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1. Kparkasi XapakTepuCcTHKA TUCHUINIMHBI (MOIYJIs)

PabGouass nporpamma 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, Npoduiab VICKycCTBEHHBIH MHTEIUIEKT, YTBEPXKAECHHBIH INPHUKA30M
MunucTepcTBa HayKH U BbIcIiero oopasosanus Poccuiickoit deneparmu Ne 807 ot 23.08.2017
roja.

N3yuenne aucuuIuiHbel (Moayisi) «MeToabl TUCKPETHOW ONTHMM3ALKUY» MO3BOJISET
CTYACHTaM IIUPOKO IPUMEHSTH IIOJIyYCHHbIE 3HAHMA B PaA3IMUYHBIX O0JACTSIX, TAKMX Kak
HKOHOMHKA, WH)KEHEpUs M MHPOPMATHKA, YTO MO3BOJIAET 3()(PEKTUBHO pemarh MpaKTUYeCKHue
3agaun. Kpome TOro, 3HaHue 3TUX METOJIOB CIIOCOOCTBYET PA3BUTHUIO aHAIMTHUECKOTO MBIIIICHUS
Y HaBBIKOB PEIICHHS] KOMIUIEKCHBIX MPOOJIEM.

MecTo AMCHUIINHBI (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
HcKycCTBEHHBIN HWHTEIUIEKT M BXOAWUT B dacTh bioka 1, ¢opmMupyeMyr0 ydaCTHHKaMu
00pa3oBaTeNbHBIX OTHOIICHUH KaK AUCIMIUIMHA IO BBIOODY.

Juctumuimaa (MOAyib) U3ydaercs Ha 3 win 4 Kypce B 5, 6 wim 7 ceMecTpe Ha BhIOOpP.

Heanr wu3ydyeHusi AUCHUIIMHBI (MOAYJS). 3aKIIOYACTCSI B OCBOCHUU CTYACHTAMH
OCHOBHBIX TEXHHUK U AJITOPUTMOB, ITO3BOJISIOLIMX HAXOJIUTh ONITUMAJIbHBIE PEIICHHUS B PA3JIMUHbBIX
3a/1a4ax, CBSI3aHHbBIX ¢ MAaKCUMU3ALMEN WM MUHUMU3aLKEN (QyHKIUI.

3agauyu u3yveHus: JMCUMIIMHBI (MOYJsl) HAMpaBieHbl HA POPMUPOBAHUE Y CTYACHTOB
CIENYIOIINX 3HAHUM, YMEHHUI 1 HABBIKOB!

3Hambv:

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

— Kkjaccuueckue NP-TpynHbIe 3a7auyu: MOKPBITHE MHOKECTBA, PIOK3aK, YIAKOBKa B
KOHTEWHEPBI, KOMMHUBOSIKED;

— TEPMHUHOJIOTHIO MPOTPAMMUPOBAHUS B OTPAHUUYCHUSX, MPUHIUIIBI PaOOTHI COJIBEPOB,
JTy4YlINE TPAKTUKU MOJEIUPOBAHMS,

— OCHOBBI IMHEHHOTO TIPOrpaMMHUPOBaHUs U CcBsI3b LP-penakcamuy ¢ KOMOMHATOPHBIMU
3aJadaMu;

— OCHOBHBIE 3BPUCTHYECKHE M METAa’dBPUCTUYECKHE MOAXOJbI: AJTHBIE AJITOPUTMBI,
JIOKAJIbHBIHN MOUCK, UMUTALIUS OTKUTA, TA0Y-TIOMCK, TEHETHUECKHUE aTOPUTMBI;

ymembw:

— crpoutb CP-moxenu mist 3agau ontumuzaruu B Python (PyOMO) u MiniZinc;

— TPUMEHATh METOJABl CHSATHS CHMMETPUH W BBIOMpATh TOAXOMSIINAE TJIOOATHHBIC
OTpaHUYECHUS;

— ¢opMynupoBaTh TMHEWHBIE U [ETOYNCICHHBIE MOICIH JIJIsl KOMOWHATOPHBIX 3a7a4;

— PpeaTM30BbIBATH KAJHBIE AJITOPUTMBI U OIIEHUBATh KAYECTBO MOJTYy4aeMbIX PEUICHU;

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

— PpeaTr30BBIBATH AJITOPUTMBI JJOKATLHOTO TOMCKA U META3BPUCTHUKH;

6/1a0embn:

— HaBBIKAMH MOJICJIUPOBAHUSA OINTHUMU3AIMOHHBIX 3a71a4 B napajaurme
MIPOrpaMMHUPOBAHUS B OTPAaHUUYEHUSX;

— Meroaamu okpyriieHust LP-pemenuii st mocTpoeHust TpuOIMKEHHBIX PEIICHUH;,

— TEXHUKAMHU JIOKAJIBHOTO ITOMCKA: TOCTPOCHUE OKPECTHOCTEMN, 2-0pt, METO/IbI BBIXO/IA U3
JIOKAJIbHBIX ONTUMYMOB;
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— M[oaXoAaMH K pa3paboTKe TUOPUAHBIX alrOpuTMOB Ha OCHOBE KOMOWHAIMH
HECKOJIbKMX 3BPUCTHUK U MOJAXO0J0B (B yactHOCTH, LNS).
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyemble B pe3ylbTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJsS) MpH
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuusi | Cogep:kanue komnereHuuu | HuamkaTop IlepeyeHpb MIAHMPYEMBIX
KOMIIETeHIIN U pe3yJbTaTOB 00y4eHus Mo
JUCHUIIMHE (MOTYJIIO)
VK-1. Crioco0eH oCyIIeCTBIIATh VK-1.1. 3HaeT MeTOAbI MOKUCKA U aHaJIN3a
MTOMCK, KPUTHICCKUH aHAIIN3 nH(pOopMaIuu B 001aCTH
U CHHTE3 H(pOpMaIn, HCKYCCTBEHHOTO MHTEIJIEKTA,
MPUMEHSTH CHCTEMHBIH OCHOBHBIE MTPUHIHITBI KPUTUIECKOM
MOJIXOJT IS pEIIeHNUs OIIEHKH UCTOYHUKOB HH()OPMAIINH U
MOCTaBJICHHBIX 33729 WX PEJIEBAHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WUCTOYHUKHU HH(OpMAILINU H
CHHTE3UPOBATh IAHHBIE U3 Pa3INIHBIX
VMCTOYHUKOB ]ISl pEIICHUS 3a/1a4,
MPUMEHSTh CHCTEMHBIN MOAXO0]] K
aHAM3Y ¥ PEIICHUI0 KOMIUTEKCHBIX
mpo0IeM
YK-1.3. HmeeTt npakTHUECKHIA OTBIT pabOTHI €
COBPEMEHHBIMU HHCTPYMEHTAMH H
TEXHOJIOTHSIMH 1 00pabOTKH
nHpopMaIuu, GOpMyIUPOBAHUH H
CTPYKTYPUPOBAHUH 33124 HA OCHOBE
MOJTy4eHHON MH(pOpMaIIH
YK-2. CriocobeH onpeaensTe Kpyr YK-2.1. 3HaeT ACUCTBYIOIINE IPaBOBBIE
3a7a4 B paMKax HOPMBI, PETYJIMPYIOIINE ACATETEHOCTD
MOCTaBIICHHOH LIEJIN 1 B 00JIACTH PELICHUS 3a]1a4, OCHOBHBIE
BEIOMpATh ONTUMATbHBIE METO/TBI U TIOJIXO/IBI K OTPEIEICHUI0
CIIOCOOBI MX PEeIIeHHUS, Kpyra 3a7a4
UCXOJIS U3 IEHCTBYIOIIIX YK-2.2. YMeer onpenesnsaTh KpyT 3a7a4d B
MPABOBBIX HOPM, UMEIOIIIXCS paMKax IMOCTaBICHHOH IIeJH,
PECYPCOB U OTpaHUYCHUH BEIOMPATh ONTHMAJIBHBIE CIIOCOOBI
peleHus 3a1a4, yYUThIBast
UMEIOIIHECS PECYPCHl U OTpaHHYCHHUS
YK-2.3. NmeeT npakTUYECKH OTIBIT
MIPUMEHEHUS 3HAaHWI O TPaBOBBIX
HOpPMaXx H Pecypcax B pealbHbIX
CUTYaIUsX, pa3paboTKH U pearu3aiun
peleHnd B COOTBETCTBUH C
YCTaHOBJICHHBIMH OIPaHHYCHUSIMH
OIIK-1. CnocobeH KOHCYTbTHPOBATh OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIINH U TEOPUH
Y UCIIOJIb30BaTh B 00JIACTH MaTeMaTHYECKOTO aHAIIN3a
¢byHaaMeHTaIbHbIE 3HAHUS B Y CMEXHBIX IUCIMIUIMH; METOIBI U
001acTH MaTeMaTHYECKOTO MIOJTXOJIbI, KCIIONIb3yeMbIC B
aHam3a, KOMILIEKCHOTO U Pa3IUYHBIX 00JIACTAX MATEMATHKH
(GYHKIMOHAIBHOTO aHaJIN3a OIIK-1.2. YMeeT NpUMeHATh MaTeEMATHYECKHE
anreOpbl, aHATUTUIECKOM METOABI [UIS PEIICHUS
TEOMETPHH, npodecCHOHANBHBIX 3324
nuppepennmanbHONn OIlK-1.3. MeeT IpakTHYECKUH OIIBIT
TEOMETPHH U TOTIOJIOTHH, pa3paboOTKH U pean3auu
nuddepeHInaTbHBIX MaTEeMaTHYECKUX MOJIECIICH B

