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OBIIUE ITOJIOXKEHUSA

[Taketsl mpuxnaasbix nporpamm  (IIIII)  cayxar  nporpamMMHBIM
UHCTPYMEHTApUEM pelleHus (YyHKUUOHAIBHBIX 3aJady U SBJSIOTCA CAMbIM
MHOTOYHMCIICHHBIM KJIACCOM IPOIPAMMHBIX MPOAYKTOB. B NaHHBINA Kiacc BXOIAT
IPOrpaMMHBIE MPOIYKTHI, BBIMOJIHSIONINE 00paOOTKy HMH(GOpMAaLUU Pa3TUYHBIX
IpeIMETHBIX 00acTe.

Henb0 AUCHUIIMHBI SBJISIETCS MPAKTHUYECKOE M3YYEHHE OCHOBHBIX
NPUHIMIIOB, HCIOJB3YEMBIX B pa3pabOTKE WHTErPUPOBAHHBIX MPOrPAMMHBIX
IIPOJYKTOB, CTPYKTYPBI, COCTaBa U Ha3HAYEHUsI KOMIIOHEHTOB MHTEIPUPOBAHHOIO
[1O, a Takxke cpeACTB OpPraHM3alUU B3aWMOJECHCTBUS MEXIY KOMIIOHEHTAMH U
MHCTPYMEHTAJBHBIX CPEJICTB pPACIIUpPEHUs (PyHKUHOHAIBHOCTH. DOpMUpOBaHUE
HAaBBIKOB pa0OThI CO CpPEICTBAMU aBTOMAaTHU3allMK PELICHUs NMPUKIAJAHBIX 33/1a4 U
UCITIOJIb30BaHUSI BCTPOCHHBIX CPEJICTB Pa3pabOTKH.

BoinonHenHble 1a0opaTopHble pabOThl CKPEIUISIOTCS OJHUM THUTYJIBHBIM
JMCTOM, Ha KOTOPOM YKa3bIBAIOTCS (paMMIIMSI, UMsI, OTYECTBO CTYJ€HTA, Ha3BaHUE
CHELMATbHOCTH, HOMEp Y4eOHOM rpynibl U HOMEp 3a4€THOM KHIKKH.

BapuanT 3amanust ompeaensercs mo mocieaHed nudpe 3a4eTHOW KHIDKKU
cryaeHta, rae 0 — sro 10 BapuaHT.

JlabopaTopHbie paboThl pekoMeHayeTcs: ohopMIIsTh Ha JucTax ¢popmarta A4
¢ IoMoIII0 TekcToBoro penakropa Word. Pasmep mpudra Times New Roman —
14 T, onMHAPHBIN MEXIYCTPOYHBIN UHTEPBAIL.

B Havasne kaxa0ro 3aaHus cieAyeT NPUBECTH €ro MOIHYI0 (QOPMYIUPOBKY.

N3noxenne Marepuana B BBIIOJHEHHON paboTe OJKHO ObITh KPaTKUM, B
BH/JIE KOHCIIEKTA, PEIICHUS 3a]1a4 PECTaBIEHbl CKPUHILIOTAMHU.

Bemonnennas  pa®oTa NpeabsBIseTCs Ha PELEH3HUI0 MPErnoaaBaTelio.
PaboTa, HenpaBuibHO 0(hOPMIIEHHAS WJIM BBITIOJIHEHHAS HE JJI1 CBOETO BAPUAHTA, K

PCUOCH3MHU HC ITPUHHUMACTCA.



JlaGopaTopnasi pabora Nel. Boluuciienusi B 3J1eKTPOHHbIX Tabaunax Excel

Leas padoThl: OBIAAECTh MPAKTUYECKHMMH HABBIKAMM BBIYMCIECHUN 1O (dopMmynaM U
ABTO3AIIOJJHEHUEM; BBIOJIHUTH PAOOTHl C aOCONIOTHBIMH M OTHOCHUTEIBHBIMU CCBHUIKAMHU B
npuinoxxernn Microsoft Excel.

Kparkas Teopus

Beruncnenust B tabmumax Excel ocymectBusercs mpu nomomu Qopmyi, KOTOpbIe
HA4YMHAIOTCS €O 3HaKa = (paBHO). PopMyJia MOXKET COAEPKaTh: YUCIOBbIE KOHCTAHTHI, CCHUIKH Ha
sueiiku u ¢ynkumun EXcel, coenuHeHHble 3Hakamu MareMmaTH4ecKux omepaiuid. CKOOKH
IIO3BOJISIIOT U3MEHATh CTAHJAPTHBIN NOPSAAOK BBITOJHEHUSA NAEUCTBUN. Eciam suelika CONep:KUT
dopmyiny, To B pabodeM JIUCTe OTOOpa)kaeTcs TEKYLIMH pe3ysbTaT BBIUMCIEHUS IO 3TOH
dopmyne. Ecnu cnenarh siueiiky Tekyien, To cama Gopmyrna oToOpaxkaeTcs B CTpoke (hopmy.
Ecnu dopmyna conepXuT CCbUIKH, T. €. ajpeca siueeK, COACPKUMOE KOTOPhIX UCHOJIb3YETCs B
BBIUMCJIEHMSIX, TO sueilka, cojaepkamas Qopmyiay, SBISETCS 3aBUCUMOM. 3HaueHUeE,
oroOpaxkaemoe B syeiike ¢ (OpMysoH, aBTOMAaTHYECKU IEPECUUTHIBACTCS NPU U3MEHEHUHU
3HAUEHUS TYEUKH, Ha KOTOPYIO YKa3bIBAa€T CChUIKA.

CchuiKy Ha siueiiky MOKHO 3aJaTh pa3jIMYHbIMM criocoOamu. Bo-nepBbix, agpec sueiku
MO’KHO BBECTHU BpY4HYI0, Harpumep, Al, $C$1, u T. 1. Bo-BTOpBIX, MOKHO IIEIKHYTh HA HYXHOM
s4elike WK BbIOpaTh JAMANa30H, aJjpec KOTOporo Tpedyercst BBeCTH. Sdelika Win Juana3oH npu
9TOM BBIJIEIAIOTCS IBUXKYLIEHCS TYHKTUPHON paMKOM.

Bce nuanoroBeie okHa mporpammbl EXcel, koTopsie TpeOyIOT 3amaHusi HOMEPOB HIIH
JIMAla30HOB SYEEK, COAEpkAT KHOIKHM, BCTPOEHHBIE CIpaBa B COOTBETCTBYIOIIMX mojsax. Ilpu
IIeJYKE 10 TAKOH KHOIKE JMAloroBOE€ OKHO CBOPAYMBAETCS 10 MUHMMAJIbHO BO3MOXKHOI'O
3HAUEHUS, 4TO 00JierdaeT 0030p pabodero JUCTa U BEIOOP HY)KHOH si9elKu (quama3oHa).

Jis penaktupoBaHus (GOPMYNbl CIeAyeT ABaXKIbl ILEIKHYTh Ha COOTBETCTBYIOLICH
aueiike. [Ipu aToMm stueliku (quamna3oHbl), OT KOTOPBIX 3aBUCUT 3HAUEHHUE (POPMYIIbI, BBIIEISIOTCS
Ha paboyeM JIMCTE LIBETHBIMU paMKaMM, a CaMU CCBIJIKM OTOOpa)KkaloTCsl B sUCHKE U B CTpPOKE
bopMys TEM K€ IIBETOM. DTO 00JIeT4aeT peJaKTUPOBAHNE U TTPOBEPKY MPABUILHOCTH (HOPMYII.

Abcontomnvie u omuocumenvuovle ccobliku. 110 yMONTUaHUIO, CCBUIKM Ha SYEHKH B
dopMynax paccMaTpUBAIOTCS KaK OTHOCHTENIbHBIE. DTO O3HA4aeT, 4YTO MpPU KONUPOBAHUU
(dopMyInbl agpeca B CCbUIKaX aBTOMAaTHYECKH M3MEHSIOTCS B COOTBETCTBUU C OTHOCUTEIBHBIM
pacroJIo’)KEHUEM HCXOJIHOW sSYeWku U cozjnaBaeMoil konuu. Ilycts, Hampumep, B sueiike B2
UMEEeTCs CChUIKa Ha AueiiKy A3. B 0OTHOCHTEIBHOM IMpeCTaBIEHUH MOKHO CKa3aTh, YTO CCHUIKA
YKa3bIBaeT Ha siUeiKy, KOTOpas pacrojaraeTcsl Ha OJMH CTOJIOEI JieBee U Ha OJJHY CTPOKY HMKE
na"Hoil. Eciu opmyna Oyzaer ckonupoBaHa aBTO3aM0JIHEHUEM ITyTeM IepeTaCKUBAHUS B SUEHKY
B3, 10 cchuika OyneT ykas3blBaTh TENEph Ha SUEHKY, paclojararollyrocs JieBee U HUXKe, T. €. Ha
A4.

[Tpu abconroTHON ajnpecalny ajpeca CChUIOK MPU KOMUPOBAHMM HE W3MEHSIOTCS, T. €.
s4eiika, KOTOPYIO yKa3bIBaeT CChUIKA, paCCMAaTPUBAETCS KaK HE TaOIMYHAasA. DJIeMEHTHl HoMepa
STYEHKH (CTPOKA U CTOJIOCIT), HCTIONB3YIOMINE a0COTIOTHYIO aIpECallio, TPEABAPSIFOTCS CUMBOJIOM
$. lns u3MeHeHus cnoco0a ajipecalyy Mpy peAakTHPOBaHUH (OPMYJT HAJIO0 BBIIEITUTH CCHUIKY Ha
A4YEKy YepHBIM I[BETOM IIyTeM MpOTACKUBaHUS M HaxaTh KiaBuiry F4. Hampumep, npu
MOCJIEI0BATENbHBIX HaKaTHIX KiaBuIIM F4 HOMep siueliku Al OyaeT M3MEHSTHCS CIeNYIOIUM
obpazom: $AS$1; AS1; SA1; Al ut. x.

IIpumep BbINOIHEHHUs PadOTHI

TpeﬁyeTCH: O6pa6OTaTL JaHHBIC, TTIOJIYUCHHBIC B PE3YJIbTATC HCKOTOPOTO SKCIICPUMCHTA.



1. 3anmycrure npunoxenue Microsoft Excel. [Tpucsoiite paGouemy nucty ums JlaHHbIe.
3anummuTe Ha3BaHUE Ja0opaTOpHON paboThl, naty BeimonHeHus, O.1.0. cryaeHTa.

B siueiiky A9 BBenuTe 3arosioBok Pesyabrarsl m3mepenuii (puc.1).
Bsenute B stueliku cronodna A, HauuHas ¢ A10, snavenus: 1,1; 2,3; 4,5; 9,1.
Beenute B siueiiky B9 TekcT «Y 1BOEHHOE 3HAUCHUE.
Benure B sueiiky C9 teke «KBaapat 3HaueHUSD.
Beenure B siueiiky D9 TekcT «x2+2%X+1».
. Beenwure B stueiiku B10 popmyny =2*A10; C10 popmyny = A10*A10; D10 bopmyny
=B10+CI10+ 1.
8. TIlyrem aBTO3amoONHEHHUS CKOMHUPYiiTe (GOPMYIbI B OCTAIBHbIE SIEHKK TaOJIHIIbL.

9. Hsmenurte oaHO M3 3Ha4YeHMil B cTONOLE A M yOemUTECh, YTO COOTBETCTBYIOLIME
3HAYCHUsI TAOIUIBI U TPAPUKH ITEPECUNTAHBI.

Nookowd

10. Beenute B sueiiky E9 Texketr «MacmtaObHblii MHOXKHUTENb =», a B ssueiky F9 3HaueHue
0,5.
11. Beenure B sueiixy F10 popmyny = B10* F9 u ckonupyiiTe €€ B OCTaIbHBIE SYEHKHY.

12 Y6G,I[I/IT6CI>, 4TO pE3yJIbTaT MaCH_ITa6I/Ip0BaHI/I$[ OKa3aJICd HCBCPHLIM. OTO CBS3aHO C
TEM, 4TO aaApEC CCbUIKHU B HOCJIe,HHeﬁ Q)opMyne 3aJaH OTHOCHUTEIBHON CCBHIIKOM.

13. llenxuute npaxasl Ha sueiike F10, BeicBeTHB QopMyny. Beinenute F9 u knasueit
F4 3anaiite abcomoTHyIO cchuiky ($F$9).

14. Y6enurech, uro popmyna Bersaut = B10*$F$9 u ckonmpyiite ee B OcTalbHbIE
STYCHKH, yOSIUBIIHCH B IPAaBUIBHOCTH PE3YJIbTaTA.

15 COXpaHI/ITe JAOKYMCHT B CBOCM KaTajJiore.

B3 Microsofi Excel - Knueal - ol x]
[£] ®afin Dpaska  Bun  Beraska ®opsar  Cepsuc  [faddeie  Okdo
Cnpacka - 8 X
DEeEHsm SaY & B <l - W B -G A BT
arisl Cyr 10 - | K K U =E=E=EE 9 i= Egv&-év’j
E1E5 - A
A B (o] [n] E F =
7 =1
2 BbiuucneHusa € 31eKMpPOoHHbIX nmﬁ.nuu,ax
]
4 Beinonnmun cTyAeHT: Meanos C. A
]
5] Mpoeepun:
7 22.01.02
=]
Pe::ynbran:l ¥Yngoenuoe [ Keaapat A2a2wal rvL]C-II.!T-‘IDHhIE 0.5
9 | usmepeHunii | 3HaveHHe | 3HAYEHHA MHOKHTEND =
10 1.1 22 121 441 1.1
11 23 45 5,29 [EE] 23
12 45 E] 2025 30,25 45
13 9.1 182 8281 102,01 9.1
14 I}
15
16 I 1
]
17 -
WA F hh Aanneie S TReTE f THeTE F 41 | Dl
MoToso CAPS MNUM

Puc. 1. Ilpumep odbopmiiennst paboTsl
3ananue

Tpedyercsi: 06paboTaTh 1aHHBIE, TIOTYYEHHBIE B PE3yJIbTaTe HEKOTOPOI'O SKCIEPUMEHTA

(tabmn.l). Tabnuua 1 McxoaHble faHHBIE
Pe3ynbTathl MacwTtabHblii PesynbTathl MacwTabHbiii
Ne Ne
nM3mepeHui MHOXUTeNb M3mepeHui MHOXXUTENb
1 4,5;6,3; 2,3;4,5 0,5 9 6,5; 8,3; 4,3; 6,5 0,25
2 2,5;8,3;5,3; 6,5 0,2 10 4,5;6,3; 2,3;4,5 0,75




3 1,2;4,3;0,3;1,5 0,5 11 6,3;7,4;5,2;4,3 0,5
4 9,5;14,3;7,3; 11,5 0,25 12 5,2;7,3;8,5; 3,6 0,5
5 3,5;5,3;1,3;3,5 0,75 13 8,5;4,2;1,1; 3,7 0,2
6 9,5;2,3;10,3; 8,5 0,5 14 8,4;8,1;5,3;5,2 0,25
7 12,5;10,3; 8,3; 6,5 0,2 15 8,6;7,4,6,3;7,1 0,5
8 | 8,5;23,3;17,3;14,5 0,5 16 | 9,5;14,3;7,3;11,5 0,75




JlaGoparTopHnasi padora Ne 2. IlocTtpoenue Tadaun U rpadpukon

Lean padoThl: OBIAIETh MPAKTHYSCKUMHU HaBBIKAMH ITOCTPOEHUS TaOIHI] U TpauKOB B
npuinoxxernnn Microsoft Excel.

IMpumeps! pemenns 3a1a4y B MS Excel

3agaya 1. O6beMbl BITYCKa MPOAYKIIMKM HA JIBYX MPEANPHUATHSAX XOJIIUHTA B TCUCHHE 5
mer  (t=1,5) samaerca  Qynxkumsmm y=fi(t)= (1+ p) + (1+ q)t +12 u
Y= f2 ('[) = (1, 2+ p+ q)t . IIpu 3TOM NTpHOBLIE OT BBITTyCKA AMHUIIBI TPOTYKITUH JJIST KAXKIOTO

OPEIPUATH 3a/I1aHa TI0 TOJ]aM B Ta0JIHIIe:
Ta6ymma 1. I[TpuObuIh OT BBITYCKA €AMHUIIBI MPOAYKIIMH JIJIs1 KOKJIOTO MIPEANPUSITHS

t 1 2 3 4 5

AnAa nepsoro
(p+g+1) 1,2(p+q+1) | 1,3(p+q+1) | 1,25(p+g+1) | 1,2(p+g+1)
npeanpuatma, Cii

ANA BTOPOro
(p+q+4) 1,1(p+qg+2) 1,2(p+g+3) 1,24(p+g+1) 1,2(p+qg+6)
npeanpuatua, Cok

IToctpouTh TabMUIly, ONMUCBHIBAIOLIYI0O M3MEHEHHUE BBITYCKA MPOJAYKLUU MO rojam ajs
Kaxxaoro npeanpustusd. Haiitu oOmuii BEITYCK IPOAYKIMHU JJIs NPEANPUATUH 110 TO/1aM U 3a ISTh

Jer.
Haiiti o6myto npuOblIb ABYX NpeANpUsTUi 3a 5 JeT.
[Toctpouts Tpaduku u3MEHEHUss oObeMa BBIIYCKAa MPOAYKLUUU I  KaKIOro

HPEIITPUSITHSL.
PaccMOTpHMM NOpAIOK penenus 3anaun s ciay4das, korna P =0,  =0. B stom cyuae

00BEMBI BBITYCKa MPOLYKIMH Ha MpeAnpusTHax 3anarorcs pyuxmusamu: Y = fi () =1+t + t? ;

t
y= fz(t):l,Z .
OpranusyeM BBIYUCIUTENBHYIO 001acTh Ha smucte Excel (puc. 1). 3amagum 3HadeHus
napameTpoB p u q " paccuuTacm HpI/I6BIHB OT BBIITYCKaA IMPOAYKIIUHU IO 3aJaHHBIM B YCJIOBUU

dopmynam. CooTBeTCTBEHHO, Ha ucTe EXcel BBOaMM:

B5— =B1+B2+1; B6— =B1+B2+4;

C5— =1,2*(B1+B2+1); C6— =1,1*(B1+B2+2);

D5— =1,3*(B1+B2+1); D6— =1,2*(B1+B2+3);

E5— =1,25*%(B1+B2+1); E6— =1,24*(B1+B2+1);

F5— =1,2*(B1+B2+1); F6— =1,2*(B1+B2+6).

A B C D E F

1 p= 0
2 g=10
3 MpunbbiNb OT BbINYCKa NPOAYKLUMMK




4 t 1 2 3 4 5

5 npubbIIb ANA NepBoro 1 1,2 1,3 1,25 1,2
npeanpuaATua, c1

6 npubbINb 414 BTOPOro 4 2,2 3,6 1,24 7,2
npeanpuaATua, c2

7 ob6bem BbiNycka A5 NepBoro

3 7 13 21 31
npeanpuAaTma
8 ob6bem BbinycKa A4/1a BTOPOro
1,2 1,44 1,728 | 2,0736 | 2,48832
npeanpuAaTma
9 O6wmit o6bem BbiMycKa No rogam 4,2 8,44 14,728 | 23,0736 | 33,48832
10 | Obwmit o6bEM BbIMyCKa 83,9299

11 | npmbbinb NnepBoro npeanpuUATUA 21,6886

12 | npnbbinb BTOpOro npeanpuaTma 34,676

13 | O6was npubbinb 56,365

Puc. 1. Beruucienne 06beMOB BBIITYCKa U MPUOBLIN PEATPUATHS

Bbruuciinum BhITyCK MPOAYKIUU HA IpeAnpusTHH. J{j1st 3Toro BBeaeM GopMyJibl:

B7— =1+B4+B4"2;

B8— =CTEIIEHb(1,2;B4).

Hanee, BelenuM auana3zoH B7:B8 u ycraHOBUM Kypcop Ha Mapkep aBTO3allOJHEHUS H,
MOJIB3YSCh CBOMCTBOM OTHOCHUTEIILHBIX CCBIJIOK, pacpocTpanuM GpopMyiisl Ha obiacts B7:F8.

PaccunTaem o6muit 00beM BbIllycKa NPOAYKLUH Ui IPEANPHUITUH 110 ToAaM 1o popmyine

B9— =B7+BS§,
KOTOPYIO pacipoCTpaHuM Ha auarnazoH B9:F9.

Jlns moacdera oOIIEro BBHIMYCKa NPOAYKIMHM 3a 5 JeT Ha JBYX MPEINpHITHIX
BOCITOJIb3yeMcsl (hOpPMYJIOi:

B10— =CYMM(B9:F9).

g mojacdera MpUObUIM MEPBOTO MPEANPUSATHS HEOOXOIUMO YMHOXXHUTh NPUOBLIL Ha
€IMHUILY IPOIYKIIMM HAa 00bEM BBIMTYLIEHHOHN MPOAYKIIUH, TO €CTh:

5
7 = Yoy fi (k).

BrImomHUTE Takoe JAecTBHE MOXKHO, HCTIONB3Ys (PYHKIIHIO

CYMMIIPOU3B(apl; apr2),
KOTOpasi CHayaJia IepeMHOKaeT COOTBETBYIOIINE sIUEHKH JUAMa30HOB, 3a/IaHHbIX B aprl u apr2, a
3aTeM CYMMHPYET IOIydeHHbIe Tipon3BeneHus. [loaToMy [utst mocyera mpuObLIN IS TIEPBOTO U
BTOPOTO NPEANPUATHH BOCTIONB3YyeMcs (hOpMyIaMHu:

B11—» =CYMMIIPOU3B(B5:F5;B7:F7);,

B12— =CYMMIIPOU3B(B6:F6;B8:F8).

3areM mojacYUTaeM OOIIYIO MPUOBLITH

B12— =CYMM(B11:B12).



Hnsa sueek B11:B13 BBenem aeHexHbId Gopmat. s 3TOro BBIASIUM 3TH SYCHKU U
BOCIoJIb3yemMcsi komaHaon «Dopmar sueek», e Ha Bkiaake «Yucmo» BeIOEpeM ICHEKHBIN
dbopmar.

[Toctpoum Tpadmky BBITYCKa TPOAYKIMU JUIA Kaxaoro mnpeanpustus. CruenaTb 5TO
MOYKHO JABYMSI CIIOCOOaMH.

Cnocod 1. Chopmupyem OTACIBHO Ha JHCTE TaOIHMIly, KOTOpas OyAeT coaepKaTh

nuana3oH usMeHeHus [ u 3Hauenus QyHkumii Y = fl(t) ny= fz(t) (puc. 2). DT0 MOKHO
CENIaTh, KOMUPYS COOTBETCTBYIOIINE CTPOKH.

