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1. MecTto 1 neb JMCHUILIMHBI B cTpyKType OITOIT
Hucuumumna «Croxactuueckue auddepeHunanbHble YpaBHEHUS» OTHOCUTCS K YHCITY
(baKyIbTaTUBHBIX AUCHUIUIMH OO0pa30BaTEIbHOTO KOMIIOHEHTA IMPOrPaMMbl aCHHPAHTYpPhl U

u3ydaercs Ha 3 ToAy oOydeHus B 5 cemecTpe.

He.]'lb AUCHHUIIJINHBI — yTJIy6JI€HHOG HU3YUYCHHEC BAXKHOI'O COBPEMCHHOI'O pasaciia TCOPHUU

BEPOSITHOCTEN U TEOPUU CITy4alHBIX MPOLECCOB.

2. IInanupyemble pe3yabTaThbl 00y4eHHUSs 110 AUCHMILIMHE
BrInyCKHHK, OCBOMBIIMI POTPAMMY, JT0JKEH

3HaTD:

— OCHOBHBIC UJI€HU, METO/bI, PE3YJIbTAThI TCOPUU CTOXACTUICCKUX I[I/ICI)CI)epeHHI/IaIH)HI)IX ypaBHeHI/Iﬁ

YMeTn:

— Ipu peHICHUHU MCCICAOBATCIIBCKUX W TPUKIAJHBIX 3aJ1a4 B obJlactu TCOpHUU BepOHTHOCTeﬁ u
MaTEeMaTHYECKOU CTATHCTUKU NMPUMEHATHb METOJbI TCOPUU CTOXACTHUICCKUX ﬂn(l)(l)epeﬂunam)ﬂmx ypaBHeHI/Iﬁ

Baapern:

— HaBbIKaMM KPUTHYCCKOT'O aHaJIn3a U OLUCHKNW COBPEMEHHBIX HAYYHBIX JIOCTI/I)KeHI/Iﬁ " pE3YJIbTaTOB
ACATCIIBHOCTU 1O PCHICHUTIO UCCJICA0-BAaTCIIbCKUX U MPAKTUYCCKUX 3a/lad TCOpUHN BepOHTHOCTeﬁ 1 MaTeMaTH-4eCKOM

CTaTUCTHUKH

3. CTpykTypa M coaepkaHue JUCHMUILIHHbI.

OO0BeM TUCIUIUTHHBI (MOYIISI) COCTABIISET 2 3.€., BCEro — /2 4Yaca, U3 KOTOPBIX 36 4acoB
COCTaBIISIET KOHTAKTHAsI paboTa 00yJaromerocs ¢ mpernoaBareneM (3aHsATHS JIEKIIMOHHOTO THIIA
— 18 gacoB, npakTudeckue 3aHATus — 16 yacoB), 36 4acoB COCTABISIET CaMOCTOSATENbHAs paboTa

oOydJaromierocs.
Tabauua 2
CTpyKTYypa IMCUUIJINHBI
B Tom unciae
KonTakTHasi padoTa, yacoB
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: =] & 25
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Ipoueccet Uto u dopmyna Uto 8 2 2 0 0 4 4
CroxacTuieckue 22 6 6 0 0 12 10
audepeHInaIbHble ypaBHEHUS U
1 y3HOHHBIE POIIECCH
OnrumarbHas nuneitHas Gunbrpanus | 30 8 8 0 0 16 14
U CTOXaCTHYECKOE ONTUMAaJIbHOE
YIIpaBJICHUE
YucneHHoe pelieHne 12 2 2 0 0 4 8
cToxacTUaeckux audQepeHnnaIbHbIX
YpaBHEHUN

IIpome:kyTounas
3a4er

aTrecTamus. —

HToro




Couepmaﬂne JAUCHUIIIMHBI

Tadanna 3

HaumeHoBaHnue pa3jeJia
JUCHUNIHHBI

Conep:xanue pasneia

dopma
NPOBeICHHSA
3aHATHSA

®opMa TeKylero
KOHTPOJIS*

IIpoueccer
dhopmymna Uto

Hto "

Omnpenenenue mpouecca HWto. Dopmyna
Wto mnst ckansipHbIX mponeccoB. Popmyna
Wto /i BEeKTOPHBIX MporieccoB. Teopema
0 MIPECTaBIICHUU MapTHHIaJIa.

