pasHasa 6894,757293168 MNa amMepukaHckas
R papyc PeHknHa, NpubnmxeHHO paBHbIA CW, MKC, CI'Cn
0,555555556 K amepuikaHckas
rad PagvnaH — egvHyuua nsmepeHus yrios CWN, MKC, CI'Cun
amepuikaHckasi
S CumeHc (ctangapTHoe o6o3HavyeHne Cm) — cu

eavHuLa anekTpudeckon nposoaumocTtn B CU
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O603Ha4yeHune OnucaHue Cucrema
eanHuy
S CekyHpa (cTaHgapTHOE 0603Ha4YeHme Cek) — cu
eavHuua Bpemenn B CU
sec CekyHpga — eauHuua BpemeHn. O6o3HaveHne CU, MKC, CI'Cn
UCMOrb3yeTCcs B pa3HbIX CUCTEMAX €AUHWL amMepuKaHckas
siemens CumeHC — eguHMLA 3NEKTPUYECKON NpoBoan- CU, MKC, CI'Cn
MocTn. O6o3HayeHne ncrnonb3yeTcs B pasnuy- amMepuKaHckas
HbIX CUCTEMAX €ANHUL]
slug Cnar — eguHMLa Macchl, paBHas NPUMEPHO CWN, MKC, CI'Cun
14,593 «r amMepukaHckas
statamp Cratamnep — eguHuua cunbl Toka B CI'C: 1 A crc
paBeH 2997924580 cratamnep
statcoul CraTkynoH — egumHuua anektpudeckoro 3apsga CIC
B CI'C: 1 Kn paBeH 2997924580 ctaTkynoH
statfarad Crathapag — eauHuLA 3NEKTPUYECKOW EMKO- crc
ctu B CI'C: 1 ® paBeH npumepHO
898755224014,74 ctatcapas
stathenry CratreHpu — eanHuua nHgyktusHoctu B CIC: Ccrc
1 'H npumepHo paseH 1,1 13x107" cratreHpu
statohm Cratom — eanHuua conpotueneHus B CIC: Ccrc
1 Om paBeH npumepHo 1,1 13x107"? cTaTom
statseimens CraTtcMmeHC — eanHMLa 3neKTpruyYecKon npo- crc
BoamnmocTn B CI'C: 1 CM paBeH NnpuMepHO
8,988><1011 CTaTCUMEHC
stattesla CraTtTecna — eguHuLa NNoTHOCTM NoToka mMar- crc
HWUTHOM nHAYKuMm B CI'C: 1 Tn npumepHo paBeH
2,998x1 0° cratTecna
statvolt CtaTBONbT — €4MHULA 3NEKTPUYECKOrO NOTEH- Ccrc
unana B CI'C: 1 B coctaBnseT nopsiaka
3,336x1 0% cratBonbT
statweber CrarBebep — eanHMLa NOTOKA MArHUTHOMN WH- Ccrc
aykuumn B CI'C
stokes Crtokc (ctaHgapTHOe 0603HaueHne Cm) —egun-  CU, MKC, CI'C un
HULIA KNHEMATMYECKOIN BA3KOCTHU amMepuKaHckas
sr CtepagumaH — eguHMnLA M3MEPEHNS TENECHOTO CU, MKC, CI'C n
yrna amMepuKaHckas
Sv CuBepT — eguHnLa 403bl U3ITyYEHUS (617
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O6o3HauyeHue OnucaHue Cucrema
eanHuLy
T Tecna (ctaHpapTHoe o6o3HaveHue 1) — eau- cu
HMLA NAOTHOCTU MarHUTHOIO NOToKa (MarHUTHas
nHaykums) B CU
tBTU Tepmoxumnyeckas GputaHckasa Tennosas eam- CU, MKC, CI'C n
HUUa — eaunHuua Hepruu, pasHas 1054,35 [Ix amepukaHckas
tcal TepmMmoxvmnyeckas kanopus — eauHuLa aHep- CU, MKC, CI'C n
v, paBHas npumepHo 4,184 [Ix amMmepuKaHckas
tesla Tecna — eguHULa MarHUTHOW MHAYKUMK (NNOT- MKC v amepu-
HOCTb MarHUTHOro noTtoka). O6o3HaueHne uc- KaHckas
nonb3yeTcs B anbTepHaTneHbiX kK CU cncremax
eauHuL,
ton KopoTkasi TOHHa — egunHMLa MaccCbl, NPUMEPHO CU, MKC, CIT'C
pasHas 907,18474 kr amMmepukaHckas
tonne MeTpunyeckas TOHHa (cTaHgapTHoe obo3Have- CU, MKC, CI'C n
HVe m) — eavHnua maccel, pasHas 1000 kr amMmepuKaHckas
torr Topp — eanHMua gaeneHus, pasHas npumepHo  CU, MKC, CI'C u
133,322 Na amepuKaHckas
v BonbT (cTaHgapTHoe o603HaveHne B) — ean- cu
HVLA HanpskeHns (ANeKTpMYEeCKnii noTeHuman)
B CU
volt BonbT — eauHuua HanpsikeHus. O6o3HavyeHne CWN, MKC, CI'Cun
MCNOnb3yeTCs B Pa3NNYHbIX CUCTEMAX €4MNHUL, amMmepukaHckas
Q Owm (cTtaHgapTHoe obo3HavyeHne OM) — eanHu- CW, MKC, CI'Cun
La ConpoTUBIEHNS amMmepukaHckas
W BatTt (ctaHgapTHOe 0603HaueHne Bm) — eau- cu
Huua mowHoctn B CU
watt BaTtt — eauHnua mowHocTu. [laHHoe 00o3Ha- CW, MKC, CI'Cun
UYEHMEe MCMOrb3yeTCs B PasfMYHbIX CUCTEMAX amMepukaHckas
eauHnL,
Wb Bebep (ctaHgapTHoe 0b603HaueHne B6) — eaun- CU
HMLA MarHuTHOro notoka B CU
weber Bebep — eauHnua marHutHoro notoka. O6o- CU, MKC n
3Ha4YEeHUe NCNONb3yeTCHa B Pa3nuUYHbIX CUCTEMAX aMepuKaHckas
eamnHnL,
yd Apa — eavHuua AnuHbl, paBHas 3 yTam unm CW, MKC, CI'Cun
0,9144 m amepuKaHckas
yr loa — wHTepBan BpemMeHu, paBHbin 31556926 ¢ CU, MKC, CT'C u

aMepunKaHckada
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Kak BumHO M3 Tabnuilel, HEKOTOpBIE pazMepHOCTH OyOnupyroTcs. B ocHoBHOM
pedb B 3THX clydasx hAeT o0 HUCHONb30BAHMM MX B pasHbIX CHUCTEMax CIUHULL.
Bonee ynoOHel Te Ha3BaHUs, YTO BOCIPUHUMAIOTCA He Toabko B CH.

B kako# Obl cucteme eAMHHI HU OCYLIECTRIs1ach padoTa, pe3ysibTaT onepauuii
B paboumx aokymenrax Mathcad HeusmeHHO BbipaskaeTcs B dyHAaMEHTAIbHbIX
enunuax. C ofHOH CTOPOHbI, DTO YA00HO, a ¢ JIPYroii — HUHOrAa NPUXOAMTCS
Npe/CTaBIATL pa3MepHbIE BEJIUYUHbI HE Yepe3 KoMOuHaLMIo dyHAAMEHTaIbHbIX
€/IUHU1L, @ B UHOM BU/I€, TPOJAUKTOBAHHOM OCOOEHHOCTSMH pelliaeMoi 3a/1auH.

Mpumep 2.29. NpeobpaszoBaHue paamepHocTeit

B kauectBe npumepa paccMoTpum puc. 2.72, Ha KOTOPOM cHauana nepeMeHHoMH
NPUCBANBACTCSl 3HAYEHUE B OAHY METPHUYECKYHO JIOLIAJMHYK CUILy, MOC]IE Yero
3HaveHue dTOH nepeMeHHol nposepsiercs. [lockonbky as padotbl BbiOpaHa cuc-
Tema eauuul CH, To 3HaueHre nepeMeHHOl BbIPaXKEHO B BaTTAX.

Hns Toro uroObl M3MEHUTHh YCTaHOBJICHHYIO IO YMOTYAHHUIO TIPH OTOOpaskeHUH
pe3ynabTaTa pa3sMepHOCTh, ClieyeT B COOTBETCTBYIOIIEH KOMAaHAE BBIAEIUTH
CTPYKTYPHBIN 3allOIHATENb, pPa3MeIeHHbIN cpasy Tocie yKa3aTels pa3MepHOCTH
BEJIUYUHEI (puc. 2.73).

E A [i] n= [2<F T ap W

MHMuManuzaunA pazmepHoil
nepeMeHHOM

A [ 2= [£ <2 30 ap W

MHHuManuzaunA pazmepHoil

nepeMeHHOM
a:= l-mhp &= l-mhy
HpuBepKaayaqeuua lpoeepka zHa4YeHHA
nepeMeHHOH HEpEMEHHDﬁ
&= 735.490W a = 735490,
Puc. 2.72. WHnumnanmsaums pasmepHomn Puc. 2.73. BolgeneHume CTpykTypHOro
nepemMeHHON 1 NPoBepKa ee 3Ha4YeHns 3anonHuTens, pasMeLLeHHoro

3a ykasaTernem pa3MepHOCTU BEMMUYUUHbI

Bbiensierca ToJAbKO CTPYKTYPHBIH 3aMOJHUTENb, HO HUKAK HE BCE BbIpAXKEHHE —
a1o BaxkHo! Jlasee B MecTe CTPYKTYPHOIO 3allOJIHUTE sl BBOAUTCS Ta pasMepHast
eIMHULA, Yepe3 KOTOPYIO A0/LKEH ObITh BbIpaskeH pe3yJibTaT. B naHHom ciyuae Ha
puc. 2.74 yka3aHbl BONBTHI (T. €. BBEJIEH CUMBOJI V).

B pesyaprate (nmocae Haxarus knapuiy <Enter> vy wmendka MbILIBEO BHE o0aac-
TH KOMaH[Ibl) pa3MepHbIH Pe3ybTaT BEIpaXKacTcs uepe3 KOMOMHALMIO PAa3MEPHBIX
€IUHUL, B KOTOPOU MPUCYTCTBYIOT BOJIBTHI (pUc. 2.75).
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A [ 2= [£ <2 30 ap W

MHHuManuzaunA pazmepHoil

A [ x= [R <2 30 ap W

WHHUHaNH3aUHA pazMepHoR

nepeMeHHOM nepeMeHHoi
a:= l-mhp a:= l-mhp
lpoeepka zHa4YeHHA lpoBepka HaYeHHA
nepeMeHHOM nepeMeHHol
a=T354904T

Puc. 2.75. AnbTepHaTnBHbIA cnocob
oToBpaXeHUs 3Ha4YeHUs pa3MepPHOiA NepeMeHHON

Puc. 2.74. Beop pasmepHOn eanHnLbl, Yepes
KOTOPYIO AOIMKEH ObITb BbIPaXeH pe3ynbTaT

B uactHOCTH, Teneps pe3yabTaT (€ro pa3MepHas 4yacThb) NMPEACTABIEH B BUAE MPO-
U3BE/ICHUS aMmIep Ha BOJIbTHI, YTO C (DU3MUECKOM TOUKM 3PEHUS IKBUBAJIICHTHO
eauHuie moiHocTH (BT).

3anaBate BenuuuHbl B CH coBcem He o0s3aTenbHo. MOXKHO, HallpuMep, 3HAYEHUE
MEePEeMEHHOM, MHULMAIU3UPOBAHHONH CO 3HAUYCHHEM B OIHY METPHUYECKYIO JIOLIa-
OVHYIO CUITY, BBIPa3UTh B OPUTAHCKUX JIOLIAIUHBIX CHJIAX, [UIA Yero BMECTO YIO-
MUHABILIETOCA paHee CTPYKTYPHOTO 3amoHUTENs BBOAAT hpUK. Pesynprar npen-
CTaBJICH Ha puc. 2.76.

Pe3yanaT CBHUACTC/ILCTBYET O TOM, UTO KUTEC/IU TYMAHHOI'O Anbduona Jaocraroy-
HO BbBICOKOI'O MHCHHUA O CBOHUX JioLaadx. CﬂpaBe)lﬂHBOCTl/l paau cieayeTr oTMe-
TUTb, YTO MHEHHWE O3TO Pa3AC/IAOT JaJICKO HE BCC.

d A [ii] 5= [ <E T af W A ] x= [2 <F B af W

WHHuManuzauua pazmepHoi WHHuManM3auua pazMepHoi

nepeMeHHoN nepeMeHHol
a = l-mhp a=1-mhp
llpoBepka 3Ha4eHnA lfpoeepka 3Ha4eHnA
nepeMeHHOM nepeMeHHOM
2.3
a = 0926 hplUkK a=TI5490m s " kg

Puc. 2.76. PesynbTaT BblpaxeH

Puc. 2.77. lNepemeHHas C pasMepHOCTLIO
B OpMTaHCKMX NOLaAMHbIX cunax

MOLLHOCTW BblpaXeHa 4vepes3 Kunorpammeobl,
METPbI U CEKYHAObI

Eme omHa mpo6Gnema cBs3aHa ¢ TeM, UTo OToOpakaeMas pa3MepHOCTh He BCer/1a BhI-
AT 3cTeTuaHo. OcoOeHHO ATO XapaKTepHO VIS cIy4aeB, KOTAa pa3MepHOCTh He
TIPUHAJICIKUT K OTHOU M3 (PyHAaMEHTANBHBIX [T BEIOPAHHOMN CHCTEMBI €IMHUIL UITH
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mpeoOpa3oBaHa K CrieLManibHOMY BUAy nonb3oBateneMm. Ha puc. 2.77 mepemeHHas
C Pa3MEPHOCTBIO MOLIHOCTH BBIPa’KEHA Yepe3 K0T PaMMBbl, METPbI U CCKYHIBL.
PasMepHbie enuHNLIBI, KaK HECTOKHO yOeAUThCS, TIPEACTABICHBI B BUAE TPOU3BE-
JEHUS C COOTBETCTBYIOLIMMU CTETICHSMHU, B TOM YHCJIE U OTPULATEIbHBIMU. UTOOKI
HU3MEHUTH CMoco0 OTOOpa)KEHUs pa3sMEPHBIX €IWHHL, MOKHO ABaKAbl IIEJIKHYTb
Ha 3HAYCHUW MEPEMEHHOH, B pe3ylbTaTe 4Yero OTKPBIBACTCS AMAIOrOBOE OKHO
thopmaTupoBanus pesynprata Result Format, rie cienyet oTKpbITh BKIaaky Unit
Display (puc. 2.78).

Result Format x|

Murnber Format I Display Options ~ Unit Display IToIerance I

¥ Format units
Iv Simplify units when possible

™ show unit exponents as & Fraction

(sl I QTMEHE Set as Default npaeka

Puc. 2.78. nanorosoe okHO Result Format otkpeiTo Ha Bknaake Unit Display

Bknanka coaepxut onuuu: Format units, Simplify units when possible u Show
unit exponents as a fraction. Eciu ycravosnen duiaxok onuuu Format units,
BbIpayKEHUE I pa3MepHOi uacTu 3HadeHusi oroOpaxaercsl B Buae apodu. dna-
skok onumu Simplify units when possible ycranasnuBaercs /i1 aBTOMaTHYeCKO-
ro ynpolueHus pa3MepHoi uactu 3HaueHusi, Ha puc. 2.78 ycraHosiieHbl quiaxkku
0o0eux onuui, B TO BpeMs Kak Ha puc. 2.77 pe3yJbTar nokaszaH NpH OTMEHEHHbIX
onuuax Format units u Simplify units when possible. Pesynbtar nocne akrusu-
3auuu onuuy Format units npeacraenex Ha puc. 2.79.

Kak u panee, ecnmu auanororoe okHO Result Format oTkpeiBanock ABONHBIM
IIETYKOM MBIIIH Ha pe3yabTaTe, To opMar MpuMeHsieTCs TOBKO K 3TOMY pe3yIib-
Taty. UroOs1 hopmaTupoBanue ObUIO TIO0ATBHBIM, T. €. B paMKax BCero JOKYMeH-
Tta Mathcad, guamoroBoe okHo Result Format oTKpBIBatrOT BBIGOPOM KOMAaHIBI
Format | Result. ['mo6ansras onmus Show unit exponents as a fraction moxet
OBITH YCTAHOBJIGHA TOJIBKO IJIS BCETO MOKYMEHTa B IeJIOM M OoOecIieuMBaeT OTO-
OpaxeHHe MoKazaTesell pa3MepHOCTeH B BI/Ie PallHOHAIBHBIX APOOei.

Baxxnas ocodennocth Mathcad cocrout B TOM, 4TO MoJib30BaTelib MOXKET ONpejie-
JSTb COOCTBEHHbIE PAa3MEPHOCTH. JlenaeTcs 5To J0CTaATOUHO NPOCTO: BBOAWTCS Ha-
3BaHWE €/IMHULIbI PA3MEPHOCTH, MOCJE YEro C MOMOIIbIO ONeparopa npyucBauBaHusl
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3a7aeTcs ee pa3MEpPHOE 3HAaUYCHUE. DTO pa3MEepHOe 3HAYCHHUE, PasyMeeTcsl, BhIpaxKa-
ercs uepe3 0a3oBble, BCTPOCHHBIE pasMepHble eanHulibl Mathcad. Takum oOpaszom,
pasmepHocTh B Mathcad 3amaercs B Buae 0ObIYHON pa3sMepHOW MepeMEHHOM.

A ] x= [§ <€ 3 af #

MHMuManu3auMAa pazmepHoi
nepeMeHHOM

a:= l-mhp

lpoeepka 3Ha4YeHHA
nepeMeHHOM
m2
a= 735490 = ke
El

Puc. 2.79. PesynbTaT nocne aktmensauuun onuun Format units

Mpumep 2.30. OnpepeneHune pasmepHocTen

[Ipumep onpeneneHns pa3MepHOCTel NpencTaBicH B AOKyMeHTe Ha puc. 2.80.

A 2] #= [2 <2 3] af = JITutoriaIs | @eo

Onpenenenne pasMepHocTei

ARecrapem Haromerp CHavana onpegendeTca
PazMERHOCTE AH2CIIPEM,

An=10 ID_m = 10-An & nocne Yero, MCnonb3yaA aty
pazMERHOCTE,

MHHLManM3auMa nepeMeHHbIX ONPENENARTCA PE3MENHOCTE
HaHOMemp

a = 100-num bh=154An0

"pHMprI HCNOoNb30BaHUWA

asix10 'm beixil Pm %=2au

a-bh=005x10 °m

Puc. 2.80. OnpepeneHne pasmepHocTei

B mpuBeaeHHoM mpumepe cHavania onpeAeseTcs pasMEepHOCTb auecmpem (mepe-
MeHHas An). Jlajee, OCHOBBIBASCH HAa BTOM Pa3MEPHOCTH, ONpenenseTcs pa3Mep-
HOCTB 11 HaHomempos (0OIuH HaHoMeTp paBeH 10 aHrcrpemam). OnpencneHHbIe
TakuM 00pa3oM pasMEPHOCTH MOXKHO MCIOIB30BaTh aOCOIIOTHO TaK e, Kak
U BCTpOEHHbIEe pazmepHocTH Mathcad.
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Mpumep 2.31. [epeonpepeneHne pasmepHocTei

OnucaHublii cnocod oToOpa)keHus! pa3MEpHbIX BEJIMYMH HE Bcerja yJ00eH, Npu-
4yeM B CHJly pasHbIX MpUYKH. Bo-nepBbix, OHM HE BCerja W He JUid BCeX JIoCTaTou-
HO MH(pOPMATHBHBI. A BO-BTOPBIX, YaCTO MPUXO/MTCS PelllaTh 337a4H, B KOTOPbIX
Pa3MepHOCTH, €ClIM TaK MOXXHO BbIPa3WUTbCA, ABJSIIOTCS HE OveHb (PU3HYECKUMMU.
B Mathcad MmoxxHO pelnaTh puzMyeckue 3a7aui, HO ¢ HE MEHbIUUM YCIEXOM 3TO
MPUIOKEHUE NPUMEHSETCS W /ISl PeLIeHHs] IKOHOMHUYECKMX 3a7ay, B KOTOPbIX
YUCJEHHbIE 3HAYEHUS HMEIOT BOJIHE KOHKPETHYH0 IKOHOMHUYECKYIO0 WHTeprpeTa-
uuto. OauH K3 cnocoboB peleHust NpobiieMbl COCTOUT B Nepeorpe/ie/ieHUn pas-
MEpHBIX eauHul. Jas s3toro Bei3bBaOT kKoMmaHay Tools | Worksheet Options.
B otkpeiBiemMes: ananoroBoM okHe Worksheet Options cienyet nepeiity k BKIaake
Dimensions (puc. 2.81).

Worksheet Options x|
Built-In Yariables | Calculation I Display
LInit Syskem Dimensions | Campatibility

¥ Cisplay dimensions

r~ Dimension Narmes

Mass Imass—
Length Ilength—
Tirme ltime—
Current I current

Temperakture IW

Lurnirnosity: lurninasity

Substance substance

Ok I CTMEHA Cnpaeka

Puc. 2.81. Inanorosoe okHo Worksheet Options oTkpbiTo Ha Bknagke Dimensions

Bo Bkiajake Hy:kHO ycTaHOBUTH duiaxkok onuuu Display dimensions, nocie uero
CTAaHOBMTCSI aKTMBHBIM HaOop mosneii pazaena Dimension Names, cooTBeTCTBYIO-
IIMX OCHOBHBIM Kareropusm pasMmepHocteil, umetolwumxcs B Mathcad. Ilocne
menuka Ha kHorke OK B pabouem nokymeHTe BMECTO 0003HaUYCHHN OCHOBHBIX
pasMmepHocTel OyJyT NOJCTaBieHbl HAa3BaHWSI W3 COOTBETCTBYIOUIMX TEKCTOBBIX
nosneit. [Tpuyem 3Ty Ha3BaHus MokHO MeHATh. Ha puc. 2.82 B none Length BBeaeHO
3HAYCHHUEC meTD.

Ilocne npumeneHust Takoro gopmara paccMaTpuBaBLIMACS paHee pabouui AOKY-
MEHT (HIKHASA €ro 4acTh, clIerKa OTPeAaKTHUPOBaHHAsA) OyAeT BBITJISACTh TaK, Kak
nokasaHo Ha puc. 2.83.
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vorksheet Options x|
Built-In Yariables | Calculation I Display
Linit Syskemn Dimensions | Carnpatibility

[v Display dimensions

i~ Dimensian Mames

Mass I mass

Length METP
Time time
Current current

Temperature I temperature
Lurmninosity I luminosity
Substance I substance

OR I OTHEHA Crnpaska

Puc. 2.82. [ing AnvHbl MCNONb3yeTCcs Ha3BaHWe MeTp

A ] 2= 2 <F 3] af W JITutoriaIs x| o

"[JHME[JI:I HCNONb30BAHHA

a=lx1EI_?Me'rp b=5xlU_mmeTp a—b=9.95xlﬂ_gme'rp

Puc. 2.83. HmwkHsa yacTb paboyero JokyMmeHTa nocne npumMeHeHns HoBoro popmara

[Nockonbky B JaHHOM cilydae BBIOpaHO KUPWILTMHYECKOE HA3BAHUE, BAXKHO, YTOOBI
padounM WpUPTOM B AOKYMEHTE ObUT WIPU(T U3 KUPUUIMYECKOH rpynmbl. Yto
KacaeTcd NMPAKTHYECKOW TOMb3bl OT BCErO 3TOT0, TO OHA AOCTATOYHO OUYCBHIHA.
[Ipeanonokum, HEOOXOOAUMO MPOBOOUTH OMNCPALMH C BEJIMYMHAMM, KOTOpBIC
HMEIOT pa3MEepHOCTb, He noaaepkuBaemyto Mathcad (B nepByto ouepeab UMCOTCS
B BUAY He(huznueckue pazmepHocTH). Torga qoctarouHo nepeMeHHbIe ONPEaesaTh
¢ Kakoi-To yHAaMEHTAIBHOU Pa3sMEpHOCTBIO, a €e OTOOpaskaeMoe Ha3BaHHUE Iie-
peonpenenuts B 1uanoroBoM okHe Worksheet Options.

MaTpuubl 1 BEeKTOpPbI

B Mathcad npemycMoTpeHsI IIUPOKHE BO3MOKHOCTH [UTs pabOTHl ¢ MaTpULIAMHU U
BekTopamu. Ctporo roBops, o0a »TH o0bekTa peammszyiorcs B Mathcad B Bume
MaccuBOB. Kaxmpiii MaccuB MMeeT pa3MepHOCTb. B 3ToM cMmbIcie maTpuiia sBis-
€TCS MaCCHUBOM Pa3MEPHOCTBIO /1B, & BEKTOP — OAWH. 3a7al0TCsl MATPHULIBL U BEK-
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TOpBL, Kak U Bce B Mathcad, moctarouHo mpocTo, mpudeM MperyCMOTPEHBI pas-
JUYHBIE cMOCOOBL. MaccuB — Ha0Op B3IEMEHTOB, K&KABIH U3 KOTOPBIX MOXKET
HMMETb YHMCIICHHOE 3HAUYCHHE, TEKCTOBOE WIIM CaM SIBIATHCS MaccuBoM. B mocnen-
HEM CIyvae TOBOPST O BIOKEHHBIX MaccuBax. UTOOBI MOMYUYHUTh AOCTYI K KAKOMY-
TO BJIEMEHTY MAcCHBa, CIEAyeT YKa3aTh €ro0 HHACKC (MM UHACKCHI).

CoszpgaHue maccuBoB

Jlns cozpanusg maccuBa Bbi3biBatoT koMaHay Insert | Matrix (komOuHaluMs Kia-
BUll <Ctrl>+<M>). AnbTepHaTUBHbIH BapuaHT — BOCMOJb30BATbCS NAJUTPOL
Matrix (puc. 2.84).

OnHako kKakoi ObI METO HU MCIIOJIB30BAJICA, B PE3YJIbTaTe OTKPOETCS AHAIOTOBOE
okHo Insert Matrix, npeacrarneHHoe Ha puc. 2.85.

nsert Matrix x|

o B

[Matrix E| Columns: |3 Inzert |

t&[ X X I Delete |

£ T
A Cancel
foF et B L= |
Puc. 2.84. CospaHne maccvsa C NOMOLLbIO Puc. 2.85. [lnanorosoe okHo Insert Matrix

nanuTpbl Matrix

B 3TOM AManoroBoM OKHe YKa3blBaeTCS YKCIIO CTPOK U CTONOLOB B CO31aBaeMOM
maccuBe (1ons Rows u Columns). Takum oOpa3om, 4ToOBI CO3[aTh BEKTOP-
CTPOKY, clieAyeT yka3aThb B nosie Rows 3HaueHue 1, ans cosnaHusi BeKTopa-
cTonbua exuHuLy ykasbiBaoT B niosie Columns. Ecnn 3HaueHus B o6oux mossix
OTJIMYHBI OT €AMHHLIbI, CO3AaBaEMbli MAacCUB C MATeMaTH4EeCKOW TOUYKH 3pEeHUs
Oyzaer MaTpHIIeH.

IMocnie BBI30BA AMATOTOBOTO OKHA BCTaBKM Marpuiisl Insert Matrix u onpezerne-
HUS pa3MEepoB MaccuBa, B pabouem JOKyMeHTe MosBisieTcss 0ObeKT, CTPYKTYPHO
COOTBETCTBYIOIIHM CO37aBaeMoMy MaccuBy. OMHAKO BMECTO BJIEMEHTOB B 3TOM
o0bekTe 0TOOpaXKaAOTCs CTPYKTYPHbIE 3anojHuTe/ M, Bmecto HUX U crieiyeTr BBe-
CTH 3HAYCHUS 3JIEMEHTOB MaccuBa. Ha puc. 2.86 mepeMeHHO# A B KauecTBe 3HAUC-
HUS IPUCBAMBACTCS MATPHLIA pa3Mepamu 3x3.

ITonp3oBaTeNO NPEACTOUT B SIBHOM BHJE ONMPEACIIUTD BCE ICBATh 3JEMEHTOB JaH-
HOI MaTpuUbl.
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B 4[] [2<E D ap @

1

A= 0

Puc. 2.86. Hnunanunsauusa matpuubl

Mpumep 2.32. BeKTopbl 1 MaTpuLbl

Ha puc. 2.87 npuBeneH KOHEUHbIH pe3ynbTar. TaM e npe/ICTaB/IeHbI MePeMEeHHbIE
B M C, KOTOPbIM B KA4eCTBE 3HAUEHWUH MPHUCBOEHBI BEKTOP-CTPOKA U BEKTOP-
cToNI0E1] COOTBETCTBEHHO.

A+ mx= J&<F 3] ap HITutDriaIs ﬂ &G0

WHHuMannzaumA MaccHBOB

Marpuus 3=3 Eerrmop-cronbey Bermop-cripoka
123 1

A=|4356 o4 B:=(1 2 3)
789 7

Puc. 2.87. PesynbTaTt MHMUManusaumm MaccusoB

Jns nonydeHns A0CTyna K OTASIBHOMY 3JIEMEHTY MacCHBa HEOOXOOUMO YKa3aThb
Ha3BaHUE COOTBETCTBYIOIUCH NEPEeMEHHOW M WHACKC (MM WHACKCHI) BJeMEHTa
B CTPYKTYpe MaccuBa. B 4acTHOCTH, 3TUM 3J71eMEHTaM MO>KHO MPHUCBAUBATH HOBBIC
3HAYCHUS, Mepeonpeaciss TEM CaMblM UCXOAHBIH MaccuB. [lpumepsl mpuBeaeHb!
B JOKYMEHTE Ha puc. 2.88.

IIpoBepuTh 3HaUeHHE MaccMBa MOXHO Tak ke, Kak M 3HaueHue 00Ol ApyroH ne-
PEMEHHOM: /151 DTOrO BBOJAWTCSH HAa3BAHME MACCHUBA, MOCJIE KOTOPOrO YKa3bIBaeTCH
3HaK paBeHcTBa. Eciii uncio cTpok miu cTosiOL0oB MaccuBa He MPEeBbILLACT AECHTH,
TO MacCHB OTOOPaXKAETCS MOJIHOCTBHIO. B MpoTHBHOM cilydae BUJIHA TOJbLKO 4acThb
MacCHBa, a MPOUYME HIEMEHTbl MOKHO NPOCMOTPETh € MOMOLIbIO NOJOC NPOKPYT-
ku. ClielyeT Takike OTMETUTD J1Ba BasKHbIX 00cTOsATENILCTBA. BO-nepBbIX, Mo ymo-
YaHUIO WHJEKCAlMs DJeMEHTOB MaccUBOB B paboueM jgokymente Mathcad Haum-
HaeTcd ¢ HyJs. Bo-BTopbix, Aaske s OAHOMEPHBIX MAacCHBOB (BEKTOPOB) Bce
PaBHO yKa3biBaeTcs /1Ba MHAEKCA: MHAEGKCHI CTPOKM M CTOIOUA, HA MepeceveHuu
KOTOPBIX HaxoJuTcs aeMeHT. MHiaekcel pazjenstorcs 3anstoii. Utobbl nepeiitu
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B PeKMM BBOJA HW)KHUX HMH/IECKCOB, HOKUMAIOT KJIABUIIY <[> WM UCIOIB3YIOT
MUKTOTpamMMy Ha majutpe Matrix (puc. 2.89).

J b zein‘mx: J&<F 3] ap HITutDriaIs ﬂ &G0

WHuuMannzauma MaccHBOB

Marpuus 3=3 Eerrmop-cronbey Bermop-cripoka
123

L=|454 o= 4 B=(123
789 7

"pHMprI HCNONbL30BaHWA

CBpaleHMe K 3NEMEHTAM
AD,I =2 CI,D =4 BD,I =z MaCCHEE. HyMepauMa MHaekCoE

no Y¥MOoNYaHWHY HANHHAeTCA ©

A, =B, A A

2,2 0,111 2,27 HynA. [py 0Bpawerme K
BEKTOPY-CTpoke obAzaTeNEHO
12 3 YKa3LIESETCA JBA MHABKCE -
aclas g o4 Nepebd MHOEKS CTROKK (HONB) W

1 AANER HOMER 3MEMEHTA.
T8 10

Puc. 2.88. O6palyeHue k anemeHTam maccmea

Puc. 2.89. lNepexon B pexum BBOAA NMHAEKCOB C NOMOLLbLO nanuTpsl Matrix

Takum oOpazom, rpu o0palleHHU K 3JIEMEHTY BEKTOPA-CTPOKU, MEPBbIM YKa3blBa-
€Tcsl HYJIGBOM HWHJIEKC CTPOKHM, Moc/e 4ero, uepes 3arsTylo, UHJEKC dJieMeHTa
B 9TOl cTpoke. J{ns BekTOpa-cTo/IO1a cUTyalusi NPOTHBOMOJIOKHAS: cHavYana yka-
3bIBAETCS MHJEKC 2JIeMEHTa, Mocjie 4Yero HyJeBod uHiaekc croabua. OpHako ans
BEKTOPa-CTO01Aa BTOPOH MHIEKC YKa3biBaTh He 0053aTesbHO (M0 YMOJIYaHUIO OH
N0/1araeTcsi PaBHLIM HYJIIO), OITOMY 3JIEMEHT BEKTOPA-CTO/I0LA BbI3bIBAIOT, YKa-
3aB TOJIBKO OJIMH UHJIEKC. DTOT (haKT Halles CBOe OTpakeHue Ha puc. 2.88.

HyneBoe HauanbHOe 3HaUeHHUE AN MHACKCUPOBAHUS SIEMEHTOB MACCHBA HE OUCHb
yA00HO B MEPBYIO Ouepeb ¢ TOM TOUKM 3PEHUs, 4TO OOBIYHO B JIMHEHHOM anredpe
U ee MPWIOKEHUSIX HavyadbHOE 3HAUYCHHWE ISl MHIOCKCOB MPUHHAMACTCS PaBHbBIM
eaunune. YtoObl m3bexaTb NyTaHMLBI, PAa3yMHO TEPEONPEneIUTh HACTPOUKH
Mathcad Tak, yToObI MHAECKCHI B pabounX JOKYMEHTaX HAUMHAIUCH CO 3HAUYCHUS 1.
Jns sTOro cnenyeTr mepeonpencnnTh 3HAUYCHUE CHCTEeMHOM MEepeMEeHHONW ORIGIN.
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OTa nepeMeHHas OTBETCTBEHHA 3a OMpEEICHUEe HA4albHOTO MHACKCA 3JIEMEHTOB
MaccuBoB B Mathcad u ee 3HaueHHe MO yMOm4aHWIO paBHO Hy0. [lepeomnpene-
JIUTH 3HAYCHHUE STON NepEeMEHHON MOKHO MPSIMO B paboueM TOKYMEHTe OOBIYHBIM
npucBauBanueM. Bropoii cniocod coctout B BeI30BE AuaioroBoro okHa Worksheet
Options. /[namoroBoe OKHO OTKpBIBaeTCs B pe3yibTaTe BhiOOpa komaHAbl Tools |
Worksheet Options. B okHe HyxHO mepeiitn k Bknaake Built-In Variables u
YCTAHOBUTH Hy>kHO€ 3HaueHue B nojie Array Origin (ORIGIN).

Kaxibiii U3 ¢rnocoboB nepeonpe/iesieHns NepeMeHHOM ORTGIN UMEET CBOM Ipe-
HUMYIIIeCTBA W HelocTaTKU. Hanpumep, mepeonpenenss MepeMeHHYI0 ¢ TIOMOIIBIO
aunanorosoro okHa Worksheet Options, nerko 100UTbCS YHUBEPCAIBHOCTH MPO-
HeAypbl HHASKCHPOBAHUS IEMEHTOR PA3IMYHBIX MACCUBOB BO BceM paboueM Jo-
kymeHte. C Apyroil CTOPOHbI, C MOMOLIbLIO KOMaH/1bl MPHUCBANBAHUS 3HAYSHUS Me-
pPEMEHHON ORIGIN B pabodyeM MOKYMEHTE MOXHO yKa3aTh JJi Pa3HbIX MAcCHUBOB
pazyinuHbie cnocoObl HHAGKCHPOBaHUS dieMeHTOB. Bbibop cnocoba aosmkeH, oue-
BHUAHO, 6a3UpOBaThCS HA OCOOCHHOCTAX pelacMoM 3a1aun.

HHTepeCHO TO O6CTO$IT€J'IBCTBO, YTO 3HAYCHHC HepeMeHHOﬁ ORIGIN MOKeT OBITh
OTpULaTC/IbHbLIM. I/IHOF)la 3TUM MOXXHO BOCIOJb30BAaThCsA, XOTA AaHHass BO3MOXK-
HOCTb, BCC K€, OTHOCHUTCA K pa3pAay SK30TUUYCCKUX.

Mpumep 2.33. HauanbHbI MHAEKC MaccuBa

B nokymente Ha puc. 2.90 mpuBeneHbl HEKOTOPbIC TPUMEPbI, WLTFOCTPUPYIOLIHE
BblLIENEPEeHUCIEHHbIe BO3MOXKHOCTH Mathcad.

A [ 5= [2 <2 31 ap [y ~ e

HHHLI,HHFIH3T1I.I,HH MACCHBOEB

123 1
A=|d4 56 c=|4
L A

789 7

I'I|m|.|e|1-b| HCNONBE30OBaHHA

=1 =4

1,1 2 3HaveHue nepemenHoi ORIGIN
_ paeHo 1
A2,2 =35 03 =7
CRIGIN =0 Mepemennofi ORIGIN
0

N o o7 NPHCEEMBABTCA 3HAYEHME

1,1 2
OFIGIN = -2 Mepemennod ORIGIN
A _3 c -4 NPHCEAMEBAETCA LEn0e

-2.0

=

-1 OTPHUATENEHOE 3HAYEHKWE

Puc. 2.90. lNpymepbl NCNONb30BaHMSA NEPEMEHHON ORIGIN
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IIpeaBaputenbHo nepeMeHHON ORIGIN B okHe Worksheet Options yctaHOBIEHO
3Hadenue 1. [loaToMy smeMeHT ¢ AByMs €IMHUYHBIMU HHACKCAMH, HAIIPUMED, 5IB-
JSeTCAd BEPXHUM JIeBBIM BiieMeHTOM Marpuubl. [locne TOoro kak mepeMeHHOH
ORIGIN B paboueM JOKYMEHTE MPUCBOCHO HYJIEBOE 3HAUCHHE, SIEMEHT C eIUHNY-
HBIMH MHIEKCAMH yxKe He OyIeT JIeBbIM BepXHHUM 3JIEMEHTOM MaTpuibl. Hakonen,
€CITM MEePEMEHHON ORIGIN MPUCBOMUTEH LEIYI OTPULATEIbHYIO BEUYMHY —2, TO
HWHAEKCHl 3JEMEHTOB CTaHyT HAUMHATBCA C OTPHULATENBHOrO 3HaucHusa. Tounee,
HavalbHbIE MX MHIACKCHl OYAyT COBMAAaTh, KaKk U paHee, CO 3HAUCHHEM INepeMeH-
HOMH ORIGIN, a MOCICAYIOIINE WHIEKCH MoMyyaTcs 100aBIeHUEM SIUHMLBI K Mpe-
ObIAYLIEMY.

Mpumep 2.34. OnpepeneHne maccmea

OnwMcaHHbI cnoco0d MHALMAIU3alMd MAacCHBOB HE €IWHCTBEHHO BO3MOXKHBIH.
Yacro, HanpuMep, 3HAYEHUE JIEMEHTOB MacchBa SBaseTcs (PYHKUMEH MX WHICK-
coB. B 3TOM ciayvyae MHULIMAaIM3UPOBATh MACCUB MOKHO C TMOMOILIBIO MEPEMEHHBIX
CO 3HaUCHUsIMU-TuanazoHaMu. [IprmMep nprBeaeH B 10KyMeHTe Ha puc. 2.91.

A m::: [2 <2 51 af ™ HITutoriaIs | @eo

N=% 1=12.H j=12.H

1414 2236 3162 4123 5009 @023 7071 2062 0055
2256 2828 3606 4472 5385 @323 TI8 B2d4é 922
3162 3606 4243 5 3EI ATOE TEIE Bi44 D4ET
4123 4472 5 5637 6403 TFIZI1 B0EZ E044 084D
a=| 5099 5385 5831 6403 7071 7Bl 8402 9434 10296
6083 6325 6708 7211 TEl B485 922 10 10E17
TO7L 728 Tolo B062 B602  9ZZ PESR 1063 11.402
3062 248 8544 2844 5434 10 1083 11314 12042
0025 922 9487 9340 10296 10217 11402 12042 12728

Puc. 2.91. OnpegeneHne maccusa Cc NOMOLLBIO NEPEMEHHbIX C Anana3oHHbIMU 3Ha4YEHUSIMN

3HaueHue NepeMeHHON ORIGIN Mpe/BaApUTENbHO YCTAHOBIEHO PaBHbIM €JHHHLE
(T. €. MHAGKCHI MAaCCHBOB HYMEPYIOTCS, HauMHAas C €AWHULbI). DJIeMEeHT MacCHBa a
ornpejesseTcs B 00lUeM BUE KaK KOPEHb KBaJpaTHbIH U3 CYMM KBaJpaTOB CBOMX
MH/IEKCOB, a4 CAMH MHJIEKChI MPEABAPUTENILHO MHULIMATU3UPYIOTCS CO 3HAUEHHUSAMU-
AnanasoHamu. Ecnu npana3zoH U3MeHEeHWH MHJIEKCHBIX MEPEMEHHBbIX HeBelHK (Ha
puc. 2.91 310 Auana3oH 3HaveHwuii oT 1 10 9), TO MaccuB, NpU NPOBEPKE €ro 3Ha-
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YeHHsI, OTOOpakaeTcd B BUE MaTpHLIbI (cM. puc. 2.91). B ciyuae, korga nuanazoH
W3MEHEHUS! MHICKCHBIX MEPEMEHHBIX CYIIecTBeHHbIH (a Ha Bkiuaake Display
Options nuanorosoro okHa Result Format B packpsiBaroiiemcs cnucke Matrix
display style BriOpaH 31eMeHT Automatic), B pabodeM MOKyMeHTe TIpH TIPOBEpPKe
3HAYCHUS] MaccuBa OyIeT BHIHA, KaK YK€ paHee OTMEHaNIoCh, TOJNBKO €r0 4acThb
(puc. 2.92).

F'lv‘:|[_x= J2 <E 3 af JITutoriaIs ~| e

M=20 i=12.H =138

L=y i2 + j2

1:]

1 2 3 4 5 G T a g

1 1.414 2.236 3162 4123 5.099 6.083 T.0T 8.062 9.055
2 2.236 2.828 3.606 4472 5.38% 6.325 728 8.246 9.22
3 3162 3606 4.243 5 .81 6.708 TE16 8.544 9487
4 4123 4472 g 4697 6.403 72 g.062 g.944 9849
5 6.099 6.385 583 6.403 T.0M et g.602 5434 | 10.296
g 6.083 £.325 6.708 7 R 8.485 9.22 10 10817
7 7.om T.28 T.B16 8.062 g.602 9.22 59893 10.63 | 11.402

a=(g 8.062 8.246 8.544 8.944 9.434 10 1063 11.314| 12042
g 9.085 922 5.487 9849 10296 | 10817 [ 11.402 | 12042 12728
101 1005 10198 10.44 10.77 1118 11.662 ) 12.207 | 12806 | 13.454
11 11.045 1118 11.402 | 11.705 | 12.083 1253 13.038 | 13601 14213
12 12042 12166 12.369 | 12649 13 13416 13892 14422 15
13 13038 13153 13.342 | 13601 [ 13928 14318 14765 | 15264 | 15811
14| 14036 14142 14.318 1486 | 14.866 | 15232 15652 | 16125 16643
159 19033 19133 15297 | 15524 19811 | 161595 16.553 17| 17.4493
16| 16031 16125 16.279 | 16492 ( 16763 | 17.088 | 17464 | 17.889 | 18.358

Puc. 2.92. OtobpaxeHa YyacTb Mmaccuaa

Kak Hec/i0kHO BUJETb, 3HAUEHUE MaccuBa oTo0Opaxkaercs B Bujae Tadauupl, Uu-
JIEKChI AJIEMEHTA ONPEJCIIIIOTCS HOMEPAMU CTPOKK U CTOJ101a TabiulLibl, HA nepe-
CEUEHUM KOTOPBIX ATOT 3ieMeHT Haxoautcs. Ilocne Bbijaenerus 3HaueHus B Tad-
JIMLE MNOSIBJISIFOTCS MOJIOCh TPOKPYTKH, UCIO/Ib3YS KOTOPbIE MOXKHO MPOCMOTPETh
BCto Tabauiy (puc. 2.93).

B Mathcad npeaycMoTpeHa BO3MOKHOCTb OTOOPaKeHUs 3HAUCHHUA MAaCCHBA B BUIE
MATPHLIBI TIPH JTOOBIX ero pasMepax. Jljis 9Toro HyKHO BhIGpaTh komanxy Format |
Result. B pesynsrate oTkphiBacTcs auanororoe okHo Result Format, B kotopoM
Ha Bkiagke Display Options B packpbiatomemcs cnucke Matrix display style
crnemyeT BbIOpaTh aneMeHT Matrix (puc. 2.94).
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fl‘luimam J2 <E 3] af JITutoriaIs | e
N=20 i=1,3.N i=1,2.H
2 2
a. =11 + 1
1.]
| |
1 2 3 4 5 3 7 8 g |
1 1.414| 2236| 23162 4123| s099| 6083 7.071| 8.062| 9.055
2| 2236| 2828 3606| 4472| s385| 6.325 7.28 | B.246 9.22
3| 3182| 3606 4.243 5| 583 | e708| 7B16| 9544 0487
4| 4123 4472 5| 5657| 6403 7211| 8062 2.944| 9.849
5| 5099 5385 583 | 6403| 7.071 781 8E02| 9.434| 10298
6| 6.083| 6325 E708| 7.211 7.81| 8485 9.22 10| 10817
7| 707 7.28| 7H1G| 8.062| 2602 922 9899 10.63| 11.402
ac 8| BOBZ| B246| #.544| B8.944| 9434 0] 1063| 11.314] 12042 |
9| 9.055 9.22| 9487 9.849| 10296 10817 | 11.402| 12042 | 12728
10 1005| 100198 1044| 1077 1118 11.662| 12.207 | 12.806 | 13.454
11| 11.045( 1118 11.402| 11.706 | 12083 1253 | 13.038 | 13601 | 14.213
12| 12.042| 12166 | 12.360 | 12649 12| 13.418 : 14.422 15
13| 13038 13153 13342 13601 | 13828 14318 [ TOFEE 15264 [ 15811
14| 14036 14142 14318 | 1456 | 14866 15232 | 15652 | 16125 | 16.643
15| 15.033| 15133 | 15.297 | 15524 | 15811 16.155| 16.553 17| 17.493
18| 16.031| 16126 | 16.279| 16482 | 16763 | 17.088 | 17.464 | 17.8688 | 18.358 | 4|
gEl | -
Puc. 2.93. Tabnuua ¢ nonocamu NPOKPyTKM
x|
Mumber Format  Display Cptions ILInit Display I Talerance I
Matriz display style  |ERC S .
[~ Expand nested atrays
Imaginary walue Ii (I} 'l
R [oecma =]
oK I OTHMEHS | CNpaska

Puc. 2.94. Buibop cnocoba oTobpaxeHust MaccmBoB

B Agnanorosom okHe Result Format
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B pesynbTare, kakux Obl pasMepOB HU OBLT MACCHUB, OH HEM3MEHHO OTOOpaXkaeTcs
B BHJIe MaTpHIIBI (puc. 2.95).

x= [§ <2 B ap # ||[rucras e

i=1,2. N j=12.HN

1414 2238 3162 4123 5099 6083 Y071 B062 5055 1005 11045 12042 13038 14038 15033 16031 17029 18028 19026 20025
223 2BIE 3A06 4472 55R5 6525 T8 82246 022 10198 111F 121646 13153 14142 15133 16123 1717 18111 19105 201
3162 3606 4243 E 5831 6702 76le 2544 8487 1044 11402 13369 13342 14318 15297 16279 17263 18248 19335 20224
4123 4472 5 3657 6403 7211 B0 ES44 9840 1077 11705 12649 13601 1436 15524 16402 17464 18439 19416 2039
3099 53835 5831 A403 FOT1 TEL BA0Z D434 10296 1118 12083 13 13028 14366 15811 16763 1772 18682 19647 20616
G083 6325 6708 7211 78l 8485 912 10 10817 11662 1253 13416 14318 15232 16155 17088 12028 18974 19935 2088]
TOTL 728 TélE 2062 E402 022 0200 1063 11402 12207 13038 15802 14765 15632 16533 17484 12385 10313 20242 2119
2062 3246 2544 2844 8434 10 1043 11314 12042 12300 13601 14432 153264 16125 17 17880 12788 19698 20616 21541
Q055 922 9487 DE40 10296 10217 11402 12042 12728 153454 14215 15 15811 16643 17493 18358 19235 20125 21024 21932
005 10198 1044 1077 1118 11662 12207 12806 134534 14142 14866 1562 16400 17205 12038 18868 10723 20301 21471 22361
11045 1108 11402 11705 12083 1253 13038 13601 14313 14866 15554 16379 17029 17804 12601 19416 20348 21.095 21954 21235
12042 12186 12369 12649 13 13416 13802 14432 15 1562 16279 16971 17652 18430 19208 20 20809 21633 22472 23324
13038 13133 13342 13601 13928 14318 14765 15264 15811 16401 17020 17602 18385 19105 19840 20416 21401 22204 23022 23854
14036 14142 14318 14356 14866 15232 15652 16125 1ag43 17205 17804 18430 10105 19709 20518 2126 22023 22804 23601 24413
15033 15133 15207 15524 15811 16155 16553 17 17493 18028 186401 10200 19840 20518 21213 21932 22672 23431 243207 25

16031 16135 16279 16492 16763 17022 17464 17859 12358 12862 19416 20 20616 2126 21932 21627 23345 24083 243530 23612
17029 17.117 17263 17464 1772 18028 18385 18788 19235 19723 20248 20809 21401 22023 22672 23345 24042 24759 25495 26249
18028 18111 18248 12430 18682 18074 10313 10408 20125 205091 21005 21633 22204 22804 23431 24083 24750 2545 26173 26007
19026 19105 193235 19416 19647 19925 202428 20616 21.024 21471 21954 22472 23022 23601 24207 24830 25495 26173 20387 27586
0025 201 20224 203% 20616 20881 2119 21541 21932 22361 22825 13324 23834 24413 35 15612 26249 26007 37586 18284

o
]

Puc. 2.95. OtobpaxeHne maccuea B BUAE MaTpuLpl

CyuecTByeT U Apyras BO3MOXKHOCTB: €M B pacKpbiBaroiemcs crmcke Matrix
display style BeiOpats snement Table, To MaccuBsl Bceria oTOOpakaroTCs B BUE
Tabmuuel (puc. 2.96).

x= [ <F 7] af JITutoriaIs j &G0
=3 1.2 j=12.1
co=ai o+
1]
1 2 3 4 5
1| 1414 2236 | 3162 | 4123 5099
as 2| 2236 2828 3606 4472 5385
3| 3162 | 3.606| 4.243 51 5831
41 4123 4.472 4| 5657 | B.403
5| 5099 5385 583 | 6403 T.07T1

Puc. 2.96. OtobpaxeHne maccma B Buae Tabnumubl
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Kak nmenHo oToOpaxkaTh MaccuBbl (B BUAC MATPULIBI WK TaOJIULbI), — IO Cy-
rybo unanBuayansHoe. C OAHOM CTOPOHBI, MaTeMaTHUECKU O0Jiee KOPPEKTHO, KO-
rJa MaccuB B paboyeM JOKYMEHTE UMEET BUI, KAKOH eMy M HaIJIe:KUT UMETh (T. e.
mpeacTaBicH B BUIAE Marpulbl). Kpome Toro, mpu TakoM crocode oToOpaskeHHs
MAacCHBOB OHHU BCETIa MPEeACTABIAIOTCH B JOKYMEHTE MOJHOCTBIO, MO3TOMY BCE UX
3NIEMEHTHl BUAHBI MOJb30BaTemt0. C Apyroil CTOPOHBL, 3TO K€ MOXKET OBbITh H
HEAOCTATKOM, MMOCKOJIBKY €CJIM MAaCCHB BEJIMK, OH 3alMET CYLIECTBEHHYIO 00/1acTh
B paboueM AOKYMEHTE, MOXKET NEepPeKpbITh APYTrue KOMaHIbl Ha paboueM JHCTE
WK BOOOIIE BBIMTHU 3a Mpeaesbl BUAMMON o0nacTi nokymeHTa. Kpome toro, eciau
MaccHB TPEACTaBICH B BHAC TaOMMLbI, MHACKCHI BIICMEHTOB MAacCHUBa OIMpelesis-
I0TCSL JIETKO M TMPOCTO — BEOb CTONOLBI U CTPOKM TaOJMLBl NPOHYMEPOBaHBI.
3mech, OOHAKO, HY>KHO 3aMETUTh, UYTO PEKHUM OTOOPa)KEHUsI METOK Ui CTPOK H
CTONOLOB TaOMULBI MOKHO OTMEHHUTh. sl 3TOro Ha TabnMLe LIETKAKT MpaBoM
KHOTIKOH MBIIIK U B PACKPBIBLIEMCS cTIMCKe BbIOMpatoT koMaHay Properties. Ot-
KpeiBaeTcs auanoropoe okHo Component Properties, B koTopoM cienyeT oTMe-
HUTH oo Show column/row labels. B pesynerate Tabnuria otoOpaxkaercs 6e3
HYMEpaLuK CTPOK U CTOIOLOB.

BnoxeHHble MaccuBbl

HckmountensHo MoIHbIM HHCTpyMeHT Mathcad — BioskeHHBIe MaccHBbl. e,
TOJIO’KeHHAS B OCHOBY TIPH peaM3allid 3THX OOBEKTOB, KOHIENTYaJIbHO JOCTa-
TOYHO TIPOCTa — 3TO MACCHBEI, 3JIeMEHTaMHU KOTOPBIX, B CBOIO OUepe/ib, SBIISIOTCS
MacCUBHL. B nmanpHeiieM Qs IpocTOTH Oy/IeM HA3BIBATH GHONCEHHBIM MACCUBOM
T000# MaccHB, CpeH AIEMEHTOB KOTOPOTO BCTPEUaroTCs MacCUBHI. Eciiu He BO3-
HUKAaeT IyTAHUIIBL, TEPMUH G10XCEHHbIH OyIeM TTOHUMATh B TOM CMBICIIE, Y4TO BJIe-
MEHTBHI MacCcHBa UMEIOT pa3Hble WepapXuuecKrue YPOBHH, BIOKEHHBIE OIWH B ApY-
roii. OueHb BaKHO, YTO 3JIEMEHTHI-MACCHUBBI BIOKEHHOTO MacchBa MOTYT MUMETh
COBEpIICHHO Ppa3MYHbBIe Pa3MEPHOCTH. ODTO OTKPHIBACT MOWCTHUHE YHHUKAIIbHBIE
BO3MOXKHOCTH. 371eCh OTrpaHUYNMCS KpPaTKAM 0030poM.

Mpumep 2.35. BnoxxeHHble MacCcuBbI

Ha puc. 2.97 npurenen npumep oOBIBICHUS TPeX Pa3TAYHBIX MACCHBOB a, b | c.
OTH MacCUBBI Jajiee YKa3bIBAIOTCS B KauecTBe 3JeMEeHTOB Maccusa d. [locnennuii,
TAaKUM 00pa3oM, SBISETCS BIOKEHHBIM MaCCUBOM.

[To yMonuaHMIO 3a/1aH PEKUM, MPH KOTOPOM B KAUECTBE 3HAUEHUs BJIIOKEHHOTO
MacCUBa OTOOPAXKAETCS TOJILKO €ro CTPYKTypa 0€3 yKazaHus B SIBHOM BWJIE DJIEMEH-
ToB. Hanpumep, ang 3HaueHus MaccuBa d B JOKYMEHTe Ha puc. 2.97 npuBeaeHo
BbIpaKEHWe ({3,1}{4,1}{2,2}). DTO 3HAUMT, YTO MACCUB d COCTOMT U3 TPEX DJIEMEH-
TOB, & OHU, B CBOIO OUepe/ib, ABJISIOTCS MACCUBAMM U3 TPeX CTPOK U OJHOro cTojdua
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(IepBBIil 3IEMEHT), YETBIPEX CTPOK U OJHOTO cToadua (BTOPOI 3IeMEHT) U, HAKO-
Hell, ABYX CTPOK U ABYX CTOJIOLOB (TpeTwii 31eMeHT). UTOOB! BIOKEHHBIH MacCHUB
oroOpaxaics B SBHOM BHIE, CIeAyeT akTMBU3MpoBaTh onuuio Expand nested
arrays, KOTOPYIO MOKHO HaTH Ha BKkiaake Display Options nuanoroBoro okHa
Result Format. OkHo, KaK ye YIOMHHAI0Ch, OTKPBIBACTCH BHIOOPOM KOMaHIbI
Format | Result (puc. 2.98).

H&lﬁa: ]‘% < gj af HITutoriaIs j Fao

Mcnonb3oBaHWe BNoXeHHbIX MAacCUBOB

ORIGIN =1 @ MHOEKCE MACCHEOEB HAYHHAHITCA © &0 HHHLE

Huuuuanusauuﬂ MAacCHBOB paiHbIX pa3MBpHDC’TBﬁ
5
5 10
o=
(11 12]

Huuu,uanuaau,uﬂ BNOXMEHHOID MaccHBEa

LI = §

di=(a b )

Mpoeepka 3HaYeHUA MpK aKTMEMZMPOEAHHOA ONLJK
Expand nested arrays otofpakaetca
d=(4311 {411 {2213 ¢ TONbKD CTPYKTYPa BNOXEHHOro MAccHea,
figz ABHOTD YK&3aHWA Bro ANEMEHTOER

Puc. 2.97. UHnynannsauusa BNOXeHHOro maccuea

Result Format x|

Mumber Format  Display Options IUnit Displa_l.JI Tolerancel

b atrix dizplay style If-\utomatic "I

[ Ewpand nested amays

Imaginary walue Ii 1] 'l
Radiz IDecimaI 'I

0K I OrraeHa | Crpaeka

Puc. 2.98. Aktnensauusa onuvn Expand nested arrays

IIpu axTuBmzupoBanHoi omiuu Expand nested arrays 3HadueHne MaccuBa d B pa-
Oouem nucTe OyJeT UMETh BU/I, KaK IMOKa3aHo Ha puc. 2.99.
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] #ﬁlﬁx: J2<E 37 «p * |J|Tutorials | o

9 10 MK aKTMEM3IMNOBAHHOA ONUMK
[ ] <2 Expand nested arrays maccue
1112 oToBpakaeTeA B ABHOM BHIE

Ga =1 O e

Puc. 2.99. 3HaueHne BrOXEHHOro Maccmea

JlocTyn k 3j1eMeHTaM BJOXKEHHOIO0 MacCHBa MOJYHAKOT TaK XKe, KaK U B cjyuae
OOBIYHOrO: cjefyeT yKa3aTb Ha3BaHWE BJIOJKEHHOIO MAacCHBAa M WH/JEKCHI JIEMEH-
Ta. [Ipumep npuseneH Ha puc. 2.100.

Hélrx= I% <F g:l of - JITutoriaIs j oo

I'Ionyqeuue AoCTyna K aneMeHTaM
BROMEHHOID MaccHea

5
a é do  OMEMEHTAMM BNOKEHHOMD MACCHES
127 |7 ABMAKITCA MACCHED
&
IR 10 ao HOCTYN K 3NBMEHTY MACCHEE, KOTOPEIA
! 1,3.'1 9 Cam ABNABTCA ANEMEHTOM BNOMEHHOMD

MaCccHea

Puc. 2.100. O6palleHune k arieMeHTY BNOXEHHOro maccmsa

Ecnu npocTo ykasaTh /1Ba MHAEKCA, TO B KQUECTBE 3HAUEHHs 2JIEMEHTA BJIOXKEHHO-
ro MaccMBa B paccMaTpHBaeMOM ciyyae OyAeT BO3BpAlleH MAacCUB — KaK U
JOJKHO ObITh. OHako yacTo ObiBaeT HEOOXOAUMO J100PaThLCs 10 BJIEMEHTA TOro
MaccHBa, KOTOPbIH caM SIBJISIETCSl JIEMEHTOM BJIOKEHHOro maccupa. B stom ciy-
yae Mocje yKasaHus WHIASKCOB, ONPEAE/SIOLUX 3JIEMEHT-MAcCUB, YKa3blBalOTCA
TAKXKE W UHAEKCHl BJIEMEHTA B CTPYKTYpE BbIJEJIEHHOro ajiemeHTa-maccusa. Ilo-
CJIe10BaTeIbHOCTh BBOJA KOMAHJHOIO KO/A TakKas: YKa3blBAaeTCsl Ha3BaHUE MCXO/-
HOro BJIOKEHHOI'O MaccuBa, Jlajiee NepexosiT B PeKUM BBOJ1a UHJEKCOB (Ki1aBulIa
<[>), 1 yepe3 3anATyIO BBOAAT MHAEKChI YIEMEHTA-MACcCHBA, A M0CJIE STOro yKa3bl-
BalOT UHJACKCHI 3JICMCHTA B 3TOM MAaCCHUBEC (l'lpl/l[leTCﬂ CUIC pa3 HaXaTb KjlaBully
<[>). MHaeKChbl UMEIOT pa3Hblil HepapXUUeCKUH YPOBEHb, T. €. 9TO HE YeTbIpe yKa-
3aHHBIX YEPE3 3andTyr0o MHACKCA, a UHACKCHI 14 3JIEMEHTA C UHCKCaMHU. Hpnmep
MOXKHO HalWTH B AokyMmeHTe Ha puc. 2.100. Ckobku Bo3ie Ha3BaHus dJeMeHTa-
MaccuBa 100aBJISIOTCS ABTOMATHHYECKU MPH BBOJE BTOPOH cepuu uHiekcoB. Eciu
YPOBHEU UHJCKCOB OO0JIbLIE, UEM JIBA, TPUHLIMI OOPALLEHUS K 3JIEMEHTaM 0CTAeTCS
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TAKUM Xe: CHavdala YKa3blBalOTCA MHAEKCHl DJIEMEHTa-MacCuBa, Aanee MHACKCHI
37IEMEHTA-MACCUBA BHYTPH 3TOTO MACCHBA, [OCTIE 3TOTO CHOBA MHAEKCHI DJIeMEHTA
BHYTPH 3TOTO MaccHBa U T. A. B 3TOM cilydae peub MICT O BIOKECHHOM MAaccHBe,
3NIEMEHTOM KOTOPOTO SABJISAETCS BIOKCHHBIM MaccuB. Takasd cTpykTypa ompenesne-
Ha B mpumepe Ha puc. 2.101.

?&me: J2<F 3] af JITutoriaIs | Peo

WHHuManW3aumMA BENOXEHHOT0 MACCHBa, OAHHM W3 3NIEMEHTOB
KOTOpoOro ABNAETCA BNOMEeHHLIH MacCcHB

Bro#eHHEIR MaccHe us AEYX ANeMEHTOR!

e=(c d
( j MacCWEa W BNO¥EHHOD MaccHES

9 10
g =
11 12

910 3HAYEHWE ENOXKEHHOMD
1 12 MaccHea

[ B = )

9 10 & CIAMH W2 3NEMEHTOE BNOMEHHOMD
11 12 MaCcCHES

@
—_
5]

[ -

Puc. 2.101. BnoXeHHbIA Maccus CO CIOXHOW CTPYKTYPOW

OOpareHne K 371eMEHTaM TaKOTO MACCHBA OCYLIECTBIACTCA TaK XKe, Kak U A7 00o-
Jiee MPOCTBIX CTPYKTYP, PACCMOTPEHHBIX paHee.

Onepau,vm Cc MaccnBamum

Camo coboii pasyMecTCs, YTO Ha OOBSBIICHHH MACCHBOB pa60Ta HC 3aKaH4YHUBacCTCs,
d TOJIbKO HAYMHACTCs. Hepeq)pasupyﬂ W3BCCTHOC BBIPAXKCHUC, MOJKHO CKa3aTh, UTO CCIIN
MAaCCHBEI B pa60qu AOKYMCHTC 06T>$IBJ'D]}OTC$I, 3HAYUT, AJId YCro-TO 3TO HYXKHO. ITo-
ITOMY Pa3yMHO pacCMOTPCTh TC ONEpallri, KOTOPBIC MOKHO BBITTIOJTHATE C MACCUBAMU.

B nepByro ouepeab OTMETHUM, YTO MO OTHOLUEHHUKO K BEKTOPAM M MaTpULAM MOTYT
MPUMEHATHCS Takve apruhMETHUECKUE OTIEPaLluM, KaK CIOXKEHHe, BRIUUTAHUE, Ae-
JleHue U ymMHOxeHue. [IpaBaa, eciin onepaHaaMu Ciay»aT MacCHBbI, OHH JIOJIXKHbI
YAOBJIETBOPSITh HEKOTOPHIM YCIOBHAM. Tak, IId TOro, 4ToObl MOXKHO OBLTO CII0-
JKUTb JIBA MAacCMBA, OHWU JOJOKHbl UMETh OJIMHAKOBYIO Pa3MEpPHOCTb U PasMmep.
B sTOM ciyuae MaccHBBI CKIaABIBAlOTCS TaK K€, KaK U OOBIYHBIC MMEPEMEHHBIE:
HarpuMep, 4ToObl BBIYUCIUTL CYMMY MACCUBOB A U B, B paboyeM JOKYMEHTE BBO-
AT KoMaHAy A+B. [Ipy 5TOM B pe3ynbTaTe MOTyYaeTCs MAacCUB TEX JKE pa3MepOB,
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QJICMCHTBI KOTOPOT'O paBHbBI CYMME COOTBCTCTBYIOLIUX 3JIEMCHTOB UCXOAHBIX MAC-
cuBOB. TOUHO TaK K€ BbLIUMCJISIETCS U Pa3HOCTbL MaCCUBOB. A-B. le/lLleM nocJjen-
HIOIO OII€palio MOKHO pacCMaTpUBATE Kak CYMMY MacCUBa A MU MacCUBa, IMpPOTH-
BOIIOJIO?KHOI'O K B, T. €. —B.

Korpa uncno ctonbuoB MaccuBa A paBHO YHMCIY CTPOK MaccHBa B, MOXKHO BBIUMC-

JSTh MX TMPOU3BEACHUE C MOMOLIBI OOBIUHOTO OmepaTopa YMHOXKeHUs. B pesyinb-

TaTe MOIYy4aeTCsd MAacCHB, YMCIO CTPOK KOTOPOrO PAaBHO YUCIY CTPOK IMEPBOTO

MaccHBa, a YUCJIO CTONOLOB — YHCIY CTOAOLOB BTOPOro. Tak, eciv C = A*B, TO

3MIEMEHTBI MacCHBA C BBIMHCIIOTCS 10 Gopmyne Cy = > Ay By; , a cymma 6epetcst
k

no BceM uHjaekcam k . Takum oOpa3om, onepaiius ymMHOMxeHUs maccueoB B Math-
cad COOTBETCTBYET NPABUILY YMHOKEHHS MATPULI,

IMoMumo omepaTopa yMHOKEHHS, TPH paboTe ¢ MACCHBAMH JOMYCTAM U OTMEPATOP
nenenus. [IpaBna, B TOM ciiyyae BTOPO# OmNepaHA JOMKEH OBITh YHCICHHBIM.
B pesynbTaTe Kaxkaplil 3IeMEHT MEPBOTO OTMEpPaH/Ia-MACCUBA JICTHUTCS Ha BTOPOM
onepana-yucio. K kBampatHeiM MaTpuiiaMm (MaccHB ¢ OJMHAKOBBIM KOJTHUYECTBOM
CTPOK M CTONOIOB) MpUMEHHUMa OMepalysi BO3BEJCHUA B CTeNeHb (KOMOWHAIMS
knasuii <Shift>+<6>). B kadecTBe cTeleHn MOKHO YKa3bIBaTh JIF000E 11e10e Urc-
JI0, B TOM YHCIIe U OTPHIIATENBHOE.

Mpumep 2.36. Onepauyumn ¢ mMaccuBamm

Ha puc. 2.102 npuseaen ¢dpparmeHT paboyero J0KyMEHTa, B KOTOPOM MOXXHO Hak-
TU MPUMEPDI BBIMOJHEHUS YIOMSIHYThIX OMepalyid ¢ MAaCCUBAMH.

o m»:: J2<E 31 apf # |J|Tut0rials | @G0
aneMeHTaEHble onepatjm c MaccuEamMmu

[ ]
123
&= B=|473
4 5 68
21

YMHOMeHHe MacCHBOB

a6 37 48 1
] D=|1& 23 30 (123 2|=14
6 9 13 3

20 14

C=4F D=BA (=
[56 41

YMHOXKeHHe W AeneHHe Ha Yucno
52 74 94

D =20 -14 40 28
G=— F=2C -C= F= G=|32 46 6
5 =56 41 112 32
12 18 24

CnoxeHne, BbIMUTaHHE W BO3BeJeHHE B CTENEeHb

312 444 576 1o0

014y g (15m -0659 0
D+G=|192 276 3 F-C= o= D =|01a0

6 41 2636 0914
72 108 144 ool

Puc. 2.102. SnemeHTapHble onepauyun ¢ maccupamm
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Ha stux mpocTeix omepaumsx ¢ MaccuBaMHM BO3MOKHOCTH Mathcad, pasymeercs,
He ucuepneiBaroTcs. Jlanee paccMoTpuM MpoLEeAypbl TPaHCTIOHHPOBaHHA, o0pa-
LICHUS MaTPUL, BBIYMCICHUS JETEPMUHAHTA MAaTPULbI, & TAKXKE HAXOKACHUS BEK-
TOPHBIX MPON3BEICHHA.

Mpumep 2.37. TpaHCNOHMpPOBaHME MaTpul,

Kak u3BecTHO, B mpouecce TPaHCTIOHUPOBAHUS MATPHULbI €€ CTPOKH U CTOJNOLBI
MeHsroTes MecTamu. B Mathcad TpaHcmoHMpoBaHHME BBITIOJHACTCS YKa3aHUEM
CrpaBa BBEpPXY Y MaTpHLbl CUMBOJIA TpaHCIOHMpoBaHus (OykBa 7). DTO BBIMONHS-
eTca KoMOMHarmen knaBuin <Ctrl>+<1> unu cneumanbHONH NUKTOrpaMMOi, pas-
MelleHHOM Ha manuTpe Matrix (puc. 2.103).

B nokymenre Ha puc. 2.104 npuBeaeHsl npocTbie NMpUMepbl TPaHCMOHUPOBAHHUS
MaTpuLL.

[Matri

-
E] =, =t A=
M, m" M" | Man
Fe¥ Ewd Ej

Puc. 2.103. Ncnonb3osaHne nanutpbl Matrix gns BBoga onepatopa TpaHCNOHNPOBaHUA

#ﬁlrx= J2 <E 3] af # JITutoriaIs x| o

TpaHcnoHWpoBaHWe MaTpHL

12 3
123
a8 B=|456 C=(an’
Tl7oe e a a
780
1011 12
14710 147 30 66 102 138
sl-lzs538 11 Bl=|25¢% c=|3 31 136 171
360 12 3609 42 96 150 204

Puc. 2.104. Npymepbl TpaHCMOHNPOBaHUS MaTpuLy

OueHb 4acTo B MPaKTUYECKUX 3a/1a4ax NPUXOJAWTCS MCKAThb 0OpaTHbIE MaTpULIbI.
Kak u3BecTHO, 1o onpejesieHHio 00paTHOM K JaHHOM Ha3biBaeTCs Takas MaTpuua,
KoTopasi, Oyly4l YMHOKEHHON Ha MCXO/IHYIO, B pe3yJibTare JaeT €AMHHUYHYIO MaT-
pully (y Hee BCe JUAroHalbHbIE 3JIEMEHThI PaBHbI €IMHMLE, a HEeAWAroHajlbHble —
HyJs110). OGpaTHas MaTpULia MOKET ObITh ONpeAeeHa TOJAbKO AJisl HEBbIPOXKACHHOM
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KBaJIpaTHON MaTpulbl. HeBbIpOKACHHOH, B CBOIO OYepenb, Ha3bIBACTCA MaTpULa
C HEHYJIeBBIM ollpefenuTeneM (AeTepMuHanToM ). Kak BBIUUCIACTCS TETepMUHAHT,
OyzaeT mokaszaHo Janee, a Mpekae ONpeAeIuMes ¢ BEIUUCICHHEM 0OpaTHOM MaTpu-
Lpl. DTa mpouesypa Mo CyTH CBOEH SKBUBAICHTHA BO3BEACHUIO MATPHULIBI B MUHYC
MePBYIO CTENEHb, NMOATOMY HAWTH OOpaTHYIO MAaTpULy MOKHO TEMH METOAAMH,
YTO ONMCHIBATIUCH paHee MpPHU ONMUCAHUM OMEPAaLUH BO3BCACHHUS MaTpPULbl B CTe-
neHb. OgHako Ha maauTpe Matrix ecTh crienmanbHas MUKTOTPaMMa, BOCIOJIB30-
BABLIUCH KOTOPOH MOXKHO HAUTH HY>KHYIO MaTpuLy (puc. 2.105).

[Matrix _ E
EEH R b
fin H mbmn

e B B

Puc. 2.105. Mukrorpamma BelumcneHust obpaTtHoM MaTpuubl

Mpumep 2.38. O6paLyeHne maTpuly

IIpumepbl BbiUMCIEHUS 0OpaTHBIX MATPULL MpeAcTaBeHbl Ha puc. 2.106.

?’3|¥|WI= J& <F 37 af JITutoriaIs x| o

BuiuncneHue obpaTHoi MaTpUUbl

123 100 1o
A=[321 E=|oto| El=|o1o0 B=a"!

113 0ol naol

-0625 0375 05 100 100
Pt B o -1 Ba=|010 AB=|010

ool

=
=
—_

-0125 -0125 03

Puc. 2.106. Npumepbl BbluncneHns obpaTHon MaTpumubl

B Mathcad cyiuecrsyer BO3MOMXKHOCTb BBIUUC/ISTH PsiJI BAXKHBIX XapaKTEPUCTHUK
MATPHII, CPeTd KOTOPHIX TTaBHOMN, OE3yCIOBHO, SBISETCS ACTSPMUHAHT (WU OTI-
peaenute/ib) Marpuiibl. [lJis BbINOJIHEHUS STOM onepauuy JI0CTaTOUHO 3aKJIHOUUTh
HA3BaHUE MATPUIIB, TS KOTOPOH BBIMHCIAECTCS ACTEPMHUHAHT, B MPSIMbIe CKOOKH
(komOuHaumst kinaeuil <Shift>+<\>) — kak 0pu BLIUKCIIEHUU MOJLYJISl 4KCA.
MOXHO TakKe BOCTIONB30BAThLCS CIICIMATBHON MUKTOrpaMMoii Ha manuTpe Matrix
(puc. 2.107).
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[Matrix K
B %, = I
fim M M7 omd

e B B

Puc. 2.107. NukTrorpamma BblYNCNEHUS AeTEPMUHAHTaA Ha nanuTpe Matrix

CrenyeT OTMETHUTh, YTO OETEPMHMHAHT MOKET ObITh BBIYMCIICH TOJNBKO Ui KBa-
paTHOU MaTpHLIBL.

Mpumep 2.39. Onpepenutens maTpulbl

IIpuMepsl BEIYUCICHUS JeTEPMUHAHTA MPEACTaBICHBI B JOKYMeHTe Ha puc. 2.108.

A+ mx= JE <F 3] af “Tutorials j &G0

Buhiuucnenwe netepmMuHaHTa

123 100
Ai=321 E=[010 B=al Cce=a! D-a’
113 0ol
|a] = -2 |A|-|A_1|=1 |A3|=—512 ﬂ=1
7|
|E| =1 ] = -0.125 |z = 64
Bl - o] - - ol fe| - -2

Puc. 2.108. Npumepsbl BblMUCNEHNA AETEPMUHAHTA

Kak MOXHO 3aMeTHTh, ICTCPMHUHAHT CAMHUYHON MATPULIBI paBeH eaunuiie. Kpome
TOro, nNpu TPaHCNOHUPOBAHUN MaTpUllbl ACTEPMUHAHT HC MCHACTCA, a NC€TCPMHU-
HAaHT OOpATHOM MAaTPHLBI PABEH SOMHHLE, ACICHHONW HA ACTCPMHHAHT MCXOTHOM
MaTpulibl. DTO CBOHCTBO — ciieJcTBHEe Oosiee obLlero npasufia, corjacHo KOTO-

pOMY ACTCPMHUHAHT MPOU3BCACHNUA HCCKOJIBKUX MAaTpULl paBCEH MPOU3BEACHUIO HUX
ACTCPMHUHAHTOB.

PaHee paccka3blBaoch O TOM, KaK MOKHO BBIYMCIIUTb MTPOU3BEACHUE JIBYX WJIM
Oosiee MaTpuL W, B 4aCTHOCTH, JBYX BEKTOPOB. Peub 1ifa o Tak Ha3biBaeMOM CKa-
JIIPHOM TMPOHW3BE/ICHHMH BEKTOPOB. Pe3yabTaT onepauun ectb ckanap (UMcio), pas-
HbIA MPOU3BEACHMIO MOAYJIeH BEKTOPOB HAa KOCHMHYC yria mexay Humu. Kpome
CKaJIIPHOro, 4acTo BCTpeuaeTcs BEKTOpPHOE npoussejieHue. ITo GuHapHas onepa-
Lus, ONepaHAamMu B KOTOPOUH BbICTYIAIOT BEKTOPbI, a Pe3yJbTaT — TOXKE BEKTOP.
HanpasiieH OH nepneHamMKyJspHO IJOCKOCTH, B KOTOPOH pa3MeELLEHbl BEKTOPbI-
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OTepaHbl, U3 IBYX BO3MOXKHBIX HalpaBieHUN BEIOUpaeTcs TO, YTO COOTBETCTBYET
MpaBUTy mpaBoro OypaBuuka (MpH BpalleHHH OypaBuMKa OT IEPBOrO BEKTOpa KO
BTOpOMY OypaBUMK OOJDKEH IOBUraThCsA B HAIIPAaBICHUM BEKTOpa-pe3ysibTara ore-
pauuu), a MOIyJib BEKTOpa-pe3ybTaTa PaBeH NMPOU3BEACHUIO MOIYJICH BEKTOPOB-
OTepaHAOB Ha CUHYC yTIiia MEKAY HUMHU.

BekropHoe npousseaerue B Mathcad MOKHO BBIYMCIUTH C NOMOLUBIO CHELUATb-
HOro onepaTopa, KOTOpbIii BBOAUTCS HaXkaTHEM KOMOUHALMK kiaBuil <Ctrl>+<8>
WJIM NOCPE/ICTBOM MUKTOrpamMmbl Ha najaurpe Matrix (puc. 2.109).

[Matrix
EH REca |
M, m" M Man

gt Esipl S

Puc. 2.109. lNukTorpamma Bbl4NCIIEHUS BEKTOPHOTO NPOM3BEAEHNS
Ha nanutpe Matrix

HpI/IMeHSITLCSI onepanus BBIYUCICHHUA BEKTOPHOT'O IPOU3BCACHHUA MOKET, KaK YiKC
OTMCYAJIOCh, TOJIBKO K BEKTOPAM, IIPUYUCEM 3TO JOJIPKHbBI OBITH BeKTOpBI-CTOJ'I6LIBI n3
TPEX 3JICMCHTOB.

Mpumep 2.40. BekTopHOe npoussepeHue

B nmoxymente Ha puc. 2.110 MOXHO HaWTH OpHUMEPbl BBIYUCICHHSI BEKTOPHBIX
MPON3BEACHHN.

;d,ui m::: J2<E 3] ap = “Tutorials | Peo

BekropHoe nponiBeneHue

1 3
A=|2 B=|2 C=AxEB A WMHumManmzauma BeKToOpos
3 1

PezyneTaT BEKTOpHOMO
NPOMSBELEHHA

A-B=10 AC=0

CranAapHoe

AT-B - 10 NPOHIBEOEHHWE

OpTDI’DHaJ’IbHDCTb

BEC=0 BEKTOROE

Puc. 2.110. BeluncneHne BEKTOPHOro NpOM3BEeAEHNA
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B ToM, 4TO BEKTOP, MOMyHYarOLIUICA B pe3yJIbTaTe BEKTOPHOTO NPOU3BEACHAS ABYX
JAPYruX BEKTOPOB, NEPEHAUKYISIPeH UM 000UM, YOEAUThCS JOCTATOUHO MPOCTO —
clleyeT BBIUUCIUTH CKAISIPHOE MPOU3BEICHHUE PE3YJIBTUPYIOLIErO BEKTOPA Ha Ka-
JKJbIA M3 UCXOAHBIX. [l OPTOrOHA/IbHBIX BEKTOPOB TaKOE MPOM3BEICHUE, KaK
U3BECTHO, PABHO HYJIIO.

B Mathcad na manurpe Matrix ecTh MUKTOTpaMMa, TTO3BOJIAIONIAS BRBECTH B pabo-
YU JOKYMEHT ONEepaTop BbIYMCIEHHSI CyMMbl 2JieMeHTOB BekTopa (puc. 2.111).

OTOT 3Ke OlepaTop MOXKHO BBECTHM NpPH TNOMOLIM KOMOWHALIMK  KJIABHWLI
<Ctrl>+<4>.

[Matri
[ %, " I

=

M, m" M m.n
R

Puc. 2.111. NukTorpamma BCTaBky oneparopa BbIYUCIEHNS CYMMbl 3NIEMEHTOB BEKTOPA
Ha nanutpe Matrix

Mpumep 2.41. Cymma aneMeHTOB

ITpuMepsl HCMONB30BAHUS OMNEpaTOpa NPEACTABICHBI HA puc. 2.112.

A+ mx= JE <F 3] af “Tutorials j &G0

BulMWcneHHe CyMMbl 3INeMEHTOR

3
A=(1234% E=|2 C=(54321)
1
Na=15 NEB=6 NaA+ =30
e s !

Puc. 2.112. Npymepbl BbIMUCNIEHNA CYMMbI 3fIEMEHTOB BEKTOPOB

C npaKTH4ecKOH TOUYKH 3PEHUs BbIYMCIEHHE CyMMbl 3JIEMEHTOB BEKTOpa — J0C-
TaTOYHO 3K30THYECKas OINepauns, MOCKOIBKY, ¢ OOHOU CTOPOHEL, 3TO ONEepanus
yHapHasi, U, KpOM€ TOro, B pe3yJibTaTe €€ BbINOJIHEHHUS BEKTOPY B COOTBETCTBHE
craButcs ckasp. [lo 3TuM mpuuvHaM gaTh NPOCTYIO (U3HUECKYIO HMHTEPIIpETa-
LIMIO IaHHOM omnepalky JIOCTaTOuHO CloxkHO. Ha npakTuke Takas onepauns uMmeer,
KaK TpaBUJIO, HECKOIBKO MOAW(ULMPOBaHHbIM Bu. B kauecTBe mpumepa MOXKHO
MPUBECTH MPOLEAYPY BbIMOJHEHHS NMapajljie/IbHbIX PACUETOB MM MPU OMpeAeeHUH
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HOPMBI BekTopa (0OBIMHO 3TO KOPeHb KBAJPATHBINA U3 CYMMBI KBa/IPaTOR 3JIEMEHTOB,
HO MOKeT ObIThb MU CyMMa MojyJiel 3jeMeHToB). B 00oM ciiyuae npumeHeHue
MPOLIEAYPHl TECHO CBA3AHO C JPYTOW, AOCTATOYHO BAKHOH W IOJIE3HOHN Nporery-
poii — a UIMEHHO NPOLELYPOI BEKTOPU3ALMH.

Ecnin kpaTko onucbiBaTh CyTh MOCIEAHEH, TO CUTYalUs BbITJISAWT CHEeAYOLUM
o0pa3oM: MacCHB yKa3biBaeTCsl B KaUeCTBE apryMeHTa HEKOTOPOH (DYyHKLMH,
KOTOpas onpejesieHa JUsl cKajlsipHblx apryMmeHToB. [lpuMenss npouenypy Bek-
TOPU3aLIMH, MOKHO BBIYMCIUTDL 3HAUEHUE DYHKLMH AJ1 KKA0I0 U3 2JIEMEHTOB
YIOMSIHYTOrO MacCHBa. DTO HUCK/IOUUTEIbHO Y00HbBIHA croco0 BbIMOAHEHUS Na-
pajiesbHbIX PacyeToB, KOrja OJAHU M T€ K€ BbIYMCIEHHS MPOJIe/bIBAIOTCS
C pa3HbIMH BXOAHBIMH 3HAUEHUsIMH. BMecTo TOro 4Tobbl Kax/blii pa3 BBOJUTh
OJIHY U Ty e (YHKLHUIO C Pa3HbIMU apryMeHTaMu, DT apryMeHTbl MOXHO 3a-
nucaTh B BMAE DJIEMEHTOB HEKOTOPOro Maccupa, MOTOM yKa3aTh 3TOT MAacCHB
B KadecTBe aprymeHTa (DYHKUMM W BBINOJHUTbL MPOLEAYPY BEKTOPU3ALIMH.
B pesyabrare OyaeT nojyuyeH MaccuB TeX e pa3MepoB, YTO U yKazaHHbIH ap-
I'YMEHTOM, & ero DJIEMEHTbl ONPeAesIOT Pe3yJbTaT BhIYUCIASHUS BYHKLUHU 115
apryMeHra, CTOSILLEero B UCXOJHOM MacCHBE Ha COOTBETCTBYyMOLLeM MecTe. [lis
BBINOJHEHUsI BEKTOpU3allMK Ha nanuTpe Matrix nmeercsd cneuuanbHas NUKTO-
rpamma (puc. 2.113).

[Matri

1
E] =, =t A=
i, m" M Man
ﬁ-I\-g’xﬁ 00

Puc. 2.113. lNukTorpamma BekTOpM3aunmn
Ha nanutpe Matrix

VYno6Ha Ttakke komOuHauus knaBu <Ctrl>+<—>. [Ipu 3TOM HY>KHO CJIEIHTb,
yTOoObl MEpeA BEKTOopU3alMell JUHUSIMU PpEeJaKTHUPOBAHUs ObUIO BBIAEICHO
HMEHHO TO BBIPa)KEHHE, M0 OTHOLICHHUIO K KOTOPOMY BEKTOpHU3aLUs MPUMEHS-
eTcs. B mpoTUBHOM ciyuae pe3yibTaT MOXKET ObITh, MO MeHbLICH Mepe, oOec-
KYPaKMBAIOLLIUM.

Mpumep 2.42. NMpouenypa BekTopusayum
Ha puc. 2.114 npeacrapiaeHbl MpUMepbl BEKTOPHU3ALIUK PAa3IMUHbIX ONepaLuii.

Ilocne NPpUMCHCHHUA MPOLCAYPBI BEKTOPU3ALUU HAA COOTBCTCTBYIOLIUM BbIpa’Ke-
HHUCM TOABJIACTCA CUMBOJI BEKTOpA. Ilo HEMY, KCTaTU, MOXHO BIOCJICACTBUU OII-
peAcInTh, K KaKOM 4acTH KOMaH bl ObLTa MNpUMCHCHA BCKTOpU3aLUA.
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A#F,\m [2<F 51 ap HlTutDr\aIs | @ |

I'Ipngegypa BEKTOpHIaUHH

M HULNSINASINR MECCUEDS

2 (1 : BJ 1=:=E-(E ’ 4] Bi=(l -23 -4 35 Ci=(123 D=(321

RCAVEN PREE N

fpumepr! sekmopuzaLy onepauwil

PesyNbTATOM OnepaLt
APrYMEHTOM CHHYCE ABNAETCA

T maTpuua. B pesyneTate BBIMMCIARTCA 6 10 12 ABNABTCA MATRHLA, 3NEMEHTE!
sinl) = [U 266 0966 1 ] bl MaTEM:a. anzmeywb\ KOTOROM pagHE! (&4F) = 210 6 & kaTOpoR noyuaeTCA
CHHYCAM 3NEMEHTOR UCXOAHAN YMHOAKEHHEM COOTEETCTE YHILL WX
MaTpHLEl 3NEMEHTOR MCXOBHLIX MATRHL
Cymma anemeHToE e . — HapeHe KBafpaTHLIA
S'BE-3 < sexops. Berropuzauns Z [B] =15 o Cymma monyned TBz Calg S Y@ CYMME kBaApaTos
= HE MPHMEHANAC D 3NBMEHTOE BEKTORA s ANEMEHTOE BEKTOPE

(monyne BeKTOpE)

T.T CranapHoe

AEMAETCA BEKTOP-CTPOKE,
| PR T NpOHEBELEHHE BEKTOPOE PP BEKTOR-CTONGEL, 3NEMEHTLI

3NeMEHTEl KOTOpOra
KOTOROro pAagHEl NPOMIEEAEHHE
paBHLI NPOM3BRARHWID
COOTEETCTEYHILLHWK INEMEHTOE
COOTEETCTEYHILLIMX
PES}I’ﬂbTBTDM OnNepauyu WCHOAHEIX BEKTOPOE
3NEMEHTOE HCXOAHEIX

=
& (237 48R3 2301 ABNARTEA MATRALE, BekTapOE
F' = < 3nemeHTE KOTOROA paEHe!

R PlesyneTatom anspaum — |1 PeayneTaTom onepauui AENARTCA
(D =(3 4 3 @ =4 ®
3

—
HET LS BARS sqeerau warpnip £ = A
BOZBEAEHHEIM B CTENEHE, FA (DD4g 0042 0128 & puua, pom p
- SNEMEHTAM MATIHUE A, BOZEBLEHHEIM
ONPEABNABKYH 1309 4725 40.72

B CTENEHE, ONPEAENABMYH
3NEMEHTAMH MaTaHLE F,
BO3BE/|EHHEIMMW B CTEMEHD,
ONPEABNABMYHD, B CBOH OMEpedb,
INSMEHTAMN MATRHLE A

3NEMEHTAMM MATPULE A

Puc. 2.114. Npumepbl BbINONHEHUS BEKTOPU3ALNN

MNpeobpasoBaHne MaccuBOB

Jaxe ecian MacCHB COCTOUT W3 OJHOTHIIHBIX 3JIEMEHTOB C MPOCTOH CTPYKTYPOH,
Ha MPAKTHUKE 4acTO OBIBACT HEAOCTATOYHO MOIYUHUTH AOCTYH K TOMY MM MHOMY
AJIEMEHTY MacCcHBa, NPUXOANUTCS obpallaTbes K LelbIM ero hparMeHTam: cTpoKam,
cronbuaM uiu nmoaMaTtpuiaM. Bee 3To MoxkHO ¢ yemexom aenars B Mathcad. [la-
JIe€ KPaTKO ONUCBIBAKOTCSI COOTBETCTBYIOLLIUE METO/BbI.

Mpumep 2.43. BoigeneHne cTpok u cton6uos

YT00bl BbIACIUTbL U3 MAcCHBa (MaTPULIbl) CTONIOEL, CYIIECTBYET CrieUUabHbIA one-
parop, i KoToporo Ha manutpe Matrix BbizeneHa makTorpamma (puc. 2.115).

M, m" M Man

Fet Ewd R

Puc. 2.115. NukTorpamma onepartopa BblaeneHms
cton6ua maTpuubl
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To xe camoe MoOkeT OBITH CHETAHO C MOMOIIBK KOMOMHALMK KJIaBUII
<Ctrl>+<6>. B pesynpTaTe y Ha3BaHUS MaTpULBI, CTOAOEL KOTOPOH M3BIEeKaeTcs,
MOSIBIISIETCSA CTPYKTYPHBIM 3allOJHUTENb AJ1s BBOAA BEpXHEro MHAekca. Brogumoe
TyJla YUCJIO SBISETCA MHACKCOM CTON0LA MacCHBa, K KOTOPOMY IO/KEH OBITh MO-
nydeH goctyi. [IpuMep npuseaeH Ha puc. 2.116.

= m;:: J2 <E 3] af JITutoriaIs = e

ObpameHue K cTpokam M cTonbuam MaccuBa

123
A= [ ] P MHMUMANMEALMA MACCHBa
4 56

w1 iy (2 {m (3 OBpaleHie K
A =[4] A =(5] A =[6] @ cTonByaM MaccHea

o |1 Codn (8

[.T) [T & QBpawere kK CTPOKAM MACCHER.
WA z 4 ? PezyneTat - BekTop-cTonfey

3 1]
G CoanT OBpalleHde K CTROKAM
Wl —azn (&) -ase & maccusa. Peayerar -

EEKTOP-CTROKA

Puc. 2.116. Mpumepsl o6paLyeHust k cTpokam u ctonbuam maccusa

B ToM criyuae, ecny HY)KHO W3BJeUb CTPOKY MACCHUBA, MOCTYMAIOT CIEIYIOIUM
o0pa3oM: cHauajsia MacCUB TPAHCIOHUPYIOT, NOC/E Yero odpalalTes K cTodily
3TOTO TPAHCTIOHWPOBAHHOTO MACCHBA (KOTOPBIA COBMAMAET CO CTPOKOM UCXOMHO-
ro). OiHaKo B 3TOM Cilyuyae pe3yJibTar Oy/eT BeKTOPOM-CTo0LOM. Eciu HyKHO
MONYYHUTh BEKTOP-CTPOKY, TO Pe3ybTAT U3BJICUCHHUS CTONONA TPAHCTIOHUPOBAHHO-
ro BEKTOpa Takxe TpaHcnoHupyercs (cM. puc. 2.116).

Huorpa B npouecce padoThl BO3HUKAET HEOOXOAUMOCTb U3MEHUThL Pa3Mepbl Mac-
cuBa. Ecnm A 5Toro Kk oHOMY MAaccHBY clelyeT MPHCOCTUHHTEL IPyroi (Bos-
MOXXHbI HECKOJIbKO CHOCO6OB TAKOro O6’be)1]4HeHHf[) — ﬂpl/lMeHﬂ}OT CrieyuaJibHbIC
(YHKIMH, KOTOpbIE, CpelH TPOUYHX, OTMHUCHIBAIOTCS B CIEAYIONIEM TOApasfese.
3/1eCb OCTAHOBUMCSI Ha BOMNPOCAX, CBA3AHHBIX C J00ABJICHUEM WK YAAJICHHUEM
CTPOK U CTOIOIIOB MACCHBA.

[Mepen mobGarneHMeM CTPOK W (WIIK) CTOJNOLOB B MacCHB (MaTpPUILy), CICIYEeT BbI-
AeauTb sneMeHT. CTpoku OyayT 100aBsSTbCA Cpa3y MOA CTPOKOH C ITUM I/1eMEH-
TOM, a CTOJOLBI AOOABIAIOTCS CTpaBa OT CTONOLA C BBINCICHHBIM 3JICMEHTOM.
Ha puc. 2.117 BbieneH dneMeHT, CTOSLIMIA Ha MepecedeHuH NMepBOi CTPOKHU U
BTOPOTO CTONOLA.
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Insert Matrix X

e =
f*"mx- I2 <2 30 ap & e [

1 g| 3 Columns: |2— Insert
A=|d4 5 6 Delete

789 S~ |

Puc. 2.117. Mepep BCTaBKOM CTPOK (CTONGLOB) Puc. 2.118. BctaBnsieTca ogHa CTpoka
crnepyeT BblAENUTb 3NIEMEHT v gBa cronbua

Ilocnie Toro Kak aaeMeHT BbljelieH, BbiOupaloT koManay Insert | Matrix {(MoxHO
BOCMOJIb30BATLCS MUKTOrpaMmoii Ha nanutpe Matrix). B oTkpsiBliemcs aguanoro-
BoM okHe Insert Matrix B nose Rows yka3biBaeTcs 4MC/IO BCTaB/IIE€MbIX CTPOK,
a B noje Columns — cronbuos. [locine 3toro creayer LENKHYTbL HA KHOIKE
Insert (puc. 2.118).

B pesynpTate nexonHas MaTpulla MEHSETC B pasmepax. B actHocTH, Ha puc. 2.119
B MaTpHLly Jo0aBjieHa OJlHA CTPOKA U ABa CTOAOLA.

yllaJ’lﬂ}OTCﬂ CTPOKHU H CTOﬂ6ubl MPaKTHYCCKHU TaK KeE. Pasl-mua COCTOUT JIMLIDb
B TOM, YTO B JiajoroBoM okHe Insert Matrix cienyeT wIeAKHYTh HE Ha KHOMKE
Insert, a Ha kHonke Delete. Ha puc. 2.120 B none Rows ykazaHo 3Hauenue 0,
a B nosic Columns — 1.

Insert Matrin
A 2= [ <E 31 ap & o [

Ldaas Colurnins: |1 Inzert

[ T T B |
45 0
78 449 Cancel

Delete

Wil

Puc. 2.119. PesynbTaT BCTaBKM CTPOK U Puc. 2.120. YpganeHue cTpok n ctonbuos
cTon6uos

DTO COOTBETCTBYET yJaJN€HUIO OJHOr0 cTosbLa (TOro, B KOTOPOM HAXOAUTCS Bbl-
JEJICHHBIM mepel HavaloM MpoLenypbl yoaleHus sneMeHT). Pesynprar ynanenus
MOYKHO BHAETh Ha puc. 2.121.

Hano orMeTuth, 4TO, Kak W B cilydae J00aBiieHHUs CTPOK U CTOJOLOB, NpeaBapH-
TENBHO OBLT BHIZIGNICH 3JIEMEHT B TIEPBOM CTPOKE U BTOpPOM cTonore (cM. puc. 2.117).
IToaToMy, Kak HECJIOKHO YOenuThes U3 cpaBHeHUs puc. 2.117 u 2.121, B ucxoaHoii
MaTpule yaaleH UMCHHO BTOPOH cTOI0eLL.
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Puc. 2.121. PesynbTaT yaaneHus cronbua

®dyHKUMKU ana paboTbl C MaccuBamum

Ouenb yacTto BCTpoeHHble ¢GyHkuuu Mathcad, npeaHasHaueHHble, N0 CyTH, Jisl
paboThl ¢ YHMCICHHBIMUA apryMEHTaMH, KOPPEKTHO 00pabaThiBalOT W apryMEHTHI-
MmaccuBbl. B kpalinem ciydae, MOXKHO BOCMOJIL30BATLCS MPOLEYPOH BEKTOpU3a-
ui. HecmoTps Ha Bee 3710, B Mathcad ecth ¢dyHKIMH, peIHAZHAYCHHBIC IS Pa-
00Tbl UMEHHO ¢ MaccuBamu, Jlanee naercs ux kparkuii 0030p.

Mpumep 2.44. ®yHkuua matrix()

Ecnu snemeHTbl MaTpyLbl ONMPeenstoTCs Yepe3 WHIEKCHL, T. €. MOT'YT ObITh Ipen-
CTaBJieHbl B BUJE QYHKUMH OT UHAECKCOB, TO JJISl CO3/aHUSI MATPHLIbI MOYKHO BOC-
MOJB30BaThCH (PYHKUMEH matrix (). DYyHKUKMA UMEET TPU apryMeHTa: cHavaja
yKa3bIBaETCs YUCIIO CTPOK M CTOJIOLIOB CO3/1aBaeMON MaTpULibl, NOclie Yero Ha3pa-
HUE (YHKLUUU OT ABYX apryMEHTOB, COTJIACHO KOTOPOH BBIYMCIAIOTCS 3IEMEHTHI
marpuubl. Hanpumep, koMaHA0H matrix (N, M, F) CO3/Ia€TCAd MaTpULIa U3 N CTPOK U M
CTONOLIOB, a €€ 3JIEMEHTBI BBIYUCIISIFOTCS 10 hopMye F (i, 3), TOe i M1 j — HHACKCHI

E mx= J2<Z F1 af JITutDriaIs | pen

HcnonbzoBanue (hyHKUMKN matri]
BNA CO30aHUA MaTpHUbI

Fla, v =, x2 + yz G Mruguanusagun s
A = matrig3,4,F) P Cozdanue MarmpULs!

o 1 2 3
A=|1 1414 2236 3162 © Tposepka sHaverysA

2 2236 2818 3606

Puc. 2.122. Ncnonb3osaHne pyHkuMn matrix () ANa CO34aHns maTpuubl
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aneMeHTa (O yMOMYaHur i=0,1,2,.,N-1 u 3=0,1,2,.,M-1). YKa3biBaeTcs
TOJIbKO HazBaHWe (DYHKLMM-apryMeHTa F, ee apryMeHTbl He nepeuucisitorcs. [lpu
3TOM MpeIBapUTeNbHO AaHHas (PyHKLMS AOKHA OBITH ONpeneicHa Kak QyHKLUS
JBYX aprymMeHToB. B nokymeHnTe Ha puc. 2.122 npuBeaeH npumep co3jiaHus mar-
PHLIBL ¢ TOMOLIBIO (PYHKIMU matrix ().

Npumep 2.45. ®yHkuun stack() n augment()

OueHb YacTO HOBas MaTpHIla CO3AAETCS MyTeM OOBEIUHEHHUS YXKE CYIIECTBYIO-
IKMX MaTpull pa3HblX pazmepoB. OObIYHO B TakuX ciiyyasx yAoOHbl QYHKUMH
stack() M augment (). ApryMeHTaMH (DYHKIWH YKa3bIBAIOTCS OOBEAMHACMBIC
matpuibl. DyHkuuei stack () Marpulpl MocieaoBaTe/bHO A00aBASIOTCs OJlHA
K JApyro# cHU3y, a QyHKOUEH augment () MaTPHIBI OOBEANHSAIOTCS CIICBAa HATIPABO.
YT106bl MATPULLI MOKHO ObIJIO YKa3bIBaTh apryMeHTaMu pyHKUMHU stack (), OHH
JOJKHBI IMETh OAWHAKOBOE YHMCIIO CTONONOB. I GYHKIMH augment () MaTPHLIBI-
apryMeHTbl JIOJOKHbI MMETh OJIMHAKOBOE YMCJIO0 CTpoK. KosmuecTBo aprymeHToOB
B 00enx (DYHKIUAX MPOU3BONBHO. [IpuMephl mpencTaBieHBl B TOKYMEHTE Ha
puc. 2.123.

ﬁinzlﬁx= J2 <F 3] af JITutoriaIs x| o

UcnonbzoBaHue dhyHKUMA
stack(] m augment(]

HHULMAM33UUR MEFRoUL

123 0e
A=14 56 B=¢03 02 01) C=|028
TED 07

Hpumentl NenoRL 306800 HELIL

1 2 3
12309

4 5 6
stack(s B = 7 8 o augtmett( A, S =4 5 6 08
TEOOT

030201
1 4 7 1 2 3
N N N |7 508 4 5 @

stack! augmern L, stac . I o=

gment(4,C) , stack(A E) 6 o 7 8 o

09 08 0F 03 02 01

Puc. 2.123. Npymepbl ncnonb3oBaHns PyHKUUA stack () n augment ()
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Mpumep 2.46. ®yHKuua submatrix()

[IpakTrvecku BaxHas 3aJauya — M3BJICUCHUE MOAMATPULBI U3 HEKOTOPOW 3aiaH-
HOW Marpuibl. B sToM cimydae mpuberaroT K mOMOLIM (YHKLUMM submatrix ().
VY Hee naTh aprymeHToB. [lepBbIM yKasbIBaeTCS MCXOOHAs MAaTpULA, U3 KOTOPOM
M3BJEKaeTcs moaMarpuua. /IBa clieAyrolMX apryMeHTa — 3TO HavajbHas U KO-
HEYHas CTPOKHM W3BJIEKAEMOM NoAMATpULbl U3 0a30BOM MaTpHLIbL, YKa3aHHOH Mep-
BbIM apryMEHTOM (JYHKLHHM submatrix (). [IBa mociaeanux aprymenTa QyHKIMu —
cTONOLB! (HaYa bHBIA M KOHEUHBIN) M3BIcKaeMOi moaMaTpuibl. [IpuMep BbI3oBa
(DYHKIMH submatrix () MOXXHO BHAETh Ha puc. 2.124.

fl‘luimam J2 <E 3] af JITutoriaIs = e

HcnonbzoBanue pyHkummn submatiy]

11 12 13 14 15
21 32 23 24 25
A= 31 32 33 34 35 i HRULUaR0aaUULR MampuyL!
41 42 43 44 45
51 51 53 54 55

B = submatrin’ 4 ,2,4,1.5) A Mzanevenue nodmampuus
32 33 34

B=|d42 43 44 A [Tpoeepra 3HAYERLA
32 533 54

Puc. 2.124. Npumep n3snedyeHnsa nogmarpuupbl

Momumo storo, B Mathcad ecThb psa QyHKIMIA 1is CO3TaHUS MATPHIL CTICIAAN-
HbIX THIOB. COOTBETCTBYIOIHE (GYHKIUH (BMECTEe ¢ apryMEHTaMH) MPHUBEACHBI
B Tabm. 2.11.

Tabnuuya 2.11. @yHKkyuU co30aHus Mampuu crneyuanbHo20 muna

DYHKLMUN U UX apryMeHTbI OnucaHue

diag(v) dyHKuMel co3gaeTcs guaroHanbHas matpvua, ana-
roHanbHble aneMeHTbl KOTOPOV ONpPeaensaTCs BeK-
TOPOM v

geninv (A) DdyHKUMEN BO3BpaLLLaeTCs NEBOCTOPOHHSASA obpaT-

Has MaTtpuua K 4enCTBUTENbHON MaTpuue A. Yucno
CTPOK MaTpuubl A AOMMKHO OblTb HE MEeHbLUe Yncna
ee cTonbuoB
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Tabnuuya 2.11 (okoH4YaHue)

DYHKLUUM M UX apryMeHTbI

OnucaHue

identity(n)

rref (A)

®PyHKUMEN B KauecTBe pesynbTarta Bo3BpallaeTcs
eAVHNYHas MaTpuua paHra n

B kayecTBe pesynbTaTa hyHKUMEN BO3BpaLLaeTca
MaTpuua, nonyyawwascs n3 4eNCTBUTENbLHON MaT-
puubl A nocregoBaTeribHbIM BblYUTAHMEM CTPOK

Hekortopbie ¢yHkuuu B Mathcad npenHazHauenbl Ui onpejesieHus pa3MepoB
MacCHBOB U CBsI3aHHBIX C HUMM XapakTepucTuk. B tabn. 2.12 nepeuuciieHsl 3ty
(YHKLMHM ¥ JaHO MX KPaTKOE OMUCaHWe: KaK U ¢ KAKHUMU apryMEeHTaMHu UX ClieayeT
BbI3bIBATh M KaKasd XapaKTepHCTHKA MAaCCHBA BO3BPALLLAETCS B KAUECTBE pe3yJibTaTa.

Tabnuua 2.12. QyHkyuu onpedesieHuss pa3Mepos Maccusos

DYHKUUM M UX apryMeHTbI

OnucaHue

cols (A)
last (v)
length (v)

rows (A)

Bosepaluaet uicno cronbuos mMaTpuubl A
BosBpaluaeT nHAekc NocrnegHero anemMeHTa Bektopa v
BosBpaluaeT 4ncno aneMeHToB BEKTOpa v
BosBpaluaet uncno cTpok marpuusl A

BaxapiMu XAPaKTCPUCTUKAMHU MAaTpHULl ABJIAOTCA TaKHUC, KAK CJICA (CYMMa Auaro-
HaJIbBHBIX BHGMGHTOB), COOCTBEHHBIE qucJia, COOCTBEHHBIE BCKTOPBI U T. II. Yactb
(bYHKHHﬁ, MOJIC3HBIX TIPpW BBIYHUCIICHHHU TaKUX XAapaKTCPHUCTHUK, MOXKHO HaWlTH

B tabu. 2.13.

Tabnuua 2.13. @yHKUUU 8bI4UCIIEHUST OCHOBHbIX Xapakmepucmuk Mampuu

DYHKLUUM M UX apryMeHTbI

OnucaHue

rank (A)

tr (M)

eigenvals (M)

eigenvecs (M)

eigenvec (M, z)

BosBpaluaet paHr matpuupl 2

BosBpaluaeT cymmy AmnaroHarnbHbIX 3NEMEHTOB (Cnea)
KBagpaTHOW MaTpuLibl M

Bbucnsiet cobCTBEHHbIE Yncna KBa,D,paTHOVI MaTpuubl
M. Pe3yanaT npeacraBndaeTca B BUAe BEKTopa

BblMmcnseT HOpMUPOBAHHbIE HA €AUHULY COOCTBEH-
Hble BEKTOpbl kBagpaTHOW MaTpuupl M. PesynbTaT BO3-
BpawaeTcs B Buae mMatpuubl. CobCcTBEHHbIE BEKTOPHI
opmMupytoT cTonbukn aton matpuubl. CooTBETCTBME
Mexay CcOBCTBEHHbIMU BEKTOpPaMuM W COBCTBEHHbIMM
yncnamy yCTaHaBnvMBaeTCs No CTpoKam

Pesynbtat Bbi3oBa (hyHKUMM — COOCTBEHHbBIN BEKTOP
KBagpaTHON MaTpuubl M, COOTBETCTBYIOLMI COBCTBEH-
HOMY YnCny z 3TON MaTpuLbl
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Mpumep 2.47. XapakTepucTnkun matpuy,

[Ipumepbl BBI30Ba HEKOTOPBIX U3 MEPEUUCICHHBIX (PYHKLHUHI MpeacTaBieHbl B JO-
KyMEHTE Ha puc. 2.125.

#ﬁlrx= J2 <E 3] af # JITutoriaIs x| o

Bei4McneHne xapakTepHCcTHK MaTpHLbI
1110
A=1031 A HRULUERL33ULR MampLLL)
oos
rankf &) =3 P Pawz mampuusl  t(a) =9 P CRed mampuus!
1
eigenvals{&) = | 3 P CofCHIBEHALIE 3HAYEHIR
5

1 0447 0111
eigenvecs(A) = | 0 0,894 0444 T Cobcmaekubie aekmops!
o o 0zs9

o1 Cobcmesrnilil segmop,
eigenvects, ) = | 0444 | P coomeemcmeyiowull colcmesnHomy
0ge0 Madenuo 5

Puc. 2.125. Npymepbl BblMMCNEHNA OCHOBHBIX XapaKTepUCTUK MaTpuLy

Besycnosno, Ha 3ToM (pyrkumnu Mathcad nis paboTbl ¢ MaccUBaMU HE HUCUCPITBI-
BalOTCS — WX CYLIECTBEHHO Oonplie. OHU OyAyT OMMCHIBATHCS B MOCIEAYIOIINUX
[71aBaX KHUTH MO Mepe HEOOXOAUMOCTH. DTO K€ OTHOCUTCA U K IpUMepaM BbI30Ba
TeX (PYHKUUH, YTO pacCMaTpUBAIKUCH B JAHHOM MOApasiee.

PelweHne ypaBHEHUN U CUCTEM

B nanHom pazaene kpaTko paccMaTpuBatoTcs GYHKLUHH U METOAbI, KOTOPbIE MOTYT
vcnoibzoBarbesi B Mathcad i unciieHHOro pelleHust anredpanueckux ypasHe-
HUil U cuctem. Cpa3sy cliegyeT OTMETHTh, UTO Jajlee B KHUI€ COOTBETCTBYIOLIME
npuemsl eie OyayT 00CYKIATbes: B YACTHOCTH, B IJ1aBe, MOCBSIIEHHON YMCieH-
HbIM METOJaM W NpH OOCYKIEHUM CUMBOJILHBIX BLIYMCIEHMWI. 3aech ke MpUBO-
JSITCS ANIEMEHTAPHBIE CBEACHUS N0 JAHHOMY BOIPOCY U TOJILKO B TOH 4acTH, YTO
KacaeTcsi moucka NpubJIHMIKEHHOrO YUCIEHHOrO PELLSHHUS.

Jns pewienus ypaBHeHUH npenHazHaueHa QpyHKUMA root (). IlepBbIM aprymeHTOM
yKasbiBaeTcs (pyHKIMOHANbHAS 3aBUCUMOCTb, KOTOpas JIoJkHa obpaulatbes B HyJb,
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a BTOPBIM — IIEpEMEHHAs], OTHOCUTEIIFHO KOTOpPOH pemlaeTcs ypapHeHHe. Hanpumenp,
BbI30B KOMaHAbl root (f (x),x) MPUBEAET K PELUEHUIO YPAaBHEHUS f (x)=0 OTHOCH-
TENBHO MEePEMEHHON x. FIHOTAAa KOpEHb ypaBHEHHS CAEAyeT UCKaTh HA KAKOM-TO OIIpe-
JieJIeHHOM MHTepBaJie 3HaueHuH nepeMeHHoi. B aTom cityuae y GyHKUMM root () yKa-
3bIBACTCS €llIe JBA JOTOTHUTENBHBIX apryMEHTa — IPaHMLBI AUana3oHa, Ha KOTOpOM
viyrest pewteHus. Tak, eciii pelleHue YoMaHyTOrO ypaBHEHUS! CJICAYET UCKaThb Ha
Mana3oHe 3HAUCHHUH NMEPEeMEHHOM x OT a [0 b, TO COOTBETCTBYIOLIAA KOMaHAa OyIeT
UMeTb BWJL root (f(x),x,a,b). [IpuueM eciin apa nociaeaHux aprymeHta yHKLWU
root () HE YKa3aHbl, TO JJIs OUCKA PELICHUS YPAaBHEHUS MpeIBapUTENIBHO MEPEMEH-
HOM, OTHOCHUTEJIbHO KOTOPOH 3TO YpaBHEHHUE peLlaeTcs, CJSAYeT MPUCBOUTbL Havajlb-
Hoe 3HaueHHne. YeM Onmske OHO OKaXKETCsl K ICKOMOMY KOPHIO YpaBHEHUsL, TeM d(ek-
THBHee Oy/IeT NPOXOANTD MPOLIECC BbIYHUCIIEHHSI TOIO KOPHSI.

OTnenbHbIA M JIOBOJIBHO 4acTO BCTPEUAIOLMIACH KJIACC BbIPAXKEHWH COCTaBJISIOT
nosinHoMbl. MckaTbh KOPHH NOJMHOMA MOKHO C MOMOUIbIO PYHKUMH polyroots ().
AprymeHTOM mnochie/Hell yka3biBaeTcsl BeKTop-cTosdell koadduiuueHToB noauHo-
Ma (MepBbll 3JIEMEHT COOTBETCTBYET HYJIEBOH CTENEeHU NMepeMEeHHOH MoJIMHOMA,
BTOPOH DJIEMEHT — MEPBOH CTENMEHU U T. 11.).

CucTteMbl JTUHEHHBIX YpPaBHEHHWH pelnaroTcs MOCPeIcTBOM (YHKLUMH lsolve (),
KOTOpas UMeeT JBa apryMeHTa: MIEPBbIi apryMeHT ABJsAeTCS MaTpuLeit Koaddunm-
CHTOB CUCTEMbl YPaBHEHWH, a BTOPOH — BEKTOPOM-CTOIOLIOM MPaBbIX YacTel
JTHX YPaBHEHHU.

Mpumep 2.48. PelleHne ypaBHeHU 1 cUCTEM

[Ipumepsbl pelueHust ypaBHeHUIH W IMHEHHbIX CUCTEM MPeCTaBieHbl B JIOKYMEHTE
Ha puc. 2.126.

A |[—x= [2<E 1 ap & |J|Tutor\a\s | e
PeweHne ypasHeHHil M cHCTeM
Pewenue ypaanenur xix-1)x2)=0 fouck wopreld ponuroms x3 - 3-)(2 + 2
i) =w(x-Dx-2) P i anusauR g 1] 0
- Fopru ronukoma onpedermomes
- el - o hop P
x=4 HauansHoe 3Ha1eHUe NepemeHHoll polyroots 1 70 BERIOPY KOSDPULLEHIOS
= 2
root(fx), 5 =2 P Pewenue ypasienun. Smo peweie 1
3FBUCUM OM HFUSNLHO0 HIUSHUR .
= FPewenve cucmems! ypaerenul xH=3 u 3ep=5
nepeMerHoLl
11 Onpedensnue Mampuys!
&= L]
x=-1 7 HfaMerEHIE HEHEEH020 SHEHEHUR ApUEodum 3 -1 KOIPEULNERINOS CUCTEME!
KoMy, dmo Halideno dpyeoe petuenue.
root(Rx) 5 = ~1.167 » 10 £ npedenax mousocmu eucRenul Haliden b= 3 & OnpedencHue eermaopa Npassix
kopeHs x=0 s wacmed ypasHenull cucmens!
root{f{x),x, 05,15 =1 & 2
Mouck pewenua ViRaBHEHUR “ Isolve( s, b) = [ J A Pawenue cucmens!
& duanaaone anatenul Repemennoll

Puc. 2.126. PelueHne ypaBHEHNA 1 NINHENRHBIX CUCTEM
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OueHp MHOTHE MPUKITAIHBIC 33/1a4H CBS3aHBI C PEIICHHEM CHUCTEM YpaBHEHHHU U,
K COXaJleHUIO (MM K CcHAcThbIO — KOMY Kak Ooliblue HpPaBUTCS), 3TH CHUCTEMbI
OOBIYHO JTMHEHHBIMH HE SBIAIOTCS. MeTOaBl pelIeH!s HENMMHEHHBIX CHCTeM MEeTO-
JI0JIOTMYECKH CYLIECTBEHHO cilokHee, ojHako B Mathcad ecTb paj yTHIUT, 103BO-
JSFOIIMX YCTICITHO CIIPABIIATHCSA M C 9TUM 3aJaHUCM.

OOBIMHO CHCTEMBI HETTMHEHHBIX YPABHEHUN PEIIalOT ¢ MOMOIIBIO (PYHKIMU Find () .
Ee apryMmeHTaMmn ykKasbiBarOTCA MNEPEMCHHLIC, OTHOCUTC/IbHO KOTOPLIX peLIacTCA
cuctemMa. CCBIIKH Ha caMy CUCTEMY B apryMeHTaX (YHKIMHM HET, MOTOMY €€ Ofl-
PEACASIIOT HENOCPEACTBEHHO nepe/ oOpaiueHueM K GyHKUuM Find (). pyrumu
CIIOBAMH, CHAYajla 3alMUChIBACTCA CUCTEMa YPAaBHEHHM, a yiKe TOCHe 3TOTO BbI3bI-
BacTCA (byHKlll/lﬂ Find() € COOTBCTCTBYIOUIMUMU apryMmeHTaMu.

Mpumep 2.49. PewneHne HeNMHENHON CUCTEMDI

Ha puc. 2.127 npeactapiaeH NpuMep peLiCHUs CUCTEMbl YPABHEHUWI € UCTIOIB30Ba-
HHeM QYHKIAA Find ().

fl'lnimx: J2 <F 31 af JITutoriaIs ~| e

PeweHue HENMMHEAHbIX CHCTEM

=1 w:=0 P HEUSRLHLIE ZHEUBHUR NEREMENHLL
Given P Kmovesoe cnoeo Given

22
¥ +y =1

P Cucmema ypaeHenull

Sx-4y=0

_ 03 )
Find(x,30 = 0 O Pewetue CUCIEMS! DESHeRIL

Puc. 2.127. PeLueHne HENMHENRHbIX CUCTEM

[lepBbiMM ABYMSI KOMaHAAMU MEPEMEHHBIM x U y, OTHOCHTEIBHO KOTOPBIX OyaeT
pelaTtbcs CUCTeMa YpPaBHEHMH, NPUCBAMBAIOTCS HaudaslbHble 3HaveHus. [anee B
padoumii JOKYMEHT BBOOHUTCA 00f3aTeNbHOE KIIOUEBOE CJIOBO Given. BBomuTcs
OHO Kak 0OBIYHOE Ha3BaHUe mepeMeHHoMU. [locne 3Toro kimwoueBoro ciosa cieayer
BBECTH ypaBHEHHUS cucTeMbl. B jaHHOM ciiydae ypaBHeHu# nBa. BooGiue sxe uncno
YPaBHEHUH IOMIKHO PaBHSATHCS YUCTY IEPEMEHHBIX.

OTHOCUTENIbHO BBOJA YPaBHEHUH HY)KHO CA€NaTbh OJHO BaxkHOe 3ameuaHue. OHO
KacaeTcs cnocoba BBOJA 3HAKa PaBEHCTBA. 3/1eCb HEOOXOUM ONepaTop TaK Hasbl-
BAEMOT0 JIOFMUECKOrO PABEHCTBA — OH BBOJIMTCS HaXKaTMeM KOMOWHALIMK KJIABULL
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<Ctrl>+<=>. MOKHO TakKe BOCIOTB30BATLCS THMKTOTPAMMOM Ha TAJTUTpe
Boolean (puc. 2.128).

Boolean |

j%{}ﬁ
= L

-

& W

Puc. 2.128. Ncnonb3oBaHne nukTorpammel nanutpel Boolean
AnNsi BCTaBKM NOrMYECKOro onepaTopa paBeHCTBa

Ilocne Toro Kak cucrema ypaBHeHWH 3aj1aHa, Bbi3blBaeTCs (YHKLMS Find (), a ee
aprymeHTamM OyayT NepeMeHHbIE, OTHOCHTEJIbHO KOTOPbIX CUCTEMa pellaeTcs
(cm. puc. 2.127).

Hpe,[[CTaBJ'IeHHBIX CBEJICHMI OBIBACT BITOJIHE AOCTAaTOYHO IJIA PCILICHUA Oonpieit
HacCcTH 3aJav. OHHaKO moboe CCPBE3HOC UCCIICAOBAHUC TTOAPA3YMCBACT TIPUBJICUC-
HHC U MCTOAUK COOTBCTCTBYIOILICTO YPOBHA.

BbluucneHue NnPOn3BOAHbLIX

B 910l rnaBe naauM takxke KpaTtkuih 0030p METOJOB BbIUKCIIEHHSI B YMCIEHHOM
BUJE NPOU3BO/HBIX U ONPEAECIICHHbIX UHTEMPAJIOB.

OmnepaTop BBIYHCICHUS TPOU3BOIHON BBOAWUTCS HakKaTveM KOMOWHAIIMW KIIABHII
<Shift>+</>. MokHO ¢ 3TOH IeNbI0 BOCTIONB30BATHCS CIIEHHUANBHON MTUKTOTpaM-
Mot Ha nanutpe Calculus (puc. 2.129).

Cam onepaTtop umeeT BUA, NokazaHHbIi Ha puc. 2.130. OH coaep>kuT /1Ba CTPYykK-
TYpHBIX 3anojiHuTens. Bmecto onHoro (Toro, 4ro B 3HameHartese) BBOAUTCS
Ha3BaHHWE MEepeMEHHON, MO KOTOpoi BhinosHsercs auddepenunposanue. Jpyroii
3anoJHUTENb HY3KEH 1Sl BBOJA JU(bdepeHIMpyeMOro BbIpaKEHUs MM Ha3BaHUsl
(dyHKLHK (C apryMeHTOM).

Calculus k| A [] x= |E<23= EZI cff
A = [
5% ) 3 N
L i
Puc. 1.129. Bcraska oneparopa Bbl4NCneHUs Puc. 2.130. OnepaTop
NPON3BOAHON C MOMOLLIO NMUKTOrpamMMbl BbIYVCEHNS NPON3BOAHOM

Ha nanuTtpe Calculus
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Mpumep 2.50. BoiuncneHne nponssBoaHbIX

Ha puc. 2.131 npueaeH npuMep BbIYUCICHUS MPOU3BOAHON B UUCICHHOM BHIE OT
()YHKLIMU U IOTMHOMHUATBHOTO BBIPAKCHHUS.

D 4[] = |2 <2 T af W

fi¥) =% sm[?) x=25

d d|.2 |
—fix =1 =X +x+1/ =46
dx dx

Puc. 2.131. BeluncneHune nponssogHowm

B PaCcCMOTPEHHOM TIpUMEpPE CHadajla OIPEACIACTCA (bYHKLII/ISI K 3a4a€TCA 3Ha4YC-
HHUEC HepeMeHHOﬁ, " TOJIBKO TIOCJIC 3TOI'0 BBIYUCIACTCA MPOU3BOIHAA. Hpez[BapI/I—
TCJIBHOC OIIPCACIICHUC 3HAYCHUA HepeMeHHOﬁ, 1o KOTOpOfI BBIYUCIACTCA TPOU3-
BOOHasA, — MOMCHT HpHHHHHHaJ'ILHBIﬁ. YucnenHoe 3Ha4YCHHE HpOI/I3BO):[HOI71
BBIYHCIIACTCA, KaK U paHEC, BBOAOM 3HAKa PaBCHCTBA.

B Mathcad MOXXHO BBIYMCASTL B UMCICHHOM BH/IE W NPOU3BO/HbIE 00JI€E BLICOKUX
nopsakoB. K coxanenuio, nopsiiok npou3BoHON He MOxKeT npesbiluars 5. CooTser-
CTBYIOLIMIA OMepaTrop BBOJAUTCS HaxkaTheM KoMOuHauuy kiasuul <Ctrl>+<Shift>+</>
WJTH C MOMOLLBIO NIUKTOrpaMmbl Ha nanutpe Caleulus (puc. 2.132).

Ha puc. 2.133 mokazano, kak OyZeT BITJISAETh ONepaTop BHIUUCIICHUS TTPOU3BO/I-
HO¥ BBICOKOT'O TTOpsAAKA B padoueM mokyMmeHTe Mathcad.

) x= | [ <E BT af
= A [ »=|[2 < 21 ap ®
n L]

& L ”

A A —

R .
Puc. 2.132. MukTorpamma BBOAa onepartopa Puc. 2.133. OnepaTop BbIMUCIIEHNSA
BbIYVICIIEHNS NPON3BOAHON BbICOKOrO nopsiaka NPOM3BOAHON BLICOKOrO Nopsigka

Ha nanuTtpe Calculus

[lo cpaBHeHMIO ¢ oOmepaTopoM BBIYUCICHHUA TNPOU3BOAHON MNEPBOrO MOPSIKa,
B JAHHOM CJIy4ae €CTh eLle IBa JOMOJHUTEIbHBIX CTPYKTYPHBIX 3alOTHUATENS —
OJHAKO YMCJIO BBOAWTCS TONBKO B OJWH U3 HHUX, & BTOPOW MPH 3TOM 3amOIHSACTCS
aBTOMaTndyecku. Kak HECIOKHO mOraaaTrhbes, BBOAMMOE HYMCIO — 3TO MOPSAOK
npou3BoAHOW. B aokymeHTe Ha puc. 2.134 mpuBeneHbl NpUMepbl BBIYUCICHUS
MPOU3BOIHBIX PA3TUYHBIX TOPSAKOB.
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Haxkoner, ecnu Hy>KHO BBIYMCIHUTb MPOU3BOAHbIC A HAOOpa 3HAYECHUH NepeMeH-
HOMW, TO pPa3yMHO B KauecTBE 3HAYCHUS STOH MEPEMEHHOW MPUCBOUTH AWANa3OH.
Bce ocranbHbpie kKOMaHOBI, N0 OONBLIOMY CUETY, U3MCHCHHUN HE MPETEPrEBalOT.
IIpumep npuBeneH Ha puc. 2.135.

) A [ x= (4 <F 30 ap
i) = xsin ks x=10,1.10
5
5
d d
—f%) = fi¥) =
dx P
1 092 .
- 0.537
) A [1] = JZ <2 31 of ® 1339
0.80z2
o 0.364 06s
filx) = - sin < w=2.5 -1.445 ERY
-3.142 049
g =00 ~3.638 -0.933
P ' el 0,953
0602 04299
2 (3 'I 3.987 075%
le +x+1/ =2 [.283 0978
Puc. 2.134. BeluncneHne npon3BoaHbIX Puc. 2.135. BeluncneHnne nponsBoaHbIX
pasnunYHbIX NOPSAKOB AN AnanasoHa 3HavyeHui

Panee Obimn paccMoTpeHbl puMepsl padoThl ¢ QYHKLUMEH, 3aBUCSILECH OT OAHOM
nepeMeHHoH. Eciau QyHKUMs MMEET HECKOJIbKO apryMeHTOB, MPOU3BOAHAs BbIUKC-
JIAETCS TOYHO TakK K€, CIENYeT TOIbKO KOPPEKTHO YKa3blBaTh TOT apryMEHT, MO
KOTOpOMY npoBoauTcs AuddepeHuUpoBaHre, U Ul BCEX apryMEHTOB JIOJKHbI
ObITb 3aJaHbI 3HAYCHUS.

BbluncneHue nHterpanoB

UtoObl BBIYACINTEL ONpEAECHHBIM MHTEerpai (B YHUCACHHOM BHIE), CYLIECTBYET
CHelUaIbHBIA onepaTrop, KOTOpPbIH B paboyeM JOKYMEHTE BbITJISAUT a0CcoIOTHO
TaK ke, KaK CTaHJApTHOe MaTeMaTH4ecKoe 0003HAYCHUE ISl OMpPeAETICHHOTO HH-
Terpaja. BeraBka cooTBeTcTBYIOLIErO oneparopa B pabouuii nokyment Mathcad
OCyIIeCTBIsAeTCd HAKaTheM KoMOWHAIMK KiaBum <Shift>+<7>. MoxHo, pa3zyme-
€Tcsl, BOCINOJb30BaThCs NUKTOrpamMmoii Ha naiurpe Caleulus, 6naro nukrorpamm
Ha HEH XBATaeT HA BCe ClIydad XKU3HH (puc. 2.136).



OcHoebl pabombl ¢ 0OKyMeHmamu 163

A ] x= (24 T ap W

£

_— d

5003 s

- . 1

G

Puc. 2.136. Bctaska oneparopa Bbl4nCneHuns Puc. 2.137. OnepaTop BbIMUCIIEHNSA
onpeneneHHoro nHTerpana OnNpeaeneHHoro nHTerpana

B pabouem moxymeHTe omepaTop ¢ He3aloJTHEHHBIMH CTPYKTYpPHBIMHU 3aIlOJTHUTE-
JIAMH BBITJISIIUT TaK, KaK MOKa3aHo Ha puc. 2.137.

B onepatope, Kak HECIOXKHO 3aMETUTb, YEThIPE CTPYKTYPHbIX 3aMOJIHUTENS; ABa
JU1sl BBOJIA BEPXHEH W HWKHEH rpaHull MHTErpupOBaHus (oA U Hajl CUMBOJIOM UH-
Terpaja), OJMH 3aroJIHUTE/b /ISl BBOAA NO/bIHTErPaIbHON (DYHKIMU WIIK Bbipa-
JKEHUS, U elle OAWH JUIsl yKa3aHUs MePEMEHHON HHTErpupoBaHus (Mocjie CUMBOIA

auddeperimana).

Mpumep 2.51. BbluncneHne nHterpana

[Ipumepbl BBHIMHCACHHUS OIMpPEACICHHBIX MUHTETPAJIOB MPEACTaBICHBl B JOKYMEHTE
Ha puc. 2.138.

A [ x= [[Z <2 31 ap &

MES:
fix) = x-sm(T]

1
J x2 dx=0333

0

1
j ) e = 0.201
0

Puc. 2.138. BbluncneHne onpegeneHHblX MHTerpanos

Crenyer OTMETUTDb, UTO OMpPE/AEJSHHbIE WHTErpagbl MOJKHO BBIUYUCHSITL U B CUM-
BOJIbHOM BuJie. COOTBETCTBYIOLINE METO/IbI ONUCAHbI B 27a6¢e 3.

NMone3Hble coBeTbl U BO3MOXHOCTM

CyuecTByeT psia MOJE3HBIX BO3MOXKHOCTEH, KOTOpPBIE CYLIECTBEHHO YMPOLIAIOT
padoty ¢ mpunoxenveM. OHM CBsI3aHBI ¢ CAMBIMU Pa3HBIMU acCTeKTaMu PabOThI
¢ Mathcad. B 3ToM pazzesne HeKOTOPBIM M3 HUX M OyIeT yaeaeHO BHUMAaHHE.
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PepakTupoBaHue BbipaXxeHUMn

B mepByto ouepenp ciemyer OTMETHTD, YTO METOBI BBOAA M peIAaKTHUPOBAHUS Ma-
TeMaTu4ecKUx BbipakeHHH M koMaH/a B Mathcad umeloT cylecTBeHHble OCOOEH-
HOCTH TIO0 CPaBHEHHUIO C IPYTUMH TIOXOKUMHU M HE OYEHBb TIOXOXKHUMH TPHII0KEHHS-
MH. I/IHOFﬂa 6blBaeT JA0CTAaTOYHO CJIOKHO Npeayrajarb nNoBeACHUEC CUCTEMbI TPU
Ha)KaTWHU TOM WJIM MHOW KJIaBUIIH, OITOMY JlaJiee TIePeYHCICHbl HEKOTOPBIE COBE-
Thl, KOTOPbIE NOMOI'YT YMTATEJIIO JIyUllle MOHIThL BCTPOEHHbIE AJIFOPUTMbI paboThI
CHCTEMBI B YaCcTH PeJaKTHPOBaHHA KOJa.

a HpI/I BCTABKC OIICpATOpa OH pasMCIHIACTCA IMOCJIC TOT'O BBIPAKCHUA (I/UII/I IIOABBI-
pancel-lm[), KOTOPOEC BbIACJICHO JIMHUAMU PEAAKTUPOBAHUS, €CJIUW BLIPAXKCHUC Ha-
XO4UTCs CJICBa OT BepTHKaJ'ILHOﬁ JIMHUW pCAAKTUPOBAHHA. Ecmm ono HaxXoauTcsa
cripaBa oT BepTl/lKaJ'leOﬁ JIMHWU PCAAKTUPOBAHUA, TO ONEPATOP BCTABJIACTCA NE-
Pea BbIPAKCHUCM. HpI/I HeO6XOI[I/IMOCTI/I ABTOMATHUYCCKHU ):[063BJ'[$IIOTC$I CKOOKH.

O IlepemermiaTe BEPTHKANBHYI JIMHUK PEJAKTHPOBAHUS W3 Hayala BbIPAKCHUS
B KOHELl U 06paTHO MOKHO C MOMOLIIbIO HAXKATHA KINaBULIM <Ins>.

O Ilpu ynaneHun OMHApHBIX ONEPaTOPOB BMECTO HUX HACTO OTOOpakaeTcs MeTKa
B BHAE NpPAMOYrojdbHUKA. OHA CBHAETENBCTBYET O TOM, YTO B AAHHOM MECTE
JI0J1KeH ObITh BBEJICH OniepaTop.

a I[J'lﬂ 3aKJIIOYCHUSA BbIPAXKCHHA WKW MOJABbIPAKCHUSA B CKO6KI/I, CJACAYET HaXKaTb
KiaaBuiny <>. B 5ToM ciydae Bce, 4TO ObUIO BBIACICHO JTHHHIMH PEIAKTHPO-
BaHMS, 3aKJIIOYAETCS B CKOOKH.

O Cneayer vUMeTb B BUAY, YTO MPU YJAJCHUW OJIHOM CKOOKM, aBTOMATUUECKU
yaansieTcsl U Apyras.

O UYroObl ykazaThb BBEACHHOE B pabouvii AOKYMEHT BBIPa:KCHHE apryMEHTOM
(YHKLWHW, MOXKHO MOCTYNUTH CIeAYIOIIMM 00pa3oM: BbIpaKeHHE BblAESIeTCs U
3aKITI0YaeTC B CKOOKHM (KIaBHIIa <>), BEPTUKAIbHAs JUHUS PeJaKTUPOBAaHUS
MepeBOANTCS B MOJIOXKEHHWE ClIeBa OT BbIPAKEHHUS (MOXKHO HaxKaThb JUIsl 9TOrO
knasuiy <Ins>), mocsue 4ero BBOAUTCA Ha3BaHUE (PYHKLIMH.

Ucnonb3oBaHMe HeCcTaHAAPTHbLIX HA3BaHUN

B nazBanmnsax nepemenHbix B Mathcad momycTMbl JOBOJIBHO crieLM(UUECcKUEe CUMBO-
Jbl. U 310 coBcem He Onaxb. Beap 0bbiuHo B Mathcad npuxoaurces peluars dusuue-
CKHE WM MHKECHEPHBIC 3a/1a41, U B 9TOM CIIy4ae BayKHO, YTOObI HA3BAHMS TIEPEMEHHBIX
v GyHKUMH Hanbonee NOJHO COOTBETCTBOBAIM (DU3UUECKOMY CMbICIY COOTBETCTBYIO-
LIMX XapakTepucTuK. [103ToMy B Ha3BaHWMM CJIOKHO OIPAHUUYUTHCS WCKITIOUHUTEIBHO
CTaHJapTHBIMU cuMBoJiaMu. K cTaHAapTHBIM B JaHHOM Cllydae OTHOCSITCS Bce OYKBbI
(cTpouHbIe W MPOMUCHBIE, B TOM YHCIIE U IPeYecKHe), LU(Pbl, HXKHUE UHICKCHI, CUM-
BOJI TMOJYEPKUBAHUS W MPOLEHTa, CUMBOJI OECKOHEUHOCTH (KOMOWHALMS KJIABHLL
<Ctrl>+<Shift>+<7/>) u mrpux. IIpu 3TOM cremyer UMeTh B BHIY, YTO, HATIPUMEp,
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CUMBOJI OCCKOHECUHOCTH MOKET OBITh TOJIBKO TIEPBBIM CUMBOJIOM B Ha3BaHuu. B Math-
cad Ha3BaHus, HabpaHHbIE B Pa3HbIX PErUCTPAX, Pa3IMuuMbl. JIpyrumu ciioBamu, oaHa
M Ta e CTpouHas U nponucHas Oyksa B Mathcad uHTepnipeTnpyercs Kak IBa pasHbIX
CUMBOJIa. Marno Toro, JjaXke O/1H1 Y T€ )K€ Ha3BaHMs, HO BbIJIEJIEHHbIE Pa3HbIM CTUJIEM,
HHTEPIIPETUPYIOTCS KaK pa3HbIe MepeMEHHBIE.

Mpumep 2.52. OnepaTtopbl B Ha3BaHUAX

YTo0bl MHULIMAIUZMPOBATL HA3BAHUE, B KOTOPOM ()OPMAJIbHO MPUCYTCTBYIOT Ofle-
paTopsl, CJeyeT BbIIIOJIHUTL JBa Luara.

1. Haxarp xomOuHaimro kinaBum <Ctrl>+<Shift>+<J>, B pesynprate yero B pa-
Oounii ToKyMeHT OyneT BcTaBlieHa mapa KBaJpaTHBIX CKOOOK CO CTPYKTYPHBIM
3aMOIHATENEM MKy HUMU (puc. 2.139).

