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: ®du3nKa CI0KHBIX CUCTEM
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa npodiieM GU3UKU U acTPOPUZUKU

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 3a4eT

AynuTOpPHBIX YacoB: 45 BCero, B TOM YHCIIE:
nexuuu: 30 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBui: A.T". CemeHOB, KaH]l. pu3.-MaT. HAyK

[Iporpamma obcyxneHa Ha 3aceqanuu kadenpsl npodiem ¢usuku u actpodpusuku 27.05.2020



AHHOTANMA

Kypc mpenmnazHaduen misi cTyaeHTOB ueTBeproro kypca MOTU u ummeer cBoed 1eibl0 O3HAKOMIICHHE
CTYOCHTOB C 3a/lauaMd M METOAAMH COBPEMEHHON (PU3UKU CIOKHBIX CHCTEM. DTO MO3BOJIUT UM B OyIymiem
IPUMEHATH TOJyYeHHBIE PaHee 3HAaHHs B OOJACTH TEOPETHUYECKOM M MaTreMaTHYecKOW (PU3MKU K OMUCAHUIO
CIIOKHBIX CHCTEM, BO3HUKAIOIMIMX B CMEXHBIX O0JAacCTSX HAyKH, TAKMX KaK OHOJIOTHS, XUMUS, SKOHOMHKA,
corosiorust ¥ ap. Llenbio aucnuminHbl sABiusercd (GopMHpOBaHME 3HAHUM M YMEHUH, HEOOXOOMMBIX IS
MIPOBEECHUS MEXAUCIUITIMHAPHBIX UCCIEN0BAHUI C UCIIOIB30BAHUEM METOAOB COBPEMEHHON TEOPETUYECKON
(bU3MKH, TOCTPOCHUS MOJEIICH CIIOXKHBIX CUCTEM M UX aHAJIHM3a.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

O3HAKOMJICHHE CTYACHTOB C 3aJadyaMH W METOJaMH COBPEMEHHON (HM3MKH CIOXHBIX CHCTEM. OTO
MO3BOJIUT UM B OyaylieM NpPUMEHSATh MNONyYeHHbIE paHee 3HaHMSA B OOJACTH TEOPETHYECKOW U
MaTeMaTH4ecKod (JU3MKH K OMHMCAHUIO CJIOXKHBIX CHCTEM, BOSHUKAIOLINX B CMEKHBIX OOJIACTAX HAyKH,
TaKuX Kak OHOJIOTHS, XUMHs, SKOHOMHKA, COIMONOTHSA M Ap.. llenbro OUCHUIUIMHBL SBISETCS

(dbopMHpOBaHHWE 3HAHUN U YMECHHI,

H606XOI[I/IMI>IX g TMIPOBCACHUA  MCKAUCHUIUIMHAPHBIX

WCCIICZIOBAaHUI C HCIOJB30BAHUEM METOOB COBPEMEHHOW TEOpEeTHYECKOW (HU3UKH, MOCTPOCHUS

MO,Z[CJ'IGfI CJIO)KHBIX CUCTEM U UX aHaJIW3a.

3agauu AUCHUTLINHBI
. dbopMupoBanre y OOyYarOIIUXCs
HCCIICIOBAHMM;

3HAaHUH O COBPCMCHHBIX 3aJiadaxX MCKIUCHUIIIMHAPHBIX

* 00y4YeHHUE CTYJICHTOB MeTo/IaM (PU3UKHU CIIOKHBIX CUCTEM;

*  (opmupoBaHME YMEHMH M HABBIKOB NPHMEHITH MOJyYEHHbIE 3HAHUS JUId PELICHUS 3a/1ad B
CMEXXHBIX 00J1acTsAX HAayKH, TAKMX KaK OMOJIOTHUS, XUMHSI, PJKOHOMHUKA, COLIMOJIOTHUS U .

