degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
JupexTop pu3TEeX-IMIKOJIbI
OHMOJIOrHYeCKOM U MeTUIIMHCKOI
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: BorunciurenbHble METOABI B CHCTEMHON OMOJIOTHH
10 HANPABJIEHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: buoumnxenepus n 6uonHpopmaruka

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kageapa OnonH(HOpPMATUKU U CUCTEMHON OMOJIOTHH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: W.A. EBun, n-p ¢umiioc. Hayk

[Iporpamma obcyxneHa Ha 3acefanuu kKadenpsl ononHpopmaruku u cucremHoln ouonoruu 04.05.2020



AHHOTANMA

Ilenpro naHHOW TUCHMIUIMHBI SBIAETCS AaTh CTyAEHTaM HamOoliee Ba)KHBbIC MOHATHS COBPEMEHHOW TEOpHHU
CIIOKHBIX CETe M caMble COBPEMEHHBIC MPEACTABICHUSIMHU O CETAX XHBOW NPUPOABl B OHOIOTMU H
MeaunHe. CTyIeHT mocie 0CBOeHUs Kypca Oyaer monumarhk 6a3bl nanHbix GEO u ArrayExpressnepskammx
nHPOpPMALIMIO O TEHOME YEeIOBEKa, MHCTPYMEHTHI U aHAIM3a U BHU3yallM3alul ceTedl M rpadoB: MmakeThl
nporpamm Gephi, NetworkX, mporpamMmbl Jjisl TpeACTaBICHUST M pacueTa JaHHbIX B Matnab, Phyton,
pasznuuHble (opMaTbl JAaHHBIX, METOAbl C IOMOIIBIO KOTOPBIX IOJIYYAIOTCS OHOJIOTWYECKUE JaHHBIC
JHK-MUKpouumsl.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

AaTb CTYACHTaM HanOoyee Ba)KHbIE ITOHSITHS COBpeMeHHOI‘/'I TCOPUHN CIIOKHBIX ceTe M caMble
COBPCMCHHBIC ITPEACTABIICHUAMUA O CCTAX JKUBOM IMpupoabI B OHOIOTHU U MCOUIINHEC.

33]13‘[1/[ JAUCHUIIINHBI

(hopMHUpOBaHUE M TPAKTHUECCKOE OCBOCHHUE CTYJCHTaMM Oa30BBIX 3HAHHUH O COBPEMEHHON CeTEBOM
napajiurMe B HayKe B IICJIOM U B HEKOTOPBIX HayKax O YKHBOH MpHpoje (MOJCKYJISIPHOW OHOJIOTHUH U
MEIHUIIMHE), HEOOXOUMBIE JIJIST HAYYHO-HCCIICIOBATEILCKON U MPUKIIATHON JCITEIBHOCTH B YKA3aHHBIX
o0JacTix.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON

[MK-1 Crocoben crtaBuTh, hOpMaIN30BBIBATh 1 |MOICIIH

pears 3a1a4u, B ToM uncie paspadareiBath 1 |[IK-1.1 CrnocoGeH HaxoauTh, aHaTU3UpOBaTh U 0000MIATH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH uHpOpMaNNIO 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUHN B
H3y4YaeMbIX SBJICHHH U MPOLIECCOB, CHCTEMHO  |paMKax TeMaTH4ecKoWl o0nacTu cBoed mpodeccroHanbHON
aHAJM3UPOBATh HAYYHbIE IPOOJIEMBI, OTYy4aTh |AEATEIBHOCTH

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIHN)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

[MK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

HCCIICA0OBATCIbCKHUM U UCIIBITATCIIbHBIM

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
o0opynoBanueM (MpruOOpamMH U yCTaHOBKAMH,

OKCIICPUMCHTAJIBHBIX (‘H/ICJ'IGHHBIX) PE3YJIIbTATOB

CIICUAIIN3UPOBAHHBIMU TAKCTAMU HNPUKITAIHBIX

IporpamMm) B M30paHHOM MpeaMeTHON 001acTH 11K-3.2 Cnocoben TIPOBOAHTE IKCIHCPUMCHT