2. B oTH kBajparHble cKOOKM BBECTH Ha3BaHUs, COAEpIKallME camble pa3HooOpas-
Hbie oneparopsl. HeGobliolh npumep npeacraeiieH Ha puc. 2,140,

A [ 5= (2 <2 3 apf ®

[a+1]=3

= [a+b]
L o dr| = =

A ] x= (2 <E T ap #

Puc. 2.139. Ckobku, B KOTOPLIX BBOAUTCS Puc. 2.140. icnonb3oBaHne onepaTtopos
HasBaHWe nepemMeHHon B Ha3BaHMAX NepeMeHHbIX

.[ Fr) dx | = 025
0

Camo cofoil pasymeeTcs, YTO TaKuM K€ O0pa3oM MOMKHO 3a/1aBaTh W Ha3BaHUsl
(OYHKUUH.

Mpumep 2.53. CumBonbi-oneparopbl

Ectp eme omuH crnocod, Mo3BOJIMIOMNIA PUBIEKaTh T (GOPMHUPOBAHMS Ha3BaHHI
MepeMEHHBIX U (YHKLIMH CUMBOJBI onepaTopoB. OOBIMHO pedub MAECT O OMHAPHBIX
oriepaTopax Bpoze CIOKEHHS WM YMHOKeHHA. [/leno B ToM, UTO eCM IPOCTO BBECTH
STH OMepaTopbl B HAa3BaHWE, TO aBTOMATHYECKH OYyAeT MpEeATPHUHATA TIOTBITKa BbI-
TIOJTHATH COOTBETCTBYIOLIYIO OIEPALIO, YTO B pacCMaTpuBaeMOM KOHTEKCTe KpaiiHe
HeXemaTenbHO. YTOOBI 3TOT0 He CITyYHIIOCh, IEPEXO/IST B CTICHUATIBHBIN PEKUM, TIPH
KOTOPOM OTIepaTophl MpH BBOJC MHTEPIIPETUPYIOTCS Kak cUMBOJBIL. JIa mepexona
B 3TOT peKUM HakumaroT koMOmHarmo Kiaum <Ctrl>+<Shift>+<K>. I1pu stom
JMHHUW peJaKTUPOBAHMS U3 CHHUX CTaHOBATCA KpacHBIMH. M 5TO Bcero-HaBcero mpu-
3HaK Tepexona B YKa3aHHBIA pekuM — HUYero Oomee. 3aTeM BBOAMTCS HY)KHOE
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Ha3BaHWE M OCYLLUECTBISETCS OOpaTHLIH Mepexoj B HOpMallbHbIH PEKUM: cleayeT
CHOBa HaxkaThb KomOuHauuio kiaapuul <Ctrl>+<Shift>+<K>. Jlunuu penaxrupopa-
HUSl BOCCTAHABJIMBAIOT WCXOJAHYIO OKpacky. Ilpumepbl npumeHeHUs OMUCAHHOTO
pe’kumMa MOYKHO HaWTH Ha puc. 2.141.

A ] x= [2 <F T af W JITutoriaIs j & Gn

ath =8 ab=4 a*h=12 P FRULUERN33UUR NEREMERREL

athab =32 ath+ab=12

ath

ah A Briyucnenue ebipaxenui
— =0.198
a*h

Puc. 2.141. lNpymepsbl NCNONb30BaHNS HA3BaHWIA C CMMBONAMK ONEPaTopoB

HecmoTpst Ha Hanuyue TakUX DK30THUECKMX BO3MOkHocTell Mathcad, Bee ke xo-
HETCAd NpeAoCTEpCUYL HUTaTE/Id OT YPE3MCPHOIo yBJICUCHUA UMW — DK30TUKA HE
AOJDKHA CTAHOBUTbLCS CAMOLIEJIBIO.

OnpepneneHune onepaTopoB Nonb3oBaTens

B zakmoueHne ocTaHOBUMCS ellle Ha OTHOM CyIlecTBeHHOM Bo3MOkHOCTH Mathcad.
OHa COCTOHT B TOM, YTO TIOJIb30BATETb MOKET OTPENeIsTh COOCTBEHHBIC YHAPHbBIC 1
OuHapHble orepatopbl. ONpeaensroTcs OHA TPAKTHYECKH TaK ke, KaKk U OOBIYHBIC
¢yakumu B Mathcad. IlpaBaa, ceom ocobGeHHOCTH Bce ke MMetoTcs. B wacTHOCTH,
1T OTIpEZIeTICHHS OTiepaTopa JUTi Hero cHavasia cieyeT BBecTd cuMBod. anee cpa-
3y TOC/Ie CHMBOJIA CO3JaBAEMOr0 OrepaTopa B CKOOKax yKas3bIBalOTCS Ha3BaHUS [UIL
omnepaHza (A1 yHApHOTO oTiepaTopa) Wi OTepaHaoB (IBYX — U1l OMHAPHOTO Ore-
paTtopa). 3areM TOcie oreparopa TPUCBAMBAHUS BBOAWTCS BBIPAKCHHE, OTpere-
JstoIIee AecTBHE orepaTopa Ha OTiepaH I HiTH OTIEpaHIbI.

Mpumep 2.54. Onepatopbl Nonb3oBaTens

B noxymenre Ha puc. 2.142 MOXHO HAMTH TIPUMEPBI OTIPE/ISNICHHs YHAPHOTO U OWHAp-
HOT'O OIIEpPaTOPOB, & TAKKE BO3MOXKHBIC CTIOCOOBI X PUMEHEHUS] B BEIYUCIICHUSX.

BuHapHbIM onepaTopoM, AJsl KOTOPOro BbIOpaH CUMBOJ 38e€3004Kd (*), BbIUMCIIS-
©TCSl KOPeHb KBaJAPAaTHbIA W3 CYMMbl KBaJpaTOB ONEPaH0B. YHApHbI oneparop,
AJ1s1 KOTOPOro BbIOpaH CUMBOJ usianka (), 1€MCTBYeT Ha OnepaH/| COrJIacHO npa-
BWJ1Y: BBIUMCJISIETCS CYMMa ©€UHHLbI U €/IMHULIbI, JIeJICHHOH Ha onepaHj, nocie
4ero Bce 9TO BO3BOJUTCS B CTeNeHb, onpee/seMyto onepanaom. Takum obpazom,
Npy YBEJIUUYSHHH OlepaHaa pe3yJibTaT ASHCTBUS onepaTopa JOKEeH NpUbIMKaTh-
Csl K DKcnoHeHTe (e = 2.72).
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@ A [ = [ <E 2] ap # |[rucoiss =] @ao

OI'IEpaTprI nonb3oeartenn

Yhaphetl aneparmon BukapHil onepatmop

n
) = (1 + 1;] oo Onpedenenue onepamopa o, *(ab) = il e n?

Mpupent) UeRons3083H0R

100 = 2705 3%4=13 3*%6=10
1oo0n = 2717 ¥3dH=5 * =10
AN
6 8

Puc. 2.142. Nprmepbl onpeaeneHns onepaTopoB Nosib3oBaTens

YNoMaHyTbI€ BbIllie CUMBOJBI (* U *) ClleAAyeT BBOJAWTh, NMepeias npeaBapuTenbHO
B ClIELIMA/IbHbIN PEXUM BBOJIA Ha3BaHUN ¢ cuMBosiaMy, OH 00CYKIa/IC paHee, W Takol
nepexojl OCYLUECTBISETCS HaxarueM komOuHauuu kiasuin <Ctrl>+<Shift>+<K>,
DTO K€ OTHOCHUTCS W K MOCJeNYIOLIEMY MCIOJb30BaHUIO OMepaTopoB B Bblpake-
HUSX M KOMaHjaxX pabouero JI0KyMeHTa.,

BuHapHEIi oniepaTop npu BBOAE KOMaH MOKHO BBOAMTE NMPAKTUUECKU KaK 0ObIY-
HBIA omepaTop, ogHako jyduie uepe3 nanutpy Evaluation. YHapHsiii onmepatop
MOKET yKa3blBaTbCs Tepen ONEpaHAOM WM mociie Hero. B nepBom cimydae BbIOH-
paroT NUKTOrpamMMy ¢ u3oOpaxkeHueM autep f U X (MMEHHO B TaKOM MOpsAKE) Ha
nanutpe Evaluation (puc. 2.143).

B pesysbrare B paboyeM JOKYMEHTE MOSIBUTCS CTPYKTYpa W3 JABYX 3arOJIHUTENEH
(puc. 2.144).

Evaluationk|
- = o A [ == [2 <2 B ap
— s f
xf ufy xfy ﬂl
Puc. 2.143. NukTorpamma BCTaBkM oneparopa Puc. 2.144. Bsopg yHapHoro onepartopa
nepea onepaHaom nepea onepaHaom

BmecTo mepBoro 3anoHUTENST BBOAUTCS CUMBOJT OTIEpaTopa, a8 BMECTO BTOPOTO —
omnepann. [IpakTuueckn Takas e CUTyallls CKIa[bIBaeTCs, KOT/Ia YHApHBIH orre-
paTop BBOIHUTCS TOCJe onepaHna (pe3yabTaT OT 3TOro He MeHsercs). Cremyer,
pazymeetcsi, BBIOMpaTh OPYrylo NHKTorpamMmy Ha manurpe Evaluation (Ha neit
Oykea x cieayeT riepen 6ykoii f) (puc. 2.145).

Ha l'lepBblﬁ B3I, B IOKYMEHT IIPpU 3TOM BCTABJIACTCA TaKasd K€ KOHCTPYKLHS, KaK
v B npeablaylieM ciydae (puc. 2.146). Oaunako B 3a0nyxaeHue BNajarh He clielyer,
MOCKOJIbKY 31€Ch CHauasa BBOJMTCS ONepaH/l, a Mocjie 3TOro — oneparop.
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Jns OuHapHBIX ONEpaToOpoOB TaKKe MpeIHa3HAUCHBI [1B€ NMHUKTOrpaMMbl. Hacto
yA00HO BBOOWTH OMHAPHBIM OMEpaTop Kak CTaHAAPTHBIH BCTPOCHHBIH OMEpaTop
Mathcad, Bpome yMHOXKeHUS WK cloxeHUs. B aToM ciyyae ucmone3yroT MUKTO-
rpammy ¢ Tpems turepamu xfy (puc. 2.147).

Tenepb NpeACTOUT 3aN0JHUTL TPU MO3ULIMK: NEPBbIA ONEpaHj, Oneparop U BTO-
poii onepana (puc. 2.148).

Haxonen, xoMmanaa ¢ OMHapHBIM OMEPATOPOM MOXKET OBbITh BBEJCHA HECKOJBKO
HWHa4ye: B BUAC BETBSILEHCS CTPYKTYphl ¢ OMHAPHBIM OMEpaTopoM B BEpLIMHE U
HWKHUMH BETBSMM, YKa3bIBAlOIIMMHU Ha omepaHabl. COOTBETCTBYHOLIAS MUKTO-
rpamma Ha naautpe Evaluation Tak e, Kak ¥ B IpeAbLAYLLEM Cllydyae, COICP:KUT
Tpu OykBH xfy, ogHako nutepa f Heckobpko cMmeleHa BBepx (puc. 2.149).

Kakoii B MMeeT BcTaBiseMas TpH 9TOM B pabounii JOKyMEHT CTPYKTypa, SICHO
u3 puc. 2.150.

Evaluationk

A [ x= [ <E T ap #

—+ == fx

xE xfy xfy L[

Puc. 2.145. NukTorpamma BCTaBky onepartopa Puc. 2.146. Beopg yHapHoro onepatopa
nocrne onepaHaa nocrne onepaHaa

Evaluationt|
= = = A [[x= [§ <E 31 ap

— == fx
ot ity

Puc. 2.147. lNMukTtorpamma BCTaBku Puc. 2.148. Beog 6uHapHoro onepatopa
BnHapHoro onepartopa

T A ] nm [2<E T ap W
= = = .
— == fx A
xf xfyﬂ h 1
Puc. 2.149. lNukTorpamma BCTaBkn BMHApPHOro Puc. 2.150. Beog 6uHapHoro onepatopa
onepartopa B BUAE BETBUCTOW CTPYKTYpbI C BETBMCTOWN CTPYKTYpOM

B HWwKHUe 3anosHUTENN BBOASTCS OMNepaH/abl, a BEPXHUH NpeHa3HaueH /1 BBOAA
oneparopa. Kpome 3Toro, OMHapHbIM OnepaTop MOXKHO BBI3BIBATH KaK OOBIUHYIO
(YHKLMIO: YKa3blBAaeTCSl Ha3BaHUE ONepaTropa, a Mocje 3TOro B ckoOkax NpuBoO-
JSTCS apryMeHThl. Bee 3To Hallio cBoe OTpa)KeHUe B pUMepax Ha puc. 2.142.
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padmka n Busyanmnsauyums
pe3synbTtaTtoB B Mathcad

OueHb BaKHbI MOMEHT B JIIOOOM MCCIIE0BAHUM, MTOMHUMO BbINOJIHEHHS BbIUUCIe-
HUI, — BU3yaJIM3aLMs N0JY4YaeMbIX Pe3yJibTaroB. HacTo ¢ 3TOH Lenblo UCnolb-
3ytoTes rpaduKy, Auarpammbl, cxembl U T. M. Jlns pewieHus noaoOHbIX 3aaad
B Mathcad npeaycMoTpeHsl crieliianbHble YTHIITbI, KOTOpble 00CYK/1aloTcs B JaHHOM
rnase. Ecau Tounee, To peub noiaer o padore ¢ rpadMKoi, CO3AaHUM aHUMAaLUU
M BBINOJHEHHUH APYUMX MAHUMYJSLUUH, HMEIOIMX OTHOLIEHUE K MPEeJCTaBICHHIO
JAHHBIX B pabOUMX IOKYMEHTaX.

Co3pgaHune aoByMepHbIX rpacdpukoB

HaubGonee npocro, 6e3ycaoBHO, co3aatorcs AByMepHbie rpaduku. OObIYHO B 3TOM
cllydae rojpasyMeBaroT oTodpaxkeHue B rpa)MueckoM BUJE 3aBUCUMOCTU (pyHK-
UMM OJHOH nepeMeHHol oT ee aprymenTa. Jlisi BcraBku B pabounii AOKyMEHT
JBYMepHOTo rpacduka BbI3biBalOT koMaHy Insert | Graph | X-Y Plot (puc. 3.1).

B pesynbrate B paGounii nokymeHT OyaeT BeTaBieHa oOnacTh rpaduka, comep-
JKallasi HeCKOJBKO CTPYKTYPHBIX 3aMoNHUTENCH (prc. 3.2).

Heo0x0a1uMo BMECTO IBYX OCHOBHbIX 3aroJjHUTE/el BBECTH NnepeMeHHyo (3anod-
HUTENb B HIWXKHEH YacTu Oyayluero rpaduka) v HazBaHue QYHKLUMK (WU Bblpaxe-
HHe), Ui KOTOPOH (KOTOpOro) crpoutes rpaduk — i 3TOro MpeaHa3HadeH
3anoJHUTENb B JIeBol 4YacTu obsiactu rpaduka. DyHKUMS onpeaessieTcs 3apaHee
B paboueM JOKyMeHTe, U1 DTO MOXKET ObITh BcTpoeHHas ¢yHkuus Mathead. B nio-
Oom cilyuae, ee apryMeHTOM yKa3blBaeTcs NnepeMeHHas, BBeeHHas BMECTO 3aroJi-
HUTEJIS 1101 HUXKHEH IrOPU30HTAJIbHON PaMKOM, orpaHuuUBaloLleil o01acTs rpaduka.
Ha puc. 3.3 B kauyectBe nepeMeHHOM yka3zaHo x, a (pyHKuUMeil, rpaduk KOTOpOi
orobpaxkaercsl, SIBJSCTCS CHHYC (COOTBETCTBEHHO 3alojIHUTENb CieBa OT PaMKu
rpaduka 3aMeHeH Ha BbIPAKEHUE sin (x)).
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Puc. 3.1. Bbi30B kOMaHAbl BCTABKM ABYMEPHOro rpaduka B pabounii 4OKyMEHT
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Puc. 3.2. O6nactb oTo6paxeHus rpacduka B paboyem JokyMeHTe
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A ] x= |2 <F T of W JIMySite j #Ga

Puc. 3.3. Beog nepeMeHHON n dyHKuMmn

Ecnu rpanuibl u3MeHeHUs TiepeMeHHOW He yKazaHbl, TO TpaduK MO yMOITIAHUIO
CTpouTes A o0JacTH M3MEHEHHUs MepeMeHHOM B amamnazoHe oT —10 go 10. Oto
3HAYWT, YTO €CJIM MOCJIE BBOJA HA3BAHUS TEPEeMEHHOH W (DYHKIHMH IETKHYTH
MBIIBIO THe-HUOYIp B paboueM MOKyMeHTe BHe obmacTu rpaduka, To OymeT
MOCTPOEH Tpak CHHYCOUIBI, KOTOPBI MOKHO BHJIETh Ha pHc. 3.4.

IlIkana ocu opaMHAT aBTOMAaTHYECKH MacluTabupyercsl Tak, 4ToObl rpaduk QyHK-
MU MOJIHOCTBIO MOMELLAJCS B 00/1acTH OTOOPaXKEeHUsl, — OT MUHUMAJILHOIO 10
MaKCHMAaJIbHOTO 3HauYeHUsI (PyHKLMH.

JIM_!,J Siter j P Ga

05F 7

sinfx) 0

-1 1 |
-10 -3 0 5 10

Puc. 3.4. I'padmk cuHyconabl
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A ] x= |2 <F T of W JIMySite j #Ga

19

sin ) o

-12

Puc. 3.5. Onpegenexune rpaHniy N3MEHEHWS1 NepPeEMEHHON
1 AuanasoHa oTobpaxaeMblX 3Ha4YEHUA yHKLMM

A ] x= 2 <F T af W JIM_I,JSite j P Ga

Puc. 3.6. Pe3ynbTat BHECEHUS N3MEHEHUI B rpaduk

C oamHOI CTOPOHBI, TO, YTO TPAHULBI W3MCHEHHUS! IEPEMEHHOW MOYKHO HE YKa3bl-
BaTh — ynoOHO. C apyroii cTOPOHBI, B&XKHO UMETh BO3MOKHOCTb CaMOMY OMpeae-
JSTh HE TOJBKO 00NacTh M3MEHEHMs NMEPEMEHHOM, HO U 00MacTh OTOOpaKeHUs
rpajduka (nocnegHss Kak pa3 M 3a4aeTcs ¢ MOMOIIBKD MHUHUMATBHOTO M MaKCH-
MaJIBHOTO 3HAYEHWH BIOJb BEPTUKAIBLHOW KOOPOMHATHOW ocH). beio Obl yauBu-
TeNbHO, ecnu B Mathcad Takas BO3MOXKHOCTE He npeaycMaTpuBanack. bonee Toro,
COOTBETCTBYIOIIME TPAHULIBI 3aJAF0TCA UCKITFOUMTENBHO TipocTo. [ aToro mocra-
TOYHO BBIACTUTH T'paUK U BBECTH HEOOXOAHWMBIC YHCIICHHbBIC 3HAUYEHUS BMECTO
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3aMOJHUTENCH, PACTIONIOKEHHBIX Y YTJIOB BO3JIE COOTBETCTBYIOIIUX KOOPAUHATHBIX
oceit. Ecnu rpaduk yxe co3maH U OCyLIECTBISIETCS €ro peAaKTHUpPOBaHUE, TO Ipa-
HULBl U3MEHEHUS (PYHKLMU BBOAATCS BMECTO TEX YMCICHHBIX 3HAUYCHWM, UTO Ha
JAHHBIM MOMEHT OTOOpaXKeHbl Ha rpa)vke KaK TpaHUYHbIC 3HAYCHUS [IEPEMEHHOM
u ¢pyukuuu. Ha puc. 3.5 obnactes u3MeHeHUs TiepeMeHHOM 3amaHa ot ( mo 15,
a BepTUKaJIbHAS KOOPAUHATHAS OCh OXBAThIBACT AMANA30H 3HaueHuit ot —1,2 no 1,2.

Ilocnie BHeceHHbIX M3MeHeHUH rpaduk OyaeT BbINISASTh TaK, KaK NoKazaHo Ha puc. 3.6.

Mpumep 3.1. Npachuk pyHKLMN

HHoW cnocob onpejiesnieHus rpaHuLl M3MEHEHUS IEPEMEHHON COCTOUT B TOM, YTO-
Obl MpeaBapUTENIbHO WHULMAIM3UPOBATL €€ CO 3HaueHueM-jauanasoHom. Toraa
npu MocTpoeHun rpaduka 0CTaTOHHO YKa3aTh Ha3BaHUe NepeMeHHOM, a obaacThb
ee 3HadeHul Oyjer onpejesneHa aBToMaTHuUecKu. Takas cuTyalus NpOUJUTIOCTPH-
poBaHa Ha puc. 3.7.

A ] x= |2 <F T of W JITutoriaIs | Pen
ftx):=% x:=_9—-ﬂ,ﬂ+ﬂ.1..9.—gI
x 2 2 2
12 T
1 —
0sr- =
=
—_ n
D — —
-035_ | | 1
0.5‘20 -10 ] 10 20
— 14137 X 14.063

Puc. 3.7. icnonb3oBaHune nepeMeHHOW Co 3Ha4YeHUeM-AMana3oHoM

CHauana onpeaensiercs ¢GyHKUMS, paBHas OTHOLUEHHIO CHHYCA K €ro apryMeHry
(T.e. f(x)=sin(x)/x ), a nepeMeHHas-apryMEHT WHULMATIU3UPYETCS CO 3HAUCHHEM-
AnanasoHoM. 3jech oHa u3Mensiercst or —97/2 no 9n/2 ¢ warom 0,1. Jlanee, npu
co3/laHuM rpaduka, NOMUMO GYHKLMU, A1 KOTOPOH cTpouTes rpaduk, ykasbipa-
€Tcsl TOIbKO Ha3BaHWe MEepPeMEHHOH, a rpaHUuHbIe 3HAYeHUsl ePeMEHHON He BBO-
astes. Kak HeclioskHO 3aMeTuTh Ha puc. 3.7, B pesyJibTare rpaguk cTpouTes A
3HAaYEHUH MepeMeHHOM, KOTopbie onpeaeeHbl Npy ee HHUuHMan3aunu. OaHaKo
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001acTh OTOOPAKEHUS B/IOJIb FOPU30HTAJILHOM OCU HECKOJIBKO IMPEBbILIAET HEOO-
XOAUMBIH HHTepBasl. B jnanHoM ciydae o0siacTb OTOOpa)keHUsI MO FOPU30HTAIIM
Jexut B mpeaesax or —20 ao 20. ['paHuuHbIe 3HAUYECHUS JUANA30HA W3MEHEHUS
NePEMEHHOM, /i1 KOTOPOro CTPOUTCS rpauk, 0TOOPaKalOTCs M0/ TOPU30HTA b-
HOW KOOP/IMHATHOM OCBIO MPH BbIJe/ICHUH rpaduka (cM. puc. 3.7).

Mpumep 3.2. M'padukn HecKoNbKUX PYHKLMIA

TunuyHa cUTyaIus, KOTAa HA OJTHOM PHCYHKE HeOOXOAUMO OTOOpasUTh Tpaduku
HECKOMbKUX (DYHKIMH OJHOBpPEMEHHO. B 3TOM ciydae mporeaypa co3laHus rpa-
(HUKOB, TIO CPABHEHHIO C PACCMOTPEHHOMU paHee, MpeTeprieBacT MEHAUMATIbHBIC W3-
MeHEeHHUA. B 4acTHOCTH, HY»KHO MOCIe BBOJA Ha3BaHUsA (GYHKIHUH U ee apTyMEHTa,
B JIeBOM HacTh 00MacTH OTOOpakeHUs rpaduka HakaTh KIABUILY <,>. 3amsaTas
B pe3yNbTaTe He TOSBUTCSA, HO 3aTO BHHU3Y MOJ HA3BAHWUEM yXKe BBEICHHOM (hyHK-
IUU pa3MelnaeTcs HOBBIM CTPYKTYPHBIH 3aMONHUTENTh, BMECTO KOTOPOTO W BBO-
IUTCS Ha3BaHWE AOTOMHUTENbHOU (pyHKIHH (puc. 3.8).

A ] x= [R<F F] ap W HITutoriaIs | o

f) = sj.n;x)

12

=05

Puc. 3.8. Beog HasBaHWA JONONHUTENBHOW (OYHKLUMK ANns oTobpaxkeHus ee rpadmka

[locne BBOA BhIpa)keHUs] WM Ha3BaHUA (YHKLUMH CIEIyeT, Kak OOBIYHO, LIETK-
HYTh MBIIIBIO BHE 00JacTH pUCYHKA WM HakaTh kiasuiny <Enter>. Ha puc. 3.9
MoKa3aH pe3ysbTaT oToOpaxeHus rpadukop cpasy AByx ¢yHkumii. [lepBas 3ana-
eTcA Ha3BaHUeM (OHa OTIPElCIIeHa 3apaHee), a BTOpas — BBIPRKEHUEM.

B npuHumne, ans GpyHKIMI MOXKHO 3aaBaTh pa3Hble apryMeHTHl. Takas cuTyauus
nokazana Ha puc. 3.10. Tam aprymeHTom 3apaHee onucaHHOH (YHKUMM yKazaHa
MepeMeHHas z, a BTOPOE BBIpaKEHHUE, IS KOTOPOTO CTPOHTCS TpaduiK, 3alHCaHoO
yepes NepeMEeHHYIO x.
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A ] k= [2<F 3] af W “Tutorials x| @

Puc. 3.9. OtobpaxeHune rpadpmkoB ABYX DyHKLMIA

E 7 af - JITutoriaIs | @ea

fiz) ns

Puc. 3.10. Ucnonb3oBaHne pasHbIX apryMeHToB (OyHKLIMIA

Ecnu sTiM mepemMeHHBIM TIpeJIBAPUTENHHO HE TPUCBOUTH 3HAYSHUS M HE yKa3aTh
B SBHOM BHJIC TPAHUIIBI U3MEHEHHS, TO TI0 YMOUAHHUIO KaXKJas W3 HUX OyJeT u3-
MeHAThes oT —10 g0 10, uro u BumHO Ha puc. 3.10. IIpu 3ToM momkHO cobmroaaTh-
Csl CTPOTOE COOTBETCTBHE: TIOPSAOK CIEIOBAHMS Ha3BaHWM IEpeMEHHBIX CITpaBa
HAJIEBO JIOJDKEH COOTBETCTBOBATH MOPSIKY CleTOBaHUs (GYHKIMN WK BBIpasKeHUH
(cBepxy BHMB), IUTsI KOTOPBIX oToOpakatotcs rpaduxu. [Ipu BBO#E HazBaHWMIA Tie-
PEMEHHBIX y TOPU3OHTATBHON KOOPAUHATHOW OCH OHU Pa3eIsSIOTCs 3alsIThIMU.
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Ecnu B sBHOM Buae 3a1aTh MUHUMAIbHOE U MAKCUMAaIbHOE 3HAYCHUS BAOJb FOPH-
30HTAJbHON KOOPOMHATHOHW OCH, TO OHM OyOyT aBTOMATHYECKH HMHTEPIPETHPO-
BaThbCs KaK T'PaHULIBl U3MEHEHHS apryMEHTOB rpaduuecku oToOpaxaeMblX (yHK-

uuii. [Tpumep Takoii cutyauuu npuBeleH Ha puc. 3.11. Tam auanazoH n3MeHeHUs
o0eunx rmepeMeHHbIX ykazaH oT —20 mo 20.

A ] x= R <F F] wf JITutoriaIs j &G0

p = 22
X

12 T

fiz)
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Puc. 3.11. AABHOe onpeaeneHne rpaHuL, M3MEHEHNS apryMeHTOB (PyHKLUNIA

A ] 2= [ <F 2] af “Tutorials | @
fi¥) = sinly) z=-12,-1199 12
X
T
1 — —
fiz) 05 -
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ot LA
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20

Puc. 3.12. PasHble rpaHuupbl \3MEHEHNSI apryMeHTOB
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I'nagHoe yn100CTBO, CBI3aHHOE C BO3MOIKHOCTBIO YKa3aHWs Pa3HbIX apryMEHTOB
IUTS. OTOOpayKaeMBbIX Ha OTHOM PUCYHKe (PYHKIIMOHATBHBIX 3aBUCUMOCTEH, COCTOUT
B TOM, UTO /IS Pa3HbIX MEPEMEHHbIX MOXKHO 3a/1aBaTh Pa3HbIE I'PaHULIbI U3MEHE-
Hus. Hampumep, ecnu mpenBapuTeNIbHO MEPEeMEHHOHN z MPUCBOWUTEH AUATIA30HHOE
3HaueHue B npeaenax ot —12 ao 12 ¢ warom 0,01, a sBHO yKa3aHHbIE TPaHULIbI
BJIOITb TOPU3OHTAIIEHOM KOOPAMHATHOM OCH OCTaBUTH 03 M3MeHeHHUs, T. €. oT —20
Jo0 20, to rpaduk nepeod GyHkuMK OyaeT NOCTPOSH ISl 3HAUEHUI apryMeHTa oT
—12 po 12, a ans BTOpOro BeIpaxkeHUst — AJisi 3HaueHuil ot —20 1o 20 (puc. 3.12).

OO0bI14HO Takol moaxoxa yaoOeH B TeX clyvasx, Koraa oToopaxaeMelie B rpaduye-
CKOM Bujie (YHKLIMK UMEIOT pa3Hble 00J1acTH onpeaesieHusl.

HacTpo#ka napameTpoB rpacdmka

Kak Hecl0KHO 3aMeTHTb U3 MPeAbIILYLIUX TPUMEPOB, NPU BbIBOJE JONOJIHUTEILHO-
ro rpadyka M3MEHIEeTCs THIT JIMHUH, ¢ TIOMOLIBIO KOTOpOH OH oToOpaskaeTcs. MeHs-
€TCS TAKIKE U €€ LBET — ¢ KpacHOro (j/1s1 nepeoro rpad)ka) Ha CUHWI (i BTOPO-
ro). Ecim omHOBpeMeHHO OTOOpaXkaTh Oosbllie ABYX TpadMKOB, CHUTyalus Oyaer
aHaJIOrMuHOMi: HOBbIe rpadrKK CTPOSTCs ¢ MOMOILLIO JIMHAH HOBOrO TUMNA W LIBETA
(x0T, pazymeeTcs, Takas HOBH3HA PaHO WM TO3JHO 3aKaHuuBaercs). MHorma Bo3-
HUKAET KeJlaHue, a TO U MPOCTO HEOOXOIMMOCTb, B3STh BECh ITOT NPOLECC M0J] CBOH
KOHTpOsb. MiMeeTcst B BUy BO3MOKHOCTH BBIOMPATh THII, LBET W TOIIIUHY JTMHHIA,
NOCPe/ICTBOM KOTOPbIX U oToOpaxkaioTcs rpaduku gyHkuuii. Kpome toro, obuiui
BHUJl CO31aBAaeMOT0 PHCYHKa JajeK OT COBEPIICHCTBA, MOATOMY YacTO MPUXOAUTCS
MOBLILLATDH €r0 MPe3eHTa0ebHOCTb, YTO HA3bIBACTCSI, COOCTBEHHOPYUHO.

BHocuTb W3MeHeHHusI B HACTPOHKK napaMeTpoB rpaduka (Wiu rpaukoB) B A0KY-
MeHte Mathcad mMoxHO Heckompkumu crocoOamu. s ompeaenceHHOCTH Oyaem
NpeanoararTh, YTo PUCYHOK ¢ He00X0AUMbIM rpagukom (rpadukamm) yske cozgaH
W Jajiee €ro HYXKHO HEMHOTO OTpeAaKTUpoBaTb. s 3TOro cienyeT ABaXKIbl
LLIEJIKHYTb MbILIbIO HA 3TOM pUCyHKe. B pesyibraTe oTkpoercsi AMaioroBoe OKHO
Formatting Currently Selected X-Y Plot (puc. 3.13).

OTO Ke OKHO MOXHO OTKpHITh, BhIOpaR koMaHAy Format | Graph | X-Y Plot.
Ilpu sTOoM AosmkeH ObITh BblJeNieH pelakTupyeMblii pucyHok. Ecniu ner, To OT-
KpBIBLIEECS OKHO OyJeT HECKONBKO OTJIMYATHCS OT OMHUCHIBAEMOT0 31€ECh.

Huanorosoe okHo Formatting Currently Selected X-Y Plot comepxut uetsipe
Braajaku (X-Y Axes, Traces, Labels u Defaults), nauGosiee BaxHbl U3 KOTOPbIX,
noxkanyii, nepesie aBe. Ha Bknaake X-Y Axes BBINOTHSIOTCS HACTPOUKH, CBA3AH-
Hbl€, B OCHOBHOM, C BU/IOM M THIIOM KOOP/IMHATHON CHUCTEMbI, HCMOIb3YEMOI Npy
oroOpaxenuu rpapukor. Tam conepkutcs Tpu paszzaena: GopManbHO 3KBUBAJICHT-
Hble X-Axis U Primary Y Axis (Secondary Y Axis), pacnosioxeHHble B BepXHek
YaCcTH IWaJIOrOBOTO OKHA W COAEpsKalllie OINLMK HACTPOWKH OCHOBHBIX MapamMeTpoB
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KOOPJAMHATHOM CUCTeMbI, a TakxKe pasjen Axis Style B HIKHel yacTy 1ManoroBoro
OKHA, B KOTOPOM BBIOMPAETCS, ¢ OMOLLBIO TPYIIbI HEPEKIIFOUATENeH, THIT KOOPAH-
HaTHOU cuctembl. OniyK B paznenax X-Axis 1 Primary Y Axis (Secondary Y Axis)
abCOMIOTHO MIACHTHYHBI, a Pa3HHULA COCTOMUT JIMIIL B TOM, YTO BHIMOJIHAEMbIC Ha-
CTPOHKH MPHUMEHSIOTCS K FOPU3OHTAIILHOM M BEPTUKAIbHOH (OCHOBHOH W BCrIOMOra-
TEJIbHOM) KOOPAWHATHBIM OCSM COOTBETCTBEHHO. B 4acTHOCTH, YCTaHOBUB (PIarkKOK
onuun Log scale, MoxkHO nepeliTu k Jiorapudmuueckoil ikane. 310 MOKHO AenaTh
TONIBKO B TOM CITyHae, €CH 3HA4€HHs BAOIb OCH, U1 KOTOPOH MPUMEHAETCS JTOoTa-
pudmuueckuii MmaciuTad, MPUHUMAIOT NMOJIOKUTENbHBIS 3HAUSHHUS].

Formatting Currently Selected X-¥ Plot il

K Aies |Traces I Labels | Defaults |

[” Enable secondary ¥ axis
. Primary ¥ Axis | Secondary ¥ fxis

I~ R-fxis

[~ Log scale [" Log scale

[ Grid lines | [ Grid lines |

v murbered v mumnbered

V¥ Auto scale v Auto scale

[~ Show markers Il [ Show markers Il

v auto grid v auto grid

Mumber of grids: |2— Mumber of grids: |2—
s Skyle

' Boxed [~ Equal scales

" Crossed

" None

Ok I CTMEHA MPHMEHHTE _npaeka

Puc. 3.13. Qnanorosoe okHo Formatting Currently Selected X-Y Plot
OTKpbITO Ha Bknagke X-Y Axes

Onuus Grid lines akTUBU3MPYETCS B TOM Cllyuyae, €C/ii HYXKHO 0ToOpa3uTh KOop-
OVHATHYIO ceTKy. LlBeT BRIOMpaeTcs mocie memyka Ha UBETHON KHOMKE MalUTphI
crpaBa OT OMuUMH. Pe3ynbTar MpuUMeHeHHUs STOro pexxuMa K CO3JaHHOMY paHee
PHUCYHKY ¢ rpadukamMu ABYX (yHKIHH TIOKa3aH Ha puc. 3.14.

Koopaunathas cerka 3aeck oToOpakaeTcs A 00€MX OCEH, T. €. B IUATOTOBOM
okHe Formatting Currently Selected X-Y Plot ¢uiaxok nocrapieH y kaxob u3
aByx onuuii Grid lines.

Onuus Numbered oTBeuaer 3a HymepalMiO METOK BIOJb KOOPAMHATHBIX OCEH.
Ecnu (bJ'l%DKOK 3TOM ONnuMKu HE BbLICTABJICH, MOCJIC OTMEHbLI BbIACJIICHHUA PUCYHKA YUC-
JICHHbIC 3HA4YCHUS BAOJb METOK JENCHUH KOOPAMHATHBIX OCeH 0ToOpaxkaTbes He Oy-
ayt. [o ymonuaHuio npu co3anuu rpaduka akTHBU3UpoBaHbl 00e onuun Autoscale.
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B pesynbrate Brosb KaxaoH U3 KOOPAUHATHBIX OCEeH MacIiTaOMpOBaHHUE OCYIIECTB-
Jsiercsl apToMaTnyecku. YTobbl OTKIIOUKTB ITOT PEKUM, JOCTATOUHO yOparh dhiax-
KU YOOMAHYTBIX onumid. [Tone3Ha B mpaktuieckoM miane onuus Show markers. o
YMOJIYAHUIO OHA HEeaKTUBHA HW Jy1s1 0HOM U3 oceli. Ecnu duiakok y onuum nocra-
BUTb, TO MOSBUTCA BO3MOXKHOCTh OTOOpaXaTh Ha TpaduKe JOMOIHUTEIbHBIC TOpH-
30HTAJILHbIE WIIM BepTHKAJIbHbIE JTMHUM. [locne akTHBW3aLIMK ATOM onuuK A 00eux
ocell py BBIAETICHUHM PUCYHKA ¢ TpaduKkaMy MOSBISETCS MO [Ba CTPYKTYPHBIX 3a-
NOJHUTES BO3JIE KAXK/I0M U3 KOOpAUHATHBIX ocell (puc. 3.15).

4 A [E] == [ <F 2] af “Tutorials | @eo

fry = S 2= -12,-1199 13
X

=20 -10 0 10 20

Puc. 3.14. OTtobpaxeHne KOOpAMHATHOW CETKM

BMecTo 3TUX 3anoJiHUTENeH BBOAUTCS YUCIO, SBIISIFOLIEECS MOPU30HTANIbHOW WK
BEPTUKAJILHON KOOPAUHATOMN /U1l NPOBOAUMON MapKUPOBOYHOH JIMHUM — B COOT-
BETCTBHM C T€M, Y KaKOH OcH pa3MelleH CTPYKTYpHbIH 3anojanutess. Het HeoGxo-
JUMOCTH BBOJWTbL 3HAYEHMS JUlsSl KAXK0rO U3 YeTbipex 3anojnureneii. Otodpaxka-
€TCsl POBHO CTOJILKO BCIIOMOTaTebHbIX JMHHHI, CKOJILKO HY:KHO (npaBaa, He GoJjiee
yerbipex). Ha puc. 3.16 nokazaHa curyalius, Korjaa orodpaxaercss 0jHa ropu3oH-
TaJjibHas JMHUS ¢ KOOPAUHATON 12 W oaHa BepTUKanbHag ¢ koopauHaTtoi 0.8.

PesynbTar mpeacrarieH Ha puc. 3.17. BUgHo, 4To KpoMe ABYX paHee CO3JaHHBIX
rpapuKoB, Ha PUCYHKE OTOOPa’KEHBI elle ABE JMHWH, BO3JIE KOTOPBIX (BEPXHSIS
MpaBasl 4acTb PUCYHKA) NPUBEICHBI COOTBETCTBYIOLINE YUCICHHbBIC 3HAUYCHUA —
KOOPAWHATHI MAPKUPOBOUHBIX TUHUH.

Ecnu B nanpHeliluem noHaaoOuTes yopars OJHY U3 MAPKHUPOBOUHBIX JIMHUH, ClielyeT
B 00s1acT 0TOOpaXkeHUs rpaduka BbIICIUTb YUCJICHHOE 3HAYCHUE KOOPAUHATbI, COOT-
BETCTBYIOLLIEE Y/1AJIIeMOi JIMHHH, KaK 3TO Moka3aHo Ha puc. 3.18, u yaanuts ero.
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Hakowner, ecan yctaHoBneH (iaxkok onmmu Auto grid, To 9HUCIO METOK BIOIH
KOOPAUHATHBIX OCEH CUCTEMOM BhiOupaeTcs aBToMarnuecku. Eciu daaxkok onuuu
HE YCTAaHOBJCH, IOJIB30BATEIIO MPUACTCS CaMOCTOSTENBHO YKa3aTb B IIOIE
Number of grids, Ha kakoe 4YMCI0 MHTEPBAIIOB HYXHO pa3bMThL Bech JMana3oH
3HAUYCHUH BAOIb COOTBETCTBYIOLIECH KOOPAUHATHON OCH.

A ] w= [2 <F 51 af HITutorials j @an
fix) = @ z=-12,-1199.12
x
12
1
1
fiz) 0.5
0.3 sing 1) A N i
I —
-5
0'5-20 -10 ] 10 20
-0 T, a0
' 1

Puc. 3.15. [lononHuTenbHbIE CTPYKTYPHbIE 3anonHUTENN
nosiBNSATCA nocne akTusmaauum onumn Show markers

A [1] 2= [ <E 3] af W HITutoriaIs | e
filx) = @ z=-12,-1199.12
X
12
03
fiz)
0.3 gin(x) . o
=03
=20 I, 0
1 12

Puc. 3.16. BB0oA YMCIIEHHbIX 3HAYEHWI, ONpeaensaoLLmnX KOOPANHATEI MaPKUPOBOUHLIX MUHANA
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A ] == [2 <F Z] af “Tutorials | @eo

fix)

z=-12,-119% 12

_ Eingd
T x

Puc. 3.17. OtobpaxeHne MapKMpOBOUYHbIX JIMHWIA

A ] x= [2 <F T af HITutoriaIs | @eo

fry = S 2= -12,-1199 13
X

12

Puc. 3.18. YganeHvne mapkmpoBOYHOW NUHNN

Pazgen Axis Style comepxxut rpynmy u3 Tpex nepekntovarencii (Boxed, Crossed
u None) u oo Equal scales. Beibupas ogun u3 nepekitodaresnieil, MOKHO 3a-
JaTh THUI KOOpAWHATHOH cucteMsl. [lepekmtouarens Boxed BeiOpaH mo ymomnda-
HUIO U COOTBETCTBYET KOOPAMHATHOH CHCTeMe, KOrAa BCs 00NacTb OTOOpasKeHUS
rpapuKy 3aKIr0ueHa B IpSMOYTOJIbHYIO paMKy. Eciu nepexmouaresnb ycTaHOBIICH
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B nonokeHue Crossed, KOOPIUHATHBIC OCH MEPECEKAIOTCA B Hayajie KOOPAMHAT.
IIpumep Takoil cucTeMbl KOOPAUHAT MpPHUBEACH Ha puc. 3.19.

A [ x= [R<F 7] af “Tutorials | @eo
fix) = sl z=-12,-119% 12
X
fiz)
0.3-5in(x) ol

Puc. 3.19. Nepekntoyatenb Bbibopa KOOPAMHATHOW CUCTEMBI
yCTaHoBneH B nonoxeHne Crossed

MoxHO BoOOILE He 0TOOpaXKaTh KOOPAMHATHYIO CHUCTEMY, I/ YEro IOCTATOYHO
YCTaHOBUTh NEpeKIouaTesb B nojoxkenue None. A eciau Hy:KHO, 4TOObI MacIiTad
BIOJb TOPU3OHTANIBbHOM M BEPTUKATIBHOM OCedl ObLT OOMHAKOB, YCTAHABIWBAIOT
thnaxkok ormmu Equal scales.

KoMOuHupysl pazinuHble HAcTPOHKH, MOXKHO a00uBaThes Jkenaemoro addekxra
npu pabore ¢ rTpadmkamu. Ha pmc. 3.20 mokazaH BHA JHAOTOBOTO OKHA
Formatting Currently Selected X-Y Plot (Bknagka X-Y Axes) co cieayommmu
HACTPOMKaMH: N0 KaXIOM M3 ocel oToOpaxkaeTcss KOOpAWHATHAS CEeTKa, HyMepy-
I0TCSl METKM M aBTOMATHYECKH BBINOJHsIeTcsl MacuitabupoBanue. Yncio nHrepea-
JIOB AN OTOOpasKEeHUsI JIMHUM KOOPAWHATHOW CETKU PaBHO 5, cHCTeMa KOOPIUHAT
C nepecedeHHeM KOOPAMHATHBIX OCel B HavajbHON TOUKE M OJIMHAKOBLIM Mac-
mTaboM o 00erM OCSIM.

Ha stoMm xe pucyHKe MmokazaH Kypcop MBILIH, pa3MEIICHHBIA B 00JacTH Hal KHOTI-
kol Ilpumenntsn, a He OK. Ecay 1ieiakHyTh Ha 3TOH KHOMKE, TO BHECEHHbIE M3Me-
HEHUS BCTYIAT B CUITY, JUAIOTOBOE OKHO 3aKpBITO He OyneT (B OTIMYHE OT CIydad,
Koraa 1enkatot Ha kHorke OK), HO npu 3TOM MOXHO BHAETH Pe3y/bTaT NpUMeHe-
HHUS HACTPOEK, KOTOPbIH mpenctasneH Ha puc. 3.21. Insg ynoOcTBa CyIIeCTBEHHO
cy)keHa o0J1acTb UBMEHEHHUs MEPEMEHHbIX-APTYMEHTOB 0TOOpaxkaeMbIX (hYHKLIMH.
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Formatting Currently Selected X-¥ Plot x|

2¥ Anes ITraces | Labels I Defaults I

[ Enable secondary ¥ axis
: Primary ' Axis | Secondary ¥ Axis I

T e —

[ Log scale [ Log scale

v rid lines | IV Grid lines =

¥ humbered V¥ Mumbered

v Auto scale [ Auto scale

[ show markers I [ show markers I

™ auko grid [~ auto grid

Mumber of grids: IS_ Murnber of grids: IS_
—Axis Style

" Boxed V¥ Equal scales

& Crossed

" Mone

oK I OTHMEHS I'I|:w1r-1n3r-wm:.,\Ie Crnpaska |
b

Puc. 3.20. Hactpoiika napameTpoB rpacuka

A ] 2= [ <F 2] af “Tutorials | @
fi¥) = sinx) z=-12,-1199 12
x
2 o
taT
fiz)
0.3.5m{x) o

Puc. 3.21. Pe3ynbTtat npMMeHeHns HacTpoek

Kak ynomunanoce panee, o0jacTb HACTPOMKM THUIA U LIBETA BEPTUKAILHON KOOP-
JIMHATHOW OCH COAEPKUT JIB€ HWACHTUuYHbIE BKjJaAkd: Primary Y Axis u
Secondary Y Axis (cm. puc. 3.20). Jlng Toro utobbl BCroMoraTejibHask KOOpP/1u-
HaTHas ocb Obula JOCTYNHA, ClIeAyeT YCTAHOBWUTbL uiaxkok onuuu Enable
secondary Y axis B BepxHeil yacth Bkiaaaku X-Y Axes (cm. puc. 3.20). B atom
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cllyuae B MPaBOM 4acTH rpadyka mosIBUTCS CTPYKTYPHBIN 3allOJHUTENb, KyAa BBO-
ST UMS M apryMeHT (YHKLUMH 11 mocTpoeHus rpaduka. Tam sxe (T. €. crpasa)
oroOpaxkaercs elle oJHa KOOpAMHATHAs OCh ¢ MHAMBUIYaJbHBIMH HACTPOHKaAMHU,
aHAJIOTUYHBIMH TEM, YTO ONUCHIBAIUCH Bhille. MHOrOa 310 ObIBaET YAOOHO.

Hacrpoiiku, oTHOCsLIMeCs HENOCPEACTBEHHO K crocoly ortobpaskeHus (yHKUHO-
HaJIbHbIX 3aBUCHMOCTEH, BBIMOJIHAIOTCSA Ha BKJajke Traces AUaJoOroBOro OKHa
Formatting Currently Selected X-Y Plot. /lanHoe auanoroBoe OKHO, OTKPBITOE
Ha BrJagke Traces, npeacTarieHo Ha puc. 3.22,

Formatting Currently Selected X-¥ Plot il
%Y Axes  Traces | Labels | Defaults |
Syrmbol Syrmbal |, . Lite i
Legend label Freﬂuency Symbal \v‘f‘leight Line Waight Color [ Type | ¥-Axis
trace 1 1 11— 1 linez | % &
trace 2 1 1| 1 lines | - —
trace 3 1 1|— - 1 lines
trace 4 1 1|—-- 1 lines
trace 5 1 1|— 1 limes
trace & 1 1) - 1 limes -
trace 7 1 1|— - 1 lines - -
4 | »
[ Hide arguments Hide legend
" Top-left " Top-tight
" Bottom-left € Bottom-right
" Below

Ok I CTMEHA MPHMEHHTE _npaeka

Puc. 3.22. [inanorosoe okHo Formatting Currently Selected X-Y Plot
OTKPbITO Ha Bknaake Traces

I'naBHbIi 51eMEHT Ha 3TOH BKJIaIKe — CIMCOK B LGHTPAIbHOMN YacTH IUATOTOBOTO
OKHa. DJIEMEHTHI crucKa pa3OUThl Ha ACBATH KOJOHOK, AJISi KOTOPBIX MPUBOISTCS
HazBaHus. B kononke Legend label oToOpaxatoTcs MeTku 11s JereHna TpadrKoB,
KOTOpbIE OJHOBPEMCHHO SIBJIAIOTCS M MHAMKaTopamu rpadgukoB ¢yHkuumit. Ilo
YMOTHYaHHIO OHU (GOPMUPYIOTCS OOBEAMHEHUEM CJIOBa trace M MOPSIKOBOTO HO-
Mepa rpaduka. Beero B crincke mecTHaAUATh 37€MEHTOB, a 3TO 3HAYUT, YTO OJHO-
BPEMEHHO Ha OJHOM PHUCYHKE MOXHO OTOOpa)kaTh OO IICCTHAALATH Pa3TUUHBIX
rpajukoB. Crnemyromuye [Be KOTOHKM HUMeroT HaspaHusi Symbol Frequency
u Symbol. B xomonke Symbol ykazsiBaercs Trn 6a30BOr0 CHMBOJA, C MTOMOIIBIO
KOTOPOTo (OPMUPYIOTCA KpHBbIC Ui TpahyKOB 3aBUCHUMOCTEH (IO YMOTYAHHIO
B 3TOH KOIOHKE OTOOpa)kaeTcd 3HAUCHUE none), a B mosie KoJoHKH Symbol
Frequency ykasbiBacTcs MIOTHOCTH (YacTOTa) €ro UCHONB30BaHUS (OTOOpasKeHUS
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Ha KpuBOi). PazmMepsl cMMBONOB 3amatoTcs B MOIAX KonoHKH Symbol Weight.
Kononka Line comepkut cBeAeHUs O TOM, KAKOTO XapaKTepa JUHHUS UCTIOb3YeTCs
Ui oToOpakeHHs rpadyka, a €e TONMIMHA YCTAHABIMBACTCS B MOJSIX KOJOHKH
Line Weight. /s pa3HBIX rpadHKOB HCIIONB3YIOTCSA pa3Hble TUHUA. [10CKOIBKY
JUHUK MOTYT OBbITb BCErO YEThIpEX THUMOB (CIUIOLIHAS, MyHKTUPHAS, LITPUXOBAH-
Hasl W LWITPUXIIYHKTUPHAA), TO OHM NPUMEHSIOTCS MOOUEPEIHO U MEPUOIUYECKH.
B cuny 3THX MpUYMH CTAHOBUTCS OYEBMIHBIM, YTO TOJBKO C TIOMOLIBIO TUIMA JIH-
HUU MOXKHO BBIAETUTH JIMLIb YeThipe rpaduka. Eciu rpagukoB Ha 0OAHOM pUCYHKE
Oonplue YeTbIpex, TO AN HUX OOBIMHO 3aJar0T elle U pasHele uBeta. LBet (mns
JaHHOM JIMHUM) 0ToOpaxaeTcs B KOJIOHKe ¢ Ha3BaHuem Color.

OnHako coBceM HeobGs3arenbHO oToOpakaTh rpaduk (Wi rpaduKK) ¢ NOMOUILIO
Junuii. Cnocob orodpaxenus rpauueckoil 3aBUCUMOCTU MOXHO BbIOpaTh B KO-
nouke Type. Hakonen, nocnenHsas konoHka Y-AXis onpenessieT TUN BEPTHKANb-
HOM KoopanHATHON ocH. [Toa kaxaA0H KOJIOHKOH PacIookKEHO NOJE UK PACKPbI-
BalOUIUICA CMHUCOK, B KOTOPOE WM U3 KOTOPOTO COOTBETCTBEHHO BBOJMTCS WIIH
BbIOMpaeTcs 3HaueHue. Mex 1y KOJOHKaMU CylIeCTBYET B3aUMOCBSI3b — JOCTYI-
HOCTb JJIEMEHTOB M3 PacKpPbIBAIOLIMXCSA CIHUCKOB 3HAYEHWI CBOWCTBA 3aBUCHUT OT
BLIOPAHHbBIX 3HAUYEHUH JJISI MPOUUX CBOMCTB.

Hazpanue-nerenaa o rpaduka orodpaxkaeTcss B TOW H4acTH PUCYHKA, UTO OIpe-
nensercs TojoxkeHneM mepersrodarens B pasgene Hide legend. Uto6ser rpymma
nepekIovaTeneil Obula JOCTYIHA, Y COOTBETCTBYIOLICH OMUMK AOMKEH OTCYTCT-
BoBaTh (akoK. COOTBETCTBUE MEXKIY PACIOIOKEHUEM JICTEHAbl U COCTOSHUEM
MepekIrvaTeneil Takoe:

O Top-left — cnera BRepXYy;

O Bottom-left — cneBa BHUBY;

O Below — BHu3y;

O Top-right — cripara BRepXy;

O Bottom-right — cnpapa BHU3Y.

Hanmuwe ¢naxka onmym Hide arguments mpuBoauT K TOMY, UTO Ha pUCYHKe Oy-
OyT CKpPBITHI Ha3BaHUS apryMeHTa (WK apryMEeHTOB) U (DyHKUMH BAONb KOOpPAHM-
HATHBIX Oceil (OOHAKO MPH BBIACTICHUN PUCYHKA OHU BUIHBI).

Bosspauiasick k Bbibopy 6a30BOro CUMBOIA, ClEAYET OTMETHUTb, YTO COOTBETCT-
BYIOLIIUI pacKpbIBAOUIMICS CIUCOK C BO3MOYKHBIMU 3HAYEHUSIMU JOCTYIEH TOJb-
KO B TOM ciyu4ae, eciiid 3HaueHueM B kosoHke Type sasasercs lines, points wiu
stem. [loyiHbIF cOUCOK 3HAYEeHWH, KOTOpPbIE MOXHO YBUAETb B KojoHKke Type,
npuseeH B Tabd. 3.1.
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Tabnuua 3.1. 3HayeHusi 8 konoHke Type

3HayeHue

OnucaHue

lines

points

error

bar

step

draw

stem

solidbar

"pachuk 3aBUCMMOCTU CTPOMTCH C MOMOLLBIO NIMHUW: CHavana onpeae-
nawTca 6a3oBble TOYKU 3CKM3a rpaduka, nocre 4ero OHU COeaUNHSIOT-
CA NTIMHUAMU

OT06pa>|<a+0Tc91 TONbKO 0a30Bble TOYKW 3CKM3a. TOYKM NUHUSIMU He
CoeNHAKTCA

OTO 3HayeHWe MOXeT MPUMEHATbCS ToMbKo Ans nap rpadgukos. Mpu-
YeM 3T ABa rpaduka AOMKHbI criefoBaTb OAMH 3a APYrMM B CNWCKe
rpacpukoB Bknagku Traces. B atom cnyyae coortBetcTtBylowme 6aso-
Bbl€ TOYKM 3CKU30B rpaddnkoB COEAMHAIOTCA OTPEe3kamu, TakMMM, Kak
npv BblAENeHUN obract OWmMBKM M3MEPEHMI ANS 3KCNEepUMEHTanb-
HbIX AaHHbIX. BasoBble TOYKM 9CKM3A KaXOAOro OTAENbHOrO rpaduka
npv 9TOM NUHUSAMK HE coepuHsailoTcs. [py BbIbOpe 3TOro 3HayYeHus
cBovicTBa u3 konoHok Symbol, Line, Line Weight n Symbol Weight
CTaHOBATCA HeaKTuBHbIMW. COOTBETCTBYIOLlEE 3HA4YeHWe pasyMHO
NPUMEHSITb B TEX Cry4vasiX, Korga 3aBMCUMOCTb CTPOMTCS MO SKCnepu-
MeHTarnbHbIM AaHHbIM. OAnH rpadurk 3aAaeT BEPXHIO rpaHnLly 3Hade-
HWU KccrneayemMon BENUUYUHBI, @ APYro — HUXKHIOK

B stom cnyyae rpaduyeckas 3aBMCMMOCTb OToOpaxaeTcs B BUAe
cTonbukos, NogobHO TOMy, Kak CTpPOATCA ructorpammbl. Kak u B npe-
Ablgywiem crniydae, konoHku Symbol, Line, Line Weight n Symbol
Weight He ucnonbsaylotca

'padmk 3aBUCMMOCTM OTOOpaxaeTcs B BUAE HENpepbiBHON CTyneH4a-
Ton dyHkumm. CoiictBa B konoHkax Symbol, Line, Line Weight n
Symbol Weight HeakTuBHbI

Wcnonb3yeTca pucoBaHHas NMUHWUA Ansi otobpaxeHns rpacdukoB yHK-
LMoHarnbHbIX 3aBucumocTten. B oTtnumuve oT cnydasi, korga ykasaHo
3HaueHue lines, B JaHHOW CuTyaumm HET BO3MOXHOCTY Bbiaensite 6a-
30Bbl€ Y3nbl 3CKM3a rpaduka cneumanbHbIMU CMMBONaMU

BasoBble TOYkM 3ckM3a rpadmka OTMEYalTC CUMBONaMn, BbIGpaHHbI-
MU B KoroHke Symbol. 3T TOYkM CoeauHATCS BepTMKanbHbIMU fn-
HUSMW C FrOPU3OHTarNbHOW KoopAnHaTHOW ocbio. Camn 6asoBble TOYKM
nVHWENn He coeanHATCs (KornoHka Line HeakTusHa)

3aBMCMMOCTb OTOBpaKaeTcst C MOMOLLbIO 3aMOMHEHHbIX MpUreratwLLmx
APYr K Apyry CTOnoukos

B zaBucumoctn ot pemacMbIX 3aav BBI6I/IpaeTC$I crmocod rpa(bnquKoro OTO-
6pa)KeHI/I$I JaHHBbIX. HeKOTOpBIe M3 HUX BCTPCUAKOTCA 4Halle, APYTHUC — PCKE.
Haub6onee MNPpUMCYATCIIbHBIMU SBJIAIOTCA CIOCOOBI OTO6pa)KeHI/I$I JaHHBIX B BUAC
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OTIENBHBIX TOYEK C BBIACIICHUEM HX CHELMaJbHBIMU CUMBOJNaMU. OOBIYHO 3TO
aenaercs mpu paboTre ¢ HKCIECPUMEHTANbHBIMU JaHHBIMU. [IpaBna, B 3TOM ciy-
yae HeOOXOOUMBI CICHUAIbHBIE METObI, O KOTOPHIX peyub NOHAET B MOCICAYHO-
KX r1aBax.

PaznuuHble rpadukd MOKHO BbIAEISATH HA PUCYHKE TAKXKE C MOMOLUbIO JIMHUH
pa3HON TONIIWHBI WM CUMBOJIOB pa3HOro pasMmepa. CoOOTBETCTBYIOINAA HACTpOHKa
BBIMOJIHAETCS B PACKPbIBAIOLIMXCH CMNUCKax noj kojoHkamu Line Weight u
Symbol Weight. Crcku coaepxat uucna ot 1 1o 9, a taxoke 3HaucHue p. Hucaa
33/1al0T TONILMHY JIMHUE WKW pa3Mep CUMBOJIOB, P COOTBETCTBYET ONMTHMAsbHOM
TONIIWHE WM pa3sMepy B OAMH NHKcen. Kak MpaBwilo, MepeUrCIeHHBIX CPEICTB
BIOJIHE XBATAET /15l OJHO3HAUHOW WACHTU(PUKALMK NPAKTUUECKH JIIOOOro uucia
rpa(puKOB, BILIOTH IO MaKCUMAIbHO BO3MOXKHBIX IICCTHAALATH.

Mpumep 3.3. Cnoco6bbl oTo6paxeHns rpaconkos

BbiGop pazHbIX HAcTpoeK B pa3Hbix KOMOMHALMAX MPUBOAMUT K Pa3ivUHbIM BHU3Y-
anbHeIM 3¢ ¢dekram. B Tabn. 3.2 mpencraBneHbl HEKOTOpble Hanbonee XapakTep-
Hbl€ CUTyaLUH.

Tabnuua 3.2. Vicrionb308aHuUe pa3HbIX HACMPOEK

OCHOBHbIe HAaCTPOMNKMN PesynbTar

Ha pucyHke oTobpaxaeTcs rpaduyeckas | B =t E e o Flow
3aBucuUMoCTb Ans dyHkumm beccens Hy-

NneBoro nHaekca (komavga Jo (x) ). lNepe-
MEHHOW-apryMeHTy npeaBapuTensHO Npu-

x=-0-22.3

CBaMBaeTCH 3HaYeHue-ananasoH, B ¢l
COOTBETCTBMU C YEM apryMeHT pyHKLMM &5t 5
M3MeHsieTcst 0T —9 10 9 C LIAroM ANUCKpeT- 1000 S8

Hoctu 0,2. B kauecTBe nereHabl B Anano- ° o : <>0 | )
roBom okHe Formatting Currently %@?O f %é
Selected X-Y Plot Ha Bknagke Traces a5

BBeJeHo Ha3BaHue Bessel function ans
nereHgbl rpacuka (konoHka Legend
label), rpacdmk oToOpaxaeTcs B BUAE OT-
OenbHbIX ToYek (B konoHke Type BbIGpaHo
3HayeHue points), TOUKN NpeacTaBnATCSA
B Buge pombos (konoHka Symbol), a B
konoHke Symbol Weight BbiGpaHo 3Haue-
HWe 2, onpeensioLlee pasmep CMBOSIOB

x
< Bessel function
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Tabnuuya 3.2 (npodomkeHue)

OCHOBHbIe HaCTPOMNKM

3HayeHve B KonoHke Type n3mMeHeHo Ha
bar. B pesynbtate rpacduk dyHKUMM OTO-
OpaxaeTcs B BUAE He3arnonHeHHbIX Npsi-
MOyronbHbIX cTonbukos. [1ns ygobctea n
OonbLUen HarmagHOCTN yBENWYEH Lwar guc-
KPeTHOCTU aprymeHTa cyHkumn beccens
(B BJaHHOM cnyyae un ganee OH CoCTaBns-
et 0,5)

3HaueHune B konoHke Type yCTaHOBEHO
paBHbIM step. [paduk pyHKLUUN nmeeT
CTyneH4aTbl BUg,

Mpymep npuMeHeHUs 3HayeHus stem (ko-
nonka Type). B konoxke Symbol namexeH
TMN cumBsona. lNoatomy 6a30Bbie TOYKM
oTobpaxaloTcs B BUAE KPYXKKOB. LieHTpbl
3TUX TOYEK COEAUHEHBI NIMHNAMN C ropu-
30HTanNbHON KOOPAMHATHOW OCblo. N3me-
HSIS 3HayeHune B KoroHke Symbol Weight,
MOXHO BapbUpoBaTb pasmep CYMBOJIOB U
TONLWMHY NUHUA

PesynbTat
|@ A= g E T ap W HlTuturials =] @
x=-9,-85.9
4 Bessel function ¥
| @ [ v= 2 <E 1 ap ® H Totoridls -] @
x=-9 -850
1
5
SNE i
BTN :ELIJ‘IJ f LLLJJ o
05
- Bessel function *
|@ A= g E T ap W HlTuturials =] @
x=-9-85.0
100z} i o o o
= al 1l
% Bessel function .
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Tabnuua 3.2 (0koHYaHue)

OcCHOBHbIe HaCTPOMNKHU PesynbTat

B konoHke Type ycTaHOBMNEHO 3HayYeHue @ A k] e= (g <E T ap & HlTuturials =] @
solidbar. 'paduk B aTOM cnyyae umeet
BW/, 3aKpaLUEHHbIX BMMOTHYO pasMeLleH- #9858

HbIX APYT K APYry NPsIMOYroJibHbIX CTON6u- ;
KOB

10(x)
a

5

x
a2 Bessel function

Kak yxe 0TMe4anocb, 3Ha4eHnE error B | @ A [ == [% <F 81 ap & H Tutorials v @60
konoHke Type yCTaHaBnuBaeTcs Ans ABYX
nocnegosaTtenbHbIX rpadukoB. B kayecTse ¥=-8,-85.9

BTOPOro AOMOMNHMTENBHOIO rpadnka yka-
3aHa yHKUmMs beccensi nepsoro nHaekca
(komaHpa J1 (x)). B pesynbtaTte 6a3oBbie
TOYKW ABYX rpacpmkoB COEAUHAIOTCS BEP-
TUKanNbHbLIMW NIMHASAMU C FOPU3OHTanNbHbIMU
METKaMun no Kpasam

B nuanoroBom okHe Formatting Currently Selected X-Y Plot, momumo nepe-
YUCJIGHHBbIX, €CTh elle /B¢ BKJIaaku. Ha puc. 3.23 nanHoe nuajsoroBoe OKHO OT-
KpbITO Ha Bkiaake Labels.

Ha »roii Bkaake 3amaeTcs 3arojoBOK CO34aBaeMOro rpaduka, a TakKe HaAlucH
y KOOpAMHATHBIX Ooceil. 3arofoBok Beoautca B nojie Title. Onnako st Toro uro-
Obl 3aroI0BOK 0TOOpaXKaJICs Ha PUCYHKE, HEOOXOAMMO YCTaHOBUTE (JIaXKOK OTILIMH
Show Title. 3aroioBox MOKHO oTOOpaxkaTh Haj WiaM noj rpadukom. B nepsom
clIyvae yCTaHaBIMBAKOT nepeknouaress Above, a Bo BTopom — Below.

Haammes ams ocu abenrce (ropu3oHTalbHAS KOOPAUHATHAS OCh) BBOJUTCS B TTOJIE
X-Axis, a 4519 ocu opAMHaT (BepTUKaJbHAas KOOPAUHATHAS OCb) — B nosie Y-AXis
(mns BemomoraTenbHOM ocu miosie Y2-Axis). s Toro uroOsr Haammuce oToOpaska-
Jacb, HeOOXOAMMO YCTaHOBUTH (UIAXKOK OMUMH, Pa3MELIEHHOW Y COOTBETCTBYIO-
IIeTO TOJ.
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Formatting Currently Selected X-¥ Plot |

%Y Axes I Traces Labels IDeFauIts |

r Title

" above © Below [ Show Title

 Auis labels
H-bis: W |

V-dxis: v I

ve-ods: |

R I OTHEHA MpHMEHHTE: Cnpaeka

Puc. 3.23. [lnanorosoe okHo Formatting Currently Selected X-Y Plot
OTKpbITO Ha BKnagke Labels

Mpumep 3.4. N'pachuk ¢ 3aronoBKom
Ha puc. 3.24 mpuBeaen mpumMep 3aroyioBka rpadka ¢ BBITIOTHEHHEM Haaruvceit

BAOJIb KOOPAUHATHBIX OCEH.

A ] x= |2 <F T of W JITutoriaIs j #Ga

x=-9-88.0

THIZ I3 MY FLOT
1

\

-

=

9 T

10(z)

= /\\

i _6\\
\/

[N
|

Bessel Function

|

o b2
b

L=

i /
/ g
W/

x

argurnent

Puc. 3.24. MNpumep ncnone3oBaHns 3aronoska rpaduka dyHKLMn
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Ha puc. 3.25 npeactaBneno auanoropoe okHo Formatting Currently Selected

X-Y Plot ¢ HacTpoiikaMu, KOTOpBIE ClIeAyET BHIMOJIHUTE Ha BKiaake Labels.

Formatting Currently Selected X-¥ Plokt

%Y Axes I Traces Labels |DeFauIts I

Title
| THIS 13 MY PLOT

& pbove © Below W Show Tide

 Axis labels

w-Axis: W I argurnent

Y-Axis: W IBesseI Function

t2-tiss V|

Ok I JTHEHA [EHHEHHTE

Cnpaeka

Puc. 3.25. Hactpoliku Ha Bknagke Labels

Formatting Currently Selected X-¥ Plot

A Axesl Traces | Labels Defaults |

Changes all plat settings to
Change to defaults | the default settings For this
document,

Use the current plot settings
™ Use for defauits as the default settings for
this document,

oK I OTHMEHS MpHMEHMTE:

Crnpaska

Puc. 3.26. Bknagka Defaults
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YetepTtas Briaaka Defaults nuanorosoro okHa Formatting Currently Selected
X-Y Plot HeoOxoauMa B IBYX ClIydasix: €CJIM HY)KHO OTMEHUTD BbIMOJIHEHHbIE Ha-
CTPOWKHM M MEpelTH K TeM, uTo onpeaeneHsl B Mathcad mo ymonuanuto, uiu eciau
BBINOJHEeHHbIE HACTPOMKU /J1s1 AAHHOTO rpaduka ciaenyer NpUMeHsTh N0 yMoya-
HUIO KO BceM rpadukam B paboueMm mokymeHTe. Kak BHITISOUT AaHHas BKIAIKa,
nokasaHo Ha puc. 3.26.

Bknanka coaepskut Beero aBa (GyHKUMOHAILbHBIX aniemenTta: kHonky Change to
defaults u onuuio Use for defaults. /[ns npumeneHus HacTpoek no yMoJ4aHHIO
K BbiOpaHHOMY rpaduky, wenkator Ha kHonke Change to defaults. Hanuune dnaskka
onuuu Use for defaults npuBoaUT K TOMyY, YTO HACTPOMKU JaHHOTO rpaduka Npu-
HUMALOTCSI [0 YMOJIYaHHIO 7151 BeceX rpadMKOB B IaHHOM paboueM JI0KyMeHTe.

Mpadmkn B nonsapHbIX KoopauHaTax

Bonsmmoii NOIMYJIAPHOCTBIO MOJIB3YCTCA IMOJIApHAA CUCTEMA KOOpAUHAT. Kax us-
BCCTHO, B 3TOM CJIydac KOOpAWHATa TOYKHU HA ITUIOCKOCTH 3ad4€TCd € MOMOLIBIO
ABYX MMapaMCTpPOB: paCCTOAHUA 7 OT TOUKHU A0 Ha4aJla KOOPAUHAT U yTjia (¢ MCKAY

TOPU3OHTAIBHON KOOPAMHATHOMN OCBHIO U JIMHUEH, COCAUHSIOICH TOUKY ¢ HAauaJloM
koopauHat. CBs3b MEKIY ACKApTOBBIMHU U MOJISPHBIMU KOOPAMHATAMHU AAETCS CO-
OTHOLICHUAMHM X = 7COSQ U ¥ =rsin@. HacTo ypaBHCHHS, ONPEACTSIOIINE KPH-

BbIe (PyHKUIMOHATIBHBIX 3aBUCUMOCTEH, 3aIUCHIBAIOTCS Cpasy B MOJSPHOI cHcTeMe
KOOpAWHAT (MHOTIA 3TO ObiBaeT ymHoOHO). Ilpu sTtoM mist oroOpakeHus rpaduka
(YHKIIMOHABHON 3aBICUMOCTH CYIIECTBYET IBE BO3MOXKHOCTH. [lepBas coctouT
B TOM, YTOOBI MIEPEHTH B YpaBHEHNH K JeKapTOBBIM KoopauHaTaM. OTHAaKO B 3TOM
cllydae, K COXaJCHHUIO, He BCETa MOYKHO Pa3pellnTh MOTYYeHHOE YpaBHEHHE OT-
HOCHUTEJIFHO OHOW M3 JEKapTOBBIX MIEPEMEHHBIX, B CHIIy HY€r0 COOTBETCTBYIOINAS
¢yHkms OyzneT 3amaHa B HEssBHOM Buue. Bropas BO3MOXKHOCTB CBs3aHa € TO-
cTpoeHHeM rpaduka B MONApHON cucTeme KoopauwHat. M aTo mpemycmoTpeHO
B Mathcad. B nmanHOM ciydae HeT HEOOXOOMMOCTH TIEPENHCHIBATH HMCXOTHOE
ypaBHEHHE B JIEKapTOBBIX KOOPAWHATAX, UTO CYIIECTBEHHO YTIPOIACT 3a1a4y.

Mpumep 3.5. Cnupanb Apxumepa
B kadecTBe HeGONBIIOTO MpUMepa PaccCMOTPHUM TIPOLIEAYPY TOCTPOSHUS rpaduKa

KpUBOM, KOTOpas Ha3bpIBaeTcs crnupaibio Apxumena. COOTBETCTBYIOLIEE YpaB-
HEHHE UMEET BUA 7 = AP, A€ @ — KOHCTAHTA, a YIoJ (¢ U3MEHSETCs B Mmpeaesax

or 0 oo 27«.
IIporeaypa moctpoenus rpaduka B MONAPHON CUCTeMe KOOPAMHAT MO YeM OT-

JIUYaeTcs OT CO3AaHus OOBIYHOTO JBYMEpPHOTO rpaduka, OJHAKO €CTh M PAd OCo-
OeHHOCTeH. B wacTHOCTH, mociie HaXKaTHs KoMOMHaumu Kiasui <Ctrl>+<7> unu
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BbIOOpa KomaHAbl Insert | Graph | Polar Plot B paboumii AoKymMeHT OyneT
BCTaBJI€HA 00JIACTh CO3JaHUsI NMOJISAPHOTO rpaduka, B LEHTPe KOTOPOH M300pakeH
KpYT, CHU3y M CJeBa OT KOTOPOTO Pa3MELICHbl IBa CTPYKTYPHBIX 3amOIHUTENS
(puc. 3.27).

A ] 2= [ <F 2] af “Tutorials | @

Puc. 3.27. O6nacTb co3gaHusa nonsipHoro rpaduka

BmecTo HUKHEro 3amonHUTeNd, Kak U B ciiyyae rpaduka B AEKAPTOBBIX KOOPAH-
HaTax, yKa3blBaeTCs apryMeHT QyHKUMHU. TOT 3aMOAHUTEND, YTO HAXOOUTCA CIeBa
OT LIEHTPaJIbHOTO Kpyra B 001acTH co3JaHMs rpaduka, 3aMeHICTCI Ha Ha3BaHHUE
(DYHKUMM ¢ yKa3aHUEM €€ apryMeHTa (WITH BBIPAKCHHS, 3aBUCAILETO OT NIEPEeMEHHOM-
apryMeHTa, YKa3aHHOH BMECTO HMKHErO CTPYKTYypHOro 3anojinutens). Ecnu yka-
3pIBaeTCs (DYHKLMS, OHA JOJKHA OBITH TIPEABAPUTENBHO ONpeAesicHa, Kak 3TO cae-
JIaHO B TipuMepe Ha puc. 3.28 (koMaHaa r (@) := 5-9).

Ilpu arom B npaBoii yactu objacTu co3iaHus rpaduka MOXKHO BUJETb elle jiBa
CTPYKTYPHbIX 3alI0JIHUTEIIS, KOTOPbIE OKa YTO Jiyullle He TporaTbh. X HazHauyeHue
CTaHET SICHO B JajibHel1IeM.

[Mocrne memyka MBIIBIO BHE 00aCTH CO3]aBaeMOTO PUCYHKA CTPOUTCS KpUBAst IS
criupanu Apxumena (puc. 3.29).

Ecnu auanaszoH u3meHeHus nepeMeHHoli-aprymeHTa (pyHKLUMW HE YKasaH, TO MO
YMOJTYaHHIO OH yCTaHaBIMBaeTcs B mpenenax ot 0 1o 2m, Kak ¥ B pacCMOTPEHHOM
npuMepe.

OO0wuii B pUCYHKa, CO3aBaeMOro Ha OCHOBE HACTPOEK MO YMOJIYAaHUIO, He
OUYCHb TMPUBJICKATCJICH, TO3TOMY O6bl'~lHO NPpUXOANTCA BbLINMOJHATDL HaCTpOﬁKy ca-
MocTOsATEIbHO. Kak 1 paHblie, peJakTUPOBaHHE MOAPa3yMeBaeT JABOHHOM 1IEeTHOK
MbILIBIO B 00JIacTH NoJsipHOrO rpaduka. B pesynibrare OTKpbIBaeTCs AMANIOrOBOE
okHo Formatting Currently Selected Polar Plot, koTopoe oueHb CHIBHO Hamo-
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muHaer okHo Formatting Currently Selected X-Y Plot — Tonbko B JaHHOM

C/lyuae OMnLMii U nepexjtodareneii nomensuie (puc. 3.30).

T )‘1!:‘ [] x= I% <§ SII aff HITutorials

| P

Puc. 3.28. Beog pyHKLMM 1 NnepeMeHHOoR-aprymeHTa

j 6}60

A A [ w= [2<F 3] ap W |J|Tutorials
) =54
an
120 a0
I
150 30
ﬂ 120 1]
210 330
240 300
270
b

Puc. 3.29. Cnupans Apxumega

Oco6oii  HeOOX0AMMOCTU NOAPOOHO  OMNMUCHIBATL  OIUMU  JUAJIOrOBOIO  OKHA
Formatting Currently Selected Polar Plot Het. OcoGeHHOCTU HACTPOEK, Bbl-
MOJIHACMbIX B 3TOM OKHE, CBsA3aHbl C TCM, 4UTO COSﬂaBaeMblﬁ rpa(bl/u( CTPOUTCs
B l'lOJ'lﬂpHOﬁ CUCTEME KOOpAWHAT, — JTO HaK/IaAblBA€T HEKOTOPbLIC OIr'paHUYCHUA.
Hanpuwmep, B cayuae nojisipHoro rpaduka Jjorapudmuueckoe maciurabupopaHue
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MOKHO MPUMEHATH TOJBKO MO OTHOLICHHIO K paJualibHOW MepeMeHHOH r (B pac-
CMaTpUBaEMOM NIpUMeEpE 3TO PYHKLMA OT a3UMYTaIbHOH MEePeMEeHHOH ¢). 3aTo Tak
JKe, Kak W Ul IeKapTOBOM CHUCTEMbl KOOPAMHAT, MOKHO OTOOpa)kaTh KOOpAWHAT-
HyI0 ceTKy (Ha puc. 3.30 ycranosneH ¢maxok onuuii Grid lines). Pesynprar mpu-
MEHEHHUSI 3TOH HACTPOMKHU MpeacTarieH Ha puc. 3.31.

Formatting Currently Selected Polar Plokt 5[

Polat Axes |Traces I Labels | Defaults |

rRadiall ———— Angular

[~ Log scale

v Grid lines = v Grid lines =

¥ Mumbered ¥ Mumbered

[~ Show markers

v auto grid v Auto grid

Mumber of grids: |4_ Mumber of grids: IT
—Bxis style

" Perimeter

' Crossed

" Mone

O I OTHEHS [IEHHEHHTE Cnpaska

Puc. 3.30. Juanorosoe okHo Formatting Currently Selected Polar Plot

o

o0 31414,

120 60

150 30

)

180 7
A0 20

210

240 300
270
b

Puc. 3.31. OtobpaxeHne koopaANHATHON CETKN
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Ha sTom xe pucyHke npuMeHeHa HacTpoiika Crossed, B CHITy 4ero KOOpAUHATHbIC
0CH OTOOPAXKAIOTCS C TOUKOH MePeceyeHus B LIGHTPE PUCYHKA.

Bo3zppalasch kK Mapkepam 3aloJjIHEHUs B NPAaBOH BEPXHEH U LEHTPAJILHON 4acTsax
PHUCYHKA, KOTOpble OBLIM OCTaBJICHbl B HEMPHUKOCHOBCHHOCTH, Ha puc. 3.31 He-
CJIO’KHO 3aMETHTb, YTO B HUX OTOOpaxkaloTcsl 3HadeHUs1 PyHKUMKA MPU MUHUMab-
HOM M MaKCHMaJbHOM 3Ha4YcHHMAX NepeMeHHOoW-aprymeHTa. Ecnm BMecTO »THX
3HAaUYeHWI BBECTH JIpyrue, onpejaessieMble MoJib3oBaresiem, To rpaduk Oyaer orto-
OpakaTbCs TaK, YTO 3HA4YCHUA (PYHKLMW HE BBIXOIAT 3a NpEAeibl Ouana3oHa, or-
peAesiseMoro COOTBETCTBYIOLIMMU BeinuMHamu. Ha puc. 3.32 BBeAeHbl 3HAUSHUS
10 ¥ 20 A7s HUWKHEH U BepXHEH rpaHul] oOJacTh W3MEHEHUS pagualibHON mepe-
MEHHOH.

A [ x= [2<F F] aff W “Tutorials | @eo

120 T &0 X

150 T 30

we) et U W W R

Wr12-14 1é 18 20

210 T 330

240 - 300

Puc. 3.32. OtobpaxeHune 3HavyeHni yHKLMN B NpefonpeseneHHoM AnanasoHe

[Ipoune HacTpoiku A8 NONSAPHBIX FPA(UKOB BBIMOJIHIIOTCS W NMPUMEHSIOTCS aHa-
JIOTUYHO TOMY, KaK 3TO ObLIO AJs AeKapTOBBIX KoopAuHAT. CleAyeT TOJNbKO MOM-
HUTb, YTO H3-3a CHELUU(PUKH CUCTEMbI KOOPAMHAT HEKOTOPbIE HACTPOHKW MOrYT
npunath rpaduky 3x3otrueckuii Bua. Ha puc. 3.33 mus Toit ke camoii pyHKIINH
nepeMeHHas-apryMeHT WHULHMAIM3MPOBAaHA CO 3HAYEHHWEM-Mana30HOM C 111aroM
JUCKPETHOCTH 0. 3 (3TO CAENAHO ISl TOTO, YTOOBI CTPYKTYpY rpaduka jerde Obu10
npociaeauth no 6azoBbiM Toukam). Ha Bkiaake Traces auanoroBoro OkHa
Formatting Currently Selected Polar Plot BeiOpan Tin KprBo# stem (KOIOHKa
Type), a B kauecTBe 6a30BbIX CUMBOJIOB B KOJIOHKe Symbol ykazaHbl kBagpaTbl.
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J ITutoriaIs j PGD

120 T 60

150 30

210

Puc. 3.33. Ucnonb3oBaHne HacTpolkn stem 4na nonsipHoro rpaduka

BriojiHe j10ruuHo Ob110 Obl NPEANONIOKUTD, YTO JIJISl NPUMEHEHHOW HacTpoliku Ga-
30BbI€ JIMHWU JIOJIKHBI COSIUHATLCS NPSIMOM JIMHWEH ¢ TOUYKOM Havajia KOOPAUHAT,
B 4€M HECJIOKHO yOeMThCs, B3IJISIHYB Ha puc. 3.33.

OcHOBHblIe MeToAbl PpaboTbl ¢ rpadmkamm

Jlanee ocTaHOBUMCSI Ha HEKOTOPBLIX 0a30BbIX MeToJaxX PaboThl ¢ rpadukaMu, Ko-
TOpbIE MOJIE3HO UMETh B BUJLY MPH pelieHuH 3ajau ¢ nomoliblo Mathcad. 311 me-
TO/bl NO3BOJISOT Haubo1ee PPEeKTUBHO pealin30BaTh BOZMOKHOCTH rpaduyecko-
ro npejicTaB/ieHUs] JIaHHbIX W UX WHTeprnperaudu. B nepByro ouepeib clieayer
YNOMSIHYTh BO3MOXKHOCTb M3MEHEHHsl pa3MepoB PUCYHKa ¢ rpaukom (Wid rpa-
dbukamu) B pabouem aokymente Mathcad. [lyis 3TOro pucyHOK npejBapuTe/ibHO
BbIAEAIOT. YacTo pasmepbl pUCYHKA HYXKHO W3MEHMTHL Tak, YTOObI COXPAHSIHCh
MCXOJHbIE MpOMnopLUM (OTHOLIEHHWE BbICOTa-UIMpUHA). B »TOM ciydae Kypcop
MbILIHW HaABOJAAT Ha MNpaByr0 HWKHIOKO TOUKY O6.J'laCTl/l BbIACJICHUA PUCYHKaA (3Ta
TOYKa OTMEYCHA He60.]'ll>lljl/lM YEPHLIM MPAMOYIOJIbHbLIM KBa[lpaTOM) H, HaXXaB JIC-
BYHO KHOIKY MBbILLIH, [EPEMELLAIOT KypCop, 3a4aBas TEM CaMbIM ITPUEMIIEMbIH pa3-
Mep pucyHka (puc. 3.34).

Ecny Hy»XKHO M3MEHUTH TOJBKO IMUPUHY WIJIM BBICOTY PUCYHKA, TO KypcOp MBIIIN
HaBOJAT HAa TIPaBYIO M HIDKHIOIO LICHTPANbHBIC TOYKH OOJTACTH BBIACTICHUS PH-
CYHKa COOTBETCTBEHHO. JlanpHeWInas mporeaypa Takas jke: HaKUMAIOT JIeBYIO
KHOITIKY MBIIIA W PACTATHBAIOT WM C)KMMAlOT PUCYHOK B BBHIOPAaHHOM HarpasJie-
HUH 10 HY>KHBIX rpanull. Ha puc. 3.35 mpopeMOHCTpHpOBaHO, KaK yBEIUYNThH LIH-
pHUHY 00JIacTH C TpaUKOM.
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Puc. 3.34. lNponopunoHaneHOe N3MEHEHNE PA3MEPOB PUCYHKA
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Puc. 3.35. UameHeHune WnprHel pucyHka
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He mpencraBnser HUKAKUX TPYAHOCTEH M Mpolleaypa TepeMeleHus PUCYHKA IO
paboueMy TOKyMeHTY. PUCYHOK, KAk U B TIPEBIAYIIEM clydae, BRIACTICTC, MoCTe
Yero Kypcop MBIIH HABOJST HA TPAHUITY 001ACTH BhIJEICHUS (B MPUHITUTIC B JTFO-
oom MecTe). Ecniu Kypcop pasMellieH TIpaBUITbHO, OH OyAeT oToOpakaThCs B BUAC
HeOobIIoH nagoHu (puc. 3.36).
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Puc. 3.36. Kypcop Mbilwv HaBegeH Ha rpaHuly obnacTu BelgeneHns pucyHka

[one »TOro HazKUMAOT NEBYIO KHOMKY MBILIN U, YACPKUBas e¢, EPEeMELIA0T PH-
CYHOK B HY>KHOE MecTo pabodero mokymeHTta. HoBoe MecTO pacmono:KeHHs pu-
CYHKA BbIAEIAETCA MPU NEPEMELLIEHUH Kypcopa MYHKTUPHOH paMKoit (puc. 3.37).

Crielyer TOJIbKO UMEThb B BUJLY, YTO PUCYHOK ¢ rpadukoM GyHKUMH 0JDKEH nepe-
MEUIAThCs M0 JIOKYMEHTY TaK, 4TOObl MHULMAIM3aLMS BYHKUUH U NEePEMEHHbIX,
UCIOJIb3YyEeMbIX MPU nocTpoeHuu rpaduka (unu rpadukoB) ocylecTsisiach B pa-
OoueM JIOKyMEHTe 10 HeMoCpeICTBEHHOro 0ToOpakeHus rpaduka.

B Mathcad cymecTByeT BO3MOMKHOCTh YBEJIMYMBATH HE TOJBKO BECh PUCYHOK
¢ rpa)UKOM LIETMKOM, HO M HEKOTOPBIE €ro 4acTH. JTO ObIBAE€T BecbMa IOJIC3HO,
0co0eHHO mpu paboTe ¢ ObICTPO OCUWIIMPYIOUNMU (PYHKUIMAMH, KOTAA IUId [e-
TAIBHOTO OTCIACKHUBAHUA XapakTepa ()YHKUMOHAIBHOM 3aBUCUMOCTH MPUXOAMTCS
paccmaTtpuBaTh rpaguk Ha HeOONBIIMX HMHTEpBaJaX M3MEHEHHS apryMmeHTa. Jns
BBIMOJIHEHU MOAOOHOM MpouUenypsl clenyeT BBIACIUTb PUCYHOK ¢ TpagUKoM H
LIeJKHYTh Ha HEM MpaBOM KHONKOW MbIK. B pesynbTare OTKpbIBaeTCs CIHUCOK
BCIIOMOTATENBHOTO MEHIO, B KOTOPOM HYKHO BBIOpaTh aneMeHT Zoom (puc. 3.38).

Ilocne ienuka MbIIBIO HA 3TOM JJIEMEHTE OTKPOETCs Auaiorosoe okHo X-Y
Zoom, coaepikaliiee YeTbIPe HEAKTUBHBIX MOJISl U MATh KHOMOK (puc. 3.39).
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Puc. 3.39. B pabouyem AOKyMEHTE OTKPbLITO Ananorosoe okHo X-Y Zoom

Jlanee ¢ MOMOLLBIO MBILIM HYHO BbUIEJIUTL Ty 00J1acTh HA PUCYHKE C rpaduKom,
KOTOPYIO MPEACTOUT YBEIHUUTSH (puc. 3.40).

ITpu sTOoM B momsx amanorooro okHa X-Y Zoom 0TOOpa)karoTcss HAMOOJBIINAE U
HauMeHbLIME 3HAYeHHUSI KOOPAUHAT JUlsl JaHHOM obnactu. B uacTHocTH, B cTpoke
Min otoOpaskatoTcsi HaUMEHbIINME 3HAYCHUs, a B cTpoke Max — HauOombluue.
KoopauHara Bnoab ocu abcuuce npejcraeiena B noJsix crondua X, a opjuHara —
B monax crondna Y (cMm. puc. 3.40). Jlns yBenuueHus BBIACNEHHONW 00JacTh cie-
JYET WEJKHYTb Ha KHOMKe Zoom (KHOMKa ¢ M300paskeHueM JyIbl M 3HaKa IU1oc)
B raioroBoM okae X-Y Zoom. Pesynprar Oyaer TakiuM, Kak MoKa3aHo Ha puc. 3.41.

UroObl OcTaBUTH U3MEHEHUS B cuie, wwenkaT Ha kHonke OK. Jlns oTmeHbl yBe-
JMUYEHUs UCNONb3YIOT KHOMKY Unzoom (KHOMKaA ¢ M300paxkeHWeM JlyMbl U 3HaKa
MuHyc). Ilpouecc yBennueHUs MOKHO BBIMOMHATH HECKONbKO pa3 moxapsa. [lpu
9TOM CHauasla BbljessieTcsl 001acTh U YBEJIMUMBACTCS, 3aT€M B OTOH YBEJIMUYEHHOM
00/1aCTH CHOBA BBIAENSAETCS MOA00NACTh U YBEINUMBACTCA U T. 1. YTOOBI BEpHYTh-
cs B MEpPBOHAYAIbHLIH peKUM oToOparkeHus rpaduka, B 1MANIOrOBOM OKHE
X-Y Zoom crenyer menkHyTs Ha kHorke Full View (kHomka ¢ m3o0pakeHuemM
JIMarOHaJILHBIX CTPENIOK, CM. puc. 3.41).
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Puc. 3.41. PesynbTaT yBENnnyeHus BbiaeneHHon obnactu
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Puc. 3.43. B paboyem fokymMeHTe OTKPbITO Ananorosoe okHo X-Y Trace
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Jlpyras BaxkHas npoOGnema, Kotopas ¢ ycnexom petuaercs B Mathcad, cocrour
B cieaytouieM. OueHb YacTo HYKHO 3HATh a0CLIMCCY W OPJMHATY TOUEK, JiexallluX
Ha KpuBOH rpaduka ¢yHkuud. MHoraa Takylo OLIEHKY MOKHO BbINOJHHUThL, YTO
Ha3bIBaeTcs, Ha Ia3, OJHAKO TO HE BCerja BO3MOXKHO, Aa U TOUHOCTb NOJOOHbIX
OLIEHOK ocTaBJjisieT kenarb jay4qwero. B Mathcad, kak yxke ormeuyanoch, 3T0 He
npobiema. B kauecTBe moATBEpIKAEHHS PACCMOTPHUM CIEAYIOLLYIO MPOLEYpY.
Beijenum pucyHok ¢ rpadukoM ¢yHKUMH, NOCTE Yero UiejKHeM Ha HeM NpaBoii
KHOIMKOM Mbllu. B yke 3HAKOMOM pPacKpbIBaIOLIEMCSl CIIMCKE MEHIO BblbepeM
anemeHT Trace (puc. 3.42).

B pezynbrate B paboueii 06macTi JoKymMeHTa OTKpbIBaeTest auasioroBoe okHo X-Y Trace,
HMMEIOLLIEE BCETO IBA HEAKTUBHBIX MOJISL, TPH KHOMKK U OAHY onuuto (puc. 3.43).

Ecnu Tenepb LienKHYTH JI€BOM KHOMKOM MbIlUM B obnacty rpaduka GyHKUUH, TO,
BO-NIEPBbIX, HA rpaduke OyAeT Bbljie/eHa ToUKa, OiiuKakilias K TOUKe pa3sMeLIeHuUsl
Kypcopa (rpu ycraHosiaeHHoM duiaxkke ornuuu Track data points), u, BO-BTOpbIX,
KOOPJMHATBI 3TOH TOUYKM OTOOpaskatoTcs B nosigax auanorooro okHa X-Y Trace:
B noJie X-Value MOxHO BUjIeTh a0CLMCCY TOUKH, a B nojie Y-Value — opaunary.

Ha rpaduke 5Ta TOuka BbIAENIETCS IOPU3OHTAILHOM W BEPTUKAJILHON MYyHKTHUP-
HBIMU JIMHUsIMU (puc. 3.44).
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Puc. 3.44. OnpegeneHune KoopauHaT TOYKM Ha rpadmke
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Ecnu 3HaueHus aGcuycchl UKW OPAMHATHL HYKHO CKOMHUPOBaTh, LIEIKAIOT COOT-
BeTcTBeHHO Ha KHomke Copy X wnu Copy Y. ®naxok onuuu Track data
points ycTaHaBIMBAIOT B TOM CiIydae, €CJIM HY>KHO NepeMellaThesl BOOIb KPUBOM
rpaduka (cM. puc. 3.44). UHorna ObiBaeT HEOOXOUMO MPOCTO OTMpPENeNIUTh KO-
OpAMHATHI TOUYKK B 001acTH oToOpaxkeHus rpaduka (IIpu TOM, YTO caMa TOYKa
Ha KpUBOH rpaduka He nexuT). B sToM ciayyae HEOOXOIMMO OTMEHHUTH ONLIMIO
Track data points.

OToGpaxeHne MaccMBOB AaHHbIX

[NomMumo HempepbIBHBIX (YHKUMOHANBHBIX 3aBUCMMOCTeH, B Mathcad Ha rpadmu-
Kax ¢ yCHexXOM MOXKHO MpPEeACTaBisTh M JUCKpeTHble Habopbl aaHHbIX. OObIYHO
pedb B 3TOM Cllydae WAET O JaHHBIX, SABJIAIOLIMXCS 3JIeMEHTaMu MaccuBoB. [anee
paccMmarpuBaeTcs MpPOCTOi MpuUMep, MO3BOJISIOLMI COCTaBUTL HEKOTOpPOE Mpea-
cTaBleHHe O Bo3MOxkHOcTsAX Mathcad B atom Bompoce. bonee cnoxHble 3aaauu
MPUBOAATCS B MOCJEAYIOLIMX I1aBaxX KHATU.

Mpumep 3.6. OTo6paxeHne 3Ha4eHUi maccmea

B camom npoctom BapuaHTe npoueaypa oToOpaKeHHs 3HaYeHHUH JIEMEHTOB Mac-
CHBa Ha Tpad¥Ke BBIMISAIUT CIESAYIONIMM 00pa3oM: TPH CO3AaHUH IpadrKka BMECTO
ﬂepeMeHHOﬁ-aprMeHTa YKa3bIBacTCAd UWHACKCHAass IMEpEMEHHas, a B Ka4dYeCTBC
(YHKIIMH YKA3bIBAIOT HA3BaHWE MAacCHBa (C yKa3aHWEM HHJCKCA B CUMBOJBHOM
Buje). [lpeapapuresibHO STOT MaCCHUB JI0JDKEH ObITh ONPE/CIICH, a UH/IEKCHOM ne-
peMeHOM 3a0IaroBpeMeHHO clieflyeT TMPHCBOWTL 3HAUCHHe-AuanasoH. [Ipumep
npuBeaeH Ha puc. 3.45.
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Puc. 3.45. lNocTtpoeHune rpadurka no Toukam
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ITo ymomuaamio maxke B TOM ciIydae, €Ciid r'padpyk cTpOWTCS IO TOYKAaM, OH OTO-
OpaxaeTrcs B BHIE KPHUBOU JIMHWH, T. €. 6a30BbIE TOUYKHA COSAMHSAIOTCS JIMHUAMHU.
B uwacTHOCTH, B paccMOTpeHHOM ciydyae cHadajia OrpejiessieTcs WHAeKCHas Irepe-
MCHHag i CO 3HaYCHHEeM-Auana3zoHoM (3HaueHus ot 0 go 10 ¢ mmarom 1), mocie
Yero MHULUAIM3UPYETCS MACCHB a, 3JIEMEHTHI KOTOPOTO OIpenessSfoTcs depes3 ux
WHZAEKC i coriacHo opmyde sin (ni/20). Jlanee mpu co3manuu rpaduka y ropu-
30HTAIBHOM OCH yKa3blBaeTcs WHACKCHAsS TepeMeHHas i, a BMECTO (pyHKIIMU BBO-
IUTCS BBIpaYKeHHUE a;. TakuM oOpazom, eciau popMambHO paccMaTpHUBaTh MHICKC-
HYIO TTepeMEeHHYIO KaKk apTyMeHT, TO JIEMEHT MacCHBa B TAHHOM CITydae ClieyeT
WHTEPIIPETHPOBATh KaK (PYHKIIAIO OT 3TOT'O apryMeHTa (MHIeKCa).

Yro Kacaercsi HENoCpeJCTBEHHO rpaduka, TO K HEMY MOXKHO NPUMEHSATh TE Ke
HACTPOMKM, YTO U K OObIYHBIM rpadMkaM, KOTOPbIE pPaccMaTpPUBAJINCh paHee.
B kavecTBe npumepa na puc. 3.46 nokaszas Tot xe rpaduk, 4to U Ha puc. 3.45, Ho
TOJILKO B JIaHHOM Cllydae OH HECKOJbKO YBEJHUYEH B pa3Mmepax, OTOOpakaroTcs
TOJIbKO 0a30Bble TOUKU (B BUAE CUMBOJIA KOCOIO KpecTa), a Takxke aobapieHa Ko-
Op/JMHATHASI CETKA W SBHO yKa3zaHa 00J1acTh OTOOpaXkeHUs rpaduka BJ0Jb KOOpP-
JUHaATHBIX OCel.
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Puc. 3.46. NameHeHne HacTpoek rpadmka

BCTpe‘{aeTCﬂ CUIC OJlHA MPAKTUYCCKU BaKHad CUTyallys, Korjga u a6Clll/ICCl>l, u op-
JAUHATblI TOYCK, KOTOPLIC CIICAYET OTO6pa31/lTb Ha rpa(bl/uce, ABJISIOTCA 3JIEMEHTaAMU
MAaCCHUBOB. HyCTb FOPU3OHTAJIbHbLIE KOOPAUHATBLI TOUCK — JJICMEHTLI MacCUBa b,
a BepPTUKAJIbHbIE — MaccuBa a. [y oToOparkeHust TOYEK HA PUCYHKE HEOOXOAUMO
y TOPHU30HTAJILHOM KOOPAMHATHOM OCU yKa3aTh Ha3BaHUE MaccuBa b, a y
BEPTUKAILHON — MaccuBa a (puc. 3.47).
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Puc. 3.47. KOOpﬂ,VIHaTbI TOYEK ABNAKTCA aNIeMeHTaMn MacCnBoB

B paccMoTpeHHOM IpHMepe Bce TOUKH JIEKAT Ha Ayre OKpPY’KHOCTH €IHHUYHOTO
paauyca ¢ LeHTPOM B Hauase koopauHat. Ha puc. 3.47 sta ¢urypa ckopee Haro-
MuHaeT mnc. [IpuunHa npocta M COCTOUT B TOM, UTO MaciuTad BAOTIb TOPU3OH-
TaJIbHOH U BEPTUKAJbHOU KOOPAMHATHBIX OCEil pazaudeH. B 3apeplueHue xouercs
OTMETUTh, YTO BCE PACCMOTPEHHOE B 3TOM pasfesie ¢ MAUHUMAaJIbHBIMH H3MEHe-
HUSIMH OTHOCHUTCS M K MOJISIPHBIM rpadukam.

Co3aaHune TpexmepHbIX rpadMkoB

3amaua moctpoenus B Mathcad TpexmepHoro rpaduka wid, eciu ObITh Oollee Kop-
PEKTHBIM, NOBEPXHOCTH, ciokHee. Bo-nepBblX, B 3TOM cliyyae KOJWMYECTBO BO3-
MOYKHBIX THTIOB TaKUX rpaukoB Oombine. Bo-BTOPHIX, B CHITy OYEBHAHBIX PUYHH
cTaHoBUTCSl GoJiee rpoOMO3JIKOI mpoueaypa onpeaenacHus GyHKUMH, nepeMeHHbIX
u T. . OOHAKO B LEIOM IPOCIIEKUBACTCS TOT K€ KOHIENTYaJIbHBIN MOIXO0, YTO
v npu padote ¢ ABymMepHo#H rpadukoii. B Mathcad moxkHO co3naBaTh cieaytoume
THUIB TPeXMEPHBIX TPadUKOB!

rpapuK-MOBEPXHOCTh, B TOM UUCIIC 3a1aHHbII B MapaMEeTPUUCCKOM BUIEC;
KOHTYPHBIH rpaduk;

TpEeXMEpHadA ruCTorpamMmma;

N R R

TpeXMepHbIH rpad)uK paccesiHus;
O TtpexMepHblii rpa)MK BEKTOPHOTO MOJIS.

B zaBucuMocTH OT THIA rpa(bHKa, nponeaypa €ro Co3aaHusa UMeCT CBOU 0CO0OCH-
HocTu. CHavaja paccMOTpUM, KaK CO3Jar0TCA rpa(bnquKHe NMOBEPXHOCTH.
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Co3zpgaHue noBepxHoOCTEN

I'paduk-noBepxHOCTL co3faeTces s (YHKIHM, 3aBUCAIIMX OT JBYX apTyMEHTOB.
Ilpu 3TOM 1O rOpPU3OHTAJIBHBIM OCIM OObIUHO OTOOPAXKAIOTCH 3HAYCHMS HE3ABM-
CHUMBIX MEPEMEHHBIX, a BAOIb BEPTUKATHLHON OCH OTCUUTHIBAIOT 3HAUCHHE 3aBHCH-
MOI nepemMeHHOU, T. €. PyHKUMK, DTa PYHKLHUS MOXKET ObITh 33/1aHA KaK B SIBHOM
BHJIC, TAK U B MapaMeTpuueckoM. Kpome Toro, MO>kKHO cO37aBaTh TIOBEPXHOCTH TIO
MacCcHUBaM JIaHHbIX, YTO C MPAKTUUECKON TOUKH 3PEHUS BECbMA BAXKHO U Y/1I00HO.

Mpumep 3.7. N'padmk pyHKLUN ABYX NepEeMEHHbIX

IlpocTo#i W OblcTpblii cnocod nocTpoeHus rpaduka-noBepxXHOCTH NojApa3yMeBacT
Ha TIepBOM dTarie onpeencHie (pyHKIUH ABYX MepeMeHHbIX (puc. 3.48).

B A [ 2= [ <2 3T ap ®

- T s 22X
filx. ¥ = cos( ID] cos[ " ]

Puc. 3.48. OnpeaeneHne yHKLUMOHANBHOW 3aBUCUMOCTH
Ans nocneayoLiero rpadpnmyeckoro oTobpaxkeHns

Hanee cnemyer BRIOpaTh KomMaHOy Insert | Graph | Surface Plot (unu HaXxaTh
rkoMOuHauuio kinasuul <Ctrl>+<2>), B pesyinbrare B padouyto o0acth J0KyMEHTa
Oyaer BcTaBieHa 00IacTh TPEXMEPHOTO TpagUKa-MOBEPXHOCTH, COASpKaIlas TpU
MeprneHAUKY/ISPHbIE KOOPAWHATHBIE OCH W CTPYKTYPHbIH 3arnoyIHUTEeNb B JIEBOM
HIKHEM yriay (puc. 3.49).

BMecTo cTpyKTYpHOrO 3anoiHUATENS cleqyeT BBeCTH Ha3BaHue (0e3 apryMeHTOB!)
¢dyHKkuMn, onpeneneHHol panee. Ilocae weauka Mblliblo BHe obaacTh rpaduka,
CHUCTEMOM co3aeTcs COOTBETCTBYIOLIAS MOBEPXHOCTH (puc. 3.50).

HecnoxxHo 3aMeTHTh, 4TO 00IACTh M3MEHEHHsS apTyMEHTOB A O0TOOpaXkacMoi
(DYHKUMOHAILHOU 3aBUCMMOCTH HUIAE B SBHOM BUWJIE HE ykasbiBasacek. llpesana-
raeMblii CHCTEMOH MO YMOJTUYAHWIO JMATIA30H 3HAYCHUH, JJIS KOTOPOTO CTPOUTCS
3aBUCUMOCTb, MOXKHO U3MEHUTH YK€ MOCJIC CO3AaHud rpa(bm(a. I[J'lf[ 3TOro BbINOJI-
HACTCS JBOWHOM IMIETYOK B 00MacTv rpadvka ¥ B OTKPHIBIIEMCS JHATIOTOBOM OKHE
3-D Plot Format nepexoast k Bkiaake QuickPlot Data (puc. 3.51).

Bkjajika cOCTOMT U3 TpeX pa3jielioB, pa3MEeLLIEHHbIX M0 ropyu3oHTaiu. llepsbie 1Ba
HWICHTUYHBIX pa3aena HazbiBaroTcs Range 1 u Range 2 u comepxaT mo Tpu moss
Kaxka0e. B 3TUX mosiax ykaseIBaloTCS MUHUMaIbHOE (start) u makcumasnbHoe (end)
3HAUCHUS U AMAIa3oHa OToOpakeHWs (YHKIMOHAIBHON 3aBUCHMOCTH TI0 TIep-
BOW W BTOpOi KoopauHate. B nosie # of Grids yka3biBaercs uncio 6a30Bbix y3710B
10 KOOPJIMHATHBIM OCSM, Ha OCHOBE KOTOPBIX CTPOUTCS TpaduK.
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= oos| BX | os| B¥
fix, %1 = cos[ 10] cos[ I ]

A [1#] x= [2<F F] af W “Tutorials | Pen

Puc. 3.49. O6nactb co3gaHms TPEXMEPHOro rpaduka

A A [ 2= 2 <F 3] af = JITutoriaIs x| o

= EE ) as| ¥
fiiz, %) = cos[ ID] cos[ 0 ]

Puc. 3.50. TpexmepHbiin rpadmKk-NoBEPXHOCTb
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=
General I Hues I Appearance | Lighting | Title |
Backplanes | Special I Advanced QuickPlot D ata
Plat1 |
Range 1 Range 2 Coordinate System

start |.5 start |.5 % Cartesian
end |5 end |5 " Spherical
# of Grids |2|j 3: # of Grids |2|j 3: " Cylindrizal

Ok I OtreHa | anMBHHTbl Crpaeka |

Puc. 3.51. uanorosoe okHo 3-D Plot Format oTkpbiTo Ha Bknagke QuickPlot Data
=10l x|

ti]Mathcad - [chap03_08.mcd]
=] x|

[}m’ File Edit ‘iew Insert Format Tools Symbolics  Window Help
me | we s e 5@

|ID-BH|ISRAY| BR[| o™
|J|Normal Jera Hinslle r ul=e== 2|2 =
| @ A [ == [ <2 51 ap # | [[Wysie =l

- TE ) cas| 2
fx.9) = cos[ ID] cos[ T ]

x
| |

General I Axes I Appearance I Lighting Title
Backplanes I Special I Advanced QuickPlot Data
Plat1 |
Fiange 1 Fange 2 Coordinate System
stat [0 start [0 ' Cartesian
end I‘ID end |1D " Spherical
# of Grids |5U 3: # of Grids |5U 3: " Cylindrical

ok I OTreHa | I'IpMMEHMTbl Cnpaeka |

»
auto [ [ [Pamel 4

-

Press F1 for help,

Puc. 3.52. lameHeHne HacTpoek TPEXMEPHOro rpaduka

Ha puc. 3.52 nokazaHo, kak Oy€T BbIIJISACTb CO3/1aHHbIN paHee rpaduk, eciu ero
CTPOMTD B AWarna3zoHe u3meHeHus nepemMeHHbix oT —10 a0 10 mpu 50 y310BbIX TOU-

Kax Mo KaXKJA0U U3 OCel.
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B paznene Coordinate System Bkiagku QuickPlot Data pasmeniena rpymnmna me-
peKirovaTesnie Ha TPU MO3WIIMK, ¢ TIOMOINBIO KOTOPOH BHIOMpaeTcs THI KOOpAH-
HaTHOW CHCTeMBI: JlekapToBa (TiolokeHHe Tepekimtodarenis Cartesian), cdepude-
ckas (monoxxenue Spherical) wnmu wnmuHApuveckas (monoxkenue Cylindrical).
Bxnaaka QuickPlot Data MoxeT caMa COCTOSATh W3 HECKOIBKHX (IS KaKIOH ITo-
BEpPXHOCTH) BKJIAJ0K. B paccMOTpeHHOM mpuMepe CTPOWIIACh OJHA IMOBEPXHOCTH,
MO3TOMY OTTMCAHHBIE TIOJIS W MePEKTI0YaTeNd Pa3MeIleHbl Ha eIMHOM BKIIJIKe.

OCHOBHbIe HaCTPOMKU TpeXxMepHoro rpaduka

Jobutkcs xenaeMoro BuAa Ui TPEXMEPHOro rpad)uka MOMKHO, BBIIOJTHUB HEKO-
TOpbIC HACTPOUNKHY Ha BKAaAKax Auanorooro okHa 3-D Plot Format. Ha puc. 3.53
MOKAa3aHO 3TO AUATOTOBOE OKHO, OTKPBITOE Ha BKIaake General.

=
B ackplanes | Special I Advanced | QuickPlot D ata
General | Bues I Appearance | Lighting | Title
B R —
R otation; IU 3: rf"_-”ﬁ Shyle
Perimeter
Tilk |35 3- & Carner Frames
Towist: I-‘ID 3: " Mone ¥ Show Border I
Zoom; I‘I [~ Equal Scales [~ ShowBox [
Flot 1 |
Dizplay &s:
A & Suiface Plat € Data Points " BarPlat
¢ Contour Flot ¢ Yector Field Plot ¢ Patch Plot

Ok I OtreHa [ pHFEHITE: Crpaeka

Puc. 3.53. Jnanorosoe okHo 3-D Plot Format oTkpbiTo Ha Bknagke General

B paznene View Ha 370l BKajke pasMellleHbl yeTbipe noss: Rotation, Tilt, Twist
u Zoom. B Ttpex nongx Rotation, Tilt 1 Twist yka3sIBaroTCs YIJIBI HOBOPOTOB
CUCTEMbI KOOPJIMHAT MPU OTOOpaXKeHUU, a B noJjie Zoom BBOAUTCS KOIDDULIMEHT
MacITabupoBaHus (OH MOKeT OBITh U Ooubilie enuHUIB ). OpUeHTalns CUCTEMBI
onpeaeasercs, dpakruuecku, yriaamu Diinepa. B tadn. 3.3 Oosiee aeraibHO onucax
crocod omnpeesieHus 3TUX YTIIOB.

B paznene Axes Style 3amaercs cioco0 oToOpaxkeHHs KOOPAWHATHBIX ocell. Paz-
JieJ COCTOUT W3 MepekstoyaTesis Ha Tpyu nojoxkenus u onuuu Equal Scales. ®@na-
JKOK OTILIMM YCTAaHABJIMBACTCA B TOM Cllydae, €ClIM HYKHO, YTOOBI MaciuTad BOOJb
BCEX KOOPJMHATHbBIX Ocel Obl1 eIMHbIM. YCTaHOBUB NepeKiiouaTellb B MOJOKEHHE
Perimeter, Mo>xxHO mepeiiTu B pekUM, MPU KOTOPOM KOOPAMHATHBIE OCH 0TOOpa-
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JKAKOTCS Ha TIepeHeM TUTaHe B 0071acTH pucyHKa. [10 yMOMTYaHUIO TIepeKIouaTesb
ycraHoB/eH B nosiokeHue Corner. B 5ToM ciiyuae KOOp/MHATHbIE OCH MepeceKa-
I0TCSl B YIUTy, B Hayalle CHCTEMbl KOOpAUHAT. UToObI He oToOpaxaTh KOOpAWHAT-
HbIE OCH COBCEM, MePeKJIoUaTe/ib YCTaHaBIMBAIOT B nosioskeHue None.

Tabnuua 3.3. Yanbl opueHmayuu cucmemsi KOOpouHam

MNone ansa BBoAa yrna OnucaHue

Rotation Yron noBopoTa CUCTEMbl KOOPAMHAT OTHOCUTENBHO Hemnoa-
BMXKHOW KOOPAMHATHOW CUCTEMbl BOKPYr OCU z. 3HauyeHueMm
MOXeT ObITb YnMcno B gnanasoHe ot —360 go 360°

Tilt Yron noBopoTa BOKPYr OCM x CUCTEMbl KOOpPAMHAT, MOny-
yaroLleincsa nocrie NoBopoTa BOKPYr OCM z Ha Yrofl, ykasaH-
Hbln B none Rotation. 3HaueHnem moxeT ObITb ynucno B
ananasoHe ot 0 go 180°

Twist Yron noBopoTa BOKPYr OCW z CUCTEMbl KOOpAUWHAT, Mony-
yalLenca cHavana noBopoOTOM BOKPYF OCW z HEMOABWXHOMN
cuctemsl (yron noesopota ykasaH B none Rotation) n nocne-
OyloLWwyM MOBOPOTOM BOKPYT HOBOM OCK x (Yror 3TOro noBo-
pota ykasaH B none Tilt). 3HaueHnem moxeT ObITb YACNO B
ananasoHe ot —360 go 360°

Pazgen Frames conepxut Bcero ase onuuu: Show Border u Show Box. Hanu-
uyhe (Brakka ONINH TPUBOANT K OTOOpasKeHWIO TpaHWIBl OOIACTH pPUCYHKa IPH
€ro BBIZICIICHUH U PAMOK OTPaHMYMBAIOIIETO PUCYHOK Tapaile/ieluIeia COOTBeT-
cTteeHHO. CripaBa OT OMIMI PacIiONOKEeHBI MO BBIOOpa 1Bera. [lpm akTHBHOI
OIIIIWY IIETY0K HA 3TOM TI0JIe TIPUBOJIUT K OTKPBHITHIO CIIENMATBHOTO JTHAIIOTOBOTO
OKHa, B KOTOpPOM BEIOHMpaeTcs HeoOXOAUMBIH IIBET.

Bknanka B HWkHell yactd auanoroBoro okua 3-D Plot Format, otkpbiTOro Ha
Bkianke General, coneprkut rpynny nepekitouareneii Display As. Ilepekiioua-
TE/b MOXKET HAXOJMUTLCS B OJHOM M3 LUECTU MOJIOKEHUH, U B KAK/JIOM cliyyae Oy-
JIET 3a/1aBaThCsl ONPeJIC/CHHbIA Thn rpaduka.

Mpumep 3.8. N'paduku pasHbix TUNOB

B 1aba. 3.4 MPUBEACHDI CBEACHH O TOM, KaK MOJIOKEHUE NEPEKTIOUATEINS BIUSIET
Ha cnocod ortobpakeHusl rpaduka v MpUMEpbl NPUMEHEHHS] ONUCHIBAEMbIX Ha-
CTPOGK K CO3/laHHOMY paHee rpaduky. Jlnga Gosbuiel HarisgaHoCTH npejsapu-
TenbHO Ha Bkaaake QuickPlot Data yucio 6a3oBbIX Y3J10B B/10Jb KOOPAHHATHBIX
ocel, 0 KOTOPbIM CTPOUTCS rpaduk 3aBUCUMOCTH, YCTAHOBJIEHO PaBHbIM 25.
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Tabnuua 3.4. Tunbl mpexmepHbIX epaghukos

MonoxeHue OnucaHue Mpumep npuMeHeHnn
nepekniovarens
Surface Plot dyHKUMOHaNbLHas 3aBUCK-

Contour Plot

Data Points

Vector Field Plot

MOCTb OTOGpaxaeTcs B
BUAe rpaduka-
NOBEPXHOCTU

KoHTypHbI rpadumk. Nnoc-
KOe n3obpaxeHue, Ha KO-
TOPOM MO NEPUMETPY OT-
KnagblBaloTCH 3HAYEHNS
KoOpANHaT-apryMeHToB
dyHKUMK, @ cam rpaduk
npeacrasnseT coboun Ha-
©0p NUHUIA OAMHAKOBBIX
3HaveHunn dyHkunn. [py-
rMMmn CrioBamu, BAOMNb
OTAENbHON NUHUN (DYHK-
LMs NPUHUMAET OAHO M TO
XKe 3HaveHne

Ha rpacuke oTobpaxatoT-
C4 TOJIbKO 3HA4YeHusa
YHKLMN B y3rOBbIX TOY-
Kax

"padpmk BEKTOPHOrO Nons.
O Hem peub nongeT He-
CKOINbKO NO3xe

=
I

£
I

B

[nsa paccmaTtpuBaemon 3aBu-
CMMOCTU 3TOT TUM HEMPUMEHUM
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Tabnuua 3.4 (okoHYaHue)

MonoxeHue OnucaHue Mpumep npuMeHeHnn
nepekntovarens
Bar Plot O6nacTtb nog NoBEPXHO-

CTblo rpachvka pasbvBaeT-
CSl Ha NPSIMOYTONbHble
napannenenuneabl

Patch Plot KoHTyp rpacuka otobpa-
)KaeTcs ¢ NOMOLLbIO NJo-
CKUX KBaApaTHbIX METOK

Ha Bknamke AXes BBITONHSAIOTCS HACTPOMKH, WMEIOIIHE OTHOIECHHE K Croco0y
O0TOOpaKEHHUS KOOPAUHATHBIX oceil. OTa BKIaaka caMa COCTOWT U3 TPeX BKIAJIOK:
X-Axis, Y-Axis u Z-Axis (puc. 3.54).

Brramku abcomOTHO MAGHTHUYHBI M CITY’KAT A1 HACTPONKH TpeX KOOPAMHATHBIX
oceil (B COOTBETCTBUMHM C HA3BAHUSIMHU BKJIaJ0K). B JeBoil yacTy kaka0ii u3 BKia-
Ook Haxoautcd pazgen Grids, OCHOBHBIMH 3JIEMEHTAMH KOTOPOrO SIBJISIOTCS OI-
uuu Draw Lines, Draw Ticks u Auto Grid (cm. puc. 3.54). Hanuuue dnaxka
OIIIUK TPUBOJNUT COOTBETCTBEHHO K OTOOpaX€HWIO Ha Tpadvke JHHHUNA KOOPAHU-
HATHOM CETKU /ISl COOTBETCTBYIOLIEH OCU, OTOOPAXKEHUIO 3aCEUEK B/10J1b KOOP/1H1-
HATHOW OCHM M aBTOMATHUYECKOMY pa3OHEHUIO OCH Ha MHTEPBAIBI KOOPAWHATHOM
cetkd. Ecnu nocneaHuii pexuM He akTUBU3UPOBAH (OTCYTCTBYET (PJIaXKOK OMMU
Auto Grid), To B morie Number Mo>xHO B SBHOM BH/I€ YKa3aTh YUCIIO HHTEPBAIOB
pasbuenus ans koopauHatHoi cetku. [lpu akrupHol onuuu Draw Lines nocryn-
HbIMU cTaHyT none Line Weight, B KOTOpoM yKa3bIBacTCs TOJNLUIMHA AJI JIMHHUHA
KOOPAMHATHOM CETKM, a TaKKe 3JIEMEHT BbIOOpa LIBETA JIMHWEI 1 KOOPAMHATHOM
cerkr Line Color. /[ BpiOOpa 1BeTa MHHMIA HEOOXOAWMO MICNKHYTh Ha IBETOBOM
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nose crnesa or metku Line Color. OTkpbiBaeTcs cneuyanbHOe AHATOMOBOE OKHO
C MATUTPO# LBETOB, OTKYAA BBIOUPAETCS IBET JIMHUH.

i
B ackplanes | Special I Advanced | QuickPlot D ata
General Axes Appearance | Lighting | Title

Wb | v-sis | 20 |
Grids
[~ Draw Lines ™ Label I
E ErawGT'_sz Az Format Autiz Limnits
u.to § ¥ Show Mumbers | [ W &uto Scale
7 llie Erlar :
— I Avis Color
|4 3- Hurnber i Weight I-'I Mirirem ' alue
I'I 3: Lirne ‘Weight |1 3: I'I b aximum Value
Ok I OtreHa | [ pMFEHKTE: | Crpaeka

Puc. 3.54. [Inanorosoe okHo 3-D Plot Format oTkpbIiTo Ha Bknagke Axes

Yacto ObiBaeT HEOOGXO0MMO BbIMOJHUTH HAJMKUCH BOJbL KOOPJMHATHBIX OCEH, Ha-
npyuMmep, B SIBHOM BHJIE yKa3aTbh Ha3BaHWe nepemMeHHoi. B aTom ciydyae ycraHas-
Jusator ¢uaxok onuuu Label. B pe3yiibrate 40CTYNHbIM CTAHOBUTCS MOJIE CIpa-
Ba OT OINMH, KyJa BBOAUTCS HAJMUCh, OTOOpaskaemas BjIOJIb COOTBETCTBYIOLICH
KOOPJAMHATHOM OCH.

dopmar oceli HacTpauBaeTcs B paszaene Axis Format. 3aeck npeacrasieHa onuus
Show Numbers, Hamnure (raxkka KOTOPOW MPUBOIUT K OTOOPAKEHUIO UUCIICH-
HBIX 3HAUYEHUI y 3aceueKk BOOAb ocu. [loMruMo 3To# onumu, TaM ecTh 3JIEMEHT BbI-
Oopa uBeTa IMHUM KoOpAMHATHOH ocu Axis Color W noje yCcTaHOBKHM TOJLIMHBI
JvHUK KoopauHaTHOU ocu Axis Weight. Hakoneu, B pazgene Axis Limits ompe-
JEJSIOTCS TPaHULIBI 3HAUYCHUH A7 0TOOpaXKeHUsl BIOJIb KOOPAUHATHOM ocu. Eciu
ycTaHoBJeH (axok onunu Auto Scale, 5TU rpaHULBI ONIPEACNAIOTCS CUCTEMOMN
apromatndecku. [Ipu orcyreTeun dnaxkka B nonsx Minimum Value 1 Maximum
Value ykaspiBaeTcsi MUHUMAIbHOE M MAaKCHMMAJbHOE 3HAUCHUS OUana3oHa OTo-
OpaxxeHHs TS TAaHHOH KOOPAUHATHON ocH (cM. puc. 3.54).

3arosiosok s rpaduka seoautes B nosie Graph Title na sxnanke Title quanoro-
Boro okHa 3-D Plot Format (puc. 3.55).

ITomumo nons Graph Title na Bkiagke Title umeercsa rpynna nepexiroyaTenci.
Ecnu nmepekmovatens HaXOAUTCS B NON0KeHUN Above, 3aronoBok otodpakaetcs
Haa rpadukom. UtoOsl 3aronoBok otoOpaxkaics moA rpaukoM, MepeKmoyaTesb
JOJKEH HaXOOUThCs B nojoxeHuu Below. 3aronoBok He oToOpaxkaeTcs, €cliv BbI-
Opano monoskenrie Hide.
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=
B ackplanes | Special I Advanced | QuickPlat D ata |
General I Bues I Appearance | Lighting Title
Graph Title
 Above " Below & Hide

Ok I OtreHa [ pMFEHKTE: Crpaeka

Puc. 3.55. [lnanorosoe okHo 3-D Plot Format oTkpbiTo Ha Bknagke Title

Mpumep 3.9. N'pachuk c 3aronoBkom

Ha puc. 3.56 npuseaen mpumep padodero MOKYMEHTa C 3arOJIOBKOM, JIMHHUIMH
KOOP/AMHATHON CETKM M 3aceukaMu BJOJIb KOOPJAMHATHbIX oceil. JluanazoH oro-
OpakeHWs 3HAYCHUI BIONHh BEPTUKAIBHON KOOPAMHATHOMW OCH 3/IeCh W Aaliee yc-
TaHosJieH ot —1,5 no 1,5.

LlgeToBbIE HACTPOHKM U COCOO 3anosiHeHus o0J1acTel rpaduka onpeaestoTes Ha
BKJaaKe Appearance nuanoroporo okHa 3-D Plot Format (puc. 3.57).

Bxianka nmeet Tpu pazaena (Fill Options, Line Options 1 Point Options), xax-
JIbIA M3 KOTOPBIX COJASPKUT B HIbKHeH uactu noapasaen Color Options 115 BbI-
nonHeHus LBeToBbIX HacTpoeK. Pazaen Fill Options coaep:KuT rpyniy nepexiio-
yaresjeil Ha TpU TMOJOXKEHUs W JBe onuuu. Ecau nepekmouarenb HaxoauTcs
B nonoxennn Fill Surface, moBepxHOCT rpadmka 3akpammpaercs OAHAM IIBETOM
(oTTeHKkamu OCHOBHOIrO, BhiOpaHHoro B nojie Solid Color), eciiu B coorBeTcTBY!1O-
meM MOJIOKEHUM HaxoauTesd mepekitodarens B noapaznene Color Options, wiu
pa3vUYHBIMH LIBETAMH, €CJIM NepeKJtoyaTenb HaxoauTes B nojoxkeHuud Colormap
(kcTaTu, Ha3HAUYEGHME ONHOMMEHHBIX MepeKiioyarenel B OCTadbHbIX NoApasienax
aHanoruyHoe). YUtoObl MOBEPXHOCTh 3aKpalluBajach B COOTBETCTBUM C KOHTYp-
HBIMU JIMHUSAMH TpaduKka, NepeKIovaresb YCTaHaBauBarOT B monoxkeHue Fill
Contours. HakoHeu, noBepxHOCThL He 3aKpalUMBAaeTCsl 1IBETOM MPH BbIOPaHHOM
nonockennn  niepekmouatenss No Fill. Tlpu ycranoeneHHOM (hiakke OIMIAH
Alternate Mesh nosepxHocTh rpaduka pazbupaercsi Ha KBaJpaThbl, 3aKpallleHHbIe
TONBKO HAMmoMOBHUHY. [ mepexoaa B pe:kUM CrilaKUBaHHUA KaK LBETOBOM I'aMMBI,
TaK U caMOW MOBEPXHOCTH, YCTAHABIMBAIOT (uaakok onuuu Smooth Shading.
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o
[}m’ File Edit View Insert Formab Tools  Symbolics  Window  Help _|ﬁ||1|
|ID-FEHSRAY|HIBR|[ =T [vE = | B8Ol =@
JINormaI jlnrial jllD j| B I O x,
J A [ x= 2 <F 3] o |J|Tut0rials j &
. T2 o) 2¥ j
filx,¥) cos[ ID] cos[ o ]
Fesas covmami 7 onspacns s x
Backplanes I Special I Advanced I GuickPlot D ata |
General I Axes I Appearance I Lighting Title
Graph Title
II'IpMMEp COSAAHHA TREXMEPHOMD MpadHKa
% Above " Belaw " Hide
f Ok I OTreHa [pHMEHTE Cnpaeta |
L »
auto [ Pagel 4
Puc. 3.56. Co3paHune 3aronoska rpaduka
i
B ackplanes | Special | Advanced | QuickPlot D ata
General I Bues Appearance Lighting | Title
Plat 1 |
— Fill Dptione—— [~ Line Options ~ Point Optiong
% Fill Surface & wireframe v Draw Pairts
™ Fill Contaurs ™ Contour Lines S pmibiol
™ Mo Fil Mo Lines m
[ Altemate Mesh I~ Hide Lines ot
¥ Smocth Shading |1 3: wisight |1 3: S
— Calor Optiohs — Calor Optiohs — Color Options
" Calormap " Calomap " Colomap
" Solid Color [ | [ Solid Color I8l | | Solid Color B
Ok I OtreHa [ pMFEHKTE: Crpaeka

Puc. 3.57. Inanorosoe okHo 3-D Plot Format oTkpbITO Ha Bknagke Appearance
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B paznene Line Options HactpanBaloTes napaMeTpbl 119 KOHTYPHBIX JIMHUI rpa-
¢duka. Ha nosepxHocTu rpaduka MOXKHO OTOOpakaTh OCHOBHYIO CETKY (MoJiosKe-
Hue nepekntouarens Wireframe), KoHTypHble TUHUM (NOJIOXKEHUE MepeKIIouaTe-
s Contour) v He oOTOOpaxaTbh JIMHUM COBCEM (IMOJIOKEHUE MNEepeKouaTeis
No Lines). B none Weight yka3biBaercs Toniyuta JMHuil Ha rpaduke. Kpome Toro,
ecau B pazaene Fill Options nepekniovarens ycraHorieH B nojoxkenue No Fill
(B cuily yero MoBepxHoCTh rpaduka He 3akpaluupaercs), B pazaene Line Options
jpocrynHoii cranosurcs ornuus Hide Lines. Ecau ycranosuts iaxkok 31oil on-
UMM, rpaduk cTaHeT Henpo3paydHbIM B TOM CMbIC/E, YTO BCE JMHUH 3a rpaduKOM
oTobpaxarbCs He OyIyT.

[NomMrmMO OCHOBHO# ceTKM rpad)ka, Ha HEM eIle MOKHO OTOOpaskaTh U 0a30BbIC
Y3/10BBIC TOUKH. [ 3TOr0 cnegyeT ycTaHOBUTH (hiaxkok onuuu Draw Points u3z
pazgena Point Options (cM. puc. 3.57). Bece npoure QpyHKIMOHATIBHBIC JIEMEHTHI
3TOrO paszesia JOCTYIHBI, TONBKO KOTJa JaHHas OMUMs akTHBHA. B packpbiBaro-
memcst ciucke Symbol BeiOupaetcs cMMBOM 17151 OTOOpa)KeHHS Y31IO0BBIX TOUEK.
B none Size ycraHaBnuBaeTcs MX pasmep. PesynbTaT mpUMEHEHHs] HEKOTOPBIX W3
STUX HACTPOEK MOKa3aH Ha puc. 3.58.

ti1]Mathcad - [chap03_08 10l =|
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TIpemaep ©OSZAHLA TR eXMEPHOTO Tpadema

B
Backplanes I Special | Advanced I QuickPlot Data I
General I Axes Appearance | Lighting I Title:

Paint Options
v Draw Paints

Symbol

I boxes = l
|3 3: Size

Caolor Options
" Colormap
' Solid Calor I

Line Options
& wirsframe
€ Cortour Lines
" MoLines

I™ | Hide Lines

|1 3: Weight

Caolor Options
' Colomap
" Solid Color I

& Fill Surface
© Fill Cortours
" NoFill

[T Alemate Mesh
[V Smooth Shading

Colar Options
& Colormap
" Salid Calar [

oK I OTraeHa | anMEHMTbl Cnpaeka |

-

»
auto [ [ [Pael | 4

Puc. 3.58. IameHeHmne cnocoba oTobpaxeHusi rpacounka
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V310BBIE TOUKH 3A€CH OTOOpaXKaKOTCs B BUAE KBaApaToB (pasMepoM 3) UEpHBIM
LIBETOM, BBIBEACHA OCHOBHAS CETKA, a MOBEPXHOCTb rpauka 3akpallieHa C HC-
MOJIb30BAHUEM PAa3TUYHBIX LIBETOB.

Ilpu orobpaskeHUH TpexXMepHOro rpaduka MOKHO BKJIIOYATh PEXKUM MOJCBETKH.
OcHoBHas Hjest COCTOUT B TOM, YTO peaiu3yeTcs creldalbHoe BbljlesieHue rpadu-
Ka UBETOM W SIPKOCTBIO 3aKPACKH, KaK ecjii Obl OH OCBELIasICsl BHEUIHUM UCTOUHH-
KoM cBera. [IpuueM MoaenupyeTcst OCBELEHHUE KAK PACCESIHHBbIM CBETOM, TAaK W
NOJICBETKON OT HalpasjeHHOro ucrouHuka. Hacrpoiika 31oro pexxuma npousso-
autcs Ha Bkaaake Lighting (puc. 3.59).

3-D Plot Format |

Backplanes | Special I Advanced | QuickPlot Data
General I Hues I Appearance Lighting I Title

Light 1 | Light 2| Light 2| Light 4 | Lic <[ »]

Lightng—————— o r— Light Direction
L * On
X

[¥ Enable Lighting o oW 1
I Ambient Light Colar ¥ [1

. . r— Light Calor

Lighting Scheme:

e I Diffuse Color z ID
ISCheme'l 'I I Specular Color | [V Infinite Light Source

Ok, I OtreHa | M pureHTE | Cnpaeka

Puc. 3.59. [Inanorosoe okHo 3-D Plot Format oTkpbiTo Ha Bknaake Lightning

UroObl 3eMEHTHl HAa BKJI4AKE CTAJIM AKTUBHBIMH, CIEAYET YCTAaHOBUTH (praskok
onuun Enable Lighting, naxondwelica B paszmene Lighting. Kpome Hee, Tam
MOKHO Haiitu snmeMeHT Ambient Light Color mis BeiOopa 1BeTa paccestHHOTO
CBeTa, a Takke packpbiBarowniica crnucok Lighting Scheme, B koTOpoM MOKHO
BbIOpaTh OJHY M3 MpPEIONpPeAeICHHBIX CXEM OCBelleHus. B mpaBoii yacT BKIaAKH
HMeeTes pazfell, COCTOSIIMI U3 BOCBMH MACHTUYHBIX BKJIAJ0K, HA3BAHUS KOTOPBIX
u3MeHstoTea nocneaoparenbHo oT Light 1 go Light 8 (copaga ewme ects kHOnKH
CO CTpelTKaMH HJis MPOKPYTKH BKIANOK, cM. puc. 3.59). DT0 paszmen HACTPOUKH
napamMeTpoB mnpsMoro ceeta. Ilepexatouatens Ha Aa nonoxenus On u Off no-
3BOJIAET BKJKOUUTH U BBIKIIOUUTH PEXKHMM MCIOJIb30BaHUA AaHHOro usera. C mo-
moteio aemerTa Diffuse Color BeiGuparoT 1BeT A A QpY3HOHHOTO OCBEITICHHS,
a LBET A/ KOMIOHEHTa MPSIMOTO CBETa, OTPAXKaeMOMN 3ePKATIbHO OT NMOBEPXHOCTH
rpaduka, ycTaHaBIMBAIOT ¢ TIoMoIIbio 3iemMedTa Specular Color. 3Hauenus B mo-
nax noapazaena Light Location onpeaensioT HanpaB/ieHHE HA HCTOYHHUK TPSIMOTO
CBETa B JaHHOM KoopauHaTHOW cucteme. HakoHew, ecnu ycTaHOBJIGH (axKok
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onuuu Infinite Light Source, MoaenupyeMblif UCTOUHMK CBETa MPEATNOIAraroT
pa3sMeLIeHHBIM Ha OECKOHEUYHOCTH.

Ha Bknagke Advanced MOXXKHO aKTUBM3UPOBATL PAJ] CleLUaIbHBIX d3PQEKTOB, KO-
TOpble enatoT rpaduk HaMHOro Oosiee npusiekaTesabHbIM. Jluaaorosoe okHo 3-D
Plot Format, oTkpbiTO® Ha 3TOM BK/Ia/IKe, MOKa3aHO Ha puc. 3.60.

3-D Plot Format |
General I Aues I Appearance | Lighting | Title
B ackplanes | Special Advanced I QuickPlot D ata
Advanced View Optionz Printing

[” Enable Fog 100 = Wertical Scale ™ High Quality Printing
[ Perspective |18 3: Wiewing Distance | [ Set as default

Colormap
[~ Increasing %
Flot 1 | [~ Increasing Y
|4 3: Shininess V¥ Increasing 2
IU 3: % Transparency Choaoze Colormap
I1 3: Polygon Dffzet IHainbow "I

Ok, I OtreHa | nDMMEHMTbl Cnpaeka |

Puc. 3.60. Jnanorosoe okHO 3-D Plot Format oTkpbiTo Ha Bknagke Advanced

Bxnaaka coctouT u3 yeThipex pazfenoB. B pazmene Advanced View Options
npenacraeiaeHsl ABe onuuu (Enable Fog u Perspective) u npa nons (Vertical
Scale u Viewing Distance). Ycranosus ¢naxok omuu Enable Fog, nepexonsr
B pexuM TymaHa. DPQPeKT nepcrneKkTUBbl BKIIOHAETCS, €CJAM aKTHBHA OMLMs
Perspective. Ilpu stom mocTynmHeIM cTaHoBuTCs moie Viewing Distance, rae
B 6e3pazMepHbIX €IMHULAX YCTAaHABJIUBAETCSl PACCTOSIHUE, ¢ KOTOPOro YCJIOBHO
npocMatpuBaetcs rpaduk. B mone Vertical Scale yctanarnmmiBaetcs (B mpolieHTax)
Kod(hpuuMeHT MacuTabupoBaHUs BAOJb BEPTHUKAIbLHOM KOOPAMHATHOH OCH.
B HwxkHel yacTu BKIIagKu pa3MmelieHo Tpu nois. B mone Shininess ykasbiBaercs
3HaveHue /11 onpeaesieHus oTpaxatolleil cnocobHOCTH NOBEPXHOCTH rpaduKa —
YeM BbILIE 3HAYCHUE, TEM CUIIbHEE [MOBEPXHOCTh OTPAXKAET CBET. 3HAUCHUE B TOJIE
Transparency onpejenser (B npoueHrax) koddduuuenT npospauHoctu rpaduka.
[Tore Polygon Offset HeoOxoaMMo B TeX ciydasx, Koraa Ha ¢oHe 3aKpalleHHOH
MOBEPXHOCTH CJIEIYET BbIJEJIMTh OCHOBHbIE JIMHUM CETKH rpaduka.

B paznene Colormap pasmeuiensl Tpu onuuu (Increasing X, Increasing Y
u Increasing Z) u packpsiparormtics criucok Choose Colormap. Hamuune dmax-
Ka OMLMHK MPUBOAUT K MPUMEHEHHIO BLIOPAHHOTO crocoba LBETOBOrO BbIACICHUS
B HamnpaBICHUM KOOPAWHATHBIX OCEd B COOTBCTCTBUH C HAa3BaHWAMH OTLUH.
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B packpeiBatomemcs crimcke Choose Colormap BeiOMparoT cxemy (OCHOBHYIO
nanutpy) 3akpacku. Hakonell, 1Be onuuu B pazaese Printing no3ponsior nepeiTu
B PEKUM BBICOKOTO pa3pelleHHs (TOUHee, pa3pelleHHs MPUHTepa, U IS 3TOTO
cieayer ycraHoBuTb (uaskok onuuu High Quality Printing) u coxpanurts oty
HACTPOMKY AJIS BCEX HOBBIX CO3/1ABACMbIX TPEXMEPHBIX TPAPUKOB MO YMOTUYAHHIO
(onuus Set as default).

