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Jlabopatopnass paGora Nel

PEIIEHUE CUCTEM JIMHEVHBIX AJITEBPAMYECKHWX YPABHEHUI
METOJAOM I'AYCCA C BBIBOPOM I'JIABHOT'O 3JIEMEHTA

|. IIEJIb PABOTHI
[IpuoOpeTeHne HaBBIKOB PEIICHHUS CUCTEM JIMHEWHBIX —alre0pandyecKux
ypaBHEHUI MeToioM ['aycca.

Il. TEOPETUYECKHWE CBEJJEHUA
Merton I'aycca 115t IpOu3BOJILHON CUCTEMBI IMHEWHBIX alNTreOpandecKux
YpaBHEHUI

n
Yaixk =bj ., i=1n, @)
k=1

OCHOBAH Ha IMPUBEACHUU MATPHUIIBI CUCTEMBI K TPEYTrOJIbHON. BbIuTEM M3 BTOPOTO
ypaBHeHus cucteMsl (1) nmepBoe, yMHOKEHHOE Ha TaKO€ YUCIIO, YTOOBI YHUUTOKUIICS
KO3 PUIMEHT npu X;. 3aTeM TaKkuM e 00pa3oM BBIUTEM IEPBOE YpPaBHEHUE U3

TPEThETO, YETBEPTOTO M T.A. Torma uCKIoYarcs Bce KOA(DOHUIIMEHTHI TEPBOTO
CTOJIOIA, JIeKAIMe HIDKE TJaBHOW JWAroHalW. 3aTeM IIPU IOMOINA BTOPOTO
YpaBHEHUSI MCKIIOUYUM M3 TPETHET0, YETBEPTOTO W T.NI. YPAaBHCHHH KOIPPHUIINCHTHI
BTOporo croybrna. I[lociaemoBarenbHO MPOAOKAS STOT MPOIECC, HCKIIOUAM U3
MaTpHUIIBI Bce KOA(DPHUIMEHTHI, JISKAITUE HIDKE TIIaBHOW JTUArOHAIIH.
3anwumem o6mume Gopmyisl mporiecca. [1ycTs nmpoBeeHo UCKITIOYEHUE

kodpurmenToB u3 K —1 cronbdma. Torga ocTanmch Takue ypaBHEHUS C HCHYJICBBIMU
ko3 dunmeHTaM1 HIKE TJIaBHOW JUaroHaIH:

n
> all=p) | ksisn (2)
j=k

YMHOX)UM K -FO CTPOKY Ha YHCIIO0
Cmk = agr'ﬁz / a|(<lf<) . m>Kk, (3)

Y BBIYTEM W3 M-TOM CTpoKu. [IepBbIil 2IeMEeHT ATOM CTPOKK 0OpaTUTCS B HYJIb, a
OCTaJIbHBbIE U3MEHSATCS 10 (hopMyiam

)0 ()
ml ml — “mk%| " - (4)
bk =b{) — b | k<mi<n.

[Tpou3BoAs BbIUKCIEHUS IO 3TUM (POPMYJIaM MPHU BCEX YKa3aHHBIX MHCKCAX,

UCKJTIOYHMM 3JIEMEeHTHI K -To cTono1a. byem Ha3pIBaTh Takoe HCKITIOUEHUE IIUKIOM

npoiiecca. BoIoaHeHrne BCeX UKIIOB HAa3bIBAETCS MPSIMBIM XOJ0M UCKIIFOUEHUS.
[Tocne BBITOMHEHUS MPAMOTO X0/1a MTOIYYUM TPEYTOJbHYIO CUCTEMY



iai(ii)xk = bi(i) . 1<i<n. (5)
k=i

C MaTpUILEH
o) ) ) e

0 agzz) a%) agzn) bgz)

0 0 a§33) ag’]) bg‘o’) (6)

o o o .. an pn
TpeyronbHas cuctema (5) J€rko pemaeTcss 00paTHBIM X0JI0M 110 popMysiaM

Xk :% bigk)— %alg?)xi : k=nn-1...1
Ak i=k+1

3aMeuaHus:

1. Uckmouenue o popmynam (3)-(4) Henb3st TPOBOJUTH, €CIIU B XOJ/I€ pacuera
v ~ k
Ha TJABHOW [MarOHauM oOKasajics HyneBod omemeHr @’ =0. Torma B

MPOMEXKYTOUHOM cucTeMe (2) MepecTaHOBKOM CTPOK HEOOXOJUMO TMEPEMECTUTH
HEHYJICBOM 3JIEMEHT Ha IJIaBHYIO IUaroHallb U MPOAOJIKUTH pacyer.

. k
2. Eciu a51eMeHT Ha TJIaBHOM AuaroHain a( ) MalJl, TO 9Ta CTpOKa
kk ’

YMHOXKACTCs Ha OoJIBIIIE YHCIIa ka , UTO IIPUBOJHUT K 3HAUYUTCIIbHBIM omroOKam IIpu
BeIUMTAaHUAX. UYUTOOBI M30EKAThH 3TOTO, KEDKI[BIﬁ OUKJI BCCTrAa HAYUHAKOT C

k .
MepeCcTaHOBKU CTPOK. Cpeau AJIEeMEHTOB CTOJIOIA ar(nk)’ M>K, HaXOIAT TJIABHBIMH,

T.€. HAaMOOJBIIUH 1TO MOIYJIIO B K -TOM CTOJIOIIE, M TIEPECTAaHOBKOW CTPOK MEPEBOJIAT
€ro Ha IVIABHYIO IMaroHallb, MOCJI€ YETO BHIMOIHAIOT UCKIoUeHusd. B metone ["aycca
C BBIOOPOM TJIABHOTO DJIEMEHTA TMOTPEIIHOCTh OKPYIJICHHS OOBIYHO HEBEJIMKA.
Tonpko i ioxo o0ycioBiaeHHBIX cucteM (det A~ Q) ycTOMYHUBOCTHh 3TOTO METO/1a
OKa3bIBa€TCA HEIOCTATOYHOIA.

3. lnst KOHTpOJIS pacyera MoJIe3HO HAWNTH HEBSZKU:

n
Ik Zbk —Zakixi , 1<k <n.
i=1
Eciu oHM BenwKH, TO 3TO O3HaYaeT rpyOyro omubKy B pacdere. Eciu oHn Maisl, a
CHCTEMa XOPOLIO 00YCIIOBJIEHA, TO PEMICHUE HAWIEHO JOCTATOUYHO TOYHO. J[Ist mI10X0
OOYCIIOBIICHHBIX CHCTEM MaJOCTh HEBA30K HE TapaHTHPYET XOPOIIEH TOYHOCTH
peIlIeHus.

1. 3SATAHUE
Haittu perieHne cuctembl JIMHEUHBIX YPABHEHUM C MAaTPUYHBIMU DJIEMEHTAMHU



.. N ..
i+ j———-k , ecmu i< j;

. . N C
ajj = |—+—J—+—Z+k,eCJlu|=J,

.. N ..
|+j—§—k,ecvzul>j,

1 CBOOOJIHBIMH YJICHAMU

bj :3i+ﬁ+k,
2

rne  1,]=12345; N- HOomMep dammnuu cTyneHTa B JKypHaJIe Tpynmbl; K-

nocJyeaHsAa uudpa Homepa rpyIibl.

I[OHYCTI/IMEUI IIOI'PCIIHOCTD 10_5. HpI/I peIICHUN CUCTCMBbI UCIIOJIb30BATh MCTO
Faycca C BBI60pOM TJIaBHOI'O 3JICMCHTA.

V. OOOPMJIEHUE OTYETA

B otuere n0KHBI OBITH TPEACTABIICHBI:
1. Ha3Banue paboThI.
2. ITocTanoBKa 3a/1auu.
3. Onucanue anroputMma (METO/1a) pEIICHUS.
4. TekcT NporpaMmsbl C ONMUCAHUEM.
5. Pe3ynbratsl paboThl IPOrPAMMBI.

BUBJIMOT'PAOUYECKUI CITMCOK
1. Kanmutkun H.H. Yucnennsie meroasl. - M.: Hayka, 1978. 512 c.
2. Nemunosuu b.I1., Mapon N.A. OCHOBBI BRIYUCITUTEIHHOW MaTEeMaTHKH. - M.

Jlanp, 2009. 672 c.



JlabopaTtopHasi paGora Ne2

PEIIEHUE CUCTEM JIMHEVMHBIX YPABHEHUI
METOJOM ITPOCTOM UTEPALIUA

|. EJIb PABOTEI
[TpuoOpereHne HABBIKOB PEIICHUST CHCTEM JIMHEHHBIX —alredpandyeckux
YPaBHEHUHN UTEPAMOHHBIMUA METOIAMM.

Il. TEOPETUYECKAS CITPABKA
PaccmoTpum MeTO MPOCTOM UTEpAIUH.
[IycTh naHa cuctema TMHEHHBIX aareOpandyecKux ypaBHEHUN
Ax=D
¢ Heocobennoit marpureii (detA=0). CormacHo MeTOmy MPOCTOM HTEpaIuu e
MpeIBAPUTEIHHO MPUBOJAT K BHILY
X =Bx+pf,

rne B= —C_lD; L= C_lb; C+D=A; detC=0, T.e. mepBoe ypaBHCHHUE CHCTEMBI

pa3pCiniii OTHOCHUTCIBHO Xl , BTOPOC - OTHOCHUTCJIILHO X2 UT.AO
HpeI[HOJ'IO)KI/IM, 9TO U3BCCTHO HA4YaJIbHOC HpI/I6J'II/I)KCHI/IC

0_(,0,0 0
X _(xl,xz,...,xn)

* * * *
K TOYHOMY pemeHuto X =(x1,X2,...,Xn) cucteMbl. Torma Bce clemyronme
pUOIMKEHUS HalieM 1o gpopmyrie

x¥l_gxk+p | k=012...
Ecnu nocnenoBarenbHOCTh X K CXOJIUTCSI K HEKOTOPOMY IMPENEIBbHOMY BEKTOpPY X',

TO OH OyJAeT pelieHueM cucteMsbl. JleicTBuTeNnbHO, cuutas X K 5 x npu K — oo,
HOJy4aeM U3 BhIPAKEHUS

lim XK1= lim BXX + B

K—o0 K—o0
paBeHcTBOo X'=BX'+/.

k .
HOCHGI[OBaTeJIBHOCTI) X B MCTOAC IMPOCTOMU HUTCpAUHU CXOAUTCA, CCIIM IJIA
MaTpPHIbI B BemosHsercs OJHO U3 HCPABCHCTB

1) Zn:‘bij‘<1 (i=ﬁ);
=1

oy <1 (i=1n).

i=1

Il. 3AJIAHUE



Haiitm pemenue cCcuUCTEMBl JIMHEMHBIX YpPAaBHEHUM, IPUBEIACHHOM B
nabopatopHoit padore Nel. [lpu pemieHun CUCTEMBI HCIIOJIB30BATH METOJ MPOCTOM
UTEpaIuu.

V. OOOPMJIEHUE OTYETA

B oTuere n0KHBI OBITH IPEICTABICHBI:
1. HazBanue paOoTBhI.
2. ITocranoBka 3a1a4u.
3. Onucanue anropur™a (MeTOa) PEIICHUSI.
4. TekcT nporpaMMsl ¢ OIIMCAHUEM.
5. Pe3ynbTathl paboThl IPOrPAMMBI.

BUBJINOI'PAGUYECKUI CITUCOK

1. Jemunosuu b.I1., Mapon N.A. OCHOBBI BBIYHCIWTEIBHOW MAaTEMATUKU. - M.:
Jlaun, 2009. 672 c.

2. baxsamoB H.C., Xwunxos H.II., Ko6enrkoB I'.'M. Uucnenarsie Metoanl. — M.:
BMHOM. Jla6oparopust 3nanuii, 2007 636¢.

3. Kamutkua H.H. Yucnennsie meTobl. - M.: Hayka, 1978. 512 c.

4. KpsutoB B.U., bookos B.B., Monacteipnsiii [1.1. Beruucnurensusie Metoasl. T.1.
- M.: Hayka, 1976. 350 c.
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JlaGopaTtopnas padora Ne 3

PEIIEHUE CUCTEM JIMHEVMHBIX YPABHEHUI
METOJAOM 3EUIAEJIA

I1. LIEJIb PABOTbI
[TpuoOpereHne HABBIKOB PEIICHUST CHCTEM JIMHEHHBIX —alredpandyeckux
YPaBHEHUHN UTEPALMOHHBIMU METOJAMH.

I1l. TEOPETUYECKAJ CITPABKA
PaccMmotpum meton 3eriens.

[Tycts cucrema AX =b mpuBeneHa Kk KaHOHHYECKOH (popme
X =Bx +. @)

B Merone mpocToil uTepauuu cieayomee NpUOIMKEeHne x k+1 HaXOAUTCS IO

PEABIIYLEMY xK = (Xf,xg, Xh MyTEM MOACTAHOBKU X K B npaByto 4dacthb (1).

[Ipu 3TOM NOPSAI0K BEIOOpA ypaBHEHHI 3HAUEHUS] HE UMEET.
CornacHo Meroxy 3eilaens OCYLIECTBISETCS pa3syMHbId BbIOOp MOpsIKa
YpPaBHEHUH JId MOJCTAHOBOK M HEMEIUICHHBIA BBOJI B BBIUMCIEHUS KaXJOTO W3

IMOJIYYCHHBIX HpPI6J'IPI)KCHHI>i JJIs1 HCU3BCCTHBIX.

[Ipeanonoxum, 4yTo IJIs mepexoAa OT MPUONMKEHUs X K xk+t BbIOpaH

KAKOM-TO TOPSNOK NPUBJICYEHUs YPABHEHUM [JIs MOACTAHOBOK. M3menssa, ecim
HEOOXOJMMO, HYMEpAIMI0 YPaBHEHUHM W HEU3BECTHBIX, MOXXHO CYUTaTh, 4YTO
ypaBHEHUS JUIsl TIOJICTAHOBOK OepyTcsl B MOPSAJIKE pocTa UX HOMEpOB. g Kaxaoro
miara TMOPSIOK MPUBJICYECHHS YpaBHEHHUHA MOXKET ObITh cBouM. IlepecTaHoBKa
YpaBHEHUHN U MU3MEHEHUE HyMepalui BIEKYT U3MEHEHUE MaTpullbl B u BekTopa [ .

YtoOBl OTMETUTH 3TO, 0003HAUMM B u S 11 paccmaTpuBaeMoro mara yepes BX u
,Bk

Urepanus B MCTOI[G 3el7menﬂ BBITMIOJTHAECTCS B CJICAYIOIIEM MOPSIKE:

k+l b b +bkxk+...+bkxk+,81k;
k+1
X5 b21X1 b22x2 b23X3 2an + 52 )
k+1
b31x1 +b32x2 +b33x3 . 3an +,B3 L (2)
k+1 k k Uk k
Xn —=by K+ bnzx2 bn3x3 .+ banXn + Bn
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k+1
[Tocne HaxoxaeHUsI BeKTopa X

YPaBHEHUS 3HAUCHUU xik+1 (i =1,n) U MEPEXOJAT K BBIUHUCIECHUIO BeKTOopa X K42 4

YCTAHABJIMBACTCA IMOPAOOK ITOACTAHOBOK B

T.J.
[IpuBeneM Tenepb NPUHIMI YCTAHOBJICHHS MOPSAKA MPUBJICUEHUS YPABHEHUI

JUISL IOJICTAHOBOK xik (i =12,... ,n). MO’HO IBITATHCS YIYUIIUTh TY COCTABIISIIOLILYO
pelieHus, KoTopasi HaijieHa HauMEeHee TOYHO, YTOOBI ITPU HAXOXJIECHUU BCEX NPYTUX
COCTABJISIIOIIMX YIOTPEOUTH YJIyUIIEHHOE €€ 3HaYEHUE.

O tousoctn XK moskHO CyIUTh 10 BEKTOpY TMOMpaBKM Ha mare K:
5K =(51k 5K ,...,55), e 5K =xK —xk=t

HYMEPYIOT B MOpPSAAKE YObIBAaHUS MX MOJIYJIEH, U B TOM K€ MOPSAKE BBIUUCISIOT

. Benuuunbl IoMImpaBOK COCTaBJIAIOIINX

COCTABJISIIOLINE CIEIYIOMIET0 MPUOIHKEHUS Xk+l, CHayajga Ty COCTaBJSIOLIYIO,
KOTOpas 0TBeYaeT HauOoJIbIIeH 0 MOIYJIIO MONPABKe, U T.1.

PaccmoTpum 0Goisiee moapoOHO cCTalMOHApHBIA METOJ 3eHzens, Koraa IpH
UTEpaLUAX TOPSAIOK YpaBHEHUIN COXpAHSETCA, a CIeI0BaTENbHO, COXpaHSIIOTCS B u
[ . Beruucienus no-npexHemMy npoBoAsT 1o ¢popmyie (2).