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 JOCTHIKCHHUSA KOMIICTCHIIMH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTATbHbBIC 3HAHUS, MIOJTyUCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeCcCHOHAIBHOMN JIeATeIBHOCTH

OIIK-1.1 CnocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLCHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHI M OLICHKH

OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYCHHBIX PEe3YJIbTaTOB

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
HU3MEPHUTENBHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOH anmnaparype

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAILHBIX
UCCIIeJOBaHUN U pa3paboTOK

[MK-1 CriocoGeH m1aHupoBaTh U MPOBOAUTH
Hay4HbI€ SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
HCCIICIOBAHMSI

I1IK-1.1 Bnameer  yHmameHTambHBIMH
3aKOHAMU U TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHNE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlIeHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTHUYECKHUX
METO/I0B BBIYMCIICHHMA

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1K-4.1 3Haer ynciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00nacTu




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HaTh:
*  OcHOBHBIEC 337a4Ml U3 (PU3HKHU CIIOKHBIX CHUCTEM, OHMOJIOTHH, SKOHOMUKH M JIPYrux obOjactei, K
KOTOPBIM IPUMEHSIOTCS. METO/Ibl TEOPETUUECKON M MaTeMaTHYEeCKOH (DU3HUKH;
. OcCHOBHBIE TOHATHA Kypca: 3ProIMYHOCTb, MacliTaOHass WHBAPUAHTHOCTb, (PPAKTAIbHOCTD,
MepEeMEkKaeMOCTh, CKCIJIMHI, CIIMHOBOE CTEKJIO, YCTOMYMBOCTH CHCTeM AU (depeHIHaTbHbIX
YpaBHEHUI, aBTOMOAEIIbHBIE PEIICHUS, THAPOANHAMUYECKHIE HEYCTOHYNBOCTH, OudypKanus;
» CMBbICI IPUMEHSAEMBIX B Kypce METO/I0B.

YMETb:
» Ilpumensats oOcyxaaeMbie B paMKax Kypca MOAXOABI K PELICHHUIO 3a1a4
*  AHanu3upoBaTh NPUMEHUMOCTb OIMCAHHBIX METONOB K HCCIICOBAaHHUIO 337ad B CMEKHBIX C
($u3nKoN 00NIACTSIX HAYKH

BIIAJICTh:

° TeOpeTI/I‘leCKI/IM ¥ TOHATUHHBIM arrapaTromMm (I)I/I3I/IKI/I CJIOKHBIX CUCTEM.

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

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

TpynoeMKOCTb 110 BUAAM Y4E€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 CnoXHBIE CUCTEMBI: OCHOBHBIC MOTHUBBI U ) 1 3
HOHATUS
) OneMeHThI KaueCTBEHHOMN TEOpUHU ) 1 3
JUHAMUYECKUX CUCTEM
[IpocTpancTBEHHO-BpEMEHHBIE
3 CTPYKTYPBI B (PU3HYECKUX U XUMHUECKHX 2 1 3
cucreMax
4 I'maponnHaMuyeckrie HEyCTONYNBOCTH 2 1 3
5 [Mpumepsl  Mozeneid  OMOJIOTUYECKUX ) 1 3
CHCTEM
6 WUneanpHast »XUIKOCTH 2 1 3
7 Bs3kast )XkuIKOCTE 2 1 3
8 OnHOMEpHBIE TEUECHHUS CKUMAEMOT0 ra3a 2 1 3
9 TypOyneHTHOCTh U €€ BOSHHKHOBEHHE 2 1 3
10 SBineHne  MynBTH(QPAKTAIBHOCTH B ) 1 3
TypOyJICHTHOCTH
1 Mertonel  onMCaHUS ~ CTOXAaCTHUECKHX ) 1 3
CHCTEM
12 HepeMexcaell/Iocnz, CKCHIIMHI, ) 1 3
AHOMaJIbHBIA CKEMJINHT
13 |[lomynaunoHHas AMHAMUKA 2 1 3
14 Mertonel omnMcaHusi HEYNOPsIOYEHHBIX ) 1 3
CHCTEM
15 BBenenue B (pu3MKy CIIMHOBBIX CTEKOI 2 1 3
Hroro yacos 30 15 45
Iloaroroska k sk3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)
1. CiioxHbIE CUCTEMBI: OCHOBHBIC MOTUBBI M TOHATHS

OTKpBITHIE M 3aKPBITHE CUCTEMBI, SPTOIUYHOCTh M €€ HapyIIeHHe, MHOKCCTBEHHOCTh PaBHOBECHH.
HepaBHoBecHast nuHamuka, >d¢dekTsl crapeHus. MacmraOHas WHBApUAHTHOCTh, (DPaKTalbLHOCTB.
Bo30ynumas cpena, aBTOBOJIHBI, TUCCUTIATUBHBIE CTPYKTYPHI, aBTOCOIHUTOHBI.

