IIakeThl NPUKJIAAHBIX POTPAMM

Jlekums 1. Kinaccnguxkanus npukjIaJHbIX NPOrpaMmm.
OcHoBHblIe dTanbl pazsutus ITTIII.
Ilpuxnaonoe npocpammnoe obecneueHue — TIpOTpaMMHOE oOOecIeUeHue,
OpPUEHTUPOBAHHOE HA KOHEYHOTO IMOJh30BATEIsl M MPEJHA3HAYEHHOE [JIsl PEIICHUS
M0JI30BATENbCKUX 3a7a4. OHO COCTOUT U3:

0 OTACJIBbHBIX IIPUKIIAJHBIX IIpOorpaMm MW IIAKCTOB IPHKIIAJHBIX IIPOrpamm,
NPpCAHA3HAYCHHBIX JJIA pCHICHUA PA3JIMIHBIX 3a1a4 HOHBBOB&TCHeﬁ;
0 ABTOMATU3UPOBAHHBIX CUCTEM, CO3JAHHBIX HAa OCHOBC 3THUX ITAKCTOB.

[Ipn kmaccudukanmuu MPOTPAMMHOTO OOECIICUEHUS N0 HA3HAYeHUl0 B KadeCTBE
KpUTEPHS UCTIOJIB3YIOT YpOBEeHb TipeacTaBieHus MC, Ha KOTOpBIi OpUeHTHPOBaHA Ta WIIN
uHas mporpamma. COOTBETCTBEHHO BBIACISAIOT CICAYIONNE KIACCHl MPOTPAMMHOTO
oo6ecrnieuenus (110):

Cucmemnoe I10 — pemaer 3amayud  OOIIETO YIPABICHUS U TOJJICPKAHUS
paboTOCIIOCOOHOCTH CHUCTEMBI B IeJioM. K 3TOMy KiacCy OTHOCSAT OIEpaliOHHBIC
CHUCTEMBI, MEHEKEPHI 3arpy3KH, APalBEPhl YCTPOUCTB, IPOTPAMMHBIC KOACKH, YTUITUTHI
U TIpOTpaMMHbBIE CPEJICTBA 3alUTHI HH(POpMAIHH;

Uncmpymenmanvnoe I[10 — BKIIIOYaeT CcpelCcTBa pa3pabOTKu (TPAHCIATOPHI,
OTJIATYMKH, UHTETPUPOBAHHBIE cpeibl, pazinuunbie SDK u T.M.) U cucTteMbl ympaBieHUs
0a3zamu ganHbIX (CYB/]);

Ilpuxnaonoe 110 — nipeqHa3sHayeHO JJIsl PEIICHUS MPUKIIAIHBIX 3a7a4 KOHEYHBIMU
nosib3oBatessiMu. [lpuknannoe 11O sBisieTcss cambiM OOIMIMPHBIM KJIACCOM MPOTPaMM, B
paMKax KOTOpPOTO BO3MOKHA JayibHeHIas kiaccuukamus, HampuMmep Mo MmpeaMeTHbIM
obinactsM. B 3TOM ciyyae TpynnmupoOBOYHBIM MPU3HAKOM SIBJISIETCS KJacc 3ajad,
pelaeMbIX IPOrpaMMON.

B 3aBucuMoctd OT cmenenu unmezpayuu MHOTOYHCIICHHBIE MPUKIIATHbIE

MIPOTrPaMMHBIE CPECTBA MOKHO KIIACCU(DUIIMPOBATH CIAEAYIOIMIUM 00pa3oMm:
OT/I€JIbHBIC MPUKIIAJHBIEC POTPAMMBI;

OMOIMOTEKN MPUKIIAAHBIX IPOrPaAMM;

MaKEeThl MPUKJIAIHBIX TPOTPAMM;

MHTETPUPOBAHHBIC TPOTPAMMHBIC CHCTEMBI.

OmoenvHas NPuKIaAoHas npoepamma MUAIIETCs, KaK IPaBUiI0, HAa HEKOTOPOM
BBICOKOYPOBHEBOM si3bIke MporpammupoBanus (Pascal, Basic u T.11.) u npeaHazHavaercs
JUISL PELICHUSI KOHKPETHOM MTPUKJIAAHOM 3a1a4H.

bubnuomerxa mnpencrapiasier coboi HAOOP OTHAEIBHBIX MPOTpaMM, Kaxaas u3
KOTOPBIX peIllaeT HEKOTOPYIO MPHUKIAJHYIO 3a/Jady WA BBITOJHIET OMNpeCICHHBIC
BCIIOMOTaTeNbHbIe PyHKINMHU (yIpaBIeHHE TaMsIThi0, 0OMEH C BHEIIHUMHU yCTPONCTBAMU
U T.0L). YCIOBHO HX MOXHO pa3lciuTh Ha OHOIMOTEKH OOIIEero Ha3HAYCHUS |
CIICIIMATN3UPOBAHHBIE OMOITMOTEKH.

N B A

Ilakem npuxnaonvix npocpamm (IIIIII) — >3TO KOMIUIEKC B3aUMOCBSI3aHHBIX
porpaMm, OpUEHTUPOBAHHBINM HA pellIEeHHUE OIPEIeIICHHOTO Kilacca 3a/1ady.
Unmeepuposannas npocpammmuas cucmema — O3TO KOMIUIEKC MOpOrpamM,

9JICMCHTAMHU KOTOPOI'O ABJIAIOTCA PA3JIMYHBIC ITAKCTHI 1 OMOJIMOTEKHU ImporpamMm.



Ha tekymiem stane pa3Butus nHdpopManoHHbIX TexHonoruii umenHo [T sisiroTes
HamOoJiee BOCTpeOOBaHHBIM BHAOM NpukiaaHoro [1O. DTo cBs3aHO C yHOMSIHYTBHIMU
panee ocooennoctsmu I1I1I1, a umMeHHO:

1. opueHTanMsi Ha pelHIeHWEe Kiacca 3adady, B TOM YHUCIE M CHCHUPUYHBIX, U3
OMpeIeICHHON NMPEeIMETHOU 001aCTH;

2. HalM4MEe B €Tr0 COCTaBE CIICIMAIM3UPOBAHHBIX S3BIKOBBIX CPEJCTB, MO3BOJISIOIIAX
pacCIIMPUTh YHUCIO 3a/a4, PEIIaeMbIX IMAKETOM WIM aJalTUPOBaTh IAKET TMOJ
KOHKpETHbIE HYXIbI. [lommepkuBaemMble S3BIKM MOTYT OBITh HCIIOJIB30BAaHBI IS
dbopmanuzalu UCXOJHOW 3aJauM, ONMUCAHUS AIrOPUTMa PEHICHUS U HadaJbHbBIX
JAHHBIX, OpraHU3alMyd JOCTyla K BHEINIHUM MCTOYHHUKAM JIaHHBIX, pPa3paOdOTKu
MPOTPAaMMHBIX MOJIyJI€H, OMUCAHUSI MOJCIM NPEAMETHON 00JIacTH, YNPaBICHUS
IIPOIIECCOM PEIICHUS B TUAIOTOBOM PEKUME U IPYTHUX LIEIIEH;

3. enuHooOpa3ue paboThl C KOMIIOHEHTAMU TAKETa, T.€. HAJIMYKE B IMAKETE CHEIUaTbHBIX
CUCTEMHBIX CPEJICTB, 00ECIIEYNBABIINX YHU(PUIIMPOBAHHYIO pabOTy ¢ KOMIIOHEHTaMHU.
K wux w4wciy OTHOCIATCS CHEUUaTUM3UpPOBAHHbIE OaHKU JAaHHBIX, CPEICTBA
UH(OPMAITMOHHOTO 00ECTIeUeHUs, CPEICTBA B3aUMOJICHCTBHUS MTAKeTa C OTIEPAIIMOHHOM
CHUCTEMOM, TUITOBOM IMOJIb30BATEILCKUI HHTEPDEHUC U T.11.

OcHoBHbIe dTanbl pa3sutusa ITIII.

COBpEMEHHBIN MAKET SABJISIETCSA CIIOXKHOM MPOTPAMMHOM CUCTEMOMW, BKIIFOYAIOLIEH
CIICLIMAJIM3UPOBAHHBIE CUCTEMHBIE U SI3BIKOBBIE CPEIACTBA. B OTHOCHUTENBHO KOPOTKOU
uctopuu pa3BUTUs BbryucAUTENbHBIX [IIIIT M0XHO BbIIENNUTH 4 OCHOBHBIX MOKOJEHUS
(kmacca) makeroB. Kaxnaplii W3 3THUX KIACCOB XapaKTEPU3YETCS ONpPEAECICHHBIMU
ocobenHocTsiMu  Bxomsamux B coctaB [IIIII KOMIOHEHTOB — BXOJHBIX SI3BIKOB,
IPEIMETHOTO U CUCTEMHOI'0 00eCIIEUEeHHUS.

Ilepsoe nokonenue. B xaudectBe BXOAHBIX s3bIKOB IIIIII mepBoro mnokosnenus
UCIOJIb30BAIMCH YHUBEPCAIBHBIC S3bIKH TTporpammupoBanus (Poprpan, Anron-60 u T.11.)
WM SI3bIKA  YOPABICHUA 3aJaHUSIMA  COOTBETCTBYIOIIMX OINEPAIMOHHBIX CHUCTEM.
CocraBneHue 3aaHUM Ha TAKOM S3BIKE NPAKTHUYECKM HE OTIMYAIOCh OT HANMUCAHUSA
IIPOrpaMM Ha AITOPUTMUYECKOM SI3BIKE.

Bmopoe nokonenue. Pazpabotka I1I1IT BToporo nokosaeHus oCymecTBIsIIaCh YKe
C MPUMEHEHUEM CTICIIUATU3UPOBAHHBIX BXOHBIX SI3bIKOB Ha 0a3€ YHUBEPCAIBHBIX SI3bIKOB
IpOrpaMMUpOBaHusl. TpPaHCISATOpP € TaKUX S3bIKOB MPEACTaBIIsT cOOOM wyalie BCEero
MaKpOIIPOLIECCOP K TPAHCIATOPY COOTBETCTBYIOLIETO AJITOPUTMUYECKOTO SI3bIKA.

Tpemve nokonenue. Tpetun stan passutus [ xapakrepusyercs nosiBaeHuEM
CaMOCTOSITEJIBHBIX ~ BXOAHBIX  SI3bIKOB, OPUEHTHPOBAHHBIX Ha  IOJb30BATEIICH-
HenporpaMmuctoB. Ocoboe BHumanue B Takux [IIIII ynensercss cUCTEMHBIM
KOMITOHEHTaM, OO€CIEeUUBAIOIIMM MPOCTOTY M YAOOCTBO. DTO JOCTUTAETCS TJIABHBIM
00pa3oM 3a cueT CrenraIn3aIliy BXOJHBIX S3bIKOB U BKIIFOUCHUSI B COCTAB MTAKEeTa CPEJICTB
ABTOMATHU3UPOBAHHOTO IUIAHUPOBAHUS BBIUUCIICHUN.

Yemeepmoe nokonenue. Yerseptolii dTan xapakrepusyercs cosganuem [III1,
OKCIUTYaTHPYEMBIX B WHTEPAKTUBHOM peXUMe padboTbl. OCHOBHBIM MPEUMYIECTBOM
JIMAJIOTOBOTO B3auMoieicTBUs ¢ DBM siBnsieTcst BO3MOXHOCTh aKTUBHOM 00OpaTHOM CBSI3U
C IIOJIB30BATEJIEM B IIPOLIECCE NTOCTAHOBKM 3aJ1a4l, €€ PEUICHUS U aHAJIN3a ITOJYyYEHHBIX
pPE3yIBTATOB.



IlepcniekTUBBI PA3BUTHS NPUKJIAJTHOTO POrPAMMHOIO o0ecreYeHms.

Ha cerognsmHuii JOeHb B KauyeCcTBE OCHOBHBIX (DAKTOPOB, BIMSIOUIMX Ha
¢yskuonHansHOCTh I 1 co’)kHOCTH UX pa3pabOTKU, MOKHO OTMETHUTH CIIENYIOIIHE:
POCT IPOU3BOAUTEIBHOCTHU IIEPCOHAIIBHBIX KOMITBIOTEPOB;
pacIIMpeHne KJIACCOB PEIIAEMBIX 3a/a4;

YBEJIIMYEHHUE OOILEro YKCiia OJIb30BaTENEH;
3HAYUTENIbHOE KOJMYECTBO paHee CO3/1aHHOTrO0 (HacienoBaHHoro) I10;
pa3Butue IHTEpHET U KOPIIOPATUBHBIX CETEM.
Pa3paboTka mpuiioskeHui ¢ y4eToM 3TuX (HakTOpOB MpUBEIia K MOSBICHUIO
IIPUKJIAJHBIX [TAKETOB U MHTEIPUPOBAHHBIX CPEX, KOTOPBIEC 110 CBOMM XapaKTEPHUCTUKaM
BbIXOAT 3a pamku [T yerBeproro nokonenus. K ornmmunrensasiM ueptam [10 HOBOTO
IIOKOJICHUS OTHOCATCS:

[} mHTErpanus KOMIIOHEHTOB IIPUKIIAJHOIO IAKETa HE TOJBKO C IPUIOKECHUAMH
IIAKETa, HO U C OKPYKEHHEM;

[} MMPOKOE UCTIOJIB30BAHUE OTPACIEBBIX CTAHAAPTOB;

[ ucnonwp3zoBaHue UHPpacTpyKTyphl MIHTEpHET;

[l maatgopMOHE3aBUCUMOCTb.

[lepcniektuBHBIM HanpaiaeHueMm B pasButuu [IIIII saBnseTrcs wmcnonp3oBaHue
YHU(ULIHUPOBAHHBIX (POPMATOB JOKYMEHTOB HA OCHOBE OTKPBITHIX CTAaHAAPTOB. OTKPBITHIN
CTaHJAapT — OJTO OOmHIeAOoCTyNHas crnenudukamnus, cBoOOJHAS OT JIMIIEH3UOHHBIX
OTPAaHMYECHUM TIPU MCHOJB30BAHUHU. Ero wHcmosap3oBaHue B [IIII no3Bosser
rapaHTHPOBATh BO3MOXKHOCTh JOCTYIA K JAHHBIM U3 JH000T0 COBMECTUMOTO MPUIOKEHUS
0e3 OrJIsAKY Ha JIMIIEH3MOHHBIE MTPaBa U TEXHUUECKHUE CHEeU(PUKALINH.

N I I I B A

00630p mporpaMM MaTeMaTHYeCKUX BbIMUCICHUH, HX BO3MOKHOCTH U
0COOCHHOCTH.
B o6nactu uHXX€HEPHOTO MPOEKTUPOBAHUS BBIJCISIIOT TPU OCHOBHBIX pas3ziena:
CAD — Computer Aided Design;
CAM — Computer Aided Manufacturing;
CAE — Computer Aided Engeneering.

MaremaTuyeckue MakeThl SBISIOTCS cocTaBHOM 4dacThio mMupa CAE-cucrtem, nx
MO>KHO HCITOJIb30BaTh M KaK OOBIYHBIA KAJIBKYJIATOP, U KaK CPEJCTBA JUIsl YIPOIIEHUS
BBIPKECHUI TIPH PEIICHUH KaKuX-Tr00 3a7a4, ¥ KaK TeHepaTop rpaduku wim Jaxe 3Byka!
B HacToAIIee BpeMsl MpakThuecku Bce coBpeMeHHble CAE-mporpammbl UMeErOT
BCTPOCHHBIE (PYHKIIMM CHUMBOJIBHBIX BhIUMCICHHM. OHako HauOojiee W3BECTHBIMU M
MPUCIIOCOOJICHHBIMM JIJISI MATEMAaTHUYECKUX CHUMBOJIBHBIX BBIUMCIIEHUM cunTatoTcs Maple,
MathCad, Mathematica u MatLab.

CrnexTp 3a1a4, pemaeMbIx MOJOOHBIMU CUCTEMAMU:

[ MPOBEICHNE MATEeMAaTHUYECKUX HWCCIEAOBaHUM, TPEOYIOMMX BBIYUCICHUA U
AHAJIMTUYECKUX BBIKIAOK;

pa3paboTka ¥ aHAIU3 aJITOPUTMOB,

MaTEeMaTUYeCKOe MOJIETMPOBAHUE U KOMIIBIOTEPHBIN 3KCIIEPUMEHT;

aHanu3 1 00paboTKa TaHHBIX;

BU3yallu3aIysl, HAydHasl U WHKEHEpHas rpaduka;

pa3paboTka rpadUuecKuX U PacUE€THBIX MPUIIOKEHUN.

N I O



[Ipruem, nockonbky CAE-cuctembl copepkaTr —omepartopbl Uil 6a30BbIX
BBIUMCJIEHUM, TO MOYTU BCE AJITOPUTMBI, OTCYTCTBYIOIIME B CTAHAAPTHBIX (DYHKUHUSX,
MO’KHO peajn30BaTh MOCPEICTBOM HAITMCAHUSI COOCTBEHHON MPOTPaMMBI.

Jexnus 2. Oomme ceexenust o0 Microsoft Office Excel
PaGouee oxno Excel

Microsoft Office Excel — tabmuunblii mpomeccop, NpeaHa3HAYCHHBIA s
00pabOTKH JTaHHBIX, UMEIOIINX TaOJUIHYIO CTPYKTYPY.