Paznoxum matpuily B Ha cymmy nByx matpuit H u F, rioe

0 0 ... 0 O by b ... by by ]
b21 O 0 0 0 b22 b2,n_1 b2n
H=[bg; by ... 0 0| F={0 0 .. by by
_bnl b2 .- bn,n—l 0 | 0 0 .. 0 bnn_

Torna paBeHcTBa (2) MOKHO 3amucaTh B MAaTpUIHOM hOpMe B BUJIE
XK _px K+ Exk 4 g
Otcrona cienyer, 4To
(E-H)X*1=rxk+ 3,
a Tak KaK ompeneuTenh MaTpullbl E — H paBeH enuHuile U oHa MMeeT OOpaTHYIO
MaTpHuily, TO paBEHCTBO (2) paBHOCHIIBHO

XK o (E-H)TRXK +(E-H) 8. (3)
[TosToMy cTanmoHapHBIM MeToA 3eiessi paBHOCUJIEH METOAY MPOCTOM WTEpaluH,
IIPUMEHEHHOMY K CUCTEME

X=(E-H)'FX +(E-H)2

k o
[TocnenoBaTenbHOCT, X = B CTAllMOHAPHOM MeETOJI€ 3€Hess CXOIUTCS, €CIIH
JIJISE MaTpUIbl B BBITIOTHSAETCS OJTHO M3 HEPABEHCTB

2) ¥ by <1 (i=1n);
=]
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3) i‘bij‘<1 (j=1n).
i=1

V. 3AJAHUE

Haiitu pemeHne CuCTEMBl JIMHEMHBIX ypPaBHECHWH, TIPUBEICHHOW B
nabopatopHoii padote Nel. Ilpu pemieHUM CUCTEMBI MCIOJIB30BATh CTAIMOHAPHBIM
METOJI 3enIers.

V. OOOPMJIEHUE OTYETA

B otuere n0/KHBI OBITH IPEACTABICHBI:
1. Ha3Banue paboThI.
2. ITocTanoBka 3a1a4u.
3. Onucanue anroputMa (METO/1a) pEIICHUS.
4. TekcT NporpaMmsl C ONMUCAHUEM.
5. Pe3ynbrarhl paboThl IPOrPAMMBI.

BUBJIMOI' PA®UYECKUI CITUCOK

1. Jemunosuu b.I1., Maporn N.A. OCHOBBI BBIUHCIHATEIBHOW MATEMATHUKU. - M.:
Jlann, 2009. 672 c.

2. baxsanos H.C., )Kunxos H.II., KobenpkoB I'.M. Uucnenasie MeToanl. — M.:
BMHOM. Jla6opatopus 3uanuii, 2007 636¢.

3. Kaymutkun H.H. Yucnennsie metonsl. - M.: Hayka, 1978. 512 c.

4. KpsuioB B.U., bookos B.B., Monactsipnsiii [1.1. Beruncnurensusie Meroasl. T.1.
- M.: Hayka, 1976. 350 c.
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JlabopaTtopnas pabGora Ne 4

PEIIEHUE CUCTEM C TPEXJIUATOHAJIbHOMU MATPULIEN
METOAOM ITPOI'OHKHA

|. IIEJIb PABOTHI
[IprnoOpeTeHne HaBBIKOB PEIICHUSI CUCTEM C TPEXIMArOHAILHON MaTpHIICH.

Il. TEOPETUYECKUWE CBE/IEHUA
Haubonee BakHBIM YacTHBIM cilydaeM Merona [aycca sBiseTcsst MeTon
IIPOTOHKH, IPUMEHSIEMBIN K CUCTEMAM C TPEXAUaroHaIbHOW MATPULIEH.
TpexauaroHaJIbHOM HA3bIBAETCS MATPHUIA, Y KOTOPOW HEHYJIEBBIE SJIEMEHTHI
MMEIOTCA TOJIBKO Ha TJIABHOW IMAaroHaldd M HA MPUMBIKAIOMMX K HEW THUAaroHajsXx,
T.e. ajx =0 mpu |i—k|>1. Takue cHCTeMBI 4acTo BCTPEYAOTCS NP PELICHHH

KpaeBbIX 3a7a4 s nuddepeHInanbHbIX YPABHEHUM BTOPOTO MOPSIKA.
Cuctembl ¢ TpexJAHaroHaJIbHOM MaTpullei OOBIYHO 3alUCBHIBAIOTCA B
KaHOHUYECKOM BHJIE:

8iXi_1 —biX +CiXipa=di ,  a=cy=0, i=ln. ()

@®opmyna (1) Ha3pIBaeTCs pPa3HOCTHBIM ypPaBHEHHEM BTOPOTO TOpPSAKA WU
TPEXTOYEUHbIM ypaBHEHHEM. B 3ToM ciywae mpsiMoid xon 0e3 BbIOOpa TIJIaBHOTO
3JIEMEHTAa CBOJUTCS K HCKIIOYEHHIO 3JIeMeHTOB 4a;. [lomydaercst TpeyronbHas
cucTeMa, cojiepKalas B KakKJIOM YPaBHEHUU TOJBKO J[BA HEU3BECTHBIX Xj U Xj1.
[TosTomy opmyJibl 0OpaTHOTO X042 UMEIOT CJICAYIOIIUI BU/I:
Xi =iy Xist i, i=nn-Ll..L (2)
YMeHb1nM B (2) HHIEKC HAa €IUHUILY U ToACTaBUM B ypaBHeHue (1). [Tomyuum
85 (&ixj +17;) = biX; +CiXi 1 =dj.
Otcroa numeeM
PP
bj —ajSj bj — ¢
CpaBHuBas BelpaxkeHus (2) u (3), nomydaem

i am —di _1qn (4)

i b -aig T b-ag

®opmyisl (4) - 310 PopMyIIBI IPSIMOTO XOAA.

Jlns mpoBeneHust pacuera (opMallbHO TpeOyeTcsl 3aJaTh BEIMUYUHBI &1,7 U
Xn+1, KOTOpblE HeW3BeCTHbI. ONHAKO mepes BeIuduHaMu &1 U 71 B dopmyie (4)
crouT ko3¢p¢umuent a3 =0. IlosTOMy MOXKHO HauaThb BBIYMCIEHMS, IoJaras,
Hanpumep, & =m =0. B dopmyne (2) mepen X,,q CTOMT MHOXHUTENb &n,iq,
KOTOPBIIl Ha OCHOBaHMHU NEpBOi U3 Gopmyi (4) paBeH HymO, T.K. Cq =0. [loaTomy
MO’KEM IOJIOKUTh, HAPUMEP, Xn41 =0.
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Taxkum oOpazom, /uisi pemeHust cUcTeMbI (1) BBITTONHSIETCS CHaJdaia MpsIMOM, a
3atreM oOpatHbIi xox 1o ¢opmynam (4) um (2). Ecim BBITIOJHEHO YCIIOBHE
npeobagaHusl TMaroHalIbHbBIX SJIEMEHTOB:

by | > |ay | +ci| (5)

npuyeM XOoTs ObI AJI1 OJHOTO | MMEET MECTO HepaBEHCTBO, TO B (JOpPMYJIax MPsIMOTO
xona (4) He BO3HUKAaeT JeJeHHWs Ha Hyjldb, U TeM caMbiM cuctemMa (1) umeer
€IMHCTBEHHOE PEIICHNUE.

[Tpu BeIMOMHEHUH yCIOBUA (5) (OPMYIIBI MPOTOHKH YCTONYHUBBI OTHOCUTEIIBHO
OMUOOK OKPYTJICHHUS ¥ TIO3BOJSIOT YCICIIHO peliaTh CHCTEMBl ypaBHEHUH C
HECKOJIbKIMH COTHSIMH HEU3BECTHBIX.

YcnoBue (5) sBnsieTcsl JAOCTAaTOYHBIM, HO HE HEOOXOIUMBIM YCJIOBUEM
YCTOWYMBOCTH MPOTOHKH. Ha mpakThke ajis Xopomro oOyCIOBIEHHBIX CHCTEM THUIIA
(1) mporoHka 4acTo OKa3bIBAETCS JOCTATOYHO YCTOMYHMBOW Na)ke MPH HAPYIICHUU
YCIIOBHSI Pe0OIaaHus JUarOHATBHBIX DJIEMEHTOB.

Il 3AJJAHUE
Haittu pemenne cuctemMbl METOJIOM MMPOTOHKHU

(N+K)xg —kxo =N;

N N
——X1 4+ 2Nxo +kx =—;

N k
——Xp + NX3 ——=X%4 =N —Kk;
5 2 3 2 4

—%x3+Nx4=2N,

rae N - Homep (haMHUIIMU CTyIEHTa B )KypHAJE TPYIIIbL;
K - mocnenusis mudpa HHACKC HOMEpa TPYIIIHL.

V. O®OPMJIEHME OTYETA

B oT4eTe moKHBI OBITH TIPEICTABIICHBI:
1. Hazpanue paboTHhI.
2. IloctanoBka 3amauu.
3. Onucanue anroputMa (METO/1a) PEUICHUS.
4. TekcT nNporpaMMBbl C OTTMCAHUEM.
5. Pe3ynbTathl paboThl IPOrPAMMBI.

BUBJINOI' PA®GUYECKHI CITUCOK
1. Kanutkun H.H. Yucnennsie Metobl. - M.: Hayka, 1978. 512 c.
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JlabopaTopnasi paGora Ne 5

HAXOXJIEHWE COGCTBEHHBIX 3HAYEHUI
MATPHULBI METOJOM KPBIJIOBA

|. EJIb PABOTEI
[TproOpereHne HaBBIKOB OTHICKAHUSI COOCTBEHHBIX 3HAYEHUI MaTPULIBI.

IIl. TEOPETUYECKA: CITPABKA

PaccMOTpYM OIMH M3 METOAOB Pa3BEPTHIBAHUS  XaPaKTEPUCTHYECKUX
onpenenureneil — Mmeron Kpeliosa.

XapaKkTepUCTUYECKHI MHOTOYIEH MAaTPUIIEI A MMEET BH
P(A)=2"-p A" = p A"~ p,. 1)

Cornacao teopeme [amunbrona-Kenu marpuna A oOpamaer B HOJb CBOI
XapaKTEPUCTHYECKHI MHOTOUJIEH
A"—p A" —p, A"~ .—p E=0. (2)

Bo3pMeM mpou3BOIBHBIN HEHyJIeBOH BekTop Y°=(y.",y,°,....y.°)" . YMHOKas1
paBeHCTBO (2) Ha DTOT BEKTOP, MOIYIUM

Ay —p ATy’ - p, ATy’ - —p By’ =0.  (3)
[Tonmoxum

Afy° = y* (k=0,1,...,n). 4)

Torna paBeHcTBO (3) mpuoOpeTaeT BUI

Y - Pyt Py - —p,y° =0, (5)

rae y* =0y v,y (k=01,..,n).
BekTopHoe paBeHCTBO (5) 9KBUBAJIEHTHO CHCTEME YpaBHEHUN
Py Ry 0y =Y (i=12..n). (6)
Ha ocHoBanuu ¢popmyisl (4) umeem
Y =AY Y =AY AR =AYy = AT
[TosTomy

v =Y ay "t (i=12..n; k=12..n). (7)
j=1

Takum 00pazoM, KO3(PGUIIMEHTH CUCTEMBI (6) BBIYUCISIOTCS 1O (hopMysiaM
(7). U3 cucrembl JUMHEWHBIX alreOpanyeckux ypaBHEHUU (6) ompezaenseM
Heu3BecTHbIE P, (j=1,2,..,n).

OnpenenuB  koddduuuentsr p;, (j=12,..,n), MOIYy4UM BBIpAXKEHHE JUI
XapakTepucTUUYecKoro MHorowieHa matpuubl A. Temepsr MoXkeM HaWTH KOpPHU
XapaKTepUCTUUYECKOTO YPaBHEHHUS

P.(4)=0,

KOTOPBIE SIBJISIFOTCSI COOCTBEHHBIMU 3HAYEHUSMH MATPUILIbI A,

1. 3AIAHUE
[TocTpouTh XapakTepucTUueCcKuii MHOrOouUIeH MaTpullbl A. HaliTu ero kopHu.
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Martpuna A umeeT 31eMEHThI

.. N ..
|+j—§—k,ecvzul<j;

. . N C
ajj = |+J+Z+k,emul=],

.. N ..
|+j—g—k,ec12ul>j,

rne 1,]=12345; N- HOomMep dammmuu cTyneHTa B JKypHaJle Tpynmbl; K-

nocneaHsst nudpa HoMepa TPYIIIIb.

V. O®OPMJIEHME OTYETA

B oTuere n0KHBI OBITH IPEICTABICHBI:
1. Ha3zBanue paboTHI.
2. ITocTanoBka 3a1a4u.
3. Onucanue anropur™a (MeToOa) pelieHusl.
4. TexcT MporpaMmel C ONHUCAHUEM.
5. Pe3ynbratel paboThl IPOrpPAMMBI.

BUBJIMOT PA®GUYECKHNH CITHCOK
1. bepesun U.C., Kunkos H.I1. Metonsr Beruncienuii. T.2. - M.: ®uzmatrus,

1966. 632 c.
2. lemunosud B.I1., Mapon M.A. OCHOBBI BEIYUCITUTEIFHON MaTeMaTUKH. - M.:

Jlanb, 2009. 672 c.
3. Kagutkun H.H. Yucnennsie meTonsl. - M.: Hayka, 1978. 512 c.
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JlaGopaTopnas padora Ne 6

PEIIEHUE HEJIMHEHHOT'O YPABHEHUSI METOJIOM
ANXOTOMUUN

|. EJIb PABOTEI
[TproOpereHne HABBIKOB HAXOXKJIEHUS C 3aJaHHON IOTPEIIHOCTBIO KOpHEM
HEJIMHEWHOI'0 YpaBHEHUS.

Il. TEOPETUYECKHWE CBEJJEHUA
Tpebyercs HaWTH KOPHU YpaBHEHUS

f(x)=0, (1)
rae f(x) - HempepsiBHas GyHKIHS.
[IycTh HamM Takue TOUKU X, U X, 4yTo f(x,)f(x)<0, TO ecTb Ha OTpe3ke
[ %, %] mexuT mo menwineit Mmepe onuH KopeHb. Haiinmem cepenuHy otpeska [x,, X, ]
X,=(%+x%)/2 u BeuucauMm f(x,). Ecimu f(x,)=0, To x, ectb KopeHb &¢. Ecnnm
f(x,)#=0, To M3 ABYX MOJOBHH OTpe3ka [X,,x] BbIOepeM Ty, AL KOTOPOH
f(%,) f (X, ) <O, TAK KaK OJMH KOPEHb IIEKUT HA JTOM IOJIOBHMHE. 3aTEM HOBBIN

OTPE30K AEIMM IIOI0JIaM M BBIOMpAacM Ty IIOJIOBHHY, HAa KOHIIAX KOTOPOH (DyHKIHS
f (x) umeer pasubie 3naku. U Tak jmanee.

Jlenenne mnpoAokaeM 10 TeX MOp, MOKa JJIMHA OYEepeHOTO OTpe3Ka, Iae
JICKUT KOPEHb, HE CTAHET MEHbIIe 2¢&, TO€ ¢ - 3aJaHHas MOTrPEIIHOCTh. Toraa
CepellMHA MOCJIEIHET0 OTPe3Ka IACT 3HAUCHUE KOPHS ¢ TpeOyeMoil TOUHOCTHIO.

1. 3AJTAHUE
Haiitm meTtomoM AUXOTOMHH OJIWH W3 JICMCTBUTEIBHBIX KOPHEW YpaBHEHMS

f(x)=0 ¢ morpemmuocThIO 107°.
BapuanTsl 3a1anus:

=

YpaBHeHUnE
k+/X —c0s0387x=0

keX +x% —3=0
kx — 3¢0s21,04x =0
(4+ XZXeX —ke_x)—18:0
15x —8In(k + x)—8=0
x> —3x% —9x+7+k=0
eX - 2(x-k)*> =0
x* +2kx—6=0

O N oo B WO N -




9 x2arctgx:k
10 x3 —2x—-8+k=0
11 x>+ 2x* —5x° + 8x% —7x -3k =0
12 (x—k)? = 2sinx=0
13 2X —4(x—k)=0
14 xInx =k
15 x2—x—2-k=0
16 3x° — 7x% —8x° —5x% — 2x + k =0
17 eX —2(k —x)* =0
18 2Inx—k/x=0
19 X =0,538sinx +k
20 x3—5x+01—k:0
21 eX +x>—2-k=0
2 Jx -2c0sFx=0
X coskx
23 2X —2x2 —k =0
24 (x—k)> —05e* =0
25 4x —5In(x+k)—-5=0
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3neck k- mocmennss mudpa Homepa rpynmbl, N - HOMEp haMuiu CTyIeHTa B
KypHaJe Tpymibl.

V. O®OPMJIEHME OTYETA

B otuete JOJIDKHBI OBITH IMpCaACTAaBJICHBI:

1. Ha3Banue paboThI.
2. IlocTanoBKa 3a1a4H.

3. Onucanue anroputma (METo/a) PELICHUs.

4. TekcT MporpaMmsl € ONHCAHUEM.
5. Pe3ynbTarsl paboThl IPOrPAMMBI.

BUBJINOI' PA®UYECKHIA CITUCOK

1. Kanutkun H.H. Yucnennsie Metobl. - M.: Hayka, 1978. 512 c.

2. lemugouu B.I1., Mapon M.A. OCHOBBI BBIYHCIIMUTEIIBHOM MaTeMaTUKH. - M.:
Jlaus, 2009. 672 c.
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Jlabopatopnass paGora Ne 7

PEIIEHUE HEJIMHEHHOT'O YPABHEHUSI METOJIOM
HUTEPALIMHU

I1. LIEJIb PABOTbI
[TproOpereHne HABBIKOB HAXOXKJIEHUS C 33JaHHON IOTPEIIHOCTBIO KOpHEM
HEJIMHEWHOI'0 YPaBHEHUS.