JICKIIHH,
MIPAKTUKA

cobecenoBaHue,
3aauu

Croxactuueckue

i hepeHnaTbHbBIE
ypaBHEHHS U

i dy3MoHHBIE TTPOIIECCH

3anauu, NpUBOASIINE K MAaTEMaTHIECKUM
mozernsaM B Bune CIY (punbTparms,
CTOXaCTUYECKOE yIpaBlieHne, (PUHAHCOBAs
MaTeMaTHKa | JIp.). Y paBHCHUE
JlamxeBeHa M €ro MaTeMaTH4ecKast
unTepnperanys. [loctpoeHne naTerpana
Uto. Teopema cyriecTBOBaHUS U
enuHcTBeHHOCTH pemtenus CIY Uro.
Cna0sble u cuibHble pemenns CIIY.
HCKOTOpI)Ie MPpUEMBI HAXOXICHUA
PCICHN A KOHKPETHBIX CTOXAaCTUYCCKUX
mddepennmansHpIX ypaBHeHuit Hto.
Onpenenenune nuddy3rnonHoro nporecca
Hto. MapKkoBCKOE CBOMCTBO

T Hy3MOHHBIX TIPOLIECCOB.
[MpouzBomsumii aud dpepeHnanbHbIi
onepatop nuddysrnoHHoro npouecca Mro.
Popmyna Uto-JIbIHKKHA.

JICKIIHH,
MIPAKTUKA

cobecenoBaHue,
3a/1auu

OnruMalnbHas TUHCHHAs
¢bunbTpanus u
CTOXACTHYECKOE
ONTHMAJILHOE YIIPABJICHUE

ITocTaHoBKa 3agaun ONITUMAILHOM
(dunpTpannm — npeaBapuTeNbHbIC
pe3ynbTathl. Teopust puiIbTpaiu
Kamvana — berocu. OgHomepHas 3a1aqa
¢dunpTpanmu. BeiBog ypaBHeHHi
(bunpTpannm: TMHEHHBIE U U3MEPUMbIC
OILIEHKH, MHHOBAIIMOHHBII
(oOHOBIIATOLITHIA) TIpOLIECC,
MHHOBAIIMOHHBIN NPOLIECC U BUHEPOBCKUI
MPOIIECC, CTOXaCTHIECKOe
muddepeHnmansHOe ypaBHEHHE /115
oueHkH. [ToctaHOBKH 3a1a4
ONTUMAJIBHOTO YIIPaBIECHUS pU
CITydaiiHBIX BO3MYMIeHUIX. ONTHMaNbHOE
yIIpaBJIeHUE THHEHHBIMU CHCTEMaMH C
00paTHOH CBS3BIO IO COCTOSTHUIO. 3a/1a4a
crabmwin3anun. Ctoxactuueckas (yHKIIHs
JIsnynoBa-bemnmana. [ToctaHOBKa 3a1aun
yIIpaBJIEHUS Ha OCHOBE OLIEHKHU
cocrossHusL. CTOXacTHYECKUI JTUHEHRHO-
KBaJIPATUIECKUH PETyIsITOp ¢ 00paTHOM
CBSI3BIO 110 BEIXONy. Teopema pa3zeneHusl.

JIEKIINH,
MPaKTHKA

cobecenoBanume,
3a7a4n

YHucneHHoe pelieHue
CTOXaCTHYECKHUX

T depeHInaTbHBIX
YpaBHEHUI

YHucneHHoe MOAETUPOBAaHUE
BHHEPOBCKOro Tiporiecca. Pemenne C/1Y
Mertomamu Dinepa u Pyare — Kytra.
Crnabble ¥ CHIIBHBIC allIPOKCHMAIIHH.
Cxewmsl Tefinopa pa3mUIHBIX TOPSIAKOB.
Cxema Munbiureiina. Yucnennas
YCTOMYMBOCTb M TOYHOCTH METOJIOB.

