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: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

npopuiIb NOArOTOBKHU: [IporpammHast HHXEHEPUS
nepeaoBasi HHKeHepHasl LIKOJIa PaJUOoIOKALH, PAJHOHABUTALMN U TPOrPAMMHOR
UHXKCHEPUHU
Kadeapa TUCKPETHON MaTeMaTHKH

Kypc: 3

KBaJIMpUKALS: GakanaBp

CemecTp, (hOpMBI MPOMEKYTOUHOH arTecTanuu: 5 (OCEHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au4. ex.: 3

KonnuecTBo KOHTPOJIBHBIX pa0oT, 3a1aHui: 2

[Iporpammy cocraBui: J.A. lllabaHOB, n1-p pu3.-Mar. HayK, AOIEHT, Mpodeccop

[Iporpamma obcyxneHa Ha 3acefanuu Kadeapsl guckpeTHoit matematiku 03.03.2023



AHHOTANMA

Kypc nocBsIieH n3y4yeHuI0 OCHOBHBIX KJIACCOB CIYYalHBIX MPOIECCOB. V3ydaroTcsa BeTBSIIKECS MPOLECCHI,
IIPOLIECCHl C HE3aBUCUMBIMU IPUPALICHUSMH, IadyCCOBCKUE IIPOLECChl, MAPTUHIAJbl, MApKOBCKHUE IEIH,
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
- U3y4eHHEe OCHOB COBPEMEHHOW TEOPHH CIyYalHBIX MPOIECCOB, a TAKXKE MOJTrOTOBKA CIymiaTeleil K

JabHEHIel caMoCTosATeNIbHOW paboTe B OONACTH NMPUMEHEHUS TEOPUH CIydalHBIX IPOIECCOB B
3aJayax NpUKIaJHON MaTeMaTHKH, GU3UKHA U SKOHOMHKH.

33]13‘11/[ JAUCHUIIINHBI
- I/IsyquHe OCHOB TCOpHH CHy‘laﬁHBIX IpoLECCCOB;
- 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 Ananusupyert 3aaady, BBIIEIASA 3TANbl €€ PEIICHHUS,
JIEMCTBUS IO PELIEHUIO 3a1a4U

VYK-1.2 HaxomuT, KpUTHYECKH aHAIU3HPYET U BhIOUpaeT
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 pas3iIH4YHBIE BapUaHTHl PELICHUS
3a]1auM, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamotHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(dhopmupyeT cOOCTBEHHBIE CY>KICHHSI U OLIEHKU

VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHE
MOCJIECTBUS BOZMOKHBIX BApUAHTOB PELICHUS 3a1a4H

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1aqy,

OIIK-1 CniocobeH npuMeHSTh HAMEUATh TIYTH €€ PENICHHs

(byHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

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

OIIK-1.3 CnocobeH ompenensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3yJbTaTOB

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY WM CEpBUCHI ceTH VHTepHeT B
OTIK-2 CriocobeH HCTob30BaTh COBpeMeHHble |00IacTH (cdepe) IpopecCHOHAIBHON JETeIbHOCTH
WH(POPMALIMOHHBIE TEXHOJIOTHH U OIIK-2.2 3naer u yMeeT TPUMEHATH YHCIIEHHBIC
IPOTrpaMMHBIE CPEACTBA IIPU PEIICHHUH 33/1a4  |MareMaTHYeCKUEe METOAbl M NPUKIATHOE IPOTpaMMHOE
npo(eCcCUOHAIBHOMI esSTeNbHOCTH, coONoast |o0ecrieueHre  [uid  pelleHusl  Hay4yHbIX  3a7a4 B
TpeboBaHM NH(POPMAIMOHHOHN 0€30MMaCHOCTH  |MpOogeCCHOHANIBHON 00acTh

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS MHPOPMALMOHHOU
0e30macHOCTH

OIIK-3.1 3Haer ocHOBHBIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAMi U HAYYHO-TEXHUYECKOH TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJIb30BAaHWEM MPUKIAJHOTO IPOrPAaMMHOTO

OIIK-3 Crioco6eH cocTaBisITh U 0QOpMIIST obecrieueHus!

Hay4HbIC U (UJIM) TEXHUYECKHE OIIK-3.2 BnazgeeT Ha MpaKTHKE METONOJIOTHEH COCTABICHHUS

(TexXHONOTHYECKNEe, NHHOBALIMOHHBIE) OTYETHl  |HAYYHO-TEXHHMUYECKUX OTYETOB (IIPOEKTOB)

(ryGuMKaLmH, POEKTHI) OIIK-3.3 Bnageer MeToaMu BU3YalbHOTO U Tpaduieckoro
MPEICTABICHUS PE3yNbTaToB Hay4HOM

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




IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON

[MK-1 Crocoben crtaBuTh, HOpMaIN30BBIBaTh 1 |MOICIIH

pemars 3a1a4u, B ToM uuciie papadareBarte 1 |[IK-1.3 CrnocobeH NpUMEHSATh TeopeThdeckue M (WIIn)
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN AKCHEPHUMEHTAIILHBIC METO/BI UCCICIOBAHUI K KOHKPETHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |HAayYyHOM 3aJad€ ©  HWHTEPIPETUPOBATH  IOJYYCHHBIC
aHAJIN3UPOBATh HAy4YHbIE IPOOIEMBI, IOJIy4YaTh |pEe3yJIbTaThl

HOBBIC

Hay4HBIC PE3yJIbTATHI I1K-1.1 CrocobeH HaxoauTh, aHAIU3UPOBATH M 0000LIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

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

[IK-2.1 3HaeT HOpUHLMIBI MOCTPOEHUS HAyYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CHocoObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBozauTeNs ) MaJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH NpOBOAWTH ampoOaIuio pe3yiIbTaToB
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:

- OcCHOBHBIE IOHATHUS TEOPHUHU CIyIaHHBIX POLIECCOB;

