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AHHOTANMA

Kypc «CtpykTypHBIY aHAIH3 ¥ BU3yallu3alys CeTei» BBOAUT CTYJACHTOB B HOBYIO U aKTUBHO Pa3BUBAIOIIYIOCS
MEXKIUCIUILTHHAPHYIO0 00J1acTh HAYK O CETEeBBIX CTPYKTypax. HaumHas ¢ ucclenoBaHuil cONMaIbHBIX ceTeit
COIMOJIOTaMH, JaHHOE HalpaBJeHHE IMPHUBIICKIO BHUMAaHHE (DM3WKOB, YUEHBIX B OOJIACTH KOMITBIOTEPHBIX
HAyK, DKOHOMHKCTOB, BBIUYUCIUTEIBHBIX OWOJOTOB, JIMHTBHCTOB W JIPYTHX, H CTJIO IO-HACTOSIIEMY
MEXIUCIHUILUTMHAPHONW 001acThi0 m3ydeHus. HecMoTps Ha pa3HOOOpas3we MpoIecCoB, KOTOPBIE 00pa3yroT
CETH, a TaKXKe OOBEKTHI M OTHOIICHHUS, KOTOPBIE CIYXKaT y3J1aMu U peOpaMu B 3THX CETSX, BCE CETH 00JIaatoT
OOIMMHU CTAaTHCTUYECKUMH W CTPYKTYPHBIMH CBOWCTBAMHU. B3auMmojeicTBhe MEXIy TOPSIKOM U
0eCIIOPSIJIKOM CO3/Ia€T CIIOKHBIC CETEBBIE CTPYKTYPBI, KOTOPBIE HAXOJSATCS B IICHTPE BHUMAHUS MCCIICIOBaHUSI.
B xome kypca MBI paccCMOTPUM METOJbI CTAaTUCTUYECKOTO M CTPYKTYPHOIO aHaiau3a CeTeil, Moaenu
(OpMHUpOBaHUST W DBOIIOLMU CETH, W Pa3BHTHs IpolieccoB B ceTH. Ocoboe BHMMaHWE OylIeT yAeJIeHO
MNPAKTUYECKOMY aHalM3y W BU3yaIH3alUU PEalIbHBIX CETEH C HCIOIb30BAHHEM AOCTYIHBIX IPOrPaMMHBIX
CPE/CTB, M COBPEMEHHBIX S3BIKOB U OMOIMOTEK IPOTPAaMMHUPOBAHUSL.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

- O3HAaKOMJICHHWE Y4YalluXcsi C HOBOM OBICTPO pa3BUBAIOLICHcs O0ONACTbIO CETEBBIX HAyK U
MIPENOCTABIEHNE MPAKTUYECKOTO OMBITA B aHAJIM3E CETEBBIX TAHHBIX PEATIBHOTO MHpA.

3agauM AUCUMIIHHBI
- IpHOOpETeHNE CTYJCHTaM1 HaBBIKOB aJITOPUTMUYECKOTO aHAIN3a CETeBBIX rpadoB.
2. Ilepeyens opMupyeMbIX KOMIIETeH M

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

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

[IK-1.1 3HaeT ONpUHOUIBI MMOCTPOCHHUS HAYYHQPROOTHI,
MeTogsl cOopa W aHanu3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEeHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnjkampedeparoB  u
Ooubnuorpaduu’ Mo TeMaTHKE MPOBOAUMBIX HCCIEIOBAHWUU
Ha PYyCCKOM M aHIVIMH CKOM SI3bIKE

[TIK-1 T'oTOB K BKJIFOUEHHUIO B
npodeccuoHanbHOE COOOIIECTBO; CIIOCOOEH
MIPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEA0BAHUS Ha OCHOBE
CYILIECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTu mpoheCcCUOHATBHOH e TETLHOCTH

[IK-1.2 VYmeer pemars Hay4Hble 3aJadyd C ITOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMU MoaeneH
MpPOrpaMMHOTO OOECHeyeHHss B CBA3H C IMOCTABICHHOM
IENBI0 U B COOTBETCTBUM C BEIOPAHHOW METOIUKOU

[IK-1.3 HMmeer mnpakTUYECKUBVIIBIT BBICTYIUICHUM
HAay4YHOHM apryMEHTAalWW HpU aHalu3e 00bEKTa HayuYHOH
npodeccuoHaIBHOU JESITeNbHOCTH

