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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

Pabouvas nmporpamma AMCUUIUIMHBL (MO ) «AHaN3 TpadoB» COCTaBlIeHAa B COOTBETCTBUU
¢ (eaepaibHBIM TOCYJapCTBEHHBIM 00pa30BaTEIbHBIM CTAHJAPTOM BBICIIEIO OOpa30BaHUS —
OakanmaBpuat no cneuuanbHocTd 02.03.01 MaTtemaTika M KOMITBIOTEPHBIE HAyKH, HPOQHIIb
MaremaTka ¥ KOMIIBIOTEPHBIE HAyKH, YTBEPXAEHHBIH NpHKa3oM MMHUCTEPCTBA HAyKU U
BeIciero oOpasoBanust Poccuiickoit deneparmu Ne 807 ot 23.08.2017 roxa.

Jucuunnnza (Moayib) «AHanu3 rpadoB» sBiseTcs QyHIaMEHTaIbHBIM HHCTPYMEHTOM B
MaTeMaTHKE M KOMIBIOTEPHBIX HayKaxX, MO3BOJSMIOMNM 3(QeKTuBHO pemars 3agadu
ONTUMU3ALMH, MOUCKA U CTPYKTYPHOTO aHajM3a B Pa3JIMYHBIX OOJIACTSX, BKJIIOYas CETH,
ITOPUTMBI U 0a3bl TaHHBIX. Bianenue Mmetogamu rpag)oBOTO aHaIHM3a paclupseT BO3MOXKHOCTH
CTYAICHTOB B pa3pab0TKe COBPEMEHHBIX MH()OPMAIIMOHHBIX CUCTEM U HayYHBIX UCCIIEJOBaHUI.

MecTo JTUCUMIIIIMHBI (MOXYJIS) B CTPYKTYpe 00pa3oBaTeibHOI MPOrpaMMbl

Hacrosimas nucnumniHa (MOIyJb) BKIIOYCHA B YISOHBIH IJ1aH 1O MPOTrpaMMe TOITOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 MartemaTtuka U KOMIIBIOTEpHBIE HAYKH, MPOQPHIIH
MaremaTrKa U KOMITBIOTEPHBIC HAYKH M BXOJTUT B 4acTh bioka 1, popMuUpyeMyro y4acTHUKaAMH
00pa3oBaTebHBIX OTHOIICHUH.

Huctunnuua (Moayns) u3ydaercss Ha 4 Kypce B 7 ceMmecTpe, SBISIETCS BBIOOpHOM
JUCHUTUIMHON. J[OCTYIHA K W3YYECHHIO IIOCJIE YCIEIIHOTO OCBOCHHS JUCHUTUIMH (MOJIyJIeH):
«ANTOPUTMBI U CTPYKTYPHI JaHHBIX», «Deep Learning (I'mybokoe o0y4yeHue)».

Heab wu3ydyeHust JUCHMILIMHBI (MOAYJS)! OCBOCHHE METOAOB IpE/ICTaBIICHUS,
UCCIICIOBAaHHS ¥ MOJICIIMPOBAHMS CTPYKTYPHUPOBAHHBIX JAHHBIX C IIOMOIIBIO TeOpUH rpadoB mss
peLIeHHs IPUKIIAJHBIX U TEOPETUYECKHX 3a/1a4.

3agauu u3yyeHus: JMCHUIIHHBI (MOAYJIfA):

— W3YYUTh OCHOBHBIC TOHATHS W CBOICTBa rpadoB, BKIIOYAs TUIBI rpadoB, Mephl
LEHTPaJIbHOCTU U QITOPUTMBI TIOUCKA, JJI MOHUMAHUS UX POJU B NPEJICTABICHUM U aHAIU3E
JAaHHBIX B CUCTEMAaX UCKYCCTBEHHOT'O MHTEJIIEKTA;

— OCBOUTH AJITOPUTMHUYECKHE METOJIbl aHaJIM3a rpadoB, TaKUe KaK aJroOpUTMbl 00Xo[a,
MOMCKa KpaTyallliuX myTel M KJIacTepU3aliy, C LelIbl0 MPUMEHEHHS UX B 33Jja4ax MAIIUHHOTO
00y4YeHHs U ONITUMM3ALINHY,

— pa3paboTaTh HABBIKM NPAKTUYECKOTO MPUMEHEHHUs rpadoBBIX MoAeNed B 00JacTsIX
HCKYCCTBEHHOI'O HHTEJIEKTa, BKJIOYas COLUAIbHBbIE CETH, PEKOMEHJATEIbHbIE CHUCTEMBI U
00paboTKy OOJBIINX JJAHHBIX, C HCIOJIB30BAHUEM COBPEMEHHBIX HHCTPYMEHTOB U TEXHOJIOTUH;

— cdopmMupoBaTh yMEHHE OLIEHHUBATh A(P(PEKTUBHOCTh TIpadoBBIX aJTOPUTMOB U
BbIOMpPATh ONTHUMAJbHBIE pEIIEHUs JUIsI KOMIUIEKCHBIX 3ajlay, YYWThIBas TpeOOBaHUS K
BBIUMCIUTEIBbHON CI0)KHOCTH U MacIITaOMPyeMOCTH.

B pe3ysbTare 0cBOCHUSI AUCHUILIUHBI (MOXYJIs1) 00y4arOMiiCsl T0JIZKEeH

3HaAmMb:

— CTPYKTYphl M CBOMCTB TpadoB, BKIOuUas Yy37bl, pEOpa, HampaBlIEHHbIE U
HeHarnpaBJieHHbIE TpadBbl;

— pasnuyHble  TUMbl  rpadoB, TaKUX Kak  B3BELIEHHbIE, OPHEHTHPOBAHHBIE,
HEOPHEHTUPOBAHHbIE, EPEBbsl U JPyrue, 3HaHUS OCHOBHBIX aJrOPUTMOB Ha rpadax, BKIOYas
MOKWCK B TIyOMHY, NMOWCK B IIMPUHY, AITOPUTMBI JIeHMKCTpHI M mpoure; MOHMMAaHUE METOJI0B
KJIacTepU3alluu U pa3oueHus rpados;

— apxutekTypy rpadosbix HelpoHHblx ceteil (GCN, GAT, GraphSAGE); 3nanue
obnacteil TpUMEHEHUS TpaoBOr0 MAIIMHHOTO OOYYEHHS, TaKMX KaK COIMAJbHBIC CETH,
O6uonH(pOpMaTHKa, pEKOMEHAATEIbHbIE CUCTEMBI;

