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1. OBIIAA XAPAKTEPUCTHUKA MOYJISAA ®u3znveckoe MoaeJMPOBAHNE KBAHTOBBIX CHCTEM

1.1. AHHOTAUMS COEePKAHUS MOTYJIA

Mopaynp BkJIIOYaeT [BE JUCHUIUIMHBL «Helpo-KBaHTOBBIE TEXHOJOTUHM MOJEIUPOBAHUS” U
«MoaenupoBaHre MEXKaTOMHBIX B3aumonaeucTBuily. Jucuunnuua "Heipo-KBaHTOBBbIE TEXHOJIOTUU
MOJICTTUPOBaHUs" SABISETCS CIEIMATBLHBIM KypCcOM, CIyKaluM 0a30it uist GopMHUpOBaHHSI KOMITETESHITHI B
00JacT MPUKIIAHBIX KBAHTOBBIX BBIYUCICHUN. B paMkax TaHHOM TUCIUILUIMHBI pacCMaTpUBAETCs O0IIast
npobiemMaTuka MPUMEHEHHs MCKYyCCTBEHHBIX HelpoHHbIXx cereil (MHC) B obnactu ¢usnueckoro
MOJICTTUPOBAHUS KBAHTOBBIX cUcTeM. JlaeTcsi pa3BepHYTOE OMMCAHHE METOJOB aHATUTHYECKON paboThI C
KBaHTOBBIMH CTEIMEHsMU CBOOOABI cucteM (popmanmm3Mm [mibp0eproBa NpPOCTPAaHCTBA, MPUHITUI €TO
MOJTHOTHI, KBAHTOBBIE TaMWJIbTOHUAHBI SJIEKTPOHHBIX U CIIMHOBBIX Mojienieit). OCHOBHas mapajaurma Kypca
cTpoutTcs Ha ucnoyib3oBaHuu texHonorun MHC st pereHus: KBaHTOBBIX TaMUJIBTOHMAHOB, B paMKax
kotopoit MHC mpumensiercs st agpdexTuBHOrO obpameHus K aneMeHTaM [ miip0eproBa MpoCcTpaHCTBA.
Hucuumimza «MoaenupoBaHue MeEXaTOMHOIO B3aMMOJCHCTBHS» HAIpaBJICHA HAa W3YYEHHE MOJENEH
MEXKAaTOMHBIX B3aMMOJICUCTBUI B TBEPABIX TeJIaX C PA3IUYHBIM THIIOM XUMHYECKOW CBS3H.
AHaMM3UPYIOTCS KaK MPOCTEUINE BUIBI MEKaTOMHBIX MOTSHITHAIOB, HAIIpUMeEp, MoTeHIman Jlennapaa-
JIxoHCca Tak 1 60JIee CIIOKHBIC BUIBI MTOTEHIIMAIOB ¢ OOJBIIIMM YHCIIOM MapaMeTpoB. PaccmaTpuBarorcs
JIBa MOJX0/Ia K TOCTPOEHUIO TOTCHIIMAJIOB: SMITUPUUCCKUI U HEOMITMPUUIECKHUM (M3 MTEPBBIX PUHIIUIIOR),
a TaKk)Ke BOMPOCHI MOCTPOCHUSI YHUBEPCAIBHBIX MEKATOMHBIX MOTEHIMAJIOB MPHU MOMOIINA TE€XHOJIOTHUIA
MamyMHHOTO 00ydeHus. PaccmarpuBaroTcsi 0a30BbIC IMOAXOIbI KJIACCHUYECKOW W TEPBOMPHHIIMITHOM
MOJIEKYJISPHOW TMHAMUKU JJIsl OTIMCAHUS CBOMCTB U3yYaE€MbIX CUCTEM.

1.2. CTpykTypa u 00beM MOAYJISA

Tabmmma 1
O0beM AUCUMIIMH MOIYJIS
Ne " BCETro MOAYJIl B 3a4YE€THBIX
Hepe'leﬂb AUCHUILIMH MOAYJIA B MMOCJ1€10BATCJIbHOCTH UX OCBOCHUSA

n/n eINHHNLAX
1 MoaenupoBaHue MEXATOMHBIX B3aUMOJEHCTBUI 3
2 Heiipo-kBaHTOBBIE TEXHOJIOIMU MOAETUPOBAHHUS 3
HUTOTI'O o momyro: 6

1.3.I1ocsieqoBaTeIbHOCTH OCBOCHHSI MOAY I B 00pa30BaTeJILHOM IPporpaMme

IIpepexkBH3UTHI MOTYIS He npexycmoTpensl
ITocTpeKBU3UTHI M KOPEKBU3UTHI He npenycmoTpensl
MOYJIsl

1.4. PacnipenejieHe KOMIETeHIMI IO AWCHHMINIMHAM MOAYJs, INIAHMPyeMble pPe3yJbTaThl
00y4eHHs1 (MHIMKATOPHI) 0 MOXYJIIO

Tabnura 2



Ilepeyennb
AUCHUTINH

Koa u HauMeHOBaHMe

IInanupyemble pe3yJbTaThl 00yUeHHs

KOMIIETEHLIMH (MHAUKATOPHI)
MOYJIAA
1 2 3
MopnenupoBanue | YK-5 - Criocoben 3-2 - JleMOHCTpHUPOBATh IOHUMaHHE
MEeXaTOMHBIX aHAJIM3UPOBATh U MEXaHU3MOB (POPMHUPOBAHUS YCIOBHM
B3aUMOJICHCTBUN | YUHUTHIBATh pa3HOOOpas3ue | MCUXOJOTHYECKH O€301acHOM Cpeibl B

KYJBTYp B MpOIECcCce
MEXKYJIbTYPHOTO
B3aUMOJICUCTBU

MEXKYJIbTYPHOM B3aUMOJICHCTBHHU C YIETOM
pa3HO00pa3us KyJabTyp

V-2 - OueHuBaTh yCIOBUS ICUXOJIOTHIECKU
0e301macHoOl cpesibl MEeXKKYIbTYPHOTO
B3aHMO[[eI>'ICTBI/ISI H onpCacyisATb
HEOOXOMMOCTh UX KOPPEKTUPOBKH C YYETOM
pa3HooOpasust KyJIbTyp

I1-1 - MoaenupoBaTh MPOTyKTUBHBIC (DOPMBI U
ONTHMAaJbHbIE YCIOBUS MICUXOJIOTUYECKHU-
0e301acHoi cpeabl MEXKYJIbTYPHOTO
B3aMMO/ICHCTBUS Ha OCHOBE aHAIM3a
HAI[MOHAJILHOTO U COLIMOKYJIBTYPHOTO
pa3zHooOpasus npodecCUOHATBLHON CPEIbI C
y4eTOM MPABOBBIX M STUYECKUX HOPM

