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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TEXHOJI0T Uil

II.A. ®opm

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: MaremaTidecKie METOIbl COBPEMEHHOU (H3HKH

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: KonBepreHnTHble HaHO-, OMO-, THPOPMAIIMOHHBIC H KOTHUTHBHBIC TEXHOJIOTHU
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
Kadenpa matemaTHky 1 MaTeMaTH4eCKUX METOIOB PU3UKU

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHbIil 3a4eT

AynuTOpHBIX 4acoB: 45 BCETO, B TOM YHCIIE:
nexuun: 30 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: A .M. bamapos, kaua. (u3.-MaT. HayK, TOICHT, TOIICHT

[Iporpamma obcyxneHa Ha 3acefannn Kadenpbl MareMaTuky 1 MaTeMaTiueckux MetonoB ¢usnku 18.03.2020



AHHOTANMA

HCJII)}O AUCHUIUIMHBL  ABJIACTCA O3HAKOMJICHUE CTYACHTOB C OCHOBHBIMU MACAMH W TIOHATUAMMU,
HeO6X0,I[I/IMBIMI/I AJIL TOCTPOCHHUA CTOXACTUYCCKUX MoJIeleit paSHOO6pa3HI>IX IpOonECCCOB, BBIYUCIIUTCIIBHBIX
AJITOPUTMOB U OTKPBITBIX CUCTEM, KaK KIIACCUYICCKHUX TAdK U KBAHTOBBLIX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- JlaTb MHCTPYMEHTApHUH 11 OOILIETO ONMCAHUS Pa3IUYHBIX MPOLECCOB B TEPMUHAX CTOXACTUYECKHUX
muddepeHanbHbIX  ypaBHeHUHA. [lo3HakoMUTh C  0a30BBIMH  CIIly4YalHBIMH IPOLECCAMH —
BUHEPOBCKUM, IIyacCOHOBCKMM U mpoueccamu JleBu. IlozHakoMuTh ¢ CyOOpIMHHPOBAHHBIMHU
CIIy4ailHBIMH IpOLECCAMHM KaK MOJEISMHM HEMapKOBCKUX TIpoueccoB. [I03HaKOMHTH ¢ HOBBIMH
MaTeMaTHYECKUMH TOHATHSMH, BO3HUKAIOIIMMH TPH ONHCAHUHM 0a30BBIX CIIydYailHBIX MpPOLIECCOB,
TaKUMU Kak JIpOOHbIE NPOM3BOJAHBIE W HMHTErpPalibl, MX CBONCTBaMHU, (PpakTaJbHBIMA OOBEKTaMH.
[lo3HakoMHUTh C€ KBAaHTOBBIMM CIy4YaWHBIMHM IIpOLECCAMM M POXIAIOIIMM, YHHUYTOXKAIOIIMM U
CUMTBIBAIOLINM KOMIIOHEHTaMH.

33]13‘[1/[ JAUCHUIIINHBI

- HayuuTth cTyeHTOB COCTaBIIATh U pemars croxacTnieckue nuddepenimanbabie ypasaenus (CAY),
MOHUMAaTh 0a30BbIC MOHATHS W MPEACTABICHUS, JEKaIIUe B UX OCHOBE, HAydyuTh nomy4ars u3 CHAY
KHHETHYEeCKHE YPABHEHMSA, B TOM YHCIIE AECTCPMHHUPOBAHHBIC IU(QepeHINaNbHbIC YPaBHEHUS IS
OCHOBHBIX XapaKTEPUCTHK OTKPBITBIX CHCTEM, HAYUYUTh MOJAEIUPOBATh PEIICHUS 1€TEPMUHHPOBAHHBIX
YpaBHEHUH CIlydyallHBIMH YpPaBHEHUSMH, CTPOWTH CIy4YailHbIE MOJIEIH Pa3HOOOpa3HBIX SIBICHWUU U
CHCTEM.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1.1 3HaeT W cHocoOEGH  HCIONbL30BaTh B
npo(eCCUOHANBHON  JIEATENPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAYK

OIIK-1 Bnaneer cuctemoii pynnamenransabix |OIIK-1.2 CrnocobeH 0600marh U KPUTHYECKH OICHUBATH
Hay4YHBIX 3HAHUH B 00acTu OIBIT M PE3YyJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a/1a4 NpoQecCHOHATBHON AEATENbHOCTH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM unciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH — THUIOTE3BI, CTPOHTH
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN MareMaTHyeCcKHe MOAENM JUIsi  OIMCAHUS  W3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIECCOB, OIICHUBATH KAY€CTBO pa3padOTaHHON
aHAJIN3UPOBATh HAyYHbIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTb TEOpeTHUeCKHue H (WIIHN)

9KCIIEPUMEHTAJIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOM 3ajade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI

3HAThb:



YMETB:

- OCHOBHBIE IIOHATHS U IPEACTABIEHUSA LEHTPAJIbHBIX IPEIEIbHBIX TEOPEM, CBOWCTBA
XapaKTepUCTHUYECKON (YHKLMHU, XapaKTEPUCTUUECKYIO0 (PYHKIHMIO AJISi TayCCOBCKOIO paclpeleieHus,
TEOpEMY O HENPEPHIBHOCTH; LEHTPAJIbHYIO MPEAEIbHYI0 TEOpEMY AJI OJUHAKOBO pacIpellesIEHHbIX
CIIy4ailHBIX BEJIMYMH, CBSI3b C PEHOPM-TPYIIIOBBIM TOIXOJOM, PEHOPM-TPYIIIOBOE IMpeodpa3zoBaHue,
HEIOABWKHYIO TOUYKY, aHaJU3 YCTOHYMBOCTH, LIEHTPAJIbHYIO IPEAEIbHYI0 TEOpEeMY s OJUHAKOBO
pacnpeneneHHbIX ClyYailHbIX BEIMYHMH B CiIy4ae OECKOHEUHOM TUCTIEPCHH;

- ypaBaenune Yemmnena-Konmoropoa-CMomyxoBckoro, o6o0OmieHHoe ypaBHeHue @oxkepa-Ilnanka,
MaTeMaTH4YeCcKOe ONpeIeIeHNEe HEMPEPHIBHOIO MapKOBCKOTO MPOLIECCa, YaCTHBIE Cilydan 0000IIEeHHOTO
ypaBHeHus: Dokkepa-IInanka - ympapisromee ypaBHeHHE, AU((DY3MOHHBIE IMPOLECCHl, ypaBHEHHUE
doxkkepa-Ilnanka; neTepMHHMpPOBaHHBIE MPOLECCH M ypaBHeHHME JIMyBMIUIS Kak YacTHBIM ciydai
o0obmenHoro ypaBHenus @Dokkepa-Ilnanka; o6o0meHHoe ypaBHenue @okkepa-Ilnanka kak
KMHETHYECKOE ypaBHEHHE MPH KJIACCUYECKOM M KBAHTOBOM ONHCAHUMU;

- CTAallMOHApHbIE MAapKOBCKHE IIPOLIECCHl - 3ProJUUYecKUe CBOMCTBAa CTALMOHAPHOIO IpolLecca,
WU3MEPEHUs CPEAHET0 3HAUYEHHsI, aBTOKOPPEISIMMOHHON (PYyHKLMH, CIIEKTpa, TeopeMy BuHepa-XuH4unHa,
n3MepeHne (QYHKIMU paclpenesieHHus; OAHOPOAHBIE MAapKOBCKHE IPOIECChl M HMX (PU3MYECKYIO
HWHTEPIPETALHIO, aBTOKOPPEISIIMOHHYIO (DYHKLIMIO MApPKOBCKHX IPOLIECCOB;

- OCHOBHBIC TPEJCTABICHUS O BUHEPOBCKOM IIPOIIECCE - HEPETYIIPHOCTh M HeAu(p(epeHIUpyeMOoCThb
TPaACKTOPUH, HE3aBUCUMOCTD MIPUPAILECHUH, aBTOKOPPEISALUOHHbIE (DYHKIINH;

- OCHOBHBIE TpelcTaBieHus o mpouecc OpHmTeiiHa — YieHOeka - KOppelIsuuOHHBbIC (DYHKIUH,
rayCccoBOCTb, CTAallHOHAPHOE pEIICHHE, HCIIOJIB30BAaHWE B KaueCTBE MOJEIHM PEATBHOTO IIYMOBOTO
CUTHAJa;

- OCHOBHBIC TIPEACTABICHUS BHHEPOBCKHX CTOXAaCTHUECKUX IU(PepeHINaNbHbIX ypaBHEHUHA -
o0ocHOBaHWE YypaBHeHWH Tumna JlamkeBeHa, OelbId IIyM, ammpoKcCUMaluu OeNoro Imyma, podb
LEHTPaIbHON NpeAeTbHON TEOPEeMbl, CBOUCTBO MapKOBOCTH MHTETpalia OT O€JIOro IIyMa; ONpeAecHre
CTOXaCTHUYECKOI'0 MHTErpalla, CBOICTBa CTOXaCTHUECKOro uHTerpana 1ro;