JIEKIIUH,
MPaKTHKA

cobecemoBaHme,
3a1a4u




4. ®opMbl OPraHu3alHuN U KOHTPOJIS CAMOCTOSITEILHOI PadoThl 00yUYaHOIIUXCSH

B mnmponecce H3ydCHHUA JUCHUINIMHBI TIPUMCHAKOTCA JICKOHMOHHBIC W CCMHUHAPCKUC
3ansaTUs. [IpumensioTces ciaenyronye BUabl iekiuii: 1) nexuus-unpopmanus (OpUeHTHPOBAHHAS
Ha WU3JOKEHHE U OOBSICHEHHE HaydyHOW WHGOpMAIMK, TOJUIeKAMEH OCMBICICHUIO U
3allOMUHAaHUI0); 2) Jekuusa-Oecena (mpeAmosiararonias HEMOCPEICTBEHHOE OOIIEHHEe €O
CIIyIIATEISIMH  TTOCPEACTBOM BOTPOCOB HH(DOPMAIIMOHHOTO, TMPOOJIEMHOTO  Xapakrepa u
BOIIPOCOB JUIsl HAIIOMUHAHUSI TIPOHIEHHOTO MaTepuaina). CamocTosTelbHas paboTa peaau3yeTcs
B (opMe HM3ydyeHHs JEKIMHA W BBIIOJHEHHS IOMAIIHUX 3agaHuii. CamocrosiTenbHas pabora
KOHTPOJIUPYETCSI TPENOJABATENIEM KaK B XOJ€ AayAUTOPHBIX 3aHATHA, TaK W BO BpeEMs
BHEAay/IMTOPHON pabOThl, B TOM YHCJE MOCPEACTBOM KOHCYJbTAIMM IO AJIEKTPOHHOM IOYTeE,
BHUACOCBs3U, B COIIMAJIBHBIX CETAX.

5. @D oH O1LIEHOYHBIX CpeacCTB AJisd aTTeCTAllMM 110 JTUCHUIIIMHE

5.1. Kpumepuu u npoyedypul oyenueanus pe3yiomamos 00y4eHus no OUCyuniuHe.
[Ipu BBIMOJIHEHNH BCEX PAOOT YUUTHIBAIOTCS CIIEIYIONINE OCHOBHbIE KPUTEPHUH:

— YpOBEHb TEOPETHUECKHX 3HAaHWU (MOJpa3yMeBaeTcs HE TOJIbKO GdopMaibHOE
BOCTIpOM3BeIcHHEe HH(OpMAIMM, HO W TIOHUMAHUE TIPEAMETa, KOTOPOE IMOATBEPKIAETCS
MPaBUWJIbHBIMU OTBETaMH Ha JIOTIOJHUTEIbHBIC, YTOYHSIOIINE BOIPOCHI, 33JaHHbIC YIEHAMU
KOMHCCHH);

— YMEHHE WUCIOJIb30BaTh TEOPETHUECKUE 3HAHUS MpPH aHajJu3e KOHKPETHBIX MpoOseM,
CUTYAaIlUii;

— KauecTBO M3JI0KEHUS MaTepuana, TO €CTb 000CHOBAaHHOCTb, YETKOCTb, JIOTHYHOCTh OTBETA,
a TaKkKe ero MoJIHOTA (TO €CTh COAEePKATENbHOCTb, HE UCKIIIOYAIOIIas CKAaTOCTH);

- CIIOCOOHOCTh YCTaHABIMBATH BHYTPU- U MEKIIPEIMETHBIE CBS3H,

- OpPUTMHAIBHOCTH MBIIUICHUS, 3HAKOMCTBO C JIOTIOJHUTENBHOM JUTEepaTypoil W Apyrue
(hakTopsI.

