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IIHOOPMATI,IKA. gnc,reHnoe peureHue 3aaaq B rlarcerax Microsoft Excel, MathCAD

u Matlab: MeroAnqecKue yKa3aHuq Anfl caMocroxre,rtsoii pa6orr,r ,/Haunoua,rr'ultli ltHuepanbHo-

csrprenoii yHuBepcnrer <fopHuii>>. Cocr.: C.IO. Kpomrtea, A.E. Maxoeurcoe, 14.O. Ou-r-utrcuua. CfI6,

2014.62 c.

MeroAnqecKr.re yKa3aHlu [peAHa3HaqeHr,r Ant oKa3aHht IIoMoIIIu cryAeHTy fipu BbI[onHeHHH

caMocroflTe,qruoii pa6orbr fro petueHr{ro NrareMarnr{ecKilx 3araq B rlaKerax Microsoft Excel,

MathCAD u Matlab. lloApo6no H3noxeHbr npn€nrt pa6orrt c yKa3aHHblMH rIaKeraMI{, rlperlcraBJ'IeHo

perxeHr.re prAa 6a:oerlX NlareMar?IqecKux 3alxaq.

MeroAHqecxue yKa3aHufl [peAHa3HarreHbl .qnfl cryIeHToB Bcex crreufizulbHocreli v

HarrpaBneHrrfi noAroroerur,luesF{oii u :aoqsoii Qopm o6yueuu.t.

Hayuurrii peAaKrop tolu. f.H. )Kypoe

O Hauuoua,unrtii rlnHepa,rtHo-cltprenoii
yHrrBepcHrer <f opustli>>, 20 | 4



Bneaeulre

B qanHltx NleroruqecKll'x yKa3aHnrx npeAcraB,rreHbr MeroAbr perxeHnfl prga 6a:oelrx N,rare-
MarHqecKHX 3aAaq B cucreMax MS Excel, MathCAD r.r Matlab. Peut n4er o raKr{x 3a,qaqax, KaK no-
crpoeHl{e rpa$nron Qynxunii c ycnoBueM, perueHre He,runefinrrx ypaBHeHilil n cucreu, BbrLrHcreHHe
onpe.qe,r€uHblx flHTerpanoB, pelxeHue crrcreM ,ruueiiHux yparueHuii H arrilporcnMauufl AaHHbrx.
B Ha.rane pa3.qena orlrcaHbr npnHur{nbr pa6orlr B cncreMax MathCAD n Matlab Ha llpnMepe peue-
HH.tI HeKoTopbIX npocretiulux la-1av. TaKHX KaK HaxoxAeHue cyMlvlbr :uaqennfi AByx ltepeMeHHbrx,
IlocrpoeHxe npocreiiutttx rpa$uxoa H BbIr{Hc,qeHHe Nrarpr.{r{Hbrx Bbrpaxenuil. Heo6xoAtrMo orMeryTb,
trro N{bI 3Jecb He npereHnyeM Ha nonHory u3noxeHHr Bcex BonpocoB, KacarcqHxcfl HCnOnb3OBaHr,rt
raKHX cJoxHbIX ctIcreNI rJlt Nlarer'rarnqecKux pacveroe, xax MathCAD u Matlab. llo,rsoe orrr.rcaHr{e
yKa3aHHbrx crrcrelr Nroxer 6lrrl saii,reHo B crreuuzurtHoii ;rHreparype.

1. OCHOBbI PAFOTbI B CI'ICTEME MATHCAD

Crtcrelta .lnt N,IareMartIqecKr.ix pacueroe MathCAD flBrflerc\ noxa,ryfi, cauofi lerroii 4,rr
ocBoeHrrr H3 Bcex cyruecrByroulr{x B Hacrorruee BpeMfl cucreM An{ MareMarHqecKHX pacveroe. Cnr_
3aHo lro B flepBy]o oqepenb c reNI, qro ee nnrep$efic oqeHb floxox Ha nurepSeiic npu,roxeunr
MS Otfice (puc.I ).
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Puc. L I,Isrepdcfic cncrcrrsr MathCAD

B rrurepSeiice cucreMbl BHrHo pa6ovee rroire c KypcopoM B BnAe KpacHoro KpecruKa, rraHe,rr{
ITHCTpyT,IeHTOB u CTpOKa MeHro, Koropbre HanoMuHaroT yKa3aHHbre 3neMeHTbr H3 flpHnoxeHr.rt
MS Word. I'Icr,rro'IeHHe cocraBnflIor ronbKo HLDKHflfl. [aHenb, Ha3brBaeN,rar Mareuarnqecxoii, fi Bep-
rrrKanbHar IIpepbrBr{cTa{ rrepTa rpaHI{rla cTpaHHubr.

A-,rs.{eltoHcrpaulrn ocHoBHbIX npnHuurroB pa6orrr B cncreMe MathCAD paccMorpr.iN,r 3a.qaqy
Bblqfic,'IeHil.s 3Har{eHlrt BbIpaxeHH.tI c:a+b rrpn 3aIaHHbrx (r v b. Peruesne Aasuofi 3a.qaqu rtpel-
craBJ'reHo Ha Pucyuxe 2.
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Puc.2. PeureHue 3alarln Bbrtrtic.treHl{t cyNlNtbt ,lByx quceJr B MathCAD

Kar e11AHo fi3 PucyHKa 2, c:r'aqa,r'a 3aAa]orcfl r{cxolHble AaHHbIe, T.e. 3HaqeHtl;t nepeMeHHbIX

a u b.Vxza1autte rpou3BoALrrcfl c rroMoulblo oneparopa rIpHcBapIBaHnr, xoropltri e MathCAD sa-

rrr{cbrBaercfl KaK :=. BolrruNe r{ MiureHbKue 6yKBbI B uMeHax nepeMeHHbIX pa3nuqarorcx. 3areu npo-

rr3Bo.qurcfl Bbrr{ncjreHue 3HaqeHfir nepelreuHoii c. O6parnre BHI{MaHHe, qro 6yKBa c no4vepxHyra

:e,r€soii BonHr{crofi nvHveir, qro flBr'rqercf, [peAyrlpexAeHneM cncreMbt o nepeonpeAeneHnl'I nepe-

IreHuoii. !e,ro e roM, rrro BcrpoeHHar KoHcraHTa c s MathCAD o6o:uaqaer cxopocrb cBera, Koro-

pafl nocne Halrux Bbrqr{cJ'reHnii craHoBr{Tcr paeuofi 4. fittx BbIBoAa 3HaqeHUq uepeveHuofi seo6xo-

ILMO Ha|IUCarl e€ uMf, H 3HaK :.
Heo6xo,qunao orNrernTt,, qro Bce MareMarr{qecKne Bblpaxertfl,3anvcaHHble B pa6o'reM flone.

pa:6uparorcfl uHreprrperaropoM cncreMbr MathCAD cneBa HarpaBo u cBepxy BHt13. 3ro o6bqcuqer

11oqBneHqe oruu6ox trpn HerrpaBni]bHoM paclono)KeHun orHoclrrerTbHo Apyr Apyra Hcxo,lHbIX IaH-
Hbrx H Sopvyn, B Koropblx oHI{ ucnoJlb3yrorc{ (pnc.3).
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P1c.3. Orur6rcu npu HenpaBunbHor\r pacnonoxeHilu rrcxotrHbrx raHHbtx u $oprry,r e MathCAD
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Puc.4. flocrpoeule rpocreiirrlux rpaQur<oe e MathCAD

Cuaqa,ca 3ararorcs 3Har{eHnfl nepeN{eHHoii _r B OopN{are
x:=HaqiLTbHoe_3HaqeHI4e,Harlil,'lbHoe_3HaqeHue+rrtaf_rr3lvteHeHilr..KoHeqHoe_3HaqeHI{e

Eyxea n uu6npaercfl. H3 rraHeJrrr r.rHcrpyMeHToB ApnSMerAKa. Arrfl rronyr{eHhr rByx roqeK
[epeJ KoHeqHbIM 3HaqeHueM apryMeHTa Heo6xoIHMo B rraHenr{ Marpnulr Ha)Karb KHorrKy m..n. 3a-
Telr Bbrrrr.rc,l-flrorcr 3Har{eHHq syHKUuii y1 u y2, Koropbre o6s:arerbHo HaAo 3aAaBarb rax y1(x) r.r

y2(x). floc,re ?rofo I,t3 rIaHeJIu fpa$unu elr6upaercr lerapron rpat|;HK H no ocn a6cuucc 3aAaercq
x'x (B -laHHoNI cxyqae r{oxHo 3aAarb ronbKo oguH x), a ro ocn y ocu opAnHar yl(x),y2(x), npnuenr
y1(x) n y2(x) orobpaxarorc.q Apyf ror rpyroNr. flocrpoeuurrii rpaQur Heo6xoAllMo yBenuqilrb
B pa3Nrepe ll orpeJaKTHpoBarb, H3MeHHB IIBer u ronull{Hy IruHrri'r, a raruKe BKirror{HB oro6paxeH[e
cerKH. Vxa:auutte Jeiicrsrr.s Mo)KHo Bbrfro,qHr.rTb frocne ABOiiHofO 6srcrpOro qenrrga neBoii KHOrrKlr
"MbIilrH" no rpaSuxy.

TperHii rIpHNIep. unnrocrplrpyrorqHii npuHqunbr pa6orbr e MathCAD, 3aKJrroqaercf, B Bbrqrrc-
JTeHUH Marpr.rr{Horo BbrpaxeHnfl, B KaqecrBe Koroporo Bo3bMeM Rr,r =A1 r.4,. +2.C2,2. peneune
3araqn npercraBneHo Ha PucyHKe 5.

Apn$rae:rxe

srn cos tan In log

nl ii*l f t-
e* + {) rt *t
rr: /8 S /
ri4 5 tix
+12-J+

n_



t= t--"""r - $*-rtt f -
o----..- ft^-..-, 1.1---^....a-?-. r.,,r,E^dL, n.*. l-nnr*

!i&a {r*!{r lEgaxr}tpoearB Q-rc*pexerr,re $crarra $cpuar !]ncpyuenrat Cu*tec,"tut Qcr+a fnp*exa . 
::

D-c## gBi:i ffi r-l f{EI= #- lir:, ; 14

ilcnnal -:.:'el vi1; v. E f U :=== :=i=

MN # ffift,= [+ if B: od di

L'larp;e::,rr

'11 i: il_ : ;r _r
i:.=-{ E---L Fi,=

r: --i

, Press F1 f*r help. AUTC FJUi.,4 Crpax*qa tr

Puc.5. Buquc,'teHue N,rarpuqHoro BblpaxeHnq s MathCAD

Cnaqala c rroMorrlbro oleparopa npncBal{BaHl{q 3aAalorcq ucxo.qHble Marplrubl. l[1a6"lon

Marprrqbr co3naerctr c noMorqbro KHonKr{ [::] n: nauenu nHcrpyNteHroB Marpuubl. llocne 3roro 3arll-

cbrBaercr MarpHqHaf, $opuyira, npuqeM MathCAD caM pacllo3Haer Heo6xoAuMocrb trptr\IeHeHtl.fi

Marpur{Hbrx o[epaugii, B r{acrHocrtr, orepaquu yMHoxeHHfl. Onepauur rpaHcrloHlrpoBaHufl BbISrlpa-

ercr u3 rraHeilH Marpuqlr.

2. OCHOBbI PAEOTbI B CUCTEME MATLAB

Cncreua AJr.rr rr{areMarur{ecKnx pacqeToB Matlab o6,raAaer [oncrl{He 6e:rpauuvHbIMH Bo3-

MoxHocrrM14 D\ns. BbrnoJrHeHuf, pa3Hoo6pa3Hblx BbIt{HcJIeHuii. Ecnu 6azosas. ilocraBKa cucreMbl He

yMeer BbrrroJrHflTb KaKne-To pacr{dTbr, To HaBepHtKa HMeerct raK Ha3bIBaeMbIii ToolBox' fIocJIe [oA-

KrroqeHur KoTopol'o cucTeMa cTaHoBHTct c[oco6Hoii .qenaTb 3To. OAHaKo Anf ocBoeHHt cl'IcTeMa

Matlab AocrarorlHo cJro)KHa. Csq:auo 3To B flepBylo oqepeAb c reM, qro pa6ora c Heii Ha[oMI{Haer

pa6ory c cHcrer'Ioii nporpaMMHpoBaHur.

tr4Hrep$eiic cucreMbl Matlab rpeAcraBneH Ha PHcyHKe 6.

B nurepSeilce crrcreMbr npeAcraBneHbr rpil oKHa. fnaBHoe H3 HUX, Command Window (xo-

N,taHAHoe oKHo), coAepxr{T KoMaHAHyro crpoKy Anfl Ha6opa KoMaHA, BCe paHee BBeAeHHble Kor\laH.fbl

H pe3ynbrarbr rrx BblnonHeHnq (c nroueHra 3a[ycKa cucreMbl Irrv c MoMeHTa flocnerHei{ orIHcrKII

c noMorublo KoMaHAbI Clear Command Window H3 MeHIo Edit).
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PHc.6. tr IHrepdciic orcrcusr Matlab

ABa .lp)'fllx oKHa MeHee BaXHbr H TIaCTO 3aKpbIBarcTCq [OrTb3OBaTeJIeM.
mand Histor\'. colepxailIeM ronbKo BBereHHbre KoNraHAbr 6e3 pe3ynbraroB
o workspace. coJep;(aueNr r{MeHa H3BecrHr,rx cr{creMe [epeMeHHbrx, a raK)Ke HX

Pevr n4er o Com-
ux BbInonHeHLlg,, V
pa3MepHocrH.

