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I. Hean v 3a1a4u TUCUUILJIAHBI

[Ipn n3yuennn nucummuinHbl «PU3nUecKass KWHETUKa» CTYACHTBI H3y4aroT U OCBaWBAKOT KJIAC-
CUYECKYI0 U COBPEMEHHBIE MHTEPIPETALUHU CTATUCTUKO-TEPMOAMHAMUYECKUX IIPUHIUIIOB U IIAHOPA-
MY MX Ba)KHEHIIMX CJIEJICTBUI; COBPEMEHHBIN CTATUCTUYECKUI anmapaT; yHUBepcalbHble (IyKTyalu-
OHHO-JIUCCUIIALIMOHHBIE TEOPEMBI U COOTHOLLICHHUS.

ean kypca

enbro kypca «Pusnueckass KHHETUKA» ABJISIETCS O3HAKOMJICHUE C OCHOBHBIMU HUJESMHU U IIPEN -
MTOCBIIKAMM, JIEKAIIUMH B OCHOBE OIHUCAHMS CIyYalHBIX MPOIECCOB, MPOTEKAIINX B MPUPOJIE B pe-
QJIBHBIX YCJIOBHUSIX U B PEATbHBIX CHCTEMaX, MMEIOLIUX, KaK MPaBUiIo, OECKOHEYHOE YUCIIO CTENEeHEH
CBO0OOBI IPU HATMYUU AKTUBHOTO BO3/ICHCTBUS BHEIIHEW CpelIbl.

3anaym kypca

BoipaboTath y cTy/neHTa HaBBIKM MPAKTUUYECKOIO MCMOIb30BAaHUS METOOB, IpeJHa3HAYEHHbIX
JUIS. MATEMaTHYECKOT0 MOJICTUPOBAHMS M OMMCAHUS MOBeIeHUs (PU3NYECKHX CHUCTEM, UMEIOLX Oec-
KOHEYHOE YHCJIO0 CTeNeHel cBOOO b MPU HATMUMU aKTUBHOTO BO3/IEUCTBUS BHEUIHEH cpeibl

I1. Mecto nucuuminnsl B ctpykrype OITIOII

Jucuunnuna «®du3nueckas KHHETHKA» OTHOCUTCA K JUCHMILIUHAM, (GOPMUPYEMBIM yYaCTHH-
KaMu 00pa3oBaTelbHOro mporecca. «du3nyeckass KMHETHKa» 3aBepUIaeT UK (PU3HUECKUX JUCIH-
IUIMH M TPENOoJIaraeT 3HaHWE OCHOB KJIACCUYECKOM MEXAHWMKH, TEOPUHU IOJIA, HEPEISITUBUCTCKON
KBAaHTOBOM MEXaHUKH, TEPMOJAMHAMUKU M CTATUCTHUECKOW (DM3MKH, a TaKKe OCHOB BCEX pa3/esioB
BBICIICH MaTeMaTuku. Takum oOpa3oM, JUIsi OCBOCHHS JAHHOUW JUCIUTUIMHBI CTYJEHT JOJDKEH 00Jia-
JaTh 3HAHMSAMM IO CIENyIOIMM aucuuinHaMm: «Teopernueckas MexaHuKa», «NEKTPOAMHAMUKAY,
«KBanToBast Teopus», « TepMoaHaMuKa 1 cTaTUCTUYECKas (HUBHKAY.

II1. TpeGoBaHus K pe3yabTaTaM 0CBOCHUS AMCUHUIINHBI

Hepeqeﬂb IJIAHUPYEMBIX PE3yJbTaTOB oﬁyqemm o JTMCHMIIVIMHE , COOTHECECHHbIX C MHANKATO-
PaMH JOCTHIKCHUA KOMIIeTeHIU

Kommerenmmsa [TIK-1: CnocoGeH ucnoap30BaTh CHEIUATN3UPOBAHHBIC 3HaHUS B 00Jia-
CTH (PU3UKHU IJI1 OCBOCHUS MPODOUIBHBIX PU3NIECKUX JUCIUILTUH

Wupukaropel komnereH- MJIK,y 1.1 [IpuMensier Gpusnko-mareMaTnvecKuii anmnapar B cepe cBoei

1 npogeccnoHaIbHOM NeATETbHOCTH

Pesynbrarel oOyuenust | 3naem: OCHOBOIOJIATAIONINME MPUHIUIIBI, TMOHATHUS U THUIOTE3BI, JeXKa-
II1€ B OCHOBE KMHETUYECKUX YPaBHEHMIi; MPUOIHKEHHS, 3aI0)KEHHbBIE
IIPU BBIBOJIE COOTBETCTBYIOIIMX YPAaBHEHUM

Ymeem: anexkBaTHO COMOCTAaBIATH JAaHHBIM KOHKPETHBIA CIy4alHBIN
nporecc crnoco0y ero onucanust (BbIOOp ypaBHEHHUS);

Bnaoeem: meronamu pemieHusl COOTBETCTBYIOIIMX YPaBHEHUN B TpeOy-
€MOM IIPHUOITNKEHUH.

IV. Conep:xanue u CTPYKTypa IMCUMILINHBI (MOAYJIA)

OO0beM IHCIUIUIMHEI COCTABIISIET 3 3a4eTHBIX equHMIbI, 108 yacoB, B TOM 4uciae 77 4acoB KOH-
TaKTHOU pabOTHI.

