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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay

A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: TeH30pHbIE CETH U UX NPUIIOKECHUSI
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npopuiab NOArOTOBKH: OOmas u nmpukiagHas Gu3uKa

OusTex-mkona GU3NKK U KccaenoBannii um. Jlanmay
Du3TeX-KIIACTEp aKaIeMUYECKOW U HAyYHOU Kapbephl

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

A.A. MenbHUKOB
I'b. JIecoBuK, n-p ¢pu3.-MaT. HayK, CTAPIINN HAYYHBIA COTPYIHUK

[Iporpamma obcyxneHa Ha 3aceqanun Ousrex-kiacrepa akageMHUeCKol 1 HayqHol Kapeepbl 17.04.2023



AHHOTANMA

TeH30pHBIC CETH — ATO MaTeMaTHYECKUH (hOpMaim3M, KOTOPBIH MO3BONISAET S(PPEKTUBHO peIIaTh 3aaqd
BBICOKOH pa3MepHocTH. Kak M KBaHTOBbIE KOMIIBIOTEPHI, OHH 00JIaIA0T JIOTaprU(PMUUECKON CIOKHOCTBIO IO
PELICHUIO 33734, OJHAKO PEaJM30BaHBl Ha KIIACCHYECKOM keje3e. C MOMOLIbI0 TEH30PHBIX CETeH MOXKHO
3G GEKTUBHO CHUMYIMPOBATh KBAaHTOBBIE IETH, pemarb AudQepeHIaibHble ypaBHEHHS, WCIOIb30BaTh B
ONTHMHU3AIIMA U MAalIMHHOM OOy4eHWH. Bo MHOrOM, airopuTMbl Ha TEH30PHBIX CETAX JaKe MPEBOCXOMASAT
TEKyIIHe KBAHTOBBIE, IIOTOMY H3Y4YEHHE HX IPOCTO HEOOXOAMMO, Kak JUIS pEIIeHHsS peasbHBIX 3a/1ad
MHIIyCTPUHU, TaK W JUIsL Pa3BUTUS KBAHTOBBIX aJrOpUTMOB. Kpome Toro, 3T0 mpocto cama mo cebe OueHb
KpacuBasi TEOpHUs, IJIe MHOTOE ONHCHIBACTCS B KAPTHHKAX.

B pamkax xypca OyayT M3y4eHbl OCHOBBI TEH30PHBIX CETEH: 0003HA4YEeHUs, ONepaluu ¢ HUMH M OCHOBHBIE
anroputMel. Kpome Toro, mo kaxmoil u3 Tem, cTyeHTaMm OyleT MpeyiokeHa MpakTUdecKas 3agada, KOTOPYIo
HYXXHO OyzieT peanu3oBarh Ha si3bike python. [locne okoHYaHUS Kypca, CTYACHTHI IOIydaT HaBBIKH, KOTOPbIE
CMOTYT JIETKO MCIOIb30BaTh ISl pEIICHUS 3a/1a4 HHIYCTPUHU U HAYKH.

1. leau u 3apauun

eap AUCUMNIMHBI

HaTL CTyACHTaM 6a3y, Ha OCHOBC KOTOpOﬁ OHU MOITIA OBl Cpa3y pfuiaTb HAYYHbIC W NPHUKIIAIHBIC
3aJJa41 KakK B cq)epe TCH3O0PHBIX BLI‘IPICHCHI/II)'I, TaK U KBAHTOBBIX aJITOPUTMOB Ha UX OCHOBC.