— 3aJayd, pelIaeMble C TOMOILIBI0 TpadOoBOr0 MAIIMHHOTO OOY4YEHHUs, BKIIOYas
KJIaCCU(UKALIMIO Y3JI0B, IPEJICKa3aHKe CBSI3€H U KiIacTepU3alluio;
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yMemp:
— pa3pabaTbiBaTh ¥ 00y4aTh MOJEIH rpad)OBOTO MAITMHHOTO O0YUCHHS;
— HacTpauBaTh I'MIIEPIIAPaMETPbl MOJIEIIEH ISl TOCTUIKEHUS ONTHMAJIbHBIX PE3yJIbTaTOB;
— W3BJIEKATh U MOJrOTABIMBATh rpa)OBbIC TaHHBIC JJIS aHAIHM3a U 0O0yUECHHUS MOJIEIICH;
— MPOBOJUTH AaHAIM3 CTPYKTYPHI rpada 1 BIABICHHUE KIFOUEBBIX OCOOCHHOCTEH;
— HWCHOJB30BaTh OMOMMOTEKH U (PpeHMBOPKU Ui rpadoBOro MaIIMHHOTO OOydeHHUS,
takux kak PyTorch Geometric u DGL,;

— peaJM30BBIBATh MOJICIH U MPOBOJAUTH SKCIEPUMEHTHI ¢ PA3IUYHBIMU aPXUTCKTypaMu
GNN;
eénaoemsp:

— OIICHKOW TMPOU3BOJUTEILHOCTH MOJEICH C HCIOIb30BaHUEM METPUK TOYHOCTH,
oaHOThI, F1-Mepsr;

— YBEpEHHBIM BIIQJICHHEM S3bIKa NporpamMmupoBanus Python m ymenumem pabotath c
O6ubnmmorekamu ais 00y4eHus Ha rpadax;

— YMEHHEM KPHUTHYECKH aHaJIM3HpPOBATh pPeE3yJabTaThl M OOOCHOBBIBATH BEIOOP
aJIrOPUTMOB U METOJOB, UCIIOJIb3YEMBIX B IIPOEKTE;

— HaBBIKOM CaMOO0OpPa30BaHUs, BKIIOYAIOIIMN OTCIEXKHBAHWE HOBBIX HCCIICJIOBaHUNA U
TEH/ICHIMI B 001acTH 00ydeHus Ha rpadax.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUsA

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

Komnerenuus Conep:xanue Nuauxkarop IlepeyeHpb MIAHMPYEMBIX
KOMIIeTeHII U KOMIIETeHIIN U pe3yJbTaTOB 00y4eHus Mo
JUcCHUIIMHE (MOTYJIIO)
VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHAJIN3a
OCYIIECTBIISTH ITOUCK, nHpOopMaIy B 00IaCTH
KPUTUYECKUM aHAIN3 1 PO ECCHOHATLHON TESITETLHOCTH,
cUHTe3 HH(popManuy, OCHOBHBIE IPUHIIMITBI KPUTHUECKON
MIPUMEHSATH CUCTEMHBIH OIIEHKY ICTOYHUKOB HH()OPMAIINU U UX
MOJIXOJT IS pEIIeHUs PeJIeBaHTHOCTH.
MOCTaBJICHHBIX 3a/1a4 YK-1.2. YMeeT KpUTHUECKH OLICHUBATh
WCTOYHUKHU HH(POPMALIUU U
CHUHTE3UPOBATh JAHHBIE M3 PA3TUIHBIX
HMCTOYHHUKOB IS pEIICHUS 3a/ad,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
AHAIIM3Y U PEIICHUI0 KOMIUIEKCHBIX
pobIeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI C
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH JJI51 00pabOTKH
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYpUPOBAaHUH 3a]1a4 HA OCHOBE
MIOJTy9eHHOU MH(pOpMAITIH
YK-2. Crioco0eH omnpenensirTs YK-2.1. 3HaeT AefCTBYIOIINE TIPABOBBIE HOPMBI,
KpYT 33Ja4 B paMKax PETYIUPYIOIIHE ACSITEIbHOCTD B
MOCTaBIICHHOH LIEJIN 1 00JTacTH penIeHus 3a/1a4, OCHOBHBIC
BEIOHUpATH METOJIbI ¥ TIOJIXOMBI K OIPEJICIICHAIO
ONTUMAJTBHBIE CIIOCOOBI Kpyra 3aaad
WX peUIeHUs, UCXOS U3 YK-2.2. YMeeT onpenensaTh Kpyr 3a7ad B paMKax
JIEHCTBYIOIIIX MIOCTaBIICHHOH 11eJIH, BEIOUPATh
MIPAaBOBEIX HOPM, ONITUMAJTBHBIE CITIOCOOBI PEIICHUS 33]1a4,
UMEIOIIIUXCS PECYPCOB U YUUTHIBAsI UMEIOIIUECS PECYPCHI H
OTpaHUYECHUI OIPaHUYCHUSA
YK-2.3. NmeeT npakTU4eCKUA OMBIT
MIPUMEHEHUS 3HAHUH O TIPaBOBBIX
HOpPMaX U pecypcax B peanbHbIX
CUTYyalusX, pa3pabOTKU U peaan3anun
pelIeHnii B COOTBETCTBUH C
YCTAHOBJICHHBIMHU OTPaHUYCHUSIMH
OIIK-1. Crioco0eH HaxOauTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopMynupoBaTh U PEILIEHHIO 3a]a4 IPUKJIATHON 1
peliaTh aKTyaabHbIE U KOMITLIOTEPHON MaTeMaTHKH, BKIIFOYas
3HaYMMbIE TIPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
MPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITUMM3ALINH, & TAKKE COBPEMEHHBIC
MaTeMaTHKH WHCTPYMEHTHI U TEXHOJIOTHH,
HCTOJIb3YEeMBIE B 3TOH 001aCTH
OIIK-1.2. YMeeT aHanu3upoBaTh U
(hopMynHupoBaTh MaTEMaTHYECKHE
3a]]a9u, IPUMEHSITH COOTBETCTBYIOIIIUE
METOIBI M AJITOPUTMBI JUIS UX PEIICHUs,
a TaK)Ke UHTEPIPETUPOBATh H
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MIPEICTABIIATh PE3yAbTATHI B IOHATHOMN H
JIOCTYITHOH (hopme