3aHATHS MPOBOJATCS TOJBKO B OYHOM (opMe OOydeHHs C MPUMEHECHHEM IUCTAHIIMOHHOTO
KOHTPOJISI cCaMOCTOATeIbHOU paboThl cTyneHToB uepe3 DMOC dakynapTera. DNEKTPOHHON M AUCTaH-
IUOHHOH (popM 00yUEHUS HE MPETyCMATPUBACTCS.

Ha npaktuueckyio moaroroBky orsoaurcs 34 gaca.

dopma TPOMEKYTOUHOU ATTECTALMHU: 3a4ET C OLUEHKOM.



4.1. Conepkanue IMCHUILIMHBI, CTPYKTYPHPOBAHHOE IO TeMaM, ¢ YKa3aHHMeM BH/0B
Y4eOHbIX 3aHATHI U OTBEJCHHOI0 HA HUX KOJIMYECTBA aKA/IeMHYeCKHX YaCOB

Ne | Paz- | C| Bc s Bunsr yueOHOM paboTHI, ®DOpMEI TEKy-
o/l | gen | e | er | HAX | BKIOYas CAMOCTOSATEIBHYIO paboTy OOYYaroLIMXCs , MPAKTHYe- | MIEro KOHTPOIIS
IMc- | M | O |Tmpak- CKYIO TIOATOTOBKY U TPY/I0EMKOCTh yCIIEBaEMOCTH;
oU- | € | 4Ya | TH4e- (B gacax) ®dopma mpome-
M- | ¢ co | ckas YKYTOUHOH at-
KonTaxTHas pabota mpenonaBatens ¢ o0ydaromu- | CamocTos-
HBl/ | T B oJI- TeCTaIHA
MHCS TeJbHAs
TEeMBI | P ro- (no ceme-
pabota
TOBKa Jlexuuun Cemunapckue | Koncynbranun cmpam)
00y- /TIpaKkTHYecKue
4aro- /naboparopHsie
LIUX- 3aHATHUA
cst
1 1-28 |7 108 |34 34 34 1 31 [IpakTnue-
CKoe  3aja-
HHUE;, BOIPO-
Chl M 3aJa4u
K 3a4€eTy
Hroro: 108 |34 34 34 1 31

4.2. Ilnan BHeAyAUTOPHOM CAMOCTOSITEJIbHOH PA0OTHI 00y4AKOIIUXCS MO TUCHUILIHHE

Cemectp Ha3Banue CamocTtosarenbHas pabota o0yuatonuxces | OneHoyHoe | YueOHo-
Te- TB METOrYe-
pasiena, Te Bun  camo- Cpoku  BbI-| Tpyno- CPeACTBO CTOA 6e
MBI CTOSITEJILHOM | TOJIHEHUSI E€MKCTh cKoe obectie-
YeHU MO-
paboThI (dac.) CHHC  CaMo
CTOSITEIbHOU
paboTsl
7 Tema 1-28  |3anmanue B [Tocne mpoii- 31 HemoHcTpa- |HMcrounukn  u3
BHie 3amaun | ACHHBIX TeM LKA TOTOBBIX | 0CHOBHOM 1 10-
pemeHun HOJIHUTEIBHOR

JUTEPaTyphl IO
TeMe TpaKTHIe-
CKMX 3aHSTHUH;
O6pazoBarenb-
HbIE  PECypCBhl,
JIO-CTYTHBIE TIO
JIOTHHY W TIapo-
10, TIPEI0CTaB-
nsembiM  Hayu-
HOW OmbnHmoTe-
kot UT'Y.

4.3. Conep:xxaHue yueOHOro MaTepuaJia
Conep:xaHue pa3iejioB H TeM THCHUTIIHHBI

Pasnes 1. CroxacTu4ecKue NPOLeCcChl HA IPUMepe CayYailHbIX 0J1Y:KIaHUIT
Tema 1. 3amaua o «cimydaitHbIX OJTy>KIaHHSIX» B OMHOMEpHOM ciydae. Pacnpenenenue bepuyi-
mu. [lepexon K HENPEPHIBHBIM NIEPEMEHHBIM (BpPEMS-KOOPANHATA).




Tema 2.

Tema 3.

Tema 4.

Tema 5.

Tema 6.

[TpenenpHbIN citydail GONBIIMX BPEeMEH M MaJbIX OTKJIOHEHMH OT HAa4aJbHON TOYKH B
3aja4e O cilydallHbIX OJTy’KJaHUSIX B OAHOMEpHOM citydae. Pacnpenenenue ["aycca. Bbi-
yrcnenue kodpduuuenrta quddysun, ero GU3MUECKUl CMBICI.

Crnyualinele OmyxaaHus B 3-MepHOM IpocTpaHcTBe. Teopema MapkoBa. CBs3b MEXIY
@ypre-00pa3oM IJIOTHOCTH BEPOSTHOCTU TMOMNAJAaHUA Mocie N 1aroB B TOYKY R H
IUIOTHOCTSIMU BEPOATHOCTH CIIy4YaiHbIX IEPEMEILIEHNI Ha OAMH LIar.