['maBHbIM JnocTOMHCTBOM EXCel sBISIFOTCS BCTpOeHHBIE OHOIMOTEKH, KOTOPBIC
collepkar OOJBIIOE KOJMYECTBO HWHCTPYMEHTOB (IIOANPOTPAMM), IO3BOJISFOIINAX
JI0CTATOYHO MPOCTO 00pabaThIBaTh JaHHBIC, Pelllas pa3IudHbIe 3a1a9u. B pe3ynprare uero
Excel mo3Bomnser:

— pemaTh YUCTO MaTeMAaTHIECKHE 3aa9d, HAIPUMED, — YPABHCHHUS;

— HaXOJUTh Pa3TMYHbIC SKOHOMUUYECKHE, (PMHAHCOBBIC MTOKA3aTEIIH;

— pemaTh 3a/1a9u TEOPUHU BEPOSITHOCTEH U MAaTEMAaTHICCKON CTAaTUCTHKY;

— pemaTh 3a/1a4yu ONITHMH3AIINH;

— CTPOUTH TpapuKK U AUATPAMMEI;

— 3a/1aBaTh CTPYKTYPHI JaHHBIX TakK, 4TOOBI ATO OBUIO YAOOHO I MX aHAIIA3a
(cBOAHBIC TAOJIUIIBI) U T.I1.;

— BBIMIOJIHATH AHAJIM3 M MOJIETUPOBATh CHUTYallMI0 HAa OCHOBE BBIOJTHEHUS
BBIYHCIICHUI U 00pa0OTKHU JaHHBIX;

— CTPOUTH AUArpaMMbl, B TOM yucie rpaduku, TpeOyeMoro BUa;

— co3/1aBaTh 0a3bl JAHHBIX M HACTPAMBATh OINPEJEICHHBINA TIEPEUCHb OMepaInii Mo
ux 00paboTKe U T.M.

Pa6ouee okno nporpammser Excel (puc. 1.1) cocTout us:

— CTPOKH MEHIO, KOTOpasi COACPKUT HECKOJIbKO BKJIQJOK ¢ KHOMKaMu. [Ipu 3ToM
KaKIas U3 BKIAIOK COJCPKHT COBOKYMHOCTH IMOAPA3IEIIOB, B KOTOPBIX OOBCIMHECHBI
KHOITKM-KOMaH Ibl, OTBEYAOIIHNX 33 PEIICHUE KOHKPETHBIX 3a7a4 00pabOTKH JaHHBIX;

— pabouero moJs;

— KHOTIOK YTIPaBJICHUS OKHOM;

— JIMHEEK TIPOKPYTKHU.

Pa6Gouasi 06J1acTh — 3TO COOCTBEHHO OOJIbINIas TaOJMIA — CTPOKHU M CTOJIONEL. B
paboueii 06J1acTH pacmoraraeTcsi HeCKOJIBKO JTUCTOB. Kaxk bl TMCT — OTACIbHAsS O0IbIIas
tabnuima. IlepexoauTh OT JHMCTa K JIUCTY MOXHO IIEIYKOM JIEBOW KHOMKHA MBIIIU TI0
KOPEIIKY JIUCTA.

Kaxnas ctpoka tabmuiel mmeet cBoi Homep: 1, 2, 3, 4 u 1.1. Kaxnaprii cronbery
nomMedeH OykBamu naTuHckoro andasuta A, B, C u T.4. (puc. 1.). CtonGisl MOTyT
IIOMEYaThCsl HOMEpPaMH, TaK e KaK M CTPOKW. BapuaHT 0003HaYEHUS CTOJIOIOB MOYKHO
BBIOpaTh, UCOJB3ys KHONKY «Office», pacmonoxkeHHy0 B JEBOM BEpXHEM YTy OKHA,
KHONKY-KoMaHy «ITapameTpnr EXcel» u pazaen «®opmyiisn» B okHe «I[lapamerpsr EXcely.
Ota Ccl0oXHAasg KOMaHJa OTKpBIBACT CIUCOK HacTpoek EXxcel, yto mo3Bosser BHIOpaTh
yclioBUsI paOOThI ¥ TIpaBuiia OTOOpakeHUs 3J1eMeHTOB. BriOupas «ctunb ceputok R1C1»,
TEM CaMbIM YCTaHABIIMBAIOT PEKUM pa0bOThI, KOT1a CTONIOIBI 0003HAYarOT I pamu. Ecin
OTKJIFOYUTH 3TOT PEXKHUM, TO CTOJIOIBI 0003HAYAIOTCSI OYKBAMU JIATUHCKOTO aj(haBUTa U MX
COYCTAaHUSMH.
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Puc. 1. Pa6ouee okHo nporpammsl Excel

Onpenenenune. Kaxnas kieTka paboueit 0071aCTH Ha3bIBACTCS TUCUKOI.

Kaxnasa sauelika umeer cBOW aapec, KOTOPbIA (opmupyeTcs U3 0003HAUECHUS
cTONO1a 1 0003HAYECHHUS CTPOKH, Ha TIEPECCUCHUN KOTOPBIX HAXOIUTCS sSTUCHKA.

IIpumep. A12 — 03HayaeT, YTO UMEETCA B BUAY SU€ilKa B CTOJIOLE A U B CTPOKE MO/
HOMepom 12.

Ecnu BmroueH pexuM «CTuib ccbuiok R1C1», To COOTBETCTBEHHO aapec SUYCHKU
3anuchiBaeTcs kak Homep cpoku (RNe) u Homep cronbma (CNe). B nanHom ciyyae R — 310
cokparieHnue ot cioBa Row psa, a C — ot cioBa Colum — cronberr.

Anpec siueiKM MOXKHO OTOXJIECTBJISATh C UMEHEM MEPEMEHHOW. DTO IMO3BOJSET
nucath mporpaMmel B cpeae Excel (makpockl) U co3naBath COOCTBEHHBIC OMOIMOTEKH
IpOrpaMM ISl PEIIeHUS] KAKUX-TO YaCTHBIX MOJIb30BATEIbCKUX 3a/1a4.

Omnpenenenue. AKTUBHOM SYEHMKOW HA3bIBACTCS SYEMKA, B KOTOPOW B JIAHHBIN
MOMEHT HaXOAHUTCS Kypcop.

B Excel paznuuaror crnemyromiye THITbl Kypcopa:

— Wazo8will Kypcop, KOTOPBI CBOOOIHO MEPEMEIIaeTCs o 001acTH OKHA pejakTopa
B COOTBETCTBMHM C TIEPEMCEUICHHEM YyKa3aTeNls MBI WIA KHOMKAMU-CTPEIKaMU
yImpaByieHus1 Kypcopa. Takoil Kypcop MOo3BOJIIET OTMETUTh JH000H 00bekT B okHe EXcel.
OH MOKeT IBUTATHCS MTOCIIEIOBATEIHLHO OT SUYCUKH K sTUCeHKe: BIPABO, BIECBO, BHU3, BBEPX,
€CJIM TIOJIb30BAaThCsl KHOIKAMH YTMPABICHUS KypcopoM. Eciu ucmonb3yeTcs MbIliib, TO
JBIDKEHNE MOXKET OBbITh KaK IMOCJIEA0BATENbHBIM, TaK U CKauykooOpasHbIM. Sluelika, Ha
KOTOPO¥ HAXOJUTCS IIArOBbII KypCcOp, UMEET BBIJCICHHYIO0 (KUPHYIO) TPAHUILY;

— MeKcmogwlll Kypcop, KOTOPBIA TIepeMeIiaeTcsi B 00JacTH BBOJIa CHMBOJIOB: JIMOO
BHYTpH sueiiku, 100 BHYTpH obyacTu BBoAa dopmyd. fueiika, B KOTOPOM HAXOIUTCS
TEKCTOBBI KypcOp, TakKe HWMEET BBIJCICHHYIO TpaHHIly, KaKk M B CIydae MIaroBOTO
Kypcopa. OTiIMYue COCTOMT B TOM, YTO TpPH BBOJIE CHMBOJIOB TPAHHIIBI SYCHKH
aBTOMATHUYECKHU PACIIUPSIIOTCS.

Hcnonb3ys kaonky Shift u kaBuim ynpasieHUs KypCOPOM WM YACPKHUBAsI JICBYIO
KHOIIKY MBIIIH, MOXHO BBIJIEIUTH HECKOJIBKO PACIIONOKEHHBIX PSAAOM SUEEK.



Omnpenenenue. /[nanazoH — 3TO COBOKYITHOCTb PACIIOJIOKEHHBIX PAIOM SYEEK —
IpSIMOYTOJIbHAsA 00J1aCTh Ha JIMCTE.

Anpec auamasoHa CKJIaAbIBaeTCsl M3 aJipeca JIEBOM BEpXHEW SUYEHKM M IpaBoil
HIDKHEW SYeKU 00J1acTH BBIIEICHMUS.

IIpumep. [Ipumepsl 1uana3oHOB NPEACTABIEHBI HA PUC. 2:

— npsMoyroibHbli quanazoH C11:F13 moxHO paccMaTpuBaTh Kak MaTpHIly WU
TabIuIly 4yucell. B mporpaMMupOBaHHMU TakoW Juama3oH COOTBETCTBYET IABYXMEPHOMY
MacCHUBY;

— nmuanazonsl H12:H13 u A15:F15 moxHO paccmarpuBaTh Kak CIHCKH WU
OJTHOMEPHBIE MaCCUBBI YHUCEJI, WIN KaK TaOJMUIBI, COCTOSIINAE U3 OJHOIO CTOJIOLA WM
CTPOKH COOTBETCTBEHHO.

A B C D E F G H
11 3 415 6
12 2 34 5 f
13 1 5|6 /
14
15 3 5 7 9|11 13

Puc. 2. [Ipumepsl Anana3oHoB

Krnerku paboyeit 061acT ciry>kat MakeToM JIJist co31anust Oy aymux tadmnuil. JIirobas
TabNHIla UMEET OMPENEICHHYIO CTPYKTYpPY M COCTOMT M3 3arojioBKa U COJEPKUMOTO
cronbuoB. Ilpm co3ganuy TaGIUIT HEBa)XHO, CKOJIBKO S4YeeK HYXHO OOBEAWHUTH B
Ta0JIHIIe, BAXKHO YTOOBI SUCHKH CO3/1aBAIH MPSMOYTOJIBHYIO 00J1aCTh.

B Tabmumax pa3memaroTcs MaHHBIC, HAJ KOTOPHIMH IPOMU3BOIAT Pa3IMYHBIC
JICUCTBUS, B TOM YHCJIE:

— CUMBOJIBI (TEKCT);

— YHCIIa;

— hopMyIIbL;

— J1aThl ¥ BPEeMS.

Tunsl JaHHBIX

B BbIYMCIEHMSIX y4YacTBYIOT I€JIbI€ W JICUCTBUTENBHBIC YHCIIA, HUCIOIB3YIOTCS
KOHCTAHTBI W TIEpEeMEHHBIC. B MaTeMarwke NPUHSATO KiIacCU(PUIIMpOBaTh BEIWYUHBI B
COOTBETCTBHMH C UX CBOMCTBaMU. Tak, pa3auyaroT 1eble, IEUCTBUTEIbHbBIC, KOMIIJIEKCHBIE
U JIOTUYECKHE BEIIMYMHBI, MPEJCTABIISIONINEG COOOM OTIENbHBIC 3HAUYCHHS, MHOXKECTBA
3HAYCHUI WJIM MHOKECTBA MHOKECTB. AHAJIOTUYHAsS CUTyalllsl BO3HUKAET MpU padboTe Ha
KOMITBIOTEPE.

Jlanubie B EXCel BbIBOATCS Ha SKpaH B onpeeacHHOM (opMare.

Onpenesenue. PopMar JaHHBIX — 3TO MPABWIO, ONMPEACIISIONICe BHEUTHUNA BHU]Y
oToOpakeHusl TaHHBIX. DopMaT HA 3HAYCHHUE HE BIIUSCT.



IIpumep. PaccMoTpum aeicTBUTEnbHOE 4MCiO 3,5432. B maMsaTH Takoe 4YHCIIO
XPAaHUTCS B CTAHIAPTHOM BHUJE, T.€. B BUJE 3aIIUCH

0,35432000E+01.

OT0oOpakaThCsl TAKOE YUCIIO B STUEHWKE B 3aBUCUMOCTH OT (hOpMaTa MOKET KakK:

3,5432 numm 3,54, unm 3 U T.1.

Opnako mpuMeHeHue ¢opMaTa HE O3HAYaeT, YTO 3HAYEHUE YUCIIA B MaMITH
U3MEHWIOCH.

YcraHoBuTh (pOpMAT IAHHBIX MOXHO, MCHOJIB3ys KOMaHay «@Popmar sueex»,
BBIOpPAB €€ 13 JIOKATbHOTO MEHIO WJIM U3 IJIABHOT'O MEHIO.

Komanna «®opmat siueex» OTKpbIBAE€T OKHO C BKJIaaAKaMu (puc. 3):

— THII TIpeJicTaBiIeHs UHpopMannu (HaCTpOMKHU Ha BKiIaake Yucio);

— pacmosoxxeHnue napopmaiuu B siueiike (BKiIaaka BeipaBHUBaHNE);

— aTpuOyThl 3anucH (Bkiaaka pudr);

— aTpuOyThl OOpamMiieHus siueek (Bkiajaka ['panuna);

— aTpuOyTHI JOCTYyNA K COAEPKUMOMY siueeK (BKJIaKa 3alluTa).

Dopmar AYeeK @@
i.Yucno ;| Bopastmsanne || WpndT | Mpanvua | 3anweka | 3awmra
“Wcnoskie hopHaThI:
Ofipazeyt
Yucnosoi
DenemHeni
DUHEHCOBEIA OBWHit hopMET MCNONL3YETCA ANA OTOEPEKEHIUA KaKk TEKCTOBLIX, TaKk 1
NaTa HMCNOBBIX SHAHEHMIT MPOMSB0EHOMD THNA.
Bpena
MPOLEHTHEIR
NpoBHei
IKEMOHEHUMANBHEIA
TeKCToBbIA
NononHuTensHei
(Bce dopraTe)

Puc. 3. Oxno «@opmart siueex»

dopMaTr TaHHBIX HACTPAUBAETCSI HEIOCPEICTBEHHO Ha BKiaake «Hucio». MoxHO
TaKK€ UCIOJIb30BaTh KHOIIOYHYIO NaHelb «[ 1aBHasD».

Ecan He yka3aHbl Kakue-1H00 cienMajibHble YCTAHOBKH (popMAaTa, TO JaHHbIE
BbIBOASITCSH B popmaTe «O0muin». IToT hopMatr HE UMEET HUKAKUX OCOOBIX HACTPOEK,
KpOME YETKOTO pa3e/ICHUs JaHHBIX Ha TEKCTOBBIC (MJIM CUMBOJIbHBIC) U YKCIIOBBIC. [Ipu
ATOM YHCJIOBBIC JJAHHBIE (YK CIIa) BHIPABHUBAIOTCS T10 MPABOMY Kparo SUEUKH, a TEKCT — 10
naeBoMy. OToOpakeHHEe CUMBOJIOB M TEKCTa BOCIPOU3BOJAMUTCS TaK, KaK OHO BBOJUTCS C
KJIAaBUATYPHI.

B Excel cyiiecTByIOT ¥ pa3imu4aroTcs cieayromiiue GopmMaTsl JaHHbIX:

— 4YHCJOBOM — CIYXHUT IS OTOOpaXEHUs MENbIX U JeHCTBUTEIBHBIX,
MOJIOKUTEIBHBIX U OTPULIATEIIbHBIX YHCEIT,

— IEHEeKHbII — UCTIONB3YETCS A1 OTOOPAKEHUS ICHEKHBIX BEIMUNH;

— (uHAHCOBBIN — HKCIONB3YETCSA ISl BBIPABHUBAHUS JICHEKHBIX BEJIMYHMH IO
pa3eNUTEINIo TIeJI0ON 1 IPOOHOMN YacTH;

— 1aTa — MPEJCTaBIsAET COO0H pa3IMUHbBIE CTIOCOOBI OTOOPAKECHHMS TaTHI;



— BpeMsl — MI03BOJISIET BEIOPATh BAPHAHT OTOOpaXKEHHS BPEMEHHU Ha 3KpaHe;

— NPOLEHT — 3/1eCh 3HaUCHUE A4eiknu yMHOXkaeTcst Ha 100 1 BBIBOAUTCA HA SKPaH €
CHUMBOJIOM IPOILICHT;

— IPOOHBII — [TO3BOJIAET 3alUCHIBATh IPOOH C Pa3IMUHBIMU JOJISIMU;

— JKCHOHEHUMAJIBHBIN — HCIONb3yeTCs A OTOOpaKeHUs OYEHb OOJIBLIMX WIIU
OUYEHb MAJICHbKUX YHCEI;

— TEKCTOBBIH — YIPaBIseT 0TOOpaKeHHEM CUMBOJIOB. OTMETUM, YTO IPUMEHEHUE
TEKCTOBOTO (hopMaTa K siueiike, rjae ObLIO 3aMMCaHO paHee YHCIIO, MPUBOAUT K TOMY, UTO
JAHHBIE B 3TOM A4YeliKe Oy1yT BOCIPUHUMATHCS MPU NOCIEAYIOMINX ONEePalnsIX KaK TEKCT.
OTO O03Ha4yaeT, HalpuMep, YTO JaHHbIE B 3TOM SYEHKE HE CMOIYT y4acTBOBaTh B
apu(MeTHYeCKuX Omepalusix, Tak Kak OHU y>Ke€ OTpe/IeNIeHbl He KaK YUCIIa;

— JONOJIHUTEJILHBIN — IIPEeIHa3HA4YEH JUIsl padoThl ¢ 0a3aMU JaHHBIX U CIIUCKaMU
aJpecoB, COJEPKHUT B KAueCTBE CIELHMAIBHOIO Habopa (opM Takue, KaK «IOYTOBBIN
UHJEKC», «<HOMED Tene(oHay, «TaOeIbHbIA HOMEP) U T.1I.

Jlexuus 3. [IpaBuia 3anucu ¢gopmyJii. DyHKuuu

Onpenenenne. Dopmynoii B EXxcel HaspiBaeTcsi mociie1oBaTeIbHOCTD
CHMBOJIOB, HAYHHAKOLIASICA CO 3HAKA PABHO «=».

B 5Ty mocnenoBaTensHOCTh MOTYT BXOAMTB: ajpeca s4yeeK, 4ucia, (pyHKIUU U
omepaTopbl, a TakKe 3HaKW apu(PMETUUECKUX JEUCTBUU u CKOOKH. PesynbraTom
BBINIOJIHEHUS (DOPMYJIBI ABIISIETCSI HOBOE 3HAYEHUE, KOTOPOE BBIBOAUTCS B AYEUKY. DTUM
3HAYEHUEM MOXKET OBITh YMCIIO0, 1aTa, BpeMs, TeKCT. [Ipu 3ToM, ecinu Kypcop yCTaHOBJIEH
Ha sYeiKy, KyJa BBeJeHa popmMyia, B 00J1acT BBOJA POopMyI1 OTpaxkaeTcsa BUIl GOPMYJIbL,
a B STYEHKE PE3YJbTAT €€ BBIYMCIICHUS.

