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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 o HampasieHuto 02.03.01 «MaremaTtuka ¥ KOMIIBIOTEPHbIE HAyKW», HMPOQHIL
«MaTemMaTuka U KOMIIBIOTEPHbIE HAayKH», YTBEP)KICHHbIN NpuKa3oM MUHHCTEPCTBA HAyKH U
BeIciero oOpasoBanust Poccuiickoit deneparnu Ne 807 ot 23.08.2017 roxa.

N3yuenne paucuuIUIMHBL (Moaynsi) «AHamu3 rpadoB» dBisfeTcs (yHIaMEHTalIbHbIM
MHCTPYMEHTOM B MaTeMaTUKE W KOMIBIOTEPHBIX HayKaX, MO3BOJISIOUIMM 3()()EKTUBHO periaTh
3aJjaud ONTUMU3ALMH, IOMCKA U CTPYKTYPHOTO aHAIM3a B PA3JIMYHBIX 00JacTAX, BKIOYAs 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

Hacrosmas nuciumninuHa (MOAyIb) BKIIOUEHA B Y4€OHBIH IJ1aH 1O IMPOTrpaMMe MOATOTOBKH
OakanaBpuata no HampasieHuto 02.03.01 «MaremaTuka U KOMIBIOTEPHBIE HAyKH», MPOodUib
«MareMaTnka ¥ KOMIIBIOTEPHBIC HAYKW» U BXOJUT B BApUATUBHYIO YacTh bioka 1 popmupyemyro
y4acTHUKaMU 00pa30BaTeNIbHbIX OTHOLIEHUH KaK JIMCLUUIUIMHA IO BBIOOPY.

Jucnunnuna (Moayns) uzydaercs Ha 3 wid B 6 cemectpe. JloCTylmHa K M3YYEHHIO MOCIE
YCIEITHOTO OCBOCHHS JUCIMIUTAHBI (MOyJ1st) «['TyOoKoe 00ydeHue».

Heap wu3ydyeHHs1 AUCHMIVIMHBI (MOZYJSA). OCBOEGHHE METOJIOB IPEACTABICHUS,
UCCIIEIOBaHMSL U MOJICIMPOBAHUS CTPYKTYPUPOBAHHBIX JAHHBIX C IIOMOLIbIO T€OpUH rpadoB ais
pelIeHNs IPUKIaJHbIX U TEOPETUYECKUX 3a/1a4.

3agauu u3y4eHust JMCUUILIMHBI (MOIYJIs):

— HW3Y4YUTh OCHOBHBIE IOHSATHUA M CBOicTBa rpadoB, BKJIIOYas TUIBI IpadoB, Mepsl
LEHTPAIBHOCTH U AITOPUTMBbI TMOMCKA, A MOHMMAHHMS UX POJIM B MPEACTaBICHUM U aHAIN3E
JTAaHHBIX B CHCTEMaX UCKYCCTBEHHOI'O MHTEILJIEKTA;

— OCBOWTH AJTOPUTMUYECKHE METO/bl aHanu3a rpadoB, TaKHME KaK alrOpUTMbI 00X07a,
MOMCKa KpaTyalIMx MmyTel M KiacTepu3alllu, C 1ebl0 MPUMEHEHUs MX B 3aJayax MAallMHHOTO
00y4eHHUs U ONTUMHU3AIINH;

— pa3paloTaTh HaBBIKM IMPAKTHUUECKOTO IMPUMEHEHUs TpadoBbIX Mojeneld B 00JacTsix
UCKYCCTBEHHOTO HWHTEJUIEKTa, BKJIIOYAs COLMAIbHBIE CETH, PEKOMEHJATeJbHbIE CHCTEMbI WU
00paboTKy OOJNBIINX JTAHHBIX, C UCIIOJIB30BAHUEM COBPEMEHHBIX HHCTPYMEHTOB U TEXHOJIOTHI;

— c(opMHpoBaTh yMEHHUE OLIEHUBATH YPPEKTUBHOCTH IPa)OBBIX AJITOPUTMOB U BEIOUPATH
ONTUMaJbHBIE pEIIeHHs JUIl KOMIUIEKCHBIX 33/1a4, YYWTHIBas TPeOOBaHMS K BBIYHCIMTEIbHOU
CJI0’)KHOCTH M MacIITabUpPyeMOCTH.

B pe3ysbTare 0cBOCHUSI AUCHUILIAHBI (MOXYJIs1) 00y4ar0IMiiCsl 10JIZKEeH

3HaAmMb:

— OCHOBHBIE TIOHSATUSL TeOopuu rpadoB (TUIBL, CBSI3HOCTb, MPEACTABIECHUE) U
KJIACCUYECKHE aJITOPUTMBI (KpaTyailie MyTH, OCTOBHBIE 1€PEBbsI, TOTOKH, TAPOCOUYETaHHs);

— KIIOYEBBIE METPUKU LEHTPAIBHOCTH W METOJbl BBIIEICHUS COOOILECTB, WX
MPUMEHEHHUE I aHAJIM3a PealIbHbIX CeTel;

— CTPYKTYpHBIE CBOMCTBAa SMIUPHUECKUX TpaQOB U OCHOBHBIE T'€HEPATHUBHBIE MOJIEIH
ciyyaitHbIX rpadoB;

— MOJIEJIM PACIPOCTPAHEHHUS BIMSIHUS U aJITOPUTMBI MAKCUMHU3AIlMN 0XBATa;

— TPUHOUOBI TPaQoOBBIX SMOCIIMHTOB W apXHUTEKTYphl TpadOBBIX HEUPOHHBIX CETEH
(GCN, GAT, GraphSAGE);

— mnoaxoas! kK MacmtabupoBanuto GNN u 6ubmorexu PyTorch Geometric/DGL.

ymembp:

— 3arpyxkarb, mnpemoOpabaTeiBaTh W aHAIM3UPOBAaTh TpadoBBIE  NaHHBIE C
ucnonb3oBanueMm NetworkX, igraph, PyTorch Geometric;
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— peanu30BBIBATh M TPHUMEHATH AITOPUTMBI 00XO0/a, MOUCKA KpaT4alImux MyTed u
MOCTPOCHUS. MUHUMATBHBIX OCTOBHBIX JIEPEBHECB;

— BBIYUCIATh W UHTEPIPETHPOBATh PA3TUYHBIE MEPBI IEHTPATBLHOCTH, BBIMOIHSITH
JIETEKIIUIO COOOIIECTB U OIICHUBATh KAYeCTBO Pa30OUCHUS;

— BH3YQJIM3HPOBATH Tpadbl, BEISBIATH NATTEPHBI U AHOMAJIUY;

— 00yuats rpadossie sMOenauHTH (Node2Vec) u rpadoBbie HEHPOHHBIC CETH IS 3a/1a4
KJIAaCCHU(PUKALIMHU y3JIOB ¥ MPEACKA3aHUs CBA3CIH;

— CTpOHWTHb KOHBEHepsl aHanam3a OT chlporo rpada 10 OOyYEeHHOH MoOAenH U
NPECTaBICHUS PE3YJIbTAaTOB.

enademp:

— wuHcTpyMmeHTapuem NetworkX, igraph st anroputmuueckoit paboTsl ¢ rpadamu u
aHalu3a CTPYKTYPHI,

— MeToJaMH pacuéTa CEeTeBBIX METPUK W OOHapyKeHHsI COOOIIeCTB B OOJBIIMX
pa3peKCHHBIX CETSX;

— HaBblkaMH OOy4YeHHs TpadoBbIX HEUPOHHBIX ceTed ¢ mnomomplo PyTorch
Geometric/DGL, Biro4ast co3jaHue KaCTOMHBIX MOJIEJICH U COMILTUPOBAHNUE;

— TEXHUKAMHU UHTEPIIPETAIIMH SYMOCITUHTOB U MpeACcKa3aHuil Tpad)OBBIX MOJICIICH;

— YMEHHUEM NPHUMEHATh aHAIH3 Tpad)oB JJIsl PEIICHUS MPUKIIATHBIX 337a49 B COIIMOJIOTHH,
PEKOMEH/IaTEIIbHBIX CHCTEMAaX, OMOJIOTHH, JIOTUCTHKE.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOSHHS IUCHUILIMHBI (MOIYJsS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus

Conep:xkanue KOMIEeTEHIIUH

Nuauxkarop
KOMIIETeHIIN U

IlepeyeHpb MIAHMPYEMBIX
pe3yJbTaTOB 00y4eHus Mo
JucHMIIMHE (MOTYJIIO)

YK-1.

