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BBEJIEHME
IHopsigok BbINOIHEHMS JIA00OPATOPHOM padOThI

1. BHUMartenbHO MPOYUTATh U YSICHUTH YCIOBUE 3a/1a4l, KOTOPYIO MPEJICTOUT
PELIUTb.

2. O3HAaKOMUTBHCS ¢ HEOOXOAMMBIM TEOPETHUSCKUM MaTepruaioM - cM. CTICOK
PEKOMEHAYEMOM JINTEPATYPBI

3. [ToaroToBUTH CBOIT BapHAHT TEKCTA MPOTPAMMBbI U TIOMPOOOBATh PEIIUTH €TO C
MOMOIIBI0 KOoMITbIOTepa. OOBIYHO C TIEPBOT0 pasza PEIICHUE HE YIaeTCs - 3TO
HOpMaJIbHO. Hy>XHO TOBTOPUTH peIaKTUPOBAHUE U CUET JI0 MTOTYyUYCHUS
HYXHOTO pe3yJbTara.

4. CnenaTh OTUET.

Ka)I(IIBIﬁ OTYCT O(bOpMHHCTC}I B BHUJIC MTOSICHUTEILHON 3aIIMCKHU U JOJIKCH
COACPKATh CICAYIOIINUC 3JICMCHTEI:

¢ TUTYJIBHBIH JIUCT;

¢ TEKCT MOSICHUTEIBHOM 3aIIMCKH B MAIlIMHOIIICHOM BHJIE;

¢ CIIMCOK MCIIOJIb30BAaHHOM JINTEPATYpHI;

¢ MAaIIMHHBIN JUCTUHT IporpaMMel Ha si3bike PASCAL - B Bujie MpUIIOKEHHUS.

Copaep:xanue NOSICHUTEILHOM 3aITUCKHU

1. [TocTaHOBKA 3a/1a4H.
2. Kpatkue TeopeTudeckue cBeeHnss 00 0COOCHHOCTSIX MPUMEHIEMBIX
OTEpaTOPOB U METOJIOB (TEOPETUUECKOE BBEACHUE).
3. Onucanue MporpaMmel:
¢ o0mue cBe/ieHus (S3bIK MPOTPAaMMUPOBAHUS, OTIEPAIIMOHHAS CUCTEMA, TUTT
poleccopa);
OMMHMCAHKE JIOTUYECKOU CTPYKTYPHI POTPAMMBI;
OMHCaHUE aJITOPUTMa PEILICHUS 3a/1auu (B BUAE OJIOK-CXEMBI);
OIMMCAHKE BXOIHBIX U BBIXOAHBIX JAHHBIX TPOTPAMMEIL;
OIMMCAHUE TOITPOTPAMM;
NepeUYeHbh AHOMAJIMH M TIOMyCTUMBIX 3HAUYEHUW BXO/IHBIX JIAHHBIX (TECTOBBIC
IPUMEDHI).
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NABOPATOPHASA PABOTA Ne 1

NPUBNWXEHHOE PELUEHUE ANIMCEBPAUYECKUX U
TPAHCUEHAEHTHbLIX YPABHEHWUA

HEJb PABOTBI

" [IpaKTUKa B HCIOJb30BAaHUU YHUCJIEHHBIX METOJIOB pEIICHUS
anreOpanyecKux M TPAHCIICHACHTHBIX YPAaBHEHUMN;

" [pakTUKa B pa3paboTKe alrOpuTMOB U MPOTPaMM, COJEpKAIIUX
UTEPAIIMOHHBIE ITUKJIBI;

" JIOJIyYCHHE HAYaJIbHBIX HAaBBIKOB HCIOJIb30BaHUSI  OMOIMOTEK
CTaHJApPTHBIX MPOTPaMM U JIMYHBIX OMOIHOTEK;

" yriayOJeHrue HABBIKOB OTJIAJIKK MPOTPAMM U MPAKTUYECKOH pabOThI

Ha DBM.
OCHOBBLBI TEOPUHN

AHAJIUTUYECKOE PEIICHUE IS MHOTMX HEJIMHEWHBIX alreOpauvyeckux u
TPaHCIEHJACHTHBIX YpPaBHEHMM MOIy4yuTh He ympaercs. OOmas Qopma Takux
ypaBHeHu#t f (X) =0.

AITreOpandecKie YPaBHEHUS amsq X'+ 8m X+ + 8m1 Xme2 + ... +8; = 0 ©MEIOT
m  kopHeill. TpaHCUEHIEHTHBIE ypaBHEHHUS, BKJIIOYAIOIINE  CTEIICHHBIC,
TPUTOHOMETPUUECKHE U IKCIIOHECHIIMAIbHbIE (DYHKIIMU OT HEKOTOPOI'O0 apryMeHTa
X, Hampumep arctg(x) - x=0, OecuuCIEeHHOE MHOXECTBO KOpHeu. [lns pemeHus
TaKUX YPaBHEHHUU UCIOJIB3YIOT MPUOIMKEHHBIE UTEPAIIMOHHBIE METObI. Perenue
ypaBHEHUS OOBIYHO CKJIQJBIBACTCS W3 JBYX OTAalOB: OTHICKAHHWE HAYAJIBHOTO
PUOIMKEHUST KOPHS, T.€. ONPEJEICHIE UHTEPBAJIOB, B KOTOPHIX UMEETCS KOPEHb
YpaBHEHUSIMU TIOCJICIYIONIETO YTOYHEHHUS HAYaJbHOTO MPUOIMKEHHS KOPHS 10
JIOCTUKEHUS 3aJaHHOM TOYHOCTH.

[Ipouecc onpeneneHus UHTEpBaia, COAEPKAIIETO TOJBKO OAUH U3 KOpHEU
ypaBHEHUSI, HA3bIBACTCS OTACIICHUEM KOPHS 3TOro ypaBHeHUs. OOBIYHO Tpoliecc
OTIICJICHUS KOPHEW TMpOBOAAT WCXOAd U3 (PU3UYECKOTO CMBICIA 3a/lauw,
rpaduyYecKy WM C MOMOIIBIO TabnuIl 3HadeHud QyHkumii f(X). M3BecTHo, 4TO
eciu HenpepbiBHAs GyHKIMs f(X) Ha KOHIIaX OTpe3ka [a, b] mpuHUMaeT 3HaYeHUS
pa3HbIX 3HAKOB, TO BHYTPHM 3TOTO OTpe3Ka €CTh XOTS Obl OJHA TOYKa X=U ,B
KOTOpou (yHKIMS NMpUHUMAET HysneBoe 3HaueHue f(U)=0 .Ecnau mpu sToM 3HaK
NepBOM TPOM3BOMHON f'(X) HA ATOM OTpe3Ke HE U3MEHSETCS, TO KOPEHb X=U
SABJISIETCS €IMHCTBEHHBIM Ha JAHHOM OTpPE3KE.

Hanbonee pacrpocTpaHEHHBIM YUCIEHHBIMUA METOJIaMH YTOYHEHHS] KOpHEH
SBJISIIOTCSL METOJIbl TIOCJIEIOBATEILHOTO MPUOJIMKEHUS, TOJOBUHHOTO JI€JICHUS,
HeroTona, urepanuu.

MeTo/1 NOJIOBMHHOTIO JA€JICHUSA
YTouHEeHUE KOPHS MPOU3BOJUTCS B CICIYIONIEH MOCIEI0BATEILHOCTH:



- BBEIYHCIIICTCS] KOOPAMHATA X; CEPEIUHBI OTpe3Ka Mmoucka [a, b];

- OTpeNeNaoTCs 3Haku GyHKIMHU f(X) B TOYKax X, a, B;

- OTpeeIsICTCS HOBBIM  YMCHBIIICHHBIA HMHTEpBAJ  TOWCKAa  TIO
pe3ynbTaTaM CpaBHGHHMS 3HAKOB (YyHKIMU f(X) B yKa3aHHBIX TOYKaX
(orOpachiBaeTcsi Ta MOJIOBUHA MPEIBIAYIIETO MHTEpBaja, KOTOpas COAEPKHUT Ha
rpaHuiie 3HaueHust PyHKIUHU f(X) TOro ke 3HaKa, 4To U B CEpe/IMHE MHTEPBAJa;

- yKa3aHHas  MOCJIEAOBATEIIbHOCTh  JECUCTBUM  MOBTOPSAETCS 10
JIOCTIDKEHHS TpeOyeMoi TOUHOCTH | Xj- Xj.1 | < €, TIe € -I0MyCTUMasl IOTPEIIHOCTD
penieHusl.

