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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: Knaccuyueckne v KBaHTOBBIE CITydaifHbIEC TIPOLIECCHI
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
®usrex-KJIacTep akaJIeMUYECKON U HAyYHON Kapbhepbl

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 60 yac.
cemuHapsbl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: I'T. Amocos, o-p ¢u3.-MarT. HayK, TOLEHT

[Iporpamma obcyxneHa Ha 3acefqannn Ou3Tex-kiacrepa akageMuueckol 1 HayaHoi kapsepbl 08.06.2020



AHHOTANMA
B kypce paccmarpuBaroTCA KJIIOUEBBIE MOHATHS M METOJbl TEOPUU CIy4YalHBIX TpoleccoB. Pa3BuBaercs
CIIEKTpalbHasl TEOPHS CIydalHbIX mporieccoB. Ocoboe BHUMAHUE yEseTCS TayCCOBCKUM U ITyaCCOHOBCKOMY
npoieccaM. BBOASTCS KBAaHTOBBIE HPOLECCHl POKICHUSA, YHUUTOXKECHUS U YUCIA YACTUL B CUMMETPUYHOM
npoctpanctBe Doka. JlokasplBaeTcsi CTOXacTHUECKas SKBUBAJICHTHOCTH JUIS OpPOYHOBCKOTO JBIIKEHHS W

IMIyaCCOHBOCKOI'O ITPOLIECCa KBAHTOBBIM CHy‘lafIHBIM nponeccam B NpOCTPAHCTBE ®doxka.

1. leau u 3apauu

Meap AUCUMNIMHBI

HaTL CTYACHTAM 3HAHUS O KIIACCUUYCCKUX U KBAHTOBBIX CJ'Iy‘IaﬁHLIX mnmponeccax. OHpe,Z[eJ'II/ITL OCHOBHBIC
THUIIBI ITPOLICCCOB. O6CYI[I/ITB, YE€M KBAHTOBBLIC ITPOLECCHI CXOAHBI 1 YEM OTIIMYAOTCS OT KIIACCHUYCCKUX.

3agauu AU CHUILIHHBI

-U3y4YHUTb OCHOBHBIC BH/Ibl KIIACCUYCCKUX U KBAHTOBBIX CHy‘I&ﬁHBIX IpouecCoB.

-M3y4YUTb CIIOCOOBI BBIYNCIICHHUS OCHOBHBIX XapaKTEPUCTHK CITy4aifHbIX MPOLIECCOB.

-M3y4YUTh IPOLECCHI KIACCUYECKOTO U KBAHTOBOT'O OEJI0T0 IHIyMa.

-U3y4YUTb BO3MOXHOCTbH
CTOXaCTHYCCKUX UHTCTPAJIOB.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

NpeACTaBJICHHUA KJIACCUYCCKHMX W KBAHTOBBIX TIPOLECCOB B

BHUJIE

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYalluil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyer npoOJIeMHYIO CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymiecTBisier TIOMCK BapHaHTOB  pELICHUS
MOCTAaBJICHHOH  NpOOJIEMHONW  CHUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS

[IOCTABJICHHON 1eJIM Kak I10CJIE0BaTeIbHOCTh I11aroB,
NpeaBUAS PE3YNbTaT KaKIOr0 M3 HUX U OLEHUBAas HX
BIMSIHUE  HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUpyeMOM
JEATEIBHOCTH W Ha B3aUMOOTHOIIEHHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.1 3HaeT W cHocoOGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M pPE3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCLIUIIMHAPHBIC CBS3U B O0JIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQecCHOHANBHON AEATENbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaTeIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalIbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTHdeckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U TPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeTHueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3ybTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOXYJII0)




B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI
3HATh:

-OCHOBHBIE BUJIbI KJIACCUYECKUX U KBAHTOBBIX CIyUYalHBIX OPOLECCOB;

-OCHOBHBIE CBOMCTBA CIIYYaiHBIX MPOILIECCOB, CXOHBIE B KJIACCHYECKOM M KBAHTOBOM CIIy4ae;

