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BBenenue

Pa3zBuTre coBpeMEeHHOM SKOHOMUKH HEBO3MOYKHO MIPEACTABUTh O€3 yueTa
0COOCHHOCTEH pa3BUTHUS OTIEIBHBIX SKOHOMHUYECKHX cucteM. [Ipu onpenenennn
HKOHOMHYECKHUX IMPOIIECCOB HEOOXOIMMO YUYUTHIBATh U APYTHUE (PAKTOPHI TOMHMO
MIPOU3BOJICTBA. ITO CBSA3aHO C TEM, UTO CYIIECTBYET HEOOXOIUMOCTh B OTIICAHUHT
MIOJTHBIX 3aTPaT, KOTOPbIe BO3HUKAIOT B SKOHOMHUYECKOH Cpefie Mpr
B3aMMOJICUCTBUH MaTePUATbHBIX, JICHEKHBIX U MHPOPMAIIMOHHBIX TIOTOKOB.
VIMeHHO Mpo1IecChl KOHTPOJISI K ONTHMH3AINH TAKHX TTOTOKOB SIBJISIOTCS
MIPEIMETOM HCCIICAOBAHMS IS JJOTUCTUKH. biraromaps eif BO3MOXHO
dbopMHpoBaHUE 1IEIECO00PA3HOTO YIPABICHUS TOTOKAMHU TOBAPOB U YCIYT,

JIBYOKYIIUXCS OT MOCTABIIIMKOB CHIPhS 10 KOHEUHBIX MoTpeduTenei[1].

HpI/I PYKOBOJCTBC JTFOOBIMU IMPOMBINIJICHHBIMH KOMITAHHUAMHA OIPOMHOC
SHAYCHUC NUMCIOT MOACINPOBAHNC U HaﬂbHeﬁﬂlaH OIITUMM3anMA JIOTHCTHYCCKUX
CHUCTEM. DTO BBI3BAHO OOJIBIINM KOJIUYECTBOM Pa3INYHbIX IIPUYHH. OCHOBHBIC U3

HUX.

v’ HI3MeHeHnE YKOHOMHYECKHUX OTHOIICHUH Ha PHIHKE;

v' TlepeMeHbI B OPraHM3alMOHHON CTPYKTYPE IPEAPHSITHUS;

v’ PasBuTHE XO3MMCTBEHHBIX CBA3€M, KOTOPHIE BOSHUKAIOT B IIPEJIENax
OJIHOM KOMIIAHHH, a TAKKE MEKITY HECKOJIbKMMHU KOMIIAHUSIMH,

o0JagaronMMu CX0KUMHU chepaMu TPOU3BOICTBRA.

Jlornyeckyto cucreMy JIr000 KOMMEPUYECKON OpraHU3alui MOXKHO

n300pa3uTh ciaeayonmm oopasom (cm. Puc.1) [2]:
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JUist KaXK/10i KOMIIaHUHM B COBPEMEHHOM MUPE, T€ TOMUHUPYIOT PHIHOYHbBIE
OTHOUIEHUS], OYEHb 3HAYMMBIMU SIBJITFOTCS] TAKUE ACIIEKTHI KaK
KOHKYPEHTOCIOCOOHOCTb, CO3/JaHUE U PACIIPOCTPAHEHUE MPOAYKIIMH, KOTOpasi Obl

OTBeYaJia CYIIECCTBYIONUM TPeOOBaHUSM, TPEABABIACMBIM K KauecTBy [3].

Bonbiioe 3HaueHne Ha PHIHKE UMEET KOHKYpeHLUs. 13-3a Heé mosBIIsItOTCS
MIPOU3BOJIUTEIIN, KOTOPBIE CTABAT CBOEH LEIBI0O MOHOIIOIU3AIMIO POU3BOACTBA.
Takue mpou3BOIUTENH, KaK MIPABUIIO, PEAIU3YIOT TOBAPHI U YCIIYTH, CMElIas Mpu
9TOM CBOMX KOHKYpeHTOB [4,5]. M3-3a riobanu3anuu SKOHOMHUSCKHUX TMPOIIECCOB
Y CEpPbE3HON KOHKYPEHIINU BCE MPEINPUATHS BEIHYK/ICHBI COIIEPHAYATH 110 YaCTH
YMEHBIIICHUSI CBOUX M3JEPKEK. B TakoMm ciiyuae o4eHb BakKHA POJIb JOTUCTUKH,
TaK Kak UIMEHHO C €€ MOMOIIbI0 (POPMUPYIOTCS KOHKYPEHTHBIEC JOCTOMHCTBA
YJICHOB 9KOHOMUYECKOU CUCTEMBI 32 CUET PALIMOHAIIBHOTO MOCTPOEHUS

MaTepHAILHBIX U (PUHAHCOBBIX MOTOKOB [1,6,7].

J171s1 00ABIIMHCTBA NPOMBIIIIEHHBIX, AUCTPUOBIOTOPCKUX KOMITAHUN U
PO3HUYHBIX MPEANPHUATUN, TOTUCTUYECKUE CUCTEMBI BHOCST CYIIECTBEHHYIO JIOJIO
B 00mux pacxonax. M3BecTHBIN aMepUKAHCKUI CIIEITUATICT B 00JACTH JIOTUCTUKHU
Herbert W. Davis u3y4ain B Te4eHHE HECKOJIBKHUX JICT JIOTUCTHUCCKUE H3/ICPKKH B

npombiiuieHHOCTH CeBepHO AMEPUKHU, CBSI3AHHOM CO CKJIaJamu,



TPAHCTIOPTUPOBKAMH, YIIPABIEHUEM 3aKa3aMH, YIPaBIECHUEM AUCTPUOYIIHEH U
YIPaBICHUEM 3allacaMH. B KOHEYHOM cueTe OH OIyOJIMKOBAJI PE3yJIbTATHI,
COIJIACHO KOTOPBIM OKa3aJ10Ch, YTO JIOTUCTUUECKHE U3/IEPKKH COCTaBISIIOT 7-16%
oT oO11el BeIpYdKHU. B TO e BpeMs, A0 3aTpaT Ha JIOTUCTUKY MPOIOIKACT
YBEJIMYUBATHCS B PE3YJIbTaTe LEMIOYKH IIOCTABOK CTAHOBATCS Bee Oolee
U30IIPEHHBIMHU, CUCTEMA 3aKa30B MpPETEpIeBacT U3MEHEHNUs, U TPEOOBaHUS K

Ka4eCTBY 0OCTY)KUBaHUs y)KecTodarorcs [8].

B nacrosimee BpeMsi, MHOTHE CTPaHbI C XOPOLIO Pa3BUTON PHIHOYHOU
PKOHOMHMKOH UCHOJIb3YIOT JIOTUCTHKY B KauecTBE 3(P(heKTUBHOTO MHCTPYMEHTA B
ousHece. OCHOBHbIEC IPUHLIUIIBI IOTUCTUKU YCIIEUTHO TPUMEHSIOTCS IPU

YHpaBJICHUN KPYITHBIMH KOMITAHHUSMU.

Takum 06pa30M, B XO0AC MHTCI'pallii JIOTUCTUKH, MApPKCTHUHI'A U
MCHCIZKMCHTA IPOUCXOANT JIOTUCTHU3AUA ITPCANIPUHUMATCIILCTBA, YTO
ITOJOXXUTCIIBHO CKA3bIBACTCA HC TOJIBKO Ha OTACIBHBIX OKOHOMHUYCCKHX arCHTax,

HO U Ha COCTOSAIHHNU HaHHOHaHBHOﬁ 9KOHOMMKMH B ILICJIOM.



ITocTanoBKka 3agaun

Hean uccnenoBannsa. Ha ocHoBe onucanHOM Mpo0OeMHOM 00JIacTh

ompenensaeTcs CleayoIas 1eb.

o (CoBepiieHCTBOBaHHE JEHCTBYIOMUX (GOPM yIpaBICHHs OpraHu3aluei npu

oMo MOACINPOBAHUSA HHTCI‘pHpOB&HHOﬁ OCIIN ITOCTAaBOK;,

3az1aqn uccjaenoBanud. [loctapieHHom B pa60Te eI COOTBCTCTBYCT

PCIICHUC CIICAYIOIINUX 3aaa4:

e Pa3paboTka MaTeMaTUYECKON MOJIENIN, ONIPEACIISIONICH ONTUMAIIbHBIC
MapaMeTphl IPU M3YUYCHUH 3a]]a4d MAaKCUMU3AILIMHU J0X0/1a KOMITAHUY;

e [Iporpammuas peanuzanusi cHOpMUPOBAHHON MOJAECIIH.

HpeleeT HCCICJ0BAHHUA. OOBexTOM HCCIICAOBAaHUS SABJIACTCA
JIOTUCTHUYCCKAA NCATCIbHOCTD IIPCAIIPUATHA, a4 TAKIKC IIOBBIINICHHUC €C

3 PeKTUBHOCTH.



Kpartkuii 0030p auteparypsbl

[Ipu HamMcaHUM BBITYCKHOW KBATU(PUKAIIMOHHON pabOThI OBLIH
MCIIOJIb30BaHbI CIENYIOIINE UCTOUHUKH JIUTEPATYPhl: yUeOHO — METOANYECKUE

nocoOwusl, CTaThU M3 HAYYHBIX KypHAJIOB, To0anbHas cetb Internet.
[Ipeacrasien kpaTkuit 0030p AUTEPATYpPbl, YKa3aHHON B KOHIIE PaOOTHI.

B crartbe [1] npoBoauTcs aHanu3 0COOEHHOCTEN COBPEMEHHBIX
JIOTUCTUYECKUX cUCTEM. MccienytoTes U OIleHUBAIOTCSI METOJIbI U MOJIEIH

TEOPETUYECKON JIOTUCTUKH.

B pa6ore [3] popmupyroTcs mpakTudeckne peKOMEH IAINH, UCTIOIb3YEMbIS
IPU MOJICIIUPOBAHUN M ONITUMH3ALIUH JOTUCTHYSCKUX CUCTEM MPEIIPUATHA.
Pa3pabareiBaeTcsi MaTeMaTHYECKast MOJICIh JIOTHCTHYECKON CUCTEMBI
HPEANPUSATHS, TOUCK ONTUMAILHOTO PEIICHHS STONH MOJIEIIN OCYIIECTRIISCTCS C

IIOMOIIIBIO CUMIIJIICKC-MCTOJA.

B knwurax [6]-[7] bopMupyeTcsi CHCTEMHOE NMPECTABICHUE O

XO03SIMCTBEHHOU ACATCIIBHOCTH IIPCAIIPUATHA B LICIIOM.

B pabotax [4]-[5] mpoBOaUTCS CTATUCTUYECCKHUI aHATN3 JaHHBIX
MEXTyHapOJHOTO ToBapooOMeHa Ha nmpumepe Poccuu B 19 Beke u CCCP. Takxke B
yKa3aHHbBIX paboTax MoAPOOHO paccMaTPUBAETCS BIUSHUE KOHKYPEHIIUHA HA

PBIHOK.

