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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)
10 JMCHMILIMHE: Kputnueckne ssBIeHUS B CIOXKHBIX CETAX
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH:
Oustex-mkona [Ipuknagnoit Maremaruku u Mapopmariku
kageapa TMCKPETHOM MaTeMaTHKH

Kypc: 4
KBAJH(PUKAIMA: OaxanaBp

Cemectp, hopMBbI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHbiii 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 yac.
cemuHapsl: 30 gac.
naboparopHsbie 3ansaTus: 0 gac.

CamocrositensHas pabora: 30 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KomnuecTBo KOHTPONBHBIX pa0oT, 3a1aHuii: 1

[Iporpammy cocraBui: A.B. Jleonunos, n-p ¢u3.-Mat. Hayk, mpodeccop

[Iporpamma obcyxneHa Ha 3acefanuy Kadenpsl auckpetHoit matematuku 05.03.2020



AHHOTANMA

Ilens Kypca - paccMOTpeHHe Teopun U (PeHOMEHOJIOTHH KPUTHYECKUX ABJIEeHUI Ha Tpadax. PaccmarpuBatoTcs
KaK ONTUMH3ALMOHHBIE, TaK M TEOPETUKO-UI'POBBIC ACHEKTHI (ha30BBIX NEPEXONOB Ha rpadax, a TaKKe

CBSI3aHHBIX C Tpa)UUEeCKUMH CTPYKTypaMH (a30BbIe MEPEXOIbl B MAIIMHHOM OOYy4EHHH.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

OCBOEHHE OCHOBHBIX IIOHATHI B 00J1aCTH KPUTUYCCKUX SIBJICHUN B CJIOKHBIX CETSX.

3agauu AU CHUIIHHBI

CJIOKHBIX CCTCﬁ;

ceTei;

I/ICCJ'IG,I[OBaHI/Iﬁ B 00JIaCTH CIIOKHEIX CETEH.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OCBOCHHUE CTyJleHTaMH 0a30BbIX 3HAHWH (MOHATWH, KOHUENIMHA, METOJAOB M Mojeleil) B obnactu
MPUOOPETCHUE TCOPETUUCCKUX 3HAHWUN M MPAKTHUCCKUX YMEHHIA M HABBIKOB B OOJIACTH CIIOMHBIX

OKa3aHHueC I(OHCYJ'IBTaI_II/Iﬁ U noMomu CTyACHTaM B IHPOBCACHHUU COOCTBEHHBIX TCOPCTUICCKUX

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BeIIEIASA 3TANbl €€ PEIICHHU,
JIEMCTBUS IO PELIEHUIO 3a1a4U

YK-1 Criocoben oCyIiecTBIsTh [TOUCK,

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BhIOUpaeT
uHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IMOCTaBICHHON
3a7a4n

KPUTHUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManny,
MPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHThl PELICHUS
3a[1auy, OLICHUBAET UX NIPEUMYILECTBA U HEOCTaTKU

IIOCTAaBJICHHBIX 3aaa4

YK-1.4 I'pamotHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(hopmupyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
MOCJIECTBUS BOZMOXKHBIX BApUAHTOB PELICHUS 3a1a4H

OIIK-1 CniocobeH npuMeHSTh

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

(byHIaMeHTalIbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLECHUs

npoecCuoOHaTbHON e TEIHHOCTH

OIIK-1.3 CnocobeH ompenensTs TpaHUIbl TPUMEHHUMOCTH
MOJyYEHHBIX PE3yJbTaTOB

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEICHUH
(yHIaMEHTANbHBIX U IPUKIATHBIX

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

HCCIIeJOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIC TEOPETUUECKHUE, B TOM YHUCIIE,
MaTeMaTHYEeCKHE METObI UCCIICIOBAHUM 1

