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1. KpaTtkasi xapakTepucTHKa TUCHUIIUHBI (MOIYJIs1)

Pabouast mporpamma aucuumummHbl (Moayiist) «MaTtematndeckuii OyTKEMI» COCTaBJICHA B
COOTBETCTBUM C (eaepa’abHbIM TOCYIAapCTBEHHBIM 0OOpa30BaTENIbHBIM CTAaHIAPTOM BBICIIETO
oOpa3oBanus — 6akanaBpuar no crnenuanbHocTd 02.03.01 MaTemaTka 1 KOMITBIOTEpHBIE HAYKH,
npoduinb VICKYCCTBEHHBI HMHTEIJIEKT, YTBEPXKACHHBIA TNpukKa3oM MUHHCTEPCTBA HAYKH U
BbIcHIero oOpa3zoBanus Poccuiickoit ®eneparmu Ne 807 ot 23.08.2017 roxa.

N3yuenne nucuurumubl (Moayis) «MaTeMaTHuecKuil OyTKEeMID» SIBIS€TCS OCHOBOW JUIs
MHOTHUX JIpyIMX MaTEMaTHUECKUX AUCUUIUIMH. JlucuunurHa (MOyJib) pa3BUBAET aHAJTUTHUECKOE
U KPUTUYECKOE MBILIUICHUE, YTO SBJSETCS Ba’KHBIM HABBIKOM JJISl PEUICHMS CJIOXKHBIX 3a]a4 B
pas3NnYHbIX cepax.

MecTo MMcuMIUIMHBI (MOYJIS1) B CTPYKTYpe 00pa3oBaTe/IbHON MPOrpaMMbl

HacTtosmas aucuumuirba (MOIysb) BKJIIOYEHA B yUEOHBIH IUIaH 110 porpamMme MOoArOTOBKU
OakanaBpuara mo HampasieHuto 02.03.01 Martematuka W KOMIBIOTEpHBIE HAYKH, MPOQUIH
HckyccTBeHHBI HMHTEUIEKT W BXOOUT B biok 1, wacte, ¢opmupyemyro ydacTHHUKaAMU
00pa3oBaTeIbHBIX OTHOLIEHUH KaK JUCLHUILIMHA IO BBIOODY.

Jucuunnuna (Moayis) uzydaercs Ha 1 kypee B 1 cemectpe.

Heab u3yyeHust AMCUUIINHBI (MOAYJIs1): B hOpMUpOBaHHUHU TTyOOoKOro monnManus LP, a
TaK)K€ €ro NIPUMEHEHUs B Pa3INYHBIX 00JIACTAX HAYKH U TEXHUKH.

3agaum M3ydeHHs AUCUMIIMHBI (MOAYJIs1) HalpaBleHbl HA (POPMUPOBAHUE y CTYJICHTOB
CIEIyIOIUI 3HAaHUHM, yMEHUI U HAaBBIKOB!

— 3HaHUE OCHOBHBIX NoOHATHSA LP: neneBas QyHkums, orpaHuueHus, AOMYCTHMAs
00J1aCTh, ONTUMAJIBHOE PEILCHHE;

— 3HaHWE TEeOMETPUYECKON HHTepnpeTauuu 3aaady LP (MHOrorpaHHHUKH pElIeHUH,
KpaiiHUE TOYKH);

— 3HAaHME TEOPEMBI IBOMCTBEHHOCTH U €€ S3KOHOMHUYECKYIO HHTEPIIPETALUIO;

— 3HaHUE OCHOBHBIX KiaccoB |LP-3agau (momHOCTBIO LENOYUCIIEHHBIE, YaCTHYHO
1IEJIOYUCIICHHBIC);

— 3HaHMe MeToJ0B pewmeHus ILP: meTon BeTBel n rpaHul, anroputMel [ 'omopu;

— yMmeHue GopMyIUpOBaTh 3a7au B cTaHAapTHOM hopme LP 1 kaHoHMuUeckoii hopwme;

— yMeHue pemaTth 3a1auu LP cummiekc-mMeTo10M (BpyUYHYIO JUIsl MPOCTHIX CIy4Yaes);

— ymeHue pabotats ¢ consepamu (PuLP, Gurobi, CPLEX) mist perienust mpakTHYECKUX
3a/1ad4;

— YMEHHE CTpOUTHb [BOMCTBEHHBIE 3aJaud M HUHTEPIPETUPOBATH [BONCTBCHHBIC
[IEPEMEHHBIE,;

— yMEHHME NPUMEHATh METOJ BEeTBEW W TpaHull s pemeHus [LP-3amau cpenneit
CJIOKHOCTH,;

— BJAJCHUE AHAJIU30M YyBCTBUTEIBHOCTH PEIICHUN K NU3MEHEHUAM IapaMeTPOB MOJIEIH

— BJaJeHUe pPa3pabOTKON CIIOXKHBIX ONTUMH3AIMOHHBIX MOJAENeH Uil peabHbIX
IIPUIIOKEHUH;

— BJaJieHue BHIOOPOM ONTHMAJIBHOIO COJIBEpAa M HACTPOMKOH €ero mnapaMeTpoB MAJs
KOHKPETHOM 3aJ1a4u;

— BilageHue KoMOmHUpoBaHueM wMetogoB LP wu ILP mua pemenus crnoskHBIX
KOMOMHATOPHBIX 3a/1a4;

— BIAJCHHE ONTUMHU3ALMEN KPYMHOMACIITaOHBIX MOJENEed ¢ HCIOJIb30BAHHEM
JEKOMIIO3ULIMOHHBIX METOJOB.
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2. IlepeyeHb IVIAHUPYEMBIX Pe3yJbTATOB 00yUYeHUs

Kowmmereniuu, ¢opmupyembie B pe3ylbTaTe OCBOCHHS JUCIUIUIMHBI (MOAYJs) MPHU
MPOBEJICHUH yUEOHBIX 3aHATUN B (hOpME KOHTAKTHOM pabOThl 00YJAIOIIUXCS C MearornYeCKuMHU
paboTHHKaMU YHUBEpCHUTETa U B JOpME CAMOCTOATEIHHON PabOThI 00yYarOIIUXCS:

KomnereHuus Conep:kaHue KOMIETeHIHH Nuaukarop IlepeyeHb naIaHMpyeMbIX
KOMIETEeHIIUA Pe3y1bTATOB 00y4eHU MO
JUCHMILIUHE (MOIYJIIO)
YK-1. Crioco0eH OCYIIECTBISATh TOUCK, YK-1.1. 3HaeT METO/IbI MOMCKA U aHAIH3a
KPUTHYCCKHM aHATN3 U CHHTE3 uH(popMaIuu B 001acTH
UHpOPMAIUH, TPUMCHSTh HCKYCCTBCHHOT'O UHTEIIEKTA,
CUCTEMHBIH MTOJIXO]T JUTS PEIICHHUSI OCHOBHBIE TPHHITUITEI
ITOCTaBIICHHBIX 33/1a4 KPUTHYECKON OLIEHKH NCTOYHUKOB
nH(MOpPMAIUHU U UX
pEJIEeBAaHTHOCTH.
YK-1.2. YMeeT KpUTHUUYECKU OLICHUBATh
UCTOYHUKH HH(OpMAIHU 1
CUHTE3UPOBATh JaHHBIC U3
Pa3TUYHBIX UCTOYHHUKOB IS
peleHus 3a1a4, IPUMEHSITh
CUCTEMHBIH MOAXO0/ K aHAM3Y U
PEIIEHUIO KOMIUIEKCHBIX MPO0JieM
YK-1.3. HmeeT npakTUyecKkuii OnbIT
paboTHI C COBpEMEHHBIMHU
WHCTPYMEHTaMHU U TEXHOJIOTHSAMHU
IUTsT 00pabOTKHM HHQOPMAITHH,
(hopMymupoBaHUU U
CTPYKTYPUPOBaHUU 33724 Ha
OCHOBE IOJyYeHHOH MH(OopMaluu
OIIK-1. Crioco0eH KOHCYJIBTHPOBATh U OIIK-1.1. 3HaeT OCHOBHBIE KOHIICTIIINU U
UCTIONBb30BaTh TEOpPHUH B 00JIACTH
(hyHIaMeHTaNbHBIE 3HAHUS B MaTeMaTH9eCKOTO aHajan3a 1
00acTH MaTEMAaTHIECKOTO CMEXHBIX JUCIHUILINH; METOJIBI 1
aHanu3a, KOMIUIEKCHOTO H ITO/IXO/IbI, HCIIOJIb3yEeMEIE B
(YHKIMOHAIBHOTO aHATN3a pa3IMYHBIX 00JIACTSIX
anreOpbl, aHAIUTHYECKOH MaTEeMaTHKU
reomeTpud, muddepeHInanpHONR OIlK-1.2. YMeer npuMeHsTh
TeOMETPHUH U TOTIOJIOTUH, MaTeMaTHIeCKre METOBI IS
muddepeHIHATEHBIX YPaBHEHAM, pereHus mpodheCcCHOHATBHBIX
JTUCKPETHON MareMaThKH 1 3amaq
MaTeMaTHIYECKOM JIOTUKH, TEOPHU OIIK-1.3. Wmeer npaKTU4eCKUil ONBIT
BEPOSITHOCTEN, MaTeMAaTHIECKON pa3paboTKu U peanu3anus
CTaTHCTHUKH U CITy4alHBIX MaTeMaTHYECKIX MOJIeel B
IIPOLIECCOB, YUCIIEHHBIX METOOB, npohecCHOHATBEHON
TEOPETHYECKON MEXaHUKH B JeSITeIbHOCTH
npodecCHoHaTBHON
JIeSITEIEHOCTH
[K-1. CrniocobeH GpopMyanupoBaTh IK-1.1. 3HaeT METOJIbI ¥ MOAXOABI K

3aJa4M ¢ MaTeMaTHICCKOM
TOYHOCTBIO, 00OCHOBEIBATH
YTBEPIKACHUS CTPOTO U
aHAJIM3UPOBATh MMOTYYCHHBIC
pe3yIabTaThl B 00JIaCTH

(hopMyITMpOBaHUIO 3314, a TAKKE
OCHOBHBIC TPUHIIUIBI
MaTeMaTUuIeCcKoro
JIOKa3aTesIbCTBA M aHaJIH3a
Pe3yIIbTaTOoB.
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MAaTEeMaTHKU ¥ KOMITBIOTEPHBIX
HayK

IK-1.2.

YMeeT KOppeKTHO CTaBUTh U
(hopMypOBaTH MaTEMaTHIECKHE
3a/1a4ud, IPUMEHSATh CTPOTHE
METOJbI 10KA3aTebCTBA U
AHaJIM3UPOBATH MOIYUYCHHBIC
pe3yIbTaThI.

IK-1.3.

Hmeet ombIT paboTHI ¢ 3a7a9aMu
B 00J1aCTH MaTEMaTHUKH U
KOMITBIOTEPHBIX HayK, BKIFOUAs
MIPUMEHEHNE MaTeMaTHIeCKIX
METOJOB JJISl PELICHUS
MPpaKTUYECKUX 3a/1a4
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3. TemaTnyeckuii MJIaH

Nen/ TpynoeMKocTh, aKaJleMHYECKHE YaChI
n HanmeHoBaHHe Ounas ¢hopma TKY
pa3aesia AU CIUNLIUHBI KonTakTHas padora CanocTostTe (Texymmmii
(Mopny.Jist) Jlekuuu CemMuHapbl KoHTpo.Ih EHAsT KOHTPOJIb
(mpaKkTHYeCKHE p ycneBaeMocTH)
3aHATHSA) paboTa
1 BBenenue B muHeliHOE 10 14 JlomarHee 3aanue
MPOrpaMMHUPOBaHUE
(LP)
2 ComnBepsl 10 12 JlomamHee 3a1anme
3 Samauu 10 12 JloMarHee 3a1aHue
LEJIOYHNCIICHHOTO
JIMTHEWHOTO
MPOrpaMMHUPOBaHUS
(ILP)
3auem 8
Hmozo: 30 8 38
Oo6vem oucyunaunsl (Mooynsa) 76
(¢ ax. u.)
Oovem oucuunaunvl (M0Oya) 2
(6 3au. eo.)

4. Copepxkanue JUCHHUILIMHBI (MOILYJIS)

Nen/m HaumeHoBaHue pa3jgesa Conep:xxanue TUCUUNJIMHBI (MOAYJsI) MO TeMaM
JUCUMILIUHBI (MOTYJIs1)
1 BBenenue B nuHeiHOE DopMyNMpOBKa 3aJa4M JJMHEWHOT0 IPOrpaMMUPOBAHUSL: 1eieBas
nporpamMupoBanue (LP) ¢byHKuMA 1 orpanuueHus. ['eoMerpuyeckast HHTEPIIpETaLys U IOHATHE
JOIYCTUMOTO MHOKecTBa. OCHOBHBIE METOABI PELIeHUS: rpaduiaecKuit
METOJ] U METOJ CHMILIEKC
2 Comnsepsl 0630p nomynspasix LP-conepor (manpumep, CPLEX, Gurobi,
GLPK). BayTpennue anropuTMbl COJIBEPOB: CUMILIIEKC, BHYTPEHHUE
Toukd. [IpakTHYeCKOE NCTIOIB30BAHKE COIBEPOB: (hopMaTH3aIUs
3a/1a4u, BBOJ JAHHBIX, MHTEPIPETALYs PE3yIbTaTOB
3 3aja4y 1eTOUNCIEHHOTO Otinuus ILP ot knaccuyeckoro LP u ocobeHHocTH GOpMYyITUPOBKH.
JMMHEWHOro nporpamMmmupoBanust | Meroasl pemenus ILP: BeTBnenue u rpanunsl (branch and bound),
(ILP) orceuenue (cutting planes). [lpumenenus ILP B muianupoBanuu,
pacIpeieIeHHH PeCypCOB M ONTUMHU3AIIMHU PACTIHCAHUI
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5. YuyeOHO-MeTOAMYECKOE O0ecIeYeHue

VYHUBEpCUTET pacmojiaraeT MOJHBIM  HAa0OpOM  JMIIEH3MOHHOTO ¥ CBOOOJHO
pactpoCTpaHseMoro TPOTPaMMHOTO OOECHEUEHHs, BKJIIOYas MPOIYKTHI OTEYECTBEHHOTO
MIPOU3BOJCTBA.

Kaxnplii cTyneHT B TedeHHE BCero mepuoja OOy4YeHMs MOJydyaeT HHIAMBUAYaJIbHBINA
HEOTPaHUYEHHBIM  JOCTYN K  OJJIEKTPOHHO-OMOIMOTEYHONW CHCTEME M BJIEKTPOHHOU
uH(}OPMALIMOHHO-00pa30BaTENIbHON Cpelle YHHMBEpCUTETa. OTH CHCTEMbl IPEIOCTaBISIOT
BO3MOXKHOCTb JIOCTYTIa K pecypcam U3 JII000H TOUKH, TJe €CTh MOAKIIoUeHHE K ceTu VHTepHeT,
KaK Ha TEPPUTOPHH YHUBEPCHUTETA, TAK H 32 €ro MpeieiaMu.

