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B nmocnennue rogbl MTHTEHCUBHO Pa3BUBACTCS TEOPUS CIIYUYAWHBIX MPOLIECCOB U €I0
MIPUKJIaJIHbIe HampaiicHUsA. CBS3aHO 3TO C TEM, YTO JJIsI ONMCAHUS HEKOTOPBIX
CTOXACTUYECKHUX IMPOILECCOB JICTCPMUHAPOBAHHBIE MAaTEMATHYECKUE MOJCIIN SIBHO
HeAoCcTaro4yHbl. KiracCM4eCKre MOJENM SBJICHUKA TEOPUHM CIyYaWHBIX IMPOILECCOB
4acTO  MPEAIOJIaratoT  ONPEACIIEHHOCTh  [AapaMeTpoB,  BXOAAIIMKA B
i depeHMaibHble YPaBHEHUS W TpPaHUYHbIC YCIOBUSA. DaKTUUECKH OTH
[IapaMeTpbl OINPENACIAOTCA B PE3YJIbTAaTe€ MHOTOKPATHBIX UW3MEPEHUN WU
HaOJIFOAEHUN U, €CTECTBEHHO, HE BCErIa MOT'YT CUMTAThCS JAETEPMUHUPOBAHHBIMH.
Ecnyn nponecc Henb3sl CUUTarb CTALMOHAPHBIM, TO OYEHb YACTO W3MEHEHUS BO
BPEMEHH OJIHUX MapaMETPOB IIPUBOAWUT K M3MEHEHMIO OCTaJIbHBIX. JlpyrnmMm
CJIOBaMH, CYIIECTBYET KOPPEISALMOHHAS CBSI3b MEXKIY BXOAHBIMHU IapaMeETpaMu
MaTeMaTUYECKOU MOAECIU. B 3TUX YCIOBUAX YMECTHO IMOCTABUTH BOMIPOC O
BEPOATHOCTHBIX CBOMCTBAaX IIOBEJACHUA MAaTEMAaTHYECCKOM MOJECIM B pPaMKax
KOPPESIIMOHHON Teopun. 11 MHOTMX SBJICHHWM, B TOM 4YHUCIE W A
paccMaTpuBaEMbIX B ATOM padOTEe, TAaKOM MOAXOA K H3YUYCHUIO CIy4YalHBIX
MPOILIECCOB  OKAa3bIBA€TCS  BIIOJIHE JOCTAaTOYHBIM. B  Hacrtosmien padore
UCCIIEYETCS YPABHEHUE AJIEPA B CTOXACTUYECKUX YCIIOBHUSX.



€JIb M OCHOBHBIC 321241 MATHCTEPCKOU AUCCEPTAINUM

IHeab0 daHHOM PadoOTHI ABJAsAETCHA PadoThI: lcciaenoBaHWE CTOXAaCTHYECKOM MOACIH IS
MO (PUIITMPOBAHHOIO YPaBHEHMS BJIATONEPEHOCA B paMKax KOPPEISILIMOHHON TEOPUM CIyYalHBIX
IIPOIIECCOB.

3agayamu padoOThI ABJIAIOTCS:

. Ja aHAJIM3 MATEMAaTHYECKUX MOJICJIECH BIIArOIIEpeHOCa C JETEPMUHUPOBAHHBIMU U
HOIOKATbHBIMH KPACBBIMHU YCIOBHUSIMU.

2. pPaMKax KOPPEISALMOHHON TEOPUHU CITYUYAUHBIX MPOLIECCOB COCTABUTH AJITOPUTM OIPEICIIEHUS
MaTEMaTUYECKOTO OXUJAHUSA U CPEHHEKBAAPATUYECCKOTO OTKIOHEHHUS PEIICHUS YKa3aHHOTO
YPaBHECHHUS.

3. Ha ocHOBe Meroma HWTepalid M METOAa IIPOTOHKHM pa3padoTarh ajropuTM YHCICHHOM
pealiM3aliy CTOXaCTUYECKOHN 3a/1a4H.

4. CocraBuTh IPOrpaMMy Ha OJHOM M3 S3BIKOB IIporpamMmupoBanus OBM mis ompeneineHus
MAaTEMAaTHYECKOTO  OKHJIAHWSI ~ PEUICHUs  3aJadd  MOAUM(PUIMPOBAHHOIO  YpAaBHEHHS
BJIArOIEPEHOCA.