AJTOPUTM pacCMOTPEHHOTO BBIUUCIUTEIBHOTO MPOIECCa UMEET BUJL:

Cl HAa4Yalo )

2
(a,b,g
3
< e D

x=(atbh)/2

Fx=FUNC (x)

FaFx <0

na HCT

ig a=x I_9 b=x

[IpuMeHeHne MeTo/1a TOJIOBUHHOTO JICJICHUS MPOUJUTFOCTPUPOBAHO Ha puc. 1.



Puc.1. YTouHEeHHnEe KOPHA METOAOM MTOJOBUHHOTO JICJICHUS

Metoa HoroTona
YTouHeHrEe KOPHSI MOKET OBITh ITPOM3BEJICHO TakXKe 10 MeToay HbroToHa.
CymHocTs MeToia Hpl0TOHA 3aKirouaeTcsi B TOM, UTO B MHTEpBaJie MOMCKa
BBHIOMpaeTCs HavajbHOE NPUONMKCHHUE KOpHSA Xo (puc.2) MU B OTOH TOUYKE
MPOBOAMTCS KacarelibHas K (YHKIMH, U TOYKA X; IEpeceUYcHHUs KacaTeIbHOU ¢
OCBIO a0CIKCC MPUHUMAETCS 32 YTOUHEHHOE 3HaUYE€HUE KOPHSI.

A

y

y=/(x)

\ ;

Puc. 2. I'paduueckas unrepnperanus metoga HerotoHa.

[ToBTOpSISt MOCTPOEHHE KACATEIBHBIX B TOUKAX X1, X2, X3 ... Xp.1, Xn, [OJIYUYAKOT
MOCJIeI0BAaTEIILHO YTOYHECHUE KOPHS. AHnammTrdeckas 3aBUCHUMOCTbD,
OIMCHIBAIOIIASL TAKOW MPOILIECC, UMEET BUI:

Xn:Xn-l'f(Xn-l)/f, (Xn-l)-

Meron HproToHa (KacaTeNbHBIX) B OTIMYHE OT METOJA IOJIOBHHHOTO
JIEJICHUST UCTIONB3yeT uHpopMaruio o ¢opMe (PYHKIUH, YTO YCKOPSET MPOIECC
yTouHeHus KopHs. OHaKO JaHHBIA METOJI OTPAaHUYECH B MIPUMEHEHUH, MTOCKOIbKY
Uil QYHKIIUA C M3MEHEHHEM KPHUBHU3HBI M TOJOTUMH y4acTKaMH B HHTEpBAJC
MOKMCKa TEepeceueHrue KacaTeIbHOW C OChIO aOCIMCC MOYKET BBIWTH 3a TMPEICITbI
WHTEpBaJa, U TOTJa yTOYHEHUS KOPHS HE MOTYYUTCH.

AJIFOpI/ITM YTOYHCHUS KOPHSA 110 METOY HrroTona nmeet BUA:



Cl Ha4ango )
) !
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Ax=1f(x)/f'(x)

X=X - AX

MeTtoa npocToil uTepauum

Meton  mpoctoil  uTepauumu  (IIOCJIEAOBATEIbHBIX  MPHUOIMKEHUN)
3aKJIIOYAETCs B TOM, YTO MCXOAHOE ypaBHEHHE uMmeeT BUI ¢ (X)= x . Eciou B
WHTEpBaJe IOMCKa BBINONHsAETCA yciaoBue | ¢ (X) | <l, To MeTton [naer
BO3MOKHOCTb BBIYMCIIMTH 3HAYEHUE KOPHSA C 3aJaHHOW TOYHOCTBIO. Eciam 37O
YCIOBUE HE BBINOJHIETCS, TO MOXHO MEpeuTH K oOoOpaTHON (yHKUIHU.
[IpubnuxkeHne K KOpHIO oOcCyllecTBigercs 1o dopMmyne XJ, = ¢ (X)).
HTepannoHHBIN ITPOLIECC MPEKPALIAETCS, €CJIA BBIITOJIHSETCS YCIOBUE

‘Xi+1 _Xi‘ <€

rIe € - JOMyCTHMas IOTrPEIIHOCTh perreHns. CXoaumMocTh OymeT Tem Oosee
OBICTpOH, UeM MeHbIIIe BeauunHa | ¢'(X) |.

y4 yzxk— y =
y=0(X)

\/

\
\l

- y=0(X)

<y

Xo X1 X2 Xo Xo X1 X

a) 0<o'(x)<1 0) -1<¢'(x) <0

Puc. 3. Yrounenue kopHs no merony HeroToHa.



CnenyeT OTMETHTb, YTO HJsl BCAKOTO ypaBHEHHS f(X)= 0 MOXHO HalTh
00JIbII0E KOJUYECTBO COOTBETCTBYIOLIUX €My YPAaBHEHHH X= ((X), HO HYXHO C
OO0JBIION OCTOPOKHOCTBIO MOAXOAUTh K MX KOHKPETHOMY BBIOOpY, T.K. OT HETrO
3aBHCHUT CXOAUMOCTb U CKOPOCTb CXOAUMOCTH METOJa UTEPALIHIA.

IIpubnkeHHOe pelieHue CUCTeM HeJIMHEHHBbIX ajredpanyeckKux u
TPAHCHEHJAEHTHBIX YPaBHEHU I

[Ipubnu>keHHOE pEIIeHHEe CHCTEM HEJIMHEWHBIX —aiaredpandyeckux Hu
TPaHCUEHACHTHBIX YPABHEHUM
f1(Xq, X2... X ) =0;
fa( Xy, X2 0. Xn) =0 ;
fo( Xy, Xz %) =0 ;
TaKKe€ OCYIIECTBIIACTCS B JiBa dTara: OTACICHUE KOPHEH M YyTOUHEHHE KOpPHEH ¢
MOMOII[BI0 METO/Aa TOCJIEIOBATENIbHBIX MNpUOIMAKeHu (MetoaoM HproToHa wium
MeTtogoM urepauuii ). OIHAKO NMPU YTOUHEHUM KOPHEW, CHCTEM YpaBHEHHI B
dopme X) = @(X1, Xz ... Xp ) MPEACTABICHUE UX U aHAIM3 CXOAMMOCTHU MpoIecca
uTepauuii  O0ojiee TPYJOEMKH U CIOXHBI. HM3MeHeHne (OpMBI HCXOTHOTO
YpaBHEHHUS TIpU HTOM HEOJAHO3HAYHO TOITOMY HEOOXOJMMO TIIATEIHHO
MPOaHAIN3UPOBATH PA3IMYHBIC BapUAHThI MPEOOPA30BAHHBIX YPABHEHUU C IIEJIbIO
MOJTYUYEHHUSI IPUTOTHOM JJ1sl UTeparuu (HOpMBI.
B 3axntoueHun HEOOXOAMMO OTMETHUTh, YTO JOMYCTUMYIO MOTPELIHOCTDH €
ONpENICNICHUs] KOPHSI YpaBHEHHUS B HTEPALIMOHHOM MPOLIECCE HENb3sI 3aJ1aBaTh
CJIIMIIIKOM MaJIOH, T.K. OMIMOKM OKpyrieHus B DBM He MO3BOJIAIOT MOJIYYHTH

0oJee TOYHOTO MPUOTHKCHHUS.
BAPUAHTBI 3AJAHUIA

Jist pyHKIMM, 3a1aHHOM B Ka)KOM BapuaHTe, HEOOXOAMMO HAWTH IBYMS
pa3IUYHBIMU MPUOIMKEHHBIMUA METOAaMU HAUMEHBIIUH TTO MOJIYJIIO OTJIMYHBIA OT
HYJIsI KOPEHb YPABHEHUS C OTHOCUTEJIbHOM morpemHocThio He 6onee €=0,001. Tpu
mrara NpUOIMXKEHUS 10 KaXKIOMY U3 METOJOB BBIIIOJHUTH BPYYHYIO C MOMOIUIBIO
MUKPOKAJIBKYJISITOpA U U300pa3uTh rpaduuecku.