(MonenupoBaHUe) C HCIOIb30BAaHHEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI O JUCHUILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!
- 6a3wl nanHbIX GEO u ArrayExpressaepxamux nHPOPMAIIHIO 0 TCHOME YeJIOBEKa;
- MHCTPYMEHTHI AJIsl aHaJIM3a U BU3yalln3aluu ceteil u rpados: nmakersl nporpamm Gephi, NetworkX;
- IPOTpaMMBI JUTS IPEACTABICHUS U pacueTa JaHHBIX B Matia0, Phyton;
- pa3nuyHble POpMaThl JaHHBIX;
- METO/IbI C TOMOIIIBIO KOTOPBIX MOTy4atoTcst Onosnornueckue nanusie JJHK-Mukpounmnsl.
YMETb:




- IPOBOAMTH PAacyEThl OCHOBHBIX IIOKA3aTeJICH CETEH;
- BU3yaJIM3UPOBATh CETEBBIE CTPYKTYPHI;
- BBICTpaWBaTh THUIOTE3bl M IUIAHUPOBATh JKCIIEPUMEHTHI JUIS TOATBEP)KIACHUS HaOIIOaeMbIX
(heHOMEHOB.
BIIAJICTh!
- HaBbIKAMH OCBOEHUS 00IBIIOT0 00BhEMa HHPOPMAITNY;
- KyJIBTYpO# IOCTAaHOBKHM M MOJICIIMPOBAHMUS OMOIOTUYECKUX 33/1ad.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

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

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOSTENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.

Jlextiun | Cemunaper | JlaGopat. paGoOTHI pabora

Beenenue. Cetu Bokpyr Hac. CeTu Kak
1 MOJENIN CHOXHBIX cucTteM. ColuanbHbIE 2 2
cetu. TpaHCIIOPTHBIE CETH.

Beenenne Tteopuro rpadoB. OCHOBHBIC

2 3 3
TTOHSITHS.

3 Cnyuvaitieie  tpadel.  KoaddwurmeHnt 3 3
KJIaCTEpHU3aIuu.
Besmaciiradubie CETH. CreneHHoMi

4 3ak0H. CeTH OEIKOBLIX B3aMMOICHCTBUN 3 3
M METa0OINYCCKUE CETH.

5 Certun MaJjoro MHpa. Mogenb 3 3

Crporarca-Borrca.

Monenn  sBoirOIIMM  Oe3MacIITaOHBIX
6 cereil. [lpuHIMD MpPeANOYTUTETHHOTO 3 3
npucoeauHeHus. UTHEC MOJIENb.

PoGacTtHOCTh cerell. Teopust EPKOISIIH.

7 Kpurepunit Momnos-Puna. 3 3

8 Koppensauuu B ceTsix 3 3

9 CoobiecTBa 3 3
buonorudeckue ceru. Perynspreie certu.

10 |Curnanbnbie cetn. Cetn 3aboneBaHUi 2 2
YeJI0BeKa.

11 AHanmu3 MyTarui 2 2

Hroro wacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopepxaHue TUCHUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 2 (Becennuit)

1. BBegenme. Cetu Bokpyr Hac. CeTu Kak MoAenH CIOXKHBIX cucteM. ColuaibHble CETH.
TpaHCTIOpTHBIE CETH.




CnoxHble cucteMsl. [IpencraBienue cioXHbIX cucTeM B Bujie cereil. Crarhs Diliiepa 0 ceMu MOCTax
B Kenurc6epre. Teopusi rpados. ['panoserrep. Cuina cnadbbix cBsizei. Mutepuer m Bcecemupnas
nayTuHa. Teopus CIOXKHBIX ceTel Kak HoBas Hay4yHas mnapaaurma. CeTu OOIIECTBEHHOIO
TpaHcnopta MockBbl. MHorocmnoiiasle cetn JlutepaTypHble M My3bIKAJIBHBIE IPOU3BEACHHS Kak
MHOTOCJIONHBIE CETH.

2. Beenenwne Teopuro rpadoB. OCHOBHBIE TOHSITHS.

V3nel u cBs3u. CreneHb y3na. PacnpeneneHue y3imoB 1O CTemeHsM. Marpula CMEXKHOCTH H
Jlannacwan B3seniennbsie rpadpl. MuHUMalbHAsS W cpefHss JJIMHA TyTH. J[BymosbHbIe Tpadbl.
CeszannocTtb cereil. Koaddunuent knacrepuzanuu.

