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I. Ieau u 3axa4y JUCHUILIHHBI

[Tpu n3ydyeHun qUCHUILIMHBL «PU3NUYeCcKasi KUHETHKa» CTYAEHThI U3y4aloT U OCBAaWBAIOT Kjlac-
CHYECKYI0O U COBPEMEHHBIC MHTEPIPETALUU CTATUCTUKO-TEPMOAMHAMUUYECKUX IPUHLUIIOB U IIAHOPA-
My MX BOKHEHIINX CIIEICTBUI; COBPEMEHHBIM CTATHCTUYECKUN anmnapaT; yHUBEpCaIbHbIe (PIyKTyarm-
OHHO-JIMCCUITALIUOHHBIE TEOPEMBI U COOTHOILIECHUS.

Ienu kypca

[lenbto kypca «Pusndeckass KUHETHKa» SIBISIETCA O3HAKOMJICHHE C OCHOBHBIMU HUJCSIMH H
IIPEAIIOCHUIKAMHU, JIEKAIIUMH B OCHOBE ONMCAHUS CIyYalHBIX IIPOLIECCOB, IPOTEKAIOLIUX B IPUPOJIE B
peanbHBIX YCIOBHSX U B PEANbHBIX CHCTEMaX, UMEIOIUX, KaK MIPaBHI0, OECKOHEUHOE YHMCIIO CTEeTEeHEeN
cBOOO/IbI IPY HAIMYUU AKTUBHOT'O BO3/ICHCTBUS BHEIIHEW CPEJIBI.

3amauu Kypca

BrIpabGoTath y cTy/eHTa HaBbIKM IIPAKTUYECKOIO MCIIOJIb30BaHUSI METOJOB, IIPEIHA3HAYEHHBIX
IUI. MaTeMaTHYECKOI0 MOJIEIUPOBAHMS U ONMCAaHUS MOBEAECHUS (PU3MUECKUX CHCTEM, UMEroIuX Oec-
KOHEYHOE YHCIIO CTENEHeH CBOOO B PU HAIMYUU aKTHBHOTO BO3/ICHCTBHS BHEIIHEH Cpeibl
I1. Mecto nucuumiannsl B ctpykrype OIIOII

Jucnuminna «®Pu3nueckas KUHETHKa» BXOIUT B 4acTb, (POPMUPYEMOM ydyacTHHUKaMu oOpa3o-
BaTeJIbHBIX OTHOLIEHUH Osioka b1 u sBisieTcst nucuuminHoi no Beidoopy (/IB).. «@usnueckas KUHETH-
Ka» 3aBeplIacT UUKJI (PU3NUECKUX JUCUUIUIMH U IPEANoJaracT 3HaHUE OCHOB KJIACCUYECKOM MEeXaHU-
KU, TEOPUH T10JIs1, HEPEIATUBUCTCKON KBAaHTOBOW MEXaHHUKH, TEPMOJMHAMUKH U CTaTUCTUYECKOH (u-
3MKH, a TaK)KE€ OCHOB BCEX Pa3/IeOB BBICIICH MaTeMaTHKU. Takum 00pa3oMm, IUIsi OCBOCHHUS TAHHOMN
JUCLUIUIMHBI CTYJIEHT JOJDKEH 00Ja/1aTh 3HAHUSAMU 10 CIEAYIOIUM auciuiuinHaM: «Teopernueckas
MeXaHUKay, «DJeKTpouHaMuKka», «KBanroBas teopus», « TepMoauHamMuKka U cTaTUCTUUYECKas (pU3H-
Ka».
I11. TpeGoBaHusA K pe3yIbTaTaM OCBOCHMS AMCIUIIIHHBI
IIponecc n3yueHust JUCUUIUIMHBI (MOYJIsl) HarpaBieH Ha (POPMUPOBAHHE CIEAYIOLUIMX KOMIIETCHIINI:
- Cnoco0eH MCToIb30BaTh CHEIUATN3UPOBAHHbIC 3HAHUS B 00JIACTH (PU3UKHU TSI OCBOCHHUS MPO(UITH-
HBIX (usnueckux pucuurmina (ITK-1).
Ilepeyens nuIaHNpyeMbIX pPe3yJIbTATOB 00yUYeHHS N0 JUCIHUIIHHE , COOTHECEHHBIX C MHANKATO-
PaMH JOCTHKEHUS] KOMIIEeTCHIIHI

Komnerenius TIK-1

HNunukaropel koMneTeH- MK k1.1

3HACT OCHOBOIIOJIAraromue IMPUHIMUIIBI, TTOHATUSA (I)H3quCKOﬁ KHHCTH-
KH.

805041

PesynbraTel 00yueHuss  3naem: OCHOBONOJAraroIlye NMPUHLUIBL, MOHIATHUS M TMIIOTE3bI, JeXKa-
II1€ B OCHOBE KMHETUYECKUX YpaBHEHUM; MPUOIMKEHUS, 3aJI0KEHHBIE
IIPY BBIBOJIE COOTBETCTBYIOLINX YPAaBHEHUN

Ymeem: anexBaTHO CONOCTaBIATH JAHHBIA KOHKPETHBIM CITy4alHBII
mpoliecc crnoco0y ero onucanus (BEIOOP YpaBHEHHUS);

Bnaoeem: metonamu pelieHus COOTBETCTBYIOIIUX YpaBHEHUH B TpeOy-
€MOM NPUOITKEHUH.

IV. Coaep:kanme u CTPYKTYpPa AMCHUILIMHBI (MOLYJIsT)

OO0beM JUCHMIUIMHBEI COCTaBIseT 5 3adueTHhIX enuHuIbl, 180 yacos, B ToM umcie 99 uvaca KoH-
TaKTHOM paboThI.