J1-2 - [IppyHMMaTh KOMIIPOMUCCHBIE PEIIECHUS B
HECTaHJIAPTHBIX CUTYALMSAX MEKKYJIBTYPHOTO
B3aUMOJCHCTBUSA

OIIK-2 - Cnocoben
BBINOJHATH UCCIEA0BAHUS
MIPH pEIICHUN
(byHIaMeHTaIbHBIX U
MIPUKJIAIHBIX 337124,
IUTAHUPOBATh U
OCYIIECTBIISITH CIIOKHBIE
peaNbHBIE WU MOJICTbHBIE
IKCIIEPUMEHTHI

3-1 - JleMOHCTpUpPOBATH TOHUMAHHUE
MIPUHIIMIIOB, 0COOCHHOCTEH U 3a1a4
npoBenieHus! GyHIaMEHTANbHBIX U
MIPUKJIAIHBIX UCCIIEA0BaHUH, MNIAHUPOBAHUS
MOJEJIbHBIX WM PealbHbIX SIKCIIEPUMEHTOB

V-1 - CooTHECTH LIENIH U 3aa4YU UCCIIETOBAHUI
¢ Ha0OpOM METOIOB HUCCIIEI0BAaHUS, BBIOUPATH
HEO0OXOAMMOE COYETaHUE TIEJIH U CPECTB IIPHU
HJ'IaHI/IpOBaHI/II/I I/ICCJ'IG)IOBaHI/Iﬁ

[1-1 - UmeTh OnbIT NpoBeaEHUS
(byHIaMEHTaIbHBIX U IPUKIIATHBIX
Hccaea0BaHUM, MOJIETbHBIX WU PEATTbHBIX
AKCIIEPUMEHTOB C UCIIOIb30BAHUEM
COBPEMEHHON METOJ0JIOTUH, METOJIOB,
000pyIOBaHUS U TEXHUKH

-2 - IIposABIIATE OTBETCTBEHHOCTH U
HaCTOMYMBOCTH B JJOCTHKEHUU LEIU

OIIK-4 - CnocobeHn
BBIGI/IpaTB " UCIIOJIB30BAaTh
CYIICCTBYOIINE

3-1 - IlpencraBiaTh BO3MOKHOCTH
COBpPEMEHHBIX UHPOPMAIMOHHO-
KOMMYHUKAIIMOHHBIX CPEJICTB U TEXHOJIOTHI




MHPOPMAIIMOHHO-
KOMMYHHKAI[IOHHBIC
TEXHOJIOTUH U
BBIUUCIIUTEIILHBIE METO/IBI
IUISL pEIICHUs 33124 B
o0nactu
npo¢ecCuoHAITBHON
JeSITeTbHOCTH

cbopa, mepenadu, 00pabOTKH U HAKOTICHUS
nH(popManuu, co3nanus 6a3 NaHHBIX,
MCTIOJIB3YEMBIX B 00J1aCTH TIPOQeCcCHOHATHHON
JEATSILHOCTH

V-1 - BeiOuparth ¥ HCTIOJIb30BaTh COBPEMEHHBIC
IT-TexHonoruu u 6a3sl JaHHBIX TPU cOope,
aHanuze, 00paboTKe U MpeACTaBICHUU
uH(pOpMaLU AJIs pelIeHus 3a1a4
npodeccroHaNbHO 1eATeTbHOCTH

[1-1 - Umetsb ombIT cOOpa, aHanu3a u
00paboTKM MHPOPMALIMH TP PEIICHUH 33124
pohecCHOHATLHOM JIEATEIIBHOCTH C
MCTIOJIH30BAHUEM COBPEMEHHBIX
MH(OPMAIMOHHO-KOMMYHHKAITHOHHBIX
TEXHOJIOTHI 1 0a3 JaHHBIX

I1K-2 - Cniocoben
OCYILECTBIISATh

3¢ deKTUBHOE yIIpaBiIeHNUE
pa3paboTKoii
MIPOTPaMMHBIX CPEACTB U
MIPOEKTOB

3-3 - Caenatb 0030p METOAOB U CPEJICTB
MIPOEKTUPOBAHUS IPOTPAMMHOT0 0OecreueHus

V¥-1 - Mcrionb30BaTh TUIIOBBIE PELICHUS U
11a0JI0HBI pa3pabOTKU MTPOrPAMMHOTO
o0ecnie4yeHus

[1-1 - IMeTh onbIT NPOBEICHUS
(byHIaMEHTaNbHBIX U IPUKIIATHBIX
nccaea0BaHUM, MOJIETbHBIX WU PEATIbHBIX
SKCIIEPUMEHTOB C UCIOJIb30BAHUEM
COBPEMEHHOM METOI0JIOTMH, METOJIOB,
000pyI0BaHUs U TEXHUKH

Heiipo-
KBAHTOBBIE
TEXHOJIOTHH
MOJIEITUPOBAHUS

VYK-7 - Criocoben
o0OpabaThIBaTh,
aHaTM3UPOBATb,
nepeaBaTh JaHHBIC U
nH(pOpMaIHIo ¢
UCTIOJIb30BaHUEM
UQPPOBBIX CPEICTB IS
3¢ PeKTUBHOTO perIeHus
MOCTABIIEHHBIX 33724 C
yueToM TpeOoBaHMA
MH(POPMALIMOHHOM
6e30macHOCTH

3-3 - Cnenatb 0030p COBpEMEHHBIX LIUPPOBBIX
CPEACTB U TEXHOJIOTHH, HCIIOJIB3YEeMBIX IS
00paboTKH, aHAJIM3a U TIEpelavyl JaHHBIX TIPH
peIICHUH TTOCTABICHHBIX 3a/1a4

V-2 - BeiOupark COBpeMeHHbIE IIU(PPOBBIE
CpeACTBa ¥ TEXHOJIOTUU JJIs1 00paboTKH,
aHaM3a 1 Nepeavu TaHHBIX C YIETOM
MOCTABJICHHBIX 3a/1a4

I1-2 - Pemars mocraBjaeHHBIC 3a0a4H,
ucronb3ys dhHeKTuBHBIE TU(POBBIC CPECTBA
U cpeacTBa HHGOPMAITMOHHONW 0€30MTacHOCTH

OIIK-1 - Criocoben
BBISIBJISITD,
(bopMyIHpOBaTH U pemaTh
(byHnaMEeHTaJIbHBIE U
NPUKIIAJHbIC 3312491 B
o0racT cBoeit
npodeccrnoHaTbHOM
JEATSILHOCTH U B

