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Cocran KoMrrccurl:

A.Q-rrr.n., npolpeccop Kepurra6eron A, vlen Ar.rcceprarlrroHnoro coBera - eKcnepr; (05.13.18 -
MaTeMaTI,IqeCKOe MOAeJIHpOBaHLIe, qllCJIeHHbIe MeTOAbI [I KOMIIJIeKCU npOrpanrrvr);

A.r.n., upo$eccop Bprxun I4.B, uleu AlrcceprarlraoHHoro coBera - eKcrlepr; (05.13.18 -
MATCMATUIIE CKOE MOAENI,IPO B AHYTE, qTICJICHHbIE MCTOAbI I4 KOM NJICKCU NPO TPAUNA) ;

A.r.u., AoIIeHr Barupon K.B, ulen AllccepralliloHHoro coBera - sKcrlepr; (05.13.18 -
MaTeMaTrltrecKoe MoAenlapoBaHpre, qlIcJIeHHbre MeToAbI H KOMIUIeKCU UpOrpaltrra);

K.$-u.n., c.ll.c. KepuMKynoBa f.K. - yueuuft ceKperapb AI,IccepraIIHoHHoro coBera

Ilosecrra 3aceAaHlrs:

llpnerra KaHAIaAarcKoro sK3aMeHa

MOAeJILIpOB aHI"{e, q[CJIeHHbIe MeToAbI

fylr:ar CarHesHrr.

ro cnerluanbHocrl,I 05.13.18 MareMarl{r{ecroe

r4 KoMlJreKcbI nporpaMM or acrll{paHTa KypuaHanuenofi

Cryrua.nu: KypuaHanueny lylr:ar Czuluenuy

Bu.rret J\b7

Boupoc L (Ocuonnafl rrporparvrrvra): YnunepcarbHocrb MareMarl,Iqecxl{x uoAelefi.

Orner: MareuarprqecKiur MoAenb - 9To upu6mtNeuHoe onplcaHlle KaKoto-nu6o xlacca

gnte;auit BHeTTIHeIO vllz^pA, BblpaxeHHoe MaTeMaTI,IqeCKI{MH cIaMBOJIIIMI4.

YnunepcalbHocrb MareMarr.rqecKr.rx uoAenefi ecrb orpaxeHlle [pI4HII]Ina

MarepganbHoro eAr{HcrBa Mr4pa. Baxnefiur}Ie MareMar[qecxue MoAeJII,I o6raAaror BaxHbIM

csoftcrsoN,r yHrdBepcanbHocrr.r: npuHrlr,rflr4anbHo pa3Hble peanbHble IBJIeHLL Moryr orl]IcblBarbc.fi

o.uuofi u r.oit xe MareMaru.recxofi MoAenbro. CxaNeu rapMoHl,Iqecxufi ocquJlnflTop otrplcblBaer

He roJrbKo [oBeAeHr.re rpy3a Ha npyxr{He, Ho u Apyrue xole6arelbHble rlpoueccbl, 3aqacrylo

r.rMeroulue coBeprrreHHo r.rHyro [pprpoAy: Mturble Kore6anuq MarrHI,IKa, xore6auus yponirr

xr,rAKocru r U-o6parHoM cocyAe r{Jrr4 u3MeHenue cn.rlu roKa B xole6arelbHoM KoHType.

Taruu o6pasorrl, usyqafl oAHy MareMarr4qecKylo MoAenb, MbI I,I3ytIaeM cpa3y qelsfi

KJracc olrlcblBaeMblx erc ssreHllfi .



MoAeur caMa 11o ce6e f,BJr.rrercs o6rerrou ri Moxer o6laAaru HeKoropbIMI'I

co6crseHrrrMu croftctnauu, He r,rMerouII,IMI,I oTHoIiIeHLIs K MoAeJII{pyeMoMy peanbHoMy

o6terty.

Hauprrraep: flpocrefturefi esorroquoHHofi MoAenblo flBJIflercfl MoAenb AIIHaMI'IKI'I

rorynfl III,II (ltogens ManrrYca)

MareNaatu.IeCxoft MoAenblo qBIteTCfl gallaqA KOruu I.Itfl

guSSepeuqllanbHoro ypaBHeHIa, nepBoro iloprAKa

JII4HEI{HOTO

ry = @Q)- B6D*6), N(o) = r,',,

rle N(r) - qplcrleHHocrb ronynnrryr, aQ) - xos(f@uqrleHrpa3MHoxeHl'rs, pO - roe(f(fraqueHr

cMepTHocTLI.

.{auuoe ypaBHeH}Ie AonycKaer pa3AeneHl'Ie nepeMeHHblx.