3aHATHS TPOBOAATCSA TOJBKO B OYHOHN (hopMe 0OydYeHHS ¢ MPUMEHEHHEM IMCTAaHI[MOHHOTO KOH-
TPOJISI CAMOCTOATENBbHON paboThl cTyaeHToB uepe3 DMOC dakynpTeTa. DIEKTPOHHON W TUCTAHIIMOH-
HOM QopM 00yUueHHS HE MTpeTyCMaTPUBACTCSI.

Ha npaktuueckyto noarotoBky otsoautcs 44 gaca.

dopma MPOMEKYTOYHON aTTECTALUU: SK3aMEH.



4.1.

Conep:kanne TUCUMIUVIMHBI, CTPYKTYPHUPOBAHHOE MO TeMaM, C YKa3aHHeM BHUI0B

y‘leﬁHLlX 3aHATUH U OTBECACHHOI'0O HA HUX KOJINYECTBA aKAJICMHUYCCKHUX YaCoB

Ne | Paz- C Bc s Bunbl yueGHOit paboThl, DopMBI TEKY-
n/m | gen e | er | HHX | BKJIIOYAas CAMOCTOSITEIBHYIO paboTy 0Oydaromuxcs , IpakTHde- | [Iero KOHTPOJIs
auc- | M 0 | Ipak- CKYIO TIOITOTOBKY U TPYIOEMKOCTb yCIIeBaEMOCTH;
LU € ya | THYe- (B yacax) ®opwma npo-
MHBI/T| C | CcO | cKad MEXYTOYHOU
KonraktHas pabora npenosaasarens ¢ o0y4ato-  Camocrosi-
eMBl T B | IIOI- aTTeCTallun
HIUMUCS TeNbHAasI
P ro- (no cemecm-
pabota
TOBKa Jlexuyn Cemunapckue = Koncympranmm pam)
00y- /mpaKkTHYecKue
4aro- /mabopaTopHsie
IIUX- 3aHSATHS
csl
1 1-28 7 180 44 34 50 1 55 [IpakTuye-
CKOe  3ana-
HHC; BOIIPO-
Chl U 3a7a4u
K 3K3aMCHY
Utoro: 180 44 34 50 1 55

4.2. Il1aH BHeayAMTOPHO# caMOCTOSITEIbHOM Pa0oThI 00y4aIOIIUXCsl 0 TUCIHUILINHE

Cemectp HazBanue CamocrosTenbHas pabota obyuatonmuxes | OneHoyHoe  YueOHO-
Te- TB METOTUYe-
Pasieta, T€ gy camo- Cpokn  BeI- Tpymoem- CpeACTBO cTon 66
MBI CTOSITEIBHOM TTOJIHEHMS KCTb (Jac.) cioe  obee-
(G (9201 -
paboThI cHenne  ca
MOCTOSITEIIb-
HOM pabOoTHI
7 Tema 1-28  3amanwue B [Tocne mpoii- 55 Hemonctpa- Hcrounnku  u3
BHjie 3aqaun | ACHHBIX TEM LM TOTOBBIX OCHOBHOH 1
PEIICHUHU IOITOJIHUTEIb-

HON JwuTepary-

pHI
MPAKTUUECKHUX

no Teme
3ansATHil; O0pa-
30BaTeIbHBIC

pecypcsl,
CTYIHBIE

A0-
1o
JIOTHHY U Napo-
JI10, TIPEJOCTaB-
nsempiM  Hayu-
HOH Oubnuote-
ko UT'Y.




4.3. Cogepxanue yueOHOro MmaTepuaja
Conep:xanue pa3/ieioB U TeM JUCHUILIMHBI

Pa3zpen 1. CtoxacTHuyeckue npouecchbl HA NpuMepe CayYaHHbIX 0JVKIAHNI

Tema 1.

Tema 2.

Tema 3.

Tema 4.

Tema 5.

Tema 6.

3amavya 0 «CIIy4aiHBIX Oy )KIaHUSX» B OJHOMEpHOM ciydae. Pacnpenenenne bepHyn-
mu. [lepexos K HEIPEPHIBHBIM NIEPEMEHHBIM (BPEMSA-KOOPIUHATA).
[IpenenpHBINA cay4yail OONBIINX BPEMEH M MaJIbIX OTKJIOHEHUH OT HAYaJIbHOM TOYKU B
3ajjaye O CIIy4alHbIX OyyXIaHusX B OoJHOMepHOM ciyuae. Pacmpenenenue ['aycca.
Brraucnenue kospounmenta nupdys3un, ero Gu3nIecKuii CMbICI.
Crny4aifabie Oy KaaHus B 3-MEpHOM MpocTpaHcTBe. Teopema Mapkopa. CBs3b MEXITy

CDpre-o6pa30M IIJIOTHOCTU BCPOATHOCTH IIOIIadaHHUs ITOCIIC N maros B TOYKY R n
IIJIOTHOCTAMH BEPOSATHOCTHU CquaﬁHBIX nepeMemeHHﬁ Ha OAHWH 1Iar.

IoHsTHE 0 COBMECTHOI IoTHOCTH BepostHocTH YWn mopsizka n. Be momoxuTensHas
OIIPEAEIEHHOCTh. Y CIOBUE COTJIACOBAHHOCTH C IUIOTHOCTSMU BEPOSTHOCTH HU3ILIUX
nopsAaKoB. [oHATHE ITIOTHOCTH BEPOSATHOCTU NEPEX0Ja OT OJHOIO 3HAYCHHUsS CIlydai-
HOM BEIMYMHBI K JPYroMy 3Ha4eHHIO 3a Bpems t. «HucTo ciydaliHble» NPOLECCHI.
OmnpeneneHnne MapKOBCKOIO IMPOLIECCA YEPE3 COBMECTHYIO IUIOTHOCTh BEPOSITHOCTH M
IUIOTHOCTH BEPOSITHOCTH nepexoa. BeiBoa nHTErpanbHoro ypaBHeHUs: CMOIYXOBCKOTO
(Yenmena-Kommoropoga).

