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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass mporpamma AucUUIUIMHBL (MOIyns) «MeETOJbl JUCKPETHOM ONTUMH3ALUN»
COCTaBJIEHA B COOTBETCTBHHM C (hefiepallbHbIM roCy1apCTBEHHBIM 00pa30BaTENbHBIM CTaHIAPTOM
BbICIIEro oOpa3oBaHMsi — OakanmaBpuar 1o cnequanbHocT 02.03.01 Marematuka u
KOMIIbIOTEPHbIE HayKH, Npopuiab MaTemaTuka M KOMIIBIOTEpHbIE HAyKH, YTBEP)KICHHBIN
nprka3oM MHHHCTEpCTBA HayKH M BbIciIero oOpasoBanusi Poccuiickoii @enepanuu Ne 807 ot
23.08.2017 rona.

N3yuenne aucuuiuidHbel (Moayinsi) «MeToabl JUCKPETHOW ONTHMH3ALKUY» MO3BOJSET
CTYACHTaM IIUPOKO IPUMEHSTH IIOJIyYCHHbIE 3HAHMA B PaA3IMUYHBIX O0JACTSIX, TAKMX Kak
HKOHOMHKA, WH)KEHEpUsI U MHPOPMATUKA, YTO MO3BOJISAET 3()(HEKTUBHO PEHIaTh MPAKTHUYECKUE
3agauu. Kpome Toro, 3HaHue 3TUX METOJIOB CIIOCOOCTBYET PA3BUTHIO AHATUTUYECKOTO MBIIIICHUS
Y HaBBIKOB PEIICHHS] KOMIUIEKCHBIX MPOOJIEM.

MecTo AMCHUILINHBI (MOYJIS) B CTPYKTYpe 00pa30oBaTe/ibHON MPOrpaMmbl

Hacrosimas mucuumuinHa (Moyi1b) BKJIFOYEHA B YUEOHBIN IIJIaH 110 IPOTrpaMMe TTOATOTOBKH
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
MaremaTHKa 1 KOMITBIOTEPHBIC HAYKH U BXOJAUT B 00s13aTeNIbHYI0 YacTh biioka 1 kak aucuuruimHa
0 BBIOODY.

JuctummHa (MOAYIb) u3yvaercs Ha 4 Kypcee B 7 win 8 ceMecTpe Ha BBIOOP.

Henb wu3yyeHust AUCHUILIMHBI (MOAYJISA). 3aKIIOYAaCTCs B OCBOCHUU CTYACHTAMHU
OCHOBHBIX TEXHUK 1 QJITOPUTMOB, TIO3BOJIIOIINX HAXOAUTh ONITUMAJIbHBIE PELICHUS B Pa3IM4HbIX
3a/1a4ax, CBSI3aHHbBIX ¢ MAaKCUMU3ALMEN WM MUHUMU3aLKEN (QyHKIUI.

3agaum M3y4eHHUs AUCHMILUIMHBI (MOAYJIs1) HalpaBjieHbl HAa (POPMUPOBAHUE Yy CTYJEHTOB
CJIEYIOIIMX 3HAHUI, YMEHUI U HABBIKOB.

3Hamy:

— OCHOBHBIE PEJIEBAHTHBIE ITOHATUS BBIYMCIUTEIBHOM CIOKHOCTH: Kinaccel P u NP, NP-
noytHOTa U NP-TpyHOCT®;

— wiaccnueckne NP-TpyaHple 3a7adu: IMOKPBITUE MHOYKECTBA, PIOK3aK, YIAKOBKa B
KOHTEHWHEpBI, KOMMHUBOSIKED;

— TEpPMHUHOJIOTHIO MPOTPAaMMHUPOBAHUS B OFPAaHUYECHUSX, IPUHIMIIBI PabOTH COJIBEPOB,
JyYIIA€ NIPAKTUKU MOJIEINPOBaHUS,

— OCHOBBI JJUHEHHOr0 MPOrpaMMHUpPOBaHUS U CBsI3b LP-penakcaniun ¢ KoMOMHATOPHBIMU
3a/1a4aMHy;

— OCHOBHBIE JBPHUCTHYECKHE M META3BPUCTHYECKHUE TOIXOJBI: KaJHbIC AITOPUTMBI,
JIOKaJIbHBIN MOMCK, UMUTALINS OTXKHIa, TA0y-TIOMCK, FTeHETUYECKUE allTOPUTMBI;

ymembp:

— crpoutb CP-mozenu anis 3agau ontumusanuu B Python (PyOMO) u MiniZinc;

— TPUMEHATh METOAbl CHSTHUS CUMMETPUHM M BbIOMpATh MOAXOASIIME TIJI00aTbHbIE
OTpaHUYECHUS;

— (opmynupoBaTh JTMHEHHBIE U LIETOYUCICHHBIE MOJIENHU /1151 KOMOMHATOPHBIX 3a/1a4;

— peaJn30BBIBATH Ka/IHBIC AITOPUTMBI U OLIEHUBATh KA4€CTBO MTOJIy4aeMbIX PEIICHMII;

— MPUMEHATH METOJ] BETBEH U I'PAHUIL C UCIIOJIb30BaHUEM LP-01eHOK;

— peaJn30BBIBaTh AITOPUTMBI JOKAIBHOTO IIOUCKA U META3BPUCTHUKH;

enaoems:

— HaBBIKAMH MOJIETTUPOBAHUS ONTUMHU3ALIMOHHBIX 3a1a4y B napajgurme
IIPOrpaMMHUPOBAHUS B OTPAHUYEHUSX;

— MeroAaMu okpyriieHus LP-pemenuit ais noctpoeHus: NpuOIMKEHHBIX pEeLICHUIH;

— TEXHUKAMM JIOKAJIBHOTO IONCKA: OCTPOCHUE OKPECTHOCTEM, 2-0pt, METOIBI BBIXOAA U3
JIOKaJIbHBIX ONTUMYMOB;
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— M[oaXoAaMH K pa3paboTKe TUOPUAHBIX QJITOPUTMOB Ha OCHOBE KOMOWHAIMA
HECKOJIbKMX 3BPUCTUK U MOAXO0J0B (B yacTHOCTH, LNS).
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYarOLIMXCS € IeJarornd4ecKUMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xanue HNupukatop [epeuens njaHNpyeMBbIX
KOMIIeTeHLIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JAMCUHMILIMHE (MOXYJII0)
VK-1. Crioco0eH OCyIIeCTBIISATh VK-1.1. 3HaeT MeTOAbI MOKUCKA U aHaJIN3a
TIOWCK, KPUTHYECKHI aHaJIH3 WHPOPMALIUK B 00JIACTH
U cUHTe3 uHpopmMauuy, HCKYCCTBEHHOT'O MHTEJICKTA,
HIPUMEHSTh CUCTEMHBIH OCHOBHBI€ ITPUHIIHUIIBI KPUTUIECKOM
MOJXOJ TSl peIeHHUs OILIEHKW UCTOYHHKOB HH(OPMALIUU U UX
MOCTaBJICHHBIX 3a/1a4 peNeBaHTHOCTH
YK-1.2. YMeeT KpUTUYIECKH OIICHUBATh
WCTOYHUKHU UH(OpMALUHU U
CHHTE3MPOBATh JaHHBIC U3 Pa3INYHBIX
WCTOYHUKOB ISl PELICHUs 3ajad,
MPUMEHSTh CHCTEMHBIH MOAXO0]] K
aQHAIU3y U PEIICHUIO KOMIIEKCHBIX
mpo0iieM
YK-1.3. HMeeT npakTHUECKHUIA OTBIT pabOTHI C
COBPEMEHHBIMU HHCTPYMEHTAMH H
TEXHOJIOTHSIMH JJT1 00pabOTKH
nHpopMaIuu, GOpMyIHPOBAHUH H
CTPYKTYPUPOBAHUH 33124 HA OCHOBE
noJy4eHHol nH(opMamu
YK-2. CriocobeH onpeaensTe Kpyr YK-2.1. 3HaeT ACUCTBYIOIINE IPaBOBBIE
3a1a4d B paMKax HOPMBI, PETYJIMPYIOIINE AEATETbHOCTD
MOCTaBJICHHOH LIeJIN U B 00JIACTH PELICHUS 3a/1a4, OCHOBHBIE
BBIOUPATH ONTUMAITEHBIE METO/BI ¥ IOAXO/IbI K ONPE/ICTICHUIO
CHOCOOBI MX peIIeHHS, Kpyra 3a7a4
UCXOJIS U3 NEUCTBYIOIINX YK-2.2. YMmeeT onpenensaTe Kpyr 3a1a4 B
MPaBOBBIX HOPM, paMKax IOCTaBJICHHOH 1M, BHIOMpATh
UMEIOIIIUXCS PECYPCOB U ONTUMAJILHBIE CIIOCOOBI PEIICHUS
orpaHUYeHHN 3aj1a4, YYUTHIBAs HMEIOIINECS PECYPCHI
Y OrpaHUYEHHUs
YK-2.3. NmeeT npakTUYECKH OTIBIT
MPUMEHEHUS 3HaHUH O MTPaBOBBIX
HOpPMax M pPecypcax B peajbHbIX
CUTYyalusx, pa3paboTKy U peanu3anuu
peleHnd B COOTBETCTBUH C
YCTaHOBJICHHBIMU OIPaHUYCHUSIMU
OIIK-1. CnocobeH KOHCYTbTHPOBATh OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIINH U TEOPUH
W HCTIOJIh30BaTh B 00JIACTH MaTeMaTHYECKOTO aHAIN3a 1
¢byHaaMeHTaIbHbBIE 3HAHUA B CMEXXHBIX JUCLUUILINH; METOABI U
001acTH MaTeMaTHYECKOTO MIOJXO/IbI, HCIIOJb3yEMbIE B Pa3IMIHBIX
aHam3a, KOMILIEKCHOTO U 00acTsiX MaTeMaTuKu
(GYHKIIMOHAILHOTO aHAaJIH3a OIIK-1.2. YMeeT mpuMeHsITh MaTeMaTHIeCKe

