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1. Kparkas xapakTepucTHKA JUCHUIIUHBI (MOAYJIs1)

Pabouas nmporpamMma nucuuIuiMHbL (MOyJsl) «MareMaTndeckuil OyTKEMID» COCTaBlIeHA B
COOTBETCTBUHM C (ellepalbHbIM TI'OCYyJapCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICIIErO
oOpa3oBaHus — Oakanaspuat 1o cuneruansHoctd 02.03.01 Maremaruka 1 KOMIBIOTEPHBIE HAYKH,
npodwis MaTeMaTuKa U UCKYCCTBEHHBIH MHTEIJIEKT, YTBEPXKAECHHBIN NpHKa3oM MUHHUCTEPCTBA
HayKH ¥ BbIciiero oopaszoBanus Poccuiickoit @enepanuu Ne 807 ot 23.08.2017 roxa.

N3zyuenune nucuuiuivHel (Moayns) «MaTeMaTudecKuil OyTKeMIT» SIBIISETCS OCHOBOHM JUIs
MHOTHUX JPYTHX MaTeéMaTUYeCKUX JUCLMIUIMH. uciumuimHa (Moaynb) pa3BUBAET aHATMTUYECKOE
U KPUTUYECKOE MBIIUIEHUE, YTO SIBJIAETCS BaKHBIM HABBIKOM JJISl PELICHMs CIOXKHBIX 33734 B
pa3IMYHBIX cdepax.

MecTo AMcHUIINHBI (MOYJIS) B CTPYKTYpe 00pa30oBaTe/ibHON MPOorpaMmbl

Hacrosmas mucuumuimHa (MOIys1b) BKJIFOYEHA B Y4EOHBIN IIJIaH 110 IPOTrpaMMe TOATOTOBKH
OakanmaBpuata no HampasieHuto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
MaremaTika ¥ HCKYyCCTBEHHBIH MHTEIUICKT W BXoauT B biok 1, wacts, dopmupyemyro
y4acTHUKaMU 00pa30BaTeNIbHbIX OTHOIIEHUH KaK JIMCLUUIUIMHA 10 BHIOOPY.

Jucnunimza (Moaynb) usydaercs Ha 1 kypce B 1 cemectpe.

Heap n3yuyeHus AMCHMILIMHBI (MOAYJIs1): B GOpMUpPOBaHUU IN1yOOKOro nonumanus LP, a
TaK)Ke ero MPUMEHEHUS B PA3IUYHBIX 00JIACTIX HAYKU U TEXHUKHU.

3anaum u3ydeHusi JMCUMILUIMHBI (MOXYJIAA) HAMPaBJICHb HA (POPMUPOBAHKE Y CTYJCHTOB
CIEAYIOIINNI 3HAHUW, YMEHUN U HABBIKOB:

— 3HaHUE OCHOBHBIX NoHATUA LP: mneneBas QyHKIMSA, OrpaHUYECHHS, IOMYCTHUMAS
00J1acTh, ONTUMANILHOE PEIlICHUE,;

— 3HAHUE TEOMETPUYECKOW HHTepmperanuu 3agady LP (MHOTOrpaHHUKH pelleHUH,
KpaliHue TOYKH);

— 3HAHHE TEOPEMBI IBOMCTBEHHOCTH U €€ SKOHOMHYECKYIO HHTEPIPETALIUIO;

— 3HaHWE OCHOBHBIX KiaccoB |LP-3amau (MOSHOCTBIO 1IETOYUCIEHHBIE, YaCTUYHO
1IEJIOYHCIICHHBIC);

— 3HaHue MeTooB pemenus ILP: meron BeTBen u rpanul, anroputmsl ['omopy;

— ymMmeHue GopMyIUpoBaTh 3a/1a4u B cTaHAapTHOU popme LP u kaHoHMUeckoil Gpopme;

— yMeHue pemath 3a71a4u LP cuMIexc-MeTo oM (Bpy4YHYIO JUIsl MPOCTHIX CIy4aeB);

— ymMmeHue paborats ¢ conepamu (PuLP, Gurobi, CPLEX) nns pemienus npakTuueckux
3aj1ad;

— YMEHHUE CTPOUTHh JBOMCTBEHHBIE 3aJa4yl U HWHTEPIPETHPOBATH JIBOWCTBEHHBIE
MIEPEMEHHBIE;

— YMEHHE IPUMEHATh METOJX BEeTBEH M rpaHun it pemeHus ILP-zamau cpennei
CJII0KHOCTH,

— BIIAQJICHUE AaHAJIU30M YyBCTBUTEIBHOCTHU PEIIEHUN K U3MEHEHUSIM apaMeTPOB MOJIETH ;

— BIaJeHUE pPa3pabOTKOW CIOKHBIX ONTUMHU3AIMOHHBIX MOJENed [UIisi pearbHBIX
IIPUIIOKEHNH;