-OCHOBHBIE CBOMCTBA CIIyYalHBIX OPOLECCOB, PA3IMYAIOIINE UX B KIACCUYECKOM U KBAHTOBOM CIIyYac.
YMETb:

-BBIYUCIISITH OCHOBHBIE XapaKTEPUCTUKH CIIyYaHBIX MIPOIIECCOB;

-aHAJIU3UPOBATh CBOMCTBA CIYyYalHOIO MPOIIECCa MO €r0 XapaKTEPUCTUKAM;

-3aITUCHIBATh KJIACCHUECKUE M KBAHTOBBIE MPOIIECCHI B BUJIE CTOXaCTUYECKHUX HHTETPAJIOB.
BIIAJICTh:

- METOJIaMH{ BBIYHUCIICHUS XapPaKTEPUCTUICCKUX (PYHKIIMI KBAHTOBBIX COCTOSIHUN;

- OCHOBHBIMH METOJIaMH1 OTMCAHMSI CITy4YalHBIX TIPOIECCOB U X CBOMCTB;

- METOJAMU CPABHEHMUS KJIACCUYECKUX U KBAHTOBBIX KOPPEIIALIMIA.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
CryyaifHblit rpowecc. OyHKIMA
pacnpenenesus, XapaKTepUCTUYECKas
1 ¢ynkuus, CpemHee  3HaueHHE U 4 2
KoppensauonHas QyHkuus. ['ayccoBckue
CITy4aifHbIe IIPOLIECCHI.
) IIponeccsr c HE3aBUCUMBIMU 4 )
npupameHussMu. BUHepoBCcKkui mmporuecc.
IIpoueccsl c HE3aBHCUMBIMU
3 HpUPALICHUSAMH. IlyaccoHoBckuit 4 2
Iporecc.

[IpencraBnenue ciaydyailHBIX MPOLECCOB,
4 HEMpPEPhIBHBIX B CPEAHEKBAAPATUIHOM 4 2
(paznoxenue Kapynena-Jlosga).

CranuoHapHble Ccloy4aiHble IPOLIECCHI.

5 4 2
CriextpanpHast QyHKIHS poLecca.

6 Teopema boxHnepa-XuH4uuHa. 4 2
CrnexTpanbHOe MpeICcTaBIeHuUE.

7 Croxactuueckuil uuTerpai. bemslit mym. 4 2

CrniektpanpHasl MJIOTHOCTh C KOHEYHBIM
8 HOCHUTEIIEM. Teopema 2 1
Korenbaukosa-IllenHoHa.

XapakTeprucTuaeckas byHKIHS
9 KBaHTOBOTO  COCTOsIHMS. [ 'ayccoBckue 6 6
coctosHus. [ mG6COBCKUE COCTOSHUSL.

KBanroBble  ciyuaiiHble — IpOLIECCHI.
10 | Xapakrepuctudeckass (QpyHKIHs, CpeaHee 4 4
3HAYCHHE U KOPPESAIMOHHAS (yHKIHUS.

JIByXTOUEUHBIE KOPPEISILUU KBAHTOBOTO
11 ciydaiiHoro mporecca. HepaBeHcTBO 4 4
benna.




12

CummeTpuvHOE (6030HHOE)
MPOCTPAHCTBO doka HaJl
OIHOYACTHYHBIM THJIHOCPTOBBIM
mpoctpancTBoM. Omeparopsl pOXKICHUS,
YHUYTOXKCHUS U YMCIIA YACTHII.

13

KBanToBBIC ciy4aiiHbie TIPOLIECChI
POXICHUS, YHUUTOKEHUS U  Yucia
YacTHI] B CHMMETPHYHOM MPOCTPAHCTBE
doxka.

14

CroxacTuueckas JKBHUBAJICHTHOCTb
[IPOLIECCOB POXKIACHUSI, YHUUYTOXKEHHUS HU
yycia ~ YacTUL  BUHEPOBCKOMY U
IIyaCCOHOBCKOMY IIPOLIECCAM.

15

KBaHTOBBII1 cTOXacCTHUECKUI HHTETPAIL.