A B C D E F

16 ¢ 1 2 3 4 5
obbem BbINycKa ana

17 yera 3 3,64 3,99 3,8125 3,64
nepBoro nNpeanpuaATUaA
O6beM BblINYCKa ANA

18 yckah 12 1,44 1728 | 20736 | 248832

BTOPOro NpeAnpuaTUA

Puc. 2. Tabnuma uist mocTpoeHUs rpaduKoB

Boigensem auamason A16:F18 u BeiOupaem B pazgene «BcraBka» kHONKY «I'paduxy.
[ToTpebyercs rpaduk, KOTOPBIA OTpaKaET pa3BUTHE ITpoliecca. B pe3ynbrare Ha 3KpaHe MOSBUTCS
rpaduK, KOTOpPhIA TpeOyeT JOMOJHUTEIbHON HACTPOMKH MapaMeTpoB, TaK Kak 0TOOpa)kaeT Tpu
JVMHAN BMECTO HeoOXoamMmbix nByX. lllenkaem Ha oGmactu rpaduka u BbIOMpaeM KOMaHIY
«BbIOpaTh aHHBIEY», B pe3yjbTaTe Ha 3KpaHe MOSBUTCS OKHO, KOTOPOE MO3BOJISET BHIIOIHUThH
HacTpouku (puc. 3 @). I3MeHuM MOANKUCH TI0 TOPU3OHTAIBHOM OCH. 371eCh JIOJDKEH OBITh YKa3aH
nuanasoH u3MeHeHus napamerpa [: B16:F16. Yianum u3 eBoii 4acTu CTPOKY C MOANUCH «t»
(puc. 3 6). B pe3ynbpTaTe noiny4nuM CKOPpEeKTHPOBaHHbIH rpaduk (puc. 4).

Cnoco6 2. 3akimoyaeTcsl B HaCTpoike OkHa nmocTpoeHus rpauka. Beiorpaem Ha BKIaake
«BcraButh» kHONKY «I'paduk», B pe3yinpTaTe MOSBUTCS IYCTOE OKHO HMOCTPOEHMs rpaduka.
Janee mienkaem npaBoil KHOMKON MBIIIN HA 00JIaCTH MOCTPOEHUS rpaduka U BbIOWpaeM KOMaHIy
«Bb10paTh nanHble». Teneps TpeOyeTcs 3aN0IHUTh OKHO «BBIOOp MCTOUYHMKA TaHHBIX» TaK, KaK
MOKa3aHo Ha puc. 3 6. HaunHaoT Takoe 3amojJHEHHE ¢ YKa3aHHUsl DJIEMEHTOB JIETeH/bl (KHOMKA
«Jlo6aButh»). Hanpumep, st 0ToOpaskeHus epBoro rpaduka ykasbIBaroT UMs psja — sueika
A7, 3naueHue — quana3oH B7:F7. AHanoruuHo BHOCSTCS JaHHbIE 171 OTOOpa)xxeHUs rpaduka,
XapaKTepU3YIOIEro 00beMbI BBIITYCKa BTOPOTO MPEANPUSTHUS.
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Puc. 3. Hactpoiika okHa «BbIO0p HCTOUHUKA TaHHBIX)
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Puc. 4. I'paduk nu3smeHnenus oobema BBIITYCKa MPOAYKIIUU

_b6p+4q+1
X+1
y2(x):(p+q+1)\/§+ P na [a; b], rne a=0, b= p+q+1, u nocrpouts ux rpaduxu.

VYkazaTh HHTEpBAJI MIEPECEUCHHS MTOTYUUBIIUXCS TPAPUKOB.
[Tapametpel P u ( 3agaroTcs NpenoaaBaTeieM.

3agauya 2. CocraButh Tabmuy  QyHKUOUR Y1 (X)

Jlns pemenus 3aaun Bo3bMeM, Kak u panee, P =0, ( =0, toraa tpedyercs noctpouts
1
Tabymiy GyHKIui yl(x) = 1 uyr (x): \/; Ha [0, 1].

X+

Jliis moctpoeHus TaOIMIbl BHIOEpPEM TOUKM HAa OTPE3KE [0, 1] , TAKUM 00pa3oM, 4TOObI OHU
PaBHOMEPHO PACIIONAraituch no otpe3Ky. [TycTs obmee koauyectso Touek N = 21, Torma orpesok
pasouBaerca Ha N —1=20 wyacreii, mpu 5TOM paccTOSHUE MEXTY COCEIHMMH TOYKAM PaBHO
aob-a_ 1

n-1 20

Koop/mHaTel Todek Ha oTpeske Haiimem 1o dopmymam: X; =0, X =Xy_q+ h,
k=221

Jlnst  BBIYMCIEHMS] 3HA4YeHMM (QYHKIME B TOYKaxX BOCHOJB3yeMcs (QopMyIamMu

Yik = yl(xk) u Yok =Yo (X;< ), k=1 21. ITocTponm obnacTs BeMMCIeHNI Ha aucte EXcel
(puc. 5).
JInst 3a1aHus. KOHLIOB OTpe3Ka [a, b] u Bemmuuubl N BBeeM GopMyIisr:

El1—>0;
E2— =B1+B2+1;
E3— =(E2-E1)/(B3-1).




3 n=121 0,05
4 TOYKA x_k yl k y2_k
5 1 0,00 1,00 0
6 2 0,05 0,95 0,22
7 3 0,10 0,91 0,32
8 4 0,15 0,87 0,39
9 5 0,20 0,83 0,45
10 6 0,25 0,80 0,5
11 7 0,30 0,77 0,55
12 8 0,35 0,74 0,59
13 9 0,40 0,71 0,63
14 10 0,45 0,69 0,67
15 11 0,50 0,67 0,71
16 12 0,55 0,65 0,74
17 13 0,60 0,63 0,77
18 14 0,65 0,61 0,81
19 15 0,70 0,59 0,84
20 16 0,75 0,57 0,87
21 17 0,80 0,56 0,89
22 18 0,85 0,54 0,92
23 19 0,90 0,53 0,95
24 20 0,95 0,51 0,97
25 21 1,00 0,50 1

Puc. 5. TaGnuma st mocTpoeHus rpaguKoB

Jliis moctpoenust TabnuLbl PYHKIIMU 3a]1aUM 3HAUE€HUS U GOPMYJIBL:

B5— =E1;

B6— =B5+$E$3;

C5—> =(6*$B$1+4*$B$2+1)/(B5+1);




D5— =($B$1+$B$2+1)*(B5)"(1/2)+$B%1,
riae GUKCUPYIOTCA ajipeca sSUeeK ¢ 3HAUYCHUSIMH napaMeTpoB P u (], Tak Kak 3TU 3HAUCHUS IIpU

BBIUMCJIEHUSX HE JI0JKHBI MEHSATHCA.
Hcnonb3yst CBONCTBa OTHOCHTEIIBHBIX CCBUIOK, pacrpocTpanuM Gopmyiy u3 sueiiku B6
Ha nuana3oH B6:B25, sueiiku C5 na guamazon C5:C25, suetiku D5 ma mmanaszon D5: D25.
[TpumMeHuM K 3HaUEHUSM B TAaOJIUIIE YMCIOBOM opMaT ¢ ABYyMsI 3HAKaMU T0OCJIe 3asTOM.
Boinenmum nuanazon B4:D25 nns nmoctpoenus rpaguka. Beibupaem pazaen «BcraBuThy,
kHonky «['paduk». [[nsg monydenHoro rpaduka HacTpoUM OO0JAacCTh MOCTPOCHHUS, UCHOJIBb3YS
KoMaHy «BeIOpaTh JaHHBIE» TaK, 4TOOBI 10 ocu Ox 0TOOpaXkaJIMCh 3HAYeHUs quanazoHa BS:B25,

a B 00JIaCTH IOCTPOCHUS ObLTH TpaduKy (yHKITUI yl(x) (mmanazon C5:C25)n Yo (X) (nnamazon
D5:D25).

JloGaBuM Takke Ha TpaduK BepPTHKAIbHBIC JIMHUU CETKH. OJTO TO3BOJUT TOYHEE
OTIpEICIIUTh UHTEPBAJ NepeceueHus rpadukoB. [[iist 3TOro menkHeM mpaBoil KHOIIKOM MBIIITH Ha
noanucu ocu Ox, B OTPBIBIIEMCS MEHIO BbiOepeM KoMaHly «J{00aBUTh OCHOBHBIE JIMHUU CETKU.
B pesynbrare nmonydaem rpaduk (puc. 6).
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~ Puc. 6. Fpa(bHKﬁ byHKIUH

Kak BUAHO M3 pPHC. 6, TOYKa IMEPCCCUCHUA Fpa(bI/IKOB CYHICCTBYCT U IPUHAMJICIKUT

HHTEpBAILY (0,4; 0,5).
IMopsiiok BbINOJIHEHHS PA0OTHI

1. 3anmcare 3Ha4enua P u ( JuIg CBOEro BapuaHTa, IpUBEICHHBIE B TaOI. 1.

2. 3anucars A 3anaun 1 pysxmun Y = fi () nw y = fz(t).

3. Paccumnrars npuObUIb U1 IEPBOTO M BTOPOTO MPENPUATHI IO POpMyIIiaM, YKa3aHHBIM
B [TIOCTAHOBKE 3aJ1a4H.

4. BpuuciuTh 00beM MPOIYKIMU IJIs KQXKJIOTO MPEIIPUATHS 3a 5 JIeT.

5. OmpenenuTs NPUObUTH KayK0TO MPEANPUATHH 3a MSITh JIET U HAUTH 00IYI0 TPUOBLIb.

6. IlocTpouts rpaduku U3MEHEHUsI 00beMa BBITYCKa JJIsl KQXKJI0TO MPEIIPUSTHS.

7. Pemute 3amauy 2. Berumcnnts Bemmumny N m HaliTH Touku Xk ¥ 3HaueHUs

Vi = Ya(Xi ) m Yo = V2% ), k=1 21,

8. IlocTpouts rpaduku GyHKIUH, HCHIOIB3Ys NOTYUUBIIYIOCS TAOIHILY.

9. Omnpenenuth, €CTh JIU TOUKA NepecedeHus rpadukos. Ecim ecth, TO yka3aTh HHTEpBA,
KOTOPOMY OHA MPUHAJIICKHT.

10.  IloaroroButh oTdeT. OT4eT OGOPMIIETCS C HCIOJIB30BAHHEM TEKCTOBOTO
nporeccopa Microsoft Word u Brirouaert:



ITocranoBky 3amaun 1 1714 3a1aHHbIX 3HaYeHUH P u (.

MareMaTuuecKkyro MOJIEb 33/1a4i U €€ pelIeHuE.
ITocranoBKy 3amaun 2 Ju1s 3alaHHbIX 3Ha4eHUd P u (.

El A

MareMaTuueckyro MOJIeb 33/1a4i 2 U €€ PellICHHE.
Taomuua 2. UcxonHele TaHHbBIE

BapuaHT 1 2 3 4 5 6 7 8
P 3 10 4 7 9 8 6 11
Q 1 12 6 10 5 7 12 15
BapuaHT 9 10 11 12 13 14 15 16
P 1 3 7 10 13 11 19 2
Q 8 9 15 16 5 4 10 14




JlaGopaTopuasi padora Ne 3. ®ynkuuu Excel. Haxo:xknenue 4uca0BbIX
XapaKTepUCTUK BbIOOPKH.

Ieab paGoThl: OBJIAACTH HABBIKAMH [TPUMEHEHHS BCTPOCHHBIX (QYHKIHIA TPUITIOKCHHUS
Microsoft Excel mist Hax0XIeHHUS YUCITOBBIX XapaKTEPUCTHK BHIOOPKH.

Kparkas Teopus

OCHOBHBIM JIOCTOMHCTBOM 3JICKTPOHHBIX TaOmui EXcel sBnsercs Hamudmue MOIIHOTO
armapara popmyi u Gyukiuii. JIro6ast 06paboTka qaHHBIX B EXCel ocyimecTBIseTcs Ipu mOMOIIH
aTOrO amnmnapara. Bel MokeTe 00pabaTeiBaTh OTACIBHBIC CTPOKHU MIIM CTOJIOIBI TAOIHUIIBI, 8 TAKIKE
nensle Osoku. B yacTHOCTH, HaxoAWTh cpeAHee apudMeTHuecKoe, MaKCUMalbHOE W
MUHUMAaJIbHOE 3HAUY€HUE, CPEIHEKBAJPATUYHOE OTKJIOHEHHUE, Hanbojiee BEpOSTHOE 3HAYEHUE,
JIOBEPUTEIbHBII HHTEPBAI U MHOIO€ JIPYToe€.

Jnst ynoGeTBa paboTsl GyHKIK B EXCel pa3ouTs! mo kareropusiM: GyHKIUH YIIPaBICHUS
0a3aMM JaHHBIX U CIUCKaMH, (YHKIIUH 1aThl U BPEMEHH, WHXXCHEpHbIE GYHKLIUHU, (UHAHCOBBIE,
uH(pOpMalLlMOHHbIE, Jorudyeckue u T. O. Kpome Toro, mpucyrcrByrOT KaTeropuu (¢QyHKIHI:
CTaTUCTHUYECKHUE, TEKCTOBbIE U MaTeMaTUYECKHE.

ITonamue ¢pynxyuu ¢ Excel. Oynkiuu B Excel wucnonb3yrorcs Ui BBITOTHEHUS
CTaHJApTHBIX BBIYMCICHUH B pabO4YMX KHUIAax. 3HAYEHUs, KOTOPbIE MCIIOJIB3YIOTCS s
BBIYUCIICHHS (DYHKIMNA, HA3BIBAIOTCS apryMeHTaMH. 3HAYCHHs, BO3BpallaeMble (PYHKIUSMH B
Ka4yecTBE OTBETA, HA3bIBAIOTCA pe3yJbTaTaMH. IIoMUMO BCTpOEHHBIX (YHKLUH, Bbl MOXETE
UCTIOJIB30BaTh B BBIYMCIICHUSX MOJB30BATEIbCKHE (DYHKIIUU, KOTOPBIE CO3JAIOTCS MPH MOMOIIN
cpeacts Excel.

UYroObl MCTONb30BaTh (YHKIHIO, HY)KHO BBECTH €€ Kak 4YacTb (OPMYJBl B SUCHKY
pabouero nucta. IlocnenoBareabHOCTb, B KOTOPOH JOJKHBI paclioyiaraTthCsi UCIONb3yeMble B
dopMyine CHMBOIIBI Ha3bIBACTCA CHHTaKkcHcoM ¢GyHKmu. Bee ¢QyHKOMM HCIONB3YIOT
OJIMHAKOBBIC OCHOBHBIC IMTpaBHJIa CHHTaKcuca. ECii BbI HapyliuTe mpaBuia cuHTakcuca, Excel
BBIJIACT COOOIIIEHUE O TOM, YTO B (pOpPMYJIe UMEETCS OINOKa.

Ilpasuna cunmaxcuca npu 3anucu @yukyui. Ecnu QyHKIMS NOSBISETCS B CaMOM
Hayaje (GopMyiibl, €l JOKEH MpeIlIecTBOBATh 3HAK PAaBEHCTBA, KaK U BO BCAKOW APYyroi
dbopmyre.

AprymeHTbl (QyHKINHU 3alKMCBIBAIOTCA B KPYIJIBIX CKOOKaX cpasy 3a Ha3BaHUEM (DYHKLUU
U OTJENSAIOTCS IPYr OT ApPyra CHMBOJIOM TOYKa ¢ 3aHsATod “ ; . CkoOku mo3sosstor EXxcel
OTIpEeENUTh, I HAUWHACTCS U TJI€ 3aKaHYMBAETCS CIIMCOK apryMEeHTOB. BHYTpH CKOOOK JOIKHBI
pacrionaratbcsi apryMeHThl. [IToMHHUTE 0 TOM, 4TO NP 3anMCH (GYHKLIUHU JOJDKHBI IPUCYTCTBOBAThH
OTKpBIBAIOILIAsl M 3aKpbIBaIOLasi CKOOKHM, IPU ITOM HE CJEAYyeT BCTaBISATh NPOOENbl MEXIy
Ha3BaHUEM (DYHKIIMU U CKOOKaMH.

B kauecTBe apryMeHTOB MOKHO MCIIOJIb30BaTh YHUCIA, TEKCT, JIOTUYECKUE 3HAUYEHUS,
MacCHBbI, 3HaUE€HUSI OMIMOOK WM CCBUIKM. APryMEHTbI MOTYT ObITh KaK KOHCTaHTaMHM, TaK U
dopmynamu. B cBoro odepenpr 3t (HOpMyIsbl MOTYT coAepKaTh Apyrue ¢pyHkuuu. OyHKIUH,
SIBJISIFOLIIECS] apryMEHTOM JpYroi (DYHKIMH, Ha3bIBAalOTCS BIOXEHHBIMH. B ¢dopmymnax Excel
MO>KHO HMCIIOJIb30BaTh /10 CEMU YPOBHEH BIIOKEHHOCTH (DYHKIUH.

3azaBaeMble BXOJIHbIE ITapaMeTpPbl JOJKHBI UMETh JIOIIyCTUMBIE JJIsl JAaHHOTO apryMeHTa
3HaueHus. HekoTopble QyHKIMM MOTYT MMETh HeOoOs3aTelbHbIE apryMEHTbl, KOTOPhIE MOTYT
OTCYTCTBOBATh NPHU BHIYMCIECHUU 3Ha4eHUs QyHKUuH. Eciu ke Ha3BaHue apryMeHTa yKa3aHo
MOJTY’KUPHBIM IIPUGTOM, TO TTapamMeTp sIBIsSIETCA 00s3aTeIbHBIM M COOTBETCTBYIOIIIEE I10JI€ BBOJIA
JIOJKHO OBITH 3aIIOJHEHO.

VY Hekoropsix ¢GyHkimii EXcel et aprymenTos. [Ipumepamu Takux QyHKIUN SBISIOTCS
[1U, xotopas Bo3Bpamaer yucio n, uiu pynkus CEI'O/IHS, Bo3Bpamaromas TeKyIyro aarty.
[Tpu BBOJE TakuX (YHKIMI HY’KHO cpa3y 1ocie Ha3BaHUsl (PYHKLIHUU OCTaBUTh KPYTJIble CKOOKHU.



Ecnu BB XOTHTE TMONYYUTh B SUYCHKE YMCIO T WU TEKYIIYIO ATy, TO BBEAUTE B SUYCHKH
3JIEKTPOHHOU Tabnuiel popmynsl cnenyromiero Buna: =I1H( ) = CETOJH( )

Paccmotpum pynkuuto OKPYTJI (aprl;apr2), koropas BO3BpalIaeT YuciIo, OKPYTIICHHOE
JI0 3aJJaHHOTO YKCJa 3HAKOB MOCTE 3amsITol. JTa QyHKIMS UMEET JBa aprymenra: aprl — aapec
SYCHKH C YUCIIOM MJIM CaMO YHUCIIO0, KOTOPOE HYKHO OKPYTJIHTD; apr2 — KOJIMYECTBO LU Mmocie
3anaToll y uncia nocie okpyriaenus. Tak, Hanpumep, QyHKIMS, OKPYTIISIONIasi 3HaYCHUS B TUCHKe
Al 10 ABYX 3HAKOB TOCIIE ACCATUUHOM 3amsToit, umeeT Bua: = OKPYTJI(A1;2).

Hcnonvzosanue Macmepa ¢pynxuuii. EXcel conepxut 6omee 400 BCTpOSHHBIX ()YHKITHIA.
[ToaToMy HENOCPEACTBEHHO BBOAUTH C KJIIaBHATYphI B (popMyiy Ha3BaHUS QYHKIUN U 3HAUYCHUI
BXOJIHBIX MapaMeTpoB HeT HeoOxoaumocTu. B EXcel ecth crerumanbHOe CpeaCcTBO st pabOThI €
byakuusiMu — Mactep GyHKIHIA.

Mactep ¢yHKIUI BBI3BIBACTCS KOMaH0W [ maBHOrO MeHI0 BeraBka — @®yHKIMS WIH
HaxaTueM Ha kHonky f, Macrep ¢yHkuuil. OTa KHOIKA pacloliokeHa Ha IaHelu

uHCTpyMeHTOB CTaHIapTHas, a Takke B cTpoke popmyr. Bo Beex cirydasx 3amyckaercs Macrep
(¢yHxumii, observaromuii BEIOOp M BCTaBKY HYXHOH QyHKuuu. Kak oTMeuanoch Bbllie, HAOpaTh
(YHKIMIO MOKHO M BPY4YHYIO, HO UCHOJb30BaHuE MacTepa (pyHKUMii O3BOJIAET CAENATh 3TO
npotie 1 u3bexarh omnbok. B nosiBuBmemMcst okHe auanora Macrep ¢pyunkumii mar 1 u3 2 (puc.
1) B ciiucke Kareropusi BeIOMpaeTcsi pas3zien, K KOTOPOMY OTHOCHUTCS HykHas ¢yHkums (10
HE/IaBHO HCIOJIb30BABIINXCS, (PMHAHCOBbIE, MATEMAaTHUECKUE, CTATUCTUYECKUE U JP.).

Macrep ¢yHxumi - war 1 us 2 nm

Dorck dvHKELFK:

BEEAHTE KPaTKOS ONHCAHKE ,ﬂ.EﬁETBHﬂ, KOTOpOSE HY3HO uaﬁTH |

EBINOAHHTE, M H3¥MHTE KHoMEY "HanTH"

KaTteropHs; II'IDnglﬁ andaErTHEIR NepeYeHE vI

EbifbeprTe diHIKUHAD:

CHMEPCCBINHA =]
—

AATASHAY

ABCChIN d
AATA({roa;MecaL;AeHb)

BOsEpAWAET YHMCN0, NPEACTAENAHILLES AATY B KOAE AaTEI-EDEMEHH
Microsoft Excel,

CNpaska no 3ToA dvHKLHH Ok I CTMERA |

Puc. 1. Jluanorosoe okuo Mactep ¢pyHkiumi - mar 1 u3 2

Ecin onpenennts KaTeropuro 3aTpyJHUTENBHO, TO HCHOAb3yHTe NYHKT IloJHbIil
ajg¢aBuTHBIN nepeveHb. B criucke Boidepurte pyHkuuio Boiaenute HyxHyto GyHkuuio. [Tocne
menuka Ha kHomke OK ums QyHKUIMU 3aHOCHTCS B CTPOKY (GopMysd U sSYEHKY BMeCTe CO
CKOOKaMU, OTpaHMYMBAIOIIMMHU CIHCOK apryMeHToB. [losBisieTcss 1uanoroBoe OKHO BbI3BaHHOMN
dynkmu, Excel sxaer BBog aprymMeHTOB.

