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[Iporpamma obcyxnena Ha 3aceganuu Kadenpsl MmareMaTuku 1 MaTeMaTiHueckux MetonoB ¢pusuku 20.03.2023



AHHOTANMA

Teopust CTOXaCTUYECKHX, HMHA4e TOBOpSA, CIy4YalHBIX IIPOLECCOB ABISAETCA BAKHEHIINM pPa3IeIoM
COBPEMEHHOM TEOpPHUM BEPOSATHOCTEH. Peyb MAET O MOCTpOEHHMH W W3YYEHUU MOJEJICH, OIMCHIBAOIINX
JUHAMUKY pa3BUTHs CIyYalHBIX SIBICHUM B MPOCTPAHCTBE M BpPEMEHH. TeM caMmbIM JAarOTCs OTBETHI Ha
3aIIpOChl MHOTUX €CTECTBEHHO-HAYYHbIX, 3KOHOMHUECKHUX U COLIUAIbHBIX HayK.

B nauane xypca parorcs IMpUMEpbl MHTEPECHBIX ISl IPUIIOKEHUS MOAEJEH, KOTOpble MOYKHO IOCTPOMTb,
OTIIPABIISIACH OT MOCIEA0BATENILHOCTEN HE3aBUCUMBIX CIyYallHBIX BEIMUYUH C 3aJaHHBIMU paCIpENCICHUSIMU.
Hapsny ¢ ¢gynnamenransHOl Teopemoit KoiamoropoBa o cOIIacOBaHHBIX PACIpPEENICHUSIX HCIIONIb3YIOTCS
pa3iIuuHble ABHbIE KOHCTPYKLMH TaKUX BA)KHBIX Ul TEOPUU U MPHIIOKEHUN NPOLECCOB, KaK I1yaCCOHOBCKUM
(Monenb cuérumka [eiirepa uinm ke mpocreiinas MOAEIb HACTYIUICHUS! CTPAXOBBIX CIIy4aeB) U BUHEPOBCKUI
(Mozens OJHOMEPHOTO OPOYHOBCKOTO IBMDKEHMS). YIHOMSHYTBIE MPOLECCHl ¢ MHTEPECHBIMU CBOWCTBAMH
TPAeKTOPUI BXOIAT B KJIACC MPOLECCOB, UMEIOIINX HE3aBUCHUMBIE MPUPALLECHUS.

1. leau u 3apa4u

eap AUCUMNIMHBI
- TIO3HAKOMHUTH CTY/IEHTOB C OCHOBHBIMH HJICSIMH M TIOHATUSIMH, HEOOXOMUMBIMHU JUIS TIOCTPOCHUS
CTOXaCTHYECKUX MOJENeH pa3sHOOOpPa3HBIX MPOIECCOB, BBIYMCIUTEIBHBIX AJITOPUTMOB U OTKPBITHIX
CHCTEM;
- J1aTh WHCTPYMEHTApUH JJsl ONMCAHUS CIyd4alHBIX TIPOIECCOB B TEPMHUHAX KIIACCHYECKHUX
CTOXaCTHUYECKUX TUPPEPEHIMATLHBIX YPABHCHUIA;
- IO3HAKOMMUTD € 0a30BBIMHU CITyYaHHBIMU MPOLIECCAMU — BUHEPOBCKUM, MTyaCCOHOBCKUM H MPOIECCAMU
JleBu;
- O3HAKOMHTH C CYOOPJMHHPOBAHHBIMU CIYYaHHBIMH MpPOIECCAMH KaK MOJEISIMH HEMapKOBCKHX
MIPOIIECCOB;
- O3HAKOMHUTH C HOBBIMH MAaT€MaTHYECKUMH TOHSATHSMH, BO3HHUKAIOIUMH TP OMHCAHWUU 0a30BBIX
CIIy4alHBIX MPOIECCOB, TAKUMH Kak JApOOHBIC TMPOU3BOAHBIC W HMHTETPalibl, WX CBOWCTBAMH,
(dpakTanbHBIMU OOBEKTAMH.

3agaun AUCHMIIHHBI
- HAay4YWTh CTYJCHTOB COCTaBJSATh M peIlaTh KJIACCHMYECKHE CTOXacTHdyeckue IuddepeHnanbHble
ypaBaenus (CHY), monnmars 6a30Bble MOHSATHS W MPEACTAaBICHUS, JIE)KAIIUE B UX OCHOBE, HAyYUTh
nomydatb u3 CIY nperepmunupoBanHble auddepeHnuanbHble  ypaBHEHHS IS OCHOBHBIX
XapaKTEPUCTHUK OTKPBITHIX CHCTEM;

- HAy4YUTh MOAEIMPOBATH PEIICHUS ACTEPMUHUPOBAHHBIX YPAaBHEHUH CITydYallHBIMU YPaBHEHUSIMU;

- HAy4YHUTh PACCUUTHIBATh OCHOBHBIE BEPOATHOCTHBIEC XapaKTEPUCTUKN CIyYalHBIX MPOLIECCOB, CTPOUTH
cllydaifHbIe MOJIETTH Pa3HOO0Opa3HBIX SIBICHUI U CHCTEM;

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CniocobeH npuMeHSTh HAMEYATD MyTH €€ PEIeHHS

(dyHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIbl TPUMEHHUMOCTH
MOJyYEHHBIX PE3yJbTaTOB

3. IlepevyeHnb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILTHHE (MOXYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




- OCHOBHBIE TIOHATHS TEOPUH BEPOATHOCTH — CHUIMa- M OOpelieBCKHE anredpbl, H3MepHMBbIe
NPOCTPAHCTBA, BEPOSTHOCTHYIO MEpY, BEPOSTHOCTHOE M IIOJHOE BEPOSTHOCTHOE NPOCTPAHCTBA,
MPOCTPAHCTBO COCTOSHUM, U3MEpPHMBbIe (DYHKIIUH, CITydaiiHble BETMYMHBI U (DYHKIIMH, MAaTEMaTHYECKOE
OKHIAHUE M TUCIICPCUIO CIyYailHOW BEIWYHHBI, YCIOBHYI0 MAaTeMaTHYECKOEC OKUIAHHE U YCIOBHYIO
BEPOATHOCTh OTHOCHUTENIBHO CHUIMa-aireOpbl, (YHKIMIO paclpenesieHHs BEpOSATHOCTH M IUIOTHOCTh
(byHKIMH pacTpeesieHHsl, COBMECTHBIE U YCIIOBHBIC BEPOSTHOCTH;

- OCHOBHBIE TOHATHUS TEOPUH CTOXACTUYECKUX IPOIECCOB - MAapKOBCKUE MPOLECCHI, cemapadenbHble
MPOLIECCHI, CEYCHHE U TPACKTOPHUS CIy4aiiHOTO mpoliecca, Teopema Koamoroposa;

- OCHOBHBIE NOHATHSI COBPEMEHHOM TEOPHM CTOXACTMYECKHX MPOLECCOB - MH(OPMAIMOHHBIH ITOTOK
(punpTpanms), HeynpeKJaroHii IPOLecc, UCTOPHS Mpoliecca, MOAU(PHUIIMPOBaHHbIE, HEPA3INIUMBIE H
perynsipusie (cadlag) cinydvaiiHble Mpolecchl, MAPKOBCKOE BpeMst (BpEMsI OCTAHOBKH ), MAPTUHTAIIBI, CYO
U CyTiep MapTHHTaJbl, QYHKIIUH OTPaHHYCHHOW BapHalluiy;

- OCHOBHBIC IOHATHS W NPEACTABICHUS IEHTPAIbHBIX IPEIEIbHBIX TEOPEM - CXOAUMOCTH IOYTH
HaBepHOE (I.H.), CTOXaCTHUUYECKUH Mpenes, WIM Tpelesl MO BepOSTHOCTH, CXOAMMOCTh B CpPEIHEM
Hopsiika , Mpezes MO paclpeAeieHuto, ciadylo CXOAMMOCTh, B3aUMOCBS3b Pa3JIMUHBIX IPEJIEIIOB,
CBOMCTBAa XapaKTEPUCTUYECKOH (YHKIMH, XapaKTEPHUCTHUSCKYI0 (YHKIUIO JUISI TayCCOBCKOTO
pacIpeneseHusi, TeOpeMy O HENPEPbIBHOCTH; LEHTPAIbHYIO MPENENbHYI0 TEOpeMy Ul OAWHAKOBO
pacIpeieseHHbIX CIIyY4aiHbIX BEJUYWH, CBSI3b C PEHOPM-TPYIIOBBIM MOAXOIO0M, PEHOPM-TPYIIIOBOE
npeoOpa3zoBaHue, HEMOABKHYIO TOUKY, aHAJIH3 yCTOHYMBOCTH, LIEHTPAIBHYIO MPEACIbHYI0 TEOPEMY
TSl ONIMHAKOBO PACIPEACICHHBIX CIIyYaifHbIX BEJIMYHMH B CIIy4ae O€CKOHEUHOM AUCIICPCHU;

- ypaBaenune Yemmnena-Konmoropoa-CMonmyxoBckoro, o0o6OmieHHoe ypaBHeHue @oxkepa-Ilnanka,
MaTeMaTHYEeCKOE ONpEIeIICHIE HEMPEPHIBHOTO MAPKOBCKOTO MPOIIecca, YacTHBIE Ciiydan 0000IIEHHOTO
ypaBHeHus: Pokkepa-Ilnanka - ympapisromee ypaBHeHHE, AU(D(DY3MOHHBIE IPOLECCHl, ypaBHEHHUE
doxkepa-Ilnanka; neTepMUHUPOBAHHBIC MPOIECCHl W ypaBHEHHE JIMyBHIUIL KaK YacCTHBIA CiTydaid
ob0obmenHoro ypaBHenus @Dokkepa-Ilnanka; o600meHHoe ypaBHeHue @okkepa-Ilnanka kak
KWHETUYECKOe YpaBHEHHE TPU KJIACCHYECKOM M KBAHTOBOM OIMCaHHUU;