Jloka3aTenbCcTBO TOrO, UTO perieHne MapkoBa Juisl IIJIOTHOCTH BEPOSITHOCTH IEpexoaa
IIPU NPOU3BOJIBHBIX CIy4YalHBIX OJIy)KIaHUAX YJIOBJIETBOPsET ypaBHEHHI0 CMOIyXOB-
ckoro. IIpefienbHOe 3HAYEHUE IIOTHOCTH BEPOATHOCTH Mepexoza 3a Bpems £ =0,
Boluncnenue miIoTHOCTU BEPOSITHOCTH CIIy4aWHbIX 3-MEpHBIX OnyXAaHWH Ajs rayc-
COBCKHX pacrpejielieHUi cilydaliHbIX nepeMenieHuit (popmyna MapkoBa i IUIOTHO-
CTH BeposITHOCTU U ee Dypbe-00paza).

Pa3gea 2. OcHOBHBLIE KHHETHYECKHE VPABHEHHUS

Tema 7.

Tema 8.

Tema 9.

Tema 10.

Tema 11.

Tema 12.

Tema 13.
Tema 14.

Tewma 15.

Tema 16.

VYpaBHenue dDokkepa-Ilnanka mig MIOTHOCTH BEPOSITHOCTH Iepexona. PU3HYECKH
cMbICH K09(DPHUIIHEHTOB TIepeHoca A(Y) " B(y) .

Brruucnenue ko3¢ huiimeHToB nepeHoca AY) y B(OY) , BOSHUKAIOLINX B YPABHEHUH
®okkepa-Ilnanka amas 6pOyHOBCKOTO ABMXKEHHUS (C MCIOIb30BAaHUEM CIEACTBUM ypaB-
HeHus JlaHkeBeHa).

bpoyHoBckoe nBmxkenue. YpaBHenue JlamkeBeHa. Koppemsuuun Bo BpeMeHM ciydail-
HBIX BeJIMYUH. Belunciienne cpepHero 3HaueHusl KBaJpara CKOPOCTH OpOYHOBCKOM ya-
ctuuibl. «IloTeps» nHGOpMaLUU O HAYAIBbHBIX YCIOBUSIX.

BriBon ypaBHenust bonbliMaHna il pa3psyKeHHOro rasza. PaBHOBeCHOE pelleHHe ypas-
HeHus bonbnmMana.

BriBog H-teopemsl bonbpiMana. AHanu3 IONYIIEHHWH, MCHOJB3YEMBIX IIPHU BBIBOJIE
ypaBHeHus bosibimana.

CumMerpu3zanusi ypaBHeHUs boipiMaHa MO0 KMHETHMYECKUM NEPEMEHHBIM (pa3iiMyHbIe
IIPE/ICTABICHNS] NHTErpala CTOJIKHOBEHUI C YYETOM 3aKOHOB COXPAHEHMsI SHEPTUU U
HMITyJIbCA).

lMayccoBckuii cTarimoHapHbBI MapKoBCckui niporiecc. Teopema Jy0a.

OcHoBHOe KuHeTHueckoe ypaBHeHue [laynu (master equation). CBS3b IJIOTHOCTH BEPO-
STHOCTH NEpexoJia CIy4yailHOW BEJIMYUHBI OT OJHOTO 3HAYEHHUS K JIPYrOMYy CO CKOpO-
CTbIO IIEPEX0Ja JaHHOM CIy4yailHON BEIMYMHBI K HEKOTOPOMY IPOMEXYTOUYHOMY CO-
CTOSIHHUIO.

OyHKIMSA pacnpeeseHust Mo YUCIy YacTHIl MPH PaJAMOaKTUBHOM pacrajie (BBIBOJ U3
OCHOBHOT'O KMHETHUYECKOro ypaBHeHus [laynn).

OnnockopocTHOe au(Qy3HOe ypaBHEHHE U IPaHUYHBIE YCIOBHUS (OCHOBHBIE MPUOIH-
xeHus: AuQQy3uoHHON Teopuu, BeIBOJ Auddy3noHHOro ypaBHeHwus). [Ipocreiinme
1 Py3MOHHBIE 3a/1aUH.



Tema 17. Craructika rpaBUTAIHOHHOTO MTOJIsI, CO3IaHHOTO CIyYaHBIM PAaCIpeIeICHUEM 3BE3]T
Tema 18. JIsHrMroopoBckue KoJieOaHHUs TIa3MbI