- OIpeneNeHue MPOCTEHIEro CIy4aiiHOro OMy>KIaHus Ha MPSIMOM, OCHOBHBIE TEOPEMBI O CITyYaifHOM
ONMy’KIaHUM Ha MPSAMOW: TEOpeMa O BEPOSTHOCTH BO3BpAILCHMSA B HYJb, TeOpeMa 00 aCHMITOTHKE
BpPEMEHH, MPOBEJCHHOTO B HyJIE, TEOpEMa O pacHpe/eieHNH MePBOr0 MOMEHTA BO3BpAILCHHS B HYIb
JUISL CAMMETPHYHOTO CIIy4aifHOTO Oy>KIaHus;

- OCHOBBI TEOPUH BETBSIMXCS MPOLECCOB, Mpolecchl ['anprona-Barcona u TeopemMa 0 BEpOSATHOCTH
BBIPOXK/ICHUS;

- Tteopemy KonmMoropoBa o CymiecTBOBaHMM CIy4allHOTO Ipolecca ¢ 3aJlaHHBIMA KOHEYHOMEPHBIMU
pacrpeneIeHusIMHY;

- OCHOBBI TEOPUH ITyaCCOHOBCKHX IIPOIIECCOB U TIOJNICH, ONpeAeIeHNe, OCHOBHBIC CBOMCTBA U SIBHYIO
KOHCTPYKIHUIO ITyaCCOHOBCKOT'O MPOIIecca MOCTOSHHON HHTEHCUBHOCTH;

- OompeneliecHHE W IVIaBHBIE CBOWMCTBA BMHEPOBCKOTO IPOIECCa: HENPEPHIBHOCTH TPACKTOPHH, 3aKOH
MIOBTOPHOTO JIorapu(ma, CTpPOro MapKOBCKOE CBOWCTBO M NPUHIIUI OTPAKCHHUS;

- OCHOBBI TEOPHH MApKOBCKUX LIEMEH C JUCKPETHBIM BPEMEHEM: OCHOBHBIC OIPE/ICIICHHS, YPaBHEHUS
Konmoroposa-Yenmena, sprogudeckas Teopema;

- OCHOBBI TEOPHH MAapKOBCKHX LENel C HENpepbIBHBIM BPEMEHEM: TeopeMa O CYIIEeCTBOBAaHHHU,
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.

- HaxonuTe BEpOATHOCTH BBIPOXKACHHS IS BETBAIIMUXCS Mpoleccos ['anpToHa-BarcoHa;

- HCCIJIEZ0BATh aCUMITOTUYECKOE IIOBEACHNUE MAPKOBCKON LIENH € JUCKPETHBIM BPEMEHEM C ITOMOIIBIO
Progu4ecKoi TEOPEMBIL;

- HaxXO[UTb pAacIpelesIeHUe MapKOBCKOM 1LIENM C HEIPEpPhIBHBIM BPEMEHEM C IIOMOIb
mddepeHanbHbIX ypaBHeHU Konmmoroposa;

- HaXOIUTh MAPKOBCKHE M MAapTUHIAJbHbIE CBOMCTBA y CIy4alHbIX IPOLIECCOB;

- BBIYUCIIATH KOBAPUALMOHHBIE XapAKTEPUCTUKH CTAL[MOHAPHBIX CIyYalHBIX MPOLECCOB C MOMOIIBIO
CIIEKTPAJIBHOM IIJIOTHOCTH;

- BBIUMCIISATh KOBAapHALMOHHBIE W KOPPEISIUMOHHbIE (PYHKIMHM JMHEWHBIX NpPEoOpa3oBaHHil OT
CIIy4alHBIX IPOLIECCOB.

BJIAJIETD:




- OCHOBHBIMM AHAJMTUYECKUMH METOJaMH TEOPHH CIy4alHBIX MPOIECCOB: KOMOMHATOPHBIMH,
nuQQepeHImanbHBIMU, CIIEKTPATBLHBIMU, METOaMHU (PYHKIIMOHATIHHOTO aHAIH3a;

- HaBBIKAMH aCHMITOTHYECKOTO aHAJIM3a Pa3JIMYHBIX KJIACCOB CIyYaHHBIX IPOLECCOB: BETBSALIMXCS
HPOLIECCOB, MAPKOBCKHX LIETICH, TayCCOBCKUX MPOLIECCOB;

- HaBBIKAMH NPUMEHEHHS TEOPEM TEOPUH CIIyYaiHBIX MPOIECCOB B MPHUKIAIHBIX 33a1a4ax (GU3UKU U
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 TpaekTopuil CiydailHOTO
5 rpotiecca, UWIHHAPUYECKas 2 4 10
curmaayreOpa Ha HEM.

IIpoueccsl c HE3aBHCUMBIMU

6 pon 6 6 10
MPHUPAIICHUSIMH

7 Opromuyeckas TeopemMa i MapKOBCKHUX 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: 5 (Ocennmii)

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: ciyuaiiHoe OmyXIaHHE, TMPOLECCHl BOCCTAHOBJIEHUS, SMIHMPHUYECKHE MEphI, MOJEINb
ctpaxoBanusi Kpamepa-JlynnGepra.

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

DKBUBAJICHTHOE OIpEeNICHHE CIIyYaifHOrO Ipolecca, Kak OJHOTO W3MEPHMOTO OTOOpaKEHHsS 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 nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHBIC TEXHOIOTUH, BKIIIOYAsk IEMOHCTPAIIHIO
Npe3eHTALUN.