I1K-2.1 3Haer OCHOBBI Hay4YHO-UCCJIEeI0BATEIbCKOU

IEITEILHOCTH B obacTu

MH()OPMAIMOHHO-KOMMYHUKAITHOHHBIX TEXHOJIOTUU

BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(UN U METOJIOIIOTHU HAYKH;
TIK-2 I[Toaumaet u cuocooeH TIPUMEHUTD B 3HAaHHMCM MCTOJO0B HAy4YHBIX I/ICCJ'IC,I[OBaHI/Iﬁ 1 HAaBBIKAMH HUX
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON NPOBCACHNUS
JeATEeNIbHOCTU COBpeMeHHbIA MaTeMaTudyeckuil |[1K-2.2  FVimeeT mnpakTUUYECKUMIBIT HCHOIb30BAHUS
anmapar v allTOPUTMbI, OCHOBHBIE 3aKOHBI CYIIECTBYIOIIMX METONOB M alTOPUTMOB pELIEHUS 3a7a4y
€CTECTBO3HAHMSI, COBPEMEHHBIE SI3bIKU nudpoBor 00pabOTKA CUTHAJIOB, WCIIONB30BAHUS CETH
MIPOTPAMMHPOBAHUS U POTPaMMHOE Wnrepner, AHHOTHPOBAHHUA, pedepupoBaHus,
o0ecrieueHne; ONepanuoOHHbIC CUCTEMBI U Ooubnuorpaguueckoro pa3pICKaHWST W ONHCAHUS, OIBIT
CETEBBIC TEXHOJIOTHH paboThI ¢ HAyYHBIMUA UCTOUHUKAMH

[IK-2.3 YMmeer npuUMEHATH MOMyYEHHBIC 3HAHUS B 00JacTu
(byHIaMEeHTaJIBHBIX HAYYHBIX OCHOB TEOPUH MH(POpMALNHU U
pemarb CTaHJapTHBIE 3a1a4n B ~ coOcTBeHHOU
Hay4HO-UCCJIE0BATEIbCKON JESITEIbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)



B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI
3HaTh:

- 3HaTb OCHOBHBIC ITIOHATHA U TCPMHUHOJIOTUIO, UCTIOJIb3YEMBIC B HAYKC O CCTAX;
- 3HAaTb OCHOBOIIOJIAratoIure IMPUHIIUIIBL CETeBOI1 CTPYKTYPhI U 9BOJIIOLIUU.

YMETB:
- YMETb pa3padarbiBaTh MAaTEMaTHYECKUE MOJIEIIH CETEBBIX MPOLIECCOB;
- YMETb aHAJIM3UPOBATh CETEBBIE JaHHBIE PEAIbHOIO MUPA.
BJIAJIETh:
- BJIaZIETh OCHOBOIIOJIararoIMMHU IPUHIUIIAMU CETEBOM CTPYKTYPhI U 3BOJIIOLIUY.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbI (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 BBenenue B Hayky 0 ceTsix 3 1 4
2 CrieHHO# 3aKOH 3 1 6
3 Monenu GopMupoBaHHs ceTeit 3 1 6
4 AHanu3 CTPYKTypbl CeTeH, Yy3/10B H 3 1 ]
CcBsI3el
5 CooOmiecTBa B ceTAX 3 1 6
6 Huddysus u snuaeMnu B ceTsix 3 2 6
7 Pacnpoctpanenune BnustHUS 3 2 6
8 Wndopmannonnsle Kackaabl 3 2 6
9 Pa3BuTne ceteil n mpeackasanue CBA3eH 3 2 4
10 |Busyanusanus ceteit 3 2 8
Hroro yacos 30 15 60
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuit)
1. BeeneHune B HayKy O CETIX

BBenenue B HOBYI0 HayKy o ceTsx. Teopus clnoxHbix ceTeil. OCHOBHBIE CBOWCTBA M METPUKHU CETEH.
IIpumeps! ceTeit.

2. CieHHOH 3aKOH

Pacnipenenenue creneHHoro 3akoHa. Scale-free ceru. Pacmpenenenme Ilapero, Hopmanmzarus,
MOMeHTHI. 3akoH 3unda. I'paduk yactor.