Mpumep 3.10. N'pachuk B TymaHe

[pumep npuMeHeHHUs HEKOTOPBIX W3 YIIOMUHABLIMXCS HACTPOEK MOKa3aH Ha puc. 3.61.

i1 Mathcad - [chap03_08.mcd] 10l =|
dﬁ’ File Edit Yiew Insert Format Tools Symbolics  ‘Window Help _|ﬁ||1|
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X Ty
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General I Axes I Appearance | Lighting I Title I
Backplanes | Special Advanced | GuickPlat Data
Advanced Yiew Options Frinting
¥ EnableFog |75 3: Wertical Scale [ High Quality Printing
V¥ Perspective |25 3: Wiewing Distance | [ Set as default
IEolormap
Increasing
el | ™ Increasing
|4 3: Shiriness V' Increasing 2
50 3: % Transparency Choose Colormap
c 1 = Polygon Difset IHainbow 'l
QK I OrtreHa | I'IpMMEHMTbl Crpaeka |
<I I 3
Press F1 for help. AUTO Page 1 v

Puc. 3.61. Vicnonb3oBaHne fononHUTENbHbBIX 3hdeKToB 0ToBpakeH s

K rpaguky npuMeHeH pexxuM TyMaHa, UCNOJb30BaH 3heKT NeperneKTUBbl, H30-
OpakeHHe MaciITaOMPOBAHO BIOJb BEPTHKAIBHON OCH M ycTaHoBieHa 50%-Has
NPO3Pa4HOCTb.

JlocTynHOCTb 3716MEHTOB, HAXOAAIUMXCS HA BKjaake Special, cyliecTBeHHO 3aBU-
CHUT OT THIIA cO3/IaBaeMoro rpaduka (puc. 3.62).
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=
General I Hues | Appearance | Lighting | Title
Eackplanes Special | Advanced | GuickPlot D ata
Plat 1 |

i~ Contour O ptions —
[ Fill Connectivity—
[ Drawlines | Bar Plot Layouty Interpolated Mesh % Fov Order

¥ Auto Contour il Riows Increas?ngx
F Homboed T e Iﬂ e Increas!ng"r'

Lmitere: € Side by Side 5 ! Increasing 2
I‘IE 5 MNumber SpsEng Columns Line Style

IZ-Contours 'l = 21 = Isolid 'l
Ok I OtreHa | anMBHHTbl Crpaeka |

Puc. 3.62. lnanorosoe okHo 3-D Plot Format oTkpbiTo Ha Bknagke Special

B nanHOM ciydae HOCTYNHBIX 3IEMEHTOB HE OUYEHb MHOTO, HO OHH PETYJIHUPYIOT
JIOCTATOYHO Ba)KHbIE HACTPONKH. TUN KOHTYPHBIX JIMHUI U JIMHUH OCHOBHOM CeT-
k¥ rpaduka ompernensercs B packpeiBaromemcs criicke Line Style. 3to moxker
ObiTh crytouHas (3aement solid), nynkrupHas (dotted), wrpuxopanuas (dashed)
u mrpuxmyHkTapHas (da-dot) muauu. Omus Fill oTBeuaet 3a 3akpacky moBepx-
HOCTH rpayka B COOTBETCTBUM C KOHTYPHBIMM JMHUsIMH, onuus Draw Lines ak-
TUBU3UPYETCS AJsl OTOOpaXKCHUS KOHTYPHBIX JIMHHUM, a KOJIMYECTBO KOHTYPHBIX
JUHUK onpesensercs aBTOMaTHYECKU MPU YCTaHOBJIEHHOM (uiaXKKe onilMu Auto
Contour (B MpOTUBHOM ciiydae ero ykaszpiearoT B osie Number). [1o ymomganamto
KOHTYPHbIE JIMHUM OTOOpaXkaloTcs JJisi BepTUKalbHOHW ocu. OJIHAKO CUTYalHIO
MOKHO U3MEHUTH. [ 5TOTr0 B PacKphIBAIOILIEMCS CIIMCKE B HMXKHEH YacTH pasze-
ja Contour Options BbIOHUPaIOT HY)HYIO 0Cb (CM. puc. 3.62). KonTypHbie nuHuu
MOKHO OTOOpaxaTh cpa3y AJisi HecKOAbKuX oceil. Illupokue BO3ZMOXKHOCTH Mpe-
JIOCTaBJIEHbl MOJIL30BATENI0 U NPU HACTPOliKe crocoba oTodpaskeHus: KOopaAHHaT-
HBIX TUTockocTeld. Hactpotiku BeimonHsAtoTca Ha Biagke Backplanes (puc. 3.63),
KOTOpas COCTOWT M3 TPeX MPaKTUUECKH WASHTHUHbBIX BKJIQJ0K (pa3inyve TOJIbKO
B Ha3BaHHH).

Kaxnas Takas BKiagka, B CBOKO OYepellb, COCTOMT U3 ABYX Pa3lciiOB, pa3aesicH-
HBIX Ha JiBa Nojpasjena. B BepxHel yacTu BKIaJIKK pa3MeLleHo J1B€ ONLIMK U OAMH
aNeMeHT BeIOOpa 1Beta. Ecnmu yctanoBieH dnaxok omuuu Fill Backplane, xoop-
JMHATHas TJI0CKOCTb Oy/IeT 3aKpallieHa LIBETOM, 3aJJaHHbIM C MOMOLIBIO DJIEeMEHTa
Color. Uto0wr oTOOpakamack TpaHHWIAa OOJIACTH OTOOpaKEeHHUS KOOPIWHATHOM
MJIOCKOCTH, HEOOXOAUMO yCTaHOBUTH Quiaxkok onuuu Backplane Border.
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B pazngene Grids BBITTONHSIOTCS HACTPOUKH AT OCHOBHBIX JIMHUM KOOPIMHAT-
HOU ceTKH, a B pazgene Sub-Grids — a1 BcnoMoratenabHbIx JuHUid. [logpasne-
JIbI 3TUX pa3[e]OB COOTBETCTBYIOT Pa3HBIM KOOPAWHATHBIM OCsAM. KX armeMeHTH
UMEIOT OIMHAKOBOE Ha3BaHHWE U HazHaueHHe. Dnaxkok onmuu Draw Lines ycra-
HaBIIUBaeTcs I OTOOpaKeHWs JUHUN KoopAWHATHOW ceTku. Ilpw akTuBHOM
OTIINN MOKHO BEIOpATh IBET JIMHUM ¢ MOMOINbi0 3neMmenTta Line Color, a Ton-
IWHA JTUHUHU ycTaHapnuBaeTcs B mone Line Weight. Hakonern, mis otobpake-
HUS 3aceuek BJOIb KOOpAWHATHOW ocw aktmBusupyooT onmuwio Draw Ticks
(cm. puc. 3.63).

3-D Plot Format |
General | Hues I Appearance | Lighting | Title
EBackplanes | Special | Advanced | GuickPlot Data

#-v Backplane | -Z Backplane I ¥-Z Backplane |

[~ Fill Backplane ™ Colsr [~ Backplane Border
Grids Sub-Grids
Kbz A Kbz R E T —
[~ Drawlines | [T Drawlines | [T Drawlines | [ DrawLines
[ Draw Ticks | [T Draw Ticks | [T Draw Ticks | [ Draw Ticks
I e Eeler | T LineEelen [ T e Geler | T L Gl
Line ‘Weight Line ‘Weight Line ‘Weight Line ‘Weight

= = Jos =+ Jos =+
Ok I OtreHa | anMBHHTbl Crpaeka |

Puc. 3.63. Jnanorosoe okHo 3-D Plot Format
OTKpbITO Ha BKknagke Backplanes

Mpumep 3.11. 3akpacka LBeTOM

[Ipumep 3axkpacku KOOPAMHATHBIX IJIOCKOCTEH LIBETOM C OJHOBPEMEHHBIM OTO-
OpakeHHEeM OCHOBHBIX M BCTIOMOTATENIbHBIX JIMHUM KOOPAWHATHOW CETKH TIpen-
CTaBJICH Ha puc. 3.64.

XOLleTCﬂ O6paTl/ITl> BHUMAHHE HA TO, YTO HeKOTOpble 3JICMCHTHI Ha paSHle BKJ1ad-
kax auajorosoro okHa 3-D Plot Format uMeroT ecjid He OJIMHAKOBOE, TO OYEHb
MOX0XKEEe HA3HAUEHUE M 4YACTO ObIBAET, UTO HACTPOMKH, BBINOJHEHHbIC HA OJIHOL
BKJIAAKEC, aBTOMAaTHYCCKH BJIMAKOT Ha yCTaHOBKl/I, CAC/IaHHbIC paHee Ha )lperlX
BKJIaJIKax 9Toro okHa. Kpome Toro, coBceM He 0043aTe/IbHO OPHEHTALIMIO CHCTEMbI
KOOpPJAMHAT 3aaaBath B AuaiorooM okHe 3-D Plot Format. O6biuHo ynobHee Obl-
BACT Pa3BEPHYTh HYXKHbIM 00Pa30M KOOP/MHATHYIO CUCTEMY C MOMOLIBIO MbILIH,
6naro, B Mathcad ecThb Takast BO3MOKHOCT.
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General | Ares I Appearance I Lighting I Title I
Backplanes | Special I Advanced I QuickPlot Data

# Backplang |Y-Z Backplane I HE Backplanel

-—:;-'-:.'E:;-;‘
iy

¥ Fill Backplane [ Caolar ¥ Backplane Border
Grids Sub-Grids
— Hahwis oAz Az oAz
IV Drawlines | W DrawLines | ¥ DiawLines | V| Draw Lines
¥ Draw Ticks | ¥ Draw Ticks | V¥ Draw Ticks | ¥ Draw Ticks
™7 Line Color | B9 Line Color | [ Line Color | T Line Calor
Line ‘weight Line ‘eight Line ‘Wfeight Line ‘weight

= = = =
QK I OrraeHa | I'IpHMEHMTbl Crpaeka |

-

4 I 3
Press F1 for help. aUTO [ Pagel 4

Puc. 3.64. OTobpaxxeHne OCHOBHbIX 1 BCNOMOraTenbHbIX JIMHWIA KOOPANHATHOW CETKN
1 3aKpacka KOOPAMHATHbIX MAOCKOCTEN LIBETOM

OToGpaxeHne napamMeTpmn4eCKMX NOBEepPXHOCTEN

B npeapinymem nogpaszaene paccMarpuBasics IpuMep GYHKLIMU ABYX NEPEMEHHBIX,
3aJaHHOM sBHO. Jlaneko He Bcersa cyllecTBYeT BO3MOXKHOCTL 3a1aTh (YHKIMO-
HAJIBHYIO 3aBUCUMOCTh B IBHOM Buze. CaMblil 3IeMEHTapHBINA MIpUMEp — MOBEPX-
HOCTb cdepbl. OObIUHO Takas MOBEPXHOCTL OMNPEAEseTcsl B MapaMeTPHUECKOM
BHAe. DTO 3HAYMT, YTO KasKAad U3 KOOpAMHAT ABMsiercs (PyHKUMEH IBYX HE3aBH-
CHUMBbIX napaMeTpoB. J[1s1 Bcex TpeX KOOPAUHAT 3TH napamerpsl oAHU U Te xe. [1o-
CKOJIBKY TapaMeTpOB [Ba, a KOOPAUHAT — TPH, TO €CTECTBEHHBIM 00pa3oM MEXIY
OTUMU KOOpJAHHATaMUu CYLUECTBYCT HCKOTOpasdA B3aUMO3aBUCUMOCTbL, WJIH (byHK-
LMOHANBHAs CBA3b. Takoe MoNoKeHHe ael, Ka3anock Obl, CO3JaeT ONpEac/ICHHbIC
TpyaHocTH. C OHOW CTOPOHBI, 3TO JeHCTBUTENbHO Tak. Ho ¢ npyroi, Ha ocHoBe
MapaMeTPUYECKUX 3aBUCUMOCTEH MOXXKHO MOCTPOUTH MOBEPXHOCTH MPAKTHUECKH
npoussosibHOM (opmbl, B Mathcad npepycmorpeHa BO3MOKHOCTb CO3/IaHUS T10-
BEPXHOCTEH, 3alaHHbIX B TIAPAMETPUIECKOM BHIE.

HauGonee ObicTphlit 1 mpocToii cnocol 0ToOpaskeHUS MOBEPXHOCTH, 3aJaHHOM
B 1apaMeTPUUECKOM BHJE, COCTOUT B cileaytolieM. CHauyana onpeaessitoTcs 3aBu-
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CUMOCTH KXJIOW W3 TpeX KOOPAWHAT OT MepeMEHHBIX-MApaMeTPoB, Mocie Yero
BbiOupaercs koman/a Insert | Graph | Surface Plot u B 06nactu cosnanus rpa-
(hrKa BMECTO CTPYKTYPHOTO 3aMOJIHUTENS BBOJATCS (B KPYIIIBIX CKOOKAaX) TpH KO-
OpAWHAaTLI, Pa3AC/ICHHbLIC 3aldTbIMU. 3TO UMEHHO T€ KOOpAWHAThI, YTO MnpeaBapu-
TENBHO OMPEAeNIIOTe Kak (GYHKIHKA ABYX TapaMeTpoB. OTHAKO BBOJATCS TOIBKO
UX Ha3BaHusl, 0e3 yKazaHus napameTpoB-apryMeHTOB,

Mpumep 3.12. Dnnuncoung

Ha puc. 3.65 npuseneH npumMep co3aaHus AIMINICOUAA.

A [1#] x= [2<F F] af W “Tutorials | Pen

%4,8) = 3-sin(9) cos(8)

¥(,8) = 5 sinfp)- sin(e)

Z(p.8) = 4-cosly)

(£.7.8

Puc. 3.65. Co3gaHune annunca

OyHKIHOHATEHBIE 3aBUCUMOCTH JICKAPTOBBIX KOOPAWHAT OT MAapaMeTpoB ¢ U O
B 2TOM ciy4ae umeloT Takod Bua: x(¢,0) =3sinpcos8, y(0,0)=>5sin@sind
u z(,0) = 4cos0 . UMeHHO 3TH 3aBUCHMOCTH W 3aJlaHbl B HAYAIbHOMN YacTu pabo-
4ero JIOKYMEHTa.

Hacrpoiika napamerpuyeckoro rpaduka OCYLUECTB/ISCTCS MPAKTUYECKU TaK Ke,
Kak ¥ rpadka, MOCTPOCHHOTO HA OCHOBE SBHOM 3aBHCHMOCTH. B cryuae coznanus

AIUNCOUA, AJISl TOTO, YTOObI OH Ha PKpaHe MUMeJl NPaBUiibHYIO GopMy (@ He Bbi-
rgaen Kak cepa), Hy»KHO yCTaHOBUTH (praxkok onmmu Equal Scales Ha Bkimagke
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General nuanoroeoro okHa 3-D Plot Format. [Ipoure HacTpoliKu CyIIECTBEHHOTO
3HAUYEHUs HE UMEIOT U JIOCTATOYHO OUYEBUAHBI.

Mpumep 3.13. N'enukoung

B Mathcad ¢ ycnexom ctposites 1 Gonee 3aMbICIOBAaThIC MOBEPXHOCTH, YeM cepa Win
anmuncon. Ha puc. 3.66 puBeneH npuMep co3aanHus MOBEPXHOCTH TeJIMKOUAA.

A 1] v= [ <2 T af HITutoriaIs | #ao

Hu, ¥ = cos(v)
Vi, W) = wsit V)

Z(u,¥) =7

(£.7.2)

Puc. 3.66. Co3gaHue renvkonaa

B mapameTrpuyeckoM BUAE COOTBETCTBYIONIAS 3aBUCHMOCTh MOKET OBITH Tpel-
craBjieHa caeayrouum obpazom: x(u,v) = ucosv, y(u,v)=usinv u z(u,v)=v,
e ¥ U v — TapameTpsbl.

IlpakTHyecku Tak e CO3Aal0TCs W MPOCTPAHCTBEHHbIe KpuBbie. B aTom cayuae
CIIeAyeT Y4eCTh IBa NPUHLUMIMMUAIBHBIX OTIUYMS MO0 CPABHCHHUIO C CO3AaHUEM Ia-
pamMeTpuuecKUX MOBEpXHOCTeH. Bo-nepBbix, Kakaas U3 TpexX KOOPAUHAT 3aBUCHT
He OT IBYX, a OT OJHOro mapameTpa. Bo-BTOpBIX, co3maeTcs HE MOBEPXHOCTH,
a kpuBasi. [105ToMy uisi co3aHMs Takoro rpaduka BhGHUpaloT komanay Insert |
Graph | 3D Scatter Plot. Moo, MpaBAa, BOCIONb30BATECA U MPEKHEH KOMaH-
noii Surface Plot, oanako nociie coznanusi rpaduka Hy»KHO OYJeT Ha BKJIAJKE
General guanorosoro okHa 3-D Plot Format nepekmouarens Display As ycra-
HOBUTH B nosnoxeHue Scatter Plot.
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Mpumep 3.14. BuHtoBas nuHua

Ha puc. 3.67 u3zo0pakeHa KOHMUECKas BUHTOBAs JIMHUS.

A ] x= 2 <E T af JITutoriaIs x| e

) = tcos(t)
Wt = t-gingt)

2=t

(E£.Y.8

Puc. 3.67. Co3gaHne KOHNYECKON BUHTOBOW NUHNAN

[Mpwu cozmanum ToOi TUHAN 3aBUCHMOCTh KOOPIUHAT OT MapaMeTpa ¢ Oblia 3a/1aHa
B Buae x({)=tcost, y(t)=tsint u z(t) =1. JIns TOoro uToObl TOUKU COCMHSIUCH

JIMHUEH, mepekaovuatens B pazaene Line Options Ha Bkiaake Appearance qua-
soroBoro okHa 3-D Plot Format yctanapnuaroT B nonoxxenue Lines, a eciy nu-
HUSL HEJOCTATOYHO IUIABHAS, YBEIMUMBAIOT YHUCIIO Y3JIOBBIX TOUEK, MO KOTOPHIM
cTpoutcs KpuBas (3HaueHue BBoautcsd B none # of Grids Ha Bxkiaake QuickPlot
Data u gomxHo OBITE He Gonee 200).

Ilomumo onpenenenusi GyHKUHOHANBHBIX 3aBUCUMOCTEH, rpaMKH MOMKHO CTpPO-
UTh MO YMCIEHHBIM AAHHBIM, WU, APYTUMU COBaMHM, no Toukam. Kaxxaas u3 na-
paMEeTpPUUECKUX 3aBUCUMOCTEH KOOpPAMHAT OT MapaMerpa peaju3yercs B BUJE
MaTpuibl. MaTtpuua sesieTcss HA0OpPOM 3HAUEHUH COOTBETCTBYIOLICH KOOPAUHATbI
JU1S pa3fMUHbIX 3HAYEHUH MapaMeTpoB. JTO, NOXKAIYH, €AMHCTBEHHOE OTJIMYHE MO
CPaBHEHUIO C NPOLEAYPOH CO3AAHUS NMapaMeTPUUYECKOH 3aBUCUMOCTH HA OCHOBE
anrebpavveckux 3aBucumocteid. Jlanee BbiOupaercs komanja Insert | Graph |
Surface Plot 1 BMecTO CTPYKTYpHOrO 3anojIHUTeNs BBOJMTCS TPOiika KOOPAMHAT,
HO TOJIBKO TENEPb 3TO HA3BAHWS MATPHULL.
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Mpumep 3.15. KoHyc

Ha puc. 3.68 mpounnroctprpoBaHa npoueaypa co3iaHui HapaMeTpUyecKoil 3aBH-
CUMOCTH {KOHYCa) Ha OCHOBE Y3JIOBBIX TOUCK, KOTOPBIC 3aHECCHBI B MATPULIbI.

“Tutorials j #Ga
B o=20 i=0,1.H j=0,1.H
. T . T .
L .= i-n::Ds il Y. .= i-si.n T Z. .= L
L.l H 1 Ll W o) L.l W

T T T T F

vy

AN A LA A A L LA AR LR L A A R

e e R R R

i
R RS SRR PRSI E PR S P s B

(X.Y.2)

Puc. 3.68. Co3gaHue koHyca

Uwncno Touek Mo KaxkaoMy W3 MapaMeTpoB ompenenseTes nepeMeHHod N (3Hade-
Hue 20). DTa nepeMeHHas onpeaessieT BEPXHIOI rPaHULy U3MEHEHHS UHJICKCOB
U j, KOTOpble MPoOerarwT 1eJoYnciIeHHbe 3HaueHns oT 0 g0 N . DIeMeHTHI KO-

i 2nj
OPIMHATHBIX MATPHIl ONPEIENSIOTCS COOTHOIIEHMAMH X, ; = NCOS(WJJ ,

i . (2W i .
Y, ;= NSl o Z; ;= 7 » 384aBas TeM CaMbIM KOHTYPEI KOHYCa. Hacrpotika

rpauka BBHITOJIHACTCS a0COMIOTHO AHAIOTUYHO PacCMaTPUBABLIMMCS paHee IMpH-
Mepam.

CoOBepUIEHHO JIOPMYHO BO3HMKAET BOMPOC O TOM, HEJb3sl JIM MMOX0XKHUM 00pazoM
CTPOUTb NPOCTPAHCTBCHHLIC KPUBLIC, T. €. 3a/laBaTh UX B NapaMeTpUUCCKOM BUAC
He MOCPEACTBOM ypaBHeHuid, a Habopom Touek. B Mathcad ecrb Takas Bo3MOXK-
HOCTh. HecioskHo aoragaThes, 4To A8 CO37aHUs MPOCTPAHCTBEHHOW KPHUBOM MO
TOYKAM 3aBUCUMOCTb KOOPAMHAT 3TOH KPUBOH OT napameTpa peajlu3yercs B BUAC
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BekTOopa. Takum 00pa3oM, HEOOXOOMMO CO3[aTh TPU BEKTOPA, MOCHIE Yero BOC-
T07Ib30BaThCs KoMaHoii Insert | Graph | 3D Scatter Plot, YKa3aTb TPOUKY BEK-
TOPOB B KauecTBe KOOPAMHAT KPUBOH M BBINOJIHWUTH HACTPOMKY rpacduka (B mep-
BYIO ouepelb YOCOUThCS, YTO TOUKH COCOUHAIOTCS JTUHUEH, B MPOTUBHOM Cllydae
OyayT oToOpaskaTbcsl OJHH Y3JI0BBIC TOUKH).

Mpumep 3.16. Cnupansb

PesynpTar BhINONHEHUS STHX TpOLEAYpP MpeAcTaBieH Ha puc. 3.69, Ha KOTOpoM
MOKHO BUIETh (PparMeHT CUpaIy.

A ] == [2 <F Z] af “Tutorials | @eo

<

04

0.2

0.5
0

1]
1

(7.2

Puc. 3.69. CospaHuve cnupann

Yucao y3n0BbIX TOUEK onpeaenseTcs nepemenHo N (3Hauenue 50). Meusis Be-
muunHy k£ (B pabodeM HOKyMeHTe paBHO 6), MOXXHO OoTOOpakaTh pazHOE KOJIH-
4eCTBO BUTKOB cnupanu (npu ¢ukcupoBaHHom N ). Uuaeke, urpatouidii posb
MepeMeHHOM-apaMeTpa, mpoderaeT LEIOYUCICHHbIe 3HadyeHus or 0 g0 N .
CnupanpHas TWHUASA 330aeTcsl TPEMsSI BEKTOPAMH, JEMEHTBI KOTOPBIX OMpeAcis-

kmi
I0TCA Yepe3 MEePeMEHHYO-TIapaMeTp TAKUMH COOTHOIICHUSMH: X, :cos(— ,

N
=sin kmi Uz = x
Vi N TN
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OCco0GEeHHOCTU NOCTPOEHUA TPeXMepPHbIX rpacgukoB

TpexmepHhbie rpaduku npakTudecku Jtoboro Tuna B Mathcad cozaatorcst TouHo Tak
JKe, Kak U oObluHbIi rpaduk-noepxHocts. MckiioueHne — rpaduk BEKTOPHOro
nosisi. Bo Bcex ocTaibHbBIX cayyasx NPUHUMITHATIbLHBIM MOMEHTOM SIB/ISIETCS BLIOOD
KOppeKTHOW KoMaH bl U3 noamerto Graph. Ho nake ecnv komanja BoiOpaHa He Ta,
4TO npejnosiaraiach ¢ camMoro Havaja, cuTyauusi Brnojue nomnpaBuma. Kak Obuio
nokazaHo pasee, B quanioroeom okue 3-D Plot Format na Bknanke General MoxkHO
M3MEHUTD THM IpadyKa, YCTAHOBUB MpaBW/IbHBIM 00pazoM nepekitodaress Display As.
Pazymeercsi, HEKOTOpbIE HACTPOMKH crieU(UUHbBI U1 KAKA0r0 KOHKPETHOTO THNA
rpaduka. OaHako GOJIbIIMHCTBO U3 HUX TUNOBbIe. Hanpumep, npu padore ¢ KOH-
TYPHBIMH IpagykaMu 00bIMHO Y KOHTYPHBIX JIMHHUH, onpeaestolux npoduib pac-
npeaeneHus: GYHKUUH, OTOOpaXKaIOT YMCICHHbIE 3HAUYCHMUS, KOTOPbIE (DYHKLMS MPH-
HUMAeT Ha JTHX KOHTYPHBIX JWHUSIX. B arom cayuae Ha Bkyaake Special
auanorosoro okHa 3-D Plot Format ycranasiusator duaxok onuur Numbered
(npu paborte ¢ rpad MKOM-NOBEPXHOCTBIO 3Ta ONMUMS HEAOCTYITHA).

Mpumep 3.17. KoHTypHbIe rpachukn

Pezynerar BEIOOpa Takoro gopmara ans rpaduka mokasad Ha puc. 3.70.

fiy] Mathcad - [chap03_08 =101 x|
d{a File Edit Wiew Insert Format Tools  Symbolics  window  Help _|E||L|

ID-SH(EGEY|[iBR[o =" (=8 0|o: 5 G
JINormaI leriaI jllﬂ j| B F 0 ‘E = E‘EE §E|x2 =,

J A ] x= [ <F 7] «f W HITutoriaIs j @ao

flx,y) = cns(%] ms[ﬂ) j

i

. 1..' 3-D Plot Format x|
s
., General I Aues | Appearance I Lighting I Title |
) s Backplanes Special | Advanced | QuickPlot Data
sl Plat1 |
i1
o 'ﬂ HIERS: Contour Dptions
.fj 0 I~ Fill Connectivity—
421 Bar Flat Layout - Interpolated Mesh| & Fow Order
[V Draw Lines
=5 % [l afrii Fi ! [ncreasing 5
21 ¥ Auta Contour (" Stacked ons ! [ncreasing v
- acke
N - Mumbered = i
¥ MNumbere e 2 3 € nereasing 2.
I 3 ] Spacing Columns Line Style

ZEontours - 20 : el 3: Isnlid 'l

OrreHa | anMEHHTbl Cnpaexa |

-

Lol |

»
auto | | Pagel 4

Puc. 3.70. OtobpaxeHne YNCNEHHbIX 3HaYEHNA PYHKLMMN HA KOHTYPHOM rpadumke
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Peanmauuﬂ AJI1 KOHTYPHOI'O Fpa(bI/IKa OCTAJIbHBIX HACTPOCK, OIIMCAHHBIX paHEC
OPHUMCHHUTCIBPHO K MOBCPXHOCTAM, TAKIKE BIIOJIHC OYUCBHUIAHA. Ha puc. 3.71 npea-
CTABJICH PC3YyJIbTAT 3aKpaCKu Fpa(bI/IKa Pa3JIMYHBIMU LBETaMU Hpez[onpeueneHHoﬁ
MNaJIATPhbI.

101
&ﬁ’ File Edit Wiew Insert Format Tools Symbolcs Window Help ;Iilll
|ID-FEHGRY BR[| T: [me =88 0|l &z

JINormaI jlnrial jllD j| B I I | = = = | == | = %
J e A [ x= [2<F F1 af ™ |J|Tut0ria|s j @G0

- I cns| 2¥ :|
fix,v) = cos[ ID] cos[ 0 ]

3-D Plot Format x|
General I Hues | Appearance I Lighting I Title: I
Backplanes Special Advanced I GuickPlot Data

Flat 1 |

Contour Options
i Connectivity—
¥ Draw Lines Bar F'Iot_ Layout 1 Interpolated Mesh & o Dider

[+ &uta Contour (:, I:atn: 4 Fows g :ncreas?ng?

tacke: = FCTeasng
v Nu.mbered € Side by Side |2‘I .l C Inereasing 2
|‘|5 3 Mumber Spacing Bl Line Style

IZ-Eontours 'l lﬂ |21 3: Isolid 'l
Ok I Ormena | nDMMEHMTbl Cnpaeka |

-

»
auto [ [ |pagel

Puc. 3.71. 3akpacka obnactu rpacumka LBeTOM

I'pacdhrik BEKTOPHOrO MOJIsl MO CPABHEHUIO C PACCMOTPEHHBIMU NPUMEpPaMu co3/a-
€Tcsl HECKOJIbKO OTJIMYHBIMM MeToJaMu. B nepByio ouepesb 9TO OTHOCHTCS K CHO-
coly onpejesneHust GyHKUMH, AJis1 KOTOpoi crpoutcs rpaduk. Tounee, rpaduk
0OBIYHO CTPOMTCSI HA OCHOBE MaTpHlbl 3HaueHul. [Ipuyem B naHHOM ciiyuae Ha
JBYMEPHOM rpaduke oToOpaxkatoTes BeKTOpbl. BekTop Ha niockocTH, Kak U3BecT-
HO, UMeeT JiBa koMmnoHeHTa. OJUH U3 cnocoboB 3a/1aTh Cpa3y JBa KOMIOHEHTa —
npubOerHyTh K MOMOIM KOMIUIEKCHbIX uucesl. JlelicTBuTenbHas U MHUMas 4acTu
KOMIIIEKCHOIO 4Mcia MOTYT HMHTEPNpPEeTUPOBATLCS KakK KOMIOHEHTbI BEKTOpa.
HUmenno Takoit noaxox npumensiercs 8 Mathcad npu coszganuu rpaduxos exrop-
HbIX noJieid. Ilpu aToM dopmupyeTcs KOMIUIEKCHas MaTpula, T. €. MaTpula, dJe-
MEHTBI KOTOPOMi — KOMIUIeKCHble 4Yucia. Ha3paHue MaTpuubl BBOAUTCS BMECTO
CTPYKTYPHOI'O 3aN0JIHUTENS B 001aCTH cO3AaHusl rpaduka BEKTOPHOrO MoJisl.
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Mpumep 3.18. BekTopHoOe none

[Tpumep Taxoro rpaduka npuBeeH B JOKyMeHTe Ha puc. 3.72.

A ] x= [2 <E 31 of W JITutoriaIs | @eo
F(x,7) = cos{3-nx) + sin3nv)4 O HRLIERNZEUNR KOMAREKTHON gnKiL
Ho= 15 ¢ Mepemennan N onpedeniem esprmion
- ZRAHULY UAMBHEHUR UHOSKCHE RepeMentby
n=01. m=0,1.H = HRULUaNU3aUUR UHABKCHER NEpeMERHER
I = F[ﬂ ,3] O HRULIERN2EUNR KOMOREKCHON MarmpuiL)
n,m N N

154 —=-=- - = B e
EFFEE PR
AALPRY A F AR,
AR N AAAIRNR
EF R DR P R

W] =+--sa2 - - *—+=-:3=

" - a

L Ao o

b LI o LB W

AAPYREN Y A FAIRNN
AAPNREN Y f A A A
R B B

0 ko -rasa s r 2 S-poba=-a=

Puc. 3.72. Npacpmk BeKTOpPHOro nons

CHavana B paboueM IOKyMEHTe OMpefesseTcd KOMIUIEKCHas (PYHKUUS, HA OCHOBE
KOTOpOH 3aTeM co31aeTcsl KOMIUIeKCHad MaTtpula. OOHaKo MpU co3AaHuu rpaduka
BEKTOPHOTO TOJSI MOKHO O0OMTHCH M 0e3 KOMILIEKCHBIX uucen. 1lpn sTomM Komro-
HEHTBI BEKTOPOB 3alalOTcAd B BUIE [BYX Pa3HbIX MaTpHLl, a 3aTeM 3TH MaTpPHLIbI
B CKOOKaX, pa3ie/iCHHbIC 3allsTOM, YKa3bIBAIOTCS BMECTO CTPYKTYPHOTO 3arlOIHUTENS
B oOmacTtu co3fanus rpaduka. B mokymente Ha puc. 3.73 MpoOWLUTIOCTPUPOBaH Tpo-
Lece CO3OaHusl TOTo ke rpaduka, uTo U paHee (He MPUMEHSUTUCH TOIBKO HACTPOHKH
LIBETOBOTO BBIACTCHNA), HO YK€ HA OCHOBE [IBYX ACHCTBUTENILHBIX MATPHLI.

CHauana cozjaercs BeKTOpHasi (pYHKUMS, T. €. MAacCUB W3 JBYX DJIEMEHTOB, Ije
Kax1bli 371eMEHT ecTh ()yHKLMs JIBYX aprymeHToB. Jlanee co3aercs B/IOKEHHbIk
MaccHB. JTO MaTpHL, 2JIEMEHTbI KOTOPOH ONpeaesatoTcs 3HaUeHHWEM onpeesieH-
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HOW paHee BEKTOPHOU ()YHKLUH, T. €. SIEMEHTbl MaTPHULIbl CaMU SIBJISIOTCS BEKTO-
pamu. Hakoner, popMupyroTcs ABe MaTpHLBL: NIEpBasi HA OCHOBE MEPBBIX KOMIIO-
HEHTOB BEKTOPOB-3JICMEHTOB BIOXKEHHOI'O MacCHBa (KOMIIOHEHT ¢ HYJICBBIM HH-
JEKCOM), a BTOpas — Ha OCHOBE BTOPHIX KOMIIOHEHTOB (OHM MMEIOT MHACKC 1).
Janee 3T MaTpHLbl YKa3blBalOTCS B Nape NpH CO30aHUU Tpaduka BEKTOPHOIO Mo-
as. PesynpTar Tako# ke, Kak U Ipy OAHON KOMIUIEKCHOH MaTpHLE.

A [ x= R <F 3] of W JITutoriaIs | @eo
cns(3-n-x) -
Flx, ) = HRULRERL33LNR eeXmOopHol gliHKLLL
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Puc. 3.73. Co3sgaHue rpadmka BEKTOPHOMO NOsisi C NOMOLLbIO BEKTOPHOW (DYHKLIMK

Co3pnaHue gnarpamm

JanHble, Ha ocHOBe KOTOpbIX B Mathcad MOryT cTpouThCs AUArpaMMbl, OOBIYHO
peanusyoTes B BHAE TaOMUL WM MaTpull. s mocTpoeHHs AuarpaMMbl AOCTa-
TOYHO BHIOpaTh KoMaHAy Insert | Graph | 3D Bar Plot u B oGnactu co3gaHus
rpauka BMECTO CTPYKTYPHOTO 3alOJIHUTENs YKa3aTh Ha3BaHHE COOTBETCTBYIO-
el MaTpyLbl WA TaOIHLBL.
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Mpumep 3.19. Anarpamma

Ha puc. 3.74 mokazaH PE3YJIbTAT CO34aHUA AUArpaMMbl Ha OCHOBC AAHHBIX, B34-
ThIX U3 Ta6J'II/IL[LI.

# B v= I3 << 81 ap # |[wsic =] P
™ 0 1 _‘ll

3 3 4

4 16 QJ

5 12 10|+

. | | _DI n

E
&

Puc. 3.74. Co3gaHue gnarpammbl Ha OCHOBE AaHHbIX Tabnuupl

Yro6bl cosjiath Tabiully, cieayer Bbibparh komanay Insert | Data | Table u 3a-
NOJIHUTL sueiiky Tabnuubl. [Ins uzmeHeHus: pazmepoB TabuLIbl OHA BbIIJSETCS,
M C MOMOILIBIO MbIIIIK €€ I'PaHULbl NIepeMelliatoTes 10 HYKHbIX npejenos. Kpome
camoii TabauLibl, MPYU BLIGOPE YNOMSIHYTOH KOMaH bl B pabouuii IOKYMEHT BCTaB-
JSieTCS CTPYKTYpPHbIH 3anosiHutesb (nociie KOTOPOro MJAET oneparop NpucBauBa-
HUSL M HeNOCPeACTBEHHO TabnMua), BMECTO KOTOPOro Ajsl co3/aBaeMoil TabJuLibl
yKa3bIBaeTCs Ha3BaHUe.

[IpakTrdecku Tak >ke AMarpamMma coO3JaeTcs Ha OCHOBe MaTpuupl. CHavyana B J0-
KYMEHTE Ompezessercss MaTpHLa, Mocje Yero ee Ha3BaHWe BBOISIT BMECTO CTpPYK-
TYPHOTO 3aMoHUTeNs B 001acTu co3aanud rpaduka. [lpumep nokasax Ha puc. 3.75.

Kak st Tabniuiibl, Tak v JJ1sl MATPULBl, HA MAarpaMMe BJ10J1b BEPTHKAILHOM KOOp-
JIMHATHON OCH OTKJIA/IbIBAIOTCS (PAKTUUECKUE 3HAYCHUSI U3 MATPULIbI WA TabJlnLbl,
a BJI0JIb I'OPU3OHTAJIbHLIX — HHJAEKChbl COOTBETCTBYIOLIUX 3JIEMEHTOB MaTPHLbI
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Wi Tabnuusl. HacTpoliku auarpaMMbl BBITOMHSEOTCS € MOMOIIBIO THATOTOBOTO
okHa 3-D Plot Format, xotopoe omucsiBaiiock panee. [IpaBna, OOMBITMHCTBO Ha-
CTPOEK B ciiydae pabOThHl ¢ AUArpaMMoi HeJoCTyNmHO. OTKPHITE 3TO AMaJIOrOBOE
OKHO MOXHO, TOMUMO MPOYero, UIEIKHYB MPaBOM KHOMKOH MBILIH B 001acTH Ana-
rpaMMbl U BEIOpaB U3 pacKpbIBaroLIEerocs crnucka komanay Properties.
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Puc. 3.75. Co3gaHve guarpammbl Ha OCHOBE MaTpuLbl

OTobpaxxeHne HeCKONbLKUX rpacukos

HHorna Bo3HuKaeT HeoOXOOMMOCTH OTOOpaXkaTh Ha rpaUKe cpasy HECKOJIBKO
MOBepXHOCTel. Pelient B 3TOM ciyyae J0CTaTOYHO MPOCT: CTPYKTYPbl, HA OCHOBE
KOTOPBIX CTPOATCS MOBEPXHOCTH (3TO MOTYT OBITH Ha3BaHUS (DYHKIMH, MaTHLII
WM TPOMKU MaTpull, 3aKJIIOUEHHbIE B KPYTJible CKOOKH), BBOASTCS Yepes 3amsaTylo
BMECTO CTPYKTYPHOTO 3alOJHUTEN B 001aCTH co3daHus auarpammsl. lanee mpu-
B€/IeHbl HEKOTOPbIE MPOCTbIE MPUMEPbl MOCTPOEHUSI HECKOIbKMX MOBEPXHOCTEMH,
KPUBBIX U IMarpaMm Ha OJHOM rpaduke.

Mpumep 3.20. NMoBepxHOCTN

Ha puc. 3.76 npexacrasnen ¢parmeHt padouero aokymenra Mathcad, B koTtopom
OTHCHIBAIOTCS IBE (PYHKIMM OT ABYX MEPEMEHHBIX, MOCIIE Yero Ha TpaduKe CTposSTCs
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COOTBETCTBYIOIIME TMOBEPXHOCTH (mapaGonoua BpameHus f(x,y)=x?+y?> wu
TJIOCKOCTh F (X, y)=Xx+y).

A ] x= [2<F F of W HITutoriaIs j &G0

22
fx.y¥)=x +¥ Py =x+¥

Puc. 3.76. MNapabonowva BpaweHns n nnockoCTb

Jnst mocTpoeHns TIoBepXHOCTEH BhIOMpanack komaHna Insert | Graph | Surface Plot.
BMmecTo cTpyKTYpHOTO 3amOMHUTENS Yepe3 3amaTy0 BBOAATCS HA3BaHUs (DYHKLUH.

Mpumep 3.21. NoBepxHOCTbL M guarpamma

CoBceM He 00s3aTeNnbHO, YTOOBI MOBEPXHOCTH 334aBaJUCh OAUHAKOBBIM 00pa3oM.
Bonee Toro, HeT HEOOXOAMMOCTH KAXKAYIO 3aBUCHUMOCTH OTOOpazKaTh B BUIE MO-
BepxHocTH. Tak, Ha puc. 3.77 ogHa 3aBUCHMOCTh 3a/jaHa (QyHKIHel, a BTOpas
(TouHee, AaHHBIC A7 OTOOPAKEHUSI) — € TIOMOLIBIO MATPULIBI.

[To naHHBIM, 3alMCaHHBIM B MATpULy, CTPOUTCS AuarpamMma. Tak 3aBUCUMOCTD,
uyro onpeaesieHa Gynkuueit (F(x,yv)=0,5x+0,1y+5), cOOTBETCTBYET IJIOCKO-

CTH, KOTOpas TaKxke oToOpaskeHa Ha puc. 3.77. B atom ciiyuae B 00J1aCTH CO3/1aHuUsl
rpadvka BMECTO CTPYKTYPHOIO 3aIOJHUTE/IS1 YePe3 3allsITYI0 YKa3blBalOTCI Ha3Ba-
Hue MaTpulpbl M QyHkuuu. Jlanee cieayeT BbINOJIHUTL PAJ HACTPOEK B AHUAJIOrO-
BoM okHe 3-D Plot Format. Ecnu Ha rpaduke orobpaxeHa Oosiee yem o/iHa 3aBu-
CUMOCTb, 3TO AUAJOrOBOE OKHO COJAEPIKMT MO HECKOJIbKY BKJAJ0K B T€X MecTax,
/1€ BBINOJHACTCS HACTPOUKA MapaMeTpoB, OTHOCALIMXCS K COCO0Y 0TOOpakeHusl
KOHKpPETHOI 3aBucumoctu. Hanpumep, Ha puc. 3.77 Ha Briajake General B HiDKHET
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YaCTH, T/Ie BBIOMpaeTCs cloco0 OToOpakeHHs 3aBUCUMOCTH, YKe JIBe, a He OJHa
BKJaJKa, Kak paHee. Bxknaaku HasbeBaroTcs Plot 1 u Plot 2, nmo konmduecTBy 3aBu-
CHUMOCTel U B COOTBETCTBUH C TOPSAKOM WX CJIEOBAaHUI B MecTe CTPYKTYPHOTO
3aMOIHATENS B 001acTH co3/laHus rpaduka. Tak BOT, 4ToObI JaHHBIE, cCOOpaHHBIC
B MaTpHlle, TIPEACTaBIBUIACE B BUIE aUarpaMMmbl, HeoOxoaumo Ha Bkianke Plot 1
nepekmouatens Display As yctaHoBuTe B mosioxkeHue Bar Plot. Muorue npyrue
HACTPOUKH TaKyKe MOTYT OBITh BBITTOTHEHBI OTACTBHO [T KaKIOM M3 3aBUCHMOCTEH.

i1 Mathcad - [chap03_12.mcd] o ] 9]
ﬁ‘ﬁi’ Fil= Edit View Insert Format Tools Symbolics ‘Window Help _Iﬁ'lﬂ
ID-sE|8QRAY (BB |T: (e = |28 0|l @
JINormaI jlnrial jllﬂ j| B I U | = == | = = | %
J | A [ x= [£<E F1 af |J|Tut0rials | @ao
=
12 11 10
i1 sET F 05x+ 0.1 5
= 7 =05z + 0y +
6 5 o4 (x.5) %+ 0.1y
3201
x
Backplanes I Special I Advanced | QuickPlot Diata I
General | Axes I Appearance I Lighting | Title
Wiew— ———
Rotation: IEBD 3: (ﬁ“;s Style
: - ‘enmeter
Tilt |35 3 & Comer F
. - Tames
Twizt: ISDD 3, " None ¥ Shaw Border I
Zoon: |1 ™ Equal Scales [~ ShowBox [
Plat1 | piat 2 |
Dizplay As:
" Surface Plat ¢ Data Points " Bar Plot
" Contour Plat €~ Vectar Field Plot ' Palch Plat
M,F 0k I OrreHa | HDHMEHHTbl Cnpaeka |
-
1| I 3
Press F1 For help, AUTO ,_ Page1 2

Puc. 3.77. yarpamma vn nnockocTb

Mpumep 3.22. KoHyc n ccpepa

Ilpu nocTpoeHUr CAOKHBIX MPOCTPAHCTBEHHBIX (QUryp uacTo npuderaloT K napa-
METPHUUECKOMY CNOCOOY ONUCaHus MOBEPXHOCTEH, KaK 3TO C/ACNAHO B JOKYMEHTE,
(hparMeHT KOTOPOro u3oopaxeH Ha puc. 3.78.

B sTOM cnywae kaxzmas mOBEpXHOCTH (a 3TO cdepa paauycoM 2 U CUMMETPUY-
Has KOHMYecKas MOBEPXHOCTh ¢ TOYKOM MHBEPCHM B Havaje KOOPAMHAT) 3aJaHa
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B TapameTpudeckoMm Buae. KoopawHaTHl KOHMYECKOH MOBEPXHOCTH OTpene-
JAIOTCS 4Yepe3 mapamMeTpel # W v CIeayroluM obpazom: x(u,v) =ucosv,
wWu,v)=usinv u z(u,v)=u. Cdepa 3agaercsa Ttak: X(u,v)=asinvcosu,
Y(u,v) = asinvsinu u Z(u,v) = acosv, rae paguyc chepsl onpeaenseTcs Ie-
PEMEHHO# g, KOTOPO# MpeaBapUTENbHO MPHUCBOCHO 3HaueHWe 2. Kaxnas mo-
BEPXHOCTb 33/1a€TCs 3aKJIIOUEHHOH B CKOOKH TPOMKOH W3 HazBaHWK KOOpJAWHAT
(TouHee, HazBaHWK QYHKUMH, onpeaesioUX 3aBUCUMOCTb KOOPAUHAT OT na-
paMeTpoB).

B A [ o= [ <E T of HITutoriaIs | @eo

a=32

Hu,v) = a2 sindv)-cos(u) Mu, ¥ = u-cosv)
Tiw,¥) = a st - s W3,7) = U st

21,7 = a-cos(v) =,V =1

(2.Y.2),(05.9

Puc. 3.78. Chepa n KoHyCbI

Mpumep 3.23. TeHb OT NOBEPXHOCTUN

HnHorna GbiBaeT mone3Ho Ha OOHOM TrpadMKe ABAXKAbl OTOOPA3UTh OAHY M TY XKe
3aBUCUMOCTb, HO B pa3HOM BuAE. Takoi mpumep npeacTaBicH Ha puc. 3.79.

Ha stom rpaduke uzobpakeHa nmopepxHocTh napabonouna BpameHus (QpyHK-
uus f(x,y) = x> + y*). HecloxkHO 3aMEeTHTh, UTO Ha3BaHUE DYHKIUH IBAYKIBI

yepes 3aMATyl0 YKa3aHO B MECTE€ CTPYKTYPHOTO 3amlofIHUTENS, a KpoMme Io-
BEpXHOCTH mNapadononna oToOpaxkeH elle M KOHTypHbIH rpaduk. Hobutbes
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Takoro >¢¢eKTa MOKHO, YCTAHOBUB Pa3HbI crocol oToOpakeHHs 3aBUCHMO-
ctu. Jns oaHolt 5T0 OymeT MOBEPXHOCTD, sl APYTOH — KOHTYPHBINA rpaduk.
Crneayetr oOpaTuThb BHUMaHHWE, YTO AJIA Pa3HBIX 3aBUCUMOCTEH MOMyCKaeTcs
YCTAHABIMBATH Pa3Hble TUANA30HbI U3MEHEHUS TEPEMEHHBIX, YTO U OBLIO cae-
JaHO B 3TOM IpuMepe. B pesynpraTe KOHTYpHBIH rpaduk 3aHUMaeT OOIBIIYIO
I0IWAAb, YeM MPOCKLH B MJIOCKOCTh NMEPEMEHHBIX YacTu mapadoiiouaa Bpa-
LIEHUs, MOCTPOCHHOM Ha puc. 3.79.

4 A [E] == [ <F 2] af “Tutorials | @eo

2 2
flx. =% +v

Puc. 3.79. OTobpaxeHne ogHOM 3aBUCUMOCTM B pasHOM BUAe

Mpumep 3.24. NMpocTpaHCTBEHHbIE KPUBbIE

IIpakTuyecku Tak e OTOOpaxkaloTcs Ha OJHOM PHUCYHKE HECKOIBbKO IMpo-
cTpaHcTBeHHBIX KpuBbiX. Ha puc. 3.80 m3o6paskeHsl BUHTOBas KpHUBas W Mps-
Mas JIMHUSA.

BunToBas kpuBas 3ajaercs B napamerpuueckom suje: x(1) = 5cost, y(r) = 6sint
u z(t)=t, rae ¢t napametp. [Ipsmas JuHuUs 3aaaeTCd TpeMs BEKTOPaAMH C KOOPIU-
HaTaMH Touek mpsamoii: X; = 0,5/, ¥; =0,1i, Z, =i, a UHAeKCHas NIepeMecHHAs |
npuHUMaeT 3HadeHus B amamnazoHe oT 0 mo 20. Ilocne co3manus rpaduka ObLTH

BBITIOJTHCHBI AOIIOJTHUTEIIBHBIC HaCTpOﬁKH (TOUIKI/I COCOUHANOTCA JIMHUAMUA, YCTa-
HOBJICH PEKHUM CAUHOT'O Macirada AJId KOOPAUHATHBIX OCCH U T. I[.).
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A ] 2= [ <F 3] af “Tutorials

x| @

i=0,1..20

=051 ¥.=014 Z.o=1
i i i

r=Seoslh)  yif) =Gsinff) A=t HHuLany 33U eusmosol kpueol

& Mauguanusanun ukdercroll Repemenuol

A MAugLaRY3aLNa npAMol

L]

(ZL,Y,2).(x.y.2)

Puc. 3.80. [IBe npocTpaHCTBEHHbIE KpMBbIE

PaboTa ¢ yrunuton cosgaHus rpadmkos

VY no6Hsli crocod co3aaHus TPEXMEPHBIX TPa@UKOB — UCIONIBb30BAHUE CIICLUAb-
Ho#i yrunuTEl Mathcad, kotopas sanyckaetcs BeiGopom komarzs! Insert | Graph |
Plot Wizard. B pesynbsTaTe oTKpbIBacTca auanorosoe okHo Plot Type, nmokazan-

Hoe Ha puc. 3.81.

Plot Type x|

| weant o views my data as a;
& Surface Plat

" Contour Plat

™ Wector Figld Plat

" Bar Plat

" Scatter Plat

< Hazan, I Hanee > I OrrerHa

Puc. 3.81. wanorosoe okHo Plot Type
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B sTtoM muanmoroBoMm okHe BBIOMpaeTcs THN cozdaBacMoro rpaduka. Ilocie Toro
Kak BbIOOp ¢ieiaH (NepexsiouaTe/ib YCTAaHOBJICH B MPABU/IbHOE MMOJIOKEHUE), Bbl-
MOHACSTCS IMEeTYoK Ha kHomke Jlanee. OTKpbIBacTCs THATIOTOBOE OKHO Appearance
(puc. 3.82).

<

& Draw lines
™ Fill surface with color
¢ Fill surface and draw lines

< Hazag, I Hanee > I OrrerHa |

Puc. 3.82. [lnanorosoe okHO Appearance

OKHO TO3BOJISET HACTPOUTH CTOco0 OTOOpaskeHWs rpaduka. B 3aBucuMocTH OT
BbIOpAaHHOro THNa rpaduka, IEMEeHTbl B AUaloroBOM OKHe Appearance MOryT
HECKOJIbKO OTJIMYATBCS OT TeX, YTO MpeACTaBlIeHbl Ha puc. 3.82. 3aTem, ecnu THI
rpaduka no3BoJsieT, BbINOJIHSIIOTCS HEKOTOPbIE LIBETOBbIE HACTPOHKH B AHUAJIOrO-
Bom okHe Coloring (puc. 3.83).

1I

&' Color by height
£ Color using lighting
" Solideolor [

¢ Hazan, I [oToBoO I OTreHa |

Puc. 3.83. [nanoroesoe okHo Coloring

Jns noaTBepKACHUS CAEIaHHbIX HACTPOeK LuesikaloT Ha kHonke I'oToBo. B npo-
TUBHOM CJly4a€ MOYKHO NEPEUTH K NPe/iblAYyLIeMy JUAJIOrOBOMY OKHY € MOMOUIbIO
kHonku Hazan. Takum oOpaszoM, B no¢/1€10BaTE/IbHO OTKPbIBAKOLIMXCS JIHAJI0TOBbIX
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OKHaX MOYKHO BHITIOTHUTH BCEé OCHOBHBIE HACTPOWKH IS CO3/IaBaeMOro rpaduka —
Te HACTPOUKH, YTO OOBIYHO BBIMTOMHAIOTCSA B AuanoroBoM okHe 3-D Plot Format.
Haznauenne »meMeHTOB AMAJIOTOBBIX OKOH IPH 3TOM TaKoOe K€, Kak M OJHOMMEH-
HBIX BJIEMEHTOB Ha BkJIaakax B okHe 3-D Plot Format.

PaboTa ¢ nsobpaxeHusamm

ITomumo rpadukoB GpyHKUMOHATBHBIX 3aBUCHMOCTEH, B mpouecce paboTbl 4acTo
NPUXOJNTCI UMETb AEJI0 C pa3iIMdHbIMH U300pAKEHUSIMU, B TOM YUCJIE IKCTIOPTH-
PYEMbIMU M3 BHELIHUX WCTOYHHUKOB JIaHHbIX. JIj11 BCTABKM PHUCYHKA B JIOKYMEHT
Mathcad BbiGupaercs komanaa Insert | Picture (unu naxumaercs KOMGUHALMS
knapu <Ctrl>+<T>), B pe3ysbrate uero B pabouul AOKYMEHT BCTaBiseTcs: 00-
JacTb OTOOPaKEHUs! PUCYHKA, B KOTOPOI BCEro OJIMH CTPYKTYPHbIH 3aroJHUTEb,
Ky/la BBOJIMTCS Ha3BaHWE MEPEeMEHHOH, KOTOPOH B KauecTBe 3HaUeHUs NPUCBOSHO
u3o0paxkeHue, Win HazBaHue (aia (3aK/IIOUEHHOE B JIBOMHbBIC KABbIUKH), U3 KO-
TOPOrO HKCMOPTUPYETCS] PUCYHOK.

Mpumep 3.25. BctaBka nsobpaxeHus

Ha puc. 3.84 B nokymente orobpaxaercs daiin Girl.jpg, pa3melieHHbii B KaTaio-
re DAMCAD. VYka3an nojHbiid nyth K (aiiny, a Hasganue ¢aiina npupejaeHo 6e3
paciupeHus.

A [ x= [2<F F] aff W “Tutorials | @eo

r)
e

e

wa

Picture Toolbar_ |
F b Y| Y=
® G E® 0
&y 0F B 07 13§
Milh ko
><:|E|? Y:|B2

"DAWIC AT F: |?D G |E;2 B: |?3

Puc. 3.84. OtobpaxeHne B paboyem fOKYMEHTE PUCYHKA
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Ecnmu pucyHOK BBIAENeH, KpoMme Hero oroOpaikaeTcs emme W maHenb Picture
Toolbar nns paGotel ¢ W3oOpaxkeHusMu. llaHens COOEPKUT MOCTATOYHO MHOTO
KHOTIOK, Ha3HaUeHWe KOTOPBIX KPaTKoO OMHUCAHO B TaOI. 3.5.

Ta6nuua 3.5. Knonku naxenu Picture Toolbar

OnucaHue

2 2l [=] [=] 2] B B B £
=
=
Q

2 =

[ [#] [%] [#] [#]

El E E Bl F E

MosopoT n3obpaxenns Ha 90° NPOTMB YAaCOBOW CTPENKN

MoBopoT n3obpaxeHns Ha 90° No YacoBOW CTperkKe

3epkanbHoe 0TobOpaxkeHne n3obpaxeHnsa OTHOCUTENBHO BEPTUKANU
3epkanbHoe oTobpaxeHne n3obpakeHnsi OTHOCUTENbHO rOPU3OHTaNM

TpaHcnoHupoBaHue n3obpaxeHus (0TOOpaxeHne OTHOCUTENbHO rMaBHOM
AunaroHanw)

BoccraHosneHue cnocoba opneHTupoBaHms n3obpaxkeHus
YBenuyeHnue macwtaba otobpaxeHus pucyHka
YmeHbLueHne macwtaba oTobpaxeHnss pucyHka

BbiGop Macwtaba otobpaxkeHus Takoro, YTobbl OHO COOTBETCTBOBAIIO
obnacTv OKHa pUCyHka

BoccraHoBneHne ncxoaHoro maclutaba oTobpaxeHnsi pucyHka
Belgenexue Bcero nsobpaxenus

KonupoBaHue BbigeneHHoro parmeHTa nsobpaxenus B 6ydep obmeHa
HacTtponka koHTpacTa nsobpaxeHus

BoccTaHoBneHne HacTpoek KoHTpacTa n3obpaxeHns

HacTpoika kapTbl OTTEHKOB CEPOro LBeTa n3obpaxeHus

BoccTaHoBneHme HacTpoek kapTbl OTTEHKOB CEPOro LBeTa ANs U30-
OpaxeHuns

BoccTraHoBrneHne Bcex HacTpoek oTobpaxeHust

O6HoBUTL N300paxeHne

MNMepexoa, B pexunmM nepemMeLleHns n3obpaxKeHns ¢ NOMOLLbIO MbILLN
Mepexop B pexvm BblgENeHUs parmeHTa n3obpaxeHus

Mepexopa, B pexum Bblibopa OTAENbLHOMO NMKcena B obnactu nsobpaxeHus

Mepexop B pexvm BoibOpa BEPTMKANBLHOIO psaa nukcenos B obnactu nso-
OpaxeHus

243
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Tabnuua 3.5 (okoHYaHue)
KHonka OnucaHune
Mepexopn B pexum BbIGOpa ropM3OHTarNbLHOrO psifa NUKCenoB B obnactu
n3obpaxeHus
B none oTobpaxaeTcs ropusoHTanbHas KoopavHaTa TOUKA M30BpaxeHus,
B KOTOPOW Ha TeKYLUMA MOMEHT HAXOAMUTCH KypCOp MbILLM
A B none otobpaxaeTcs BepTukanbHas koOPANHATA TOUKN M306paxeHns,
B KOTOPOW Ha TEeKYLUMA MOMEHT HAXOAMUTCH KypCOp MbILLM
52 B none otobpaxaeTcs 3HaueHne KpacHO COCTaBMSIoWeN B MaTpuLe 13o-
OpaxxeHnsi Ans TON ero TOYKW, B KOTOPON Ha TEKYLLMIA MOMEHT HaxoamTcs
KypCOp MbILLM
G:[52 B none otobpaxaeTcsl 3HaYeHNe 3eneHon cocTaBnsoLen B MaTpuLe n3o-
OpaxeHunsi AN TON ero TOYKW, B KOTOPOW Ha TEKYLLMIA MOMEHT HaxoAWUTCA
KYypCOp MbILLK
B: [z B none otobpaxaeTcsa 3HaueHMe CMHEN COCTaBnsAoLWen B MaTpumue uso-

OpaxkeHUs1 ANs TON ero TOYKU, B KOTOPOW Ha TEKYLLMIA MOMEHT HaxoauTcs
KYypCOp MbILLK

HUcnonbsys nanens Picture Toolbar, MOXHO CYLIECTBEHHO HU3MEHUTH CHOCOO
orobpaskeHust pucyHka B pabouem aokymeHrte. OfHAKO MpPU pean3aluKl cepbes-
HBIX MPOCKTOB KEJIaTC/IbHO UMETb AOCTYIl K fosiee WK MeHee HaJACKHbIM Xapak-
TepUCTHKaM u300paxkeHusi. Bo BCIKOM ¢iiyuae, Ha YNOMSHYTYHO MaHE/lb Paccyu-
TbIBaTb MOXKHO HE BCeraa.

Hzo0paxkeHre MOKHO BCTaBNATh B pabouuii JOKYMEHT ¢ MOMOILIBIO CCBUIKH, KaK
ObUIO OMMCAHO paHee, €CAM COOTBETCTBYIOLIMH (haiin uMeeT oauH U3 GopMaToB
BMP, GIF, JPG, PCX umu TGA. UadopManiio o pucyHKe MOXKHO TMOYYUTh U3
MaTpulbl (TabnuLel) 3HaYeHUH nuKcenoB. YToObl BBIYUCIUTD 3Ty MATpHLY, LIS
LBETHBIX N300paXXeHUH UCTIONB3YIOT (VYHKLHIO READRGE (), a U1 YePHO-0ENbIX —
READBMP () . ApryMeHT o0enx (hyHKIMI — HazpaHue (aiina n3o0pakeHusl.

Mpumep 3.26. CuntbiBaHNEe N3o06paxkeHns

Ha puc. 3.85 marpuria 3Ha4eHM MUKCETOB H300paKeHHS BHIUMCIICHA C TIOMOIIBIO
(hyHKIH READRGB () .

IIpoBepuThb 3HaueHHE MATPULbI MOJKHO, YKA3aB MOC/e €€ Ha3BaHMs 3HaK PaBeHCT-
Ba. Ha puc. 3.85 coorsercTBytowias tabnuua nokasaHa B CBEpHYTOM BUJE, MOITO-
MY 4TOObI IPOCMOTPETH €€ MOJHOCTBIO (a OHA 10CTATOYHO (OJbluas), €e CleayeT
BbIJIE/INTb, @ 3aT€M BOCIMOJ1b30BaTLCS MoJ10ocamMmu NpoKpyTkU. Ecnu ykazarb Bblyuc-
JEHHYIO MaTPULly BMECTO CTPYKTYPHOIO 3arojHUTENS, TO AJsl 4epHO-0es10ro u3o-
OpakeHusi Oyner oToOpaskeH MCXOJAHbIM pucyHoK. OjHaKO B TOM cilyuae, eciu
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MaTpHIa BBIMHUCIIANACH JUIS [BETHOTO M300paskeHHs (Kak B PacCMOTPEHHOM IIpH-
Mepe), oHO OyzmeT oToOpakeHO TPIIKIBI MOAPSA, TIpUYeM B YepHO-OelloM ILBeTe
(cm. puc. 3.85). Jleno B TOM, 9TO IBET KAYKAOTO MTUKCENA B [IBETHOM H300paskeHUH
oTpeAenseTcs TpeMs YHCIaMU, ONPeeNIIOIMAMHI OO KPacHOTO, 3€JIeHOTO U CH-
Hero 1BeToB (RGB — 370 cokpatenne ot Red, Green u Blue, To ecTh KpacHbiil,
3enenviil U cunuit). 1loaToMy BBIMHCICHHAS MaTpHIa IS [IBETHOTO W300pakKeHUS
COCTOUT, (paKTUIECKH, U3 TPEX MATPHIL, TIOITOMY U300pakeHHi Toxke Tpu. UToObI
0 TaKO# MaTpulle IOCTPOUTH UCXOAHOE IBETHOE M300pakeHne, HeOOXOMUMO BBI-
JISIATh W3 Hee TPU TOAMATPHUIIBI, COOTBETCTBYIOIINE KPACHOMY, 3€JICHOMY M CH-
HeMy IIBeTaM, W yKa3aTh 3TH MaTPHUIlBl Yepe3 3amsaTyi0 B MecTe CTPYKTYpHOTO 3a-
TIOJTHUTEITS 0071aCTH OTOOpAKEHHS PUCYHKA.

ifif] Mathcad - [chap03_13.mcd] Ol
ﬁ’ File Edit Yiew Insert Format Tools Symbolics  Window Help _|El|i|
ID-BHERY [ RR|oc|Tt (e =|880||lo =@

JINormaI jlnrial jlltl j| B £ O |§
?LF [] x= J‘g <2= g’_‘l of .- HITutorials j ﬁGo

M = READRGE("DAMCAD " )

1] 1 2 %

M=g | 210] zo8| 218
1 | 209 207 213

I
A I I 3
Press F1 for help. ALTO Page 1 i

Puc. 3.85. BuiuncneHne matpuubl n3obpaxeHus
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lloamarpuua Moxer ObiTh BbIJICIEHA W3 MaTPULbl € [OMOLILI  (YHKUMU
submatrix (), apryMEeHTaMM KOTOPOH MOC/eA0BaTeNIbHO YKa3bIBAlOTCS MaTpHLa,
M3 KOTOPOH U3BJIeKaeTCs MOAMATpULia, UHJIEKC Ha4ajlbHOM CTPOKU NMOAMATPHULIbI,
UHJIEKC KOHEYHOU CTPOKM MOAMATPHLIbI, MHJCKC HAYajbHOIO CTOJI0LA NOAMaTPH-
bl U UHJIEKC KOHEUHOrO CTo/1I0La noamaTpulibl. Yucio cToa0uos MaTpulisl onpe-
aensercs GpyHkuued cols (), a CTPOK — rows (). MaTpuua jyisi KpacCHOro Lsera
NPUCBAMBASTCS B KAYECTBE 3HAUSHUS IEPEMEHHOI R, MaTpulia Jisl 3€/€HOro 1iBeTa
MpUCBanNBACTCA KaK 3HAYCHUEC ﬂepeMeHHOﬁ G, @ 3HAYCHUEM ﬂepeMeHHOﬁ B ABJIACT-
cs MaTpuua s cuHero LpeTa. CliegyeT OTMETHTb, YTO €CJIH NMPOCTO YKa3aTh OAHY
M3 3TUX MATpPULl, HAPUMEP R, BMECTO CTPYKTYPHOIO 3aMOJIHUTEISA, TO U300paxKe-
Hue Oyaet uepHo-6einbim (puc. 3.86).

A ] 2= |2 <F F] af W HITutoriaIs j &G0

W= @ u = rowe( L)

E = submatriM 0,0 - 1,0,w - 1)
G = submattid M 0,0 - 1,w 2w - 1)

E = submatriM 0,0 - 1,2 w 3w - 1)

e

7 [
g

S

o

Puc. 3.86. YepHo-6enoe n3obpaxeHne

Kak ormeuanoch, 1BeTHOE H300paKCHHE CTPOUTCS, €CIM BMECTO CTPYKTYpPHOTO
3aIOJIHUTEINS BBOJATCS Ha3BaHUS BCEX TPEX MATpPULL, MIPUYEM B COOTBETCTBYIOIIEM
nopsike (puc. 3.87).

Ileprast Mmarpuuia AaeT CBE/ICHUS O J10JIe KPACHOIO LIBETA B U300pakeHUU, Bropas —
0 J10Ji¢ 3€JICHOr0 U TPeTbsl — CUHero 1pera. [loaToMy eciid nmoMeHATh NMOpsaoK
MaTpHll, paClBETKA U3MEHUTCSI.
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A (] == [2 <F F] af W HITutDriaIs j &eo

colag )
3

1= rows( I

E = submatrig M. 00 - 1,0,w - 10

G = submatrg LI 0w - 1, w. 2w - 1)

B = submatrig LI 00 - 1,2 w 3w - 1)

Y S

r
£

&

.

Puc. 3.87. Co3pgaHve uBeTHOro n3obpaxeHus

OnucanHblil cNOCOO U3BJICUEHUS! MIOMATPHULL U3 MATPULIbI LIBETHOIO U300paXKeHuUs!
MOZKET UCIOJIb30BATbLCA AJIsE CO3JaHus €ro '-lepHO-6eJ'll>lX KOﬂHﬁ, MnpuieM €CTh BO3-
MOZKHOCTbL BbIACJISATL TOJIBKO Ol'lpe[leﬂeHHbll‘/JI LBET CIIEKTpa. Hanpnmep, BOCIIOJIb-
30BaBUIMCHL (PyHKLMEH WRITEBMP (), MOXKHO CO3/aTh HOBbIH (aiin ¢ uepHo-OenbiM
u3obpaxenuem. HazpaHue co3napaemoro daina (nojHbiii nyTh) yKasbiBaeTes ap-
F'YMEHTOM q)yHKlll/ll/l, MOCJIC Yero BBOAUTCA OoNepaTop npucBanBaHuig WU Jajice Ie-
peMeHHas (MaTpuLia 3Ha4UeHUH), HA OCHOBE KOTOPO# cosnaercs aiin ¢ uzodpaxe-
HueM. Ha puc. 3.88 npusenena cooTseTcTBYIOL1as KOMAHAA.

A [i#] 2= [2 <F F] af W HITutoriaIs j &eo

WRITEEME|"DAMCAD \Beauty bmp" ) = R

Puc. 3.88. CospgaHue daina nsobpaxeHus

Jliist coznanus LBETHBIX M300paXkeHUi npeaycMoTpeHa QyHKLUUSA WRITERGB () . Kak
HECJI0KHO J10rafiaThCsl, U3BJIEKasi NOAMATPULIbI U3 MATPUL, U300paKEHH, MOMXKHO
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KONHUPOBATh TeM caMbIM (pparMeHTHl UCXOAHOTO M300paxkeHus. Hampumep, uz
CO3JIaHHOM paHee MaTPHLBI R BBIAEIAETCS MOAMATPULA N (MHACKCH € HaualbHOU
u koHeuHoM cTpok 40 u 200, a ctonduos — 30 u 170), u uzobpaskeHure, MocTpo-
C€HHOEe Ha OCHOBE 3Toi Matpuubl (puc. 3.89), odeBuaHO, siBnAeTcs (parmMeHTOM
HCXOIHOTO, IOCTPOSHHOTO HAa OCHOBE MATPHIIHI R (CM. puc. 3.86).

A ] x= 2 <F T off HITutoriaIs x| @eo

N = submatenR,40,200,30,170) P = submatridR,40,200,170,30

Puc. 3.89. KonmposaHune dpparmeHTa nsobpaxeHns
U co3faHune 3epKkanbHOro oTpaxeHusi

Ecin B dyHKUMU submatrix () HayalibHblii U KOHEUHbIM HMHAEKCHI CTPOK WU
CTONOIIOB MOAMATPUIIH YKa3aTh B OOPaTHOM TOpsAIKe (TO ecTh CHavana OoNbIIuit
UHJIEKC, @ 3aT€M MEHbLIUIA), JIaHHBLIC B CTPOKAX MJIM CTOJOLAX MOAMATPULIbI TAKIKE
OyAyT cileqoBaTh B 0OpaTHOM TOpsZKe, U B pe3yibTare n3o0pakeHrue oToOpaka-
€TCS 3epKajbHO (OTHOCUTEILHO FOPU3OHTANIM UK BEPTHUKAIW — B COOTBETCTBUU
C TeM, IJI1 CTPOK WJIM CTOJOIOB M3MEHEH MopsAaoK mHAeKkcor). Ha puc. 3.89 cos-
JlaHa MaTpuia P, MPAKTUYECKU TaKas e, KaKk MaTpulia N, TOJIbKO NPy €€ CO3/1aHnuu
B oOpaTHOM TOpsiKke ObUTM yKa3aHBl WHAEKCH CTOJOLIOB TPU M3BJICUEHUM TIOA-
matpuibl. M300paskeHus, CO3/1aHHbIe HA OCHOBE MAaTpvL, P W N, SIBJISIOTCS 3€p-
KaJTbHBIMH.

Mpumep 3.27. Co3paHue nsobpaxeHui

Takum 06pazoM, co3naB MaTPULLy YHCICHHBIX 3HAYCHHUH, B AajbHEHIIEM Ha ee Oc-
HOBE MOJKHO MOCTPOUTH U300paXKeHHE, MPUUEM dJIeMEeHTaMU MaTpULIbl MOT'YT ObITh
Hewenable ukcnaa. B moxkymente Ha puc. 3.90 npuBeneH mpumep CO3AaHUS TAKOH
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Matpuipl. YepHo-0enoe uzobpaxenue, GopMupyeMoe Ha €€ OCHOBE, HAIIOMUHACT
JUPPAKUHMOHHYIO KApPTHHY.

A A ] x= [2<F 7] af “Tutorials | @eo
N =100 i=0,1.2H j=0,1.2N
. 2 . 2
& = IDD+IDDsjn|:IDﬂ (oM +G- ) }
ij H

r,

o

Puc. 3.90. Co3pgaHue pucyHka Ha OCHOBE MaTpuLibl

g [ == |2 <F 5] a8 ™ JITutoriaIs ﬂ & ao

; 2. 2
E. .= 100+ 100 m{w}
1.] "

F,

o

Puc. 3.91. Bropoe nsobpaxeHue
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A ] == [2 <F Z] af “Tutorials | @eo

37 . 3
C = 1na+1aasm[2“ (- M) +(J_Nj}
i, W

Puc. 3.92. TpeTbe n3obpaxeHue

Hanee co3marorcs emie ase maTpuubl. [lo cpaBHeHUIO ¢ mEepBOil MaTpuLeii, MPUH-
LMIHAJILHOE OTJIMYHME COCTOUT B KO duLmerTe y aprymerTa cunyca. B pesyiibra-
T€ COOTBETCTBYIOLIME M300pakeHUsI UMEIOT pasHblif MaciuTad. Bropoe uzobpaxe-
HUE C KOMaHJOW omnpejeneHus MaTpuubl MokasaHo Ha puc. 3.91, a Tperbe —
Ha puc. 3.92.

VYka3aB Bce TpH MATpPHUIIBl HA MECTE CTPYKTYPHOTO 3aMOJTHHUTENS B OOACTH cO3/a-
HUSI PUCYHKA, MOXKHO CO3/1aTh LIBETHYIO KAPTUHKY ¢ KPYrOBbIMU JIMHUSMU Pa3jivu-
HOTO 1BeTa (puc. 3.93).

BrimonHsas paznuuHbie peoOpa3oBaHUs ¢ MATPUIAMH H300pakeHUH, MOKHO
100UBaTbLCS CaMblX pa3HbiX d(PGHEKTOB, B TOM 4YUC/E U JI0CTATOYHO HETPUBH-
anpHBIX. Hanmpumep, MOKHO BHITIONTHATH MHBEPCHUIO IIBETA B YePHO-0EJI0M H30-
Opaxkenuu. UepHblii uper onpeaensiercss 3HaueHuwem 0, a Oeawlii — 255, Ecau
ucxogHoe n3obpakeHue ompeenseTcs MaTpuielt A, To, OYeBUIHO, [T HHBEp-
CHH LIBETOBOW MajJUTPbI ClEYET pacCMOTPEeTh MaTpUIly D = 255 — A (corJyac-
HO 3TOMY COOTHOIICHHWIO 3JIEMEHTHl MATPHUIBI D TONYyYarOTCS BBIYUTAHHEM
U3 ynucna 255 cOOTBETCTBYIOUIMX 3JIEMEHTOB MaTpulbl A). Pe3yabraT nokasaH
Ha puc. 3.94.

Takum oOpazom, B Mathcad MokHO cozmaBaTh MpakTU4eckd JTrOOBIe M300paske-
uug. Ha puc. 3.95 npuBeneH mpumep MOCTPOSHUS MPOCTON YepHO-O€Toi KapTHH-
Kku: Oerblii Kpyr Ha (poHE YepHOTO KBajpara.
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J B A [ x= [2<F 50 ap & |J|Tut0rials

=l @6

r,

N |

ABC

Puc. 3.93. LiBeTHoe nsobpaxeHune

j (*Go

D=235-4A

Puc. 3.94. NHuBepcus LiBeTOBOW NanuTpbl

J B A ] e= [2<F 5 ap » |J|Tut0rials

=l @an

i=0,1.100 j=01_100

E = if[(i- sm? 4 - sm? < 900,255,0]

Puc. 3.95. Co3gaHne npocToi KapTWUHKK
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Ilpu onpeaeneHuu 6a30Boi MaTpulbl W300paxkeHHs Oblla Ucnosib3oBaHa GyHKLMs
if (), Y KOTOpOH TpW apryMeHTa: IpoBepseMoe ycloBUE (B JaHHOM CiIydae 3TO

(i—50)? + (j —50)* <900, rae MHACKCHBIC TIEPEMEHHbIC i M j TPHHUMAIOT 3Ha-

yeHus B auanasoHe oT 0 go 100, v mo3TOMY COOTBETCTBYIOLIECE YCIOBHE 3a1acT
BHYTpPEeHHHE TOUKM Kpyra paauyca B 30 nMUKcenoB, pa3MeLleHHOrO B LIEHTPE KBa/-
pata pazmepamu 101x101 nmkcern), 3HaueHUe, Bo3BpamaemMoe GyHKIMEH TIPpHA BbI-
nosiHeHUH ycioBus (255, uto cooTBeTcTBYET O€noMy LBETY), a TakKe 3Ha4eHHe,
BO3BpauaeMoe GpyHKIMEH Opy HeBbINOIHEHNH ycloBus (), TO eCTb YepHBIH LBET).
OOGparym BHMMaHUE Ha JBa 0OCTOATENILCTBA, CBA3AHHBIX CO COCOOOM (OpMHUPO-
BaHUs LBETOBOW MaJUTPbl HA OCHOBE MaTpHLbl 3HauUeHUH. Bo-nepBbIX, y:xe oTMe-
4ajioch, YTO B 3TOH MaTpHLE AIEMEHTbl MOI'YT ObITh HELedbIMH YuciaaMu. B aTom
cllyyae Mmepel CO3JaHueM HM300pakKeHHs 3JeMEHThl MaTpuLbl OKpyrisorcs. Bo-
BTOPbIX, OCHOBHbIE OTTEHKH CEPOro 1iBeTa 3aal0TCsl LeNbIMH YHCIaMU B 1HAIa30-
He oT 0 (uepHBbIi) 1o 255 (Oenbrit). Ecnu uncmo B MaTpulle 3HaYeHW HE TTOTIANaeT
B YKa3aHHbIA AMana3oH, TO LIBET OMNpeAesseTcs YHCIOM, PaBHbIM OCTaTKy OT jeJie-
HHA 3JeMEHTa MaTpulbl Ha 256.

AHumauus

AHuMaIuMA oOBIYHO CO3MaeTcs IS Pa3TUYHOTO POJA 3aBHCUMOCTEH, B KOTOPHIX
NPUCYTCTBYET BPeMEHHas nepeMmeHHas. [[pyrumu cjiopamu, B NpoLecce Co3/iaHus
AHUMAIIUA TeHEePHUPYIOTCS HECKOIbKO H300pakeHU#, KOTOpbIe MOCISNOBATEIEHO
BLIBOASITCA B 00siacTu oToOpaxceHus rpaduxku. Cpasy cieiyer nojayepKHyTh, 4TO
B aHUMAIHOHHBIC KAPTUHKHA MOTYT OBITH BKJIFOUCHBI He TONBKO rpaduku dyHK-
LIMOHAJIbHBIX 3aBUCUMOCTEH, HO U PA3/IMUHOIO POJIA BbIPAKEHUS, KOTOPbIC MEHSI-
10T CBOE 3HAYEHHE cO BpeMeHeM. HempeMeHHOe YCIOBHE YCIHEIIHOTO CO3JAHUS
anumauuu B Mathcad — BbIOOp B KauecTBE BPEMEHHOIO napamerpa rnepeMeHHOM
FRAME. DTO CHCTEMHAs TIEPEMEHHAS, W KaK-TO ONpeAesITh WA HHAITUATTH3UPOBATh
ee B paboueM JOKyMeHTe HeT HeobxoaumocTH. [lpocTo BMecTo nepemMeHHOH, Ko-
TOpasi CMUMBOJIM3UPYET BpeMs, CeyeT Beer/ia yKa3piBaTh FRAME. [Iponeaypa cos-
JaHust aHumauun B Mathcad nojpasymesaeT 3anuch aHUMAUMOHHOIO KJMNa, KO-
TOPBIH, TIPH YCIIOBUH €T0 COXPAHEHHS, B MOCICAYIONEM MOXKET MPOCMATPHBATHLCS
BHE 3aBUCUMOCTU OT COACPHKUMOro paboyero AOKyMEHTa, B KOTOPOM JTOT KJIMII
ObLT 3amicaH. PaccMoTpuM mpocToit mpuMep.

Mpumep 3.28. Co3paHne aHMMaummn

Ha puc. 3.96 mokasan ¢parMeHT paGouero JOKYMEHTa, B KOTOPOM oOIpeaelcHa
hyHKUMS O/1HOM nepeMeHHOi (3T0 v (x) ). OHa onpeaesiercs uepes GpyHkuuo bec-
cellsl HYJIEBOTO MHJEKca JO (), aprTyMEHTOM KOTOpOM yKa3aHa YMHOKCHHAS Ha 27
pa3sHOCTh aprymeHTa (DYHKUMM x W NEPEMEHHON FRAME, YMHOXKeHHOU Ha 0,1,
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Jlnanaszon usmeHeHus aprymenta ¢gyHkuuu ycranomsien ot 0 ao 10. Jlanee nns
ATOH (PYHKIIMOHAIBHOH 3aBUCHMOCTH CTPOUTCS IpaduK.

A [1#] x= [2<F F] af W “Tutorials | Pen

i3 = J0[2n-(x - 0.1-FRAME) |

x=0,01.10

063

025

-0.13

0 23 5 13 10

Puc. 3.96. AHMmaumsa co3gaeTcs Ha OCHOBE rpadunka pyHKunn

ITo BepTukanu Ha rpaduke ykazana oOmacte uzmMeHeHus ot —0,5 mo 1, oroOpaxka-
eTcA KOOpAWHATHAs CETKa, a caMa 3aBUCHUMOCTDb MPEeACTaBICHA B BUIE OUarpaMm-
HBIX CTONOMKOB (cM. puc. 3.96). CTouTt o0paTuTh BHUMaHWE HA TO, YTO B OMHCaA-
HUM QYHKUMH ObUTa UCTIONB30BaHa IEPEMEHHAs FRAME, HO KaK apryMeHT (yHKLNH
OHa He yKasbiBajlack. Ha ocHOBe 3TOro rpaduka u ¢ y4eToM onpeAeIeHHOH B Ha-
yajne JOKyMEeHTa QYHKIUH U OyIET CO31aBaTbCAd aHUMALMOHHBIN KITUIL.

B obuiem cayuae jyis 3anucu kivna poioupaercs komanjaa Tools | Animation |
Record, B pesynbrare uero oTkpbiBaeTcs auanoropoe okHo Record Animation,
KOTOpOe MpeAcTaBieHo Ha puc. 3.97.

B nuanoroeom okHe ectb Tpu nond: From, To u At. B nonsgx From u To yka3zbl-
BAIOTCS HAYAJILHOE M KOHEUHOE 3HaYCHMA A/ epeMeHHON FRAME. [lo ymonuanmio
MepeMeHHas MPUHUMAaeT 3HadeHUd B auanazoHe oT 0 go 9. B mone At BBomuTcs
YHUCII0 OTOOpaXKaeMBIX 3a CeKYHAY KaapoB. [[d Hauana 3amucy Kiauna HeoOXoau-
MO, TIpU OTKPBITOM AUAIOroBoM okHe Record Animation ¢ NpaBUIbHO 3aMOTHEH-
HBIMH TIOJISIMH, BBIACTUTH 001acTh B paboueM OKHE, AJsl KOTOPOH co3aaeTcs aHH-
MaLWs, ¥ LEJKHYTh Ha KHOTKe Animate. [Ipouecce BeigeneHus o01acT aHUMaLK
B pabodeM AOKyMeHTe MoKa3aH Ha puc. 3.98.
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ﬂ
r~ For FRAME
Animate
- om [Baen]
Ta IS_ Cancel |
Ak IT Save i |
Frames/Sec
Options... |
FR&ME=
Select an area of your worksheet whosze contents are based on
the FR&ME wariable, enter starting and ending FRAME values.
and choose Animate.
Puc. 3.97. lJnanoroeoe okHO 3anucu aHumaumn Record Animation
=13l x|
dm' File Edit “iew Insert Format Tools Symbolics Window Help - ﬁllﬂ

|D-ZH[ERY|5 BB =

Tr e =B 5 @

J INormaI

jIAriaI

HAuFle ru|E=s=iEE =

(B A [ = (2 S F0p ™ HITutoriaIs

=] @ |

x=0,01.10

w) = Jo(Zm(x - 0.1 FRAME)]

063

025

013

Record Animation

i~ For FRAME
From: IU
To: IW og

]

Press F1 faor help,

ar o

Frames/Sec

x|
A ate:

Cancel
Saveds .

Options... |

FRAME=

and choose Animate.

Select an area of your workshest whose contents are bazed on
the FRAME varniable, enter starting and ending FRAME values,

»
aoro [ [ Paget 2

-

Puc. 3.98. Beibop obnactun gnsa cosgaHua aHmmaumm

Ilocne nienuka Ha kHonke Animate, eciiv Bce Obl10 c/ieslaHO MPaBUIIbHO, HAUYKHA-
€TCS MOKaPOBasl 3aMuch KJuMna. 3anucbiBaemMbie KJIMIbl OTOOPAXKAKOTCS B AUAJIO-
roeom okHe Record Animation g OosibioM teHtpanbHom noje. s kaxiaoro
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oTOOpakaeMoro KaJipa BHA3Y YKa3bIBAaeTCs W COOTBETCTBYIOIIEE 3HAUSHHE Tiepe-
MeHHOM FRAME. Ha puc. 3.99 nokazaHo, Kak MOXET BBHIMISACTh IUATIOTOBOE OKHO
Record Animation B npouecce 3anvcy Kiunma.

zl
r~ For FRAME -
IE_ Snimate I

Frarm:

Tor W “ LCance |
At IT - Save i, |

Frames/Sec

= Dptions...l

FRa&ME= 10

Select an area of your worksheet whoze contents are bazed on
the FRAME vanable, enter starting and ending FRAME values,
and choose Animate.

Puc. 3.99. [lnanoroBoe OKHO CO34aHMsa aHMmMauuy B npoLecce 3anuncu

[Mocre Toro Kak Bce Kaapbl 3aMUcaHbl, OTKPBIBACTCS OKHO TPOCMOTpa aHUMAIUA
Play Animation (puc. 3.100).

JRT=TET

1

063

025

-0.13

0 23 3 ] 10

Puc. 3.100. OkHO npocMoTpa aHnmaumnm

OkHO, NOMHUMO 00J1aCTH OTOOPAKEHUSI AHUMALIUH, COJIECPIKUT JIBE KHOMKH: KHOIKY
Hauasa npocMoTpa (KHOMKA CO CTPENIKOM) U KHOTIKY /ij1 OTKpbITUs (paiijioB aHumanmuu
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(KHOTIKa ¢ MMKTOTpaMMOii, HamOMHUHaoLIe crpanulyy OiokHota). Kpome storo,
B HIW)KHEH 4acTH pa3MeLIeHa [oJjioca MPOKPYTKU KaApOB aHUMauuu. [ 3anmycka
aHUMAalMK, TaKUM 00pa3oM, JOCTATOYHO IIECIKHYTh Ha KHOIKE CO CTPEIKOM.
B Ttabn. 3.6 mpeacraBneHbl HEKOTOPBIE OTAENBbHbIC Kaapbl, CO3NAHHBIE B MPO-
Hecce 3anmucH Kmmna. [lo 3TuM Kagpam MOKHO MPOCIEANTh MPOLEcC pacnpocTpa-
HEHHA YCIOBHOW BOJIHBI.

Tabnuya 3.6. [pocmomp aHumMauuu

Kapp N3o6paxeHune
[iBanuaTsiit kanp —loix]

1

063

025

-0.13

hd

Copokosoit kaap JRT=TEY

1

063

025

-0.13

0 25 5 15 10

hd
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Tabnuua 3.6 (okoHYaHue)

Kagp N306paxeHue

WecTunecsTbIii kanp =]

1

a3

025 Ji

013 — T 1

BocbMUAECATLI Kanp =TT

1

-013 B J

Cotbii kaap JRE=IE

1

0a3 J‘

013




258 asea 3

YToObl COXpaHUThb CO3/laHHBIA KJIWM, CJEAYET IIE/AKHYTh HA KHOMKE Save As
B auanoropoM okHe Record Animation. Knonka Options B 5TOM 11agoroBom
OKHE CJIYIKUT JIJIsl HACTPOMKH MPOrpamMmbl 3arucu BUJIEO.

PaccmoTpensslil npuMep aocTaTouHO mpocT. OOHAKO TAKME HECTOKHBIC CUTYaLUH
BeTpevaroTesl peako. OOBIMHO aHMMAaLKS CO3AeTcs I/ MPOCTPAHCTBEHHBIX M30-
Opaxenwnii. B kauectBe mumoctparu Ha puc. 3.101 mokazaHa TpexmepHas TO-
BepXHOCTh. COOTBETCTBYIOIIAs (PYHKLUMOHAJIBHAA 3aBUCUMOCTh, KaK M paHee, 3a-
naetcs (yHkuueit beccens, TONBKO apryMeHT y Hee Temepb Ipyroi. OOmmii
MePUOINYCCKUI MO apryMEHTY MHOKHUTEIb ONpEe/sieT BPEMEHHYHO 3aBUCHMOCTb
¢yHkumu. CaMm npouecc MOKHO MHTEPIPETUPOBATh, ¢ HEKOTOPOH HATAKKOM, Kak
KoJieOaHus KpyTJiioii MeMOpaHBbI.

A ] x= [2<F 3] of JITutoriaIs x| o

=10

fix,v) = JD[ x2 + yz.l-cos(WJ

Puc. 3.101. AHumauus co3gaeTcsa Ha OCHOBE rpadurka NOBEPXHOCTU

AHUMAIMA CO3MaeTcd HAa OCHOBE BCero JecATH KaapoB. [lapameTpwl 0a3oBoit
(OYHKIIMOHATBHOM 3aBUCUMOCTH TIOAOOpaHBI TaK, YTOOBI H300pakeHUs HA HaYalb-
HOM W KOHEUHOM KaJipaX COBMAJAlH, T. €. 33 pacCMaTpUBACMBIN BPEMEHHOM MepHO
cHcTeMa COBepINa TONHbIM 1uKI. Hanbonee xapakTepHble KaJpbl MPHUBEACHBI
B Taba. 3.7.
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Tabnuuya 3.7. Hekomopsbie Kadpbl aHUMauuU

Kagp U306paxeHune
HavanbHeii kaap —l8ix

>m|

MepebIit kaap 1=

i —
Bropoii kasp 1=

L
E1
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Tabnuua 3.7 (npodomkeHue)

Kagp U306paxeHune
Tpetuit kaap =l

YeTBepThilt kKaap 8 play Animation =

Bocbmon Kagp M Play Animation g




lpachuka u susyanusayus pesynbmamos e Mathcad 261

Tabnuua 3.7 (OKkOHYaHue)

Kagp U306paxeHune

[JeBatein kagp [0 ploy Animation =loix

Jecatein kagp [ Ploy Arimation =lofx]

»|m| =

BLI60p Uuciia KaapoB IIpHU CO3JaHUU aHUMALIUU — JOCTATOYHO BaKHBINA MOMCHT,
OCOOEHHO eCclin paCCManHBaeMBIﬁ nponece ABJIACTCA NCPUOAUYCCKUM HUJIN KBA3U-
ONepUOAUICCKUM. B MOCJICAHCM CJIYHaeC KCJIAaTCIIbHO HOI[6I/IpaTL AWaria3oH 3altiCu
dHHUMAalluK1 Tak, YTOOBI OH COBIIaJax € MEpuoaoOM CHUCTCMBI. KpOMe TOro, KaapoB
AOJIKHO OBITH AOCTATOYHO JJIA TOrO, 9TOOBI HA HUX OBLIH Baq)I/IKCI/IpOBaHBI OCHOB-
HBIC COCTOSIHHA cHcTeMbl. Hanbomee HCMPUATHA CUTyallud, KOTAa BpeMeHHOﬁ HH-
TEpBAJI MCKAY 3alMUCAMU KaJApOB COBMNAAACT HUJIA ONH30K K nepuoay CHCTCMBI:
CKOITBKO OBI KaJpOB HU CO34aBajIOCh, JUHAMUKY CHUCTCMBbI OTCJIICAUTH IPU 3TOM
MNPaAKTUYCCKHU HCBO3MOXKHO.



naBsa 4

NporpammupoBaHue
B Mathcad

ITpunoskenne Mathcad — He TOTBKO IOCTATOYHO MOIIMHBIA TMAaKeT IS pacyeToB
M CUMBOJIbHBIX BbIYMCJICHUH, HO U ya0OHas cpeja [yl COCTABJIEHMS MPOrpamm.
[Tpuuem cnermduka Mathcad TakoBa, 4TO B HEKOTOPBIX acleKTax OH MPEBOCXOIUT
Jpyrye nomyJspHble NPOrpaMMHbIE CPebl.

OcHoBbI nporpammupoBaHusa B Mathcad

[Iporpammoii, kak W3BECTHO, Ha3bIBACTCS YMOPSAOUCHHAA MOCIECIOBATEIbHOCTD
UHCTPYKLMH, OOBEAMHEHHbIX B EAMHYIO Jorudeckyto crpykrypy. I[lporpamma
00BIMHO TOApa3yMeBaeT 0ojee 4eM OAHY MOCIeN0BATebHOCTE ACHCTBUN M 3TUM
otauyaercsi ot gopmanbHoro Habopa komania. B kaxaod nporpammHoii cpene
€CTb CBOM IMPaBWIA 3alMCH MHCTPYKLMHI, KOTOpBIe 00pa3yroT A3bIK MPOrpaMMHUpPO-
BaHus. J{ns coznanus nporpamm B Mathcad npeaycMoTpeHbl crnietmaibHble YTUIIU-
Thl, a U1 BBOAA B paboueM JOKYMEHTE CTPYKTYP, OCPEACTBOM KOTOPBIX 3aIUChI-
BAIOTCS MPOrpaMMbI, UMEETCs cnelyanbHas nanutpa (puc. 4.1).

x

Add Line =
it otherwise
far wihile
hreak continue

return on error

Puc. 4.1. lNMannTpa MHCTPYKUMIA NporpaMMnpoBaHnst Programming

Ha nanutpe Programming rnpeactaBieHo AecaTh MUKTOrpaMM i1 BBOJA Pa3iuYHbIX
vHCTpYKUMA. Kparko kaskaas nuktorpamma onucasa B tabun. 4.1. bonee noapo6Ho
OHHM 0OCYM(/JAI0TCS B KOHTEKCTE PacCMaTpPUBASMbIX B ATOM I71aBe BOITPOCOB.
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Ta6nuya 4.1. Knonku nangumps! Programming

Muktorpamma WUHCTpyKUMA unun KomGuHauus KommeHTapum
oneparop KnaBuLl
OnepaTop co3aa- <> MporpaMma peanusyeTcs B

return

HUSA noanporpamMmmbl
unn gobasneHns
HOBOW CTPOKM Mpo-
rpammbl Add Line

WMHcTpykums ycnos-
HOro onepartopa if

WHcTpykums onepa-
TOopa uukna for

MHCcTpyKkuma onepa-
TOpa npepbiBaHUA
break

UHcTpykums onepa-
TOpa BO3BpaLLEeHNs
pesynbTaTa
return

cneumnanbHoM Mogayrne,
KOTOPbIV TEXHUYECKN Bbl-
JAenseTcs yTonLeHHoNn
BEPTVKANbHON NNHUEN.
MukTorpamma cnyxuT ans
CO34aHnsA TakOW CTPYKTYpbI
(TO ecTb MMHMK C 3anorHu-
Tenamu) nnu gobaeneHus
HOBbIX CTPYKTYPHbIX 3arnors-
HUTENEN

<Shift>+<]> OcoBeHHOCTbLIO NporpaMMbl
SIBNSIETCS HanMume To4eK
BETBMEHNS anropuTma, Ko-
TOpble peanunayrTcsi 0ObIY-
HO C MOMOLLbIO YCIOBHbIX
onepaTopos. [ukTorpammy
MCnonb3yT NpY CO34aHUM
TaKux onepaTopos

<Ctrl>+<Shift>+<> C nomoLLblo NMKTOrpamMmmbl
B pabounii JOKyMEHT J0-
6aBnsieTcs CTpyKTypa one-
paTopa uukna ¢ ykasaHuem
AunanasoHa U3MeHeHus
VHOEKCHON NepeMeHoNn

<Ctrl>+<Shift>+<[> BcTraBka onepaTtopa 3a-
BEPLLEHMS MPOrpamMmbl.
OnepaTtop 06bI4HO NpuMe-
HSIeTCS BMECTE C YCIOBHbI-
MW onepaTtopamu U No3Bo-
nsieT 3aBepLunTb
BbINOSTHEHNE NPOrpaMMbl

<Ctrl>+<Shift>+<\> B kauecTtBe pe3ynbrara
nporpaMMoin Bo3BpaLlaeT-
Csl 3HQUEHNEe NepPEMEHHON,
yKa3aHHOW nocnegHemn Ko-
MaHZON B NPOrpaMMHOM
mMogyne. B HekoTopbIx crny-
yasix ygobHee ObiBaeT one-
paTop BO3BpaLleHUsi pe-
3ynbTaTa, KOTopbIv
nosBonsieT BO3BpaLLaTb
pes3ynbTaTt B NpoLecce Bbl-
MOSTHEHUS NPOrpaMmbl
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Tabnuua 4.1 (okoHyaHue)

Muktorpamma WUHCTpyKUMA unun KomGuHauus KommeHTapum
oneparop KnaBuLl
<Shift>+<[> OnepaTtop npucsanBaHns

HOro npmuceanBaHunsa

otherwise UHcTpykums
otherwise

OnepaTop nokarb-

MHCTpyKums onepa-

Topa umkna while

WHcTpykums onepa-

Topa nepexopa kK
cneayiowen utepa-
UMM continue

WHcTpykums onepa-

TOpa oTcnexuea-
HUS OLIMOOK on
error

<Ctrl>+<Shift>+<]>

<Ctrl>+<]>

<Ctrl>+<[>

<Ctrl>+<’>

B nporpaMmmMmHOM Moayne

UHCTPYyKLMSt yCNOBHOTO
onepaTopa, Heobxoanmas
ANns onpepeneHus nocne-
Jl0BaTENbHOCTN AENCTBUN
(komaHpg), BbINONTHAEMbIX
NPW HEBbIMOSTHEHWM yCO-
BMS B YCITOBHOM onepaTope

BcTaBka B pabounii Joky-
MEHT CTPYKTYypbl oneparopa
LMKIIa C MHCTPYKUMEN yC-
NOBUS NPOAOIIKEHUS UTe-
pauMOHHOro npouecca

OnepaTtop npepbiBaHns
TeKyLLen ntepauum n nepe-
xoAa k cnegytowen. Yacto
ncnonb3yeTcs BMECTE C
YCrOBHbIM OnepaTopom 1
no3BoNsieT NponyckaTtb
HEeKoTopble uTepaumm B
onepaTtope uukna

C nomoubto 3TOro onepa-
TOpa MOXHO OTCNeXuBaTb
ownbKn, BO3HMKaOLWNE B
npolecce pacyeTa Bblpa-
XEeHWI 1 BO3BpaLaTh B
3TOM crny4yae, BMECTO
owmbku, npegonpeaenex-
HOe 3HayeHne

Kaxnas nporpamma B pabouem nokymente Mathcad peanusyercs B BUIE OTaEINb-
HOro Gsioka unu mMoaynsa. CTpyKrypa 3Toro Gyoka BeTaBisercss B pabounil JOKy-
MEHT wWea4ykoM Ha rukrorpamMe Add Line Ha nanutpe Programming vin Haxa-
THEM KJIaBUIIM <|>. Pe3ynbTat mokasa Ha puc. 4.2.

BMecTO CTpYKTYpHBIX 3aMOJHUTENCH BBOASTCA MHCTPYKLMU (KOMaHbl) Mporpam-
Mbl, KOTOPbIE€ J0JKHbI ObITh BbINOJAHEHbI. [ TOro utoObl 100aBUTH €llle 0j11H
CTPYKTYPHbIH 3arosiHuTesb (UTOObI MOTOM BMECTO HEr0 MOXKHO ObLI0 BBECTH Oue-
PEeAHYIO KOMaH/y), HEOOXOAMMO CHOBa LEiKHYTh Ha nukrorpamme Add Line

(puc. 4.3).
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A [ v= [2[<Z (3] af

A4 [l #= [2/<E 3] af ®

Puc. 4.2. BctaBka nporpammHoro 6noka Puc. 4.3. [Job6aBneHve B nporpammHblin 610k
B AOKYMEHT CTPYKTYPHOrO 3anosnHuTens

Jlnis ynaneHus TMIIHEro CTPYKTYPHOIO 3anoJIHUTENSl I0CTATOYHO BbIJIEJIUTh €ro U
HaxkaTh kiapuuly <Delete>. O6biuHO nporpaMMol BO3BpallaeTcsi 3HaYeHue (XOTs
v He 0053aTellbHO). DTOT pe3yJibTaT, K KOHLLY BbI[OJHEHHUs TPOrpamMMbl, Kak rpa-
BWJIO, 3alMCaH B KaueCTBE 3HAYEHWsl HEKOTOPOH NepeMEeHHOW, KoTopas yKasblBa-
eTcs B nocieHel koMane nporpamMmbl. CreyeT Takke UMeThb B BUJLY, YTO B Tele
NporpaMmbl UCMOJBL3YETCsl ONeparop JOKaIbLHOro NpUCBaWBaHUsl, KOTOPbIA HMeeT
BH/1 JICBOHAITPABJICHHOH CTPEJIKM U BBOAMTCS C NMOMOILLLIO MaHEJIW UHCTPYMEHTOB
Programming viu HaxkaTuem koMOuHauuu kiasuil <Shift>+<[>.

Mpumep 4.1. [iBaxabl ABa

HckmounTensHO NpocToil npuMep Nnporpammbl, B KOTOPOH MPUCYTCTBYET onepa-
TOP JIOKAJILHOTO NMPUCBaUBaHUA, NPUBE/EH Ha puc. 4.4.

[Iporpamma cocTouT U3 Tpex KoMaHA-WHCTpyKumid. [lepBoii uHCTpYKIMEH NoKanb-
HOW MEepeMEHHON i B Ka4decTBe 3HAUCHUs IMpUCcBauBaeTca 4ucio 2. Bropol koman-
J0H 3Ta mepeMeHHas BO3BOIMUTCS B KBaApaT (IOCIE 3TOTO 3HAYCHUE TIEPEMEHHOHN i
paBHO 4). HakoHell, TpeTbsl KOMaHIa COCTOUT TOJIBKO M3 HA3BaHUS JIOKATBHOU Tepe-
MEHHOH, W 3TO UMEHHO TOT Pe3YNbTaT, KOTOPBIA BO3BPAILACTCS MPOrpaMMon (To
ectb 4). s Toro yToObl YBUACTH pe3yNbTaT BHIMOIHEHUS TPOrPaMMbl, MPOrpaMM-
HBIH OJIOK cileyeT BBIACTUTh (JIMHUSAMU PEAAKTUPOBAHMSA) M HAXKATh KIABUILY <=>,
T. €. BBECTH OnepaTop paBeHcTBa. CUTYaLlUs NPOWILTIOCTPUPOBaHa Ha puc. 4.5.

Pa3yMeeTc5[, B pC€aibHLIX CUTYyalUAX HeO6XO)1HMOCTb B CO3JaHUHU TAKUX UCKIIHOYHN-
TENBHO MPOCTHIX MPOrpaMMm He Bo3HUKaeT. OObIUHO NporpaMmbl HoJiee 3aMbICIO-
Barbl. [Ipy 5TOM NOMHMO ONUCHIBABIIMXCS paHee PYHKUMH, MPUMEHSIIOTCS elle U
crelyalibHbIe OnepaTopbl, 0 KOTOPLIX peub Mnoijger ganee. Ho npexae umeer
CMBICJT OCTAHOBUTLCS Ha JIOTMYECKUX Oreparopax, KOTOPbLIC 4acTO BXOAAT B CO-
CTaB YCJIOBHBIX OMEPaTOpoOB. YCAOBHbIE KE ONEPATOPbl UCKITIOUHUTEILHO BaXKHbI,
MOCKOJIbKY HMEHHO ¢ UX MOMOUIBbIO B MPOrpaMMax peanu3yercsi BETBJEHUE ajro-
PUTMOB (MPEUMYLIECTBO, KOTOPOE BBHIFOAHO OTJIMYAET MPOrpaMmMbl OT OOBIMHOTO
Habopa KomaH1).
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A4 [l #= [2/<E 3] af ®
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Puc. 4.4. Tpnmep npocTorn nporpammel Puc. 4.5. BoluucneHve 3HayeHmns cornacHo
CO34aHHOW nporpamme

JNlornyeckue onepartopbl

Jloruyeckue onepatopbl HEOOXOAMMbI B OCHOBHOM JJisi CPABHEHHSI BbIPaXKEHUH.
Hx nosiHblii HA0Op MOKHO YBU/IETH Ha najiuTpe Boolean, koropas uzobpaxeHa Ha
puc. 4.6.

i
= < = £ =
# o A Y &

Puc. 4.6. NanuTtpa Boolean

Haznauenne nmuktorpamm nanutpel Boolean npuBeneHo B Tadm. 4.2.

Tabnuua 4.2. [ukmozpaMmb! naHenu UHcmpymeHmos Boolean

Muktorpamma Onepatop KombuHauus KommeHTapum
KnaBuLl
[=] Jlornueckoe <Ctrl>+<=> OnepaTop nmeeT Aga one-
paBeHCTBO paHaa (buHapHbli onepartop)

1 MCronb3yeTcs B onepaumsx

normyeckoro cpaBHeHusi. Ecnn
paBeHCTBO BEPHO, B KayecTBe
3HayeHus Bo3BpalyaeTcs 1, B

npoTnBHOM criyyae — 0

Ctporoe norn-  <Shift>+<,> BuHapHbIi onepatop (MMeeT
Yeckoe Hepa- Asa onepanga). Ecnn nesbiin
BEHCTBO onepaHi MeHbLUe NpaBoro, B
MeHble KayecTBe 3HaYeHusi BO3Bpa-

waetcs 1, B NPOTUBHOM CIy-
yae —0
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Tabnuua 4.2 (okoHYaHue)
Mukrorpamma Onepatop KomGuHaums KommeHTapumn
KnaBuLl
Ctporoe norn-  <Shift>+<.> Onepartop umeeT aBa one-
yeckoe Hepa- paHpa. Ecnv npaBbiii onepaHs
BEHCTBO boribLue MeHbLLE NeBOro, B Ka4yecTse
3HayeHus Bo3BpallaeTcs 1,
B NPOTUBHOM crnyyae — 0
HecTporoe <Ctrl>+<9> BuHapHbI onepaTop. Ecnu
rnoruyeckoe neBbi onepaHp He 6onbLue
HepaBeHCTBO npaBoro, B Ka4eCTBe 3Ha4YeHus
MeHbwe nubo BO3BpaLyaeTcs 1, B NpoTMB-
pasHoO Hom criyyae — O
HecTporoe <Ctrl>+<0> Y onepaTopa ABa onepaHaa.
rnoruyeckoe 3HaueHve 1 Bo3BpaLlaeTcs,
HepaBeHCTBO €CIv NpaBbIil onepaHg, He
b6onbwe nubo Oonblue neBoro onepanga. Ecnn
pasHo 3TO He TakK, Bo3Bpatlaetcsi 0
Jlornyeckoe <Ctrl>+<3> BuHapHbI onepaTop. B kave-
HepaBeHCTBO CTBe pesyrnbTaTa Bo3BpaLlla-
He pasHo eTcs 1 onsa pasHbix onepas-
noB 1 0 aAns 0gnMHaKoBbIX
Jlornyeckoe <Ctrl>+<Shift>+<1>  YHapHbIi onepartop (MmeeT
oTpuuanue HE OAuH onepaHa). B kavecTBe
pesynbTaTa Bo3Bpaiyaetcs 1,
ecnu onepaHg, paseH 0.
B npoTtvBHOM crniyyae B03-
Bpallaetcsa 0
JNlormyeckoe M1 <Ctrl>+<Shift>+<7> BuHapHbI onepaTop. B kave-
CTBe 3Ha4yeHusi BO3BpaLLaeTcs
0, ecnu xoTsi 66l OAMH U3 ABYX
onepaHgos paseH 0. Bo Bcex
ocTarnbHbIX Clyyasix BO3Bpa-
waetcs 1
Jlornyeckoe <Ctrl>+<Shift>+<6> BuHapHbI onepaTtop. 3Haye-
niin Huem aiBnsaetca 0, ecnu oba
onepaHga pasHbl 0. Bo Bcex
ocTarbHbIX Clyyasix BO3Bpa-
waetcs 1
Jlornyeckoe <Ctrl>+<Shift>+<5> BuHapHbIi onepaTtop. EanHn-
uckmnoqaruwee La Bo3BpaLlaeTcs B KayecTse
nmm pesynbTaTta B criyyae, ecnu

o6a onepaHaa pasnuyHbl U
OAVH U3 HUX NpY 3TOM paBeH
0. Bo Bcex npo4unx cuTyauusx
Bo3Bpawaetcs 0
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Mpumep 4.2. Jlornvyeckue onepatopbl

Hexotopeie nprMepsl BBI30Ba JOTMUECKUX OMEpPaTOPOB (C MPOBEPKOM pe3ynpTaTa)
MPeCTaBICHb B AOKYMEHTE Ha puc. 4.7.

A [ = [2<E (3] af # | |[Tueoriss | e
Nornyeckoe Nornyeckoe Nornyeckoe

Nornyeckoe H
paBeHCTBO HepaBeHCTBO oTpHLAHHE
2=i=1 2=d=10 —-1=0 Onl=0
T=5=10 T=5i=1 —0=1 Inl=1
j=i=1 i=i=0 6 =10 Onal=0
Crporoe Hecrporoe Heknwyawmee UMK NMornveckoe HIMTH
HepaBeHCTBO HepaBeHCTBO
lcz=1 1=2=1 nEl=1 Owil=1
2xd=0 2zd=1 l&®&1=0 lwil=1
“ix1=10 -3zxl1=10 0&0=0 O0w0=0

Puc. 4.7. lNprmepebl BbI30BA NOrMYECKUX ONepaTopos

Jlns Toro uToOBl IPOBEPHUTH 3HAUCHHE JIOTHUECKOTO OMepaTopa, JOCTATOUHO, KaK |
B chy4ae OOBIYHONW KOMaHbI, YKa3aTh TMOCJTE HEro 3HAK paBeHCTBA (HAaXKATHEM
KJIaBHIIH <=>).

YcnoBHbIN onepaTop

I'naBHO# oTIMYUTENBHON YEpTOH YCIOBHOTO OMeparopa SBISeTCs UHCTPYKIMA if,
CrpaBa U cjeBa OT KOTOPOH pa3MellaroTes ABa CTPYKTYPHBIX 3aroaHuTens. B mpa-
BOM 3aMOJHUTENC YKa3bIBACTCA MPOBEPSIEMOE YCIIOBUE, a B JIEBOM — BBIYMCIISIC-
Moe BelpaskeHHe. OOBIMHO ONpeAesseTcsl TAKKE BbIpakKeHUE (UM Omeparop), BbI-
yrcaseMoe (WM BBIIOIHACMBIH) TPU HEBBIIOIHEHUH YCJIOBUS B YCIOBHOM
omeparope. ANBTEPHATUBHOE NCHCTBUE YKa3bIBAeTCSd BMECTE C HHCTPYKLHMEH
otherwise. BbImojHseMBId omepaTop BBOAUTCS BMECTO 3alOMHUTENS clieBa OT
HWHCTPYKLIUH.

Mpumep 4.3. YcnoBHbIl onepaTop

Ha puc. 4.8 npeactapneH npuMep NporpaMMHOro 6J0Ka ¢ YCIOBHBIM OMepaTopoM
W UHCTPYKLMEN otherwise.
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A4 [l 5= [2/<E| 2] ap ®

B
]
I

0 if x<0 =1

1 otherwise

Puc. 4.8. lNMporpaMmmMHbIi 610K C YyCNOBHBIM ONEPATOPOM

B mporpammHOoM OJ10Ke TIpoBepseTcs YCIOBHE, KOTOPOE COCTOUT B TOM, UTO Tiepe-
MEHHas x MeHbIlle HyJisA. Ecii 3To Tak, To B KaduecTBe pe3yibTara BozBpammaetcs 0,
B TPOTHBHOM ciydae — | (3HauUeHWe, yKa3zaHHOE CJIeBa OT WHCTPYKIIUH
otherwise). [IpoBepuTh pe3yibTAT BBHITOTHEHHUS MPOrPAMMHOIO OJOKa MOXKHO,
yKazaB T0cjie Hero 3HaK paBeHcTBa. [IpenBapurtensHO, TIpaBaa, HEOOXOAUMO OTpe-
JIeTIUTh 3HAUCHWE TIepeMEHHOMN x (YTO U OBLTO CIENAHO, KaK 3TO BUIHO U3 puc. 4.8).

IlporpammHbie OJIOKM C YCNEXOM MCHOJIL3YKOTCS NpU onpeesieHuu (GyHKUHO-
HaJIbHbIX 3aBUCUMOCTEH, HE CBOASLIMXCS K CYNEPNO3ULMU BJIEMEHTAPHbIX Mare-
MaTuueckux QyHkuud. B 3TOM ciyyae nocjie Ha3BaHus CO3jaBaeMoi (yHKUMU
(c ykazaHueM aprymeHTa WUjd apryMEHTOB) BBOJMTCSl ONEpaTop MPUCBAMBAHUSA,
nocJjie KOTOpPOro cjeayeT MporpaMMHbIi OJIOK, I'/ie B COOTBETCTBUU CO 3HAUYEHUEM
apryMmeHra Q)yHKLUH BbIUUCIISIETCS €€ 3HAUSHUE,

Mpumep 4.4. DYHKLMSA C YCNIOBHbIM ONepaTopoMm

Ha puc. 4.9 yke 3HakoMblii nporpaMMHbiii 670K onucbiBaeT (GpyHKLMIO, KOTOpast
BO3Bpall@aeT jiBa 3HaueHus: 0 Mpu OTpULATENILHOM apryMeHTe U | — B MPOTUBHOM
ciyudae. 3/1eCh K€ NPUBE/ISHbI NPUMEPbI BbI30BA CO3/1aHHOHN PyHKLMY,

A [ »= [2<F B ep #

fiXy= |0 f x<0
1 otherwise
RD=0 f9-1

Puc. 4.9. OnpegeneHue yHKLMM C NCMOMb30BaHWEM YCITOBHOMO onepaTopa

YacTo B 0/JHOM NporpaMMHOM OJI0Ke peanu3yroT cpa3y HECKOJIbKO YCIOBHBIX Ofe-
PaToOpOB, KOTOPbLIE MOrYT MOC/JEAOBATENbHO pa3MellaThCs OAMH 3a APYTUM WId
ObITb BJIOKEHHBIMU.
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Mpumep 4.5. HeckonbKo yCNOBHbIX OnepaTtopoB

[Ipumep mnocrenoBaTEIBHOTO Pa3MELICHUS] YCIOBHBIX OINEPAaTOPOB MPHUBEICH
Ha puc. 4.10.

A4 [l »= [2[<2 31 af ®

Fi) = |-1 if x=0
1 if x>0

0 otherwise

F-D=-1 FO=0 F5=1

Puc. 4.10. Onpepenexve yHKUMM C UCNONb30BAHNEM
HECKONbKMNX YCNOBHbIX ONEpaTopos

B coorsetcTByIouieM nporpaMmMHOM OJioke onpeaesisieTcss (GYHKUMSI OIHOro aprymeH-
Ta, KOTOpasi MOXKET MPUHUMATh TPU 3HAUEHHUS: —1 MpU OTPULIATEILHOM aprymMeHTe,
1 — npu nonoxkuTebHOM U 0, eciii apryMeHT $yHKLWU paBeH Hyiito. [lporpamm-
HbIi OJI0K peaniu3yeTcsi ¢ NOMOLIBIO IBYX YCJOBHLIX ornepaTopos. [lepsbiM onepa-
TOPOM NPOBEPSIETCS, MEHbLLE JIX HyJIsl apryMeHT (QYHKLIMH, W €CIU OTO TakK, B Ka-
4yecTBe pe3yJibTaTa Bo3Bpalaercs 3HaueHue —1. Jlamee mposepsieTcs yciioBue,
NOJIOXKUTEJIEH JIK aprymeHT QyHKuuM. B oTOM ciiyuae BO3BpaluaeTcs eauHULA.
Ilepen uHcTpykumMel otherwise yKa3aHO HyJieBoe 3HaueHue. Iloaromy ecau He
BbIMOJIHAETCS HU OJIHO U3 JIBYX NPOBEPSIEMbIX YCJIOBUM (TO €CTh apryMmeHT (yHK-
UKW HE ABJIACTCA HU MOJIOKHUTC/IbHBIM, HU OTPHULATE/IbHBIM U, CJICA0BATC/ILHO, pa-
BEH HYJIIO), B KAYECTBE 3HAUEHMS BO3BpallaeTcs Hy/ib., Takum obpasom, eciu ne-
pen HMHCTPYKUMEH otherwise CJI€yeT HECKOJBKO YCJOBHBIX OMEpaTopoB, TO
ONneparTop, COOTBETCTBYIOLUIMI ITOH UHCTPYKLHWH, BBINOJHAETCA TOINbKO €CJIM He
BbITTIOJIHCHO HHU OJHO U3 yCJ’lOBl/Iﬁ B YCJIOBHbLIX Oreparopax.

VYcnoBHBIN oneparop OoMyckaeTcs UM 0e3 MHCTPYKUMH otherwise. Bemp curyauus,
KOTZIa HEKOTOpOe JEeHCTBHE CIeAyeT BHITOTHUTD TOJBKO MPHU BBIOTHEHUH (U HEBBI-
MOJTHEHUH) OMPeeTICHHOTO YCIIOBHSA, BCTPEUaeTCsl Ha MPAKTUKE JOCTATOYHO YacTo.

Mpumep 4.6. Ucnonb3oBaHne yCNIOBHOro oneparopa

PaccmoTpum ¢yHKIMIO, KOTOpas B KauecTBE 3HAUCHMs BO3BpALIAET CBOW apry-
MEHT, €CJIM OH HeOTpHULATENIeH, U YWCIO, Ha enuHULy OoJbliee, eClid apryMeHT
¢yHkuuu orpuuareieH. [IporpaMmHubiii OJ0K ¢ omMcaHueM 3TOH (DYHKLMH MOKa-
3aH Ha puc. 4.11.

Ileprasi KOMaH/Aa COOTBETCTBYIOUIETO MPOrpaMMHOro OJioka — WHULMANU3alus
JIOKAJbHOHN MEePEMEHHON i, KOTOPOH B KayecTBE 3HAYEHUS NMPUCBAUBACTCA ap-
TYMEHT x, nepejaBaeMbli GyHkuuu y (). Janee npopepsieTcsi, MeHblUIe HYJIs
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3HaUCHHUE 3TON MmepeMeHHOH unu HeT. Eciiu nepemMeHHas oTpuuaTenbHa, ee 3Have-
HUE yBenuuuBaeTcs Ha eauHuLy. [locaennum onepaTtopoM B IpOrpaMMHOM OJIOKe
yKa3aHa NepeMeHHas i, KOTopas U BO3BPALIACTCH B KAUeCTBE 3HAYCHMS (PYHKLMH.
Ctporo roBops, Takyro (pyHKLIHMIO MOKHO ObUIO onHcaTh 0€3 BBOJA CHELMAIbHOM
JOKanbHON mepeMeHHOH. DparMeHT OOKyMEHTa C albTEPHATUBHBIM CIIOCOOOM
onpeaencHUs PyHKINHN TIOKa3aH Ha puc. 4.12.

A [ 5= [3[<E (30 o8

X =

xe—u+1 of x<0

A [ »= [2<E 3] ap W

x=-3 S ST, T

) = |iex AepeMenHoll
beidl il ViH) = -2 & Beizos gyt
i
1=-3 A MMoosepHa aNaYenus
w-dh=-3 w5 =3 nepeMenHoll
Puc. 4.11. OnpeaeneHve dyHKUMN Puc. 4.12. AnbTepHaTuBHbI Cnocod
C MCMOMNb30BaHMEM YCIIOBHOMO onepaTopa onpeaeneHns yHKLMm

1 NnokaneHOW nepemMeHHoN

B ornuume ot mpeapiayiiero BapuanTa, B JaHHOM Clly4dae MPOrpaMMHBINH OJIOK co-
JepKUT Beero jBa ornepartopa. [lepebiM oneparopoM aprymeHT GyHKLUHHK YBEJIUYH-
BaeTCAd Ha CAWHUIY NMpPU YCIOBHH, YTO 3TOT apryMEHT MEHbLIEC Hyli. ApPryMeHT
BO3BpalllaeTcd B KadecTBe 3HaueHusi GyHkuuu. Huke npuseneH npumep BbI3oBa
Takoi gyrkumuu. CHavyana nepeMeHHOH x IPUCBOCHO OTPULIATEIbHOE 3HAYECHUE —3.
Jlanee nepemeHHas yka3blBaeTcs apryMeHTOM (YHKLMH, MOCJEe Yero npoBepseTcs
3HAYCHUE TNIEPEeMEHHOM-apryMenTa. Hecno)kHo 3aMeTuTh, YTO 3HAYCHUE 3TOM me-
peMeHHOl He meHsieTcs. Jleslo Bce B TOM, UTO B Tesie NporpamMmbl UCMOJIb30BAJICs
OMepaTop JIOKAJBHOTO MpHucBamBaHMA. [lo3ToMy Bce omepalMyd MO HW3MEHEHHIO
3HAaYeHWI NepeMEHHbIX, B TOM Yuciie U I00aIbHBIX (TO €CTh TAKUX, YTO MHUIUA-
JU3UPOBAHBI BHE MPOrPAMMHOTO OJI0KA), UMEIOT CHUILY TOJIBKO B Mpelesiax JaHHOH
MporpamMmmsl.

Heckonbko vHaue peajizyercsi MporpaMMa ¢ BIOKEHHbIMH YCJIOBHBIMH ONeparo-
pamu. Peub maer o Tom, 4TO OfHa MM Oojiee KOMAaHH, BBITIOMHAGMBIX B PaMKax
YCJIOBHOIO ONepaTopa, peanu3oBaHa ¢ MOMOLILIO YCIOBHOro oneparopa. O0bIYHO
K TaKOH cXeMe MOCTPOCHHUS MPOrpaMMbl IPUOEraroT B Clyvasx, Korja mpoBepser-
cs1 6osbLIOE KOJIMYECTBO B3aMMOCBS3aHHbIX YcioBui. Knaccudeckuid npumep —
oTpeneeHUe KyCOUHO-HEeNpepbIBHON (PYHKLIUY.
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Mpumep 4.7. KycoyHo-HenpepbiBHaa pyHKLMA

B stom ciyudae mckomas GyHKLIUS MOXKET 3alMCHIBATHCS Yepe3 ITOCTaTOYHO Mpo-
CTbIC 3JIEMEHTapHbIC (PYHKIMH, OOHAKO, B 3aBUCUMOCTH OT AMAINa30Ha, B KOTOPBIH
MonaaaeT apryMeHT, GopMyJibl, OMpeaessaiolne ee 3HaueHue, pasHble. Takas cH-
Tyauus nokaszaHa Ha puc. 4.13. CHauyana Tam ompegencHa KyCOUHO-HEMpepbIBHAS
($yHKuuMs, a nanee, YTo0bl MOXKHO OBUIO MPEICTaBUTh XapaKTep (DYHKLUMOHAIBHOM
3aBUCHUMOCTH, TIOCTPOEH rpaduk.

& A [] o ]‘g EIEQ,& - “Tutorials j Pen
=¥ = |if x=0
¥ if x4 2

4 .
— otherwize
%

sitx)  otherwise

Puc. 4.13. BnoxeHHble yCnoBHble onepaTopbl UCMNOMb30BaHbI
npy onpeaeneHnmn KyCouYHo-HenpepbiBHON YHKLUN

Ilporpamma peanusyercs no cieayrolieMy ajJropuTMy: cHadyaia rnpoBepsieTcs yc-
JoBHE x > 0, T. €. Oonblie 1M Hyad aprymeHT Qynkuuu. Ecnu 510 Tak, To ganee
npoBepsieTcsl yciaoBue x < 2. [Ipy BepHOM BTOPOM YCJIOBHMM 3HaueHUe QyHKLUU
PaBHO €e apryMeHTy, T. €. x. TakuM o0pa3oM, eciu apryMeHT (PYHKLUUHU NonasacT
B uHTepBai ot 0 40 2, To dhyHKUMS 3a/1aeTCsl IMHEHHOH 3aBUCUMOCTbIO. B cutyanum,
KOrJa BTOPOE YCJIOBUE HE BBIMONHACTCA (HO BBINOJHACTCS MEpBOe), PyHKLIHUA Ofl-
penensieTcsi 3aBUCUMOCTBIO 4/x. MIMEHHO Takoe Bblpa)keHHE YKa3aHO BMecTe
C MHCTPYKLMEH otherwise B OJIOKE BTOPOro, BHYTPEHHErO YCIOBHOTO OIepaTopa.
Ora dopmyna, ciepoBaresbHO, COOTBETCTBYET 3HAUEHUsIM aprymeHTa, Gosibuium
aubo paBHbIM OBYM. HakoHell, eciiv HE BBIIOIHEHO YCJIOBUE NEPBOTO, BHEIIHETO
YCJIOBHOI'O orneparopa, 3HadeHue (DYHKUUM BbIUUCISETCS 1o (GopMylie sin (x).
Pazymeertcs, cymecTByeT MHOTO cmocoO0OB MPOBEPKHA HECKOJIBKUX YCIOBHM, B TOM
4yucae C MOMOIIBIO BJIOXKEHHBIX YCJIOBHBIX omnepatopoB. Ha puc. 4.14 nokasan
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(hparMeHT AOKyMEHTa ¢ OIMMCaHUeM KyCOYHO-HETPephIBHOMN ()YHKIMH, TTOTHOCTHIO
aHaJIoOrMuHON TOM, uTo Oblla npejacrasieHa paHee. OJHAKO B JaHHOM Cjydae He-
CKOJIBKO WHaude OPTraHW30BaH TMPOTPaMMHBIA OJIOK, B KOTOPOM HEMOCPEICTBEHHO
3ajaercsl QyHKUMA. B yacTHOCTH, B nepBylo ouepe/lb NpoBepsieTcs, Nonajaer Jjau
apryMmeHT ¢byHKOMM B MHTepBan 3HadeHnid ot O g0 2. IIpu sToM ucmnons3oBad Jo-
ruyeckuii oneparop M (I0MKHBI OJIHOBPEMEHHO BBIMOIHATHCA JiBA HEPABEHCTBA).
Bropoii, Bi1oxeHHBIH yCIOBHBIN OTlepaTop yKa3aH B KadecTBe KOMaHJBI JIJISl HHCT-
PYKUUH otherwise.

A [ 2= [2 Eﬁﬂﬁ - “Tutorials | @

2= fx f (xrMoalx<d
otherwise

sitgy) if x =0

4 .
—  otherwize
X

ity

Puc. 4.14. AnbTepHaTnBHbIA cnoco® onpegenerHns KyCoYHo-HeNpepbIBHOW OyHKLMM

Y6eaurbcs B TOM, YTO B MporpaMMHOM OJIOKe ornucaHa Ta ke (YHKUMS, YTO U
cOo3/laHHas paHee, MOXKHO N0 rpaduKy, NPUBEACHHOMY B HIKHEl YacTh puc. 4.14.
B o0oux ciyuasx BJAOKEHHbIH YCIOBHbIH OnepaTop BBOAWICS B OT/eJIbHOM OJl10Ke,
OTAEJCHHOM BEPTUKAILHOW JiiHUel ciepa. UToObl BCTaBUTHL B TEJIO NPOrpaMMbl
TaKoK 0J10K, HY)KHO BbIJIJIUTH CTPYKTYPHBIN 3anojiHuTe b (ClieBa OT MHCTPYKLIUK
if YCJOBHOIO onepaTopa UM MHCTPYKLUHH otherwise — B COOTBETCTBUM C TeM,
rae 610K gomkeH ObITh 100aB/IeH), MOC/E YEro BbIMOJHIETCS LIEIUOK HA MUKTO-
rpamme Add Line nanutpsl Programming.

Mpumep 4.8. BnoxeHHble onepaTtopbl

PazHuiy Mexay nocsenoBare/bHbIM pa3MELLIEHUEM YCJIOBHBIX ONEPaTOpPOB U CUTYa-
LiMeH, KOrja 0/IMH U3 HUX BbI3bIBAETCS BHYTPH JIpYroro, WUIoCTpupyer puc. 4.15.
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A [ 2= [2 E’Eqﬁ - “Tutorials | Peo
Tiw = |3 if u=zs Ty = [if usl
1 ifu=sl 2 ifucs

2 otherwise 3 otherwise

1 otherwise

TI(H = 1 T = 1
Ti(4) =2 T =2
TI(6) = 3 THE =3

Puc. 4.15. PaannuHblie cnocobbl pa3meLleHns yCroBHbIX ONepaTopoB B TeNe Nporpammel

[Ipu ompenencHun neproit GyHKIMH T1 () MCMIOIB30BAHO ABA MOCIEAOBATEBHBIX
YCIIOBHBIX omeparopa. B mepBoM apryMeHT (yHKUMH CPaBHHUBACTCA C YHUCIOM 5.
Ecnu apryMeHT He MeHblIe 3TOTO YKCHa, B Ka4ecTBE 3HAUCHUS (PYHKLUHN BO3Bpa-
maetcs 3. BropeiM onepaTopoM npoBepseTcsl yCIOBHE, COCTOALIEE B TOM, UTO ap-
CYMEHT (PYHKUMH MeHbLIe 100 paBeH 1. B aToM crnyuae Bo3BpatiaeTcs 3HaueHue 1.
[Ipu HeBBHINONHEHNMM HU OJHOTO M3 YCJIOBUH B YCIOBHBIX OINEpaTOpax 3HAYECHHUE
¢yHkuuu pasHo 2. Huxe mox onvcanueM (pyHKUMM NPUBEICHBI MPUMEPBI €€ BbI-
30Ba. B mpaBoil wactu mokymeHrta onucana ¢yHKuus T2 (). B Tene Gnoka onmca-
HUS 3TOW (DYHKUHMM B TIEPBOM OIEPaTOpe apryMEHT CpPaBHHUBACTCA C CIMHHLICH.
Ecnu oH crporo Gonblie eIUHMLIBI, BBIMOTHIETCS APYroil YCIOBHBIN omeparop.
B cooTtBercTBUM ¢ 3THM BIOKEHHBIM OMEpPaToOpoM AJisl apryMEHTOB (DYHKLUH,
MEHBIIMX 5, B KAYEeCTBE 3HAYCHUS BO3BPALIACTCS YMCIO 2, €CIU 3TO HE TaK, TO
yncao 3. Hakonen, nnid 3HaveHuil apryMmeHTa (DyHKIMH, HE NpEBBIIAROLWIETO 1,
3HaYeHUe (YHKUMM paBHO 1 (KOMaHAa y MHCTPYKLUMH otherwise /I BHEIIHETO
omeparopa). Cpaszy nmoJ 0JIOKOM NpOrpaMMbl MPUBEICHBI IPUMEPHI BBI30BA (PYHK-
uuu T2 (). HecnmosxHo 3ameTuTs, 4TO 00a MporpaMMHbIX Onoka (pakTHUECKH OMH-
CBIBAIOT OZIHY M TY K€ 3aBUCUMOCTB: A1 3HAUCHUH apryMeHTa, He MpeBbIIaromux 1,
3HaYeHUe (PYHKUMHU paBHO 1; ecnu apryMeHT (YHKLUMM JIGKHUT B UHTepBasie OT |
10 5, pyHKUMA NpUHUMAET 3HAUCHHUE 2; MPYU apryMeHTe, IPUHUMAIOLIEM 3HAYCHUE
oT 5 u Oonee, B KadecTBe pe3yibTaTa BosBpalaetcs unucio 3. PasHuua mexnoy
(YHKUMSAMH T1 () M T2 () COCTOMT JHILIE B CIOCOOE pealr3allii TAKOH 3aBUCUMO-
cti. B yacTHOCTH, ycloBHUe BTOPOrO YCJIOBHOTO omeparopa B (hyHKLUMH T1 () Mpo-
BepseTCS BCETa, BHE 3aBUCUMOCTH OT TOTO, BBITIOJIHEHO JIM YCIOBHE MEPBOTO yC-
JoBHOro omneparopa. HanpoTus, B GyHKLUUHU T2 () YCIOBHE BTOPOrO BIIOKCHHOTO
YCIIOBHOTO OIEpaTopa MPOBEPSIETCs TOIABKO B TOM CJIydae, €CIM BBIIOJIHEHO yCIIo-
BUE TIepBOro omneparopa. [lpu Hanrcanny HEOONBLIMX NPOrPaMMHBIX OIOKOB Takast
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pa3HuLa OOBIYHO MAll0 CKAa3bIBAETCS HA KOHEUYHOM pe3ybTarte. OHHaKO Koraga
nporpaMma A0CTAaTOYHO OonbIast Uid B nponecce ¢ pealin3alnuu NMpeanojiaracTca
BBITIOJIHUTE CYILIECTBEHHOC YUCIIO HTepaHHﬁ, TAaKHC HIOAHCHI CJIICAYCT MPUHHUMATDH
BO BHUMAHHUCEC, MMOCKOJIBKY IIPH 3TOM BaXXHO HE TOJIBKO KOPPEKTHO COCTABUTH aJIl'O-
pUT™ (HOCJ’IGHOB&TGJ’ILHOCTL KOMaHZ[), HO U pCain30BaTh HauboJiee ONTUMAJIbHBIC
CXCMBI.

Ewe onHa 0cOOEHHOCTb YCIIOBHBIX OMEPATOPOB, HA KOTOPYH XOoueTcs oOpaTuTh
BHUMaHHUE UWTATeJIsl, CBs3aHa C UHTepIpeTaluel YMCIEHHbIX 3HauUeHUH npu pado-
Te ¢ JIoruueckumMu oneparopamu. Jlroboe UucieHHOe 3HaUeHHE, OTIIMYHOE OT HyJId,
UHTEPNPETUPYETCsl, €CJM OHO YKA3aHO B JIOTMUECKOM oneparope, kak TRUE. Hyie-
BOE 3HAa4YEHWE, COOTBETCTBEHHO, HHTEPNpPETHpYyeTCcsl Kak FALSE. [loaTomy B yciioB-
HbIX OfepaTropax B KaueCTBE YCJIOBMS JOMYCTUMbI HE TOJILKO JIOTHUECKME onepa-
TOPbI, HO U OObIYHbIE APU(PMETHUECKHE BbIPAKEHHSI.

Mpumep 4.9. ApucpbmeTnyeckoe BbipaxeHue B yCII0OBUMN

Ilpumep apudmMeTHuecKoro BbIpAXKEHWSI B YCJIOBHOM OIlepaTope [peJcTaBiieH
Ha puc. 4.16.

A [ »= [2<E 3] ap W

) = |Vinfinity" i —(x- 1)
1

othetwise
-1
=1
fi1) = "infinity"
f-4) = 02

Puc. 4.16. MNpumep ncnons3oBaHns B yCNOBHOM onepaTope
apnOMETNYECKOrO BbIPAXKEHMNSA

B npuBeaeHHOM JOKyMEHTE onucbiBaeTcsi QYHKLMS, KOTOpash BO3BPAILAET Pe3yJib-
TaT, PaBHBIA €MHULE, IEJICHHONH Ha Pa3HOCTb APryMEHTa (PYHKLUMU U COUHULIBL.
Ota ¢GyHKUMS, OUYEBHHO, ONpeesieHa AJsl Jo00ro apryMeHTa, 3a UCKIIoUeHHEM
enunupl. [Ipu Takom aprymenTe (hyHKUMEH B KauecTBe pe3ylibTara BO3BpaILaeTCs
TEKCTOBas CTPOKa "infinity". COOTBETCTBYIOLUMH MPOrpaMMHBIN KOA peaiu3y-
eTcA ¢ MOMOILBIO BCETO OJHOTO YCJIOBHOTO omepaTtopa. B kauectse nmpoBepaeMoro
YCJIOBMSI, TP BBIMOJIHEHWH KOTOPOro 3HaYeHUEM SBJISIeTCS] YNOMSHYTas TEeKCTOBas
CTPOKa, YKa3aHO apu(MeTHUeCKOe BBIpaXKeHHE (Pa3HOCTb apryMeHTa (yHKLUH
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W eIMHMLBL, T. €. BRIPAKCHHE B 3HAMCHATEJIC TMPH BHIYMCICHUH 3HA4YeHHs (yHK-
uun). TouHee, 3TO BbIpaKEHUE SIBJISIETCS apryMEHTOM JIOTMYECKOro oneparopa
orputianus. Ecnu 3T0 BBIpakeHHe paBHO HYJIO, Pe3yJbTaTOM BbI30Ba (pyHKLUH
AoskHa ObITh TEKCTOBasi cTpoka. HysieBoe 3HaueHue, Kak OTMeuanoch paHee, UH-
TEPIPETHPYETCS KaK JOTUYECKOe 3HAUCHHEe FALSE, MOATOMY BO3HHKAET CHUTYaLHs,
OyaTO yca0BME B YCIIOBHOM ONeparope He BbIMOJIHIIOCh. [lockonbKy BbIpaxeHHe
ABJISIETCS apTYMEHTOM JIOTHYECKOTO OTepaTopa OTPULAHMS, TO MPU HYJICBOM BbI-
paxKEeHHH pe3yJIbTaT BCel JIOMMUYECKOH orepali paBeH TRUE (B MPOTHBHOM cllyyae —
FALSE). [TosTOMy CileBa OT MHCTPYKIMH if YCIOBHOTO OTepaTropa yka3aHa TeKCTOBas
CTpoKa, Bo3Bpatlaemas pyHKUMEH B kayecTBe pesyJibTara B Touke paspbisa. s Bcex
MPOYMX 3HAYCHUH apryMeHTa pe3ysIbTar BbI30Ba (D)YHKIMH BEIYUCIECTCS IO hopmyre,
yKa3aHHOU c/ieBa OT MHCTPYKUMH otherwise. Pazymeercs, MoskHO Obl10, Hanpumep,
MPOCTO 3aIMCaTh B YCIOBHOM OIEpaTope B KAYECTBE YCIOBHS YIIOMSHYTOE BEIPKCHHIE
(6e3 oneparopa orpuuanus). Toraa cieayer NOMEHSTh MECTaMU TEKCTOBYHO CTPOKY M
thopMyITy [T BEIYMCIICHUS 3HAYCHUS (PYHKIIM.