B xaure [9] u3105KEeHBI METOIOJIOTMYECKUE OCHOBBI HHTETPUPOBAHHOTO
MJIAHUPOBAHMS M MOJICTMPOBAHUS 11eTH TOcTaBoK. [loapoOHO paccmaTpuBaroTCs

MOJIeJIA JTUHEHHOTO MPOrpPaMMUPOBAHUS.

B pa6ore [10] uccnenyroTcst COBpeMeHHbIE MPOOTIeMbI TPUMEHEHHS
METO/IOB MPHUKJIATHONH MaTEeMAaTUKH JIJIsl MOJCIMPOBAHUS U ONITUMU3ALINHN TCTICH

MOCTAaBOK, MPOLECCOB MapIIPyTU3ALUU U YIIPABJICHUS 3a11acaMu.



B muteparype [12-13] npuBoauTcst 0630p HEKOTOPHIX SKOHOMHYECKUN
noka3zareneir OOO "IluBoBapennas kommnanus bantuka", a Takke cOpMUPOBAHBI

OCJIN U CTPATCTNH KOMIIAHWH, HAIIPABJICHHBIC Ha YCTOI\/JILII/IBOG pa3BUTHUC.

Cratbst [15] mocBsiieHa U3y4eHUIO HOBOM CTPATEruy CKIaTUPOBAHHS B

COBpCMGHHOfI JIOTUCTHUKE - KPOCC-OAOKHHI'.

B crarbe [16] paccmaTpuBaeTcsi HOCTpOSHHE MaTEMAaTUYECKOM MOJIEIH,
OINMKCBHIBAIONIEH 1IETIOYKY MOCTABOK MPOAYKIMHU U3 DKkBajopa B CaHkt - [lerepOypr

C MHHHMHBaHHeﬁ H3JICPKCK KOMIIAHUH.

B cratee [17/] B 00111eM BHIE Tpe/ICTaBIeHAa MaTEMAaTHYECKasi MOJIEIb
MPOU3BOJICTBEHHO - JIOTUCTUYECKOU CUCTEMBI NpeanpusTus. PaccmarpuBaercs
BO3MOYKHOCTh MPUMEHEHUs maketa Xpress-Optimizer mis perieHus 3a1aun

MaKCUMHU3allN MapIruHaJIbHOI'O J0X0Ja KOMIITaAaHUHWH.



I'naBa 1. MogeaupoBaHue ¥ ONITUMHU3AUSA HeNeld MOCTABOK

1.1 OcHoBHBIE CBOHCTBA 1IeNeHd MOCTABOK

[Tpon3BOACTBEHHO - IOTUCTUYECKAS LIETIh MPEANPUATHS MPEACTABIISET
coboli reorpaduyecku pacroaokeHHble 00beKThl. Ha 3THX 00beKTax
npuoOpeTaeTCsl, XpaHUTCS U NPOAAETCS ChIPBE U TOTOBas MPOAyKIHsL. OOBEKTHI
HENHU COSANHSIOTCS MPU MOMOIIY KaHAJIOB pacnpesenenus. bnarogaps atum
KaHaJlaM OCYIIECTBISIETCA TPAHCIOPTUPOBKA MPOayKIUU. COBpEMEHHbIE
MIPOM3BOJICTBEHHO - IOTUCTUYECKHE LIETIH - 3TO BECbMa CIIOKHBIE CUCTEMBI,
COCTOSIIIIME U3 CaMBIX Pa3JIMYHBIX 3JIEMEHTOB. [IpeIcTaBUTh 11eTb MOCTaBOK

MOYKHO TIPY TIOMOIIH clieayroleii cxemsl (cM. Ha Puc.2) [9]:
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Puc.2 ITpon3BOACTBEHHO-IOTUCTHYECKAS CETh IPEANIPUATHS

Taxum oOpa3om, mpu pacCCMOTPEHUHU LENH MOCTAaBOK KaKk 00bEKTa,
MOAPA3YMEBAECTCSA MHOKECTBO TAKMX OPTraHU3alMi KaK: MOCTABIIUKH ChIPbS,
3aBO/JIbI - U3TOTOBUTENH, CKIIAJIbl U JUCTPUOYTOPHI, B3aUMOECHCTBYIOIINX B

IIOTOKAX BEIIECTBEHHBIX 00BEKTOB, (PMHAHCOB M MH()OPMAIIUH.



HOI[ HHTerHpOBaHHOﬁ LCTIBIO ITOCTABOK MOAPA3YMCBACTCA TaKas LCIIb,
KOTOpas COACPIKUT B ceOe BeCh KOMIIJIEKC ITOTOKOB BCIICCTBCHHBIX OG’BCKTOB, a

TaKXe BCIO COBOKYITHOCTh JICHS)KHBIX M HH(POPMAIIMOHHBIX TT0TOKOB [10].

OcHoBHas 11e/1b YIPABJICHUS LEMSMH MMOCTABOK - MHUHUMU3AIUS U3AEPIKEK
KOMITaHUU (MaKCHUMH3aluud €€ J10X0Jla) MpU YIOBIECTBOPEHUH (PUKCHPOBAHHOTO

norpedureapckoro crpoca [3,10].

1.2 CucremHoe MoaeTUPOBaAHUE

[Ipu penreHny NpUKIAIHBIX 33]1a4 B 00JACTH JIOTHCTHKHU UCIIOJIb3YIOTCS B
OCHOBHOM TaKH€ METOJIbl KaK: CHCTEMHOE MOJICIMPOBAHUE, METO/IbI TEOPHU
UCCIJIEJOBaHMSI ONIEPALIUU, IPOTHOCTHKA U KUOEPHETUUECKUN NOJIX0. ABTOPOM
JAHHOM paboThl OBLI UCIOJB30BaH CUCTEMHBIN aHaiu3. Ero ocHoBHOE
IIPEUMYILECTBO 3AKIFOYAETCS B TOM, YTO OH CO31aET OCHOBY IS

IIOCJICAOBATCIILHOT'O U JIOTHYCCKH 000CHOBAaHHOTO IMPUHATHA pCHICHUS.

[Tox cuctemoit mopa3zyMeBaeTcsi COBOKYIMTHOCTh 0ObEKTOB MPOU3BOIBLHOMN
NPUPOJIbl. DTU 00BEKTHI 00PA3YIOT HEKYIO 1IEJIOCTHOCTD MPU TOM WU HHOM

KOHTCKCTC.

OcHOBa METO/I0JI0TUU CUCTEMHOTO MOJIETUPOBAHMS 3aKIIFOUAETCS B
CTPYKTYpH3alluU pacCMaTPUBAEMOI MpeIMETHOM 00nacT. Pe3ynbratr cucTeMHOTo
MOJIETTMPOBAHUS MPEACTABIIET cO00 POpMUPOBAHUE HEKOW MOJIETTH CUCTEMBI.
Kpome Toro, mpoucxoauT NoCTpOCHHUE MPEAMETHOM 00nacTu, 6€3 KOTopou

HEBO3MOKHO OIMCAHUE TJIaBHBIX aCIIEKTOB ATOM CUCTEMBI.

B o6miem citydae nog MoJeinb0 MOHUMAETCS TAKOE TIPEICTaBlICHUE
CUCTEMBI, KOTOPOE OTPAXKAET CaMble OCHOBHbBIE 3aKOHOMEPHOCTHU €€ CTPYKTYPBHI, a
TaKke KII0UYeBbIe 0COOEHHOCTU € PyHKIMmoHupoBanus. JIrobas MaremaTudeckas
MOJIEJTb MOXKET ObITh COTOCTaBIIEHA CYIIECTBYIONIEMY B JCHCTBUTEILHOM MHUPE

O0OBEKTY WIIH K€ CUCTEME.
10



MaremaTnyeckoe MOAEIMPOBAHNE HHTETPUPOBAHHOM LIETIM MIOCTABOK LIEHHO
B [TPAKTUYECKOM CMBICIIE JJIsl TAKUX POCCUUCKHUX CHENUATNCTOB, pad0Ta KOTOPBIX
OCHOBAaHa Ha MMOMCKE PELICHUS JIOTUCTUYECKUX MTPOOIIEM I IPEANPUATHI. DTO

CBA3aHO CO CIICAYIOINMMHA ITPUYHHAMMUA:

e J[ns MpaBWIBHOTO OMUCAHUS U TAJbHEHIIEN KaueCTBEHHON ONTUMU3aluN
CJIOKHBIX U MHOTO()aKTOPHBIX MTPOIIECCOB HEOOXONM aHATHTHICCKUI
anmapat. KpomMe Toro, cymecTByeT He0OX0IUMOCTh UCTIOJIb30BAHUS
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTMI U MOIIHBIX BBIYMCIUTEIbHBIX
CUCTEM,;

e Heob6xoauma pa3paboTka MpaBUILHOM CTpAaTEruy JJIs MOUCKA PEIICHUS
JIOTUCTUYECKUX TTPOoOsIeM npeanpusaTusi. JJaHHyt0 cTpaTeruio HEBO3MOKHO
BBIMOJIHUTH IYTEM MOCIEOBATEIBLHOTO CIOKEHUS NPOCTHIX PEIICHUI
OTJICTILHO B3ATHIX JIOTUCTUUYECKHX 3a/1a4. CriocoObI peleHust TaKhX
MHOTOCTOPOHHUX 3aj[a4 TPEOYIOT MOCTPOCHUS U ONITUMHU3AIINH

WHTETPUPOBAHHBIX MOJICIICH YIIPABJICHUS IETISIMU TIOCTaBOK. [9]

1.3 IToaxoabl AJ1s1 pemieHUst 32124 ONTUMU3 AU U

Jlns peanu3aiuu JJIOTUCTUYECKUX MPOIECCOB HEOOXOAUMO PAIIMOHATBHOE
yIpaBJieHUe, KOTOPOE MEPUOANUECKU TPEOYeT ONTUMHU3AINH U3-3a MEHSIIOIIEHCS
JIESTEIIbHOCTH KOMITAHWUH WJIYM U3MEHUBIIICHCS BHEIIHEHN cpenbl. UUCao 3agau

ONTUMM3ALMHU B JJOTUCTUKE OYEHB BEIUKO, & UX COCTAB pa3HOOOpA3€EH.

JIrobas MaTeMaTrnyeckas 3ajada ONTUMHU3AINH U CTIOCO0 €€ pereHus

3aBUCAT OT CJEAYIOIIUX OCHOBHBIX (DAaKTOPOB:

e Copep:xaresbHas IOCTAHOBKA 3a1a4H;
e OnucaHue OrpaHUYEHUH K pacCMaTPUBAEMOM 3a1a4e€;

e Ilenu koHKpeTHOM 3amaun [11].