anreOpbl, aHATTUTUIECKOM
TEOMETpPHH,

METOABI AJIS PEIICHUS
npoecCuOHAIBHBIX 3a1a4
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nuddepeHInanbHOR
TE€OMETPHUH U TOMOJIOTUH,
JudQepeHnInanbHbIX
YPaBHEHUH, TUCKPETHON
MaTeMaTHKH U
MaTeMaTHYCCKOM JTOTHKH,
TEOPUHU BEPOATHOCTEM,
MaTeMaTHYECKOU
CTaTHCTUKHU U CITy4alHBIX
MIPOLIECCOB, YHCIECHHBIX
METOJIOB, TEOPETHUECKON
MEXaHUKH B

OIIK-1.3.

NmeeT nmpakTUUEeCKUNA OMBIT
pa3pabOTKH U peam3aIus
MaTEMaTHYECKUX MOJICIICH B
po(heCcCUOHATBHOMN NCATENbHOCTH

poheCcCUOHANTBHOMN
JEeSITeIbHOCTH
OIIK-4. CnocoOeH HaXOINTh, OIIK-4.1. 3HaeT 6a30BBIe OCHOBBI COBPEMEHHOTO
aHAJIM3UPOBATH, MaTeMaTHYecKOro arnmapara,
peanr30BbIBATH IPOTPAMMHO CBSI3aHHOTO C IPOEKTUPOBAHUEM,
Y UCIIOJIb30BaTh Ha pa3palboTKOi, pealu3aliei U OlEeHKOM
IpPaKTHKE MaTeMaTHIECKHE Ka4ecTBa MPOTPAMMHBIX ITPOIYKTOB
QIITOPUTMBI, B TOM YHCIIE C HpPOrpaMMHBIX KOMIIEKCOB B
MPUMEHEHUEM COBPEMEHHBIX Pa3IUYHBIX 00JIACTSX YeTIOBEUECKOM
BBIYUCIUTEIBHBIX CUCTEM JeSITeTbHOCTH
OIIK-4.2. YMeer Ucnonb30BaTh 3TOT
MaTeMaTHYEeCKUH anmapar B
npodeccnoHabHOM A TETbHOCTH
OIIK-4.3. NmeeT npakTU4eCKUN OTBIT
MPUMEHEHHUS] COBPEMEHHOTO
MaTeMaTHYecKOro arnmapara,
CBSI3aHHOTO C TIPOSKTHPOBAHUEM,
pa3palboTKOi, pealn3aliei U OlEeHKOM
Ka4yecTBa MPOrPaMMHBIX MPOAYKTOB U
HPOrpaMMHBIX KOMIUIEKCOB B
Pa3IMYHBIX 00IACTSIX YETOBEUECKOM
JIeSITeTbHOCTH
[K-1. CriocobeH popmynrpoBath IK-1.1. 3HaeT MEeTObI M MOAXOIBI K
3a7a4M C MaTeMaTHYECKOM (bOopMyIHPOBaHUIO 33]1a4, a TAKKE
TOYHOCTBIO, 0OOCHOBHIBATH OCHOBHBIE MTPUHIIUTIBI
YTBEPKICHUS CTPOTO H MaTeMaTHYeCKOTro JI0Ka3aTebCTBa U
aHATM3UPOBATH TIOTyYEHHBIC aHasm3a pe3yabTaToB
pe3yabTaThl B 00J1aCTH IK-1.2. ‘YMeeT KOppEeKTHO CTaBUTh U
MaTeMaTHKH U (bopMyaHpOBaTH MaTEMaTHIECKHE
KOMITBIOTEPHBIX HayK 3a7a4, IPUMEHSATh CTPOTHE METOIbI
JIOKa3aTeNbCTBA U aHAITM3HPOBATh
MOJTyYEeHHBIE PE3yIbTAThI
I1K-1.3. Hmeet onbIT paboThI ¢ 331a4aMU B
001acTH MaTEMaTHKH U
KOMITBIOTEPHBIX HAyK, BKIFOUYAs
MPUMEHEHUE MaTeMaTHUECKIX METOJIOB
JUTS PELICHUS IPaKTHYECKHX 3a1a4
[K-2. CriocoOeH pemarb THIIOBBIE I1K-2.1. 3HaeT OCHOBBI MH)OPMALIMOHHON U

3a1a4yu pohecCuoHaIbHON
NEITENILHOCTH B 00JIacTH
I/ICKYCCTBCHHOFO

Ooubnmorpaduueckont KyabTyphl, a
TaKOKe MPUHIUIBI HHPOPMATHOHHOM
6€301acHOCTH ¥ MPUMEHEHUS
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HHTEIUIEKTA, OMHPAsiCh Ha
HHGOPMAITHOHHYIO H

UH()OPMAITHOHHO-KOMMYHHKAITHOHHBIX
TEXHOJIOTHH B IPOGECCHOHATBHOM

oubnuorpaduveckyro JeSITeIbHOCTH

KyJIbTYpY, UCIIONB3YsI [K-2.2. Ymeet 3 (heKTHBHO HCIIONB30BATh

MHQOPMAIIIOHHO- WHPOPMAITMOHHO-KOMMYHUKAITHOHHBIE

KOMMYHHKAI[HOHHBIE TEXHOJIOTHH JUTS PEIICHHS

TEXHOJIOTHH ¥ YYUTHIBAS CTaH/IAaPTHBIX 3a1a4

OCHOBHBIE TPeOOBaHMUS npodecCHOHAIBHON IeATEHHOCTH,

MHPOPMAaITMOHHOH YUYHUTBIBasi TPEOOBAHUS

Oe3omacHoCTH WH(GOPMAITMOHHON O€301MacHOCTH

IK-2.3. HmeeT onbIT paboOThI ¢
WHPOPMALTMOHHBIMH PECypCaMu 1
TEXHOJIOTHSIMU B 00J1aCTH
HCKYCCTBEHHOTO HHTEIJIEKTA, BKITIOYAs
cobimoteHre HOpM HH()OPMATOHHOM
0e30macHOCTH
T1K-3. Crioco0OeH NPUMEHSITh [1K-3.1. 3HaeT OCHOBHEIE METO/IBI

METO/Ibl MATEMaTHYECKOTO U MaTeMaTHYeCKOro 1

ITOPUTMHUYECKOTO ITOPUTMUYECKOTO MOJCITUPOBAHUS, &

MOJETHPOBAHUS IS TaKOKe X MPUMEHEHHUE ISl PeIICHUS

peleHHs KaK TEOPETUYECKUX U MPUKJIAJHBIX 3a/1a4

TEOPETHUUECKUX, TaK U [K-3.2. YMeeT NpUMeHsTh METOIbI

NpPaKTHYECKUX 3a/1a4 B MaTeMaTHYeCKOTo 1

paMKax npogecCHOHATBHON ANTOPUTMHUYECKOTO MOCTHPOBAHUS

JeSITeTbHOCTH JUTSL aHAJIN3a U peIeHHs Pa3THIHbIX
3aja4 B 00JaCTH MaTeMaTHKH U
KOMITBIOTEPHBIX HayK

I1K-3.3. HMeet OnBIT HCIIOTIB30BAHUS METOAOB

MaTeMaTHYECKOT0 U
AITOPUTMHYECKOTO MOEITUPOBAHUS
IIPY PELIEHUH TEOPETHUECKUX U
NPUKJIAIHBIX 337a4 B
npodecCHOHAIBHON 1eATEbHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl
n HaumenoBanue Ounas ¢hopma
pa3jaena AMCHUIIHHBI KonTakTHas padora TUK y
(Moxys) Tex Cevunapbr | Komp CamocTrosiTe (TeKyIHii KOHTPOJIb
JbHAA ycneBaeMoCTH)
oMu | (MpaKkTHYecK 0J1b
pa6ora
ue 3aHATHS)

1 BBejeHre B TUCKPETHYIO 10 10 40 Jlomanrnve 3amanus,
ONITUMU3AIUIO 1 [loaroroBka k
MOJICTTUPOBAHKE ceMUHapy

2 Kanubie 3BpUCTUKH B 10 10 42 Homarinue 3ananus,
ONITUMU3AIUHI KonTponbHas paborta

3 PaznudHbIe METOIBI 10 10 42 Jlomarnue 3aganus
peuieHus [Moaroroska k
ONTHMU3AIMOHHBIX 3374 CEMHUHAPY
3auem c oueHKoll 6 Hrorosas pabota

Hmozo: | 30 30 6 124
Oo6vem oucyunaunvt (mooynsn) (6 190
ax. 4.)
O6vem oOucyunauunst (Modyns) (e 5
3au. eo.)
4. CopepxaHue JMCUUILTHHBI (MO1YJIs)
Neni/mm HaumeHoBaHue pasaeiia Conep:xanue TUCHUIUTHHBI (MOYJs1) IO TeMaM
JUCHHMIJIMHBI (MO1YJIs1)
1 Beenenne B muckperHylo | Beemenue. Tpynnsle 3agaun BemotHUMOCTH (satisfiability) u
OTITHMH3AIINIO U | orrruMu3aiuu (optimization), cBs3bp Mex 1ty HUMU. [IpuMepsr 3amad:
MOJIEITHPOBAHHE 3a/1a4yn 00 yImakoBKax, O MOKPHITHAX, 3a/1a4H Ha Tpadax.