Crioco0eH oCyIIeCTBIIATh
MIOUCK, KPUTHYECKHI aHATH3 U
cHHTe3 HH(pOopMaITuHy,
MPUMEHSITh CHCTEMHBIH
TIOJTXOJT JIJISl pEeIICHHUS
MIOCTaBJICHHBIX 33124

YK-1.1.

3HaEeT METO/IbI MOMCKA U aHAJIN3a
nH(popMaIuu B 001aCTH pa3padOTKH,
OCHOBHBI€ TTPUHIIUIIEI KPUTHYECKOH
OIICHKH MCTOYHUKOB MH()OPMAIIUU U
WX PEJIEBAaHTHOCTH.

YK-1.2.

YMeeT KpUTHYECKN OLICHUBATH
WUCTOYHUKHU HH(OpMALINHU U
CHUHTE3UpPOBATh JIaHHBIE U3
Pa3IMYHBIX NICTOYHUKOB IS
pelIeHns 3aad, IpUMEHSTh
CHUCTEMHBIH MOAX0] K aHATIN3y U
PELICHHUIO KOMIIIEKCHBIX PO0JIeM

YK-1.3.

NmeeT npakTudeckuii ombIT paboThI
C COBPEMEHHBIMU MHCTPYMEHTaMH H
TEXHOJIOTHSIMU /17151 00pabOTKH
nHpopMaIuu, GOpMyINPOBAHUH H
CTPYKTYPUPOBAHHH 3a/1a4 Ha OCHOBE
noJy4eHHoH nH(opMamu

YK-2.

CriocobeH onpeaensiTe Kpyr
3a/1a4 B paMKax MNOCTaBJIECHHOU
LENI 1 BEIOUPATh
ONITUMAJIbHBIE CIOCOOBI MX
peLIeHUs, HCXOAS U3
JEHCTBYIONINX MPaBOBBIX
HOPM, UMEIOLIUXCSI PECYPCOB
Y OrpaHUYECHHI

YK-2.1.

3HaeT NeUCTBYIONINE TPABOBHIC
HOPMBI, PETYTHPYIOIINE
JIEATSIILHOCTD B 00J1aCTU PELICHHUS
3a7a4, OCHOBHBIE METO/LI M TIOIXOIbI
K OMPEJICIICHHIO KpyTa 33134

YK-2.2.

YMeeT onpenensaTs Kpyr 3a1a4 B
pamMKax IMoCTaBJIEHHOM 1INy,
BBIOMPATH ONTUMAITBHBIE CIIOCOOBI
pelIeHns 3a1a4, YU ThIBast
MMEIOIINECS PECYPCHI U
OTpaHHYEHU

YK-2.3.

Nwmeer mpakTuyecKuid OnbIT
MIPUMEHEHUS 3HAHWUI O TPaBOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYyalusxX, pa3paboTKu U
peanu3anuu perieHnii B
COOTBETCTBHUH C YCTAHOBJICHHBIMU
OTpaHUYCHUSIMU

OIIK-1.

Cnoco0eH HaXOIUTh,
(GopMyIHMpoBaTh U permarb
aKTyaJibHbIC ¥ 3HAYUMBbIC
MPOOJIEMBI TPUKIATHON U
KOMITBIOTEPHON MaTeMaTUKH

OIIK-1.1.

3HaeT OCHOBHBIE METOIbI U IOAXOABI
K PEIICHUIO 3a/1a4 MPUKIATHON U
KOMHLIOTepHOfI MaTC€MaTHKH,
BKJTFOYast alTOPUTMEI,
MaTeMaTHYECKOe MOJICTTUPOBAHKE U
TeOpI/IIO OIITUMU3AIINH, a TaKKEC
COBpeMeHHLIe I/IHCprMeHTBI nu
TEXHOJIOTHH, UCIIOJIb3yEeMbIC B 3TOM
obiact

OIIK-1.2.

YMeer aHanu3upoBaTh U
(dhopMyIUpOBaTh MaTEMaTHUECKUE
3aJ1a4M, IPUMEHSATh
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COOTBETCTBYIOIIUE METOJIBI U
ANTOPUTMBI JIJISI UX PEUICHUS, a
TaK)Ke UHTePIPETUPOBATH U
MPEJICTABIATh PE3YJIbTATHI B
MTOHSITHOM M AOCTYIHOH hopme

OIIK-1.3. Nmeet mpakTHUECKUH OTBIT PabOTHI
HaJl IPOEKTaMH WIH
UCCIIEIOBAaHUSAME B 001aCTH
MPUKJIAHON U KOMIIBIOTEPHOU
MaTEMAaTHKH, BKJIIOYas ydacTHe B
KOHKYpCax, OMMMITHAAaX WIN
HAyYHBIX MMyOJTUKAIUIX, T1e ObUH
peLIeHBI aKTyalbHbIC U 3HAYNMBbIC
3a1auu
[K-1. Criocoben popmynrpoBath IK-1.1. 3HaeT METOBI ¥ MOAXOIBI K
3a7a4M C MaTeMaTHIECKOM (bopMyIHpOBaHUIO 3a7a, a TAKKE
TOYHOCTBIO, 00OCHOBEHIBATH OCHOBHBIE MTPUHIIUTIBI
YTBEPKICHUS CTPOTO H MaTeMaTHYECKOTO JI0Ka3aTenbCTBa H
aHAIN3UPOBATH MOJTYYCHHBIE aHaJIM3a Pe3yIbTaToB.
pe3ynbTaThl B 001aCTH [K-1.2. ‘YMeeT KOppPEeKTHO CTaBUTh U
MaTeMaTHKH U (opMynupoBaTh MaTeMaTHYECKHE
KOMITBIOTEPHBIX HaYK 3aJauu, IPUMEHSTh CTPOTHE METOJIBI
JIOKa3aTeIbCTBA ¥ AaHATM3UPOBATH
HOJTyYSHHBIC PE3YJIBTATHI.
IK-1.3. Hmeer ombIT paboThI ¢ 331a4aMU B
001acTH MaTeMaTHKH U
KOMITBIOTEPHBIX HayK, BKITIOYAsI
MPUMEHEHUE MaTeMaTHUECKIX
METOOB JIJIsl PELICHUS
PaKTHYECKUX 3a/1a4
[K-2. CriocoOeH pemath THIIOBbIE I1K-2.1. 3HaeT OCHOBBI HH)OPMALIMOHHON U
3a71a4¥ MpoeCcCUOHATBHON oubnuorpaduveckon KyabTypsbl, a
JeSITeIbHOCTH B 00JIaCTH TaKXe MPUHIUITB HHPOPMAITHOHHOH
pa3pabOTKH, ONHpPasch HA 0€30MacHOCTH U TPUMEHEHUS
WHQOPMAITMOHHYIO 1 UHPOPMAITMOHHO-
oubrorpaduIecKyro KOMMYHHUKAIIMOHHBIX TEXHOJIOTUH B
KyJIbTYpPY, UCTIONIB3Ys npodeccHOHAIBHOM AeSTEIbHOCTH
MH()OPMAIIIOHHO- [K-2.2. Ymeer 3¢ (heKTUBHO HCIIONB30BAThH
KOMMYHHKAIIHOHHBIE UHPOPMAIMOHHO-
TEXHOJIOTHH U YUUTHIBAS KOMMYHHKAIIMOHHBIE TEXHOJIOTUH
OCHOBHBIE TPEOOBAHUS JUISL pEILICHUsI CTaHAaPTHBIX 3a1a4
UHQOPMAaITMOHHOH npodecCHOHAILHON IeATEHHOCTH,
Oe3omacHocTH YUUTBIBas TPeOOBaHUSI
nHGOPMAITMOHHON 0€301MacCHOCTH
[K-2.3. NmeeT onbIT paboThI €