OIIK-5.2 OO0OmnazaerT CIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U JIPyTUX UCTOYHUKOB

paborars Ha COBPEMEHHOI SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,

OIIK-5.3 CnocobeH k mpodeCCHOHANBHON 3KCILTyaTalun

COBPEMEHHOMN 3KCIIEPUMEHTAIbHOMN
HU3MCPUTCIIbHO-AHAJIUTUICCKOU U HaquO-HCCHe,Z[OBaTeHBCKOﬁ
TEXHOJIOTUIECKOIT armaparype) (M3MEpUTENHHO-aHATUTHYECKOH M TEXHOJOTHYECKOH)
anmnaparypsl
[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTH4eCKHe MOZACIN JUIsl ONHCAHHA HM3y4aeMBbIX

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U

SIBIICHUW W TIPOIIECCOB, OIEHUTh Ka4€CTBO pa3paOOTaHHOM
MOZEIIN

pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIEeI0BaTh MaTEMaTHYECKHE MOIETH
U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAay4HbIE TPOOIEMBI, [TOyYaTh

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH




HOBBIC

HayqHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3HaeT HOpUHLUIBI MOCTPOEHHUS HAyYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CH0coObI apryMeHTallH

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ MPOBOJAWTH HaydHBIE
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBonuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH NpOBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONMKAIMY HAYYHBIX CTAaTe U y4acTusl B KOH(pEepeHIuIX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)

B pesynbrare ocBoeHUS JTUCIUIUTHHBI 00y4YaronInecs J0KHBI

3HATb.

YMETb:

[0 ¢yHaaMeHTaNbHbIC TOHATHUS, 3aKOHBI, TEOPUH CIIOXKHBIX CETeH;

[l coBpeMeHHbIE TPOOIEMBI COOTBETCTBYIOIINX PA3ACNIOB CIOXKHBIX CETeH;

[l HOHATHA, aKCMOMBI, METOJIbI TOKA3aTeNIbCTB M J0Ka3aTeIbCTBA OCHOBHBIX TEOPEM B pasjenax,
BXOJISIIIUX B 0a30BYIO YaCTh IIUKJIA;

[J OCHOBHBIE CBOMCTBA COOTBETCTBYIOIMX MareMaTn4eCKUX 00ObEKTOB;

[J aHanMTHYECKUE U YMCIICHHBIE ITOJXObl U METOABI JUIsl PEILIEHUs TUIIOBBIX IPUKJIAAHBIX 3a7ad.

[J TOHATH OCTABJICHHYIO 33Jauy;

[J HCIONIb30BaTh CBOM 3HAHUS JUIsl pelieHus (pyHIaMEHTaIbHbIX U IPUKIAJIHbIX 33134,

[J oueHUBaTh KOPPEKTHOCTh IIOCTAHOBOK 3a7a4;

[l cTporo noka3sIBaTh WK ONPOBEPTaTh YTBEPKICHUE;

[J  caMOCTOSITEIbHO HAXOIUTh aJIrOPUTMbI PEIEHMs 3ajad, B TOM YHUCJIE U HECTaHIApTHBIX, U
MPOBOJUTH UX aHAIIN3;

[J caMOCTOATENIBHO BUJETh CIEACTBUS [10JYyUEHHBIX PE3YJbTaTOB;

[J TOYHO MPEACTaBUTh MaTeMaTU4YEeCKHE 3HAHUS B 00JACTH B YCTHON M MUCBMEHHOHN Qopme.

BJIAJIETh:

[J  HaBbIKAMH OCBOCHHUsS OOJBIIOrO o0beMa MH(OpPMAIMM M pelieHus 3anad ( B TOM 4YHCIE,
CJIOKHBIX);

[l HaBBIKAMH CaMOCTOSTEIbHON PabOThI U OCBOCHUS HOBBIX JANCIMIUINH;

0 KyJIBTYpOi TIOCTaHOBKH, aHAJM3a W PEUICHUS  MaTeMaTHYeCKUX W TPUKIATHBIX 3ajad,
TpeOy-IOLIMX Ul CBOETO PEIICHUs UCIIOJIb30BAHMU MaTeMaTHUECKUX TOIXOA0B U METOJIOB;