IlocTanoBKka 3agaum

[TpoGnema ompeneneHUss MaTeMaTUYECKOTO OXHUIAHUS U KOPPEISIIIMOHHONW (YHKIMHM PElICHUS

YPaBHCHHUA Annepa CBOJUTCH K IMOCJIICAOBATCIIBHOMY PCIHICHHUIO ICCTU OAHOTUIIHBIX 3aJa4 BHUA:

m ot ax[kax+na ot

» 14,.(0,t) =u(t), 0<t<T (1)
= u(l,t)=—%folu(x,t)dx+uz(t), 0<t<T

» 3(x,0)=uy(x), 0<x<lI.

PerreHne kaxa0M U3 3TUX 3a1a4 OCYILIECTBIISICTCS METOAOM UTEpaLlMU C IIPUMEHEHUEM aJITOpUTMaA
nporoHku. BeiOop Merona urepauun oOyCIOBJIEH TEM, YTO MATPHUIIbl CETOYHBIX YPaBHECHUM,
COOTBETCTBYIOLIMX HEJIOKAJIBHBIM 3a/1a4aM HE SIBJIAIOTCS TPEXAUArOHAILHBIMU, [TOOTOMY MPUMEHATH
HEIIOCPEICTBEHHO METOJ IIPOrOHKU HEJIB3AL.



IlocTanoBka 3agaum

MCTOI[ HUTCpAllUN IMO3BOJIACT n30aBUTHCSA OT HEIOKAJILHOCTH B I'paHH49YHOM YCIIOBHHU. HpH 9TOM 3aJa4da

3aMCHIBACTCA CJICIYIOIUM 00pa3oM:
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Hep eHaemM HCITOCPECIACTBCHHO K TIOCTPOCHIEO AIITOPHTMA U CIICHHOI O

OTIPpCACIICHITA MATCMATHUYCCKOI O OZKEH1/J aHETA PECIICHITA MOI[H(i)I{L];[/IpOB AHHOI O

VpaBHEHIIA.
ITocTpormM Ha rmpsaMoyroiasHuKe [0 = M= H, [0 = W= K] cerxy {y=
K, Mg = O = {}. g yamoOCcTEAa M3IIOKEHHA alllOPHTMA BBedeM 0003HAYECHIA
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Peinrerrie 3agaur Ha s-0f HTepaliH 3allHIlleM B CIIEAVIOILEM BHOE: IV .

BaMeHrM ypaerHeHHEe (3.3) er0o pasHOCTHBIM aHAIIOT OM
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3}1 CChb . A — 1mrars rTo KOOPAOAHHATC BPCMCHII.



[lociie HeCIOKHBIX HpCO6p&30B3HHI>i CUCTCMY MOJKHO IICPCIIMCATL B BUIC!
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Cucremy (6) MOKHO IIepelcaTh B TpexauaroHajaibHol ¢popMe, vy A00HOM I

WNMCHCHITA AJITOPHUTMA ITPOI'OHKH .
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CoriacHo aJropuTMy IIPOroHKU pelieHue (7 ) MIeTcs B BUIE:
o o W 1
g~ = Wiy, Uiy + Wi o, (8)
W= 1,2,...,0- 1; W= 1,2,..,00- 1.

[ paHruHbBIE YCIIOBUS IMPEeACTaBIISIFOTCI B hopMe
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M, ecnnlli= 1,..,M - 1
[loactapnsst ipenctasieHue (7) B (6) u ucnofibiys dopmyribl (9-10) MoxkHO
MOJIYUYUTh CJICAYIOIIUE PeKyppeHTHbIE (QOPMYIIbl JJIsI BBIUMCIICHUSI 3HAYCHUS

BJIAXKHOCTU Ha JII0O00M BPCMCHHOM CJIOC.



Wiy = Mg, Wi = Mg
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Meroa HOpOTrOHKU YCTOWWNUR, eciiu > 0 u > 2l uro BBIDOIHAESTCH
cormtacHo dopmyiiamMm (¥).