OCHOBBI IPOTPAMMUPOBAHMS B OrpaHIUeHUAX. OTINYHS OT
MMIIEPaTUBHOTO MPOrpaMMHUpOBaHusl. Pa3HooOpa3ue moaxonoB K
MOJIETTUPOBAHUIO HA TTpUMepe 3a/1aun 0 pep3sax. BaxxHelimme noHATHS B
MPOTPAMMHUPOBAHHUHN B OTPAaHUYEHUSIX: 00JIACTh IOUCKA, TPOTATIKUBAHNE
OTrpaHUYCHHUIH, TJI00AJIbHBIC OTPAaHUYCHHUSI, U30BITOUHBIC OTPAHUYCHUS.
CHsTHE CUMMETPUHU.

[TaTTepHbl MOETMPOBAHMS: 3a/1a4a O PIOK3aKe, 3a/1ada KOMMHUBOSKEDPa,
YIaKOBKH, pacniucanus. JInneinoe nporpamMmmupoBanue. CI0KHOCTb
3amay JIIT u LJIII. JInuneiinas penakcanus KOMOMHATOPHBIX 3a/1a4.
Oxpyrienne LP-pemennii: 1eTepMUHIPOBAaHHOE OKPYTJIEHNE Ha
MIpUMepax 33Ja4u O PIOK3aKe U MOKPBITHI MHOYKECTBA.

2 “KanHble 3BpUCTHKH B 2Kagnble 3BpUCTHKY: 3a/1a4a MOKPHITHS MHOXKECTBA U 3a/1adya O PIOK3aKe.
ONTHMHU3aLUU CBs13b 3a71a4 0 epeBbsx U 00xonax rpados. ObmIas, MmeTpudeckas u
€BKJIMJIOBA 33J1a4l KOMMUBOsDKEpA. JKaHble allrOpUTMBI B 3a7a4e
KOMMUBOSDKEpaA: OmmKaimii coces, KpaTdailnie BCTaBKH, allTOPUTM
Kpucroduaeca.
3 Paznuunsie metos pemenus | [lepebop ¢ BozBpaTtoM u MeTox BeTBei u rpanull. [Ipumepsr: 3aga4un o

OIITUMU3AIIMOHHBIX 3a1a4

PIOK3aKe U KOMMUBOSIKEPA. JIOKaIbHBIN MOUCK: OKPECTHOCTH,
BocxoxaeHue, 2-opt st TSP. [Ipobiema JTIoKamTbHBIX ONTHMYMOB.
MeTo/1b1 BBIX0/1a U3 JIOKATBHBIX ONITUMYMOB: UMUTAIIHUS OTXKUTA, Ta0y-
MTOVCK. DBOJIOIMOHHBIE ATOPUTMBI: TEHETHUECKHE aJlTOPUTMBI,
MIpeICTaBJICHNE PEIICHNH, OTIEPaTOPhI KPOCCOBEPA U MyTAIIHH.
I'uGpuanbIe MeTOABL: TOUCK ¢ OONbIIMMHU OKpecTHOCTsIMH (LNS),
unrerpauust CP u nokansHoro noucka. Kelic-ananus: 3agaua
Mapmpyrtuzaiun Tpancrnopra (VRP).
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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. Meroapl onTUMH3AIUY | YYCOHUK M TpakTUKyM s By3oB / @. I1. Bacuibe, M. M.
[Toranos, b. A. bynak, JI. A. ApremseBa ; non pemakiuenr @. I[1. BacunbeBa. — Mocksa :
WznatenbctBo FOpaiit, 2025. — 375 c. — (Boicuiee oOpazoBanue). — ISBN 978-5-9916-6157-7.
— Tekct : oanektponsbli // OOpasoBartenbHas 1miatdopma HOpaiit [caiit]. — URL:
https://urait.ru/bcode/560070.

2. Pagrapnen, T. CoBeplueHHbI anroput™M. AJroput™mbl s NP-TpyaHeix 3amadu
npakTudeckoe pykoBoacTBo / T. Padrapnen. - Cankr-IlerepOypr : [Tutep, 2021. - 304 c. - (Cepus
«bubnmuoreka nporpammuctay). - ISBN 978-5-4461-1799-4. - Tekcr : anekrponnsid. - URL:
https://znanium.com/catalog/product/1733515.

3. Tonmerun, O. A. MaTemaTudeckoe mporpaMMupoBanue. BaprannonHoe ncuncieHue :

yueOHuK s By30oB / O. A. Tonmerun. — 2-e¢ uzn., ucnp. u norn. — Mocksa : M3aarenbeTBo
FOpaiit, 2025. — 233 ¢. — (Bsicmee o6pazosanne). — ISBN 978-5-534-11755-4. — Texker :
aNekTpoHHBIW  //  OOpaszoBarenbHas  1atdopma  FOpaiit  [caiir]. —  URL:

https://urait.ru/bcode/562079.

4. KnexoBkuH, I'. A. 'eomerpudeckas Teopus rpados : yaueOHoe mocodue 1jist By30B / I'. A.
KnexkoBkun, JI. [1. Konnosa, B. B. KonHoB. — 2-e u3a., ucnp. u gomn. — Mocksa : 3aarenscTBo
FOpaiit, 2025. — 165 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-21249-5. — Teker :

NeKTpoHHBIH  //  OOpazoBarenbHas  matgopma  FOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/569368.

Jononnumenvnan tumepamypa:

1. CyxapeB, A. I'. MeTopl ONTUMU3ALMK : YUEOHUK U MPAKTUKYM JUld OakanaBpuara u
maructpatypsl / A. I'. Cyxapes, A. B. Tumoxos, B. B. ®enopoB. — 3-e u3a., ucmp. ¥ J0M. —
Mocksa : M3natensctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u Mmaructp. AkajieMU4ecKuii Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexkTpoHHbIH // OOpazoBarenbHas miatgopma FOpaiit
[caiit]. — URL.: https://urait.ru/bcode/507818.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIOIIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U oOecreunBaroleil MpoBeIeHne BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTUYECKOW M HAy4dHO-
HCCJIEIOBATENIbCKOM paboT 00yyarouuXcsl, MPeayCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[TomMerienust, KOTOpPBIE PEICTABIISAIOT CO00 yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHH
JEKIMOHHOTO THMA, 3aHATHM CEMUHApCKOro (MPakTUYECKOro) THIA, TPYIIOBBIX U
WH/IMBUYaJIbHBIX KOHCYJIbTAIUH, TEKYIEro KOHTPOJIS U MPOMEXYTOYHON aTTECTalluH, a TaKxKe
IIOMEUICHUA I CaMOCTOSTETLHON pa6OTI)I 1 MOMCUICHUSA I XpaHCHUA U HpO(i)I/IJ'IaKTI/I‘IeCKOFO
oOciy>xuBaHus yueOHOro obopynoBanus. IlomenieHns: yKOMIUIEKTOBAHbI CIIEUATN3UPOBAHHON
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MeOeNnbl0 U TEXHUYECKHMMHU CpPEACTBAMHM OOydYeHMs, CIyKalllUMH Ul MpPEeACTaBICHUs y4eOHOU
uHpopManuu OOJBIION ayTUTOPHH.

N3yueHue qucuuIuIMHbL (MOAYIs) o0ecreunBaeTcs B y4eOHbIX ayIMTOPHX, OCHAILCHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOH;

— MEXaHWYECKHMHU KaIbKYJISITOPaMHU;

—  CHENHMATU3UPOBAHHBIM 000pYyI0BaHHUEM, BKJIIOYAs! IEMOHCTPAIIMOHHOE 000py/JOBaHUE.

