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1. Kparkas xapakTepucTHKA JUCHUIIUHBI (MOAYJIs1)

Pabouas mnporpamma aucuuIuiMHbL (MOAyisi) «OCHOBBI TEH30PHBIX BBIYHUCICHUI»
COCTaBJIEHa B COOTBETCTBUU C (eIepalIbHBIM rOCyIapCTBEHHBIM 00Pa30BaTEIbHBIM CTAHIAPTOM
BEICIIEr0 oOpa3oBaHmsi — OakamaBpuar 1o crernuanbHOcTH 38.03.05 busnec-undopmaruka,
npoduns busHec M aHaIUTHKA, YTBEP)KIEHHBIM MPUKa3oM MUHUCTEPCTBA HAYKH M BBICIIETO
obpazoBanus Poccuiickoit @eaepannu Ne 8§38 ot 29.07.2020 rona.

Nzyuenue nucuuruinHbl (Moayisi) «OCHOBBI TEH30PHBIX BBIYUCIICHUN» TTO3BOJISET OBIAJIETh
MHCTPYMEHTOM ISl OTIMCAHHSI MHOTOMEPHBIX (PM3MUECKUX CUCTEM, aHAJIM3a OOJIBIINX JaHHBIX U
MOCTPOCHUA  Mojenei  rayOokoro  oOydeHHs;  OHM  MO3BOJIAIOT  paboTath B
KOOPJMHATHO-HE3aBUCUMOM BHJE U 3(P(PEKTUBHO HCIIOIB30BaTh COBPEMEHHOE ammapaTHOE
obecnieuenue (GPU, pacnipenenénubie KIacTepsl).

MecTo JTUCUMIIIIMHBI (MOXYJIS) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Hacrosmas nuciumninuHa (MOAyIb) BKIIOUEHA B Y4€OHBIH IJ1aH 1O IMPOTrpaMMe MOATOTOBKH
OakanaBpuata 1o HamnpasieHuro 38.03.05 busznec-undpopmaruka, npodpmis buznec u aHamTuTHKA
U BXOJUT B yacTh bioka 1, popmupyemyro yuacTHuKaMu 00pa3oBaTeNIbHbIX OTHOIIEHUH.

JucnumimHa (MOayIb) sIBJIs€TCSl BBIOOPHOM M JOCTYIHA /sl U3y4yeHus Ha 3 uim 4 Kypce
B 6, 7, 8 cemecTtpax Ha BBIOOp TIOC/IE YCHEHIHOTO OCBOEHUS JUCHMILIMH: «OCHOBBI
MaTeMaTUYECKOI0 aHaIn3a U JIMHEHHOU anreOppl» uinu «Maremarnyeckuil ananus» u «JIunelnas
ainreOpa u reometpusi» win «MaremaTruueckuil ananus. IIpoaBuHYTHIH ypoBeHb» U «JInHeiHas
anreOpa u reomerpus. [IpoBUHYTHIN YPOBEHBY.

Heab u3yyeHHus AMCHUIUIMHBI (MOAYJs): (OPMHPOBAHHE Y CTYIEHTOB IEIOCTHOTO
IPE/ICTaBICHUS O TEH30PaX KaK MHOTOMEPHBIX JIMHEHHBIX 00BbEKTaX, HAY4YUTh UX (OPMHUPOBATH,
peoOpa3oBhIBATh M MPUMEHATH B AaHAJMTUYECKUX BBIBOJAX M YHCICHHBIX aIrOPUTMAX, a TAKKE
OCBOUTH MpakTHUecKyto peanuzanuio B Python/NumPy, TensorFlow, PyTorch.

3agaun u3y4yeHus AUCHUILIUHBI (MOIYJIs1):

— ONpeAeNuTbh  paHr, KOHTPAaBapUAHTHHIC/KOBAPHMAHTHBIE  WHACKCHI,  IpaBUIIA
npeoOpa3oBaHus IPU CMEHE CHCTEMbI KOOPIMHAT, CBOWCTBA CHMMETPUH U aHTH-CUMMETPHH;

— BBINOJHATH CJIOXEHHWE, BHEIIHEe W BHYTPEHHEE YMHOXKEHHE, KOHPAKIIMIO,
NObEM/OMYCKaHHE HWHJEKCOB, HCMOJIb30BaTh MpousBeneHue Kponekepa U omepauuu
CUMMETPH3AINN/aHTHCCUMMETPH3AIIHH

— BBIBOJUTH TEH30pHl rpamuenTta, Skobwu, ['eccmana; mpUMEHATh TpaBUIIA
TuddepeHIMpoBaHUs TEH30pOB, TeH30pHbIE (opMbl TeopeM ['puna, CTokca, AMBEPreHINH U
poTopa;

— HaAy4YUTbCS MOJEIMPOBATh HAMpsDKEHWss W jaedopManii B MEXaHUKE, CTPOHTH
TEH30pHble (UIBTPEl B 00pabOTKe M300pakeHUH, pemarh 3aJaud pEeKOMEHJalud u
(daxTopHu3anMy TaHHBIX, TPUMEHSATh TEH30PHBIE METOJbI B YHCICHHOM PEUICHUH YpaBHEHHH B
YaCTHBIX TPOU3BO/IHBIX.

B pe3ysbTare ocBOeHUs! AUCHUILUIMHBI (MOLYJI1) 00Y4AIOLIUIICH JOJIKEH:

3Hamy:

— OCHOBHBIE IIOHATHS TEH30PHBIX BBIUMCICHUMN: CKaJIsIp, BEKTOp, MaTpHIa, TEH30p,
HOPSI0K TeH30pa, opMa TeH30pa, OChb, HHIEKC;

— IpaBWJIa BBINOJIHEHUs 0a30BBIX OIEpalldil HajJ TEH30paMH: CIOXEHHE, YMHOXEHHUE,
TPaHCIIOHHWPOBaHKeE, TIepecTaHOBKa oceid, reshape, broadcasting;

— TPUHUMUIIBI MHAECKCHOM 3allMCH TEH30pPHBIX BBIPAXKEHUI M COIMVIAIIEHHE DUHIITEMHA O
CYMMUPOBaHUH;

— OCHOBHBIE BHJBl TEH30PHBIX CBEPTOK U HMX CBSI3b C MAaTPUUYHBIM YMHOXKEHUEM,
CKaJIIPHBIM MPOU3BEICHUEM U JIMHEHHBIMU OTOOpasKEHUSIMH;

ONEeKTPOHHBIA JOKYMEHT



— 0a30BbIe MPUHIUITBI ABTOMATHYECKOTO MU (HepeHIIPOBAHUS U PUMEHEHUS TCH30POB
B MAaIIUHHOM O0YYEHUH;

ymemb:

— omnpenenasaTh (GopMy TEH30pPOB Ha KaKIOM JTale BBIYUCICHHA W TPOBEPSTH
KOPPEKTHOCTH OTEPAIUi TI0 Pa3MEPHOCTSIM;

— TEpPEeBOAUTH MPOCThIC TEH30PHBIC BBIPAXKCHHUS MEXKIYy MAaTEMaTHYECKOW 3aluChio,
WHJIEKCHOM 3aIlMChIO U NMIPOTPAaMMHOM pean3aiue;