[ToHsTHE O COBMECTHOM TUIOTHOCTH BepositHocTu W, mopsiaka n. Ee momoxxurensHas
OIPENIETIEHHOCTb. Y CIIOBUE COIJIaCOBAaHHOCTHU C IJIOTHOCTSMM BEPOSTHOCTH HU3LIUX
nopsakoB. 1IoHATHE MIOTHOCTH BEPOSITHOCTH NEPEX0Ja OT OAHOIO 3HAYEHUS Cilydai-
HOM BEJMYMHBI K APYrOMY 3HAa4€HUIO 3a BpeMms f. «UHMCTO CiydalHbIE» IPOLIECCHI.
OnpeneneHne MapKOBCKOIO IMPOLIECCA YEPE3 COBMECTHYIO INIOTHOCTh BEPOSITHOCTH U
IUIOTHOCTh BEPOSTHOCTH Iepexoa. BeiBos nHTerpanbHoro ypasHeHus: CMOJIyXOBCKOTO
(Uenmena-Komamoroposa).

Jloka3aTesnbCcTBO TOTO, 4TO peleHrne MapkoBa Uil INIOTHOCTH BEPOATHOCTH IIepexoia
IpU TMPOU3BOJIBHBIX CIy4YallHBIX ONyXKIaHUSIX YAOBIETBOpSET ypaBHeHHI0O Cmoiy-
xoBckoro. IIpenenbHoe 3HaueHNE II0THOCTH BEPOATHOCTH Ilepexoia 3a Bpems [ =0.
Brruucienune miIOTHOCTH BEPOSTHOCTH CIyYaWHBIX 3-MEpPHBIX ONyKITaHWMA IJI Tayc-
COBCKMX pacHpeziesieHui ciiydailHbIX nepeMenieHuit (popmyna MapkoBa A MIOTHO-
CTH BeposITHOCTU U ee Pypbe-00paza).

Paznena 2. OcHOBHBIE KHHETHYECKHE YPABHEHHUS

Tema 7.

Tema 8.

Tema 9.

Tema 10.

Tema 11.

Tema 12.

Tema 13.
Tema 14.

Tema 15.

Tema 16.

Tema 17.
Tema 18.

VpaBuenne dokkepa-Ilnanka ais IIIOTHOCTH BEPOSATHOCTH mepexona. Pusndeckuit
embica kodsdguiuentos neperoca 40 y BO)

Brruucnenue xko3ddunmentoB nepenoca AY) y B(Y) | posnukaromux B YpaBHEHUHU
®doxkepa-Ilnanka ams 6pOyHOBCKOTO ABHMKEHHUS (C MCIIOJIB30BAHUEM CJIE/ICTBUN ypaB-
HeHus JlaHxeBeHa).

bpoyHnoBckoe nBuxenue. YpaBHenue JlanxkeBeHa. Koppemsinuu BO BpeMEHH Ciiydam-
HBIX BEJIMYUH. BeluncieHne cpeHero 3HaueHus KBaJpara CKOpOCTH OpOYHOBCKOH va-
ctuibl. «[loTeps» nHPpopmaIK 0 HauaIbHBIX YCIOBUSX.

BeiBo ypaBHeHust bonbiiMaHa 11 pa3psikeHHOro rasa. PaBHOBecHOe pelleHue ypas-
HeHus bonplmana.

BriBon H-teopembl bonbiMana. AHanu3 AOMYIIEHWH, HMCHOJB3YEMBIX IPU BBIBOJIE
ypaBHeHHus bosibimana.

Cummerpuszanusi ypaBHeHUs boibpliMaHa MO0 KMHETHYECKUM MEPEMEHHBIM (pa3iIuyHbIe
NpPECTAaBICHNUs MHTErpajla CTOJKHOBEHUN C YYETOM 3aKOHOB COXPAHEHHs SHEPruu U
UMITYJIbCA).

["ayccoBckuit cTarmoHapHbIN MapKOBCKHi mporiecc. Teopema Jly0a.

OcHoBHOe kuHeTHueckoe ypaBHeHue [laynu (master equation). CBs3b MJIOTHOCTH BEpoO-
ATHOCTH TIepexojia CIy4YailHON BEJWYMHBI OT OJHOTO 3HAYEHHUS K APYTOMY CO CKOpO-
CTBIO MEepexo/ia JTaHHOM CclIy4yaiiHO# BeTMUMHBI K HEKOTOPOMY IPOMEXYTOYHOMY COCTO-
SHHUIO.

OyHKIMA pacnpeneneHus M0 YUCIy YacTUI IPU PaJMOaKTUBHOM pacraje (BBIBOX U3
OCHOBHOT'O KHHETHYECKOro ypaBHeHus Ilaynn).

OnnockopoctHoe mudPy3HOE ypaBHEHUE W TPAaHUYHBIC yCIOBHs (OCHOBHBIC TIPHOIIH-
xkeHus auddy3uoHHON Teopuu, BbiBoI auddy3noHHOro ypaBHeHwus ). [Ipocreiimiue
T Py3MOHHBIE 3a/1aUH.

CraTucTuKa rpaBUTAMOHHOTO MOJIsl, CO3/1aHHOTO CITyYaliHBIM paclpeielIeHueM 3Be3]]
JISHrMIOpOBCKHE KOJI€OaHHS T1a3Mbl

Paszgea 3. Dj1eMeHTHLI TEOPUM HEPEeHoCca

Tema 19.

3J'I€KTpOHHa$I I1asMa B METaJJIC. HpOBOI[I/IMOCTI).



Tema 20.
Tema 21.

Tema 22.
Tema 23.
Tema 24.
Tema 25.
Tema 26.
Tema 27.