Beoo apzymenmoe ghynkyuu. Ha nnamoroBoM OKHE BBI3BAaHHOM (PYHKITUH OTOOPAKAIOTCS
1oJIs, IpeIHa3HAaYeHHbIE I BBOJA apryMEeHTOB. B HIKHEH YacTH TNPUBOAMUTCSA KpaTKoe
onucanve (QYHKIMU, a TakXKe Ha3HaueHUe 00s3aTeNbHOr0 apryMeHTa. APryMEHThl MOKHO
BBOJMTH HETIOCPEICTBEHHO B M10JIE BBOJA B PYUHYIO C KJIaBUATYpPbl, @ €CJIU apTyMEHTBI SIBJISIOTCS
CCBUJIKAMU — TO HMX MOXHO BBIOMpaTh Ha pabouem sucre. i 3TOrO MOXHO HCIOJIB30BaTh
BCTPOEHHBIE KHOMNKH 1oJeil BBOoAAa. CCBUIKM Ha A4YEHKH, KOTOpPBIE MCIIONB3YIOTCS B KAaueCTBE
napaMeTrpoB (YHKIMH, TaKKe MOTIYT OBITb OTHOCHUTEIbHBIMH WM aOCONIOTHBIMH, YTO
YUUTBIBAETCS MIPU KOMMPOBAHUU (POPMYII METOAOM aBTO3AIIOTHEHHUSI.

IIpumep BbINOJHEHHs PaGdOThI



Tpebdyercsi: 00paboTaTh MOTYYECHHBIC CTATUCTUYCCKHUE JAHHBIC TI0 CIENYIOMIEH TabIuIe
npoaax Gupmbl JlonTeke 3a 20 aueit dpepans 2020 roaa, ucrnonsdys pynkuun Microsoft Excel.

Jist aToro:

1. Cospnaiite Tabnumy 1.

Ta6mmma 1 O6seMm nmpomax ¢upmser JorTekce 3a 20 nueit dpespans 2020 roma

Jara O06Bem npogax, ThIC. pyo.
1.02.2020 190.5
2.02.2020 252.7
3.02.2020 149.7
4.02.2020 2135
5.02.2020 240.2
6.02.2020 350.4
7.02.2020 260.2
8.02.2020 170.4
9.02.2020 280.6
10.02.2020 236.2
11.02.2020 245.7
12.02.2020 168.9
13.02.2020 255.5
14.02.2020 201.8
15.02.2020 167.5
16.02.2020 235.5
17.02.2020 2114
18.02.2020 199.2
19.02.2020 2135
20.02.2020 312.4




2. CnenaiiTe TEeKyIel MepByr0 CBOOOIHYIO sUeiiKy BHHM3Y CTOJOIa Jlata W 3amummTe TecT
«Bcero 3a 20 gHE#» 1 IepeiauTe B COCEIHION sSUeiiKy cTosoa O0beM mpogax.

3. lllenkHUTE 11O KHOTIKE z ABTOCYMMA Ha MaHEJIW UHCTPYMEHTOB.

4.Yo6emutech, uro EXcel aBromarmuecku mozicraBun B ¢opmyny o¢yakmumo CYMM u
NpaBWIBHO BBIOpAJ JMamna3oH syeek st cymmupoBaHus (crosnbenr O0beM mpogax). Haxmure
kiaBuiry Enter.

5. Cnenaiite Tekymied ciemyronlyro cCBOOOJHYIO sideliKy B cToibie Jlata u BBemuTe TEKCT
«CpenHee 3HAUCHUEY.

6. lllenkuure no kHonke BeraBka GyHKUMM CTaHAAPTHON MaHEeIn HHCTPYMEHTOB.

7. B cnucke Kareropusi Macrtepa ¢pyHkumii Bpioepute nyHKT CTaTHCTHYECKHE.

8. B criucke Bri0epute ¢pynkuuio Beidepute pynkuno CP3HAY u menkuure no kuonke OK.

9. Ilepemectute nanutpy Gopmyi, el OHa 3aciIOHsET Hy>KHbIe siueiiku. OOpaTuTe BHUMaHUE,
YTO aBTOMATHUYECKU BBHIOPAHHBINA TUAITa30H COJEPKHUT BCE SUCHKH, BKIIIOYAS U TY, TJ€ XPAaHUTCS
cymma. CBEpHHUTE MAJIOrOBOE OKHO, BbIIEIUTE MPAaBUIbHBIN JAMaNa30H METOJIOM MPOTIATUBAHUS
u HaxmuTe Enter.

10. Hcnomnw3ys mopsIoK A€WCTBUN, OMMCAHHBIN B MyHKTax 6 — 10, BBIYMCIUTE MUHUMAIBHOE
3Ha4YeHue B 3aaHHOM Habope (¢pynkuus MUH), MakcumanbHOE 3HAYEHUE B 33JJaHHOM Habope
(MAKC), konuruectBo 3eMerToB B Habope (CUET), nucniepcuto (JIMCIT), cpentee OTKIOHEHHE
(CPOTKUJI) (puc. 2).

11. Cpemnaiite BBIBOJBI U COXpaHUTE OOHOBJICHHYIO PabOuyr0 KHUTY IMOJ APYTUM UMEHEM B
BallleM KaTaJlore.

©afn  [Opaska Baa  Beraska  dopuar  Cepeuc  Jandble  Qkdo  Cnipaska -8 X
DeHosg@RY|(sbe-FYo- o ax - il - @addme Q.
facy iz [x]|x s |[EEEAFRAQAEEILAE|S % m W% 4 LA
cPOTKN X [F] =CPOTKIC4:C23)
Al B I c [ o T E T F T &6 [ H T 1T T 4 T K 13
Obzem mponax dpupme JouTexc 3a 20 maeii derpans 2004 rox wl
Tara O6nem mpogm, Toic. pyb.
01.02.04 190,56
02.02.04 2527
03.02.04 149,7

04.02.04 2135  pr——— <]
05.02.04 2402

FOTKN
06.02.04 350.4 (

‘m‘m‘w|m|m|h|m|—

3 = {190,5:252,7:149,7
07.02.04 260.2 _
08.02.04 704 v (4
09.02.04 2806 s
10.02.04 236,2 CPaiHes SCOMATHEIX SHAMSHA OTKNOHERINA TOMSK AsHHS
11.02.04 2457 ABNATECA YHICNE, HIMSHE, MACCHESI MM CCEIKN HE SYBFKH C HMCHam,
12.02.04 68,9

13.02.04 255.5 HUEROL: HHEROL;HHERGZ;... OT 1 A5 30 BPTYHEHTOR, ATA KOTOPbIX
14.02.04 2018 OMpeASNAETC CpeAHEs ABCOMATHEL OTKNOHEHHIA

15.02.04 167.5
16.02.04 2355
17.02.04 2114
18.02.04 199,2
19.02.04 2135
20.02.04 3124
Beero 3a 20 meit 45558
Cpemee snateme 278
MinomvamsHoe THAYPHHE 1497
MakcumansHoe 3HaYeEHe| 3504
Komriecteo 20
Tcmepens 26530510421
Cpemiee oTatonemme =CPOTKN(C4:C23)
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Puc. 2. luanorosoe okHo ¢pynkuuun CPOTKIL.
3aganue

Tpebdyercsi: 00paboTaTh MOTYICHHBIE CTATUCTUICCKUE TAHHBIC 00BEMOB MPOIAK (PUPMBI,
npuBeeHHbIC B Ta0I. 2, ucrons3ys ¢pynkiun Microsoft Excel.



Ta6muma 2.CratucTuueckue TaHHbIe 00bEMOB MPOIaXK

No
Bap O06BeMbI TPOJIaX, THIC. PYO.
naH
Ta
1 2
1 52 | 125 | 191 | 22,5 | 30,0 36,3 43,4 52,1 | 59,6 | 62,7
11,3 | 119 | 12,2 | 124 | 12,6 13,0 13,5 142 | 145 | 14,7
2 25 | 150 | 21,2 | 30,1 | 398 | 47,0 59,9 723 | 794 | 851
119 | 12,7 | 134 | 138 | 145 15,1 16,0 16,7 | 17,2 | 17,7
3 6,1 | 152 | 275 | 39,7 | 52,1 62,5 72,4 79,2 | 83,3 | 90,0
12,6 | 135 | 145 | 156 | 16,6 174 18,3 19,0 | 19,5 | 20,0
4 75 | 150 | 225 | 30,2 | 39,1 50,3 57,9 654 | 72,8 | 75,0
14,0 | 15,1 | 159 | 17,2 | 18,6 20,0 21,1 218 | 22,9 | 23,2
5 56 | 10,1 | 20,2 | 25,0 | 32,1 41,0 45,2 52,5 | 61,8 | 751
142 | 145 | 150 | 154 | 155 16,0 16,1 16,5 | 17,1 | 17,6
5 84 | 151 | 224 | 304 | 39,2 45,1 55,0 64,2 | 71,0 | 79,9
154 | 16,2 | 16,7 | 17,1 | 17,9 18,2 19,0 196 | 20,1 | 20,6
7 28 | 152 | 243 | 352 | 47,5 57,5 64,9 725 | 80,4 | 88,0
19,1 | 195 | 19,8 | 20,2 | 20,5 20,8 21,1 214 | 216 | 219
8 45 | 145 | 243 | 351 | 415 50,2 59,8 68,1 | 77,0 | 82,5
13,1 | 140 | 149 | 16,0 | 16,6 16,4 18,4 19,1 | 19,9 | 20,5
9 108 | 19,7 | 27,7 | 33,3 | 41,8 | 49,1 55,2 60,1 | 69,2 | 72,0
11,6 | 134 | 13,2 | 13,7 | 145 15,2 15,7 16,2 | 17,1 | 174
10 98 | 200 | 269 | 31,8 | 388 | 454 50,1 65,3 | 60,1 | 71,2
11,3 | 11,7 | 12,0 | 12,1 | 12,3 12,5 12,6 12,8 | 13,0 | 134
1 3,2 70 | 13,1 | 151 | 18,2 21,0 25,2 278 | 314 | 36,0
1,6 1,9 2,2 2,4 2,6 2,8 3,1 3,3 3,6 3,9
12 4,1 71 | 100 | 143 | 20,1 22,9 25,9 30,2 | 324 | 355
2,2 2,4 2,6 2,9 3,2 3,4 3,6 3,9 4,0 4.2
13 6,2 | 135 | 20,1 | 215 | 31,0 37,3 444 53,1 | 60,6 | 63,7
123 | 129 | 13,2 | 13,4 | 13,6 14,0 14,5 15,2 | 15,5 | 15,7
14 35 | 16,0 | 222 | 31,1 | 40,8 | 48,0 60,9 73,3 | 804 | 86,1
129 | 13,7 | 144 | 148 | 155 16,1 17,0 17,7 | 18,2 | 18,7
15 71 | 16,2 | 28,5 | 40,7 | 53,1 63,5 73,4 80,2 | 84,3 | 91,0
136 | 145 | 155 | 16,6 | 17,6 18,4 19,3 20,0 | 205 | 21,0




JlaGopaTopHuas padora Ne 4. [locrpoenue nuarpamm B MS Excel. Ananan3
padoThl KOMMep4YecKoi GupMBbI.

Ileas padoThI: OBNIAICTh MPAKTUYCCKUMHU HaBBIKAMHU TIOCTPOCHHS HArPaMM Pa3IHYHBIX
THUIIOB B cpeze npuiiokenus Microsoft Excel.

Kparkas Teopus

B npunoxxennn Microsoft Excel Tepmun «auarpamMmay HCHob3yeTcs sl 0003HaYCHUsI
BCEX BHJOB Ipad)MuecKoro MpeACTaBICHHs YHCIOBBIX AaHHBIX. [locTpoeHne rpaduyeckoro
N300paKeHMsI IPOU3BOJUTCS HA OCHOBE Psijia IaHHBIX. Tak Ha3bIBAIOT IPYIINY SYEEK C JaAHHBIMH
B IIpejeNiax OTHCIBHOW CTPOKM Wi cronOua. Ha onHO#l amarpamme MOXHO OTOOpaxkaTb
HECKOJIKO PSJIOB JIaHHBIX. J[MarpamMma MOXKET pacrioyiaraThbCs Ha TOM JKE€ JIHCTE, Ha KOTOPOM
HaXOJSATCS JaHHbIC, WX Ha JII000M apyrom jucte. OHa COXpaHsET CBsI3b C JaHHBIMHU, HA OCHOBE
KOTOPBIX MTOCTPOCHA, U MPH OOHOBJICHHH ITUX JaHHBIX HEME/IJICHHO U3MCHSET CBOW BUJI.

JIist OCTpOGHHST JUarpaMMbl OOBIYHO HCHONB3YIOT MacTep AHarpamm, 3amycKaeMblid

HIETYKOM MO KHOIIKE Ha CTaHAAPTHOW MaHeNld MHCTPYMEHTOB. MOXKHO 3apaHee BbIIEIHUTH
00JacTh, CONIEPXKAlIyI0 JaHHBIE JUIS MOCTPOCHHS JUarpaMMbl, HO 3aJaTh ATy HHGPOPMAIUIO
MOYKHO ¥ B X0JI¢ paboTsl MacTepa q1uarpamMmm.

Mactep auarpamm ctpout rpaduueckoe n300pakeHUe B UEThIPE dTara:

Ilepswiii sman — mun ouacpammel. Ha mepBom stame pabotrel Macrtepa amarpamm
BbIOUpatoT Gopmy auarpammbl. JloctymHble GopMbl TepeyrciieHbl B criucke Tum Ha BKIIagke
Cranpaptable. [[1s BEIOpaHHOTO THITA AHAarpaMMbl (TUCTOrpamMMa, JHHeHvarTas, rpaduk u T. 1.)
CIIpaBa yKa3bIBaeTCsI HECKOJIBKO BAPHAHTOB MPECTABICHUS TaHHBIX (manutpa Buja), U3 KOTOPBIX
cienyeT BbIOpaTh Hanbonee noaxonasmuid. Ha Bknaake HecranaapTHbie oToOpaxaercss Habop
MOJIHOCTBIO CPOPMUPOBAHHBIX THUIIOB JUATPAMM C TOTOBBIM (JOPMATHPOBAHUEM (ECITH OHU E€CTh).
[Tocne 3amanust GpopMbI TUArpamMMbl CIeAyeT HIeNKHYTh Ha KHomke Jlajee mis mepexoma Ko
BTOPOMY JTary.

Bmopoii sman — evi6op oannwix. Bropoii atan pabotsl MacTepa quarpamMM CITyXUT ISt
BBIOOpA TaHHBIX, 110 KOTOPBIM OYAET CTPOUTHCS AuarpaMmMa. Eciu quamna3oH naHHbIX ObLT BBIOpaH
3apaHee, TO B OOJAaCTH MPEIBAPUTEIHLHOTO IMPOCMOTPA B BEPXHEW YacTH OKHA TIOSBUTCS
npuOIM3UTENbHOE OTOOpakeHUe Oynymield auarpammbl. Ecnu gaHHble 00pa3yroT eAMHBIN
MPSIMOYTOJIBHBIN JIHAIIa30H, TO UX YI0OHO BRIOMPATH IMPU TIOMOIIN BKJIATKN {Hana3oH JaHHBIX.
Ecnu xe oHM He 00pa3yloT eAMHON TPYIIIBI, TO WHOOPMALIUIO JUIS M300paKeHHs] OTAETbHBIX
PSIOB MaHHBIX 3aMaloT Ha BKJianke Psaa. [[ns mepexoma K ciemayromieMy STamy IICIKHUTE Ha
kHomnke J[aee.

Tpemuii sman — ogopmienue ouazpamm. ITall COCTOUT B BBIOOpE odopmiIeHUS
quarpammbl. Ha BKaakax oKHa 3aar0TCs:

HasBanue nmuarpamMMebl, IOANMUCH Ocel (BKJIaaKa 3aroj10BKH)

OTtobOpakeHne U MapKUPOBKa oceil KoopauHar (Bkiaaaka Ocu).

OtoOpaxeHue CEeTKH JIMHUM, TTapauIeIbHBIX 0CSM KOOpAWHAT (BKJIaaka JINHUM CeTKH).
OmnucaHue MOCTPOCHHBIX rpauKoB (Bkianka Jlerenma).

OTtobpakeHue HaAmuceid, COOTBETCTBYIOIMX OTJENIBHBIM 3JIEMEHTaM JIaHHBIX Ha rpaduke
(Bxiazika Ioagnucu TaHHBIX).

6. IlpencraBneHue OaHHBIX, HCIOJb3YyEeMBIX MpPU MOCTPOCHUM TIpaduKka, B BUAE TAOIUIIBI
(Bkiasika Tadauua JaHHBIX).

agbrwbnE

3ameuanue: B 3aBUCUMOCTH OT TUIA AMarpaMMbl HEKOTOPBIE U3 IEPEUUCIEHHBIX BKJIaJ0K MOTYT
OTCYTCTBOBATb.

Yemeepmulii osman — pazmewjenue ouazpammysl. Ha mocnennem nstame paborsl Mactepa
auarpamMMm (mocie mienyka Ha KHomke Jlajiee) ykasbiBaeTcs, TJieé Pa3MECTUTh CO3JaHHYIO



IUarpaMMmy: Ha TEKYIIeM JIMCTe, Ha HOBOM JIUCTE WJIM Ha OTICILHOM JIUCTE nuarpamm Excel.
ITocne menuka Ha kHOmke ['0TOBO QuarpaMma CTpPOWUTCS aBTOMAaTWYECKH W BCTaBISAECTCA Ha
YKa3aHHBIN JIUCT.

Peoakmupoeanue ouazpammel. I'0TOBYIO AMarpaMMy MOXXKHO M3MEHATH (peaaktupoBaTh). OHa
COCTOUT M3 HAOOpa OTIENBHBIX JJEMEHTOB, TaKUX, KaK camH rpaduku (psiabl ITaHHBIX), OCH
KOOpJIMHAT, 3aroJIOBOK JIMarpaMMbl, 001acTh MOCTpoeHus U mpodee. [Ipu menuke Ha 31eMeHTe
JMarpaMMbl OH BBIJICJISIETCS MapKepaMH, a MpPU HaBEACHUU HA HEro yKa3aTesas MBIIH —
OMMCHIBACTCS BCIUIBIBAIOIIEH MOACKa3KoW. OTKPBITh AMAJIOrOBOE OKHO Ui (opMaTHPOBAHUS
3JIEMEHTAa AMarpaMMbl MO’KHO 4epe3 KOMaHJy IJIaBHOIOo MeHI0o dopMmat (71 BbIIEICHHOIO
9JIEMEHTA) WM Yepe3 KOHTEKCTHOE MeHIo (koMmana dopmMmar ...).

Eciu TpeOyercst BHECTHM B JuarpamMmy CYIIECTBEHHbIE H3MEHEHUS, CJIEyeT BHOBb
3anyctuTh Mactepa amarpamm. Ilpyu 3TOM MOXHO M3MEHATH TEKYILIUE MapaMeTphbl, KOTOPbIE
paccMaTpHuBarOTCs B OKHax MacrTepa amarpamMm, Kak 3aJaHHbIE 10 YMOJTYAHUIO.

UroObl ynanuTh auarpamMMmy, MOXHO YIaluTh JUCT JUarpaMMm, Ha KOTOPOM OHa
pacnionoxeHna (IIlpaBka — YAaJuTh JMCT), UK BBIACIUTH AUarPaMMy, BHEIPEHHYIO B pabounii
JIMCT ¢ IaHHBIMHM, M HaxkaThb KiaBuiry Delete.

IIpumep BbINOTHEHUS PadOTHI

TpeOyercsi: MOCTPOUTH AUarpamMmsl 1o cienyrouieit Tadbaune npogax ¢pupmsl HukTekc
3a 2020 ron.

1. Co3naiite Tabu. 1.

2. lllenknute Ha 3HauKe MacTep AMATPAaMM, IIPEIBAPUTEILHO BBIICIUB BTOPOM, TPETHIA
U YETBEPTHIN CTOJIOLBI.

3. B crucke Tun seibepute nyukT I'paduk. B nanurpe Bua oi6epute nynkt Ipadux
¢ MapKepaMH, IOMeYAIMMHU TOYKH JaHHBIX. [llenknuTe Ha kHONKe Jlasee (puc.l.).

4. VY6enutech B IPpaBMIILHOCTU quana3oHoB. Ha Bknanke «Psm» B none Mognmucs ocu
X yKakuTe TepBbIi cTooer] Tabnuiibl ¢ HazBaHusiMu MmecsteB. Llenkaure laee (puc.2).

5. BuiGepure BKIanky 3arosioBku. Beeaute 3aromoBok «O6bem mpomax 2020 T.»,
noanumute ocu X 1 Y. Ha 3aknaake Jlerenaa meiakHUTe Ha BRIKITIoUarTese «BBepxy». [llenkuure
o kHomke JlaJjee.

6. VYcranoeure mnepekmouaTens OTaeabHoM. 3anaiite uma Ipaduk  mpogamk
nobasnsiemoro nucta auarpamm. llenkaure I'otoBo. IlocTpoenHas nuarpamma usoOpakeHa Ha
puc. 3.

7. Ordopmarupyiite rpaduk 110 3aTaHUIO NPETOIABATEN.

8. Orobpasure NpeICTaBIEHHBIE YHMCIOBBIE JAaHHBIE B BHIE OOBEMHOM KpYroBoii
JarpaMMbl 1 00bEMHON THCTOTPAMMBI.

9. CnrenaiiTe BHIBO/IBI U COXPAHHUTE OOHOBICHHYIO PabOUyI0 KHUTY TI0J JPYTUM HUMEHEM
B BallleM KaTaJIoTe.

Tabmuna 1. O6wem npoaax ¢pupmsl HukTeke 3a 2020 r.

Peruonsr: Cesep IOr Bocrtok
SAuB 12 360,00 65 980,00 75 350,00
DeB 2 570,00 63 200,00 15 960,00
Map 35 840,00 20 300,00 46 300,00
Amp 52 470,00 80 555,00 20 400,00
Maii 12 365,00 97 540,00 85 890,00
Uron 78 940,00 65 470,00 88 520,00




Hron 15 520,00 8 520,00 98 700,00
Asr 36 920,00 6 580,00 65 400,00
Cen 25 805,00 74 100,00 45 600,00
Okt 75 690,00 85 200,00 5900,00

Hos 85 420,00 96 300,00 65 800,00
Jlex 6 355,00 98 740,00 74 205,00
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Puc. 1. [luanorosoe okHo Mactepa auarpamm (mar 1)
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Puc. 2. Inanorosoe okHo VcxoaHble JaHHBIC, BKIaaka Ps.