3. Monenu ¢popMupoBaHus ceTel




Mopnens cinyuaitnoro rpada Opaoca-Penn. Pacnpenenenust Ilyaccona u bepnymnu. Pacnipenenenue
creneHelt y3moB. Pa3oBbIi Mepexo/l, TUTaHTCKUI CB3aHHBIA KOMITOHEHT. /lnamerp u koaddumneHT
knacrepa. Mogens  koHurypaumu.  Mogpens  bapaOacu-AnnOepra.  IIpeamouturensHoe
IpUKpEIUIeHNE. YpaBHEHUE B HEMIPEPHIBHOM NPHOIIKCHUN. BpeMeHHast 3BOIOIMS CTeTeHe! y3II0B.
Pacnpenenenue crenenn ysna. Cpeanas uiiHa myTH U Ko3(h(UUHMEHT Kiactepu3auud. Mopaeinb
Manoro mupa. Mozgens Watts-Strogats. [lepexon oT peryisipHoro K cirydaifHomy rpady, U3MEHEHHUs
k03 humeHTa KacTepu3aluy U CpeHel UIMHBI Ty TH.

4. AHanmu3 CTPYKTYpBI CETEN, Y3II0B U CBA3EH

MeTpuKkH UEHTPaJbHOCTH y3JIOB, CTENEHHas IEHTPaJbHOCTb, IIEHTPAJIbHOCTh OIM30CTH,
betweenness LEHTPaJbHOCTh, €igenvector IEHTPaJbHOCTb. METPHKH, OCHOBaHHbBIE Ha CTPYKTYype
rpada. PageRank, croxactuueckas wmerpuka u Teopema IleppoHa-®pobenuyca. HWrepanuu
motHocTy. Llentpsl u aroputersl. AnroputMm HITS. Panrosoe paccrosinue Kenpamn-Tay. Metpuku
CTPYKTYPHOU 3KBHBalleHTHOCTH. Paccrosaus Exnmpa m Xemmunra. Koaddumment xoppensiun.
Kocunycnoe cxoactBa. AccopraruBHOe cMelrBanue u romoduius. MoaynsHocTh. CMelrBaHUE 110
CTEIICHSM.

5. Coo01iecTBa B CETAX

CoobmectBa B cersax. IlmotHocTh Tpada. Pasnenenme rpada. Ilokazarenu Min-cut, quotent u
normalized cuts. JIMBU3HOHHBIE W arioMEpalMOHHbIE anropuTMmbl. lloBTOpsitomeecs neneHue
nomonam.  Koppensimmonnass — marpunia.  Knactepuzamus.  Edge  Betweenness.  Anroputm
Hpromana-I'mpBuHa. CnekrpaibHble METOIBI. AJTOPHTM MaKCHMHU3alMH MOAyiabHOCTH (Newman).
ANNpOKCHUMAaIMOHHbIE AJTOPUTMBL. PaHAOMM3MpOBaHHBIH MHUHHMAIbHBIA paspe3 (aaroputm
Kapreca). BeposSTHOCTh HaxOXXAEHHs MHUHHMAJIBHOTO pa3pe3a. MHOroypoBHEBas Iapajurma.
MHOTOypOBHEBBI alNTOPUTM Jisi TpadoB co cTemeHHbIM 3akoHOM. JlokanbHas KiacTepu3alusl.
[IpoBogumocts. Anroputmsl Nibble. Graph motiffs, k-cores, nepenuce nuan u Tpuam.

6. Iuddys3us u snuaeMun B CETIX

Ousnueckas auddysus. Ypasuenue nudpdysun. duddysus B cersax. [uckpeTHsiii omepartop
Jlammnaca, marpumna Jlarutaca. Pemenne ypasaenust nuddys3un. Ciydaiineie OayxnaHusi mno rpady.
Onupemudeckue wmomenu  SI, SIS, SIR. Pemenune nuddepeHunanbHOrO  ypaBHEHUS.
OrpannuuBaronye ciryyan. MoaeanpoBaHue pacpoCTpaHeHNsT HHDEKIUH.

7. PacnpocTpaHeHUe BIUSAHUA

ConmanpHast quddysus. [loporoBas Monenb KOJIEKTUBHOTO ToBeieHus: [ paHoBerTepa. Hambonee
BIIMSATENbHBIC y3IIbl B ceTh. Kackanel B cersix. ba3oBas kackannas moaenb. KackaaHas Mozens.