I1l. TEOPETUYECKUE CBEJEHN A
Tpebyercs HaWTH KOPHU YpaBHEHUS

f(x)=0, (1)
rae f(x) - HempepsiBHas GyHKIHS.
3aMeHNM HCXOIHOE ypaBHEHIE YKBHBAJICHTHBIM €My YpaBHEHHEM X = @(X).
BribepeM HEKOTOpOe HyJleBOE HPUOIMKEHHE Xg M BBIYUCINM JajbHEHINNE
NpUOIMKEHUS 110 hopMyIie
Xns1=@(Xy) (n=01..). (2)
Ecnu X, cTpeMuTcs K HEKOTOpoMy Ipeneny &, TO 3TOT Mpejed eCThb KOPEeHb

HCXOJHOI'O YpaBHCHHA, T.C.
lim x, =¢&.
n—oo
Uccnenyem ycmoBust cxomumocTtd. Ecau (p(X) HUMEET HENPEPHIBHYIO

MPOU3BOJIHYI0, TOrAa (10 TeopeMe Jlarpanxka)

Xni1 =& =0(¥n) = &) =0 —Eh'(n), (3
rjae Touka 7) JEKHT MEXIy Toukamu X, u &. Ilostomy, ecnu Bciony Ha |, /3]
@' (x)<q<1, To otpesok |X, —&| yObiBaeT He MeIeHHEl! WIEHOB reOMETPHYECKON
Iporpeccuu co 3HaMeHaTeneM (<1 M NOoCIefoBaTeNbHOCTh X, CXOAUTCA IpU
MoGOM HauambHOM IIPUOIIKEHHH X € [ar, f].

JIeCTBUTENBHO, 3TO BUIHO U3 COOTHOIICHUI

Xns1 =&l <[xn —&a<xa_1 -’ <...<[xo - o™
OueBHUIHO, YEM MEHbIIE (, TeM OBICTpEE CXOIMMOCTb. YCIEeX METOJla 3aBUCUT OT
TOTO, HACKOJIBKO YJJAYHO BHIOPAHO go(x).

N3 BeipaxkeHust (3) BUAHO, YTO, €CIH (0'(X)<O, TO WUTEPALMU TONEPEMEHHO
OKa3bIBAIOTCSI TO C OJHOW, TO C APYTrOMl CTOPOHBI &, TaK YTO KOPEHb 3aKIIIOUEH B
MHTEpBANe [Xpi1,Xn|. DTO HaleXHAs, XOTS HECKONbKO rpyGas ouenka. Ho oma
HempuMennMa, koraa ¢'(x)> 0, Koria uTepanuy CXOAATCA K KOPHIO MOHOTOHHO, T.€.

C OHOM CTOPOHBI.
MoxHO mMoOKa3aTh, YTO UTEpaAllMU CIEAYeT MNpeKpamniaTh, €CJIU BBITOIHAETCS
yCIIOBHE
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Xn+1 = Xn | _ (Xn+1 — Xn )2
1-q ‘ 2Xp = Xn4+1 — Xn-1
T7Ie & - 3aJaHHas TOYHOCTb.

MeTton utepaiuii UMEeT BaXXHOE JOCTOMHCTBO CaMOMCHpaBisieMocTd. OmmOKu
BBIUMCJICHU B METOJI¢ HE HAKaIIMBAIOTCSA. METOJ WTEepaluii YCTOMYWB Jaxe K
rpyobiM ommbkam (c6osim IBM), eciu ToJbKO omrOKa He BHIOPACHIBAET OUEPEIHOE
npuOJIrKeHne 3a MpeAensl oOmactu  cxoaumocTd. OmmbodHoe TPUOTIKEHUE
paccMmaTpuBaeTcsi Kak HeKOTOpOE HOBOE HayaIbHOE.

<&, (4)

IV.3AJAHUE
Haiitu meTomoM wurepaunii OAUH U3 JEHUCTBUTEIBHBIX KOPHEW YpaBHEHUS

f (X) =0 ¢ I0IMyCTUMOM MOTPEUTHOCTHIO 107°.
BapuanTsl 3a1aHus pUBEEHBI B 1abopaTtopHoit padote Ne 6.

V. OOOPMJIEHUE OTYETA

B oTyeTe 10KHBI OBITH IPEICTABIICHBI:
1. HazBanue paOoTBhl.
2. ITocTanoBka 3a1a4u.
3. Onucanue anropur™a (MEeTOa) peIICHusI.
4. TekcT nporpaMMbl ¢ OITMCAHUEM.
5. Pe3ynbTathl paboThl IPOrpPAMMBI.

BUBJINOTPAGUYECKHNH CITMCOK

1. Jemunosuu b.I1., Mapon U.A. OCHOBBI BBIYHCIWTEIBHOW MAaTeMaTHUKU. - M.:
Jlans, 2009. 672 c.

2. baxsanos H.C., )Kungxos H.II1., KobOenbkoB I'.M. Uucnaenasie mMeToasl. — M.:
BMHOM. JlaGoparopus 3uanwii, 2007 636¢.

3. Kamutkua H.H. Yucnennsie meTobl. - M.: Hayka, 1978. 512 c.

4. KpsuioB B.U., bookos B.B., Monacteipnsiii [1.1. Beruucnurensusie Metoasl. T.1.
- M.: Hayka, 1976. 350 c.
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JlaGopaTopnas padota Ne 8

PEIIEHUE HEJIMHEHHOI'O YPABHEHUSI
METO/J1OM HBIOTOHA

I1. LIEJIb PABOTbI
[Tpuobperenue HaBBIKOB OTBICKaHUs IPUOIMKEHHBIX 3HAYCHUHN
JNEUCTBUTEIBHBIX KOPHEHN ypaBHEHUs MeTO10M HbroTOHA.

I1l. TEOPETUYECKAS CITPABKA
Tpebyercs HaWTH KOPHU YpaBHEHUS

f(x)=0, (1)
rae f(x) - muddepennupyemas pyHKImS.
Ecin X, ecThb HEKOTOpoe NpHbmKeHHe K KopHio &, a  f(X) mmeer

HETMPEPBHIBHYIO MPOU3BOHYIO, TO yYpaBHEHHE (1) MOXKHO mpeoOpa3oBaTh CIAEAYIOIIUM
oOpazom:

0=1(5)=fxn +(&—xn)]= f(xn)+ (& —xn)T'(m),
rZie 77 - TOUKA, JIe)KaIast Mexay X, U & .
[TpubnmxeHHo 3aMeHsIs f’(77) Ha 3HAYCHUE B U3BECTHOU TOYKE Xy, MOIYYUM
TaKOM UTEPALMOHHBIN MPOLIECC:

f(xn) 2)

Xn+1=Xn — F(xy)
n

['eomeTpudecK 3TOT MPOLIECC O3HAYAET 3aMEHY Ha KaXJI0U uTepauuu rpapuxa
y = f(x) xacarenbHoii Kk HEMY.

A

Y

_/ X2 X1 Xo X
Meron HprooTOHA MOXKHO paccMaTpuBaTh Kak YaCTHBIA Cllydyald MeEToAa
WUTEpaLNi, €CIIH TTOJT0KUTh

f(x)

p(x)=x - )




22

Torna
() F)T"(x)
o'(x)=—"5 "
£%(x)
[Ipu nMpOU3BOJIBLHOM HAYAILHOM MPHOIMKEHUN UTEPALUU CXOMSATCS, SCIIM BCIOAY Ha
paccmatpuBaeMoM uHTepBane (a,/3) ‘ff "‘<(f’)2 (4TOOBI ‘(p’(x)(<1, npuyemM
X0 e[a, ,B]). B mpotuBHOM ciiydae cXOauMOCThb OyJeT He MpH JitoOOM HadyadbHOM

MPUOIMKEHUH, a TOJIbKO B HEKOTOPO OKPECTHOCTH KOPHSI.
OTMeTHM elie JO0CTaTOYHOE YCJIOBHE CXOJAMMOCTH HUTEpaIldid: €cCiIu f'(x) 51

f"(X) OTTHYHBI OT HyJIA M COXPAHSIOT ONpe/eeHHbIe 3HAKN Ha |, 3], TO HCXons U3

HaYalpHOTO  TIpHOmIKeHHs — Xg €[a, ],  ymoBneTBOpstOmero  HepaBeHCTBY
f(xg)f"(xg)>0, monyuum MeTonom HploTOHA 3HaUEHHE KOPHS C MOOOH CTENMeHbI
TouHOCTU. T.0., B KadecTBe MCXOIHOW TOYKHM X CIEIyeT BBIOMpATbh TOT KOHEI
[, 8], s xoroporo f(x) m f"(x) umeror omHakoBbie 3Haku. Ecim B3aTH Takoe
Xg, 4to f(Xg)f"(Xg)<0, To MBI MOXeM He MPHUHTH K KOPHIO &, €CI TONBKO Xg HE
OY€Hb XOpOIIEE.

OI_[CHI/IM CKOpPOCTb CXOAUMOCTHU MCTOa HeroTona. CHpaBGIUII/IBa OIICHKa

M
‘5 - Xn+1‘ < 2—”]21(5 — Xp )2,

rae M, - HamOonblee 3HaYCHUE ‘f”(xx Ha |a,B], Mzzmax\f”(x)(; m -
a.p

HalMeEHbIIEE 3HAYECHUE ‘f’(x){ Ha [a,B], my= min‘f’(x){. Otcroga BHIHO, 4YTO

HOTPEIIHOCTh OYEPETHOr0 MPUOJIMKEHHUSI TPUMEPHO paBHA KBaJpaTy MOTPEIIHOCTH
npenpiaymero npuonwkenus. Camblii HEOJIarompusTHBIM clydail sl MeTojna
Herotona, korja f'(X) cranoBuTcs Manoii BOMm3M KopHA. UTO6H He GBLTO MOTEPH

f(x

% HAaAO0 BBIYUCIATH JOCTATOYHO aKKypaTHO. K
X
n

OCTAJIBHBIM IIOI'PCITHOCTAM pacucTa MCTOJ HeroTona XOopo1o YCTOI?ILII/IB.

TOYHOCTH, OTHOIICHHUC

IV.3AJAHUE

Hantu metomom HpOTOHA OIMH W3 JEMCTBUTEIBHBIX KOPHEW YpPABHEHMS
f(x)=0 c TouHOCTBIO 107>, BapuaHnTel 3amaHuil IpuBeneHb! B J1a0OPAaTOPHOM
pabote Ne 6.

V. OOOPMJIEHUE OTYETA

B oT4eTe moKHBI OBITH TIPEICTABIICHBI:
1. Ha3Banue paboThI.
2. IloctanoBka 3a/1aum.
3. Onucanue anroputma (METO/1a) PEUICHUSI.
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4. TekcT nporpaMMsbl C OITUCAHUEM.
5. Pe3ynbratel paboThI IPOrPaMMBI.

BUBJIMOI' PAONYECKHWI CITMCOK

1. demunoBuu Bb.I1., Mapon M.A. OCHOBBI BBIUMCIUTEIBHOM MaTeMaTUKHU. - M.:
Jlans, 2009. 672 c.

2. baxsanos H.C., )Kungxos H.II., KobenpkoB I'.M. Uucnaenasie MeToasl. — M.:
BUHOM. JIa6opatopus 3uanuii, 2007 636c¢.

3. Kaymutkun H.H. Yucnennsie metonsl. - M.: Hayka, 1978. 512 c.

4. KpoutoB B.U., bo6koB B.B., Monacteipusiii [1.U. Berancnurensusie metost. T.1.
- M.: Hayka, 1976. 350 c.
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JlaGopaTopnas padora Ne 9

INPUMEHEHUE MHTEPIIOJISIUOHHON ®OPMYJIbI
JIATPAHKA

|. EJIb PABOTEI
[TproOpereHue HaBBIKOB UCIOJIBb30BAHUS MHTEPIIOIALIMOHHBIX MHOTOUJIEHOB.

II. TEOPETUYECKUWE CBEJIEHNW
[lycte yHkuus y(x) 3amaHa TabIWYHO, T.€. M3BECTHBHI €€ 3HAUCHUS B n+1

TOYKAX Xy, X0\ X,
Y(Xi):yi (i=0,1,...,n). (1)
[Toctpoum MHOrouneH L (X)CTEMEHM n  Takol, YTOOBI BBINOJHSIINCH

HHTCPIIOJIIOUMOHHBIC YCIIOBUA

L=y, (i=01..n). ()
CHavanma TIOCTPOUM MOJNMHOM cTerneHn N Py (X), Takoi, 4To
Pi (X )= Ski. 3)
1, k=i
rae okj = . - cumBoa Kponekepa.
0, k=i

Tax kak Py (X) o6pamaercs B Hys b B N TOYKax X0s X{s-osXk—1r Xkads-- X
TO OH UMEET BU]T
Pk (%)= e (X = X0 )X = X1 ). .. (X = X X = X 11)- (X = Xq ), (4)
rae Cy - HOCTOSTHHBINA KO3 PUIMEHT.
[Tomaras B popmyiie (4) X =Xi M yYUTBIBas, 4TO Pk (Xk ):1, MOJTY4YUM
i =00 =30 )0t =)0 =351 )(i = Xian)-- 0 =x0)I
[ToacraBuB 3TOT KO3 PUIMEHT B (4), HAXOIUM
(X500 (X Mk X))
X = X0 J(Xk = %1 ). O = X1 Nk = Xia1)--- (X = %n )
Teneps nocrpouM MHOrO4IEH Ly (X), KOTOPBI UMEET BUJ

()= 3 ey ©)
k=0

Crenenn Ln(x), kak BuAHO u3 (5) u (6), He Beimie N. Kpome Toro, Ha

pk:(

OCHOBaHUHU (2)

n
Ln (%)= 2 P (i )yk = pi(%i)yi = i,
k=0
4yTO corjacyercs ¢ (2)
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Wnrepronsiumonnbiii Muorowien L, (X) Hasbisaetcs Muorouwsenom Jlarpamxka
U UMEET BI/II[
L (x)= Zy (x=xo)x=x)... (X=X X = Xpa1)- . (X =Xn)
Ot = x0)05% = %)+~ Ok = X ) = K1)+ (X = x0)
Teneps cunraem Y(x)~ Ly (x).

I[JISI a0COJIFOTHOM IMOTrpCIIHOCTU HMHTCPIIOJLINUOHHOTO MHOI'OYJICHA Harpami(a
CIIpaBCIJINBA OLICHKA

\y(x)—Ln(xxs%

e My =y

‘a)n+1(x)( :

@n1(X )—(X Xo)(X X).-.(X=Xn).

1. 3AJTIAHUE
Jlana Tabnuua 3HaueHuid PyHKIMu Yy = y(x)

X |35 |41 43 |5
y | N+k [ N+2k [N-k |N

3nece N- HOMep (amMunmu cTyneHTa B KypHaje TPYIIbL, K- mociemHss
udpa HoMepa TPYIIIbI.

[TocTpouTh HMHTEPNOJSILIMOHHBIN MHOTOwWIeH Jlarpanxka. Beruucnuts ¢ ero
ITOMOIIILIO 3HAYECHUS y(3,6); y(4,18); y(4,9).

V. O®OPMJIEHME OTYETA

B oT4eTe 10KHBI OBITH IPEICTABIICHBI:
1. HazBanue paboThl.
2. IlocTaHoBKa 3aga4u.
3. Onucanue anropuTMma (METo/1a) peuieHusl.
4. TekcT NporpaMMbl C OMIMCAHUEM.
5. Pe3ynbTarsl paboThl IPOTrPAMMBI.

BUBJIMOT' PAOUYECKHWI CITMCOK

1. demunoBuu B.I1., Mapon M.A. OCHOBBI BBIYHUCIUTEILHOW MaTeMaTHUKHU. - M.:
Jlansw, 2009. 672 c.

2. baxsamoB H.C., Xunxos H.II., KobenrkoB I'.'M. Umucnennrsie Metoanl. — M.:
BMHOM. Jla6oparopus 3uanwmii, 2007 636¢.

3. Kamutkun H.H. Yucnennsie metoasl. - M.: Hayka, 1978. 512 c.
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JlaGopaTopnas padora Ne 10
UHTEPIIOJINPOBAHUE KYBUUYECKUMH CINIAMHAMMA

I1. HEJIb PABOTBI
[TproOpereHne HaBBIKOB UCIIOJIB30BaHUSI HHTEPIIOJIALIMOHHBIX CIIAHHOB.

1. TEOPETUYECKUE CBEAEHNW A

ITycTs Ha [a,b] B y3max cetku A: a=xg <X <...<Xy =b 3anaHbl 3HAYCHHSA

HexoTopoit dynxuum f(X)
foq)="fi  (i=0N)

Jlns uHTepnoNUpoBaHus QYHKIUI BOCTIONB3yeMCsl KyOMUECKHMU CIIJIaiHaMU
nedekTa 1, kotopsie 0603Haunm S(X). Ha KakmoM U3 IPOMEKYTKOB [X; X1 |
CILTalH S(X) 3allUCBhIBAETCS B BUJIE

S(x)=aj0 +aj(x — X )+ iz (x =% ) + a3 (x =% ). 1)

Ipuuem S(x)eC 2 [a,b].

PaccMoTpuM /1Ba alropuT™Ma IOCTPOCHUS HHTEPIOIAIUOHHBIX KyONIecKnX
cruTaitHOB, y10BIeTBOpsomuUX ycnosusam S(x; )= f; (i = O,_N)

Baenem ob6o3nauenne S'(x;)=m; (i = O,_N)

Pemrast cucremy ypaBHeHuni

{S(Xi): fii  S(xiz1)=fiuas

S'(xi)=mi;  S'(Xis1)=mig.

Haiinem ko3¢ puuueHTsl g, aj1, dj2, aj3.

