MuHucTepeTBO HayKH 1 BhICIIEr0 oOpasosanus Poccuiickoil desepanuu
HAIIMOHAJIbHBIN NCCJIENOBATEJIbCKHN
TOMCKUU I'OCYAAPCTBEHHbBIY YHUBEPCUTET (HU TT'Y)

®dusnueckuit hakyIbTET

YTBEPXIEHO:
Hekan ¢usnyeckoro paxkyabTeTa
C.H. ®unumonos
Pabouast mporpaMma JuCHUILTAHBI
CroxacTHYeCKHii aHAJIU3
10 HAIIPABJICHUIO TTOATOTOBKHU

03.04.02 ®dusuka

Hamnpasnennocts (mpouiib) TOATOTOBKU:
«DyHaaMeHTAJIbHAsA PU3HKa»

dopma 00ydeHus
Ounas

Ksanudukanus
Maructp

I'on npuema
2023

COT'JIACOBAHO:
PykoBoaurens OI1
O.H. YaiikoBckas

[Ipenacenarens YMK
O.M. Crocuna

Tomck — 2023



1. Heab u njaHupyeMble pe3yabTaThl 0CBOCHHSI JUCHUNIMHBI (MOIYJIs)

[{enpro OCBOEHUS TUCHUTUINHBI SBISIETCS (POPMUPOBAHUE CIEAYIONUX KOMITETEHITHIA:

IIK 1- Cnocoben caMoCTOSATENbHO CTaBUTh KOHKPETHBIE 337]a4l HAyYHBIX UCCIIETOBAHUMA
B 00yacté (M3MKU U pemarh UX C MOMOIIbI0 COBPEMEHHOW ammaparypbsl U WH()OPMAIIHOHHBIX
TEXHOJIOTHIl C UCIOJIb30BaHNEM HOBEHILIEr0 POCCUICKOTO U 3apy0exHOro OMbITa.

Pesynbraramu 0CBOEHUSI AUCIUIUIMHBI SBJISIOTCS CIACAYIOIINE WHIMKATOPBI JOCTHKEHUS
KOMIIETECHIINH:

UIIK 1.1 —3HaeT OCHOBHBIE CTpPATErMy HMCCIECIOBAHUN B BBIOpaHHOW oONacTu (U3MKH,
Kputepur 3¢ (HEeKTUBHOCTH, OTPAaHUYEHUSI TPUMEHUMOCTH.

UIIK 1.2 — YMeer BBIACHATh U CUCTEMATU3UPOBATH OCHOBHBIC IIEIHM HCCICIOBAaHUN B
BbIOpaHHOW oOnactu (pU3MKHM, U3BJIEKaTh MHYOPMALMIO U3 PA3IUYHBIX HCTOYHUKOB, BKIIOYAs
MEePUOIUYECKYIO MeYaTh U JIEKTPOHHbIE KOMMYHHKAIIUU, TIPEJICTABIATh €€ B TIOHSITHOM BHJIE U
3(PEKTUBHO HUCIIOIH30BAT.

HUIIK 1.3 — Brageer HaBbIKAMU aHAJIMTHYECKOW nepepaboTku HH(pOpMaIiy, MPOBEACHUS
HCCJIEIOBAHUM C TOMOUIBI0 COBPEMEHHOW ammaparypbl ¥ WHGOPMAIMOHHBIX TEXHOJIOTHUH,
0000IeHNsT W TIPEICTaBICHHUS PE3yJIbTaTOB, IOJYYECHHBIX B TMPOIECCE PEIICHUs 3aaad
HCCJICTOBAHMUS.

2. 33}13‘11/1 OCBOCHHA TUCHHUIIIMHBI

— OcBoHTH alIapar CTOXaCTUYCCKOI0 aHaJlk3a U C(I)OpMI/IpOBaTL HaBBIKHU OIIMCAaHUA (I)I/ISI/I‘IGCKI/IX
CHCTEM CO CTOXaCTUYECKUMU CBOMCTBAMHU.

— Haytmec;[ IIPpUMCHATDb MOHSITUMHBIN arrmapat CToXaCTU4YECKOIro aHajin3a JJIst U3y4CHUA CBOMCTB
CTOXaCTHYCCKUX (1)I/I3I/IIIGCKI/IX CUCTCM M PCHICHUA MNPAKTHYCCKUX 3alaad HpO(i)eCCI/IOHaJILHOfI
JACATCIIbHOCTH.