— BIIQJIcHUE BBIOOPOM ONTHUMAJBHOTO COJIBEpAa M HACTPOMKON €ro mapameTpoB s
KOHKPETHOM 3aJ1auy;

— BiageHue KoMOuHUpoBaHueM MeTonoB LP wu ILP jans pemeHus CIOXHBIX
KOMOHMHATOPHBIX 3a/1a4;

— BIAJEHUE ONTHUMM3AIMEeH KPYMHOMACIITAOHBIX MOJENe C HCIOJIh30BAHUEM
JIEKOMITO3UIITMOHHBIX METOJIOB.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUs

Komnerennuu, ¢opmupyembie B pe3ysibTaTe OCBOCHUS JUCHUILIUHBI (MOIYJS) IpH
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuus Conep:xaHue KOMIeTeHITHH Nuauxkarop IlepeyeHb MJIAHUPYEMBIX
KOMIIETeHIIH U pe3yJbTaTOB 00y4YeHHs 10
AUCHMIJIMHE (MOTYJIIO)
VK-1. Crioco0eH OCYIIeCTBIISATh TIOUCK, VK-1.1. 3HaeT MeTOAbLI IOKUCKA U aHaAJIN3a
KPUTHYECKAN aHAIN3 U CHHTE3 nH(pOopMaIuu B 001aCTH
nH(GOPMAITIH, TPUMEHSTh HCKYCCTBEHHOTO MHTEIJIEKTA,
CHUCTEMHBII TOIXO0/ AJIS peIeHHUs OCHOBHBIC MTPUHIIMIIBI
MOCTaBJICHHBIX 33729 KPUTHYECKOH OIEHKH HCTOYHUKOB
nH()OpPMAITIH B HX
pENIeBaHTHOCTH.
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WCTOYHUKYU HH(POPMALINN U
CHHTE3UPOBATh JIAHHBIC U3
Pa3UYHBIX HCTOYHUKOB JUIS
pelIeHus 3aaa4, IpUMEHSTh
CHUCTEMHBIH MOAX0/T K aHATN3Y U
PELICHHUIO KOMILJIEKCHBIX MPO0IIeM
YK-1.3. NmeeT npakTU4eCKUN OTIBIT
paboThI C COBpEMEHHBIMH
WHCTPYMEHTAaMU W TEXHOJIOTUSIMU
JUTsE 00pabOTKH HH(POPMAILIH,
(hopMyITUPOBAHUH U
CTPYKTypUPOBAaHHUHM 3a/1a4 Ha
OCHOBE TMOJY4YeHHOH HH(opManru
OIIK-1. Crioco0OeH KOHCYJILTUPOBATh U OIlK-1.1. 3HAEeT OCHOBHBIC KOHIICTIIINH U
HCTIONB30BaTh TEOpUH B 00JIaCTH
¢dbyHIaMEeHTaTbHBIC 3HAHUS B MaTeMaTHYECKOTO aHAIN3a U
001acTH MaTeMaTHYECKOTO CMEXHBIX JUCLIUILTIH, METO/bI U
aHaJM3a, KOMIUIEKCHOTO H MTOJIXO/JTbI, UCIIOJIb3YEMBIC B
(YHKIIMOHAIEHOTO aHaJH3a Pa3IMYHBIX 00JIACTSIX
anreOpbl, aHATTUTUIECKOM MaTeMaTHKH
reoMeTpud, TudHepeHInaTbHON OIIK-1.2. YMeeT MpuMeHSITh
TEOMETPHH U TOTIOJIOTHH, MaTEeMaTHYECKUE METOJIbI JIS
T QepeHInaTBEHBIX yPaBHEHUH, pelIeHus NpoQecCHOHATEHBIX
JIUCKPETHON MaTeMaTUKH U 3aja4
MaTeMaTHYECKOM JIOTUKH, TEOPHUH OIIK-1.3. HmeeT pakTUYECKUN OTIBIT
BEPOSITHOCTEN, MATEMaTUUECKOM pa3paboTKH U peatn3alys
CTaTUCTHKH U CITy4alHBIX MaTeMaTHYECKUX MOJIETIEH B
MPOIIECCOB, YUCIEHHBIX METO/IOB, npogeccHoHaANEHON
TEOPETHUIECKOI MEXaHHUKH B JIeSITeTIbHOCTH
poheCCUOHATBHOMN
JIeSITeITbHOCTH
[K-1. CriocobeH popmynnpoBath IK-1.1. 3HaeT METOBI ¥ MOAXOBI K

3a/1a41 ¢ MaTEMaTHICCKOM
TOYHOCTBIO, 00OOCHOBEIBATh
YTBEPXKACHHUS CTPOTO U
aHAJIM3UPOBATH MOTyUYCHHBIE
pe3ynbTaThl B 00J1aCTH

(hopMyITUPOBaHUIO 337124, a TAKKE
OCHOBHBIC ITPUHIIUIIBI
MaTeMaTHIeCKOTO
JTIOKA3aTeNIbCTBA U aHAJIM3a
PE3yIBTATOB.
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MaTEMaTHKH U KOMIIBIOTEPHBIX
HayK

[K-1.2.