- CTAllMOHApHbIE MAapKOBCKHE TIIPOLECCH - IPrOIMUYECKHE CBOMCTBA CTAI[MOHAPHOTO IIpoIlecca,
M3MEPEHHUS CPETHETO 3HAYCHUS, aBTOKOPPEISIIMOHHON (DYHKIMH, CIIeKTpa, TeopeMy Bunepa-XuHunHa,
n3MepeHne (QYHKIMU paclpeesieHHus; OAHOPOAHBIE MAapKOBCKHE IPOIECChl M HMX (PU3MYECKYIO
MHTEPIIPETAIHIO, aBTOKOPPEISIHOHHYIO (PYHKIINIO MapKOBCKHX ITPOIIECCOB;

- OCHOBHBIC TPEJCTABICHUS O BUHEPOBCKOM IIPOIECCE - HEPETYIIPHOCTh M HeAu(pepeHInpyeMoCThb
TPaeKTOPHH, HE3aBUCUMOCTh TPHPAILCHHH, aBTOKOPPEISIIMOHHBIC (PYHKIINY;

- OCHOBHBIE THpencTaBieHus o mpomecc OpHmTeiiHa — YieHOeka - KOppelIsuuOHHBbIC (DYHKIUH,
rayCCOBOCTb, CTal[MOHAPHOE peEIICHHEe, WCIIOIb30BaHHE B KaueCTBE MOJCIH PEalbHOTO IIYMOBOTO
CHUTHAJIa;

- OCHOBHBIC TIPEICTABICHHS BHHEPOBCKMX CTOXaCTUYECKUX JAUPPEpEHINAIBHBIX YPaBHECHHH -
o0ocHOBaHME YypaBHEHWH Tuna JlamkeBeHa, OebId IIyM, ammpoKcUMaluu OeNoro Imyma, podb
[EHTPAJIBHOM MPeIeTbHON TEeOPEMBI, CBOMCTBO MApKOBOCTH MHTErpasia OT OEJIOro IIyma; OmpeesieHHe
CTOXAaCTHYECKOTO MHTerpana, uuterpansl Mrto m CrpaToHOBHMYA Uil YacTHOTO Cilydasl; CBOWCTBa
CTOXAaCTHYECKOTO0 HMHTerpana MWTo (cymecTBoBaHME. WHTETPUPOBAHHUE MHOTOWICHOB, IpaBUIIa
nuQepeHIMpOBaHus, CpelHUe 3HAYCHUs, POopMYyIa IS KOPPEIISIIHHN );

- pemieHuss W TpeoOpa3oBaHUS BUHEPOBCKUX CTOXACTHUECKUX IUPPEpeHIUATBHBIX YPaBHECHHU -
npubmkeHHoe pemenne merogoMm Komm — Diiepa (ycinoBuUsl CyIIECTBOBaHMS U €IMHCTBEHHOCTH
pelIeHnsT Ha WHTEpBaje, MapKOBCKOE CBOWCTBO PEIICHHS CTOXACTHYECKOTo au((epeHInatbHOro
ypaBHenust U1o), 3amena nepemeHHbIx (popmyna Mro), npyroii moaxox x dopmyne Wro, mpasuiio
maddepentmpoBanus Mro, cBsi3b Mexay ypaBHeHneM Dokkepa - [lmaHka M CTOXaCTHYECKHM
nuQepeHmanbHbIM  YpaBHEHUEM; CITy4ai, Kormqa  kKod(QQUIMEHTBl  CTOXacTHYECKOTO
i depeHIanbHOT0 YpaBHEHHS HE 3aBHCAT OT BPEMEHH, CIy4all MYJbTHUILIMKATHBHOTO IIyMY;
ciydaii mpomecca OpHinTeliHa-YieHOeKa; HWCIONb30BaHUE 3aMEHbl IEPEeMEHHOW TIpU TIOMCKE
pemaembix CI1Y. ypaBHEHHS [UIsl CpeIHETO U MOMEHTOB; pemenune C/IY s ocumisitopa ¢ nrymsiien
94aCTOTOH; 000CHOBAHUS HHTETPAIILHOTO MIPECTABICHHS yPaBHEHUS,

- ONIpEAeTCHUS W CBOWCTBAa CTOXAaCTHYECKHUX AU(p(PEepeHINANIOB U WHTErpalioB B cMmbiciie WUTo M
CrparanoBnya, tuddepeHnuanbibix ypasaenuit Mro u CrparaHosuua;

- OJJHOMEpHas JIMHEeWHas 3a7a4a (PHIbTPaLuH;

- CHY, ympaBnseMble HE3aBUCUMBIMH CIIYYalHBIMH BHHEpPOBCKMMHU mpoueccamu, CIY B ciayuae
KOMILJICKCHOTO BHHEPOBCKOTO MPOIeCcca, KOMIUIEKCHBIH BUHEPOBCKUI MPOIecC 0OIIEeTo BUIA;

- COCTaBHbIE ITyaCCOHOBCKHUE MPOIIECChI, KOMIICHCHPOBAHHBIN ITyaCCOHOBCKUIA ITPOIIECC;

- C1Y HeBuHepOBCKOTrO TUMa, pemeHus npocreidmmx CJY HeBuHEpoBCKoro Tuma (ypaBHEHHE JUIS
3apsiia Ha aHOZE, YpaBHEHHE Ul TOKa Ha aHOAE, JIMHEWHOE ypaBHEHHE, OCHMIUIATOP ¢ HIyMsien
9aCTOTOM HEBHHEPOBCKOTO THIIA, OCHMIIIATOP C IIyMSIeH YaCTOTON OOIIEero THIa);

- anb(a-ycToWYmMBBIE TPOIECCHl - CBOWCTBO CaMONoA00Hs (MacmTaOHONH WHBApUAHTHOCTH), TEOpeMa
JleBu-XuH4nHa, CBOWMCTBA (YHKIMM IUIOTHOCTH paclpenesieHus, pacnpenesneHus Komm wu
JleBu-CmupHoOBa;



YMETb:

- BBIYHCIISITH IPOCTEHIINE CTOXaCTHUECKHE HHTErpajbl B cMbiciie Mto n CrparaHoBHYa,

- COCTaBIIATh CTOXacTHdeckue anp¢epeHnnanbHble YpPaBHEHHS Ml OCLMIUIATOpA C  LIyMsIIeH
4acTOTOW, JUIsI MEXaHMYECKHX CHCTeM CO CIy4YalHbIMH CHJIaMH, TeJerpadHoro mpoiecca,
HNEKTPUUECKOTO TOKA B LIETISIX, ypaBHEHUS (priIbTpaiuu;

- monyvatrb CIIY Urto u3z CIY CrparanoBuua;

- cocrasmate CJlY, ynpapiasieMoe HE3aBUCUMBIMU BHHEPOBCKHMHU IIPOLIECCAMH, COCTAaBHBIMU
ITyaCCOHOBCKUMU IIPOLECCAMU;

- TIoNy4aTh ympasJistoniue ypaBHenus tuna dokkepa-Ilnanka u3z CAY BUHEPOBCKOTO, ITyacCOBOBCKOTO
TUIOB, a Take CIY mis nporeccos Jlesu;

- momyuarb u3 CJ1Y ypaBHEHUs AJisi KOPPEIAIUOHHBIX (PYHKIIUH, MOMEHTOB U T.II.;

- pemwiats CI1Y, ynpaBinsieMble BUHEPOBCKUM U ITyaCCOHOBCKHM IMPOLECCAMH.

BJIAJIETh:

- OCHOBHBIMH METOJIaMH TEOPUU CTOXaCTUYECKUX TIPOLECCOB — METON CTOXaCTHYCCKHX
T epeHIanbHbIX YPaBHEHUH BHUHEPOBCKOTO, ITyacCOHOBCKOTO W OOOOIICHHOTO THIIOB, METO]
ypaBHeHuit ®okkepa-Ilnanka, ynpasisioniero ypaBHeHHsI, alapaToM XapaKTepUCTUIECKON (DYHKINH,
LEHTPAILHBIMU NPEACTbHBIMUA TEOPEMaMHU.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Crnyuaiinbie HPOLIECCHI JleBn u 6 6 6
CyOOpIUHUPOBAHHBIE MTPOLIECCHI.
Croxactuueckue  auddepeHunaIbHbIE
2 YpaBHEHHUS] ¥ KHHETHYECKHE YpaBHEHUS 8 8 8
JUISL OTKPBITBIX CHCTEM.
3 Teopust cay BUHEPOBCKOTO u 6 6 6
MTyaCCOHOBCKOT'O TUIIOB.
TpaguuuoHHass  Teopust  CIy4YaMHBIX
4 pat P Y 10 10 10
IIPOLIECCOB.
Nroro yacos 30 30 30
[loaroroBka k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.
4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)

1. Cityuaiinsle npoueccs! JleBu u cyOOpIMHUPOBAHHBIE IPOLECCHI.

Anbda-ycroitunBble  mporecchl.  Xapakrepuctuku — mpoueccoB  Jleu.  OCHOBBI  Teopuu
CyOOPIMHUPOBAHHBIX clydaitHbIX mporeccoB U C/IY 006001IeHHOro HeBHHEPOBCKOTO THIA. J{pyroit
BbIBOJI ypaBHeHus1 Dokkepa-Ilnanka ans ypaBaenus JlamkeBeHa B ciydae mpornecca Jlesu. Mopenb
HENPEPbIBHOTO BO BPEMEHH OpOYHOBCKOTO JIBIDKCHHUS. BepOSTHOCTHBIE XapaKTEPUCTUKH
HarpapJsFOIIEero npouecca. /IpoOHbIE NMPOW3BOIAHBICE B YIPABISIOMIEM YPAaBHCHHU ISl CIydas
HOYMHEHHOTO CIIy4aifHOTo Impouecca.



