degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: CryyaiiHble POLECCH
10 HANPABJIEHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa TMCKPETHOM MaTeMaTHKH

Kypc: 2
KBAJM(PUKAIMA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 4 (BeCEHHUN) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3

KonnuecTBo KOHTPONBHBIX PadoT, 3a1aHuil: 2

[Iporpammy cocraBui: J.A. llabaHoB, O-p Qu3.-MaT. HayK, IOIEHT, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl AUCKpeTHoi MatemaTuku 12.02.2024



AHHOTANMA

Kypc nocssiieH u3y4eHU0 OCHOBHBIX KJIACCOB CIYy4YaWHBIX MpoLeccoB. M3ydaroTcs BETBSIIHECS MPOLECCHI,
IIPOLIECCHl C HE3aBUCUMBIMHU IIPUPAILICHUSMH, I'dyCCOBCKUE IIPOLECCHI, MapTHUHIAJbl, MAPKOBCKUE LIEIH,
CTallMOHAapHBIE Cly4yailHble mpouecchl. B koHue Kypca m3ydaercst cinabas cXoAMMOCTh B (D)YHKLMOHAJIBHBIX
IIPOCTPAHCTBAX U CXOIMMOCTb 110 PACIpPEeSICHUIO CIyYalHbIX IIPOLIECCOB.

1. lean u 3apa4un
Heab qucUMMIMHBI
- U3y4eHUE OCHOB COBPEMEHHOW TEOPUU CIyUYaWHBIX MPOIECCOB, a TaKXe MOATOTOBKA CIyIIareneil K

JaJbHEHIeH caMoCTOsATeNNLHOW paboTe B OONAcTH NMPUMEHEHHS TEOPHH CIYYalHBIX TPOIECCOB B
3aJayax NpUKIaJHON MaTeMaTHKH, GU3UKHA U SKOHOMHKH.

33]13‘11/[ JAUCHUIIINHBI
- H3YYCHUC OCHOB TCOpUU CHy‘laﬁHLIX mponeccoB;
- H3YYCHHUC PA3JIMYHBIX KJIACCOB CHy‘laﬁHBIX Ipo1IECCCOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BeIJIENISSA 3TAbl €€ PELICHNUS,
JIEMCTBUS IO PELIEHUIO 3a1a4U

VYK-1.2 HaxomuT, KpUTHYECKU aHAIU3UPYET M BBHIOMpAcT
nHpopMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! OCTaBICHHON

YK-1 CriocobOeH oCyIecTBISTh ITOUCK, -

KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManny,
MNPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS
[IOCTABJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pasnuuHble BapHaHTHl PEIICHUS
3a]1auM, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamotHO, JIOTUYHO, apryMeHTHPOBAHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHSI U OLIEHKU

YK-1.5 Ompenenser ©  ONEHUBACT  NPAKTUYECKHE
MOCIIE/ICTBUSI BO3MOXKHBIX BAPUAHTOB PEIICHUS 3a/1a91

OIIK-1.1 CnocobeH aHaM3UPOBAaTh MMOCTABICHHYIO 33734y,

OIIK-1 CniocobeH npuMeHSTh HAMEATh TIyTH €€ PENICHUs

(byHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK M UCIIOJIb30BaTh X B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CpoocobeH cTpouUTh MaTeMaTHUYECKHE MOEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompenensTs TpaHHIbl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2.1 CriocobeH  NpPUMEHSTH  COBPEMEHHBIC
BBIYHMCIIMTENIBHYIO TEXHUKY U CEpBHCHI ceTu VIHTepHeT B
OTIK-2 CriocobeH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHON JETeIbHOCTH
WH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATh YHCIEHHBIC
MPOrpaMMHBIE CPEACTBA IIPU PEIICHUH 33/1ad  |MareMaTHYeCKHEe METOAbl W TPHKIAJHOE IPOrPaMMHOE
Ipo(eCcCUOHAIBHOMI IeSTeNbHOCTH, coOMoast  |o0ecreueHre Uil peUIeHUs  Hay4yHbIX  337ad = B
TpeboBaHM NH(POPMAIMOHHOHN 0€30MMaCHOCTH  |MpOogeCCHOHANIBHON 00acTh

OIIK-2.3 3naer ocHOBHble TpeOGoBaHHs HH(POPMALIMOHHON
0e30macHOCTH

OIIK-3.2 Bnageet Ha mpakTHKEe METOIOJIOTHEN COCTABICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

OIIK-3.1 3HaeT ocHOBHBIEC MpaBWiia OPOPMIICHHUS HAYIHBIX

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIIST MyONMKAU U HAYYHO-TEXHUYECKOH IOKYMEHTAIUH, B TOM

Hay4HbIC U (UJIM) TEXHUYECKHE YHUCcle C MCIOIB30BAHUEM MPHUKIATHOIO TPOrPaMMHOIO

(TexHONIOTNYeCKNe, NHHOBALIMOHHBIE) OTYETHl  |00ecreueHUs

(ryGuMKaLmH, POEKTHI) OIIK-3.3 Brnageer MeTonamMu BU3YaJIbHOTO U I'paMuecKoOro
MPEICTABICHUS PE3yNbTaToB Hay4HOM

(Hay4YHO-TEXHUYECKON, MHHOBAIIMOHHONW TEXHOJIOTHYECKON)
JIESITEIIFHOCTH B BUJIE OTYETOB, HAYYHBIX ITyOIHKAIIHI




IIK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3pabOTaHHON

[MK-1 Crocoben crtaBuTh, HOpMaIN30BBIBaTh 1 |MOICIIH

pemars 3a1a4u, B ToM uuciie papadareBarth 1 |[IK-1.1 CriocobeH HaxoquTh, aHAIM3UPOBATh M 0000IIATH
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN nHpopMaIHIO 00 aKTyalbHBIX PE3yJIbTaTax HCCICIOBaHU B
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |paMKaxX TeMaTW4ecKod o0JacTH cBoel mpodeccHoHambHOM
aHAJIN3UPOBATh HAyYHbIE IPOOIEMBI, TIOJIy4aTh |AESTEIbHOCTH

HOBBIC

HayqHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3HaeT ONpUHOUIBI MTOCTPOCHHUA HAYYHQPROOTHI,
MeTroasl cOopa W aHamu3a IOJYyYEHHOTO MaTepualia,
CHocoObI apryMeHTallH

[IK-2.2 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIE
HCCIICAOBAHUS CaMOCTOSTEIbHO WM B KaueCTBE WICHA
(pyxoBozauTeNs ) MaJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mpoBOAWTH ampoOaIio pe3ylIETaTOB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIX

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

3HATb.