1) 1/ (1+x*)-1,5x =0
2) 0,1x* - x In(x)=0

3) x3-1,473x>-5,738x+6,763 =0
4) tg°x -1,5x =0

5) e*-1,5x =0

6) 1/( 1+x*)-1,5x*=0
7) In(2+x)-55x°=0
8) x*-10-1,5Vx-2 =0
9) Vi-x2-2,5x°=0
10) 1-x? - 0,4e* =0

11) sin2x - 2x* =0

12) 2x-e™1°=0



13) e %% =0,7x
14) x* - 3x -1 =0
15) sin x —x cos x =0
16) x* + 2x*—10,2x =0
17) x=1tg x
18) x*- 2,5x% +x =0
19) 1/ (1+x?) - 2,5x%=0
20) x° +3x +1 =0
21) 1,5c0s x =2x°
22) 4x° - 12,3x* - x + 16,2 =0
23) In(1,5x + 3,2 ) =4,3x
24) 2,5x° +1,2x* =3,2
25) 1,2e *=cos x
MNOPAAOK BBIIIOJIHEHUS PABOTbBI U METOAUYECKUE
PEKOMEH AU
1. UccnenoBath 3aanHy0 (pyHKINIO, HANTH MHTEPBaJ, B KOTOPOM HAXOJUTCS
TpeOyeMblii KOpEHb YpaBHEHHs, MPOBEPUTh MPUMEHHUMOCTh Pa3ITUYHBIX
YHCIIEHHBIX METOJIOB U BEIOPATh METOJ PEIICHHUS.
2. Pa3paboTaTth alrOpUTM pEIICHUS 3aJadd ABYMs BBIOPAHHBIMH METOJIaMH,
NPEJICTAaBUB €T0 CTPYKTYpPY B BHJIE OJIOK - CXEMBI U J1aB €ro HeopmalbHOEe
OIKCaHue.
CocTaBUTh U OTJIAAUTH IPOTPAMMY PELICHUS 3aauu.
Bobruvcnute Tpu mara npuONMKEHUS BPYYHYIO M IOCTPOUTH TIpaduk
MPUOIIMIKEHUS.
5. CoctaBUTh HporpaMMy pelIeHUS 3aJayd ¢ [OMOIIbI0 OJHOM W3

CTaHJIAPTHBIX MOANPOTPAMM.

6. Pemmuts 3amauy Ha DBM 10 pa3paboTaHHBIM MpOTrpamMmam.
7. TlpoaHanu3upoBaTh pe3yabTaThl PACUETOB.
8. OTBeTUTH HA KOHTPOJILHBIE BOIIPOCHI.

[Tpu oTnagke mporpamMmbl CIEAyeT MPEXKIAEC BCETO OTIAAUTh NCIOIB3YEMYIO
MOJIITPOTpaMMy BhIYHMCIEHUS (pyHKIMU. /{7151 7TOTO HYKHO TMOATOTOBHUTH M PEIIUThH
COOTBETCTBYIOILIUI HA0Op TECTOB.

OTnagky 4YHCIEHHOTO pEIICHUs YpaBHEHHUS IeJIeco00pa3Ho cHadvana
IIPOBECTU Ha YPABHEHUHU C 3apaHee U3BECTHBIM PEILICHUEM.

KOHTPOJIBHBIE BOITPOCHI
1.Yem onpenensercs CyluieCTBOBaHHE IMpeiea JOCTHKUMOM TOYHOCTH
npUOIMIKEHHOTO BBIYMCIICHUS! KOPHEN, OJJUHAKOB JIM ATOT MPEeNT I pa3InuHbIX
METO/10B?
2.Kakum 00pa3zoM MOXKHO IPEIYyCMOTPETh BBIXO/ U3 UTEPALIMOHHOTO IMpoLecca,
€CIIv 3aJJaHHasi TOYHOCTh HE TOCTUTACTCS?
3.Kakoe BnusHME Ha KOHEYHBIH peE3yNbTaT BHIUYMCICHHS KOPHS YpaBHEHHUS B
UTEPALIMOHHOM TIPOIIECCE OKa3bIBAeT OMIMOKa, AOMYIIEHHAs Ha MPOMEXYTOYHOM
mare JAHHOTO Ipolecca?

B~ w



NABOPATOPHASA PABOTA Ne 2
NMPUBJITIMXXEHHOE BbIYUCIIEHUE HA 3BM OMNPEAEJNIEHHbLIX

UHTEIPAIIOB
HEJIb PABOTbI
" [paKkTUKa B HCIOJIb30BAHWU YHUCIIEHHBIX METOJOB HHTEIPUPOBAHUS
bynkmmit Ha OBM,;

" yriuyOJieHWE HaBBIKOB pPa3pa0OTKH QJITOPUTMOB H  MPOTPaMM,
UMEIOITNX MOIYJIBHYIO CTPYKTYPY;

" [pakTHKa B  HWCIOJb30BaHWW  OMOTMOTEKH  CTaHJAPTHBIX
MOAIPOTrpaMM U JIMYHBIX OUOJTHUOTEK.

OCHOBBI TEOPUH

3amayu, B KOTOPBIX TpeOyeTCs BBIYMCICHHE OIPEAESIEHHBIX HHTETPasioB,
BO3HHMKAIOT MOYTH BO BCEX OOJACTAX MPUKIATHON MaremaTuku. MHOrma MokHO
BBIBECTU AHAIUTUYECKYIO (DOPMYJTY U MPEACTaBUTh MHTETPaJl B BUI€ KOMOMHALNN
anreOpanyeckux W  TPAHCHEHACHTHBIX (PYHKUMHA C  COOTBETCTBYIOILIUMH
npenenamu. Bo MHOrMX ciydasx OJHAKO, HE YHA€TCd HAWTH HUKAKON
AHAJIMTUYECKOW 3aBUCHMOCTH WJIM K€ OHA IOJIy4aeTCs HACTOJIBKO CIIOKHOM, YTO
BBIUMCIIUTH C €€ OMOUIbIO HHTErpal TpyAHEE, YeM APYTrUMU criocodamu. B takux
CllyyasX  INPUXOAUTCA  NPUMEHATH  PA3JIMYHBIE  METOABl  YHUCIEHHOIO
WHTETPUPOBAHUsA, KOTOPbIE OCHOBAaHbI HAa TOM 4YTO HHTErpaj MPEACTABISETCA B
BHUJIE KOHEUHOU CyMMBI MPOCTHIX CIAaraéMbIiX. B reOMeTpuYecKor MHTEPIpPETALUN
IIPY YHUCJIIEHHOM WHTEIPUPOBAHUM IUIOLIAJb [0 KPUBOM HWHTETPUPOBAHUSA
OpUOIMIKEHHO — 3aMEHSIeTCsl  CyMMOM  IUIomajeil  »JeMeHTapHbIX  (uryp
(MpAMOYTOJIBHUKOB, Tpaneuui 1 ap.), KOTOpbIe MOTYT OBbITh HailIEHbI 110 TPOCTHIM
AHAJIMTUYECKUM 3aBUCHMOCTSIM.

Haubonee pacnpocTpaHeHHBIMH METOJAMU YHUCIEHHOTO HMHTETPUPOBAHMUS
¢bynkunii Ha OBM dBisieTcss MeTO] MNPSMOYTOJAbHUKOB, YAaCTHBIM CIIy4aem
KOTOPOTO SIBJIIETCS METOJ CPEAHUX, METoA Tpaneuui u metoq CumiicoHa (MeToJ
napa®oi). VYKazaHHbIE METOAbl pa3IMYyaloTCs CHOCOOOM  ammpoKCUMAaluu
UHTErpUpyeMoil (YHKIIMM Ha KaXJOM LIare HWHTerpupoBanus. B metone
IIPSAMOYTOJIbBHUKOB IIPUMEHSAETCS CTylleHYaTras amnnpoKCUManus, B METOJIE
Tpaneuui— JMHEHHas anmnpokcumanus, B Meroge CHMIICOHA — ampOKCUMAaLHUs
napaboJioi BTOPOI CTEIEHH.



