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)

10 JMCHMILIMHE: CryyaiiHble POLECCH
110 HANIPABJICHUIO: [Ipuxnagnas MmareMaruka U HH(oOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: AHanu3 TaHHBIX B DKOHOMHKE

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa TMCKPETHOM MaTeMaTHKH

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH aTTecTanuu: 6 (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 kKadenpsl auckpetHoit marematuku 05.03.2020



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
M3y4YCHHE OCHOB COBPEMEHHOW TEOPWU CIIy9alHBIX MPOIECCOB, a TAaKKe IMOJTOTOBKA CIIyIIareieil K

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

33)13‘11/[ JAUCHUIIINHBI
I/I3y‘-IGHI/Ie OCHOB TCOpUHU CJ'Iy‘IafIHLIX MpoHeccCCoOB;
I/I3y‘-IGHI/Ie PAa3JINIHBIX KJIACCOB CJ'Iy‘lafIHBIX mponcccCos.

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

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

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

OIIK-1 Criocoben npuMeHSITh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK M UCIIOIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

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

OIIK-1.2 CnocobeH cTpouUTh MaTeMaTHYECKHE MOJEIH,
MPOU3BOIUTH KOJTMUECTBEHHBIC PACUETHl M OLICHKH

I[IK-1.2 CnocobeH  BBIABUTATh  THIIOTE3HI,
MaTeMaTU4YeCKHEe MOZACIN Uil  OIKMCAHHS

CTPOUTH

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIEA0BATh MaTeMaTHYECKUE MOJIEIH
N3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

M3y4aeMbIX
SIBIICHUW U TIPOIIECCOB, OIEHUBATh KaueCTBO pa3paboTaHHON
MOZEIIN

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBaTh M 0000IIATH
nHpOpMAIKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:



OCHOBHBbIE OHATHS TEOPUH CITy4aitHbIX IPOLIECCOB;

OTIpeIeTICHNE TIPOCTEHIIETO CIyYailHOTO Oy>KIaHus Ha TIPSIMOM, OCHOBHBIE TEOPEMBI O CITy4alilHOM
ONMy)KIaHUM Ha MPSIMON: TEOpeMa O BEPOSTHOCTH BO3BpAILCHHSA B HYJb, TeOpeMa 00 aCHMITOTHKE
BpPEMEHH, NIPOBEICHHOTO B HyJIE, TEOpEMa O paclpeesieHHH NePBOr0 MOMEHTa BO3BPALICHUS B HYJIb
IUISL CHAMMETPHYHOTO CIIy4aifHOTO Oy>KIaHus;

OCHOBBI TEOPUU BETBAIIMXCS MPOIIECCOB, Mpoliecchl [ ansroHa-BaTcona u TeopemMa 0 BEpOSTHOCTH
BBIPOXK/ICHUS;

TeopeMy KommoropoBa o cymiecTBOBaHUH CITy4aiHOTO IpoIiecca ¢ 33 aHHBIMH KOHEYHOMEPHBIMU
pacIpeneIeHusIMHY;

OCHOBBI TEOPUH ITyaCCOHOBCKHX IPOIIECCOB H IOJICH, ONpeIe/ICHHEe, OCHOBHBIC CBOWMCTBA U SIBHYIO
KOHCTPYKIHIO ITyaCCOHOBCKOT'O MPOIIecca MOCTOSHHON HHTEHCUBHOCTH;

OTIpE/ICTICHNE | TJIaBHBIC CBOMCTBAa BHHEPOBCKOTO IPOLECCA: HEMPEPHIBHOCTh TPACKTOPHIA, 3aKOH
MIOBTOPHOTO JIorapu(mMa, CTpPOro MapKOBCKOE CBOWCTBO M MPUHIIUI OTPAKCHHUS;

OCHOBBI TEOPHH MapKOBCKHX IIENEH C TUCKPETHHIM BPEMEHEM: OCHOBHBIC OIIPE/ICIICHHSI, YPABHEHHS
Konmoroposa-YenmMena, sprogudeckas Teopema;

OCHOBBI TEOPUU MAapKOBCKHX LETel ¢ HEeNpephIBHBIM BPEMEHEM: TE€OpeMa O CYIECTBOBAHUH,
sproanveckas Teopema, npsMblie U o0paTHbie TuddepeHuanbabie ypaBHeHus KoiomMoroposa;

OCHOBBI TEOPHH MAPKOBCKHX IPOIIECCOB;

OCHOBBI TEOPHH MApPTUHTANIOB: pa3noxenue /lyda, reopema 006 0CTaHOBKE;

OCHOBBI TEOPHH CTALIMOHAPHBIX MPOLIECCOB;

JTUHEWHbIE TPeoOpa3oBaHus CIIydaiHbIX MTPOIECCOB.

YMETb:

HAaXOJIUTh BEPOSTHOCTH BBIPOXKACHHUS ISl BETBSIIUXCS npoueccos ['anpToHa-BaTcoHa;
UCCIIE0BaTh ACUMIITOTUYECKOE II0BEIEHUE MAPKOBCKOM LIENU C JUCKPETHBIM BPEMEHEM C
ITOMOIIBIO SPTOANYECKON TEOPEMBIL;
HaXOAWUThb pAaCIpENEICHUE MapKOBCKOM LENM C HENPEepbIBHBIM BpPEMEHEM C IIOMOIIb
mddepeHanbHbIX ypaBHeHU Konmmoroposa;
HaXOJUTh MapKOBCKHE U MAPTHHIAJIbHBIE CBOWCTBA Y CIIydaiiHbIX IIPOLIECCOB;
BBIYHCIIATH KOBAPHALIMOHHBIE XapAKTEPUCTUKH CTALIMOHAPHBIX CIYYalHBIX MPOIECCOB C TOMOIIBIO
CIIEKTPAJIBHOM IIJIOTHOCTH;
BBIUMCIISITh KOBapUALIOHHBIE M KOPPEJSIUUOHHBIC (YHKUUHM JIMHEHHBIX HpeoOpa3oBaHUil OT
CIIy4alHBIX IPOLIECCOB.
BJIaJIETh:

OCHOBHBIMU AQHAJMTUYECKUMH METOJAaMH TECOPUH CIyYalHBIX HPOLECCOB: KOMOMHATOPHBIMH,
nuQQepeHIanTbLHBIMU, CIIEKTPATBLHBIMU, METOAaMHU (PYHKIIMOHATIHHOTO aHAIH3a;
HaBBIKAMH aCHMITOTHYECKOTO aHAJM3a PAa3JIMUHBIX KIACCOB CIyYalHBIX MPOIECCOB: BETBSALIMXCS
HPOLIECCOB, MAPKOBCKHX LETICH, TayCCOBCKUX MPOLIECCOB;
HaBBIKAMH ITPUMEHEHUS TEOPEM TEOPUH CIy4YalHBIX MMPOIECCOB B NPUKIAIHBIX 3a7a4ax (pH3UKH U
IKOHOMHUKH.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yU€OHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
BerBsamuecs mnpoueccsl ['anprona -
1 6 4 5
Barcona.
2 Buneposckuit IpoLece (portecc 4 4 5
OpOYHOBCKOTO JIBUKEHUS).
3 l"ayccoBckue ciy4aitHble IPOIECCHI. 2 4 5
4 [Tonsarue CIIy4aiiHOIrO mporecca 6 4 5
(cmyuyaitHOH QyHKIIUM).




[IpocTpaHCTBO TpaekTOpUil Cily4ailHOTO

5 rnpouecca, HWIMHAPUYECKAs 2 4 10
curmaanreOpa Ha HEM.
[Tpoueccst c HE3aBUCUMBIMU

6 POt 6 6 10
HpUpaIIEeHUSIMA

7 Oproxuueckas TeopemMa Juis MapKOBCKHX 4 4 5
Leneu ¢ AUCKPETHBIM BPEMEHEM.

Hroro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBaHHOE 110 TeMaM (paszeiam)

Cemectp: 6 (Becennuii)

1. BerBsmuecs npoueccs! ['ansrona - Barcona.

Teopema 0 BEpOSATHOCTH BBIPOXKACHUS BETBSILETOCS MIPOLECCa.

2. Buneposckuii mporiecc (Tporecc OpOyHOBCKOTO JIBYKEHUS ).

Teopema 0 IByX 3KBUBAJICHTHBIX ONPEIEICHUIX BHHEPOBCKOIO TpoLecca.
3. T'ayccoBckue cllydailHble MPOLECCHI.

Jloka3aresbCTBO CYIIECTBOBAaHHS TayCCOBCKOTO Ipollecca C 3aJaHHBIMH (DyHKIMEH CpemHero u
KOBapHaIMOHHOHN (PyHKITHEH.

4. IlonsaTue cmy4aitHOTO TIpotecca (Ciy4aiiHoi HYHKIINN).

[Tpumepsl: ciywaiiHoe Omy)XOaHue, IPOIECCHl BOCCTAHOBIECHHS, SMIUPUYECKHE MEpbI, MOAEIb
ctpaxoBanusi Kpamepa-JlynnGepra.

5. HpOCTpaHCTBO TpaeKTOpI/Iﬁ cnyqaﬁHoro nmponecca, NMIMHAPUYICCKAsA cnrMaanre6pa Ha HCM.

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

6. IIponecchl ¢ HE3aBUCUMBIMU NIPUPALLIECHUIMU
Kputepwuii cymecTBoBaHUS B TEPMHUHAX XaPaKTEPUCTUUECKUX (DYHKIMN TPUPALCHUN.
7. Oproguueckasi Teopema JiIsl MApKOBCKUX LEIeH ¢ AUCKPETHBIM BPEMEHEM.

CTannoHapHOCTh M MIPEAETbHOCTD 3PTOANYECKOTO paclpeesIeHNns] MApKOBCKOH IIETIH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

CranpaptHas yueOHasi ayIuTOPHSL.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa




1. Bepositaocth [Teker]. B 2 T. T. 2. CymMMBI 1 IOCIIEIOBATENHHOCTH CITYyHYalHBIX BEJIUYUH -
CTallMOHAapHbIE, MAPTHUHTAJIbI, MAPKOBCKHE 1eTH : yueOHuk aiist By30B / A. H. lllupsies .— 4-e nepepad.
u jgon. — M. : MITHMO, 2007, 2011 .— 416 c. - bubnuorp.: c. 943-949. - TIpenm. ykas.: c. 950-963. -
1500 sx3. - ISBN 978-5-94057-106-3 (B niep.) .— Ilomasrit Texct (Joctyn u3 cetu MOTU /
VYraneHHbIN TOCTYT).

2. Teopus ciryqaifHbIX mporieccoB [Tekcr] : [y4e0. mocodue mis By30B] / A. B. Bynunckuii, A. H.
[Hupses ; [Mock. roc. yH-T uM. M. B. JlomonocoBa] .— M. : ®uzmariaut, 2005 .— 402 c. : uin. —
(Knaccuueckuii yauBepcuTeTcKuil yueOHUK). - bubnuorp.: ¢. 385-393. - And. ykas.: c. 394-402. -
ISBN 5-9221-0335-0 (8 mep.)) .— Iloxnsrii Tekct (Joctyn u3 cetu MOTU / Ynanenusiit focTym).

JlononHuTenbHAs TUTEpaTypa
1. BeposiTHOCTB B Teopemax M 3a/1auax (c JlokazarenbcTBamu u pemenusmu) [Teker]. Ka. 1 : [yue6.
nocobue s By3oB] / A. H. upses, U. I. Opnux, I1. A. ScekoB .— M. : MITHMO, 2013 .— 648 c. -
Bubmuorp.: c. 635-64. - [Ipenm. ykas.: c. 641-645. - Yka3. umeH: c. 646. - 1500 sk3. - ISBN
978-5-4439-0227-2 (B nep.) .— Ilonnsrii Texer (Joctyn u3 cetu MOTU / Yaanennslit nocrymn).