3. Cayuaiinbie rpadsl. Koaddumuent kiacrepuzanuu.

Monens Dpaema-Pensn. Mogens ['mnbbepra. buHOMHaNbHOE pacrpeiesicHue y3JI0B 1O CTEIICHSIM.
Cpenusiss yiMHAa TYTH B ciy4ailHoM Trpade. OBomouus ciyvaitHoro rpada. Kosddumuent
KJIacTepU3alMy CiIydaiiHoro rpada.

4. besmacmradusle cetd. CreneHHON 3ak0oH. CeTH OEIKOBBIX B3aMMOIEHCTBUNA M METa0OIMYECKUE
CEeTH.

Pacnipenenenue no crenensm, KoaddumenT knactepusanny u cpeHee pacCTOSHHE MEXIY Y3IaMu
B peanbHbIX ceTsaX. CremneHHON 3akoH pacrpeneneHus. Kputudeckue siBiaeHus. 3aBUCUMOCTD
OCHOBHBIX CBOMCTB Oe3MaciiTaOHBIX CceTeld OT ToKa3zarens crerneHW. JluBepreHuus B
O0e3macmTabHBIX ceTsx KoHdurypanuonHas wmojeiab.  benkoBble W MeTa0ONMYECKHUE CETH.
CounasibHbIE CETH.

5. Ceru manoro mupa. Moaens Crporarca-Borrca.
OkcnepumednT Munrpama. Lllects creneneil pazaenenus. Moaens Ctporarca-Borrca. lepeso Kann.

6. Mopenu s3Bomroruu  Oe3MacmTabHBIX ceTed. [IpuHIUI MPEeAnOYTUTETHFHOTO TPHUCOSAMHECHHUS.
dutHeCc MOAEIb.

Poct peansubix cereir. Untepuer 1 WWW. Ilokazarens cTeneHu, KiIacTEpU3allMM U CpEAHEE
paccrosiaue B mMozenu bA. CranroHapHOCTh 3aKOHA pacIpeesieHUs] B pacTyInuX 0e3MaciTaOHbIX
cetssx.Mognens buankonu-bapabamu (putHec Moaens).

7. PobactHocTb ceteil. Teopus nepkomsiunu. Kputepuit Momnos-Puna.

YeroitunBocTh Oe3MacTabHBIX ceTel K CilydalHbIM OIMIMOKaM W YS3BHUMOCTH K arakam. Kpurepuit
Momnosi-Puna. Ilepkonmsinust 1O y37maM W NEPKOISAIUS MO  CB3sIM.  K-simepHas TEepKOJISIHSL.
I'ubpunHbie Ba3oBbie nepexopl. BzanmoszaBucumblie cetu. KackaaHbie MOBpexICHUS.

8. Koppensuuu B ceTsix

AccopraruBHoe cmenBanue. Koagpunuent Ilupcona B 6EIKOBBIX CETSAX, COLUAIBHBIX CETAX, CETIX
00IIeCTBEHHOTO TPAHCIIOPTa U JTUTEPATyPHBIX MPOU3BEICHUAX.

9. CooO1iecTBa

MotuBsl 1 coobmectBa. 3agaya pa3OueHust rpada. Ontumuzanus MOAYISIPHOCTH. AJTOPUTM
Heromana-I ' upBana.

10. buonornyeckue ceru. Perymsipasie cetu. Curnanbhbie ceti. CeTn 3a00JIeBaHUil YelloBeKa.



Oco0OeHHOCTH aHanM3a OHKCIPECCHH TEHOB B OIYXONSX W IPH HCCICIOBAHUHM XPOHMYSCKHUX
3a0oneBannii 4enoBeka baza manHeix GEO.  ®enortunmueckue cetu 3aboneBaHuii. Mopaynb
3aboneBanus. B3anmoseiicteie Mmomyseii 3a0oneBaHui.