Pa3nea 3. DJeMeHThbI TEOPUH HEPEHOCA

Tema 19. Dnexkrponnas miasma B metayuie. [I[poBoAMMOCTS.
Tema 20. TermnonpoBoaHOCTH AIEKTPOHHOTO Ta3a B METAJLIC
Tema 21. Ceuenust siiepHBIX MPOIECCOB U UX CBSA3b C MAaKPOCKOMUYECKHMMHU XapaKTePHCTHKAMHU
HEHUTPOHHBIX MOTOKOB
Tema 22. VYpaBHeHue OanaHca 4nciia YaCTUI] B OJHOCKOPOCTHON MOICITH
Tema 23. IlnotHOCTH TOKA
Tema 24. OpnoctopoHHHE TOKH. [ paHMYHBIC YCIOBUS Ha IPaHUIIC Cpelia — BAKYYM
Tema 25. TodeuHbIli HCTOYHHK B CPEJIE C TIOTJIOMICHUEM U PACCESIHUEM
Tema 26. Ilepenoc B cpene 63 MOTJIOIMICHHS U KCTOYHUKOB
Tema 27. Cpena ¢ MOTJIOMIEHUEM ITPH HATMYMHA UCTOYHHKA 0€3 paccesHus
Tema 28. VYpaBHeHue nepeHoca My4KoB HEHTPOHOB B aKTHBHOM cpejie
4.3.1. IlepeyeHb CEMUHAPCKUX, NPAKTHYCCKUX 3aHATHI U JIaDOPATOPHBIX padoT
Ne Ne paspena u HanmenoBanue cemuHapos, Tpyno- | Ouenou- | @opmupy-
TE€MbI TUCIUIUIA- | MPAKTUYECKUX U JTAOOPATOPHBIX | €MKOCTh | HBIE Cpell- | €Mble KOM-
HBI pabot (uackl) CTBa IIETEHLIUH
1 2 3 4 5 6
1. | Pasmen 1, Tema 1 | 3amaya o «ciy4aitHbIX OJIykaa- 4 3amganue TIK-1
HUSX» B OJIHOMEPHOM CITyYae. Ha CeMU-
Pacnpenenenue bepnysm. Hape B
2. | Pazgen 1, Tema 2 | IlpenenbHeblil cnyyait 60ibIInX 4 BHJE 3a-
BpPEMEH M MAJIBIX OTKJIOHEHUH OT auu
HayalbHOM TOUKHU B 337a4e O
CIlyJaiHBIX OJTYy’KTaHHSX B OJ1-
HOMEpHOM ciy4ae. Pacnipenene-
Hue [aycca.
3. | Pazgen 1, Tema 3 | Cnyuaitnbie Onmy>xnaHus B 3- 4
MEpPHOM IIPOCTPAHCTBE.
4. | Pazgen 1, Tema 4 | UnterpanbHoe ypaBaenue Cmo- | 4
JTyxoBckoro (Yenmena-
Konmoropoga).
5. | Pazgen 1, Tema 5 | CoorBercTBHE pemieHus Mapko- | 4
Ba JIJISI TZIOTHOCTH BEPOSITHOCTH
nepexo/1a npy MpoU3BOJIbHBIX
CITyJaiHBIX OJTYy>KITaHHSX YPaB-
HeHHI0 CMOJTYXOBCKOTO.
6. | Pasgen 1, Tema 6 | ®opmysna MapkoBa Jiist TUIOTHO- | 4
CTH BeposATHOCTH U ee Dyphbe-
obpaza
7. | Paznmen 2, Tema 7 | YpaBHenue ®@okkepa-Ilnanka 4 3anaHue
JUTSL TUTIOTHOCTH BEPOSITHOCTH Ha CeMHU-
nepexosa Hape B
8. | Pazmen 2, Tema 8 | Beruncnenne ko3 puireHToB 2 BHJIE 3a-
neperioca YY) i B(Y) o3 Aadu
HUKAIOIIMX B ypaBHEHUH DOK-
kepa-Ilnanka




9. | Pazmen 2, Tema 9 | BpoyHoBckoe aBH>KeHHE. Y paB-
HeHue JlanxeBeHa.
10. | Pa3men 2, Tema | YpaBuenue bonbumMana s pas-
10 PSOKEHHOTO Tasa.
11. | Paznen 2, Tema BriBoa H-teopemsl bosibiimana.
11
12. | Pa3nen 2, Tema CumMmerpu3zanus ypaBHEHUs
12 BosnpiMada 110 KHHETUYECKUM
MIepEMEHHBIM
13. | Pasnen 2, Tema ["ayccoBckuii cTalimoHapHBIN 3amanue
13 MAapKOBCKHUH Ipouecc. Teopema Ha CeMHU-
Jy0a. Hape B
14. | Pa3pen 2, Tema OCHOBHOE KHHETUYECKOE ypaB- BH/JIE 3a-
14 Henue [laynmn Ja4u
15. | Pa3nen 2, Tema DyHKIMSA pacipeneeHus 1o
15 YHCITy YaCTHIL IIPU PaJHOAKTHB-
HOM pacnajie
16. | Pazmen 2, Tema OnnHockopoctHOe U dy3HOE
16 ypaBHEHUE U TPAaHUYHBIE YCIIO-
BHUS
17. | Pazpen 2, Tema | CtaTucTuKa rpaBUTAMOHHOTO
17 TOJIsI, CO3JTaHHOTO CITy4YailHbIM
pacnpesieieHueM 3Be3]1
18. | Paznen 2, Tema | JISHIMIOpOBCKHE KOJIE€OaHHS
18 TJ1a3Mbl

4.3.2. IlepeyeHnb TeM (BONPOCOB), BBIHOCHMBbIX HA CAMOCTOSITE/IbHOE U3y4YeHHe CTyeHTa-
MH B paMKax caMmocTosiTesibHoil padorsl (CPC)

