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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
MaremaTuka ¥ KOMIBIOTEpHBIC HAyKH, YTBEPXIEHHBIH INpHKa3oM MUHHUCTEPCTBA HAayKH U
BeIciero oOpasoBanust Poccuiickoit deneparmu Ne 807 ot 23.08.2017 roxa.

Jucuunnnza (Moayib) «AHanu3 rpadoB» sBiseTcs QyHIaMEHTaIbHBIM HHCTPYMEHTOM B
MaTeMaTHKE M KOMIBIOTEPHBIX HAayKaxX, MO3BOJSAIOMMM J(PQPEKTUBHO peIIaTh 33Ja4yd
ONTUMH3AIMM, NOUCKA M CTPYKTYPHOIO aHalM3a B pa3jIM4YHBIX O0JIACTAX, BKJIIOYAs CETH,
ITOPUTMBI U 0a3bl TaHHBIX. Bianenue Mmetogamu rpag)oBOTO aHaIHM3a paclupseT BO3MOXKHOCTH
CTYACHTOB B pa3pab0TKe COBPEMEHHBIX MH()OPMAIIMOHHBIX CUCTEM U HayYHBIX UCCIIEJOBAHUH.

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
Marematuka U KOMIBIOTEPHBIE HAYKH U BXOJIUT B 4acTh biioka 1, popMupyemyro yqacTHUKaMu
00pa3oBaTebHBIX OTHOIICHUH.

Jucnunnuza (MOAyNb) u3ydaercs Ha 4 Kypce B 7 WM 8 ceMecTpe Ha BBIOOD.

Heab wu3ydyeHust JUCHMIUIMHBI (MOAYJS)! OCBOCHHE METOAOB IpE/ICTaBIICHUS,
UCCJIEIOBaHMSI U MOJICJIMPOBAHUS CTPYKTYPHUPOBAHHBIX JAHHBIX C IOMOLIBIO TeOpUU rpadoB AJis
peLIeHHs IPUKIIAJHBIX U TEOPETUYECKHX 3a/1a4.

3agauu n3yyeHus: AMCHUIIHHBI (MOAYJIfA):

— W3YYUTh OCHOBHBIE TOHATHSI W CBOWcTBa rpadoB, BKIIOYAs TUIBI rpadoB, MEpHI
LEHTPaJIbHOCTU U QJITOPUTMBI TIOUCKA, JJI MIOHUMAHUS UX POJIM B MPEACTABICHUU U aHAIIU3E
JTAHHBIX B CHCTEMaX MCKYCCTBEHHOI'O MHTEIIIEKTA;

— OCBOUTH AJITOPUTMHUYECKHE METOJIbl aHaJIW3a rpadoB, TaKUe KaK aJropuTMbl 00Xo7a,
MOMCKa KpaTyallliuxX myTel M KJlacTepU3aliu, ¢ LelIbl0 MPUMEHEHHS WX B 33Ja4ax MAIIUHHOTO
00y4YeHMs U ONITUMM3ALINHY,

— pa3paboTaTh HABBIKM NPAKTUYECKOTO MPUMEHEHHUs rpadoBBIX MoOAeNed B 00JacTsIX
MCKYCCTBEHHOI'O HHTEJJIEKTa, BKJOYas COLUAJbHBIE CETH, PEKOMEHJATElbHbIE CHUCTEMBI M
00paboTKy OOJBIINX JJAaHHBIX, C HCHOJIB30BAHUEM COBPEMEHHBIX HHCTPYMEHTOB U TEXHOJIOTUH;

— cdopmMupoBaTh yMEHHE OLIEHHBATh A(P(EKTUBHOCTh TIpaoBBIX aJITOPUTMOB U
BBIOMpPATh ONTHUMAJbHBIE pEIIEHUs JUIsl KOMIUIEKCHBIX 3ajlay, YYWThIBas TpeOOBaHUS K
BBIUMCIUTEIBbHON CI0KHOCTH U MacIlITaOUPyEeMOCTH.

B pe3ysibTare ocBOeHUs1 JUCHUILIUHBI (MOIYJIs1) 00y4aIOIMiCSl T0JIZKEH

3HaAmMb:

— CTPYKTYphl ¥ CBOHCTB TpadoB, BKIOYass y37bl, péEOpa, HaMpaBlIeHHbIE W
HEeHarnpaBJieHHbIE TpadBbl;

— pasnuyHble  TUMbl  rpadoB, TaKUX Kak  B3BELEHHbIE, OPHEHTHPOBAHHBIE,
HEOPHEHTUPOBAHHbIE, EPEBbsl U JPyrue, 3HAHUS OCHOBHBIX aJrOPUTMOB Ha rpadax, BKIOYas
MOKWCK B TIyOMHY, MOWCK B IIMPUHY, AITOPUTMBI JIeHKCTphl W mpodre; MOHUMaHHE METO/I0B
KJIacTepU3alluu U pa3dueHus rpados;

— apxutekTypy rpadossix HelpoHHblx ceteil (GCN, GAT, GraphSAGE); 3nanue
obnacteil TpUMEHEHUsS TPaoBOr0 MAIIMHHOTO OOYYEHHS, TaKMX KaK COIMAJIbHBIC CETH,
OnonH(pOpMaTHKa, PEKOMEHAATEIbHbIE CUCTEMBI;