— BBINOJIHATh OCHOBHBIC TeH30pHBIC omepanuud B NumPy, PyTorch uiu aHamorundHeIx
ouobIMoTeKax;

— WCcmoib30BaTh broadcasting, reshape, transpose, permute, sum, einsum u tensordot st
peIICHUs TPAKTUYECKHX 3a]1a4;

— peaJM30BBIBATH IMPOCTHIC BBIYHUCIUTEIbHBIC Tpapbl W NPUMEHATH autograd JuIs
HAXO0XJICHUS MTPOU3BOTHBIX;

é1a0ems:

— HaBbIKAMH pPabOTBI ¢ MHOTOMEPHBIMH MACCHBAaMH M TEH30paMH B COBPEMEHHBIX
BBIUHCIUTEIbHBIX OMOINOTEKAX

— mnpuéMaMH aHaJu3a U OTJIAJKHA OIIHOOK, CBA3aHHBIX C HECOBIIAJICHHEM Pa3MEPHOCTEH
TEH30POB;

— 0a30BBIMU METOJAMH BEKTOPU3AINY BBIYMCICHUIA U ONITUMHU3AIUHA TEH30PHOTO KOJIa;

— HaBBIKAMH TNPUMCHCHUS TCH3OPHBIX OIEpaluid B 3aJadaX MAaIIMHHOTO OOYyYCHWS,
00pabOTKH N300pAKEHHIA, TIOCIICI0BATEIIBHOCTEH M TAOJNYHBIX TAHHBIX;

— HaBbIKAMH CaMOCTOSITEJILHOI'O YTEHHS JIOKYMEHTAIlMM W MaTEMAaTUYECKHX TEKCTOB,
MCTIOJIB3YIONINX TEH30PHYIO M HHICKCHYIO HOTAIIHIO.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYaIOLIMXCS € IeJarorn4ecKUMHU
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xanue Nuauxkarop IlepeyeHpb MIAHMPYEMBIX
KOMIIeTeHIIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JUcCHUIIMHE (MOTYJIIO)

VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHAJIN3a
OCYILECTBIISITH IIOUCK, nHpOpMaLuH B 001aCTH aHAJTUTHUKHY,
KPUTUYECKUH aHAIN3 U OCHOBHBIE IPUHIIMIIBI KPUTHUECKON
cUHTe3 HH(popManuy, OLIEHKM MCTOYHHUKOB HH(OPMALIMHU U UX
HIPUMEHSTh CUCTEMHBIH PEIEeBAaHTHOCTH.

TOJXOJT JUIsl PEeIICHUS YK-1.2. YMeeT KpUTUYECKU OLICHUBATh
MOCTaBJICHHBIX 3a/1a4 HUCTOYHUKHU MH(OpMaNU 1
CHHTE3UPOBATh AaHHBIE U3 PA3TUIHBIX
HMCTOYHUKOB [UIS PELICHUs 3a1ad,
MIPUMEHSTH CUCTEMHBIH MOIXO0 K
aHaJM3y ¥ PEIICHUIO KOMITIEKCHBIX
pooseM
YK-1.3. Nwmeet npakTudeckuii OmbIT paboTHI C
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH JUTISE 00pabOTKH
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYPUPOBAHUH 3a]1a4 HAa OCHOBE
NOoJy4eHHOH nHGOopMaIu
OIIK-4. Crioco0eH MoHUMaTh OIlK-4.1. 3HaeT OCHOBHbIE MPUHITUITBI PAOOTHI
NPUHLMIIEL PaOOTHI nHGOPMALMOHHBIX TEXHOJIOTUH U UX
WHPOPMAITUOHHBIX BJIMsIHUE HA OM3HEC-IPOILIECCHI
TEXHOJIOTH; OIIK-4.2. VMeeT UCIoab30BaTh METOJIBI U
UCIIOJIb30BaTh IpOrpaMMHBIE CpeACTBa It coopa,
WH(POPMAITUIO, METOIBI 00paboTKu 1 aHaIM3a HH(HOPMAITUH,
U POTpaMMHBIC o0ecrieurBasi KA4eCTBEHHYIO
cpeznctsa ee cOopa, UHQOPMAIMOHHO-aHATU THYECKYIO
00paboTKy U aHATH3a MOJEPKKY
A7 MTHPOPMaLIOHHO- OIIK-4.3. NmeeT nmpakTuveckuii OTbIT B
aHATUTHYECKOH NPUMEHEHUH aHATUTHYECKUX
NOJ/ICP’KKU TIPUHATHUS WHCTPYMEHTOB JIJIsl OAJICPIKKA
yIpaBIIEHIECKUX NPUHSATHS YIIPABICHUYSCKUX PELICHHUH B
penieHui OpraHu3aLusX

[K-2. Criocoben IK-2.1. 3HaeT OCHOBHBIE MaTeMaTHYECKHE
UCIIOJIb30BaTh METOABI U HHCTPYMEHTAJIbHbIE CPECTBA,
COOTBETCTBYIOIINI MpUMeHsIeMbIe AJ1s1 00paboTKU U
MaTeMaTHYEeCKHH aHanm3a nHhopMaluu
anmnapar IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
MHCTPYMEHTAJIbHBIC MaTeMaTHYECKHH anmapar JUIst
CpezcTBa JUIst CHCTEMaTH3al[UH JAHHBIX U PEIICHUS
00paboTKH, aHann3a u npoeccHOHAIBHBIX 3324
CUCTEMATH3ALNN [K-2.3. Hmeer npakTHUECKHUA OTBIT pabOTHI €
WHPOPMAITUH IO TEME WHCTPYMEHTaMH aHalln3a HHGOpMaLuu
WCCIICIOBAHUS JIJISI B PaMKax HCCIIE/IOBATEIbCKUX MTPOEKTOB
peleHus 3a1aq
npohecCHOHANBHOMN
JIeSITEIIbHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHE YAChI
I HaunmenoBanue Ounas gpopma TKY
pasaeiia JUCHHILIHHBI AyaurtopHas (Texyuit
(Moays) pabdoTa KoHTpo:b CamocrosiTen KOHTPOJIb
Jlekuun | Cemunap bHas padorTa ycIeBaeMoCTH)
bl
1 MaremaTndeckas 0a3a u 4 4 30 JlomarHee 3aganue
MOTHBAIWS TEH30PHBIX AynurtopHas pabota
BBIYHCIICHUM
2 OcHOBHbIE onepalui HaJ 10 10 2 30 Konrtponbnas pabora
TEH30paMH
3 TeHzopHBIC pa3IoKeHUT U 10 10 2 30 Jlomarnraee 3amanne
BBIYHCIUTEIbHAS AynurtopHas pabota
3 PEKTUBHOCTH
4 [Ipuknagasie TEH30pHBIC 6 6 2 30 Kontponbhas padora
BBIYUCIICHUA
3auem c oyenkoil 6 KomnokBuym
Hmozo: 30 30 10 120
Obvem oucyunaunsl (mooynsn) (6 190
ak. u.)
Oo6vem Oucyunaunvt (Mooynsn) (6 5

