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AHHOTAIIUA

Jlextust npountana 30.12.2011. ansa acnupaHTOB M mpenogaBaTenel GpaKyibre-
Ta MaTEMAaTUKU U MH(OOPMATUKU YXaHBCKOTO TEKCTHJIHLHOTO YHHBEpPCUTETa (TFOpOj
VYxanb, Kutaiickas Hapoanast Pecriy0irka) Ha aHTJIHHCKOM SI3BIKE.

OcHOBHOE coJiep:KaHue JIEKIIUN COCTaBUJIM PE3YJIbTAThl UCCIeN0BaHu mpodec-
copa A.H.MnpueHko u e€ y4eHHKOB MO MpobieMe BHEAPEHUS METOIAOB dKOHOMHKO-
MaTeMaTHYE€CKOT0 MOJEIMPOBAHUS B IPAKTHUKY YNPABICHUYECKOW AECATEIBHOCTH Ha
YPOBHE OTPACIIN MPOU3BOJCTBA, TEPPUTOPHATBHO-IIPOM3BOICTBEHHOIO KOMILUIEKCA U
PErMOHAIBHONM 3KOHOMMKHU. OTIENbHbIE BOIMPOCHl M YACTHBIE PE3YyJbTaThl OBLIN
OMyOJMKOBAHbl B POCCUMCKUX HAYYHBIX W3JAHMUSIX Ha MPOTSDKEHMM JBAALATH JIET
(1990 - 2010.r.). B kpaTkoM, KOMIAQKTHOM H3JIOKEHHH MaTepHall MyOIHUKyeTCs
BIIEPBBIE.

B noaroroBke u odopmieHUN MaTtepHralia Ajs e4aTd aBTOpY MOMOTaIu MPemno-
JaBaTeIM YXaHbCKOTO TeKCTUIbHOrOo yHuBepcureta: Jlo JlxeitH, Csan Cso-ran, X3
Bsit 1 IBaHOBCKOT0 XMMUKO-TEXHOJOTHYECKOr0 YHUBepcuteTa: ['omoBaueBa O.A. u
Kcenodontoa O.JI.

IIpencraBieHHblil Matepuan OyAeT MOJE3€H CTYJIEHTaM M MarucTpaHtam, oOy-
YaIOIMMCS IO YKOHOMUYECKUM HaIPaBICHUSAM, MIPENOAABATENSAM U aCIIUPAHTAM JKO-
HOMHMYECKUX BY30B, NMPAKTUYECKUM MEHEIKEPAM PETHOHAIBHOTO YPOBHS YIIPaBIIE-
HUSL.



OcHOBHBIE pa3acbl

1.  OcHoBHblE MOHATHS U ONpPEIEICHHUS] TEOPUHU ACKOMIIO3UIIMK 3a]a4 MaTeMaTH-
yeckoro nporpammupoBanusi. CopeprkaHue 3aaul UCCIeOBaHUS KaK 3aJa4u COTJia-
COBaHUA YIPaBICHYECKUX PEIICHUN B IKOHOMHUKE.

2.  TpeOGoBaHUS MPaKTMYECKOIO MEHEI)KMEHTa K KaueCTBY pELICHHS 3aJaud OIl-
THUMM3ALNN YIPABIECHYECKNUX PEIICHHM.

3. T'mmote3a o pa3penuMoCTH MpoOIeMbl pa3MepHOCTH. JleKoMIo3ulus 0J109HOM
3a/1a4¥ JTMHEHHOTO IPOTPaMMUPOBAHUSI.

4. Teopust coryiacoBaHusl TUIAHOBBIX pemieHud. J[Ba cmocoba JeKOMMIO3UIIUN
0JIOYHOM 3adaund. DKOHOMHYECKAs WMHTEpHpeTalusi alropuTMa JIeKOMMIO3UIUU KaK
Mpoliecca CoriacoBaHus IJIaHOB B IBYXYPOBHEBOW CUCTEME YIIPABICHUS .

5.  Mogenb cornacoBaHusi ONTUMAIbHBIX [JIAHOB MPOU3BOJICTBA JIJISl IBYXYPOBHE-
BOW CHCTEMBI YIIPABJIEHUS C TOPU30HTAIBHBIMU CBS3SIMU.

6.  AnroputMmuzanus MOJEIU COTJIACOBAHMS YHPABIECHUYECKUX PELIECHUH ISl TeK-
CTWJIBHOM OTPACIIH.

7.  DKcHepuMEHTalIbHOE KOMIBIOTEPHOE MOJIETUPOBAHUE.

8.  Pacmmupenue wmozenu COTIacoBaHUS IS ONTHMHU3AIMU CTPATETHYECKOTO

YIIPABIICHUSI arpoONpPOMBIIIIIEHHBIM KOMIUIEKCOM PErMoHa. YUET HEONpeNeIEHHOCTH
BJIMSIHUS TTOTOJHBIX YCIOBUM HA YPOKAUHOCTb.