CryaenTtam o0eclieueH yAalIeHHBIH JOCTYN K COBPEMEHHBIM NpodecCcHoHaTbHBIM 0a3am
JAHHBIX U UH()OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMAM.

Ocnosnasa numepamypa:

1. Koncrantunosa, E. B. Teopus rpados: anreOpanueckast Teopus : y4eOHUK Ui By30B /
E. B. KoncrantunoBa. — MockBa : M3marensctBo HOpaiit, 2025. — 123 ¢. — (Bricuiee
obpazoBanme). — ISBN 978-5-534-20172-7. — Texkcr : anektpoHHbIH // OOpa3oBareinbHas
miatdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/569211.

2. CkopyOckuii, B. 1. Marematuueckas JIOTUKa : y4eOHHUK U MMPAKTUKYM JUTst By30B / B. U.
Ckopy6ckuii, B. U. INoxsxos, A. I'. 3sikoB. — MockBsa : U3garensctBo FOpaiit, 2025. — 211 c.
— (Bricmiee oOpasoBanue). — ISBN 978-5-534-01114-2. — TekcT : SJ€KTpOHHBIA //
OopasoBatenpHas miathopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/561076.

3. JluckpeTHas MmaTeMaTHKa : yueOHOEe mocoOue AJist By30B / 1101 Hay4HOM penakiueii A. H.
CecexnHa. — Mocksa : U3mparensctBo FOpaiit, 2025. — 85 ¢. — (Bricmiee oOpazoBanue). —
ISBN 978-5-534-21182-5. — TexkcT : anekTpoHHBIN // OOpa3oBarenbHas 1atdopma FOpait
[caiiT]. — URL.: https://urait.ru/bcode/559511.

Hononnumensnas numepamypa:
1. I'paxem P., Knyt JI., [Tatamauk O. KonkpetHas MaTemaTtuka. MatemMaTndeckre OCHOBBI
uHpopmatuku. — M. : Bunbsimc, 2009. — 784 c.

6. MarepuajbHO-TeXHUYECKOE o0ecnevyeHne

YHuBepcUTeT pacmojiaraeT MaTepUaTbHO-TEXHUYECKOH 0a30i, COOTBETCTBYIOLICH
JEHCTBYIOIIUM MTPOTHUBOMOKAPHBIM MPABUIIAM U HOPMaM M 00€CIIeYMBAIONICH TPOBEICHUE BCEX
BUJIOB JTUCHHUIUIMHAPHOM W MEXIUCUUIUIMHAPHOW TOJTOTOBKH, IPAKTHUYECKOW W HAyYHO-
HCCJIeI0BaTEeNIbCKON paboT 00ydaroImuxcs, MPeayCMOTPEHHBIX YUEOHBIM MJIAHOM.

[omernieHust, KOTOpBIE MPEJICTABISIOT CO00H yueOHbIE ayAUTOPUHU /ISl IPOBECHUS 3aHATUI
JEKIIUOHHOTO THUNA, 3aHATHH CEMHHAPCKOro (MPaKTUYEeCKOTO0) THWIA, TPYMIOBBIX U
WHAUBHUIYaIbHBIX KOHCYJbTAI[UH, TEKYIIEr0 KOHTPOJIS U MPOMEKYTOYHOM aTTECTAIluH, a TaKKe
MOMETLEHUS JIsI CAMOCTOSTEIILHON paOOThI ¥ TOMEIIEHUS TSl XPAaHSHHS U PO UITAKTHIECKOTO
obciyxuBanus yueOHoro obopynoBanus. [lomeneHus: yKOMIIJIEKTOBaHbI CIIEIIMAIM3UPOBAHHOM
MeOeNIbI0 U TEXHUYECKUMHU CPeJCTBaMU OOy4YeHUs, CIYXKAUUMH Ui TpeJCTaBlIeHUs yuyeOHOU
uHpOopMaIK OOJIBIION ay TUTOPUH.

Nzyuenune nucuurmivHbl (MOIyIIs) 00eCrieurBaEeTCsl B yU€OHBIX ay TUTOPHUSX, OCHAIIIEHHBIX:

— CTOJIaMHU U CTYJIbSIMU;

— KOMITBIOTEPHOM TEXHUKOWM;

— CHOelHaJIu3upPOBaHHBIM 000PYI0BaHHEM, BKIIOUAs JEMOHCTPALIMOHHOE 000pYI0BaHHE.

[omernienus 11 caMOCTOSATEIBLHON pabOTh 00YUYAIOIIUXCS, B TOM YHCIIE MPUCTIOCOOICHHbIE
JUI UCTIOJBb30BAHMS MHBAIMJIAMU W JIMI[AMU C OTPaHUYEHHBIMH BO3MOXHOCTSIMHU 37I0POBbS,
OCHAIIIEHbI KOMITBIOTEPHOM TEXHHUKOW C BO3MOXXHOCTHIO MOAKIIOUECHHS K ceTu «MHTepHEeT» U

ONEeKTPOHHBIN JOKYMEHT
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obecrieyeHneM JIOCTylla K B OJIGKTPOHHYIO HWH()OpMAIMOHHO-00pa30BaTEIBLHYIO  CPEIy

YHuBepcurera.

OOyuaronmMcsi TPeOCTaBIseTCsT JOCTYHn (B TOM 4YHCNe YAaJeHHBIA) K pecypcam
MH(}OPMAIIMOHHO-TEJIEKOMMYHUKALIMOHHON ceTH «VHTepHEeT», 3MEeKTPOHHBIM pecypcaM (B TOM
YHClie ANEKTPOHHBIM OHOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM NpOo(decCHOHATbHBIM 0a3zaM

JAHHBIX U HH)OPMAITMOHHBIM CITPABOYHBIM CHCTEMaM):

Ne HanmeHoBaHue nopraJa
(u3naHus, Kypca, 10KyMeHTa)

CcblIKa

1. | Hayunas snekrponnas outbiuoreka elibrary.ru

https://elibrary.ru/defaultx.asp

oubnuoreka
2. Basa mannbix mis IT-cnenuamicTos https://habr.com
3. basa mannbix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbIi caiiT MUHUCTEpPCTBA HAYKHU U https://minobrnauki.gov.ru/
BEICIIIETO 0Opa3zoBanms Poccuiickoit Deneparinu
5. | ®enepanbueblii nopran «Poccuiickoe oopazosanue" | https://www.edu.ru/

6. | Uudopmanmonnas cucreMa "EquHoe okHO moctyma | http://window.edu.ru/
K oOpa3oBaTeIbHBIM pecypcam”

7. Enmunast kosekius mudpoBbix 00pa30BaTeIbHBIX http://school-collection.edu.ru/

pecypcos

8. | ®enepanbHblii IEHTP HHOOPMAITMOHHO - http://fcior.edu.ru/

00pa3oBaTeNbHBIX PECYPCOB

[lepeuenr MHYOPMALMOHHBIX TEXHOJOTHH, WCHOJB3YEMBIX TIPU  OCYIIECTBICHUHU
00pa3oBaTeIbLHOTO MpoIlecca Mo AUCIUTUINHE (MOJIYJI0), B TOM YHCIIe KOMIUICKT JIMIIEH3UOHHOTO
IPOTPAaMMHOTO ~ O0ECICUCHHUs, COBPEMEHHBbIE NpOQpecCHOHaIbHbIE 0a3bl JaHHBIX |
UH(OPMAIIOHHBIE CITPABOYHBIE CUCTEMBI!