3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)
1 Maremarnueckas 0aza u Brenenue B TeH30pHBIE BRIUUCICHUS. [I0BTOpEeHIE THHEHHOM anreOpsI
MOTHUBAIMS TEH30PHBIX Martpunpl Kak 4aCTHBIA ClTydaid TEH30POB
BBIYMCIICHUN MHoroMepHbIe MacCHBBI M (DOPMBI TAHHBIX
2 OcHoBHble onepauuu Hag | [lonstue Tenzopa. KommoneHTs! TeH30pa B Oasuce
TEH30paMu KoBapnaHTHBIE 1 KOHTpaBapuaHTHBIC HHACKCHL. Ten3ops! mopsaka 0, 1,
2 ¥ BBIIIIE.
[ToanemeHTHBIE OnEpauu
CBEpTKH U cokpareHue naaekcoB. KonTpomsHas padota 1
TeH30pHOE MPOU3BEJACHUE U UBMEHEHHUE MOPSJIKa OCei
3 Tenszopusie paznoxenuss © | HopMbl BekTopoB, MaTpull 1 TeH30poB. Hopma dpobenuyca.
BBIYUCIUTEIbHAS Paccrosinusa mexy Tenzopamu. [lotepu B 3agauax MalIMHHOTO
3 PEeKTUBHOCTH oOydeHusl.
[IpousBoaHble TeH30pHEBIX BhIpaxkeHui. JAuddepenmposanue caoxHoMl
(YHKIMY B TEH30PHOU 3aITUCH.
OcHoBHI aBTOMaTHUECKOTO MU dhepernrpoBanusi. Komroksrnym
Tenzopusle paznoxeHus. CUHTYJISIpHOE Pa3ioKEHUE KaK MaTPUYHOE
paznoxenue. Maest CHUKeHHUs: pa3MepHOCTH
4 [IpuxnagHbie TEeH30pHBIE TeH30pbl B MAIIMHHOM 00y4YeHUU

BBIYHCJIICHUA

TeH30pbl B HEUPOHHBIX CETAX
OnTuMu3anys TSH30pHBIX BeIYUcIeHU. KonTposibHas pabdora 2
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VHuBepcuTer  pacnojaraeT  IOJAHBIM ~ HAa0OpOM  JIMIEH3MOHHOIO M CBOOOJHO
pacIpoCTPaHsIeMOro IPOrpaMMHOI0 OOECleYeHMs, BKJIOYas MPOAYKTHl OTEYECTBEHHOIO
IIPOU3BOJICTBA.

Kaxnplii cTyneHT B TedeHue BCEero IMepuoAa OOydeHHUs IOoJdydaeT HHIMBUAYaJIbHBIN
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMOIMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
MH(POPMALIMOHHO-00pa30BaTENbHOM cpele  yHUBEPCUTETa. OTH CHCTEMBbl IPEJOCTaBIIAIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 3a €r0 NpEAeIaMHu.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U UH()OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM.

Ocnosnas numepamypa:

1. Mycun, 1O. P. Tenzopnslii aHanu3. BBogHBI Kypc ¢ NPUIOKEHHSIMHU K aHAIU3Y H
reomerpun . yuyeOHHK 171 BY30B/ FO. P. Mycun. — 2-e¢ u3n., mepepab. u jgom. — MockBa :
WznatenbctBo FOpaiit, 2026. — 184 ¢. — (Briciee o6pazosanue). — ISBN 978-5-534-06198-7.
— Tekcr : oanekrponsbli // OOpa3oBartenbHas 1miatrdopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/585823

2. ®omenko, T.H. Beicmas wmaremarmka. OOmas anreOpa. DJIEMEHTHI TCH30PHOM

anreOpel : y4eOHUMK W mpakTukyMm nais By3oB/ T. H. ®omenko. — Mocksa : M3marenbcTBo
FOpaiit, 2026. — 121 ¢. — (Bsicmiee obpazoBanue). — ISBN 978-5-534-08097-1. — Tekcr
anekTpoHHbIW  //  OOpasoBarenpHas  miatdpopma  HOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/585939

Jlonoanumensnasn numepamypa:

1. Kamanosa, @. P. Beicmas matremaruka. O0mias ainreopa B 3agavax : y4eOHHK IS
By30B/ @. P. Kamanosa, U. A. Kamanos, T.H. ®omenko. — 2-e uza., mepepad. u Jom. —
Mocksa : M3garensctBo Opaiit, 2026. — 128 c. — (Bsicmee obpazoBanue). — ISBN 978-5-

534-09499-2. — Tekct : anekTpoHHEI // O6pa3oBarensHas wiardgopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/585819
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https://urait.ru/bcode/585823
https://urait.ru/bcode/585939
https://urait.ru/bcode/585819

6. MaTepuajJbHO-TeXHHYECKOE 0O0ecneuyeHue

VYHuBepcuTeT pacrnojaraeT MaTepUalbHO-TEXHUYECKOM  0a30i, COOTBETCTBYIOLIEH
JIEMCTBYIOIMM ITPOTHBOIIOKAPHBIM IPAaBUJIaM U HOPMaM U 00eclieunBaroIeii IpoBeieHUE BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW ITOATOTOBKH, HIPAKTHUYECKOM M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00yJaromuXxcs, NPeAyCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[Tomernienust, KOTOPBIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH IJIsl TPOBEACHUS 3aHATHHA
JEKIMOHHOTO THUIA, 3aHATUH CEMMHApCKOro (IPakTUYEeCKOro) THMA, TIPYNIOBBIX U
MHAMBUAYAJIbHBIX KOHCYJIbTALMN, TEKYIIIETO KOHTPOJISI U IPOMEKYTOUHOM aTTECTAallM, a TaKkKe
IIOMEIIEHUS I CAMOCTOATENIbHOM paObOoThl U MOMEIIEHUS I XPaHEHUs U NTPO(UITAKTUYECKOTO
oOciy>xuBaHus yueOHOro 060opynoBanus. [loMemenus: yKOMIIJIEKTOBaHbI CIIEHUAIN3UPOBAHHON
MeOeNnbl0 U TEXHUYECKHMMHU CPEICTBAMHM OOyUYEHMsI, CIyXKAallUMH Ui MPEACTaBICHUs y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

N3yueHue qucuuIuIMHbL (MOAYIs) o0ecreunBaeTcs B y4eOHbIX ayIMTOPHX, OCHAILICHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOH;

— MEXaHWYECKUMU KaJIbKyJIATOpaMu,

— CIEUMAIU3UPOBAHHBIM 000PYI0BaHUEM, BKIIIOUAs JEMOHCTPALMOHHOE 000pYy10BaHUE.