Ecnu 3HaueHus B Aueikax, aJpeca KOTOPBIX yKa3zaHbl B (hOpMyJie, MEHSAIOTCS, TO
MEHSETCS U PE3YNbTAT BIYUCICHUS (DOPMYIIBI.

Ipumep. A1 —> 4; A2 — 6;

A3 > =Al +A2.

[Tocne BeImosHEeHUs eUcTBUA B siueiike A3 Oyzaet 3amucano 3Hadenue 10. Eciam
3anucath B A1 — 5, To 3HaueHue B A3 Oyner 11.

Omnpenesnenue. Anpec sueiiku B opMyJsie Ha3bIBAETCS CCHUIKOM HA SIYCHKY.

CcbUlkM Bcerja 3amMchbiBalOTCSl JaTMHCKUMM OykBamu. s ymoOcTBa paboThI,
YTOOBI HE MEPEXOJUThH C PYCCKOT0 HA JIATUHCKUN U HA00OPOT, aipec 0YepeIHOMN SUeHKH,
U3 KOTOPOU OepyTCsl 3HAUCHHUS, YKA3bIBAIOT IIETYKOM MBIIINA Ha HEH.

Ipumep. @opmyna A3 — =Al + A2 BBoAUTCH Tak:

— KypCcOp MBIIIM YCTAaHABJIMBAIOT Ha STYeiiKy A3;

— BBOJUM 3HaK =;

— IIEJIKAaeM JIEBOM KHOMKOW MBIIIN HA siYeKy Al;

— BBOJUM 3HAK +;

— IIIeJIKaeM JIEBOM KHOIKOM MBI Ha sYeUKy A2 U HaXXUMAaeT KiaBuiry «Entery.

B Excel B popmynax taxke ucronb3yrorcs pyHkipn. C TOUKH 3pSHUS OpraHU3aluu
BBIUMCIICHUM, KaKaas QYHKIUS NpPeCTaBisgeT cOOON CIMCOK ONepaTtopoB (AeHCTBHUIA),
KOTOpPBIE JOJKHBI ObITh BBIIIOJIHEHBI HAJl ApTyMEHTaMH.

Onpepenenne. 3HaueHus, UCNOIb3yeMble B (GOpMysax U B (YHKIMIX, a TaKKe
CCBUJIKU Ha SIYEUKH, i€ CleyeT OpaTh 3HaUEHMsI, Ha3bIBAlOT apryMEHTaMHU.



Ipumep. Oynkuus CYMM(aprl; apr2; ...) npeaHazHayeHa Juisl 0JICYETA CyMMBI
apryMeHToB. [Ipy 3TOM aprymMeHThl MOXKHO 3aJaBaThb CHUCKOM, pPa3leisis TOYKOM C
3ansaTo, uiaM B Bujae nauanazoHa. [locieanee Haumbolee ymoOHO, €ClU apryMEHTHI
pacrnoJioKeHbl B COCEIHUX AUehKax B CTPOKE, B CTONOIE min Tabnuiie. Hampumep:

= CYMM(AL1; A3; BS) — crioxuTh Tpu 3HaUeHUs B sueiikax Al, A3 u BS;

=CYMM(B2:B12) — c10XHUTh OAUHHA/IIATh 3HAUCHUH, PACIIOI0KEHHBIX B CTOJIOIE
B, HaunHas co 2 10 12 CTpoKH BKIIOYUTENIBHO;

= CYMM(C2:E4) — cnoxurs 3HaueHus B sueiikax C2, D2, E2, C3, D3, E3, C4, D4,
E4.

Hpumep. Oynkuus OKPVYIJI(aprl; apr2), rae aprl — agpec siUeiiku UM 4UCIIO,
KOTOPO€ HYXHO OKPYTIJHTbh;, apr2 — KOJIMYECTBO IU(p MOcie 3amsiaToil. ApryMeHT apr2
JTOJKEH OBITH 1IEJIBIM.

Al —> 5,4879

B1 — =OKPVTJI(A1; 3), Torna moiaydaem 5,488;

B2 — =OKPVYTJI(A1; 2), Torna nonydaem 5,49;

B3 — =OKPVYTJI(AI; 1), Torna nmoiaydaem 5,5;

B4 — =OKPVYTJI(A1; 0), Torna nmomydaem 5.

Excel comepxur 60nee 400 BCTpOCHHBIX (DYHKIMH, pa3feieHHBIX A y100CTBa
WCIIOJIb30BaHUs HA KJIACCHI:

— TEKCTOBbIe (PYHKIMH, KOTOPbIE NMPEIHA3HAYECHBI JI BBIIOJIHEHUS PA3TUYHBIX
oTiepalnii HaJl TEKCTOBBIMU (CUMBOJIbHBIMU) JaHHBIMH;

— Joruveckue (PYHKUHMH, KOTOPbIE UMEIOT CBOMM PE3yJbTaTOM JIMOO 3HAYEHUE
True, 6o False, n MO3BONAIOT TPOBEPSATH MPOCTHIC W CJIOXKHBIC YCIOBHS, a TaKKe
YIOPABJIATH MPOLECCOM BBIYUCICHUI;

— cratuyeckue (YHKIUM, KOTOPbIE TMO3BOJISIIOT BBIYHCIATH PA3IHYHbIE
XapaKTePUCTUKHU CITyYalHBIX BEJIMUUH, OLIEHUBATh UX MTapaMeTphl;

— MareMaTudeckue (YHKIUM, TMPEICTABISIONIUE COOONM IIUPOKUM CIEKTp
GbyHKUMNA U oniepannii 00pabOTKU YUCIIOBBIX JIaHHBIX;

— (PYHKIUH 1JI51 IPOU3BEACHUS 1eCTBMA C JAHHBIMHU TUIIA 1aTA U BpeMs;

— (uHaHcoBble (QYHKIUM, TO3BOJSIONIME PACCUUTHIBATH XapPaKTEPUCTUKU U
napameTpbl (PMHAHCOBBIX MPOIIECCOB U OTIEPAIIHIA.

Ectp u npyrue pyukmmm.

Kaxnmas Takas ¢yHKIUS WMEET CBOW CHUCOK apryMEHTOB | IIpaBuia
UCIOJNB30BaHusl. M3yunTh KaXyi0 B OTAEIBHOCTU (DYHKIIHMIO KOHEYHO MOXHO, HO 3TOT
nporiecc noctatouHo TpynoeMkuid. [Toaromy B EXcel mpenycmorpena omnmus — «Mactep
bynkuuiiy. Macrep pyHKUMiA M103B0JIsieT YIPABJATH NOPSAAKOM 3anMcu QyHKIMH.

Crnenyer oTMeTHTh, yTO B EXCel nmeHOBaHue QyHKIMM ONMpeneneHo Tak, 4To OHO
OTpakaeT Ha3HaueHue (QYHKIIHH.

Ipumep. Oynkuuss MAKC(aprl, apr2, ...) Bo3Bpaimaer HauOoJblIee 3HaYCHUE
cpenu apryMeHTOB.

Oyukuus ABS(apr) onpezgensier Moayib apryMeHTa.

Oynkiusa SIN(apr) BeUUCsSET CHHYC apryMEHTA.

Oynkuuss KOPEHDb(apr) u3BinekaeT KOpEeHb U3 apryMeHTa.

Oyukuusa ECJU(ycnoBue; 3HaueHue | ; 3HaueHne2 ) npoBepsieT yCI0BUE U BBIBOAUT
1100 3HaueHuel, ecau yclioBue UCTUHHO, TUOO 3HaYeHHE2, €CITU YCIOBUE JOKHO.



IIpumep. B kop3une nexat 7 KpacHbIX U 9 6enbix mapoB. CKOJIBKUMU CIIOCOOaMHU
MO’KHO BBITAIUTH IISATh IIAPOB TAK, YTOOBI CPEIN HUX OBLIO 2 KPACHBIX U 3 OEIbIX.

B nanHOI 3a7aue peub WAET O MOCTPOEHUM COYETAHUN U3 MSATH OOBEKTOB TAKUM
oOpa3om, uTOObI cpeau HUX ObUIO 2 KpacHbIX mapa u 3 OejblX, TO €CTh, UCHOIb3Ys
IpaBUJia KOMOMHATOPUKH, HY’KHO BBIYMCIIUTh 3HAUECHHE:

N =C?C3.
]_IJ'ISI moacyeTra yuciia coyeTaHu’ 13 N 00BEKTOB IO M HCIIOJIB3YCTCA q)YHKLII/IH

YUCJIKOMB(n; m).
Cdopmupyem B Excel BerauciutensHyto 001acTh Kak oKa3aHo Ha puc. 4.

A B C
1 Bcero bepem
2 | KpacHble mapsl 7 2
3 | benbie maper 9 3
4| Couertanus = YHCJIKOMB(B2;C2) | =UYUCIKOMB(B2;C3)
5 N= = B4*C4

Puc. 4. Illoacuer yucjia couyeTaHUi

B pesynbrate pemenus 3aaauun noinydaem: N =21-84=1764.

Ccbuika B popMyJie OJTHO3HAUYHO OINpEAENseT SUYEHKy, U3 KOTOpoH cieayeT OpaTh
3HaueHue Uil BbluMcieHU. C MOMOLIbIO CCBHUIOK MOXXHO MCIIONb30BaTh JaHHbIE,
PacnoyIoKEHHbIE Ha JPYTUX JUCTaX, & TAKXKE B IPYTrUX KHUTAX.

Bce ccbuiku pa3aenstoT Ha CeIyOUUe THIIbL:

1. Ccpunka Tuna Al — 3T0 mpocTasi CChUIKA, UCOJIb3yeMasi B Mpejiesiax JucTa. Takas
CCBIJIKa OIpEACIIIeT AYEHKY B CTOJIOLE «A» U CTPOKE TOJT HOMEPOM «1».

Ecnu 3ameHuTh OyKBBI B 3arojoBKax CTOJIOLA Ha HOMEPA, TO CCBUIKH HOCST
Ha3BaHue cchiika tuna R1C1.

2. BHenHss cChUIKa — 3TO CChUIKA BHYTPHU KHUTH, HO HA Apyroi muct. Takas ccpuika
COCTOMT M3 JIBYX YaCTEW:

HaMEHOBaHUE JIUCTa! CChUIKa HA SYEHKY 3TOro JIUCTA.

Ipumep. JIuct 1!B4 o3Hayaet, 4To HYHO B35Th 3HaueHue ¢ Jluct 1 B siuelike B4.

3. YaneHHble CChUIKM — 3TO CCBbUIKM Ha JIPYrMe KHUTM WU JaXXe MPUIIOKEHUS.
Takast cChlIKa COAEPKUT MOMUMO Ha3BaHUS JIMCTA U yKa3aHUA SYCHKU ellle U Ha3BaHUE
KHUTH C YKa3aHHUEM IyTHU K (aiiiry, rie HaXOAUTCS KHUTA.

IMpumep.

[Spravka.xls]JIuct3! B2 — o3HadaeT oOpaiieHHe K JaHHBIM, PACIOJIOXKCHHBIM Ha
Jluct 3 B siueiike B2 B kaure Spravka.xls.

“Y:\Practic\[Spravka.xlIs]JIuct3’!B2 — o3HauaeT, 4yTO JaHHBIC OEpyTCs M3 KHUTH
Spravka.xls, kotopas pacrosiockeHa Ha aucke Y B karaiore (mamke) Practic. 3nauenue
oepercs u3 sueiiku B2 Ha nucte Jlucr 3.

IIpu pabore c dopmynamMu BO3HUKAET HEOOXOAMMOCTb YINPABISATH U3MEHEHHEM
anpecoB siueek WM ccbulkamu. C 3TOM TOYKM 3pEHUS DPA3NUYAIOT OTHOCUTENbHBIE U
abcomoTHbIe ccbutkh. PaccmoTpum gparment mucta Excel (puc. 5).

| N B_| C | D |
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1 8 13
2 4 8 12
3

Puc. 5. HpnMep BBIYHCJIEHHHA ¢ OTHOCHUTEJIbHBIMH CCHLIKAMU

w
o1

ITycte C1 — = Al + B1, toraa B sueiike C1 Oyzner 3HaueHue 8.

Ecnu ckormmupoBate C1 B C2, To B C2 nossisgercs 3HaueHue 12. Eciii yCTaHOBHUTH
IIaroBBIM Kypcop Ha siueiiky C2, To MOXKHO B CTpoke (GopMys YBUACTh GpopMmyny = A2 +
B2.

Cronupyem dopmyny u3 Cl B saeiiky D1. B sueiike D1 nmonydyaem 3Hauenue 13, a
B cTpoke Gopmyn Oynert BeiBegeHa popmyna = B1+Cl.

Takum o0OpazoM, mpu KONMUPOBAHUM (POPMYIN TPOUCXOJIUT CMEIICHHE CCHUIOK,
COJIEpKAIINX HMCXOAHBIE NaHHbIE. [Ipy 3TOM CMeElIEHHE MPOUCXOAUT TaK K€, KaK IMpHU
KOIMpoBaHuM nepemeniaercs popmyna. B nepsom ciyyae konuposasiiu C1 B C2, T0o ecTh
(dopmyrna cMeCTHIIACh MO CTOJNOLY BHU3 HA OJHY MO3HUIMIO. SYEeHKN UCXOAHBIX JAHHBIX
n3meHunuch takxke: Al Ha A2, Bl na B2. Bo BTropom ciyuae konupoBaiu C1 B DI, To
ecTh (popMyJia cMeniaeTcsi BIpaBo Ha OJHY MO3UIMI0. TaKkke U3MEHSI0TCS SYEHKH, OTKY1a
oepyT ucxonnnie ganueie: Al nHa Bl, Bl na Cl. UMeHHO mMO3TOMY BC€ TpH 3HAUYECHUS
CyMMBI pa3HbI€.

Onpenenenue. Ccbuika Tuna Al Ha3pIBAETCS OTHOCUTEIBHOM.

B Takoii cceuike npu nepeMmenieHud GopMyIbl MOKET MEHITHCS U HAMMEHOBAHUE
CTOJIOIA, 1 HOMEP CTPOKHU B COOTBETCTBHUU C TEM, KaK MepemMeraercs popmya mno JucTy.
JlaHHOE CBOWCTBO CCBHIJIOK HMCHOJB3YIOT MPH pacHpocTpaHEeHUU (opMyJibl Ha TUaIa3oH
3HAYEHMI, KOT/1a TpeOyeTcs MPUMEHUTD OJHY U Ty ke (OPMYITy K pa3HbIM JIaHHBIM.

AOCOIOTHBIC CCBUIKM OTJIMYAIOTCSA (UKcalMeld HaMMEHOBAaHHS CTOJO0IA WU
HAUMEHOBAaHUSA CTPOKU, WM HAWMEHOBAaHUA CTPOKM U HAWMEHOBAHHUS CTOJIOIA
oHOBpeMeHHO. DuKcaIyst MPOUCXOINUT C UCTIOIb30BaHUEM 3HaKa jgoutap ().

[IpaBuso ucnoab30BaHUs PUKCALUUA COCTOUT B CIAEAYIOIIEM:

1. Ecnu B hopMysie B CChUIKE Ha SUEHKY 3HAK $ yCTaHOBJICH Mepe; HAMMEHOBAHUEM
cTosl11a, TO IPHU NepeMelieHUH POPMYJIbI CTOJIOCI] HE MEHSIETCS.

2. Ecnu B hopMyJie B CCBUIKE Ha STYCHKY 3HAK $ yCTaHOBIICH mepel HAMMEHOBAHUEM
CTPOKH, TO IIPH NepeMenieHun (GOpMyJIbl CTPOKA HE MEHSETCH.

3. Eciiu B hopMyiie B CChUIKE Ha sSUEiKy 3HAK $ yCTaHOBJICH Mepe; HAMMEHOBAHUEM
CTPOKHM W HauMeHoBaHHMeM croyiona (Hampumep, $D$1), To sdeiika cuuTaeTCs KECTKO
¢dbukcupoBanHoi. Takasi cChUIKa HE MEHSETCS TPU JTIO0OM CMEIICHUH (POPMYIIBI.

JIns BBIYMCIICHUH U aHATM3a JaHHBIX B EXCel ucmonb3yrores pasnudnbie QyHKIUH,
koTopbix Oosiee 100, a Takke crenuagbHBIE CpeACcTBa 00pabOTKH, B 0OIIEeM ciy4ae
Ha3bIBA€MbIC HAJICTPOMKAMU WM MHCTPYMEHTaMH. PaccMOTpUM HEKOTOpPhIE KIACChI
GyHKITHA.

Matematnueckue ¢yHkuun B Excel — 310 MHOXECTBO (YHKIUH, KOTOpPBIC
npeaHa3Ha4YeHbl JJISI BBITIOJHEHUS PA3UYHBIX OINEpalMii HaJ YKUCIOBBIMU JTaHHBIMHU.
LIpesicoe cezo, nunetinvie, NOTUHOMUATIbHBLE, Jl02apUpMUyecKue, mpuesoHoMempuiecKue,
nokazamenvHble QYHKYUU:

1. COS(apr) — BBIYUCISIET KOCUHYC apr, I/I€ apr 3aJaeTcs B paJldaHax.

2. SIN(apr) — BeIUHCIISIET CUHYC apr, T/I€ apr 3aJ1aeTcs B pajuaHax.

3. TAN(apr) — BeIYHCIISIET TAHTEHC apT, I/I€ apT 3aJaeTCsl B paJraHax.
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4. ACOS(apr) — BeIYHCIISIET QpKKOCUHYC apr, re apr — 3Hadenue ot 0 1o 1.
5. ASIN(apr) — BeaHCISIET apKCUHYC aprT, e apr — 3HadeHue ot 0 1o 1.