11. AHanu3 MyTanui

Mytanuu, ux kinaccudukanus. CHHOHUMHYHBIE ¥ HECHMHOHUMHUYHBIE 3aMeHbl. llommmopdusm B
reHe. Bapualuu A03bl reHa. OyHKIMOHANBHBIN aHanmn3 Myrtanuu. llpenckasaresibHble MOIXOABI:
KOHCEpBAaTUBHOCTh, porpaMMbl Mutation taster, PolyPhen-2, SIFT+Provean. DxciepuMeHTanbHbIE
METOIBI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

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

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
ITpenocrasmnsiercs Ha kadenpe:
1) Barabasi A-L. Network Science. Cambridge University Press. 2016
2) Dorogovtsev S.N. Lectures on Complex Networks. Oxford University Press. 2010
3) Cohen R., Havlin Sh. Complex Networks. Cambridge University Press. 2010

JomnonHurenbsHas auTeparypa

[Mpenocrasnsiercs Ha kadeape:
1) Newman M. Networks: An Introduction. Oxford University Press. 2010

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

Hay4no-0nbnuorpaduueckre u naTeHTHbIC 0a3bl JaHHBIX B 00J1aCTH (PU3UKO-XUMHUYECKONH OUOJIOTHH,
nocTymnHele 1o cetd MuTepHeT B OecriatHoM pexkume - Science Citation Index (Web of Science),
Medline (PubMed), Hayunast snextponnas oubnmoreka (HOB), Poccuiickas marentnas bJ] ®I'Y
OUIIC u amepukanckas natentHast b/l USPAFULL; sanexTpoHHbIE agpeca KPYIHBIX HayYHbBIX
W3/1aTeTbCTB, PEIO0CTABIAIOMUX JOCTYII K IOJIHBIM TEKCTaM TEKYIIUX M APXUBHBIM BBIITYCKaM 3THX
KYPHAJIOB.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Hoctyn B UaTepHeT, JlonmomHuTeNbHO TporpaMMHOe obecriedenue He Tpedyercs. s yacTu 3aHATHI
norpebyetcs Zoom. Google Drive ans noctyna k Marepuanam Kypca. [IpuBercTByeTcst HajIuIue BO
BpeMsi 3aHATHI cMapT()OHOB/HOYTOYKOB JIJIsl y4aCTUSI B UHTEPAKTUBHBIX YIIPAKHEHUSIX.

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

CryneHT, M3y4yalOlM{d AWCUUIUIMHY, JOJDKEH C OJHOMW CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTare U3yUCHHUA AUCHUIUIMHBI CTYACHT AOJKECH 3HAThb OCHOBHBIC ONPCACIICHUS NUCHUIIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.

VYenenHoe ocBoeHue Kypca Tpedyer:

— MOCEIICHHUS BCEX 3aHATHH, IPEAYCMOTPEHHBIX YYeOHBIM TJIAHOM 10 AUCLUILINHE;
— BeJICHHsI KOHCIIEKTA 3aHITHI;

— HanpspKEHHON CaMOCTOSATENILHONW PaOOTHI CTY/ICHTA.



CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHUE PEKOMEHIOBAaHHOH JIUTEPaTypBI;

— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSITEIIbHOTO H3yUCHHUS;

— peleHue 3a1a4, npeaiaraeMbIX CTYICHTaM Ha 3aHATHSX;

— MOJTOTOBKY K BBIITOJIHEHHIO 33JJaHUH TEKYyIIeH 1 MPOMEKYTOYHOM aTTeCTaluy.

[TokazareneM BiaJieHHS MAaTEPHAJIOM CITy>)KUT YMEHHE O3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI IO TEMaM
JHMCILUIIIHHBL

BaxHO 10OWTHCA MOHMMaHHS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYIHEHUU M3y4YeHMs OTAENBHBIX TEM, BOIIPOCOB, CIeIyeT oOpamarbcs 3a KOHCYJIbTalUsAMH T
MPEIo/IaBaTeto.