— 3aJaud, pelIaeMble C TOMOIIBI0 TpadoBOr0 MAIIMHHOTO OOYYeHHUs, BKIIOYas
KJIaCCU(UKALIMIO y3JI0B, IPEJICKa3aHKe CBSI3€H U KiIacTepU3alluio;

ymembp:

— paspabatbIBaTh U 00y4aTh MOJENIU TPaoOBOro MAIIMHHOTO O0yUESHHUS;
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— HacTpauBaTh TUIEpIapaMeTPbl MOAETIECH ISl TOCTHKEHHUS ONITUMATBHBIX PE3yJIbTaTOB;

— WU3BJIEKaTh U MOJTrOTaBIUBATh rpaOBbIe TaHHBIC IS aHATN3a U 00yUEeHUs MOJIeIei;

— TMPOBOJUTH aHAJIU3 CTPYKTYPHI Ipada U BBIBICHUE KITIOUEBBIX OCOOEHHOCTEH;

— HCIIONB30BaTh OMOJMOTEKH W (PEHMBOPKH Jis TpadoBOro MAIIMHHOTO OOydYCHHS,
takux kak PyTorch Geometric u DGL;

— peanu30BBIBATH MOJICIH U MPOBOJUTH YKCIIEPUMEHTHI C PA3IMYHBIMU apXUTEKTYpPaMH
GNN;

enademp:

— OLIGHKOW MPOU3BOJIUTEIBHOCTH MOJIEICH C WCIOIb30BAHUEM METPUK TOYHOCTH,
noaHOThI, F1-Mepsr;

— YBEpEHHBIM BIIQJICHHEM s3bIKa nporpammupoBanus Python u ymenuem pabotath c
OoubmoTekamMu 1Jis 00ydeHus Ha rpadax;

— YMEHUEM KpUTHUYECKH aHaJIM3UPOBaTh pe3ylbTaThl U OOOCHOBBIBATH BBIOOD
QITOPUTMOB M METOJIOB, HICIIOIH3yEMBIX B IIPOCKTE;

— HaBBIKOM CaMOOOpPAa30BaHMsI, BKIIOYAMOIINN OTCIC)KHUBAHUE HOBBIX HCCIICIOBAHUN U
TEHJCHIINI B 00611acTH 00y4ueHus Ha rpadax.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETA U B (POpME CaMOCTOSATEILHON PabOThI 00yUarOIINXCA:

Komnerenuus Conep:xxanue Nuauxkarop Ilepeyenpb MIAHMPYEMBIX
KOMINeTEeHIIN U KOMIIETeHIIH U pe3yJbTaTOB 00y4eHus Mo
JUcCHMIIMHE (MOTYJIIO)
VK-1. Crioco0eH oCyIIeCTBIIATh VK-1.1. 3HaeT MeTOAbI MOKUCKA U aHaJIN3a
MTOMCK, KPUTHICCKUH aHAIIN3 nH(pOopMaIuu B 001aCTH
Y CHHTE3 WH(pOpMaInH, HCKYCCTBEHHOTO MHTEIJIEKTA,
MPUMEHSTH CHCTEMHBIH OCHOBHBIE MTPUHIHITBI KPUTHIECKOH
MOJIXOJT IS pEIIeHNUs OIIEHKH UCTOYHUKOB HH(PpOPMALINN 1 UX
MOCTaBJICHHBIX 33729 pEJeBaHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WUCTOYHUKHU HH(OpMALINU U
CHHTE3UPOBATh TaHHBIE U3 Pa3INIHBIX
VMCTOYHHUKOB ]ISl pEIICHUs 3a/1a4,
MPUMEHSTh CHCTEMHBIH MOAXO0]] K
aHAIM3Y M PEIICHUI0 KOMIUTEKCHBIX
mpo0IeM
YK-1.3. HmeeTt npakTHUECKHIA OTBIT pabOTHI €
COBPEMEHHBIMU HHCTPYMEHTAMH H
TEXHOJOTHSIMH JJT1 00pabOTKH
nHpopMaIuu, GOpMyIUPOBAHUH H
CTPYKTYPUPOBAHUH 3a/1a4 HA OCHOBE
MOJTydeHHON MH(pOpMaIIH
YK-2. Crioco0eH ompenensiTs Kpyr YK-2.1. 3HaeT ACUCTBYIOIINE TIPABOBBIC
3a7a4d B paMKax HOPMBI, PETYJIMPYIOINE ACATEIBHOCTD
MOCTaBIICHHOH LIEJIN 1 B 00JIACTH PELICHUS 3a/1a4, OCHOBHBIE
BEIOMpATh ONTUMATbHBIE METO/TBI U TIOJIXO/IBI K OTIPEIEICHUI0
CIIOCOOBI MX PEeIIeHHUS, Kpyra 3agad
UCXOJIS U3 IEHCTBYIOIIIX YK-2.2. YMeer onpenensaTh KpyT 3a7a4d B
MIPAaBOBEIX HOPM, paMKax IOCTaBJICHHOH 11eJIH, BHIOMPATh
UMEIOIINXCS PECYpCOB U ONTUMAJBHBIE CIIOCOOBI PEIICHHS
orpaHUYeHHUN 3aj1a4, YYUTHIBAs HMEIOIINECS PECYPCHI
Y OrpaHHYCHUS
YK-2.3. NmeeT npakTUYECKH OTIBIT
MIPUMEHEHUS 3HAHWI O TPaBOBBIX
HOpPMax M pPecypcax B peajbHbIX
CUTYyalusX, pa3paboTKH U peanu3aiuu
pEIIeHNH B COOTBETCTBUH C
YCTaHOBJICHHBIMH OTPaHHYCHUSIMH
OIIK-1. CnocobeH KOHCYTbTHPOBATh OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIINH U TEOPUH
Y UCIIOJIb30BaTh B 00JIACTH MaTEMaTHYECKOTO aHAIN3a U
(dyHIaMEHTATbHBIC 3HAHUS B CMEXXHBIX JUCLUUIUINH; METOABI U
001acTH MaTeMaTHYECKOTO TIOJTXO/IbI, UCTIONIb3yEMbIC B Pa3THYHBIX
aHam3a, KOMILIEKCHOTO U o0acTsix MaTeMaTHKu
(GYHKIMOHAIBHOTO aHaJIN3a OIIK-1.2. YMeeT NpUMeHTh MaTeEMATHYECKHE
anreOpbl, aHATUTUIECKOM METO/IBI JUTSL PEIICHUS
TEOMETPHH, npodecCHOHANBHBIX 33124
IuddepeHunansHOR
T€OMETPUHU U TOIIOJIOTHH, OIIK-1.3. HNmeer HpaKTH‘{eCKI/Iﬁ OIIbIT
JIH(i)(i)epeHHHaHBHBIX pa3pa6OTKI/I nu peaJ'H/I3a]_II/I5{