YMETb:

- OCHOBHBIC NTOHATHS TEOPUHU CIyYalHBIX IPOLIECCOB;

- OIpeAeJICHUE MPOCTEHIIETO CIIyYaifHOTO ONyKIaHUs Ha TPSMOI, OCHOBHBIC TEOPEMBI O CIyYaiiHOM
ONMy’KIaHUM Ha MPSIMON: TEOpeMa O BEPOSTHOCTH BO3BpAILCHHSA B HYJb, TeOpeMa 00 aCHMITOTHKE
BpPEMEHH, TIPOBEICHHOTO B HyJIE, TEOpEMa O paclpeesieHH NIEPBOr0 MOMEHTa BO3BPALICHUS B HYJIb
JUISL CAMMETPHYHOTO CIIy4aifHOTO Oy>KIaHus;

- OCHOBBI TEOPHH BETBAIIMXCS MPOIECCOB, Nporecchl ['amprona-BarcoHa u TeopeMa o BepOsITHOCTH
BBIPOXK/ICHUS;

- Teopemy KoimoropoBa o CyniecTBOBaHMH CITyYaifHOTO Hpolecca ¢ 3aJaHHBIMH KOHEYHOMEPHBIMH
pacrpeneIeHusIMHY;

- OCHOBBI TEOPHH ITyaCCOHOBCKHX ITPOIIECCOB U IOJICH, ONpe/eieHie, OCHOBHBIC CBOWCTBA U SBHYIO
KOHCTPYKIHUIO ITyaCCOHOBCKOT'O MPOIIecca MOCTOSHHON HHTEHCUBHOCTH;

- ompenelicHHE W IVIaBHBIE CBOWMCTBA BHHEPOBCKOTO IMPOIECCa: HEMPEPHIBHOCTh TPACKTOPHUH, 3aKOH
MIOBTOPHOTO JIorapu(ma, CTpPOro MapKOBCKOE CBOWCTBO M NPUHIIUI OTPAKCHHUS;

- OCHOBBI TEOPHU MApKOBCKHX IETIEH C TUCKPETHBIM BPEMEHEM: OCHOBHBIC ONPE/ICIICHUS, YPAaBHEHUS
Konmoroposa-Yenmena, sprogudeckas Teopema;

- OCHOBBI TEOPHHM MAapKOBCKHX LENel C HENpepbhIBHBIM BPEMEHEM: TeopeMa O CYIIECTBOBAHHMH,
sproandeckas Teopema, npsMblie U o0paTHbie TuddepeHuanbabie ypaBHeHus KoiomMoroposa;

- OCHOBBI TEOPUH MaPKOBCKUX HPOLIECCOB;

- OCHOBBI TEOPUH MapTHHIAJIOB: pasiokeHue [[yba, Teopema 00 0CTaHOBKE;

- OCHOBBI TEOPUH CTAIIMOHAPHBIX MIPOIIECCOB;

- JIMHEHHbBIE Pe0Opa30BaHUS CITyYalHBIX MPOIECCOB.

- HaAXOJIUTh BEPOSTHOCTH BBIPOXKICHHUS Ul BETBSIIUXCA ITpoueccoB I'anprona-BarcoHa;

- HCCIIEZ0BaTh aCUMIITOTUYECKOE I0BEAECHNUE MAPKOBCKON LIEH € AUCKPETHBIM BPEMEHEM C [IOMOILBIO
Progu4ecKoi TEOPEMBIL;

- HaXOIUThb pACIpelesieHUe MAapKOBCKOM LeMU C HENpepbIBHBIM BPEMEHEM C IIOMOIIb
mddepeHanbHbIX ypaBHeHU Konmmoroposa;

- HaXOIUTh MAPKOBCKHE M MAapTUHIAJbHbIE CBOMCTBA y CIy4alHbIX IPOLIECCOB;

- BBIYMCIATH KOBapHAI[MOHHBIE XapaKTEPUCTUKH CTALIMOHAPHBIX CIIy4ailHBIX MPOLIECCOB C MTOMOIIBIO
CIIEKTPAJIBHOM IIJIOTHOCTH;

- BBIUMCIIATh KOBAapHALIMOHHBIE W KOPPEJSILMOHHBIE (YHKUMU JIMHEHHBIX MpeoOpa3oBaHUl OT
CIIy4alHBIX IPOLIECCOB.

BJIAJIETD:




- OCHOBHBIMH AHAIUTHYECKUMH METONAMH TEOPHH CIyYalHBIX IPOIECCOB: KOMOMHATOPHBIMH,
nuQQepeHImanbHBIMU, CIIEKTPATBLHBIMU, METOaMHU (PYHKIIMOHATIHHOTO aHAIH3a;

- HaBBIKAMH aCHMITOTHYECKOTO aHAJIN3a PAa3JIUYHBIX KJIACCOB CIYYalHBIX MPOIECCOB: BETBAIINXCS
HPOLIECCOB, MAPKOBCKHX LIETICH, TayCCOBCKUX MPOLIECCOB;

- HaBBIKAMHU NPHMEHEHUS TEOPEM TEOPHH CIy4alHBIX MPOLECCOB B MPUKJIAIHBIX 3a/adaX (PU3UKU H
IKOHOMHUKH.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

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
BerBsamuecs npoueccsl [anprona -
1 6 4 5
Barcona.
2 Buneposckuit IpoLece (portecc 4 4 5
OpOYHOBCKOTO JIBUKEHUS).
3 l"ayccoBckue cimydaitHble IPOIECCHI. 2 4 5
ITonsTne CIIy4alHOTO mpouecca
4 Y pott 6 4 5

(cmyuyaitHON QyHKIIUH).

IIpocTpaHCTBO TpaekTOpU CIIy4alHOTO
5 rpotiecca, UWIHHAPUYECKas 2 4 10
curmaayreOpa Ha HEM.

IIpoueccsl c HE3aBHCUMBIMU

6 pon 6 6 10
MPHUPAIICHUSIMH

7 Opromuyeckas TeopeMa il MapKOBCKUX 4 4 5
Henel ¢ JUCKPETHBIM BPEMEHEM.

Hroro wacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 4 (Becennuit)

1. Berpsmuecs npoueccs! ['ansrona - Barcona.

Teopema 0 BEpOSTHOCTH BBIPOJKACHUS BETBSIIETOCS TpoLecca.

2. Buneposckuii nporiecc (mpoiiecc OpOyHOBCKOTO JIBUKEHUS).

Teopema 0 IByX 9KBUBAJICHTHBIX ONPEEICHUAX BUHEPOBCKOIO Iporecca.

3. l'ayccoBckue cimyyaitHble TPOLECCHI.

Jloka3aTesbCTBO CYIIECTBOBAHMS TayCCOBCKOTO Ipollecca ¢ 3aJaHHbIMU (DyHKIMEH cpenHero u
KOBapHALMOHHOHN (PyHKIHEH.

4. Ilonarue cnyyaitHOTO Mpouecca (Ciry4aiHoi QyHKINN).




[Tpumepsl: ciywaiiHoe OmyXOaHue, IPOIECCHl BOCCTAHOBIEHHS, AMIUPUYECKHE MEpbI, MOAEIb
ctpaxoBanusi Kpamepa-JlynnGepra.

5. HpOCTpaHCTBO TpaeKTOpI/Iﬁ cnyqaﬁHoro nponecca, MUIMHAPHUICCKasA cnrMaanre6pa Ha HCM.

DKBUBAJICHTHOE OIpEEIICHHE CIIyYaifHOTO Mpolecca, KaK OIHOTO HM3MEPHMOTO OTOOpaKeHHs B
MPOCTPAHCTBO TPACKTOPHIA.