3. MecTo AucUUMIIMHBI (MOAYJIsI) B CTPYKTYpe 00pa30BaTe/ibHOH NPOrpaMmbl

Jucuunnuna otHocutes K broky 1 «/luctumnuael (Mogynn).
JlucuunianHa OTHOCHTCS K 4YacTH oOO0pa3oBaTeIbHON MporpamMmbl, (GOpMHpPYEMOit
y4acTHUKaMU 00pa30BaTeNbHBIX OTHOIICHUH, IpeiaraeTcsi 00y4JaronMcs Ha BEIOOD.

4. Cemectp(bl) ocBOeHMS U (popMa(bl) MPOMEKYTOYHON aTTECTALMH 0 AUCHHUIINHE

CemecTtp 3, oK3aMeH.

5. BxoaHblie Tpeﬁonaﬂuﬂ AJik OCBOCHHUA JUCHUIIJIHUHBI

JUisl yCHemHoro OCBOSHUs AUCHUIUIMHBI TPEOYIOTCSI KOMIETEHIIMH, C(OPMHUPOBAHHBIE B
X0/JIe OCBOEHMS 00pa30BaTEIbHBIX MPOrPaMM MPEIIECTBYIOLIETO YPOBHS 00pa30BaHusl.

JUis  yCHEeImHOro OCBOCHMS JUCLUUIUIMHBI TpeOYIOTCS pe3yinbTaTbl OOy4eHHs IO
CIEIYIOIMIUM JTUCHUIUIMHAM: Ju((epeHlnaIbHOe W HUHTErpajibHOE MCUYUCIICHUE, JIMHEWHas
anreOpa, Teopusl BEpOSTHOCTEH, MaTemMaTuyeckas pusnka, QyHKIMOHAIBHBINA aHAIH3.

6. SI3bIK peaau3anun

Pycckuit

7. O0beM TUCHUILIHHBI (MOIYJIA)

OO61mas TpyA0eMKOCTh ITUCHUIUIHHBI cocTaBisieT 3 3.€., 108 yacoB, U3 KOTOPHIX:
— neknun: 16 49.;
— IpaKTUYECKUe 3aHATus: 16 u.;
B TOM YHCJIe TTPaKTHIeCKast MOATr0TOBKa: 16 4.
O06beM caMOCTOSATENbHOM pabOoThI CTyIEHTA ONpeIeTeH YUeOHBIM IJIaHOM.



8. Conepikanne TUCHUILIHHBI (MOXYJIfA), CTPYKTYPUPOBAHHOE MO TEMaM

Tema 1. Benenue. [Ipumeprl CTOXaCTHUECKHUX MPOLIECCOB.

OcHOBHBIE U/IeU CTOXAaCTHUECKOro aHain3a pusndeckux cucreM. CiydaifHoe BO3/IEHCTBUE HA
cucremy. J[BrmxeHne OpoyHOBCKOM YacTUIbl. DHHIITEHHOBCKOE ONKCaHHE OPOYHOBCKOTO
JIBUKEHHSL.

Tewma 2. YpaBuenue JlanxeBeHa. Ynpasisioliee ypaBHEHHE.

JIBroKeHHe YacTHIBI MO JeHCTBHEM (DIIyKTyallnOHHOW cuiibl. YpaBHeHue JlaH)kKeBeHa.
3akoH aeiicTByromux Macc. Kunernueckue ypasaenue. [lpumep: ypasaenue Bonbsreppa-JloTTku.
BeposiTHOCTH niepexoa. YpaBisollee ypaBHEHHUE.

Tema 3. Ciyuaiinble nepemeHHble. balilecoBCKUI MOIXO0/.

Bepositnoctu.  Crnyvaiinble niepeMeHHble. (COBMECTHBIE BEPOATHOCTH. Y CIIOBHBIE
BepositHOCTH. Dopmyiiel balieca. CpegHue U BbICIINE MOMEHTHI.

Tewma 4. HopmanibHOE pacnpeneneHue.

HopMmanbHoe pacnpeneneHne M IEHTpalbHas IpelesbHas Teopema. LlemouncieHHbIX
ClIy4yaliHble mepeMeHHble M pacnpeneneHue Ilyaccona. Buapel mpenenbHbIX IEPEXOJ0B Ha
BEPOATHOCTHOM IIPOCTPAHCTBE.

Tema 5. Croxactuueckuii mporuecc. ¥Yciaopue Mapkosa.

[lonsTe o croxactuueckoM mporecce, popmanusm onucanus. [locrynar MapkoBa u
MapKOBCKUHM ciyyailHblii mnpouecc. Ilpumep: panmoaktuBHBIM pacnan. JuckperHoe u
HEeNpepbhIBHOE IPOCTPAHCTBA COCTOSIHUI. MaTemaTrueckast MOZI€NIb HEIPEPHIBHOIO MAapPKOBCKOTO
npouecca. YpaBHenue Yenmena-Konmoroposa u ero cBOKCTBA.