- pewieHHs W TpPeoOpa3oBaHMsl BUHEPOBCKUX CTOXACTHUECKUX IU(QepeHIHanbHbIX ypaBHEHUH -
npuOImKkeHHoe perieHre MerogoMm Komm — Diinepa, 3ameHa nepemeHHbIX ((hopmymna Uto), mpyroit
nonaxox kK ¢opmyne Uto, npasuno auddepenunposanus Uto, cBsa3p mexay ypaBHenueM Dokkepa -
[Tnanka u croxactndyeckuM audepeHnnanbHeIM ypaBHeHueM; pemienune CAY mis ocummistopa c
IIyMAIIEN 9acTOTOMH;

- OIpEAETEeHUs] M CBOHCTBAa CTOXacTHYECKUX An(pepeHnnanoB U UHTErpajoB B cmbicie HT10 1
CrparanoBuya, nuddepenunanbabix ypasHenuid ito u Crparanosuua;

- CHY, ympaBnseMble HE3aBUCUMBIMH CIIYYalHBIMH BHHEpPOBCKMMHU mpoueccamu, CIY B ciayuae
KOMIUIEKCHOTO BUHEPOBCKOTO IMIPOLECcCca, KOMIUIEKCHBIH BUHEPOBCKHUI MpolLiecc 00Iero BUa;

- COCTaBHbIE IIyaCCOHOBCKHE IPOLIECChI, KOMIEHCUPOBAaHHBIN IIyaCCOHOBCKUH IIpoOlieCC;

- CAY HeBuHEpOBCKOro TuIa, pemeHus: npocreimux CHY HeBuHEpOBCKOro Tuna (ypaBHEHHE IJIS
3apsila Ha aHoJe, YpaBHEHUE JJI TOKAa Ha aHoJe, JIMHEMHOE ypaBHEHUE, OCLMJUIATOP C IIyMsILei
4acTOTOW HEBUHEPOBCKOTO THIIA, OCUMJUIATOP C HIYMSILEH YacTOTOH 00LIero Tuma);

- TOYEYHbIE IIPOLIECCH] HA POU3BOJIBHBIX MHOXKECTBAX;

- anb(a-ycTOWYMBBIE MPOLECCHl - CBOWCTBO CaMONoAoOMs (MacmITaOHONH WHBAapUAHTHOCTH), TEOpeMa
JleBu-XuHunHa, cBoiicTBa (YHKIMM TUIOTHOCTH pachpeiesieHus, pacmpenenenus Komu u
JleBu-CmupHOBa;

- IpoCTeHIINe CTOXaCTUYECKUE YPAaBHEHUs C yUaCTHEM YCTOMYMBBIX IIpOLECCOB, Iporecc Komuy;

- INHEHOE CTOXaCTHUYECKOE YpaBHEHUE IS poLeccoB JIeBH;

- cBa3b CJIlY, ynpaBiseMbIX COCTAaBHBIM IIyaCCOHOBCKUM IIPOLIECCOM, C YpPaBHEHUSAMM TuIla
doxkkepa-Ilnanka ¢ ApoOGHBIMH MPOU3BOJHBIMHU, APOOHBIE HMHTErpaisl Pumana-JImyBuiuis, npoOHbIe
MPOU3BOJIHBIC Ha MpPsAMOH, ApoOHbIe mpousBoaHbie Kamyto m Mapmo, npeoOpaszoBanus Jlammaca
ypaBHEHUH ¢ APOOHBIMU IPOU3BOAHBIMHU, (POPMYJIBI HHTETPUPOBAHUS 110 YACTSIM;

- OTJINYMSI KBAHTOBOM BEPOSATHOCTH OT KJIACCHYECKOM;

- CYMTHIBAIOLIUH, POXKIAIOIINN 1 YHUUTOXKAIOLINI KOMIIOHEHTBI KBAHTOBOTO CIIy4aifHOTO Ipolecca:

- anrebpy Xancona-Ilapracaparu;

- KHHETUYECKOE ypaBHEHHE I MaTpHUIbl INIOTHOCTH B popme Jlnnadnana.



- BBIYHCIISITH IPOCTEHIINE CTOXaCTHUECKHE HHTErpajsl B cMbiciie Mto n CrparaHoBHYa,

- COCTaBIIATh CTOXacTWdeckue anpepeHnnanbHble YpaBHEHHS M OCLMIUIATOpA C  LIyMsIIeH
YacTOTOW, JUIsI MEXaHMYECKHX CHCTEM CO CIy4YalHbIMH CHJIaMH, TeJerpadHoro mpoiecca,
ANEKTPUUECKOTO TOKA B LIETISIX, ypaBHEHUS (pUiIbTparuu;

- momyvarb CIIY Urto u3z CIY CrparanoBuua;

- cocrasmate CJlY, ynpaBisieMoe HE3aBUCUMBIMU BHHEPOBCKMMHU IIPOLIECCAMH, COCTAaBHBIMU
ITyaCCOHOBCKUMU IIPOLECCAMU;

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

- monmyuarb u3 CJ1Y ypaBHEeHUs AJisl KOPPEIAIUOHHBIX (PYHKIIUH, MOMEHTOB U T.II.;

- pemats CI1Y, ynpaBiisiemMble BUHEPOBCKUM U ITyaCCOHOBCKHMM IIPOLIECCAMU;

- MOJIy4aTh KUHETHUECKUE YPAaBHEHHMS IS MaTPHUIBI IUIOTHOCTH B ¢dopme JInHnbnana u3 KBaHTOBBIX
CIY BUHEpOBCKOTO U HEBUHEPOBCKOTO THIIOB.

BJIAJIETD:

- OCHOBHBIMH METOAAMH TEOPHH CTOXaCTHMUECKMX IPOLIECCOB — METOA CTOXaCTHYECKHUX
i depeHanbHBIX ypaBHEHUH, METOA KHHETHYECKOTO ypaBHEHHUsI, alllapaToM XapaKTepUCTHYECKOH
(YHKUNH, HUEHTPAJIbHBIMU MPENEIbHBIMA TEOPEMaMU, allre0panvdecKoil Teoprueit BO3MYIICHHUH.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
1 Brenenue B kBantoBeie CIY. 5 3 10
2 Crnyyaiinble HIPOLIECCHI JleBn U 10 3 10
CyOOpAMHUPOBAHHBIE IPOLIECCHI.
Croxactuueckue  auddepeHnuaibHble
3 YpPaBHEHHUS U KMHETUYECKHE YPaBHEHUS 5 3 10
JUISL OTKPBITBIX CHCTEM.
4 Teopus cay BHHEPOBCKOTO u 5 3 10
IIyaCCOHOBCKOTO THIIOB.
5 TpamuuvoHHass  Teopust  CIly4yaMHBIX 5 3 5
IPOLIECCOB.
Hroro yacos 30 15 45
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. Benenue B kBanToBbic C/1Y.



Ocob6ennoctu cocrapnenns CY B pe3oHaHCHBIX cucTeMmax. Anredpanyeckas TeOpusi BO3MYIICHUI
U1 TIONy4deHus: 3(G@EKTHBHOTO TaMWIBTOHMAHA CHUCTEMBbl B YCIOBUSX pe30HaHCOB. KBaHToBas
BEpOATHOCTh. KBaHTOBBIE CUMTHIBAIOIIMM, POXKAAOMNNA ¥ YHUUTOXKAIOMMI Mpouecchl. KBaHTOBBIM
uaTerpan Urto. Anrebpa Xajacona-Ilapracapatu. KantoBoe CJ/IY HEBHHEpPOBCKOro THIA IS
oreparopa 3BOJIIOLMU CHCTEMBl. YHUTApPHOCThH OIEpaTopa 3BOJIOLNMH U KBaHToBas (opmymna Urto.
Kunernueckoe ypaBHEHHE 115l MAaTPULBI INIOTHOCTH B ¢popme JInnnbnana.