YpaBHEHUH, JUCKPETHOU
MAaTEMaTUKHU U

MaTeMaTHUYECKUX MOJIENeH B
po(heCCUOHAIBHOM IeSTENbHOCTH
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MaTeMaTUYECKOH JIOTUKH,
TEOpPUHU BEPOATHOCTEM,
MaTeMaTU4YeCcKOi
CTAaTUCTUKU U CITyYalHBIX
MIPOIIECCOB, YHCICHHBIX
METO/IOB, TEOPETHUECKON
MEXaHUKH B

poheCcCUOHANTBHOMN
JIeATeIIbHOCTH
OIIK-4. CnocoOeH HaXOIHTh, OIIK-4.1. 3HaeT 6a30BBIe OCHOBBI COBPEMEHHOTO
aHaATM3UPOBATH, MaTeMaTHYEeCKOro amnmapara,
peann30BHIBATH TPOTPAMMHO CBSI3aHHOTO C TIPOSKTHPOBAHUEM,
Y MCIIOJB30BaTh Ha pa3paboTKOM, pean3areii U OIeHKOMH
NPaKTUKE MaTEMAaTHIECKUE Ka4yecTBa MPOrPaMMHBIX MPOAYKTOB U
ANTOPUTMBI, B TOM YHCIIE C MPOTPaMMHBIX KOMIIJIEKCOB B
NPUMEHEHHUEM COBPEMEHHBIX Pa3IHMYHBIX 00TACTIX YETOBEUECKOM
BBIYUCIUTEIBHBIX CUCTEM JIeSITeTIbHOCTH
OI1K-4.2. YMeeT ucnoab30BaTh 3TOT
MaTeMaTUYECKU amnmapar B
npodeccHoHaILHOM AeSTeIbHOCTH
OIIK-4.3. NmeeT npakTU4ECKUN OTIBIT
MPUMEHEHHUS] COBPEMEHHOTO
MaTeMaTHYeCcKOro arnmapara,
CBSI3aHHOTO C TIPOSKTHPOBAHUEM,
pa3paboTKOi, peanu3aliei U OlEeHKOM
Ka4ecTBa MPOTPAMMHBIX ITPOIYKTOB
HpOrpaMMHBIX KOMIUIEKCOB B
Pa3IUYHBIX 00JIACTSX YeTIOBEUECKOM
JIeSITeTbHOCTH
IK-1. Crioco6en popmymnupoBathb [K-1.1. 3HaeT METOBI M MIOAXOIBI K
3a7a4M C MaTeMaTHYECKOM (bOopMyIHPOBaHUIO 33]1a4, a TAKKE
TOYHOCTHIO, 000CHOBEIBAThH OCHOBHBIE ITPUHITHITBI
YTBEPKJICHHUS CTPOTO H MaTeMaTHYECKOT0 JI0Ka3aTeIbCTBa U
aQHAIN3UPOBATH MOJTYYCHHBIE aHaJIM3a Pe3yJIbTaToB
pe3yabTaThl B 00J1aCTH IK-1.2. ‘YMeeT KOppEeKTHO CTaBUTh U
MaTeMaTHKH U (dopMynupoBaTh MaTeMaTHYECKHE
KOMITBIOTEPHBIX HAayK 3a/1a4, IPUMEHSATH CTPOTHUE METOJIBI
JIOKa3aTeNbCTBA ¥ AaHAJM3UPOBATH
TIOJTYYEeHHBIE PE3yJIbTATHI
IK-1.3. Hmeer ombIT paboThI ¢ 33/1a4aMU B
00JIaCTH MaTeMaTUKH U
KOMITBIOTEPHBIX HAYK, BKIFOUAs
NpPUMEHEHUE MAaTeMaTHUECKIX METOJIOB
JUISL peIICHUs] IPAKTHYECKUX 33,149
IK-2. Crioco0eH peniaTh THITOBbIC [K-2.1. 3HaeT OCHOBBI MH(POPMAIIMOHHON U
3a7a9u poheCCHOHATBHOM oubnmorpaduveckon KyIbTyphbl, a
JeSITeTIbHOCTH B 00JIacTH TaKXKe MPUHIMITE THPOPMAITHOHHOH
MCKYCCTBEHHOTO 0€301acHOCTH ¥ IPUMEHEHHUS
WHTEJIEKTA, OMUPAasCh Ha WHPOPMAITUOHHO-KOMMYHUKAITHOHHBIX
UHQOPMAITUOHHYIO 1 TEXHOJIOTHH B IPO(heCCHOHATBHOIM
oubnnorpaduyecKyro JIEATEIbHOCTH
KyJbTYpY, UCIIONB3YsI [K-2.2. Ymeet 3¢ (heKTHBHO HCIIONB30BAThH
UHPOPMAIHOHHO- WHPOPMAITMOHHO-KOMMYHUKAITHOHHEIE
KOMMYHHKAIIHOHHBIE TEXHOJIOTHH JIJISI PEIICHUS