OnepaTopbl UMKNOB

Hapsny ¢ ycaoBHeIMU onepaTopamMu, 0cob0oe MECTO 3aHUMAIOT OTIepaTophl LIMKIOB.
WX HazHaueHHe COCTOUT B OCHOBHOM B TOM, 4TOObI B KpaTkoi (hopmMe KOJUPOBAThH
cepum OONBLIOTO YMCIa ONHOTUNHBIX onepalmii. B Mathcad cymmectByer Heckonabpko
cnoco0OB opraHu3aluy UMKI0B. PaccMoTpuM uX.

YacTo npu BbINOJIHEHWK ONEpaTopa LMK/IA KaX /bl UTEPALMOHHbIA LIAar MOXHO
OTOXKACCTBUTH ¢ HEKOTOPOH MepeMeHHOM, KOTOpyIo Janee OyJeM Ha3bIBATh WH-
JekcHoM. B aToM cnyuae npouece peanivzalidu oneparopa LMKIa COCTOUT B TOM,
YTO MHACKCHAS TIepeMeHHas MpoderaeT 3HAUCHHS U3 ONPEACTICHHOTO MHOXKECTBA,
a BbINOJHIEMas MOC/I/I0BATE/IbHOCTL JICHCTBUN NpU AaHHOM (PUKCUPOBAHHOM
3HAYCHUW WHIACKCHOW MepeMeHHON OOBIYHO 3aBUCUT OT WHICKCHOW MepeMeHHOM
(HO 310 HE 00s3arebHO). Takoro poaa uukiabl B Mathcad co3aar0Tcst ¢ NOMOLIBIO
KOHCTPYKIIUH For, TIPU BCTABKE KOTOPOM (C MOMOIBIO MUKTOrPAMMBI Ha TIAHETH
NporpaMMUpOBaHus) aBTOMATUUECKH J00aBiseTcs O/I0K ¢ JABYMSI CTPYKTYPHbIMU
3aMOTHUTEAMHA U CUMBOJIOM MPHHAJIC)KHOCTH MHOXECTBY. B JIeBOM CTPyKTYp-
HOM 3alOJIHUTEJIE YKA3bIBASTCS UHJICKCHAS MEPEMEHHas, & BMECTO MPaBoro CTpyk-
TYPHOTO 3aTOJHUTEN BBOJUTCA WHTEPBAT MM MHOXECTBO 3HAYCHUH, KOTOpBIC
oHa npoberaer.

Mpumep 4.10. Cymma kBagpaToB

Ha puc. 4.17 npuBeneH (parMeHT JOKyMEHTa ¢ KOJOM MPOLELYPhI [ BBIYHACIIE-
HUSL CyMMBbl KBaJpaTOB HATYpalbHBIX 4Hces. BepxHss rpaHulla CyMMbl yKa3biBa-
eTcA apryMEHTOM MpPOLEaypPbI.
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B A |[] = [2 <E[3T a8 »

MySum ) = s« 0
for iel. N
2
g5 +1
a
MySum10) = 385

Puc. 4.17. lNpoueaypa BbIYMCAEHNS CYyMMbI KBaAPATOB HAaTyparbHbIX YMCen

B navane npoueaypbl ¢ HyJeBbIM 3HaYCHUEM MHULMATIU3UPYETCs JIOKaTbHAsH Ie-
peMeHHas s. Jlanee MHACKCHAs IepeMeHHas mpoderaeT 3HaUeHus OT 1 A0 N (apry-
MEHT (YHKLUH, ONPEIeIOINNA BEPXHIOK IPAHULYY CYyMMbI) U KBaApaT 3HAUCHUS
HWHAEGKCHOW NMEpeMEHHONW NMpUOAaBIsAeTCA K 3HAUYCHHUIO JIOKATBHON MEepeMEHHOH s.
[Nocne BBIMOTHEHUS BCeX UTEpaLMi 3HaAUCHHE JIOKaIbHOM NepeMeHHON BO3Bpalla-
eTcA Kak pe3y/ibTaT BRIMOJHEHUS MPOLEeaypbl (KOTOPYIO, KCTaTH, MOJKHO paccMart-
PHUBATh U KaK (DYHKLIMIO).

Hepenko BcTpeyaercs MHCTPYKUMSI continue, KOTOpas CIYXKUT yKa3aHuUeM Jis
BbIXOAA U3 LUKIIA. TouHee, 1ocie 3TOH UHCTPYKLHH C MOMOLLBIO KIIHOUEBOro CJ10-
Ba if yKa3blBaIOT YCJIOBUE, [IPU KOTOPOM BbINOJHEHHUE LIMKJA [TPeKpallaeTcs.

Mpumep 4.11. Cymma KBagpaToB ¢ OrpaHuYeHUEM

B kauecTBe npuMepa pa3zMecTHUM B pacCMaTPUBABLIEMCS paHee ONeparope Lukia
KOMaH/Ay continue if i > 10 (puc. 4.18).

FE =B = = STos

MySumi(H) = |s < 0

for isl. N "
HameretHsild kod

coptite i i> 10 = npouedyps

2
ga— 841

MySum(5) = 55
93
MySuna(1) = 385 Mpunepsl enisoss

ySumd(15) = 383

Puc. 4.18. UameHeHHas npoueaypa c npyuMepamu Bbi3oBa
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B stom cnyuae cymma OyneT yBenuuMBaThea OO TeX MOp, MOKA WHICKCHAs mepe-
MeHHas He npeBbicuT 3HaueHue 10. J[pyrumu cnosamu, npoueaypoii Oyaer Bbl-
YHUCTIATBCS CyMMa KBaJpaTOB HATYPaJIbHBIX YHMCEN C BEPXHEH rpaHuLeil, paBHOU
MUHUMallbHOMY M3 uucen 10 u aprymenta ¢gyHkuuu. B nocneanem HeciaoxHo
yOeauThCS MO pe3ylbTaraM BBIUMCICHUS CYMMBI U1 pa3HbIX MepelaBacMbIX Mpo-
uenype aprymeHToB. Ecau aprymenT npesbiinaeT 10, pe3yabrar He MeHseTcs.

Oneparopbl uukiaa B Mathcad opraHuzytoTcsi Takxke ¢ MOMOLLUBIO HHCTPYKLMU
while. Ilukn mpopomkaercs 10 TeX MOP, MOKA BBHIMOIHAECTCS YCIOBHUE, YKA3aHHOE
nocJie DTOro KioveBoro cijosa. ['agnas 0coGEeHHOCTL COCTOUT B TOM, YTO Tenepb
MOMB30BATENI0 CAMOCTOSATENBHO MPUXOAUTCS ONpeaessTh Npoueaypy U3MEHEHUS
UHJIEKCHOM MepeMeHHON WK 3ajaBaTh UHOU CIOCO0 B3aMMOCBS3U MEK/Y NpOBe-
PSAEMBIM YCIOBUEM U MPOLIECCOM BBIMOJIHEHUS UTEPALIAN.

Mpumep 4.12. Ele oanH onepatop yukna

[Tpoueaypy BblUMC/IEHHUS CYMMbl KBaJPaTOB HATYPabHbIX YACE] HA OCHOBE MHCT-
PYKIHMH while MOXHO OBUTO OBI OTpeneluTh TaK, KakK MOKa3aHO BO (pparMeHTe
NporpaMMHOro koaa Ha puc. 4.19.

A ] x= | [2<2 (3] af = J|My Site =] e
Mw3ums( M) = |z <0
i1
o Meponesoeanue
while i< N UHCIOEELLL while
ie—i+1
2
34— 35+1
8
MySum3s = 53
IlySum3( 10 = 385 A Mpumepe! eslzoss
MySum3cls) = 1.24 s

Puc. 4.19. Ucnonb3oBaHne B Tene npoueaypbl MHCTPYKUMN while

Tenepp npuxoauTCA B SABHOM BHIE WHHLIHAIH3UPOBATH HE TOJNBKO NMEPEMEHHYIO
JUIS1 3AITUCH 3HAYEHUS! CYMMbI, HO U UHAEKCHYIO nepemeHHyro. [IposepsembiM yc-
JIOBUEM SBJIIETCA HEPABCHCTBO: MHJEKCHAs [epeMEHHas He JOJDKHA IPEBBIIATh
BEPXHIOK I'PaHULLy, T. €. apryMEHT npoueaypbl. BoinoaHsemMsix onepauuii B npe-
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Aenax KaKAOH OTAeTbHOM Tepalny TAKKe ABE: CHAYaja Ha CMHULLY U3MCHSCT-
Csl 3HaYEHUE MH/IEKCHOM NepeMeHHOl, a 3aTeM KBaapaT 3TOro 3HaueHus npubdas-
JsIeTCsl K MEPEeMEHHOM, ONPeaensIomeii CyMMy KBaJpaTOB HATYpabHBIX YHCEL.
XOoTs TakoM KO/, 0 CPABHEHHUIO C MEPBOHAYAJIbHBIM, BbIIIISIAUT 00jiee rpoMO3/l-
KHAM, peau3allis omeparopa LHUKJIA MOCPEACTBOM HMHCTPYKLUHMH while YacTo
OblBaeT MpeAnovTUTENIbHEH, MOCKOJIbKY MO3BOJISIET co3/1aBaTh Oosiee ruOKWi aj-
TOPUTM.

Mpumep 4.13. Ucnonb3oBaHue UHCTPYKUUKN break

Kak u panee, npu pabore ¢ MHCTPYKUMEH while MOXHO MPOMYycKaTh HEKOTOPbIE
UTepaLy WA BOOOIIe TPEKACBPEMEHHO 3aBEpLIaTh BBHITIOIHEHHUE TIPOTPAaMMHOTO
kona. llpumep npuseneH B nokymeHTe Ha puc. 4.20.

4 ] == |[2[<Z[3] a8 # |J|Mv Site | es
MySumd(H) = |5 <10
ie=0
o Heoransaoeanue
while i< N WRCEELEIIY breal
is—1i+1
break if 1> 10
2
- 53+1
g
Mydumd(5) = 55
MySumd(10) = 35 ¢ fMpuveps exizoss
Mydumd(L3) = 325

Puc. 4.20. Ncnonb3oBaHne MHCTPYKUMKN break

Ilocne xoMaHabl YBEJIMUEHUSI WHAEGKCHOW mNepeMeHHol ao0aBieHa WHCTPYKLUMs
break W YCIOBHBIA omepaTop. B ycrmoBHOM omepaTope NpoBepsAeTCs, NPEBBILIACT
J1 UHAeKcHas nepemeHHas 3HadeHue 10. Ecnu 370 Tak, TO BbINOSHEHHE NPOLIETY-
pBl TpeKparaercs. 31ech JIerKo MPOCIEKUBACTCS [JIABHOE OTJIMYME B padoTe UH-
CTPYKLMH continue M break — €C/IM B NEPBOM CJIydae MpPOIYyCKAeTCs COOTBETCT-
BYIOILLIAS MTEpALHs, TO BO BTOPOM — 3aBepLiaeTcs padora.
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Pekypcus

[Mox pexypcueii B o0meM cityyae moApa3syMeBalOT CUTYall|o, KOTAa B Teje Onuca-
HUS TIpoleaypbl (iu (GYHKIMH) BRI3BIBACTCS ATA Ke Tporienypa (Wiu GyHKIHA),
HO yKe C IpyruM apryMeHToM. UHBIME crioBamH, eclid (PyHKLHS WU TpoLieIypa
ccplaeTcs Ha caMmy celsi, MeeT MecTo pekypcus. YacTo pekypcus ObiBaeT cien-
CTBHEM OLIMOKH, JOMYIICHHOW monmb3oBaTeneM. Ho ecim pekypcuio peann3oBaTh
C YMOM, TO MOKHO c03/1aBaTh (P (eKTHBHBIC, KOMIIAKTHBIC M JOCTATOYHO JICTaHT-
HBIe TIPOTPAMMHBIC KOIBI.

Mpumep 4.14. iBoinHOM chakTOpUan

Kax wmmrocTpaiiuio K UCTIOIB30BAHAIO PEKYPCHH PACCMOTPHUM TIPOLEAYPY BBIUHC-
JIeHUs ABOWHOTrO (pakTOpHMalia — TpoM3BeAeHHUS umcen "depe3 ogwH", T. €. AJA
YETHOHN TPaHMIIBl 3TO TMPOU3BEICHNE BCeX UETHBIX UHCEeNl, HaUMHAs ¢ 2, a A7 He-
YeTHOHN TpaHMIlBl — HEUYeTHHIX, HaunHas ¢ 1. @parMeHT MporpaMMHOTO KoJa Ta-
KO mpoueaypsl IpUBeAcH Ha puc. 4.21.

3 A 5] == [[2[<Z [T ap ®

DFct{m) = |nDFctin-3 f nx2
n otherwize

DFct(f) = 48

DFct(5) = 15

Puc. 4.21. Pekypcus npu Bbl4MCNEHNM ABOMHOTrO dhakTopuana

Kak BuauM, Koa cOCTOUT BCETO U3 OAHOTO YCJIOBHOTO omepartopa. [IpoBepseMbim
ABIISIETCS YCIIOBUE, YTO apryMeHT Oombiue 2. Eciu 3T0 ycaoBUE BBINOJIHEHO, BBI-
YHUCISETCS MPOU3BEICHUE apryMEHTa Ha 3HAYCHHE, BO3BpAllaeMOe NPOLeAYpOH
IUIl apryMeHTa, YMEHbIIeHHOro Ha 2. [Ipu HeBBINOIHEHMH YCIOBUS B KAa4eCTBE
3HAYCHUS BO3BpaLlaeTcs apryMeHT. Takum obpasom, npouenypa Oyaer mo pekyp-
CHM BBI3bIBAaTh (C YMCHBIIGHHUEM apryMeHTa c marom 2) cama ceba 1o Tex mop,
MOKa apryMEeHTOM He CTaHeT Yuclio, He Oombinee 2 — T. e. 2 wiu 1. Hamuume mpu
KaKA0M PEeKypCHUBHOM BBI30BE MPOLICAYPHl MHOKUTENS 00eCIeunBacT KOPPEKTHOE
BbIUMCIICHUE ABOIHOro daxropuana. [loaTBep:kaeHueM TOMy CIIy:KaT MPUMEpBI,
MPUBEACHHBIC BHU3Y MO OJOKOM ONMMCAHUS MPOLEIYPbI.

Pekypcust no3sosisier CyLeCTBEHHO COKpAaTUTh NporpaMMHblid koA, Ilpu atom Bo-
Npoc O TOM, YIPOLLAETCS JIM aJTOPUTM BbIIOJIHEHUS [TPOrPaMMbl, OCTAETCSI OTKPbI-
ThIM. Hero olHO3HAYHO HEJb3sl OTPULIATb, — TaK 3TO MPOCTOThl PELUICHUS LIENOTro
psaa 3a1a4 ¢ NOMOLLBIO PEKYPCHBHOIO OIIUCAHUS IPOLEAYP.
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Mpumep 4.15. BoiuncneHne cymmMbl Yepes peKypcuio

B kauecTBe npuMepa MOXKHO MPUBECTH 33/1a4M O BbIYMCIEHUU CYMM W MPOM3BE/e-
Huil. Ha puc. 4.22 npeacraeneH npuMep JOKYMEHTa ¢ KOAOM NPOLEAYPbI AT BbI-

N
YHUCJICHHUA CYMMBbI z ot ApFYMeHT mpoueaypbl — BEPXHAA I'paHULIA I/IHI[GKCHOI71
n=02
NEePEMEHHOM.
| @ A [ == |2 <F 31 ap # |[Mysie =] P
1
Summ H = —N+Sum.m(N—l) if H=10
2
1 otherwise
Summ( 10 = 1.999
Sum.m(lDDQ =11
This expression cannok be evaluated. It may have
resulted in an averflow or infinite recursion.
1oaa 1
N —=z
S n
n=0 ¢

Puc. 4.22. BbluncneHve cyMMbl C MOMOLLbHO pekypcum

Kak u npu BbuncieHnu 1BoMHOTO akTopHana, B JaHHOM cCllydae mporpaMma co-
CTOWT BCEro M3 OJIHOr0 YCJOBHOro oneparopa. [lpu ycioBun OTIMYHOrO OT Hyns
apryMeHTa BBIYHCISETCS CyMMa 3HAUEHWs, BO3BPAIAEMOro MPOLEAYpOH It
YMEHBIIEHHOIO Ha €JMHMLYY apryMeHTa, W c/laraeMoro ¢ rnokasaTesieM CTereHH,
COBMAJAIOLIEM C apryMEHTOM Mpouenaypsl. IIpu HymeBoMm 3HaUeHMH apryMeHTa
B KauecTBe pe3yJibTarta Bo3Bpainaercs earHuia. Ko, Takum o6pazoM, 10CTaToOuHO
TPOCTOM W 3JIETaHTHBINM, OJTHAKO YBIIEKaThcd peKypcueil 6e3 kpaiiHel HeoOXoaw-
MOCTH BCe ke He CTOMT. [loscHeHHe K 3TOMY MOXHO HAlTH HUXKe, MO ONHUCaHUEM
MpOLEaYpPbl, ['Ie MPUBEICHBI IPUMEPHI € BhI30Ba. Jleao B TOM, 4TO OHa paboTacT
TOJILKO C OTHOCHUTEJILHO HEOOJbILIMMU aprymMeHTamu. Eciu ke apryMeHT BelluK,
BMECTO OKMZAEMOT0 pe3ynbTara (OJM3KOro K 3HaUYCHUIO 2) MOABIseTcs cooOLe-
Hue 00 owmnbke. [lpuuem cranaaprHas BCTpoeHHas Npoueaypa AJisi BbIMUCICHUs
CYMMBI aeT BIOJHE KOppeKTHoe 3HaueHue (cM. puc. 4.22). [lpuunHa B TOM, 49TO
peKypcHs MOApa3syMeBaeT CYLIECTBEHHYIO 3arpy3Ky CUCTEMHbIX pecypcoB. Mmen-
HO 3TO UMENOCh B BUAY, KOTAa YTBEPKAATOCH, YTO IIPOCTOTA KOJa HE BCEra O3HaA-
yaeT 3PPEKTUBHOCTD AJIrOpUTMAa.
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ArneMeHThl ynpaBJrieHusA

B paGouux nokymenrax Mathcad nonyckaercs BcraBka Tak Ha3bIBAEMbIX 3JIEMEH-
TOB YIPaBICHUA — CIEIMATBHBIX KHOMOK, TepeKouaTeneii, moiei u 1. n. Mx He
OUYEHb MHOTIO, HO OHM J0CTaTo4HO (pyHKUMOHATILHBI. MOXHO cO37aBaTh Crell-
anbHBIC CIIEHAPUH, ¢ MOMOIIBIO KOTOPBIX OMpeenseTcs B3aUMOACHCTBHE 00BEK-
ToB pabouero gokymenta Mathcad u snemeHToB ynpasienusi. Buauane kpartko
OTIHIIIEM OCHOBHBIC 3JIEMEHTHI YIPABJICHUS U METOJbI paboThl ¢ HUMHU. [lanee Oy-
YT M3JI0KEHbl OCHOBHbIE MPUHLMIBI COCTABJIEHHS KOJ0OB CLIEHAPHEB, NOCJIE UYEro
MPHUBOAATCS MPUMEPHI IPUMEHEHUS SJIEMEHTOB YNPABICHUAS B paboOUUX JOKYMEH-
Tax Mathcad.

Bcraeka seMeHTOB yripaBjieHWs B padOUuii JJOKYMEHT MOXKET OCYLUECTBIISThCS
¢ MOMOLIBK naHend WHCTpyMeHTOB Controls nubo mytem BbIOOpa KOMaHIBI
Insert | Control, ¢ nocyieayoium BbIOOPOM HYKHOrO 3jeMeHTa. Yurarenb Mor
0o0paTUTh BHUMAaHHUE IPHU OMUCAHWM COOTBETCTBYIOLICH MaHEIH, 4YTO Mpeasiarae-
MbIX J3JICMCHTOB YIpaBJCHUI COBCEM HEMHOI'0 — BCEro LICCTh. Cpe)m HUX TpHU
KHOMKM (0ObIYHAs, KHOIKA-OMUMA M KHOIKAa-MepeKIoyarenb), TEKCTOBOE MoJe,
CIMCOK MW noJioca NpokpyTku. Ha puc. 4.23 npounarocTpupoBaH npoLecc BCTaBKU
KHOTIKH B pa0OYMii JOKYMEHT.

A ] x= [ <F T af W JIMvSite | e
=z
+ v & —'ﬁuﬂ' i EB

Puc. 4.23. Bcraska kHONkM B pabounii 4OKYMEHT

Jis BCTaBKH KHOTIKA HEOOXOUMO INENKHYTh HAa COOTBETCTBYIOIIEH MUKTOrpaMMe
nanenu Controls. B pesynbrare BcTaBnseTcst He TOMBKO AJIEMEHT YIPaBICHUS, HO
U CTPYKTYPHBIH 3allOTHUTETh, BMECTO KOTOPOTO BBOAWTCS Ha3BaHUE TEPEMEHHOM
(M TIepeMeHHBIX), OTpeeliTeMbIX B Ipollecce B3aUMOJACUCTBUSA C 3JIEMEHTOM
yrpaeneHus. B dacTHocTH, ToOcie BCTaBKM KHOMKH paboumii MOKyMeHT Oyaer
HMMETb TAKOW BHJ, KaK MOKAa3aHO Ha puc. 4.24.

371ech KpaTKO OTMETHUM Psi/i HACTPOEK, KOTOPbIE MOTYT NMPUMEHSATLCA K 3JIEMEHTaM
ynpasiieHus. Pazymeercs, B 3aBUCUMOCTU OT TOr0, KAKOH 3JIEMEHT BCTaBJIEH B pa-
OouMii JIOKYMEHT, pa3iuyHbl U HacTpoiiku. OAHAKO MPUHUMMBI WX BbIMOJIHEHUS
O/INHAKOBBI /ISl BCeX aneMeHTOB. Cpa3y OTMETHM JIBa Ba)KHbIX HAMpPAaBIEHUS, MO
KOTOPbIM OCYLLECTBJISIETCS HACTPOHKA 3JEMEHTOB yNpaBjieHus B pabdodem 0-
KyMeHTe. Bo-nepBbix, 3TO BHELIHWH BW/[| dJ€MEHTa yNpasieHus U (opmalibHbie
aTpuOyThl: KOJIMYECTBO TaK HA3bIBAEMbIX BXOJIHbIX W BbIXOJHbBIX 3JIEMEHTOB.
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BxonHble 351eMEHTBI — 3TO Te, UTO MepeAatoTcs Kak apryMEHTHI JUTS BBITTOTHEHUS
MPOLIEAYP, CBA3aHHBIX ¢ ()YHKIMOHAIBHOCTBIO BJIEMEHTA yIIpaBICHUs. BBIXOIHBI-
MU SBIISIOTCS T TIepPeMEHHBIe, 3HAUSHHS KOTOPBIX OMPE/ISISFOTCS HeTIOCPeICTREH-
HO B XOJIe peaM3aIliyl BHIIIeO3HAYCHHBIX Tponeayp. Bo-BTopbIX, 0OBMHO TIpHXO-
OUTCS pedakTHpoBaTh (WM cO34aBaTh) KOA JUIA TPOLEeAyp-00padOoTUYUKOB
COOBITHIA, T. €. (PaKTHUECKH TeX MPOLEeAyp, C MOMOIIBI0 KOTOPBIX H3MEHSFOTCS WU
OTIpeACTISIOTCS 3HAYEHHS BBHIXOIHBIX TIEpEeMEHHBIX.

A [] x= [R<E B af ¥ JIMySite | @
k|
j: Buttonl' or e 1 o= ol EH

Puc. 4.24. PesynbTaTt BCTaBKM KHOMKM B pabouuii AOKYMEHT

g Mathcad - [chap04_08.mcd]

W@ Fle Edit View Insert Format Tools Symbolics ‘Window Help

ID-sHSAY| BR[| o |TE W=
HINDlmaI el Hio =g £ u |
| @ A [ v= [% <2 31 ap [y af ]

s -

Button"
S E—

L«

Annaotate Seleckion, ..

& cut
Copy

E Baste

Add Input Yariable
Add Output Yariable
Femove Input Vatiable

Remaowe Output Yariable
|7 Allows CObject ta Size Itself

Edit Script. ..

Export as Component. ..

QftekT; Mathsoft Button Control

Hide Arguments -

LI—I Enable Evaluation 4
Press F1 For help, auto [ Page 1

Puc. 4.25. KomaHAbl HACTPOVKM 3anieMeHTa ynpaBeH)s U3 packpbiBaroLLerocs cnucka
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BonpmuHacTBO HEOOXOOUMBIX ACHCTBHUM MO0 HACTPOHKE 3IEMEHTA YIpPABICHUS Ha-
YUHAIOTCS CO LIeTYKa MpaBO KHOTIKM MbIIK. B packpeiBarolieMcs CriMcke MHOTO
KOMAaHJI, Cpey KOTOPBIX €CTh AOCTATOUYHO MHTepecHble (puc. 4.25). Ho cHavyana
HEOO0XOIMMO BBIACIUTE UMEHHO 3JIEMEHT YIPaBJICHUS, a He CTPYKTYPHBIH 3amo-
HUTenb. CIUcKy B 000MX Coydasx OyIyT MPaKTUUECKH OIMHAKOBBIMH, a PE3yJIbTaT —
HE OYCHb.

Ecnu B packpbiBuleMcsi criMcke BbiOpaTh koManay Properties, orkpoercs jguaiio-
roeoe okHo Component Properties, npeacrasiaeHHoe Ha puc. 4.26.

JRT=TET
dﬁf File Edit WYew Insert Faormat Tools Symbolics  Window  Help 8]l
|ID-SE8RY | BR[oc[": [we =& eS|l 5@
“Normal jl.ﬂrial jllD j| B I O |§ = = | iE = | xt X,
J A 1] x= [ <F T ap HIMy Site | @an
£ il
1=
Buttonl 7 7 e Rl E
Scripting |
Murnber of Inputs IE 3:
MNumber of Outputs |1 3:
MName used for this object in the script:
PushBtn
Edit Script.. |
K I OTreHa | Crpaeka |
1| | »
Fress F1 for help. auto [ Page 1 4

Puc. 4.26. Juanorosoe okHo Component Properties

OKHO conep)KMT BCEero OAHy BKJIaJKy Scripting, Ha HeH TpW Moas M KHOMKA.
B none Number of Inputs yka3biBalOT 4Mc0 BXO/HBIX NEpEeMEHHbIX (T. €. apry-
MEHTOB), 3HaueHue no ymonuanuio — (. [lone Number of Outputs npenHazHa-
HCHO AJi1d yKa3aHusl 4ynciia BbIXOAHBIX MEPEMEHHbLIX (HO YMOJHYAHUIO 3TO 3HAYCHUEC
pasHo 1). B none Name used for this object in the script BBoguTCa Ha3BaHue nns
o0bekTa (d/IeMeHTa YNpaBjieHus), M0 KOTOPOMY Ha 3TOT OObEeKT OyayT BbINOJ-
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HATBCA CCBUIKH B KOAE cUeHapus. be3 kpaliHell HeoOX0IMMOCTH Ha3BaHUE, Npe-
jJaraeMoe Mo YMOJYaHHUIO, MEHATh He cieayeT. Hakonen, kHomnka Edit Script
MpeJHa3HadeHa Ul mepexoda K penaktopy cueHapui. Ha puc. 4.27 mokazaHo
okHO Seript Editor, koTopoe OTKpbIBaeTCA MOCE LIETUYKa Ha 3TOH KHOTIKE.

Script Editor - [Text*] |

File Edit Wiew Help
v|S|E| 2 |Ee S

Dim state

Sub PushBEtnEwvent 3tart()
Few TODO: Add vour code here
End Sub

Sub PushBtnEwvent Exec (Inputs,utputs)
oucputs(0) .walue = state
End Zub

Sub PushBtnEvent 3topi()
Few TODO: Add vour code here
End Sub

Sub PushBtn Clicki)
If state = 0 Then
state = 1

Else
state = 0
End If
PushBEtn.Recalculate()
End &ub
Ready v

Puc. 4.27. OkHo pepakTopa cueHapves Script Editor

DTO K€ OKHO MOXKET ObIThb OTKPLITO, €CJIM B PACKPbIBAIOLIEMCS CIHMCKE BbIOpATD
xomanay Edit Seript. Kak paborarh ¢ kolaMu ClieHapHeB, paccKa3blBAETCSI HECKOJILKO
noxke. 3/1eCh JKe OCTAHOBUMCS Ha TOM, KaK ObICTPO W JIEIKO BbIMOJIHSTL Camble Mpo-
CTbIC, HO HeO6XO)1Plele HaCTpOﬁKH BHCUIHEIO BM/1a DJICMEHTA YIPaBJICHUS.

BHelwHune napamMeTpbl AJIeMeHTa ynpaBJieHus

[Tpouenypy HaCTPONKM BHELLIHUX NAPaMETPOB JIEMEHTOB YIPaBJIEHUs! pACCMOTPUM Ha
npuMepe Takoro oOLeKTa, Kak KHOMKA. B 4acTHOCTH, eciii B pacKpbIBaIOLIEMCs CIH-
cke MeHto BbiOparh noameHo Oonexr: Mathsoft Button Control (cm. puc. 4.25) u
3ateM komaHay Properties, oTkpoeTcst OKHO, KOTOpOe NMoka3aHo Ha puc. 4.28.

OxkHo CsoiicTBa conepkut Tpu Bkiaaku: General, llpugTel 1 Pucynkun. Ha
Bkiaake General pazmelneHsl oMLK, IpyIna NepeKrovaTee, HECKOIBKO MOJeH
u criuckoB. Paznen Type comep:kuT rpynimy nepekarovaTeneil Ha TpPU MOJIO0XKEHUS.
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B 3aBucuUMOCTH OT TIOJOXKEHUS TepeKrIrovaTess, KHOMKa MOKET ObITh OOBIYHOM
(monmoxxkerarie Push Button), kHomkoii-ommmeti (mmonoxkenne Check Box) win
KHOTIKOH-TIeperuouatenieM (monoskenre Radio Button). Takum oGpazom, maxke
Toclie BCTABKM RJIEMEHTAa YTpaBJieHHs — OOBIYHON KHOMKH — Jajee MOXKHO
Oyaer momensth ee Tut. [lons Group ID u Button ID B paznene Radio Group
IOCTYTHEBI TOJNBKO TpH padoTe ¢ KHOMKAMH-TICPEKITIoUaTeNIIMA, U B 3TUX TIOJIAX
YKa3bIBAIOTCA HMIASHTU(PHUKATOPHI TPYIIBl KHOMOK W HEMOCPEACTBEHHO KHOTIOK.
B crnmckax pazmena Alignment BriOupaetcsi coco® BEIpaBHHBAaHWS TEKCTa C Ha-
3BaHWEM KHOTMOK 1o ropm3oHTanu (cnvicok Horizontal) 1 mo BepTrkanu (crmcok
Vertical). Paznen Style cogepskut cemb oniuii, Ha3HaAYEHUE KOTOPBIX TAKOBO:

O Auto Size — maciutabupoBaHue pa3MePOB KHOIKH B COOTBETCTBUM ¢ HA3BAHUEM;

O Left text — oTtoOpakeHre Ha3BaHUS KHOIIKH CJIEBa OT 3HAYKA OIIIWW WU Tie-
peKITrOYaTes;

O Multiline — oToOpaxkeHue HA3BAHUS B HECKOJILKO CTPOK;

O Push-like — oToOpakeHHe KHOIOK-OMIMI W KHOMOK-TIepEKIoYaTesyieil ¢ uc-
MOJIb30BAHUEM CTHIIS1 OOBIYHBIX KHOTIOK;

O Bitmap — 3arpy3ka uzo0paskeHus Aj1s OTOOPaXKEeHHSI ero Ha KHOIKE;
O Icon — 3arpy3ka MAKTOTpaMMBbI [T OTOOpaKCHUS HA KHOTIKE;

O Flat — oroGpaxeHue kHonku 6e3 00beMHbIX dPDEKTOB, T. €. B 3TOM Cllyyae
KHOIIKa SIBJII€TCS] HEBBINMYKJIOW Ha (hoHe pabouero Jiucra.

[Nosxamyit, Hanbonee BaKHBIN AlieMeHT Ha BKiIagke General — mone Caption, Kyna
BBOJWTCS UMsI DJIEMEHTA YIPaBJICHUS, HEMOCPEACTBCHHO OTOOpaKaeMoe Ha HeM.
OHO MOKET OT/IMYATHCS OT HA3BaHUs BJIEMEHTA, KOTOPOe YMOMHHAIOCH paHee U
yepe3 KOTOPOe B CLICHAPUH BBITMOJIHACTCS CCHUIKA HA SIEMEHT YIPABICHHUS.

i
General I |.|.||JH¢'TbII F'MchKHl
— Type — Style
¥ Push Button ¥ Auto Size [~ Fushrlike
= Check Box [ Leit bext [” Bitmap
(" Radio Button I Multiine [~ lean
I Flat
—Radio Group—————— [~ Alignment
Group ID Button [0 Honizontal Vertical
o Jo Default | |Defaul =]
Caption IButton

Ok, I O1raeHa | I'IpumeHHTbl

Puc. 4.28. [lnanorosoe okHo CBOMCTBA OTKPbLITO Ha Bkiagke General
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Ha sxnaake I pudThl BHINOMHAIOTCS HACTPOHKY, CBS3aHHbBIE C THIIOM, pa3MepoM
U IPOYMMHU aTpuOyTaMu WpUQTOB, 3aAaHHBIX [IPU OTOOPAKEHUU HIIGMEHTA YITPaB-

nenus. HuanoroBoe okHO CBolicTBa, OTKphITOe Ha BKiaaake lIpudTel, mokasaHo
Ha puc. 4.29.

=
General WpkdTsl I PrcyHEM |
WA ceoficTea: I Font j
W pgeT: HauepraHme: Fazrem
Times Mew Roman Ioﬁbmem j IEL?5 j
T SymbalPs ﬂ ATpHEYTE
System lrl_ aveprAytei [ MogyeprHyTEG ‘
B Tahoma
B Tempuz Sanz ITC Ofpazel
Terminal —

AaBhh 08

Ok, I O1raeHa [ prrEHHTE |

Puc. 4.29. [lnanoroeoe okHo CBOMCTBA OTKPLITO Ha Bknagke Wpundtbi

CeoicTea: Mathsoft Button Control |

Genelall WpnTe  PrCyHEM I

Hria ceoficTES: MpocroTp:

I Bitrap j

Oazop... | D‘-IHCTMTbl

Ok, I O1raeHa [ prrEHHTE

Puc. 4.30. [lnanorosoe okHO CBOMCTBA OTKPLITO Ha BkNaake PUCYHku

DJjieMEHTLI HA 3TOH BKJIAJKE CTaHAAPTHLIC AJid BCEX OKOH HO)IO6HOFO TUIa,
MO3TOMY JIyMaeTcs, 0CO0OM HEeOOXOAMMOCTU KOMMEHTHUPOBATh MX HA3HAYSHUE
Her. Hakoneu, Ha Briagke PHCYHKHM MOXHO ONpEAENUTb MUKTOrpamMmy WM
u300paxkeHue g orodpaxenust Ha kHonke (puc. 4.30).

B crmmcke Uma cBoiictBa BeiOupatoT Bitmap ams 3arpy3ku n3o0pakeHUs WU

Icon — nna nukrorpammsl. anee kHOMKoH O030p OCYIIECTBISIOT MOUCK HYX-
HOTO (haiina B cucTeMe.
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Mpumep 4.16. KHonka

Ha puc. 4.31 nokazaHo, kak OyAeT BHIIIAACTh KHOIKA, €CITA B KAUECTBE €€ Ha3Ba-
Hus ykazaTh lllenkars 3aeck, mpudT ycraHorneH Arial pazmepa 12 momyKupHBIit
MOTYCPKHYTBIH, BBIOpaH PEXKUM aBTOMATHUYECKOIO MaciuTaOupoBaHWs (OMLMS
Auto Size), a BMecTO CTPYKTYPHOTO 3alIOJHUTENS BBEACHO MyButton.

A [ 2= [2 <2 30 ap W

MyButton =

gem{aTb 3aechb

Puc. 4.31. KHonka nocne npyMeHeHnsa HacTpoek

Tenepb He Mewano Obl BLISICHUTB, YTO MOJYUYEHO B pe3yJbrare. st 3Toro nocry-
NUM clIe/lyIolMM 00Pa3oM: NPOBEPUM 3HAUYEHHUE NEepeMEeHHON MyButton, KOTOPOi
(hakTUUECKH MPUCBAUBAJICS NIEMEHT yNpaBlieHus. 3TO 3HAUYEHHWE, KaK HECIOKHO
3aMETUTb, paBHO HyJ1O (puc. 4.32).

Wnrtepecnas cuTyauus cKIagbIBacTCs, €CIU LIEIKHYTh HA CO3JAHHON KHOMKE. 3Ha-
YeHHEe MEePEMEHHOM MyBut ton U3MEHUTCA C HYJIEBOrO Ha eAUHUYHOE (puc. 4.33).

A ] m= [B<F 30 af # A ] v= [§<F Z0 of @
MyButton = MyButton =
Llenkatb 3neck Eem{aﬂ: 3&&&%'
1
MyButton =0 MyButton = 1

Puc. 4.33. IameHeHne 3Ha4yeHnsa NepeEMEHHON

Puc. 4.32. NpoBepka 3Ha4YEHUA NEPEMEHHON
poBeP P MyButton B pe3ynbTaTe Wenyka Ha KHOmMke

MyButton

Ecnu Ha KHOmNKe 1UENKHYTH elle pa3, 3HaUeHUE MEepPeMEHHON CHOBA CTaHET HyJie-
BbIM, U T. 1. [loueMy npoucxoauT UIMEHHO TakK, a He MHa4e, CTAHET MOHATHO MOCIe
MPOYTCHHS CIACAYIOLIETO paziena. 31eCh 3aMETHM TOJbKO, YTO HACTPOHKU Ge30-
MACHOCTH MPUIOKEHUS MOTYT 3a0JIOKUPOBATh BBINOJIHEHHE MaKpocoB. UToOBI
YBUIIETb, KaK 3HAYCHHUE MEPEMEHHOM MyButton MEHSETCS MPH HAXKATUU KHOTIKH,
npuaercs Bb13BaTh komMaHay Enable Evaluation nanpumep, u3 packpeiBarorgerocs
CIMCKA CHPaBKU 7151 KHOTIKY WK u3 MeHio Tools.

A3bik cueHapueB VBScript

Cuenapuu npu patore B Mathcad MOryT MCHoab30BaTHCS JOCTATOUHO LIMPOKO,
[pUYEM HE TOJBKO ¢ 3J€MeHTaMHu yrpaeieHus. OOBIMHO Ui 3TOTO BBIOMparOT
onvH W3 NBYX s3bikoB: JScript umu VBScript. [lo ymMomuanuro mipu cocTaBiieHUR
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CLICHApHUeB Ajs »yeMeHTOB ynpasiaeHus B Mathcad yctanoenen szpik VBScript.
ITo Gompmomy cuery VBScript — »to s3pik Visual Basic (cokpamenno VB),
afanTUPOBAaHHBIN 1A pabOTHl ¢ NOKYMEHTaMH THIIEPTEKCTOBOM pa3sMETKH, T. €.
HTML. BecbMa mose3HbIM A1 YATATENS OKAXKETCA 3HAKOMCTBO C TaKOW MOITy-
JIApHOH pa3sHOBUIHOCTHIO s3blka Visual Basic, kak VBA (cokpamenue ot Visual
Basic for Applicaions). OTo f3bIk cOCTaBICHUS MaKPOCOB /IS TIPUIIOKEHUH TTaKe-
Ta Microsoft Office. [lamee npuBoasaTcs KpaTkue cBedeHHs To s3bIky VB. Jlemo
B TOM, UTO Ha TIPaKTHKe CLIEHApUH, cO3AaBacMble A npuiokeHus Mathcad, mox-
pa3yMeBarOT METOIbI, XapaKTepHbIE IMEHHO [T s3bika VB (mmm VBA).

ﬂepemeHHble N KOHCTAHTDbI

O6U.lel>i AJig BCEX A3bIKOB MpOorpaMmMUpOBaHUs ABJIACTCA KOHUCHUHNA NEPEMEHHbIX
1 KOHCTaHT. Iloa mepeMeHHOM MOHUMAIT 06JacTh MAMSTH, K KOTOPOM MOXHO
CCbUIATBLCS MO UMEHH. B aToli oGnacTi MoryT ObITh 3anucaHbl pa3iiyHbIe JJAHHbIE,
M3MEHSIOIIKECS B TPOIECCe BHIMOMTHEHUS Koaa. KOHCTAHTBI OTIMYAIOTCS OT Tepe-
MCHHLIX TE€M, YTO UX 3HAUCHUSA B XO/€ BbLINOJHCHHWA MPOrpaMMbl HE MEHAIOTCH.
JIast TOro 4ToObl KCTIONMB30BATh MIEPEMEHHbBIC U KOHCTAHTHI B CIICHAPHH, HX CJICIY-
€T onucarb WJIH UHUUHUAIU3NPOBATD. I/IHI/Iul/IaJ'll/ISaLll/lﬂ NEPEMEHHbIX OCYLIECTBJIA-
eTCA ¢ TOMOIIBIO KJIIOYEBOTO CIOBa Dim. TOYHEe, YKa3bIBACTCS KIFOUCBOEC CIOBO
Dim, @ MOCJE HEro Umsl nepeMeHHoOM. Tak MOKHO OMUCHIBATL CPa3y HECKOJILKO Me-
pEMEHHBIX. B 3TOM cllydae MX MMEHA pa3esstoTes 3anaThiMu. KOHCTaHTBI OMTHCHI-
BaIOTCS NPAKTHUUYECKH TaK K€, C TOM JIMlllb pa3HHULEH, YTO KJIIOUEBbIM CII0BOM Oy-
JeT Const, M, KPOME 3TOTO, BCJIE 3a MMEHEM KOHCTAHTBI MOCJIC 3HAKA PaBEHCTBA
yKa3bIBalOT €€ 3HauyeHHe. DTO TaK HA3biBAEMble KOHCTAHTBI M0JIb30BATENs, OHU
OTPEeAENAIOTCS HEMOCPEACTBEHHO TOb30BaTeaeM. KpoMe HHUX ecThb elrle U BCTpo-
€HHbI€ KOHCTaHTbl. X 3HaueHue onpeaAcaTb HET HCO6XOILI/IMOCTI/I. 3TH KOHCTAH-
ThI MPEIOTIPEICIICHBI CHCTEMOM M K HUM MOKHO obparaTtbes mo uMeHu. CymnecT-
BYIOT CaMbI€ pa3/iniuHbI€ KOHCTAHTbI, KOTOPLIC Npe€AHa3sHAYCHbI AJid ONPEAC/ICHUS
[[BETA, IOTHYECKUX 3HAUCHHM, IAThl, TCKCTa, a TAaKXkKe 111 paboThl ¢ AHATIOTOBBIMHA
okHamu. Jlanee B Tabn. 4.3—4.9 npusoastes koHcrautel VBScript. [ng yao6crea
OHU pas3buThl Mo rpymmaM. B Ttabm. 4.3 mepedncrieHbl OCHOBHBIC KOHCTAHTBI
VBScript ans onpeaesneHus upera.

Tabnunua 4.4 coaepKUT KOHCTAHTbI AJ1s1 PadOThl ¢ JATON U BPEMEHEM,

Kpome 3THX KOHCTAHT, Mpu paboTe ¢ 1aTON U BPEMEHEM YaCTO HYXKHbI KOHCTAHTbI
(dbopMaTHPOBAaHUS, MTO3BOJIAIOIINE ONPEACIATH CIOCOO OTOOPAKECHHS JaHHBIX THIIA
"nara" u "Bpemsa" (tabiu. 4.5).

TekcToBbIe KOHCTAHTBI, T. €. KOHCTAHThI /11 pa00Thl ¢ TEKCTOBLIMU CUMBOJIAMMU,
MpUBeIeHbI B Ta0II. 4.6.
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Tabnuua 4.3. KoHcmaHmel VBScript 0nst onpedernerus ysema

Uma 3HaueHue (wecTHagUaTepUyHbIe Ynucna) Onucanue (LUBeT)
vbBlack &h00 YepHbIn

vbRed &hFF KpacHbiii
vbGreen &hFFO00 3eneHbliit
vbYellow ShFFFF XKenTbin

vbBlue &hFF0000 CuvHuia
vbMagenta &hFFOOFF Anbin

vbCyan ShFFFFO0 Fony6on
vbWhite ShFFFFFF Benbii

Tabnuuya 4.4. Koncmanmel VBScript dns pabomei ¢ damoll u epemMeHem

Umsa 3HaueHue (uncno) OnucaHue

vbSunday 1 BockpeceHbe

vbMonday 2 MoHeaenbHMK

vbTuesday 3 BTopHuk

vbWednesday 4 Cpega

vbThursday 5 YeTBepr

vbFriday 6 MatHuua

vbSaturday 7 Cy66ota

vbUseSystemDayOfieek 0 [eHb Hepenu, KoTopbIn
B BblOpaHHOM cucteme
HaCTPOEK COOTBETCTBYET
nepBoMy AHIO Heaenu

vbFirstJanl 1 Hepens, Ha KOTOPYIO BbI-
nagaet 1 aHBaps

vbFirstFourDays 2 lMepBas Hegens B roay,
B KOTOPOW, MO KpanHen
Mepe, YeTbipe gHsA (T. e.
x0T 6bl YeTbIpe AHS Heaenm
nonagaroT Ha HOBbIN roa)

vbFirstFullWeek 3 [MepBas nonHasa Hegens

B rogy
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Tabnuua 4.5. KoHcmarnmes! VBScript dns pabomsi ¢ chopmamamu 0amel U 8peMEHU

Nms 3HaueHue (uncno) OnucaHue
vbGeneralDate 0 OTtobpaxeHne gaTbl 1 BPEMEHN MO 3HAYEHUIO
AencTeuTenbHoro Yncna. Llenas vyactb gencr-
BUTENbHOrO YMcna onpeaenseT gaTy, a apob-
Hasi — Bpems
vbLongDate 1 OTtobpaxeHue gatel B "anuHHOM" chopmarTe,
NpeaycMOTPEHHOM CUCTEMHbIMU FTOKarbHbIMU
(pervoHanbHbIMN) HacTponKamm
vbShortDate 2 OTobpaxeHue aatbl B "KOPoTKOM" chopmaTe,
NnpeaycMOTPEHHOM CUCTEMHbIMY FOKanbHbIMU
(permoHanbHbLIMW) HaCTpoNKaMu
vbLongTime 3 OTobpaxeHune BpemeHu B "anuHHoOM" hopma-
Te, NpeayCMOTPEHHOM CUCTEMHbBIMM JTOKasb-
HbIMW (PErMOHAaNbHBIMN) HACTPOMKaMU
vbShortTime 4 OTobpaxeHune BpeMeHn B "kOpoTKOM" hopmarte,
npeayCMOTPEHHOM CUCTEMHbIMU NOKarbHbIMU
(permoHanbHbIMW) HacTponKkamu
Tabnuua 4.6. Tekcmosbie KoHcmaHmel VBScript
Umsa 3HaueHue OnucaHne
(cumBon,
BO3BpallaemMbIn
no koAy)
vbCr Chr (13) BosBpaT kapeTku
VbCrLf Chr (13) & Bosepart kapeTkm ¢ nepexoaom CTPOKM
Chr (10)
vbFormFeed Chr (12) CvimBon nepexopa copmel. B Microsoft
Windows He ncronbayeTcs
vbLf Chr (10) CvmBon nepexona CTPoKu
vbNewLine Chr(13) & CviMBON HOBOW CTPOKWU. 3aBUCUT OT Ha-
Chr (10) wnu CTPOEK CUCTEMDbI
Chr (10)
vbNullChar Chr (0) CumBon, nvetoLmin a3HadeHune 0
vbNullString HyneBas cTpoka, He ogHoO 1 10 xe, uTo nycras cTpoka. Vic-
UMEET 3HauyeHne 0 Nonb3YyeTCs NPUW BbI30BE BHELLHNX Npoueayp
vbTab Chr (9) "opu3oHTanbHas Tabynsauusi
vbVerticalTab Chr(11) BepTtukanbHas tabynsums. He ucnonbay-

etcsa B Microsoft Windows
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INomumo >THX KOHCTaHT, TipK paboTte ¢ VBScript MUpOKO UCTIONB3YIOTCS KOHCTAHTHI
TIPOLIeAYp CPaBHEHUS: KOHCTAHTa OWHAPHOTO CpaBHEHMS vbBinaryCompare CO 3Ha-
yeHreM () M KOHCTaHTa vbTextCompare TEKCTOBOTO CPaBHEHUs CO 3HauYeHHEM 1.
[TomesHpIMU MOTYT OBITH KOHCTAHTHI vbTrue (JIOTHMUECKOe 3Ha4YeHHe "HcTHHA'),
vbFalse (JIoTHUeCKOe 3HAUYCHHE "JMOXKB"), a TakkKe vbUseDefault (3HAUCHHE TIO
YMOJTYaHHAIO B COOTBETCTBHM C PETHOHATBLHBIMH HacTpoWkamu cuctembl). KoH-
CTaHTa K€ vbObjectError (3HaueHne —2147221504) naeT HWKHIO TPAHUILY I
oTpe e IeMBIX MMOTh30BaTeIeM KOJOB OIIHOOK.

CyllecTBYIOT KOHCTaHTbI, ONpeesstoulde noATuisl nepemeHHbx (B VBScript Bee
NMepeMEeHHbIE UMEIOT THN Variant, OJHAKO Y HEro e€cTh MOoATUMbl). Jas Toro uro-
Obl KOHCTaHTbI ObUIM JIOCTYIMHBLI B NPOEKTE, J0JIKHA ObITh SBHAs cCblKa HAa OUO-
JIMOTEKHU, I/1€ COOTBETCTBYIOLINE NO/THIILI onucadbl. [1pu padore ¢ VBScript koH-
CTaHTbl U3 TabJ. 4.7 NPUXONTCS OMUCHIBATH SBHO.

Tabnuya 4.7. Koncmanmei VBScript dna onpedenexuss nodmunos

Umsa 3HayeHne OnwucaHwue

VvbEmpty 0 HevHnumanusypoBaHHas nepeMeHHasi (Mo YMOI4aHuio)

vbNull 1 [MepemeHHas He COAEPXKUT JaHHbIX

vbInteger 2 LlenoyncneHHbn noatTnn Integer

vbLong 3 MoaTvn Long — LEenovmCcneHHbId YAnMHEHHbIN

vbSingle 4 MoaTnn Single — OENCTBUTESIbBHOE YMCNO

vbDouble 5 MoaTnn Double — AENCTBUTESIbLHOE YMCIO ABONHON
TOYHOCTU

vbCurrency 6 MogTun Currency — cneuuarnbHbIi NOATVN (AENCTBU-
TenbHOE YMCNo) Ans paboTbl C BaNMOTHBIMU pacieTaMu

vbDate 7 Mogtun Date Ans paboTbl C AATON U BpEMEHEM

vbString 8 MoatTun String — TeKCToBOE 3HayYeHue

vbObject 9 OGBbeKTHbIN NoATUMN Object

vbError 10 MoaTvn Error ans paboTbl ¢ owmbkamm

vbBoolean 11 JNornyecknit noagTun Boolean

vbVariant 12 MoatTun Variant, UCNOMb3yeMbli AN MacCUBOB

vbDataObject 13 MoaTnn ob6bekTa AaHHbIX

vbDecimal 14 Mogtun Decimal

vbByte 17 Moatyn Byte

vbArray 8192 MogTun, onpepensaoWwmn maccms
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Haxonen, B Tabn. 4.8 npuBeneHbl KOHCTAHTHI, SBIAIOIIKECS apryMeHTaMu (yHK-
LUK MsgBox (). Cama (yHKUuMsS omuchiBaercs mossxe. OTMETUM TOJBKO, YTO C €€
MOMOILBIO BBIBOASATCS OKHA COOOLICHUH U MOTOMY OHA JOCTATOYHO MOIMYJISIPHA.

Tabnuua 4.8. KoHcmanmsi VBScript 0nst ucnons308aHusi ¢ (hyHkyuel MsgBox ()

Nmsa 3HayeHne OnucaHue

vbOKOnly 0 OTobpaxeHne B OKHe CoOBLLEHNS €AUHCT-
BEeHHOW kHonkn OK

vbOKCancel 1 OTobpaxeHne B okHe coobLeHuns kHornok OK
n Cancel

vbAbortRetryIgnore 2 OTobpaxeHue kHonok Abort, Retry u Ignore

vbYesNoCancel 3 OTo6paxeHune kHonok Yes, No n Cancel

vbYesNo 4 OtobpaxeHue kHonok Yes 1 No

vbRetryCancel 5 Oto6paxeHue kHonok Retry n Cancel

vbCritical 16 OTo6paxeHne NMKTorpaMMbl kak B coobLue-
HMK 06 owmnbke

vbQuestion 32 OTobpaxeHne NUKTorpamMmMbl OKHa 3anpoca

vbExclamation 48 OTobpaxeHne NMKTorpaMmmMbl OKHa npeay-
npexaeHns

vbInformation 64 OTobpaxeHne nukTorpamMmmbel HPOPMaLMOH-
HOro OKHa

vbDefaultButtonl 0 AKTMBHA NO YMOMYaHWIO NepBas KHOmMKa

vbDefaultButton?2 256 AKTMBHa No YMOI4YaHuio BTopas KHorka

vbDefaultButton3 512 AKTMBHA NO YMOMYaHWIO TPETbA KHOMKA

vbDefaultButton4 768 AKTUBHa No yMonyaHuio YeTsepTas KHormnka

vbApplicationModal 0 [Monb3oBaTenb AOMKEH 3aKPbITb ANANOroBoe
OKHO ANSl NPOAOMKEHNS paboTbl C NpUnoxe-
HUeM

vbSystemModal 4096 Monb3oBaTenb AOMKEH 3aKpbITb AnanoroBoe

OKHO Ansi NPOAOMKeHMs paboTbl C CMCTeEMON

Takum 06pa3oM, OKHO COOOLIEHHSI MOXKET UMETb HECKOJIbKO KHOMOK, MODTOMY
HeOOX0JMMO KaK-TO OMNpeJe/siTh, Kakas KHOMKa Obljla BbiOpaHa M0Jib30BaTEe-
JgeMm. B aTom ciyuae nonesHbl koHcTaHThl W3 Tabu. 4.9. K coxanenuto, ans pa-
60Tl ¢ HUMU B VBScript ux HyKHO NpeaBapUTEIbHO HWHHLMATW3UPOBATH

B SIBHOM BUJE.
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Tabnuua 4.9. KoHcmanmesi VBScript onpedeneHnus pesynsmama
0ns ucnonb308aHuUsi ¢ hyHKyuel MsgBox ()

Nmsa 3HaueHue OnucaHue

vbOK 1 BbibpaHa kHomnka OK
vbCancel 2 BeibpaHa kHornka Cancel
vbAbort 3 BbibpaHa kHonka Abort
vbRetry 4 BeiGpaHa kHorka Retry
vbIgnore 5 BbiGpaHa kHorka Ignore
vbYes 6 BbiGpaHa kHorka Yes
vbNo 7 BbibpaHa kHorka No

BakxHpIM MOMEHTOM TIpU OMpeneSiecHUH KOHCTAHT M MEPEeMEHHBIX sIBIsieTcs 001acTh
HX JOCTYNHOCTH. CrenyeT OTMETHTb, UTO MEPEMEHHbIE U KOHCTAHTHI OMPEAEIIOTCS
B mpouienypax, GpyHKUMAX U Moxynax. [IpaBuno mpocroe: nepemeHHast Wi KOHCTaH-
Ta JOCTyNHa B o0macTu Toro Oyioka, rae oHa ompeneneHa. Ecim oHa onpeneneHa
B MPOLEAYpPE, TO BbI3bIBATH 3TY NEPEMEHHYIO MOXKHO TOJIBKO B TEJIE 3TOM MPOLEAYPHI.
Takue nepeMeHHbIC HA3BIBAIOT JOKANbHBIMU. Ecnu mepemMeHHasd omnucana B MOAYIIe,
TO Ha HEC MOXHO CChUIATHCH B KayKAOH mpoueaype Wiu (QYHKLUMH 3TOrO MOIYJIA.
B stoMm cnyuae roopst, uTo nepemeHHad raodanbHas. Kpome toro, Ha obnacte moc-
TYMHOCTH OOBEKTOB (HE TONBKO MEPEMEHHBIX U KOHCTAaHT, HO (DYHKLMIT U TipoLenyp)
CYILIECTBECHHO BJIMACT HAJIMUME WU OTCYTCTBUE B ONTMCAHUM KITHOUEBBIX CJIOB Public
U Private. Eciu mepemMeHHas onmcaHa OIHUM M3 3THX KITIOUEBBIX CIIOB, TO B KJIO-
YEBOM CJIOBE Dim HET HeoOXoaumocTH. [lepeMeHHas, MHULMAaIU3UpOBaHHas ¢ KITO-
YEBBbIM CJIOBOM Private, TOCTYIHA TOJBKO B MpeAesax TOro CLeHapus, TAe OHa ONH-
caHa. YtoObl mepemeHHas ObLTa AOCTYIHA BO BCEX MPOLIEAYpPax BCEX CLICHAPHCB,
mpuderaroT K NOMOLIU KITFOUEBOTO CI0BA Public.

3amerum, uto B cueHapusx VBScript nepeMeHHble MOXKHO U HE OOBSB/ISTL, & CPasy
BCTAB/IATh B NPOrpaMMHbId KOj. B 3TOM cilyuae ropopst O HEsBHOM OObSIBICHUU
nepeMeHHoON. JlaHHbIA MOAX0/ NPOCT, OJHAKO HE O4veHb 3creTudeH. Ecau B npo-
IPaMMHOM KO/IE MPUCYTCTBYET MHOro umeH ((pyHkuui, npoueayp, NepeMeHHbIX,
KOHCTAHT U T. 11.), 63 SBHOro OnucaHusi B HUX ObIBaeT KpaHe CJIOKHO Pa3odparsest.

MaccuBbl

Heckonpko 0coboe MECTO 3aHHMAIOT TaKHe CTPYKTYPbBI JaHHBIX, KaK MAaCCHUBBHI.
B 06H_IGM cJIiydac 3TO Ha60p OAHOTHUIIHBIX TICPEMCHHBIX C OJUHAKOBBIM HUMCHCM,
a K OTACIBHOM HepeMeHHOﬁ u3 Ha60pa MOKHO 06paH.[aTLC$I o MMCHHM MacCHBa
U UHACKCY (I/I.]'II/I I/IHZ[eKcaM) HepeMeHHOﬁ B 3TOM MacCHBCE. HpI/I OIIMCaHHK MaCCHBa
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HEOOXOIMMO YKazaTh €ro pasMEepHOCTb M, Kak MpaBujo, pasmep. PazmepHocTb
MaccHBa ONpeaeisieT KOIUYeCTBO MHACKCOB, IO KOTOPbIM OAHO3HAYHO UACHTU (-
Lupyercs: mepeMeHHas MaccuBa. Pasmep ompenenseT o0aacTé U3MEHCHHUS WHICK-
coB. Ecnu pasmep maccuBa W3BeCTEeH A0 Hadala BBIMOIHEHUS NPOrpPaMMBbl, TOBO-
PAT, YTO MacCHB CTaTHMUCCKMH. B TpoTUBHOM cilydyae MacCHUBBL SBISEOTCS
OUHAMUYECKUMH, U YUCIIO 3JIEMEHTOB B TAKOM MacCUBE OTIpeacsisieTcs YKe B Ipo-
Lecce peanu3aluy MporpaMMel.

OnuchIBaIOTCS MACCHBBI MPAKTUUECKH TaK Xe, KaK U 00bIYHbIE IEPEMEHHbIe, C TOM
JUILL pa3HULEH, YTO BMECTO MMEHH MEPEMEHHON YKa3bIBaeTCs MMs MaccuBa, a B
CKOOKaXx 3a HUIM — BEPXHME MHAEKChHI 110 Kax /10l 13 pazMepHocTeli (B ciiyuae cra-
THYECKOro MaccuBa). Eciau MaccuB IMHaMUUECKHUi, TO CKOOKH TOC/Ie UMEHH Mac-
cuMBa OCTalOTCA MNycTeiMU. Hanpumep, MHCTpyKUMe#d Dim A(10) omnpeaensiercs
MaccuB A U3 11 nepeMeHHBbIX. DneMeHTOB 11 moTomy, UTo MO YMOIYAHHUIO HUKHHHA
unaeke — 0, a BEpXHHU HHAEKC YKa3aH B JJaHHOM ciiyuyae kak 10.

Ilpumep 0ObsBIACHHUST TPEXMEPHOIO MACCHBA MOXET ObIThb TAKUM: Dim B(5,4,7).
B »ToM maccuBe mepBblii uHACKC U3MeHsieTcss oT 0 go 5, BTopoit — ot 0 10 4 U
Tpetnit — ot 0 10 7. UtoObl 06paTuThes K DJEMEHTY MaccHBa, HY>KHO Mociie uMe-
HU MacCHBa yKa3aTb COOTBETCTBYIOIINE MHACKCH. KomaHmo# B(0,2,5) = 1 a1e-
MeHTy ¢ uHaekcamu 0, 2 u 5 B kauecTBe 3HaUeHUd npucBauBaeTcs ynucio 1.

Kak ormeuasnoch, iMHaMHYECKHE MACCUBbI MHULIMATIM3UPYIOTCS Oe3 yKa3aHus rpa-
HHL W3MEHEHHS WHACKCOB. MHCTpyKUMEH Dim D () OMUCHIBACTCS AUHAMHUYECCKHIA
mMaccHB. Pa3zMepHOCTb M pa3mep 3TOro MaccHBa ONpeAesisieTcsl B NPoLecce BbINOJ-
HeHHd koja. [Ipeanonoum, 4To MacCUB OJHOMEPHBIA U BEpPXHAs FPAHULIA U3ME-
HEeHMs MHJeKca 3aJaeTcs LEeJOUYMCIeHHON NepeMeHHON N, KOoTopasi, B CBOIO Oue-
peab, BBOAWTCS IMOJIB30BATENEM B MPOLECCE BBIMOMHCHUSA MporpaMmbl. Takum
00pa3zoMm, pa3Mep MaccMBa CTAHOBMTCS M3BECTEH YiKe [OcC/e TOro, Kak MporpaMmm-
HBII KOJ 3aIyLIeH Ha BhIMOIHEHHE. [ paccMaTpUBaeMOro JMHAMHAYECKOTO Mac-
CMBa MoOCJe TOro, Kak 3HayeHWe MepeMeHHON N YCTAHOBJEHO, KOMaHJ0H ReDim
D(N) ONpeAestoT pasMep MaccuBa. MHCTPYKUMEO ReDim MOKHO HCIIONB30BATh
CTOJIbKO, CKOJIbKO HYKHO B T€JIe MPOrpaMMbl, OJIHAKO CJe/yeT MOMHHTb, YTO MpU
Tepeorpe/IeIeHlH MapaMeTpoB TUHAMHUYECKOTO MAcCHBA Bci MH(POpPMANHS O €ro
TEeKyLIUX 3JieMeHTax Tepsgercs. [loaTomy BpemeHamMM Mosie3HO pacLUpATh pa3Me-
pBl MaccuBa ¢ MOMOLIBKD MHCTPYKLUMM ReDim Preserve. Hampumep, komaHAoM
ReDim Preserve D(N+5) pa3Mep MaccHBa YBEJMYHUBAETCSH HA 5 3JIEMEHTOB, MpU
3TOM MEePBOHAYAIBHBIC AIEMEHTBl MACCUBA HE TEPSIFOTCAL.

PyHkuum VBScript

B VBScript no cpaBuenuto, Hanpumep, ¢ VBA, dyHKUMHA, KOHEUHO, MEHbLUE, O/IHAKO
st a¢dexkTrBHON paboThl BrioHe xBataeT. B Tabn. 4.10 st dyHKOMH Tiepeunc-
Jenbl B andaBuTHOM nopsiake. Tam ske ecTb WX Kparkoe onucaHue. Te QpyHKUUH,
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UTO 6}7Z[YT HacCTO BCTPCUATHCA B IPUMEPAX KHUT'HU, OINMUCBIBAOTCA bonee HOZ[pO6HO
Mo MEpe MX UCNOJIb30BaHWI.

Tabnuuya 4.10. ®yHkuyuu VBScript

DyHKUMA OnucaHue

Abs () PyHKUMSA BbIYMCEHNS aBCOMOTHOIO 3Ha4YeHNst

Array () DYHKUMSA cOo3AaHUSA MaccmBa AaHHbIX

Asc () DyHKUMS B KayecTBe pesynbTaTa Bo3BpallaeT
YNCTEHHBIN KOA NepBOro CMMBOJIa TEKCTOBOM
CTPOKM, yKa3aHHON apryMeHToOM pyHKLMN

Atn () ApKTaHreHc y1cna, ykasaHHoro apryMeHTom
dyHKUUM

CBool () lMpeobpasoBaHune aprymeHTa pyHKLMM K Normye-
CKOMY noaTtuny Boolean

CByte () MNpeobpasoBaHne aprymeHTa yHKLMM K YNCTIEH-
HOMY noATuny Byte

CCur () lMpeobpasoBaHue aprymeHTa yHKLMM K YACHEH-
HOMY noaTtuny Currency

Chate () MpeobpasoBaHue aprymeHTa pyHKLMM K NOATUNY
AaTtbl Date

CDbl () lMpeobpasoBaHue aprymeHTa yHKLMM K YACHEH-
HOMY noATMny Double

Chr () PyHKUMA NO KOA4Y CMMBOINA BO3BpaLLaeT TeKCTO-
Bbll CUMBOJT

CInt () MNpeobpasoBaHne aprymeHTa yHKLMM K YNCTIEH-
HOMY noaTuny Integer

CLng () lMpeobpasoBaHune aprymeHTa yHKLMM K YACHEH-
HOMY noATMny Long

Cos () DYHKUUS BBIMUCTIEHNS KOCUHYCA

CreateObject () OyHKUMS co3gaHusa obbekTa

CSng () Mpeobpa3oBaHue aprymeHTa hyHKLMM K YNCTEH-
HOMY noaTuny Single

CStr() lMpeobpasoBaHue aprymeHTa yHKLMMN K TEKCTO-
BOMY NoAtuny String

Date () PyHKUMA B Ka4YeCTBE 3HAYEHMSA BO3BpaLLaEeT Te-
KYLLYIO CUCTEMHYIO AaTy

Datendd () PyHKUMA BO3BpaLLAET AaTy, MONy4aloLLyocs 13

TpeTbero aprymeHTa, nytem gobasneHvs nHtep-
Bana (BTopou aprymeHT dyHkumm). MNepebiin apry-
MEHT — CMMBOJT, ONpeaensioWmii pasmepHOCTb
yKa3aHHOro BTOPbIM apryMeHTOM MHTepBana
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Tabnuuya 4.10 (npodosmkeHue)

DyHKUMA OnucaHune

DateDiff () DyHKUUNS BBIMUCTIAET BPEMEHHON UHTEPBAN MEX-
Ay AByMS Jatamu

DatePart () ®yHKLUMA BO3BPALLAET ONpeaeneHHyo YacTb AaThl
(rop, mecsil, Hepens v T. N.), yKa3aHHyo apryMeH-
TOM (PyHKLMM

DateSerial () PyHKUMEl No rogy, MecsiLly U AHIO (apryMeHTbI
dyHKUMM) BO3BpALLAEeTCa Aata

DateValue () PYHKLMSA NO apryMeHTy (aate B TEKCTOBOM chopMa-
Te) BO3BpaLLaeT aaty

Day () Mo aprymeHTy (AaTe) BblYUCNAETCS KONNYECTBO
OHen

Escape () MepekoanpoBka cTpoku B cumeornbl koga ASCII

Eval () PyHKUMA BO3BpaLLAET pe3ynbTaTt BblYUCTIEHUS
BblpaXXeHus

Exp () OKCnoHeHumManbHas yHKums

Filter() DyHKUMS BO3BpaLLL@eT MaccuB, BblAENEHHbIN U3
CTPOKM Ha OCHOBE hmnbTpa (KpuTepus)

FormatCurrency () BosBpallaeT feHexXHoe 3Ha4YeHne C UCMonb3oBa-
HVYeM cMMBONa BanioThl (ONpeaenseTcst cucTem-
HbIMW HacTpoOrKamMm)

FormatDateTime () PesynbTaTt BblMMCNEHMS BbIPaXXEHNS BO3BpaLLA-
eTcs B chopmate Aatbl MU BPEMEHN

FormatNumber () PesynbTaTt BbIMMCNEHMS BbIPaXXEHNSA BO3BpaLLA-
eTcs B chopmate uncna

FormatPercent () PesynbTaTt BbIMMCNEHMS BbIPaXXEHNSA BO3BPALLA-
€Tcs B NpouUeHTHOM chopmate

GetLocale () BosBpaluaeT TekyLlee 3Ha4eHne nokanbHOro
unaeHTndukaTopa

GetObject () BosBpaluaeT cchinky Ha 06bekT

GetRef () BosBpaluaeT ccbinky Ha npoueaypy, CBsidbiBae-
MyI0 C COBbITUEM

Hex () [Mpeobpa3zoBaHne Yncna K ecTHaguaTepuyHom
CcUCTEME CUUCTEHUS

Hour () Mo TekyweMy BpemeHu onpeaensaeTcs nornHoe
4YNCno 4Yacos

InputBox () OTob6paxeHne AnanoroBoro okHa ¢ noremM BBoAa

3Ha4YeHuUd, KOTopoe 3aTteM CHUTbIBAETCA
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Tabnuuya 4.10 (npodosmkeHue)

DyHKUMA OnucaHune

InStr() ®PyHKUMSA BO3BpaLLaeT NO3MLUI0, HAYNHASA C KOTO-
po ogHa CTpoKa NOBTOPSAETCS B APYron

InStrRev () DyHKUMS BO3BpALL@ET NO3MLMI0 C KOHLLA CTPOKMU,
HauMHas C KOTOPOM OAHA CTPOKa NOBTOPSIETCS B
Apyroi

Int () OyHKUMS BO3BpALLIAET LENy0 YacTb YNCNa, YKa-
3aHHOro apryMmeHTom cpyHKkumu. Ecnv ymcno or-
puuaTensHoe, TO OHO OKPYrNseTcs A0 Lenoro
uncna, He Gonbluero aprymeHTa

Fix() ®PyHKUMA BO3BpaLL@ET Lenylo YacTb Yyncna, yka-
3aHHOro apryMmeHTom cpyHkumu. Ecnv ymcno or-
puuaTensHoe, TO OHO OKPYrMseTcs A0 Lenoro
yncna, He MeHbLLEero apryMmeHTa

IsArray () [MpoBepka, aBnseTca N apryMeHT pyHKUuMn mac-
C/BOM

IsDate () lMposepka BO3MOXHOCTM Npeobpas3oBaHus apry-
MeHTa (PyHKLUMK K 3HaYeHWIo Tuna gata

IsEmpty () lMpoBepka BbINONHEHNS NHULMan3auumn nepe-
MEHHOM

IsNull () lMposepka, CoaepPXnUT N apryMeHT AaHHbIe

IsNumeric() MpoBepka, MoxHO nv Npeobpa3oBaTtb aprymMmeHT
K 3HAYEHUIO YNCMEHHOTO TUNa

IsObject () [MpoBepka, sBnseTca N apryMeHT nepemMeHHomn
006BbEKTHOrO TMNa

Join () PyHKUMSA DOPMUPYET CTPOKY NyTEM OObEeANHEHUS]
NoACTPOK

LBound () PyHKUMSA BO3BpaLLAeT HUXKHIOK rpaHuLy mMmaccusa

LCase() lMepeBoa CMMBOMNOB CTPOKM B HUXHUIA PErncTp

Left () BblaeneHne NOACTPOKN N3 CTPOKK, CoAepKaLlemn
ykasaHHOE Y1CNOo CUMBOMOB OT Hayana CTPOKM

Len () [nuHa cTpokn B cumBonax unu 6arnrtax

LoadPicture () BosBpaluaeTtca 06bekT pucyHka

Log () DYHKUMNS BbIMUCTIEHNS HAaTyparnbHOro norapudmMa
OT aprymeHTa yHKLUN

LTrim() Konuns cTpokn 6e3 HayanbHbIX Npobenos

Mid () BbigeneHne n3 cTpoky (NepsbIi apryMeHT) noacTpo-

Ky onpeaeneHHon AnnHbI (BTOPOWN apryMeHT), Hauu-
Has C yKa3aHHOro CUMBONA (TPETWIN apryMeHT)
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Tabnuuya 4.10 (npodosmkeHue)

DyHKUMA OnucaHune

Minute () Mo TekyweMy BpemeHu onpeaensaeTcs nornHoe
YNCIO MUHYT

Month () [No paTe BblYUCIISAETCA MOMHOE YNCITIO MECSILIEB

MonthName () DyHKUMS NO HOMepPY MecsiLia Bo3BpaLlaeT ero
TEKCTOBOE Ha3BaHue

MsgBox () OTobpaxkeHne AnanoroBoro okHa coobLleHus

Now () DyHKUMS BO3BpALLL@ET TEKYLLYIO CUCTEMHYIO AaTy
n Bpems

Oct () [Mpeobpa3oBaHne Yncna K BOCbMEPUYHON CUCTE-
Me CYMCrieHns

Replace () C nomoupto hyHKLUMN B TEKCTOBOW CTPOKE Bbl-
NonHsieTcs 3aMmeHa OAHMX MOACTPOK Ha Apyrue

RGB () BosBpallaeT uncrnoBoe 3HaveHue, onpeaensio-
wee useT B hopmate RGB

Right () DYHKUMNS U3 CTPOKM, HAYMHAs C yKa3aHHOW No3u-
Luun, Bo3BpaLLaeT NoACTPOKY YCTaHOBIIEHHON
ONVHbI

Rnd () DYHKUNS reHepMpoBaHUA Cry4aHOro Yyucra B
AnanasoHe 3HayeHur oT 0 o 1. ApryMeHT dyHK-
LM MOXET He yKasbiBaTbCcA. Ecrin oH ykasaH, To
ucrnonb3yeTcs B kayecTBe 6a30BOro 3HauyeHus
Anst opMUpOBaHMS NoCrneaoBaTeNlbHOCTM CIly-
YanHbIX Yymcen

Round () OkpyrneHue yncna (NepBbli apryMeHT) A0 KOmnu-
YecTBa 3HaKOB, yKa3aHHbIX BTOPbIM apryMeHTOM

RTrim() Konuns cTpokn 6e3 koHeYHbIX npobenos

ScriptEngine () BosBpallaeT TEKCTOBYIO CTPOKY, COObLLaoLLYI0

ScriptEngineBuildVersion ()

ScriptEngineMajorVersion ()

ScriptEngineMinorVersion ()

Second ()

SetLocale ()

O TOM, Kakom A3blK cLileHapueB ncnonb3yeTca

Homep Bepcum ycTporictBa 06paboTku cLeHa-
pues

OcHoBHoI HOMep Bepcuun ycTporcTea obpaboTku
cueHapveB

[ononHuTenbHbI HOMEp BEPCUM YCTPONCTBa
06paboTkm cLeHapneB

®YHKLMA N0 BPEMEHU onpeaensieT KoMYecTBo
CeKyHp

YcTaHoBKa fokanbHOro naeHtudpukatopa
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Tabnuuya 4.10 (npodosmkeHue)

DyHKUMA OnucaHune

Sgn () ®yHKUMSA BO3BpALLAET 3HAK YMcna — aprymeHTa
dyHKuMK. [na Hyns BO3BpaLLaeTCs HyneBoe 3Ha-
YeHune

Sin () DyHKUUS BBIMUCTIEHNS CUHYCA

Space () DyHKUMS BO3BpALLIAET CTPOKY, COCTOSLLYIO U3 YKa-
3aHHOro aprymMmeHToM yHKUMKM ymcna npobenos

Split () OyHKUus pa3buBaeT TEKCTOBYIO CTPOKY Ha Noa-
CTPOKM, KOTOPbIE POPMUPYIOT Maccus. SnemeH-
TamMu maccusa SBnSaTCa noacTpokn. CTpoka Ha
NoACTPOKM pa3busaeTcs B COOTBETCTBMMN C pas-
MELLIEHNEM B CTPOKE CUMBOIOB-pasaenmTenen

Sqr () KopeHb KBagpaTHbI U3 uncna — aprymeHTa
yHKUMK

StrComp () PyHKUMSA CpaBHEHMS CTPOK. PesynbTaTom sBnsi-
€TCH Yncno

String () PyHKUMA DOPMUPYET TEKCTOBYIO CTPOKY, NOMy-
YalLLyCs NyTem NOBTOPEHUS CMMBOna (BTOPOiA
aprymeHT). Yncno noBTopeHun onpeaenseTcs
nepBbIM apryMeHTOM OyHKLMU

StrReverse () OyHKUMS BO3BpALLI@ET CTPOKY, NONy4YaloLLycs ns
yKa3aHHON apryMeHToOM (PyHKLMKN CTPOkm obpa-
LLEHneM nopsaka criefoBaHns CUMBONOB

Tan () DyHKUNS BBIMUCTIEHNSI TAHIEHCa

Time () PyHKUMA BO3BpaLL@ET CUCTEMHOE BPEMS

Timer () DyHKUMS BO3BpALLIAET YMCMO CEKYHA, HauMHasi C
NOMyHOYM A0 TEKYLLEro MOMEHTa

TimeSerial () Mo aprymeHTam yHKLMN (Yacbl, MUHYTbI, CEKYH-
Abl) BO3BpALLL@ETCHd MOMEHT BPEMEHM

TimeValue () PyHKUMA npeobpasyeT Bpems B TEKCTOBOM hOp-
MaTe k popmaty gatbl Date

Trim() Konunsi cTpokn 6e3 HayanbHbIX Y KOHEYHbIX NPO-
6enos

TypeName () DyHKUMUS BO3BpALLL@EeT CBEAEHUSA O NepeMeHHOMN,
yKasaHHOWN aprymeHToM dyHKLMK

UBound () PyHKUMSA BO3BpaLLaeT BEPXHIOK rpaHuLly MaccuBa

UCase () [MepeBoA CMMBOMOB CTPOKM B BEPXHUI PEFUCTP

Unescape () [ekoanpoBKa TEKCTOBOW CTPOKM, MEPEKOANPO-

BaHHOW C NOMOLLbIO PYHKUMU Escape ()
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Tabnuuya 4.10 (okoH4aHue)

DyHKUMA OnucaHue

VarType () dyHKUMS BO3BpALLa@eT Liernoe Yncno, onpeae-
nsiloliee NoaTVN yKka3aHHON apryMeHToOM pyHKLUMN
nepemMeHHon

Weekday () DyHKUMS No AaTe BO3BpaLLaeT AeHb Heaenu
(uncno)

WeekdayName () ®PyHKUMSA No AaTe BO3BpaLLAET AeHb Hedenu (Tek-

CTOBYIO CTPOKY)

Year () DyHKUMS No gaTe onpeaenseT norfHoe Ynucno net

Ha ocnoBe BcTpoeHHbIX ¢yHKuMii VBScript MOXKHO co3maBaTh COOCTBEHHBIC.
[Ipumepom MOTYT cyKHUTh MPOU3BOAHBIE MaTeMaTH4YecKue (PYHKLUWH, TAKHE KaK
TUNEepPOOIUYCCKUI CHHYC U KOCHHYC, CEKaHC U KOCEKAHC U Pl APYIHUX.

Yto kacaercst BbizoBa pyHKumMil (M npoueayp) B NPOrpaMMHOM KO, TO J1€1aeTCsl
9TO Kak OObIYHO, yKazaHMeM UMeHW ¢YHKUuMM (Npoueaypbl) ¢ nepeaaucii apry-
MEHTOB (eC/in HEOOXO0AUMO) B KPYIJibiX ckoOkax. OaHako e€cTh U Jipyroi ¢cnocod
nepejaun aprymeHToB. Mx MoxHoO yka3biBaTh nocje Ha3BaHusl GyHKUWH (03 cKo-
00k), pasaenss 3ansaTbiMi. B o0oux ciyuasx cieayer crporo cobitoaars npeio-
npejaeieHHbld Nopsaok apryMeHToB. OaHako eciu y (PYHKUMH WK MPOUeLypbl
aprymMeHTbl KIMEHOBaHHbIE (T. €. apryMeHTbl UMEIOT CBOE MMS), TO NepeaaBarTh UX
(YHKLMK MOXKHO B NPOW3BOJILHOM Mopsjke. B aTom cilyuae yka3biBaloTcs pasjie-
JIEHHbIE 3aMATbIMU Mapbl: UM aprymMeHTa u ero 3HadeHue. Mms u 3HaueHue pasje-
JSI0TCA CrielManbHbBIMU OMepaTopaMu: ABOETOUME U 3HAK paBEHCTRA (:=).

Onepatopbl VBScript

B VBScript cyluecTByloT cambie pasHble Oneparopbl, Kak MpaBwio, COOTBETCT-
BYIOIUE OCHOBHbIM MAaTEMaTHYECKUM W JIOrMYeCKMM onepauusm. B tabn. 4.11
npejacTapieHbl apupmernueckue oneparopsl VBScript.

Tabnuuya 4.11. Apucbmemuueckue onepamops! VBScript

Onepartop Mpumep BLI3OBA OnucaHue

+ a+b Onepatop crnoxeHusi. PesynbTaTtoM one-
paunu SABNAETCS CyMMa Ymcen-
onepaHoB BblpaXXeHus!

- a-b OnepaTtop BbluMTaHUA. Pe3ynbTaTtom sB-
nsieTcsl pasHOCTb OnepaHaoB, BXOASLUMX
B COOTBETCTBYIOLLEE BbIpaXeHNe
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Tabnuua 4.11 (okoH4yaHue)

Oneparop MNpumep Bbi3oBa OnucaHne

* a*b Onepatop yMHOXeHus1. PedynbTat — npo-
13BELEHNEe OnepaHaoB BbIPaXKeHUs!

/ a /b OnepaTtop geneHusi. Pesynbtatom sBns-
€TCS YaCTHOE OnepaHAoB BblpaXeHUs

\ a\b OnepaTop LenoYncrneHHoro geneHus.
Pesynbtat — uienas 4yactb 4acTHOro one-
paHAoB BblpaXeHUs

a b OnepaTtop BO3BeAEeHMUS B cTeneHb. Pe-
3ynbTaToOM SIBNIIETCS YNACIIO, paBHOE nep-
BOMY OrnepaHay B CTENeHu, onpeaense-
MO BTOPbIM OnepaHaoM

Mod a Mod b OnepaTop genexHus no mogyno. Pesynb-
TaT — OCTaToK OT LIENOYUCIEHHOTO Aene-
HUA onepaHaoB BblpaXXeHnsa

= a=> OnepaTop npuceamBaHus. lNepeMmeHHON,
yKa3aHHOW B NEBOW YacTu oneparopa,
npuceBanBaeTCcs 3HauYeHune, onpeaensiemoe
BbIpaXX€HVEM B NPaBoi YacTu oneparopa

[TpUOpPUTETHOCTL OMEPATOPOB OMPEAENAETCA MPUOPHUTETHOCTHIO COOTBETCTBYIO-
IKUX Maremarudeckux onepauuit. OnHAKO A HAAEKHOCTH MOKHO MOPEKOMEH-
JIOBaTh CKOOKH, KOTOPBIE HE TOJILKO MO3BOJISIOT U3MEHATh €CTECTBEHHbBIN MOPII0K
BBIMOJHEHWS ONEPaLUii, HO U CTPYKTYPUPYIOT MPOrpaMMHBIN KO, feias ero 6o-
Jiee YAOOHbBIM J1J1s1 YTEHHUSI,

[epexoanpiMu MeKAY apUPMETHHECKUMH U JIOTHYECKUMU OTIEpaToOpamMy SBISIOT-
s OlepaTopbl CPABHEHUSI, KOTOPbIE MOXKHO HalTH B Tabm. 4.12.

Ta6bnuua 4.12. Onepamops! cpasHeHus: VBScript

Oneparop Mpumep Bbi3oBa OnucaHune

= a=> Onepatop pasHo. Pesynbtat — 3Haue-
HMe True, ecnu o6a onepaHga uMeT
OJVHaKoBble 3HayeHusl. B npoTnBHOM
cnyvyae — False

> a>b Onepatop bonbwe. Pesynbtat — 3Have-
HWe True, ECNW NEPBbLIN ONepaHa CTporo

HonbLe BToporo. B npotneBHoM crnyyae —
False




304

aea 4

Tabnuua 4.12 (okoH4yaHue)

Onepatop

Mpumep BbiIzoBa

OnucaHue

<

<>

Is

a<b

Onepartop meHbwe. Pesynbtat — 3Ha-
YeHue True, €CNY NEPBbLIN onepaHs,
CTPOro mMeHbLue BTOporo. B npotusHom
cnyvyae — False

OnepaTtop He MeHbwe. Pe3ynbtat —
3Ha4YyeHne True, ecnun I'IepBbIVI onepaHa
He MeHbLle BTOPOro. B NPOTUBHOM CIly-
yae — False

Onepatop He 6onbwe. Pesynbtat —
3HayeHue True, €CNY NEPBbIN onepaHs,
He BGonblue BTOpOro. B npoTtueBHOM Criy-
Yyae — False

Onepatop He pasHo. PesynbTat — 3Ha-
YyeHue True, €CIM NEPBLIN ONepaHa He

paBeH BTOpPOMY. B NPpOTUBHOM Ccrny4yae —
False

Onepatop cpaBHeHUss o6bekToB. Oba
onepaHaa A0MmkHbI ObITb CCbINKamu Ha
06beKT, T. €. UMeTb TN Object. Pe-
3ynbTaT paBeH True, ecnu ob6a onepax-
Ja CCbInatlTcs Ha OAWH U TOT e OOBbeKT.
B npoTtuBHOM cniyvyae — False

Pe3ynbTaToM BBIYMCIICHHS BbIPOKEHUH, COAEpIKALIMX OMNEPaTopbl CPaBHEHUS,
MOXKeT OBITh 3HAYEHWE Null, €ClHM XOTsA Obl OJMH W3 ONEepaHAOB PaBeH Null
(He umeeT 3HaUEeHUST).

Jloruyeckux oneparopos B VBScript Bcero niects (Tadn. 4.13).

Tabnuya 4.13. /loeuveckue onepamops! VBScript

Onepartop Mpumep BLI3OBA OnucaHue

And a And Db Jlornyeckoe M. Pe3ynbTaT paBeH True,
ecnu oba onepaHaa paeHbl True. B npo-
TUBHOM crnyyae — False

Eqv a Eqv b OnepaTop normyeckoro paBeHcTBa. Pe-

3ynbTar paBeH True, €CMNN 3HAYEHNA
onepaH4oB COBMagaloT, U False B Npo-
TUBHOM Criy4ae
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Tabnuuya 4.13 (okoH4YaHue)

Oneparop Mpumep BbizoBa OnucaHne

Tmp a Imp b Onepatop umnnukauun. PesynbTart pa-
BEH False TONbKO B TOM Criyvae, ecnv
nepBblii orepaHf paBeH True, a BTOPON
paBeH False. B npotuBHom cnyyae pe-
3ynbTaTtom byaeTt True

Not Not a Jlornyeckoe oTpuvuaHme. 3TO YHapHbIN
onepartop. PesynbTaTt ero BeinOnNHeHus
paBeH True, €CNX ONepaHa, paBeH
False, 1 Ha0BOPOT: ecnu onepaHy pa-
BeH False, pe3ynbTaTtom OyaeT True

Or a Oor b Jlornyeckoe MJIN. PesynbTat paBeH
True, ecnn xoTs 6bl 0OANH U3 onepaHaoB
paBeH True. B npoTnBHOM cnyyae pe-
3ynbTaT paBeH False

Xor a Xor b JNlornyeckoe ncknovatowee MJ1N. Pe-
3ynbTaT paBeH True, €CNy TONbKO OAWH
13 onepaHaoB paBeH True. B npotuBHOM
crnyyae pesynbTaT paBeH False

Tabnuua 3HaueHU JOrMUECKUX ONEPATOPOB, MPHU YCJIOBUM, YTO OJMH WU 00a
oreparopa NPUHUMAIOT 3HAYEHUE Null, UMEET HEeKOTOpble ocobeHHocTH, Ocra-
HaBJIMBATBLCS 3/1€Ch HA 3TOM HE OY/JIeM, OJIHAKO €CJIM TaKasi CUTyalust BCTPETUTCS
(T. €. OAHUM W3 3HAYEHUE MOXKET OKa3aThCs Null), CEAyeT NOMHHUTDb, YTO HE BCEra,
€CJIU OJIMH U3 OMEPaH/I0B paBeH Null, OyjIeT TAKHUM K€ W KOHEUHbIN pe3y/bTar.

Kpome ynoMsHyTBIX, YCTICIIHO HCIOJNB3YETCS B MPOrPaMMHBIX KOJAaX OMEpaTop
KOHKaTCHALMH, ¢ MOMOILBI) KOTOPOIO BBHIMOMHSETCS OOBEIWHEHHWE TEKCTOBBIX
cTpok. OH 0003HavaeTCa CUMBOJIOM &. TaKkyKe HY:KHO y4UecTb, YTO €CJIH MO CpaB-
HEHMIO K TEKCTOBBIM CTPOKaM NMpPUMEHSETCs omnepaius apudMeTHUECKOTO CIOXKe-
HUS, TO CIIOKEHHUE B TAKOH CUTYaLMM UHTEPIIPETUPYETCS KaK KOHKaTCHALIUS.

YcnoBHble onepaTtopbl VBScript

B nto6oii Mano-malibCKy MPUIMYHON MporpamMe ecTh TOUKH BETBJIEHUS allrOpHT-
Ma. YacTo OHM peasiM3yrOTCsi C MOMOIIBIO YCJIOBHBIX OneparopoB. B ycrioBHOM
onepaTope NMpoBepsieTcs YCIOBHE, W €CJM OHO MCTHHHO, BBIMOJIHSETCS onepaTop
WJIA NOCJIeA0BATENbHOCTL ONEPaTopoOB; €CN YCIOBHE JIOXKHO, BBIMOIHAETCS ApY-
roii onepaTop WM MOCAeA0BaTENbHOCTbL oneparopoB. CyllecTBYET yNpOLIEeHHbIH
BapUaHT YCJIOBHOrO oneparopa, Korja onepaTop Wid Mocjie 0BaTeIbHOCThb onepa-
TOPOB BBIMOJIHIETCS MPU UCTHHHOM YCJAOBUM (T. €. Ha ciydail HecobJIoAeHus



306 aea 4

YCIIOBHUS OTiepaTophl He IpemaycMoTpensl). B VBScript ycmoBHBIN onepaTop pea-
JU3YeTCS ¢ TOMOLIBIO KOHCTPYKLUMH If..Then.Else (YINPOIICHHOMY BapUaHTy yc-
JIOBHOTO OMEPaTopa COOTBETCTBYET KOHCTPYKLMUSA If..Then).

Iocne kiIoUueBOro ¢noBa If yKa3blBa€TCsA YCIOBUE, TPOBEPSAEMOE HA NPEAMET UC-
TUHHOCTH. [locye 3TOro ycioBusi CneayeT KIO4YEBOe CIOBO Then. B ciyuae uc-
THHHOCTH YCJIOBUsl OYYT BBIMOJHEHbI BCE ONEPaToOpbl, yKazaHHble (¢ HOBOH CTpO-
KW) BCJeJ 3a KIIOYEeBbIM CJOBOM Then. OnepaTopbl, BbINOJHIEMbIE MNpPU
HeCOOJIIOIGHUH YCIIOBHS, YKa3blBAlOTCS (TaKiKe C HOBOW CTPOKHM) 3a KJIIOUYEBBIM
CIIOBOM Else. 3aKaHYMBAETCS YCJIOBHbBIH ONEpPaTop MHCTPYKLMEH End If.

CyuecTByeT yNpOLICHHBIH BapUaHT YCIOBHOTO omeparopa. Bece MHCTpykuumn u
OTepaTopbl pa3MeLIaloTesl B OOHY CTpoKy. KoHeuHas koMaHAa End If NPU 3TOM
HE Hy>KHa.

Hepeako ripu coctaBieHUN NpPorpaMM YCJIOBHbIC ONEPAaTOPbl ObIBAIOT BJIOKEHHbI-
MU JIPYT B JIpyra, T. €. B TeJe YCJIOBHOIO OnepaTopa BbI3bIBAIOTCS JPYrue yClIOB-
Hble oneparopbl U T. A. HeckoJbKO BIOKEHHBIX YCIOBHBIX OMNEPaTOPOB CYLIECT-
BCHHO YCIOXKHAOT BOCIIPUATUE Koaa. ITone3HbiM MOIKET OKa3aTbCi
MoAU(UUIMPOBaHHBIA YCAOBHBIH oneparop If..Then.ElseIf. OnepaTop peajiusy-
ercs no ciaeayroineil cxeme. CHauana npoBepseTcss YCIOBHE MOCHe WHCTPYKLMU
1f. Eciu OHO MCTUHHO, BBINOJHAETCS Ipynna onepaTopor B Ojoke Then. [locie
MHCTPYKLHH Then CJIEAYET HHCTPYKLHUS ElseIf C YCIOBHUEM, KOTOPOE MPOBEpPAET-
csl MPU HEUCTHHHOCTH NepBoro yciorus. Onepatopbl, yka3zaHHble B 3TOM OJioke
MOCJI€ UHCTPYKUHHU Then, BbINOJHAKOTCS Mpru ICTUHHOCTU BTOPOIO YCIIOBUA. I[anee
MOXKET CJ1e/10BaTh elle O/IuH OJIOK Elself, ONepaTopbl KOTOPOro (Mocie UHCTPYK-
UMK Then) BBIMOJHAIOTCS MPU COOIOAEHUH COOTBETCTBYIOLIETO YCJAOBHS, U T. A.
Ilocnenuuii 6510k ONEPATOPOB MOCE UHCTPYKIIMK E1lse BbINOJIHAETCS, €C/IA Cpeau
BCEX MPOBEPECHHBLIX yCJ'lOBl/lﬁ HC HALJIOChb UCTHUHHBLIX.

Ha mpaktuke cTpyKTypbl U3 GOJBIIOTO HYMCa BIOKECHHBIX OMEpaTOPOB BCTpeva-
I0TCSL pellko. AJNIBTCPHATHBOM MOXKET CTaTh OMepaTop Bbldopa select..Case. CHH-
TaKCHC BBI30Ba 3TOTO omepaTopa cieAyromuil. CHavana yKka3bIBarOTCs KIFOUEBBIE
ClIoBa Select Case. Ilocie 3TOH WMHCTPYKIMH 3aluCHIBacTCA NMEpeMeHHas (MIu
BBIPKEHHE), 3HAUEHUE KOTOPOH (WX KOTOpPOro) MpoeepseTcs. Bo3aMoxkHbIE BapH-
aHTBI MEpPEUNCIIEHBI NTOCIIe HHCTPYKIMH Case. Tam ke yKa3aHBI ONEpaTOpHl, BbI-
TIOJTHAEMBIE B ClIydae COBNAAEHWA 3HaueHWH. [Ipy 3TOM NMpOBEpOUHBIX 3HAYEHUI
Mocje MHCTPYKLUHHU Case MOXKET OBITh HECKOJIBKO (OHHM pa3ieistoTcsl 3ansSThIMU).
[ocnenneit B onepatope BbIOOpa MOXKET ObITh MHCTPYKLMs Case Else. IlpoBe-
pOUHOE 3HAUEHWE I 3TOW MHCTPYKLIHMH HE YKa3bIBacTCA, a COOTBETCTBYIOIINE
OTlepaTOpBI BBHIMOIHAIOTCA, €CJIH MPOBEpsieMOe 3HAUCHHE HE COBIAIO HHU C OJHUM
MpeabIAYIIMM TIPOBEPOUHBIM 3HAYCHHEM. 3aKaHUMBAETCs ONEpaTop BbIOOpa WHCT-
PYKUMEN End Select.
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OnepaTopbl unknos VBScript

Yacto mporpaMMbl COCTaBJIAIOTCS IS TOTO, YTOOBI aBTOMATU3UPOBATH MPOLIECC
MHOTOKpPaTHOIO TOBTOPEHHMS OJHOTHUNHBIX AcicTBuil. HesameHuMBI mpu 3TOM
onepatopsl LMKIOB. B VBA ecTh HECKONMBKO CTaHAAPTHBIX CIIOCOOOB UX peanu3a-
uuu. BHauane paccMOTpUM KOHCTPYKLUIO For..Next.

Oneparop uukia For.Next 00bIYHO YJ00€H B TeX CilyyasiX, KOIrJa HY»HO M0C/1e/10-
BaTE€/IbHO MOBTOPUTH ONPEAEIIEHHOE YMCIIO OJHOTUIHBbIX AeUcTBUi. B oneparope
MMEETCSl NEPEMEHHASI-CHETUUK, KOTOPasi C HauyajlbHbIM 3HAYEHUEM YKa3blBaeTcs M0-
CJle KJIKOYEBOIo ciioBa For. Jlajee ciie/lyeT KJIIOUYEBOE CJIOBO To, I10C/E€ KOTOPOIo
YKa3bIBalOT KOHEYHOE 3HaY€HUE NnepeMeHHoH-cueTuruka. HakoHel, nocie KiroyeBo-
I'o CJI0Ba Step MOYKHO YKa3aTb LAl U3MEHEHUs NIepeMeHHo-cueTurka. Ecnu war He
yKa3aH, OH [0 YMOJIHaHUIO noJaraercsi paBHbiM eauHuue. llocie aroro cieayer
Cepusi ONEPaTopoB, BbINOIHIEMbIX MPU (DUKCUPOBAHHOM 3HAYCHUH [EPEMEHHOM-
CUETUMKA. 3aKaHUUMBAETCs MOCAEI0BATE/IbHOCTL OMNEPATOPOB HMHCTPYKIMEH Next,
noc/ie KOTOPOM 3allMCblBAlOT HAa3BaHUE NEPEeMEHHON-CUeTUMKa, XOTS N0C/e/Hee
JenaTh HEOOS3aTeNLHO.

He Bcerma mocienoBaTeNbHOCTH BBITIONHACMBIX ONEPAaTOPOB YAASTCS CBA3ATh
¢ TepeMeHHO#-cueTdyrkoM. Hepeako ckiafpiBaeTes Takas CUTyalus, Koria rpymmna
oTieparyii BBITIONHIAETCS 1O OTHOLICHHIO K OOBEKTaM U3 OMpENeICHHOTO MHOMKe-
ctBa. CrienManbHO I 3TOTO MpefHa3Ha4YeH Orneparop For Each..Next. CHHTaK-
CHC BBI30Ba OmepaTopa cieayroummi. [locae HHCTPYKIHMU For Each yKa3bIBaeTCs
UMs TIepeMeHHOU [isi mepebopa 00BEKTOB M3 0a30BOM KOJUIEKIMH (MHOXKECTBA)
00BEKTOB. DTO MHOKECTBO CIIEIyeT 3a KITFOUEBBIM CIIOBOM In. [lanee mepeduncis-
IOT BBITIOJHACMbIe HaJ OOBEKTaMH KOJUICKLMH OTIepalliH, a 3aKaHUYMUBACTCS STOT
OJIOK MHCTPYKIHEH Next (MOKHO YKa3aTh TiepeMeHHYIO repedopa 00BEKTOB).

PaHee paccMaTpuBaiuch OnepaTopbl LMKIA, B KOTOPbIX KPUTEPUEM OKOHYaHHs
npouecca ObUIO JOCTHKEHHE MEPEMEHHOM-CUETYUKOM I'PAaHUYHOTO 3HAYEHHUS] U
nepebop Bcex oObLEKTOB U3 6a30BOl KosuleKlMH. Enle oaHUM KpuTepHem MOoxKeT
ObITb BBIMOJIHEHUE OIPE/eIEHHOro ycioBus. Jlpyrumu ciosamu, nocieaoBaTesb-
HOCTb JCHCTBUI BBIMONHAETCS 10 TEX MOP, MOKa HEKOTOPOe YCJIOBUE HE OYy/IET Bbl-
nonuHeHo. PeannzoBano ato moskeT ObiTh Tak. CHavasna, Hanpumep, NpoBepseTcs
YCJIOBHME, U €CJIM OHO He SIBJISETCS MCTUHHBIM, BbIMOJIHAETCS MOCJIE0BaTeIbHOCTh
oneparopos. [locse 3roro yciosue nposepsercst cHosa. Eciiv OHO ocTaeTcs Heuc-
THHHBIM, CHOBA BBIMOJIHSAIOTCS ONEpaTopbl, M TakK A0 TeX Mop, MoKa CUTyalusd He
U3MEHHTCS U YCIOBUE He cTaHeT UcTUHHbIM. B VBA 1o Takoii cxeme paboraer
oneparop Do..Loop. B pamkax 3Toro uuiia BHauajae WM KOHLE YKa3blBaeTCs Mpo-
BEpsieMOe YCJIOBHE. Y CIIOBUE MOXKET YKa3blBAThCS [10C/IE KJIFOUEBOro CJ/IOBa While
i until. Ecnu ycnoBue ykazaHO Nociie KJHUeBoro cjloBa While, TO ONeparop
LIMKJIa BbINOJIHAETCA, MOKa YCJIOBUE HE CTaHeT JIOXHbIM, T. €. /U BbINOIHEHHs
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oreparopa Hy»KHO, 4TOOBI yCJIOBHUE OBLIO HCTHHHBIM. YTOOBI OmepaTop LUKIA BbI-
MOJTHSJICS. TIPY HEBBITIOJIHGHUH YCIOBHS, 3aJal0T KIIOUEBOE cI0BO Until. Eciwm
YCIIOBHE YKa3aHO B Havaje ornepaTopa LMK, TO OHO NpOBEpSETCs Mepea Hemno-
CPEACTBEHHBIM BBITOJTHEHUEM KOMaHA LHKJa. TeopeTHueckn BO3MOKHA CUTYaLUs
(B 3aBHCUMOCTH OT MCTHHHOCTH YCIJIOBHS), KOTJa AO BBIIOJIHEHHUs KOMaHA OeJo
BooOIe He AoiineT. Ecnu ycnoBue pasMmelieHO B KOHLE oreparopa LUKia, TO ce-
pust KoMaHA OyJeT BBITOHEHA, IO KpaiiHell Mepe, OQUH pa3, U TOJIBKO MOocie 3To-
[0 IPOBEPSETCS YCIIOBHE.

OnepaTopbl LHUKIOB Do..Loop — MOILIHBIA UHCTPYMEHT MPU CO3/aHUU MPOrpaMm-
HbIX KOJIOB, KOTOPbIH TauT, 0HAKO, U CKPbITbIE OMACHOCTU. B OCHOBHOM OHU CBS-
3aHbl C KOPPEeKTHOM 00paboTKol U onucaHueM YCJOBUI Bbixoaa u3 uukia. Beab
JladKe Majielias HeTOUHOCTh MOXKET MPUBECTH K CEPbE3HbIM ¢OOsIM B paboTe npo-
rpammbl.

MNMpoueaypbl n hyHKUMM Nonb3oBaTens

Ilpouenypsl U dyHkunu VBScript BblaenstoTes B crielyajibHble MPOrpaMMHbIC
6noku. Jlns npouenyp MHCTpyKUMeH Havasa Gyloka SBsIeTCsl KIIOUEBOE CIIOBO Sub.
OyHKUMS 00BIYHO HAYMHAETCS C KJIOYEBOro cjioBa Function (0OBIYHO, NOTOMY
YTO Mepe/l KJIIOUEBbIMU CJIOBAMM Sub M Function MOTYT pa3MellaThbCs MHCTPYK-
UMK Private U Public). 3akaHunBaeTcs OJIOK NPOLCAYPbl MHCTPYKLMEH End Sub,
a QyHKIMU — End Function.

HUmsa Qynxuuy unm npoueaypsl yKa3plBaeTca MOCHIE KIIOUEBOrO CJIOBA Havasa co-
OTBETCTBYIOILLETO 0soka. B KpyribIX cKoOKax MEepedMcsSOTCS apryMEHTHI, €Ciu
Takue ecTb. KoHKpeTHBIH Ko mpouenyp U (GYyHKLUHMH CYLIECTBEHHO 3aBUCUT OT TO-
ro, I Yero 3TU mpoueaypsl U GyHkumMu coszgarores. Janee OyayT paccMOTpeHBI
HeOoNbLINe IPUMEPBHI.

Yro KacaeTcs KJIIOYEBBIX CJIOB Private M Public, TO UX HA3HAYEHHWE WU Pe3yJibTaT
npuMeHeHus npu pabore ¢ npoueaypaMy U QYHKUMSIMHA MPAKTHUYECKH TaKUe xKe,
KaKk U B cllyyae nepeMmeHHsIX. IIpouenypa, onucaHHas kak Private, AOCTYIHA
B Npejienax cojepkaliero ee cueHapus. Ytodbl paciuMputb 001acTh I0CTYMHOCTH,
PEKOMEH/1yeTCsl yKa3aTh KJIKOUEBOe CJIOBO Public.

OToGpaxxeHne AManoroBbIX OKOH

Jlaneko ne nocieaHuid MOMEHT Mpy paboTe ¢ PazIMUHBIMU MPUIIOKEHUSIMH, B TOM
unciie 1 Mathcad, — B3aumozelcTBUe U OOMEH JaHHBIMU T10JIL30BATENS U [PUIIO-
skenus. MckmounTensno ya00HO Aenarth 9TO ¢ NOMOLLBIO IMANIOroBbIX OKOH. B cue-
Hapusix VBScript 00bIMHO NporpaMMHBIMU METO/IaMH OTKPbIBAIOT OKHA JIBYX THUIIOB:
OKHO COOOLLEHHUSI U OKHO BBO/IA 3HaueHHs. OCTaHOBUMCS Ha 3TOM NojipoOHee.
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Jns otobpaxeHUss OKHA COOOINCHHS MPUMEHAOT (QYHKIMIO MsgBox (). OHa
B o0ulemM c¢llydyae MOXKET MMEThb JI0 MATU MMEHOBAHHBLIX apryMEHTOB, U3 KOTO-
pBIX 00s3aTeeH TONBKO OJWH, — TEepPBBIA. APTYMEHTHI (GYHKIIUH Tepeuncie-
Hbl B Tab. 4,14,

Tabnuua 4.14. Ap2ymeHms! (byHKUUU MsgBox ()

Wms aprymeHTa OnucaHune

prompt Obsa3atenbHbin aprymeHT. OnpeaenseT TEKCT COOOLEeHNs, BbIBO-
AUMOro B 4UanoroBoM OKHE

buttons Heobs3aTenbHbin aprymeHT. 3Ha4yeHne, paBHOe CyMMe Ymcen, on-
peaensowmx B OkHa COOOLIEHUs, TOYHEE, KONNYECTBO 1 TUN
oTOOpaxaemblX B OKHE KHOMOK, TUM NUKTOrpaMm, a TakxKe KHOMKY,
aKTUBHYIO MO ymMOnyaHuto. B kayecTse aprymMeHTa MOXHO ykasaTb
OfHY 13 BCTPOEHHbIX KOHCTaHT VBA (cm. Tabn. 4.5). Mo ymonya-
HUIO (ECNKM 3TOT apryMeHT He yKasaH) 0TobpaxaeTcst OKHO C €AWH-
CTBEHHOW KHOMKOW noateepxaeHns OK

title Heobsi3aTenbHbln TEKCTOBbLIN aprymeHT. Onpeaensiet HasBaHue
OKHa coobLeHusi. Ecnu aprymMeHT He ykasaH, B CTPOKe Ha3BaHUs
OKHa oTobpaxkaeTcs Ha3BaHWe MPUINoXeHns

helpfile HeobsizaTenbHblil apryMeHT. TEKCTOBOE BblpaXXeHWUe, onpeaensito-
Wwee caiin cnpaeku. ITOT apryMeHT yKasblBaeTCs TOSNbKO BMECTE
C apryMeHTOM context

context HeobssaTenbHblii aprymeHT. YncneHHoe 3HauYeHme KOHTeKCTa

cnpaeku. APryMeHT yKkasbiBaeTCsl TONbKO BMECTE C apryMeHTOM
helpfile

Kakune aprymeHTbl MOKHO nepenaBaTh dTOH (PYHKLMH, yiKe HEBHO YIIOMWUHAIOCh
MpU ONUCAHWHM KOHCTAHT, TepefaBacMBIX B KauyeCTBE AapryMEHTOB (YHKIIHA
MsgBox () (cM. Tabn. 4.8). 3anaBas Te WM UHbIE apryMEHTbl, MOKHO MOJY4HTb
OKHO TIPaKTHYECKH JTFOO0TO BUA.

OKHO BBOJA XapaKTepU3yeTCsA TEM, UYTO B HEM €CTh CHelUaTbHOE TIoJie U1 BBOJA
nosnb3oBarejeM 3HadeHHs. OObIYHO TakK MEPelaloTCsl apryMeHTbl Bbi3blBAEMbIX
B TIPOrpaMMHOM KoJie pyHKIM# 1 npoueayp. Bei3biBaeTcst OKHO BBOJA € TIOMOIIBIO
(YHKUMM InputBox (), apryMEHTbl KOTOPOH nepeuucieHsl B Tada. 4.15. Onu yka-
3aHBI B TOM TMOPSIIKE, B KOTOPOM UX CIieyeT MepelaBarh.
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Tabnuuya 4.15. Ap2ymeHms! (byHKUUU InputBox ()

AprymeHT OnucaHue

prompt O6sa3atenbHbIN aprymeHT. TekcToBoe coobLieHue, oTobpaxaemoe
B AManoroBOM OKHE B Ka4ecTBe MoACKa3Ku

title Heobs3aTenbHbln aprymeHT. TEKCTOBOE 3HAYEHUE, NCNONb3yeMOoe
B Ka4yecTBe Ha3BaHMWs ANanoroBoro okHa

default Heobs3aTenbHbin apryMmeHT. TEKCTOBOE BbipaXeHne, otobpaxae-
MOe Mo yMOI4YaHuio B CTPOKe BBOAA

Xpos Heobsi3aTenbHblil apryMeHT. CryxuT Ans no3vuMoHUPOBaHWS
[ManoroBoro okHa no ropmsoHTanu. OnpeaensieT paccTtosiHue ot
NeBOro BEPXHEro yrmna AnanoroBoro OkHa 40 NEBOro Kpasi akpaHa.
Ecnu aprymeHT He ykasaH, OKHO LIeHTpUpYeTCsi MO ropu3oHTanm

ypos Heobs3aTenbHbin aprymeHT. CryxuTt 4ns no3numMoHMpPOBaHWSA
Ananorosoro okHa no septukanu. OnpegenseTt pacctosiHue oT
NEeBOro BEPXHEro yrna AvManoroBoro OkHa A0 BEPXHEro Kpasi akpa-
Ha. Ecnu aprymeHT He ykasaH, OKHO LIieHTpMpYyeTCs No BepTukanu

helpfile Heobs3aTtenbHbln aprymeHT. ApryMeHT COAEPXUT CChINKy Ha dain
crnpaBku. Micnonb3yeTca TONbKO BMECTe C apryMeHTOM context

context Heobsi3aTenbHbl apryMeHT. YncrneHHoe KOHTEKCTHOE 3HadYeHne
TEMbl CnpaBKku. APryMeHT UCNonb3yeTcs B nape C apryMeHToM
helpfile

OO0beKTbl, MeToAbl U CBOUCTBA

Ecnu paccmarpusats VBScript ¢ Touky 3peHHst nepereKTHBbI PUMEHEHHS! 3TOTO Si3bl-
Ka A7 paboThl ¢ mpuoxkeHrneM Mathcad, To, oueBHAHO, He TIOCTIeTHEe MECTO 3aHUMa-
€T HeOOXO/IMMOCTh B3aUMOJICHCTBUSL ¢ 2/IeMeHTaMu pabouux jokymentos Mathcad.
[Tpudem 31eck UMErOTCS B BUAY HE TOIBKO 3JIEMEHTHI VIIPABIICHHS, HO W BCEBO3MOXK-
Hble NepeMeHHble (MaTeMaTHUYECKHE, JIOTHUECKHE, TEKCTOBbIE U T. 11.) B paboueM JiucTe
Mathcad. [Ipyrvmu ciioBamMu, B Ipoliecce peanr3anii clieHapys ObIBaeT KpaifHe BaxK-
HO 3HATb COCTOSIHUE MepeKsitovaTesiel, KHOMOK, 3HAUEHHUs] NMePeMEeHHbIX, Pe3yJibTaTbl
BBIUMCIICHUS BhIpakeHui. Bee, uTo 37eck ynomuHamock, B VBScript, kak u BO Beex
00BEKTHO-OPUEHTUPOBAHHBIX SI3bIKAX, PACCMATPUBACTCS B BHUAE OOBEKTOB CO CBOMMMU
croticTBaMr U MeTomamu. CBOMCTBA OMPENEISIIOT XapaKTePUCTHKA 00BEKTa, a MEeTO-
Jbl — JIOMYCTUMbIE ONepaLiy, KOTOPbIe MOXKHO BbINIOIHATL ¢ 06bekTaMu. UTolbl no-
JIYYWTh IOCTYH K CBOHCTBY WIJIM METOMY, €T0 YKa3bIBAIOT TOCTIe CCBUIKM HA OOBEKT.
Ccbuiku Ha OOBEKT U CBOMCTBO (WM METO/) Pas3/Ie/IsiFOTCsl TOUKOM,

Pabouemy nokymenty Mathcad coorBeTcTByeT 0ObeKT Worksheet. B Tabn. 4.16
NPEICTABICHBI CBOUCTBA, KOTOPBIC MOAACPIKUBAIOTCS ATUM OOBEKTOM.

Metoabl 3TOro 00bEKTa KpaTko onucarbl B Tadu. 4.17.



lpoepammuposaHue e Mathcad 311

Ta6nuua 4.16. Csolicmea ob6bekma Worksheet

CBolicTBO OnucaHune

Application CBOWCTBO OMpeaenseT NPUnoXeHne, KOTOPbIM YNpaBnAaeTcs
OaHHbIN pabounii 4OKYMeHT (06beKT Worksheet)

FullName CBoWCTBO onpeaenseT NonHbIA NyTb K paboyemy JOKYMEHTY

Name CBOMCTBO onpeaensieT HasBaHne paboyero AOKyMeHTa

NeedsSave Jlornyeckoe 3HauyeHue, onpegensiioliee Hannyne HecoxXpaHeHHbIX
U3MeHeHun B paboyemM JOKyMeHTe

Options CBoiicTBO onpefensieT napameTpbl o6bekTa Worksheet

Parent CBoOWCTBO onpenenseT poanTErNbCKUn 0OBbEKT s obbekTa
Worksheet

Path Myt k pabouemy aokymeHTy, 6€3 ykasaHusa nmenun danna pabo-
Yyero JOKyMeHTa

Regions CBOMCTBO onpeaensieT Konnekumo o6bekToB Region 0ObekTa
Worksheet

Windows CBOMCTBO onpeaensieT KOnnekumo o6bekToB Window OObekTa
Worksheet

Tabnuya 4.17. MemoOsl 06bekma Worksheet

MeTop OnucaHune

Close 3akpbITve JOKyMEHTA, COOTBETCTBYIOLLEro 00bEKTY Worksheet

GetOption BosBpallaeTcs Tekylee 3HayeHne BLIOpaHHOMoO napameTpa

GetValue BosBpallaeTca 3HaueHne nepemMeHHon (MMS NepeMeHHON yKasbliBa-
€TCHA apryMeHTOM MeToaa) B paboyeM JOKyMeHTE 0ObekTa
Worksheet

PrintAll BbiBog Ha nevaTb JOKyMeHTa obbekTa Worksheet € UCMONb30Ba-
HVWEeM NpuHTepa, BbIGpaHHOro Mo YMO4aHuio

Recalculate MNepecueT paboyero gokymeHTa

Save CoxpaHeHvie JOKyMeHTa

Savehs CoxpaHeHve JOKYMEHTa C HOBbIM UMEHEM UK B MHOM chopmarTe.
HoBoe nwvs danna n dpopmat canrna ykasblBaloTCs apryMeHTamm
mMeToaa

SetOption YcTaHoBKa 3HaveHns napameTpa obbekTa Worksheet. MNapameTp u
€ro 3Ha4yeHvie yKa3blBaloTCA aprymMmeHTamn MeToaa

SetValue YcTaHoBKka 3HaYeHnsi nepemMeHHon B paboyem gokymenTte. [Ans yc-

TaHOBKM 3HAYEHWS arieMeHTa MaTpuLbl UCMOb3YT METOZ,
MatrixValue.SetElement. IMA nepeMeHHON 1 3HaYeHne —
aprymeHTbl MeTo4a
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[MomMrMO CBOHCTB M METOIOB, ¢ OOBEKTAMH CBS3BIBAIOT Taloke U cOOBITHA. COOBI-
THS — 3TO, (paKTHUECKH, Te AEHCTBUS (CO CTOPOHBI MOTB30BATEIIS WA CUCTEMBI),
Ha KOTOpBIE OOBEKT MOXKET pearupoBarhb. [Ipouemypbl, MOCPEACTBOM KOTOPBIX
peanmzyeTcs peakius 00BeKTa Ha COOBITHS, HA3bIBAIOTCS 00pabOTINKAMH COOBITHM.
C 0OBEKTOM Worksheet CBSI3BIBAIOT JBA COOBITHA: Recalculated (TIpOM3OMIENT
nepecyeT paboyero JOKYMEHTa) B Changed (BHECEHBI H3MEHEHHS B IOKYMEHT).

KpaTko ocTaHOBUMCS Tak:ke Ha HEKOTOPBIX MHbIX 00bEKTAX, KJ1AcCax M KOJJIECKLH-
sx. OHM MOTYT 0Ka3aTbCsl MOJIE3HLIMU MPU PeLleHMH 3aaa4. s Tex, KTO He OUYeHb
XOpOLIO 3HAKOM C OCHOBHBIMH MOJXOAaMH OObEKTHO-OPUEHTUPOBAHHOIO MpPO-
rpammupoBanus (OOII), oTMeTUM HekoTOopble OCOOEHHOCTH KJIAacCOB M KOJLIEK-
uuid. Tak, noa kjiaccom 0ObIYHO MOHUMAIOT HEKOTOPYIO COBOKYMHOCTb 2JIEMEHTOB
win 00bekToB., D10 0HO U3 OazoBbix noustuii B OOIl. B HekoTropom cmbiciie
K/1acc CXOXK C THUMOM, OJIHaKO, 3TO Bce ke Oosiee obuias kateropus. Kiace moxer
cojiepakath noaksiacchbl. O6 06beKTe, KOTOPbIM NPUHAJIEIKUT Kilaccy, FOBOPIIT, YTO
9TO 2K3eMiuislp (MM uwieH) kiacca. Koanekuued o0beKTOB Ha3bIBAIOT TPYNMbI
cxoiHbIx obbekToB. K ajemenTam kosiekuuu (T. €. o0beKTam, OTHOCSILLHUMCS
K KOJIJIEKLIMK) MOKHO 00paliarbesi N0 UMEHHW WJIH [0 MHAEKCY. DTO OueHb YA00HO.
Cama kossleklUMs Takxke siisieTcsi o0bekToM. B kauecTBe npumepa MOXKHO NpH-
BECTH KOJIJIEKLIUIO Worksheets, UMEIOLILYIO JIBa CBoicTBA. CBOWCTBO Application
OMpeesiieT MPWIOKEHHE, K KOTOPOMY OTHOCHUTCSl KOJUIEKLMS OOBEKTOB
Worksheet, @ Parent — OTB€YACT 3a pO)J,l/ITeﬂbCKl/Iﬁ 00beKT Koiekuuu. Merton, y
KOJUIEKLIMK 0MH. OH NMO3BOJISET OTKPbIBATL paboyue JOKyMeHTbl. MMs loKyMeH-
Ta yKa3blBaeTCd apryMeHTOM MeToAa Open. PaHee yNMOMHHaCAd POAMTESbCKHI
00bekT. Jleno B ToM, UTO OJJHU 00BEKTBI MOTYT cOAepKaTh B cebe Apyrue. O0bekT,
cojiepaKaluMii TeKylMid 00beKT, Ha3bIBAETCSl POJUTEILCKUM MO OTHOUICHHIO K Te-
KyLLeMy.

Krnacc aApplication Toie3eH MPHU CO3AAHUU K3EMIUIIPOB O0BEKTa TPHIOKEHUSI
Mathcad. On noanmep:kuBaeT psi WHTEPECHBIX CBOMCTB, KOTOpHIE TEPEUHCIICHBI
B Tabm. 4.18.

Tabnuua 4.18. Csolicmea knacca Application

CBolicTBO OnucaHune

ActiveWindow [ocTyn K TekyLeMy akTUBHOMY OKHY

ActiveWorksheet [HocTyn kK paboyeMy NUCTy aKTUBHOIO OKHa
Application OnpepeneHne NpunoXeHusl, K KOTOPOMY OTHOCUTCS OO BbEKT
DefaultFilePath Mcnonb3yemblii N0 yMON4aHUio NyTb AN OTKPLITUS U CO-

XpaHeHus hannos paboynx SOKYMEHTOB

FullName Mms 1 nonHeln Nyt K dhanny npunoxeHua Mathcad
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Tabnuuya 4.18 (okoH4yaHue)

CBolicTBO Onucanue

Height BeicoTa B nukcenax OCHOBHOIO OKHA NPUIOXEHUS

Left PaccrosHme B nukcenax oT NeBOro kpasi akpaHa A0 OKHa
NPUNOXEHUsI

Name Nms npunoxeHusi, K KOTOPOMY OTHOCUTCSl OOBEKT

Parent Pogutenbckuii 06bekT

Path MyTb k npunoxenuto Mathcad

Top PaccrosiHme B nukcenax oT BEpXHEro Kpas akpaHa fo
OKHa MPUINOXeHNs

Version CTtpoka c HOMEPOM BEPCUU MPUINOXKEHNS

Visible Pexum otobpaxeHus rmasHoro okHa Mathcad (otobpa-
XKAETCsl UINK HET)

width LLinprHa B nuKkcenax OCHOBHOIO OKHA NPUINOXEHUS

Windows Konnekunsi 06beKTOB Window — BCEX OTKPbITLIX pabo-

4ymx okoH Mathcad

Worksheets Konnekunsi o6bekToB Worksheet — BCEX OTKPbITbIX
pabouunx gokymeHTtoB Mathcad

MeTo10B y KJjlacca Application BCEro /1Ba: CloseAll (3aKpbITUE BCEX PaboOuMx
JOKYMEHTOB) W Quit (3aBepileHHe ceaHca paboThl ¢ MPUIOKEHHEM ¢ COXpPaHEHUEM
padouux jgokymeHtos). O6padarbiBagMblie COObITUS AJIs Kjlacca Application MpU-
BeIeHb! B Ta0. 4.19.

Tabnuuya 4.19. Cobbimus 0ns Knacca Application

Co6bIiTne Onucanue

Quit 3akpbITve NpunoXxeHns
WindowActivated AKTMBM3aUMA OKHA
WindowDeactivated [eakTnemsaumns okHa
WorksheetClosing 3akpbiTe paboyero JoKyMeHTa
WorksheetOpened OTKpbITUE JOKYMEHTa

Knace window moamepKUBaeT CBOWCTBA W METOMABI, MOJIe3HbIe MpU padoTe
¢ okHamu pabouux jgokymeHToB. CBOMCTBA Kjlacca coOpaHbl U KpaTKO ornuca-
HEI B Ta01. 4.20.
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Tabnuua 4.20. Csoiicmesa knacca Window

CBolicTBO OnucaHune

Height BbicoTa okHa B nukcenax

Left Mo3uumsa neBoro Kpasi OkHa NO OTHOLUEHWIO K OCHOBHOMY OKHY
Top Mo3numsa BepxHeEro Kkpasi OKHa MO OTHOLLEHUIO K OCHOBHOMY OKHY
Width LLinpuHa okHa B nukcenax

WindowState CoctosiHne paboyero okHa

Zoom MacwTab oTobpaxeHus okHa

s akTUBU3AIlMN OKHA CITYKHUT MeToH Activate. [IpokpyTka comepkuMoro oKHa
OCYIIECTBISAETCA TIOCPEICTBOM METOJA ScrollTo € YKa3aHWEM B KauecTBe apry-
MEHTOB TOPHM30HTAIIBHON M BEpPTHKAIbHOW KOOPAWHAT AJIA MPOKpYTKH. Hakower,
IUTS. TIPOKPYTKH COMIEP’KAMOTO OKHA /IO OTIpeAelIeHHOTO MecTa (/IMarazoHa), BbI3bI-
BalOT METOJl ScrollToRegion, apryMEHTOM KOTOPOTO YKa3bIBaeTCS COOTBETCT-
BylOIWii Auama3oH. CamMu [Wamna3oHbl TPEACTABISIOTCS OO0BEKTaMHM Kilacca
Region. Kilacc uMeeT BCero Tpu CBOMCTBA: Tag (TEKCT AMamna3oHa) X (KOOpAHWHATa
JIEBOU T'paHUIIBI AUAMa30Ha) U Y (KOOpANHATA BEpXHEH IpaHULIbl JUATIa30Ha).

C Touku 3peHus o0pabOTKM UYMC/ICHHBIX 3HAYEHWUH BAXKHBIMM [PEJCTABJISIFOTCS
cheayrolyMe Tpy kiacca. Tak, Ki1acc Numericvalue MPEJACTaBSET BCE YUCIICHHbIE
3HaueHus. Ero ceoiicrea MOXkHO HaliTu B Tada. 4.21.

Ta6bnuya 4.21. Ceolicmea Knacca NumericValue

CBOMNCTBO OnucaHue

AsString BosBpallaeTcsa 3Ha4yeHne B BUAE TEKCTOBON CTPOKM

Imag MHumasi yacTb KOMNNEKCHOTO 3Ha4YeHns B opmarte ymcna ABon-
HOW TOYHOCTU

Integer [JencteBntensHas yacTb Yncna B LEno4McrneHHom dopmare

Real [encreuTenbHas YacTb KOMMIEKCHOIO 3Ha4YeHMs B hopmaTe

yuncna gBOVHON TOYHOCTM

Type CsolicTBO onpegendeT, K KaKOMy TUny OTHOCUTCA 3Ha4YeHune

V knacca StringValue, NPEACTaBISIOLIEr0 TEKCTOBbIE 3HaueHuUs B pabouem Jo-
Kymente Mathcad, Bcero Tpu cBoiicTBa: AsString (3HaueHHe B TEKCTOBOM (opma-
Te), Type (THUM 3HAYEHHS) U Value (3HAUEHHE).

[Ipu pabote ¢ MaTpuLamMu U MaccCUBaMU HEOOXOIMMBI METOABI M CBOHCTBA Kjlacca
MatrixValue, KOTOpBIE TIEpPEUNCIICHBI B Tabm. 4.22.
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Tabnuua 4.22. Csolicmea knacca MatrixvValue

CBoMCTBO OnucaHue

AsString BosBpaluaetcsa 3HayeHme B BUAE TEKCTOBOMN CTPOKM
Cols Yumcno ctonbuoe MaTpuubl

Rows Yuncno cTpok maTpuubl

Type Twun 3Ha4yeHna

V sToro KJ1acca €CThb ABa MCTOJA: GetElement — IJIA IOJYYCHHUS 3HAYCHHUS DJIC-
MEHTA MaTpULbl U SetElement — JJI4 YCTAHOBKU 3HAYCHUA 3JICMCHTA MAaTPHIIEBL.
‘APFYMBHTaMH METOOAa GetElement YKa3bIBAaIOT MHACKCHI 3JICMCHTA, 4 Y METOAA
SetElement €CTh CIIC TpeTHI’I APTYMCHT — MPHUCBAUBACMOC DJICMCHTY 3HAUCHUC.

PaboTta c nporpaMMHbIM KOAOM

PaccMOTpUM nporpaMMHbIA KO CLEHApPUs, ¢ MOMOLUBIY KOTOPOro peajn3yercs
(DYHKUMOHANIBHOCTL BCTaB/ieHHOH padee (cM. puc. 4.31) B padouuii AOKyMEHT
Mathcad kHonku (iucrunr 4.1),

JNnctuir 4.1. NMporpammHbIN KOA, CLEHapus Ans 3rieMeHTa ynpasreHns PushBtn

Dim state
Sub PushBtnEvent Start()

Rem TODO: Add your code here
End Sub
Sub PushBtnEvent Exec (Inputs,Outputs)

Outputs (0) .value = state

End Sub
Sub PushBtnEvent Stop ()

Rem TODO: Add your code here
End Sub
Sub PushBtn Click()

If state = 0 Then

state = 1
Else

state = 0
End If
PushBtn.Recalculate ()

End Sub

JINCTHUHT COCTOUT M3 HWHCTPYKIHHU OIMUCAHUA HepeMeHHOﬁ state (B caMOM Haqa.ne)
U YCTBhIPpEX MIpoLeayp. Cnez[yeT OTMCTUTD, YTO CPCAU NOAACPIKUBACMBIX METOJA0B
KHOIIKH €CThb MCTOJ Recalculate, ¢ IOMOIIBKO KOTOPOI'O OCYIICCTBIIACTCA IIEPC-
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CUeT pIIeMeHTa yIpaBJIeHUs (IPYTUMH CIOBAMH, OOHOBISIOTCS mapametpsl). [1po-
IIeCC YCIOBHO COCTOMT M3 COOBITHI Hauama mepecueTa (COOBITHE Start), BHITION-
HeHus mnepecueTa (COOBITHE Exec) W ero OKOH4YaHWA (coOvITHEe Stop). KHomka
TaK)Ke MOJKET peardpoBaTh (OOBIYHO TaK U JIeJlaeT) Ha IIeT9Y0K, YTO COOTBETCTBYET
COOBITHIO Click. YIMOMSHYTBIE YeThIpe TIPOLEAYPHl eCTh He UTO WHOe, Kak oOpa-
OOTYMKYM COOTBETCTBYIOIIMX coOBbITHI. HazBanwsa mpoueayp cogepaT UMs Bie-
MEHTA YIIPaBICHUS W HA3BaHUS COOBITHS.

DaKTUUECKUN KOJ CcoaepXkKaT TOJbKO MNPOLEAYpbl PushBtnEvent Exec() U
PushBtn Click() (Rem O3HaYaeT kKOMMeHTapwii). B mpouenype PushBtnEvent Exec ()
BCEro OJlHa KOMaH/la Outputs (0) .value = state. DTOW KOMaHAOH A NePEeMEH-
HOM, KOTOpOW B KayecTBe 3HAUYCHUs ObLIa MPHCBOEHA KHOIKA, YCTaHABIHUBAETCS
3HAUE€HUE, PABHOE MEPEMEHHON state. B laHHOM cilydae Outputs — 3TO MAcCHB
3HAUCHUM, BO3BpallacMblil AeMeHTOM YyrpaBicHUs. [TockonbKy BO3Bpalnaercs
OJIHO 3HaUY€HHUE, TO B MACCHBE BCEro OJIMH JIEMEHT C HYJIEBLIM HHACKCOM. CBOMA-
CTBO value OTBEYAET 3a 3HAUCHUE COOTBETCTBYIOLIETO 3JIEMEHTA MACCUBA.

Kon mpouenypbl PushBtn Click() COCTOMT U3 YCJIOBHOTO OMEPaTOpa, B KOTOPOM
3HauYeHue nepeMeHHol state MeHseTcs ¢ 0 Ha 1 ¥ HAOOOPOT, U BbLI30BA METOJA
nepecuera Recalculate. ClenoBaTeNbHO, CXeMa BBIIOJHEHUS CLICHAPHUS TaKOBa:
NpH LLIEIUKEe HA KHOTKE NepeMEHHAas state MPUHUMAET MOOUEPEIHO OJIHO U3 ABYX
3HaveHuii (0 unu 1), HaYMHACTCA TIePECcUeT IEMEHTa, AT YETO BBI3BIBACTCA METOA
Recalculate. Kak cneacrBue BbI30Ba 3TOro MeTo/1a 3aryckaercst o0padoTHHK co-
OBITUS PushBtnEvent Exec (), B paMKaX BBIIOJIHEHHS KOTOPOro Onpenesserca pe-
3yJbTaT. BOOpY)KHBLIMCH 3TUMHU CBEACHUSIMU, BHECEM U3MEHEHHsl B KOJ1 CLICHApHSL.

Mpumep 4.17. Noacuet KonuyecTsa
LeNnYKoB Ha KHOMKe

B kavecTBe OueHb MPOCTOro MpUMepa MU3MEHEHHS CLICHAPHUSI PACCMOTPUM 3aaady
no MoACHETY KOJIMYECTBA UIEJYKOB Ha KHomke. Jlns srtoro B npoueaype
PushBtn Click () MEHseM YCIOBHbIH ONepaTop Ha KOMaHay state = state + 1,
KOTOPOH MpU KaKJAOM UIEJIYKE 3HAUEHUE MEPEeMEHHON state YBEIWUYMBAETCS Ha
enaunuly. [pouenypa pushBtn Click () OyaeT UMETb MPU 3TOM BHJ, MOKa3aHHbIH
B auctunre 4.2.

" NucTunr 4.2. MporpammHbIi KOQ Npoueaypbl PushBtn Click ()

Sub PushBtn Click()
state = state + 1
PushBtn.Recalculate()
End Sub
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Pesynbrar paboTs sneMeHTa ynpaslieHHs B 3TOM cIydae WITIOCTpUpyeTcs Ha puc. 4.34,
rae nokasaH ()parMeHT padoyero TOKYMEHTa C 3JIEMEHTOM YIIPaBJICHUS MOCe He-
CKOJTBKUX (TOUHEE, MATH) IIEITYKOB HA KHOTIKE.

A [ x= R <2 30 af ®

MyButton =

genkaﬂ: 30ecb

MxButton = 5

Puc. 4.34. Pabounii [OKYMEHT NOCne HECKOMbKUX LENYKOB Ha KHOMKe

Eciav coXpaHuTh TOKYMEHT, 3aKPbiTh, 4 3aT€M CHOBA OTKPbITh, 3HAYEHHUEM Tepe-
MEHHOM MyButton Oy/ET Hy/lb.

Mpumep 4.18. UsmeHeHne aTpnbyTOB KHONKM

JlocraTouHo HarfsAeH NpUMeEp, B KOTOPOM IPH LLUE/IYKE HA KHOTIKE U3MEHSIOTCS e
BHeliHUE arpulyThl. OTPeAaKTUPYEM KO/ CLIEHAPUS TaK, YTOObI MPU LIEIYKE Ha
KHOIKE MeHsu10Ch ee HazBaHue. HoBbIH Ko npoueaypsl PushBtn Click () NpUBe-
JeH B jucTtuHre 4.3,

" NucTunr 4.3. U3ameHeHHbI KoA npoueaypbl PushBtn Click ()

Sub PushBtn Click()
state = state Mod 3 + 1
With PushBtn

Select Case state
Case 1 Text="0Omun"
Case 2 Text="Ira"
Case Else Text="Tpu"
End Select

End With
PushBtn.Recalculate()
End Sub

Tenepb HOBOE 3HaueHHE, NPUCBAHBAEMOE MEPEMEHHON state, PaBHIETCA OCTATKY
OT JIeNieHHs MpeJiblayLiero Ha Tpu mmoc eauHuua. [losromy coorBeTcTBYtOLIAs
nepeMeHHasi NPUHUMAET MPU KAXKJOM LIETUKe MOC/e10BaTeIbHO 3HAYEHUS OJIHH,
J1Ba U TpH (ellle HOJIb B CAMOM Hauaje Npu OTKPLITUM J0KyMeHTa). Jlanee cieayer
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orepaTop With..End With. B Tene 3Toro omeparopa ¢ MOMOINBIO APYroro orepa-
TOpa BBIOOpa Slect Case B 3aBUCHMOCTH OT COCTOSIHHSA NEpEeMEHHOMN state ycTa-
HaBJIMBaeTCd Ha3BaHUe IS KHOMKM (CBOMCTBO PushBtn.Text). Pe3ympTaT BhIION-
HEHHA TAKOTO KOJa MoKas3aH Ha puc. 4.35 —4.37.

A [5] n= [2<E T ap W | @A [ x= [2<E T W
MyButton = MyButton =
OnuH Isa
MyButton = 1 MyButton = 2
Puc. 4.35. HaseaHue kHonkn "Opun" Puc. 4.36. HassaHue kHonku "[za"

A ] = [ <F 2 ag

MyButton =

Tpn

MyButton = 3

Puc. 4.37. HassaHwne kHonkm "Tpn"

YTo0bl KHOMKA MPW U3MEHEHUM HAa3BaHWs HE MEHsJ1a Pa3Mep, CSAyeT OTMEHUTD
OMLIUI0 ABTOMATUUECKOro maclurabupopaHus (00 3TOM pacCKasbiBaJOCh paHee).
MokHO ObUIO Obl BBIMOJIHUTBL TAaKYlO ONEpaluio U NpOrpaMMHbIMU METOJAMM.
3a aBTOMaTHYECKOe MaciuTabUpOBaHME OTBEYAET CBOMCTBO AutoSize. JTO U HEKO-
TOpble APYrue CBOWCTBA KJlacca Button nepevuciiersl B Tabi. 4.23.