Tema 6. CxaukooOpa3ubie npouecchl. Y paBHenne @okkepa-Ilnanka.

VpaBuenne @okkepa-Ilnanka. VYmnpasmstomee ypaBHeHue. CkaukooOpasHble U
g dy3noHHbIE rporiecchl. Y paBHenue Jlnysums. OOpaTHBIC ypaBHEHHUS.

Tema 7. CtanpionapHble U OJHOPOIHBIE TPOLIECCHI.

CroxacTudyeckoe [JBUKEHHE CHCTEMbI, HaXOJALIEHCS B YCTOWYMBOM COCTOSIHHH.
Oproauueckue cBoiicTBa. OgHOpoaHble mpouecchl. ABTOKOppesnsiuus. [Ipumep MapkoBCKOro
npouecca. Ilpumep cranuonapHoro pacnpenenenus. Ilpomnecc OpuHurreiiHa-YiaeHOeka.
Xapakrepuctuueckas ¢pyHkuus. Koppensuuonnsie GpyHkiunu. BunepoBckuii nporecc.

Tema 8. IToHsiTHE O CTOXaCTUYECKUX MHTETpAJIaX U CTOXAaCTHUECKUX A depeHnanbHbIX
YPaBHEHUSX.

JluHamuueckoe ypaBHEHHE co ciydyaiiHoM cuioil. CHoc u gucnepcus. Ilonstue o
CTOXaCTMYECKUX HHTerpamax. CBoiicTBa croxXxacTMdeckux HHTerpanoB. Ilomstue o
CTOXAaCTHUYECKUX IupPepeHnanbHbIX ypaBHeHUAX. CBs3b C ypaBHeHHeM Dokkepa-Ilnanka.

9. Tekyuiuii KOHTPOJIb MO AUCHUILINHE

Texynui KOHTPOJIb 10 AUCLUIUIMHE OCYILIECTBISAETCS ITyTEM KOHTPOJISI MOCEIAEMOCTH,
IPOBE/IEHUS] KOHTPOJIbHBIX Pa0OT, TECTOB M0 JIEKLIMOHHOMY MaTepHaiy u ¢pukcupyercs B hopme
KOHTPOJIbHOM TOYKM HE MEHee OJHOro pasa B cemecTp. OleHOYHbIE MaTepuaibl TEKYIIEro
KOHTpOJIS pa3MelieHsl Ha caiite TT'Y B pa3nene «MHdopmarus 06 00pa3oBaTesbHOM MporpaMmmes
— https://www.tsu.ru/sveden/education/eduop/.

10. INops10k NpoBeeHUsI U KPUTEPUH OLleHUBAHUS MPOMEKYTOYHOM aTTecTaAluK

DK3aMeH B TPEThEM CEMECTpe MPOBOJIUTCS B YCTHOU opme 1o duneram.

OrneHOYHBIE MaTepHABI ISl TPOBEACHUS MPOMEKYTOYHON aTTeCTAIlMH Pa3MEMICHbI Ha
cahte TI'Y B pasgene «Wudpopmanuss o0  oOpazoBarenbHON  mporpamme)  —
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMYECKOE 00ecIIeUeHHe

a) DJEeKTPOHHBIN y4eOHBIN Kypc 110 AUCHUIUIMHE B 2JIEKTPOHHOM yHHBepcuTeTe «Moodley
—https://moodle.tsu.ru/course/view.php?id=2885



https://www.tsu.ru/sveden/education/eduop/
https://www.tsu.ru/sveden/education/eduop/
https://moodle.tsu.ru/course/view.php?id=2885

0) OnieHOYHBIE MaTepHalibl TEKYLIEro KOHTPOJISI M MPOMEXKYTOYHOW aTTeCTalluH I10
mucrmruinae (https://www.tsu.ru/sveden/education/eduop/).

B) [lnan cemuHapckux / MpaKTUUECKUX 3aHATHUI 110 JUCHHUIIIHHE.

Tema 1. Ilpumepsr Mopneneil (HU3UYECKUX CHUCTEM CO CIy4YalHBIM BO3JCHCTBHEM.
CinyyvaiiHas cuna, ciaydaiiHble napamerpsl. [IpuMep Monaenu 0oHOMEPHOTO JBHUYKEHUSI YACTHIIbI
MoJ JICWCTBUEM CIydallHOW cuibl. Mojenb IBWKEHUS OpPOYHOBCKOW YacCTHIBL. YpaBHEHUE
JlanxeBeHa.