OIIK-1.3. Hmeer npakTHUECKUI OMBIT paOOTHI HAJ
MPOEKTaMHU WU UCCIICAOBAHUSMH B
00J1aCTH PHUKITATHON M KOMITBIOTEPHOM
MaTEeMaTHKH, BKJIIOYasl y9acTHe B
KOHKYPCax, OMMITNAIaX WIIN HayYHBIX
My OMKAIMsIX, TJe ObUTH pEeIIeHbl
aKTyaJIbHBIC M 3HAYMMBIC 3aJa9H
[K-1. CriocobeH onpeaensTh IK-1.1. 3HaeT OCHOBHBIE TEOPETUUECKUE
obmmue GopMsl U KOHIICTIIIUH ¥ IPUHLUIIBI, OTHOCSIIINECS
3aKOHOMEPHOCTH K 00J7aCTH MAIlIMHHOTO 00y4YeHus, a
00JIaCT! MAIIMHHOTO TaKOKe KIFOUEBBIE 3aKOHOMEPHOCTHU U
o0yueHus MOJIEJIN, KOTOPBIE MOMOTAIOT B aHAJIM3e
Y MHTEPIIPETalnH JaHHBIX
IK-1.2. YMeeT npoBOAUTH CUCTEMATHUECKUM
aHanmM3 00JacTu pa3pabOTKH, BBISBIAT
1 (hopMyIUpPOBaATH 00IIHE
3aKOHOMEPHOCTH M TCHACHIINH, a TAKKe
MPUMEHSTH METO/IbI HCCIICIOBAHHUS JUIS
NOJTY4eHUs HOBBIX 3HAHUK M MOHUMAaHUS
IK-1.3. Hmeer npakTHUECKUI OMBIT padOTHI B
o0yacTu MamMHHOTO 00yYeHus,
BKJIIOYasl y4acTHE B HAYYHBIX MPOEKTAX,
MCCIIEIOBAHUSX WM MPAKTUIECKUX
3aaHUsIX, TJe ObUTH BBISBICHBI U
orucaHbl o01re Gopmel 1
3aKOHOMEPHOCTH
[K-2. CriocobeH pemaTh IK-2.1. 3HaeT OCHOBBI HH()OPMALIMOHHON U
TUTIOBBIE 331391 oubmmorpadudecKoit KyIbTypHl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI HTHPOPMAIIMOHHOH
JIeSITeTIbHOCTH, 0€30MacHOCTH W IPUMEHEHHUSI
orupasich Ha nH()OPMaMOHHO-KOMMYHHKAIIMOHHBIX
UH()OPMALMOHHYIO U TEXHOJIOTHH B TPO(ECCHOHAITBLHOM
oubrorpaduIecKyro JISITSIIbHOCTH
KYJIbTypY, UCIIONB3Ys IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
UH()OpPMALTMOHHO- nH(pOPMaMOHHO-KOMMYHHKAIIHOHHEIE
KOMMYHHKAIIHOHHBIE TEXHOJIOTHH JIJISl PEILICHHs] CTaHIapPTHBIX
TEXHOJIOTHH U 3aja4 podeccHoHaIbHON
YUYHUTBIBAsi OCHOBHBIE JeATeNIbHOCTH, YUNThIBas TpeOOBaHUS
TpeboBaHuUs nH(pOPMALIMOHHON 0€30acCHOCTH
UHGPOPMAIUOHHOM IIK-2.3. Hmeet ombIT paboTHI ¢
Oe3omacHOCTH MH()OPMALMOHHBIMHU PECYpCaMU U

TEXHOJIOTHSIMU B 00JIaCTH
podecCHoHaIbHOM IeTEIbHOCTH,
BKJTIOYAs COOTIOCHIE HOPM
nH$OpPMaLMOHHON 0€30MacHOCTH
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n Ounas ghopma
KonTakTHas pabdora
HaumenoBanue = TKY
pazaesaa I CHUTILTHHBI - E. = (Texkyumii
MOay.Is g CamocrosiTenan KOHTPO.Ib
( a ) E E E KOHTPOHL Hasd paﬁOTa ycneBaell)wocTn)
¢ %
O S
=
1 OCHOBBI aHAIN3a 7 7 7 23 Jomaraue
rpadoB, CIIOKHBIE CETH 3aJaHHs
Y UX XapaKTEPUCTUKHU
2 [IpencraBnenus 8 8 8 24 Jomamraue
(ambenuHTH) TpadoB, 3aJIaHus
BepIInH, pédep u
3aja4u ¢ rpagamu
3 I'padoBbie HElpOHHBIC 8 8 8 24 Homarrane
cetn 3aJaHus
4 Juaamuueckue rpadol 7 7 7 23 Jomamrane
u Oyayiiee rpadoB 3aJIaHus
Ixzamen 6
Hmozo: | 30 30 30 6 94
O6vem oucyuniunst (M00ys) 190
(6 ax. u.)
Obvem Ooucyunaunvt (MoOoyns) 5
(6 3au. eo.)
4. CopepxxaHue TUCHUILIMHBI (MOTYJIs)
Nen/m | HammenoBaHue paszjesia Coaep:xanue TUCHUILIMHBI (MOAYJIS) IO TeMaM

AUCHUIJIMHBI (MOLYJIs1)

1 OcHoBrl ananusa rpagos, | Beexenue B aHanu3 rpadoB: Moaenau rpad)oB U UX CBOIMCTBA. AJITOPUTMBI Ha
CJIOJKHBIE CETH U UX rpadax. CIOoXKHBIE CETH: XapaKTepUCTUKU M Monenu, ColuanbHbIe CETH U
XapaKTePUCTUKU rpadbl

2 IIpeacraBnenus Beenenne B mpencraBnenue — rpados.  [IpencraBieHuss  BepIUuH.
(a3mOennuurn) rpados, IIpencrarnenus pédep, mpejackasaHue cchUIoK. [IpencraBienus rpados.
BepiuH, péoep u 3amaun ¢ | OOHapyXeHHe COOOIIECTB, pacpocTpaHeHHue nHpOpMaIuH B rpadax
rpadamu

3 I'padoBric HEHPOHHBIE BBenenue B rpadoBble HEHPOHHbBIE CETH, OCHOBHBIE apXUTEKTYPHI rpa)OBBIX
cetu HelpoHHBIX ceTell. OOydeHHe TrpadOBBIX HEHPOHHBIX CETEH, NMpPUMEHEHHE

GNN 151 33129 KitaccuUKaIyu
4 Junamuueckue rpadsl 1 MogenupoBanue 1uHaMHKY rpadoB. MeToasl 00paboTKK BpeMEHHBIX IpadoB.

Oynymiee rpados

I'padoBeIii aHanuM3 B peKOMEHIJAMOHHBIX cucTeMax. I'padpl B oOpaboTke
€CTEeCTBEHHOT0 si3bIKa. bynyniee rpagoBoro MammuHOro 00y4YeHus
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. Pobuncon, f. I'padoBeie 0a3pl naHHBIX. HOBBIE BO3MOXKHOCTH Jisi pabOTHI CO
CBSI3aHHBIMHU JIaHHBIMH : TIPAaKTU4YecKoe pykoBonacTBo / SI. Pobuncon, Jx. Bedep, D. Dudpewm ;
nep. ¢ anri. P. H. Parumosa. - 3-e u3a. - Mocksa : JIMK Ilpecc, 2023. - 257 c. - ISBN 978-5-
89818-566-4. - Tekcr : anektponHsiit. - URL: https://znanium.com/catalog/product/2107921.