Ta6bnuuya 4.23. Ceolicmea Kinacca Button

CBoKcTBO OnucaHune

Auto Jlornyeckoe 3HayeHue, onpepensiollee, 3a4aeTcs N COCTOSHUE
KHOMKW aBTOMATUYECKU UMK A1 3TOTO HYXXHbI crieymanbHbie obpa-
OOTYMKM CODbITUI

AutoSize YCTaHOBKa N CHATUE peXuMa aBTOMaTUYECKOro MacLUTabnpoBaHmst

ButtonlID lMpumeHsieTca C KHOMKaMu-nepeknioyaTensamu. 3To MHAEKC KHOMKM
B rpynne nepeknioyarenei, no KOTOPOMy MOXHO CCbINaTbCA Ha
COOTBETCTBYHOLLYYIO KHOMKY

ButtonStyle Tun kHonku. 3HayeHne 0 cOOTBETCTBYET OOLIYHOW KHONMKE,
1 — KHOMKe-onumm n 2 — KHOMKe-nepeknioYvaTento
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Tabnuuya 4.23 (okoH4YaHue)

CBouncTteo OnucaHune

Check lMpuMeHsieTCA ¢ KHONMKamMu-onumMsMuy 1 KHOMKamu-nepeknioyaTensmu.
CBOWCTBO (fTorMyeckoe 3HavyeHue) onpeaensieT, BolaeneHa (Boibpa-
Ha) KHOMKa unu Het

Enabled Jlornyeckoe 3HaveHue, onpeaensioLlee AOCTYNHOCTb 3feMeHTa
Flat Pexum oToOpaxkeHnst KHOMKK: MIocKas Uiy TpexmepHasi
GroupID [MpumeHsieTCca ¢ KHoNKamu-nepeknoyaTenaMmu. aeHtugukaTop
rpynmbl KHOMOK-MNepeknoyaTenemn
LeftText Pexum oTobpaxkeHnst TekcTa cresa (Mo OTHOLUEHWUIO, Hanpuvep,
K CMMBOMY ONUMU UK NepeknoyaTens)
Multiline Pexunm oTobpaxkeHnsi Ha3BaHWst KHOMKM B HECKOJTbKO CTPOK
PushLike CBoOWCTBO, onpeaensiowee B, KHOMKN Kak KHOMKU-ONUUn
Text HasBaHune KHomMku
UseBitmap Jlornyeckoe 3HauyeHue, onpeaensiollee, NCNonb3yeTcs N n3obpa-

XXeHne ona 0T06pa)KeHVIﬂ Ha KHOMkKe

UseIcon Jlornyeckoe 3HaveHue, onpeaensoLlee, Ncnonb3yeTca JIU NUKTO-
rpamma onsa 0T06pa)KeHVIﬂ Ha KHOMkKe

Yro kacaeTcsi METOJOB Kjacca Buttons, TO, KPOMe YMNOMMHABLIEIOCs YiKe
Recalculate, CTOMT OOpaTUTh BHMMAaHHE €LIe Ha ABA: AboutBox (OTOOpaxe-
HUE JIMAJIOrOBOrO OKHA About ¢ uHpOpMauued 00 23JieMEHTE yHpaBiSHUs)
U SelectedButton (BO3BpAallaeT MHAECKC BBHIOPAHHOTO 3JIEMEHTA-MEPEKIIOYATENs
B rpyine). OHu uHorja ObIBAlOT NOJIe3Hbl. OTH CBOWCTBA U METO bl OTHOCSTCS KO
BCeM OOBEKTaM KHOTIOYHOTO THIA: OOBIMHBIM KHOIKaM, KHOTIKAM-OTILMAM M KHOTIKAM-
nepewtoyarensM. [Ipagaa, B 3aBUCMUMOCTH OT THNAa KHONKM padora ¢ TeM Wiu
HWHBIM CBOHCTBOM MOKET UMETh CBOU OCOOCHHOCTH.

CBoucrtBa n metoabl
3N1eMEeHTOB ynpaBreHus

3nech Kparko pPacCMOTPUM OCHOBHbIC CBOWCTBA W METOJbl MPOUUX DJIEMEHTOB
YIIpaBIeHUs, NOCTYIHBIX B padoumx AokymeHTax Mathcad. Haunem ¢ packpsi-
BaIOLIUXCSl CNUCKOB, CMMCKH OTHOCSITCS K KJIAcCy ListBox, CBOHCTBA KOTOPOrO
npuBeneHb! B Tabm. 4.24.

MeTonsl Kilacca ListBox MpHUBEICHB B Tabm. 4.25.
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Tabnuua 4.24. Csolicmea knacca ListBox

CBolicTBO OnucaHune

Border OTobpaxeHne rpaHnubl

ClientEdge OTob6paxeHue rpaHuLbl 06nacTu (BHYTPEHHSSA cepas
pamka)

Count Yuncno anemMeHToB B CriMcke

CursSel MHpekc BeIBpaHHOro anemeHTa B Crmcke

DisableNoScroll Jlornyeckoe 3HaveHue, onpegensioLLee, HyXHO nu
oTobpaxkaTb HEAKTMBHYIO NONOCY NPOKPYTKM, €CNn
3MEMEHTOB B CMMCKE HEAOCTATOYHO, YTOObI 3aNONHNTL
BCE ero none

HorizontalScroll Jlornyeckoe 3HaveHue, onpepensioliee, otobpaxaeTca
UINU HET rOPU3OHTarnbHasi NONoca NPOKPYTKU

LBERR Llenoe uncno, Bo3Bpalaemoe B criyyae, eCnu H1 OAuH
13 3NEMEHTOB Cnuncka He BbibpaH

LBERRSPACE VMcnonb3yeTca Ana NpoBepKn Hanmyns A0CTaToOYHON
namsaTn

ModalFrame OTobpaxeHne pamkm crnvcka

NoIntegralHeight OnpepenseT, HYyXHO nn oTobpaxaTtb TONMbLKO Te ane-
MEHTbI Crucka, YTo LienvMkom (Mo BbiCOTe) NoMeLLaTCs
B BUAMMYIO obnacTb

RightAlignText BblpaBHMBaHWe TeKkCcTa No NpaBoMy Kpato

RightToLeftReadingOrder

Pexvm 4yTeHmsa Tekcta cnpasa Haneso

Sort OTobGpaxeHne arneMeHTOB crucka B andaBMTHOM Mo-
psiake
StaticEdge OTobGpaxeHne cTaTU4ecKol rpaHnLbl A5is cnucka
Transparent MNMpospavHocTb cnucka: onpeaenseTcs, BUAHbI N 00b-
€KTbl, KOTOpble NoNazaloT 3a CMCOK NpPY ero packpbl-
™Mmn
VerticalScroll Jlornyeckoe 3HayeHue, onpegensioLiee, otobpaxaeTca
UNU HET BEpPTUKanbHasi NONoca NpoKPYTKM
Tabnuuya 4.25. MemoObi knacca ListBox
MeTon OnucaHue
AddString [o6aBneHne cTpoku, ykazaHHOW apryMeHTOM MeToaa,
B KOHEeL, cn1cka
DeleteString YpaneHue u3 crnmcka arnemMeHTa ¢ MHAEKCOM, yKasaHHbIM

aprymeHTOM MeToga
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Tabnuuya 4.25 (okoH4yaHue)

Meton Onucanue

FindString OnpegensieTcst MHAEKC NepPBOro anemeHTa cnmcka, co-
Jepxallero ykasaHHyto CTPOKY (kak MUHUMYM)

FindStringExact OnpegensieTcss MHAEKC NepPBOro 3nemMeHTa Cnmcka, CoB-
nagaroLero ¢ ykasaHHON CTPOKOM

GetText Mo nHaekcy anemeHTa onpeaenseTcs ero TeKCTOBOE Ha-
3BaHue

InsertString BcTaBka CTpOKM ykasaHHON BTOPbIM apryMeHTOM MeToaa
B MECTO Cruncka, COOTBETCTBYIOLLEro MHAEKCY, YKasaHHOMY
nepBbiM apryMEHTOM

Recalculate MepecyeT anemeHTa ynpasneHus

ResetContent OuucTka cnucka

SelectString BbloeneHue cTpoku no nHAeKcy

MHOro MoX0XKHX CBOWCTB MMEIOT TEKCTOBBIE MOJIs, KOTOPHIC SIBJISIIOTCS YJeHAMHU
KJlacca TextBox. CBOHCTBA 3TOTO KJlacca MpUBeAeHHI B Ta0I. 4.26.

Tabnuuya 4.26. Csolicmsa Knacca TextBox

CBolicTBO OnucaHune

AutoHScroll Pexum aBTOMaTU4YeCKOW ropuU3oHTanbHON NPOKPYTKU

AutoSize Jlornueckoe 3HaueHue, onpepensiouiee, akTMBEH uUnu
HET peXum aBTOMaTU4YeCKoro MacluTabrpoBaHus

AutoVScroll Pexum aBTOMaTU4ECKOM BEPTUKANBHON NPOKPYTKM

BackColor LiBeT 3agHero goHa

Border OTobpaxeHne rpaHnubl

ClientEdge BHYTpeHHs1a pamMka

DisableNoScroll OTobpaxeHne HeakTBHOWN MONOCHl MPOKPYTKM B Mone
C oToBpaXeHneM TeKCTa B HECKOSbKO CTPOK B criy4yae,
€CIN TEKCT He NOMHOCTBIO 3anornHseT none (no BbICOTE)

Enabled [ocTynHocTb anemeHTa

ForeColor LiseT nepegHero coxa

HelpContextID WaeHTndmkaTop KoHTeKcTa daiina cnpaBku Anst 06b-
ekTa

HorizontalScroll OTo6paeHue ropn3oHTanbHON NONOChl NPOKPYTKN
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Tabnuuya 4.26 (okoH4YaHue)

CBolicTBO OnucaHune

hwind BosBpaluaeTcs onvcaTtenb OKHa, cCoAepaLlero ane-
MEHT ynpaBneHusi

LeftScrollBar OTobpakeHue BepTUKanbHON NOMOChI NPOKPYTKM CrieBa

Lowercase Pexvm HuxHero peructpa

Multiline Pexum otobpaxeHns TekCcTa B TEKCTOBOM NOMe B He-
CKOJbKO CTPOK

NoHideSelection Pexum coxpaHeHus BbiAENEHHOrO hparmeHTa npum
nepegaye okyca Apyromy arieMeHTy yrnpaBreHus

OEMConvert CreunanbHbIv pexvm paboTel C CMMBONIAMU B KOAM-
poBke, oTnmMyHoum oT ANSI

Password Pexum CokpbITUsi BBOAMMbIX CUMBOIIOB B TEKCTOBOE
nore (cvMBonbl oToBpaxkaloTcsa 3Be304KaMm)

ReadOnly Pexum, B KOTOPOM TEKCT AOCTYNEH TOMbKO ANS YTEHUS

RightAlignedText BblpaBHMBaHWe TeKCTa No NpaBoMy Kpato

RightToLeftReadingOrder
Text
Uppercase

VerticalScroll

WantsReturn

UTeHne TekcTa crnpaea Haneeo
TeKkcToBOE CoAepXMMOoe TEKCTOBOIO Monsi
Pexum BepxHero perncrpa

OTobpaxeHne BepTUKanbHO NOOChl MPOKPYTKM
cnpasa

OTobpaxeHne cMMBOa Bo3BpaTa KapeTku

MeTonoB y TEKCTOBOTO MOl HET, Aa 3TO U MOHATHO, B OTIMYME OT LU pOBOH Mo-
JIOCHI TIPOKPYTKH. DTOT 3JEMEHT ynpaeicHus ¢ Touku 3penus OOII sBasercs sk-
3eMIULIpoM 00BeKTa Slider. MeTon y oObekTa slider Bcero OOMH — Recalculate.
A BOT cBOHCTB HecKoJIbKO Oomblre. OHU TiepevncaeHbl B Ta0n. 4.27.

Tabnuua 4.27. Csolicmsa 0bbekma Slider

CBouncTteo OnucaHune

AutoTicks OTobpaxeHne BCeX METOK AENEHWN LWKarbl BAOMb NOMNOCHI
NPOKPYTKYX C LUarom, ycTaHaBnnBaemMblM CBONCTBOM
TickFrequency

TickFrequency Lar mexay genexHmsimm

Ticks Pexum oTobpaxeHns MeTOK AeneHui

Border OTtobpaxeHne rpaHnLibl
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Tabnuua 4.27 (oKoH4YaHue)

CBolicTBO OnucaHune

ClientEdge BHyTpeHHsss pamka

StaticEdge OTo6paxeHne cTaTM4ecKon rpaHnLbl

NumTicks Konuuectso oTobpaxaembix METOK (TOMbKO YTEHME)

Orientation OpweHTauus nonockl NpokpyTku (0 03HaYaeT opueHTaumio no
ropusoHTanu n 1 — no BepTukanu)

Point Tun nonsyHka LUMdpoBON NONOCHI NPOKPYTKA (BO3MOXHbIE
3Hayenuns 0, 1 n 2)

Transparent Pexum npo3pa4HoCcTy arnemMeHTa yrnpaBrieHus

EnableSelection Pexnm, nossonsiowmii nonb30BaTento BeldoMpaTe guanasoH
3HaYeHun

LineSize WHTepBan nepemeLleHnsi npu ynpaBneHnm non3yHKOM C no-
MOLLIbIO KIaBunaTypbl

PageSize WHTepBan nepemeLleHnsi npu ynpaBneHum non3yHKOM C no-
Moublo knaesuw <Page Up>, <Page Down> unu koneca MblLun

MaxRange MakcrmanbHOe 3HayeHue LwKanbl

MinRange MuvHMManbHOe 3HaYeHue LwKanbl

Position TekyLiee 3HaueHne

SelectionLow HwxHAS rpaHuua BeiGpaHHOro AvanasoHa 3HayeHuin

SelectionHigh BepxHsas rpaHuua BbIGpaHHOro gnanasoHa 3HaueHun

BHe BCSKMX COMHEHMI, pa3dupaThest B TOM, Kak padoTatOT 3JIEMEHTbI YIPaBJICHUs
M YTO ¢ UX NOMOLLIbIO MOYKHO JIeJ1aTh, JyUllue Ha npuMepax. Jlanee paccmarpuBaercs
npumep, B KOTOPOM 3a/1eiCTBOBaHbI CPa3y HECKOJIbKO JIEMEHTOB YIIPaBJIEHHUS.

Mpumep 4.19. CoBMecTHOE Ucnonb3oBaHue
3N1eMeHTOB ynpaBieHus

B kauectBe mpumepa COBMECTHOTO HCIOIB30BAHUS HECKOJBKUX 3JIEMEHTOB
yIpaBJieHUs B OJHOM paboueM JINCTE PacCMOTPUM AOKYMEHT, (hparMeHT KOTOpOro
npeAcTaBicH Ha puc. 4.38.

Haznayenue y aokyMmeHTa MpocToe: Tam oroOpaxaercsi rpaduk oaHoil W3 Tpex
npejonpeaeieHHbX GyHkuuii, OyHKUUS MOKET OTOOpaxaTbed € MacuITaOHbIM
MHOXKHUTEJIEM, KOTOPbIH, B CBOIO OU€pelb, MOXKET ObITh DKCMOHEHUHANbHOH Wiu
nokasarejibHOH dyHKUMeH. B aToM MHOXuUTene durypupyer oJuH napamerp, 3a-
JaBaeMblii nosibzosaresieM. MakTUUecKy, AaHHbIA napamerp onpeaessaer CrerneHb
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MHOXKHUTCJIA MaCH.ITa6I/Ip0BaHI/I$I. PeanmyeTcsl BCC 3TO MOCPEACTBOM HECKOJBKHUX
QJICMCHTOB YIIpABJICHHA.

A [ x= [ <E T af ¥ J|My Site ¥ @
Bribop muna kpueoll i1 macumabHozo MHOMUMenA
¥ Bes saryrarnm :'1 [~ TloEasaTet: SaTyxaHmT
{7 BECIOHEHIHATBHO & BaTyXAHHE IMpanaan ID—
r CreneHHO: FATYXAEEIE hd
QOnpedenenue (yHkuuY
FI(:) = 242 ¥ List=1 Fas) = |emplox) Figo if R2=-1
X
) otherrise
otherwise
5 o Fl(H ff Ri=-1
¥ —du+ 5 of List=2
_ FI(¥) otherwise
x+ 1 otherwise
I pacbux pynkuun
| T—
07
566
424
FX(x
2E3
1.41
a
1] 141 483 424 566 7.07

Puc. 4.38. [JokyMEHT C HECKONBbKNMW 3IEMEHTaMN yrpaBneHns

B BepxHel uacTu JOKYMEHTA pa3MeLLeHa IpyIna NepeKIovaTeici Ha TpU MoJ1oxKe-
Husi. BbiOpaB 0HO M3 MOJIOKEHUM, MOXKHO YCTAHOBUTH 3KCIOHEHUMAJIbHBIH, CTe-
neHHO#i MacluTabHblH MHOMKMTENbL WM ero orcyrcreue. CrHCOK B MpaBoi 4acTu
npe/iHa3HaueH Al BbIOOpa THa KPUBOH. DJIEMEHTbI DTOro CIHMCKa — HauMeHOBa-
Hust I'mmep6oaa, Ilapadoma u Ilpsimasi. Euie npaBee HaXOAUTCS KHOMKA-OMLIMS
Hokazareas 3aryxanus u nosie noj Heil. Ecin ¢aaxkok onuuu ycraHoeieH, TO
B 110J1€ BHU3Y MOXHO BBECTH YHUCJICHHOE 3HAUEHME IS MoKas3ares 3aTtyxanus. Ecian
(hnaxkoK He YCTaHOBJIEH, NOJIe HEJOCTYMHO (MPU MOMBITKE PelaKTUPOBAHUS U3MEHe-
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HUS B CUJIY HE BCTYIAIOT) U BBIAGICHO KenThIM LBeToM. [1o ymonuanuro nokasatensb
3aTyXaHMs paBeH Hymo. Hanee cineayror Aa 010Ka, ONpeAeIMoIre 0TO0paskacMyo
(YHKLMIO, U HEMOCPEACTBEHHO PUCYHOK € M300pa)keHHeM Tpaduka BHIOpPaHHOM
(DYHKLMHM C YUETOM MOoKa3aTens 3aTyXaHus. BBepxy U crieBa OT pUCYHKA Pa3sMELLCHB
[OJIOCHI MPOKPYTKH, C MOMOLIBIO KOTOPBIX YCTAHABIMBAIOTCS BEPXHUE TPAHHULIBI
BIOJIb TOPU3OHTAITBHOM M BEPTUKATBHONW KOOPIUHATHBIX OCEH.

Ha puc. 4.38 Bce aneMeHTHI ynpaBiaeHus: OTOOpaXKeHbl 0e3 yKa3zaHUs MePEeMEHHBIX,
3HAYCHUSIMHU KOTOPBIX OHU SBJIAOTCS. UToOBI Ob1IO Jlerye pa3o0parbcsi B TOM, Kak
Bce 3TO padoTaeT, UMEeT CMBICT paccMOTPeTh JOKYMEHT, Tak CKaszaTh, B "TIEpPBO-
3naHHoM" Buze. [lpaBaa, Ais 3TOro mpuaeTcs HECKOIBKO Pa3ABUHYThH 3JEMEHTBI,
MO3TOMY pabouMii JOKYMEHT YBEIMUYHUTCS U €ro COACPKUMOE Jajice MOKa3aHO Ha
IByX pucyHkax. Ha puc. 4.39 mokaszaHa BepXHssS 4YacTh JOKYMEHTA.

A 5] v= [ <F 3] af - HIMySite j &G0

Bribop muna kpueoii u maciwmabHoz20 MHOXUMens

Fl =
@ Bes satyx List = Status =
-y Trmepboma [T MoxazaTems ZATYHAHMA

r GKCHDH&HJJ}’[&]TDHDB FATHWHAEE

B3 = : Iﬂi—

7 Cremermios zaTyarmte

Status

Onpedenenue hyHKuuU

3
Fl(f) = [Z+2 if List=1 Fix) = |explax)-Flg # R2=-1
X
otheruize
otherwise @
¥ Flix) f F3=-1

x2—4x+5 iff List=12
) F1(x) otherwise
x+ 1 otherwise

Puc. 4.39. BepxHsas yactb AOKyMEHTaA

Huxusist yacTh J0KyMeHTa, coaeprkaiias rpaduk GyHkuuu, nokasaHa Ha puc. 4.40.

Baxxno momuepkHyTh, uTO HOKyMeHTHI Ha puc. 4.38, 4.39 n 4.40 hyHKIMOHATBHO
abCOMOTHO 3KBUBAJICHTHl — 3TO MPOCTO OAUH M TOT K€ JOKYMEHT, IIPOCTO PEKUM
OTOOpaXCHUsI BJIEMEHTOB pasiuuHblii. Temepp cmenaeM HECKONBKO 3aMEHaHUH
OTHOCUTEIBbHO MEXaHU3Ma B3aUMOJICHCTBUS »IIeMEeHTOB ynpasiaeHus. [Ipexne Bce-
[0, paccKaXkeM, KaK MepexoAiT B PEKHUM, IPH KOTOPOM MEPEMEHHbIE AT 3JIeMEH-
TOB yTpaBieHUs1 He oToOpaxkaroTcs. JlemaeTcs 3TO MPOCTO: AOCTATOYHO BHIACIUTD
COOTBETCTBYIOIUMH 3/IEMEHT, LIETKHYTH MPaBOi KHOMKON MBIIIK U B PAaCKpPbIB-
memcs crimcke BeIOpath koManay Hide Arguments (puc. 4.41).
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A [ 5= 13 <2 51 a8 # || see ~ dw

Ipacpux bynxuun
Hicale =

Ilﬁi

707 \
566 \
424

F2ix) \

283 —

Vicale =

141

Puc. 4.40. HmwxHsa yacTb JOKYMEHTA

Mathcad - [Mpymep 4.19. COBMECTHOE HCNONB30BAHWE INEMEHTOE YNpaeneHua.xmecd] — | [m] ﬂ
dﬁ_ File Edit Wiew Insert Format Tools Symbolics  Window  Help &)

|D-@sEgR¥(sBR[o=(": we=neD|o &H @
HINUrmaI e o Ee £ u|=
A [ == [% <2 31 ap @ |[[wysie =l o

Ber6op muna kpuaotl 4 MaclumabHozo MHO#IUIMeNa N

Rl = — _I

* Bes saryxarmo Status =
—— - AT
R2 = Tapahoma Annatate Selection, . 2k
' IRCTIOHEMITIATE D ¢ T AT XA Tpmaat
& cut
R3 = =l Copy
' Cremesmoe 3ATYXAHHE 2 Baste

Properties. ..

Onpedeneniue thyHKULL

Add Input Yariable
3 . )
Flg®) = |2 +2 if List=1 F2(x) = |empla-n  Add Qubput Variable
* . Femove Input Yariable
othetwi:
otherwise @ Remove Output Yariable
= -F |7 Allow Object ko Size Itself

x2—4x+5 if List=2 51
) . .
x4+ 1 otherwise ¢ Edik: Script...
Export a5 Component. ..

OfvekT: Mathsoft ListBox Contral  #
| e drguments | o

LI—I Disable Evaluation I_ e

Fress F1 For help, aile] FPagel 2

Puc. 4.41. Nepexoa B PeXnM CKPbITbIX NepEMEHHbIX A9 3NIeMEHTa ynpaBreHns
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Ecnu nepemenHble 11 37€MEHTa YNPAaBICHHUS CKPBITBL, TO COOTBETCTBYIOLIAS
KOMaHJa B pacKpbIBaroLIeMcs ciucke MeHsaeTcs Ha Show Arguments. Ee ncnosns-
3YIOT Il 0TOOpaskeHWs TiepeMeHHBIX 71 SJIeMEHTa yIipaBieHus (puc. 4.42).

r'.'mMathcad - [Mpurep 4.19. COBMECTHOE MCNONL30BAHWE 3NEMEHTOE ¥NPaBAEHUA.H = | Ellll
d’,_;-,i’ File Edit Wiew Insert Format Tools Symbolics  Window Help _|ﬁ||1|
|0-w@ 2Ry se@|oe|": pe=ae0|v 5|
|J|Normal el Hio =B £ o= ==[E=| = =
@A =2 EDap |J|My8ite ~| @eo |
Beibop muna kpueotl u MacwmabHo20 MHOKUMeNa 2]
R = [ |
@ Bes saryxesmmn S Status =
B2 = mﬂapaﬁwma annatate Seleckion. .. [Tems ST
[alic;
KCIIOHEHIMATBHOE 3 aTyXAHME Mpmaz % o
B3 = E—— Copy. ID
7 Cremermioe saTyraTDe B2 paste
Properties...

Onpedenexue HKL
f ®y Add Input Variable

3 T .

Fi(f) = [~ +2 if List=1 Fai = |e Add Output Varisble
x Remoye Input Yariable
otherwise Remove Oubput Yariable

v Allow Object ko Size Ttself
x274x+5 if List=2 |— !

x4+ 1 otherwize Edit Script...
Export as Cormponent. ..

OfverT: Mathsoft ListBox Contral ¥

BTN o

K &

Disable Evaluation

| »
Press F1 for help, aUTo [ Pagel 4

Puc. 4.42, Bbixoa nx pexunma CKpbITbIX MEPEMEHHBIX AN ANEMEHTA ynpaBneHns

Janee pazbepeMcs ¢ KaKIbIM JIEMEHTOM YIIPABICHHS, Pa3MEIICHHBIM B pabodeM
JOKYMEHTe, 10 oTaebHOCTH. HauHem ¢ onpepeneHus oToOpakaeMoil Ha pUCYHKE
hyHKIWMH.

(I)yHKuHﬂ OMUCLIBACTCA, YTO Ha3bLIBACTCHA, B JiBa 3aX0Ja — HCKIIIOUUTECIILHO pain
yinobcrea. B nepeom 6/10ke onpejiesisercs HENOCPeACTBEHHO oToOpakaemas (hyHK-
uus F1 (x). b/lok cocTOUT M3 JBYX BJIO2KEHHBIX YCII0BHbIX oriepaTopos. [Iposepsiercs
3HAYEHUE MEPEMEHHOMN List, KOTOPOE PABHO UHEKCY DJIEMEHTA CIHUCKA, BLIOPAHHO-
ro nojb3oBarejieM. Eciu BbIOpaH MepBbiii 2leMeHT cnucka (3HaueHue nepeMeHHOM

List paBHO 1), cTpoutcs rpaduk GyHKuuu f(x) = 3/x + 2 . Jlist BTOporo sieMeHTa
(List = 2) oTobpaxkaeTcst rpaduk mapabomel f(x) = x? —4x + 5. Hakowew, ans
List = 3, cTpoutcsa mpsmas f(x) =x+1. Bo Bropom Gioke ommcaHa (hyHKIUS

F2 (x), KOTOpasd mOJy4acTCsa M3 Fl (x) YMHOXCHHMEM Ha MACINTAOHBIH MHOKHTE]Th.
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MHoxuteneM MoxkeT ObITh exp(ax) uii x%, 10 MHOXKUTENb BOOOLIE OTCYTCTRY-

eT. [lapameTp o yka3piBaeTCs B TEKCTOBOM II0JIE, a THIT MHOKHTEIS (MJIH €r0 OTCYT-
CTBHE) OMpPEACSETCS B COOTBETCTBUM C COCTOSIHUEM TPyIbl Nepekitouareneii. [le-
peMEeHHble, KOTOpblIE  COOTBETCTBYIOT  pa3MYHbIM  MepeksrouatensiM (3T
nepeMeHHble R1, R2 M R3), BO3BPALLAIOT B KA4eCTBEe CBOMX 3HaueHui —1 (310 umc-
JIEHHBIH SKBHBAJIGHT 3HAYEHUS True), €CJIM NEPEKItoYaTesb HAXOAUTCS B COOTBETCT-
BYIOLIEM MOJIOKEHUU, U () (UMC/ICHHBIH PKBUBAJIEHT 3HAUCHHUSI False) B MPOTUBHOM
ciyyae. blOK Takke COCTOMT M3 BJIOXKEHHBIX YCJIOBHBIX oneparopoB. MmeHHo
dyHKUMS F2 (x) BBEAEHA BMECTO CTPYKTYPHOrO 3arojHUTENS B JICBOH YacTH pUCYH-
Ka ¢ rpagukom (cM. puc. 4.40).

Haznauenne noioc mpoKpyTKH, KaK OTMEYaJIoCh, COCTOUT B BRIOOpE BEPXHUX Ipa-
HUI[ oToOpakenus rpaduka Qynkuuu. [lepemeHHble, BBeIEeHHBIC TS TOJIOC TIPO-
KpPYTKH, IMEIOT Ha3BaHUs HScale M VScale U TOPU3OHTAIFHOU W BEPTUKAIBHOMN
TIOJIOC, COOTBeTCTBEHHO (cM. puc. 4.40). Ecau 6bITh 60J1€€ TOYHBIM, TO B KA9ECTBE
BEepPXHUX TPaHHUIl yKa3aHbl KBapaTHBIE KOPHH OT STHX NlepeMeHHBIX (puc. 4.43).

r'imMathcad - [Mpurep 4.19. COBMECTHOE UCMNONL30EAHWE 3NEMEHTOE ¥NPABNEHWA.XI = |EI|1|
ﬁ;—,&’ File Edit Yiew Insert Format Tools Symbolics Window Help _Iﬁ'lﬂ
[D-FHISRY (s BR|o [ s (o=@ 0w 1@
HINormaI e o =B £ o === === =
| @ A [ == |3 <E B ap ® (s =] o |
=
paghuk pyrruuu
Hicale =
I [— —
Wicale =
o
~f Vieale
566
424
Faix)
T 233 !
141 [
1]
1]
1] 141 283 424 568 107
x +f Hirale
1| I »
Press F1 for help, aUTO [ Pagel

Puc. 4.43. BepxHue rpaHnubl guanasoHoB 0TobpaxeHns rpaduka dyHKLMM
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CaenaHo 3TO A TOTrO, YTOOBI MPU MEPEMEILICHUH MOA3YyHKa (YBETUUCHUU BEpX-
Hell rpanuLel) 3¢ deKTUBHAs LieHa AENeHHs Bo3pacTana. UTo KacaeTcs HaCTpOeK
MOJIOC MPOKPYTKH, TO 3TO OYIET Jerde MOHATh, €CNIM B3MIAHYTh Ha puc. 4.44, Ha
KOTOPOM MOKa3aHO JUAJIOTOBOE OKHO CBOMCTB, T¢ COOCTBEHHO HACTPOMKU MU BBI-

ITOJIHAIOTCA.
CeolicTea: Mathsoft Slider Control x|
General I Estended Styles |
Driehtation V¥ Tick marks [V Enable selection
IHonzontaI 'l ¥ Auta ticks ID— Fimimum
Paint [~ Border 100 Maximum

IBolh - I
I'I Tick frequency

Ok, I O1raeHa MpuragHHTE

Puc. 4.44. [InanoroBoe 0KHO HAaCTPOMKM NOSIOCkI MPOKPYTKM
OTKpbITO Ha Bknaake General

OtmeTuM Hamboee BaxKHBIE dIeMeHTH. B crivcke Orientation BeIOHpatoT crio-
co0 OpHEHTHPOBAHHUS MOJOCHI MPOKPYTKH (B JAHHOM ciyyae TOPH30HTaJIbHAs
monoca). B more Minimum yKka3blBalOT MUHUMAaJbHOE 3HAYEHHE, COOTBETCT-
BYIOLIEE KpaliHeMy JIEBOMY TOJOXKCHHIO TON3YyHKa, a B nmose Maximum — max-
CHUMaJIbHOE, KOTOpOoe YCTaHOBJIeHO paBHbIM 100. OgHako MOCKOIBKY I'paHHULeH
ABJIAETCS KOPEHb KBAaAPAaTHBIM OT 3TOr0 3HAYCHUs, TO BEPXHss rPaHMLA HA Irpa-
¢uke Moxer nexaTh B npeaenax oT 0 mo 10. Llena aeneHus mkanbl BBOAUTCA
B none Tick frequency. Ha puc. 4.44 ycranoenen ¢naxok omiuu Enable
selection. 210 mo3Bomnsier oToOpakaTh BAOJb MOJIOCH NPOKPYTKH CHELHATBHYIO
[OJIOCY BBIAENCHUS Iuana3oHoB. OO0 ToM pedb NMOWAET Aajee MpU OOCYKICHUH
nporpaMmMHoOro koga. OKHO CBOWCTB MMeeT elle OaHY BKIaaky — Extended
Styles (puc. 4.45).

Ha3znaueHue COOTBETCTBYIOLMX OILMA ONUCHIBATL OCOOOI0 CMbIC/IA HE WMEET,
NOCKOJ/IbKY OHM JIOCTATOUYHO TOYHO COBIAJAIOT C HAa3BaHUSAMU CBOHCTB OObekTa
Slider, KOTOPBIA paccMaTpuBajics paHee. Psaa HAcTpoek BLIMOJHIETCS C MOMO-
b0 MporpaMmmHoro koaa. Koa st ropu3oHTaIbHON NOJOCH MPOKPYTKU MPHUBE-
JeH B juctuHre 4.4,
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CeoicTea: Mathsoft Slider Control x|
General Ertended Styles I
¥ Client edge [ Transparent I Righttoleft
I™" Static edae I Accept files reading ordet

[ todal frame [~ Right aligned text [~ Left scroll bar

Ok, I O1raeHa | MpuragHHTE

Puc. 4.45. [InanoroBoe OKHO HACTPOWKM NOMOCHI MPOKPYTKMA OTKPLITO
Ha Bknagke Extended Styles

1
JlnctuHr 4.4. Koa Ans ropusoHTanHOM Nornockl NPOKPYTKU

With Slider

Position = (MaxRange + MinRange) /2

SelectionLow = MinRange + 2*Sgr (MinRange) + 1

SelectionHigh = MaxRange - 2*Sgr (MaxRange) + 1

End With

Sub SliderEvent Exec (Inputs,Qutputs)
Outputs (0) .Value = Slider.Position

End Sub

Sub Slider ValueChanged ()
Slider.Recalculate()

End Sub

KO[l JJTA BepTl/lKaJ'leOﬁ [NOJIOCHI MPOKPYTKHU aHAJIOTMYCH. B stom KOJAC OCTABJICHbI
TOJILKO T€ MPOLCAYPbl, B KOTOPbIX BbIMOJHAKTCA BbIYHUCJIICHHUSA U HaCTpOﬁKH —_—
JIMIIHUE YJ1aJICHbI. biok KOMaH/J B HadYajic MOAyJid npeaHasHavuCH 11 UCXOAHbIX
YCTAHOBOK TMPHU OTKPLITUU JOKYMEHTA. 3Tl/lMl/l KOMaHJAaMu I0JI3yHOK yCTaHaBJ1U-
BAaC€TCs B LCHTPAJLHOC TMOJIOXKCHUE (KOMaHﬂa Position = (MaxRange +
MinRange) /2), @ TAKKe 3a/1ae€TCA YNOMUHABIIASACS MOJ0CA BbIACASHHUS 1hana3oHa.
Ona HacTpauBaeTcs Tak, YTO HaudallbHbIH Oeliblii OTPEe30K COOTBETCTBYET €1MHUU-
HOMY 3HAUEHUIO BJ10Jib KOOP/IMHATHOH OCU Ha rpaduke, a KOHEUHbIH — TaKKe
€/IMHUYHOMY 3HAUEHUIO BJ10JIb OCH, HO YK€ C JPYrod CTOPOHbI KOOPAMHATHOW OCH.
Jpyrumu ciaoBamu, €civ NEPeMECTUTb MOJA3YHOK Ha JIEBYIO TpPaHHULy MOJOCHI
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BbIIENEHU, Tpaduk Oyaer oToOpakaThes B auanazone ot 0 go 1. Ecnam nepemec-
TUTbh MOJI3YHOK K TPaBOi rpaHulie MOJOCHL BblAeneHus, rpaduk Oyaer orobpa-
sKaTtbed B auanaszoHe oT 0 mo 9. Ing Toro uytoObl KHONKa-NepeKiIouaTeb B Kave-
CTBE 3HAYCHUS CBOCH MNEpeMEHHON BO3Bpallalla COCTOSHHE NEpeKIovares,
HU3MEHEeM NPOrpaMMHBI KO 5TOTO 2JIEMEHTa TaK, Kak MOKa3aHo B TUCTUHIE 4.5.

JlnctuHr 4.5. Kog ans nepBon KHONKU-NepeKmnoyaTens

RadioBtn.Check = True

Sub RadioBtnEvent Exec (Inputs,Outputs)
Outputs (0) .Value = RadioBtn.Check ()

End Sub

Sub RadioBtn Click()
RadioBtn.Recalculate()

End Sub

Sub RadioBtn SelectionChange ()
RadioBtn.Recalculate()

End Sub

[TockosibKy mnepBas KHOIMNKA-MEPEKIoYaTe/b BbIAEAEHA 0 YMOJYAHUID NPU 3a-
Ipy3Ke JOKYMEHTa, B BEpPXHEU YacTh MOJyJIs AJ1 NEPBOM KHOMNKH yKa3aHa KOMaH-
Jla RadioBtn.Check = True. J[1s NpOYUX KHOMOK 3Ty KOMaHAY HE YKa3bIBaIOT.
Bo3ppalaemblii  pe3ynbTar BbIYMCISETCS KOMAaHAOW Outputs(0).value =
RadioBtn.Check () Ou)yMonannK)npennaraeTCH KOMaH/Ja Outputs (0) .Value =
RadioBtn.SelectedButton ()).

[TporpaMMHBI KO [T CTIMCKA TIPUBEIEH B IUCTHHTE 4.6.

JNluctur 4.6. NMporpammHBIN KOA ANs cnucka

ListBox.ResetContent ()

ListBox.AddString ("T'unepbosma™)

ListBox.AddString ("llapaboma)

ListBox.AddString ("llpavas")

ListBox.CurSel = 0

Sub ListBoxEvent Exec (Inputs,Outputs)
Outputs (0) .Value = ListBox.CurSel + 1

End Sub

Sub ListBox SelChanged()

ListBox.Recalculate ()
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End Sub

Sub ListBox DblClick()
ListBox.Recalculate ()

End Sub

CHauaja ouuUIaloT CNUCOK (KOMaHJa ListBox.ResetContent () — B JaHHOM
ciiydae oHa HeoOs3aresbHa, BCe Oyuer padorath u 6e3 Hee). Jlanee noGarnsitorcs
ANIEMEHTHI CMHCKA, U BbIIENISETCS NEePBbIi 2MeMeHT (KOMaHAa ListBox.CurSel = 0).
B kauecTBe pe3ysbTaTa BO3Bpanlaercs nopsAKOBbIH HOMEp BbIOPaHHOIO 3JleMeHTa,
KOTOPbIH O0JiblIe UH/EKCA ITOrO dJeMeHTa Ha eauHuly. [1pu 3arpy3ke l0KymMeHTa
(b.]'la)KOK KHOIMKHU-0MUUN OTMEHCH, MO2TOMY COOTBCTCTBy}OU_ll/lﬁ KOA Ha4YUHACTCH
C KOMaH/Ibl CheckBox.Check = False (TUCTHHT 4.7).

I
JNlncturr 4.7. NMporpamMHBIN KOA ANsi KHONKU-ONUMUK

CheckBox.Check = False
Sub CheckBoxEvent Exec (Inputs,Outputs)
If CheckBox.check Then
Outputs (0) .Value = 1
Else
Outputs (0) .Value
End If
End Sub
Sub CheckBox Click()
CheckBox.Recalculate ()

I
o

Rem Worksheet.Recalculate ()
End Sub

B ToM citydae, eciim ycTaHOBIEH (IIAKOK OIIINM, B KaUeCTBE 3HAUCHUS COOTBETCT-
BYIOIIIel TIepeMEeHHOU Status BO3BpalaeTcs 1, a B IPOTHBHOM cirydae — 0. Kpome
ATOrO, CTOUT OOpaTUTh BHUMaHHE HA KOMaHIy TepecueTa pabodero MOKyMeHTa
Worksheet.Recalculate () — OHA BbIJIeJIeHa KaKk KOMMeHTapuii. Jleno B ToM, UTO
MepeMeHHas Status CYIIECTBEHHO BIHSET Ha (YHKIIMOHAIBHOCTh paccMaTpHBae-
MOTO Jlajiee TEeKCTOBOTO moyst. UToOkl mpu ee MoAM(UKAIINKA U3MEHEHUS BHOCH-
JIUCH U B HACTPOUKH 3TOTO MO, MOXKHO, HATIpUMeEp, B SIBHOM BHJIE 3aJaTh KOMaH-
oy Tepecuera pabouero JucTa WIM YKazaTh MEpPEeMEHHYIO Status B KadecTBe
BXOJTHOM TIEpeMEHHOM TEeKCTOBOTO TIOJIA (Jlajiee UCTIONB30BaH MMEHHO TaKOH TOJ-
X0 — BXOJHad TMepeMeHHas AoOamisgercs ¢ momombio koMaHapl Add Input
Variable u3 packpsiBaromierocs cnucka). IIporpaMMHbIii KOJ A7 TEKCTOBOTO TO-
JId IPUBEACH B IUCTUHTE 4.8.
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JIncTtuHr 4.8. NMporpamMmmMHbIA Koa AN TEKCTOBOro nons

TextBox.Text = 0
TextBox.BackColor = vbYellow
TextBox.Enabled = Worksheet.GetValue ("Status")
Sub MyColor (enable)
If enable Then
TextBox.BackColor = vbWhite

Else
TextBox.BackColor = vbYellow
TextBox.Text = "0"

End If

End Sub

Sub TextBoxEvent Exec (Inputs,Outputs)
Dim a
a = WorkSheet.GetValue ("Status")
TextBox.Enabled = a
MyColor (a)
If a Then Outputs(0).Value = CDbl (TextBox.Text)
End Sub

B MoAayJl€, IOMHUMO IIPOYEro, OIMHCBIBACTCA IpoLeaypa MyColor (), € IMOMOINBIO
KOTOpOM TIO apryMeHTY ycTaHaBiMBaeTcs (OH TEKCTOBOTO Tois. s skenroro
(I)OHa (OH COOTBCTCTBYCT CUTyallUH, KOIr'Ja 3JICMCHT HeZ[OCTyrIeH) B IMOJIE TIpO-
rpaMMHBIMHU METOAAMU BBOAUTCA TAKIKE U HYJICBOC 3HAYCHHUC. B kauectBe Ppe3yiib-
TaTa TCKCTOBBIM IMOJIEM BO3BpAIIACTCA YUCIIO. Ono noJryvyacTcea Hp606p330BaHI/IeM
BBEJICHHOTO B TEKCTOBOE TIOJie 3HA4YeHWS K dHCIOBOMY dopmary ((QyHKIHUS
CDbl () ). HocTyn K mepeMeHHON Status B MPOrPAMMHOM KOJE peanu3yercsi MeTo-
JO0OM Worksheet.GetValue ().

Ora rnaea siBasieTcs: 0cOO0M, NOCKOJbKY B HEl, 10 GOJbIIOMY CYETY, pedb 1iia He
crosibko 0 Mathcad, ckosibko 0 si3bike cueHapues VBScript. C oHOM ¢TOPOHbI, CO-
BPEMECHHbLIC TCHACHUUW Pa3BUTUA NPUKIIAAHBIX MAaTEMATUYCCKUX TAKETOB TAaKOBbI,
4To UX Bce Oosiee TecHas MHTerpalys ¢ IpyruMy NporpaMMHbIMU CPe/ICTBAMM, MO~
BUJMMOMY, OVJIET CO BpeMEHEM YCHIIUBATLCS. DTO HAKIIA/IbIBAET CBOM OTMEYaTOK Ha
0co0eHHOCTH paboThl C TAKMMH NMakeTaMu. A ¢ JAPYro CTOpPOHbI, eciu pazpaboTka
NPOEKTA MOAPA3YMEBAET MPUBJIEHEHNE CEPLE3HBIX BHELIHUX MPOrPaAMMHBIX PECYP-
COB, €CTECTBEHHBIM O0Pa30M BO3HMKAET BOIMPOC, NPABUIILHO JiM BbiOpaHO 0a3zoBoe
MPUIIOKEHUE, B KOTOPOM 3TOT NpoekT peanmsyerca? [lostomy, HeCMOTpsi Ha BCIO
HarSAHOCTb M 3(PDEKTUBHOCTD, ¢ HANMCAHUEM PA3HOro Pojia CLICHAPUEB YISl MPH-
JoxeHud tuna Mathcad crneayer ObiTh KpaliHe OCTOPOXKHBLIM, DTO KaK pa3 Ta cuTya-
LM, KOT/1a CPEACTBA IOJIKHBI TOYHO COOTHOCHTBCS C KOHEUHOM LIeJIbIO.
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CuUMBOJSbHbIE BbIYUCITIEHUS

CocTaBUTH cepbe3HYI0 KOHKYPEHIMIO Ha PhIHKE MaTeMaTHYECKUX TPOTPaMMHBIX
NPOAYKTOB NMPUJI0KEHHE MOXKET TOJLKO B TOM Cllyyae, €Ciii MO3BOJISIET MOJib30-
BAaTEIIO BBITIONHATE CUMBOJIBHBIC (aHATMTHYECKHE) omnepanud. Bo BeskoM ciy-
yae, 9TO OTHOCUTCS K TakUM nakeram, kak Mathematica, Maple u, pazymeercs,
Mathcad. IIpudem u3 3T0# 3amMedaTenbHONW TPOHKK B 0071aCTH CHMBOJIBHBIX BBI-
uyucsienuii Mathcad, noxanyii, obnajnaer caMmbiMU CKPOMHBIMH BO3MOMXKHOCTSIMU.
Bbonee toro, B Mathcad peanuzoBana Ta e TeXHOJOTHS BHITIOJHEHHUS CHMBOJIb-
HbIX npeoOpaszoBaHuii, uto U B Maple, HO TOJNLKO YNPOILUEHHbIH €€ BapuaHT.
daktuueckn, B Mathcad ocTaBneHs! TUIIL OCHOBHBIC TPOLIeaypEl. Tem He MeHee,
3a cUeT MPOCTOTHI UX peaiu3aluuu B paboyux JOKYMEHTaX W HarjsiiHOCTH NoJjy-
gaemoro pesynbrata Mathcad obecnieunBaer ceGe HEM3MEHHO BHICOKYIO TIOIY-
JISIPHOCTb CPe/iU CNELHANIUCTOB.

Peanuzaiuus cuMBOJIbHBIX BbluucieHui B Mathcad moxeT ocyluecTBiasThes BbOO-
poM koMaHA U3 MeHO Symbolics mubo BX BBOJOM HEMOCPeACTBEHHO B paboumii
JokymeHT., B Hauasie 5TOU riaBbl ONMCHIBAKOTCS OCHOBHBIE CUMBOJIbHbIE Orepa-
WU, KOTOPble MOMKHO BHIMONHATH B pabounx AokymeHTax Mathcad. CHavana
JlaeTcs ONMMcaHWe COOTBETCTBYIOLMX KOMaHA MeHio Symbolies B KoHTekcTe ux
HCTIONB30BAHUS [T PEellicHHUS MOCTABICHHOMN 3a/1a4d, TIOCHE Yero paccKas3bIBaeTes,
KaK T€ K€ ONepalydy BbIMOJHIIOTCS C MOMOLLLI KOMaH/ B padouem JOKyMEHTe.
Ota rnaea sBiseTcs 0030pHOM, U B Hell PUBEACHBI TOCTATOUHO MPOCTHIC TIPUMEPHI.
bosiee ciiokHbIe 33/a4d paccMaTPUBAIOTCH B 21d6e 6, rjie OCHOBHOE BHUMaHUE
YAeISIeTCs MATeMATHIECKOH CTOpOHE BOTIPOCa.
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MeTtoabl andhdepeHumnpoBaHus
U MHTErpupoBaHus

B paGounx aokymentax Mathcad MOKHO aHaJIMTUYECKU BBLIYMCIATH MPOU3BOA-
HbIe, HHTETPUPOBATh, PacKiIabIBaTh (DYHKIMH B psia Telinopa, BHIIOTHATE TPe0d-
pazoBanus Jlaraca u ®ypee, ynpouiath BbIPKEHUS W BBINOJHATH PSL APYTUX
aeticTBril. [ 9TOTO COOTBETCTBYIOIIECE BBIpaKEHHE TMPEIBAPHTEIEHO BBOIUTCS
B pabouui IOKYMEHT, 3aTeéM OHO (MJIM er0 4acTh) BbIACISETCS M U3 MEHIO BbIOUpa-
eTcs Hy)KHas KOMaHIa. B 3aBUCHMOCTH OT BBINOJNHSAGMBIX ACUCTBUI TMpoLemypa
MOJKET UMETb CBOHU OCOOEHHOCTH, KOTOPbIE MOAPOOHO PACCMOTPHUM JlaJiee.

BbluncneHue MPON3BOAHbLIX

[MpouseogHON, Kak W3BECTHO, HA3bBIBACTCA TMpeJell OTHONICHUS TMPHpAINCHUS

(DYHKUMU K MpUpalieHuo ee aprymeHrta. Maremaruyecku npousBojHast (yHk-

mir  f(x) B Touke x ompemensercs Kak f'(x) = limo( S+ Ax)— f(x))/Ax.
Ax—

B Mathcad nms BeuMcieHns MpoW3BOTHON TperycMOoTpeHa koMmaHaa Symbolics |
Variable | Differentiate. s toro uroObl jnaHHas komauja Obula JOCTYIHA,
B paboueM nOKyMeHTe B Au(depeHLNpyeMOM BBIPAKCHUHM MPEIBAPUTEIBHO Clle-
JYET BbLACIUTH MEPEMEHHYIO, 10 KOTOPOH MPOW3BO/IHAS OJKHA ObITh BLIYMCIIEHA.
MoHO NpOCTO HABECTH HA 3Ty MEPEMEHHYIO MapKep BBoja (1l Yero, Hanpumep,
JIOCTATOYHO HA 3TOH NepeMEeHHO 1EeNKHYTb KHOMKOH MBILLH).

Mpumep 5.1. NMponssogHasn oT BbipaXKeHUs

2 4 sin(bx) , kotopoe Gyaer auddepen-

Ha puc. 5.1 npeacrapieHo BbipakeHHe ax
LUPOBATHCS TI0 MEPEMEHHON X . DTO BBIpaXKEHHE OBbLIO MPEABAPUTEIBHO BBEACHO
B pabouuii TOKYMEHT, U B HEM MapKep BBOAA HABEACH Ha MEPEeMEHHYIO X B ap-

TYMCHTC CHHYCA.

g A [1] w= [ <E 30 af &

a-x2 + sinfb

Puc. 5.1. JnddepeHumpyemoe BbipaxeHne

IMocne Toro kak mepeMeHHAs B BBIPAKCHHH BBIJCNCHA, BHIOUpacM KOMaHIY
Symbolics | Variable | Differentiate (puc. 5.2).
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iig]Mathcad - [Npurep 5.1. MNpoxsBogHan oT BoipanceHua.xmed] — IEIIil
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-
1| | 3
Differentiate the expression with respect to the selected variable AT Page 1 5

Puc. 5.2. Beibop komaHabl 41151 BEIMUCIIEHNS TPOM3BOLHOW

PesynbTar BBINONHEHUS KOMAHABI TIO YMOJYAHUIO OTOOpaXkaeTcs MOI TEM BBIpa-
JKEHUEM, OT KOTOPOTO BLIUUCISIETCS] MPOu3BoAHas (puc. 5.3).

C nony4yeHHbIM BbIPKEHUEM MOXKHO PaboTaTh Tak K€, KaKk U ¢ OObIUHbIM, BBe-
JEeHHBIM TOJb30BaTeNeM B pabounii nuct. Hanpumep, OT 3TOro BoIpaXeHUs MOXKHO
BbIYMCIIUTh €I OJHY NpPOu3BOHYI0. Jlns pazHooOpasus nyckail ato Oyxaer npo-
u3BogHad To b . Beimensgem 3Ty mepeMeHHYHO (puc. 5.4) u B odepemHOU pa3 BBI-
nonHseMm komanay Symbolics | Variable | Differentiate.

A [ == [2 <E F] af W A 2] x= [2<F 30 af

2
:_a x + sin'h x)' a-x2 + sin(h-x)

+
Zax+ cos(bE) Y Zax+ cos(E-xj-b

Puc. 5.3. PesynbTat BbluMCneHus
npou3BOAHON MO X

Puc. 5.4. BoigeneHvne nepemeHHowm
B BbIpaXKeHUn

B pesynbrate OyneT BeIUMCICHA HOBAs MPOU3BOAHAS, KOTOpas 0TOOpakaeTcs BHU-
3y MOJ UCXOJHBIM BBIPAXKEHUEM (3TO TPETHE CBEPXY BBIpasKECHHUE Ha puc. 5.5).
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[ x= [2 <E F0 ap W

a-x2 + sith-x¥)

2wk + cos(h) b

+
—sinCh ¥ -xh + cos(h-H)

Puc. 5.5. Pe3ynbTat BbluMCNEHNA NPON3BOAHON Mo b

Takum 00pa3om, B JOKYMEHTE MOXKHO BbIYHC/SATbL MPOU3BOHbIE MPAKTUYECKH OT
JEOOBIX BBIPAXKECHHH. XOTS TAKOM METOA BBIYMCICHUS MPOU3BOAHBIX AOCTATOYHO
NPOCT, OH CBSI3aH C PsiIOM Heyl00CTB, KOTOPbIE CTAHOBATCS OYEBUHBIMU [PH pe-
meHuu O6oiee cIOKHBIX 3amad. [lpexxae Bcero, 3TOT METOA HE MPUTOJCH AJIS BbIUMC-
JIeHUs NPOW3BOHON OT (DYHKLIMH, ONPeeeHHOH Nosib30BarTeieM B pabouem JicTe.
IIpu mombITKe BBIYMCIAUTH MPOU3BOAHYIO ¢ momolbplo koMmaHawel Differentiate pe-
3ynpTar Oyaer npejacrarieH Kak ¢opMasibHas 3a0uch NPOU3BOAHON OT (DYHKLKH.
UroObl MOTY4UTH 3HAYECHUE MPOU3BOOHON B SBHOM BHIE, NPUAETCS MPUOETHYTH
K JIPYrMM MeTo/aM (B YaCTHOCTH, MCMOJIb30BATh OMEPaTOp BbIUUCIEHHS CUMBOJIb-
Horo 3HadeHus). Eime oauH oOWwmMpHBIN Kiace 3aay CBA3aH ¢ BBIUUCICHUEM MPO-
M3BO/IHBIX BBICOKUX NMOPAAKOB. B 3TOM ciiyuae npujeTcs HECKONIBLKO pa3 BbI3bIBATh
komaHny Differentiate, uto He Bcerga nmpuemsiemo. [1o3ToMy Ha MpakTHKE AJIA
BbIYMC/ICHHSI MPOU3BOJHBIX 4YacTO OOpalllaloTCsl He K MOMOLUM MEHIO, a BBOAST
KOMaHJbl HeMOCPEACTBEHHO B padounii auct. [Ipu 3TOM oueHb ynoOHBI MaTeMaTH-
yeckue nanutpsl Calculus v Evaluation. /lanee B kauecTBe nprumepa paccmaTpu-
BaeTcs MpoLeAypa BBIYMCIECHUS MPOU3BOAHON OT BbIpaskeHWs. IIpH aToM BMeCTO
rxoMaHA MeHio Symbolics 3aeHCcTBOBaHbI YNOMSHYTbIE MaTEMaTUYECKUE NMATUTPBI.

Mpumep 5.2. CumBonbHasa nponssoaHas

BbluvcauM nNpou3BOAHYIO OT BbIpOKEHUs, He mpuderas K KOMaHAaM MEHIO
Symbolics. lns storo Ha mamutpe Calculus BBIOEepeM KHOIKY ¢ m300pakeHHeM
CHMBOJIa NPOU3BOAHOI (pucC. 5.6).

B pesysibTarte 3TOT CUMBOJI C ABYMS 3aM0JHUTEISAMU MOSBSETCI B paboueM J10Ky-
MeHTe (puc. 5.7).

Ha MecTe HUKHETO 3aMOHATENS BBOAUTCS MEPEeMEHHAs, O KOTOPOH BBIYMCIIACTCS
NPOU3BOJIHAS, & HA MeCTe Broporo — auddepeHuupyemoe BoipaxkeHue (puc. 5.8).

Ecin He npuberars k nomouu koman/, meHo Symbolics, To nocne eoaa audde-
PEHIIUPYEMOTO BBIPAXKEHHUS CIIEAyeT BBECTH OMEPATOP BBHIUUCICHUS CUMBOJIBHOTO
3HaueHUs (CTPesKa BIPaBo). ITO MOXKHO C/ieSaTh, UISJIKHYB HA COOTBETCTBYIOLLISH
kHomke anmutpel Evaluation (puc. 5.9).
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Calculus F3

AN
CE ST

A [ v=|[§ <E T af W

E:

m

>
;=

o

2
i)

s
%

5 =3
s

lim  Tim,
=3 =at sa-

Puc. 5.6. BcTaBka cumBona npov3BogHOMN Puc. 5.7. CumBon nponssogHoun

A [ 2= | [2 <2 2] af

I:i—(z-].n(l +2 + exp(—a-zzm - =
dz — = fx
xf iy xfy
Puc. 5.8. BoipaxeHne Puc. 5.9. Beog onepartopa
Ang BblMUCNEHNA I'IpOI/ISBOp,HOVI BbIYNCIEHNA CUMBOJIbHOIO 3HAYEHUA

Ilocnie BBOAA onepaTopa BbIYMCIIEHUS] CUMBOJILHOIO 3HAYEHHUS! PabOUMid TOKYMEHT
Oyjaer UMeThb BUJ, Kak Ha puc. 5.10.

A [l == [[2 <2 31 f ®

j—z[z-].n(l + I + exp[—a-zﬂ)—) ‘

Puc. 5.10. Beog onepaTtopa BbIYNCNEHUSA CUMBOSBHOMO 3HAYEHMUS

IlpouzsojHas Oy/ieT BbIUKCIICHA, €C/U LICJIKHYTh KYPCOPOM MbilU BHE 00jacTu
BBOJAMMOIO BbIPAXEHUSl WU Haxarb knasuy <Enter>. Pe3yabraT BblUMCICHUS
MPOU3BOJIHON MpejcTaBieH Ha puc. 5.11.

4 ] x= [2 <2 30 ap @) |[iysie ] @co

2
1Iz-]n(l +2) + expl—a-22“ =l + 9+ Z age ¥
dz l+z

Puc. 5.11. PesynbTat BblYMCNEHNS NPOU3BOAHOW

Hecnoxno OpOBECPUTH, UTO TOYHO TaKOH Ke PE3YJIbTAT MOXKET OBITh MOJIYYCH, CC-

JI1 BOCIMONB30BaThcss KomaHaoi Symbolics | Evaluate | Symbolically vnu Ha-
JKaTh KoMOuHarmro kKiagum <Shift>+<F9> (puc. 5.12).
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Puc. 5.12. Ucnonb3oBaHne komaHg meHto Symbolics
AN BbIMUCIEHNS NPON3BOAHOM

IlpaBaa, B 3TOM ciiyuae pe3yJbTaT O0TOOpa)kaercsi He CrpaBa OT BbIUMCIISIEMOrO
BhIpa)keHUs, a moa HuM (puc. 5.13). Kpome Toro, Mexay BEIUMCICHAEM CUMBOJIb-
HOIO pe3yJibTaTa ¢ MOMOLILI) KOMaH/| MEHIO U KJIHOUEBbIX CJIOB (T. €. UHCTPYKLUM,
BBOJIMMBIX HETIOCPEACTBCHHO B BBIUHCIISIEMbIC WITH TIpeoOpa3yeMble CHMBOJbHBIC
BhIpakeHus nocpeactsom nanutpsl Evaluation uiu Symbolic) cyinectByeT ogHa
MPHHIUITAATBHAS PA3HUIIA: €CITH BhIpaXKEHUE BHIYUCIATIOCH Yepe3 KOMaHIbl MEHIO
U 3aTEM B JIOKYMEHT OblLjIM BHECEHbI U3MEHEHHUS, TO PE3YJIbTAT TAKUX BbIUUCICHUE
He TiepecunThiBaeTcs. [IpU MCMONB30BAHUM KITFOUYEBBIX CIOB Pe3yNbTaT OOHOBJIS-
€TCSl aBTOMATUUECKHU,

A [i] x= [§ <€ 3 ap W

d | (]
el + 5+ exp -2z
dz

2
Il + Z) + = - E-a-z-e(_ az
1+z

Puc. 5.13. PesynbTaT BblMUCAEHNSA NPON3BOAHOMN
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Iloxkanmyi, omHUM W3 T71aBHBIX NMPEUMYIIECTB BBIYHCIEHHAS TPOU3BOAHBIX C TIOMO-
LIbI0 CUMBOJIBHBIX OTEPaTOpOB, KOTOPbIE BBOAATCS HEMOCPEICTBEHHO B paboueM
JOKYMEHTe, SBISeTCs TO, YTO TPH STOM AONYCKaroTcd (DYHKIMH MONb30BaTeNs.
Yacto ObiBaeT HEOOXOAUMO BBIYMCINTE MPOU3BOAHYIO OT (DYHKLHH, OMpeAesIcH-
HOW paHee B pabodyeM AOKyMeHTe. B kauecTBe WITFOCTpalMd PacCMOTPUM Ciie-
IYIOIIAN pUMED.

Mpumep 5.3. NMpounssogHasn ot pyHKLUUN
IIpesxkne Bcero, B paboduem nucTe ompefenseM (YHKIHMIO TOIb30BaTens f(z).

B KauecTBe Tako# (JYHKLMM PACCMOTPHM 3aBUCHUMOCTh [ (2) = zIn(z) + exp(—az?).

B nokymente QyHKIMS MOMB30BATENS OMPEACsIeTCs CIECAYIONUM 00pa3oM: CHa-
yajia BBOOUTCA Ha3BaHWe (YHKIIMH, a B CKOOKAaX MOCIE HEro yKazblBaeTcs apry-
MeHT (WM apryMeHThl). [TocTe 3Toro BBOAMTCS ONEpaTop TPUCBAMBAHUS (JBOCTO-
Yyhe W 3HAK PABEHCTBA, MPHYEM JJIA BBOJA 3TOTO OMepaTopa JOCTATOUHO HAKATH
KOMOMHaImio knaBuin <Shift>+<:>— 3Hak paBeHCTBa IMOCIie ABOETOUYUS OTOOpa-
JKaeTcs aBToMaTHueckH). Bemen 3a omepatropoM TpHUCBaUBAaHHS BBOJAMTCS MATEMATH-
4eckoe BhIpAKEHHE, onpeenstoniee (GYHKIMOHATTBHYIO 3aBUCUMOCTS (pHc. 5.14).

4 [ == (% <2 30 ap @] |[iysie =] @co

fif) =zl + ) + exp'—a-zzl

2
iy sl 49+ —— —Zaxel ¥F
dx 1+x

Puc. 5.14. OnpegeneHvie yHKLUM NONb30BaTENS W BblYMCTEHWE NPOU3BOAHOA

Jlis BbruvcneHust npou3BoAHON (hYHKLMS M0JIb30BATEIS YKA3bIBACTCS Cpasy M0C/1e
cumBosia auddepeHuyposanusd. Eciin 3aTeM BBecTH oneparop BbIUMCISHHS CHM-
BOJILHOT'O 3Ha4eHMs W HaxkaTh kinasuily <Enter>, npouszsoanas ot pyHkuuu Oyaer
nosnyueHa (cM. puc. 5.14). Crout obpaTuTh BHUMaHHKE, YTO MPH BLIYUCICHHUH NPO-
W3BOJHOM, KaKk W B JPYruxX aHajlOrM4HbIX ClydasX, MOKHO YKa3blBaTh B KauecTBe
aprymMeHTa MnepeMeHHylo, OTJIMUHYIO OT 3aJaHHOW MpH OnpejeieHUH (YHKLHH.
B paccmoTrpeHHOM npuMepe QyHKLMSI COAEPIKUT CUMBOJILHBIH Napamerp a. B aTom
cilyuyae, eciu MpeBapuTellbHO, A0 ofpeaeieHus QYHKUUH, napameTpy 3HaueHue
NPUCBOEHO He ObLI0, COOTBETCTBYIOLIMH CUMBOJ B onpejiesieHun GyHKLUKK Oyaer
BbIJIEJIEH crieuuaibHbIM 00pa3oM (N0 yMOJIYaHHIO KpacHbIM LiBeToM). B nopoOHoii
CUTYallMd HE00XOIMMO ObITh MpPE/esIbHO aKKypaTHbIM MPH BbIOOpPE NepeMeHHOM
JUisl aprymenTa ¢yHkuud. Hanpumep, ecau B orMcaHHOM paHee GpyHKUMM yKa3aThb
apryMeHTOM MEPEMEHHYIO a, a 3aTeM 10 3TOM MePEMEHHON BLIUMCINUTL TPOU3BOAHYIO,
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TO B MCXOIHOM ()YHKIIMOHAIBHOHN 3aBUCHMOCTH MMapaMeTp a paccMaTpHBAeTCs Kak
MEePEMEHHAs CO BCEMU BBITEKAIOLIUMU OTCIOAA MOCASACTBUAMU (pHc. 5.15).

A [ x= [% <F 31 ap # |[Wysie =] @e

i) =zl + = + exp'—a-zzl

2
S0 sl 49+ —— —Faxe ¥F
di 1+x

2 -4

D) sl 48+ —— —3ate
da 1+a

Puc. 5.15. AprymeHT n napameTp yHKUMM coBnagatT

Kpowme sToro npousBogHyto OT ()YHKUHMH MOKHO BBIYHCIATE 1O NIApaMETpy, Aaxe
€CJIM OH HEe YKa3aH SIBHO Kak apryMmeHT ¢pyHKUunU. CUTyalusi NpOUTIOCTPUPOBaHa
Ha puc. 5.16 (mocnegHee BeIpakeHWe). TaM B KadecTBe TIepeMEHHOMU, M0 KOTOPOit
BbIYMCIISIETCS MPOU3BOJIHAS, YKa3aH napamerp GpyHKUMH a.

A ] x= [ <Z 31 ap || [ sic -l ée

fiF) =zl + ) + exp'—a-zzl

2
By ol 49+ —— —Zage ¥F
dx 1+x

3
D) st )+ —— — Tt
da 1+a

2
d | 2] (-a)t
Rt =
daf(j e

Puc. 5.16. BbluncneHne nponsBogHoON no napameTpy yHKLUN

Mpumep 5.4. NMponssogHbie BbICOKMX NOPAAKOB

IMpuMepHO Tak e BBIUUCIAIOTCS M MPOU3BOAHBIC GoJiee BHICOKMX MOpsSakoB. Pa-
3YMEETC, MOXKHO HECKOJILKO Pa3 noApsi npoandGepeHuMpoBars BbIpaKeHUe Wiu
(YHKIHIO ¢ MOMOIIBIO PACCMOTPEHHBIX MeTOA0B. OMHAKO TaKOW MOAXOMA HEMpPH-
CMJICM, Korja HeO6XO£ll/lMO BbIYUC/IUTL MPOU3ZBOJHYKO NOCTATOYHO BBICOKOI'O I10-
panka. J{ng storo Ha manenu Calculus BbiOMpaeTcs MUKTOrpaMMa ¢ U300 parkeHH-
€M CHMBOJIa NPOU3BOHOM 1-ro nopsaaka (puc. 5.17).
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B pesynbrate B paboueM AOKyMEHTE MOSBUTCS CUMBOJI BBIYMCIICHUS IPOU3BOAHOM
BBICOKOTO MopsiAka. B oTnuume or mpon3BoIHON MepBOro nopsaaka, 34eck HeoOxo-
JUMO B SIBHOM BUAE yKa3aTb MOPSAOK npou3BoAgHO#. [losTomy 3amonmuuteneid He
IBa, KaK paHbliie, a yeTbipe (puc. 5.18).

A [l x=[g <€ B ap

[ e
j =z '

Puc. 5.18. BBog cnmBOna BbIMUCNEHNUSA

Puc. 5.17. BbiSop cumBona nponssogHomn z
NPON3BOAHON BLICOKOrO NOpsiaka B AOKYMEHT

NPOn3BOJIBHOIO nopaakKa

[TpuueM W3 ABYX 3aMOSHUTENCH, COOTBETCTBYIOLIMX MOPSAKY MPOU3BOJHON (OH,
KaK W3BECTHO, YKa3bIBaeTcs y 00oux nudpepeHIInanor B YkcauTelle U 3HaMeHaTe-
Jie BBIPOKEHHUS ), 3aMOJIHAETCS TOJIbKO HWKHUIN. BepxHuii 3anonHuTeNnb aBToMaTH-
YECKH PUHUMAET Takoe ke 3HaYeHue (puc. 5.19).

A [l a= | (2 <2 31 ap

100
—Tf -4
o)

Puc. 5.19. Beopa, anddepeHUmpyeMoro BelpaXKeHusl 1 nopsgka npon3BogHomn

B naHHOM crmyuae BeuHMcnserca mpousBoaHas 100-ro mopsaka OT BhIPaKCHUS
xexp(—x) no nepeMeHHOH x. MMEHHO 3TO BLIPAKEHUE BBOJIUTCS B KaueCTBE

muddepermmpyemoro (cM. puc. 5.19). Bo Bcem octanpHOM Tpoliecc pacyera mpo-
W3BOJIHOU BBICOKOIO MOPsi/Ika B CUMBOJILHOM BUJIE TAKOU Ke, KaK W Jyis O0bIUHOL
MIPOWU3BOAHON TIEPBOTO MOpsAKA: BBOAWUTCS OMEPATOP BBIMHCICHUSA CHMBOJBHOTO
3HaYeHUsl, MOC/e Yero BBIMOJIHAETCS LIEAUOK MbILIbLIO BHE O0JIACTH BbIPasKEHUsI
(puc. 5.20).

3 4[] »= [2 <2 5 af ® ||[iyoe ] @co

dlEIEI —x —
—mn(x- expl-¥) = (-1000-¢ "+ xe
dx

Puc. 5.20. Pe3ynbTaT BbIYMCNEHUSA COTON NPON3BOAHON
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Kak Hecno)kHO 3aMeTUTh, 34€Ch HE TOJIBKO BEIUMCIICHA IPOU3BOAHAS, HO U PE3YJIb-
TaT MPEICTAaBICH B JOCTATOYHO KOMIMAKTHOM BHUIE. XOTA, COPAaBEIMBOCTU PaiH,
CleAyeT OTMETUTh, UTO AU (PepeHIMpoBaIoch AAICKO HE caMOe CIIOKHOE BbIpa-
skeHue. COBEPLICHHO aHAJIOTMYHO BBIYMCIAIOTCS MPOU3BOIHBIC BBICOKUX MOPS-
KOB OT (PyHKITH# monb3oBatens. [IpuMep npuBedeH B JoKyMeHTe Ha puc. 5.21.

A 1] x= [§ <€ 31 of *

(@ = xexp(-0

d1 oo

dt

(D) — (1006 T4 te "

Puc. 5.21. BeluncneHme npon3sogHON BICOKOrO nopsaka
OT (PyHKUMM nonb3oBaTens

B nmanHoMm cmyuae cHadama Obuta ompenenieHa ¢GyHKOMS F(x) = xexp(—x).

Ot a1oii dpyHkuuu ebiaucasercs: 100-1 npousBoaHas. [Ipu BbiuMcAeHUM npou3s-
BOAHOHN B apryMeHTe (yHKLMH 3aMCHEHa MepeMeHHas. Pe3ynpTaT, Kak HEeCI0K-
HO 3aMETHTb, TAKOH XKe, KaK U MPH BbIYUCIEHUU MPOU3BOAHONH HEMOCPEACTBEHHO
OT BBIPaKCHUS.

UHTerpupoBaHue

IlpakTHyecku Tak ke, Kak MPOM3BOAHbIE, BLIUUCASIOTCS U UHTerpaisbl. Jns unrer-
PUPOBAHKS BBIPAKEHHS B paGoueM JOKYMEHTE CyLIeCTByeT Komanaa Symbolics |
Variable | Integrate.

Mpumep 5.5. BoiuncneHne nHterpanos
[TpousuirocTpupyeM CUTyaLMIO Ha NPUMEPE BbIUUCIEHUSI UHTErpajla OT BbIpazKe-
HUs exp(ax)cos(bx) 1o rmepeMeHHOM x . [|7i1 3TOro coOTBeTCTRYIOMIESE BEIpaskeHHE

ClIeyeT NpeABapuTebHO BBECTH B paboUUi JTOKYMEHT, a NepeMEHHYIO, [0 KOTO-
poli BEIUUCISIETCS MHTETPAT, BRIACTUTE (puc. 5.22).

A [ x= R <E Z0 ap W

exp(a-x)-cos(b-b

Puc. 5.22. Beopg B pabounii JOKYMEHT MHTErPUPYEMOTO BbIpaXKeHUs
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[Nocne Toro kak nepeMeHHas BbIAENICHA, CTAHOBUTCS aKTMBHON komaHza Integrate.
[TosToMy UTOOBI BEIYMCTIUTE MHTETPaI, BbIOHMpaeM komaHy Symbolics | Variable |

Integrate (puc. 5.23).

Pe3ynbTaT MHTErpupoBaHusl 0TOOpaXKaeTcsl BHU3Y MOJ UHTErPUPYEMbIM Bblpae-

HueMm (puc. 5.24).

d{%,i’ File Edit “iew Insert Format Tools | Symbolics Window  Help

[0 - BEHIBRY| & BE oo '
: . Simplify
H I\-"anables jlﬁmes Mew Roman Expand
(@A =g En | o
Collect

Palynaorial Cosfficients

iiy]Mathcad - [Mprrep 5.5. Boluvcnerqe waterpana.xmed]

exp(a-x)-cos(b-ﬁj

W, Salve
Matriz 4 Substitute
Transform L4 Differentiate
Evalaation SEyl. M ~
Expand to Series, .,
Convert ko Partial Fraction
-
4 I I 3
Integrate the expression with respect to the selected variable ALTO Fage 1 v

Puc. 5.23. BbIGop kOMaHAbl MHTETPUPOBAHNS BbIPAXEHWS

A ] = (% <F 27 ap | [Wosee =] @so
emp(a) - cos(b-3)
+
3 -ealx-cos(b-x) + -ea'x-sin(h-x)
32 +h a + b2

Puc. 5.24. Pe3ynbTaTt BblYMCHEHNS MHTErpana

Boo0ie ke cnenyer OTMETHTE, YTO CUTYallMsl C BBIYUCICHAEM MHTEIPaIoB MPaKTH-
YEeCKH TaKas ke, Kak U ¢ auddepeHuupoBaHueM (yHKUMNA U BblpaskeHuil. Hampu-
Mep, eci ONpeleanTh (yHKLHIO MOAb30BATENs, a 3aTEM TOMBITATHCS BBIUUCIUTD
OT Hee WHTErpai, TO pe3ylbTaT OyAeT HETaTUBHBIM — MHTerpajl oToOpakaeTcs
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B CUMBOJILHOM BHAe 0e3 BeuMciaeHUs. [105ToMY 11 BBIYMCIEHUS UHTEIPaioB pa-
3yMHEE BBOAWUTH COOTBETCTBYIOLIME KOMaHIbl MPsIMO B pabouuii JOKyMeHT. s
3TOro UCNop3yT nanutpy Calculus, rae uMerOTcs ABe MUKTOTPaMMBbl, MOJIC3HbIE
[pU BBIYUCICHUM HHTETpaioB. OoHa MpUMEHSETCS MPU BBIUUCICHUM Heompeae-
JICHHBIX MHTErPAJIOB, ApYyTras — OMNPEACNCHHBIX. DTO MUKTOTpaMMbl ¢ HU300pake-
HUEM CHMBOJIAa MHTErpajia U OTIMYAIOTCA OHM TeM, UTO MUKTOrpamMma JUid onpeae-
JICHHOTO MHTETpaja COACP KUT CUMBOJIbI BepXHEl U HIkHeH rpanuu. Ha puc. 5.25
nokaszana naHenas Calculus ¢ BbIAETCHHOM MUKTOTPaMMOMN AJ1s1 BBIMUCICHHUSA HEOTI-
peleNeHHOro UHTerpaa.

[Tocre memuka MBITITBEO HA 3TOW MUKTOTpaMMe B padoUueM JOKYMEHTE TIOSBIISETCS
CHUMBOJI HEOIIpEICJICHHOTO WHTEerpaja ¢ JByMs 3allOJIHUTEISIMA AJI BBOJA WHTeT-
pUPYEMOTO BBIpaKEHUS W TIEPEeMEHHOW, 10 KOTOPOW BBIYMCISETCS HWHTETpaj
(puc. 5.26).

Calculus B
=
% 2 o A Ell=[Ig < B1a @)
x 'Ed

Fui

INF W J b

i 2. 15,
Puc. 5.25. MNaHenb Calculus ¢ BblaeNeHHOM Puc. 5.26. CvumBon nHTerpana

MUKTOTPaMMOW Bbl4UCIIEHNSA C 3anofIHUTENSIMN

HeonpeaeneHHoro nHTerpana

Huterpuporars Oyaem To ke camMoe BbIpakeHUe, 4To U paHee. Ero BBoaum Bme-
CTO MEPBOTO 3AIMOJHUTENS, & BMECTO BTOPOrO — MEPEMEHHYIO HHTETPUPOBAHUS.
[ocae sToro BBOAUTCS ONEpaTOp BBIYMCICHUS CUMBOJBHOTO 3HaueHus. Ha stom
aTane BeIpaykeHue OyneT UMETh BUA, Kak MOKa3aHo Ha puc. 5.27.

A 1] x= [§ <€ 3 af #

expla-d)-cos(b-d) de—

Puc. 5.27. Beopa BbipaxeHns n onepatopa BbIYUCIEHNSA CUMBONBHOMO 3HAYEHUSA

Ilocne nienuka Mbilibio BHE 00J1aCTH BblpaxeHus (MM Haxkatus kHonku <Enter>)
uHTerpan Oyner BbiuucieH (puc. 5.28).

3amMeTnM, YTO pe3yabTaT BBIUMCICHUS WMHTErpajia TpeCTaBlIeH He B CAMOM KOM-
MakTHOM Bufe. B momoOHBIX cuTyanmax OOBIMHO MPHOEraroT K KOMaHIaM yIpo-
meHus BeipakeHmnit. [lompoOHee 06 sToM peub OyaeT UATH Aamee.
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A ] 2= [ <2 31 p ][y sic ~l #6

-ea'x-cos(b-x) +
a +h a +b

J- expla)-cos(b-) dx = 2-ea'x-sin(b-x)

Puc. 5.28. Pe3ynbTaT BblYMCNEHNS nHTErpana

g A ] w= |2 <F T o W HIM_I,ISite | @eo

J‘ expla-)-cos(bex) dx

+
5 3 st +

a +h a +h

> e % singhox)

Puc. 5.29. OTtobpaxeHune pesynbTata BblHUCIIEHNS NHTErpana
nocne BbI3oBa komaHasl Evaluate | Symbolically

Ecnu He BBOAMTH oneparop BbIYMCIEHHS! CUMBOJILHOTO 3HAUEHWA, a BbIACIUTH Bbl-
PaKEHUE ¢ UHTErpajioM U BbI3BaTh KoMaHay Symbolics | Evaluate | Symbolically,
HHTeTpaj Takxke OydeT MoMydeH, OAHAKO Pe3ybTaT IPH 3TOM OTOOpa)KacTcsi BHU3Y
TTOJT ICXOAHBIM BhIpaskeHHeM (puc. 5.29).

Ilpu BbluMCAEHUH ONPEEIEHHOr0 UHTEerpaia npuberaloT K noMoLIy Jpyroi nuk-
Torpammbl (puc. 5.30).

Calculus F2

d "
CERp

8

5
2

H
=i

=
i

._,
=l
-]

lim  lim,Tim
=@ =sat sa-

Puc. 5.30. Beibop nukTorpammel
AT BBIMUCIIEHNS ONPeaeneHHoro nHtTerpana

B CJIydac OIpCACTICHHOIO MHTCIrpajla IOMHUMO UHTCTPUPYCMOTO BBIpa’KCHHUA U T1C-
peMeHHOfI HUHTCTPUPOBAHHUA YKA3bIBAOTCA TAKIKC IMPCACIbl MHTCTPUPOBAHUA. Co-
OTBCTCTBYIOLIUC 3AMMOJTHUTCIIA 0T06pa)KaIOTC$I B BerHeﬁ M HIDKHEHM 4acTax HUHTE-

rpana (puc. 5.31).

Bo BceM octanbHOM nponcaypa BbIMUCICHUA OIPCACICHHOIO HMHTCrpala Majlo
UeM OTJIHYaCTCA OT Hpe):[LII[ymefI. PeBy.]'ILTaT BBIUHUCJIICHUA OMNPCACIICHHOIO MHTC-

rpajia MpeAcTaBIEH Ha puc. 5.32.



348 aea 5

A [l a= | [ <2 31 ap

[

Puc. 5.31. BBOA faHHbIX ANs BbIMUCIIEHNS

Puc. 5.32. PesynbTaT BblUMCNEHUS
onpeaeneHHoro nHTerpana

onpeageneHHoro nHTerpana

B JaHHOM ClTydae HHTETPHPOBANOCH BEIPAKCHHE X° / (x* + @®) mo mepeMeHHOM X

B mipeAenax oT 0 mo 7. JIns BBOAA YMCNia T B KauecTBe BepXHEH TpaHUIIbI HHTE-
rpaia MOKHO BOcmonb30Batbes mamuTpoi Calculator. Xots uHTerpan ompene-
.J'leHHblﬁ, BbIYHUCJIACTCA OH B AaHAJIMTHYCCKOM BUAC. HOSTOMy MpX BbIYHUCJICHUHN OIl1-
DC/ICIICHHBIX MHTEIPAIOB MOKHO MPHOETHYTh K MOMOLIM KoMaHIsl Symbolics |
Evaluate | Symbolically. B 3Tom cnyuyae onepatop BbIUHUCIEHHS CUMBOJILHOTO
3HAYCHUS HE HY>KEH.

Kak YK€ OTMECHAJIOCh, 00bIYHO NpUXOAUTCA UMETL A€J10 C (byHKul/lﬂMl/l MoJb30Ba-
Tens. BrlumcneHne onpeneneHHBIX W HEOMPENENCHHBIX HMHTErpajoB IMPHU 3TOM
Tak:Ke BO3MOXKHO. B 06oux ciydadax (byHKU,l/lﬂ YKa3bIBacTCA B KAYECTBE MOJAbIHTC-
rpanbHOro BhlpakeHus. Ha puc. 5.33 mokasaH pe3ynbTaT BBIYMCICHUS MHTErpaja
Ilyaccona (c TOUHOCTBIO 10 001IEro MHOKHTES).

A == [g<E B af @

fix) =B exp(—xz)
1

= 12
,[ f) dt = = Bon
o 2

Puc. 5.33. PesynbTat BbluMcneHuns niterpana NyaccoHa

HoapiHTerpanbHas GyHKIUS — f(x) = Bexp(—x?) . VHTerpupoBaHue BHIMOHS-

eTcd B IpeAesax oT Hylsd 10 OeckoHeYHOCTH. CUMBOJ O€CKOHEUHOCTH (%) MOKHO
BBECTH nocpeacTsoM nanutpsl Calculus.

Mcnonb3oBaHne komaHa Maple

B Bepcuu Mathcad 11 noMmumo nepeuucieHHbIX BO3MOKHOCTEH no auddepeHum-
POBaHHIO M MHTECTPUPOBAHHIO (DYHKIUH U BBIPAYKCHUH MPH paboTe ¢ TOKYMEHTaMU
npuioxeHuss Mathcad pocrynubl u komanjbl Maple. [lpuunna Takoro nudepa-
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JU3Ma JIOCTaTOUYHO OYEBUAHA M COCTOMT B TOM, YTO CHMBOJIbHBIE BbIUHUCIEHHS
B Mathcad peanuzyrorcs, Kak yke OTMEHanoch, mocpeacTeom sapa Maple. B gact-
HOCTH, JUIsS BbIYUCIIGHHS NPOU3BO/HBIX MpeiHazHaveHa GyHkuus diff (). Ee nep-
BbIM apryMEHTOM YyKasbiBacTca audepeHmMpyemMas (QyHKUMS WM BbIpaXKCHHUE,
BTOPbIM — MepeMeHHas, o KOTOpoil mpou3BoaHas Beluuciasercs. Hampumep, ans

d
BBIUUCIICHUS TTPOU3BOTHOMN OT d—( ax? + bx + c) , B paboumii mokymeHnt Mathcad 11
X

IIOCTATOYHO BBECTH KOMAHIY diff (a*x*x+b*x+c,x), IMOCIE KOTOPOH yKa3aTh
onepaTop BbIYMCIEHUS CHMBOJIBHOTO 3HaueHus. Pe3yabrar ee BbIMOJHEHUs Mpej-
CTaBJICH Ha puc. 5.34.

Crout 0OpaTuTh BHUMaHHE HA TO, YTO BTOpAs CTETIEHb BBOAWUTCS MyTEeM IOCIEI0-
BaTEIBHOTO YMHOKeHHS TIepeMeHHON. OHAKO BO3MOXKEH M OOBIYHBIN it Math-
cad CHHTaKCHC TIpeCTaBIeHUs BbIpaskeHnil. YacTo ObiBaeT ynOOHBIM CHaydasia orl-
penenute nuddepeHIEpyeMoe BBIpaKEHHE B BHAC (YHKUHUH, IOCTE YEro
muddhepeHIUpoBaTh yxke 3Ty pyHKImro (puc. 5.35).

A 1] x= [§ <€ 31 of *

d.iﬁl.a-xz +hu+ c,x.l —=dax+hb

A [ x= [2 <E 30 ap #

fi¥) = a-xz +hx+c
diffiazz+brx+cd = 2daxt+h
fF( x5 = 2ax+ b

Puc. 5.34. cnonb3osaHne komanabl Maple

9 Puc. 5.35. Vicnonb3oBaHne CUHTakcmuca
AN BbIYUCNEHMS NPOVN3BOAHOA

Mathcad B komaHgax Maple

DTO e OTHOCUTCS U K BBIYMCIICHUIO UHTerpaioB. B Maple ans stux neneii ope-
OyCMOTpeHa KoMaHJa int (). Ee aprymMeHTbl — 3TO MHTErpupyeMoe BbIpaKEHHUE
U TIEpEeMEHHAs, 0 KOTOPOH CleAyeT MHTerpupoBaTh. 3aMEUaHue O TPeABapUTEIIb-
HOM ONpeAeNCHUH MOABIHTETPATbHONH (DYHKIMK TaKkKe OCTaeTCsl CIPABEATUBBIM.
B kauectBe mpumepa paccMOTpUM YK€ YIOMUHABLIMHCS paHee WHTerpal

J exp(ax)cos(bx)dx . Jlns ero BBIUHCIIGHHS CHadaja omnpeaenseM (QyHKIHO
F(x) = exp(ax)cos(bx) (komaHia f (x) :=exp (a*x) *cos (b*x) ), MOC]E YErO BBO-
ouM B paboumii gokymeHT Mathcad 11 xomanmy int (f(x),x). Jlanee crmegyer

BBECTH OTIEPATOP BBIUUCICHHUS CUMBOJBHOTO 3HaYCHHUS. Pe3ynbTaT MOKHO BUICTb
Ha puc. 5.36.

Kak HecnosxHO 3aMeTHTh, MOMYUEHHOE B PE3YJIbTaTe BBIPAKCHUE HECKOIBKO Tpo-
MO3KO. DTO AOCTATOYHO PACHPOCTPAHCHHAS CUTyalusl NPU BBIUHUCICHUM WHTE-
rpanoB, 0cOOEHHO B CUMBOJIbHOM Buae. [losTomMy momoOHOro poaa BhIpasKEHHS
npuxoauTcs ynpoinats. B wactHocTH, B Maple nns ynpolueHus BblpakeHHM
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CYLIECTBYET KOMaHMa simplify (), apfyMEHTOM KOTOPOH YKa3bIBac€TCA YIIpOIUae-
MO€ BbIpakKeHHE. DTy K€ KOMaHIy MOKHO 3aJeCTBOBATh U B paboueM JOKYMEHTE
Mathcad 11. B sTom ciydae KoMaHOa WHTETPUPOBAHUS camMa YKa3bIBacTCs apry-
MEHTOM KOMAaH/Ibl YITPOIIeHHs BHIPAKeHNH simplify () (puc. 5.37).

A [] x= J‘g <F gj of - HITutoriaIs j & Go

fi) = expla-x) - coslh K

int(fxd) 16—

a

cexpla¥)-coshd) + b > -expla-)-gindh-x)

a +h a +h

Puc. 5.36. BbluncneHne nHterpana ¢ nomoLybio komaHabl Maple

A [#] x= [2<F F] af W “Tutorials | Peo

i) = expla-®-cos(h-®)
simplifyCint(fs) 9 — exp(as)- a-cos(h ) + besinfh-)

a+l:|2

Puc. 5.37. iTerpuposaHve n ynpoLieHne pesynbTara

O“IGBI/II[HO, UTO B PE3YyJIbTATC BBIPA’KCHUC BBITJIAAUT bonee komnakTHO. K coxkane-
HHUIO, I[O6I/ITBC$I CYHWICCTBCHHOI'O YIIPOIICHUA BLIpa)KeHI/Iﬁ TAKUMHU HPOCTBIMH MC-
TOAAMH YAACTCA JAJICKO HE BCCraa.

B Maple komMaHja int () NPUrojHa TAKXKE W JJis BbIYUCICHUS ONPEACISHHbIX UH-
Terpajios. [lpu aTom Ui NEPEMEHHON MHTErPUPOBAHUS YKA3bIBACTCS UANa3oH e
uzmeHeHus. [IpoGiiema B TOm, 4TO Takob Juana3oH BBOJMTCS ¢ MOMOLIbIO 3HAKA
pasenctea. Onnako Mathcad s100y10 ONBITKY BBOjIAa 3HAKA PABSHCTBA MHTEPIIPe-
TUPYET MO-CBOEMY, M03TOMY OINPE/AC/ICHHbIC UHTErPasibl JIyUlle BCE KE BbIYMCIISATh
METO/IaMH, CHIELIMaIbHO MPeAYCMOTPEHHBIMU AJ1s1 3Toro B Mathcad.

OO0pariaeM BHUMaHWe YATATENS HAa TO, UTO paboTa ¢ KoMaHnaMu Maple sBnsercs
PYIUMEHTOM, B OTIpEIeTICHHOM CMBICTIe 3K30THKOW. B mocmeayromx mociie Math-
cad 11 BepcHax Takue BOZMOXXHOCTH HE TIPEyCMOTPEHBI.

PaboTa ¢ BbipaXXeHnsAsMu

B npouecce pelueHus 3a4a4 NpuxoaAuTes paboTaTh ¢ BbIPAXKEHUSIMH CaMOro pas-
JMYHOrO poja. DTH BbIPAXKEHHS, KaK NpaBuilo, NnpeodpasyloTcs, ynpoliatoTes,
pazOuBatorcs Ha ciaraembie W T. . B Mathcad anst aTux ueneii npeaycMoTpeHsbl
crielualibHble YTUJIUTbI, O KOTOPbIX peub MOUJIET B JaHHOM pa3/ieJie.
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Mpumep 5.6. YnpolyeHne BbipakeHui

OOBIYHO BBIpAXKECHUS YIPOLIAOTCS HA MPOMEKYTOUHBIX 3Tanax BeUUCICHUH. Jns
9TOro MMEETCsl KOMaH/a simplify (), KOTOpas, KAk OTME4al0Ch, 3aUMCTBOBAHA U3
Maple. B ucxoaHoM BBIPaKECHUHU CIIEAYET BBIACTUTH YIPOLIAEMOE MOABBIPAXKEHUE
(M1 Bce BbIpaskeHHe, ec/M OHO YNPOUIAETCS LISJIMKOM), TIOC/Ie Yero BLIOpaTh KOMaH Ly
Symbolics | Simplify (puc. 5.38).

1] Mathcad - [Untitled:1] i ] |
di;-,j’ File Edit Wiew Insert Format Tools | Symbolics  Window Help o =] |
]D-D"HI%@.WI%E Evaluate 'F=|%@D|mn% - @
“'\-‘ariables jITimes Mew Foman Egmend 1] | = = = |iE = | x X,
| @ 4 [ = (2 <X 31 ap @y [} Eto *| @6
Collect
-
Palvnomial Coefficients j
‘Wariable 4
[Aatrix 4
TransFarm 4
Evaluation Style. ..
-
dl | 3
Simplify the selected expression AUTO Page 1 b

Puc. 5.38. Buibop komanabl Simplify ans ynpolieHns BeipaxeHus

PesynbTar oTtoGpaxkaeTcsi BHH3Y MO YIPOINAEMbIM BBIpa)keHHeM. B dacTHOCTH,
B pACCMATPUBAEMOM Cllyuae yHpoLaeTes Bbipaskenue sin(x) + cos?(x), KoTopoe,
KaK U3BECTHO, TOKACCTBEHHO paBHAeTCs equnmiie (puc. 5.39).

TouHO Takoif ke pe3ynbTaT MOXKHO momyunTts B Mathcad 11, ecnu ynpormaemoe
BbIPAJKEHUE YKa3aThb apryMEHTOM KOMaH/bl simplify() B paboyeM AOKyMEHTe.
Uro0Obl KOMaHAA YNPOLIEHUS BBIPAKCHUH BBINOIHUIACH, BBOAAT OMEPAaTOP BBIUMC-
JIGHUs CUMBOJILHOTO 3HavYeHus (puc. 5.40).

CyluecTByeT BO3MOKHOCTb YIPOUIATh BbIPAXKEHHS Yepe3 KOMaH bl NajJUTPbl CHM-
BOJIBHBIX BBIYMCICHUH. {1 3TOro BeIOMpaeTcs ympolmaeMoe BHIpaKeHHE, a Ha
NaHeJu CUMBOJIbHBIX BLIMMCICHHWI LIEJIKAIOT HAa MUKTOrpaMMe ¢ Ha3BaHUEM KOMaH-
ne1 simplify (puc. 5.41).
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A 1] x= [§ <€ 31 of *

+ si.mp].ifyl si.n(xj2 + cos(x)2| —1

Puc. 5.39. PesynbTaT ynpoLleHuns BblpaXkeHus Puc. 5.40. Beog komaHabl ynpoLleHus

B paboyem gokymeHTe Mathcad 11

iig]Mathcad - [Mprrep 5.6. ¥npomenve suipaserqid.xmed] ;|g|1|
d{%,i’ File Edit “iew Insert Format Tools  Symbolics  Window  Help ==l
[D-ZRIERY |4 BE|o- " MO =|ee |0 =0
HIEonstants leimesNew Rarman jI'ID j| B I U | = = = | = = | x* X,
| @+ =12 D a,a|§|]|wsite jf\}Go‘
[
EIE s
stiy) + cosly — = Maodifiers
float camplex assume
solve sirnplify | substitute
factor expand coeffs _I
collect series parfrac
fourier laplace Zrans
inwfourier  inviaplace invztrans
MY — Ml — 1] —
explicit
-
[ »
Press F1 for help, aoto [ [ |Paet 2

Puc. 5.41. YnpoLweHne BbIpaXeHNs C NOMOLLbK MUKTOrPaMmM NaHen CUMBOSbHBIX BbIYUCIEHUNA

Ilocne MIeTYKa Ha MUKTOTpaMMC 34 BbIPAXKCHUCM 0T06pa>KaeTc51 KJIIOYEBOEC CJI0OBO

simplify € TIOCHEOYIOIMUM OINEPAaTOPOM BEIYMCICHHUS CHUMBOJIBHOTO 3HAYCHHUS
(puc. 5.42).

YTo0bl yBUJIETh PE3YJILTAT YIPOLUCHHUS, CJASAYET LULIKHYTh MbILIbIO BHE 00j1acTu
BhIpakeHus (puc. 5.43).

3aMeTuM, UTO pe3yabTaT YOPOLUCHUS BBIPAKEHUH MOXKET OBITh JOCTATOYHO obec-
KypaxuBarwuM. [Ipumep npuseaeH Ha puc. 5.44.

B 5TOoM ciyuae npeanpyHUMANach MOMbITKA YIPOCTUTh BbipaskeHue | —2sin?(x),
KOTOpOoe paBHO ¢0s(2x). OnHaKOo B pe3ysibTaTe YINPOLIEHHUS MOTYYEHO BbIPAXKEHUE

2¢0s2(x) — 1, KOTOPOE XOTS U SIBSAETCH KOPPEKTHBIM, OJHAKO BPSIL JIH MOKET CUM-
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TaTbCsi 0OJIee NPOCTHIM MO CPABHEHUIO C MCXOJIHbIM, YHPOLIAEMbIM BbIPAXKEHUEM,
BooOlue ke npoueaypa ynpoLieHus CylIeCTBEHHO 3aBUCUT OT TEX 3ajlay, B pamKax
KOTOPBIX OHA BBLIMOJHAETCS. A 3TO JOCTATOYHO MHAMBUAYAJIbLHO, U MOJIHAS aBTO-
MaTH3aliyg 3/16Cb MaJIOBEPOSITHA.

A ] ve (R <E 3 ap W

A [ w= (2 <2 3 ap W

3 2
sin(x)z + cgs(x)2 simplify] — six) + cos(®) simplify — 1
Puc. 5.42. Pabounit JOKYMEHT Puc. 5.43. Pe3ynbTaT ynpoLUeHns BblipaxeHus

nocne wen4yka Ha nukrTorpamme
naHenn CUMBOIbHbIX BbIMUCNEHWIA

A [ 5= [2 <2 31 ap [y ~ e

1 - 2-51’11(::)2 sitplify —» (—1) + 2-cos(x)2

Puc. 5.44. YnpolleHne TPUrOHOMETPUYECKOTO BblpaXeHus

Hepenko mpuxomutcs BBITIONHATH TMPeoOpa3oBaHUS TMPH HEKOTOPHIX HOTOTHH-
TEJBbHBIX YCIOBUAX. Ecv OHM B NMpUHIOMITE MO3BOJAIOT XOTh KaK-TO YIPOCTUTH
BBIpaYKEHHUE, Pa3yMHO TiepeaTh HH(POPMALIMIO O TOMOTHUTEIBHBIX YCIOBUSIX CHC-
Teme. Pa3ymeercs, He BCIKOE YCIOBHE MOJXKHO OIHCATh B TEPMUHAX, BOCIIPUHH-
MaeMbIX npuinoxerneM Mathcad. OgHako acTo 3TO cienarh yaaeTcs.

Mpumep 5.7. YnpolueHne Npu fONONHUTENbHbIX YCIIOBUAX

Ecnu ynpommaemoe unu npeodpaszyeMoe BBIPaKEHUE CYLIECTBEHHO 3aBUCUT OT He-
KOTOpOl TNEpeMEeHHOM, 0o0nacTh NOMYyCTUMBIX 3HAUYEHWH KOTOPOW OTpaHHYeHa,
BBOJAT KJIIOYEBOE CIOBO (MHCTPYKLMIO) assume € YKa3aHUEM HaKIaAbIBAEMOTO
orpaHuueHud. B kauecTBe WITIOCTpaLMM pacCMOTPUM MpOcToit npumep. CooTBeT-
cTRytomui nokymenT Mathcad mokasan Ha puc. 5.45.

YTobbl BBECTH KIIIOYEBOE CJIOBO assume, CJELYeT BOCIMO/b30BATLCS MUKTOrpam-
Moii Ha nanutpe Symbolic (puc. 5.46).

B nepBom ciydae mpu W3BICHCHUH KBAaAPAaTHOTO KOPHS B KAUeCTBE OTPaHUYCHUS
ObUIO YKa3aHO HEPABEHCTBO, CBUICTEIBCTBYIOLIECE O TOM, YTO BHIpRKEHHUE, KBa-
paT KOTOPOro HAXOOUTCS MOJA CUMBOJIOM pauKaa, MoJoXuTenbHo. Bo Bropom
cllyyae YCJIOBHEM SIBJSICTCS MPUHAAJICKHOCTh MEPEMEHHOM ONpPEACICHHOMY Aua-
Ma30Hy 3HA4YeHUH ((PyHKLIMS RealRange ()), B CHIY YETO MOXKHO YIPOCTHUTH (IIpH-
YeM CYILIECTBEHHO) BBIPAXKCHUS, pa3MelleHHble noJ 3HakoM momyns. Kcrartm,
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KITIOYEBBIE CIOBA MOXHO BBOAUTH C MOMOIUBI CIELUATBHON MATUTPhl, KOTOpas
OTKpEIBaeTCs Mociie BbIOopa KoMaHAbl View | Toolbars | Modifier win menyka
Ha mkrorpamme Modifiers Ha mammtpe Symbolic (cm. puc. 5.46). Ilamutpa
Modifier nokazana Ha puc. 5.47.

A ] x= [ <2 31 p || [ sic =] o

¥npouweHue seIpa#eHul

&3 doRORHUIERLHE
ApedRonokeHi:

K- 1)2 sitmplifyy — cogn(x - 1k - 1)

C doronHurnentHbIMy
ApednanoKesLAML;

3 | simplify
x-1)

x-1

[+ 3| + |x- 5| simplify — |x+ 3] + |x- 5]

[+ 3| +

=
asgume, x = 1

simplifyy

lx - 5

Puc. 5.45. YnpoLlueHue BblpaXXeHUiA ¢ 4OMOMHUTENbHBIMU YCIIOBUAMN

£
— - Muodifiers
float complex aSSU£e
solva simplify  substifike
factor expand coeffs
collect series parfrac
fourier laplace rans
invfourier  invlaplace invztrans
n o ! — [H] —
explicit

Puc. 5.46. Beibop nukTorpammebl assume

[Modifier E|
ASSUME real
RealRange trig
integer

Puc. 5.47. MNanutpa Modifier

2
agzune,x = FealRlange( -2 ,43_)

Ha nanutpe Symbolic

Kpowme yxe 3Hakomoro kaoueBoro ciosa assume 1 RealRange, Tam ectb nukTo-
rpaMMbl C KJIIOUEBBIMHU cloBaMH real, integer u trig, KOTOpBIE COOTBETCTBYIOT
YIPOLICHHIO BBIPAXKECHUH ¢ NEHCTBUTENBHBIMH, LIEJIBIMU U TPUTOHOMETPUIESCKUMHU
MEePEMEHHBIMH.

YTto Takoe ynpouieHue BbIPAXKEHHS — Ha caMoM jelsie Bonpoc (uiaocodckui.
OjHa U Ta e onepalus B OJHOM CJly4ae MOXKET pacCMaTpUBaTbCs Kak yrpolie-
HUE, a B IPyroM — HeT. MHOroe 3aBUCUT OT KOHKPETHOH peluaemoii 3anauu. Kpome
TOIr0, BCTPOCHHLIC aJIFTOPUTMbI YIIPOLLIECHUSA Bblpa_)KeHl/lﬁ HC BCCrja O4CBUAHLI, I10-
OTOMY HNPUXOAUTCH 60ﬂee WJIMK MEHEEC ABHO YKa3biBaTb, KaKOro poja ﬂeﬁCTBHﬂ
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crneAyeT BHIMONHUTL. Hanpumep, ecnu npu padoTe ¢ NOIMHOMAaMH, IPeACTaBICH-
HBIMHU B BHUJIE MPOU3BEACHUM, CAeIyeT pa3ioKUTh BBIPAXKCHUE HA OTAENbHBIC Clla-
raeMble, BBIOMPaOT HHCTPYKLMIO expand.

Mpumep 5.8. NpeobpaszoBaHue BbipaXeHU

Ha puc. 5.48 nmokasan npumep ¢ 3Toi MHCTPYKLUMEH IS pa3ioKeHUS BEIPaKCHUH
Ha ciaracmsie.

A 5] 2= [ <2 T aﬁ’ﬁ JIMy Site | @

Paznoxenue asipaseHu]

x4+ w-(x - y)-|x2+y2| expand — —y4+ x4

[x+ 3% - y)-|x2+y2| expand,'x2 + yzl —+ —Ix2 + yzl-y2+ I}{2+§,r2|-x2

Puc. 5.48. PasnoxeHune BblpaxeHWiA Ha cnaraemble

HHCTpyKkunio expand HCNob3yOT no-pazHoMy. [lpeobpazyemoe BelpaskeHUE BBO-
IAT ciaeBa OT MHCTpYKuuu. KpoMe 3TOro, cmpaBa OT MHCTPYKLUMH MHOTAA YKa3bl-
BalOT 4acTh BBIPAKCHMSA (MHOXKHTEINB), KOTOPYIO MpPHU NMpeoOpa3oBaHUM CIEAYCT
OCTaBUTH B HeM3MeHHOM Buze. Ha puc. 5.48 B Takom pexxume npeobpasyercs BTO-
poe BbIpazkeHUe. BRIMOTHUTE 00paTHYIO OonepaLuio, T. €. MPEeACTABUTb BBIPAXKEHUE
B BHJIC MPOU3BEACHHUS, MOKHO C IOMOLIBIO HHCTPYKUMH factor. [Ipumepsl npen-
CTaBJICHBI Ha puc. 5.49.

A [ 2= [ <2 F] qﬁ’ﬁ J|My Site | Pan

lpeobpazoeanue esipameHii

x4 - y4 factor — —(y — X)-(y + x)-lxz + y2.| = Paanometile Ha MHOKRWmanU

2 2. 212 [ 2| 2 2
¥y4+x +v +x% 0y collect,r —14+v % +uxv+v
¢ pynmuposka Chasaemsl
{ 0 RO CrenleHam
2, 02,212 | 2.2 2
¥y +x +y +x 0y collect,y = \1+x)v +xvy+x

Puc. 5.49. lNpeobpasoBaHne BblpaxeHni

Tam e mokazaHa padoTa ¢ MHCTPYKLMEH collect. ChaeBa yKa3blBaeTCs MOTUHO-
MHUAIIbHOE BBIPAKCHHUE, B KOTOPOM CJEIYyeT CrPYNITUPOBAThH CllaraeMble MO cTere-
HSAM OJHON M3 MEPEMEHHBIX, a CIIpaBa — Ta NEPEeMEHHas, MO CTEHEeHAM KOTOPOM
CIIeAYET BBIMOIHATD TPYIIIUPOBKY.
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Mpumep 5.9. KoadduuymeHTsl nonuHoma

Uro kacaeTcs BEIpOKEHUI MOTMHOMHATBHOTO TUMA, TO YacTO OBIBACT BaKHO OMpee-
JUTH €r0 KOYP(ULIMEHTHI, T. €. MHOKHTENHN TMPH CTeTICHHBIX cllaraeMbIX. BekTop Ko-
3¢ PULHMEHTOB MOIMHOMA BO3BPAIIASTCS € TIOMOIIBIO HHCTPYKINH coeffs (puc. 5.50).

A [ x= [§<E T ap |y “My Site | @

Koagpepuuuenmel nonuHoma

v+ x2 + 2-y2 + x2-y2 coeffa,x — Vi

v+ x2 + 2-y2 + x2-y2 coeffa, v — x

Puc. 5.50. BbluncneHue koapduULMEHTOB NOMMHOMMNANBHOIO BbIpaXXeHuWs

B 3aBucHMOCTH OT TOTO, O KaKOW TIEpPEeMEHHOU TPYMNIUPYIOTCS claraeMble, pas-
JAYHBIMH OyIyT U KO3(pPUIMEHTHI.

Mpumep 5.10. 3ameHa nepeMeHHbIX

Eie onHa BaxkHas mpoueaypa, K KOTOpOil MpuOeraroT Mpu CUMBOJILHOM Tipeolpa-
30BaHUH BBIPKEHUI, — 3aMEHA MICPEeMEHHBIX WK TTOACTAHOBKH, KoTopble B Mathcad
MOXHO OCYILECTBISATh MOCPEACTBOM UHCTPYKLUMH substitute. Ha puc. 5.51 Bme-
CTO MEPEMEHHOH v BBEICHO BBIPAKEHHE sin (z) .

A ] o= [ <2 51 ||y e =] o

JameHa nepemeHHON

Ty + x2 + 3r2 + xz-yz substitute, ¥ = sin(F) — xginfE) + x2 + si.n(zj2 + :c2-51'.t1(zj2

Puc. 5.51. 3ameHa nepeMeHHON B BblpaxXeHUn

Mpumep 5.11. PasnoxeHue Ha npocTbie Apo6u

Ha puc. 5.52 nokazaHo, kak, MPUMEHSSI MHCTPYKLMIO parfrac, MOXKHO packiajabl-
BaTh PallMOHAIbHBIE BLIPAKEHHS HA NPOCTbIE APOOH.
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A 5] v= (2 <2 20 ap @y |[inysee

=] @

Paznoxenue Ha npasunsHeie dpobu

-1 1 1
cotvert, parfrac . — — + +
b4 x=-1 x+1

Puc. 5.52. PasnoxeHune BblpaxxeHnsa Ha nNpaBuibHble Apobu

BeinonHgercs wenyok Ha nukTorpamMme parfrac nanurpst Symbolic, unctpykuus

convert IIPHU 5TOM I[063BJ'I$IGTC$I dABTOMAaTHUYCCKH.

Mpumep 5.12. BoiuncneHune BbipaXxeHui

Hakoneul, npu o6paboTke CUMBOJIbHBIX BBIPQKEHHH HA HEKOTOPbIX ATanax paboTsl

BAKHO OLIBAET BLIUUCIUTL WIH OUCHHUTH B YHUCJIICHHOM BHUAC 3HAYCHHUEC 3TOI'O BbI-

pPaxkeHusd. I[J'lﬂ BbIYHUCJICHUSA BbIPAXKEHUA B YUCIICHHOM BH/EC IMOCJIC HEIrO yKa3sbiBa-

IOT UMHCTPYKUMIKO float, CHpaBa oOT KOTOpOﬁ BBOAUTCA YHC/I0, ONPCACIAOLICe

TOYHOCTb BbIYUCJICHHS BbIPAKCHUA. Kpome 9TOro, UMECTCA BO3MOXKHOCTb BbIYUMHC-

JIATh BBIPAXKCHUSI HA MHOXKECTBE KOMIUICKCHBLIX YUCEIL. COOTBCTCTBy}OUJ,aﬂ HHCT-

PYKLMSL HOCUT Ha3BaHUE complex. [IpuMepbl BBIUUCACHUS BbIPAXKEHUN MOKHO BU-

JIeTh B JOKYMEHTE Ha puc. 5.53.

A [ 2= [2<E T of Wy “My Site | @

Brivucnenue asipameHutl
1

2 12

1 2
asm(2)2 - 3005(2)2 compler — :1-11 - i-ﬂ-]n(E + 32] T B romnnescHoM sude

1 2 1 2 -1 2
asin(—j —acos(—) — —n <7 B cumeonuiom sude
2

2 2
asm[%] - acos[%] float, 15 — - 2224670334241 11 = B qucneHHom euds

Puc. 5.53. BbeluncneHve BbipaxeHuii B KOMMNIEKCHOM, CUMBOMbHOM U YUCNEHHOM BUAE

HpI/I BBIYMCJIICHUU APKCHUHYCA WK apKKOCHUHYCAa OT YHCJlia, OONBIIETrO MO adCOIIOT-

HOH BEJIMUUHE CAUHULBL, PE3YJILTAT 6y)1€T KOMITJICKCHbIM.
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CumMBOnNbHbIe onepauun ¢ MaTpmuamm

B03MOKHOCTH 1O BBITOJIHEHHIO CHMBOJIBHBIX MpeoOpa3oBaHuil Tipu paboTe ¢ Mat-
puLaMu He OdeHb BeaukW, OaHAKO Psiji OCHOBHbIX, HauOosiee O0UIMX onepauui
B Mathcad ¢ MaTpuiiamu aenath MOXKHO. DTO MPOLEAYPbI TPAHCTIOHUPOBAHHMS, Ha-
XOM/IEHUST 0OPATHOM MATPHIIbI U BHIYHUCIIEHHUS OTIPEENHUTENS (JIETEPMUHAHTA).

Mpumep 5.13. Onepayum ¢ maTpuyammn

Ha pHuc. 5.54 moka3zaHa HavajibHas 4acTb JAOKYMCHTA, I'IC MaTpulla CHa4Yajla WHH-
HUAJTU3UPYETCA B CUMBOJIbLHOM BUJEC, & 3aTEM TPAHCIIOHUPYETCA.

Hn"ﬂx: |2 <§3:|ﬂﬂ’a“r\'1y5ite ~| e

CumeonbHbie onepauun ¢ Mampuiamu

_ xll %2 & FHULUAMLAEUNR MarRpULL]
"l e & CUMEORLEHOM Bude
N xl ¥l (g TpaHcnosuposattan
x12 ¥ MampLLE

Puc. 5.54. lHnumanusauma n TpaHCNoHUpOBaHWe MaTpuLb

Jlist TpaHcnoHrpoBaHusg MaTpulbl Ha nanutpe Symbolic BbIGUpaloT cieyaibHy10
MUKTOIpaMMy ¢ CUMBOJIOM TPaHCIIOHUPOBAHUS (puc. 5.55).

Urobsl HaliTu oOpaTHYIO MaTpully, Ha nanmutpe Symbolic BBIOupaoT uKTOrpaM-
MY, COCEHIOIO ¢ MUKTOrPaMMOH TpaHCMOHUPOBaHUs (puc. 5.56).

Pesynbrar oOpalueHus MaTpuubl npeactapieH Ha puc. 5.57. Tam ke nokaszaHo,
Kak oOpataercs (B CUMBOJIBHOM BH/IC) MAaTpULIA C YUCICHHBIMH 3HAYCHUSMH.

OcHOBHass O0COOCHHOCTh OOpalleHWs YHUCICHHOM MAaTpHIlbl B CHMBOIBLHOM BHJIC
COCTOUT B TOM, 4TO (CM. pHC. 5.57) aneMeHTbl 00paTHOM MaTpuULIbl 3aM1caHbl B BU-
Jie palMoHANIBHBIX Apodeii, T. e. K opMaTy ducen ¢ MiaBaroeil TOUKOW OHH He
npeodpa3yroTcs.

Kak ormeuasioch paHee, paccMarpupaeMble ONEpailMy 1o CUMBOJIbLHOMY npeodpa-
30BaHUIO0 MOYKHO BBITIOTHATH HE TOJIBKO C TIOMOIIBIO TTanuTpel Symbolic, Ho 1 mo-
cpeiactBoM komanj MeHo Symbolics. B uactHoCTU, 4TOOBI BHIUUCIUTD JI€TEPMHU-
HaHT MaTpUIlbl B CHMBOJILHOM BHJIE, TOCTaTOYHO BHIOpaTh KoMaHay Symbolics |
Matrix | Transpose. Pe3ynbTar BEIUHCICHHUS HETEPMUHAHTA MATPHIIBI ¢ TIOMOIIHIO
3TOM KOMaHAbl MOKa3aH Ha puc. 5.58.
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£
— - Muodifiers
float complex  assume
solva simplify  substitute
factor expand coeffs
collect series parfrac
fourier laplace rans
invfourier  invlaplace invztrans
n o [ ! — [H] —
explicit

Puc. 5.55. BbiGop nukTorpammbl
ATs1 TPAHCNOHUPOBAHMSA MaTpuLbl

Symbolic £
— - Modifiers
float complex  assume
solve simplify  substitute
factar expand coeffs
collect sefies parfrac
faurier laplace zirans
invfourier  invlaplace  imatrans
Mt — m! = [r| —
explicit

Puc. 5.56. Bribop nukTorpammel
ANA BbIMUCIEHNS 06paTHON MaTpuLbl

4[] v= [2 < 21 ap|®

=l @

J fpay site

-1 1 x2d
_) —_—
w132 - 212221 4 —x2l

2 137! 1§21
1
0z 4\0 2

-zl ] ¢ Obpamuas

1 Marmpula

Briqucrenue ofparanoll
MampLULL!

Puc. 5.57. BeluucneHune obpatHoi maTpuubl

4[] v= [2 < 21 ap|®

J fpay site

=l @

12 <o Mampuua
34

-2 <o Hemepmunaum

¥l %2
w21 w32

xl1-x32 = x12-221

¢ Mampuus

¢ Hemepaunanm

Puc. 5.58. Bbluncnenn

€ JeTEPMUHAHTA MaTpuULbl

Cutyaums ¢ UCHONB30BAaHUEM MUKTOTPaMMbl BBIYMCICHUS ACTCPMUHAHTA HA Ma-
jutpe Symbolic 1ocTaTouHO MHTEpECHAs!, IOCKOJIbKY COOTBETCTBYIOLIAs KOMaH/1a
(puc. 5.59) ycnemHo MoKeT MPUMEHITHCS U AJ1s1 BRIUMCIACHUS MOIYJIA KOMILICKC-

HbIX YKCECJI B CUMBOJILHOM BU/IC.

bonee Toro, nns onpeneneHUs AeTEPMHUHAHTA JOMYCTUMO BOCMOJb30BATHCS MHK-
TOrpPaMMOM BBIYMCIICHUS ACTEPMHUHAHTAa MaTpULbl HA nanutpe Matrix (puc. 5.60)
M 3aTe€M KOMaH/0l BbIUMCIIEHHS BbIPa’KEHUs] B CHMBOJILHOM BHjE (MMKTOrpaMma

co cTpenkoii Ha manmutpe Symbolic).
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|
— - Maodifiers
float cofplex  assume
solve simplify  substitute
factor expand coeffs
collect series parfrac
faurier laplace rans m =
invfourier  invlaplace imvztrans B %, ' 4
H — ! — [M] _*[ m M W m
explicit 71 it Eu [
Puc. 5.59. Bbibop komaHAbl BblYMCNEHNS Puc. 5.60. BeiSop nukTorpammel BelYUCIEHUSA
AeTepMuHaHTa Ha nanutpe Symbolic petepmunHaHTa Ha nanutpe Matrix

Ha puc. 5.61 mokazan PE3YJIbTAT BBIYHUCICHUA MOAYJId KOMIUICKCHOIO 4YHC/a
B CMMBOJIBHOM BHAC C IMOMOIIBIO MUKTOTPAMMBI MAJTUTPBI Symbollc U ACTCpMU-
HaHTa MaTpHLbI.

JIMy Site | Peo

1
/3 5 2
lx+ 15| = &+ 57 o Modyre xomnrexcrozo wuena

] = 132 - 2021 ¢ Hemepnaim

Puc. 5.61. Pe3ynbTaT BbIYMCNEHUS ONPEAENUTENSA MaTPULbI

Kakum crnocobom BbIUNC/ATD ACTCPMHUHAHT MaTpHLbl — 3TO, Pa3yMeCTCs, peulaTh
IIOJIB30BATECIIIO.

UHTerpanbHble npeobpa3soBaHus
U pa3noxeHune B pAabl

BaxkHblil MeTO/, 4aCcTO BCTpeYatOMKACs MPU PeLIEHUU YPABHEHUNA U LEOro Kjac-

ca MpaKTUYeCKHX 3a7ay, — HHTerpaibHble mpeobpazoBanusi. Hanbonee u3BecTHBI

v nonyJsisipHsl npeodpaszoeanus Jlannaca u @ypee. CyluecTBYIOT MpaMoe u odparHoe

npeobpazoBanus. [Ipsmoe mpeoOpazoanne Dypre mna GyHKIUA f(¢) OOBIYHO
1 ~+o0

ocyluecTBisieTes no gopmyie F(w)=— _[ f(H)exp(—iot)dt . llpu Takom onpe-
0

V2m
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ACJICHUN TPAMOTO npeo6pa30BaHH$1 CDpre O6paTHO€ JacTCd COOTHOIICHUCM
~+oo

1
f= o I F(o)exp(int)do . B Mathcad npsimoe npeobpaszosanue ornpejesis-
T _»

+o0
eTcs Kak F(o) = I f()exp(—iot)dt , B cury vero mis oOpatHOTO Tipeobpa3oBa-

—0o0
+o0

1
HUs ucnodibzyercs gopmyaa f(7) = o IF(co)exp(icot)doo. Hns npsimoro npeo®-
Tr’—oo

+o0
pazopanus Jlammaca TpWHATO cooTHommeHue F(p)= I f®exp(—pt)dt . Hns
0
00paTHOro npeodpa3oBaHusl BbINOIHIETCS HHTErPUPOBAHUE MO KOMILIEKCHOH 00-
JIACTH, TIORTOMY TIPUBOUTH COOTBETCTBYIOIEE BhIpaKeHHUe U1 MHTErpaja He Oy-
aeM. OTMETHM JIMLUb, YTO B pe3yJibTare dToro no ¢yHkuuu F(p) MOKHO BOCCTa-

HOBUTH f(1).

HecnoxHo 3aMeTHTB, UTO (hopMallbHbIC BRIPAKEHHS U HHTETPATOB B 000UX Mpe-
obpazoBaHusix jpocrarodHo cxoxu. [lpaena, B npeobpasosaHun Jlansaca nepe-
MEHHasg p B 0OIeM ciyuae KOMIUICKCHAs, HO 3TO cefiuac He TPUHIMMHAILHO.

BaxkHo To, 4TO y 9TUX Npeodpa3oBaHKi 10CTATOUHO CXOXKU U OCHOBHbIC CBOWCTBA.
[NosToMy Ha mpakTHKe KpUTepHEeM TOTO, Kakoe U3 ABYX MpeoOpa3oBaHMid BEIOPATH,
SIBJISETCS, KAK HW CTPaHHO, BO3MOXKHOCTbH BBINMOJHUTL mnpeodpazoBanue. [leno
B TOM, 4TO mnpeoOpazoBaHre Dypbe MOKHO BBIIOJHHUTH JANEKO HE OJIS KaXKIOH
¢dyHkunun. Hanpumep, 1 noiuHoma (4acTHbIM ClydaeM KOTOPOIro sIBJSIETCS JiW-
HeiiHass (yHKUMS) COOTBETCTBYIOIIMIT WHTerpan pacxozutcs. IIpeobpazoBaHue
®Dypbe HacTo NPUMEHSETCS MPW aHAJIW3€ CUTHAJIOB, B TOM YMcJie U Tuna "eqouka.
OnnHaxo 3TH CUTHAJIBL, XOTA M XapaKTepU3yIOTCs JTUHEWHOW BPEMEHHOH 3aBUCHUMO-
CTbIO, HO OHAa OrpaHHWYeHa BO BPEMEHM. JIpyrMMM Cil0BaMM, COOTBETCTBYHOLLAS
(YHKUUS SBAAETCH KyCOUHO-TJIAKOM, a 3TO He OIHO U TO Ke, YTO JIMHECIHHAS 3aBU-
CHUMOCTDb.

Jlns Bbinonnenus npeodpazosanus Oypbe B Mathcad npeaycmorpeHo kitodeBoe
CIoBO fourier. CneBa ykaspiBaercs npeoOpasyemas (PyHKUUS, a ClIpaBa — Mepe-
MEHHasi, 10 KOTOPOi cieayeT BbIMOIHATL npeobpaszoBaHue. J{is obpaTtHoro npe-
obpazoBanus Dypbe MOKHO HPUOETHYTH K MOMOIIM MHCTPYKLMU invfourier.
O06e MHCTPYKLMHU MOXHO BBECTH MOCPEACTBOM Nanutpbl Symbolic.

Mpumep 5.14. UHTerpanbHbie npeobpa3oBaHus

[Ipumepbl BBIMOTHEHUS MPSIMOT0 M OOPaTHOrO MpeoOpa3oBaHUN MOKa3aHbl B JO-
KYMEHTE Ha puc. 5.62.
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A [1] == @Qf T ap|® JIMy Site | e

lpeobpazoeanue Pypre

PR 2
fity = expl._tzj ﬂ“’) = ﬁexp(%} o HAsuanuzaue

e TRy
1 -1 4 .l'T
- —w
_ ) & fMpAmoe
fif) fourter,t —x e Rpeolpaiosanie
1
) . 12 -f - ObpamHoe
F(w) invfouier,m  — 5-4 -8 simplifiy —» ¢ = npeobpaaosane

lpoeepka pesynumama

oo 5 _T‘l-m ) oo 2
J. ftt)-exp(—i-co-t) dt—a e F(m)-exp(i-w-t) dey — Es_t
— oo

Ims_

Puc. 5.62. NpeobpaszosaHne dypbe

[IpakTrdecku Tak >xe BbIMoAHAeTCs npeodpazoBanue Jlanmaca. [lpuMep BinmosHe-
HUS TAKOTO MpeoOpa3oBaHus MPUBEACH B TOKYMEHTE Ha puc. 5.63.

A4 3] == [2 <2 37 || “MySite x| @eo

[lpeobpazoeanue llannaca

fity = expr—t)-sint) Fiey = _tr ¢ HMAunanuzaues
(D41 oy
fif) laplace,t — _t ¢ flpAwoe
(s + 1)2 +1 npeolpasosanue
) -t Obpamnoe
Flg) invlaplace . p — & -sinf) <« np‘foﬁpasoeawe

lpoeepka pezynsmama

o0
1
J. it expl-p-t) dt assume,p =0 —
2
0 2+2p+p

Puc. 5.63. NpeobpasoeaHue Jlannaca
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Ecnu npeobpazosanue (Jlannaca unn @ypbe) BHIMOMHASTCS ¢ TOMOLIBIO KOMaHA
MEHIO, BaXXHO He 3a0bITh, UTO NpPEABAPUTEIBHO B MpeoOpasyeMoOM BHIPRKEHUH
ClleAyeT BBLACTUTH TY MEPEMEHHYIO, M0 KOTOPOH BBIMONHACTCA MpeoOpa3oBaHHe.
[Ipottecc BhITIOTHEHUsS TIpeoOpazoBaHUSA ¢ MOMOINBI0 KOoMaHI MeHio Symbolics
NPOWLIIOCTPUPOBAH Ha puC. 5.64.

Pesynbrar npeobpazoBanus nokasaH Ha puc. 5.65.

nip] Mathcad - [chap05_06.mcd] i ] |
di;-,j’ File Edit “iew Insett Format Tools | Symbolics ‘Window Help 8]l
|D-SHISRY|%BE L ‘=& [ ]| @)
Sinplify T
JIVariabIes jITimes Mews Faman Bymend o | = = = | = 3: | X X,
A= [2EF ap &[] Eector =] @
Collect _I
-
Polynomial Coefficients
exp(—m-t)-cos(co-:np tiette ¢
Makrix 4
Fourier
) Inverse Fourier
Evaluation Style. ..
Inverse Laplace !
0 -
dl | Z »
Ewaluate the Laplace kransForm with respect bo the selecked wariable Inwerse 2 Page2 4
—

Puc. 5.64. BoinonHeHve npeobpasoBaHunst Jlannaca ¢ NOMOLLbI0 KOMaHZ MEHI0

A [H] »= [E < T ap W

exp[—m-t)-cos(m-t)

3+ ot

(a4 0 + 02

Puc. 5.65. Pe3ynbTaT BbinONHeHUs npeobpasosaHus Jlannaca
C NMOMOLLbI0 KOMaHA, MEHIO

Kak 0oOBIMHO mpH BHIMOTHEHUHM CHUMBOJIBHBIX NPeoOpa30BaHUN MOCPEICTBOM KO-
MaHZ MEHIO, pe3yJbTaT 0TOOpa)kaeTcs psIoOM ¢ MCXOAHBIM BhIpaKCHUEM (B IaH-
HOM ciiydae cHM3Y). [Ipy n3MeHeHMN MCXOTHOTO BBIPAXKEHHUS pe3yabTaT nmpeolpa-
30BaHMsA OCTAaHETCS HEM3MCHHBIM. lIpuM 3TOM KOPPEKTHBIM BBIOOP MEPEeMEHHOM
npeoOpa3oBaHud (T. €. IEPEMEHHOMN, M0 KOTOPOi BBIMOIHACTCS WHTETPUPOBAHUC)
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ABIISICTCS TNPUHLUMINAIBHBIM, TIOCKOJIBKY AJS pa3sHbIX NEPEeMEHHBIX PE3YJbTaThl
npeoOpa3oBaHua adCONMIOTHO paszHble. Ha puc. 5.66 nomeueHa (IMHUAMU peAaKTH-

pOBaHI/ISI) nepeMeHHasn, OTJIM4YHad OT TOI71, YTO BBLACIIAJIACH paHEC.

iig] Mathcad - [chap05_06.mcd]

d{a? File Edit Yiew Insert Format Tools | Symbolics Window  Help

|D-2H &RV LBE

J I'u'ariables

jITimes Wew Raman

| @A [ x= [2<F T ap

expla ) coslal])

KIS

Evaluate the Laplace transform with respect ko the selected variable

_1o] x|
=1l x|
Evaluate 'ho= | e 7] @
Simplifsy N
= = = | 1= 1= z
Expand H|EEE-—§—|"‘“2
“'| Factar vI 6o
Collect _I
Y
Polvnomial Coefficients
‘ariable L4
Makrizx L4
Fourier
Irvverse Fourier
Ewvaluation Style. .. =
Inverse L@Ig
- -
£ »
Inverse 2 Page 2 v

Puc. 5.66. BoigeneHa nepemeHHas B BbIpaXeHUu

Pezynerar mpeoGpazoBanus @ypbe B 3TOM ciaydae TokazaH Ha puc. 5.67. Kak u
CJIEA0BAJIO OXKUIATh, OH U3MEHHIICS.

] A [ 2= [ <E 30 af #

exp(—m-t)-cos[m-t)

Puc. 5.67. Pe3synbTaT npeobpasoBaHus
3aBUCWT OT NepemMeHHol npeobpa3oBaHmns

Xots npeoOpazoanus Jlamnaca u @ypbe 1OCTATOYHO MPOAYKTUBHBI B IUTAHE UX
NPUMEHEHUs Ha MPAKTHKE, OTO AAJeKO He €JIMHCTBEHHbIE MPeodpa3oBaHus, KOTO-
pble TIONe3HBI TIpH pelleHnH 3anad. B Mathcad cymecTByeT Takke BO3MOKHOCTb
BBINOJIHAThL TaK HasbiBaeMoe Z-npeobpazopaHue (npsmoe U obparHoe). Jns dyHk-
[INH LIeJIOYUCICHHOTO apryMeHTa f(n) Z-mpeoOpa3zoBaHHe BHITIOTHACTCS 1O op-
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myie F(z)= . OTcio/1a erko 3aMeTUTh, YTO, BO-MEPBbIX, COOTBETCTBYIO-

5 1
n=0 z"

Ilee BRIPAXKEHUE eCTh CTETICHHOM A/ 10 TIEPEMEHHOM X = z~| 1, BO-BTOpBIX, €CITH
3Ha4YeHUs f(n) ONpedenstOT NMPOU3BOAHBIC (IACNEeHHbIE Ha #!) VIS HEKOTOPOH
¢dyHkuun, To Z-npeobpazoBanue Oyaer psaoM Teiinopa s dtoll GyHKUMU

(ee aprymeHToM siBasiercst 1/z2).

Mpumep 5.15. Z-npeobpaszoBaHne
Hanpuwmep, ecnu /' (n) = 1/n!, o F(z) = exp(l/z) . B ToM, 4T0 3TO NeHCTBUTEIBHO

TaK, HECJIOXKHO YOeIUThCS, B3TIIAHYB Ha puc. 5.68.

) A ] == |2 <F 31 /ap|® “MySite ~]| @eo

Z-npeobpazoeanue

1 _ 1 o HMuuguanuasuus
fir) = o Fig = exp(;j PR
L
z 4o fpavoe
fim) strans,.n — e npectpaIceanue
. 1
F(z) invetrans ,z — o & Obpamuoe
npeofpasceanie

Puc. 5.68. BeinonHeHve Z-npeobpasoBaHus

[Ipamoe npeoOpazoBaHHe BHIMOMHEHO ¢ MOMOLIBI MHCTPYKLMU ztrans, a oOpart-
HOEe — ¢ MOMOIUBIO invztrans. Elne oguH mpuMep mpeoOpa3oBaHMs, pe3yibTaT
KOTOPOTO MOKHO mpenyranats, — s GyHkuun f(n) =1. JeiictBuTensHo, no-

s o}

CKONbKY ). x" =
n=0 1-x

, TO JIOJIKHO ObiTh F(Z) = 1 (puc. 5.69).

1-1/z

Uro kacaercs oOpaTHOTO npeoOpa3oBaHusi, TO B 3TOM CJIydae BBIUUCIACTCA KPUBO-
JUHEHWHBIA MHTETpal MO 3aMKHYTOW KOMIUIeKCHOHM obnactu. Kak u nns npeoGpa-
3oBaHus Jlammaca, mpuBoAUTE ero He OynaeM. BaxkHo To, 4To o pyHKIMU F(Z)

MOXKHO BOCCTaHOBUTH f(n). s sTOro, KCTaTW, MOXXHO OBUIO OBI Pa3iioKUTh
F(z) B pan no crenensMm 1/z. YGeanmes B atom. Jlnst pasioxenus ¢yHKuui

B psi Telnopa BOCnob3yeMesd HHCTPYKLMEH series.
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Z-npeobpazoeanue

1
fir) =1 Bio = a—

z

“

fitn) ztrans,n —»
z-1

Fig) invatrans .z — 1

&

¢ MHuguanuasuua
[ra T

flpAnos
npeolipgI0aanIe

Obparmtos
npeobpasoaanue

Puc. 5.69. PesynbTaTt HekoTopbIX NpeobpasoBaHuii nerko npegyragatb

Mpumep 5.16. Pag Teitnopa

Pesynprar paznoxkenus nonmydyeHHbIx panee (yHkumid B psan Teiinopa mokasad

Ha puc. 5.70.

B A ] x= [ [2[<2 T ﬂﬁIEHIMySite | @eo

Paznoxenue pynkumii e pad Telinopa

] 1 1 HHuLLaRuaaLus
Fa = exp(;) ) = o L
F(l) seres, x=0.3 =1+ 1x+ l-x2 + l-x3 + L-x‘!1 Pad dna
x 2 f 24 KL

n=0,1.4

1

1

1

2 o Mpoaspua koadhghuyuenmos
ey = 1 paanoMenus g pad

6

1

24

Puc. 5.70. PasnoxeHue yHKUMM B pag

CrneBa OT MHCTPYKLUMH series yKa3blBacTCA packiaibiBaeMmas B psn (hyHKLMS,
a crpaBa — MNEPEMEHHAS CO 3HAYEHUEM, B OKPECTHOCTH KOTOPOTrO (DYHKUHUS pac-
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KJIaAbIBAeTCs B P (€CaM Pa3ioKeHHUE BBIMOIHACTCS B OKPECTHOCTU HYJS, PsA
Ha3zblBaeTcH pagoM Makiopena). [anee depes 3anaTyr0 MOXKHO yKa3aTbh YHCIIO
BBIYMCIIAEMBIX cllaraeMblX B psgae. B HukHel yactu mokymeHTa Ha puc. 5.70
MPUBEJCHO COOTBETCTBYIOLIEEC YHUCIO HAYANbHBIX 3HAUCHUH I (GYHKLWHU, KO-
TOpas paHee nonapeprainack Z-npeobpasoanuto. [lockonbky B psaa packiambl-
Ballach (PYHKUHMS, MOJIyUECHHAS B Pe3yabTaTe 3TOro npeoOpasoBaHus, 3HAUCHUS
COBNAAalOT ¢ KO3 PULUEHTaMU pa3iokeHus. B ToMm, uTo Takoe coBmageHUE
JAlTeKo He CIIy4aiHO, CBUIACTEIBCTBYIOT M JAHHbIE NTOKYMEHTA, NOKa3aHHOTO
Ha puc. 5.71.

ﬂ&ﬂ:a:@@@j qﬁla“MySite | Pen

Paznoxenue ¢pynkunil e pad Telinopa

_ I _ Hauguanusauus
£ = -1 i) =1 i
1 . 2 3 4
F| = | seties.x=0.5 =1+ 1lx+1x +1% +1x Fqun| Fad dna
x R
n=0,1.4
<o Mpoaspra koagaghuuuenmos

1

1
fry =1 paanowetus g pad

1

1

Puc. 5.71. PasnoxeHune B pag 1 npoeepka koaPULNEHTOB pasnoxeHus

BriOupas paznuusble npeoOpa3oBaHus U KOMOWHUPYS MX, MOXKHO pellaTh camble
pazHoobpasHbie 3agaud. YacTuuHO Takue noaAxoibl Oy1yT UCMOJb30BaHbl jalee
[P PACCMOTPEHUH NPAKTUUECKUX IPUMEPOB.

PelweHue ypaBHEHUN
B CUMBOJILHOM Buge

B Mathcad ypaBHeHHsI MOXKHO pellaTh He TOJbKO B YUCIEHHOM, HO U B CUMBOJIb-
HOM BuIe. B pabouunii mOKyMEHT BBOOUTCSA YpaBHEHUE, NOCHIE YETr0 C MOMOLIBIO
nuKTorpaMmbl solve Ha nanutpe Symbolic BBOAMTCS OAHOMMEHHAs UHCTPYKLKS
solve (pI/IC. 5.72).
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Symbolic £
— - Modifiers
float complex  assume
solve [ simplify  substitute
factar expand coeffs
collect sefies parfrac
faurier laplace zirans
invfourier  invlaplace  imatrans
Mt — m! = [r| —
explicit

Puc. 5.72. Nukrorpamma ansa peLueHns ypaBHeHuns

Mpumep 5.17. PelueHne ypaBHEHUIA N cUCTEM
Pesynbrar npuMeHeHUsl STOH MHCTPYKLMHM PACCMOTPUM HAa NPUMEpPE PeLIeHUS

KBaJIPaTHOIO YPaBHEHUS x> —5x+6=0. COOTBETCTBYIOUIMI JOKYMEHT Mpe-
CTaBJICH Ha puc. 5.73.

@ 4= 4R ap

Pewenue ypasHeHuil

2 2
¥ —5x+6=0sz0lve,x — 3

Puc. 5.73. PewueHne kBagpaTHOro ypaBHeHnUs

CrnpaBa OoT MHCTPYKLUMH solve YKa3bIBAIOT TY MEPEMEHHYIO, OTHOCUTEIBHO KOTO-
poii pemaetcs ypaBHeHue. He cienyeT Takxke 3a0bIBaTh, YTO B Ka4deCcTBE 3HAKA
PaBEHCTBA B YPaBHEHUH BBOIUTCA ONEPATOP JOTMUYECKOTO paBEHCTBA (€r0 MUKTO-
rpaMma pasmetieHa Ha naautpe Boolean). CTporo roBops, npaByro 4acTb ypaBHe-
HUSL MOKHO BOOOIIE HE yKasblBaThb. Eciu cieBa OT MHCTPYKUHH solve BBEACHO
BbIpAXKECHHE, TO PeELIaeTCs YpaBHEHHE, MOJydarolieecsl MPUPaBHUBAHUEM 3TOTO
BbIPAXKECHUS HYJIIO.

Ecnu HY>KHO peuiuTbh CUCTEMY YPABHEHWUH, TO BO3MOXKHBI JIBa MPUHLMOHAILHO
pa3Hbix noaxojaa. OAMH COCTOUT B TOM, YTO YPABHEHHS 3a/1al0TCSl B BUJIE DJIEMEH-
TOB BEKTOPa. DTOT BEKTOpP 3aTeM YKa3bIBaIOT CJ€Ba OT MHCTPYKLMU solve, a Crpa-
Ba OT HEE uepe3 3alATyI0 MEePEUUCIAIOTCS MEePEMEHHbIE, OTHOCUTENILHO KOTOPbIX
peliaeTcs cucrtema. Pe3yabrar BO3BpallaeTcs B BMJE BEKTOpa peUIeHUH.
Ha puc. 5.74 npueejied npumep Takoro cnoco0a pelleHUsl CUCTeMbl YpaBHEHUE

x+y2=1ny—x>=1.
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Cucmema ypaeHenii

Puc. 5.74. PelwueHne cuctemol ypaBHEHMIN, 3anMCaHHON B BUAE BEKTOPA

Kak BMaMM, cucTemoli HaliieHbl BCE PelleHUsl, B TOM YMUC/e U KOMILJIEKCHbIE.
AnbTepHAaTHUBHBIA CHOcO0 PEIeHUS CUCTEMbl YPAaBHEHHMH 3aKIovaeTcs B HC-
NOJb30BaHUM CMELUaIbLHOro 0J10Ka, KOTOPbIH HAYMHAETCSl KIIIOYEBbIM CJOBOM
Given (BBOAMTCS ¢ KJIaBHUATYPHI) U 3aKaHUMBaeTcd GyHKIWEH Find () (He oOs3a-
TeJbHO ATOH, HO MMEHHO OHa B JJAHHOM cllydae MpejCTaBiseT uHtepec). Apry-
MEHTOM (YHKLHH YKa3bIBAIOT T€ MEPEMEHHBIC, OTHOCUTEIBHO KOTOPBIX periaeT-
csi cucreMa ypaBHeHui. Camu ypaBHeHUs JOJOKHbI ObITh 3anucaHbl B 6J10ke (T. e.
MEXAY KIFOYEBBIM CIOBOM Given M KOMaHAOH MOWCKA pelleHus Find () ). Ilpu-
Mep pelleHUs JIMHEHHOH CHUCTEMbl YPABHEHUH TakUM METOJ0M [PEeACTaBJICH
Ha puc. 5.75.