[l IpeAMETHBIM S3BIKOM CJIOKHBIX CETe M HaBbIKAMHU I'DAMOTHOTO OIMCAHWS PEIICHUs 3anad U
MPE/ICTaBICHUS TOJyYCHHBIX PE3yJIbTaTOB.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKIIIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 ITepexon 30mp - remp Kak IEpexon C 6 6
(hOopMHpPOBaHNEM TMT'AaHTCKOTO KJIacTepa
KomnaprmentHeie MHUIEMUYECKHE
2 Monenu. OOpa3zoBaHHE SIHUIEMUYECKOTO 6 6
KJlactepa Kak (pa3oBblif epexos




3 OnuaemMudeckas IUHAMHKA C  y4eTOM 6 6
KJIaCTepU3aIMU M HAJTMYHUS COOOIIECTB
bunapueie pemenuss Ha Tpade B
4 npuOIMKeHUU 3PPEKTUBHBIX CTETICHEH. 6 6
Jnnamuka
5 @a3z0BbIi  IIEpEXO] B IIPOILYCKHOMU 6 6 30
CIIOCOOHOCTH B CETH HHTEPHET
Hroro yacos 30 30 30
IToaroTroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 yac., 2 3a4.ex.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszeniam)

Cemectp: 7 (OceHnuii)

1. Hepexo;[ 30JIb - I'CJIb KaK IEpeXo/ C (I)OpMI/IpOBaHI/IeM TUTAHTCKOI'O KJIaCTCpa

[epkonsust y310B U pedep. YCTOWYMBOCTH MO OTHOLICHUIO K PAHAOMHBIM U TapreTHPOBAHHBIM
arakaMm. DopmHpOBaHHWE THraHTCKOTO KjacTepa B MAacIUTa0HO - WHBAapUaHTHBIX Tpadax.
Kputnyeckre uHAEKCHI.

2. KommaprmeHTHble snuaemMudeckne wmoxaenn. OOpa3oBaHHE SMUACMHYECKOTO KiacTepa Kak
($a3oBBIi IEpexoa

OcHoBHble llemouka ypaBHEHW JUIsI CTOXaCTUYECKOM OSMHJIEMHUYECKOW JWHAMHKH Ha Tpadax.
HuanHoe 3amblkaHue. ONUAEMUYecKas AWHAMUKa Ha rpadax B npuOmmxeHud 3((EeKTUBHBIX
creneneit (Degree based approximation xapakrepuctiuku. CTeneHb BEpIIUHBL.

3. DnujeMudeckasi JMHAMUKA C Y4eTOM KJlacTepHU3allii 1 HaJW4Yusl COOOIIEeCTB

Mopnens M3unra na nonnom rpade. Crarmueckoe paBHoBecue. DazoBwlii mepexon. bunaphbie
pemreHus Ha rpade B MpHOMMKEHUH dPPEKTUBHBIX CTeleHel. PaBHOBecHe MUCKPETHOTO OTKIIMKA.
®da3oBbI IIEPEXO]T

4. bunapuele pewieHus Ha rpade B mpubamkeHun 3h(HEeKTUBHBIX cTeneHel. JJnHamuka

Monens M3unra B ciydaiiHoM mioje Ha rpadax B mnpuOmmKeHHd SPQHEKTHUBHBIX CTETICHEH.
Cunxponuzanus Ha mosHoM rpade. Monens Kypamoro. CuaxpoHu3anus Ha rpadax B MpHOIKSHUN
s dexTBHBIX cTenieHed. CHHXpOHHU3aIHs Ha runeprpadax.

5. ®a30BEIii epexo] B MPOITYCKHON CIIOCOOHOCTH B CETH HHTEPHET

I'padmueckue monenu u meron Belief Propagation. CBobonnas aueprus. @a3oBblii epexo/] B IOUCKE
cO001IEeCTB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

CrannapTHas ydeOHas ayTuTOpHsL.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. dazoBble nepexosl U kputnueckue seiuenns [ Texct] = Introduction to phase transitions and critical
phenomena, [monorpadus]/I. Crennu , -M., Mup, 1973




2. Kombunatopuka u Teopus BepositHocTei [Tekc] : [yde6. mocobue st By3oB] / A. M.
Paiiroponckuit .— Jlonronpynnsiii : Maremnekt, 2013 .— 104 c. - bubnuorp.: ¢. 99. - 3000 3x3. - [SBN
978-5-91559-147-8 .— Ilonnsiii TexcT (Pexxum goctyna : nocryn u3 cetu MOTH).