2. Padrapnen, T. CoBepuieHHsiit anroputm. ['padoBbie alropuT™Mbl U CTPYKTYPHI JAHHBIX :
npakTudeckoe pykoBoacTBo / T. Padrapnen. - Cankr-IlerepOypr : [Tutep, 2019. - 256 c. - (Cepus
«bubnmuroreka nporpammuctan). - ISBN 978-5-4461-1272-2. - Tekcr : anektponssid. - URL:
https://znanium.com/catalog/product/1760816.

3. Jleckoger, HO. Ananu3 607X HAOOPOB JAHHBIX : IPaKTHUYECKOe pykoBoaAcTBO / 1. JIxk.
VYaeman, 1O. JleckoBen, A. Pamkapaman ; mep. ¢ aari. A. A. CnuHkrHA. - 2-¢ U311, - MOCKBa :
MK IIpecc, 2023. - 500 c. - ISBN 978-5-89818-304-2. - Tekcr : anmektpoHHb. - URL:
https://znanium.ru/catalog/product/2102592.

4. MapxkuH, A. B. Cucremsl rpagoBbix 6a3 naHHbIX. Neo4j : yueOHUK 171 By30B / A. B.
Mapkun. — Mocksa : UznatensctBo HOpaiit, 2025. — 303 c. — (Bsicmee oOpa3oBanue). —
ISBN 978-5-534-13996-9. — Texkcr : snextpoHHbIi // OOpa3oBarenbHas miatdopma HOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/567732.

Jononnumensnan numepamypa:

1. KnexoBkun, I'. A. Teopus rpados. Cpega MaXIma : yueOnuk ansg By3oB / I'. A.
KnexoBkun. — 2-e u3n. — MockBa : UsnarensctBo IOpaiit, 2025. — 133 ¢. — (Bricuiee
obpazoBanmue). — ISBN 978-5-534-10084-6. — Tekct : amekTpoHHBIN // OOpa3zoBareibHAs
miatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/558469.

2. Koncrantunosa, E. B. Teopwust rpadoB: anredpandeckasi TCOpHs : y4eOHHK IS BY30B /
E. B. KoncrautunoBa. — MockBa : WznarensctBo IOpaiit, 2025. — 123 c¢. — (Bbiciiee
obpazoBanmue). — ISBN 978-5-534-20172-7. — Texct : anmekTpoHHBIN // OOpa3zoBareibHAs
miatdopma IOpaiit [caiit]. — URL: https://urait.ru/bcode/569211.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIOIMM MPOTUBOIIOKAPHBIM TPaBUIaM U HOpMaM U o0ecreunBarolell MpoBeIeHNe BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTHUYECKOW M Hay4yHO-
HCCJIEIOBATENbCKOM paboT 00yUarouuXcsl, MPelyCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[TomMerienust, KOTOpPbIE MPEICTABIISAIOT CO00M yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHH
JEKIMOHHOTO THWMA, 3aHATHH CEMHUHApCKOro (MPakTUYEeCKOro) THIA, TPYIINOBBIX U
WH/IMBUYaJIbHBIX KOHCYJbTAIMH, TEKYIIEro KOHTPOJIS U MPOMEXYTOYHOM aTTeCTalllH, a TaKKe
IIOMEUICHUA I CaMOCTOSTETLHON pa6OTI)I 1 IMOMCHICHUSA I XpaHCHUA U HpO(i)I/IJ'IaKTI/I‘IeCKOFO
oOciry>)xuBaHus yueOHOro ob6opynoBanus. IloMereHuss yKoOMIIJIeKTOBaHbI CIIEHUAIN3UPOBAHHON
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MeOenbl0 U TEXHUYECKMMHU CPEICTBAMM OOyUYEHMsI, CIyXKAallUMH Ui MPEACTaBICHUS y4eOHOH
uHpopManuu OOJBIION ayTUTOPHH.

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

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOH;

— MEXaHWYECKUMHU KaJIbKYJISTOpaMH;

—  CHENHMAIU3UPOBAHHBIM 000pYyI0BaHNEM, BKITIOYAs IEMOHCTPAIIHOHHOE 000PYI0BaHHE.

[Tomerienus A1 CaMOCTOATENBHOM paboThl 00yUYarOIIKXCsl, B TOM YUCIIE IPUCIIOCOOTIEHHBIE
JUIsL MCTIONIb30BaHUs MHBAJIMJIAMH M JIMLAMU C OTPAaHUYEHHBIMM BO3MOKHOCTSMHM 310POBbS,
OCHAIIIEHbl KOMIbIOTEPHON TEXHMKON C BO3MOYKHOCTBIO IOJKIIOUEHHs K ceTH «MHTepHeT» u
obecrieueHHEeM  JIOCTyla B 3JIEKTPOHHYI0  HH(OpMAaLMOHHO-00pa30BaTENbHYIO  Cpely
YHuBepcurera.

OOyyaromMmMcsl IPeNoCTaBIAETCA JOCTYN (B TOM 4YHCIE YIaJN€HHBIH) K pecypcam
MH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIe AJIEKTPOHHBIM OHOJMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Npo(ecCHOHaIbHBIM 0a3zaM
JTAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue moprasia Ccplika
(u31aHusl, Kypca, IOKYMEHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuOIMoTEKA
2. | basza manneix g I T-crienuaancTos https://habr.com
3. | Baza mannsix ScienceDirect https://www.sciencedirect.com
4. | OdurmansHbIi calT MUHHCTEPCTBA HAYKH H https://minobrnauki.gov.ru/

BEICIIETO 0Opa3oBanus Poccuiickoit deneparuu

5. | ®enepanbheiii moprai «Poccuiickoe oopazoBanue" | https://www.edu.ru/

6. | Mudopmanuonnas cucrema "Eaunoe okHo nocryma | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. | Enunas xomnekiums nudpoBbix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

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

[lepeueHr MHQOPMALIMOHHBIX TEXHOJOTHM, MCIOIB3YEMbIX TIPU  OCYIIECTBICHUU
00pa30oBaTeNLHOTO MpoIiecca M0 TUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3HOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHambHble 0a3bl  JaHHBIX U
UH(POPMAaLMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaunmenoBanue 1O ITpousBoacTBoO JluneH3nonuoe / cBOOOAHO

pacmpocTpansiemoe

OnepanoHHbIE CHCTEMBI:

Microsoft Imagine (Windows Client, Server) | sapy6exnoe | nurensnonsoe

BpaysepsI:

Slupexc.bpaysep OTEYECTBEHHOE | CBOOOJHO PacpOCTPaHsIEMOe

Google Chrome 3apyOeKHOe cBOOOJIHO pacrpocTpaHsIeMoe

Od¢ucHble NpUI0KEHUS

Microsoft Imagine (Visio, OneNote) 3apy0ekHOoe JMLIEH3UOHHOE

TeXstudio 3apy0exHoe CBOOOJIHO pacIpOCTpaHIEMOE

Adobe Acrobat Reader 3apyOeKHOe cBOOOJIHO pacrpocTpaHsIeMoe

IporpammHoe o0ecneveHne 1Jisl IVIAHUPOBAHUS H Y4eTa BPeMEHH:

Toggle app | 3apyOexHoe | CcBOOOJ/IHO pacpocTpaHsIeMoe

CucTeMbl YHpaBJeHHs] MPOEKTAMM:

Microsoft Imagine (Project) | sapyGexmoe | nmuensmonHoe
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Cucrtembl ynpapjaeHHus1 0a3aMHi JaHHBIX:

Microsoft Imagine (SQL Server) | sapyGexHoe | nuuensnonHOE
Cucrtembl pe3epBHoro konupopanusi (backup):

Acronis Backup Advanced for HyperV | sapy6Gesxuoe | nHuensHonHOE
CrpaBo4YHO-NIPaBOBbIE CHCTEMbI:

KoncynbrantlLintoc: cripaBoYHO-TIpaBOBast OTCUECTBEHHOE | JIMIICH3MOHHOE
cucTemMa

CpencTBa aHTUBHPYCHOIH 3a1IIHTHI:

Kaspersky Endpoint Security amnst 6usneca OTEUYECTBEHHOE | JIUIIEH3UOHHOE

Cranpmapraeiii Russian Edition

Cpenbl pa3padoTKkm:

Visual Studio Code 3apy0exKHOE CcBOOOHO pacIpOCTPAHIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOJIHO pacnpocTpaHsIeMOe
Anaconda 3apyOexkHOE CBOOOJIHO pacnpocTpaHsIeMOe
Robotic Operating System 3apy0eIKHOE CBOOOJHO pacIpOCTPaHIEMOE
CopelliaSim 3apy0eKHOE CcBOOOJHO pacIpOCTPAHIEMOE
Google Colaboratory 3apy0eKHOe CcBOOOJHO pacIpOCTPAHIEMOE
ITakeTbl MPOrpaMMHBIX CPEACTB M OMOJIHOTEK:

AutoPsy 3apyOeKHOE CcBOOOJIHO pacnpocTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Cucrtemsbl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOexKHOE | CBOOOJIHO pacnpocTpaHsIeMOe
CepBHCHI B CITYKOBI:

Bind 3apyOeKHOE cBOOOJIHO pacnpocTpaHsIeMOe
Docker 3apyOexHoe cBOOOHO pacmpocTpaHsieMoe

7. MetoanyecKue  OIleHOYHbIe MATEPHAJIbI
MeToauyeckue yKazaHus s 00y4alOUIUXCS 10 OCBOEHUIO TUCIHILIMHBI (MOYJIs1)

B mnpouecce u3yueHMss AMCHUIUIMHBI (MOIYyJs) «AHanmu3 rpadoB» B paMKax TEKYIIETo
KOHTPOJISI YCIIEBAEMOCTH HCIOJIb3YIOTCSl TaKHE BUJbI yU4eOHOM paboThl, KaK JEKIUH, CEMUHApPHI,
KOHCYJIbTAllMM, JOMAIllHUE 3aJaHMsl, a TakXKe pa3JIM4YHble BHUIbl CAMOCTOSITENBHOW pPabOThI
oOydarolmuxcsi MO 3aJlaHuI0  [PEeNoJaBaTelisd, HalpaBJIEHHbIE Ha pa3BUTHE HABBIKOB
npodeCCHOHATBLHON JIEKCHKH, 3aKpeIuieHHe MPaKTUYEeCKUX MPO(ecCHOHATbHBIX KOMIETEHIIHH,
MOOUIPEHNE UHULIUATHB.

Jlexyus — cuUCTEeMaTHYecKoe, IOCIEI0BATEIbHOE, MOHOJOTHYECKOE  H3JI0KEHHUE
nperno/iaBaTeseM yueOHOTo MaTepuraa, Kak IpaBuiio, TEOPETUYECKOTO XapaKTepa.

B mponecce nekuuii peKOMEHIyeTCS BECTH KOHCHEKT JIEKIHUI: KpaTKO U CXEMaTHYHO
(UKCUPOBATH OCHOBHBIC WICH, BHIBOJBI M OOOOIIEHUS JIEKIWHW; BBIIENIATH Ba)KHBIE MBICIH,
KJIIOYEBbIE CJIOBa U TepMUHBL. HeoO0X0onMMO OTMETUTh BONPOCHI WM MaTepuabl, KOTOpHIE
BBI3BIBAIOT 3aTPYIHEHHS, U TOTBITATECS HAWTH OTBETHI B PEKOMEHIOBaHHOU JnTepatype. Ecimu
pa3oOpaThCsi B MaTepuane He YAaercs, clieAyeT cOpMYIMpPOBaTh BONPOC M 3a7aTh €ro
NPETo/IaBaTeI0 Ha KOHCYJIBTAI[MH WA BO BPEMSI CEMUHAPCKOTO (TIPAKTUYECKOTO) 3aHSTHSI.

Cemunap — 310 (hopMa yueOHOH eATeNbHOCTH, IPOBOIUMAs B y4eOHOM 3aBEJICHUU O]
PYKOBOJICTBOM IpemojaBaTelisd, I/€ CTYAEHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSX,
NPaKTUYECKUX 3alaHUAX U IPYrux (opMax B3aMMOJEHCTBHSL.

Jlng ycrienmHoi MOoAroTOBKH K CEMUHApPY PEKOMEHAYETCS 3apaHee 03HAKOMUTBHCS C TEMOM
3aHATHUS U OCHOBHBIMH MaTepualaMu, YTOObl MMETh BO3MOXHOCTh AaKTHBHO y4acTBOBaTh B
oOcyxnenun. Taxke MOJE3HO MOATOTOBUTH BOIPOCHI U MJIEH Al OOCYXKACHHUS, YTO MOMOXKET
rI1y0Ke MOHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.
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Koncynomayuu — CTpyKTYpUpOBaHHBIE BCTPE€YM, Ha KOTOpPBIX MPENojaBaTeIn
NPEOCTABIISAIOT HHIUBUAYATbHYIO WK TPYIIOBYIO MTOMOIIbL B OCBOCHUH Y4€OHOTO MaTepuaa,
00CYyXJIEHUHU BOIIPOCOB U PEIICHUH MTPOOJIeM, BO3HUKAIOIIUX B Mpoliecce 00yueHus.