2. Croxactudyeckue nuddepeHrasbHble ypaBHEHNUS! U KUHETUYECKUE YPABHEHMS Ul OTKPBITBIX
CHCTEM.

[Mapagurma CJIY. OTkpbITEIE cHCTEMBI W penakcamuoHHble mporecchl. Ocobennoctn CHAY wu
CTOXaCTHMYECKUX MHTErpasioB. AureOpa HMHKPEMEHTOB. PerymsapHble paspbiBHbIE (QYHKUUH U
cTtoxactuyeckas HemnpepsiBHOCTh. CJ/IY u  kuHertmdeckue (ympaBisolIdEe)  YpaBHEHHS.
Onementapueie oneparuu ¢ CHY. Pemenns CJ1Y. MacmTabpl BpeMeH W3MEHEHHS TEPEMEHHBIX B
CJ1Y. Ponb nieHTpasbHBIX TpeaeibHbIX TeopeM. [lepexom oT MUKpO K Makpockomuke. MacmTabHoe
npeobpazoBanue. YpaBHeHus JlamkeBeHa. OcHOBHblE ciydaiiHble mponecchl. IlyaccoHOBCKHiA
npouecc. CymMMa HE3aBUCHUMBIX I1yaCCOHOBCKUX IpoueccoB. [lommHoMHallbHOE paclpeeneHue.
[Ipoueccet Jleeu u CAY obmero Buma. CocTaBHOM IMyaCCOHOBCKHI IpoLecc W mpouecchl Jlesu.
Kunernueckoe ypaBuenue mis CHY, ympasngembim mpoueccoM Jlesu. Ilpomeccer JleBn wu3
BHHEPOBCKOTO npouecca. CBsi3b HEHTPAIBHBIX MPEACIbHBIX TEOPEM C PEHOPMIPYIIIOBBIM MOAXOAOM.

3. Teopust C/1Y BUHEPOBCKOTO U ITyaCCOHOBCKOTO THUIIOB.

ObocHoBaHue ypaBHeHUH Tuna JlamxeBeHa, Oenblii IIyM, anmpoKCUMAIMH OEJIoro IIyMa, CBOMCTBO
MapKOBOCTH HHTerpasia or Oesoro mryma. OmnpesieneHus CTOXaCTHYECKOro HHTerpaina Mro wu
CrparoHOBHYA, UX BBIYUCICHHS JUIsI YaCTHOTO ciaydas. CBOMCTBa CTOXacTHUECKOro mHTErpana Mro
(cymiecTBOBaHME, WHTETPUPOBAHHME MHOTOYJICHOB, TMpaBuia Au(GQEepeHLIUPOBAHUS, CpEeIHHE
3Ha4YeHus, popMyna ajsi Koppessiuuu). OnpeaeneHust 1 CBOMCTBa CTOXacTHUECKUX AU epeHInanon
u wuHTerpanoB B cwmbiciie HMto u CrparaHoBuya, guddepeHIHanbHbIX ypaBHeHUH HWTO UM
CrparanoBuya. 3ameHa nepeMmeHHbIX ((popmymna Hto), mpaBuno auddepenunposanust Mro. Ceasb
Mmexy uaterpanamu u CIIY Urto u CrparanoBuya. Pemienus CJ1Y B citydasix, korjia KoO3QQHUIIMEHTHI
CTOXacTH4YecKoro au¢epeHIrarIbHOr0 YpaBHEHUSI HE 3aBUCSAT OT BPEMEHHU, MYJBTUIUIMKaTHBHOTO
myma; npomecca OpHinTeiiHa- YnenOeka. YpaBHeHHS JUIsl cpeiHero U MoMeHToB. Pemenne CIAY mns
OCITIIISITOpA C IIyMsIiel gactoroit. KomruiekcHbI BUHEpOBCKUit mporiecc obmiero Buma u C/Y, um
ympasnsgemble. C/IY HeBuHepoBckoro Tuma, pemieHus mnpocredmmx CIHY HEBHHEpOBCKOro THIIA
(ypaBHEHUE A7s 3apsaa Ha aHOJE, ypaBHEHHE Ul TOKa HA aHOJE, JIMHEHHOE ypaBHEHKE, OCLUILISTOD
C mIymsimiel 4acToToil HeBuHepoBckoro Tuma). CIIY u kuHeTHueckoe ypaBHEHUE JUTsl TelerpadHOro
nponecca. OCHMUIATOP € LIyMOM BHHEPOBCKOIO M ITyacCOHOBckoro TumoB. CIY, ympasinsembie
HE3aBUCUMBIMHU CIIyYalHBIMH BHHEPOBCKMMHU mporieccamu, CIY B ciy4ae KOMILJIEKCHOTO
BUHEPOBCKOTO IpOLECcCa, KOMIUICKCHBIA BHHEPOBCKHMI IMpouecc obmero Bunpa. llpumepsr
ucnons3oBanust CHAY B onmcannu (U3NYECKUX TPOLECCOB U PEIICHHH IeTePMUHHPOBAHHBIX
T QepeHIanbHbIX YPAaBHEHUH B YacTHBIX NPOM3BOAHBIX. DJIEMEHTapHas TEOpUsl (QHUIBTpalUH.
OunpTp Kanmana-berocu.

4. TpaguuoHHAs TEOPHUS CIy4YailHBIX MPOIIECCOB.

OcHoOBHbBIE HEOOXOAMMBIE TPEICTABICHUS TeopuH BeposTHocTel. IIpumepsr mep. CenapaGenbHble
IIPOLECCHI u TeopeMa Kommoroposga. VYcnosue MapKOBOCTH. VYpaBHeHuE
Yemnena-Konmoroposa-CMoiIyX0BCKOIO M €ro yacTHbIe ciiyuyad. Ele pa3 o BUHEPOBCKOM IIpoliecce.
[Monxonpr Oiinmreiina, JlamxeBena u bamense. CrannoHapHBIE MAapKOBCKHE MPOLECCH, HX
9ProJMUYeCcKUe CBOMCTBA, N3MEPEHUS CPETHETO 3HAUYEHHS, aBTOKOPPEISIIMOHHON (YHKIMH, CIIEKTpa,
teopemMa Bunepa-XuHunHa, u3MepeHune QyHKUuM pacnpeneneHus. OTHOPOAHBIE MapKOBCKHE
mpoueccsl M HMX (U3MYecKas HWHTEpIpeTalys, AaBTOKOPPENSAIHOHHAs (YHKIUS MapKOBCKUX
npoueccoB. LleHTpanbHble IpeneIbHbIE TEOPEMBI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

ydeOHas ayTUTOpHsl, OCHAILEHHAs! KOMITBIOTEPOM U MYJIbTUMEAUNHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. BBeneHne B TEOPHIO BEPOATHOCTEH U MAaTEMAaTHYECKYIO CTAaTUCTUKY s pusnkoB [Teket] : yueo.
nocobwue /st By30B / A. M. UeboTapes ; M-Bo oOpa3oBanus u Hayku Poc. denepanuu, Mock.
¢u3.-texH. uH-T (Toc. yH-T .— M. : U31-B0 MDTU, 2009 .— 248 c.

®onp auTeparypsl Kadeaps

2. I'apmunep K.B. CroxacTuueckuie METO/IbI B €CTECTBEHHBIX Haykax. M., Mup, 1986..
3. Kunrman /Ix. [TyacconoBckue mpoueccel. M., MITHMO, 2007.

JlomomHUTEIbHAS IUTEpaTypa
1. Teopus BeposTHOcTel [Teker] : yue0. mocobue mist By3oB / A. A. bopoBkoB .— 5-¢ u3f., riepepad. u
non. — M. : IUBPOKOM, 2009 .— 656 c.

®onp auTeparypsl Kadeaps

2. Jacobs K. Stochastic Processes for Physicists. Cambridge, CUP, 2010.

3. I'menenxo b.B., Konmoropos A.H. IlpenensHbie pacnpeneiaeHus sl CyMM HE3aBHCUMBIX
ciny4vaitasix BennuuH. [TUTTII, 1949.

4. 3onorapeB B.M. OnnomepHbie ycToiUHBBIE pacnpeaenenus. M., Hayka, 1983.

5. Okcenpanb b. Croxactuueckue nuddepenunansueie ypasaenus. M., ACT, 2003.

7. llepedyeHn pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI5l OCBOEHHST TUCHMIIJIMHBI (MOTYJIs)

1. http://vk.com/stochastic_processes - rpymma ¢ yaeOHO-HayYHBIMU MaTepraiaMy pernoaBaTelis
kypca bamraposa A.M. «B Konrakrey.

2. http://basharov.me/ - caliT npenopaBatens Kypca bamaposa A.M. ¢ aBTOpcKUMHU y4eOHO-HAyYHBIMU
MarepuaaMH.