6. ATAN(apr) — BeIYMCISET apKTaHT€HC apr, TJIe apr — YKCIIo.

7. COSH(apr) — BeIYUCHSET TUNEPOOTNYECKUNA KOCUHYC YHCIIA.

8. SINH(apr) — Beruuciser runepooJuueckuii CHHYC 9uca.

9. TANH(apr) — BbraucisieT runepOOIMIECKU TAaHTCHC YKCIIa.

10. EXP(apr) — bynxims e*.
11. LN(apr) — dysxkius In(x) .
12. LOG(umcno; OCHOBaHHME) — BBIYHCISIET JIOTApU(PMUUECKYIO0 (YHKITUIO

IOgOCHOBaHI/IC qucCIo .

13. KOPEHb(apr) — BeiuucisieT KOpeHb KBaJIpaTHBIN U3 apryMeHTa.

14. CTEIIEHb(uucno; crenens yncia) — BO3BOJUT YUCIIO B 33JIaHHYIO CTETICHb.

Pe3ynbraTom BhIYHCIICHUS TaKUX (QYHKIUMA SIBISETCS YUCIO, & CIIUCOK apryMEHTOB
OTpaHHUYEH.

B omoenvubiii nooxknacc modicHo vloenums QYHKYUU, KOMopwvle NPUMEHAIOMCI K
MHOMCcecmsy apeymenmos. 1Ipu 3ToM 6 pezyribmame Mmodxxcem noayuamvbcsi 00HO YUCIO.
Hanpumep, pyHkims:

1. CYMM(apr) BbIUKCISAET CYMMY YHUCIIE.

2. CYMMKB(apr) BbluUCIsE€T CYMMY KBaJIpaTOB YUCEI.

3. CYMMKBPA3H (aprl; apr2) BbluucHsi€TCS CyMMYy KBaJpaTOB pa3HOCTEU
apryMEHTOB.

4. CYMMIIPOU3 (aprl; apr2) BeIYUCHSIET CYMMY IPOU3BEIECHUIN apryMEHTOB.

5. CYMMPA3HKB(aprl; apr2) BbIYHCISIET CyMMYy pa3HOCTEW KBaJpaToOB
apryMEHTOB.

6. CYMMECIJI!(aprl; apr2; apr3) BeIYHCISIET CYMMY 3HAUYE€HHI A4€€K, 3aJaHHbIX
B apr3, eciid COOTBETCTBYIOIIUE 3HAUECHUS IUEEK U3 aprl yJOBIETBOPSIOT YCIOBUIO apr2.

7. MAKC(arp) — Bo3BpariaeT HauboJblliee 3Ha4YeHUE U3 crrcka uucie. [lpu stom
JIOTUYECKUE U TEKCTOBBIE 3HAUCHUSI UTHOPUPYIOTCS;

8. MUH(apr) — Bo3BpaiaeT HauMEHbIIIee 3HAYEHUE U3 CIIMCKAa YHUCIE, MPU ITOM
JIOTUYECKHE U TEKCTOBBIE 3HAUCHUSI UTHOPUPYIOTCSL.

9. HO/I(apr) — BeuMCIISIET HAMOOJIBIINKM OOITUI JeIuTeNb 4151 Habopa yuces.

[Tapametpsl apr, arpl, apr2 3aech npeacTaBieHbl B BUAe HA0OPOB apecoB sUeeK
WM IMaIa30HoB (B BUJIE CIIMCKA YKCEN).

K maremarnueckum (yHKUMSIM OTHOCSTCS Takke (GYHKUUU OJisl 6bINOJHEHUS
onepayuii Hao maccusamu 0aHHvlx (WM MaTpuiiamu). B pesynbTaTe npuMeHEeHUs] TaKuX
GYHKIINNA TTOTy9aeTCsl YUCIIO0 WIH MHOYKECTBO YUCEN (MaTpHIla WU TMaIia30H ), HApUMep:

1. MOITPE/I(apr) — BBIYUCISIET ONPEIETUTENb KBaAPATHOW MATPHUIIbI, IPY 3TOM apT
3a71aeT AMaNa3oH A4€eK, T/Ie PaclojoKeHa MaTpula.

2. TPAHCII(apr) — HaXxoauT TpPAaHCIIOHUPOBAHHYIO K 3aJaHHOW B JHMAama3oHe,
YKa3aHHOM B apr, MaTpuIIE.

3. MYMHOX(aprl, apr2) — BbUHCISCT YyMHOXXEHHE MATpUIl (MacCHUBOB),
3aJlaHHBIX B AMamna3oHax aprl u apr 2.

4. MOBP(apr) — onpeenseT oOpaTHYIO K 3aJJaHHON B apT MaTpHILy.

Jl1st monmyyeHus MaTpuibl (MaccuBa, IMara3oHa) — pe3ysbTaTa TPaHCIIOHUPOBaHUS,
YMHOKEHHS MaTpHIl, a TaK:Ke 00paTHON MaTpHULIbl HY>KHO:
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— BBIJICJIUTH JUAIa30H, B KOTOPOM OHa JOJKHA Pa3MeIaThCsl, TO €CTh BBIICIUTH CTOJIBKO
sYeeK M0 TOPU3OHTANIH, CKOJIBKO OYJIeT CTOJIOIOB, M CTOJIBKO SYEEK M0 BEPTUKAIIH,
CKOJIbKO OYJIET CTPOK B MaTpHUlIe-PE3YNIbTATE;

— YCTaHOBUTH KYpCOP B CTPOKY (POPMYII;

— ogHoBpeMenHo HaxaTh Ctrl+Shift+Enter.

Kpome storo k MarematnyeckuMm (GyHKUIUAM €II€ OTHOCATCA (YHKYUU, KOMopble
MO2Ym 8bINOJIHAMb BCHOMO2AMENbHYI0 POJib Npu peutenuu 3adayu. Hanpumep:

1. 3HAK(apr) — omnpeznensier 3Hak aprymeHTa. Ecim apr MOJIOXUTENbHBIA, TO
Bo3Bpamiaet 1. Ecnu apr oTpuniatenbHbiid, TO BO3BpamaeT —1.

2. TPAAYCBI(yrom) — mpeoOpasyeT 3HaueHWE yTIJa, 3aJaHHOTO B pajJHaHax, K
3HAYEHUIO B Ipagycax.

3. OKPVYI'JI(yucno; 4ucio pa3pslioB) — OKPYIJAET 3aJaHHOE YHUCIO C YYETOM
YKa3aHHOT'O YKCIia pa3psiioB.

4. PUMCKOE(uucno; ¢popma) — npeodpaszyet apaOckue yucia B puUMCKUE.

5. CIVUMEX /Y (amxH_rpaHuiia; BEpX T'paHUIla) — BBIYUCISIET CIy4YalHOE YHCIIO
MEXIy JBYMS 3a/IaHHBIMHU.

Kpome matematndeckux ynkiuii B EXcel umeercst Habop unoicenepnvix gynrxyuil,
KOTOPBIE TIO3BOJISIIOT:

1) BBIYHCIISITh HEKOTOPBIC CHICIMATbHbBIC (PYHKIIUH, HAIIPUMED:
BECCEJIb.I(X; n) — BelYMcaseT MOAUQHUIMPOBaHHYI0 (yHKIHUIO beccens
In(x);

2) paboTaTh ¢ KOMIUIEKCHBIMH YHUCIIaMH, HATTPUMED:

MHUM.KOPEHDb(xoMm1_4uCH0) — BBIYUCISIET KOPEHb U3 KOMIUIEKCHOTO YHCIIA;

MHUM.PA3H(kommi_uwnciol; KOMIII _4YMCI02) — BBIYUCISET Pa3HOCTh MEXKIY
KOMITJIEKCHBIMU YUCJIAMH;

3) BBITIOJIHATH MPEOOPa30BAHUS YUCEI B CUCTEMAaX CUUCIICHUS, HAITPUMED:

JEC.B.BOCbM(uncno; pa3psaHOCTb) — TNpeodpa3yeT [ecATUYHOE YHCIO B
BOCBMEPUYHOE;

NECTH.B.BOCbM(uucno; pa3psaHoCTh) — MNpeoOpa3yeT HIeCTHAAIATEPUIHOE
YHUCJIO B BOCBMEPUYHOE.

Jlocuueckue ghynkyuu u 1o2uieckue evipasicerusi BO3BPAIIAIOT MOCIIE BHIYUCIICHHUS B
kauecTBe cBoero 3HaueHus 1noo MCTUHA, mn6o JIOXKD.

Jlornueckue QyHKIMH U TIOTHYECKHE BRIPAKEHUS, KOTOPHIE SBJISIFOTCS apryMEHTaMU
JOTUYECKUX (DYHKIMI WM UCHONB3YIOTCA caMHu MO cede, COCTABIISIIOT 3HAYMTENIbHYIO
4acTh MHCTPYMEHTA aHajn3a. Pa3inyaroT MpoCThIC JIOTHYECKHUE BHIPAKEHUS U COCTaBHBIC
WU clokHbIe. [IpocThie ornyeckue BhIpaXeHusi 00pa3yroTCs PHU MOMOIIU JTOTUUYECKUX
OIepaIvii:

OoupliIe >;

MEHBIIE <;

paBHO =;

HE paBHO < > (YCJIOBHO HE 0OJIbIlIe, HE MEHBIIIE);

OOJIBITIE WIIK PaBHACTCA > =;

MEHBIIIE WIH PABHAETCS <=.

Bce »Tu omepanuu MMEIOT TOT K€ CMBICI, YTO M B Maremaruke. Hampumep,
BeIpaxeHne 3>4 pasHo JIOXKDb, Tak kak 3HaueHuWe 3 Ha camMoOM JieJ€ MEHbBIIE, YeM
3Ha4YeHue 4.
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CocTaBHBIE TOTUYECKUE BBIPAKEHUS 00Pa3yIOTCsS HA OCHOBE MIPOCTHIX JIOTHUYECKUX
BBIPOKEHUM, KOTOPBIE COCAMHSIOTCA C MOMOINBIO JIOTUYECKHX (YHKUMU. Jlormueckux
GbyHKIMIA HE TaK YK MHOTO:

N (aprl; apr2) — normdeckas ¢ynknus WM (eme Ha3bIBalOT KOHBIOHKIIHS,
nepecevyeHne, JOTHYECKOe YMHOXKEHHUE) ONpeAeIIsieTCs] TaK: eciii 00a apryMeHTa UMEIOT
sHauenne MCTUHA, to 3nauenune ¢ynkuuum MCTUHA. B ocranpHbIX ciydasx ee
3Hauenue JIOXKDb;

NJIA (aprl; apr2) — norudeckas gpynkius MJIN (eme Ha3pIBalOT AUIBIOHKITUS,
oObenuHEHNe, JIOTHYECKOE CJIOKEHWE) OMpENeseTCs TaK: €ClIM XOTA Obl OJWH W3
aprymenToB aprl wmmu apr2 umeer 3HadeHue MCTUHA, to 3Hauenume ¢GyHKIMM —
NCTHHA. B ocranbnbix citydasx ee 3HaueHue JIOXb;

HE (aprl) — noruueckas ¢pyukuuss HE (eme Ha3wpIBaroT JOTHYECKOE OTpHUIIAHUE,
MPOTUBONOJIOKHAS PyHKIM) onpenenserca Tak: ee 3HadueHue JIOXKb, ecou aprymeHT
umeet 3HaueHue MICTUHA, u Hao60poT.

Ceenem npaBwiio 3aganus QyHkiuit B Tadu. 1. [lpu sTom criemyeTr 3aMeTUTh, YTO
3allOMHHUTH MpPaBUJIa OMpPENeNeHUsl JOTHYecKux (YHKIMA o4yeHb Jierko. Ecimu ycnmoBHO
cuntath, uto JIOXKb=0, a UCTUHA=1, To dynkuus U — 310 nmpousBeeHUE apryMEeHTOB,
a pynkuus UJIM — cnoxenue. [IpaBaa, Takoe cioxenue, korna 1+1=1. Oyakuus HE
BCETJla UMEET 3HaYCHHE, IPOTUBOIIOI0KHOE 3HAYEHUIO apryMEHTA.

Tabnuna 1.
apr 1 apr 2 U (aprl; apr2) | WU (aprl; apr2) | HE (aprl)
JIOXDb JIOXKDb JIOXKDb JIOXDb NCTHUHA
JIOXDb NCTUHA JIOXDb NCTHUHA | UCTUHA
NCTHUHA | JIOXDb JIOXDb NCTHUHA JIOXDb
NCTHUHA | UICTUHA NCTHUHA NCTHUHA JIOXDb

Jlexnus 4. [TocTpoenne rpagMkoB U IUArpamMm

JmarpaMMbl U TpauKH CITy’KaT CPEACTBOM HATJISATHOTO MPEACTABICHUS JaHHBIX.
[IpakTika TIOCTPOSHUS JHAarpaMM CBs3aHa C HCIOJB30BAaHUEM  CIICIIHAILHOTO
WHCTPYMEHTA «MacTep auarpaMm». DJIIEMEHTHI 3TOT0 HHCTPYMEHTAPHS MPE/ICTaBIICHbI HA
BKiaake «BcraBkay. C TOUKHM 3peHUs MPOTpaMMHOTO obecrieueHus: Mactep nuarpamMm —
ATO KOMIUIECKC MOIPOrPaMM, KOTOPBIC ITO3BOJISIOT:

— CTPOUTH U HACTPaUBaTh 00JIACTh MOCTPOCHHUS TUATPAMMBI,

— BBIOWpATh THUIl JUArpaMMmbl. JlmarpaMMbl — 3TO MIMPOKHHA Kiacc rpaduyuecKux
CIOCOOOB OTpaKEHUS YUCIOBOW WHpopMamuu u3 Tabdnur. Hampumep, ctonbioBbie
JUarpaMMbl, KPYTrOBbIE TUAarpaMMbl, TpaduKu pa3InIHbIX THUIIOB,;

— OMPEACINIATH MapaMeTPhl BEIBOIA JUATPAMM (THII JIMHUH, [IBET, TOIIIUHY U IPYTUE
b dexTr);

— OTPEJENSITh CIIOCOOBI Pa3MEICHUS TUATPAMM.

Kaxxgas moctpoeHHas tuarpaMMa HampsMylo CBsi3aHa ¢ TaOIUIEH, OTKyaa OepyTcs
ucxoaueie AanHbie. [loaTomy, ecnmu m3MeHseTcs Tabnauia (Kakue-To OTASIbHBIC ITUPPHI
VI TTOJTHOCTBIO CTPOKH, CTOJIOLIBI TAOJIHUIIBI), TO COOTBETCTBYIOIIMM 00pa3oM U3MEHSETCS
U rpaduyecKoe 0TOOpaKeHHE.
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PaccMmoTpuMm mopsimok moctpoeHus rpaduka Ha HpUMepe MOCTpoeHHs rpadukxa
Gynxnum y = x>,
1. Cnauana co3naercs Tabnuua GyHkuuu (puc. 6).

Juamnazon A2:B9 npencrapisieT co00il MHOKECTBO UCXOIHBIX JaHHBIX, HA OCHOBE
KOTOPBIX OyeT cpouThes rpaduk. Beinensem nuanazon A2:B9.

A B C D
1
2 X | y=x"2
3 0 0
4 0,5 10,25
5 1 1
6 1,5 12,25
7 2 4
8 2,5 16,25
9 3 9

Puc. 6. Tabimmna pynkuumn Y = X? ma auere Excel

2. BriOupaetcs Bkiaaka «BctaButby, pazaen «/uarpammbny u kHomka «I papukmy.
BapuantoB noctpoenusi rpadhukoB Heckodibko. [lycTh BBIOpaH TUI MpocTOro rpaduka,
OTpaXKaIoOIIMKA pa3BUTHE IMpoIlecca C TEUEHHWEM BPEMEHH WM IO KaTeropusiM. DTOT
BapUaHT COOTBETCTBYET HAIIIUM II€JISIM, TaK KaK B JJAHHOM cliydae TpeOyeTcs Ha rpaduke
MOKa3aTh U3MEHEHNE (PYHKIIMU B 3aBUCUMOCTHU OT U3MEHEHUs apryMmenTa. [locie aToro Ha
DKpaHe TMOSIBIISIETCS 00J1aCTh MOCTPOCHUS TUATPAMMbl — OKHO C JIByMs rpadukamu (puc.
7), a moanucH 1o ocu abcruce —3To uncna 1,2, 3,4, 5, 6, 7.

=
o

y=x"2

O B N W b U1 OO N 00 O

1 2 3 4 5 6 7
Puc. 7. 'padpuxn 11 AaHHBIX U3 €cTOJI0UOB A 1 B
CnpaBa Ha pucC. 7 OTMEUEHBl JIMHUHU U MMpEaACTaBJICHbI IMOAIMCHU 3THX JIMHUH.
IIOqueHHOG HaMH IIOCTPOCHUEC HE COOTBCTCTBYCT MMOCTaBJICHHOU 3aa4€, TaK KakK

o o 2
OTOOpakaeT M3MEHEHHE 3HauyeHUHW QYHKIuH Y=X u Y=X" 10 OTHOIICHUIO K
kateropusm 1, 2, 3,4, 5, 6, 7. 310 naxe He TpaduKu YKa3aHHBIX (PYHKIIHM.
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3. CrenyromuM m1arom BBIMOJTHSIETCS HACTPOWKa o0iacTu nmoctpoenus. s atoro,
HAXOJIICh Ha 00JIACTH MOCTPOCHUS TUArpaMMbl, TPEOYETCSI OTKPBITh JIOKAIBHOE MEHIO U
BbIOpaTh KOMaHAy «BwiOpaTh nanHbie». B pesynbrate Ha SKpaHe MOSIBISETCS OKHO
«BpI0Op MCTOUHMKA JaHHBIX», B KOTOPOM B BEpXHEH 4acTH 3a(UKCUPOBAH IUAIa30H
ucxoaHo Tabmuiel (puc. 8). Hmke pacronaraercs KHOIKa crioco0a OTOOpaKeHUs —
CTPOUTH MO CTOJOIIAM WM CTPOKaM MCXOJHOW TaOJMIbI, U JBa OKHa «JIEMEHTHI
aere’nib» u «lloanucu ropu3oHTAIBLHON OCK».