[TomerieHus 1711 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOICHHBIE
JUISL MCTIONIb30BaHMsI MHBAJIWJAMH M JIMLIAMU C OTPAHUYEHHBIMU BO3MOXHOCTSMH 30POBbS,
OCHAIIIEHbl KOMIBIOTEPHON TEXHHMKON C BO3MOKHOCTBIO HOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieueHHEM  JIOCTylla B 3JEKTPOHHYI0  HH(OpMAaNMOHHO-00pa30BaTENbHYIO  Cperly
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCS JOCTYNl (B TOM 4YHCIE YHAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHUKAIIMOHHON ceTH «VIHTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIe AJIEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Npo(ecCHOHaIbHBIM 0a3zaM
JTAHHBIX U UH(OPMALIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHnoBanue nmoprajia CcbLika
(u31aHus, Kypca, IOKYMEHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuOIMoTEKA
2. | baza mannseix g I T-crienuaancTos https://habr.com
3. | Baza mannseix ScienceDirect https://www.sciencedirect.com
4. | OdurnmaneHeIi calT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/

BEICIIIETO 0Opa3oBanus Poccuiickoit deneparuun

5. | ®enepanbhsiii moprai «Poccuiickoe oopasoBanue" | https://www.edu.ru/

6. | Mudopmanmonnas cucrema "Exaunoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. Enunast komekius 1udpoBeix 00pa3oBaTebHbIX http://school-collection.edu.ru/
pecypcoB

8. denepanbHbIi HEHTP UHHOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTesIbHBIX PECYPCOB

[lepeuenr MHOPMALIMOHHBIX TEXHOJOTHM, HCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa30BaTeNLHOTO MpOoIEcca MO TUCHUILIMHE (MOJyJIe), B TOM YHCIIe KOMILIEKT JIMIIEH3HOHHOTO
IPOrpaMMHOT0  OOecreyeHus, COBPEMEHHble mpodeccuoHanbHble 0a3bl  JaHHBIX U
UH(POPMAIMOHHBIE CIIPABOYHBIE CUCTEMBI:

HaunmenoBanue 110 ITpousBoacTBO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe

OnepanuoHHbIe CUCTEMBbI:
Microsoft Imagine (Windows Client, Server) | sapy6exnoe | nuiensnonsoe
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BpaysepsI:

SIunexc.Bpaysep OTEUECTBEHHOE | CBOOOHO PaclpOCTPaHIEMOES
Google Chrome 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Od¢ucHble NpUIOKEHNS:

Microsoft Imagine (Visio, OneNote) 3apyOexHOoe JMIEH3UOHHOE

TeXstudio 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIeMOe
Adobe Acrobat Reader 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
IporpamMmHoe oGecnieveHue 15l IVIAHMPOBAHHUS M YY€TAa BPEMEHM:

Toggle app | sapyGesxuoe | cBOGOIHO pacmpocTpaHseMoe
CucTeMbl YHpaBJIeHHsI MPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | nuuensmonHoe

CucTeMbl ynpaBJjieHus1 0a3aMH JTaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nuuensmonHOE

Cucrtemsbl peseppHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | 3apy6erxHoe | muuensnonHOE
CnpaBoYHO-NIPABOBbIE CHCTEMBI:

KoncynpranTILIroc: cripaBoOYHO-IIpaBOBast OTCYECTBEHHOE | JIMIIEH3UOHHOE

cucTeMa

CpencTBa AaHTHBHPYCHO# 3aIUTHI:

Kaspersky Endpoint Security mis 6usneca OTE€YECTBEHHOE | IHUIIEH3MOHHOE

Crampmaprasni Russian Edition
Cpennbl pa3padoTku:

Visual Studio Code 3apy0exHoe cBOOOJTHO PACIPOCTPAHIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOIHO pacIpOCTpaHsIEMOe
Anaconda 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Robotic Operating System 3apy0eKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
CopelliaSim 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACIIPOCTPAHIEMOE
IlakeTbl IPOrpaMMHBIX CPeACTB M OMOJINOTEK:

AutoPsy 3apy0eKHOE CBOOOJTHO pacIpoCTpaHsIeMoe
Interactive Disassembler (IDA) 3apy0eKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Cucrtembl ynpapjeHusi onéanorpaguyeckoii HHGopmManueii:

Zotero | 3apy6exHoe | cBOGOHO pacpocTpanseMoe
CepBHCHI B CITYKOBI:

Bind 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Docker 3apyOexKHOE CBOOOIHO PaCIPOCTPaHAECMOE

7. MeToauuyecKHe 1 OlleHOYHbIE MaTepHaJbl
MeToanuyecKkue YKazaHud AJad 06yqamumxcs1 110 OCBOCHMIO JHCIHUIIJINHBI (MO)ly.]'[ﬂ)

B nponecce usydeHus aucuuIUIMHBL (MOAynst) «OCHOBBI TEH30pPHBIX BBIYHCIECHUN» B
paMKax TEKYyLIEro KOHTPOJS yCIEBAeMOCTH HMCIIOJB3YIOTCS Takhe BHUbI yueOHOW paboThl, Kak
JIEKLUs, CEMHUHaphbl, ayAuTOpHas paboTa, KOHTPOJbHBIE pPAaOOTHI M JOMAIllHUE 3aJaHMs,
KOJIJIOKBHYM, a TaK)K€ pa3jIMyHbIe BUJbI CAMOCTOATENbHON paboThl 00yJaroLIMXCsl 10 3a/1aHUI0
npenojaBaTesnisi, HalpaBlIeHHbIE HA pa3BUTHE HABBIKOB NPOGEeCcCHOHAIbHOW JIEKCHKH,
3aKpeIuIeHUe MPaKTUYECKUX MPOo(ecCHOHATBHBIX KOMIIETCHIIUH), TOOLIPEHHE HHUIUATHB.

Jlekyusi — cUCTEMAaTH4eCKoe, MOCIEAOBATEIbHOE, MOHOJOTHYECKOE  H3JIOKECHHUE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOr0 XapaKkTepa.

B mpomecce neknuii peKOMEHIYeTCS BECTH KOHCHEKT JIEKIUI: KPAaTKO M CXEMaTHYHO
(UKCUpOBaTH OCHOBHBIE WJEW, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXKHBIC MBICIIH,
KJIIOYEBBIE CJIOBa W TepMUHBL. HeoOXOIMMO OTMETHUTH BOMPOCHI HJIM MaTepUaNbl, KOTOpBIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMNBITATbCS HAMTH OTBETHl B PEKOMEHJOBaHHOM nuTeparype. Ecnu
pa3oOpaTbCsi B Marepuane He yHaercs, cieayeT c(opMyiIupoBaTh BONPOC W 337aTh €ro
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MPernoAaBaTesNio Ha KOHCYJIbTAllUK WM BO BPEMsI CEMUHAPCKOTO (ITPAKTHYECKOI0) 3aHATHSI.

Cemunap — 310 (hopMa y4ueOHOH NeATENTbHOCTH, IPOBOIUMAs B y4eOHOM 3aBEICHUU O]
PYKOBOJCTBOM IIpenojaBaTess, I/€ CTYACHTbl aKTUBHO Y4YacTBYIOT B OOCYXAEHUSX,
NPAaKTUYECKHX 3aIaHUAX U IPYTUX (popMax B3aMMOACHCTBHSL.