2. DIIeMEHTHI Ka4eCTBEHHOM TCOPpHUU TUHAMHWYCCKHUX CUCTCM

HuccunaruBHble cucTeMmbl. Da30BbIi MOPTPET, TPACKTOpHs, OCHOBHBIE THUIBI OudypKanuii Ha
IJIOCKOCTH. YCTOMYMBOCTb, XapaKTEpUCTHUECKHE Nokazarenu JlsamyHosa. Ilonsatue arTpaxropa.
budypkanum B MHOrOMEpHBIX CUCTeMaX. Xaoc B JUHAMUYECKUX CHUCTEMax M CLEHapUH (IIyTH) €ro
BO3HUKHOBEHUs. DpakTalibHbIE CTPYKTYPhI U UX Pa3MEPHOCTb.

3. IIpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYPHI B PU3MUECKUX U XUMHUECKUX CHCTEMax

Monens [puroxuna-Jledespa-Hukonuca («Oproccensropy). Peakuus benoycosa-)XaboruHckoro,
mozens Ounpa-Holica («operoHarop).

4. 'mapoarHAMUYECKUE HEYCTOMYMBOCTHU

D¢dexr benapa. [IpeacraBnenne o THIIAX TBEPAOTEIBHBIX aBTOBOJIHOBBIX Cpe/l. TeIruIoBbIe BOJIHBI U
HEOJIHOPOJIHBIC CTAIlMOHAPHBIE cocTosiHUS B cucTteme Fe+H2. Mexanu3m addexra GappeTupoBaHusi.

5. llpumepbl Mojieneli OHOJIOTHIECKUX CHCTEM

Mopdorene3 ruapsl, moxaenb [upepa-Maiiaxapga. Mexanu3m (GopMUpOBaHMSI OKpacKH IIKYp
KHUBOTHBIX. Mop(orene3 HaceKOMBIX. Pojib HOHHBIX TOKOB B IpOLIeCCax CaMOOPTaHU3aLUH, SBICHUE
camoanektpodopeza. Mojenu MexaHuzMoB ¢GopmMooOpa3oBaHusl y OaKkTepwii M y CIIM3EBHKa
Dictyostellium discoideum.«Mexanuueckue» wMoaenu MopgdoreHeza, MopdoreHe3 KIETOYHBIX
IUIACTOB HA PAaHHUX CTAJUSIX Pa3BUTHS 3apozbia. Moenn reHeTHIeCKIX CeTei.

6. UneanbHast )KUIKOCTH

VYpaBHeHHE HENpEpHIBHOCTH, YpaBHeHHEe Oiiepa, ypaBHeHHe bepHymum. 3aBUXPEHHOCTb,
COXpaHEHME UMPKyIsAluH, ypaBHeHHss Kupxroda. IloTeHnmanbHble TeueHHs, KOMILJIEKCHBIN
[TOTEHIINAIL.

7. Bsa3kast »)KUOKOCTH

TeH30p dHEpPruu-UMITyJIbCa U YpaBHEHUE ABUKECHHS BA3KOM KUIAKOCTH. TeueHne NMpu MajbIX YUCIIax
Petfinonbca, popmyna Crokca. Bsizkue Teuenus Xene-1lloy u mpobiema 1ariacoBCKOTO pocTa.

8. OnHOMEpHBIE TEUEHHS COKUMAeMOT0 raza

3ByKOBBIC BOJHBI, HMX OJHepruss W wuMmnyiasc. OOpa3oBaHME pPa3pbIBOB B 3BYKOBOH BOIHE,
XapaKTepPUCTUKHU, WHBapuaHThl Pumana. [Ipon3BoibHOE OHOMEpHOE JBM)KEHHE CKMMAaeMOro rasa.,
npeobpazoBanue rogorpaga.

9. TypOyeHTHOCTh U €€ BOSHHKHOBCHHE



HeycroitunBocth TeueHWil W BO30OyxkaeHWe TypOyiaeHTHOCTH. (CTaTUCTUYECKOE OIMCaHWe
TypOyJeHTHBIX TedeHuid. 3akoH Kommoroposa, rumnoreza Konmoroposa. /luccunatvBaas aHOMaIIsl.
[TepemesxaemMoCTb.