Bonpoc 2 (0 cuo n n afl np of p arr rra) : I,Inrepnolx r\ufl. kr anrpoKcI,IMaIIUs

rpyurquonanbHbx ganucutrtocrefi '

Orner: BH.{[creHHe Muorr{x Qynxqnfi, oco6euuo cileIII4aJIbHux, rpe6yer 6olrurux

3arpar BpeMeHr,r. Iloeronry, Ao cr.rx nop mupoKo npl,IMeHsrorc.s ra6rullbl raKux (fyuruuft.

Ecru ueroroparr 3aBucr.rMocrr y(x) npeAcraBneHa psAoM ra6ru'rHux orcqeroB y(x), ro

unrepuolxqueft nprrHflTo Ha3brBarb BbrrrLIcJIeHI{e sua'Ieul4fi y(x) flpu 3aAaHHoM x,

pacnoJroxeHHoM B r,rHTepBane MexAy orc.retaN,Il,I. 3a npeAeneMl'I o6rqero I'IHTepBana

oflpeAeJreHr.rff (pynxqrau [a,b], To ecTb rtpu x(EI, x]b, BbItIucIeHI'Ie y(x) Ha3bIBaIoT

sKcrpanoJrruuefi. B Aauuol,r cryrrae peqb [Aer o6 oAsouepuofi uutepnoJlrlll{n, Ho Bo3MoxHbI

AByMepHa, LIHTepIIoJI-rIIHf, Synrqufi ABfx repeMeHHblx z(x,y) 14 Aaxe MHoroMepHUI

lrHTepflon, \vrfl. Alrfl, Syurquft MHorlIx flepeMeuHblx.

IrlHrepnolrqu.n v gKcrparroJrruru qacro BLllroilHsrorcs no nexotopofi cxprnofi

3aBr4cr.rMocru. HaupuMep, ecJrr.r y3JroBble roqKl4 (fyuxqnra coeAuHHTb orpe3KaMpl fipf,Mblx, To

6yaeu r,rMerb MHoror,rHTepBanbHyro lusefiuyro LIHTepIIon{quIo AaHHrx. Ec.uu llcrloJlb3oBarb

orpe31g uapa6onrr, To HHTepnonflrlr.rfl 6yaer uapa6oluuecrofi. Oco6oe 3HaqeHlle I'IMeer

MHororaHTepBuInbHUI cnrafin-unrep[oJrsqur, o6lacu.I [pI,IMeHeHI'Ia xotopofi yxe cefiuac BecbMa

o6rullpuu LI HerIpepbIBHo pacu[prloTcr. I'lurepnolrqllfl pflAoM @ypre TaKxe AocTaToqHo

xopouo r,r3BecrHa; oHa e(p(pexrranna rpu l{HrepnoJlrqurl reprIoAl4qecxux (fyuxuufi.

Anuporcuuagefi B cr.rcreMax KoMlbrorepuoft uareuarvtKu o6slrHo Ha3bIBaIor nolyreuue

upu6maxeuHbrx 3garrenufi xaroro-mr6o BbIpaxeHI,Ifr. O,qsarco noA alnporcuuaquefi Syurcqufi

rroApa3yMeBaercfi noJryqeHr.re uexoropofi KoHKperHofi '$ynrquu, BbITII{cJIeHHbIe 3HarleHuq

xoropoft c HeKoropoft roquocrbro aHaJrorr.ItIHbI allrtpoKcllMupyerraoft 3aBI,IcHMocru. O6uqso



flpeAloql'ITaror HafiTLI oAHy 3aBI{cI,IMocrb, [p]r6Jrr.rxruoqyro 3aAaHubrfi psA y3JroBbrx roqeK.

9acro AJrs groro Ecnonb3yror crerreHHbre MHoroqJreHbr - [oJrr,rHoMbr.

Bonpoc 3 (qono.nnrrreJrbHaff [porpaMMa) : Mero4 pa3,(eJreHr.r, repeMeHHbx.

Orner: Meto.q pa3AeJIeHLL nepeMeHHbrx r.rJrr,r Mero.q Oypre, rBJlflercfl o.qgrrM r.r3

Hau6olee pacflpocrpaHeHHbx MeroAoB peuenufi ypanneHufi c qacrHhrMr,r [por{3BoAHbrM}r.

flocrauonra saIlaqu:

a2u , a2(J

0t' Ax'

fpauuunrr e ycloBtts cJreAyroqero Br.rAal

u(o,t)=(/Q,t)=0

Ha.{anbHrre ycnoBil{ cneAy}oqero Br.rAa:

(2)

(4)

'(:'o)= 
r(') I

U, (x,0) = VG))
(3)