2. Cnyuaiiaslie npoueccs JIeBu n cyO0opIMHUPOBaHHBIE TPOLIECCHI.

Anbda-ycroitunBble  mporecchl.  Xapakrepuctuku — mpoueccoB  Jleu.  OcCHOBBI  Teopuu
CyOOPIMHUPOBAHHBIX clydaitHbIX mporeccoB U C/IY 00001eHHOro HeBUHEPOBCKOTO THIA. J{pyroit
BbIBOJI ypaBHeHus1 Dokkepa-Ilnanka ans ypaBHenus JlamkeBeHa B ciydae mporecca Jlesu. Mopenb
HENPEPbIBHOTO BO BPEMEHH OpPOYHOBCKOTO JIBIDKCHHUS. BepOSTHOCTHBIE —XapaKTEPUCTUKH
HarpapJsIOIEero npouecca. /IpoOHbIE NMPOW3BOIAHBIE B YIPABISIOMIEM YPAaBHCHHU ISl CIydas
NOYMHEHHOTO CIIy4aifHOTo Impouecca.

3. Croxactuueckue aug¢epeHnranbHble ypaBHEHUSI M KUHETHYECKUE YPaBHEHMS IS OTKPBITHIX
CHCTEM.

[Mapagurma CJIY. OTkpbITBIE cHCTEMBI W penakcanmuoHHble mporecchl. Ocobennoctn CHAY wu
CTOXaCTHMYECKUX MHTErpanoB. AureOpa HMHKPEMEHTOB. PerymsapHble paspbiBHbIE (QYHKUUH U
cTtoxactuyeckas HemnpepslBHOCTh. CJ/IY u  kuHermdeckue (ympaBisOIIME)  YpaBHEHHS.
Onementapueie oneparuu ¢ CHY. Pemenns CJ1Y. Macmtabpl BpeMeH W3MEHEHHS TEPEMEHHBIX B
CJ1Y. Ponb nieHTpasbHBIX TpeaeibHbIX TeopeM. [lepexom oT MUKpO K Makpockomuke. MacmTabHoe
npeobpazoBanue. YpaBHeHus JlamkeBeHa. OcHOBHbIE ciydaiiHble mpouecchl. IlyaccoHOBCKHiA
npouecc. CymMMa HE3aBUCHUMBIX I1yaCCOHOBCKUX IpoueccoB. [lolmHoMHallbHOE paclpeleneHue.
[Ipoueccet Jleeu u CAY obmero Buna. CocTaBHOM IMyaCCOHOBCKH IpoLecc W mpouecchl Jlesu.
Kunernueckoe ypaBuenue mis CHY, ympasngembim mpoueccoM Jlesu. Ilpomeccer JleBu wu3
BHHEPOBCKOTO npouecca. CBsi3b HEHTPAIBHBIX MPEAEIbHBIX TEOPEM C PEHOPMIPYIIIOBBIM MOAXOAOM.

4. Teopust CJ1Y BUHEPOBCKOTO U ITyaCCOHOBCKOTO THUIIOB.

CpoiictBa croxactuueckoro wuHTerpaga HMro. OmpeneneHuss W CBOWCTBAa CTOXaCTUYECKUX
nuddepeHIanoB U uHTerpanoB B cMeiciie Mto u Crparanosuua, nudepeHIualbHbIX YpaBHEHUN
Uto u CrparanoBuya. 3ameHa nepeMeHHbIX (popmyna Uto), mpasuno auddepenunposanus Uto.
Cesa3p mexny unrterpamamu u CHY Hto m Crparanouda. Pemenns CIY B ciydasx, korga
k03 (pULmeHTsl cTOXacTHueckoro audQepeHIalbHOTO YPaBHEHUS HE 3aBHCIT OT BpPEMEHH,
MYJIBTUIUIMKATHBHOTO IIyMma; mporecca OpHiuTeliHa-YineHOeka. YpaBHEHHs JUIsi CpPEeJHEro |
MomeHTOB. Pemenne CHY mns ocuwnisitopa ¢ mymsimeld yactotoid. KoMIieKcHbIM BUHEPOBCKUI
nporecc obmero Buma u CJY, um ympasnsemble. CJIY HEBHHEPOBCKOTO THIIA, PEIICHHS
npocreiimux CY HeBHHEpPOBCKOTO THNA (YpaBHEHHUE AJIS 3apsiia Ha aHOJe, ypaBHEHHUE AJIsl TOKA Ha
aHoJie, TMHEIHOE ypaBHEHHE, OCIMILUIATOP C IIyMsIIed 4acToTod HeBHMHepoBckoro tuma). CHAY u
KMHETHUYECKOE YypaBHEHUE i Tejerpaduoro mpouecca. OCHMWLIATOP C IIyMOM BHHEPOBCKOTO H
myaccoHoBckoro tunos. C/1Y, ympaBnseMble HE3aBUCHUMBIMU CIy4alHbIMM BHUHEPOBCKUMHU
npoueccamu, C/[Y B cilydae KOMIIJIEKCHOTO BHHEPOBCKOTO MPOIECcCa, KOMIUIEKCHBIN BHUHEPOBCKUI
nponecc obuiero Buaa. [Ipumepsr ucrnonb3oBanust CIY B onucaHud (QU3UYECKHX IMPOIECCOB U
pEIIeHUN JeTEPMHUHUPOBAHHBIX IU(PepeHINaNbHbIX YPaBHEHUH B YacTHBIX NPOU3BOAHBIX.
CrnoHTaHHOE H3Iy4YEeHHE aTOMa, KOJJIANC BOJHOBOH (YHKIMM, KMHETHYECKOE ypaBHEHHE M €ro
pemenue MmerogoM Monte-Kapno. Dnemenrapnas teopust GuisTpanuu.

5. TpaguIoHHas TEOPUS CIIyYailHBIX MPOLIECCOB.

OcHOBHbIE HEOOXOAMMBIE MpEACTaBIEHUS Teopuu BeposTHocTeil. CemapaOenbHblE MPOLECCH U
teopema Konmmoroposa. Ycnosue mapkoBocTu. YpasHenue Yemmnena-Konmoroposa-CMOIyX0OBCKOTO U
ero yactaele cinydau. [lonxonpl DitHmreiina, JlamkeBena u bamense. CtanmoHapHble MapKOBCKHE
MPOLIECCH], MX 3ProANYECKHE CBOMCTBA, MU3MEPEHMS CPEIHEr0 3HAYEHHs, aBTOKOPPEISALMOHHOMN
¢byHKIMH, cIeKTpa, TeopeMa Bunepa-XuHunHa, n3Mepenue GyHKIuU pacnpenenenus. OqHOpOIHbIE
MapKOBCKHE IMpOLECChl M HX (u3uueckas HMHTEpIpEeTaurs, AaBTOKOPPEISIIUOHHAS —(QYyHKIUS
MapKOBCKHX IIPOLIECCOB.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. BBeneHne B TEOPHIO BEPOATHOCTEH U MAaTEMAaTHYECKYIO CTAaTUCTUKY s pusnkoB [Teket] : yueO.
nocobwue /st By3oB / A. M. UeboTapes ; M-Bo oOpa3oBanus u Hayku Poc. denepanun, Mock.
¢wu3.-rexd. uH-T (roc. yH-T .— M. : U3n-Bo M®TU, 2009 .— 248 c.

®onp nuteparypsl Kadeaps

2. I'apnunep K.B. CroxacTuueckre METObI B €CTECTBEHHBIX Haykax. M., Mup, 1986..

3. Kunrman [[x. [TyacconoBckue mponeccel. M., MITHMO, 2007.

4. Chebotarev A.M. Lectures on quantum probability. Sociedad Matematica Mexicana, 2000.
5. Gardiner C.W., Zoller P. Quantum noise, Springer-Verlag, Berlin (2000, 2004).

JlononHuTeNbHAS TUTEPATypa
1. Teopus BeposatHoctelt [Tekcr] / A. A. BopoBkoB .— M. : Equropuan YPCC, 2003 .— 472 c.
®onp nuteparypsl Kadeaps

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

3. I'menenxo b.B., Konmoropos A.H. IlpenensHelie pactipenenaeHus s CyMM HE3aBHCHMBIX
ciyvaitasix BenuyuH. [UTTII, 1949.

4. 3onorape B.M. OnHomepHble ycroitunBsie pactpenenenus. M., Hayka, 1983.

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

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

1. http://vk.com/stochastic_processes - rpynmna ¢ y4eOHO-Hay4YHBIMU MaTepraIaMy MpernoJaBaTesis
kypca bamaposa A.M. «B KonTakre.

2. http://basharov.me/ - caiiT npeniogaBatens kypca bamaposa A.M. ¢ aBTOpckUMHU y4eOHO-HAYIHBIMA
MarepualiaMH.

3. http://sci-edu.ru/ - nmpoekt npenogasareins Kypca bamaposa A.M. ¢ HHTEpECHBIMU U MOJIC3HBIMU
Hay4YHBIMH U y4eOHBIMU BHICO-MaTepPHUAIAMH.

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

BI/IILGO—MaTepI/IaJ'IBI, THUIICPTCKCTOBBIC MAaTCPpUAJIbl U IPC3CHTALIUU 10 TCMAaM KypcCa.