Tema 2. Ynpasmstomiee ypaBHeHue. [IpuMepsl nocTpoeHus: ynpasisoIEro ypaBHEHHsI B
MPOCTBIX MOJENAX pu3nUecKux cucreM. Teopus IpoOOBOro nryma.

Tema 3. BeposiTHOCTHOE omnucaHue NOpPUMEPOB (u3NYecKux cucreM. [IpuMeneHue
bailecOBCKMX COOTHOLIEHUW. BpIunciieHHe MOMEHTOB Clly4ailHbIX BenuuuH. HopmanbHoe
pacnpezesieHue U LIeHTpallbHas NpeiebHas Teopema. L{enodncieHHbIX cily4aiiHble IepeMEHHbIE
u pacnpenenenue Ilyaccona. Buasl mpeaenbHbIX NEPEX010B Ha BEPOITHOCTHOM IIPOCTPAHCTBE.

Tema 4. Croxactuueckue mpouecchl. [Ipumepsl cTOXacTUUECKUX MPOIECCOB. Y CIOBHE
MapkoBa. YpaBaenue Yenmena-Koamoroposa B mpoCThIX MOJEISAX U €r0 CBOMCTBA.

Tema 5. CkauxooOpasnsie mpoueccol. YpaBHenue ®oxkepa-Ilmanka. uddysmnonnsie
npoueccsl. [Ipumepsl cTalnoHapHBIX IPOLECCOB.

Tema 6. IIpumepsr croxacTuyeckux UHTErpaioB. CBOWCTBA CTOXaCTHYECKUX MHTETPAJIOB.
Css3b ¢ ypaBHeHueM Pokkepa-Ilnanka.

12. Ilepeuyens y4ueOHOIi TuTEpaTyphl U pecypcoB ceTu UHTEepHeT

a) OCHOBHas JIUTEpaTypa:
— Kysnenos /JI.®@. Croxactuueckue nuddepeHnnanbHbie ypaBHEHUS: TEOPUS U TPAKTHKA
YHCIEHHOTO pelieHus. 4-e u3f., uctp. u gon. — CI16.: U3n-Bo Ilonurexn. yu-ta, 2010. — 786
C.
—Malliavin P. Stochastic analysis. VVol. 313. Springer, 2015.
— Oxcenpane b. Croxactuueckue nuddhepeHnuansubie ypaBHEHUs. BBeienue B TeOpHio u
npunoxenus. — M.: Mup, 2000. — 400 c.
—TI'apnunep K. B. CtoxacTuueckrue MeTOIbl B €CTECTBEHHBIX Haykax. — M.: Mup, 1986. —
528 c.
—BaH Kamnen H. I'. Croxactuueckue nporeccsl B pusuke U xumuu. — M.: Bpicinas mikona,
1990. — 376 c.
— Kunrman /Ix. IlyacconoBckue mporneccel. — M.: MITHMO, 2007. — 136 c.
— Barana6s, C. Croxactuueckue nuddepeHuanbHble ypaBHeHUs U U GY3MOHHBIE TPOLIECCHI.
— M.: Hayka, 1986. — 445 c.
— Ilyraues B. C., Cunuupia U. H. Ctoxactudeckue auddepeHunanbabie cUCTeMbl. AHAIU3 U
¢unbTpanus/ B.C. ITyradyes, M.H. Cunnnbsia. — M.: Hayka, 2000. — 630 c.
—[Hupses, A. H. BepostHocts. — M.: Hayka, 1989. — 638 c.
— I'uxman U. U. Croxactuyeckue muddepeHimaibabie ypaBHeHus U ux npunoxerus/ V..
I'mxmaHn, A.B. Cxopoxoa. — Kues: HaykoBa nymka, 1982. — 611 c.
— Knsnkun B.U. Croxactudeckue ypaBHeHus riazamu pusmka (OCHOBHBIE MOJI0KEHUS], TOUHBIE
pe3yJbTaThl U ACUMITOTHYECKUE NMpUOMKeHus ). — M.: @usmarmur, 2001. —528 c.