3-1 - JleMoHCTpHUpOBaTh IOHUMAaHHUE
(yHIaMEHTAIBHBIX PUHIIUIIOB, METOJIOB U
MOJIX0/I0B K PEHICHUIO (PyHJAMEHTAIBHBIX U
MIPUKJIAJIHBIX 33124 B MPO(UIBHOM 00macTu
JESITebHOCTH U MEKAUCIUTUIMHAPHBIX
HaTPaBJICHUAX




MEXIUCLHUIIIIMHAPHBIX
HaIlpaBJICHUAX C
HCIIOJIb30BAaHUEM
(dyHIaMEHTaIbHBIX
3HAHUH U NPAKTUYECKUX
HaBbIKOB

V-1 - BeIBIATD U ONPEAETATH LIEIU U IIyTH
pemeHust pyHIaMEHTaIbHBIX U MPUKIIATHBIX
3a/1a4 B MPOQMILHOM 00JIACTH NEATEIHHOCTH,
ONUpasiCh Ha (PyHIaAMEHTAJIbHBIE 3aKOHBI U
MIPUHIIMIIBI, C UCIIOJIb30BAHUEM
COOTBETCTBYIOIIUX LIEJISIM MOJIXOJI0B U
METOJI0B

[1-1 - [Ipennarate MyTH peuIeHUs
(dbyHIaMeHTaNbHBIX U IPUKIIATHBIX 33724 B
npoUIBHOM 006IaCTH JEATENBHOCTH U
MEXKIUCIUIIMHAPHBIX HAIIPABIICHUSAX,
onmupasich Ha pyHIaAMEHTaTbHbIC 3aKOHBI U
MPUHLIMUIIBI C UCIIOIB30BAaHUEM
COOTBETCTBYIOIIUX LEJSAM HOAXOA0B U
METOIOB

-2 - IIposABIATH INAEPCKUE KaueCcTBa U
yMEHHUs paboTaTh B HAYYHOM KOJUIEKTHBE

OIIK-3 - Criocoben
aHaJIM3UPOBATb,
HUHTEPIPETUPOBATH U
0000111aTh pe3yIbTaThl
HCCIIEIOBAaHUN B
npodeccrnoHaIbHOM
obnactu

3-1 - JleMOHCTpHpOBaTh IOHUMAaHHUE
MIPUHIIMIIOB U METOJIOB aHaJN3a U 0000IIeHUS
Pe3yJIbTaTOB TEOPETHUECKUX U
HKCHEPUMEHTAIBHBIX UCCIIETOBAHHIA,
MIPUMEHSEMBIX B TPOPECCUOHATBHON 00JIaCTH

V-1 - Ananu3upoBaTh pe3yJbTaThl
HaOJI0/IEHUH U 9KCIIEPUMEHTOB, KOPPEKTHO
UHTEPIPETUPOBATH UX AJIs1 HOPMYIUPOBAHUS
3aKJIIOYEHUH U BBIBOJOB

I1-1 - ®opmynupoBaTh 000CHOBAHHBIE
3aKJIFOUYEHUS U BBIBOJBI 1O pE3ysIbTaTaM
aHaJM3a Hay4YHOU JIUTEPaTyphl, COOCTBEHHBIX
9KCIIEPUMEHTAIBHBIX JIaHHBIX U PacYETHO-
TEOPETHYECKUX PadoT

-1 - IleMOHCTpHpOBaTh yMEHHUS
aHAJIM3UPOBATh U 00001IaTh HHPOPMAIIHIO,
JIeNIaTh JJOTHYECKUe YMO3aKIIOUEHHUs

[TK-1 - Criocoben
CaMOCTOSITEITLHO
OCBauWBaTh U IIPUMCHATH
COBPEMEHHBIE
MaTEMATUYCCKUEC METOAbI
WCCIICIOBAHUS, aHATIN3a U
00pabOTKHU TaHHBIX,
KOMITIBIOTCPHBIC
MPOTPaMMBI, CPEIICTBA
pa3paboTKH, HAYYHO-
UCCIIEI0OBATEILCKYO,
WU3MEPUTEITEHO-

3-1 - Cnenatb 0030p CYIIECTBYIOIINUX METOIOB
" IOAXO0J0B K PCHICHUIO HAYUHBIX HpO6JIeM B
00J1acTH TPOBOAMMBIX HCCIICIOBAHUI

3-2 - CoOoTHECTH M KJIACCH(PUITUPOBATH METOIBI
U CpeJCTBAa MaTeMaTUYECKOM 00paboTKU
PE3yNbTAaTOB PACYETHBIX U
AKCIIEPUMEHTATIbHBIX TaHHBIX

V-1 - BIABIATD U ONPEAETATH LIEIU U IIyTH
pemeHust pyHIaMEHTaIbHBIX U MPUKIIATHBIX
3aja4 B 00JIACTH IIPOBOIUMBIX UCCIIEOBAHUI




aHATTMTUYECKYIO U
TEXHOJIOTHYECKYIO
anmnaparypy (B
COOTBETCTBHUH C
M30paHHBIM
HaTpaBJICHUEM
MPUKJIAJTHBIX MAaTEMaTHKH
1 QU3KKH)

I1-1 - IlpeqyaraTs myTH peLieHUs
(yHIaMEHTAIBHBIX U MPUKIIAJIHBIX 33/1a4 B
poUITBHOM 00JIACTH IEATEIBHOCTH U
MEXIUCLUIIMHAPHBIX HAIPaBIEHUSIX C
HCIIOJIb30BAHUEM COOTBETCTBYIOIIUX LIEJISIM
MOJIXOJI0OB U METO/I0B

I1K-2 - Cnocoben
OCYILIECTBIISATh

3¢ deKTUBHOE yIIpaBIeHNUE
pa3paboTKoii
NPOTrPaMMHBIX CPEIICTB U
MIPOEKTOB

3-1 - lemoHCTpUpOBAaTh IOHUMAaHHUE
apXUTEKTYPhl U PUHIIUIIOB TOCTPOEHUS
IIPOrPaMMHOT0 00ecrieueHus U BUbI
apXUTEKTYPBI IPOrPAMMHOTO 00eCTIeUeHUs

V-1 - Hcnonb30BaTh TUIIOBBIE PELICHUS U
11abJI0HbI pa3pabOTKU MTPOrPAMMHOTO
obecrieueHus

[1-1 - UmeTh OnBIT NpoBeCHUS
(byHIaMEHTaNbHBIX U TPUKIIATHBIX
HCCIeA0BaHUM, MOJIETIbHBIX WU PEATTbHBIX
SKCIIEPUMEHTOB C UCIOJIb30BAHUEM
COBPEMEHHON METOI0JIOTUH, METOJIOB,
000pyI0OBaHUS U TEXHUKH

1.5. ®opma odyueHus

OO0yueHue 1Mo IUCHUIUITMHAM MOAYJISI MOXKET OCYLIECTBIATHCS B OUHOM (opMax.