6. IIponecchl ¢ HE3aBUCUMBIMU NIPUPALLICHUIMU

Kputepwuii cymecTBoBaHUS B TEPMHUHAX XaPaKTEPUCTUUECKUX (DYHKIMI TPUPALICHUN.
7. Oproguueckasi Teopema JiIsl MApKOBCKUX LEIeH ¢ AUCKPETHBIM BPEMEHEM.
CranuoHapHOCTb U IPEAEIbHOCTD 3PrOJUUECKOTO pacipee/CHUsI MapKOBCKOM Liemu.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

CranpaptHas yueOHasi ayIuTOPHSL.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. BepositHocTs [Teker]. B 2 1. T. 2. CyMMBI 1 IOCTIEIOBATEILHOCTH CITy4allHBIX BEJTUUUH -
CTallMOHApHBIE, MAPTHUHTAIIBI, MAPKOBCKHE TIeTH : yueOHuk A1ist By30B / A. H. IllupsieB .— 4-¢ mepepad.
u gorn. — M. : MITHMO, 2007, 2011 .— 416 c. - bubnuorp.: ¢. 943-949. - [Ipeam. yxas.: c. 950-963. -
1500 sk3. - ISBN 978-5-94057-106-3 (B niep.) .— Iloxnsrii Texct (Hoctyn u3 cetu MOTU /
VYnaneHHbIN HOCTYI).
2. Teopwust ciryuaiinbix mporeccos [Tekct] : [y4e6. mocobue s By3oB] / A. B. Bynunckwuii, A. H.
upsies ; [Mock. roc. yH-T uM. M. B. Jlomonocosa] .— M. : ®uzmariut, 2005 .— 402 c. : un. —
(Kimaccuueckwii yHUBEpCUTETCKUH yueOHHK). - bubmuorp.: ¢. 385-393. - And. ykas.: c. 394-402. -
ISBN 5-9221-0335-0 (B mep.)) .— [Homnsrii rexer (Hoctyn u3 cetu MOTU / YnaneHnsiit goctym).

JlononHuTeNbHAS TUTEPATypa
1. BeposiTHOCTB B Teopemax U 3a1adax (c 1okaszarenbcTBaMu U pemenusmu) [Teker]. Ka. 1 : [yue6.
nocobwue /st By3oB] / A. H. Hlupses, U. I. Opnux, I1. A. fAcbkoB .— M. : MITHMO, 2013 .— 648 c. -
bubnwmorp.: c. 635-64. - [IpenM. ykas.: c. 641-645. - Yka3. umeH: c. 646. - 1500 k3. - [SBN
978-5-4439-0227-2 (B nep.) .— [lonnsrii Texer (Joctyn u3 cetu MOTU / Yaanennstit noctymn).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://dm.fizteh.ru

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

Ha nexuusx ucronb3yeTcs KOMIBIOTEP U MYJIBTUMENIHOE 000pya0BaHKe (IIPOEKTOP, 3ByKOBas
cucTeMa),

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.



VYenemHoe 0CBOGHUE JUCHUILIMHBI TpeOyeT:

- IIOCEILEHUs CTYAEHTOM BCEX BUJIOB ayIUTOPHBIX 3aHATUH;

- BEJICHUsI KOHCIIEKTa B XOJI€ JIEKLIMOHHBIX 3aHATUH;

- KQUeCTBEHHOH CaMOCTOSTEIbHOM MOATOTOBKY K ITPAKTUUECKUM 3aHATHAM, aKTUBHOHM pabOTHl HAa HUX;
- aKTUBHOW CaMOCTOSTENBHOMN U ayJJUTOPHON PabOTHI CTY/ICHTA;

- CBOEBPEMEHHOM C/1auy MpernoaBaTesIio 3aJaHni 110 ayJUTOPHBIM BUaM paloT.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: ATI360: ITepenoBsle METOABI HCKYCCTBEHHOTO MHTEIIEKTA
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 2

KBaJIH(UKALUS: OakanaBp
Cemectp, (hopMBI IPOMEKYTOUHOH arTecTanuu: 4 (BeCeHHUN) - DK3aMeH

Pa3paborunk: J.A. lllabaHOB, 1-p Qu3.-Mar. HayK, AOIEHT, Mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAJIU3UPYET M BBHIOMpAET
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaer pa3nuyHble BapHAHTHI PEIICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenensier ©u  ONEHUBAaET  MPAKTUYECKHE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK M UCIIOIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CnocobeH aHanM3MpOBaTh MOCTABICHHYIO 33134y,
HaMeyJaTh MyTH €€ peIeHUs

OIIK-1.2 CnocobeH cTpoUTh MaTeMaTHYECKHE MOJEIH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensTs TpaHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CriocobeH ucnonb30BaTh COBPEMEHHbBIE
MH()OPMAIMOHHBIE TEXHOJIOTUHU U
NpOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENLHOCTH, COOTIOnas
TpeboBaHUg NHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-2.1 CrocobeH  TPUMEHSITH  COBPEMEHHBIC
BBIYHMCIIMTEIFHYIO TEXHUKY W CEpBHCHI ceTh VIHTepHeT B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

OIIK-2.2 3HaeT W yMeeT MNPUMEHATb YUCICHHBIC
MaTeMaTUYeCcKue METOAbl M IPUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne ISl  pELICHMS  HayyHBIX  3ajgad B

npodeccuoHaIbHON 00nacTu

OIIK-2.3 3naer ocHOBHbBIC TpeOGoBaHMs HH(POPMAITMOHHON
0e30MacHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIAT
Hay4YHbIC U (MJIM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(TmyOnuKanum, mMpoeKThI)

OIIK-3.2 Brnageer Ha MPaKTHKE METOIOJIOTUEH COCTABICHUS
HAYYHO-TEXHUYECKHUX OTYETOB (IIPOCKTORB)

OIIK-3.1 3HaeT oCHOBHBIC MpaBuiia OPOPMIICHHS HAYYHBIX
MyOIMKAUi U HAy9HO-TEXHUYECKOH NTOKYMEHTALUH, B TOM
YHUCIe C MCHONb30BAaHWEM NPUKIAJHOTO IPOrPaMMHOTO
o0ecrnieyeHHs

OIIK-3.3 Bnageetr MeTogamMu BH3yaJbHOTO U rpauIeCcKOro
MIpeICTaBICHUS pe3yabTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHOW TEXHOJOTHYECKOH )
JeSITETLHOCTH B BUJIE OTYETOB, HAYYHBIX IMyOIHKAIINH

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MaTeMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3pabOTaHHON
MOJENN

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHUeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITENLHOCTH

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

[1K-2 Crioco0OeH caMoCTOIATENLHO N B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BBIBATH M MIPOBOIUTH

TTAVIITIT 1A AATTATTADATIING 11 IV armnnAaTioarn

[IK-2.1 3HaeT nmpUHOUNBI MTOCTPOCHHA HAYYHQPROOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHoco0bl apryMeHTallH

[IK-2.2 Cnoco0eH IUIaHUPOBAaTh W TPOBOAWUTH HAYYHBIE
HCCIICAOBAHUS CaMOCTOSTEIbHO MJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA
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[MK-2.3 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NMyOIMKaluK HAYYHBIX CTATEH U y4acTusi B KOH()EPEHIUSIX

