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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

YK-2.2 Criocoben MPOTHO3UPOBAThH pe3ynbTar
AEATEeIbHOCTH M ITAHHUPOBATh MOCIJIEIOBATEILHOCTD LIaroB
sl JOCTHXKEHHMS — JaHHOro  pesymsrara.  Dopmupyer
VK-2 CriocoGeH ynpasiisiTh IPOSKTOM Ha BceX  |IUIaH-TPAQUK peanu3aluu INPOEKTa B LEJIOM W IUIaH
3Tamax ero >KU3HEHHOTO LIUKJIA KOHTPOJIS €70 BBIIOJIHEHUS

VYK-2.3 CnocobeH opranu3oBaTh ¥ KOOPAWHUPOBATH paboTy
YYaCTHUKOB MpOEKTa, oOecreynBarh paboTy KOMaH[bI
HEOOXOIMMBIMU PeCypcaMu

OIIK-2.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 Nmeer npeacrasnenne o0 akryanbHbix |OITK-2.2 Criocoben OIICHUBATh aKTyaJIbHOCTh
mpoOiemMax HayKH U TEXHUKH B 001acTi WCCIICZIOBAHUM B 001aCTH MHPOPMATHKH U BEIYMCITUTEIBHON
MH()OPMATUKHU U BBIYUCIIATEILHON TEXHUKH, TEXHUKH U UX MPAKTHYECKYI0 3HAYMMOCTh

CcrocoOeH Ha HayYHOM si3bIKe opMyInpoBaTh  |OI1K-2.3 BrameeT mnpodecCHOHANBHON TePMHUHONOTHEHH,
PO(eCCHOHAIBHBIC 324K WCIIONIb3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU

auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
W3JIOKEHUS PE3YJIBTaTOB HAYYHOW JESATENBHOCTH B PaMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

I[IK-2.1  3naeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIHCKOMN
JEATENILHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIOCO(OUU U METOJIOIIOTHU HAYKH;
3HAHHEM METO/IOB HAyYHBIX MCCIICOBAaHHMI M HAaBBIKAMH HX
MPOBEICHUS

[1K-2 [TorumaeT 1 ciocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbIH

[IK-2.2 YMeeT NMpUMEHATH MOMyYEHHBIE 3HAHUS B 00JacTH
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU U
pemarb CTaHIApPTHBIE  3a/auHl B COOCTBEHHOM
HAy4HO-HCCIIEA0BATEILCKOM eI TENbHOCTH




Malmaln1CurrMn allliapal 1 aJlluprnimbl,
COBPEMEHHEBIE
MH()OPMALMOHHO-KOMMYHHKAI[HOHHBIE
TEXHOJIOTUHU

[IK-2.3 Nwmeer MIPaKTUYEeCKUN OTIBIT
HAy4YHO-HCCIIEOBATENIbCKON  EATENIbHOCTH B 00JacTu
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOT Ui

[1K-2.4 Bnageet MeToAaMu U alropuTMaMu PELICHUS 3a1a4
uppoBoii 00pPabOTKM CHTHAIIOB, WCIONB30BAHUS CETU
UnTrepner, AHHOTHPOBAHUA, pedepupoBanus,
oubmmorpaduIecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMU
HUCTOYHUKAMHU

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JMCUUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- 3HaTh OCHOBHBIE MTOHATHS U TEPMHUHOJIOTHIO, HCIIOIb3YEMBIE B HAYKE O CETSX;
- 3HaTh OCHOBOIIOJIArarouIve IPUHIUIIBI CETEBOM CTPYKTYPBI M 3BOJIIOLUY.

YMETb:

- yMeTbh pa3pabaTbIBaTh MaTeMaTHYECKUE MOJIETH CETEBBIX MPOIIECCOB;
- YMETh aHAJIN3UPOBATh CETEBBIE JAHHBIE PEaJIbHOIO MUpA.