10. SABnenue MynsTUGPAKTATBHOCTH B TYpOYJCHTHOCTH

MynberudpaktaibHOCTh Kak 0000mmeHue ckeinmmara Kommoroposa. Monenb KpymHOMAacIITaOHBIX
nyJibcaluii — Tedenue batyenopa.

11. MeToanl OIMCcaHUsI CTOXaCTUUECKUX CUCTEM

BbpoynoBckoe nBmwxenue. YpaBHenusi Jlamxesena u ®okkepa-Ilmanka. 3akoH AppeHuyca.
AnomanbHas quddysusa. Continous time random walk (CTRW) u ero npuinoxxkenus.

12. IlepeMekaeMOCTb, CKEHIMHT, aHOMAJIbHBIA CKEHIIUMHT

@DyHaaMeHTalIbHbIE CBONCTBa TUHAMHUKH (DMHAHCOBBIX PBIHKOB. PONIb SHIOTEHHBIX M 3K30T€HHBIX
¢baxTopoB. Mozienb BCTPEUHBIX OTOKOB.

13. TonynsaunoHHas THHAMUKA
Junamuka naHOBanui. [loporoBsie 3peKThl B TUHAMUKE ITTHUIEMHA.
14. Metozbl onucaHusl HEYTIOPAIOUYEHHBIX CUCTEM

Mogens cnyudalinbix sHepruil. Metoa peruiuk. CBsi3b ¢ 3aiaqamMu KoaupoBanus. Monens M3unra B
ClIy4aiiHOM BHeIIHeM mosie. IIpuMeHenne K 3a1a4aM COIMOIOTMN ¥ SKOHOMUKH.

15. Beenenue B (hU3MKy CIIMHOBBIX CTEKOJ

CBsI3b € 3aja4aMH KOMOWHATOpHOW onTuMH3anuy. HepaBHOBecHast ciiHOBasi AMHaMuKa. OCHOBHBIC
MEXaHU3Mbl U YHCICHHOE MojaenupoBaHue. [Ipumenenne k mogenu M3uHra u ciiy4ailHOM BHEIIHEM
oJie.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

st 3aHsATHI TpeOyeTcs ayIuTopus, 000pya0BaHHAas TOCKOH, SKPAaHOM U IIPOEKTOPOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Teopetnueckas ¢usuka [Tekcr] : B 10 T. T. 6 : ['maponunamuka : y4e0. mocoOue Jist By30B : peK.
M-Bom ob6pazoBanus Poc. ®eneparuu / JI. J1. Jlaunay, E. M. JIndmmun ; mox pen. JI. I1. ITutaeBckoro
.— 5-e u3j., crepeoTHIl. — 3-€ u3fl., nepepad. — M. : du3marnut, 1986, 1988, 2003, 2006 .— 736 c.
2. CoBpemenHas ruapoanHamuka : Kpatkuit kype [Texct] = Fluid M / or PhysicistsfT. ®anpkoBud - M.
; bkeBck PerynspHas n xaotudeckas fMHaMuka,2014
3. Cunepreruxka [Tekcr] : Mepapxun HEyCTOHUNBOCTEH B CAMOOPTIaHU3YIOIIUXCS CUCTEMaX U
ycrpoiictax/I. XakeHn , -M., Mup, 1985
4. YynuukoB A.W. MaremaTnueckie METO/Ibl HeMUHENHONW quHAMHUKU.- M.: @uszmatiut, 2000.
5. P. L. Krapivsky, S.Redner, E.Ben-Naim, A Kinetic ViewofStatisticalPhysics,
CambridgeUniversityPress, 2010.
6. M.Mézardand A.Montanari,Information, Physics, andComputation, OxfordUniversitypress, 2009.

JomnonHutensHas auTeparypa



1. B.D6enunr. OO6pazoBaHue CTPYKTYp NpU HEOOpaTuMbIx mporeccax. M.:Mup, 1979.

2. U. Frisch, Turbulence: TheLegacyof A. N. Kolmogorov, CambridgeUniversityPress, 1995.
3. H. Nishimori,StatisticalPhysicsofSpinGlassesandInformationProcessing: AnIntroduction,
Clarendonpress, 2001.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

www.arXiv.org

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha oTnenbHBIX TEKINOHHBIX 3aHATUAX HCIIONIB3YIOTCA MYJIbTUMEIUNHBIE TEXHOJIOTHH, BKIIFOYasi
JEMOHCTPALMIO PE3EHTALIUMN.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3ydYaromui JUCIUILUINHY, JIOJDKEH C OJHOH CTOPOHBI, OBIJETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpoOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare m3ydeHHs NHUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONPEACICHUS M TOHATHA,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA 111 PELICHUs Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENILHOM Pa0OTHI CTYJICHTA.

CamocrosiTesbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOH JINTEPaTyphl;

— TpopaboTKy y4ueOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX [UIs
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNBHBIX TEM, BOINPOCOB, CleXyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTesto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKOW 3aHATHH.



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
kadeapa npodiieM GU3UKU U acTPOPUZUKU

Kypc: 4

kBaTuuKkanus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: A.I. CemeHOB, KaH]I. H3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

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

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTarh Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
Hay4YHO-HCCIICI0BATEIBCKOM,
M3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHHUI U pa3paboToK

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeOMETHOM 001acTH) U (MIIM) TEOPETUIECCKHUE
(aHaTMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM ¥ TEOPUSMH COBPEMEHHOHN (pHU3HKH

IIOHATHUSAMMU,

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELLICHHS 3a]1a4 B
M30paHHON PeAMETHOM 00IacTH

[IK-3.2 3naer o6macTy W KPUTEPUHM NPUMEHUMOCTH
UCIOJb3YEMBIX TEOPETUYECKUX IIOAXOIOB U  YMEHHE
OLICHUBATh TOYHOCTh MNPHUONMKECHHBIX aHAJIUTUYECKHX
METOJOB BBIYUCIICHUH

[MK-4 Crioco0OeH KpUTHYECKH OLIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.1 3naer ymnciieHHbIE MOPSIIKN BETUYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL «®Du3HKa CI0KHEIX CHCTEM » O6y‘-IaIOH.IPII7[CSI JOJIDKCH:

3HAThb:

*  OcHoOBHBIC 33724 U3 (PU3MKH CIOXKHBIX CHUCTEM, OMOJIOTHH, SYKOHOMHUKH M JIPYTHX oOjacTeH, K
KOTOPBIM HPUMEHSIOTCSI METO/Ibl TEOPETUIECKON M MaTeMaTHYECKOH (DU3UKH;
. OCHOBHBIC TOHATHSI Kypca: 3ProIvuyHOCTh, MacIUTa0HAsh MHBAPHAHTHOCTb, ()PAKTaIbHOCTH,

MEePEMEKAEMOCTb, CKCUJIMHI,

CIIMHOBOC

CTEKJIO, YCTOMYMBOCTH cHUCTeM AudQepeHInaIbHbIX

ypaBHEHUI, aBTOMOIETIbHBIE PEIICHUs, THAPOANHAMUYIECKHE HEYyCTOHUNBOCTH, OudypKanus;
» CMBICT IPUMEHSIEMBIX B KypCce METO/IOB.

yMeTh:

* IIpumensts o6cykaaemble B paMKax Kypca HOAXObI K PEIICHUIO 3a/1a4
*  AHaJIU3UPOBaTh NMPUMEHHMOCTH OIMCAHHBIX METOMOB K HCCIICAOBAHUIO 337a4 B CMEKHBIX C

(u3nKol 00NIACTSIX HAYKH
BJIaJIeTh:

* TeopeTnyecKrM U MOHATUHHBIM aNnapaToM (HU3UKH CIOKHBIX CUCTEM.

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

KonTtponbHbIe BOTIPOCHI:

1) YeroitunBocTh, XapakrepucTiuueckue nokazarenu Jlsmyrnosa. [lonsitue artpakropa. budypkanuu B

MHOT'OMCPHBIX CUCTCMaAX.

2) Xaoc B AMHAMUYECKHX CHCTEMaX U CLiEHapUH (IIyTH) €r0 BOSHUKHOBEHHUSI.

2) Mogens IIpuroxuna-Jledespa-Hukonuca («Oproccensarop»). Peakuus benoycosa-XKaborunckoro,

mopens @unia-Hotica («operoHarop).




3) Dddexr benapa.
4) Mexanusm sddexra GappeTupoBaHusl.
5) Poib MOHHBIX TOKOB B IIPOIIECCaX CAMOOPraHU3aLUH, SIBJICHHE CaMOdJIEKTpodopesa.