KoHcynpTanum MOTryT BKJIIOYaTh pa3bsiCHEHUE CIOKHBIX TE€M, IIOJrOTOBKY K 3K3aMEHaM U
MOMOIIb B BBIIIOJIHEHUU IPOEKTHBIX PadOT, YTO cocoOCTBYET GoJiee riy00KOMYy MOHMMAHUIO
IIpeIMeTa U YIY4IIEHUIO aKaJJIEMUUECKON yCIIEBAEMOCTH.

Homawnee 3a0anue — HaOOp 3a7a4 MO TeMaM HEJIEIH.

[Ipu pabore Hax [AOMalUTHUMU 33JaHUSIMU Ba)XXHO BHUMATEIBHO O3HAKOMUTBHCA C
TpeOOBaHUSIMU U CPOKaMU BBINOJIHEHUs. PekoMenyercss pa3douBarh 3aaHus Ha JTarbl, YTOObI
n30exaTh MEeperpy3kd M JIydille yCBOUTH Marepuai. Mcmonp3oBaTh pa3iuyHble HMCTOYHHKU
uH(popMalnu, BKII0Yas yaeOHUKU U OHJIAltH-pecypcChl, AJis 6ojiee rIyOOKOro MOHUMAHUS TEMBI.

Tecm — ocobas ¢opma mpoBepku 3HaHHUH. [IpOBOIWTCS MOCIIE OCBOCHHS OIHOW WIH
HECKOJIbKUX TEM M CBHJICTCIBCTBYET O Ka4eCTBE IMOHMMAHUS OCHOBHBIX TOHSATHH HM3y4aeMOro
marepuasia. TecTOBbIC 3aJaHMsi COCTABJICHBI K KIIOYEBBIM TOHSITHSM, OCHOBHBIM pa3ieiaMm,
B2)KHBIM TEPMUHOJIOTHUECKUM KAaTETOPHSIM U3Y4aeMOM JUCIUTUTAHBI (MOJTYJIs).

JI1st TIOATOTOBKU K TECTYy HEOOXOIMMO 3HATh TEPMHHOJIOTHUSCKHIA armapaT JTUCIUIUIAHBI
(MOTyJIs1), TOHUMATh CMBICJT HAYYHBIX KATETOPHUI U YMETh UX UCIIOJIb30BaTh B MPO(HECCHOHAILHOU
JeKkcuke. BnaneHue MOHSATUHHBIM ammapaToM, BKIOYEHHBIM B TECTOBBIC 3aJaHUs, MO3BOJISIET
NperoJiaBaTeNit0  OBICTPO  HPOBEPUTH  YPOBEHb  MOHMMAaHUS  CTYICHTAMHU  BaXKHBIX
METO0JIOTUYECKUX KAaTETOPHIl.

Camocmosmenvnas paboma — paboTa CTYJEHTOB, HaIpaBICHHAs Ha YIIIyOJEeHHOE
U3y4eHHE OTIEIBHBIX TEM M BOIPOCOB YIeOHOW JUCIUTUTHHBI (MOIYIIS).

B nporuecce camoctosTensHON paboThl CTYAECHTHI B3aUMOJICHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHrajaMH P MUHUMAIFHOM YYaCTHHU MPEToiaBaTels. 3a1auu CTyIeHTa BKIIOYAIOT paboTy
C KOHCHEKTaMH JeKIui (06paboTka TeKkcTa), HOBTOPHOE U3ydeHHE YUEOHBIX MaTEpUaIOB IJIaHOB
U TE3MCOB OTBETOB, U3YUEHHUE JIOMOJHUTEIBHBIX TEM, BBHITIOJHEHNE YIeOHO-NCCIIEAOBATEIBCKUX
3aIaHUI U IpYyToe.

Cucrema OLlCHUBAHUSA PE3YyIbTATOB oﬁyqemm Mo TMCHMIIJIMHE (MO}IyJIlO)

Kpurepun nosy4eHusi ypoBHS M OLCHHBAHUS C()OPMHUPOBAHHOCTH KOMIICTCHIHI 11O
AUCHHUIIMHE (MOYJII0) «KAHAIU3 TpadoB»

OrneHuBaHue YpOBHsS Y4eOHBIX JOCTHKEHHH, oOydaromuxcs MO AUCHUIUIMHE (MOJIYIIO),
OCYIIIECTBIISIETCS B BUJE TEKYIIET0 KOHTPOJISL yCIIEBAEMOCTH U IMTPOMEXYTOUYHOM aTTeCTallUH.

IIpoMeskyTouHasi aTTecTanMs IO JUCUUIUIMHE (MOJYJIO) OCYILECTBISETCS B (opme
9K3ameHa, IpU 3TOM MPOBOJUTCS OLIEHKA KOMITETEHIINH, c(hOPMUPOBAHHBIX 10 TUCHUILUINHE.

Jlns omeHMBaHHS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M TMPOMEKYTOUHOW AaTTecTaluu
UCTIONB3YETCS IeCATUOAIUIbHAS IIKaJla OLEHUBAHUS, KOTOpash COOTHOCHUTCS C TPaTUIIMOHHON
nATHOATUTPHON TITKAJION CIICTYIOIIMM 00pa3oM:

JecarubannbHas IlarubamibHas OO0mas xapakTepHCTHKA pe3yJbTaTa 00y4eHus! 1o
OLICHKA OLICHKA AUCHHILVINHE (MOLYJIIO)
10 OT1inyHO CTyaeHT TONHOCTHIO BIIafIeeT 3HAHWUSAMH, HW3JIOKCHHBIMU B
9 OTInuHO paboueil mporpaMme, U rIyOOKO OCMBICIISET JUCHUIUTUHY. OH
8 OTIM9HO CaMOCTOSITENILHO U JIOTUYECKH MOCIEN0BATENBHO OTBEYAET Ha

BCE BOIPOCHI, aKIEHTHPYs BHHUMaHHE Ha HAuMOOJIeE BaXKHOM.
YMeeT aHaNmM3WpOBaTh, CpPaBHUBATh, KIACCU(PUIMPOBATH,
0000maTh,  KOHKPETH3UPOBAaTH W  CHUCTEMATHU3UPOBATH
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JdecaTudannbuas IlaTudannbHas OO0mas xapakTepUCTHKA pe3yJIbTaTa 00y4eHusl 1o
OLICHKA OLICHKA JUCHMIIMHE (MOXYJIIO)

W3YYEeHHBIH MaTepuan, BBbIIEISAS KIIOUEBbIE MOMEHTHI U
yCTAQHaBIUBasT  NPUYMHHO-CICACTBCHHBIE  CBs3U.  YeTko
(opMynupyeT OTBETHI, YBEPEHHO HHTEPIIPETUPYET PE3yIbTaThI
AQHAJIN30B U JAPYTUX UCCIIEOBAHUH, a TAK)KE PEIIAeT CIOKHBIE
3agaun. CTyJeHT XOpOLIO 3HAKOM C METOAAaMHU HCCIINOBaHNU,
HEOOXOIUMBIMH IJIsl MPaKTHYECKOH NEATETBHOCTH, U yMEeT
CBSI3bIBATh TEOPETUYECKUE ACTIEKTHl AUCLUIIMHBI (MOIYJIS) C
MIPAKTUUECKUMHU 3aa4aMH.