Snecs KN, — upciio pa3duenuii 0 MIPOCTPAHCTBEHHOW U BpEMEHHOII
xoopaunare, K, ll— coorrercTRyIOMUE MI1aru. 3aMEeTUM, YTO IPU IIOCIIEAOBATEIILHOM
pPEeNIeHN OJHOTUIIHLIX VPAaBHEHUII U1 BBIYUNUCIICHUU KOPPEILIIMOHHON G(GyHKITUNI
JOCTATOUYHO BECTU CUET I KaXK/ILIX JABYX BPEMEHHLIX CJIoeB, ¢ uaTepBaiioM W, a
HE peInaTh 33Ja4l 51 BCeX 3HAUSHUIl BpeMeHU. OTO OOCTOSATEIILCTRO IIO3BOJISIET
CYIIIECTBEHHO HSKOHOMUTL BpeMS CUeTa, OIEPATUBHYIO IIAMSITEL U IIOCTEIICHHO

IIPOABUI'ATHECA 110 BPCMCHUA JO HYXXHOI'O 3HAYCHUA T.



Hapsaay ¢ MaTeMaTHUYeCcKHM oXppanumeMm permenua HE (M ) Berumciasercsa Takxe
CpegHeKBagpaTHYecKOe OTKJIOHEeHHEe 3HaUveHHdA BIa*XHOCTH OT €& CpexgHero

SHAQYEHITA 110 (1) OPMYIIE:

R B = § TH(E B 0 D).

DOTa BeJIHYHHAaA XapaKTepH3yYeT BepOATHOCTL KoJXeOaHHA BIa*KHOCTH B

OKPECTHOCTH €€ cpegHero 3HadeHHdA H ABIdeTcda HapAdy ¢ MareMarH4decKHM
OXXHJAaHHEM BTOPOH BAXKHEHIIIeH XapaKTepPpHCTHKOH CIYVUYAHHOI O ITPOoIlecca.

Ha ocHoOBe paccMarpHBaeMoOro B padboTe aiaropHuTMa paszpadboraHa

IIporpamMmMa, peaJIH30BaHHAA B cpege, IIPOBEeeHEBL TeCTOBEIE pacueThl Ha OBM. Jina

IIPpHBEJEeHHBIX B IIporpaMmMe 3HAYUeHHI CcIOy4dJaiHBIX QVYVHKIHI H IIPOCYHTAaH

OHTPOJILHBIH ITPIMEP.

KOHTPOIBEHEIH ITPHMEP.

SHaYeHH I HCXOOHBIX JAaHHBIX, BXOJAIIIX B CTOXACTHYE CKYEO MOJETh, BBH Y

OTCYTCTBHSA JaHHBIX HAOIIO JeHHI BRIOHPAITHCH IIPOH3BOIBHO.

= [ - 2l- 1
{e KER = [
R, HE = O
W= (€3 + 38)/(3¢2+ 3)
W= 1

K = 1



ToOUHEIM peIeHHeM YPaBHEHHSI AJDIepa IIPH 2THX 3HAUYUEHISIX HCXOIHBIX aHHBIX
SABIISIE€TC (PYHKIIISA = KPR+ PeszyieTaroM padoThI IIpOrpaMMBI SIBJISEOTCS
qeCATH 3HAYEHHI MaTeMaTHYECKOTro OXHAaHusa BiraxHocTH N ), sapucsaimme ot
KoopauHAaTEI B orrtepenereHHBIIT MOMEHT BpeMeHH. Harmurie MCTOUHIKA BJIATH Ha
IIpaROM KOHIle YydyacTKa, pacTyIOero co BpeMeHeM, IIPHBOOHT K POCTY
MaTeMaTHYEeCKOT O OXKHIAHII BIIAXKHOCTH ITPH I3MeHeHHH KooparmHaTEI oT [ = O go
(W = 1.
TouHOEe pellleHMe 3aJJauu

ul0.,1]=0,

[1.1]=0.0105;
u[2,1]=0.042,
u[3,1]=00945,
u[4.1]=0.168;
u[5,1]=0.2625,
u[6,1]=0.378,
u[7,1]=0.5145;
u[8,1]=0.672,
u[9,1]=0.9345,
u[10,1]=1.05.