Prrc.7. Pcmesrle 3a.taqtr BbItIIIc-reHrrt cyNrNrbr .lByx rrrJcen B pcxrrN,re nprN,rbrx nuquc,reulrii



.nrr nepeonaqa,,rlHoii finnlocrpaunu pa6orlt B cl{creMe Matlab pacc}lorpllM 3aAa'{y Bblqllc-

neHur c:a+b nprtruoutt"r^ a t't'b' Peruenne AasHoii 3araqv B pe)I(HIle rIpf,i\tblx BbIqlIcJeHIlll'

KOfAa ncxoAHbte.qaHHbIe n sopruylur BBoAqTcf B KOI',IaHAHOe OKHO' IIpeAcTaBneuo ua Pncyure 7'

cHa.ra,rla:aAaercs3HaqeHHenepelteuHOiic'oneparopoN{IIpl'IcBaI'IBaHrls3'llecbflB',rIteTCt
3HaK =. Eo:*urue H MaJreHbKr{e 6yxeu B nNIeHax IlepeNIeHHbIX pa3nr4qaroT:,,93olttlre BHHMaHHe'

qTo ec,rn cTpor{Ka, coAep)KailIat olepaTop [pI{cBalIBaHHfl' 3aKaHr{HBaeTCfl roqroti c :anqroii', To 3a-

AaHHoe T,IJII{ BbItIl{cJIeHHoe 3HaqeHHe "u,npun 
He BbIBoIutTcfl,aB npoTHBHoNl cnyqae. BblBo,ltlTcfi.

flpeAcraereHHulfipexuMtlp'IMblxsstquclleHHiillcflonb3yeTcxrpaiiHepeAl{onToJIbKoAJIq
flpo.rbrxpaCu€ron"n"nprrueO6xOAutnlOCTHqTO-To<nOnpo6Onaru'CrasAapTHAsrexHoJorl{flpa-
6orlt e cI{cTeNIe Matlab cocTotlT B IIoAfoToBKe TaK Ha3blBae\,rofo m.$ai;i,ra, coAepxauero sce ueo6-

xoAhN{bre Anq perxeHnq 3aAaqu onepaTopbl' KOMaHAbI H BbI3OBbI Qyuxunii', a 3aTeM 3anycKa lrofo

Qailla Ha Bbr[orrHeHne. Taroii Qalin n t.ptt"ono'un Matlab Ha3blBaercf Script (crprznr)'

Paccnrorpnll peuIeHHe rofi xe cauoli 3aAaqu c tloN'lolllbto m-$aii'ra' cuaqa'ra c nolloillbto

KoMaHAbIFile.->New-.'M-pil"3a[IycKaeTcflecrpoeHHltiiBcHcTeMype.qaKTopm-Qaliloe'BKoTopo}I
n Ha6upanrcq Heo6xOAuMbre Ant pe[IeHII[ 3aAar{H $opruy;rlr (puc'8)'

1.U ser;t.l J'iDe :kte P'rnr 1 m

Eile Edit ?ierv I€xt $ebug ErelkP*tnte

D6ffig
fJeb $indcr', HelP

f> Efif,f,

Prrc.8.M-Qaii:rconepaTopaNrH.q,'IflpeuleHu'3aAaq[HaXoX.qeHh'IcyNlN'I,I.qByxqrrce"l

Ha6paHulre oreparopbl coxpaHllorct Ha AncKe e $aii:re c paculupeHl'I:Ni m (orcroAa n

Ha3BaHHe m-$aii:r)' O6parnre BHnN{aHue' trro K HaHMeHoBaHuro Saii'ror cncreNla Matlab fipeAbflB-

rqer xeCrrcrr" rpe6ouu""t: HMeHa Saii,roe He AOnXHbI HaqHHaTbCfl C Uu$pn u He AOnxHbI cOAepXaTb

MaTeMaTnrrecKr.rx onepaTopoB' npo6e,roe H pyccKI{X 6yr-e' Kpone TO|O' nltx $aii:ra He AOJrxHo coB-

naAarr, c flMeHaMu uitpoar"or* Qynxunii "ratat", 
r'r cpyHruuti, coAepxau'Xcfl B roAKrtoqeHHbIX

ToolBox'ax.

!,anee c roNloulblo KH.IIKII Run (iE) n3 IIaHeJII{ HHcrpyNIeHroB peAaKropa $ail;r 3anycKaerct

Ha Bbll]oJlHerrt,re. flpn [epBoM 3aIIycKe suiinu l{3 yKa3aHHoii nanru "blou:':].::lpoc 
Ha rt3tleHeHr,Ie

reryulei' flarrKr.r urn Ao6as,reHr{e AaHHoii nanxn B HarrzL'Io r'IJtt{ KoHeu [yre'"I rloucKa cficreNlbl'

B 6o,lturnucTBe CnyqaeB HaAo cofla[Iarbcq c onuHeii' flpeAnoxe'Hoii no y]IOJlqaHrlFo' Pe:y:rlrar

BbrrroJlHeHt'Ix m-$aiina BblBo.4nrcq B KoMaHAHoe oKHo (pnc' 9)'

cnegyrorual 3aAaqa, I'InnlocTpllpyrcruafl IIpI{HuL{nbl pa6orlr B cltcre}le Matlab' 3aKJIIOqaeTCt

B rrocrpoeHr{u rpaQnxon $ynruuii ,r' = sin('r) " ,u 
: cos(x) npLI 'r ' H3rtleHqto[IeMcf or - n Io ft

c rrrarorvt n I l6.M-Qaiil, coAep)Kaxrnfi perueHne 3aAaqr'I. npe,qcraBnen ua Pucynre 10'



Pnc.9. Pe:ylsrar BbrrroJrHcHlrl m-$aiila
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Prrc. I0. M-rlai'i,r c pelreHlleNr 3araqn rocrpocHrr rpaQuxon Qynxuuii cHHyca u KocrrHyca

Cuaqa,ra 3ararorct 3HaqeHut [epeN,reHHoii .r . !,,rx frofo r{crroJrb3yercfl $opuar
x:HaqanbHoe_3HaqeHue: [Iaf_I,t3MeHeHrt.q : KoHerIHoe_3HaLIeHHe ;

3aretut Bblr{ucn.slorcfl,yI v y2. fpa$Hx roqeqHbrx 3aBr.rcrrMocreii .v(,r) crpourcr c noMoulbro
KoMaHIbI plot, B roropoii 3HaqeHut -r n _)' 3a-narorcrr [apaN{r{. floc,re Ka)rqofi flapbr 3anr4cbrBaercfl rra-
paN,Ierp B BHAe crpoKoBoi{ KoHcraHrbl (crponosa.r KoHcraHra s Matlab 3ajlaercr B anocrpooax),
oflpelfenrrounii napauerpsr e€ oro6pa)KeHwfl, B qacrHocTx, UBeT. B Kaqecrse o6o:naqeuns 6a:oelrx
UBeroB llclonb3yrorc{ nepBble 6yrart or rx aHrJruiicrHx Ha:eaHr.rii (ncrlroueuue cocraBrTfler vepHHil
uBer, Koropltii o6oruaqaerc.r 6yxeoii k). B rpercraBneHHoN,r rpr{Nrepe rcnonb3yrorcq KpacHbrii 14 3e-
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:r6Htrii uBeTa. fia,ree Aaercq KoMaHAa grid, nr,rnuarculat oro6paNeHne ceTKn, H KOMaHnbl title' xlabel

n ylabel. 3alarcune Ha3BaHhe rpa$nrca n nonnncn oceil'

lloc,re BbIrIonHeHH" ounto,o m-$aii'ra floflBJlf,ercfl rpaSnvecxoe oKHo c rpaSurauu QyHr-

rlr.rii clruyca u KocrIHyca (pnc. I I ).
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Puc.1l. fpatbuqecxoe orcro Matlab c rpa(luxann QyHxuuli ctrHyca H Koct{Hyca

floC,reAnxq 3alqaqa, nnnlocTpl{pytouafi IIpHHUunbl pa6orlt B cllcTeMe Matlab, 3aKlloqaercq

B BbtqHcJreHHil MarpHrrHofo BblpaxeHhq, B KaqecrBe Koropofo eo:sN'{eN{ R2..: = A!rz'Bsrz+2'C.r''

M-$aii:t Anq peureHu fl 3analu npeAcraBneu Ha Pncyuxe 12'

P ric. I 2. M-rlaii.n,rrq Bbl Lllic,,'lcHrtt NtarplttrHoro BL'lpaxcHllfl
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Cnaqa,ra 3aralorcfl lcxorHble Marpnubr. Sreiuesru Marpnr{ flepeqlrcn{rcTcr B KBarparHbrx
cxo6xax. 3naqesns B crpoxe pa3-qentrorcl npo6e,raun (nroxuo HcrroJ'rb3oBarb 3anrryro). Crpoxu
pa3lentlorcq roqKoii c sanqroi;i. Bttquc,rqenroe BbrpaxeHne 3anr{caHo B npHBbrrrHoii nrarelrarnqecnoii
$opue. [,;tx zaaauut orepaunu rpaHcrloHnpoBaHnfl r{cilonb3yercr anocrpo$. Pe:y,rlrar BbrronHeHu.s
m-Saii,ra rpercraBneu Ha pilcyuxe 13.

Puc.l3. Pcry,rsrar Bblr+tcreHur NrarpxrrHofo BbrpaxcHllr s Matlab

Heo6xo.ltrrto orllerllTb, t{To Ha3BaHue cncreMbr Matlab npoucxo.qur or cnoB MarpnqHar,Ta-
6oparopHx. CooreercrseHHo, Bce [epeMeHHbre rro yMonqaHnro paccMarpnBarorcq KaK Marpqubr, a
ece Aeiicrnnq HaJ Hn\'Ifi - xax Aeiicrevs,Han\ MarpHuaMH. B ceq:u c 3THN,I B HeKoropbrx 3alaqax N{ofyr
Bo3HuKarb oulr6xn.

Hanpurrep, nycrb 3aIaH x^ or 0,1 4o I c [rafoM 0, l. Tpe6yercr Anq KaxAoro ,{ Bbrrrr.rcrr.rrb

-v(r) no Soprry,re ,r'(.r):r.+.flp, BbrrrorrHeHur.r m-Safina, roKa3aHHoro Ha pncyHxe 14,
./cos(r)

B KoMaHrHoll oKHe rlotBtrcfl ouu6ru, cBt3aHHbre c npuMeHeHneM MarpnqHbrx orrepauwir Nn HeKop-
peKrHbrx pa3N,repHocreii uarpuq (puc. l5).
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pnc. 15. Ou[r6xa npu BbrnojrHeHuu m-Saii:ra, cBr3aHHar c HenpaBoN{epHbIM trclroJrb3oBaHlleN{ uarpnvuoli o[epaqHH

B rex cryqaf,x, KorAa rpe6yercq Ka)KAbrri ?JreMeHT BeKTopa Bo3BecrH B crerleHb unu yMHo-

xriTb Ha 3JreMeHT Apyrofo BeKTopa, [prrMeHfroTcq TaK Ha3blBaeMble I]oSneMeHTHbIe oflepaunn,

B KoTopbrx rrepeA 3HaKoM o[epauHr{ cTaBuTcfl ToqKa, HanprrMep, .x (ynHoNnrb), .^ (eo:aecru B cre-

nesl). Heo6xoanuo orNrerr{rb, r{To xorq B MareMarnKe He cyrqecrByer onepaunu .IIeneHHfl Marpl{u,

B cHcreMe Matlab oHa flpucyrcrByer, Ho o3Haqaer peueHue cncreMbl nIIHeiiHbIX ypaeHeHnii oc060-

ro Bu.[a. flo:rorry, ecnrl Tpe6yercfi KaxAbrii 3neMeHT BeKTopa IToAeJII{Tb Ha coorBercrBylouuii 3ne-

MeHT npyroro BeKropa, To Hy)r(Ho Harrucarb ./. C yverotr Bbllrler{3noxeHHoro, xoppexrultii m-$aii,r r'r

pe3ynbrarbr efo pa6orbl rlpeAcraBneHbl Ha Pucyuxax 16 u 11.
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3. TT O C T PO E H T{ E f PA(D I,I K O B O Y H KU PTtrI C Y CI O B I4 E M

3aAaqa: llocrpourl rpacpnr< $yHrunn ' .[- z;z], h : o,r .

Prrc. I7. Pcry"usrarut Bbltrt{cneHur Bbrpa)(eHur c no3J.reMeHTHbr[.ru oflepauuqMx

3.1. Peruesre e MS Excel

PeruenHe 3a,:tarru e MS Excel npercraBneuo Ha Pucyur<e 18.

lnr nocrpoeHnr lpa$nna Syuxqnn cHaqaJra colgaercr ra6lHqa sHaqeuuii apfyMeHra r r,r

Qyuxuun .l'(r).C :roii ue,uro e xqefiKII Al n Bl :anucrrsarorcr Ha3BaHr{q croir6uos. {a,ree, e x.{eii-
xy ,{2 rtnlxerc.q Haqar'IbHoe 3HaqeHue nepeueuuoii J, a B xveiiry ,A3 cpop,r,ryla A:rr BbrrrncreHult
cne,lyrcurero 3HaqeHnfl x (=A2+0,1). Ocra,rlHble 3HaqeHru ,r nonyqarcTcfi c rroMoxlbro aBTo3arrorHe-
HUfl..