HaunmenoBanue IO IIpousBoacTBO JInneH3uoHHoe / cBOOOAHO
pacnpocTpaHsieMoe

OnepanuoHHbIe CUCTEMBI:
Microsoft Imagine (Windows Client, Server) | 3apy0OexHoe | JIUTIEH3UOHHOE
Bpaysepsi:
SIunexc.bpaysep OTEYECTBEHHOE CBOOOIHO pacmpocTpaHsIeMoe
Google Chrome 3apy0exHOe CBOOOJTHO pacrpoCTpaHsIeMOe
OdmcHbIe NPHIIOKEHHUS:
Microsoft Imagine (Visio, OneNote) 3apyOexkHoe JIMIICH3MOHHOE
TeXstudio 3apy0eKHOe CBOOOIHO pacpoCTpaHsIeMoe
Adobe Acrobat Reader 3apy0exHOe CBOOOTHO pacrpoCTpaHsIeMOe

IIporpammHoOe o0ecneyeHHe A NJIAHHPOBAHUS H YU€TA BPEeMeHH:

Toggle app | 3apy6Gexmoe | cBOGOIHO pacmpocTpaHseMoe
CucreMbl ypaBJIeHHs] IPOEKTAMU:

Microsoft Imagine (Project) | 3apy6exmoe | nuiensnonHOE
CucTeMBbl ynipaB/ieHHsi 6a3aMu TaHHBIX:

Microsoft Imagine (SQL Server) | 3apy0OexHOe | JTHIIEH3UOHHOE
Cucrtemsbl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | 3apy6exmoe | nuieH3HoHHOE
CnpaBoYHO-IIPaBOBbIE CHCTEMBI:

Koncynprantllioc: cnpaBogyHO-paBoBas OTEUYECTBCHHOE JIMIEH3UOHHOE
cucTeMa

CpencTBa aHTHBMPYCHOM 3aIIIMTHI:

Kaspersky Endpoint Security mist 6usneca OTEYECTBEHHOE JIMLIEH3UOHHOE
Cranmaprasni Russian Edition

Cpenbl pa3padoTKu:
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Visual Studio Code 3apybexHoe CBOOOIHO pacIpoCTpaHsIeMOe
Bash (Unix shell) 3apy0OexHOe CBOOOHO pacIpoCTpaHIEMOe
Anaconda 3apy0OexHoe cBOOOJTHO pacIpocTpaHsieMoe
Robotic Operating System 3apybexHOe CBOOOIHO pacpoCTpaHsIeMoe
CopelliaSim 3apy0OexHOe CBOOOIHO paclpoCTpaHsIeMOoe
Google Colaboratory 3apybexHOoe CBOOOIHO pacIpoCTpaHsIeMOe
ITakeThbl MPOrpaMMHBIX CPeICTB U OMOJIHOTEK:

AutoPsy 3apy0OexHoe CBOOOJTHO pacIpoCTpaHsIeMOe
Interactive Disassembler (IDA) 3apy0eKHOoe CBOOOIHO pacpoCTpaHsIeMoe
Cucrtembl ynpasJjeHusi 0udauorpaguyeckoii nHgopmanueii:

Zotero | 3apy0OexHoe | CBOOOIHO pacIpocTpaHsIeMoe
CepBHCBHI H CITYKOBI:

Bind 3apy0OexkHOoe cBOOOJTHO pacpoCTpaHsIeMOe
Docker 3apyOeskHOe CBOOOIHO pacIpocTpaHsIeMoe

7. MeToauyeckue U OLEHOYHbIE MATEPHAJIBI
MeToanyeckue yKazaHus Ui 00y4al0UIMXCH 110 OCBOEHHIO TUCHUIIIUHBI (MOTYJIs1)

B mpouecce uzydeHus AMCUMIUIMHBI (MOAyns) «MaTemaTuueckuii OyTKeMI» B pamKax
TEKYIIETO KOHTPOJII YCIEBAEMOCTH HCIIOJNB3YIOTCA Takue BHUJIbI Y4eOHON paboThl, Kak
MPAKTUYECKHE 3aHITHS, IOMAITHUE 3aaHNS, 4 TAKKE PA3TUIHBIE BUJIBI CAMOCTOSTEIIBHON paOOTHI
oOydalomuxcsi MO 3aJaHdI0 TperojaBaTesis, HalpaBiICHHblE Ha pa3BUTHE HABHIKOB
npodeccuOHaNBbHON JEKCUKH, 3aKpeIIeHHe MPaKTHUYECKUX MPO(PEeCCHOHATbHBIX KOMIIETCHIIHH,
MOOIIPEHUE UHUIIUATHUB.

Yuacmue 6 cemunape (ayoumopmnas paboma) — akTuBHas1 paboTa CTyJIeHTa Ha CEMHHApe,
€ro OTBETHI Ha BOTMPOCHI MIPETIOIABATENS U yUYaCTUE B AUCKYCCHH.

JJis yCTIenHOTo y4acTrsl B CEMHHApE CTYJCHTaM PEKOMEHIYETCs 3apaHee 03HAKOMHTHCS C
TEMOH OOCYXICHHUs, POYUTATh HEOOXOAMMBIC MaTepHajbl U MOJArOTOBUTH BOMPOCHL. BakHO
AKTHUBHO CIyIIaTh M BOBJIEKATHCS B TUCKYCCHIO, BBICKA3bIBas CBOM MHEHHS U apPTYMEHTUPYS HX.
[Ipu oTBeTax Ha BOMPOCHI MPETOJABATENISI CTOUT OBITh YBEPEHHBIM, YETKHUM M JIOTHYHBIM,
Onupasich Ha U3yYEHHBIH MaTepHuai. Takke MMOJIe3HO TOICPKUBAThH AUAJIOT C OJTHOKYPCHUKAMH,
9TOOBI 000TaTUTh 0OCYXKICHHUE U PACIIUPUTH CBOH 3HAHHUSI.

Jlomawnee 3a0anue — HabOP 3a7a4 1O TEMaM HEJIEIH.

[lpu pabGore Hag MOMAMHUMHU 3aJaHUSIMA Ba)KHO BHHMATEIIFHO O3HAKOMHUTBCS C
TpeOOBaHUSMHU U CPOKAMH BBHIMIOJTHEHUS. PekomMeHayeTcs: pa3OuBaTh 3aJaHUs HA OTAmbl, YTOObI
n30exaTh TEPEerpy3Kd M JIydllle yCBOUTh MaTepual. Vcmonb3oBaTh pa3inuyHble MCTOYHUKHU
nH(popManuu, BKIIOYas yYeOHUKHA U OHJIAHH-PECYPCHI, I 0oJiee TTyO00KOro MOHUMAaHUS TEMBI.

Camocmosmenvnas paboma — paboTa CTYACHTOB, HalpaBlIeHHas Ha YriayOJleHHOe
U3y4YeHHE OTICIBHBIX TEM M BOIPOCOB YUEOHOM TUCIIUILTUHBI (MOIYJIS).

B nporecce camocTosATENbHON pabOThI CTYACHTHI B3aUMOIEHCTBYIOT C PEKOMEHJOBAaHHBIMU
MaTepHallaMi IPU MUHUMAJIbHOM YYaCTHH MperoAaBatesis. 3ajaun CTyIeHTa BKIIIOYAIOT paboTy
C KOHCIICKTaMHU JIeKIHii (00paboTKa TEKCTa), TOBTOPHOE M3yUeHUE YICOHBIX MAaTCPHAJIOB IIJIAHOB
U TE3HCOB OTBETOB, 3YUYCHHUE JIOTOJHUTEIBHBIX TEM, BHIMOIHEHHE YUeOHO-UCCIIEI0BATEIbCKUX
3aJaHUN U IpyTOE.