Onucanue nporpaMmmsbl

[IpennaraemMas BHUMaHUIO IpoTpaMMa peaji30BaHa Ha S3BbIKE IPOTPaMMHUPOBAHUS
BBICOKOTO ypoBHS C# B cpene pazpadborku Microsoft visual studio 2019 B Buzge
Windows-form mnpunoxenus. IlporpaMma HaxoguT pelIeHUE ypaBHEHHs Ajuiepa,
3HAQUCHUS! MCXOMHBIX JAaHHBIX, BXOJAIMIMX B CTOXaCTUYECKYIO MOCIb, BBIOMPAIOTCS
IIPOU3BOJIBHO, BBHUJY OTCYTCTBUSA JaHHBIX HaOmromeHui. PesynmbraroM mporpaMmsl
SBIISIIOTCS 3HAUCHHUS MAaTeMaTHYECKOTO OXKHJIaHHWS BIAXKHOCTH Yy(X, t), 3aBUCAIINE OT
KOOPJMHATHI X B OINpeeIeHHBIM MOMEHT BpeMeH!. Hannune ucTouHnKa BiIard Ha IpaBoM
KOHIIE Y4aCTKa, PacTyIIEro CO BPpEMEHEM, MPUBOJIUT K POCTY MAaTEeMaTHUECKOTO OXKHMIAHUS
BJIQXHOCTH TNPH HU3MEHEHHU KoopjauHatel OT X = 0 mo X = 1. EcTh BO3MOXHOCTH
IOCMOTPETh PE3YJIBTAThl BRIYUCICHUN Ha KaX0W UTEepaIlMi — 3HAYESHUS BBIBOJSATCS B BUJIE

CIIMCKA, U Cpa3y ke MOKa3bIBACTCs rpapuk HAa OCHOBAHUU MOJYYEHHBIX PE3YyJIbTAaTOB.



o5 Form1

0.8

Output for 1 iteration:

0.6

0.4

0.2

8

9
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1

w— Series1

Next

0
0.0038438108
0.0077280828
0.0089157438
0.0457088866
0.1022630684
0.1781764311
0.2730293049
0.3863797909
05177591097
0.666666667




o Form1

Output for 2 iteration:
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Next

0
0.0116635198
0.0234498135
0.0560923943
0.1093808874
0.1831006513
0.2770305179
0.330940465
0.399940465
05245891943
0.85006604




85 Form1

Output for 3 iteration:

0.8

0.6

0.4

0.2

Previous

8

9

10

1

N

nNext

= Series]

0
0.0188084856
0.0378149554
0.0778289241
0.1387176109
02203463759
0.322577304
04452677524
0.5882688493
0.7514239269
0.9345668725




BriBOAbI

JlaH aHau3 MaTeMaTHYECKUX MO/ISJICH BIIaroliepeHoca C
JACTSPMUHUPOBAHHBIMYU U HEJIOKAJIBHBIMU KPA€BBIMHU YCIIOBUSIMHU.
IIpeanoskeHbl UTEPAITUOHHBIC METO/IbI PSILICHUS HEJIMHCUHOU 3a/auu
AJutepa.
ITocTpoceHa u UcciaeA0OBaHa CTOXaCTHUESCKAsI MOACIIb AJIs
oaupUIIHPOBAHHOTO YPaBHESHUS BIIarolepeHoca. B paMkax
KOPPEIBSIIMUOHHON TCOPUH CIIYUaUHBIX MPOIECCOB COCTABIICH aJITOPUTM
ONIPEACIICHUS MATEMATHYCCKOTO OKUAAHUSI PCHICHUS YKa3aHHOTO
ypaBHeHUs. 1Ipu mocTpocHUU MOJIEIH UCIIOJIF30BAJIUCH UJICHU, U3JIOKCHHEBIC
B paboTax [2], [8].
Ha ocHOBE MeTOJa UTSpaIllUd U METO/1a MIPOTOHKU MPE/JIOKEH aJITOPUTM
YHUCJICHHOU peayI3aluid CTOXaCTHYESCKOM 3aauH.
CocTapiicHa IporpaMMa ONPCACIICHUS MaTEMAaTUHISCKOTO OKUAaHUSI
pemieHus 3agadyu tuna (0.3) - (0.6) ams Mo audUuIupoBaHHOTO YpaBHSHUSI

BIIATOIICDCHOCA.



Cmacu00 3a BHUManue!