7 XOpOIHO CTy,E[eHT o6naﬂaeT S3HaHUAMH NOPEAMCTAa IMOYTU B IMOJIHOM

6 Xopomo o0beMe paboueii porpaMMBI B CAMOCTOSITEIBHO, JTOTHICCKH
MIOCJICAOBATEIIbHO M BCECTOPOHHE OTBEYAET HA BCE BOIPOCHI,
aKIICHTUPYS BHUMaHKE Ha HanOoJiee 3HAYMMbIX MOMeHTaX. OH
yMEeT aHAJM3UPOBaTh, CPABHUBATh, KIACCUPHUIIUPOBATH,
00001maTh,  KOHKPETH3UPOBaTh M  CHUCTEMAaTHU3UPOBATH
H3y‘leHHLII>i Marcpuall, BbBIACIAA €TI0 KIIIOYCBBIC ACIICKTHI U
yCTaHABIUBAsI MPUYIHHHO-CIICICTBCHHBIC CBSI3H.
DOopMynUpyeT CBOM OTBETBI, YBEPEHHO WHTEPIPETUPYET
pe3yibTaThl AHAJIM30B W JPYTUX HCCICIOBAHUMN, a TaKKe
pelIaeT CIOKHBIC CUTYAIMOHHBIC 3amaud. CTYIEHT XOpOIIOo
3HAKOM C MCTOJaMH HCCJIICOAOBAaHMU, HCO6XOI[I/IM])IMI/I JUJISL
NMPaKTUYCCKOW  JESITENbHOCTH, H  yYMEET  CBS3BIBATH
TEOPETHUYECKUE AaCIHEKThl TpPEAMETa ¢ MPAKTUYCCKUMU

3agad4aMHu.
5 YZ[OBJ'ICTBOPI/ITCJ'H:HO CTyI[CHT 06J1a;[aeT 0a30BbIMHM 3HAHUSIMHU IO JAUCIUITIIINHE
4 yHOBHeTBOpHTeHBHO (MOI[yJHO), HO MCIBITBIBACT TPYAHOCTHU IIPHU CaAMOCTOATCIIbHBIX

OTBETax M MCIIOJIb3YeT HETOuHbIe (GopmynupoBku. B xome
OTBETOB OH JIOMYCKAET OMHOKHU, KACAIOIINECS CYTH BOITPOCOB.
CryneHT crocoOeH pemnaTh TOJIBKO caMble MPOCTHIC 3a7a9u U
BJaJieeT  JIMIIb ~ MWHUMAIbHBIM  HAOOpOM  METOJOB

HCCIIeIOBaHUS.
3 He cnan CryneHT He oBiaaen 00s13aTeIbHBIM MUHUMYMOM 3HAHUH 110
He cnan MpeIMeTy U HE MOXKET OTBETHUTh Ha BOIPOCHI, JAXKE eCid
1 He cnan MperoAaBare’db  3aJaeT  JOMOJHUTENbHbIE  HABOJSIIHE
BOIIPOCHI.

JucnunnuHa (MOAynb) «AHanu3 rpadoBy OLIEHUBAETCS CIETYIOIUM 00pa3oMm:

AKTHBHOCTH Bec Onucanmne

Homamraue 3amanus | 80% | Habop 3agau o Temam Henenu

DK3aMeH 20% | YcTHBIC WM MUCHMEHHBIE OTBETHI HA BOIPOCHI IO AUCIUTUIAHE (MOIYIIIO)

®opmyJia pacyéTa UTOrOBOM OLEHKHU MO JMCHUIUIMHE (MOAYJII0) «AHaau3 rpados»:
«0,8 x cpennee 3a nomamHue 3aganus + 0,2 X 3a sK3aMeH».

B pamkax n3ydeHus! TUCHUIUIMHBI (MOAYJISI) BOZMOXKHO MOJTydyeHHEe OOHYCHBIX OalljIoB.
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Texkyuuii KOHTPOJIb YCIIEBAEMOCTH 00y4al0IIMXCH M0 IUCHUIIMHE (MOLYJII0)
IIpumepHbIe JoOMAaLIHUE 3aJaHUS
Jomamnee 3aganue: OCHOBBI aHAJIN3A IPadoB, CII0KHbIE CETH U UX XaPAKTEPUCTHKH

1. Onpenenure W ONMUIIMTE OCHOBHBIE Mojenu TpadoB (Hampumep, CIy4alHBIN Tpad
Opnéma-Pensu, rpad Manepa-Pasi, perynspasie rpadbl) 1 UX KIIIOUEBbIE CBOHWCTBA.

2. Peanmu3yiite anroputmbl noucka B rayouny (DFS) u momcka B mmpuny (BFS) na
3aJJaHHOM Ipade 1 IpoaHAIU3UPYUTE UX BPEMEHHYIO CIIOKHOCTbD.

3. Uccnenyiite  XapakTepUCTHKU  CIOXKHBIX  CETEW:  BBIUUCIUTE  KOX(D(UIIUEHT
KJIaCTepU3alllU, pacIpeielieHle CTEeNeHeH U CPeHIO0 UIMHY KpaTyaiiiero myTy AJis 3aJaHHOTO
COIMANILHOTO Tpada.

4. BbIOMHUTE aHaIW3 CTPYKTYPbl COI[MAIBHON CETH: BBIBUTE IIEHTPAJIbHBIC Y3Jbl C
MOMOIIBIO0 METPHUK IIEHTPATBHOCTH (CTETIeHHAast, OIM30CTh, IIOCPEAHUYECTBO).

5. CpaBHUTE MOJEIM CIOXKHBIX CeTed MO MX MNPUMEHHMOCTH IJIs MOJCIUPOBAHUS
COIIMATILHBIX CeTeH U 00OCHYHTE BRIOOP KOHKPETHOM MOJICIN JJIs 3aTAHHON 3aIa4H.

