3ajaua o pasmemienuu puimnanos 0anka

Hano: |={1,..., m} — MHOXECTBO MeCT (pailOHOB, TOPOJOB, OKPYI'OB), IJi€ MOXKHO
OTKPBIBaTh (PUJIHAJIBI;

J={1,..., N} — MHOX€CTBO NOTCHIUAIbHBIX KIIMCHTOB;
fi > 0 — pacxoabl Ha OTKpEITHE (PruHana i.

Cjj = 0 — 10Xx0J OT 00CITyKMBaHUSA KIMEHTA | (QUIHAIOM I.

P > 0 — MakCUMaJIbHOE YHCJIO OTKPBIBAEMBIX (PHUITHAIIOB.

Haiitu: noamuoxectBo S C I, | S| < p, oTKpbIBaeMBbIX

CBEPBAHK

IlepemeHHbIe 3a1a4MH:

“ — 1, eciii oTKpBIBaeM puianan |,
' 10 BHpoTMBHOM Cilyuae

.. _ J1, ecima kimaeHT j 06cITy)KuBaeTcs (PUIUAIOM |,
Y10 BuporusHOM ciiyuae
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MareMmaTnuyeckas MOJ€eJ1b

max Z ZCij Zij —Z fiXi

el jeld el
IIPU OTPaHUYCHUSX:

ZZij <1, jel;

el

XiZZij, lel, jed;
D X <p;
icl

Zijj, K€ {0,1}, i€|, jEJ
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3ajaua pasmelneHus NPoOU3BOACTBA

Hauno: |={I,..., m} — MHOXeCTBO palilOHOB (rOpPOJOB, 00JIACTEN), T/E MOKHO OT-
KPBITh MPOU3BOJICTBO HEKOTOPOUW MPOAYKIINH;

J={1,..., N} — MHOkECTBO NMOTPEeOUTECH ITON NPOTYKIIUH (KIUEHTOB);
fi > 0 — 3aTpaThl Ha OpPraHU3aIMIO MPOMU3BOCTBA B ITyHKTE I.

Cij = 0 — NPOM3BOACTBEHHO—TPAHCIIOPTHBIE PACXOBI HA yJIOBIETBOPEHHE CIIPOCA J-TO
KIIMCHTA I-M IPSAIPUATHEM.

P > 0 — MakCUManabHO BO3MOKHOE YMCIIO NMPEMITPUATHM.
HajiTi: noamHoxecTBo npeanpuatuii Sc l, | S| <p,

KOTOPOC ITO3BOJICT YAOBJICTBOPUTDL CIIPOC BCCX KIIU-
CHTOB C MUHUMAJIbHBIMHU CYMMAPHBIMH 3aTpaTaMH.
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IlepemeHHbIC 3a1a4M:

“ — 1, ecrii OTKpBIBAEM MPEANPUATHE |,
' |0 B poTHBHOM Cilyuae

- 1, ecmu mpeanpusTHe | 00CITy)KHBAeT KJIUEHTA |,
1" 10 BmporuBHOM Ccrydae

MarteMaTuueckass MoJeJb

min Z ZCij Zij + Z fiXi
el jed el
IPU OTPAHUYCHHSX Zzij =1, jed;
iel
X ZZij, lel, jel;
D % <p;
el

Zij XiE{O,l}, iE', jEJ.
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Br100p cocTaBa cuCTeMbl TEXHUYECKUX CPeACTB

h\.