3agauu AU CHUILIHHBI

N3yuenne oCHOB TEH30PHBIX CeTel M alropurMoB Ha HUX. Kpome Toro, mpakruueckas peanuzanus
9TUX aJTOPUTMOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananuzupyet npoOJIeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisier TIOMCK BapHaHTOB  pELICHUS
. |mocrtaBieHHOW  TPOOJIEMHOM  cHUTyalud Ha  OCHOBE
YK-1 CriocoOeH 0CymeCTBIATh KpUTHIECKUAN
o JOCTYIHBIX HCTOYHUKOB MH(POPMAIUN
aHaJM3 MPOOIEMHBIX CUTYalluii Ha OCHOBE
YK-1.3 Pa3pabarsiBaeT CTpaTeruto JOCTHKEHUS

CHUCTCMHOI'0 Imoaxoaa, BBIpa6aTLIBaTB

CTpaTeruio NeicTBui IOCTAaBJICHHOM I1ICJIM KaK II0CJI€A0BATCIbHOCTh IIAroB,

NpeaBUAS PE3YNbTaT KaXKIOro M3 HHUX U OLEHHUBas HX
BIMSIHUE HAa  BHEIIHEE  OKPY)XEHHE  IUIaHUpyeMOI
JEATEIBHOCTH M Ha B3aUMOOTHOIIEHUS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-1.1 3HaeT W cHocoOGH  WCIONb30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (PU3NKO-MATEMATHICCKUX HAyK

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATbLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PE3YyJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM IESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXANCLIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATEIbHOCTH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

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

[IK-1.2 CnocoGeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHON
MOJENN




HOBBIC HAYYHBIC PC3YJIbTAThI

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

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETb:

OCHOBBI TEH30PHBIX ceTel: o00o3HaueHus W omnepauud ¢ HAMH. OCHOBHBIE AalNTOPUTMBI II0
HaxXOXJEHUI0O OCHOBHOTO COCTOSIHMS, JIOKJIBHOTO TaMHJIBTOHMAHA, PEIICHHS CUCTEM JIMHEHHBIX
ypaBHeHuil. Kak mpuMeHsTh K 331auaM MallMHHOTO O0y4YeHHS ¥ ONITUMM3ALIUH.

PabGotathb ¢ TeH30paMu M peaan30BbIBATh BBIIIEYKAa3aHHbIE AITOPUTMBI Ha A3bIKe python.
BJIaJIETh:

bubnmuorexkamu numpy u ttpy B python.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIIMHbI (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 O003HaueHMsI U OTIEPALIMU C TEH30paMHU 2 4
2 TenzopHbIe paznoxKeHUs 2 4
3 TenzopHsIii moe3n 2 2
4 Anroputm DMRG 1 3 2
5 Omnepanyu ¢ TEH30PHBIM OE310M 1 3 4
6 “KBaHTHU30BaHHBIN TEH30PHBIN TTOE3] 2 2
7 AnropurMm pemenus cucreM AMEn 1 3 4
8 AJNropuT™ KpecToBOH allpoKcuMauu 1 3 2
9 Anroput™ tt-onTUMH3AIUN 1 3 2
10  |IIpuMmeHeHME K MAIIUHHOMY OOYYEHUIO 2 4
Nroro yacos 15 15 30
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2.

Coneprxanue TUCIUIUIAHBI (MOl ), CTPYKTYPUPOBAHHOE MO TeMaM (pasiernam)

Cemecrtp: 1 (Ocennuii)

1. O6o3HaueHMs U OTIepaIuy C TEH30paMu

BBenenre B 0003HaueHUsT TEH30pPOB, CBEPTKA TEH30POB M €€ CIIOKHOCTh. [IpuMeHeHue CBEpTKH K
CUMYJISIIIUM KBAHTOBBIX 1emned. [IpakTudyeckoe 3amaHue MO CUMYISIIIMM KBAaHTOBOW IeMH TIPH

oMo TCH30PHBIX CETeH.

2. TeH30pHBIE pa3n0KEHUS




OcHOBHBIE MaTpuyHble pasiokeHus, Takue kak SVD, QR u kpecroBoe pasnoxenue. Beemenue
MOHATHS paHra TeH30PHON CETH M CIIOCOOBI €ro MOHMKEHUS MIPU ITOMOIIHM U3Y4YE€HHBIX Pa3JIOKEeHUI.
[IpakTrueckoe 3a1aHuE IO MOHMKEHUIO PaHra KOHKPETHOM TEH30pHOH CETH.