B pesysbTate Boipaskenue (1) npumer Bu
S(X)= fij(L—t)?(1+2t)+ f; 4t%(3— 2t)+ mihit(L—t)? — m;,1hit?(1—1),(2)rne
X = Xj

hj

KyOuueckuii crunaiin (2), 3alMCaHHBIA B TEPMUHAX M;j, HA KAKIOM U3
POMEKYTKOB [Xi ,Xj 1| HelpepbIBeH BMecTe CO CBOEiH MepBoii IPOU3BOIHOI BCIOY
Ha [a,b]. BeiGepeM Benuuunbl M; TaK, 4ToObI ObLIA HEMPEPHIBHA H BTOPAs

:1=0,N -1

xelxi Xl hi=xi1-%; t=

MPOU3BOJHAS CIUIaHA. Y CJIOBUE
S"(x; +0)=S"(x; =0) (i=12,...,N-1)

naet N —1 ypaBHeHuit Ui HAXOKIECHUS M (i = W)

ﬂ,imi_l + 2mi + UM 1 =Gj (I =1,N —l), (3)

rac
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hi . h4
’ /Ll|
hi—l + hi hi—l + hi
fiv1— fi fi — i
i :3(% i+1 = i + 2 I |—1j_
hj hi_1
K ypaBHeHUsIM (3) claenyeT NpUCOSAUHUTSD €IlI€ IBa YPaBHCHUS, SIBJISTFOLINXCS

KPaeBbIMU YCJIOBUAMHU. M3 MTOIyYEHHON CUCTEMBI YPABHEHUN HAXOIATCS 3HAYCHUS
BeimuuH M (i=0,N ), KOTOPBIE MOJICTABIIAIOTCS B BBIPAXKEHUE [T

Ji =

UHTEPIIOJIALIMOHHOTO CILIaifHa (2)
Ecnu BBecTH 0003HaYEHUE S"(Xi ) =M; (i =0,N ) 1 KO3 PUITUCHTHI

aio, 8j1, dj2, @j3 HAWTH KaK peIICHNUE CHCTEMbI ypaBHEHHI
{S(Xi): fii  S(Xiz1)= i1
S"(xj)=Mj;  S"(Xj41)=Mjq,
TO HA KAXIOM [X;,Xj1 | MHTEPIOIAMOHHEIH KyGuUecKuii CIuIaiiH B TepMuHax M

OyJleT MPEJCTABIATHCS BhIpAKEHUEM
2

()= fi1-0)+ fiugt— o t@-tf2-OM; + 1+ M),

xe[xi %], 1=0,N-1 (4)

IMpu 5toM craiin S(X) u ero BTopas MpOM3BOAHAS Gy/IyT HEMPEPBIBHBI HA
[a,b]. Bribepem Bennuunbl M Tak, 4TOObI OblIIa HENIPEPBIBHA U NIE€pBast
IIPOU3BOJIHAS CIUIAHA. Y CIIOBUE

S'(x +0)=5"(x; —0) (i=LN-1)
naet N —1 ypaBHeHHit L
£iMi_1 +2M; + Mg =i (i=LN-1) (5)

rae
d; - 6 (fm— fi  fi- fi—lj_
hi_1 +hj hj hi_1

K ypaBHeHusAM (5) cleayeT MNPUCOCAUHUTH [JBa KpaeBblX ycioBusa. U3

NOJIyYEHHOW CHCTEMBI YpaBHEHUW HaxoasTcs 3HadeHus M (i :O,N),

KOTOPBIE MOJCTABIISIIOTCS B BEIPAXKEHUE (4)

Ha mpakTtuke Hanbonee ynmoTpeOuTEeIbHBIMHE SIBISIOTCS KPAeBbIC yCIOBUS
CJIEYIOIINX THUIIOB:

. S'(a)=f'(a); S'(b)=f'(b)

1. $"(a)= f"(a); S"(b)=f"(b).
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. s@)=s"p), r=12.
IV. $"(xp +0)=5"(xp —0); p=1,N-L1.

IV.3AJAHUE
C MOMOIIBIO UHTEPIIOJIALMOHHBIX KyOMYECKHX CIUIaHOB, 3alIUCAHHBIX B
TepMuHax M; u M, BeMCIUTS 3Ha4enus pynkimu Yy = f(X) B Toukax

x=36; 39; 4,2. Tabnuua 3Havennii pynkuun Yy = f (x) MpUBE/CHA B

nabopaTtopHoit padote Ne 9.
M cronp30BaTh CIIEAYIONINE KPAacBbIe YCIOBUS

S"(a)=S"(b)=0.
Ykazanus.
1. Ilpu ucnonp30BaHUHM CIUIAHHOB, 3aIIMCAHHBIX B TEPMHUHAX M, K ypaBHEHUSIM
(3) MPUCOCIUHUTD CJICAYIONINE YPABHCHHUS:
2mgp +My =Cgq;
My -1+ 2mN =C,
rae

fi—fo ho cuy. fn — ot N1 6o
— 9 §"a): =3 f"(b).
ho 5 (a) CN 1 + 5 ()

2. HpI/I HUCIIOJIB30BaHHUH CHHaﬁHOB, 3alIMCAHHBIX B TCPMHHAX M i » K YPaBHCHHUAIM

Co=3

(5) mpUCOETMHUTE CIIETyIONTHE yPABHEHHS:
M 0= O; M N = 0.
3. Cuctemsl (3) u (5) ABAAIOTCS CHCTEMaMU C TPEXMATOHANBHON MaTpHIIeii.
OcCymIecTBUTh UX PEIIEHUE METOIOM MPOTOHKH.

V. O®OPMJIEHME OTYETA

B oTuere n0KHBI OBITH IPE/ICTABICHBI:
1. Ha3zBanue paOoThl.
2. [locTaHoBKa 3a1aumu.
3. Onucanue anropuTMma (MEeTo/1a) peuieHusl.
4. TekcT nNporpaMMbl C OTIMCAHUEM.
5. Pe3ynbTarsl paboThl IPOTPAMMBI.

BUBJINOI' PAOUYECKHI CITUCOK

1. 3aBwsios 10.C., KBacoB b.U., Mupomanuenko B.JI. MeTonb! crutaiftH-QyHKIUY. -
M.: Hayxka, 1980. 248 c.

2. baxsamoB H.C., Xunxos H.II., Ko6enrkoB I'.'M. Uwucnennrsie Metoanl. — M.:
BMHOM. Jla6oparopus 3uanmii, 2007 636¢.

3. Kamutkun H.H. Yucnennsie metozsl. - M.: Hayka, 1978. 512 c.
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Jlabopatopnas paGora Ne 11

MNPUBJINKEHHOE BBIYUCJIEHUE UHTEI'PAJIOB
HO ®OPMYVYJIE TPAIIEIIUAN

l. I[TIEJIb PABOTBI
[TproOpeTenue HaBBIKOB MPHUOIMKEHHOTO BBIYUCICHUS HHTETPAIOB C TIOMOIIIBIO

KBaJIpaTypHbIX GopMyI.

1.  TEOPETHMYECKHUE CBEJEHUA

b
ITycth TpeOyeTcst BHIYUCIUTD I/IHTerpanj f (x)dx.

a

Pa300beM OTPE30K [a,b] ¢ HOMOIIBI0 PABHOOTCTOSIIMX TOYEK
Xo=a, ¥=X+ih (i=12..,n-1), x =b
b-a

Ha n paBHbIX yactew. [lar h=
n

IIyctby, = f(X,).
3amenss pynknuio f(x) MHorowieHom Jlarpanxka

Ln (X) — Zn: a)n+l(x)

i (X=X )a)/n+1(xi)yi ,

TIE @,,1(X) = (X=X )(X=X%)...(X=X;) ,
MOJIy4aeM KBaJIpaTypHYIO GopMyTy

Xp

[foodx=>" Ay, (1)
X i=0
rac
(DM R -1 (t—n) o
A _hi!(n—l)!-([ - d  (i=0,1..,n).
IIpu aTOM t:%.

[lonaras A =(b—a)H,, Oy1eM UMeTh

H :1_(—1)”‘1 nt(t—1)...§t—n) it 2)
nil(n-1ty t—i

Torna kBaapatypHas popmyina (1) npuHuMaer BU
b

j f (x)dx = (b—a)zn:Hiyi . (3)

®opmyisl (2) u (3) HazeiBatoTcs popmynamu Hetorona — Koteca.
[Tonarast B popmyiie (2) n=1, Haxoaum

1 1
HO:_J‘t(tt—l)dtzé X H1= (1
0 o -

B pesynbraTte noixyyaem Gopmyiy Tpaneuui
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X

J F (0= 20— ) @)

%o

Jl7is TOBBINICHUS TOYHOCTH Ha oTpe3ke [a,b] BBomuTcs mocrarouno rycras

CeTKa
a=X%, <X <..<Xy=Db.

WuTerpan pazdbuBaeTcss Ha CyMMY MHTETPAJIOB IO IIaraM CETKH M K KaXAOMY
nIary npuMeHsitoT popmyiy (4).

O6o06menHas GopMyiia Tpamenuii Ha paBHOMEPHOW CETKE C maroM h uMeer
BU/T

J £ 00d=2 > (5 +v,0)- 5)

JIJisi paBHOMEpPHOM CETKH CHpaBeIiiuBa CJCAyIOllas Ma)KOpaHTHAsl OIlEHKa
MOTPENTHOCTU (POPMYJIBI TPATICIIUH:
(b—a)h?

R|<
12

M, ,

rae M, = r[rﬁ)>]<| f"(x)|.

1.  3AIHAHUE
Boruuciauts ¢ moMotibio GopMyJibl Tpanenuii onpeeIeHHbI HHTETpall OT
3a1aHHON (DYHKIIHH.

BapuaHnTsl 3a1aH1i1

Ne IIpenensl HHTErpUPOBAHUSI
f(x) p - rpyup -
k/J(@L+x*)(a+x?) 0,1 k
2. ke COS% k k+1
3. 4 tgi K 3
T
4 karcsin e 7 k5 13
5. s lsh X k k+4
3 —_—
V' Ve
6. k+/ch (xIn 10) k 3,2
7. kIn(1+/x)/3/x k 3
8. ksin x/(x? +1) k 3
9. ke™ sin kx/(k + x?) 0 1
10. kvk +x* [ (L+ coskx) 0 1
11. | k/@++Inx) k 3
12. | k/In(1+x*)/(1+ x?) 0 k
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13. | klg kx/x K K42
14. | kxIn(1+ x?) k k+1
15. kxIn/ /(x2 —1)° k+1 4
16. | kx®e* cos x k-1 k+1
17. | kxe* 11+¢" k k+1
18. | kin(x+1/+x+1 k k+2
19. | karctg(l+/x) k k+1
20. | k/xJk = (In x)° k k+0,7
21. | k/xJk+Inx k k+1
22. | kx®sin x k k+1
23. karctgx/ x k k+1
24. | k/(L+sin®x) k k+1
25. ke4x2+2x+l 0 k
3nech K—nocnenuss nudpa HoMepa rpyIbl.
VYxazanue: [Ipu BeranciaeHny uHTErpana mojaoxuts h=0.1
V. O®OOPMJIEHUE OTYETA
B oT4eTe 10KHBI OBITH IPEICTABIICHBI:
1. Ha3Banue paboThI.
2. ITocTanoBka 3a1a4mu.
3. Onucanue anropuTMma (MEeTo/a) peuieHusl.
4. TekcT NporpaMmsbl C ONMHUCAHUEM.
5. Pe3ynbTarhl paboThl IPOrPAMMBI.
BUBJINOT PA®GUYECKHNH CITHCOK
1. baxsanos H.C., J)Kunkos H.II., Ko6enskoB I''M. Umucinennsie MeTonpl. — M.:

BMHOM. Jla6oparopus 3nanuii, 2007 636¢.

2. Kanutkun H.H. Yucnennsie metonsl. - M.: Hayka, 1978. 512 c.
3. HemumoBuu b.I1., Mapon MN.A. OCHOBBI BBIUMCIHUTEIBHOM MaTeMaTHUKH. - M.:
Jlaus, 2009. 672 c.
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JlaGopaTopnass padora Ne 12

MNPUBJINKEHHOE BBIYUCJIEHUE UHTEI'PAJIOB
MO ®OPMYJE CUMIICOHA

IV. LEJIb PABOTbI
[TproOpereHue HaBBIKOB MPUOIMKEHHOTO BBIYUCIIEHUS HHTETPAJIOB C IIOMOIIBIO

KBaJpaTypHBIX (GOPMYII.

IL.TEOPETUYECKUE CBEJIEHWNA

[TycTh TpeOyeTcsl BEIUNCIUTH I/IHTeraJ'II f (x)dx.

Pa300beM 0Tpe30K [a,b] ¢ TOMOLIBIO PABHOOTCTOSMINX TOYEK
Xo=a, ¥=X+ih (i=12..,n-1), x =b
Ha n paBHbIX yacrteu. [llar h :B.
n

[lyctby, = f(x,).

[Tomaras B dbopmynax Herotona — Koreca

1 (=)™ Ft=1)..(t-n)
f(x)dx=(b—a)) Hy,, H, = dt
j (x)dx = ( )Z Vi Hi=on 1),j -

n=2, Iojy4yaem

H,=1/2, H =2/3, H,=1/6.

Tak kak x, —x, =2h, TO

)
[ 109dx=2 (v + 4y, + ). (1)

o

910 dpopmyna CuMIiicoHa.

JIJIs TIOBBIMICHUS TOYHOCTH OTpe3ok [a,b] pa3OuBaercs Ha yeTHOE dYHCITO
o b-a
yacted N =2m. Torma h=2—.
m

Wurterpan paszOuBaercss Ha cymMMmy HUHTErpaioB. K KaxaoMmy yIBOEHHOMY
OPOMEXYTKY [Xy, %1, [X, X, 1y --s Xm0 X, ] AJIMHBL 2h TipuMeHUM GopMmyity (1).

[Tonyuum o6o61meHHy0 hopmyny CumicoHa
b h m-1
J- f(x)dx~ gz(yzi +4Y500+ Yairo) - (2)
2 i=0
st morpemnocty opmysiel CuMriicoHa (2) cripaBe/jinBa OleHKa

_ 4
G-ant
180

IR

rIe M4=r[na})>](|f'v(x)|.

IIL3AJAHUE
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Borancnuts ¢ nomotipio popmysbl CUMIICOHA OTpeAeIEHHbIA HHTErpal OT
3agaHHON (GyHKIMHU. BapuanTel 3aanuii mpuBeeHs! B 1a0opatopHoii padore Ne 11.

V. OOOPMJIEHUE OTYETA

B oT4eTe 10KHBI OBITH IPEICTABICHBI:
1. HazBanue paOoTBhl.
2. IToctanoBka 3a1a4u.
3. Onucanue anropur™a (MeTOa) PEIICHUSI.
4. TekcT nmporpaMMsl ¢ OIIMCAHUEM.
5. Pe3ynbrathl paboThl IPOrPAMMBI.

BUBJIMOI' PAONYECKHNI CITMCOK

1. baxBanoB H.C., XXunkos H.II., Kob6empkoB I'.M. Uucnenneie metompl. — M.:
BUHOM. Jla6opatopus 3uanuii, 2007 636¢.

2. Kamutkua H.H. Yucnennsie meTobl. - M.: Hayka, 1978. 512 c.

3. HemunoBuu b.I1., Mapon M.A. OCHOBBI BBIUHMCIMTEIBHOW MaTeMaTHUKH. - M.:
Jlaun, 2009. 672 c.
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JlaGopaTopnass padora Ne 13

HPUBJIN/KEHHOE BBIYUCJIEHUE KPATHBIX
HUHTEI'PAJIOB METOJOM AYEEK

I[IEJIb PABOTBI
[TproOperenne HaBBIKOB MPHUOIMKEHHOTO BBIYMCIICHUSI KPATHBIX UHTETPAJIOB.

TEOPETUYECKUWE CBEJIEHUA
[Toctpoum kyOaTypHYIO QopMyITy, TpeIHA3HAYCHHYIO JJIsl MPUOIUKCHHOTO
BBIYHCIICHHSI IBOMHBIX HHTETPAJIOB
| =[] f(x,y)dxdy. @)
G

PaccMmoTpum meToq siueex.

[TycTth o06nacTh uHTErpupoBanus G mpencraBiseT COOON MPSIMOYTOJIbHUK
(a <x<bh, a<y< ﬂ). Pazo0Obem o6sacte G Ha npsiMOyroJibHbIE stueiiku (puc. 1).

yA
B ,,,,,,

a b X

Puc. 1.

Hcnonb3ys hopMyity cpeaHUX JUTsl BRBIYUCICHUS MHTETpaja Mo KaKI0u sueiike
1 o0o3Havast yepe3 Sj, Xj, Yj COOTBETCTBEHHO IJIOMAAb | SYCHKH U KOOPAWHATHI

€C ICHTpPA, IMOJIYyUYUM

|38 f(%.%i) (2)

Jlst moGoii HenpepbiBHOHN GyHKIMK f (X,y) WHTETpAJIbHAS CyMMa CXOIUTCS K

3HAYECHHUIO UHTErpaja, Koraa MepruMeTPhl BCEX SUEeK CTPEMATCS K HYJIIO.
Eciu cTopoHbI MPSAMOYTOJIbHUKA pa30UThl COOTBETCTBCHHO HA M 1 N paBHBIX
gacTel, TO MOTrpenHOCTh 0000eHHON (hopMyItbl (2)

R=0(M2+N72
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B ciyuae, korna obnacte G He sIBISi€TCS MPSAMOYTOJIBHUKOM, Ha HEE CIIEAYEeT

HAJIOKUTh MPSIMOYTOJIBHYIO CETKY (pHC. 2).
yA

»
o

X

Puc. 2

Sldeliku, KOTOpBIE MOJIHOCTBIO JieXkKaT B 00J1acT G, Ha3bIBalOTCA BHYTPEHHUMU.
S4eiika Ha3bIBAECTCS TPAHUYHOM, €CJIM YaCTh €€ NPUHAMIEKUT G, a 4aCcTh HAXOAUTCS
BHe G . [lnomans BHyTpeHHEN sIUEMKU paBHa MPOU3BEACHHIO €€ CTOpoH. [1momanpto
TpaHUYHOM stUeiiku OyJeM CUMTATh IJIONIaAb TOU €€ YaCTH, KOTOpas MPUHATICHKUT
G . OTy mIoma b BHIYUCIUM MPUOIHKEHHO, 3aMEHSISI ICTUHHYIO TPAaHUILy HA XOpY.
VYkazaHHbI€ BbILIE TUIOUIAIH MTOACTABUM B (hOPMYITY (2) U HalijieM NpuOIMKEeHHOE
3HAYEHHE MHTErpaja.