JomnonHurenbsHas auTeparypa
1. Monenu UuTepHera : yuebHoe nmocobue / A. M. Paifropoackuii .— 2-e uza. — JlonronpynHsiii :
Wnrennekt, 2019 .— DnexrpoH. Bepcus ned. nyonukanun .— [lonueiii Texet (Pexxum noctyna :
nocryn u3 cetu MOTU).

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

http://dm.fizteh.ru/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANHHBIC TEXHOIOTUH, BKIIOYask IEMOHCTPAIIHIO
Npe3eHTAlUMN.

B nporiecce camocTosSTENbHOM PabOThl 00YYarONIHXCsl BO3MOXKHO UCTIOJIb30BAHUE TAaKUX IPOTPAMMHBIX
cpenacts, kak Mathcad, MATLAB, Maple u np.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

1. PexoMeHnjayeTcs yCHENIHO CIaBaTh KOHTPOJIbHBIE pabOTHI, TaK KaK dSTO YMPOIIAET HTOTOBYIO
aTTECTALMIO IO MPEIMETY.

2. 11 NOATOTOBKU K UTOTOBOM aTTECTAllMU IO MPEAMETY JY4lle BCEro IMOJIb30BaThCA MaTepHaIaMU
JICKITMH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH:
Oustex-mkona [Ipuknagnoit Maremartuku u Magopmaruku
kadeapa TMCKPETHOM MaTeMaTHKH

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

Pa3paborunk: A.B. Jleonunos, n-p ¢u3.-Mat. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.2 CnocobeH cTpouUTh MareMaTH4YecKHue MOJEIH,
MPOMU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1aqy,
HaMeyarb MyTH €€ PELCHUS

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIIEHO
OCBaMBaTh HOBBIE TEOPETHYECKUE, B TOM YHCIIE,
MaTeMaTHYEeCKHE METObI HCCIICIOBAHUN 1
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3pabOTOK

OIIK-5.2 OOmagaer CHOCOOHOCTBIO K OCBOEHHUIO HOBBIX
3HAHWW Ha OCHOBE W3YYCHUS JMUTEPATyphl, HAYYHBIX cTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodecCHOHANBHOW JKCILUTyaTaIluu

HaYYHO-HCCIICI0BATEIIbCKOM, COBPEMEHHOM 9KCIEPUMEHTAIBHOMN

HU3MEPUTCIIbHO-aHAJIUTUICCKOU U Hay‘-lHO-PICCJ’IeZ[OBaTeJ]LCKOfI

TEXHOJIOTMYECKOI araparype) (M3MEpUTENbHO-aHATUTHYECKOH M TEXHOJOTUYECKOM)
anmaparypsl
IIK-1.2 CnocobeH  BbyIBHTaTh  THUIIOTE3BI, CTPOUTH
MaTeMaTH4eCcKHe MOAEIN JUIsl ONHCAHHMA  HM3y4aeMBbIX

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

SIBIICHUA M TIPOIECCOB, OICHUTh KauecTBO pa3paboTaHHON
MOZEIHN

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

IMK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[IK-2.1 3HaeT HOpUHLMIBI MOCTPOEHUS HAYYHOW PadOTHI,
MeTogsl cOopa W aHanmM3a TIOJNyYEHHOTO MaTepHala,
CHocoObI apryMeHTallH

[MIK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIICAOBAHMSI CaMOCTOSITEIbHO MJIM B KauecTBE WiICHA
(pyxoBomuTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA

[IK-2.3 CnocobeH mNpoBOAWTH anpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
MyONUKAIMY HAyYHBIX CTAaTe U yJacTusl B KOH(pepeHIuIx

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare nzyueHus AuCIMIUIMHBL « KpUTHUECKHE SBICHUS B CIOXKHBIX CETAX» 00YUarOIMNACS TOTKEH:




3HATH:

[l ¢dyHnaMeHTanbHBIC TOHSATHS, 3AKOHBI, TEOPUH CIIOKHBIX CETEH;

(] coBpeMeHHbIE IPOOIEMBbI COOTBETCTBYIOLIMX PA3/ICIOB CIOKHBIX CETEH;

[]  TOHSATHS, aKCHOMBI, METOBI JIOKA3aTeIbCTB U JIOKAa3aTeIhCTBA OCHOBHBIX TEOPEM B pasjielnax,

BXOZSIINX B 0a30BYIO 4acTh IIMKIIA;

[l OCHOBHBIE CBOWCTBA COOTBETCTBYIOIINX MaTeMaTHYECKUX OOBEKTOB;

[l aHaJIUTHYECKUE U YHCIICHHBIE TOJXObl 1 METOJIBI JUISl PEIICHUS THITOBBIX MPUKIJIAJHBIX 3a/1a4.
yMeThb:

[l HOHSATH MOCTABICHHYIO 33]1a4y;

[l WCHOJIb30BAaTh CBOM 3HAHUS JUIS pelIeHus QyHIaMEHTaIbHBIX U NPUKIAIHbIX 3a/1a4;

[l OLEHMBATh KOPPEKTHOCTD IIOCTAHOBOK 3a/1a4;

(] cTpOro J0Ka3bIBaTh HIIHM ONPOBEPTaTh yTBEPIKIACHHE;

[l caMOCTOSITEeJIbHO HAXOMUTh AJITOPUTMBI PEUICHHs 3a]a4, B TOM YHCIIC U HECTAHJApPTHBIX, U

MPOBOJIUTH UX aHAJIH3;

[l caMOCTOSITEIbHO BHJETH CIIEACTBHUS MOJTYUYCHHBIX PE3YyIIbTATOB;

[]  TOYHO MpPEACTaBUTh MaTeMaTHYECKHE 3HAHUS B OOJIACTH B YCTHOW U MMCHbMEHHOH (opme.
BJIA/IETh:

[J  HaBbIKAMH OCBOCHHUsS OOJNBIIOr0 oObeMa MH(OpPMAIMM M pelieHus 3anad ( B TOM 4YHCIE,

CJIOKHBIX);
[J HaBBIKAMH CAMOCTOSITEILHON paOOThl U OCBOCHHS HOBBIX JMCIUTUIHH;
O KYJIETYpOl TIOCTAaHOBKH, aHajlW3a W PEIICHUS MaTeMaTWYeCKHX W MPHUKIAIHBIX 3ajad,

TpeOy-IOLIMX Ul CBOETO PEIICHUs NCIIOJIb30BAHMU MaTeMaTHUECKUX TOIXOI0B U METO/IOB;
[J mOpeAMETHBIM S3BIKOM CJIOKHBIX CET€Hd W HaBBIKAMHM I'DAaMOTHOTO ONHMCAHUS PEIICHUS 3a4ad U
[IPEJCTABICHUSI [IOJyYEHHBIX PE3YJIbTaTOB.

3. IlepeyeHb THNOBBIX (IPHMEPHBIX) BOIIPOCOB, 3aJaHUI, TeM JJIsl IOATOTOBKH K TeKyllleMy KOHTPOJIIO
[Ipumepsl 3agaHnii 110 KypCy:

1. Berauciuts npousBoasmme Gyakimm GO(x) u G1(x) s pacnpenenenus [lyaccona

2. Beraucenauts ToYKy 00pa3oBaHMs TMTAHTCKOTO KiacTepa B (opMann3Me MPOU3BOASIINX
(dbyHKIUN 75 pacpeieneHui

pk = 6k,4 u pk = 0.56k,3 + 0.50k,4

3. Hanucatb KoJ UIsl YUCJIEHHOI'O PEIIEHUs] YPAaBHEHUS, OLPEACIISIOIIEr0o pa3Mep dIUIEMU-
YECKOTO KJIaCTEPa B KOMITAPTMEHTHOM smuaeMuyeckoit mogenu SIR

4. IlosicHuTb, IOUEMY B (hopMyIie Ui CpeiHel BEpOATHOCTH COCeny ObITh 3apaskeHHBIM B
3MHUIEMUYECKUX MOAEIAX HOSABISIETCA paclipeesieHUe 110 BHEIIHUM CTEIEHAM

5. BeiBectu opMyity JUtst pa3iioskeHusi CBOOOIHOM dHEPTUr B Mojiesn V3uHTa Ha TIOTHOM
rpade BOMM3M KPUTHUECKON TEMITEPATYPHI.