3. TeH30pHBIN MOE3]

BBCI[GHI/IG B q)OpMaJ'II/ISM TCH30pHOTO 1OC3J1a — YaCTHOro Cliy4dasd TeH30pHOI>i CCTH. AJIl"OpI/ITM 10
MpEeACTAaBIICHUIO IPOMU3BOJIBHOT'O TEH30pa B BUE€ TCH30PHOT'O I1O€314a.

4. Anroputm DMRG

OcHoBHOM anroputM TeH30pHbIX ceTed — DMRG, koTophlli TO3BOJIIET HAXOIUTh OCHOBHOE
cOoCcTOosiHME JoKanpHOro [amuibroHmana. Ha ero ocHoBe OymyT uW3y4deHBl Bce JalibHEHINE
aJITOPUTMBI.

5. Onepanuu ¢ TEH30pPHBIM 0€3710M
Wzyuenne Bcex OCHOBHBIX aJIre0OpandecKUX onepannii ¢ TEH30pPHBIMU NOE3JaMH U UX CIIOKHOCTb.
6. “KBaHTH30BaHHBIN TEH30PHBINA OE3]

Byner nzyden ocoOblii KjlacC TEH30PHBIX MOE3A0B — KBAHTU30BAHHBIA TEH30PHBIA MOE3M, KOTOPHIHA
HOJTydaeTcs 4epe3 BBEICHHE MCKYCCTBEHHBIX pasmepHocTeil. MimenHo Onaromaps sTomy Qopmary
JOCTUTAETCS JIOTapuPMHUUECKasi CIIOKHOCTD adroputMoB. Kpome Toro, 3ToT popMar oueHb MOX0X Ha
[IPEJCTABICHUE KBAaHTOBOTO KOMIIBIOTEPA.

7. Anroputw™m pemenust cucteM AMEn

ANTOPUTM MO PELICHUIO CHCTEM JIMHEHHBIX YPaBHEHUH , IPEACTaBICHHBIX B TEH30pHOM (popmare,
AMEn. Dtor anroputm siBisiercss komOuHarein DMRG u kimaccuyeckoro Metoja HauCKopenmiero
CIIyCKa.

8. AIroOpuTM KpeCTOBOH almpoKCUMAaINH

Byner u3yuen camplii 3QQEeKTHBHBIN aIrOPUTM MO MPEICTABICHHUIO IIPOM3BOJILHOTO TEH30pa B BUAC
TEH30pHOI0 I10€3/1.

9. AnaroputM™ tt-onTUMHU3AIIH

AHFOpI/ITM OIITUMM3AllUH, OCHOBaHHBIM Ha erCTOBOI‘/'I alfpoKCUMallMi MU CTCIICHHOI'0 METOAa
HaxO0XICHHUA MaKCHUMaJIbHBIX COOCTBCHHBIX 3HAUCHHI.

10. IIpuMeHeHue K MalIMHHOMY OOy4Y€HHIO

3aMeHa IMOJTHO-CBSI3HOTO CJI0s HEHPOHHOW CETH Ha TEH30PHBIN U pelleHNue KOHKPETHBIX 3a/a49d MPH
MOMOIIM TaKOM 3aMEHBI.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS 10CKOH, MyJBTUMEINATIPOCKTOPOM U IKPAHOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



1. Ivan Oseledets Tensor-train decomposition // Scientific Computing, 2011

2. Roman Orus A Practical Introduction to Tensor Networks: Matrix Product States and Projected
Entangled Pair States // Annals of Physics, 2013

3. Andrzej Cichocki Tensor Networks for Big Data Analytics and Large-Scale Optimization Problem
/] arxiv, 2014

JlononHuTeNbHAS TUTEpATypa
1. Ivan Oseledets and Eugene Tyrtyshnikov Tt-cross approximation for multidimensional arrays //
Linear Algebra and its Applications, 2010
2. Ivan Oseledets Constructive representation of functions in low-rank tensor formats // Constructive
Approximation
3. Kazeev V., Khoromskij B, Low-rank explicit qtt representation of the Laplace operator and its
inverse // SIAM, 2012
4. Dolgov S., Savostyanov D. Alternating minimal energy methods for linear systems in higher
dimensions // SIAM, 2014
5. Johnnie Gray and Stefanos Kourtis Hyper-optimized tensor network contraction // Quantum, 2021