AX AX AX

a b x  a b x  a b

a) 0) C)
Puc. 1. 'eomeTpuyeckoe npeaCcTaBiIeHUE YHUCICHHBIX
METO/IOB HHTETPUPOBAHHUS
a) - METOJ] MPSIMOYTOJIbHUKOB;
0) - MEeTOJI TpaneIuii;
B) - MeToj; CUMIICOHA.

ol |

VYka3aHHbIE YUCICHHBIE METObI MOTYT MIPUMEHSTCS HE TOJIBKO K (PYHKLIMSIM,
3aJaHHbIM  AQHAJUTUYECKHM, HO M K TaOIMYHBIM  (YHKUOUSAM, LIMPOKO
pacupoCTpaHEHHOW B MHKEHEPHOW MpakTUKe ( 3TO pe3yJbTaThl SKCHEPUMEHTOB,
CIPaBOYHBIE TAOJUIBI CBOWCTB MaTEPUAIIOB U T.11.)

KBagparypuble (QopMyIsibl yKa3aHHBIX METOJIOB JUJISl IOCTOSIHHOTO Iara
WHTErPUPOBAHUS A X MPEACTABICHBI HUXKE.

1.MeToa npsiMOyroJibHUKOB

A X= (b- a)/n, N — 4Yuc0 MmAaroB UHTETPUPOBAHUSI

OcTaToYHbIe YWIEHBI U Pa3IMYHBIX BAPUAHTOB METOA IPAMOYTOJIbHHKOB
BBIYMCIISIIOTCS (POPMYJIaMHu:

x=a+Ax-(i-1):  R=-(AX)*/2- f(x)=0[(AX)];

Xi=a +AX- i: R= (AX)%2 - £(x)=0[(AX)?];

xi=a+ Ax-(i- 1/2):  R= (AX)%2a- f'(x)= 0[(AX)*];

2. MeToa Tpaneuui

b
S=[ (x) dx=Ax: (112 f(xa)+ FOQ)+ F(xa) .. +HOM)+ 112 F(Xq 1))

rae X =at+ AX(i-1), Ax=(b-a)/n
Ocratounsrii wieH: R=-(AX)*/12 '=0[( AX)°]
3. ®opmyaa Cumicona

b
S= J. F(X)dx~ A x/3- (£ x1)+ 4f( Xo)+ 2f( X3)+... +4F( X))+ T( Xn+ 1)),

rae X; = a+ AX- (i-1) , Ax=(b- a) /n.
Ocrarounsiii wien: R=( A x )*180 : '"'(x;) =0[(Ax)*]
Jlns obecnieueHus: TpeOyeMOW TOYHOCTH TPU MPHUOIMKEHHOM BBIUHCICHUH
3HAQUYCHUS MHTETpajla MO0 KBaJpaTypHbBIM (opMyjaM Ha TPAKTUKE YacTo



UCIIOJB3YETCSl METOJ| IMOCJIEAOBATEIBLHOTO YJBOCHHSI 4YHCla IIaroB, KOTOPBIA
3aKJII0YAETCs B CIIEIYIOLEM.

WNurterpan S BeIUMCHsSETCS TO KBaApaTypHOU ¢Gopmyse IBaXKIbl: CHayana
IIPY YKCJTIE 11aroB, paBHOM N, a 3aTEM IPU YUCJIE 11aroB paBHO 2n.

[TorpenrHocTh NPUOIMKEHHOTO 3HAYEHUsI UHTErpaja Sn, BEIYUCIECHHOTO 110
KBaJlpaTypHOH QopMmylie TMpU YKCIE [IaroB, pPaBHOM 2n, OINpeaeNseTcs
npUOJIMKEHHO 1o npaBuiy Pynre:

82n %e'

Sn — SZn‘ ,
rae ans Gopmynbl cpemHux W Tpamenuit 0=1/2, ans ¢dopmynsl CumrcoHa
0=1/16.

Takum oOpazom, S, BbIUMCIAETCS ISl TOCIEIOBATEIbHBIX 3HAUEHUM n, 2n,
4n u 1. A. Ilpouecc BbIUMCICHUS 3aKaHYMBAETCS, KOTAA JJIsi OYEPETHOrO 4Yuciia
IIaroB MHTETPUPOBaHUS HE OyJIeT MOojJy4yeHa JOMyCTUMash IOTPELIHOCTb.
HavanbHoe ymncio maroB n pekoMmenayercst Beioupats ot 10 1o 100.

JUIs SKOHOMHUHU CIEIYyEeT YYeCTb, YTO MPU YABOECHUM YHCIA IIArOB HET

HEOOXOJMMOCTHA 3aHOBO BBIYMCIISITH 3HAYEHHS MOJABIHTErpaJbHON (DYHKIHMH BO
BCEX y3JaX, TaK KaK 4acTh Y3JIOB CETKH C I1aroM 2n SIBJISJIUCH y3JaMu U paHee, U B
HUX YK€ BBIYHUCIISUTMCH 3HAYCHUS (DYHKITUH.
Crnenyer Tak K€ y4YUTBIBaTh, YTO 3HAKH MOTPEIIHOCTEN y (POpPMyIbI CpeAHHX U
(dbopmybl Tpanenuil pazueie. [loaTomy, eciu ecTh pacueTsl o 00euM Gopmyiam,
TO MOYKHO YTBEP)KJaTh, YTO TOYHOE 3HAUCHHE MHTErpajia, Kak MpPaBHIIO, JIEKUT
MEX/1y 3TUMU pe3yIbTaTaMH.

BAPUAHTBI 3AJAHUI

C ucnonp3oBanueM IBM BBIYUCIUTH ¢ OTHOCUTEILHONW MOTPEIIHOCTHIO HE

b
-4
o6omee 10 3HAUCHUEC _ff(X)dX JUIE MCXOIHBIX JIAHHBIX, IMPUBEIACHHBIX B
a

tabnuue 1. Bbluncnenue mnpousBecTH MO pa3pabOTaHHON CaMOCTOSATEIBHO
oporpaMMeé M C HCIIOJIb30BAHMEM OJHOM U3 CTaHJAPTHBIX OMOJIMOTEYHBIX
NOANPOTPaMM, MCCIIEIOBATh BIMSIHUE YUCIA IIarOB MHTEIPUPOBAHUS HA TOUHOCTh
pemieHuss  3agaud. Pa3paboTaHHyl0 MporpaMMy MpPEACTaBUTh B BHJE
NOANPOTPaMMBI M 3alUcaTh €€ B JMYHYIO OHMOJMOTEKY HCXOIHBIX MOIYJIEH,
o0ecreynuB BO3MOKHOCTh MHTEIPUPOBAHUS (PYHKIMH, 3a1aBA€MOI MOJIb30BaTEIEM
BO BHEIIHEH moanporpaMMme— (yHKUUU MNPEAYCMOTPUTE BO3MOKHOCTH BBIBOJA
BMECTE€ C BEJIWYMHOW MHTErpaja— 4YuCia IIaroB HMHTETPUPOBAHMS (BEIUYHUHY
11aroB MHTETPUPOBAHUS), IPU KOTOPOM JOCTUTHYTA 3aJJaHHASI TOUHOCTb.