YMeeT KOPpEeKTHO CTaBUTh U
(hopMyTupOBaTH MaTEMaTHYECKHE
3a/1ayu, MPUMEHSITh CTPOTHUE
METOBI JOKa3aTeIbCTBA U
aHAIM3UPOBATH MOTyUYCHHBIE
pEe3yIbTaTHL.

[K-1.3.

HmeeT ombIT paboTHI ¢ 3ajauaMu
B 00J1aCTH MAaTEeMAaTUKH U
KOMITBIOTEPHBIX HAYK, BKIIFOYAs
MIPUMEHEHUE MaTEMaTHIECKUX
METOJOB JIJISl pEUICHUS
MIPAKTHYECKUX 33129
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3. Temaruueckuii njiax

Nen/ TpynoeMkocTh, akageMH4YeCKHE YAChI
n HaumeHnoBaHnue Ounas gpopma TKY
pa3jaena IMCHUIITHHBI KoHTakTHas padora CaMOCTOSITE (Texynnmii
(Mony.ist) Jexuun CeMuHapsbl KonTpos LHAst KOHTPOJIbL
(mpakTHyeckue ycreBaeMocTH)
padora
3aHATHS)
1 BBenenue B muHElHOE 10 14 JlomamHee 3aganue
[IPOrpaMMHUPOBAHHUE
(LP)
2 Consepsl 10 12 Jlomaminee 3amanue
3 3agaun 10 12 JlomamHee 3aganue
LIEJIOYHCICHHOTO
JIMHEHHOTO
IPOrpPaMMHUPOBaHUS
(ILP)
3auem 8
Hmozo: 30 8 38
Obvem oucyuniunsl (Mooyisn) 76
(6 ax. u.)
Oovem Oucyunaunvl (M00ys) 2
(6 3au. eo.)

4. CopepxxaHue TUCHUILIHHBI (MOIYJI5)

Nen/m HaumenoBanue pa3zjeJia Coaep:xanue TUCHUILNIMHBI (MOAYJIS) 10 TeMaM
AMCHUIIMHBI (MOYJINA)
1 Beenenue B nuHeHOE DopMyNnHpPOBKA 334a4U JTUHEHHOTO IPOrPaMMHUPOBAHUS: LI€JIEBas
nporpamMmmupoBanue (LP) (byHKUMS 1 orpaHUuYeHHA. [ eoMeTpruecKas HHTEpIpETausl U TOHITHE
JOITyCTUMOT0 MHOKecTBa. OCHOBHBIE METO/IBI PELICHUS: rpaduiIecKuil
METOJ U METO]] CUMILIEKC
2 Comngepsl 00630p nomynsipasix LP-consepos (Hanpumep, CPLEX, Gurobi,
GLPK). BHyTpenHue aaropuTMsbl COIBEPOB: CUMILIEKC, BHYTPEHHHUE
Touku. [IpakTHyeckoe NCoIb30BaHUE COJIBEPOB: (hOpPMaTH3ALIUS
3a[a4u, BBOJ JaHHBIX, HHTEPIIPETALUs PE3YJIbTATOB
3 3ana4u HeI0YUCICHHOTO Otnuaust ILP ot knaccndeckoro LP u ocoGeHHOCTH POPMYITHUPOBKH.
JUHEHHOTO mporpamMmupoBanus | Metojpl pemenust ILP: BerBnenue u rpanumst (branch and bound),
(ILP) otceuenue (cutting planes). [Ipumenenus ILP B muianupoBanumy,
pacrpeelieHIH PECYPCOB U ONITHMHU3AIIUH PACITUCAHUH
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VHuBepcuTer  pacnojaraeT  IOJAHBIM ~ HAa0OpOM  JIMIEH3MOHHOIO M CBOOOJHO
pacIpoCTPaHsIeMOro IPOrpaMMHOI0 OOECleYeHMs, BKJIOYas MPOAYKTHl OTEYECTBEHHOIO
IIPOU3BOJICTBA.

Kaxnplii cTyneHT B TedeHue BCEero IMepuoAa OOydeHHUs IOoJdydaeT HHIMBUAYaJIbHBIN
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMOIMOTEYHOH  CHUCTeME W 3JIEKTPOHHOU
MH(POPMALIMOHHO-00pa30BaTENbHOM cpele  yHUBEPCUTETa. OTH CHCTEMBbl IPEJOCTaBIIAIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TAK U 3a €r0 MPEAeIaMH.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U UH()OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM.