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

http://dm.fizteh.ru

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha JICKIITUOHHBIX 3aHATUAX UCIIOJIb3YIOTCA My.]'II:TPIMeI[HﬁHBIe TCXHOJIOTWMH, BKIIIOYad JEMOHCTpAlUIO

MpEe3EHTAlNN.
B npouecce camocTosATEIbHOM PabOTHI 00YHaIONIMXCs BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX
cpeacts, kak Mathcad, MATLAB, Maple u np.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOXYJIs1)

1. PexomeHmyeTcsi YCHENIHO CAaBaTh KOHTPOJBHBIE PAOOTHI, TaK KaK 3TO YIPOIIAET HTOTOBYIO
aTTECTAIMIO 110 TIPEIMETY.

2. JIns MOATOTOBKM K MUTOTOBOM aTTeCTAallMM MO MPEAMETY Jy4YIlle BCEro MOoJb30BaThCs MaTepuajiamMu
JICKITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa

Nnpo¢uJIb NOATOTOBKH: AHanu3 TaHHBIX B DKOHOMHKE
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 3

KBaJIH(UKALUS: OakanaBp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 6 (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 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

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

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAyK M UCIIOIb30BaTh UX B
npodeCcCHOHAIBHOMN JIeTeTIBbHOCTH

OIIK-1.1 CnocobeH aHaM3UPOBATh MOCTABICHHYIO 337134y,
HaMeyarb MyTH €€ PELCHUS

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

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CHCTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

I[IK-1.2 CnocobeH BbIBHTaTh THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W MPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00JacTH cBoell mpodeccrnoHambHON
EITENLHOCTH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare nzyueHus AuciMIUIMHbL « CiydaifHble TPOLECChl» 00YUarOMIUNACS TOTKEeH:

3HATb:

OCHOBHBIE IIOHATUS TEOPUU CIIydaliHbIX [IPOLIECCOB;

onpeneeHrne NPOCTEHIIEero CayYaifHoOro OIy>KIaHus Ha IPSMOM, OCHOBHBIE TEOPEMBI O CITyYaitHOM
OMy’KIaHUM Ha MPSIMON: TEOpeMa O BEPOSTHOCTH BO3BpAILCHHS B HYJb, TEOpeMa 00 aCHMITOTHKE
BpEMEHH, IIPOBEACHHOIO B HYJIE, TEOpEMA O paclpeleIeHNH IIEPBOI0 MOMEHTA BO3BPALLEHUSA B HYJIb
JUISL CAMMETPHYHOTO CIIy4aifHOTO Oy>KIaHus;

OCHOBBI TEOPHH BETBALIUXCS MPOIECCOB, Mpouecchl ['ansToHa-Barcona u Teopema 0 BEpOSTHOCTH

BBIPOXIACHHA,

TCOpEMY KOHMOFOpOBa 0 CylIeCTBOBAHUU CHy‘lafIHOFO nmponecca € 3alaHHbIMU KOHCYHOMCPHBIMU

pacIpeneIeHusIMHY;

OCHOBBI TEOPUH ITyaCCOHOBCKHX IPOIIECCOB H IOJICH, ONpeesICHHEe, OCHOBHBIC CBOWMCTBA H SIBHYIO
KOHCTPYKIHUIO ITyaCCOHOBCKOT'O MpOIiecca MOCTOSHHON HHTEHCUBHOCTH;
OTIpeJICTICHNE | TJIaBHBIC CBOMCTBA BHHEPOBCKOTO IPOLECCA: HEMPEPHIBHOCTh TPACKTOPHI, 3aKOH
MIOBTOPHOTO JIorapu(mMa, CTpPOro MapKOBCKOE CBOWCTBO M MPUHIIUI OTPAKCHHUS;
OCHOBBI TEOPHH MAapKOBCKHX IIENEH C TUCKPETHHIM BPEMEHEM: OCHOBHBIC OIPE/ICIICHHSI, YPABHEHHS
Konmoroposa-YenmMena, sprogudeckas Teopema;
OCHOBBI TEOPUU MApKOBCKHX LENel ¢ HEeNpephIBHBIM BPEMEHEM: TEOpeMa O CYIIECTBOBAHUH,
aproandeckas Teopema, npsMblie U oopaTHbie TuddepeHuanbpabie ypaBHeHus KoaomMoroposa;
OCHOBBI TEOPHH MAPKOBCKHX IPOIIECCOB;
OCHOBBI TEOPHH MApPTUHTANIOB: pa3noxenue /lyda, reopema 006 0CTaHOBKE;
OCHOBBI TEOPHH CTALIMOHAPHBIX MPOLIECCOB;
JTUHEWHbIE TPeoOpa3oBaHusl CIydalHbIX MTPOIECCOB.

yMeThb:

HaXOAUTb BEPOATHOCTHU BBIPOKACHUA I BETBALNUXCA ITPOLICCCOB raJ'IBTOHa—BaTCOHa;
ucciacaoBarb aCUMIITOTUYCCKOC ITIOBCACHHC MapKOBCKOﬁ nenm € AJUCKPETHBIM BPEMCHEM C

MOMOILBIO AProJIUYECKON TEOPEMBI;

HaXOAWUThb pAaCIpENEICHUE MapKOBCKOM LENM C HEIpPEepbIBHBIM BpPEMEHEM C IIOMOIIb
mddepeHanbHbIX ypaBHeHU Konmmoroposa;
HaXOJUTh MapKOBCKHE U MAPTHHIAJIbHBIE CBOWCTBA Y CIIydaiiHbIX [IPOLIECCOB;
BBIYHCIIATH KOBaPHALIMOHHBIE XapAKTEPUCTUKH CTALIMOHAPHBIX CIYYalHBIX MPOIECCOB C TOMOIIBIO

CIIEKTPAJIBHOM IIJIOTHOCTH;

BbIYUCIIAITh KOBAPHUAIIMOHHBIC W KOPPCIALUOHHBIC q)YHKI_II/II/I JIMHEHHBIX HpeO6pa3OBaHI/Iﬁ oT

CIIy4alHBIX IPOLIECCOB.