Jomamnee 3aganue: [lpeacraBaenusi (OmMOenanHru) rpados, BepuiuH, péoep u
3aj1a4u ¢ rpagamMu

1. U3yuute u onummte MeToasl sMmOeaaunra rpados (Hampumep, DeepWalk, node2vec,
GraphSAGE) u ux oTimyws.

2. Peanmu3yiite 3a7a4yy npeacKa3aHus CCHUIOK HA MMPUMEPE COLUAIBHOTO rpada, UCIoib3ys
OJIMH U3 METOAOB dMOeIANHTA.

3. BeimosnHuTe OOHapyXeHHE COOOIIECTB B 33aJaHHOM Tpade C TOMOIIbI alropuT™Ma
Louvain wim Apyroro MeTosa KjiacTepu3ainu.

4. CMonenupyiTe pacrpocTpaHeHHe HHPopManuu B rpade, UCroib3ys MPOCTY0 MOJIENb
(Harmpumep, MOJIeITh HE3aBUCUMOTO KacKaJia), ¥ MPOAHATN3UPYHTE pe3yIbTaThI.

5. IlpoBenute cpaBHEHUE ABYX IpadoB IO BEIOPAHHBIM METPHKAM CXOJICTBA U OOBSICHUTE
MOJTyYEHHBIC PE3YJIbTATHI.

Jomammnee 3ananue: I'pagoBbie HEliPOHHBIE CETH

1. W3yunTe 1 onummTe OCHOBHBIE apXUTEKTYpbI IpadoBbix HelipoHHbIX ceTel (GCN, GAT,
GraphSAGE) u ux oco0eHHOCTH.

2. Peanmu3yiite mpocTyo rpadoByr0 HEMPOHHYIO CETh /IS 33]]a9M KJIacCH(DUKALINH Y3JIOB Ha
3a/laHHOM J1aTaceTe.

3. HacrpoiiTe rumepnapamMerpsl MOAETH (YUCIIO CIOEB, pa3Mep CKPHITOTO CJI0s, CKOPOCTh
00y4yeHHMsI) ¥ OLICHUTE BIMSHUE HA KAUeCTBO KJIacCU(UKALMU.

4. TlpoBenuTe BU3yaTU3AINI0 AYMOECIIUHTOB y3JI0B, MOTYYEHHBIX C TTOMOIIBIO O0YYEHHOU
GNN, 1 HHTEpPNPETUPYITE PE3YNIBTATHI.

5. Bemonnute cpaBHeHue mnpousBoguTenbHOCTH GNN ¢ KJIacCMYeCKMMH METOAaMH
MAaIIMHHOTO O0Y4YeHHUs Ha TOM ke 3aJjaue KIacCU(PUKAIIH.

3amanus 1J151 NPOMEKYTOUYHOM ATTECTANUM 0 JUCHMILIMHE (MOTYJII0)

Ne 3aganue OtBeTt Komnerenuust

n/n

1 VYKkaxuTe 0OCHOBHOE NOHATHUE, ONPEIEISAIONIEE CTPYKTYPY rpag YK-1
JTAHHBIX C BEpPIIMHAMH U PEOPAMHU.

2 Ha3zoBute HHCTPYMEHT /1JI aHAJIN3a COLUANIbHBIX CETEeH NetworkX YK-1
Ha OCHOBE rpadoB.

3 VYkaxure MeTo]] KpUTHYECKON OLIEHKH NUCTOYHHUKOB aHau3 YK-1
WHQOPMAITUH O CIIOKHBIX CETSIX. pENeBaHTHOCTH

4 HaszoBute noaxox K CHUHTE3y JaHHBIX W3 PA3IMYHBIX HWHTETPaLys YK-1
rpadoBbIX MOjeNeH. Mozenen
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5 VYKaXuTe MpaBOBYIO HOPMY, PErYJIUPYIOILYyI0 00paboTKy GDPR YK-2
JAHHBIX B rpadOBBIX aHAIN3aX.

6 HazoBure crmoco0 ompeneneHus 3a1a4 B paMKax aHaIn3a ONITUMH3ALIUS YK-2
rpadoB ¢ yIETOM pecypcoB. BBIYHCIICHUI

7 VKaxuTre ONbIT NPUMEHEHHsS 3HAHMM O pecypcax B MPaKTUYECKUE YK-2
MPOEKTaXx Mo rpadam. MPOEKTHI

8 HazoBure MeTon BeIOOpa anropuTMa Ajsl pelieHus 3a1ad CpaBHEHHE YK-2
Ha rpadax. 3 PEKTUBHOCTH

9 VYKakuTe OCHOBHOM aJlTOPUTM IS TTOMCKA KpaTdaiiiero Hetikctpa OIIK-1
MYTH B Tpade.

10 HazoBuTe Mepy IEHTpaNbHOCTH BEPIIMHEI B rpade. CTETEHb OIIK-1

11 Ykakute onbIT paboTHl HAJl MATEMAaTUIECKUMH MOJCTISIMH Hay4HBIE OIIK-1
rpadoB. HCCIICIOBAHMS

12 HazoBuTe moaxom K WHTEpHIpETalid  Pe3yIbTaToB BH3YaITH3aIHS OIIK-1
rpadOBBIX AITOPUTMOB.

13 YKaxuTe KII0YEeBYI0 3aKOHOMEPHOCTh B INPEICTABICHUN SMOeTHHT T [K-1
rpados.

14 HazoBute TeopeTHuecKyl0 KOHUEMIHUIO TpadoBbiX | TpadoBas cBEPTKa IK-1
HEUPOHHBIX CETEH.

15 YKa)KuTe OIBIT BBISBJICHHS 3aKOHOMEPHOCTEH B rpaOBBIX | aHAIIN3 COOOIIECTB [K-1
JaHHBIX.

16 HazoBute MeToj CHCTEMAaTHUECKOTO aHalu3a 00JacTu KJIacTepU3aIys IK-1
rpadoBOro MaIIMHAOTO O0YYEHUS.

17 YkaxuTe npuHIMIN HHPOPMAIMOHHON 0€30MIaCHOCTH IpH QHOHUMU3ALIUS [K-2
pabote ¢ rpad)OBBIMHU JTAHHBIMH.

18 HazoBute TexHOmoTHIO st 00pabOTKH JAHMHAMHUYECKHX PyTorch [K-2
rpados. Geometric

19 YKaXuTe ONBIT COONMIOJeHHS HOPM O€30macHOCTH B ayJIUT TaHHBIX [K-2
MPOEKTax Mo rpadam.

20 HazoBute crioco6 sddexruBHOro ucmnonb3oBanus WKT o0J1auHbIC IK-2
Jutsi aHanw3a rpados. m1aTopmbl

DNEeKTPOHHBIA JOKYMEHT
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