11



ConepxaTenbHas MOCTAHOBKA 33Jja4M IOIpa3yMeBaeT Mo co0oi e€
dbopmynrpoBky. UMEHHO Ha ATOM 3Tare UMEIOT MECTO JIOTHICCKUE PA3MBITIICHUS
0 KOHKpETHOM npobaeme. brnarogaps aHanu3y BceX UMEIOIINXCS PECYPCOB,
HEOOXOMMBIX JIJIS TOCTPOSHUS MOCIIN, MOTYT IPHHUMATHCS PEIICHHUS,
Harpumep, 00 yMEHbIIIEHUH MaciTaba peniaeMoit 3a1auu (3To UMEET MECTO B
CHJTy OTCYTCTBHUS HEOOX0IUMBIX pecypcoB) [9]. Kpome Toro, nucxons u3 ananusa

pecypcoB, GOpMUPYIOTCS OTpaHHUYESHHS IT0 pacCMaTPUBAEMOM 3aj1aue.

[{enn KOHKPETHOM 3a/1auu OMKUCHIBAIOTCS MPU MOMOIIU KPUTEPUATILHON
(uenesoit) hynkuu. OHa MpEACTaBIAECT CO00M OLIECHOUHYIO (DYHKIIHUIO,
HEO0OXOAUMYIO JIJISl KOJTMYECTBEHHOTO CPAaBHEHUSI HECKOJIBKUX aJIbTEPHATUB U
BbIOOpa Hawtyulied u3 Hux. B gannoit pabote rpu pacCMOTPEHUU 3a/1a4u
ONTUMM3AIIMU BEIOOP HAWITYUIIIEH albTePHATUBBI KOHKPETUZUPYETCS C MOMOIIBIO

TpeOOBaHUA MaKCUMHM3AIKH TiesieBor ¢yHkimu [9,11].

B cBsi3u ¢ TeM, 4TO GoJbIas 4acTh 3a7a4 ONTUMU3AIMH HHTETPUPOBAHHBIX
Terneil MOCTaBOK HE MMEET aHATMTHIECKOTO PEIICHUS TIPEICTABIIIEMOTO B BUJIC
pacyeTHbIX POpMyJi, BOSHUKAET MOTPEOHOCTH B BHIOOpE HanboJiee MOIX OSIIErO
BBIYHMCIIUTEILHOTO METO/1a, a TaK)Ke HauOoJee MOIX0IAIIEro MPOrPaMMHOTO
obecrieuenus. [Ipu BeIOOpE MeTOa CYIIIECTBEHHOE 3HAUYEHUE UMEET XapaKTep
MaTeMatuyeckor mojaenu. [Ipu nogdope moaxoasiiero nporpaMMHOE CPeICTBA
OCHOBHOM aKIICHT JIeJaeTCs Ha CYIIECTBYIONME MAaTEMAaTUYECKUE TTaKEThI
(MATLAB, Wolfram Mathematica, Mathcad, MS Excel), ocHoBHbIM
MPEUMYIIIECTBOM KOTOPBIX SIBJISETCS HATMUKUE OOJIBIIOTO KOJIMYECTBA BCTPOSCHHBIX
MaTeMaTHYeCKUX (DYHKIIMA U BBIYUCITUTEIBLHBIX aJITOPUTMOB, HEOOXOIUMBIX IS

IMPAaKTHYCCKUX IMOACUCTOB.

B nacTosiiiiee BpeMst BC€ OOJIBIIIYIO MOMYJISPHOCTh TPUOOPETAIOT TaKUE
ontumu3anmoHHbie makeThl Kak: ILOG Cplex u Xpress-Optimizer. Onu
WCITIOJIB3YIOTCS MHOTMMH aHAIMTUKAMU JIJISI TIOMCKA PEIICHUS Pa3IMUHbIX OU3HEC -

npoGIieM, B TOM YHCIIe M KPYITHOMACIITAGHBIX 33144, ConepKaImx okoio 10°
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NCPCMCHHBbIX. OcHOBHBIC npeuMynicCTBa UCIOJIb30BaAHUA 3TUX OITUMU3AIMOHHBIX

IIaKCTOB:

o ['uOKuii A3BIK OMMCAHNS MAaTEMATHUECKUX MOJIENCH, Oaroaapsi
KOTOPOMY CYIIECTBYET BO3MOXKHOCTb, MO3BOJISIONIAS YIECTh
OOJIBIIION CIIEKTP OrpaHUUYCHU;

e Hanéxubie anropuTMBbI, UCIIOIB3YEMBIC IPU PEIIICHUH CIIOKHBIX
3az1ay;

e Bricokas npousBoauTenbHOCTb. [IpeocTaBisoTcs BCe BO3MOKHOCTH
JUTSL pelIeHusl KpyIMHOMACIITa0HBIX 3a/1a4 Mo onTuMu3anuu. [Ipu stom
oOecrieunBaeTCs ONTUMAIbHAS CKOPOCTh IMTOMCKA PEIICHUH;

o ['ubxue unTepdeics;

e Hanuumne npoOHBIX BepcHil 000MX paccMaTPUBAEMbIX MPOTPAMMHBIX

ITPOAYKTOB.
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I'naBa 2. Onucanue 3JIeMEHTOB MATEMATHYECKON MO1eJIU

MHTErPUPOBAHHOMN LENH MOCTABOK

B nanHO¥ T71aBe OCYIIECTBIISIETCS CTPYKTYpHU3AIlUs PEeIMETHON 00JacTH
" A n
JUIS1 TOCTaBJICHHBIX 3a/1a4d Ha npuMepe OO0 "lIuBoBapenHoM koMnanus banruka'.
[Tpu sToM popmupyeTcs HHTErpUpOBaHHAS IIETb TOCTABOK AJISI ATOTO

NPEANPUATHS.

2.1 Oomas xapakrepuctuka OOQO "IIuBoBapeHHass KOMIIAHUA

BbaaTuka'"

Kommanus "bantuka" - 370 01HO U3 HanboJiee KPyIMHBIX IPEANPUATUN B
cdepe Mpor3BOJCTBA TOBAPOB HapoJHOTO noTpebnenus B Poccun. Komnanus
SBJISIETCS IPOU3BOAUTENIEM YHUKAJIBHBIX OPEHI0B KaK aJIKOTOJIbHBIX, TaK U
0€3aJIKOT0IbHBIX HAaTUTKOB. HoBeliliee TEXHOJIOTHYeCKOe OCHAILEHUE U
IIPUMEHEHUE NIEPEIOBBIX TEXHOJOTUIA MTPU U3TOTOBIEHUN TPOIYKIUN

00eCIIeYnBaroOT BBIITYCK TOBApPOB BBICOKOT'O Ka4CCTBA.

B nacrosuee BpeMs Ha Tepputopun Poccnn KoMnanust UMeeT BOCEMb
3aBOJIOB, PACIIOJIOKEHHBIX B ISTH peruoHax crpaHbl. KOHTpoJb HajJ paboTol Beex
ISITH PETHOHOB OCYILECTBIISIETCS C MOMOILBIO IITA0 - KBAPTUPHL, KOTOpast

Haxoautcs B CaHkT - [letepOypre.

JlvHaMuKa 10711 KOMIIAHUM Ha POCCUMCKOM PBIHKE MUBa 3a MOCJIECIHUE
HECKOJIBKO JIET MPEJICTaBJICHA Ha CICAYIOIIEH JuarpaMme B MPOIEeHTax (CM.

Puc.3):
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Puc.3 I[I/IHaMI/IKa J0JIM KOMIIaHHUH Ha pOCCHﬁCKOM PBIHKE

YMmenbiienue 1oiau koMmrnanuu B 2014 rogy o0bsICHSIETCS yXYAIICHHEM
o01Iel MaKpPO3KOHOMHYECKOW CUTYyalluu, KOTOPOE MOBIIMSIIO HA MOTPEOUTENbCKUI
CIPOC B OTHOILLIEHNH KaTeropuu nusa. KpoMme Toro, B HacTosiIee BpeMsl
CYILLECTBYET TEHACHIIMS K COKpallleHHIo noTpedienus nuBa. Ho HecMoTps Ha 31U
MpUYUHBI, KoMIlaHus "bantuka" yaep:kuBaeT IMAUPYIONIYIO TO3UIINIO HA PhIHKE

MIPOU3BOIUTEIIEH TTMBA, OTIEPEkKast MO JIOJISIM CBOMX OJMKANIINX KOHKYPEHTOB B

nBa paza [12,13,14].

2.2 MojeaupoBaHue Lenu MocTaBok Ha npumepe OO0

"IluBoBapenHasi komnanusa baaTuka'

B nanHoit paboTe paccMaTpuBaeTcs MIaHUPOBAHKUE MPOU3BOJICTBA JIJIS
HauOoJiee monyJsIpHbIX OpeH10B komnanuu "bantuka" B CeBepo - 3anagHoM

PETUOHE I IBYX CIIy4YaeB:

e @DOopMUPOBAHME MHTETPUPOBAHHON LIENM MOCTABOK ISl 3aBOJIa KOMITAHUU

"bantuka" B Cankr - [leteprOypre;
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e MoaenupoBaHrue HHTETPUPOBAHHOM LIETIH ITOCTABOK JUIS IBYX 3aBOJOB

npeanpustus, Haxoasauuxcsa B CaukT - [letepOypre u Spocnasie.

B kauecTBe ITYHKTOB I/IHTerpHpOBaHHOﬁ LCIIH ITOCTABOK PAaCCMATPUBAIOTCA

cdIeayromue OCHOBHBIC 9JICMCHTHI:

v 3aBopl - IOCTABIIHKH;
v’ 3aBOjbl - U3TOTOBUTEIM;

v’ PacnpenenurelbHple IEHTPHI.

3aBOJBI - U3TOTOBUTEINHN, HCTIOJB3YIOT JUISl CO3AaHUs MPOIYKIHUH CBIPBE,
IPOM3BOAMMOE Ha 3aBO/IaX - MOCTAaBIIMKaxX. J{7s 1000# KoMIaHuu BbIOOp
MOCTABIINKOB SIBJIIETCA OYEHb OTBETCTBEHHBIM PELIEHUEM. JTO OOBSACHSAETCA TEM,
YTO Y KaXKJOro MMOCTABIMKA CBOU TapU(bl HA TOT WM UHOM THII ChIPbS U KPOME
TOT0, HEOOXOJIMMO YYUTHIBATh TPAHCHIOPTHBIE U3AEPKKH, BOSHUKAIOIIHNE [TPU
JIOCTABKE ChIPbsI 3aBOAAaM - U3roTOBUTENSIM. He00X0IMMO yUnTHIBaTh TaKkKe TO,
YTO Ka)/bIil 3aBOJI - U3TOTOBUTENb 00J1a/1a€T CBOUM YHUKAJIBHBIM YHUCIOM
IIPOU3BOICTBEHHBIX JIMHHI, KOTOPBIE B CBOIO OYEPE/Ib UMEIOT COOCTBEHHbIE

MIPOU3BOJICTBEHHBIE MOIITHOCTU U KOO PUITMEHTHI yTHIIU3AIUH.