L] -

Jdano: |={l,..., M} — MHOXXECTBO THUIIOB TCXHHYECKHX ¢ S

L .ol

CPE/CTB; |
J = {l,..., N} — MHOXECTBO BHJIOB Pa0OT, BBIIOJHIECMBIX

3TUMH TEXHUYCCKUMH CPEIICTBAMU,

fi > 0 — 3aTpaThl Ha pa3pabOTKy M OPraHU3AINIO0 IIPOU3BOICTBA
TEXHUYECKOI'0 CPEACTBA I-TO THIIA;

gi > 0 — 3aTpaThl Ha MPOU3BOJICTBO OJHOTO CPEICTBA I-I'0 THUIIA;
Cij = 0 — 3aTpaTbl Ha BEINIOJHEHUE OJJHOM PAaOOTHI J-ro BHIA
TEXHUYSCKUMHU CPEJICTBAMHU -0 THUIIA;

Pij = 1 — YKMCIO TEXHUYECKUX CPEJACTB I-ro THIA, HEOOXOH-
MBIX JIJIsS BBIIIOJIHCHUS OQHOM paOOTHI |-T'0 BUJA;

@j = 1 — umciao paboT J-ro BUIA;

P > 0 — MaKCHMAaJbHO BO3MOKHOE YHCJIO THIIOB TCXHHUYECCKHUX
CPCICTB B COCTAaBE CHCTEMBEL.
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Haiitu:  CocTaB CHUCTEMbl, KOTOPBIA IIO3BOJIMJI Obl BBINOJIHUTH BCE PabOTHI
C MUHUMAJILHBIMU CYMMAapPHBIMU 3aTPATaAMU.

IlepeMeHHbBIE 3a1a4M:

{1, CCJIM BKJIFOYACM B COCTAaB CUCTCMBI TCXHHNUYCCKUC CpGI[CTBa i-FO THUIIA
Xi—

0 B mpOTHUBHOM CiTy4ae

Vj > 0, LieJIble — YUCIIO TEXHUYECKUX CPEACTB I-TO THIIA B COCTABE CUCTEMEI

{1, €CJIM PabOTHI J-T'O BUJIA BRIIOIHAIOTCS TSXHUYESCKUMU CPEJICTBAMHU I-I'0 TUIIA
Z; j:

0 B mpoTHUBHOM CiTy4ac
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MartemaTnueckas MoJaejab

min )| X+ giv + D 9jC;Z;

el Je]
IpU OTPAaHUYCHUSX:

ZzijZL jEJ;
el
Vi = D 9jpijzij, i€l;
jeld
XiZZij, lel, jel;
D % <p;
el

Zij, xie{O,l}, i€|,j€J.
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JIByxypoBHeBas 3aJa4ua pasMenieHus

Hano: |={l,..., M} — MHOXECTBO MECT, IJI€ MOXXHO
OTKPBITh IPOU3BOJICTBO HEKOTOPOM MPOIYKIIHH;
J = {l,..., N} — MHOXECTBO IOTpeOuTEeIeH >TOM

OPOIYKIUU (KJIIUEHTOB);

fi > 0 — 3arpaThl Ha OpraHW3aIli0 MPOHM3BOJICTBA B
yHKTE .

Cij =2 0 — mIpOM3BOJACTBEHHO—TPAaHCIOPTHBIE PACXObI HA YI0BIETBOPEHHE CIIPOCA J-TO
KJIMEHTA I-M MPeIPUATHCM.
P > 0 — MakCUManabHO BO3MOKHOE YMCIIO MPEIITPUITHM.

dij = 0 — mnpeamoyTeHus |-ro KJIMEHTa HAa MHOXKECTBE
PEANPUATHMN:

min djj — Haubosee KeraeMblii MOCTaBIIKK;

el

! maxd; j — HamMeHee YKEeJIAEMBIA TOCTABIIMK.
el
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Haiitu: IloamHoxectBOo S < I, | S| < P, OTKpBIBAEMBIX MPEANPUATHH, KOTOPHIC
MO3BOJIMJIM OBl  YJIOBJIETBOPUTH CHPOC BCEX KIWEHTOB C€ MHHUMAaJIbHBIMU

CYMMAapHBIMH 3aTpaTaMH.