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA
B pesynbrare uzydenus quciuiuinabl « CirydaifHbIe IPOIIECChD) 00YJArOIIUNACS JOIKEH:

3HATh:
- OCHOBHBIE IIOHSTHS TEOPHH CIy4YallHBIX MPOLIECCOB;
- ompenecHHE MPOCTEHINEro CiiydalfHoro ONy»IaHusl Ha IPSIMOM, OCHOBHBIE TEOPEMBI O CITyYaitHOM
OnmyXIaHUM Ha TPSMOIA: TeopeMa O BEpOATHOCTH BO3BpAILCHHUS B HYJb, TeopeMa 00 aCUMITOTHKE
BPEMEHH, IIPOBEIEHHOIO B HYJle, TEOPEMa O PAcCIpEeAE]CHUH [IEPBOI0 MOMEHTA BO3BpAILEHUs B HYJb
JUI CAMMETPHYHOTO CIIy4ailHOTO Oy>KIaHMS;
- OCHOBBI TEOPUHU BETBSILIUXCS MPOLECCOB, IIpoliecchl 'anprona-Barcona u TeopemMa 0 BEpOSTHOCTH
BBIPOXKJICHUS;
- Tteopemy Kosimoroposa o cyliecTBOBaHMM CIIy4allHOTIO IIpoliecca ¢ 3aJaHHbIMH KOHEYHOMEPHBIMU
pacnpeneneHusIMY;
- OCHOBBI TEOPUU IIyaCCOHOBCKMX IIPOLIECCOB U IIOJIEH, OIIpE/esIeHe, OCHOBHbIE CBONCTBA U SIBHYIO
KOHCTPYKIIMIO ITyaCCOHOBCKOT'O MPOLECCA TOCTOSHHON HHTEHCUBHOCTH;
- OIpelelIeHUE U IVIaBHBIE CBOMCTBA BUHEPOBCKOI'O IIPOLECCA: HEIPEPHIBHOCTb TPACKTOPUMH, 3aKOH
MOBTOPHOTO Jiorapu(ma, CTpOro MapKOBCKOE CBOMCTBO U MPUHIMIT OTPAKEHUS;
- OCHOBBI TEOPUHM MAPKOBCKHUX IieNIel ¢ JUCKPETHBIM BPEMEHEM: OCHOBHBIE OIPEIEICHUS, yPAaBHEHMUS
Konmmoroposa-Uenmena, sproquueckas Teopema;
- OCHOBBI TEOpDUU MApPKOBCKHUX LIENIEHl ¢ HENpepbIBHBIM BPEMEHEM: TEOPEMa O CYLIECTBOBAaHUM,
sproaudeckas Teopema, npsmMblie U odpatHbie TuddepeHunanbHpie ypaBHeHnsa KoiaomMmoroposa;
- OCHOBBI TEOPUH MapKOBCKUX IPOLIECCOB;
- OCHOBBI TEOPHH MapTHHTaIOB: paznoxenue Jy0a, Teopema 06 OCTaHOBKE;
- OCHOBBI TEOPUH CTALIMOHAPHBIX IIPOLIECCOB;
- JIMHEIHBIE TPeo0pa30BaHMs CIIy4alHBIX MIPOLIECCOB.

yMeTh:
- HaXOIUTh BEPOATHOCTH BBIPOXKAEHUS IS BETBALIUXCS ITpoueccos ['ansroHa-Barcona;
- HCCIEN0BaTh ACUMIITOTHUYECKOE MIOBEJEHUE MaPKOBCKOW LEMHU C JUCKPETHBIM BPEMEHEM C ITOMOLIBIO
3ProfAHYECKON TEOPEMBI;
- HaxOIWUTh pACIpEACICHUE MAapKOBCKOW LEMU C HENPEphIBHBIM BPEMEHEM C IOMOIIb
nuddepeHIanbHbIX ypaBHeHU Konmmoroposa;
- HaXOJIUTh MapKOBCKHE U MapTHUHTAJIBHBIE CBOMCTBA Y CIy4YalHBIX IPOLECCOB;
- BBIUUCIIATh KOBApUALIMOHHBIE XaPaKTEPUCTUKU CTALIMOHAPHBIX CIIy4alHBIX IIPOLECCOB C IIOMOILIbIO
CHEKTPaJILHON TUIOTHOCTH;
- BBIYMCIIATE KOBAPHALMOHHBIE W KOPPEIALMOHHBbIC (DYHKUIUHM JMHEHHBIX NpeoOpa3oBaHUil OT
CITy4aiHbIX MPOLIECCOB.

BJIaJeTh:
- OCHOBHBIMHM AHAJINTHYECKUMH METOJAMM TEOPHM CIy4alHBIX IPOIECCOB: KOMOMHATOPHBIMH,
Qg QepeHInaTbHBIMU, CIIEKTPAIbHBIMU, METOAaMHU (PYHKLIHNOHAIHHOTO aHAIN3a;
- HaBbIKAMU aCUMITOTHYECKOIO aHaJM3a Pa3JIMYHbIX KJIACCOB CIy4aMHBIX IPOLECCOB: BETBALIUXCS
MIPOLIECCOB, MAPKOBCKHX LIEMEH, FayCCOBCKUX MPOLIECCOB;
- HaBBIKAMHU NPHMEHEHUS TEOPEeM TEOPHH CIy4YalHBIX MPOLIECCOB B MPUKIAIHBIX 3a/1a4axX (pU3MKU U
SKOHOMUKHU.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

[Ipumepsl 3a1a4 B JOMAIIHEM 3aJaHUH.

[Iycth & — yMcno MOTOMKOB YacTULBl B BeTBsmeMcs mpouecce [ansrona-Barcona (X nnEZ +).
O603naunm E&E=p, DE=c"2. Haiigure EX nu DX n.

ITycts (N_t,t>0) — myaccoHOBCKMH TpoliecC HWHTEHCHBHOCTH A. Haiiaure Maremarnueckoe
OXHJIaHUE YHCIIa TaKuX ero ckaykoB Ha oTpeske [0,T], uTo a) B ux mpaBoil -OKPECTHOCTH HET APYTUX
CKa4KOB (3Ta OKPECTHOCTh MOXKET BBIXOIUTH U 3a MPEeiibl OTpe3ka), 0) B UX JIEBOH a-OKPECTHOCTH HET
JPYTUX CKa4YKOB, B) B UX a-OKPECTHOCTH HET JPYTUX CKAYKOB (3Ta OKPECTHOCTH MOXKET BBIXOAMTD U 32
TIpenesbl OTPE3Ka).




ITycts (N_t,t>0) — myaccoHOBCKMI TpoliecCc MHTEHCHMBHOCTH A. Haiiaure mpenen m.H. N_t/t mpu
t—+oo0.

ITycts (W_t,t>0) — BuHepoBckuii mporecc. JloKakuTe, UYTO CIEAYIONIME IPOLECCHl TOXE
BuHeposckue a) X_t=tW_(1/t) I{t>0}, 6) X t=Vc W_(t/c), c>0, B) X t=W_(t+a)-W_a, a>0, r)
X t=W_t [{t<T}+Q2W_T-W_t)I[{t>T}.