B kadecTBe pacnpenenuTeNbHbIX LIEHTPOB PACCMATPUBAIOTCS TAKUE ITYHKTHI,
B KOTOPBIE JOCTABIIAFOTCS TOTOBBIE U3EIINS, TA€ OCYIIECTBIIIETCS NX COPTUPOBKA
U JaJibHElIlIee OTIpaBlICeHNUE 3aKa3uukaM. B qanHoi paboTte rpu MoIeTupOBaHUU
NEATEIBHOCTH 3aBOJIOB KOMNIaHUH "bantuka" paccmaTpuBaeTcs ciy4yai, Koraa
roToBasi MPOAYKLHUS Cpa3y Xke JocTaBisgercs AucTpuoyropam. Hanpumep, B
nocJieIHEee BpeMsl BCE OOJBIIYIO MOMYJIIPHOCTh IPHOOpeTaeT Kpocc- TOKUHT [15].
OT0 Takoil mpouecc npuéMa U OTrpy3KH TOBAPOB, IPH KOTOPOM HE
OCYLIECTBIISIETCS UX JIOJITOBPEMEHHOE XpaHEHUE Ha ckiaae. OCHOBHbIE
MPEUMYIIECTBA KPOCC-AOKMHTA - 3TO KaU€CTBEHHOE 00CITy>KMBAaHUE TOTPEOUTEINS U

CHMKCHHC 3aTpPaT Ha XPaHCHUC.

Takum 00pa3om, BeCh MPoOIECC MPOU3BOJICTBA IPEACTABUM B BUJIC

HCIIPCPBIBHOI'O ABUKCHUS ChIPbA, HGSaBepIHeHHOﬁ IMPOAYKIIMU U T'OTOBBIX TOBAPOB
16



M0 BCEM MYHKTaM MHTETPUPOBAHHOM LIETIH MOCTaBOK. B KaK/10M U3 3THX MyHKTOB
BO3HHMKAIOT KaKue - 0O 3aTpaThl. B qaHHOM paboTe paccMaTpUBAIOTCS TaKUE
U3JIEPKKU KaK: 3aTpaThl HAa MPOU3BOCTBO, 3aTPAThI HA MOKYIIKY ChIPbS U

TPAHCIIOPTHBIE U3EPKKH.

Ha ocHOBe ONMMCaHHOTO BBIIIIE MaTepHaia i Ha OCHOBE UCCIICI0BATEIbCKUX
pa6ot [10,16,17], Opu1a chopMUpOBaHa HHTETPUPOBAHHAS IICTTH TOCTABOK

Kommanuu "bantuka" 1 1ByX Cily4yaes.

2.3 O0mmit BUJI MaTeMaTH4eCKOM MO/IeJIM MHTErPUPOBAHHOM LENu

MMOCTABOK

PaCCManI/IBaeTCH MaT€EMaTH4YCCKas OIITUMU3allMOHHAasA MOJCJIb
IMPOU3BOACTBCHHO - JIOTUCTUYECKON CHCTEMBbI KOMITAHUH. 3&2[3‘—121 COCTOHUT B

MaKCHUMH3allkuK1 A0XO0Aa.

JanHas 3ama4a GopMyIHpyeTCs Kak 3aja4a JHHEHHOTO
nIporpaMMupoBaHus. B kauecTBe 1eneBoil pyHKIMHU pacCMaTpUBAETCS 10XO0
NPEANPUATHS OT PEeATU3aLMKU TOTOBOM MPOIYKLIUH C y4€TOM (DaKTOpPOB

cHaOeHUsl, MPOU3BOJICTBA U TPAHCIIOPTUPOBKH.
Habop nHaekcoB, CMoNb3yeMblid B MOJIEIH:

® I - UHJEKCHI (TUIT) UCTIOJIB3YEMOTO ChIphs, I R;

e | - HOMED 3aBOJ;

® D - UHIEKCHI ITIOCTABIIUKOB, 16 T ;

® |- HOMEp MPOU3BOJAUMOTO MPOAYKTa, |  J;

¢ |- HOMep npousBoacTBeHHOM MuHMY, | L

e k- HOMmep auctpubyTopa, K K;

e t - tun TpancnoptHoro cpenctsa (TC) mist mocTaBKU TOTOBOM MPOAYKIINH,
T
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e N - KOIMYECTBO NEPUOIOB TOPU3OHTA INTAHUPOBAHMUS;

® M - HOMEp Tepuoja, B KOTOPOM MPOIYKT MPOU3BOIUTCS;

® N - HOMEp Meproaa, B KOTOPOM MPOAYKT OTIPYKAeTCs TUCTPUOYTOPY;

¢ PRij« - leHa eAUHUIBI TPOIYKTA |, IPOU3BEICHHOM Ha 3aBoJie | U
JIOCTaBJIsIeMOM quCTpuOyTopy K B mepuos n;

® Jjjjm - CTOMMOCTb IIPOU3BOJICTBA CIUHUIIBI TPOLYKIUH | Ha uHUN | Ha
3aBojie | B meproa M;

° Urpm - CTOMMOCTD €IMHUIIBI CHIPbS I, TOJIy4aeMOr0 3aBOJIOM | OT
MOCTABIIMKA P B Ieproa M,

® Dypm- MakcHMaIbHO BO3MOXKHBII 00BbEM NOCTAaBKH CHIPbsS I' TIOCTABIIMKOM [
B nepuoa m;

e Dy - 3aTpaThl CHIPBS I' IPU IPOU3BOJICTBE SANHUIIBI IPOIYKIIMH THIIA |;

® Wi - K03 GUIIMEHTh! YTUIN3aIUN IPOU3BOACTBEHHON THUH | 110
IPOJAYKTY | B TIEpUOJ M;

® Q- MaKCUMAaJbHBINA 00BEM MMpou3BOACTBA IMHKH | HA 3aBozE | B meproa M;

e djn- 006&M cripoca Ha MPOYKT j auctpudyTtopa K B mepuon N.

o Tljm- Tapud 3a UCTIOJIB30BAHKUE EAUHUIIBI TPAHCTIOPTHOTO Cpe/icTBa TUMA t
Ha MapuipyTe OT 3aBoja i 10 AUCTpruOyTOopa K JIsl TOCTaBKH MPOAYKIINH,
MIPOU3BEJICHHON U IOCTaBJISIEMON B OJJHOM M TOM K€ Ieproae M;

® T2im- Tapud 3a UCIOIIB30BAHUE SAMHUIIBI TPAHCTIOPTHOTO CpeIcTBA TUTIA
Ha MapuipyTe OT 3aBoja i 10 AUCTpruOyTOopa K JIsl TOCTaBKH MPOAYKIINH,
NPOM3BEACHHOM B IEPUOJI M U JOCTaBIIeMOU TUCTprOyTOpY K B
MOCJEAYIOIINE IEPUOIBL;

e CAP; - BMectumocTh TC THma t;

e FTi, - nocrynnoe konuuectBo enuuui] TC Ttumna t B mepuoa m.

B xauecTBe OCHOBHBIX MNCPEMCHHBIX, OIITUMAJIbHBIC 3HAYCHNA KOTOPBIX

OyIyT MaBaTh MaKCUMAJIbHBIN JI0XOJ], pACCMAaTPUBAIOTCS:

® Vijjm - 00BEM IPOM3BOJCTBA MPOYKTa | Ha nuHMH | 3aBoza i B meprox m;
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®  Qijjkmn - 00BEM OTIpY3KHU MPOAYKTA | C 3aBOAA | B HEPHOA M, TOCTABIISIEMBIi
muctpuOyTopy K B mepuon n;

® Xirpm - KOJIMYECTBO €IUHUII CBIPBS I', TOTy4aeMOro 3aBOJOM | OT ITOCTABIINKA
p B mepuog m;

® Zixm- KOJIMYECTBO €UHUII TPAHCTIOPTHOTO CPEJICTBA TUTA T, NCIIOIB3yeMOTO
JUTSL OTTPY3KH TPOAYKIIMH € 3aBOJIA |, TPOU3BEICHHOM 1 JOCTaBJISICMON
IUCTpUOYTOpPY K B OZHOM U TOM XK€ mepuoje M,

® Sikm - KommuecTBo enuHUI] TC THMA t, KCTIOIE3YeMOTo ISt OTIPY3KH
NPOAYKIIUH C 3aBOJIA |, MPOU3BEICHHON B IIEPHOA M U TOCTABISIEMOM

TUCTpuOyTOpY K B IOCiIeAyomuye neproIbl.

Hcxons U3 aHanns3a UMEIOLIUXCS pECYPCOB, NPpU (HOPMUPOBAHUH MOJENH
HEOOXOJMMO yU€CTh TaKKe BO3HHUKAIOLINE OrPaHUYEHHUS, HAKJIa/IbIBa€MbIE Ha

MEPEMEHHBIX 3a/1a4H’
1) OrpaHudeHus 1O CHIPBIO TUMA 'y TIOCTABIIKMKA P B IEPHOI M

=1 irpm>K rprﬁ_)

2) VYpaBHeHHE OallaHCa TOCTABOK CHIPhs U 00bEMOB IMPOU3BOICTBA HA 3aBOJIC |

B TIEpUOJ M
irpm - i ilim — 0,
rnrei=1,...,I,m=1..N,r R
3) OrpaHuveHus M0 IPOM3BOACTBCHHBIM JHHUAM | B ieprog m
jimYim X il
rnel Li,i=1,.,I,m=1,..,N.
4) OrpaHuyeHHs M0 MOCTaBKaM AUCTPHOYTOPY K MpOayKIMH | B TIEpUO N

—1 =1 kM k Kj Jn=1,..N,
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5) bamanc no o6béMamM MPOU3BOJACTBA U 0OBEMAM OTIPY3KH:
iljm - —  ijkmn =0,
J J, nns cirydas omgHOTro 3aBojaa | =1 (quis aByx Oymert: 1=1,2), k K, m=1,2,...N.
6) Orpanndenwus 1mo coocTBeHHBIM TC
( ikm+Sim) = FTim, m=1,2,..N, t T.

7) Orpanndenus 1mo BMecTuMocTH TC

ikmn <CAPI FTin,j ., =12,...