OnucaHnue wKanvl OUCHUGAHUA HA npome.m‘ymouuoﬁ ammecmavuu 6 ¢0pM€ 3auema

Ouenka YpoBeHb NOAT0TOBJIEHHOCTH, XapaAKTEePHU3yeMblil OLICHKOMI

BJIAJACHHUC InporpaMMHbIM MaTCpHaJIOM, IIOHUMAaHUu¢C CYHIHOCTH
pacCMaTpUBaACMBbIX ITPOOCCCOB U ﬂBHeHHﬁ, YMCEHUC CaMOCTOATCIIBHO 0003HAYUTh
HpO6J'IeMHLIe CUTyallul B OPraHU3allu HAYYHBIX I/ICCJ'IGI[OBEIHI/II‘/'I, CIIOCOOHOCTD
3aumeno KPUTHYCCKU aHAJIM3UPOBATh U CPABHUBATH CYHICCTBYIOHIUC IMOAXOAbI U MCTOAbI
K OICHKE PE3YyJIbTATHUBHOCTU Haquoﬁ ACATCIIBHOCTH, CBO6OI[HO€ BJIaACHHC
HUCTOYHUKaAMHU, YMCHHUC UYCTKO M ACHO WHU3JIaraTb Ppe3YyJIbTAThl COOCTBEHHOM
pa6OTLI, CJICAOBATb HOpMAM, IPUHATBIM B HAYYHBIX JTUCKYCCHUAX.

HCIIOHMMAaHHUE CMbICJIIa  KIHOYCBBIX np06neM, HCOOCTATOYHOC BJIaACHHC
HaYI(OBC,quCKOﬁ TepMHHOHOFHCﬁ, HCYMCHUC CaMOCTOATCIBHO 0003HAYUTH

He HpO6J'IeMHLIe CUTYyaluu, HECIOCOOHOCTH AHAJIM3UPOBATL U CpPaBHUBATH
3a4meHo CYIICCTBYIOMINUC KOHLCIIIUH, MOAXOAblI W MCETOIbI, HCYMCHUC SCHO H3JIaraTb
PE3YyIbTAThI COOCTBEHHOI pa60TBI, CJICA0BAaTh HOpMaM, NPUHATBIM B HAYYHBIX
JUCKYCCHUAX.




5.2. Ilpumepsl munoevix KOHMPONbHBIX 3A0AHUI WIW UHBIX MAMEPUAIOs,
UCROIb3YEeMbIX 0J15 OUEHUBAHUA PE3YIbINAM 08 00Y4eHUA NO OUCUUNIUHE

Bonpocs! 1151 codeceqoBaHus:

[TonsiTHE CTOXaCTUYECKOTO IpoIecca.

[TocTaHOBKM 3a/1a4 yIIPpaBICHUS MIPH CTy4ailHBIX BO3MYIICHHSX.

[ToctanoBKa 3a/1aun yIpaBIeHHUS HA OCHOBE OLIEHKU COCTOSHUSL.

[TocTpoenue nporiecca OPOYHOBCKOTO JABUKEHUS (BUHEPOBCKOTO IMPOIIECCA) HA OCHOBE

teopembl Kommoroposa).

CymiecTBOBaHNE HENMPEPHIBHOW BEPCUU BUHEPOBCKOTO TPOIIECCa.

Nuterpan 1to u ero cBoicTBa.

®opmyner U'To U1 CKASPHBIX U BEKTOPHBIX IIPOIIECCOB

Teopema cyiiecTBOBaHUs U €AMHCTBEHHOCTH pemeHust CIY

Ocob6ennoctu uncnenHoro pemenus CIY

10. Ompenenenne quddy3snoHHoro mporecca Mto. MapkoBckoe CBOMCTBO AP PY3HOHHBIX
MIPOLIECCOB.

11. TlpomsBomsmuii  muddepennnansupiii  onepatop auddy3nonHoro mpomecca Uro.
®opmyna /[piHKHHA.

12. TlocTaHOBKa 3a7a4l ONTHMAILHON (QIITBTPAIH

13. Teopema Kanmana-brrocu

14. MatpuyHoe ypaBHeHue Pukkatu B 3a/1a4e ONTUMAIbHON (QUIIBTpAIK U €r0 CBOMCTBA.

15. Croxactuyeckoe ONTUMAJIBHOE YIpPAaBJIEHHWE JMHEHHBIMU CHUCTEMaMHU C OOpaTHOMU
CBSI3bI0 IO COCTOSIHUIO.

16. CroxacTuyeckuil JTHMHEHHO-KBAIPAaTHYECKUN  PETYNIATOP C OOpaTHON CBS3BIO TIO
BBIXOJY.

17. Teopema pazaenenus

PobhRE

©ooNo O

IIpakTHYecKue 3a1a49u:
3agaua 1. Haiitu M[B?] nipu yciosuu B, =0.