Ypanueuue (l) nrlueftHo LI oAHopo.qHo, [ogroMy cyMMa qacrHbrx perueunfi TaKxe ,BJrflerc,

PEIIICHI,IEM 9TOTO YPABHEHI,I'. BYAEU IICKATb PCIXEHI.IC YPABHEHI,If, B BI,IAE

u(x,t)= x(*).rQ),

r.ae X(x) - (pynrqu repeMeHHoro x, T(t) - $ynxqur nepeMeHHoro t. flogcraBr.rM (a) e

ypaBHeHlre (I) uoly.rurra:

xG).#=,2.a'{9 rQ)

x(-).r'Q)= a' .x"(x).rQ) - T"'!,), = 
*ili-)

,'rQ) x(t)
(s)

9ro6rr QyHrIIrrx (4) 6sma peIUeHI4eM ypaBHeHr.r, (1), panencrno (5) AorrxHo yAoBrrerBoprrbc,

ToxAecrBeHHo, To ecrb AJrf, Bcex 3Harreufifi uesaBr,rcr.rMbrx [epeMeHHEIx 0<x<1, t>0.
(Durcupyr HeKoropoe 3HatreHr.re x r,r MeHlr.r t, nolryuuM,

x'(*) r'(tl 4 --_.-_ ,1\ .fx'- )x =0, x(x)*o e)
@ = }il)= )' = const (6) a)

lT' - )a'T = o, rQ)* o (8)

fpauu.ruue ycJroBr.rfl (2) aaror:

u(o1)= x(o)r6) = o,

uQ,,)= xQ)rG)= o.

Oruora cneAyer, vro $ynxqur X(x) ronxHa yAoBnerBoprrb AononHilreJrbHbrM ycnoBr{f,M

x(o)= xQ)=0. (e)



Taxuu o6pasou, B cB.fi3LI c HaxoxAeuueu $yurqnn X(x) Mbr rrpprxoAr.rM K rpocreftruefi 3araqe o

co6crnenublx 3uarreHugx. Hafttl4 TaKLIe 3HalreHr.r, flapaMerpa ),, rtpu Koropbrx cyulecrByer

HeTpr{ Br{aJrbHble peIIIe Hr4s, 3a4aqu

X'-,Xx=0 l
x(o)= xg)=oJ (10)

flocne HtxoxAeHlr, 1, Bo3Bpalqaircb K 3aAarre (1)-(3), 3aKrroqaeM, irro $ynxqrEa

u,(x,t)= X,(*)'T,Q),*n,,orc, qacrHblMlr pe,,eH,flMu ypaBHeHus (l), yaoererBopsrculr4M

rpaHr,rtrHhrM ycJroBr.rsM (3) u upeacraBr.rBbrMr,r B Br.rAe npor.r3BeAeuw (4) 4nyx (pyurqrnfi.

Bonpoc 4 (aono.nHureJrbHafl nporparvnra): rlzcrenHue MeroAbr perxegr.r, cr{creM

araQ$epeHrlr.rarrbuBx ypanueuuft .

Orner: flpu MareMarl,IqecKoM MoAenr,rpoBaHr,ru pflLa rexHLtrrecKr.rx ycrpoftcrn
ucrlonb3ylorc, crlcreMbl ara$Sepenlll,IanbHbrx ueluuefturx ypanneurafi. Tarue MoAenr.r

I'ICIOJIb3yIOTC' He roJIbKo B TeXHr,IKe, oHr,I HaxoAtr rIpHMeHeHLIe B SKOHOMr,IKe, xvIMvIvI,

6uororura, M0AI'I[I'IHe, ynpaBJIeHIrr{. I,IccreAosaHrEe (pyHxqr.roHr,rpoBaHvrs, TaKux ycrpoftcrn

rpe6ylot pemeHIas yKa3aHHED( cl{creM ypanneuufi. flonyreupre roqHErx u alalrtTraqecKr.rx

peureuuft npfiMblx 3araq, TeM 6oree o6paumx 3aratr, roqrr.r HeBo3MoxHbr. BosHuxaer

ueo6xo4rnuocrb uc[oJrb3oBarb qr.rcJreHHbre MeroAbr

Ocsonurruu upu6rulNeHHbul{ MeroAaMr,r peureHr{, npsMbrx 3aAatr uapa6orzuecKoro rr

runep6oluqecKolo rHrIoB ,BJl.f,Iorcfl: MeroA cerox, MeroA pa3HocrHbrx cxeM, MeroA KoHerrHbx

gJreMeHToB, MeroA Moure-KapJro, MeroA falepruua, Mero.q purua r.r ApyrHe.

flepeuuclltM MeroAbI pelxeHlz, np;rMbrx 3aAar{. PasuocrHrre Merorbr: MeroA cero6;

I'IHTerpo-I'IHTep[oJIrquoHnufi MeroA; MeroA annpoKclrMarlux r,rHTerpaJrbHbrx roxAecrB;

BapI4aIIpIoHHo-pa3HocrHbIe MeroAEI, [poeKrlzonnufi MeroA falepxuua, KoHesHbrx sneMeHToB;

rpaHHqHbx SJreMeHToB, MeTo,q [poroHKr'I, peAyKIILIu, penaKcalll,Il,I, paculenJle]flhts..