IlepeMeHHbBIC 3a1a4M:

o _ J1,€CI OTKpbIBAGM MpEANPHATHE i,
' 10 BnporuBHOM Cilyuae

|1, econ npeamnpusatre | 00CITyKMBAeT KIMEHTA |,
Y10 BnporusHOM Ciryuae
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MarteMaTuueckKkass MOJeJb

min Z ZCijZ;j + Z fiXi

el jed el
MpY OTPAHUICHUSX DX < p;
il
Xie {0,1}, i1el,

e ij — ONTHUMAJIBHOE PEIICHHUE 33JIa4H TOTPEOUTEIIS:
min Z Zd” Zij
jeldiel
IIPU OTPAaHUYCHUSX Z Zij =1, JeJ;
el
X; ZZij, lel, jel;

Zjj E{O,l}, i€|, jEJ.
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KBaapaTuunas 3aJ1a4a 0 Ha3HAYCHUAX

Hano: | = {I,..., N} — MHOXECTBO 3JIlaHUM, IJI€ MOTYT
pa3MenaTbes 1exa;

J={1,..., N} — MHOk€CTBO MPOU3BOJICTBEHHBIX IICXOB,;

ay — paccrosaue Mexnay 3panusmu K, | €1 ;

bij — o00BeM NMpoxyKIMHU, TPAaHCHOPTUPYEMBIM U3 IHexa |

BIEX |, Tael, | €J.
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IlepeMeHHbBIE 3a1a4M:

+. — J1,ecmn nex i pasmemaercs B 3nanum K,
k=10 BmporuBHOM cityuae

MarteMaTuueckKkass MOJeJb

min D, >0 > > aybjjXixXj)

ied jedlel kel

Npy OTpaHUYEHUSIX:
D Xik =1, wrs Beex kel;
ied
D Xik =1, ws Beex ie;
kel
Xik € {0,1}, iEJ, kel.
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I'eHeTMYECKUH AJITOPUTM JIA 32124 pa3MelleHus

Wnes 3aumMcTBOBaHA Y )KUBOM MTPUPOJIbI U COCTOUT B OPraHU-
3allMU DBOJIIOLUHA, LIETBK0 KOTOPOU ABIISIETCS MOJTYUYECHHUE OIl-

TUMAJILHOT'O PEIICHUS B CIIOKHOM KOMOMHATOPHOM 3a1aue:
min{ f (S), SeSol}.

HavaabHas monyJasanus P = {S;, Sy, ..., Sk} —

Ha0Op JONMYCTUMBIX PEIICHUI UCXOIHOM 3aJjauH.

Illar 3BoJIrOIMK: BEIOUpAEM M3 MOMYJISALMU JBA PEIICHUS, CKpEIBacM
WX, IPUMEHSIEM MYyTallUIO, JOKAJbHYIO MEPECTPOMKY U JOOABISIEM B I10-
MYJIALWAI0, 3aTEM HAUXYIIIEE PEUICHUE YAAIAEM U3 NOMYJIISIHUH.
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O0mas cxema ajaropurma

1. Bri6path HauaNbHYIO MOMyJIIuo P 1 3amoMuuth pexopy F- = min f (Sj)-
i=1,....k

2. Tloka He BBIMOJIHEH KPUTEPHUM OCTAHOBKH JEJIATh CIEIYIOIIEE:

2.1. BslOpath “pomurencii” Sj ,Sj U3 NONMYJIALHN.
2.2. IlpumMeHUTH K Si1 ,Si2 OIepaTop CKPEIIMBAaHUA W TIOJYYUTh HOBOE
pelieHue S'.

2.3. IlpumeHuTs K S’ onepaTop MyTalldH U IIOJYYUTh HOBOE perieHue S”.

2.4, Ilpumenuts k S" omnepaTop JOKaILHOrO YJIYYIICHUS W MOJYYUTH
HOBOE penieHue S"'.

2.5. Ecm f(S"") < F, To cMEHUTS PEKOPI F = f(S").

2.6. J1o6aBuTh S"' K MONyJNSALNYU U YIAIUTH U3 HEE HAMXYAIIEE PEIICHHUE.
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Oneparop ckpeniuBaHus

IlycTh S1, Sp — ABa pelieHus, 3aaBaeMble BEKTOpaMu X 1, X% e {0,1 }n.