BBenenue

BHauasie HECKOJIBKO CJIOB O Ha3BaHWHU JIEKIHMHU. TEPMUH «IPOKIATHE PAa3MEPHO-
cTH» BBEN aMepuKaHCkuii MmaTtematuk Puuapn bemman (1920 - 1984)astop Teopun
JUHAMHAYECKOro mporpammupoBanusd. Ho k MoeMy HcclieoBaHUIO 3TOT TEPMUH TOXKE
noaxoaut. CMbICA B TOM, YTO XOPOLIO pa3paOOTaHHBIE B TEOPUH, MAaTEMaTHUECKHE
METOJbl ONTUMHU3ALMHU YIIPABICHUYECKUX PEIICHUH, IPU BHEIPEHNUN B MPAKTHYECKYIO
NEATEIbHOCTh MEHEKEPOB, HATAJIKMBAKOTCA HA HENPEOJOJIMMbBIE TPYIHOCTH, Ipe-
MATCTBYIOUIME UX NMpuMeHeHuto. Ha HeOonblnxX yd4eOHBIX MOAENAX 3KCIepUMEHTa-
TOp BCE MOHMMAET, a HAa pealbHBIX «OOJBIINX» MOJENISIX BO3HHKAIOT Takue UHGOp-
MAaIMOHHBIC TIPOOJIEMBI (C YYaCTHEM <«METIOBEUECKOTO (PaKTOpa»), YTO MOJIYUHUThH OII-
TUMAJIbHOE PEIICHUE B MPUEMJIIEMBIE CPOKH HE MPEJICTABIISIETCS BO3MOXKHBIM. BbIco-
Kasi CKOPOCTb pabOThI KOMITbIOTEpA HE TOMOTAET.

Jleno B caMoOil CyITHOCTHM MaTEMATUYECKOW DKOHOMMKH, KOTOpasi COCAUHSET JABE
HayKH: TOYHYIO —MaTEMAaTHUKy, 1 HETOUHYIO, OIUCATENbHY — 3KOHOMHUKY, TJI€ IJ1aB-
HBIW JCHCTBYIOIINI JIEMEHT — YeJIOBEK, IUIIO, MpUHUMarotiee perrenue» (JITIP).

Marematnueckasi MOJIETb — 3TO COBOKYITHOCTh YPAaBHEHUI U HEPABEHCTB, KOTO-
pbie 0TOOpaxaroT (PyHKIIMOHUPOBAHUE PEATHHOTO0 O0OBEKTAa B SKOHOMHKE: MPEANPH-
ATHSI, OTPACIIM MPOU3BOJICTBA, PErMOHA. MOJAENb CTPOUTCS JJIA TOTO, YTOOBI C TOMO-
IIBI0 KOMITBIOTEPHBIX 3KCIEPUMEHTOB yIyuluTh padoty JIIIP: mpencka3ate pa3Bu-
THE 00BEKTA B OyIyIeM; BRIOPATh HAWITYUIIHA BAPUAHT Pa3BUTHs (ONMTHMAIbHBIN) U3
MHOTHX BO3MOXKHBIX (HOMyCTUMBIX). TakuM 00pa3oMm, MOAEIh HYKHA MEHEIKEpY,
9YTOOBI TIPOBOJUTH BBHIYUCIICHHS C PEabHON YHMCIOBOM AKOHOMHUYECKON MH(MOpMAaII-
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UTo0BI ¢ MOJENBIO MPOBOAUTH KOMIBIOTEPHBIE AKCIIEPUMEHTHI, HAyKa MaTeMa-
THUKa TPeOyeT TOUHBIX YMCIIOBBIX JAHHBIX, & SKOHOMUYECKAs TPAKTHUKA TOUHBIX YHCEI
JaTh HE MOXET. DTO OOBEKTUBHOE MPOTUBOpEUHUE, MpoOIeMa MaTeEMaTUYECKON IKO-
HOMUKH, KOTOpasi MPENIATCTBYET BHEJIPEHUIO XOPOIIMX TEOPETUUYECKHX MOJENEH B
MpakTUKy MeHekMeHTa. [IpoOnema oboctpsaercst st Mmojeneld 00bIION pa3MEpHO-
CTH, COJIEpKAIMX COTHU M THICAYU IEMEHTOB, UTO COOTBETCTBYET PEATBHOMY MHO-
roo0pasuio B3auMOCBSI3€H 3JIEMEHTOB BHYTPU 3KOHOMUYECKUX OOBEKTOB. DTO U €CTh
IPOKIIATHE PA3MEPHOCTU.

Hayunas paboTa, 0 KOTOpOoil MOMAET peub Aajiee, OTHOCUTCS K pa3Jeily MaTeMa-
TUYECKOU SKOHOMHUKH, KOTOPBII Ha3bIBAETCS <«MAaTEMATHUYECKOE MPOTPaMMHUPOBAHUE.
Ota paboTa xapakTepHa T€M, YTO B HEE BKJIIOUEHBI MOU PE3YJIbTaThl, OJyYECHHBIC Ha
BCEX TPEX ATanax TEXHOJOTMH MOJAEIUPOBAHUS MOCTPOECHUE MOJENEH U MaTeMaTu-
YECKHUX JITOPUTMOB IOJIYYEHUs ONTUMAIbHBIX PELICHNUI; NHCTPYMEHTAIbHAS pealu-
3alUsl ATOPUTMOB, T.€. KOMIIBIOTEPHOE MPOrPAMMHUPOBAHUE; MPAKTUYECKOE MPUME-
HEHHUE 3TUX pa3pabOTOK AJisi MEHEI)KMEHTA Ha YPOBHE OTPACIM MPOMBIIIJIEHHOCTH B
macirade ctpansl (CCCP) u pernona (MBaHoBckast 001acTh).



Paznen 1.0cHOBHDBIE TOHSTHS. Couepmanne 3aJaum UCCJIeaoBaHusl.

B Teopun mMareMaTH4eckoil SKOHOMHKH XOPOIIO U3BECTHA 3aj1a4a MaTeMaTH4e-
ckoro nporpammupoBanus (MII):

f(X) - extr , (1)
g'(X)<b', (2)
X 20,

rae X =(X,X,,, X,) ~ IEPEMEHHEIE,
f — dynkus neau (Mmax, min),
g'(i=1m)- (GYHKIMHA OTpaHUYCHHH,

b' (i =1, M) — IMMUTBI OrpaHHYCHHUIA.