0) ITOTOJTHUTEIbHAS JTUTEPATYpa:
— JleBakoB, A. A. Ctoxactudyeckue nuddepenunansubsie ypaBHeHus. — Munck: bI'Y, 2009. —
231 c.
— Pénke I'. HepaBHoBecHas croxacTuueckas mexanuka.— M.: Mup, 1990.— 320 c.
— JleBu I1. CroxacTudeckue Mmporecchl U OpOoyHOBCKOe JBIKeHne. — M.: Hayka, 1990.— 376 c.
— Tpudonon A.1O. Ypasuenune ®okkepa-Ilnanka-Koimoroposa B KBa3MKJIaCCHUECKOM
npuommkenun/ A.1O. Tpudonos, A.B. lllanosanos. B C6. Tpynos 9-oit MexayHapoaHoMi
Kondepenuuu "Matemaruka.Kommnsrorep. O6paszoBanue", noa pen. I'.10. Puznnuenko, B 2-x
tomax. M3garenscTBo "PeryinspHas n xaotnueckas nuHamuka''— Mocksa — kesck, 2002. T. 2.
C. 356-367. Jly6Ha, 28.01-02.02.2002 r.


https://www.tsu.ru/sveden/education/eduop/

— HMycrep I'. JlerepmunupoBanHbIii Xaoc. Beenenue. -- M., Mup, 1988.
— Shapovalov A.V., Trifonov A. Yu., and Masalova E.A. Nonlinear Fokker—Planck Equation in
the Model of Asset Returns// SIGMA (Symmetry, Integrability and Geometry: Methods and
Applications). 2008. V.4. Paper 038, 10 pp./http://www.emis.de/journals/SIGMA/.
—. Shapovalov A.V., Rezaev R.O., Trifonov A.Yu., Symmetry operators for the Fokker—Plank—
Kolmogorov equation with nonlocal quadratic nonlinearity, SIGMA 3 (2007), 005, 16 pages,
math-ph/0701012.

B) pecypcbl cetu HTEpHET:

— OTKPBIThIE OHJIANH-KYPChI

— Kypnan «Oxcnepr» — http://www.expert.ru

OTKPBITHIC ITyOJIUKAITIT

https://arxiv.org/abs/1411.2964

http://math.univ-lyonl.fr/~attal/Ecole_main.html

https://www.math.ethz.ch/news-and-events/events/research-seminars.html

http://sernam.ru/book_tec.php?id=18

http://edu.alnam.ru/book _v_tau2.php?id=52

13. Ilepeyenb HHPOPMALMOHHBIX TEXHOJIOTHIA

a) JIMIIEH3UOHHOE U CBOOOJIHO PACTIPOCTPAHSIEMOE MPOrPAMMHOE 00ECTICUCHHE!

— Microsoft Office Standart 2013 Russian: maker mporpamMm. Bximrouaer npuioxenus: MS
Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office
Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);

— myOmyHO MocTymnHbIe oOmavnbie TexHonoruu (Google Docs, SIuaekc auck u T.11.).

0) MH(POPMALIMOHHBIE CIIPABOYHBIC CHCTEMBI:

— DJEeKTPOHHBIN KaTajor Hayunoi OoubmmoTexn Ty —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DNeKTpoHHast Ooubanoreka (peno3uTopuii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlans — http://e.lanbook.com/
— OBC Koncynpsrant cryaenra — http://www.studentlibrary.ru/
— O6pasoBatenbHast miardopma FOpaiit — https://urait.ru/
— 9OBC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

14. MaTepuabHO-TeXHUYeCKOe obecreyeHme

AyauTtopun JUisl IPOBEICHUS 3aHATUHN JIEKIIMOHHOTO TUIIA.

Aynuropun Uil TIPOBENEHUS 3aHATHUA CEMHHApCKOrO THIA, WHIAWUBUAYAJIbHBIX H
IPYIIIOBBIX KOHCYJIBTAUN, TEKYIErO KOHTPOJISA U TPOMEKYTOYHON aTTECTALUU.

ITomerieHust 1l caMOCTOSITENNbHONW paboThI, OCHAIEHHbIE KOMIBIOTEPHONW TEXHUKOH U
JOCTYNIOM K ceTH VHTepHeT, B 3JIEKTPOHHYI0 HMH(OPMAIMOHHO-00pa30BaTENIbHYIO Cpely U K
UH(POPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM.

Aynuropun, 000pyJOBaHHBIE COOTBETCTBYIOIIEH TEXHUKOU (B TOM YUCIE «AKTPY»), IUIs
peanu3auy yueOHOro mporecca B CMEIaHHOM (hopMmarte.

15. Undopmauus o pazpadborunkax

[IlanoBanoB  Ausekcanap BacunbeBud, JOKTOp  (PU3MKO-MaTeMaTHYECKUX  Hayk,
npodeccop, 3aBeayoomuil kadenpoit Teoperndeckoit puznku @O HU TT'Y.
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