WHPOPMAITMOHHBIMH PECypcaMu 1
TEXHOJIOTHSIMH B 001acTH
pa3paboTKH, BKIIOYask COOI0AEHUE
HOPM MH(POPMAITMOHHON
Oe3onacHocTH
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3. TemaTu4yeckuii mjian

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n Ounas gpopma
AyaurtopHas
HaumeHnoBanue padora
pa3jaena IMCHUIIHHBI T}( M
= (Tekymuii KOHTPOJIb
(MoayJin) = 2 K CamocTosiTeIbHAs cleBaeMocTH)
§ § OHTPOJIb paGora y
= 5}
@)
1 OCHOBBI TEOPHH 4 4 JlomarmHee 3amanme
rpa¢oB u 0a30BbIe
QJITOPUTMBI
2 Knaccuueckue 8 8 JloMaliHee 3aaHne
AITOPHUTMEI Ha rpadax
3 CereBblc METPHUKH U 8 8 JlomamHee 3amaHue
aHaJIU3 CTPYKTYPBI
4 MacuraOHbIH aHAIH3 U 6 6 JloMalrHee 3aaHne
TUHAMIYICCKHC
MIPOLIECCHI
5 MarmHHOE 00yUeHue 4 4 JlomamHee 3aaHue
Ha rpadax
3auém c oueHnkoil 2 [IpoekT
Hmozo: 30 30 2 128
O6vem oucyuniunsvt (Mooys) 190
(6 ak. u.)
O6vem Ooucyuniunvt (MoOyasn) 5
(6 3au. eo.)
4. CopepxxaHue ITMCUUILTHHBI (MOTYJIs)
Nen/m HanMenoBanue pasgea Conepxanue TUCHUNIHHBI (MOYJIs1) IO TeMaM
AUCHUNJINHBI (MOYJIs1)
1 OcHoBbI TEOpUH rpadoB U OnpeneseHus 1 MpeAcTaBiIeHe TpadoB:

0a3oBbIe AJITOPUTMBI

OpHEHTHPOBAHHBIE/HEOPHEHTUPOBAHHbBIE, B3BEIIICHHEIE, ABY/OJIbHBIC.
CriocoOb1 XxpaHeHus (MaTpHIla CMEXHOCTH, criucok pédep, CSR).
Pa6ota ¢ NetworkX u igraph.

O0xon u cBa3HocTh: BFS, DFS, KOMIIOHEHTHI CBSI3HOCTH,
TOTIOJIOTHYECKasi COPTHPOBKA. AJITOPUTMBI ITOVCKA KpaTIAUIIINX MyTei
(Heiixctpa, bemman—®opn)

Kiaccuueckue anroputmsl Ha
rpadax

MuHnMansHbBIE OCTOBHBIE IepeBhs: anroput™mel [Ipuma n Kpackaina.
IIpumeHeHue 15 nepapXUIeCcKOM KiIacTepU3alui U CErMEHTaUH
n3o0pakennid. [loToku u pazpessl: Teopema Popaa—Daakepcona,
anroput™ Damonaca—Kapma. [Ipunoxenne k 3ajjauaM Ha3HAUYEHUS U
MaKCHUMaJIbHOMY IapOCOYETaHHIO B ABYAOJIBHBIX Ipadax.

CunpHas CBSI3HOCTB U MapocodeTaHus: anroputMel Kocapaiito u
Tapesina. BBenmenne B mapocodeTanus 00IIero BUIa U BEHTEPCKUi
anroput™ (0030pHO).

3azauu MapIIpyTH3aLUK: SMIepOBBl U TaMIIBTOHOBBI ITyTH, 33a4a
KOMMUBOSDKEpA (pubimkEHHBIE MeTOTbI). CBS3b C peaTbHBIMHU
JIOTUCTHYECKUMHU 334a4aMH
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CeTeBble METPUKU U aHAIH3
CTPYKTYpPHI

Mepsl 1IeHTpalIbHOCTH: cTeneHb (degree), 6mm3ocTh (closeness),
nmocpenandecTBO (betweenness), COOCTBEHHBINM BEKTOp (eigenvector),
PageRank, HITS. MuTepnpeTanys 1 BEIYUCTUTEIbHBIEC ACTICKTHI.
OO0HapysxeHne coo0IIecTB: MOAYISIPHOCTE, adroput™ JlyBeHa,
pacnpoctpanenne MeTok (label propagation), criektpansHas
kiactepuzanus. OreHka KadecTBa pa3OneHHUs.

CTpyKTypHBIE CBOWCTBA PEaTbHBIX CETEH: TECHBI MHp, CTCTIEHHOE
pacrpeneneHue, KoO3pPUIUEHT KIacTepU3aliu, acCOPTATUBHOCTD.
Mopenu ciny4aifHbIX TpadoB

Buzyanu3zanus rpadoB: CHIOBbIE U CIIEKTPaIbHBIC YKIaIKH,
nHctpyMentsl Gephi, Plotly, narepaktuBHast Buzyanu3zauus Ha D3 js.
[IpuHIMIBI BU3YaJbHON aHAIUTUKHI

MaciTaOHbINH aHaAIN3 U
JTIUHAMHYECKUE TPOIIECCHI

O6paboTka 6ompIuX rpadoB: paspexeHHbIe (PopMaThl, HapaIeIbHBIC
n npuOmxEnnbIe anroputMbl (GraphX, cuGraph). Onenka
HEHTPaJIbHOCTEH Ha MacITade.

Mognemu pacnpoctparenws: SI, SIR, He3aBUCHUMBIN Kacka
(Independent Cascade), muneitnbrii mopor (Linear Threshold). 3amaua
MAaKCUMU3ALUY BIUSHUA U XKaaHbIH anroput™ ¢ ontumu3aiueit CELF.
AHanu3 BpeMEHHBIX W MyJIbTHCIIONHBIX TPad)OB: THHAMHYECKHE CETH,
Cpe3bl, METPUKY N3MEHIMBOCTH. BBeieHue B rpadbl 3HAHUN U
MYJIBTUPCIIALUOHHBIC CETU

MarmHaHoe 00ydeHue Ha rpadax

I'padoBsie amOeamuuru: DeepWalk, node2vec, LINE. Metoab! Ha
OCHOBE CITy4aiHBIX Onyxaanuii. O0yueHne 0e3 yaurens I
IIPEACKa3aHUs CBsI3en

I'padossie Hetiponnsie cetr (GNN): GCN, GraphSAGE, GAT.
Krnaccudukarys y310B 1 HHIYKTUBHOE O0yUYeHHE
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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.

OcHnognas numepamypa:

1. bepesosckas, E. A. Teopust u nmpakTuka MOCTPOCHUSI M IPUMEHEHHSI CeTe U rpadoB :
yuebnoe nocobue / E. A. bepesosckas, C. B. Kprokos ; KOxHbIl (enepanbHbIii yHUBEPCUTET. -
Poctos-na-/lony : U3natensctBo KOxHOTO (penepansHoro ynusepcutera, 2023. - 115 c. - ISBN
978-5-9275-4427-1. - Tekcr : anexkrponnbiid. - URL: https://znanium.ru/catalog/product/2135849.