3ameuanue: anaIOTMYHBIM 00pa30M MPOUCXOAUT OCTPOEHUE AUarpaMM Apyrux ¢opm. Huxke, B
KayecTBe IpUMepa, MOoKa3aHbl KpyroBas auarpamma (puc.4) U nMiIuHApUYEcKas THCTOrpamMma

(puc.5) ast MPUBEIEHHOTO BBIIIE TPUMEPA.
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Puc. 3. I'paduk ¢ mapkepamu, MIOMEYAOIIUMU TOUYKH JTaHHBIX

PervoH Ceeep
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CamMocToATeIbHO MPUAYMaTh Ha3BaHUE PUPMBI U TpeX (HUIHAIIOB.

3aganue

TpeOyercsi: TOCTPOUTH TPU AUATPAMMBI ITPOJAXK, PACIOIOKUB UX Ha OTJEIbHBIX JIUCTAX.

HcxoaHble JaHHBIE 3a I0Jl, B COOTBETCTBUM CO CBOMM BapUaHTOM, OepyTcs u3 1adi. 2.

Tabmuua 2. Ucxogusle TaHHBIE

06bvem npogax pupmbl no Tpem puananam, Toic. S

2

45.12

23.23

56.25

78.24

12.50

78.12

52.26

45.40

75.41

85.45

12.56

56.12

32.12

62.54

53.22

43.25

51.23

45.63

45.23

65.25

45.12

39.12

54.89

44.37

23.12

26.35

35.89

34.52

23.33

56.69

54.35

56.88

54.12

30.22

23.56

56.36

12.36

25.70

35.84

52.47

12.36

78.94

15.52

36.92

25.80

75.69

85.42

63.55

22.63

53.78

53.88

23.78

25.63

87.45

52.26

63.26

58.87

56.98

53.37

39.56

63.21

70.59

48.59

29.74

63.28

46.89

27.53

22.66

59.23

98.56

28.59

58.63

65.98

63.20

20.30

80.55

97.54

65.47

85.20

65.80

74.10

85.20

96.30

98.74

89.55

21.36

30.28

57.82

55.83

41.77

76.58

21.82

89.66

19.42

28.53

39.62

33.53

64.50

38.62

41.28

99.89

24.87

71.81

42.53

61.59

68.82

83.57

53.29

75.35

15.96

46.30

24.40

85.89

88.52

98.70

65.40

45.60

59.00

65.80

74.20

32.12

62.54

53.22

43.25

51.23

45.63

45.23

65.25

45.12

39.12

54.89

44.37

33.53

64.50

38.62

41.28

99.89

24.87

71.81

42.53

61.59

68.82

83.57

53.29

35.50

69.51

30.64

40.20

98.85

25.88

70.89

40.56

60.54

60.50

80.56

50.24

78.33

18.98

41.35

22.45

86.84

83.51

93.75

62.48

42.61

53.15

64.87

76.23

32.12

62.54

53.22

43.25

51.23

45.63

45.23

65.25

45.12

39.12

54.89

44.37

86.56

20.36

30.20

55.80

54.80

45.79

74.56

25.80

82.60

10.47

20.58

30.69

78.33

18.98

41.35

22.45

86.84

83.51

93.75

62.48

42.61

53.15

64.87

76.23

21.00

52.85

54.95

60.50

20.40

80.21

30.60

40.56

35.89

65.79

95.52

73.66

60.32

70.52

40.85

74.25

56.32

46.87

49.87

25.51

29.63

50.82

96.57

55.36

89.55

21.36

30.28

57.82

55.83

41.77

76.58

21.82

89.66

19.42

28.53

39.62

32.12

62.54

53.22

43.25

51.23

45.63

45.23

65.25

45.12

39.12

54.89

44.37

21.54

32.32

52.65

42.87

50.21

21.87

62.25

40.54

41.57

54.58

65.21

21.65

55.10

53.36

25.30

95.45

87.45

70.50

84.30

56.23

84.10

80.26

69.85

80.70

86.56

20.36

30.20

55.80

54.80

45.79

74.56

25.80

82.60

10.47

20.58

30.69

21.23

54.26

22.35

25.34

32.50

36.40

32.54

52.56

21.54

21.93

85.49

37.44

55.10

53.36

25.30

95.45

87.45

70.50

84.30

56.23

84.10

80.26

69.85

80.70

78.33

18.98

41.35

22.45

86.84

83.51

93.75

62.48

42.61

53.15

64.87

76.23

10

21.00

52.85

54.95

60.50

20.40

80.21

30.60

40.56

35.89

65.79

95.52

73.66




89.55 | 21.36 | 30.28 | 57.82 | 55.83 | 41.77 | 76.58 | 21.82 | 89.66 | 19.42 | 28.53 | 39.62
35.50 | 69.51 | 30.64 | 40.20 | 98.85 | 25.88 | 70.89 | 40.56 | 60.54 | 60.50 | 80.56 | 50.24
55.10 | 53.36 | 25.30 | 95.45 | 87.45 | 70.50 | 84.30 | 56.23 | 84.10 | 80.26 | 69.85 | 80.70
11 | 23.12 | 26.35 | 35.89 | 34.52 | 23.33 | 56.69 | 54.35 | 56.88 | 54.12 | 30.22 | 23.56 | 56.36
12.36 | 25.70 | 35.84 | 52.47 | 12.36 | 78.94 | 15.52 | 36.92 | 25.80 | 75.69 | 85.42 | 63.55
55.10 | 53.36 | 25.30 | 95.45 | 87.45 | 70.50 | 84.30 | 56.23 | 84.10 | 80.26 | 69.85 | 80.70
12 | 65.98 | 63.20 | 20.30 | 80.55 | 97.54 | 65.47 | 85.20 | 65.80 | 74.10 | 85.20 | 96.30 | 98.74
89.55 | 21.36 | 30.28 | 57.82 | 55.83 | 41.77 | 76.58 | 21.82 | 89.66 19.42 | 28.53 | 39.62
78.33 | 1898 | 41.35 | 22.45 | 86.84 | 83.51 | 93.75 | 62.48 | 42.61 53.15 | 64.87 | 76.23
13 | 75.35 | 15.96 | 46.30 | 24.40 | 85.89 | 88.52 | 98.70 | 65.40 | 45.60 | 59.00 | 65.80 | 74.20
32.12 | 62.54 | 53.22 | 43.25 | 51.23 | 45.63 | 45.23 | 65.25 | 45.12 39.12 | 54.89 | 44.37
33.53 | 6450 | 38.62 | 41.28 | 99.89 | 24.87 | 71.81 | 42.53 | 61.59 68.82 | 83.57 | 53.29
14 | 78.33 | 18.98 | 41.35 | 22.45 | 86.84 | 83.51 | 93.75 | 62.48 | 42.61 53.15 | 64.87 | 76.23
32.12 | 62.54 | 53.22 | 43.25 | 51.23 | 45.63 | 45.23 | 65.25 | 45.12 39.12 | 54.89 | 44.37
89.55 | 21.36 | 30.28 | 57.82 | 55.83 | 41.77 | 76.58 | 21.82 | 89.66 19.42 | 28.53 | 39.62
15 | 45.12 | 23.23 | 56.25 | 78.24 | 12.50 | 78.12 | 52.26 | 45.40 | 75.41 | 85.45 | 12.56 | 56.12
21.00 | 52.85 | 54.95 | 60.50 | 20.40 | 80.21 | 30.60 | 40.56 | 35.89 65.79 | 95.52 | 73.66




JlaboparopHasi pa6oTa Ne 5. Pemienune ypaBHenuii cpeacrsamu MS
Excel

Ieas pagoThl: HayuyuThCs IpaUuECKOMY OTACICHHIO KOPHEIl ypaBHEHUS U YTOUHECHUIO
oTAenaéHHOro KopHs ¢ nmoMomipio Hancrpoiiku Microsoft Excel Ilog6op mapameTpos.

Kparkas Teopus

[Tpu pemieHUN NPAKTUYECKUX 3a]1a9 YACTO MPUXOIUTCS CTAIKUBATHCS C HEOOXOAUMOCTHIO
pemicaus ypaBHenus: f(X)=0

rue f(X) — dyHkuus, onpenenéHHas Ha HEKOTOPOM YHCIIOBOM MHOXECTBE X, HA3bIBAEMOM
00J1aCThI0 JONYCTUMBIX 3HaueHUH ypaBHEHMs. COBOKYIHOCTh 3HAYEHUN NEPEMEHHOH X, MpH
KOTOPBIX  ypaBHEHHE oOpamaercs B BEPHOE TOXKIECTBO, HA3bIBACTCS PEUICHHEM 3TOTO
YPaBHEHHS, a KQXKI0€ 3HAYEHUE X U3 ITOW COBOKYITHOCTH HA3bIBAETCSI KOPHEM YpaBHEHHUS.

[Tpouecc HaxokAeHUS TPUOIMKEHHBIX 3HAUYEHUN KOpHEW ypaBHEHUS MOKHO pa3OuTh Ha
J1Ba JTara:

1. T'paduueckoe orneneHune KopHei. OTAEIUTH KOPHU — 3TO 3HAYUT Pa3OUTh BCIO 00JIACTb
JOIYCTUMBIX 3HAYEHUM HAa OTPE3KH, B KaXKIOM U3 KOTOPBIX COACPHKHUTCS OJUH U TOJIBKO OJIWH
KopeHb. OTnenenne KopHeil 00BIYHO MPOBOAAT rpadUuecKH, Ui Yero CTPOST rpaduk GyHKIUN
y=f(X) 1 orpenensoT a0CIKCCHI TOYEK ero nepecedeHus ¢ ocbo OX.

2. YTouHeHHE OTHECIEHHOTO KOPHA KAaKHUM-THOO YHCIEHHBIM METOJOM [0 3aJaHHOMN
toyHoctd. B mpunokennu Microsoft Excel mnst storo mcnonbsyercss Hanmcrpoiika IMoxoop
napamMeTpoB.

Haznctpoliku — 3T0 crienuanbHble CPEICTBA, PACHIMPSAIOIIAE BO3MOXKHOCTH IPUIOKEHUS
Microsoft Excel, menaromue ero ymoOHBIM Jisi MCIIOJb30BaHHMS B MHXXCHEPHBIX M HAYYHBIX
pacuérax. XOTs 3TU CpPEACTBA CUYMTAIOTCS BHEIIHUMH, IOINOJIHUTEIBHBIMH, AOCTYI K HUM
OCYIIECTBIISICTCSI TPU MOMOIIM OOBIYHBIX KOMaHJ KOMAaHIHOH CTPOKH (OOBIYHO Yepe3 MEHIO
komaHg CepBuc nnu Janubie). [Ipy 3TOM OTKpBIBAaIOTCS ClELUAbHBIE JMAJIOrOBbIE OKHA,
oopMIIeHHBIEC KaK CTaHIApTHBIC HaIoroBbiec okHa EXcel.

IIpumep BbINOJIHEHHA PadOTHI

Tpebyercsi: pemnth ypaBHenne X3 — 10 * X + 2 = 0 cpeacrsamu Microsoft Excel
(puc.1).

1. 3amycrute npunoxkenue MS Excel u mpucsoiite pabouemy JmcTy umsi YpaBHeHHe,
3aluIIMTe Ha3BaHME J1abopaTopHoi paboThl, Aary BbinoiHeHus, ®.M.O. cryaeHta u
npernoaaBaress.

2. B sueiiky C8 3aHecuTe TEKCT «APryMEHT X».

3. Beenute B siueiiky C9 3nauenue -3,5. B siueiiky C10 — 3HaueHwue -3. Beigenure 5Tu s9eiKH,

Y METOJIOM aBTO3aIOJIHEHUS CKOIIMPYHUTE UX coaepxkumMoe A0 sueriku C23.

4. B sueiiky D8 3anummre: «@yukmus f(X)».

5. B sueiiky D9 BBeaute JieByr0 yacTh ypaBHEHHs, HCIIONIb3Ysl B KayecTBE HE3aBUCHMOIL

nepeMeHHo# cchlIky Ha siueiiky C9. CoorBetrcTBytomas Gopmyna nmeet Bua: =C9"3-10*C9+2.

3anycture MacTep AMarpaMM H TOCTPOWTE 3aBUCHMOCTh Y = f(x) X3 [— 3,5; 3,5].

Onpenenure KOJIMYECTBO AEHCTBUTEIBHBIX KOPHEH.
HavansHoe npubnmxeHne K mepBoMy KOpHIO X = -3.
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Puc.1. IIpumep BbIOTHEHUS PAOOTHI

6. Bsenure B stueiiky G25 Tekct «BblunCiIeHHOE 3HAUEHHE KOPHSA», B iueiiky G27 —

3HaYeHue -3.

7. 3ammmmre B siueiiky H25 tekcr «BrruucineHHoe 3HaYeHne QyHKINM», a B siaeiiky H27 —
npaBylo yacTh ypaBHeHus: = G2773-10* G27+2.
8. Ilepelinure Bo BKIAAKY «/lannviey —> «Ananuz «umo ecauyy» (pa3MeLIeHO HA JIEHTE B
0J10Ke HUHCTPYMEHTOB «Paboma ¢ dannvimuy) .
9. Bribepure komanay Cepsuc —> Iloadop napamerpos.
10. B mosiBuBmemcs nuanoroBoM okHe [lox6op mapamMeTpoB yKaxuTe:
a) B moJiec Y CTAHOBUTH B siueiike- H27;
0) B moste 3Hauenmue - 0;
B) B onic U3mensisi 3HaueHne siueiikm - G27.

11. Hlenkuute no kaonke OK u mpocMorpute pesynpTar moadopa, OTOOpa)kaeMblil B
nuanoroBom okHe Pesyiabrat mogdopa mapamerpon. Haxxmute kHonky OK, 4ToObI coxpaHUTh
noJydeHHbIe 3HaueHus ssueek H27 u G27, yuactBoBaBIIMX B oneparu (puc. 1).

11. TloBTOpUTE pacueT, 3aJjaBasi HayaJIbHbIE 3HAYEHUS I BTOPOTO KOPHA X=1, U [ IEpPBOTO
KopHs X = 3,5. Kak u3MeHATCS pe3ynbTaThl BBIYUCICHUN?
12. 3aHecuTe MOTyYSHHBIH TOKYMEHT B Bamr karaor.

13. Pemmte ypasuenue (> —x=0.



3amanue

Tpebyercsi: pemmth ypaBHeHHe cpeactBamu Microsoft Excel B cooTBercTBUH C
3aJJaHHbIM BapranToM (Tadu. 1).

Taomuua 1 Mcxonarle naHHbIe

Ne YpaBHeHnue Ne YpaBHeHnue

1 2-x* +5-x*+1-x=10 9 3-x® +5-x*+2x=15
2 x® +3.-x*+8-x=10 10 5.x° +2-x*+17-x=8
3 2-x> +3-x*+5-x=18 11 8-x® +17-x*+1-x=31
4 3-x® +2-x*+5-x=13 12 10-x® +7-x* =14

5 13-x* +2-x*+5-x=27 13 3-x® +x*=15

6 2-x* +5-x*+5-x=20 14 4-x° +3-x*+1-x=26
7 3-x> +x°+2-x=6 15 2-x* +5-x*+12-x=38
8 22-x° +17-x*+3-x=47 | 16 4.x° +8-x*+2-x=20




JlabopaTtopHasi paGora Ne 6. JIuHUM TpeHJa M TOYEYHbIE IMATPAMMBbI

Ienp paGorbl: OCBOUTH MNPAKTUYECKUE HABBIKM IIOCTPOEHUS JMHUM TpeHaa Ipu
ANMPOKCUMAIIUH TaOJINYHBIX JaHHBIX.

Kparkas Teopus

IIpu 00paboTke pe3yiabTaTOB HU3MEPEHHI JOCTATOYHO YacTO BO3HMKAET BOMIPOC O
TEHJCHIIMKM Pa3BUTHUs WK u3MeHeHUs. B Excel 3ToT Bompoc pemaeTcsi ¢ MOMOIIBIO TPeHAA.
Jluauu Tpena rpaduyecKu WLTIOCTPUPYIOT TEHACHIIMIO U3MEHEHUS PSAI0B JaHHbIX. OHU OOBIYHO
UCIIOJIB3YIOTCS B T€X CIIy4asiX, KOrJa HY»KHO TOCTPOUTH AUArpaMMbl JUIsl 3a1a4 IPOrHO3UPOBAHUS
M OKCTpamojsinuu (TaKk Ha3bIBAEMbIX 3aJad PErpeccMoHHOoro ananusa). C NOMOUIbIO
PErPECCUOHHOI0 aHajiM3a MOXHO NPOAODKUTH JIMHHUIO TPEHJIA M SKCTParojIupoBaTh €€ 3a
IpeJiebl U3BECTHBIX 3HAYCHUIH, T.€. MOKa3aTh TEHACHIINIO U3MEHEHUS N3Y4aeMOil BEIMYMHBI.

JInHMHU TpeHJa MOKHO MPOBOJIUTH HA IMCTOrpammax, rpaukax, JuHenH4arbix u XY-
TOYEUHBIX Juarpammax. Haumbosiee noaxomsiiuMm CpeiacTBOM i 0OpaOOTKM pPEe3ysbTaToB
u3MepeHuil sBisiercsa XY -ToueuHas guarpamma.

JIuHuI0 TpPeHaa HeJib3s 100aBUTH CIICIYIOIIUM THIIaM TpaUKOB U JUarpaMM:

JIETICCTKOBBIM;
KpYTOBOM;
IIOBEPXHOCTHBIH;
KOJBIIEBOI;
00BEMHEII;
C HAKOIJIECHUEM.
Ecnu tvn npeacraBineHus rpynibl psioB U3MEHSAETCS HAa OJIMH U3 BBILICTIEPEYUCIICHHBIX,
TO COOTBETCTBYIOIME 3TUM psiaM AAHHBIX JIMHUU TPEHAA OYAyT MOTEPSHBI.

B Excel M0oxHO BbIOpaTh OJJMH U3 S THIOB 3KCTPANIOJISILMHI:
JIMHENHBI;
ITonnHOMUATBEHEIN;
Jlorapugmuueckuii;
OKCIIOHEHIINAILHEIH;
. CreneHHOM.

Tun BeIOpaHHON SKCTPaIoIALNHY 33J]a€T CIOCO0 BHIYMCICHUS JIMHUU TpeHaa. B 3aBucumMoctu
OT UMEIOLMXCSl JaHHBIX, HEKOTOPBIE TUIIBI KCTPAMOJISALMN MOTYT OKa3aThCsl HAIEKHEE IPYTUX C
TOYKM 3PEHUS OLEHKHM pE3yJIbTaTOB CJAEJIAaHHBIX IPOrHo30B. [IpoBepkoii mpaBWIBHOCTH
OKCTPANIOJISILIMU  CIY)XKUT CPEIHEKBAJAPAaTHUECKOE OTKJIOHEHHE (BEJIMYMHA JJOCTOBEPHOCTH)
annpokcumanui  R?.TakuM 00pa3oM, MOXET OKa3aThcs MOJE3HBIM HpPOAENaTh HECKOIBKO
Pa3IMYHBIX SKCTPANOJSAIUN, 4TOOBI MOCMOTPETh, Kakas JIydlle BCEro MOAXOAUT B JaHHOM
KOHKPETHOM CJIy4ae.

S

agrwbdE

IIpumep BbINOJHEHHS PadOThI

IIpumep 1. Paccmotpum cpennue nensl Ha HeTh ¢ 2000 mo 2008 rosl, B3AThIE U3
OTKPBITBIX HICTOYHUKOB. JIaHHBIE JIJIs1 aHANIM3a BHECEM B TaOIHILy:



A B

1 Tloa |UeHa,$

2 2000 28,30
3 2001 24 40
4 2002 25,00
5 2003 28,90
6 2004 38.30
7 2005 54 40
8 2006 64,40
9 2007 72,70
10 2008 97.70

Puc. 1. Cpennuie 3Ha4eHHS IIEHBI HA HE(PTh.

1. Tloctpoum Ha ocHOBe TaOMUIIBI IPaUK, IS 3TOTO BBIACIUM JUANa30H U TepenieM Ha
BKIIATKy «BcraBkay. 13 mpeioxKeHHBIX THIIOB AHAarpaMM BeiOepeM mpocToi rpaduk. [To
TOPU30HTAJINA — I'OJI, [10 BEPTUKAJIU — LIE€HA.
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Puc.2. I'paduk Ha ocHOBe TaOIHIIBI CPETHUX IICH HA HE(DTh.

2. Jlnst mocTpoeHUS JIMHUY TPEHIa HaXXMEM MPABOU KJIABHIIEH MBIIIH 110 CAMOMY TpaduKy.
B nosiBuBIIEMCS criFicKe KOMaH]I BbIOUpaeM «J[00aBUTh JIMHUIO TPEHIAY.

120,00
100,00 -
80,00
60,00
40,00 i JAamuTe
& BogranosuTe $OpPMATHPOBANHE
20,00 . 1 “ VISMEHWTS THN JHATDAMALL N4 Pi
T4 Bubpats aannue..,
0,00 + 1

2002 |
2003
2004

e -
S O
o o
~No™N

A053BHTE NOANMH A3HMEX

I Ao6asuTe AMMINO TPEHAD... I

Puc. 3. JloGaBrneHnue TMHUN TPEHA.



3. OTtkpbIBaeTCs OKHO ISl HACTPOMKH IMapaMeTpoB JIMHUK. BriOepem JIMHEHHBINA TUTT U
BENIMUMHY JOCTOBEPHOCTH anmpoKkcuManuu R2,

MEpaeTool Asss TOOWS" | MNapaMeTpbl AMHUK TPEHAA

UseT nesst MoCTposrsse Maset TPEHAS (ANMPONOMALIA W T NaESee)
T neew x> - -

Tes

9 Dewehras
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Puc. 4. [TapameTpbl TUHUM TpEHAA.

4. Ha rpaduke mosBisieTcst mpsimasi IMHUS - 3TO rpaduK anmpOKCUMUPYIOMIEeH QyHKINN
WIN JIMHUS TPEeH]a.
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40,00 -
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0,00 T
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Puc. 5. I'paduk anmpokcumupyromiei (yHKITIH.

Ecmu R? = 1, To ommbKa anmpoKCHMAIMK PaBHAETCA HyJ0. B HalleM mpumepe BHIOOD
JMHEWHOW anmpoKCUMAIMH JJall HU3KYIO JJOCTOBEPHOCTh U IIOXOM pe3yibTar, T.€. BEIOOp ObLT He
COBCEM YAAayHBIM, a 3TO 3HAYUT, YTO MPOTHO3 OYJET HETOUHBIM.

[loaTomy crnenyer BbIOMpaTh TOT THI OTOOpa)KE€HUS, KOTOpPHIM Haubojiee TOYHO
IPOUJUIIOCTPUPYET TEHACHIIMIO U3MEHEHUM NCCIIEyEMbIX TaHHBIX.