[Tomerienus A1 CaMOCTOATENBHOM paboThl 00yUYarOIIKXCsl, B TOM YUCIIE IPUCIIOCOOTIEHHBIE
JUI WCHOJb30BAHUS MHBAJIUAAMHU M JUIAMUA C OTPAaHUYECHHBIMH BO3MOXKHOCTSMHU 30POBBS,
OCHAIIIEHbl KOMIbIOTEPHON TEXHMKON C BO3MOYKHOCTBIO IOJKIIOUEHHs K ceTH «MHTepHeT» u
o0ecrieyeHHEeM  JIOCTyNa B OJEKTPOHHYIO  MH(POPMALMOHHO-OOpPA30BATEIBHYIO  CpEdy
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCA JOCTYI (B TOM 4YHCIE YIAIEHHBIN) K pecypcam
MH(POPMALMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHclie 3JCKTPOHHBIM OHONIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM IPO(EeCCHOHAIBHBIM 0Oa3am
JTAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HaumeHoBaHue moprasia Ccplika
(u31aHusl, Kypca, IOKYMEHTA)
1. Hayunas snextponnas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OuOIMoTEKA
2. | basza manneix g I T-crienuaancTos https://habr.com
3. | Baza mannsix ScienceDirect https://www.sciencedirect.com
4. | OdurmansHbIi calT MUHHCTEPCTBA HAYKH H https://minobrnauki.gov.ru/

BEICIIETO 0Opa3oBanus Poccuiickoit deneparuu

5. | ®enepanbheiii moprai «Poccuiickoe oopazoBanue" | https://www.edu.ru/

6. | Mudopmanuonnas cucrema "Eaunoe okHo nocryma | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"

7. | Enunas xomnekiums nudpoBbix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. denepanbHbIN HEHTP UHHOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTesIbHBIX PECYPCOB

[lepeuenr MH(OPMALIMOHHBIX TEXHOJOTHM, MCHOIB3YEMBIX IPU  OCYIIECTBICHUU
00pa30oBaTeNLHOTO MpoIiecca M0 TUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3HOHHOTO
IPOrpaMMHOr0  OOecleyeHusl, COBPEMEHHble MpodeccuoHambHble 0a3bl  JaHHBIX U
UH(POPMAaLMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaunmenoBanue 1O IIpousBoacTBO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe

OnepanoHHbIE CHCTEMBI:

Microsoft Imagine (Windows Client, Server) [ sapy6exmoe | nuuensuonnoe

BpaysepsI:

Slupexc.bpaysep OTEYECTBEHHOE CBOOO/THO PacIpOCTPaHIEMOe
Google Chrome 3apyOeKHOe CBO0OOJIHO pacrpocTpaHsIeMoe
Od¢ucHble NpUI0KEHUS

Microsoft Imagine (Visio, OneNote) 3apy0ekHOoe JIMLIEH3MOHHOE

TeXstudio 3apy0exHoe CcBOOOJTHO PACIIPOCTPAHIEMOE
Adobe Acrobat Reader 3apyOeKHOe CBOOOJIHO pacrpocTpaHsIeMoe
IporpammHoe o0ecneveHne 1Jisl IVIAHHPOBAHUS H Y4eTa BPeMEHH:

Toggle app | 3apyOexHoe | CBOOOHO pacIpoCTpaHseMoe
CucTeMbl YHpaBJeHHs] MPOEKTAMM:

Microsoft Imagine (Project) | sapyGesxHoe | nuuensnonHoe
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Cucrtembl ynpapjaeHHus1 0a3aMHi JaHHBIX:

Microsoft Imagine (SQL Server) | sapyGexHoe | nmuuensnonHoe
Cucrtembl pe3epBHoro konuposanusi (backup):

Acronis Backup Advanced for HyperV | sapy6Gesxuoe | muuensnonnoe
CrpaBo4YHO-NIPaBOBbIE CHCTEMbI:

KoncynbrantlLintoc: cripaBoYHO-TIpaBOBast OTEUECTBEHHOE JMLCH3UOHHOE
cucTemMa

CpencTBa aHTUBHPYCHOIH 3a1IIHTHI:

Kaspersky Endpoint Security amnst 6usneca OTEYECTBECHHOE JUIEH3UOHHOE

Cranpmapraeiii Russian Edition

Cpenbl pa3padoTKkm:

Visual Studio Code 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHSIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOHO pacIpoCTpaHsIeMOe
Anaconda 3apyOexkHOE CBOOOIHO pacIpoCTpaHsIeMOe
Robotic Operating System 3apy0eIKHOE CcBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0eKHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
ITakeTbl MPOrpaMMHBIX CPEACTB M OMOJIHOTEK:

AutoPsy 3apyOeKHOE CBOOOIHO PacIpOCTpaHsIEMOe
Interactive Disassembler (IDA) 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Cucrtemsbl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOexKHOE | CBOOOIHO PaCIpPOCTPaHsIEMOe
CepBHCHI B CITYKOBI:

Bind 3apyOeKHOE CBOOOIHO paCIpPOCTPaHsIEMOe
Docker 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe

7. MetoanyecKue v OlleHOYHbIe MATEPHAJIbI
MeToauyeckue yKazaHus s 00y4alOUIUXCS 10 OCBOEHUIO TUCIHILIMHBI (MOYJIs1)

B npornecce u3yueHMs TUCHMIUIMHBI (MOAYJs) «MeTo/bl NUCKPETHOM ONTHMMM3ALUU» B
paMKax TEKYIIEero KOHTPOJI YCIEBAEMOCTH HCIONb3YIOTCS TaKue BHJIbI yueOHON paboThl, Kak
JeKIMM, CEMHUHApbI, IOMAIIHUE 3aJaHUs U KOHTPOJIbHbIE pabOThI, a TaKXKe pa3IMYHbIE BHJIbI
CaMOCTOSITENIbHOM padOThl 00yYaroIMXCs IO 3aJaHUI0 IPEnoJaBaTelis, HAlpaBICHHbIE Ha
pa3BUTHE  HABBIKOB npoeCCUOHATBHON  JIEKCHUKH, 3aKpeIyICHUEe  MPAKTHYECKHUX
poecCHOHANBHBIX KOMIIETEHIINN, TOOIIPEHNUE UHULIUATHB.

Jlexyus — cuUCTEeMaTHYecKoe, IOCIEI0BATEIbHOE, MOHOJOTHUYECKOE  M3JI0KEHUE
nperno/iaBaTeseM yueOHOTo MaTepuraa, Kak IpaBuiio, TEOPETUYECKOTO XapaKTepa.

B mponecce nekuuii peKOMEHIIyeTCs BECTH KOHCIEKT JIEKIMH: KpaTKO W CXEMaTHYHO
(UKCUPOBATh OCHOBHBIC WIEH, BHIBOJBI M OOOOIICHUS JIEKIMW; BBIIENATH BaXXHBIE MBICIH,
KJIIOYEBbIE CJIOBa U TepMUHBL. HeoO0X0onMMO OTMETUTh BONPOCHI WM MaTepuabl, KOTOpHIE
BBI3BIBAIOT 3aTPYIHEHHS, U TOTBITAThCS HANTH OTBETHI B PEKOMEHIOBaHHOMW nuTeparype. Ecim
pa3oOpaThCsi B MaTepuane He YAaercs, clieAyeT cOpMYIMpPOBaTh BONPOC M 3a7aTh €ro
MPETO/IaBaTeI0 Ha KOHCYJIBTAIIMH WA BO BPEMSI CEMUHAPCKOTO (TIPAKTUYECKOTO) 3aHSTHSL.

Yuacmue 6 cemurnape — akKTUBHas pa60Ta CTYACHTA Ha CEMHUHAPEC, €TI0 OTBCTHI HA BOIIPOCHI
npenoaaBaTeyid U y4aCTUE B JUCKYCCHUU.

I[J'I}I YCHICHIHOTO YYaCTHA B CCMUHAPC CTYACHTAM PEKOMCHAYCTCA 3apaHEC O3HAKOMUTHCA C
TEMOM O6C}’)KI(CHPI$I, MMpOYNTATh HCO6XOI[I/IMBIC MaTcpuaJibl 1 MOATOTOBUTL BOITPOCHI. Baxno
AKTUBHO CJIyHIaTb U BOBJICKATHCA B JJUCKYCCHUIO, BBICKA3bIBasA CBOM MHCHUA U apryMCHTHUPYA HX.
HpI/I OTBCTAX Ha BOIIPOCHI IIpEriogaBaTeyid CTOUT OBITh YBEPCHHbBIM, YCTKHM U JIOTUYHBIM,
omnupasiCb Ha H3y‘16HHBII>i Marcpuall. Taxokxe moae3Ho moAACPIKUBATh AUAJIOT C OJHOKYPCHUKAMU,
4TOOBI 00OTraTHTh O6CY)K,[[CHI/IG " paClIMprUTL CBOW 3HAHUS.
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Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

HpI/I pa60Te Had AOoOMalllHUMHU 3aJaHUSIMHW BaXHO BHHUMATCIIBHO O3HAKOMUTLBCI C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJIHCHHs. PeKoMeHyeTcss pa30MBaTh 3aJaHHs HA 3Tarbl, YTOOBI
n30exaTh MEeperpy3kd W JIydille yCBOUTH MaTepual. lcmonb30BaTh pa3iiMyHble HMCTOYHHKU
uH(pOpMaIKH, BKIIOYas YIeOHUKH U OHJIAHH-PECyPChI, I 00Jiee rITyOOKOro MOHUMAaHHMSI TEMBI.

Koumponvnas paboma — nuceMeHHasi pabota ¢ HabopoM 3a/1a4, KOTOPbIC HYXKHO PEIIUTh 3a
OrPaHUYCHHOE BPEMSL.