B mporiecce caMoCTOSTENEHON paboThl 00yYaIONUECs MOT'YT UCIIOIb30BATh MPOTPAMMHBIC CPEICTBA
MATLAB, Maple, WolframMathematica.

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

Jis  yCcHemHoro OCBOGHHMS Kypca, NOMHUMO IIOCEIEHHUs JIEeKUWH, OT CTyAeHTOB TpelyeTcs
caMmocTosaTeNbHas pabora. DTa paboTa OpraHM30BaHa HAa MHTEPHET pecypcax aBTopa JaHHOTO Kypca.
CamocTosTeIbHbIE 3aHATUS BKIIIOYAIOT B ceOs MOBTOPEHHE MaTepHhalia JIEKIUH U BCIIOMOTaTeJIbHOro
MarepHala u3 npenplIyero Kypea « Teopust BEpOITHOCTH U MaTeMaTU4ecKasi CTaTUCTUKA», IPOCMOTP
PEKOMEHIOBaHHBIX BUAEO-MaTepuasioB. OCHOBHOE BpeMsi OTBOAMUTCS HA CaMOCTOSITENIbHOE PEIEeHHUE
3ama4, c(OpPMYIMPOBAHHBIX Ha JIEKUMSAX WIM BBUIOKECHHBIX Ha YKa3aHHBIX HHTEPHET-pecypcax.
Wmenno 3tu 3agaun u OynyT npeiaratses Ha AudepeHurpoBaHHOM 3a4eTe.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: KonBepreHnTHbie HaHO-, OMO-, THPOPMAIIMOHHBIC U KOTHUTHBHBIC TEXHOJIOTHU
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kadeapa MaTeMaTHKU ¥ MaTEMaTHYECKUX METOIOB (PU3UKH

Kypc: 1

KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT

Pa3zpatGoTunk: A.M. bamapos, kaHJ. (pu3.-Mar. HayK, JOLEHT, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3HMKO-MaTeMaTHYECKUX HayK

OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATENhbHOCTH  (PyHIaMEHTaTbHBIC
Hay4HbIC 3HAHUS B 001acT (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Crmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATELHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJabTaTax HCCIe0OBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCCHOHATEHON
IEITENLHOCTH

[IK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAHHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

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

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare m3ydeHus AUCHUIUIMHBI «MareMarnyecKue METOJbl COBPEMEHHOW (DM3HMKH» OO0ydaronmics

JIOJDKEH

3HAThb:




- OCHOBHBIE IIOHATHS U IPEACTABIEHUSA LEHTPAJIbHBIX IPEIEIbHBIX TEOPEM, CBOWCTBA
XapaKTepUCTHUYECKON (YHKLMHU, XapaKTEPUCTUUECKYIO0 (PYHKIHMIO AJISi TayCCOBCKOIO paclpeleieHus,
TEOpEMY O HENPEPHIBHOCTH; LEHTPAJIbHYIO MPEAEIbHYI0 TEOpEMY AJI OJUHAKOBO pacIpellesIEHHbIX
CIIy4ailHBIX BEJIMYMH, CBSI3b C PEHOPM-TPYIIIOBBIM TOIXOJOM, PEHOPM-TPYIIIOBOE IMpeodpa3zoBaHue,
HEIOABWKHYIO TOUYKY, aHaJU3 YCTOHYMBOCTH, LIEHTPAJIbHYIO IPEAEIbHYI0 TEOpEeMY s OJUHAKOBO
pacnpeneneHHbIX ClyYailHbIX BEIMYHMH B CiIy4ae OECKOHEUHOM TUCTIEPCHH;
- ypaBaenune Yemmnena-Konmoropoa-CMomyxoBckoro, o6o0OmieHHoe ypaBHeHue @oxkepa-Ilnanka,
MaTeMaTH4YeCcKOe ONpeIeIeHNEe HEMPEPHIBHOIO MapKOBCKOTO MPOLIECCa, YaCTHBIE Cilydan 0000IIEeHHOTO
ypaBHeHus: Dokkepa-IInanka - ympapisromee ypaBHeHHE, AU((DY3MOHHBIE IMPOLECCHl, ypaBHEHHUE
doxkkepa-Ilnanka; neTepMHHMpPOBaHHBIE MPOLECCH M ypaBHeHHME JIMyBMIUIS Kak YacTHBIM ciydai
o0obmenHoro ypaBHenus @Dokkepa-Ilnanka; o6o0meHHoe ypaBHenue @okkepa-Ilnanka kak
KMHETHYECKOE ypaBHEHHE MPH KJIACCUYECKOM M KBAHTOBOM ONHCAHUMU;
- CTAallMOHApHbIE MAapKOBCKHE IIPOLIECCHl - 3ProJUUYecKUe CBOMCTBAa CTALMOHAPHOIO IpolLecca,
WU3MEPEHUs CPEAHET0 3HAUYEHHsI, aBTOKOPPEISIMMOHHON (PYyHKLMH, CIIEKTpa, TeopeMy BuHepa-XuH4unHa,
n3MepeHne (QYHKIMU paclpenesieHHus; OAHOPOAHBIE MAapKOBCKHE IPOIECChl M HMX (PU3MYECKYIO
HWHTEPIPETALHIO, aBTOKOPPEISIIMOHHYIO (DYHKLIMIO MApPKOBCKHX IPOLIECCOB;
- OCHOBHBIC TPEJCTABICHUS O BUHEPOBCKOM IIPOIIECCE - HEPETYIIPHOCTh M HeAu(p(epeHIUpyeMOoCThb
TPaACKTOPUH, HE3aBUCUMOCTD MIPUPAILECHUH, aBTOKOPPEISALUOHHbIE (DYHKIINH;
- OCHOBHBIE TpelcTaBieHus o mpouecc OpHmTeiiHa — YieHOeka - KOppelIsuuOHHBbIC (DYHKIUH,
rayCccoBOCTb, CTAallHOHAPHOE pEIICHHE, HCIIOJIB30BAaHWE B KaueCTBE MOJEIHM PEATBHOTO IIYMOBOTO
CUTHAJa;
- OCHOBHBIC TIPEACTABICHUS BHHEPOBCKHX CTOXAaCTHUECKUX IU(PepeHINaNbHbIX ypaBHEHUHA -
o0ocHOBaHWE YypaBHeHWH Tumna JlamkeBeHa, OelbId IIyM, ammpoKcCUMaluu OeNoro Imyma, podb
LEHTPaIbHON NpeAeTbHON TEOPEeMbl, CBOUCTBO MapKOBOCTH MHTETpalia OT O€JIOro IIyMa; ONpeAecHre
CTOXaCTHUYECKOI'0 MHTErpalla, CBOICTBa CTOXaCTHUECKOro uHTerpana 1ro;
- pewieHHs W TpPeoOpa3oBaHMsl BUHEPOBCKUX CTOXACTHUECKUX IU(QepeHIHanbHbIX ypaBHEHUH -
npuOImKkeHHoe perieHre MerogoMm Komm — Diinepa, 3ameHa nepemeHHbIX ((hopmymna Uto), mpyroit
nonaxox kK ¢opmyne Uto, npasuno auddepenunposanus Uto, cBsa3p mexay ypaBHenueM Dokkepa -
[Tnanka u croxactndyeckuM audepeHnnanbHeIM ypaBHeHueM; pemienune CAY mis ocummistopa c
IIyMAIIEN 9acTOTOMH;
- OIpEAETEeHUs] M CBOHCTBAa CTOXacTHYECKUX An(pepeHnnanoB U UHTErpajoB B cmbicie HT10 1
CrparanoBuya, nuddepenunanbabix ypasHenuid ito u Crparanosuua;
- CHY, ympaBnseMble HE3aBUCUMBIMH CIIYYalHBIMH BHHEpPOBCKMMHU mpoueccamu, CIY B ciayuae
KOMIUIEKCHOTO BUHEPOBCKOTO IMIPOLECcCca, KOMIUIEKCHBIH BUHEPOBCKHUI MpolLiecc 00Iero BUa;
- COCTaBHbIE IIyaCCOHOBCKHE IPOLIECChI, KOMIEHCUPOBAaHHBIN IIyaCCOHOBCKUH IIpoOlieCC;
- CAY HeBuHEpOBCKOro TuIa, pemeHus: npocreimux CHY HeBuHEpOBCKOro Tuna (ypaBHEHHE IJIS
3apsila Ha aHoJe, YpaBHEHUE JJI TOKAa Ha aHoJe, JIMHEMHOE ypaBHEHUE, OCLMJUIATOP C IIyMsILei
4acTOTOW HEBUHEPOBCKOTO THIIA, OCUMJUIATOP C HIYMSILEH YacTOTOH 00LIero Tuma);
- TOYEYHbIE IIPOLIECCH] HA POU3BOJIBHBIX MHOXKECTBAX;
- anb(a-ycTOWYMBBIE MPOLECCHl - CBOWCTBO CaMONoAoOMs (MacmITaOHONH WHBAapUAHTHOCTH), TEOpeMa
JleBu-XuHunHa, cBoiicTBa (YHKIMM TUIOTHOCTH pachpeiesieHus, pacmpenenenus Komu u
JleBu-CmupHOBa;
- IpoCTeHIINe CTOXaCTUYECKUE YPAaBHEHUs C yUaCTHEM YCTOMYMBBIX IIpOLECCOB, Iporecc Komuy;
- INHEHOE CTOXaCTHUYECKOE YpaBHEHUE IS poLeccoB JIeBH;
- cBa3b CJIlY, ynpaBiseMbIX COCTAaBHBIM IIyaCCOHOBCKUM IIPOLIECCOM, C YpPaBHEHUSAMM TuIla
doxkkepa-Ilnanka ¢ ApoOGHBIMH MPOU3BOJHBIMHU, APOOHBIE HMHTErpaisl Pumana-JImyBuiuis, npoOHbIe
MPOU3BOJIHBIC Ha MpPsAMOH, ApoOHbIe mpousBoaHbie Kamyto m Mapmo, npeoOpaszoBanus Jlammaca
ypaBHEHUH ¢ APOOHBIMU IPOU3BOAHBIMHU, (POPMYJIBI HHTETPUPOBAHUS 110 YACTSIM;
- OTJINYMSI KBAHTOBOM BEPOSATHOCTH OT KJIACCHYECKOM;
- CYMTHIBAIOLIUH, POXKIAIOIINN 1 YHUUTOXKAIOLINI KOMIIOHEHTBI KBAHTOBOTO CIIy4aifHOTO Ipolecca:
- anrebpy Xancona-Ilapracaparu;
- KHHETUYECKOE ypaBHEHHE I MaTpHUIbl INIOTHOCTH B popme Jlnnadnana.