OIHOTOYEYHBIN ONEepaToOp CKPEIIMBAHMS: BBIOUpAEM CIIydailHbIM 00pa3oM KOOp-
y 1
auHaty 1 < | < n u HOBBIM BekTOp X ' monry4aet mepBeie | koopauHaTt oT BekTopa X,

a OCTaJIbHBIE OT BEKTOpa X g
X': 0100/1...011)
X*: 1101/0...111)
X': 01000...111)

I
AHAJIOTUYHO ONPEACIACTCS JIBYXTOUYCYHBIN, TPEXTOUCUHBINA U T.JI. ONIEPATOPHL.

PaBHOMEpHBIN OTIepaTOp CKPEIIMBAHUA: HOBOE peHICHUE X ' B KaXKJA0M KOOPJIMHATE
MOJIY4aeT ¢ BEPOATHOCTHIO 0.5 3HAUEHHUE OJTHOTO U3 POJIUTEICH.
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Bb10op poauTrelieii

Typuupnas cenexkuusi: u3 nonysasanuu P comydaliHbiM 00pa3oM BeIOMPAETCS] HEKOTO-

poe noaMHokecTBO P ' < P u poaureneM HazHayaeTcs HauiIydilnee penieHue B P '

S; = min f(S).
SeP’

[IponoprinoHanbHas CEICKIMA: U3 MOMYJISIIuK P ciiydailHbIM 00pa3oM BBIOHMpPAIOT-
cs aBa poauTens. s pemeHus Si BEpOSTHOCTh ObITh BRIOPAHHBIM OOpaTHO MpO-

OPIIMOHAIbHA 3HAYSHHIO 1iesieBoi dhyHkiuu f(S;).

Bapuantel: Jlyumunii B monyiasinuu + CIy4aliHO BEIOPaHHBIM.

Ciny4aitHo BbIOpaHHBIN + HanboJjee Y IaICHHBIM OT HETO U
AP.

e

™
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Oneparop myranuu

BeposTHOCTHBIN omnepaTop MyTalMU CIydailHbIM 00pa3oM BHOCHUT HU3MCHCHHUS B

1

JOITYCTUMOE pelieHue 3aaayu. Hanpumep, ¢ Maimon BEpOSITHOCTBIO ( < o B KaXKI0U

KoopauHate 3HadeHue Xj€ {0,1} 3ameHsercs Ha npotuBonoyioxkHoe 1 — X;. Eciou B

peleHnn TpebyeTcst COXPaHUTb » X = P, TO ciydaifHblM 00pa3soM BbIOHpAeTCs
el
KOOpAWHATA I; Takas, 4To Xj, =1 u xoopauHara I, Takas, 4To Xj, =0 u mpousso-

mates 3ameHa X =0, Xj =1

PR
X'= 01010...011)

X"= (11000...011)
I I
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JIoKaJIbHOE yYy4YllIeHHe

s pemenust S 06o03HauuM yepe3 N(S) ero okpecTHOCTh, HalpuMep, MHOKECTBO

BCEX pelIeHUM S', HaxXoAAIuXxcs OT S Ha paccTossHUU He Oojee 2 (3,4, 5...)

AJITOPUTM JIOKAJIBHOI'0 CIIYCKA

1. Ilomoxwurs S :=S";
2. HailiTu B OKpECTHOCTH pelIeHns S Hanmydniero coceaa S
f(S)=min{f(S),S € N(S)};

3. Ecm  f(S5)< f(S), 1o momoxure S:=S u BepHyTbcd Ha miar 2,
nHaue STOP, nonydeH noKaabHbIA MUHUMYM.
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3agauu pazMeleHus B YCJI0BUAX KOHKYPEHIUU

| ={1,..., M} — MHOXECTBO ITYHKTOB Pa3MEIICHUS;
J={1,..., N} — MHOX€CTBO KJIIMEHTOB;