HEUTPOHHBIX TOTOKOB

TCHJ'IOHPOBOI[HOCTB 9JICKTPOHHOTI'O I'a3da B MCTAJLJIC
CeueHus AACPHBIX NPOHECCOB U UX CBA3b C MAKPOCKOIMMYCCKUMHU XApPaAKTCPHUCTUKAMU

YpaBHeHHe OanaHca 4Kcia YacTHUI] B OJJHOCKOPOCTHOM MOIETH
IInoTHOCTH TOKA
OIHOCTOPOHHUE TOKH. ['paHUYHbIC YCIOBUS HA TPAHUIIC CPE/Ia — BAKYYM
To4euHbIi ICTOYHUK B CPEJIE C MOTJIOMIEHUEM U PACCETHUEM
[Tepenoc B cpeze 6e3 MOTIOMEHUS M HICTOYHUKOB
Cpena ¢ morjoneHrneM Mpy HATUYUA UCTOYHUKA 0€3 paccessHus
Tema 28. YpaBHeHHe nIepeHOCa yYKOB HEHTPOHOB B aKTUBHOM Cpeie

4.3.1. IlepeyeHb CEeMUHAPCKHUX, MPAKTHYECKUX 3aHATHI U J1a00PAaTOPHBIX padoT

Ne

Ne paznena u te-
MBI TUCIUTIAHBI

HaumeHnoBanue ceMuHapos,
MPAKTUYECKUX U J1aOOPaTOPHBIX
pabot

Tpyno-
€MKOCTh
(dachn)

O1enou-
HBIE CpeJl-
CTBa

dopmupye-
MBIE€ KOMIIE-
TCHIIMU

2

3

4

5

6

Pazgen 1, Tema 1

3amaua 0 «CiaydalHbIX OyK/a-
HUSX)» B OJTHOMEPHOM CITy4ae.
Pacnpenenenue bepnyu.

Pazgen 1, Tema 2

[IpenenbHelii cirydait 0OIBIINX
BPEMEH U MaJIbIX OTKJIOHEHHUH OT
Ha4yaJIbHOW TOYKU B 33Ja4€ O
CIly4aiHbIX OJIyK/IaHUSX B Of-
HOMEPHOM ciydae. Pacnipenene-
Hue ["aycca.

Pazgen 1, Tema 3

Cryyaiinblie 6my>Kaanus B 3-
MEpPHOM IIPOCTPAHCTBE.

Pazmen 1, Tema 4

WNHrerpansHoe ypaBHeHue Cmo-
nayxoBckoro (Uenmena-Kommo-
rOpoBa).

Pazgen 1, Tema 5

CootBeTcTBHE pelieHus: Mapko-
Ba ISl TNIOTHOCTH BEPOATHOCTHU
nepexo/ia Mpy MPOU3BOIBHBIX
CIIyYaifHBIX OJTyKIaHUSAX YpaB-
HeHN0 CMOJTYXOBCKOTO.

Pazgen 1, Tema 6

®opmyrna MapkoBa I IIJIOTHO-
CTH BEpOATHOCTH U ee Pyphbe-
obpaza

3amanue
Ha CEMHU-
Hape B BH-
IIe 3a1a4n

Paznemn 2, Tema 7

Ypasuenue dokkepa-Ilianka
JUISl TUIOTHOCTHU BEPOATHOCTH
nepexona

Pazgen 2, Tema 8

Brruucnenue koaddunmeHToB

nepenoca 40y B0 | pospu-
KarolMx B ypaBHeHnn Mokkepa-
I1nanka

Pazgen 2, Tema 9

bpoyHoBckoe nBukeHHE. Y pas-
HeHue JlanxeBeHa.

10.

Paznen 2, Tema
10

YpaBnenue bonbimana s pas-
PSHKEHHOTO Ta3a.

11.

Paznen 2, Tema
11

BriBox H-Tteopems! bonbimana.

3aganue
Ha CEMHU-
Hape B BU-
JIe 3aJ]a9n

[K-1




12. | Pa3nen 2, Tema CumMerpu3zanus ypaBHEHUS
12 BonpiMana mo KHHETHYECKUM
NepEeMEHHBIM
13. | Pa3nen 2, Tema ["ayccoBckuil cTallMOHAPHBINA
13 MapKOBCKHUH mporecc. Teopema
Jyo6a.
14. | Pazgen 2, Tema OCHOBHOE KHHETHYECKOE ypaB-
14 Henue [laynm
15. | Pazgen 2, Tema DyHKIMS pacnpeaeeHus 1o
15 YHUCITy YaCTHI] PU PaTHOAKTHUB-
HOM pacraje
16. | Pazgen 2, Tema | OmHockopocTHOE nuddy3HOE
16 ypaBHEHHUE U TPAHUYHBIC YCJIO-
BUS
17. | Pa3zmen 2, Tema CraTucTyuka rpaBUTalMOHHOTO
17 0JIsI, CO3/TAHHOTO CITyYalHbIM
pacrpenesieHUueM 3Be3/1
18. | Pazgen 2, Tema | JIsHrMIopoBckue KojeOaHuUs
18 1a3Mbl