4

Wtoro wacos 60 45

[TonroToBka k 3K3aMeHy 30 gac.

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

4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. Cnyuwaitaerii mpouecc. DyHKIUS pacnpenencHus, XapakTepuctudeckas ¢yHkius, Cpeanee
3Ha4YeHHUE U KOppesinMoHHas QyHKUuA. ['ayccoBCKue ciyyaiHble MPOLECCHI.

BBeneHne OCHOBHBIX OINpeAeNeHull, UCIONb3yeMbIX B Kypce. IIpuMepsl MOCTpOEHHs rayCCOBCKUX
CITy4alHBIX IIPOIIECCOB C 3alaHHBIMU CPETHUMHU M KOPPEIAMOHHBIMU (QYHKIUAMHU.

2. IIpomueccrl ¢ HE3aBUCUMBIMU NpUpalleHuIMu. BuHepoBcKkuit mporiecc.
OnucaHre BUHEPOBCKOIO IIPOLIECCAa U €T0 OCHOBHBIX CBOMCTB.

3. IIpoueccrl ¢ HE3aBUCUMBIME MpupaiieHusMu. [lyaccoHoBckuit mpoiiecc.
OmnucaHue MyacCOHOBCKOTO IIPOLIECCA U €T0 OCHOBHBIX CBOMCTB.

4. TlpencraBineHue Ciy4alHBIX IPOLIECCOB, HENPEPHIBHBIX B CPEIHEKBAAPATHYHOM (Pas3JIOKCHHUE
Kapynena-Jloasa).

Hpe)_'{CTaBJ'ICHI/IC CquaﬁHOFO nponecca B BHIAC CYMMbBI II0 HCKOPPCIUPOBAHHBIM CHy‘IaﬁHLIM
BCIIMYMHAM.

5. CranmoHapHble ciydaiiHble mpoueccsl. CrekTpanabHas QyHKIHS IpoLecca.
[Ipeobpazoanne Oypbe KOPpPENAIMOHHON PyHKIMH TIpoIiecca.

6. Teopema boxunepa-Xununna. CrieKTpajgbHOE MpeICTaBICHHUE.

OOt BUJ KOppeNsMOHHON (DYHKIIUY Tporiecca.

7. CroxacTudecKkuil HHTerpal. beisii nrym.

HuTterpupoBaHue 1o MpoleccaM ¢ He3aBUCHUMBIMU NPUPALICHUAMH.

8. CriektpasnbHas IIIOTHOCTh ¢ KOHEUHBIM HocuteneM. Teopema Korenpaukosa-IllenHoHa.



Teopema 0 MPeNCTABICHUH CITy4aitHOTO TPOIIECCca, UMEIOLIETO KOHEUHYIO CIIEKTPAIbHYIO IIIOTHOCTb.
Cemecrtp: 2 (Becennuit)

9. Xapakrepuctuueckass (GyHKIHS KBaHTOBOTO cocTosiHUs. ['ayccoBckue coctosiHusl. ['mOOCoBCKue
COCTOSIHHS.

VYcnoBusi, TMpU KOTOPBIX 3alaHHas (QYHKUOUS SIBISIETCS XapaKTEePUCTHUECKOW Uil HEKOTOPOro
cocrosiHus. [IpuMepsl XapakTepucTUdecKuX (QyHKIINH.

10. KsanToBbIE cly4aifHble MpoOIECChl. XapakTepuctudyeckas (QYHKIMS, CpelHee 3HaueHHEe |
KOppeJsIIuoHHast (PyHKIIHSL.

[IprMepsl KBAaHTOBBIX CITyYailHBIX MPOLIECCOB C 3aIaHHBIMU XapaKTEPUCTUICCKUMHU (QYHKLIUIMHU.
11. JIByxTOU€UHBIE KOPPEIALNN KBAaHTOBOTO CiIy4aiiHoro npouecca. Hepasencro bemna.
Hepasenctso benna u rpannna [{upenbcoHa B IpUMEHEHNN K KBAHTOBBIM CITy4alHBIM IIPOLIECCaM.