yYpaBHEHUH, TUCKPETHOU
MaTeMaTUKU U

npodecCHOHATLHON IEATETHHOCTH
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MaTeMaTUYECKOH JIOTUKH,
TEOPUHU BEPOATHOCTEM,
MaTeMaTUYeCKON CTaTUCTUKHU
U CITyYalHBIX MIPOLECCOB,
YUCJIEHHBIX METOJIOB,
TEOPETUYECKON MEXaHUKH B

npohecCHOHANTBHOMN
JeSITeIbHOCTH
ITK-1. Crnioco6en popmymnupoBatb IK-1.1. 3HaeT METOBI U TTOAXOBI K
3a7a4M C MaTeMaTHYECKOM (bopMyIHpOBaHUIO 3a7a4, a TAKKe
TOYHOCTBIO, 000CHOBEIBAThH OCHOBHBIC MTPUHIIMIIBI
YTBEPKICHHUS CTPOTO H MaTeMaTHYECKOTO JI0Ka3aTeIbCTBA U
aHAIN3UPOBATH MOJTYYCHHBIC aHaJIM3a Pe3yJIbTaToB
pe3ynbTaThl B 00JacTH IK-1.2. YMeeT KOPpEKTHO CTaBUTh U
MaTeMaTHKH U (opMynupoBaTh MaTEeMaTHYECKHE
KOMITBIOTEPHBIX HayK 331241, IPUMEHATH CTPOTHUE METOJIBI
JIOKa3aTeIbCTBA U AHATM3UPOBATH
MOJTY4YEeHHBIE PE3yIbTATHI
IK-1.3. Hmeer ombIT paboThI ¢ 331a4aMU B
001aCTH MaTEMaTHKH U
KOMITBIOTEPHBIX HAYK, BKIFOUAs
MPUMEHEHUE MaTeMaTHUECKIX
METOJIOB JIISI PEIICHHS TIPAKTHUECKUX
3a1aq
[K-2. CriocobeH pemarh THIIOBEBIE [K-2.1. 3HaeT OCHOBBI MH)OPMAIIMOHHOW U
3a7a4y MpoecCUOHANBHON OoubnmorpaduuecKon KyabTyphl, a
JIeATeTLHOCTH B 00JIaCTH TaKoKe MPUHIAIBI HHPOPMATMOHHOM
HCKYCCTBEHHOTO MHTEIICKTA, 0€301acHOCTH U IPUMCHEHHUS
OMHpasich Ha UHPOPMAITMOHHO-
MH()OPMALMOHHYIO U KOMMYHHUKAIIMOHHBIX TEXHOJIOTHI B
oubnmorpadudeckyro po(hecCHOHATIBHON NEATENbHOCTH
KyJIbTYpY, UCTIONB3YS IK-2.2. Ymeet 3pPeKTUBHO UCTIONB30BATh
MH()OPMAIIIOHHO- UHPOPMAITHTOHHO-
KOMMYHHKAI[IOHHBIE KOMMYHHKAIIMOHHBIE TEXHOJIOTUH IS
TEXHOJIOTHH U YIUTHIBAS pelleHHs CTaHAaPTHBIX 33124
OCHOBHBIE TPeOOBaHHUS npodecCHOHAILHON IeATEHHOCTH,
MH()OPMALTMOHHOM YUYHUTBIBasl TPEOOBAHUS
Oe3onacHocTU MH(POPMALMOHHON 0€3011aCHOCTH
IK-2.3. HmeeT onbIT paboThI €

WHPOPMAITMOHHBIMH PECypCaMu 1
TEXHOJIOTHSIMU B 00JIaCTH Pa3padOTKH,
BKJTFOYAs COOJTFOICHIE HOPM
WHPOPMAIMOHHON 0€30MaCHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHEe YaChl

Il HanmeHoBaHnue Ounas ghopma

pa3jaena AMCHUIIHHBI KonrakTHas 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,
OTITHMH3AITHIO U IToaroroBka k
MOJICIMPOBAHUE CEMUHapY

2 Kanubie 3BpUCTUKH B 10 10 42 Homarinue 3ananus,
ONTHMH3AITIH KontponbHas pabora

3 PaznudHbIe METOIBI 10 10 42 Jlomarnue 3aganus
peleHus IToaroroBka k
ONITHMH3AITMOHHBIX 3a7a4 CEMHUHAPY
IK3amen 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
JUCHHIJIMHBI (MO1YJIs1)

1 Beenenne B muckperHyto | Beemenue. Tpynnble 3aqaun BeImotHUMOCTH (satisfiability) u
ONTUMM3ALIAIO u | orrruMu3aiuu (optimization), cBs3b Mexry HUMU. [Ipumepsr 3a1au:
MOJIEITHPOBAHHE 3a/1a4yn 00 yImakoBKax, O MOKPHITHAX, 3a/1a4H Ha Tpadax.

OCHOBBI IPOTPAMMUPOBAHUS B OrpaHUYCHUIX. OTINYHUS OT
MMIIEPaTUBHOTO MPOrpaMMHUpOBaHusl. Pa3HooOpa3ue moaxonoB K
MOJIETTUPOBAHUIO HA TTpUMepe 3a/1aun 0 pep3sax. BaxxHelimme noHATHS B
MPOrpaMMHUPOBAHUH B OTPAaHMUYCHUIX: 00J1aCTh IOUCKA, TIPOTAJIKUBAHUE
OTrpaHUYCHHUIH, TJI00AJIbHBIC OTPAaHUYCHHUSI, U30BITOUHBIC OTPAHUYCHUS.
CHATHE CHMMETPHH.

[TatTepHBI MOAETUPOBAHUS: 3a]]a4a O PIOK3aKe, 3a7a4a KOMMHBOSIKEDPA,
YIaKOBKH, pacniucanus. JInneinoe nporpamMmmupoBanue. CI0KHOCTb
3amay JIIT u LJIII. JInuneiinas penakcanus KOMOMHATOPHBIX 3a/1a4.
Oxpyrienne LP-pemiennii: 1eTepMUHIPOBAaHHOE OKPYTJIEHNE Ha
prMepax 3aJa4u 0 PIOK3aKe M MOKPHITH MHOYKECTBA.