8. MudopmManmoHHbIe KaCKaabl
Habnronarensnoe oOyuenue. HpopMaLnoHHbIE KacKabl.
9. Pa3BuTHe ceTell U IpeaCKa3aHue CBA3EH

Poct cern. YmennineHune amamerpa. B3aumonelicTBue cBs3ed. 3amaua MpeAcKa3aHUS CBS3CH.
OOyueHue ¢ yauTtesneM JJis peacKa3aHusl.

10. Buzyanuzanus ceteit

BusyansHoe wuccienoBanue. [paduueckume cXxembl: paauanbHble, CHIIOBBIE, CIIEKTpPaJIbHBIC.
MarpuuHasi BU3yaiu3amus.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



VYuebHas ayquTopusi, OCHAIEHHAs! KOMITBIOTEPOM U MYJIBTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. zydaem Python, nporpammupoBaHue Urp, BU3yalu3anus JaHHBIX, BeO-MPUIIOKEeHUs/ DpuK MoTus,
Python Crash Course,-Canxkr-IletepOypr, [Tutep, 2020

2. Nzyuaem Python: mporpammupoBanue urp, BU3yanu3aliysi JaHHBIX, BEO-TIPUIIOKEHUS, [pyKOBOJICTBO |
/ 2. Matuz. — Cankr-IlerepOypr, [Tutep, 2020.— URL: https://ibooks.ru/bookshelf/371712/reading
(nara obpamenus: 24.11.2020). - [Tonnsiii Tekct (Pexxum goctyna : u3 cett MOTH / Ynanennsrid
JIOCTYTI)

JomnonHurenbsHas auTeparypa

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

[Mon6opka naTEpEeCHBIX Jupyter-HOyTOYyKOB:
https://github.com/jupyter/jupyter/wiki/A-gallery-of-interesting-Jupyter-Notebooks
baza cereBbix naraceros u3z Crendopna: https://snap.stanford.edu/data/

Kanan kypca B Youtube:
https://www.youtube.com/playlist?list=PLriUvS71ljvkBLqU4nPOZtAkp7rgpxjgl

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He tpebyercs.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

YcnemHoe 0CBOCHNE JUCIUILINHEL TPEOyeT:

- TIOCEIIEHUS CTYJIEHTOM BCEX BUJIOB ayIUTOPHBIX 3aHSATHUH;

- BEJICHUS KOHCIIEKTA B XOJ€ JICKIIMOHHBIX 3aHATUH;

- KQYECTBEHHOW CaMOCTOSTEILHOM ITOATOTOBKY K TIPAKTHYECKUM 3aHSATHUSAM, aKTUBHOW paOOTHI HA HUX;
- aKTUBHOW CaMOCTOSATEIHLHOU U ayTUTOPHOU PabOTHI CTY/IEHTA;

- CBOCBPEMEHHOM CJ1au MPETIOIaBaTEN0 3aJaHHi 110 ayANTOPHBIM BUAaM padoT.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa anropuTMOB U TEXHOJIOTUH MPOTrPaMMHUPOBAHUS
Kypc: 2

KBaJIH(UKALUS: MarucTp
Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: N.A. Maxkapos, cTapIInii IpernoiaBaTeb



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1 I'0TOB K BK/IIOUEHUIO B
npodeccruoHaIbHOE COOOIIECTBO; CIIOCOOCH
MPOBOJUTH T10J] HAYYHBIM PYKOBOJICTBOM
JIOKQJIBHEIE UCCIIENOBAHUSA HA OCHOBE
CYIIECTBYIOIIUX METO/IOB B KOHKPETHOU
obyiacTu MpoheCCUOHATBHOU JICATEILHOCTH

[MK-1.1 3HaeT OpUHIUNBI MOCTPOCHHS HAYYHQPAOOTHI,
Merogsl cOopa W aHamu3a TIOJMyYSHHOTO MaTepHalia,
CIIOCOOBI apryMEHTAlluy; BIIaJE€CT HABBIKAMH IIOATOTOBKU
Hay4YHbIX  0030poB,  mnyOnjkammpedepatoB U
oubnuorpadun’ 1Mo TeMaTWKe MPOBOIUMBIX HCCICTOBAHUU
Ha PYCCKOM M aHIJIH CKOM SI3bIKE