12. CummerpuuHoe (0030HHOE) mpocTpaHcTBO Doka Hax OAHOYACTHYHBIM THUIHOEPTOBBIM
npoctpancTBoM. OnepaTtopbl pOKICHUS, yHUITOKEHUS U YUCIIa YaCTHIL.

[TocTpoenue cuMMeTpUUHOTO IpocTpaHcTBa Poka. DKCIIOHEHIMAIbHBIE BEKTOPHI U UX IIOJIHOTA.

13. KBanrtoBble ciryuyaiiHble POLECCHl POXKICHUS, YHUUTOKEHHS U YUCIIA YACTUL] B CUMMETPUYHOM
npoctpaHcTBe Poka.

OCHOBHEIEC KBAHTOBBIE CHy‘laﬁHLIe MMPpONLECCChI B IIPOCTPAHCTBC doka u ux CBOICTBA.

14. CroxacTHyeckas HSKBUBAJICHTHOCTh IPOLIECCOB POXKACHUS, YHHYTOKCHUS M YHUCIA YacCTHUI
BUHEPOBCKOMY M ITyaCCOHOBCKOMY ITPOLIECCaM.

Peanuzanusa kimaccH4ecKuX CIy4yalHBIX MPOIIECCOB B BUJIE CEMEMCTB OMEPATOPOB B MPOCTPAHCTBE
doka.

15. KBaHTOBBIN CTOXaCTUYECKUNA UHTETPA.
WHTerprpoBanne 1o 0CHOBHBIM IpolieccaM B pocTpaHcTBe Doxa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

[Ipu HanuuMu Takol BO3MOXKHOCTH, ayJIUTOPHUS ¢ MyIBTUMe A o0opyaoBaHreM (3kpan). Jlocka, men
WU MapKepBbl.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Teopus BepoATHOCTEH, Clly4yaiiHbIe MPOLIECCHI M MaTeMaTHuecKas cTarTucTuka [ Tekct] : yueOHuK asist
By30B / FO. A. Po3anoB .— 2-e u3n., nom. — M. : Hayka, 1989 .— 312 c.
2. Beenenue B kBaHTOBYIO TeopHto nHopmaruu [Tekct] : [mexuuu 11 ctyaeHToB By30B] / A. C.
Xoneso ; HezaBucumbiii Mock. yH-T ; Beicimii komutemk Maremar. pusuku .— M : MITHMO, 2002 .—
128 c.



3. Jleknuu 10 MaTeMaTu4ecKMM OCHOBaHUSM KBAaHTOBOW MeXaHMKH, yueOHoe nmocobue /I I. AMocoB ;
MunucTepcTBO HayKU U BbIcIIero oopazoBanus Poccuiickoit deneparyn, MockoBckuii
(U3HKO-TEXHUYECKUI MHCTUTYT (HAIMOHAIBHBIN HCCIIe0BaTeIbCKuil yHrBecuTeT). Mocka, MOTU,
2019

JomnonHurenbpHas auTeparypa

An introduction to quantum stochastic calculus [Tekct]: [Mmonorpadus]/K.R. Parthasarathy —
Birkhaeuser Basel, 1992.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

www.arxiv.org IIpenpuHTBI 10 KBaHTOBOM (hr3HKe

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha neKunoHHBIX 3aHSATHAX UCTIOJIB3YIOTCS MYJIBTHMEANHHBIC TEXHOIOTUH, BKIIFOYAsk IEMOHCTPAIIHIO
npe3eHTanuii. s npoBeeHUs AMCTAHIIMOHHBIX 3aHATHH U KOHCYJIBTALUI MOTYT OBITh UCIIOJIb30BaHBI
zoom, Google Hangouts.

9. MeToauyeckue yKazaHus AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMid IUCLUUIUIMHY, OJDKEH, C OJHOW CTOPOHBI, OBNAJETh OOIIMM MOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare U3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHUSA W IOHATHL,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HaNPsDKEHHOW CaMOCTOATEIHLHOU PabOTHI CTYIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMU JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEIbHOTO U3yUEHUS;

— peleHue 3aad, MpeAaraéMbpIX CTyJIeHTaM Ha 3aHATHSX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOYHOM arTeCTaluu.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
JTCIIATLIAHEL.