2 JKanHble 3BpUCTHKH B JKamubie 3BpHUCTHKY: 3a7a9a TOKPHITHS MHOXKECTBA | 3a/1ada O PIOK3aKe.
ONTHUMH3AIINN Casi3b 33124 O JIepeBbAX U 00X0ax rpados. O0mas, MeTpruuecKas u

EBKJIMI0BA 3a7]aud KOMMHBOsKEpA. JKaqHbIe alrOPUTMBI B 33144
KOMMUBOSDKEpa: OMmKaiImii coces, KpaTdaiinie BCTaBKH, allTOPUTM
Kpucroduaeca.

3 Paznnunsie metonsl pemienust | [lepebop ¢ BozBpaToM u MeTo1 BeTBel u rpanull. [Ipumepsr: 3amaun o

ONTHUMH3AINOHHBIX 3344 PIOK3aKe M KOMMHUBOSDKEpA. JIOKaBHBIN MONUCK: OKPECTHOCTH,
BocxoxaeHue, 2-opt st TSP. [Ipobiema JIoKambHBIX ONTHMYMOB.
MeTo/1b1 BBIX0/1a U3 JIOKATBHBIX ONITUMYMOB: UMHUTAIIHAS OTXKUTA, Ta0y-
MTOMCK. DBOJIIOIMOHHBIC AJITOPUTMbI: TeHETHUECKUE aJITOPUTMBI,
MIPEACTABJICHUE PEIICHHA, OTIEPATOPHI KPOCCOBEPA M MyTaITUH.
I'ubpuaAHbIC METO/IBL: TOUCK ¢ OombiiMu okpecTHOCTIMH (LNS),
unrerpauust CP u nokansHoro noucka. Keiic-ananus: 3agaua
Mapmipytuzanuu Tpaacnopta (VRP).
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTpaHsIeMOro IMPOTPaMMHOTO O0ECHeYeHHs, BKJIIOYas TPOAYKTHl OTEYECTBEHHOT'O
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
BO3MOXKHOCTH JOCTYIIA K pecypcaM U3 000l TOUKH, TIe eCTh HOAKIYEHHE K cetu VIHTepHeT,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnasa numepamypa:
1. Metoasl onTUMH3AIUH : YUeOHUK U MpakTUKyM Juist By3oB / @. I1. BacunbeB, M. M.

[Toranos, b. A. bynak, JI. A. AprembeBa ; non penakuueir @. II. BacunbeBa. — Mocksa :
WznatenbctBo FOpaiit, 2025. — 375 c. — (Boicuiee oOpazoBanue). — ISBN 978-5-9916-6157-7.
— Tekcr : oanekrponsbli // OOpa3oBartenbHas 1miatrdopma 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. MaTemaTiudeckoe mporpaMMupoBanue. BapuanimonHoe ncuucieHue :

yueOHuK ast By30B / O. A. Tomnerun. — 2-e u3n., ucnp. u gon. — Mocksa : M3narenscTBo
FOpaiit, 2025. — 233 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-11755-4. — Texker :
NeKTpoHHBIH  //  OOpazoBarenbHas  miatgopma  FOpaiir  [caiit]. —  URL:

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

4. KnexoBkuH, I'. A. 'eomerpudeckas Teopus rpados : yaueOHoe mocodue 1jist By30B / I'. A.
KnexoBkun, JI. I1. Konnosa, B. B. KonHoB. — 2-e u3a., ucnp. u gomn. — Mocksa : 3aarenascTBo
FOpaiir, 2025. — 165 c¢. — (Bricmee oopazoBanne). — ISBN 978-5-534-21249-5. — Texkcr :
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-¢ u3., ucnp. 1 J0M. —
Mocksa : M3narensctBo FOpaiit, 2022. — 367 ¢. — (bakanaBp u Mmaructp. AkajieMU4ecKuii Kypc).
— ISBN 978-5-9916-3859-3. — Tekcrt : anexkTpoHHBIH // O0pazoBaTenbHas miatgopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/507818.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojiaraeT MaTepUaIbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIOIIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U oOecreunBaroleil MpoBeIeHne BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCIUIUIMHAPHON TOATOTOBKH, IMPAKTUYECKOW M HAy4dHO-
HCCJIEIOBATENbCKOM paboT 00yyaronuXcsl, MPelyCMOTPEHHBIX YUEOHBIM ITJIAHOM.

[TomMerienust, KOTOpPBIE PEICTABIISAIOT CO00 yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHH
JEKIMOHHOTO THMA, 3aHATHM CEMUHApCKOro (MPakTUYECKOro) THIA, TPYIIOBBIX U
WHJVBUYaJIbHBIX KOHCYJIbTALUN, TEKYIEr0 KOHTPOJIA U IIPOMEXYTOYHOU aTTECTallMH, a TAKKe
HOMEIICHHUS ISl CAMOCTOSATENIFHON PaOOTHI M ITOMEIIECHUS [UT XPAaHEHUS ¥ TPOPIIIAKTHYECKOTO
oOciyxuBaHusi yaeOHoro obopynoBanus. [lomenieHrs yKOMITJIEKTOBaHbI CIICIIMATU3UPOBAHHON
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MeOenbl0 U TEXHUYECKMMHU CPEICTBAMM OOyUYEHMsI, CIyXKAallUMH Ui MPEACTaBICHUS y4eOHOH
uHpopManuu O0JIBIION ayTUTOPHH.

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

— CTOJIaMHU U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOH;

— MEXaHWYECKUMHU KaJIbKYJISTOpaMH;

—  CHENHMAIU3UPOBAHHBIM 000pYyI0BaHNEM, BKITIOYAs IEMOHCTPAIIHOHHOE 000PYI0BaHHE.

[Tomerienus 1J1s1 CaMOCTOATENBHOM paboThl 00yUarOIINXCsl, B TOM YUCIIE IPUCIIOCOOIEHHBIE
JUISL MCTIONIb30BaHMsI MHBAJIMJAMH M JIMLAMU C OTPAHUYEHHBIMU BO3MOXHOCTSMHU 3/10pOBbBS,
OCHAIIIEHbl KOMIbIOTEPHON TEXHMKON C BO3MOYKHOCTBIO IOJKIIOUEHHs K ceTH «MHTepHeT» u
obecrieueHHEeM  JIOCTylla B 3JEKTPOHHYI0  HH(OPMaNMOHHO-00pa30BATEIbHYIO  Cpely
YHuBepcurera.

OOyyarommMcsl IPeNOCTaBIAETCA JOCTYI (B TOM 4YHCIE YIAIEHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YHUCIIE AJIEKTPOHHBIM OHOJIMOTEYHBIM CUCTEMAM, COBPEMEHHBIM NpO(eCcCHOHAIbHBIM 0a3zaM
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/

BEICIIET0 0Opa3oBanus Poccuiickoit deneparuu

5. | ®enepanbhsiii moprai «Poccuiickoe oopasosanue" | https://www.edu.ru/

6. WNudopmarmonnas cucrema "Enunoe okHO noctyna | 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

[lepeueHr MHQOPMALIMOHHBIX TEXHOJOTHM, MCIOIB3YEMbIX TIPU  OCYIIECTBICHUU
00pa30oBaTeNLHOTO MpoIiecca M0 TUCHUIIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3HOHHOTO
IPOrpaMMHOr0  OOecreyeHusl, COBPEMEHHble MpodeccuoHanbHble 0a3bl  JaHHBIX U
UH(POPMAaLMOHHBIE CIIPABOYHBIE CHCTEMBI:

HaunmenoBanue 110 IIpousBoacTBO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHseMoe

OnepanuoHHbIe CUCTEMBbI:

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
ITporpaMMHoe oGecnieueHne 1JIsi IVIAHHPOBAHHUSI U Y4€Ta BPeMEeHM:

Toggle app | sapyGesxuoe | cBOGOIHO pacIpocTpaHseMoe
CucTeMbl YHPaBJIeHHsI MPOEKTAMM:

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

Microsoft Imagine (SQL Server) | sapyGesxHoe | nmuuensnonHoe
Cucrtembl pe3epBHoro konupopanusi (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 CcBOOOIHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apyOeKHOE CBOOOHO pacIpoCTpaHsIeMOe
Anaconda 3apyOexKHOE CBOOOIHO pacIpOCTpaHsIEeMOe
Robotic Operating System 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
CopelliaSim 3apy0eKHOE CBOOOIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0eKHOe CcBOOOJIHO PACIIPOCTPAHIEMOE
IMakeThl MPOrPaAMMHBIX CPEICTB H OHOINOTEK:

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

Zotero | 3apyOexKHOE | CBOOOIHO PaCIpPOCTPaHsIEMOe
CepBHCHI B CITYKOBI:

Bind 3apyOeKHOE CBOOOIHO paCIpPOCTPaHsIEMOe
Docker 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe

7. MeToanueckue v OlleHOYHbIEe MATEPHAJIbI
MeToauyeckue yKazaHus i 00y4aIOUIUXCS M0 OCBOEHHUIO TUCIHHIIMHBI (MOYJIs1)

B npornecce u3yueHMs TUCHMIUIMHBI (MOAYJs) «MeTo/bl NUCKPETHOM ONTHMMM3ALUU» B
paMKax TEKYIIEero KOHTPOJI YCIEBAEMOCTH HCIONb3YIOTCS TaKue BHJIbI yueOHON paboThl, Kak
JeKIMH, CEMHUHApbI, IOMAIIHUE 3aJaHUs U KOHTPOJIbHbIE pabOThI, a TaKXKe pa3jIMyHbIC BUJbI
CaMOCTOSITENIbHOM padOThl 00yYaroIMXCs IO 3aJaHUI0 IPEnoJaBaTelis, HAlpaBICHHbIE Ha
pasBUTHE  HABBIKOB  NPO(ECCHOHANBHOM  JIEKCHKH, 3aKpeIJICHUE  MPaKTHYECKUX
poecCHOHANBHBIX KOMIIETEHIINN, TOOIIPEHNUE UHULIUATHB.

Jlexyus — cuUCTEeMaTHYecKoe, IOCIEI0BATEIbHOE, MOHOJOTHUYECKOE  M3JI0KEHUE
npernoiaBaTeseM yaeOHOTO MaTepraa, Kak paBuiio, TEOPETHIECKOTO XapaKTepa.

B mpornecce neknuii pekoMeHayeTcss BECTH KOHCHEKT JIEKIUi: KpaTKO M CXEMaTHYHO
(UKCUPOBATh OCHOBHBIC WIEH, BBIBOJABI M OOOOIICHWS JIEKIMH; BBIACIATh BAKHBIC MBICIH,
KJIIOYEBbIE CJIOBa W TepMUHBL. HeoO0X0IMMO OTMETUTH BONPOCHI MM MaTepUalbl, KOTOpHIE
BBI3BIBAIOT 3aTPYIHEHHS, U TOTBITATECS HAWTH OTBETHI B PEKOMEHIOBaHHOU JnTepatype. Ecimu
pa3o0paThCsi B MaTepuaie He YAaercs, CleAyeT cGOpMYIMpOBaTh BONPOC U 3alaTh €ro
MPETO/IaBaTeI0 Ha KOHCYJIBTAIIMH WA BO BPEMSI CEMUHAPCKOTO (TIPAKTUYECKOTO) 3aHSTHSL.

Yuacmue 6 cemunape — akTuBHas paboTa CTy/I€HTa HA CEMUHApE, €ro OTBETH HA BOIPOCHI
IPENoAaBaTeNsl U y9acTHE B TUCKYCCHH.

JUis yCHemHoro y4acTisi B CEMUHape CTy/I€HTaM PEKOMEHyeTCsl 3apaHee 03HAKOMHTHCS C
TeMON OOCYXXAEHUs, IPOYNUTaTh HEOOXOJMMbIE MaTepHUaibl U MOATOTOBUTH BOMPOCHL. BaxkHO
aKTHBHO CIIYIIaTh M BOBJIEKATHCS B TUCKYCCHIO, BEICKA3bIBasi CBOM MHEHHS U apTYMEHTHPYS HX.
[Ipu oTBeTax Ha BOMPOCHI MPENOJABATENS CTOUT OBITH YBEPEHHBIM, YETKHUM M JIOTUYHBIM,
OTMPAsiCh HAa U3y4YEHHBII MaTepHrai. Takke IMoJIe3HO MOIEPKUBATH TUATIOT C OTHOKYPCHUKAMH,
4T00BI 000TaTUTh 00CYXKACHUE U PACIIUPUTH CBOM 3HAHUSI.
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Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

HpI/I pa60Te Had AOMAallHUMHU 3aJaHUSIMHW BaKHO BHHUMATCIIBHO O3HAKOMUTHBCA C
TpeOOBAaHUSAMHU U CPOKAaMH BBINOJIHCHHs. PeKoMeHyeTcss pa30MBaTh 3aJaHHs HA 3Tarbl, YTOOBI
n30exarh MEeperpy3kd M JIydille yCBOUTh Marepuai. Mcmonp3oBaTh pa3iuyHble HMCTOYHHKU
uH(pOpMaIKH, BKIIOYas yIeOHUKH U OHJIAaH-pECyPChI, A 00jIee NIYOOKOr0o TOHMMAHHS TEMBI.

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

HCHB KOHTpOHbHOﬁ paGOTBI - [IOJIY4YHUTDb CIICHUAJIBHBIC 3HAHUA I10 OI[HOﬁ NI HECKOJIBKUM
TEeMaM TUCHHUIUIMHBI (MOYJIS) U TIPOJCMOHCTPUPOBATh HABBIKH UX MPAKTHYECKOTO TPUMCHEHHUSI.

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

B miporiecce caMocTosITeNIbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHOBAHHBIMH
MaTepuaiaMy MPU MUHUMAIBHOM yYacTHH MpernoiaBareis. 3aaun CTyIeHTa BKIIOYAoT paboTy
C KOHCIIEKTaMu JIeKIui (00paboTka TeKCTa), MOBTOPHOE M3yUEHUE YUeOHBIX MaTEpPHAJIOB IJIAHOB
U TE3UCOB OTBETOB, U3yU€HHUE JOMOJHUTEIBHBIX TEM, BHIIOIHEHHE yU4eOHO-UCCIIEeI0BATEbCKUX
3aJJaHUI U IPYTOE.

CucremMa OleHUBAHUA Pe3y/JIbTATOB 00y4YeHH S 10 JUCHUILIMHE (MOAYJII0)

Kputepun nosyyenusi ypoBHsi M OlleHUBaHUA CPOPMHUPOBAHHOCTH KOMIIETEHUMH 1O
AUCHUILIMHE (MOay./110) «MeToaAbl AMCKPETHOM ONITUMH3ALUH»

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

IIpome:xxyTouHasi arrecTaumsi 1O JUCIHUIUIMHE (MOIYJIO) OCYIIECTBIISIETCS B (opme
9K3amMeHa, Ipu 3TOM TPOBOJUTCS OLIEHKA KOMITETEHITNH, C(HOPMUPOBAHHBIX 10 TUCIUTLINHE.

Jns OueHMBaHUSA TEKYLIErO KOHTPOJIS YCIEBAEMOCTH M NPOMEXYTOYHOM AaTTECTALMH
UCTIONb3YyeTCsl JiecaTuOaulbHas IIKaja OLIEHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHOMN
NATHOAIIIBHOM IIKAIOH CIelyIoIuM 00pa3oMm:

HecaTudannbHas IlaTubannbHas OO0mas xapakTepuCTHKA pe3yJIbTaTa 00y4eHusi 1o
OILICHKA OLICHKA AUCHHILUINHE (MOLYJIIO)
10 OTinyHO CTyZneHT NOJIHOCTBIO BIAJECET 3HAHUSMH, W3JI0KECHHBIMH B
9 OTIMYHO paboueil mporpamMme, u TIIyOOKO OCMBICISET AUCUUILINHY. OH
) OTINYHO CaMOCTOSITEIbHO U JIOTHYECKU [10CIIEJ0BAaTENILHO OTBEYAET Ha BCE

BOIIPOCHI, aKLEHTUPYsSI BHUMaHUE HAa HanOoJiee BaXKHOM. YMeEeT
aHaJM3UPOBATh, CPaBHUBATH, KIACCH(PHUIUPOBATH, 0000IIATE,
KOHKPETHU3UPOBATh U CUCTEMATU3UPOBATh N3YUEHHBIA MaTepuall,
BBIJIENAS KIIIOYEBbIE MOMEHTHI M YCTaHaBJIMBas NPUYMHHO-
CIICZICTBEHHBIE CBSI3H. UETKO (OPMYIHPYET OTBETHI, YBEPEHHO
HWHTEPIPETUPYET PE3yIbTaThl aHATU30B U IPYTUX UCCIIEAOBAHH,
a TaKXKe perIaeT CIoXHble 3a1a4u. CTyIeHT XOpOIIO 3HAKOM C
METOJIaMH HCCIJICOBAHHS, HEOOXOAUMBIMU JUISl TPAKTHICCKON
NESITEIbHOCTH, M YMEET CBS3bIBaTh TEOPETHUYECKHE ACTICKTHI
JVCIIUTUTMHBI (MOJTYJIsI) C IPAKTHIECKUMU 3aJ[a49aMH.