6. [Ipoananu3upoBarh SBICHUE KPUTHYECKOTO 3aMe ICHUs Uist Urpbl V3uHra Ha MaciiTabHoO-
WHBapUAHTHBIX Tpadax.

7. Onucarh CTPYKTYypy pelieHuid ypaBHeHus quddy3uu Ha L - cToiHOM MyJIbTHITIEKCE.

8. Ommcarh XxapakTepUCTHKH (Pa30BOTO Nepexo/ia CHHXPOHU3AIMH B IprOmmxeHnn 3¢ dex-
TUBHBIX CTENEHeH a1t Mozenu KypamoTo Jutst MaciuTabHO - HHBapUAHTHBIX rpadoB.

9. IlpoBecTr MOMHBIN BHIBOJ (GOPMYIIBI AJIsi CBOOOIHOM dHeprun B MeTone Belief Propagation.
10. BriBecT ypaBHEHHE YBOJIIOLMH JUISl CPEAHEH JTMHBI O4ePE/IH ISl CTATUCTUYECKOH MOJIEITH
(hazoBoro nepexoya CrymeHusl.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst



. [lepexon 301b.

. [lepkonsimust y310B U pedep.

. YCTOMYMBOCTH 110 OTHOLIEHHUIO K PAHOMHBIM U TapreTHPOBAHHBIM aTaKaM.

. @opMHUpOBaHKME TUTAHTCKOTO KJIACTEPa B MACIITAOHO - HHBAPHAHTHBIX Tpadax.
. Kputnueckre nHaexcsl.

. KomnaprmeHTHbIe snMIeMuIecKre MOJIeIH.

. O0Gpa3oBaHue NUIEMUYIECKOTO KJIacTepa Kak (a3oBbIi MEPEXo.

0 3O L AW~

. llenouka ypaBHEHHIA AJIs1 CTOXaCTUIECKOM MUIEMUYECKON TUHAMUKH Ha rpadax.

Ne)

. JImagHOE 3aMBIKaHHE.

10. Dnunemuueckas TuHamMuKa Ha rpadax B npubmmwkennu 3dexruBHbix creneHer (Degree based
approximation).

11. DnuaeMuyeckast TMHAMHKA C YIETOM KJIaCTEPHU3alMK U HAJIMYUs COOOIIECTB.

12. Monens M3nnra Ha mostHOM Tpade.

13. CraTudeckoe paBHOBECHE.

14. bunapnsle pemeHus Ha rpade B npuOmmxeHnn 3QPEeKTUBHBIX CTETICHEH.

15. PaBHOBECHE TUCKPETHOTO OTKIMKA. Da30BbIN NEpexo.

16. bunapnsle pemenus Ha rpade B npulOmmxeHnn 3QQeKTUBHbIX cTeneHeil. lunaMuka.

17. Mogens M3unra B ciny4aitHoM 1ofie Ha rpadax B NpuOIkeHIH 3PEKTUBHBIX CTETICHEH.
18. Cunxponusanus Ha mosHoM rpade. Moaens Kypamoto.

19. Cunxponusanus Ha rpadax B mpuOIMKeHUH 3PPEKTUBHBIX CTETICHEH.

20. CunxpoHu3anus Ha runeprpadax.

21. ®azoBeIii Iepexo ] B MPOMYCKHOM CIIOCOOHOCTH B CETH UHTEPHET.

22. I'paduueckue moxpenu u meron Belief Propagation. CBoGoaHas sHeprus.

23. da30BBIif TEpexo/] B IIOUCKE COOOIIECTB.