BaxHO 10OWTHCS MOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHHYECKOTro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUN W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamarhCsi 3a KOHCYJIbTAIHSIMHU
MIpenoaBaTesio.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMATUKOH 3aHSATHIA.

s mOAroTOBKM K WTOTOBOM arTecTaluy MO MPEAMETY JIydllle BCEro IMOJIb30BaThCS MaTepHalaMUu
JICKITUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

Du3Tex-KIIacTep aKaJAeMUIeCcKON U HayuyHO! Kapbepsl (DyHIaMeHTaIbHbIE TPOOJIEMBI
(U3UKN KBAHTOBBIX TEXHOJIOTHH)

Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (BeceHHUil) - DK3aMeH

Pa3zpatGoTunk: I'I. AmocoB, a-p ¢u3.-Mar. HayK, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cmocoben 00001maTs ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

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

[IK-1 CnocoGen craBuTh, hOpMann30BEIBATH U
pemIarh 3aJia4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3a7a4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaTh

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbprare uzyuenus mucuuiuinHbl «Kiaccuueckne M KBaHTOBBIE CITydyaiHbIE MPOLECCHD» OOydaromuiics

JIOJKEH

3HAThb:

-OCHOBHBIC BH/bI KJIACCHYCCKHUX M KBAHTOBBIX CHy‘IaI\/'IHHX npouecCoB,
-OCHOBHBIC CBOICTBA CJ'Iy‘-IafIHBIX IponecCoOB, CXOAHBIC B KIIACCUYCCKOM U KBAHTOBOM CJIydac;
-OCHOBHBIE CBOMCTBA cnyqaﬁHbe poLeCCOB, pa3IMIaoIue UX B KIIACCUYCCKOM U KBAHTOBOM CJly4dac.

yMeThb:

-BBIYUCIISITH OCHOBHBIC XapaKTEPUCTHKH CITyYaiiHBIX MPOIIECCOB;
-aHAJIN3UPOBATH CBOWCTBA CIIy4alHOTO MPOIecca MO eT0 XapaKTePHCTHKAM;
-3aIUCHIBATH KJIACCHYECKHE M KBAHTOBBIC MPOIIECCHI B BUJIE CTOXaCTUYECKUX WHTETPAJIOB.

BJIaJd€Th:

- METOJJaMH{ BBIYMCIICHUS XapaKTEPUCTUIECKUX (PyHKIMIT KBAHTOBBIX COCTOSHHIA;
- OCHOBHBIMH METOJIaMH ONMCAHMSI CITyYalHBIX IPOLECCOB U X CBOMCTB;
- METOIAMHU CPAaBHEHUsI KJIACCUUECKUX U KBAaHTOBBIX KOPpEJIALUH.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0

Cemectp 9.



1. JlaliTe ompeneneHue cirydailHOTO mpoiiecca, ero (YHKIUW pactpeieliCHusI U XapaKTepHUCTUIECKOM
¢GyHKUINH.

. IlpuBeanTe oOmuii BUI GyHKUMHU paclpeaeeHNs IT'ayCCOBCKOTO CIIy4aifHOro Ipolecca.

. JlaiiTe onpezeneHne npouecca ¢ HE3aBUCUMBIMU IIPUPAIICHUSIMH.

. JlaliTe onpeneiaeHue BUHEPOBCKOIO CIIy4allHOTO IIpoliecca.

. JlaiiTe onpezeneHne MyacCOHOBCKOTO CITy4aiiHOTO Mpoliecca.

2
3
4
5
6. Yro takoe criekTpaibHas PyHKIHS CTAIMOHAPHOTO CIIy4ailHOTO Iporecca?
7. llpuBenute GOpMYyIHPOBKY U TOKaKUTe TeopeMy boxHepa-XuH4nHa.

8. Uro Takoe CHeKTpaIbHOE MPEACTABICHUE CTAIMOHAPHOTO CIIy4YaiiHOro nmpoiecca?
9

KakoBbl 0COOEHHOCTH CTAIMOHAPHBIX TMPOIIECCOB, JJISi KOTOPBIX CIIEKTPaIbHAS IUIOTHOCTh UMEET
KOHEYHBIA HOCUTENDL?