Cucrema OLICHUBAHUSA PE3yJIbTaTOB Oﬁy‘leﬂlflﬂ no JTMCHUIIJINHE (MOJIyJIIO)

Kpurtepun nmosydeHnusi ypoBHsI M OlleHUBAHHUSI CPOPMUPOBAHHOCTH KOMIIETEHIIUI 10O
aucuuniInge (moaymo) «MaremaTHyecKuil OyrkemIn)
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OrneHnBaHWEe ypOBHS YYEOHBIX JTOCTHDKEHUN, OOYyYarONMXCs MO AUCITUTIINHE (MOIYJIIO),
OCYIIECTBIISIETCS B BUJIE TEKYIIETO KOHTPOJIS YCIIEBAEMOCTH M MMPOMEXYTOUYHOM aTTECTAIUH.

IIpoMe:xxyTouHasi arTrecTalus MO AWCIUIUIHHE (MOIYJIIO) OCYIIECTBIsAETCS B (opme
3auema, TIPU YTOM MPOBOJUTCS OIIEHKA KOMIETCHIIUH, CHOPMUPOBAHHBIX MO MUCHUILIAHE. Jlist

OLICHHUBaHUA TCKYUICT'O KOHTPOJA YCII€BAEMOCTH H HpOMCH(YTOQHOﬁ aTTeCTallui HCIIOJIB3YyCTCA

necaTrOauibHasl MIKala OICHUBAaHMS, KOTOPasi COOTHOCUTCS C TPAAMIIMOHHOW MSATHOAILTEHON

IIKAJION CJIeIyIOIUM 00pa3oM:

JecaTudaibHast
OLlEHKA

IIatudoananHas
OllEHKA

OneHnka 3a 3a4yert

OO0mas xapakrepucTHKA
pe3yJibTaTa 00y4eHus no
JMCIHUIUIUHE (MOIYJIIO0)

10

OTiIn4HO

3aureHo

9

OTinuHO

3auTeHo

OTIH4YHO

3auTeHo

CTyneHT  TONHOCTBIO  BIIAJEeT
3HAHUSMH, U3JIOKCHHBIMU B paboueit
mporpamMme, M TIyOOKO OCMBICTSET
qcuriuiiHy. OH caMOCTOSITENIBHO U
JIOTHYECKHU MOCTeA0BATEIBLHO
OTBEYaeT Ha  BCE  BOIPOCHI,
aKLEHTHUPYs BHUMaHWE Ha Haubolee
BaXHOM. YMEET aHaJM3UpPOBATh,
CpaBHUBATD, KJ1accu(UIIPOBATH,
0000maTh, KOHKPETH3UPOBATH U
CHUCTEMaTH3HPOBATh W3YYCHHBIH
MaTepualn,  BBIOCHAS — KIHOUCBbIE
MOMEHTHI u yCTaHaBIMBas
IMPUYINHHO-CJICACTBCHHBIC CBA3U.
YeTko ¢dopmynupyer OTBETHI,
YBEPEHHO HHTEPIPETUPYET
pe3ynpTaThl AHAINW30B M APYTHX
UCCIIEOBAHNM, a TaKXe pEIaeT
cioxHble 3amadn. CTyIEHT XOpOIIOo
3HAKOM C METOJaMH HCCIICIOBAHUS,
HEOOXOIMMBIMH U TPAKTHYECKOMH
JESITeIbHOCTH, M YMEET CBS3BIBATH
TEOPETHUYECKHE ACTIEKTHI
JTUCUUTLTAHBI (Momyst) c
IMMPAKTUYCCKUMU 3aJla4aMU.

Xoporo

3auTeHo

Xopo1io

3auTeHo

CryneHnt  oOjamaer  3HAHUSAMHU
mpeaMeTa MOoYTH B MOJTHOM 00beMe
pabouei MPOTPaMMBl u
CaMOCTOSTEIHHO, JIOTHYECKH
MOCJIEIOBATEIbHO M BCECTOPOHHE
OTBEYaeT Ha  BCE  BOIPOCHI,
aKIICHTUPYs BHUMaHHE Ha HauOoJiee
3HAYMMBIX MoOMeHTaxXx. OH ymeer

AHAITU3UPOBATH, CPaBHUBATH,
KJIaCCU(DUIMPOBATD, 0000111aTh,
KOHKPETH3UPOBATH "
CUCTEMATU3NPOBATH H3y‘IeHHBH7[
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JlecsaTuéaibHas
OLleHKAa

IIaTnoananHasn
OllEHKA

Onenka 3a 3auert

OO0mast xapakTepucTHKA
pe3yJibTaTa 00y4eHus no
JMCIHUTIUIHHE (MOIYJIIO0)

MaTepHal, BBIACTSAS €ro KI0YeBbIe
ACIEKThI u YCTaHABIIUBAs
NPUYUHHO-CIIE/ICTBEHHBIE  CBS3H.
Dopmynupyet CBOHU OTBETBHI,
YBEPEHHO HUHTEPIPETHPYET
pe3yabpTarbl AHAIM30B M JIPYIHX
HCCIEOBaHUM, a Takke pemaer
CIIOXKHBIE CHUTYallMOHHBIE 3aJIauy.
CTygeHT  XOpomo  3HakoM ¢
METOJIaMHU WCCIIeIOBAaHNUA,
HEOOXOIMMBIMH JUTSI TIPAKTUYECKOH
JeSITeIbHOCTH, U YMEET CBA3BIBATH
TEOPETUYECKHUE aCTIEKThI IPEIMETA C
MPAKTUYECKUMH 33Ja4aMHu.

y,[[OBHCTBOpI/ITeHLHO

3auTeHo

y,[[OBJ'IeTBOpI/ITeJ'ILHO

3auTeHo

Crynent  obOmagaer  0a30BBIMH
3HAHUSMH 1o JTUCLIUTIIHE
(Monymro0), HO HCTIBITHIBAET
TPYAHOCTH MPH CaMOCTOSTEIIbHBIX
OTBETaX M HCMOJNB3YeT HETOYHBIC
(dhopmynupoBku. B xo1e 0TBETOB OH
JIOMTyCKaeT OIIMOKH, Kacarolmuecs
cyTu BompocoB. CTyleHT crocoOeH
pemarb TOJBKO camble TPOCThIE
3a1aun u BJaJieeT JIUIIb
MUHUMAIBbHBIM HAa0OpOM METOJIOB
HCCIICIOBAHMS.

He cnan

He 3aureno

He cnan

He 3aureno

He cnan

He 3aureno

CTyneHT He OBIazes 00s3aTeIbHBIM

MUHUMYMOM 3HaHUH IO TIPEIMETY U
HE MOXKET OTBETUTH Ha BOIIPOCHI,
JlaXKe €clIM IIPeroJaBareib 3anaeT
JIOTIOJIHUTEIIbHBIE HaBOJSIINE
BOIIPOCHI.

Jucuumimza (Moaynb) «MaTeMaTHuecKuii OyTKeMIT» OLEHUBAETCS CJIeTyIOIUM 00pa3oM:

Jnst monnyyenus «3adeTa» HYkHO caaTh 2 U3 3 JlomamHux 3aganus.
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Tekymuii KOHTPOJIb yCIIEBAEMOCTH 00Y4AIOMIMXCS M0 JUCHHUILIAHE (MOLYJII0)
IIpumepHbIe JOMALIHME 3aJAHUS
JdomamHee 3aganue 1

o ——
3AOAYA 1 3apava o gueTte 16ann

B aToit 3afade TypUCT COCTaBNAET MeHIO ANA 04HOAHEBHOrO noxoga.