A4 el == [%[<F 20 ap [

Cucmema ypasHeHl

Given
©l +x2=3

¥l -2=1

Find(xl 30 — (f]

Puc. 5.75. PelueHne nnuHenHon cucteMbl ypaBHEHNIA

O“IGBI/II[HO, UTO PCLICHUC HaUACHO NpaBUJIIBHO. HpaKTI/I‘IeCKI/I TaK K€ pCLIarOTCA
HEPABCHCTBA U CUCTEMbI HEPABCHCTB.
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CymMmmMmupoBaHue psaaos,
BblYMCNEeHMe rpaH1L U npousBeaeHnmn

JlocTaTouHO HECNOXKHBIMU SIBJISIOTCS OMEpalvid aHAJIMTHYECKOro pacuera psaos,
npou3BeeHUH W rpanuil. PaccMOTpUM KpaTko 0COOEHHOCTHU KaXKJ0H M3 3THX Ore-
pauuii. OaHako cpa3zy OTMETHM, YTO 0COOEHHOCTb BBIUMCIEHUS COOTBETCTBYOUIUX
BbIp@XKEHUH B CUMBOJILHOM BH/€ (110 CPAaBHEHUIO C ONPE/EIEHUEM TOTO )K€ Bbipa-
JKeHUs B opMate yucia ¢ niaBalolleil TOUKOH) COCTOUT, B OCHOBHOM, B BblOOpe
COOTBETCTBYIOLIEr0 Ooneparopa— B JaHHOM cjydae ClielyeT BBOJWTb CTPEJIKY
BbIYMCIIEHHS] CUMBOJILHOTO Pe3yJbTaTa.

Mpumep 5.18. BbiuncneHne 6eCKOHEUYHbIX CYMM
U npou3BegeHun

Ha puc. 5.76 npuBeneHsl mpuMepbl BHIYUCICHUA B CUMBOJIBHOM BUAE CyMM Oec-
KOHEUHBIX PSIOB.

TR

Beraucnenue CYyMM

oo 1 oo
N — =1z by
— T — |
n=0 2 n=>0

2

i
nZD CIn+ 131 = sin(l)

Puc. 5.76. BriuncneHne psagoB B CUMBONIBHOM BUAE

[IpakTrdecku Tak ke BBIYMCISIOTCS M OeCKOHEUHble mpousBedcHUA. [Ipumepsl
MpeACTABICHBI B JOKYMEHTE Ha puc. 5.77.

CHMBOJIbI BBIUMCIIEHUS CYyMMbl U IIPOU3BEACHHUST BBOJSITCSA C NMOMOLIBIO MUKTOrPamMM
naautpsl Calculus. 3aech jxe UMeeTCs LeNbIX TPH MUKTOrPaMMbl S5l BbIUUCIIEHUS
npe/esnos. Jleno B Tom, 4To 151 pa3pbiBHbIX (PYHKLKMEA npeaen onpejensercs crpapa
WM ciieBa (sl HenpepbiBHLIX 00a 3T npesaena coenajaator). Jng HaxoxaeHus
00bIYHOTO (JIBYCTOPOHHEro) rnpejieia BbIOUpalOT MUKTOrpaMMy B JIEBOM HWXKHEM
yriy nanautpsi Caleulus (npu onpeaenenHoli Gpopme nanurpsi, puc. 5.78).

[MukTorpammpl I8 BBIYMCIICHHUS TPABOCTOPOHHUX M JIGBOCTOPOHHHX MPECIOB
BBLAENCHBI HA pHc. 5.79 u puc. 5.80.
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Briqucnenue npouzeedenuil
= | | il (P 2
.
l-— | == - =
IT[-%)-3 I1 3
n=2 n n=2 4 +1
d 2 | il |
M- H|5)
o+ 1) 3 2 2
n=2 n=1 v -1
Puc. 5.77. BbluncneHne 6eCckoHeUHbIX MPON3BEAEHUIA
£ £
F 2 oo F 2 oo &
r=u r=u I =
Tim[™, lim, lim Tim  limJ~ lim Tim  lim
-+ at +a- —+d @ a- —+a At
Puc. 5.78. lNukrorpamma Puc. 5.79. lNukrorpamma Puc. 5.80. lNukrorpamma

BbIYMCMEHNSA ABYCTOPOHHErO
npeaena

BblMNCNEHNA NPaBOCTOPOHHEro
npeaena (npegen ceepxy)

Mpumep 5.19. BoiuncneHune npepenos

IlprMepbl BbIUMCIEHHMS NMPEAEIOB MOKa3aHbl B JOKyMeHTe Ha puc. 5.81.

Bbl4UCNEHUA NEBOCTOPOHHEro
npeaena (npegen CHu3y)

A ] x= [8[<Z| 3]s = JIMySite ~| @ao
Brrucnenue npedenoe
lim sin(oc x) S tim sjn(m x) Sa fim sjn(ot x) Sa
=0 ¥ =0t X =07 ®

1 n 1 n 1 h
lim (1+—] — e lim (1+—j -1 lim (1+—] —e
n— e n n—10 n n— -0 f

Puc. 5.81. Bbluncnenue npegenos

Cpeam npouux, TaMm NPUBEAEHbI JIEBOCTOPOHHUE U MPaBOCTOPOHHME npejensl. [1o-
CKOJIbKY (YHKLMSI, /15 KOTOPOW onpejensercs: npeje, spisieTcs HenpepblBHOM,
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BCE TaKHe mpenenbl coBnanatoT. B mokymenTe Ha puc. 5.82 npuseneH ¢pparmMeHT
JOKYMEHTa, B KOTOPOM 3a7aHa pa3pbiBHas (QyHKuusa. OyHKIMUS MOKET TPUHUMATh
BCEro /IBa LIEJIOUUCIICHHBIX 3HAYCHUs: —] MpU OTpULATE]IEHOM aprymeHTe U 1 —
B MPOTUBHOM ciydvae. Jlanee MpHUBOAATCS 3HAUCHUS NpeAeNioB (ABYCTOPOHHETO,
MPaBOCTOPOHHETO U JICBOCTOPOHHET0) AJIsl STOH (hYHKLIMH.

A ] x= 2 <F T af W “M_I,JSite j et

[peden paspslaHol PyHKLUN

L R ERY S UR
fx) == sigmam(x) By
lim % — undefined lim £ —=1 lim @) — -1 ¢ flpeden
=10 =0t x=0" PRI
fih — 0 fii0.000001) = 1 ff/-0.000001) = -1 3 SHavenue

PRI

Puc. 5.82. BeluncneHve npegena paspbiBHOW yHKLN

I[J'IFI CpPpaBHCHHA TMPUBCACHBI TAKIKC 3HAYUCHUSA (bYHKLII/II/I B OKpPECTHOCTHU Hy.]'[eBOﬁ
TOUKH.

Ucnonb3oBaHue KOMaHO MeEHIo

BonplimHCTBO paccMOTPEHHBIX ONepaLrii OMUCHIBAIOCH € aKLIEHTOM Ha HCIOJIB30-
BaHHUE TIPH pacieTe aHATUTHUYECKUX BBIPAXKCHUN ONepaTropa BBIUMCICHUS CHUMBOJb-
HOTO 3HaueHMs. Panee oTMevanoch, YTO AaHHBIM MOIXOI UMEET TO MPEUMYILLECTBO,
YTO Pe3yJbTaThbl BBIUMCICHUH B 3TOM CiIydyae aBTOMATHUECKH OOHOBISIOTCS TIPH
HU3MEHEeHUSX B paboueM moKyMmeHTe. OOHAKO MHOTAA ObIBacT ObICTpee BOCHOIB30-
BaTbcs KoMaHaamMu MeHO Symbolics. [IpakTrueckn Ans BceX NpUBEICHHBIX MPU-
MEPOB, CYLIECTBYIOT aJbTEPHATUBHBIC CMIOCOOBI UX PELICHHUS ¢ MOMOIIBIO KOMaH
MeHio Symbolics. Beibop crocoba onpezenseTcss 00OBUMHO UCXON U3 COOOpaXke-
Huit ynoOctra. Ilpu pabote ¢ KOMaHZaMH MEHIO MPEAYCMOTPeHa BO3MOKHOCTb
OTIpelesICHUsI MOJb30BaTeNeM BUAa OToOpaskeHMs pesyibrata. [lo ymomuanuio
PE3yIbTaT CUMBOJIBHOTO BBIYMCICHHUS MOSABISAETCA BHA3Y MO UCXOIHBIM BBIpaXke-
HueM. YToOBl U3MEHUTH MOJIOKEHHE Belled, MOXKHO BOCIOJIB30BAaThCS KOMaHAOH
Symbolics | Evaluation Style. B pesynbrate oTKpoeTca AUAIOrOBOE OKHO, MOKa-
3aHHOE Ha puc. 5.83.
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Evaluation Style |
Shaow evaluation steps lLI
& Vertically, inserting lines
 Vertically, without inzerting lines Cancel |

" Harizontally

[~ Show Comments
[~ Evaluate In Flace

Puc. 5.83. [Inanorosoe okHo Evaluation Style

B nwmanoroBom okHe pa3zMelleHa Tpylna NepeKiouaTencii Ha TPU MOJIOKEHUS U
ase onumu. [lonoxkeHue mepekatovatens ompenensieT, rae OyaeT oTodpakaTbes
PE3YIbTAT CUMBOJIBHBIX BEIUMCICHUH: CHU3Y MO BBIUHCIIAEMBIM BBIPaXKCHUEM WU
cnpasa oT Hero. Ilpu oToOpaskeHHH pe3ysibTaTa CHU3Y CYLIECTBYET /Ba PE:KUMA:
¢ nobaenenuneM winu 6e3 nodaBneHHs cTpoku. Ecnam mepeximodarens YCTaHOBIICH
B nojioxkeHue Vertically, inserting lines (nosoxxeHue Mo yMOJHYAHHUIO), TO MOCIE
BBIYMCIICHHUA PE3YJIbTAT HE TOJIBKO AOOABISETCs MOA UCXOOHBIM BBIPRKEHUEM, HO
U BCE MPOYME AaHHBIC MO 3TUM BBIPAKCHHEM CMeLIatoTcs BHU3. [lpu monoskeHuu
nepexmouatens Vertically, without inserting lines sToro He npoucxoaut — pe-
3yNIbTaT MOSIBJISICTCA CHU3Y MOJ BBIPAKCHHEM, HO JaHHble He cMeraroTcea. Haxo-
Hell, 4TOOBl pe3ysbTaT BBIBOJWICS CIpaBa OT BBIUMCIISEMOTO BBIPa:KCHHA, TEpe-
KITFOUaTelb A0KeH OBITh YCTaHOBJIeH B ronoxkenrne Horizontally.

Ilpu ycranoenenHom duaaxkke onuumu Show Options B pesyibrate BbINOJHEHUS
CUMBOJIbHBIX BBIYHUCIIEHUM MOSIBUTCS HE TOJILKO pe3yJibTar, HO U KOMMCHTapl/lﬁ K HEMY.
Huorna 1o ObiBaeT uCKIIOUUTENBHO Y100HO. A ¢ onuueil Evaluate In Place cu-
Tyauus Gonee cnoxHasi. Eciiu ¢niaskok onuyu ycTaHOBJIEH, BCE MPOYME DJIEMEHTbI
yrpaejieHus auanoroeoro okua Evaluation Style Oyayt HenocTynHbIMU, @ Pe3yiib-
TaT CUMBOJIbLHBIX BBIYHUCIEHUH OTO6pa3[/lTCﬂ BMECTO BLIYUC/IACMOI'0 BhIPAXKCHHUS.

Mpumep 5.20. Ucnonb3oBaHne KOMaHA MEHIO

Ha puc. 5.84 u puc. 5.85 nokazan pe3yabTaT BbIMOJHEHHUS HECKOJILKUX ONepaluii no
BBIUMCIICHHIO BBIPAXKCHUM B CHMBOJBHOM BHIC. BBIYMCICHHSA OCYINECTRIUIUACH
C noMoLIbo kKoMaH MeHio Symbolics B pexxume 0ToOpakeHUs KOMMEHTAPUEB,

Hactpoiiku nuanorosoro okHa Evaluation Style nokasanbl Ha puc. 5.86.

Jlns ynpouieHus BbipaxkeHUH BbIOMpatoT komanay Symbolics | Simplify. Pazno-
JKEHHE OCYIIECTBIIACTCA MOCPEACTROM KoMmaHabl Symbolics | Expand. IIpoueny-
pa Mno MpejacTaBieHUIO BbIPAXKEHHST B BUJIE MPOU3BEACHUS (MM Apodu ¢ 00LUM
3HaMEHATeJIeM) OCYIIeCTBIsAeTcs BeiOopoM kKomaHbl Symbolics | Factor. Obpart-
Hast onepausi, no3Boisolas pazouTh JApoOb HA CYMMY NPOCTbIX Apobeii, MOXKeT
OBITH BHITIOJIHEHA, €CITA BHIOpaTh KomaHay Symbolics | Variable | Convert to
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Partial Fraction. [Ipu sTom B mpeobpazyeMoM BbIpaKeHHH JOJDKHA OBITH BBIZC-
JIEHa COOTBETCTBYIOLLAs [IEPEMEHHas!.

A ] ==

j@Go

I2 <2 57 ap |J|MySite

2 2
¥+ Ry+y

x2—3-x+2

x3 + 3-y2-x + 3=+

CumeonsHsie onepauuu ¢ abipaseHuAMu

sirmplifies to

cegnlx) %

expands to x4+x3+x2+x+1

by factoring, yields Zz-l

wlx-1)

. . . 1 1
expands in partial fractions to -+

4 i
by collecting terms, yields ¥ +37 x+ 3.8 ¥
x x3
2
. ¥
has coefficients ¥
1
4 i} 3
I ¥ by substitution, yields o
X 3
x

has solution(s)

Puc. 5.84. Pe3ynbTaTbl CUMBOSIbHBIX BLIUCIEHWUA 1 KOMMEHTaPUMN K HAM

Z-npeobpazosanue

CumeonsHbie onepauuy ¢ Mampuuamu

A [ 2= |2 <E T af |J|My5ite | @ao
lpeobpazoeanue dypue lpeobpazoaanne flannaca
T
|: 2 - 2 4 . 1
exp—t ) has Fourier transfarm e exp(—t)-sin(fy  has Laplace transform —F
s+ 17 +1
1, 1
- — P
2 4 . - 12 -t 1 . -t .
n e has inverse Fourier transform — 4" e has invers2 Laplace transform & "sin(f)
2 s+ 1)2 +1

z xll =2 xll 2l
— has z transfarm e by matrix transposition, yields
nl 1l o2 xl2 x2l
il =2 . . . 1 W2 —xld
1 by rnatrix inversion, yields RN . S
z . w2l ol wlladd - xl2a2] h 2l xll
[ has inverse z transform  —
al [xll x12] .
has determinant 21122 — x12-221
w2l ol
Puc. 5.85. CumBosbHble npeobpa3oBaHms C KOMMEHTapUsaMn
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Evaluation Style |
Shaow evaluation steps lLI
" Vertically, inserting lines
 Vertically, without inzerting lines Cancel |

&' Harizontally

¥ Show Comments

[~ Evaluate In Flace

Puc. 5.86. Hactpoliiku guanorosoro okHa Evaluation Style

Ecnu BBIIEnUTH B BBIpa)KEHUHW TIEPEeMEHHYIO W BBHIOpaTh koMaHAy Symbolics |
Collect, nosyuum (eciiu 370 BO3MOKHO) NOJMHOM 110 3Tol nepemeHHoii. Koadu-
LHUEHTHI TOJIMHOMA OMpPEaesaioT ¢ MOMOLIBID KoMaHabl Symbolics | Polynomial
Coefficients. 3nech Taroke cHavasa BblAEASETCS NOIMHOMUANIbHAS NEPEMEHHAS.

YT0o6bl OCYIIECTBUTbL 3aMEHY MEPEeMEHHbIX B BbIPAXKEHWH, 3HAUEHUE, Ha KOTOpOe
OyzaeT MeHATbCA MepeMeHHas, Konupyetcst B Oydep oOMeHa, mociie 4ero 3aMeHsie-
Mas nepeMeHHasi BblaelsisieTcs M BbiOMpaeTcs komanaa Symbolies | Variable |
Substitute.

Periath ypaBHeHUs ¢ IOMOIIBIO KOMAaHI MEHIO TAKXKE JOCTATOYHO MPOCTO. B BBI-
pakeHuu (9T0 He 00s3aTE/IbHO JIOJKHO ObITh PAaBEHCTBO) BBIACSETCS [EPe-
MEHHas, OTHOCHUTENFHO KOTOpOH ypaBHeHHe OymeT periathes. Jlamee mpuberaroT
K komaHie Symbolics | Variable | Solve.

Bech HaGop npsambix U obpaTHbIX Npeobpa3oBaHUi BbIMOJHIETCS MyTEM BbIGOpa
COOTBETCTBYIOLEH KOoMaHAbl U3 moaMeHr Symbolics | Transforms. Hazsanusa
KOMaHJ1 OIHO3HAYHO YKa3bIBAIOT Ha THI BbINOJHsIEMOro npeodpazopanus. Hako-
Hell, CHMBOJIbHBIC MAHUIYJIALUHN ¢ MAaTpULIAMHU (BBIYUCICHUE TPAaHCTIOHUPOBAHHOM
v 00paTHOl MaTpULIbl, a TAKKE ATePMHUHAHTA MATPHULIbI) CTAHOBATCS AOCTYHBIMU
uepes koMmaHAbl Transpose (Tpancrionrporanwne), Invert (oOpainerne MaTpHUIlEl) U
Determinant (neTepMuHaHT MaTpulibl) noaMeHio Symbolics | Matrix. PesyJibra-
Thl MHTETPAIbHBIX NpeoOpa3oBaHuii (MPsAMBIX U 0OpaTHBIX) U ONEpalrii ¢ MaTpH-
uamu ObljK MPEACTAB/ICHbI B JIOKYMEHTE Ha puc. 5.85.

B 3akstoueHue 3TOH riaBbl XOUETCSl OTMETUTh, YTO 34eCh ObLTM ONUCaHbI J1aNeKo
He BCe BAXKHBIC M TOJE3HBIC METOAbI CHMBOJIBHBIX BBIYMCICHHH. YTIOMUHAIHCH
TOJIbKO HauboJiee NpoCThie, Te, KOTOPbIE MOTYT ObITh BbiMoJHeHbl B Mathcad, yro
Ha3bIBAeTCs, B OHO JACHCTBUE (WK MOYTH Tak). BosmoxkHocTn Mathcad stum co-
BCEM He orpaHuuuBailotrcs. CrnekTp 3aj4ay, peuiaeMblX B CHMBOJLHOM BUJE, CYILe-
CTBEeHHO mmpe. YacTh U3 HUX OyAeT OMHUCHIBATHCS Jaliee B 3TOU KHHTE, HO yiKe Kak
OJMH U3 3TANOB B pelueHny 0oJiee CIOMKHOM 3a1auu.
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3apgayuum BbicLLen MaTeMaTUKun

B aroil rnase paccMarpuBaroTCsl CrnocoObl pelleHUs 3a7a4y BbICUICH MareMaTuky
C ucnojib3oBaHueM npuioxerus Mathcad. B Hauasie riagbl npuBoAsSTCS NpUMEpSI,
CBA3aHHbLIC C BbIYMCJICHHUEM MMPOU3BO/IHLIX, B TOM YHUCJIC OT d)yHKU,Mﬁ, 3aJaHHbLIX B
HEABHOM W MNapamMeTpUUCCKOM BUAC. Bo Bcex ciiyyasax peyvb UACT O NOJTYYCHUU
pe3ysibTaTa B CUMBOJILHOM BHj1e. UuciieHHble MeTo/1bl 00CYKatoTes B 21ase 7.

Kpome npon3BoaHbIX, 34€Ch MOXKHO TaKOKEe HAWTH CBEACHHUS O BBIYMCIICHUM WHTE-
[PajioB: OIMpPEENICHHbIX W HEONPeNeTICHHBIX, ABOWHBIX, TPOMHBIX M KOHTYPHBIX.
Kparko paccmatpuBatorcs nudepeHIManbHble YpaBHEHHS M 3aJaud (U3UKH.
[IpounmtocTpupoBaHbl METOABI Pa3IoKeHUs PYHKLUHUHI B psdbl, B TOM YHCIC B PA-
abl Dyphee, a Takke UHTETrpaibHbIE IPeoOpa3oBaHUs.

BbluucneHue NMPON3BOAHLIX

B enase 5 o BbluMcAeHMH MPOW3BOJHBIX pedb yxke uula. Ecnu gynkuus 3ajana
B SIBHOM BUJE, e JuddepeHLpoBaHie oco0ol C0KHOCTH HE NPEACTABIISIET.

NMponsBoaHasa ABHOU PyHKLUN

Kak uzBecTHO, B Hanbosiee nMpocToM ciyuae (PyHKLHMOHANBbHOM 3aBUCUMOCTBIO YC-
TAHAB/IUBACTCS CBSI3b MEXK/LY JIBYMSI UMC/IaMu (€C/IM Peub UJET O YUCIOBBIX OJHO-
3HAUHBIX PYHKUUIX) — apryMeHTOM (hYHKLMU U €€ 3HAUSHUEeM. DTa 3aBUCMMOCTh
MOKET ObITh 3a/1aHa pa3HbiMU criocobamu, OObIYHO YKA3bIBACTCS BbIPAXKEHUE, CO-
IJIACHO KOTOPOMY M0 apryMmMeHTy (hYHKUUM BbIYMCISICTCS €€ 3HaueHue. Toraa ro-
BOPAT, Y4TO (DYHKLUS 3a/1aHA B SIBHOM BU/IE.

. 1+x—x2
3agaua 6.1. HaliTn npon3Boanyw GpyHKOHA y(x) = P
—-X+x
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Brruncnenne npons3BoaHoM OT YYHKUNH, 3aAaHHON B SIBHOM BHAE, — IOCTATOYHO
TpuBMaNbHas 3agaua. MoxHO auddepeHIHpOBaTh HEMOCPEICTBEHHO BBIPAKCHHUE,
ompenesnsouiee PyHKUUIO, TUOO CHavana ONnpeaeyuTh (QyHKIMOHATIBHYIO 3aBHCH-
MOCTh, a 3areM mnpoaudepenunpoBate ¢yHkumto. [locneanee npeanouTuressb-
Hee, 0COOEHHO eC/IM BBIYMCICHUE MPOU3BOIHON — BCETO JIMIIB MPOMEXKYTOUHBIH
3Tall TpU pelueHnH OoJiee COKHOHM 3aaaun. B 3ToM cinydae co3maHHBIN JOKYMEHT
JIETKO MOXET cTaTh Wa0JOHOM A/ pelleHrs APYruxX NnogoOHbIX 3aaad. OOBIYHO
ObIBaeT JOCTATOYHO BHECTHM M3MEHEHHA B KOMaHAy ompeneieHus AuddepeHun-
pyemoii ¢pyHKUMH. Pe3ynbTaTsl OCTATBHBIX KOMaH B JOKYMEHTE OyIOyT mepecd-
TaHbl aBToMaTHyecku. Ha puc. 6.1 npuBeneH ¢pparMeHT TOKYMEHTa ¢ PELICHHEM
MOCTaBJICHHOH 3a1a4u.

o []|x=|jg|<2’|gj|aﬁ|$‘| “Tutorials x| e
BbluMcneHHe NpoUIBE0AHON ABHOW PYHKUUK

Onpedenciie HyYHRILE I o€ BPoi3eo0Roil

2
T+t-t
yh = ———

d
D) = )
1-t+1t e

Henae gpiparceniie 018 Hpoieo0Ho

2 2
f-2t Let-t -2 14x-
i = LS -1+ 2 S—xy(xj - LI S 12

1-t+1t

|.1—t+t2.| T-x+ Il—x+x2|

Fpadur dynrunn u e npanseadnoil

Puc. 6.1. Boiuncnexnve nponssogHON ABHOW (OyHKLMK
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B enase 5 B xauecTBe MPUMEPOB YK€ PaccMaTpUBAINCh SIBHBIC (PYHKLUMOHATIBHBIC
3aBUCHUMOCTH, TIO3TOMY pellieHue 3a1aun 6.1 0coObIX KOMMEHTapueB He TpeOyerT.
Tem He MeHee, Aajiee NPUBEACHBI OCHOBHBIE KOMaHbI.

Koman/ia, ¢ noMoluipto KoTopol onpeaensiercss GyHKuMs s AajibHeliero Judg-

(dhepeHuMpoBaHus:

1+t—3

yO =———
I-t+t

Komanpa ornpeaeneHus npou3BoAHON OT HCXOAHON DYHKIIMU:
d

P(x) =—y(¥)
dx

BbluucieHde B SBHOM BH/I€ BbIpayKeHUs JJisl Npou3BoHOM. st 3TOoro nocie Ha-
3BaHUS (PYHKLMU-TIPOU3BO/IHOM BBOJUTCS ONEPATOP BbIYUCICHUS CUMBOJIBHOIO
3HAUYEHUA:

2
1 -2t 1+t—t
o) > - - (=1 + 2:1)

Potht (l—t+t2)2

Briuncnenne B SBHOM BUAE BbIPAaXKCHUS AJIs1 MIPOM3BOIHOM, HO Ha 3TOT pa3 onepa-
TOP BBIYMCIICHUS CUMBOJIBHOIO 3HAYEHUsS BBOAWTCA Mocie KoMaHabl auddepen-
uupoBaHusi. C TOYHOCTBIO A0 0003HAYEeHUS apryMeHTa (yHKIMK 00a BBIpasKEHUS
(310 M mpenpiOyLIee) COBNANAOT (KaK U JOJKHO OBITh):

2
1 -2 1+ x-
d_y(x) - X _ X~ X (_1 + 2X)

dx l—X+X2 ( 2)2
l —x+x

Crejyer OTMETUTh TPUBHANIbHBIN ¢ MaTEMaTHUECKOH TOUKH 3peHus (akT, 4To npous-
BojiHas OT (yHKLMM cama ssisiercs ¢dyHkuueil. B Mathcad »1o npaBuiio ocraercs
B cuie. lloaromy, Hanpumep, MOXHO nocTpouTh rpaduk s GyHKUMU KW €€ Mpous-
BOJIHOM, YTO 1 ObLIO ¢JE/1aHO B JIOKYMEHTE, (pparMeHT KOTOPOro nokasaH Ha puc. 6.1,

NponsBoaHasa oT HesIBHO 3afaHHOW (pyHKLUMMU

K COXKAJICHUIO, MPCACTABUTH q)YHKLII/IOHaJ'IBHYIO 3aBUCUMOCThL B ABHOM BUC yIda-
C€TCA AAJICKO HE BCCraa. Ho JAdaKe CCJIN ABHOC BBIPA’KCHUC (I/IJ'II/I BLIpa)KeHI/ISI) AJIs
BBIYHCJICHUA 3HAYCHMA q)YHKL[I/II/I o e¢ apryMmeHTy U U3BCCTHO, OHO MOKET OBITH
BECbMa HGYZ[O6HLIM AJId TIPAKTHYCCKUX PACUCTOB. YacTto BCTpPCHACTCA U HUMCECT
OoJbIIOe 3HAYCHUE HESBHBINA cIOCcO0 OIpCAC/ICHUA (bYHKHHOHaHLHOﬁ 3aBUCHUMOCTH.
OGBIYHO 3TO ACJIacTCA ¢ MOMOLIBIO YpaBHCHUA, B KOTOPOC BXOAUT CaMa (bYHKLII/IFI
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U e apryMEHT, T. €. B YPaBHECHHUHM, HAlPUMEpP, NPUCYTCTBYET ABE MEPEMEHHBIX,
OIlHA U3 KOTOPBIX — HE3aBUCHUMAas, a BTOpas MPUHUMAET TaKUE 3HAUCHUs, YTOOBI
YpaBHEHHE MPEeBpaIlANOCh B TOXKIASCTBO. Takum 00pazom onpenensercs GyHKUUS
OT OJHOH mepeMeHHOH. B oTimume oT siBHOTO ompedencHus, 34¢ch (PYHKUUS MO-
JKET OBITh HEOJHO3HAUYHOMN, T. €. OAHOMY 3HAUCHUIO apryMEHTa MOXET COOTBETCT-
BOBaTb HECKOJIBKO 3HAUYCHUH (DYHKLIMH.

3agaua 6.2. BeruncanTh NPOH3BOAHYIO HesABHOW (QyHkmum z(x), 3agamHOi
paBeHcTBOM X2 +2x7 — 22 —2x = 0.

['naBHOE NpaBuIO, KOTOPOMY CIASAYIOT NPU BbIYUCIEHUU NPOU3BOJHOH OT HESABHO
3aJaHHOM (DYHKLMH, COCTOMT B TOM, YTO PaBEHCTBO, Ompedesstoiiee (yHKLINO-
HaJbHYIO 3aBUCHUMOCTb, JU(depeHLUpyeTes N0 NepeMEeHHOW-apryMeHTy HesBHOM
¢ynkuuu. [Ipu 3TOM MoapasymMeBaercs, 4TO BTOpas MEpeMEHHas SBIACTCS (QyHK-
LMeil OT TOM NepeMeHHOM, 10 KOTOPOI BbIUUCIAETCS NPOU3BOIHAS.

B paGouem J0KymeHTe, NPEACTAB/ICHHOM Ha puc. 6.2, cHauajia ONpeessieTCs
(YHKUMS OBYX MEPEMEHHBIX, C MOMOIIBIO KOTOPOH 3afaeTcs HesBHas (yHKLIHMO-
HajbHas 3aBucUMocTb. Jlasiee ota dynkuus auddepeHuupyercst no He3aBUCHUMOI
MepPEeMEHHOM (IIepBOMY apryMEHTY), IPHYEM BTOPOM apryMEHT yKa3aH Kak (pyHK-
uust nepsoro. [losyueHHoe B pe3ysbTaTe BbIpaKEHUE JOKHO TOXKECTBEHHO paB-
HATBCS HYMO. B 001eM ciydae BbIpasKCHHUE COACPKUT HE3aBUCUMYIO NIEPEMEHHYIO
(aprymeHT HesiBHOH (PyHKUMH), 3aBUCHUMYIO NEPEMEHHYIO (HESBHYIO (QYHKUMIO)
Y TPOM3BOAHYIO OT HESBHOW (PYHKLMH MO €€ apryMeHTy. DTO YpaBHEHHUEC BMECTE
C UCXO/HBLIM YPaBHEHUEM, ONPEAC/SIIOINM HESIBHYIO (PYHKLUMOHAILHYIO 3aBUCH-
MOCTb, 00pa3yeT CUCTeMy, U3 KOTOpOl MOXKET ObITh onpeaeicHa Kak (pyHKLIUA, TaK
M €€ MPOM3BOIHAS.

Jlanee npuBeseHbl KOMaH/bl, HCMOJIL30BAHHbIC MPU BLIYUCIEHWU NPOU3BOHONH OT
HEesSBHOU (PYHKITUH.

Komanga onpenenenust pyHKUMH ABYX MEepeMeHHbIX. OTa (GyHKUUA, OyAy4du MpH-
paBHeHHas K HyJ0, GOpMHUpYET YpaBHEHHE, C NIOMOLIbIO KOTOPOIo 331aeTcsl HesiB-
Has QyHKLUMOHATbHAS 3aBUCUMOCTB!

F(x,2) ::X2 + 2:x7— 22 - 2:X

BbluuciaeHre npou3BoHOM OT JIEBOM YacTH PaBEHCTBA, ONPEAEIISIOLIErO HESBHYIO
(DYHKITMOHANBHYIO 3aBUCHUMOCTh. JleBas 4acTh ypaBHeHHs paHee ObDla 3ajaHa
B BUJe QYHKUMU ABYX nepemeHHbIX. [lepBas nepemeHHas, No KOTOPOH BbIYMCIIS-
€TCS MPOU3BOAHAS, MOJATacTCs HE3aBUCHUMON M SIBISETCA apryMEHTOM HESBHOH
(dyHKuMM. BropbiM apryMeHTOM yka3aHO Ha3zBaHUe HesIBHOM (QyHKUMU, U B CKOO-
Kax MPUBEICH €€ apryMEHT:

d—F(X, 7(X)) = 2:x+ 2:7(x) + 2-X-d—z(x) - 2~z(x)-d—z(x) -2
dx dx dx
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+ []|x=|‘[%|<§|2:||ﬂﬁ|m JITutoriaIs | 6o

BblyMcneHue Npou3BOAHOW HEABHOM (PYHKLIMK

Ypaerenue 0% ONpeOSIHIA HERGHOH (Y HRIHOHWTDHON SUGHCIMOCHIL

F(x,Z) = x2 + dxE- 22 -2x

Buiuiiciernie HeseH ol npou3600naii

%F(x,z’(x}) S x4 2mE + 2-x-%x2(x) - 2-2;(xj-%x2;(xj _2

“xtEh -

:—xF(X,Z(x)) SDlVE,Z—xZ(xj = -

Fpaghur neaenoii dyuriiin

10 /.

[

Puc. 6.2. [pon3BogHasn oT HESIBHOM pyHKLUN

C noMoLIBbIO MHCTPYKLIMU solve ypaBHEHHE (€ro JieBast yacTh), MOMyHYEHHOE B Pe3yJib-
Tare auddepeHMpoBaHHUs HCXOHOTO PABEHCTBA /11 HesIBHOW 3aBUCUMOCTH, pelliaeT-
Csl OTHOCUTEJIbHO MPOMU3BOAHON HesiBHOW (yHKUMH. M3 HCXOAHOrO ypaBHEeHUs No u3-
BECTHOMY apryMeHTy HesBHOH (yHKLMU onpeaensiercs ee 3HaueHue. [loacraBus oty
Pe3yJbTaThl B MOJYYEHHOE BbIPAXKEHHE ISl POU3BOIHON HESIBHON (YHKLIMH, MOMKHO
HaliTh 1 ee 3HaueHue (NPY IAHHOM apryMeHTe HEeSIBHOM YyHKUMK):

—(x+z7x - 1)

X=X
B HukHel uwactu puc. 6.2 ortobpaxkeH rpaduk GYHKUMU, HESIBHO 3a/laHHOM C Mo-
MOLLbIO MCXOJIHOrO YpaBHeHMs B ycnoBuu 3azauu. [Ipoueaypa ero cosmaHus B
JAHHOM Cjlyyae UMeeT CBOM OCOOEHHOCTU. B wacTHOCTH, cHauana CTpoOUICS KOH-
TYpHBIN rpaduK i GyHKIUN ABYX MepeMeHHbIX F(x,y) (J1eBas 4acTh paBeHCT-

d—F(X,Z(X)) solve,d—z(x) -
dx dx



382 aea 6

Ba, 3a[al0MIEeT0 HeIBHYIO (YHKIWIO). OYEeBHIHO, YTO KOHTYP, COOTBETCTBYIOIIUI
HYJICBOMY 3HAueHUIO (QyHKuMu F(Xx,y), COBNAAACT ¢ MUCKOMON HeIBHOU (yHK-
IMOHATFHOW 3aBUCUMOCTBIO. TaknMm o0pa3om, cpeim BceX KOHTYPHBIX JIMHWN Ha
rpaduke ciemyeT OCTaBUTH TONBKO Ty, YTO COOTBETCTBYET HYJICBOMY 3HAUSHUIO
dhynaxun. s storo Ha Biianke Special muanoroeoro okxna 3-D Plot Format
creyeT yctaHoBuTh B mosie Number 3Havenue 1. [Ipu aTom oToOpaskaeTcs TOTBKO
OllHA KOHTYpHas JuHUA. YTOOB yOenHuThCs, UTO 3Ta JIMHUS COOTBETCTBYET HYJIe-
BOMY 3HAYeHHIO, JAOCTATOYHO Ha TOW JKe BKJIA/IKE YCTAHOBUTH (DIa’KOK OIIHH
Numbered. OcTanbHbie HACTPOMKH HE TaK CYIIECTBEHHBI 1 00CYKIAINCh B 21ase 3.

MapameTpuueckas nponssonHas

Eie onvH mocTaToyHO MOMyASpHBIA crnocod onpeneneHus (GyHKUHUOHATIBHOW 3a-
BUCUMOCTH TMOAPa3syMeBacT HAIUYME, MTOMUMO (YHKLUMH U €€ apryMeHTa, elle U
TpeThero napamerpa. B ssiBHOM BuAe 3aAal0TCs 3aBUCUMOCTH apryMeHTa (YHKUWH
OT 3TOr0 mapaMeTpa U PyHKUMH OT mapamerpa. Takum oOpa3oM, KaXIoMy 3Haue-
HUIO MapaMeTpa u3 00JacTH €ro BO3MOMKHBIX 3HAUYCHUH COOTBETCTBYIOT 3HAUCHHUS
aprymenta gyHKuMu v camoil (yHKUuH. COOTHOLICHHE MEXKIY apryMEHTOM H
(yHKUMEH, yCTaHABIMBAEGMOE 10 TAKOM CXeMe, Ha3bIBAeTCsl MapaMeTPUUECKOM 3a-
BACUMOCTBIO. Hapsimy ¢ onpeaeneHuem (yHKIMK B HESIBHOM BUAE, apaMeTpUye-
CKuil cniocod peanuzanuy (PyHKIMOHATBHOH 3aBUCUMOCTH MIMPOKO NPUMEHSETCS
mpu paboTe ¢ HeoAHO3HAaYHbIMU (YHKUMAMH. B 3amaue 6.3 paccmarpuBaeTcs BbI-
YHUCIICHHUEe POU3BOAHON OT (PYHKLIMH, 3aAaHHON B IAPaAMETPUUECKOM BUJE.

3anaua 6.3. Haiitn npon3Boanyio gpynxknun y(x), 3a1aHHO ¢ MOMOIMLIO CO-
ornomennii x() = sin(f) m y(¢) = cos*(¢), rae napamerp ¢/ npunumaer 3uave-

HHs U3 AuanasoHa [-7/2,7/2].

Ilpu nuddeperumpopatnu HessBHO 3aaaHHON (PYHKUMH, NPOU3BOAHAS TAKXKE OI-
peliesisanach B HESIBHOM BUJIE, MOCKOJIbKY BbIpaKeHUe /ISl NPOU3BOAHOM coeprka-
J0, TIOMUMO aprymenTa (gpyHKUMH, ele U caMmy HesBHYI0 (yHkuuio. HeciaoxHo
Jorajaartbes, 4to rnpu AuddepeHurpoaHun GyHKUWH, 33JaHHOH napaMeTpUUEcKH,
NPOMU3BOJ/IHASL TAKOKE BbIUMCIIsETCS B mapaMeTpuueckom Buje. Kak ormeuanoch,
napamerpudeckas QYHKLUMOHAIbLHAS 3aBUCUMOCTb JaeTcsi CUCTeMOW U3 JBYX
YPaBHEHWI: 3aBUCUMOCTBLIO apryMeHTa (yHKUMH OT napamerpa v 3aBUCHMOCTbIO
(dyHKuMM oT napamerpa. J[ng npou3BOAHOM 3aBUCUMOCTL apryMmeHTa OT napamer-
pa He MeHsieTCs, a BOT 3aBUCUMOCThL (hYHKUMU-NIPOU3BO/IHOM OT napamerpa orpe-
JedisieTes yepe3 OTHOLICHUE MPOM3BOHbIX MO NapamMeTpy OT UCXOJHOH GyHKLMU U
aprymeHTa. Jl[pyrumu ciioBamu, eciid napaMmeTpuyeckas 3aBUCHMOCTb 3ajaHa pa-
BeHCTBaMU X = X(f) W y = y(f), TO TIPOM3BOAHAs V), 3a/aeTcs pPaBCHCTBAMHU

x=x(1) u ye(0) =y ()/xi(t). B nanbHeliniem, utobbl u3bexarTh MyTaHMLIbI,
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YCIIOBUMCS MIEPEMEHHYIO X HAa3bIBATh apryMEHTOM (PYHKUHMM V, a MEPEMEHHYIO

! — mapaMeTpoM, ¢ MOMOIIBI KOTOPOTO 3aJaHa 3aBUCHUMOCTb (BYHKLMH OT ap-
T'YMEHTA.

OparmeHT pabouero JOKyMeHTa Ha puc. 6.3 COACpPKUT HAOOP KOMaHA ISl BBIUKC-
JICHUS TIPOM3BOAHON (PYHKLMHM, 3aJaHHOH B mapaMeTpuueckoM Buae. OCHOBHOM
MOMEHT 3[1eCh — BBIYMCIICHHE NPOU3BOAHBIX MO MapaMeTpy OT apryMeHTa (yHK-
WU ¥ caMOl (PyHKIMH, MOCKOJIBKY Aajiee UILETCS OTHOLIEHHUE COOTBETCTBYIOILINX
BbIpakeHHH. Bee 310 peanusyercs ¢ MOMOLIBIO CO31aBaeMOM B TOKYMEHTE (DyHK-
WU TPEX apryMEHTOB: MEPBBIA U BTOPOH apryMeHTbl — Ha3BaHuUs (0e3 yKazaHHs
napamerpa!) aprymeHTa (pyHKUMHM M (DYHKUUH, & TPETUH apryMEHT — Ha3BaHUE
napamerpa. [locie co3manus Takol (PyHKLUMH OHA UCMOJNB3YETCS U1l BBIUUCICHUS
BBIPayKEHUs, ONPEACIIAIOMIETO 3aBUCUMOCTD (DYHKUMHU-TIPOU3BOAHON OT NapaMeTpa.

A []|x=|l$|<§|3:||qﬁ|m JITutoriaIs | e
BbluncneHue I'IPOHGBOII.HOITI napaMeTpu4yeckKku 3agaHHOM
P yYHKLUMH

YRaenenng napaMempiieckoil 3aeicuMacin

E) = singf) it = 005(1)4

Hponedypa 08 HUNCICHIA TAPAMEMPEYICKOE BPOHE00HOH

d
—¥it) ,
P . dt Omurowenue npouzecdnoll N0 Rapamermpy
Gy = o RELLY K Apon3e0dHOl RO Rapamempy
alﬂ(t) O BPEYMEHME

Hpiinep epiuiicaeuia NapaMempRueckoll Ipoueo0na il

DFiz, v, — -4 cos(zjz- it Z)

Ipahassc yisscanin 1 ee npouseadunoil

) _
DF(x,y,5) 7

-1 -0 0 03 1
H i)

Puc. 6.3. lNpoussogHaa oT napameTpmyeckn 3agaHHON PyHKLMn
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I[anee OpHUBCACHO bonee HOI[pO6HOe ONHMCAaHHWE HAa3HAYCHUS KaKOOHM M3 KOMaH
pa6oqer0 AOKYMCHTA, B KOTOPOM BBIYHUCIIACTCA MMapaMCTpUUCCKas MpOU3BOAHAA.

Komanpoii 3anaerca gpyHkUMOHAIbHAS 3aBUCUMOCTb apryMEHTa, 10 KOTOPOMY Bbl-
YUCJISIETCS MPOU3BOAHA, OT NapaMeTpa:

X(t) := sin(t)

3aBUCUMOCTD OT Nnapamerpa QYHKLUH, /151 KOTOPOH BbIUMC/ISICTCS MPOU3BOHAS:

4
y(t) :=cos(t)
OyHkuus Tpex aprymeHToB. [lepebie 1Ba aprymeHTa — HazBaHUs (DYHKLMH, KOTOpble
33/110T MapaMeTPUUECKYIO 3aBUCUMOCTh AU(depeHLMpyeMoil GyHKUMH OT ee apry-
MeHTa. TpeTuii apryMeHT ecTb He UTO MHOE, KaK Ha3BaHUE NepeMEHHOR-Napamerpa:

Ly

DP(x,y,t) =
)
dt

Ilpumep BbI3OBa CO3/aHHOM paHee (GyHKUMU il BbIUMCISHUS MapaMeTpUUuecKoii
NPOU3BOJHOM:

DP(x,y,7) — —4cos(2)>-sin(2)

Komanpa 3agaer auanazoH W3MeHeHUs: nepeMeHHOK-napaMeTpa v Lar JUCKpeTHO-
CTH AJ151 NOCTPOeHUs rpaduka PYHKIMH U €€ MPOU3BOIHOM:

N

2 2 2

B HmkHel yactu puc. 6.3 noctpoeHbl rpadMky 3aaHHON B HesiBHOM Buje Audde-
peHuupyemoli GyHKUMU K ee Npou3BoAHOM. s aToro B IBHOM Bu/je 3ajaeTcs aua-
Na30H U3MEHEHUsl NepeMeHHON-apaMeTpa, a BMECTO CTPYKTYPHOTO 3arojHUuTeNs Y
rOPU30HTAILHOIN KOOpAHHATHOH ocH rpaduka, rae oObIMHO YKa3bIBaeTCsl apryMeHT,
BBOJMTCSL Ha3BaHWe (QYHKIMMU (C yKa3aHUEM aprymMeHTa), Onpeie/sitolieid 3aBucy-
MOCTb aprymMeHTa oT napamerpa. Boszne apyroii ocu MOKHO BUJETH BbIpayKEHUs, OIl-
peensioLe 3aBUCUMOCTL UCXOAHON (hYHKLIMU W ee MTPOU3BOIHOH OT napamerpa.

NMpousBogHasa ¢pyHKUMK, 3afaHHOMN
B MNONSIPHbIX KOopAUHaTax

B HekoTOpbIX 33aa4ax QYHKUMH 33AaHbl B NOJISAPHLIX KoopauHaTaxX. OObIYHO 3TO
Jlea1aeTcsl, KOorjga COOTBETCTBYIOLIAS 3aBUCUMOCTb, BbIPAXKEHHASL Y€Pe3 MOJISIPHbIE
KOOpJAUHATHI, UMeeT Oosiee npocToi BUA. Kak u3BecTHO, B NONSPHOI cUcTeMe KO-
OP/JAMHAT [0JI0YKEHWE TOUYKHU HA IUIOCKOCTH 3aJaeTcs ABYMs NapaMmeTpaMu: pac-
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CTOAHUEM ¥ OT TOYKH Hadajsla KOOpAUHAT A0 TOYKHU HaA IJIOCKOCTHU U YIJIOM (p MeE-

KAy HalpaBlIeHUEM Ha TOUKY WM TOPU3OHTAIBHOHM (IeKapTOBOH) KOOpAWUHATHOMN
ocbio. CB3b MEXAY JIEKAPTOBBIMU KOOPAUHATAMU (X, y) TOUKH M €€ MOJSIPHBIMU
KoopauHaTamu (#,() AaeTcsi COOTHOLUEHUsIMHU X = COS® U Yy =rsin@. B atom
CIIydae K ABYM PaBEHCTBaM, CBA3BIBAIOINNM TOJAPHBIE U JEKAPTOBBI KOOPAUHATHI
TOUKH, CIIeAyeT JOOABUTH TaKKe U COOTBETCTBYIOIIEE PABEHCTBO AJ1s YIOMSIHYTOH
(yHKUMOHANBHOU 3aBUcUMOCTU. Ecnu, Hampumep, W3BeCTHA 3aBUCUMOCTh paiu-
aJlbHOM KOOP/JMHATBL ¥ OT YIVIOBOH (¢ JAJI1 TOHEK HEKOTOPOH KPUBOM, TO 3Ty KpH-
BYIO BIIOJIHE MOKHO CUMTATh 3aJaHHOU B MapameTpruieckoM BHAe. [Ipu aTom Hesa-
BHCHMAas TMONsIpHas KOOpAWHATa HWrpaeT poyib TmapaMeTpa. B kadecTse
WUTIOCTPALHA PacCMOTPUM CIEAYIOIIYIO 3a1ady.

3agaua 6.4. BIUHCIHTH NPOH3BOAHYIO V., OT QYHKUIHH, 3afaHHOH B moasAp-

HOii cHcTeMe KoopanHAT ypasHennem () = sin’ 6,

Ha puc. 6.4 npuBeaeH dpparMeHT padoyero AOKyMEHTa, COCTOSIIIEro U3 JByX uac-
Teld. B mepBoii onpenengercs B MOMAPHOM cUCTEMe KOOPAUHAT (PYHKLMSA, U MOCTE
3TOro 3a/Ial0TCsl YPaBHEHUS Mepexoaa OT MOMSIPHbIX KOOPAMHAT K JAE€KapTOBbLIM.
Takum oOpazom, ¢ yueToM (YHKUHMOHAIBHONH 3aBUCUMOCTH, ACKApTOBBI KOOPIH-
HaTbl TOYEK HA COOTBETCTBYIOLIECH KPUBOH sBNAIOTCS (PYHKUMSIMH OJHOrO napa-
METpa, B AAHHOM Clly4ae MOJISIPHOTO YIa.

Hanee, BO BTOpOH 4acTH AOKYMEHTA, COIJIACHO OOLIEMY NpaBUITy BBIYMCICHUS Ma-
paMeTpuveckoil Mpou3BOAHOH, 3ajaercsi (QyHKUMs, paBHas OTHOLUGHHIO MPOU3-
BOAHBIX TIO MOJAPHOMY YINIy OT V- M X-KoopAwHathbl. IIpm 3TomM mepBblii ap-
ryMeHT — ucclieayeMas (YHKLUHMOHANbHAS 3aBUCHUMOCTb. Jlpyrumu ciosamu,
B SIBHOM BHJIC YKa3aHO, UTO paauaibHas MOJsApHas KOOpAUHATA SBISETCS (yHKUMEH
nongpHoro yria. [locae atoro 3HaueHue nporsBogHON (KoTopasi Oy/eT, Kak U uc-
XoOHas (DyHKUMS, MpeICcTaBleHa Yepe3 MONSPHbIE KOOPAWHATBI) MOKHO BBIUMC-
JUTb, YTO W AejaeTcs JAByMs MOCIEAYIOLMMU KoMmaHaamu. [lanee npuBeaeHbl
KOMaH/bl PACCMOTPEHHOTO padouero JOKyMEHTa.

Komannoti 3anaetcs QyHKIMSA B TIOISAPHOM cucteMe KoopauHat. HezaBucumas me-

peMeHHass — MOoJIAPHbIA yroJ, a paavaibHas KOOpAuHaTa — QYHKLMS OT 3TOro
yria:

2
r(@) = sin(@)
JlekaproBas koopauHata ToukH (abcuucca) onpejaensercss Kak (QyHKUMUs MoJsip-

HBIX KOOpAWHAT. COOTBGTCTB}/IOH_IGG YpaBHCHUC YCTaHABJIMBACT CBA3b MCIKAY IIO-
JIAPHBIMHW 1 ICKAPTOBLIMU KOOPJUHATAMU

x(r,e) = r-cos(G)
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A [ x= 12«2 (28| “Tutorials ~] @60

MpouseogHan (PyHKUWK, 3a0aHHON B NONAPHOM
cCUCTEMe KoopauHaT

Yoaeuanun, onpede/inioiie Gy i CEaIuenio e
Denapmaesl KaapOLHaN ¢ HeTARHMI

tle) = si.n(@)2 P Ypasnenue dn uccnedyemod dimwguy

P Canas dexapmosss KOORMUNART C RORADHEML

£y(r(@) ) , )
Fel=2 Fle) - 2 sin(B)" £os : ;
2 dele) ) 2-sin(6)-cos(6)” - sinfo)
da
L . cos(E!) Briqucnenue Rpou3eodnod ¢
Fle) sinptify — 3-sinfe)- 7 © OAHOELEMENHEIN FIROLIE HISM
3cos(®)” - 1 peEmama

Puc. 6.4. lNMpoussogHasa oT PyHKLMN B NOMASPHON CUCTEME KOOPAMHAT

OpauHata TOUKM onpejensercss Kak (QYHKLMS OT MOJIAPHbIX KOOpJAMHAT. JTa U
npeabityas GyHkuud obecnevuuBaloT nepexosi OT MOJSAPHBIX KOOPAUHAT K je-
KapTOBbIM:

y(r,e) = r-sin(@)

Komanpna onpeaeneHus mapamMeTprHiecKoi MPOW3BOAHOW. DTa MPOW3BOAHAS pea-
auzyetcs B BUAe PYHKLHH, 3aBUCALICH OT OJHOTO apryMeHTa — MOJSIPHOTO yIia,
KOTOPBII WrpaerT pojb MapameTpa NpU NMapaMeTPUUEeCKOM OINUCAHUM (DYHKLUH.
IIpu BEMMCIEHNN POU3BOAHBIX IO 3TOMY MapaMeTpy CIeAyeT UMEThb B BUAY, UTO
panuanbHas MOJIIpHAs KOOpAWHATAa — (PYHKLMS yriaa, CleAOBaTENbHO, MOCe Ha-
3BaHMA pagvalibHOW MEepEMEHHON B SBHOM BHZE yKa3aH apryMeHT. PaawanbHas

NepeMeHHasA, B CBOKO OUCpPCIb, ABJIACTCA aprymMCcHTOM B q)YHKL[I/IHX nepexoga oT
NOJIIPHBIX KOOPAUHAT K ACKAPTOBBIM:

L y(x(0),0)
do

Fo) = ——
4 \(x(0).0)
de
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KOMaHHa BBIYHCJICHHUA B CHMBOJIBHOM BHIC HapaMeTqueCKOﬁ HpOI/I3BOZ[HOI7L 3Ha-
UCHHUC BBIMUCIIACTCA KOPPCKTHO, OAHAKO BBITJIIAUT HECKOJBKO 'POMO3KO!

cos (9)

F(G) - 3~sin(9)2- 5 3
2-sin(9)~cos (9) - sin(@)
Briuucnenne napameTpuuecKoid NPOW3BOAHON B CHMBOJBHOM BUAE C OJHOBpE-

MCHHBIM YIIPOINCHUCM pE3yJibTaTa. ITo CpPaBHCHUIO C MPCAbIAYIHINM KOHCYHOC BhbI-
Ppa’K€HUC BBITJIAAUT KOMITAKTHEC!

F(6) simplify — 3-sin(6)~L(e)
3-cos (9)2 -1
A [555]|x=|lg|<§|gj|aﬂ|ﬂHITutorials jﬁGo

Fpadux ¢ neaspredl CHCHIENE KOOPOUHAIN 0%
DYHEKII I e BPAILIGADHOI

6:=0,001.2x

270
8

Puc. 6.5. 'padpmk pyHKUMM 1 ee NPOM3BOAHON B NOMAPHOW CUCTEME KOOPAMHAT

HecmoTpst Ha TO, 4TO ypaBHEHHE JJISl HCXOAHOW (YHKUMH U €€ MPOU3BOJHON MO-
JKET ObITb MOJYYEHO B MOJSIPHBIX KOOPAMHATAX B SIBHOM BHJE, DTOrO He Bcerja
JIOCTATOYHO /ISl NOJYYEHUS YETKOro MpejacTaBieHus o GyHKUHMK U ee MPOr3BOJI-
HoW. Hanbosiee HarysiHbIM, KaKk NpaBuiIo, sBisieTcs rpaduueckuii ¢rnocob npes-
cTaBfieHHs JaHHbIX. [loaToMy pasymMHO NOCTpoUTh rpadMku GYHKLMU U €€ [TPOor3-
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BOJHOM, MpHYeM B MOJISIPHOM cHcTeMe KoopauHat. s 3Toro ciedyeT BhIOpaTh
komaHay Insert | Graph | Polar Plot 1 BBIIONHUTH PSAA OPOCTBIX HACTPOEK.
I'padux GyHKIMM M ee TPOU3BOAHOM B MONAPHON cUCTEME KOOPAMHAT MPEACTAaB-
JIeH Ha puc. 6.5.

B yacTHOCTH, OTJe/bHONH KOMaHJI0H YKa3blBaeTCsl /1Mana3oH W JUCKPETHOCTb W3-
MEHEHUSs NOJApHOro yria. BMecTo CTpyKTYpHOIO 3anojIHUTENIS B HUXKHEH 4acTu
00j1acTi CO3/laHusl MOJIIPHOro rpadMka BBOJMTCS WMMS MOJISPHON MEPEMEHHOM,
a clieBa Moc/ie0BaTe/IbHO YKa3blBAKOTCS Ha3BaHWs (DYHKLMM U €€ MPOU3BOJIHOM,
DYHKLMU 3aIUCLIBAIOTCS BMECTE C apIYMEHTOM.

npOVI3BO,D,HbIe BbICOKUX NOopsAaKoB

Ecmu TpeOyeTtcs BBIYUCINUTH MPOU3BOIHYIO OoJiee BBICOKOTO TOPAIKA OT (PYHKITUH,
BaHaHHOﬁ B HapaMeTpI/ILIeCKOM BHUAC, HOCTyHaIOT CJ'IG)IyIOH_II/IM 06pa30M. CHaqaﬂa
BBIUUCIIAKOT HpOI/IBBOZ[HyIO nepBoro r[opsmKa, KOTOpaH, KaK U UCXOOHAasd q)}/HKI_II/ISI,
3a1aHa B HapaMeTpI/I‘IeCKOM BHIC. COOTBGTCTByIOH.II/Ie 3aBUCUMOCTH (apryMeHTa nu
HpOHBBO):[HOfI oT napaMeTpa) ABJIAKOTCA UCXOAHBIMU OJ11 BBIYUCIICHUA BTOpOI71 HpO—
H3BOZ[HOI71 nu T. 1. I[pyrI/IMI/I CJIOBAMMH, HapaMeTqueCKaﬂ HpOI/I3BOI[Ha$I BTOpOFO I10-
dyi (1) /dx(1)
dt dar

3agaua 6.5. BoraucauTh TPEThI0 NPOU3BOAHYIO Vi OT pyHkumn x(7) = cos(t)
n y(0) =sin*(@).

s BeIMMCICHUS TapaMeTPUUECKOH MPOU3BOIHON BBICOKOTO MOPSIZAKA OMpenesis-
eTcsl crielmaibHas MpoLeaypa, UMEoLas TpU apryMeHTa: epeMEeHHaA-apryMEHT x,
nepeMeHHas-QyHKUMA y U TOPAIOK Mpou3BoaHOH N. Koa mpouenypsl npeacTaBiex
B JOKYMEHTE Ha puc. 6.6.

pAKa OTPEACNACTCS CUCTEMOM 3aBUCUMOCTEH X = x(¢) U Vi, (f) =

IlepBoii kOMaHAOMH B TeNe NPOLEAYPbl MHULIMAIU3UPYETCS IEPEMEHHAS a, KOTOPOH
B KaueCTBE 3HAYEHMS MPUCBAUBACTCS quHKuml (BTOpOIi apryMeHT) OT napamerpa
(on gomxkeH MMeThb Ha3BaHue t), T. €. y(t). Jlagee B Tene oneparopa uukia sta
NEPEMEHHAs NEPEONPEACIISIETCs KAK OTHOLIEHHUE NPOUM3BOJHON MO napaMerpy t or
NpeAbIAYLIEro 3Ha4YeHUs MPOU3BOAHON MO t OT aprymMeHTa napaMeTpuyecKy 3a-
JaHHOM QyHKuMH. UMEeHHO nepeMeHHas a BO3BPalLIaeTCs KaK pe3ysibTaT BblUMCIie-
Hus npoueaypsl. Jlanee nprBeseHbl KOMaH bl pabouero J0KyMeHTa.

[Ipouenypa BbIMMCICHHA NapaMeTPUUECKOH MPOU3BOIHONU BBICOKOTO nops[zu(a
CHauana MHULHATU3KUPYeTCs IOKaJIbHAs epeMEHHas a CO 3HaYeHUeM y (t) . Hasee
pasMeLLeH onepaTrop LKA, B KOTOPOM MepEMEHHAA-CUETUUK npo6eraeT 3HAYCHUS
OT 1 70 N, rae N — mopsaaok npoussoanoi. HoBoe 3HaueHre nmepeMeHHOH a mpu-
CBaMBAaETCH KaK YacTHOE OT AEJICHUS NPOU3BOAHOM OT a MO t HA MPOU3BOIHYIO
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OT x (t) mo t. TeM cambIM peanusyeTcs NOcIeA0BATEIbHOCTh BBIYUCICHUS POU3-
BOJHOW B NapaMeETPUUECKOM BUAE!

Dn(x,y,N) := |a < y(t)

for iel..N

d

—a
dt

a <
d
—x(t)

dt

A ] x= |2 <2 T af W JIMySite x| ese

BeluMcneHne napamMmeTpuMecKMX NpoUsBOOHbLIX
BBICOKUX NOpAOKOB

Hpouedypo das onpedereyus yopaMemputeckoll gpoureodrod nopadxe NN

Dnx,y, 1) = [a ¢ (D)
for iel. H

d

Za
dt

a4
d
=t
dtx()

YEﬂmMﬂ NEEMMEH‘&BCKOE‘E TOENCHAEOCIE

wf) = coat) yit) = sin(t)4

Hpusap cuncrenun Hpouieodnol FICOKOI0 ROPRIKG

|:(—E<¥)-cos|:1:j3 + 28-51'11(1;)2-0:-5(1.)] + (—8)-51'11(1.)-005(1,)2 + 4-si.n(tj3

oD 2 -cos(t)
& .
t
Dagz.y. 9 - : el
situf)
Doz, 7,3 simplify —» 24 cos(t) & Brmucnenue npouzaodrol o
OFHOBPEMBRHLIM YIPOLEHUIEM
PEAREINENE

Puc. 6.6. NapameTpuueckne npom3BOAHbIE BbICOKNX NOPAAKOB
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[TapameTpuueckas 3aBUCUMOCTb x OT NapaMmeTpa t :
X(t) := cos(t)

[lapamerpuueckas 3aBUCUMOCTb y OT NapaMeTrpa t:
y(t) = sin(t)4

[Ipumep BBIYKCIICHUS TPOM3BOAHOM TPETHEro MOPSAKA C MOMOLIBIO CO3JAaHHOM
paHee npoueaypsl. Pe3ynbTaT 10BONIBHO TPOMO3AOK:

{(—8)-005(03 + 28sin(t)2-cos(ti| N (—8)-sin(t)~cos(t)2 + 4-sin(t)3.

sin(t) cos()

sin(t)

Dn(x,y,3) — -
sin(t)

Ilpumep Bbi30Ba CO3/I@aHHONM (YHKLUUK (APryMEHTbI T€ K€, UTO U Bblle) C OJHO-

BPEMEHHbIM YNPOLUECHUEM PE3YJIbTATA:

Dn(x,y,3) simplify — 24-cos(t)

Tam sxe Ha puc. 6.6 npuBeAeH MPUMEP BbLIYUCICHUS MPOU3BOJHON TPETHEro Mo-
PSAKA C NOMOLLBIO CO3AAHHON mnpoueaypbl. J(1s OAHO3HAYHOIO onpenaeeHus 3a-
BUCUMOCTH COOTBETCTBYIOIIEH (YHKLMU OT aprymMeHTra HEOOXOAUMO JIONOJIHUTD
NOJIYHEHHbIN Pe3yJibTaT elle U 3aBUCUMOCTbIO apryMeHTa OT napamerpa.

BbluncneHue nHterpanoB

O BBIYUCJICHUH UHTETPAJIOB B CUMBOJILHOM BHJI€ KPaTKO liljia peub B 21age 5. Tam,
npasja, paccMaTpUBAIMCH A0CTATOYHO MpocThblie 3aaa4u. [IpocTbie B TOM cMbice,
YTO JJi MX PelleHUs AOCTATOYHO MNPSMOr0 MPUMEHEHUS] BCTPOSHHBIX YTHJIMT
Mathcad. 3necs OyayT onucanbl Gojiee 3aMbIClIOBaTbIE 33/1a4H, XOTS M B HUX HUYE-
ro 0co00 CJI0XKHOro HeT. BoJbIIMHCTBO NPUBEJACHHBIX 3a/1a4 PEIIASTCs B HECKOJIb-
KO 9TAaIOB, KaX/IbIH U3 KOTOPbIX HMEET CBOW OCOOEHHOCTH.

Mpumep 6.1. OnpepeneHHble U HeonpepeneHHble MHTerpanbl

Jlns Hayana HarNOMHUM, KaK B CUMBOJIBHOM BH/I€ BbIUUCIISIFOTCS HEONPEASIIeHHbIe
M omnpejieneHHble UHTerpaibl. B nokymMeHTe Ha puc. 6.7 npuBeneHbl COOTBETCT-
BYIOLIUE [IPUMEPbI.

CHauana omnpenensercss (GyHKUMS, KOTOpas 3aTeM W HHTerpupyercs. Ileppoii
KOMaHaol OepeTcsi B CUMBOJIBHOM BHMIE HEOTPEACTCHHBIM WHTErpal OT 3TOH
¢ynkuuu. [ocne 3Toro oT TO# XKe QPyHKUMU BBIUMCIACTCS UHTETPAT B YKA3aHHBIX
mpenenax. Hakonen, uepe3 ompeaeicHHbI MHTerpan omnpeaensercs (yHKLHO-
HaJIbHAS 3aBUCUMOCTS F (z) . B moxbIHTErpabHOM BBIPasKCHUH, TOMHUMO NIEPEeMEH-
HOW MHTErpUPOBAaHUS, MPUCYTCTBYET €lIE MepeMeHHas-napaMeTp. B sToM ciydae
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ropopat o6 uHTerpaie ¢ napamerpoM. B Mathcad 3to BmonmHe neranbHbIN U 3¢-
(dexTuBHBIHM crocob onpenencHus GyHKIUN. OyHKIWA F (z) HAYEM HE OTIHMYAETCS
oT 0OBIYHOM. B YacTHOCTH, MOKHO TOCTpOUTH ee Tpaduk (cMm. puc. 6.7). Jlanee
TIPUBEICHBI OCHOBHBIC KOMaH/IBI pabodero JOKyMEHTA.

A []|x=|lg|<2’|g:||qﬁ|‘s1 JITutoriaIs x| e
BbluncneHue HeonpepeneHHbIX U onpeneneHHbIX
HHTerpanoe

Onpedeinenne hyuriin 008 JatbHefliiero e RHMEZPUPOSHH LT

%) = exp(—¥1-cos(x)

Hpuntepe @uUNCACHIA UHWEIPLINE

-1 ! )
J‘ 5 dx = ?'exp(_x)'ms(x) * E'exp(_x)'su(x) {7 Heonpedenenusii uimespan

T
J. ffydt — l-exp(—‘n) + L 7 Orpedeneunsil unmespan
2 2
a

Frz) = J exp[—tz]-sin(z-t) dt

o B Humeapan ¢ Rapavempom

Fpadun gynruin, enpedeneiioil ¢ HOMALLBI0 EHITEIPLEE

z=0,01.20

0a

04
Fiz)
nz

Puc. 6.7. BoluucneHnvne HeonpeaeneHHbIX U onpeaeneHHbIX MHTerpanos

HWnnmanvzanms GyHKIWA U JaTbHEHIIero HTeT pUPOBaHUS:
f(x) == exp(—x)-cos(x)

Brruncnienue HCOIMPEACJICHHOTO MHTETpajla B CHMBOJIbHOM BH/C:

-1 - 1 -
fix) dx —» ?-e X~cos(X) + E-e X~sin(x)
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Brruncienue OMPEACJICHHOIO UHTECrpajia B CUMBOJIbHOM BHJC:

TC
1 -2 1
J ft)dt > —-e "+ —
0 2 2
Huuumanuzanus GyHKUMU yepe3 udrerpan ¢ napamerpom. llapamerp unrerpana
SIBSETCS apryMeHTOM (pyHKUMU:

00
F(2) :=J exp —tz)-sin(z-t)dt

0
Masiee paccmoTpum 60jiee Cl0XKHbBIC 3a/1a4U, CBSI3aHHBIC C BbIUUCIIGHUEM Pa3Jiny-
HbIX UHTETpaJioB.

KpnBonunHenHble MHTErpanbl

KpuBonuHeiinblii uaTerpan ot QpyHKUMH HECKOJBKUX NMEPEMEHHBIX — HHTETPa,
BBIYMCIICHHBIM BAOJIb ONPEACICHHOrO KOHTYpa, Ha3bIBAGMOTO KOHTYPOM MHTETPH-
poBanua. CyIIecTBYIOT KPUBOJMHEHHbIE WHTErpaibl MEPBOTO M BTOPOrO pofa.
B 3aBucuMocTH OT TUNA MHTErpaia pa3auyHbl U CIOCOOBI €ro BeIUHCICHUS. B mro-
OoM ciyyae 3ajaya MO BBIMMCICHHIO KPUBOJMHEWHOTO WHTErpana, Kak MpaBuilo,
MOJpa3yMeBaeT MapaMeTpU3alii0 KOHTypa uHTerpuposanus. [lpaBna, oueHs yac-
TO 3TOT KOHTYp Cpa3y 3aJaH B apaMeTPUUECKOM BHIIE.

BbluucineHue KpUBOJIMHEHHOIO MHTErpajia nepeoro pojaa no koHtypy C, 3aaaH-
HOMY B TIapaMETPUUYECKOM BHJE C IMOMOIIBIO COOTHOIICHUH x = x(f), y = ¥(t) u
z =z(¢) ot pyHkunu f(x,y,z), CBOAUTCS K pacueTy CIACAYIOLIEero BEIPayKEHU:

p
[fp,2)dl = [ £, p(0), 20N X + ;7 + 27 d
C o

roe o U 3 — mpenensl U3MEHeHUs apamerpa ¢ . Ecau untepnpernpoBath GyHK-
umio  f(x,y,z) Kak JMHEHHYIO MIOTHOCTh KPUBOH BIOJb KOHTYypa MHTCTPUPOBa-
HUS, TO pe3yJbTaTOM BBIYMCICHUS KPUBOJIMHEHHOTO MHTErpaia MmepBoro poja oT
3TOH (PyHKIMU MO YKa3aHHOMY KOHTYpY OyIeT Macca COOTBETCTBYIOLLCH KPUBOH.
3HaueHHe KPUBOJIMHEHHOTO UHTETpajia IepBOro poJa He 3aBUCUT OT HaIpaBICHUS
00X0/1a KpUBO#1 MpU UHTEIPUPOBAHUH.

3agaua 6.6. BerumcanThs KpHBOJIMHEHBIH HHTErpajJ NHepBOro poaa J. y2dl
c

o0 KOHTYpPY, 3aJaHHOMY B NapaMeTpu4eckoM BHAe x(f)=a(r—sin(¥)) n

wt) =a(l —cos(?)), 0<¢<2m.
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YacTo KOHTYp MHTErpUpOBaHHA JIGKUT B OOHON mwockoctu. Torma cutyauus
HECKOJBbKO ympouaercs. Hampumep, eciu KOHTYp MHTErpUPOBAHHS pa3MeLIeH
B IUTOCKOCTH XY, TO KPUBOJIMHEHHBIM MHTErpaj BBIUUCISAETCA COTACHO COOTHO-

p
IIEHHIO _[f(x,y)dl = J'f(x(t),y(t)) X2 +y?dt. Wmenno »sra dopmyaa u
C o

HUCMOJIb30BaHA AJId BBIMUCJICHUA UHTCI PaJla B JOKYMCHTC Ha pHUC. 6.8.

J = A []|x=|lg|<2’|gj|qﬁ|‘51 JITutoriaIs | e
BbluMcneHue IEpI-IBonI-IHeFIHbe HHTerpanoe

Hponedypa 0.1 epiulicaeniE KPHeOIHHeHHOI0 HHmecpat I-20 poda

gl

2 3
Intl(f,x,7,0,8) = | KD, y00)- [%tx(t)] +(%ty(t)] dt

a

fix,¥) = YE A NModuinmespanshan GyHKILR

A = ot - sinlt) Kpuean (Konmyn NRMespUpoeanLA)
(0 = 2 (L - cos(D) 2adana & RapaMemplleckom eude

! 1
TR R
et 422

Intl(f,z,v,0,2-n) = P Kpueorunelinu uamespan
15

simplifyr 26 3 Hpusonuneiinsil unmespan

Int(f,2,7,0,2
atl(f,x,y.,0,2%) sssume,a> 0 15 {pesynemarn yrpowen)

Puc. 6.8. BoluncneHune KpMBONUHENHbIX MHTEMPanoB NepBOro poaa

Onpepensercs cneunanbHas MpoLeaypa, ¢ TOMOLIBIO KOTOPOH Mo ee apryMeHTam
(a 5TO Ha3BaHU MOABIHTEIPAILHONH (DYHKUMM M (YHKLUH, ONpenenstolnX 3aBu-
CUMOCTb OT NIEPEMEHHOM-NIapaMeTpa rOPU30HTAIbHON U BEPTUKAIBHON KOOPIUHAT
BIOJIb KOHTYPa HHTEIPUPOBAHUS, a TAKXKE HYKHIS M BEPXHSS TPaHULBI M3MEHEHHUS
MepeMEeHHOM-NIapaMeTpa) BEIUUCIIECTCS KPUBOJUHEHHBIN UHTErpaj MepBoro poaa.
[Ipouenypa onpeneneHa uepes uHTerpal. JBa mocieAHUX ee apryMeHTa YKa3aHbI
HWKHUM W BEPXHHUM MpeneiaMy UHTErPUPOBaHUs. Y MOABIHTErpalbHOU (yHKLIMH
apryMEHThl CaMM SIBIAIOTCH (DYHKUMAMH NEPEeMEHHOH HHTerpupoBaHus. Kpome
TOro, 3Ta NMOABIHTETpaibHas (QYHKUMS YMHOXKAeTCsl Ha KOPeHb KBaJpaTHBIA W3
CYMMBl KBaIpaTOB MPOU3BOAHBIX OT (YHKUMH-apryMEHTOB MOIBIHTErPAIbHOM
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(YHKIMH 0 IepeMeHHOM WHTerpupoBanus. Jlanee Ha puc. 6.8 A1 npoBepKH Kop-
PEKTHOCTH pabOThl OMMCAHHON MPONEAYpPhl HHUITHATH3UPYIOTCS TPH (BYHKITHH:
MOJBIHTETpaibHAsA (GYHKIHSA (T4, OT KOTOPOM BBIUMCIACTCS KPUBOIUHEHHBIN HHTE-
rpan), a TaKKe MapaMeTPpHUECKHE 3aBHCUMOCTH, OTIPEICTSIONIHE KOHTYP HHTETPH-
poBanui. B JaHHOM ciydae KOHTYPOM WMHTETPHPOBAHHS SBISCTCA IMKIOWIA
(x(t) = a(t —sin(t)), y(t)y=a(l—cos(t)), 0 <t <2n). [locne 3TOTO ABaXKABI BHI-
3pIBACTCS CO3MIAHHAS TIPOLICAYpa ¢ OJHUMH M TEMH e apryMeHTaMu. Bo BTopom
clyuae pe3yibTaT aBTOMATUYCCKH YIPOINAESTCs, €CJW CUATATh HEOTPULIATEIhHBIM
CHUMBOJIBHBIN TIApaMeTp a, MPUCYTCTBYIONIUM B MApAMETPUUSCKUX 3aBUCHMOCTSX.
Janee npuBesieHbl KOMaHbl pabovero TOKyMeHTA.

[Tpoueaypa BbIYMCIEHNS. KPUBOIUHEHHOIO UHTErpajla NepBoro poaa:

[b
Intl(f,x,y,a,b) :=J| fx(0), y(1)- (ix(t)

a

2 2

+ (d—y(t) dt
dt

Huntmanvzanys NoasHTErpaTbHON (YHKIAM:

fxy) =y’
[TapameTpuueckas 3aBUCUMOCTb x OT NAapaMmeTpa t :
X(t) ;= a-(t — sin(t))
[lapamerpuueckas 3aBUCUMOCTb y OT NapaMerpa t:
y(t) :=a-(1 — cos(t))
Hcnonw3oBanue npouemypsl A5 BEIUUCICHUS KPUBOJIUHEHHOTO HHTErpajla MepBo-
ro poaa. Pe3ysbrar 10CTaTOYHO IPOMO3/KUIA:
1

2
128 ( 2 2 2
Int 1(f,x,y,0,2~7‘t) - 3-(a ) 4 -a

PesyanaT BbI30Ba MpOLCAYphl pacu€Ta UHTEIrpajia nepBoro poja rnocjie ynpoueHus:
sim p]ify 256 3

Intlf,x,y,0,2 —
n ( %Y 71') assume ,a > 0 15

HeckoJibKO MHaye BbIYMUCIISIETCS KPUBOJIMHEUHBLIM uHTerpan Broporo poaa. Ero
MHTEpIpeTalus MoxKeT ObITh Takoi: 5To paboTa, BbINOJIHEHHAS HEKOTOPOU CUiloi
(BekTOpHAs MoJbIHTErpajibHas QYHKLMS) BAOJb NPOCTPAHCTBEHHOW KPUBOM (KOH-
Typ uHTerpupoBanus). OTCIOAa OUEBUAHO, YTO MPU 3aMEHEe HarpasieHus 00xo/a
KOHTYpa 3Ha4eHHEe MHTerpasa J0JPKHO MEHATh 3HAK Ha MPOTHUBOMONOXKHbIH.
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Ecin Hac unTepecyert anemeHtrapHas padora 04, BbinojiHeHHAs cuiiol F Ha ae-
MEHTApHOM MepeMelleHU dr , TO 9TO, OYEBHUHO, €CTh CKASIPHOE NPOU3BEIeHHE
CHIJIBI Ha TiepeMelieHue: OA = Fdr . YUtoGbl BBIMHCIHT TOJIHYFO paboTy, HYKHO
MPOWHTET PUPOBATH 1O KOHTYPY. [Ipeamonoxum, uto F=(P,Q.R).rme P(x, V.z),
O(x,y,z) 1 R(x,y,z) ecTh (PYHKUUHU MPOCTPAHCTBEHHBIX KoopaAWHAT. Torma xpu-
BOJINHEUHBIN UHTErpal BTOPOTO pona JaeTcs BBIpOKCHUEM
IFdF = J.de+ Qdy+ Rdz. Ecau xoutyp unterpupoBanus C 3ajaH B napamer-
C

C
pudeckom BuUae x=x(f), y=y{t) wu z=2z(), TO JErk0 NOJYUUTH

p
Ide + Qdy + Rdz = J'( Px'(t)+ Qv'(t) + RZ'(t))dt, npn >TOM, Kak W paHee O W
C o

[} — npenenbl uameHeHusi napamerpa f, a BO BTOPOM HMHTerpaje apryMeHTamu
dbyukunii P(x,y,z), O(x,y,z) u R(x,y,z) yKa3blBalOT 3aBUCUMOCTH OT napamer-
pa MpoCTPaHCTBEHHbIX KOOPAWHAT B/0JIb KOHTYpa UHTErPUPOBaHUS.

3agaua 6.7. BepluncAMTH KPHBOJMHEHHBIH HWHTErpajg BTOPOro poja
I (x+y)dx+(y—x)dy mno KOHTYpYy, 3aJaHHOMY B NaApPAMETPHYECKOM BH/E
C

x(t)y=acos(t) u y(t) =bsin(t), 0 <t <2x.

B ciydae miiockoro KOHTYpa HHTETPUPOBAHKS KPUBOJIMHEHHBIM HHTETPal BTOPOTO poza
B
MOKET OBbITh BBIUHCIICH COITIACHO COOTHOIICHHIO | Pdx + Qdy = I( Px'(t)+ Qy'(¢))dt .
o
B BepxHeil yacTH JOKyMEHTa, MPEACTABICHHOTO Ha puc. 6.9, ompezelcHa Mpo-
Leypa, MO3BOJSFOIIAS BEIYUCIATH KPUBOJIHUHEHHBIC HHTETPATIBI BTOPOTO POJIA.

o

I[anee MNPUBEACHBI KOMaHAbI, COACPIKALMUECA B 9TOM JOKYMCHTC.

[Tpoueaypa aJig BbIYMCIIEHUS. KPUBOJMHEHHOIO HHTErpaja BTOPOro poaa:

b
IntaP,Q,%,y,a,b) = J[ (Pmo,y(t))-%x(t) ¥ Q(X(t),y(t))%y(t)j d
a
HNuunnmanuzaius nepBoit MoasIHTerpaabHON GyHKIHH:
P(x,y) =x+y
HNuunnmanusais BTopoi NoABIHTErpaTbHOM (BYHKITHN:
Qx,y) ==y - x
[TapameTpuueckas 3aBUCMMOCTbD J1J1s1 KOOPAMHATbI BOJb OCH adCHUCC:

X(t) ;= a-cos(t)
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A []|x=|f§§|<§|gj|q£|e; JITutoriaIs | Pao

Tiponedypa 018 @pIUNCHEHIE KPHEOIHHCHHOI0 HHIIEZDALTE 2=00 Podit

b
Int2(P,Q x,7,a,5) = J (Ptm:t) ,y(m%tm:t) + QU ,y(t))-%ty(t)] d
a

Plx,¥) =x+ ¥ A,y =y - x P [Todeimmespansiite Py

& Kpusan (RoRmyn DRmesnip0saHig)
23daHa & napaMempUIecrom euds

wt) = a-coa(f) Wit = h-sint)

Intz[P,Q,x,y,El,z-n) — —2ahm A Kpusonuneldnsil ukmespan 2-20 poda

Puc. 6.9. BeluncneHne kpuBOnNmMHERHbLIX UHTErPanoB BTOPOro poaa

[lapameTpuueckas 3aBUCUMOCTb JJ151 KOOPAUHATHI B0Jb OCH OPAUHAT:

y(t) := b-sin(t)

Hcrnosnb3oBaHue CO31aHHOU NpoLeaypbl U1 BbIYUCASHUS KPUBOJMHEHHOro UHTe-
rpajia BTOpOro posja:

lntZ(P,Q,X,y,O,Z-n) — —2-a-b'n

CHauana B JOKYMEHTe MO COOTBETCTBYIOLIMM MpPaBWJIaM OMUCBIBAETCS MPOLEIypa,
C MOMOLLLIO KOTOPOH B Jla/ibHEHLLIEM OY/1yT BbIUNC/ISITHCS KPUBOJIMHEHHBIC UHTEIPAJIbI
BTOporo poja. llocie 31oro MHULMAIM3UPYIOTCS UHTErpUpyembie (DYHKLMK W napa-

METPHUECKHE 3aBUCUMOCTH, OMpPE/IeSsIoLe KOHTYp uHTerpupoBatus. OcTtaercs npo-
BEPUTD MPOLIEAYPY Ha A3PPEeKTHBHOCTb. DTOT TECT OHA, OUEBU/IHO, ITPOXO/IMT.

[one3zHOCTh KPUBOMMHEHHBIX HHTETPAJIOB BTOPOTO PO/Ia 3aKITIOYAETCS eIlle U B TOM,
YTO ¢ MX MOMOIIBIO MOYKHO BBIYHCIATH IIomann guryp. OOBIYMHO TUTOMAAh BBI-
YUCIIAETCS C TIOMOIIBIO IBOMHOTO WHTETpaja 1o obnactu. YacTo obnacThb 3amaercs
OTpaHWYMBAIOIIEH ee KPUBOH, KOTOpas 3allUChIBACTCS B IMapaMeTpPUIecKOM BHIE.
HWmenHO B Takol cUTyalud I BBIYMCIICHUS TUTOINAEH OIMpaBIaHO MpUMEHEHHE
KPUBOJIMHEHHBIX HHTETPAIOB BTOPOTO POJA.

3anaua 6.8. BEIYHCIHTH ¢ MOMOIBIO KPUBOJHHEHHOI0 HHTETPAJIa IIOMAIL
¢urypsl, rpannna KOTOpOii 331aHa B MapaMeTpuuecKoM Biae: x(7) = asin’(¢)
n y(t)=bcos* (1), 0<r<2m.

Ecnu nnockas ¢urypa orpaHuueHa HEKOTOPOK KpUBOM, TO MIO1aAb 3TOH (urypsl

MokeT  ObITb  BblYMCIEHA N0  OJHOW W3 cieaylowux  QopMyl:

|
S = @C xdy = —@C ydx = E(ﬁcxdy — ydx, T7ie Bce yKazaHHbIe WHTETPaITbl BEIUMCIIS-
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I0TCS TIO 3aMKHYTOMY KOHTYpPY — TpaHuLe 00JacTH, B TAKOM HampasieHUHU 00X0-

na, uToOBl 00JIacTh OCTaBaylach clieBa. B 4acTHOCTH, € yUeTOM mapaMeTpuuecKo-
B

ro ompefeieHNs KOHTYpa MHTETPUPOBAHUSL, MOXKEM 3amucarh S = Jx(t)y'(t)dt.
(¢4

Otoii popmynoii u Bocnonb3yemes. Ha puc. 6.10 npuseneH npumep JoKyMeHTa,

B KOTOPOM IUIOLIaAb OOJacTH PacCUUTHIBACTCS € MOMOILIBIO KPUBOJIMHEHHOTO

HHTeTpaa.

A []|x=|lg|(:_f|g:||ﬂﬁ|ﬂ JITutoriaIs | @0

EnluvcneHuve nnowanen ¢ NOMolWbH KPUBONHUHE HHbIX
HHTerpanoe

Hponedypa 018 EpivlicaeHILA HACHIEON

b
S(x.y.8,5) :=J x(t)%ty(t) dt
a

Hpunmep epruncienus maomadly

__ 3
i) = a-cos(h) & Fonmyp umespuposama (scmpouds)
gt = b-sin(t)g 2adaH @ napamempuYeciom sude

& flrowads gaypsl, ogparuderHol

3
8xy.0,2%) - g'a'b'“ acrpoudos

Puc. 6.10. BbluncneHve nnowagmn Yepes KOHTYPHbIA nHTerpan

JIOKYMEHT COlep:KMT NMPOLEYPY BbIYKCICHUS TUI0ILAAH (DUrypbl Hepe3 KPUBOJIH-
HEWHBII UHTErpall BTOPOro poja, a TAKKe KOMaHJBL, 3aJar0llie KOHTYp UHTErpU-
POBAHMS M KOMaHAY BbIUMCIEHUS TIOLLAJH, KOTOPbIE IPUBEACHbI Jajee.

Ilpoueaypa s BoluMcaeHHs maouaan Gurypbl yepe3 KpUBOJIUHEHHbIH MHTErpasl
BTOPOTO poJa:

b
M
S(x,y,a,b) =1 xt)-—y(t)dt
J dt
a
l_[apaMeTpl/lLleCKaﬂ 3aBUCUMOCTbD, Onpeﬂeﬂﬂ}omaﬂ FOpl/IBOHTa.Hbele KOOpﬂl/lHaTbl
TOYEK KOHTYPa UHTETPHPOBAHM:

X(t) := a-cos (t)3
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HapaMeTqueCKaﬁ 3aBUCUMOCTD, OIpCACIA0Ias BEPTUKAIIbHBIC KOOPAUHATBI TO-
YCK KOHTYpPa UHTEIrpHUpPOBaHUS:

y(t) = b-sin(t)°
IIpoBepka paboTbl npoueypbi:

S(X,y,O,Z-n) - %a-b-n

Uro kacaetcs camoii GUrypsl, MIOMIAas KOTOPO Oblna HalifieHa, TO TpecTaBIe-
HHE O HEeH MOXKHO COCTaBUTL MO puc. 6.11.

A []|x=|]‘%|<§|2‘_‘||aﬁ|ﬁq “Tutnrials x| @ae

Konmyp UHIeZRUpaGuHILT

t=0,001.2n a=1 h=2

-1 0.5 0 0s 1
w0t

Puc. 6.11. KoHTyp uHTerpnposanns

B kauecTBe CTPYKTYpPHBIX 3aMoJIHUTEIeH BAOJIb KOOPJAMHATHBIX Ocell Ha rpaduke
YKa3aHbl NapaMEeTPUYECKHE 3aBUCHUMOCTH, OMpEAeIAINe KOHTYp, OrPaHUYH-
BatoLUi 001aCTb.

[lonyueHnble pe3ynbTaThl Jierko 0000LIAIOTCS Ha cilyyall MPOCTPaHCTBEHHbIX
KpPHUBBIX, KOTZa NPU WHTETPHPOBAHHUMU CIEAYET YYWUTBHIBATH TPETBIO KOOPAWHATY.
Ha puc. 6.12 npencraBnensl npoueaypbl A5 BbIYUCAEHUS] KPUBOJIMHEHHBIX MHTe-
TpajIoB EPBOTO U BTOPOTO poja Mo MPOCTPAHCTBEHHBIM KPHUBBIM.
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+ [EEE]|x=|I%|(§|3:I|a,8|QHITutoriaIs j@Go

BelyMcneHne KpUBONWHEHHLIX UHTErpanoe
(NnpocTpaHCcTBeHHLIE KPUBLIE)

Ipouedyvpe 0278 epiuiCReHIR KPpUEoINHeHaza unmespaid I-z0 peda

b

2 2 2
IICE 3,y 58, = | Ry, 75 J[ix@] +(isr(t)] +(iz<t)] d
dt dt dt

a

IHponuedypa D8 EMuIICAEHIA KPHCOTHHEHHAIQ HHMEIPAIE I=20 POdd

h
Int2(P,Q,R,x,7,,3,) = J [P(m:t) 0 ,z:m.%tx@ + 00D, () ,z:t»-j—tytt) + Rex() ,Y(t)ﬂ(t))-i—tz(t)] dt

a

Puc. 6.12. lNMpoueaypbl ANs BEIMUCNEHNS KPUBONMHENHBIX MHTEPanos
no NPOCTPaHCTBEHHOW KPUBOMN

3agaua 6.9. BpluucauTh IJHHY [OPOCTPAHCTBEHHOH KPHBOH, 3aJaHHOil
B mapaMerpmueckoM BHAe x(f)=exp(—f)cos(t), y(¢)=exp(—1)sin(t) m
z(t) =exp(—1), 0 <f <+,

YT00bl BBIYUCIIUTD AJIMHY KPUBOH C NOMOLLLIO KPUBOJIMHEHHOrO MHTErpasla nepBoro
poaa, ciieayeT, OYEBUAHO, B KAUECTBE MOJbIHTErpajibHOl (YHKLMU yKa3aTh €WHH-
uy. Pe3yabraT npumeHeHHs npoueaypbl pacueTa UHTErpajia nepsoro pojaa no npo-
CTPaHCTBEHHOU KPUBOH /1A BBIYUCIIEHHS €€ IJIMHBI MTPe/CTaBleH Ha puc. 6.13.

it []|x=|I%|<§|3]|ﬂﬁ|m JITutoriaIs | @co

Hpuntep supuucienus Kpueouuelinoze unmezpoid 1-20 poda
(05T OV RPOCIIDAH CHIGEHHO T KPGOT)

fx, 7,0 =1 A [Tofsinmespansian U

w0 t) = exp(—t)-cos(t)
] , Mpocmpancmesnan Kpusan
¥ = exp(—t) sin() P [xonmyn YHmespupoaanuR) 3adang &
napaMempLUeckom sude
1) = exp(-b pamterme

Intl(f x,v.z.0 cn) — 32 P Aruna dyay npocrpancmeennoll Koueoi

Puc. 6.13. BbluncneHne kpuBONUMHEHOrO UHTErpana nepsoro poga
no NPOCTPaHCTBEHHOW KpUBOW
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I[anee NMPpUBCACHBI KOMaHABI U3 3TOTO pa6oqer0 AOKYMCHTA.

Wuntmanvzanus nogsiHTeTpanbHol pyHKIU. [lpr BEIUUCICHUN IJIMHBI KPUBOM
aTa PYHKUMS J0JKHA TOXKASCTBEHHO PABHITHCS €IMHULIC:

fix,y,2):=1

[TapameTpHuueckas 3aBUCUMOCTb KOOPJAMHATLI X J1s1 PACCMATPUBAEMOIN KPUBOI:
X(t) := exp(-t)-cos(t)

[lapamerprueckas 3aBUCUMOCTb KOOPAUHATbLI Y /111 paccMaTpuBaeMoi KpUBOH:
y(t) := exp(—t)-sin(t)

[TapameTprueckas 3aBUCHUMOCTb KOOPJMHATbI Z /1Sl PACCMAaTPUBAEMON KPUBOI:
2t) = exp(-t)

BbluuciieHne KPUBOJIMHEHHOIO MHTErpasa NnepeBoro poaa ¢ NOMOLIbK cHeLuallb-
HOM, CO3AaHHON paHee MPOLEAYPBI:

1
Intl(f,x,y ,Z,O,oo) - 32
3agaua 6.10. BprumcanTs KpHBOJHMHEHHBIH HHTErpaj BTOPOro poja
J ydx + zdy + xdz BAOJIbL KOHTYpa, 3aJaHHOI0 B NAPAMETPHYECKOM BHJE:
v
x(t)=acos(t), y(t)=asin(t) m z(t)=pt, 0<r<2x.
Ha puc. 6.14 npencrasieH npumep BbIUUCIEHUS KPUBOJMHEHHOIO HHTErpaia BTo-
poro poja 1o NpocTpaHCTBEHHOM KPHUBOM.
Hanee npuBeaeHbl KOMaHbl U3 3TOTO pabovero JOKyMEHTa.
[lepBas moapHTErpaibHAS PYHKLMA:
P(x,y,2) ==y
Bropas nonsiaTerpanbHas GpyHKUMS:
Qx,y,z) =z
Tpetbst noabiHTerpaibHas GyHKLUHS:
R(x,y,z) = x
IlepBoe ypaBHeHHe napaMeTpHUUIEeCcKOH 3aBUCHMOCTH:
x(t) := a-cos(t)
Bropoe ypaBHeHHE apaMeTpAYECKOH 3aBUCUMOCTH:
y(t) := o-sin(t)
Tperbe ypaBHEeHUE NapaMeTPUHECKON 3aBUCUMOCTH:
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A []|x=|jg|<§|g:||ﬂﬁ|ﬂ1 JITutoriaIs = e

Hpunep euuncaeHuR KPHEOTHHCHHO0 BEMEIPA 220 poda

Pl.y.9 =y
Qx.y.3 =2 A Todrmmesnansisie Rk
Blx.v.Z = x
wt) = cu-cosih)

Kpuean (Kokmyp URmespuposahig)
L) = o sint) 3adana 8 napamempudeckon aude
b = pt

Kpusonunedaoid

2
Inﬂ(P,Q,R,x,y,z,D,Z-ﬂ) — - unmeapan -e0 poda

Puc. 6.14. BbiuncneHue kpBONMHEHOrO UHTErpana BToporo poga
Nno NPOCTPaHCTBEHHOW KpUBOW

Bb130B CO31aHHON paHee Npoueaypbl AJ BbIYUCIEHUS KPUBOJMHEHHOIO UHTErpa-
Jla BTOPOro poja:

2
m2(P,Q,R,x,y,2,0,2:1) > -0
(DaKTI/ILIeCKI/I, T10 CpaBHeHI/IIO C INTIOCKUMH KOHTypaMI/I, HpI/I I/IHTerI/IpOBaHI/II/I 10

HpOCTpaHCTBeHHOﬁ KpHBOﬁ MaJio YTO MCHACTCA — BBIPAKCHUA CTAHOBATCA Oonee
T'pOMO3AKHUMH, HO OCHOBHAA UACA BBIYHCJICHUH COXpPaHACTCA.

[BOWHbLIe MHTErpans.l
B ofriem ciydae ABOMHOM HHTErpat ” f(x,y)dxdy or dyakumm f(x,y) mo
Q

obmactu () ompenesseTcst Kak YKCIO — Mpees ABOMHON CyMMBbI MPOU3BEACHHIA
byHKUMK ABYX aprymeHToB f(X,)) Ha Masble MpUpalleH1s apryMeHTOB NpH yc-
JIOBUM CTpeMJIEHUS THX NpupauleHuii K Hyo. Cymma Gepetcs no Toukam obiac-
i (), KOTOpast Ha3bIBACTCS 00MACTBIO MHTerpUpoBaHust. OGBIYHO IBOMHOM HHTe-
rpaj BBIYHCIIACTCS CBEACHHEM K MOBTOPHOMY HMHTETPAjly: CHAYAlld BBIYHCIISCTCS
OTIpeZIeNICHHbIA MHTEerpajl M0 OJHON MepeMeHHOM (TIpeieibl HHTErPUPOBAHKS MO-
ryT OBITh QYHKIMAMH JPYTOi TIEPEMEHHOM), a 3aTeM TIOJIYUCHHOE BBIPaKECHHE HH-
TErpUpyeTcsl 10 OCTABIICHCS TepeMeHHON. B 9ToM ciiydae, Hampumep, MOXKET
b &(x)
HUMETh MECTO COOTHOIIIEHHE ” f(x,y)dxdy = Idx I f(x,y)dy.
Q

a  o(x)
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Jlpyroii cnocob noapasymeBaer 3aMeHy NepeMeHHbIX UHTerpupoBanusi. Eciv nepexoj
K HOBBIM MepeMEHHBIM (1£,V) OCYIIECTBISETCS COTNIACHO COOTHOLIEHUAM X = X(u, V)

u ¥ =y(u,v), To JBOIHON MHTErpasl B HOBbIX MEPEMEHHBIX MOXKET ObITh BbIYUC/ICH
1o opmysie ” f(x,y)dxdy = ” f(x(u,v), y(u,v)) | J(u,v)| dudv, rae sxobuan
Q Q'

nepexona J(u,v) ecTb IETEPMHHAHT MATPULIbI, COCTABICHHOM M3 YAaCTHBIX MPO-

W3BOJHBIX OT CTapbIX MEPEeMEHHBIX MO HOBBIM. OOBIYHO HOBBHIC MEPEMEHHbIC BBI-
OuparoT TakuM 00pazom, YTOOB YIIPOCTUTEH 00JIACTh UHTETPUPOBAHMS.

3anaua 6.11. Beruncaurs 1BOHHON HMHTErpaj 'U (x> +y*)dxdy no oGmacru,
Q
orpanmuenHoii y=a, y=3a, y=xm y=x+a.

Pelenune »Toli 3agaun NpeACTaBICHO B JOKYMEHTE Ha puc. 6.15. 3aeck Bcero Tpu
KOMaHBl U rpadyk, Ha KOTOPOM C TIOMOIIBIO YeThIpeX TPSIMbIX JIMHUAH BBIAeeHa
00JacTh HHTETPUPOBAHMS.

Jasiee npuBeeHbl KOMaH bl U3 3TOrO Padouero JOKyMeHTa,

[NoapiaTerpanbHas GyHKUMS:

fix,y) = x2 + y2

A ] = [[2]<F T ap| @ ||y sie =] @6

OeorHOA HHTerpan

fix, ) = x2 + y2 A [Todummesnansnan fyeKuue

O dCHTD Wi MECPID OBIHILA Heafinoil unmezpen

Rk PYHKIIA BADEMEMPE
4
32 / /

24

34 ey
I(4) = j j 2, ) o dy
4 Ty-a

14
Pesyapmmam

0z
I(q) = 14 a4

a
0 0.8 1.6 24 32 4

Puc. 6.15. BbluncneHve aBoHOro nHTerpana
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JIBOiiHOI MHTerpas 3amvcaH uepes MOBTOPHBIN U 3aJaH Kak (PYHKLUS OT mapamer-
pa a, BXOASLIEro B ypaBHeHHs [l rpaHull 00JacTh UHTErPUPOBAHHSI:

3-a ry
I(a) := J J f(x,y) dxdy
a “y-a

KOMaH[la BbIYUCJICHHUA B CUMBOJIbLHOM BUAC [lBOﬁHOFO UHTEIrpajia:

I(a) - 14a"

B naHHOM ciiyuae, MOCKoJIbKY O0JIACTb MHTErpupoBaHus (TOUHEe, ee I'paHMlibl)
3aJaHa JOCTATOYHO NMPOCTO (YpaBHEHUS HECIOXKHBIC), NBOWHOW MHTErpasl cpasy
MOKeT ObITh 3anucaH yepe3 MoBTOpHbIH. CHavana BbINOJIHIETCS HHTErPUPOBaHHE
[0 TMEePEeMEHHOH X, CpaHULbl U3MEHEHUS KOTOPOH ompedesioTca U3 ABYX MO-
CIIeHUX YPaBHEHUH B YCJIOBMM 3aJa4yd M 3aBUCAT OT y . UHTerpupoBanue no y
BbIMOJIHAETCS B Mpefesax, onpeaesseMbIX NePBbIMU JBYMS YPaBHEHUSIMH B YCIIO-
BHM 3a/1a4H.

3agaua 6.12. Beruneaurs miomaab 001acTH, OrPAHUYEHHON KPUBOH, 3agaH-
HOii B mapamerpmueckom Buae: x(f)=a(t—sin(?)), y(¢)=a(l—cos(?)),
0<7<27 upuycnoBuu y>0.

Jns peienus 3Toif 3agauu, Mo CyTH, HY>KHO NMIEPEHTH K HOBOH MEPEeMEHHON MHTeT-
pUpOBaHUsL, T. €. BMECTO X K f. DTO 4acTHbI caydvaii oOulel 3aMeHbl nepemMeH-

HbIX B ABOMHOM uHTerpajie. OHaKo 3/1eCb MOXKHO OyjieT 00OHTUCH 0€3 BbluUc/ie-
HUA sKoOMaHa mepexoaa. B wacTHocTH, OyaeM cHauyajla MHTETPHPOBATh MOV,

a nocje roro — no ¢. llpenensl uHTErpupoBaHUd MO ) YCTaHABIMUBAKOTCSH OT
HYJISL 10 3HAYEHUsI, ONpPe/Ie/IIeMOro NapaMeTpUUECcKON 3aBUCHMOCTBIO (1) B yc-

n0BUM 3anaun. [Ipeaensl HHTErpupoBaHus o napamerpy ¢t — ot 0 mo 271. Kpome
TOrO, MOCKOJILKY MepeMeHHass X — (yHKUMS napamerpa, CrpaBeylIiBO COOTHO-
wende dx = x'(t)dt . TIpouecc BbIMUCIEHHS ABOMHOIO MHTErpaja pealu3oBaH

B JIOKyMeHTe, NpeAcTaBIeHHOM Ha puc. 6.16.

YroObl uzbexarb NnyTaHulbl, NMPpHU BbIYUCIICHHUU NEPBOro BHYTPCHHETO UHTErpaia
Ha3BaHUE NIEPEMEHHONW MHTETPUPOBAHUS 3aMEHEHO Ha Z (YTOOBI MmepeMeHHas WH-
TerpupoBanus popmalibHO He coBnajana ¢ BepxHei rpanuueil unrerpana). Jlanee
MPHUBEACHbl KOMAaHAbl U3 3TOT0 TOKYMEHTA.

VYpaBHeHUS apaMeTPUUECKON 3aBUCUMOCTH:
X(t) := a-(t — sin(t))
y(t) :=a-(1 — cos(t))
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|4 ] 2= | [2]<2 ET qﬁ’ﬁ J|My5ite | e

[BOWHOW MHTErpan (NnapamMeTpuyeckas KpMBas)

Y = a(t - sinlh) & Fpanyys obRacmu UHMespUpOeaHUR
S = a(1 = cos(t) 2adaHa & napamempuieckom eude

O0aacimns HHMICIPHPOGAHIS Heoiinoi numerpai
(OO0 QOTIECITIR)
205
164 I
! vt
35
S J Fdzdt— = oma
123 dt 0 12
i]
0g2
04
]
1} 127 253 32 07 633

Puc. 6.16. 'paHnua obnactv MHTErpnpoBaHus 3agaHa B NapaMeTpu4eckom Buae

KomaHaa BbluMC/IeHHS IBOHHOrO MHTerpaia uyepe3 noBTOpHbId. Bo BHyTpenHem
MHTErpajie 3aMeHeHa rnepeMeHHas MHTerpupoBaHus (UToObl ee Ha3zBaHWEe OTJivYa-
JIOCh OT Ha3BaHUs PYHKUMH HA BEPXHEH rpaHulie BHYTPEHHEro MHTerpaja):

(ZTC
t
JY() 5 35 4

| Ly Zdzdt - Zora
a 12
0

OnHako JaieKko He BCerja ABOMHOW UHTerpaj Tak MPOCTO MOXHO CBECTH K MO-

BTOpPHOMY. B kauecTBe wuocTpaudd paccCMOTPUM MPUMEpP, B KOTOPOM JIBOHMHOM

MHTErpaj BbIYUCISIETCS MyTEM 3aMEHbl IEPEMEHHbIX.

3agaua 6.13. Bpluucants niaomaab o00JacTH, OrpAHHYEHHOIl KPHBBIMH
2 2

xy=a,xy=2a,y=xmu y=2x.

O01acTh, MI0113/1b KOTOPOH HYXKHO BbIUUCIUTb, OFPAHUYEHA YEThIPbMSI KPUBBIMU

(puc. 6.17).

KomaHzpl, ¢ mOMOLIBIO KOTOPBIX pealnu3yeTcs peLleHre 3TOM 3aJauu, NpeacTaBiIeHbI
Ha puc. 6.18. B Hauane OOKyMeHTa 3allUCaHbl YPABHCHUS, ONPEACIAIOIIUE MPAHULLY
obnacTy MHTErpupoBaHus. B TOKyMEHTe OHM HUTZE HE UCTIONB3YEOTCS, MO3TOMY MMe-
10T CKOpee WLIIOCTpaTUBHbIA Xapakrtep. HoBble nepeMeHHble u# WV BBOJSTCH
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2 2 )
COIJIACHO COOTHOUICHUSIM U~ =Xy U V- = [lpu TakoMm BbIOOpE HOBbLIX KOOpP/IMHAT
X

o0nacTb MHTErpupoBaHus OyIeT MPsAMOYTOJBHOW. JlpyruMu cIoBamMH, IMpeneibl WH-
TETPHPOBAHKA MO KKIOH U3 MEPEMEHHBIX — KOHCTAHTBI, HE 3aBUCSIIHE OT MEPEeMEH-
HbIX MHTEerpupoBaHud. [lo nepeMeHHON ¥ Hy»XKHO WHTErpupoBaTh B Npejesiax oT d

10 \/Ea ,ano v —ortl go \/5 . Mlcxoanele COOTHOLIEGHHS OTIPENETISIIOT 3aBUCUMOCTh
HOBBIX MEPEMEHHbIX OT cTapbiX. [l BbluMCeHu s ssikoOHaHa rnepexo/ia Hy>KHO pelluTDb
COOTBETCTBYIOLLME YPABHEHHSI OTHOCHTESILHO CTapbIX MEPEMEHHBIX, T. €. BbIPa3UTh UX
B BUe (PyHKUMI NEpeMEHHBIX ¥ U V. D10 U genaetcs. Janee Bervucsercs skoOuaH
repexosia U HeMocpeACTBEHHO ABOWHOM MHTErpai, KOTOPbIM B JOKYMEHTE cpasy 3arlu-
CaH uepe3 MOBTOPHBIN MHTErpai — Onaro mpoctoTa o0JacTh MHTETPUPOBAHUSA B HO-
BBIX TIEPEMEHHBIX TO3BOJISCT 3TO JIETKO CAETATh.

A ] == [[2[<2 T aﬁE“MySite | @ee

ey HHMeZPIpOGaHIA

0

1] 03 1 15 2

Puc. 6.17. O6nactbe UHTErPUPOBaHUS NPY BbIYNCIIEHMN OBONHOrO UHTErpana

I[aﬂee NpUBEACHbI HEKOTOPLIC KOMMEHTApPUH K Hal/l60ﬂee CYUWECTBEHHbIM KOMaH-
Jam paboudero JloKkyMeHTa Ha puc. 6.18.

Pemienue cucteMbl ypaBHeHHH, OnpeAessOIIMX cnoco0 nepexonga OT cTapbiX Ie-
PEMEHHBIX MHTErpUpoBaHus K HOBBIM. Haligeno nBa peienus. BeiGupaem To pe-
LIEHUE, KOTOPOE COOTBETCTBYET MOJOKUTEIbHBIM 3HAYESHUSIM NIEPEMEHHBIX:

2 u
S — v
u=xy X v
2y solve, -
V=" Y 2 v
X
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4[] = [2<Z 37 ap [ |y e =] ¢

ABOMHONA UHTerpan (3aMeHa NnepeMeHHbIX)

Ty = y=x Ypasenenua dna
5 <A zpanuusl obnacmu
xy=2a v=2x UHmMe2pupoeanus
5 u Onpedenenue
uisry . P 3aeucuUMocmu cmapbix
3 solve,( ] - & nepeMeNNbIX om
v o= " ¥ L, HO8bIX
v
Tu,v) = = ¥(u,%) = uv <@ dopmynsl nepexoda
A4

4 Hu,v) LS u,v)
5 || b dv SAxobuan
(w7 = a a4 nepexoda
—¥u,v —¥(u,7v
du dv

Tiw,v) — 22 3Havenue Axobuana
v nepexoda

Buuncieniie FHH ISP

V2 (f3e 1
j j I, v dudy — —-].11(2)-32
1 a 2

Puc. 6.18. BeluncneHve aBOMHOro nHTerpana ¢ 3aMeHon nepemMeHHbIX

3aKoH nepexoga OT HOBBIX IMCPEMCHHBIX u U v K HepeMeHHOﬁ X. 33Z[aeTC$I B COOT-
BETCTBHH C HaliIcHHBIM Ha OpCAbIAYIICM are peuicHueM CUCTCMbI ypaBHeHI/Iﬁl

X(u,v) = z
v

3aKoH nepexo/ia OT HOBbIX MEPEMEHHBIX u M v K MEPEMEHHOM y. 3aJaeTcs B COOT-
BETCTBMM C HAW/IEHHbIM HA NPE/bIyLIEM LIAre PELLIEHUEM CUCTEMbl YPABHEHU:

Y(u,v):=u-v

SkobuaH nepexoja ONnpeiesieTcsl Kak JAeTePMUHAHT MaTPHLlbl, COCTABJICHHON U3
NPOU3BO/IHBIX OT CTAPbIX MEPEMEHHbIX 110 HOBbIM:

9 xu,v) L x,v)
du dv
J(u,v) =
v,y Ly,v)
u dv
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ITpoBepka 3HaUeHNS sKOOMaHA TIepexo/Ia:
u

J(u,v) - 2.—
v

BbluuciieHne ABOMHOrO MHTErpasna uyepe3 NOBTOPHbIN, 3alMCAHHBIIA B HOBbLIX Il€-
PEMEHHbIX:

2 \/5~a 1 )
J Ju,v)dudv - —-In(2)-a
1 2
a

Takum ke (UM IOYTH TaKUM Ke) O0Pa3OoM MOIYT pellarbcsi U 00Jiee CIIOKHbIC
3a/1auy, NO/pa3yMeBalolIUe BbIUUCIeHUe BOiiHOrO unrerpana. Kpome toro, pac-
CMOTPEHHbIE METO/bl 0€3 TPY/a PacIIUPSIIOTCS HA Cilydai MHTErpasoB 0oJiee Bbi-
COKOM KpaTHOCTH.

TpounHbIe NHTerpanbl

[pUHIUITHAIBHO TPOMHON HHTErpall OTIIMYACTCS OT ABOMHOTO MOMOTHHTEIBHOM
nepeMeHHOM uHTerprpoBanust. OT TpeX apryMeHTOB 3aBUCHT W TIOJBIHTET PATbHAS
¢yHkIms. MeToapl BBIMUCIICHHS NBOWHBIX M TPOWHBIX WHTETPATIOB COBIAIAIOT,
HY’>KHO TOJIBKO CIENATh MOTPABKY Ha YKCIIO MEepPEMEHHBIX WHTErpupoBaHus. Eciu
obnactb wuHTerpupoBanust V' rtakas, uro a<x<b, @(x)<y<E(x) wu
h(x,y)<z<H(x,y), To TpoiHOH HHTerpaix mo COOTBETCTBYIOLICH 00IacTH
MOKET ObITH BBIYHCIICH Uepes MOBTOPHBIi HHTETpa
booEx)  H(xy)
I” f(x,y,z)dxdydz = Idx I dy I f(x,y,2z)dz . llpn BbluMCAEHUN TPOHHBIX
vV a o(x) h(x,y)
MHTErpajioB C YCMEXOM MPUMEHSETCS METO/l 3aMEHbl MepeMeHHbIX. SIkoOuaH rne-
pexoJa B 9TOM Cllyuae ONpe/essercsl Kak AeTEPMUHAHT MaTPHLbl pasmMepom 3x3,
COCTaBJIEHHOM W3 MPOM3BOJHBIX OT CTApbIX KOOPAMHAT MO HOBbIM. Paccmorpum
BbIUMCJIEHUE TPOMHBIX MHTErPAJIOB HA MPUMEpaXx.

3agaua 6.14. Boiuncauth 00bem 00J1acTH, OrpAHHYEHHOH NOBEPXHOCTAMH
2, 2 2
z=0,z=x"4+y",y=0, y=x",x=0m x=1.

Pewienue 3agauu mpeacraeiieHO Ha puc. 6.19. Tam Bcero ape KOMaHAbl M DCKU3
MOBEPXHOCTH,

OCKH3 faeT NMpeACTaBICHUE O BEPXHEH IpaHylie MHTErPUPOBAHUS IO MEPEMEHHOM
Z . JTa NOBEPXHOCTb OTPaHUUMBACT QUrypy cBepxy. [Ipoune moBepXHOCTH He MO-
KazaHbl, 4YTOOBI HE 3arpoMoXKAaTh u3oOpaxeHue. [10CKONBKY B AaHHOM cCilydae
ompenenseTca 00beM 007acTH, TO B KayecTBE MOABIHTEIPaJIbHOW (YHKLUMHU TpU
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BBIYHCIICHUHU TpOfIHOl"O HUHTCIrpdjla YyKas3blBacM CAUHULY. I[anee NpHUBCACHBI
KOMaHABI U3 JOKYMCHTA.

A ] = | [8]<F 20 | ® JIMySite ~| @ao

TpoHHOW UHTerpan (BblvMcneHne o6bema)

2 2 Ypaatenue
Floy) =+ ¥ ROGEHHOC L
Hoeepxrocms Tpofinoil npmespat
fobvar obaacm)
L rd Rz -
.[ J J ldzdyde — —
o0 “n 105

Puc. 6.19. BbluncneHme o6bema ¢ NOMOLLbIO TPOWHOMO UHTErpana

Wununannzanus $yHKIMHE IBYX TEPEMEHHBIX, ONPENCIAIOIECH BEPXHIOK IPaHUILY
HWHTETPUPOBaHMA 1O IEPEMEHHON 7z :

2 2
F(x,y) =x +vy

Brruncnenne o6bpema (TpOHHOM HHTETPpAI C MOABIHTET pasTbHOM (hyHKIHEH, paBHOM
¢AMHULIC) Yepe3 NOBTOPHBIN MHTErpa:

[0

00

0

F(x,y)
26
J ldzdydx - —
105

3710 npumep UCKIOUUTENbHO npocT. B Mathcad MoxHO pewats u Gomnee clnoXXHbIe

3a/1avm.
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2

2 2
X z
3aga4a 6.15. BeluucauTh TPOiiHOH HHTErpad 'UI l-—- y—7 ——dxdydz mo
V a b ¢
2 2
. Xy oz
obaactu V', 3a1anu0ii coornomennem —-+ b—2 +—<I.
a c

B 1aHHOM ciiyyae Mpu BbIUMCIEHWM MHTErpaja pasyMHO BbIMOJIHUTL 3aMeHy rie-
peMeHHbIX. B 4acTHOCTH, YIOOHO MEepelTH K MOIUQPULMPOBAHHBIM C(HEPHICCKUM
KOOPIHMHATAM COTJIACHO COOTHOLICHWSIM X = arsin@cos@, y =brsinBsing wu

z=crcos0. B cooTBeTcTBUY ¢ 3TOM 3aMEHOI BBIMUCIIACTCA 3HAYCHHUE IIOJBIHTEC-

rpabHOM (QYHKIMHU M sSKOOMaH mepexopa. PemeHue mpencraBieHO B TOKYMEHTE
Ha puc. 6.20.

A B v= I3 <2 81 ap # [y =] P

TpoHHOH MHTerpan

Cheprucciie KoapOWwHATn

[TodsinmeapansHan x(r,e ,¢) =ar si.n[e) . cos[cp)
thyHKuA

¥(r,8,4) = ber-sin(9)-sin(p)

Z[r,e ,¢) = c-r-cos(e)

fllr,0,4) = flx(r,0,4),v(c,0.4).2(r,9.4)) & [loduinmezpanthas dpyrkyus e
1 cihepuqeckx KoopOUHamax
lMpoeepka znavenun

/ 2
S [, _.2
50,4 simplify — 11 -+ nodsinmezpansHol (byHKULY

Lxlro.4) Lxire.e) Lxlre.q)
& & m
Axkobuan
30 4 = %r‘[(r,e,dzj %Y[r,e,ﬂ 3—¢Y(r,e,¢) nepexoda
Srlred) Lzlre.y) Lzleg)
ar o i

3navenue fAxobuana

3{z,0.4) siplfy — b c-sinf) nepexoda

Buunicienne HH SRt

1 o or2n 1 a2
j j J flr,e,4) 00 8) dpdodr = =aabee
0“0 -0 4

Puc. 6.20. BbluncneHve TpoHOro nHTerpana
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Cuauana HWHULIMAIIU3UPOBAHA MMOABIHTCIpaJIibHAA q)YHKLII/ISI, 3aJaH 3aKOH Iepexoa
K HOBbIM MNEPEMEHHbLIM, 3aTEM BbLIYUCJICH axkobuaH nepexoaa U, HaAKOHEL, paccuun-
TaH TpOﬁHOﬁ HUHTCrpal — 06]].[35[ cxXeMa H IOCJICA0BAaTEIbHOCTh ACHCTBUI TaKas
JKE, KaK U Npu BbIYHUCIICHUHU )J,BOI‘/JlelX UHTErpajioB. I[anee MNPpUBEACHO OIMNHUCAHUC
YIOOMAHYTBIX KOMaH/.

[NoapiaTerpanbHas GyHKUMS:

X2 2 Z2
mma:l———%—j
a b c

JexapToBble KOOpAMHATHI X, Y U 7 BBIpayKEHHI Yepe3 cepruieckue:
X(r,e ,(I)) = a-r-sin(9)~cos(¢)

Y(r,6,6) = b-rsin(6)-sin(¢)

Z(r,e ,¢) = CI°COS (6)

Onpenenena HoBas (YHKLHMS, KOTOpas SIBJASCTCS BbIPAKEHHEM [Uisl MOJbIHTE-
rpaibHOM (YHKLUMH, HO B CheprUUCCKUX KOOPAMHATAX:

£1(r,6,0) = f(X(r,0,0), Y(r,6,9),2(r,6,¢))
IlpoBepka 3HaUeHUs NOAbIHTErPAILHOW (PYHKLMH B MOJSPHBIX KOOPAMHATAX C YII-
pOH_IeHI/IeM pe3yanaTa:

1

2
. . 2
ﬂ(r,e,d)) simplify — (1 -r )
SkobuaH nepexoja — AETEPMUHAHT MaTpUUbl pazMepoM 3x3. DAeMEeHTbl MaTpH-
LIl — YacCTHbIC MPOM3BOAHBIC OT CTAPBIX ACKAPTOBBIX IO HOBBIM CeprUUeCKUM
KOOpP/JIMHATaM:

d_X(r’e,d)) d—X(l‘,e,(I)) d—X(r>e>¢)
dr do d

J(r,e,d)) = j_rY(r,G,d)) j—eY(rae»(b) j—d)Y(raezq))
7m0, Lz(r0,0) Lz(r0,0
dr do do

HpOBepKa 3HAUYCHHA SIKOOHMaHa nepexoga ¢ OJHOBPEMCHHBIM YIIPOINCHHUCM pCE-

3ynbTara:

J(r,@,d)) simplify — a-sin(9)~b-r2-c
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Brruncnenne tpoiiHoro mHterpana. MHterpan 3amnucaH uepe3 MOBTOPHBINA B cde-
pUUecKMX KoopauHaTax. BepxHue mpenenbl MHTErpUPOBaHHUs 1O Yriax 0 U ¢ co-
CTaBJISIFOT COOTBETCTBEHHO T M 27T — 3TO CTAHAAPTHBIC MPEACIIBI M3MEHEHHS 3TUX
yriaoB. YTo Kacaetcs npeaeoB M3MEHEHHS T10 r, TO 3/¢Ch BEPXHASA IpaHHULIA PaBHA
CAUHULIC, U 3TO CIEeNyeT, HAPUMED, U3 BBIPAXKEHUS A NOABIHTETPATbHOM (QyHK-
UM B chepudecKoil cucTeMe KOOPAMHAT (BBIPasKCHHUE IMOJ 3HAKOM KBaApaTHOTO
KOPHSL HE MOKET ObITh OTpULATebHBIM). HIpKHAS rpaHua Mo 3Toi MepeMeHHOM
[0 YMOJIYaHUIO PUHAMAETCS PABHOH HYJTIO:

1 rn 21
1 2
£1(r,0,0)-J(r,0,0) dpdd dr > =7 -a-b-c
0”0 Y0 4

Bosspauiasch k 061acTd UHTErPUPOBAHUS, MOKEM OTMETUTh, UTO B PACCMOTPEH-
HOM mpumepe 310 ajuiuncou/i. COOTBETCTBYIOLIASI MOBEPXHOCTh, OrPaHUUYUBAIO-
ias 001acTh MHTErPUPOBAHUS, 1TOKA3aHa Ha puc. 6.21,

A B v= I3 <2 81 ap # [y =] P

O6ACHTS HHMCIPHDOSUHILE

a4 = sin(8) cos(p)
lMoeepxnocme 3adaHa e
¥(e,4) = 2 sinla)-sin(4) P papamempuyeckom
aude
Z(o.4) = 3-cos(d)

(X,Y.2)

Puc. 6.21. O6nacTb MHTErpnpoBaHus

OcoOEHHOCTh PacCMOTPEHHOW 3ala4d COCTOMT B TOM, YTO MOABIHTETpajibHas
(yHKUMs onpenenseT, (PaKTUUECKU, U 00JacTh UHTETpUpoBaHus. Bens uHTerpn-
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POBaHME BBINOIHAIOCH TI0 BCEM 3HAYCHHUAM TMEPEMEHHBIX, MPU KOTOPBIX OmMpeae-
JieHa MOABIHTErpanbHas (QyHKUUs (TouHee, QYHKUMS SIBISCTCA ACHCTBUTEIBHOM,
T. €. BBIpaXXEeHUE MO KOpHeM Oonbiie Hyis). B ofmem cinyyae npu 3ameHe Koop-
OVHAT CeyeT NPOBEPsTh, KaK B HOBBIX KOOPAMHATAX 3alUIIETCs 001acTh UHTET-
pUpOBaHUi. DTO HEOOXOOUMO Il KOPPEKTHOTO YKa3aHUs MpeIesiOB UHTETPUPO-
BaHU MO KAKAOHU U3 IePEMEHHBIX.

Pagbl Pypbe

Eme oauH Kimacc 3amad, KOTOPBIA MbI PACCMOTPUM B OTOM TJIABE — Pa3lIOKCHHE
¢yukimii B psagpl Oypee. PaHee yxke OMMCHIBANIOCH HHTETPATBHOE MpeoOpa3zoBaHue
®ypeoe. K psimam @ypbe 0OHO HMEET HETOCPEACTBEHHOE OTHOIICHHE — HHTET PaTbHOE
npeo0pa3oBaHke MOKHO PaccMaTpHUBATh KakK TPaHWYHBINA crydaii psga Dypbe mpu
CTPEMJICHUM MHTECPBANA Pa3lioyKeHuss (QYHKIMH B psl K OecKoHeuHocTH. B maHHOM
CJlydae OrpaHMYMMCs pellieHreM 3aj1aqn padiokeHust Gyukumu f(x) B pag @ypbe

Ha cummetpuuHoM uHTepBane (—L,L). Hanomamm, uto psmom Dypbe (yHKIHH

f(x) wHaspiBaerca psag f(x)= L, Z(am cos(2mmx /L) +b, sin(2nmx /L)),

m=1
L
npu 5ToM  KOI(UUMEHTbl paioKeHus  d,, :1/LI f(x)cos(2mmx/L)dx w
-L

L

b, =1/ LI f(x)sin(2nmx / L)dx . Takum obpasom, 3aava CBOAWTCS K BBIYKCIIC-
L

HHIO 3TUX KOI(D(PULIMEHTOB,

Mpumep 6.2. Pag ®ypbe

Jlns naxoxkaenus: k0dhGHUUMEHTOB psiia MOXKHO CO3/1aTh ClielUaibHbIe MpoLe/1y-
Pbl, BUA KOTOPBIX MPEACTABRJIEH B JIOKYMEHTE Ha puc. 6.22.

3nmeck Tpu mpouenypsl. lleproit mpouenypoi BEIUHCASAIOTCA KO3 GUUHUEHTHI pa3-
JIOXKEHUSL Y KOCUHYCOB, BTOPOH — Yy cHHycoB. O0€ 3TH MpoLeaypbl OUEHb CXOXKH.
ApryMeHTbl Y HUX OAMHAKOBble. DTO pacKiaibiBacMas B psa (QyHKUMA, TpaHULA
(npaBast) CMMMETPUYHOTO WHTEpBaja paszioxeHus U HoMep koddduumenta. Koa
MPOLEaYPbl COCTOUT, B OOLIEM-TO, U3 KOMaHbl BEIYUCICHUS MHTErpasia: B MEPBOM
mpoueaype packiaasiBacMas B psa (yHKUMS UHTCTPUPYETCS C KOCHHYCOM, a BO
BTOpOW — ¢ cuHycoM. [lepeq MHTerpasoM CTOST COOTBETCTBYIOLIME MHOXKHUTEIH.
Tpetbeii npouemypoii (apryMeHTaMH KOTOPOH SIBJIAIOTCS packiaablBacMas B psia
(yHKUMS; TOUKA, B KOTOPOi BeuMciseTcs pan Dypee; mpaBas rpaHyLia MHTepBaia
PasyioKEHUA M YMCIO CaraeMblX B psizie) HEMOCPEACTBCHHO BBIUHCISECTCA PsiA
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(TouHee, KOHEUHOE YMCIIO caraeMbiX pszaa). B aTy npoueaypy BXoasaT co3gaHHbIE
paHee TPOLEAYPHl BbIUMCICHUS KO3 PHULMEHTOB pasnoxeHus. [lanee paboumii
JOKYMEHT Ha puc. 6.22 cOOepKUT MpUMEphl BRIUMCICHUS psaaoB Dypbe mis ABYX
($yHKuMi. Psiapl BEIUMCASAIOTCA B CUMBOJIBHOM BHIe. B 3TOM ciydae B KadecTBe
TOUYKH, B KOTOPOI BBIYUCIAETCS PAL, MOXKHO YKa3aTh CUMBOJIBHOE HA3BaHHUE TIEpe-
MCHHOM, a B KaueCTBE ONEpaTropa BHIUHACICHUS 3HAYCHUS — CTPEIKy (omepaTop
BBIYMCIICHUA PE3YJIbTaTa B CHMBOJIBHOM BHIE).

3 A4 ] == [ <2 3 af @[ 5ie > ée

Pan ¢ypbe

L
CFuCoef(f,L 1) = |5« lLJ 1) cos[“:'x] dx

_L lpouedyper dna
eblqUCnenus
xoagphbunnenmoe
pada dypre

L
SFwCosf(f, L1 = |5« %J %) sm(%] dx

Hponedypa dna eviuniciaenus paog Fypve

o CRuCoef(f,L.0)

FurSerf,x, L, 1) = |s 2

W
+ 5 | cPuCosff,L - cos| 2 | 4 SFurCosf(f,L, ) sin| S
) L L

=

Bl

JTIposepra pabonisi coIOAHABIX HPOHEOYD
2
Fi) =x Flis) =% -x

FusZed|F,z,n,7) — 2sin(z) - sin(25) + %-sin(}z) - %-sin(dl-z) + %sin(jz) - %-sin(rﬁ-z) + ;-s:in(?-z)

FurSer(Fl,x,‘n,B) - %-‘n2 =& cos(x) - 2-sitx) + cos(2x) + sin(2x) - 3-005(3-)() - %-sin(}x)

Puc. 6.22. lNMpoueaypbl ans dpopmuposaHnsa psaa dypbe

OleHrBaTh TOYHOCTD PA3NIOKEHHsS Jydlle He TIo (opMyJie, a BCe JKe 10 rpaduky.
Ha puc. 6.23 nokasaH pesy/nbTar annpokcumaiuu juHedHon ¢yukuuu F(x) =x

psinom Oypbe Ha UHTEpBaie (—T, ). ANMPOKCHMALUS BBITIONHSIETCS yPE3aHHBI-

MU pAaaMHU U3 ABYX (TOHKaH J'II/IHI/ISI) H CEMH (YTOJ'IH_IGHHaFI J'II/IHI/IH) cJlaraCMbIX.

MoHO OTMETUTDH JBa 00CTOsITE/LCTBA. BO-11epBbIX, AaKe OTHOCUTENILHO HE0OJIb-
LIUM YHUCJIOM CJIaraéMbIX B pPsijJie MOXKHO JIOBOJIbHO HEMJIOXO annpOKCUMUPOBATh
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¢yHKuuo. Bo-BTOpBIX, pad omnpedenseT MepHOAWYEcKYIO (YHKLHUIO, COBNAdaro-
uyro (B mpenene, mpyu OSCKOHEUHOM YHCJIE CllaraeMblX) ¢ annpOKCHMHUPYEMOM
(packnagsiBacMOl B psix) pyHKUMEH TOJABKO Ha WHTepBale pasznoxkeHus. Ho ato
obmiee cBoiicTBo psimoB Dypwe. JpyruMu cIoBaMH, 3aMEHITh UCXOAHYIO (yHK-
o psgoM Dypee MOKHO TOTIBKO Ha MHTEpBale pasnokeHus. MckmouyeHue nme-
€T MECTO, €CJIM pacKiiajibiBaemas B psiJ QyHKUMs nepuouuHa ¢ nepuoaom 2L .

A ] n= [2<E B af - JIMv Site | e

Pad Eyppoe ong gyuruyun F(x)=x

Furter(F,z,n, T

]
FurSerF .z, n,2)

]

-4
942 -4.71 0 4.71 942

Puc. 6.23. Annpokcumaums psgom ®ypbe NUHERHOW YHKLMN

YOenurbcsi B CKa3aHHOM MOXHO M3 puc. 6.24. Tam npeacrarnena napaboga
F(x)=x(x—1) unsrs cnaraemsix psaga Oypbe ajs Hee.

DyHKUMS packiaabiBaeTesd B psijl Ha WHTepBate (—1, 1), rae, kak W cneaoBaso
OXHJaTh, OHW TOCTATOYHO ONM3KH. 3a TIpeelaMH HHTepBajia OT 3TOM OJIM30CTH He
ocTaeTcs Jjake BOCIOMUHAHMS, — KPUBbIE PacXOAsTCs, Kak B Mope kopadau. [lpu
YBEJIMUCHUH YHCIIAa ClaracMbIX psiga TOYHOCTH alMpOKCUMAlliM Ha WHTepBase
paznoxkeHus Bozpacraer (puc. 6.25).

OnucaHHbIM METOIOM MOXKHO CO3/aBaTh MPOLeaypbl U AJ1si GOPMHUPOBAHUS PIJIOB
[0 OPTOTOHAIBHBIM HabopaM (QyHKUMiA. lymMaeTcs, YATaTelb CMOKET 3TO CAeIaTh
camocTosTesbHo. Ellle 0/1HO 3aMevyaHue OTHOCUTCS K paboTocnocoOHOCTH npea-
JIO’KEHHBIX Opoueayp. Jemo B TOM, YTO €CIH MONBITATECSA BBIYUCINTE psig Pypbe
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@ A [ == [2 < B ap ®

JIMy Site | Pao

Pad Eyppoe ong ynrnun F(x) = x(x-1)

25

15
FurZer(Fl,z,1,5) \

\ \/

1
Fi) \

05

-0.5

Puc. 6.24. PasnoxeHune napabornbl B psg Pypbe

3 4[] 5= £ <E 31 af

J 1y site Tl e

Pro dypee onz gynruun  Fix) = x(x-1)

2.5

15
FuSer(F1,z,1,25) \

1
Fig) \

0.5

Puc. 6.25. YsenuueHve konuyectea cnaraemoix psga ®ypee
NpMBOAMT K Bonee TOYHOW annpokcumaumm
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IUIsl KaKOTO-HUOY b MPOCTOrO ¢ MaTeMaTUYecKOH TOUKM 3peHHs BhIpayKeHUs (Ha-
npuMep, CyMMbl TPUrOHOMETPUYECKUX (QYHKUMI), TO KeJaeMoro pesyJbrata MHO-
raa MOXHO W He Joctudb. [Ipobnema oOblvHO cBs3aHa C BbIUMCICHUEM KO3(du-
LIMEHTOB PA3J103KE€HUA, 4 UMEHHO C BbIYMC/IEHHEM UHTerpanos. Ilockosbky 3aeCh
OHH BBIUMUCITAIOTCSA B CUMBOJIBHOM BHE (€CIIH pedb HAET O CHMBOJIBHOM BBIUHCIIC-
HUM paaa), TO y MOJb30BaTessl OTCYTCTBYET BO3MOXKHOCTb MPUHHUMATh y4yacTHe
B YIIPOLIEHUH MOBIHTETPAIbHBIX BBIPAyKEHUI.

Ha npaktuke pszapl OOBIYHO CIy:KaT sl amipoOKCUMAalUU PacKiaJblBacMbIX
(YHKUMHA, a 3HaYUT JONMYCTUMbl HE CUMBOJIbHBIE BLIPRKEHHUSI, & YUCIIGHHbIE 3Haue-
Hus B opmare ¢ mwaBatoiiell Toukod. Toraa npu BeI30BE COOTBETCTBYIOLICH Npo-
Leypbl YKa3blBalOT 3HaK OObLIYHOIO PaBEeHCTBA, & B KA4eCTBE MEPEMEHHOU [yis
pana BBogat uncio. [lonpoOHee uncneHHble METOABI ONIUCHIBAIOTCS B 21a6e 7.

OvnddepeHumnanbHble ypaBHEHUSA

Peluenue nuddepeHumanbHbix ypaBHeHH B cUMBOJILHOM Buae B Mathcad umeer
cBoH ocobeHHOCTH. [ 1aBHas mpobiemMa NpH 3TOM CBA3aHA ¢ OTCYTCTBHEM YHHUBEp-
cajibHOro criocoda petuenust. /leso B TOM, HTO METOJ PEeLLeHUs] BO MHOTOM 3aBUCHUT
oT Thna audepeHMaTb-HOTO YpaBHEHHS, a pelllaeMble B CUMBOJIBHOM BUJIE ypaB-
HEHUs COCTaBJISIIOT Ha MPaKTHKE Jullb HeGombliyto rpynny. K ToMmy ke camu cum-
BOJIbHBIC BBIUHMCIICHUS HE OTHOCATCS K IpHOpHTeTHBIM B Mathcad, a cimy»kat ckopee
BCIIOMOTaTe/IbHbIM MHCTPYMEHTOM, XOTSI M O4YeHb MNose3HbiM. M3 cka3aHHoro ne
crenyet, uro B Mathcad muddepenimansapie ypaBHeHUs pernath cioxHo. [Ipocto
371ech HY>KHO MPOSIBIISTL HEMHOXKKO 60JIblle U300peTaTe/IbHOCTH, YeM MPH PelLieHHH
npounx 3anad. [lepetizemM K OCHOBHBIM TOIXOAaM, IPUMEHHUMBIM TIPH 3TOM.

CHauana paccMOTpUM OOBIKHOBEHHBIC AU ()epeHLMATbHbIC YPABHEHHUS — YpaB-
HEHHSI, B KOTOPbIE BXOJASAT HEU3BeCTHbIe (DYHKLMK OJHOIO apryMeHTa v Ux npous-
BOJZIHBIE TIO 3TOMY apryMeHTy. Croco0 peleHus ypaBHEHUs 3aBUCUT OT €ro TUIA U
nopsiaka (onpeaenseTcs MaKCMMallbHbIM MOPSAKOM Npou3Bo/iHbIX). Kak u panee,
pPaccMOTPUM KOHKPETHBIE IPUMEPBI.

3agaua 6.16. Haiita o6mee pemenne ypasnenns y(x)y'(x) =x".

Oto auddepeHunanbHOE YpaBHEHHE TIEPBOTO MOPAIKA ¢ pa3aeioUMUCs nepe-
. 2
MEHHBIMH. J[eHCTBUTENBHO, €r0 MOXHO 3ammcaTh B Bupe ydy = x dx . Mmenno

STHAM BBIpa)KEHHEM M BOCTIOJIB3yeMCs JUTA HaXOKAeHHs o0Iiero nHrerpana. Pere-
HHe Mpe/ICTaBIeHo Ha puc. 6.26.

I[anee NMPUBCACHBI KOMAaHAbI, UCTIOJIB30BAHHBIC ITPU PCIICHUA 3TOH 3a7a4M.

Pemmaemoe ypaBHenue:

y-dy = xz-dx
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E [] x= @Egﬂ ﬂﬂEH ITutoriaIs j &ao

0611 ee p el eHHe yp aBHeHHA y(x1y(x) = x°
2
vdy=xdx ¢a  Meoxoghoe
COOTHOLLEHHE

[locne unmeezpuposanus nony4aesM obwull uHmeaparn:

1 1
J ydy:J‘ xzdx+C—>E-y2=§-x3+C

Puc. 6.26. PelueHne ypaBHeHUs1 nepBoro nopsigka

OO0wuMi MHTErpajl YpaBHEHUS! BbIUUC/ICH MOC/E WHTErPUPOBAHUS COOTHOLLEHHUS,
MOJTYYEHHOT'O METOJOM Pa3aeIeHUs MEPEMEHHBIX:

( 2 13

1
ydy=J xzdx+C—>E-y =g-x +C

Jns moucka obIuero MHTerpana J0CTaTOYHO MPOMHTETPUPOBAThH MPABYIO U JICBYIO
4acTW MCXO/HOro paBeHcTBa. He cieayer 3a0bIBaTh, UTO UHTErpalibl BEIYUCIISIIOTCS
¢ TOYHOCTBIO 10 KOHCTAHTBI, KOTOPas MOcje MHTErpUPOBaHUs Jo0aBIseTcs K mpa-
Boi uactu. [lpu HanuuuMm HavanbHBIX YCIOBUH (/19 ypaBHEHUS NEPBOro nopsjaka
YCIIOBHE OZHO) 3TY KOHCTaHTY MOXKHO BBIYUCIUTH. [IOCKOIBKY B (OPMYTUPOBKE
3a7a4u TpeboBasioCh HaliTH o0Liee pelleHre, To B JAHHOM cily4ae 3To He TpedyeTcsl.

3anaua 6.17. Haiita o6mee pemenne ypasuenns (x” + (X)) +xp(x)y'(x) =0.

OcoOEHHOCTb ITOrO YPAaBHEHHS M0 CPABHEHHIO C NPEJIbIAYLIMM COCTOUT B TOM,
YTO [JI ero PEeUICHHsl PasyMHO COeTaTh 3aMEHY, T. €. BBECTH HOBYIO (DYHKLIHIO.
I[OKyMeHT C OCHOBHbIMU KOMaHAaMW Ui PEeLUCHUA NaHHOI'O YypaBHCHUA NpEa-
CTaBJICH Ha pHuc. 6.27.