10. J{aiiTe onpeneneHne CTOXaCTHYECKOTO HHTETpaia.
11. latiTe onpesienieHre OEIOTO IIyMa.

Cemectp 10.

1. Chopmymupyiite u nokaxute Teopemy Korenbaukopa-lllenHona.

2. Yto Takoe xapakTepucTHuecKast (PyHKIUSI KBAHTOBOTO COCTOSHUS?

3. Hanmmmmure oOmuii BU XapakTeprUCTUIECKON (QYHKIIMM KBAHTOBOTO I'ayCCOBCKOTO COCTOSHHSL.
4. Yto Takoe rubOCOBCKOE COCTOSHHE?

5. Jlaiite omnpenciieHHE KBAaHTOBOIO CJIY4YalHOIO IIPOLECCA, €ro XapaKTepUCTHYECKOW U
KOPPEISILUOHHON (PYHKIIUI.

6. Uro Takoe HepaBeHCTBO bemna M Kak €ro MOXXHO HMPUMEHMTH JUISl MCCIEAOBAaHUS KOPPEIALHH
cityJaifHoro mporecca?

7. JlaiiTe ompeneieHne CUMMETPUYHOTO MpoctpancTBa Doka Haj OJHOYACTHYHBIM THIHLOESPTOBBIM
MIPOCTPAHCTBOM.

8. JlaliTH ompeeNeHNus ONEPaTOPOB POXKACHMS, YHUYTOKEHUS U UYHCIA YaCTUI B CUMMETPHYHOM
npocrtpaHcTee Doka.

9. laiiTi onpezneneHre KBaHTOBBIX CIIy4alHbIX IPOLECCOB POXKICHUS, YHUYTOKEHUS U YUCIIa YacTULL.
10. JlokaxuTe, 4TO KBAHTOBBIE IIPOLIECCHI POXKICHUS U YHHUUTOXKEHUS CTOXACTHUECKHU SKBUBAJICHTHBI
BHHEPOBCKOMY IIPOLIECCY.

11. JokaxuTe, 4TO KBAHTOBBIN MPOILIECC YUCIIA YACTHI] CTOXaCTUUYECKH SKBHBAJICHTEH ITyaCCOHOBCKOMY
IpoLeccy.

4. llepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIbBHBIX BOIIPOCOB U 3aI[aHI/II>'I

1) Ompenenure, MOXET JM JaHHas Marpuua OBITH KOPPEISLIMOHHOM (YHKUMEH TIayCCOBCKOTO
CIIy4aiiHOI O IIpolLecca.

2) BocTaHOBHUTH XapaKTepUCTUUECKYIO (DYHKIMIO rayCCOBCKOTO CIy4aiHOTo Ipolecca Mo 3aJaHHbIM
CPEAHHUM U KOPPEISIUUOHHON MaTpHILe.

3) Ilo xapakTepucTHIeCcKOl (YHKIIHH rayCCOBCKOTO CIIy9aiiHOTO MPOIIecca HAMTH €r0 MOMEHTHI.

4) TIlo 3amaHHOMY CEMEHCTBY HEKOPPENIHMPOBAHHBIX CIy4alHbIX Benu4uH (X n, n=1,2,3,4,...)
MOCTPOUTH HENPEPHIBHBINA B CPETHEKBAAPATUIHOM MPOLIECC C 3aJJaHHON KOPPESIIMOHHON (yHKUIMEH 1
CpeIHUMH 3HAYCHUSMH.

5) To 3amaHHON KOppENsIUOHHONW (QYHKIIMU CTAllMOHAPHOTO CIIYYaHOTO MpOIecca BOCCTAHOBUTH €r0
CHEKTPAJIbHYIO INIOTHOCTb.

6) Ilo 3amaHHOMY MpPEACTABICHHUIO CTALMOHAPHOTO CIyYalHOTO IMpOLEecca B BUAE CTOXaCTUYECKOTO
UHTErpajia, HalTH CHIEKTPajIbHYIO INIOTHOCTb IIpoLEcca.