No Tema Bun camo- 3agaHue Pexomennye- | Yacel
Hex CTOATENb- Masi JIuTepa-
HOM paboTHI Typa
Ceuenus siiepHbIX Bueayau- | Beruncnuts addextrBHOE Cce- 10
IIPOLIECCOB U UX TOpHAas, pe- | YEHUE paAUallMOHHOIO 3aXBa- HcTouHNKH
CBS3b C MAKPOCKO- meHue 3a- | Ta U 9PPEeKTUBHOE CEUCHUE W3 OCHOBHOM
MIUYECKUMU Xapak- Jaq YIPYTOTro paccesHusl. U JI0IIOJIHU-
TEPUCTUKAMU TEJILHOH JIK-
HEHUTPOHHBIX MOTO- Teparypsl 1O
KOB TEME MPAKTH-
OIHOCKOPOCTHOE Bueaynu- | PemmTh mocTaBieHHYIO 3a/1a- YJEeCKHUX 3aHs- 6
nuddy3Hoe ypas- TopHas, pe- | uy audpdy3un B N-mepHom TUH;
HEHUE U TPaHUY- IIeHUE 3a- | CiIydJae. O6pazona-
HBIE yCIIOBUS Jaq TEJbHBIE Pe-
CYpCBI, J10-
VYpaBHenue O6anan- | Bueayau- | BoiBectu ypaBHeHue OanaHca CTYIIHBIE 110 8
ca YMClla YacTUIl B | TOpHasl, pe- | YKCIa YaCTHUIl B OJJHOCKO- JIOTUHY U Ta-
OJIHOCKOPOCTHOM LIEHHE 3a- | POCTHOM MOJENH poJIIO, IPENo-
MOJIETH Jad CTaBJIIEMbIM
Cratuctuka rpaBu- | Bneayau- | M3yunts Mozmens Xoabimapka Hayunon 6
TallMOHHOTO OJIs, | TOpHas, pe- O6ubIMOTEKOMN
CO3JaHHOTO CIIy- LICHUE 3a- HI'Y u Cro-
YallHBIM pacrpeie- J1a4q pOHHHE CalThI
JIEHUEM 3BE3]1




IInoTHOCTH TOKA Bueaynu- | BriBecTr ypaBHeHHe OanaHca
TOpHAs, pe- | B ClIy4ae «3KpPaHUPOBAHHOIO»
LICHUE 3a- | UCTOYHHUKA HEUTPOHOB
Jayg
OnnoctopoHHHE Bueaynu- | HaiiTu BbIpaxkeHue s OJHO-
TOKHU. |'paHn4HBIC TOpHAas, pe- | CTOPOHHETO TOKA B IIPEHE-
yCIIOBUS Ha TPAaHU- | ILIEHUE 3a- | OpeXEHUH BPEMEHHOM 3a-
1Ie cpefia — BaKyyM Jayg JEPIKKOU
Toueunslil ucrou- Bueaymu- | Pemuts ypaBHenue auddy-
HUK B CpeJie C 10- TOpHAs, pe- | 3UU NPU HAIMYUHU TOYEUHOTO
IJIOLIEHUEM U pac- LICHUE 3a- | UICTOYHUKA HEUTPOHOB B Cpe-
CESTHUEM Jayg ae
JI>HrMIOpOBCKHE Bneaynu- | PaccMOTpeTs 3BOJIIOLMIO CH-
Kosie0aHUs IU1a3Mbl | TOpHAs, pe- | CTEMbI, KOTOpasl ONpeaesseT-
LICHUE 3a- | CS AAIBHOJEHCTBYIOIUMHU
Jadg CUJIAMH

4.4. MertonuvecKkue yKa3aHHs 10 OPraHM3alMi CAMOCTOSATEIbHOM PA00ThI CTYACHTOB

B pasnene 4.3.2 cryaeHTam Jjisi CaMOCTOATENBHOTO yriyOJEHHOTO M3Y4YeHUS AUCIUIUIMHBI (TIapali-
JICNTBHO C JICKIMSIMK) MPEUIararoTcs 3aaud M0 U3ydaeMbIM paszenaMm u rpaduk ux usyuenwus. [Ipen-
M0JIAraeTCs, YTO CTYJACHT CaMOCTOSITEIIbHO M3YUYUT JIOTIOJHUTEIbHBIC TTaparpadsl 1o mMponIeHHON Te-
Me, IPEJICTAaBJICHHBIC B JIUTEpAType U3 II. 5, a 3aTeM PEUIUT NPEJIOKEHHBIC TEOMETPHUSCKUE 3a]1auu.
OneHka caMoCTOSATENbHON pabOThl CTY/I€HTOB IIPOBOJAUTCS B BUJI€ KOHTPOJIbHBIX ONPOCOB HA MPAKTU-
YECKHX 3aHITHSX.

4.5. IllpumepHasi TeMAaTHKA KyPCOBBIX padoT

Y4eOHBIM IIJIAHOM HE npeaAyCMOTPCHO HAIMMCAHUC KYPCOBBIX pa60T.

V. YueOHo-MeTOANYecKOe U MHPOPMAITMOHHOE o0ecniedeHne TN CHUILTHHBI (MO1YJIfA):
a) cnucox aumepamypol

OCHOBHasl JIUTEpaTypa

1. Bamn A. H. ®usnueckas kuHetuka : yued. mocobue / A. H. Bamn, A. O. Pacterun, U. A. Tlepe-
BajyioBa. — pkytck : U3n-Bo UT'Y, 2014. — 103 ¢. — ISBN 978-5-9624-1199-6. (46 3k3.)

OONONHUMENbHAA TUMEPAmypa

1. Jlanpay JI. 1. Teopetnueckas ¢usuxa. B 10 1. T. 10. dusnyeckas kuneTuka : yue6. nocodue
i ¢ty . ¢us. cuen. yH-ToB / E. M. JInudmm, JI. I1. [Tutaesckuii. — M. : Hayka, 2002. — 536 c.
¢uzmat 21361(10 7x3.); puzmar 21361(120 3x3.)