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. https://tensornetwork.org/
2. https://www.tensors.net/

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

S3bIK IporpaMmmupoBanus python.
9. MeTonnueckue yKa3anus 1J1s 00y4al0UIUXCs 110 0CBOSHHIO TUCHMILTHHBI (MOYJIsT)

CryneHT, M3y4arolui JUCHUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare m3ydeHHs NHUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONPEACICHUS M TOHATHA,
YMETb IPUMEHSTH [10JIyUYCHHbIE 3HAHUS AJIs PELICHUs pa3IMuHbIX 3a/1a4.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKyIeW U TPOMEXYTOUYHON aTTECTAIUH.

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

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3Y4EHHsI OTIENBbHBIX TEM, BOINPOCOB, CJIEAYET OOpaIarbcs 3a KOHCYIbTALMAMHU
MIpenoAaBaTelto.

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

Du3Tex-KIIacTep aKaJAeMUIeCcKON U HayuyHO! Kapbepsl (DyHIaMeHTaIbHbIE TPOOJIEMBI
(U3UKN KBAHTOBBIX TEXHOJIOTHH)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH
PazpaGoTunkm:

A.A. MenbHUKOB
I'b. JIecoBuK, n-p ¢pu3.-MaT. HayK, CTAPIINN HAYYHBIA COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 SHaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBHOW ~ NIeATeNhbHOCTH  (PyHIaMEHTaIbHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cmocoben 00001maTs ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTh
poeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

[IK-1 CnocoGen craBuTh, hOpMann30BEIBATH U
pemIarh 3aJia4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

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

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3a7a4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaTh

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare usydueHus AMCUUILINHBL « TEeH30pHBIE CETU U UX MIPUIIOKEHUSD) 00yUarOIUNCS 10JIKEH:

3HATb:

OCHOBEI TCH30PHbIX cereii: 00O3HAUEHUSA U onepanunu C€ HUMU. OCHOBHBIE AJITOPUTMBL: 110
HaXO0XJACHUIKO OCHOBHOI'O COCTOSAHHSA, JIOKAJIbHOIO TI'aMWJIBTOHHAHA, PCEHICHHUA CHCTEM JIMHEMHBIX
ypaBHeHI/II\/’I. Kak MNPUMCHATH K 3aia4aM MAallIMHHOT'O O6y‘lCHI/I$I " OIITUMH3ALIMH.

yMeTh:

PabGorars ¢ TCH30paMU 1 pCaJIn30BbIBATH BBIIICYKA3dHHBIC AJITOPUTMBI HA S3BIKC pythOI’l.

BJa/IeTh:
bubnuorexkamu numpy u ttpy B python.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHIi, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

1. Omummre npuHIUIb! padoTs! anroputmMa AMEn.

2. PeammzoBare anroputm DMRG.

3. HOILFOTOBI/ITB JOKJIaa MpoO TCKYIIHUEC MCTOABI CUMYJISALIMHA KBAHTOBBIX HCHCﬁ IIpy MOMOIIb TCH30PHLIX

ceTel.

[IprMepbl KOHTPOJIBHBIX 33JaHUN:




1. 3acuMynupoBaTh JaHHYIO KBAHTOBYIO IIEIb IPH MOMOIIN TEH30PHOM CETH.
2. PeanuzoBats anroputm AMEn.

3. ANNpoKCUMHPOBATh CIIy4alHBI TEH30p 4Yepe3 TEH30pHBIM TMOoe3] MpU IOMOUIM KPECTOBOMN
anmIpoKCUMAIUH.

4. Haiitu ontumyMm noiuHoMa YeOblieBa npy MOMOLIM TEH30PHOTO ONTUMH3ATOopa.
5. Pemnth naHHy0 3a1a4y Kiaccu(UKAUK TP TOMOIIHY TOJTHO-CBA3HON TEH30PHOM HEHPOHHOH CeTH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

[lepeueHb npUMEPHBIX KOHTPOJIBHBIX BOIIPOCOB!