B nuddepeHunanbHOM YpaBHCHUH BBIMONHACTCS 3aMeHa (DYHKIMH COTJIACHO CO-
orHowmeHuo  y(x) =xz(x). lloayueHHoe B pe3yibTaTe YpaBHEHHE /sl HOBOM
(YHKUMKM peliaeTcsi OTHOCUTENILHO NMPOU3BO/IHONW. B TakoM Buae ypaBHeHue j0-
MycKaeT MpUMEHEHHe MPOLCAYPbl pa3fesicHus mepeMeHHbIXx. HalineHHoe Takum
obpa3om cooTHollieHHe uHTerpupyercs. [1ocKobKY OHO COACPIKUT HOBYIO (YHK-
LIMIO, BBEJCHHYIO paHee B Pe3yJbTaTe 3aMEHbI, HCOOXOIUMO MEPEUTH K UCXOAHOM
¢dyHkuun. Jlanee aTu koMaHAbl onvcadbl 6osee noapodHo.

HMcxomHoe peluaemoe ypaBHeHHe:

ry(@- Ly = 5+ y(®°
dx
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Obugee p emerme ypaEHeHHa (x° + 37 (x)) + o (xiy(x)= 0

®(K) -z—xy(x) = :c2 + y(x)2 (o Hexoduoe 3ameHa:
COOMHOWeHUe
yiE) = Hx

[lodcmaHoaka e ypaeHeHue:

x-y(xj-z—xy(xj = byt = xz-z(x)-[%xz(x) X+ z:(xj] B

[IpeobpazosaHue:

(3
2 d 2 22 4 e -1l
¥omE | —EHr 4 Iy | =X +mH X solve, —mH - ———
[dx dx (%)
Koneunoe ypaenenue:
DWER
d —|| o -1
EICC Rt
dx 3 ]
Pazdenenue nepeMeHHbIX U UHMe2pUpoeaHe:
dx dz 1 1| |
==z S dx= 424 C o) = —nll 4220 4+ O
b 2 X 4
1+ 32 1 +2=

ObpamHan zameHa:

¥ .
z=— [Tepexod k ucxodHoll byHruy:
x

Iy = i]nl:l +22) 0 Sy = i-]n[l +2-ﬁ2} +C
X

Puc. 6.27. Npu pelueHnn ypaBHEHNSI MCNOSb3yeTCsl 3ameHa pyHKLUn

3ameHa, BbINoAHsIeMas B Au(depeHIMaIbHOM ypaBHEHHU:
y(x) = z(x)-x

IloacraHoBKa BbIpaxeHus g cTapoil QyHKLUMK Yepe3 HOBYIO B AW(depeHuab-
HO€ ypaBHEHHUE:

ITonyueHHOe ypaBHeHuUe peluaeTcs (anredpanuecku) OTHOCUTEIBHO NPOU3BOJHOIM:

2
X2'Z(X)'(d—Z(X)'X + z(x)) = x2 + Z(X)Z'Xz solve ,d—z(x) - M
dx dx xZ(X)
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Takoit Bux mMMeeT permaeMoe ypaBHEHHE, 3alIUCAHHOE 4Yepe3 HOBYIO BBEICHHYIO
(hyHKITHFO:

2|
4y = —(z(><) -1
dx xZ(X)
CooTHolleHme, MOMy4YeHHOe B pe3yibTaTe MPUMEHEHHUs IMPOLeAyphl pa3aeieHus
MepEeMEHHBIX

dx B zdz

X422

B pesyabTare MHTErpupoBaHusl BbIpRKEHHS, HAMJSHHOro Ha MpeblAylleM JTare,
nosyyaem oOlMi uHTerpan s AuddepeHIHanbHOr0 ypaBHeHUs. JTO Bblpaxe-
HHE 3aM1CaHO Yepe3 HOBYIO (DYHKLHIO:

1 1 2
( = dx= ;dz+C—>ln(x)=Z~ln(l+2~z)+C

J X J 1 +27

3aMeHa, BbINOJIHAEMAas i [IEPEX0/1a K UCX0AHOH ¢yHkuuu. 1lockonbky 0603Ha-
yeHue Ui 3TOH (YHKUMH NPUCYTCTBOBAJIO B ONEpali NPUCBaUBaHUs 3HAUYCHUS,
4yTo0Obl HE BO3HMKJIO PEKYPPEHTHOM CChIJIKM, HEOOXOAUMO HOBOE Ha3BaHue (Ta e
OyKBa, HO MPOMUCHAN):

[lepexoa B obwem wuHTerpane audQepeHUUaIbHOTO YPAaBHEHHS K HMCXOAHOM
(hyHKUMY, Yepe3 KOTOpYIO (OopMyIMpOBasIach 3a1aya:

1 2) 1
In(x) = —~ln(1 +2z)+C—>Inx)=—In 1+2-— |+ C
4 4 2
X
B npeapiaylux npumepax pelleHue YpaBHeHUH ONpeaessijioch B 00LUEM BUJE.
Ha npakruke oObluHO npuxoauTtcs peinath 3aiauy Kouwu, T. €. A0NOJHUTEILHO
YUUTLIBATH HAYaJ/IbHLIC YCJIOBUSA.

3agaua 6.18. Haiitm pemenne 3azaum Komm: )'(x)+4y(x)=exp(x) m
y(0)=0.

CooTBeTCTBYIOLIEEe HEOJAHOPO/IHOE YpaBHeHHe Oy/ieM peluaTb METOI0M Bapualuu
nocrosiHuoii. [lpu aTOM, Kak U3BECTHO, CHaYaa ULIETCs 00LIee pelleHHe COOTBET-
CTBYIOLLEr0 OJIHOPOAHOIO YPaBHEHUs, U B MOJYYEHHOM pPEeLIeHUH KOHCTaHTa WH-
TErpUPOBaHUS 3aMEHSETCS HA HEU3BECTHYIO (yHKUMIO. Best oTa KOHCTpYKLMS noj-
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cTaBmsiercs: B ucxoanoe auddepenumansHoe ypaBHeHue. B pesynprare nomydaem
YpaBHEHHE OTHOCUTENBHO 3TOM Heu3BeCTHOW (yHKUMHU-MHOKuTesd. KoHcTanTta
HWHTETPUPOBaHUSA OMNpeAesseTcss W3 HavajibHbIX ycloBud. PabGoumii moxkymeHT

C pellieHUEM 3aaud MoKa3aH Ha puc. 6.28.

T iac WE@EE cfl Ii “Tutorials j Fan

Pemermre sagayn Komm: y(x) +4y(x)=explx),m »(N=10

iy(:c) + i) = expld) P Pewaemoe HeogHopogHoe
dx

YPaBHEHKE

i5r(::j + 4y =0 & BcnomoraTensHoe oaHopogHoe
i YPaBHEHKE

dy _ 4dr ¢o  Pazpenenue

v NEpEMEHHBIX

06wl unmezpan odHopodHoz0 ypaaHeHUs
1 dy = —4-J Tde+ C = lnfy) = -dx+ C solve, ¥ — expl—4x+ )
¥

heTon Bapualmuu +

¥, 4) = Aeap(=4-0) NOCTOAHHON

Peaynemam nodcmaHoeku (pyHKuul & HeodHopodHoe ypagHeHUe
solve,d—A(xj
simplify

Onpenenexue
= DYHKLMH-MHORHTENA

%
&) = J. expl 5t dt
]

1 1 MpoBepka 3HA4EHAA
AC) = E.exp(j.x) -3 O hyHKYAK-MHDRATERS

ix, ACED = (%-exp(ixj - %)-exp(—dl-x) ¢ Pewenue

YPAEHEHMA

3—xy(x,A(x)) + A, AKD = explE) — g—xA(x) -expl—4-%) = exp(x) o — expl3-x)

Puc. 6.28. MeToa Bapvaumm NnOCTOSHHOW

Pemenne OJHOPOAHOT'O YPAaBHCHHUA HIICTCA METOAOM PA3ACJICHUA NECPEMCHHBIX.
I[aﬂee NPpUBCACHBI KOMAHAbI, AAOMUC TMPEACTABJICHHUC O MPOLECCC MOUCKa pe-

IMICHHA.

HMcxoHoe peluaemoe HeOJHOPOIHOE YPaBHEHHUE:

9y + 4y = exp(®
dx
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BCHOMOFaTeJ'ILHOG O):[HOpO):[HOG ypaBHeHHe:
d

—y(® +4y(®=0

dx

BLIpa)KeHI/Ie, noJjrydyacMoC B pPE3YyJIbTATC NMPUMCHCHUA MCTOAA Pa3dCJICHHUA IIEpe-
MEHHBLIX AJ1s1 BCIOMOTraTejibHOIro OIHOPOAHOIO YpaBHCHUS !

O6H.IHI71 HUHTCrpaJl 4j1d BCIIOMOTaTCIIbHOIO OAHOPOAHOTO YPABHCHUAA:

( 1 dy =41 1dx+ C— In(y) = -4x+ Csolve,y — exp(-4x+ C)
J y
MeTton Bapmanmy noctossHHON. Mckomast (hyHKITHS ompenerseTcs Kak 3aBHCAIIASL
OT ABYX apryMeHTOB. BTOpBIM apryMeHTOM onpeaeneHa KOHCTAHTA UHTErPUpOBa-
HysA. BriocnencTeum 3Ta QyHKIMsS OyIeT BHI3BIBATHCS CO BTOPBIM apryMEHTOM-
HEU3BECTHOM:

y(x,A) := A-exp(—4-x)
Ilocnie noACTaHOBKK B UCXOJHOE YpaBHEHUE MOJiydaeM YpaBHEHHE /sl (PYHKLHH-
MHOXKUTE/151 (TOUHEE, €€ MPOU3BO/IHOMN), KOTOPOE alredpauyecku peluaeTes OTHO-

CUTENIbHO TPOM3BOHOM HEW3BECTHON (PYHKUMH-MHOKHUTENS, C OAHOBPEMEHHbLIM
YIPOLLUEHHEM PE3YJIbTATA:

solve,d—A(x)
9V AM) + 400 AM) = exp(x) — LA -exp(—4x) = exp(x) & (59
dx dx simplify

DYHKLHNA-MHOKUTEb ONPEAEIISIeTCs uepe3 onpeieneHHblid uHTerpai. ['panunpl
MHTErpUpOBaHusl BbIOPaHbl TaK, YTOObI Y/IOBJIETBOPAJIMCH HavajbHble YCIOBUs
(B paccMaTpuBaeMOM [IPUMEPE 3TO JIETKO CAEJaTh):

A(x) = J exp(5-t) dt
0

(DyHKHI/IH-MHO)KHTeHB HaﬁHeHa:
AR = S-exp(53) -
X —-eXp X) ——
5 5

Peluenue 3agaum Kouu:



422 aea 6

K coxanennto, nanexo He kaxxnoe v depeHIManbHOEe ypaBHEHHE NEPBOH CTENEHN
MOYHO MPOCTBIMU METOAAMH CBECTU K BUIY, JOMYCKAIOLIEMY pa3iesicHUE TIepEeMeH-
HBIX. 3a7a4a CYIIECTBEHHO YCIOXKHACTCS, €ClIU CTENEeHb YPABHEHUA JOCTATOUYHO BBI-
coka. OmHAaKo U apceHal METOJOB PELUCHUS YPaBHEHUH HE OrpaHUMYHBACTCS ONH-
caHHBIM paHee noaxonoM. Ilepeiinem k cnenyromeit 3anaue, B KOTOPOH NPUXOIUTCS
pewath cuctemy AudpepeHUNaIbHBIX YPAaBHEHNH, IPaBaa, HE CIULIKOM CIOKHYIO.

3agaua 6.19. Haiita TpaekTopuio ABHKeHHsI 6POIIEHHOTO MO/ YIJIOM K T'OpH-
30HTY TeJIa, eCJIH HA HEro IOMHMO CHJIbI TSZKECTH JIefCTBYeT CHJIA CONPOTUB-
JICHHSI BO3/1yXa, IPONOPIHOHAJbHASI CKOPOCTH TeJIa.

CHauana ciegyeT MaTeMaTH4ecKy KOPPEeKTHO chopMyaupoBaTh 3amady. B nanHom
cllyyae BOCIOJIB3YEMCS BTOPbIM 3aKOHOM HEBIOTOHA, CBS3BIBAIOLIMM YCKOPEHHS
Tena ¢ cUiamy, ACHCTBYIOIIMMHU Ha Hero. Takum oOpa3oM, peub WAET O CUCTEME
IndQepeHIHaNbHBIX YpaBHEHUH, KOTOPYIO MPEACTOUT pelinTh. Peanusys perue-
Hue 3ToM 3agaun B Mathcad, mo Bo3MOKHOCTH OyzneM cTapaThes MOMy4aTh pe3yJib-
TaThl B CUMBOJIBHOM (aHaIMTHYECKOM) BHOe. DparMeHT COOTBETCTBYIOLLEIO J0-
KyMeHTa (BepXHss eTro YacTh) IMOKa3aH Ha puc. 6.29.

(BAE~=2 D |J|Mysne =] @

TpaekTopa ABIKEHHA Tena,
OpPOWEHHOTO MOA YINOM K TOPHIOHTY

4 Oboznavenua:
m—Vat) = —ce-Var't)
dt

BLIABMAA CUCTEMA ABHEHWIA m - Mmacca Tena
R ¥p
¢ (BTOpOi 3akoH HerToa). g - yckopeHe ceoBofHoOrD nageHua
d CHCTEMa pacnafaeTcA Ha AEa ¥ - TOPM3OHTANEHAA NPOEKUMA CKOPOCTH
m—Vyf) = —mg — oVt v
@ OTABNEHEIX YPAEHEHWA ¥ - BERTMKANEHAA NPOBKLUMA CKOPOCTH

& - KOIQEHLUMEHT NPONOPLUMOHANEHOCTH

¢a [pagad vace

.4
Rhsl(f) = m-an(t) + oVl NEREOFD ¥RAEHEHUA

[Ipeocbpazoeanue flannaca:

Bhsl(t) laplace.t — me(s-laplaceVart) . t.8) — Vi) + co-laplaceValt) b, 8)

Jamena laplace(Vi(t) ,t,s) Ha V1(s) (llannac-06pa3s uckomou gyHxuun) u Vo 0i_Ha
V0x{MpoeKuua HA4aNbHOL CKOPOCINU H3 20PU3OHMANBHYH OCh)

ne(s V1) - V09 + oW1 = 0 B pezynsTate pewenna anrefipawyeckorn

YPAEHEHMA Haxogum fNannac-obpaz

Wiz M
MCKOMOR dyHKLMM

solve[m (s V1 - Vi) + V1, V1] = m

ms+ o
oL
(—t—
—— o Vixe i B pezynetate obpatHoro
s + oo vaplace, s npeobpazoeaniA Nannaca
HAX0AMM DYHKUMK-OPHIMHAR
t
Vut) = VUx-exp(—m-—) F= MOpK2OHTANEHEA COCTAENAKILL AR
m CKOPOCTH Kak ByHKUKA BREMEHM

Puc. 6.29. lNepBas YyacTb JOKYMEHTa C peLleHneM 3agaqym o rnonete Tena
(pewleHne nepBoro ypaBHeHWS)
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B kauectBe ncxoaHbIX (yHKLMHI BBIOMPaeM MPOEKLMK CKOPOCTH TEla Ha TOPU30H-
TAJIbHYKD U BEPTUKAJIbHYHO OCH. chopen—me 3alUChIBaCTCsd KaK MpousBojiHas OT
CKOpPOCTH, a CHJbI (MX B JAHHOM CJy4ae IBE — CHJIbl TSLDKECTH M COMPOTHUBICHUS
BO3/lyXa) JIM0O MOCTOSHHBI (CUJIa TSXKECTH), JIMGO ONpeaessiioTes Yepes3 CKOpocTh
Tena (CUila CONPOTUBIICHHUS BO3AyXa). 3amucaB MPOCKUMU KaXKAOH W3 OBYX CUJI Ha
KOOpJMHATHBIE OCH, Mojy4daeMm ypaBHeHus HbioTona. OHU 3amucaHbl B BepxHeH
yacTU AOKYMeHTa (A5 AajbHEHIUMX pacueToB yaoOHee Bce cilaraeMbie B BTHUX
YPaBHEHHUAX MEPEHECTH B OJHY YacThb W paccMaTpuBaTh ee Kak (QyHKLMIO Bpeme-
Hu). Hanee 3T0 BeIpaskeHHe noABepraercs npeodpazoBanuto Jlamnaca, HaxoauTCs
o0pa3 uckomoii GyHkuuu, a nocie odbparHoro npeodpazoBaHus U cama YHKUMSL.
Ota e mpouenypa OOKHA ObITh MpOAENaHa M CO BTOPBIM ypaBHeHHeM. B pe-
3yjapTare nosydaem (YHKIHOHAIbHbIE 3aBUCUMOCTH TOPU3OHTAJILHON W BEpTH-
KaJbHOM COCTaBIAIOLIMX CKOPOCTH Tesa OT BpeMeHH. Bropas wacTe mokymeHTa,
B KOTOPOM MOJyYE€HO BbIPAKEHUE /YISl BEPTUKAJILHOW COCTaBJISIOLLIEH CKOPOCTH,
nokasaHa Ha puc. 6.30.

A [ v [2 <2 T ap & |J|Mysua =l #ee

Rhs2(t) = m-gVy(t) +oa Vit + mg ¢ Npaean yacte
dt BTOPOrO YPaEHEHHA

[Ipeobpazoeanue Nlannaca:
Rhel(t) laplace,t — m-(e-laplace(Ve(t) 1, &) — Vo(0)) + oo-laplace(Viih) ,t.6) + wd
s

3amena laplace(Vyii) ,t,)_Ha V2(s) (Mlannac-06paz uckomoi ghywruun) u Vyil_xa
Yy {NpoeKuta HaYanLHOL CHOPOCITIY Ha 8epIMUKANLHYH 0ck)

s Va - VOy) + a- V2 + mB=0 B pezyneTate peweHna anrebpanyeckoro
k]

YPAEHEHKA HaxoguM INannac-abpaz
Viy-s — A
sam[m-(s V2oV + o Vi4mE ,vz} TR HEROMOR iy
5 s-(m-s + c',)

B pezynetate obpatHoro npeobpazoeanna Jannaca HaxoAum dyHKLUK-0pMIHHAN

o o

Voy-s - e " T
m% invlaplace,s — m|— g+ Wiy + —-e m-g
s imes + o) Lo m o i

t
oo m[—_lg . exp[—&';j oy + L_exp(_& i]g] ¢o  BepTukanbHan cocTapnALY A
> m - = CKOPOCTM KaK DyHKUMA BREMEHH
3asucumocms KoopduKam om apemeHn PesyneTar
t t = t)_E
W9 = '[u ) dp ¥ = '[0 Vel dp w = e ¥0es Lowvix
o 2

o
el (-t -
Vi .
it = (-m)- L gtoe R Viyoe + me ¢ 3 + w-m
o o

Puc. 6.30. Bropas yacTb AOKyMEHTa C peLLeHneM 3a4a4u o noneTe Tena
(pelweHune BTOPOro ypaBHEHNS)
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[TomumMo cKOpOCTH, BRIYHCIIASTCS TaKkKe W 3aBUCHMOCTh KOOPAWHAT OT BPEMEHHU,
MMEHHO 3TH BbIPAKEHUsI CJYKAT OCHOBOM ISl ONpeAe/ieHUs TPAeKTOPUU. ITO He
CIIOKHO, JTOCTATOYHO MPOWHTETPUPOBATH KOMIIOHEHTHI CKOPOCTH W TIPUHATH BO
BHUMAaHHE, YTO B HYJIEBOM MOMEHT BPEMEHHU TEJIO HAXOAUTCS B Hauaje KOOpPAMUHAT.
Jamnee mpuBeneHsl KoMaHAbI pabodero MOKyMeHTa.

IepBoe yparHeHuMe, ompeaensomee TBHKEHHE Tella BAOTb TOPH3OHTABHOW OCH.
B neBoii uacth — npousBesieHHe Macchl HAa YCKOpeHue (nepBas Npou3BoAHas OT
CKOPOCTH TIO BpPEeMEHH), B MPABOH — MPOEKIINS CHITbI COTTPOTHBIICHUS BO3/yXa Ha
rOPU30HTAJILHYIO OCh. DTa CUJIA MO YCJIOBUIO 3a]a4M MPONOPLHOHATbHA CKOPOCTH:

m-LVx(t) = —o-Vx(1)
d

Bropoe ypaBHeHue, onpepenstoniee ABMKEHUE Tela BAOIb BEPTHKAIBHOHN OCH.
B neBoli yacTH — npou3BeaeHUe Macchl Ha YCKOpeHHWe (MnepBas NpOM3BOAHASA OT
CKOPOCTH MO BPEMEHH), B MPAaBOH — MPOEKLMUS CUIIBI TSXKECTH U CHJTbI CONIPOTHUB-
JeHusl BO3/lyXa Ha BEPTUKAJIbHYIO ocb. Cuia TSHKECTH paBHA Mo abCOIIOTHOH Be-
JUYMHE MPOU3BEICHHUIO MACChl HA YCKOPEHHE CBOOOIHOTO MaACHUS:

mEVY(D) = g - o V(0
t

Bripaxkenue, onpenesnsdiolice IepBoe YpaBHCHHUE, 3alMCaHo B Buae (YHKLUHUHU Bpe-
MEHHU:

Rhs1 (t) := m~j—Vx(t) + - Vx(t)
t

ITo oTHOIEeHNIO K TEpBOMY YpaBHEHHIO BBITIOTHEHO TipeoOpa3oBanwue Jlamnaca:
Rhsl (t) laplace ,t — m-(s-laplace (Vx(t),t,s) — Vx(0)) + o-laplace (Vx(1),t,s)
B BbIpaskeHuH, Mosly4eHHOM nocie npeobpazosanus Jlannaca, GpopmalibHo 3ame-
HeHa (YHKIHS U ee 3HaUCHUe B HAYaTbLHBI MOMEHT BPEMEHH:

m-(s-VI1(s) - VOX) + a-VI(s) =0

B pesynbrare pewieHus anrebpavyeckoro ypasHeHus HaiijaeH Jlannac-o6pas uc-
KOMO# (pyHKIWH:

Vox
solve [ m-(s-V1 = VOX) + a-V1,V1] > m ———

ms + o
ITocne obGparHoro npeobpazoanus Jlanjaca nojiydaem 3aBUCHMOCTb OPU30H-
TabHOU COCTaBJ’IHIOH.IefI CKOpOCTI/I TCJa OT BpeMeHHZ

o
(-0—

VOox .
m— invlaplace,s — VOxe
ms + o
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["'opu3oHTaNIbHAS CKOPOCTH Teja 33a/iaHa B BUje PYHKLUUU BPeMEHHU:

BeipaskeHue, ornpeaensioliee BTOPOe ypaBHEHHE, MPEJCTABICHO B BUAE PYHKLMU
BpPEMEHHU:

Rhs2(t) == mad—Vy(t) V(D) + mg
t
[1o OTHOLIEHUIO KO BTOPOMY YPABHEHMIO BBINOIHEHO npeobpaszosanue Jlannaca:

Rhs2(t) laplace,t — m-(s-laplace(Vy(t),t,s) — V¥(0)) + a-laplace(Vy(t),t,s) + m2
s

B BbIpaxeHuu, momyueHHOM nociie mpeoOpasoanus Jlamnaca, ¢popManbHO 3aMe-
HeHa (YHKUHS U e¢ 3HAUCHUEe B HaYaJIbHbII MOMEHT BPEeMEHHU:

m(s-V2= VOy) + a-V2+ m-E = 0
S

B pesynbrare pemenns anreOpandeckoro ypaBHeHHs Haiimen Jlammac-oOpas uc-
KOMO# (pyHKIWH:

VO0y-s —
solve|:m~(s-V2— VOy) + a-V2+ m-g,V% - m-#
s

S -(m-s + O()

Ilocne 06paTHOl"O npeo6pa30BaHH$1 Jlamnaca noJjrydacM 3aBUCUMOCTb BCPTHUKAIIb-
HOM COCTaBIAOIICH CKOPOCTH TCJIa OT BPpCMCHHU:

(- )=
—t)— o
m (-t)—
VOys —g . -1 e m
m———— invlaplace,s —» m|—-g + ———— - VO0y+ —-e g

s-(m-s + oc) o m o

BeprukajibHas CKOPOCTD TeJia 3a/iaHa B BUJ1e PYHKLIUA BPEMEHHU:

t
exp| —o-—
-1 m 1 t
Vy(t) i=m| —.g + ———=VOy + —-exp| -a.-— |-g
o m o m

Brruncnienue FOpI/I3OHTaJ'II>HOI71 u BepTHKaJ'ILHOﬁ KOOpPAHWHAT TCJiIa B BUAC q)YHKL[I/II/I
BpPCMCHU:

t
x(t) := J Vx(p) dp
0

t
y(t) = J Vy(p)dp
0
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g A [] x= I% <E g:l af - JITutoriaIs j oo

Vix =10 Wiy =15

wt) = _—1-1'n-ex1:|(—c:t.-l

o m

KadecreeHHbINH aHanns

]-VDx+ L-m-VDx (o YpaBHEHMA ANA DMpejeneHua

HHCNEHHEIE 3HAYEHMA

mi=1 g=58 o= 05 (YCAOBHLIE)

o TPAEKTOPMM

¥(h) =~

rootiy(t) 1,1,3) = 2538

t=0,01. root{ywt),t,1

t
g-t-m-exp[m-
th

23

2 h 2

— | + o Vi + g

m ( t] o Wiy + mg
expl o — |+ —————m

. o

¢ Bpema
noneTa Tena

Wi 4

)

Puc. 6.31. Tpaektopusa noneta Tena

AHajuThuecKass 3aBUCUMOCTD FOpHSOHTﬂJ’leOﬁ H BeanKa,anoﬁ KooOpAuHaT OT

BpPEeMEHHU:

-1
x(t) = —-m-exp(—(x
o

g~t~oc~exp(

t 1
-—j-V0x+ —-mVO0:

m a

t
o— |+ o-Vly+ mg
m

y(t) = —m

t o-VOoy + mr
o ot) s M0z me

2 m 2
o o

Xors popMasibHO pedb Lila O CUCTEME YpPaBHEHWi, Ha caMOM jejle Mociiea0Ba-
TCJILHO pelIa/IUCh JiBa OTAC/IbHLIX YPAaBHCHUS. 3TO CcTan0 BO3MOKHbBIM 6narouapﬂ
TOMY, YTO MNPOCKIUUKU HA KOOPAHUHATHLIC OCH CUJ, ﬂeﬁCTBy}OHLHX Ha TCJ10, 3aBUCAT
TOJLKO OT MNPOEKUMH COOTBETCTBYIOLWIUX ckopocred. Takol BapuaHT — ckopee
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HCKJIIOUEHHUE U3 MPaBUil, TIOTOMY B O0LIEM ciydae ¢ cucTeMoi auddepeHunans-
HBIX YPaBHECHUH NIPUIETCS MOBO3UTHCA.

HecMoTpst Ha TO, YTO aHATUTHYECKOE PEIICHHE TIOMYUYEHO, TPACKTOPHIO JBHIKCHHUS
Tena XoTenoch Obl NpeAcTaBUTh HarIAaAHO. Jljist aTOro cTpouM rpaduk, npeapapu-
TENBHO 3a/1aB MapaMeTpaM 3aaauu (Macce Tesa, HadaabHOM CKOPOCTH, KO3 hHITH-
CHTY NponopuruoOHajibHOCTHU U T. Fl.) YHUCJICHHbLIC 3HAYCHUA, a TAKIKE ONpeaAc/isieM
3aBUCUMOCTH KOOPIHHAT OT BPEMEHH. JTH 3aBUCHMOCTH YKA3bIBAIOTCS Y KOOPIH-
HaTHbIX Oceli Ha rpaduke (puc. 6.31).

BaxkHo npaBuibHO BbIOpaTh MHTEPBal BPEMEHH, Ha MPOTSIKEHUH KOTOPOro OT-
CIIeXKMBAETCs IBWXKEeHME Tena. BEcnu oH cauiukoM OoMbLION, TpaeKTopus yHAeT
HWKE YPOBHsI ropu3oHTa. [107105KUB rOPU30OHTANIBHYIO KOOPAMHATY PABHOH HYIIIO,
MOKHO HaWTH BpeMs NojeTa Tena. PemieHunii, oueBUAHO, ABA; TO, KOTOPOE COOT-
BETCTBYET HaYajbHOMY MOMEHTY BPEMEHH, B PACUET HE IPUHUMAEM.

IlapameTpbl 337aun 1000paHbl TaK, YTO TPASKTOPHUS Tesia Ha puc. 6.31 cyluect-
BEHHO OTJIMYAETCsl OT mapaboibl (B ciydae, eClM COMPOTHBIICHHSA BO3AyXa HET,
OpOLLIEHHOE 0/1 YIJIOM K FOPU30HTY Teo ABrkeTcs 1o napabdose). C duzuueckoii
TOUKH 3PEHUS 9TOT Pe3yJIbTAT BIOJHE OXKHUIACM U OOBIACHUM.

B cnenyromieii 3agaue taxske Oyznem pewath cuctemy audepeHIUANTbHBIX YpaB-
HEeHMI, HO TOJIbKO TerNepb Ha OTAE/IbHbIE YPABHEHHS OHA Y)Ke He pacnajaeTcs.

3amaua 6.20. B o0jacTe mpOCTPAHCTBA € MOCTOSIHHBIMH YIEKTPHYECKHAM W
MATHATHBIM TOJIIMH BJleTaeT 3apsikeHHAsl 4acTHOA. BekTopsl 3jeKkTpHde-
CKOH M MATHHTHOH HHAYKIHI B3aHMHO HEPHEHAHKYJ/ISIPHbI. BeKTOp HaYa/Ib-
HOH CKOPOCTH YACTHIBI TAK:Ke NMepPHeHAHKY/SIPeH JIeKTpHYecKOMY H Mar-
HUTHOMY BekTopaM. OmnpeaeanTs TPAEKTOPHIO ABHKEHHA YaCTHILIL
I'paBHTANNMOHHBIME CHJIAMH NpeHeOpevsb.

Kak u panee, 3mech A onpeaeneHns TPACKTOPUM YaCTHLIbI BOCIONb3YeMCS YpaB-
HennsmMu HptoTona. Ha yactuuy (ecnu He y4dTbhIBaTh CUJIbl TPaBUTALIMK) JEHCT-
BYIOT ZIBE CHJIBL: CO CTOPOHBI BJIGKTPUUYECKOI0 U MarHuTHoro noiaei. Cuna, neiict-
BYIOLAs HAa YacTULY CO CTOPOHbI D3JIEKTPUYECKOro MoJisi, MPOMOpUHOHAIbHA
MPOM3BEICHUIO 3apsAia YacTHULbl HA BEKTOP HAMPSYKEHHOCTH 3JEKTPUUECKOro MOo-
Jsi, C 310l cunoi npodaem oObIUHO HE BO3HUKAET (MMEETCS B BUJlY, KOHEUHO XKe,
pellleHre CUCTeMBI ypaBHeHHit). Xyxke aena o0cToAT ¢ cumoit Jlopenmna. OHa om-
penensieTcsi yepe3 BEKTOPHOE MPOM3BEIEHHE CKOPOCTH YacCTHLbl HA BEKTOP Ha-
MPSKEHHOCTH MAarHUTHOTO TOJIs (Bce 3TO ellle YMHOKAeTcsl Ha 3apsii YacTHLIbI).
Kak cnencrsue cuctema ypaBHEHHM, ONMCHIBAOLIAS AMHAMUKY YaCTHLbl, YKE He
pacraaaeTcs Ha OTACIbHbIC YPABHEHUS, YTO HECKOIBKO YCIOKHIET 3a1auy, OJHa-
KO HE JeJIaeT €€ Hepa3peLIuMOi.

JIOKyMEHT, B KOTOPOM MPEACTAaBICHO PELICHUE 3aJa4d U3-3a €ro rPOMO3IKOCTH,
pa3OuT Ha Tpu uactu. llepBrle ABe comep:kaT KOMaHAbl BBIYUCICHUS (YHKLMHA
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KOOpAMHAT, a Ha MOCJIeAHeH CXeMaTHYHO MpeACTaBleH rpadMK TPacKTOPUH vac-
TuLbl. [IepByro YacTh JOKYMEHTa MOXKHO BUIETh Ha puc. 6.32.

A ] = % <2 31 o ) |osice Sl
TpaekTopa 3apAKeHHOR YacTHUBI PR
¢ Havaneheie koopanHate! ) M- wacca
AW=0 ¥=0 Zz20=0 YACTHUE! ¢ BekTope anekpuusckora 1 e -aapan
E= B=|10 - E - anextpuyeckoe none
A0 =0 dVD=T0 d420=0 C:' HayaneHas CKOPOCTE =i MarkuToro nosen B - mardutHoe none
- - - YacTHUB! %0 - HavansHanA CKopoCTL
Bejpawenve, orpelenmouies ypasHenue & semoprom eude:
2
d
1) d 2
o P L) d a4 4
Eﬁ 2wt 2ty M - ED-e0 — 2 y(t) -e0-BO
] d ¢ CHCTema ypaBHeHui o dtat 3
M —r | = OB+l ;t}’(t) xE & BEKTOPHOM EMAE 2 d dd d
dt’ M- i) |~ [e0E+el| =¥ | xB|— ——yit) - + —x(t) -e0-BO
4 i dt didt’ dt
2 L
d
5 dt ! 2ty 44 M
dt =D it dat
dt’
Dawenn,_onpedensouiue
omdenstsle pasHeruR {Ipeoipaaoeanue Mannaca
RI(H = %%(}(L)Mj - E0-el - %(y(t) e0-BY RI(D) laplace,t — W[ e-(s-laplace(ut),t,8) — w 0D - Jt<0 |- Eﬂ-e—D — el BO-(s-laplace(y(t) ,t,8) — y(O)
et t s
d
=)
] s
Rt = %%(y(tj M+ %(}(t) el-B0) R2(f) laplase,t — M| s(slaplace(y(t),t,5) — w00 - [t 0 7|+ D BO(slaplacetxt) 1,8 — w)
it it
d
gty
i Lo
Rarp = %%:@ M FA(D) laplace,t — M [s(slaplace(i) t,s) - a0 - [t 0 ]
it it
d
== t)
L dtzo i

Puc. 6.32. Nepsas yacTb AOKYMEHTA C pacHETOM TPaeKTOPWM YacTuLib

[Nockonbky B 001eM ciydae pelieHue 3agadu OyaeT BhIMIsAAeTh FPOMO3IKO, HEKO-
TOpBIC YIPOLICHUS AenlacM cpasy. Bo-nepBbiX, IpuMeM BO BHUMAaHHE, YTO B Ha-
YaJlbHBI MOMEHT BPEMEHH HacTULa HAXOAUTCS B Havajle koopauHat. Kpome Toro,
CHCTEMY KOOpAMHAT BbIOEpeM Tak, 4TOOBI KOOPAMHATHBIC OCH (HANpaBICHHUE) COB-
Majajiu ¢ BEKTOPaMU CKOPOCTH M HAMPAKEHHOCTH 3IEKTPUUECKOTO U MATHUTHOTO
nosniei. B ¢BsA3M ¢ 3THM Ha MEpBOM 3Tare OMpeAessIOTCS MapamMeTpbl HaualbHBIX
KOOPAMHAT U CKOPOCTEH 4YacTULbl. BEKTOpBI 31EKTPUUECKOr0 U MArHUTHOTO MO-
Jell MHULMAIM3UPOBAHbI TaK, YTO UMEIOT MO OJHOMY HEHYJEeBOMY 3ieMeHTy. Ha-
[paBJCHUE BEKTOPa DJICKTPUUECKOro MOJMA COBMaAaeT ¢ ockio Ox, BEKTOpa Mmar-
HUTHOM MHAYKIMU — ¢ 0cblo Oz, a HauanbHOH cKOpocTH — ¢ ockio Oy.

B oGuiem ciyuyae Bropoii 3akoH HploToHa ansi OTAeAbHOH uacTHUbl AaeT OJHO
ypaBHEHHE B BEKTOPHOH GopMe Wiu TpH (ISl TpEXMEPHOMH 3a]jaun) — B NPOEKLIU-
ax. B npeabiayen 3aj1aue 0Tae1bHO BbINMUCHIBAIIOCH KAX/10€ YPaBHEHHE /J1d PO~
eKLMii. 3/1ech 3anuiieM OAHO BEKTOpPHOE ypaBHeHUe. Takol Mmoaxo UMEET Cylie-
CTBCHHOC MPEUMYLLIECTBO, MNOCKOJILKY MO3BOJIACT JICIKO U MPOCTO BbIYUCIIUTL CUITY
JlopeHua, koTopasi, KaKk YNOMHHAJIOCh, OMpeesseTcs Yepe3 BeKTOPHOEe MpOoH3Be-
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neHue BekTopoB — B Mathcad ans storo ecth cnennanbHas koMaHaa (Ha najauTpe
Matrix). [ToaTromy ¢ 3anmucei0 UCXOMHBIX YpaBHeHHH MpodiaeM He BozHuKaeT. [lo-
aydqaeM cucteMy audQepeHLHatbHbIX YPaBHEHUH BTOPOro mopsikKa ¢ Tpems He-
HU3BECTHBIMM (PYHKUMAMHU ((PYHKLMHU 3a0aF0T 3aBUCUMOCTh OT BPEMEHH KOOPAMHAT
YacTULIBL, CKOPOCTb OMpeAesseTcs Yepe3 MepBble MPOU3BOAHBIC OT 3TUX (DYHKLUH,
a YCKOpeHHe — depe3 BTOpble NPOoU3BOAHBIE). [l peleHus CUCTeMbl K KAKIOMY
W3 TpeX ypaBHCHUIN mpuMeHseM npeoOpazoBanue Jlanmaca. B pesyaprate ans o0-
pa3oB QyHKUMH MOTydyaeM CUCTEMY JIMHGHHBIX YPaBHCHHUH, KOTOPYIO M MPEeACTOUT
pewruts. CHayana BelAesiseM A AaHHOW JIMHEHMHOM CUCTEMBbl MaTpuLyy Koddgdmu-
LIMEHTOB W BEKTOP MpaBbIX yacTeil. [anee cuctema peraercs U 3aTeM BINOTHSCT-
cs1 obpatHoe npeoOpaszoBanue Jlamnaca.

Ha puc. 6.33 nokaszaHa BTOpas 4acTh JIOKYMEHTa ¢ pellleHueM 3anauu. Tam pas-
MelleHbl KOMaH/ibl, HA4KMHAasl C 3aMeHbl B YpaBHEHUIX i 00pa3oB (yHKUWE (Kak
v B NpeablAyLIeH 3aaue, nepej pelleHHeM CUCTeMbl ypaBHEHHUI BBosTCs Gonee
y/100Hble 0003HaueHus Jyis 00pa3oB (QYHKLMI, WX 3HAYEHWH U NPOU3BBOAHBLIX B
HayabHbI MOMEHT).

] v [2<E T ap W |j|muna|s =] ¢an

Bulpawenun nocne samed: @ykuuy 0003naqens Yepes
X Y uZ, 8 uxapouseodneie & syne kak X0 Y0 w70
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0 0 0
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5 g g
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(s —ams o | (e o1t + 0 po?)
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0 0 M 0 0t % + o0? B0l
i
Ofpampoe npeobpaocsnue Tannasca
0 + BO-¥0 1 1 t
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Puc. 6.33. Bropas 4acTb JOKyMEHTa C pacYeToOM TpaeKkTopum YacTuubl

I[anee NpUBEACHBI HCKOTOPBIC KOMMCEHTApPHUH IO MOBOAY KOMaH/{ pa60qer0 JAOKYMCHTA.

3HaueHUsl KOOPAHWHAT YacTHLbl M TNMPOEKLUMH CKOPOCTH Ha KOOPAMHATHbIE OCH
B HauaJlbHbIH MOMEHT BpemeHu. Bee koopauHarsl paBHbl HyMO. ToabkO oaHa U3
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MPOEKLMI CKOPOCTH Ha KOOPAMHATHYIO OCh OTIMYHA OT HyJs. KoopauHatHas cuc-
Tema BbIOpaHa Tak, 4To 3T0 ock Oy:

X0 :=0, YO := 0, Z0 := 0, dX0 := 0,dY0:=V0, dZ0 = 0
Bektop HanpspkeHHOCTH 3ieKTpudecKoro nosi. B cumy BeiGopa KOOpAMHATHOM
CHCTEMBbI BEKTOP UMEeT OJUH OTINYHBIHN OT HyJIs 3eMeHT (111 ocu Ox):
EO
E=| 0
0
Bektop Hanps:>KeHHOCTH MarHUTHOTO moiid. B cumy BeIOOpa KoOpAMHATHOM cHc-
TEMBbI BEKTOP UMEET OJUH OTIAUYHBIN OT HyJIs neMeHT (11t ocu Oz):
0
B:=| 0
BO
bazoBoe ypasHenue (BTopoii 3akoH HetoToHa) B BekTOpHOU dopme. Cuna Jlopen-

oa OMpEACIACTCA UCPE3 BCKTOPHOC TMPOU3BCACHUC CKOPOCTHU HA HAMNPA’KCHHOCTDb
MAardmMTHOI'O ITOJIA:

d2
A Ly
t dt
2
M| 4y =eOE+e0 dvw| B
e dt
d
2 )
—>1) dt
t

BLIpa)KeHI/Ie, OMpeacadromee HCXOAHOC YPABHCHUC!

2

4
— ) 4 o 9ty M = ED-el - %oty -e0-B0
dt dtx( ) dt dtx( ) dtf'r( )

2

LA dd
o

d
—|eDE+ell| —=51t) | = B|—
dt dtdt

w(t) M + Lty -e0-E0
at

d dd
e . ol SO M
LM I |
dt
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OyHKLIMH, ONpeAeSIOIKE epBOe, BTOPOE U TPETHE YPABHEHUS:

R1(t) = L9 xt)-M = E0-¢0 - Ly(1)-c0-BO
ddt dt

dd d
R2(t) ;=L y ()M + Sx(1)-¢0-BO
() ddty() dt()

dd
R3(t) =28 A1) -M
)ddt )

Ilpeobpazopanus Jlannaca anst nepBoro, BTOPOro v TpeThero ypaBHeHuU:

R1(t) laplace,t — M| s-(s-laplacqx(t),t,s) — x(0)) — [t<« 0 | — EO%O —e0-BO(s-laplacgy(t),t,s) — y(0))
S0

RXt) laplace,t — M| s-(s-laplacd(y(t),t,s) —y(0)) — |t <= 0 | + e0-BO(s-laplacgx(t),t,5) — X0))

d

dty(t)

R3(t) laplace,t —> M-|s-(s-laplace(z(t),t,s) — #0)) — [t <« O
d
—t)
dt
B BBIpaskeHnn, moryueHHOM TIpH TipeoOpa3zoBanun Jlarumaca, Ui mepBoro ypapHe-

HUSL 3aMEHEHbI 0003HaUeHUs J1st PYHKLMH (3TO X, Y M 7), UX HAUYaJIbHbIX 3HAYEHUE
(X0, YO ¥ Z0) ¥ HAYaJIbHBIX 3HAYCHWH WX TIPOM3BOIHBIX (dX0, dY0 U dZ0):

0
M-[s-(s-X — X0) — dX0]— E0-— — ¢0-B0-(s-Y — YO0) = 0
S

To ke, 4TO ¥ B ipeABIAYILEM CIy4ae, HO I BTOPOTO U TPEThEro YpaBHEHMIMA:
M-[s-(sY - YO) — dY0] +€0-BO-(s:X — X0) = 0

M-[s-(s-Z — Z0) — dZ0] = 0
I'pynmupoBka caraeMpIX B IEPBOM BBIPaKCHUH. JTO HEOOXOAUMO IJIsl TOTO, YTO-
Obl 3areM Jierde ObUIO OMpPENE/IUTL MATPHULLY KOX(PQULHMEHTOB U BEKTOP MpPaBbIX
yacTel AN CHUCTEMbl JMHEHHBIX YpaBHEHHH OTHOCHTENBHO OOPa30B HMCKOMBIX
(hyHKUUHA:

2

0
X -E0Z — c0BOs-Y

0
M-[s-(s-X — X0 — dX0 — EO— — c0B0s-Y — YOexpand X,Y,Z —>M-s
S S

I'pynnuposka caaraemblX BO BTOPOM U TPETbEM BbIPAYKECHUSX:

M-[s-(s-Z — Z0) — dZ0] expand, X,Y,Z — M-SZ-Z
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Martpuua Koaq)q)I/IL[I/IeHTOB IJ11 CUCTEMBI JINHEHHBIX aJ'IFe6paI/ILIeCKI/IX YpaBHEHU:
2
M-s —e0-BO0-s 0

A= ¢0-B0s M-s2 0

0 0 M-s2

BexTop npaBbIX "acTeii:
e0
EO.—
S
M-V0
0
PelneHure cucTembl JMHEHHbIX YpaBHEHWH OTHOCUTEIbHO OOpa30B HCKOMBbIX
hyHKIWIA:

E0 + B0-V0
M-e0-

s~(l\/12-s2 + 602-802)

Isolve (A,C) - | _¢0%.B0-E0 + VO-M>.s>

sz-<M2~s2 + eOz~B02)

0

Ilocne obparHoro npeodpaszosanusi Gypbe MojiyuaeM BbIPAKEHUE JJISI KOOPIMHA-
ThI YACTHUIIBI B BUEC (PYHKIIHH BPEMCHH:

EO0 + BO-VO

s~(M2~32 + 602'802

1 1 t
— M-e0-(EQ + BO-V0)~[ - ~cos(eO-BO-—j)
602' 802 602' BO2 M

To JKC, YTO U B MPSABIAYLICM CITyHaC, HO A1 BTOpOﬁ KOOpAWHATHI:

—e02~BO-EO + V(}M2~s2
s2~(M2-52 + 602-302)

. t M . t
-sin| €0-BO-— [-EO0 + -sin| e0-BO-— |-VO
M B0.-€0 M

M-e0- ) invlaplace,s —

invlaplace,s —

-1
- —EO0t +

BOZ-eO

B npouecce pelueHusi HaijeHa 3aBUCUMOCTb KOOPJIMHAT 4acTULbl OT BPEMEHHM,
TpUYeM JBI)KEHHE OCYIIECTBIIACTCS B TUIOCKOCTH, MEPIICHAUKYJISAPHON BEKTOPY
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MATHUTHOTO oM. B 5TOM HeT HUYero yIUBUTEIBHOTO, MOCKONBKY cuna JlopeHia
HarpasJicHa MNEPNEHAUKYJIIPHO K BEKTOpPaM CKOpPOCTU U MarHUTHOM UHAYKLHN.
[MosToMy Bee nmeiicTBYIOIME HA YACTHUITY CHIIBI JISKAT B TUIOCKOCTH, TICPIICHIUKY-
JspHoii ocu Oz,

I‘ITO6bl NOCTPOUTL TPACKTOPUIO, 3a/laIUM YUCJIICHHBIC 3HAYUCHUA J1d NapaMeTpoB
3aj1a4u (abCONIOTHO YC/I0BHbIC). Pe3yibrar nokasad Ha puc. 6.34.

A [#] x= [2<F 3] af W JITutoriaIs | e
KauyecTBeHHbIN aHanu3
HuCnEHHEIE
Vi=1 E0:=1 el =1 Bo=1 M=1 t=0,01.20 3 apaveHMs
1 1 N (yCNOEHBIE)
wt) = M-e0-(E0 + BO-VO- - -cos[eD-BD-—]
302.392 302-302 M Y¥paeHeHuA ana
= onpegEneHHa
-1 t t
yh = — EDt+ -sin| #0-B0 — | E0 + -sin| ¢0-B0-— |-VO TRaskTOpuA
EO 2 M B0 &0 M
BO™- el
0
=5
omm
LR
il
-15
—20
1 2 3 4
#(t)

Puc. 6.34. TpaekTopusi 4acTuubl B 31€KTPMYECKOM U MAarHUTHOM NOnaX

Ha stom mumocrpauuo BosmokHocteid Mathcad B 06/1acT CUMBOJIBHBIX BbIUKC-
JeHui 3akaH4uMBaeM. PaccmoTpeHHble 3/iech METO/bI pelleHus 3aaad, 0e3yCciIoBHO,
He SIBJISIOTCSl UCHEPMNbIBAIOLMMH. TeM He MeHee, OHM JIalOT HEKOTOPOe MpeICTaB-
JeHue o npakruke pabotsl ¢ Mathcad.
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YucneHHble
U CTaTUCTUYECKue metoabl

HecmoTpst Ha Bce ycnexu B peajiuzalli CUMBOJIbHBIX MeToaoB, Mathcad Tem He
MEHEE OCTAeTCA MPHUIIOKEHUEM, OPHUEHTHUPOBAHHBIM Ha BBIMTOJHEHUE UUCICHHBIX
pacueToB. CrniekTp peluaeMbiXx MpU 3TOM 3ajad 4ype3BbluaiiHO Wwupok. MmeroTcs
B BHUIY, PEXIe BCEro, BCTpOcHHbIe Bo3MOkHOCTH Mathcad. Kpome Toro, nosp3o-
Baresb MPH KeJaHUH MOXKET CO3/1aBaTh COOCTBEHHbIE MPOLEAYPbl, GYHKLIHH, & TO
U uenble padoune JOKYMEHTBI, BBITIOJHAOLINE T€ WK MHbIC AeHcTBUA. 3aechk Oy-
JYT 3aTPOHYTbI BONPOCHI, CBSI3aHHbIE C peLiEHUEM B YHCIIGHHOM Buje ajiredpanye-
CKUX U IuddepeHIMANbHBIX YPABHEHUM U CUCTEM, KPaTKO PacCMOTPEHBI 3aJauu
YUCJIGHHOIO MHTErpupoBaHus U auddepeHuMpoBaHus, a Takke METO/Ibl HHTEPNO-
manun. ITockonbKy O4YeEHB YacTO MHTEpeC MPEACTaBISET HE CTONBKO KOHEUHBIN
pe3yibTaT, a cnocod ero nojyveHusi (3T0 akTyajlbHO AJisl CTYAEHTOB), B HEKOTO-
PBIX CAyvasx MpeAsaraloTcs alrOpUTMBI, PEaTH30BaHHbBIE ¢ MTOMOIIBIO MPOTrPaMM-
HbIX cpeacTB Mathcad, no3poasitoluye anbTepHATUBHBIMY METOJAMU PelliaTh YIo-
MSHYTBIE 3a1a4H.

PeweHune anrebpanyecknx ypaBHeHUN U CUCTEM

B sTOM paznene paccMOTpUM OCHOBHBIE METO/Ibl, KOTOpbIE cyulecTByioT B Mathcad
JUIsl peleHus anredpauueckux ypaBHeHWH W cucteM. MHOrue nojaxojpl, npume-
HsleMble B Cliyyae peuleHHs ajlre0paniyeckux ypaBHEeHHH, ¢ MUHUMAJIbHBIMH U3Me-
HEHUSIMU paclumpstoress st cucreM. [1oaToMy BMOJHE JIOrMYHO HauaTb ¢ pac-
CMOTpeHUs anredpanyeckux ypaBHeHHH.

Anrebpanyeckue ypaBHeHuUs

B Mathcad peuienue anredpanueckux ypaBHEHWH OCYLIECTBIISETCS HECKOJIbKH-
MU crocodamu. MoKHO 1St 9TUX Leiell BOCHO/Ib30BaAThCI MPOLEAYPOR root ().
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ApryMeHTaMH YKa3blBalOT pellacMoe YpaBHEHUE (TOUHEE, BBIPAXKECHUE, KOTOpOE
[PUPABHUBACTCA HYNIIO) U MEPEMEHHYI, OTHOCUTENIBHO KOTOPOH 3TO ypaBHEHHUE
pewaercs. [lpoueaypa MokeT BBI3BIBATHCS ¢ YKa3aHWEM HAYaJIbHOTO MPUOIMKe-
HUS U4 IOUCKA KOPHSI YpaBHEHUS MJIM JUAIa30Ha, HA KOTOPOM MILEeTCs PeLICHHUE.

Mpumep 7.1. PelneHne ypaBHeHui

[Tpumepsl BbI30Ba poLIeAYPbl IPUBEACHBI B AOKYMEHTE Ha puc. 7.1.

A [ xm [2<F T af W HITutoriaIs =t

PeweHue ypaBHeHHI

<::| YiazaH AWanazoH

mm{cos(x) - x,x,D,E] =[.738 NOMEKE KOpHA

x=02
YKazaHo HavanskHoe

toot{cos(®) — %% = 0.739 EHAYEHHE KOHA

Puc. 7.1. PewwieHve ypaBHEHMS C MOMOLLbIO NPoLEeaypbl root ()

B nepBoMm cilyyae 3ajaeTcs AMana3oH, Ha KOTOPOM HLIETCA KOPEHb, BO BTOPOM —
nepeJl BLI30OBOM MPOLIEAYPbI ONpeAessieTcs HaualbHOe MPUOJIMIKEHHE SISl KOPHSL.
B cuity 3TOro TpeTuil n 4eTBepThlil apryMeHTbl NPOLEAYPbl root (), ONPEASIsAIO-
IME WHTEpBaJl MoMcKa pelleHus, He ykasbiBaloTcs. Crnocob Bbi30Ba MpoUELypbl
root () HEABHO ONpPEAe/sieT METO/, UCNOJIb3YEMbIH JU1sl BbIYUCIIEHU KOPHS. B ka-
4YeCTBE WIIJIIOCTPALMKM MOYXKHO MPUBECTH AaHHbIe Ha puc. 7.2.

@ A ] x= [§ <2 T af JITutorials x| @0

7
root[sm(x) x, ——ﬂ ?ﬂ] =0
,D,HEI'IESDH NOWCKS KOpHA

mot[sm(x),x,_E_n ?—“] =3.142 = CYLECTEEHHO BENWAET Ha
2 2 pesynLTaT

e 'I"ﬂ|

root(sm(x) r-— 3 ] [} ]

The function walues on the two bracket end
pointz must be of opposite signs.

Puc. 7.2. rpaHVIleI Anana3oHa NoucKa KOpHA CyLIEeCTBEHHO BNTUAKT Ha pe3ynbTaTt
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Tam nporerypa root () TPUKIBI BBI3BIBAGTCS IJIS PEIIEHUS OTHOTO U TOTO K€ YpaB-
HEHMS, HO KaX/Iblii pa3 C HOBbIMU rpaHULIAMU NOMcKa petuenus. [1pu sTom pesyiib-
TaThl COBEPINICHHO pa3iuyHbBl. B mocieanem cirydae BooOIe BHIBOAUTCS COOOIIEHIC
00 o1ubKe, XOTs BO BCEX TPEX CllyuyasiX yKa3aHHbIC JUAaIa3oHbl MOUCKA OJIHO3HAYHO
HaKpHIBAIOT OYEBHIHOE HYJIeBOe peleHre. Jlemo B TOM, UTO Ha YKa3aHHBIX JWara-
30HAX CYIIECTBYET HECKOJILKO PELUEHUI YPaBHEHHUS, MOITOMY B 3aBUCUMOCTHU OT Bbl-
OpaHHOTO NWamNa3oOHa BBIYUCIAIOTCS pazHble KopHW. Ciydail ¢ cooOimeHneM 00
olnOKe TakkKe OOBICHAETCS JI0CTaTOUHO NpocTo. M3BECTHO, 4To €ciu (yHKLus
HeTIpepbIBHA U HAa TPaHWIAX AWAINa3oHa IPUHIMAET 3HAUeHHs pa3HbIX 3HAKOB, TO HA
9TOM JMana3oHe OHa, MO KpaiiHel mepe, B OJHON TOUKe 00pallaeTcs B HyJlb, ITO
JIOCTATOYHOE YCJIOBHE, HO He HeoOxoammoe. Ecim OHO BBIIOIHEHO, TpoLieaypa
root () MO3BOJIAET HAUTH KOPEHb ypaBHEHMs. B NpPOTUBHOM Ciyuae HEOOXOAHUMbI
IpyTHe MeTonbl pelneHns. CHUTyalus O4eHb CXOXKa ¢ TOM, YTO CKIIaAbIBaeTCs TpH
PElICHHNH YPABHEHHWI METOAOM JUXOTOMHH (MOJOBUHHOTO AEACHUS) UM METOJ0M
xopa. Kcraty, cooTBeTCTBYIOMIME TIPOLIEAYPH B CIydae HEOOXOAUMOCTH Oe3 Tpyaa
MOryT ObITh CO3/IaHbl C NOMOLLLIO MPOrpaMMHbIX cpeacte Mathcad.

3axaua 7.1. MeToa NOJIOBHHHOIO ACJACHHS

Ha puc. 7.3. npexcrasiien dpparment pabouero A0KyMeHTa, B KOTOPOM CO3/1aeTcst
TpoLe/Typa BEIYUCIICHHUS KOPHS YPABHEHHUSI METOIOM TOJIOBUHHOTO JIS/ICHHUSI.

A+ Iﬁ x= [2 IEIE aff IEHITutorials | e

MeTon NONOEMHHOTO AENEeHHA

MPD(f,a.b,e) = |al < a

hleh
while [bl - al| > e i fal)-ful) €0
al + bl
—
z ¢ Mpooueaypa
bl e ¢ if falifie) 20 MOWUCKA PELIEHUA

al & ¢ otherwize

"Wrong range"  otherwise

Fo)y=(z-3(z+D(z-1)

MPD(sin,~1,1,0.00000001) = ~7.451 x 10

= Mpumepel BrizoEa
MFD(F,-5,0,0001) = -1 COZAAHHOA NpoLedypel

MPD(F,2.15,4.1,001) = 2996

MPDF,0,4,000) = "Wrong range"

Puc. 7.3. lNonck KopHs METO40M NOSIOBUHHOTO AeNeHns
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CyTh MeTOZa COCTOWT B ciemyroimeM. CHadana Ha TpaHUIAX AWANa3oHa MOWCKa
pelmeHus BBIUMCIAeTcS (QYHKLHMA, OMpeeNsiomas pelnaeMoe ypaBHeHue. OHa
IOJDKHA TIPUHUMATh Ha TPaHUIAX 3HAYSHWs Pa3HBIX 3HAKOB. Ecim 3To Tak, TO
(DyHKITUS BBIUUCHIAETCA B IEHTPATbHOW TOUYKE [WAaria30Ha TOMCKA peleHUsI
(puc. 7.4).

f(a) - = —

f(c) F - = =

Puc. 7.4. BeiGop TOYKM NO METOAY NOMOBUHHOIO AENEHNSA

Hanee B 3Ty TOUKy mepeMellaeTcs Ta TpaHULa AMANa30Ha, 3HaueHUe (PYHKLUUN Ha
KOTOPOI 110 3HAKY COOTBETCTBYET 3HAYEHHUIO B LICHTPAlbLHOM TOuke. B pesynbrare
Ivana3oH TOWCKAa YMEHbIIaeTcs BABOE, a 3ajava CBOAWTCS K mpenslaymei. Ilo-
BTOPSAA YKA3aHHYIO NPOLELYPY ONMPEAEIEHHOE YUCIIO pa3, MOKHO C 3aJJaHHOM TOY-
HOCTBIO JTOKAJIW30BaTh KOPEHb ypaBHeHUA. IMEHHO 3TOT aNropHTM U pealn30BaH
B IPUBEACHHOM [IPUMEDPE.

VY npouenypsl ueTbipe aprymenTa: GyHKUMS, ONpeAensiowas ypaBHeHue; jesas 1
MpaBas TpaHMLbl AUANa30Ha, HA KOTOPOM BEeTCs MOUCK KOPHS, U TOYHOCTh BBI-
YUCJAEHUsS KOPHA ypaBHeHMd. [lepBbiMM IByMsi KOMaHAAaMU B Tesie MPOLEYpbl Or-
PelensoTCes ABe JOKalbHble IEPEeMEHHbBIC, 3HAUCHHU KOTOPBIX B AajibHeHIIeM Oy-
JYT OMpenessTh MPaHuLbl AMana3oHa, Ha KOTOPOM HaxOJUTCS MCKOMOE pelIeHue.
Baavane oHM cOBMagarOT cO 3HAYCHUSMH JIGBOM M NpaBod I'pPaHUL UCXOAHOTO
JAnana3oHa (BTOpPOH M TpeTuii aprymMeHTsl npoueaypsi). [lanee cieayer ycaoBHbI
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onepatop. [IpoBepseMBIM YCIIOBHEM SIBIAETCSA HETIOIOKUTETBHOCTD TPOU3BEAEHUS
(dyHKUMK Ha rpaHylax auanasona. Ecnu ycnosue Bbinoansercs (T. €. npousBeaeHue
MeHbLIe JIUOO PaBHO HYJIIO), BBITIOJIHACTCS OnepaTop UMKia while. Ilpu HeBbINON-
HEHUU YCJIOBMS (a 3TO O3HAuaeT, YTO Ha rpaHvlax ¢pyHKUMSI OTJMYHA OT HYJs W
“MeeT OAWH 3HAK), BO3BPALIAETCS TEKCTOBOE 3HAYEHUE "Wrong range", CBHAECTENb-
CTBYIOLLEE O TOM, YTO Uil [IOUCKA KOPHSL Ha JIAHHOM AMAaINa30He NMpoLeAypa Helpu-
roaHa (4to, KCTaTH, COBCEM HE 03HAYACT, YTO KOPHS Ha 3TOM JUANa3oHE HET).

Oneparop while BBINOJHAETCS IO TeX IMOp, MOKa AJMHA AMANIA30HA, HA KOTOPOM
HAXOOWTCS KOPEHb, MPEBBILIACT MOTPEIIHOCTE (YETBEPThI apryMeHT (PYHKLMH).
Oneparop LMKIa B CBOIO OUEpedb COCTOMT M3 ABYX OMEPATOPOB: ONpPEACIseTCs
LeHTpajbHasd TOYKa AMANa30oHa W 3aTeM ¢ MOMOLIBIO YCIIOBHOTO ONEpaTopa ogHa
W3 TPaHUl] IMana3oHa CMELIaeTcsl B 3Ty LEeHTpalbHY0 ToukKy. Kakyo nmeHHo rpa-
HULY cJelyeT CMEIlaTh, ONpEleisieM MO MPOU3BEACHHUIO 3HAUYCHUH (PYHKLUMH Ha
JICBOH rpaHulie M B LIEHTpe auanazoHa. Ecau npousBedeHre He MPEBBILIACT HYJIA,
cMellaTh HYKHO MPaByko TPAHULLY, B IPOTUBHOM Clly4ae — JIEBYIO.

Ilocne cozpaHust nmpoueaypbl MPUBEEHBI MPUMeEphl ee npuMeHeHus. Caenyer oT-
METHUTb OJIHO BaKHOE OOCTOSTENIbCTBO, KAacalolleecs: apryMeHToB npoueaypsl. Jle-
JIO B TOM, YTO B OTJIMYUE OT BCTPOCHHOUH MpPOLEAYPhl root (), B JAHHOM cilydae
dyHKLMS, onpeaessolas pellaeMoe ypaBHEHHE, yKasblBaeTcs 0e3 aprymeHTa.
IloaTroMy HeT HEOOXOAUMMOCTU YKa3bIBATH U NEPEMEHHYI0, OTHOCUTE/ILHO KOTOPOL
peLiaeTcs ypaBHeHHe. DTO HaKJaJblBAa€T OrpaHUUEHHE U Ha Ccrocod peanu3aluu
ypaBHenusi. Jljis pelieHusi ¢ MCMOJIb30BAHUEM CO3JaHHOM Npoueaypbl NpaBas
4acTh ypaBHEHUs (Ta, YTO NMPUPABHUBAETCS HYJI0) AOJKHA ObITh Onpe/esieHa Kak
(dyHKUMA 0JHOH NEepeMEeHHOK — WUMEHHO TOM, OTHOCHTELHO KOTOPOM pellaercs
YPaBHEHHUE.

Co3zjlaHHas npoueaypa npuMeHsieTes i pelieHus ypasHenust sin(x) =0 Ha uH-

TepBasie oT —1 mo 1. [lepBBIM apryMeHTOM yKa3bIBaeTCs, Kak OTMEYaIoch, Ha3Ba-
HYe QYHKIIHH, T. €. sin.

Kpome storo, B gokymeHTe Ha puc. 7.3 noka3aHbl MPUMEpbl BLIUUCIEHHS C pa3HOM
TOYHOCTbIO LI€JOUUCIEHHBIX KOPHEH NMoJjuHOMa TpeThel cteneHu. Cpeny npouux,
TaM €CTb W MPHUMEP, KOrja yKasaH HeKOppeKTHblﬁ JudanasoH jJid noruckKa KOpHi.
HecmoTps Ha TO, 4TO KOPHEH Ha 3TOM AMANA30HE HECKOJIBKO, C MOMOLIbIK) pa3pa-
0oTaHHOM NPOLEAYPbl BIYUCIIUTL HU OJIMH W3 HUX HE yaacTcs. Jlist 3Toro HyxHO
KaK MUHUMYM W3MCHHUTDL HayabHbIH JAuarasoH.

3agaua 7.2. Metoa xopa

BHecst HeGonblLIMe U3MEHEHHUSI, CO3/JaHHYIO paHee NpoLeAypY MOKHO Moauduumpo-
BaTh TaK, YTOObI OHA OMpejesia KOpeHb ypaBHeHHsl no MeToay XopA. llpuHuunu-
aJlbHOE OTJIMYME METO/1a XOP/ OT MPEe/bIAYLIEro COCTOUT B BbIOOpe NMPoOHOH TOUKH,
B KOTOPYIO CMELLAeTCsl O/lHa W3 IpaHuLl Auana3oHa MoMcka pelieHHus. JTa Touka



440 asa 7

BbIOMpAETCs Kak MepecedeHrue ¢ KOOPAMHATHOW OCBIO XOpIbl, MPOXOAALICH uepes
TOYKH, OnpeessieMble 3HaYeHUIMH (PyHKLIMK Ha rpaHuLe (puc. 7.5).

Puc. 7.5. Beibop TO4kM NO METOAY XOP4,

Tak, ecnu uiercs peuieHue ypaBHeHus f(x)=0 B Auana3oHe 3HAYCHUH OT a

af (b) —bf (a)
f®) - fla)
ITo cpaBHeHuto ¢ AuXoTOMUEH (TIOTIOBUHHEBIM JIEJICHUEM ), METO/ XopA obecrieun-
BAeT YCKOPEHHYIO CXOJUMOCTh anroputma. [Ipumep cooTBeTcTByIOIIEH MpoLeTy-
PBI C IpUMEpaMH ee BhI30BA TIPHBEACH B JOKYMEHTe Ha puc. 7.6.

10 b, TO npo0Has TOYKA ¢ ONPEACISETCS COOTHOLUEHUEM ¢ =

B oTnuuune oT npeapiaylled mpoueayphl, 346Ch U3MEHEHA KOMAaHAA BBIYMCICHUS
npomexyTouHol Toukd. Kpome Toro, ykazaH HOBBIH KpUTepuUil Juisl oneparopa
uuKiIa. B 4acTHOCTH, YTOUHEHHE KOPHS MPOJOIKAETCA J0 TeX IMOp, MOKA 3HAYCHHE
(dyHKUMM (KOTOpOE B TOUKE-PELeHUH YPAaBHEHUs JOJKHO PaBHATbLCS HYJIO) Mpe-
BBIIIIAET TIApaMeTp, 3aJafolHii TOYHOCTh. TakuM 00pa3oM, BO BHOBB CO3/IaBaeMOit
Npoueype YETBEePThIi ee napaMerp 3a4aeT TOUHOCTb HE N0 apryMeHTY, a M0 3Ha-
ueHnro ¢yakou. Kpome Toro, modapieHa koMaHIa MepBOHAYAIBHON MHHUIIAAIH-
3alUA [POMEKYTOUHON Touku jauanasoHa. Jist ynoOcrea ona BbiOpaHa coena-
JAroLIEN ¢ TTpaBOX €ro rpaHuLEH.
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A Iﬁ x= [% E@ cff Ia JITutoriaIs 7| @0

MeTtopn xopa,

MEH(f,a,b,61 = |al & a
ble b
i3
while |Rc)| > e if fal)-fbl) £0

e al-fi’bl) - bl-fal) ¢ [poodesypa
fbl) - fal) MOWMCKa PELUEHWA

bl o if fal)-fd <0

al « ¢ otherwise

"Wrong range"  otherwise

Fig =(z-3z+ D(z- 1)
MEH(zin,~1,1,0.00000001) = 0

¢ [pumepsl Bbis0Ba
LIKH(F,-5,0,0001) = -1 COZAAHHOA NpoUesyRE
MKH(F,2.15,41,001) = 2009

MEH(F,0,4,000) = "Wrong range"

Puc. 7.6. BbluncneHne KOpHSA ypaBHEHUS METOL0M XOpA4,

3axaua 7.3. Meroa Huiorona

JBa npyrux moOmyJspHBIX METOAa pelleHHs YpaBHEeHWM — 3To metoa HeroToHa
(kacaTeNbHBIX) U METO[ MOCICAOBATEIbHBIX UTEPALIUIL.

ITpu pewieHnun ypapHeHUst MeToAOM HbIOTOHA, yKa3bIBAETCS HE AMAIa30H NOUCKA
pellenus, a HauajibHOe NMPUOJIMIKEHHE 11 UCKOMOro KopHs. IlonstHo, uto 31O
HavajbHOE 3HAaUY€HHE JO/DKHO MO BO3MOXKHOCTH Haubonee TOYHO COBMAJaTh C pe-
weHneM ypasHeHust. Cama ke npoueypa MoMcKa COCTOMT B 10C/1€10BATEIbHOM

_SG)
ACHN

o0o3navyeHa npou3BoaHas Gpynkuuu f(x) (MpU ycIOBHH, YTO pellaercsl ypaBHe-

YTOUHEHUHW PEeLIeHUs COryiacHo (opMmysie X, = X, rae uepes f'(x)

Hue f(x)=0). UHaekc y nepeMeHHON yKa3biBaeT HOMEP UTEpaLUU, DTOT METO/1

aoctarouHo 3ddexkTuBeH, 0JHaKO UCNOJb30BATLCIS MOXKET JIAJIeKO HE BCeraa, T. €.
He Ju1st BCIKOU dyHKkuuu f(x) W He st j1000ro npubiimKeHust Ha4allbHOM TOUKMU,

HauanbHoe 3HaueHue KOPHS 0 BO3MOXKHOCTH JIOJDKHO ObITh TAKUM, YTOObI hyHK-
uus f(x) W ee BTOpas MPOW3BOJHAS UMEJH OJIMHAKOBbIE 3HAKK. Booblue xe s

obecneuenust CXOAUMOCTHU METOJAa HYIKHO, yTOObI OTHOLUEHUE MAKCUMAJILHOIO
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3HAYECHUS MEepBOW W BTOPOH NMPOM3BOAHBIX HAa MHTEPBAIC MOUCKA PELICHUS ObLIO
Oosnblie TOMOBUHBI IJIMHBI 3TOrO HHTepBaia. B ofiieM ciyyae BOmpoc 0 BO3MOXK-
HOCTH NpUMeHeHus1 MeToga HeroToHa — 3a1a4ya HeTpUBUANIbHAs. 3aUHTEPECOBaH-
HBIHA YUTATeIb MOXKET 0OpaTUThCS MO STOMY BOMPOCY K CIICLUATILHOM TuTeparype.
OTMETUM TOMBKO, YTO MPAKTHUYECKUM KPUTEPUEM, MO3BOJSIOILINAM ONPEACTUTHCS
C MPUMEHUMOCTBIO METOAA, SBIACTCA CYLIECTBEHHAS MIaBHOCTh PYHKUUU f(X) .

Ecin obparurbes k rpadMueckoi MHTEPNPETaLlMU METO/1a, TO HOBAsi TOUKA BbiOU-
paercsi Kak nepecedeHre ¢ KOOPAWHATHOM OCbIO MPSMOI, KacaTeabHOH K rpaduky
¢yHkuuu f(x) B TOUKe X, . OTa TOUKA CIYXKUT HOBBIM MPUOIMKCHUEM IS KOp-
HSl, Yepe3 Hee MPOBOAUTCA KacaTelbHas U ONpelesisieTcs cieayolee mpudmmke-
Hue (puc. 7.7).

fXn) 2+ — — — — — — — — — — — — — — — — - — - — — — — —

14
f(Xn+1)

I

I

I

I

I

I

I

I

I

‘ ‘ |
0 //_/2 3 4

X

-1-

Puc. 7.7. Bbibop Toukm no metoady HbtoToHa

Kon npoueaypsl, peanusytouied Meroj HbloToHa, npuBeaeH B 10KyMeHTe, (par-
MEHT KOTOpOro rnokasaH Ha puc. 7.8.

AprymeHTbl ipoueypbl — QYHKLMA, HAYaabHOE NPUOTIKEHUE U YUCIIO UTEPaLIUii.
BHauane vHMUMaIM3MpyeTcA JIOKajbHAs MEPEeMEHHAs CO 3HAUYCHUEM, YKAa3aHHBIM
BTOPBIM apryMeHTOM Tpouenypbl. Jlanee ciemyer oneparop LMKIA, B KOTOPOM MO-
CIIeI0BATENIBHO BBIMOMHIIOTCS BE OMEpaLiu: BBIUYMCISIETCA 3HAYCHUE TIPOU3BOAHOM
B TOYKE W ONpeneaseTcss Hopas Touka. Yncmo urepaimii 3a1aeTcs TPETbUM apryMeH-
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TOM Tipouenypbl. Benen 3a onucanyeM npoueaypbl IPUBEACHBI IPUMEPHI €€ BBI30BA.
He Bce OHE COOTBETCTBYIOT KpUTEPHSM MPUMEHUMOCTH METOJa, HO, TeM He MEHee,
BO BCEX CIydasx HalifeHbl pelieHus ypaBHeHus. IlpaBma, ams monMHOMMANbHOM
(DYHKLMH, B 3aBUCUMOCTH OT HAYaJIBbHOTO NPUOIMKEHUS, MOMYHarOTCsl pa3Hble KOp-
HHU. CBA3aHO 3TO UMEHHO C TEM, YTO HEKOTOPBIC HadalbHbIC 3HAYCHUS /1S peLleHui
Jexkar B 00acTaX, He YAOBJICTBOPSIOIIUX KPUTSPHUAM MPUMEHUMOCTH METOAA, IMO-
3TOMY B Pe3yJIbTaTe NOCAeI0BATENbHBIX UTEPALM OJHO U3 TPUOMKEHUH NonagaeT
B KOPPEKTHBIN AMana3oH 3HAUYCHUH U METOM CXOAUTCH.

70 Raca m x= ’EE@ af Ia JITutnriaIs j Pen

MeTton HeloToHa

MMf, 8, M) = Jué 2
far iel. N

d

fl « Zfi'¥
axfo ¢ [poouenypa
NOWCK:A pelUEHKA

it

L

Figl =1z- N(z+ 1z 1
MHN(sin, 03,100 =0

MM(F,-3,100 = -1 Fem] [Mpumepel BEIZOEE
COZAAHHOA NPOLES YL

MHN(F,2.5,10) = 3

MHN(F,2,10 = -1

Puc. 7.8. MeTtog HbtoToHa

3agaua 7.4. MeTtoa nocJieoBaTeJIbHbIX NPUOIHKEHH I

Metoa noc/enoBaTe/ibHbIX MPUOJMIKEHUH MPUMEHSETC K ypPaBHEHUSIM Buja
x = @(x) . 3HaueHue x,,; Ha n+1-m mare onpeneaseTcs MO 3HAYCHUIO X, HA H-M
ware no gopmyne x,.; = @(x,). Aaropurm peanuzauuu 3toro meroaa (puc. 7.9)
JIOCTATOYHO MPOCT.

Ycia0Bre NPUMEHUMOCTH METO/1a — BBINOJIHEHUE HepaBeHCTBa |¢'(x)| <1 B Heko-

TOpPOI OKPECTHOCTH MCKOMOro pelueHus. Pabora coorseTcTByioLlei npouesypbl
npoBepeHa Ha npuMepe pelleHus ypaBHeHus X = sin(x). Hecmotps Ha TO, 4TO

HavdaJIbHOC npu6ﬂm1<el-me JA0CTATOYHO HEIUIOXOEC, AAXKE IMPU OUCHbL 0OJIBLIIOM YHUCTIE
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WTepanrii TOUHOCTh BBIUMCIICHUS KOPHS OCTAaBIIsAeT JKemarh mydinero. Kak u panee,
npobGiieMa KpoeTcsi B 007acTH, Ha KOTOPYIO Momnaaaer KopeHb. Jlemo B Tom, 4TO
B TOUKE pelleHusd, T. €. mpu x = (), MpOU3BOAHAS CTPOTO paBHA eIWHUIIEe, UYTO HE
COOTBETCTBYET KPUTEPUIO MPUMEHUMOCTH MeToja. Ecnu ke AaHHBIM METOA0M
peuiars, Harnpumep, ypasueHue x = 0.5sin(x), npobjieMa aBTOMaTUYECKU CHUMA-

€TCS U METO]1 JACT MPEKPaCHYIO CX0AUMOCTh (puc. 7.10).

A I[_ x= ’EE@ af E JITutoriaIs j & an

MeTos nocnefoeaTenbHbIX HTEpaUMi

MFPIf,a, M) = |xéa

for ic1.N <3 [poouedypa
NOMWCES pellaHKAa
x4 B

X

MPI(sin, 01,100 = 0.098

WP sin, 01,200 = 0.097
¢5  [Mpumepbl BbizoEa

COZNAHHOA NROLELY el
MPIsin,0.1,50) = 0.093 a pousayp

MPI(sin, 0.1, 100000) = 5.469 107~

Puc. 7.9. MeTog nocnegoBaTternbHbIX UTepaumin

A | == 15[ <2 (3]t |

Bz = 0.5 sinx)

ITutoriaIs j &G0

—

MPI(p,0.1,10) = 9744 x 1077

MPI($,0.1,20) = 5516 x 107 °

¢ [Mpumepkl BeizaEa

MLl 01,50) = 0 COZAAHHOR NpoUedypEl

MFI(p,0.1,100000) =0

Puc. 7.10. lNMpumepebl pelerus ypaBHeHNs METOAOM NOCNEA0BATENbHbIX MTEpaLni

I[axce U3 OTHUX MPOCTLIX MPUMEPOB C [lOCTaTOHHOFI OUYCBHUIHOCTBIO BbBITCKACT, YTO
BLIOOP METO/Ia pellieH|s ypaBHEHUs — 3aja4a oueHb HerpocTasd. [1o BO3MOXKHO-
CTU CJIC/lyeT MPUMEHSTh BCTPOSHHbIE npoueaypbl Mathcad. B atom ciiyuae oObiuHO
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HpO6J’IeM C HOI[60pOM aACKBATHOIO METOJa HE BO3HHUKACT. EH_Ie OZHa BCTPOCHHAA
npoacaypa, npurogHas 4jasa pelicHusd a.nre6pqueCKHX ypaBHeHHﬁ, — Find().

Mpumep 7.2. KopHn nonMHomoB

[Ipouenypa Find() pacmonaraercst B mpezmenax CleUHaabHOro OJ0Ka, KOTOPBIH
HAUMHAETCS KIIOYEBbIM CJIOBOM Given (BoAMTCS ¢ KnaBHaTypsl). [locae kmoueso-
ro CJoBa clelyeT peliaeMoe ypaBHEHHWE, a 3aKaHuMBacTcs OJIOK BBI30OBOM IPO-
LeAypsl Find () ¢ apTyMEHTOM — NEPEMEHHOM, OTHOCUTENBHO KOTOPOii periaeTcs
ypaBHeHue. Ilepen OMOKOM yKas3bIBAalOT HaudyalbHOE MNPUOTMMKEHHE Ui KOPHS.
ITpumep BBI30Ba NpoueAypsrl Find () MpeacTaBicH Ha puc. 7.11.

e [EE BT

Pemwenue ypaBHeHH#

x=1 ¢a  HavaneHoe
3HAYEHHE
. o Knwouesoe
Grven CnoBo
2
-Sutdsl g Pewsaemos
YPAEHEHKE

Find(x) =2 ¢o  Pesynerar
peLLEHKA

Puc. 7.11. PewweHne ypaBHEHUS C NOMOLLbIO PYHKLUUKN Find ()

B kavecTBe pelnaeMoro ypaBHeHHsl yKa3zaH NoJIMHOM BTOPOi creneHd. Kak Buaum,
HalileH OIMH M3 ero KopHei. 1S noucka KopHel MOJUHOMMWAIbLHON (QyHKUMU
B Mathcad npeaycmoTpena cneuyanbHasi npoueaypa polyroots (), apryMeHTOM
KOTOPOH YKa3biBalOT BeKTOp Kod(duuueHToB nojauHoma. [lpumep Bbi3oBa npo-
LueAypbl NoKazaH Ha puc. 7.12.

HlEL = lE sl

KDPHH NonHHOMa

3]
A= -5
1

¢o Bekrop
koahHUHEHTOE

2
polyroots(A) =( ] <o Kopha
3 NoNMHOME

Puc. 7.12. BeluncneHue kopHen nonnHoma



446 aea 7

Bekrop ko3 pULMEHTOB TOMKEH MPU 3TOM OBITH OMpeeieH Kak BEeKTOp-cToa0el.
Koo duuueHTsl yka3biBaloTcs B MOPsiJKE BO3pacTaHUs CTENEHHU.

Cucrembl ypaBHEHUM

YnomsiHyTas npoteaypa Find () yao0Ha W AJsl PeleHUs] CUCTeM HEeJIMHEeHHBIX aJ-
re0pandyeckux ypaBHeHHH. Pazymeercs, uMciao apryMeHTOB y MpOLEAypbl Find ()
Tenepb JOJIKHO COOTBETCTBOBATH YUCJY YpaBHEHUH B cucreme. s kaxaoi ne-
PEMEHHO# mepea HadaaoM OJ0Ka Given yKa3blBalOT HAYAJIbHOE 3HAUCHHUE.

Mpumep 7.3. PelneHne cuctem ypaBHeHui

[Mpumep BBI30Ba 3TOM MPONEAYPHI AJIS PEIICHUS CUCTEMbl anredpandeckux ypas-
HEHUI MoKa3aH B JOKyMeHTe Ha puc. 7.13.

Hv‘l[_x=|]$|<;f|gj|aﬁ|ﬂq JITutoriaIs = e

PeweHune cucremsl

anredpavyeckMx ypaBHeHH

=1 v=2 ¢a  HavansHee
3HAYEHMA

Given o Ranuesoe
CNOEO

x2—5-y—4=D (o Pelwaenkie
YPAEHEHMA

x-y=2

2 ¢a  Pesynerar
Find(x,v) = g MAOKCKa PELLEHKA
G654 = 10

Puc. 7.13. PelueHune cnctembl ypaBHeHMI

CHcTemMa MOKET UMETh HECKOIBKO pEIIeHUH. B 3TOM ciyuae pelueHHue, KOTOpoe
6y)1€T Hal€HO, BO MHOI'OM OIpe/e/IsieTCsl HavdalbHbIM npu6ﬂu)1<eHneM. Takasn
CUTyalllsl UMEET MECTO M B paccMaTpuBaeMoM npuMepe. Ha puc. 7.14 and toit xe
CUCTEMbl YPaBHEHUI HAlCHO eLle OJHO peuleHUe.

210 peuweHne yaajioch HaﬁTH, U3MCHHB Ha4daJIbHOC npn6nm}<eﬂue AJ1d IEPEMEH-
HBIX, OTHOCHUTCIIBHO KOTOPBIX PCIIACTCA CUCTEMA. 3Z[GCL UCTKO IIPOCJICIKUBACTCA
npo6neMa, XapakrepHasa s HEJIMHEHHbIX CUCTEM: JaxKe €CJIM HEKOTOPOE pellc-
HHUEC HaﬁHeHO, HET rapaHTuy, 4YTO OHO CAUHCTBCHHOC. O6H.II/IX METOAOB IIPHU 3TOM
HE CYHIECTBYCT.
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ﬂ#lﬁ?x=|jg|<§|gj|aﬁ|ﬂ1HITutoriaIs | @eo

PeweHune cucremsl

anredpavveckx ypaBHeHH

=4 v=2 ¢a  HavansHee
SHAYEHMA

Given ¢a  Rnouesoe
CNOEO

x2—5-3r—4=n o Pewaemue
YPAEHEHMA

x-y=2

3 ¢o  Pezynetar
Find(x,y) = (1] NOMCKa PeLLeHMA

Puc. 7.14. IameHeHne HavanbHbIX 3HAYEHNA NPUBOAUT
K MBMEHEHMIO pPe3ynbTaTa PEeLUEHNs] CUCTEMbI YPaBHEHNIA

Ecnu permaetcs crcrema TUHEMHBIX YpaBHEHHH, TO TaKOW MpoOIeMbl He BO3HUKA-
er. B Mathcad Ha aToT ciyvaii ecTh cneudaibHas npoueaypa lsolve (), KOTOpas
Mo Martpulle Ko3(pQUIMEHTOB M BEKTOPY IpaBBIX YacTell ypaBHEHMI IO3BOJIET
HaiiTu peuieHue. Eciin B MaTpuuHOM Buje pellaemasl CUCTeMa ypaBHEHUI 3aruca-
Ha kKak AX = B, rae A — kBajapaTHas Marpuna kosdduimenToB, a X u B —
BEKTOPbI HEU3BECTHBIX MEPEMEHHbIX U NPaBbIX YaCTEH YPaBHEHU, COOTBETCTBEH-
HO, TO pellleHre MOXKeT OBITh HalilIeHO ¢ TIOMOIIIBIO KOMaHBI 1solve (A, B).

Mpumep 7.4. Cuctema nuHeHbIX ypaBHEHUIA
Ilpumep BbI30Ba NpoLeaypbl 1solve MoKa3aH Ha puc. 7.15.

Opnako cpasy ciaeayer OTMETHTb, YTO /711 CUCTeMbI JIMHEHHBIX YPaBHEHUH pelie-
HUE JIETKO HaxoauTcs U 0e3 crneumalbHbIX mpouenyp. JdeiicTBuTensHO, BEKTOp He-
U3BCCTHLIX NEPEMEHHbIX X MoxeT ObITh OonpeAc/ICH KakK MpPoOu3BE1€HUC MaTpullbl,
o0paTHOH K MaTpuLe Ko3(h(PpULIMEeHTOB, Ha BEKTOP NPaBbIX YacTeil ypaBHCHUH, T. .

X = A7'B . Vimenno 5T0T npuem NpomsocTpuposaH Ha puc. 7.15 npu Bblumciie-
HUU PELICHUN CUCTEMBI YpaBHECHUH 0€3 MpUMEHEHH MPOLEeIyphl Lsolve ().

Panee oTMeuasioch, 4TO MHOTHE PACCMOTPEHHBIC METOABI PEIICHHUSA ypaBHEHHH
¢ MUHUMAJIbHBIMU U3MEHCHUAMU MPUTOAHbLI U 14 PCUICHHS CUCTEM. KpaTKO yno-
MSIHEM HEKOTOpbIC M3 HHX, OCTaBHB 0€3 0OCYXKICHHSA BOMpPOC 00 YCIOBHAX HMX
NPUMEHUMOCTU. YuTaresib Npu KeNaHWu MoxkeT 0e3 TpyAa HAMTH HYKHYIO WH-
dopMaI|io Mo 3TOMY MOBOAY B CHPABOYHON W HAYYHOHM JIMTEpPAaType COOTBETCT-
BYHOLLETO Npod s,
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rﬁ'luf|[_x=|jg|<f_|g:||qﬁ|ﬂq JITutoriaIs | e

Pewenne cucremel
NHHERHBIX YyPpABHEHHI

123 10

A=|131 B:=]10 ¢o  Marpuua koadguumenTos 1
111 BEKTOP NPAELIX YACTed ypaBHeHMRA

(=2

()

Ho=laalvels B) H=]|2 & PelueHue cHCTEME! YpEaEHEHMIA
1 C NOMOLLLEH BCTROEHHOA NROLEdy o
3

v A~ I-El vol|3 ¢g  PEWEHHE CHCTEME YpaEHEHKA

C NOMOLLLEH 0BpaLLEHHA MATPHLE

Puc. 7.15. PelueHune cnctembl NMHENHbBIX ypaBHEHWNNA

Ilpeanonoxum, uro cucrema N ypaBHEHUH MOXKET ObiTh NPEACTaB/CHA B BUJIE
X = Q;(X1,%2,..,Xx ), 1 =12,...,N. Ecnu BBeCTU BEKTOp HEU3BECTHbIX NE€PEMEH-

HBIX X = (X, Xy, Xy)| M BekTOp-QyHKIHIO  $(X) = () (), 02(¥), -, @ (X))
(cumBon1 T 0603HAYaET ONEPALMIO TPAHCIOHUPOBAHHsA), TO cUCTeMa (POPMATbHO
MOXET ObITh npeacTaBieHa B Buae x = ¢(X). IlpumMeHenue MeToaa nocsienaoBa-

TCJIbHbBIX nTepaunﬁ AJis peuICHuUs TakOH CHCTEMbI noaApasyMeBacT BbIYHUC/ICHUC

npubmkenns X" s BEKTOpAa HEM3BECTHBIX MEPEMEHHBbIX HA 71+1-M ware 1o

HU3BCCTHBIM 3HAYUCHUAM J3TUX TMEPEMCHHBIX Ha #-M LMare 110 q)opMyne

¥ = §(F"). Dra cxema MoOKeT ObITH JIErKO pEalHM30BaHA C MOMOILIBIO MpPO-

rpaMMHBIX MeToioB Mathcad. CTporo roBops, pu 3TOM Jake He PUAETCS BUIO-
M3MEHSATb KOJ MPOLCAYPHI, CO3AAHHON paHee AJis PeuIeHUs] YPaBHEHU METOI0M
HUTEpALUH.

3agaua 7.5. Pemenne cucrteMbl YpaBHeHUl MeTOI0M HTepanuii

Ilprumep pelueHust cucTeMbl MpeacTaBieH B JOKyMeHTe Ha puc. 7.16.

IIpu pemiennn cucteM ypaBHEHHIA ClieyeT TOJIBKO KOPPEKTHO OIMUCAaTh BEKTOP-
(hyHKIMIO, KOTOpas 3aTeM OyIeT VKasblBaThCcs B KauyecTBe IMEPBOTO apryMeHTa

npouenypel. Ha pwuc.7.16 permaercs cuctema U3 ABYX  YPaBHCHHIA:
x=0.85+cos(y) u y=-1.32 +sin(x) . HayanbHbiM npubnvKeHUeM Ci1yxKaT Hy-

JICBbIC 3HAYCHUS MEPEMEHHLIX X U V. DTH 3HAYEHUS npeacraBjicHbl B BUASC KOM-

[OHEHTOB BEKTOpa. BeKTop MNpUCBOEH B KauyecTBE 3HAYCHUS MEPEMEHHOH a.
Bekrop-gyHKuMs onuceBaeTCA CHEOYIOLMM 00pa3oM: IOcie oreparopa IpH-
CBaMBaHUS YKa3aH BEKTOP, KOMIIOHEHTBI KOTOPOTO BBIPAXKAIOTCS UEPE3 HIEMEHTHI
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BEKTOpa, YKa3aHHOTO apryMeHTOM (QYHKUuHM. O TOM, YTO apryMeHT (pyHKLUH SIB-
JSeTCA BEKTOPOM, CBUAETENIBCTBYIOT TOJIBKO UHACKCHI B MPABOM 4aCTH COOTHOLIIE-
HUS, THULAAIA3UPYIOLIEro BeKTop-dyHKuuio. KeraT, cTOUT HAaOMHHTE, YTO MO
YMOTHaHHIO UHACKCUPOBAHUE 3JIEMEHTOB BEKTOPA HAUYMHACTCS C HYJIA.

$ﬂx=|[$|<§|gj|qﬁ|ﬂ1 “Tutorials | e

MeTon nocnefoBaTenbHbIX HTEpaLUi

MFPI(f,a,M) = |x¢a

for ic1.N <o [lpoouenypa
AOHCES pelleHkA

x4 fi®
X
0.25 + cos(x, |
1] 1)
4= ¢ Havanehbie F(x) = A MHruanuzauma
a FHAUEHKA —132 + sinfx)| EBEKTOR- Dy HKLMA
1791
MPI(F,a,100) = & Mpumepel ELIZ0BS
—0.344 COzAaHHON NpoLesy pkl

1.7
F(WPI(F,a,1007) = ( ] ¢a  Tpoeepka
~0.344 DEZYNETATE

Puc. 7.16. PeweHune cncTemel ypaBHEHUIA METOAOM NOCIEA0BATENBHBLIX NPUONNXKEHNIA

Jns pelieHust cucTeMbl YPaBHEHHMH BBI3BIBACTCS Y)KE€ M3BECTHAs UMTATEINO MPO-
ueaypa (s yao0CcTBa €€ Koj npuBeleH Ha puc. 7.16) ¢ TpeMs aprymeHTamu:
OMMCaHHOM B paboueM AOKYMEHTe BeKTOpa-(pyHKIMEH, BEKTOPOM HavyabHbBIX 3HA-
4YeHUH u yuciom urepauui. Kpome aroro, nmposepsiercs pesyJbTaT rnowcka petie-
Hus. [Ipennonoxkum, perieHue HaiiaeHo BepHO. Toraa eciu MOJyYCHHBIH B pe-
3yJIbTare BEKTOP yKa3aTb apryMEHTOM BeKTOpa-(pyHKUMH, TOOKHbI MOJYUUTh TOT
ske BekTop. s sToro B pabodeM AOKYMEHTE BBI3BIBAECTCS BEKTOP-(PYyHKLIHMA.
Ee apryMeHTOM yKka3biBaeTCs MpouUeaypa MOUCKA PeLeHUS] CUCTEMbl YPaBHEHUM.
[leprrIit aprymMeHT 3TOM MpoLieAYpbl — BekTop-dyHkuus. Kak BumHo u3 puc. 7.16,
pe3yJbTaT BNOJIHE MPUEMIIEM.

3agaua 7.6. Pemenune cucrems! ypasHenHii MmeToaom HeroTtona

I[J'IFI pemeHuA CUCTEM ypaBHeHI/Iﬁ HaCTO MPUMCHACTCA MCTO HrioTona. Kak u B
OpeaAbIAYLICM Cliydac, yL[06Hee BCCTO 3TOT MCTO/ OIMUCATh HA OCHOBC BECKTOPHOTI'O

npezcTaBnenns. Tak, ecnu peiraeMast cucteMa uMeeT Bua f(X) = 0, mpu Havasb-

HOM 3HAYEHHH X = d , TO MTepALMOHHOE 3HaueHHe Ha n+1-M mare X" moxer

ObITb MOJYYEHO MO WTEPALMOHHOMY 3HAUEHWIO Ha #-M ware o ¢Gopmye
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X = xn — 47N X)) F ("), rae A7(X) ecth MaTpuua, oGpaTHas K MaTpHLE Hpo-

W3BOJHBIX OT BeKTOpa-QyHKUIMU ]7(55) MO KaXIOMy M3 3JIEMCHTOB BEKTOpa-
aprymenta ¢ynkmmu. Ha puc. 7.17 npuBenmeH gparMeHT AOKYMEHTa, B KOTOPOM
OMKMcaHa MpoLeaypa pelieHHUs CUCTEMb] U3 ABYX ypaBHeHui. [Ipouenypa Heckomb-
KO MPUMUTHUBHA, HO, C APYTOH CTOPOHBL, JOCTATOYHO HATJISIAHA.

B z’zinzmx=|1%|<§|g]|ﬂﬂ|ﬂ “Tutorials j@Go

MeTtos HeloToHa ANA cHCTeMbl HE ABYX YpaBHeHHIl

x a
MWl ,f2,a,b,H) = ( ](—[ ]
W b

for iel. N

-1
d d
—fl(x. 7 —fl(xm
dx dy ¢ Mpoouedypa

d NOWCEa pelleHns

d
Zomy S,
™ (%% e (%, 5)

)= C)-+(ae)

fl{x,v) = 4-x2 + y2 +2ry-y-12

¢a  YPABHEHHA U

2 2
Lxy) = 2x + Fey+y =3 HaYanbHbIE ZHAYEHWA

0 PelweHue
MN2(fL, 2,2, b,10) = [ 1 ] @ CHCTEME

Puc. 7.17. PelweHne cuctembl 13 ABYX ypaBHEeHWIA MeTogoM HbtoToHa

VY npoue/typsl NsATh apryMeHTOB: /Be (DYHKLIKH, OMpeaeIsioniue cUcTeMy ypaBHe-
HUH, ABa Ha4YaJIbHBIX 3HAUCHUS U KaKA0H U3 MEPEMEHHBIX, OTHOCUTEIBHO KOTO-
PBIX cUCTEMA pellaeTcs, a TakKe YMciIo uTepauui. Beoadrcs nBe nokagbHbie ne-
peMeHHBIE (KaKk KOMIIOHEHTBI BEKTOpa), W Jajee B paMKaxX oIeparopa LUKIa
onpeaeseTcss MaTpULA MPOU3BOJAHBIX M YTOUHAETCS TEKYllee 3HAUEeHHE NepeMeH-
HbIX. B HwkHeH wactu puc. 7.17 mokazaH mpuMep BBI30BA 3TOW MpOLEAYPBI IS

pewieHus  cuctemMbl W3 ABYX ypasHenuit: 4x2 +32 +2xy—y—-2=0 wu

2x% +3xy+y* -3=0.
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3agaua 7.7. MeToa rpaiueHTHOrO CIyCKa

Ele oauH poctatoyHo nomyJsipHbii cnocod pelleHUs CUCTEMbl ypaBHEHWH —
METOJl CKOpeHInero (rpagreHTHOro) cimycka. Ero cyTe cBOOMTCS K CIEOyIOIIEMY.
Jonyctum, HyxHO pewnTh cuctemy w3 N ypaBHeHWUH fi(x],xp,....,xy) =0,
i=12,..,N. Dra 3anaya MoxeT ObITb cHOPMYJIMPOBAHA KaK MOUCK MUHHMYMa

N
(hyHKUMK CI)(xl,xz,...,xN)zzfiz(xl,xz,...,xN). JlelcTBUTENbHO,  MOCKOJbKY
i=1

(yHKLMS paBHA CyMMe KBaJpaToB JCHCTBUTENIbHBIX BEJIUUYMH, TO MEHbLIE HYJIs
oHa ObITh He MoOxeT. HyneBoe sxe 3HaueHHe peanusyeTcs TOraa M TOMBKO TOrAa,
KOIJa KayKJ0€ U3 ClaraeMplX paBHO HyJO. ECiin Ha #-M ware 3HavyeHue nepemeH-

HbIX PaBHO xl-("), TO Ha n+l-M 1Iare 3HaYeHUE MEePEMEHHBLIX OMNpesesIeTcs Mo

6CI)(xl("),x§"),...,x%))
" ﬁx,-
BHIE MOKET OBITh 3amucaHo kak x(D = x() —kn§<b()_c'(”)), e 0003HAYCHO
VO(X) = [

ent pynkunn O(X). [Tapamerp X, Ha KaXKA0M 1LAre BbIOMPAETCS U3 YCIOBUS MU-

dopmyae x" D = M _y

. To 3xe BbIpasKeHUE B BEKTOPHOM

8®(x1,x2,...,xN) 8®(x1,x2,...,xN) 8®(x1,x2,...,xN)
Oxl ’ 8X2 T OxN

j, T. €. rpaju-

HAUMyMa QYHKIMAA Y, (L) = OE —AVD(R™)Y)) (uro (hakTHYeCKH O3HAYAET pe-
meHne ypaBHeHus \,(A)=0). J[laHHas ¢yHKUMS ompenenseT 3HAYCHHE
HUCXOIHOTO MUHHMM3HPYEMOTO BBIpaKEHHS KaK 3aBUCHMOCTH OT TlapaMerpa A .
370 cOoBceM HeTpUBHAIBHAS 33/1a4a, TI0 YPOBHIO CJIO)KHOCTH CpaBHUMAs (a MOKET
M MPEeBOCXO/SILLAS) 337a4y M0 PELIEHUI0 CUCTeMbl ypaBHeHHH. [loaTomMy Ha mpak-
THKEe OOBIYHO 3HAUCHHE TlapaMeTpa A BBIYHCIIOT MpUOMmKeHHO. B gactHOCTH,
- 2
T /= —
1 (4TEME™) .
MOKHO HCITOJIB30BaTh QOpMyITy A = 5 = 5> e A(x) —
(AG™)AT FM)fGE™))

MaTpHIia TIPOU3BOHBIX OT BekTopa-(hyHKuMK [ (X) mo ee aprymenram. Peamusa-

1 METO/1a TPAJMEHTHOTO CIyCKa JJIl CHCTEMBI U3 IBYX YpaBHCHH MOKa3aHa
Ha puc. 7.18.

B tene oneparopa umkia, KOTOPbIi COCTAaBIsET OCHOBY BCEH MPOLICAYPbl, Onpeae-
asercs BeKTop-QyHKUMS, 3a1ar0lias CUCTEMY YPaBHEHUM, a Takyke MaTpHULa Mpo-
HU3BOJHBIX. DTH OOBEKTHI HEOOXOOUMBI Aanee Ui OMpenesicHHs mapaMerpa A .
IlockonbKy B 3TOM cilydae CKalsipHO MEPEMHOXKAIOTCA BEKTOPbI, TO B UHUCIIHUTENE U
3HameHaresie poOu BMECTO orepaTopa BO3BEACHHWSI B KBaJpaT yKasaH OrepaTop
CKaJIIPHOTO MpOU3BEeAEHHUs1 BeKTOpoB. HakoHel, mocie BbIUMCIEHUS A MOMKHO
paccuMtaTh HOBOE NPUONKEHUE A MEPEMEHHBIX, OTHOCHUTENBHO KOTOPBIX
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pemacTeda CucTeMa ypaBHeHHﬁ. B mmxuelt yactn AOKYMCHTa MCTOAOM I'padUCHT-
HOT'0 CITyCKa peIacTCcd CUCTCMa ypaBHeHHﬁ, KOTOpad paHeEe peurajach METOAOM
HzioTona. Kak BUAUM, pE3YyJIbTAThl COBIIAAAKOT.

A¥|ﬁx=|lg|(;|gj|aﬁ|ﬂ JITutoriaIs 7| @0
METD,J]. TpagWeHTHOIO CNYCKa ANnA CHCTeMBbl H3 OBYX ypaBHEHHﬁ

X a
MR £2, 8,0, 1) = [ ](—[ ]
¥

for iel. N

(H(X,Y)]

(x50 o Mpoouesypa

4 4 MoMCKa peleHua
Zflix, = flix,
o (x5 pu (x5

A
d i
—f0y) .y
dx dy
1 'AT-f'-'AT-f'
-
2 'A-AT-f'-'A-AT-f'

d | 2 2§
=iz, 5" + f2(x,7)
dx

-6
;)

flix,w) = 4-}{2 + y2 +2ry-vy-12

& largep? + oeep?
dy

.3 2 (o YpaBHeHWA W
f2x,1) =20 +3xy+¥ -3 HAYANEHEIE 3HAYEHHA

0.5 PeweHue
MOE(fL 12, 2,b, 10) = [ 1 ] “ CHCTEME

Puc. 7.18. PewweHune cuctemsl ypaBHEHNIN METOAOM MPAANEHTHOMO Crycka

UHTepnonauma cyHKunn

Yacto nmpu NpoBeJEHWH HAYUYHbIX MCC/EJ0BaHUI, OCOOEHHO CBA3aHHLIX ¢ oOpa-
OOTKO# IMITUPUYECKUX AAHHBIX, MPUXOTUTCS MMETH NEN0 ¢ (DYHKIMOHATbHBIMH
3aBUCHUMOCTSMH, NapaMeTpbl KOTOPbIX HEWU3BECTHbI WKW MHPOPMALIUS O HUX He-
nonHas. DTy npodieMy MOXKHO pelaTh HECKOJIBKUMH MyTsIMU. JlocTaTouHo mory-
JSIPHBIN, pacnpocTpaHeHHbId W 3 deKTUBHBIN MeTo — WuHTepnosisiuus. B obuiem
cimydae 3amada QopmynupyeTcs clemyromuM odpaszoM. [IpencTaBuM cuTyauo,
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Korga (pyHKUMOHAIbHAs 3aBUCHMOCTb peajv30BaHa B Buae Tadmuubl. pyrumu
CJIOBAMH, 3HAYEHHS HEU3BECTHOH (DYHKIIMU W3BECTHBI TOJbKO B HEKOTOPbIX TOUKAX
(y3nax). B pe3yabrare MHTEpHONSLMH CTPOUTCS Takas (yHKUMOHATIbHAs 3aBUCH-
MOCTb, JUISi KOTOPOH 3HaueHWs B y3Jax COBMNAJAAOT CO 3HAUYCHUSIMU HEW3BECTHOM
TabynupoBaHHON QyHKIMK. OOBIYHO BBIOMpaeTcs (PYHKIUS ONpeAesieHHOTO BUAA,
KOTOpasi MOMHUMO aprymeHTa (aprymMeHTOB) 3aBUCHT €llle U OT HEKOTOPbIX napa-
METPOB, PACCUUTHIBAEMBIX TaK, YTOOBI B Y3JOBBIX TOUKaX (PYHKUHMA MpUHUMAsa
ornpejesieHHble 3HadeHus. Yacto 6a30BOH MHTEPNOASLMOHHON (DYHKUMEH CIYHKUT
MOJTMHOMHAJIbHASL 3aBUCUMOCTh. B 3TOM ciydae ropopat o0 MHTEpHONALMOHHBIX
nonuHoMax. [loaroHouHbIMM NapaMeTpamu SBJSIIOTCS KOIPPULUMEHTDbI MOJUHOMA.
[NonuHoM MOKET OBITH OAMH IUIsl BCETO AMANa3OHa, B KOTOPOM JIEKaT Y3JIOBbIC
TOUKH, WIM JlMana3oH pa3OMBaeTCsl HA NOJJMANa3oHbl, HA KAKIOM W3 KOTOPbIX
MOJTMHOMHAJIbHBIE 3aBUCUMOCTH pa3Hbie. [[oMUMO ycoBHS Ha y370BbI€ TOUKH MO-
sBnsgercs eule U TpeboBaHHE HENPEepPbIBHOCTH (PYHKLUUU W €€ NPOM3BOAHBLIX (10
OTpefeIeHHOro nopsaka). Takas MHTepHonsuMs Ha3bIBACTCA WHTEPHOIALUCH
crnaiinamu. Jlns BeinosiHenus uHtepnofsiuyd B Mathcad cyinectByior BCTpoeH-
HbIe TPOLICAYPbI, MOKHO CO3JaBaTh MU COOCTBEHHBIC MporpaMmbl. OcTaHOBUMCS
noapoOHee Ha 3TuX Bonpocax. HauHem co crutaiiH-uHTEprnosLum.

UHTepnonauusa cnnanHamm

s BeinondeHus crinaiin-unrepnossiuyu B Mathcad ecrts HaGop cneuuanbHbIX
BCTPOCHHBIX YTHIUT. OHA U3 HUX — interp (), Y KOTOPOW YeThIpe apryMeHTa.
Tpu nocneanux ocoObIX KOMMEHTapHEB He TPeOYIOT U UX Hajluuue BroJiHe oObsic-
HUMO. DTO COOTBETCTBEHHO BEKTOP Y3TOBBIX TOUCK, BEKTOP 3HAUCHHUM (hYHKIIUH
B Y3JIOBbIX TOUYKAX W [EPEMEHHAs1, /ISl KOTOPOH BbIUUC/ISICTCS UHTEPIOJISILIMOHHOE
3HadeHue. [lepBbIM apryMeHTOM YKa3bIBaeTCS BEKTOP BTOPBIX IPOM3BOAHBIX. ITOT
BEKTOP CYLIECTBEHHO 3aBUCUT OT TOI0, KAKUMM CIJIaliHAMU BbIMNOJIHAETCS UHTEP-
MOJISAIMA W BBIUMCTSICTCA OMHOH W3 TPOIEeayp cspline(), pspline() HIH
lspline (). APrymMeHTaMH BCEX TPEX MPOLEAYP YKa3biBAIOTCS BEKTOP Y3JI0BbIX
TOUCK W BEKTOP 3HAYCHWH (YHKIMH B Y3MOBBIX TOYKaX. [Ipoleaypoii cspline ()
BO3BPALLACTCS BEKTOP BTOPbIX MPOMU3BOJHBIX, COOTBETCTBYIOLIMX KyOUUECKUM
crmaiiHam (T. €. TIOMUHOMBI TPETheH CTEMEHH) B TPAHUYHBIX TOUYKAX JHANA30HA
uHTepnojsiuuu., Ytobbl B rpaHUYHBIX TOUYKAX CIIAMH-NOMMHOMbI ObUIM BTOPOL
CTETeHH, BHIOHPAIOT TPOLEAYPY pspline (). JIMHEHHBIM MOTHHOMAM Ha TPaHUIIC
COOTBETCTBYET NMPOLEAypa 1spline ().

3axaua 7.8. UaTepnoasinus cnjiaiHaMu

IlpumMepbl NpUMEHEHHs MEpPEeuHCIeHHBIX YTWIMT 19 TOCTPOeHUs CrulaiH-
HMHTEPMNOJIALNY MPEeACTARICHbI Ha puc. 7.19.
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HHTepIoIaHA CIUTAHHAMH

i=0,1.5 b= WHpekcHan
nepeMeHHaRA
) . 1 2 fmi (o YENOEBIE TOUKM
L0014 Y= it 00 ti sm[ﬁj M SHAYEHWA DYy HKLMA

13 = cepline X, Y

p2 = papline 3, Y) ¢ Bextop BTopex NPOMIE0LHE
o1 = lspline( X, ¥) ANA pasHe THIOE MHTERNONALMAW

F30t) = interp(p3, T 1)

f2(1) = interp(p2 , 2L, ¥, 1) ¢o  MHTEpROnAUMOHHENR
MNENHHOME!

It = interp(pl 20 Y.10

Puc. 7.19. Ucnonb3osaHue BCTPOeHHbIX npoueayp Mathcad
AN BINOMHEHUS CNNaiH-MHTEPNONSLMn

CHauana crpostes 6a30Bble TOUKH. [TOCKONABKY MpUMEp HILTIOCTPATHBHBINA, TO IS
CO3/1aHUS BEKTOPa Y3JIOBbIX TOUEK W 3HAYEHWH (PYHKUMM B HUX BbIOpaHa Mpous-
BoJibHAS (BYHKIMA (C OCIAIITAIMAMU — A5 Oonbiieit HarmgaHocTH). [ToToM mo
9TUM 0a30BbIM TOUKAM CTPOSITCA TPU CIJIAHH-UHTEPHONSLNU — ¢ KYOUYECKUMM,
KBaJIpATUYHBIMH W JTHHEHHBIMH CIUIAMHAMH B TPAHHUYHBIX TOUYKaX. Pe3ympTar mo-
KazaH Ha puc. 7.20.

Kak sierko 3ametuthb, pazHuua He odeHb cyluecTBeHHa. [Ipobiema cpszana ¢ Tem,
KaKkWe YCJIOBHS BHIOMpAaTh HA TpaHHUIle AUATNlA30HA WHTeprionupoBaHus. lero
B TOM, YTO VCJIOBWUH CUIMBKH CIJAHHOB B Y3JIOBBIX TOUKAX HEAOCTATOUHO IS
TOTrO0, 4TOOBl OAHO3HAYHO OTPENeNUTh WHTEPHOIANHOHHYIO 3aBUCHUMOCTH. [lo-
9TOMY K HUM A00aBJISIOT €L1¢ U YCJIOBUS Ha IPaHULIE, KOTOPbIE BbIOUpAIOTCS
TTOJTB30BATEIIEM.

Hepenko uaTEepnonsus qomKkHA OBITh TUHEHHON. DTO O3HaYaeT, YTO TOUKH MPO-
CTO COCAUHSIOTCS MPSIMbIMU JIMHUIMHU, Eciiu peus uaer o rpaduyueckom npejicras-
JICHUW 3aBUCHMOCTEH, TO COCIMHEHHS TOUYEK NPAMBIMH MOXKHO AOOUTHCS ITyTEM
HacTpoeKk napaMerpoB rpaduka. EC/iM HYKHO BbIUMCIIUTL 3HAYEHUE (GYHKUMU
B TOYKE, KOTOpas He ABJIAETCA Y3JIOBOMH, JIyUllle BCE XK€ BOCIOJB30BATHCS CIELU-
anbHOU npouenypoi. [lis auneiHoit uarepnonsuun B Mathcad npuroana npo-
ueaypa linterp (). Y Hee TPH apryMEHTa: BEKTOP Y3/IOBBIX TOUEK, BEKTOP 3HaUe-
HUI YHKLUMK B DTUX TOYKAX, & TAKXKE TOYKA, B KOTOPOU BBIUMC/ISETCS UHTEPIO-
JAUHOHHOE 3HaYeHue. Ha puc. 7.21 nokaszaH npumep BBI30OBA 3TOH NpoUeAyphl.
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Puc. 7.21. JluHeHaa nHTepnonsaumsa
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Puc. 7.22. UHTepnonsumsa napabonuyecknmn cnnanHamm

B kauecrtBe NCXOAHbIX Bbl6paHbl T€ KC CaMbl€ JaHHbLIC, YTO U B MNPCAbIAYLIEM
npumepe. 3/1eCb HHTEPNOISLMOHHAS MPOLIEAYpa yKa3aHa HENoCpeCTBEHHO B 00-
jactu rpaduka.

B Mathcad ectp cnenuanbHas mpoueaypa bspline () A7 BBIIOJHEHUS HHTEPIIO-
JSUMU CIUTaHH-NOTMHOMAaMH, OTJIMYHBIMHA OT KyOudeckux. OHa BO3BpallaeT BEK-
TOp KO3((PULMEHTOB, KOTOPBIN 3aTeM YKa3blBalOT MEPBBIM apryMEHTOM IpoLeLy-
pBl interp (). Y MOpouenypsl bspline () HETBIpE aprymMeHTA: ABA CTaHAAPTHBIX
BEKTOpA Y3/10BBIX TOUCK U 3HAYCHHUH (PYHKLMH B Y3JIOBBIX TOUKAX, BEKTOP 0a30BBIX
Y3JI0B, IO KOTOPBIM CTPOUTCS MHTSPHOISLMOHHBIA MMOJHHOM, a TAlOKe LeI0e YHc-
JI0 B AMaNa3oHe OT | 10 3 BKIFOUMTENBHO, ONpEAestollee CTENECHb HHTEPIOALH-
OHHBIX MOJUHOMOB. TpeThit apryMeHT (BEKTOp Y3J10B AJS BBINOJIHEHUS WHTEPIO-
JSUMM) AODKEH COAEp)KaThb MEHbLIEe KOJIMYECTBO DJIEMEHTOB, HEM BEKTOP
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0a30BBIX Y37I0B, YKa3aHHBIH HEpPBBIM apryMEHTOM. OJTHUX TOYEK AOKHO ObITh
MEHBIIE Ha YUCIO, PABHOE CTENECHH TNOJIMHOMOB (UETBEPTHIH apryMEHT MpoLesy-
pbl) MuHyc eauHuua. [lepBblil 31eMeHT 3TOro BeKTopa HOMKeH ObITh He Oonblie
MEPBOTO JIEMEHTA BEKTOPa 0a30BbIX Y3JIOBBIX TOUEK, a MOCICIHUHA 3JIEMEHT — He
MEHBIIE TMOCTCIHEr0 3IeMEHTa BEeKTOpa 0a30BbIX y3/10B. [lpumep BbIMONHEHUS
HMHTEPNOIALMH MapaboIMYecKUMH CIUIaiHaMU MpeAcTaBieH Ha puc. 7.22.

B nokyMeHTe cHauasia ONnpejesiercsi BEKTOp ¢ TOUYKAaMU ISl BbIIIOJIHEHUS WH-
tepnosiuuu. [lockosibky BbIOpaHbl MOJIMHOMbI BTOPOM CTEMEHH, TO OH J0JIKEeH
COJIEPKATh HA OJIMH DJIEMEHT MeHbllle, YeM BeKTOp 6a30BbIX y3J10BbIX ToueK. [la-
jJlee npoueaypa CO3JaHUsl WHTEPIHOJISILMOHHON 3aBUCUMOCTHU JIOCTATOYHO CTe-
peoTuIHa.

CrnenmyeT 3aMeTUTB, YTO NMPOLERYPBI cspline (), pspline () WIK lspline () IpH-
TOAHBI AJI BBIMOJHEHHUs ABYMEpHOM uHTepnoisunu. Torma aprymeHTamu (pyHK-
LW YyKa3bIBAIOT HE BEKTOPBI Y3JIOBbIX TOUCK M 3HAUYCHUH (PYHKLMH, 4 KBaJpaTHbIC
Matpupl. [lanee, kak 1 B cay4ae oObIYHOM (OAHOMEPHOI) MHTEPIIONSLMUH, BbI3bI-
BaIOT MPOLCAYPY interp ().

UHTepnonsauMoHHbIN nonuHoM JlarpaHxa

IomnynsipHa UHTEPHOJSILMS YUCICHHBIX JIAHHBIX OJHON 00LIel (PyHKLUMOHALHOM
3aBUCHMOCTHIO TTONMHOMHUAIBHOTO BHAA. CylIecTByeT HEeCKOIBKO CIOCOOOB IMO-
CTPOeHUS NOjMHOMA. B COOTBETCTBUM ¢ 3TUM TOBOPAT 00 WMHTEPNOJISILIUOHHOM
nonuHoMe HeroToHa nnu, Hanpumep, Jlarpanska. OQHAKO U B TOM U B IPYTOM CITy-
yae noJiyyaeM OJMH U TOT K€ MNOJUHOM. PaszjiuuHbl TOJIbKO NPOLEAYPbl €ro Mo-
CTpoeHus. 3/IeCh pacCMOTPHUM CIOCO0 MTOCTPOSHUS MHTEPIIONAIIMOHHOTO TTOTHHOMA
no meroay Jlarpanaxa.

[IpeanonoxKum, 4To B Y3J0BbIX TOUKAX {X;} (QYHKUMS JOJKHA MPUHUMATD 3HAYe-

Hus {y;}, i=0,1,2,..,N. UHTepnoassuMOHHbII NOJIUHOM CTPOMUTCSl TaK, 4TOObI
B Y3JIOBbIX TOUKAX 3HAYEHHsI, BLIYMCICHHbIC HA €r0 OCHOBE, COBIMAAaIU C Tabnu4-
HBIMHU 3HAYCHUSIMHU QYHKLIMH {V;}. Jlerko mokasaTk, 4TO CTEHEHb TAKOrO MOJIUHO-
Ma (A7 OJHO3HAYHOTO €ro OMNpENeNeHUs) NOMKHA ObITh HA ©AMHUIYY MEHbILIE
YMCJIA Y3JI0BbIX TOUEK.

N

Eciin nHTepnosisLmoHHoe BbipaxeHne Bbibpars B Buae L(x) = Y y;0;(x), rae 6asuc-
i=0

N N
ubte Gynkimn @;(x)= [] (x—x)/ [] (% —x4). T0 970 Gymer umeHHo TOT
k=0,k=i k=0,k=i

MOJIMHOM, YTO HYXKCH. I[eﬁCTBHTeHBHO, OH UMEET CTeIeHb N (L]I/ICJ'IO Y3JIOBBIX TOUYCK
PpaBHO TIpHU 3TOM N +1) U B Y3JIOBBIX TOYKAX IMPUHUMACT INPABWIBHBLIC 3HAYUCHUA.
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I/ICXOllf[ U3 €ANMHCTBEHHOCTH MOJIMHOMA, YAOBJICTBOPAIOLICIO BCEM I3TUM YCJIOBHSM,
H CJIeayeT ¢ HeI/I36e)KHOCTLIO, YTO 3TO HCKOMBIH HHTGpHOJ'[HL[HOHHbIﬁ IIOJIMHOM.

3agaua 7.9. UaTepnioasinnoHnabii noaunHom Jlarpamka

Peanmmzanms cootBercTBYyrome# mpouenypsl B Mathcad mokazana B mokymeHTe
Ha puc. 7.23.

;51131 m x= ’EE’E cefi ’a “Tutorials j @Go
Hurepnoasmonns i mosmHoM JIarpamsa
Lz, = | N & rows(x) - 1
3«0
for il M
5. 1
! ¢ Tpouenypa BbNKMCAEHMA
for keO. N nonuHOMa NarpaHs
t -
5. 4 3 if k#i
1 T — xk
e B4y N=10 ¢o  Mhnekcuaa
. i=0,1.H MEpEmMEHHEA
) . ) 1 o fmd ¢o  YEIO0BLIS TOUKM
=0l Yy rom 1”{@] M SHAYEHHA DY HELMM
1} 1}
0| o 0 20 LOLY,0 = 20
11 041 1 0.086
2| 02 2 2.22 L{EL,Y,0.0) = 0086
3| 0.3 3| 0328
= 4| 04 Vo 4| 3217 LY, 04y = =3217 “ I'IpoBepK:a
5| 04 5| 4528 FHAUEHIA
6| 0.6 3 0.165 L, Y.06) = 0165
7|07 7 -5.92
g 0s g | 7052 L, ¥, 0.8) = 7052
91 0.8 ] 011
10 1 10( -8.561 LY. 1) = 8561

Puc. 7.23. lNpoueaypa BbluMcneHns nonvHoma Jlarpanxa

[Ipouenypa umeer Tpu apryMeHTa: BeKTOPbI Y3/IOBBIX TOUEK U 3HAUCHUH (DYHKLUH,
a TaKyKe 3HAUEHHE TOYKH, B KOTOPOU BBIUMCISETCS UHTEPNONSILIMOHHOE 3HAUSHHE.
IlepBoli KoMaHAOH B Tese NMpOLeTyphl BBIYUCIAETCS CTENEHb HHTEPIIOJIALIMOHHOTO
MOJMHOMA, KOTOpPas, Kak OTMEYaocCh, HA €IMHULLY MEHbLUE YHUCIA Y3JI0BbIX TOUEK.
Ilocre aTOrO0 HyNnEBBIM HaYaJIbHBIM 3HAY€HUEM WHULIHAINZHPYETCA MEepeMEHHA,
B KOTOPYIO Oy/eT 3anuchiBaTLCSl MHTEPNOsILIMOHHAS cymMa. OCHOBY Mpouesypbl
COCTABIIAIOT [Ba BIIOJKEHHBIX OmepaTopa LMKiIa. MHAeKkcHas mepeMeHHas MepBOTro
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IMKJIa OTIpeAeNsieT HOMEp CllaraéMoro B MHTEPIONSIMOHHON cymMMe ((paKkTHIeCKH,
9TO HOMep y3i1a v 6azucHol QyHkuMK). UHIeKcHas nepeMeHHas BHYTPEHHEro uuKia
ABJIACTCS TICPEeMEHHOM Mpon3BeeHNs. Bo BHyTpeHHeM IHMKIIE TakkKe MHULUATA3H-
pyercs JlokaJibHas NepeMeHHas, HO ¢ HauallbHbIM 3HadeHueM 1. B aTy nepemenHyio
3amuchiBaeTcs 3HadeHWe OazwcHol (yHKuuM. Takume Oa3vicHble (GYHKUWH, Oymaydn
YMHOKEHHbIMM Ha 3HaueHue (DYHKUMH B COOTBETCTBYIOLUEM Y3il€, CYMMUPYIOTCS
(BHELTHUH IMKIT), B pe3ybTaTe 4Yero W IMojydaeM WHTEPIIOISLMOHHBIA TOTHMHOM.
B npouecce nepedopa 3HaUEHUI NEPEeMEHHON BHYTPEHHErO LIMKJ1a JIOKa/bHas repe-
MEHHasi YMHOYKAeTCsl Ha pa3HUILY TIePEMEHHOM, B KOTOPOH BBIUHCIISETCS TIOTHMHOM,
Y3/I0BOk TOUKH, & TAKKe AENUTCS HA Pa3HULLY 3HaYeHUI Y3JIOBbIX TOUEK C WHJeKca-
MH, COBMAJAOLIMMH CO 3HAYCHHSAMH WHICKCHBIX MEpEeMEHHBIX. OTa Omeparys BbI-
MOJIHSIETCS TOJILKO B TOM Cllydae, eciid epeMeHHbIe BHEUIHEro U BHYTPEHHEro LMK-
JIOB UMEIOT pa3uuHble 3HaueHWs. Jlanee u3MeHseTcs JIOKalbHas TepeMeHHas UL
MHTEPMOJISIIMOHHON CyMMBI: K Heli 100aBisieTcsl BBIMMC/IEHHOE 3HaYeHue Oa3ucHON
($yHKUIMH, YMHOKEHHOE Ha 3HaueHHe (PYHKLMHU B Y3IIOBOU TOYKe.

B HwxHeit yacTu noKyMeHTa Ha puc. 7.23 reHepupyeTcs MOCIeAOBaTENbHOCTD Y3-
JIOBBIX TOYEK W 3HAYCHUHM (YHKLUHMHM B 3THUX TOukax. Jlanee 3HaUYEeHHUs COOTBETCT-
BYIOIIMX BEKTOPOB OTOOPa)KarOTCA BMECTE CO 3HAUCHUSMU MHTEPIOISLMOHHOTO
MOJTMHOMA B Y3JIOBBIX TouKaxX. HeT HMYEro yaAMBUTENBEHOTO B TOM, YTO STH BE/IH-
YHMHBI COBNAJAIOT CO 3HAYCHUIMU (PyHKLIMHU B Y370BBIX Toukax. Ha puc. 7.24 noka-
3aHbl TOYKH, 110 KOTOPBHIM BBIMIOJHSIACH MHTEPHOISILUS, a TakkKe 0TOOpaskeH WH-
TEPNOALUMOHHBIN TOTUHOM.

A ’[_ x= @E’E af ’E JITutoriaIs j & an

40
2z
16

¥

o

LX, 7.0

— 4
-3

Ay 02 04 08 08 1
i

Puc. 7.24. WuTtepnonsuus Jlarpanxa
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XoTs ToUkH Ha rpaduke pazdbpocaHbl HE OUEHb CHIILHO, HA FPaHULIAX UHTEPNOJs-
LIMOHHBbIH MOJUHOM AA€T CYLLECTBEeHHble ocuuuiauud. MmenHo 310 3acrasasier
UCKaTb ApPYrue MeToAbl HHTeprnosiumu. C Apyroil CTOPOHbI, PacCMOTpeHHas
CIUIalH-UHTEPNOJSILMS XOTA M peulaer npodjaeMy ¢ OCUMUISLMSIMU Ha rpaHule,
MMEET TOT HEJOCTATOK, UYTO HHTEPNOJSUMOHHAsS (PYHKLMS SBJISIETCS KyCOUHO-
raaakoi. Ecnu B nanbHeliemM npuaeTcst BBIYUCIATh NPOU3BOJAHBIE OT UHTEPION-
LIMOHHOW 3aBUCUMOCTH, TO, HAYMHAS C HEKOTOPOro MOPSAAKA NPOU3BOAHLIX, NO-
CIIeIHME OKAXKYTCS Pa3pbIBHBIMU.

UucneHHoe pelieHue
AnddepeHUManbHbIX ypaBHEHUN

Jlns pewienuns inddepeHuanibHbIX YpaBHEHUH B YHCIGHHOM BUJIE NOJIb30BATENSIM
Mathcad npeanaraercst psn yaoOHBIX mpoueayp. Tem He MeHee, A YCICITHOTO
NPUMEHEHUs UX Ha MpakThke TpedyeTcs UMeTh XOTsl Obl MUHUMaJIbHbIC MO3HAHMS
B 00JlacTH YMCIEHHOTO pelieHus auddepeHInaIbHEX ypaBHeHuid. Kak mpasmio,
npoueaypbl Ans peweHus: auddepeHunanbHbIX ypaBHeHUH GopMaibHO cOOTBET-
CTBYIOT OCHOBHBIM MAaTEMaTHYeCKHUM METOIaM, LIMPOKO M3BECTHBIM CIICLIHAIIH-
cTaM B jJaHHOW oOsactu. J[pyrumu cioBamu, eciid udTareib XOTs Obl HEMHOTro
OpHEHTHpYeTCS B MATEMaTHIeCKOM CyTH 0a30BBIX METOJOB, HA3HAUCHHUE TIPOLICTY-
pbl Mathcad emy cTaHOBUTCSI MOHATHBIM YKe 10 Ha3BaHMWIO, MOCKOJIbKY B HEM, KaK
MPaBUJIO, OTpaKeH UCXOAHBIN MaTeMaTHdeckuii Metod. C OfHON CTOPOHBI 3TO XO-
POLLO, NOCKOJIbKY MO3BOJISET CHELUATUCTAM BbIOUPATh UMEHHO TO, YTO HYXKHO —
MpoLecC PeIleHHs MPAaKTHUECKH TOJHOCTHIO KOHTPOIUPYETCS TOIb30BATEIeM.
C pyroii cTopoHbl, AajeKO HE Y KaKJAO0ro eCTb BpeMs U KejlaHue pazbuparbces
B OCOOEHHOCTSIX TOTO WJIM WHOTO ajdroputMa. MHOTHE MOJb30BaTeId MpeAroyn-
TAIOT M0Jy4YaTh NPaKTUYECKUH Pe3yJbTaT ¢ MUHUMAJIbHBIMK 3aTpaTaMu CUJ, U BO
MHOTOM OHH TpaBbl. B 3TOM CMBICIIEe XOUeTCs BBIACIUTH JOCTATOUYHO YHUBEPCATb-
HYIO npoueaypy Odesolve(). B Goabwmucrse curyauuii auddepenuuansHoe
ypaBHEHHE WM CHCTEMa ypaBHEHHH MOTYT OBITH peIleHbI ¢ MMOMOLIBIO 3TOH Mpo-
Le/lypbl, IPUYEM CaM MPOLECC PeLIeHUs JOCTATOUHO NPOCT.

O0wui npuHuun padoTsl ¢ NPOUEAYPO Odesolve () COCTOUT B CJEAYIOLLEM,
B pamkax 6moka Given 3a/iaeTcs pemacMoe ypaBHeHHE (MITH CUCTeMa YpaBHEHHN)
C HadaJIbHbIMH YCJ/IOBUSIMHU. 3akaH4uMBaeTCs 6.]'[0]( KOMaH[lOl\/Jl BbI3OBa MpouUCAYypPbI
Odesolve () € COOTBETCTBYIOIUMH APTYMEHTAMH. TakuM oOpasoM, B YUCICHHOM
BHjIE onpe/ensiercs uckomas pyHKUMOHaIbHAsE 3aBUCUMOCTD (MJIW 3aBUCUMOCTH).

Mpumep 7.5. PewweHne audpchepeHumanbLHOro ypaBHeHUs

IlpocToii npumep BbI3OBa MPOLELYPbl Odesolve () /U PELIEHUS HEOAHOPOHOIO
T epeHIMaTBHOTO YpAaBHEHH BTOpPOro mopsaka x"(t)+ x(f) = sin(f) ¢ Hyme-
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BbIMHM HaYaJbHBIMHM YCIOBUSMH Ui (PYHKLIMH U €e MPOU3BOAHOM MOKa3aH B JO-
KyMEHTE Ha puc. 7.25.

A ] = [ <F 3] af W JITutoriaIs j &G0

Uncnenroe perxersie qd ¢ ep e HiHANEHBIX YPABHeHHIT

Given

2
Sy +x) =sin(ly oo Pewaswioe
at YPEEHEHME

[paHW4HEIE
(H) =0 #=0 YCNOEMA

o Pewenue
YPAEHEHMA

i)

1= Odesalvelt, 10D

Puc. 7.25. Pewwerne anddepeHumansHoro ypasHeHNa ¢ noMoLLbio npoueaypbl Odesolve ()

OTMeTl/IM, UTO MNpu BBOJAC YpaBHCHUA [Jid HaA4aJIbHOIO 3HAYUCHUS l'lpOPlSBO)J,HOﬁ
cuMBOI AU depeHIMpOBaHNS B BH/IE INTPUXA BBOJUIICS C MMOMOIIBIO KOMOWHAIIIN
knapuin <Ctrl>+<F7>, Yro kacaercs HENnocpe/ACTBEHHO NpoLeypbl Odesolve (),
TO B JAHHOM ClIy4ae y Hee ABa apryMeHTa. [lepBblil — mepeMeHHas, KoTopas Ciy-
JKUT apryMeHTOM WCKOMOH ¢yHKuuH. BTopol aprymeHT onpenenser BEpXHIOO
TpaHUIly (HWKHSS paBHA HYJIO) IO apryMeHTy HckoMol (yHKiuu. Permienvie
MUIETCA B COOTBETCTBYIOLUEM Juana3zoHe. Pe3ysibrar, Bo3BpauiaeMblid npoeaypoit
Odesolve (), TIpUCBaWBaeTCs B KauecTBe 3Ha4YeHUs (PyHKIUN. DYHKINS yKa3bIBa-
ercs 0e3 aprymenTta ((akTU4YecKM, apryMEHT yKazaH NpH BbI30BE MPOUEAYPbI
Odesolve () ) — TOJIBKO Ha3BaHUE.

Haiinennyto B umucieHHOM BHUIE B pe3yibTaTe pelneHus audQepeHIHaIbHOTo
ypaBHEHUsI (PYHKLMIO MOKHO MPOTECTUPOBATH MO OTACIbHBIM TOUKaM (BBI3bIBas
HalleHHYIO (PYHKLMIO U yKa3bIBask 3HAUYCHUE apryMEHTa), HO U1 HATJIAAHOCTH 3TO
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JydIIe Bce ke cmenarh rpadudecku. B HwkHel yactu puc. 7.25 mpuBeneH rpa-
(DMK, KOTOPBIH CTPOUTCS CTaHAAPTHBIMU METOAaMU, ONMCaHHBIMU paHee. [Ipu pe-
LIEHWH CUCTEMBI U] epeHUMANBHBIX YPABHEHHN CUTYALN HECKOIBKO CIIOXKHEE.

Mpumep 7.6. PelneHne cuctemsl
AandbchepeHunanbHbIX ypaBHEHUA

Ilpumep pelnenns cuctembl ypaBHeHUH npeacTasiieH Ha puc. 7.26. Cucremsl pe-
MIAlOTCA MPAaKTHYECKH TaK K€, KaK M OTHeNbHbIe ypaBHeHHsA. B pamkax Omoka
Given BBOASATCS pellaeMble YPaBHEHUS U HayalbHble YCa0BUS K HUM. [locine aToro
BBI3BIBAIOT MPOLIEAYPY Odesolve (). OTIHYME MO CPABHEHHIO C NPESABIAYLIAM CTydaeM
COCTOMUT B TOM, YTO Terepb apryMeHTOB Yy npoueiaypbl He aBa, a Tpu. llep-
BBII apr'yMEHT — BEKTOp ¢ Ha3BaHUAMH (YHKIMI, OTHOCHTEITBHO KOTOPBIX peria-
eTcsl cucTeMa ypaBHeHHH (BTOPbIM apryMeHTOM (YHKLHMH YKa3biBaeM MepeMeH-
HYIO, 8 TPETbHM — BEPXHIOO TPaHHLLy €€ U3MEHECHH).

A ] 2= [R<F F] af ™ HITutoriaIs x| @eo

Peurernte cicTeMel gudy eperIgiaIbHEIX VP ABHeHHIT
Giiveny

%ty(t) = () - 2D + exp()
C:I Pewaeman cHcTEMa

%z(t) = 2908 + oE) + exp(3-4) YPABHEHHH
t

wih =0 2 =1 ¢a MpaHnuHee
YCIDEMA
[Z] = Odesolve[[Z] ’t’1:| @ ff::ee:d::aypaBHeHnﬁ
10
7 =
sy v

-zi

Puc. 7.26. PewweHne cuctembl gudepeHumnanbHbiX ypaBHEHNIA
C nomoLbto npoueaypbl Odesolve ()
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B HwkHell yacTH MOKyMeHTa Ha puc. 7.26 TipencTaBieHbl TpaduKy HANICHHBIX
hyHKIWIA.

Mpumep 7.7. CBegeHne ypaBHEHUSA K cUCTEME

Kak u3BecTHO, OTMH U3 METOOB perieHus auddepeHIaIbHbIX YpaBHEHUH BBICO-
KOI'O MOpsijiKa — CBEJCHUE TAKOr0 YPABHEHUs K CUCTEME YpaBHEHWH MEPBOro rno-
panka. Jlemaercst 3T0 JOCTATOMHO MPOCTO: BMECTO MPOU3BOTHBIX MOPSAKA, BhIIIE
NepBOro, BBOAATCS HOBbie (PyHKIMK, JlONONHUTE/IbHBIE YPABHEHUS B M0J1yUEHHOR
CHCTEMe YpaBHEHHUU TIONYHYAIOTCS M3 TOXACCTB, COTJIACHO KOTOPHIM BBOJMIIHCH
HOBble (pyHKUMU. B kauecrse wiitocTpaluu paccMorpum npumep 7.5 (pewueHue
OTACTHLHOTO HEOJHOPOJHOTO YPABHEHHS BTOPOTO TOPSIKA), OJHAKO pellaTh ero
Oy/JeM CBeJIeHUEM K cUCTEME JIBYX ypaBHeHUi. JlokymMeHT nokasad Ha puc. 7.27.

4 A (] == [2 <F 31 a8 JITutoriaIs | @60

Pemrenne qudydepermmmantHor o ypapHeHHA Iy TeM cBeJeHHA
ero K cHcTeMe Jiddep e HITIAIEHEIX YP ABHEHHI

Given

4 e
Syt = )

fe=] FPelwaeman cHCTEME

iz(tj + ) = sin(2-1) YPABHEHHA

dt

nn=0 Zm=0 & IpaHuYHER
yCNOEWA

7. ¥ P PeweHue

[Z] - odesmve[[z],t,m] CHETEME! YPABHEHWA

Puc. 7.27. PeweHune gndpdepeHLmanbHOro ypaBsHeHus
nyTeM CBELEHUS ero K CUCTEME YpaBHEHMIA
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Hanomuum, 4to ucxojHoe ypaeHeHue — y"(¢t)+ y(¢) =sin(t). OHo cBoauTCs
K CHCTEME JIBYX YpaBHeHHi mepBoro nopsaaka: yv'(f) = z(f) v z'(¢) + y(t) = sin(2¢) .
Havanenele ycnmoBus misi Kaxmod w3 (yHKiwii HyneBble. MIMeHHO 5Ta cucTema
M pewanack B JIOKyMeHte Ha puc. 7.27. OcOO0EHHOCTh PELLUCHHS, [0 CPABHEHWIO
C TIPUMEPOM 7.5, COCTOUT B TOM, UTO B pe3yJIbTaTe MOTy4aeM He TOIBKO HCKOMYFO (DyHK-
MO, HO 1 ee TIPOM3BOMHYIO (T. €. hyHKImto z(¢) ). YacTo 310 ObIBaeT KpaiiHe ya00HbBIM.