PaccMOTpuM HECKOJIBKO CITydaes.
JIuHeilHas1 annmpoKcuManus
Ee reomerpuueckoe nzodpaxenue — npsimast. CiaeoBareiabHO, JMHEHHAS allllPOKCUMAIIHS
IIPUMEHSETCA IJI1 ONHMCAHUS HMCCIEAYEMOM BEIWYMHBI, KOTOpas PAacTeT WM YMEHBUIAETCA C

MTOCTOSIHHOM CKOPOCTBIO.

IIpumep 2. PaccMOTpUM YCIIOBHOE KOJIMYECTBO 3aKIFOUEHHBIX MEHEPKEPOM KOHTPAKTOB
Ha npoTspkeHuu 10 mecsnes:

A B
M Kon-so

1 KOHTPaKTOB

2 1 10
3 2 14
4 3 20
5 4 26
6 5 30
7 6 32
8 7 37
9 8 42
10 9 48
11 10 50

Puc. 6. YcinoBHOE KOIUYECTBO 3aKIIIOUECHHBIX MCHCIPKCPOM KOHTPAKTOB.

Ha ocnoBanuu nansbix B Tabnuue Excel moctpoum Toueunyro quarpaMmy (OHa HOMOKET
MPOUJUIIOCTPUPOBATH JIMHEWHBIN THIT):

Kon-BO KOHTPaKTOB

60

50 —
a0 *
<&

30 v *

S ¢ Xon-so KONTRANKTOD
20 *

<
10 +—e
0
0 2 E 6 8 10 12

Puc. 7. Toueunas AuarpaMma, HOCTpOCHHAasA Ha OCHOBC Ta6J'II/II_U:I.

Briensiem muarpaMmy — «100aBUTh TUHHIO TpeHa». B mapamerpax BbIOMpaeM JTHMHEWHBINA THIL.
JloGaBisiem BeMYMHY AOCTOBEPHOCTH allIPOKCUMAIIUY U ypaBHEHHe TUHUM TpeHaa B Excel.

[TonydaeMm pesynbrart:



Kon-so KOHTPAaKTOB

60
y=4503x+6,1333
4

= 0,9929‘/

50 +

40 4
¢ Kon-80 KOMTPaKTOS

30 1

Nuneinaa (Xon-so

20 / KOMTPAINTOB)
10 1

Puc. 8. JIunus tpenaa.

[Ipsimas nuHus Ha TpaduKe 0TOOpaXKaeT CTAOMIbHBIN POCT KauecTBa pabOThl MEHEKEpa.
Benuunna nocroBepHocTH anmpokcumainuu pasasercs 0,9929, uro yka3plBaeT Ha Xopollee
COBIIAJICHUE DPACUETHOM MPSMOM C HMCXOAHBIMH JIaHHBIMHU, U TOYKH TOYEHYHOW JTUArPaMMBbl
pacmoI0keHbl MAKCUMAIbHO OJIM3KO K MPSMOIA.

UToObl CIPOTHO3UPOBATH KOJUYECTBO 3aKIIOUYEHHBIX KOHTPAKTOB, Hampumep, B 11
NepuoJie, HyXHO TMOJCTaBUTh B ypaBHeHUE uncio 11 BMecTo x. B xone pacueToB y3Haem, 4To B
11 mepuojie 3TOT MEHEKEP 3aKIIOUYUT 55-56 KOHTPAKTOB.

IKCMOHEHIUAJIbHAS JIUHUS TPEeHaa
JlaHHBIA THII OYAET IOJIE3CH, €CIIM BBOJHMMBIC 3HAYCHUS MEHSIOTCS C HEMPEPHIBHO
BO3pAaCTAIOIIEH CKOPOCTHIO. DKCIOHEHIIMAJIbHAS alllIPOKCUMAIUs HE IPUMEHSETCS IPU HATUYUU

HYJICBBIX WJIM OTPULATCIbHBIX XapPaKTCPUCTUK.

Ipumep 3. [TocTponm 3xcioHeHIIMANBbHYIO JIMHUIO TpeHaa B Excel. B kauectBe npumepa
PacCMOTPUM YCJIOBHBIE 3HAYECHHMS TIOJIE3HOTO OTITYCKa JIEKTPOIHEPIUH B peruoHe X:

A B

K-80
Mecay |3neKkpo3Heprum,

1 0.e.
2 AHBapb 6,75
3 ®espanb 6,24
4 Mapr 5,98
5 Anpensb 5,76
6 Mawn 4,9
7 WioHb 4,57
8 Wions 4,32
9 Asrycr 4,02
10 Centabpp 3,78
11 Okrabpb 3,54
12 Honbpb 3,36
13 Oexabpb 2,28

Puc. 9. YciioBHbIE 3HaUEHUS MTOJIE3HOTO OTITYCKA 3JIEKTPOIHEPTUN.



Crpoum rpaduk. Jlob6aBisieM SKCIOHEHIHMATIBHYIO JIMHUIO TPEHA.

y=7,6403e0083x
7 1 R*=0,938

== K-BO 31CKPOIHEPI M,
o.e.

IRCNOHEHUMBNbHAA (K-
BO 3N1eKPO3HEpPruM, 0.e,)

fBapb
Pespans ‘
Mapr
Anpens
Mait
Mionb |
Wione
Aprycr
Cenmbpb ‘
Oxmbpb |
Hosbpb |
Aexabpob ‘

Puc. 10. JIo6aBiaeHue 3KCIIOHEHIINAILHOM JIMTHUK TPEH/IA.

VYpaBHEHUE UMEET CIAEAYIOMINI BUA: y = 7,6403e"-0,084x

IToka3zaTens BEIUYUHEI JOCTOBCPHOCTH aAIIIIPOKCHUMAIIUN COCTAaBUJI 0,938 — KpuBasA COOTBCTCTBYCT
JaHHBIM, oImuoKa MHHHUMAJIbHA, ITPOTHO3bI 6y21}IT TOYHBIMU.

Jlorapudpmuyeckasi 1uauga Tpesaa B Excel

Hcnonb3yercst npu claenyroluX M3MEHEHHAX IMoKas3aTess: CHayana ObICTPbI poCT Win
yObIBaHUE, IOTOM — OTHOCUTEJIbHAS CTA0OUIIBHOCTD.

Jlorapudmuuecknii TpeH ] MOAXOAUT JUIsl MPOTHO3UPOBAHUS, HAIIPUMEp, MPOJIaXK HOBOTO
TOBapa, KOTOPBIM TOJIBKO BBOAMUTCA Ha peIHOK. Ha HauwanbHOM 3Tane 3agada MPOU3BOJIUTENS —
yBeJIMUYeHHE KiIneHTCKoi 6a3bl. Koria y ToBapa OyaeT cBOi MOKyIaTellb, €r0 HYyKHO yJIepKaTh,
0OCITYKUTb.

IIpumep 4. Iloctpoum rpaduk mpojax YCIOBHOIO MpOAYKTa U  J100aBUM
JOrapu(pMHUECKYIO JTUHUIO TPEHAA JJIs IPOTHO3a MPOAAXK:

MNpopaau, Toic.pyb.

1200 ¥® 272,14In{x) + 287,21
R*=0,9633

800 +
Npogtxu, Toic.pyb

600
— flOr3pudranecran
400 {Npogams, Tesc py6.)

200 +

1 23 4 5§ 6 7 8 9 10111213

Puc. 11. I'paduk npogaxx ycIoBHOTO MPOAYKTa ¢ J0OaBIECHHEM JIMHUU TPEH .



R? 6mm3ok mo 3HaveHmo K 1 (0,9633), 4To ykasplBaeT HA MHHHMAJIbHYIO OIIHOKY
annpokcuMaiuu. CnporHo3upyemM o0beMbl POJaxK B MOCIEAYIOIINE epuoibl. J{Jis 3TOro Hy>KHO
B YPaBHEHHE BMECTO X MOJCTABIATH HOMEP MEPUOIa.

Hanpumep:
[Tepuon 14 15 16 17 18 19 20

ITporunos 1005,4 1024,18 1041,74 1058,24 1073,8 1088,51 1102,47

MosmuomuanbHas JuHus TpeHaa B Excel

JlaHHO# KpUBO# CBOMCTBEHHBI IIEPEMEHHBIC BO3pacTaHue U yobiBanue. J1J1si moJuHOMOB
(MHOTOUYJICHOB) OTIPEEIISIETCS CTENEHb (IO KOJMYECTBY 3KcTpemyMoB). K npumepy, oaun
JKCTpEeMYM (MHHHUMYM M MaKCUMYM) — 5TO BTOpPasi CTEIEHb, IBa SKCTPEMYyMa — TPEThsI CTEIICHb,
TPU — YETBEPTAsl.

[MomuuomuaneHbiid TpeH B Excel mpumensercs it ananu3a 601b10ro Habopa JaHHBIX O
HECTaOMJIbHOMN BEJIMYMHE.

IIpumep 5. Paccmotpum HaOop 3HaueHMi 1ieHbl Ha He(Th u3 nmpumepa 1. [loctpoum rpaduk u
100aBUM TTOJIMHOMHAIILHYIO JIMHUIO TPEHIA JIJISl TIPOTHO3a U3MEHEHUS IICHBI HAa HE(Th:

100

80

Uewa, S
60

NonuHnomuaneHan
(Uena, $)

y=<0,0007x% +0,028x - 0,4229x% + 2,6194x° -
20 1 412257-6,6706x+ 37,738

R*=0,9256
0‘
O = N Maid OB KOO W MN MW
O 00 000 00 0 O — oo
OO0 0000000000000 O
NONN NN NN NN NN NN NN N

Puc. 12. I'paduk 1ieHsl Ha HEPTh.

Jlis momydeHust TaKOW BETMYHHBI JOCTOBepHOCTH anmnpokcuMaruu (0,9256), mpuiiock
HOCTAaBUTh 6-F0 CTEIEHbD.

3amanue
Tpebdyercsa: mnpoaHalIU3UpOBaTh TEHJCHLUUIO W3MEHEHHUS PE3YJIbTaTOB HW3MEPEHHUI,
I/ICHOJ'IBSYX JIMHUHA TpeH)Ia. HpI/I HOCTpOGHI/II/I TpeH}Ia HUCITIOJIB30BaATh pa:«manme THUIIbI
anmpoKCUMAIlMK, ClIelaTh aHalu3 ¥ BBIOpaTh ONTUMaibHBIA THMN. CHpPOTHO3UPOBATH JBE

MIPOU3BOJILHBIC CUTYAITUH, BBIXOISIINE 32 UCCIEAYEMbIN qUana3oH.

Tabnuna 1.Mcxoanpie JaHHbIE



Ne Pesynbprarsl u3MepeHui

1 |45,12; 23,23; 56,25; 78,24; 12,50; 78,12; 52,26; 45,42; 75,41, 85,45; 12,56, 56,12

2 | 32,12; 62,54, 53,22; 43,25; 51,23; 45,63; 45,23, 65,25; 45,12; 39,12; 54,89; 44,37

3 | 12,36; 25,71, 35,84, 52,47; 12,36; 78,94, 15,52; 36,92; 25,81; 75,69; 85,42; 63,55

4 |65,98; 63,22; 20,30; 80,55; 97,64; 65,47; 85,20; 65,85; 74,10; 85,20; 96,30; 98,70

5 | 75,35; 15,96; 30,24; 40,85; 24,40; 85,98; 88,65; 98,40; 74,10; 65,80; 74,20; 98,70

6 | 35,50; 69,51; 30,64, 40,20; 98,85; 25,88; 70,89; 45,56; 60,54, 60,50; 80,56; 50,24

7 | 86,56; 20,36; 30,20; 55,80; 54,84, 45,79; 74,56; 25,80; 82,60; 10,47; 20,58; 30,69

8 |60,32;70,52; 40,85; 74,25; 56,32; 46,87; 49,87, 25,51, 29,63; 50,82; 96,53; 55,36

9 | 21,54, 32,32; 52,65; 42,87, 50,21, 21,87; 62,25; 40,54, 41,57, 64,58; 65,21, 21,65

10 | 21,23; 54,26, 22,35; 25,43; 32,55; 36,40; 32,54; 52,56; 54,21; 93,85; 85,49; 37,44

11 | 21,21, 52,85; 54,95; 60,50; 20,40; 80,21; 30,60; 40,66; 89,65; 79,95; 52,73; 73,66

12 | 55,10; 53,36; 25,30; 95,45; 87,45; 70,50; 84,30; 56,23; 84,11, 80,22; 69,87; 80,70

13 | 56,22; 23,65;68,23; 34,56; 65,98; 66,65; 81,36; 50,58; 63,57; 57,10; 63,82; 76,23

14 | 79,33; 18,98; 41,35; 22,45; 86,84; 83,51; 93,75; 62,48; 42,65; 53,15; 64,87; 76,23

15 | 33,53; 64,55; 38,62; 41,28; 99,89; 24,87; 71,81, 42,53; 61,59; 68,87; 83,57; 53,29

JlaGoparopHasi padora Ne7. IIpocreiimune Borunciaenus MatLab

Hean pabotbl: mo3HakoMuTbes ¢ uHTEpdeiicom MatlLab u mpuHIUIBL
(GYHKIIMOHUPOBaHUA MW  uUcHoyb3oBaHuMA MatlLab; HayuuTbcs  BBIUMCIATH
anreOpanvecKkre BBIPAKEHUS C HCIOJb30BAaHMEM BCTPOCHHBIX MAaTEMAaTHUECKHUX
¢bynkuuii (padoTas u3 KomanaHOM cTpoku MatLab).

Kpartkas teopust

Cuctema MatlLab pa3paborana cnernuanuctamu komrmanuu MathWork Inc.
Camo HazBanue npousonuio ot cokpamenuss MATrix LABoratory — marpuynas
Jaboparopusi.

Ota cucTemMa MpegHa3HayeHa OCYIIECTBIATH JIOObIE YHCIEHHBIE PACUYEThl
MOJICTTUPOBAHUS TEXHUYECKUX U (DU3NUECKUX CUCTEM, a TAK)KE BBITIOTHATH HAYYHBIC
U WHXEHEPHBIE pacueThl, padoTas MpU ATOM C MacCUBaMH JaHHbBIX. J[aHHBIN



MaTeMaTUYECKHil  MakeT  MOXKHO  TNPUMEHSTh  TakkKe B CHUCTEMax
aBromMaTuzupoBaHHoro npoektupoBanus (CAIIP), motomy uro u3 Bcex
MaTEeMaTUYECKUX MTAaKEeTOB

MatLab 6mxe Bcex k uneonorun CAIIP. B MatLab ectb MogynapHOCTD U
CYIIECTBYIOT MOJIYJIU JIJISl UCCIIEOBAHUS PA3TUYHBIX OOBEKTOB, @ TAKXKE CHCTEMBI
BU3YaJlbHOIO MOJEIMpOoBaHMs. B HeW coaepkaTcsi pa3ivyHble CIOCOObI
MojenupoBanus B Simulink, yTo oueHb yg00HO 11 aHaiIM3a OOJBIIUX CHCTEM,
KOTOpBIE COCTOSIT M3 OTAEIBHBIX OJI0KOB. MatLab MOXeT COCTBIKOBBIBATHCS C
peaIbHBIM 000pYJIOBaHUEM, MMEETCSl TAKKE€ BO3MOXHOCTh MOJKIIOYATh KakKue-
anbo mporpammsl, HanucaHHsle B Cu. Kpome 3Toro, cyiecTtByer BO3MOYKHOCTb
JaHHBIM MOJYJISIM WJIM OMOIMoTEeKaM paboTaTh B PEXKMME PEAIbHOTO BpeMeHu. B
ocHoBe MatLab nexur rpomaanas OubimMoTeka HayYHO-TEXHHUYECKHUX PacUETOB.
Tam oueHb MHOTO pa3JIMYHBIX YHUCICHHBIX M JPYTUX METOJO0B, KOTOpPHIE
ucnone3yrorces npu npoexkrupoBanuun CAIIP. W BHyTpu umeercss CUMMBOJIBHBIN
nporieccop u3z Maple. Camas cuibHas cTropoHa Maple 5TO0 CHUMBOJIbHBIC
BBIUMCJICHHS U OHA MPAKTUYECKH IMOTHOCTHIO IPUCYTCTBYeT B MatLab.

OcHoBHOI1 00bekT cucteMbl MATLAB — uncnoBoil MaccuB WM JIPYTUMH
CIIOBaMH — MaTpulla, B KOTOPOM JOIIyCKAETCS MPUMEHEHUE KOMIUIEKCHBIX
aneMeHToB. Vcnonb3oBanue Matpull He TpeOyeT SBHOTO yYKa3aHHUS WX Pa3MEpOB.
Cucrema MATLAB oOecrieunBaeT BBIIOJHEHUE OIEpaluidi C BEKTOpaMU H
MaTpULIAMH AK€ B PEKUME HENOCPEICTBEHHBIX BbIUMCICHHW. Er0 MOXKHO
M0JIb30BAThCS KaK MOIIHEWIIUM KaJbKYJISTOPOM, B KOTOPOM HapsAIy ¢ OOBIYHBIMU
apu(pMEeTHYECKUMU U aNreOpandecKuMM JeHCTBUSIMU MOTYT UCIIOJIb30BAaThCs TAKHUE
CIIO)KHBIE OIepaliy, Kak oOpallleHne MaTpHUlbl, BBIYMCIEHHUE €€ COOCTBEHHBIX
3HAUYCHUN W BEKTOPOB, PEIICHHUE CUCTEM JIMHEHHBIX alreOpanvyecKux ypaBHEHHUHN U
MHOT0 JPYTUx. XapakTepHOI 0COOEHHOCTHIO CUCTEMBI SIBIISIETCS €€ OTKPBITOCTb, TO
€CTb BO3MOXKHOCTb €€ MOAM(UKAIMK M aJanTallud K KOHKPETHBIM 3ajadam
I10JIb30BaTES.

IIpumep BoInoIHeHUs1 padOTHI

TpeOyercsi: BBIUUCIUTH 3HAYCHHUE BBIPAKCHUS
(cos 8,16m —sin3,15m)> 173
+4f/l0g15,7 ¢ 7.

2tg5,6 —tg3,4-cos3,38xn e

J11st BBIYMCIIEHUS BBIPAXKEHUS HEOOXOAMUMO BBECTH TO BHIPAXKEHHE B
KOMaHJHOM CTpoKe U HaxaTp "Enter":

== ((cos(8.16%pi) —sin(3.15*pi))*2/(2*tan(5.6) —tan(3.4)*cos(3.38%pi)))+sart(log(15.7)) exp(-1/3)
ans =
0.0328
Haipure 3HaueHUs BBIpaXKEHUN, UCTI0JIB3Ysl IPUCBOCHUE IEPEMEHHBIX



tan2,15

a)

log5,8  sin2,8x sin2,87)"  [tg2,15
cos3,4m  logl,6 5) Inl,6 In6,45

L Sin 2,81 ' In5,8

logl,6 cos3,4n

YToOBI HAlTH 3HAYCHHE CIICOYOICTO BBIPpAKCHUA, MOKHO,
BOCITIOJIB30BABINNCH IIPUCBOCHUCM IICPCMCHHBIX,

3Ha4YCHUAM

log6,45°

log5,8 " sin 2,87
cos3.4n logl,6

IPUCBOUTH, COOTBECTBEHHO, X, Y U Z. B pe3ynbrare, moiaydum Oosiee mpocToe

BBIpAXKECHUE:
== x = tan(2.15)/log(6.45);

== d = (zM2-sqrt(x))ly

>> y = sqrt(log(5.8)/cos(3.4*pi)); >> d = -0.3797-0.6557

==z = sin(2.8"pi)/log(1.6);
==k = (x=y+z)/(x+z)
k = 1.0000-5.5420i

Coxpanute JaHHyI0 pabOTy, HAIlUCaB B KOMAHIHOM CTPOKE >> Save
work01-01-08 unu Bocmosb3yiitech MeHIo File, BeiOpaB myHKT Save Workspace
As. ITocne nossienus nuanoroBoro okHa Save to MAT-File ykaxkute katanor u

uMms (aitna.

3aganue

TpeOyercsi: BBIUUCIUTH 3HAYCHUE BBIPAKECHMUS.

Tabnuna 1: BeipakeHus JyIsl TPOCTEUIINX BBIYUCICHUIN

Ne B- Bripaxkenue
Ta
1 2c0s8.16m? + 5sin3.6m — 5
2 (cos5.76m — sin3.57m)
—/log5.7
2tg8.9 — tg2.4
3 3cos2tw
12tg3.35m2 — TR log5
4 (sin17.45m — sin9.86m)
—+/log3.3
3c0s8.1 — 2c0s2.6 °9
> 17.5¢93.35m2 — OCOSEOT oo
.5tg3.35n 5T 23 0og
6 7c059.811% + 2sin4.41m — 8
7 3cos2n
8tg3.35m% —
go-2om 25




8 2.56c0s7.3m?% 4 5.36sin3m — 5sinl.2
9 (c0s5.98m — sin5.5m) lod5.7 + 3
2tg8.9 08>
10 5 3co0s2.5m
101,'925271' — W — lOgS
11 2(cos5m — sin3m
( ) — 24/log5.3
2tg8.9 — tg2.5
12 21cos12.3m? + 4sin4.5m — 8
13 (3sin13.25m — sin9.8m)
4c059.9 — 2c0s3.36
14 21.12c0s12m? + 4.36sin5.8w — 3.5
15 (sin8.74m — sin3.57m)
200589 — c0s2.6 log>45

JlabopaTopHasi padora Ne 8. Ilocrpoenue Tadauu u rpadukos

Lean pabdoThl: OBIAETh MPAKTUUYECKUMHU HABbIKAMH MOCTPOEHUS TaOIHI] U
rpadukoB B npuioxenun MatlLab.

KpaTKaH TEOPpHUS C MIPUMEPOM BLIIMOJIHCHHUSA paﬁoTbl

[Toctpoenue rpaduka ¢dyHkuMM [ByX mnepeMeHHbIx B MatlLab Ha
NpPSMOYTOJIbHOW ~ 00JacTH  OmpenefieHuss  TEpPeMEHHBIX  BKIIOYaeT  JBa
MpeABapUTEIbHBIX dTara;

1. Pa3buenwne obnaacTy onpeacaeHus MPSIMOYTOJIbHON CETKOM.
2. Bpruucnenue 3HaueHM (QYHKIIMM B TOYKAaX MEPECEUCHUS JUHHUI CETKH U
3aluCh UX B MATPHILY.