!-ur suvrrc,reHuq 3HaqeHnil rfyHxquri .t'(r) n rueiiry 82 nao4nrca $op,lry,ra
:ECII{(A2<0;A2*SIN(,A2) ;,A2 *KOPEHb(A2))

Ocra.rrulte 3HaLreHHt $yHxquH .l(x) raxNe iloJryqarorcr c rroMorrlblo aBTo3a[onHeHqfl.

3arelt rlpon3Bo.IIHTcr oSopnn,resue ra6rNun nyr€n zanaHws.3HaqeHr.rtrM ueo6xo4urr,rofo qucr'ra

3HaKoB rIocJIe :anrrot'i, BbIpaBHIrBaHHr HX rro UeHTpy u ycraHoBKr4 o6pau,reuut sqeeK.

flo rlrge,reHsoii ra6lHue c raHHbrrvnr crpouTcr .qrrarpar\,{N{a, Koropaq sarelr o(ropMnflercfl ny-
r€M Ao6as,'Ieunq ee Ha3BaHVfl, yAaneHH{ JTereHAbr r.r BKr}oqeHur oro6paNeHr{r BeprnKzrlr,uoii cerxu.

[.r.sin(x)..r<0:
\'(.r) : I r-

[.r.Vr. x 2 0.

l3
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Puc.18. flocrpoeutre rpa$nxa s MS Excel

3.2. Peruenue e MathCAD

N,rr pelrenr,tfl za;1a'.ilr B cr{creMe MathCAD ucronb3yercq $yHKuul fIpoBepKI{ ycnoBufl if.

ApryueuraN,rn 3roii $yurUuu qBr'rf,rorcfl rrpoBepteMoe rofuqecKoe BblpaxeHue H BbIpaxeHH{, Koro-

pble Heo6xoAuMo Bblr{Hcnurb fiplr efo BbrIloJrHeHHII n HeBbIrtoJIHeHHu. Or<so c petlteHueNl 3aJar{[

[peAcraBneHo Ha PI4cyHKe 19.

X

-2,C 1.82
lo 1,8C

-1,S i,75
1l 1,69

-L't3 t,t0
',4

1,38

ili

-4 1 .i-. 12

-'t 1 G,9S

t,s 0,&t

-u-l 8,f0
- G.8 0,57

-*,7 d .i<

-*,6 8,34
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Plrc. 19. llocrpoeHne rpa$nxa QyHnuun c ycnoBuei\r e MathCAD

3.3. Peureuue n Matlab

Peureuue AaHHoil 3aIaLrH e Matlab pa36nBaercr Ha ABa jrana.
CHa'{a,'Ia co3raerct m-Safir, xoropsrii 6yaer Bbrqucrqrb 3aAaHHyro $yHxrrurc. OH uagrrsaer-

cr SyHxrlnoHaJrbHbrM m-$aii,rou.
3arelr co3Aaercx cxpunr, Koropbrii, ucrronb3y{ :ror SyHxuuosaltslrfi Saii,r, peuraer rro-

cTaBJIeHHyrO 3aAar{y.

C o,qepxrl lroe SyH xuuoHaJ'rbHoro $aii,ra nperlcraBneHo Ha pHcyHKe 2 0.

B oun.rue or cKpunra, flpeAcraBnrro[lero co6oii xar 6r,r caMocro.,rrenbHyru [porpaMrvry,
QyHxuuonanbHblii m-Qari,r o$opnr,rxercfl KaK SyHxrrnx, Koropaf, Moxer 6srrl srrgsaHa r{3 Apyfux
SyuxquouaJlbHblx Saii,ron unu cKplrrlroB. HaquHaercfl oH co cnoBa function, 3a KoropblM qepe3 [po-
6e:r c,regyer Bo3Bpalqaeuar $yHrrlueri ilepeN,reuuax (nepeueHHbrx Moxer 6r,rrl HecroJ'rbKo, r{ Torna
oHx I]epeqHcr'ltroTcfl qepe3 3afl.tlTy]o x 3al{nrcqaroTct B KBaApaTHbre cnO6xu). llOc,re aO:aparqaeuoii
nepeueuuoir nntrrerct cHr,IBoJI:,3a KoropbrN{ cneAyer ulrr Qyuriqun.tr4wl AonxHo 6urt yHura,rs-
HbIM B npeAenax cHcreMbl Matlab H rtoAKnloqeHHbrx x nefi ToolBox'os, He Moxer HaqnHarbc{
c uuQplr, coAeplrarb npo6enoB, Marel,rarnr{ecKux ofleparopoB H pyccKr{x 6yxn. floc,re xMeHH
B Kpyfnbrx cKo6Kax r{epe3 3a[trTyro nepelrucJ'rf,rorcq BxorHbre [epe]\,reHHbre.

Bo eropoii crpoqxe coAepll{Hrct oleparop An-fl co3AaHuf, BbrxoAHoro BeKropa. B 4auuou
cnyqae co3laercfl BeKrop ,)', 3alror'IHeHuttii uylrur.r (o6ecnevuBaercr $ynxuneii zeros), npnveu ero

t5
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pa3NrepHocrb raKafl xe, KaK y BXoAHoro BeKropa r (o6ecne'ruBaercf $yuxUneii size)' Co:'faHHe sroro

BeKTopa rlo3BoJlrrr B AanbHeil[eu o6parqarbcr K ero 3neMeHTaM I'I MeHf,Tb ux 3Har{eHHq'

#"1 f .:'rU;e*rlfl,De:kt,:Fir*'fun,m
t= l=
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puc.20. OyHruyona,rsHrui M-$ali,r t'ur BbrtrucxeHuq lHa'{eHuii Qyuxuart

flanee opraHu3yercf, TIHKJT Anr flepe6opa Bcex SJIeMeHToB BeKTopa -{. Konu'IecrBo 3J'Ie}reHToB

BeKropa onpeAen.gercfl c noMolllbro SyHKUI{n length. 3,renesrlt BeKropa B cl{creMe Matlab HyMe-

pyIOTCq, HarIHHat C 1. B COOTBeTCTBHU C O6UIeilpnH.flTbIN{II CTaHAapTaMH, eCIU ulaf lt3MeHeHHfi BeJIH-

qr{Hbl He yKa3aH, TO OH IIpHHuMaeTcfl panultu l.
3arerr [poBepfleTcr 3HaqeHHe coorBeTCTByrO[Iefo 3IeMeHTa BeKropa.r I4 B 3aBHCIIMOCTH OT

STorO 3HaqeHI{e 3JIeMeHTa BeKrOpa y Bblrlncn{ercs no OAHoii nnu Apyloii r}opuy're'

Vc,rosurri;i oleparop Ir oreparop uuKna c flapaMerpotr'l e Matlab garanquBarc)rcq cnoBoNI

end.
Ha6pauHrrfi KoA AonxeH 6lrrt coxpaHen e Saii,re, I{Mfl Koroporo o6{3arenbHo AonxHo coB-

[a.rlaTb C ulraenenr Syurqnu. Csq:aHO 3TO c TeM' qTO cHCreMa Matlab ilpoH3BOAuT IISIICK SynrUuri

rro HMeHaM safilon, ux coAep)KaluHx.

Crpunr, ficronb3ylounia co3AaHHbrii SyHKuHoHzuIbHbIii Safi:r n peuaroquii 3aAar{y ilocrpoe-

Huq rpaSHKa $yuruuu c ycnoBHeM, npeAcraBneH Ha PncyHKe 2l'
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B nepaoii crpoqKe raHHofo m-Safi,ra nporr3BoAHrcl 4o6aa:reuhe rralKri, corep)Kaqeii paHee

co:Aauslrfi $yHxqHoHa,uHrrii $afin, K [epeMeHHoii noncrca cncreMbt Matlab. fle,raercx 3ro Anr ro-
ro, qro6u cncreNIa cMorr'Ia sai;irn $aiin myfun.m H, coorBercrBeHHo, Bbrrro,rHrrrL, $yHrunro, s ueNl

colepxauyrocr. 3ra o[epaunr ocyilrecrBnrercr c rrol,roulblo KoMaH.qr,r path. O6parr{re BHHMaHr,re,
r{To B KaqecrBe [epBoro apryMeHra nasuoii KoNraHlbr yKa3brBaercfl 3Ta )Ke KorvraHAa, no 6e: flapaMer-
poB, Koropaq Bo3Bpauaer reKyuree 3HaqeHlre nepeueuuoii rroncKa cucreMbr Matl-ab. llorepr :roro
napaNlerpa N,ro)Ker lpnBecrn r uepa6orocnoco6socru cucrer\{br, Koropafi <:a6yAer> ece Qyur<urln,
L{N,Iercurnecq e Heir H B lorKrlotreuulrx ToolBox'ax. llanxa, co.qepxauar SyHruuoHa,llHnii $aii,r,
u:fer nroprrNr flapaNrerpoNr u Ao6as,T.sercr B KoHerr nepeneHHoii froncKa. lo6arleuue aroii nanxn
B Haq€ilo nepeueHHoli IroflcKa Moxer [puBecrr.r K HefrpelcKa3yeMbrM frocJreAcTBH.[M B cnyqae coB[a-
IeHHq I{MeHu lronb3oBare,rlcxoii QyHrunn c HNreHeM craHAaprHoi't ntn colep)Kauleiicx e ToolBox'e
n. coorBercrBeH Ho. e€ nepeonpener'teH u n.

Ocra,rruue crporrKH, coAep)Kaulnecf, B cKpurrre, AoJrxHbI 6ttrl saN{ [oHrrHbI.
B pe:y,rrrare BbIrIoJIHeHuq raHHoro cxpunra Mbr flonyqaeu rpa$nuecKoe oKHo, rrpeAcraB-

reHHoe uapwcyuxe22.
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4. PE IUEHHE H EII,I HEIZHO| O YPABHEHI4fl

3a,raqa: Haiiru neiicreure,lbHble KopHn ypaBHeHhfl 
"-t - 3' ,l + 1:0 '

guc,reuuoe pe[reHue ue,ruueiiurrx ypaBHeHnii cocronr ng ABYX 3TanoB. llepeltli I13 HHX

Ha3brBaercr or.rleneHqe rcopueii. IJe,rr rroro ?rarla - rrailrn npu6,ruNeuHble 3HaqeHnx ropueli ypan-

HeHnr HnLr BbrAeJrHTr, orpe3Kn, coAepxaque ToJIbKo oAI{H KopeHl. Caultl'l npocTblN{ NIeToAoM oTII.e-

neHr{{ AeiicrBgrenbHbtx KopHeii qs,tqercq rpa$uuecxufi. B coorsercrBul{ c H[rM crpol{rcfl rpa$ux

:resofi qacru ypaBHenun (n npaeoii qacrn rpn sroM Aonxeu 6rrrt 0) Ha o6nacru ee onpe4eJ1eHHfl H

HaxoAflTcr roqKrr ero [epeceqeHur c ocsrc 0x. B gaHuou ilpuNlepe o6nacrb]o o[peAeneHHfl' fl'Brfl.ercfr

ecq ,lefcreurenbHar ocr,. floerotry cHaqarTa HaAo [ocrponrs rpa$nK Ha AocraroqHo 6o,rl[roN{ Aua-

rra3oHe, a 3aTeM coKpaTHTb STQT Auana3oH Ao pa3yMHbIX npeAenon. ,{,rr AaHHOro ypaBHeHHq TaKuMIl

npeAe,raMu flBnrercr orpe3oK l-2;2] Ha aroport srarle Haii.qeHulte npn6lnxdHnlte 3HaqeHu-s ropueii

ypaBHeHr{fl yToqHqrorcr c rroMorqb}o KaKoro-To H3 ttt{creHH;IX MeToAoB (ueroga xopn' Mero.qa Kaca-

TerirbHbrx n r.n.).

4.1. Perueure s MS Excel

Peruesue 3anauu s MS Excel [peAcraBneHo Ha pncyHxe 23.
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Pnc.23. Pemeuue He"qt'tHeiiHoro ypaBHeHt{q e MS Excel
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Csaqa,ra crpourctr rpa$nx,reeoii qacrrr ypaBHeHnrr, c r{oroporo cHrrrvrarorcfl HaqarbHbre nptr-
6rnxeuflq K peueHrlro (r xopHrnl ypaaHeHnx). lalee Anff Ka)KAofo npu6:ruxeHHoro 3HaqeH1fi pac-
cr{I{TbtBaerct 3HarreHue ,'f,, Koropoe [pr{BoAHTcr K Hyn}o c rroMorub}o o[ur4r.r floa6op napaNrerpa
(flaHutre --> Pa6ora c xaHHbINIH --> AHa,'rH3 ".{To - ec,rn"). u3MeHflroueii r asroN,raruqecK[.

4.2. Peurenue n MathCAD

!,u peureH4fl 3al.aqv cHaqana [ocrponNl rpa$Hr (puc.24), a 3areM Bbrrrr{rueM c Hefo npn-
6,ruxesHlre 3HaqeHHr ropueri H yrorrHuM ux (pnc.25).