Tadbnuma 1.Vcxomubie 1aHHBIE

No f(x) a b KBagparypnas
/11 dhopmyna
1 /ex _1 0,1 2 MPSIMOYTOJIBHUKOB
2 exsinx 0 T TpameIuii
3 (x2- 1)10-2x 0 1 CpeIHUX
4 X3/1 Ty 1 9 Cumricona
5 1/(3+2cosx) 0 b IPSMOYTOJIbHUKOB
6 1/(In2x) 2 3 Tpanenuia
! arcsin Jx / 0 g CPEARHX
Jx(1—=x)
8 x3e2x 0 1 CumMricoHa
9 tg3(x/2+m/4) 0 o/ IPSIMOYTOJIbHUKOB
4
10 arctgx 0 \/g Tpanenui
11 1/(14_\/;) 0 4 CpeIHUX
12 1/(5-3cosx) 0 21 Cumricona
13 2x/(1-4x) -2 -1 IPSAMOYTOJBHUKOB
14 2 0 3/ Tpanenui
U+ VX7 +17 o
o cos(nx2 )/ V L2+x . 3 A
16 (0.3+x2)cos /e_x 0,2 g, CuMicoHa
17 / 0,5 0, MIPSMOYTOJILHUKOB
sin(ex2)/V 0,8 +3x 6 pAMOYE
18 e-x/4/(n+x2) 0 1 Tpanenui
19 _ 15 2 CpETHUX
VL5 = 04x o5 P
20 6-0.3%/ /27r+x 0,5 é, CuMicoHa
21 (ex2)sin /2 1+ x 5 25 IPSIMOYTOJIBHUKOB
22 /O 7-0,lx I[0,3(r+x -1 4 Tpanenui
23 -3 2 CpEIHUX
\/01+0 In(n/3-x/5) P
24 (2,5-x)ctgm/x 1,8 2, Cumricona
3
25 0 2, MPSIMOYTOJTBHUKOB
1

1,5/4 x2+2




MOPSIOK BBITIOJTHEHUSI PABOTHI 1 METOJNYECKHUE
PEKOMEHIALIUA

1. Pa3paboTaTh aJirOPUTM pELICHUs 3a]1a4M, IPEICTAaBUB €r0 CTPYKTYPY B BUJIE
OJIOK-CXEMBI U J]aB €ro He(pOpMaJIbHOE OITUCAHUE.

2. CocTaBuTh M OTJIAJUTh POrpaMMy PELLIEHUS 3aJa4u 1o pa3paboTaHHOMY
aJITOPUTMY.

3. 3anucath pa3pabOTaHHYIO MPOTpaMMy B JTHUHYIO OMOIHOTEKY.

4. CocTaBUTh IPOTpaMMy PEIIEHHUs 33]Ja4i ¢ TOMOIIbIO OJTHOW U3 CTAaHAAPTHBIX
IpOrpamm.

5. Pemnts 3aauy Ha OBM 1o pa3paboTaHHBIM IPOTPaMMaM.

6. [Ipoananu3upoBaTh pe3ynbTaThl pACYETOB, MOCTPOUTH TpaduK 3aBUCUMOCTH
TOYHOCTH PEIICHUS OT YKCIIa Iar0B UHTErPUPOBAHUS.

7. OTBETUTHh Ha KOHTPOJIbHBIE BOIIPOCHI.

OTtnaaky pa3paboTaHHON IPOrpaMMBbI IPOBECTU HA HECIIO)KHOM YPaBHEHHUH C
3apaHee U3BECTHBIM PELICHUEM.

KOHTPOJIBHBIE BOITPOCHI

1. CymectByeT Jiu ipesied JOCTUKUMOM TOUHOCTH BBIYMCIICHUS] HHTETpajia
PacCMOTPEHHBIMU METOIAMU?

2. KakoBsl npenmytiectBa Gopmyiasl CHMIICOHA IO CPAaBHEHUIO ¢ (hOPMYIIOi
Tpamneuuii ¥ CIEeJCTBUEM UEro SBISIOTCS 3TH MPEUMYyIecTBa?

3. Tlouemy ocrtaTouHble WieHBI (HOPMYNIBI CpEeAHMX H (HOPMYIBI TpameIHii
MMEIOT pa3HbIC 3HAKU?

4. JlaliTe TEOMETPUUYECKYI0 MHTEPIPETAIIMIO OTBETa W TOSICHUTE, KaK MOYKHO
UCIIOJIb30BaTh YKa3aHHOE 00CTOSITENILCTBA IIPU pacyeTax.

5. Kakwue apyrue GpopMyIibl Y4MCIEHHOTO HHTEIPUPOBAHUS (DYHKIIMM C pa3HBIMH
3HaKaMM OCTaTOYHBIX YWICHOB Bbl 3HaeTe?



NABOPATOPHASA PABOTA Ne 3

OBNAOEHUE NPAKTUHECKMMU HABbIKAMU YACIIEHHOIO
PELLEHUA 3AOAYU KOLLU AJ1A OBbIKHOBEHHbIX
ANDODEPEHLUUAIBHBIX YPABHEHUW. METO[ SUJTEPA

HEJIb PABOTbI

" OBJIAJICHUE MPAKTUICCKUMU HaBBIKAMH MCTIONB30BaHus OBM mis
YUCJICHHOTO penieHUs] OOBIKHOBEHHBIX MU epeHINATBHBIX YpaBHEHUN
nepBoro nopsijaka (3agada Korm);

" [IPOBEJCHUE BBIYMCIUTEIBHBIX IKCIEPUMEHTOB IO MPUMEHEHHUIO METOJa
Diinepa;

" M3y4yCHUE BIUSHUSA IIara MHTETPUPOBAHUS HA TOYHOCTh pEUICHUS
KOHKPETHOTO YpaBHEHHS ;

" HAKOIUICHHE OTbITa IO UCIOJIb30BAHUS QJITOPUTMUYECKHUX SI3BIKOB U
OTJIAJIKE TIPOTPaMM;

OCHOBBbI TEOPUH
Opnnum u3 HanboJsee paclpoCTPAHEHHBIX METOJOB PEIIEHN OOBIKHOBEHHBIX
i pepeHInanbHbIX YPaBHEHUM ABISIETCS METOJ KOHeuHbIX paszHocteil (MKP).
Paccmorpum nmpumenenne MKP it uncnennoro pemennst Ha OBM npocrenmero
U pepeHInanTbHOTO YpaBHEHUS IEPBOTO MOPSIKA:
dv =f(X,Y)
dX
C HaYaJIbHBIMU yCIOBHAMH Xo, Y(Xg) = Yo..
Pemienne Oynem uckaTh B UHTEpBayie [Xo , b] u Oyaem mojaraTh, 4TO
(GyHKUHS HA JAaHHOM MHTEPBAJI€ YAOBIETBOPSET YCIOBUSAM 1A IKOCTH.
PazoObem oOnacTe aprymenta X Ha MHOXECTBO OTPE3KOB JIMHON AX U
paznoxuM QyHKIHo Y B psij Telaopa B OKPECTHOCTH MPOU3BOJIBHON TOUKHU X U3
00JIaCTH CYLIECTBOBAHUS (PYHKIUU:

2
Vi = YOX, 4 A%X) = V(X)) + S0 V() + 22

Y'(X.)+..

OrOpaceiBas 4jieHbI psija, COACpPIKAIIME ITPOU3BOIHBIE BTOPOTO U BBICIIETO
MOPSIKOB, MTOJYy4aeM KOHEYHO-PA3HOCTHOE BBIPAKEHUE MIEPBOM ITPOU3BOIHOU
Y. Y,
' 1
Y (XI) — 1+ 1
AX
Orcroma Y, =Y, +AX*f(X,,Y;).
Breraucnsas mociaenoBaTeIbHO OT HAYAJILHOTO 3HAUYEHHUS Y o 3HA4YSHUS Y1, Y
, Y3, ...,Yj1 TI0 TaHHOU (popMyJie, HAXOJAUM UCKOMOE pPeIIeHHE.
Ha puc.2 nokaszana ¢opma 4HMCIEHHOTO PEIICHHUs, MoJydaeMasi ¢ TTIOMOIIbIO
TaKUX BBIYUCIICHUH.



v

XO X]_ X2 X3 X4

Puc.2. Cxema npuGIMKeHHOTO peIIeHUs] METOIOM Diepa.

JlaHHBIN METOA peleHUs] 0OBIKHOBEHHOTO AU(PPEepeHIINaIbHOIO YpaBHEeHUs
HOCUT Ha3BaHHWE MeToja Jiiepa. IIpu mocTatoyHo ManbIx BeIWYMHAX mIara AX
MeToJ Diiepa JaeT peuieHue ¢ OOoJIBIION TOYHOCTHIO, TaK KakK MOTPEUIHOCTb
oam3ka K 0 (AX?) Ha KaXIOM Iare npolecca o MeToty Jdiuepa.