BJIAJIETh:

- BJIaZICTh OCHOBOIIOJIAratOIMMHU IIPUHITUTIAMHA CETeBOI CTPYKTYPhbI U 3BOJIIOLIUH.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 BBenenne B Hayky O ceTsax 3 1 4
2 CrieHHOH 3aKOH 3 1 6
3 Mopnenu GopmupoBaHus ceTeit 3 1 6
4 AHaJn:B CTPYKTYpbl CE€TeH, Yy3JI0B U 3 1 3
cBsI3e
5 CooOmiecTBa B CeTIX 3 1 6
6 Juddyszus u snugaeMuu B ceTsax 3 2 6
7 Pacnipoctpanenue BnusHUS 3 2 6
8 HNudopmanmonnsie Kackasl 3 2 6
9 Pa3BuTHe certeil u mpecka3aHue CBI3ei 3 2 4
10  |Busyanusamus ceteit 3 2 8
Nroro yacos 30 15 60
[TonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)

Cemecrtp: 3 (Ocennwii)

1. BBenenue B HayKy O ceTsX




BBenenue B HOBYIO HayKy O CeTAX. Teopus CIOXKHBIX ceTeil. OCHOBHBIE CBOMCTBA U METPUKH CETEH.
IIpumeps! ceTeil.

2. CieHHO 3aKOH

Pacnipenenenne crenenHoro 3akoHa. Scale-free ceru. Pacmpenenenme Ilapero, Hopmanm3amus,
MOMeHTHI. 3akoH 3urnda. I'paduk yacror.

3. Monenu hbopMUpOBaHUS CETEH

Mopnens cinyuaitnoro rpada Opaoca-Penn. Pacnpenenenus Ilyaccona u bepnymnu. Pacnipenenenue
crereHelt y3moB. Pa3oBbIi Mepexo/l, TUTaHTCKUI CBS3aHHBIA KOMITOHEHT. /lnamerp u koadummeHt
knacrepa. Mogens  koHurypaumu.  Mogpens  bapaOacu-AnnOepra.  I[IpeamoututensHoe
IPUKpEIUIeHNE. YpaBHEHUE B HEMIPEPHIBHOM NPHOMIKCHUN. BpeMeHHast 3BOIOIMS CTeTeHel y3II0B.
Pacnpenenenue crenenn ysna. Cpeanas uinHa myTH U KO3 (UUHMEHT KiacTepu3auud. Mopaeinb
Manoro mupa. Mozgens Watts-Strogats. [lepexon oT peryisipHoro K ciiydaifHomy rpady, U3MEHEHHUs
ko3 umeHTa KIacTepu3aluy U CpeHeil IMHBI Ty TH.

4. AHanmu3 CTPYKTYpBI CETEN, Y3II0B U CBA3EH

MeTpuKkH EHTPAJbHOCTH y3JIOB, CTENEHHas IEHTPaJbHOCTb, IIEHTPAJIbHOCTh OIM30CTH,
betweenness LEHTPaJIbHOCTh, €igenvector LEHTPaJbHOCTb. METPHKH, OCHOBaHHbBIE Ha CTPYKTYype
rpada. PageRank, croxactmueckas wmerpuka u Teopema IleppoHa-®pobenuyca. HWrepanuun
motHocTd. Llentpsl u aroputersl. AnroputMm HITS. Panrosoe paccrosinue Kenpamn-Tay. Merpuku
CTPYKTYpHOU 3KBHBalleHTHOCTH. Paccrosaus Exnmma m Xemmunra. Koaddumment koppensiun.
Kocunycnoe cxonctBa. AccopraruBHOe cMelrBanue u romoduius. MoaynsHocTh. CMelrBaHue 110
CTEIICHSIM.

5. Coo011iecTBa B CETAX

CoobmectBa B cersax. IlmotHocTh Tpada. Pasznenenme rpada. Ilokazarenu Min-cut, quotent u
normalized cuts. JIMBU3HOHHBIE W arioMEpalMOHHbIE anropuTMbl. lloBTOpsitomeecs neneHue
nomonam.  Koppensimmonnass  marpunia.  Knactepuzamus.  Edge  Betweenness.  Anroputm
Hpromana-I'mpeuHa. CnekrpaipHble METOIBI. AJTOPHTM MaKCHMHU3alMH MOayibHOCTH (Newman).
ANNpOKCHUMAIMOHHbIE ~AJTOPUTMBL.  PaHAOMM3MPOBaHHBIH MHUHHMAIbHBIH pa3pe3 (aaroputm
Kapreca). BeposSTHOCTh HaxOXXAEHHS MHHHMAJIBHOTO pa3pe3a. MHOroypoBHEBas Iapajurma.
MHOTOypOBHEBBIN aNTOPUTM st TpadoB co cTemeHHbIM 3akoHOM. JlokanbHas KiacTepu3aliusl.
[IpoBogumocts. Anroputmsl Nibble. Graph motiffs, k-cores, nepenuce nuan u Tpuaz.