Ocnosnas numepamypa:

1. KoncrantunoBa, E. B. Teopus rpados: anredbpanyeckas Teopus : y4eOHUK JJIs BY30B /
E. B. KoncrantunoBa. — MockBa : UznarensctBo FOpaiit, 2025. — 123 ¢. — (Bniciuiee
oOpazoBanue). — ISBN 978-5-534-20172-7. — Tekcr : anektponnbiii / OOpa3oBarenbHas
wiatdopma tOpaiir [caiit]. — URL: https://urait.ru/bcode/569211.

2. CkopyOckuii, B. 1. Maremarnyeckas JIOoruka : y4eOHUK ¥ IPAKTUKYM Ui By30B / B. 1.
CxopyOckuii, B. W. [Tomnsixos, A. I'. 3p1k0B. — MockBsa : M3garensctBo FOpaiit, 2025. — 211 c.
— (Bpicmiee oOpaszoBanme). — ISBN 978-5-534-01114-2. — TekcT : 3IEKTPOHHBIA //
Oo6pasoBarenbHas wiatdopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/561076.

3. JluckperHas maTemaTuka : yueOHoe mocodue AJis By30B / O/ HayyHOM penakuuei A. H.
Ceceknna. — Mocksa : M3znatensctBo FOpaiit, 2025. — 85 ¢. — (Bricmiee o6pa3oBanue). —
ISBN 978-5-534-21182-5. — Tekct : anektponHsblil // Obpa3oBatenbHas 1iardopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/559511.

Jlononnumenvnas numepamypa:
1. I'paxem P., Kuyt /1., [Taramuauk O. Konkpernas marematuka. MareMaTnyeckrue OCHOBBI
uHpopmatuku. — M. : Bunssamc, 2009. — 784 c.

6. MartepuajibHO-TeXHHYECKOE o0ecrevyeHne

VYHUBEpCUTET pacmojaraeT MaTepUalIbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JEHCTBYIOIMM MPOTUBOIIOKAPHBIM IIPaBUJIaM U HOpMaM U 0OecreunBarolell MpoBeIeHNEe BCeX
BUJOB JUCUUIUIMHAPHOW M MEXIUCLUIUIMHAPHON TOATOTOBKH, IPAKTUYECKOW M Hay4yHO-
HCCJIEIOBATENBCKOM padoT 00ydarouxcsl, IPe1yCMOTPEHHBIX Y4€OHBIM IJIAHOM.

[TomerieHus1, KOTOpPbIE MPECTABISAIOT CO00M yueOHbIE ayAUTOPUH JJIsl TPOBEICHUS 3aHATHH
JEKUMOHHOTO THWMA, 3aHATHM CEMHUHApCKOro (MPakTUYECKOro) THMA, TPYIIOBBIX U
UH/IMBUYaJIbHBIX KOHCYJbTAIUH, TEKYIEro KOHTPOJIS U MPOMEXYTOYHOM aTTeCTalllH, a TaKKe
MOMEILEHUS JUIsl CAMOCTOSITEIbHOM pabOThl M IOMEUICHUS AJI XpaHEHUS U MPOPUIaKTUUECKOTO
oOciy>)xuBaHus yueOHOro obopynoBanus. [lomeneHns: yKOMIUIEKTOBaHbI CIIEUATN3UPOBAHHON
MeOEeNbI0 U TEXHUYECKHMMM CPEJICTBAMHU OOYyUYEHMS, CIYyXallUMU JJIs NMPEeACTaBlIeHUsl y4eOHOI
uHpopManuu O0JIBIION ayIUTOPHH.

N3ydeHnne qUCUMIUIMHBL (MOYJIs1) 00ecrieunBaeTcs B yUeOHBIX ayAUTOPHSIX, OCHALICHHBIX

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOM TEXHUKOW;

—  CHEeNUATM3UPOBAHHBIM 000pyI0OBAHNEM, BKIIIOUAs! IEMOHCTPAIL[MIOHHOE 00OPYAOBaHHE.

[TomMerieHus 17151 CaMOCTOATENBHOM paboTh 00yUarOIINXCsl, B TOM YHCIIE TPUCIIOCOOICHHbIE
JUISL MCTIONb30BaHMsI MHBAJIUIAMH M JIMLIAMU C OTPAHUYEHHBIMU BO3MOXXHOCTSMH 30POBBS,
OCHAILIEHbl KOMIBIOTEPHON TEXHUKOM C BO3MOXHOCTBIO MOAKIIOYEHHS K ceTu «MHTepHeT» M
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https://urait.ru/bcode/569211
https://urait.ru/bcode/561076
https://urait.ru/bcode/559511

obecrieueHreM JOCTyna K B DJJIGKTPOHHYIO HMH(OPMAIMOHHO-00Pa30BaTENbHYIO Cpeay
YHusepcurera.