2. KsacuukoB U. A. Teopust HepaBHOBecHBIX cucteM. B 3 1. T. 3. TepmoauHaMuka M CTaTUCTH-
yeckas ¢pusnka : yued. mocobdue ans ctya. By3oB / U. A. KBacaukos. — M. : YPCC, 2003. — 448
c. pusmar 21358(9 ax3.); Hp A589154; dbuzmart 21358(4 7k3.)

3. banecky P. PaBHOoBecHast u HepaBHOBecHas cTaTucTuueckas mexanuka. B 2 . T. 2 / P. banec-
Ky. — M. : Mup, 1978. —399 c. ud 244301(2)nd; ud 244302(2)ud; ud 244303(2)nd; udp
A45535(2); pusmar 27936(1 3xk3.)

0) mepuoANYECKUEC U3AaHUS

- HET.



B) CITUCOK aBTOPCKHUX METOJUYECKUX Pa3padOTOK
- HET.
r) 0a3bl JaHHBIX, THPOPMAIIMOHHO-CIIPABOYHBIE U TOUCKOBBIE CUCTEMBI

http://library.isu.ru/ - Hayunas oubnuorexka UI'Y;

OGpa3zoBarenbHbIe PECYpChl, JOCTYIHBIC IO JIOTHHY W IApOJI0, MpeaocTaBisieMbiM Haydnoit
6ubmmnorexoi UI'Y:

e https://isu.bibliotech.ru/ - U3 «bubnuoTex»;

e http://e.lanbook.com - DBC «M3natenscTBO «JlaHby;

e http://rucont.ru - 3bC «PykoHT» - MexoTpacieBas Hay4Hasi OHOJIMOTeKa, coaeprKaas ouud-
POBaHHbIC KHUTH, IEPUOANICCKUE U3TaHUS U OT/ACIbHBIC CTATHH 110 BCEM OTpacisiM 3HAHUIA, a
TaK)Ke ayAuo-, BUIEO-, MyJIbTUMEIHA COPT U MHOTOE JPYToe;

e http://ibooks.ru/ - OBC «AiiOyKcy»- HHTEpHET peCypchl B CBOOOTHOM TOCTYIIC,

VI. MatepunajibHO-TEXHHYECKOe o0ecnevyeHne JUCUUIINHBI

Y4eOHast ayauTopusi JJisl POBEACHUS 3aHATHH. J[J1s MpoBeneHus 3aHATHI JICKIIMOHHOTO THIA B
KauecTBE JEMOHCTPAI[MOHHOTO O0OPYIOBaHMS MCIOJB3YyeTCsl MenoBas qocka. HarmsgHocTs oOecrme-
YUBACTCS IIyTEM H300paKEHUS CXEeM, AuarpaMMm M (HOpMyJ ¢ TIOMOIIbI0 Mena. Mcmonp3oBaHUE TI10-
0aNbHON KOMIIBIOTEPHOI CETH MO3BOJISIET 00ECIEUHUTh JTOCTYIHOCTh MIHTEpHET-pECypcoB U pean3o-
BaTh CaMOCTOSITETILHYIO padOTy CTyAeHTOB. Ha JIeKIUsAX MOTYT HCIIOJNB30BAaTHCA MYJIbTUMEIUNHBIC
CpeICTBa: MPOEKTOP, NEPEHOCHON KpaH, HOYTOYK. Ha (akynpTeTe nMeeTcs KOMIbIOTEPU3UPOBAHHAS
ayJUTOpUs, TIPeIHA3HAYCHHAS ISl CAMOCTOSITEIILHON paboThl, ¢ HEOTPAaHWYCHHBIM JTOCTYNIoM B MH-
TEpHET.

Marepuansl: y4eOHO-METOMUECKHE TOCOOHS, 3aJaHus IS ayJUTOPHOU M CAMOCTOSITEIbHON
paboThI CTYIEHTOB.

VII. O6pa3oBaTe/ibHbIC TEXHOJIOTHH

3az1atm H3JI0KCHUS U U3YUCHHA AUCHUILIMHBI PECAIU3YIOTCA B CIICAYIONIUX (bopMax JACATCIIBHOCTH
° JIEKI[MU, HalleJICHHbIE Ha IOJIy4eHHE HEoOXOIMMON MH(pOpMaIUH, U €€ HCIOIb30BaHHE
IIPY PELICHUN NIPAKTUYECKUX 3aa4;
®  IIPaKTUYECKHUE 3aHATHUS, HAIPABICHHbIC HA aKTHBHU3ALUIO [TO3HABATEIBHON JESITEIBHOCTH
CTYACHTOB U HpI/IO6pCTeHI/I$I HWMU HABBIKOB PCIICHUSA MPAKTUYCCKUX U HpO6J’I€MHBIX 3aaa4,
®  KOHCYJbTAl[MM —€KEHEIENIBHO I BCEX XKETA0IUX CTYCHTOB;
®  CaMOCTOsITENIbHAsl BHEAyAUTOpHAs paboTa HalpaBlieHa HAa MPHOOPETEHNE HABBIKOB CaMo-
CTOATEIBHOTO PEIIECHUS 3a7a4 [0 TUCLUIUINHE;
®  TEKyUIMl KOHTPOJIb 3a JAEATEIbHOCTBIO CTYJEHTOB OCYIIECTBIIACTCS HA JEKLIUOHHBIX U
IIPAKTUYECKUX 3aHATUAX B XOJI€ CAMOCTOSITENIBHOTO PELICHMSI 3a/1a4, B TOM YHCJIE Y JTOCKH.