3. http://sci-edu.ru/ - mpoekt npenoasarens Kypca bamaposa A.M. ¢ HHTEpECHBIMHU U MTOJIE3HBIMH
Hay4YHBIMH ¥ Y9€OHBIMHU BHJICO-MaTEepHATAMHU.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

- BHJICOMaTEPHaIIbl, THTIEPTEKCTOBBIC MAaTEPUAIbl M ITPE3CHTAIIMH 110 TEMaM Kypca.
- B IIPOIECCE CAMOCTOSTENLHON padOThl 00YJaOIUECs MOTYT UCIIOIB30BaTh MPOTPAMMHBIE CPEICTBA
MATLAB, Maple, WolframMathematica.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

JIAst  yCHemHOro OCBOGHHS Kypca, HOMHMMO IIOCELICHHs JICKIWi, OT CTyAEHTOB TpeOyercs
caMmocTosTeNbHas pabora. JTa pabora opraHM30BaHa Ha MHTEPHET pecypcax aBTopa JaHHOTO Kypca.
CaMocCTosITeNbHBIC 3aHATHS BKIIOYAIOT B ce0sl MIOBTOPEHHE MarepHaia JEeKLUUH U BCIOMOraTelIbHOTO
Marepualia u3 mpeablIynero Kypca « Teopust BEpOSTHOCTH W MareMaTHYeCKasi CTaTHCTHKAY, IPOCMOT]
PEKOMEH/IOBaHHBIX BHAE0-MaTepuasioB. OCHOBHOE BpeMsi OTBOIMTCS Ha CAMOCTOSITEIIBHOE DEILCHUE
3a7a4, COPMYIMPOBAHHBIX HAa JIEKIUSIX WM BBUIOKCHHBIX Ha YKa3aHHBIX HHTEPHET pecypcax.
Nmenno 3t 3aaa4m u OynyT npejyiarathes Ha auddepeHnrpoBaHHOM 3a4eTe.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: TepmosinepHast SJHEpreTHKA U IIa3MEHHBIE TEXHOJIOTUH
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - nuddhepeHunpoBaHHbIi 3a4eT

Pa3zpatGoTunk: A .M. bamapos, kaHj. ¢pu3.-Mar. HayK, TOLEHT



1. Komnerenuuu, ppopMmupyemblie B mpouecce u3y4eHus TUCHUNINHBI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA

B pPE3YIbTATC N3YUCHUA JUCIIUITIIMHBL «CTOXacTUYECKHUE aponecCCh» 06yqa10m1/11710;1 JOJIKCH:

3HAThb:




- OCHOBHBIE TIOHATHS TEOPUH BEPOATHOCTH — CHUIMa- M OOpelieBCKHE anredpbl, H3MepHMBbIe
NPOCTPAHCTBA, BEPOSTHOCTHYIO MEpY, BEPOSTHOCTHOE M IIOJHOE BEPOSTHOCTHOE NPOCTPAHCTBA,
MPOCTPAHCTBO COCTOSHUM, U3MEpPHMBbIe (DYHKIIUH, CITydaiiHble BETMYMHBI U (DYHKIIMH, MAaTEMaTHYECKOE
OKHIAHUE M TUCIICPCUIO CIyYailHOW BEIWYHHBI, YCIOBHYI0 MAaTeMaTHYECKOEC OKUIAHHE U YCIOBHYIO
BEPOATHOCTh OTHOCHUTENIBHO CHUIMa-aireOpbl, (YHKIMIO paclpenesieHHs BEpOSATHOCTH M IUIOTHOCTh
(byHKIMH pacTpeesieHHsl, COBMECTHBIE U YCIIOBHBIC BEPOSTHOCTH;

- OCHOBHBIE TOHATHUS TEOPUH CTOXACTUYECKUX IPOIECCOB - MAapKOBCKUE MPOLECCHI, cemapadenbHble
MPOLIECCHI, CEYCHHE U TPACKTOPHUS CIy4aiiHOTO mpoliecca, Teopema Koamoroposa;

- OCHOBHBIE NOHATHSI COBPEMEHHOM TEOPHM CTOXACTMYECKHX MPOLECCOB - MH(OPMAIMOHHBIH ITOTOK
(punpTpanms), HeynpeKJaroHii IPOLecc, UCTOPHS Mpoliecca, MOAU(PHUIIMPOBaHHbIE, HEPA3INIUMBIE H
perynsipusie (cadlag) cinydvaiiHble Mpolecchl, MAPKOBCKOE BpeMst (BpEMsI OCTAHOBKH ), MAPTUHTAIIBI, CYO
U CyTiep MapTHHTaJbl, QYHKIIUH OTPaHHYCHHOW BapHalluiy;

- OCHOBHBIC IOHATHS W NPEACTABICHUS IEHTPAIbHBIX IPEIEIbHBIX TEOPEM - CXOAUMOCTH IOYTH
HaBepHOE (I.H.), CTOXaCTHUUYECKUH Mpenes, WIM Tpelesl MO BepOSTHOCTH, CXOAMMOCTh B CpPEIHEM
Hopsiika , Mpezes MO paclpeAeieHuto, ciadylo CXOAMMOCTh, B3aUMOCBS3b Pa3JIMUHBIX IPEJIEIIOB,
CBOMCTBAa XapaKTEPUCTUYECKOH (YHKIMH, XapaKTEPHUCTHUSCKYI0 (YHKIUIO JUISI TayCCOBCKOTO
pacIpeneseHusi, TeOpeMy O HENPEPbIBHOCTH; LEHTPAIbHYIO MPENENbHYI0 TEOpeMy Ul OAWHAKOBO
pacIpeieseHHbIX CIIyY4aiHbIX BEJUYWH, CBSI3b C PEHOPM-TPYIIOBBIM MOAXOIO0M, PEHOPM-TPYIIIOBOE
npeoOpa3zoBaHue, HEMOABKHYIO TOUKY, aHAJIH3 yCTOHYMBOCTH, LIEHTPAIBHYIO MPEACIbHYI0 TEOPEMY
TSl ONIMHAKOBO PACIPEACICHHBIX CIIyYaifHbIX BEJIMYHMH B CIIy4ae O€CKOHEUHOM AUCIICPCHU;

- ypaBaenune Yemmnena-Konmoropoa-CMonmyxoBckoro, o0o6OmieHHoe ypaBHeHue @oxkepa-Ilnanka,
MaTeMaTHYEeCKOE ONpEIeIICHIE HEMPEPHIBHOTO MAPKOBCKOTO MPOIIecca, YacTHBIE Ciiydan 0000IIEHHOTO
ypaBHeHus: Pokkepa-Ilnanka - ympapisromee ypaBHeHHE, AU(D(DY3MOHHBIE IPOLECCHl, ypaBHEHHUE
doxkepa-Ilnanka; neTepMUHUPOBAHHBIC MPOIECCHl W ypaBHEHHE JIMyBHIUIL KaK YacCTHBIA CiTydaid
ob0obmenHoro ypaBHenus @Dokkepa-Ilnanka; o600meHHoe ypaBHeHue @okkepa-Ilnanka kak
KWHETUYECKOe YpaBHEHHE TPU KJIACCHYECKOM M KBAHTOBOM OIMCaHHUU;

- CTAllMOHApHbIE MAapKOBCKHE TIIPOLECCH - IPrOIMUYECKHE CBOMCTBA CTAI[MOHAPHOTO IIpoIlecca,
M3MEPEHHUS CPETHETO 3HAYCHUS, aBTOKOPPEISIIMOHHON (DYHKIMH, CIIeKTpa, TeopeMy Bunepa-XuHunHa,
n3MepeHne (QYHKIMU paclpeesieHHus; OAHOPOAHBIE MAapKOBCKHE IPOIECChl M HMX (PU3MYECKYIO
MHTEPIIPETAIHIO, aBTOKOPPEISIHOHHYIO (PYHKIINIO MapKOBCKHX ITPOIIECCOB;

- OCHOBHBIC TPEJCTABICHUS O BUHEPOBCKOM IIPOIECCE - HEPETYIIPHOCTh M HeAu(pepeHInpyeMoCThb
TPaeKTOPHH, HE3aBUCUMOCTh TPHPAILCHHH, aBTOKOPPEISIIMOHHBIC (PYHKIINY;

- OCHOBHBIE THpencTaBieHus o mpomecc OpHmTeiiHa — YieHOeka - KOppelIsuuOHHBbIC (DYHKIUH,
rayCCOBOCTb, CTal[MOHAPHOE peEIICHHEe, WCIIOIb30BaHHE B KaueCTBE MOJCIH PEalbHOTO IIYMOBOTO
CHUTHAJIa;

- OCHOBHBIC TIPEICTABICHHS BHHEPOBCKMX CTOXaCTUYECKUX JAUPPEpEHINAIBHBIX YPaBHECHHH -
o0ocHOBaHME YypaBHEHWH Tuna JlamkeBeHa, OebId IIyM, ammpoKcUMaluu OeNoro Imyma, podb
[EHTPAJIBHOM MPeIeTbHON TEeOPEMBI, CBOMCTBO MApKOBOCTH MHTErpasia OT OEJIOro IIyma; OmpeesieHHe
CTOXAaCTHYECKOTO MHTerpana, uuterpansl Mrto m CrpaToHOBHMYA Uil YacTHOTO Cilydasl; CBOWCTBa
CTOXAaCTHYECKOTO0 HMHTerpana MWTo (cymecTBoBaHME. WHTETPUPOBAHHUE MHOTOWICHOB, IpaBUIIa
nuQepeHIMpOBaHus, CpelHUe 3HAYCHUs, POopMYyIa IS KOPPEIISIIHHN );

- pemieHuss W TpeoOpa3oBaHUS BUHEPOBCKUX CTOXACTHUECKUX IUPPEpeHIUATBHBIX YPaBHECHHU -
npubmkeHHoe pemenne merogoMm Komm — Diiepa (ycinoBuUsl CyIIECTBOBaHMS U €IMHCTBEHHOCTH
pelIeHnsT Ha WHTEpBaje, MapKOBCKOE CBOWCTBO PEIICHHS CTOXACTHYECKOTo au((epeHInatbHOro
ypaBHenust U1o), 3amena nepemeHHbIx (popmyna Mro), npyroii moaxox x dopmyne Wro, mpasuiio
maddepentmpoBanus Mro, cBsi3b Mexay ypaBHeHneM Dokkepa - [lmaHka M CTOXaCTHYECKHM
nuQepeHmanbHbIM  YpaBHEHUEM; CITy4ai, Kormqa  kKod(QQUIMEHTBl  CTOXacTHYECKOTO
i depeHIanbHOT0 YpaBHEHHS HE 3aBHCAT OT BPEMEHH, CIy4all MYJbTHUILIMKATHBHOTO IIyMY;
ciydaii mpomecca OpHinTeliHa-YieHOeKa; HWCIONb30BaHUE 3aMEHbl IEPEeMEHHOW TIpU TIOMCKE
pemaembix CI1Y. ypaBHEHHS [UIsl CpeIHETO U MOMEHTOB; pemenune C/IY s ocumisitopa ¢ nrymsiien
94aCTOTOH; 000CHOBAHUS HHTETPAIILHOTO MIPECTABICHHS yPaBHEHUS,