MpoayKTel ¥ TypUCTa €CTh BoIGOP U3 YeThipex NPOAYKTOB: PUC, KYPULE, BPOKKONK U Kany-
cTa. CTOMMOCTb M NUTaTENbHBIE CBOWCTBA OAHOW NOPLMKM KaX4oro NpogykTa cobpaHbl &
Tabnuue. TYPUCT MOXET B3ATb ¢ coBOW LUEenoe YMCNo NoOpUKMK Kaxaoro npogykTa.

MpogykTt Llena KanopuiHocTk, Kkan Benok, rp Knetuatka, rp
Puc 5 40 5 2
Kypuua 30 250 30 5
Bpokkonu 10 50 8 10
Kanycra 4 10 4 9
Ta6nuua 1. LieHa U nuTaTensHbie CBORCTEA 04HOM NOPLMK NPoayKTa

Banauc [HeBHOW paLMOH TYpUCTa OOMKEeH GbiTh MUTATENBHBIM WM COAEPXAaTh!

* He menee 2,000 kunokanopwi,
+ He menee 100 rpamm Genka,
- He meHee 50 rpaMm KneTyaTku.

Bonpoc CKoNbKO NOPLUMIA KOKA0M0 MPOAYKTa HY»KHO B3ATL TYPUCTY, Y4ToObl cOCTaBUTL cBa-
NaHCMPOBAHHOE MEHIC MUHMMANEHOR CTOMMOCTHT

e,
3AL0AYA 2 3apava o pioKzake 16ann

PaccmMoTpumM KnaccH4eckylo 3ajady KOMMNeKTEPHLIX HayK — 3afady o proKaake.

MpeameTol Y Hac ecTb HABOP M3 1 HEAENMMBIX NPEAMETOE, Y KaX40r0 M3 KOTOPbIX eCTh Mo-
NoXUTeNbHBIA BeC {1, W2, . . ., Wy} MNONOKUTENBHEA LEHHOCTb {11, U2, . . ., U }. Kax-
Obli ApeaMeT 4OCTYNEH B OQHOM 3K3eMAnsape.

PloK3aK Y Hac ecTb PHOK3aK, KOTOPbI MOXeT BblaepaTs HaBop NPeaMEToB BECOM He 6o-
nee W.

w, - Be npegmetal W = Makchmanss Bec, kaTopsR
V1 = LBHHOCTE I 1 # proxasc

L) e

PucyHok 1. MnniocTpauua aagaud

Bonpoc Kakue npegmeTsl NONOKUTE B PIOK3AK, UTOGE YHECTH M3KCMMANEHYH) LIEHHOCTE?

o —
3A0AYA 3 3apava o 3agavax 2 Ganna

B aTo# 2apaye Mbl paccMoTpHM dpunaHc-nnathopmy, Ha KOTOPOW ECTb ECTb 11 380484 W 11
MCNONHUTENEH.

Hoxoppl Pelexne sagaqn j npuHeceT gpunaHc-nnatdopme Aoxoa, Pj.

Pacxopap! Mcnonnutens i € {1,2, ... 1} rotos BeinonuuTs 3agauy j € {1,2,... n} 3a
BO3HArpaxaeHue ;.

Harpyzaxka OguH MCNoNHWTENL MOXET B3ATE He Gonee ABYX 3afau.
Bonpoc Kak onTUManbHo pacnpefenuTe 3aAa4qu no MCnonHuTenam?

Mopackaska: Mmen B Buay, 4To nnathpopma MOXET OTKa3aTbCA OT PELUeHUs 3afaqu, ecnu
3T0 He BeirogHo. B 3ToM cnydae nnatdopma He Nony4YaeT 4oxXoda U He HeceT pacxofa.

.
3A0AYA 4 Noructuka 3 6anna

KomnaHua «X» 3aHMMaeTcA A0CTaBKOW NMThEB0W BoAbl B 0hUCH U BbIXOAMT B HOBbIW ropo,.

KnuenTsi B 3ToM ropofie ecTb 171 KIMEHTOE C eXXEHeAeNsHo| NoTPeGHOCTEI0 B demand;, je
{1,2,...,m} napTui Bogbl. 3aNpoc KaxAaore KNMeHTa AoMKeH BbiTb YACBNETBOPEH Non-
HOETEH.
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Crnagel Y106kl Ha4aTe paboTy, KOMNaHWK «X» HYKHO apeHaoBaTe CKNagbl — MecTa, rge
BY4YT XPaHWTBCH 3anackl BOAbI, KOTOPbIE NOTOM ByayT OOCTAaBNATHCA A0 KWeHToe. B ka-
YecTBe NOoKaUMiA CKNafos KOMMaHWA paccMaTpUBaeT 1 BapuaHToB. Kaxaan noxauws xa-
pakKTepUayeTCR ABYMA NapameTpamMu:

+ CTOMMOCTBIO HeflenbHoi apeHfpl cknafa fixed costy, 1€ {1,2,....n},

+ BMeCTMMOCTBIO CKada B NapTHAX BoAkl capacity;, 1 € {1,2,...,n}.

OnepaymoHHan mogene Komnanua paGoTaeT Tak: B TEYEHWE HEQEeNK CKNafbl NOCTENeHHo
NOMONHAKITCA, 8 B NOHeAeNsHWK YyTPOM BCA BOAa eAHHOBPEMEHHO OTNPaBAAETCA KKeH-
Tam. OUH CKNag MoxeT 06CNYKUBaTh HECKOMBKO KNMEHTOB, 3 OMH KIMEeHT MOXET nomny-
4aTb BOAY W3 pPa3sHblx cknafos. [locTaBka OQHOM NapTHK Bobl U3 CKNada B NOKaUuK i Ao
oMca j CTOMT variable_cost;;.

) —noeapn am eennaa
@ —cone annsa

PucyHok 2. MnnocTpauua 2agayu

Bonpoc B kakux Nokalrax KOMNaHu1 «X» BbIFo[HO apeHoBaTh cknaas?

Mogekaska: MNogymaia, U3 Yero crknagbieawoTca obWwmMe pacxodbl KoMNaHun? Kakue nepe-
MeHHbIe TeGe Hy¥Hbl, YTOOB MOAENUPOBAaTD 3TH pacxofsl?

SAQAYAS MNepeezg e opMc 3 6anna

JTa 3anada oTNM4YasTcA oT npejeaylWx Tem, 4To ANnA ee pelleHuna NoHanobUTCA ONTUMK-

3aUMA HENMHERHOW UeNneBon dyHKLKWK.

KomnaHua «T» nepeesxaer B HOBBIA 0DKC M Nepen MeHeXMEHTOM CTOUT 3afjada — onpe-
OenuTh, rae ByfeT cUaeTs Kaxaaa KomaHaa. MNasHas cnoXHoCTs 3TOM 3a0a4n B TOM, YTo
Npw NG0oit paccafKe HAXOAATCA HEQOBONEHLIE KOMaH/bl, KOTOPLIE XOTeNM CHAETL PALOM,
a oKasanuce Aaneko apyr ot apyra. MonpoByem HalT ONTUMAaNBHYIO PaccafKky KoMaH.

Komangpl M MecTa Bygem cuntate, 4To B «T» paGoTaeT 17t komaug { 1, 2, ..., m } 1 B HoBOM
ouce ectb posHo m mecT {1,2, ..., m}.

PaccTosHue Byfem 0603HauaTe paccTosH1e Mexdy mectamu j W §' kak d ;. YenosHo,
PACCTORHWE MOXHO U3MEDATE B MUHYTAX, KOTODBIE HYXKHO NOTPaTUTh, YTOGH A0ATH OT Me-

ctajpoj.