7 Xoporo CrynenT obnamaeT 3HAHUSAMH TIPEIMETa TOYTH B IIOJTHOM

6 Xopomo o0beMe paboueil mporpaMMbl M CaMOCTOSTEIBHO, JOTHUSCKU
ITOCJIEIOBATEIFHO M BCECTOPOHHE OTBEUACT HA BCE BOIPOCHI,

AKICHTUPYA BHUMAHUC Ha HanOoJee 3HAYUMBIX MOMeHTax. OH

DNEeKTPOHHBIA JOKYMEHT




JecarnoanabHas IIgsTudaiibHast OO0uas xapakTepucTHKa pe3yabTaTa 00yyeHus 1Mo
olleHKa OlleHKAa AUCUUIINHE (MOTYJIIO)

yMEET aHaJIW3upoBaTh, CpPaBHUBATh, KJIACCUDUIIMPOBATH,
000011aTh,  KOHKPETH3HPOBaTh WM  CHCTEMaTH3HPOBATh
M3YYCHHBIM MaTepual, BBIICIAS €ro KIYECBBIC aCleKThl H
yCTaHaBIMBas MPHUYUHHO-CIICACTBCHHBIC CBsi3u. Dopmynupyer
CBOU OTBETHI, YBEPEHHO HHTEPIIPETHPYET PE3YIbTATH AaHATU30B
U JIpYTHX HCCICIOBaHWM, a TaKXKe peIaeT CIOXKHBIC
cUTyanuoHHble 3a1a4. CTYJIEHT XOpOIIO 3HAKOM ¢ METOJaMU
HCCIICIOBAHMS, HEOOXOAMMBIMHU JUTST MIPAKTHYECKOM
JIESATSIILHOCTH, U yYMEET CBSI3bIBATh TECOPETHUYCCKUE ACIEKTHI
MpeaMeTa ¢ MPaKTUICCKUMH 3a[auaMH.

5 YnoenerBopurensHo| CTymeHT o6namaer 0a30BBIMH 3HAHHSMH 10 JIHCIUTUIHHE
4 Y noBneTBopuTensHo | (MOIYIIO), HO MCIIBITHIBACT TPYAHOCTU NPU CAMOCTOSTENIbHbIX
OTBETaX M WHCIONB3yeT HeTouHble (opMymupoBku. B xome

OTBETOB OH JIONMYCKAaeT OIMUOKH, KACAIOIIUECs CYTH BOIPOCOB.
CryneHt crnocoOeH pemnaTh TOJIBKO caMble MPOCTHIC 3aJaud U
BlIJieeT  JWIIb  MHUHUMAaIbHBIM  HAO0OpPOM  METOIOB

UCCIIEI0BAHUS.
3 He cnan CryneHT He oBjiazen 00sf3aTelbHBIM MUHUMYMOM 3HaHUI MO
He cnan IpeaMeTy M HE MOXKET OTBETHTh Ha BOIIPOCHI, AAXE €CIHU

npenogaBaTeiib 3a1a€T JOMOJTHUTCIBHBIC HABOAAIIUE BOIIPOCHI.

1 He cnan

Juctunnuza (MoAynb) «MeToabl AUCKPETHON ONTUMHU3AIUNY OLICHUBAETCS CIEAYIONIIM
obpazoM:

AKTHBHOCTH Bec |KoauuecTtBo Onucanue

Homamrnue 3aganus  (15% |14 HaGop 3ama4 o remam Henenu. Beinaércs exxeHe1enbHO

AKTHUBHOCTH Ha 15% (14 HaGop 3ama4 o TeMaM HeJleNu i PeIeHHs Ha

CeMHHape CEeMHMHApax

Kontponsnas padora [40% (2 [Mucermennas padota ¢ HabOpoOM 3a/1ad, KOTOPbIE HYKHO
PELIUTh 332 OrPAaHUYEHHOE BpEeMSs

Hrorosast pabota 30% |1 [Mucemennas pabota ¢ HabOpoM 3aad, KOTOPbIE HYKHO
PELIUTh 3a OTPAaHUYCHHOE BpEeMs

@opmyJia pacyéTa HTOrOBOM OLEHKM 10 AucuunauHe (Moayaw) «Meroabl
auckperHo onmTummzamumn». «0,15 x cpennee 3a mpomamuue 3amanus + 0,4 X cpemHee 3a
KOHTpoJbHbIE paboThl +0,15 X cpenHee 3a akTUBHOCTH Ha ceMuHapax + 0,3 X uTorosas pabora».

Texkymmii KOHTPOJIb YCIIEBAEeMOCTH 00YYAIOIIUXCS 110 JMCHHUIINHE (MOLYJII0)
IIpumepHbIe fOMALIHKE 3a]aHUSA

Jdomamnee 3ananue: Beenenue. NP-noJsinblie 3a1a4u, 3a1a4a NOKPbITUSA
MHOKeCTBAMM

Omnpenennre kiacc NP-oiaHbIX 3a/1a4 M IpUBEANUTE IIPUMED.

Uro Takoe 3a/1a4a mokpeIThsi MHOKecTBaMU (Set Cover)? Onummre e€ GopMyTUpOBKY.
OO0bscHUTE MPUHIUI PAOOTHI KaIHOTO ANTOPUTMA JUISl 3a]]a41 TOKPBITHS MHOKECTBAMH.
[ToueMy 3aaua MOKPBITHSI MHOXKECTBAMU cunTaeTcsd NP-1osiHoit?

[IpuBenuTe mpumMep NpUMEHEHMS 3aa4K OKPBITUS MHOXKECTBAMHU B PEaIbHOMN )KU3HU.

agrONE
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2
3

JomamHee 3aganue: 3ajaya 00 ynakoBke B KoHTelHepbl. [Ipubdan:kénnbie
AJITOPUTMBI

. Chopmynupyiite 3aady yrnakoBku B koHTeiiHeps! (Bin Packing).
. Onummwmre xanueii anroput™ First Fit m1st 3aaum ynakoBKH.
. Uro takoe APTAS um kak OoH ynydmiaeT NpHOJMIKEHHWE IO CPaBHEHUIO C JKaJIHBIMHU

meTomamu?

4

. [IpuBenure mpumep, KOrjaa »aJHbI alIrOPUTM MOXKET JaTh IUIOXoe pemieHue B Bin

Packing.

5

arwONE
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. O0mpacuure, kak AFPTAS otnuuaercs ot APTAS.

JdomamHee 3aganue: 3ajaya o prok3aKe U NPpUOJITHKEHUS

Chopmynupyiite 3amaqy 0/1 prok3aka.

Kak paboraer nuHaMu4eckoe MporpaMMUPOBAHKE ISl PEIICHUS 3a/1a4H PIOK3aKa?
Urto takoe FPTAS u xak npuMeHsieTcsi OKpYIJICHHE B 3TOM METOe?

[IpuBeaute mpumep, Kak OKPYTJICHUE 1IEH UM BECOB BIUSET HA TOUHOCTD PEIICHUSI.
[Touemy 3amaua 0/1 prox3aka cuntaercs NP-monHoit?