3anaya (1)-(2) MOXKeT MMETh MHOXECTBO PEIICHHUIA MM OHO €IMHCTBEHHOE pe-
IICHUE WK HE UMETh perieHus. B aTom ciydae cuctema orpannueHuii (2) Ha3pIBaeT-
Csl HECOBMECTHOH, a 3aaya (1) - (2)Ha3biBaeTcst Hepa3pemmMoi. 11 IpakTHIecKoro
MEHEDKMEHTA MMEET 3HaUYeHHUE TOJbKO paspermMas 3aaada (1) - (2),y xoropoii nme-
eTCs SIMHCTBEHHOE pelicHue. B TepMuHax SKOHOMHUYECKOW Hayku 3anada (1)-(2) Ha-
3BIBACTCS <3ajjadya ONTHMHU3ALMHU YIPABICHYCCKUX PEIICHUI» WIIN <3ajada ONTHMHU-
3aIiy TUTAHUPOBAaHUSI». [|JIst 3TOTO €CTh CBOE 0OBSICHEHHE.

®opmansHoe onucanue (1) - (2) oTpakaeT MPAKTHYECKOE COACPNKAHUE OCHOB-
HOW 3a/1a4¥l yIpaBJICHUS 3KOHOMHUYECKUM OOBEKTOM: ONTHUMH3AIINsS MPOU3BOICTBEH-
HOW MPOrpaMMbI C b0 MOJYUYCHHS] MAaKCHUMAaIbHOW MPUOBLIM, €CIIM BBECTH Clie-
JYIOIIUE TOMYIICHUSI:

N - KOJMYECTBO BUI0B IIPOU3BOIUMOM MPOIYKIIHH;

M- KOJIMYECTBO BHJIOB MCITOJIb3YEMBIX PECYPCOB;

X, (j= l_n) - 00BEMBI MPOAYKITUH TI0 BUAM,
bl (i =1,m) - 0GBEMBI MIMEIOLUXCS PECYPCOB;
gi (i =1,m) - TEXHOJOTMYECKHE 3aBUCHMOCTH MEXIy POAYKIHEN U PECYPCAMU;
f - dKOHOMHUYECKAs I1eJIb MPOU3BOACTBA (IIPUOBLIB).
Penmuts 3amauy (1)-(2): HaiiTi Takoif BekTop X, MPH KOTOPOM BBITIONHSAIOTCS

Bce ycnoBus (2), a ynkiusa f(X") =maxf(X). B Matematuke BekTop X* Ha3bIBaeTCs
«ONTUMAIILHOE PEIICHHUE», @ B YKOHOMUYECKON HayKe BEKTOp X* Ha3bIBACTCS «OITH-
MaJIbHBIH IIIaH.

Jlns perrenus 3amaun (1) - (2) B oO1ieM BUIE HE CYIIECTBYET OJHO3HAYHBIX aJl-
TOPUTMOB, YTOOBI 32 KOHEYHOE YHCJIO IIAroB MOJYYHTh ONTHMAJIbHOE pemicHue. Ta-
KOH aJlTOPUTM CYILIECTBYET I IpocTeiiiiero BapuanTa 3agaun (1)-(2), korma f

U g -JIuHelHble QYHKIMH. DTO 3a7a4a JUHEHHOTro nmporpammupoBanus (JII1):



cX - max(min), (3)
AX <b, (4)
X =20,
rae X —BEKTOp IICPEMCHHBIX,
A- maTpuia OTPAHUYCHHH,
c (Ln),b (4, m) — BekTOpHL
AJITOPUTM HA3bIBAETCS «CHUMIUIEKC-METO/I», OH PEaIn30BaH BO BCEX COBPEMEH-
HBIX O(UCHBIX KOMITBIOTEPHBIX MPUKIAJIHBIX IMPOTpaMMax, HaIpUMeEp MS Excel.
OnTuManbHOE pelleHue Bcerga OyAeT HalIeHO, €CliM OHO CYIIECTBYET ISl 3aJauu
(3)-(4). B npoTuBHOM cllydae HY)KHO KOPPEKTHPOBATh 3aJaHHbIC HapaMeTpsl: A, ¢, 6
U TBITAaThCS CHOBA IOJIYYHTh onTUMaibHOe pericHue. (CHavana GopmalbHOE MaTe-
MaTHYECKOE PEeIICHHEe, a MOTOM IMOAXO/AIIee SKOHOMUYECKOe perieHue). Takoe pe-
IIEHUE JTOJKHO OBITh OCHOBOM JJIsi MEHEDKMEHTA — 3TO HaWJTydIllas TPOU3BOCTBEH-
Has IporpaMma Ha INIaHUPYEMBIN TIEPUO/I.

Pa3nen 2. TpeGoBaHusi NPaKTHYECKOT0 MEHEIKMEHTA
K Ka4eCTBY pelleHusl 3a1a41 ONTHMH3AINU

UToOBI MCTOIB30BaTh ONTHUMAIIBHOE PEIICHHE B MPAKTUYECKON padoTe MEeHen-
kepa (pa3paboTKe IUIAHOBBIX 3aJaHMK JIJIS MPOM3BOJICTBA), pa3pabOTYNKOM MOJIEITH
JIOJKHBI OBITH BBITIOJIHEHBI TPEOOBAHUS:

- 3HQYCHHUS BEIUYMH X~ JOJKHBI OBITH MTOJAXOSIIUMU JIJIsI IPOU3BO/ICTBA,;

- MMOAXO/ISIINX TUIAHOB X~ JOHKHO OBITH HECKOJIBKO BApHAHTOB VISl BBIOOPA,;

- pacueT OYEpPEIHOI0 BapHaHTa Ha KOMITBIOTEpPE HE JOJDKEH 3aHUMAaTh MHOTO
JUYHOTO BPEMEHHU Y MEHEKEpa,

- mapameTpsl N, M JTOKHBI JOCTATOYHO IMOJTHO OTPa)KaTh MAcIITaObl MPOU3BO/I-
CTBa.