BJIaJIeTh:
OCHOBHBIMU AQHAJMTUYECKUMH METOJAaMH TEOPUH CIyYalHBIX HPOLECCOB: KOMOMHATOPHBIMH,
T epeHImanTbHBIMU, CIIEKTPATBLHBIMU, METOaMHU (PYHKIIMOHATIHLHOTO aHAIH3a;
HaBBIKAMH aCHMITOTUYECKOTO aHAJIM3a PAa3JIMUHBIX KIACCOB CIyYalHBIX MPOIECCOB: BETBSALIMXCS
HPOLIECCOB, MAPKOBCKHX LIETICH, TayCCOBCKHUX MPOLIECCOB;
HaBBIKAMH ITPUMEHEHUS TEOPEM TEOPUH CIy4YalHBIX MMPOIECCOB B NPUKIAIHBIX 3a7a4ax (pH3UKH U
IKOHOMHKH.

3. IlepeyeHb THNOBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIIeMy KOHTPOJIIO

[Ipumepsl 3a1a4 B JOMAILIHEM 3a/laHUU.

[Mycth & — yMco MOTOMKOB YacTUIBI B BeTBsieMcs mporecce [anprona-Barcona (X nnEZ +).
O6o03naunm E&E=p, DE=c"2. Haiigure EX nu DX n.

IIycte (N_t,t>0) — myaccoHOBCKMiA mpolecc HWHTeHCHBHOCTH A. Haiinute Maremarnueckoe
OXKUJAHHUE YHCIIa TAKUX ero ckaykoB Ha oTpeske [0,T], uTo a) B MX mpaBoif -OKPECTHOCTH HET JAPYTHX
CKayKOB (3Ta OKPECTHOCTb MOKET BBIXOAMTH U 32 IPeAEIbl 0OTpe3Ka), 0) B UX JIEBOW a-OKPECTHOCTH HET
JPYTHX CKa4KOB, B) B X a-OKPECTHOCTHU HET JPYTHX CKaYKOB (3Ta OKPECTHOCTh MOXKET BBIXOIMTH U 32
Mpeaelibl OTPE3Ka).

ITycte (N_t,t>0) — myaccoHoBckuii mporiecc MHTeHCHMBHOCTH A. Haiimure mpenen mH. N_t/t npu
t—o0.

Ilycte (W_t,t>0) — BuHepoBckuii mnpomecc. [lokaxure, 4YTO CIEAYIOIMIME MPOLECCHl TOXKE
BuHepoBckue a) X t=tW (1/t) I{t>0}, 0) X_t=\/c W_(t/c), c>0, B) X t=W _(t+a)-W _a, a>0, r)
X =W _t I{t<T}+Q2W_T-W_t)I[{t=T}.

[ycte 3anana punsrpamus F=(F nnEN), a t_1,t 2,... - MapkOBCKME MOMEHTHI OTHOCHTENBHO F.
Jlokaxute, uto ciaydaiinple Benmumasl y (k=1yY'mit k , [ (k=1)mit k , suptk [t k ],
infrk [(t_ k)] Toxe siBIstOTCS MAPKOBCKUMI MOMEHTaMH OTHOCHTENIBHO F.

[Iycte (S_n,nEN) — npocreiiiiee cirydaifHoe 0Ny AaHUE C BEpOATHOCTBIO miara Bopaso p. Ilycts
a<x<b — nensle uncna, a X_n=x+S_n, n>1. O6o3nauum =min [ {n:S n€[a,b]})] — momenr BEIXOnA
npouecca X_n U3 nonockl. JJokaxure, uro Et<oo.

IMycts (X n,nEZ +) — BerBamumiicsa npornecc [ansroHa-Barcona, mocTpoeHHBIN MO ClIy4aiiHOM
BeianuuHe A. M3BectHo, uro EE=p. [lokaxkute, uro mpouecc Y n=X n/p’n sBisieTcs MapTUHIAIOM
OTHOCHTEJIBHO CBOEH €CTeCTBEHHON (QUIILTPAIIH.

[ycte (W _t,t>0) — BuBepoBckmii mpouece, a T x=min [{t:W t=x})] mma x>0. Jlokaxure, 4TO
npouecc ™=(t_x,x=>0) sBisieTcs MapKOBCKHUM.

[lycts f — nepuoanueckas ¢ynknus Ha R ¢ mepuogom T>0. Ciyuaiinas BenuuuHa & paBHOMEPHO
pacnpenenena Ha [0,T]. Cnyuwaitneiii Bextop ({,n) He 3aBucur ot & J[lokaxure, 4TO Hpolecc
X _t=Cf(nt+&) cranmoHapeH B y3KOM CMEICIIE.

IIycte X t — rayccoBckuil mpouecc ¢ HyJaeBol (yHKLUUEH CpelHero U KOBapHalMOHHOW (pyHKIMen
1(s,t)=ae”(-bls-t|),a,b>0. Jlokaxkure, 4TO TaKOW MPOIECC CYIIECTBYET, U HAWIUTE €ro CIEKTPAILHYIO
IUIOTHOCTb.