6. Iuddys3us u snuaeMun B CETIX

Ousnueckas auddysus. Ypasuenue nudpdysun. duddysus B cersax. [uckperHsiii omepartop
Jlamnaca, marpumna Jlarumaca. Pemenne ypasaenus nuddys3un. Coiydaiineie Oayxnanusi mno rpady.
Onupemndeckue wMogenu  SI, SIS, SIR. Pemenune nuddepeHunanbHOrO  ypaBHEHUS.
OrpannuuBaronye ciryyan. MoaeanpoBaHue paclpoCTpaHeHNsT HHEKIIH.

7. PacnpocTpaHeHUe BIUSAHUA

ConmanpHast quddysus. [loporoBas Monenb KOJIEKTUBHOTO ToOBeieHus1 [ paHoBerTepa. Hambonee
BIIMSATENbHBIC y3IIbl B ceTH. Kackanel B cersix. ba3oBas kackannas mozaenb. KackaaHas Mozens.

8. NudopmanimoHHbIe KaCKaIbI
Hab6monarensHoe 00ydenne. MHGopMaIimoHHbIE KaCKaIbl.

9. Pa3zBuTHe ceTel U mpenckazaHue CBsizei



Poct cern. Ymennmienune auamerpa. B3ammoneiicTBue cBsized. 3amaua MpeAcKa3zaHUS CBSI3EH.
OO0yueHue ¢ yuuTenaeM i IpeAcKa3aHusl.

10. Buzyanuzauus ceteit

Busyanbnoe wuccnenoBanue. [padudeckue cxeMmbl: paauaibHbIE, CUIOBBIE, CIEKTpPAJbHBIC.
MarpuuHas BU3yanu3anus.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
1. 3ygaem Python, nporpammupoBanue urp, BU3yajau3anus JaHHbBIX, BeO-PUIIoKeHns 1/ Dpuk Matus,
Python Crash Course,-Cankr-IletepOypr, [lurep, 2020
2. Uzyuaem Python: mporpammupoBanue urp, BU3yaan3alus JaHHBIX, BeO-IPUIOKEHUs], [pyKOBOICTBO |
/9. Martuz. — Cankr-IletepOypr, [Tutep, 2020.— URL: https://ibooks.ru/bookshelf/371712/reading
(nara obpamenus: 24.11.2020). - Ionnsiii Texct (Pexxum goctyna : u3z cetnt MOTU / Ynanennsiii
JOCTYI)

JomnonHurensHas aureparypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

[Toxbopka nHTEpeCcHBIX Jupyter-HoyTOYKOB:
https://github.com/jupyter/jupyter/wiki/A-gallery-of-interesting-Jupyter-Notebooks

baza cereBbix naraceros u3 Crendopna: https://snap.stanford.edu/data/

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

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He tpebyercs.
9. MeTonnueckue yKa3anus 1J1s 00y4al0IIUXCs 110 0CBOSHHIO TMCHMILTHHBI (MOYJIsT)

VYenenrHoe 0CBOGHUE JUCHUILIMHEI TPeOyeT:

- IIOCEILIEHUs CTYIEHTOM BCEX BUJIOB ayIUTOPHBIX 3aHATUH;

- BEJICHUsI KOHCIIEKTa B XOJI€ JIEKLIMOHHBIX 3aHATHUH;

- KQUeCTBEHHOH CaMOCTOSTEIbHOM MOATOTOBKY K ITPAKTUUECKUM 3aHATHAM, aKTUBHOH pabOTHl HAa HUX;
- aKTUBHOW CaMOCTOSATENBHOMN U ayJJUTOPHOU PaOOTHI CTY/ICHTA;

- CBOEBPEMEHHOM C/1auu MpernoaBaTesIio 3aJaHni 110 ayJUTOPHBIM BUaM paloT.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
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