B nporiecce camocTosSTENbHOM PabOThl 00YYarONIHXCsl BO3MOXKHO UCIIOJIB30BAHUE TAaKUX IPOTPAMMHBIX
cpenacts, kak Mathcad, MATLAB, Maple u np.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



1. PexoMeHzmyeTcsi YCHEUIHO COaBaTh KOHTPOJIbHBIE pabOThl, TaKk Kak 3TO YIMPOIIAeT HTOTOBYIO

aTTCCTAIUIO IO MPCAMCTY.
2. I[J'ISI IIOATOTOBKH K HTOTOBOM arTeCTallvy IO MPCAMCTY JIy4dlIC BCCTO IOJB30BATHCA MAaTCpHaJIaMU

JIEKINH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

npopuiIb NOArOTOBKHU: [IporpammHas HHXEHEPUS
nepeaoBasi HHKeHepHast LIKOJIa PaJUOIOKALH, PAJUOHABUTALIMN U TPOrPAMMHON
UHXKEHEPUHU
Kadeapa IUCKPETHON MaTeMaTHKH

Kypc: 3

KBaJIMpUKALUS: GakanaBp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 5 (OCEHHUH) - DK3aMeH

Pa3zpadoTunk: J.A. lllabaHoB, 1-p ¢u3.-Mart. HayK, JOLEHT, 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 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

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

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
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 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYeCcKue METOAbl U IPUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHHs  HAyYHBIX  3aJad B

npodeccuoHaIbHON 00nacTu

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

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

OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
MyOJIMKaUi 1 HAyYHO-TEXHUUYECKOH TOKyMEHTAaluH, B TOM
YHUcie C KCIONB30BAaHUEM MNPHUKIATHOIO TMPOrPaMMHOIO
obecrieueHus

OIIK-3.2 Brnageet Ha MpakTHUKE METOAOJIOTHEN COCTaBICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

OIIK-3.3 Bnageer meTogamMu BU3yaJbHOTO U TpadudecKoro
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

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OI[CHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

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

TTAVIITIT 1A AATTATTADATIING 11 IV armnnAaTioarn

[IK-2.1 3HaeT OpUHLMIBI MOCTPOEHUS HAYYHOW pPadOTHI,
MeToasl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CHoco0bl apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA
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[MIK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
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:
- OcHOBHbBIE OHSTHS TEOPUH CIYHYaMHBIX POLIECCOB;
- ompejeNieHre MPOCTEUIIIeTo CIyYaiiHOTo OMyXJaHus Ha TPSIMOM, OCHOBHBIE TEOPEMBI O CIIy4aitHOM
Oy XIaHUM Ha TPSMOI: TeopeMa O BEPOSTHOCTH BO3BpAIICHUS B HYJb, TeOpeMa 00 aCHMITOTHKE
BPEMEHH, IIPOBEIEHHOIO B HYJIE, TEOPEMA O PACIIPEEIICHUH IIEPBOTO MOMEHTAa BO3BpALIECHUS B HYJb
JUI CAMMETPHYHOTO CIIy4ailHOTO Oy>KIaHMS;
- OCHOBBI TEOPHUM BETBSILUXCS IPOILIECCOB, Npouecchl 'ansroHa-Barcona u TeopeMa 0 BEpOSITHOCTH
BBIPOXKJICHUS;
- Tteopemy Kommoroposa o cylecTBOBaHUM CIIy4ailiHOIO Ipolecca ¢ 33JaHHbIMH KOHEYHOMEPHBIMU
pacnpeneneHusIMY;
- OCHOBBI TEOPUHU IIyaCCOHOBCKMX IIPOLIECCOB U IIOJIEH, OIIpe/ielIeHUue, OCHOBHBIE CBOWCTBA U SIBHYIO
KOHCTPYKIIMIO ITyaCCOHOBCKOT'O MPOLECCA TOCTOSHHON HHTEHCUBHOCTH;
- OlpelelieHHE U IVIaBHBIE CBOMCTBAa BUHEPOBCKOIO IIPOLECCA: HEIPEPHIBHOCTh TPACKTOPUM, 3aKOH
MOBTOPHOTO Jiorapu(ma, CTpOro MapKOBCKOE CBOMCTBO U MPUHIMIT OTPAKEHUS;
- OCHOBBI TEOPUU MapKOBCKHUX LIENEH C AUCKPETHBIM BPEMEHEM: OCHOBHBIE OIPE/IEICHUS, yPAaBHEHUS
Konmmoroposa-Uenmena, sproquueckas Teopema;
- OCHOBBI TEOPUU MApKOBCKHUX LI€NIEHl C HENpEepbIBHBIM BPEMEHEM: TE€OpEMa O CYyLIECTBOBAaHUM,
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.

- HaxonuTp BEpOSATHOCTH BBIPOXKAEHUS IS BETBALIMXCS IIpoueccos I'ansroHa-Barcona;
- HCCIJICAOBATh ACUMITOTUYECKOE TIOBEACHNE MAPKOBCKOW LEMH C JUCKPETHBIM BPEMEHEM C ITOMOIIBIO
3ProfAHYECKON TEOPEMBI;
- HAXOOUThb paclpelesiecHUe MapKOBCKOM IIeM C HENPEephIBHBIM BPEMEHEM C IOMOIIb
nuddepeHIanbHbIX ypaBHeHU Konmmoroposa;
- HaXOAWUTh MAPKOBCKHE M MAPTUHTAJIbHBIC CBOMCTBA y CIyYalHBIX MPOLIECCOB;
- BBIYUCJIATH KOBApUALMOHHBIE XapaKTEPUCTUKU CTALMOHAPHBIX CIy4yailHbIX IPOLIECCOB C IIOMOIIbIO
CHEKTPAIbHOH IJIOTHOCTH;
- BBIYMCIIATh KOBAPHALMOHHBIE W KOPPESLMOHHBIC (DYHKIMM JMHEHHBIX NpeoOpa3oBaHUN OT
CITy4aiHbIX MPOLIECCOB.