3AJIAHUE
MeTonIoM siueek BRHHUCIUTS uHTerpan (1) mo o6mactu G, n3o6pakeHnHoit Ha
puc. 3.
y A
1
S
0) 1 X

Puc. 3

BapuanTsl 3a1anuii

Homep Bapuanra f(x,y)




1 e ¥ cos Y

4k
2 1/\/(k+x212k+y2)
3 xS sin(x + ky)
4 e* Jka+y
. x2eXY sinx
6 y/Vk+eX
7 sinkox/(y2 + k)
8 e¥ coskx
9 y? cos(kx + y)
10 \/}ex+ky
1 2
11 e Ysin™~

4k

12 y2 2k + x3
13 y3sin(x + ky)
14 \/(kx3 + ka +X)
15 2V ficry
16 Jy cos(kx + 2y)
17 y2e* cos(k + x)
18 x/eY VK + x
19 xe_x/(kx2 +ky? +1)
20 Jkxsin(x + ky)
21 Y fio? + y3
22 sin(x + k)cos(y2 + k)
24 y2 ke +y
" TR

3nech K - mocmennss mudpa HoMepa rpyIIbL.

36
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V. OOOPMJIEHUE OTYETA

B oTyeTe 10KHBI OBITh IPEICTABIICHBI:
1. Ha3Banue paboThI.
2. IToctanoBka 3a1a4u.
3. Onucanue anroputMa (METO/1a) PEIICHUS.
4. TekcT mporpaMMBbl C OTTMCAHUEM.
5. Pe3ynbTaTel paboThl IPOrPAMMBI.

BUBJIMOI' PA®UYECKUI CITUCOK
1. Kamurkun H.H. Yucnennsie meronel. - M.: Hayka, 1978. 512 c.
2. JdemunoBuu b.II., Mapon M.A. OCHOBBI BBIUHMCIHTEIBHOW MaTEMaTHKH. - M.:

Jlans, 2009. 672 c.
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JlabopatopHass paGora Ne 14

HPUBJIN/KEHHOE BBIYUCJIEHUE KPATHBIX
HUHTEI'PAJIOB METOAOM HOCJIEJOBATEJIBHOT'O
HUHTEI'PUPOBAHUA

|. HEJIb PABOTBI
[TproOperenne HaBBIKOB MPHUOIMKEHHOTO BBIYMCIIEHUS KPATHBIX UHTETPAJIOB.

Il. TEOPETUYECKUWE CBEJIEHUA
[TocTpoum Ky6aTypHYI0 QOopMyJTy, IpeIHA3HAYEHHYIO JIsl IPUOIUKEHHOTO
BBIUMCIICHHS] IBOMHBIX HHTETPAJIOB
| =[] f(x,y)dxdy. (1)
G

PaccmoTpum MeTO OCie10BaTeIbHOTO HUHTETPUPOBAHMSL.

[TycTth 00nacTs uHTErpUpoBanus G mpencraBisieT cOOOM MPSMOYTOJIBHUK
(a <x<b, a<y< ,B). Pa3o6neM o6sacte G Ha npsMoyroJibHbIE stueiiku (puc. 1).

yA
B ,,,,,,

a b X

Puc. 1.

I/IHTCFpaJ'I (1) BBIYMCJIUM ITIOCTI€A0BATCIIbHBIM HHTCITPUPOBAHUCM.

B
= [F(y)dy,

rjae
b
F(y)=] f(x,y)dx.
a
Kaxxplii 0JHOKpATHBIN UHTETPas BRIUUCIISICTCSI HA BHIOpAaHHOM CETKE M0 KaKo-
100 KBaJipaTypHOU opmyJie TUma
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b n
[ £ (x)dx~ > Cj f(x)
a i=0
[TocnenoBaTenpHOE HHTETPUPOBAHKE 110 000OUM HANPABICHUSM HMPUBOJUT K
KyOaTypHBIM (opMysIaM, KOTOPBIE SBISIFOTCS TIPSIMBIM TIPOU3BEACHUEM OJTHOMEPHBIX
KBaJpaTypPHbBIX (%JopMyn
F yj)zZCi f(xi,yj); | =ZCjF(yj),
I J
1507051
[ zZCij f(Xi ,yj),
i,j
rac Cij =CiCj .
Jl1s1 pa3HBIX HampaBJIEHUM MOYKHO HCIIOJB30BaTh KBapaTypHbIe (hOPMYIIbI
OJIHOT'O WJIM Pa3HBIX MOPSIKOB TOUHOCTH.
Ecau obmacte G mmeeT npousBoJibHYIO hopmy, TO B G ciieyeT NpoBecTH
XOP/Ibl, MapajlieIbHBIC OCH X (pHC. 2).
yA

B

Puc. 2

Ha kaxx0i1 Xxopzie BBIOMpArOTCs y3Ibl TakK, Kak HaMm TpeOyetcs. MuTerpan (1)
IIPEICTaBUM B BUJIE

| = [F(y)dy;
(24
92(y)
F(y)= [ f(x,y)dx.
o1(y)
CHauaja BBIUMCIIUM UHTETPAJI MO0 X BIOJIb KaKIOH XOP/BI TI0 KaKOW-1100
KBaJpaTypHOU (hopMyJie, HCTIONB3Ys BBEACHHBIC y3JIbl. 3aTEM BBIUUCIUM HHTETPAJ
1o Y, UCTOJIb3Ys KaKyro-Tu00 KBajpatypHyto hopmymy. [Ipu sTom y3namu OyayT

CIIY>KUTb IPOEKIHUU XOPJ HAa OCh OPJIMHAT.
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1. 3AJTAHUE
MCTOI[OM IIOCJIICI0OBATCIIBHOI'O I/IHTel"pI/IpOBaHI/Iﬂ BBIYUCIIUTDH I/IHTCFpaJI (1) 110

obnactu G, uzo0paxeHHOM Ha puc. 3.

ylk

1

0 1 x'
Puc. 3

Bapuantsl 3aanuii mpuBeeHbI B TJabopaTopHoi padote Nel3.

Vkazanue: [Ipu noctpoennu KyoarypHoil popMyibl METOIOM
MOCIIEI0BATEIHLHOTO MHTETPUPOBAHUS UCTIOIB30BATh KBAAPATYPHYIO (HOPMYITY
Tpamneuuii Ipu NHTETPUPOBAHUH TI0 0OOMM HAIIPABJICHUAM. Y Ka3aTh MOTPEITHOCTh
BbIUKCICHHs nHTerpaia (1).

V. OOOPMJIEHUE OTYETA

B oT4eTe 10KHBI OBITH TIPEICTABIICHBI:
1. HazBanue paboThI.
2. ITocTanoBka 3a1a4mu.
3. Onucanue anropuTma (METo/1a) peuieHusl.
4. TekcT NporpaMmsl C ONMUCAHUEM.
5. Pe3ynbTarhl paboThl IPOrPAMMBI.

BUBJIMOI' PA®UYECKHIA CITUCOK

1. Kanmutkun H.H. Yucnennsie meroasl. - M.: Hayka, 1978. 512 c.

2. HdemunoBuu b.II1., Mapon M.A. OCHOBBI BBIUMCIMTENBHONM MaTEMAaTHKH. - M.:
Jlanp, 2009. 672 c.
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JlabopaTopuas pabora Ne 15

PEIIEHUE OBBIKHOBEHHBIX JIU®PEPEHIIMAJIBHBIX YPABHEHUI
METOAOM PYHI'E - KYTTA

I. LIEJIb PABOThI
[IprnoOpeTeHue HaBbIKOB MPUOIMKEHHOTO PElIeHUs 0OBIKHOBEHHBIX
muddepeHnnanbHbIX ypaBHeHU MeTooM Pynre — Kyrra.

Il. TEOPETUYECKUWE CBEJIEHUA

Paccmorpum  3agauy Komm myist  oObikHOBeHHOro  JauddepeHnnanbHoro
YPaBHEHUS NIEPBOTO MOPsAIKA

u'(x)=f(x,u(x)) (@a<x<b);
U) =ty (% =2).

Bri6epem Ha oTpeske [a,b] ceTKy a=x, <x <..<X =b.B oTJIn4uu OT TOUHOIO
pemieHus u(x) npubnmxkeHHoe peuieHue 3aaaun Komu 6ynem o6o3Hauath yepes
y(¥)- ¥, =y(%,) -

Metonom Pynre — KyTTa MOXHO CTPOMTBH CXEMBI Pa3JIMYHOTO  IOPSAIKA
TOYHOCTH.

Haubonee ynorpeOUTENbHBI CXEMbI YETBEPTOrO MOpsSAKa TOYHOCTH,
00pa3yroIre CEMENCTBO YETHIPEXWIEHHBIX CXEM.

[TpuBenem Oe3 BbIBOJAa HanboJee UCIOJIB3YEMYIO CXEMY, KOTOpasi 3alucaHa B
OOJBIIMHCTBE CTaHAAPTHBIX Mporpamm OBM:

Yo =Y, +g(k1+2k2 + 2k, +K,);
h h
= 106,90 =106+ Y, k)

k;, = f(xn+2,yn+gkz); k, = f(x,+h,y, +hk,).

IIpn BenmmunHax k,(m=21234) U h claegyeT CTaBUTh MHIEKC CETKU N, HO JUIS

MPOCTOTHI €r0 OITYCKAEM.
[TorpenrHocTh CXeMBbI Ha KaxJIoM [X , X,.,] €CTh BeJIMYMHA MopsiaKa h°.

1. SBAJIAHUE
Haittu metonmom Pynre—Kyrtra uucnennoe pemienne auddepeHnnaibHOro

YpaBHCHHUS
u'(x)=f(x,u(x)) (a<x<b)

C Ha4YaJIbHBIM YCJIOBUCM

uQ)=U, (% =a).

BapuanTsl 3a1anuii



No | @ynkmms f(x,u(x)) | a | b | U,
1 e + (x+k)? 112]0
2 kx + U cos kx 0(1]0
3 ku sin kx + X 0(1]0
4 1+ kusin x —ku? 0/1]0
5 e ™ (x* +k) 0[1]0
6 COS X + Kux 0/1]0
7 1-sin(kx +u) 11211
8 cos(kx+u)—ku 11210
9 u’e™ —kxu 0|11
10 —2u®sin(k +x?) 1121
11 cos”(u + kx) —2 1/1]1
12 ku? sin kx — x° 0/1]0
13 ku —sin(kx +u) 01110
14 e + (u—kx)? 0|1]0
15 —2u® cos(k + x?) 0|12
16 sin® (u + kx) — 2x 1121
17 oS X + ku’x 1121
18 kxsin kx + u? 0/1]0
19 ku’coskx — x° 0/1]0
20 e + (u? —kx)? 0[1]0
21 e ™™ (x* +ku?) 1121
22 |  cos®(u+kx)—2ux 112|0
23| sinf(U*+kx)-4x> |0|1]0
24| el ii-ke)? | 1]2]1
25 xe + (ku—x*)? 011

3neck K - mocnemnsist mudpa HOMepa TPYIIIIH.
VYkazanue: Mcnosib30BaTh paBHOMEPHYIO CETKY ¢ marom h=0,1.

V. OOOPMJIEHUE OTYETA

B otuere n0/KHBI OBITH IPEACTABIICHBI:
1. Ha3Banue paboThl.
2. IlocTaHoBKa 3aga4u.
3. Onucanue anropuTma (MEeToJa) peueHusl.
4. TekcT NporpaMmsbl C ONMHCAHUEM.
5. Pe3ynbTarsl paboThl IPOTrPAMMBI.

BUBJIMOTPAOUYECKUI CITUCOK
1. Kanutkun H.H. Yucnennsie meroasl. - M.: Hayka, 1978. 512 c.
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2. HdemunoBuu B.I1., Mapon M.A. OCHOBBI BBIUMCIHUTEIBHOM MaTeMaTHKU. - M.:
Jlann, 2009. 672 c.
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JlabopaTopnass padora Ne 16

HPUMEHEHUME PASHOCTHOI'O METOJA JIJIA PEHLIEHUA
OBBIKHOBEHHOI'O JM®PPEPEHIIUAJIBHOI'O YPABHEHMUS C
KPAEBBIMU YCJIOBUAMHA

[. IIEJIb PABOTHI
[TproOpeTeHne HaBBIKOB MPHUOIMKEHHOTO PEIICHHS KPaeBhIX 3a1ad JJIs
OOBIKHOBEHHBIX JH(DEepEeHITNATBHBIX YPaBHCHUH.

II. TEOPETUYECKHUE CBEJIEHN A
PaccmoTpum nuneiiHoe quddepeHunanbHoe ypaBHEHNE

u"(x)+ p(u’(x) +a(x)u(x) = (x) ®
C IByXTOYE€UYHBIMH JMHEWUHBIMU KPAECBBIMU YCIOBHSIMU
apu(a)+aqu'(a)= A;
Boulb) + pu'(b)=B, (2)
rae p(x), q(x), f(x) - u3BecTHbIe HEMpepbIBHBIE Ha oTpe3ke [a,b] pynKkimy;
ag, 1, Po, P1, A, B -3agaHHBIC IOCTOSHHBIE, IPUYEM ‘ao‘ﬂaﬂ #0 n

\ ,BO\ + \ ,81\ #0.
CorlacHO MeTo/Ty KOHEUHBIX pa3HOCTel BBeeM Ha [a,b] paBHOMepHYIO ceTky ¢

b-a

marom h=——-:
N

Xg=a; Xj=xXg+ih; (i=12,...,N-1); xn =h.
3aMeHnM TIPUOITHKEHHO B KAKIOM BHYTPEHHEM y31e TponsBoanbie U'(X;) u
U"(X; ) KOHEYHO-Pa3HOCTHBIMH OTHOITEHHAMH

, Uj11 — Uj— " Uj11 — 2Uj +Uj_
U(Xi)=%; u"(xj) ==+ hzl =1, (3)
d Ha KOHIIax OTPC3Ka II0JIOKHUM
' U —Up. B —
u(xg) =105 iy ) = NN (@)
rae Ui =u(x;).

TorpentsocTs Gopmys (3) ecTs O(h2 ), a popmya (4)—0(h).
Hcnons3yst hopmyJibl (3) 151 (4), NPUOIMKEHHO 3aMEHUM ypaBHEHUE (1) u
KpaeBbIe yCIIOBUSA (2) CHUCTEMOM Pa3HOCTHBIX YPaBHEHUU

Ujt1 —2Uj +Ujg + p(x; )M+ q(x; Ju; = (x;), (5)
h2 2h

1=12,...,N-1
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Ui —u
aoUp + 1 1 0

UN —UN_
=A; Boun +ﬂl%=5- (6)

PemuB 3Ty cucteMy TUHEHHBIX anreOpandecKux ypaBHEHHH, MOTyYUM TaOIUIly
3HA4YEeHUH Uj NCKOMOHM (PYHKLIUU u(x).

Cucrema (5) — (6) MOJKET OBITh pellieHa pa3IudHbIMU MeTogaMu. OaHAKO
3aMevaeM, YTO OHa UMEET TpeXIuaroHajabHyio MaTpully. [loaTomy i pemenus

CHCTEMBI BOCIIOJIL3YEMCSI METOJIOM IIPOTOHKH.
Vpasuenue (5) 3anuiem B Buze

fi 1 N;
| R TR TR .
Uj m . m Uj1 m Uj_1 ( )
~ p(xi)
e mi:—ﬁ_rz_q(xi)hz- ni=1 2 h. f = f (% )n? .
ITomoxum, uTo
uj =i (dj —Uiy1), (8)

rae Cj, dj- HeKOoTopble KOAPPHUINCHTHI.

OTcrora HaX0IUM

U1 =Cj_1(di_g —uj). (9)
Toncrasum (9) B ypasnenue (7). Homydum
uj :(fi _niCi—ldi—l)_ui+1. (10)
M; —NiCi—1

CpaBHuBas GopMyIIbl (8) 151 (10), MoJIy4aeM peKyppeHTHbIC (DOPMYJIIbI IS
onpenenenus Cj u dj:
1 = .
G=——; dj=fi —nicj_4dj_; (i=12,...,N -1). (11)
m; —NiCi1
Onpenenum Tereps Cj u d;. U3 mepsoro pasencTsa (6) momydaem
Ah — oqUp
Up=——>--.
aph -
C npyroii cTopoHbl, U3 GOPMYJIbI (8) uMeeM
ug = co(do —uy).

CpaBHUBas TIOCTIETHNE JBA PAaBEHCTBA, HAXOAUM

. g, AN (12)

Co=—"",
0 aoh—og o

[To hbopmynam (12) u (11) ocyiiecTBisieTcs npsamoit xoAd. [Ipu 3ToM HaxoasTCS
k03 durents! Cj, dj (i =01...,N —l).

OOpatHbIif X0 HAYMHAETCS ¢ ONpeneIeHus Uy .
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Hcnonb3ys BTOpoe paBEeHCTBO (6) u hopmymy (8) npu | = N —1, moxyunm
CHUCTEMY JBYX YPaBHECHUH, pellas KOTOPYIO HaleM
_Bh+fienygdn
poh+ pilen-1 +1)
Teneps no popmyne (8) ompenemuM Yn_1, YN—1s--»Y0-
MeTton nporoHku 06J1aJ1aeT YCTONYMBBIM BBIUUCITUTEIHHBIM aJITOPUTMOM.