- ONIpEAeTCHUS W CBOWCTBAa CTOXAaCTHYECKHUX AU(p(PEepeHINANIOB U WHTErpalioB B cMmbiciie WUTo M
CrparanoBnya, tuddepeHnuanbibix ypasaenuit Mro u CrparaHosuua;

- OJJHOMEpHas JIMHEeWHas 3a7a4a (PHIbTPaLuH;

- CHY, ympaBnseMble HE3aBUCUMBIMH CIIYYalHBIMH BHHEpPOBCKMMHU mpoueccamu, CIY B ciayuae
KOMILJICKCHOTO BHHEPOBCKOTO MPOIeCcca, KOMIUIEKCHBIH BUHEPOBCKUI MPOIecC 0OIIEeTo BUIA;

- COCTaBHbIE ITyaCCOHOBCKHUE MPOIIECChI, KOMIICHCHPOBAHHBIN ITyaCCOHOBCKUIA ITPOIIECC;

- C1Y HeBuHepOBCKOTrO TUMa, pemeHus npocreidmmx CJY HeBuHEpoBCKoro Tuma (ypaBHEHHE JUIS
3apsiia Ha aHOZE, YpaBHEHHE Ul TOKa Ha aHOAE, JIMHEWHOE ypaBHEHHE, OCHMIUIATOP ¢ HIyMsien
9aCTOTOM HEBHHEPOBCKOTO THIIA, OCHMIIIATOP C IIyMSIeH YaCTOTON OOIIEero THIa);

- anb(a-ycToWYmMBBIE TPOIECCHl - CBOWCTBO CaMONoA00Hs (MacmTaOHONH WHBApUAHTHOCTH), TEOpeMa
JleBu-XuH4nHa, CBOWMCTBA (YHKIMM IUIOTHOCTH paclpenesieHus, pacnpenesneHus Komm wu
JleBu-CmupHoOBa;



yMeThb:

- BBIYHCIISITH IPOCTEHIINE CTOXaCTHUECKHE HHTErpajbl B cMbiciie Mto n CrparaHoBHYa,
- COCTaBIIATh CTOXacTHdeckue anp¢epeHnnanbHble YpPaBHEHHS Ml OCLMIUIATOpA C  LIyMsIIeH
4acTOTOW, JUIsI MEXaHMYECKHX CHCTeM CO CIy4YalHbIMH CHJIaMH, TeJerpadHoro mpoiecca,
HNEKTPUUECKOTO TOKA B LIETISIX, ypaBHEHUS (priIbTpaiuu;
- monyvatrb CIIY Urto u3z CIY CrparanoBuua;
- cocrasmate CJlY, ynpapiasieMoe HE3aBUCUMBIMU BHHEPOBCKHMHU IIPOLIECCAMH, COCTAaBHBIMU
ITyaCCOHOBCKUMU IIPOLECCAMU;
- TIoNy4aTh ympasJistoniue ypaBHenus tuna dokkepa-Ilnanka u3z CAY BUHEPOBCKOTO, ITyacCOBOBCKOTO
TUIOB, a Take CIY mis nporeccos Jlesu;
- momyuarb u3 CJ1Y ypaBHEHUs AJisi KOPPEIAIUOHHBIX (PYHKIIUH, MOMEHTOB U T.II.;
- pemwiats CI1Y, ynpaBinsieMble BUHEPOBCKUM U ITyaCCOHOBCKHM IMPOLECCAMH.

BJIaJeTh:

- OCHOBHBIMH METOJIaMH TEOPUU CTOXaCTUYECKUX TIPOLECCOB — METON CTOXaCTHYCCKHX
T epeHIanbHbIX YPaBHEHUH BHUHEPOBCKOTO, ITyacCOHOBCKOTO W OOOOIICHHOTO THIIOB, METO]
ypaBHeHuit ®okkepa-Ilnanka, ynpasisioniero ypaBHeHHsI, alapaToM XapaKTepUCTUIECKON (DYHKINH,
LEHTPAILHBIMU NPEACTbHBIMUA TEOPEMaMHU.

3. IlepeyeHb THNOBBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

B nensx Tekyluero KOHTpOJI yCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpeAbLayIIHX
3aHATHH 110 TEME MTPOLLION JIEKIIUN WM B KOHILIE 3aHATHS 10 IPOMIEHHOMN TeMe.



3. [lepeyeHb THMOBBIX KOHTPOJbHBIX 3aJaHUIl, HCHOJb3yeMbIX /IJisi OLEHKH 3HAHUI,
YMeHUii, HABbIKOB
HpOMe)KYTO‘-IHaSI arrecranuAa 110 AUCHUIIIINHE «CroxacTHuecKue IMpoHeCChb» OCYHIECCTBIIACTCA B

dbopme muddepennmpoBanHoro 3adera. JuddepeHnnpoBaHHbBIN 3a4eT MPOBOIUTCA B YCTHOM

dbopwme.

IlepeueHp KOHTPOJIBHBIX BOIIPOCOB:

1. Inddepenunan u uaterpan Mo B cirydae ciiydaitHOro ckaukooopasHoro mnporecca. Anredpa
Uro.

2. CxoncTBa M OTJIMYUS MHTETPATBHBIX CyMM HHTerpaioB Mto or PumaHoBa mHTerpana asns
(GYHKIMI ¢ KOHEYHBIM YHCIIOM Pa3pbIBOB.

3. IlyacconoBckuii mpolecc. Ympapistoliee ypaBHeHHe, (QyHKuMsS pacmpenenceHus. PasHbie
C1ocoOblI BBIBOJIA.

4. Muoromepusiii [lyaccoHOBCKuUi mpoliecc.

5. Ilpouecc bepuymiu.

6. Cs3b nporecca bepHyiu ¢ BUHEPOBCKUM H ITyaCCOHOBCKUM IPOIECCAMH.

7. logxoner DiinmreitHa, CMOTyxoBCcKOro 1 bamense kK onucannio OpOyHOBCKOTO IBUKCHHUS.
8. Buneposckuii mporecc. OCHOBHbBIE CBOMCTBA U XapakTtepucTuku. uddepenunan u anredpa
Uro. Ynpasnsromiee ypaBuenue (ypaBaenue ®okkepa-Ilnanka) u ero pemenus.

9. MHoOroMepHbIii BUHEPOBCKHII Mpo1iecc.

10. MacmrabHoe mnpeoOpasoBanue CJIY B cioydae IyacCOHOBCKOTO  Ipoiiecca.
KomnieHcrpoBaHHBI TyacCOHOBCKUII mpoIiecc.

11. CemapabenbHbie nporiecchl. Teopema Kommoropoga.

12. CratucTHueckas HE3aBUCUMOCTb. ¥ ciioBUsA MapkoBa.

13. VYpaBuenue UYemmnena-Konamoropora-CmonyxoBckoro. BriBoj 0000IIEHHOTO YypaBHEHUS
®oxkkepa-Ilnanka (yrnpapisioLnero ypaBHeHHsI), €ro0 YaCTHbIE CIy4aH.

14. JlerepmuHHpOBaHHBIE TMpollecChl W ypaBHeHUEe JIMyBMUISI Kak 4YacTHBIM ciyvail
00o0meHHoro ypaBHeHus @okkepa-Ilnanka.

15. Ces3p Mexay CIY u kuHeTH4YecKuM (yIpaBIISIONIMM) YPABHEHHEM B CITydyae BUHEPOBCKOTO
Y IIyaCCOHOBCKOI'O ITPOLIECCOB.

16. [TonsiTue u onucanue O0€IOTo MIyma.

17. TlonsTHst HHGOPMAIIMOHHOTO MOTOKA ((PUIBTPAIMH), HEYIPEXKIAIOIIETO MpoLecca, UCTOPUU
npouecca, MOAU(GUIMPOBAHHOTO, HEpa3IM4YMMOro u peryispHoro (cadlag) cmydaiHbIX
IIPOLIECCOB.

18. MapkoBckoe BpeMs (Bpemsi ocTaHOBKU. [IprMep BbrurcieHus A OpOyHOBCKOM YaCTHIIBI.
19. Tunsl cX0AUMOCTH CITy4YalHbIX [1OCJIEOBATEILHOCTEN U B3aUMOCBSI3H MEXY HUMH.

20. Penopm-rpynnoBoe npeoOpa3zoBaHie, HEMOIBUKHAS TOUKA, aHAJIN3 yCTONYUBOCTH. CBS3b C
LEHTPaJIbHON MPEIEIbHON TEOPEMOM 1JI1 OIMHAKOBO PACHPEIEICHHbBIX CIIyYalHbIX BEIUYMH.
21. LlenTpanbsHasa npenenbHas TeOpeMa JUisi OAMHAKOBO PACIPEICTCHHBIX CIyYalHbIX BEJIMYHH
B Cllyyae OECKOHEUYHOH TUCTIEPCHH.

22. CranoHapHbIe MApKOBCKHE MPOLIECCHI — ONPEEICHUS 1 OCHOBHBIE CBOMCTBA.

23. Teopema Bunepa-XunHunHa.



24. H3MmepeHus cpegHEro 3HAYEHUs, aBTOKOPPEISALHOHHOW (DYHKIMM, CHEKTpa, (QYHKUIUU
pacnpezeneHusl.

25. OnHOpOAHBIE MAPKOBCKHE IPOLIECCH] U MX (U3UYECKask HHTEPIPETALUS.

26. IIpouecc OpHireilina — YieHOeKa - KOppeIALUOHHbIE (PYHKIIUU, TayCCOBOCTb.

27. Ctporoe onpeaeneHue croxactuueckoro nurerpaia Uto u CtpatoHoBuya.

28. OnpeneneHus M CBOWCTBA CTOXAaCTUYECKUX MU(PepeHIINanoB U HHTErpaJIoB B cMbicie VTo
u CtparanoBuua, tuddepeHuanbHbIX ypaBHeHu MTo n CtparaHoBuya;

29. CaoiicTBa cTOXacTHueckoro uHrerpaia Mrto (cymiecTBoBaHHME, HHTETPUPOBAHUE
MHOTOYJICHOB, IpaBuiia AuepeHIMpOBaHus, CpeIHIE 3HaYCHH s, GopMya sl KOPPEISIIHN).
30. IIpubnmkeHHOE pelIeHHsI BUHEPOBCKUX CTOXACTUYECKUX Au(QepeHInanbHbIX ypaBHEHHH
meronoM Komm — Diinepa (ycnoBusi CyLIECTBOBAaHMS U €AMHCTBEHHOCTH pEIIEHUS Ha
MHTEpBaje, MapKOBCKOE CBOMCTBO.