HCHB KOHTpOHbHOﬁ paGOTBI - [IOJIYYUTh CIICHUAJIBHBIC 3HAHUA T10 O[[HOﬁ NN HECKOJIBKUM
TEeMaM TUCHHUIUIMHBI (MOYJIs) U TIPOJEMOHCTPUPOBATh HABBIKH UX MPAKTHYCCKOTO TPUMEHEHHUSL.

Camocmosmenvnasa paboma — paboTa CTYIEHTOB, HAIpaBICHHAs Ha YIIIYOJECHHOE
M3YYEHHUE OTJIEIbHBIX TEM U BOIIPOCOB YUYEOHON AUCIMILTUHBI (MOTYIS).

B mipotiecce camocTosITeIbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHJOBAaHHBIMU
MaTepuaiaMH Mpu MUHUMAJILHOM yYacTHH MpenojiaBatess. 3a1auu CTyJeHTa BKIOYaoT padoTy
C KOHCIIEKTaMu JIeKIui (00paboTka TeKCTa), MOBTOPHOE N3YyUYEHUE YUeOHBIX MaTEPHAIOB TUIAHOB
U TE3UCOB OTBETOB, U3yU€HHUE JOMOJHUTEIBHBIX TEM, BHIIOIHEHHE yU4eOHO-UCCIIEeI0BATEbCKUX
3aJJaHUI U IPYTOE.

CucremMa OLleHMBAHUA Pe3y/JIbTATOB 00y4YeHHs 10 JUCHUIIMHE (MOAYJII0)

Kputepun nosyyenusi ypoBHsi M OlleHUBaHUA CPOPMHUPOBAHHOCTH KOMIIETEHUMH 1O
aucHUIIMHe (Moay/110) «MeToabl AMCKPETHOM ONITUMH3ALUM»

OueHuBaHue ypoBHSI YU4E€OHBIX JOCTHKEHHUH, OOyUYaIOMIMUXCA MO AUCIHUIUIMHE (MOIYJIIO),
OCYIIIECTBIISIETCS B BUE TEKYIIET0 KOHTPOJISl yCIIEBAEMOCTH U MTPOMEXKYTOUYHOM aTTeCTaIiH.

I[IpomexyTouHasi aTTecTalUsl 10 JUCHUIUIMHE (MOIYJIO) OCYHIECTBISICTCS B (opme
3auema ¢ OWEHKOW, TP 3TOM TIPOBOJUTCS OIEHKAa KOMIICTCHIIMH, C(OPMHUPOBAHHBIX IIO
JUCILIUILINHE.

Jlns omeHMBaHHS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M IMPOMEXKYTOUHOW aTTecTaluu
UCTIONIB3YETCS IeCATUOAIUThHAS IKaJla OIECHUBAHUS, KOTOPas COOTHOCHUTCS C TPATUIIMOHHON
nATUOATUTPHON IITKAJION CIEAYIOIINM 00pa3oMm:

Hecarudannbuas IIaTubdamnbHas OO0mas xapakTepHCTHKA pe3yJIbTaTa 00y4eHus! 1o
OlleHKAa OllIEHKAa AUCUMIIMHE (MOIYJIIO)
10 OT1inyHO CTyneHT TOJHOCTBIO BIIAJICET 3HAHMSIMH, HW3JI0KCHHBIMH B
9 OTJIMYHO paboueil mporpamme, U TIyOOKO OCMBICISIET AUCHUILIHHY. OH
8 OTINYHO CaMOCTOSITEIBHO U JIOTHYECKH M0CIIEJ0BAaTEIFHO OTBEYAET Ha BCE

BOTIPOCHI, aKIIEHTHPYs BHUMaHHE Ha Hauboyee BaXHOM. YMeeT
aHaJM3UPOBATh, CPAaBHUBATh, KIACCH(PHULUUPOBaTh, 0000IIATH,
KOHKPETHU3NPOBATh U CUCTEMATU3UPOBATH I/ISY‘-IGHHLIﬁ marepual,
BBIACIIAA KIIFOYEBBIC MOMEHTBI M YyCTaHaBJIMBasgd MNPUYUHHO-
CIIEZICTBEHHbIE CBS3H. UYeTKO (OpMYNHpYEeT OTBETHI, YBEPEHHO
HHTEPIPETUPYET PE3YJIbTAaThl AaHAIM30B U IPYTUX UCCIIEN0BaHNN,
a TakXe penraeT ciIoXxHble 33Jaud. CTyIeHT XOpOIIO 3HAKOM C
METOAAaMHU HCCIICAOBAHMSA, HEOOXOAUMBIMHU Ui MPaKTHYECKON
ACATCIIBHOCTH, W YMCCT CBA3BIBATH TCOPCTUUYCCKUC ACIICKTbBI
JUCLUIUIMHBI (MOIYJIsI) C IPAKTUYECKUMHU 3a]lad4aMH.

XOpO].HO CTy,Z[eHT 06J1azxaeT SHaHUAMHA IIpeAMETa IOYTU B IIOJIHOM

6 Xopomio obbeMe pabodeid mporpaMMbl M CaMOCTOSITEILHO, JOTHIECKH

MMOoCJICA0BATCIbHO U BCCCTOPOHHC OTBEYACT HAa BCC BOIIPOCHI,
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JlecaTnboanabHas
OIleHKA

IIaTnoannnLHas
OLICHKA

O0mas XxapakTepUCTHKA Pe3yJIbTaTa 00y4eHusl 1o
AUCUHUIINHE (MOIYJIIO)

aKIICHTUPYs] BHUMaHUE Ha HauOoJee 3HaYMMbIX MOMeHTax. OH
yMmeer KJTaCCU(DUITUPOBATH,
0000111aTh,

I/13y1IeHHI>II71 MaTepuall, BBIACIAA Cro KIIOYCBBIC ACICKTBI U

aHAIM3UPOBATh, CPABHHUBATB,

KOHKPETHU3HUPOBATH nu CUCTCMATHU3UPOBATH

YCTaHABIMBAs NMPUYNHHO-CIEICTBEHHBIE CBs3H. DopMynupyeT
CBOH OTBETHI, YBEPECHHO UHTEPIPETUPYET PE3yIbTAThHI AaHATU30B
W JpYTHX HWCCIENOBaHWA, a TakkKe pellaeT CI0XKHBIE
CUTyallMOHHBIEe 3a7aun. CTyIEHT XOpPOIIO 3HAKOM C METOJaMHU
MPaKTUYECKOU

HCCJIEIOBAHUS, HEOOXOIUMBIMU

ACATCIIBHOCTH, U YMCECT CBA3BIBATH TECOPETHUCCKHUC aACIICKThI

IS

npeamMeTa ¢ NPaKTUYCCKUMU 3a/ladaMu.

yI[OBJ'ICTBOpI/ITeJ'II)HO

Y 10BIETBOPUTENBHO

Crynent oOmagaer 0a30BBIMH 3HAaHHSAMH 1O JUCLUIUIMHE
(MOmyII0), HO HCIIBITBIBAET TPYAHOCTU IPU CAMOCTOSITEIBHBIX
OTBETaxX M HCIOJB3yeT HETOUYHbIC (QOpPMYITUPOBKH. B xone
OTBETOB OH JIONMYCKAaeT OIUOKH, KACAIOIIUECs CYTH BOIPOCOB.
CryneHt cnocoOeH pelaTh TOIbKO caMble IMPOCThIE 3aJadd U
BJaseeT MUHHMAaJbHBIM  HabOpoM

JIUIIB METOJIOB

HCCJIICOO0OBAaHUA.

He cman

He cman

He cman

CryneHT He oBJanen 00sA3aTeThbHHIM MUHUMYMOM 3HaHUH IO
NpeaMEeTy U HE MOXET OTBETHTb Ha BOIPOCH], Ja)Xe €CIu
MIperoAaBaTesh 33/1aeT IOTIOTHUTEIbHBIE HABOISIIINE BOITPOCHL.

Hucnurnnuna (Moyib) «MeToabl AUCKPETHON ONTUMU3AIUMNY OLIEHUBACTCS CIICAYIOIIUM

obpa3zom:
AKTHBHOCTH Bec |KoauvecTBO Onucanue

Jlomamnwue 3aganus  [15% (14 Habop 3amad o remam Henenn. Beinaércs exxeHenenbHO

AKTHUBHOCTH Ha 15% |14 Habop 3ama4 mo TemMam Hezlenu Ui penieHus Ha

ceMHuHape ceMUHapax

Kontponsnas padora [40% (2 [Mucemennas padota ¢ HabOpoM 3az1ad, KOTOPbIE HYKHO
PEIIUTH 33 OIPAHUUYCHHOE BPEMSI

Hrorosas pabora 30% |1 [MuceMenHas paboTta ¢ HAOOPOM 3a/1a4, KOTOPbIE HYKHO
PELIUTh 332 OTPAHUYCHHOE BPEMs

®opmyJia pacyéra MTOIOBOM OLEHKHM 10 JAUCHUILIMHE (MOAYJII0)

«MeToambl

auckpeTHoil onTumuzanum». «0,15 % cpegnee 3a momamHue 3amanus + 0,4 X cpemHee 3a
KOHTpOJTbHBIE pa0boThl +0,15 X cpeHee 3a akTHBHOCTH Ha cemMuHapax + 0,3 X urorosas padoTa».