6) TeHzop >HEPrUU-UMITYJIECA U YPAaBHEHHUE IBIKEHUS BA3KOU kuakocTH. Bsskue teuenus Xene-1lloy
1 nipo0JieMa JIarIacoOBCKOTO POCTa.

7) 3ByKoBbIC BOJHBI, MX O3Heprus u umnyinbc. OOpa3oBaHHEe pa3pbIBOB B 3BYKOBOH BOJIHE,
XapaKTepUCTUKH, UHBapUuaHThl Pumana.

8) [Ipou3BonbHOE OAHOMEPHOE ABMKEHUE CXKMMAEMOT0 ra3a., Ipeodpa3zoBaHue rogorpada.

9) TypOyneHTHOCT, W ee¢ BO3HMKHOBeHHe. 3akoH Kommoroposa, rumnore3a Kommoroposa.
HuccunaruBHas anomanus. [lepemexaemMocCTs.

10) SBnenune MyabTUGPAKTAILHOCTH B TypOYJICHTHOCTH.

11) Monenp kpynHOMacIiTaOHBIX MyJbcaluii — TeueHue batdenopa.

12) Bpoynosckoe apmwkenue. YpaBHeHus JlamxkeBena n @okkepa-Ilnanka. 3akon Appennyca.
13) Continous time random walk (CTRW) u ero npunoxeHus.

14) ®ynnamMeHTaNbHBIE CBOICTBA TUHAMUKN (PMHAHCOBBIX PHIHKOB. POJb 9HIOTEHHBIX M 3K30T€HHBIX
(hakTopos.

15) onynsmonnas nuHamuika. JlnHamuka naHOBanui. [Toporosbie ekt B qUHAMUKE SMTHAICMHN.
16) Monens M3unra B ciydyaifHOM BHEIITHEM TIOJIE.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:

1. CnoxxHbIE CUCTEMBI: OCHOBHBIE MOTHBBI U IOHSATHUS

OproauyHOCTh U €€ HapyILICHHE.

MacmtabHass ”HBApUAHTHOCTb, (PPAKTAIBHOCTb.

Bo36ynumas cpena, aBTOBOJHBI, TUCCUITATUBHBIE CTPYKTYPBI, aBTOCOIUTOHBI.

2. DneMeHTHl KaYeCTBEHHON TEOPUHN TMHAMHYECKUX CUCTEM

@Da30BbIil MOPTPET, TPACKTOPHS, OCHOBHBIE THITbI OU(ypKanii Ha MI0CKOCTH.
YCTONYMBOCTB, XapaKTepUCTHUECKHE MOoKa3arenu JlsamyHosa. [TonsaTre arTpakropa.
Xaoc B TMHAMHYECKUX CUCTEMaX U CLICHapHH (IIyTH) €r0 BOZHUKHOBEHUSI.
@pakTanbHbIe CTPYKTYPBI U UX Pa3MEPHOCTb.

3. IIpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYPbI B (PU3MUECKUX U XUMUYECKHX CHCTEMaX.
Mognens IIpuroxuna-Jledespa-Hukomnuca («6proccensitopy).

Peakuus benoycoa-)KaboTuHckoro.

Mopnens @unga-Hoiica («operonarop»).

4. I'mpponrHaMHUYECKHE HEYCTONYNBOCTH.

Oddexr benapa.

IIpencraBnenue o THAX TBEPAOTEIBHBIX aBTOBOIHOBBIX CPE.

TemoBeIe BOJIHBI M HEOIHOPOAHBIE CTALIMOHAPHBIE COCTOSIHYS B cucteMe Fe+H2.

5. Ilpumepsl Moaenei OMOJIOTrHYECKUX CUCTEM.

Mogens 'mpepa-Maitaxapaa.

Mopdorene3 HacekoMblx. Ponb HOHHBIX TOKOB B TpOIeCCax CaMOOPTaHW3alUM, SIBJICHHE
caMmonsiekTpodopesa.

Monenu MmexanuzmMoB popMooOpazoBanus y 6akrepuii u y cinmzeBrka Dictyostellium discoideum.
Mogenu reHeTUYECKHUX CETEMN.