Jlerenma — moanuch rpaduka (Ha3BaHUE psiia JAHHBIX), KOTOPHIN BBIBOJUTCS Ha
sKkpaH. Tak Kak B JAHHOM CIy4ae MOCTPOCHHUE OCYIIECTBIISETCS MO CTOJ0IaM, TO B OKHE
«DIEMEHTHI JIETeH IbD» OTPa)KEHBI JIBa MapaMeTpa: X U y=x"*2 — 3TO 3aroJIOBKU CTOJIOIOB
TaONUIIBI, pa3MellleHHbIe B Tuana3zoHe A2:B2. Ha camom ferne 10KeH 0CTaThCsl TOJBKO Y,

TaK Kak CTpOUTCS rpa@uk QyHKIUU Y = x%. A COJIEPKUMOE CTOJIOIa X TAOJIUIIBI JOJIKHO

OTpa3uThbcs Ha ocu abcruce. [ToaToMy OTMEYArOT IMIETYKOM MBIIIH PSII X U HIETKAOT
KHOTIKY «Y 1ayinThy». COOTBETCTBEHHO, B 00JIACTH ITOCTPOCHHMS Cpa3y ke OCTAeTCs TOJIBKO
oauH rpaduk. /{11 KOpPEKTHOr0 0TOOPaKEHHS MOJIMUCEH 0CH a0CITMCC BRHIOMpPaeM KHOIIKY
«3MeHUTH» U B OTKPBIBIIEMCSI OKHE BCTABIISIEM JIMAIIa30H MOANucei, To ecth A3:A9 (puc.

9).

'i_j CrpokajcTonbey,

SneMeHTEl nereqas! (paas) MoAMHMCK FrOpMSOHTaNEHON 0oK (KATEropki)

1 ’ “E,D,DEQBMTb ” _'Jfﬂsmemﬁb ” XXJ:LBJ'IMTI: ] i l j’l-‘lsmeumb ]

X

y=x"2

T

[ CKPBITEIE M OYCTEIE AYERKM ] [ QK ] [ OTMeHa
— |
Puc. 8. OxkHO «BpI0OpP HCTOYHHUKOB JAHHBIX)

lNMognHeH ocH

[WanazoH NoANKCEN Oo;

| R

[ (8,8 l [ OTMEHE ]

Puc. 9. U3menenye moanmucu ocu adCIHuce

B pe3ynbrare Bcex 3Tux AercTBUM rpaduk npruodpeTaeT npaBuiibHbIN BU (puc. 10).
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y=x"2

=
o

y=x"2

O P, N W B U1 OO N O O

0 0,5 1 1,5 2 2,5 3

Puc. 10. I'padpuk pynxuun Y = X2

OkHO 00JIaCTH TIOCTPOCHUSI JUArpaMM COACPKUT B OOIIEM CiIy4yae CIIECIYIOIIHe
AJICMEHTHI:

1. 3aroyioBOK — 3TO Ha3BAaHUE JIUATPAMMBI, JIIEMEHT HE 0053aTEIIbHBIM.

2. O6nactb J€reHjpl — 3TO, KaK MPaBUJIO, NPSIMOYTOJbHUK, PACIOJIOKEHHBIN B
00JIacTH TIOCTPOEHUSI TpaBee TpadUKOB, B KOTOPOM MPEICTABICHBI 3CKU3bl JIMHUM,
UCIIOJIb3yEeMBIX ITPH TOCTPOEHUH, ¥ TOANKCH (METKH). B HallleM ciydae Ha KkpaHe cHavasa
ObLI0 N1Ba Tpaduka W B JiereHJe — JABe moanucu: x u y=x"2. Ilocie KOppeKTUpPOBKU
ocTajlach OJIHA MOJNMUCH — rpaduk y=x"2;

3. O6nacts rpaduueckoro nzoodpaxenus. Croia OTHOCSTCS:

1) ocu KoopMHAT CO MKaIOW U noAnucsiMu. CienyeT OTMETUTh, YTO MOANUCH Ha
OCSIX MOTYT OBITh HE TOJIKO B BHJE YMCEJ, HO U B BHJIE CUMBOJIOB U TEKCTa (CJIOB).
Hacrpoiika 3TOro mapamerpa OCyIIECTBISETCS C MMOMOIIBI0 KOMaH/IbI JIOKATBHOTO MEHIO
«Dopmat ocny». JlaHHas KOMaH/Ia BBIBOJUT HA dKPaH BCIIOMOTATEIBHOE OKHO HACTPOCK,
KOTOPOE COJICPKUT HACKOJIBKO BKJIAJIOK:

— Briaaka «I[lapameTpbl ocH» TIO3BOJSICT HACTPOUTh HWHTEPBAT MEXKIY
TEICHUSAMU, HTHTEPBAJI MKy ITOAITUCIMHU, BEIOPATH PACCTOSIHUE OT MOAIMKCH JI0 OCH, THII
OCH, CIIOCOOBI OTOOpaXKEHUSI 3aC€UEK U JIMHU;

— BKJIaAKU «BeT» 1 « TUn JMHUU» ONIPENIEIIAIOT, KaK JOJIKHA OBITh OTpaKeHa OCh
Ha DKpaHe: 1[BET, TUI JIMHUU, TOJIIMHA U TIPOYHE MapaMeTphI,

— BKJIaJKa «BbIpaBHUBaHMe» YIIPABISET CIIOCOOOM OTPAXEHUSI TEKCTa, TO €CTh
MOJMKICEH Ha OCSX. 371€Ch MOKHO BBIOMpATh (hOpMAT TaHHBIX M HAUEPTAaHUE TEKCTA;

— pa3MeTka o0yiacTu WM JIMHUK ceTku. Kak mpaBmio, oToOpaxaroTcs OCHOBHBIE
TOPU3OHTAJBHBIC JIMHUW CETKH, HO MOXKHO TIPEICTaBUTh M BEPTHKAJILHBIC JIMHUW CETKH,
KaK OCHOBHBIE, TaK M MPOMEXKYTOUYHBIC. J[JIT 3TOr0 MCHOIB3YIOT KOMAaHY JIOKAJIBHOTO
MeHI0 «Dopmat TuHUM ceTKn». C MOMOIIBI0 ’TOM KOMaH/Ibl MOKHO HACTPOUTH THUII JIMHUM,
LBET JIUHUU, dPEKThI OTOOPAKEHUS;

— Tpaduueckoe OTOOpakeHHE JaHHBIX. VIMEroTCsS B BUIy rpaduKH, TUarpaMMEl,
TUCTOrPAMMBI, BBIBOJAMMBIE IO BBIOpAaHHBIM JAaHHBIM. MOXHO, HCIOJIB3Ysl KOMaHIbI
JIOKaJIBHOTO MEHIO HACTPauBaTh TUII AUATPAMMBI, CIOCOO OTOOPaXKeHUS TMHUH (TOJILIUHY,
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[[BET, HaJM4W€ MAapKepoB, THUI JIMHUHU), BbIOWpaTh MOANUCU TPadUKOB, BBIBOAUTH
3HAYEHUS JJI1 HEKOTOPBIX TOUEK ITOCTPOEHHOIO Ipaduka.

Bce aneMeHThl TOCTPOEHHOM AMarpaMMbl MOYKHO PEIAKTHUPOBATh.

B Excel ectp BO3MOXHOCTH MOCTpOCHHSI 00BEMHBIX W IUIOCKUX AuarpamMm. Bcero
HacuuThiBaeTcs 102 BUa pa3auMyHbIX BApUaHTOB IIOCTPOCHUS. B puHIUIE 10J1b30BaTENb
MOJKET BBIOMPATh 000N U3 MOHPABUBILUXCSI BAPUAHTOB JIJIs Ipa)UuecKoro 0TOOpaXeHusl
JaHHBIX CcBOEH Tabiuipl. OAHAKO ClIeyeT OTMETUTh, YTO Pa3IMYHbIC BUJBI JUarpaMm
007a1al0T B OTHOIICHUU TpadUUYecKOro IMPeACTaBICHHUS Pa3IUYHBIMU CBOWCTBAMHU.
[Toaromy, BeIOMpast TUN AUArpaMMBbI, CIE€AyeT YYUTHIBaTh, YTO OHA JIOJDKHA B IMEPBYIO
odepeab IEMOHCTPUPOBAT.

PaccmoTpuM oOcHOBHBIE KiIacChl TpeicTaBiIeHHBIX B EXcel mmarpamm. Bcee
JarpaMMbl MO>KHO Pa3eIMTh HA JIBa KJlacca:

— IUIOCKME JUarpaMMbl, K KOTOpPBIM OTHOCSTCSI BCE BO3MOXXHBIE BapHAHTHI
rpauKOB, TUIOCKHE TUCTOTPAMMBI, TUCTOTPAMMBbI C 00JIACTSMH, KPYTOBBIE U KOJIBLIEBBIE
nuarpammbl, XY-TOUYEeUHbIE, a TAK)KE CMELIaHHbIC;

— 00bEMHBIE TUarpaMMbl — 00bEMHBIE TpapUUecKre N300paKeHMsI, KOTOPbIE TAKKe
pasfensioTcslT Ha MOATPYNIBL: TUCTOIPaMMbl  pa3UYHbIX BHJOB (JIMHEHUaThIe,
CTOJIOLIOBBIE, KPYTOBBIE), TOBEPXHOCTH.

PaccMoTpumM 6oee moapoOHO Ha3HAUEHUE OTACIBHBIX BUAOB JUArpamMm:

1. I'mcrorpamMmbl HCHONB3YIOTCS ISl OTOOpakeHHs KojeOaHusi HEKOTOPOro
napaMmerpa. IIMpOKO UCMONB3YIOTCS MJI1 OTOOPaKEHHMSI CTAaTUCTUYECKUX JAHHBIX
(IaHHBIX, TOJYYaEMBbIX B PE3YJIbTaTe HAOIIOJEHUS B KAKOM-HUOY/Ib SKCIIEPUMEHTE).

TpaauuuOHHO rMCTOrpaMMa BBITVISIIUT Kak psij cTojaoukoB (puc.l1), oguHakoBoi
IIUPUHBI.
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Puc. 11. Ilpumep rucrorpammbl

2. I'paduku ucnonb3yroTes Juisi 0TOOpaKeHUs pa3BUTHS MTPOIIECcca WU U3MEHCHUS
OJIHOTO TIapaMeTpa B 3aBUCHUMOCTH OT JIPYroro rnmapameTpa.

3. KpyroBasi imarpamMma oTpakaeT BKJIAJ[ Ka)KJIOTO 3HAUYEHHs B OOIIYI0 CyMMY.
Kpyr pa3buBaeTcsi Ha ceKTopa, IJIOIIaAb KOTOPHIX MPSIMO MPOMOPIHMOHAIBHA 3HAYECHUIO
napamerpa. KpyroBas quarpamMmma cTpouTcs JjIsi OHOTO mapameTpa (puc. 12).
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ml m2

35000

28000

Puc. 12. Kpyrosasi nimarpamma

4. KoabueBasi imarpaMma OTpa)KaeT BKJIAJ KaKJI0r0 3HAYEHHs B OOLIYI0 CyMMY.
B oTinume ot KpyroBoil 0Ha MOKET OBbITh UCIOJIb30BaHA JJII OTOOPAKEHHSI HECKOJIBKHUX
psAnoB JaHHbIX. KaxaoMy psiay AaHHBIX OTBOAMTCS CBOE KOJIBLIO, pa3/IEIEHHOE B
IPOLIEHTHOM COOTHOIIEHUH C YYETOM 3HAYEHHUU psila UCXOTHBIX JAaHHBIX.

S. Jlmarpammsbl ¢ 00J1aCTSIMH Ha3bIBAIOTCS TAaK I[OTOMY, 4YTO KaXXIbId psij
M3MEHSEMOT0 lapameTpa Y (X) Ha AuarpaMMe COOTBETCTBYET ILTOMAH (GHUIypsI, KOTOpas

OrpaHIYCHA IIEPBBIM JTHHISIMU X =X, U X =X, QyHKuueir y(X) u ocbro adcuuce (puc.
13).

O =~ N W hH 01O N 00 O

0 2 5 7

Puc. 13. [Ipumep auarpamMmbl ¢ 101001aCTAIMH

6. JlemecTkoBasi AuMarpamMMa II03BOJIIET YBHAETh 3aBUCHMOCTh HECKOJIBKHX
NEPEMEHHBIX BEJTMYHMH OT Habopa Ipyrux HE3aBUCUMBIX MEPEMEHHBIX Ha OAHOM rpaduke.
B nenectkoBo#l quarpamMme Kaxkiash JUHUS, BbIXondilas u3 ueHtpa (puc. 14), 3amaer
OTJACJIbHYIO IEPEMEHHYIO, 4 KOHIEHTPUYECKUE JTUHUU ONIPEAEISIIOT CHCTEMY KOOPAWHAT.

19



AHBapb
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AeKa6pb,//j::i£g:: deBpasb cTonb
10 CTyNbA
H0ﬂ6pb mapT  ttttttt LUKaq)H
OKTAGPb \—————f anpenb
ceHTabpb mam
aBrycr MIOHb

no1b

Puc. 14. JlenecTkoBasi uarpaMma, 0TPakarinas npoiece
peayin3aiuu Tpex BII0B TOBAPOB B TeYeHHUeE rojia

Jlexknus 5. Onucanue nakera «Ilouck pemeHus»

Jlns perenus 3a1a4, TpeOYIONIUX TPUMEHEHUSI METOJIOB JIMHEHHON U HEJIMHEHHOMN
ONITUMU3AIINH, a TAKIKE METOJIOB MCCIICIOBAHUS OIepalii MOXHO UCTONb30BaTh EXcel,
TOYHEE €r0 HAACTPOUKY — «llouck pemenns». [Ipu 3TOM 1715 UCITOIB30BAHUS HAACTPOUKHU
«Ilouck pemieHus» He 00s3aTENILHO 3HATh METOJIbI MPOTPAMMHUPOBAHUS U UCCIEAOBAHUS
omnepanmuii.

[Tpu ycinoBuu, uro €2 — 00JacTh, 3aJaHHAS] CUCTEMOU ypaBHEHUI UM HEPABEHCTB,
KOTOPBIM JIOJKEH YAOBJIETBOPATH X, HaaCcTponka «[Ionck pemenus» pemaer ciaeayronme
3a7a4u:

1. Tlonck nHauOonblIero 3HAYECHUS ISl HEKOTOPOM (QYHKUMN MpU 3aJaHHBIX
YCIOBUSX:

F(x) - max,
XeQ.

2. 3aaua MOMCKa HAMMEHBIIIETO 3HAYCHHUS [T HEKOTOPOU (PYHKITHI PH 3aJaHHBIX
YCIOBUSIX:
F(x) — min,
X e Q.
3. 3ajaya MOMCKA TaKOro 3HAYEHUS X, MPU KOTOPOM F(x): a, Tae a — 3aJaHHOM
3HAUCHHUC:
F(x)—a,
X e Q.

Jlns pabotel ¢ HaacTporkoil «Ilouck pemieHus» ee cHadajda HEoOXOAUMO
HOJKJTFOUNTE. J[J1s1 3TOro He0OXO0AUMO OTKPBITH CIIMCOK omepaluii « Ympasienus Excely,
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BeIOpaTh KHOMKY «[lapamerpsr Excel» u B ciucke meHto Haiitu nmyHKT «HagcTporkmy.
Jlanee BoIOpaTh «YTipaBiieHue HaacTporikamu EXcel» n Haxats kHonKy «IleperTuy.
B nosiBuBmeMcs cnrcke BCTPOCHHBIX MTAKETOB OTMETUTH MakeT «llouck pemenus».
Knomnka, mo3Bosisaronias akTuBUpoBaTh NMakeT «Ilonck pelnieHus», pa3MenaeTcs Ha
BKiasike «Jlanubie». J{uamorooe okHo «llouck pemeHus» umeer nBe yactu (puc. 15).
[lepBas yacTh CHY>KUT ISl 3alKMCH 3aJa4M, YKa3aHUs 1eJeBod (PyHKIMU (YCTaHOBUTH
LEJIEeBYI0 SYEHKy), NEpeMEHHBbIX 3ajauu (U3MeHsemasi suyedka) MU OrpaHUYCHUU
(orpannuenus). Bropas npexacraBieHa kHonkamu — ynpasieHus —(«IlapameTpbi»,
«BoccTaHOBHUTBY, «BBINOIHUTEY), KOTOPBIE TO3BOJISIOT HACTPAUBATH MPOLIECC PELICHUS.

[loMcK peweHua

YCTAHOBMTE LENEEYHD AHERKY: 451 | BEINONHHTE

PaBHOHA: MK CHMENEHOMY SHAYEHHHD zHadeHHH: |0
@ = ¥ O = 3aKpeITE

() MMHMMANEHOMY SHAUEHMHD
FZMEHSA AYERAIH:

ez MpeAnono%HTE

I paHMUYEHHA! (apameTpbl

AoBaEHTE

M3MEHHTE
BoCCTaHOEMTE

¥AanuTe
CNpaska

Puc. 15. Ilonck pemenust

O6mue TpeboBaHMs, MpeabsBisieMble K 3amadyaM JIO, pemaeMbIM € MOMOUIBIO
HaJCcTpokh «Ilonck pemenus», COCTOAT B CIIEAYIOLIEM:

— CYILECTBYET €AMHCTBEHHAs LieNieBas siueiika, cojaepkaiias Gopmyily, 3HadYeHUE
KOTOPOH JOJKHO CTaTh MAaKCHMAaJbHBIM, MUHHMAJIBHBIM WJIM K€ PaBHBIM, KaKOMY-TO
KOHKPETHOMY 3HAYE€HUIO;

— ¢opmyJia B 1IeJICBOM sSTYCHKE COACPIKUT CCHUIKH Ha P M3MEHIEMbIX siueek. [lonck
pelIeHUsT CBOJUTCS K TOMY, 4YTOOBI MOAOOpaTh TakUe 3HAYEHUS IEPEMEHHBIX B
U3MEHSEMBIX sUeiikax, KOTopble o0ecreyrniu Obl ONTUMAIbHOE 3HaUeHue st GOPMYJIbI B
1ICJICBOM STUCHKE;

— MOXHO 33J]aBaTh OTPAHUYEHHUS — YCJIOBUS UM COOTHOILIEHUS, KOTOPBIM JIOJ>KHBI
yIOBJIETBOPSTH HEKOTOPHIE MEPEMEHHbBIE U3 U3MEHSEMBIX SUEeK.