TEXHOJIOTHH U YUUTHIBAs
OCHOBHBIE TPEOOBaHHUS
WHQOPMAITMOHHOHN

CTaHJAPTHBIX 37134
po(heCCHOHATIBHOM IEATENbHOCTH,
YUUTEIBAsA Tpe60BaHI/I${
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0€e30MacHOCTH

WHPOPMALIMOHHON 0€30MaCHOCTH

IK-2.3. HmeeT onbIT paboOThI ¢
HH(POPMAITHOHHBIMH PECypcaMu 1
TEXHOJIOTHSIMH B 00JIaCTH
HUCKYCCTBEHHOTO UHTEIJICKTA, BKJIIOYAs
co0umoIcHIEe HOPM HH()OPMAITHOHHOM
0€30IMaCHOCTH
IK-3. CriocoOeH MPUMEHSITh IK-3.1. 3HaeT OCHOBHBIE METOIbI
METOIBI MATEMATHYECKOTO U MaTeMaTHIECKOro 1
ANTOPUTMHUYECKOTO ANTOPUTMHUYECKOTO MOJICTTHPOBAHUS, &
MOJICTUPOBAHUS IS TAKXKe WX MPUMCHEHHUE TS PEIICHHSI
pEIIEeHUs KaK TEOPETUYECKUX M IMIPHUKIAIHBIX 3314
TEOPETUIECKUX, TAK U I1K-3.2. YMeeT IpUMEHATh METOIbI
MPaKTHYECKUX 337124 B MaTeMaTHYECKOIo 1
paMkax npoheccHOHaIbHOMI ANTOPUTMHUYECKOTO MOJCTHPOBAHUS
IEITENBHOCTH JUTSL QaHATIM3a U PEIICHUS PA3ITHYHBIX
3a7a4 B 00J1aCTH MaTEMATUKH U
KOMIIBIOTEPHBIX HAYK
I1K-3.3. HMeeT ONBIT UCIIOIB30BAHUS METOA0B

MaTeMaTHYECKOTO
AJITMOPUTMHUYCCKOr0 MOJACIIMPOBAHUSA
NPH PELICHUH TEOPETHUCCKUX U
NPUKJIAIHBIX 337129 B
po(heCCUOHATIBHOMN IeATENbHOCTH
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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
3auem c ouenxoii 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 (MOAYJISI) IO TeMaM

AUCHUIJIMHBI (MOLYJIs1)

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

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

3 I'padoBric HEHPOHHBIE Beenenue B rpad)oBble HEMPOHHBIE CETH, OCHOBHBIE apXUTEKTYPHI Ipa)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 aHanM3 B peKOMEHIALMOHHBIX cucTeMax. I'padpr 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  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

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 BO3MOXXHOCTH IJIsi PabOTHI CO
CBSI3aHHBIMHU JITaHHBIMH : MPaKTH4YecKoe pykoBojacTBO / S1. Pobuncon, [Ix. Bebep, O. Dudpewm ;
nep. ¢ anri. P. H. Parumosa. - 3-e u3a. - Mocksa : JIMK Ilpecc, 2023. - 257 c. - ISBN 978-5-
89818-566-4. - Tekcr : anektponubiit. - URL: https://znanium.com/catalog/product/2107921.

2. Padrapnen, T. CoBepiieHHbIH anroput™. [ padoBbie aaropuTMbl U CTPYKTYPHI TaHHBIX :
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. Jleckogert, FO. Ananu3 60sbIIMX HAOOPOB AAHHBIX : IPAKTUYECKOe pyKoBoAcTBO / 1. JIxk.
VYaeman, 1O. JleckoBen, A. Pamxkapaman ; mep. ¢ anuri. A. A. CiuHkHHA. - 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 0a3 ganHbIx. Neo4j : yueOHUK a7 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 u3zn. — 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 Opaiit [caiit]. — URL: https://urait.ru/bcode/569211.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIONMM MPOTUBOIIOKAPHBIM IPaBUIaM U HOpMaM U 00ecreunBarolell MpoBeIeHNEe BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTHUYECKOW M Hay4yHO-
HCCJIEIOBATENBCKOM paboT 00ydarouxcsl, IPelyCMOTPEHHBIX YU€OHBIM MJIAHOM.