yMeThb:



- BBIYHCIISITH IPOCTEHIINE CTOXaCTHUECKHE HHTErpajsl B cMbiciie Mto n CrparaHoBHYa,

- COCTaBIIATh CTOXacTWdeckue anpepeHnnanbHble YpaBHEHHS M OCLMIUIATOpA C  LIyMsIIeH
YacTOTOW, JUIsI MEXaHMYECKHX CHCTEM CO CIy4YalHbIMH CHJIaMH, TeJerpadHoro mpoiecca,
ANEKTPUUECKOTO TOKA B LIETISIX, ypaBHEHUS (pUiIbTparuu;

- momyvarb CIIY Urto u3z CIY CrparanoBuua;

- cocrasmate CJlY, ynpaBisieMoe HE3aBUCUMBIMU BHHEPOBCKMMHU IIPOLIECCAMH, COCTAaBHBIMU
ITyaCCOHOBCKUMU IIPOLECCAMU;

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

- monmyuarb u3 CJ1Y ypaBHEeHUs AJisl KOPPEIAIUOHHBIX (PYHKIIUH, MOMEHTOB U T.II.;

- pemats CI1Y, ynpaBiisiemMble BUHEPOBCKUM U ITyaCCOHOBCKHMM IIPOLIECCAMU;

- MOJIy4aTh KUHETHUECKUE YPAaBHEHHMS IS MaTPHUIBI IUIOTHOCTH B ¢dopme JInHnbnana u3 KBaHTOBBIX
CIY BUHEpOBCKOTO U HEBUHEPOBCKOTO THIIOB.

BJIA1€Th:

- OCHOBHBIMH METOAAMH TEOPHH CTOXaCTHMUECKMX IPOLIECCOB — METOA CTOXaCTHYECKHUX
i depeHanbHBIX ypaBHEHUH, METOA KHHETHYECKOTO ypaBHEHHUsI, alllapaToM XapaKTepUCTHYECKOH
(YHKUNH, HUEHTPAJIbHBIMU MPENEIbHBIMA TEOPEMaMU, allre0panvdecKoil Teoprueit BO3MYIICHHUH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

B nemsx Tekymero KOHTpOJs yCHEBAEMOCTH MPEAYCMOTPEH KPATKHHM ONPOC MO TeMaM MPEbIIyIINX
3aHATUHI 110 TEME IPOLLION JIEKI[MU WU B KOHIIE 3aHATHS 110 [IPOMJACHHON TEME.



3. Hepeqem, THUNMOBBLIX KOHTPOJBbHBIX 33IlaHI/II71, HCMOJBb3YEMbIX JIA OIECHKH 3HaHHﬁ,
yMeHHﬁ, HaBbIKOB

[TpomesxyTodHast aTTecTanus Mo AUCHUILTHHE «MaTeMaTn4eckue METO/Ibl COBPEMEHHOM
bus3ukn» ocymecTBisgercss B Gopme auddepeHIMpOBaHHOTO 3adeTa BO 2 ceMecTpe. 3ayer
NPOBOJUTCS B YCTHOU (hopMme.

IIpuMepHBIi epeyeHb KOHTPOJIbHBIX BONIPOCOB B OMJIeTaX:

1. Iuddepennuan u uarerpan to B cirydae cimydyaliHOTO cKaukooOpa3Horo mnporecca. Aiaredpa
Uro.

2. CXoacTBa M OTIMYMUS MHTErpalibHBIX cyMM uHTerpaigoB Mto or PumanoBa uHTerpana s
(GyHKIUH ¢ KOHEUHBIM YHCIIOM Pa3phIBOB.

3. IlyaccoHoBckuii mporecc. YTpaBiswoliee ypaBHEHHE, (YHKIUs pacrpenencHus. Pa3Hbie
C10co0ObI BBIBOJIA.

4. Muoromepusiii [lyaccoHOBCKuUI mpoliecc.

5. Ilpouecc bepuymiu.

6. CBs13b mporiecca bepHyum ¢ BAHEPOBCKUM U ITyaCCOHOBCKUM IPOLIECCAMH.

7. Honxoae! DitHinTeitHa, CMOIyXoBCcKoro 1 bamienbe k onucanuio OpOyHOBCKOTO JIBUKECHHUSL.

8. Buneposckuii nponecc. OcHOBHbIE CBOICTBa U XapakTepucTuku. Juddepeniuan u anredpa
Uto. Ynpasnsromiee ypaBuenue (ypaBaenue @okkepa-Ilnanka) u ero pemienus.

9. MHOromMepHbIii BAHEPOBCKUI IpoOLIEcC.

10.Macmrabnoe  mpeobpazopanme CIAY B ciaydae  IyacCOHOBCKOTO  Ipoliecca.
KomneHncupoBaHHbII TyacCOHOBCKHUH MpoLiecc.

11. Cenapa6enbabie nporecchl. Teopema Koimoroposa.

12. Cratuctuyeckasi He3aBUCUMOCTb. Y clloBHsI MapKoBa.

13. VYpaaenne Yemnena-Kommoropoa-CmomyxoBckoro. BeiBog 0000MIEHHOTO ypaBHEHHS
®oxkkepa-IInanka (yrnpapisoLero ypaBHeH!sI), €ro YaCTHbIE CIIy4aH.

14. [lerepMuHUpOBaHHBIE IMpoLECCl W ypaBHEeHUE JIMyBWIIS Kak 4YacTHBIM ciydai
00o0meHHoro ypaBHeHus @okkepa-Ilnanka.

15. Cea3p mexay CIAY u KMHETUYECKUM (YIpaBISIONMM) YPAaBHEHUEM B Cllydae BUHEPOBCKOTO
Y IIyaCCOHOBCKOI'O IIPOLIECCOB.

16. ITonsiTue u onrcanue O0EIOTo IIyma.

17. Tunbl cXOAUMOCTH CITy4YalHbIX [TOCJIEOBATEILHOCTEN U B3aUMOCBSI3H MEXY HUMH.

18. Penopm-rpynnoBoe npeodpazoBaHue, HETOABM)KHASA TOUKA, aHAJINU3 YCTOWYMBOCTU. CBs3b C
LEHTPaJIbHOU MPENEIbHON TEOPEMON IJI1 OIMHAKOBO PACIPEIEICHHBIX CIIyYaiHbIX BEINYHH.