3amanue
Ha CEMH-
Hape B BU-
JIC 3a]1a4n

4.3.2. Ilepeyenb TeM (BONPOCOB),

BBIHOCUMBIX Ha CAMOCTOATC/IBHOC M3YUCHHUE CTy-

JEHTAMH B PAMKaXx camocTosTebHoi padoTsl (CPC)
Ne Tema Bun camo- 3aganue Pexomennye- | Hacel
Hel CTOSITENb- Masi TuTepa-
HOM paboThI Typa
Ceuenus sinepHbIX Bueaynu- | Beraucnauts s dexTuBHOE ce- Hcrounuku 5
MIPOLIECCOB U UX TOpHAas, pe- | YeHUE paJUallIOHHOrO 3aXBa- | W3 OCHOBHOM
CBSI3b C MAKPOCKO- HIeHue 3a- | Ta ¥ 3((HEeKTUBHOE CEUCHHE U JI0IIOJIHU-
MUYECKUMH Xapak- a4 YIOPYTOro paccesHusl. TEIbHOM JIN-
TEPUCTUKAMM HEMU- TepaTypsl 10
TPOHHBIX IOTOKOB TeMe IIPAKTH-
OnHOCKOpOCTHOE Bueayau- | Pemmth mocTraBieHHYIO 331a- | YECKHMX 3aHs- 5
g ¢y3Hoe ypas- TOpHas, pe- | 4y nuddy3un B N-MepHOM TUH;
HEHUE U IPaHNY- LIEHHE 3a- | CIIy4ae. O6pasoBa-
HBIE YCIIOBUS a4 TeJbHbIE pe-
CYpCBI, J10-
VYpaBHeHnue Oanan- Bneaynu- | BeiBectn ypaBHeHuUe OaaHca CTYIHBIE 11O 5
ca YMCJla YacTHUIl B | TOpPHAas, pe- | YMCia YacTHUI] B OJHOCKOPOCT- | JIOTMHY M -
OJTHOCKOPOCTHOM IIEHUE 3a- | HOM MOJEeIn poIto, Ipeno-
MOJIETH Jad CTaBJISIEMBIM
Crartuctuka rpaBu- | Bueaynu- | M3yuuth Moaens XoablMapka Hayunoi 5
TAllMOHHOTO 1OJIS, | TOpHas, pe- OnbIMoTEKOM
CO3JIaHHOTO CIIy- IICHUE 3a- Uy u Cro-
JaifHBIM pacrpe/e- nau POHHHUE CANTHI
JICHUEM 3BE€3]1
[InmoTHOCTB TOKA Bueayau- | BeiBecTu ypaBHeHHE OaslaHca 5
TOpHasi, pe- | B CIy4ae «3KPaHUPOBAHHOIO»
LICHUE 3a- | UICTOYHUKA HEUTPOHOB
Jad




OnnoctopoHHHE Bueaynu- | HaiiTu BbIpaxkeHue s OqHO-
TOKHU. | paHn4YHBIE TOpHas, pe- | CTOPOHHEro TOKa B peHeope-
YCJIOBMSI HA TpPaHU- | IIIEHUE 3a- | KEHUU BPEMEHHOM 3aJIepK-
1€ cpella — BAKYYyM nau KOt
Toueunslil uctou- Bueaynu- | Pemuts ypaBuenue auddy-
HUK B CpeJie ¢ TOpHas, pe- | 3UM NIPU HATUYUHU TOYEUHOIO
MOTJIOIICHUEM U IICHUE 3a- | UCTOYHHKA HEUTPOHOB B Cpe-
paccessHueM Jaq Je
JIbHrMrOpoBCKHE Bueaynu- | PaccMoTpeTs 3BOMIOIMIO CH-
KojeOaHus TIa3Mbl | TOpHAs, pe- | CTEMBbI, KOTOpas oIpenesseT-
LIEHHE 3a- | CA JaJbHOJCHCTBYIOIIUMH CU-
Jaq JaMu

4.4. MeToanuecKkue yKa3aHUs M0 OPraHU3ALUH CAMOCTOATEIbHOM PadoThl CTYACHTOB

B pasnene 4.3.2 cTyneHTaM ISl CaMOCTOSITEIFHOTO YIUTYOJICHHOTO M3Y4YEHHUS TUCHUTUIMHBI (TIapaii-
JIENBHO C JICKIMSIMH) TIPEIaraloTcs 3a7auu 1Mo U3ydaeMbIM paszzaeniaM u rpaduk ux uzydenwus. [lpen-
MOJIATAeTCsl, YTO CTYJICHT CaMOCTOSITEIbHO U3YYHUT JIOMOJIHUTENbHBIE maparpadsl M0 IPOUIEHHON Te-
Me, MPEeACTaBICHHBIC B JIUTEPATYPE U3 II. 5, a 3aTeM PEIIUT Npe/IoKEeHHbIe 3a1auu. OLeHKa caMOCTO-
SATETbHON pa6OTI)I CTYACHTOB IMPOBOJUTCA B BUAC KOHTPOJIBHBIX OITPOCOB HA IMMPAKTUYCCKUX 3aHATUAX.

4.5. IlpuMepHasi TeMaTHKA KYPCOBBIX padoT

VY4eOHbIM IJIaHOM He MPeAyCMOTPEHO HalKMCaHUue KYpPCOBBIX paboT.

V. YueOHo-MeTOANYecKOe U MHPOPMAIIHOHHOE O0ecnieyeHne JMCUMILTHHBI (MOTYJIs1):
@) CNUCOK 1umepamypol

OCHOBHasl JIUTEeparypa

1. Bamr A. H. ®usnyeckast kuneTHka : yueo. mocodue / A. H. Bamn, A. D. Pacrerun, U. A. Ilepe-
BasioBa. — Mpkyrtck : U3a-so UT'Y, 2014. — 103 ¢. — ISBN 978-5-9624-1199-6. (46 3K3.)