UN

I11. 3AJTAHUE
MeTo0M KOHEUHBIX Pa3HOCTEN PEMIUTh CIEAYIOUIYIO KPaeBYIO 3aauy:

ku” —(2+ N)xu’—ku =%x2,
u(0)-u’(0)=0; u(1)=1.

3nech k - mocmemnss mudpa Homepa rpymbl; N - HOMep haMuiuy CTyIeHTa B
JKypHaJe.

V. OOOPMJIEHUE OTYETA

B oTyeTe 10KHBI OBITH IPEICTABIICHBI:
1. HazBanue paOoTBhl.
2. ITocTanoBka 3a1a4u.
3. Onucanue anropur™a (METOa) peIICHUsI.
4. TekcT NporpaMmsbl C ONMUCAHUEM.
5. Pe3ynbTathl paboThl IPOrPAMMBI.

BUBJINOI' PA®UYECKHIA CITUCOK
1. Kanmutkun H.H. Yucnennsie metogsl. -M.: Hayka, 1978. -512 c.
2. bepesun U.C., XKunkos H.I1. Metons! Beruncienuit. T.2. - M.: Hayka, 1966.
632 c.

3. Hemumouu b. I1., Mapon WM. A., IlllyBanoa DO. 3. UwuciieHHbIE METOJBI
aHanuza. - M. Hayka, 1967 .368 c.
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Jlabopatopnas paGora Ne 17

PEIIEHUE YPABHEHUMM 3JJIMIITUYECKOI'O TUIIA METOJIOM
CETOK

I. IIEJIb PABOTDI
[IproOpereHne HaBBIKOB PEIIECHUS] YPABHEHUH 3JUIMIITUYECKOTO TUIIAa METOI0OM
CETOK.

Il. TEOPETUYECKUWE CBEJJEHUA
TpeOyeTcst HaliTH pellieHne ypaBHEHUE

Uy +Uy, =T(xY) (1)
B oOnactu D ,ecin
Ur=9(X,Y), (2)
rae I -rpanuna obnactu D; @ (X, Y)-3a1anHas HenpepbiBHAS QYHKIIHUSL.

UToOBI HATH pellleHre JaHHOM 3aJayl METOJIOM CETOK MOKpoeM 00yiacTh D
PSIMOYTOJIBHOM CeTKOU D

X; =X, +1h; y,=y, + Jl,
rae (Xg, Yp)-Touka, nexamas BHytpu obmactu; N u | - mwarn cetku mo X u y
cootBercTBenHO; 1, | =0,£1,%2, ...

3amenum B y3uax (X, Y j) npoussoausie U, u U yy KOHEYHO- Pa3HOCTHBIMU

COOTHOILICHUAMMNU
Ui —2U; +U g
(U xx)ij ~ h2 ;
U,,); * Uiju—2U;+U; ;

I 2
Torma muist KaXkI0TO BHYTPEHHETO y371a CeTKH ypaBHEeHHE (1) 3aMEHUTCS KOHEYHO-
pa3HOCTHBIM ypaBHeHI/IeM BHU /A

ree f; ;= T(x,Yy;).
['panuiyy manHoit obmactu I' 3aMeHUM rpaHuiel I ceTouHoit obmactu. Ecim
y3en cetku A, mexur Ha rpaHune obmactu I, To 3HadeHne U B stom y3me

i+1, j

coBmagaer co 3nadenueM @(X,Y) B maHHoi Touke. Eciu ke TpaHMYHBIN y3en He
JIEKUT HA TPAHUIIE, TO MOYKHO BBINOIHUTH OHY M3 CIIEAYIOIMX MPOLELYP:
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1. Ionoxuts, uyto B nanuoM y3ine A ¢yukuus U pasHa 3HaveHno GpyHkuumn

¢ B OmmKaiimei Touke A rpaHUIpBl, OTCTOSIIENH OT JaHHOIO y3/a Ah Ha PacCTOSHHE

O 1o ocu X wiu Y

U(A) = o(A).
2. Jlnst onpesiesieHust 3Ha4YCHUS (yHKIMH B TPAHUYHOM y371e A, HCIIONb30BaTh

HHHeﬁHyIO HHTCPIIOJIALINUIO

U(A)=U(A)+

rne B-cocemumii BHyTpennuii ysem, mpuaem O >0, ecnim A, nexur BHYTpH

U(B)-U(A)

obmactu, 1 O < 0,ecin A ects BHemHsis Touka juist obiactu D

Bri6op maros h,| mpousBoguTcs B 3aBHCHMOCTH OT KOHKPETHOM 3a1a4M, HO
TakKUM 00pa3oM, 4TOOBI TIPH 3TOM KOHTYp I~ CeTOYHOW oOmacTh D Kak MOXHO
JTydlIile arpoKCUMHUPOBa KOHTYp ' panHo# obiactu D .

Ot Beibopa h,| 3aBucur Taxxe BenmMuMHA OCTaTOYHOro YIEHa IPU 3aMEHE
nuddepenimanbHoro  ypaBHeHus (1) KOHEUHO-pa3HOCTHBIM —ypaBHeHHEM  (3).
CnenoparensHo, N,| momkHBl OBITH BBHIOpaHBI TakuM 00pa3’oM ,YTOOBI STOT
OCTAaTOYHBIN WICH ObLT MEHBIIIE TTOTPEITHOCTH, JOITYCTUMOM MPU PEIICHHH.

Ocobenno npocToii Buj npumet cuctema (3) mpu h =1

Ui+1,j+Ui1,j+Ui,j+1+Ui,j—1_4Uij=h2fij (4)

CrnenoBaTenbHO, YTOOBI PEIINTH 337a9y ,HaJ0 BHIOPATH HIAr CETKH, TOCTPOUTH
CEeTOYHYIO0 00JIacTh, HANTH 3HAUYEHUSI B TPAHUYHBIX Yy3J1aX CETKH, 3alUCaTh CUCTEMY
alreOpanvyeckiuX ypaBHEHUUM IJisi BHYTPEHHUX U TPAHUUYHBIX Y3JI0B CETKH, PEIIMTH
NOJyYEHHYIO TOJHYI0 cucTeMy JIIoObIM MeTtoaoM (Meton ['aycca, meton 3eiaens u
T.4.). IIpu 3TOM morpemHocTs NpuOIMKEHHOTO perieHus 3agaun lupuxne Oynper
CKJIa/IbIBAaThCSl U3 TPEX MOTrPEHIHOCTEH: MOrPelIHOCTH 3aMeHbl Tu(depeHIaTbHOTO
YpaBHEHUS Pa3HOCTHBIM, IOTPEIIHOCTH AaNMpOKCUMAIMM TPAHUYHBIX YCJIOBHIA,
MOTPEITHOCTH PEIICHUS] CUCTEMbI YPaBHEHHIA.

[Ipn OGonbIOM YHCle BHYTPEHHHX Y3JIOB pEIICHHWE CHCTEMbl ypaBHEHUH
3aTpyaHUTENbHO. UTOOB! pemuTh 3aAauy [lupuxie B JaHHOM ciy4ae, MPUMEHSIOT
npotuecc JIlubmana.

0
JIyist 5TOrO BBHIOMPAIOT HAyYaJdbHBIC MPUOIIKEHUS Uig ) Teopernueckn B

KayecTBE ATUX 3HAYCHUI MOXKHO BBIOpaTh J00Yy10 cuctemy uucen. [IpakTuueckw,
. 0
yToObI HaliTH 3HaYeHus U i(j ), pemiaroT 3anavy Jupuxiie ¢ OONbIIUM 1IaroM, OOBIYHO

¢ marom 2N, 4TOGBI MONYYNTH CHCTEMY MEHBILIETO YKCIa ypaBHEHUH, MPHHUMAs
sgauenns U B rpaHMyHBIX y37aX paBHBIMU 3HAueHHMAM QYHKIMHA B OJMbKaiIImMx
TOYKaX TPAHUIBI. 3HAYCHUS (QYHKIMH BO BCEX OCTAIBHBIX BHYTPEHHHUX Yy3JaX
HaxoJsT 1o popMyJie
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i+1, ] i,j+1

<m_1[m) (0) (0) 0 2
3areM 3HaAUYEHUS (byHKHI/II/I B I'paHUYHBIX Y3JIaX Ah HCIIPaBIIAIOT IIO (bOpMyJ]aM
JMHEHHOW MHTEPNOJIAINN, a 3HAYCHHS (PYHKIIUU BO BHYTPEHHHUX y3J1aX UCIPABIISIIOT
o ¢hopmyJiam
1
(k) _ (k-1) (k-1) (k-1) (k-1) 2
Uij _Z[Ui—l,j +Ui+1,j +Ui,j—l +Ui,j+1 —h fij]'

[Iporiecc mpogoiKaeTcst 10 TeX Mop , MOKa HE COBNAAYT 3HAUCHUS (PYHKIIUI B
JIBYX TMOCJI€I0BATENbHBIX MPUOIMKEHUSIX.

1. 3AIAHUE
Haiitu pemrenne ypaBHeHUS

Uy+U, =f(xYy)
B o0nactu D, ecnu Ha rpanumie obnactu T
U |r: (D(X, y)

BapuanTsl 3a1aHUi.

Ne r o(X,Y) f(x,y)
L X?/9+y? /16 =1 X+1y I
2. (Jx‘ + Z)Qy‘ + 2):12 Z‘X‘ + Y‘ x> —y?
3. y=4-x*,xe[-2.2] Xy R
4. x® +y2=16 X +2y -
5. x2/16+y?/9 =1 Xy x? —y?
o ed-yiaclad Moy | -9
7 (X +2)y +2)=12 x|y —3xy
8. x2/9+y2 /16 =1 2| +1y] x? —y?
; 61y /251 Wy -y
10. y|=4-x*xe[-22] X +]y] —2Xy
11. x2 2 _16 1 12(x? — y?
o Sa |2V
12. 2 2 /g = 1 —4
13. X =4-y? xe[-4,4] X+ y?/2 -y
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14. (x+2)y|+2)=12 o+ Ly X2 y?
2
i o5+ y o1 oy |
16. x2/9+y2/16=1 2\x\+l\y\ Xz_y2
2
17. ‘y‘zg—Xz,Xe[_’?”?’] \x\+}\y\ lZ(xZ_yz)
2
18. X*+y* =16 E\x\ +2]y| e
19. X2/16+ y2/9=1 l‘x‘+‘y‘ _4Xy
2
20. X =9-y* xe[-99] }‘XHM e
2
21. x2/9+y?/25=1 Lg+2)y x* —y?
22. X2/25—|— y2/16:1 }‘XHY‘ —2Xy
2
23. (}x‘+3)(]y‘+2)=18 ‘XHEM —4xy
2
24, ly|=9-x%xe[-33] Z‘XHEM 12(x2—y2)
2
= ¢y =18 o) |

V. O®OPMJIEHME OTYETA

B oTyeTe 10KHBI OBITH TIPEICTABIICHBI:
1. HazBanue paboThl.
2. IloctanoBka 3a/1aum.
3. Onucanue anroputMa (METO/1a) PEUICHUS.
4. TekcT nporpaMMbl C OTIMCAHUEM.
5. Pe3ynbTarhl paboThl IPOrPAMMBI.

BUBJINOI' PA®GUYECKHI CITUCOK
3. Kanmurkun H.H. Yucnennsie metonsl. -M.: Hayka, 1978. 512 c.
4. bepesun U.C., Kuakos H.I1. Metons! Beruncnenuit. T.2. - M.: Hayka, 1966.
632 c.
3. Hemunouu b. II., Mapon U. A., lllyBamoBa DO. 3. YucneHHsie METOIbI
ananuza. - M.: Hayka, 1967 368 c.



51

JlaGopaTopnass padora Ne 18

PEIIEHUE YPABHEHUI TAPABOJIMYECKOT' O THUITA
METOJAOM CETOK

|. IIEJIb PABOThI
[IpnoOpeTeHne HaBBIKOB pEIICHUS YpPaBHEHUM MapaboJIMYecKoro THUIMa

MCTOJOM CCTOK.

Il. TEOPETUYECKHWE CBEJJEHUA
TpeOyeTcst HaliTH pellieHrue ypaBHEHUS

U,=U_ +f(xt) (1)
B obsacth D[0<x<l, 0<t<T], yIOBIETBOPSIOUIEE YCIOBUIM
U (x,0) = o(x);
U (0,t) = g, (1); (2)

U(l,t) = 2, (1)
Pa300bém 00s1acTh D mpsMbIMH
x, =ih,i=0,n ;
y; =iz 1=12,..,

rae h—mar mo ocu x; v —Iiar mo ocu t.
O6osnauynm yepe3 U, =U (x,t;).
3aMEHUB B KaXK/IOM BHYTPEHHEM Y3Jie NMPOU3BOJHbIE KOHEYHO—PA3HOCTHBIMU
OTHOIIIEHUSIMU TIO SIBHOHM CXeMe, MOJTYyYHUM CUCTEMY BH/Ia
U U, U _2Ui,j+1+Ui—1,j+l

- ol o el h2 + fi,j+1 ] (3)
[IpeobpazoBas e€, OyqeM UMETh
Uitjin— (2+ S)Ui,j+1 +Uigja t SUi,j +h? fi,j+l =0 1(4)
h2

T

ij+l

roe i=12,.,n-1; j=12,...; S

B rpannuHbIX y3max
U, = 4 (t;); (5)
Uy =4, (), j=01..
B HayanbHBI MOMEHT BPEMEHU
Ui =o(X),i=0,n. (6)
OTa pa3HOCTHAs CXeMa YCTOMYHMBA MpU JTIOO0M S .
Bbynewm pemats cuctemy ypaBHenui (4),(5),(6) MeTo0M NpOrOHKH.
JLJ1s1 TOr0 MOJIOKUM
Ui,j+l :ai,j+1(b|,j+l+Ui+l,j+1) ) (7)

rae &, .,b;;,, —TI0Ka HEH3BECTHBIE KOX(D UIIMEHTBI.

Torna
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Ui—l,j+l = ai—l,j+1(bi—1,j+l +Ui,j+1) . (8)
IToncraBus 3HaueHue (7) B (4), MOTyIrM
ai—l,j+1 (bi—l,j+1 + U i,j+1) - (2 + S)U i,j+1 + U i+1, j+1 + SU ij + hz fi,j+1 = 0

OTtkyna
U _ ai—l,j+1bi—l,j+1 + U i+1, j+1 + SU ij + h2 fi,j (9)
i,j+1 — '
! 2+S-a.,
N3 cpasuenus (7) u (9) BuaHO, 4TO
I (10
’ 2+S _ai—l,j+l
bi,j+l = ai—l,j+1bi—1,j+1 +SU ijt h? fi,j+l (i =2,n _1) (11)

Hns i=1 u3 (4) umeem

Ugju—(2+S)Uy; +U, ., +SU,; +h*f,, =0.
Otkyna
U0 j+1 + SUlj + h2 flj+l +U2 j+1
U1 1= : : :
' 2+S
N
ﬂl(tj+1) +38U,; + h? fl,j+l +U, 0
U, j1 =
’ 2+S
CpasuuBas (7) Ipu i =1 C MOCIEAHAM BBIPAKEHUEM, ITOJTYIUM
1
a g =, 12
1, j+1 2 + S ( )
bl,j+l =My (tj+1) + SUlj +h? fl,j+1 . (13)

Takum oOpa3om, cCHavyasia MPOBOAUM HPSIMOM XOJ, BBIUUCIAS KOIPPUIUEHTHI
u b ., no dopmynam (12),(13) u (10),(11). 3arem ocymiectBisieM 0OpaTHBIN

a i,j+1

i, j+1
xo1 o popmysie (7). ITocnenoBaTeabHO HAXOIUM
U n,j+l = IUZ (tj+1) 1

u N1 = Aot ja (bn—l,j+l +U n,j+1) ;

u n-2,j+1 —%n_2 j+1 (bn—z,j+l +U n—l,j+1) ;

Ul,j+l = al,j+1(b1,j+l + U2,j+1) .

1. 3SAJAHUE
Metoa0oM ceTok ( ¢ UCMOIB30BAaHUEM METO/1a MPOTOHKHU ) HAUTH
MPUOIMKEHHOE PEIICHUE YPAaBHCHUS
U, =U, + f(x,t)

B oOytacth D[0< X <1,0<T <0,05], YAOBJIETBOPSIOIIIEE YCIOBUSIM

U (x.0) =o(x);

U(0,t) = (t);

Ut =u,(),
B3AB h=0.1,7=0.01.

BapuanTsl 3a1anuii
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Ne f(x 1) @(X) 4, () 1, (1)
Bapy—
aHTa

1 xt (L1x* +2,0)e” 21+t 32(t+e™)

2 2X +t (1,3x2 +2,2)e 2,2¢! 3,5(t +1/e)

3 tsin x (L,5x* +2,5)e " 2,5e7" 4e't

4 xt (1,3x? + 2,3)sin 2x —1+e' sin t

5 2X +t (L4x* + 2,4)sin 7x e -1 1—cost

6 t cos x (L5x? + 2,5)sin 2x 1-cost e' -1

7 X+t o sin % x e' -1 —e 7+t

8 xt % sin = x sin t et ++2/2)

9 tsin x xe* 1-cost t+e

10 X + 2t e *(Ll-x) cost sin t

11 xt In(1+ X) sin t In2+t
12 xsint 1+ In(1+ x) cost et +In2
13 e'x X(1-X) sint 1—cost
14 teX x2 11 cost 1+cost
15 t+e” 1—x2 1+sint 1—cost
16 X + e 1-2x cost sint—1
17 xt x2 —1 sint -1 1-cost
18 L+X x° +1 e' 2¢'
19 t2 £ x X(1— X) 1— gt sint
20 t+x? x(L— x?) sint 1-cost
21 2t + X xe* sint e—sint
22 X+t 2x -1 —1+sint cos t
23 xt 2 1-2x cost sint—1
24 X + 2t e_XX t e_l cos t
25 ety COS 72X 1—t —cost

V. OOOPMJIEHUE OTHETA

B otuete JOJIDKHBI OBITh npcaACTaBJICHBI:

1. Ha3Banue paboThI.
2. IlocTaHoBKa 3aga4u.
3. Onucanue anroputMa (METO/1a) PEUICHUS.

4. TekcT mporpamMMsbl ¢ OITUCAHUEM.
5. Pe3ynbratsl paboThl IPOTrPAMMBI.
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BUBJIMOT' PAOUYECKHNI CITMCOK
5. Kanutkun H.H. Yucnennsie metonbl. -M.: Hayka, 1978. 512 c.
6. bepesun U.C., XKuakos H.I1. Metoasr Beruucnenwuii. T.2. - M.: Hayka, 1966.
632 c.
3. Hemupouu b. II., Maporn U. A., lllyBamoBa D. 3. YucneHHbsie MeTOABI
aHanuza. - M.: Hayka, 1967. 368 c.
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PEIIEHUE YPABHEHUM T'MITEPBOJIMYECKOI'O THITA
METOJAOM CETOK

|. HEJIb PABOTBI

[IpnoOpeTeHne HABBIKOB pEUICHUS YpPaBHEHUN TUNEpOOIMYECKOro THUIIa

MCTOJOM CCTOK.