[Ipumep BapuanTa Ha KOHTPOIBHOH padboTe

Haiinure BEpOsSTHOCTH BBIPOXKIACHHS JUIsl BETBSALIMXCS MPOLIECCOB C MPOU3BOASAMICH (yHKUIMEH dncia
IIOTOMKOB OJITHOM 4aCTHUIIbI

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

2. Baman mpomecc Y _t=Y (i=D)A(N_tin i ,t0, rme (M_i,iEN) - He3aBHCHMEBIC OIMHAKOBO
pacnpesiesieHHble CllyyailHble BEIMUYMHBI, HE 3aBHUCALIME TaKKe OT IIyaCCOHOBCKOIO IIpoliecca
N=(N_t,t>0) uatencuBHOCTH A. JloKaxkuTe, 4TO Iporiecc Y _t MMeeT He3aBUCHMBbIE IPUPALICHUSI.

3. Nycrs (Y_t,t€[0,1]) — rayccoBckuii mporecc ¢ HyleBoW (QyHKIMEH CPEHET0 M KOBapUAI[MOHHON
¢bynkuument r(s,t)=min(s,t)-st. Jlokaxkxute, 4TO TakOi MpoLECC CyIMIECTBYET M 4TO mpouecc X t=(t+1)
Y _(t/(t+1)), t0 sBiIsIeTCS BAHEPOBCKHM.

4. Ilycrs (W_t,t>0) — BunepoBckuii mpouecc. [lonoxum t=min{t:W_t=y} 1ms Hexortoporo y>0.
Haiinure nnoTHOCTS ciyyaiinoil Bemmuunbl Y a= [(sup) (t€[r,1+a]) W _t.

5. Hyers (W_t,t>0) — BuHepoBckuil mpouecc. [lokaxure, uro mpouecc Y t=W t"2-t sBusercs
MapTHHIaJIOM OTHOCHUTENIBHO €CTECTBEHHOHN (puibTparu npouecca W t.

TeMbl U1 KypCOBBIX paboT:



1. CnekrpanbHoe mpencrasienue. Teopema Kapynena (6/m). KoBapuanmonnas —QyHKIus
CTallMOHAPHOM B ITUPOKOM CMBICIIE TTOCIIEIOBATEILHOCTH, €€ OCHOBHBIE cBocTBa. Teopema 'eprioTna
(nok-Bo mocraroyHoctH). CriekTpanbHas Mepa M CIIeKTpajibHasl ITIOTHOCTh CTAlIMOHAPHOI B IIMPOKOM
CMBICIIE TIOCIJIC/IOBATENILHOCTH. BBIUUCICHNE CIEKTPaJbHON IUIOTHOCTH C MoMouipio psga Dypee.
Teopema 0 CrieKTpaIbHOM MPEACTABICHHH CTAIIMOHAPHOM B IIMPOKOM CMBICIIE ITOCIICA0BATEIBHOCTH.

2. CnekrpanbHoe mnpeacrasienue. Teopema Kapynena (6/m). KoBapmanmonnas QyHKIus
CTAalMOHAPHOTO B IIMPOKOM CMBICIIE ITPOLIECCA HA MPSIMOM, €€ OCHOBHBIE CBOMCTBA. Teopema boxHepa —
XwuHunHa (10K-BO JocTaTtodHOCTH). CHeKTpajibHas Mepa U CIIeKTpajibHasl IJIOTHOCTh CTAIIMOHAPHOTO B
IMIMPOKOM CMBICIIE IIpolecca. BpIUMCIeHne CHEeKTPaJbHOM IUIOTHOCTH C IOMOIIBIO  (POPMYIIBI
oOpamenus. Teopema O CHEKTPajJbHOM TPEACTABICHUH CTAlMOHAPHOTO B IIMPOKOM CMBICIE
CIIy4alHOI'O IIPOLIECCa Ha IIPSMOM.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

BOHpOCLI K 3K3aMCHY:

1. OGuiee moHsATHE CIy4YaifHOTO Tporiecca (CIy4aiHOW (YHKIWHU), TPACKTOPHUU CIYYaiHOTO TpoIiiecca.
[Tpumepsl cay4allHBIX TIPOLECCOB: CiIydaiiHOe ONy)XKIaHWe, TPOLECCHl BOCCTAHOBJICHHS, MOJIECIb
crpaxoBanusi Kpamepa — Jlynnbepra. Jlemma 0 KOHEUHOCTH I.H. IPOLIECCA BOCCTAHOBIICHUSI.

2. Tlpocreiinnee ciyuaiiHoe Omyxjaanue Ha npsimoid. Mcronb3oBanue uucen Karamana Juist mojcdera
qucia “HeOTPULATENbHBIX U “TIONIOKUTEIBHBIX TPACKTOPUH CIIy4ailHOTO Oy KIaHUs, IPUXOAAIINX B
Hy1b 3a BpeMms 2n. Teopema O pacnpeneieHUH IE€pBOIO MOMEHTa BO3BpallleHUs B HyJIb UL
mpocTeimero ciay4aiHoro omyxaanus. TeopeMa o BEpOSITHOCTH BO3BpAILEHHS B HYJIb.

3. PaBHOMEpHasg HWHTETPUPYEMOCTh CEMEWCTBAa CIIy4allHBIX BenW4MH. Kputepnidi paBHOMEpHOH
MHTErPUPYEMOCTH CXOASALICHCS 1O paclpeesIeHNIO TOCIeA0BaTeIbHOCTH CIy4YaiHbIX BenuduH (0/1).
JlocraTouHoe yClIOBHE PaBHOMEPHOM HMHTETPUPYEMOCTH IOCJICAOBATECIBHOCTH CIy4YailHBIX BEJIMYWH.
Teopema 00 acHMMOTOTHYECKOM IIOBEICHUM BPEMEHH, MPOBEACHHOM CHMMETPUYHBIM CIy4alHBIM
OnyXIlaHHUEM B HYJIE 3a BpeMs 1.