BJa/IeTh:
- OCHOBHBIMH AQHAJUTUYECKUMH METOIaMH TEOPHM CIy4alHBIX IPOIECCOB: KOMOMHATOPHBIMH,
Qg QepeHInaTbHBIMU, CIIEKTPAIbHBIMU, METOAaMHU (PYHKLIHNOHAIHHOTO aHAIN3a;
- HaBbIKAMU aCUMITOTHYECKOIO aHAJIU3a PA3JIMYHBIX KJIACCOB CIyYalHbIX IIPOLECCOB: BETBSILIUXCS
MIPOLIECCOB, MAPKOBCKHX LIEMEH, FayCCOBCKUX MPOLIECCOB;
- HaBBIKAMM NPUMEHEHUS TEOpEeM TEOPUH CIIyYaiHbIX MPOIECCOB B MPHUKIAAHBIX 3aa4ax (PU3UKU U
SKOHOMUKH.

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

[Ipumepsl 3a1a4 B JOMAIIHEM 3aJaHUH.

[Iycte & — ynco MOTOMKOB 4YacTHLBI B BeTBseMcs npouecce [ansrona-Barcona (X nn€EZ +).
O603naunm E&E=p, DE=c"2. Haiigure EX nu DX n.

ITycts (N_t,t>0) — myaccoHOBCKMH TpoliecC HWHTEHCHBHOCTH A. Haiiaure Maremarnueckoe
OXHJaHUE YHCIIa TaKuX ero ckauykoB Ha orpeske [0,T], 4To a) B X MpaBoi -OKPECTHOCTU HET JIPYTUX
CKauKOB (3Ta OKPECTHOCTh MOXKET BBIXOJMTH U 32 TPEeIbl OTpe3ka), 0) B MX JIEBOW a-OKPECTHOCTH HET
JPYTUX CKa4yKOB, B) B UX a-OKPECTHOCTH HET JAPYI'MX CKAuKOB (3Ta OKPECTHOCTh MOXKET BBIXOAWTH U 32
TIpenesbl OTPE3Ka).



ITycts (N_t,t>0) — myaccoHOBCKMI Tpoliecc MHTeHCUBHOCTH A. Haiimure mpenen m.H. N_t/t npu
t—+oo0.

ITycts (W_t,t>0) — BuHepoBckuii mporecc. Jlokakure, UYTO CIEAYIONIME MPOLECCHl TOXE
BuHepoBckue 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}.

[Tyctp 3amana gunsrpauus F=(F_ n,n€N), a t_1,t 2,... - MapKOBCKHE MOMEHTHI OTHOCUTENHHO F.
Hokaxmutre, 4ro ciaydaidnele Bemuuusbl ), (k=1)"miit k , [] (k=1)"miit k , suptk (tk ),
infrk [t k)] Toxe sBNAIOTCS MapKOBCKMMH MOMEHTaMH OTHOCHTENBHO F.

IMycts (S_n,nEN) — npocreiiiiee ciaydaiiHoe OMyXJaHHe ¢ BEPOSTHOCTBIO Miara BIpaso p. IlycThb
a<x<b — nensle uncia, a X_n=x+S_n, n>1. O603naunm t=min [{n:S n€[a,b]})] — momenT BBIXOTA
npouecca X_n u3 nonocsl. Jlokaxure, uro Et<co.

[lycte (X n,n€Z +) — BerBaummiica nponecc ['ansroHa-Barcona, mocTpoeHHBIH MO cily4yaiHOM
BeinuuHe A. U3BectHo, uro EE=p. Jlokaxute, uto mpomecc Y n=X_ n/pn sBIseTCs MapTHHTAIOM
OTHOCHTEJIBHO CBOEH €CTECTBEHHON (UIIBTPALIIH.

Iycts (W_t,t>0) — BuHepoBckumii mporecc, a t x=min [{t:W t=x!)] mma x>0. Jloxaxure, 40
npouecc ™=(t_x,Xx=>0) sBiseTcsa MapKOBCKUM.

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

IMycte X t — rayccoBckuil mpoIiecc ¢ HYJIEBOH (YHKIMEH cpelHero W KOBapHallMOHHOW (pyHKIMeH
r(s,t)=ae”(-b|s-t|),a,b>0. [dokaxure, 4T0 TakOW MpOLECC CYLIECTBYET, U HAWOUTE €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)’N t)in i ,t50, rme (M i,i€EN) - He3aBHCHMBIC OIXMHAKOBO
pacmpeneieHHble ClydyailHble BEJIMYMHBI, HE 3aBHUCSIIHE TaKXe OT IIyaCCOHOBCKOIO Ipolecca
N=(N_t,t>0) uarencuBHocTH A. JlokaskuTte, uyTo nporecc Y _t UMeeT He3aBUCUMBbIE MTPUPALLICHUS.

3. Hyctp (Y_t,t€[0,1]) — rayccoBckuii mpouecc ¢ HyleBol (QyHKIHUEH CPeIHEr0 M KOBapUALMOHHON
¢dbynknuel r(s,t)=min(s,t)-st. Jlokaxxure, 4TO TaKoil mporecc cymecTByeT W uto mporecc X t=(t+1)
Y _(t/(t+1)), t0 siBisIeTCS BUHEPOBCKUM.

4. Ilycts (W_t,t>0) — BunepoBckuii mpouecc. Ilonoxum t=min{t:W _t=y} mia Hexoroporo y>0.
Haiinure mioTHOCTH ciyyaiinoii Bemmunasl Y_a= [(sup) (t€[r,1+a]) W _t.

5. Ilycte (W_t,t>0) — BuHepoBckuii mpouecc. Jlokaxkute, uto mporecc Y t=W_t"2-t sBusercs
MapTUHTaJIOM OTHOCUTEIIFHO €CTECTBEHHOH (QuibTpanuu nporecca W_t.