VYK-2 CnocoGeH ynpaBiaTh IPOEKTOM Ha BCEX
JTamnax ero JKU3HEHHOTO LKA

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITeTbHOCTH U IUIAHUPOBATh MOCIIEAOBATEIbHOCTh 1IaroB
7 JAOCTWXKEGHUS  JaHHOro  pesynerara. ®Dopmupyer
IIaH-TpaduK pealu3alud OpoeKTa B LEJIOM U IUJIaH
KOHTPOJISI €r0 BHITTOJTHEHUS

VYK-2.3 CriocobeH opraHu30BaTh ¥ KOOPAUHUPOBATH paboTy
Y4aCTHUKOB IPOEKTa, olecneynBars paboTy KOMaHIbI
HEOOXOIMMBIMHU pecypcamMu

OIIK-2 Nmeet nipeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH
MH(QOPMATUKH U BBIYUCIUTEIBHON TEXHUKH,
crocoOeH Ha Hay4YHOM SI3bIKe (hOPMYIHPOBAThH
npodecCUOHANBHBIC 3aJIa4u

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIJICAOBAaHUM B 001acTH MHPOPMATHKH U BHIYUCIUTEIBHOM
TEXHHUKH U UX MIPAKTUYECKYIO 3HAYMMOCTh

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHUEH,
HCIIONB3YEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOHN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

[1K-2 [MorumMaeT 1 ciocobeH MPUMEHUTH B
HAy4HO-HCCIICAOBATEILCKON U PUKIIATHON
JEATEIbHOCTH OCHOBHbIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHBIN
MaTeMaTHYEeCKH anmapar U aJropuTMBbl,
COBpPEMEHHBIE
MH()OPMALMOHHO-KOMMYHHUKAI[HOHHBIE
TEXHOJIOTHH

I1K-2.1 3Haer OCHOBBI Hay4HO-UCCJIEeI0BaTEIbCKON
JEeSITETLHOCTH B 001acTH MH()OPMAIIMOHHBIX TEXHOJOTHIA,
BIIAJICET 3HAHUEM OCHOB (pMI0CO(OUU U METOOJIOTHH HAYKH;
3HAHMEM METOJIOB HAayYHBIX HCCJIETOBAaHUI M HaBBIKAMU WX
MPOBEACHUS

[IK-2.2 YMmeer npUMEHATH MOMyYEHHBIC 3HAHUS B 00JacTu
(byHIaMEHTaJIBHBIX HAYYHBIX OCHOB TEOPUH MH(POpMALNU U
pemarb CTaHJapTHBIE 3a1a4n B COOCTBEHHOM
Hay4HO-UCCJIEA0BATEIbCKOM NesTEIbHOCTH

[IK-2.3 Nwmeer MIPaKTUYEeCKUN OTIBIT
HAy4YHO-HCCIIEOBATENIbCKON  EATENIbHOCTH B 00JacTu
MH()OPMALMOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOTUI

[1K-2.4 Bnageet MeToAaMu U alropuTMaMu pELICHUS 3a1a4
uppoBoii 00pPabOTKM CHTHAIIOB, WCIONB30BAHUS CETU
UnTrepner, AHHOTHPOBAHUA, pedepupoBanus,
oubnmorpadUYecKoro MOWCKa, OMBIT PabOThl ¢ HAYYHBIMU
HUCTOYHUKAMHU

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus AucUUIUIMHBL «CTPYKTYpHBINA aHAJIM3 U BU3YaIM3alys CETei» 00ydaronics JOIKEH:

3HAThb:

- 3HaTh OCHOBHBIE MTOHATHS U TEPMHUHOJIOTHIO, HCIIONIb3YEMBIE B HAYKE O CETSX;
- 3HaTh OCHOBOIIOJIArarolIve IPUHIUIIBI CETEBOM CTPYKTYPBI M 3BOJIIOLUY.

yMeThb:

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

BJIaJd€Th:

- BJIaZICTh OCHOBOIIOJIAratOIMMHU IIPUHITUTIAMHA CETeBOI CTPYKTYPhbI U 3BOJIIOLIUH.