PABOYAS NTIPOI'PAMMA JJUCHUITJIMHBI
MojaeimpoBaHne Me:KaTOMHBIX
B3aMMOJAeHCTBUIA

Paboyas nporpamMma TUCHMIUIUHBI COCTABJICHA aBTOPAMU:

Nen/m | @amuans Umsa OtyecTBO Yenas crenen, JloJI3KHOCTD Honpasenenue
yueHoe 3BaHue
1 Ma3sypenko Bragumup JIOKTOP (pr3HKO- [Ipodeccop TEOPETUYECKOMN
["aBpunoBuY MaTeMaTHYeCKHX buzuku u
HayK, mpodeccop MIPUKIIATHOM
MaTeMaTHKU

PexoMeHI0BaHO y4eOHO-METOAUYECKMM COBETOM HHCTUTYTA DU3NMKO-TEXHOTOTUYECKUI

IIporokon Ne 10 or 11.06.2021 r.



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

e Ma3sypenko Baagumup I'aspuiiosuy, IIpogeccop, Teoperudyeckoin pPU3NKN U NPUKJIATHOM
MaTeMaTUKHU

1.1. Texnojaoruu peajinzanuu, HCMOJb3yEeMbIC IIPU H3YYCHUH JUCHUIIIMHBI MOIYJIA

- TpanunuonHas (penpoayKTUBHAs ) TEXHOIOTUS
— PasnoypoBHeBoe (quddepeHipoBaHHoe) 00yUeHne
o ba3oBslil ypoBEeHB

*Bazoewiti I ypoeenv — coxpamsem J102UKy CAMOU HAYKU U NO360JAEM NONYYUMb YNPOUJEHHOe, HO 8epHOe U HNONHOe

npedcmasienue o npeomeme OUCYURIUHbL, mpebyem 3Hanue cucmemsl ROHAMUU, yMeHue peuwams npoonemusie cumyayuu. Oceoenue
OAHHO20 YPOBHS PEe3VAbMAMOE8 00VUeHUs O0NNCHO oDecneuums (GopMuposanue 3anIaHUPOSAHHBIX KOMAEMeHYUll U NO3601un
0byuawemycs Ha MUHUMATLHOM YPOBHE CAMOCIMOAMENbHOCIU U OMEEMCMEEHHOCIU BLINOTHAMNG 3A0AHUSL;
Ipoosunymeuiii Il yposenv — yenyonsem u obozcawaem 6a308bill ypoBeHb KAK NO COOEPAHCAHUIO, MAK U NO 21yOuHe npopabomku
Mamepuana OUCYUNnIuHbl. Imo npoucxooum 3a ciem KaoUeHUs OONOIHUMeNbHOU uHpopmayuu. JJanHelil yposens mpebyem yMeHUs
peuiams npooemMvl 8 PAMKAX KYPCA U CMEHCHBIX KYPCO8 NOCPEOCBOM CAMOCIMOAMENbHOU NOCIAHOSKU Yeau U 8b100pa NPocpammbyl
Oeticmeuii. OceoeHue 0aHHO20 YPOBHS Pe3yIbMamos 00yueHus no380aUMm 00y4aoueMycs nogblCUMb yPO8eHb CAMOCMOAMETbHOCIU
U OMEEMCMEEHHOCIU 00 MBOPYECKO20 NPUMEHEHUSA 3HAHULL U YMEHU].

1.2. Conep:kanue TUCHUNIHHBI

Tabmuma 1.1
Kon
Pa3nen, tema
pasneda, HMCIHILIHHBL* Conep:xanue
TeMBbI

Mogens napubix norennuanos. [loreniuan Jlennapaa-/[xoHca.
HenocraTku mapHBIX MOTEHINATOB. MHOTOYaCTUYHbIE TOTEHIIAAIBI
Mopenu onucanus
P1 Ny . | s metaimoB (EAM). MHOroYacTHIHBIC TTOTCHITHAIBI [T
MEXaTOMHBIX B3aMOJICHCTBUI N
MIOJTYTIPOBOJHMUKOB. Y HUBep-calnbHbIA MeTog (MEAM).

JlanbHOAeNHCTBYOIUE CUIIBL.

Kitaccnueckue ypaBHEHUs IBMXKEHHSI U METOABI UHTETPUPOBAHMSL.
Ucnonrs3oBanne MmexaroMuslx | AnroputM Beprie. Meroa «mpeacka3aHuii v mornpaBok». Meron

P2 noteHuanoB. Knaccuueckuit | cpeaneit Touku. [IpenkkoBeiil Metoa. Meroa Ditnepa-Puuapacona.
metoa M/I. Brruncnenne cpeHUX 10 aHCAMOIIO ¥ TEPMOJIMHAMUYECKIX
BEJINYNH

MornekynspHas AuHamMuKa JpeHpecta. MonekynspHas THHAMUKA
Bbopna-Onnenreitmepa. MonekynsipHas nuHamuka Kapa-
[Mapunenno. [Ipodnema Ber6opa metona. Cuibl B
MonekynapHasi TMHAMHKa U3 | «IEPBONPUHIUITHBIX» MOJEKYJIIPHO-TUHAMUUYECKUX pacueTax.
MIEPBBIX IPUHIIUIIOB Teopus QpyHKIIMOHANA 31€KTPOHHO I0THOCTHU. [IpocThie
TepMoIUHaMu4ecKue cpeguue. CTpyKTypHBbIE CBOMCTBA.
Bpemennsie koppensuonHbie GyHKITUH 1 KO3QPHUITHIESHTHI
IEpeHoca.

P3

MojenupoBaHrue HAHOCUCTEM C UCIIONIb30BAHUEM MAKETa
ESPRESSO. MoaennpoBaHuie HaHOMaTepralioB. MccinenoBanne
CTPYKTYPBI U JUHAMHUKH BOJBL.

ITpunoxenus merona M/ x
peanbHBIM CHCTEMaM

P4




1.3. HanpaBnenue, BUIbl BOCIUTATEILHOM AEATEIIBHOCTH U UCIIOIb3YEMbIE TEXHOJIOTUU

Tabmuma 1.2
Hamnpasienue Bu
p . A . Texnonorus PesvIILTaThI
BOCIUTATEIBHON | BOCHUTATENBHON | pooiiroron o ow KoOMIIeTeHIHs 6)’
NEATEILHOCTHU NEATEIbHOCTHU NeATeTbHOCTH O0y4CHM:A

1.4. IIporpaMMa AUCHMIIIIMHBI PEATIM3YETCS Ha TOCYIapCTBEHHOM si3blke Poccuiickoil @enepanui .
2. YYEBHO-METOJUYECKOE U TH®OPMALIMOHHOE OBECIIEYHEHUE JUCIUIIJINHbI
MopaenupoBaHue Me;KaTOMHBIX B3aUMOAEHCTBUI

JJIeKTPOHHBbIE pecypchbl (U31aHMs)

1. TonyxuH, B. A.; KomnbioTepHOEe MOACTUPOBAHKWE JUHAMHKH U CTPYKTYPhI XHIKUX MeTayuioB; Hayka,
Mockaa; 1981 (1 3k3.)

ITeyaTHbIE U3TaHUSA

1. onmyxun, B. A.; KomneiorepHoe MojenupoBaHHe TUHAMUKUA M CTPYKTYpPBI KHIKHX MeTayuioB; Hayxka,
Mocksa; 1981 (1 7k3.)