VIII. OneHo4Hble MATEPHAJIBI A/ TEKYLIEro KOHTPOJISI M IPOMEKYTOYHON aTTeCTalluu
@DOoHJ OLIEHOYHBIX CPEJCTB MIPEACTABIICH B IIPUIIOKCHHUH.

dopMa poBeACHUS TPOMEKYTOUHON aTTECTAIMU — JK3aMEH.
8.1.1. OnleHOYHBIE CpEACTBA JUISI BXOJHOTO KOHTPOJIS

Bxo1HOW KOHTPOJIb HE POBOIUTCS.

8.1.2. OnieHOYHBIE CPEACTBA TEKYIIETO KOHTPOJIS

[IprmMepsl 3a1aHU TEKYIIETO KOHTPOJIS

1. lnst cxembl bepHymu mocienoBaTeIbHBIX UCTIBITAHUIN C BEPOATHOCTBIO yCIiexa P , 3armucarh Be-
POSAITHOCTH



k ycrrexoB B N ucnbiranusx, cpeanee 3uauenue E(K) u mucnepcuro D(K) .
2. 3anucath BBIPAXCHHUS IS BEPOSTHOCTH OMHOMHUAIBHOTO PACIIPEICTICHYSI U IBYX €T0 MPe/eib-
HBIX CJTy4Yacs.

3. HYCTB Xl’ X2 1o XN — HE3aBUCHUMBIC OJUHAKOBO pacpcACICHHBIC CquaﬁHBIe BCIINYUHBI. I[J'IH

1 N
CﬂyqaﬁHOﬁ BCJIIMYNHBI Z= NZ N BBIPA3UTh CPCAHEC 3HAUCHUEC U JUCIICPCHUIO YEPE3 H= E(X) u
=L

o=D(X),

8.1.3. OnieHouHbIE CPEACTBA ISl IPOMEKYTOUHON aTTeCTalluN

IIpumepHbIii IepeYeHb BONPOCOB U 32IaHUI K IK3aMeHy

1. 3agaua o «ciay4alHBIX OMyXIaHUSX» B OJHOMEepHOM citydae. Pacnpenenenue bepaymmu. [lepexon k
HENPEePbIBHBIM IIEPEMEHHBIM (BpEeMSI-KOOPUHATA).

2. BeiBo ypaBHeHUs bonbiiMana st pa3peXeHHOTO ras3a.

3. IIpenenpHblii cirydail G0IBIINX BPEMEH U MaJIbIX OTKJIIOHEHUH OT HayalbHOM TOYKM B 3aja4e O CIIy-
YaHBIX OMY)KIaHHUSIX B OJHOMEPHOM ciydae. Beraucienue koadduimenta quddys3uu, ero dpuznde-
CKHI CMBICII.

4. TouyHOE OTHOCKOPOCTHOE ypaBHEHHE IEepeHOca HEUTPOHOB ((pa3oBasi MIOTHOCTH U (Ha30BBIN MOTOK,
MHAMKATpHUCa paccesiHUsl, BBIBOJ JIMHEApU30BAaHHOIO ypaBHeHUs bosbliMaHa). I'paHndHble yCIOBUS
JUI pa3zieia ABYX Cpel U IPAHULIbI CPENA — BAKyYM.

5. Cnyuaiinble OmykaaHusi B 3-MepHOM mpocTpaHcTBe. Teopema MapkoBa. CBsa3b Mexay Dypee-
06pa30M IIOTHOCTH BEPOSTHOCTH monafanus mociae N maros B Touky R u miotHocTsME BeposTHO-
CTH CIIy4aliHbIX IT€pPEMEIIeHUI Ha OJIUH LIar.

6. [oHsiTHE O COBMECTHOI mIoTHOCTH BeposTHOcTH YVn mopsika N. Ee MOIOKHTEIbHAs OIpeIeeH-
HOCTb. YCJIOBHE COIJIACOBAHHOCTHU C IUIOTHOCTSMU BEPOSITHOCTH HU3MIMX MOpsiikoB. [loHsATHE TUIOT-
HOCTH BEpPOSITHOCTH IEpPEeX0Ja OT OJHOTO 3HAYEHHS CIy4YalHOW BEIMYMHBI K JIPYyrOMY 3HAUEHHIO 32
Bpems t. «Yucro ciyyaitasie» mpoueccsl. OnpeneneHrue MapKOBCKOTO Ipolecca 4epe3 COBMECTHYIO
IUIOTHOCTh BEPOSATHOCTH M IUIOTHOCTH BEPOSITHOCTH IEepexona. BrIBOJ HMHTErpasbHOrO0 ypaBHEHUS
CwmonyxoBckoro (Uenmena-Koamoroposa).

7. ToyHOE pelieHre OJHOCKOPOCTHOIO YPAaBHEHUS MEPEHOCa HEMTPOHOB Ul YHCTO MOTJIOIIAIOIIMX
cpen.

8. Jloka3arenbCTBO TOrO, UTO pelieHre MapkoBa Al INIOTHOCTH BEPOATHOCTH Iepexojia MpH Mpou3-
BOJIBHBIX CIy4YallHBIX ONy’KIaHUSIX yAOBJIEeTBOpsieT ypaBHeHHI0 CmonyxoBckoro. IIpenensHoe 3Have-
HIIE TUIOTHOCTH BEPOSTHOCTH Tlepexosa 3a Bpems L =0,

9. Beruucienue MIOTHOCTH BEPOSTHOCTH CIy4YalHBIX 3-MEpHBIX OMyKIaHHH Ui TayCCOBCKUX pac-
MpeACIICHU CITydaifHbIX TiepeMenieHuid (hopmyna MapkoBa Jyuisl TNIOTHOCTH BEPOSATHOCTHU U ee Dyphe-
oOpa3za).