Pa3paboTunk Mojenu (C HCIOIb30BAaHMEM KOHKPETHBIX YHCIOBBIX JIaHHBIX),
yTOOBI BBITIOJIHUTE TpeOoBaHusi 1 - 4 ,cam TpeOyeT OT MEHEeKepa BHITIOJIHUTh YCIIO0-
BHSI:

- HCXOHas MH(POpMAIUs TOJDKHA OBITh MONHOM (KaJIeHJapHbBIE CPOKH, 0OBEMEI,
MacIITaObl POU3BOICTBA);

- pa3HbIe MCXOJHBIC JaHHBIC JOJDKHBI OBITH COIOCTaBMMBI MEXKIY coOoi (emu-
HUIIBI U3MEPEHUS, aCCOPTUMEHT),

- YHCJIOBBIC 3HAYEHUS B3aMMOCBSI3aHHBIX MMOKa3aTesel MTOKHBI ObITh cOanaHCu-
POBaHbI (JIMMUTBI PECYPCOB, MPOU3BOCTBEHHBIC HOPMATHBBI).

UtoOb! BBIIOHUTE Bce TpeOboBanuss 1 -4 u 1 - 3, He0OX0aUMO MPOBECTH pa-
00Ty «BpYyYHYIO», ITyTEM IIEPETOBOPOB MEHEIKEpa W MaTeMaTHKa, IyTEM MHOTO-
KpaTHOM KOPPEKTUPOBKH HCXOJHBIX 3HAYCHUM 3aJaHHBIX IMapaMeTPOB MOJIEIH
(3)-(4). D10 HEOOXOAMMO, YTOOBI OOECICYUTh CYIIECTBOBAHNE ONTHMAILHOTO pellie-
Hus 3a1a4u (3)-(4) v ero npueMIeMOCTb JUTS YCIOBHIA MTPOU3BOICTBA.



Ecim NM<30, 10 KOppeKTHMPOBKM MOTLYT 3aHATH HECKOIBKO aHel. Eciu
n,m= 200, kak GbIBaeT B 3a/auax peaabHON SKOHOMUKH, TO IEPErOBOPLI U KOPPEK-
TUPOBKH MPEBBIMIAIOT pa3yMHbIe CPOKH. ONTUMATIBLHOE PEIICHUE C UCIOJb30BaHUEM
MOJIEIN YK€ HUKOMY HE HY>KHO.

B sTOM 3aKkiroyaercs <«aIpoKIATHE Pa3MEPHOCTH» IPU BHEAPEHUH TEXHOJIOTUU
SKOHOMHKO-MAaTEMAaTHYECKOTO MOJEIUPOBAHNS B MPAKTUKY IJIAHUPOBAHUS U yIIPaB-
JICHUs TPOU3BOJICTBOM. Eci Mojens ManieHbKas (IPUMUTHBHAS B TPy0ast), TO ONTH-
MaJIbHOE PEIICHUE MOXHO TOJIYYHTh JIETKO B ObIcTpo. Eciu Monenb Gombinas (mog-
pOOHasl U TOJIe3HAs), TO PEIICHHE 3aIyThIBACTCS B TIEPErOBOPAaX U KOPPEKTHPOBKAX.
DTOT mpoiiecc Hemb3s (popMain30BaTh MaTEMATUIECKU.

Pazjnen 3. T'unore3a o pa3pemiumMocT MpPooJieMbl pa3MePHOCTH.
JlekoMnmo3uuus 0JIOYHOM 3a1a4n

VYka3aHHOE TPOTUBOPEYHE MEKAY TEOPUEH U TPAKTUKOH HDKOHOMHKO-
MaTeMaTHYECKOTO MOJEIHPOBAHHUS WMEET OOBEKTHBHBIN Xapaktep. llepBuunas pe-
aJlbHasE SKOHOMHUYECKass MH(OpMalnus UMEeT OOBEKTHBHBIC HEIOCTATKU. BbICOKas
CKOPOCTH pabOThI KOMITBIOTEpPA HE MOMOTAET MPH COTVIACOBAaHMHM WH(POPMAIMOHHBIX
KOH()JTUKTOB.

Teopetndeckas TUIIOTE3a O Pa3pEIIUMOCTH MPOOIEMBI Pa3MEPHOCTH CBOJUTCS K
000CHOBaHHMIO BO3MOXKHOCTH perienus 3amaaun JIIT (3)-(4) mo gactsM, TO ecTh pe-
IIaTh CEPUI0 «MAJICHBKHUX» 3a/1a4 JIJISl TIOJTYUYSHHS OHOTO PEUICHHS «OOBIIOI» 3a/a-
gu. YUToOBI BMECTO «OOJBIIOr0» YCTHOTO COTJIACOBaHMUS WH(POPMAIMOHHBIX KOH-
(JITMKTOB IPOBOJIUTH CEPHIO «MAJICHBKHUX» COTJIACOBAHHMIA, KOTOPBIC HIYT OBICTPO.