Jlng ycremHol NOArOTOBKH K CEMUHAPY PEKOMEHAYETCS 3apaHee O3HAKOMUTHCSA C TEMOU
3aHATUS M OCHOBHBIMH MaTepHajaMH, YTOObI MMETh BO3MOKHOCTh AaKTHBHO y4YacTBOBAaTh B
oOcyxnenun. Taxke MoJe3HO MOATOTOBUTH BOIPOCHI U MJIEH AJI OOCYKIECHHUS, YTO MOMOXKET
[1y0’Ke IIOHATh MaTepUal U MPOIEMOHCTPUPOBATh 3aUHTEPECOBAHHOCTD.

Ayoumopnas paboma — akTUBHas paboTa CTy/IeHTa Ha CEMUHApe, €ro OTBETHI Ha BOIIPOCHI
[pernojaBaTesis U y4acTHe B JUCKYCCHH.

JUis yCcHemHoro y4acTisi B CEMUHape CTy/IeHTaM PEKOMEHIYETCsl 3apaHee 03HAKOMUTBCS C
TEMON OOCYXXAEHHUS, IPOYUTATh HEOOXOJMMBIE MaTepHUalbl U MOATOTOBUTH BOMPOCHL. BaxkHO
aKTUBHO CJIYIIAaTh U BOBJIEKATHCS B IUCKYCCHUIO, BHICKAa3blBas CBOM MHEHMSI U apIyMEHTUPYS UX.
[Ipu oTBeTax Ha BOIMPOCHl MPEMONABATENS CTOUT OBITH YBEPEHHBIM, YETKHUM M JIOTUYHBIM,
ONupasich Ha U3y4EHHbIM MaTepuai. Taxke MoJe3HO MOAAEPKHUBATH JUAJIOT C OAHOKYPCHUKAMH,
YTOOBI 000TaTUTH OOCYKICHNUE M PACITUPUTH CBOU 3HAHUS.

Jlomawnee 3a0anue — HabOP 3a/1a4 1O TEMaAM HEJICIIH.

[Ipu pabore Haj MAOMANIHAMH 33JaHUSMH BaXKHO BHUMATCIBHO O3HAKOMHTHCS C
TpeOOBaHUSMHU M CPOKaMU BBITIOJHEHUS. PexoMeHayeTcs pa30uBaTh 3a1aHusl Ha ATAllbl, YTOOBI
n30eXkaTh TEperpy3kd W Jydlle yCBOUTh Marepuall. VIcronb30BaTh pa3ivyuHbIe UCTOYHUKU
UH(pOPMaIIUH, BKIIOYasl YUSOHUKH U OHJIAWH-PECYPCHI, IUIs 00j1ee TITyOO0KOro MOHUMAHHUS TEMBI.

Konmponvnas paboma — nmicbMeHHas paboTa ¢ HaOOpPOM 3a/1a4, KOTOPBIE HY>KHO PEIIHTH 32
OTPaHUYEHHOE BpEMS.

[{enb KOHTPOJIBHOM PabOTHI - MOAYYUTh CHEUATIBHBIE 3HAHUS 110 OJHON WM HECKOJIBKUM
TeMaM JUCUHUIUIMHBI (MOAYJIS) U MPOJEMOHCTPUPOBATH HABBIKH UX MPAKTUYECKOTO MPUMEHEHHUS.

Konnoxkeuym — ycTHBIE OTBETHI Ha BOIIPOCHI, CTUCOK KOTOPHIX M3BECTEH CTY/ICHTY 3apaHee.

B mnporecce moAroTOBKM K KOJJIOKBUYMY HEOOXOAMMO IPOAHATM3UPOBATH Y4eOHBIE
MaTepHuaybl, 03HAKOMHUBIIHUCH C JICKIIUAMH, YICOHUKAMH U JTOTIOJHUTEIHLHBIMH HMCTOYHHKAMHU,
aKIIEHTUPYs BHUMAaHHE Ha KIIOYEBBIX TeMaX. PeKoMeHayeTcs co3[aTh CTPYKTYPHUPOBAHHbBIE
KOHCIIEKTBI, BBIJIEJISII OCHOBHBIE UJICH, TEPMUHBI U (DOPMYJIBI.

Camocmosmenvrnas paboma — paboTa CTYJEHTOB, HAIpaBlieHHass Ha YINIyOJIEHHOE
M3YYEHHE OTJIENbHBIX TEM U BOIPOCOB YUYEOHON AUCIMILITUHBI (MOTYIs).

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOCHCTBYIOT C PEKOMEHJOBAaHHBIMHU
MaTepuaiaMy MPu MUHUMAIBHOM y4acTHH MpernoiaBareis. 3aaun CTyIeHTa BKIOYAoT paboTy
C KOHCIIEKTaMu JIKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHAJIOB TIAHOB
U TE3UCOB OTBETOB, U3YyUEHHUE JOMOIHUTEIBHBIX TEM, BHIMOTHEHHE yU4eOHO-HUCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBAHMA Pe3yJabTATOB 00y4eHHs 110 JUCHUILIHHE (MOAYJII0)

Kpurtepun nosyuyeHusi ypoBHsl M OLleHUBAHUA CPOPMHUPOBAHHOCTH KOMIIETEHUHMI 110
AUCHUIIMHE (MoayJie) KOCHOBBI TEH30PHBIX BbIYHCICHHI»

OueHuBaHue ypoBHS Yy4€OHBIX JOCTH)KEHUH, OOy4aromuXxcs MO TUCIUIUIMHE (MOIYIIO),
OCYIIECTBIISIETCS B BUJIE TEKYILIETO KOHTPOJISI YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTECTALlUH.

IIpome:xxyTouHasi arrecTaumsi 1O JUCIUIUIHHE (MOIYJIIO) OCYIIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TPU STOM TPOBOJUTCSA OICHKA KOMIETEHIMH, cHOpPMHpPOBAHHBIX IO
JTUCIIUATIITNHE.
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Jlns oleHMBaHMS TEKYIIETO KOHTPOJS YCHEBAaEMOCTH M IMPOMEKYTOUHOM aTrTecTaluu
UCTIONIB3YETCS IeCATUOAIUThHAS IIKaJla OLEHUBAHUS, KOTOPash COOTHOCHUTCS C TPaTUIIMOHHON
nATHOAIITFHOM IIKAIOH CIeIyIonM 00pa3oM, eciIi HHOE He YKa3aHo B cuiuiadyce JUCHUTUIAHBL:

JecaTubannbHasi IlarudannbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Onenka 3a 3a4er
OLICHKA OLIEHKA 00y4eHUsI MO TUCHUTLINHE (MOIYJII0)
10 OTnaHO 3adreHo CTyIeHT TMOJHOCTBIO BJANeeT 3HAHUSAMH,
9 OTIMYHO 3a4TeHo W3J0KEHHBIMH B paboueil mporpamme, H
8 OTINYHO 3auTeno rIyooko  ocmbicisier  aucrumnHy.  OH
CaMOCTOSITETILHO u JIOTHYECKH