Jdomamnee 3aqanue: JIuneiiHoe mporpaMMupoBaHue

Onuimmre OCHOBHYIO HJICI0 CUMIUIEKC-METOAA.

UYro Takoe JBOICTBEHHAs 3a/1a4a B IMHEHHOM [IPOrpaMMUpPOBaHUN?

Cdopmynupyiite Teopemy Kyna-Takkepa i 3aja4 ONTUMHU3ALMU C OTPaHUYCHHUSIMH.
OObscHUTE, KaK JBOMCTBEHHOCTh IIOMOTAET B OLIEHKE ONTUMAJILHOTIO PELICHHUS.
[TpuBenute npuMep 3ajauu, rae CUMIIEKC-METOl MOXeET ObITh HeA((HEKTUBEH

IIpumepHbIe 3a1aHNS 10 KOHTPOJILHOM padoTe

KonTtpoabsHnas padora

3aoanue 1: Memoo conparx;ceHHbIX 2PAOUEHM 08

1.
2.
3.
4

5.

Onummre anropuT™M METO/a CONPSDKEHHBIX T'PaJWEHTOB. B ueM ero mpemmyinecTsa 1o
CPaBHEHHMIO C METOIOM TPAJMEHTHOTO CITycKa?

KakoBbI ycII0BHSI CXOAMMOCTH METO/1a CONPSKEHHBIX TPAaJHEHTOB?

[IpuBenuTe IpuUMep 3a1a4H, T METOJI CONPSKEHHBIX TPATUCHTOB OyIeT 3P PEKTUBEH.
PaccunraiiTe  HECKOJIBKO  IIArOB  METO/AA  CONPSDKEHHBIX — TPAJUEHTOB  JUIS
dynxmun f(X)=x?+2y? ¢ HauansHO# Toukoit (Xo, Yo)=(1,1).

B 4em pa3HuIIa MEXTy TIOJTHBIM M HETIOJIHBIM METOZOM COTIPSKEHHBIX TPaJUeHTOB?

3aoanue 2: Memoo Hviomona u Kea3uHbiomoHO8CKUE MEMO0bl
6. OOmBsicHuTe, KaKk pabotaet metoa HproToHa. KakoBa ero cxoauMocTs?
7. Kaxkue npo6iieMbl MOTYT BO3HUKHYTH IPU UCMOIb30BaHUHN MeToAa HproToHa?
8. Omnwumute, Kak pabOTAIOT KBa3WHBIOTOHOBCKHE METOBI, M IPUBEIUTE IPUMEP OJTHOTO H3

HHX.

9. Paccumraiite maru metona Herotona mist pyHKImu f(X):X2—4X+4.
10. Kak MOXXHO yJTy4IIUTh MPOU3BOAUTENBHOCTh MeTo1a HproToHa?
3aoanue 3: Cybecpaouenmustii Memoo u adanmueHvle Memoovl

1.

2.
3.
4
5

Omnpenenure, 4To Takoe CyOrpaJUeHTHBIN METO U B KAKUX CIy4asiX OH MPUMEHSETCS.
OOBscHUTE, KaK paboTaeT aAanTUBHBIA METO/ T'PAIMEHTHOTO CITyCKa.

[TpuBenure npumep GYHKIUH, U1l KOTOPOH CcyOrpaJneHTHBIA METOJT OYAET MOJIe3€EH.
KakoBbI OCHOBHBIE PEUMYIIIECTBA U HEAOCTATKU CyOTpalu€HTHOTO MeTo1a?
PaccuuTaiite 0OHOBIEHHE TApPaMETPOB € UCIOIb30BAHUEM CYOIPaJMEHTHOIO METOAA IS

bynkuuu f(X)=|x|.
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3aoanue 4: Ilpoexkyus u ancopumm @pank-Bynvgha

6.

7.
8.

9.

OnummuTre, 9YT0 TaKoe MPOCKIUS Ha BBIIYKIYI0 OOOJIOYKY M KaK OHAa MCIOJBb3YETCS B
ONITUMHU3ALHH.

Kak paboraet anroputm ®@pank-Bynspa? [Ipuseante ero marm.

B kakux ciydasx amroputm ®pank-Bynbda Moxker ObITH mpennodTuTenabHEE APYTUX
METOA0B?

[lpuBenure mpumep 3amauu, riae anroputM @Ppank-Bynabpda moxker OBITH ycmemHo
IPUMEHEH.

10. KaxoBa cioxxnocts anropurma @pank-Bynbga B 3aBUCHMOCTH OT pa3MEepHOCTH 3a1auu?
3adanue 5: Memoo 3epkanvhnozo cnycka

1.

2.

w

4.
S.

OObsicHUTE, KaK pabOTaeT METOJ 3EepKaJbHOrO CHyCKa M B KakUX CiIydasX OH
MIPUMEHSICTCS.

Kakne mpeumymiecTBa JaeT METOJ| 3€PKAJIBHOIO CIYCKa MO CPaBHEHUIO C OOBIYHBIMHU
METOJIaMU TPaJIUEHTHOTO CITycKa?

[TpuBeauTe NpUMeEp 3a7a4u, IJie METO/I 3ePKAIBHOTO CIycKa OyaeT 3 QeKTHBEH.

KakoBa c10’)HOCTh METO/1a 3epKaIbHOTO CITycKa?

PaccunTaiiTe Iaru METo/1a 3epKaabHOTO crycka ;s GpyHknuH f(x)=05(x—3)? ¢ HauanpHOl
toukoi X0=0x0=0.

3aoanue 6: Memoo wimpagnvix pynxyuii u ADMM

6.
7.
8.
9.

Uro takoe MeTo mTpadHbIX QYHKIUI 1 Kak OH paboTaeT?

Oo6msicauTe, Kak padoraer merox ADMM (Alternating Direction Method of Multipliers).
B kakux cinyyasx meron ADMM moxeT ObITh NPEANOYTUTENBHEE IPYTHX METOO0B?
[lpuBenure npumep 3agaud, rie NpUMEHEHHE MeToja wWTpadHbIX (QyHKIUE Oyner
YMECTHBIM.

10. KakoBbl OCHOBHBIE MPEUMYIIECTBA U HEAOCTATKU METOJOB MITPaQHBIX (QYHKIUNA U

ADMM?

3aoanue 7: Memoo enympenneit mouxku

1.
2.
3.
4.
S.

Onummre, Kak paboTaeT METO/l BHYTPEHHEH TOUKU U B KaKUX CIIydasix OH IPUMEHSETCS.
KakoBa c10HOCTh METO/1a BHYTPEHHEN TOUKH JIJIs JINHEHHBIX IIpOrpamm?

[TpuBenute npumMep 3a7auu, re METO BHYTpEHHEN TOUKU OyneT 3 pexTuBeH.

Kakue npo0iaeMbl MOTYT BO3ZHUKHYTh IPU MCIIOJIb30BAaHUM METO/a BHYTPEHHEH TOUKH?
Paccunraiite maru MeToJja BHyTPEHHEN TOYKH JUIsl IPOCTOM 3aa4y ONITUMH3ALUN.

3aoanue 8: Ceonoevie 3aoauu

6.
7.
8.

9.

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

KakoBbl yc10BHsI ONTUMAIBHOCTH TSI CEJUIOBBIX 3a1a4?

OObsicHUTE, KaK MOKHO PEIIUTh CEUIOBYIO 3a/lady C MOMOIIbI0 METOJla TPaJIu€HTHOTO
CITyCKa.

[TpuBenuTe npuMep NPUMEHEHHS CEJIJIOBBIX 33/1a4 B 3KOHOMUKE WJIM TEOPUU UTP.

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

1.

2.
3.

5.

Onpenenure, 4TO TaKO€ CTOXAacCTHUYECKas ONTHUMHU3alUs M B KakKHWX CIydasx OHa
MIPUMEHSETCA.

OO0BbscHUTE, KaK pabOTaeT peIyKIHs JUCTIEPCUN B CTOXaCTHYECKONW ONTUMH3ALIHH.
[IpuBenute npumep 3afauu, 7A€ NPUMEHEHUE CTOXACTHUECKON ONTHUMM3AIUHu OyAer
YMECTHBIM.