OOyyaromMmMcst MPeNOCTaBIAETCS JOCTYN (B TOM 4YHCIE YJAlICHHBIN) K pecypcam
WH(OPMAIIMOHHO-TEIIEKOMMYHUKAITMOHHON ceTH «HTepHET», JIeKTPOHHBIM pecypcaMm (B TOM
YyHClie AJNEKTPOHHBIM OHOTMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM Mpo(eCcCHOHAIbHBIM 0a3zaM
JTAHHBIX ¥ UHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHnoBaHue mopraJjia CcbLika
(u3naHus, Kypca, 10KyMEHTAa)
1. | Hayunas snextponHas 6ubmuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OonbnmoTeka
2. Basa nanaeix mg 1 T-cnenuanuctos https://habr.com
3. | ba3a nanneix ScienceDirect https://www.sciencedirect.com
4. | OdunmansHbii cailT MUHUCTEPCTBA HAYKU https://minobrnauki.gov.ru/

BEICIIIEro oOpazoBanus Poccutickoit @eaeparuu

5. | ®enepanbhbiii mopran «Poccuiickoe odbpasosanue” | https://www.edu.ru/

6. | Muadopmanmonnas cucrema "Exaunoe okHo noctymna | http://window.edu.ru/
K 00pa3oBaTenbHBIM pecypcam”

7. | Enunas xomekims nudpoBsix obpasoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeuens WHGOPMAIMOHHBIX TEXHOJIOTUH, WCIOJIB3YEMbIX IPH  OCYHIECTBICHUU
00pa30BaTeILHOrO Mpoliecca 10 JUCHUILIMHE (MOAYII0), B TOM YHCIIE€ KOMIUIEKT JIMIEH3UOHHOTO
IPOrPaMMHOr0  OO€CleueHHsl, COBPEMEHHbIE Npo(deccuoHalbHble 0a3bl  JaHHBIX U
MH(POPMALIMOHHBIE CIIPABOYHBIE CUCTEMBI:

HaunmenoBanue 1O IIpousBoacTBO JluneH3nonHoe / cBOOOIHO
pacnpocTpaHsieMoe
OnepanoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapy6exmoe | nuuensnonHoe
bpaysepsbl:
Slupexc.bpaysep OTEYECTBEHHOE CBOOO/THO pacpoCTpaHsIeMoe
Google Chrome 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Od¢ucHble NpUIOKEHHUS
Microsoft Imagine (Visio, OneNote) 3apy0exHoe JIUIEH3HOHHOE
TeXstudio 3apy0exHoe cBOOOJTHO PACIPOCTPAHSIEMOE
Adobe Acrobat Reader 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
IIporpammHoe o0ecneueHne Uisl IVIAHUPOBAHHUSI M YYeTa BPeMEHH:
Toggle app | sapyGesxuoe | cBOGO/IHO pacpocTpaHseMoe
CucreMbl ynpapJjieHHsI TPOEKTAMM:
Microsoft Imagine (Project) | sapyGexHnoe | nuuensuonnoe
Cucrtembl ynpapjeHusi 0a3aMHi JaHHBIX:
Microsoft Imagine (SQL Server) | sapy6exmnoe | nuuensuonnoe
Cucrtembl pesepBHOro konuposanus (backup):
Acronis Backup Advanced for HyperV | 3apy6exHoe | nnnensuonHOe
CnpaBoYHO-NIPAaBOBBIE CHCTEMBI:
Koncynprantllimtoc: cipaBoyHO-TIpaBOBast OTEUECTBEHHOE JMLEH3UOHHOE
cucTeMa
Cpe/icTBa AHTHBUPYCHO#i 3aIUTHI:
Kaspersky Endpoint Security asst 6usneca OTEUECTBEHHOE JIMIIEH3HOHHOE
Cranpmapraeiid Russian Edition
Cpeabl pa3padoTkm:
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Visual Studio Code 3apyOexkHOE CBOOOIHO pacIpoOCTpaHsIeMOe
Bash (Unix shell) 3apy0exHOe CcBOOOJTHO PACIIPOCTPAHIEMOE
Anaconda 3apy0OeKHOE CBOOOJTHO pacIpocTpaHsIeMoe
Robotic Operating System 3apy0exHOe cBOOO/THO PACTIPOCTPAHSIEMOE
CopelliaSim 3apyOeiKHOe CBOOOJIHO pacrpocTpaHsIeMoe
Google Colaboratory 3apy0exHoe cBOOOJTHO PACTIPOCTPAHIEMOE
IlakeThl IPOrpaMMHBIX CPEICTB M OMOJIHOTEK:

AutoPsy 3apy0OeKHOE CBOOOJTHO pacIpocTpaHsIeMoe
Interactive Disassembler (IDA) 3apyOexKHOE CBOOOHO pacIpOCTpaHsIEMOe
Cucrtembl ynpapieHusi 0néanorpaguyeckoii HHpopManueii:

Zotero | 3apyOexxHOe | CBOOOJTHO pacIpocTpaHsIeMoe
CepBuCHI H CJTYKOBI:

Bind 3apy0exKHOE CcBOOOJTHO PACIIPOCTPAHIEMOE
Docker 3apyOexKHOE CBOOOHO pacIpOCTpaHsIEMOe

7. MeTtoanuyeckue U OlleHOYHbIE MATEPUAJIBI
MeToanyeckne yKazaHHus I 00y4AIOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B mpouecce u3ydeHus IUCHUILIMHBI (MOAynst) «MaremMaTudeckuii OyTKeMID» B paMKax
TEKYLEr0 KOHTPOJIA YCIIEBAEMOCTH MCIIOJIB3YIOTCSI Takue BUAbI Y4eOHOH paboThl, Kak
IIPAKTUYECKHE 3aHATHS, JOMAIIHNE 3a/1aHNUs, a TAK)KE Pa3IMUHbIE BUIbl CAMOCTOSITEIIbHON PadOThI
oOyyaroImuxcst IO 3aJaHui0 [pernojaBarelis, HalpaBlIeHHblE Ha pPa3BUTHE HaBBIKOB
npoeCCHOHATBHON JIEKCHKH, 3aKpEeIUIeHHE MPAaKTUYECKUX MPO(ECCHOHATBHBIX KOMIIETEHIIHIH,
HOOILPEHNE UHUIATHB.

Yuacmue 6 cemunape (ayoumopuas paboma) — akTuBHas paboTa CTyJeHTa Ha CEMHUHApE,
€r0 OTBETHI Ha BOIIPOCHI MTPEIIOIaBATENsl M YYACTHE B JIUCKYCCHHU.

Jis yCcrenHoro yqacTusi B CEMUHape CTyIEHTaM PEKOMEHAYETCS 3apaHee 03HAKOMHUTHCS C
TEMOW OOCYKICHHUS, POYUTATh HEOOXOJMMBIC MaTepHajabl U MOJITOTOBUTH BOMPOCHL. BakHO
AKTUBHO CJIYIIATh M BOBJICKATHCS B IMCKYCCHIO, BRICKA3bIBasi CBOM MHEHUS M apTyMEHTUPYS HX.
[Ipu oTBeTax Ha BOMPOCHI MPENOJABATENS CTOUT OBITH YBEPEHHBIM, YETKUM U JIOTUYHBIM,
OMHPAsCh HA U3YYCHHBIH MaTepuall. Takxke MOJIE3HO MOICPKUBATEH JUAJIOT C OJTHOKYPCHUKAMH,
9TOOBI 000TaTUTH OOCYXKACHHUE U PACITUPUTH CBOU 3HAHMUSI.

Jlomawnee 3a0anue — HabOPp 3a/1a4 1O TEMaM HEJICIIH.

[Ipu pabGore Hax JOMAIIHUMHM 33/JaHUSIMM  BaXHO BHUMATEIbHO O3HAKOMHUTBCS C
TpeOOBaHUSMU U CPOKaMH BBINOIHEHUs. PekoMeHyeTcss pa3douBarh 3aJjaHusl Ha 3Talbl, YTOOBI
n30exaTh MEperpy3ku M Jydllle yCBOUTh Marepuai. Mcmosnb3oBaTh pa3nuyHble UCTOYHUKU
uH(popMalnu, BKIOYasi yaeOHUKU U OHJIAaH-peCcypcChl, AJis 0ojee rIyOOKOro MOHUMaHUsI TEMBI.

Camocmosmenvruas paboma — paboTa CTYJEHTOB, HampaBieHHas Ha YriyOJeHHOe
M3YYEHHE OTJIENbHBIX TEM U BOMPOCOB YUYEOHON AUCIMILITUHBI (MOTYIs).

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOCHCTBYIOT C PEKOMEHIOBAaHHBIMHU
MaTepuaiaMy MPU MUHUMAIILHOM yYacCTHH MpenoiaBaTes. 3aJauu CTyJeHTa BKIIOYAI0T padoTy
C KOHCITEKTaMHu JIEKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUEOHBIX MaTEpPHAJIOB IJIAHOB
U TE3UCOB OTBETOB, U3yUEHHUE JOMOIHUTEIBHBIX TEM, BHIMIOTHEHHE yU4eOHO-UCCIIEeIOBATENBCKUX
3aJIaHUM U IPYyToe€.

Cucrema oneHUBAHHA Pe3yJIbTATOB 00y4YeHHs M0 JUCHHUIIIHHE (MOAYJIIO)

Kpurepun nosyuyeHusi ypoBHsi M OLleHUBAHUA CPOPMHUPOBAHHOCTH KOMIIETEHUMI 110
aucuumInHe (Moayaw) «KMaremarudyeckuii 0yTkemim»
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OneHnBaHuE ypOBHS YY4E€OHBIX JOCTHKEHHUH, OOyUYaIOIMMXCS MO AUCIUIUTHHE (MOIYJIIO),
OCYHICCTBJIACTCA B BUIC TCKYLICT'O KOHTPOJIAA YCTICBACMOCTHU U HpOMe)ICYTO‘{HOﬁ arTecTaluu.