OONOJIHUMEIbHAS aumepamypa

1. Jlanpay JI. [I. Teopernueckas ¢pusuxa. B 10 1. T. 10. ®dusnveckas kuHeTHKA : yued. mocodue
uist ety . ¢us. cnen. yH-ToB / E. M. JIu¢mmw, JI. I1. ITutaesckuit. — M. : Hayka, 2002. — 536 c.

¢usmar 21361(10 5k3.); puzmat 21361(120 5k3.)

2. KsacnukoB U. A. Teopust HepaBHOBecHBIX cucteM. B 3 T. T. 3. TepMoanHamMuka U CTaTUCTHYE-
ckas ¢u3uka : yued. mocodue ams cryn. By3oB / M. A. KBacuukos. — M. : YPCC, 2003. — 448 c.

¢uzmar 21358(9 7x3.); Hp A589154; duzmar 21358(4 7k3.)

3. banecky P. PaBHOBecHast U HepaBHOBeCHas cTaTucTHueckas mexanuka. B 2 1. T. 2 / P. bane-
cky. — M. : Mup, 1978. — 399 c. o 244301 (2)nd; ud 244302(2)nd; ud 244303(2)nd; ud

A45535(2); duzmar 27936(1 7k3.)

4. Yannppacekap P. Croxactuueckue mpoOiaemsl B pusnke : HayuyHoe uznanue / C. Yannpacekap. —
M. : T'oc. u3a-Bo uHOCTp. MUT., 1947. — 168 c. (H) 376194; Hd 379378; ud 562149, 3 7x3.)

0) nmepuoaUYECKUE U3TaHUS

- HCT

B) CITUCOK aBTOPCKHUX METOJIMYECKUX Pa3padOTOK

- 1 (ocHOBHas nuTEpaTypa)




r) 6a3bl JAHHBIX, HTHPOPMALIMOHHO-CIIPABOYHBIE U TIOMCKOBBIE CUCTEMBI

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

OOpa3oBarebHBIE PECYPChI, TOCTYIHBIE IO JIOTUHY W TAapoJIo, MpenocTaBisieMbiM Haydnoii
oubnuorexoit UI'Y:

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

e http://e.lanbook.com - ObC «M3narenbcTBo «JlaHbY;

e http://rucont.ru - 9bC «PykoHT» - MeXoTpacieBas Hay4yHas OubiuoTeka, coxepskaas onudg-
pPOBaHHBIE KHUTH, IEPHOANYECKUE M3IaHHUS U OTJCIbHBIE CTAThU IO BCEM OTPACIISM 3HAHHH, a
TaKXe ayJno-, BUJEO-, MyJIbTUMEUa COPT U MHOTOE JIPYTOE;

e http://ibooks.ru/ - OBC «AlOyKC»- UHTEPHET PECYPCHI B CBOOOIHOM JIOCTYTIE;

VI. MatepuajibHO-TEXHUYECKOe o0ecnevyeHne JUCHMIITTHHbI

VYyebnas ayauTopusi sl IPOBEJACHUs 3aHATUN. [ mpoBeneHrs 3aHATUM JICKIIMOHHOTO THUIIA B
Ka4yeCTBE IEMOHCTPAIMOHHOTO 000pYyI0BaHUS UCIIOJIb3yeTCs MeNloBast 1ocka. HarisaHocTs obecrieun-
BAETCs IMyTeM M300paKCHHsI CXeM, Tuarpamm u GopMyll ¢ IOMOIIbI0 Mena. Mcnonp3oBanue riodas-
HOM KOMITBIOTEPHOU CETH IMO3BOJISIET 00ECMEYUTh JOCTYHNHOCTh MIHTEepHET-pecypcoB U peanu3oBaTh
CaMOCTOSITENIbHYIO paboTy CTYJAeHTOB. Ha JIeKIHsSIX MOTYT HCIOJIb30BAaThCS MYJIbTUMEIUWHBIC CPEI-
CTBa: MPOEKTOp, MEPEHOCHOW 3KpaH, HOYTOyK. Ha dakynbrere mMMeeTcs KOMIbIOTEPU3UPOBAHHAS
ayIUTOpHs, MPEeIHA3HAUYCHHAS JUISI CAaMOCTOSITENIbHOW PabOThI, C HEOTPAaHUYECHHBIM JOCTyNoM B WH-
TEpHET.

Marepuaibl: y4eOHO-METOAMYECKHE TTOCOOUS, 3aIaHUs U ayJUTOPHON M CaMOCTOSTEIIbHON
paboThI CTYIEHTOB.

VII. O6pa3oBaTte/ibHbIe TEXHOJIOTHH
3amaun U3JI0KEHUS U U3YYCHUS TUCIIMIUTHHBI PEATU3yI0TCS B CIICAYIONINX POopMax NesTeIbHOCTH:

. JIEKIMH, HAlleJICHHBIC Ha IMOJIydYeHHe He0O0X0AnMOoW WH(POPMAIINHU, U €€ HCIIOIb30BaHHe
[IPH PEIICHUN IPAKTHYECKUX 3a/a4;

o MPAKTUYECKHUE 3aHSATHUS, HAMPABJICHHBIC HA aKTHBHU3AIUIO TO3HABATEIHHOW JEATEIhHO-
CTH CTYJCHTOB U MPUOOPETEHUS MU HABBIKOB PEIICHUS MPAKTUYECKUX U MPOOJIEMHBIX 3a-
nad;