2. Kypeiiunk, B. M. YueOHoe mocobue mo kypcy «JluckperHas MaremaTukay. Paznen
«Teopus rpadosy : yuedHoe nocodue / B. M. Kypeituuk, B. B. Kypeituuk, E. P. Myntsan ; FOxHbIit
dbenepanbHblii  yHUBEpCcUTET. - PoctoB-Ha-Jlony ; Taranpor : W3znmarensctBo FOxHOTO
denepanbHoro yuusepcutera, 2022. - 164 c. - ISBN 978-5-9275-4257-4. - TekcT : 31€KTPOHHBIN.
- URL: https://znanium.ru/catalog/product/2039100.

Jlononnumensnasn numepamypa:

1. 3axapos, /I. /I. BBenenue B Teopuro rpadoB : yueOHO-METOIUYECKOE MOcOoOHe K
MPAKTHYEeCKUM 3aHsATHsAM 1o marematuke / J[. JI. 3axapos. - Mocksa : PYT (MUUT), 2018. - 49
c. - Tekct : anexrponnsiii. - URL: https://znanium.com/catalog/product/1896868.

6. MartepuajibHO-TeXHHYECKOe o0ecrevyeHne

VYHUBEpCUTET pacnojaraeT MaTepHallbHO-TEXHHYECKOH  0a30if, COOTBETCTBYIOLIEH
JIEMCTBYIOIINM MTPOTHBOIIOKAPHBIM TPaBUJIaM U HOPMaM M 00ECTIeYHBAIOIIEH IPOBEIEHUE BCEX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTHUYECKOW M Hay4yHO-
HCCJIEIOBATENIBCKOM paboT 00ydaromuxcsl, IPe1yCMOTPEHHBIX YU€OHBIM MJIAHOM.

[TomerieHus1, KOTOpPBIE MPEICTABIISAIOT COO0M yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHH
JEKIIMOHHOTO  THUMA, 3aHATHH CEMHHApPCKOro (IMPaKTHYEeCKOTO0) THWIA, TPYNIOBBIX W
UH/IMBUYaJIbHBIX KOHCYJbTAIUH, TEKYIEro KOHTPOJIS U MPOMEXYTOYHOM aTTeCTalllH, a TaKKe
MOMEILEHUS JUIsl CAMOCTOSITEIbHOM pabOThI M MOMEIEHUS Ul XpaHEHUs U TPOPUIAKTHIECKOTO
oOcity>)xuBaHus yueOHOro obopynoBanus. IlomeneHns: yKOMIUIEKTOBaHbI CIIEUATN3UPOBAHHON
MeOEeNbI0 U TEXHUYECKHMMM CPEJICTBAMHU OOYy4YEHMS, CIYyXallUMU JJIsl NPEeACTaBlIeHUsl y4eOHOI
uHpopManuu OOJIBIION ayTUTOPUH.

N3ydeHne AUCUUIUIMHBI (MOyJisl) 00eCrieunBaeTcs B yUeOHBIX ayAUTOPHSIX, OCHALICHHBIX

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOM TEXHUKOW;

— MEXaHWYECKHMH KaIbKYJISITOpaMHU;

— CIEeUMaIU3UPOBAHHBIM 000PYI0BaHUEM, BKIIIOUYasi JEMOHCTPALlMOHHOE 000pYyI0BaHUE.

[TomereHust 151 CaMOCTOSITEIIBHON pabOThl 00yUYaIOIIUXCsI, B TOM YHUCIIE TPUCTTOCOOTICHHBIC
JUI WCHOJb30BAHUS WHBAJIUAAMU M JUIAMHU C OTPAaHUYEHHBIMH BO3MOXHOCTSIMH 370POBBS,
OCHAIIIEHbl KOMIBIOTEPHON TEXHUKON C BO3MOXKHOCTHIO MOAKIIOUEHUs K ceTu «MHTepHeT» H
o0ecrieyeHHEeM  JIOCTyNa B OJJIEKTPOHHYIO  MH(POPMALMOHHO-00pA30BATENbHYIO  CPEdy
YHuBepcurera.
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OO0yyarmumMcsl TPeaoCTaBIsSeTCs JOCTyn (B TOM 4HCIE YAAJICHHBIH) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHCIIe JJCKTPOHHBIM OHOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPOQECCHOHAIBHBIM 0a3aM

JAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue nopraiia CcbLika
(u3naHus, Kypca, 10KyMEHTAa)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
onbnmoTeka
2. | ba3za mannbix s | T-crienuanvcTos https://habr.com
3. | ba3a nanneix ScienceDirect https://www.sciencedirect.com
4. | OdunmansHbii cailT MUHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/
BEICIIIEro oOpazoBanus Poccutickoit ®eaeparuu
5. | ®enepanbhbiii mopran «Poccuiickoe odbpasosanue” | https://www.edu.ru/
6. | Uudopmarmonnas cuctema "Equnoe okno qoctyma | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”
7. | EnunHas xomekims nudpoBsix obpasoBatenbubix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHPOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB
[lepeuenr WHDOPMAIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPH  OCYIIECTBICHHH
00pa30BaTeNbHOTO MpoIiecca Mo JUCIUILIMHE (MOIYIIIO0), B TOM YHCIIEe KOMIUIEKT JTUIIEH3MOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TpPO(ecCHOHANbHBIC 0a3bl  JaHHBIX U
MH(OPMaIMOHHBIE CIIPABOYHBIE CHUCTEMBI:
HaunmenoBanue I1O IIpousBoacTBoO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe
OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapy6exmnoe | muuensmonHoe
bpaysepsbl:
Slupexc.bpaysep OTEUYECTBEHHOE | CBOOOJHO PacIpoCTpaHsIeMoe
Google Chrome 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Od¢ucHble NpUIOKEHHUS
Microsoft Imagine (Visio, OneNote) 3apy0exHoe JIUIEH3HOHHOE
TeXstudio 3apy0exHoe cBOOOJTHO PACIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
IIporpammHoe o0ecneyeHne Uisl IVIAHUPOBAHHUSI M YYeTa BPeMEHH:
Toggle app | 3apyOexHoe | CcBOOOIHO pacIpocTpaHsieMoe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapyGexHoe | nuuensuonnoe
Cucrtembl ynpapjieHHs1 0a3aMHi JaHHBIX:
Microsoft Imagine (SQL Server) | sapy6exnoe | nurensnonnoe
Cucrtembl pesepBHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | 3apy6exHoe | muuensnonHOe
CnpaBoYHO-NIPAaBOBBIE CHCTEMBI:
Koncynprantllimtoc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE | JIMIICH3UOHHOE
cucTeMa
CpeicTBa AHTHBUPYCHO#i 3aIUTHI:
Kaspersky Endpoint Security asst 6usneca OTEUECTBEHHOE | JIMIIEH3UOHHOE
Cranpmapraeiid Russian Edition
Cpeabl pa3padoTkm:
Visual Studio Code 3apy0exHoe CcBOOOJTHO PACIIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOIHO PaCIPOCTPaHIEMOE
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Anaconda 3apyOexkHOE CBOOOHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0exKHOE CcBOOOJIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exHOe CcBOOO/THO PACTIPOCTPAHSIEMOE
IlakeThbl MPOrpaMMHBIX CPeICTB M OHOJIHOTEK:

AutoPsy 3apyOexkHOE CBOOOIHO pacIpOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
CucTteMbl ynpasjieHHs1 0ubanorpapudeckoii nugopMmanueii:

Zotero | 3apyOexKHOE | CBOOOHO pacIpOCTpaHsIeMOe
CepBHCHI B CITYKOBI:

Bind 3apy0eIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
Docker 3apyOeKHOE CBOOOJTHO pacIpoCTpaHsIeMoe

7. MeToanuyeckue 1 OlleHOYHbIEe MATEPHAJIbI
MeToauyeckne yKazaHus il 00y4alOUIUXCS 10 OCBOEHUIO TUCIHILIMHBI (MOYJIs1)

B nponecce u3ydeHus AMCUMILIUHBI (MOAYJs) «AHamu3 rpadoB» B paMKax TEKYIIETo
KOHTPOJISI yCIIEBAEMOCTH MCIOJIb3YIOTCSl TaKHeE BUJbl Y4eOHOHM paboThl, KaK JIEKIMH, CEMHHAPHI,
JIOMAIITHUE 3a/IaHus, IPOEKT, a TAK)KE Pa3IMYHbIC BUJIbI CAMOCTOSITENILHOM pabOThl 00yYarOIINXCs
I10 33JJaHUIO MPEN0/IaBaTelsl, HalpaBJICHHbIE HA Pa3BUTHE HABBIKOB PO(ECCHOHANIBHOMN JIEKCHUKH,
3aKperyieHUe MPAaKTUYECKUX MPo(ecCHOHaTbHBIX KOMIETEHIIUN, TOOIIPEHNE NHULIUATHB.

Jlekyuss —  CHUCTEMAaTH4YeCKOEe, IIOCIIEIOBAaTEIbHOEC, MOHOJIOTUYECKOE  HM3II0KECHUE
IpernoaaBaTenaeM y4eOHOro MaTepHana, Kak IpaBuilo, TEOPETHUECKOTO XapaKTepa.

B mpouecce nexuuii peKOMEHAYETCS BECTH KOHCIIEKT JICKLMW: KPaTKO U CXEMaTUYHO
(UKCUPOBaTH OCHOBHBIC WICH, BBIBOJBI M OOOOIICHUS JIEKIHMHU; BBIIENATH BaXKHBIC MBICIH,
KJIIOYEBbIE CJIOBa W TepMUHBL. HeoO0X0onMMO OTMETUTh BONPOCHl WM MaTepUabl, KOTOpHIE
BBI3BIBAIOT 3aTPY/IHEHHUsI, U MOIBITATHCSA HAWTH OTBETHl B PEKOMEHJIOBAHHOW JuTeparype. Ecin
pa3oOpaThCsi B MaTepuane He YAaercsi, ClieAyeT c(OpMYIMpPOBaTh BONPOC M 3aJaThb €ro
IIpenoaaBaTesio Ha KOHCYJIbTAlUK WM BO BPEMsI CEMUHAPCKOTO (ITPAKTUYECKOI0) 3aHATHSI.

Cemunap — 310 (hopMa y4eOHON NEeATETLHOCTH, MPOBOANMAS B yUeOHOM 3aBEACHUU O]
PYKOBOJCTBOM IpenojaBareis, TIJe CTYAEHTbl aKTUBHO YYacTBYIOT B O0OCYXIEHUSX,
NPaKTUYECKHX 3a/IaHUAX U IpYTUX (popMax B3aMMOAEHCTBHSL.

Jlns ycrienHoi moAroToBKU K CEMUHApPY PEKOMEHAYETCS 3apaHee 03HAKOMUTHCS C TEMOM
3aHATUS M OCHOBHBIMHM MaTepHajaMH, 4TOObl MMETh BO3MOXHOCTb AKTHBHO Y4aCTBOBAaThb B
oOcyxaeHuu. Takxe MoJIe3HO MOATOTOBUTH BOIPOCHI U UJIEU JUIsl OOCYKIEHUS, YTO MOMOKET
ri1y0e MOHATh MaTepHuaj U MPOJAEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

Jlomawnee 3a0anue — HabOP 3a1a4 1O TEMaM HEJICIIH.

[Ipu pabore Haj MAOMANIHMMH 33JaHUSIMHU BaXKHO BHUMATENbHO O3HAKOMHTHCS C
TpeOOBAaHUSIMU U CPOKAaMHU BBITIOTHEHUs. PekoMenmyeTcsi pa30uBaTh 3aaHusl Ha dTaIlbl, YTOOBI
u30exarh TMEperpy3kd W Iydlle yCBOUTh Marepuall. lcrmonp3oBaTh pa3iuyHble HUCTOYHHKHU
nH(popMaIuu, BKIIOYas Y4eOHUKH U OHJIAWH-PECYPCHI, IJisi 00Jiee TIIyOOKOTO TTOHMMAaHUS TEMBI.

Ilpoexm — wucclieqoBaTenbckas paboTa IM0 JUCHHMILIAHE (MOIYJI0) W TIPE3CHTAIUs
pe3yIbTaTOB.

Jnst ycrienHoi noAroToOBKM K MPOEKTY PEKOMEHAYETCS: YETKO ONPEACIIUTD LEJIN U 33/1a4d
MPOEKTa; COCTABUTH TUTaH PabOTHI, pa30MB MPOEKT Ha JTalbl C YKa3aHUEM CPOKOB BBITTOJHEHUS
KaXKJO0r0 M3 HUX; MCIIOJIb30BaTh Pa3HOOOpa3Hble UCTOYHUKU MH(QOPMAIMU U UHCTPYMEHTHI IS
WCCJICIOBAHMSI TEMBI; PETYJISIPHO MPOBEPATH MPOTPECC U BHOCUTH KOPPEKTUBHI B IIAH, €CIIH 3TO
HEOOXOaNMO.

DNEeKTPOHHBIA JOKYMEHT



Camocmosmenvras paboma — paboTa CTYIEHTOB, HaNpaBJICHHAas Ha YIIyOJICHHOE
W3YYEHUE OT/IEIBHBIX TEM U BOIPOCOB YUYECOHON AUCIMILTUHBI (MOTYIs).

B nporiecce camocTosATenbHON paboThI CTYACHTHI B3aUMOICUCTBYIOT C PEKOMEHI0BAaHHBIMU
MaTepuaIaMy MPU MUHUMAIBHOM yYaCTHH MPENoiaBaTeis. 3aJauu CTY/ICHTa BKIIIOYAIOT paboTy
C KOHCITeKTaMHu JICKITuH (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHasIOB MIAHOB
U TE3UCOB OTBETOB, U3YUCHHUE JOTOJHUTEILHBIX TEM, BHIMIOTHCHHE YU4eOHO-UCCIIEIOBATEIbCKIX
3aJlaHUl U JIpyroe.

Cucrema OLCHUBAHUSA PE3YyJbTATOB Oﬁy'leHl/lﬂ o JTUCIUIIJINHE (MO)Iy.]'[]O)

Kpurepun noJiyyenusi ypoBHSI ¥ OlleHUBAHUS C(POPMUPOBAHHOCTH KOMIIETEHIUI 110
AUCHHUILIMHE (MOYJ/I10) «KAHAJIU3 rpadoB»

OueHuBanue ypoBHSA Yy4€OHBIX JOCTIXKEHUH, OOyYaroOMMXCs MO TUCIHUIUIMHE (MOIYIIO),
OCYIIECTBIISICTCS B BUJIE TEKYILIETO KOHTPOJIS YCIIEBAEMOCTH U MPOMEKYTOYHOM aTTECTALIUH.

IIpome:xyTouHasi arTrecTalusi MO AUCUUIUIMHE (MOAYJIO) OCYUIECTBIsSeTCS B (opme
3auéma ¢ OYEHKOoU, TPU DTOM TIPOBOJUTCSA OICHKA KOMIICTCHIMH, C(HOPMHPOBAHHBIX TIO
JTUCIUILINHE.