19. LlenTpanbHas npejenbHas TeopeMa JJisl OAMHAKOBO paclpeeeHHbIX CIy4aliHbIX BEJIMYUH B
ciyyae 0ECKOHEYHOM TUCIIEPCHH.

20. CranuoHapHble MapKOBCKHE MPOIIECCHI — ONPEAEIEHUS 1 OCHOBHBIE CBOMCTBA.

21. Teopema Bunepa-XunHunHa.

22. V3MepeHusi CpelHEro 3HAY€HUs, ABTOKOPPESALMOHHOM (YHKIMH, CHEKTpa, (YHKIUU
pacnpeneseHusl.

23. OnHOpOAHBIE MAPKOBCKHE MPOIIECCHl U UX (PU3NYecKasi HHTepIpeTalusl.

24. TIpouecc OpHuiTeliHa — YeHOeKa - KOppelIMOHHbIE (YHKIINU,TayCCOBOCTb.

25. Onpenenenus U CBOMCTBA CTOXAaCTUYECKUX AU PEpeHIINaIoB U HHTETpasioB B cMbicie MTo u
CrparanoBuya, 1uddepeHnnanbHbX ypaBHenuit Ito u CtparaHoBuya,

26. CpoiicTBa croxacThuyeckoro wuHrerpana HMto (cymiecTBoBaHHe, HWHTErpUpOBaHUE
MHOT'OYJIEHOB, MpaBuia AuddepeHunpoBanus, cpeJHIe 3HaYeHus, popmMyia sl KOPPEALun).
27. 3amena nepemeHHbIx (popmyna Uto). Mcnonb3oBanue 3aMeHBbI MEPEMEHHON MPH TIOWCKE
pemaembix C/1Y (npumepsi).

28. Pemenue ypaBHeHus MWro B ciuydae, Korga KO3(QQGUIMEHTHI CTOXAaCTHYECKOIO
QG epeHIMaIbHOr0 YPaBHEHUS HE 3aBUCAT OT BPEMEHU



29. CAY B cay4ae MyJIbTUIIIIMKaTUBHOTO IIyMa.

30. C/1Y B ciyuait mpouecca OpHinTeitHa- Y ien0eka.

31. ®opmynupoBka CIY 118 ocuwuistopa ¢ MIyMsIIEd 4YacTOTOM 4epe3 ypaBHEHHUE
CrpataHoBUYa W HWHTErpalbHOE pelleHne, OOOCHOBAHME MHTErPaJIbHOTO MPECTaBICHUS
ypaBHEHUs. PellieHust 3Tux ypaBHEHHUI.

32.CHAY, ynpaBisieMble HE3aBUCHUMBIMHU CIy4allHBIMU BHUHEpOBCKMMH Iponeccamu, CIY B
Clly4ae KOMILJIEKCHOTO BUHEPOBCKOI'O IIPOLIECCa, KOMIUIEKCHBIN BUHEPOBCKUMN ITpoliecc OOLIero
BUJIA.

33. DnemenTapHas Teopust GUIBTPALIUH.

34. CocTaBHbIE ITyaCCOHOBCKHE MPOLIECCHI.

35. C1Y neBunepoBckoro tumna, pemenus npocreimux C/{Y HeBuHEpoBcKoro tuma (ypaBHEHUE
JUISL 3apsiia Ha aHoje, YpaBHEHHUE JJI1 TOKAa Ha aHofe, JIMHEHHOE ypaBHEHHE, OCHUIUIATOp C
OIYMSIIEH 9aCTOTOM HEBHHEPOBCKOTO THITA, OCIUJUIATOP C NIYMSIICH YaCTOTOM 0OIIEero TUIMa).
36. Kimaccuueckoe CJ/IY M KMHETHYECKOE YpaBHEHHE Il MATPULBI IJIOTHOCTU CIIOHTAHHO
U3JTYYaIOIIEero JBYXyPOBHEBOTO aTOMa B MPEACTABICHNH KOJUIATICA BOJIHOBOW (DyHKIINH.

37. Anbda-ycToN4HMBBIC MPOIECCH - CBOMCTBO caMoIoAo0us (MaciTaOHOW WHBAPHAHTHOCTH),
teopema JleBu-XuHUYMHA, CBOKWCTBA (DYHKIIUH IJIOTHOCTH pacIlpeieeHusl,

38. Pacnpenenenus Komm wu JleBu-CmupnoBa. I[lomyuenue mpoliecca, OMHMCHIBAEMOTO
pacnpenenenueM JleBu-CMUPHOBA U3 OPOYHOBCKOTO JIBHKEHHUSI.

39. IlpocTeiiiine CTOXaCTHUECKHE YPAaBHEHHUS C YydacTheM ajb(a-yCTONYMBBIX IMPOIIECCOB,
npouecc Komu, ciyyait Tuna npouecca OpHurreitHa-Y neHoeka.

40. Pemienue IMHEHHOro cTOXacTHYecKOroaudGepeHnaaIbHOr0 ypaBHEHUS AJIs MPOIECCOB
Jlesn.

41. Cesa3p C/1Y, ympaBisieMblX COCTaBHBIM ITyaCCOHOBCKMM IPOILIECCOM, C YPAaBHEHHUSIMH THIIA
®okkepa-Ilnanka ¢ 1poOHBIMU TPOU3BOIHBIMH.

42. JIpoOubie uHTerpansl Pumana-JInyBmiis, npoOHbIE MPOW3BOAHBIC HA MPSMOM, OpOOHBIE
npousBoaHeie Kamyro u Mapmo, mnpeoOpasoBanust Jlammaca ypaBHEHUN C JIpOOHBIMHU
MPOU3BOIHBIMU, (POPMYIIBI UHTETPUPOBAHUS 10 YACTSIM.

43. OTnumsi KBAHTOBOW BEPOSITHOCTH OT KIACCHUECKOM.

44. Anrebpamdeckass Teopuss BO3MYIICHUW U dS(PPEKTUBHBIM TaMHIBTOHHAH KyOWTa B
AJIEKTPOMAarHUTHOM IIOJIE.

45. KBanrossie narerpans! to u Crparanosnya.

46. KsanrtoBast ¢opmyna Mto s omepaTopa 3BOJIIOLMU JIBYXYPOBHEIO aTOMa IMpU YYeTe
BaKyyMHOTI'O 2JIEKTPOMAarHUTHOTO ITOJIS.

47. Anrebpa Xancona-Ilapracaparu.

48. KantoBoe CJ/IY M KHMHETHMYECKOE YpaBHEHHE JUIsl IBYXYPOBHETO aromMa IIpH Y4deTe
BaKyyMHOTI'O JIEKTPOMAarHUTHOTO TOJISI ¥ IITAPKOBCKOTO B3aUMOJIEUCTBUS C HUM.

IIpumepHBIi epedeHb 32124 VI8 CAMOCTOSITEIbHOTO PelIeHusl, KOTOpbIe OyayT
npemyararbes Ha 1M pepeHIUPOBAHHOM 3a4eTe.

1. OmpenenuTh BEpOSITHOCTH TOTO, YTO CUETYHK [ elirepa cocunTaer Bce 4yacTHIIbI 3a Bpems t
€CJI1 B T€UCHUE OTKJIMKA, BBI3BAHHBIM IIOIIaJaHUEM YaCTHUIIbI, CHETUYHUK Feﬁrepa Ha Apyrue
YaCTHUIbl HE pearupyeT. Bpems oTkiauka T.

2. N MoJteky uieabHOTO Ta3a HaxoaaTcs B o0beme V.  OnpenenuTs BEpOSATHOCTH TOTO, YTO
B 00beMe V<V HaxonsaTcs N moinekyn. [lomydnts mpuGmmkeHHOE BBIpakeHUe, Korjaa V<<V
(pactipenenenne Ilyaccona). Haiftm cpemnee umcio 9acTuil N B 00beMe V, €ro CpPeaHIOI0
a0CONIOTHYI0O U OTHOCHUTEbHYIO (iykryanuu. Halitu Bua pacrpeneneHust B ciydae V<<V,
n>>1 (pacnpenenenue ["aycca).



3. Tlokaxwure, uto (yHKuMA pacupeneneHuss O(W) UIIBUHEPOBCKOro Iporecca obsafaer
CBOMCTBOM YCTOMYMBOCTH: JIJIsl TOJIOKUTENIBHBIX YHCEI b1 u b2 BCEra HalayTcs Takue
[OJIOKUTEIBHOE YUCIO D M BEIECTBEHHOE YUCIIO @, YTO

d(w/b)*d(w/b,) =d((w—a)/b).
31ech 3HaK * 0003HaUaeT cBepTKy IByX GyHKImi F(X)*G(x)= IF(U)G(X —u)du.