KakoBbI penmyIecTsa U HEAOCTATKH CTOXAaCTUYECKON ONTHUMU3ALMH 10 CPABHEHHIO C
JETEPMUHUPOBAHHBIMU METO1aMU ?

PaccuuraiiTe marm CTOXacTHYECKOrO TPAaJUEHTHOrO CIycKa Uid (QYHKIMH MOTEPh C
UCIIOJIb30BAaHUEM PEAYKIUU AUCIIEPCUH.

3aoanue 10: Pacnpedenennas onmumuzayus

6.

Onpez[eJmTe, 4YTO TaKOC pacnpcAcCiICHHad ONTHUMH3alWsA W B KAKHX CJIy4dasdxX OHa
IMPUMCHSACTCA.

DNEeKTPOHHBIA JOKYMEHT



~

OOBbscHUTE, KaK PabOTaOT aJIrOPUTMBI PacCIpeAEICHHON ONTUMHU3AIUH.

[TpuBeauTe mpuMep 3a7auu, I1€ pacupeaeNeHHas ONTUMU3AIMS OyaeT 3P PeKTUBHA.

9. KakoBbl OCHOBHBIE BBI30BbI, C KOTOPBIMHM CTaJIKMBAIOTCSA AJITOPUTMbI paclpeieleHHON
onTuMu3zanuu’?

10. Kak MOHO yJIy4IIUTh CXOJUMOCTb aITOPUTMOB PaclpeieIeHHON ONTUMHU3aLuu?

©o

HpI/IMeprle BOIIPOCHI AJIA MMOATOTOBKHU K CEMUHapam
Meron otceuennii |1 (Lift-and-project, valid inequalities)

1. Yro Takoe meton lift-and-project B nes1ouncieHHoM nporpaMmMupoBanum?
Omeem: Metop ynyumienus LP-penakcanuu mytem 1006aBiieHUs] HOBBIX IIEPEMEHHBIX U
OTPaHUYEHUH JUTSI OTCEYCHHUS APOOHBIX PEILICHHIA.

2. KakoBa ocHoBHasn 1eJb valid inequalities?
Omeem: J106aBUTH OTpaHUYEHUS, KOTOPHIE HE UCKITIOYAIOT LIETOUYUCIICHHBIE PEIIeHUs,
HO OTCEUBAIOT APOOHBIE.

3. Yewm meron lift-and-project orinuaercst or Gomory cuts?
Omeem: Lift-and-project ucronbp3yeT AOMOIHUTENBHOE TTOAHITHE IEpeMeHHBIX, Gomory
CUtS — OCHOBAH Ha aHAIN3€ CUMILIEKC-TAOIIHII.

4. Yro o3uauaer "'lifting" B valid inequalities?
Omeem: Tlponecc pacuipeHusi HEpaBEHCTBA Ha OOJIBIIIEE YHCIIO TEPEMEHHBIX IS
YCUIICHUA OTPAHUYCHU.

5. Kakmue kiaaccol valid inequalities npuMeHsiloTcs 11 3a1a4M 0 pIOK3aKe?
Omeem: Cover inequalities (TOKpbIBarOIME HEPABEHCTBA).

6. Kaxk meton lift-and-project yayumaer LP-pesakcanuio?
Omeem: OTcekaeT IpoOHbIC BEPIIMHBI MOJIUTOHATFHOTO MHOKECTBA, TPUOITIIKAs
[EIOYMCIIEHHOE MHOYKECTBO.

7. B 4eM nmpeuMyIecTBO MHOToOIIAaroBoro npumenenus lift-and-project?
Omeem: TlomaroBoe ynydiieHue MPHOIMKEHUS K [ET0UYHUCICHHOMY PEIICHHIO.

8. Kak cBsi3aHbI MeTOJbI OTCEYEHUI M MOJMHOMHAJIbHbIE AJITOPHUTMBbI?
Omeem: HexoTopble METO/IbI OTCEUECHUI MOTYT OBITh PEATM30BAHBI IIOJIMHOMHUAIBHO,
yayyias 3pPeKTUBHOCTb.

9. UYro Takoe cover inequalities?
Omeem: HepaBeHCTBA, UCKITIOYAIOIINE KOMOMHAIIMY TTEPEMEHHBIX, TIPEBHIIIAIOIINE
€MKOCTh PIOK3aKa.

10. ITpuBenuTe mpumep 3agauu, rae lift-and-project yayumaer onenky.

Omeem: 3agada o prok3ake ¢ apooubiMu LP-pemenusmu, rae lift-and-project orcenBaet
JpOOHBIE PELICHHUS.

IIpsimo-aBOMCTBEHHbIE METOABI M KpaTYailIue My TH

1. Kak paboraer anroputm JleikcTpn1?
Omeem: VITepaTUBHO BBIOMPAET BEPIINHY C MUHUMAJIbHBIM PACCTOSTHUEM U OOHOBJISIET
PacCTOSIHUSA 10 COCEMIEH.
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2. Yto Takoe 1BOWCTBEeHHAs 33/1a4a B KpaTYaimumx myTsx?
Omeem: 3anaya, CBA3aHHAsI C NOTEHLIMAIaMM BEPLIMH, JarOIlasi HUKHIOKO OLIEHKY
CTOMMOCTH MYTEH.

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

4. Yro Takoe HMKJI MUHUMAJIBLHOH cpeaHeii croumocT?
Omeem: 11uka ¢ MUHAMaIbHBIM OTHOLIEHHEM CYMMAapHOW CTOMMOCTH K JJIMHE.

5. Kak npumMeHsiloTcsl IpsiMO-ABOICTBEHHbIE METO/bI K rpadam?
Omeem: JIns OMHOBPEMEHHOTO MIOMCKA ONTUMAJIBHBIX IMYTEH U MPOBEPKU YCIOBUI
ONTUMAJILHOCTH.

6. B uem oTamune anroputmoB Jeiikcrpsl u beasimana-®opaa?
Omeem: JlelikcTpa paboTaeT TOJIBKO C HEOTPULIATEIbHBIMU pedpamu, bennman-dopn —
C OTpULIATEIbHBIMHU.

7. YTo Takoe NOTeHIHAJIbI BePIIHH?
Omeem: 3Ha4eHUs, UCIIOJIb3yeMbI€ JIsl KOPPEKTHPOBKU BECOB pedep.

8. Kak HpﬂMO-HBOﬁCTBeHHbIe METOAbI IPUMEHAIOTCH 1JIsA MOTOKOB?
Omeem: I[J'ISI HaxXO0XJICHUA OIITUMAJIBHBIX ITIOTOKOB M OICHKHW CTOMMOCTH.

9. TIlouemy oTpuIaTeIbHbIE pedpa YCJI0KHIIOT 3a1a4y?
Omeem: MOTYT IPUBECTH K OTPHUIIATEIILHBIM ITUKJIAM H OCCKOHEYHOMY YMEHBIIICHUIO
CTOUMOCTH.

10. Ilpumep NpUMeHeHHs] HIMKJI0B MUHUMAJILHOM cpeHell cTOouMocTH?
Omeem: ONTUMHU3ALUS PACIIMCAHUI U CETEN C MOBTOPSIIOIUMHUCS ITPOLECCAMHU.

B3Bemennbie napocoYeTaHus, UMPKYJIAUMHA MUHUMAJIBHON CTOUMOCTH, XOPAAJdbHbIE U
cOBepILIeHHbIE Irpadbl

1. Yro Takoe ocTaTOYHASA CETh?
Omeem: CeTb, OTpaXkaroias JOCTYITHbIE TPOITYCKHBIE CTOCOOHOCTH TOCIIE TEKYIIIETO
MOTOKA.

2. Onummmre ajaroput™ nporankuBanus (push-relabel).
Omeem: ANTOPUTM JUIE MAKCUMAIILHOTO MTOTOKA, KOTOPBII MEHSIET BHICOTHI BEPILIMH U
IPOTAJIKMBAET OTOK JIOKATBHO.