[lycte 3amana ¢unsrpauusa F=(F n,nEN), a t_1,t 2,... - MapKOBCKHME MOMEHTBHI OTHOCHTENBHO F.
Jlokaxute, uro ciaydaiinele Bemmumesl y (k=1y'mit k , [] (k=1)mit k , suptk [t k J,
infrk ([t k)] Toxe sBIsIOTCS MAPKOBCKHMI MOMEHTaMH OTHOCHTENBHO F.

ITycts (S_n,nEN) — npocreiiniee cirydaiiHoe Oy IaHue C BEpOATHOCTBHIO Iara Bmpaso p. [lycth
a<x<b — nensle uncna, a X_n=x+S n, n>1. O603nauum t=min [ {n:S n€[a,b]})] — momenr BHIXOAA
npouecca X_n u3 nonocsl. Jlokaxure, uro Et<co.

Ilycts (X n,nEZ +) — BerBamumiica npouecc [ansroHa-Barcona, mocTpoeHHBIN MO Cly4aiHON
BeinuuHe A. M3BectHo, uro EE=p. Jlokaxute, uro mponecc Y n=X n/p n sBIseTCS MapTHHTAIOM
OTHOCHTEJIBHO CBOEH €CTECTBEHHON (UIIBTPALIIH.

Iycts (W_t,t>0) — BuHepoBckmii mponece, a T x=min [{t:W_t=x})] mma x>0. Jlokaxure, 4TO
npouecc ™=(t_x,Xx=>0) sBiseTcsa MapKOBCKUM.

[lycte f — nepuoanueckas ¢pynkuus Ha R ¢ mepuogom T>0. Ciyuaiinas BenuuuHa & paBHOMEPHO
pacnpenenena Ha [0,T]. Cnyuwaitaeiii Bektop ({,n) He 3aBucur ot & Jlokaxure, 4TO TpoIiecc
X _t=Cf(nt+&) cTauroHapeH B y3KOM CMBICIIE.

ITycte X t — rayccoBckuil mporiecc ¢ HyleBol (YHKIMEH CpelHEero U KOBapHallMOHHOW (QyHKIen
r(s,t)y=ae”(-b|s-t|),a,b>0. lokaxure, 4TO TaKoil MPOLECC CYIIECTBYET, U HAMIUTE €ro CIEKTPAIbHYIO
IUIOTHOCTb.

[TpumMep BapuaHTa Ha KOHTPOJIBHOU padboTe

Haiinure BEpOSTHOCTH BBIPOXKICHHS JUIsl BETBSIUXCS TPOIIECCOB C MPOU3BOIIECH (YyHKIMEH dncia
MOTOMKOB OJTHOM 4aCTHUIIbI

a) (1-p)/(1-pz), 6) 1-p(1-2)*a, a €(0,1), B) (1+z+z"2+2"3)/4.

2. Baman mpomecc Y t=Y (i=D)AN t)in i ,t50, roe (M iL,iEN) - He3aBHCHMBIC OIMHAKOBO
pacmpeneneHHble Cly4yailHble BEJIMYMHBI, HE 3aBHCALIME TaKKe OT IIyaCCOHOBCKOTO Ipolecca
N=(N_t,t>0) uarencuBHocTH A. JlokaskuTte, uyTo nporecc Y _t UMeeT He3aBUCUMBbIE MTPUPALLICHUS.

3. Hycrtp (Y_t,t€[0,1]) — rayccoBckuii mpouecc ¢ HyleBol (QyHKIHMEH CPeIHEro M KOBapUALMOHHON
¢dbynknuel r(s,t)=min(s,t)-st. JlokaxxuTe, 4TO TaKOW MPOIECC CYIIECTBYET W 4TO Mpormecc X t=(t+1)
Y _(t/(t+1)), t0 siBisIeTCS BUHEPOBCKUM.

4. Ilycts (W_t,t>0) — BunepoBckuii mponecc. llonoxkum t=min{t:W _t=y} amns Hexotoporo y>O0.
Haiinure mioTHOCTS ciydaiiHoi Benmmuunbl Y _a= [(sup) (t€[t,1+a]) W _t.

5. Ilycte (W_t,t>0) — BuHepoBckuii mpouecc. Jlokaxkure, yro mpomecc Y t=W t"2-t gpusercs
MapTHHTaJIOM OTHOCUTEIBHO €CTECTBEHHON (puibTparuu npouecca W _t.

Tembl 11 KypcoBBIX padoT:

1. CnekrpanbHoe mnpexacrasieHue. Teopema Kapynena (0/m). KoBapmanmonnas QyHKIus
CTallMOHApPHOM B IIMPOKOM CMBICIIE ITOCIEA0BATEIbHOCTH, €€ OCHOBHBIE CBOMCTBA. Teopema ['eprnorua
(mox-Bo mocrarounocTH). CrieKTpasibHasi Mepa U CIEeKTpalibHas IJIOTHOCTh CTAIMOHAPHOM B LIMPOKOM
CMBICIIE TIOCJICIOBATEILHOCTH. BBIUMCICHNE CHEKTPaJbHOM IJIOTHOCTH ¢ IoMmoulpio psaa Pypbe.
Teopema 0 crieKTpaJIbHOM NPEACTABICHUN CTALIMOHAPHON B IIMPOKOM CMBICIIE TTOCIIE0BATEIbHOCTH.

2. CnekrpanpHoe mnpezacraBieHue. Teopema Kapynena (0/m). KoBapuanmonnas —QyHKIus
CTallMOHAPHOTO B IIMPOKOM CMBICIIE MpoLiecca Ha MPsIMOH, ee OCHOBHBIE cBoMcTBa. Teopema boxnepa —
XWHYMHA (JIOK-BO JO0CTAaTOYHOCTH). CrieKTpanbHas Mepa U CIEeKTpajibHas INIOTHOCTh CTAI[HOHAPHOTO B
IMPOKOM CMBICJIE TMpolecca. BplUKCIeHHWE CHEeKTPaJbHOW IUIOTHOCTH C IIOMOIIBIO  (hOPMYIIBI
oOpamenusa. Teopema O CHEKTpalIbHOM TIPEACTABICHUHM CTAllMOHAPHOTO B IIHMPOKOM CMBICTE
CIIy4aifHOro mpornecca Ha IpsMOH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

1. O0wiee moHsITHE CIy4YaiHOTO Tpolecca (CIydailHON (GYHKLUNHU), TPAEKTOPUU CIYHYaiHOTO Tpolecca.
[Tpumeps! ciay4aifHBIX TNPOLECCOB: CilydaiiHoe Oiy)XKIJaHue, MPOLECChl BOCCTAHOBIEHHS, MOJIEIb
ctpaxoBanus Kpamepa — JIynnoepra. Jlemma 0 KOHEUHOCTH I1.H. IpOLiecca BOCCTAHOBICHUSI.