Il. TEOPETUYECKUWE CBEJIEHUA

PaccMmoTpum cMmenianHyo 3a7ady JJisl ypaBHEHUsI KOJIeOaHU CTPYHBI, KOTOpast

3aKJII0OYacTCAd B OTbICKAaHUU (bYHKHI/H/I U(X,t) ) YI[OBJIGTBOPHIOH_Ieﬁ YPaBHCHHIO
o%u o4
D IRDNE @)
ot ox
Ha4daJIbHBIM YCJIOBHAM
u(x,0)= f(x); us(x0)=@(x) (0<x<p) (2)

Y KPaeBbIM yCIIOBHIM
u(0.t)=p(t); u(p.t)=4(t) (3)

[Toctpoum B nonynosoce t >0, 0< X< p ABa ceMmeiicTBa napaieabHbIX

npsaMBIX X; =ih (i:O;L,...,n; h:%); tj=il (j=04...)

3aMeHsIsl BO BCEX BHYTPEHHHUX y3JIaX CETKH MPOU3BOJHBIE PA3HOCTHBIMU
OTHOLIEHUSIMU, BMECTO YPaBHEHHUS (1) OyzeM uMeTh

Ui j+1 = 2Ujj +Uj j—1  Uipgj — 2Ujj + Ui,
12 ) h? ’

rae Uj = U(Xi ,tj )
O603HauNB o = » TIOMYHHM Pa3HOCTHOE ypaBHeHHe

Ui, j+1 = 2Ujj —Ui,j—1+a2(ui+1,j — 2Uj; +Ui—1,j)- (4)

VYpaBuenue (4) anmpPOKCUMUPYET ypaBHCHHE (1) C TIOTPENTHOCTHIO O(h2 +12 )
Pa3HocTHas cxema (4) SIBJIIETCS SIBHOU, T.K. YDABHEHUE (4) II03BOJISICT HAUTHU

sHauenus Gynxmun U(X,t) Ha coe j +1, eclii H3BECTHBI 3HAYEHUS HA ABYX
npeApIAYIHX closax | u j—1.

JlokazaHo, uto npu o <1 3Ta pa3HOCTHas cXxema yCTONYMBA.
Tpu o =1 ypasuenue (4) nmeeT Hanbosee MPOCTOM BHI

Ui, j+1 = Uity j +Ui-g,j — Ui j-1- (5)
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Kpaesbie ycioBus (3) HCMONB3yIOTCS IS HAXOKACHUS 3HAUEHUH QyHKIMK
u(x,t) B rpaHMUHBIX y31ax, JeKAMMX HA IPAMBIX X=0 1 X= P
Uoj =¢(tj); Unj =¢(tj); j=01,....
YrtoObl HailTH MPUOIMKEHHOE PEIICHNE 3a]a4n (1) — (3), HE0OXOAMMO 3HATh

SHAYCHUA PCUICHUSA Ha ABYX HAYAJIBHBIX CJIOMAX. Nx moxxHO HaﬁTH, HaITpuMcCp,
3daMCHHUB, B HAYaJIbHOM YCJIOBHUH (2) IMPOU3BOAHYTO Ut (X,O) Pa3HOCTHBIM

OTHOIICHHUEM

L0 — ()=,

Toraa nyist onpeaeneHrs: 3HaYeHU N u(x,t) Ha ciosix =0 m =1, momydaem
Ujo = f(Xi)Z fi; Uj1 = fi +|@i.
ITpu 3TOM 3HaUeHHUA Uj{ ONPEAEISIFOTCS C OTPEMIHOCTHIO O(h).
Ecmu pynkmus f (x) MMEET KOHEYHYIO BTOPYIO MPOU3BOJAHYIO, TO 3HAYCHUSI
Uj1 MOXHO ONPEAENINTh C MOMOIIBI0 (popmysl Teittopa:

2 42
dujp , 17 97uip

Uiq = Uin + |
il i0 2 ot 2
Hcnonb3yst ypaBHEHUE (1) Y HayaJbHbIC YCIOBUS (2), MOKEM 3aIucaTh
. OUjp . azuio azuio "
Uip=Tfi; —==%; —5 =—— =1
ot ot OX

Torma Oyaem uMeTh
|2
Ujp = fi + |Cpi +E fi".

[TorpemHocTs 3HaUeHUH Ujq, MOITYYEHHBIX 110 3TOM GopMyJie, UMeeT NOPSA0K

oli3).

Il 3AJJAHUE
MeTo0oM CEeTOK HAalTH PELICHUE 3a0a4u:
a2 ox%’

u(x,0)=kx(N — x)sinzkx; u;(x,0)=0;

u(0,t)=u(Lt)=0,
rae K - mocnennss udpa B Homepe rpymisl; N - HoMep haMuiInu CTyIeHTa B
’KypHAJIe TPYIIIIHL.

V. OOOPMJIEHUE OTYETA

B oT4eTe m0KHBI OBITH TIPEICTABIICHBI:
1. Ha3Banue paboThI.
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2. IlocTtaHoBKa 3a7a4u.

3. Onucanue anropur™a (MeTOa) pEIICHUSI.
4. TekCT nporpaMMBbl C OTIMCAHUEM.

5. Pe3ynbTathl paboThl IPOrPAMMBI.

BUBJIMOTPAOUYECKUN CITUCOK
7. Kamutkun H.H. Yucnennsie metonpl. -M.: Hayka, 1978. 512 c.
8. bepesun U.C., Kunkos H.I1. Metoas! Beruncienuit. T.2. - M.: Hayka, 1966.
632 c.
3. Hemumouu b. I1., Mapon M. A., llyanoBa 3. 3. YUucieHHbIE METOIbI
aHanuza. - M.: Hayka, 1967. 368 c.
4. Konuenosa H.B., Mapon U.A. BeruncnutenbHas MaTeMaTuKa B IpuMepax u
3agavax. - M.: Hayka, 1972. 368 c.
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JlaGopaTopuas padora Ne 20

PEIIEHUE MHTEI'PAJIBHBIX YPABHEHUH C IOMOIIbIO
KBAJIPATYPHbBIX ®OPMY.I

|. IIEJIb PABOThI
[IprnoOpeTeHue HaBBIKOB PEIICHUSI HHTETPAIbHBIX YPABHEHUM.

Il. TEOPETUYECKUWE CBEJJEHUA
PaccMoTpuM HelMHEWHOE UHTErpajJbHOE YpaBHEHUE

IEj)K(x,gf,u(é:))dfz F(x,u(x)), a<x<b. @)

BBenem B kBajpate (a <x<b, a<é< b) CeTKY Xp, &m-

3amMeHUM UHTerpan B ypaBHeHuH (1) ¢ MOMOIIbIO KaKoH-T60 KBaapaTypHoit
(bopMybl THIIA

b N
Jo(&)de~ Y cn@(Enm).
a m=1

[Toy4ynm cucteMy HeTMHEHHBIX YpaBHEHUH JJI ONpeIeTICHUs] TPUOIMKEHHBIX
3HA4eHUH Y,, QpyHKIUM U B y31ax THNA Xp':

N
ZCmK(Xn’Xm’Ym):F(Xn’Yn), 1<n<N. (2)
m=1

Ecnu nHTErpansHoe ypaBHEHHUE SIBISIETCS JIMHENHBIM, TO PUXOIUM K JIMHEHHOU
CUCTEME aNredpanyecKux ypaBHEHUN.
Tak HEOTHOPOAHOE ypaBHEHUE PpeAroapMa BTOPOro poaa

u(x)— A? K(x,Eu(é)dE = f(x), a<x<b

a
MIPUBOJUT K JINHEMHOM CUCTEME
N
Yn =4 2 CmKnmYm = f(Xn), n=12,...,N, (3)

m=1
Ecan OIIPCACIINTCIIb CUCTCMEBIL (3) OTJIMYCH OT HYJIsI, TO CUCTCMA (3) HUMCCT

€JMHCTBEHHOE PEILICHHE, KOTOPOE MOKHO HANTH KaKUM-JIUOO METOIOM.
s ypaBHeHnus BoneTeppa BTOpOro poaa

X
u(x)— A[K(x,Eu(&)dé = f(x), a<x<b
a
MOJIy4YaeM CUCTEMY C TPEYTOJIbHOM MaTPHULIEH
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n
Yn =4 Y. cmKnmYm = f(xn), n=12,...,N.
m=1

1. 3BAJAHUE
Hcnonb3ys kBagpaTypHyto hopmyiy CuMIicoHa, HANTH MPUOITMKEHHOE
pelieHre UHTErpaibHOrO YpaBHEHUS

1
u(x)+ [ (x+ K)eXs Vix+ Ndé=e*, 0<x<L.
0
3nech K - mocnenuss mudpa B Homepe rpymmsl; N - HoMep GpaMUINKU CTyIEHTa B
JKypHAaJIe TPYIIIIbL.

V. OOOPMJIEHUE OTYETA

B otuere n0JKHBI OBITH IPEACTABICHBI:
1. Ha3Banue paboThI.
2. ITocTanoBKka 3a1a4u.
3. Onucanue anroputma (METO/Ia) PELICHUS.
4. TekcT NporpaMmsl C ONMUCAHUEM.
5. Pe3ynbrathl paboThl IPOrpPaMMBI.

BUBJINOI' PAOUYECKUI CITUCOK

1. baxBanoB H.C., XXunkos H.II., Kob6empkoB I'.M. Yucnenneie meTompl. — M.:
BMHOM. Jla6oparopus 3nanuii, 2007 636¢.

2. Kaymtkun H.H. Yucnennsie metonsl. -M.: Hayka, 1978. 512 c.

3. bepesun U.C., XKunkos H.I1. Metons! Beruncnenuit. T.2. - M.: Hayka, 1966. 632
C.
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PEIIEHUE MHTEI' PAJIbHBIX YPABHEHUM METOJIOM 3AMEHBI
AAPA HA BBIPOKJIEHHOE

|. IIEJIb PABOThI
[IprnoOpeTeHue HaBBIKOB PEIICHUSI HHTETPAIbHBIX YPABHEHUM.

II. TEOPETUYECKHWE CBEJJEHUA
PaccMmoTpum uHTErpanibHoe ypaBHeHue @pearoibMa BTOPOro poja.

b
u(x)= f(x)+A[K(x,&u(&)ds, a<x<b. 1)
a
}I,Z[po K(X,g) Ha3bIBACTCA BBIPOKICHHBIM, €CCIIM OHO MOZKCT OBITh MpCaACTaBJICHO B

BHJI€ KOHEYHOU CYMMBI
n
K(x,§)=_zlA\ (x)B; (&), (2)

rae dyaxmmn Aj(x) u Bj(x) (i =1,n ) SBJISIIOTCS JIMHEWHO HE3aBUCUMBIMHU.

TMoscrasum siipo (2) B ypasnenue (1). Tlomyuanm

u(x)= F(x)+ 23 ci4 (x), @)

i=1
rae
b _
ci = [Bi(e()ds  (i=1n) (@)
[ToncraBum B hopmyiy (4) ZMCCTO u(é) BBIpaXKEHUE (3) Bbynem umets
n .
Ci_izaijcj:gi’ i=1n, (5)
j=1
b b
rae ajj = [Bi(£)A;(E)dE; gi =[Bi(£)f(&)dE.
a a

JIunelinyt0 cucteMy (5) NEPENUILIEM B BUIE
n —

Z(5ij —Mij)cj =gj, i=1n, (6)
=1
rae 5ij - cumBoJI KpoHekepa.
Ecnu onpenenurenb CUCTEMBI (6) OTJIMYEH OT HYJISI, TO CUCTEMA UMEET

eIMHCTBEHHOE pernenue. Pemas cucremy (6), Haitnem kodbhUIMEHTHI C; (i :1,n).

60
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TMosicTapss HaliaeHHbIe KO3 (UIMENTH! B BhIpakenue (3), MOMydHuM CTpOroe
pelleHye HHTErPaTbHOTO ypaBHeHus (1).

Korna smpo K(X,&) He sIBIseTCS BHIPOXKIEHHBIM, TO MOYKHO TIOTyIHTh
MPUOJIMKEHHOE PELIEHUE UHTETPATIbHOIO YPAaBHEHHUS (1), €CJIM 3AMEHUTH K(X,é)
OJIM3KUM K HEMY BBIPOKIEHHBIM SAPOM

R(x2)= 3. An(8n )

CyIIecTBYIOT pa3IMYHbIE CIIOCOOBI TAKOU MPUOIMIKEHHON 3aMEHBI K(X,f) Ha

K(x,&).
Hanpumep, B kaueCTBE BBIPOKICHHOTO SIpa K(X,g) MOYKHO B3SIThb KOHEYHBIN
OTpe30K psifa Tewnopa, chonwyﬂ OJHY M3 CIIEAYIOLINX

R(xe)= 3 + = KM, £)x—x0)"

m=0"
Rixe)= 3 Kol o)

1 oP*a

K(x.£)=2 p'q! oxPosd

dbopmy:

K(x0.£0 )(x=xg)P(& =&)Y,

Xo.$o [a.b]
[Ipu aTOM IIpeanoIaraeTcs CymecTBOBaHNE COOTBETCTBYIOIIUX HENTPEPBIBHBIX
MPOU3BOIHBIX (PYHKITUU K(X,ﬁ).
HenpepriBHOE si1pO K(X,f) MOYKHO alllIPOKCUMHUPOBATH SIPOM K(X,ﬁ),

NpcacTaBLAOIINM TpI/IFOHOMeTpI/ILIeCKI/Iﬁ IIOJIMHOM, C IIOMOIIBIO KOHCYHOI'O psAda
CDypbe. KpOMC TOI'0, MOJKHO HCITIOJIb30BAaTh HHTCPIOJIALMOHHBIC ITOJIMHOMBI, 4 TAKIKC

JIpyTrue IpUeMbl 3aMEHBI Aapa K(x,§ ) BBIPOXKJICHHBIM SPOM K(x,g).

1. 3SAJAHUE
MeTonoM 3aMeHbl pa Ha BRIPOKICHHOE HANTH MPUOIKEHHOE PEIICHNE
VHTETPAIBHOTO YPABHEHHUS

x$
U(X)—}-(k+§) eN —N u(&)dé=+x, 0<x<1.
0

3neck k - mocnennsst nudpa B HoMepe rpymisl; N - HoMep ¢paMuiy CTyIeHTa B
KypHaJIe TPYTIIHL.

V. OOOPMJIEHUE OTYETA
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B oT4eTe momKHBI OBITH TIPEICTABIICHBI:
1. Ha3Banue paboThI.
2. IlocranoBKa 3a7a4u.
3. Onucanue anroputma (METO/1a) PEUICHUS.
4. TekcT mporpaMMBbl C OTIMCAHUEM.
5. Pe3ynbTarsl paboThl IPOrPAMMBI.

BUBJIMOI' PA®NYECKMI CITMCOK

1. baxsamoB H.C., Xunkos H.I1., Ko6enskoB I'.M. Uwmcinennele mMeTompl. — M.:
BUHOM. JIa6opatopus 3uanuit, 2007 636c¢.

2. Kaymutkua H.H. Yucnennsie metonsl. -M.: Hayka, 1978. 512 c.

3. bepesun U.C., XKunkos H.I1. Merons! Beruncnenuit. T.2. - M.: Hayka, 1966. 632
C.
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Jlabopatopnas paGora Ne 22

PEIIEHUE IJIOXO OBYCJIOBJIEHHBIX CUCTEM JJMHEMHBIX
AJTEBPAMYECKUX YPABHEHUI

|. IIEJIb PABOThI
[IpnoOpeTeHne HABBIKOB PEIICHUS IJI0XO O0YCIIOBJIECHHBIX CUCTEM JIMHEHHBIX
anredpanyeckux ypaBHEHUH.

Il. TEOPETUYECKUWE CBEJEHUS
PaccmoTpum cucteMy TMHEHHBIX anreOpandeckux ypaBHCHHI.
Ax=b, Q)
rime A — KBaJapaTHas MaTpHIla Pa3MEPHOCTBIO NxN ; D—BEKTOp CBOOOIHBIX
YJICHOB,;

x — uckomalii Bektop (beR"; xeR").

Ecim detA~0, To cucrema (1) Ha3pIBaeTCsA IUIOXO OOYCIOBICHHOW. B 3TOM
cllydyae MOTpenIHOCTH KO3(PPUIMEHTOB MaTpullbl M TNPaBbIX YacTedl WU
MOTPEIIHOCTU OKPYTJICHUS MIPU pacueTax MOT'YT CHJIbHO UCKa3UTh PEIICHUE.