Xo, Yo, AX, X

]
+<3 y=y+€x-f(x,y) >

I_4 X=X+ AX
5

B nmanHO# O710K-CXeMe X, - KOHEYHOE 3HAaUCHUE KOOPIUHATHI X



BAPUAHTBI 3ATAHUM
Hano nuddepennraibHoe ypaBHEHHE MEPBOrO MOPSAKa
Y'(X)=f(X,Y),

rae f(X,Y) -3amannas GhyHKIus.

TpeOyeTcs HaliTH YKCICHHOE penicHue 3aaa4n Ko Ha 3aJaHHOM OTpE3Ke
[Xo , b] (b > Xo) npu nHawameHOM ycnmoBuu Y(X,)=Y, MeTogoM Diiepa c
pa3IMYHON BEIMYMHOW IIara WHTEIPUPOBAHHMS AX W HCCIEIOBATh BIIHSHUC
BCJIMYMHBI IlIara HHTEIPUPOBAHHS HAa TOYHOCTH pelreHuss (  CpaBHCHHE
OCYIIECTBIIATEH C AaHAIMTHYCCKUM PEIICHUEM 3a/1a4H) .
Hwxe npuenens Bapuanthl pynkimii f(X,Y).
dyHKIMS MOKET OBITh 3a7]aHa MPOU3BOJILHBIM HabopoM aByX dyHKiui ¢(X,Y),
v(XY):

f O, Y)=0(X,Y)+ y(X,Y).

Oyukuun  @(X,Y):

1) Y/X ; 2) X2+Y; 3) X°+v;
4) X +Y?; 5) X+Y?°; 6) X*+Y?;
7) €Y ; 8) et 9) e" +Y 2.
Oyukmmm y(X,Y):

1) e XY 2) et 3) XY ;

4) 3.2; 5) 48X°Y; 6) e* +3Y;
7) e¥Y ; 8) 8.7; 9) VX +v.

Peuienne 3aaun oCyecTBUTh B HHTEPBaE [2, 3] mpu HAYAJIbHOM YCIIOBHUH,
3aIaHHOM TIPETNO0/1aBaTEIIEM.

MMOPAJOK BBIITIOJIHEHUA PABOTBI U METOINYECKHE
PEKOMEHJAIINU

1. U3yuenune metona Dusepa.

2. CocTaBiieHre OJIOK-CXEMBI allTOPUTMA.

3. CocTaBiieHre mporpaMMBbI pacuera (B MporpamMme MpeaycMOTPETh BO3MOKHOCTD

€€ UCIIOJIb30BAHUS JJIsl PA3JIUYHBIX IIArOB HHTETPUPOBAHUS AX ).

4.BBox nporpammel B OBM n oTnaaka nmporpaMmsl.

5.IIpoBeneHNE BEIYMCIUTENBHBIX SKCIIEPUMEHTOB.

6.AHaNN3 MOJTYYEHHBIX PE3YIIHTATOB.

KOHTPOJIBHBIE BOITPOCHI
1. Uem orpanndyeHa MUHUMAaJbHAs BEIMYMHA L1ara UHTETPUPOBAHUS AX ?
2. Kakum 006pa3oM MOXHO YTOUHUTH perieHune audhepeHInaibHOro ypaBHEHUS
MeTOJIOM Dilsiepa, He U3MEHSS BEJTMUMHY 11ara UHTErPUPOBaHUs AX ?
3. Kakoe n3aMeHeHnne HeoOX0AMMO BBECTH B Balll AJITOPUTM , YTOOBI MOTYYUTh
peuieHue ¢ 3aJaHHOM TOYHOCThIO?



NABOPATOPHASA PABOTA Ne 4

OBNAOEHUE NPAKTUHECKMMU HABbIKAMU YACIIEHHOIO
PELLEHUA 3AO0AYU KOLLU AN1A OBbIKHOBEHHbIX
ANDODEPEHLUUNATBbHBIX YPABHEHUW. METO[ PYHIE_KYTTA

HEJb PABOTbI

" - OBJIQJICHUE MPAKTUYECKUMHU HABBIKAMU YMCIICHHOTO PELICHUS 3a]]a4u
Ko a1 00bIKHOBEHHBIX U] PEepeHIINATbHBIX YPaBHEHUN;

" - [IPOBE/ICHHE BHIYUCIHUTEIIbHBIX SKCIIEPUMEHTOB 110 TPUMEHEHUIO METOA
Pynre-Kyrra;

® - cpaBHEHUE METOJ0B Jinepa u Pynre-Kyrra;

" - [IpaKTHKa ¥ UCIOJIb30BAHKUE CTAaHAAPTHBIX MOAIPOrpaMM JJIsl PEIICHUS
niddepeHInanbHBIX YpaBHEHUH;

" - 33KpEIUICHHE HAaBBIKOB MPOTPAMMHUPOBAHUS HA AITOPUTMHYECKOM SI3bIKE U
OTJIAJIKU ITPOTpamM.

OCHOBbI TEOPUU

YBenuueHne  TOYHOCTH  pEIICHHWs  IpU  YKPYNHEHHBIX  Iarax
MHTErpupoBaHusl obecrneunBatoT MeTonbl PyHre-Kyrra. YTOouHeHue ngocruraercs
32 CYET CHEHUAIBHOr0 TMOoA00pa KOOPAMHAT HPOMEXYTOUYHBIX HaA Ilare
UHTETPUPOBAHUS TOYEK, B KOTOPBIX BBIUMCIAETCS NepBas IPOU3BOaHAs. Bmecto
3HAYEHHUS IIEPBOU ITPOU3BOJHOM B Hayalle 11ara UHTErpPUPOBAHUS, UCIIOIB3YEMOH B
MeTone Oiiepa, BBIUMCIAECTCS YCPEIHEHHAs Ha IIare MHTETPUPOBAHUS IEpBas
npousBogHas. PopMyiia YMCIEHHOTO HHTETPUPOBAHUS IPUOOPETAET BUL:

Yia=Yi+ax - f

e T - yCpEIHEHHAs Ha I1are UHTETPUPOBAHUS MIEPBASI TPOU3BOAHAS .
Hwxe npusenenst popmynsl metona Pyrre-Kyrtra paznuunoro mnopsaka:
1. Meron 2-ro nopsiaka, € = 1072
- mepBblid BapuaHT Yi = Y+ K;,
rie Ko=AX - f(Xi+AX/2,Yi+K(/2),
K= AX-f(X,Yi);
- BTopoii Bapuant Yi.1 = Y+ 1/2 (K + K3),
rie Ki=AX - f( X, Yi),
Ko= AX - f( Xj+ AX, Y+ K;).



2. Metoz 3-ro mopsinka , € = 107 :

- mepBbIi BapuaHT Yiw = Y+ /4K, + 3/4K5,
rie Ki=AX-f(Xj,Yi),

Ko= AX -f( X; + 1/3AX, Y;+ 1/3K,) ,

Ks= AX - f(X; +2/3AX , Y; +2/3K;) ;

- BTOpo# BapuaHT Y. = Y+ 1/6 (K + 4K+ K3),
rie Ki=AX - f( X, Y;),

Ko= AX - f( Xj+ 12AX, Y;+ 1/2K;) ,

K= AX - f( Xj+ AX, Y- K; + 2K;) ;
3. Meron 4-ro nopsjika, € = 10%:

- iepBbIid BapuaHT Y. = Yj+ 1/6 (K +4K;3+ Ky),
rie Ki=AX-f( X, Yi),

Ko= AX - f( X + 1/AAX Y+ 1/4K,)

K= AX -f( X; + 12AX, Y+ 1/2K;) ,

Ks= AX - f( Xj+ AX, Y+ K — 2K, + 2K3)

- BTOpo# BapuaHT Yix = Y+ 1/6 (Ky+ 2K, + 2K3+ Ky) ,
rne K= AX-f(X,Yi),

Ko= AX - f( Xj+ 12AX, Y;+ 1/2K,),

Ks= AX - f( Xj+ 12AX, Y;+ 1/2K;),

Ks= AX - f( X+ AX, Y+ K3).