Tembl 11 KypcoBBIX padoT:

1. CnekrpanbHoe mnpexactasienue. Teopema Kapynena (6/m). Koapuanuonnas QyHKuus
CTAllMOHApPHOM B IIMPOKOM CMBICIIE IIOCJIEIOBATENBLHOCTH, €€ OCHOBHBIE CBOMCTBA. Teopema ['eprnorua
(mox-Bo mocrarounoctH). CreKTpanbHas Mepa U CHeKTpajbHasl INIOTHOCTh CTAllMOHAPHOW B IMIMPOKOM
CMBICIIE TIOCJICIOBATEILHOCTH. BBIUMCICHNE CHEKTPaJbHOM IJIOTHOCTH ¢ IoMmoulpio psaa Pypbe.
Teopema 0 crieKTpaJIbHOM NPEACTABICHUN CTALIMOHAPHON B IIMPOKOM CMBICIIE TTOCIIE0BATEIbHOCTH.

2. CnexrpanpHoe mpencrapneHne. Teopema Kapynena (06/m). KoBapmanmonnas —QyHKIms
CTallMOHAPHOIO B IIMPOKOM CMBICIIE TIpoLiecca Ha MPsIMOH, ee OCHOBHBIE CBoOCTBa. Teopema boxnepa —
XWHYMHA (JI0K-BO 1O0CTAaTOYHOCTH). CrieKTpaibHas Mepa U CIEeKTpaabHas INIOTHOCTh CTAlMOHAPHOTO B
IIMPOKOM CMBICJE Ipolecca. BblUMcIeHHE CHEKTPanbHOM IUIOTHOCTH C IOMOIIBIO  (HDOPMYIbI
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. O0miee moHsATHE CiyyaiiHOTO Mponecca (cayyailHON (pyHKIHMM), TPAEKTOPUH CIIy4ailHOTO MpoLecca.
[Tpumeps! ciay4aifHBIX TPOLECCOB: CiydaliHOE ONy)KJaHHWE, MPOLECChl BOCCTAHOBJICHUS, MOJENb
ctpaxoBanus Kpamepa — JIynnoepra. Jlemma 0 KOHEUHOCTH I1.H. IpOLiecca BOCCTAHOBICHUSI.



2. Ilpocreiimee ciydaiiHoe OmyxaaHue Ha npsmoi. Mcmonmbs3oBanue uucen Karamana s moicdera
qrcia “HeOTPULATENbHBIX U “TOJOKUTENBHBIX TPACKTOPHUNA CIY4YailHOTO ONIy>KAaHUs, IPUXOIIIINX B
Hy1b 3a BpeMs 2n. Teopema o paclpelesieHMM II€pBOIO MOMEHTa BO3BpAllleHUs B HylIb UL
mpocTeimero ciay4yaifHoro omyxaanus. TeopeMa o BEpOSITHOCTH BO3BPAILIEHHS B HYJIb.

3. PaBHOMEpHas HHTErpUPYEMOCTb CEMEMCTBA CIy4YalHBIX BENWYMH. Kpurepuil paBHOMEpHOHN
MHTErPUPYEMOCTH CXOASAIICHCS MO paclpeesIeHUIO MOCIeJ0BaTeNbHOCTH CIy4alHbIX BeIn4uuH (0/1).
JlocraTouHoe yClIOBHE PaBHOMEPHOM HMHTEIPUPYEMOCTH IOCJIEAOBATEIBLHOCTH CIIyYalHBIX BEJIUYMH.
Teopema 00 acHMMIITOTMYECKOM IIOBEICHUH BPEMEHH, IPOBEJCHHOM CHMMETPHYHBIM CIIyYailHbIM
OmyXIlaHHUEM B HYJIE 3a BpeMs 1.

4. Teopema beppum — Occeena (6/1) W CIEACTBHE O BEPOSTHOCTH OOJNBIIOTO YKIIOHSHHS IS
CUMMETPHUYHOTO city4aiiHoro Omyxnaanusi. Jlemma Bopenst — Kanremnu (6/1) u temMma 0 BEpOSTHOCTH
OO0JIBLIOTO YKJIOHEHHUS [UII MAKCUMYMa CyMM CUMMETPHYHBIX CIIyYaiHBIX BEIMYMH. 3aKOH MIOBTOPHOTO
norapudma Ui MPOCTEHIIEro CUMMETPUYHOTO CIy4aiHOro OmykKgaHus Ha NpsiMoil. CMBICT 3aKoHA
MOBTOPHOTO Jiorapudma.

5. IlpousBojsimuye QyHKIUN CIy4YalHBIX BEJIWYHMH, UX OCHOBHBIC CBOWCTBa. BeTmsmimecs mporiecchl
lNansrona — Barcona. CooTHoOIIEHHE MEXIy HPOM3BOASMIIMMHU (YHKUMSMH YHCIa YacTUI B N-M H
(n+1)-m noxonenusx. BeiBon ypaBHEHUS 111 BEPOATHOCTH BBIPOXKICHHS MpoIlecca.

6. BerBsimuecs nporeccel ['ansTona — Barcona. Teopema 0 BEpOATHOCTH BBIPOXKIEHUS BETBAIIETOCS
mnporecca.

7. IlpocTpaHCTBO TpaeKTOpHUH CIy4YaillHOTO IpoLecca, LUIMHIPUYECKash CUTrMa-ajuredpa Ha HeM.
DOKBHUBAJICHTHOE OIPEIEIeHHE CIy4aifHOro Ipolecca, Kak OJHOr0 HM3MEPHMOTO OTOOpakeHHs B
MPOCTPaHCTBO Tpaekropuil. KoHeuHoMepHble pacnpeaeneHus ciydailHOro npouecca. JlokazareabcTBoO
TOI0, YTO KOHEYHOMEPHbIE PacCIpEACICHHsI OTHO3HAYHO OIIPENEIISIOT pacipeie/ieHe BCEro npouecca B
LEJIOM.