IpomexxyTouHasi arrecraunusi 10 JUCIMIUIMHE (MOJIYII0) OCYIIECTBIsIETCS B (opme
3auema, TIPU TOM MPOBOJUTCS OI[CHKA KOMITIETCHIIUH, cHOPMHUPOBAHHBIX MO TUCHUIUIAHE. {75
OLCHUBAHUWA TCKYIICTO KOHTPOJIA YCIICBACMOCTH U HpOMe)KYTOqHOﬁ aTrTeCTallu UCHOJBb3YyCTCA
necaTnOauIbHasl [IKala OICHUBAHUS, KOTOPas COOTHOCUTCS C TPAAMLIMOHHON MATHOAIBHOM
HIKAJIOH CIIeTYIOmUM 00pa3oMm:

Onenka 3a 3a4er OO0mas xapakTepucTHKa

JecarnoanabHas IIaTudannbHas
pe3yjabraTa 00y4eHus 1o

OIleHKA OIlEHKA
AUCUHUIINHE (MOIYJIIO)

10 OTiInyHO 3auTeHo Crynent MOJIHOCTBLIO BJIAJIEET

9 OTIUYHO 3ayTeHo 3HAaHUSIMU, U3JI0)KECHHBIMU B pa60qel71

8 OTIM4HO 3auTeHo nporpamMMe, M TIyOOKO OCMBICIISCT
JUCHUIUINHY. OH caMOCTOSTENIHLHO U
JIOTUYECKH IIOCJIE/IOBATEIHHO
OoTBEYaeT  HAa  BCE  BOMPOCHI,
aKUEHTHUPYs BHUMaHUE Ha HawmOoJjee
BA)XKHOM. YMEET aHaJIU3UpPOBaTh,
CpaBHUBATh, KJ1accu(UIMPOBATh,
0000maTh, KOHKPETH3UPOBATh W
CUCTCMATHU3HUPOBATH I/I3y‘IeHHbII71
Marcpual, BbIICIAA KIIFOYEBbIC
MOMEHTHI u yCTaHaBJIMBas
MMPUYINHHO-CJICACTBCHHBIC CBA3H.
YeTko bopMynHpyeT  OTBETHI,
yYBEpPEHHO HHTEPIPETUPYET
pe3yibTaThl aHAIM30B W JIPYTHX
UCCJIENIOBAaHUI, a TaKkKe perraer
cioxHble 3agauu. CTyAEeHT XOpoIo
3HAKOM C METOJaMHU HCCIIEIOBAHUS,
HEOOXOJUMBIMU ISl TTPAKTHYECKOM
JACATCIIBHOCTH, W YMECT CBA3LIBATH
TEOpEeTHYECKUE ACTIEKTHI
JIACITATLTAHBI (Moyist) c
MPAKTUYCCKHUMU 3aJla4aMu.

7 Xoporio 3auTeHo CrymeHT  oOmamaer  3HaAHUSAMHU

Xopo]_uo 3ayTeHo npeaMeTa MOYTH B IIOJTHOM o0beMe
paboueii MPOTPAMMBI u
CaMOCTOSITEIIBHO, JIOTHYECKH
MOCJICIOBATEIbBHO M BCECTOPOHHE
OTBEYaeT HA  BCE  BOMPOCHI,
aKIEHTUPYS BHUMaHKE Ha Hanbolee
3HAUMMBIX MoMeHTax. OH ymMmeer
aHATU3UPOBATH, CPaBHHBATH,
KJIACCU(HUIIMPOBATD, 000011aTh,
KOHKPETH3UPOBATH 5§

CUCTCMATHU3HUPOBATH H3y‘-IeHHLIﬁ
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JlecaTnboanabHas
OlleHKA

IIaTnéananLuasn
OLICHKA

OneHka 3a 3a4uert

OO0mas xapakTepucTuKa
pe3yjabTaTa 00yueHus mno
AUCUMILIMHE (MOAYJIIO)

MaTepHual, BBIACISIS €ro KIOUYEBBIE
ACIEKTBI u yCTaHaBIUBast
MPUYUHHO-CIIEJCTBEHHbIE  CBSI3U.
Dopmynupyet CBOU OTBETBHIL,
YBEPEHHO HUHTEPIIPETUPYET
pe3ynbTaThl AHAIM30B M JOPYIHX
WCCIIEIOBAaHUM, a TaKXKe pelaer
CJIIOKHBIE CUTYallMOHHBIE 3aJauH.
CTymeHT  XOpomio  3HaKOM C
METOAAMU HCCIEI0BaHNUS,
HEOOXOJUMBIMHU ISl TIPAKTHYECKOI
JIeATEIbHOCTH, U YMEET CBSA3BIBATh
TEOPETUYECKUE ACIIEKTHI IPEAMETA C
MPaKTUYECKUMH 3a/1a4aMHu.