LleHHOCTh KOMMYHHKaUMK KoMaHabl 4acTo ¥anylTca Ha To, YTO CHOAT Aaneko oT Tex,
C KEM UM HyXKHO B3aUMOAEHCTBOBATh. ONPOCMM PYKOBOAMTENSH KOMAaHA W ANA KaX Aok
nape! komaug, (7, i) onpegenm LeHHOCTE KOMMYHUKaLMK C; ;.
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W - wecTO AR NOCADKM SOMAKIN

) ) djj,~ PACCTORKNE MEXLY
3 L} MECTEMH 1 |
| — < g
" Cips — UBHHOCTE KOMMYHHKSLMHK
MEXAY KOMAHOAMK | Wi’

PucyHok 3. MinnocTpauma sagadu

Bonpoc Kak paccafuTb KOMaHabl Ha MecTa B oduce, uTobbl o6ecneunTs SGeKTUBHYO
KOMMYHUKaLMIO?

2. TEOPETUYECKWE 3AOAYN

B aToM pa3saene cobpaHbl TEOpeTUYECKME 3a4auu, KOTOpble TpebyloT paccyxaeHus. B kauyecTse 0TBeTa NpUBeaM
aKkypaTHoe 060CHOBaHWe.

* —
3A0AYA G KeagpaTuuHan 3agada 16ann

PaccmMoTpum 3agady onTUMA3aLKKM

T
min Z{aix? + bir; + &)
r
i=1

subjectto z; € {0,1}, Vi € [n]

Mpuayman cnocod peweHts SToW 3afadum 6e3 UCNoNb30BaHKA CNeyraniaInpoBaHHBIX an-
rOpPUTMOB.

* _
3A0AYA T JNAwHWe NpoayKTbl 16ann

MocMOTPU Ha YENoBMe NEpBoi 3a0aun (3anada o Auete). bea pelleHUs 33034l ONTUMUIE-
UMM HaRAM NPOAYKT, KOTOPbIA TOUHO He BOWAET B oNTUMAaNbHYI0 AWeTY. OBBbACHA NoUeny.

3A0AYA 8 OrpaHuyeHua 3 Ganna

PacCMOTpIUM CTaHAAPTHYIO GOPMYNMPOBKY 3anauu ILP:
min ¢’z
red

subjectto Gz < h.

3Ta opMynHMpoBKa XOpOoLWo NoAdepKMBAET orpaHu4YeHnA Tuna AND. Hanpumep, ecnu Ham
HYXHO 006aBWTE OrpaHUYeHHe:

ri=2h AND x; <7,

TO HaM HyXHO NPOCTO AOGABUTb ABa IMHENHBIX OrpaHUYeHus B 3afady (PacluMpuTs MaT-
puuy G v sektop h):

=

|

&
V/AN/AN
&

MpeacTasb, YTO HaMm HyXHO A06aBMTL B 3aayy orpaHuueHue Tuna OR:
z; € [0;5] OR x; € [T;10].

Kak ato cgenatb?

lMopackaska: Tebe MoryT NOHafo6UTLCA AONOAHUTENBbHbIE NEPEMEHHbIE ONTUMU3ALMM.
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Jlomannnee 3aganue 2

05 Guaa

HC‘PCIIHIIIH JaJauy @ B HAHOHHYeCKOM BHE HeJIOYHCIeHHOND JHHeAHOrO OTporpaMMHpPOBAHNN:

maximize (c,x)
IE{U,]}dm’

subject to  Ax < b,

rie T 3T0 BeKTOp, NMOJYHeHHLIA 3a cdeT KoHKaTeHanun crpok marpuinl X. Tefe mysmo samats A.b.c
dim.

4 Gz

Jorana, gro marpuna A, nonyuennas Toboll B npersyiyiieM nyexTe, seinosusier ceoffereo TU (totally
unimodular).

Onpenenenne Marpuna ernonaser ceoficreo TU (totally unimodular matrix) ecom mobast ee kKBanpat-
Hasl IOJIMATPHIIA HMeeT onpeilennTent —1, 0 um 1.

Habpocok ,uuKaBaTenhc'rBzﬂ

JlokameM YyTBeDHK IEHHE ¢ NOMONILI0 HHAVKITHH 110 PA3MEDY KBAJIDATHOH MOAMATDHIIL B ONPEIeIeHHH CROf-
crea TU.

Baza unyxmm
IpoBeps, @To ams kam o noamarpuisl A’ pasmepa 1x 1 csotierso TU Buinonnsercs.
Mar wamgyximmm

Iyers epoiierso TU peinonasiercst [1Jisl BeexX KBagpaTHBIN HoaMartpurl pasmepa kb x k. [Tokamesm, wro ono
TAKIKE BEIIOJIHSETCS] U8 NOJMATpHIl passmepa (k& 4+ 1) « (k + 1). Tas sToro paccMoTpuM NpPOH3ZBOILHYIO
nompmarpainy M pasmepa (B + 1) (k + 1), Bamerum, yro marpuna M OpHHAJIEKHT OTHOMY W3 TPEX TH-
oB:

¢ Tun 1. B marpune M ects cronben, cocTospil e HKOM H3 HyJel.
o Tun 2. B marpune M ects cronben, coctosimndt 3 k Hynefl 1 0HOI0 HEHYIIEBOIO 3/IEMEHTA.
o Tun 3. Kamueii cronben marpunsr M usmeer poBHO jiBa HEHYIIEBRIX 3JIEMEHTA.

AKKYDATHO JIOKAMKH, HTO BOZMOMKHE] TOILKO 3TH TPH THIA. [ankme st KasIoro 03 THIIOE NPOAHATHIHDY
onpeenuTens MaTpunsl M u nokamsa, wro matpuna M ynoenersopsier ceoficrey TU.

]:[D,[LCKBBK.E 1. H]JH HCCNIeJoBaHHHA THIIA 2 BOCIIO.‘]I:B}"ﬁCH CBEOICTBOM, 4TO nepecTaHOBKa CTPOK MaTpPHILLD
MEHHET TOJILBKO JHAK OIpe e THTe 5.

HD,[LCK.ESKH 2. HPH HCCIIEIOBAHMSA THIIA 3 CII0MH CTPOKH MATPHIIBL. BCI]OMIIH._ HTO €CJIH CTPOKH MATPHITED
JIHHERHO 3aBHCHMBL, TO ONpPeJIeHTeL TAKOA MATPHIIL! PABEH HYJIIO.

0.5 Gaaza

ITprmenn teopesmy o Totally Unimodular Matrix w3 gexmmn w zanmum LP-penaxcanmo zanaun, pemenne
HOTOpOIT JaeT pemenie uexonHodl zanaqn [LP .