2. Ilpocteiimee ciyuaiiHoe Onyxaanue Ha mpsiMoil. Mcnonb3oBanue uncen Karamana s moacuera
qucia “HeOTPULATENbHBIX U “TIONIOKUTEIbHBIX TPACKTOPUH CIIy4alHOTO Oy KIaHUs, IPUXOAAIINX B
Hy1b 3a BpeMms 2n. Teopema O pacnpeneieHUu IE€pBOIO MOMEHTa BO3BpallleHUs B HyJIb UL
mpocTeimero ciay4yaifHoro omyxaanus. TeopeMa o BEpOSITHOCTH BO3BPAILIEHHS B HYJIb.

3. PaBHOMEpHasg HWHTETPUPYEMOCTh CEMEWCTBAa CIIy4allHBIX BenW4MH. Kputepnidi paBHOMEpHOH
MHTErPUPYEMOCTH CXOASAILICHCS 1O paclpeesIeHNI0 TOCIeA0BaTeIbHOCTH CIy4aiHbIX BenuduH (6/1).
JlocraTouHoe yClIOBHE PaBHOMEPHOM HMHTETPHUPYEMOCTH IOCIICAOBATECIBHOCTH CIyYailHBIX BEJIMYWH.
Teopema 00 acMMOTOTHYECKOM IIOBEICHUM BPEMEHH, MPOBEACHHOM CHMMETPUYHBIM CIy4alHBIM
OmyXIlaHHUEM B HYJIE 3a BpeMs 1.

4. Teopema beppu — Occeena (6/m) W cIEACTBHE O BEPOSTHOCTH OOJBIIOTO YKJIOHEHHS IS
CUMMETPHUYHOTO ciydaiiHoro Omyxnanus. Jlemma bopens — Kanrennu (6/1) u nemMMa o BEpOSATHOCTH
OO0JIBLIOTO YKJIOHEHUS [UII MAKCUMYMa CyMM CUMMETPHYHBIX CIIyYalHBIX BETMYHUH. 3aKOH MIOBTOPHOTO
norapudma Ui MPOCTEHIIEro CUMMETPUYHOTO CIy4aiHOro OmykKgaHus Ha NpsiMoil. CMBICT 3aKoHA
MOBTOPHOTO Jiorapudma.

5. TIpousBojsimuye QyHKIUN CIyYaiHbIX BEJIMYHMH, NX OCHOBHBIC CBOWCTBA. BeTmsimmecs mporecchl
lNansrona — Barcona. CooTHOLIEHHE MEXIY NMPOU3BOAALIMMH (YHKIMSMH YMCIIAa YacTHLl B N-M U
(n+1)-m noxonenusx. BeiBon ypaBHEHUS 111 BEPOATHOCTH BBIPOXKICHHS MpoIlecca.

6. BerBsimuecs nporeccel 'anbTona — Barcona. Teopema 0 BEpOSTHOCTH BBIPOXKICHHS BETBSIIIETOCS
nporecca.

7. TlpocTpaHCTBO TpaeKTOpUH CIy4alHOTO Ipolecca, LUIMHIpPUYECKash cUrma-ajaredpa Ha HEM.
DKBHUBAJIEHTHOE OIpEIEeIeHHE CIy4ailHOro Ipolecca, Kak OJHOI0 HM3MEPUMOr0 OTOOpakeHHs B
MPOCTPAHCTBO TpaekTopuil. KoneuHoMepHbIe pacnpeneneHus ciiydaiiHoro mpouecca. /lokasarenbcTBo
TOI0, YTO KOHEYHOMEPHbIE PacCIpEACICHHsI OTHO3HAYHO OIIPENEIISIOT pacipeie/ieHe BCEro npouecca B
LEJIOM.

8. KoneuHoMepHbIe pacmpeneieHds ciay4aiHoro mpouecca. Jlemma 00 yCIOBHSIX CHMMETPHUH H
coracoBaHHOCTH. Teopema KonmoropoBa o cyliecTBOBaHHMM Ciy4aiiHOTo mporecca (0/x). YeiaoBus
COITIACOBAaHHOCTH BeposATHOCTHHIX Mep Ha (Rn, B(Rn)) B TepMuHax xapakTepucTHyecKux (GyHKIMN
(6/m). CaencTBue JUIst IPOIIECCOB, HHEKCHPOBaHHBIX MHOKeCTBOM T C R.

9. Ilpoueccsl ¢ He3zaBUCUMBIMU HpupamieHussMH. Kputepuil cyluecrBoBaHus Ipouecca C
HE3aBUCUMBIMHU NPUPALICHUSAMU B TEPMHUHAX XapaKTEPUCTHUECKUX (PYHKIMHA MpUpaIeHUH.

10. IlyaccoHOBCKMH TpOLECC TOCTOSHHOM HMHTEHCHMBHOCTM Kak MPOLECC C HE3aBUCUMBIMU
[IpUpAILEHUSMY, J10Ka3aTeIbCTBO CYLIECTBOBAaHUs. SIBHasg KOHCTPYKLMS IIyaCCOHOBCKOIO IIpoliecca:
MPOLECC BOCCTAHOBJICHUS [UIA 3KCIIOHCHLHUANBHBIX CIHy4YaiHbIX BeluuuH. CleAcTBUE U3 SIBHOM
KOHCTPYKLMH: CBOICTBA TPaeKTOPUI ITyaCCOHOBCKOI'O IIpoLecca.

11. KoBapnanuoHHass ¥ KOppeIsIMOHHAS (YHKIMM CIy4aifHOro Mpolecca, WX CHUMMETPHUYHOCTb U
HEOTpHLATeNbHAsl ~ ONPENEICHHOCTh. | ayccoBckue — ciydaiiHble mpouecchl.  JlokasarenbcTBo
CYILECTBOBaHMS TayCCOBCKOTO Ipolecca C 3aJaHHbIMU (YHKIMEH CpelHero M KOBapHALMOHHOMN
(dyHKUMEH.

12. BunepoBckuii mpouecc (mpouecc OpOYHOBCKOTO IBMXKEHUS). JlOKa3aTenbCTBO CyIIECTBOBAHMS.
Teopema 0 1ByX 3KBUBAJICHTHBIX ONPENEICHUAX BUHEPOBCKOIO IIpoLecca.

13. Mogudukauusa ciydaiiHoro npoinecca. Teopema KomMoroposa o cymiecTBOBaHHHM HEMPEPBIBHOM
Momudukanuu (6/1). JlokazareabcTBO CyIIECTBOBAHUS HENPEPLIBHONH MOAM(HUKAIINN y BUHEPOBCKOTO
nporecca.

14. 3akoH moBTOpHOTO Jorapudma ajsi BUHepoBckoro mpouecca (0/m). CMBbICI 3aKOHA TTOBTOPHOTO
norapudma. JIokaabHbIM 3aKOH TOBTOPHOTO JIorapr¢Ma 1711 BAHEPOBCKOTO IpoIiecca.

15. IlonsATne HUIBTpaLuy HAa BEPOSTHOCTHOM IIPOCTPAHCTBE, COIIACOBAHHOCTh CIIy4allHOTO MpoLecca
¢ (unpTpanueii, ecrecTBeHHas (GUIBTpaNKs CIy4aiHOTO mporecca. MapKOBCKHE MOMEHTBI 1 MOMEHTHI
octaHoBKU. CTpOro MapKoBCKOE CBOMCTBO BUHEPOBCKOTO MpoIiecca.