[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
oOcity>)xuBaHus yueOHOro ob6opynoBanus. IloMereHuss yKoMIIJIeKTOBaHbI 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 MCTIONb30BaHMsI MHBAJIUJAMH M JIMLAMU C OTPaHUYEHHBIMM BO3MOXHOCTSMH 310POBbS,
OCHAIIIEHbl KOMIbIOTEPHON TEXHMKON C BO3MOYKHOCTBIO IOJKIIOUEHHs K ceTH «MHTepHeT» u
obecrieueHHEeM  JIOCTyla B 3JIEKTPOHHYI0  HH(OpMAaLMOHHO-00pa30BaTENbHYIO  Cpely
YHuBepcurera.

OOyyaromMcsl IPeNoCTaBIAETCA JOCTYN (B TOM 4YHUCIE YIaJ€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, JOMAIlHUE 3aJaHMsl, a TakXe pa3IMYHble BHUJbl CAMOCTOSTENBHOW pPabOThI
oOydarolmuxcsi MO 3aJlaHuI0  [PEeNoJaBaTelisd, HalpaBJIEHHbIE Ha pa3BUTHE HABBIKOB
npodeCCHOHATBLHON JIEKCHKH, 3aKpeIuieHHe MPaKTUYEeCKUX MPO(ecCHOHATbHBIX KOMIETEHIIHH,
MOOUIPEHNE UHULIUATHB.

Jlexyus — cuUCTEeMaTHYecKoe, IOCIEN0BATEIbHOE, 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; BBIIEIATH 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
MPEIo/IaBaTeI0 Ha KOHCYJIBTAI[MH WM BO BPEMSI CEMUHAPCKOTO (TIPAKTUIECKOTO) 3aHSTHSI.

Cemunap — 310 (hopMa yueOHOH eATeNbHOCTH, IPOBOIUMAs B y4eOHOM 3aBEJICHUU O]
PYKOBOJICTBOM IpemojaBaTelisd, I/€ CTYAEHTbl AaKTUBHO YYacTBYIOT B OOCYXICHHSX,
NPaKTUYECKUX 3alaHUAX U IPYTUX (popMax 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 OOCYXKACHUS, YTO TOMOXKET
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,
00CyXJIEHUH BOIIPOCOB U PEIICHUH MTPOOJIeM, BOZHUKAIOIIKX B Mpoliecce 00yueHus.

KoHcynpTanuu MOryT BKJIIOYaTh pa3bsiCHEHUE CIOKHBIX TEM, IOATOTOBKY K SK3aMEHAM 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 [AOMATHUMHU 3aJaHUSIMA Ba)XHO BHUMATEIBHO O3HAKOMHTBCS C
TpeOOBaHUSIMU U CPOKaMU BBINOJIHEHUs. PekoMenyercss pa3douBarh 3aaHus Ha JTarbl, YTOObI
n30exaTh MEeperpy3kd W JIydille YCBOUTH Marepuai. Mcmonab30BaTh pa3iuyHble HCTOYHUKU
uH(pOopMalnu, BKII0Yas yaeOHUKH U OHJIAaH-PeCcypChl, i 0oJiee rTyOOKOro MOHMMAaHUS TEMBI.

Tecm — ocobas ¢opma mpoBepku 3HaHHUH. [IpOBOIWTCS MOCIIE OCBOCHHS OIHOW WIH
HECKOJIbKUX TEM M CBHJICTCIBCTBYET O Ka4eCTBE IMOHMMAHUS OCHOBHBIX TOHSATHH HM3y4aeMOro
Mmarepuasia. TecTOBbIC 3aJaHMsi COCTABJICHBI K KIIOYEBBIM TOHSITHSM, OCHOBHBIM pa3ieiaMm,
B2)XKHBIM TEPMUHOJIOTHUECKUM KaTErOPHSIM U3y4aeMOM JUCIUTUTAHBI (MOTYJIs).

JI1st TIOATOTOBKU K TECTYy HEOOXOIMMO 3HATh TEPMHHOJIOTHUSCKHIA armapaT JTUCIUIUIAHBI
(MOTyJIs1), TOHUMATh CMBICIT HAYYHBIX KATETOPHIA U YMETh UX UCIIOJIb30BaTh B MPO(HECCHOHAILHON
JeKkcuke. BnaneHue MOHSATUHHBIM ammapaToM, BKIOYEHHBIM B TECTOBBIC 3a/IaHUs, MO3BOJISIET
NperoJiaBaTeNit0  OBICTPO  HPOBEPUTH  YPOBEHb  MOHMMAaHUS  CTYICHTAMHU  BaXKHBIX
METO0JIOTUYECKUX KAaTETOPHIl.

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

B nporuecce camoctosTensHON paboThl CTYAECHTHI B3aUMOJICHCTBYIOT C PEKOMEHI0BAHHBIMU
MaTepHrajaMH P MUHUMAJIFHOM YYaCTHUHU MPEToiaBaTess. 3a1aun CTyIeHTa BKIIOYAIOT PadoTy
C KOHCHEKTaMH JIeKuii (06paboTka TeKCTa), MIOBTOPHOE U3yYeHUE YUEOHBIX MAaTEepUaIOB IJIAHOB
U TE3MCOB OTBETOB, U3YUEHHUE JIOMOJHUTEIBHBIX TEM, BBHITIOJHEHNE YIeOHO-NCCIIEAOBATEIBCKUX
3aIaHUI U IpYyToe.