MTOCJIEIOBATEIHFHO OTBEYAET Ha BCE BOIIPOCHI,
aKIeHTUpYs BHUMaHWe Ha Hauboiee
Ba)KHOM. VYwmeer aHATU3HUPOBATh,
CpaBHUBATH, KJIACCH(UIIUPOBATH, 0000IIaTh,
KOHKPETH3UPOBaTh W CUCTEMAaTHU3HPOBATH
W3YYCHHBIM MaTepHas, BBIACISAS KIIOUCBBIC
MOMEHTHl W YCTaHaBIWBas IMPUIUHHO-
CJICICTBEHHBIC CBsA3U. YeTKO (GopMyIHpyeT
OTBETHI, YBEPEHHO WHTEPIIPETUPYET
pe3yiIbTaThl aHaJH30B u JIPYTUX
WCCIICIOBAHUM, a TaKXKE DEIIAeT CIIOXKHBIC
3amaun. CTymeHT XOpOImI0 3HaKOM C
METOJaMH HCCJIEIOBAaHUs, HEOOXOIMMBIMU
JUTSL TIPAKTUYECKON NEATENbHOCTH, U YMEET
CBSI3BIBATh TEOPETHIECKHE ACIIEKTHI
JMUACUHUIUIUHBL (MOJYJsI) € MPaKTHUYCCKUMH

3ajadyaMHu.
7 Xopomio 3a4TeHo CTyileHT 00najaeT 3HAHMAMM IIPEAMETa
Xopomo 3ayTeHo II04YTHU B ITIOJIHOM o0beMe pa60qe171

POrpaMMBbl U CAMOCTOSTEIBHO, JIOTHYECKU
MIOCJIETIOBATEIFHO M BCECTOPOHHE OTBEYAET
Ha BCE BOIPOCHI, aKIICHTUPYSI BHUMaHUE Ha
Hauboee 3HaYNMBIX MOMeHTaX. OH ymeer
aHaJN3UPOBATh, CpaBHUBATD,
KJIACCU(UIIMPOBATD, 0000111aTh,
KOHKPETU3UPOBATh U CHCTEMATHU3UPOBATH
V3YYeHHBIM  MaTepuall, BBIJCHSS  €ro
KJIIOUEBbIE ACHEKThl W  yCTaHaBJIUBAas
MIPUYUHHO-CJIC/ICTBCHHEIE CBSI3U.
DopMyIUpyeT CBOU OTBEThl, YBEPEHHO
WHTEPHPETUPYET PEe3yibTaThl aHAIU30B U
JIpyTUX HCCIIEIOBAaHUM, a TaKXKe pellaeT
CJIOKHBIE CUTYyallMOHHbIE 3a1auu. CTyneHT
XOPpOIIIO 3HAKOM c METOAaMH
HCCIICIOBAHMS, HEOOXOIUMBIMHU JUTS
MPAKTUYECKON JEeATEIBHOCTH, U YMEET
CBS3BLIBATh TEOPETHICCKHE ACIEKThI
MpeaAMeTa ¢ MPAKTUYECKUMU 3a1a4aMUu.

5 y}lOBJ'IeTBopI/ITeJ'ILHO 3aureHo CTy,I[CHT 06na;[aeT 0a30BBIMM 3HAHHUSIMU
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JecarudannpHas IlsaTuéannbHas OO0mast XapaKTepuCTHKA pe3yabTaTa
Ouenka 3a 3a4er
OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJIIO0)

4 Y 10BNETBOPUTENBHO 3auTeHo M0 JUCHUIIIMHE (MOIYJIIIO), HO UCTIBITHIBAET
TPYAHOCTH IIPHU CAMOCTOATENIBHBIX OTBETAX
1 UCTIONIb3yeT HeTOYHbIE (hOpMYIUpoBKU. B
XOl€ OTBETOB OH JOIMYCKaeT OLIMOKH,
Kacarolmuecss CyTd BomnpocoB. CryneHT
CIIOCOOEH pelaTh TOJIBKO CaMble MPOCTHIE
3aJjayd M BJaAeeT JHIIb MHUHUMAaJIbHbIM
HaOOpOM METOJIOB HCCIICTOBAHUSI.

3 He cnan He 3aureno CrymeHT He OBIael O00sS3aTeIBHBIM
He cpoan He 3auteno MHUHUMYMOM 3HAHWUM 110 npeaMeTy U HE
He cran He 3auTeHo MOJKET OTBETHUTH Ha BOIIPOCHI, JaXK€ €CIIH

nmpenogaBaTciib  3a4acT JOIMOJIHHUTCIILHBIC

HaBOJSIITNE BOIIPOCH.

Juctumummaa (Moayinb) «OCHOBBI TEH30PHBIX BBIYHCICHUI» OICHUBACTCS CIICAYIOIIUM
obOpazom:

AKTHBHOCTH Bec |KoaunyectBo Onucanne

Homamraue 3amanus | 25% 10 Habop 3amad mo remam Henenn

KontponbHbie 35% 2 [MuceMenHas paboTta ¢ HAOOPOM 3a/1a4, KOTOPbIE HYKHO

paboTHI PELINTH 32 OrPAHUYCHHOE BPEMS

AynuropHas padora | 15% 15 AxTuBHas paboTa CTyJeHTa HA CEMHHAPE WIIH JIEKIHH, €T0
OTBETHI Ha BOIIPOCHI IPETIOAaBaATCIId U yHaCTUC B
JHUCKYCCUHU

3a4er c OICHKOM 25% 1 KonnokBruyM - ycTHBIE OTBETHI HA BOIPOCHI, CIIHCOK
KOTOPBIX M3BECTEH CTYJCHTY 3apaHee

®opmyJia pacyéTa UTOrOBOM OLICHKHU IO JUCcHUILINHE (MoayJie) «OCHOBBI TEH30PHbIX
BbIYHCJIeHUI»: «0,25% cpennee 3a gomarniaue 3aaanus + 0,35% cpeqHee 3a KOHTPOJIbHBIE PAOOTHI
+ 0,15 x3a aynuropHyto padoty + 0,25 X3a4er ¢ OIEHKOW».

Texkymmii KOHTPOJIb yCIIeBAeMOCTH 00y4AIOMIUXCH MO0 IUCHUIIINHE (MOYyJIe)
IIpumepHbIe BOpoCkI /ISl CEMHHAPOB

1. ChopmynupoBaTe oOIpelesleHHe TEH30pa, €ro paHr U pa3jiuyde  MexXIy
KOHTPaBapUAHTHBIMU U KOBApUAHTHBIMU UHAECKCAMH.

2. OOBsiCHUTH MpaBWIIO DHHIITEHHA (CyMMHUpPOBaHHE MO MOBTOPSIOLUIMMCS HHIEKCAM) U
IIPUBECTU MTPUMEP — CKATIPHOE MPOU3BEICHHE JIBYX BEKTOPOB.

3. Iloka3arb, Kak U3 MPOU3BOJBHOIO 2-T€H30pa MOJYYUTh CHMMETPUYHYIO H
AHTU-CUMMETPUYHYIO YaCTH; YKa3aTh, KAKUE CBOMCTBA COXPAHSIOTCS.

4. 3amucarp ¢opmyny KponekepoBa mpousBerenus aByx marpuiri AERmxn u BERpxQ;
yKa3aTbh pa3Mepsl IIOIYYEHHOIO TEH30pa.