Bo3MOXeH MPOMEKYTOYHBIH KOHTPOJIb 3HAHUI CTYJACHTOB B BHJE PEIICHUS 33a]a4 B COOTBETCTBUH C
TEMAaTUKOW 3aHATHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: buounxenepus n 6uonHpopmaruka
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kageapa OnonH(HOPMATUKU U CUCTEMHON OMOJIOTHH
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: W.A. EBun, n-p ¢pumiioc. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEIbCKAM H UCTIBITATEIIbHBIM
obopynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3NPOBAHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCIOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TPOTPaMM)

IMK-3.3 CnocobeH oIeHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIHCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare uzyueHusi AMCHUIUIMHBI «BBIYHCIHTENBHBIE METONBI B CUCTEMHON OHOJIOTHNY OOYyYaroluiics

JIOJKEH

3HAThb:

- 6a3p1 manabIX GEO n ArrayExpressaepskammx nHGOpManuio 0 reHOMe YeI0BeKa;
- HHCTPYMEHTBI JJIsl aHAIIN3a ¥ BU3yalln3alluu ceteit u rpadoB: maketsl nporpamm Gephi, NetworkX;
- IPOTpaMMBI JUTS IPE/ICTABICHUS M pacdyeTa JaHHBIX B Matina0, Phyton;

- pa3nuuHble (popMaThl TaHHBIX;

- MCTOJbI C ITIOMOIIBIO KOTOPBIX MOJYYAOTCA OHOJIOTHYECKHE JaHHBIC I[HK—MI/IKPO‘H/IHLI.

yMeTh:

- IPOBOAUTL PaCUCThl OCHOBHBIX IoKazareieit CeTefI;

- BU3yaJIN3UPOBATh CETEBbIE CTPYKTYPHI;

- BBICTpAWBATh THUIIOTC3bl W IIJIAHUPOBATH OSKCICPUMCHTBI Ui TMMOATBCPIKACHUA Ha6J'IIOI[aeMBIX

(heHOMEHOB.
BJIaJIeTh:

- HaBbIKAMH OCBOEHUS 00Jb1I0T0 00BbEMa HHPOPMALINY;
- KyJIbTYpO# OCTAaHOBKU M MOJICIMPOBAHUS OMOIOTHYECKUX 3a/1ad.

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

Bo BpCEMs TCKYIICTO KOHTPOJIA CTYACHT JOJDKCH YMCTh OTBCTUTDH HA CJICAYIOMIUC BOIMPOCHI:

MHOrocI0UHbIE CETH.

Mopnens Opaema-Penbu.
Mopnens ['mnbbepra.
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Teopus rpados. I'panoBertep. Cuina cnadbix cBsizel.
V3761 u cBsa3u. Crenens y3na. Pacnipenienenue y3aoB M0 CTEIECHSM.

JIBynonbuble rpadbl. Cs3anHocTh ceteil. Koadduuument knacrepuzanum.

Opomonus ciyyaitnoro rpada. KosddunmenT knacrepusanuu ciyyaitHoro rpada.
3aBHUCHMOCTb OCHOBHBIX CBOWCTB 0€3MacIITa0HBIX CETeH OT MOKAa3aTelIs CTEIEeHH.



9. Jluseprenmnus B 6e3MaclITaOHBIX CETSX.

10. benkoBble 1 METAOOIMYECKUE CETH.

11. Mognens Crporarca-Botrca. [lepeBo Kamnu.

12. Kputepuit Momnos-Puna.

13. Iepkossiyst 1o y37aaM U MEPKOJSIIUSA 10 CBA3IM. K-siepHas nepkossius.

14. OcobeHHOCTH aHalW3a JKCIPECCHH T€HOB B OIYXONSX M TMPH HCCICJOBAHUM XPOHHUYECKHX
3a00JIeBaHNH YEI0BEKa.

15. denoTunmueckue ceTu 3a00JIEBAHNI.

Bo Bpemst 3aHATHII MOTYT IIPOXOANTH HHTEPAKTHBHBIE OOCYKACHUS B yaTax Kypca, 4To OyJeT sSBIATHCS
JOMAIlHUM 3aJaHieM. BO3MOXXHO BBINOJHEHHE MAaTEHTHOTO IOMCKa B KaueCTBE CaMOCTOSITEIBHON
3a7a4d. YCIEIIHOE BHITOJHEHUE BCEX 3a/IaHUi 110 KypCy U BBIITOJHEHHE KOHTPOJIBHBIX CPE30B 3HAHUIM
JlaeT MPEUMYIIECTBO Ha dK3aMeHe B U PepeHIIMPOBAHHOM 3aueTe.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaroumuxcst

. Teopus rpados.. [ panoBerTep. Cuna cnadbIx CBA3EH.