Cij — pacCTOsHHE OT ITyHKTa | 0 KJIMEHTA |;
fi — cTOMMOCTbB OTKPBITHS IPSAIPHUATHS B ITyHKTE | 17151 11epBoro JIIIP;
Ji — CTOMMOCTH OTKPBITHS MPEANPUITHSA B IyHKTE | 11 BToporo JIIIP;

dj — moxox oT o0OciyK1BaHMs KIUEHTA |;

Cnavaina JIIIP| npuHUMaeT peieHne 00 OTKPBITUM s
CBOMX MPEANPHUATHNA. 3aTeM, 3Has 3TO pEIICHUE,

i

JITIP, OTKpBIBAa€T CBOM MpEANPHATHSA TAK, YTOOBI |

MOJYyYUTh MaKCHMAaJbHBINA g0xof. KiameHTt 3Haer ’
oba pemieHus W BbIOMpaeT Ommkaiiiee k cebe ||
IpeIIPUATHE. 3a1a4a COCTOMT B TOM, YTOOBI HANTH

peenue i JIIIP| ¢ MakcuMalibHBIX I0XOI0M.
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IlepeMeHHBIC 3a1a4U

, {1, eciu JITIP; OTKpBLI IPEANPUSTHE B ITYHKTE |
i =

0 B IIpOTHBHOM ClTy4ae

{O, ecnu JIIIP, OTKpbLT IpEeANIPUSATHE B ITYHKTE |
=

|1 B IpoTHBHOM CITy4ae

J1J1s1 BEKTOpA Z TI0JI0KHUM
I;(z) ={lel|Cjj <min(Cy; [ zx =1)} — MHOKECTBO IYHKTOB pa3MeElICHUS

KOTOpPhIC HAXOOATCS OJNMKE K KIHCHTY |, 4YeM OJbKaMinee OTKPBITOE

npeanpusatTue, npunagiexammue JI1P;.
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MaTteMaTn4eckass MOJA€eJIb

maxs

245 TIx

jed

npu orpannucHUAX Zj€ {0,1}, i<l

U X* — onTtumainbHoe pemenue 3aaadu JIIIP,:

maxs > d;(1- []x)-D 9id-x)

X

jeld

icl j(2)

|eIJ(z)

- fiz;

icl

=

npu orpanmueHuIX Zj + Xj < 1, 1el, Xje{0,1}, i€l.

3amauga JITIP, aBsieTcs skcTpeMalibHBIM OrpanndeHuem B 3agade JIIIP;.

e

A4
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IlpungaTHe pelieHul MyTeM rojioCOBaHus

IIycTh B paiioHe pa3memiaercs P mKkoj (0oabHUL, MHTEpHET-1ICHTPOB, ...).

| = {1,..., M} — MHOKECTBO BO3MOKHBIX IyHKTOB Pa3MEIICHU;
J={1,..., N} — MHO>XECTBO KJIIMEHTOB (y4aIluxcs, ...);
Cij — MaTpHLa PEeII0YTeHNH (PaCCTOSAHUH OT | 10 |, 4eM MEHBIIIE, TEM JIyYIIE)

JITTP; BeIABHUTAET MPOEKT Z;j€ {0,1}, Z Z; = P, ¥ XO4YET MOIYYUTh €r0 ON00PEHHE.
el

99

EF

OpoeKT Z W BBICTABISIET CBOM MPOEKT X, 3HAs g§

JITTP, — ommo3unus, KOTopasi XO4eT “NPOBATUTH

POEKT Z.

Pemenne mpuHUMAETCS TOJIOCOBAHUEM.

KiueHT oTmaeT CcBOMl Trojioc 3a TOT HPOEKT,
KOTOPBIN eMy “OJrxe”.
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MaTteMaTnueckas MOJa€eJIb

mzax Zdj HX,*

jed ielj(z)

npu orpanuyenusix zie {0,1}, i<l, ZZi =P,
el

*

1 X — OINTHMAJIbHOC PCUICHUC 3aJa4H.

max Z(l— Hxi)

npu orpanndcHUAX X< {0,1}, i€l, in =P.