3:! 1,,lai-cid - .ier r-ra:eanun:11

1 
ma" euil"

'D-rS
fglael,rpceara lrcdpa:*:*rne

H 5&Uj' Sh
Erraese 6cpr,rar

YI

{xrrpy.*r,rerrar tln r.rac,q gr
. 
!npae ra

v :' l?tfi4dR= b

Puc.21. flocrpoeuuc rpa$ura rtnr perucHr.tr iaralrrr orile-qeHuq xopHeii e MathCAD

VroqHeslte xopHeii e MathCAD npou3Bornrc.s c rroMorrlbro SyHKuHu root. flepnsrnr apry-
MeHroM .qaHHoii SynnrlHu tBnflercr neBaq qacrb ypaBHeHuq. Bropoii apryMeHr nepeMeHHar, co_
Iepxaqar npu6,ruxeuue K coorBercrBylorleMy KopHro.

fcr help, AUTil frpannqa 1
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Lri r'{aticad - --re: na:*arvr*:l] t==+

$' *16r.r Fegerr*p:learu Cr**pa:+:er.rr,re lcraena Sapnar !{x<rpyxenret {sr,le*.n*t

D-r#ffi 5B$r. 'ffi'"-r fSE=i ,+-
rg

tW # [i::] *= I* {f 3l qg *

;:'.
toot'i* --1 :J-..1- =J-J-

.IUTO I'lUl;l frpanuLqa I

Pnc.25. YroqHeHue xopueii e MathCAD

4.3. PeureHue B Matlab

M-$ail,r Arq BbrlonHeHnfl orAeJreHHf, KopHeii npe4crauteH Ha PucyHre 26, pezyr|r'larbl ero

pa6ortr Ha Pucyure 27, $ynxunf, ;1rr BbIr{hcJIeHI{-r neBoii qacrv ypaBHeHufl - Ha PucyHrce 28, a

cKpHrIr Anq yroqHeHnq KopHeIi ua Pncynxe 29.

.$ C;t U ser;13 lr.Se:kt,=p!m1.cr*
"Eite 

!oit 
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I

--,-l

ri
r,:otr.r1-
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q:1
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Puc.26. M-$aii.,r rn-r orre-rrcHuq ropueii rpaQlruecnnlr cnoco6or't
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Perc.27. fpa$nx ,Txr orleneHrrr xopueri, nocrpoeHHsrii e Matlab

Pnc.28. OyHxrlroHa-'rsulril tpaii,r .q-rtr Bbrqnc;reHu.s .qesoi qacru ypaBHeHxt
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S. C,t,Ll :er;ti 31,D *:kto P!r* l.m

i;i- Edit fi*r Irlt DebuE Breakpaints 'ileb Sindarv HelP

trfinr;#ffi9

." i-''. * =*==:=ff *..ffi
.-n1 m ll'l:Eff.":l i

Puc.29. M-rlaii,r Int yroqHeHfl-r KopHeii ypaBHeHilfl

Vroqnesue KopHefi s Matlab flpoll3Bo'il'urct

poM tBntercfl yKa3arenb Ha oyHKUIIIO BbIqHcJreHu{

npH6nux(eHne K KopHro' Pe:y,rlrar pelUeHnt 3a'daqu

c= i lli

c rroNtotubro $yuxuuu fzero. flepnblM rlapaMer-

neBoii qacrl{ ypaBHeHHs. Broputlt - HaqajlbHoe

rpeAcraBnen ua PucyHne 30.

e'? i.iltrentCircr:t+r-y: fi.tlser*r,33r'r'**l':t*p

-1.ii14

Pnc.30. Pe:y,rlrar peueHnt se'ruueliuoro ypaBHeH[q s Matlab

5. PE IIIE HUE C IICT EMbT HEILTH E iIH bIX YPAB HEHI4fr

- [,.c("t'+ 0.1) = 'r:
3aAaqa: Peruurl cucreMy HerrIHeiiHbIX ypaBHeHH' 

1 O.g,r, + 2r,l = I

KarnBcnyqaeoAHofoypaBHeHuq'petxeHl,{ecilcTeN,IblHenuHeiiHbIXypaBHeHniiex,.Irc.Iaer
srarr orAeneHul xopueii u 3ra[ yror]HeHHfi t<opueii. flepnlri;i 3raII nJI{ cHcreM Bropofo IIOpflAKa IINIe-

eT cMbrc1r AenaTr, rpa$Huecr<u. !n" rrgr6 seo6xOAnr'to I{3 rlepBoro l'I BTopofO ypanHeHnil Bblpa3LITb '}'
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B pe:ynrrare flonyqnNr:

5.1. Peureulre e MS Excel

Perueune 3alaqn e MS Excel npe.IcraBneuo ua Pucyuxe 3l.

fl

arctg(x2) _ o.l

-T O6lacrr onpeleneHr{r,{ BbrrrncJlqeTcr fro BTopoMy

HeorpxuareJrbHocrr{ rroAKopeHHoro aupaxeunx. B r4rore r{MeeMypaBHeHuro r13 ycnoBr,l
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Pnc.3 1. Pelrenne cflcreNrr,r se,ruHeiintrx vDasneHuii e MS Excel

I l v3
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-l-.0c -G,6S7 N,2 15 -tJ.215
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cuaqa,ra 3a,xaroTctr 3Har{eHrr[ apryNleHTa J B lpeAenax o6:racru o[peAeneHl'Iq' Tax KaK BbI-

6panultli lxar il3MeHeHHfl J He O6eCneqneaeT TOIIHOe [OnaAaHile B ero KOHeqHOe 3HaqeHHe' TO IIOny-

qeHHOe 3HaqeHue, Ko'ropoe npeBbluaeT KOHeqHOe', 3aMeHfleTcq uM'

lJanee npor{3BoAnrcx pacuer :Haqesufi SyHrUuH -}' fio [epBoMy ypaBHeHt{rc' 3naqeHue ']

BToLrKepurp",uu(-r:0)yaan"et.".Ilocle3ToroBE'ItlHcrtercqBepxHqflr{acrb3rr'lHtlca'aeroHI{)K-
Hsr qacTb floiryqaeTcfi nyr€rr,t n3MeHeHHfl 3HaKa nonyqeHHbIX Anfi BepxHeil qacrH :naqeHuii'

flo oQopu,reHHoii ra6nuue crpotlrc{ fpaouK, no KoropoMy onpeAenqrorcr npn6'u{)KeHnfl

BCex qerbrpex KopHeil cilcreNlbl ypanHeuHii'

!,rX XaXgOrO npn6.nnNeHufl BbIr{HCIqeTCf [OTpeIIIHOCTb' nOI] {aIOrUa{Cfl npH efo IIOTf,CTa-

HoBKe B cgcreN,Iy. B xaqecree [orpelilHocru 6ep€rcr KBaApar cyMMapHoii HeBq3KI{' oilpeAenflroquii-

cfl B AaHHoNr cxyqae no $opuyne D:(rg(,t-r+0. 1)--rt)'+(0.9x2 +2yt _1)2' Yxa:auHble llorpelx-

HOCrH aBroMarHqecKI{ cBoAflrc{ K Hynro c floMotttblo Ha4crpoiiru llouctt pelxeHHfl (!anulre --> Asa-

J.rH3 --> lloncr perueHur). Ec,lu rra ua;crpoiira orcyrcrByer, ro e€ Heo6xoAuuo Ao6aeurl (KHonxa

O$nc --> flapanerpn Excel --> Haacrpofixu Excel)'

5.2. Peurenue n MathCAD

rpa$uxor An't oflpeAereHuq HaqzurLHbIX npu6:ruxeHnii ropHerl flpeAcraBneHo

v: Brg

r(i
,f:

- I ' - 1.131,,;i.1 rl:= *.1-lj'1 :3-**l
.,1 9.+

,= tr-tr-r.,,,f' .Jr; 'J;r .ll;

flocrpoenne
Ha pHcynr<e 32.

ljiaiill'': - ! I

T

:i

rirTA tlllil l-rn:u,rr'- Iaul! Iiurlr LlFo-trud I

Puc.32. l-paduxn rnq onpe,lcneHtlq Haqa-rbHbtx nprS'rnxeuuii e MathCAD
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r{ro6lr H36exarb AeneHut Ha HoJTb, Anq nepBofo ypaBHeHHr 3anarorcr rBa AHa[a3oHa rr3Nre-
HeHut x. flpu sroM B $opny,re zal*aercs yl(x), a Ha rpa$une oro6paxarorcx y1(xl) n yl(.x2). Aua,ro-
rtlqHo, Ant yrpoueHus, :aAaerct ronbKo Soplryna g,'rx y2(x), rpe.qcraBnflrorrlar BepxHroro qacrb 3r-
Jlr{ilca, a Ha rpaQnxe oro6paxaercq eue u -y2(x). Ha PHcyHre 33 npegcraarreHbl cHrrbre c rpa$nr<a
npH6,ruxeHnr ropueir H fipou3Be.qeHbr ux yroqHeHutr.

I;; d'fa'thcad - .6el na:aarFr:11
i*i:j: _ 

- 

-_'

f;ts tarir Fe4axrupcearr $cdpayexrte

D-r#F{ gRl}! : ffi
',af*A vi.-,UBr -:t: t

rW * t:.,1 '= [j{ ry f;1 afl tts

$c-rasra Gepuar

r-)

!!xrpyrorexru {nruec.,rol

treF= +- .

B 1U === 
::

r.i.: -? - 11 := -i.i

31'en

1

far:.11.r:-i.1)=1!'
a1

i.i11-*Iri-= I

t -: i

findi:i1..,-l; = _t: t-

G';en

fi;'*r

-s] r: -|J.1 l'l := 1,:

Ci.,'en

rani::i r'l - Lil =;1-

=rreEa 
I

Prrc.33. Vroqseune ropHeii clcreN,rbr ypaeHeuuri e MathCAD
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Csaqa-na BbrrrqcbrBarcTcfl 3HaqeHuq.r rr -],, 3ararcqne npn6lux€HHoe 3HaqeHue KopHfl. 3arelt

3alr{cbrBaercr clyNe6uoe cnoBo given, nocJle Koroporo 3aAanrct ypaBHeHu.s. O6parnre BHHMaHhe,

r{ro MexAy,resofi u npanoii qacr{Mu yparHeuui;i ua6upaerct 6y,rencxnii 3HaK paBeHcrna ("NnpHuii"

3HaK paBeHcrea), nlr6npaeulrfi H3 rraHeJrr{ r{HcrpyMeHToe Eyleno. Vroqseuuoe 3HaqeHue KopHt Bbl-

rrucrrercr c rroMorubro dyuxulu Find.

5.3. Peruenue s Matlab

Cnpunr An.rr nocrpoeuur rpaSr.rKoB rrpeAcraB;IeH ua Pucyure 34, a pe:y,rbrar ero BblrIoJIHe-

HLrfl, Ha Pucynxe 35. B rperueii crpore cKpurra rlonyqaerct BeKrop x nyr€u o6leAnHeHut BeKro-

poe xl u x2 u BKJ,rror{eHufl MexAy HHNrH 3Haqenus 0. Ocralsnste crpoKl{ Qali,ra AonxHLI 6ltrl eaNa

NOH'THbI.

ifr,! c;: . l$jiiI\C',User:\J3',De:hop',m1,nr #*

1 Elt* Eetit 'die* Tert Sebug Ereakpcintl
:llD#ffig ffi", sfi
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?
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]i=ix1 - ].:l ;
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i':,=ieEar 1xi.'i) -t-t, l),,ixl;
',JJ=sqlt i l1-ar, 3rx. ":],j:) ;

1
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Fl':; {X1. ll, t i t 

, zz ,.1? n

ryt i .l
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Puc.34. M-tpaii,r ^qnq nocrpoeHur rpa$uxoe c uenblo orleJreHilt KopHeii
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Prrc.,15. fpa0lrxu e Matlab.l"rfl oflpe;Te"reHnl npH5;rux€usorx:naqeHnii xopHeii crrcreMbr

(Dyur.unoHa-ltutrii m-Saim D.stx BbrrrncneHuq neBErx qacreii npeo6pa:oeaHnoii cucreMbr
ypaBHeHur'r [peJcraBJeu Ha PucyHre 36.

rStr f i U ;er:rI3!,De:knp\rryerr.nr

tit. g.tit t;;,* Iex- tr;;; -e;;'[F"i;i; rr€b i,Jindo,;
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Pnc.36. Oyuxunr ,qJrr Bbrqnc,,-reHilr neBbrx .racreii ypaeueHrrii cucrerrlr
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O6parr.rre BHHMaHue, vro $yuHunr myeff ilonyqaer Ha BXoA BeKrop x, rcoropuii e AanHoii

3anaqe HMeer ABe KoMsoHeurrr. flepeaq u3 HLIX coorBercrByer [epeMeHHoii x, a BTopat - nepeMeH-

noii -!. Cxpunr, Hcronb3yrouuii AasHuii $yurquona,rrutrl:i $aii:r, npe4craBJleH na PucyHne 37.

I fit" Edit View I€::d Oeb*g Ereakp*int= 'lVeb 
"4indsrs 
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ai=i.::i-o': 1S*.i'-:::, lt' r;'i. i., :F:irieE i' :3:.1-';:' : :

x3=i:r1r: { E:lE=r: n I n . .l- ; -n . I I, =Fti!rr.:e! 1 
| i:: : L:.:e' i !

x.i =i,: i l;e i Slrrter :, 1-'-:' )' i -' - l, :-g : l-:-".r : : ;' :i : i-';:' i ! |

r .... -.-,-,--'-.'.-,--l**;

Eea'J;

i

I
{g

{

z

I

-t
'". ;

l

r: . **-**:
t -J

. i:l
1UUr.,:.1 !:31.& C.\U ;er;t I 3!,De;kf*p\.n",1"m

Prrc.37. Cxprin r -1.1t ) toqHeHilr ropucii cllclcl\lbl ypaeHeuttii

yroqsesue ropueii s Matlab rpor.r3BoArrrcq c noMou{lro Syurunu fsolve. flepnlru napa-

MerpoM :roii $yHrq:'ll'l flBrflcrcrr yKa3arenb Ha OyHKuuIo BbtqllcrreHuq ,leBbIX qacreii ypanHeunii,

BTopbIM - BeKTop-cro,r6eu Har{zlrbHofo npu6,ruxeHllfl, a rperbl{M - yKa3aHHe Ha I'Ic[onb3oBaHl{e Ho-

BOfo cuHraKcnca syuxqnu fsolve c ua6opou napaMerpoB ro yMonqaHH[o.