[Toctpoum rpaduk Gpyukimu z(X, y)= X2 + y2 Ha 00JIaCTH ONpEICICHUS B
Buze kBajgpara X € [0, 1], y € [0, 1]. HeobGxoaumo pa30ouTh KBaIpaT paBHOMEPHOM
ceTkoi (Hampumep, ¢ marom (0.2) ¥ BBIUMUCIWTH 3HAYCHUS (PYHKIUNA B y3Jax,
0003HaYEHHBIX TOYKAMHU.

Y1006HO HCIONIb30BaTh JBa JBYMEPHBIX MacCMBa X M Yy, pPa3MEpPHOCTHIO
HIeCTh Ha LIECTh ISl XpaHeHUs: uHGOpMAIMU O KOOpJAMHATax y3J0B. MaccuB x
COCTOUT U3 OJIMHAKOBBIX CTPOK, B KOTOPBIX 3aMKUcaHbl KOOpAUHATHI X1, X2, ..., X6, a
MacCCHB y COAEPKUT OJIMHAKOBBIE CTOJOINBI ¢ Y1, y2, ..., y6. 3HaueHus QyHKIUU B
y3JaX CETKM 3alMIleM B MAacCUB Z TaKOW ke pazMepHocTH (6 X 6), mpuueM ais
BBIYMCIICHUSI MaTpullbl Z HCMOJb3yEM BBIpAXEHUE I (PYHKUUU, HO
C MOARJIEMEHTHBIMH MaTpUYHBIMH oniepanusiMu. Torga, Hanpumep z(3,4) kak pa3
OyJeT paBHO 3HaUYeHMIO QYHKUIUHU Z(X,Y)B Touke (X3, y4).



Jlnis TeHepalu MacCHMBOB CETKHM X M Yy MO KoopauHatam y3noB B MatLab
npeaycMoTpeHa ¢pyHkuus meshgrid, 1y moctpoenus rpaduka B Buje KapKacHON
MOBEPXHOCTH - PyHKIMs mesh. Crnenyroiue onepaTopsl IPUBOJAT K MOSBICHUIO HA
9KpaHe OKHa ¢ rpadukoM (QYHKIMHU (TOYKAa C 3amsTOl B KOHIIE ONEPaToOpOB HE
CTaBUTCS JUIsl TOTO, YTOOBI MPOKOHTPOIUPOBATH FEHEPALIMIO MACCUBOB):

» [X, ¥] = meshgrid(0:0.2:1,0:0.2:1)

X =

0 0.2000 0.4000 0.6000 0.8000 1.0000

0 0.2000 0.4000 0.6000 0.8000 1.0000

0 0.2000 0.4000 0.6000 0.8000 1.0000

0 0.2000 0.4000 0.6000 0.8000 1.0000

0 0.2000 0.4000 0.6000 0.8000 1.0000

0 0.2000 0.4000 0.6000 0.8000 1.0000

y:

o o0 o0 0 o0 0

0.2000 0.2000 0.2000 0.2000 0.2000 0.2000
0.4000 0.4000 0.4000 0.4000 0.4000 0.4000
0.6000 0.6000 0.6000 0.6000 0.6000 0.6000
0.8000 0.8000 0.8000 0.8000 0.8000 0.8000
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

»Z=XN"N2+Y "2

Z =

0 0.0400 0.1600 0.3600 0.6400 1.0000
0.0400 0.0800 0.2000 0.4000 0.6800 1.0400
0.1600 0.2000 0.3200 0.5200 0.8000 1.1600
0.3600 0.4000 0.5200 0.7200 1.0000 1.3600
0.6400 0.6800 0.8000 1.0000 1.2800 1.6400
1.0000 1.0400 1.1600 1.3600 1.6400 2.0000

» mesh(X,Y,Z)

MatLab nmo3BosieT HaHOCUTH Ha rpaduK JOMOTHUTEIbHYIO0 HH(POPMAIIUIO, B
YaCTHOCTH, COOTBETCTBUE 1IBETOB 3HAaUeHUSIM (pyHKUMU. CeTKa reHepupyercs npu
nomoIiy KoMaH el meshgrid, BeI3bIBaeMOM ¢ ABYyMsI apryMeHTamMu. AprymMeHTaMmu
SIBJISIFOTCSL BEKTOPBI, DJIEMEHTBI KOTOPBIX COOTBETCTBYIOT CETKE Ha MPSMOYTOJIbHOU
o0nacTu mocTpoeHuss (PyHKUMU. MOXKHO HMCHOJB30BaTh OJUH apTyMEHT, €clid
o0nacTh mocTpoeHus (GyHKUUM - KBaApar. [ns BblUMCHeHUS (QYHKIUHU CIEayeT
MCIT0JI30BATh MOZJIEMEHTHBIE OIEepaIiy.

PaccMoTpyM OCHOBHBIE BO3MOXKHOCTH, TpeaoctaBisieMble MatlLab s
BU3yanu3aluu (QyHKUMN JBYX NEPEMEHHBIX, Ha MpPUMEpE MOCTPOEHUs rpaduka
byHKIIUN



Z(x,¥) = 4sin(27nx) x cosfl.5my) x (1 — x2Yx ¥ x({1 — ¥)
Ha TPSMOYTOJILHOM oOyacTu onpeneineaus X € [-1,1], ye [0, 1].

[ToaroToBUM MaTpUIIEl ¢ KOOPAUHATAMU y3JI0OB CETKU U 3HAUCHUSAMU
byHKITIH:

» [X, Y] =meshgrid(-1:0.05:1, 0:0.05:1);
» Z = 4*sin(2*pi*X).*cos(1.5%pi*Y).*(1-X."2).*Y.*(1-Y);,

Jlsis mocTpoeHus] KapKacHOM MOBEPXHOCTH HCIOJNIb3yeTcss (pyHkums mesh,
BBI3bIBA€Masi C TpEMs apryMEHTaMU:

» mesh(X,Y,Z)

[IBeT nMHUI MOBEPXHOCTU COOTBETCTBYET 3HAUeHUAM (QyHKuuu. MatLab
PHUCYET TOJIBKO BUJIMUMYIO YaCTh TOBEPXHOCTH.

[Tpu nomomm komauasl hidden off MokHO cnenats kKapKacHyIO MOBEPXHOCTh
"mpo3paunoit”, 100aBUB CKpbITYIO yacTh. Komanna hidden on ybupaer HeBUANMYIO
4acTh MOBEPXHOCTH, BO3Bpalas rpaduky MpesKHUM BUIL.

Oynkius surf CTPOUT KapKacHyl0 IMOBEPXHOCTh rpaduka GyHKIUA U
3QJIMBAET KAXKIYIO KJIETKY MOBEPXHOCTU ONPEACIICHHBIM I[BETOM, 3aBUCSIIUM OT
3HauYeHUU (PYHKIIMU B TOYKaxX, COOTBETCTBYIOIIMX yriaM KIETKH. B mpenemax
KOKIOW KIETKM LBET MOCTOAHHBIM. [locMOTpuTe pe3yiabTaThl BBITOJIHEHUS
KOMaH/IbI
» surf(X,Y,Z)

Komanpa shading flat mo3Bossier youpath KapkacHble TUHUU. [{71s1 mosrydeHust
MOBEPXHOCTH, IUIABHO 3aJIUTOM I[BETOM, 3aBUCAIIUM OT 3HA4YEHUU (YHKIIUH,
npeaHa3HaueHa koMana shading interp.

IIpu mnomommu shading faceted MOXHO BEpHYTbCSI K TIOBEPXHOCTH C
KapKaCHBIMU JIMHUSIMHU.

TpexmepHbie rpaduKu, MOTydaeMble C TOMOIIBIO OMTUCAHHBIX BhIIIE KOMaH/I,
yIOOHBI /I TMOJTY4YEHUs TPEJICTaBIeHUs O (opMe MOBEPXHOCTH, OJHAKO MO HUM
TPYJIHO CyAuTh O 3HadeHusiX Qynkimu. B MatLab onpenenena komanna colorbar,
KOTOpasi BBIBOJUT PSAJOM C TpauKoM CTONOUK, YCTAaHABIUBAIOIIMN COOTBETCTBUE
MeXIy IBeToM H 3HaueHueMm (yukiuu. [loctpoiite mpu momomu surf rpaduk
MOBEPXHOCTH U JIOTIOJIHUTE €ro nHpopMaluei o 1Bere.

» surf(X,Y,Z)
» colorbar

Komannay colorbar MOXHO NMPUMEHSTh B COYETAaHUU CO BCEMHU (PYyHKIMSIMU,
CTPOSIIIIUMU TPEXMEPHBIE OOBEKTHI.

[Tonb3ysich LBETHOW MOBEPXHOCTHIO, TPYAHO CHENaTh BHIBOA O 3HAUCHHUU
GyHKIIMM B TOM WM HMHOW Touke TiockocTtd XY. Komawmer meshc unu surfc
MO3BOJISIOT MOJIYYUTh 00Jiee TOYHOE MPEACTABICHUE O MOBEACHUM (PYHKIUU. DTH
KOMaH[Ibl CTPOSIT KapKaCHYI0 MOBEPXHOCTh WJIM 3QJIUTYI0 LBETOM KapKacHYIO
MOBEPXHOCTh M Pa3MEIMIAl0T HA IJIOCKOCTH XYJIWHHH YPOBHS (PYHKIUU (JIMHUU
MOCTOSTHCTBA 3HAYEHUHN (HYHKIIUN):



» surfc(X,Y,Z)
» colorbar

MatLab no3BoisieT HOCTPOUTH MOBEPXHOCTh, COCTOSIIYIO U3 JUHUI YPOBHS,
py OMOIIM GYHKIMU contour3. DTy PYHKIMIO MOXKHO HCIOIb30BATh TaK XK€, KaK
U onucaHHbie Bbilie mesh, surf, meshc u surfc ¢ Tpemst aprymentamu. [Ipu 3TOoM
YUCJIO JJUHUHN YPOBHS BbIOMpaeTcs aBToMaTu4ecku. FiMeeTcst BO3MOXKHOCTD 33]1aTh
YeTBEPTHIM apryMeHTOM B contour3 juO0 YKCIO JIMHUM YpOBHA, JIUOO BEKTOP,
AJIEMEHTHI KOTOPOTO PaBHBI 3HAYEHUSAM (YHKIIUHU, OTOOpakaeMbIM B BUJE JIMHUHN
ypoBHsI. 3a1aHue BeKTopa (deTBepToro aprymenTa levels) ynooHo, korga Tpedyercs
UCCIIEIOBaTh IMOBeACHHE (YHKIMU B HEKOTOPOH o0iacTu ee 3HaueHuil (cpe3
¢bynkun). [loctpoiite, HampuMep MOBEPXHOCTh, COCTOSIIYIO U3 JMHUNA ypOBHS,
cooTBeTCTBYIOMUX 3HaueHusM GyHkiuu ot 0 mo 0.5 ¢ marom 0.01:

» levels = [0:0.01:0.5];
» contour3(X, Y, Z, levels)

» colorbar

Puc.1. I'pacduk aByX nmepeMeHHbIX Ha MPSMOYTOJIbHON 00JIaCTH ONpeAeIeHUs TePEMEHHbIX

3amanue

Tpedyercs: mocTpouth Tabiuity u Ha € ocHOBe rpaduk B cpeae Matlab.

Tabnuua 1:pyHkumn u obaactu GyHKIMMA

Bapuant OyHKIMS Oo6nactb PyHKIIUU
1 Z(X, y)= 2*x2 + 4*y2 xe[0,1],ye[O0, 1]
2 z(X, y)= 3*x2 +6* y2 xe[0, 1],y € [0, 1]
3 Z(X, y)=4*x2 +3"2% y2 xe[0,1],ye[O0, 1]
4 z(X, y)=2*x2 +y2 xe[0,1],ye[O0, 1]
5 Z(X, y)= x2 + 4*y2 xe[0,1],ye[O0, 1]




6 z(X, y)=3*x2 +y2 xe[0, 1],y € [0, 1]
7 Z(X, y)= 8*x2 +2* y2 x e[0, 1],y € [0, 1]
8 Z(X, y)= 7*x2 + 1*y2 x e[0, 1],y € [0, 1]
9 Z(X, y)=5*x2 +y2 x e[0, 1],y € [0, 1]
10 z(X, y)= x2 + 2*y2 x e [0, 1],y € [0, 1]
11 z(X, y)= x2 + 3*y2 x e[0, 1],y € [0, 1]
12 Z(X, y)y=5"2*x2 +y2 x € [0, 1],y e [0, 1]
13 Z(X, y)=3*x2 + 4*y2 xe[0,1],ye[O, 1]
14 Z(X, y)=2"3*x2 + y2 x € [0, 1],y e [0, 1]
15 z(X, y)=5*x2 +y2 xe[0,1],ye[O0, 1]

JlaGoparopHasi pabora Ne 9. Ilocrpoenne qruarpamm B cpeae MatLab.
eab padoThl: BeIpaOOTaTh HaBBIKK PabOTHI ¢ Tpadukoil B cpene MatLab.
Kparkas Teopus

JII/IaI‘paMM])I U TUCTOIrpaMMbI

OCHOBHBIE THITBI TUArPaMM U UX BXOJHBIC apTyMEHTHI:

— crosi0yaThie JUarpaMMabi:

* bar BepTukanbHas auarpamMma (puc. 1), MepBBIA aprymMeHT KOTOpPOH
SBIISIETCSI BEKTOPOM (MJIM MATPUIIEH) ¢ KOOPAMHATAMHU TOYEK Pa3METKH, BTOPOH —
BEKTOPOM 3HAYEHM, KOTOpBIE TpeOyeTcss 0TOOpa3uTh Ha Juarpamme (pa3MepHOCTh
apryMEHTOB JOJDKHA COBIAJAATh), TPETUHW apryMeHT — IIMpUHA CTOJOIOB (1O
yMoOJIYaHuIo mupuHa paBHa 0,8)1 ;

* barh ropuzonTankHas quarpaMma (BbI30B aHAJIOTUYEH bar);

* bar3 o0bpéMHas auarpamMa (BbI30B aHAJIOTHYEH bar).



"

26 =

|

164

| I I

0 II-
1752 37 s REan 818010

Puc. 1. Cronbuaras quarpamma BeKTOpa

o

— KpYrOBBIC JHarpamMMBbl:
* pie OOBIKHOBEHHasi Kpyromasi quarpamma (puc.2), BBI3BIBAECTCS C JIBYMS
apryMeHTaMu: MEePBbIi — BEKTOP 3HAYCHUM, BTOPOH BEKTOP JTOTHYECKUX 3HAYCHUH,
COOTBETCTBYIOIIMM BBIJIBUTAEMBIM U3 JTUATPAMMBI CEKTOPAM;
* pie3 o0bEMHas quarpaMma (BbI30B aHAJIOTUYEH Pie);

9%

16%

Puc. 2. Kpyrosas nuarpamma

— TUCTOTPAMMBI:
* hist nuHeitHas ructorpamma (puc. 3), nepBblid ApryMeHT KOTOPOU — BEKTOP
CIIy4alHbIX 3HAYEHUH, BTOPOU — MHTEPBAJIBI CITy4YalHbIX BEJINYNH;
* rose Kpyrosas rucrorpamma (puc. 4) uMeeT OAWH BXOIHOW MapaMerp —
BEKTOp CIIy4YailHbIX BEJIUYHH.

35

Puc. 3. I'ucrorpamma



Puc. 4. Kpyrosas rucrorpamma
IIpuMep BbINOTHEHHUS
Tpedyercsa: nocTpouth rpa@uk B BUJI€ TUCTOTPAMMBI.

[TocTpouM rucrorpaMMmy Ciay4dalHBIX BEIMYHMH, KOTOpbIE (OPMHUPYIOTCS
¢dyukmuei randn.

X =-2.9:0.1:2.9;

y=randn(10000,1);

hist(y,X)
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Puc.5. I'ucrorpamma

Cucrema Matlab wumMeer oueHb OoublIeé BO3MOXHOCTH TOCTPOCHHS
TpexMmepHbIX rpadukoB. B Tpéxmepuyro (3D-) rpaduxy Matlab Bxomut
MOCTPOEHUE:

1. noBepxHoCTEM
2. KOHTYPHBIX IUarpamm (JINHUU PaBHOTO YPOBHS)
3. 3D-nunwmit
4. BEKTOPHBIX MOJIEH
5. CKaJISIpHBIX MOJEN U Ap.
Mps1 paccMOTpHUM TOJBKO HECKOJIBKO (PYHKIIUN, TTO3BOJISIIONIUX CO3/1aBaTh
TpeXMepHbIe TpaduKH.



Jnst moctpoenust TpexmepHoro rpaduka z = f(X, y) HeoOXoauMo UMEThH
MaTpPHUIIbl 3HAYCHUH TIEpEMEHHBIX X, y. [l ompeaenenuss MaTpuil mpeHa3HaYCHbBI
cienyromue QyHKIUH:

[X,Y] = meshgrid (x, y);

[X,Y] = meshgrid (x);

[X.,Y,Z] = meshgrid (x, y, z);

Oyukuus [X,Y] = meshgrid(X,y) — npeobpa3syer 0061acTh BEKTOPOB X, Y B
maccuBbl X, Y, KOTOpbIE UCTIONB3YIOTCS JUIsl Beraucienus: pynkinun z = f(X, y) u
MOCTPOEHUS TPa(QHUKOB.

Crpoku MaccuBa X SBJISIIOTCS KONUSIMU BEKTOpaA X, a CTOJOLBI MaccuBa Y -
KOIUSIMU BEKTOpA y.

Oyukmms [X,Y,Z] = meshgrid(x, y, z) Bo3Bpamaer TpeXMepHbIi MacCUB
JUTS TIOCTPOCHMSI TPEXMEPHOTO Tpaduka.

['paduku TpeXMEpHBIX MOBEPXHOCTEN CTPOSITCS C MOMOILBIO CIAEAYIOLIUX
byHKIIMIA:

plot3 (x, y, 2),

plot3 (X, Y, 2),

plot3 (X, Y, Z,s),

plot3 (x I, yl, zl, s1, x2,y2, z2,s2, ..., Xn, yn, zn, sn),

rae X, Yy, Z — BEKTOphl apryMeHToB ¢yHkiuu, X, Y, Z — MaTpHullbl
OJIMHAKOBOTO pa3Mepa, S— CTHJIM JHHUA W TOo4yeK Tpaduka, aHaJIOTHYHO
dbynkuu plot ().

[TpuBeneHHbIe QYHKIIUU CTPOSIT TOUYKU TPEXMEPHOTO rpaduKa U COSTUHSIOT
UX OTPE3KaMH MPSMBIX B COOTBETCTBUU C 3a/IaHHBIM CTHUJIEM.

Oyukmms plot3(xl,yl,zl,sl,x2,y2,z2,s2,...,.xn, yn, zn,sN) CTpOUT HA OJHOM

pUCyHKe N QyHKIUH.
3aganue

Tpedyercs: Mo JaHHBIM TAOJIUIIBI TOCTPOUTH YKa3aHHBIE THATPAMMBI.

Ta6mmma 1. Tabmauna 11 mocTpoeHus rpauKoB



Bap T'un puarpasmen lHlonnucw 3uauenns
l. | BepTHKANLHAR 14; 15; 16; 17; 18; 19;| 152; 144.42; 134 45;
20; 21; 22; 23- 24; 25| 124,47; 114,5; 104,52;
26; 27; 28; 29; 30 04 55; B458; T4.6;
64.63; 54.66; 44.68;
34.71; 2473 14.76;
4.79: 0
2. | ropH3oHTANLHAS 282 4; 283; 284; 2E5; | 101764; 7915, 5906;
286; 287; 2BR; 289;| 5898; SER9; SER(;
2894 290; 291; 291;| 5872; 5863; 5860; 0; 0;
201.2; 292; 293 294: | 0 6;6; 6; T789; 7916
205
3. | kpyrosas cekTopa ¢ wHosepams, [ 5305; 4,665 5015;
KPATHLIMH 2. [ 8305, 7.861; 4.060;
BLIIBHHYTEI 5301; 15232, 5232
10,232; 7232 5335
5232
4 | obwémuas peprakansHan | 138; 139, 140; 141; (000; 7.20; 17.20;
142; 143; 144; 145;(27.12; 2994; 2999;
146; 147; 148; 149;(30,03; 30,07; 30,11;
150; 151; 152 30,14; 30,18, 3022;
30.26; 30,29; 30,33
3. | 00LEMHAR KPYTOBAA cekTopa ¢ Homepams, [ 5471; 16,746; 14.212;
KPETHLIMH 3,[5471; 5566, 5,164;
BhIIBHHYTE 5,232; 5232; 5237
5,235, 5377, 5,337
7.040; 7.397; 4672;
1801;4822: 6,189
6. |mepTHranLHas 123 88; 124; 125; 126; | 37;25; 5; 4 4; 5; 5; 3;
127; 128; 12828;(1;1;1;1; 14; 14
128.4; 129; 130; 130.8;
131; 132; 133
7. | ropHioHTANLHAS 706 8; 706 85; T06,89; | 7914,39; T7922.73;
7069 707 707;| 2147,02; 2143,39;
707,12; 707.2; T08; | 2090,34; 2000,34;
TO8; T08.3; 709; 709; | 2026,69; 351.69;
710; 711; 711 .8 158,24; 158,24; 85,69
71.89; 71.89; 5218

32 46; 16.69




Bap T'Hn aHarpasel lHoamuck IHAYEHMA
8. | kpyrosas CEKTOpa ¢ HOoMmepamu, | 332; B0E; 1295, 332;
KPATHLIMH 4, 25; 94; K1; 2K1; 2k1;
BLIIBHHYTHI 296 I70; 42%; 21T,
243; 620; 2590; 175;
1696,
9. | oOnéMHan pepTHKANEHAR | 3YTI 3973 397307 [ 0011; 0097 021;
397314, 397315, 1 0,254, 10,855, BY1E;
397307 397332 12,761; 13.273;
397334, 3734 14,743; 14,741;
3UTI A4 3974 3974 14779, 14,779,
3975, 3976, 3977 | 14,847, 14.915;
3978, 3979, 14,985; 15,034; 15,125

JlaGopaTopuas padora Ne 10. Pemenne ypaBHenuii cpeacrsamu Matl ab

Lesb padoThI: HAYYUTHCSA HAXOAUTh KOPHHU YPABHEHUS C IIOMOLIBIO CPEJICTB

MatLab.

[Ipu penieHMrM HEIMHEHHOrO YpaBHEHHsSI OHO (opMUpyeTcs U3 (DYHKIMIA
3ananud, Kak f1(x)=0. [Ipu pemenun cucreMsl U3 AByX HEIMHEHHBIX YPABHEHUM U3
bynkuunii 3aganus popmupyercst ypasHenue f3(x) = fl1(x) - 2(x) = 0. @ynkunuu u3
3aJJaHUsl HAJ0 OMNpPENEeINTh, KaK (PYHKIMH TOJb30BaTENs, CO3/1aB JJIi HUX HOBBIC

Kparkas reopust

Mat-pyukiuu. 910 ynpocTuT oOparieHus: K HUM MPU PeIIeHUH YPaBHEHUI.