YHUBEPCATBHBIN AITOPUTM «CHUMILIEKC-METO/Ia» HE JO0MYCKAeT PEIICHUS 3a1a4n
JIIT (3)-(4) no wactsMm, Toyibko TienukoM. O HAKO T 3a7ad OJIOYHOTO BUA Teope-
TUYECKH JI0Ka3aHa BO3MOXHOCTh pacuJIeHEHHs OOIIel 3a1auu Ha Psijl JIOKAThHBIX 3a-
Ja4 MaJiol pa3MEepHOCTH. ITO METOJbI AeKoMIo3uIuu. CyTh METOa TEKOMIIO3HIIHH:
BCE JIOKAJTBHBIC 3a[]a4d PEIIAIOTCS C MOMOIIBI0 «CHMITIEKC-METO/1a», TONYYCHHBIC
JIOKaITbHBIE ONTHMYMBI OOBETUHSIOTCS B €IMHOE MHOXECTBO, MTPOBEPSIFOTCS HA COOT-
BETCTBHE II00ATFHOMY KPUTEPHIO onTHMH3AIHA. [Ipr He0OX0AMMOCTH BBITIOTHSIETCS
KOPPEKTUPOBKA MapaMeTPOB JOKATBHBIX 33734 (3TO MOXXHO aBTOMATHU3UPOBATH), 3a-
TEM TIOBTOPSIIOTCS BCE PACUETHI JIOKATBHBIX 3aJ]1a4, CHOBA MPOBEPSIIOTCS Ha COOTBET-
CTBHE TJI00ATLHOMY KPUTEPHUIO U T.1.

Takum 00pa3oM, MOXHO CBECTH K MHUHHMYMY JUTUTEIIbHBIC WH(POPMAIIMOHHBIE
COTJIACOBAHHS MEXIY Pa3pad0TIMKOM MOAEITH W MEHEIKepOM. B HEKOTOPBIX ciyda-
X WX MOYKHO TOJHOCTHIO aBTOMATHM3HMPOBATh. | aBHAsl TeopeTHUEcKas TPYAHOCTb:
croco0 CBS3BIBAHUS MPOMEKYTOUHBIX PE3yJbTATOB PEIICHUS JIOKAIBHBIX 3a7ad B
SIMHYIO TIeTIh PACUETOB U 00ECIICUEHUE CXOIUMOCTH PsIJIa TIPOMEKYTOUYHBIX PEIICHUN
(cymMMBI BceX JIOKQJIBHBIX ONTHMYMOB) K IJIOOATBRHOMY OnTHMyMy. J[ist aToro wc-
MOJIL3YIOTCS IBOMCTBEHHBIC ITEPEMEHHBIC.



Pa3znen 4. Teopus corsiacoBaHusi NJIAHOBBIX PeLIEHUIA.
JIBa cnoco0a 1eKOMNIO3MIUU 0JIOUYHOM 3a1aUu

Jliis mo6oii 3amayn JIIT (3)-(4) Bcerna cymecTByeT aBoiictBenHas 3aaayda JII1 (5)-(6):

cX - max, (3)
AX<b, (4)
X =0.
bY - min, (5)
YA >c, (6)
Y =0.

3nech: Y (L_m) - BEKTOp JBOMCTBEHHBIX mepeMeHHbIX; A (mxn) - TpaHCIOHHPO-
BanHas Matpunia A. IIpu stom, cX” =bY"” B Toukax ontumyma. OnNTHMaIbHBIC 3HAYE-
Hust YT UMEIOT Ha3BaHHS. JIBONCTBEHHBIE IIEPEMEHHBIE, IBOWCTBEHHBIEC OLIEHKH Pe-
CYpPCOB, OOBEKTHBHBIC OIICHKH, «TE€HEBbI€ ICHBI». IIpM pelIeHHH Ha KOMIIbIOTEpE
3HaueHUuss X° W Y BBIYHCISIOTCS OJTHOBPEMEHHO.
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Puc.1. MaTpuua orpan@uenuii 6;104HoI 3agaun

HanmoMHUM SKOHOMMYECKMH CMBICH 3HAYEHHUM [BOWCTBEHHBIX IIEPEMEHHBIX.
KomnonenTsl Bekropa Y*, T.e. (Y1, Y2,.-., Ym) COOTBETCTBYIOT CTPOKAM MATPHIIbI
A nipsimoit 3amauu JIIT (3)-(4), st onTumansHoro miaHa X* KaxIblii KOMIIOHCHT BEK-
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Topa Y*, T.e. V (i = J,m) 03HAYAET CTENEeHb NEePUIIUTHOCTUA WIA U3OBITOYHOCTH pecyp-

ca bi(i = l_m)’ T.€. «HaNMPSHKEHHOCTH» ONITUMAJIBHOTO TIaHa X*.

ITepeitnem k onwucanuto OsouHoi 3amgauu JIII, 4TOOBI MOSACHUTH Kak paboTaer
METO/] IEKOMIIO3HMIINHN (paCUICHEHHUsT) «OOJIBIION» 3aaui Ha PSAJT «MaJTbIX».

brnounas 3amaua JII1 umeer mMaTpuily orpaHudeHui kak Ha puc. 1. 37ech. TeM-
HBbIC Y4YaCTKH — 3TO HeHyseBble kodhduuments;; b u € — Bektopsr u3  (3)-(4);
K — xonudectBo 010Kk0B (4acteit) marpunbl A; D — yacth orpanuuenuii (4), odmas
JUTA BCeX OJIOKOB.

cX - max, (7)
A(l)x(l) + A(Z)x(Z) ot A(K)x(K) < b(l+K) ’ (8)
AP X <pb®, (9)
X =0.
c®X® _ max, (10)
AR X 0 < pk (11)
APRX K < bR, (12)
X =0

3necs: X = (X9, X@,..., x®): b= ©©, b?,..., b, b®); b® = 3pe0
k=1

MaTtemaTtraecku Omounas 3amada JIIT moxxet ObITh 3anucana B Buue (7), (8), (9).
Ecmu ee pa3nenuth Ha OJOKH, TO KaXIIbIi OTJCIIbHBIA OJOK MOKHO 3aICaTh B BUJIC
nokaneHOM 3amaun JIIT (10), (11), (12)ITpu sTtom pasaeneHun obmuii 6ok D, T.e.
ycnoust (9), Toxke pasnenurcs Ha K wacrteil. JIokalbHbIe TUMHTBI OOIIUX PECYpPCOB
b®¥ k=1,..,K, HY>XKHO MOJ0UpaTh MO CHEUUATbHON METOAUKE, YTOOBI BBITIOIHSI-
JIOCh YCIIOBUC

b4 = (13)

TUTSL KXKJIOW CTPOKU U3 TPYMIBI orpanudeHuii D.