10. YpaBuenue @oxkepa-Ilnanka ajs MIOTHOCTH BEPOSTHOCTH TIEPEX0/Ia.

11. dusnueckuii cMbIca KO3(PPUIIMEHTOB NEpeHoca A(Y) u B(Y) Brruncienne K03 (HULINEHTOB

repeHoca A(Y) u B(Y) | osnuxaronux B ypaBHeHnH Dokkepa - [Inanka ays OpOyHOBCKOTO JBH-
KEHM (C UCIIOJIB30BaHUEM CIIEACTBUM ypaBHEeHMs JlaH)KeBEeHA).

12. Cummetpu3anusi ypaBHeHHsS BosibliMaHa IO KHHETHYECKUM TIEPEMEHHBIM (Pa3JIMYHbIC MPEICTaB-
JIEHUS] UHTErpajia CTOJIKHOBEHUH C YUETOM 3aKOHOB COXPaHEHUS DHEPIHH U UMITYJIbCA).

13. BpoyHoBckoe aBmwkeHue. YpaBHeHHe JlamkeBeHa. Koppensnnu Bo BpeMeHH CITy4aifHbIX BETHYMH.
Brruucnenue cpeiHero 3HaueHus KBajipaTta CKOpOCcTH OpOyHOBCKOM yactuiisl. «Iloteps» uHpopmanuu
O HAYaJIbHBIX YCIOBHSIX.

14. PaBHOBecHOe pelieHne ypaBHeHHs bonbliMaHa.

15. BeiBon H-teopembr Bonbiimana. AHanu3 JONMyIIeHWH, HCIONb3YyEMbIX HMPHU BHIBOJIE YpPaBHEHHS
bonpumMana.

16. OcHoBHOe KuHETHYeCKOe ypaBHeHue [Taymu (master equation).



17. ®yHKIMS pacrpenesieHus 0 YUCITy YaCTHIl TPH PATUOAKTUBHOM pacmajie (BBIBOA U3 OCHOBHOTO
KUHETHYEeCKOro ypaBHeHus [laymm).

18. OgnockopoctHoe Auddy3HOE ypaBHEHHWE U TPAHUYHBIC YCIOBHs (OCHOBHBIE TIPUOJIMIKEHUS au]-
(by3MOHHOH TEOpUH, TOK HEUTPOHOB, BBIBOA JU(PPY3MOHHOTO YPABHEHUS).

19. Ipocreitmue quddy3noHHBIC 3324l (TOYSUHBIH UCTOYHUK B OECKOHEUHOH cpejie, O€CKOHEUHBIN
TUTOCKUI HCTOYHHK, MOJICJIbHAS 33/1a4a Ha BBIYMCICHHE KPUTUYECKOTO pa3Mepa).

20. UnrerpansHoe ypaBaenue [laiiepica (BBIBOJ M3 TOYHOTO OJJHOCKOPOCTHOTO ypaBHEHHS TepeHOca
HEHUTPOHOB).

21. dynknmst ['puHa 4711 OHOCKOPOCTHOTO YPaBHEHUS MEPeHOCa HEMTpoHOB. KnHeMaTuka ynpyroro
paccesiHus (CBS3b yria paccessHus B 1a00paTOPHOI CUCTEME U CUCTEME IIEHTpa Macc).

IIpumep TecTOBBIX 3aJaHUil JJA NPOBEPKU CHPOPMHUPOBAHHOCTH KOMIIETEHIMH, YKa3aHHbIX
BbIlLIE I.3:

1) cpeaHero pacCTOSIHUS MEK-
1 | ®poHT yAapHOIA BOIHBI B pa3peKCHHOM I'a3e HMEET UMEET TOJI- 1Ty MOJICKYJIaMH
[IMHY TTOPsIKA 2) pa3mMepa MOJICKYJIbI
3) AauHBI CBOOOAHOrO mpodera
N 1) nByx 4yacTui
WuTerpan cronkHOBeHUH boibliMana MpUHUMAET BO BHUMaHUE
2 2) TpexX 4acTHIL
CTOJIKHOBEHHUS
3) mo6oro yrcaa YacTUIl
. 11
3 Uucno cnaraembix pasnoxenus Kpamepca-Moiiana, BXOASIIHNX B 2)2
npaByro yacTh ypaBHeHUs1 Dokkepa-Ilnanka, paBHO 3)3
B nporecce HE3aBUCUMOTO POXKICHUS YaCTHI] C TIOCTOSTHHOH B 1) ITyaccona
4 | eMHUIY BPEMEHH CKOPOCTBIO MX YHCIIO OMKMCHIBACTCS pacrpene- | 2) OMHOMHAIbHBIM
JIEHHEM 3) CterofieHTa
Pa3zpaboTuukmu:
'
qL” JIOLIEHT Kadepbl TEOPETHUYECKON (PUBUKH H.A. IlepeBanoBa
) _adh S
r,/;-) ‘
L/ JIOLIEHT KadeIpbl TEOPETHUYECKON (PUBUKH A.D. Pacrerun

[Tporpamma coctaBiena B coorBercTBuu ¢ TpeboBanusiMu OI'OC BO mo HampaBlieHHIO TOATO-
toBKH 03.03.02 ®usuka.

[Iporpamma paccmoTpeHa Ha 3aceianuu Kadeapbl TEOPETUIECKON PU3UKN
«15» mapra 2023 1.
[Tporokon Ne 6 U.o. 3aB. kadenpoii

C.B. JloBuioB

Hacrosimas mnporpamMa He MOKeT ObITh BOCIPOM3BeAeHA HHM B Kakoil ¢opme 0e3
NpeABapUTEeJIbHOI0 NMCHbMEHHOT0 pa3pemieHus: Kadeapbi-pa3padoTynka NporpaMmmsl.