Caenaem ellle HECKOJILKO 3aMEUaHWI OTHOCHMTENBHO NPOLEAypbl Odesolve (). UTo
KacaeTcsl e¢ apryMEHTOB, TO MMOCICIHUM M3 HUX MOXKHO YKa3bIBaTh YHCJIO LIATOB IS
noucka petueHusi. Kak ormevanoch paHee, ypaBHEHHS! MOTYT pellaTbes PazIH4HbIMU
MaTeMaTUueCKUMU MeTogamu. [1o yMomuaHuio B paMKaX OpoLEeAypbl Odesolve () pe-
LieHue uiercst no meroay Pynre-Kytra ¢ nepemeHHbIM 11arom. MoxHo 3aaTh ajian-
THUBHBIN METOA WM METOJ PELLICHHUS JKECTKUX YpaBHEHHUH. [/ 3TOro Hy>KHO BBIACIUTh
NpoLeaypy Odesolve () M LIEJAKHYTb NPaBOi KHOMNKOW Mblli. B packpeiBatolnemest
CIMCKE €CTh HECKOMBbKO KOMaHJ, MO3BOJIOLIMX BEIOPaTh TPeOYyEeMbli METOA PELLCHHUS
auddepeHraibHbIX YpaBHEHUH: KOMaHay Adaptive BbIOMPAIOT ISl aanTHBHOIO
METOa, a KOMaHAa Stiff MOJe3HAa NP PELICHUH KeCTKUX YPAaBHEHHH U CHCTEM.
ITpouenypa BbiGOpa KOMaH bl U1 METOA peLeHHs! MoKa3aHa Ha puc. 7.28.

A ] ve [2 <2 T ap ™ |J|My8ite =] @ce

Miicmensoe pemense g epeHITHATBHBIX VPARHEHIT

Given

d2

—t) + ) = sn2) oo Pewaemoe
dt YPAEHEHHE

[paHuuHEE

(M=o w@=0 S

o Pewenue
AEBHEHWA

= O_dkmumn 1

&nnotate Seleckion...

|7 Fixed
Adaptive

& cut
Copy
At ﬁ Baste

1 Propetties. ..

Disable Evaluation

Oiptimize

[
-1
0 2 4 é g 0

Puc. 7.28. Buibop meToaa peLLeHunst ypaBHEHUS
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XoTs mpoueaypa odesolve () BechbMa MOJE3HA U MPOAYKTUBHA, HE CIEAyeT orpa-
HUYMBaTh ce0s TONBKO ee pamMkamu. B Tabn. 7.1 mepeduciaeHbl OCHOBHBIC MpPO-
LeAyphl, MPUMEHUMbIC TPH YHUCICHHOM pelicHud auddepeHUInaNbHBIX ypaBHE-
HUMH, a TaKOKe JaHa KpaTkas crpaBka 1o HuM. s ynoOcTBa mpoueayphl YKa3aHbl

BMECTC CO CBOMMU apTryMCHTaMHU.

Ta6nuua 7.1. lpouedypsi 0715 YUCTIEHHO20 pelieHus OughchepeHUuuansHbIX YpasHeHUl

MNpoueaypa

OnucaHune

bulstoer(y,x1l,x2,e,F,k,s)

Bulstoer(y,x1,x2,n,F)

bvalfit(vl,v2,x1,x2,x3,F,11,12,t)

Metoa Bynupwa—LlTtepa ans Bbluuche-
HUSA 3HaYeHNs YHKUMKM (Mnu PYHKUWR)
B KOHEYHOW TOYKE MHTepBana novcka pe-
WweHns. AprymeHTbl npoueaypbl TaKOBbI:
BEKTOP y OnpenensieT HavarnbHble 3Hade-
HUA (PYHKUMIA, x1 U x2 eCTb HavanbHas un
KOHEYHasi Toyka WHTepBana noucka pe-
WeHNs, e OnNpegenseT TOYHOCTb BblYMC-
neHuii, BEKTOp F 3ajaeT npaBble 4YacTu
YPaBHEHVUIN Ans nepBbiX MPOU3BOAHbIX
yHKUMIA (OTHOCUTENBHO KOTOPbLIX peLua-
€TCA YypaBHEHME), k — MaKCUMarbHOe
UMCNO BHYTPEHHUX TOYEK AN MOUCKa pe-
LWeHNs, @ s — HauMeHbLUNIA A0NYyCTUMbIA
NPOMEXYTOK MeXZy 3Ha4YeHusiMu Ans an-
NPOKCUMALM NCKOMBIX (OYHKLIA

MeTop, Bynupwa—LlTtepa. Bektop y 3a-
JaeT HayanbHble 3Ha4YeHUs A4S CUCTEMbI
anddepeHumanbHbIX ypaBHEHUI, peLue-
HVe nweTcs Ha uHTepBane oT x1 A0 x2,
napameTp n oOnpegenseT 4YUCro ToYek
pelleHns (3a UCKMOYEHNEM HadasribHON).
F — BEKTOp NpaBblX YaCcTEN ypaBHEHWN,
OonpeaensoWmx 3aBMCMMOCT  MEePBbIX
NPOU3BOAHbIX Afsl HEW3BECTHbIX (PYyHK-
LM, OTHOCUTENBHO KOTOPbIX peLuaeTcs
cucTemMa ypaBHEHMN

lMpouepypa onpeneneHnss KpaeBbIX YCrIo-
BUIA. v1 M v2 — BEKTOPbI Ha4asbHbIX Mpuy-
OnwxkeHuin Ha rpaHudax, x1, x2 U x3 —
rPaHMYHbIE TOYKW WHTEpPBana novcka pe-
LUEHUS M TOYKa CLUMBKM PELLEHMSs!, COOTBET-
CTBEHHO BeKTOp F onpegensieT dyHKUMo-
HarnbHble  3aBUCMMOCTM AN MEPBbIX
Npon3BOAHbIX, ApryMeHTbl 11 M 12 eCTb
BEKTOPbI-(PYHKUMK, onpeJensioLlime 3Hade-
HWS Ha rpaHuUax, apryMeHT t onpepenset
TUM CLUVBKU PELLEHNS
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Ta6bnuua 7.1 (npodomkeHue)

Mpoueaypa OnucaHune

multigrid (M, N) Mpoueaypoit BO3BpaljaeTcsa MaTpuua
pelueHuii Ansa ypasBHeHus [lyaccoHa ans
KBagpaTHOM obrnactn C HyneBbIMU 3Ha-
YeHnaMU Ha rpaHuue. MaTpuua M onpe-
AenseT 3Ha4yeHus yHKUMKU MIOTHOCTU B
obrnact, @ N — YMCNO LUKIOB NPOrOHKM
Ansi UTepaUMOHHON NpoLeaypbl

numol (x2,nl,t2,n2,n3,n4,p,£0,fl) Mpouedypa pelleHWs  OAHOMEpPHOro
YPaBHEHMS1 B YACTHbIX MPOU3BOAHbIX Na-
pabonuuyeckoro Tuna. AprymeHTbl (yHK-
uMnM: x2 N t2 eCTb KOHEYHble TOYKU MO
KoopavHate M BpPeMEHM; nl U n2 —
UYMCIO TOYEK anmnPOKCMMAaLMM MO KaXKOO0N
U3 nepemMeHHbIX; n3 U nd onpegensiet
AN cucTeMbl ypaBHEHU Yncno andae-
peHumanbHbiX 1 anrebpavmyeckmx ypas-
HEHWIA; apryMeHT p SBISIETCA BEKTOPOM-
dyHKUMEN, 3aBUCALLE OT KOOPAMHAThI,
BpeMeHM, (PYHKLUMM U €€ NpOn3BOAHbIX
Mo MPOCTPaHCTBEHHOW KOOpPAMHAaTE, BEK-
TOp onpegensieT npaByk 4acTb ypaBHe-
Hus (B NEeBOW CTOWUT MNpOU3BOAHas Mo
BPEMEHM); BEKTOPbI-PyHKUMM f0 un f1l
onpeaensT HavanbHble U TPaHUYHbIE
YCIOBUSI COOTBETCTBEHHO

Pdesolve (u, x,x2,t,t2,nl,n2) Mpouenypa  pelweHns  OAHOMEPHbIX
YPaBHEHWI B YaCTHbIX MPOWU3BOAHbLIX M-
nepbonunyeckoro n napabonmyeckoro
TUna. AprymMeHTbl Npoueaypbl: BEKTOP u
HasBaHWA YHKUMI B nopsgke nosiere-
HMS nXx B Onoke pelueHusi; MPOCTPaHCT-
BEHHas NepeMeHHas x; BEKTOp rpaHuny-
HbIX 3Ha4YeHWW N0 NPOCTPaAHCTBEHHON
NEepeMeHHON x2; BPEMEHHasi nepemeH-
Has t; BEKTOP IPaHWYHbIX 3HAYEHWUI MO
BPEMEHHOW NepeMeHHOn t2; Heobsi3a-
TenbHble aprymMeHTbl nl U n2 onpege-
NAT KONMMYECTBO TOYEK AUCKpeTM3aumn
No NPOCTPaHCTBEHHON U BPEMEHHOW ne-
pPeEMEHHbIX

radau(y,x1,x2,e,F,k,s) BbluucneHue 3HaveHus pyHKumn (pyHK-
LMiA) B KOHEYHON TOYKE MHTEPBana novc-
ka peweHuns metogom RADAUS. Apry-
MEHTbl U UX HA3HAYEeHUE TaKue Xe, Kak y
npoueaypbl bulstoer ()
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Ta6bnuua 7.1 (npodomkeHue)

MNpoueaypa

OnucaHune

Radau(y,x1,x2,n,F)

relax(A,B,C,D,E,M,U, )

rkadapt (y,x1,x2,e,F,k,s)

Rkadapt (y,x1,x2,n,F)

rkfixed(y,x1,x2,n,F)

Bblruucnenue 3HaveHuss pyHkumm (pyHk-
LuMiA) Ha MHTEpBane 3Ha4yeHWn MEeToAOoM
RADAUS. AprymeHTbl M UX Ha3Ha4yeHue
TaKue Xe, Kak y npoueaypbl Bulstoer ()

Mo kBagpaTHbIM MaTpuuaMm A, B, C, DU E
koadppmumeHToB  audpdepeHumanbHoro
YPaBHEHMS B YaCTHbIX MNPOU3BOAHbIX
BTOPOro nopsgka (KoadpduumeHTsl npu
YaCTHbIX MPON3BOAHbIX N PYHKLMM), MaT-
pyue 3HavYeHnn YHKLMM UCTOYHMKA M,
mMatpuue U rpaHUYHbIX 3HAYEHWA W Ha-
YanbHbIX MPUONUXKEHUA  BbLIYMCASIETCA
mMaTpuua peweHusa. AprymeHT r (3Haye-
Hue B npegenax ot 0 Ao 1) ectb cnek-
TpanbHbI paguyc AN UTepPauyoHHOW
npoueaypbl Akobu M BRUSIET Ha cxoau-
MOCTb pefnakcaLlMOoHHOro anroputma

BblucneHue 3HaveHus pyHKumn (pyHK-
LMIN) B KOHEYHOW TOYKE WMHTepBana nouc-
Ka peweHua metoaoM PyHre—KytTa
YeTBEpPTOro nopsiaka C nepeMeHHbIM La-
roM. ApryMeHTbl U VX HasHauyeHue Takue
Xe, KaK y npoueaypbl bulstoer ()

MeTtop PyHre—KyTTa yetBeprtoro nopsa-
Ka C MepemeHHbIM Larom. AprymeHTbi:
BEKTOP y 3afaeT HayamnbHble 3Ha4yeHus
Ans  cuctembl  AnddepeHumanbHbIX
YPaBHEHWI; pelleHne ULEeTCH Ha UHTep-
Bane ot x1 A0 x2; napameTp n onpeae-
NSET YNCNO TOYEK pelueHus (3a MUCKMIo-
YEHMEM  HayamnbHOW); F —  BEKTOp
npaBblX 4YacTen ypaBHEHWW, onpeae-
NALWMX 3aBUCUMOCTU MNEpPBbIX MNPOU3-
BOAHbIX AJ11 HEU3BECTHbIX PYHKLMIA

MeTton PyHre—KyTTa yeTtBeprtoro nopsa-
ka ¢ UKCUPOBAHHbIM LIaroM. AprymeH-
Thl: BEKTOP y 3afaeT HadvanbHble 3Have-
HUS Ans cucTembl auddepeHumansHbIX
YPaBHEHWI; pelleHne ULEeTCH Ha UHTep-
Barne ot x1 A0 x2; napamMmeTp n onpeae-
NSET YNCNO TOYEK pelueHus (3a MUCKMIo-
YeHMeM HayanbHoW); F — BEKTOp
npaBblX 4YacTen ypaBHEHWW, onpeae-
NSOWMX 3aBUCUMOCTU MNEPBBLIX MPON3-
BOAHbIX AJ151 HEU3BECTHbIX PYHKLMIA
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Tabnuua 7.1 (OkOHYaHue)

Mpoueaypa OnucaHune

sbval (vl,x1,x2,F,11,t) Mpouenypa onpedeneHus BeKTopa Ha-
YanbHbIX ycroBuin. OGosHayeHus Ans
apryMeHToB (hopMarsibHO Takue Xe, Kak U
Ans npoueaypbl bvalfit ()

stiffb(y,x1,x2,e,F,J,k,s) PeweHue ectkoro audcepeHumarns-
HOr0 ypaBHEHWsI B KOHEYHOW TOYKE Auma-
nasoHa C WCMONb30OBaHMEM METOAa
Bynupwa—Lltepa. Yepes J ob6osHaueHa
MaTpuua Akobuana anddepeHumanbHo-
ro ypaBHeHusi. OctanbHble 0603Ha4YeHus

Takme e, Kak W Ans npoueaypsbl
bulstoer ()

Stiffb(y,x1,x2,n,F,J) PeleHue xectkoro gudgepeHumansHo-
ro ypaBHEHVWS Ha AuanasoHe MeToaoM
Bynupwa-LLtepa. Yepes J obosHaueHa
MaTpuua Akobuana anddepeHLmanbHo-
ro ypaBHeHusi. OctanbHble 0603Ha4YeHus

Takme e, Kak W Ansg npoueaypsbl
Bulstoer ()

stiffr(y,x1l,x2,e,F,J,k,s) PelweHue xectkoro gudgepeHumansHo-
rO ypaBHEHWSI B KOHEYHOW TOYKE Auana-
30Ha meTogom PoseHbBpoka ¢ nepemeH-
HbiIM waroMm. Yepes J ob6o3HaueHa
MaTpuua AkobraHa anddepeHumanbHo-
ro ypaBHeHusi. OctanbHble 0603Ha4YeHus

Takme e, Kak W Ansg npoueaypsbl
bulstoer ()

Stiffr(Y,x1,x2,n,F,J) PewweHre xectkoro anddepeHumanbHo-
ro ypaBHEHVWS Ha AuanasoHe MeTo4oM
PoseHbpoka ¢ nepemMeHHbIM warom. Ye-
pe3 J o6o3HaueHa maTtpuua fAkobuanHa
anddepeHumansHoro ypaBHeHusi. Oc-
TanoHble 0603Ha4YeHUs1 Takue Xxe, Kak u
Ans npoueaypbl Bulstoer ()

Taxum 0Opa3om, CEeKTp BCTPOCHHBIX YTHUIIUT YUCICHHOTO peleHus auddepeHun-
anbHeIX ypaBHeHni B Mathcad nocratouno mupox. [lpudem cpenu npeanaraeMbix
K yCJIyram MoJib30Bateisl IpoLeayp €CTh U TaKUe, YTO MO3BOJISIOT perats audde-
pPEeHLMATbHBIC YPaBHEHMS B YacTHBIX Npou3BOAHBIX. [IpaBma, 3To oOTHOCHTCA
K Haubollee MPOCTHIM THUMAM ypaBHeHUH. Ecliu ypaBHeHHE HOCTaTOUHO CIOXKHOE,
MPUXOAMUTCS MPU3bIBATh HA MOMOILLL HE TOJBKO BO3MOkHOcTH Mathcad, HO n co0-
CTBEHHYIO M300PeTaTeIbHOCTb.
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CtaTucTtuuyeckuu aHanms

3amauyd MHTEPNONSALMU, PACCMOTPEHHbIC B MPEdbIOYLIEM pa3aciie, B HEKOTOPOM
CMBICJIC OTHOCATCS K CTaTUCTUYECKOMY aHAJIM3y, a TOUHEe, K 3a7a4aM MaTeMaTH-
YECKOH CTATUCTUKH, TAE N0 SMIMPUYECKUM AaHHBIM BBIUMCISIOTCA OLIGHOUYHBIC
3HAYCHUS 111 OOBEKTUBHBIX XapaKTePUCTHK CHCTeM W mpoueccoB. CylIecTBYeT
HECKOJbKO OCHOBHBIX THIIOB 33Ja4, ¢ KOTOPbIMHA NPUXOIUTCA UMETh eJI0 B paM-
Kax MareMaTu4yeckoi craTucTUKH. [ToMuMo ymoMsiHyTo# npodiemMbl OLICHKY HEU3-
BECTHBIX MapamMeTpoOB MO BBIOOPKaM, MOXKHO TAKKe BBIACTUTH MPOBEPKY CTaTH-
CTMYECKUX THUMOTe3, a TAKXKE PEerpecCMOHHbIC 3aJaud (OLEHKA 3aBUCHMOCTEH
MEXIY Pa3TUuHbIMU HAOOpPaMH TaHHBIX).

OCHOBHbIE TMOHSITUSI MATEMATUYECKOW CTATUCTUKH TECHO CBSI3aHbI MEKAY 00601‘;1
v 0asupylOTCs HAa KaTeropuajibHOM arnmnapare Teopuu BeposiTHocTel. Bo mHorom
3aaa4yu TCOpUHU BepOﬂTHOCTeﬁ U MaTeMaTHUUYEeCKOM CTAaTUCTUKH SBJIAIOTCS B3aMMO-
oOpaTHbiMHU. Beb, kak U3BECTHO, B paMKax TEOPUU BEPOSTHOCTEH N0 OObEKTHB-
HbIM XapaKTEPUCTUKAM CUCTEMbl (B OCHOBHOM 10 (DYHKLMSIM U 3aKOHaM pacripe-
AeJICHUs1) JeNal0TCs NPEANOIomKeHHs O HAOJII0AaeMbIX HA MPAKTUKE BEJIMYMHAX
v npoucxoasimx codbitusix. B 310l riase 6yayT paccMOTpEHbI 33/1a4M KaK Mare-
MaTUUYECKOH CTaTUCTHUKHU, TaK U TCOPUHU BepOﬂTHOCTeﬁ. K C4HaCTbO, BO3MOXKHOCTH
Mathcad »1o nozsoJsitor. Cpeau BCTPOGHHBIX (BYHKLUMI NPUIIOKEHHS A0CTATOUHO
MHOTI'0O npe€AaHasHA4YCHHbIX J1 CTATUCTUUCCKOr0 aHajinia, a TakiKe UMCIOLUX Tps-
MO€ HUJIKN KOCBEHHOC OTHOLUCHHUE K TCOPUU BepOﬂTHOCTeﬁ.

OCHOBHbIe NOHATUA Teopuun BGpOﬂTHOCTeﬁ

Cpazy oroBopumcs, 4TO BCe TEOPETHUYECKHE CBEACHUS (OCOOCHHO B YaCTH OMpee-
JICHUM), TIPUBOAMMBIC Aajice, SBISIOTCA CYLIECTBCHHO YNPOLICHHbIMH. [losTomy
YUTATETHO, KOTOPOTO MHTEPECYET CTporas akCMOMaTHKa TEOPUM BEPOATHOCTEH U
MaTeMaTHUCCKOW CTAaTUCTUKH, ciledyeT oOpaTUThCs K CHELMATIbHOW JUTEparype,
MOCBALICHHONW JaHHOMY BOIPOCY.

OnHo M3 0a30BbIX NOHITHH TEOPUM BEPOSITHOCTEH — cilyyaiiHoe colbiThe. JTo
Takoe coObITHE, KOTOPOE MOXKET NMPOU30HTH, 2 MOXKET U He Mpou30iTH. COBOKYII-
HOCTb BCEX CJIy4alHbIX COObITHUMH, C KOTOPLIMH NPEACTOUT UMETH AeJ10 B MpoLecce
pelleHust TOW WM WHOM 3aaa4u, OyjaeM Ha3biBaTb MPOCTPAHCTBOM coObiTul. Co-
ObITHs, KOTOpbIe He cojepxkar B cebe ApYrux nojacoObITHH, OObIYHO HA3bLIBAIOT
anementapHbiMu. Jltoboe colbiTHe, U3yHaemMoe B pamMKaxX TEOPWUU BEPOSITHOCTEH,
paccMaTpUBaeTCsl KaK COCTOSILIEE U3 OJHOrO WJIM HECKOJbKHUX 2JIeMEHTapHbIX CO-
ObiTnit. Haj npocTpaHcTBOM COObITUMN OMPEAe/sitOT HEOTPULATEIbHYIO (YHKLUIO,
Ha3bIBaEMYIO BEPOSTHOCTbIO. BeposTHOCTb xapakTepu3yeT OOBEKTUBHYIO BO3-
MOKHOCTb J1isl COObITHS ObITh Peann3oBaHHbIM (T. €. npousoiitu). Jlaneko He kax-
nas QyHKUMS, OMpeAeseHHas Haj NPOCTPAHCTBOM COOBITHH, MOXKET Ha3blBAThCs
BeposTHOCTBIO. EcTh ewe psa monosnHutensubix ycinoeuid. K nauGonee cyuiect-
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BEHHbIM M MPAKTUYECKU 3HAUYUMBIM MOKHO OTHECTH YCJIOBUE aAJUTHUBHOCTH.
@dopmynupyeTcs OHO ClEAYIOLMM 00pa3oM: e€ciM ABa COObITHUS HECOBMECTUMbI
(T. €. HE MOTYT MPOU30HTH OAHOBPEMEHHO), TO BEPOSITHOCTH TOr0, YTO MPOU3OHAET
XOTSl Obl OJJHO W3 HUX, PaBHA CyMMe BEpOATHOCTeH ATUX cobbiThii. Kpome Toro,
BEPOSITHOCTb JIIOOOro cOObITUS HE MOXKET MpeBbillaTh eAUHULbI. EauHUuHas Bepo-
SITHOCTb COOTBETCTBYET JIOCTOBEPHOMY COOBITHIO, T. €. TAaKOMY, KOTOpoe 00s3a-
TenbHO npousokiser. HeBo3MOKHBIM Ha3bIBAETCsSl COObITUE C HYJIEBOH BEpOSTHO-
CTbIO, T. €. TAKOE, KOTOPOE HE MOKET MPOU3OUTH HH MPU KAKUX 00CTOATENLCTBAX.

Masiee OyayT WIMPOKO MCHOJBL30BATLCS CiydaiiHblie BenuuuHbl, CiaydyaiiHoU Benu-
YMHOU Ha3bIBAETCS YMC/eHHAas YHKUUS OT 3jieMeHTapHoro codbitus. [lpakruue-
cku J1t00as 3aj1a4a, CBA3aHHAs CO CJYy4YalHbIMU BEJIMMUHAMMU, NOAPA3YMEBACT Bbl-
YUCJIGHUE TEX WIM MHbIX MX XapaKTEPUCTUK. DTHU XapaKTEPUCTUKH, B CBOIO
ouepe/lb, BbIYUCIAIOTCA Ha OCHOBE 3aKOHOB paclpe/iesieHus Ciy4yailHOW Bejiuuu-
Hbl. CyUIeCTBYET JiBa MPaKTHUECKH BAXKHBIX CJIydas: ClydaiHas BeJUYMHA MOXKET
NPUHUMATbL 3HAYEHUS] W3 OMNPEEJCHHOr0 WHTEpBaja (HempepbiBHAS CiydvaiiHas
BEJMYMHA) WA OHA MOXET MPUHUMATh JUCKPETHbIE 3HAUYEHUS (JUCKpPETHAs Cly-
yaiiHas BenuurHa). B mepBom ciiydae noja 3aKOHOM pachpeneieHus! nogpayme-
BalOT QYHKUMIO pacnpeaeeHus (Ui IIoTHOCTb pacnpeenenus). st auckper-
HOM Clly4aiiHOM BEJIMYMHBI 3aKOH pacrpeie/ieHusi — Ha0Op BO3MOMKHbIX 3HAYESHUE
Cy4aiiHOU BEJIMUMHBI U COOTBETCTBYIOLIIUE UM BEPOSITHOCTH.

[Mo ompenenenuro ¢yHKIMeil pacrpedencHus F(x) abCOMOTHO HEMPepBIBHON
CIy4JaiiHOW BenWuWHBI & HaszbiBaeTcs QyHKmus F(x)= P(§ <x), tme P(§ < x)

€CTh BEPOATHOCTD TOTO, YTO ClIydaiiHas BeTMYuHa & MeHbIe x . [ToTHOCTBIO pac-
npejiesieHus Ha3bIBAETCS MPOM3BO/IHAsK (€C/IM OHA CYIIECTBYET) OT (DYHKIIMH pac-
npeneneHus, T. e. f(x) = F'(x).

PacnpeneneHuii cyliecTByeT A0CTaTO4uHO MHOro. OIHAKO Cpeu HUX MOXHO Bblie-
JIUTH TaKWe, YTO UMEIOT OCOOYIO BaXKHOCTb M JIOCTATOUHO YAacTO BCTPEHAOTCS Ha
npakruke. Jns OosblivHcTBa 3TUX pactpenesncHuii B Mathcad ectb crieuuasibHble
BCTPOEHHbIE (DYHKIIMU, ONMUCHIBAKOLIUE COOTBETCTBYIOLIME (DYHKIIMU PACTIPEAS/ICHUs
W IUIOTHOCTU pacnpeaeienust. Hekoropele npumepsl Takux pacrpenenceHuid npuee-
JieHbl Ha puc. 7.29—7.32. JIns onpeaesieHys pa3iuyuHbIX pacnpeaeaeHni UCrosb3o-
BaHbl BcTpoeHHble hyHKuuu Mathcad (OHM OMUCHIBAIOTCS HECKOJILKO MO3KE).

Mpumep 7.8. OcHOBHbIe pacnpepeneHus

Ha puc. 7.29 npencrapneHa pyHKUMS U IVIOTHOCTh HOPMATBHOTO paclpee/CHUS.

HopmanbHoe pacripesie/ieHie ¢ napamerpamMu a M G> XapaKTepHU3yeTcs MioTHO-

2
x—a N
exp —(2—2) , KOTOPOU COOTBETCTBYET (BYHKLIMS paciipe-
c

cThio f(x) =

1
2710
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xX—a

JeJleHus db( i aj = 1 (]‘ exp(~y?/2)dy . TlnotHocts pacnpenenenus (Kpu-
o Va2n

Bas ['aycca) MMeeT MAakCUMyM B TOYKe X =a . DYHKIMS pacrlpeaeneHus MOHO-

TOHHO BO3PAcTaeT OT HyJECBOTO 3HAYCHUS B MUHYC GECKOHEYHOCTH A0 CIUHHLBI B

nimoc 6eckoHeuHocTH. [Ipuuem ato obliee cBolicTBO QyHKLUMI pacnpe/ieneHus —

HE TOJIBKO [UTSl HOPMAITBHOTO pacrpe/eieHH s .

A [ x= [ <E 3] af W HITutoriaIs | @ao

HopmanbHoe pacnpegeneHue

Pumeuus pacapedensnuR MnomAoce pacnoedensHuR
F(x) = phomx,0,1) fi2) = dnorm(x,0,1)
T
I
3 o667
F(x) ’

Puc. 7.29. CtaHgapTHOE HOpMaribHOE pacnpeaeneHume

IlokazaTenbHoe (MJIM DKCMOHEHLMAIbHOE) pacrpeseseHre ¢ napaMerpoMm A xa-
pakTepusyeTcs IoTHOCTBIO f(x) = A exp(—AX) s MOJOKUTENIbHBIX aPIYMEHTOB
M TOKAGCTBCHHO PaBHO HYJIO AJIs OTpULAaTebHbIX. DyHKIMS pacnpeneieHus o-
penensercs paBeHcTBOM F(x) =1—exp(—Ax) Ans OTpULATESbHBIX apryMEHTOB.
Ob6e ¢ynkmu npeacTaBieHs! Ha puc. 7.30.

I[J'ISI CJ'Iy‘IﬁfIHOfI BCJINYHMHBI, I/IMGIOH.IGIZ pacnpeaciacHue CTLIOZ[GHTa C n CTCIICHAMU
cBOOOMBI, TUIOTHOCTH pacmpeelieHhs 3amaercs Ooliee CIIOKHOW (HOpMYIIOi:
_ntl
C((n+1)/2)( . x?
J)=——""7—| 1+—
I'(n/2)Vnn n

MJIOTHOCTD pacClipEACICHUA AJIA 3TOTO ClIydasd IMOKa3aHbl Ha pHUC. 7.31.

, rne 1'(z) — ramma-¢pyHkuus. DyHkuus u
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’“lﬂé [] x= I% <2= 2] aff HITutorials j @Go

MNokasaTenbHoe pacnpeneneHue

Dyreyun pacipedensnus fnomuocms pacipedensHug

F(x) = pexpix, 1) fi%) = dexpl(x,1)

Puc. 7.30. lNokasaTenbHoe pacnpegeneHve

A ] x= [2 <F 3] af HITutoriaIs | @

PacnpepeneHune CTeloaeHTa

DR pecipederonuR [inoennacis pacipedersnug

FGi) = pi(x.5) £ = dit(x,5)
riT
I
) 0.66--::'
)

-6 -36 -12 12 16 &

Puc. 7.31. PacnpegeneHune CtblogeHTa
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Ecnu ciydaiiHas BeIWYHMHA XapaKTEPH3yeTCs IUIOTHOCTBIO paclpeiesieHHs BUAA
F(x) = oax® " exp(—Ax®) (o M A — napamerpbl pacrpeneneHus) as MonokKH-

TENbHBIX 3HAYCHUH X (M TOKISCTBEHHO paBHA HYJIO U OTPHULATEIBHBIX X ), [O-
BOPAT, YTO HMMeeT MecTo pacnpenencHue BeiOynna. OyHKuus pacrpeneicHus

MOXKET ObITb BbIUMCIIEHA [0 €ro MJIOTHOCTH MyTeM WHTErpUupOBaHMsl, B JaHHOM
ciydae moayuuM F(x) = 1 —exp(—Ax*) . OyHKuus (M MIOTHOCTH) paciipeaeacHus
CYLLIECTBEHHO (T. €. KAUeCTBEHHO) 3aBMCST OT 3HaueHWd napamerpa o . Ecau oH
Oonblie eAUHULB, PYHKLIMHA UMEIOT BU/L, MOKa3aHHbIH Ha puc. 7.32.

=l P

d A+ [] = J‘g <E gj oaf JITutoriaIs

PacnpeaeneHue Benabynna

Mnomurocmts pacopedensnus

Dyreuun pacpedencnus

F(x) = pweibull(x,2) ) = dweibull(x, )

Puc. 7.32. Pacnpegenenue Beibynna

Kak ormeuanocs, B Mathcad ectb 1iemblit HaOOp BCTPOCHHBIX (QYHKIMIA 15 OCHOB-
HbIX pacnpejeneHuii. B Tabn. 7.2 nepeuuciensl ocHoBHble pyHkuun Mathcad s

OMpPEACJICHUA 3dKOHOB PaCTIpCACIICHUA CHy‘IaﬁHbIX BCJIWYHMH.
Ha ocnope NEPCUUCIICHHBIX 3dKOHOB PAacCIIpCACICHHUA MOJXHO ICHEPUPOBATHL CITY-
yakHble Yyuciia. ITO OUEHb BaXKHAs 3aaa4a npu BbINOJIHEHUW YUCJICHHOI'O MOACIU-

poBanud. [lpouenypbl reHepUpOBaHUs CIy4alHBIX YKCEN MpUBEACHBI B Tabm. 7.3.
Bce aprymMeHTbl, 3a UCK/IIOUEHHEM NMEpBOro, Takue Xe, Kak y npoueayp /s cooT-

BETCTBYIOIIMX pacipeaceHui.
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Tabnuua 7.2. QyHKYUU 3aKOHO8 pacrnpedesieHus
3aKoH pacnpegeneHus DyHKUMA MnoTHOCTL
pacnpegeneHnsa pacnpegeneHnsa

Beta-pacnpegenenue. NnoTHoCTb pacnpege- pbeta(x,a,b)
nNeHus faeTcs BblpaXeHneM
Cla+d) 4 b1 “
== 1— x)?-! (NS 3HavYeHun
SO = a4
aprymeHTa x B nHtepsane ot 0 go 1)

BuHomuanbHoe pacnpepeneHue. B cepum uz  pbinom(k,n, p)
n HE3ABUCUMbIX OMbITOB BEPOSITHOCTb TOTO,
yTo ByJeT POBHO k YCMEXOB, AaeTCs BblpaXe-

HUeM P,(& = k)= Clp*(1— p)"*, roe GuHomu-

anbHbIi KOIMMULMEHT 'k _ " ap
kl(n—k)!
€CTb BEPOSITHOCTb ycrnexa B O4HOM UcCnbITa-
HUW. yHKUMEN NIOTHOCTU pacnpeaeneHus
BO3BpaLL@eTCs ykasaHHas BEPOSATHOCTb.
PyHKUMeN pacnpegeneHns Bo3BpaLlaeTcs
BEPOATHOCTb TOFO, YTO YMCIIO YCMEXOB B Ce-
pun ONbITOB HE MPEBLILLAET k:

k
RE<k) =2 Cpm(d-p)™
m=0

Pacnpegenexue Kown. dopmanbHo 910 pac- pcauchy (x,a,b)

npeaenexHne CTblogeHTa C OOHOW CTENEHbIO
cBoboabl. [NOTHOCTL pacnpeaeneHus gaeTcs
Bblpa)eHnem 1

PacnpeneneHne xu-ksagpart. [noTHocTb pac- pchisqg(x,n)
npegenexHns xu-kBagpaT C n CTENEHsIMU CBO-

GoAbl paBHa £(y) - X" exp(=%/2) (ansi no-

2" (n/2)
NOXUTENbHBIX 3HAYEHMIN aprymeHTa). Takoe
pacnpefeneHne MMeeT criydanHas BenuynHa,
paBHasi CymMe KBaapaToB HE3aBUCUMBbIX
HOpMarbHO pacnpeerneHHbIX CrydanHbiX
BENMYuH (C napameTpamm (0, 1))

MokasaTenbHoe (3KCNOHEeHUManbHoe) pac- pexp (x,a)
npegeneHune. MNnoTHOCTb 3KCMOHEHLUMANbHOMO
pacnpenenexHust ¢ napaMeTpom a MMEET BUZ,

S (%) = aexp(—ax)

dbeta (x,a,b)

dbinom(k, n, p)

dcauchy (x,a,b)

dchisqg(x,n)

dexp (%, a)
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Tabnuua 7.2 (npodoimkeHue)

3akoH pacnpegerneHust DyHKUUS MnotHocTb
pacnpeneneHus pacnpeneneHus

Pacnpegenenue ®uwepa. MNnotHocTs pac- pPF (x,n,m) dF (x,n,m)

npegeneHnda ¢ n U m CreneHAMn CBO60,qu

paBHa

— I'((n+ m)/2) m/2,,.n/2 xn/Z—] i
S = F(n/2)F(m/2) e (m+ nx)(n+m)/2

OTO0 pacnpeneneHve xapakTepHo Ansi cny-
YalHbIX BENMUYUH Buaa £ = E,/n .Tae &, n
~%% m
om

gm UMEKT Xn-KBagpaT-pacnpenerneHme co-
OTBETCTBEHHO C n M m CTENEHsIMK cBOGOAbI

Mamma-pacnpegeneHue. MNnoTHOCTb pacnpe- pgamma (x,n)
AeneHns (C napameTpoMm n) onpeaenseTcs

BbID2XKEHNEM f/(x) — X ezip)(*x)
I'(n

["eomeTpuyeckoe pacnpegeneHue. Bepoar- pgeomn (k, p)
HOCTb ycrnexa B (k+1)-M onbiTe (Bce npeapl-

Jywime k OnbITOB HEYCMELUHbl) MPU BEPOATHO-

CTM ycrexa OHOro onbiTa p onpegensieTcs

BbIP@XEHNEM P(& =k + 1) = p(1 - p)* . [poueny-
pol pgeom () BO3BpaLLaeTcsl BEPOSTHOCTb

k
P=p Z (1-p)" =1 —(1—p)k+1 TOro, YTO B k+1
m=0
ncnblTaHUAX 6y,D,eT X0TS Obl OAWMH ycnex

MnepreomeTpuyeckoe pacnpegenenue. in- phypergeon
nocTpaumein MoxeT BbITb cuTyaums, korga ua  (m, M, N-M, n)
YPHbI, COAepXKaLLen N WapoB, Cpeamn KOTopbIX

M 6ernbIx, BBIHUMAIOT n Wapos. BepoATHOCTb

TOro, YTO Cpeam 3TuX n LWapoB 6yaeT poBHO m

Oenbix, onpeaenseTcs BblpaXeHneM

P(E—m)- CliCY2l . 310 3HaueHne BO3Bpa-
C%

LaeTcs npoueaypon dhypergeom () . [1po-

ueaypa phypergeom () NO3BONSAET HANTK

BEPOSATHOCTb TOFO, YTO CPEAM BbITSHYTbIX

wapos byaeT He MeHee m 6enbIx:

5 Cir Chs

BE<m) =3

= Cy

dgamma (x,n)

dgeom (k, p)

dhypergeom
(mr M, N-M, 1’1)
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Tabnuua 7.2 (npodoimkeHue)

3akoH pacnpegeneHust

MnoTtHOCTbL
pacnpepeneHus

DyHKUMA
pacnpepeneHus

HopmanbHoe norapudmuyeckoe pacnpeae-
neHuve. [NNoTHOCTb pacnpeaeneHus (c napa-
MeTpamMu | 1 o) UMEET BUg,

~ exp(—(In(x) -~ p)*/20%)
S = N

JNoructuueckoe pacnpegenenue. MnoTHOCTL
pacnpegeneHus c napameTpamu a U b gaet-

exp(—(x — a)/b)

CA BblpaXXeHnem f(x)=

b(1+exp(—(x— a)/b))2

OTtpuuatenbHoe buHomuanbHoe pacnpege-
nenuve. 3aKOH pacnpegeneHns cny4vyanHom
BENNYVHbI ONpeAenseTcs BblpaXKeHnem Ans

BEPOSTHOCTM P = C* . p"(1- p)

HopmanbHoe pacnpegeneHve. HopmanbsHoe
pacnpegeneHue (C napameTpamMm a u o) on-
pefensieTcs NIO0THOCTbIO pacnpeaeneHns

exp(—(x —a)?/26?) [t doyHKLMM
S(x) N y
HOpMarnbHOro pacnpeaeneHns ¢ napameTpa-
MU (0, 1) MOXET Ucnonb3oBaTbCA npoueay-
pa cnorm ()

PacnpegeneHnue NyaccoHa. [luckpeTHoe pac-
npegeneHve (C napaMeTpomMm 2), Xxapakrepu-
3yloLeecs 3akOHOM pacnpeaeneHnsi

k
PE=k)= % (BEPOATHOCTb TOrO, YTO

cnyyanHasi BennymHa npumeT LienoymcreH-
HO€ 3HayYeHune k)

Pacnpegenexue CtelogeHTa. Pacnpeaenexune
CTblogeHTa C n CTeneHsiM1 cBoOobl XapaKkTe-
pu13yeTcsl NNOTHOCTLIO pacnpeeneHns

D+ /) x* Sz . Takoe pac-
/0= Mr(n/a[” n j

npegeneHue COOTBETCTBYET Cry4aiHON BENW-

umHe £ = &,/.JE,/n, TAe &, NIMEET CTaHgapTHOe
HopMaribHoe pacripeaernerme (T. e. HopMaribHoe
pacnpeaenexue ¢ napameTpamm (0, 1)), a cny-

yaiiHasi BEerM4mMHa £, UMEET pacrpeaereHme
XV-KBaApaT C nn CTEMeHsMI cBoGoAb!

plnorm(x,u, o) dlnorm(x,u, o)

plogis(x,a,b) dlogis (x,a,b)

pnbinom(k,n,p)

dnbinom(k,n,p)

pnorm(x,a, o) dnorm(x,a, o)

ppois (k,A) dpois (k,A)

pt (x,n) dt (x,n)
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Tabnuua 7.2 (OKOHYaHue)

3akoH pacnpegeneHust

MnoTtHOCTbL
pacnpepeneHus

DyHKUMA
pacnpepeneHus

PaBHomepHOe pacnpegeneHue. CnyyanHas
BENM4YMHa, paBHOMEPHO pacrnpeeneHHas Ha
VHTEpBane (a,b), Xxapaktepusyerca nnot-
HOCTbIO pacnpeAeneHns f(x) = 1/(b —a) 4nsa
aprymMeHTa, nexaliero B 3ToM AuanasoHe, U
paBHas Hynio B NPOTUBHOM Crnyyae

PacnpeneneHne Belibynna. BctpoeHHble
dyHkumn Mathcad (pyHkumn pacnpepgenexus
W MIOTHOCTW pacrnpeneneHns) OCHOBaHbl Ha

BbIP@XEHUN gx“~! exp(—x*)

punif (x,a,b) dunif (x,a,b)

pweibull (x,a) dweibull (x,a)

Tabnuua 7.3. lpouedypbi Or1s 2eHepupo8aHus cnyyaliHbiX Yuces

PacnpeneneHue

MNpoueaypa

BekTop 13 £ anemMeHToB, MMELLNX OeTta-

pacnpenenexHne

BekTop n3 £ anemeHTOB,
HOe pacrnpegerneHne

BekTop 13 £ anemeHTOB,
nexne Kowwm

MMerLwnx pacnpege-

BekTop n3 £ anemeHTOB,
neHve xu-kBagpar

uMeloLmx pacnpege-

BekTop 13 £ anemeHTOB,
anbHOE pacnpeaeneHne

BekTop n3 £ anemeHTOB,
nexve duwepa

uMeloLmX pacnpege-

BekTop 13 £ anemeHTOB,
pacnpeneneHne

MMerLwnx raMmma-

BekTop n3 £ anemeHTOB,
CKOe pacnpegeneHue

BekTop 13 £ anemMeHTOB, UMEILLNX rMnepreo-
MeTpUu4yecKoe pacrnpegeneHne

BeKTOp 1n3 £ ANeMeHToB, MMELLMX HOPManbHOe

norapudmmnyeckoe pacnpegenexHme

BekTop 13 £ anemMeHTOB, MMELLNX NTIOrUCTHYE-

CKOe pacnpepeneHue

nmerLwmx buHommans-

MMEeLWNX 3KCNoHeHUun-

nMerLwmnx reomeTpunye-

rbeta (f,a,b)

rbinom (f,n,p)

rcauchy (f,a,b)

rchisg(f,n)

rexp (f,a)

rF(f,n,m)

rgamma (£, n)

rgeom (£, p)

rhypergeom (£,M,N-M, n)

rlnorm(f,u, o)

rlogis(f,a,b)
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Tabnuua 7.3 (OKOHYaHue)

PacnpepeneHue

Mpoueaypa

BekTop 13 f 3nemMeHToB, MMEILLUX OTpuULaTENb-
Hoe GuHOMManbHOE pacrnpeaeneHme

BekTop 13 £ anemMeHTOB, UMEKLNX HOpManbHoe
pacnpeneneHne

BekTop u3 £ anemMeHTOB, UMEKLLMX pacnpene-
neHue lNMyaccoHa

BekTop 13 £ anemMeHTOB, MMeEIOLLNX pacnpene-
nexve CtblogeHTa

BekTop 13 f 3MeMeHTOB, UMEIOLLUX PaBHOMEP-
Hoe pacnpegenexue. [Ins reHepuMpoBaHUs Cry-
YanHOro Yncna B AnanasoHe oT 0 A0 x MOXHO
ncnonb3oBaTb KOMaHAy rnd (x)

BekTop 13 £ 3NeMeHTOB, UMEIOLLUX pacnpeae-
nexve Benbynna

rnbinom(f,n,p)

rnorm (f, a, o)

rpois (f, A)

rt(f,n)

runif (f,a,b)

rweibull (£, a)

HaxoHern1, MO>keT BOSHUKHYTH 0OpaTHas 3afaya: 1o U3BECTHOM BEPOSITHOCTH U TH-
My pacrpeneseHHs ONpeAeIUTh 3HaYCHHe CITy4alHOH BETMYMHBI (T. €. 3HAUCHHUE,
BEPOATHOCTh peaji3allii KoToporo 3amaHa). B Mathcad mmeercs BcTpoeHHBIN
Habop COOTBETCTBYIOIMUX oOpaTHBIX ¢yHKumi. OHH TepedncieHsl B Tadm. 7.4.
[epBBIM apryMeHTOM Yy HUX YKa3bIBaeTCs BEPOSTHOCTb, & OCTAIBHBIC COBIANAIOT

C apryMeHTaMy (pyHKLUH pacrpenencHUM.

Tabnuua 7.4. lpouedypsi Onsa onpedeneHusi crydaliHbIX eenuduH
N0 U38ECMHbBIM 8EPOSMHOCMISIM UX peanu3ayuu

PacnpeneneHue

Mpoueaypa

BeTta-pacnpegeneHue
BuHOMMansHOe pacnpeaeneHue
Pacnpeanenexuve Kowwu
Xu-kBagpa-pacnpegeneHune
OKCMOHeHUMansHoe pacnpeaeneHme
Pacnpenenenne duwepa
Mamma-pacnpegeneHvne
"eomeTpuueckoe pacnpegeneHue

M'mMnepreomeTpuyeckoe pacnpeaeneHue

gbeta (P, a,b)
gbinom (P, n, p)
gcauchy (P, a, b)
gchisg (P, n)
gexp (P, a)

gF (P, n,m)
ggamma (P, n)
gqgeom (P, p)

ghypergeom (P, M, N-M, n)
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Tabnuua 7.4 (OkOHYaHue)

PacnpepeneHue Mpouenypa

HopmarnbHoe norapudgmuyeckoe pacnpegenedne  glnorm (P, 1, o)
Jloructuyeckoe pacnpegeneHune glogis (P, a,b)

OTpuuartensHoe GMHOMMansHoe pacnpegeneHne gnbinom (P, n, p)

HopmanbHOe pacnpegeneHue gnorm (P, a, o)
PacnpeneneHue lNyaccoHa gpois (P, A)
PacnpeneneHne CtblogeHTa gt (P, n)
PaBHomepHOe pacnpegeneHue qunif (P, a,b)
Pacnpenenexue Benbynna gweibull (P, a)

Bo Bcex nmpoueaypax B Tabus. 7.4 nepBbIM apryMeHTOM YKa3blBaeTcs, Kak OTMeva-
JI0Ch, BEPOATHOCTH P. DTO 3HAYEHHWE BEPOSITHOCTH, BO3BpAIaeMoe A1 JAHHOTO
pacnpeneseHuss U MCKOMOr0O 3Hau€HUsl Cy4yalHON BeMYHUHbI TPOLEAYPOM, COOT-
BETCTBYIOILLIEH KyMYJISTHUBHON (DYHKUMM pacnpenencHus. JIpyruMu ciioBamu, BO3-
BpalLAETCs 3HAYEHHUE, KOTOPOE CilyvakHas BeJIMYMHA, UMEIOLAs JAHHOE paclpe-
ZIeJIEHUE, HE TIPEBBICUT C BEPOSTHOCTHIO P.

3Hasg (QYHKUMIO WIM IUIOTHOCTH PacHpeAcseHUs CIy4alHOW BEIMYMHBI, MOXKHO
OMpeAeSuTb BCE €€ UNCIEHHbIE XapaKTePUCTUKH, KOTOPbIE MepPeuncIaioTes aajiee.

MaremaTHYCCKHM QKN IAAHUEM CJ'[yLIaI‘/'IHOI‘/'I BCIIMYHHBI i Ha3bIBACTCA BCJIIMYHMHA

s o}

ME = I xf (x)dx (eciy COOTBETCTBYIOIIHI UHTETpaN cXxoauTes). Jlis muckpeTHo#
—00

CITyuyaiiHOM BENMYMHBI MAaTEMaTUYeCKOe OKMAAHUE OMPElCNseTcsl dYepe3 CyMMY

npousBeIeHui ee 3HaYeHUH Ha BEPOSITHOCTH ux peanuzaumu:

ME =5, P(E=E;) (ecnn psaa cxogurest abCoMOTHO). Jucnepehet crydailHoM
k=l

BenuunHbl £ HaspiBaercs Beauunna DE = M(E— ME)? . Jlucnepcus onpeesser
CTEMNeHb OTKJIOHCHHUS CITyYaiHOM BEJTMUMHBI OT MATEMATHYCCKOTO OJKUIAHHMA.
OnpeaesieHUe MaTeMaTUUYECKOrO OXKHAAHUS U JIUCTICPCUH CIy4ailHON BEJUYUHbI

OTHOCHTCS K KJIaCCy 3JEeMEHTApHbBIX 3a/1a4, KOTOPbIE JIETKO U 3JIETAHTHO PELIAlOTCS
B Mathcad. O6parumcs k npumepam,

Mpumep 7.9. Yncnosbie xapakKTepucTUKN cny4vyaiHbiX BeNIMUNH

B AOKYMCHTC Ha pHC. 7.33 NPUBCACHBI MPUMEPBI BBIUUCICHUA MAaTCMAaTUYCCKUX
O)Kl/lllaHl/lﬁ H uucnepcnﬁ JJ1A CﬂyqaﬁHle BCJIMYNH, UMCIOUIUX JTUCKPETHLIC pPac-
OpCACICHUA.
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A ] v= [% <E 31 ep @ [[1ororis ~ P

Yucnosble XapaKTepWUCTHUKA cny4YanHbIX BENU4UH

MartemaTHyeckoe oxpniaaHne:

BunomuansHoe pacnpedeneHue

n
Mlx = Z k-dbinom(k,n, )
k=0
Mx=3
eomempuyeckoe pacnpedeneHue
H
Mz = z k-dgeomik,p)
k=0
Mlx = 2.333

Pacnpedenenue [lyaccona
N
Mz = E k-dpoais(k, 1)
k=0
Mx=4

n=10 p=03 A=4 1= 1000

QHCHBECMRZ

n
Dx= 2 (k- Mx)2-dbi.norn(k,n,p)
k=0
Dx=21

H
Dx= z (k- Mx)z-dgeom(k,p)
k=0
Dx=7.778

N

Dx = z k- I\-'Ix)z-dpois(k,l)
k=0

D=4

A 3] x= ,E‘; 2] af - HITutoriaIs j G

Yucnoesble XapaKTepUCTUKHN cny4anHbIX BENUHYMH

MaTeMaTH4YecKoe 0KMAAHME:

bBema-pacnpedenenue

1
Mz = J x-chhetalx, a, b dx
i

Mx=025

Xu-keadpam pacnpedeneHue

{ru)
Mz = j x-dehisglx,m dx
0

Mx=10

PenomepHoe pacnpedenerue

1
Mz = J - chunif(, 0,1 dx
i

Mx=03

gucnepcuﬂ:

1
D= J (x— Mx)z-dbeta(x,a,b) dx
i

Dx = 00328

{ra)
D= j (x - Mx)z-dchisq(x,n) dx
0

Dx=20

1
D= J (x— Mx)z-dunjf(x,ﬂ,l) dx
i

Dx = 0023

Puc. 7.33. MaTtematnyeckme OxXmaaHns n QUcnepcun aAns GUCKPETHbLIX pacnpeaeneHnia

Puc. 7.34. MaTemaTuyeckme oXnaaHus U ANCNepcumn 4 HenpepbiBHbIX pacnpeaeneHuii
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Kak BeIumMcasrOTCS MaTeMaTHUeCKUEe OKUAAHUS M AUCTICPCUM ISl HEMIPEPBIBHBIX
Clly4aHHbIX BEJIMYMH, MOYKHO COCTaBUTb MPEJCTaBIEHHE MO JAOKYMEHTY, Mpej-
CTaBJCHHOMY Ha puc. 7.34.

Knacce 3apay, pelnaeMblx B paMKax TCOPHH BEPOSITHOCTEH, CYILIECTBEHHO BBIXOAUT
3a paMKU ONpPeAesIEHUsl MaTeMaTUYECKUX OXKWAAHUN W iMciiepcuil cilydalHbIX Be-
muunH. [IpocTo 3T ToHATHS Hambomee OMM3KM K MATEMATHUECKOM CTaTHCTHKE,
4yTo Oy/JIeT NMPOUIUIIOCTPUPOBAHO B Cligaytollem nojapasaene. Jlanee paccmorpum
3a/ady, pelleHne KOoTopod peanm3oraHo B Mathcad Meromamu, mOCTYHHBIMHU
TOJILKO MPU UCNIOJIb30BAHUU MAaTEMAaTUUECKHX MAKETOB.

3agaua 7.10. @ynxnusa pacupenaeseHus

Ilycth uMeeTCst KBaspaT ¢ €/IMHUYHON CTOPOHOU. BHYTpU Hero ciydaiinbim obpa-
30M BbIOMpAcTCA TOUYKA, KOTOpas CIYXKHUT BEpPLIMHOW NpAMOYroibHuKa. HykHO
HaliTH QyHKUMIO pacnpeaeseHus ClydYaiHOH BEJIMUMHBI, PaBHYIO MJIOWIAAN yKa-
3aHHOTO NPSMOYTOJIbHHKA.

Jns pewieHus 3Toii 3amaun ee yaoOHee HEMHOTO nepedopMynupoBaTs. B qacTHo-
CTH, KOOPJMHATbLI BLIOUpAeMOH ciy4alHbIM 00pa3oM TOUKH MOMKHO HUHTEPNPETH-
poBaTh Kak /Ba ciiyyaiHbIX unciaa & v &,, paBHOMEpPHO pacnpesieseHHbIX B Aua-
nazone 3Hauenwii or 0 go 1. Ilmomanp mnpAMOyroipHUKa paBHA, OYEBHAHO,
MPOM3BEIEHUIO STUX CIy4YaiiHbIX uncen & = &;&, . CormacHo ompeneneHuto, GyHK-

LM pacnpeiesieHus cilyqaiiHol BesnunHbl F: (X) ecTb BEPOSTHOCTBL TOrO, YTO 5Ta

crydaiiHas BENTMYMHA MEHBIIEG apryMeHTa (YHKIOMM pacrpelesieHus, T. e.
F:(x) = P(§ < x). U3 oT0r0 M Gynem nexoauts. B wactHocTy, Bocnonbsyemes me-

tonom MonTte-Kapno. Byaem npu uUKCHUpOBaHHOM apryMeHTe X TeHEPHPOBATb
mapbl CyJalHBIX YMCeN U CPaBHUBATh MX MPOU3BEACHUE CO 3HaUeHUEeM X . Yucno
nap, [l KOTOPbIX MPOU3BECHUE MEHBIIE X, ACTHUTCS Ha 00lee YUCIO CTeHEpH-
poBaHHbIX nap uucen. [Ipu GomabpimomM uncie o0MUX CreHEPUPOBAHHBIX Nap JaHHOE
OTHOLIEeHHe OYJeT CTPEMUTLCS K UCKOMOM BeposiTHOCTH. Peanusauus npouenypsi
BhIUMcIeHns GpyHKIMN pactipenenenus B Mathcad mokazana Ha puc. 7.35.

Ilpouenypa HauumHaeTCs ¢ HWHHULHAIW3ALUHA MEPEMEHHOM, KOTOpas ONpeAenseT
YUCJIO reHepupyembix nap uuces. Takxe BBOAWUTCS NepeMeHHasl (C HaydalbHbIM
HyJIeBBIM 3HAYeHWEeM) IS TOjcUYeTa YHCHa TMap Yhcell, TIPOU3BEACHUE KOTOPBIX
MeHblle x. [lanee B pamKax oneparopa LMKJa FeHepUpYIOTCs CiydaiiHble uncia 1
BBIMOJIHSIOTCS Bce NMpoUYre HeoOXouMble AelicTBus. OHW JOCTaTOUHO MPO3payHbl
U KOMMEHTapHueB, AyMmaeTcs, He TpeOyroT. PesynbraT ecTh OTHOIIEHHE ABYX JIO-
KaJIbHbIX MEPEMEHHBIX, UHULMAIIU3NPOBAHHBIX B CAMOM Havajle MpoLe1yphbl.

VY 37001 33124 ecTh TOYHOE aHAJTMTUUYECKOE pelleHHe, KOTOPOe 3/1eCh MPUBONTh
He Oymem. OTMeTWM TONBKO, YTO McKoMas (YHKIOUA pacrpenescHUus
F:(x)=x(1-In(x)) npu 0<x <1, HyIO — MpU OTPULIATEJLHOM APryMEHTE M
eJVHULIC — TIPpA 3HAYCHWUAX apPryMeHTa, OOMBIINX eAWHWIEI. B cOoOTBeTCTBUH
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¢ 3TuM B pabodeM moKyMeHTe onucaHa GpyHkuusa. OHa Hy)KHa JUId CpaBHEHUS pe-
3yJILTaToOB pacuera GyHKUMW pacrnpe/ieseHus] clyHalHONW BeJTMUMHBI Pa3IuYHbIMU
Metomamu. B HmkHe# yactu moxymeHTa Ha puc. 7.35 mpuBedeHsbl 1Ba rpaduka,
NOCTPOEHHbIE COMIACHO TOYHOW (DYHKLMHU U SMIUPUYECKOM, pACCUMTAHHONH METO-
aoM Monte-Kapno. B mocnenHeM ciyyae BBIYMCIICHHS BBINOJTHSUIMCH Ha OCHOBE
10 000 map cayyaliHbIX yMcen s KaXJ0ro 3HaueHus apryMmenra. Kak snerko 3a-
METHUTh, COBIIAJCHNE TTpaKTHUeCKH uaeanbHoe. [IpaBma, u3-3a MOBOIBHO OOIBIIOTO
YUcIia WAroB NOCTPOSHHE TUX IpadUKOB MOXKET 3aHSTh HEKOTOpoe Bpems. Pabo-
Ty TIPOLIEAYPBI MOYKHO YCKOPHTBH, YMEHBINUB urciio maros. Ha puc. 7.36 ¢yHkuums
pacnpeneneHust CTpoUTCsl Ha ocHOoBe renepupoBanust 1000 nap cnyvaiiHbIx Yucen.
B sTOM citydae mpocnexkuBaeTcs HEKOTOPBIH pazdopoc TOUSK SMITUPUYECKOM 3aBH-
CHUMOCTH.

A 2] 2= [2 <F B af W JITutDriaIs x| @ao

BbluncneHve hyHKUWKW pacnpegeneHns

Mpoue d BblYMHCNeHHA: tbymcu,uﬂ ANA NpoBEepKH.
Phx) = | « 10000 F(z) = |0 if x=0
30 othenrise
for i=1. M w1l =z if x=1
a -+ tndl1) 1 otherwise
b« md(1)
Be3+1 if abax
3
N
11
nzs
P'h(x)u'ﬁﬁ
F(x)
0.44
n22

-0.1 014 038 062 036 11

Puc. 7.35. Beluncnenve dyHkumm pacnpegenenus (10 000 waros)
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A [] x= [ <F T af W JITutoriaIs = e
11
0z .
Phix) 0.66 ;
Wy
0.4 -
022 *
a
-01 0.14 038 062 0.36 1.1
x

Puc. 7.36. ®yHkuus pacnpepeneHms Ha ocHose 1000 waros

A [] x= [ <F T af W JITutoriaIs = e
1.1
0.8% Y < Lub
A +
4 i
‘0‘4‘“ .&
o +
L .
Fix) A
0.44 e
+ 48
pra
0.22 e
1]
-1 0.14 038 062 0.26 11

Puc. 7.37. ®yHkuma pacnpeaenerms Ha ocHose 100 waros

Ecnmu gucno maros ymensmuTh 70 100, pazdpoc cTaHOBUTCS OUYeHBb CYIIECTBEH-
HBIM (pHuc. 7.37).

Ilosromy K BONpocy BbIOOPAa MUHUMAJILHOIO HEOOXO/IMMOIO YMCIIAa CIEHEPUPOBaH-
HbIX CJIYYalHbIX YMCEs 1Sl OJYUYEHUS JIOCTOBEPHbIX PE3YJILTATOB CJIEyET OTHO-
CUThCs KpaliHe BHUMAaTeNbHO. B HEKOTOpOM cMblciie 3Ta npodiiema nepekyimKaercs
C 3ajJa4aMl MaTeMaTH4ecKoW cTaTMCTUKU. Beab 00bEKTMBHOCTH M UHGPOPMATHB-
HOCTb SMITUPHUUYCCKUX NAHHbIX — KJIIOUEBO MOMCHT, KOTOpblFI 4acTO MOKET 6l>lTl>
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oTpeie]ieH B paMKaxX CTaTHCTUYSCKHX TOIXOI0B, OCOOCHHO €CIT B PACTIOPsHKCHUN
WCCcIlefioBaTeNs uMeeTcs Takoe 3 peKTHBHOE TIpuIioskeHre, kak Mathcad.

3nemeHTaprle 3apa4uM MaTeMaTu4eCKou CTaTUCTUKU

CHGKTp peHIacMbIX B paMKax MaTEMAaTHYCCKOM CTaTUCTHUKH 3aJa4d BeCbMa HIHUPOK.
IMonmHOE MX omMcaHUe HE ABIISICTCS LB 3TOM KHUTH. HOBTOMY 34€Ch 6YI[YT pac-
CMOTPCHBI TOJIBKO CaMBIC MIPOCTHIC 3aavd, TPUYCM HCKITIOUYUTEIIBHO B MPUKIAJHOM
ACIICKTC, ¢ TOYKHU 3pCHUA HUX pcajlu3alluv B Mathcad. B 0CHOBHOM 3TO BBIYHCIIE-
HHUEC BLI60pO‘lHLIX XApPaKTEPUCTUK U KOppeJ’IHHHOHHBIﬁ aHaJIn3 JaHHbIX. HpI/IBeI[eM
HCCKOJIBKO OHpeZ[eHeHHﬁ.

CryuaiiHoH BbIOOPKOH Ha3biBaeTCsl cly4aiiHbl BEKTOP, 3JIEMEHTbI KOTOPOro Hesa-
BUCUMbI W OJIMHAKOBO pactipe/esieHbl. OObIUHO 10/ BLIOOPKOH M0/ipa3yMeBaoT pe-
3yJIbTaThl HE3aBUCUMbBIX U3MEPEHHH, KOTOPbIE MPOBOSATCS B OJIMHAKOBBIX YCIIOBHUSX.

Omnupuyeckas (QyHKUMS pacrnpenesicHusl ONpelesseTcss Kak OTHOLICHHE 4YHCia
3JIEMEHTOB BBIOOPKH, MEHBLIMX apryMeHTa (PYHKLUH, K 00LIeMy YUCTY 3JIeMEHTOB
BbIOOpKU. DaKTHUeCKH, 3TO OnpeAeaeHre ObUTO UCMOIb30BAHO paHee MpH pere-
HUM 33241 O pacrpeeCHUN Cy4afHON BeTHUNHbI.

Ecnn o6o3naunth BBIOOPKY Kak (X{,X7,...,X,), TO BBIOOPOUYHBIM MOMEHTOM TO-

1 n

paaka k HAa3bIBAIOT BCIUYUHY dj = — z )C,/;,l . L[eHTpaHBHBIM BBI6OpOLIHBIM MO-
n, —
m=l

1 & _ _
MCHTOM TOpsiika k HasbiBaeTcs BeldWdMHa by =— Y (X, —~%)*, rme uepes
o=
0003HaueHO BbIOOPOUHOE cpe/iHee (BLIGOPOUHOE MATEMaTHYECKOE OXKMWAHUE),
1 n
COBMNajialoLiee ¢ BbIGOPOUHBIM MOMEHTOM [EPBOIO MOPSAKA: X = df =— D X, .
n=
m=1

LlenTpanbHbIii BEIOOPOYHBINT MOMEHT BTOPOTO TIOPAIKA Ha3bIBae€TCS BBHIOOPOUHOI
Jucnepcue.

MOoKHO MOKa3aTh, YTO MaTeMaTHuYeCKoe OXMJaHHE OT BbIGOPOUHOrO CpeAHero
PaBHO MaTeMaTH4ECKOMY OXKM/AHMIO BJIEMEHTOB BbIOOPKM (MOCKOJbLKY BCe diie-
MEHTbI BLIOOPKHM OIMHAKOBO pachpeesieHbl, TO OHH UMEIOT OJMHAKOBbIE YUCIIO-
Bbl€ XapaKTEePUCTHKH, B TOM YHC/Ie U MaTeMaTH4yeckue oxxuaaHud). pyrumu cio-
BamMH, ecid Mx, =a, To MX = Mx,, =a. MareMaThuyeckoe OXHIAHUEC OT
BBIOOPOYHOH AWCIIEPCHH COBMANACT C AWCIIEpCHei 3JIEMEHTOB BBHIOOPKH ¢ TOYHO-

n—1

cteto 10 MHOXwuTens (n—1)/n. Ecmu o6o3naunte Dx, = c%, 10 Mby = —02.
n

IloaToMy BBIOOPOUHYIO AUCIIEPCHIO HA3LIBAIOT CMELUCHHOM OLICHKOM /151 JIMCepcun



YucneHHble u cmamucmuyeckue Memoosb! 485

CITyYafiHbIX BETHYHH — DIEMEHTOB BbIOOpKH. OOBIYHO paccMATpUBAIOT HecMe-
2 n 1< =2 »
LUEHHYIO OLIEHKY AMCIIEPCHH s~ = ——by = —— > (x,, — X)* . Jlnst o710l Xapak-
n-1 n-1,7
TEPUCTUKH MaTEeMaTH4ECKOE OXKHUJAHWE COBMAJAAET ¢ JUcrepcreil 2J1eMEHTOB Bbi-

Oopku. llpu Gosbliom o0beme BbIGOPKU (T. €. NpU OOJIBLIOM YUCHIE IJIEMEHTOB
B Heil) CylIECTBEHHOM pa3HHULbl B 3THX OLEHKAX HeT.

Jnsg BHIYMCIEHHS YKA3aHHBIX XapakTepucTMK B Mathcad ecTh crneuuanbHble
BcTpoeHHble (yHkuMH. Tak, cpeaHee 3HaYeHUE MOKET ObITh BbIYMCICHO C MOMO-
B0 TIPOLIEAYPH! mean (). Ee apryMEHTOM YKa3blBalOT BEKTOp BhIOOpKH. Kpome
3TOrO MHOI/IA MPUXOJUTCH BBIUMC/IATL CPEJHEE FE€OMETPUUECKOE M CPejHEe rap-
MOHMYECKOE 3HAUEHHUS IO 3/eMeHTaM BHIOOpKHM. CpelHee TeOMETPUYECKOE Bbl-
n rop Y
[1xn. a cpennee rapmonnueckoe — | — > —

m=l 1 p=1%Xm

yucasieress no dopmye

B Mathcad cpeaHee reoMeTpuuecKkoe BbIUUC/ISCTCS NPOLEIYPON gmean (), a Cpe-
Hee TapMOHHMYECKOe — hmean (). LleHTpanpHOe 3HauUeHHWE B BHIOOpKE (Takoe 3Ha-
YCHUE, MO OTHOUICHHUIO K KOTOPOMY YHMCJIO MEHLUIUX U 60J'lbLLll/lX 3HaUYeHUH OJaHuHa-
KOBO) BBIYHCISIOT TMpOLEAypold median (). Hambonee wacto BcTpeuarormmeecs
3HAUYeHUe JIErKO HAlTH C MOMOLIBIO MPOLEAYPbI mode () .

Camo coboii pazymeercs, 4To /i BbluMcieHus BbiOopouHoli Aucnepcud B Mathcad
TakKe ecTh BCTpoeHHbIe (GyHKIMH. CMeIeHHAs TUCTIePCHS MOXKET OBITh paccuu-
TaHa MocpeICTBOM IPOLElypbl var (), HECMeUleHHas — Var (). Y1 B ToM, U B Apyrom
cllydae apryMeHTOM YKasbIBaeTcsi HAOOp JaHHBIX, HA OCHOBE KOTOPBIX MPOBOASATCS
BblunciieHnsi. CTaHAapTHbIE OTKIOHEHHWS (KOpPEeHb KBaJpaTHbIH W3 JUCMIEPCUM)
TakoKe BBIYUCIAIOTCSA 0e3 0coOBIX MpoOiieM: CTaHAAPTHOE OTKJIOHEHHE Ha OCHOBE
CMELLEHHOW AMCNEePCHU BBIUMCISIOT Mpoueaypol stdev (), a Ha OCHOBE HecMe-
IIEHHOW IHCIepCHH — C TOMOLIBIO Stdev (). Kak M paHee, apryMeHTBI Tpo-
Leayp — BeKTopa BbIGOpOK.

Mpumep 7.10. BoibopouHbie
cTaTUCTUYECKMNE XapaKTepUCTUKM

[Ipumepbl BbluMcaeHHSs! BBIOOPOUHBIX XapaKTEPUCTUK MOXKHO HAMTH B JIOKYMEHTE
Ha puc. 7.38.

Bce xapakTepucTUKU BBIMUCISIOTCA HA OCHOBE BBIOOPKH, KOTOpas co3JaHa ¢ Mo-
MOLIBIO reHepaTropa ciydaiHbiX uuces. JlaHHble B BbIOOpKE MMEIOT HOpMallbHOE
pacrpenencHie €O CpeIHUM 3HA4YeHHWEM 3 W CTaHAAPTHBIM OTKJIOHeHHeM 0,5.
B Boibopke 1000 anemento. Kak BUIMM, BbIUKCIIEHHbIE BLIOOPOUHBIEC XapaKTepH-
CTHKH JOCTATOYHO OJIN3KU K TEOPETHUECKUM.
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A ] v= [2<F 3] ap - HITutorials

=] Peo

BbiyMcneHve BbIBOpPOYHbLIX CPEAHMX M AMCNEPCUNA

¥ 0= thotm1000,3 0.5

mean(s) = 2996 a
0
ean(x) = 2054 @
0 | zs83 greanid)
1 | 308 hmean(z) = 25909 @
FREEEL
~ (3312 median(x) = 2.991 -
=4 | 2405 var(x) = 0.239 @
5 | zo07
B |2854 Var(z) = 0.238 @
7 28
stdew(x) = 0429 -
8 | z016 0o
8 |z195 Stdev(x) = 0459 @

DopMUpoBaHHe BbIDOPKK: CpenHue 3IHa4YeHWA M ANCOEPCHN:

CpegHee sHaYeHWE
CpegHee reoMeTpuyeckoe
CpeaHee rapMoHHYeckoe
LleHTpaneHoE 2HaYEHHE
CMeLLEHHEA QucnepouA
HecmelleHHaA BUCnepcHa
CMELLEHHDE OTKNOHEHWE

HECMELLI,EHHDE OTENOHEHKE

Puc. 7.38. BbluncneHme BbIGOPOYHbIX XapakTepUCTUK

A 1] x= [2 <2 31 af HITutoriaIs | @eo

EaHHble AnA co3faHWAa rmcrorpamMmm
36 1667 86

hist(3,x) = | 820 histogram(3,%) = 3 520
04 4533 04

0 1] 1

1] 0 o) 1133 0
1 4 1 1.4 4
2 7 2| 1.667 7
3 20 3| 1.933 20
4 55 4 2.2 55
51 113 5 | 2467 113

hist(15,) = 6| 191 histogram(15,%) = 6| 2733 191
7| 229 7 3 229
8| 184 8| 3267 184
9 103 9| 3833 103
10| 66 10 3.8 GE
11 22 11| 4.067 22
12 ] 12| 4.333 ]
13 1 13 4.6 1
14 0 14| 4.867 0

Puc. 7.39. Vcnonb3oBaHue npoueayp hist ()

Mhistogram/()
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[IpencraBnenne 06 sMnupuuecKor GyHKLUMH paclpeneicHUS MOKHO COCTaBUTh T10
rucrorpammam. [locneaHue co3natoTcs Ha OCHOBE BEKTOPOB BbIOOPOK € MOMOLLBIO
mpouenyp hist() M histogram(). APryMEHTBl y 00enX OpouUeAyp OJMHAKOBBIL:
MepBbIii onpenenseT WHTEepBabl U1 CO3JaHMS 'MCTOrpaMMbl, a BTOPOH — 3TO
COOCTBEHHO BBIOOPKA, HA OCHOBE KOTOPOM CTPOMTCS rucrorpamma. Uro kacaetcs
NepBOro apryMeHTa, TO OH MOXKET ObITh JIMOO BEKTOPOM KOHEUHbIX TOUYEK WHTEp-
BaJIOB AJISl TPYNIMPOBKH JAHHBIX BEIOOPKH, TMOO LIETBIM YUCIOM, 3aAal0LUM YHC-
JI0 nHTepBaJIOB. B nocneanem ciyuae Bech Auana3oH 3Ha4UeHUi B BbIGOpke pa3ou-
BaeTCs Ha paBHbIC HHTSPBAJIBL.

PazHuua Mexay npouenaypaMmu hist () M histogram() COCTOMT B TOM, UTO NEPBOM
BO3BpallacTcsa BEKTOp 4acTOT, ¢ KOTOPbIMHU AAHHLIC Bbl60pKl/l nonajgaroT B 6a30-
BBIC WHTEpBalbl TUCTOrpamMMmbl. BTOpoil mpouemypoil Bo3BpamacTcs MaTpHLA.
Ilepebiii ee cronbel cCoAePKUT CpeiMHHbIE TOUKH 0a30BbIX WHTEPBAJIOB, a BTO-
pOfI— YaCcTOThl NOMaJaHUs AAHHBIX B 3TH HWHTCPBAJIBI. Ha puc. 7.39 moxazaHbl
NPOCTLIC MPUMEPHI ¢ NPOUCAYPAMU hist () M histogram().

g A [ x= [ <F 3] af JITutoriaIs j @G0
[ucTorpamma

H = histogram(20,%)

200

160

120

ey

20

H{0}

Puc. 7.40. N'cTtorpamma
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Hawnbonee mpocToii cmoco0 cozmaHus THCTOTpaMMBl COCTOUT B ciemyromieM. CHa-
yana TpoLeAypol histogram() HWHANHATA3HpPYeTcS O0OBEKT (MaTpHia), coaep-
JKaimas CpeMHHbIe TOYKHA WHTEPBAJOB I'MCTOTPaMMBI (TIEpBBIN cTOIOEI) U CTOII-
Oerr wactor. [lamee y TOPHU3OHTATBHOM OCHM YKa3bIBalOT CTOJOEI[ CpeIrHHBIX
TOYeK WHTEPBAIOB (3TO CTONOEI] MaTPHIIBI C HYJIEBBIM WHICKCOM), a ¥ BepTH-
KaJbHOW — cTON0eI] ¢ YacTOTaMU pacrpe/ie]ieH!s] TaHHBIX 110 WHTepBajiaM THC-
TorpamMmbl (cTonben ¢ TepBbIM HHAEKcoM). MHaekc mims crondma BBOAWTCS
C TIOMOIIIBIO TIMKTOTrpaMMbl TiaHemd Matrix i komOuHarwelt kinasum <Ctrl>+<6>.
Pesynbrar mocTpoeHus rucTorpaMmbl o c(hOpMUPOBAHHON paHee BBIOOpPKE TIO-
KazaH Ha puc. 7.40.

Cpa3zy ciiegyeT OTMETHTb, YTO YHMCIIO UHTEPBAJIOB, MO KOTOPBIM TPYNMUPYIOTCS
JlaHHble, — BeCbMa Ba)KHbIH (akTOp, KaYECTBEHHO OMNpeeNsiOMi BUJ TMCTO-
rpammbl. Ha puc. 7.40 rucrorpamma ctpoutcs Ha ocHoBe 20 unTepsanon. Ecnu
YUCJIO MHTEPBAJIOB YBEJIMUUTL A0 60, rucrorpamMmma OyAeT BbIMISACTb TaK, Kak Mo-
KazaHo Ha puc. 7.41.

A ] x= [2<E T af # “Tutorials x| oo
CmcTorpamma

H = histogram(6d,x

0

56 M

42 =

{1}

14

I{{U}

Puc. 7.41. Npn nameHeHnn Yncna nHTepsanos ructorpaMma MeHsET BUA,
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Baxxubrii kmace 3a7a4 MaTeMAaTHYCCKOM CTaTHCTHKH CBI3aH C HCCICA0OBAaHUEM Ha60pOB
UHUCJIICHHBIX JAHHBIX Ha MPCSAMET UX 3aBUCUMOCTH WUJIN HE3dBUCUMOCTH. OOBIYHO TaKOM
BBIBO/ ACJIaIOT HA OCHOBC 3HAYUCHUWA KOB(I)(I)I/IL[[/IGHI‘B KOppeJELUY, OMpEAC/ICHUEC KOTO-
POro 0CHOBAHO Ha TAKOM IOHATHHA, KAK KOBapuaLuys. I[J'[?I ABYX CJ'[yIIaI‘/']HLIX BCJIMYKWH E_,

v 1 KoBapuauus onpeaessiercs kak cov(E,m) = M {(§ — MEYm — Mn)} . Jlna nesa-

BUCUMBIX CJIy4aliHbIX BEJIMUMH KOBapHallys paBHa HyJ10. KoadduiumeHnT koppensuun
€CTh KOBapualMs, HOPMUPOBAHHAS HAa KOPEHb KBaJpPaTHbIH W3 MPOW3BE/ICHHS JIUC-
cov(§,n)
N DEDN
COJIIOTHOM BeNMUMHE MpeBblllaTh eauHuly. Kak v koBapuauus, JJisi HE3aBUCUMbIX
CITyHaiHbIX BeNW4MH KOd(dULIMEeHT Koppensuyu paBeH Hymo. OHAKO U3 paBeHCTBA
HYJI0 KOd(dULMEHTa KOPPESILMK HE3aBUCHMOCTb CJIyYaHHbIX BEJIMYMH B OOlLEM
ciyuae He crneayeT. HyneBoii koaduumeHT koppensuun cBUAETEIbCTBYET O HE3aBU-
CUMOCTH CJIyYaiHbIX BEJIMUUH, TOJILKO €C/IM OHW UMEIOT HOPMAJILHOE Pacrpeie/ieHHe.

nepcui, a umenHo p(&,n) = . Koopuupenr koppensitimy He MokeT 1o ab-

Panee npuBeneHo ompeaeneHue TeOPEeTHUECKOTO KO3 (HULUHUEHTa KOPpeIiLuu
(1, pazymeeTcd, KoBapualuu). BeiGopouHble KoBapHaLUsl U KOPPESILUS MOTYT
ObITb BBIUMCICHBI, €CIM OMNEPALMIO OIMpedeNICHUS MaTeMaTHYECKOTO OXKHUIAHUS
3aMEHHUTh Ha BbIUMCIICHHE BBIOOpOUHOro cpenHero. B Mathcad nns pacuera xoBa-
puaLuu uMmeercs mpoueaypa cvar (). KosgduuueHT koppensuyu Bo3BpallaeTcs
mpouenypoi corr (). ¥ obeux mpouenyp mo ABa apryMeHTa — BbIOOPKH, I KO-
TOPBIX BBIUUCIIAIOTCS COOTBETCTBYIOLINE XaPaKTEPUCTUKH.

Mpumep 7.11. KoppensaynoHHble XxapaKTepUCTUKM

Ilprumepsbl npumMeHeHUs NpoLeaAyp cvar () U corr () NOKa3zaHbl Ha puc. 7.42.

A [E] 2= |2 <F F] af - JITutoriaIs j &G0

Koppensauvsa gaHHbIX

Bh1DopKKU JaHHBIX:
o= o 1000, 5,0.5) v o= o 10003, 1) ZT=3u+ ¥

Koeapuauus: KoadpchMuMeHT KoppenAunn:
cvat(x, ¥ = 0.039 cott(x, ) = 0.047

cvat(x, 21 = 3457 cott(x, %) = 0972

cva(y, g = 1.213 cott(v, %) = 0.28

Puc. 7.42. Koppensaumsa gaHHbIX
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K coxanenunto, mo xo3(pPULUMEHTY KOPpETSLUH JaIeKO He BCeraa MOKHO CIAeIaTh
BbIBOJ O TOM, CYLIECTBYET MEX/Iy AAHHBIMM 3aBUCHMOCTb WM HeT. [lpumepbi
Ha puc. 7.42 310 noATBep;kAaOT. B momoOHBIX cayvasx HY>KHBI IPYTHE METOBI.

PerpeccnoHHbIN aHanu3

MeTtoabl PErpecCHOHHOrO aHain3a NO3BOJIAIOT CTPOUTL MOJENH, ONMMCBHIBAIOLIKE
B3aUMOCBS3b Mexay HaGopamu ndaHHbIX. PaccMorpum 310 Oonee moapoGHO.
ﬂpeﬂnonomnm, UMECTCA ABa Ha6opa 3aBUCUMBLIX JAHHbIX, MPUYEM KaueCTBEHHbIH
BH[ 3aBUCHMOCTH TakKe U3BecTeH. COOTBETCTRYIONIAS 3aBUCUMOCTD JAeTCs HEKO-
TOpoii PyHKLMEH, B KOTOPYIO KPOME apryMeHTa BXO/ST HEU3BECTHbIC MMapaMeTphl,
ompenensieMble Ha OCHOBe HAaOOpOB HaHHbIX. OT WHTEPHONSALUM Takas 3azaua
NPUHUUNIHAIBHO OTIHYACTCd TEM, YTO UUC/IO0 HECHU3BECTHLIX NapaMeTpoB CyUIECT-
BEHHO MeHbIe 0a30BbIX (Y37I0BBIX) TOUYEK (YHKUHMOHATBHOH 3aBUCUMOCTH, MO-
3TOMY NpH (PUKCUPOBAHHOM THIE KPUBOK MPOBECTH €€ TaK, YTOObl OHA MPOXOAUIIA
yepes Bce Y3J0BbIe TOUKH, B 001IeM ciaydae He yaactes. [lostomy 3aeck HeoOxo-
JUM HHOM KpuTepuii. OObIYHO NapamMeTpbl ONPeAe/sioTCsS Ha OCHOBE METOo/1a Hau-
MEHBIINX KBaapaToB. | TaBHAs MAEs METOA COCTOUT B TOM, YTO CyMMa KBaJApaToB
pasHocTed TabJIMUHBIX 3HAUEHUI (YHKIMHU U UX OLEHOK HA OCHOBE PErpecCUOH-
HOW ()YHKLHHM B Y3JOBBIX TOUKAX JOKHA OBITh MUHUMANBbHOMU. MEHHO 3THM KpH-
TEPUEM PYKOBOACTBYIOTCH, CO3AABAsI PETPECCUOHHYIO MOAEJIb.

Hauboiiee npocras perpeccuoHHas Mojae/ b — JMHeHHas. B atom ciyyae 3aBucu-
MOCTbH JJaeTcs COOTHOINEHUEeM BHUAA y = ax + b, rie depe3 x 00O3HAa4UeH HE3aBH-
CHUMBII mapaMeTp, Yepe3 ) — 3aBUCUMbIH, a mapameTpbl @ U b HYKHO HaWTU
MCXO0/1d M3 CTATUCTHUYECKUX JIAHHBIX JJIs1 3HAYeHUH 3aBUCUMOrO napaMerpa {y,,}
B Y3JI0BbIX TOUKaX {x,,}, m =1,2,...,n. OnpeneneHue 3TUX NapamMeTpoB MO METO-

Iy HaUMEHBIIWX KBaJpaTOB TMOApPA3yMEBACT MUHUMH3AIMIO  BBIPAKEHUI
n _ —

> (y(xm)—ym)2 , UTO maet a = (xy —)_c-)_/)/(x2 —-¥%) u b=y —dx, rae yepra

m=1

CBEpXy 0003Ha4aeT ycpeHeHHE. DTH e BbIPAKEHHUS MOKHO 3alucarh HECKOJIbKO
uHade. [TockoabKy BHIOOpOYHAs KOBapuaLMs CIy4alHbIX BEJIMUMH X W ) paBHa

cov(x,y) =Xy —X -y, a BBIOOPOUHAs JUCMEPCHsI BEJIMUMHBI X MOKET ObITb 3amnu-

CaHa KaK pasHOCTh CPEAHCTO KBaJpaTa cnyqaﬁHoﬁ BCJIMYUHBI U KBaJpaTa €€ Cpea-

Hero, T.e. Dx = x> —X2,T0 a = cov(x,y)/Dx . OaHako Bce 3TO HE CTOIb BaXKHO

Ha MpakTHKe, nockosbky B Mathcad /15 BbINOSHEHHS BCEBO3MOMKHbBIX perpeccuii
(B TOM uMCIIe U TMHEHHON perpeccun) BCTPOCHHBIX MpoLexyp Ooblie YeM I10cTa-
TOYHO.
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Mpumep 7.12. JinHeitHaa perpeccnoHHas mopersb

[Ipumep ucnmonp3oBaHUs NpoLenyp JUHEHHOHW perpeccuu line (), slope() H
intercept () MPEACTARICH B JOKYMEHTE Ha puc. 7.43.

A [] x= [ <F T af W JITutoriaIs = e

JIMHeAHaA perpeccua

n:= 100 i=0,1.n

NaHHbie AnA aHanusaa:

xi:=El.1-i yv=3x+ 2+ momin+ 1,010

"aEaMETEbI perpeccuu:

1912
line(x,¥) = ( ] <= BekTop napameTpoe
2996 PETPECTHH
slopelx, ) = 2906 <A NueeiHeii koadduument
intercept(x,¥) = 1912 A CeoBonHuid wneH

fit) = slope(x, vt + intercept(x, ) - PerpeccuoHHan fyHkLMA

Puc. 7.43. JlnHeHas perpeccusi

AprymeHTamu npoueayp yKa3biBalOT BEKTOPbI Y3/I0BbIX TOUEK W 3HaYeHUH (PyHK-
MK (3aBUCMMOrO mapaMerpa) B 3TUX Y3/0BbIX Toukax. Ilpoueaypa line() BO3-
BpalllaeT BEKTOP MapaMeTpoB perpeccuu: CBOOOAHBIN UfeH b W JUHeHHbIH Kodd-
tutmenT a . JluHelHBIM KO3()PHUIMEHT MOKHO BBIMHUCIUTH TAKKE C TOMOIIBIO
slope(), a CBOOOJHbIH 4jieH — ¢ MOMOLIbK intercept (). B npumepe Ha
puc. 7.43 nuHeiiHas perpeccUOHHasi MOJIeSib MOCTPOCHA MOCPEJCTBOM HMEHHO
9TUX npoueayp. JlaHHble, HA OCHOBE KOTOPbIX CTPOWJIACH MOjIelb, YCJA0BHbI. CHa-
yaja cHhOpPMUPOBAH BEKTOP Y3JOBbIX TOUEK, & 3aTE€M CO34aeTCsl BEKTOP 3HAuUEHUi
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34aBUCHUMOT'O IapaMeTpa B 3THX Y3JIOBBIX TOYKax. CDYHKLII/IOHaJ'ILHaH 3aBUCHUMOCTD
MCKAY NapaMeTpaMu HHHeﬁHaH, OJHaKO B HEC BHCCCHBI cnyqal‘/'leIe OTKJIOHCHH.
I[OCTI/IFaeTCSI nocjaeaHee IMyTeM ):[06aBJ'IeHI/I$I CHy‘IaﬁHbIX HOpMAJIbHO paclpeac-
JICHHBIX YHCCJI ¢ HYJICBBIM CPCAHUM 3HAYUCHUCM U CAUHUYHBIM CTAHAAPTHBIM OT-
KIIOHCHHUECM. Haﬁ):[eHHbIe B IIponecce MnmocTpOCHUA pereCCHOHHOﬁ MOZACIH Mapa-
MCTPBI HCIIOXO COBIIAAArOT C KOB(b(bI/ILII/IeHTaMI/I (bYHKHHOHaHLHOﬁ 3aBUCHUMOCTH.

Mpumep 7.13. MeguaHHbIi MeTOf,

B Mathcad cymectByeT BeTpoeHHas MpoLenypa medfit () MU MOCTPOCHHUS per-
PECCHOHHOM MOAeNU MeauaHHbIM meToaoM. Ilpoueaypoil Bo3spalaercs BeKTOp
KO3 pULHMEHTOB perpeccud. B mpumepax Ha puc. 7.44 perpeccust BHIIOJIHEHA pa3-
JIMYHBIMU METOJaMH, B TOM YUCJIE U C IIPUBJICYHEHUEM medfit ().

A ] = [2 <F F of HITutoriaIs | e

JlnHerHan perpeccus

n=15 i=0,1.n
ﬂaHHbIE ANA aHanuza.
%= 014 vo=3x+ 2+ momin+ 1,01

naEaMETEbI perpeccuu.

0.962 BekTop napaMeTpoE perpeccHd
ki=medfitCy) k= (3.488] (MELMaHHEIT MeTop)

& INrHefHEIR KoaddHLHEHT (MeTog
HAHMEHELIWY KESLPETOE)

iy

slope(x,y) =29

intercept(x, ) = 1.704 & CeoBogHEIR YNeH (MeToq
HAHMEHELLIWY KEAOPATOE)

1) = slopelx,¥)-t + intercept(x, ¥

&
F) =kt kg PerpeccuoHHee dyHKUMKH

0 0.5 1 1.5

Puc. 7.44. PasnnyHble TUNbl perpeccun
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Ecnu y310BBIX TOUEK AOCTATOUHO MHOTO, OCO0O0H pasHULBI B PerPEeCCHOHHBIX MO-
Jensix HeT (MMEIOTCsS B BUAY JMHEHHbIC MOAEH, MOMYUYECHHBIC Pa3HBIMU METOAa-
mu). Ha puc. 7.44 yucno Touek cnenHasbHO BBIOPAHO HE3HAUWUTENTBHBIM, YTOOBI
MOKHO OBUIO YBUACTH PAa3IUUUe MEXKIY PErpecCUOHHBIMH NPSMBIMU.

Ecnu BMecTO TAONMUYHBIX CTATUCTHYECKUX AAHHBIX B3STh MOCTPOCHHYIO PerpeccH-
OHHYIO 3aBHCHMOCTb, TO B Y3JIOBBIX TOUKaX 3HauyeHHUsd (TEOpeTHUECKHe, paccyu-
TaHHbIC TIO0 PErpecCMOHHON 3aBUCHMOCTH) 3aBHCUMOIO Mapamerpa OyoyT OT/IH-
4yarbCsl OT TaOJAMUHBIX (PKCNEPUMEHTANIbHBIX) 3HAUEHUH. DTO Tak Ha3blBaeMble
MOTpelHOCTU perpeccun. OOLIell XapaKTepUCTUKOW OIIMOKH, CBSI3aHHOW ¢ HC-
MOJb30BAHUEM PErPecCUOHHON 3aBMCHMOCTH, SIBJISIETCS BeJMYMHA, Ha3blBaemas
ommnOKoi  perpeccun. Ommbka perpeccud BeluMcasgercs 1o  (Gopmyne

] n
RE = —22()/,,,— y(x,,))? . B Mathcad ans onpenenenus Takoro posa
|

oMOKY TpeHa3HauYeHa npouenypa stderr (). Ee aprymMeHTaMu yka3blBatOT BEK-
TOPBI Y3JI0BbIX TOUEK W 3HAUEHHWH 3aBUCHMMOTO MapaMeTpa B y310BbIX TOUKAX.

Hanexo He Bcerna 3aBUCMMOCTb MEXKIY JaHHBIMU HOCUT JIMHEHHBIN XapakTep. bo-
Jee oOLIeH, MO CPaBHEHUIO C JIMHEHHON MOIENbIO, SBIAETCS MOIMHOMHUAIbHAsS
perpeccusi. B sTom ciyuae, Kak HECJIOKHO AOrajaThesi, 3aBUCHUMOCTh Mapamerpa
V OT napaMeTpa X WIIETCS B BUAE NOIMHOMA. Hen3BecTHBIMHU, KOTOpBIE CIeayeT
OTPeneUTh MO CTATUCTUYECKUM AAHHBIM, SBISIOTCS KO3(Q(UUIMEHTH MOJTUHOMA.
s BbIMONHEHUA NOJIMHOMHUANBEHON perpeccun B Mathcad cyinecTByroT nmpoueny-
Pbl regress () U interp (), ACHCTBYIOIIME COBMECTHO. Pe3ynbrat, BO3BpalnacMblii
MpoLenypol regress() (@ BTO BEKTOP KO3((ULHMEHTOB), yKa3blBAacTCA MEPBbIM
apryMeHTOM Ipoueaypsl interp (). KpoMe 3Toro aprymenra, nponefype nepena-
FOTCSL BEKTOPHBI Y3/0BBIX TOUEK, 3HAUCHUH 3aBUCUMOTO MapameTpa B y3JIOBBIX TOU-
Kax, a TaKkKe 3HAUYCHHE MEePEMEHHON MONMMHOMA, AJsl KOTOPOH BBIUUCIACTCA per-
PECCHOHHOE 3HaueHWe. Y MpOLEdYpbl regress() TPU apryMeHTa: BEKTOPHI
V3JI0BBIX TOUEK M 3HAYCHUH 3aBUCHMOTO MapaMeTpa B Y3JOBBIX TOUKAX, a TAKKE
CTEIeHb [MOJTMHOMA PErpecCUOHHON 3aBUCUMOCTH.

Mpumep 7.14. NonuHoMunanbHasa perpeccus
IlprMepbl BbIMONHEHUS MONMHOMHAIILHON perpeccuy MOXKHO BUJETh Ha puc. 7.45.

B nokymente onpeneneHna GpyHKUMS IBYX apryMeHTOB. [lepBrlit — Touka, B KOTO-
PO BBIUUCIACTCSA PErPeCCHOHHOE 3HAYCHUE, 4 BTOPOH — CTEMEeHb PerpecCUOHHO-
ro noauHoMa. g cpaBHEHUS KpOMe CTaTUCTUUECKUX JAaHHBIX (OTACIbHBIC TOUKH
Ha rpadyke) MOCTPOCHO TPU MOJMHOMA Pa3HON CTENICHU: MEPBO, TpeThel U ABa-
auatoif. O4eBHIOHO, YTO CTEMEHb MOIMHOMA KaUeCTBEHHO BIMSCT HAa XapakTep 3a-
BACUMOCTH. MOXKET CIIOKHUTHCS BIEUATICHHE, YTO YeM OOJblle CTETIEHb MOJIUHO-
Ma, TeM JIy4lle, HO 3TO He BCceraa Tak.
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i) x= [ <F 3] af W “Tutorials

o

n= 50

dHHbIE

MonuHomMWanbHasa perpeccus

i=0,1.n

H aHanuia:

A0
yvi=2x+ 50 Tx

%= 014 ] + rhormrn + 1,0,2) t=0,01.01n

n
Perpeccuouuaﬂ Monenk:

Ft,m) = interpregress(x, v om) %, 7,40 a PerpeccuonHan dyHkUmMA

amHran,
L X X] ?

Fit.1)
Ft,3) -

Py

Fit,20)

-5

Puc. 7.45. MNonuHommanbHas perpeccus

Mpumep 7.15. Perpeccusa n uHTepnonauyus

[Tpumep, NMO3BOMSIOWMI CPAaBHUTH MPEUMYLIECTBA U HEAOCTATKU PErPecCUH U UH-
TEPIOIALNH, IPUBSACH B JOKYMEHTE Ha puc. 7.46.

31ech pe3KO YMEHbIIEHO YUCIO Y3J0BbIX TOUEK, U MO HUM BBLIMOJHAETCS anmnpoK-
cUMauusl pa3jMyuHbIMU nojiuHoMamu. IlpumeyaresibHO TO, YTO €C/iU CTereHb M0o-
JIMHOMA Ha €/IMHUILLY MEHbLLIE YUCJIa Y3JIOBbIX TOUEK, TO alMPOKCHMallus hakTude-
CKU NEPEXOAUT B HHTEPIOSILMIO — [OJIMHOM OyjIeT MPOXO/WTh 4Yepe3 BCe
y3/10Bble TOUkH. OJIHAKO B 3TOM CJlyyae CTAJIKUBAGMCs ¢ YK€ 3HAKOMOU npolsie-
MOIi: HA rpaHMLAX Juana3oHa annpoOKCUMHUPOBAHUS MOIYT HAOJIIOATHCS CYIECT-
BeHHble ocumuisitnu. [losiHoMbl Gosiee HU3KUX CTENEHEH XOTS U HE MPOXOAIT
yepes BCE y3J10Bble TOUKM, 3aTO 00Jiee ajIeKBATHO OTOOpaXxaroT xapakrep (yHk-
LIMOHAJIbHOM 3aBUCUMOCTH.
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At ] x= [2<F T wf “Tutnrials

j PGD

MNonMHoOMWaneHas perpeccua U UHTEPNONAUMA

n=14 i=0,1.n
HaHHble ANA aHanv3a:
%= 014 = 2x+5-sjn[

A0

1

PerpeccHoHHaA MOAENb:

30

] + tnot(n + 1,0,2) t=0,001.01n

F(t,m) = interp(regress(x, v, m) ,x, 7.1 “ PerpeccuoHHan dyHrUMA

¥

L2 1
Fit,T
Fit, 100

e

Fit,m

Puc. 7.46. I'Io,qo6paB CTeneHb perpeCCoHHOro NoJsIMHOMa, MOXHO BbINOJTHUTb MHTEPNONALNIO

[Ipu BBIMONHEHUM ANOPOKCUMALMM 3aBUCUMOCTEH € MOMOIUBIO PErPecCHOHHBIX
MOJesIed MOXKHO pealii30BaTh HEKOE MoJoOMe MHTEPHONALMH ciulaliHamu. Tak,
CYLIECTBYET BO3MO>KHOCTh allPOKCUMHUPOBATEH 3aBUCUMOCTH TIOJTMHOMAMU BTOPOH
crereHy. O6MacTh 3HAYEHUI HE3aBUCUMOM MepeMeHHO pazOuBaeTcs Ha mogobna-
CTH, B Mpenenax KOTOPbIX PErpecCHOHHAs 3aBUCUMOCTD JACTCA MOJMHOMOM BTO-
poii creneHu. Ha rpanvuax nogoGnacTeli BBIMONHICTCS CIIMBKA TAKUX MOIMHOMH-

JIbHBIX 3aBHCHUMOCTCH.

Yro6bl BLINOJNIHKTL YKa3aHHy1o perpeccuto, B Mathcad BMecTo regress () HY»XHO
BOCIIOJ1b30BATHCS POLEAYPOI loess (), Y KOTOPOH TPW apryMeHTa: BeKTOp y3J10-
BbIX TOYEK, BEKTOP 3HAYCHHWI1 3aBUCUMOrO Mapamerpa B y3JIOBbIX TOUKAX, & TAKKE

napamerp, onpeaesstouui pazmep noaodaacrei.
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Mpumep 7.16. Perpeccua nosiIMHOMamMu BTOpPOil CTENEHU

IIpumep BbINONIHEHHS PerpeccUM Ha OCHOBE OMHCAHHOrO crocoda NokasaH B J10-
KyMEHTE Ha puc. 7.47.

A ] x= [ <2 T af “Tutnrials | o

Perpeccus nonMHoOMamy BTOPOW CTEMNEHW

n=40 i=0,l.n
aHHbIe ANA aHanwsa:
. 0w
x = 014 = 2x+5-sm[—] + momm(n 4+ 1,0,2) t=0,01.01n
fn
PerpeccuoHHan mopens:
Ft,m) = interp(loess(x, v, m) ,x, 7,8 <7 PearpeccroHHan yHKUMA

10

o)

F(t,0.3)

rEEEE

Puc. 7.47. [Ins perpeccun ncnonb3oBaHbl NOSIMHOMbI BTOPOW CTENEHN

IMepeuncaeHHble MPOLEAYPhl BBIMOJHEHHS MOJTMHOMHATIBHOW PErPEecCHH MOTYT
UCIOJIBL30BATLCS /ISl CO3AaHusl ABYX(DAaKTOPHBIX PErpecCUOHHBLIX MoJieliel, B KO-
TOPBIX JIBA HE3aBUCHMBIX Mapamerpa. JlemaeTcs 5TO MPaKTHYCCKH TaK JKe, KaK U B
ciyuae 0HO(GAKTOPHBIX MOJIENEN, TOJIBKO BMECTO BEKTOPA Y3JIOBbIX TOUEK YKAa3bl-
BAIOT MATPHILY y3JI0B (MaTpHIla COCTOUT W3 JABYX CTOJOLOB, ONMPEACTSAIONINX Y3I10-
BbI€ TOUKU 110 KAKAOMY U3 (haKTOpOB).
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BosmoxxaocTH Mathcad asist mocTpoeHHs pazTUdHOTO THIIA PETPEeCCHOHHBIX MOe-
neii moctarouHo mupoku. Cpean BeTpoeHHBIX yTHiIuUT Mathcad moxHO HaifTh
MpoLeaypsl Ha 00O0H, Kak roBoputcs, BKyc. llepedens mpouenyp, npemaHa3Ha-
YEHHBIX IS CO3JaHMs PETPEecCHOHHBIX 3aBUCHUMOCTEH M0 CTATUCTHUYECKAM JaH-
HBIM, TIpUBE/ICH B Ta0mI. 7.5.

Tabnuua 7.5. lNpouedypsi Ons co3laHusi pespeccuul

Mpoueaypa OnucaHue

expfit(x,y,9) OKcnoHeHUuanbHas perpeccusi. PerpeccroHHas Mo-
Aernb Ha OCHOBE BbIPaXeHNs y = gexp(bx)+c. B Mpo-
Lecce NoCTpoeHUst MOAENU HAaXOAATCS napaMeTpbl d
b n ¢ . AprymeHTamn npoueaypbl yKasbiBatoT BEKTOP
Y3I10BbIX TOYEK x, BEKTOP 3HAYEHUI 3aBUCUMOrO napa-
MeTpa B y3rnoBbIX To4Ykax y. MOXHO yka3aTb Takxke Tpe-
TUIA NapaMeTp g — BEKTOP C HAaYarbHbIMU OLIEHOYHbIMU
3HaYeHMAMU 4nsi napameTpoB ¢, b n ¢

logfit (%,y,9) Jlorapucmuueckas perpeccusi. PerpeccmoHHas mogens
Ha OCHOBE BbIPaXeHUs y = gln(x + b) + ¢ . B npouecce

MOCTPOEHMS MOAENMN HaxoAAaTCs napameTpbl a , b n

¢ . AprymeHTamm npoLeaypbl yKasbisaloT BEKTOP Y3Mo-
BbIX TOYEK X, BEKTOP 3HAYEHNI 3aBMCMMOrO napameTpa
B y3MOBbIX TOYKAX y, TPETU NapameTp g — BEKTOP C
HaYanNbHBIMM OLEHOYHLIMI 3HAYEHNAMM AN NapamMeT-
poB a, buc

Infit(x,y) YnpouyeHHas norapudmudeckas perpeccusi. Perpeccu-
OHHas Moferb Ha OCHOBE BbIPaXeHNs y = aln(x) +¢ .
B npouecce NocTpoeHns Moaeny HaxoaaTcs napameT-
pbl @ 1 ¢ . AprymeHTamu npoueaypbl ykasbiBaloT BEK-
TOPb! Y3MOBbIX TOMEK X U 3HAYEHUI 3aBUCUMOrO napa-
MeTpa B Y3IOBbIX TOYKaX y

lgsfit(x,y,9) Jlornctnyeckas perpeccusi. PerpeccmoHHas mogersb Ha
OCHOBE BbIPaXEHUS y = a/(1 +bexp(—cx)) . ALLyTcs na-
pameTpbl @, b n ¢ . ApryMeHTbl NpoLeaypbl — BEKTO-
pbl x Y3MOBbIX TOYEK, y 3HAYEHUI 3aBUCMMOrO napa-
MeTpa B y3J'IOBbIX TOYKaX, g Ha4anbHbIX OLLE€HOYHbIX
3HaYeHWn ana napameTpos ¢, b u ¢

pwrfit(x,y,q) CreneHHas perpeccus. PerpeccroHHas Mmogenb Ha
OCHOBe BbIPaXEHUS y = gx” + ¢ . VLLyTCA napameTpsl
a, b v ¢. AprymenTsl npoueaypbl — BEKTOPbI x y3-
NOBbIX TOYEK, y 3HAYEHWI 3aBMCMOro NapameTpa B
Y3I0BbIX TOYKAX, g HAaYasbHbIX OLIEHOYHbIX 3HAYEHUN
Ans napameTpos d , b u ¢
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Tabnuua 7.5 (OkOHYaHue)

Mpoueaypa OnucaHue

sinfit(x,y,qg) TpuroHomMeTpuyeckas perpeccusi. PerpeccmoHHasi Mo-
Aerb Ha OCHOBE BbIPXEHUS y = gsin(x + b) + ¢ - VLyTCA

napametpbl a, b n ¢ . AprymeHTbl npoLeaypbl — Bek-
TOpPbI x Y3MOBbIX TOUEK, v 3HAYEHWUI 3aBMCUMOrO napa-
MeTpa B Y3MOBbIX TOYKaX, g HayarbHbIX OLIEHOYHbIX

3HaYeHWn ana napameTpos ¢, b u ¢

linfit (x,y,F) PerpeccuoHHas Mogenb CTpOUTCS B BUAE NUHERHON
KOMBMHaLUUM dYHKLUMIA, yKa3aHHbIX B Ka4eCcTBe afieMeH-
TOB BEKTOpa F (TpeTuii aprymeHT npoueaypel). [epsbie
[Ba aprymeHTa CTaHAapTHble — BEKTOPbI Y3MOBbIX TO-
Yek U 3HaYEeHWIN 3aBUCKMOTO nNapamMeTpa B 3TUX y3no-
BbIX TOYKaX

genfit (x,y,g9,F) O6was perpeccroHHasa mogenb. CTpouTcs Ha ocHoBe
HekoTopour dyHKUmmM £ (onpeaensaemMon nons3osarte-
nem), 3aBucsLen ot x 1 Habopa napameTpoB, KOTOPbIE
ULLYTCS B NPOLECCEe NOCTPOEHMS PErPECCUOHHON MO-
aenu. MNapameTpbl peanusyloTcsa B BUAE 3/IEMEHTOB
HEKOTOPOro BEKTOpa u, T. €. MOAEnNb CTPOUTCSH Ha OC-
HOBe pyHKUMM f (x, u) . Ecnu mogens cogepxuT n na-
pameTpoB, TO 3remMeHTaMu BekTopa F (4eTBepTbiil ap-
rYMEHT npoueaypbl) AOMKHbI ObITb YHKLMM OT X U U,
BEKTOP AOMKEH COCTOSATb M3 n+1 3nemMeHTa, nepBbiM
3aneMeHTOM siBnsieTcs yHKUUS £ (x, u), @ npoyne ero
3MNeMEHTbl — YacTHbI€ NPOM3BOAHbIE OT 3TOW hyHKLMM
no KaXkaoMy 13 MCKOMbIX MapamMeTpoB (OHW, HaMOMHUM,
SBNSAOTCS 3NeMeHTaMmn BEKTOpa u)

Bce mepeuncnennbie B Tabi. 7.5 mpouenypbl B Ka4ecTBE pe3ysIbTaTa BO3BPAILAIOT
BEKTOP MapaMeTpOB pPErpeccHOHHOM Mopend. Jlamee paccMOTpUM HEKOTOpBIE
MPUMEpPBI TIOCTPOCHHUS PETPECCHOHHBIX MoOJeliel Ha OCHOBE yKa3aHHBIX BCTPOCH-
HBIX Tiporiexyp Mathcad.

Mpumep 7.17. TpuroHomeTpuyeckKas perpeccusa

Ha puc. 7.48 mpuseaeH ¢pparMeHT AOKYMEHTa, B KOTOPOM BBITIOIHSIETCS] TPUTOHO-
MeTpuueckas (CUHycouaaibHas) perpeccusi. Cpasy OTMETUM, YTO BCe MPOUMUE per-
PECCHOHHBIE MOJIENH (C TIPEAONIPEAETICHHOrO TUIA PErPeCCUOHHBIMU (PYHKLMSIMU)
CTPOATCS TaK XKe.

dakTruecku, NOCTPOSHUE MOJIEIU pa3duTO Ha jaBa 3rana. Ha nepeoM HaxoasTcs
napameTpbl perpecCUoHHOM 3aBucumoctu. llpu 3ToM BakeH BbIOOP HAYAILHOIO
npubJIKEeHUst i NapaMeTpoB MO, DTO CTaHAAPTHAS CUTyaLMsl JUisl Ciyyas,



YucneHHble u cmamucmuyeckue Memoosb! 499

KOrJa TUI PErpecCUOHHOM (D)YHKUMM OMpeneieH He O4YeHb ynauHo. B nanHom
[pUMeEpe 3TO CAeNaHO CNELMANTbHO, YTOOBI IPOAEMOHCTPUPOBATH BaXKHOCTD IPE-
BapUTEJILHOTO BbIOOpa THNAa (PYHKIMOHAIBHOW 3aBUCUMOCTH (KaK Jy4lle 3TO Ae-
JaTh — BOMNPOC OTACIbHBIHM, BEIXOMSIIMM 3a paMku 3Toi kaurn). [locne Toro kak
mapameTpsl MOZIEIU HalACHBI, OpenensaeTcs caMma perpeccuonHas ¢pyHkuus. I'pa-
(UK perpeccMOHHON KpuBOH (M 0a30BbIe TOUKHM, HA OCHOBE KOTOPBIX CTPOUTCS
perpeccusi) MO’KHO BH/IETh B HIDKHe# udactu puc. 7.48. Kak BunmM, ammpokcuma-
LU OCTABISET XenaTh aydwero. [IpuunHa, Kak TONBKO 4TO OBUIO OTMEUEHO, 3a-
KITKOYaeTcsl B HeyAauHol 6a30Boii GyHKIMU MOAEITH.

A ] x= [ <2 T af “Tutnrials | o

TpUroHOMETPHUMECKAA PErpeccus

n=10 i=0,l.n

aHHbLIe ANA aHanusa:
A0-m-x

x = 014 y =214 5s5in

] + momm(n 4+ 1,0,1) t=0,01.01n
fn

Perpeccuouuaﬂ Honenk:

& —-2.538
k= sinfitl x,v,| O k=| 0498 A MapameTpel MOgEIM
5 4859
fity = kﬂ-s:’n[t + kl] +k <7 PerpeccuanHaa diyHKUMA

15

x,t

Puc. 7.48. TpuroHomeTpudeckas perpeccus
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Mpumep 7.18. Perpeccus
Ha ocHOBe KOM6uHauuu cpyHKUni

Heckonbko MHOW MOJAX0J MPOJEMOHCTPUPOBAH B JOKyMeHTe Ha puc. 7.49. Tam
WJIGHTUYHBIH Ha0op AaHHBIX aNNpPOKCUMUPYETCsl B BUJE JIMHEHHOW koMOUHALMU
JABYX QYHKUMH: TMHEHHOH Mo apryMeHTy W TpUroHomerpuyeckoi. Buibop nmento
9TUX (QYHKLMI cBi3aH co cnocoOOM reHepUpOBaHusl Y3J10BbIX TOUEK U 3HAYEHMId
3aBUCUMOrO NapameTpa B HUX.

A ] x= 2 <F T af JITutDriaIs | o
Perpeccus B BUOE NMHENHON KOMEHHAUMK hYHKLWI
=50 i=0,1.n

llaHHLIe ANA aHanwWia:

40
xo=011 W= 2% + 3-sin I
! n

xj +momin+1,0,2  t=0,01.01n

PerpeccHoHHaA MOAENb:

t BekTop GazucHex
Fiti=|  (a0nt E hyHKuME onA
St h ELINMONHEHWA JRMPECCHH
) 1933 &
k = linfit(x, v, F) k= 4177 MapamMeTpel Mogenu

Y = kF(h <7 PerpeccHoHHan fiyHELMA

15

10

Puc. 7.49. Perpeccus B Buae NUHeHoM kombuHaumm 6asmcHbIX yHKLMIA

3aBrcuUMOCTb (POPMHUPOBAIACH UMEHHO HA OCHOBE (BYHKUMI, KOTOPbIE U BbIOPaHbI
B KauecTBe 0Aa3MCHBIX NMPHU CO3AaHUM PErpecCUOHHON Moaenu. Pasymeercs, 310 He
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COBCEM YECTHO, MOCKOJIBKY B peajbHBIX CHUTYaLMAX HCCICAOBATENb MOAOOHOTO
poaa undopmaimelr He obnamaer. Ho mockoibKy mpuMep WITFOCTPATUBHBIN, Ha
TaKHe TOHKOCTH 0co00T0 BHUMAaHUs 34ech o0parate He OyneMm.

basucHble GyHKUMM B IOKYMEHTE Ha pUC. 7.49 MHULIMAIM3UPOBAHBI KaK DJIEMEHTbI
BEKTOpa, KOTOPBIH YKa3bIBacTCS TPETbUM apPryMEHTOM MPOLEAYPhl BBHIUUCICHUS
napamMeTpoB PerpecCMOHHON MOJEIM linfit (). DTO B MOCAEAYIOLEM MO3BOJIMT,
KpOMe TIpo4ero, ONnpeacsinTh PerpecCHOHHYI0 (DYHKLUIO B BUAE CKAISIPHOTO MPO-
U3BE/ICHUs JIBYX BEKTOPOB: BEKTOpa MapaMeTpoB PErpeccuH M BeKTopa 0a3UCHbIX
¢ynkuuii. ['paduku, npuBeAeHHBIC B TOKYMEHTE, CBUICTEIBCTBYIOT O TOM, UTO
JAHHbIA THI perpeccuu AOCTaTOYHO yjAauyeH (BO BCAKOM cilyyae, MO CPaBHEHHIO
C MpeabIaYLIUM IPUMEPOM).

Mpumep 7.19. Perpeccusa obwero supa

basucnas TpuroHomeTpuydeckas QyHKIHS (CHHYC), HCMIONIB30BaHHAS TIPH CO3TaHUA
perpeccuoHHoii Moaenu, umeeT maciuTabupopaHHbld aprymeHTt. Koadduuuent
MacmTabupoBaHUs JOCTaTOYHO HeTpuBHajeH. OH ObUT BBIOpaH, KaK OTMEUaoch,
UCKJIIOYUTEJILHO HA OCHOBE HE OYeHb JierHTUMHON MH(opmaluu o cnocode reHe-
pupoBaHus OA3UCHBIX TOYEK. Y CIOKHUM 3afady M MPeriolokKUM, U9TO 3TOT Kodg-
¢dunuenT HeuszpecteH. Toraa pedb WAET O CO3/aHUM PErpecCHOHHON Mojenu
o0Imero TUma Ha OCHOBE MPOLEAYPHI genfit (). B Hell TpU HEM3BECTHBIX mapa-
MeTpa: KO3PPULUEHTbI MPU JUHEHHOH (YHKUMY, Y CUHYyca M MaclUTaOHbIA MHO-
JKUTENIb apryMeHTa CHHYca. JJOKyMEHT ¢ TIpUMepOM TOCTPOCHHS TaKoTo THUIA MO-
Jleau nokaszad Ha puc. 7.50.

B nepeyto ouepe/ib MHULMAIU3UPYETCSl PerpecCMoHHas (pyHKuUMs, KOTOpas of-
penenseTcs Kak (GYHKIHMS JBYX MEPEMEHHBIX: HEMOCPEACTBECHHO apryMEHTa H
BEKTOpPA HEW3BECTHLIX MapameTpoB mojeiun. Janee 3anaercs BekTop-hyHKUUs
JIBYX apTyMEHTOB (TeX ke caMbix). Y BeKTopa-hyHKIIUH YeThIpe SIeMeHTa: per-
peccruoHHast (YHKUMS M €€ 4YaCTHbIE MPOU3BO/IHbIE MO MapaMeTpaM MOJIEC/IH.
Takxke ompenensercs BEKTOP HAYANbHBIX MPUOMMKCHUN AN TIApaMETPOB per-
peccruoHHOM Mozesiu. OHU MO BO3MOXHOCTU JI0JI3KHbI ObITh JIOCTATOUHO OJIM3KH
K HCKOMBIM ONITUMH3AIMOHHBIM MapameTpaM. Jlanee BRIYHCIAETCS BEKTOP Tapa-
METPOB MOJCJIM U CTPOUTCS PErpecCUOHHAst 3aBUCUMOCTh, ClielyeT OTMETHTb,
YTO TapaMeTPhbl BEIUUCICHBI HETUIOXO, €CITH CPABHHUTh UX ¢ OPUTHHATHHBIMH Ta-
pameTpamMu (QYHKIMH, UCMONbL30BAHHON /1 reHepupoBaHusi Habopa CTaTucTu-
YeCKUX JaHHBIX.

B 3akmoucHue pas3aciia U riiaBbl OCTAHOBHUMCA HA TaAKOM BOIIPOCE, KAK CIJIa>KU-
BAaHUC AAaHHBbIX. Ora npo6neMa XOTd HaNpAMYKO U HE OTHOCHUTCH K MNOCTPOCHUIO
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PErpecCHOHHBIX MOJEeH, KOHIIENTYalbHO OM3Ka K Hei. B ofmiem ciydae 3a-
jada MOXet ObITh CopmysiupoBaHa cieayrolum obpasom. llpencraBum, uro
MPOBOJUTCS Ceprsi HEKOTOPBIX M3MepeHui. OOBIYHO pealibHble 3HAYCHHUS HMCKa-
JKAKOTCS 32 CUET ciiydaliHbix (Hecucremaruueckux) owubok. Takue norpeuiHo-
CTH KeNaTebHO oTcesnTh. OIUH U3 COCO0OB — CTIaKHUBAHUE, T. €. KOPPEKTH-
pPOBKa CTATUCTHUYECKMX JAaHHBIX HA OCHOBE 3HAYEHWUH B COCEAHUX Y3Jiax.
B Mathcad ecTh HECKOJIBKO MPOLEAYP, MO3BOJSIOIINAX BHIIOIHATE CIIIA)KHBAHHE
JaHHbiX (Tads. 7.6).

=l @eo

g A [ »= [§ <E F0 ap W

Perpeccusa oSlWero Buaa

J ITutoriaIs

n=30 i=0,1.n
lanHble onA aHanuza:
. Cf d0mex
L= 014 o= 2%+ 5-sit + tnottu(n 4+ 1,0,2) t=0,01.01n
n

PerpeccnoHHan wopensb:

fit, ) = Uyt + ul-si.n|:u2-t:|

7 PerpeccuoHHas dyHKLMA

uu-t+ ul-sjnfug-t]
1
t HavaneHoe
= \ Bekrn HELMK K =
e sinu t| @ gen Eufgn.uﬂbm N npubkerie Ana
' l, ' : P 3 NapaMeTpoe MOgENK
u,-tcosu,tf
1 M2t 1837
u = genfit(x,v,g.F) u=|475 A MNapameTpel MOgEM
235

Puc. 7.50. Perpeccus obwero snga
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Tabnuuya 7.6. [poyedypsl Ons canaxusaHusi 0aHHbIX

Mpoueaypa OnucaHue

medsmooth (y,n) Habop paHHbIX (MepBbli apryMeHT y) CriaxuBaeTcs No MeTo-
Ay ckonb3swen meauadsl. Bropon aprymeHT n npoueaypsl
(HeyeTHOEe YKCrOo) onpeaernseT OKHO CriaXnBaHus

ksmooth (x,y,b) CrnaxvBaHue gaHHbIX Mo meToay [ayccoBa pacnpegeneHus.
MepBble aBa aprymeHTa npoueaypbl — y3roBble TOYKW 1 3Ha-
YEeHUs 3aBUCUMOro NapameTpa B y3roBbIX TOYKax, a TpeTun
aprymeHT 3a4aeT LUMPVHY OKHa CraXvBaHusi

supsmooth (x,y) JInHenHoe crnaxmBaHne Ha OCHOBE MeTo4a HauMEeHbLLNX
KBagpaToB. ApryMeHTbl — BEKTOPbI 3HAYEHUI Y3IOBbIX TOYEK
1 3aBMCMMOrO napamMeTpa

Mpumep 7.20. CrnaxxmBaHue AaHHbIX

ﬂpuMep CrlIaKUBAHUA JaHHbLIX pa3/IMuHbIMU METOJAaMHU MOXKHO HalTH B JOKYMCH-
Te Ha puc. 7.51.

A ] 2= 2 <F T ap W HITutoriaIs j &an
CrnaxueaHwe AaHHbIX
=20 i=01.n

,Ll,aHHble ANA aHanuia:
407
k=01i  y= 2x+5-sm($] + momrn + 1,0,1)
a1

CrnaxeHHble AaHHLIE:

V1 = medsmooth(y,3) 4 MeTog ckoNb3ALLEH MegnaHsl
V2 = ksmooth'x, 7,0.7) 4 Metog pacnpenenenua Maycca
V3 = supsmoothx, 7)) % MeTog MMHERHOTD CrNakMEaHHA

10

-5

Puc. 7.51. CrnaxusaHne gaHHbIX
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CrnaxnBaHue, BHITIOJIHCHHOE pa3IMYHBIMA METOAAMH, NACT pa3Hble pe3yIbTaThl.
C J1pyrod CTOpOHbI, BbIOMpas mMapaMmeTpbl CriuaxKuBaHusi (ISl npoueayp
medsmooth () M ksmooth()), MOXXHO TOOWBATBHCS CaMBIX pa3HBIX 3(PQeKToB.
@dopManbHO BCE ITO CXO0XKE C MPOLEAYPOl MOCTPOSHUS PerpecCCUOHHON KPUBOI,
OJHAKO ClleAyeT TOHUMAaTh TMPUHIWIHAIBHYIO pa3sHUIy MEXKIY IBYMs IpOLec-
camu. Ecnu npu noctpoennn perpeccMoHHON Mojenu co3zaaercs (GpyHKLHOHAb-
Has 3aBUCHMOCTH, KOTOpas HE BIHUSIET HA WUCXOIHBIC NaHHBIC, TO B IPOILECcCe
CrilaXKUBaHUs JIaHHBIX pedb B 00lLeM ciydae uaer o6 U3MeHeHUW Bcero dasuc-
Horo Habopa 3HaYeHHH, IpUYEM U3MEHEHHUS STH MOXHO BBITIONHATH JAJIEKO He-
OJIHO3HAYHO.



3akn4yeHue

Ha ceromnsaniauii AeHb, K coXaneHUIO (MM K CHACTBIO), HET TAKOTO TIPHUIOKCHUS
(¥ Bpsij JiM OHO KOI/1a-HUOY/1b MOSBUTCS), KOTOPOE MOIJIO Obl peliars abCoJIiOTHO
BCE 3a/]auM, YTO HA3bIBACTCA, B ABTOMATHUECKOM pekuMe. Kakum Obl 3aMedaTtenb-
HbIM HH 61)[.]10 MNPpUI0XKEHUE, €CTh 3a/la4r, C KOTOPbLIMU CIPABHUTLCS MOXKET TOJILKO
yenoBek. YenoBeueckol WHTYHMIMH CIOKHO YTO-THOO MPOTHBOMOCTABHTEL. OTO
crie/lyeT oco3HaBaTh U He Tpebosarh or Mathcad HeBozmokHoro. B nepeyto oue-
pelb 3aMeyaHue OTHOCHTCS K HOBHUYKAM, KOTOPbBIE TOJIBKO HAYHMHAIOT 3HAKOMCTBO
¢ maremaruueckumu nakeramu. Ilepeoe pasouapoBaHue, Kak NpaBuio, HACTYNAET
Mmocyie OCO3HAHHUS TOTO (aKkTa, YTO JUIA PEleHUs CIOKHOW 3a7aud HEepeaKo MpH-
XOAMTCS [pojeaTh MNOArOTOBUTENbHYIO paboTy, 00beM KOTOPOH COMOCTABUM
C YCUIIHSIMH Ha pellieHHe 3TOH ke 3aiaur 6e3 MOMOIM NakeTa. B kauecTBe npu-
MEpa MOXKHO MNPUBECTU YPABHCHHA B HAaCTHbLIX MPOHU3BO/HLIX. Be)lb JJId UX pelie-
HUS JaXKe CTAHOAPTHBIMH MpHeMaMH TpeOyeTcs HeKOTopas H300peTaTellbHOCTb.
EcTecTBeHHBLIM 06pa30M BO3HUKACT BOMPOC: a MOIryT JIH 6blTl> MOJIC3HbI MaTeMa-
THYeckue makeThl, 1 Mathcad B yacTHOCTH, B MOA0OHBIX cuTyarusx? OTBeT mo-
JIOKHUTCJICH, H O6yCﬂOBﬂeH OH HECKOJIbKUMH CYLICCTBECHHLIMU TMPUYUHAMMU. Bo-
MEePBBIX, BCETZla CYIMECTBYET HEOOXOAMMOCThH BBIMONHATH MPOMEXYTOUYHBIC BBI-
YUCJ/ICHUSA, B KOTOPbLIX Cl_leLll/laJ'leblﬁ MaTeMaTHUeCKUH MnakeT 6y[leT CYLECTBECH-
HBIM MoOACTIOpbeM. Bo-BTophix, kak Mathcad, Tak U Apyrue MomyJspHble TaKeThI
MO3BOJIAIOT MPEACTABJIATL PE3yJ/ibTaT B BECbMa HarjigaAHOM BUAC U €ro aHa/lu3 CTa-
HOBHTCS JICTIOM HECJIOKHBIM, 4 YacTO MPOCTO MPUATHBIM. YIKe STUX ABYX 00CTOS-
TCJILCTB AOCTATOYHO IJIA TOrO, '~lT06l>l OAHO3HAYHO CKJIOHUTLCA B IM0JIL3Y MO~
JepKKH W TOMyNSpU3alli MAaTEMATHYCCKUX TAKETOB CPeld CICIMANIUCTOB W
uccie10Barenei.

B kHure Obl1 paccMOTpeH psia MPUMEPOB U 3a/1a4, Ha OCHOBE KOTOPBIX, COOCTBEHHO,
W WUTIOCTPUPOBATINCH Bo3MOkHOCTH Mathcad. OHu moaGupanuck ¢ TeM pacyeToM,
4yTOOBI OXBATUTh BCE OCHOBHBIC YHUBEPCUTECTCKHE MaTeMaTHUECKUE KypChl AJIsl CTY-
JCHTOB €CTECTBEHHOHAYUHBIX ClieLMaNbHOCTEH. BbIOOp He ciydaeH, MOCKOJBKY 3TO
KaK pa3 TOT Kjacc 3aiad, ¢ KOTOPBIMH TMPUXOIUTCS CTAIKHUBATHCSH HA TPaKTHKE.
[Ipumepsl, Ge3ycnoBHO, WLTIOCTpaTHBHBIE. KpoMe TOro, cam airoputM peLicHHUs
OMpeAesiIcs HE CTOMBKO COOOPa)KCHUSAMH MaTeMaTHUYeCKOH ONTUMAaJIbHOCTH,
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CKOJIBKO JKETaHUEM NPOIEMOHCTPUPOBAaTh Bo3MOxkHOCTH Mathcad, moguepkHyTh
HauOonee BaKHbIE MOMEHTHI. JIpyruMu cioBaMy, BHUMaHue 0Opaliaioch B MEPBYIO
oyepenb Ha crocod MOMYyUYeHHUs pe3ysibTara, a Y:Ke BO BTOPYKO — Ha MPOCTOTY pe-
wenud. [loaroMy Ha mpakTHKe, KOrAa BaKEH HE Crmoco0 pelieHus, a pe3ysbTaT, YH-
TaTelb MOYKET U JOJDKEH MPOSBUTH CMEKANKy U WHHULMATHBY, HATH CBOMM ITyTEM,
a He MPOTOPEHHON TOPOXKKOM. XOTH, pasyMeeTcs, HET HUYEro [UI0XO0ro B TOM, YTOOBI
HCTIONB30BaTh yKe UMeroLrecs 3arotoBkd. [1o kpaiiHeit Mepe, 3TO COKOHOMMT BpeMsl.

ITpumepbl M 3a1a4y B KHUIE OTJIMYAIOTCS O CJIOXKHOCTH W o0bemy. Jlymaercs, ato
MO3BOJIUT YUTATEIIKO COCTABUTH DOJIEE NMOJTHOE MPEJICTaB/IeHue 0 Bo3mokHOcTsIX Mathcad
Mpyu pCUICHUU pa3/IMYHLIX 3a4a4, YACHUTL U1 ce65[ CHUJIbHbIC U Cﬂa6ble CTOPOHLI TpHU-
JIOZKCHMUA. Beﬂb CreUaJIbHbBIX MAaTEMATUYCCKUX MAKETOB CYLUECTBYCT HA CEroAHsA A0C-
Taro4Ho MHoro. [loaromy Juist paboTbl pa3yMHO BbIOpaTh TOT U3 HUX, B KOTOPOM Goiee
MOJIHO peaiu30BaHbl COOTBETCTBYIOUIME ITOPUTMbL. D(hEeKTUBHON TakiKe MOXKET
OKazarbcs paboTa cpasy B HECKOJIbKUX NakeTax. XoTs cie/lyer OTMeTHTh, uto Mathcad
AO0CTATOYHO YHUBEPCAJICH U €ro BO3MOXKHOCTEH BMOJIHE XBATHUT Ui pEeLICHUs 60.J'll>-
LLIMHCTBA MPaKTUUECKMX 33j1a4. DTO 0COOSHHO CNpaBe/IMBO, €CIi pedb uiaet 06 UH-
JKeHEepHbIX pacyerax. Bnpouem, obsacth npUMeHeHUs MPUIOKEHUs! NPOCTUPAETCs Ha
(hu3MKy, MaTeMaTHKy, SKOHOMHKY W couuosioruto. llpudem ¢ kaxiol HOBOI Bepcueii
NPUIOKEHUS O0NACTH €ro MPUMEHEHHS PaCLLMPSIOTCS.

Heckonbko 3ameuaHnii OTHOCUTENIBHO pa3anyHbIX Bepcuii Mathcad. Hecmotps Ha
TO, YTO KHMIa nucanack Ha ocHoee Mathcad 13, mpumeps! 1 3agauu moaAGHpaTUCh
TaK, 4ToObl OHU paboTanu U B Oosee paHHUX Bepcusix. B kpaifHeM ciydae, MOXKHO
BHECTH MHMHHAMAJIbHBIC M3MEHCHHS C YUYETOM BEpCUM TPUIOKEHHA. B menom xe
MPEJIOKCHHBIC B KHUTE aJlTOPUTMbl M METOJBI PELUCHUS HE MPUBA3aHbI K KaKOM-
TO KOHKpeTHOH Bepcuu Mathcad, mostomy npobiema COBMECTUMOCTU CBOAMTCS
K (hopmManbHOU peann3aliy aIrOPUTMOB B TIPUITIOKCHUH.

Cie/lyer NoHUMaTh, YTO B KHUI'® PACCMOTPEHbI JIA/IEKO HE BCE aCMEKThl, CBA3aHHbIC
¢ npuMeHeHuem npuiioxkenuss Mathcad Ha npakruke. Boipaxasch oOpasHo, 3a 60p-
TOM OCTaJICS PsiJi UHTEPECHBIX TEM, CPEAM KOTOPbIX COBMECTHOE MCIMOJIb30Ba-
Hue Mathcad ¢ ApyruMu NpuIoKEHUSIMU, JSKTPOHHBIMU TabJiMLaMu, peajin3alus
B Mathcad noxymeHTalnu, B TOM uuciie Hay4HOH, 0COOEHHOCTH paziiMuHbIX hopma-
TOB, padoTa ¢ 3JICKTPOHHbIMW KHUTAMH W NOJKIHOUSHHUE JI0NOJTHUTEIIbHBIX NAKETOB.
Jymaercs, unrarens B ¢iyuae HEOOXOAMMOCTH HAWAET MOJC3HYIO Ui ¢e0s1 UHPOP-
MalMKO W3 JIMTEPATYpPbl, CHELMAJIbHO MOCBALLEHHOM dTuM BornpocaMm. [lone3Hbimu
TaKke OyAyT KHUIM 1O JIPYTUM aHAJIOTHMUYHbIM MakeTaMm U cuctemam. Boobiue xe,
TEMaTHKa, OTHOCALIASACS K MATEMAaTHUECKUM 1AaKETaM, ceiiuac OYeHb aKTyaJibHa, 1o-
SIBJISIETCSI MHOT'O HOBBIX MHTEPECHBIX W3/aHui u crareil. Tem, kro paboraer B naH-
HOM 00J1aCTU, NPUXOJANTCS MOCTOSHHO TMOMNOJIHATH CBOM 0araxk 3HaHWM U HABBIKOB.
DTO OUYEHb MOJIE3HOE U NEPCHEKTUBHOE 3aHATHE, MO3TOMY XOUETCsl M0XKe/aTh YuTa-
TEJIO YCIEXOB HA 3TOM TPY/IHOM, HO 3aXBaTbIBAIOLIE UHTEPECHOM IMyTH,
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OnuncaHne KoMnakT-gucka

Ha xommakT-amcke MOKHO HaiTu (aitinel ¢ npumepaMu (UX okoio 170) u3 KHUTH.
Jlns ynoberBa Bce npuMepbl pa3MelleHbl B OT/ENbHBIX MaNKaX B COOTBETCTBUU
C TEMH TJIaBaMH, B KOTOPBIX MPUMEPbI paccMaTpuBaiuck. Kpome npumepos B eia-
eax 6 1 7 ecTb 3aaa4d. JleneHue Ha npuMepsbl U 3a/1a4M JIOCTaTOUHO yCloBHOe. Pa3Hu-
1a, mo OOJBLUIOMY CUHETY, COCTOMT TOJNBKO B cocobe MMEHOBaHUS (ainoB. 3amauu U
MpUMEpPbl HyMEPYIOTCS HE3aBUCHMO APYT OT Apyra. Hymepaius B kaxaoii riase cBos.
HasBanus ¢aiinoB Ha KOMOAKT-AMCKE B TOYHOCTH COBHAJAIOT C HA3BAaHUIMH NPUMeE-
pos B kHure, Maliyibl 33124 caeayeT uckaTh no Homepam. Hanpumep, daiin ¢ Ha3ea-
HueM 3aaada 7.8. Matepnonsaums ciuaiinamMu.xmed COOTBETCTBYET BOCBMOI 3aaye
w3 eaaevl 7, a daiin [pumep 3.5. Cnupans Apxumena.xmed — npumepy ¢ HOme-
poMm 5 u3 2naswet 3.

IIpu pabote c (hatimamu, HAXOAAMMHACS Ha KOMIAKT-IUCKE, HEOOXOANMO YIHUTHI-
BaTh CJIEIYIOLIUE 3aMeUaHusl.

1. Tlpumepsl He npuBs3anbl k Bepcun Mathcad 13, ojiHaKo MOCKOJbLKY COOTBETCT-
Bytowue (aitnel coxpadsnuck uMeHHO B Mathcad 13, oTkpeiBaTh uX cienyeT
taroke B Mathcad 13.

2. B HekoTOpbIX MpuMepax, IAe HCMOJb30BaJICAd reHeparop ciy4yailiHbli uuced,
[IPHU OTKPHITUU TOKYMEHTA KaKAbIM pa3 MOXKHO HaOr0AaTh KPUBBIE U MACCHUBBI
JaHHbIX, OTJIMYHbIE OT TeX, YTO Npe/CTaBjeHbl B kKHUre. MckitoueHue cocras-
JSIOT TPUMEpPBl, B KOTOPBIX TeHEpaToOp CAyYalHBIX YHUCENT MHULHUAIU3APYETCS
B SIBHOM BHUJE.

3. B npumepe 2.17 BMecTO KOMaHAbI MPUCBaUBaHUS 3HAYEHUs NMEPEMEHHOM, Or-
penensoLiei pabounii KaTanor, yKkazaHa KOMaHaa ONpeAcIeHUs 3HAUCHHUS CO-
OTBETCTBYIOLLEH NePEMEHHOM.

4. B enage 3, noMuMo npovero, 00CYK/1al0TCs BONPOCH co31aHusi aHumatnu. Kak
pe3ynbTaT reHepupyroTea aBa (aiina AVI, KoTopble Takke MpeACTaBICHBI Ha
KOMMNakT-aucke. X MOXKHO mpocMaTpuBarh He3aBUCUMO OT (aiisioB ¢ COOTBET-
CTBYIOLIMMU MPUMEPAMH.
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5. Ipumepst 3.25 u 3.26 2raser 3 MONpa3yMeBarOT UTEHHE U 3aIIMCh BHEITHUX (aii-
70B. B crity oueBHAHBIX NpUiKH B (haiinax mpuMEpoB Ha KOMIIAKT-IUCKE CCBUTKH
Ha BHELIHUE (paiiyibl OTIMYHBI OT TEX, YTO MPUBEICHBI U OMUCAHBI B KHUTE.

ConepaxaHue NpujiaragMoro KOMnakT-aucka npueejieHo g taos. 111,

Tabnuya INM1. CodepxaHue Komnakm-oucka

Manka Yucno OnucaHne

unu cann c¢annos

Chapter_2 55 Mpumepbl ©“3 BTOpoM naBbl KHUrK. Pannbl  [pu-
mep 2.1. ... xmcd — T[lpumep 2.54. ... xmcd. Kpome

3TOro B Nanke pasmelleH ¢pann data.txt, koTopbin 3anu-
CbiBaeTCsi B pesynbTate OTKpbiTus channa [lpu-
mep 2.17. ... .xmcd

Chapter_3 32 Mpumepbl n3 Tpetben rmaebl kHWrn. Paviner  [lpu-
mep 3.1. ... .xmcd — [lpumep 3.28. ... .xmcd (28 chan-
noB), 2 Bugeocanna BonHa.avi 1 MembGpaHa.avi gns
npumepa 3.28, a Takxe davinbl Girl.jpg ¢ n3obpaxeHnem
n Beauty.bmp (B koTOpBIN 3anncbiBaeTCs n3obpaxeHue)
Ans npumepos 3.25 1 3.26

Chapter_4 19 Mpumepbl 13 yetBeptor rmasbl kHurn. Painel [lpu-
mep 4.1. ... .xmcd — Npumep 4.19. ... .xmcd

Chapter_5 20 Mpumepbl n3 naton rmmasbl  kHurn.  Pannsl  [lpw-
mep 5.1. ... .xmcd — [Mpumep 5.20. ... .xmcd

Chapter_6 22 Mpumepbl 1 3agaun 13 WECTon rnaebl kHUMKM. Pannbl C
3apa4amu 3apgava 6.1. ... .xmcd — 3apa-

ya 6.20. ... .xmcd " dannsl npumepos Mpu-
Mep 6.1. ... .xmcd u lNpumep 6.2. ... .xmcd

Chapter_7 30 Mpumepsl n 3agaun n3 cegbmon rmasbl kHUrK. dannsl
3apa4amu 3apgava 7.1. ... .xmcd — 3apa-
ya 7.10. ... .xmcd " dannsl npumepos Mpwu-
mep 7.1. ... .xmcd — [Mpumep 7.20. ... .xmcd

Readme.doc 1 dann ¢ onucaHnem KOMMakT-gucka
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