Y 10BIETBOPUTENBHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

Cryment  oOnamaeT  0a30BBIMHU
3HaAaHUAMU 10 JUCHUITIIINHE
(Moymr0), HO HCIIBITHIBACT
TPYAHOCTH IIPU CaMOCTOSTEIBHBIX
OTB€TaX MW MHCIIOJB3YCT HCTOYHBIC
¢dopmynupoBku. B xone oTBETOB OH
JIOITyCKaeT OIMUOKH, Kacaromuecs
cytd BompocoB. CTYJCHT cocoOcH
pelmiate TOJBKO CaMbIC TIPOCTHIC
3aJadyu )41 BJIagcCT JINIIb
MUHHMATBHBIM HaOOpOM METOJIOB
WCCIIE/IOBAHUSI.

He cnan

He 3aureno

He cnan

He 3aureno

He cnan

He 3aureno

CryneHT He OBJaieN 00s3aTeIbHbIM

MHUHMMYMOM 3HAaHHUH 1O TIPEIMETY U
HE MOXET OTBETUTh Ha BOIPOCHI,
JlaXKe €clIM TpernojaBaTeNb 3aJaeT
JIOTIOJTHUTEJIbHBIE HaBOSIIHE
BOTIPOCHI.

Jucuumnnmza (Motyib) «MaremMaTndeckuii OyTKeMID» OLIEHUBAETCs CIEAYIOUIMM 00pa3oM:

Jist motyyeHus «3adera» HYKHO caathb 2 u3 3 Jlomamnux 3aganusi.
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Texkyuuii KOHTPOJIb YCIIEBAEMOCTH 00y4al0IIMXCH M0 IUCHUIIMHE (MOLYJII0)
IIpumepHbIe JoMAaLIHUE 3aJaHUS
Jlomaminee 3axanmne 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

ENa i

PucyHok 1. MnniocTpauua aagaud

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

o —
3AL0AYA S 3apa4a 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; ;.

ONIeKTPOHHBIA TOKyMEHT



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 NMHENHBIX OrpaHUYeHus B 3afady (PacluMpuTs mMaT-
puuy G v sektop h):

=

& il
88
NN

dn

MpeacTasb, YTO HaM HyXHO A06aBMTL B 3aayy orpaHuueHu1e Tuna OR:
z; € [0;5] OR x; € [T;10].

Kak ato cgenatb?

lMopackaska: Tebe MoryT NoHafobMUTLCA AONOAHUTENBbHbIE NEPEMEHHbIE ONTUMU3ALMM.
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Jlomainee 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 |

(]

(rije=1, i, k=1.9 (uncaa B CTPOKAX He TIOBTOPSIOTCS )

(=%

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)
'

=1
Tij)e =1 s (i, §) sanonHeHHEIX B yeiopnn  ((HECHpYeM 3HAYCHHS KJIETOK U3 YCIOBHS).

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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3amanus 1J151 NPOMEKYTOYHOM aTTeCTANMM 10 JUCHHUILIMHE (MOTYJII0)

Ne i/t

3apanne

OTBeT

Komnerenuus

Haiinu npenen

lim (3z + 1)

r—3
OTBeT 3anM1IM B BUJIE AeCATHYHOI 1po0U, OKPYIJIUB 10
JABYX 3HAKOB MOCJ€ 3aNTOi.

10/ 10.00

[K-1

[TocnenoBaTenbHOCTh 3aJaHa yPABHEHHEM: ap = —N° + 5,
SIBnseTcs T OHa:

1. Bo3pacraromeii;

2. yObIBaroIICH;
HE MOHOTOHHOM.

YK-1

Haiinu Touky paspeiBa QyHKITUH
22
f(T) = r;'[-_|_1l|
1. x=1;
2. x=-1;
3. x=1lux=-1;
@yHKIMS HENPEPHIBHA.

[IK-1

[Tyctb 3aman BexTop U = (1,3). Beibepu u3 crimcka Bce
BEKTOPBI, KOTOPbIE OPTOTOHAIBHBI K U:

1. (3,-1);

2. (-5,10);

3. (2,2);
(=3,1).

1ud/14/
41/1,4/ 4,1

OIIK-1

Haiinu xocuHyc yriia Mexay BEKTOpaMu:

00

OTBeT 3anMIIM B BU/Ie 1eCITHYHON APOOH, OKPYIJIUB 10
JABYX 3HAKOB IOCJI€ 3aNATOM.

0.6/ 0.60

IK-1

BrIscHH, KaKoil M3 BEKTOPOB JJIHHHEE:
U] = De1 — eg UNn v9 = dey + 3es

31ech €1 1 €2 — OPTOHOPMHPOBAHHBIH Oa3zuc. B oTBeT BBEIM
HOMEpP UCKOMOro BekTopa: 1 umu 2.

OIIK-1
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