2. Kapekuna, JI. E.; MogenupoBanue artoMHON CTpyKTypsl aAedektoB B kpuctamiax; YpO PAH,
ExarepunOypr; 2011 (6 3k3.)

3. I'ynn, X., [lanuenko, B. A., ITomonaos, E. H.; KomnbsTeproe moaenupoBanue B ¢usuke : [B 2 u.]. U. 1. ;
Mup, Mockaa; 1990 (4 3k3.)

4. T'ynn, X., [Tanuenko, B. A., [Tomonos, E. H.; Komnerepnoe MmoaenupoBanue B ¢pusuke : [B 2 4.]. Y. 2. ;
Mup, Mockaa; 1990 (6 3k3.)

5.; Metoa MonexkynsipHON AMHAMUKH B Gu3ndeckoi xumun;, Hayka, Mocka; 1996 (1 3k3.)

IIpodeccnonanbubie 0a3bl JAHHBIX, HHGPOPMALHOHHO-CIIPABOYHbIC CHCTEMbI
1. FocymapcTBeHHas myOauYHas HAy9HO-TEXHUYeCKass oubnmoreka. Pexxum nocryna: http://www.gpntb.ru

2. Cnucok OWONMMOTEK, MOCTYMHBIX B MHTEepHET W BXOASAMMX B MNpoekT «JIuOHer». Pexxum mo-cryna:
http//www.valley.ru/-nicr/listrum.htm

3. Poccuiickast HanmoHankHas 6ubanoreka. Pexum nocryna: http//www.rsl.ru

Matrepuansi aas jauy ¢ OB3

Becy kontent OBC mpencraBieH B Buiae (ailioB crenuanbHOro (opmara Il BOCHPOM3BEIECHUS
CHUHTE3aTOPOM PEUH, a TAKXKE B TECTOBOM BUJIE, IPUTOTHOM JUISl IPOYTEHUS C UCIIOJIb30BAHUEM DKPAHHOM Ty TIbI
Y HaCTPOUKOM KOHTPACTHOCTH.

Bba3bl JaHHbIX, ]/IH(l)OpMalII/IOHHO-Cl'lpaBO‘IHbIe H MOUCKOBbIC CUCTEMbI

1. [TyOnuunas snekTpoHHast OubnuoTeka. Pexxum goctymna: http//www.gpntb.ru



2. bubnmoTreka HOpMaTUBHO-TEXHUUECKOM TUTEpaTyphl. Pesxxum moctyma: http//www.tehlit.ru

3. bubmuoteka B. I'. benunckoro. Pexum noctyna: http://book.uraic.ru

3. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI

MoaenupoBaHue Me;KaTOMHBIX B3aUMOAeCTBUI

CBeennsi 00 OCHAIIEHHOCTH JUCHUIJIMHBI CTIENHAJIN3UPOBAHHBIM M J1a00PaATOPHBIM
000py/1I0BaHNEM U MPOrPAMMHBIM 0O0ecneuyeHueM

KOJIMYECTBOM pabo4MX MECT B
COOTBETCTBUH C KOJIMUYECTBOM
CTYJICHTOB

Pabouee mecTo npemnonaBarens
Jocka aynuropHas

[Tepudepuiinoe ycTpoicTBoO

Tabnuna 3.1
Ne Buabl 3ansaruii OcHAILeHHOCTD CIIeNHAJIBHBIX IlepeyeHb JUIEH3HOHHOTO
n/n MOMeLIeHHIT 1 NOMelleHU i UIs NPOrpaMMHOro odecrne4eHns.
CaMOCTOATEIbHOI PadoThI PexBU3MTHI NOATBEPKAAIOLIETO
JOKYMEHTa
1 Jlexunn MebGens ayauropHast He Tpedyercst

2 JlaGopaTopHsbie
3aHATHUSA

[TepconanbHbIe KOMIBIOTEPHI IO
KOJINYECTBY 0OYYaIOLINXCS

[Togxmrouenue k cetn HTEpHET

Office 365 EDUA3 ShrdSvr ALNG
SubsVL MVL PerUsr B Faculty EES




PABOYAS NTIPOI'PAMMA JJUCHUITJIMHBI
Helipo-KBaHTOBbIE TEXHOJIOTHH
MOIeJTUPOBAHMS

Paboyas nporpamMma TUCHMIUIUHBI COCTABJICHA aBTOPAMU:

Nen/m | @amuans Umsa OtyecTBO Yenas crenen, JloJI3KHOCTD Honpasenenue
yueHoe 3BaHue
1 Kamunn Unes K.}.-M.H., 6e3 IOLIEHT TeopeTnyeckoit
Brnagumuposuu 3BaHMA bu3uKH 1
MPUKITATHOMN
MaTeMaTUKH

PexoMeHI0BaHO y4eOHO-METOAUYECKMM COBETOM HHCTUTYTA DU3NMKO-TEXHOTOTUYECKUI

IIporokon Ne 10 or 11.06.2021 r.



1. COAEP KAHUE U OCOBEHHOCTHU PEAIM3AIIUU JUCTIAITJIMHBI
ABTOpBI:

e Kamun Uiaba Bragumuposuy, noueHt, Teopernyeckoii pu3uKU M NPUKIAIHON MaTeMATHKHU

1.1. TexHoorum peaju3auuu, HCNOJIb3yeMble NPU U3YYEHHH THCHUIIIMHBI MOXYJIS

- TpamunuonHas (penpoayKTHUBHAs) TEXHOIOTHS
— PasHoypoBHeBoe (nuddepenunpoBanHoe) o0yueHne
o ba3oBblii ypoBeHb