Toos 3anaes — AKKYPATED BOCCTARORATL OKAIATEILCTRD.
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2 3apganue Ha mporpamMupoBanue |5 6astos|

B 310 3agaue Tebe npeacronT peannzopaTh anroputM BRANCH AND BOUND mis pemenns cyaoxy. B aroii
3ajjade CyI0KY ONpeIelsieTcs IBYMePHEM MaccHBoM pasmepa 9 x 9. Hanpumep,

puzzle = [[4, 8, 0, 3, 0, 0, 0, O, 01,
o, o, 0, 0, 0, 0, 0, 7, 11,
o, 2, 0, 0, 0, 0, 0, 0, 01,
[f, 0, 5, 0, 0, 0, 0, 8, 01,
o, o, 0, 2, 0, 0, 8, 0, 01,
o, o, 0, 0, 0, 0, 0, 0, 01,
, o, 1, 0,7, 6, 0, 0, 01,
3, 0, 0,0,0,0,4, 0, 01,
o, o, 0, 0, 5, 0, 0, 0, 011,

Hyuepsie anemenTsl 0603HAMAIOT KIETKH, KOTOPLIE J0/KHB DRITH 3aI0JHEHB] TEOHM AITOPHTMOM, & OCTAIlb-
nnie wHenaa (ot 110 9) 0bosnauaior KIeTKH, KOTopble 3anojnens no yeaosnio, Toos dynknmns solve_sudoku
Jl0JKHA Bo3BpamaTh tuple (solved_puzzle, constraints), rue solved_puzzle 370 pelueHHasl 3aj1a4a cy-
JIOKY, & CONSTraints 3T0 JONOJHHTe]bHEE OUPAHIHYEHHS, KOTOPbE 03BOMSIOT AlroputMy BRANCH AND
BounD maitru nenounciennoe pemenne. Hanpumep, juist 3a1auu seiie pentenne 6y1eT BEIIISIETh TAK:

solved_puzzle = [[4, 8, 7, 3, 1, 2, 6, 9, B],
[5, 9, 3,6, 8, 4, 2, 7, 11,
1, 2, 6,5, 9,7, 3, 8, 41,
[, 3, 5,8, 4, 9,1, 86, 21,
e, 1, 4, 2, 6, 5, 8, 3, 71,
2, 6,8, 7, 3, 1, 5, 4, 91,
e, s 1, 4, 7, 6, 9, 2, 31,
3, 7, 9,1, 2,8, 4, 5, 6],
6, 4, 2, 9, 5, 3, 7, 1, 811

constraints = [(8, 5, 2, 1), (5, 3, 4, 1)].

3HaveHne nepeMeHHON coNstraints o3Hadaer, 4TO eciH Mbl J0DABHM JIBAa OIPaHH4eHHS (Tss)z = 1 H

(r53)a = 1, To LP-penaxcanns s3aja4n NeJI04HCIeHHOTO JTHHEHOTO NPOrPAMMHDOBAHRS (CM. JIETAIH HH-
)K.B) JaCT HEeJOYHCIEHHOE PelleHe. Oﬁpa'TH BHHMAHHE, 9T0 pPa3Hble JONOIHHTE/ILHLIE OUPAHHYMEHHA MOUYT
NPHBOJIUTE K OJHOMY H TOMY K€ DEIIeHHIO.

Pemenne 341440 COCTOHT H3 JIBYX KJYEBLIX [IAI0B, KOTOPhIe MBI ceffdac OGC)’,EI,}IM.

IITar 1. Pemenue LP-penakcanun

Kimouesot komnonenT anropurma BRANCH AND BOUND — cammuexe Meton, kotopuift pemaer sagaqy LP-
penakcaiui. Menonsays Gubnuorexky cvepy, Hanuum dyHEIM0, koTopas pemaer LP-penaxcammo sanaqn
cynory. oapofuee npo cvipy MoXHO NPOYHTATH B A0KYMenTaimi http: //cvxpy .org

Ha aexunn Mu1 oficymuim, 9To B 3a1ade cyIoKy MEl paboraem c nepemennsvu { () i € [9),7 € [9],k €
[9]}. Hepemennast (x;;)r paBHa 1 TOrja M TOJNBKO TOU/A, KOIJA B KJaeTke (i, j) 3amicano uncao k') B srnx
oboznadennsx LP-penakcanms sagaqn cyIoKy BLIPAyKaeTesl cilelyonmM obpason:

a
minimize Z mfax[-r‘-‘j]k

i.j
subject to (z; ;) € [0.1] 4,7,k=1..9 (perakcanus GHHADHBIX OTpaHHIeHNTT)
a
(zii)k=1, i,j=1.9 (B KazEIO[ KJIeTKe 3AIHCAHO OJIHO YHCIIO)
k=1

w |

(]

(zije=1 i k=1.9 (uncaa B CTPOKAX He TIOBTODSIIOTES )

(=%

w |l

(k=1 jk=1.9 (uncaa B cTOXOIAX HE NOBTOPSIOTCH )
1

3
Z (Tismgrt)e =1, 1,7 €4{0,3,6},k=1..0 (uncna B0 kBajgpaTax He TOBTOPSIOTCS)
I=1
(mij)e =1 mnst (i, §) sanonHeHHBIX B yeinoBnn  ((PHKCHPYEM 3HAMCHHS KIETOK U3 YCIIOBHS).

Baxkno: [Jamxe worna LP-penakcanis TeopeTHHecKn JaeT NeIOYHCIeHHOS DRIIeHNe, Pe3yILTATL, KOTOPEE
ThI TI0JIY HHIIL HA NPAKTHEE, MOTYT He OLITh HenodncieHHeiMi. Hanpivep, BMecto 1 Thl MOMeNIL NOIYHATE
0.999995. B sroM 3a14HHN ThHl MOMKEIIL OKPYIISTL Yaciaa B s-okpectaoct 0 u 1, rge = = 0.005,

Bonychuie ouxkm  Thl momems nomyauts | GoHycHBI Baji, eci cAMOCTOSTENBHO ITDOAHATH3HPYElh
neseByio GyHKIMO 3agadn LP-penakcamin u ofbsacHRmE ee BuIGop (Mo npermomume apyrod, Goaee o
THMAJLHEL BRIGOD HeneBoit dyHKIHNR).

IITar 2. Branch and Bound

Peamuzyit anropurm BRANCH AND BOUND juist pelienust cyIoky.

IMonckazka: B cayuae ecom LP-penakcanus He jgaer neioduciieHHoro pemenns, scdextnsao dukcnpo-
BaTh 3HaMenne Tof nepemennoft {(xy; )k @ 6,7k = 1,...,9}, une Texymee anauenne nexuT HmKe Beero K
0.5,
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3aganus 1J1s1 IPOMEKYTOYHOM aTTeCTAIMU MO JUCHUILIMHE (MOLYJIIO)

Ne i/t

3aganune

OT1BeT

Komnerenuus

Haiinu npenen

lim (3z + 1)

r—3
OtBeT 3anuIM B BHAe AeCATHUYHOMH APOOH, OKPYIJIHB 10
JBYX 3HAKOB MOCJIe 3aNATOM.

10/ 10.00

[K-1

IMocnenoBaTeNbHOCTD 3a/[aHa YPABHEHHEM: an = —1° + 5.
SIBnseTcs v oHa:

1. Bo3pacraromei;

2. yObIBaromIei;
HE MOHOTOHHOM.

YK-1

Haiigu Touky paspeiBa GyHKIHH

2
flz)= .|I;'[-_|_1l|
1. x=1;
2. x=-1;
3. X=1lux=-1;
@DyHKIMS HENPEPHIBHA.

[K-1

[lycts 3aman BexTop U = (1,3). Beibepu u3 criricka Bce
BEKTOPBI, KOTOPbIE OPTOTOHAJIBHEI K U:

1. 3-1);

2. (-5,10);

3. (2,2);
(=3.1).

1ud4/ 14/
41/1,4/ 4,1

Haiinn xocuHyc yria Mexay BEKTOpaMU:

(-6

OTBeT 3anuIIU B BU/e IeCATUYHOI IPOOU, OKPYIJIUB 10
JIBYX 3HAKOB T0CJIe 3ansTOM.

0.6/ 0.60

[K-1

BeIssicHH, KaKoii M3 BEKTOPOB UINHHEE:
U] = De1 — eg UNn v9 = dey + 3es

3nech €1 U €2 — OPTOHOPMUPOBAHHBIHN Oa3uc. B oTBeT BBEAU
HOMEp MCKOMOTro BekTopa: 1 mm 2.

OIIK-1
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