Pe:y,rtraru yroqHeHltq KopHeii [peAcraBneHbl Ha Pucyurce 38'
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!,rx ntrvuc,reHufl onpeneneHHbrx HHTerpanoB qacro Hcflonb3yror Mero.q KBalparyp faycca.

Bcooreercrshrr c HuM I lt.rfir-b- ofo,r,.r,.
J = , LAiJ l'Yil' 3:ecs ,? - noptnoK l\lero.la-

,4, - xo:$$nutleHTbl,3HaqeHrq n*oo"t* 3araHbr or"-ou.r.roao rropflrKa, a J, - 3HaqeHnx nepeneuHoi

HHrerpupoBaHu.s. Koropbre Bbrrrr.rcJrflIorcfl rro $oplry,re ,,:4**r,. 3Haqeuu.s /r raK)Ke 3a!a-22
HbI rln-q IIaHHO|O fropr.lKa N,{eToAa. Hanpuuep, !.nfl n = 4 l.rueer,r:

6. B bIqI{C,TI E HI4 E O TIPEAEIE t{UO rO I4 HTE f PAJrI A

Ai I

I 0.652115 -0.-r3998
2 0.34785s -0.861 136
1
J 0.347855 0.861 136
1+ 0.652145 0.33998

6.1. Peurenlle s NIS Excel

PerueHue 3a.qaqn s MS Excel
craBJIeHHbr\.I BLrue $opuy,ralr.

[oKa3aHo Ha Pncyure 39 u no,rnocrbro coorBercrByer [peA-
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Puc.39. Brr.rucjrenne onpe,le-uiuHoro uHrer-parra e MS Excel
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6.2. Peruenue e MathCAD

PerueuHe Aassoii 3anaqv s MathCAD peanr3yercr Han6o,ree flpocro. locrarovHo (Hapfico-

Barb) r{Hrerpal n ua6parb 3HaK paBeHCrBa (pnc.40).

ile: na,raaxnn:11

E-d
f{*mai

f egaxrnpce ara *1cSpa;*:enr,re $craeua

FE.gR+' "ffi.sr
Scp*rer llncrpyrorenrut fn*raorut Orcxc Cnpaena

- E r u ===
@l# [i::] *= fTs<f [r .r *;

l-r .

dr= I li9

',1n,
I

-
, Hfels F_t rcr nEtF.

Puc.40. Brrqnc;reune onpeJe:reHHoro uHrerpaJla s MathCAD

6.3. Peurenne B Matlab

PeureHue 3al.a.qr s Matlab rpeAcraBneHo Ha pucyHKe 4 |

,& {:\U ser;',,1 31'Deikt*P\m1,m

NUI*'I |.rpannqa t

Eile Edit ?iew lent Qebug Sr*akpcintr
'*Veb. .'n'!'ind*:a'

- ft ftt) u xl tl-\+tl -:-sli ix. :

Heip :

f
t

'- **: I;xl
4

E

E

llt
,.r.,i ,

t
t

Dc#Wg sfi
"...,'.

Puc.4l . M-Saiir .rrq BbrqrtcjreHn.a olpe.{e,leHHoro IrHrerpana

flrx perueuwfl,3araqv rrcrronb3yercr QyHKunrr quad8, peanu3y]ouat Meror KBaAparyp faycca
8-ro nopr4xa. Ilepetrtr apryMeHroM 3roii $yHKutrvt flBrflerc yKa3arenb Ha $yHKuHro Matl-ab, alr-
qucnrloruyrc fiorbrHTerpzur*ryro $yHxqnro. B .{aHHoM cJlyrlae, .ITo6bI He co3AaBarb orAenbHblii

Syuxuuoua,'rsulrii m-Qaiin, cocroqquii Bcero rr3 AByx crpoqeK, ucrloJlb3yercx anbrepHarlrBHblri cro-
co6 3anaHktr rro.rlbrHrerpa,rrHoii $yuxrlun uepe: inline. Broprtlr I{ rperbnM rlapaMerpaMn $yuruuu
quadS sBrqlorcr Htl)KHr{ii u eepxunii flpeAenbr uHrerpnpoBaunx. Pe:y,rbrar BbIronHeHH.a cKpunra

rrpeAcraBneu Ha Pucyuxe 42.
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P nc.42. Pe:y,rrrar Bbrquc-reHHq onpe,le,rdgHoro rrHTerpaqa e Matlab

7. P E TIIE H TIE C I,{CTE MbT JI IIHETTTTTTX T/PAB HE HI4fr

3a,qaqa: Peruurr, cucreMy ll.r uefr urrx ypaa neHuri

!,r.r perueuut cl{creN,I :rl.firefiultx ypanuenufi cyulecrByer MHoxecrBo pa3nHqHbrx MeroAoB.
3Aecs urt 6yaenl HcnorTt,3oBarb rBa Ir3 HHX: rvrarpnvusrfi MeroA, Ha3brBaeMr,rfi rarxe MeroAor,r o6par-
uoli uarpuqbl, II MeroA Kpauepa. lloc,reAnnfi xor{ u He HMeer rxrrpoKofo pacrrpocrpaHeHur, Ho rro3-
BoJIter [oKa3arb HeKoropble xHTepecHbre npnenmr pa6orrr Bo BcexT pex cncreuax. Taxxe 6yayr no-
Ka3aHbr N,{ero4br, cleuH$HuecKHe rnfl cucreN,{ MathCAD H Matlab.

!,rx peanu:aunil Bcex MeroroB ueo6xo,ruuo rrpeAcraBr{Tb crrcreMy ,rnueiiHux ypaeHeHnii
BrvlarpHqHoM BHAe, TO eCTb B BU.qe Ax:b.3Aect A -uarpurla xo:$snuueHroB rrpll Heil3BecTHbrx,
b - ner<rop ceo6o,qulrx r{JreHoB. a -r - BeKrop Her43BecrHux (peureHue cucrelrrr).

MeroA o6parHoii Marpnubl cocronT B Tor{, qro AJIf, tsbrrl{cJ'reHl{t BeKTopa Heu3BecrHbrx
ueo6xo4nr.lo Haiirn npon3BeleHr,re Marpr{ubr, o6paruoii or Marpr.rubr xoeQ$r.ruueH.l.oB, Ha BeKrop
cso6oAHrx rrJTeHoB.

Mero4 Kpauepa cocronr e Qoprr,rr.rpon aH:r^Lr v3 Marpr{ubr noa$srlqueuron Ha6opa lrarpuu A 1 ,
A2 n A3 nyrelr 3aMeHbI coorBercrByrouero cro,r6rla BeKTopoNr cro6o4Hrrx r{JreHoB c rrocneAyrour{M
BbltlucneHHeNI o[pe.qenHreleii yKa3aHHbrx Marptlu. KovnoneHrbr BeKTopa HeH3BecrHbtx flonyqarorcq
nyr€u ,qeneHxt onpenenr.ITe,reii uarpuq Al, ,A2 n A3 Ha r,raeHsri;i onpe,qen[Te;rb cncrel,rbr, T.e. Ha
ofl pe!,en Hre,rs lrarpu usl A.

i,+.t, +2.r,+3.r,:ll
]'lr, * +r.:tz
lt-r.-5.r.,:-3

3l



=:ry

,& falibri " ll - 
=*3 ]I{-f g'Ff a"

dsr *

&iij

€- *a"
.t "

-':-1i I i.: *,]l*.1:...

v

a

i;ir: g r.r;r"J
l:.. !:;1.{.; :t::::. -l"!::tr ir

t
ti

{

'2

4

n

b

.!-1

-&

,-t,1 - 't tc

ra
G4
I -J

Hn g- n

,L-L f

i,2 4

-8 -5

dA2= 129

z

*
l

dA3= fi87
*..,*i 

i.lrr -'ri

Errp*a*lt*allr e ??:{t* *t:':** :lqe*€x

:4,'i

i'

3'i_

'3,2

,tt'z

i;
l3',x
t:
Ir
ll
l*

,:t

''l s

i,*
i :r:

lu
i J3
I

tt l'
lr:
116Il;
I "::l'*
t23
:
;'j{:

i=tt--
lil r l
i-
i I Cir,tFQ

r-l -l *
. :::::;l

A

**
_er

f"!

;..:::.:::..::

1

L}

f!

]+-L

33

:l-2

-6

*

.L.L

n

A}

,.1

i-L

U

1t ftrwrrt
f:

7.1. PeureHue n MS Excel

Peurenne 3ana\ilr e MS Excel rpeAcraBneuo ua Pncyure 43.

Puc.43. Peureune cr.rcreNlbl rrHeiiuulx ypaenenufi e MS Excel

!,1.a nrrvucneHnq o6parHoii Marpnr1br rrpuMeHtercx QyHruu.a MOBP, a D,nt BLIqI{cJreHHr

npou3BereHuf, Marpnrlbr Ha BeKrop $yHruux MyMHOX. HanounHaeM, qro rlepeA Hcronb3oBaHu-

eM NrarpurrHoii $yurquil HaAo BbrAeJrHTb Mecro fIoA orBer, a B 3aBeplxeHue Ha)Karl xou6HHaunro

KnaBurrr Ctrl+Shift+Enter.
llpu SopuupoBaHurr Marpuu Al, A2 n ,A'3 uoNuo Hcronb3oBarb cneAylouHii noAxo,f. BrrAe-

nfeN,r Mecro, Ky.qa ron)KHbI 6rrrl sanucaHrr cso6oAHble qJ'leHbI u,ru crol6ubl Marpuubl A, eeoAI{N'I :
(:uax pareHcraa), BbrAeJrreM HX u Haxunaeu xon6r.rHaurllo KJIaBIIIT, 3aBepualoqylo MarpntlHlro
oflepaufiro. OAuaro Mo)KHo noJrb3oBarbcq u Ko[upoBaHI{eM, Ho BcraBJ]flTb AaHHbIe nyque co cBfl3b}o.

3ro nossorr{T [onyquTb aBToMaruqecKoe h3MeHeHHe orBera rIpH u3MeHeHxu HcxoAHbIX AaHH;IX.

Onpene:rurenb N,rarpuubl Bbr tlncfifl erct c rtoNlolqtro $ynxuun MOIIPEI.

JL



7.2. Peurenue n MathCAD

Pea,ru:aun.s Marpl{tlHoro MeroAa e MathCAD npercraBneua ua Pucyuxe44, a uero4a Kpa-
Mepa Ha Pncyurce 45.

trk, S,la:frc,:d - ide: nars.:nN*:11

i $A *aii.+ PegaxrNpceara Qr*6paxenlre $craexa **pr,rar flr*crpyr*enrur flrxe+rur Oxxc lnp*exa - ,,, 'i

D-r#Ft gB,l}u: ffi r-r frq E = {} ff .1.-ft,; :.: gl

Etu---; t,.ryi - ,- -1,1L 
- 

:!"
t6l # ff{],= f+ <f ll crF G

:1 +.,= 11 r .r

I::-{

:'
;fie;:!l11lyJq AUTO {rpanr.rqa I

Pnc.11. MarpuvHsrr'i Nrero,I perxeHr.rr cr.rcrcNtbr ,runeiiusrx ypanHeuuii n MathCAD

t:* \"lal^cad - .3e: na:aaxNs:1]

tl
+

I

l

ffi Oari.r legar:rrpcearr Qrc6pa,xenne L'lncrpyr,r.enru fn*teorer

J?$F='"FE
Ecraara **pr,rar

r'l :D-|6Fl gRl:r

'fi:*:L ..- - -l*?L- ..
.

lEl # ffT'= f# 'f El qf Q

-r- v B r u _=== !=:=

il
t,

J

1

Marpat:-irr

Al := au=mentib. submarrirr-{. *, l. 1 --lj l

-tr -i .= all=-*,1:ubl:ratrlri-{. *- 3 " 1. 1l . b:

"Jt = trtt_'l

le:l

_{: =

J.
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-: ,'

Puc.45. Pealn:aunq N,rerora Kparrepa e MathCAD

!r*:: FL fcr help,
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@opuupoeaHr.re Marpnu Al, A2 n 43 npon:BoAurcfl c rroMorrrbro $yHruuii augment n sub-

matrix. @yHxqur altgment ocyrqecrBJrfler o6:r,eAuHeHne MaccHBoB, flBJlfltoruuxcfl ee apryueuraul.
npuu€v 3Tr.r MaccnBbr o6beAr{Hrrcrcq (6oK o 6or>. @yHnqux submatrix llo3Bonter BblAerurb qacrb

H3 Maccr{Ba. ApryuenraN{H 3roii $yHxrIHH qBrqlorcq MaccHB, H3 Koropofo BblAerterct qacrb,

Har{zt rbHaf, crpoKa aroii qacrl.r, KoHeqHaq crpoKa, Ha.{a,TlHlrii cro,r6eU I,r, HaKoHeII, rogeqHlui cro,t-
6eu. Heo6xoAHMo orMernTb, qro B cncreue MathCAD, ec,rn He [peAlpuHllMarb cneuH€LrIbHtIX Mep,

crpoKr{ n cro,r6urt Marpuubl HaquHalor HyMepoBarbcq c Hynr.
Oupe4e,rnrenb Ma:rplrqbr 3aAaercr c froMoxlblo KHoTIKII H3 naHeJII.{ uHcrpyMeHToe Marpuqtt.