B  npaktuyeckux — pacu€rax  HMHTErpHpoBaHue U PepeHIaTbHBIX
YpaBHEHUH  OCYIIECTBISIETCS €  aBTOMAaTMYECKUM  BBHIOOpOM  Iara,
o0ecreynBarollee MoTyyeHue pe3yibTara ¢ 3aJaHHON NOrPEIIHOCTHIO PEUICHHUS.

[Ipu mwHTErpMpOBaHUU C aBTOMATHYECKMM BBIOOPOM IIara peKOMEHIYETCs
MCITIOJIB30BaTh CJENYIOLIME TpaBuia BbIOOpa 1Iara .

B y3ne Xy B3saTb AX = AXp , AXy — 3a1aHHBIM HayaJbHBIA 1IAr, HAUTH

npuOJIMKEHHBIC 3HAa4YeHUs pemieHus Y wu Y ¢ maramu AX um AX/2
COOTBETCTBEHHO. 3a aOCOJIOTHYIO TOTPEIIHOCTh MPHUOIMKEHHOTO perieHus (B

KaueCTBE KOTOPOT'O €CTECTBEHHO B3sITh Y Kak 00jee TOYHOE), BRIYUCICHHOTO T10
merony Pynre-Kyrra n-ro mopsiaka ( Meron Oinepa sBisieTca Metogom PyHre-
KyTTta nepBoro nopsiaka ), (puHUMAETCS

Y-Y
2" -1

o=




Eciu 6 > ¢ , To mar AX yMmeHbIIaeTcs B JBa pa3a U BBIYUCICHUSA
HOBTOPSIIOTCS, UCXOAs U3 y3na Xo . Kak Tonbko Ha ouepenHOM NpHOIMKEHUN

OyZAeT MoJay4yeHo d<€ , CUUTAETCs, UYTO Y U SBJISETCS pEIICHUEM B y3ie X;=Xo +
AX , TOJIy4YEHHBIM C 3aJaHHOM TOYHOCTBIO HA HTOM I1are .

Pemienne B cnepyromem ysne X, , ucxoas u3 y3na Xj , HOJIy4aercs
aHAJOTWYHBIM 0Opa3oM. [Ipu 3TOM HavasbHBINA mar BeIOMpaercs mo mary AX, ¢
KOTOPBIM OBLIO TIOJYYEHO PEIICHUE B y3ie X; , B 3aBHCUMOCTH OT MOTPEITHOCTH O
s ecn & < € /2™, To mpenpLTyIHit UIAr YBAMBACTCS; B IIPOTHBHOM CIIydae Iiar
HE M3MEHSIETCS. AHAJIOTHYHO HAXOAUTCS PEIICHUE U B TIOCJICAYIOIIUX TOYKAX .

[Ipu BbIXOAE K Touke X = b ciexyer MmposBISATH OCTOPOKHOCTb, T.K. MPHU
3HayeHusIX X > b mpaBast yacteb f( X, Y ) auddepeHnnanbHOro ypaBHeHUSI MOKET
ObITh HE oOIpejesieHa W IpH peueHuH 3aaud Ha DOBM Moxker mnpousoitu
npepbIBaHKE, B pe3yJIbTaTe Yero 3agauda OyJeT CHATa co cUéra .

Bo wu3bexxanue TakoW CHUTyallud HEOOXOJMMO Ha KaXJOM IIare
VHTETPUPOBAHUS NPOBEPATH  YCIOBHE BBIXOJA 3@ MPEAEiabl  HMHTEpBAJIA
uHTerpupoBanus. Ha mare Beixosaa 3a Touky X = b npuHsTH MociieHee 3HaUYCHNE
AX Takum, 4TOOBI TOYHO BBIUTH HA TOUKY b.

Jns ornmagku mporpaMMbl MOKHO B3SITh IIPOCTEHINEE YpPAaBHEHUE W
HEOOJIBLION OTPE30K MHTErPUPOBAHUS.

B Oubnuorexe cTaHIapTHBIX MPOTpaMM HMMEIOTCS TMPOTPAMMBbI, JUIS
uHTerpupoBanus aAuddepeHmaibHbIX ypaBHeHU MeToioM Pynre-Kyrra.

BAPUAHTBI 3AJAHUI
Hano nmuddepennmranbHoe ypaBHEHHE MEPBOTO MOPSIIKA BUIA
Y'(X) = f(X, Y)=FX) - gX)Y(X),
rae F(X), g(X) — 3aganubie GyHKIUU.
Tpebyercs:

1. Haiitu uncnennoe perenue 3agaun Komm Ha 3amanHom otpeske [ Xo, b | mpu
HavaJbHOM ycitoBuH Y(Xo) = Y, omaum u3 MeTooB Pynre-Kyrra:

a) ¢ mocTossHHBIM 1aroM AX = (b — Xp) /N, rae N — 4unciio maros;

0) ¢ aBTOMaTUYECKUM BBIOOPOM ILI1ara, Bbliiig Ha TouKy X = b ¢ ToyHOCTBIO € = 107
4

2. Hailtu pelieHue MOCTaBJICHHOM 3aJayd C MCIIOJb30BAHUEM CTaHIAPTHOU
noanporpamMmmsl RK2 .

3. CpaBHUTH 4YHCIICHHBIE pEIICHHs, MONy4dyeHHble MmeTonamu Pynre-Kyrra c
MOCTOSIHHBIM IIAaroM, ¢ aBTOMAaTUYECKUM BBIOOPOM U C MOMOILBIO CTaHAAPTHOMN
nporpaMmbsl RK2 .



Hwxe mpusenens Bapuantbl Gyskmmii g(X) u F(X) = o(X)*W¥(X) . Oynaknusa F(X)
MOXeT OBITh 3aJlaHa MPOU3BOJIbLHBIM HabopoMm pyHkumit ¢(X) u ¥(X) B 3amanHHOM
UHTEpBaJe.

3.1. AXo=0.5,X,=1,b=6, Yo=10,g(X) =2( X -2) .

Oyukiuu ¢(X):
_ 4 , ,
1) e (X+ )X 2) e—x : 3) e—x +2X :
4) xe*X: 5 (x+2)e*; 6) g ¥snX;

7) e X Cos(08X); 8) cos(X/2)e X 9) sin(0.6X)EX

Oynkunn W(X) :

1) e 2@-2. 2y 0.01; 3)e*;
4) e >; 5) e¥; 6) I/\ 2z ;
7) er-S; 8) eSx-Z; 9)ex-1.5;

3.2.AX0=0.5,Xo=-1,b=2n-1,Y,=8, g(X) =-Sin(X + 1)
Oynkunn @(X) :

10) Sin(X+1); 11) e O - 19) (X+2)g ~CoCH)
@ynkunn W(X) :

10) é Cos(X+1); 11) 1/8; 12) 4Cos(X+1) .

HOPAAOK BBIITIOJIHEHUSA PABOTHI U METOJINYECKHUE

PEKOMEH/JAIIUN

1. U3yuenue metonoB Pynre-Kyrra.

2. CocraBiieHH€ 0JI0K-CXEMbI aITOpPUTMA.

3. CocTaBieHue nporpaMmsel pacuéra ( B MporpaMme npeayCMOTPETh

BO3MOKHOCTh €€ UCTIOIb30BaHMUs 1151 pa3anuHbix yHkiui f( X, Y ) ).

4. Box nporpammel B OBM u oTianka nporpaMmsl.

5. IIpoBeeHNE BBIYUCIUTENBHBIX YIKCIEPUMEHTOB.

6.Penienue mocTaBIeHHON 3aa4M C IOMOILBIO CTaHIAPTHOM nognporpaMMbsl RK2.