=

Ecmu JIIIP; HaOpai 0oJibliie ITOJJOBUHEI I'OJIOCOB, TO OH “‘TTOOeIUI .
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IIpumep

1=1{1,2,3,4,5,6);
J={1,2,3};

O

IIpu p =1 JIIIP; Bcerma nmpourpeiBaert!
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Bb100op cocraBa cucTeMbl IIPY MHOT03TAITHOM
npouecce BhINMOJIHEHUS padoT

1. Pabotsl u3 MHOKecTBa J = {1,..., N} BBINOJHAIOTCS HE BCE Cpa3y, a IO YaCTIM:

cHauaja J; — J, 3atem J, < J u T. 7.

MHoxecTBo pabor J pa3dbuTo Ha HemepeceKaromMecs IOJIMHOKECTBA

J = U (Jy,1 =1,...,L). Texaudeckue cpeacTBa Mocie BRIMOTHEHUS paboT mep-
BOI0 3Tana Jj, MOr'yT UCIOJIb30BaThCSl HA BTOPOM dTarie s padoT u3 J, u T.1.

2. IMeeTca HayallbHBIM COCTaB CHCTEMBI Vio >0,1 |, To ecTh cucTemMa yxe Cy-

IIECTBYET U TPEeOYETCs €€ MONOJIHUTh, YTOOBI BBIIOJIHUTH BCE PaOOTHI HA KaXK-

AOM 3TalIC U CYMMAPHBIC 3aTPAThI ObLIN OBl MUHUMAJILHBIMU.
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MareMmaTnueckas MOJ€eJ1b

ming Y| fiXj +givi + > 9CijZij

el jed

IIpU OTPAHUYCHUSIX
ZZij =1, jEJ;
el
Zgﬁj pijzij SViO—|-Vi, | € l, |=1,...,L;
J€J,
X; ZZij, lel, jel;
D> % <p;
el

Xi, Zjj €{0,1}, vi 2 0, uenslte, I<l, jed.
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33[[3‘13 A0JATOCPOYHOI0 IJIaHUPOBAHUA PasBUTUH CUCTCMbBI

3agan ma”HoBblM mepuox I = {1,..., T} wmw gua°©
Kaxgoro roga teT wu3BeCTHO MHOXECTBO pabdor Ji,
MOJICKAIUX BBIIOJIHECHUIO B 3TOM TOoAy B 00BeMax
@t > 0. Kaxxnoe Texuuueckoe cpenctso lel umeeT cpok

CIykO0bl pj > 0 U MaKCUMaJIbHBIA 00BEM MPOM3BOACTBA

Vii. 2 0 B roamy tel. HavanbHbIM COCTaB CHCTEMBI ﬁ
CONEPKUT TEXHHYECKHE CPEACTBA PA3HOTO TOMA [
BBINYCKA, U BEIWYMHBI Vi(% > (0 3a7ar0T YUCIO0 TEXHUYCCKHUX CPEICTB I-TO THIA

TrOAHBIX K 3KCIUTyaTauu B roj teT.

TpeOyercs HalTHM BapWMaHT MOIOJHEHUS CHUCTEMBI, IPH KOTOPOM TapaHTUPYETCS
BBIIIOJJHEHHUE BCEX padOT B KaXKI0M oAy IIAHOBOIO IIepHojia U CyMMapHBIEC 3aTpa-
ThbI OBLIIM OBl MUHUMAJIBHBIMU.
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MareMmaTnuyeckas MOJ€eJ1b

, 1
min Y, 7y fiXie + QieVie + D @Cij
teTd+2) " icl Jed;

IPU OrpaHUYCHUSIX Zzij =1, Jel;, teT;

el
0 t
ZcﬂjtpijzijSVit+ ZVif, lel, teT;
jed, r=t—p,+1

0< \/it f;‘\/it Il]jig(.)(iz-, el 5 t EEI1-;
T>

Zjj < max Xj,, lel, teT;
T<t(])

Xit, Zij €{0,1}, vit = 0, nensle, iel, jed, teT.
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