8. KoneuHoMepHbIe pacmpeneieHds ciay4aiHoro mpouecca. Jlemma 00 yCIOBHSIX CHMMETPHUH H
coracoBaHHocTH. Teopema KommoropoBa o cymecTBOBaHUM ciiydaiiHOro mporecca (6/m). YcmoBus
COITIaCOBAaHHOCTH BeposATHOCTHBIX Mep Ha (Rn, B(Rn)) B TepMuHax xapakTepucTHUECKUX (QyHKIHMA
(6/m). CaencTBue JUIst IPOIIECCOB, HHIEKCHPOBaHHBIX MHOKeCTBOM T C R.

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

10. IlyaccoHOBCKMIA MpOLECC TOCTOSHHOW WHTCHCUBHOCTH KaK IPOLECC C HEe3aBUCHUMBIMHU
[IpUpAILEHUSIMY, J0Ka3aTeIbCTBO CYIECTBOBAaHUA. SIBHAs KOHCTPYKLMS ITyacCOHOBCKOIO IIpoliecca:
MPOLECC BOCCTAHOBICHUS JUISI HSKCIOHEHUMAJBbHBIX CIIydalHbIX BenuuyuH. CileacTBue U3 SIBHOH
KOHCTPYKLMH: CBOICTBA TPaeKTOPUI ITyaCCOHOBCKOI'O IIpoLecca.

11. KoBapuamuoHHasi U KOppeJsHOHHAs (DYHKIMHM CIy4alHOTO Mpolecca, UX CUMMETPUYHOCTh U
HEOTpHLIaTeNIbHAsl ~ ONPEAEICHHOCTh. | aycCOBCKME  Cily4aliHble mpouecchl. Jloka3areiabcTBO
CYILECTBOBaHMS TayCCOBCKOTO Ipolecca C 3aJaHHbIMU (YHKIMEH CpelHero M KOBapHALMOHHOMN
(dyHKUMEH.

12. BunepoBckuii mporiecc (mporecc OpOyHOBCKOTO IBIKEHUs). Joka3aTeNbCcTBO CyIIECTBOBAHMUS.
Teopema 0 1ByX 3KBUBAJICHTHBIX ONPENEICHUAX BUHEPOBCKOIO IIpoLecca.

13. Mogudukauus ciydaiiHoro npoinecca. Teopema KommoropoBa o cyiiecTBOBaHMH HENPEPBHIBHOM
Momudukanuu (0/1). JlokazarenbCTBO CyIIECTBOBAHUS HEMPEPHIBHOW MOJU(PHUKAIIMA Y BUHEPOBCKOTO
nporecca.

14. 3akoH mOBTOpHOTO Jorapu¢ma ais BUHEPOBCKOro mpouecca (6/m). CMbICH 3aKOHa HOBTOPHOTO
norapudma. JIokaabHbIM 3aKOH TOBTOPHOTO JIorapr¢Ma 1711 BAHEPOBCKOTO IpoIiecca.

15. Ilonatue ¢unapTpauru Ha BEPOSTHOCTHOM NMPOCTPAHCTBE, COTNIACOBAHHOCTD CIy4YaifHOro mporecca
¢ unpTpanueli, ecrecTBeHHas GUIBTpaMs CIIydaiHOTO mporecca. MapKoBCKHE MOMEHTHI 1 MOMEHTHI
octaHoBKU. CTpOro MapKoBCKOE CBOMCTBO BUHEPOBCKOTO MpoIiecca.

16. IlpuHuun oTpakeHHUs Uil BHHEPOBCKOro mpouecca (0/mx). MOMEHT AOCTHXKEHHsSI BUHEPOBCKUM
IIPOLIECCOM YPOBHA X. Jl0Ka3aTeslbCTBO TOrO, YTO OH SBISETCS MOMEHTOM OCTaHOBKU. COBMECTHOE
pacmpeneneHne MakCUMyMa BUHEPOBCKOTo nporecca Ha orpeske [0, t] u ero nmpaBoro koHua. Teopema
bamense.

17. MapruHransl, cyOMapTUHTaJbl U CylepMapTHHranbl. Kpurepuii MapTHHTaIbHOCTH 17151 TPOLIECCOB
C HE3aBUCUMbIMHU IpuparieHusiMu. [Ipumeps! MmapTuHranos u cyomaprunranos. Paznoxenue Jly6a s
COIVIACOBaHHBIX IIPOIIECCOB C TUCKPETHHIM BPEMEHEM.

18. Maprunranel. Teopema 06 OCTaHOBKE M CIIEACTBUE U3 Hee. AHAIOT TEOpeMbl 00 OCTaHOBKE IS
cllydasi HempephIBHOTO BpeMeHH (0/1).

19. Obmiee noHATHE MAPKOBCKOTO MPOIEcca OTHOCHTENBHO (uibTpaiuu. Teopema 00 IKBUBAICHTHBIX
OTIpeIeNICHUSIX MApPKOBCKOTO IIpoLecca.



20. Teopema 0 MapKOBOCTH NPOIIECCOB C HE3aBUCUMBIMHU MpHpalieHuaMu. Kpurepuit MapkoBocTH JIst
rayCCOBCKUX MPOLIECCOB.

21. IlepexonHasi (yHKIUSI MapKOBCKOTO mporuecca. /loka3aresbcTBO TOr0, YTO MapKOBCKUHM IMpoLecc
“nouru obnamaer” nmepexonHoi ¢yHkmuei. [lepexonHas MIOTHOCTh MaPKOBCKOTO TIpoIlecca.

22. MapkoBcKkue LenHu ¢ AUCKPEeTHBIM BpeMeHeM. TeopeMa O He3aBHUCUMOCTH “‘Oyaymiero”
“mpomioro” mpu (QuUKCHpoBaHHOM “‘HacTosmieM”. Ilpumepsl MapKOBCKMX ILemei: IpocTeiiiee
ciydaifHOe Oy»XIaHue Ha NPsSMOH W BeTBsIuecs npoueccel ['ansTona — BarcoHa.