4. Teopema beppu — Dcceena (06/m) u crencTBue O BEPOATHOCTH OOJBIIOTO YKIOHEHHUS IS
CUMMETPHUYHOTO ciay4aiiHoro Omyxnanus. Jlemma bopens — Kanrennu (6/1) u n1eMMa o0 BEpOATHOCTH
OO0JIBLIOTO YKJIOHEHUS Il MAKCUMYMa CyMM CUMMETPHYHBIX CIIyYalHBIX BETMYKMH. 3aKOH MIOBTOPHOTO
norapudma Ui MPOCTEHIIEro CUMMETPUYHOTO CIy4aiHOro Omy)kKgaHus Ha NpsiMoil. CMBICT 3aKoHA
MOBTOPHOTO Jiorapudma.

5. TlpousBojsiye QyHKIUN CIy4YaiHbIX BEJIMYHMH, NX OCHOBHBIC CBONCTBA. BeTmsimmecs mporecchl
lNansrona — Barcona. CooTHOLIEHHE MEXIY NPOU3BOAALIMMH (YHKIMSMH YMCIIAa YacTHULl B N-M U
(n+1)-m noxonenusx. BeiBon ypaBHEHUS 111 BEPOATHOCTH BBIPOXKICHHS MpoIlecca.

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

7. TlpocTpaHCTBO TpaeKTOpUH CIy4alHOrO Ipolecca, LUIMHIpPUYECKash cUrma-ajaredpa Ha HEM.
DOKBHUBAJIEHTHOE OIpEIEIeHHE CIy4ailHOro Ipolecca, Kak OJHOI0 HM3MEPUMOrO OTOOpakeHHs B
MPOCTPAaHCTBO TpaekTopuil. KoneuHoMepHbIe pacnpeneneHus ciiydaiiHoro mpouecca. /lokasarenbcTBo
TOI0, 4YTO KOHEYHOMEPHbIE PacCIpeACICHHsI OIHO3HAYHO OIIPENEIISIOT pacipeie/ieHe BCEro npouecca B
LEJIOM.

8. KoneuHoMepHbIe pacmpeneieHds ciay4aiHoro mpouecca. Jlemma 00 yCIOBHSIX CHMMETPHUH H
cornacoBaHHOCTH. Teopema KonmoropoBa o cyliecTBoBaHHMM Ciy4aiiHOTO mporecca (0/x). YeiaoBus
COITIACOBAaHHOCTH BeposATHOCTHHIX Mep Ha (Rn, B(Rn)) B TepMuHax xapakTepucTHyecKux (DyHKIMN
(6/m). CaencTBue JUIst IPOIIECCOB, HHIEKCHPOBaHHBIX MHOKeCTBOM T C R.

9. Ilpoueccsl ¢ He3zaBUCUMBIMU HpupamieHussMH. Kputepuil cyluecrBoBaHus Ipouecca C
HE3aBHCUMBIMHU NPUPALICHUAMU B TEPMHUHAX XapaKTEPUCTHUECKUX (PYHKIMHA MpHUpaILeHUH.

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

11. KoBapnanuoHHast ¥ KOppesIMOHHAS (YHKIMM CIy4aifHOro Mpolecca, WX CHUMMETPHYHOCTb U
HEOTpHLATeNbHAsl ~ ONPENEICHHOCTh. | ayccoBckue — ciydaiiHble mpouecchl.  JlokasarenbcTBo
CYILECTBOBaHMS TayCCOBCKOTO IIpolecca C 3aJaHHBIMU (YHKIMEH CpelHero M KOBapHaLMOHHOMN
(dyHKUMEH.

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



13. Mogudukauusa cinydaiHoro npoinecca. Teopema KomMoropoBa o cymiecTBOBaHHUHM HENPEPBIBHOM
Momudukanuu (6/1). JlokazareabcTBO CyIIECTBOBaHUS HENPEPHLIBHONH MOAM(HUKAIINN y BUHEPOBCKOTO
mporuecca.

14. 3akoH moBTOpHOTO Jorapudma ajisi BUHepoBckoro mpouecca (0/m). CMBICI 3aKOHA MOBTOPHOTO
norapudma. JIokaabHbIM 3aKOH TIOBTOPHOTO JIoraprdMa 11l BAHEPOBCKOTO Ipoliecca.

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

16. IlpuHumn oTpakeHHUs Uil BHHEPOBCKOro mpouecca (0/mx). MOMEHT AOCTHIKEHHsSI BUHEPOBCKUM
IIPOLIECCOM YPOBHA X. JlOKa3aTelbCTBO TOIO, YTO OH SIBSIETCS MOMEHTOM OcCTaHOBKM. COBMECTHOE
pacmpeneneHne MakCuMyMa BUHEPOBCKOTO Tiporecca Ha orpeske [0, t] u ero mpasoro koHua. Teopema
bamense.

17. Maprusransl, cybMapTUHTaIbl U cynepMapTHHTalbl. Kpurepuii MapTUHTaIbHOCTH IS IPOLIECCOB
C HE3aBUCHMBIMHU IpupalieHusMu. [IpuMepsl MapTHHTanoB U cyoMapTuHranoB. Pasnoxenue [ly6a s
COIVIACOBaHHBIX MIPOIIECCOB C TUCKPETHHIM BPEMEHEM.

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

19. Obmiee MoHATHE MAPKOBCKOTO MPOIEcca OTHOCHTENBHO (riibTpaiui. Teopema 00 3KBUBAICHTHBIX
OTIpeJIeNICHUSIX MAapPKOBCKOTO IIpolLecca.

20. Teopema 0 MapKOBOCTH MPOLIECCOB C HE3aBUCUMBIMH IpupameHusMu. Kpurepuii MapkoBoCTH 7St
rayCCOBCKHUX IIPOLIECCOB.

21. IlepexonHast (yHKIMSI MapKOBCKOTO Iporiecca. JlokazaTeabcTBO TOTo, YTO MapKOBCKHUII mporecc
“nouru obnagaer” nepexoanoil gpynkuuei. [lepexomaHas MIOTHOCTh MAPKOBCKOT'O MPOLIECCa.