Ilepeuucluu MeroAbI peIxeHLL o6parurx 3aAarr. Mero4 peryJrrpr,r3 a\uui MeroA

MI'IHI'IMII3aIII{II crnaxl'IBaloxlero QyHxqlaoua-ua; r4TeparluoHHbre MeroAbr uHTerpanbHbrx

ypanueuufi flepBoro poAa; rpaAI,IeHTHbIe MeroAbr; orrrr.rMr.r3arlrroHHhre MeroAbr; piuHocrubre

MeroAbI, npoeKlll,IoHHo-pa3HocrHbre MeroAbr, MeroA o6paqeurar pa3HocrHbrx cxeM.

flpu uccleAoBaHl'Iu o6patnlrx 3aAarr lro o[peAeJreHr.r]o Her,r3BecrHoro xosQ$[q[eHTa B

napa6oluuecKl'Ix u runep6omaqecKlrx ypaBHeHr.rsx B qacrHbrx rrpor.r3BoAHbrx, frr4TbrBa,
HatIaJIbHbIe LI rpaHI'ItIHbIe yCJIOBI{fl, a TaKXe AOlOJIHHTenbHyro nuSopiraaquro, npuMeHf,roT

pa3rI'ItIHbIe MeroAbI MareMarllqecxofi Susuru. B nepnyro oqepeAb Heo6xoAunao BbrAenr.rrb

cHHryJI{pHyIo u peryJlfipHylo qacru, KaK peueHr.r, nprMo it sagauu,ucnonb3yfl MeroA BhrAeJreHr.r,

oco6eusoctefi v floryqa, coorBercrByrorque coorHorrreHr4s. 3areu ]rcflonb3yercff MeroA

xapaKTepI{crI'IK (3ftxouana) Arrs. BhlrrpsMJreHrrs xapaKTepr{crr.rKrr ypaBHeHr.rfl. flocle



[pIrMeHeHrIfl KoHeqHo-ptl3HocTHoro MeToAa rloJlyqaeM perueHl'Ie IIpflMoft 3aIlaqu

pacnpo crp a]fl€:flufl noreHIII4aJIa Aeft crBl{ft IIo HepBHoMy BoJIOKHy.

A n o6parlrofi saAa.{e, Ec[oJrb3yr KoHeqHo-pzBHocruuft perynspl'I3oBaHHuft ueroA

(uero4 o6paruennr pruHocrHbrx cxeu), nonfrr,rM pelxeHlle o6paruofi safl.a9.il pacflpocrpalJeHufl'

noreHIII,IaJIa Aefi ctslaft [o HepBHoMy BoJIoKHy.

locranosu;rn: Cqurarb, rrro Kypvrananr.rena lynrsar CaruesHa clururanAuAatcxufi

gK3aMeH rro cleu[aJrbHocrr.r 05.13.18 - MareMarl{rlecKoe MoAenI,IpoBa'Hvle) qI'IcreHHbIe MeroAbI I'I

KOMTTJIeKCbI IrpOrpaMM Ha (xopomo).

I.o-rnr.n., npo$eccop Kepurra6eron A, rureH.qllccepralluoHHoro coBera-ercnepr; (05.13.18 -
MaTeMaTr,rqecKoe MoAeJrr,rpoB atrvre, qucreHHble MeToAbI I{ KOMIIJIeKCU UpOrparrarra);

d{ n t,f ,--
A.r.u., npo6eccop Bparun I4.B, uleu Ar{cceprallrloHHoro cogerd-oicnepr; (05.13.18 -
MATEMATHTIECKOC MOAENI4POB AHLIE,IIIdCIEHHbIE METOAbI I' KOMTINCKCTT NPOTPATTT"T);

A.r.s., AorIeHT Eaxlrpoe K.B, uleu AIaccepraIIpIoHHo -sKcrrepr; (05.13.18 -
MaTeMaTI4qecKoe MoAenI4poBaHI4e, r{IrcJIeHHbIe MeroAbI KoMIIJIeKcbI nporpavru) ;

K.Q-u.u., c.n.c. Kepuuxynora f.K.

yveuufi ceKperapb Al4cce