23. ®a30Boe MPOCTPAHCTBO, MATPHIBI NEPEXOJHBIX BEPOSITHOCTEH M HadaJIbHOE pacHpeiesiCHHE s
MAapKOBCKOM LENH C JUCKPETHBIM BpemeHeM. [IoHsTHE OINHOPOAHON MAapKOBCKOM LENU. YpaBHEHUS
KonmoropoBa — Yenmena u cieactBusi w3 Hux. CTanMOHApHOE W MpPENENIbHOE paclpeneieHus
OJTHOPOJHOM MapKOBCKoO# mernu. CBOWCTBA IENMHU C HAYAJIBHBIM CTAIIMOHAPHBIM paCIIpeieICHUEM.

24. Dproauyeckas Teopema Al MapKOBCKHUX IIeTIed C NHUCKPETHBIM BpeMmeHeM. CTallloOHapHOCTb U
MPEeNIbHOCTD APrOANYECKOTO pacIipeieIeHUs] MAPKOBCKOH IICTIH.

25. MapkoBcKHe IIeNu C HeTIPEephIBHBIM BpeMeHeM. CBOMCTBa MepeXOIHBIX BeposTHOCTEH. Teopema o
CYLIECTBOBAaHMM MAapKOBCKOM ILIETM C 3aJaHHBIMH HA4yaJbHBIM PAaCIpENCICHUEM M IMEPEXOAHBIMU
BEPOSITHOCTSIMM.

26. OqHOpOIHBIE MAPKOBCKHUE IIEMU C HEMIPEPhIBHBIM BpeMeHeM. CToxacTudecKas MoIyTrpyIina MaTpHil
MepexoqHbIX BeposiTHOcTel. CranuoHapHOe M OPEACNbHOE pachpenesieHUs] MapKOBCKOM LIEIu.
Oproauueckas TeopeMa (0/m). Tpu cieAcTBUS U3 IProOIUYECKON TEOPEMBI: CBOWCTBA DPrOAHYECKOTO
pacnpeneneHusl.

27. npuHnTe3UManabHas MaTpUlla MapKOBCKOI LleNM ¢ HeNpepbIBHBIM BpemeHeM. CylecTBOBaHHE
WHOQUHUTE3UMAJIbHOW ~ MaTpHULbl JUIs  CTaHZAapTHOW  MapkoBckod wuenu  (6/m). OOparHbIE
nuddepeHimanbabie ypapaenus KonMoroposa.

28. Ilpsmble nuddepeHuuanbapie ypaBHeHuss KoiMoroposa ajsi MapKOBCKOM LIEMTM C HENPEPHIBHBIM
BpeMeHeM. CIIe[CTBUS U3 HUX: YPaBHEHUS U1 HAXOXKICHUS paclpeiesieHHs LIeNU B IPOU3BOJIbHBIN
MOMEHT BPEMEHH t U 7151 HAXOKACHUS SPrOJUIECKOrO pacipeaesieHusl.

29. IlpoctpanctBo L2(Q, F, P) cnydvaifHBIX BeNWYWH, €r0 OCHOBHBIE CBOWCTBa. Jlemma o
HEIPEPbIBHOCTU CKAJISPHOIO POU3BENCHMUS.

30. CroxacTuueckasi HENPEPHIBHOCTb M HEMPEPBIBHOCTb B CPEOHEM KBAJAPATUYHOM CIy4ailHOTO
npouecca. Kputepuil HempepbIBHOCTH B cCpenHeM KBaipaTuduHoMm st L-mpormecca. Kpurepwit
CTOXaCTHYECKON HETIPEPHIBHOCTH CIYYaiHOro mpolecca.

31. HuddepenurpoBanue CirydallHBIX MPOLECCOB IO BEPOATHOCTH M B CPEIHEM KBaIPAaTHUHOM.
Kpurepuii HenpepsiBHON audhepeHIupyeMOCTH B CpeJHEM KBaJIPaTHYHOM CIIydaifHOTO mpolecca Ha
orpe3ke (0/m). BrluncieHue MaTreMaTHUeCKOrO OXUAAHUS, KOPPESILMOHHOW W KOBApHUALIMOHHOMN
¢dbynknui L

32. MHTerpupoBanue CIy4ailHbIX MPOLIECCOB B CPEAHEM KBaapaTHYyHOM. KpuTepuii HHTErpHpyeMOCTH
B CpEOHEM KBaJpaTUYHOM Ha OTpPE3Ke U CIEACTBUE M3 Hero. BpluuciieHMe MaTeMaTHyecKoro
OXHJIaHUsl, KOPPEISIIMOHHON 1 KOBapHaunOHHON QyHKIMi L nHTerpana ot ciaydaifHoro mpouecca.

33. CrauuoHapHble Cily4aillHble NPOLECCH: CTAlMOHAPHOCTH B Y3KOM M IIMPOKOM CMBICHIAX.
B3aumocssa3p Mexay Humu. CTalMOHapHOCTh B y3KOM CMBICIE MAapKOBCKOHW LIENIM C HayalbHbIM
CTallMOHAPHBIM pacmpeaeieHreM. TeopeMa 00 IKBUBAJICHTHOCTH JIBYX MOHATUN CTAIMOHAPHOCTH AJIS
rayCCOBCKHUX IIPOLIECCOB.

34. OproroHanbHBIE CIIy4ailHble MeEpbl Ha MOJyKOdblle MOAMHOXecTB. CTpyKTypHas Mepa
OPTOTOHAJILHOM CITy4aiHOW Mephl. Teopema 0 B3aMMHO OIHO3HAYHOM COOTBETCTBHH OPTOTOHAJIBHBIX
CllydallHBIX Me€p Ha [IOJIyKOJIbLIE IIOJIyMHTepBajJoB B R+ 1 HemnpephlBHBIX IPOLECCOB C
OPTOTOHAJILHBIMU NMPHUPALICHUSIMH (JJOK-BO B OJTHY CTOPOHY, HJIesl I0K-Ba B JPYTYIO).