Pazmep 3agaun JIO, KOTOPYIO MOXKHO PEIIUTh C TIOMOIILI0 0a30BOM BEPCUM TMTaKeTa
«ITouck pemieHns», OrpaHUYUBAETCA CICAYIOIIUMU NTOKA3aTENSIMU:

e KOJHMYECTBO HeM3BeCTHHIX He Oonee 200;

¢ KOJIMYECTBO (POPMYJIBHBIX OTpaHUYECHHI Ha Heu3BecTHbIE He Oosee 100;

¢ KOJIMYECTBO MPEJEIbHBIX YCIOBUI HA HEM3BeCTHBIE He Ooiiee 400.

[IpakTnueckoe wucnonb3oBanue makera «llonck pemeHus» mnpeanosaract
BBIITOJTHEHUE CIEAYIOIIUX TEVCTBUAN:

1. ®opmupoBaHHE BBIUMCIHTENBHOW oOmact Ha smcre EXcel, B koropoii
OTpakeHbl Bce 0003HaueHUs (LeJeBOM (YHKIUU, MEPEMEHHBIX, YCIOBHIl), yKa3aHBbI
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dbopMyIbl 7151 BBIYUCIICHUS 3HAYEHUH 1IeTeBOM (PYHKIMU M YCIOBHM MPU BO3MOKHOM
WU3MEHEHUU 3HAa4eHUH IEPEMEHHBIX Xj, 1=1,Nn.

BoluucnurenbHass o0nacTh 3aJaud  JIOJDKHA OBITh  pa3MeueHa Tak, YTOOBI
o0ecreunBaTh COOTBETCTBUE YCIOBUSAM 3aJaud ONTUMHU3alMHU. B pacyeTHoil obnactu
OTIPEEIISIOT:

— STYEUKHU TIEPEMEHHBIX, B KOTOPBIX Pa3MEIICHbI 3HAYEHUSI HCKOMBIX apaMETPOB;

— STYCMKY IJ1s1 3a/1aHus 11eJIeBast PyHKIUS;

— sTYeHKM JJIs 3aJ]aHus OrpaHuYCHUN (PYHKITUH.

2. Odopmnenue npuanmoroBoro okHa «llouck pemieHus» B COOTBETCTBUE C
MAaTEMATHYECKOW MOCTAHOBKOW 3ajauu. Eciu penieHue CcymecTByeT, TO NPUII0KEHUE
«[Touck peureHus» 006€CIEYUT €T0 HAXOKICHHUE.

IIpu 3TOM B 001acTh «YCTAaHOBUTH LIETEBYIO SYEHKY» HEOOXOJIMMO BBECTH aJIPEC
SYEUKHU, B KOTOPOH 3amaercs (popmyina s HaXOXKACHHUS 3HAYCHHH LEeIeBON (DyHKIIMH.
Hanee BbIOMpaeTcss TUN 3agayd (Ha MakCMMyM WiIM Ha MuHUMYM). B oGnactu
«3meHseMas siueiika» yKa3bIBalOTCA STMEHMKHU, B KOTOPBIX 3a/1aHbl 3HAUCHUS IEPEMEHHBIX
3amaun. BBon orpannueHuii obecrieunBaeTcsi B 001acTh «orpanuueHus» (puc. 16). 9to
JienaeTcsi ¢ MoMoIblo KHOMKU «JloO6aBuTh». [Ipyu 3TOM Ha sKpaHe MOSIBISETCS OKHO
«JlobaBieHUsT OrpaHUYEHUNY, TJI€ YKa3bIBACTCS CChUIKA Ha AYEHKY, B KOTOPOU 3aIrcaHa
dbopMmyna  BBIUMCIEHUS  [PaBOM  4YacTH  YCJIOBHUS-OTpaHUYCHHS,  BbIOMpaeTcs
COOTBETCTBYIOIIMM 3HAK M BBOAMUTCS TMpaBas 4YacThb OrpaHUdYeHus («obiacTb
OTPaHUYCHUEY).

lpGag1e HHe orpaHHue HHA §|

CChINka Ha AYERKY: OrpaHHYEHHE:!

| = v
’ OTHEHA l ’,ﬂ,nﬁaBHTb]

Puc. 16. OxHo no0aB/IeHUs1 OTPAHUYCHUH

Kuaonku «3menuts» u «Ygamutb» (cMm. puc. 15) MO3BOJSIOT COOTBETCTBEHHO
W3MEHUTh U YJAJIUTh BBEJEHHOE OTPAHUYEHHUE.

3. Brmonnaenue pacuera. [locne HaxxaTst KHOKH « BBITTOTHUTEY MOSBIISIETCS OKHO
«Pe3ynprarel mowucka pemieHui» (puc. 17), HCMOAB3ys KOTOPOE MOXKHO BBIBECTH
pe3yabTaT B pacueTHyro obOnacTh Ha juct EXcel (coxpanuTh HalJeHHOE peEIIeHUE).
MoskHO BBIOpaTh THM OTYETa — CIOCOO MPEICTABIICHUS PEIICHUS WU COXPAHUTH BECh
pacydeT, COOTBETCTBYIOIINHI UCIIOJIB3YEMOMY CLIEHAPUIO PELLICHMUS.

pEB‘fﬂhTﬂThl NOHCKA pe e HHA

PelleHHe HakaeHo, Boe OrpaHHHEHHA K YCNOEHA
ONTHMANEHOCTH ERINONHEHEL. THN oT4YETA

PezyneTaTel
WCTOHYHEOCTE
Mpeaens

(%)iC0XpaHHTE HaHABHHOE pelleHHE!

{:}' BOCCTAHOBHTE HCXOAHEIE SHAYEHHA

[ O ] [ OTHEHA ] [ COXPEAHMTE CLEHAPHA, ., ] [ Cnpaeka
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Puc. 17. Pe3yabTaThl pemieHust

B ocHoBe pa®oTs! nakera «Ilouck pemeHus» jaexar UTepalluOHHbIE METOBI.

Ucnoneiys kaonky «Ilapamerprb» (cm. puc. 15), MoxHo HacTpouTh naket «Ilonck
PELICHUSD ¢ YYETOM OCOOBIX YCIIOBUM PEIICHUS 3aJauH.

Paccmotpum conepxkanne okHa «Ilapamerps» (puc. 18), B KOTOPOM yKa3bIBaKOTCS:

«Maxkcumanvnoe 6pemsay npumensiemcs IS OTPAHUYEHUS BPEMEHU IIOMCKa
pemieHus 3a1a4n. B 3TOM 1ose MOKHO BBECTH BPEMs B CEKyHAaX, HE MpeBhIIIatoniee 32
767 (mpuMepHO JEBITh 4YacoB). 3aMmeTuMm, 4To 3HaueHwe 100, wucmoab3yemoe IO
YMOJYaHUIO, OKAa3bIBACTCSl BIOJHE JOCTATOYHBIM [UJIsl pEIIeHHs OOJBIIMHCTBA
IPUKJIAJHBIX 3a7ad.

llapameTpbl NOMCKA pe e KA @

MakCcHHManEHOE BpeMa; 100 CEKYHA Ok

MpeAenEHOE YHMCNo MTepaukiA: | 100 OTMEHA

AonycTHMOE OTKNOHEHHE! 5 Yo COXPaHHTE MOAEME. ..

l |
[ |
OTHOCHTENEHAA NOrpeWHoCTE: | O,000001 [ JarpysvTe MOAENE, .. ]
[ |
[ |

CXOAMMOCTE: 0,0001 Cnpaeka

] vrefinan moasne ] ABToMaTHYECKDE MACLITABHPOEAHHE

|:| HeoTpHuaTenEHEIE SHAYEHMA |:| MokasbIEATE pESYNETATEl HTEPALMA
QL EHEH PazHocTH MeToa NoHcka

(%) nHHE#Han (%) npAmele (%) HetoToHa

() kBaApaTHYHAR () UEHTpAaNEHEE () CONPAEHHELX CPAAHEHTOE

Puc. 18. YnpasijieHue napamerpaMu IMOUCKA pPeLIeHUI

«llpedenvroe uyucio umepayuily WCHOJNB3YETCS IS YIPABICHUS BpPEMEHEM
pelIeHUs 3aa4u 32 CUET OTPAHWYCHHS YKCJIA PEATM3YEMbIX BBIUMCIUTEIBHBIX IIUKJIOB
(uTeparuit).

«OmuocumenvHas nocpeuHoCmsby MO3BOJISET 3a/1aTh TOYHOCTh BBIYUCICHUN. YeM
MEHBIIIE 3HAYECHHUE ATOTO MapaMeTpa, TEM BbIIIEC TOYHOCTh BEIYMCIICHUI.

«/[onycmumoe omkioHeHue» VWCHOJb3YETCs IS 3a4aHusl JOMYCKA OTKJIOHEHUS OT
ONTUMAJIBLHOTO pEIICHUA B TE€X ClydadX, €CJIM MHOXXECTBO 3HAYCHUW SBISETCS
MHOYKECTBOM MENBIX YHced. YeM Ooupllle 3HAYEHHWE IONMYyCKa, TEM MEHBIIEC BPEMEHHU
TpeOyeTCsl Ha TTOUCK PEIICHHUS.

«Cxooumocms» TIPUMEHSETCS TIPU PEIICHUH TOJIBKO HENIMHEHWHBIX 3a1ad. Korga
OTHOCHUTEJIbHOEC M3MECHECHUE 3HAYCHUS B LIEJIEBOM STYEHMKE 3a MOCJICIHUE IATh UTEpaluin
CTAHOBHUTCS MEHBIIIE YHCIA, yKa3aHHOro B Toyie «CXOIMMOCTB», TMOUCK PEIICHUS
3aBEPIIACTCA.

«/lunetinas mooenvby WCHONB3YETCS ISl YCKOPEHHUS TOWUCKA pPENIeHUs IMyTeM
IPUMEHEHNS K 3aJa4e JIMHEWHOM onTMMHu3auuu. HenvHerHble MOAENM MPEAroiaratoT
UCIIOJb30BaHUE HEJIMHEWHBIX (QYyHKIUH, ¢(akTopa pocTa M IKCIOHEHIMATHHOTO
CTJIQ)KMBAHUS, UTO 3aMEIJIICT BEIYMCICHUS.

«Heompuyamenvnvie snauenusy npeaHa3HAYEHbI JJIs 3aJaHUSI HYJIECBOW HUKHEHN
IPaHUIBI M3MEHEHUsS TEPEMEHHBIX B TeX S4YeeK, JJIs1 KOTOpPhIX HE ObUIO 3a7aHo
COOTBETCTBYIOIIIEE OTPAHUUYEHUE B TUATIOTOBOM OKHE «/[00aBUTh OrpaHUYCHUE.

23



«Aemomamuyeckoe  macumaoduposaHue»  WCIONB3YyeTCs, KOTJa 4Yuciaa B
M3MEHSEMBIX AYEHKaX U B 1IEJIEBOM SUEUKE CYIIECTBEHHO pa3InyaroTCs.

«Ilokazvieams pe3yrbmamsl umepayuti» MPUMEHIETCS I IPUOCTAHOBKHU MOMCKA
pEIICHUS C LEIbI0 IPOCMOTpPa PE3YJIbTATOB, MOJYYEHHBIX HA OTJCIbHBIX UTEPAIUSIX.

«3azcpy3ums Mmooenby OTKPBIBAET OJHOMMEHHOE JIHAJIOrOBOE€ OKHO, B KOTOPOM
MO>KHO BBECTH CCBUIKY Ha JIMAIIa30H SYEEK, COJCPKAIIUX MOJIE]Ib ONTUMU3AIUH.

«Coxpanums MmoOenby CIYXKUT IS OTOOpaXeHHS Ha SKpaHE OJHOMMEHHOTO
JAAIIOTOBOTO OKHAa, B KOTOPOM MOHO BBECTH CCBUIKY Ha JHMala3oH SYEeK,
MPEIHA3HAYCHHBIN JUIS1 XPAHCHUS! MOJIEIIA ONTUMHU3ALINH.

«Oyenka nuHelinasy — JAHHBIN TEPEKIIOYaTeNlb BbIOMpaeTcs s paboThl ¢
JIMHEMHOM MOJEIIBIO.

«Oyenka xeaopamuunasy — BEIOUpAETCS M1 pabOTHI ¢ HETMHEHHOW MOJIENBIO.

«Pasnocmu npsamvlie» UCNONB3yeTCA NMPU PEIICHUU 3a/1a4, B KOTOPBIX CKOPOCTh
W3MEHEHUS OTPAHUYEHU OTHOCUTEIIBHO HEBBICOKA, MO3BOJISAECT YBEIWYHUBATH CKOPOCTH
paboThl makera «[1ouck pemeHus.

«Paznocmu yenmpanvhviey npuMeHseTCS s (YHKIHN, UMEIOIIUX Pa3phIBHYIO
MPOU3BOJIHYI0. VICIIOIp30BaHNe TAHHOTO CIIOC00a 0OBIYHO MPUBOJIUT K OOJIBIIIEMY 00BEMY
BBIUMCJICHUH, OJTHAKO €r0 IMPUMEHEHUE MOYKET OKa3aThbCsl ONPABIAHHBIM B TEX CIIyYasX,
KOTJIa BBIJJAHO COOOIIICHHE O TOM, YTO MOJIYIUTh 00JIee TOUHOE PEIICHHUE HE y1aeTCs.

«Memoo noucka Hvromonay peanusyeT OJHOMMEHHBIM METOH, XOTS U TpeOyer
OoJibllle TMaMSITH, HO TIO3BOJIAET BBHINOJHUTH MEHBIIE UTEpaIuii, YeM B METOJE
COIPSKEHHBIX TPAJIUEHTOB.

«Memoo noucka cOnpsdCeHHbIX 2pAoUeHmosy PEaTnu3yeT METOJ[ COMPSKEHHBIX
rpaiu€HTOB. DTOT METOJl TPEOYEeT MEHBIIIE MaMSITH, HO Pean3yeTcs 3a OOJIbIlIee YUCIIO0
urepanui, yeM metoJ HerotoHa. JlaHHBIM METOJ PEKOMEHIYETCS MCHOJIb30BaTh, €CIIH
Pa3MEpPHOCTh 3aJlaud BBICOKAsh U HEOOXOAUMO IKOHOMUTH MaMSTh WU B TEX Ciyyasx,
KOrJla UTE€palMK AT CIMIIKOM MAJIO€ OTJIMYME MPU BBINOJHEHUN MOCIEA0BATEIBHBIX
PUOITNKEHUH.

Jlexkus 6. Cucrtema MatLab. Kparkuii 0630p Bo3mo:kHocTeii MatLab

Cucrema MatLab oTHOcHTCS K cpelHEMY YPOBHIO MPOIYKTOB, MPEIHA3HAYEHHBIX
JUJIs CAMBOJILHOM MaTEMaTUKH, HO paccurTaHa Ha mupokoe npuMmereHue B cgepe CAE (To
€CTh CWIbHA U B Jpyrux obOjactsax). MatlLab — oana w3 crapedmux, THIATEILHO
popaOOTaHHBIX U TPOBEPEHHBIX BPEMEHEM CHUCTEM aBTOMATH3allMd MaTEeMaTHYECKUX
pacyueToB, MOCTPOCHHAsI HAa PACIIMPEHHOM IMPEJCTABICHUH M MPUMEHEHUH MaTPUYHBIX
orepanuii. DTo HaIIIO OTPakKeHUE U B caMoM Ha3Banuu cuctembl — MATrix LABoratory,
TO €CTh MaTpu4Has Jadbopatopusi. OJHAKO CHHTAKCHUC S3bIKa TPOTPAMMHUPOBAHUS CUCTEMBI
MPOJYyMaH HACTOJBKO TIIATENIbHO , YTO JIaHHASl OPUEHTAIMS TIOUYTH HE OIIYIIAETCS TEMHU
MOJIb30BATENISIMU, KOTOPBIX HE HWHTEPECYIOT  HEMOCPEHOACTBEHHO  MaTpUYHBIE
BBIYUCIICHUS.

Hecmotps Ha TO yTo M3HavanbHO MatLab npenna3Hayanach UCKIFOUUTEIBHO IS
BBEIYUCJICHUM, B MPOIIECCE BOJIIOIMK K Hel OblIa MmojkirodeHa OmOimoreka Simulink,
MO3BOJIAOLIAS TOCTPOUTH JIOTUYECKYIO CXEMY CIIOKHOW CUCTEMbI YIPABIEHUSA U3 OJHUX
TOJIbKO CTaHAAPTHBIX OJIOKOB, HE HAMMCaB MpU 3TOM HU CTpouku koxa. Ilocie
KOHCTPYUPOBAHUS TAKOW CXEMbI MOXHO JIETATBHO MPOAHAIU3UPOBATH €€ pPadboTy.
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B cucreme MatlLab Takke CylecTBYIOT IIMPOKUE BO3MOXKHOCTH JJIA
nporpammupoBanus. Ee oubnnorexka C Math (kommunsitop MatLab) siBnsieTcst 00beKTHOM
u coaepxut cBoitie 300 mpouenyp 06padboTku naHHbIX Ha A3bike C. BHyTpu makera MOXHO
WCITOJIB30BaTh KaK MpOoIeAypsl camoii MatLab, Tak u cranmapTHbie poreyphI s3bika C,
YTO JIEJTAeT ATOT MHCTPYMEHT MOIIHEHIINM MOACHOPhEM MpHU pa3pabOTKe MPUIIOKEHUN
(ucnonmp3yst komrmuisitop C Math, MokHO BcTpamBaTh J0ObIe mporieaypsl MatLab B
TOTOBBIE MPUIIOKEHUS ).