I[JISI OLCHUBAHWA TCKYHICIO KOHTPOJIA YCIICBACMOCTU U HpOMG)I(}ITO‘IHOﬁ arTeCTaluu
HCIIOJIB3YCTCA )IGCSITI/I68.JIJ'IBH8.H [KaJIa OHCHHMBAHHA, KOTOpas COOTHOCHUTCA C TpaﬂHHHOHHOﬁ
nATHOAJIBHOM KoM CJICAYIOIUM 06p2130M, €CJIM UHOC HC YKAa3aHO B cnnna6yce JUCLUIIIUHBI.

JecaTubannbuas Ilarudanabuas OO0mas xapakTepUCTHKA pe3yJbTaTa 00y4eHus! 1o
OILICHKA OIICHKA AUCHHILUINHE (MOLYJIIO)
10 OTtnuuHO CTyoeHT NOJHOCTBIO BIAJECT 3HAHUSIMHM, H3JI0KCHHBIMH B
9 OTIUYHO paboueil nmporpamme, U IIIyOOKO OCMBICHSET IUCHUIUIMHY. OH
8 OTIMYHO CaMOCTOSITEIbHO U JIOTUYECKU I1OCIIENOBATENBHO OTBEYAET Ha

BCE BONPOCHI, AKIEHTHPYS BHUMaHHEC Ha HauboOJee Ba)KHOM.
VMeer aHanmuM3WpoBaTh, CpPaBHUBATh, KJIACCH(MHIIMPOBATH,
00001IaTh,  KOHKPETU3UPOBAaTh U  CHCTEMATH3HPOBAThH
W3YYEHHBbI Marepual, BbIICISAS KIIOYEBbIE MOMEHTHI U
yCTaHaBJIMBas MMPUYNHHO-CJICACTBCHHBIC CBA3H. YeTko
(bOopMyJIHpYeT OTBETHI, YBEPEHHO HHTEPIPETUPYET PE3yJIbTaThI
AHAJIM30B W JPYTUX HCCIIEJOBAHUM, a TAKKE PEIIACT CIIOKHBIE
3amaun. CTyJJCHT XOPOILO 3HAKOM C METOJaMHU HCCIICOBAHMS,
HEOOXOJUMBIMU ISl TIPAKTHYECKON JEATETbHOCTH, U YMEET
CBSI3BIBATh TECOPETUUYCCKUE ACMEKTHI AUCITUILUIMHEBI (MOIYJs) C
NPaKTHYECKUMH 3a/[a4aMH.

7 XOpOH_IO CTYZ[QHT 06J'IaILaCT SHaHUAMU NOpeIMETa IOYTH B IIOJIHOM

Xopomo obbeMe pabodeil mporpaMMbl U CaMOCTOSITENIBHO, JIOTHYECKH
MOCJICI0OBATEIIbHO U BCECTOPOHHE OTBEYACT Ha BCE BOMPOCHI,
aKIICHTUPYS BHIMAaHUE Ha HauboJiee 3HaYNMMbIX MOMeHTaX. OH
yMeeT aHaAlM3UpOBaTh, CpPaBHUBATh, KIACCU(UIMPOBATH,
0000maTh, KOHKPETH3WPOBATbh W  CHCTEMAaTH3UPOBATh
I/IS}”—ICHHBIﬁ Mar€puall, BbIACIAA €TI0 KIIKOYUCBBIC ACIICKTBI H
YCTaHaBJIMBAsl IPUYNHHO-CIIEICTBEHHBIE CBSI3U. POpMYIIHpYET
CBOM OTBETHI, YBEPEHHO WHTEPIPETUPYET PE3yIbTATHI
aHAJIM30B U JIPYTHX UCCIICOBAHUH, a TAKXKE PEIIaeT CIOXKHBIC
CUTyalMOHHKIE 3a1a4i. CTYZACHT XOPOIIO 3HAKOM C METOJIaMHU

HUCCICA0BaHMs, H606XO}1HMBIMI/I JJIsL HpaKTquCKOfI
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decaTubannbuas Ilarudanasuas O0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusl 1o
OLICHKA OLICHKA AUCUHUIJINHE (MOIYJIIO)

ACATCIIBHOCTHU, U YMCCT CBA3LIBATH TCOPCTUUCCKHUC ACIICKTbLI
npeamMeTa C MPaKTHICCKUMU 3ala4aMu.

5 Y noenetBoputensHo| CTymeHT ob6nagaeT 0a30BBIMH 3HAHWSAMH 110 IHCIUATUIHHE
4 'V 10BIETBOPHTEIBHO (MOJyJ1r0), HO UCTIBITBIBACT TPYAHOCTH MPH CAMOCTOSTEIBHBIX
OTBETaxX W HCIOJNB3YyeT HETOYHble (OPMYIUPOBKH. B Xome

OTBCTOB OH AOITYCKAa€T OH_II/I6KI/I, Kacaromuecs CyTU BOIIPOCOB.
CTYI[eHT crocooeH peuiaTth TOJIBKO CaMbI€ IMPOCTHIC 3ala4u U
BJIaCCT JINIIb MHWHHUMAaJIbHBIM Ha60pOM MCTOIOB

HCCIICIOBaHUS.
3 He cnan CryneHT He OBJNaJieN 00sM3aTeIbHBIM MUHUMYMOM 3HAaHUH 110
He cnan MpeIMeTy W HE MOXKET OTBETUTh Ha BOIPOCHI, NaXKe €CIH
1 He cran MpenojiaBaTenb  3aJaeT  JONOJHUTENIBbHBIC  HABOSIIHE
BOIIPOCHI.

Jucnunnuna (Moaynb) «AHanu3 rpadoBy OLIEHUBAETCS CIETYIOMUM 00pa3oMm:

AKTHBHOCTBH Bec KoanuecTBo Onucanne
Jomamrawue 3ananus | 40% 13 Habop 3ama4 mo TeMaM HeeH
[Ipoekt 30% 1 HccnenoBarensckas paboTa 1Mo AUCHUILIAHE (MOIYITIO) U

MIpe3eHTANNS PE3YIHTATOB

3auéT c oreHKON 30% 1 [IucemeHHast uay ycTHas paboTa Ha/T 3aJaHHEM,
HaIlpaBJICHHBIM Ha IIPOBEPKY IIOJIyYECHHBIX 3HAHUI U HABBIKOB
10 TUCIUIUTHHE (MOJIYJITIO)

®opmyJa pacyéTa UTOrOBOM OUEHKHU MO IMCHUIUIMHE (MOAYJII0) «AHaau3 rpagos»:
«0,4 x cpennee 3a nomanraue 3aaanus + 0,3 X mpoekT + 0,3 X 3a4€T ¢ OLIEHKOW».

Texymmii KOHTPOJIb yCIIEBAEMOCTH 00y4AKOIIUXCH MO JUCHUILIHHE (MOAYJII0)
IIpumepHbIe TOMaLIHUE 32IaHUS
Jlomamnee 3aganue 1.