5. TIpogeMOHCTpHPOBaTh, KaK METPHUYSCKHU TEH30p Jij MepeBOIUT KOHTpPaBapUAHTHBIN
BEKTOp B KOBAPHAHTHBINA U HA000POT (MOABEM U OIyCKAaHHE UHIEKCOB).

6. Ommcatp cBoiicTBa TeH3opa JleBu-UmBura (mMoNHAs  aHTH-CUMMETPUYHOCTD,
HOPMHPOBKA) U OOBSICHUTH, ITOUYEMY OH yJI0O0€H ISl BBIYMCICHUSI BEKTOPHOTO MPOM3BEACHUS B
TPEXMEPHOM IIPOCTPAHCTBE.

7. OOBsICHUTB, TOYEMY TEH30p Ae(opMalluu £ij CAMMETPUYEH, a TEH30p BPALICHUS Wi]
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AHTU-CUMMETPHYEH.

8. Cpasuuts paznoxenns CANDECOMP/PARAFAC (CP) u Tucker: yka3are pa3nuuus B
CTPYKType si7ipa U PaKTOPHBIX MaTPULL.

9. Ilosicautp, kak ycrmoBue JkoHca-JIuHAa  «IIOYTH-OPTOTOHATBHAS  MPOCKIIUS
obecrieurnBaeT COXpaHEHHUE EBKIIMIOBBIX PACCTOSHHM B CIIy9aitHBIX TTpoekiusx (sketching).

10. Onucare npeumyliecTBa INPUMEHEHHUS TEH30PHBIX pa3IoXKEeHUM (Hampumep,
Tensor-Train) npu MOCTPOSHUH KOMITAKTHBIX CBEPTOYHBIX CIIOEB HEMPOHHBIX CETEH.

IIpumepHbIe 3a1aHUA 110 KOHTPOJILHOM padoTe

1. Ten3opHble onepanuu
a) s BextopoB U=(1,2,3)T u v=(4,0,—1)T 3anummure BHemHee (KponekepoBo) npou3BeaeHne
UQv.
b) Cokparute Tenzop Tijk=AijBjk mo unnekcy j (oneparus KOHTPAKLIUK)  YKaKUTE
HOJIy4EHHBIH MOPSIOK.
2. llonbém/onyckaHue HHAEKCOB
Hana metpuka gij=diag(1,2,3). [TogauMuTE HHICKC Y KOBApHAHTHOTO BekTOpa Wi=(2,-1,5) u
3aIUIIUTE TIOJYYCHHBI KOHTPAaBapUAHTHBII BEKTOP WI.
3. CumMMeTpu3anusi/aHTH-CAMMeTPU3 AU
st renzopa Tij=(0-221) HaliauTe €ro CHMMETPUYHYIO YacTh Sij M aHTU-CUMMETPUYHYIO 4aCTh
Aij.
4. Ten3opHblii rpaaueHTt u I'eccnan
I[Tycte cramsapuoe mose f(X,y)=x2y+3y2.
a) 3anummTe TeH30p rpaaueHTa Oif.
b) 3anummre Ten3op ['eccuana Oidjf.
5. Paznoxenue CP
Tenzop nopsaka 3 pazmepa 2x2x2 3a1aH dJIeMEHTaMU
Xijk=aibjck ¢ Bekropamu a=(1,2)T, b=(0,1)T, c=(3,-1)T.
VYkaxure ero CP-paznoxxenue (pakTopbl U paHTOBBIM TEH30D).
6. Ten3op-Teiisop
Jst bynkimu g(xX)=exp(x1+2x2) 3anuinure nepBoe-nopsiakoBoe TeH30p-Teitnop-pasnoxkenue B
okpectHocTH Touku X0=(0,0).
7. Ten3zopHas perpeccus (ridge-peryasipu3anusi)
Hanbr nanaeie XER3X2 u neneBoit BekTop YER3.
a) 3anumMTe HOpMajabHOE ypaBHEHHE /Ui peuieHus W ¢ L2-perynspusanueit A.
b) Beruncinure W ripu A=1 (4ucieHHble 3HaU€HUs).
8. CayuaiiHble NpoeKINH
Crenepupyiite cinyuaiinyto Matpuily RERS5x10 ¢ sanemenTamu, pacnpeneI€HHBIMU HOPMaJTbHO
N(0,1).
a) Beruncnure npubnmxE€HHBIN MpoeKIMOHHBINA 00pa3 Matpuiikl AER10x10 (3azanHOI) Kak
A~ARRT.
b) Onenute otHOCcUTENbHYIO omKOKyY [|A—ARRT[IF/IAIF.

IIpumepHbIe JOMaLIHUE 3aIaHUSA

1. Peasmm3zanus 6a30BbIX TEH30PHBIX ONepPaUii

—  Hanummre ¢pynkiuu outer(u, v), contract(T, axisl, axis2), raise_index(v, g) u
lower_index(v, g) /1 MpOU3BOJIBHBIX Pa3MEPOB.

—  IlporectupyiiTe X Ha Cily4yallHBIX BEKTOPAX/T€H30paxX U CPAaBHUTE PE3YNIbTATHI C
aHajoramu U3 NUMpPy.einsum.

2. CuMmMmeTpu3anust 1 aHTH-CHMMeTPHU3alus

—  Cospnaiite pynxiuro symmetrize(T) u antisymmetrize(T) mist 2-TeH30pOB.
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—  Crenepupyiite ciiy4yaHbIid TEH30p pazMmepa 4x4, IpoBepbTe, UTO
symmetrize(T)+antisymmetrize(T) BoccTaHaBIUBAET UCXOAHBIH TEH30P.

3. Ten3op-Teiijiop 1Js1 BeKTOp-MmoJiei

—  Jlns dysxium h(X)=sin(x1)cos(X2) peanu3yiiTe aBTOMAaTHUECKOE BEIYUCICHHUE
rpaauenta u ['eccrana ¢ momoripio autograd (uam jax).

—  CpaBHUTE MOJIy4YEHHBIE TEH30PbI C AHATUTUYECKUMH BBIPAKEHUSIMHU B TOUKE
(7/4,7l3).

4.  CP-pa3no:xkeHue HAa NPaKTHKe

—  C nomomuisio 6ubmuoreku tensorly peanusyiite CP-pasinokenune TeH30pa pazMepa
30x30x%30 (renepupyiiTe ciiydailHblii TEH30p paHra S).

—  OueHuTe NOrPeNIHOCTh NPUOIMKEHUS MPU Pa3HBIX 3HaUYeHusx panra (ot 1 g0 10) u
NOCTPOITE TpaduK «PAHT — OIIOKA.

5. Tucker-pa3z/ioxkeHune u c:kaTHe H300paKeHHI

—  Bosbmure 1nBetHoe nzodpaxkenue (Harnpumep, astronaut us skimage).

—  IIpencrasbre ero kak TeHzop HxWx3 u Bemmonanute Tucker-paznoxxenue ¢ pa3HbIMU
paHroBbIME Mapamerpamu (rl,r2,r3).