16. IlpuHuun oTpakeHHUs Uil BHHEPOBCKOro mpouecca (0/mx). MOMEHT AOCTHXKEHHsSI BUHEPOBCKUM
IIPOLIECCOM YPOBHA X. JlOKa3aTelbCTBO TOIO, YTO OH SIBISIETCS MOMEHTOM OCTaHOBKH. COBMECTHOE
pacmpeneneHne MakCUMyMa BUHEPOBCKOTO Tporecca Ha orpeske [0, t] u ero mpasoro konua. Teopema
bamense.

17. Maprusransl, cybMapTUHTaIbl U cynepMapTHHTalbl. Kpurepuii MapTHHTaIbHOCTH IS IPOLIECCOB
C HE3aBUCHMBIMHU IpupalieHusMu. [IpuMepsl MapTHHTanoB U cyoMapTtunranoB. Pasnoxenue [ly6a s
COIVIACOBaHHBIX IIPOIIECCOB C TUCKPETHHIM BPEMEHEM.

18. Maprunrainel. Teopema 00 OCTaHOBKE U CJIEACTBHE M3 Hee. AHAJIOI TEOPEMbl 00 OCTAHOBKE IJIs
cllydasi HempephIBHOTO BpeMeHH (0/1).

19. Obmiee MoHATHE MAPKOBCKOTO MPOIecca OTHOCHTENBHO (miibTpaiui. Teopema 00 3KBUBAICHTHBIX
OTIpeIeNICHUSIX MApPKOBCKOTO IIpoLecca.



20. Teopema 0 MapKOBOCTH MPOIIECCOB C HE3aBUCUMBIMH TIpHupanieHusiMu. Kputepuii MapkoBoCTH ISt
rayCCOBCKUX MPOLIECCOB.

21. IlepexonHasi (yHKIMSI MapKOBCKOTO Iporuecca. Jloka3aTeabCTBO TOr0, YTO MapKOBCKHI IMpoLecc
“nouru obnamaer” nmepexonHoi ¢yHkmuei. [lepexonHas MIOTHOCTh MaPKOBCKOTO TIpoIlecca.

22. MapkoBcKkue LenHu ¢ AUCKPEeTHBIM BpeMeHeM. TeopeMa O He3aBHUCUMOCTH “‘Oyaymiero”
“mpomuioro” mpu (UKCHpoBaHHOM ‘“‘HactosmieM”. Ilpumepsl MapkOBCKHX Ilemeil: mpocreiiee
ciydaifHOe Oy»XIaHue Ha NPsSMOH W BeTBsIuecs npoueccel ['ansTona — BarcoHa.

23. ®a30Bo€ MPOCTPAHCTBO, MATPHILBI NEPEXOAHBIX BEPOATHOCTEH M HAYaJIbHOE pacHpeAcieHUE JUIs
MAapKOBCKOHM LENH C JAUCKPETHBIM BpeMeHeM. IIoHATHE OZHOpPOIHOM MAapKOBCKOM LENU. YpaBHEHUS
KonmoropoBa — Yenmena u cnenctBusi u3 Hux. CrauMoHapHOe W NPEAENbHOE paclpelesieHUs
OJTHOPOJHOM MapKOBCKoO# mernu. CBOWCTBA IENMHU C HAYAJIBHBIM CTAIIMOHAPHBIM paCIIpeieICHUEM.

24. Dproauyeckas Teopema Il MapKOBCKHMX Iened ¢ AUCKPETHBIM BpemeHeM. CTalMoHapHOCTh U
MPEeNIbHOCTD APrOANYECKOTO pacIipeieIeHUs] MAPKOBCKOH IICTIH.

25. MapkoBcKue IIenH ¢ HeNmpephIBHBIM BpemMeHeM. CBOWCTBa MEPEXOIHbIX BeposTHOCTeH. Teopema o
CYLIECTBOBAaHMM MAapKOBCKOH LEMU C 3aJaHHBIMHM HAaYaJbHBIM pacHpelesiCHHEM W IEepPEeXOAHBIMH
BEPOSITHOCTSIMM.

26. OgHOpOIHBIE MAPKOBCKHE IIEMH C HEPEPHIBHBIM BpeMeHeM. CToxacThyeckas MoNyrpyIna MaTpHil
MepexoqHbIX BeposiTHOCTe. CTaluoHapHOE W MpPENeNbHOE paclpeneieHuss MapKOBCKOW IICTIH.
Opronuueckas teopema (6/m). Tpu cineacTBus W3 3proguyuecKoil TEOPEMBI: CBOMCTBA 3ProfndecKoro
pacnpeneneHusl.

27. VnpuHnTe3MManbHas MaTpUIla MapKOBCKOM LIEMM C HENpepbIBHBIM BpeMeHeM. CyllecTBOBaHHE
WHQUHUTE3UMAJbHOH  MaTpULbl Ui CTaHJapTHOW MapkoBckod memu  (0/m). OOparHbie
nuddepeHimanbabie ypapaenus KonMoroposa.

28. Ilpsmble nuddepenuuansueie ypaBHeHus: KoiMoroposa 1j1si MapKOBCKOM LN € HEMPEPBHIBHBIM
BpeMeHeM. CIeICTBUS U3 HUX: YPaBHEHMs Il HAXOXKIEHHs paclpeleseHus LelHu B IPOU3BOJIbHbBIN
MOMEHT BPEMEHH t U 7151 HAXOKACHUS SPrOJUIECKOrO pacipeaesieHusl.

29. Ilpoctpancteo L2(Q, F, P) cnyuyaliHpIXx BenW4YMH, €ro OCHOBHBIE CBOMCTBa. Jlemma o
HEIPEPbIBHOCTU CKAJISPHOIO POU3BENCHMUS.

30. CroxacTuueckasi HENPEPHIBHOCTH W HENPEPHIBHOCTh B CPEIHEM KBAAPATHUYHOM CIIy4ailHOTO
npouecca. Kputepuil HempepbIBHOCTH B cCpenHeM KBaipaTuduHoMm st L-mpormecca. Kpurepwit
CTOXaCTHYECKON HETIPEPHIBHOCTH CIYYaiHOro mpolecca.

31. duddepenurpoBanue cirydailHBIX HPOLECCOB IO BEPOSTHOCTH W B CPEAHEM KBaJPATUYHOM.
Kpurepuii HenpepsiBHON audhepeHIupyeMOCTH B CpeJHEM KBaJIPaTHYHOM CIIydaifHOTO mpolecca Ha
orpe3ke (0/m). Brluncnenne MaTeMaTHUECKOTO OKUAAHUS, KOPPEISIIMOHHON M KOBapHallMOHHOM
¢dbynknui L

32. MHTerpupoBanue CIy4ailHbIX MPOLIECCOB B CPEAHEM KBaapaTHYyHOM. KpuTepuii HHTErpHpyeMOCTH
B CpEOHEM KBaJpaTUYHOM Ha OTpe3Ke WU CIEACTBUE M3 HEro. BriuucieHue MareMaTudyecKoro
OXHJIaHUsl, KOPPEISIIMOHHON 1 KOBapHaunOHHON QyHKIMi L nHTerpana ot ciaydaifHoro mpouecca.