. OnpenennTs CI0KHOCTh CBEPTKHA JAaHHOW TEH30PHOM CETH.

. HapucoBatb B TeH30pHBIX 0003HAUCHUSAX, KaK BHINIAUT HOpMa PpobeHnyca JTaHHOTO TEH30pa.
. Onmcarp ajlropuT™ NpUBEIEHUS TEH30pa K TEH30PHOMY II0€31Y.

. Kak cBszan anroputm AMEn ¢ anroputmom DMRG?

. Kak peanuzoBars anredpandeckue oneparyu ¢ TEH30pHBIM Noe31oM Tipu oMoy DMRG?

. O003HaueHHs U omepaLuy ¢ TEH30paMu

. TeH30pHBIE pa3IOKEHUS

0 N O L AW~

. Ten30pHBIi1 moe3x

9. Anroputm DMRG

10. Onepanuu ¢ TEH30PHBIM MTOE3/I0OM

11. KBanTOBaHbII TEH30PHBIN MTOE3]

12. AnropuT™ KpecTOBOH anmpoKCUMAaIIHH

[Tpumeps! 3K3aMEHAIMOHHBIX OUIIETOB:

buner 1.
O0o03HaueHYsI U OTIEPALIMU C TEH30paMHU

buner 2.
TeH30pHbBIE pa3IOKEHUS

buner 3.
Ten3opHbIi OE37

buner 4.
Anroputm DMRG

buier 5.
Omnepanyu ¢ TEH30PHBIM OE310M

buner 6.
KBanToBaHbIi TEH30pHBIN MTOE3]

buner 7.
AnroputMm pemrenus cucteM AMEn

Bbuner 8.
AJNTOPUTM KPECTOBOW amnmpoOKCUMAIAH

Buer 9.
AHFOpI/ITM tt-onnTuMHu3anuu

Bbuer 10.



[TpumeHeHNe K MalIMHHOMY O00y4Y€eHHIO

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh UX Ha NPAKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka oOmIMYHO § Oa/uIOB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHNH KOHKPETHBIX 3a]ad, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xoporio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, IPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha NPAKTHKE, HO HEAOCTATOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka Xopomo 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIH B PELICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.
OneHka ymoBIETBOPUTENbHO 4 Oaiya - BBICTABISETCS CTYIEHTY, MOKa3aBIIeMy (parMEeHTapHBI,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHHUs JIOTHYECKOW MOCIIeIOBATEIIbHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3JieNibl yueOHOW NMpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka ymoBIETBOPUTENbHO 3 Oaiya - BBICTABISIETCS CTYIEHTY, IMOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JONycKarolnlemy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOIO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHO! MporpaMmbl, HEOOXOAUMBIMHE JUIS JaJIbHEHIIEro o0ydeHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEyJOBJIETBOPUTENIBHO 2 Oalia - BBICTABISIETCS CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHOH IporpaMMbl JUCHMIUIMHBI, JOMyCKaeT rpyOble OmMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
OueHka HEYIOBIETBOPUTENbHO 1 0ajl - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

OueHka 3a Kypc BBICTaBISCTCS Ha OCHOBAHUH OLIEHUBAHUS MPAKTUYECKUX pabOT M YCTHOTO OTBETa BO
BpeMsl K3aMeHa. DK3aMeH MPOBOAMTCS 10 OuiieTaM B ycTHOW Gopme. B xaxknom Omiiere mpeacTaBieH
oauH TeopeTndeckuil Bonpoc. [Ipu npoBenennn sx3amena odyuaromemycs npeaoctasisercs 30 MuUHyT
Ha MoAroToBKy. Onpoc o0ydaronierocs He TOJHKEH NPEBHIIAaTh OJHOTO aCTPOHOMHUYECKOTO Yaca.