3anaua 2. Haiitu pemenue ypasuenus Mto

dX, = (C+%a2)Xtdt +aX,dB,

3agaya 3. Pemnts cucremy ypaBHeHui Mto

1 a
Xm =—§ det_EXZdBt

1 b
dX2 =—§det+gX1dBt

a,b>0.
3anaua 4. Sdensiercs u MapTuHranom nporece X, = B —3tB,

3agaua 5. Kakomy muddepeHmansHOMy ypaBHEHUIO MTO COOTBETCTBYET ypaBHEHHE
Crparonosuua dX, =sin X, cos X, dt + (t* +cos X, ) o dB,

3anaua 6. Haiitu npousBoasuuii nuddepenunanbabiil onepatop nporecca Mo



dX, =rX,dt +aX,dB,
3amaua 7. Haiiti npousBoasauuii nuddepennunanbhblil oneparop mnpouecca Mro
1
dX, = -5 X, dt - X,dB,
1
dX, = -5 X,dt + X,dB,
3agayva 8. Pemuts 3amauy GuiabTpanuu Aisi CKJIIPHON CHCTEMBI

dX, = F(t)X,dt
dZ, = G(t)X dt + D(t)dV,,Z, =0

3agauya 9. Haiitu npousBosamuii nuddepeHnnansHelil onepatop nporecca Uto

dX, = rXdt +aX,dB,

3anaua 10.Haittu nmpousBosamuii quddepeHnuansHbIil onepatop mporecca Mto

dX, = —% X ,dt — X,dB,
1
dX; == X, dt+ X,dB,

3agauya 11. Pemuth ckanspHyro 3a/iady ynpaBieHUs

dX, = X,dt +Udt + XdB,
T
J =M[j(xt2 +U 2)dt]
0
3agaua 12. Pemuthb cKaysIpHYIO 33/1a4y YIIpaBJIEHUS C HETIOJTHOM HH(pOpMaLIUEH

dX, =U,dt +cdB,
dz, = X dt +dV,

J= M[I(Xf +U2)dt]
c -CKaJIsp B’V -HE3aBUCHUMBIC CTAHAAPTHBIC BUHCPOBCKUC ITPOUECCCHI.

3agaua 13. Pemuts 3a1a4y GUIBTpALUK I CKATSPHON CHCTEMBI

dX, =0,M[X,]=0,M[XZ]=a’
dz, =G(t) X, dt+ D(t)dV,,Z, =0

3apaua 14. Pemuuts ckanspHylo 3aJady yIpaBJIeHUs



dX, = X,dt +Udt + XdB,

J :M[T[(th +U2)dt]

Bonpocsl 1uist 3a4era

1.IlepeuncauTe CBOMCTBA BUHEPOBCKOIO MpoIlecca

2. YpaBHenue JlankeBeHa U €ro MaTeMaTuyeckasi MHTepIpeTanus

3. [lepeuncnure OCHOBHBIE ATalbl HOCTPOEHUS UHTErpaia Mo

4. CBOIICTBO M30METPUU U JIpyrue cBoiicTBa uHTEerpana lro

5.Muterpan Mro kak MapTUHramn

6. ®opmyna VTo nmst BEKTOPHBIX MPOIIECCOB

7. Cnabble u cunpHble pemenus CAY Uto

8. Hexoropble mpHeMbl HaxOXIEHHUSI PpELIEHHS KOHKPETHBIX CTOXaCTUYECKUX
g depeHnnanbHbIX ypaBHeHui Uro.

9. Pemenne CIIY metonamu Diinepa u Pynre — Kyrra.

10. MapkoBckoe cBOMCTBO MU ()Y3MOHHBIX MPOIECCOB.

11. Teopust punprparuu Kanmana - berocu.

12. Jlocrato4yHsble yCIOBUS ONTUMAIBHOCTH YIIPABJICHUS IPU CIIy4ailHbIX BO3MYIICHUSX.

6. YueOHO-MeTOAUYeCKOe U MH(OPMAIIHOHHOE 0o0ecTiedeHue QU CIUTIINHbI.
a) OcHOBHas HUTEpaTypa

1. ITyraues B.C., Cununpia M.H. Croxactuueckue nuddepeHiuanbHbie CHCTeMbl. — M.:
Hayxka, 1985. — 559 c. (2 2x3.)

2. bynunckuii A. B., [llupsies A. H. Teopus ciydaitHbix npoueccoB. — M.: @u3mMaTiur,
2003. — 400 c. (2 3x3).