7. AHaNH3 MOJYYEHHBIX PE3YJIbTATOB.

KOHTPOJIBHBIE BOITPOCHI
1. Yem oOBsicHsieTcs pasznuyue TouyHOocTH MeTtonoB Pynre-Kyrtra 1, 2, 3, 4-to
nopsiaka’?
2. Kakum 06pa3om B mporpaMmMe 00ecreunBaeTcs BHIXO Ha TOUKY X =b?
3. KakoBa peasibHasi MakCHMaldbHas TOYHOCTh YHUCJIEHHOTO METOAAa PEIICHUs
nudepeHnanbHOro ypaBHEHUs Ha KOHKpeTHO DBM ?



NABOPATOPHASA PABOTA Ne 5

METOAbI YACNEHHOIO PELUEHUA AU®DEPEHLIMATIBHBLIX
YPABHEHWW BTOPOI'O NMOPAAKA

HEJb PABOTHBI

" -  OBJIAJCHWE TMPAKTHYCCKUMHU  HABBIKAMH  YHCJIECHHOTO  PEIICHUS
mudpepeHInanbHbBIX  YPaBHEHHM  BTOPOTO  TIOpPSAAKAa M CHUCTEM
nuddepeHuanbHbIX YpaBHEHUH;

" - [paKTHUKa W HUCIOJIb30BaHUE cTaHmapTHo mporpammbl RKGS pemenus
CUCTEM OOBIKHOBEHHBIX U PepeHIIMAIbHBIX YPaBHEHU;

" - IIPOBCACHUC BBIYHMCJIIMTCIIbHBIX 9KCIICPHUMCHTOB I10 PCUICHUIO
IMPAKTHUYCCKUX 3a/a4.

OCHOBbI TEOPUU

[Ipu unTerprpoBanuun auddepeHInaIbHbBIX YPAaBHEHUIN BBICIIUX MOPSAKOB
MOXHO HMCIIOJIB30BaTh JBa Mojaxoaa. Bo-nepBrix, nuddepeHnnanibHOe ypaBHEHUE
MOXET OBbITh HEMOCPEJCTBEHHO MPEOOpPa30BaHO B KOHEUHO-PA3HOCTHYIO (opmy
MyTEM TMPEACTABICHUS BCEX €ro MPOU3BOJHBIX COOTBETCTBYIOIIUMU KOHEYHO-
Pa3HOCTHBIMM BbIpakeHUsiMU. Hanpumep, ypaBHEHUE TTaJICHUs Tea

d?y

dt?
rae Y - BoicoTa, t - Bpems, G(Y) - yckopenue najenus, h,V, - HayanbHas BbICOTa U
CKOPOCTb, MOXET OBITh YWCJIECHHO PEIICHO C TMOMOIIBI0 KOHEYHO-PA3HOCTHOTO
YpaBHEHHUS

=—G(Y), Y(t=0)=h, V(t=0)=V,,

Y1 =2Y, =Y, +(A)°-G(Y))

B KOTOPOM TOYKH Yo M Y1 HAXOAATCS U3 HAYAJIBHBIX YCIOBHIM:

Y, = h,

Y, =Y,+V,-At

Bo-BTophiX, nuddepeHnranbHOoe YpaBHEHHE BBICIIETO IMOPSIKA MOXKET OBITh

npeacraBieHo B Qopme cuctembl auddepeHnranbHbIX YPaBHEHHM TEPBOTO
MOpsI/IKa, KOTOpPHIE pEIAloTCS IMOCJIEN0BATEIbHO PACCMOTPEHHBIMU — paHee
MeToaamu. Hampumep, HanmvcaHHOE BBIIIE YpaBHCHUE TAJCHUS TEIa MOXET OBITh
MPEACTABJIEHO CUCTEMOU
dy

at V(b),

dv
= G(Y
it (Y)




Pemenne nqaHHoOM crucTeMbl METOIOM DWJiepa 1aeT CUCTEMY KOHEYHO-
Pa3HOCTHBIX YPABHEHUN
Via =V, +A1(=G((V)),

Vi+Vi,
Yi, =Y +At '(—2 ),

rae Vo=V,,Y, =N . Ananoruuno moxer 651th npuMenen merox Pynre-Kyrra.

BAPUAHTBI 3AJJAHUI

Hana cuctema nuddepeHImanbHbIX YPaBHEHU BTOPOTO MOPSIKaA,
ONMKCHIBAIOIINX TPACKTOPUIO ABUKEHUS Tella IEPEMEHHON MacChl B BO3IYXE,

m@® X = PO-ROV)eoslo)}
E X =PO-ROV)sinfa)]-m(y (v
X =X,,Y=Y,,V=V,0=0,t=0.

m(t)

B npusBeneHHon cucreme

YpaBHEHUIN X, Y - Y
IPOCTPAHCTBEHHBIE KOOPWHATHI,
t - Bpems; a - yrosa, oopasyeMblil
KAacaTeJIbHOM K TPaeKTOPHUH
JIBMOKEHHMS ¢ ochio X ; m - Macca
Tena, U3MEHSIoLascs ()
3aJlaHHOMY 3aKOHY;

R =(CypV*Sy) /2 -cuma
COIPOTHBIICHUS BO3AyXa
nerkeHuto tena (Cy - KOHCTaHTa,
p - TUIOTHOCTB BO3/1yXa, U3MEHSIOIIASACS C BBICOTOM NBIKEHUS Y; Sp - TUIOMIAIh
CEUYEeHHs TeJa) ; § - YCKOpeHHe CBOOOIHOTO MmajieHus; V - mojHasi CKOpOCTh
nBukenus; P - cuna, co3naBaemasi MCTEKAIOIIKUM IOTOKOM MaccChl, U3MEHSETCS 110
3aJJaHHOMY 3aKOHY.

Kaxmomy cTynmeHTy mpejiaraioTcsi 10 33IaHUI0  MPENoaBaTelis
oIpe/iesieHHbIe HaualbHbIe YCa0BHs U 3akoHoMepHocTH m(t), P(t), p(Y) .

Heo6xoaumo YuCIeHHO PeNIUTh TaHHYIO 3a/1a4y IByMs CIIocO0aMu;

1) HemocpenCTBEHHO METOJOM KOHEYHBIX PA3HOCTEW MOIYYUTh pEIICHUE
3aJlayu, UCMOJb3Ysl KOHEUHO-PAa3HOCTHOE MPEICTABIIEHHE BTOPOW MTPOU3BOHOM;

2) npuBectd audepeHInaTbHbIe YPaBHEHUS BTOPOTO MOPSAKA K CHCTEME
muddepeHIMaTbHBIX yPAaBHEHUH TEPBOTO TMOPSAKA, YWUCICHHO PEIIUTh JTY
CUCTEMY C ITOMOIUIBIO cTaHAapTHOU noanporpamMmbl RKGS .

m(t)-g(h)

Puc. 3. Cxema IelCTBYIOIIUX CHUJI.



MOPSIIOK BBITIOJTHEHUS PABOTBI 1 METOJNYECKHUE
PEKOMEH/IALIUU

1. BriBecTH KOHEUHO-PA3HOCTHYIO (POPMYITy UHCIEHHOT'O HHTETPUPOBAHUS.

2. PazpaboTaTh anroputm perieHus 3aJaqm.

3. [lepBble AeCATH 11ar0B UHTETPUPOBAHUS IPOU3BECTH BPYUHYIO.

4. CocTaBuUTh IPOrpaMMBbl PELIECHUS 33/1a4d M0 pa3paboTaHHOMY aJITOPUTMY U C
UCIIONIb30BaHUEM CTaHIapTHOM noanporpammel RKGS .

5. Ilpoananu3upoBaTh pe3yiabTaThl pacueTa.

KOHTPOJIBHBIE BOITPOCHI

1. Kakum 00pa3oM MOXXHO YHCIEHHO PEIIMTh JaHHYIO 3ajady, €CIU 4YacTh
IPaHUYHBIX YCJIOBHM OyJET 3ajjaHa HE B HAYAIbHOU TOYKE (HAapuMep, B KOHEYHOU

TOYKE TPACKTOPUU WIH B IPYTroi TOUke)?
2. Kakyro MUHUMAJIbHYIO BEJIMYUHY JOIYCTUMOW MOTPEUIHOCTH PEMIEHUS MOKHO

3a71aBaTh’?
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