!,rx o6r,e4vHeH:z'fl. paccqHTaHHbrx 3HaqeHnii Hen:eecrHblx B oAI{H BeKTop-cro,r6eq nclonb3yerct

QyHKqHr stack.
Orueruu, r{ro Anfl peueHrrr cncreM,ruueiisrrx ypanHeurzii e MathCAD o6rtqso ncnonb3yer-

cx SyuxuHx lsolve (puc.46).

*k; Slaihcad - lEe: x*:aar-rur:1, ij-*g

ffi.sarile.-1uo'''p;'ui;p1"6pu*.n".E.'uu,uocpl.tar-[;;;e;;;.;'"i''n''..no,oxrrcfnpaaxa
D-6pffi 13E[r: ffi *r ,fSE?*, ,, r]E 11i.,,1 13

nlmal -;d|-- - -jiit,, ; E .r u t== =. := i= :::

W # [:::] '= I* <f fr1 a9 #,
.i I i 11

;Fr,ers Fl for helF.

F

IUTO f,.ll.)rrl (rparixqa 1

Puc.46. Peruenue cHcreMbr ,rnueiiusrr ypaeneHnii c rroMorubro rpyHxuuu lsolve

7.3. PerueHue B Matlab

M-Qaii:r Anfl perrteHur cr{crervrbr nnHeriHbrx ypaeueuHi.r Marpnr{HbrN'r NreronoM rlpeAcraBneH Ha

PucyHre 47 , a pezyn rarbl efo pa6orbl - na PucyHxe 48.

A C rLl:er:,31',De:ktepirrl,m
: -::i=,,r.g-j

!ile Edit !ie;* Iekt Sebug Breakp*int-< lleb '#i*daw Help
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il-**'E''4
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:

Dr#F{g rn Ers*:: , 
-- *-*::

"- i.j
Reed.;

Puc.47 . MarpuqHsrii Mcror B Matlab
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Puc.48. Pe:y,rsrar perxeHur cucreN{br NrarprqHbrru N{ero.Tor\{ s Matlab

Pea,ru:aun.s Merola Kpalrepa s Matlab [peAcraBneua ua PHcyH xe 49.

Puc.19. Mero,1 Kpanepa e Matlab

Kar n s MathCAD, g,u $opnupoBaHur Marpr{u Al, ,A.2 u .A3 neo6xonnMo npoh3Borurb
o6reAnHenue MaccHBoB r.r BbrAeJreHue rr3 Hr{x qacreii. llepaax 3alaqa petuaerc.fi nyreu ltepequcreHut
acex o6le4LIHteMbIX qacrefi B KBaAparHbrx cxo6Kax qepe3 [po6e,r. Bropar 3anaqa peruaercq nyreM
yKa3aHr.ifl Arrana3oHoB crpoK H cro:r6uoe, Koropbre ueo6xoluuo BbrAenr4Tb. Crporcu u cro,r6urr
s Matlab Har{r.rHaror HyMepoBarbc{ c eAuHhulr. Ec,rn HyxHo Br,tAenrrrb Bce crpoKu, To BMecro roro,
'{ro6lt Ha[I,Icarb qepe3 lBoeroqne HaqarbHylo u KoHer{Hyro crpoKn, Mo;,I(Ho Harlucarb rrpocro nBoe-
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Toqr{e. Onpe4e,rnrenb Nrarpuqbr Bbrrrrcn-lercfl c IIoNIoIqtro $yHxqnu det. Pe:y,rlrar pa6orsl m-Saii:ra

[peAcraBneu ua Prlcynxe 50.
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Pnc.50. Peuenne cucreNILI Nrero.loNl Kpauepa e Matlab

Oruernu, qro .qrr perxeHnr crrcreM nr.rHeiiHbrx ypaBHeHnii e Matlab o6tt.{Ho Hcronb3yerct

MeroA (<JreBofo AeneHLIfl) (prac.5 | u pttc.52).

Puc.5 l. M-rlaii:t, peanu:yxtutllil Nlero,q (J'IcBoro aereHrlt))
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D td ffi g ,.:: ... sr f,fi t)
td;rndc*i Hefp

trfi ., J[ =r:r' i

l

I
xg

-j
.1

-l
i

1

2

l

r-t.! :

;;=3i j--

1, -1 : a, !,,-,: _El.Jr :L : tr - .f j.

--:l
Rea,$

36



* T,4ATLAE

I-J IE

t'd*r!+:p;e *

l8ffi

a ,ffi,
L 

- 
*----:-* 

=--l Frle tdrt '. relv .ireb ilindcrr Heln

?& ? :Lirreft3,ref,tcry I C:rlJs*r*t,3 3ll'e*id*p,

Co€rmar*d lFfrcd{r*r

,t= o

i-J
R*sd'r

Pwc.52. Pe:y;rtrarur perxeHHr cucreNrbr MeroAoM ((JreBoro IeJreHr.Jr)

8. TIOJTIIHOMI{AJIbHAS ATIIPOKCI,IMAqAfl NAHHbIX

3araqa: Bttno,rsurl rIoJrIIHoMHanbHyIo ail[poKcHMauuro AaHHbrx, [percraBneHHbrx ra6,rHueii:

r 30 6,1.5 71.5 86.7 91.5 98.8
l0 l8 25.5 11.5 73 t27.6

Cyrr, gauuoil zaraqw 3aKnloqaercr B HaxoxAeHrnr rroJ'ruHoMa 3araHHofi creneun, noropuii
B HeKoTopoM cMbIcJre HannyqlxHN{ o6pa:ou orlHcbrBaer rrpeAcTaBneHHbre IaHHure. Ko:SrfrrUHeHTbr
anl]poKcllMHpyloulero flonHHoN{a o6tt.{Ho BbltlHcr.f,}orcr I1o MeToIy HariMeHbrrrr4x KBaAparoe nyreu
MIIHHMI{3aIIHH cyNIN{bI KBaAparoB orx,roseuuii Mexly ucxoAHbrMu 3HaqeHr{flMr{ ) H coorBercrBy}o-
IIIITMI4 HM 3HAqCHHqMH IIOII{HOT,IA.
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8.1. Peurenue s MS Excel

Perueuue 3aAar{n e MS Excel npeAcraBneuo na Pncyure 53.
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Puc.53. flonrlrrolrua,rsHa.s arrooKcnNlaunq B MS ExceI

floc,re nocrpoeHnfl rpaSHKa ucxoAHbrx AaHHbrx (o6parnre BHHMaHue, qro roJr)KeH 6ltrl gtt-

6pau raxoii BHA 3aBncuMocrn, rrpr{ KoropoM oHH oro6paKalorcf, orIeJrbHbIMu He coellrHeHHblllu
Me)KAy co6ofi Tor{KaMn) H3 KoHTeKcrHoro MeHro K 3aBHcIiNIocrIr Bbr6upaerc{ nyHKr.{o6aanrt.jlI{HIrto
rpeHAa. B Kaqecree B:r.ra 3aBLrcvMocrr4 ycraHaBnnBaerc.fl lIonHHoNIHiLrbHafl creIIeHH 3. Tarxe uox-
HO BKrloqnrb oTo6paxeHne rroJrr{HoMa (Ha prrcyHKe He npe,qcTaBneHo), [o3Bonqrcxlee yBLrAeTb efo
K03(bSHuneHrbr.

8.2. PeureHue B MathCAD

PeureHne 3aratv g MathCAD npeAcraBneHo Ha PHcyHKe 54.

Csaqa,ra 3aAarorcr Hcxo.qHbre 3HaqeHufl -r H ,)' B BHAe BeKTopoe-cro,r6uoB (nnfl KoMnaKrHocrt{

flpil 3anHcn ilcnonb3yercq olepauHr rpaHcfroHHpoBaHr.rt). Ko:rpQnuneHrbl allnpoKcI,IMllpyrou-lefo

ilonr.rHoNra BErr{Hc,rflrorcfl c froN,lorubro oyHKqllu regress. crenesl IIOJII{HoNIa 3a.qaHa paBHo}i rpeil,t.

!,ra no,ry.reHr{{ (rJranroro) fpaQrrKa $opuHpyercf, BeKTop xl, Konn.IecrBo SreMeHToB Koroporo
cy[recrBeHHo 6onbue KonfiqecrBa SneMeHToB BeKTopa x. 3Ha.{eHHt an[poKcHMnpyfouero IIoJIHHoMa

Bbrrilrcrflrorc' D,ne. sJreMeHroB BeKropa xl c iloMou{bro oyHKuHu interp. floc,re nocrpoeHnf fpaoHKa

rrpon3Bolurcr ero SoplrarupoBaHue. I4cxoAsne ror{Ku o6oguaqarcrc;l Kpy)KKaMu, a aflflpoxcuMHpy-

rcuuii ronnHol,r oro6pa)Kaerc.q cn,rourHoir luuHeii.
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1'n l,'la:'c:C - :3e; ri::erxrrn:11

ffi *ari.'t legaxrupae*;t Src6pa:<exne Bcrasr:a {}apuar FJHc-rp,;1'3sH1r, Cslorsc.*ur Crne Cnpaer*

s-r ,figE!= #E i::, -:: 19

-ir: v f, r U lE:== :=i=
n-r;#FE gRlI

i llorne, - i..lnai

ffillF{FT'= f*'f E: oF fr'

grj

I Presr F1 fer help. NUTO

Puc.54. PerueHne 3alaqH a[npoKorNlauurr e MathCAD

8.3. PerueHue B MatLAB

M-Qafil nnq perxeHnfl 3a1arrv anrrpoKcrlrvraqnu npeAcraBJreH na Pucy'nxe 55.

:& C:lU:er:i l3liDe:kteip\rr,!.rn

I Eile gdit I'ie,u'; Tart 8eb*g Ereakp*inE fdeb 'fJindc*+ He[p

fifi :Dcgffig ffi.r dfifr

R r:.'i -

fpa$,t<;r !

Puc.55. Peuresue 3aaaqrr afirpoKclrNraurJrr e Matlab
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Btrqnc,reHr.re xoaQQuur{eHroB arrflpoxcnMnpy]oulero IronHHoMa ocyul,ecrBnqercfl

urtro $yHxqnn polyfit. CreneHs 3aAaHa paeHoii 3. 3naqesnx no,tuHoMa Bblt{ncrqtorcfi B

oflpe.qenreMbrx BeKropou xl, c rrol,rourbro r]ynr<unn polyval. fl,rr oro6pa]KeHilq ilcxoAHbIX

Bn.qe KpyxKoB KpacHoro qsera :aAa€rcr crpoKoButii napauerp 'ro'.
Pe:yrrrarr't BbIfIoJIHeHHx m-Saii,ra [peAcraBneHbl Ha pHcyHrce 56'

Sl Figure l'ln, 1

c noMo-
TOqKAX,

TOqCK B

Eile Edit Yiesr lnsert

Dl#ffig h

t*ind*rru Help

,/ .FJ .F i
Polynoaei*t appr*xir$atrsn

fc*l=

AF

140

Puc.56. fpaQur anrrpoKcxrulpyrcilIero flo.rrrHoNla u ucxoAHble roqKfi s Matlab

KOHTPOIbHbIE BOIIPOCbI

1. Pas,ruqarorcfl. nv 6o,rsurue H NraneHbKrle 6yrcnrt B r{NIeHax [epeMeHHbIX B cllcreMax MathCAD u

Matlab?
2. Kar BbrrrqAnr oreparop npncBailBaHuq B cucreMax MathCAD u Mat|-ab?

3. Kar BbrBecrl{ 3HalleHre nepenteHHoii B cucreMax MathCAD u Matl-ab?

4. Kax e MS Excel, MathCAD n Matlab 3a.qarb r, MeHrlouuiicq or MrHHMa,tbHoro Ao MaKcHMtLiIb-

HOIO 3HaqeHHq c yKa3aHnltnt marou?
5. Kar< H3MeHIlrb UBer 3aBl{cnNlocrn ua rpaSnxe e MS Excel, MathCAD u Matlab?
6. Karc BKJrrorrrrrr, oro6paxeune cerKr Ha rpa0ur<e s MS Excel, MathCAD n MatLab'J

7. Kax yroqHnrb npn6,ruNeHHoe 3HaqeHHe KopHfl HenuHeiiHofo ypaBHeHI'Ir e MS Excel, MathCAD lt

Matlab?
8. Kax yrorrHilTb npn6,rnxeHHoe 3HalreHfie KopHt cucreNlbl ue,urueiisltx ypaBHeHl'rii s MS Excel.

MathCAD n Matl-ab?
9. Kar BbItIHcrHrb o6parHyro Nlarpnuy s MS Excel, MathCAD u Matl-ab'l
10. Kax orpeAenurb ro:Q$nuueHrbr arrrpoKcHMrrpyrcxtero roJluHon'ra n MS Excel, MathCAD ll
Matlab?
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3AIA HI4f Arff cA M oc ro^f rE J'I bHo f o B r,Ir or H EHVIA

l. 3aAanlrq rro reMe ttMarelrarlrqecKr{e pacu€rsl"

Tpe6yercr BbIt{HcJ'Iurb 3HaqeHHe BbrpaxeHHr B npHnoxeHHqx Microsoft Excel, MathCAD n
Matlab. Orqer no pa6ore s Microsoft Excel Ao,rx", .oa.p*ur.b npouecc H pe3ynbrar strqncreHzii
B pexr{Me oro6paxeHur r{uceJr H B pexuN{e oro6paNeuHx $opuy,r.