Texkymmii KOHTPOJIb YCIIEBAeMOCTH 00YYAIOIIMXCH M0 JMCHHUIINHE (MOLYJII0)

I[IpumepHbIe TOMaLIHUE 32 IAHUS

Jomammnee 3ananue: Beenenne. NP-nonnbie 3agaum, 3a1a4a NOKPbITHSA

MHOKECTBaAaMH

1. Omnpenenure knacc NP-nosHbIX 3aa4 ¥ IPUBEAUTE IPUMED.

2. Yro Takoe 3amava mokpeITHs MHOXecTBaMH (Set Cover)? Onummre e€ GopMyTUPOBKY.
3. OOBsAcHUTE NPUHLIUI PAOOTHI KaAHOTO AITOPUTMA JUIS 331241 MTOKPBITHS MHOXKECTBAMH.
4. TloueMy 3aaua MOKPBITHS MHOXKecTBaMU cunTaeTrcsa NP-mmosHoit?
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. [IpuBenuTe npuMep NpuMEHEHUS 3a7aud TOKPHITHS MHOKECTBAMH B PEAIbHOM JKHU3HH.

Jomamnee 3aganue: 3ajaya 00 ynakoBke B KOHTelHepbl. [Ipubamkénnbie
AJITOPUTMBI

. Chopmynupyiite 3aady ynakoBku B KoHTeiiHeps! (Bin Packing).
. Onummmre xanueiii anroput™ First Fit m1st 3aaum ynakoBKH.
. Uro takoe APTAS u kak oH ynydmiaeT NpHOJUKEHUE MO CPABHEHUIO C JKaTHBIMHU

meTomamu?

4

. [IpuBenute mpumep, Korjaa »*aJHbl alrOpUTM MOXKET JaTh IUIOXOe pelieHue B Bin

Packing.

5

arONE

arONE

. O0bacuure, kak AFPTAS otnuuaercs ot APTAS.

JdomamHee 3aganue: 3ajaya o prok3aKe U NPpUOJIHKEHUS

Chopmynupyiite 3amaqy 0/1 prok3aka.

Kak paboraer nuHaMuyeckoe MporpaMMUPOBAHKE IS PEIICHUS 3a/Ja4M PIOK3aKa?
Urto takoe FPTAS u xak npuMeHsieTcsi OKpYIJIeHHE B 3TOM METOe?

[IpuBeaute mpumep, Kak OKPYTJICHUE LIEH WM BECOB BIUSET HA TOUHOCTD PEIICHUSI.
[Touemy 3amaya 0/1 prox3aka cuntaercs NP-monHoit?

Jdomamnee 3axanune: JInHeHOEe MPOrPAMMUPOBAHUE

Onunmre OCHOBHYIO HJICI0 CUMIUICKC-METO/A.

Yro Takoe IBOMCTBEHHAS 33/1a4a B IMHESHHOM IIPOrPaMMHPOBAHUU?

Chopmymupyiite Teopemy Kyna-Takkepa m1st 3a1a4 ONTUMHU3AIUMN C OTPAHUYCHUSIMHU.
OOBsicHHUTE, KaK JIBOHCTBEHHOCTh TIOMOTAET B OIIEHKE ONTUMAIILHOTO PEIICHUSI.
[TpuBenuTe mpuMep 3a1auu, r1€ CUMILIEKC-METO]l MOXET ObITh Hed(P(PEKTUBEH

IIpumepHbIe 3a1aHNS 10 KOHTPOJILHOM padoTe

KonTpoabsHnas padora

3aoanue 1: Memoo conparx;ceHHbIX 2PAOUEH 08

1.
2.
3.
4

5.

OnummTe anropuTM METoNa CONPSDKEHHBIX I'paJMeHTOB. B yeM ero mpewmmymiectBa 1o
CPaBHEHHMIO C METOIOM TPAJIMEHTHOTO CITycKa?

KakoBbI yclI0BHS CXOMMOCTH METO/1a CONPSHKEHHBIX TPaECHTOB?

[IpuBenuTe puUMep 3a1a4M, T METOJI CONPSHKEHHBIX TPATUCHTOB OyIeT 3P PEKTUBEH.
PaccunraiiTe  HECKOJIBKO  IIArOB  METO/AA  CONPSDKEHHBIX — TPAJUEHTOB  JUIS
dynxmun f(X)=x?+2y? ¢ HavanbHOI Toukoit (Xo, Yo)=(1,1).

B gem pa3HHIIa MEXTy TIOJHBIM M HETIOJIHBIM METO/IOM COIPSKEHHBIX TPaIueHTOB?

3aoanue 2: Memoo Hviomona u K6a3unviomono6cKue memoost
6. OOmBsicHuTe, KaKk pabotaet metoa HerroToHa. KakoBa ero cxoauMocTs?
7. Kaxkue npo6sieMbl MOTYT BO3HUKHYTD [P MCTIOIb30BaHUH MeTosia HproToHa?
8. OmnumuTte, kKak pabOTaIOT KBa3MHBIOTOHOBCKHE METO/bI, M TIPUBEIUTE TIPUMEP OJTHOTO U3

HHX.

9. Paccumraiite maru metona Hetotona mist pyHkmu f(X):X2—4X+4.
10. Kak MOXHO yJay4IIUTh MPOU3BOAUTEINBHOCTh MeTo1a HproToHa?
3aoanue 3: Cydecpaouenmmubvlii Memoo u a0anmueHvle Memoosl

1.

2.
3.
4

Omnpenenure, 4To Takoe CyOrpaJUeHTHBIA METO U B KaKUX CIy4yasX OH MpUMEHsEeTCs.
OOBbscHUTE, KaK paboTaeT aAanTUBHBIA METO/I T'PaIMEHTHOTO CITyCKa.

[TpuBenute npumep GYHKIUH, Uil KOTOPOH cyOrpaueHTHBIA METOT OYAET MOJIe3€eH.
KakoBbI OCHOBHBIE IPEUMYILIECTBA U HEOCTATKU CYOTrpaueHTHOro MeToa?
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5.

Paccuuraiite 0OHOBJICHHE TTAPAMETPOB C HCIOJIB30BaHHEM CyOTpaJIMeHTHOTO METOA IS
byukuuu f(X)=[x|.

3aoanue 4: Ilpoexyun u anzopumm @pank-Bynvha

6.

7.
8.

9.

OnummuTre, 4YT0 TaKOe MPOEKIMS Ha BBIIYKIYIO OOOJIOUKY M KaK OHA HCIOJb3YeTCs B
ONTUMU3ALMH.

Kak pabotaet anropurm ®pank-Byneda? [IpuBegure ero mary.

B kakux cnydasx amroputM ®pank-Bynbha MokeT ObITH MpeArnouTHTEIbHEE IPYTruX
METO10B?

[lpuBeaure mpumep 3amauu, rae anroputm DPpank-Bynbda moxker OBITH ycHemHo
IIPUMEHEH.

10. KakoBa cinoxHOCTb anroputma @pank-Bynbsga B 3aBUCUMOCTH OT pa3MEPHOCTH 331a4uu?
3aoanue 5: Memoo 3epKkaibHo20 cnycka

1.
2.
3.
4

5.

OOmbscHUTE, Kak pabOTaeT METOJ 3€epKaJbHOIO CHyCKa M B KakKUX CIydasX OH
MPUMEHSETCS.

Kakue mpenmymiectBa JaeT METOJ| 3€pPKaJbHOTO CHYCKa MO0 CPAaBHEHHUIO C OOBIYHBIMU
METOJIJaMU TPAJIUEHTHOTO CITycKa?

[TpuBenuTe mpuMep 3a7auu, TJe METO 3ePKAILHOTO cITycka OyeT 3heKTrBeH.

KakoBa c10HOCTh METO/1a 3€PKAIBHOTO cIycKa?

PaccunTaiiTe maru MeTo1a 3epKanbHOro ciycka s pyakuuu f(x)=05(x—3)? ¢ HauanbHOi
toukoi X0=0x0=0.

3aoanue 6: Memoo wumpaghnvix pynkyuit u ADMM

6.
7.
8.
9.

Yro takoe Meto mrpadHbIX GYHKIUI 1 Kak oH paboTaeT?

O0mBsicauTe, Kak padoraer meron ADMM (Alternating Direction Method of Multipliers).
B xakux cinydasx meron ADMM MoxkeT ObITh IPEIIIOYTHTEIBHEE IPYTUX METOI0B?
[lpuBeaure mpuMmep 3agauu, rAe NpPUMEHEHHEe MeToAa mTpadHbIX (GyHKIMHA Oyner
YMECTHBIM.

10. KakoBbl OCHOBHBIE MPEUMYIIECTBA U HEAOCTATKA METOJOB IITPaPHBIX (QYHKIUNA U

ADMM?

3aoanue 7: Memoo enympenneit mouxku

1.
2.
3.
4.
S.

Onumre, Kak paboTaeT METO/1 BHYTPEHHEH TOUKU U B KaKUX CIIydasix OH IPUMEHSETCS.
KakoBa c10HOCTh METO/1a BHYTPEHHEN TOUKH JIJIsl INHEHHBIX IpOrpamm?