—  Boccranosure uzobpaxenue u usmeprre PSNR oTHOCHTENBHO OpUTHHania;
IPOJIEMOHCTPUPYHTE PE3YyIbTATHI B BUAE TAOIHIIBI M HECKOIBKUX KAPTHHOK.

6. PeryasipuzoBaHHasi TEH30pPHAasl perpeccust

—  Crenepupyiite Habop Habmoaenuit {(X(i),y(i))}=1N, rae kaxnasiii X(1)ER4x4 u
y(i)ER.

—  IMoctpotite nuneitayro moaens Y(i)=(W,X(i))+e u Haiiaute k03)HUIHEHTHBIH TEH30D
W ¢ L2-perynspuszanueil, pemas HOpMaabHOE ypaBHEHUE
XD @X(i)+Anvec(W)=2 y(i)vec(X(i)).

—  IlpoananusupyiiTe BIusiHHE apameTpa A Ha niepeodydeHue (pa30eiiTe JaHHbIE HA
00y4arolyro/BaIlIalliOHHYIO YacTH).

7.  Cayuaiinbie npoexkuuu (sketching) nis 60abmmMx MaTpuig

—  Crenepupyiite pazpexénnyro marpuiy AER10000x5000 (rumotHocTs = 0.1 %).

—  Peanmsyiite anroput™ «Random Gaussian Sketchy: Beioepute matpuiry RER5000%k
¢ k=200, Berunciure A'=AR.

—  Ouenute kauectBo npudmkeHust ASA'RT uepe3 OTHOCUTEIbHYIO OIINOKY
®polbenunyca; cpaBHUTE ¢ 00bIUHBIM SV D-anmnpokcumanueit panra k.

8. IIpumeHeHHe TEH30PHBIX MeTOA0B K rpagam

—  Crenepupyiite ciy4aiiHbIii HEOPUEHTUPOBAHHBIN rpad u3 50-ii BepmH
(ucmonp3yiite Networkx).

—  Iloctpoiite TeH30p CMEKHOCTHU MOpsAKa 3, I/ie TPETUN HHAECKC — TUI pedpa
(Hampumep, «Ipyx06a», «paboTay, «CeMbs» — 3aJalTe CIy4aiHo).

—  Bemonnute CP-pa3ioxkeHnne 3Toro TeH30pa U UHTEPIPETHPYHTE TIOJTyICHHBIC
(bakTOpHBIE MATPUIIBI KaK «COOOIIECTBA» U «TUIIBI CBSI3EH».

3apaHus AJ151 MPOMEKYTOYHOM ATTECTAIMM N0 JUCHUILTHHE (MOAYJII0)

Ne n/m 3ananue OTtBeT Komnerenunus
YKQOKHATE OTIPEICIICHIE TeH30pa (ITO XpaHUT B cede YOS A0YEHHbBIN YK-1
MHOTOMEPHBII MAaCCHB YHUCEI). Ha0O0p Yucen

i2...iK. rre

MTOPAIOK (paHr)

TeH30pa

HA30BUTE, KaK Ha3bIBAaETCS MOPSIOK (pPaHT) TEH30pa, €CIIU B pasr (order) YK-1
HEM @ MHJIEKCOB.

YKOKUTE PA3IUune MEX/y KOHTPABAPHAHTHBIM U MO3HIIUS YK-1

KOBAPUAHTHBIM MHICKCOM (OHO CJIOBO).
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4 3aMULINTE MPABHJIO MPe00pa30BaHMsA KOHTPABAPUAHTHBIX T'i=AijT]j [K-2
WH/IEKCOB IIPH Mepexo/ie K HOBOH cucTeMe KOOpAUHAT
Xi.

5 YKaKUTE, KaK Ha3bIBACTCS ONEPAIis COTJIACOBAHMS CBEpTKa YK-1
(KOHTpAaKIMH) IBYX HHAEKCOB TEH30pa.

6 3anuimnTe GopMyITy BHENIHEro (KapaTeuHoro) (URV)ij=uivj [K-2
NpoM3BeleHHs] IBYX BEKTOPOB U U V.

7 HazoBuTEe cMMBOJ KpoHekepa 7] 1 ero 3nadcHme (OIHO eIMHuLA YK-1
CJIOBO).

8 Ha30BUTE CUMBOJI JIeBH-UNBUTHI 1 €ro OCHOBHOE ITOJTHOCTBIO-aHTHC VK-1
CBOHMCTBO (OZHO CJIOBO). MMMETPUYHBIN

9 YKaXHUTEe, KaK Ha3bIBACTCs MPaBUJIO JifHIITelHA (OTHUM CyMMHPOBaHHUE YK-1
CJIOBOM).

10 3aMUIIATE ONEePANMIO MOAHATHSI MHAEKCA C TIOMOIIBIO M:gijvj T1K-2
METPUYECKOT0 TEH30pa @ JUTsl KOBAPUAHTHOTO BEKTOpa @

11 YKa)XUTe, KaK Ha3bIBACTCs ONepalusi MOHMKeHUS HHIEKCa C iI=gijwj IK-2
[IOMOLIBIO m Ul KOHTPAaBapUaHTHOr'O BEKTOpa M

12 Ha30BUTE TPETHI-MOPSAAKOBBII TEH30D, YACTO UCIIOIb3yEeMbII nedopmMarust OIIK-4
B MEXaHUKE CIUIONMIHBIX cpell (OJTHO CIIOBO).

13 yYKa)kKUTe, KaKk Ha3bIBaeTcsd cUMMeTpu3anus TeH3opa [T1j| (o1HO CUMMETPUS OIIK-4
CJIOBO).

14 YKaXHUTe, KaK Ha3bIBACTCS aHTH-CHMMeTpu3amms TeH3opa Tij | aHTuCUMMeTpHs OIlK-4
(0ZIHO CIIOBO).

15 nazosuTe pasioxenne TEH30P-TEMJIOP niepBoii cTenenn X+AX)=f(X)+0i OIIK-4
JUTSL CKQJIIPHOTO TOJISI (KOpOTKO). fAXi+O(]AxI2)

16 YKaXHUTe, KaK Ha3bIBaeTCs pa3JioiKeHue TeH30pa @ B BHJIE CP-paznoxenue OIIK-4
CYMMBI PAHTOBBIX TCH30POB (OJTHO CIIOBO).

17 HA30BUTE METO/] BEIUMCIICHUS TEH30PHOT0 Pa3JI0sKeHHA Tucker OIIK-4
Xocake (0JTHO CITOBO).

18 YKaXUTE, KaK Ha3bIBACTCSI TEH30P , ONIPEEIISIONINI METPHUYECKUH YK-1
BHYTpEHHEE MPOM3BEICHIE B pPUMAHOBOH T€OMETPHUH.

19 HazoBUTE (U3NYeCKHii 00BEKT , OTIHCHIBAIOIINN HaIPsLKEHUE OIlK-4
pacrpefiesieHle BHYTPEHHHUX CUJI B YIIPYTOM Tesie (0HO
CJIOBO).

20 yKakuTe 00,1aCTh MPUMEHEHHsI TEH30PHBIX BBIYUCIEHUH B pEeKOMEeHIanus OIlK-4

MAIIUHHOM 00y4eHuM (OJHO CIOBO).
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