Baplranr I

1) sin("r+5)"3't-r *5,r1, x = 2,5
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5)
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4-)15
I r --'r-- -
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').o

3) 3sin(;

5) (R+r

3 sin (ar) co s' (2 
^)+ sin (zrr) 2
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( r\/-rcosl t+-t l,
\ R/

f :-? ?

nxl + cos3 (3nx

f ')rcog r+-/ L
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3) 4cos(ar) cost l2nx;cost13za; , -r = 5,3

s) (n+').orar-t..r(r.;r) , t=4,

r
S-

R

,l
)t " ---?<L.J

r/1+ r'

4) In(cos(5r- ))+ tg(,a) . r = 1,5.r = 5,4

, t=1, r=0,5, R=l

*-< /1

t=2, r=0,5, R=l

) , x:2,3 4)

t=3, r =0,6, R=1,5

, -r: -3,6

BapnaHr 4

- 2xs
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pnaur 3

Jts-r'-z.rt
-tt"(rt.5)

2sin(:a)cos2(l

(R + r)sln I-r -
R

Ba

l)

a\1l

5\

?\

2) cos("r-5)"t'*' +10x3, x:-1,5

4) ln(cos(5r2 )) + tg(nx), x : 1,5
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,:1 +2

l) r:11 ot3 +1

2) 
-. . 
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x:-2,5
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r:1, R:1,5, h=2

BapuaHr 5

-6- tY
t ) -----::-

sin(.r- + 3x*.;
--12
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BapraHr 6

"12; a rt a, _ 3r' x:3,4r)
cos(3-r2 + 2r3 )

3t 5.5tgf ,rrt tgrt3za) tgrl5,u t . x : 1.52

puaur 7
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x:1,25
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R:1,5, h=2

".rl 

*2

-ln(x5 +55)r , x:2,4
ctg(-r2 - 10,5)

t.-J) ).) sln(fi)sln - ( -'t,rrr) srn (),zr) .

5) (R + r)sin lr - nrin( t* Ir').R \ R/
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BapuaHr 8
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BapuaHr 9
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,l +l

BaplraHr 10
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e
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sin (
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Baplranr 12

l) cosrl-r+5)er' r-15r3, x= 1,5

3) 2sin(ra')cost (3,2r)sin' (5^)t, .r :3,4

Baplranr 13

l.r r:2,31

5) (R+

Bapuaur lul

t------;Vl+r" r,r I, e' ' , x: -3,54l+x*
, 7. .- l
f n'(sin(5r')) - tg(rn) . x:2.55

'-l 
I

cosx + e.'

+ 1.rr + 251: . r: -2.5

x=4,7

r(.

20

=ll

r5

!Tf

l))tg'

.1
sln. _
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x-

lno (

r
R

/.)

4)

s; (n+r).orlr-l,cos[r.;,), t:12, r:0,5, R=3 , h=2

2-va
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3) 2cos

^ tg(.rr + 10,5),, -- ,t=+ln(rr '55)r. r=0.J5t)
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3l ct$,alctgrt3.,a')ctgr{5,a). .r = 1.52 4; lnt(tottt) _'n2r+t , x:o,2
tg(3.2rr + 5)

s) (R-r).orlr*rr.or[r-;t) , t=r1, r=r,5, R:2, tt=3

pnaur 15

sin(6r2 +2xs ) a\

Ba

l)

/=15, r=*

3) L,5ctg!2nx)ct92 (3;a)ct € t+^

5) (R - r)sinlr -'sin[r - ;, ),

+2,5x3 , x:I,25
n.r-1+'l

lnz(cosr(-ra))

rg(xt - 100,5)
-5lnr1,r5+5)r, r:1,3

-J

- gt-t , x:0,5) , x:0,025 4)

R:1,2J

sin 
2 (3nr )

2.Sarar.us, rro revre "flocrpoenue rpaQuxon Qyuxuufi"

Tpe6yercx nocrponrb rpa$nru $yuruufi B rrpnnoxeHn.sx Microsoft Excel, MathCAD u

Matlab. Orqer no pa6ore s Microsoft Excel ao,rxeH coAep)Karb rlpouecc H pe3ynbrar eltquc,reullii
B pe)Kr{Me oro6paxeuu-a qucen u B pexuMe oro6paxeunr Soprnly,r.

BapuaHr I

1
l ) ),(r) = --;------:-ir , J . l- 1.5, 4.8] , urar n3NteHeHnx r paneH 0. 1 .' x(x -21-

]'(x) = 
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r € [- 2.0, 6.4], uar rr3MeHeHrr{ r paeeH 0.2.
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I t --t t,
\ R/

r0.

t.

sin

)aBe

0.2.

:n 0.

t-l

0.4.

n

; paB

5.

u 0.1

neu (

BCH

)aB(

n-
R

reH

-t . I z.o, 4.0], urar H3MeHeHH{ r paeeH 0.2.

R:t,

1) 
"(r)= 

(n+').orar-t.or[r.;r), )(/)= (n+ r)sinar-arin[r.ir),

t.lo,zoof,uaf r.r3MeHeunx t paueu L .
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,, ,',r, : 
{1

Bapuanr 9

1) r'(.r) :2r ++ , -. I z.o, 2.0], ruar H3MeHeHHn x paneu 0.1.' 2-r

r<0,
LUar H:nreueHux x paneu 0.25.

r<4.

ruar u3MeHeunr -r paneu 0.2.

rrrar H3MeHeunx x paeeu 0.1.

rxar n3N,reHeuux ,r paneu 0.2.

r . [- t 0.0, 10.0], rrar H3MeHeHnr x paneH 0.5.

LLIar n:neHeHnfl jr paeeu 0.2.

rrraf H3MeHeHnx x paneu 0.2.

" = | o.o, 2.4), uar H3MeHeHr.rfl -r paeeu 0.2.

zJ-; -3, -,r <

.,[.1'- r1'1, o.

Baplranr 8

l) r'(.r)= --L ,' r(r+ 1)
, ,t = [-:.0, z.o],

2) r'r.rl:1..t -21...'tl

I -lJl r'(-():--t_-
-, t/.{

, ,t € [- 1.6, 1.6],

, "'.[-:.+,s.0],

1)

5\

l.
.r,(.rl : # r 

= f +.0, 3.0], urar r{3MeHeHr{fl.r paeeu 0.2.

1r
-r'(.r) : 

"F 
_f , *. [-+.0,4.0], ruar r{3MeHeHrin x paeeu 0.2.

\ .. / .- \
r l, r(r)=(R+r)sin !r_ nsinlr*L,1, R:5, r:!, h=8,
)' R \. R/

7r

2

7),(t): (n + r)cosar - n.o{r +a

t =lo,zorl, '''ar 
u3MeHeHHs, t paBeH

[-r: - 4< x<-0,28n,
8),r,(x) : 

] "-'-, -0,28r < x <0,28n,

lx,0,28tt<x<4.

sin r + cos2r6) r'(-r) =

l2
0) t'(.t): sln -+Cos-

a\
1l

2) .v(x) =1." - 2l+ x,'.1-2.+,2.+f,

-'l

i/t+('-t)j
.r'(x): 

vtr\'t -4' . x.[ 3.4.4.0] . uar H3MeHeHur.r paeeH 0.2.

' , ,, . | 4.0, | .0], r'rrar n3r.{eHeHnr ,r paaeu 0.2.

, . | +.0, 4.0], ruar H3MeHeHHfl x paeeH 0.2.

a) -r'(x) =2x2e

5) -y(r):t"l+
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1)

8)

.r(r)=(R+')coslr-r.or[,.;r). .r'(r)=(R+r)sin 
t, 

-rrinf ,-;,). R:l . ,=:

fo,zool,-ar H3MeHenux t paueu L 
.

[.rr+2| ' .-6<r'<0.
,v(-r) = i -fll- Ll-lar u:ueneHnfl x panen 0.4.

lJlt,-'Il,o<r<6

Bapuanr l0

1) l(,r) = -r + 1 , ". [-:.0, 3.0], uar H3MeHeHH.n x paneH 0.2.
-{

2) .r(-r) = F - 2l , r. l_ 2.0,2.0], uar rr3MeHeHHr x paeeu 0.2.

Ir=-
7'

0.2.

| , -L,),\ R/

- -r- ' , -, . | :.+, 4.0] , ruar H3N{.HeHH{ .rr paBel

.16.0,6.0], urar H3MeHeHrrtr x paeeu 0.5.

,r = 14.0, 4.0], urar r{3MeHeHr.r{ r paeeu 0.2.

r , r = [0.0, 40.0], ruar u3MeHeHnl x paeeu I .

, ( r)
-1 -r- rcog t - =t t. u(r): (R - r)sin Lr - ,riR \ Ri' R

ll
MeHeHnqtpaBeH-.

I0< x 1-tr,
lr <.\ < lr, fllar u:lreueHufl r paeeu 0.5.

("r(10.

r

I

)'(

)'(

r()(

v(

r(i

to

)(

1l

4)

5)

6)

,c

8)

R:l

Bapuaur l1

1) ,r'(.r) : -+ , r e [- 3.0, 3.0], rrrar u3MeHeHur r paneH 0.2.- -r--l

2 ) ,v( .r r = ll"l - tl ( .t - 3), ,r e l- :.q, 3.9] , ruar r{3MeHeHr4{ x paneu 0.3.

^ l\l.T + V.Y-3) l'(x;

4) .-v(r) : l"' - ll , x e l- +.0,4.0], ruar r{3MeHeHr4r x paeeH 0.2.

5) -v(n):lnllxl-11, r.f +.0,4.0], urar H3MeHeHr{rx paneH 0.2.

-r) : r-

1l3-
4.r

r)=rl

,r)=J

r): (R

)Onl

Ic,.l,r=1.
lsl
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6) r(,r) - ('t - l)]jL , r. I z.o, 2.0], Luar r3MeHeHH.q r paaeu 0.1.

t .fo,zoo), rrar n3rvreHe Hwfl. t paBe. L .

I l.'l

sr,r,t.rr:I t l' -to('r(0' LUar u:ne'eHur,rpaeeH 0.4.'l t-

lVx sin r, 0 < ,r < 10.

Bapnaur 12

t) l'(-r) =,r*4, t.[-:.0,3.0], ruar H3MeHeHI'It.r panen 0.2.

2) .v(,r) = l-t' - tl_ ,t + r, r. f :.0, 3.0], urar H3MeHeHnr r paneu 0.2.

3) .r't.rt:(rJr. V.rt ),r, .r€ f a.o, s.o], rrlar H3NreHeHnq,r paneu 0.5

BaplraHr l3

l) -r,(,r) = 1-,rt , -r = [ 2.0,z.O],urar H3MeHeuu.a ,r paeeH 0.2.
J

It, , \)
2) r'(.r):l(tl- 2)t - 21. ...f +.2.4.2]. Lrar H3\reHeHrn.r paeeu 0.2.

| .r(r):(n-.).ora,*..o..(,-;r), .,,,(/): (n-,)rm' r -'.in[/ - ;,), R : 1,, = i

4) ,r'(,r) : "l'l - I , -r e [- z.o, 2.0], ular H3MeHeHHrr,r paneH 0.2.

5) ,r(,r) = ltnlx - tll , "r e [- +.0, 4.0] , ruar r.r3MeHeHHr -r paneH 0.2.

6) ,-v(x) : +gl , r e [- 10.0, 10.0], rraf H3MeHeHnx ,r paeeu 0.5.
SIN J

7) r(r)= (n -').o.4, *,.o{, - ;,). r,(r)= (n -')sin Ir - rr*[r - ;,). R : I ., : :,
t .lo. zoof , rrar H3MeHe H',fl t paBeH L .

fsin 
r., I0( r S -5.

8) r't.r)- jl*l* l.''1. 5 < -r < 5, lllar u3r\reHeHur r paeeH 0.5.

lcos.r.5(.r(10.

3) -v(.r) - 2V..-' + V..', r. f0.4O 0.14f,rrar r{3NreHeHnx,r paeeu 0.02.

I,
,1) -v(x) = el ' , r. f +.0,4.0], uar u3MeHeHHq x paeeH 0.25.
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5) t'(r) : -,r - h(- r), ,t . | +.0, 0.0), rllar H3MeHeuu.r ,r paaeu 0. I .

6) .r,(r) =r* ltlntl, r€ [-10.0, 10.0], ruar u3MeHeHurx paaeu 0.5.
sln ,r

7) .r(/)=(n-r).o.1 ,*rrod, a,l. r(r):(R r)sin Lr- rrin( ,-L,.l, o=R \ R/' R \ R'

r 
= [0. zoo]. uar H3MeHe uux I paseu L .

ItJ--3, -3<r<0,
$) .t'( r ) = { n] 

t-l Lllar r.r:ueHeHr.rfl .rr paneH 0.25.

h' o<'r<3'25'

a11l

1/1

Bapuaur 14

l),r(x) = rt +1*r, *.1-2.3,2.0], ruar u3MeHeHrr{,r pareu 0.1.
L

2) 1,6):ll"t -zl+"t|, r.f :.0, 2.6f,rriar H3MeHeHu.rlrpaneH 0.2.

3 ) .r'(.r) . * = [- 2.000. 2.225].uar H3MeHeHrir n paBeH 0. 125.

\2Vr-l-l/
l1_,

4) ,r'(.r) : gl ' , -t. [- 4.0, 4.0], rrraf H3N,reHeuux .r paneu 0.2.