[IK-1.2 YMmeer pemarp Hay4dHbIE 3aJa4d C TOHUMaHHEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETICH
IPOrPaMMHOTO O0ecHedeHus B CBA3U C IOCTaBICHHOM
LENbIO U B COOTBETCTBUH C BEIOPAHHOW METOAUKOU

[IK-1.3 Hmeer mnpakTUYECKHBIIBIT BBICTYIUICHUM
HAy4YHOW apryMEHTAlMW TpU aHalu3e 00beKTa HayYHOH
po¢eCcCUOHANTBHOU ACATEIbHOCTH

[1K-2 [MorumMaeT 1 criocobeH MPUMEHUTH B
Hay4YHO-UCCIIEIOBATCIHCKON U TPUKIIATHOM
JIEATEJIbHOCTA COBPEMEHHBIA MaTEMaTUYECKUI
anmapar v allTOPUTMBI, OCHOBHBIEC 3aKOHBI
€CTeCTBO3HAHUS, COBPEMEHHBIE SI3BIKU
MIPOTPAMMHUPOBAHUS U MPOTPAMMHOE
o0ecrieyeHne; ornepanuoOHHbIE CUCTEMBI 1
CETEBBIC TCXHOJOIUH

[IK-2.1 3naeT OCHOBBI  HAyYHO-HCCIIEIOBATEIHCKOU
JesITeIbHOCTH B oOmnactu
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUH

BJIaJ€CT 3HAHUEM OCHOB (1)I/IJ'IOCO(1)I/II/I 1 MCTOHOJIOTUUN HAYKHU,
3HAaHUEM METOHOB HAYYHBIX HUCCJICIOBAaHUN 1 HAaBBIKAMU HX
MMPOBCACHU

[IK-2.2 Vmeer mnpakTUYeCKUAIBIT WCIOIH30BAHUS
CYIIECTBYIOIIUX METOIOB M QJITOPUTMOB DPELICHUS 3a1ad
uppoBor 00pPaOOTKM CHTHAJIOB, HWCIONB30BAHUS CETH
Wureprer, AQHHOTUPOBAHUS, pedepupoBaHus,
oubmuorpaduyeckoro paspICKaHWS H  ONUCAHHSA, OIBIT
paboThI C HAyYHBIMH UCTOYHUKAMH

[MK-2.3 YMmeer mpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H
pemarb CTaHIApTHBIE  3a/auHl B COOCTBEHHOU
HAy4YHO-HCCIIEA0BATEILCKON JAESITeIbHOCTH

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus AucUUIUIMHBL «CTPYKTYpHBINA aHAJIM3 U BU3YaIM3alys CETei» 00ydarouics JOKEH:

3HAThb:

- 3HaTh OCHOBHBIE MTOHATHUS U TEPMHUHOJIOTHIO, HCIIONIb3YEMBIE B HAYKE O CETSIX;
- 3HaTh OCHOBOIIOJIAraroINe IPUHIUIIBI CETEBOM CTPYKTYPBI U IBOJIIOLUHU.

yMeThb:

- yMeTbh pa3pabaTbIBaTh MaTeMaTHYECKUE MOJIETIH CETEBBIX MIPOIIECCOB;
- YMETh aHAJIN3UPOBATh CETEBBIE JAHHBIE PEaJIbHOIO MUpA.

BJIaJeTh:

- BJIaZICTh OCHOBOIIOJIAratOIMMHU IIPUHITUTIAMHA CETeBOI CTPYKTYPhbI U 3BOJIIOLIUH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

[Tpumepsl TPOEKTOB, BHIJABAEMBIX B TEUCHHE CEMECTpa (BCE MPOEKTHI CTAaBAT IENb INPEIcKa3aTh
HEKOTOPYIO HH(OPMALUIO O MOJIH30BATENE COL[MATIBHOMN CETH):

- IPe/CKa3aTh JOHKHOCTh, BO3PACT, MO U MECTO MPOKUBAHUS COTPYIHUKA;

- IPe/ICKa3aTh HAyYHOTO PyKOBOIUTES Il HAYYHOTO COTPYIHMKA 10 0a3e myOnuKanui;

- OIIcHKa 00JIACTH HAyYHBIX UHTEPECOB 10 0a3e MmyOnuKanui;