31. 3amena nepemenHbIx (popmyna Mrto). Mcnonp3oBaHue 3aMeHbl NEPEMEHHOM MPH MOUCKE
pemaembix CI1Y (mpumepsr).

32. Pemenue ypaBHeHus Mro B ciaydae, Korza Kod(GQUIHMEHTbl CTOXaCTHYECKOTO
QG epeHIaIbHOr0 YpaBHEHUS HE 3aBUCAT OT BPEMEHU

33. CIY B ciny4yae MyJIbTUILIIMKaTUBHOTO IIyMa.

34. CZ1Y B ciyuait mpouecca OpHiTeiiHa- Y ien0eka.

35. @opmymupoBka CHY 118 ocumwuidAropa ¢ IIyMALIEH 4YacTOTOW Yepe3 ypaBHEHHUE
CrpataHoBHYa M HHTErpajbHOE pEUIEHHE, OOOCHOBAaHME WHTErPAJIbHOIO IPEICTaBICHUS
ypaBHEHUs. Penenust 3Tux ypaBHEHHH.

36. CJ1VY, ympaBisiemMble HE3aBUCHMBIMH CIIy4ailHBIMH BHHEPOBCKMMH mporeccamu, CJY B
cJlyyae KOMIUIEKCHOTO BUHEPOBCKOTO Ipoliecca, KOMIUIEKCHBI BUHEPOBCKUI Mpoliecc 001Iero
BUJIA.

37. DnemeHTapHas Teopust GUITPALIUH.

38. CocraBHbIE TyaCCOHOBCKHE MPOLIECCHI.

39. CAY HeBuHepoBcKoro Ttuma, pemeHus mnpocreiimux CJY HeBUHEPOBCKOro Tuma
(ypaBHeHME I 3apsia Ha aHOJE, YpaBHEHHE [JIs TOKa Ha aHoJe, JIMHEWHOE ypaBHEHHE,
OCLMJUISITOP C IIYMsSIIENH 9acTOTOW HEBHMHEPOBCKOI'O THUIA, OCLMIIATOP C IIYMSIIEH 4acTOTOU
00IIIero THIA).

40. Anba-ycToiunBbIe MPOLECCHI - CBOMCTBO caMomoo0us (MaciiTaOHOW MHBApUAHTHOCTH),
TeopeMa JleBu-XuH4MHA, CBOMCTBA (PYHKIINU IIJIOTHOCTU paclpeieseHus,

41.Pactipenenennst Komm u  JleBu-CmupnoBa. [lomydyeHue mporecca, ONMCBIBAEMOIO
pactipenenenuem JleBu-CmupHOBa U3 OPOYHOBCKOTO JBHIKEHUS.

42. Tlpocteiilne CTOXaCTUYECKHE YPAaBHEHHUS C Y4YacTHEM alb(a-yCTOMUUBBIX IPOLECCOB,
npouecc Kommu, cinyyait Tuna npouecca OpHinTeitna-Y nenoeka.

43. ®opmyna Uto nns npoueccos Jlesu.

44. PemieHue NMHEMHOIO CTOXAcTHYECKOro IupdepeHInalIbHOr0 ypaBHEHUS ISl MPOLECCOB
Jlesn.

45. Ceazp CL1Y, ympaBisieMbIX COCTaBHBIM ITyaCCOHOBCKHMM IPOIIECCOM, C YPaBHEHHUSIMH THIA
®oxkkepa-Ilnanka ¢ ApoOGHBIMU IPOU3BOAHBIMH.

46. Jlpo6Hbie uHTerpansl Pumana-JInyBwins, qpoOHbIE NMPOU3BOAHBIE HAa MPSMOM, JPOOHBIE
npou3BoaHble Kamyro u Mapmo, npeoOpazoBanus Jlamaca ypaBHEHHH C JIpOOHBIMH
MIPOU3BOIHBIMHU, (POPMYJIBI UHTETPUPOBAHUS 10 YACTSIM.



IIpumepsl 3a1a4 KOHTPOJIBHBIX 3aJaHUM:

1. OmpenenuTh BEpOSITHOCTh TOTO, YTO cUeT4MK [ 'eiirepa cocunTaer BCe YACTUILIBI 32 BPeMs

t, eciu B TeYCHUE OTKJIMKA, BRI3BAHHBIM TI0MAIaHUEM YaCTHIIbI, CYeT4YHK [ eiirepa Ha npyrue
YacTHUIIbl HE pearupyer. Bpems oTkivKa T .

2. N MoneKyn uiealibHOTO ra3a HaxonsaTcs B oobeme V.  Omnpenenuts BEPOSITHOCTH TOTO,
4yro B 00beMe V<V HaxomsaTcss N Mojekynl. llomyunts mpubmmkeHHOE BBIpaXKEHHE, KOorna
v<<V (pacmpenenenue Ilyaccona). Haiitm cpemnee uymcio vactuip N B o0bemMe V, €ro
CPEIHIOI0 a0CONIOTHYIO M OTHOCUTENbHYIO GuiykTyanuu. Haiitm Bunx pacmnpeneneHus B
ciydae V<<V, n>>1 (pacupenenenue ['aycca).

3. Iokaxwure, uro QyHkmms pacnupeneneHus @®(w) s BUHEPOBCKOTrO Iporecca obiamgaer
cBoiicTBOM ycroiumBocTH: [yt monokuTeNnbHBIX uucen D, u b, Bcerma Haiigyrcs Takue

[IOJIOKUTENBHOE Yucino b u BEUIECTBEHHOE YHCJIO a, UYTO

d(w/b)*d(w/b,)=d(w-a)/b).
3nmeck 3HaK * o003HaYaeT CBepTKY ABYX GyHKIui F(X)*G(X) = IF (WG(x—u)du.

4. Cuuras, 4TO CMEIIEHUS OpPOYHOBCKOM YaCTHULbI M CTENEHU OTUX CMEIICHUH B
MIOCJICIOBATEIbHBIC HMHTEPBajbl BPEMEHU HE3aBUCHUMBIMH, OINPEICIUTh 3aBUCHMOCTH OT
BPEMCHU CpPEIHUX OT CTENCHEH OSTHX CMEIICHHH i OJHOMEPHOTr0 OpPOYHOBCKOI'O
JIBUOKCHUSI.
5. Hns oxHOMEpHOrO OpOYHOBCKOTO JIBMIKCHHUSI YaCTHIbl, HAYMHAIOIIETOCS W3 Hadaia
KOOPJIMHAT, OTPENICITUTh
1. BEpOATHOCTH IOCTIIKEHUS €0 TOYKM X K MOMEHTY BpeMeHH B uHTepBaie (t,t-+dt).
2. BEpOSATHOCTh MaKCHUMAJILHOTO CMEIIICHUS YaCTUIIBI 32 JaHHBIH BpeMeHHo# nHTepBan (0,t) .
3. pacmpezeneHue 10 BPEMEHHU JOCTHKCHUS OPOYHOBCKOM YacTHIIEH MaKCHMAJIbHOTO 3a
Bpems t ee orkionenus X, (t).
6. Ilycth MMeEIOTCS MHOXECTBA JIIEMEHTApHBIX COOBITHH () W HEKOTOpBIE G -auredpHl,
HOPOXKJCHHBIE MOJMHOKECTBAMH 3TOTO MHOXecTBa. [loka3zaTh, 4TO MEXIYy G -anreOpamu,
HOPOXKJICHHBIMH MTOJMHOKECTBAMH UMEIOTCSI COOTHOILICHHUS

1. ]It KOHEYHOTO MHOYKECTBA AIIEMEHTApHBIX coObITHI () ={m,, ®,,®;,®,,®, ®4};

7 =o{Q, 3}, 7 =cf{o, 0,0} {0, 05,03}, 7, =c{{o, 0.} {0} {0, o5, 0}},
73 = of{o, }{w, }{w}{o,, 05, 0.1}, 7, =c{{w,, 0.}, {0s,»,},{os, ®;}}. Torna

S CACS, Cy ALy,

2. JInst HeCYeTHOTO MHOXKeCTBa dJIeMeHTapHbIX coobITHil Q = (0,1] ;

7 =o{Q.C}, 7 =o{(0,31. 3. 31 G A}, 7 =o{(0,2]. (3,31 (3,31 G 11},

7, =o{(0,%],(},2]....., G AI}. Torma Ffyc A CH s .

7. lokazatp, uto ecnu X, u Y, SBIAIOTCS MOAU(PUKALUAMU CIyYailHBIX MPOLECCOB U UMEIOT

MOYTH BCIOJy HEMIPEPBIBHBIE CIIPaBa TPAEKTOPHUH, TO OHU SIBIISIFOTCS] HEPA3TMUUMbIMH.
8. ITokazaTh, YTO MHOXKECTBO TU(HEPEHIIMPYEMBIX TPACKTOPUN UMEET HYJIEBYIO BUHEPOBCKYIO

mepy.



9. Jlokas3aTb, YTO KJIAacC MHOXKECTB, WHBAapUAHTHBIX OTHOCHUTEIHHO COXPAHSIOUIETO Mepy
npeoOpa3oBanus, o0pa3yer o -anredpy.

10. Paccmorpute CKadykoOOpa3HBIA MPOIECC, B KOTOPOM HHTCHCHBHOCTH A COBEPIIHTH
CKa4yoK B MHTepBasie BpeMeHu [t,t+dt] sBisercs 3amannoit ¢ynkumen Bpemenu A = f(t).
Haiinure BepositHocTs P(N,t) K MOMEHTY BpeMeHH { COBEpUIMTH N CKavKOB.