[Ipu permeHurd MHOTHX 3ajad IpaBas 4acTh CUCTEMBbI (1) U K03 UIMEHTHI
MaTpuIlbl A U3BECTHBI PUOMKeHHO. [Ipu aTOM BMecTo TouHOM cucTeMbl (1) nmeeM
HEKOTOPYIO JPYTYIO0 CUCTEMY

Ax =Db, )
TaKyto, 4To
|A-A|<h; [b-b<s 3)

[Tomaraem, 4To Benmu4YMHBI h U O U3BECTHBI.

Tak kak BMecto cuctembl (1) umeem cuctemy (2), To MOXEM HAWTH JUIIb
npubamxeHHoe pemenne cucteMbl (1). MeTton mocTpoeHuss TPUOIMKEHHOTO
pemienust cucteMsl (1) H0MKeH ObITh YCTOWYMBBIM K MaJIbIM U3MEHEHHUSM UCXOTHBIX
JTAHHBIX.

[IceBnopemenuem cuctemsl (1) Ha3bpiBaeTCs BEKTOP X, MHUHUMU3UPYIOUTUIN

HeBsI3Ky |AX — b| Ha Bcem mpoctpanctee R".

[Iycts x! —HekoTophlii (uKCHpOBaHHBIM BekTop U3 R", ompemensembii

OOBIYHO TOCTAHOBKOM 3a1a4y.
HopMasbHBIM OTHOCHTENBEHO BEKTOpA X© perreHneM cucTeMsl (1) HasbiBaeTcs

v ~ 1
ncesgopenieHre X° ¢ MUHMMAIbHOM HOPMOM HX — X[, TO ecThb

on - X1H =inf
xeF
rie F—CoBOKYMHOCTb BCeX NCeBAOpEIIeHU cucteMsl (1).

Tpuaem [X| = /X2 +X2 +...+x2,

=]
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rae X, X,,...,X,——KOMIIOHEHTHI BEKTOpA X.

Just mo6oit cuctembl Buaa (1) HOpMallbHOE pelIEHHE CYIIECTBYET H
€MHCTBEHHO. 3a7iaua HAaXOXKJEHUS HOPMAJILHOTO PEIICHMs IUI0XO OOYCIOBIEHHON
cucteMsl (1) sBisIeTCs] HEKOPPEKTHO MOCTABICHHOM.

JIist HaXOXACHUS TPUOIMIKEHHOTO HOPMAIBHOTO pemeHus cuctembl (1)
BOCITOJIB3YEMCSI METOJIOM PETyJISIpU3aLUH.

CornacHo yka3aHHOMY METOJY MOCTPOUM CIUIAXKUBAIOIINI (YHKIITMOHAT BUA

~ ~1 1~ =2
M“[x,b,A =HAx—bH +ocHx—x1H (4)

¥ HalizeM BekTop X“, MuHMME3Mpyrommid Ha R" stor ¢yskumonan. Ilpuuem

napaMeTp peryJisipu3aluy oL OQHO3HAYHO ONPEEIICH U3 YCIOBUS

H;‘\x“ —BH:Z(h‘x‘* +8)+ i, (5)

rae p=inf HAX — bH
xeR"

BBIpOXKICHHBIE U TIOXO 00YCIOBICHHBIC CHCTEMbI MOTYT OBITh HEPA3IHUMMBI

B paMKax 3aJaHHOW TouHOCTH. Ho ecmu mmeercs WHMOPMAIUSA O Pa3peliduMOCTH

cuctemsl (1), To BMecTo ycioBus (5) cieyeT UCIOIb30BaTh CIEAYIOIIee YCIOBHE:
HAX“ - bH = h\x“ +8 (6)

KoMmIioHeHTsI x}‘(jzl,Z,...,n) BEKTOpa X“ SBIAIOTCS PEHICHUSMHU CHUCTEMBI

JUHEHHBIX aNreOpandecKuX YpaBHCHHM, KOTOpas TOMydaeTcs U3 YCIOBUSI MUHAMYMa
dbyukimonana (4)

M =0, j=0,1,2,...,n

8x§*

1 UMEeT BUJT
(,Z\H/Z\+OLE)X°‘ =A"b+ax', (7)
rne E—enuanunas Matpuna,
/&H—C-)pMI/ITOBO COTIpsDKEHHAs MaTPHUIIA.
Ha npakTHke JUIs BEIGOpa BEKTOpa X' HyXKHBI JOTIOTHATENBHEIE COOOPAKEHHS.
Ecnu ux Her, To nonaratot X' =0.
Jns x'=0 cucremy (7) 3ammuIneM B BHIE

n —
oX +Zaijxﬁzbi! 1=12,...,n, (8)
j=1

n - n
rae a4 :zakiakj; b, =2 a,by.
k=1 k=1

Haiinennsiii Bexktop X% OyIeT SBIATHCS NPHOIMIKEHHBIM HOPMAaIbHBIM
peleHrueM cuctemMsl (1).

OcranoBumMmcs Ha BbIOOpe mapametpa o. Ecou a=0, To cucrema (7) nmepexoaut
B IUIOXO OOyCJOBJIEHHYIO0 cucTteMy. Eciu o Benuko, To cuctema (7) Oyaer Xoporuio
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00yCIIOBJIEHA, HO PEryJsipU30BaHHOE pelIeHHe He OyaeT ONMM3KUM K HCKOMOMY
pemenuto cuctemsl (1). [loaTomy crnumkom OOJBIIOE MU CIHUIIKOM Majloe o He
MPUTOHBI.

OOBIYHO Ha MPAKTHKE MPOBOJAT pPacdeThl C PsJIOM 3HAYECHHUM MapaMmerpa d.

Hanpumep, o=10": 0,5-10%; 0,5-107%; 1073...

JI7is Ka)KJ0ro 3HAUCHUS O HAXOJAT JJIEMEHT X*, MUHUMH3UPYIOIUN (QyHKIIMOHAT
(4). B kadecTBe MCKOMOTO 3HA4YeHHUS TMapaMeTpa peryisapu3anuu OepeTcs TaKoe
YUCTIO O, 1711 KOTOPOro ¢ TpeOyeMON TOYHOCTHIO BBITIOTHSETCS PaBEHCTBO (5) wiH

(6).

1. 3SAJAHUE

1. TlocTpouTh CUCTEMY JIMHEMHBIX aJreOpanyecKuX YpaBHEHH, COCTOALLYIO U3
TpEX YpPAaBHEHHU C TpeMsl HEU3BECTHBIMH, C ONPEIAECIUTENIEM, BEIHMYHUHA
KOTOPOTro uMeeT nopsaok 107°,

2. IlocTpouTh BTOPYIO CHCTEMY, aHAJIOTUYHYIO TEPBOH, HO MMEIOIIYIO IPYTrHe
CBOOOJHBIE YJIEHBI, OTJIMYAOIINECS OT CBOOOJHBIX WJIEHOB NEPBOM CHUCTEMBI
Ha Benunuuny 0,00006.

3. Pemmth mOCTpOEHHBIE CHCTEMBI METOIOM peryispuszammu (mojaras h=0 u
5=10"*) n kakuM-100 APYrUM METOAOM (HanmpuMmep, MeTogoM [aycca).

4. CpaBHUTH MOJYyYEHHBIE pE3yJbTaThl M CHE€NaThb BBIBOABI O NPUMEHUMOCTH
MCITOJIb30BAHHBIX METOOB.

V. OOOPMJIEHUE OTYETA

B oTyere 10KHBI OBITH IPEICTABIICHBI:
1. Ha3Banue paboThI.
2. ITocTanoBka 3a1a4mu.
3. Onucanue anropuTma (METoJa) peueHusl.
4. TekcT nporpaMmsl C ONMUCAHUEM.
5. Pe3ynbTathl paboThl IPOrPAMMBI.

BUBJIMOI' PA®UYECKHI CITUCOK

1. TuxonoB A.H., Apcennn B.S. MeTonbl penieHus HEKOPPEKTHBIX 3aaad. — M.:
Hayxka, 1979. 286 c.
2. baxsamos H.C., Xunxos H.II., KobenrkoB I'.'M. Uucnenarsie Metoanl. — M.:

BMHOM. Jla6oparopus 3nanuii, 2007 636¢.
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JlaGopaTopnas padorta Ne 23

PEIIEHUE JIMHEWHBIX MHTETPAJILHBIX YPABHEHMIA ITEPBOTO
POJIA

|. IIEJIb PABOThI
[IprnoOpeTeHne HaBBIKOB PEIICHUS] MHTETPAJIbHBIX YPABHEHUI MIEPBOTO poja

Il. TEOPETUYECKUWE CBEJIEHUA
3aauu sl MHTErpajJbHBIX YPaBHEHUM IEPBOTO poJia SIBJSIOTCS HEKOPPEKTHO
IIOCTaBJICHHBIMHU.
Paccmotpum ypaBHenue ®penronbsMa nepBoro poaa
b

jK(x,s)u(s)ds: f(x), c<x<d, (1)

r7e sapo K(x,s) SBIsAETCA HENPEPBHIBHOW (DYHKIMEH MO MEPEMEHHBIM X,S; f(X) -
u3BecTHas (PyHKUHUS; u(S) - UCKOMash QyHKLIHS.
Bbynem nosaratse, 4to ypaBHeHue (1) ¢ TouHOM npaBoii yacTero f(x) UMeeT

€IMHCTBEHHOE PEIICHUE.
Ecim BMecTO f(X) M3BECTHO JMILB €€ NpuoimxkeHue f,(x), Majo OTIMYAIOLIEECs

(B MeTpuke L,) oT f(X), TO MOKEM HUCKaTh JUIIL TPUOIMKEHHOE PEILICHHE

ypaBHeHus (1). B kauectBe npuOimmkeHHOro penienus ypaBuenus (1) Henbsst OpaTh
TOYHOE PEIICHUE YPaBHEHUS

i K (x,s)u(s)ds = f,(x). (2)

TaK KaK TaKoro PeIleHHs] MOXKET He CyIlecTBoBaThb. KpoMe Toro, Takoe peiieHue He
o0J1ajjaeT CBOMCTBOM YCTOMYMBOCTH K MaJIBIM U3MEHEHUSIM MPABOM 4acTH
ypaBHEHUS.
bynem nckath pelieHue ypaBHeHUs (2) MeTo1oM peryisipuzanuu. CoriaacHo
METO/y TOCTPOUM CTJIaXKUBAIOIIMKA PyHKITMOHAT M “[u, f,], BEIOpaB cTabuiIM3aTop
IepBoro nopsaxka Ofuj:
M “[u, f5]=p52(Au, fs)+aQu], 3)

rje ¢ - mapaMeTp peryssipu3aluu;

oful = [[a(s)u(s) + p(s)(f'j—zj 1ds;

Au = .T K(x,s)u(s)ds;

cpLa

d[ b 2 %
p., (AU, 1) ={IUK(X, s)u(s)ds — fg(x)} dx} :
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q(s), p(s) - 3a1aHHBIC HEOTPHUIIATEIIbHBIE HEMPEPbIBHBIC (PYHKIIUU (€CIT HET
CHEIUATBHBIX COOOPAKECHUM 110 BRIOOPY DYHKITHI ((S), p(S) , TO OOBIYHO MOIAraroT
q(s) = p(s) =1). 3atem HaiiieM QYHKLIHIO U, (S), MUHUMU3HUPYIOIIYIO (pyHKIIMOHAT (3),
MpUYEM MapaMeTp a OMPENIECIUM 0 HEBSI3KE, T.€. U3 YCIOBUS

p, (AU, f,)=6, (4)
r71€ § - YKIIOHEHUE MPAaBOM YaCTH UHTETPAIIbHOIO YPABHEHUS B METPHKE
MIPOCTPAHCTBA L,, KOTOPOE CUUTAEM U3BECTHBIM:

g %
{I[f{s(x)— f(x)]dx} <5

c

Pemenue u_(s) Oyaer ycTOMYMBO K MaJIbIM U3MEHEHHSIM B METPUKE L, MpaBoil 4acTu
ypaBHeHHUS f (X).
®yHKuuA U, (s) OyIET SBIATbCS NPUOIMKEHHBIM pelieHreM ypaBHeHus (1).

JI71st Hax 0K IeHUsI TTapaMeTpa peryiapu3aiuy OyaeM NpoBOAUTH PACUETHI C
HCCKOJIbBKUMHU 3HAYCHHUAMMU I1apPpaMCTpa «
(Hampumep, o =10";0,5-10";107;0,5-107%;107°,...).

JUig Kaskoro 3Ha4€HUs o HaxOOuM (YHKIMIO U, (S), MUHIMH3HPYIOIIYIO
dbynkuuonan (3).

B xadyecTBe HCKOMOI'O 3HAUCHUSA I[mapamMeTpa peryrsipu3aiunu BO3bMEM TaKOC
qucCJIo o , AJIA1 KOTOPOro € Tpe6yeM0ﬁ TOYHOCTBIO BBIIIOJIHACTCA YCIIOBUC (4), T.C.
HEBSI3KA, MOTy4YEeHHAs [IPH MOACTAHOBKE HAalACHHON (QYHKIIMH U (S) B ypaBHEeHHE (2),

JIOJKHA OBITh CpaBHUMA C TTOTPEIIHOCTHIO TPaBOM YaCTH MHTETPATILHOTO YPaBHEHUS.
OO6paTtuMcs Tenepb K BapUallMOHHOM 3a1a4e
M“[u, f;]=min.
[Tonmaras q(s) = p(s) =1, moay4YuM

d 2

jﬁ K (x,s)u(s)ds — f5(x)} dx+aj‘[u2(s) +(j—:j ]ds = min. (5)

¢
[IpoBenem MUCKpETU3AIUIO CTIIAKUBAIONIETO (DYHKIIMOHAJIA, BOCTIOIH30BaBIINCH
Pa3HOCTHBIM METOIOM.
AMNnpokcuMupyem BXojsiue B GyHKInoHan M “[u, f,] ©HTETpaibl
KBaJpaTypHbIMU popMyiaMu. {151 7TOro BBeAeM Ha MPSMOYTOJbHUKE
{a<s<b,c<x<d} cerky{x,,s,}(n=0L..,N;m=01,..,M), Tak, 4ro
X, =C,Xy =d,5, =a,S,, =b.
JIns IpOCTOTHI paCCMOTPUM PAaBHOMEPHYIO CETKY X, =C+nh, ;s =a+mh,

rac

X N ® M
5 duY’
Beramcianm j(d—j ds 1o GopMmyJie CpeHUX, 3aMeHsIs TPOU3BOJHYIO PA3HOCTHBIM
)\ ds

OTHOILICHHUEM
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2
J-(duj ds ~h(duj “h, u.,—u.
;\ds ds )1y h, ’
rae u, =u(s,) .
Takum 00pazom,

(2] e~ 2 S n-ur ©)

smO

OcraibHbI€ HHTETPAIBI BEIYHUCITAM o (bopMyﬂe Tpamnenuii
ju (s)ds~h Zcmum, (7)

rae

1
Co =Cpy :E'Cl =C,=..=Cy, =1

IK(xn,s)u(s)ds h ZCm U

rﬂe Knm = K(Xﬂ' m)

db 2 M 2
| [j K(x,s)u<s)ds—f5(x)} dxzhxib{hsz Kol = F5(, )} (8)
clLa n=0 m=0
rac
1
b, = by :E;b1 =b, =..=h,_, =1.

[Toncrasisis BBIpa)KeHI/IH (6)-(®) B(S), Honqu/IM

h Zb [h ZCm U= fo(x, )} +ah Zc Z(um1 u,)?>=min. (9)

5 m=0
Jlnst pemnienust 3anayu (9) npupaBHsIeM K HYJIIO POU3BOIHBIE OT JIeBOM 4acTH (9)
mo u, (m=01...,M). Ilonyunm cucreMy ypaBHEHHUM, INHEUHBIX OTHOCUTEIBHO U, !

m=0,1.. M, (10)

m?

(04 M
au, ——T(Uu;)+h>c Q.U =
Cm k=1

rac
T(Uﬁ'i):h—lz(u;‘il—Zu;ﬁ +u?,), m=12,..,M-1,

S

a 1 a Y\
T(UO):_z(ul —Uo),
h

S

T(uy) = hz( —Uy);

_h an nm nk’

=h an nmf[b (xn)'



69

Cucremy (10) pemum kakuM-1100 METOI0M, Hanpumep, MeToaoM ["aycca.
[TapameTp o cremyeT momoOpaTh CIOCOOOM, YKa3aHHBIM BBIIIE. 3aMETHM, YTO
ycioBue (4) B pe3ysibTaTe JUCKPETU3ALMU 3aIUIIEM B BUJIE:

N M 217
{hxzbn |:hsszKnmur$: o f§(xn):| } =0,

n=0 m=0

1. 3SATAHUE
HaiiTi npubnukeHHoe pelieHre HHTErPaTbHOrO ypaBHEHUS

1 XS
j(k+s)(eW +N)z(s)ds =x%, 0<x<l,
0

mojyiarast 6 =0,001.

3neck kK - mocnemnsst nudpa B HoMepe rpymisl; N - HoMep ¢paMig CTyIeHTa B
KypHaJie TPYTIIbL.

V. O®OPMJIEHME OTYETA

B otuere n0JKHBI OBITH IPEACTABICHBI:
1. Ha3zBanue paboTHhl.
2. ITocTanoBka 3a1a4u.
3. Onucanue anroputMma (METO/1a) pEIICHUS.
4. TekCT mporpamMMsbl ¢ OIHUCAHUEM.
5. Pe3ynbrathl paboThl IPOrpPaMMBI.

BUBJINOTPA®UYECKUI CITMCOK
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