4. Cuuras, 4YTO CMCIICHHS OpOYHOBCKOM 4YaCTHUIIBI M CTENEHHU OTUX CMCIICHUHA B
MOCIICIOBATEIbHBIE MHTEPBAIbl BPEMECHH HE3aBHUCHMBIMHU, OIPEICIUTh 3aBUCHMOCTH OT
BPEMEHH CPEIHUX OT CTEMEeHEN ITUX CMEIIEHUN I OTHOMEPHOTO OPOYHOBCKOTO JIBUKEHUSI.
5. Jns omgHOMEpHOro OpOYHOBCKOTO JBIDKCHHS YACTHIIBI, HAYMHAIOIIETOCS W3 Hadajia
KOOpJMHAT, ONPEeIIUTh

1. BEpOSITHOCTH JOCTHXKEHUS €10 TOUKH X K MOMEHTY BpeMeHH B uHTepsaie (t,t+dt).

2. BEPOSTHOCTh MAKCUMAIILHOTO CMEILICHHSI YaCTUIIBI 32 JaHHBIA BpeMeHHo# natepsan (0,t) .
3. pacmpezneneHue TO BPEMEHHM JIOCTHXKCHUS OpPOYHOBCKOW dYacThIle MaKCHMajIbHOTO 3a
Bpems t ee oTkinonenust X, (t).

6. PaccMoTpuTe CKauK0OOpa3HBIiA MPOIECcC, B KOTOPOM MHTEHCUBHOCTh A COBEPIIUTH CKAYOK
B MHTEpBaJie BpeMeHHu [t,t + dt] sBisercs 3amanHoi Qynkuumeit Bpemenn A = f(t). Haiiaure
BeposATHOCTH P(N,t) kK MOMEHTY BpeMeHHU t cOBepLINTh N CKAYKOB.

7. I[OKaSaTb, 4TO UMECTCA Clieayronias CBsA3b MCKAY CXOAUOCTAMU
CXOUMOCTH ITOYTH HABCPHOC — CXOAMMOCTH B CPCAHCKBAAPATHYHOM —> CXOJUMOCTH I10
BECPOATHOCTH — CXOIHMMOCTH II0 pacIIpCaCICHUIO.

8. Haiitu xapakrepuctuueckue GyHKIUU JJIs paclpeieIeHU
n

1. myacconoBckoro mporecca P{N =n}= ﬁe‘” ,n=01...;
2. GuroMuanbHOro mpomecca P{E=m}=C " p"q"",m=01,...,n;

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

4. mponecca Ko p(x) = 1 Y

ﬁ,—oo<x<oo.
T (X=X%)" +Y

9. CHy‘iaﬁHHe BCIIMYHHBI &l,...,&n HE3aBUCHMMBI W HUMCKOT CTAaHAAPTHOC HOPMAJIIBHOC

pacnpenenenue. Haiitu pacnpeneneHue ciiydaiftHoi Benudunbl y. =& +...+ &2 . JlokasaTk, 4TO

2 2 2
lim P{| h—1|> €}=0 muaVe>0. Haiitu lim P{X”—E{ZX“}S X},—0<X<00,
n—o0 n N—o0 D{Xn}

10. IIycte ycnoBHyI BeposTHOCTE P(X,t+At|y,t) nmpuAt —0 MoXHO NpeacTaBUTH B BHIEC
JBYX  CllaraeMbIxX p(x,t+At|y,t)=1—aAt)d(x—y)+AtW(x|y),  XapakTepu3yroOLHx
BEPOSTHOCTh YaCTHIIE OCTaThCs yepe3 At B TOuke Y M BEpOSTHOCTb nepeitu 3a At B Touky X.
BriBectn u3 ypaBHeHus Yemmnena-KoimoropoBa-CMoOTyXOBCKOTO KUHETUYECKOE YPaBHEHUE

w:j[p(x,uz@wa y) = p(xt]y, W (y|2)]dz.

11. 13 ypaBHenus dokkepa-Ilinanka
op(z.tly,v) _10°p(ztly,1)

ot 2 oz’
JUIsL OJHOMEPHOI'O0 BHMHEPOBCKOI'O IIpoliecca IMOJYYUTh YpPaBHEHHE JUIsl CPEAHETO KBajapara

, p(z,7]y,1)=38(z-Yy), p(z,t| y,©) >0 mpu t >

cMemtenus < (Z—Y)® > M penmTh ero.
12. Jlokaszath, 4TO B ciyyae OTCYTCTBUS TU(G(Y3MOHHOTO CJIaraeMoro pelieHue ypaBHEHHS
®doxkkepa-Ilnanka



op(ztly.7) _ _Za[A(Z) p(z,t]y,7)]
ot i oz,

' p(Z,Tl y’T)ZS(Z_y)’

OyneT uMeTh BUJT
p(z,t|y,7) =8(z—x(y.1)),

rae X(y,t) - pemeHnue 0ObIKHOBEHHOIO JU(GepeHIINaTIbHOI0 YPaBHEHUS

dx(y,t

D _ Ay,

dt
C HayaJIbHBIM yCJIOBHEM
x(y, 1) =Y.

13. IlycTh aH OZHOMEpHBIM CTAalMOHApHBIA ciaydaiHblil nporecc X,,t>0 co cmekrpanpHOI

t+t

mwioTHOCThI0 e . HaiiiuTe criekTpaabHylo IIOTHOCTH IIpolecca .[Xsds.
t

14. ITycte W (1) siBasieTCsl cCTaHAApTHBIM OJJHOMEPHBIM BUHEPOBCKHUM IpolieccoM. Jlokazare, 4to
CJIEAYIOLIME IIPOLIECCHl BUHEPOBCKUE

0,t=0;
14.1. WO (t) =
twW (1/t), t > 0;

14.2. W) =W (t/c), t=0, ¢ >0;

14.3. WO (t) =W (f (1)), f (t) sBIseTcs rmamKoil MOHOTOHHO BO3pacTaromei (hyHKIHeil
Onpenenure napamerpsl nporeccos W 4 (t) ,i=1,2,3.
15. Iycts t(z),Z >0 - cny4aiiHbIii MOMEHT BPEMEHH, B KOTOPBIi BHHEpOBCKHid mporece W (t)
BIEPBBIC JIOCTHraeT 3HaueHWs Z. Haltum muotHocTh pacnpenenenus t(z). Haiitu ee
XapakTepucTHYecKyto GyHkuuto. [lokasars, 4To MaTeMaTn4eckoe oKuIanue t(z) 6eCKOHEYHO.
16. Tlycts W(S) -BunepoBckuii npouece, X, =e ‘W (e*'). ITokasaTh, uto X, - CTallMOHApHbIii

MapKOBCKuUH mporiecc. HaliTi ero koBapuanmoHHyr0 (yHKIIUIO U CIIEKTPATbHYIO MIIOTHOCTb.
17. Onpenenuthb mapaMeTpsl CIydyalHbIX MPOIIECCOB

t t
17.1. If(t')W (tHdt',17.2. If(\N(t'))dt', rne W(t) - cranmapTHBI BHHEPOBCKHH Mpolecc, a
t t
f (t) - 3amannHas roagkas GyHKIUS.
18. BbrauciuTh WHTErpaibl (MONYyYUTh PEKYpPpPEHTHbIE (HOPMYJbI) U ONPEACTUTH MapamMeTphl
CIIyYaHBIX MPOLECCOB

18.1. Jt-exp[W (t)]dW (t'), 18.2. jsin[W(t')]dW(t'), 18.3. jcos[vv(t')]dvv(t') .

19. Jloka3zarp, 4to mis Mo0bIX Heynpexnaromendpyakiun G(t) u nemoro N=0 BHIOMHSIOTCS

t t
COOTHOIIEHHS j G(t)[dW (t')]>" = j G(t')dW (t')dt' =0.

t t
20. PaccMoTpuTe 3aMeHy BpeMEHHOM nepeMeHHoH t =t(S) /11 MOHOTOHHOW TiIajakoil (GyHKIUK
t=t(s) B mpocreiimem CHAY dx(t) =a(t)dt+b(t)dW(t) . Hamummre CIAY nans BpeMeHHOro
napamMerpa S M CTaHJApTHOIO BUHEPOBCKOIO IIpolecca VV(S), IIOCTPOEHHOI'0 U3 IIpolecca
W(t(s)) -
21. BoluncnuTh MHTErpajibl (MOJYYUTh PEKYPPEHTHBIE (OPMYIIbI) M ONPEAECIUTh MapaMeTpbl
CIIy4alHBIX IIPOLIECCOB



t t
21.1. fexp(J.W(t')dt'J, 21.2. fexp[J.W(t')dW(t')J, rne W(t) - craHgapTHBII
ty fo