IIporece MOKCKa ONTHMAIBHOro pemenus mist 3agadn (7), (8), (9)X = (X&',
X@ . X¥) cocront u3 L maros (I = 1, 2,...,L). Ha nepom mare (| = 1) BoiGupaem
b® 4 (k 1, 2,...,K) npou3sBosibHO, HO TIpu coOmroaeHuu yciaopus (13). Pemaem cum-
mIeKC-MeToa0M Bce jokanbhbie 3agaun (10), (11), (12)0auako 00beUHEHHE BCEX
nokanbaex omrtumymoB (X, X@ . X®) eme He sBusercs omtumymom 3aaun
(7), (8), (9).ns BeimonHenus BToporo mara (| = 2) Hy)kHO KOpPEKTHPOBATh JTIUMUTHI

(k=1, 2,...,K) u cHoBa perrats Bce K 0KalbHBIX 3aj1a4, YTOOBI MPUOIHKATHCS
K onTuManbHOMy many X o6mieit 3agaun (7), (8), (9).

Jloka3aHoO B TEOPUU MAaTEMATHUECKON SKOHOMHUKHU: €CIIH BMECTO PEIICHHUs 3aja-
uyn (7), (8), (9) wenukom», pemaTh rpymmy jJokanbHbix 3amad (10), (11), (12 ox-
HOBPEMEHHON KOPPEKTUPOBKOW 33JJaHHBIX IMapaMeTpoOB Ha KaXKJIOM |-OM miare pac-
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4E€TOB, TO MOKHO IOCTEIICHHO MPHOIM3UTHCS K ONTUMAILHOMY PEIIEHHI0 O0IIei 3a-
nauu (7), (8), (9)xak cyMMBbI JIOKATBHBIX OITUMYMOB.

[paBuo st KO})peKTI/IpOBKI/I mmuroB b®Y: mocne xaxmoro |I-ro mara 3naue-
HUS IMapaMeTPOB b samensrorcs ma A®9 xp®N | rre AY - 3HaueHHs ITBOWCTBEH-
HBIX TIEPEMEHHBIX B JIOKAIBHBIX 3a1a4yax u3 npeapiayimero (I — 1)To mara. [Tpu sTom
nosbie 3nauenns b®% (k = 1, 2,...,K) coorsercraytor ycnosuio (13). [ToTom cHoBa

peraTes Bee JokanbHbIe 3amaun. | = 2, 3,...IIpomuecc 3akanunBaercs, korma A
BBIPABHMBAIOTCS TSI BCeX K JTOKAIBHBIX 3a7a4 110 OJHOMMEHHBIM OTPaHUIECHHUSAM IS
o 1 * 2 * K * *

rpymsl yenosuit (9), T.e. moce miara | = L (X( XM )=X.

OTOT aITOPUTM HA3BIBAETCA «IEKOMITO3UIUA Yepe3 pecypch». ABTopsl: . Kop-
Hau, K.A. barpuHoBCKui.

Jlpyroil ajroputm Ha3bIBAETCS «IEKOMIO3ULIMS Yepe3 LEHBbI». ABTOpHI:
Jx. Hannur, I1. Bonsd. OH nokaszan s 6JI0YHBIX 33724 ¢ MAaTpPHUIlEH OTpaHUYEHUN
Kak Ha puc. 2.

7
%

Puc. 2. MaTtpumna orpanunveHnuii 6,I04HOM 3a1a4un
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3nech JBOMCTBEHHBIE IEPEMEHHBIE HCIIONB3YIOTCS i KOPPEKTUPOBKHU JIOKAIb-
HBIX [IEJIEBBIX (QYHKIMIA Ha KaXKIO0M |-M mare uTepaTHBHBIX pacueToB.

AJTOpPUTMBI JAEKOMIIO3UIIMK MOTYT OYE€Hb YCKOPSAThH IMPOLIECC COTJIAaCOBaHUS U
KOPPEKTUPOBKU UCXOHBIX YHCIIOBBIX MapaMeTpoB Mojeiu (3)-(4). 3To 04eHb BaKHO
JUTSE TPAKTUYECKOTO MEHEPKMEHTA, MMOTOMY YTO ONTHUMAJIbHBIA «OOJBIION IJIaH T0-
my4daetcst ObICTpO. PaboThl «BpyUHYI0» CTAI0 MEHBIIIE.

UToOBI MEPENTH K KOMITBIOTEPHOW aBTOMATU3AIMH TpoIlecca UHPOPMAIIMOHHOTO
COTJIACOBAHUS TUIAHOBBIX PELICHHM, HY>KHO MPEOAO0JETh eE OAHY TPYIHOCTh. AJro-
PUTM JI€KOMIIO3ULIMK TPENIOJIaraeT CyIIeCTBOBAHME HAYalIbHBIX JOMYCTUMBIX ILia-
HOB JIJIsl BCEX JIOKAJIbHBIX 3a/1a4. Ha si3bike MaTeMaTUKU 3TO O3HAYAET, UTO CUCTEMBI
orpanndennii (11) - (12)pa3pemnmmbl 1 UMEOT popMalibHOE perieHne. HamomuHaro,
YTO pedb UAET O KOHKPETHBIX MOJIEISAX C PEealbHBIMH YHMCIOBBIMU JaHHBIMU. Yarie
BCETr0 JJOIMYCTUMOTO PELICHHS HE CYIIECTBYET U3-3a HECOTJIaCOBAHHOCTH JIaHHBIX. JTO
O0OBEKTHUBHBIE HEIOCTATKU CTATUCTUYECKON HH(POPMAIUH.