Cucrema OLlCHUBAHUSA PE3YyIbTATOB oﬁyqemm Mo TMCHMIIJIMHE (MOJIy.]'IlO)

Kpurepun nosy4eHusi ypoBHS M OLCHHBAHUS C()OPMHUPOBAHHOCTH KOMIICTCHIHI 11O
AUCHHUIIMHE (MOYJI10) «KAHAIU3 rpadoB»

OrneHuBaHue YpOBHsS Y4eOHBIX JOCTHKEHHH, oOydaromuxcs MO AUCHUIUIMHE (MOJIYIIO),
OCYIIIECTBIISIETCS B BUJE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH U TPOMEKYTOUHOM aTTeCTallUH.

IIpoMeskyTouHasi aTTecTanMs IO JUCUUIUIMHE (MOJYJIO) OCYILECTBISETCS B (opme
3aquema ¢ OWEHKOU, TIPU HTOM INPOBOJUTCA OLIGHKA KOMIETEHLUH, C(HOPMUPOBAHHBIX II0
JUCLIUIINHE.

21.]'[5[ OLCHUBAHWA TCKYHUICTO KOHTPOJIA YCIIEBACMOCTU H HpOMe)KyTOIIHOI\/'I aTTecTalluu
WCIIONIB3YETCS JIeCATHOAITbHAS ITKaJIa OICHUBAHMSI, KOTOpasi COOTHOCUTCS C TPaJUIMOHHON
MATUOAITPHON MIKAION CIEAYIONUM 00pa3oM:

[MecaTudannbHas llaTudamnbHas O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1Mo
OLICHKA OLICHKA AUCUHUIIMHE (MOIYJIIO)
10 OTtnuaHO CTyIeHT MOJHOCTBIO BiaJEeT 3HAHUSIMH, H3JI0KEHHBIMH B
OTIUYHO paboueii mporpaMMe, ¥ TIIyOOKO OCMBICIISET TUCIUATIIHHY. OH
8 OTIM4HO CaMOCTOSITETIHHO M JIOTHYECKH TIOCIIe/I0BATENILHO OTBEYAET Ha
BCE BOIPOCHI, aKLIEHTUPYS! BHUMaHHE HAa HanOosee BaKHOM.
YMeer aHaM3UpOBaTh, CpPaBHUBATH, KIACCUPUIINPOBATH,
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[Mecatudannbuas IlaTudaibHas OO0mas xapakTepUCTHKA pe3yJIbTaTa 00y4eHusl 1o
OLICHKA OLICHKA AUCUHUIINHE (MOIYJIIO)

0000mmaTh, KOHKPETH3MpPOBaTh M  CHUCTEMaTH3HPOBAThH
W3y4YCHHBIH MaTepuall, BBIAENAS KIIOUEBbIE MOMEHTHI U
YCTaHaBNUBAas IPUUYUHHO-CIEJCTBEHHBIE CBA3M. YeTKo
¢dopMynupyeTr  OTBETBl,  YBEPEHHO  HWHTEPIPETHUPYET
pe3yibTaThl aHAIN30B U JPYTUX MCCICIOBAaHUM, a TaKKe
pemaer cioxHble 3amayd. CTyIEeHT XOpoILIO 3HAaKOM ¢
METOAaMH UCCIIEI0BAaHUs, HEOOXOAUMBIMH AJISI IPAKTHYECKON
JIeATENIbHOCTH, U YMEET CBA3BIBATh TEOPETHUECKUE ACHEKTHI
JUCHUIUIMHBL (MOZIYJIs) C MPAaKTHYECKUMU 3a/1a4aMHU.

7 Xoporto CryneHT o0iiajaeT 3HaHWUSAMH TPEAMETa TOYTH B MOIHOM

6 Xopomio o0beMe pabodei mporpaMMBbl B CAMOCTOSITENBHO, JIOTHIECKH
MOCJIEI0OBATEIIEHO U BCECTOPOHHE OTBEUAET Ha BCE BOMPOCHI,
aKIEHTUPYS BHUMaHHE HA HauOoJee 3HAYMMBIX MOMCHTAX.
OH ymMeeT aHaIH3upOBaTh, CPABHUBATH, KIACCH(DUIIUPOBATS,
00001maTh, KOHKPETU3UPOBAaTh M  CHUCTEMAaTHU3UPOBATH
W3yUYCHHBIH MaTepHhall, BBIJCNASA €ro KIOYEBbIC aCHEKThl U
yCTaHaBJIMBas MIPUYINHHO-CJICACTBCHHEBIC CBA3H.
dopMyTUpyeT CBOM OTBEThI, YBEPCHHO HHTEPIPETUPYET
pe3yibTaThl aHAJIW30B M JIPYTHX MCCICAOBaHUM, a TaKke
pelIaeT CI0XKHbBIE CUTyallMOHHbIC 3a7aun. CTYISHT XOPOIIOo
3HaKOM C METOJAaMH HCCICIOBaHUS, HECOOXOMUMBIMH IS
HpaKTH‘ICCKOI;'I JCATCIBHOCTH, u YMECT CBA3bIBATH
TEOPETUYECKUE AaCTEKThl TpeAMeTa C MPAKTHYSCKHUMU

3a7a4aMu.
5 VY noenetBoputenbHo| CTyAeHT o0JiagaeT 0a30BbIMH 3HAHWSMH TI0 JUCIUTLIMHE
4 YV 10BIETBOPUTENHEHO (Momyio), HO HCIIBITHLIBAET TPYIHOCTH npu

CaMOCTOSITEJIbHBIX ~OTBETaX U HCIOJNb3YET HETOYHBIE
(dbopMynupoBku. B Xolile OTBETOB OH JOIYCKaeT OIIMOKH,
Kacaroluecst CyTu BompocoB. CTYAEHT CIIOCOOEH pelaTh
TOJBKO CaMble TMPOCThIE 3aJaud M BIaJeeT JIMIb
MHUHUMAaJIbHBIM HA0OPOM METOIOB HUCCIICIOBAHUS.