OcHoBbl padoTrsl B MATLAB

Pabouas cpena

Pabouas cpena MATLAB cocToUT U3 CIEAYIOMMX OCHOBHBIX OKOH:
Command Window (unTepdeiic KoMaHIHON CTPOKH)

Workspace (nepedeHb Bcex CO3/1aHHbIX IEPEMEHHBIX )

Command history (ucTopusi KOMaHx)

Editor (pemakrop m-daition)

Figures (BbiBOJ rpaduxm)

Current Folder

Variable Editor (penaktop nepeMeHHbIX )

Help

IIpocreiinme BLIMUCICHUS

[Ipocreiiiiie BBIYUCIACHUS MOXHO BBHINOJIHATH B OokHe Command Window B
JIMaJI0rOBOM TEKCTOBOM PEXHUME, HAIPUMED:

> 1 + 2
ans =3

Pe3ynpraT BBIYMCIIEHHHA IIOMEHNIAETCS B CIELUAJIBHYK0 IEPEMEHHYIO ans, a
KOMaH/IHasl CTPOKa MEPEXOJUT B PEKUM BBOJA CIEAYIOIIEH KOMaH/IbI.

Ecnu tpebyercs npoaomkuTh padoTy ¢ NPeabIAyIINM BbIpaKEHUEM, HATPUMED,
(1+2) / 4, TO MOXKHO BOCIIOJIb30BATHCA YK€ UMEIOUIUMCS PE3yJIbTaTOM, XPAHSIIUMCS B

IIEPEMEHHOM ans:

>> ans/ 4 ans = 0.7500
®opMaThbl BbIBO/Ia Pe3YJbTATOB BHIYHCICHUI

IIpn Beruncnennsx B MATLAB ucnonb3yercss pexuM IBOWHOW TOYHOCTH. [Ipm
BBIBOJIE PE3YJITATOB, 10 YMOJYAHUIO BBIAAIOTCA Yyncia ¢ 4 1udpamu 1nocie AeCITUIHON
TOYKH B ICUCTBUTEIILHOU (popMme.

Jnsa u3meHHeHus (opmara BbIBOJA, HEOOXOJUMO B KOMAHIHOM CTpOKe mepen
BBIBOJAMMOM BEJTMYMHOMN BBIMIOJHUTH KOMaH1y format name, rae name - ums hopmara. Jls
YUCJIOBBIX JTAHHBIX NAME MOKET MPUHUMATh CIEAYIOLIME 3HAUECHUS:

e short - kopoTkoe npeacTaBiIeHre B GUKCUPOBAHHOM popmare (5 3HaKOB);
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e shorte - kopoTkoe mpencTaBiICHHE B SKCIOHCHIMAIBHOH ¢opme (5 3HAKOB
MaHTHUCCHI U 3 3HaKa MOPAIKA);

e |ong - mmHHOE MpeacTaBicHUe B PUKCHPOBaHHOM (Gopmate (15 3HaKOB);

e longe - mmMHHOE mTpeAcCTaBiICHWE B OKCHOHEHIMANbHOW ¢opme (15 3HaKoB
MaHTHCCHI U 3 3HaKa MOPSIKA).

Hampumep, 3uadenust Bektopa x=[4/3 1.2345e-6] B pa3nuuHbIX (QopMaTax

MpPEICTaBICHUS OyIyT UMETh CIICAYIOIINNA BUI:
format short 1.3333 0.0000
format short e 1.3333E+000 1.2345E-006
format long 1.333333333333338 0.000001234500000
format long e 1.333333333333338E+000 1.234500000000000E-006
format bank 1.33 0.00
3amanue opmaTa CKka3bIBaeTCs TOJIBKO Ha (hOpMe BBIBOJIA YKCell. Bbruncienus xe
BCEr/ia MPOUCXOST B PEKUME IBOMHON TOYHOCTH.

AndgaBuT A3bIKa

B MATLAB, kak u B Ipyrux cUCTeMax, MCIOJL3YIOTCS BCE OYKBBI JIATUHCKOTO
andasuta oT A 10 Z u apadekue uudpsi ot 0 10 9. Kak u B C++, Oosnbiime u Malibie 0yKBbI
ATO pa3HbIE IEPEMEHHBIC U KOHCTAHTHI.

CrnenuajgbHble CHUMBOJIbI. THIIBI JaHHBIX
Kpome OykB nmaTuHCKOTO angaBuTa UCIHOJB3YIOTCS BCE CIEIHAIbHBIE CHUMBOJIBI

KJIaBUATypbl KOMIIBIOTEPA.

Crpykrypa tunos nauHbix MATLAB npencrasnena cxemoit Ha puc. 1.

ARRIAY
I | I I I I
char NUMERRIC cell structure java class function
I | handle
| | | user class
int8, uint8 single double
int16, uint16 |
int32, uint32 sparse

Puc. 1. Ctpykrypa TunoB nanasix MATLAB

Turnbel JaHHBIX array ¥ NUMErric ABIsSIOTCA BUPTYalbHbIMU ("KaKymumucs'"), T. K.
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K HAM HEIIb3s OTHECTH Kakue-TnOo mepeMeHHble. OHU CiyXaT I ONpenesieHus U
KOMIUIEKTOBAHMSI HEKOTOPHIX TUIIOB AaHHBIX. Takum obpazom, B MATLAB omnpenenenb
THUIIbI TAHHBIX, PEACTABIISIONUE COO0H MHOTOMEPHBIE MACCHUBBI:

1. single - yncnoOBBIC MACCUBBI C YNCITAMU OJJUHAPHON TOYHOCTH;

2. double — yucioBBIC MaCCHBBI C YHCIAMU YIBOCHHON TOYHOCTH;

3. char — cTpouHbIe MaCCUBBI C JICMEHTAMH - CUMBOJIAMH;

4. sparse - pa3pe’KeHHbIE MaTPUIIbI C JIIEMEHTAMHU - YUCJIAMH JIBOMHON

TOYHOCTH;

5. cell — maccuBsr sueek;

6. structure - MaccuBBI CTPYKTYp C MOJSIMH;

7. function - handle - neckpunTops! GyHKIHHA;

8. Int8, ..., uint32 - maccuBbI 8-, 16-, 32-pa3psAHBIX IEIBIX YKCE CO 3HAKaMu U 0e3

3HAKOB.
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ApudpmMeTHyecKHe U JIOTHYECKHE ONEPATOPHI

Tabnuma 1.
Crincok apu(pMEeTUIECKUX ONepaTopoOB.
OyHKIMS O6o3HaueHue

(cuHTaKCHUC)
CroxeHue + (M1+M2)
Brruuranue - (M1-M2)
MatpruuHoe yMHOKCHHUE * (M1*M2)
ITosneMeHTHOE YMHOKEHHE MAaCCUBOB 2 (M1.*M2)
Bo3BeneHnne MaTpullbl B CTEIICHD NM~AX)
ITorieMeHTHOE BO3BEICHIE MAacCHBa B CTENEHb N (M A X)
JlesieHre MaTpull cieBa HapaBo / (M1/M2)
ITosneMeHTHOE JIeTIeHHe MAaCCUBOB CJIeBa HAIIPaBO J (M1./M2)
Jlenenue MaTpuIl ClipaBa HAJIECBO \ (MI\ M2)
ITormeMeHTHOE JICICHHEe MaCCHBOB CIIPaBa HAJICBO A (Ml \M2)

Tabnuma 2.
Crnucok onepaTopoB OTHOIIECHHUSI.
OyHKIMS O6o3HaueHue

(cMHTaKCHUC)
PaBHO == (X = =Yy)
He paBHO ~= (X~=Y )
Menbliie < (x<y)
Bosbie >(x>y)
MeHbllle WM paBHO <= (x<=y)
BoJibliie nnm paBHoO >= (x>=y)

I[aHHbIe OIICPATOPSLI BBIIIOIHAIOT ITO3JICMCHTHOC CPABHCHHUEC BCKTOPOB MJIM MAaTPHUII

OJIMHAKOBOTO pa3Mepa.

Tabnuma 3.
CHOucoK TOTMYECKHUX OMEPaTOPOB.
OyHKUIMS O603HaUCHHE
(cuHTaKCHC)

Jlornueckoe U

& ; and (and (a, b))

Jlornueckoe NJIN

| ; or (or (a, b))

Jlornueckoe HE

~; not (not (a, b))

Uckmrouarommee NJIN

xor (xor (a, b))

BepHo, eciii Bce 351eMEHThI BEKTOpa PaBHBI HYJIIO

any (any (a))

BepHo, CCJIM BCC 3JICMCHTBI BECKTOpPAa HC PABHLI HYJIIO

all (all (a))
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Jlornyeckue omepaTtopbl CIy>KaT AJId pealu3alyyd MO3JIEMEHTHBIX JIOTMYECKHUX
orepanuii HaJl AJIEMEHTAMH OJJMHAKOBBIX 110 pPa3Mepy MaCCHBOB.
[TonHBIN CIUCOK OMEPAaTOPOB MOKHO MOITYUUTh, UCIOJB3Ysl KoMaH 1y help ops.

IIpuopuTeTsl ONEepauuii

B MaremaTM4eckuX BBIPAKEHUAX ONEPATOPHI UMEIOT OINPEACICHHBIA NPUOPUTET
VICTIOJIHEHUSL:
® TPHOPHUTET JOTHUYECKUX ONEPATOPOB BHIIIE, YeM apHU(PMETHUECKHUX,
® [PHOPUTET BO3BEICHHUS B CTEIICHb BBIIIE IPUOPUTETOB YMHOKEHHUS U JICJICHHUS,
® [IPUOPUTET YMHOXXEHHUS U JICJICHU BBILIC CIIOKEHUS U BBIYMTAHUS.
JJ1s TOBBILLIEHUS IPUOPUTETA ONIEPALIUNA HYKHO UCIIOJIb30BaTh KPYTJIble CKOOKHU.
CreneHb BIOXKEHHSI CKOOOK HE OTpaHUYHUBAETCA.

KoHcTaHTBI M cCTeMHbIEe IepeMeHHbIe

Koncmanma — 3TO npeIBapUTEIbHO ONPEACICHHOE YHMCIOBOE WM CHMBOJIBHOE
3Ha4Y€HHE, MIPEICTABICHHOE YHUKAIBLHBIM UMEHEM (MICHTUPUKATOPOM).

Yucna (mampumep, 1, -2 u 1.23) saBuAOTCS OE3bIMSHHBIMU YHCIOBBIMHU
KOHCTaHTaMHU.

Hpyrue Buael koHcTaHT B MATLAB npuHATO Ha3bBaTh cucmemHviMu
nepemeHHbiMU, TOCKOJIbKY, C OJTHOW CTOPOHBI, OHU 33JIalI0TCSI CUCTEMOM TMPH €€ 3arpys3kKe,
a C JIpyroil — MOTyT IEPEOIPENEIATHCS.

OCHOBHBIE CHCTEMHBIE ITIEPEMEHHBIE, IPUMEHSAEMBIE:

* i WK ] — MHUMasI eMHULA (KOPEHb KBapaTHBIN 13 —1);

* pi —umcio p = 3,1415926...;

* €PS — MOTPEIIHOCTh ONEPAIMiA HaJl YUCIIAMH C TUIaBaroInel Toukoit (2-52);

* realmin — HamMeHbIIee YMCIIO ¢ TUIaBaoIei Toukoi (2-1022);

* realmax — HanGoJIbIIIee YUCITO ¢ TUIaBatomiel Toukoi (21023)

* inf — 3HayeHne MaIMHHON 0ECKOHEYHOCTH;

* aNS — mepeMeHHasi, XpaHs;Ilasi pe3yJbTaT MOCIEIHEN Olepalny;

* NaN — ykazanue Ha HeuncnoBoit xapakrep maHHbIx (Not a Number).

[Ipumepsl IPUMEHEHUSI CUCTEMHBIX ITIEPEMEHHBIX
>> 2*pi

ans = 6.2832

>> eps

ans = 2.2204e-016

>> realmin

ans = 2.2251e-308

>> realmax

ans = 1.7977e+308

>> 1/0

Warning: Divide by zero.
ans = Inf

>> 0/0

Warning: Divide by zero.
ans = NaN
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Kak ormedanoch, CUCTEMHbIE NEPEMEHHBIE MOTYT MEPEONpPEACHATHCS.
MO3KHO 3a/1aTh CHCTEMHOM ITEPEMEHHON eps nHOE 3HaueHue, Hanpumep eps=0.0001.
OpgHako BaXHO TO, YTO HMX 3HAYEHHS IO YMOJIYAHUIO 33al0TCSA Cpa3y IMOcCIe
3arpy3Ku CUCTEMBI.

[ToaToMy HeompeneNeHHbIMU, B OTJIMYME OT OOBIYHBIX MEPEMEHHBIX,
CUCTEMHBIE IIEPEMEHHbBIE HE MOTYT ObITh HUKOT1a.

Cumeonvuas Kowcmauma — 3TO IENOYKA CHUMBOJIOB, 3aKIIOUYECHHBIX B
anoctpodsl, HaIpUMeEp:

'Hello my friend!'

243"

Eciu B amoctpodsl moMenieHo MaTeMaTHYECKOE BBIPAKEHUE, TO OHO HE
BBIYHCIIAETCS] U PACCMATPUBAETCS MTPOCTO KaK LIEMOYKa CUMBOJIOB. Tak uro 2+3' He
OyJieT BO3BpalaTh YuCio 5.

IlepemMeHnHbIe U NPUCBAUBAHME UM 3HAYCHHUH

[lepemeHHBIE — O3TO HMEIOIIME HMEHA OOBEKTHI, CIIOCOOHBIE XPaHUTH
HEKOTOpBIE JaHHbIE. B 3aBUCUMOCTH OT 3THUX JAHHBIX NMEPEMEHHBIE KOT'YT OBITh
YUCJIOBBIMU WJIU CUMBOJIBHBIMU, BEKTOPHBIMU WU MaTPUYHBIMU.

B MATLAB M0XHO 3a7aBaTh IEPEMEHHBIM ONPEACICHHbIE 3HaUeHUs. J{is
ATOTO UCIOJIB3YETCs ONepalys MPUCBANBAHUSI, BBOJUMAs 3HAKOM PAaBEHCTBA!

lIMa nepeMeHHOU = BrpaxeHue

Tumnbel nepemMeHHbIX 3apaHee He AcekiIapupyrorca. OHH  ONpenensroTcs
BBIpAKEHUEM, 3HAUEHUE KOTOPOro NpHUCBaMBaeTcsa nepemeHHoil. Tak, eciau 3To
BBIpQKEHHUE — BEKTOp WJIM MaTpulla, TO TMepeMeHHas OyJeT BEKTOPHOW WU
MatpuuHOH. IlepeMeHHas, umeromas eAMHCTBEHHOE 3HAYEHUE, PacCMaTpUBAETCS
KakK Marpuia pasmepa 1x1.

Nms nmepemenHo#l (ee MACHTUPHUKATOP) MOXKET COAEPKATh CKOJIBKO YTOIHO
CHMBOJIOB, HO 3allOMUHACTCSI M UACHTU(DUIUPYETCSA TOJBKO 31 HadaabHBIA CHMBOJL
Wwmst moboii mepeMeHHON He JOIHKHO COBMNAAaTh ¢ MMEHAMHU JIPYTHX MEPEMEHHBIX ,
GYHKIMHI ¥ IPOLIEAYP CUCTEMBI, TO €CTh OHO JOJKHO OBITh YHUKATbHBIM. VIMs TOIKHO
HAYUHATHCS
c OyKBBI, MOXET COJEpKaTb OYKBbI, UU(Pbl W CUMBOJ MOAYEPKUBAHUS
HenonmyctuMo BKJIIOUaTh B UMEHA MEPEMEHHBIX MPOOENbl U CIeMaIbHbIC 3HAKH,
Hanpumep +, -, *, / ¥ T. 1., TOCKOJBKY B 3TOM CJiy4ae MpaBujibHas UHTEPIpeTaIus
BBIPAKEHUI CTAHOBUTCSI HEBO3MOXHOM.

MoryT UCTOJIb30BaThCSI U CUMBOJIBHBIC TMIEPEMEHHBIE, IPUYEM CUMBOJIbHbBIC

3HAUCHUSA 3aKITI0YAI0TCS B anocTpodsbl, Harpumep s=Demo’.

Jliist BBIBOJIA cricka 00BsiBIeHHBIX B Workspace mepeMeHHBIX UCTIOJIb3YETCs
koManja who. Komanaa whos ucnonb3syercs /uist BBIBOJ1a MoApOoOHOM nH(popMaum
o nepeMeHnHbix Workspace.

Coxpanenue B ¢aiin u uyTeHue u3 Qaina nepemeHHbIXx B Workspace MOXKHO
BBITIOJTHUB KoMaH 6! save filename u load filename. Pacimupenue ¢aitna MokHO He
yKa3bIBaTh, B 9TOM ciiy4ae (aiiin moiayduT pacmupeHue mat. [lepemennsie B mat-
(aiin 3anmMCchIBalOTCS B IBOUYHOM (opMarte.
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YHuuTOXKEHHE ONpeAe/IeHUI epeMeHHbIX

B nmamatu koMmbroTepa MepeMEHHBbIE 3aHUMAIOT OMNPEEICHHOE MECTO,
Ha3bIBaeMoe pabodueit oOmacteio (workspace). s ounmcTku pabouerd objactu
ucroib3yercst GyHKIus clear B pa3HbIX (popmax, HarpuMmep:

* clear — yHnuTOXXECHHE OTIPEICTICHUI BCEX TICPEMECHHBIX;

* clear x — yHUUTOXEHUE OTIPECIICHHSI IEPEMEHHOH X;

 clear a, b, ¢ — yHHUYTOXKEHHE OMpEICICHUN HECKOJbKHX MEPEMEHHBIX.

VYHuurtoxeHHas (ctepras B paboueit 00J1acTH) nepeMeHHasi CTAHOBUTCS
HeonpeeaeHHoW. Mcnonp30BaTh HEONPEACICHHBIC TIEPEMEHHBIC HEIb3s, U TaKUE
MOMBITKK OYJIyT COMPOBOXKIATHCS BblAauel cooOmieHuid o6 ommobke. [TpuBenem
MPUMEPHI 33JIJaHUS U YHUUTOXKEHUS IEPEMEHHBIX

>> x=

2*pi

x =

6.283

2

>> V=[12345

] v=12345

>> clear V

>> vV

??? Undefined function or variable

'V'. >> clear

>> x

??? Undefined function or variable 'x'.