MHo10 OBUT pa3paboTaH aJTOPUTM TIOUCKa (JIOKATM3aIMK) TPUYAH OTCYTCTBHSI
JOMYCTUMOTO PELICHUSI U KOPPEKTUPOBKU UYUCIIOBBIX MapaMETpPOB MCXOJHOHN 3a1adyu
TakKUM 00pa3oM, YTO CYIIECTBOBAHUE AOMYCTHUMOIO pellleHus rapantupyerca. OO0
3TOM Oy/IeT pacCcKa3aHo MOAPOOHO B CIEAYIONIEM pa3Jiele.

Takum oOpa3om, B pe3ysibTaTe MPUMEHEHUS TIEPEUUCIICHHBIX aITOPUTMOB MOXK-
HO aBTOMAaTHU3UPOBATh HA KOMIIBIOTEPE JEKOMIO3UIMI0 <«Oonbimoi» 3amaun JIIT
05104HOM CTPYKTYphl. Jlaxke mpu Hamu4Iuu OOBEKTHBHBIX HEIOCTATKOB B HCXOJHOM
HPKOHOMHMYECKONH WH(GOPMAIMA MOXHO aBTOMAaTHYECKH TOMYYUTh ONTHMAJbHOE
YIPABICHYECKOE PEIICHUE I «OO0JBIION» MOJEIH peallbHOr0 00bekTa (Miau OJu3-
KOC K ONTHMAaJIbHOMY — «KBa3WONTHUMAJIBHOE» C 3aJaHHOM TOYHOCTHIO). J[ist aToro
HY’)KHO pa3padoTaTh KOMIBIOTEPHBIE MPOTPAMMBbI PEATH3AINH «ICKOMITO3UIIMU» H
OOBEAMHHUTDh MX C «CUMIUIEKC-METOA0M». BbICOKasi CKOpoCcTh pabOThl KOMIBIOTEPA
MTOMOYKET MPEOJA0IETh MPOOTIEMY «IIPOKIISATHUS PA3MEPHOCTH.

Jlanee s pacckaxy, AJisi KaKOW peaqbHOM KOHOMHUKO-MATeMAaTHUeCKONH MOJENU
9TO OBLIO BBITIOJIHEHO.

Pa3znen 5. Mojaesb COrJIacoBaHUs ONTHMAJbHBIX IVIAHOB Mnpou3BOJACTBA
IS HByxyPOBHeBOﬁ CUCTEMbI YIIPABJCHHUA C TOPU3OHTAJIBHBIMHU CBA3AMM.

PaccmatpuBaeTcss IBYXYpOBHEBas CHCTEMa YIPABICHUS TEKCTHJIBHOW OTpac-
abt0. Ha HkHEM ypoBHE pUC. 3 —IIPOM3BOJCTBEHHBIC MPEANPHUSITHS, BBITYCKAIOIINE
KOHEYHYIO MPOAYKIHIO (TKAHH, TPUKOTAX) U MPOMEKYTOYHYIO MPOIYKIHIO (BOJOK-
HO, TIPSIKY ).

Ha BepxHeM ypoBHE puc. 3 —yIpaBieHHE BCEH OTPACIbIO B LIEIIOM: KOOpAWHA-
IIUS B3aMMOJICHCTBUS MEKIY TPEANPUATHSAMHI, YIET PACXOTO0BAHUS JIUMUTHPOBAHHBIX
pecypcoB (Hampumep: ra3, 3JeKTPO3HEPTHs | T.1.), PETYIUPOBaHHE SKCIIOPTHBIX MO-
CTaBOK.
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YnpasiieHue TEKCTUIBHOW OTPACITBIO

[Ipou3BOACTBO MPOMEKYTOUHOI
MPOIYKUIUHU

ITpon3BOACTBO KOHEYHOU MPO-
JTyKIUU

dle @] = [de @

Puc.3. IByxypoBHeBasi cucTeMa ylpaBJieHUs] TEKCTHIBHON 0TPac/IbIo

B peanpHOCTH TIpoLIecC YIIpaBICHUS OTPACIbIO (pa3paboTKu MPOEKTa CTPATETHH
pa3BUTHS OTPACIH HA MEPCIEKTHBY) — 3TO MHOTOINArOBas UTEpAaTHUBHAS TPOIICTypa.
Ha kaxxqom 1mare ocymiecTBiIsS€TCS pacdeT MPOEeKTa MPOU3BOJACTBEHHOM MpPOTpaMMBI
«BHU3Y» (KaXKI0€ TPEANPHUITHE - CAMOCTOSTEIIEHO), 3aTeM BBIMOJIHACTCS OalaHe JUIs
CUCTEMBI B I[EJIOM «HABEPXY», MepepacrpesielieHne JTUMUTUPOBAHHBIX IICHTPAIH30-
BaHHBIX PECYPCOB JUISl TOCTHKEHUS €TMHON 1IEH JUIsl BCEH OTpaciu.

Jlpyroii mpuMep: 1Mo TaKoi ke CXeMe OCYIIECTBISIETCSl YIIPABICHUE BCEH CEThIO
00pa30BaTENbHBIX YUPEKICHUN CTPAHBI.

B conepkatenbHOM CMBICIIE TPOIECC COTIIACOBAHUS MPOEKTOB IUIAHOB B JBYX-
YPOBHEBOM CHUCTEME YINPABIEHHUS OTPACIbI0 HAIIOMUHAET AJITOPUTM JIEKOMITO3UIIUU
npu pemeHnu 3anadu JII1 6ombiioi pasMepHOCTH, O KOTOPOM s pacckazaja paHee.
Bocnonb3yeMcst 5TUM CXOACTBOM.