Kputepun onennBanus

- omenka «omm4HO  (10)»  BBICTaBNSieTCS  CTYAEHTY, IIOKa3aBIIEMy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHNH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
NPUHATHIX PELICHUI

- omeHka «orauuHo  (9)»  BeICTaBIsIeTCS  CTYJCGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CUCTeMaTU3NPOBaHHbBIC, TIIYOOKHE 3HAHKS YIEOHO! POTrpaMMBbl TUCITUTUTHHBI U YMEHUE IPUMEHSTh UX
Ha TIPaKTHKE NP PEIICHUH KOHKPETHBIX 3aJlad, CBOOOIHOE W TPaBUIBHOE O00OCHOBAHWE MPUHSTHIX
peleHui

- omeHKa  «oTaumyHO  (8)»  BBICTABIsAETCS  CTYHACHTY,  IIOKAa3aBIIEMy  BCECTOPOHHHE
CHCTEMaTH3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MpOrpaMMbl AUCLHUIUIMHBL 1 YMEHHE TPUMEHSITh UX
Ha [IPAaKTUKE NPU PEIICHUN KOHKPETHBIX 3a/1a4, ¥ MPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHUI

- OLICHKa «XOopouo (7))) BBICTABJIIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MaTCpuall, rpaMOTHO H I10
CyHI€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HA IMPAKTUKE, HO OOITYCKACcT B OTBETEC
HJIN B PCIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTHU,

- OIIEHKa «XOpoIlIo (6)» BBICTABISAETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT NPHUMEHSTHh MOJyuYeHHbIC 3HAHWSA Ha MPaKTHKE, HO JOMYyCKAaeT B OTBETE WM B
pEeLIeHNH 3a/1a4 HEKOTOPble HETOYHOCTH;

- OLIEHKA «XOpomo (5)» BBICTABIISETCS CTYACHTY, €CIM OH 3HAeT MaTrepHuall, ¥ 10 CYILIECTBY M3Jlaraet
€ro, yMeeT IPUMEHATH I10JIyuY€HHbIE 3HAHMUS Ha IIPAKTHUKE, HO JIOIYCKaeT B OTBETE WM B PELICHUU
3a/1a4 HEKOTOpPbIE HETOYHOCTH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIAZICET OCHOBHBIMHU paslefaMyd y4eOHOH NporpaMmbl, HEOOXOIUMBIMH [UIS JajJbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHATH MOIy4YeHHBIC 3HAHU 110 00pa3ily B CTAHAAPTHOM CUTYallUH;

- OIIEHKa «YJIOBJIETBOPUTENHbHO (3)» BBICTABISAECTCA CTYAEHTY, IOKa3aBIIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHH,
HapylLIEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B M3JIOKEHUH IIPOIPaMMHOIO0 Marepuajla, HO IIPU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3liellaMd Y4YeOHOW NpOrpaMMbl, HEOOXOOUMBIMHU IS
JanbHENIIero oOydeHHs M MOXKET HPUMEHATh IOJTy4eHHble 3HaHMSA 1O o0paslly B CTaHIApTHOM
CUTYalluu;



- OILIEHKa «HEYJOBJICTBOPUTEIHHO (2)» BBICTABIISETCS CTYIACHTY, KOTOPBII HE 3HaeT Ooiblueil yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT TrpyOble OMMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATUI JUCHUIUIMHBI U HE yMEET UCIIOJIb30BaTh MOTy4YEHHbIC 3HAaHUS [IPU
PEIIEHUH TUTIOBBIX NPAaKTUYECKHUX 33134

- OLIEHKa «HEYHOBJIETBOPUTENIBHO (1)» BBICTaBIISETCS CTYIEHTY, KOTOPBIH HE 3HaeT (HOPMYIHPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

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

Bo Bpems mnposeaecHms muddepeHIIMPOBAaHHOTO 3adeTa OOyYaroIlHecs MOTYT IOJh30BaThCs
MPOTrPaMMON JUCIIUILTAHBI.