>> M

??? Undefined function or variable 'M'.

DJjieMeHTapHble (PYHKUMHU
HaGop »nemeHTapHBIX (QYHKIMHA TPEACTaBUM HMX ONUCaHueM. B

TPUTOHOMETPUUECKUX (PYHKITUSX YTIIBI U3MEPSAIOTCS B paJiiaHaXx.

Tabnuma 4.
CnucoK 351eMEeHTapHbIX QYHKIUH.
OyHKLHS O6o3HaueHme
(cuHTaKCHUC)

x| - MOZTYITB abs(x)

" - JKcroHeHTa exp(x)

In X - HaTYpaIBHBINA Jorapudm log(x)

log2 x - morapudm o ocHoBaHUIO 2 log2(x)

lg x - necsiTnuHbIi J0oTapUhM log10(x)

2% - 2 B cTenenu X pow(X)

X'“ - KBaJ[paTHBIH KOPEHb sgrt(x)

sin X - CHHYC sin(x)

COS X - KOCHHYC cos(X)

tg X - TaHTeHC tan(x)

ctg X - KOTAaHT€HC cot(x)
OKpYTJICHUE round(x)
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Crnemyet MOMHUTB, YTO BCE dJIEMEHTapHbIC (DYHKIINH TOJKHBI 3aITHCHIBATHCS
B ITporpamMMax MaJIbIMUd OYKBaMH.

C IOJIHBIM CITUCKOM 3JIEMCHTApHBIX (DYHKIIUH MOXKHO O3HAKOMHTHCH,
BBITIOTHUB KOMaH 1y help elfun, a co crirckoM crieruaibHbIX (YHKITUN — C TTOMOIIBIO
koMaHbI help specfun.

Jlekuus 7. [Iporpamma MathCAD.
Kparkuii 0630p Bo3mosknocrteit MathCAD

Mathcad sBisieTcss yHUKanbHOM CHUCTEMOM JIsi HAYYHBIX M HHXKCHEPHBIX
pacyeToB U MO3BOJISIET paboTaTh C PopMyliaMH, YUCIAMH, TEKCTOM U rpadukamu. C
nomoipo cucrembl Mathcad MOXXHO pelIUTh MOYTH JIOOYI0 MAaTeMaTHYECKYIO
3aJlayy CUMBOJIBHO JIUOO YHCIIEHHO.

Mathcad nmeer cBOIO COOCTBEHHYIO CIPABOYHYIO CUCTEMY. DIIEKTPOHHBIE
Kuuru pgemarT JOCTYNHBIMH JJIS HCIOJNBb30BaHUA B paboyeM JIOKYMEHTE
MHOKECTBO TMOJIE3HBIX (OPMYJ, CHPABOYHBIX J@HHBIX M JAHAarpaMM MPOCTHIM
HaKaTUEM KHOITKH.

OObenuHsIst B OTHOM paboO4yeM JIMCTE TEKCT, rpaduKy, U MaTeMaTUYECKHE
BBIKIIaAKH, Mathcad o6ergyaer moHnMaHNe CaMBIX CIIOJKHBIX BEIYHMCIICHHM.

Ocob6ennoctu Mathcad:

o [lonnas coBmecTuMocTh ¢ Windows: HM3MEHEHHE pa3MEPOB OKOH M HUX

NIEPEMEIICHNE, OTKPBITHE HECKOJIBKUX OKOH, OJJEP/KKa MBIIIH.

e BO03MOXHOCTP KOMOWMHUPOBAaHHS TEKCTa, MATEMAaTHMYECKUX BBIKIAJO0K U
rpauky B J1000M MECTE 3KpaHa.

BCTpOoeHHBIN aITOPATM PELICHHS] CUCTEM YPAaBHEHUN U HEPABEHCTB.

JlelicTBHS ¢ TPOM3BOAHBIMUA U UHTETPAJIAMU.

Brruncienne cymM psiioB, IPOU3BEACHUN U UTEPALIVH.

Tpuronomerpruyeckue, runepOoIMIecKre, SKCIOHEHIINANIbHBIE U becceneBbl

(GyHKUIHU.

e Cratuctuueckue (YyHKUHMM, BKJIIOYas JIMHEHHYI0 pPErpeccuro, raMma-
bynkuuo  Diepa, HUHTETpall  OMUOOK, (DYHKIMU  BEPOSTHOCTHBIX
pacupenencHui.

e Bexkropsl M MaTpuubl, BKJIOYas ONEPALMM MATPUYHOTO YMHOMKEHHS,
oOpalieHusi MaTpull, TPAHCHOHUPOBAHUS, BBIYUCICHUSA OINPEACIUTENS
MaTpPHIbl, CKAIAPHOE U BEKTOPHOE YMHOKEHUE.

e CuMBOJIbHOE UHTErpUpoBaHue U AuddepeHIIIpOBaHUE.

e OOpaieHue, TPAHCIIOHUPOBAHUE U BHIYMCICHUE ONIPEIEIUTENS MaTPULI.

e MHuoroobpasue TUTIOB rpadMKOB: B JACKAPTOBBIX KOOPAMHATAX, TpaduKu B
NOJISIPHBIX KOOPAMHATAX, MOCTPOEHUE MOBEPXHOCTEH B TPEX M3MEPEHMSIX,
MOCTPOEHUE JIMHUUA YPOBHS, KapTHUHBI BEKTOPHBIX IMOJEH, TpPEeXMEpPHBIX
TUCTOrPaMM, TOYEUHbIE TpaduKu.

e AHuMmaius rpauKoB U JIOOBIX IPYTUX 00BEKTOB paboYero J0KyMEHTA.
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HNureppeiic Mathcad

Nurepdeiic Mathcad 1o cBoeit cTpykType aHanoruueH uHTepdency apyrux
Windows- npuiioskeHHH.
PabGouee okno Mathcad
IIpu oTkpeiTuHn (aitna Mathcad.exe Ha sKkpaHe MoOsBISIETCS pabouee OKHO
Mathcad ¢ rmaBHBIM MeHIO W TAThIO maHensmu: Standard (Cmawoapmuas),

Formatting (@opmamuposanue), Math (Mamemamuueckas).
| M Mathcad - [Bessimsmmsit:1] =)

| ) Pan Mpaeka Bun Berasca Popmar VhcToymenm Covsomstue onepauwm  Okwo  Crpaska x
llp-zR| &k ¥ [ic] | mY = @ O|(w% ~| @ |8+ x=[2<ETap®
‘ [normal ~ [ avial Ju Y8z u|E=s=iEE

| Haxaaue F1, 4ol ompsis cripasky. ABTO NUM Crparua 1

Puc. 1. PaGouee oxHo Mathcad

ABtomaTuuecku 3arpysxkaercs daiin Untitled:1 (besvimsnnbiii: 1), mpeacTaBIsSIONIHIA
coooii madmon Normal (Obwbiunwiit) pabodero nokymenta Mathcad, Ha3piBaeMOro
Worksheet (Pabouuii iucm). Kpome Toro, aBTOMaTHYECKHU 3arpyKatoTcss OKHa Tip
of the day (Cosem ons) n Mathcad Resource (Joxymenmayus Mathcad). Tlepen
HavajoM paboThl MX Haz0 3akpbiTh. B okue Tip of the day cieayer cHITH (uaxok
Show tip at startup (Iloxaszwieams cosem npu 3aepyske) W IMEIKHYTh Ha KHOIIKE
Close (3akpvimy).
I'naBHOE MeHIO

I'maBnoe mento Mathcad 3aHMMaeT BepXHIOIO CTpOKY pabouero okHa. Bce

H€O6XO)II/IMBIC )IefICTBI/IH MOJKHO BBIIIOJJHUTL, CJICAYydA IIYHKTaM 3TOro MCHIO H
MMOCJICA0BATCIbHO OTKPBIBAIOIINXCA OKOH.

-,m Paitn  Mpaska Bua Bcraska Popmat WHctpymentsl Cumsonbdbie onepawm OxHo Crpaska | . | & | %

123 4 5 6 7 8 9 10
Puc. 2. PaGouee OKxHO
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YupasJjienue padounm okaom Mathcad

1. File (®aiin) — xomaHabl, CBA3aHHBIC C CO3IaHUEM, OTKPBITHEM, COXPAaHECHUEM,
NIEPECHIJIKOW IO DJICKTPOHHOW IMOYTE M IeUaThl0 Ha HpuHTEpe (aiiioB ¢
JIOKYMCHTaMHU.

2. Edit (IIpaska) — xomaHIbI, OTHOCSIIHECS K MpaBKe TeKcTa (KOIMHPOBAHUE,
BCTaBKa, yaJcHHE ()ParMEHTOB H T. II.).

3. View (Buo) — xoMaH[bI, YNpaBJSIONIAE BHEIIHUM BHJOM JIOKyMEHTa B
pabouem oxHe Mathcad, a Takke KoMaH/IpI co3AaHus (PaiyIOB aHUMAIIKH.

4. Insert (Bcmaska) — KOMaH/Ibl BCTABKYU Pa3IMYHBIX OOBEKTOB B JOKYMEHT.

5. Format (®@opmam) — xomanabl (opMaTHpPOBaHUS TeKcTa, (OPMyT u
rpadukoB.

6. Tools (Mncmpymenmovl) — KOMAHABI YIPABICHUS BBIYUCIUTECIHLHBIM
IIPOLIECCOM.

7. Symbolics  (Cumeonvbuvie  6vluucienus) — KOMaHABI  CHMBOJIBHBIX
BBIYVCJICHUN.

8. Window (Okno) — KOMaH[IbI, MO3BOJISAIOIIME YIPABIATh PACIOIOKESHHEM
OKOH C Pa3JINYHBIMH JJOKYMEHTaMHU Ha SKpaHe.
9. Help ({lomoww) — kOMaH bl BEI30BA CITPABOYHOMN MH(MOPMAIIHH.

IIaHe M HHCTPYMEHTOB

[TaHemn WHCTPYMEHTOB CIIyXaT Il OBICTPOTO BBIMIOJTHEHHUS HamOoJee
JacTO MPUMEHSIEMBIX KoMmaHA. [lpu HaBemeHWW ykaszaTens MBIIH (Kypcopa) Ha
mMo0yI0 W3 KHOIOK, PSAIOM C HEW TMOSBISETCS BCIUIBIBAIONIAS ITOJCKa3Ka —
KOPOTKMW TEKCT, MOSCHAKOIINN Ha3HaueHue KHomku. CoaepkaHue naHeneu
(KpoMe TIIaBHOTO MEHIO) MOKHO KOPpEeKTHUpoBaTh. [Ipu HaBeneHUM Kypcopa Ha
NaHeldb M HaXXaTUU TMPaBOM KHOIKH MBIIIA TOSABISETCS KOHTEKCTHOE MEHIO C
aeymsi nynkramu: Hide (Ckpoims nanenv) m Customize (Boiopame nyochvie
KHONKU).

Briopar Customize, Mo>xHO yIaIuTh CTapbie U T00ABUTH Ha MMAHEIh HOBBIC
KHOIIKH W3 TIPEIJIaraéMoro CIMcKa.

[MTanens Standard (Cmanoapmmuas) ¢y uT 11 BBINOIHSHHS ICHCTBHI C
daitnamu, peIakTUPOBAHKS JOKYMEHTOB, BCTABKH OOBEKTOB U T. .
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Co31aHue ToKyMeHTa Ha ocHOBe maogoHa Normal (Oobtunwtit)
llepeuensv npeonacaemvix wabioHO8 OOKYMEHMO8

TKpBITHE (aiina
oxpaHeHue ¢aiina
[Teuats (haiina
CMOTp TedaTs (BUA TOTOBOTO JOKYMEHTA)
/hm Bepka op¢orpadpun (TOIBKO aHTIIOS3BIYHOTO TEKCTA)
Bripe3anne 00bekTa

Crguagorpaaf [ [ [ ] =]
SIEMSBY By PYFIFPD e D

Konuporanue o0bekTa J /
BcraBka o0bekTa
OTMeHa npeaplAynIero AeMCTBUs
[ToBTOp OTMEHEHHOTO AENCTBUS
BripaBHEBaHNE 00BEKTOB IO TOPUZOHTAT
BripaBHHBaHNE OOBEKTOB IO BEPTHKAIN
CnucoK BCTPOCHHBIX (DYHKIIMIA U MX BCTaBKa

CHOucoK pa3MepHOCTER U X BCTaBKa
Ilepecuer noxkymeHTa
BcraBka runepcchliku
BcraBka KOMIOHEHTOB
BcraBka Tabnuims
Macmirab 1 ero u3MeHeHue

Puc. 3 — Ilanens «CtangapTHas»

[Manens Formatting (@opmamuposanue) npenHazHavueHa 1ias GopMaTUPOBAHHUS
TeKcTa U (HOpMyIIL.

Ctuib Habopa Tekcra U popmyi
pudr, npuMeHsieMsblii a1si Habopa TekcTa u GopMyIT

Pasmep mpudra
[HomyxupHbIit IPUPT
Kypcus
[MoguepkHyTHIH TpUPT
[

CPOFIMBTHDDB#HHE / l / =

+ - ' T0® -~ =
|Normal |»5. | |1':' “ ﬁ § ﬁ|7——r 'y !7|I. r

BripaBHEBaHME TEKCTA 10 JIEBOMY KPArO _/
BripaBHuBaHuE TEKCTA O LIEHTPY
BrIpaBHMBaHHE TEKCTa 110 IPAaBOMY KpParo

MapkupoBaHHBIN CIIHCOK

35



HymepoBanHbIi1 ciucoK
Bepxnuii unaekc
Hwxuuit uaaexc

Pucto 4 — [Tanens «@opMaTUpPOBAHUEY

[Manens Math (Mamemamuxa) cimyXWT ajii BCTaBKH MaTEMaTHYECKUX

CUMBOJIOB U OIIEPATOPOB B AOKYMEHTHI. Il[eT40K MBIIIBIO HA J000M M3 3HAYKOB
BBI3bIBACT BCTABKY Ha MECTO Kypcopa B pabodyeM JOKYMEHTE COOTBETCTBYIOIIETO
ATOMY 3HAYKYy CMMBOJIA WJIH IA0JI0OHA BBIIOJHEHUS MATEMaTHYECKOW ONEepariH.

Kanbkynatop )&\ Matematuye... 4| | Cumsonbhble =]
sin cos tan In log i = & e [} - - Modifiers
[LLI I s > i S float rectangular  assume
e () X T lm Tm T solve simplify  substitute
w7 8 9 / Bowuncne... |64 T peveckuit [=] v f factor expand coeffs
1T 4 5 B X S o 8 v & £ ¢ collect series parfrac
+ 1 2 3 + S D8 v kK A B Marputes =] fourier laplace trans
= . 0 - = xf xfy ofy vy £ o p o [ ir: X' I invfourier  inviaplace  invztrans
T U ¢ 9 XV AT = i - Inl =
Mporpammiposare &) w A BT AE Be¥ Bt 2 explicit combine confrac
Add Line « Mpacuk |64 ZH®O®I1 KA rewrite
if otherwise e =
for while @ & I;I $ \: g 2 \l; Bynesa anreSpa |64
break  continue o L 5 o =S s 2
return on error oAV @

Puc. 5. Marematuueckas naHejb U €€ IIOJUYNHCHHBIC IIaHCJIN.

B cocraB nanenun BXOOAT:

Calculator (Kanvkynsamop) — BcTaBKa 11a0JI0HOB OCHOBHBIX MAaTEMaTHICCKUX
onepauuid, uu@p, 3HaKOB ApU(YPMETHUECKUX ONEPALIHIA.

Graph (I pagpux) — BcTaBKa 1ma0JIOHOB IPa(GHKOB.

Matrix (Bexkmop u mampuya) — BCTaBKa I1a0JIOHOB BEKTOPOB U MATPHII a
TAK)K€ MAaTPUYHBIX ONIEPALIUM.

Evaluation (Bwiuucnenus) — onepaTopbl IPUCBOCHUS 3HAYCHUH U BBIBOJA
PE3yabTaTOB pacyera.

Calculus  (Mamemamuueckuii  amanuz) —  BCTaBKa  IIAOJIOHOB
nudepeHIMPOBaHNs, HHTETPUPOBAHKS, CYMMHUPOBAHHUSL.

Boolean (bynesa aneebpa) — BcTaBka jnoruueckux (OyJIeBBIX) OIEPATOPOB.
Programming (/Ipocpammuposarnue) — onepatopbl, HEOOXOIUMBIC IS
CO3JIaHMsI POTPAMMHBIX MOIYJICH.

Greek (I peueckue cumeonvl) — BcTaBKa rpeYECKUX CHMBOJIOB.

Symbolic (Cumsonvrvle npeobpazosanus ¢ kirouesviMu ci08amil) — BCTaBKa
OIEPAaTOPOB CUMBOJILHBIX BBIYHCICHUIN

Recources (/Jonoanumenvhvle pecypcot) COACPKHUT CIUCOK SIEKTPOHHBIX
KHUT, BKJIFOUCHHBIX B 000s10uky Mathcad.

e Controls (Koumpoaw) conep>kKUT KHOIKH JIJIsl TOIOJHUTEIIEHOTO KOHTPOJIS

pabotel Mathcad-gokymenra.

e Debug (Omnaoxa) noseunace B Mathcad 13, ciaykut 1jist TpaCCHPOBKH

BBIIIOJIHCHUS IIPOrpaMM.

e [lanens pecypcos
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B Beinanaroniem MeHio nanenu Resources (cM. puc. 6) coaepKUTCsl CIUCOK

QJICKTPOHHBIX KHHUI', BKIIFOUCHHBIX B ITAKCT Mathcad:

Pecypesi ]
\Moﬁ seb-ysen " &G0
x Moi1 Beb-y3en
PyKOBOACTBa U y4ebHMKM
Wnapranku
CnpasoyHble Tabnmubl

Puc. 6. MaremaTnueckas maHesb U €€ IMOIYMHEHHBIE TaHEH.
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