3 He cnaun CryneHT He oBIajieNl 00sA3aTEIHPHBIM MHHAMYMOM 3HAHHMA

He cJaH o NpeAMETY U HC MOKCT OTBCTUTH HA BOIIPOCHI, AAXKC €CJIN

1 He cnan MpEenoiaBaTeNb  3aJaeT  JIONMOJHUTEIbHBIC  HABOJISIIHE

BOIIPOCHI.

Juctunnuza (MOAynb) «AHanu3 rpadoBy OLIEHUBACTCS CIETYIOIUM 00pa3oMm:

AKTHBHOCTH Bec Onucaumne

Homamnue 3aganus | 80% | HabGop 3a7au 1o Temam Hepenu

3ayeT ¢ OLEHKOU 20% | YcTHBIC WM MUCHMEHHBIE OTBETHI HA BOIPOCHI 1O AUCIUTUIAHE (MOIYIIIO)

@®opmyJia pacuyéTa UTOrOBOM OLEHKM MO AMCHMILUIMHE (MOAYJII0) «AHAIU3 rpadoB»:
«0,8 x cpenHee 3a qoMantHue 3aaHus + 0,2 X 33 3a4ET ¢ OIICHKOW».

B pamkax n3ydeHus: IUCHUIUIMHBI (MOAYJISI) BOZMOYKHO MOJTydyeHHEe OOHYCHBIX OalljIoB.
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Texyummii KOHTPOJIb ycIeBAeMOCTH 00y4AaKOIIUXCS M0 JUCHUILIHHE (MOAYJII0)
IIpuMepHbIe JOMALIHKE 3aJaHUS
Jomamnee 3axanne: OcHOBBI aHATU3a IPadoB, C10KHbIE CETH U UX XapaAKTepPHCTHKH

1. Onpenenure ¥ ONUIIMTE OCHOBHbIE Mojenu rpadoB (Hampumep, ClydalHbIil rpad
Opnéma-Pensu, rpad Manepa-Pas, perynspabie rpadsl) 1 UX KIIIOYEBBIE CBOWCTBA.

2. Peanusyiite anroputmbl nowcka B riyoumny (DFS) m moucka B mmpuny (BFS) nHa
3aJJaHHOM rpade U MpoaHATU3UPYHTE UX BPEMEHHYIO CJIOXKHOCTD.

3. Uccnenyiite  XapakTepUCTHKU  CIOXKHBIX  CEeTeW:  BbIUMCIUTE  KOd(h UIKEHT
KJIACTEPU3AalliH, paclpeieIeHue CTENEeHE! 1 CPEHION JUTMHY KpaTJaiIliero myTH JJis 331aHHOTO
COLIMATILHOTO Tpada.

4. BBINOJIHUTE aHANU3 CTPYKTYPHl COIMAJIBHON CETH: BBIBUTE LEHTPAIBHBIC Y3JBI C
MOMOIIbIO0 METPUK LIEHTPATLHOCTHU (CTETIEHHAsA, OJIM30CTh, IOCPETHUIECTBO).

5. CpaBHUTE MOJAENH CIOXHBIX CETeH IO WX TNPUMEHUMOCTH JJIsi MOJCIHPOBAHUS
COLIMATILHBIX CeTel U 00OCHYITE BHIOOP KOHKPETHOM MOJIENH AJIs 3aJaHHON 3a/IauH.

Nomamnee 3a1anue: [IpeacraBaenuss (3moenauuru) rpagos, BepunH, pédep u
3aaa4m ¢ rpadamu

1. U3yunte u omumute MeToabl 3MOeuaTra rpados (Hampumep, DeepWalk, node2vec,
GraphSAGE) u ux otnuyus.

2. Peanmu3yiiTe 3a1a4yy MpeacKa3aHUs CCHUIOK Ha MMPUMEPE COLMAIBHOTO rpada, UCTonb3ys
OJIMH U3 METOJIOB SMOE//INHTA.

3. BreimomHuTe 0OHapyXEHUE COOOIIECTB B 33aJaHHOM Tpade ¢ MOMOINBI0 AIropuTMa
Louvain wiu Apyroro MeToja KiacTepu3aluu.

4. CMonenupyiTe pacrnpocTpaHeHre HHPopManuu B rpade, UCroib3ys MpocTyo MOJIENIb
(HampuMep, MOJIeNTb HE3aBUCUMOT0 KacKaja), U MpoaHaTU3UpyITe pe3ynbTaThl.