- o mpouITIo aBTOpa HANTH CpesiHee KOJI-BO COABTOPOB M MH/IEKC LIMTHUPOBAHMUS;

- peKOMEHIaTebHAasE CUCTEMA JIJIsl KOHQEPEHIIMH U )KypHAJIOB, TOIXOJSIINX IS Ty OIUKAIIH;




- IMIIOPT JJAHHBIX U Mpeo0pa3oBaHue UX B rpad;

- OCHOBHBIE XapaKTEePUCTUKH rpados;

- BH3yaunm3anus rpada ¢ ucronb3oBanueM oudnmuorexku matplotlib;
- CTEICHb y3JIa U pacupeielieHue CTeNEeHEH y3II0B;

- KJIaCTepU3alMs U BBIICICHHE COOOIIECTB;

- aHaM3 reorpadUvecKoi U MPOCTPAHCTBEHHOW WH(POPMAIINH.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

[IpencrasneHsl B IpUKpENIICHHOM (haiie.

Kputepun oniennBanus
Onenka "ommmuno" (10 ©OayuioB) BBICTAaBISETCS  CTY[ACHTY, I[IOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH UX Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HNPUHATHIX PELICHAMN.
Onenka "ommmuHo" (9 OayIoB) BBICTABIAETCS CTYACHTY, IOKa3aBIIEMYy CHCTEMAaTH3MPOBaHHEIE,
n1y0oKHe 3HaHUS y4eOHOH MPOrpaMMbl AUCHUIIIIMHEL U YMEHHE YBEPEHHO NIPUMEHSTh UX Ha MPAKTHUKE
[IPH PELICHUH KOHKPETHBIX 3ajiad, MPaBUIbHOE 000CHOBAHNE NPUHSATHIX PEILICHHA.
Onenka "oTnuuHO" (8 0ayIoB) BBICTABISETCS CTYACHTY, TIOKa3aBIIEeMy TIIyOOKWE 3HAHHS y4eOHON
MporpamMmbl JTUCLMIUIMHBI U YMEHHE NMPUMEHATh MX Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 3ajad,
MPaBWIbHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
XOpOLIO
Onenka "xopomo" (7 6ajIoB) BBICTABISIETCS CTYACHTY, €CJIM OH TBEPIO 3HACT Marepuall, IpaMOTHO H
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPUMEHSTH MOJTy4YeHHbIE 3HAHHMS Ha MPAKTHUKE, HO JIOIyCKAeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.
Onenka "xoporro" (6 0anioB) BeICTABISETCS CTYACHTY, €CIIM OH 3HAET MaTepuall, TPAMOTHO M3JIaraeT
€ro, yMeeT MPHUMEHSATH MONyuYeHHbIC 3HAHWS Ha MPAKTUKE, HO JOIYCKAE€T B OTBETE WM B PEIICHUH
3aj1a4 HEKOTOPbIE HETOUHOCTH.
Onenka "xopomo" (5 6aIoB) BEICTABISIETCS CTYIEHTY, €CJIM OH 3Ha€T OCHOBHOM MaTepual, rpaMOTHO
U3J1araeT ero, yMeeT INPUMEHATHh MOJTy4YEHHbIE 3HAHHMA Ha MpPaKTHKe, HO JOMYCKaeT B OTBETE WIM B
pEILeHUH 3a/1a4 HETOYHOCTH.
Onenka "ynoenerBoputrenbHO" (4 Oama) BBICTABISIETCA CTYACHTY, OKa3aBIIeMy (QparMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH BIIQJICET OCHOBHBIMH pa3ieiaMu Y4eOHOH mporpamMMbl, HEOOXOAMMBIMH JUIS JaJIbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHSTH TOJy4YeHHbIE 3HAHUSI 110 00pa3ily B CTAaHIAPTHOW CUTYyalUH.
Onenka "ymoBneTBopuTendbHO" (3 Oamna) BBICTABISETCS CTYACHTY, MOKa3aBIIEMY JJOCTAaTOYHBIN
XapakTep 3HaHWH AJIS JajdbHEWIIero 0Oy4eHUsl U CTYIEHT MOXKET MPUMEHSTh MOMyuYeHHbIE 3HAHUS IO
o0pasily B CTaHIApTHOI CUTyaLuH.
HEYIOBJIETBOPUTEIHHO
Omnenka "HeymoOBIETBOPUTENHHO" (2 Oayiia) BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAeT OONbIIei
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOMYCKaeT rpyOble OmMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH JUCHUILIMHBI U HE YMEET NPAaBUIIbHO UCIIOIb30BaTh MTOIYYECHHbIC
3HAHUS IPU PELICHUH TUIIOBBIX IPAKTUYECKUX 3aa4.
Onenka "HeynopnerBoputenbHO" (1 6aun) BeICTaBIsIeTCS CTYACHTY, KOTOPBIH HE 3HAET (GOPMYIUPOBOK
OCHOBHBIX TMOHSITHH JUCHMIUIMHBI MU HE YMEET HCIIONb30BaTh IOIYYECHHBIE 3HAHUS NPU PELICHUU
THUIOBBIX IPAKTHYECKUX 3a/1a4.