HGHGBaH (bYHKI_II/I}I, IMpCaAcCTaBJLAOIIAAg coboi J0X0Jd KOMIIaHHH OT
pcain3anuu TrOTOBOM MNPOAYKIIMU M ITOoAJICIKallast MaKCUMH3alu, UMCCT

CJICTYFOIIUN BUJL:

Marg(Q.x)= _; -1 =1 RjknGikmn-
=1 =1 ilimYiim = =1 =1 irpmXirpm-
—1 1 likmZikem - =1 —1  ZiktmSiktm

Takum 00pa3om, JaHHAsE MOJEIb MTO3BOJISIET ONMPEAEIUTH ONTUMAJIbHBIE
3HAYEHUA MEPEMEHHBIX JUIs 11eJIeBOM (DYHKIIMH, IPU KOTOPBIX JOCTUTAETCs
MaKCHUMaJbHBIA JOX0J KOMIAHUU. Y UUTHIBAIOTCS TaKue (PaKkTOphl, KaK:

CHa0KeHHE, TPOU3BOACTBO U JUCTPUOYIUSI.
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I'nasa 3. IlporpamMHasi peaju3amusi MAaTEMAaTHYECKOH

3.1 Bbi0op nporpammHoro cpeacrsa. Onucanue BCTPOEHHOM

GyHkuuu

B Hacrosiiiee Bpemst CymecTByeT 00JIbIIOE KOJTMUSCTBO ONTUMHU3AIIMOHHBIX
MaKEeTOB, MO3BOJISIONINX ONPEACIIUTD PEIICHUS 3aa4H JIHHEHHOTO
IPOrpaMMHUPOBaHUsA. ABTOPOM TPH BBIOOPE MPOTPAMMHOTO CPEICTBA IS
pealin3alyy OMMCaHHON MOJENN aKLEHT YSISIICS CIeIYIOIIUM KPUTEPUSIM:

v OYHKIHOHAIBHOCTH, TO €CTh CIIOCOOHOCTH IPOrPAMMHOIO 00ECIIEYEH S
periaTh BCce BO3JaraeéMble Ha HEro 3a/1auu (MMEIOTCS B BULY T€ 3aJa4H, JIJIs
KOTOPBIX PEUICHHE CYIIECTBYET);

v V1106CTBO ¥ IIPOCTOTA B IIPUMEHEHUH.

ABTOPOM OCYIIECTBIISLICS BBIOOP Cpen TPEX MPOTPaAaMMHBIX CPE/ICTB:

1. ILOG Cplex;

2. Xpress-Optimizer;

3. Wolfram Mathematica.

Cpenu KITFOUEBBIX 0COOEeHHOCTEH onTuMu3zaimonHoro naketa ILOG Cplex
MO>KHO BBIJICJIUTH CIIEAYIOIINE:

v" BsIcokas TouHOCTh. OKpyTJIEHHE YMCEN YCTAHOBICHO MO YMOTYaHHUIO, HO
MOJIB30BATENh C MOMOIIBIO CIIEIUATBHBIX HACTPOEK MOXKET, HAIIPUMED,
YABOWTH TOYHOCTH BHIYUCIICHHI;

v Hanuuue BO3MOXKHOCTH HCIIOJIB30BAHMS MTapalIeIbHbIX BEIYMCIICHHIA;

v BO3MOKHOCTb OTCIEKMBaHKS IPOIECCA PELIEHHUS 3a1a91 ¥ BO3MOKHOCTh
cOopa xapaKTepUCTUK PabOThl OCYIIECTBIsIEMON MporpaMmbl. C TOMOIIIBIO
pOrpamMMbl MPOPUITHPOBAHUS CYIIECTBYET BO3MOKHOCTD TIOJTYICHHS
nH(OPMAITUH O MPOIOJDKUTEIILHOCTH BBITIONHEHUS KaXKIOTO dTara
IPOrpaMMbI ¥ 00 UCIIOTB30BAHNUH TTAMSTH;

v B makere ILOG Cplex Bo3mMokHO 0OHapy»)eHHe KOHDIUKTOB 1

BBITIOJTHEHHE PEKOMEHAAIUH 10 UX YCTpaHeHHUI0. DTo paboTtaeT Ojaroaaps
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BCTPOEHHOMY CPEJCTBY YCTpaHEHUSI KOH(PIUKTHBIX 0OCTOSITENBCTB, C
MOMOIIBIO pabOTHI KOTOPOTO, HAPUMEP, OTOOPAKAIOTCS KOHPIUKTYIOINE
OTpaHUYCHUS,

v B ciydae, KOraa HCX0QHas 3a/1a4a COAEPKUT KOJINIECTBO OTPaHHICHHIA,
IpEeBBIIIAIOIIee KOJTMUECTBO IepeMeHHbIX, B makete |LOG Cplex
MPOUCXOIUT aBTOMATUYECKHUX MEPEXO/] K PEIICHUIO IBOMCTBEHHON 3a/1auHu.
3TO BBITOJHO C TOYKHU 3PEHHSI ONTUMHU3AIMN BPEMEHHU PEIICHUS 3a]]a4i, TaK
KaK B JBOMCTBEHHOM 3a7a4e COACPKUTCS MEHbIIIEE KOJIUYECTBO
orpannycHui [18].

JIJis onTHMH3AIMOHHOTO ImakeTa Xpress-Optimizer asTopom ObLTH
BBIJIEJICHBI CJIEYIOIINE OTINYHUS:

v OCHOBY IaKeTa COCTABISAIOT MaTeMaTHUCCKHE (PYHKIINH, peaTM30BaHHbIC Ha
C++;

v BBOJI IaHHBIX BO3MOKEH Yepe3 6a3y JaHHbIX WK MPHU MTOMOIIN TEKCTOBOTO
daiina;

v" 3a cuéT rudKOro SI3bIKA, UCIIOIB3YEMOTO ITPU OMMCAHUN MATEMAaTHIECKHX
MoOJieJIel, BOBMOXEH YUYET OOJBIIOrO CIeKTpa orpannyeHuid. Kpome toro,
Onarogaps BBEIEHHBIM B HETO AJIEeMEHTaM (PyHKI[MOHAJIBHOTO
IpOrpaMMHUPOBAHUS, IPOLECC POopMaIU3alMA MOJIETTN CTAaHOBUTCS OoJee
aérkum [19,20].

Kak B ontumusarmonnom nakete ILOG Cplex, Tak u B Xpress-Optimizer
JUTSL PEIICHUS 33]a4H JTUHEHHOTO TPOTPAMMHUPOBAHUS MOKET MUCTIOIh30BATHCS
BCTpOECHHBIN N yX(a3Hblil cumIuiekc-MeTo1. OH UCIOJIB3YETCsl B TOM CIIyvae,
KOTI'Jla Y MPUBEICHUH 3a]a4i JUHEWHOTO MPOrpaMMHUPOBAHUS K KAHOHUUECKON
dbopme, onpeieeHue HaYaJIbHOTO JOIMTYCTUMOI'O 0a3UCHOTO PEIICHUS] Ty TEM
3JIEMEHTApHBIX MPeoOpa3oBaHuil (IPUBEIECHUE CUCTEMBI K TPEYTOJIbHOMY BUTY)
3aTpyaHUTENbHO. VIcXoqHbIe JaHHbBIE paccMaTpUBAEMOM 3a7a4ul MOTYT
CUMTBIBATHCS U3 TEKCTOBOTO (haiina. DopmupoBaHre orpaHuuEeHU BOZMOXKHO MpHU

IMoOMOIIU YCIIOBHBIX OIICPATOPOB HUJIN HUKIIOB. B 06oux makerax COACPIKHUTCA
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BCTpOEHHAas! GYHKIUS MAKCUMU3AIIMH, TIPU 3aITyCKE KOTOPOU OCYIIECTBISETCS
paccMaTpUBaeMbIi ONTUMHU3ALMOHHBIN ITPOLIECC.

s cpenst Wolfram Mathematica aBTopom ObLIH BBIIEICHBI CIIEIYIOIINE
O0COOECHHOCTH:

v ABTOMaTH3als B BBIYHCICHUAX, BU3yaIM3alliK U pa3pabotke. B cpene
Wolfram Mathematica Bo3M0kHO cO3/1aHHE BEICOKOYPOBHEBBIX U
y100604YnTaeMbIX MporpaMm. biarogaps Takoil aBToMaTH3aI[MH BO3MOXKHO
MOJIy4eHHE BHICOKOKAUE€CTBEHHBIX PE3yJIbTATOB;

v WHTerpupoBaHHas yHUBepcanbHas iatdopma. 3a cueT CyIecTBOBaHUs
JIOTIOJTHUTEIHHBIX MHCTPYMEHTOB HET OTPaHUUCHUH JIJIS1 TBOPUECKOU
pabotbl. Kpome Toro, cucrema Mathematica He TpeOyeT MoKynku
JIOTIOJTHUTEIBHBIX MTAKeTOB. B HEll CyIecTBYIOT crieluain3upoBaHHbIC
(GyHKIIMHM, HEOOXOIMMBIE JIsI MHOTHX TEXHUYECKUX HalpaBlICHU;

v' MynsTrnapagurmanbHbii s36ik. Cucrema Mathematica Beigensiercs us
MHOTHUX SI3BIKOB ITPOTPAMMUPOBAHMSI TEM, YTO TMOACP)KUBACT Pa3IHuHbIC
IPOrpaMMHBIE MapaJurMbl: (PyHKIMOHAIBHYIO, IPOLIETYPHYIO U IPYTHE;

v Hanwuwue BCTpoeHHO# nH(popMmanuu. B paccmarpruBaeMoii
ONTUMHU3ALIMOHHOM NaKETEe COACPIKUTCS OOblask KOJJIEKLUS JaHHbBIX
CaMbIX pa3HbIX TUIOB. DTU JaHHbBIE PETYISIPHO OOHOBIIAIOTCS U
TIOTIOJTHSIFOTCS,

v Hanuuue nH(MOPMATHBHON CIIPaBOYHOM CHCTEMBI. [IpH OCyIIECTBIEHUH
3anpoca, HalpuMep, 0 HEU3BECTHON (QYHKUIHUH CIIPABOYHON CUCTEMOM
MPEIOCTABIISIOTCS OMKUCAaHUE PAOOThI HCKOMOW (DYHKIIUH, a TaKXKe

MIPUBOJATCA PA3JIUYHBIE IPUMEPHI €€ TPUMEHEHHS.

Y4uThIBast BCE ONMUCAHHBIE XapaKTEPUCTHKH, OB C/Ie)Iajl BEIOOD B TOJIb3Y
cpeant Wolfram Mathematica. Ha ganHbIi BoIOOp MOBJIMSIIN BBIIICTICPEUHCICHHBIC
ILUTIOCHI YKA3aHHOM CHCTEMBI, a Tak)Ke 00Jiee IIMTEIBHBIN OMBIT paboTHl aBTOPa B
9TOH cpejie 10 CPaBHEHHIO C APYTUMHU ONTHMHU3AIMOHHBIMU TTaKeTaMu. biarogapst

OTPOMHOMY KOJIMYECTBY BCTPOCHHBIX pa3padoTunkaMu (PyHKIIHMA, BO3MOKHOCTH
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3TO# cpenbl mpakTruecku Oesrpannanel. Wolfram Mathematica umeer Beicokyro
CKOPOCTb BBIYMCIICHUNA U TTOAIEPKUBACT YHCIIA JTFOO0W TOYHOCTHU, UTO SBIIICTCS
HEMAaJIOBaXKHBIM ITPH PEILICHUH 3aa4 onTuMu3aiuu [21,22].