11. /Toka3aTh, UTO UMEETCS CIEAYIOIas CBA3b MEXKIY CXOAUOCTIMU

CXOJMMOCTB TIOYTH HaBEPHOE —> CXOJMMOCTb B CPEAHEKBAAPATUIHOM —>CXOAUMOCTD I10
BEPOSITHOCTH —> CXOJUMOCTb 10 paclpeieCHUIO.

12. HaiiTu xapaktepuctuieckue QyHKIMH JUIsl pacipeesieHui
n

1. myacconockoro mpormecca P{N =n}= Fe*, n=01...;
2. 6unomuanbHoro npouecca PE=m}=C'p"q"™", m=01...n;

3. mokasarensHoro p(x)=ae ', x>0;

1
4. npouecca Kommm p(Xx) = —% ,
T (X=X,)" +7v
13. Cnyvaiinpile BeIWYUHB &,,.., &, HE3aBHUCHUMBI W HMMEIOT CTaHIAPTHOE HOPMAJIbHOE

—0<X<00,

pacnpenenenue. Halitu pacnpezneneHue ciiydyaiHOW BEIUYUHBI xﬁ :2';12 +...+ F:ﬁ. Jloka3zarb, 4To
v D}

14. Tlyctes ycnoBHYHO BeposTHOCTh P(X,t+At|y,t) mpu At —0 MOXXHO MpencTaBUTH B BUJIC
JIBYX  CJaraeMbIX p(X,t+At]y,t) =(Q—aAt)d(x—y)+AtW(X|y),  XapaKTepU3yOIIHX
BEPOATHOCTh YACTHUIIE OCTaThCs yepe3 At B TOUKE Y U BEpOSTHOCTH MEpeiTu 3a At B TOUKY X .

2
lim P{) X2 —1]> £} =0 i Ve > 0. Haiitu <X}, —o<X<®,
n—o0 n

BriBecTH u3 YpaBHCHUA I‘IeMl'IeHa-I(o.]'IMOl"OpOBa'CMO.]'IYXOBCKOI"O KHHCTUYCCKOC YPABHCHHUC

W:j[p(x,t |, )W (z]y) - p(xt]y, D)W (y|2)]dz.

15. U3 ypaBaenust ®okkepa-Ilnanka
ap(z.t]y.T) _18%p(ztly.0)
a2 o
JUIS. OJTHOMEPHOTO BHHEPOBCKOTO TMpOIecca TMOJYyYUTh YpaBHEHUE NJisi CPEIHEro KBajpaTa

p(z,t|y,t)=08(z-Yy), p(z,t]y,r) >0 mpu t >

cMemeHns < (Z—Y)? > W pemuTh ero.

16. JlokaszaTb, uTO B cilyyae OTCYTCTBUS TU((Y3MOHHOIO CIaraeMoro peleHue ypaBHEHUS
®doxkkepa-Ilnanka

op(z,t]y.7) :_Za[A(Z) p(z,t]y,7)]

ot i Oz

’ p(Z1T| y,’C)ZS(Z—y),

OyZIeT UMeTh BUJ
p(Z,t | y! T) = 6(2 - X(y!t)) '

rae X(y,t) - pemenue 0ObIKHOBEHHOTO qU(PepeHIINaTIbHOIO YpaBHEHUS

dx(y.t)
— = Alx(y,1).1]
dt
C HAYAJIbHBIM YCIIOBHEM
X(y, ) =y.
17. IlycTh 1aH OHOMEpPHBIN CTAIlMOHAPHBINA CirydaiiHblid Tpotece X,, t>0 co crmekTpanbHO#I
t+1

nnoTHOCThIo € . HaliiuTe cieKTpanbHyIo IOTHOCTH TIpoliecca .[Xsds .
t



18. Ilyctp W (t) sBisieTcss cTaHAApTHBIM OJHOMEPHBIM BHHEPOBCKHM IporieccoM. Jlokasars,
YTO CJIEYIOIINE MPOLECChl BUHEPOBCKUE

0,t=0;
19.1. WO(t) =
tW (1/t),t > 0;

19.2. W@(t) =+/cW(t/c), t >0, ¢ >0;

19.3. W®(t) =W (f (t)), f(t) sBaseTcs rIagKoil MOHOTOHHO BO3pAcTaONIeH (yHKIHEH
Onpenenure napamerps! nporeccos W (t), i=1,2,3.
19. Ilyere 1(2), Z >0 - cmydaiiHbIi MOMEHT BPEMEHH, B KOTOPBIN BUHEepoBckwii rporece W (t)
BIIEPBBIC JOCTUTAeT 3HadeHwWs z. Halitm mmotHocTh pacnpenenenus t(z). Haiitu ee
xapaktepucTuueckyro GyHkimio. [Tokasars, 4To MaTeMaTHUeCKOe OKUaaHue T(Z) OECKOHEUHO.
20. Iycts W (s) - BunepoBckuii nponece, X, =€ W (e*'). ITokasats, uto X, - CTALMOHAPHBIH

MapKoBCKu mporecc. HaliTi ero koBapuaniuoHHy10 GyHKIUIO U CIEKTPaIbHYIO MJIOTHOCTD.
21. OnpenenuTh MapaMeTphl CIydaiHBIX IPOIECCOB

t t
21.1. Jf(t')W (t)dt', 21.2. Jf(\N(t'))dt', rae W (t) - crangapTHBI BUHEPOBCKHIA MPOIECC, a
t f
f (t) - 3amanHas rmankast QyHKIHSL.
22. Borumciants UHTErpajbl (MOJYYUTh PEKYPPEHTHBIC (OPMYIIbI) M OMPEACIUTh MapaMeTphl
CIIy4alHBIX IIPOLIECCOB

t t t
22.1. [exp[W (t)JdW (t'), 22.2. [sin[W (t')JdW(t'), 22.3. [cosV (t)]dW (t').
to t t
23. JlokaszaTb, 4TO JUIs JHOOBIX Heympexaaromei Gyakiuu G(t) u memoro N>0 BBITOIHSIIOTCS

t t
COOTHOIICHHS j G(t)[dW ()™ = j G(t")dW (t')dt'=0.

t ty
24. PaccMOTpHUTE 3aMeHYy BPEMEHHOI nepeMeHHoM t =1(S) /Uit MOHOTOHHOM TTaAKoNW QYHKINU
t=t(s) B mpocrerimiem CJIY dx(t)=a(t)dt+b(t)dW (t). Hanummre CAY misi BpeMEHHOTO
nmapameTrpa S W CTaHJapTHOTO BHUHEPOBCKOTO Tpoliecca VV(S), MOCTPOCHHOTO U3 Tpolecca
W(t(s)).
25. Boruncnaute uHTErpaibl (MOMYYUTh PEKYPPEHTHBIC (OPMYJIbI) U ONPEIEIUTh MapaMeTphl
CIIy4alHBIX MPOLIECCOB

t t
251. T exp[ j W (t')dt} , 252, T exp[ j W (t")dW (t')] , e W(t) - craHzapTHbI
ty ty

BUHEPOBCKHUH MPOLECC.
26. Peruth croxactuueckue qudepeHIaabHble ypaBHEHUS

26.1. dx(t) =a(t)dt +b, (t)dW,(t) + b, (t)dW,(t),

26.2. dx(t) =kx(t)dt +b,dW, (t) + b,dW, (t) ,

26.3. dx(t) = cx(t)dW, (t) +b,dW, (t) .
3nece dW,(t) u dW,(t) - uHKpeMeHTHI IBYX HE3aBUCHMBIX CTAaHIAPTHBIX BHHEPOBCKHX
nporeccos, a(t), b(t) u b,(t) - 3aganHble BemiecTBeHHbIE (QYHKIUH BpeMeHH, C U K -
BEILIECTBEHHBIEC MOCTOSHHBIE. MICX0/Is M3 MOTY4YEeHHBIX PELICHUH BEIYMCIUTH BETUUUHBI < X(t) >
u < X(t)x(t") > ma vecywaitHoro HavaiabHOTro 3HaUeHUs X(0) .
27. Pemuth croxactuueckue qudepeHIaabHble ypaBHEHU

27.1. dx(t) =a(t)dt + b, (t)dW (t) + b, (t)dN(t),

27.2. dx(t) = kx(t)dt + b dW (t) +b,dN(t),



27.3. dx(t) = x(t)(b,dW (t) +b,dN(t) .

3mece dW(t) u dN(t) - UHKpEeMEHTHI OBYX CTaHAAPTHBIX BUHEPOBCKOIO M IMyacCCOHOBCKOTO
nporeccos, a(t), b(t) u b,(t) - samanuvie Bemectsennbie Gynkuuu Bpemenu, ¢ b, u K -
BEIIECTBEHHbIE OCTOSIHHBIC. IcX0/s1 U3 MOMYyYEeHHBIX pPEelIeHU BHIYUCIUT BEMUUUHBL < X(t) >
u < X(t)x(t") > g veciyqaiinoro HadanbHOro 3HaueHus: X(0) .

28. Ilomyunts C/1Y, a u3 Hero - KuHeTHyecKoe (YIpaBisiollee) ypaBHEHUE, s KyOuTa
(IByXypOBHEBOI KBAaHTOBOW YaCTHUIIbI) B IIYMOBOM KJIACCHYECKOM 3JIEKTPOMArHUTHOM TOJIE.
Kybur B kiaccuyeckoM II0JI€ OMHMCHIBAETCS CIIEAYIOIIMMU YpPAaBHEHUSMHU U MEJUICHHBIX
aAMIUTUTY/I MaTPUIIBI IUIOTHOCTUH O

—dgtm =idy ECn7 (= py + p11) % =—id,EDn (0~ )

dp . * _ 1 dp . _ * 1
dt22 = '(_dloE(+)p21 +p12leE( ))h ' _dtll = I(_pldelE( )+d21E(+)p21)h .
PaccMoTpeTh MojeIMpoBaHHME amIumaTyn E)  kmaccmueckoro Tmons  HanmpsKEHHOCTH

E = EMe ™ + EOe' koMIuiekcHBIM BHHEPOBCKHUM IIPOIIECCOM OOIIEro BH/A.