B xauectBe numen pynkmuii Mo>kHo BeIOpaTh funl, fun2 u fun3. Mat-dyukumu

HAJI0 CO3/1aBaTh B HOBOM OKHE penakTopa. @opmat Mat-pyHkumu:

function [varl var2 ...] = (cnucok mapameTpoB)

varl= <BbIpaxeHHe>
var2=<BbIpa)KECHUE>

function - 3ape3epBHUpOBaHHOE CIIOBO,
[varl var2 ...] - BEKTOp MUMEH BO3BpaIlaeMbIX (PyHKIIMEH 3HAUYCHUH.

B Hamem cinydae BO3MOXKHO Takoe onucanue Mat-pyHKkiuu:

function = fun1(x)
fl=<seIpaxecHne>

Jlokanu3anus KOpHEH. YPaBHEHHE WIM CUCTEMAa YPABHEHUN MOXET UMETh
HECKOJIbKO KOPHEM, KaX bl U3 KOTOPBIX MIIETCS OTAEIBHO. [Ipu 3TOM 11151 KAk 10ro
KOPHS HAJIO 33/1aTh JUAaNa30H apryMeHTa, B KOTOPOM OH HAaXOJUTCS (TOJBKO OAuH!).




OT0 gAenaercd MyTeM JOKalIM3auuu KOpHA. I 3TOro Hajgo MPOCUUTATH
3HaueHus (QYHKLIMHA B 3aJJaHHOM HMHTEpBaJe U MOCTPOUTH WX rpaduku. HauanbHoe
3HAUEHUE JUIsl PEIIEHUs OJHOrO0 YpaBHEHHUs - TOYKa IepeceueHus rpadukoM
byukuun ocu X. I'paduk BBIBOAUTCS MNPOLIETYpPOM, B KOTOPOH apryMeHTHI -
nepemMeHHas X u ananuzupyemas pynkuus. C nomoibto grid on rpaduk gemnaercs ¢
KOOPAMHATHOM CETKOM:

plot(x,funl1(x));grid on;

HavanbHoe 3HaueHue AJis pelleHrs CUCTEMBbI U3 JBYX YpaBHEHHI - TOuKa
B3aMMHOT0 TiepeceueHus rpagukoB Gyukuuii. ' paguku BHIBOASTCS MpoLETypoH, B
KOTOPOM ISl K&K0TO rpaduKa clieyeT TpyIa napaMeTpoB:

plot(x,funl1(x),x,fun2(x));grid on;

Oyukuus fzero. Mcnonb3yercs 1uist HAXOXKASHHSI KOPHS HETMHEHHOTO
ypaBHeHus1. @opMart 3Tor PyHKIUU:

<ums pesyibrata>=fzero('umMs GyHKIUH',[JIEBBIN TpeIes: MpaBblii Ipeaen|)
[Iprmep ncnonp30BaHus:

% Bekrtop aprymenTa
x=[a:h:b];

% I'paduk nokanuzanuu KOpHeu
plot(x,funl(x));grid on;

% HaliTu nepBbIil KOPEHb
x1=fzero(‘funl(x)',[-4 -3]);

IIpuMep BbINOJTHEHHUS

3agaua 1. TpeOyercsi: pelinTh HEJTMHEWHBIE YPABHEHUSA

Anroputm:

=

Coznate Mat-dpyukuuro ais gyukimu f1(x).

2. Co3pgathb (aiin nporpaMMbl. BBecTu TeKCT 3ariaBusi 3a7a4u, KaK
KOMMEHTapHUU.

3. BriBectn y(x)=f1(x) B Buzae XY rpaduka. [Io Hemy ornpeaenutsb

npuOIMKEHHO KOpHU ypaBHeHUs y(x)=0. Ecnu xopHu Ha rpaduke He

IPOCMATPUBAIOTCS, TO U3MEHUTH MPEJIEIbl U3MEHEHUSI apryMEHTa U

MOBTOPUTDH ONEPaIUH.

JI1st KaXa0ro KOpHs HaWTH TOYHOE 3HaYeHUe, UCOoJb3ys (PpyHKIuIO fzero.

5. CdhopmupoBaTh CTPOKY € PE3yJIbTaTAMH U BBIBECTH €€ B 3aI0JIOBOK OKHA

rpaduxa.

B

@Oyukius 1-f1(X) = -0.85*Xx3-2x2+7x+2
®Oynkius 2-f2(X) = 6¢os(x) - 5



Jlis HaxOoXXACHWs] KOpHEH BbIpaXeHHH OyaeM HCIONIb30BaTh MPOIETYPHI
MATLAB, nis KOTOpBIX HYXXKHO BbIpakeHHs o(opMmuTh, Kak Mat-QpyHKInH.
Coznagum B penaktope MATLAB HOBble BcTpoeHHbIe Mat-QpyHKIIMU C ©UMEHAMU
funl, fun2 u fun3, TeKkcTH KOTOPHIX coOXpaHuM B ¢ainax: funl.m, fun2.m u fun3.m.
Tpetbst GyHKIMSA HYXKHA JIJISl PEIICHUS CUCTEMbI U3 JIBYX YPABHEHHH 1O TOMY e
QITOPUTMY, UTO JIJISl OJTHOTO YPABHEHHUSI, HO C TpeoOpa3oBaHuEM JABYX YpPaBHEHUI B
OJIHO Pa3HOCTHOE.

@aiin funl.m

function f1=fun1(x)

f1=-0.85*X."3-2*X. "2+ 7*X+2

@aiin fun2.m

function f2=fun2(x)

f2=6*Ccos(x)-5

®aiin fun3.m

function f3=fun3(x)

£3=-0.85*X."3-2*X."2+7*x+2-6*C0s(X)+5

3anaua 1

% HaxoxneHne KOpHE BbIpaXKEHUS

% Ilpenensl u mar aprymeHTa

a=-4,

b=4;

h=0.5;

% BexTop aprymeHnTa

x=[a:h:b];

% I'paduk nokanu3anuu KopHen

plot(x,funl(x));grid on;

% HaiiTu nepBblii KOPEHb

x1=fzero(‘funl(x)',[-4 -3]);

% HaiiTu BTOpOI1 KOPEHB

x2=fzero(‘funl(x)',[-1 0]);

% HaiiTu TpeTuii KOpeHb

x3=fzero(‘funl(x)',[1 3]);

% Ilomy4nTh CTPOKY pE3yJIbTATOB

Result=strcat('x1=",num2str(x1)," x2=",num2str(x2),' x3=",num2str(x3));

% BxitounTs ero B rpaduk B (popme 3arosioBka

title(Result)



J Figure No. 1 =] |
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Puc 1. I'paduk dpynkmun

3anaua 2. Tpe0dyercsi: pemuTh CUCTEMY U3 ABYX HEJIIMHEHHBIX YPAaBHEHUM.
Anroputm:

1. Coznate Mat-pyukiuu s pyakuuid 2(x) u 3(x) = fl(x) -
f2(x).

2.  Coznate (aitn mporpammel. BBecTr TEKCT 3ariaBus 3aja4u, Kak
KOMMEHTapHUH.

3. BeiBectn fl(x) u f2(x) B Bume XY rpadukoB. [lo Hemy
OTNPEAETUTh MPUOTIKEHHO KOPHU CHUCTEMBbl ypaBHEHUH, KaK KOOPIWHATHI
Touek mnepecedeHus: rpapukoB fl(x) m f2(x).Eciu xopHu Ha rpaduke He
IPOCMATPUBAIOTCS, TO W3MEHUTh TMpeAeNbl HW3MEHEHHs apryMeHTa W
MOBTOPHUTH ONEPALINH.

4, JIns Kaxaoro KOpHS HAWTH TOYHOE 3HAYEHHE, MCIONb3YS
¢bynkuuio fzero k nepemenHoi f3(x).
S. CdopmupoBaTh CTPOKYy C pe3yJbTaTaMH U BBIBECTH €€ B

3aroJIoBOK OKHa rpaduka.

% Pemenue cucremMbl HEIMHENHBIX YPaBHEHUIN
% Ilpenens! u mar aprymeHTa
a=-4,

b=4;

h=0.5;

% BekTop aprymenTa

x=[a:h:b];

% I'paduk nokaau3amuu KopHeh
plot(x,funl(x),x,fun2(x));grid on;
% HaliTu nepBbIil KOPEHb
x1=fzero(‘fun3(x)',[-4 -3])

% HaliiTu BTOpOii KOpEeHb
x2=fzero(‘fun3(x)',[-1 0]);

% Haiitu TpeTuii KOpeHb



x3=fzero(‘fun3(x)',[2 3]);

% Ilony4uTh CTPOKY PE3yJIbTATOB

Result=strcat('x1=",num2str(x1)," x2=",num2str(x2),' x3=",num2str(x3));
% BxitouuTs ero B rpaduk B (popme 3arosoBka

title(Result)
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Puc 2. I'padpuk pynkmmu

Tpedyercsi: pelInTh HEIMHEITHOE YPABHEHUE BUIA a3x3 + a2x2 +a;x +

ao = f,(x) Bcpene MatLab.

3aganue

Tabnuua 1: BapuaHThl HETUHEHHBIX YpaBHEHUI

fi(x)- nonuHom 3-8 cTENEHM © KoaddhuLM-
Me | enTamMa f2(x)

a3l ad al al
1 0 -1 4 -1 (0.2exp(x)-20
2 0 2 -2 -15 40|cos(x)
3 0 1 4 -1 10In{x+5.5)
4 0 g -8 -70 100]sin(x)|
& ] -4 4 50 T0cos(x)
i A -5 4 40 Blexp(|0.1"x[)-100
7 2 -3 2 30 20sin{2x)
8 3 ] 1 50 explx|)sin2x)
g 4 -4 1 70 exp(|x|joos(3x)
10 [ 5 i 5 6l B0jcos(x)|
11 -1 -4 9 60 15log(x+5.1)
12 | -2 -6 -7 55 Slin{x+5.1)
13 | -3 -4 -8 75 -100|cos(x)
14 | -4 7 & -15 100zin{x2)
15 | -5 1 4 -1 d0cos(x?)

JlaGopaTopHnasi padora Nell. Unrepdeiic makera Mathcad. IlocTpoenne

rpaguKkoB B 1€KAPTOBOH U MOJSIPHOM CHCTEMaX KOOPAMHAT




Ieap paboThl: O03HAKOMUTBCS C wHHTepdeiicom makera Mathcad,
MaremMaTH4ecKOi MNAJUTPOl W BO3MOXHOCTSIMH TIOCTPOCHHS TpaduKoB B
JICKapTOBOH M MOJIAPHON CUCTEMaX KOOPAMHAT.

IMosicHenus Kk padore
ITaker Mathcad wumeer cranmaptaeiii  Windows-unrepdeiic, omaHaKo
MaTeMaTHUecKas creru@uKa Mmakera oTpa)xkaeTcss B Hamuunu MaTeMaTH4YecKO
najauTpbl. OHA COCTOUT M3 9 KHOIOK C MUKTOIPaMMaMH M MOXKET PacIoJiaraTbCst

1100 B II000M MecTe dKpaHa, JTM00 BCTpauBaeTCs B 3arojIOBOK okHa (puc. 1).

Calculator

sin cos tan
=]
()

i
1
X
m 7 8
4 5
1 2
0

Puc. 1. MaremaTnueckas naaurpa

[Taker Mathcad ¢ momomipto kimaBuatypsl 1 MaTeMaTH4ecKOl MAJIUTPHI

IMMO3BOJIICT CO3AaBaTb NOKYMCHTBI, COACPIKAIINUEC TPpHU 00J1acTH:

o TEKCTOBYIO;
o rpaduuecKyo;
o MaTEeMaTHYECKYIO.

JIst OTKPBITUST TEKCTOBOH 00J1aCTHM HEOOXOJUMO IIETKHYTh MBIIIKON B
J1000M CBOOOHOM MeECTe, KyJa IMepeMeniaeTcsi Kypcop — KpacHbIA KPECTHUK, ITO

OyJeT JIeBbIM BEPXHUW YroJl MPSIMOYToJIbHOM TekcToBoM obsactu. Ilocie 3toro

MO>KHO IIPY aHIVIMMCKOM PacKIJIaJIKe KJIABUATYpbl HAXKATh | » )BHIILY W

HaOpaTh KOMaHay riaaBHoro MeHio BeraBka — TexkcroBblil Pernon.
B 060ux ciayyasix HOSBUTCS YEPHBIN NPSIMOYTOJIBHUK C TPEMS MOJISIMU BBOAA

U C BEPTHKAJIHLHBIM KypCOPOM BBOJIa TEKCTOBOM MH(MOpMaIuu (puc. 2).



| i 2

Puc. 2. T1one BBoAa TEKCTOBOM 00acTH

Jliis Habopa TEeKCTa Ha PyCCKOM SI3bIKE HEOOXOIMMO MOMEHSTh PaCKIaAKy U
B IaHesn (hopMaTHpOBaHUS BRIOPATH MIPUPT, oaaepxkuBaromuii kupmwumity (Cyr).

Jna co3pmanuss rpaguyeckoi 00J1acTH, Hampumep, IsI MOCTPOECHUS
rpaguka, HEOOXOOUMO WICIYKOM MBIIIM yKa3aTb MECTO €€ Oyaylero
pacIojoKeHUs U HaOpaTh KOMaHAy riaBHOro mMeHio BeraBka — I'paduk wim
UCIOJIb30BaTh COOTBETCTBYIOIINE KHONKM MaTeMaTnyecko naaurpsl. B o0oux
ClIydasix MOSBUTCS MPSMOYTOJIbHUK, OTPaHUYUBAIOLINI rpaduueckyro 00IacTb.

Bes ocranbHas cBoOoanas oOnacte Mathcad-nokymMeHTa, mo yMoiI4aHHIo,
SBJIIETCSI MATEMATHYECKOM.

Onpeoenenue nepemennoil, mampuybl, OUCKPEMHO20 ap2yMeHma u
dynkyuu nonvzoeamens
Omnpenesienue nepeMeHHoii. /{11 3Toro He0OX0UMO:
1. HabGpatp ums (MaeHTu@UKaTop) NepeMeHHOM, HarpuMmep, all.

2. HaGparp 3HaK mpucBamBaHus (TMOJOXKUTH PaBHBIM) « : = » . Jlms atoro

MOXHO HCIIOJIb30BAaTh KJIaABHITY |:| ) 00 KHOIIKY | = B MaTemaTHyecKoOM

nasutpbl. B Mathcad-nokymenTe mosiBuTCs 3amuch ol =

3. B mpaBoii yacTu HaOpaTh KOHCTAHTY, MO0 BhIpAKEHUE JIJIST ONIPEIeTICHUS
nepeMeHHoM, Harpumep, ol : = 3.327

Omnpenesienue MmaTpuubl. J1Jis 5T0r0 HEOOXOAUMO:

1. HabpaTh MMst MATPHIIBI H OLIEPATOp TIPHCBAMBAHUS, HampumMep A : =",

2. Be3Barh guanorosoe okHo Insert Matrix (BeraButh MaTpuny), rie B
JBYX TIOJISIX 3a7aTh KOJWYECTBO CTPOK M CTOJIOIOB CO3/1aBa€MOM MAaTPHIIHL.
JInamoroBoe OKHO BBI3LIBAETCS KOMaH10# rimaBHoro Mexro Insert — Matrix, mu6o

OICJITYKOM I10 KHOIIKE



COOTBETCTBYMOLIEH KHOnke MaremaTHyecko maauTpbl. B o0oux ciyyasx

MTOSIBUTCS IIA0JIOH MaTpHulibl C IIYCTBIMH IIOJISIMH BBOJIA: A

3. 3aHecTH B ITyCTBIC I10JI1 BBOAA HYKHBIC 3HAUCHMA.

Omnpenesienne IUCKPETHOro aprymenrta. Jlns pemeHus psga 3anad
HE00X0AMMO, 4TOOBl HEKOTOpas NepeMeHHas MpUHUMAJNla 3HAYCHUS, HauWHasg C
HEKOTOPOTO HAYATBHOTO Xjjay 10 HEKOTOPOTO KOHEUHOTO Xy C TOCTOSTHHBIM IIAarOM

h, TaKasad IMCPCMCHHAsA HA3bIBACTCSA AUCKPCTHBIM ApPrymMmCcHTOM H IJIA €TI0 3adaHUA

HE0O0XO0IUMO:

1. 3anmncare UM NEPEMEHHOW, HAIlPUMEP X, CO 3HAKOM IIpUCBavBaHus. B

Mathcad-gokyMenTe nosBUTCS 3amuch X : = _"|

2. 3anucarh HaYaJIbHOE 3HAYEHHE JUCKPETHOTO apTyMEHTa U, Yepe3 3arsTylo,

Ha4YaJIbHOE 3HAYCHUE TUTIOC MIar, T.€. X | = Xuay » Xpay T h . —|

3. ‘-Iepe3 CHMBOJI « .. » 3allMCaTb KOHCYHOC 3HAUCHHC ITHCKPCTHOI'O

ApryMmMcHra. HpI/I 3TOM HCO6XOI[I/IMO IIOMHUTB, 4YTO 3HAK AHAIIa30HA « .. » HCIbB34

HaOUpaTh JABYKpaTHbIM HaOOpoM TOukH. J[BoeTourme Habupaercs IIETYKOo] M-
KHOTIKE D
MareMaTH4ecKO NAJTUTPbI WIK HAXKATUEM KIJIABUILN . Takum o6pazom

ONPEAETIECHUE TUCKPETHOTO APTYMEHTA UMEET BU:
X := Xpau » Xpaut N .. Xgon,
Omnpenesienue GpyHKUMHU MOJIb30BaTe . [[7151 5TOr0 HEOOXOAUMO:

1. HaGpatb ums 3toit GyHKIMH, Harpumep, f1.

2. 3amnucath B KpyIJIbIX CKOOKaxX apryMeHT Wi, Yepes3 3alsiTyIo0, apryMEeHThI,

€CJIN 3TO (1)YHKI_[I/I$I MHOI'MX IICPCMCHHBIX.

3. Habparts 3HaK : =, Hanpumep, F1(X) : ==].

4. B mpaBoil CTOpOHE pPaBEHCTBA 3allUCATh BBIPAKECHHE, OMPEACIISIONIEE

dbyHK1IMI0, HapuMep: f1(x) = e** -cos(7 - X)
TIlocmpoenue epaghuroe 6 dekapmosoii cucmeme KOOPOUHaAm
Jlst moctpoenust rpadiKOB HEOOXOUMO:

1. Onpenenuth QyHKIUHU, TpadUKH KOTOPBIX HAZO0 MTOCTPOUTS.

n




2. Onpenenutb TUCKPETHBIN apryMEHT, Yalle BCEro X, KOTOPhIM yKa3bIBaeT
UHTEPBaJ OCTpOeHUs rpaduka.

3. Bei3Bath mabsioH AByMepHOTo rpadrka ¢ MOMOIIbIO KOMaHbl TJIaBHOTO
meHto Insert—Graph—X-Y Plot wim cumBon <@>, WiId ¢ IIOMOINBIO KHOIIOK
MartemaTn4ecKou majauTpbl. Bo Bcex Tpex cilydasix MOSBISIETCS HE3ANOJIHCHHBIN
1a0JIOH, MPEICTABISAIONIUN COO0N MPSIMOYTOJIBHUK C TSATHIO MOJISIMU BBOJIA B BHJIC

YEepHBIX KBAIPaToB (puc. 3).

f1(x) n \//\ <

X —1—>n $ \

Puc. 3. l1a60H 1y1st MTOCTPOCHUS ABYMEPHBIX rpaMKOB B IEKAPTOBOU CHCTEME

KOOpauHaT

4. B nosne BBO/A 10 OCH aOCIMCC BIEYATaTh apryMEHT X WIH Yepe3 3aIsATyI0
apryMEHTBI, €CJIM UX HECKOJIbKO. B mosje BBOJa MO OCHM OpAMHAT BIEYATHIBACTCS
uMs QyHKIUM ¢ aprymeHToM, Hanpumep, f1(X) nim ee sBHOE 3amanue e*-C0S(3-X).
Ecin ¢yHKIMIl HECKONbKO, TO OHM BIIEYATHIBAIOTCA 4Yepe3 3alATylo, MpUYEM
3armsTas He 0TOOpa)KaeTcsl, a OCYILIECTBIISIETCS IEPEXO/1 Ha CIAEAYIOIIYIO CTPOUKY.

5. YtoObl MpOM30ILIO0 MOCTPOCHHE Tpaduka B aBTOMATHUYECKOM PEXKUME
BBIYHCIICHU, JOCTaTOYHO BBIBECTH KypcOp 3a mpenensl rpaduueckoii odmactu. B

«PYIHOM» PCIKHUMC BBIYMCJICHU I AJIS1 OTOTO HY’KHO HaXXaThb KJIAaBUIITY F9.

100 100 T

=10, -1 Jo|




Pucynok 4. PexxuM peaktupoBaHusi 00J1aCTH IOCTPOSHUS rpaduka

IIpumeyanue: korga rpaduk HAXOIUTCSA B paMKe, HA HEM B XapaKTEPHBIX YEPHBIX
yTOJIKax MOSBJSIOTCS YKCiia, yKa3blBatomye Macmrad rpaduka no ocu Y U 10 OCH
X. Tlo ymomganwio mo ocu X rpaduk CTPOSIT HA OTPE3KE U3MEHEHUS apTryMeHTa X
or — 10 mo +10. Macmrad mo ocu Y B makere Mathcad ycranaBnuBaercs
aBTOMAaTHYeCKU. V3MEHWB 3THM Yucia, MOKHO 3aJaTh CBOM MacmTad Tpadmuka
(puc.4).

dopMaTUpoBaHUE MOCTPOEHHBIX TpadUKOB OCYIIECTBISIOT C TMOMOIIBIO
nuanoroBoro okHa "®dopmatupoBaHue Tekyiero X-Y rpaduka’, HMEIOIIEro
YeThIpe 3aKJIaKU (CTPaHUIIBI), pUC. 5!

Crp. 1 «DopmatupoBanue oceit — X-Y AXesy.

Crp. 2 «DopMaTupoBaHUE OTIEIBHBIX KPUBBIX — Tpacesy.

Ctp. 3 «3aroynoBku rpauKoB».

Crp. 4 «YcTaHOBKa 3HaYECHHUN IO YMOTYAHUION.