B cucreme Mathematica cymiecTByeT KOJUIEKIIHSI aITOPUTMOB JIJISI PEIICHUS
JMHEWHBIX ONTHMH3AIIMOHHBIX 33]]a4 C peabHBIMU NTEPEeMEHHBIMU. JlocTym K 3TUM
aJITOPUTMaM OCYIIECTBIsICTCS Yepe3 Takue GyHKIuu Kak: LinearProgramming,
FindMinimum, FindMaximum, NMinimize, NMaximize. ®ynakrus
LinearProgramming oGecnieunBaeT mpsiMOi JOCTYII K aITOPUTMaM JTHHEHHOTO
IPOrpaMMHUPOBAHUSA U SBJsIETCs Hanbosee 3pPeKTUBHOM 115t 3a1a4 OONBIION
pasmeproctH (okomo 10° mepemenneix). FindMinimum, FindMaximum,
NMinimize, NMaximize y100HO UCIIOJIb30BaTh JJI PEIICHUS 3a]ja4K JIUHEHHOTO
IPOrpaMMHUPOBAHUS B BUJIC YPaBHCHHS B HepaBeHCTBa [23].

ABTOpOM JTaHHOU pabOTHI /ISl OMCKA PEHICHUs] paccMaTpUBaeMoM
npoOemsbl OblIa BeiOpana pyukius NMaximize. [lanee npoBoAUTCS KpaTKUn
0030p €€ BO3MOKHOCTEH.

NMaximize peanu3syet NOUCK I7100aTbHOTO MAaKCUMyMa 33 JaHHOM
MOJIB30BaTENeM (PYHKITUH, C YICTOM 3aJaHHBIX orpaHudeHuid. [1o ymomyanuto, Bce
NepeMEeHHbBIE MpeATnoararoTcs BemecTBeHHpIMU. Eciit NMaximize onpenenser,
YTO OTPAaHUYECHUSI HE MOTYT OBITh YJIOBJIECTBOPEHBI, TO OHA BO3BpAIIIacT
clIeayroIee:

{-Infinity, {x=>Indeterminate,...}}.

[Tpuniun e€ paboThl JEMOHCTPUPYETCS HA CIAEAYIOIINX MPUMEpax:
1) In[2]:= NMaximize[{x"2 + (y-6)"2, x*2+y"2<9}, {x, y}]

Out[2]:= {81., {x >2.41388x107, y > -3.}}
2) In[45]:= NMaximize[-3x"2-5x-1, {x, -20, 20}]

Out[45]:= {1.08333, {x - -0.833333}}

In[46]:= Plot [-3x"2-5x-1, {x, -20, 20}]

®dyukuus Plot ocymiectsiiser noctpoenus rpaduka (cm.Puc.4):
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Puc.4 I'padux makcumusupyemon GpyHKIuu

3.2 Onucanue METOI0B PeLIeHUs 3a1a4U

PaccmaTtpuBaemas 3a1a4a OTHOCUTCSA K KJIACCY 3a]1a4 JIMHEHHOTO
porpaMMupoBaHus 00bIION pazMepHOCTH. CyIIECTBYET HECKOIBKO BO3MOKHBIX
MOJIXOJIOB K €€ PELICHUIO.

®dynkueirt NMaximize npu pemeHnn 3aa4 ONTUMH3AIMHA UCTIONIB3YETCSI

OJMH U3 CJIICAYIOIIUX aJI'OPUTMOB!:

1. Cummiekc - MeTox;
2. MoauduiupoBaHHBIN CUMIIEKC - METOI;
3. Metoa BHYTpEHHEH TOUKH.
ITo ymonmyanuto, cucrema BbIOMpaeT Haubosee MOoAXOAAIIUN allrOPUTM
aBTOMATUYECKH, HCXOJIS U3 PA3MEPHOCTH 3aa4u U TpeOyeMOil TOYHOCTH.
CuMIIIeKC - METOI U MOIU(DHUITUPOBAHHBIA CUMITIIEKC - METOJI OTPEACIISIOT
pelleHue 3a7aun JMHEHHOTO MPOorpaMMHUpPOBaHus MyTEM nepebopa BEpILIUH
MHOTOTpPaHHHUKA, ONMTMCAHHOTO 3aJaHHBIMU OTpaHnYeHusIMU. Takoii nepedop
pOAOJDKAETCS A0 TeX MOop, MOKa He OyAeT HallJIeHO pelleHue 3a/1a4H,

yIOBIIETBOPStOIIee He0OX0aMMBbIM TpeboBanmsM. Kaxkoe nmocnemyroiiee
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pelieHue, B 00IIeM cliydae, yIydinaeT 3HaueHue 1esieBoi GyHKmu. MoxKHO
BBIJICTIUTH JIBA OCHOBHBIX ATara paboThl ’TUX METOJIOB:
1. Ompenenenue Ha4YaIBLHOTO PEUIEHUS, KOTOPOE YOBIETBOPSET
3aJIaHHBIM OTPAaHUYCHHUSIM;
2. Ilocnenyroiee ynydilleHHE HA4YaIbHOTO PEUICHUS A0 TEX MOp, MoKa
He OyJIeT MOJYyYeHO ONTUMAJIbHOE PEIlICHUE 3a/1a4u.

B cpene Wolfram Mathematica peanu3sarus 3Tux aJropuTMOB
OCYIIECTBJISETCS IPU MOMOIIIM UCTIOIB30BAHUS MOHSTHSI TUNIOTHBIX MATPHII
JAuHeHHOH anreOpsl. Takxke 0COOEHHOCTHIO peanu3aliy JaHHBIX METO/I0B
SBJIIETCSI TO, 9YTO MOKHO PEIaTh 3a/1a9y, TPEOYs MPH STOM MOBIIIICHHON
TOYHOCTU. IMEeHHO MO3TOMY paccMaTprBaeMblie anropuTMbl A HEeKTUBHEE
UCTIONB3YIOTCS TIPU PEIICHUU 337a4 MAJION pa3MEepHOCTH.

Metoa BHYTpEHHUX TOYEK HAUMHAET OCYIIECTBIIATH epedOop ¢ BHYTPEHHUX
TOYEK MHOTOTPAaHHUKA. DTO METOJ] OBICTPEE HAXOAUT PEIICHHUE, HO B OTJIMYUE OT
IPEIBIIYIINX IBYX aJrOPUTMOB, OH HE HAXOIUT pellieHre TOYHO. B cpene
Wolfram Mathematica peanu3zarust anropuTMa BHyTPEHHHX TOYEK
OCYIIECTBIISETCS TIPH MIOMOIIH MCIIOIB30BAHUSI TIOHATHS Pa3pEKEHHBIX MAaTPHUI]
JUHENHOW anreOphl. B CBs3M ¢ 9TUM OH Halle ynoTpedseTcs Mpu peiieHun
KPYITHOMACIITAOHBIX ONTHMHU3ALHOHHBIX 33134 (okoio 10° mepeMeHHbIX), TaK Kak
QITOPUTMBI, HE YUUTBIBAIONTUE PA3PSHKCHAYIO CTPYKTYPY MaTpPHIIBI paboTaroT

MEJIJIEHHO ¥ TPEOYIOT 3HAUUTEIIbHBIX 00bEMOB TTAMSTH.

3.3 Peanmu3anust MaTeMaTHUYeCKOii Moaeau B cpeae Mathematica

Peanu3zanuio MaTeMaTH4eCKOM MOJIENIM MHTETPUPOBAHHOM LETIM MTOCTABOK

B makete Mathematica MoxHO ycI0BHO pa30HTh Ha HECKOJIBKO 3TAIOB:

1. OnmcaHue MHOKECTBA MHIECKCOB MOJICIIH;

2. 3ajaHue mapaMeTpoB U MEPEMEHHBIX MOJIEIIH;

26



3. BbI30B BcTpoeHHOM (PyHKIIMK MaKCUMU3ALINH.

[lepen 3amyckoM BCTPOECHHOM (DYHKIIMM OCYIIIECTBIISIETCS OMpeIeNieHrue U
VMHULMAJIU3aLKs] ONMCAHHBIX MapaMeTpoB 3agaud. [Ipu 3amycke GpyHkmun
MaKCHMH3allM1 HAYMHAETCS ONTUMHU3aLMOHHBINA MMPOLECC, 3aBEPIIEHUEM KOTOPOTO
ABJISIETCS BBIBOJI HA 3KPaH PEIICHUS PaCCMaTPUBAEMOM 3a1a4u.

B cuity 6076111010 KOIMYECTBA UCXOIHBIX JAHHBIX, 3HAYEHUS BCEX
napameTpoB He MPUBOAATCS. B Tabnuiax, mpeacTaBIeHHbIX HUKE OMHUCAHbI

HEKOTOPbIE TECTOBBIE MTAPAMETPBI pacCCMaTPUBAEMON 3a1a4H.

Taoauna 1. TecToBbIe nmapaMeTphbl 3aa4u, pacCMaTpuBaeMbli€ AJis1 OAHOI'0 3aB0Aa B

Cankr - IlerepOypre

KomnuectBo BHOOB CbIPbs

KonunuecTBO MOCTAaBUIUKOB

Komnuectso Tunos TC

KommuectBo MMPOU3BOJANMEBIX ITPOAYKTOB

~N| o1 N oo N

KonuyecTBo nuctpudbyTopoB

OcranbHbIE TAPAMETPHI, a TAKXKE MPOrpaMMHAas pealii3alns 1Sl JaHHbIX U3
Ta6muer 1 npencraBnensl B [Ipunoxenun 1. Pe3ynbraTsl ONTUMHU3AIMM IS

yKa3aHHOU 3a1aun onvcaHbl B [Ipunoxkennn 2.

Tab6aunna 2. HekoTopble TeCcTOBBIE apaMeTPhbI 33/1a4H, paccMaTpuBaeMble 1Jis ABYX

3aBoaoB komnanuu "banTuka' B Cankr - [lerepOypre u SIpociaBJie

KonuuecTBo BUIOB CBIPbs 14
KonnuecTBo nocTaBIIMKOB 15
KomnnuectBo tunos TC 5)
KonnvecTBo nMpon3BOAUMBIX MPOTYKTOB 14
KonngectBo quctpudyropon 10
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OcraBiuecst mapamMeTpsl, He yka3zaHHbIe B Tabnuiie 2, coaepkaTbes B
[Ipunoxxenuu 3. Pe3yapTaThl 3TOM ONTUMU3ALMHU OTINYAIOTCS OT PE3YyJIbTATOB
ONTUMU3ALUU JJIs1 OTHOTO 3aBOJIA, TOJIBKO KOJTUYECTBOM MEPEMEHHBIX, OTIIMYHBIX
OT HyJISl, @ TAK)KE YMCIIOBBIMYA 3HAYEHUSIMU ITUX NIEPEMEHHBIX.