5. MeTonuyeckne MaTepuaJbl, onpeaesiione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHUH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

OneHka COCTOMT M3 JBYX HPOEKTOB W IPOMEKYTOYHOIO KOHTPOJS B KOHLE TPETHETO MOIYIIS.
CryaeHTbl IOJKHBI MPOAEMOHCTPUPOBATh CBOM 3HAHUSA MO KAXKIOW TeMe JIEKIIM, Kacalollencs Kak
TeopeTHUecKUX (HaKkToB, TaK M MPAKTUYECKUX 3aha4. Bce 3amaun npoxonsT depes BCIO IUCLUILTUHY H
YCIJIOKHSIIOTCS B TEUEHUE Kypca.



WtoroBast mpoBepka IpPOXOAUT B BUAE HMTOTOBOIO IHUCHMEHHOIO 3k3aMeHa. CTyIEHTBl JOJIKHbI
MPOIEMOHCTPUPOBATh 3HAHUE TEOPETHUYECKUX (PAaKTOB, HO OOJBIIMHCTBO 3a/4a4 OyleT OLECHHMBATh UX
CIIOCOOHOCTh pEIIaTh MPAKTHYECKUE MPUMEPHI, IJIe CTYACHTHl JOJDKHBI IMOKa3aTh HABBIKM OBICTPOIO
peieHus 0a30BBIX 3a1ay.

dopmyna OrleHUBaHUS:

Ox3ameH Oymer cocrosth u3 10 3amay, mol0 GammoB 3a kaxmoe, Bcero 100 6amroB 3a 3x3amen. [lo
3aBEepIICHUHN MOATOTOBUTEIHFHOW HYacTHU CTYACHTHl TNMPEACTABIT CBOHM 3aKIIOYUTENIbHBIE MPOEKTHl U
3aIIUTIT CBOM TE3UCHI MIMPOKOW ayauTopuu. Ha 3ammuTe mpoeKTOB MPUCYTCTBYIOT HPUIIIAIICHHBIC
npodeccopa.

Htorosas oreHka 1o Kypcy BBIMUCISIETCS TIO CIEAYIONIeH hopmye:

Ofinal = 0,6*Ocumulative+0,4*Oexam

OueHKkH OKpYIISAIOTCS B IIOJIB3Y OK3aMEHATOpa/JIEeKTOpa B COOTBETCTBHU C  PETYISIPHOCTHIO
MOCEIAeMOCTH 3aHATHH W KadecTBa BTOPOTO MpoekTa. Bce olieHKH, WMEromue JIPOOHYIO YacTh
6onbuie 0,5 , OKpyIIIsIIOTCS B OOJBIIYIO CTOPOHY.



[IpumepsI BOMPOCOB K IK3aMeHY

1. Hekotopas corpaabHas CETh MMECT SKCIIOHEHITHATBHOE paciipeeeHUe CTEIIEHEH BEPIIMH
P(k) = Ce ® rie C 1 a— KOHCTAHTBI, & n3BecTHO. HaiiIuTe 0TI CeTEBBIX Y3II0B, Y KOTOPBIX
He Oostee Ko cocezeit. Mcnonb3yiite HenpepbiBHOE MPUOIKEHUE Kmin = 0, Kmax = 0.