1. Onummre pa3nuuus MEXIY OPUEHTUPOBAHHBIM M HEOPUEHTHPOBAHHBIM TIpadom,
NPUBEUTE IPUMEPHI X IPUMEHEHHS B peaJIbHBIX CUCTEMAX;

2. Peanu3yiite mpeacTasieHue rpada B BUE MaTPULbl CMEKHOCTH M CIIMCKA CMEXHOCTH,
CPaBHMTE UX 110 NaMATH U 3G (HEKTUBHOCTH JIJIS1 pa3peKEeHHBIX IPpadoB;

3. Peammuzyiite anroputmsl BFS u DFS Ha BeiOpanHOM rpade, cpaBHUTE HX MTOBEICHUE MTPH
MOUCKE KpaTyaIero myTu ¥ 00Xo/ie KOMIIOHEHT CBA3HOCTH;

4. BBINOJHUTE TOMOJOTMYECKYIO COPTHUPOBKY JJIsl  33JaHHOTO  OPUEHTHPOBAHHOTO
aIUKIN4ecKoro rpada u o0bsCHUTE €€ MPUMEHEHUE B INIAHUPOBAHUH 33]1a4;

5. Ilpumenure anroput™m JleHKCTphl A1 MOMCKA KpaTYalIuX IMyTed OT OJHON BEPIIMHBI
JI0 BCEX OCTAJIbHBIX U MTpOaHaAU3UpYiiTe ero paboTy Ha B3BELICHHOM rpade.

JlomamHee 3aganue 2.

1. Peanusyiite anroputm Kpackana ajis mocTpoeHHss MUHUMAaJIbHOTO OCTOBHOT'O JiepeBa U
IPUMEHHTE €ro K rpady, MOJEIUPYIOIIEMY TOPOKHYIO CETh;

2. Cpasnute anroput™msl [Ipuma u Kpackana no ci10XHOCTH U IPUMEHUMOCTH B pa3IMYHBIX
Tunax rpados;
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3. Pemmte 3agady 0 MakCMMaJIbHOM IOTOKE C TIOMOIIBIO aaroputMa JamMonHaca—Kapna u
WHTEPIPETUPYUTE pe3yabTaT B KOHTEKCTE PACIIPEEICHUS PECYPCOB;

4. TlpuMeHHUTE BEHIepCKUN aaropuTM (MK ero OMOIMOTEUHYIO PeaTU3alIHIo) IS PeIICHHS
3aJjaud ONTHUMAJIbHOI'O Ha3HAYEHHUs B ABYAOJIBHOM rpade;

5. OneHure CII0KHOCTh HAXOKJIEHNUS raMUIbTOHOBA LIMKJIA U pealu3yiTe NpuOInKEHHbIA
ITOPUTM 7 3a1aun KoMMuBOspképa (TSP) Ha ocHOBe kagHOTO MOAXOAa WM OJrpKaiiimero
cocena.

JomaimnHee 3a1anue 3.

1. Beruucnure crenenu, 6Iu30CTh, TocpeaanyecTBo u PageRank nis y310B B BeIOpaHHOM
rpade u CpaBHUTE PE3YIbTATHI 10 UX UHTEPIPETAIINH;

2. Ilpumenure amroput™ JlyBeHa Ui BbIIENEHHS COOOIIECTB M OLEHUTE KadeCTBO
pa30MeHMs C TOMOILIBIO0 MOYJIIPHOCTH;

3. Peanmu3yiite cnekTpalbHYIO KiIacTepu3aiuio Ha rpade u cpaBaute e€ ¢ label propagation
110 CKOPOCTH M YCTOHYHUBOCTH K IIIyMY;

4. Tlpoananu3upyiite peajbHblil rpad Ha HATWYKE CBOWCTB "TECHOrO MUpa" U CTENIEHHOTO
pacnpenesieHns CTENEHE;

5. Busyanusupyiite rpad ¢ nomomrsio cuitoBor ykinaaku (force-directed layout) 8 Gephi
win Plotly, BbigenuTe IeHTpaIbHbIE Y3JIbl K COOOIIECTBA.

[IpumepHoe onMcaHue 3aIaHUS U KPUTEPUU OLIEHUBAHMS K MPOEKTY

Lear mnpoekrta: pa3paboTarb U POTECTUPOBATh KOMIUIEKCHYIO CHUCTEMY aHalIu3a
rpa)OBBIX MaHHBIX, JEMOHCTPHUPYIOIIYI0O MNPUMEHEHUE KIACCUYECKHX aJrOpUTMOB, METPHUK
LEHTPaJIbHOCTH, BbISIBJIECHUS COOOILECTB, MOJICIMPOBAHUS JUHAMUUECKUX IIPOLECCOB U METOJIOB
MaIIMHHOTO 00y4YeHus Ha rpadax Asis peieHus NpUuKIagHoN 3aJauu.

3agauu npoexra:

— Br1OpaTh 1M NOCTPOUTH peasbHBIN, WM CHHTETHYECKUH Tpad (HarmpuMmep, coluaibHas
CeTb, TPAHCHOPTHAsA CeTh, Ipad LMUTUPOBAHWI) U NPEACTABUTh €ro B MOAXOAAILIEM (opmare
(matpuia cmesxxHoctu, CSR, cniucok pédep) ¢ ucnonb3oBanueM oubamorek NetworkX wm igraph;

— Peanu3zoBaTh aHanu3 CTPYKTYpbl rpada: BEIUUCIUTD KIIOUEBbIE METPUKH LIEHTPATbHOCTH
(crenenp, nocpeaHuyectBo, PageRank), BbIIenuTh HeHTpasIbHBIE Y37l U MPOAHATU3UPOBATH UX
pOJIb B CETH;

—Ilpumenuts anroputMbel OOHapykeHuss coobOmectB (Hanpumep, JlyeBena, label
propagation WM CHEKTPAIbHYIO KJIACTEPU3AIMI0) U OLIEHUTh KauecTBO pa3OMEHMs C TOMOIIbIO
MOJYJISIPHOCTH M IPYTUX METPUK;

—IIpoBecTu aHamM3 IMHAMHYECKOTO WJIM MYJIbTHCIIONHOTO rpada (1o BeIOOpY): BBIIEIUTD
WU3MEHEHHUSI CTPYKTYPbl BO BPEMEHH, OIIEHUTh YCTOMUMBOCTH COOOILECTB M BU3YAIU3HPOBATh
IBOJIIOLIMIO CETH;

—Peanu3oBath MoJenupoBaHHE IpoIlecca pPaclpOCTpaHEHHs BIMSIHUA (HampuUMep,
Independent Cascade unu SIR) u pemuTh 3ama4y MakKCUMHU3AIMH OXBaTa C TTOMOIIBIO YKaTHOTO
anroputma c ontumusanueit CELF;

— OO0yuuTth rpadossie amMOenauary (Hanpumep, node2vec unu DeepWalk) u mpumeHUTH
UX JUIS 33/1a4¥ MpeCKa3aHus CBA3eH UK KiaccuuKaiuu y3jos;

—Iloctpouts u 00yunth rpadonyto Helipornyto cetb (GNN) ¢ ucnomaszoBanueM GCN,
GraphSAGE nmn GAT 1 3agaun KiaccuUKaiy y3JI0B WU NpeicKa3anus peoep;

—IloaroroBuTh OTYET W MPE3EHTALMIO, BKIIOYAIOIIME BH3yalu3aluioo Tpada,
MHTEPIIPETALNIO PE3YIbTAaTOB, CPAaBHEHHE METOJ0B M 00CYKJI€HHE MPUMEHUMOCTH PELIEeHUI B
peasbHBIX CLEHapusiX (COIMOJOrHs, JOrMCTHKa, OuouHpopMaTHKa, pPEKOMEHAATeNbHbIE
CUCTEMBI).