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

4. Yrto xapakrTepu3yeT XOpAaJbHbIi rpag?
Omeem: Kaxplii UK JUIMHBL >4 CONEPKUT XOpay (pedpo, He BXOJIAIIEe B IIUKII).

5. B uem cyTh TeopeMbl 0 COBepIIEHHBIX rpadax?
Omeem: B coBepIIeHHBIX rpadax XpoMaTHIECKOE YUCIIO PaBHO pa3Mepy MaKCUMAIIbHOM
KJIMKH JIJIs J11000T0 moarpada.
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6. CBsI3b KJIMKH U PACKPACKH B COBEpIlIeHHbIX rpadax?
Omeem: MUHUMaIBHOE YUCJIO LIBETOB PABHO pa3Mepy MaKCUMAIIbHON KIIUKH.

7. UYto Takoe HUPKYJSIIUSI MUHUMAJIBHOI CTOUMOCTH?
Omeem: TloTok 0€3 UCTOYHUKA U CTOKA, MUHUMHU3UPYIOIIHI CYMMapHYIO CTOUMOCTb.

8. Kak ocTraTouyHble ceTH HCIIOIb3YIOTCS JJIsl MOMCKA MUHUMAJIbHBIX HMPKYJISAIM?
Omeem: J1ns HaX0XKJI€HUS IIyTeN yIy4IlIeHUs U KOPPEKTUPOBKU MOTOKA.

9. Ha3oBHTe aJrOPUTM MHHMMHU3AIUH CTOMMOCTH NOTOKA.
Omeem: Anroputm Kapma, anroputm noreHiuanos (successive shortest path).

10. ITouemy xopaaabHbie rpadgbl BasKHbI 1JISI PACKPACKHU?
Omeem: Packpacka XOpIaTbHBIX rpadoB MOJMHOMHUATEHA U 3P PeKTUBHA OIarogaps ux

CTPYKTYDE.

33}13]—[1/15[ IJIA l'lpOMe)KyTO'lHOi;I aTTeCTallui 110 JMCHUIIJINHE (MO)Iy.]IlO)

Ne 3aganue OtBeTt Kommnerenuus
n/n
1. | Kak naszsiBaercst merox pemenus 3anaqun LJII1, B kotopom BETBCH M rpaHUIIBI / BETBb T1K-2
Ha KKJI0M Luare pemaercs orcek JIII-penakcanus u U IpaHuLa
MPOUCXOAAT 00JIACTH MOMCKA ¢ IOMOLIBIO MTOKA3aTeNeH 1
OILICHOK TOYHOCTH?

2. | Kak Ha3bIBaeTcs IMHEHHAS 3a/1a4a, moJrydaeMas 13 JMHEHHas penakcaus / [1K-1
LEJIOYHCIICHHOMN TMHEeHOH 3a/1a4y MyTeM 3aMEeHbI LP-penakcanus
LIEJIOYUCIICHHBIX OIPaHUYECHUM Ha BELISCTBEHHbIC?

3. | Kax Ha3wiBaeTcs riao0aibHOE OTpaHUYCHHE B COBEPILEHHO Pa3HbIE OIIK-1
MIPOrpaMMHUPOBAaHUH B OTPaHUUYEHHSIX, TpEOyIoIee, YTOO0bI
BCE TIepeMEHHbIE TIPUHUMAITU pa3Hble 3HAUEHUS?

4. | Kak Ha3bIBaeTCs onepamys 1o MporpaMMHUPOBAHUIO B OrpaHuveHUE YK-2
OTpaHMYEHHSX, KOTOPas Cy’KaeT JOMEHBI, yIasis MPOTAIKUBAHUSITIPOTAIKH
3HA4YEHUS, HECOBMECTHUMBIE C OTPAHUUCHUAMU? BaHHE OJIOKMPOBKH /

pacnpocTpaHeHue

5. | Kak HazeiBaetcs aBpuctuka ajs TSP, koTopas Kakasiii pa3 OmKalIui cocexn / VK-2
BbIOMpaeT OJmKkaiiuii ené He noceméHHbIi ropoa? OnvxalImii cocent

6. | Kak HasbIBaeTcs Meton yiyuuieHus Typsl B TSP, kotopblit 2-OIIMOH / Ba-OMLIMOHA YK-1
Ha 11are 3aMeHseT ABe AyTU Ha ABE APYTHE, €CIH 3TO
COKpAIIaeT JUIMHY TYPhI?

7. | Kak Ha3pIBaeTCSI METOT JIOKAILHOTO TTOMCKA, KOTOPBIHA AMUTALUA OT)KHUra / VK-1
WHOT/A NPeIIPUHUMAET CUIIbHBIE IIEPEXO/IBI C MMUTAIMsSI OTKUTA
NPENSTCTBUSIMH, OOYCIIOBICHHBIMH «TEMIIEpaTypamm»?

8. | Kak Ha3bIBaeTCs METaIBPUCTHKA, KOTOPAst 3alperiaeT MOUCK Taly-TIOUCK / Taby- YK-2
MEPEXOIUTH K HEJJABHO MOCEHIEHHBIM PEIICHHUSM C TTOHCK
MTOMOIIBIO «Ta0yIucTay?

9. | Kak Ha3pIBaeTCs DBOJIIOLMOHHBINA METO ONTUMM3ALUH, TEHETUYECKUH aJITOPUTM T1IK-2
WCIOJIB3YIOIINN NOIMYJISIUOHHBIE PELIEHUS U OTIEpaTOPhI
KPOCCOBEpA U MyTAIHH?

10. | Kak Ha3pIBaeTcsi THOPHHBII [TOJIX0/1, TIPH KOTOPOM 4acTh [Mowuck no parionyLNS / OIIK-1
byHKuuil Gukcupyercs, a OCTaJbHbIE [Touck kpynHbIX
NEPEONTUMUZHUPYIOTCS, UTO AAET «OOJIBIINE YCIOBHS»? OKpeCTHOCTEN

11. | Kak Ha3pIBaeTcCs 3a/1a4a, B KOTOPOW HYXKHO BBIOpaTh 00JI0KKa TIOKPBITHE / IK-2

MOJMHO’KECTBO TAKOI'O0 MUHUMAJIBHOT'O Pa3Mepa, YTOObI UX
00beIMHEHUE MTOKPHIBATIO YHUBEPCYM?

Habop YEXJIOB
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12. | Kak Ha3bIBaetcsi orpanndyenue/mpuém B CP-monenmy, CHSITHE CUMMETPHH / [K-2
no0aBieHue U UCKITIOYSHUS] CAMMETPHYHBIX PEeLIeHUH HapyIIeHHe CHMMETPUH
(Hammpumep, pUKcaIHs TO3UIH OJHOTO (ep3st B 3a/1a4e O
dbep3snx)?

13. | Kak Ha3pIBaeTcs 3a/1a4a MapIIpyTH3AIUH, T1e TpeOyeTcs VRP / MapmipyT 3a1auu IIK-1
HPOJIOKUTH MAPIIPYTHI JUTS HECKOIBKHUX TPAHCIIOPTHBIX TpaHcIIopTa
CPEJCTB C OTPAHUYCHUSIMH, HAITPUMED, 10 OIHU30CcTh?

14. | Kak Ha3pIBaeTcCs Kaccuueckas »aHasi 9BPUCTHKA JJIs KaJIHBINA anropuT™ / [K-1
HOKPBITHS TOKPBITHS, KOTOPOE HA KaXKIOM 3Tare BEIOUpaeT KaHBIN
MHO’KECTBO, TIOKPBIBAIOIIEE MAKCUMYM €IIE HE MOKPBITHIX
3JIEMEHTOB?

15. | Kak Ha3pIBaeTcs 3a/1a4a, B KOTOPO HEOOXOJMMO BBIOpATh PIOK3aK YK-1

Ha0Op MPEIMETOB ¢ MAaKCUMAJILHOIN COBOKYITHOM
CTOMMOCTBIO IPH OrPaHHYCHUH 00IIEH MacChl?
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