*bazosviil 1 ypogenb — coxpansem JI02UKY CAMOU HAYKU U NO380JAem NOAYYUMb YNPOWEHHOe, HO 6epHOe U NOJHOe

npeocmasienue o npeomeme OUCYUNIUHBL, MpeOyem 3HAHUe CUCTNeMbl NOHAMULL, YMeHue peutams npodaemHule cumyayuu. Ocgoenue
OaHHO20 YPOBHS pe3yibmamos 0byueHust 00JAHCHO obecneyums GopMuposanue 3anianupOBaHHbIX KOMNEMEHYUl U NO3601UM
006yuarOWeMycs Ha MUHUMATLHOM YPOBHE CAMOCMOSIMENbHOCIU U OMBEMCMEEHHOCMU GbINOTHAMb 3A0AHUS,
Ipoosunymuiti 1l yposenv — yenyonsiem u obozawaem 06a306blil YpOGeHb KAK NO COOEPHCAHUI0, MAK U NO 21yOuHe npopabomxu
Mamepuana OUCYUNIUHbL. Mo nPOUCX00Um 3a cuem KI04eHUss OONOIHUMENbHOU UuHpopmayuu. JJannblil ypogeHs mpebyem yMeHus.
pewams npodrembvl 8 pAMKax Kypca U CMENCHbIX KyPco8 ROCPeOCmBOM CAMOCMOAMENbHOU NOCMAHOBKU Yelu U 8b100pa NPOpamMMbl
Oeticmeuil. Ocgoerue OaHHO20 YPOBHS Pe3YIbmMamoe 00yueHUs NO380AUM 00YHaruemMycs NOGbICUMb YPOBEHb CAMOCHIOSMENbHOCIU
U OMEEemMCmME8eHHOCHU 00 MBOPHUECKO20 NPUMEHEHUs SHAHUU U YMEeHUIL.

1.2. Copep:xkanue TUCHUNIMHBI

Tabmuma 1.1

Kon
Pasgen, Tema
pazaeia, HCHATITMHBL Copepxanue

TeMBbI

[anusie u Hayka o Hux. MckyccTBennsie Hetipounsie cetu (MHC).

P1 Beenenue
3HAYMMOCTD UX U3yUYCHUS U IPUME-HEHHSI CETOIHS.

Brenenue B 00IIyI0 METOJOJIOTHIO U TEOPHUIO CHCTEM.
MareMatrnyecKkrue MOAETH U MPUHIUI WX IPUMEe-HEHUSI.
MareMaTHKa ¥ OTHOIIICHHE MeTo0I0rHuecKoe COOTHOLIEHNE OECKOHEYHO MajIOH BEJTMYUHEL U

MaTeMAaTUKH K (PU3HKe KOHEUYHOTO MpUpalleHus. AJIUTUBHOCTh U HEAJAUTUBHOCTD
CHCTEMBI. METOM0JIOTHYECKOE CXOACTBO MATEMATHKNA M KBAHTOBOM
MEXaHUKH.

P2

CooTHolIEHUE BOJIHOBOM U KOPITYCKYJISIPHOM MOJIe-JI1 BEIIeCTBa U
m3nmydeHus. MaTepriperaius HeonpeaeneHHocTy | efizenOepra Ha
YpOBHE HEAJIUTUBHOCTH MaTepHH U IpocTpaHcTBa. Kpurepuit
MOJHOTHL. PU3MYECKasi MHTEPIPETAIUA anapara ornepaTropHoi
anreopsl.

OCHOBHBIE CBEIECHUS O
KBaHTOBOM MEXaHUKE

P3

MeTtogonorudeckas 0CHOBa GU3NIECKOTO PUOIIMKESHHS.
CooTHolEHNE NOHATHH "B3aUMOJEHCTBUE" U
"cCKOppeNnpoBaHHOCTE". AnrmabaTndeckoe MpruOIKeHNE.
OddexTrBHOE 2EKTPOHHOE B3auMOAeHCTBHE. JleTepMUHAHT
Ciarepa. DddekTuBHOE cpenHee Mmoje U CaMOCOrIaCOBaHHOCTb
TEOPETUUYECKOTr0 MOAX0/1a K ONMMCAaHUIO KBAHTOBOTO TBEPAOTO Tea.
VYuér kpucTaIIM4eCKOU CTPYKTYyphl. Teopema bioxa. IIpsamoe u
obpaTHoe npocTpancTBa. Pemérka bpase u 30nb61 bpunmosHa.
KBazuumnysbc 371€KTPOHOB B KPUCTAJLIE.

DJNIeMEHThI KBaHTOBOU TeOpHU

P4 .
TBEPAOTO Tena




Mopens Xab06apaa. BHyTpraTroMHO€E KYJTOHOBCKOE 1 OOMEHHOE
B3amMozeiicTBre. basuc uncen 3amonuHeHus. Y4€r pepMUOHHON

CHUMMETPHH.
MopaenbHble NOAXOIbI K
P5 KBaHTOBOMY OIHCAHUIO Mopgens I'eitzenOepra. M30TponHOe 1 aHU30TPOITHOE MEKATOMHOE
TBEPAOrO Tella 0OMeHHOE B3amMo/ieiicTBrE. ba3uc "IucThIX" CTHHOBBIX
COCTOSTHUU.

buonorunyeckue npeanoceuiku noctpoenus moae-ieit MTHC.
MonenbHbII 00pa3 HeipoHOB U cuHaricoB. [Ipuanun "obydenus"
HNHC. Heiipon cmemiennsi. MaTpidHBIN anmapar i pacaéra
otkiuka MHC.

P6 Bazoseie cBenenus 00 MHC
BBenenne B MaTeMaTHUECKHE OCHOBBI HCKYCCTBEHHOTO MHTEIUIEKTa
nun.
Marematnyeckas penpeseHtanus "o0yyenuns" MHC B kauectBe
P7 O6mue ceenenus 06 3aJlauM ONTUMHU3anuu. MeToJ 30510TOr0 ceueHus. MeTozsl Ha
"o0yuennn" NHC OCHOBE IpaJIieHTa ONTUMHU3UPYEMOU (pyHKINU (TpaJieHTHBIH

CIIyCK U COTIPSDKEHHBIE TPAJMEHTHI).

Anropurma ontummsanuu 6e3 | Meron Monte-Kapno. ['eHeTHnueckuii anroputM ONnTUMHU3AIIH.

P8
y4acTus rpagueHTa QyHKIUN
MeTton obpatHoro pacnpoctpanenus omrboku st MHC npsmoro
PO Crnennanu3upoBaHHbIC pacnpoctpanenus. OrpannucHHast ManuHa bonbpMana.
anroputmsl "o0yuenus" MHC | Croxactuueckuii HelipoH. [Ipuniun "oOy4ueHus" orpanndeHHON
MamwHbl bonbpimana.
[TosHas puaroHanmM3anys MaTPUIbl FAMIJITOHUAHA
(hyHIaMeHTabHOE OTPaHUYCHHE TAKOTO 1Moaxoa. YacTuuHas
P10 ITocTanoBKa KBaHTOBOM JuaroHaiauzauusa MeroaoM Jlannoma. BapuauroHHbIN npuHOIU
¢dbmsugeckoit 3amayun mit MHC | kBaHTOBOM MeXaHWKH. MeTOIbI OIIEHKY SHEPTHH KBAHTOBOTO
COCTOSTHHS (TIPSIMOM CTOXaCTHYECKHH METOM, METO.
BapuannoHHoro Monre-Kapio).
Tpurin npumenerus MHC 5 IIpencrarnenne [ mp0epTOBa MPOCTPAHCTBA B (DOpMaTH3ME I/IHC;
P11 O6yuenne MHC kak ontumu3zanus GyHKIHH SHEPTHHA (PH3NISCKOM

KBAaHTOBBIX 3aJJadyax
CHUCTCMBI.