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




IIpumepsl IIPOEKTOB, BbIIABAEMbIX B TEUEHUE ceMecTpa (BCE NPOEKTbl CTAaBAT LENb IPeNCcKa3aTh
HEKOTOPYIO MHPOPMAIUIO O TI0JIb30BaTeNe COUATBLHON CETH):

- IPeJICKa3aTh JOKHOCTD, BO3PACT, ITOJI 1 MECTO MIPOXKUBAHUSI COTPYIHUKA;
- IpeJICKa3aTh HAYYHOTO PYKOBOIUTENS AJIsl HAYYHOT'O COTPYIHHUKA 110 0a3e myOnuKaruii;

- OIIeHKa 00JIaCTH HAayYHBIX HHTEPECOB M0 0a3e myOnuKanui;

- 110 TPO(UITI0 aBTOpa HAWTH CpellHEee KOJI-BO COABTOPOB M MHJCKC LIUTHUPOBAHUS;

- pEeKOMEHaTeIbHas CUCTEMA 17151 KOHPEPEHIMH U KypHAJIOB, IOIXOSIINX I Ty OIUKaIIY;
- IMIIOPT JaHHBIX U Mpeo0pa3oBaHue UX B rpad;

- OCHOBHBIE XapaKTepUCTHKH rpadoB;

- BU3yasinzanus rpada ¢ ucnonb3oBanueM oudnuorexku matplotlib;

- CTEMEHb y3J1a ¥ paclpeieiCHue CTEeIeHEeH y3II0B;

- KJIACTEpHU3aLHsl U BbIJIEIIEHUE COOOIIECTB;

- aHanM3 reorpaUuecKoi U NPOCTPAHCTBEHHOW MH(OpMALIKH.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[IpencrapneHsl B mpuUKperiieHHOM (aiine.

Kpurepun onennBanus
Onenka "ormuuno" (10 ©OamuioB) BBICTABISIETCSl  CTYJCHTY, I[IOKa3aBIIEMYy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHHUE YBEPEHHO
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Omnenka "ormmuuHo" (9 OayIoB) BBICTABISETCS CTYIACHTY, IOKa3aBIIEMy CHCTEMAaTH3UPOBAHHEIE,
IyOOKHe 3HaHUS y4eOHOM MporpaMMBbl TMCHHUILIMHBI 1 YMEHUE YBEPEHHO NPUMEHSTh X Ha MPAKTHKE
IIPU peIIeHUN KOHKPETHBIX 3a/1a4, MpaBHIbHOE 000CHOBAHNE MPUHATHIX PEIICHHH.
Onenka "ommuuHo" (8 0ayIOB) BBICTABISETCS CTYACHTY, MOKa3aBlIeMy DIyOOKHe 3HaHHA yueOHOI
IpOrpaMMbl JUCLUIUIMHBI M YMEHHE MPUMEHATh UX Ha MPAKTUKE MPH PEIICHHMH KOHKPETHBIX 3ajad,
MpaBUILHOE 00OCHOBAHHUE MPUHATHIX PEIICHUI.
XOpOLIO
Onenka "xopomro" (7 0alljIoB) BBICTABISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepual, TPaMOTHO H
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT HNPUMEHSTHh MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (6 0anioB) BRICTABIAETCS CTYACHTY, €CJIM OH 3HAET MaTepHall, IPAMOTHO H3JIaraeT
ero, yMeeT HMPUMEHATh MOJTy4YEHHbIC 3HAHHWA Ha MPAKTHKE, HO JOIYCKAeT B OTBETE WM B PEIICHUU
3a[a4 HEKOTOpbIe HETOUHOCTH.
Onenka "xopomio" (5 6aIoB) BEICTABISIETCS CTYIECHTY, €CIIM OH 3Ha€T OCHOBHOW MaTepual, IpaMOTHO
U3JIaraeT ero, yMeeT HPUMEHSTh MOJy4YeHHbIE 3HAHUS Ha MPAaKTHKE, HO JIOMYCKAaeT B OTBETE WJIHU B
peLIeHnH 3a/1ad4 HEeTOYHOCTH.
Onenka "ynoBneTBopuTenbHO" (4 Oamna) BhICTABISIETCS CTYACHTY, TMOKa3aBIIeMy (parMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyULIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasa, HO IPHU 3TOM
OH BJIQJICET OCHOBHBIMU pa3lelaMyd Y4eOHOH NporpaMMbl, HEOOXOOMMBIMH JJisl AalbHEHIIETo
00yueHHs U MOXET MPUMEHSTh NOITy4YeHHbIC 3HAaHUA 10 00pa3ily B CTAaHIAPTHOM CUTYyaIlUH.
Onenka "ynoBnerBoputenabHO" (3 Oama) BBICTABISETCS CTYACHTY, IOKa3aBIIEMY JOCTAaTOYHBIN
XapakTep 3HaHUH Ui JanbHEHIero o0y4yeHnss u CTyAEHT MOXET NPUMEHSTh IOJyYeHHbIE 3HAHUS 110
o0pa3iy B CTaHAAPTHON CUTYaINH.
HEYJIOBJICTBOPUTEIHHO
Onenka "HeymoBieTBOpUTENbHO" (2 Oayiia) BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAeT OONblIei
YacTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmHMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX MOHSITHIA TUCLMILIMHBI M HE YMEET NMPaBUIILHO MCIIOIb30BATH MOTYUYCHHBIC
3HAHMA NP PEIICHUU TUIIOBBIX MPAKTUYECKUX 3a/1a4.
Onenka "HeynosnerBopurenbHO" (1 6asun) BICTaBIsETCS CTYACHTY, KOTOPBIHA HE 3HAET (OPMYINPOBOK
OCHOBHBIX TOHATHI IUCHUIUIMHBI U HE yMEEeT HCIOJIb30BaTh IOIYYEHHBIC 3HAHUS INPHU DPELICHUH
TUIOBBIX MPAKTUYECKUX 3aad.