. KOHCYJIbTAIIMH —€KEHEIENIBHO JJISl BCEX YKEJAIOIIUX CTY/I€HTOB;

. caMoCTOsiITeNIbHAs BHeayJauTOpHas paboTa HalpaBjiieHa Ha MNPUOOpEeTeHHE HAaBBIKOB
CaMOCTOSITEJILHOTO PELIeHUs 3a/1a4 110 AUCLUILINHE;

. TEKYIIMH KOHTPOJIb 3a AESITEIbHOCTBIO CTYJEHTOB OCYILECTBISETCS Ha JEKIUOHHBIX U

MPAKTUYCCKUX 3aHATUAX B XOAC CAMOCTOATCIIbHOTO PCUICHUA 3a1a4, B TOM YUCJIC Y TOCKHU.
VIII. OneHo4yHble MATEPHAJIBI IS TEKYLEro KOHTPOJISI M IPOMEKYTOYHOM aTTecTalluu
DOoHJ OLIEHOYHBIX CPEICTB IIPEACTABIICH B IIPUIOKCHUH.

dopma poBeACHUSA IPOMEKYTOUHOM aTTECTALUU — 3a4eT C OLICHKOM.

[Ipumepsl 3agaHNi TEKYIIETO KOHTPOJIS

1. s cxembl bepHyiun nociaen0BaTeNbHbIX UCIIBITAHNN C BEPOSTHOCTBIO YCIEXA p , 3alIUCATh Be-
POSITHOCTH

k ycriexoB B N ucnibITaHUSIX, cpeaHee 3HaueHue E(k) u nucnepcuro D(k) .

2. 3anucath BbIpAXEHUS 711 BEPOSTHOCTH OMHOMHUAIBHOTO pacIipe/iejieHHs U IBYX €ro npeselib-
HBIX CJIy4aeB.

3. Mycts X, X,,..., X, — He3aBUCHUMBIE OTMHAKOBO PACTIPEICIICHHbBIE CIyYaiiHble BETUYUHBI. J[i1st

1 N
ciyvaittoit Bemunusr Z = Y N BIpasuTh cpeHee 3HAUEHUE U AUCTIEpeHIo depes 4= E(X) u

j=1

o=D(X).



IIpumepHbIii NepedyeHb BONPOCOB U 3a]aHUH K 3a4eTy

1. 3amava o «coyyaitHbIX OMyKIaHUSIX» B OJHOMEpHOM citydae. Pactipenenenue bepnynu. [lepexon k
HETPEPHIBHBIM NTEPEMEHHBIM (BpEeMs-KOOPMHATA).

2. BreiBoxt ypaBHeHus1 bonbpiiMaHa Juisl pa3peKeHHOrO rasa.

3. IlpenenbHblil ciyyail OONBIIMX BpeMEH M MaJIbIX OTKJIOHEHHH OT HayaJlbHOW TOYKHU B 33Jaye O CIIy -
YalHBIX OMYXJIaHUSX B OJTHOMEpPHOM ciy4ae. Beraucienne xkoaddunmenta auddysun, ero dpusnde-
CKHI CMBICIL.

4. TouHOE OJIHOCKOPOCTHOE YpaBHEHUE MepeHOoca HEUTPOHOB ((ha30Bast INIOTHOCT U (a30BbIM MOTOK,
WHAMKATPUCA PACCESHUs, BBIBOJ JIMHEAPU30BAHHOTO ypaBHeHUs bonbimana). 'paHuuHbIE yCIOBUS
JUISL pa3fieia ABYX Cpell U TPaHULIbI CPeia — BaKyyM.

5. Cnyuaiinsle OnyxnaHust B 3-MepHOM mnpocTpaHcTBe. Teopema MapkoBa. Cs3b Mexny Dypbe-
00pa3oM IJIOTHOCTH BEPOSITHOCTH MONaJAaHus mocie N maroB B TOUKY R U IUIOTHOCTSIMU BEPOSITHO-
CTH CIIy4alHBIX IIEPEMEIICHUN HA OJUH IIar.

6. [ToHsATHE O COBMECTHOM IUIOTHOCTH BepositHocTH #, mopsinka n. Ee monoxutenbHas onpejierneH-
HOCTb. Y CJIOBHE COIVIACOBAHHOCTH C INIOTHOCTSIMHU BEPOSTHOCTU HU3LIMX NOPsAAKOB. [IoHsATHE TIIOTHO-
CTH BEPOATHOCTH I€pexoJa OT OJHOTO 3HAYECHUs CIIy4aliHOM BEIMYUHBI K IPYrOMY 3HAYEHUIO 3a Bpe-
M1 ¢. «HucTto ciydaiinbie» mpoueccsl. OnpeneneHne MapkOBCKOTO IIPOLEcca YePE3 COBMECTHYIO TUIOT-
HOCTH BEPOSATHOCTH M IJIOTHOCTHh BEPOATHOCTH Nepexoa. BeiBoa mHTErpaibHOTO ypaBHeHus CMony-
xoBckoro (Yenmena-Konmoroposa).

7. TouHOE peleHne OJHOCKOPOCTHOTO YPAaBHEHHs INEPEHOCAa HEUTPOHOB AJIS YHMCTO IMOINIOIIAOIINX
cpen.

8. Jloka3aTenapCTBO TOr0, YTO pemeHrne MapkoBa Uil INIOTHOCTH BEPOSTHOCTH NEPEXOAA IIPH MIPOU3-
BOJIBHBIX CIYYalHBIX OJyXKIaHUSIX YJIOBIETBOpsieT ypaBHeHHI0 CMomyxoBckoro. [IpenensHoe 3Haue-
HUE IUIOTHOCTH BEPOSTHOCTH Mepexoa 3a Bpems £ =0.