[TpuBenurte npumMep 3agauu, rJe METO BHYTPEHHEN TOUKU OyneT 3 pexTHuBeH.

Kakue npo0iaeMbl MOTYT BO3ZHUKHYTh MPU MCIIOJIb30BAaHUM METO/a BHYTPEHHEH TOUKH?
Paccunraiite maru MeTo1a BHyTPEHHEN TOYKH JUIs IPOCTOM 3a1a4i ONITHMH3ALUN.

3aoanue 8: Ceonoevie 3aoauu

6.
7.
8.

9.

Omnpenenure, 4TO TaKOE CEAIOBAs 3a7a4a U MPUBEIUTE IPUMED.

KakoBbl yc10BHsI ONTUMABHOCTH TSI CEJUIOBBIX 3a1a4?

OObsicHUTE, KaK MOKHO PEIINTh CEUIOBYIO 3a/layy C MOMOIIbI0 METOJla TPaIu€HTHOTO
CITyCKa.

[TpuBenuTe npuMep NPUMEHEHHS CEJIOBBIX 3a/1a4 B 3KOHOMHUKE WJIM TEOPUU UTP.

10. KakoBBI OCHOBHBIE TPYJHOCTH, BO3HUKAIOIIUE TPU PEUICHUH CEIOBBIX 3a1a4?
3aoanue 9: Cmoxacmuueckas onmumuzayus. Pedykyus oucnepcuu

1.

2.
3.

Onpenenure, 4YTO TaKO€ CTOXAacTHUYECKas ONTHUMHU3alUs M B KaKHUX Clydasx OHa
MIPUMEHSETCA.

OO0mbscHUTE, KaK padOTaeT peayKIHs JUCTIEPCUN B CTOXACTHUECKOW ONTUMH3ALMH.
[IpuBenute npumep 3afauu, 7€ NPUMEHEHUE CTOXACTHMUECKON ONTHUMM3AIUHU OyAer
YMECTHBIM.

KakoBbI penmyIecTsa U HEAOCTATKH CTOXAaCTUYECKON ONTHUMU3ALMM IO CPABHEHHIO C
JETEPMUHUPOBAHHBIMU METO1aMU ?

PaccuuraiiTe marm CTOXaCTHYECKOIO TPAaJUEHTHOrO CIycKa JUisi (YyHKIUU HOTEPh C
UCIIOJIb30BAaHUEM PEAYKIUU AUCIIEPCUH.
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3aoanue 10: Pacnpedenennas onmumuzayus

6.

o N

10.

10.

Omnpenenute, 4YTO TaKo€ pacHpelesieHHas ONTUMHU3AIMs W B KaKuUX CIydasx OHa
HIpUMEHSETCS.

OO0ObsicHUTE, KaK pabOTaOT AJITOPUTMBI PACIIPEIEICHHON ONITUMU3ALINN.

[TpuBeaure npumep 3agauu, rae pacupeaencHHas onTuMu3anys oyner 3¢ppeKTuBHa.
KakoBbl OCHOBHBIE BBI3OBBI, C KOTOPBIMH CTAJIKHBAIOTCS AJITOPUTMBI pACIpPEICICHHOM
onTUMH3aUN?

Kak MOXHO ymy4IIUTh CXOJUMOCTH aJITOPUTMOB PAaCIpEACICHHON ONTHMU3ALINH ?

IIpuMepHbIe BOMPOCHI IJIsi MOATOTOBKH K CEMHHApPam
Meton otceuennii Il (Lift-and-project, valid inequalities)

Yro Takoe mertox lift-and-project B nejiouncaeHHOM MPOrpaMMHPOBAHKU?
Omeem: Metop ynydiienus LP-penakcanuu mytem 100aBlIeHUsT HOBBIX IIEPEMEHHBIX H
OTpaHHYCHUH JJIS1 OTCEYCHHUSI IPOOHBIX PEUICHHIA.

KakoBa ocHoBHas ueJub valid inequalities?
Omeem: JI00aBUTh OTpaHUYCHUS, KOTOPbIE HE UCKIIFOYAIOT [IEJIOYHCIICHHBIC PEIICHUS,
HO OTCEUBAIOT APOOHBIE.

Yem metog lift-and-project otsinuaercsi or Gomory cuts?
Omeem: Lift-and-project ucrosp3yer JONOTHUTEIBHOE MOIHATHE TepeMeHHbIX, Gomory
CUtS — OCHOBaH Ha aHAJIM3€ CUMILIEKC-TAOIHII.

Yro o3nauaer "'lifting" B valid inequalities?
Omeem: TIpolecc paciIMpeHusi HEPaBEHCTBA Ha OOJIbILEE YUCIIO IEPEMEHHBIX IS
YCUJICHUSI OTPaHUYUCHHS.

Kakue knaccsl valid inequalities npuMeHsIoTCs 1J1s1 321241 0 PIOK3aKe?
Omeem: Cover inequalities (TOKpbIBarOIe HEPABEHCTBA).

Kak meron lift-and-project yryumaer LP-penakcanuro?
Omeem: OTcekaeT ApOOHBIE BEPIINHBI OJUTOHAIBHOTO MHOXECTBA, TPUOIIHKAs
LEJIOYUCIIEHHOE MHOYKECTBO.

B 4yem npenmyinecTBo MHOTromaroBoro npumenenus lift-and-project?
Omeem: IlomaroBoe yiaydiieHHe NPUOIMKEHNS K [IEIOUUCIIEHHOMY PELICHHIO.

Kak cBsizaHbl MeTO/IbI OTCEYEeHM i M MOJTMHOMHAJIbHbIE AJITOPUTMbI?
Omeem: HexoTOpble METOIBI OTCEUEHUIN MOTYT OBITh PeaTU30BaHbI MOJIMHOMHAILHO,
yiy4iiast 3QGeKTUBHOCTb.

Yro Takoe cover inequalities?
Omeem: HepaBeHcTBa, CKITIOYAIOIINE KOMOMHAIIMY [TEPEMEHHBIX, TIPEBbIIIAIOIINE
€MKOCTb PIOK3aKa.

IpuBeaure npumep 3aaayun, rjie lift-and-project yirydmaer oueHnky.
Omeem: 3agaua o prok3ake ¢ ApooHbMH LP-pemenusimu, rae lift-and-project orcenBaet
JIpOOHbBIE PELICHUS.
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IIpsiMo-ABOMCTBEHHbIE METO/bI M KpaTYaiiliue nyTu

1. Kak paboraer anroputm JleiikcTpni?
Omeem: VITepaTUBHO BBIOMPACT BEPIINHY C MUHUMAJIbHBIM PACCTOSTHUEM U OOHOBJISIET
pPacCTOSHUS 0 COCENCH.

2. UYto Takoe ABOWCTBEeHHAs 3a/1a4a B KpaTYailmumx myTsx?
Omeem: 3anaya, CBsi3aHHAs C MOTEHLIMAJIAMU BEPIIUH, AAt0IIasi HUHKHIOKO OLEHKY
CTOMMOCTH IYTEH.

3. Kak JBOMCTBEHHOCTh IIOMOraeT NMPOBEPUTH ONITUMAJIBHOCTD l'[yTI/I?
Omeem: Ecim MOTCHIHAJIbI YAOBJIICTBOPAIOT YCIOBUAM, IIYTh OIITUMAJICH.

4. Yro Takoe HMKJI MUHUMAJIBLHOH cpeaHeii croumocT?
Omeem: 11uKa ¢ MUHUMaJIbHBIM OTHOIIEHHEM CYMMAapHOW CTOMMOCTH K JJIMHE.

5. Kak npumMeHsiloTCS IPSIMO-ABOIICTBEHHbIE MeTO/IbI K rpadam?
Omeem: JIns OMHOBPEMEHHOTO MIOMCKA ONTUMAJIBHBIX MMYTEH U MPOBEPKU YCIOBUIN
ONTUMAJILHOCTH.

6. B uem oTauune aaroputmoB Jeiikcrpsl u beasimana-®opaa?
Omeem: JlerikcTpa paboTaeT TOJIBKO C HEOTPHULIATEIFHBIMU pedpamu, bemnmman-Oopn —
C OTpULIATEIbHBIMHU.

7. YTo Takoe MOTeHIHAJIbI BepPIIHH?
Omeem: 3Ha4eHMUs, UCIIOJIb3yeMbI€ JIsl KOPPEKTHPOBKU BECOB pedep.

8. Kak HpﬂMO-HBOﬁCTBeHHbIe METOAbI IPUMECHAIOTCH 1JIsT MOTOKOB?
Omeem: I[J'IH HaX0XXACHHUA OIITUMAJIBHBIX ITIOTOKOB U OLICHKHU CTOMMOCTH.

9. Tlouemy oTpuIIaTeIbHbIE pedpa YCIOKHSIIOT 3a1a4qy?
Omeem: MOTYT IPUBECTU K OTPULIATEIHHBIM IIUKJIaM U OECKOHEYHOMY YMEHBIIICHHIO
CTOUMOCTH.