7) Bpruncinuth xapakreprucTHieckue QYHKIMU Ul KOTEPEHTHBIX U C)KAThIX KOT€PEHTHBIX COCTOSHHH.
8) BblUHCINTE XapaKTepUCTUIECKYIO (DYHKIIHIO THOOCOBCKOTO COCTOSIHUSI.

9) HaiinuTe KOppeNAMOHHYIO (PYHKINIO KBAHTOBOTO CIIy4aifHOTO Ipolecca, IpeACTaBICHHOTO B BHIE
CTOXaCTUYECKOTO MHTETpana.

HpI/IMepBI OK3aMCHAIIMOHHBIX OuIeToB

burer 1.



1. TayccoBckue cmydaiiHple mnpornecchl. CpenHuu, MaTpulla KOBapHallMid, XapaKTepHcTh4YecKas
$yHKUHS.
2. BoccraHoBHUTH MaTpHily KOBapUaldii 10 3a1laHHON XapaKTePUCTUIECKON (DyHKIHUH.

buier 2.

1. CranmoHapHble ciry4aiiHble poreccsl. [Ipencrapienie KoBapuanuoOHHON (YHKIIHH.

2. Ilyctp cinyuaitHas BenmunHa f WMeeT HOpMalbHOE pacrpezneicHue. HaiiTh KoBapHalMOHHYIO
(dyHKINIO

cirydaiiHoro nporecca X(t)=tf+a, rue a — aelcTBUTENHLHOE YHCIIO.

Bbuner 3.

1. KBanroBsie koppemsun. HepaBenctsa bemnna u Llupenscona.

2. IlpuBectu mpuMep KBAaHTOBOM KOPPEISAIIMOHHON MaTPHUIIbL, U1 KOTOPOW HapyIIaeTcsi HEPAaBEHCTBO
benna,

HO BBINIOJIHAETCA HepaBeHCTBO L{npenbcona.

buier 4.

1. IlpencraBnenue BunepoBckoro npouecca B CHMMETpUYHOM IpocTpaHcTBe Doka.

2. IlocTpouTh CEMEHCTBO ONEPAaTOPOB B CHMMETPUYHOM IpocTpaHcTBE PoKa, CTOXaCTUYECKH
9KBUBAJICHTHOE

rayCCOBCKOMY CITy4aifHOMY TIPOIIECCY C HYJIEBBIMH CPETHUMH U 33J1aHHOW KOPPEISIIIMOHHON (QYHKITUEH.

buier 5.

1. [Ipencraenenue [lyaccoHoBcKOro mpoiiecca B CHMMETPUYIHOM IipocTpaHcTBe Doka.

2. BBIUMCIUTH CTOXaCTUYECKUII MHTETpaj OT 3aJaHHOM (PyHKIMH IO MPOLECCY COXpAaHEHMs YHCia
YaCTHII B

CUMMETPHUYHOM NpocTpaHcTBe DoKa.