B OonbiMHCTBE ClydaeB ONTUMM3AIMS HA TECTOBBIX JAHHBIX MPOIILIA
ycnemHo. VcKiroueHne coCTaBIsIA CUTYalluu C HEKOPPEKTHBIMUA BXOHBIMU
napamerpamu. Hanpumep, npu 3aaaHnu Manoi UEHbI 3a €AUHUILY TOTOBOM
MIPOAYKIMH, B PE3YJIbTATE BCE BBIXO/IHBIC IEPEMEHHBIC MOJYYAINCh PABHBIMU
HYJIIO, TO €CTh IIPH 33JaHHOW HEKOPPEKTHOM LIEHE, ITPOU3BOICTBO MPOLYKIIHH
CTAHOBWJIOCH HEBBITOAHBIM. My, Hanpumep, npu 3aJjaHUN MAJIOTO KOJIMYECTBA
3a1acoB PECYpCOB Y MOCTABILMKOB U HEOOJIBIIOTO 3HAUEHUSI MAaKCUMAJIbHBIX
MOIIIHOCTEN TPOU3BOACTBEHHBIX JIMHUI, TaK)Ke BO3HUKAJIA OIINOKA, CBSI3aHHAA C
TEM, YTO IIPU TAKUX HEKOPPEKTHBIX JAHHBIX HE BBIIOJIHAIOCH OTPAaHUYEHUE 10
CBIPBIO Y IIOCTABILIUKOB.

Ha rpaduxke, npencraBieHHOM HUXE, 0TOOpa)XKeHa 3aBUCUMOCTD 3aTpart Mo
BpPEMEHH (B CEKYyH/1aX) OT KOJIMYECTBA IepEeMEHHbIX. [laHHAast 3aBUCUMOCTD

CTPOMJIACh Ha pa3HbIX HAOOpaX JaHHBIX C UCTOJIb30BAHUEM CIIYYaHHBIX YUCEN (CM.

Puc.5):

_J 1 1 1

20000 30000 4

Puc.5 3aBucumocThb 3aTpaT BPpEMCHU OT KOJINYCCTBA IICPEMCHHBIX
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B pe3ynbTaTte paboThl HAMCAHHON MPOTrPAMMBI, OIPEIEISIOTCS
ONTUMAaJIbHBIC 3HAUCHUSI IEPEMEHHBIX ISl LIETIEBOM (PYHKIINUHU, IPU KOTOPBIX
JOCTUIaeTCs MAKCUMAaJIbHBIA 10X04 KoMIaHuu. FIMeHHO 3Ta 3a/1a4a sBJIsIach

npcaAMCTOM HCCIICIOBAHUS aBTOPA.



BeiBOALI

OcHOBHBIE pe3yNbTaThl, IOJIYYCHHBIE AaBTOPOM, B IIpOIiecce pabOThI Ha

paccMaTpruBaeMou 3a1auei:

1. TlogpoOHO M3ydeHa 3HAYMMOCTh YIPaBICHHUS] HHTETPUPOBAHHOM 1IETIBIO
noctaBok Ha mpumepe OOO "IIuBoBapeHHast kommnanus banruka';

2. Omnwmcana u popMaan3zoBaHa MpeAMETHON 00J1acTh paccMaTpUBaeMOM
3a]1aui;

3. IMocTpoena Mmarematuueckast MOJIEIb MPOU3BOJICTBEHHO - JIOTUCTUYECKOM
CUCTEMBI MPEATPUSATHS.

4. BpIOpaH ONTUMHU3AIMOHHBIN TAKET JJI peaau3aliyu paccMaTpruBaeMoit
3a/1a4i 1 000CHOBAHO PELIECHUE JaHHOTO BHIOOPA;

5. OnmcaHbl HEKOTOPOE BO3MOKHOCTH, BHIOpAaHHOW BCTPOEHHOU (PYHKIIUU
NMaximize;

6. Omnmucansl MeTo el cpenbl Wolfram Mathematica, koTopeie HCIONB3yIOTCS
JUTSL peLIeHus 3a/1a4 JIMHEWHOTO MPOrpaMMHUPOBaHUS;

7. Tlomy4yeHbl KOHEUHBIE PE3YJIbTAThl pa0OThI PEATH30BAHHOM MPOTPAMMBI.
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3akJII04YeHue

ABTOpOM J1aHHBII pabOTHI paccMaTpUBaIach 3aa4a MOJACITUPOBAHUS
WHTETPUPOBAHHOM 1enu noctaBok Ha nmpuMepe OO0 "IIuBoBapeHHass KOMIIAHUS
bantuka". ChopmynupoBanHas 3a7ada sBISETCS aKTyadTbHOU B COBPEMEHHOM
MUpe, [ Npeod1alatoT PpIHOYHBIE OTHOLIEHHS. IMEHHO XOpOIIO pa3BUTAs
JIOTUCTUYECKAs CUCTEMA MPEAIPUITHS SBISIETCS €0 BAXKHBIM KOHKYPEHTHBIM

NpeuMyicCTBOM Ha PbIHKC.

OcCHOBHas CI0XHOCTb MPU MOCTPOCHUN MAaTEMATUUYECKON MOJIETH
3aKJII0Yaiach B YPOBHE JIETAIU3AIMU PACCMATPUBAEMOM MTPEMETHON 00JIaCTH.
D10 nMeeT OOJIBITYI0 3HAYMMOCTB IIPH BEIOOPE MEPEMEHHBIX U ITapaMETPOB
MOJIEIH, a TaKXKe MpU onucanuu orpannyeHuid. Ho ydecTs Bce pakTopsl,
BO3HMKAIONIEE MPU MTPOU3BOACTBE U MATEMATUYECKH OIMUCATh UX OUYEHB CIIOKHO.
DTO 00BICHSACTCS MOSIBICHUEM OTPOMHOTO YHCJIa UCXOIHBIX IAaHHBIX, YTO B CBOIO
o4depeib BIUSIET HA BRIYUCIUTEIbHBIN nporiecc. He kaxaplil Ja)xe MOIIHbBIN

KOMIIBIOTCP cIroco0eH CIIPAaBUTLCA C OTHUM.

ABTOpOM B JIaHHOH pabOTE paccMOTPEHBI OCHOBHBIE (DAKTOPHI,
BO3HHMKALOIIEE ITPU MPOU3BOACTBE. OHAKO, OCTAJICA U PSIT HEYUTEHHBIX
IIPOLIECCOB U sABJICHUM. HanpuMep, He Bcera cymecTByeT BO3MOKHOCTD Cpasy XKe
JOCTaBIIATh AUCTPUOYTOpPaM roTOBYIO MPOAYKILIHIO. DTO IPUBOIUT K MMOSBICHUIO
U3JIEP/KEK XPAHEHUS, KOTOPBIE TAKKE BO3MOKHO Y4YECTh B TaHHOU Monenu. Takxke,
K IpUMeEpY, B ¢(hOpMUPOBAHHON MOJEIH BO3MOXKHO PACCMOTPEHUE TaKUX
(akTOpOB KaK: TOMOJHUTEIbHBIE MOIIHOCTH MTPOU3BOJCTBEHHBIX JINHUN WIIH
00BEM HEAOTPY3KU TPAHCHOPTHBIX CPEACTB U T.J. YUET 3TUX (PaKTOPOB U
pacuIMpeHue paccMaTpuBaeMOM MAaTEMAaTUYECKON MOJENH SIBJISIFOTCSA MIPEAMETOM

JAIBHEUIINX UCCIIEIOBAaHUM aBTOPA.
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IIpuioxenne 1.

HNuaexcol

1 (* MHIEKCHI 3aBOJIOB *)

r (* mHACKCH (HOMEepa) BUAOB HCIOIB3YEMOTO ChIPhS *)

p (* MHIEKCHI TOCTaBIIUKOB *)

m (* HoMep neproja, B KOTOPOM MPOAYKT IPOU3BOIUTCS *)

J (* UHACKC MPOU3BOAMMOTO MIPOAYKTA *)

1 (* uHAEKC MPOU3BOICTBEHHON JTUHUHN *)

k (* uanexc guctpudyropa *)

n (* HoMep mepuo/ia, B KOTOPOM MPOIYKT MOCTABISIETCS AUCTPUOYTOPY *)

t (* TUII TPAaHCHIOPTHOT'O CpesIcTBA *);
IMapamertpsl

in=1; (* KonM4ecTBO 3aBOJIOB *)

rn=7; (* KOJIMYEeCTBO BUJOB CHIPbs *)

pn =8; (* KOJIMUECTBO MOCTABIIUKOB *)

mn=3; (* KOJIMYECTBO NEPUOJOB TOPU3OHTA MJIAHUPOBAHUS *)
tn=2; (* komuuectBo TUIIOB TC *)

Jn =5;(* KOIMUYECTBO MPOU3BOUMBIX MTPOAYKTOB *)

kn =7;(* konuuecTBO AUCTPUOYTOPOB *)

b[r ,p_,m ]:=r+p+m+10000 (* MakcuMaIbHO BO3MOKHBII O0BEM TTOCTABKU CHIPbSI T
MOCTABIIUKOM P B mepuoa m *)
w([j 1 ,m ]:=12/15 (* xorddumeHTs yTUIU3aIIN TPOU3BOICTBEHHON JTMHUH | 110
MPOJIYKTY ] B IEpHO M *)
Blj_,r_]:=j+r +10 (* 3aTpathl CHIPBSA I IPU MIPOU3BOACTBE CAUHUIIBI TPOTYKIIUU THTIA | *)
In[i_]:=1+4 (* xonMuecTB MPOU3BOACTBEHHBIX JTUHUI Ha 3aBOAC 1 *)
a[i ,1 ,m ]:=9000+i+]+m(* makcumaabHbIll 00BbEM MPOU3BOJICTBA JIUHKUHM | Ha 3aBOJIC 1 B
nepuoa m *)
d[j_k _,n_]:=j+k+n+1000 (* 06BEM cripoca Ha IPOAYKT j AucTpuOyTOpa k B meproa n *)
prli_,j_k_,n_]:=i+j+k+n+100000 (* meHa equHHIIBI B y.€. IPOAYKTA ], IPOU3BEACHHON Ha
3aBoJie 1 M AOCTaBiieMor JucTpuOyTopy k B mepuoa n *)
v[i,l ,j ,m ]:=i+l+j+m+30 (¥ ctouMoCTh MPOU3BOJICTBA SAMHUIIBI TPOAYKIIMH | HA JINHUU
| Ha 3aBojie 1 B meprog m *)
a[i_,r ,p ,m_]:=i+r+p+m +600(* cTOMMOCTb €UHUIIBI CHIPHS T, TOTYIAEMOTO 3aBOJIOM 1
OT MOCTABIUKA P B IEPHO M *)
v[t_]:=t+100 (*BmectumocTs TC THma t*)
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tr[t_,m_]:=t+m+9 (*nocrymHoe kon-Bo enunui TC t B mepuox m*)

tarl[i ,k ,t ,m ]:=i+k+t+m+50 (* Tapud B y.e. 3a UCIOIB30BAHNE STUHUILIBI
TPAHCIIOPTHOTO CPEJICTBA THIIA t HAa MapIIPyTe OT 3aBojia i o auctpudyropa k mms
JOCTaBKH MPOTYKITUH,IPOU3BEICHHON U IOCTABIIEMON B OJTHOM U TOM e mepuojie m *)
tar2[1 ,k ,t ,m ]:=1tk+t+m+55 (* Tapud B y.e. 3a UCIIOIB30BAHNE STUHUILIBI
TPAHCIIOPTHOTO CPEJCTBA THIA t HA MApIIPyTe OT 3aBoja i 10 AucTpudyTOopa k as
JOCTaBKH MPOTYKITUH,IPOU3BEIACHHON B TIEPHUO M U JOCTABIsIEMO TuCTpruOyTopy k B
MOCJICTYIOITUE TIEPHOBI *)