5) l'(r) : 2 hl.r - | , t . l:.0, 3.0], lrrar H3MeHeHu.n r pareH 0.2.

6) y(r) : e- kl\ 
sin -r, x. I t s.o, 1 5.0], lrar r{3MeHeHUr,r paBeH l, ft : 0.05 .

tt .r(r):(n- ,)corf r -t ro{,-:,'']. r(r):(n r)sin-|1 - nsin( t-ar'.],R \ n ) '' R \. R'
t =lo,zool, rrar h3N{eHe uun t panen L 

.

[tSsin,r, -10<,r<-3,
8) ,r'(-r) = ]Z"l.t' *2.,, -3 < -r < 3, lllar H3MeHeHHrr,r pareu 0.5.

l.1scosx, 3<,r<10.

1,,:1
tJ

R=l

BapuaHr l5

Ir +l
I t r'(.t) = 

= 

. .r = [- 2.0,2.0], urar u3MeHeHux -r paeeH 0.1.

2) .r'r.rt : l/(..t - rl *,r), r. !+.0, 3.01, ruar H3MeHeHHf, x paaen 0.2.

I,
3) ,v(;r) = .r/t * (r-' - tl . -r . l- 2.o,z.}l,rrraf rr3MeHeHux .r paeeu 0.1.
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4) l'(r) : 8-re2' , ,r . [- 2.5, I .0], ruar H3MeHeunx :r paeen 0. I .

5) -r(x) =-lnlx-tl,,re[-: o, 3.0]' uar H3MeHeHnqr paneH 0.2.

6) r'(,r) = Jx sin x , x e[0.0, +o.o], IUar H3MeHeHilt -{ paeeu l.

7) .r(/ )= (R+ r).orar - r.oJ, * L,l. r(r)- (R- r)sin lr - rrin(, * l,l. o : I ., = ].\" ' '-"-R' '"-1' ' R' )' "" '" ' ' "'R' ""'l' R'J' " 2'

t .lo,zoo),uar r.r3MeHe unx t paueu L .

[(x+2s)] +2, _10<-r<0,
8t 1t.rt : I . I fllar l.r:ueseHut jr paeeH 0.5.

l.r' ;. 0..r < 10.

3. 3aAanuq rro reMe ttPeruesne He,rnHefinoro ypanneHuntt

Tpe6yercr sairru peueHr{e ypaBHeHu.rr snrc f (x)=0 a npu,ro)KeHl{f,x Microsofi Excel,

MathCAD n Matlab. Orqer no pa6ore s Microsoft Excel aonxeH coAepxarb rpoqecc Ir pe3ynbrar

srrquc,reHuii B pexnMe oro6paxeHnq rlucen u B pexl{Me oro6paxeHnx Sopnyn.

1),f(,r) =r't +3x+ l, 
"= f f, O]

2) f (r): x3 +x+ 1,,r. [-t, O]

3) /(,t) :,rt +3x-1, t. [0, f]

4) f (x):,t3 - x+2, ,.12,-t)

5) ,f(,r):-r3 - 2x-5, ,.fZ,Zf

6) f(x)=,rt +x-3, x. [t, Z]

7) .f (x):,rr -x+ 1,,r .l-2, -tl
8),f(x) =-rt +-r- l, r.[0, 1]

9) .f (.x):,r3 - 2x2 +r, ". I r, o]

10) /(x) =2x3 -4x+5, re [-2,-t]

1 l) I (x) = r'r - 3r+7, ,r = [- 3,-2f

12) f (.r)=,r3 -3,r2 +9x+ 2, r e[-t, O]

13) .f (x):.r'-6rt +15,r-:, .re [0, t]

A) f (x):,r'' + 2x-II, -t = [t, z]

15) /(x) : -r3 - 2x2 +3x_5, ". [t, Z]
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4. 3aa,ap^us, rro reMe tt Peulenlre crrcreNr se.r nuefr nsrx ypanHeHlrfi tt

Tpe6yercr :c.afiru perxeHrre cHcreMbr ypanHeHufi tuga F(y)=0 n npn,roxeHr{f,x Microsoft
Excel, MathCAD u Matlab.

Bapuaur I

, fsin(r+r')-0.6.r:0 ^ [sin(x-l)-r:1.2al)l 2t1^ (u:l.b=l)
I.r- +.r'- = | [2.r-cosr'- 2b

(a=1, b:l)

(a:1, b=1)

^ fcos(r - l)- .t = 0.5at) <

l"r-cos,t,:3b

BapuaHr 2

r; ]t .{'r'+o,l): "u:

["r'+2-r'-:1

Bapnanr 3

[sin(.r+,)-O.Z.t:0.2 lsinr+2t,:2ctl)J 2l], .\ \u=l.b:11
[.r- r-.r'-:l lcos(r.-l)+.r=0.7b

( ,-
2) ].ot"*J':t.ln

f 2x - sin(.r' -O.5)= 6

BapuaHr 4

t) Ird':'. 
+ 0.3)= ir2

[0,9,r' +2t'' :1

z, {''n 
(.. + 0.5 )- r' - }

f cos(.r' -2)+ .r: a

Bapuaur 5

Isin(.r + r') - 0.3x :0
r) i

lx- +,Y- = 1

- lcos(.r + 0.5)+ .r = 0.8rr
2) i .. 

f sin ,r' -2x =1,6b

Bapnaur 6

. Jtgt.':..'t) I - '.
f 0,8,r' +2t'' :l

z: {r, -cos("r +t)=,,

f -r + sin 
-v" = -0,4b

53

(a:I, b=l)

Bapuanr 7

fsin(.r+r')-0.5.r:0.1 fsin(r-l):1.3-r'bf)l 2t1 .\ ta-l.h=l)
[r' + r'- : I lr -sin(.r'+ l)=0.8a

Bapuanr 8

- [tg.rr'=.rtr) { - '.
f 0,7,r' +2t,- :l (a:1, b:I)



1n=I, b:l)

Bapnanr 9

, , f 
sin(.r + r')- 0.2.r : 0.1 r, lcos(,r 

+ 0.5)- .t = 2o

'' 1..t r- )': : I lsin r'-2-r = b

fsin(r+ 2)- r'= l,5rr2rl "^'" -' ' (u:l,b=l)-' 
f .t'cos(.r' - 2):0.5b

Bapuaur l0

fts(.tt+o.l)=.rrl\ 2 -'
[0,6r-+2r'-:l

Bapuaur 1l

, , Jsin(r- )')-0.5'r-0.1 ,, Jsin(r+ 
l)- r =l'2tt

"1..t*.r't=l 'lz.t-cosx:2h

BapuaHr 12

,, Jrg{..'.r')=1.2r-0.1 ,, ]cos(r'-l)+ 
r=0'5rt 

1a=r. b-lt
"1..t,2).::0.8 -'lr-cos.r=3b

Icosv+ x=l,5ctrrl'""" ". (u=l.b=I)-' 
lZr -sin(x-0.5)=6

Bapnanr 14

- f te(..'t'+0,1)=.rrt' 
i;'' + 2,r.r = l

(a=1, b:l)

Bapnaur 13

,, isin(x+ l')=1.2.r-0.1 ,, Itin \+2x:2a 1a:1, b=tl
"1..,-J.r:t 'l.ot(.r-l)+l:0.7b

BapuaHr 15

,, Jsin(.r+r')-1.4.r=0 l, ]tin(r 
+0.5)--r-tr \a:1, b:l)

" 1... - J.r : t ' 
lcos(.t -2)- 1':6
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5. 3aAaHlrq rro reMe ttBsrqlrc,'leulre o[peAeJrdHnoro uHrefpala"

tL

Tpe6yercr BbrtlHcrIHrb | /(t).1.. B rrpnnoxeHnxx Microsoft Excel, MathCAD H Matlab.
"r,

Bapuaur I Bapuaur 2

I.-3

r) 
J

-0.5

l)

I ,,+fr) 
J
(J. IJ

1.8

fl) I
I

0.7

r,
_ltY

r/r- + I

,, i'- * r. 2s^' 
,/.J.t - 

""

r, [$,r,
ilVr- - I

Bapuaur 5

l'6 )

2t [p.r,
j*r,/x + 2

BapuaHr 3

BapuaHr 7

BapnaHr 9

BapnaHr 11

Bapuaur

Bapnaur 6

,{+l_T=_
'\lX +/

t'-f-
!r +r

dr
2

?)i
0.6

d.x

2J r-1-lVx-+l
| _ .1. 2l
r tt,z_

0,2

l)

Bapuanr 8

BapuaHr 10

BapnaHr 12

l) ,)i
0..1

-rr+ I_ny/.-..^
V,r" + I

-tIY

I . ""
tl x- +1

l^Y -]_'l )..

!r- +)

t.l
^ tln(r+l) .tl| 2-cl.\d .{ +-)

0,1

,r r) 
-l++d.
i, v-r+ J

Bapnanr 14

l)

13

.5.2

I.2

a\

l': .-, -) l'l 
.-2

l) | 
n-t 

,l , 11 | ^ l,
I r , ".. -t I I--1-(._r".Vx-+l .'rV.r'-x+l

BapnaHr 4

r)

r)

9.8

J
2.2
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BaplraHr 15

r)

CI{CTCMbI N NHHCilHbIX VDABHEHHiI c t1 Her.{3BecTHbrM}r

B |IpHnoxeHuqx Microsoft Excel. MathCAD u Matlab

- -l

10

6. 3aAanus rro reMe ttPeureulre crrcrenrbr ,ruHeiinslx ypaeHeHuiitt

Tpe6yercr uairru perreHr.re

-l a1.xt + ... + ar,,x, : b1,

+ alax1 +... + a.,,x,, = b.,

at txt

attxt

It0x, -2x.+2r.:13
I

] 
29x, + 5x, + 5.r,, : 19

l7x, 
+5r, +40-t-, +9x, =JQ

[3-r, + 2"r, + -rr + 34x. =17

frrr-5x., 
+5r*:5

)x,+4x,-6x.,+5x.,=13
| -3.., + .r. - 24x, +7 t., :)
I

[] ., - 14.r.. - 4xt : -2

L)

| lxt

r; ] +x,

It'

[5.r, +4t. *r. *3.r* --l
I

- ll7x, +2r.+8.r, +7.r., =Q

'' 1 ,, r 3x. r to.r, r 7r, =8
I

f-2r, +rr +3,rr r2x,=J

a\L)

| lxt

r; ]s",
ln,,

4)

.11 -.'2

-r, + 5r-,

7xr+5r
3x, +2x

a\tt

f 16x' -2x, -8.r., =16
l

_ 1 5x, + .12x, - .r, 26.r,
2)1

l6r, +x. +22.r. -4xr=
I

l2r, +.r. + 12.r, : Q

[ 14x, + 5x, + 9-r., = ]3
rl]sx ,r.,7r,-lo

I

127x,-5x,+21x.:62

4)

BapuaHr I

BapuaHr 2

BapuaHr 3

- 4x. +7 x.:45
-2xr+3x.=23
-3-r, +8,r. -53

+13.r, =J'7

+2x.-8,r.,=17
+ 19-,r, - 11,r., :79

+ 2x.:lJ
+ 5.rt = /)

+ 4r., + 9x* :59
+ .r-r + 3x. = 17
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l3x, + 4x.- + 9x., - 2x^: -4t-l-r,*/x,-2x,:124){
Itr.-6r.+7x.:11
f2t, - x.+17x. 7rr:26

[t 
r, - 2.r, - 8.r., : 16

| 5.r, + 2.r. - .r, - 26.r ,

1 u.r, * ., * 2.r. - zl.v

[r., *.r.+2.r.,=9 
-

lr
lr, - r, - 3.r, - 5.r, = ;5
I

12.r,+18.r. i5.r,:33
] r, + 5x, + 2.r, + 6r.r = 13
I

l3x. +.r.. * 2.r'_* = $

| 7 x. -2r.: -gt-l) J5x, -6.r. +4.v, =lg
I

[ 6-r, + 4r. +3x.. =J

lx, + 2r. - 4,r, + 2x, =J5
I

- 15.,', -7.t. +9.r, -10.t, :-131
J) <

)rr, 
+ 10.r, = -6

i. 
x, + 3-r.. + 4x, : J)

I
- -l

-to
1t

Bapuanr 4

l)

BaplraHr 5

1l

Baplranr 6

l4r, -5.r, +5,r. = 13
t_'
1).rr +r. -rr:6
f u", - 4x. + 3x. = 2.1

[x, 
- 4.r. - 3-r., + 3xt = -24

3) ] 
2.t, +7 r. r 8,r., - "rr :43
3r, +1r1.r, +5-r. =2Q

[.r, + 5-r., *.r. = 7

[zO.r, 
-.r, -3.r, -5.r., :15

]2.r, 
+18r. +5.r, :33

I 

xr +5,r, +32x.+6x. : l$
l3-r, +x., *12.r* =$

f 
5,rr + 6x, +17 r. - 4xo =22

] 
3t, - x, +24x.+43;r* : lQg

| .r, + 2.r. + -rr1 : -2
lr,*zrr:s

f 70.r, + 2.r. 4x, + 2,r 
,

I

| 5r, 70r, + 9r, - I 0.r,) | -'+

| 
2.r, + 10r., = -6

f x. + 3,r., +14x. =J)

f 40.r, + I0.r, - 2.r_, : 1g
I

] 
3,rr + 1 10"r, -9r., + 4x,

| 
.r, + 70.r, - 2.r., - -5
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