Kputepun onennBanus
- oueHka "ommuHo (10)"  BbICTaBNseTCS ~ CTYACHTY, IIOKa3aBIIEMY  BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBAaHHE
MPUHATHIX PEIIEHUN;
- omeHka "ommmyHo  (9)"  BBICTaBISeTCS  CTYIEHTY,  IIOKa3aBIIEMy  BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL U YMEHHE IPUMEHSITh UX
Ha IMPAaKTHKEe NPU PEIICHUH KOHKPETHBIX 3aJad, CBOOOIHOE M MPaBHJIbHOE 0OOCHOBaHME NMPHHATHIX
PpELICHMUI;
- omeHka  "ommmyHO  (8)"  BBICTaBISETCS  CTYIEHTY,  IIOKa3aBIIEeMy  BCECTOPOHHHUE,
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL 1 YMEHHE TPUMEHSTh UX
Ha [IPAKTUKE NPU PEIICHUN KOHKPETHBIX 3a/1a4, U IPaBUIbHOE 000CHOBAHHNE NPUHSTHIX PEIICHNH;
- omeHka "xopomo (7)" BBICTaBIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET Marepuall, rPaMOTHO U IO
CYLIECTBY U3J1araeT ero, yMeeT IPUMEHUTH [10JyUYeHHbIC 3HaHUS Ha IIPaKTHKE, HO JOIyCKAaeT B OTBETE
WIH B PELICHUH 3a]ad HEKOTOPbIE HETOYHOCTH;
- orieHKa "xopomio (6)" BeICTABISIETCS CTYJCHTY, €CIIH OH 3HAeT Marepuai, TPaMOTHO U 1O CYIIECTBY
U3JIaraeT ero, yMeeT NPUMEHHUTH NOJIYYCHHbIE 3HAHUS Ha NMPAKTUKE, HO JIOMYyCKaeT B OTBETEC WM B
pelIeHNH 3a/1au HEKOTOPble HETOUHOCTH;
- oeHKa "xopomo (5)" BBICTaBISCTCS CTYACHTY, €CJIM OH 3HAeT MaTepuall, IO CYLIECTBY H3Jaraet ero,
yMeeT IIPUMEHUTH [10JIyYE€HHbIE 3HAaHUS Ha MPaKTHKE, HO JIOIyCKaeT B OTBETE WMJIM B PEIICHUU 3a1ad
HEKOTOPbIE HETOYHOCTH;



- OleHKa "yJOBIETBOPUTENBHO (4)" BBICTABISETCS CTYACHTY, I[OKa3aBIIeMy (parMeHTapHBIH,
pPa3po3HEHHBI XapaKTep 3HaHUM, HETOCTAaTOYHO NpaBWIbHBIE (HOPMYIMPOBKAa Oa30BBIX MOHSTHMH,
HapyULIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUN TPOrPaMMHOTO MaTepuana, HO IpH 3TOM
BJIAJICIOIIEMy OCHOBHBIMH pa3lelaMy Y4eOHOW HporpaMMbl, HEOOXOIMMBIMU IJIsl JAJIbHEHIIEro
00yueHHs ¥ ciocOOHOMY IIPUMEHSTH MOTy4YeHHbIE 3HAaHHUA 10 00pas3ily B CTaHIapTHOM CUTYyalluH;

- oueHka '"yooBieTBOpUTENbHO (3)" BBICTABISETCS CTYACHTY, I[OKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHWH, HEJOCTaTOYHO MpaBWIbHBIC (hopMyTHUpoBKa 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
BIIaJieIoNieMy (parMeHTapHO OCHOBHBIMH pa3jiesiaMH y4eOHOW NporpamMMbl, HEOOXOAMMBIMH [UIs
JaybHeimero o0y4eHus: 1 cnocoOHOMY NMPUMEHATh MOJIYYCHHbIE 3HAHUS MO 00pa3iy B CTaHAAPTHOM
CHUTYaINH;

- OllcHKa "HEeYJOBIETBOPUTEIHHO (2)" BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HAET OOINbIIeH YacTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI TUCHUIUIMHBI X HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIE 3HAaHUS [IPU
pEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

- oueHKa "HeymoBneTBOpuTENbHO (1)" BBICTaBIsIETCA CTYIACHTY, KOTOPBIM HE 3HaeT (POPMYIHPOBOK
OCHOBHBIX MOHATHH JUCIUIUINHBL.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpemst mpoBenenus auhepeHIpOBaHHOTO 3a4eTa U 9K3aMeHa 00yJaloniuecss MOTyT MOJIb30BaThCs
TOJIBKO MPOTPaMMOM TUCLUTITHHBI.

[Tpu npoBeneHnn nupPEepeHINPOBAHHOTO 3a4eTa M dK3aMeHa OO0ydaromemycsl mpemocTaBisercs 1
aCTPOHOMMYECKHH 4ac Ha moArotoBKy. Ompoc oOydaromierocst mo OwieTy Ha yCTHOM 3K3aMEHE He
JIOJDKEH TPEBBIIIATh IByX aCTPOHOMHUYECKUX YacCOB.