Formatting Currently Selected X-Y Plot [E4

H A ITracesI Labelsl Defaultsl

iz i

™ LogScale ™ LogScale

™ Grid Lines ™ Grid Lines

¥ Numbered ¥ Numbered
¥V Autoscale V Autoscale

™ Show Markers I~ Show Markers
¥ futo Grid IV Auto Giid
Mumber of Grids: Mumber of Grids:
r r

Axes Shle

™ Egual Scales

Qk, I OrreHa | ErEHTE: Cnpaeka

Pucynok 5. JlnanoroBoe okHo (hopmMaTupoBanus rpaduka B IeKapTOBOM cHUCTEME

KOOpJAWHAT

IlocTpoenue rpapukoB B NOJSAPHOM CUCTEME KOOPAMHAT



B monsipHoil cucteMe KOOpAMHAT KaXkaas TOYKa rpaduka Ompeaensercs
YIJIOM ® U MOAYJeM paauyc-BekTopa p(®). ['paduk ¢pyHKIIMU OOBIYHO CTPOUTCS B
BUJIC JIMHUU, KOTOPYIO OMUCHIBAET KOHEIl paInyC-BEKTOpA MPU U3MEHEHUH YTJIa
B OTIpeZIeNICHHBIX Mpeenax, yaiie Bcero ot 0 1o 2z .

JJist mocTpoeHust MOJSPHBIX TPa(UKOB HEOOXOIUMO:

1. Onpeaenutb QyHKINN p(®), Tpa@UKN KOTOPHIX HAJO MOCTPOUTD.

2. Onpenenutb TUCKPETHBIA apryMEHT, Yallle BCEro (¥, KOTOPBIN yKa3bIBaeT
JMana3oH U3MEHEHUS TOJIIPHOTO yIiia.

3. BbI3BaTh MIA0JOH MOJSIPHOTO rpauka ¢ MOMOUIBI0 KOMaH[bl TJIABHOTO
menio Insert—Graph— Polar Plot (Ctrl+7) (Ilonsipublii rpaduk) wim ¢
IIOMOIIBIO COOTBETCTBYIOLIMX KHOIMOK MaremMaTH4yeckoH maauTpbl. Bo Bcex
Clly4astX TOSIBJISIETCS HE3alOJHEHHBbIM IIa0JOH, MPEACTaBISAOMUNA  CcOOOM
IOPSIMOYTOJIBHUK C OKPY>KHOCTBIO BHYTPHU U TpPEMsl MOJSIMU BBOJIAa B BHUJIE YEPHBIX
KBaJIpaToB.

4. ITocne BbI30Ba m1abJIOHA CIIEyEeT BIEYaTaTh IEPEMEHHYIO (O B IIOJI€ BBOJIA
mrabaoHa cHU3y U QyHKIUIO p(®) B MoJie BBOJA ciieBa. BO3MOXKHO MOCTpOEHHUE B
OJIHOM IIa0JIOHE JBYX (MJIM HECKOJbKHX) rpaduKoB, sl 3TOro (QyHKIUH P(m)
3aMMCBIBAKOTCS Yepe3 3amAThIC.

5. lllemyox MbImb0 BHE Tpaduueckor 00JAaCTH MPHUBOAUT K MOCTPOCHUIO

MOJISIPHOTO Tpaduka.

Formatting Currently Selected Polar ... E

Falar Axes | Traces | Labels | Defaults |

Fiadial: Angular:

r
(] ™ Grid Lines
¥ Mumbered ¥ Mumbered
[~ Show Markers

¥ &uta Grid ¥ Auta Grid
Mumber of Grids: Mumber of Grids:
- =

ez Style
% Perimeter
" Croszed
 Mone

ok I OTreHa | I'IpwmeHMTbl Cnpaeka |

Pucynok 6. /luanoroBoe okHO opMaTupoBaHus rpaduka B MOJSIPHON cucTEME KOOPIUHAT



[TepedpopmaTrpoBaTh MONSAPHBINA rpadUK MOKHO C IIOMOIIBIO JHATIOTOBOTO OKHA
"®opmarupoBanue Tekymiero Polap Plot rpaduka", umeromero takxke 4eTbipe
3aKJIaJKu (CTpaHHUIIbI), puc. O.

IIpumep BbINOJTHEHUs JIaDOPATOPHOH padoThI
Tpebyercs mocTtpouTh rpaguku ciaeayomux (QyHKIUHA B JEKapTOBOM
CUCTEME KOOpJAUHAT:

x? x3

f (x) = Sin(x®); f(x):m; f(x):m.

[Toctpouts rpaduku o¢yHkuui  p(w)=Sin(3-w), p(w)=12-Sin(5-w) u
OKPYXHOCTH B MOJISIPHON CHUCTEME KOOPIHUHAT.

Jlis peieHus 3aa4nu HE0OXOAUMO:

o MneHtuduuupoBath CBOIO Ja0OpaTOpHYIO paboTy, HaOpaB ee Ha3BaHME,
L€JIb BBIMOJHEHUS, KTO BBIIOJIHUI U MPOBEPUIL

e OmnpeaenuTs (yHKUUHU, TpaUKU KOTOPHIX HEOOXOAHMMO MOCTPOUTH, U
COOTBETCTBYIOIINUNA TUCKPETHBII apryMeEHT.

e BpI3BaTh COOTBETCTBYIOIIMI MIA0JIOH U 3aIIOJIHUTH €TO0.

e [loctpouTts rpaduku GyHKIUN U OTPOPMATUPOBATH HX.

e (CnenaTh BHIBOJIBI TIO BBITIOJIHEHHOM pab0Te M COXPAHUTH €€ B CBOEH IarKe.

3ananue
Tpebyercss mocTpouTh TpapuKH CICAyIOMUX (YHKIUH, CaMOCTOSITEIHHO

BbIOpaB MaciTad u nepeopMaTUPOBAB X M0 YKA3aHHUIO MpenoaaBaTess (tadi.l).

Tabnuma 1 BapuanTsl 3aganuit

[ocTpoenne rpadukoB B MOJSPHON cUCTEME

No v
MocTpoeHue rpaduKoB B AEKAPTOBOM koopuHar @ = 0,0.001..2

cYCTEME KoopanHaT
1 2 3
1 pl(w)=2-sin(4® )
f1(x)=2-sin(x)?, f2(x)=x?/200

p2(w)=1,5-cos(3- »)

2 pl(w)=4-sin(5-)
f1(x)=4-In(x)%, f2(X)=x3+ x2-2
p2(®)=2,5-cos(1,5" ®)




fL(x)=e*, f2(x)=cos(3-x)-cos(2-X)

pl(w)=1,3-sin(5-®)
p2(w)=5-cos(1,5:®)

f1(x)=2-cos(x), f2(x)=5-x>

pl(w)=1,4sin(7-®)
p2(w)=5tg(1,5®)

f1(x)=3%**, f2(x)=tg(x)*

pl(w )=8sin(5-)
p2(w)=5-ctg(1,3-®)




[Iponomkenne Tadauisr 1

1 2 3
6 pl(®)=6,5-sin(3-®)
f1(x)=5-sin(x)?, f2(X)=x°+ x*- x?+x-3

p2(w)=2-ctg(1,2'm)

7 F109=1,5'sin(x)*+ cos(x), f20)=x*¢ PL(®@)=235in(3,50)
=10 "+ COS(X), X)=Xx?
(X) 5 SlIl(X) p2(®):2‘tg(1,4'ﬂ))

° f1(x)=2-tg(x)?, f2(x)= In(x?+2) pl(w)=0,01-sin(3,5-w)
o ] p2(m)=0,1t-g(0,3-®)

’ f1(x)=3-¢*, f2(x)= 3% p1(®)=0,02-sin(0,5-®)
p2(®)=0,11-tg(0,03-w)

v f1(x)= e*1, f2(x)= 8** p1(®)=0,01-sin(3,5-w)
p2()=0,22-tg(0,33-®)

" p1(w)=0,011-sin(3,15-0)

f1(x)=1,2- 7, f2(x)=In(x?-x+2
1(x)=1,2-ctg(x)’, f2(x)=In(x*-x+2) p2(®)=0,22-ctg(0,33-)

12 p1l(®)=0,101-cos(3,005-®)
f1(x)=4-ctg(x)?, f2(X)=x?-5
p2(®)=0,332-ctg(0,43-»)

13 pl(®)=0,02-sin(0,5-®)
f1(x)=e*, f2(x)=x8/50
p2()=0,11t-g(0,03- ®)
14 pl(w)=sin(3-»)

£ _n. 3 P(x)=5%3
1(x)=2-cos(x)?, f2(x)=5x p2(w)=2tg(0,33-®)

15 pl(w)=11-sin(0,15-®)
p2(w)=3-ctg(4-®)

f1(x)=3-tg(x)* f2(x)=cos(3-x)-cos(2x)

JlaGopaTopHas padora Ne 12. UucsieHHoe penieHue HeJIMHEHHBIX

YPaBHEHHMH U CUCTEM

I.Ie.m; paﬁoTbl: OBJIAJICTh HABBIKAMH YHUCJICHHOI'O PCHICHUA HEJIMHEUHBIX
ypaBHEHUH U CHUCTEM ypaBHEHUH U HEPABEHCTB, UCIIOJIb3YsI BCTPOCHHBIC (DYHKIIUN
naketa Mathcad root, polyroots, Given - Find.

IlosicHeHus k padoTte

[Ipu penieHue MHOTMX NPAKTUYECKUX 3a/7ad BO3HUKAET HEOOXOAMMOCTH
pemenust ypaBHenuii Buga f(x)=0 (1). /JlamHoe ypaBHEHHE MOXHO 3alucaTh B
JIPYyroM Buje, paBHOCHWIBHOM HcxogHomy (1): @(x)=g(x) (2). MHoxecTtBO X, Ha
KOTOPOM OIPE/ENIEHHbI paccMaTpuBaeMble (GYHKIHUH, HA3bIBAIOTCS UX O0JIACTHIO
nonyctuMbix 3HadueHui (OJ[3). CoBOKYNMHOCTh 3HAYEHUW TMEPEMEHHOM X, TpH
KOTOpbIX ypaBHeHUs (1) m (2) oOpaiaroTcsi B BEpHbIE TOXKIECTBA, HA3bIBACTCS
pemieHueM ypaBHeHUW. Kaxknoe 3HaueHue M3 3TOM COBOKYIHOCTH HA3bIBACTCA



KOpHEM ypaBHeHMs. Haia 3agada — peinTh ypaBHEHUE, T.€. HAWTU BCE €r0 KOPHHU.
OTO MOXHO CAENATh ABYMs CIOCOOaMMU:

o AHAJIMTUYECKUM (CUMBOJIBHO);
o YUCJICHHBIM, C HEKOTOPOH Hamepe]1 3aIaHHON TOYHOCTBIO € .

Hac 6ynyT uHTepecoBaTh YnMCICHHBIE METO b PEIICHUS, KOTOPBIE 00JIa1al0T
OombIIe OOLUIHOCTBIO, T.€. TPUMEHUMBI JJI PEUICHUS YPABHEHUN Pa3HbIX THUIIOB
(anrebpanyeckux, TPUTOHOMETPUUYECKHX, U T.J.). UNCICHHOE pEelIcHNe YPaBHCHHM
OCYILIECTBIISIETCA B 2 3Tara.

1 sran. OTaeneHue KOpHEu.

HpI/I 9TOM HAXOIATCA MHTCPBAJIbI U30JISIITUH KOpHefI, T.C. TaAKHC NHTCPBAJIbI,
Ha KOTOPBIX PacCIIOJOKCH OAMH H TOJBKO OIWH KOPCHb HAHHOI'O YpPaBHCHMA.
OTI[GJ'IGHI/IC KOpHeﬁ MOJXHO OCYHICCTBUTD 2 crocobamu:

Ilepesviii cnoco6. I'paduyeckoe OTAeICHUE KOPHEH.
[Tpu sToM ctpoutcs rpaduk Gyrkum Y=Ff(X) 1 BU3yaabHO ONpenesroTcs

TOYKH €ro nepecedeHus ¢ ocbio Ox (puc. 1).

y=f(x)
/&1 £ 8

Puc. 1. I'padux dpynkun y=Ff(x)

Ecnu noctpoenue rpadurika ynkmun Y= f(X) 3aTpyAHUTEIBHO, TO IEPEXOAIT
K PaBHOCUJILHOMY YpPaBHEHHUIO (2) U B OJTHOM CUCTEME KOOPJIUHAT CTPOSIT Trpaduxu
nByx GyHKnui: y=¢(x) u y=g(x). Torma aOGcrucchl TOYEK TEPECEUCHUs] ITHX

rpaduKoB U AalyT UICKOMbIE 3HAUECHUS KﬂpHeﬁ & u &, (puc. 2.).

y=d(x)

| N\ veel)
|
|




Puc. 2. I'paduxu Gpynximii y=¢(x) 1 y=g(x)

Bmopoti cnoco6. Ananutnyeckoe oTaeeHne KOPHEH.

AHanuTHyecKu KOpHHU ypaBHEHUS (1) MOKHO OTIENNUTH, UCIIOJIB3YS ammnapar
nuddepeHIMaTbHOTO UCYUCIICHUsT (YHKIIMU OJHOW MEPEeMEHHON Kypca BbICIIEH
matemMaTukd. OJHAKO TPH 3TOM TPUXOJIUTCS OMPEACNATh KPUTHUYECKHE TOUYKHU
nepsoro nopsaka pyukuuu f(x), pemas ypasuenue f/(x)=0, koTopoe MOMKeET OBITH
cioxkHee ucxoaHoro (1).

2 3Tan. YTOYHEHUE 10 3aJaHHOW TOYHOCTH €, OTACJIEHHBIX HA IEPBOM 3TaIle
KOpPHEH, TEM WJIM UHBIM YHCICHHBIM METOJIOM.

CymiecTByeT MHOECTBO METOJOB YTOUYHEHUS H30JIMPOBAHHOTO KOPHS:
METO/1 MOJIOBUHHOTO JiefieHus (Oucekimii), MeTo1 KacaTelabHbIX (MeTol HproToHA),
KOMOMHUPOBAHHBIN METOJ XOPJ U KacaTeJbHbIX, METO/ UTEPALIUH U T.J.

Wnes MeTo1a UTEpaIiK 3aKIF04YaeTCs B TOM, YTO HcxoaHoe ypaBHenue f(X)=0
npejcTaBisieTcs B Buiae paBHocmiIbHOTO X=\y(X) (3). Torma B3sB B KauecTBe

HaYaJIbHOTO NpHOImKeHUsT Xg € [a,b], rae [a;b] — mHTEpBaN M30IAIMN KOPHS,
U TOJICTaBUB Xo B MPaBYK YacTh ypaBHEHHs (3), MOJy4UM CJIEBa HEKOTOPOE
3Ha4YeHHE X1=(Xo). 3aTeM B MpaByto 4acTh (3) MOACTABISIEM X1, MOJTydas X;=(X1)
u T.1. O6mias gopmyina 1j1s IpOBEICHUS UTEpAIUil UMEET BU/I:

Xqe1 =W (X,),Nn=0,1,2,...,n.

[lpy HEKOTOpPHIX OrpaHUYCHUSX, HalaraeMeix Ha QyHKIUIO  Y(X)
NOCIIEA0BATEIBHOCTD X ,X1 ,X2 5 ... , X n CXOJIUTCS K HICKOMOMY KOpHIO . MeTtogom
UTEpali MOXHO pemaTh KaK OJHO YPaBHEHUE C OJHUM HEU3BECTHBIM, TaK WU
CUCTEMBI YPABHEHHI C HECKOJIbKUMU HEU3BECTHBIMH.

Pemenue oqHoro YPaBHECHHUSA C OJHUM HECHU3BECCTHBIM

Jlns yTouHeHHs OTACNeHHBIX KopHeil ypaBHenus f(x)=0 B cpeme mnakera
Mathcad cymectByer BcTpoeHHas GyHKIus 2 apryMeHTOB roOt(m,m). B xauectBe
HIepBOro aprymeHTa Beictynaet GyHkiwms f(X), st KOTOpo# peraeTcsi ypaBHEHHE.
[TprueM B KpyTibIX CKOOKax B KayecTBE apryMEHTa MOKHO 3alMcaTh WIA Camy
(GyHKIUIO B SIBHOM BHJIE, WK €€ MIACHTU(PUKATOP C apryMEHTOM, €CIU (DYHKIIHS
orpeneneHa Bhlle. B kadecTBe BTOpPOro apryMeHTa BBICTYNAeT MEpEeMEHHas,
OTHOCHUTENIFHO KOTOPOW peliaeTcss ypaBHEHME, B HamleMm ciydae — X. Wmercs
3HAYECHHE TEePEeMEHHON X, mpu KotopoMm ¢yukuus f(X) oOparmaercss B HOJb.
ToYHOCTH BBIUMCIICHUS KOPHS PETYIUPYETCS C TOMOIIIBIO BCTPOCHHOM MepeMEHHON
nakera TOL, koropas mo ymomuyanuto umeer 3HadeHue 0.001. dyukmus root



peann3yeT BBIUMCICHUS UTEPALIMOHHBIM METOAO0M, IMPUYEM Tepe]] OOpaleHueM K
Hell HeoO0X0oAMMO 3aJaTh HayajbHOE 3HAYeHHE NepeMEeHOH. DT HayalbHbIE
NpUOJIMKEHUS MOKHO ONPEENUTh, UCIIONB3Ysl CIOCO0 TpaduuecKoro OTACICHHS
KOpHEH, 1 00BIYHO 3TO cepeuHa WHTEepBaIa U30JIALUH.

Taxum 06pa3zom, 4TOOBI YHCIEHHO PEHINTh YpaBHEHHE HEOOXOIUMO:

e TpaUUECKU OTACTUTH KOPEHb;

® 3a7aTh MEPEMEHHOW X HayalbHOE 3HAYCHHE KOPHS, OMPENENss €ro U3
rpaduka;

e oOpatutbes K QpyHkuuu root.

IIpumep BbINOJIHEHUS JJA00PATOPHOM PadOTHI
TpeOyeTcs: YnCIEHHO pelnTh ypaBHeHue eX — X3+ 1 = 0.

Jiist periieHust 3a1a4M HEOOXOIUMO:

1. UnentuduiupoBarsh CBOIO JIabopaTopHyto paboTy, HaOpaB ee Ha3BaHHUE,
1[€J1b BBITIOJTHEHUS, KTO BBITIOIHUI U POBEPHIL.

2. Onpepenuts Gpynkumio f(x)= X — X3 + | ¥ IUCKPETHBIA apryMEHT X.

3. Iloctpouts rpaduk GpyHkiuu y=f(X) 1 BU3yaabHO ONPENETUTh KOJIUYECTBO
KOpHEH M MX WHTEPBAJIBI U30JISAIINH.

4. YTOYHUTH M30JUPOBAHHBIE KOPHU C 3aJIJaHHOM TOYHOCTHIO C MOMOIIBIO
BCTPOCHHOW (yHKIMHU rOOt. Berauciuth 3HadeHus GyHknuu f(X) npu HaiimeHHBIX
KOPHSX.

5. Cnenatb BBIBO/JIBI 110 BHITIOJIHEHHOM pabOTe U COXPAHUTH €€ B CBOECH MAaIKe.

OO0pa3er BEITOHEHUS Ta0opaTOpHOI paboThl «Pemenne oqHOTO ypaBHCHHUS
C OJTHUM HEU3BECTHBIMY» MPEACTABICH HIKE.

3aganue

TpeOyeTcsi: YUCIACHHO PENIUTh YpPaBHEHHUE C 33JJaHHON TOYHOCTHIO, JIJIST YETO
npoBecTH rpaduyecKkoe OTIEICHUE KOPHEM U WX YTOYHEHHE C IOMOIIBIO

BCTPOCHHOU (pyHKIMM r00t. BapraHTbl HCXOIHBIX JaHHBIX IPUBEIEHBI B Ta0. 1.

Tabnuna 1 UcxoaHble JaHHBIE

Ne YpaBHeHUe TouHOCTH
1 X—sinx— 0.25=0 ¢ =0.00001
2 Inx+x-2=0 €=0.001
3 1/x -2x*=0 ¢ =0.0001
4 1Ux-x>-1=0 €=0.00001
5 e *-x-2=0 e=10.01




6 tg(0.5x+0.1) - x?=0 e =0.0001
7 e*+x-2=0 € =10.000001
8 1/x+x-5=0 e =10.0001
9 5Inx-8x+9=0 €=10.001
10 3x—cosx—1=0 ¢ =0.00001
11 Inx+2x-1=0 e=0.01
12 x?+ 4-sinx =0 €=0.0001
13 1.8-x —sin10x =0 ¢ =0.00001
14 xInx —1.2=0 ¢ = 0.000001
15 2:¢ 03 x4+ 5x-10=0 €=0.0001




bubauorpadguyecknii CIuCoK

1. ®dydaes 3.B., OydaeBa JI.M. [lakeTsl NpUKIATHBIX TPOrpaMm: yu.
rmocooue / M.: Akanemus, 2013. — 352 c.

2. Bbypyneko JLK. Ilporpammubie cpenctBa  mpodeccHOHATbHOM
nestenpbHOCTH: y4. mocobue / Tomck: M3m-Bo TOMCKOTO MOIMTEXHUYECKOTO
yHuBepcuteta, 2015. — 131 c.

3. Sxyb6osuu J[.A., EpomoBa E.C., EpomoB M.A. Ilaker npukiagHbix
nporpamm MS Word, MS Exel u MS PowerPoint: ya.-meroa. moco6ue / Bnagumup:
N3na-Bo «lllepnok-npecc», 2017. — 60 c.

4. Cunaropos C.B. IlakeTsl npukiIagHbIX Mporpamm: yu. nocodue / M.: U3 -
B0 KnoPyc, 2019. — 194 c.

5. Iuro B.H. [lakeT npukiaaueIx nporpamm: yd. nocodue / M.: U3a-Bo
NH®PA-M, 2021. - 334 c.

6. CosmwxkoB O. A.. Marematuka B Excel 2003. - MockBa: COJIOH-
[TPECC, 2009. - 193 c.

7. Yoken6ax JIx. Microsoft Office Excel 2007: buGyumst mons3oBaTes: nep.
¢ aHri1. — M.: /Ilnanektuka, 2008. — 816 c.

8. Cunraesckas .M. ®yuknmu B Microsoft Office Excel 2007. — M.:
Jnanekruka, 2008. — 1024 c.

9. JlemmmoBuu b.I1., Mapon . A. OCHOBBI BRIYUCTUTEIHHOU MaTEMaTHKH.
- Cankr-IlerepOypr: Jlanb, 2011. - 672 c.

10. KomuenoBa H.B., Mapon W.A. BeiuuciaurensHass MaTeMaThka B
npuMepax u 3anauax. - Cankr-Ilerepoypr: Jlans, 2017. - 368 c.