22. MapkoBCKHE LENH C JUCKPETHBIM BpeMeHeM. Teopema O He3aBUCHUMOCTH ‘‘Oymymiero” u
“mpouwioro” mnpu (UKCUpOBaHHOM “HactosimieM”. [lpuMepbl MapKOBCKMX Lemei: mpocTeifee
ciy4aiiHoe Oy’kKIaHue Ha NMPSIMOM U BeTBsIMecs npoueccs! ['ansrona — Barcona.

23. ®a30Bo€ MPOCTPAHCTBO, MATPUILIbI IEPEXOAHBIX BEPOATHOCTEH M HAYAJIbHOE pacIpeAeeHUE UL
MapKOBCKOHM ILIETIM C JAUCKPETHHIM BpeMeHeM. [loHATHE OZHOPOIHONW MapKOBCKOHM Lenu. YpaBHEHHS
Konmoroposa — Yenmena u cnexctBust u3 Hux. CrauuoHapHOe U IPEAEIbHOE paclpelesICHUs
OJHOPOIHOM MapKOBCKOH Lenu. CBOMCTBA LENH ¢ HadaJIbHBIM CTallMOHAPHBIM PaCIpPEACICHUEM.

24. Dproguyeckas TeopeMa sl MapKOBCKHX LeNeld ¢ AUCKPETHBIM BpeMeHeM. CTalnOHapHOCTh U
[IPENENIBHOCTD AProJNYECKOIO paclpeesIeHUs] MAPKOBCKOM IIETIH.

25. MapkoBCKuE LIeNH ¢ HEeNpephIBHBIM BpeMeHeM. CBOWCTBa MEPeXOaHbIX BeposiTHOCTel. Teopema o
CYLIECTBOBAaHMM MAapKOBCKOM LENU C 3aJaHHBIMU HA4YaJbHBIM pAacHpEleSCHUEM U IePEeXOAHBIMU
BEPOSITHOCTSIMH.

26. OnHOpOAHBIE MAPKOBCKUE LETH ¢ HENPEPBIBHBIM BpeMeHeM. CToXacTHuecKkasi OIyTrpyIina MaTpHIL
HepexoqHbIX BeposiTHocTel. CraluoHapHOE W MpPElelbHOE paclpeseleHuss MAapKOBCKOW IIEMH.
Oproauueckas teopeMa (6/x). Tpu cieacTBus U3 3ProguvecKoll TEOPEMbl: CBOMCTBA IPrOANYECKOTO
pacrnpeneneHus.

27. NuduHnTe3nuManbHas MaTpvila MapKOBCKOH LeNM C HENpephlBHBIM BpeMeHeM. CyliecTBOBaHHUE
WHOUHUTE3NUMATbHOH  MaTpHIBI  JUIsi  CTaHJapTHOW MapkoBckoir 1iemm  (6/m). OOparHbie
muddepennranbabe ypasHeHus Konmoroposa.

28. Ilpsmble nuddepenmanbabie ypaBHeHHss KoamoropoBa i MapKOBCKOHM IETIH ¢ HEMPEPHIBHBIM
BpemeHeM. CIeCTBUS M3 HUX: ypaBHEHHS IJIsl HAXOXKIEHHs pacipelesieHus] el B MPOU3BOJIbHBIN
MOMEHT BpEMEHH t U JIJIs1 HAX0XKACHUS SPrOJUUECKOro pacipeeseHusl.

29. TIlpoctpancrBo L2(Q, F, P) ciydaliHbIX BeIWYMH, €r0 OCHOBHBIE cBoiicTBa. Jlemma o
HENPEPBIBHOCTH CKAISAPHOTO MPOU3BEACHHS.

30. CroxacTHueckasi HENPEpbIBHOCTb U HEIPEPHIBHOCTh B CPEIHEM KBAJpPaTUYHOM CIIy4aiHOIo
npouecca. Kpurepuil HempepblIBHOCTH B CpedHeM KBaaparnyHoMm misi L-mpouecca. Kpurepwmit
CTOXaCTUYECKON HENPEPBIBHOCTH CIIy4ailHOro mpolecca.

31. JIuddepenupoBanue ciay4aifHBIX IMPOLECCOB IO BEPOSTHOCTH M B CPEIHEM KBAJPAaTUYHOM.
Kputepuii HenpepsiBHOU quddepeHIpyeMoCcTd B CPEAHEM KBaJpaTHYHOM CIIy4ailHOTO mpolecca Ha
orpe3ke (0/m). Buruncnenwe MaTeMaTHUECKOTO OXXUJAAaHUS, KOPPEISIMOHHOH W KOBapHallMOHHOM
dbysaxuit L

32. UnTerpupoBanue Cily4aiiHbIX IIPOLECCOB B CpelHEM KBaJpaTuuHoM. Kputepuil unTerpupyemoctu
B CpeOHEM KBaIpaTHUYHOM Ha OTpPE3Ke W CIIEACTBUE M3 HEro. BrlyucieHne MareMaTndecKoro
OXHJIaHUS, KOPPEISIIMOHHON 1 KOBapHalMOHHON QyHKIMI L nHTerpana oT ciay4aiHoro mporecca.



33. CranuoHapHble CIy4yaliHble MPOLIECCHI: CTAIlMOHAPHOCTh B Y3KOM M HIMPOKOM CMBICIAX.
BsaumocBsa3p mexay HumMH. CTalMOHapHOCTH B Y3KOM CMBICIE MapKOBCKOW LENH C HadaJbHBIM
CTaLMOHAPHBIM pacHpenesneHreM. Teopema 00 SKBUBAJIEHTHOCTH JIBYX MOHSTUI CTALlMOHAPHOCTH IJIS
rayCCOBCKHUX IPOLECCOB.