6. MneanbHas )KUIKOCTb.

VYpaBHEHHUE HEPEPHIBHOCTH, YpaBHEHUE Diliepa, ypaBHeHue bepHymmu.
3aBUXPEHHOCTh, COXpaHEHUE LIUPKYIALUH, ypaBHeHHs Kupxroga.
[lorenuuanpHble TEUEHUS, KOMIUIEKCHBIN IOTEHIMAL.



7. Bs3Kkas KUIKOCTb.

TeH30p sHEPrUU-UMILYJIbCA U YPAaBHEHUE ABMIKEHUS BSA3KOM JKUAKOCTH.
Teuenune npu Manbix yucnax PeitHonbca, popmyna Crokcea.

Bsizkue teuenus Xene-1lloy u npoGnema janiacoBCKoro pocra.

8. OnmHOMepHbIe TeUeHHSI C)KUMAEeMOTo rasa.

3BYKOBBIEC BOJIHBI, UX SHEPTHSI U UMITYIIBC.

OO0pa3oBaHue pa3pbeIBOB B 3ByKOBOI BOJIHE, XapaKTePUCTHKH, MHBapUaHThI Pumana.
[Tpou3BosIbHOE OIHOMEPHOE ABUKEHHE C)KMMAEMOTO rasa.

9. TypOyneHTHOCTb U €¢ BOZHUKHOBCHHUE.

HeycroiiunBocTh TeueHu# u BO30yKACHNUE TYPOYJICHTHOCTH.

Craructudeckoe onucaHue TypOyJIeHTHBIX TeueHni. 3akoH KonmMoroposa, runore3a Konmoroposa.
Huccunaruenas anomanus. [lepemexaemMoCTb.

10. SIBnenue MynbTU(PAKTATBHOCTH B TypOYyJICHTHOCTH.
MynbsrudpakTaibHOCTh Kak 00001IeHne ckeitnuara Konmoroposa.
Moenb KpyImHOMAcIITa0HBIX MMyJIbcanuii — Tedenue batyenopa.

11. MeTozp! onMCaHUs CTOXaCTHYECKUX CUCTEM.

BpoynoBckoe aBmxenue. Ypasaenus Jlamxesena u @oxkepa-Ilnanka. 3akon Appenuyca.
AnomanbHas nuddysus.

Continous time random walk (CTRW) u ero npusioxeHusl.

12. TlepemekaeMOCTh, CKEMITUHT, aHOMaJIbHBIA CKEHIIHHT.
OyHaaMeHTaNbHbIE CBOMCTBA IMHAMUKU (PMHAHCOBBIX PHIHKOB.
Ponb 9HIOTEHHBIX B 9K30TeHHBIX (hakTOpoB. Mojienb BCTPEYHBIX TTIOTOKOB.

13. TonynsAuuoHHAast TUHAMUKA.
JlnHaMyKa HHHOBAITUM.
[ToporoBeie 3¢ deKThl B AMHAMUKE STTUICMUH.

14. Metozbl OnTUCaHus HEYTTOPAIOUYEHHBIX CHCTEM.
Mogens ciaydalHbIX 3HEpruid. MeToJ periuK.
CBs3b ¢ 3aja4aMU KOAMPOBAHUS.

Mopnenes M3uHra B CityyalilHOM BHELIHEM II0JIE.
[IpumeHeHMe K 3ajauaM COLIMOJIOTUU U SKOHOMUKHU.

15. Benenue B (PM3HKY CIIMHOBBIX CTEKOJL.

CBs3b € 3a71a4aMy KOMOMHATOPHOM ONTUMH3ALIUH.

HepasHoBecHast criuHoBasi AuHaMuKa. OCHOBHbIE MEXaHU3MbI U UMCIIEHHOE MOJIEJIMPOBaHHUE.
[Iprmenenue k Moaesn M3uHra u ciry4aliHOM BHELIHEM II0JIE.

Kpurepun onennBanus

Onenka ormuuao 10 OGamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW NPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBIETBOPUTEIBHO 1 0ayl - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

JuddepenumpoBanupiii 3a4€T TpoBoasTcs MO Owineram. B kaxkaoMm Owuiere mpencTaBlieHO JiBa
TeopeTuueckux Bompoca. [Ipu mpoBenennn 3auéra oOydaromemycsi npenocrasisercss 30 MUHYT Ha
noxrotoBky. Onpoc 00ydJaromerocsi He JOJDKEH IPEBbINIAaTh OHOTO ACTPOHOMUYECKOTO Yaca.