Ilepemennsbie

X[1,r,p,m] (* KOTUIECTBO €IUHUIL CHIPHS T, TIOJYIaeMOT0 3aBOJIOM 1 OT MOCTABIIHKA P B
nepuoa m *)

y[i,Lj,m] (* 06bEM mpou3BoACTBA MPOYKTA ] HAa JIMHUU | 3aBo/Ia 1 B iepuoa m *)

q[i,j,.k,m,n] (* 00BEM OTrpy3KH NPOIYKTA | C 3aBOJA 1 B IEPUOJ] M, TOCTABIISIEMBbIi1

nuctpubyTtopy k B mepuon n *)

z[1,k,t,m] (* KOIUYECTBO €AUHUI] TPAHCIIOPTHOTO CPECTBA THUMA t,UCIIOIB3YEMOTO JIJIsi
OTTPY3KHU MPOIYKIIUU C 3aBOJIA 1,TPOU3BEIACHHON U TOCTaBIsIeMOU TucTpudyTopy k
B OJTHOM U TOM K€ Meprojie m *)

s[1,k,t,m] (* komuuecTBO equuull TC TuNa t,MCMOaBL3yEeMOro JJisl OTTPY3KH MPOTYKIIHH C
3aBoJia 1,TPOU3BEJCHHON B MEPUO M U JOCTaBIsIeMoi quctpudyTopy k B

MOCJEAYIOIINE IEPUOBI *)
Pemrenne
vars = Flatten[{

Table ,,, , , ,in, ,jn, ,kn, ,mn, , ,

Table[ [, ,, 1{,in},{,In[]},{,jn},{ ,mn}],

Table[ [, , , L{,in}{ ,pn},{,m},{ ,mn}],

Table[{ [, ,, 1 [, ,, 1}h{,in}{ kn}{,tn},{ ,mnj]
H;

vars//Length (* mmaa*)
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NMaximize[{

(*ueneBas QyHKIUI*)

in jn kn

in In[]

tn
mn

(tar1;;1 y +tar2[1'1 ][1'

( OrpaHudYeHHs IO CHIPBIO THUIIA ZImocTaBIIMKa O MEPHO.

in

Tablel [, ,, 1< [, , L{,mh{,pn}{ ,mnj]

( YpaBHeHue OanaHca MOCTABOK CHIPbS M 00BEMOB MPOU3BOJICTBA HA 3aBOJIC

pn In[]
Table] [, 1- [, ] [,.,, 1=

=0,{,in},{ ,mn},{,rn}],

( OFpaHI/I‘—IeHI/I}I 110 MPOU3BOJACTBCHHBIM INHUAM O IICPHUO
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jn

Table] .. 1., I= [,, L{,iny{ ,mn}L{,In[ ]}],

( OrpanuueHus Mo MOCTaBKaM JUCTPUOYTOPY TMPOAYKIUU O MEPUOT )
in

Table[ Lo I= [, L4nh{  kp+Lknh{ ,mnj],

( bamanc mo o6bEmam Ipon3BOACTBA 1 00BEMAM OTTPY3KH )

In[ ] kn mn

Tablel [,,, |== [, » IL{,iny{,jn},{ ,mn}],

OI‘paI/I‘-ICHI/IH 110 COOCTBEHHBIM BaroHam

kn
Table] (.., I+ 1L,,, D==ul, L{,n}{ ,mnj],

( Orpanunuenus mo BMectumocTu TC*)

in n

Table[ (Lo, » D= [, [{,tn}{ ,mnj],
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Hpuiaoxenue 2.

Taoauna 3. OnTuMasbHble 3HaUYeHUsI 00HEMOB OTTPY3KHM (B Jasax) 1J4 3aBojaa B CaHKT -

IleTepOypre

Homep ™nN nepuog, nepuog,
3aBoga NpPoAyKTa | AUCTpUGYTOP | NpPOM3BOACTBA OTNpPaBKM 3HauYeHue

1 1 5 1 3 71,355
104,39
182,044
71,5057
103,837
234,15
277,46
498,39
71,8679
631,349
378,651
30,7726
347,662
632,566

RIR|IR|IRIRPRRR[R[R[R|[R|R|R
RlIRr|RRPRIRPRIRR[R[R[R|[R|R (R
NIN|N|[N|N[N[jojo|lo|o|o|u|w

WINFRLPINIFPIPIWIN (RPN R IWN
WIWIWINIINRFP W W IWININIWW

Tabauua 4. OnTumasnbHbie 3HAYEHUSI 00HEMOB TPOU3BOACTBA (B 1aJ1aX)

Homep
npoayKra NVHKUA 3aBoj, nepuog 3HayeHue
y 1 1 1 1 1111
1 1 1 2 1212
1 1 1 3 1313

Taoauna 5. OnTuMaabHBIE 3HAYeHUS KojandecTBa equaun TC

3aBog, | auctpmubytop | TMN TC | nepuopg, | 3HaueHue
1 1 1 2 12
1 1 1 3 13
Z 1 1 2 1 12
1 1 2 2 13
1 1 2 3 14

Tadauua 6. OnTumMasbHbIe 3HAYCHUS KOJIHYECTBA eAUHUL CHIPbS
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3aBog

TUN CbipbA

NOCTaBLW UK

nepuog,

3HayeHune

=

1

10004

10005

10004

10005

10006

10005

10006

10007

10006

10007

10008

10007

10008

10009

10008

10009

10010

10009

10010

10011

4540

5751

4439

5751

7063

5549

6962

8375

6659

8173

9687

7769

9384

10010

8879

10010

10011

9989

10011

10012

989

585

2300

1795

RPlRrlRPrPIPIPIRPIRPIP|IPIP|IP|IP|IPIPIPIPIPIRPIRP|IP|IP|IP|IPIPIPIPIPRIRP[RP|IRP|IRP|IP|IP|IP|IP|PIRPRP[RP|RP|R]|R|R

NiNOjoo|U | NIN[YN/ojogoofnfouujn | [ [PWIWIWINININ|IRIRPININIYoojocofwinjin|bd | [PILWIWIWINININ|E

wWlwlwlwlw|(p|v(v|INIvINIdINIMINIM NI NN RIRIRIRPIRIRPIRPIRPIRIRPIRPIRPIRIRIRPIR|IRIR]|R|R

WINIWINIWIWINIPWINIPIWINIPWINIPIWIN|IP[WINIP|IWRFRL WINIFPWINIPIWINIPRPWINP[WINERLWIN|IPW|N
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. 8
3nauenue neneBoit pynkimu: 1,31083*10°.
3HaYCHUS OCTAJIBHBIX IEPEMEHHBIX, HE YKa3aHHBIX B Ta0JIUIaX, HE

IMPUBOAATCA TAK KAaK 3THU 3HAYCHHUA OYCHDb OJIM3KH K HYJIIO.
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Hpuiaoxenue 3.

in=2; (* KOMM4eCTBO 3aBOJIOB *)

rm=14; (* KOIMYECTBO BUIOB CHIPHS *)

pn =15; (* KOTUYIECTBO MOCTABIIUKOB *)

mn=5; (* KOJIMYECTBO NMEPHOJOB TOPU30HTA INITAHUPOBAHUS *)

tn=5; (* komudyecTBO TUTIOB TC *)

jn =14;(* KOMMYECTBO MPOU3BOJUMBIX MPOTYKTOB *)

kn =10;(* komuuecTBO TUCTPUOYTOPOB *)

b[r ,p ,m ]:=r+p+m+80000 (* MmakcuMaIbHO BO3MOXKHBI 00HEM TTOCTABKHU CHIPHS
I TOCTaBIIMKOM P B TIEproa m *)

w[j 1 ,m ]:=12/15 (* koaduimenTs yTHIN3aUA MPOU3BOACTBEHHON JTMHUH |
0 MPOAYKTY | B IepUOa m *)

BlJ_.r_]:=j+r +10(* 3aTpathl ChIPbA I NPU MPOU3BOACTBE €AUMHUIIBI TPOTYKIIHH
Tumna j *)

In[i_]:=5(* konMuyecTB MPOU3BOJACTBEHHBIX JUHUN HA 3aBOJE 1 *)

a[i_,l ,m ]:=10000+1+]+m(* MmakcumanbHbIi1 00bEM MPOU3BOJACTBA JIUHUM | Ha
3aBojie 1 B mepuoa m *)

d[j_.k ,n_]:=j+tk+n+3000(* 00BéM cipoca Ha MPOAYKT j AUCTpUOyTOpa Kk B mepuon
n*)

pr[i_,j .k ,n ]:=i1tj+k+n+170000(* mena equHULIBI TPOAYKTA j, MPOU3BEICHHON Ha
3aBOJI€ 1 ¥ JIOCTaBIsieMon AUCTpuOyTopy k B mepuoa n *)

v[i,l j ,m ]:=itl+j+m+30(* cTouMOCTh IPOU3BOICTBA €IUHUIIBI TPOIYKIIUH | HA
nuHuu | Ha 3aBojie 1 B epuo m *)

afi_,r ,p ,m_]:=1+r+p+m +600(* cTOMMOCTb €TUHUIIBI CBHIPBS T, TOTYIAEMOTO
3aBOJIOM 1 OT MOCTABIIUKA P B IEpHO M *)

v[t_]:=t+100 (*BmectumocTh TC THma t*)

tr[t ,m_]:=t+m+9 (* noctynHoe kon-Bo exunuil TC t B meprox m*)
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