Cnenudurka npuMeHEeHHs OrpaHUYeHHON MamHbI borbiiMana uts
pacuéra monenu I 'eizendepra. Criennduka npumenenns MTHC
MIPSIMOTO pacIpocTpaHeHus s pacuéra moaenu boze-Xabbapma.
Mertonbt AdaGrad u Adam anst onTuMu3anyu GYHKIUH SHEPTUH.

HayuHnble noctuxeHus B
P12 obmactu npumenenus MTHC
JUTSL KBAaHTOBBIX 33124

HCpCHeKTI/IBLI, BBIBObI U HepCHeKTI/IBH, BBIBOJBI U 3aKJIFOYCHUC
3aKJIIOUYCHHUC

P13

1.3. HaHpaBneHHe, BHUbI BOCIIUTATEIIHLHOM ACATCIIBHOCTU U UCTIOJIb3YCMbIC TCXHOJIOTHHU

Tabmnuma 1.2
Hamopasiean Bu
arpasie eu A . Texnonorus PesvIILTaThL
BOCITUTATENBHON | BOCIMTATENBHON | poorooro o oo KoMIeTeHmms 6}’
NeITeIbHOCTH NeITeIFHOCTH NEeATENBHOCTH 00y4CHUA




1.4. TIporpaMma TUCHUILTMHBI peaiu3yeTcs Ha TocyaapcTBEHHOM si3bike Poccuiickoit deneparum .
2. YYEBHO-METOAUYECKOE U UYH®OPMAIINOHHOE OBECIIEYHEHUE JUCIHUIIJINHBI
Helipo-KBaHTOBbIE TEXHOJIOTMU MOACJIUPOBAHUS

DJIEKTPOHHBIE pecypchl (M31aHNsA)

1. Bapckmii, A. b.; Jlormueckue HeWpoHHBIE ceTH : YydeOHoe mocobue.; HMHTepHET-YHHUBEpCUTET
Nudpopmanmonnsix  Texwomoruit  (MHTYWUT)|bunom.  JlaGoparopuss  3Hammii, Mocksa; 2007;
http://biblioclub.ru/index.php?page=book&id=232983 (DnexTpoHHOE U3/IaHNUE)

2. Ilenp, A. X.; Knaccuueckue u KBaHTOBBIE BBIYMCIEHUS : Kypc.; HHTepHer-YHHUBepcUTeT
Nudopmanmonnsix Texnomoruir, Mocksa; 2007; http://biblioclub.ru/index.php?page=book&i1d=234673
(OneKTpOHHOE W3/TaHHE)

ITeuaTHble U3AaAHUA

1. Mensenes, B. C., [ToremkuHn, B. I'.; Helipounsie cetu. Matlab 6; JIUAJIOI-MU®U, Mocksa; 2002 (2 3k3.)

2. T'onoBko, B. A., lNanymkun, A. W.; Heiiponnsie cetu: o0yueHue, opranu3aiusl U NpuMeHeHue : Yuel.
nocoOue Asl CTYIEHTOB IO HAIMpaBJICHHUIO MOATOT. OakanaBpoB U MaructpoB "[IpukianHble MaTeMaTuka U
¢uzuka".; UTIPXKP, Mocksa; 2001 (2 3k3.)

3. Xaiikun, Xaiikun C., Kyccyns, H. H., Illlenectros, A. FO.; Helipounsie cetu. Ilomublii kypc; Bunbsmc,
Mockga ; Caukr-IletepOypr ; Kues; 2006 (7 3k3.)

4. Crtun, Ctun 3., IlaceiakoB, U. JI.; KBanToBbie BbluucieHus; PerynsipHas ¥ xaoTHuecKas JIMHAMHKA,
Mocksa; Mxesck; 2000 (3 5k3.)

5. Kaiie, Kaiie @., Jlapamm, Jladgramm P., Mocka, Mocka M., Hukurtuna, T. C., AnoxuH, A. B.; Beaenue B
KBAaHTOBBIC BBIYMCJICHHUA, I/IHCTI/ITYT KOMIIBIOTCPHBIX I/ICCJIGI[OBaHI/Iﬁ . PerynﬂpHaa Hn XaoTu4dyHas JUHaMHUKa,
Mockaa ; Mxesck; 2009 (2 3k3.)

HpO(l)eCCI/IOHaJ'IbHI)Ie 0a3mbl JAHHBbIX, I/lH(l)OpMaIII/IOHHO-Cl'[paBO‘-IHI)Ie CHUCTEMBbI

1. Edmund C. Stoner. “Collective Electron Ferromagnetism”. In: Proceedings of the Royal Society of London.
Series A, Mathematical and Physical Sciences 165.922 (1938), c. 372-414. ISSN: 00804630. URL:
http://www jstor.org/stable/97057.

2. C. Lanczos. “An iteration method for the solution of the eigenvalue problem of linear differential and integral
operators”. In: J. Res. Nat’l Bur. Std. 45 (1950), c. 255-282. URL: http://nvlpubs.nist.gov/nistpubs/jres/045/

3. J. Hubbard. “Electron Correlations in Narrow Energy Bands”. In: Proceedings of the Royal Society of
London A: Mathematical, Physical and Engineering Sciences 276.1365 (1963), c. 238. DOI:
10.1098/rspa.1963.0204. URL: http://rspa.royalsocietypublishing.org/content/276/1365/238.

4. Geoffrey E. Hinton. “Training Products of Experts by Minimizing Contrastive Divergence”. In: Neural
Computation  14.8  (2002), c. 1771-1800. DOI:  10.1162/089976602760128018.  URL:
https://doi.org/10.1162/089976602760128018.



5. John Duchi, Elad Hazan and Yoram Singer. “Adaptive Subgradient Methods for Online Learning and
Stochastic Optimization”. In: Journal of Machine Learning Research 12.61 (2011), c. 2121-2159. URL:
http://jmlr.org/papers/v12/duchil 1a.html.

6. Niklas Romming et al., “Writing and Deleting Single Magnetic Skyrmions”. In: Science 341.6146 (2013),
C. 636-639. ISSN: 0036-8075. DOI: 10.1126/science.1240573. eprint:
https://science.sciencemag.org/content/341/6146/636.full.pdf. URL:
https://science.sciencemag.org/content/341/6146/636.