9. BeruncneHye IIOTHOCTH BEPOSITHOCTH CITy4aifHBIX 3-MEPHBIX Oy>KAaHUH JUIsl rayCCOBCKUX pactpe-
JIeJICHUH CITydaiHbIX TiepemernieHuit (popmyna MapkoBa sl TUIOTHOCTH BEPOSITHOCTH U ee Dypbe-
obOpa3a).

10. YpaBuenue @okkepa-Ilnanka a5 MI0THOCTH BEPOATHOCTH MEPEXOIA.

11. ®dusmueckuit cmpicn kodddunmentoB nepenoca A(y) m B(y) .Beraucnenne kodddunneHToB
nepenoca A(y) n B(y), Bo3Hukaromux B ypaBHeHnn Dokkepa - [naHka st GpOyHOBCKOTO JABHKE-
HU (C MCIIOJIb30BaHUEM CIICACTBUHN ypaBHeHUs JlaH)keBeHa).

12. CummeTpusanus ypaBHeHUs bonbliMaHa 110 KMHETUYECKUM NEPEMEHHBIM (pa3jIM4HbIE IIPEICTaB-
JIEHUsl UHTErpajia CTOJIKHOBEHUH € yUETOM 3aKOHOB COXPAHEHUS SHEPTUH U UMITYJIbCA).

13. bpoyHoBckoe aBuxeHue. Y paBHeHue JlanxkeseHa. Koppensunyu Bo BpeMeHU CiIy4daiHbIX BEJIWYHUH.
Beruuciienune cpeiHero 3HaueHus KBajpara CKOpocTH OpoyHOBCKoU yacTulbl. «lloreps» nndopmanmu
0 HaYaJIbHBIX yCIIOBUSX.

14. PaBHOBeCcHOE pellieHUE ypaBHEeHHs bonbliMaHa.

15. BeiBog H-teopembl bonbimana. AHain3 JONyIIEHHH, MCIONB3YEMBIX IPHU BBIBOJE YpPaBHEHUS
Bonpimana.

16. OcHoBHOe kMHeTHUEcKoe ypaBHeHue [laynu (master equation).

17. ®yHKuMA pacnpenesieHus 10 YUCIly YacTHIl IIPU PaJMOaKTUBHOM pacrnajie (BbIBOJ M3 OCHOBHOI'O
KHHETH4ecKoro ypasHenus [laynn).

18. OgHockopocTHOe A dy3HOE ypaBHEHUE W TPAHUYHBIC YCIOBUS (OCHOBHBIC NPHOIMKEHUS U -
(by3HOHHOM TeOpuH, TOK HEUTPOHOB, BHIBOJ AU(D()Yy3MOHHOTO ypaBHEHHS).

19. Ilpocreiimue auddy3rnoHHbIe 3aa4l (TOYSUHBIH UCTOUYHUK B OECKOHEUYHOU cpene, OECKOHSYHBIN
IUIOCKUM MUCTOYHUK, MOJIENIbHAS 3a/la4a Ha BBIYUCIIEHUE KPUTUYECKOTO pa3Mepa).

20. UuTerpanbaoe ypaBaenue Ilaiiepica (BBIBOJ U3 TOYHOTO OJTHOCKOPOCTHOTO YpaBHEHHUs MEpeHOca
HEUTPOHOB).

21. ®yukuus ['puHa 111 0OTHOCKOPOCTHOTO YpaBHEHHUs MEpeHOca HEUTPOHOB. KnHeMaTnka ynpyroro
paccesiHUS (CBS3b yIJIa pacCesiHUA B J1a0OPATOPHOM CUCTEME M CUCTEME IIEHTPa Macc).



Ilpumep mecmogwix 3a0anuil 011 NPOGEPKU CHOPMUPOBAHHOCIU KOMNEMEHYUTL, YKA3AHHBIX bliie n.3:

1 | ®poHT ynapHOI BOJIHBI B pa3peKEHHOM Ia3e UMEET UMEET 1) cpenHero paccTosiHUS
TOJILIUHY MOPsIKa MEX1y MOJIEKyJIaMu

2) pazmepa MOJIEKYJIbI
3) JUTHHBI CBOOOTHOTO

npobera
2 | MuTerpan cronkHoBeHuit bonabiiMana mpuHUMaeT BO BHUMa- | 1) ABYX 4acTHIT
HHUE CTOJIKHOBCHUS 2) Tpex 4acTull

3) 11060T0 YKcia YacTHI]

3 | Yucno cnaraemsbix pasnoxenust Kpamepca-Moiana, Bxogsa- | 1) 1
IIMX B MpaBylo 4acTh ypaBHeHUs1 Dokkepa-Ilnanka, paBHO 2)2

3)3
4 | B mporecce He3aBUCHUMOT0 POXACHUS YacTull ¢ octosiHHoU | 1) ITyaccona
B €IMHUILY BPEMEHHU CKOPOCTHIO UX YHCIIO ONUCHIBAETCS 2) OMHOMUATBHBIM
pacnpeieieHueEM 3) CtpronieHTa
Pa3zpaboTuuku:
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