29. Beiectu CI1Y st TenerpadHOTo mporiecca U U3 Hero MOJYYHTh KHHETUYECKOE YPaBHCHHE.
Haiitu pemenne ypaBHEHUM.

IIpumepsbl 3K3aMeHANIMOHHBIX OWJIETOB (3a/1aHUI, TECTOB M JIp. MAaTePHAJIOB, MCIIOJIb3YEMbIX
JUTSI TIpOBeIeHUsT T PEPSHIIMPOBAHHOTO 3a4€Ta):

1. Teopema Bunepa-XuHumuna.
2. Jlokaszarh, YyTO B cilyyae OTCYTCTBUS AU(D(Y3MOHHOrO cCiaraeMoro peleHue ypaBHEHHUs
®doxkepa-Ilnanka

op(z,t]y,7) :_ZG[A(Z) p(zt]y,7)]
0z,

ot : ’ p(Z,’Cly,T)=8(Z—y),

1
OyneT uMeTh BUJT

p(z,t]y,1) =8(z - x(y.1)),

rae X(y,t) - pemenne 0OBIKHOBEHHOTO MU(PepeHIINATHLHOTO YPaBHEHUS

dx(y,t

D _ Ay, .4

dt
C Ha4aJIbHBIM yCIIOBHEM
x(y, D)=y

3. Pemmts cToxactuueckoe quddepeHmaibHoe ypaBHEHHE
dx(t) = cx(t)dW, (t) +b,dW, (t) .
3nece dW,(t) u dW,(t) - uHKpeMeHTHI ABYX HE3aBHCHMBIX CTaHIAPTHBIX BHHEPOBCKHX
nporeccoB, C u b, - BemecTBeHHbIe MOCTOsIHHBIC. MCXOAS W3 MOJYYEHHBIX pEIICHUN

BBIYUCIUTH BETHUMHBI < X(t) > u < X(t)X(t') > mist HecyuaitHoro HavanmeHOTO 3Ha4eHUsT X(0) .



4. Kputepuu onleHNBaAHUA

OrneHka

baner

Kpurepuun

10

BricTaBnsiercss  CTyleHTy, IOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, INIyOOKHE
3HaHHMA y4eOHOM mIporpamMmbl  JHUCLUIUIMHBI,
IIPOSBIIAIOIEMY HMHTEPEC K JAHHOW NpPEeAMETHON
o0nacTv,  IPOAEMOHCTPUPOBABILIEMY  YMEHHUE
YBEPEHHO M TBOPYECKM IPUMEHATh MX Ha
IIPAaKTUKE TIPU PpELICHUU KOHKPETHBIX 3ajad,
cBOOOJIHOE U MPABUIIBHOE OOOCHOBAHUE MPUHATHIX
peLICHU.

OTJINYHO

BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMATU3UPOBAHHBIE, TITyOOKHE
3HaHUS Y4eOHOH MporpaMMmbl JUCUUIUIMHBL U
YMEHHME YBEPEHHO NPUMEHSATh UX HA MPAKTUKE NPU
peLIeHMH KOHKPETHBIX 3ajay, CBOOOJHOE U
IIPaBUJIbHOE OOOCHOBAHUE NMPUHSATHIX PELICHUH.

BeicTaBisiercs  CTyACHTY,  IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMAaTU3UPOBAHHbIE, TITyOOKHe
3HaHUS Y4eOHOH MporpaMMmbl JUCUUIUIMHBL U
YMEHHUE YBEPEHHO IIPUMEHATh X HA MPAKTUKE IPU
pelUICHMH  KOHKPETHBIX  3a1a4, IIPABUJIBHOE
000CHOBAaHUE MPHUHATHIX PEIICHUN, C HEKOTOPBIMU
HEJOYETaMH.

BricTaBnsiercss CTyZlEHTy, €cild OH TBEPJO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
U3JIaraeT €ero, yMeeT NPHUMEHATb [OJIyYEHHbIE
3HAHUS HA NMPAKTUKE, HO HEJOCTaTOYHO I'PaMOTHO
000CHOBBIBAET MOJIYUYEHHBIE PE3YIIbTATHI.

XOpOLIO

BricTaBnsercss CTyIeHTy, €ClId OH TBEpAO
3HaeT Marepuang, TPaMOTHO M 1O CYIIECTBY
M3JIaraeT €ero, yMeeT IPUMEHATHh IOJIyYCHHbIE
3HAHMS Ha MPAKTUKE, HO JOMYCKAET B OTBETE WJIH B
pElIeHNH 33]1a4 HEKOTOPbIE€ HETOYHOCTH.

BeIcTaBnsgercs  CTyOeHTy, €ClIi  OH B
OCHOBHOM 3HAeT MaTepuall, TpaMOTHO U IO
CyIIECTBY M3JIarae€T €ro, yMeeT NPUMEHAThH
[IOJIyYEHHBIE 3HAHUS Ha MIPAKTHUKE, HO JOIYCKAET B
OTBETE WJIM B pEUNIEHUWH 3a7a4 JOCTaTO4YHO
00JIbIII0€ KOJMYECTBO HETOYHOCTEH.

YIOBJIETBOPUTEILHO

BricTaBnsiercss  CTyAeHTY, IOKa3aBIIEMY
(dbparMeHTapHBbIi, pa3pO3HEHHBIN XapakTep
3HAHUH, HEJ0CTaTOYHO MIpaBUJIbHbIE
(bopMynUpoBKH 0a30BBIX MOHATHH, HapyIIEHUS
JIOTUYECKOW TIOCJIE0OBATEIbHOCTH B U3JI0)KEHUU
IIPOrPaMMHOI0 MaTepuajga, HO Ipd O3TOM OH
OCBOWJI OCHOBHBIE Pa3/iefibl y4eOHON MpOrpaMMbl,
HEoOXo/AuUMBIE JUIsl JaibHeimero oOyueHus, Hu
MOJKET MPHUMEHSTh TOJy4YeHHbIE 3HAHUA I10
00pa3ily B CTaHAAPTHOM CUTYaIUH.




3 BricTaBnsercss  CTyACHTY, IIOKa3aBIIEMY
(dbparMeHTapHBbIi, Pa3pO3HEHHBIN Xapakrep
3HAHUH, JOITyCKaIOUIEMy OLIMOKH B
dopmynupoBkax 0a30BbIX MOHATUN, HAapyIICHUS
JIOTUYECKON IIOCIEN0BAaTENbHOCTH B H3JI0KECHUU
OporpaMMHOTO  MaTepuana, ciabo  BiageeT
OCHOBHBIMHM ~pa3/iellaMd  y4eOHOH Iporpammsl,
HEOOXOIUMBIMU JUIsl JajbHEWIero oOydyeHus u ¢
TPYAOM IPUMEHSET IOIY4YCHHBIC 3HAHMS HAXKE B
CTaHJIAPTHOM CUTYAIUU.

2 BricTaBnsiercst CTyneHTy, KOTOPBI HE 3HAET
OoJbIIIel YacTH OCHOBHOTO COJEp)KaHHs y4eOHOM
HOpOrpaMMbl  JUCHUIUIMHBL, JIOMyCKaeT TIpyOble
OomMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHUHIIMUIIOB
U HE yMEeT MWCHOJIb30BaTh IIOJyYCHHBIC 3HAHUS
IIPY PEUICHUHU THUITOBBIX 33]1ad.

HEYJIOBJIETBOPUTEIBHO
1 BeIcTaBisercs CTyIeHTY, KOTOPBI HE 3HAET

OCHOBHOTO COJEpXaHHsl y4eOHOM MpOrpaMMbl
JUCHUTUTMHBL, JTOIyCKaeT TpyoOeimne omuOKd B
dbopMynupoBKax 0a30BbIX MOHATHH TUCIUIUIMHBI U
BOOOIIIE HE HMEET HABBIKOB PEIIECHUS THUIOBBIX
MPaKTUYECKHX 3a]1ay.

5. MeTroguyeckue mMaTepuaJibl, ONpele/silolie NPOULeIypPbl OLEHMBAHWS 3HAHMIA,
YMEHH, HABBIKOB M (MJIM) ONBITA AEATEJIbHOCTH
JuddepeHuipoBaHHbIl 3a4€T MPOBOAMUTCS IO WUTOTaM TEKYIIEH YCIHEeBAaeMOCTH U CladyM
3a1aHNM, 3aJaHHBIX 110CJE KaXKI0M JIEKUUU. [ moiaydeHus 3adera CTYIEHT AOJKEH OTBETUTH
Ha J1Ba KOHTPOJIBHBIX BOIIPOCA MO TEOPUHU U NMPEACTABUTH PELICHUE 3a/1ad, 33/1aBAEMBIX I1OCIIE
KaX/101 JIeKIIUH (KOHTpOJIbHOE 3ajaHue). Ecnu Takoil MaTepuan y cTy/ieHTa OTCYTCTBYET, TO Ha
3aueTe €My JlaeTcsl TPETUH BOIPOC, KOTOPBIA IMpENCTaBIseT COO0OW 3ahayy M3 KOHTPOJIBbHBIX
3azaHui. CIIUCOK 3a/1a4 MOXET MEHATHCA OT IroJia K TOfy.

[Tpu pemienuu 3agad KOHTPOJBHBIX 3aJaHUil oOydarormiemycsi mpenocrapisiercs 30 MUHYT Ha
MOATOTOBKY JBYX BOINPOCOB 1o Teopuu. Ompoc oOyyaromerocsi He TMPEBBIMIAET JBYX
ACTPOHOMUYECKUX 4YacoB. Bo Bpems mpoBeaeHHs 3auera oOydaromIuecss MOTYT MOJIb30BaThCA
CBOMMM 3aITAUCIMH JIEKITHH.