2. Paccmorpum ciydaitHOe ONyXJIaHHWE 1O HEOPHEHTUPOBAHHOMY Tpady, NPHUBEICHHOMY
HUKe. Bpruncinre BepossTHOCTh ONAIaHus B y3el # 9 B mpejene no BpeMeHH

3. BerawmcnauTe pacnpenencHue CTECHH y3ia B Mojaenu bapabacu-AnnOepra ¢ paBHOMEPHOM
BeposaTHOCTRIO npukpermienus P(K) =1/(m_0+ T).

4. Kakoii u3 Fpa(I)OB, NpCACTAaBJICHHBIX HHIKC, Hauboee BEPOATHO TIOJYUYCH C IMOMOLIBIO

Epnoc-Penn monenu ¢ nmapamerpamu N=5 u p=0.3 [Touemy? Kakoii rpad He MOXKeET ObITh
CT€HEpHUPOBAH 3TON MOJEINbIO?

@
@

5. [na Heop1eHTUPOBaHHOIO rpada-TpeyrosibH1Ka BbIYUCAUTE U3MEHEHME MOAYIAPHOCTU NPU

pasgeneHmm ogHoro cooblyectsa Ha ABa.

6. 3a4aH rpad, COOTBETCTBYLLMI COLUMANbHOW CETU, Yy3N1aMK KOTOPOW ABAAIOTCA 04U ONPeaeNeHHOoro
nona: 0 - My:KumHbl, 1 - }KeHwWwmHbI. MpoBepbTe NapaLoKe ApyKobl: "B cpeaHem Balwm apy3sbsa 6osee
nonyaapHbI, 4em Bbl". PaccumMTaiTe COOTHOLLEHWE MEXAY CPEeAHUM KONNYECTBOM APY3el U CpegHUM
KO/IMYeCTBOM Apy3ein Apy3ei gpysei. PaccunTaiiTe COOTHOLWEHNE OTAEABHO ANA MYKUMH U KEHLLMH.,
MorkanyicTa, 06paTMTe BHUMAHMWE, YTO APY3bAMU MYKUYMH MOTYT BbITb KaK MYXKUMHBI, TaK U }KEHLIMHBI, 3
TaKXKe NoAPYrn KeHLLMH.



7.3aaaH rpad, y3n1amm KOTOpPOI ABAAIOTCA N0AM OnpeaeieHHOro Bo3pacrta. Haaute Ton-5 aBTopuTETOB
1 Ton-5 xaboB ¢ nomowbto anroputma HITS, ecnv rpaHuLLbl HaNpaBaeHbl OT 6os1ee MONOAbIX Ntoael K
6onee cTpawmm.

8. MpuBeanTe npumep rpada c NPomn3BoJIbHbIM YNC/IOM BEPLLMH, ANAMETP KOTOPOro B AECATb Pa3
NpeBbILLAET CPEAHION AMHY KpaTyalLwero nyTu.

9. Ons 3apaHHoro rpada G={{1,2,3}, {(1,2), (1,3), (2,3)}} Bbluncaute metpuky HITS ans ysnos {1,2,3}.

10. AaH rpad, y3namu KOTopow ABAAIOTCA NH0AN onpeaeneHHoro BospacTa. Halaute Ton-5
nosb3oBaTtesel no PageRank, rae matpuua nepexofoB NponopuUMOHanbHa BO3PACTy y3/1a Ha3HaYeHus.
BepoAaTHOCTb nepexoaa pasHa 0,85, BepoATHOCTb TenenopTtauunm pasHa 0,15.

11. [aH rpad. Haiante onTMmanbHOE KOAMYECTBO COOBLLLECTB MO MAaKCMMaNbHOMY Pa3pbiBY B
COBCTBEHHbIX 3HaUYeHusX rpada JSlannacmaHa. UTepaTmeHo pasaenmTe rpad Ha ocCHoBe COBCTBEHHbIX
BEKTOPOB JlanaacmnaHa rpada v YKa*KMTe KoJIMYeCTBO Y3/10B B camom 60/ibliom coobliecTse.

12. faH rpad, y3namu KOTopoin ABAAIOTCA NHOAN C ONpeaesieHHbIM PerMoHom. MNocTpoinTe BEKTOPHbIE
npeacrtassieHnn y3nos 16d, ncnonbaya ycedeHHbih SVD rpada J/lannacnana. Pasgenute y3nbl no
pervoHam u paccumTanTe oueHKy cunyaTa B sklearn.