. MHorocnoiiasle ceTH.

. Y3nb1 u cBs3u. CreneHs y3na. Pacnipenenenue y3/10B O CTETICHSIM.

. JBynonbHsie rpadsl. CBszanHOCTh ceTeil. Koaddunuent kinacrepuzauuu.

. Mogenp Dpnemia-Penbu.

. Mogens ['mibbepra.

. OBomonus cinyvaitoro rpada. Koadduunent knacrepuzanuu ciydaiHoro rpada.
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. 3aBHCHMOCTh OCHOBHBIX CBOMCTB 0e3MacIITa0HBIX CETCH OT MOKa3aTes CTCICHH.
9. JluBeprennus B Oe3MacIITaOHBIX CETAX.

10. BenkoBBIe 1 METa0OIMUECKUE CETH.

11. Mognens Crporarca-Borrca. [Jepeso Kann.

12. Kpurepuit Momnos-Puna.

13. Tlepkomsanus mo y3jiaM U IEePKOJISAIUS 10 CBs3sM. K-simepHast mepKOJISIus.

14. OcoOeHHOCTH aHamu3a JKCIPECCHH TCHOB B OMYXOJNSAX M MPH HCCICAOBAHHM XPOHHUYCCKUX
3a00J1€BaHMil YeI0BEKA.

15. denorunuueckue cetu 3a00JICBaHNH.
[Mpumeps! OUIETOB:

buner Nel

MHOroCIJIOHHBIE CETH.

buner No2

Kpurepuit Momnnos-Puna.

buner Ne3

Mogens Dpaemia-Penbu.

buner Ne4

JluBepreHius B 0e3MaciTaOHbIX CETSIX.
buner No5

Monens ['mnbbepra.

Kpurepun onennBanus

Onenka ommyao (10 OamnoB) - BBICTABIISIETCSI CTYACHTY, I[IOKa3aBIIEMYy BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka ommyHo (9 0amwioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Onenka omm4HO (8 0amwuioB) -  BBICTABISIETCS  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
IPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
peIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.

Ouenka xopouio (7 6aIoB) - BBICTABISETCS CTYICHTY, €CIM OH TBEPJO 3HAET MaTepHaj, TPaMOTHO M
MO CYIIECTBY HM3JIaraeT €ro, yMeeT NMPHMEHSITH MOMYYCHHBIC 3HAHHUS Ha MPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomuro (6 6ayuIoB) - BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuall, TPaMOTHO H
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHATH IOJy4YCHHBbIC 3HAHMS HA MpPAKTHKE, HO JOMYCKAaeT B
OTBETE WJIH B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka xopomio (5 0aiIoB) - BBICTABISETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
TPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTH IOJy4YCHHbIC 3HAHUS Ha INPAKTUKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OrneHka yIOBIETBOPUTENHHO (4 Oamna) - BBICTABISICTCSl CTYIACHTY, MOKa3aBileMy (parMEeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B U3JIOKEHUH TIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3leibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka ymoBieTBOpUTENbHO (3 Oamna) - BBICTABISIETCSl CTYIACHTY, MOKa3aBileMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIyYEeHHbIC 3HaHU JJa’Ke B CTAHAAPTHON CUTYalHU.

OueHka HEy10BIETBOPHUTENBHO (2 Oaa) - BEICTABIISETCS CTYJCHTY, KOTOPBIi He 3HaeT OoJbIIeH JacTH
OCHOBHOTO COZCP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JONYCKaeT rpyOble OMMUOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIMUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHHS NP PEIICHUN
THUIIOBBIX 33]1a4.

Onenka HeynosieTBopuTesnbHO (1 Oamt) - BBICTABISIETCS CTYACHTY, KOTOPBIM HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBeneHMH YCTHOTO 3K3aMeHa oOywaromemycst npepoctasisercss 30 MUHYT Ha IHOATOTOBKY.
Onpoc ofydaromierocst 1Mo OwjeTy Ha YCTHOM 5K3aMEHE HE JIOJDKCH IMPEBBIIATh OFHOTO
aCTPOHOMMUYECKOI'O yaca.