7. Lorenzo Cevolani, Giuseppe Carleo and Laurent Sanchez-Palencia. “Protected quasilocality in quantum
systems with long-range interactions”. In: Phys. Rev. A 92 (2015), 041603. DOI:
10.1103/PhysRevA.92.041603. URL: https://link.aps.org/doi/10.1103/PhysRevA.92.041603.

8. Kota Ido, Takahiro Ohgoe and Masatoshi Imada. “Time-dependent manyvariable variational Monte Carlo
method for nonequilibrium strongly correlated electron systems”. In: Phys. Rev. B 92 (2015), 245106. DOI:
10.1103/PhysRevB.92.245106. URL: https://link.aps.org/doi/10.1103/PhysRevB.92.245106.

9. B. Blap and H. Rieger. “Test of quantum thermalization in the two-dimensional transverse-field Ising
model”. In: Sci. Rep. 6 (2016), 38185. URL: https://doi.org/10.1038/srep38185.

10. Giuseppe Carleo and Matthias Troyer. “Solving the quantum many-body problem with artificial neural
networks”. In: Science 355 (2017), c¢. 602-606. DOI: 10.1126/science.aag2302. URL:
https://science.sciencemag.org/content/355/6325/602.

11. Diederik P. Kingma and Jimmy Ba, Adam: A Method for Stochastic Optimization (2017). arXiv: 1412.6980

12. Darya Medvedeva et al., “Exact diagonalization solver for extended dynamical mean-field theory”. In:
Phys. Rev. B 96 (2017), 235149. DOLI: 10.1103/PhysRevB.96.235149. URL:
https://link.aps.org/doi/10.1103/PhysRevB.96.235149.

13. Thibaut Perol, Michael Gharbi and Marine Denolle. “Convolutional neural network for earthquake
detection and location”. In: Science Advances 4.2 (2018). DOI: 10.1126/sciadv.1700578. EPRINT:
https://advances.sciencemag.org/content/4/2/e1700578.full.pdf. URL:
https://advances.sciencemag.org/content/4/2/e1700578.

14. Hiroki Saito and Masaya Kato. “Machine Learning Technique to Find Quantum Many-Body Ground States
of Bosons on a Lattice”. In: J. Phys. Soc. Jpn. 87.1 (2018), 014001. DOI: 10.7566/JPSJ.87.014001. URL.:
https://doi.org/10.7566/JPSJ.87.014001.



15. 1. A. Iakovlev, O. M. Sotnikov and V. V. Mazurenko. “Profile approach for recognition of three-dimensional
magnetic structures”. In: Phys. Rev. B 99 (2019), 024430. DOI: 10.1103/PhysRevB.99.024430. URL:
https://link.aps.org/doi/10.1103/PhysRevB.99.024430.

16. Oleg M Sotnikov and Vladimir V Mazurenko. “Neural network agent playing spin Hamiltonian games on
a quantum computer”. In: Journal of Physics A: Mathematical and Theoretical 53.13 (2020), 135303. DOI:
10.1088/1751-8121/ab73ad. URL: https://doi.org/10.1088/1751-8121/ab73ad.

17. Supplementary Materials of Science 355, 602-606 (2017).

18. ITaBen HectepoB. OrpannuenHas mamuHa bosbliMaHna kak ocHOBa IiyOOKuX HepoHHBIX ce-Teil. URL:
https://www.youtube.com/watch?v=eSPgqo4 Xzrl.

19. IlaBen  HecrepoB. OmnnaiiH-nekuusi MO  orpaHMyeHHod  mamuHe  bonsumana.  URL:
https://www.youtube.com/watch?v=sYtHNyxw-W4.

20. Campble MOy JISIPHBIE TOIOJIOTUH HCKYCCTBEHHBIX HEWPOHHBIX ceTen. URL:
https://www.asimovinstitute.org/the-neural-network-z00-2016/.

Marepuaasb s jgun ¢ OB3

Becy kontent OBC mpencraBieH B Buzae (ailioB crenuaibHOro (opmara i BOCHPOM3BEICHUS
CHUHTE3aTOPOM PEUH, a TAKXKE B TECTOBOM BUJIE, IPUTOTHOM JUIs IPOYTEHUS C UCIIOJIb30BAHUEM SKPAHHOM Ty TIbI
Y HaCTPOMKOM KOHTPACTHOCTHU.

Ba3bl 7aHHBIX, HHPOPMALHOHHO-CIIPABOYHbIE U MONCKOBBIE CHCTEMBbI
1. T'ocynapcTBeHHas myOianyHasi HayyHO-TeXHHUecKas Oubauoreka. Pexum goctyna: http:// www.gpntb.ru

2. Crnucok OMOMMOTEK, AOCTYHNHBIX B MHTEpHET M BXOIAIIMX B MpoeKT «JIubner». Pexxum mo-cryma:
http//www.valley.ru/-nicr/listrum.htm

3. Poccuiickas HanmoHabHas 6ubauoreka. Pexxum gocryna: http//www.rsl.ru
4. ITy6nuunast snekTponHas oubnuoreka. Pexxum nocryna: http//www.gpntb.ru
5. bubnuoTexa HOpMaTUBHO-TEXHUYECKOU TUTEpaTyphl. Pesxum moctyma: http//www.tehlit.ru

6. bubmuoteka B. I'. benunckoro. Pexum noctyna: http://book.uraic.ru

3. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJINHBI
Helipo-kBaHTOBbIE TEXHOJIOTMH MOAEJIUPOBAHUS

CBeennsi 00 OCHAIIEHHOCTH JUCIHUNJIMHBI CTIENHAJIN3UPOBAHHBIM M J1a00PaATOPHBIM
000py/1I0BaHNEM U MPOrPAMMHBIM O0eceuyeHueM



Taomnuma 3.1

Buabl 3ansaTmii

OCHAaIIeHHOCTh CHEeNHAJIbHBIX
NOMeleHUH U MOMelleHUi 15
CaMOCTOATEIbHOI padoThI

IlepeyeHb JIMLIEH3UOHHOTO
NPOrpaMMHOro obecrneqyeHus.
PeKBU3NTHI MOATBEPKIAIOIIETO
JOKYMEHTa

Jlexuun

MeGenb aytuTOpHas ¢
KOJINYECTBOM pabounx MECT B
COOTBETCTBHUH C KOJTUIECTBOM
CTYZCHTOB

Pabouee mecto npenoaasarens
Jlocka aynuropHas

[Tepudepuiinoe ycTpoiicTBO

He Tpebdyercs

JlaGopaTopHsble
3aHATHUSA

HepCOHaHLHHe KOMIIBROTCPHI 110
KOJIMYCCTBY 06yqa}0mnxc;1
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