BUHEPOBCKHUH MPOLECC.
22. Peunth croxactudeckue auGepeHIraibHble ypaBHEHHS

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

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

22.3. dx(t) = cx(t)dW,(t) + b,dW, (t) .
3mece AW (t) udW,(t) - uHKpeMeHTHI [ByX HE3aBHCHMBIX CTaHJAPTHBIX BHHEPOBCKHX
npoueccoB, a(t), b(t) u b,(t) - 3amannsie BemectBeHHble (QyHKUMH BpemeHH, C U K -
BEICCTBCHHBIC MTOCTOSIHHBIC. VICXO0/Is1 M3 MOTYYCHHBIX PEIICHUH BHIYUCIUTH BEIHYUHBI < X(t) >
u< X(t)x(t") > nns HecimyuaiiHoro HayaibHoro 3HadeHust X(0).
23. Pemmntb cToxactuueckue nuddepeHuaibHble ypaBHEHUS

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

23.2. dx(t) = kx(t)dt +bdW (t) + b,dN(t),

23.3. dx(t) = x(t)(b,dW (t) + b,dN(t) .
3necs dW(t) mdN(t) - UHKpeMEeHTBI IBYX CTaHIAPTHBIX BHHEPOBCKOIO U IyaCCOHOBCKOIO
nponeccos, a(t), b(t) u b,(t) - 3amannsie BemecTsennbie Qpynkuuu Bpemenn, C b, u k -
BCIICCTBEHHBIC MTOCTOSIHHBIC. VICXOIsI U3 MONIYyYSHHBIX PEIICHUI BBIYUCIUTD BeIHIUHBI < X(t) >
u< x(t)x(t") > s HeciyvaiiHoro HayanbHoro 3HaueHust X(0).

24. IMonyuuts CIY, a u3 Hero - KuHeTHdeckoe (YHpapisiollee) ypaBHEHME, Uil KyOuTa
(IByXypOBHEBOM KBAaHTOBOM YacTHIIbl) B IIIYMOBOM KJIACCHYECKOM 3JIEKTPOMArHUTHOM IIOJIE.
KyOut B KjacCHYECKOM II0Ji€ OIMCBIBACTCS CIEAYIOIIMMHU YpPaBHEHHUSMHU I MEAJICHHbBIX
aMIUIMTYIMATPUILBI IVIOTHOCTU P

d . L d o (4) g
_(/i)tu =id,,EVn (—p,, +,011),% = —id,,EVn (o1, - )

d . * =+ Sy d i B S EC B
% =i(=dy B oy + 0,0, E ) l’% =i(=p 0 ED + dyEV py )i

PaccMoTpers  MonenmpoBamme ammiumtyn E) KmaccMdyeckoro Ions  HaNpSKEHHOCTH
E = E®e ™ + ECe'™ koMmIeKCHBIM BUHEPOBCKHM TIPOIIECCOM OOIIIEro BHJIA.

25. BeiBectut CIY 11 TenerpadHoOro mpouecca U U3 Hero MoJIy4uTh KHHETUYECKOe ypaBHEHHUE.
Haittu pemenue ypaBHeHUH.

26. BeiBectu CIIY 1 KMHETHMYECKOE YpaBHEHUS JUIsl CIIOHTAHHOTO M3JIYyYEHUs aTOMa Ha OCHOBE
MpEeJICTaBICHUN O KOJUIAarce BOJIHOBOM (DYHKIIMU U KJIACCUYECKOM ITyaCCOHOBCKOM MPOIIECCE.

27. BolyucnuTh MHTETpajibl (MOJYYUTh PEKYpPPEHTHBIE (OPMYIbI) M OMPEICNUTh MapaMeTPhI
CIIy4alHBIX MPOLIECCOB

27.1. jB(t')dB(t‘), 27.2. jB*(t‘)]dB(t'), 27.3. jA(t')dA(t'), 27.4. j.B(t')dA(t'),

t fo fo )

27.5. jB+(t')dA(t‘) 27.6. jexp[aB(t')+bA(t')]dB(t'), 27.7. jexp[aB(t')+bA(t')]dA(t'),

f f f

t t
27.8. j exp[aB* (t'") + bA(t")]dB(t"), 27.9. j exp[aB(t') + bA(t)]dA(t").
ty ty
28. TIlomyuuth 3¢¢EeKTUBHBIA T'aMUJIBTOHHAH PE30HAHCHOTO B3aMMOJCICTBUS aToMa C
KJIACCUYECKUM DJICKTPOMArHUTHBIM TOJIEM B 3JIEKTPOAUIIONBLHOM NpUOIKeHuH. [loaydnTts
OMepaTop IITAPKOBCKOTO  B3aMMOJCHCTBHA aToOMa C  KJIACCUYECKUM  HEPE30HAHCHBIM
AIIEKTPOMAarHUTHBIM IOJIEM.



29.11pu nmomoIy anredpanvyeckoil TeOpruH BO3MYIIEHUH BbIBECTH 3(PPEKTUBHBIN raMUIbTOHHAH
PE30HAHCHOTO B3aMMOJICHCTBHA AaTOMa C KKBAaHTOBBIM D3JEKTPOMATHUTHBIM IIOJIEM B
AIIEKTPOAMIIONBEHOM MpUOIMKeHNUH. [10TydnTh oneparop mMTapKOBCKOTO B3aUMOJICHCTBUS aTOMa
C KBAaHTOBAHHBIM I10JIEM U BBIPAXKEHUS AJIs1 IIMOOBCKOTO CABUra aTOMHBIX YPOBHEH.

30. Beiectu kBanTtoBoe CZIY nis onepaTopa 3BOJIIOLMU JIBYXYPOBHEBOI KBAaHTOBOM YaCTHULIBI C
Y4ETOM IITAapKOBCKOIO B3aWMOJICHCTBHUS C KBAHTOBAHHBIM 3JIEKTPOMAarHUTHBIM BaKyyMHBIM
HOJIEM.

31. BbiBecTM KHHETHYECKOE ypaBHEHHME [UId JIBYXypOBHEBOIO aToMa C  y4eToM
AIIEKTPOAMIIONBEHOTO B3aMMO/ICHCTBHSI C KBAHTOBAaHHBIM 3JICKTPOMArHUTHBIM BaKyyMHBIM I10JIEM
U €ro IPEeJCTaBICHUEM KBAaHTOBBIM POXKIAIOIIMM U YHUUTOXAIOILUM IIPOLIECCAMHU.

4. Kputepuu ouieHUBaHUS

OneHka OaJLITBI Kpurepuit

10 Bcecroponnue, cucteMaTu3supoOBaHHbIE, IITyOOKHE
OtinyHO 9 3HAHHUA IPOrPAMMBI, YMEHHUE PEIIATh KOHKPETHBIE
3aJ1auu, MPaBUILHOE 00OCHOBAHUE MPUHSTHIX
pelieHni

oo

TBepnoe 3HaHNE MaTepuasa, yMEHUE IPUMEHATh
HOJIy4YEHHBIE 3HAHUS NP PELICHUH KOHKPETHBIX
3ajad, I0MyCKaeT HEKOTOPble HETOYHOCTH.

Xopo1iio

Brnanenue ocHOBHBIMU pa3ziesiaMH IIPOrpaMMBbl,
HEO0OXOIUMBIMHU IS JAJIbHEUIIEro 00y4YeHUs], HO
3HaHUS HOCST HECUCTEMAaTUYECKUA, pa3pO3HEHHBIN
xapakrtep. He ymeer pemars 3agaun u3
KOHTPOJIbHOT'O 33/1aHUsl.

wWihooN

Y 10BIIETBOPUTEIBLHO

2 OTCyTCTBYIOT 3HaHUS 0A30BOM COCTaBIISAIOLIEH
HeynoBneTBopuTeabHO JMCUUILUINHEL, JIOITYCKAIOTCS rpyOble OINOKY B
M3JI0KEHUU MaTepuaia, OTCYyTCTBYET YMEHHE
pelaTh TUIOBbIE, CTAHJAPTHBIE 3a/1a4H.

5. MeToauyeckue MaTepualibl, ONpeaeisiOUMe NPoUeIypPbl OLEHHMBAHUS 3HAHMI,
YMEHUi1, HABbIKOB U (MJIM) ONBITA AeSITeJIbHOCTH.

[Ipu nposenenun auddepeHUupPOBaHHOIO 3auyeTa oOyyaroleMycs NpeAoCTaBIseTcs He
MeHee 30 MUHYT Ha MOATroToBKY. Onpoc 1o OUIeTy U OTBETHI Ha JIONOJHUTENIbHbBIE BOIPOCHI
HE JOJDKEH IPEBBIATh JIBYX aCTPOHOMHUYECKHX 4dacoB. llo 3aBeplieHMH OTBEAEHHOIO Ha
ONPOC BPEMEHHU, dK3aMEHATOP JOHKEH BBICTABUTH 00YYarOIIEMYCs OLIEHKY B COOTBETCTBUU C
BBIILICITPUBEAECHHBIMU KPUTEPUAMMU.