33. CrauuoHapHble CiIy4aidHble NpPOLECCH: CTAMOHAPHOCTb B Y3KOM U IIUPOKOM CMBICIaX.
B3aumocssa3p Mexay Humu. CTalMOHapHOCTh B Y3KOM CMBICIE MAapKOBCKOW LIENIM C HayalbHbIM
CTallMOHAPHBIM pacrpeneicHreM. Teopema 00 3KBUBAJIEHTHOCTH ABYX HOHSTHH CTallMOHAPHOCTHU LIS
rayCCOBCKHUX IIPOLIECCOB.

34. OproroHajbHble CIy4ailHble Mepbl Ha TOJYKOJbLe TOAMHOXKECTB. CTpyKTypHas Mepa
OpPTOTOHAJILHOM Ciy4aliHOW Mepbl. Teopema O B3aMMHO OJHO3HAYHOM COOTBETCTBUU OPTOTOHAIBHBIX
CllydallHBIX Me€p Ha IIOJNyKOJIbLIE IIOJNyUMHTEpBaJoB B R+ U HEmpepbIBHBIX IPOLECCOB C
OPTOTOHAJILHBIMU NMPHUPALICHUSIMH (JJOK-BO B OJTHY CTOPOHY, HJIesl I0K-Ba B JPYTYIO).

35. CroxacTuuecKkuil HHTETpall 10 OPTOrOHANBHOMN citydaitHoW Mepe. [Ipomomxenne ¢ momykonbia K
OpPTOTOHAJILHOHM ciyuaiiHoi Mepsl Ha anredpy a(K) u ee cTpykrypHoil Mepsl Ha curma-anredopy o(K).
OmnpeneneHne 1 OCHOBHbBIE CBOMCTBA CTOXaCTMYECKOTO MHTETPaja OT MPOCTHIX (QYHKITHH.

36. CroxacTH4eCKHil MHTETpajl 10 OPTOrOHAIBHOW citydaiiHOW Mepe. [locTpoeHne cToxacTH4ecKoro
uHTerpana Juis npousBoinbHOH ¢yHKuu w3 L2(A, o(K), p). Ero ocHoBHble cBoiictBa. Wnes
MOCTPOCHHUS CTOXaCTHYECKOI0 MHTETpalia B ciyyae, korqa A € K/ .

HpI/IMepBI OK3aMCHAIIMOHHBIX OUJIECTOB:

Buiet Nel



1. KoneuHoMmepHble pacmpeneseHus ciydaiiHoro mpouecca. JleMma 00 YCIOBHSX CHUMMETPHHM U
cortacoBaHHocTH. Teopema KonmoropoBa o cymiecTBoBaHMM Ciiy4aiHOro mpouecca (6/x). YeiaoBus
COIJIACOBAaHHOCTH BeposiTHOCTHBIX Mep Ha (Rn, B(Rn)) B TepMuHax xapakTepucTHUeCKUX (DYHKIIMN
(6/m). CnencTBue Ui IPOLIECCOB, HHACKCUPOBAHHBIX MHOXKecTBoM T C R

buer Ne2

1. MnpuanTe3MManIbHas MaTpHlla MapKOBCKOW LIEMHM C HeNpepblBHBIM BpeMmeHeM. CylecTBOBaHHE
WHOQUHUTE3UMAJbHOH  MaTpULbl Ui CTaHJapTHOW  MapkoBckod memu  (0/m). OOparHbie
nuddepeHimanpHbie ypapaenus Konvoroposa

Kpurepun onennBanus
Onenka "Ommmyno" (10) - m[OTHOCTEIO W BOBpEeMs pELICHBl Bce 3afadn  0e3  OmMOOK.
ITponeMoHCTpHUPOBaH IPAaMOTHBIN MOAXO K PELICHUIO 337134, PeaTn30BaHbl ONTUMAIIbHbIE aJITOPUTMBI,
KoJl 0()OpMIIEH B €JMHOM YI00OYUTAaEMOM CTHJIE.

Onenka "Otamuno" (9) - mNOMHOCTBIO M BOBpPEMsl pELICHbl BCce 3adaud  0e3 OIIMOOK.
ITponemMoHCTpHUPOBaH I'PAMOTHBIN MOAXOA K PEIICHHIO 33/1a4, pealn30BaHbl ONTUMAIILHBIC aJITOPUTMBI.
Onenka "Otnuuno" (8) - TONHOCTBIO M BOBpPEMS pEIICHBI BCce 3a7a4d  0e3  OIIHOOK.

[TponeMoOHCTpHUPOBAH TPAMOTHBIN ITOIXOA K PEHICHUIO 3a71ad.

Onenka "Xopomro" (7) - MOMHOCTEIO PENICHEI BCe 3a7a4u. J[omyIeHp! HeCymeCTBEeHHBIE OIITHOKH.
Onenka "Xopomo" (6) -NOTHOCTBHIO PEIIEHO OOJIBIIMHCTBO 3a1a4. B HEKOTOPBIX 3aa4ax AOMYLICHBI U
HE WCTIPaBIieHbl OMTMOKH, JINOO HEKOTOPHIE 3aJ1a4i PEIIeHbI YACTUIHO.

Onenka "Xopomo" (5) - MOTHOCTBIO PEIIEHO JIBE TPETH 3aJiad. B HEKOTOPBIX 3a7a4ax JAOMYIICHBI U HE
UCIPaBJICHbI OINOKY, THO0 HEKOTOPBIE 3aa4H PEIICHBI YACTHYHO.

Onenka "YnosnerBoputenbHO" (4) - MOTHOCTBIO PENICHO Oojiee TOJOBHHBI 3a/1a4. B oCTanbHBIX
3a7ia4ax JOMyIIEHBl U HE NCIIPABICHBI OLUIMOKH, TM00 HEKOTOPbIE 3a7a4i PeIleHbl YaCTUYHO.

Onenka "YnoBineTBopuTenbHO" (3) - MOTHOCTHIO PelIeHo Ooliee MOJIOBUHBI 3a/1a4.

Onenka "HeynosneTBoputenbHO" (2) - pelieHo MeHee TTOJIOBUHBI 3a/1au.

Onenka "HeynosnerBopurtensHo" (1) - HE pelieHO HU OHOMU 3a/1auu.

5. MeTonuyeckne MaTepuaJbl, onpeaesiome NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MOXKET NMPOBOAUTHLCS MO UTOraM TEKyIIeH YCIEeBaeMOCTH M COa4dM 33JaHUM U IpyTruxX BUIOB
paboT, mpeayCMOTPEHHBIX NPOTrPaMMOM JUCLUUIUIMHBI W (WJIM) IMYTEM OpraHU3alM{ CIEUHAIbHOTO
oTpoca, MPOBOJAUMOTO B YCTHOW U (MJIM) IMCBMEHHOU (hopMe.

[Ipu mpoBeneHMH yCTHOTO 3K3aMeHa oOydaromiemycs npepocraBisercs 30 MHHYT Ha IOITOTOBKY.
Omnpoc obyuaromierocs o OUJIETy HE JOJKEH MPEBBIIIAaTh OHOTO ACTPOHOMHYECKOTO Yaca.