5. MeTonuyeckne MaTepuaJbl, onpeaeasiioe NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

OneHka COCTOMT M3 JBYX HPOEKTOB W IPOMEKYTOYHOIO KOHTPOJS B KOHLE TPETHETO MOIYIIS.
CryaeHTbl IOJDKHBI MPOAEMOHCTPUPOBATh CBOM 3HAHUS MO KAXKIOW TeMeE JIEKIIM, Kacalollencs Kak
TeopeTHUeCcKUX (HaKkTOB, TaK M MPAKTUYECKUX 3aha4. Bce 3amaun npoxoasaT depes BCIO IUCLUILTUHY H
YCIIOKHSIIOTCS B TEUEHHUE Kypca.

WtoroBast mpoBepka IpPOXOAUT B BUAE HUTOTOBOIO IUCbMEHHOIO 3k3aMeHa. CTyAEHTBl JOJIKHbI
MPOIEMOHCTPUPOBATh 3HAHUE TEOPETHUYECKUX (PAKTOB, HO OOJBIIMHCTBO 3a/4a4 OyleT OLEHHMBATh UX
CIIOCOOHOCTh pEIIaTh MPAKTHYECKUE MPUMEPHI, IJIe CTYACHTHl JOJDKHBI IOKa3aTh HABBIKM OBICTPOIO
peieHus 0a30BBIX 3a11ay.

dopmyna OLlEeHUBaHUS:

Ox3ameH Oynmer cocrosith u3 10 3amay, mol0 GammoB 3a kaxmoe, Bcero 100 OamioB 3a 3x3amen. [lo
3aBEepIICHUH MOATOTOBUTEIHFHON YacTH CTYACHTHI TNMPEACTABIT CBOHM 3aKIIOYUTENIbHBIE MPOEKTHl U
3aIIUTIT CBOM TE3UCHI IIMPOKOW ayauTopuu. Ha 3ammTe mpoeKTOB MPUCYTCTBYIOT HpPUIIIAIICHHBIC
npodeccopa.

Htorosas oreHka 1o Kypcy BBIMUCISIETCS TIO CIIEAYIONIeH (hopmye:

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

OuneHKM OKPYIVISIIOTCS B IOJIB3Y 3K3aMEHATOpa/IeKTOpa B COOTBETCTBHH C  PETYJSPHOCTHIO
MOCEIIaeMOCTH 3aHATUI M KayecTBa BTOPOro IpoekTa. Bcee omenku, mMeromue ApoOHYIO 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.