35. CroxacTHuecKuil MHTErpall 0 OPTOrOHAJIBHOW ciydaiHoi Mmepe. [Ipomomkenue ¢ momykonbia K
OpPTOTOHAJILHOM ciyyaiiHOM Mepsl Ha anredpy oK) u ee cTpykrypHOil Mepsl Ha curma-anreopy o(K).
OmnpeneneHne 1 OCHOBHbBIE CBOMCTBA CTOXaCTMYECKOTO MHTETPaja OT MPOCTHIX (QYHKITHH.

36. CroxacTU4eCKHil MHTETpajl M0 OPTOTOHAIBHOM city4aiHoi Mmepe. IlocTpoeHne CTOXacTHYeCKOro
uHTerpana Juist npousBonbHOW ¢yHkumu u3 L2(A, o(K), p). Ero ocHoBHbie cBoiicTBa. Hpes
MOCTPOCHHUS CTOXaCTHYECKOT0 MHTETpalia B ciyyae, korqa A € K/ .

HpI/IMepBI OK3aMCHAIIMOHHBIX OUJIECTOB:

Buiet Nel



1. KoneuHomepHble pacmpeneneHus Ciy4ailHOro mpouecca. Jlemma 00 yCIOBHSX CHMMETPHU H
connacoBanHocTH. Teopema KommoropoBa o cymiectBoBaHMH CitydaitHOTo mporecca (0/m). YcmoBus
COITIaCOBAaHHOCTH BeposiTHOCTHBIX Mep Ha (Rn, B(Rn)) B TepmuHax xapakTrepucTHUECKHX (QYHKIUH
(6/m). CnencTBue Ui IPOLIECCOB, HHACKCUPOBaHHBIX MHOXKecTBoM T C R

buer Ne2

1. NnpunnTe3snmanbpHas MaTpulla MapKOBCKOW ILIEMHM C HENpephIBHBIM BpemeHeM. CyliecTBOBaHHE
WHOUHUTE3UMAJIbHOM  MaTpHULbl  JUIs  CTaHZAapTHOW  MapkoBckod uenu  (6/m).  OOparHbIE
nuddepeHimanpHbie ypapaenus Konvoroposa

Kpurepun onennBanus
- omenka «omm4HO  (10)»  BBICTaBNSieTCSl  CTYAGHTY,  IOKa3aBIIEeMy  BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUM;

- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITYOOKHE 3HAaHHS yueOHON MpOrpaMMbl JUCLHUIUIMHBI 1 YMEHHE IPUMEHSTh UX
Ha TpPaKTHKE MPHU PEIICHUH KOHKPETHBIX 3a]ad, CBOOOIHOE M MpPaBWIbHOE O0OOCHOBAHUE MPUHATHIX
peLIEHN;

- oueHKa  «ommM4yHO  (8)»  BBICTABISACTCS  CTYOCGHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, INTYOOKHE 3HAaHHS yueOHON MpOrpaMMbl JUCLHUILIMHBI 1 YMEHHE IPUMEHSTh UX
Ha MPaKTHKE [IPHU PEILICHUH KOHKPETHBIX 3ajiad, U IPaBUIbHOE 000CHOBAaHUE MPUHSTHIX PELICHUN;

- olLleHKa «xopouio (7)» BBICTaBISAETCSA CTYIEHTY, €CIM OH TBEPAO 3HAET MaTepuai, 'PaMOTHO M IO
CYILLECTBY M3JIaraeT €ro, yMeeT MPUMEHATh MOJIYyYEHHbIC 3HAHUS HA MIPAKTHKE, HO JOIYCKAET B OTBETE
WIM B PELIEHUHU 3a]jad HEKOTOPblE HETOUHOCTH;

- OCHKa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUuall, IpaMOTHO U MO CYIICCTBY
n3jaracTt €ro, yMeCT IPUMCHATL IMOJYUYCHHBIC 3HAHUS HaA MNPAKTHUKE, HO AOITYCKACcT B OTBETC WJIM B
peIICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH;,

- OIIEHKa «XOpoImIo (5)» BBICTABIAETCS CTYJACHTY, €CIIM OH 3HAET MaTepHaj, U MO CYIIECTBY M3JIaraet
€ro, yMEeT NMPUMEHATh NOITYYEHHBIC 3HAHUS Ha MPAKTHKE, HO JOIYCKAeT B OTBETE WM B PELICHUU
3aJ1a4 HEKOTOpbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH BIaJEET OCHOBHBIMH pa3ieiaMu Y4yeOHOW mporpaMMbl, HEOOXOAMMBIMH JJisl AalibHEHIIero
00yueHHs M MOXET NIPUMEHSThH NOJIyUYeHHbIE 3HAaHUS 110 00pas3ily B CTAaHJAPTHOM CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (3)» BBICTABISETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOH NporpaMmbl, HEOOXOAMMBIMH IS
JaybHedmero o0y4eHuss U MOXKET MPHUMEHSTH IOJIydYeHHbIE 3HaHWA 1O 00paslly B CTaHAAPTHOM
CUTYyalluy;

- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABIISETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblueil yacTtu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI JUCHUIUINHBI X HE yMEET UCII0JIb30BaTh MOTy4YEHHbIE 3HAaHHS [IPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

- OLIEHKa «HEYHOBJIETBOPUTENIBHO (1)» BBICTAaBIISETCS CTYIEHTY, KOTOPBIA HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bo BpCEMs IMPOBCACHUSA 5K3aMCHaA O6y‘IaIOH_H/I€C$I MOTYT ITOJIb30BATbC nporpaMMoﬁ JAUCIUITIIIMHBI.