0) lononuurensHas auTepaTypa

1. Bentuens A.Jl. Kypc Teopun cimyudaiinbix nporeccoB. — M.: Hayka, 1975 — 320 c. .
(15 9x3.)

3. I'mxman N.U., Cxopoxoa A.B. Croxactuueckue nuddepeHnnanbHple ypaBHCHHS U
ux npuinoxeHus. — Kues: Haykoa mymka, 1982. — 611 c. (2 3x3.)

4. Munereiid ['.H. YucinenHoe HHTErpupoBaHUE CTOXaCTHYECKUX
muddepeHnnanbHbIX ypaBHeHHH. — CBepaioBek. M3aarensctBo CBEpII0BCKOTO
rocylapcTBEHHOro yHuBepcuteTa, 1988. — 223 c. (1 7k3.)

B) [IporpamMmmHuoe obecnieuenne u HTEpHET-peCypChl
apXvBbI MATEMATUYECKUX JKYPHAJIOB Ha caiite mathnet.ru

7. MaTepuajibHO-TeXHH4eCKOe o0ecneyeHne I CUNITHHbI

. MIOMELICHUSA Ul MPOBEACHUS 3aHATUM: JIEKIIMOHHOIO THUIIA, CEMUHAPCKOIO THIIA,
IPYNIOBBIX M HHIMBUAYAJIBHBIX KOHCYJIbTAllMM, TEKYLIEr0 KOHTPOJIS M IPOMEXKYTOUHOU
aTTeCTallud, a TaKXKe IOMELICHHUs JUIl XpaHEHUs U NPO(PUIAKTHYECKOTro O0OCITYKMBAHUS
0o0OpyZOBaHUS M TOMELICHHUs Ul CaMOCTOSITEbHONH paboThl OO0Yy4aroLUIUXCs, OCHAIllEHHbIE
KOMIBIOTEPHON TEXHUKOW ¢ BO3MOXKHOCTBIO MOKIIOUeHH K ceTH "MHTepHeT" u obecrieueHnem
JI0CTYIa B JIEKTPOHHYIO HH(OPMAIMOHHO-00pazoBaTensHyto cpeaxy HHIY,

. MaTepuallbHO-TeXHUYeCKoe oOecreyeHne, HeoO0XoauMoe s peau3aluu
JMCUUIUIMHBL, BKJIIOUYas JJabopatopHoe 000pyI0BaHUE;



o JMIIEH3UOHHOE MporpammHoe obecnieuenue: Windows, Microsoft Office;

. oOydarommpecss M3 YWClIa JIMI C OrPAaHMYCHHBIMH BO3MOXXHOCTSIMH 30POBbSI
o0ecreynBarOTCd DICKTPOHHBIMH W (WJIM) TEYaTHBIMU O0pa3oBaTEIbHBIMH pPECypcaMu B
(bopMax, aaalITUPOBAHHBIX K OI'PAaHUYCHUAM HUX 300POBbA.

pecypcam.

Pabouass mporpamma y4eOHOHM NUCHUIUIMHBI COCTABJIEHA B COOTBETCTBUHM C Y4EOHBIM
mnaHoM, [lookeHueM O TIOATOTOBKE HAYYHBIX M HAyYHO-TIEIaroTMYECKUX KaJpoB B
aciupantype (amptonkrype) (Ilocranosnenue IlpaButensctBa PO ot 30.11.2021 Ne 2122),
denepanbHBIMU  TOCYIAPCTBEHHBIMH TPEOOBAaHUSIMU K CTPYKTYpe MPOrpaMM TOJTOTOBKH
HaydHBIX ¥ HAyYHO-TIEJATOTHYECKUX KaapoB B acrnupantype (amgpronkrype) (Ilpuxas
MunoOpaayku P® ot 20.10.2021 Ne 951).

Agsrop: ITakmun I1.B., npodeccop xadenps Teopun BeposiTHOCTEN U aHanu3a JanHbIX MU TMM

Penienzent(b1)

3aBenyromuit kadenpoit

IIporpamma oxo0pena Ha 3acemannu Meronndeckoid komuccnn WHcTHTyTa /(hakynpTera OT
2022 roma, mpotokon Ne .
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