5. IlpoBenute cpaBHEHME ABYX I'padoB MO BEIOPAHHBIM METPHKAM CXOJICTBA U OOBSCHUTE
MOJIy4EeHHBIE PE3YJIbTaTHI.

Jomamnee 3ananue: I'padoBbie HelipoHHBbIE CeTH

1. M3yuure 1 onMIINTE OCHOBHBIE apXUTEKTYphI rpadoBbix HeWpoHHBIX ceTelt (GCN, GAT,
GraphSAGE) u ux oco6eHHOCTH.

2. Peanu3yiite mpocTyo rpadoByro HEMPOHHYIO CEeTh /IS 3a]]auu KJlacCU(PUKALIUK y3JI0B Ha
3a/IaHHOM J1aTaceTe.

3. HacrpoiiTe runepnapamerpsl MOAEIH (YUCIO CIOEB, pa3Mep CKPBITOTO CJI0s, CKOPOCTh
00y4eHUs1) ¥ OLICHUTE BIUSHUE HA KAYECTBO KJIACCU(UKAIIIH.

4. IlpoBenuTe BU3yalIH3alUI0 SMOEATUHIOB Y3JI0B, IMOJIYUYEHHBIX C TOMOIIbI0 00Y4EeHHON
GNN, 1 uHTEpHpETUpPYITE pE3yNbTaTHI.

5. Beimonuute cpaBHeHue mnpousBoauTenbHOCTH GNN ¢ KIacCHYeCKMMU METOAaMHU
MAaIIMHHOTO 00y4Y€eHus Ha TOH ke 3aJjaue KilacCU(pUKAILINU.

3apanus AJ1s1 MPOMEKYTOYHOM ATTeCTAIlUM MO JMCUMUILINHE (MOTYJIIO0)

Ne 3aganue OTtBer Komnerenuust

n/n

1 YKaxuTe OCHOBHOE MOHATHE, ONIPEJIENSIONIEE CTPYKTYPY rpad YK-1
JTAHHBIX C BEPIIMHAMH U PEOPaAMHU.

2 Ha3oBuTe MHCTpYMEHT ISl aHaIM3a COLMATIBHBIX ceTei NetworkX YK-1
Ha OCHOBE rpad)oB.

3 YKaxuTe METOJI KpUTUUECKON OLIEHKH UCTOUHUKOB aHaJIn3 YK-1
WHGOPMAITUH O CIIOKHBIX CETSX. pEJIeBaHTHOCTH
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4 HazoBure moaxon K CHHTE3y OaHHBIX W3 Pa3IMYHBIX HWHTETpaLys YK-2
rpadoBBIX MOJIETICH. MOJCIIeH

5 YKaxKuTe MPaBOBYIO HOPMY, PETYJIHPYIONIYI0 00padoTKy GDPR YK-2
JAHHBIX B Tpa()OBBIX aHATH3AX.

6 HazoBure croco0 ompezneneHus 3a1a4 B paMKax aHaIn3a ONITUMH3ALIUS YK-2
rpadoB ¢ yIETOM pecypcoB. BBIYHCIICHUI

7 YKaxuTe ONBIT TPUMEHEHHs 3HAaHUH O pecypcax B MIPaKTHIECKHE OIIK-1
MIPOEKTaxX 10 rpadam. TTPOCKTHI

8 HazoBure MeTos BeIOOpa anropuTMa Ajs pelieHus 3aaad CpaBHEHUE OIIK-1
Ha rpagax. 3¢bdEKTUBHOCTU

9 VYKakuTe OCHOBHOM allTOPUTM IS TTOMCKA KpaTdaiiiero Hetikctpa OIIK-1
MyTH B Tpade.

10 HazoBute Mepy eHTpaIbHOCTH BEPITMHEI B Tpade. CTeleHb OIIK-4

11 Ykakute onbIT paboTHI HAJl MATEMAaTUIECKUMH MOJETISIMH Hay4HBIE OIIK-4
rpados. WCCJICIOBAHUS

12 HazoBuTe moaxon K HHTEpIpeTallud pe3yiIbTaToOB BHU3yaJIH3alus OIIK-4
rpadoBbIX aITOPUTMOB.

13 YKaxuTe KII0YEeBYI0 3aKOHOMEPHOCTh B INPEICTaBICHUN SMOeTHHT T [K-1
rpadoB.

14 HazoBute TeopeTHuecKyl0  KOHUEMIUIO TpadoBbiX | TpadoBas cBEPTKa IK-1
HEHUPOHHBIX CETEH.

15 YKa)KuTe OIBIT BBISBJICHHUS 3aKOHOMEPHOCTEH B rpaOBBIX | aHAIN3 COOOIIECTB [K-1
JTAHHBIX.

16 HazoBute MeTon cHCTEMAaTHUECKOTO aHalu3a 00JacTu KJIacTepU3aIHs [K-2
rpadoBOro ManIMHHOTO O0YYCHUSI.

17 YkaxuTe npuHIMIT HHPOPMAIMOHHON 0€301IacCHOCTH IpH aHOHUMU3AIIUS [K-2
pabote ¢ rpad)OBBIMU TaHHBIMH.

18 HazoBute TexHonoruto ais oO6pabOTKM AMHAMMYECKHX PyTorch IK-2
rpados. Geometric

19 YKaxuTe ONBIT COONIOJeHHS HOPM O€30IacHOCTH B ayJIUT TaHHBIX T1K-3
HPOEKTAax 1o rpadam.

20 HazoBute crioco6 sddexkruBHOro ucmnonb3oBanus WKT o0J1auHbIC IK-3
JUTs aHasu3a rpados. 1aThOPMBI
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