Kpurtepuu oneHnBaHus NpoexkTa:
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— COOTBETCTBHE MPOCKTAa M3YUYEHHBIM TEMaM: NMPUMEHEHHE O0a30BBIX W IMPOJBHHYTHIX
QITOPUTMOB Ha rpadax, HCIOIh30BaHHE METPHUK, METOJIOB BBISBICHHUS COOOIIECTB U MOeNei
MAIIUHHOTO O0YYCHUS;

—I'nyOuna aHanm3a: HaJIMYME KOMILIEKCHOHW 00paboTku rpada — OT CTPYKTYPHOTO
aHanM3a 10 TuHaMu4deckoro mozenupoBanus 1 GNN;

—KauecTBo BH3yanuzalid U MHTEPIPETALMU: HATJSAHOE TPEICTABICHUE CTPYKTYPHI,
[EHTPATBHOCTEH, COOOIIECTB U AMHAMUKH C IMTOMOIIIbI0 HHCTpYMeHTOB (Gephi, Plotly, D3.js);

— OOOCHOBaHHOCTH BHIOOpA W YCIICUTHOCTh IPUMEHEHHS METOJIOB MAIIMHHOTO O0YYCHUs
Ha rpadax: KOppeKTHOCTh peanu3anun sMoe1uHroB 1 GNN, KauecTBO NpeAcKa3aHmii;

—IomHoTa OTYéTa W TpPE3EHTAIUH: JIOTHYHAS CTPYKTypa, BU3YAIHM3aIUS KIFOYCBBIX

9TanoB, OOOCHOBaHHBIC BBIBOJABI W OOCYXKICHHE OrpPaHHYCHUI, BO3MOXHOCTEH sim-to-real
nepeHoca (B KOHTEKCTE IPUKIIaHON 3a1auH).

3amanus AJ151 NPOMEKYTOUYHOM ATTECTANUM 10 JUCHHUILIMHE (MOTYJII0)

Ne 3ananue OtBer Kommnerenuus
n/n
1 | HazoBute ocHOBHBIE CIIOCOOBI Mpe/cTaBIeHUs rpada B MaTpuLa YK-1
aMsITH KOMITBIOTepa CMEKHOCTH,
CIIHCOK
CMEKHOCTH,
criucok peoep,
(dhopmMmar csr
2 | OObscHATE, B 4€M pa3HUIIA MEKIY OPUEHTHPOBAHHBIM B YK-1
1 HEOPUEHTUPOBAHHBIM Tpadom OPUCHTUPOBAHHOM
pEOpa umeroT
HarpasJIcHHUE, B
HEOPHEHTHPOBAHHO
M — HET
3 | YkaxuTe, KaKas CTPyKTypa AaHHBIX HanOoJee CIIMCOK CMEXHOCTH YK-1
s¢dexTUBHA 7151 XpaHEHUS pa3peXeHHBIX rpadoB WM CSI
(compressed sparse
row)
4 | Ha3oBuTe airoput™, MCHOIB3YeMbIi Ui 00xoxa rpada bfs YK-1
"B IIMPHUHY" ¥ NOKCKA KpaTyalliero myTy B
HEB3BEIICHHOM Ipade
5 | HazoBuTe anroput™, MO3BONSIOIINN HAWTH KpaTyaiime aJITOPUTM YK-2
IIyTH OT OJIHOW BEPIIMHBI KO BCEM OCTAJIbHBIM B Ipade ¢ JIEHKCTPBI
HEOTpHUIATEIIbHBIMU BECAMHU
6 | OOBsicHHTE, Kak padoTaeT anropuT™ 03IMaHa—pop/a u HaXOJIUT YK-2
B KaKMX CIIydasiX OH HNPEANOYTHTENbHEE JEeHKCTPhI KpaTyaiime myTH
pY HAJTMYUH
pébep ¢
OTPHIIATEILHBIM
BECOM
7 | HazoBuTe anroput™, UCTIONB3YEMBIN IS dfs ¢ mopsaxom YK-2
TOTIOJIOTUYECKOW COPTUPOBKU OPUEHTUPOBAHHOTO 3aBepICHHS U
alMKINYecKoro rpada ITOPUTM KaxHa
8 | YkaxuTe, KaK ONpeAessieTcs KOMIOHEHTa CBSI3HOCTH B Kak noarpad, B YK-2
HEOPHEHTHPOBAHHOM rpade KOTOPOM JTF00BIE
JIBE BEPIIUHBI
CBSI3aHBI IIyTEM
9 | Ha3oBuTe anroput™, CTpOSIIMA MUHUMAJILHOE anroput™ Kruskala OIIK-1
OCTOBHOE JIEPEBO Ha OCHOBE YKa/IHOTO BBIOOpa pEdep 1o
BO3PACTaHUIO Beca
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10 | OOBscHHTE, KaK AITOPUTM MPUMa BeIOHpaeT p&dpa s nobasisieT pedpo OIIK-1
MTOCTPOCHNSI MUHIMAaJILHOTO OCTOBHOTO JIepeBa HaWMEHBIIIETO Beca,
coeMHSAIoNIee
TEKyIIee AEPEBO C
HOBOM BEpIIMHOU
11 | HazoBwuTe anropuT™m, pemaroinii 3a1ady o aJITOPUTM OIIK-1
MaKCUMaJIbHOM ITOTOKE B CETU C UCTIOIb30BaHHEM 9IMOHJICa—KapIia
YBEITMUUBAIOIINX MyTeH
12 | Vkaxure, Kakas 3ajada pEIraeTcs ¢ MOMOIIBIO 3amaJda OIIK-1
BEHTEePCKOTO aliTOPUTMA B IBYIOJIBHOM rpade ONITUMAIBHOTO
Ha3zHaueHHs /
MaKCHMalIbHOE
MapocoYeTaHne ¢
MHUHUMAaJIbHOU
CTOUMOCTBIO
13 | Ha3oBuTe METPUKY IEHTPAILHOCTH, KOTOPAsl yYUTHIBACT | HEHTPAIBLHOCTD MO IIK-1
CTETICHb BIUSHHUS y3J1a HA OCHOBE €r0 Cocelei COOCTBEHHOMY
BEKTOPY /
eigenvector
centrality
14 | Vkaxure, Kakas METPUKA UCIIOIB3YETCs JIJIsl OLICHKU LIEHTPAIBHOCTH 110 I1K-1
BIIUSTHUSL y371a KaK "TepeBajioyHOro MyHKTa" B rpade MOCPEAHUYECTBY /
betweenness
centrality
15 | Ha3oBuTe aNropuT™ BBISBICHUS COOOIECTB, aNTOPUTM JTyBEeHa [K-1
OCHOBaHHBIH Ha ONITUMHU3AIIH MOJYJIAPHOCTH
16 | OO®bsicHHTE, B 4YEM 3aKITIOYACTCS] TIPUHIINAT Y3JIBI [K-1
BU3yaIHM3anuu rpada ¢ MoMOIIBI0 CUIOBOH YKIIAJKH OTTAJIKMBAIOTCS,
pEdpa
MPUTSITUBAIOTCS —
cucTeMa CTPEMUTCS
K PAaBHOBECHIO
17 | HazoBute MoJieNnb pacpocTpaHeHus: HHPOpMAaIid, B MOJIENb [1K-2
KOTOPOM KaXK/Jblii aKTUBHBINA y3€J1 C HEKOTOPOU HE3aBUCUMOI'0
BEPOSITHOCTBIO aKTUBHPYET CBOMX COCEJIEeH Kackaza /
independent
cascade
18 | Vkaxure, Kakas 3aj1a4a perraercsi ¢ IOMOIIBIO KaTHOTO 3ajaua [K-2
anropurma ¢ ontumuzauueid CELF MaKCUMHU3aIuU
BIUSTHUS / BEIOOD
BIIMSATEILHBIX
y3710B
19 | Hazoswure meTo 00y4eHus O0e3 yunurtens Ha rpadax, node2vec [1K-2
OCHOBaHHBIN Ha CITy4alHBIX ONY>KIaHUSAX U aHAIOTUH C
3amageit word2vec
20 | HazoBuTte apxuTekTypy rpad)oBOl HEHPOHHOH ceTH, gat / graph attention IK-2

HCIIONB3YIOUIYI0 MEXaHU3M BHUMAaHUS IJIs1
B3BEIIMBaHU cocenei

network
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