10. Ilpumep nNpuMeHeHHs] HIMKJI0B MUHUMAJILHOM cpeHell cTOuMOCTH?
Omeem: ONTUMH3ALNUS PACIIMCAHUN U CETEH C MOBTOPSIFOIIUMHUCS ITPOLECCAMHU.

B3Bemennbie NapocoYeTaHus, UMPKYJIAUMHA MUHUMAJIBLHON CTOUMOCTH, XOPAAJdbHbIE U
cOBepLIeHHbIE Irpadbl

1. Yto Takoe ocTaTO4YHAH CEeTh?
Omeem: CeTh, OTpaKaromas JOCTYITHBIC MMPOITYCKHBIE CITOCOOHOCTH TIOCTIE TEKYIIETO
[IOTOKA.

2. Onmmmmrte aaroput™ nporankuBanus (push-relabel).
Omeem: ANTOPUTM JUIE MAKCUMAIIBHOTO MTOTOKA, KOTOPBII MEHSIET BHICOTHI BEPILIMH U
IPOTAJIKMBAET OTOK JIOKATBHO.

3. Kak padoraer aaroputm Kapna nis napocoyeranmii?
Omeem: Vicnionb3yeT TMHAMUUYECKOE IIPOrPAMMHUPOBAHHE Ul IOUCKA TApOCOYETaHUN
MaKCHMaJbHOIO BECA.

4. Yrto xapakTepu3yeT XOpAaJbHbIi rpag?
Omeem: Kaxplii UK JUIMHBL >4 CONEPKUT XOpay (pedpo, He BXOJIAIIee B IIUKII).
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5. B 4em cyTh TeopeMbl 0 cOBeplIEHHBIX rpadax?
Omeem: B coBepIieHHBIX rpadax XpoMaTHUECKOE YUCIIO PABHO pa3Mepy MaKCUMAIIbHOM

KJIMKH JIJIs JT1000T0 oarpada.

6. CBf3b KJIHKH U PACKPACKHU B COBepIIeHHbIX rpagax?
Omeem: MUHUMaIbHOE YKCIIO IIBETOB PABHO pa3Mepy MaKCUMaJIbHOW KIIMKH.

7. UYro Takoe NMPKYJISIIUS MUHHUMAJIbHON cTOUMOCTH?
Omeem: I1oTok 0€3 NCTOYHMKA U CTOKA, MUHUMHU3UPYIOIUI CyMMapHYO CTOUMOCTb.

8. Kak ocTraTouyHble ceTH HCTOJIb3YHTCS JIsl MOMCKA MUHUMAJIBHBIX IUPKYISIMIi?
Omeem: JIns HaX0XJIeHUS IyTel yIy4IIeHUs U KOPPEKTUPOBKHU MOTOKA.

9. Ha3zoBuTe aJIrOpUTM MHHUMH3AIHUH CTOMMOCTH MOTOKA.
Omeem: Anroputm Kapmna, anroput™ noteHimaioB (successive shortest path).

10. Iouyemy xopaaJjibHbIe rPadbl BaKHbI 151 pacKpackKu?
Omeem: Packpacka XopIalbHbIX rpadoB MoIMHOMHUANIbHA U 3P PeKTuBHA OIaroaaps ux

CTPYKTYDE.

3apanus AJ1sl MPOMEKYTOYHOM ATTEeCTAIlMM MO JMCUMILINHE (MOLYJIIO0)

Ne 3ananue OtBer Komnerenuus
n/n
1. | Kak HasbiBaeTcst Meton pemeHust 3agauu LIJII1, B koTopom | BeTBei U rpaHuUIbl / BETBb YK-1
Ha KaXJIoM mmare perraercs orcek JIII-pemakcarus u Y TpaHUIla
MPOUCXOST 00JIACTH MIOMCKA C TIOMOIIBIO MTOKa3aTeNe 1
OIICHOK TOYHOCTH?
2. | Kax Ha3wpiBaeTcs MrHEHHAs 3a/1a4a, MTOTydaeMasi u3 TMHEWHas penaKcarys / YK-1
[EJIOYHUCIICHHON JIMHEWHOM 3a/1a4M IyTeM 3aMeHBI LP-penakcarus
1[EJIOYHCIICHHBIX OTPAHUYCHNH Ha BEIleCTBEHHbIE?
3. | Kak Ha3bIBaeTcs 1100aIbHOE OTpaHHUUuCHHE B COBEpIICHHO pa3HbIe YK-2
MPOrpaMMHUPOBAHUH B OTPAaHHUYEHHSIX, TPEOYIOIee, YTO0bI
BCE TIepeMEHHbIE TIPUHUMAITN pa3HbIe 3HAUSHUS?
4. | Kak Ha3pIBaeTcs ornepanus Mo nporpaMMHUpPOBAaHUIO B OrpaHUYEHUE YK-2
OTpaHHYEHUSX, KOTOPAs CYXKAET TOMEHBI, yIasis MPOTAIKUBAHUSIIPOTAIKH
3Ha4YeHHsI, HECOBMECTUMBIE C OTPaHUYEHUSIMU? BaHHE OJIOKUPOBKH /
pacnpocTpaHeHHe
5. | Kax Ha3wiBaercs aBpuctuka mis TSP, koTopast Kaxasii pa3 OnmkalIui cocex / OIIK-1
BbIOMpaeT OJMKaluil enié He OCeMEHHBIN TOpo? OJIMKAMINMIA cocen
6. | Kak Ha3biBaeTcst MeTo]l yiyuineHusi Typsl B TSP, koTopbiit 2-OTIIMOH / IBA-OTMIIUOHA OIIK-1
Ha II1are 3aMEHsET JIBe AYTH Ha JIBE JpyTHe, €CIIU 3TO
COKpAIaeT JNINHY TyphI?
7. | Kax Ha3bIBaeTCsl METO/ JIOKAJILHOTO MOMCKA, KOTOPBIN AMHATALMA OToKUra / OIIK-4
WHOT/Aa MPEINPUHIMAET CUIIbHBIE TIEPEXO/IBI C AMUTALMSI OTHKUTA
MIPETIATCTBUSAMHU, 00YCIIOBICHHBIMH «TEMIIEpPATypaMu»?
8. | Kak Ha3bIBaeTCsi METaBPUCTHKA, KOTOPAS 3aMPeIacT IMOMCK Ta0y-TIOUCK / Tady- OIIK-4
MEPEXOIUTh K HEJABHO MOCEUIEHHBIM PEIIEHUAM C MTOMCK
TTOMOIIBIO «Ta0ymucTay?
9. | Kak Ha3pIBaeTCs DBOIONMOHHBIA METOJ ONITHMHU3AIINH, T€HETUYECKUI aJrOpUT™M T1IK-1
WCTIOIB3YIOIMINHN TOIYJISIIUOHHBIE PEIIEHHUS U OTIEPaTOPHI
KpOCCOBEpPa U MyTaluu?
10. | Kax Ha3pIBaeTcsi THOpUIHBIH [10JIX0/1, TIPH KOTOPOM YacTh [ouck no parionyLNS / [K-1
byHkui Gukcupyercs, a OCTaIbHBIC [Touck KpyIHBIX
MIEPEONTUMHU3UPYIOTCS, UTO JACT «OOJBIITHE YCIOBHUS)? OKpECTHOCTEH
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11. | Kax Ha3bIBaeTcs 3a/1a4a, B KOTOPOI HY>KHO BBIOpaTh 00J10)KKa TIOKPBITHE / [K-2
HOAMHOKECTBO TaKOT'0 MUHUMAJIBHOTO pa3Mepa, YTOObI MX HabOp YeXJI0B
00beIMHEHUE MTOKPHIBATIO YHUBEPCYM?

12. | Kak Ha3biBaercsi orpanndyenue/mpuém B CP-monenu, CHSITHE CUMMETPHH / [K-2
no0aBieHue U UCKITIOYSHUS] CAMMETPHYHBIX PEeLIeHUH HapyIIeHHE CHMMETPUH
(mampumMep, hUKcamus MO3UIMHA OAHOTO (pep3s B 3a1ade o
dbep3sx)?

13. | Kak Ha3pIBaeTcs 3a1a4a MapIIpyTH3aLuH, T1e TpeOyeTcs VRP / mapuipyT 3agaun [K-3
HPOJIOKUTH MAPIIPYTHI JUTS HECKOIBKHUX TPAHCIIOPTHBIX TpaHcIIopTa
CPEJICTB C OTpaHUICHUSIMH, HAIIPUMEP, 10 OJIM30CTH?

14. | Kax Ha3pIBaeTcs Kaccuueckas »aJHas 9BPUCTHKA IS KaJIHBINA anropuT™ / [K-3
MOKPBITHUS MTOKPHITHS, KOTOPOE Ha Ka)KAOM dTare BbIOUpaeT JKaTHBIA
MHO’KECTBO, TIOKPBIBAIOIIEE MAKCUMYM €IIE HEe MOKPBITHIX
3JIEMEHTOB?

15. | Kak Ha3pIBaeTCs 3a/1a4a, B KOTOPOW HEOOXOIUMO BBIOpATh PpIOK3aK IK-3

HabOp MPEIMETOB C MAKCUMAITbHOW COBOKYITHON
CTOMMOCTBIO TIPH OTPaHUYCHUH 00T MacChI?
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