34. OproroHanbHble CllydyaiiHble MeEpbl Ha MONYKOJblIe NoAMHOXeCTB. CTpyKTypHas Mepa
OpPTOTOHAJBHOM CIy4yalHOW Mepbl. Teopema O B3aUMHO OJHO3HAYHOM COOTBETCTBHM OPTOTOHAJIBHBIX
CIlydallHBIX MEp Ha TONyKOJIbLIE TIONyMHTEpBaJOoB B R+ W HENmpepbIBHBIX MPOLECCOB C
OPTOTOHAJILHBIMU NIPUPAIIEHUAMU (JOK-BO B OJIHY CTOPOHY, HJI€sl 10K-Ba B JPYTYIO).

35. CroxacTh4yecKuil HHTErpai 1o OpTOrOHANBHON ciydaitHoil mepe. [Ipopomkenne ¢ nomykonbua K
OpPTOTOHANLHOH ciyuaiiHol Mepsl Ha anredpy a(K) u ee cTpykTypHO# Mepsl Ha curma-anreopy o(K).
Omnpenenenne ¥ OCHOBHBIE CBOMCTBA CTOXaCTHYECKOTO MHTETPalia OT MPOCTHIX (QYHKLUH.

36. CroxacTHyeckuii MHTETpal MO OPTOrOHAIBHOM ciydaiiHol mepe. [locTpoeHne croxacTHUecKOro
uHTerpana s npousBoiabHOM ¢yHkouu w3 L2(A, o(K), p). Ero ocHoBHble cBoiicTtBa. Upes
MOCTPOCHHUS CTOXaCTHYECKOTO MHTETpaja B ciydae, korna A € K/ .

[Tpumeps! 3K3aMEHAMOHHBIX OMIIETOB

buner Nel

1. KoneuHoMmepHble pacmpeneneHus ciydaiiHoro mnpouecca. JleMma 00 YCIOBHSX CHUMMETPHHM U
coracoBaHHocTH. Teopema KonmoropoBa o cymiecTBoBaHMM Ciiy4aiHOro mpouecca (6/x). YeiaoBus
COIJIACOBAaHHOCTH BeposiTHOCTHBIX Mep Ha (Rn, B(Rn)) B TepMuHax xapakTepucTHYeCKUX (DyHKIIMI
(6/m). CnencTBue a1 MPOIECCOB, HHIEKCUPOBAHHBIX MHOXKEeCTBOM T C R

buer Ne2

1. MnpuanTe3MManabHas MaTpHlla MapKOBCKOW LIEMHM C HeNpepblBHBIM BpeMmeHeM. CylecTBOBaHHE
WHOQUHUTE3UMAJbHOM  MaTpULbl Ui CTaHJApTHOW  MapkoBckod memu  (0/m). OOparHbie
nuddepeHimanbHbie ypapaenus Konvoroposa

Kpurepun onennBanus
- omenka «ormmmuHo  (10)»  BBICTaBUsieTCSl  CTYAGHTY,  IIOKa3aBIIeMy  BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
IPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUM;
- omeHka  «oramuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, INTyOOKHE 3HAaHHUS yueOHOM MpOrpaMMbl AUCIUIIIMHEL U YMEHUE IPUMEHATh UX
Ha TpaKTHKE MPHU PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE U MpaBWIIbHOE OOOCHOBAaHUE NMPHHATHIX
peLIEHN;
- oueHka  «omm4HO  (8)»  BBICTaBUsieTCS ~ CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHUE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOMH NMPOrpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEILICHUH KOHKPETHBIX 3aJiad, U IPAaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN;
- OILlIEHKa «xopoluo (7)» BbICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, I'paMOTHO M IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WM B PELIEHUHU 3a]jad HEKOTOPblE HETOUYHOCTH;
- OIICHKA «XOpowIo (6)» BBICTABISAETCS CTYAEHTY, €CIIM OH 3HAET Marepuai, IPaMOTHO H IO CYLIECTBY
U3JIaraeT ero, yMeeT IPUMEHSATh IIOJy4YEHHbIE 3HAHUSA Ha IIPAKTUKE, HO JIOIyCKaeT B OTBETE WJIMU B
pEILIeHUN 3a/1a4 HEKOTOPhIE HETOUHOCTH;
- OLIEHKa «XOpowIo (5)» BBICTABIAETCS CTYAEHTY, €CJIM OH 3HAET Marepuas, U IO CYLIECTBY U3Jaraer
€ro, yMeeT MPHUMEHSATH MOMyuYeHHbIC 3HAHMS Ha MPAKTUKE, HO JOIYCKAET B OTBETE WM B PEIICHUH
3a[1a4 HEKOTOPbIE HETOUHOCTH;
- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BBIX MOHSITHIA,
HapylleHHUs JOrMYECKON M0CIeJ0BaTebHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BJIAJCET OCHOBHBIMU pa3lelaMyd Yy4eOHOH NporpaMMbl, HEOOXOOMUMBIMH JJisl AalbHEHIIETo
00yueHHs M MOXET NPUMEHSThH NOJIyUYeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHON CUTYaIUH;
- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH BJajeeT (parMeHTapHO OCHOBHBIMH pa3[elaMHd Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH UL
nanpHeimero o0y4eHHs U MOXET IPUMEHSTh MOJy4YeHHbIE 3HAHUS MO o0pas3lly B CTaHAApPTHOU
CUTYyalluy;



- OILIEHKAa «HEYIOBJIETBOPUTEIHHO (2)» BBICTABISETCS CTYAEHTY, KOTOPBIH HE 3HAeT Oouiblleil yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AMCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYECHHBIC 3HAHUS MIPU
PEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7aY;

- OLICHKA «HEYHIOBJIETBOPUTENHHO (1)» BBICTABISETCS CTYACHTY, KOTOpPBIM HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

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

Bo BpCEMs IIPOBCACHUSA 5K3aMCHaA o6y%uomneca MOTYT ITOJIb30BATbHC nporpaMMoﬁ JAUCIUITIIIMHBI.