3amaya ynpaBieHUs] TEKCTUILHOM OTPACIbIO TI0 cXeMe 3 MOXKET ObITh IPeJICTaB-
neHa kak 3amada JII1 OombInol pasMepHOCTH C MaTpuiled OJIOYHOrO BHIA. 37ECh:
X", X¥2- BEKTOPhI HEU3BECTHBIX 0OBEMOB MPOU3BOACTBA (MPSHKU U TKAHEH COOTBET-
CTBCHHO).

M, M B, Bf? - nUMUTBI BHYTPHOTPACICBBIX PECYPCOB Ui MPOU3BOJCTBA
NPsDKU M TKAHEH COOTBETCTBEHHO, @ TAKXKE TEXHOJIOTHYEeCKHe KOAPOUIUEHTHI IS UX
WCIIOJIb30BAHMS;

D,L* - TUMUTBI OOLIUX PECYPCOB M KOIDDUIMEHTBI I MX UCIOIB30BAHMS IS

BCEX MPSAAWIBHBIX IPEANPUATHI B LIEJIOM;
V,V;, R, R - mpon3BOACTBEHHBIC MOIHOCTH MPEANPHITAN MPOMEKYTOUHOW U
KOHEYHOU MPOIYKITUU ¥ KOI(DPHUIIMESHTHI 17151 X UCIIOJIb30BAHMS;
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E', LY - TexHOMOTHYECKHE KOAP(UITHEHTBI, CBA3BIBAIOIINE TPOM3BOICTBO MPO-

MEKYTOYHON M KOHEYHOU POAYKIIHH.
I'padpuaecku 3T0 COOTBETCTBYET pHC. 4.
bnoku (14) u (17) —3TO TEXHOJIOTMYCCKUE OTPAHUYCHHS TPH MPOU3BOACTBE

NpsDKU U TKaHe# coorBeTcTBeHHO. bioku (15), (16), (18) 510 orpanndeHus mo mpo-

W3BOJICTBY IpoayKuuu (npsoku u Tkanei). biiok (19) —rmobanbHble (CBA3yrOIIHUE) pe-

CYpCHBIC OTpaHMUYCHHS JJIs1 BCeH OTpaCIIu.

D X - max,

koK

BlX* < M* k OK,, (14)
kl%;‘ll'klxkl <D, (15)
Y RUXN 2V, (16)
kl;;xﬁz <Mk, 0K, , (17)
SREX 2V, (18)
kluzKlEkl X'~ kZDZKZL.k; Xy 2 0. (19)
// (14)
//
_ 1)
. _ )
D
- (17)
=
. | .

Puc. 4. Ctpykrypa marpuunsi 3agauu (14)-(19)
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Puc. 4 HarasiHO TMOKa3bIBaeT OJIOYHO-IUATOHATIBHYIO CTPYKTYPY MaTPHIIBI OT-
pannueHuit 3agaun  (14) — (19).3aech MOKHO BBIJICIUTH JIBE OJI0YHO-THATOHAIBHBIC
CTPYKTYpBI, 00bequHEHHBIE 001MM O10koM (19)OO011ast pa3MepHOCTh 3aa4u 00JTb-
mras: (M*n) = (200*300),ecim 1axke YYUTHIBATh YKPYIMHEHHBIH, arperHpOBAHHBIIN ac-
COPTUMEHT TPOM3BOIMMOM POy KIIHH.

Most 3a/1a4a UCCIIeIOBaHUs BKITFOUAIIA B Ce0sI CIICIYIONIHE Pa3/IeIbl:

- pa3paboTaTh ACTATbHBIN AITOPUTM MOITAMHOM Jekommno3unuu 3a1auun (14) — (19);
- MaTeMaTHYECKH J[0Ka3aTh OOOCHOBAaHHOCTh €ro MPUMEHEHHUs (CXOAMMOCTh psina
POMEKYTOYHBIX PEIICHUH JTOKATBHBIX 33/1a4 K OIITUMYMY OOIIel 3a/1a4H);

- pa3paboTaTh KOMIUIEKC KOMITBIOTEPHBIX MPOTPaMM ISl peallu3alliy AITOPUTMA,;
- MMPOBECTH MOJCIBHBIN IKCIIEPUMEHT (KOMITBIOTEPHBIC PACUEThl) HA PEATbHOM 00b-
eKTE C MCIIOJIB30BAHUEM MOUX Pa3paboToK.

Pa3nen 0. AJII‘Opl/ITMl/I3aIII/lH MOJ€J/IN COTJIacoBaHMA YIIPABJACHYCCKUX pemelmﬁ
JUIS TEKCTHJIbHOM oTpacau

PaccmarpuBaemasi SKOHOMHYECKAsh CHCTEMa XapaKTepPU3YeTCs JABYMs CXEMaMu
B3aUMO/ICHCTBUS MEXK/Ty JJIIEMCHTAMHU:
1. TloacWcTeMbl HHXKHETO YPOBHS B3aUMOICHUCTBYIOT C IEHTPAIbHBIM OpPraHOM
yrpasjicHus (BepTHKAIbHOE B3aUMO/ICHCTBHE).
2. TloxmcucteMbl HIXKHETO YPOBHS B3aMMOJICHCTBYIOT MEXIy COOOM uepe3 MOCTaB-
K{ TIPOMEXKYTOYHOM POYKIMK (TOPU30OHTAILHOE B3aUMO/ICHCTBHE).

[TosToMy MO#M anroput™ 0a3upyercsi Ha MPUMEHEHHH Cpa3y IBYX MPHUHIIUIIOB
nexommno3uimu 3agaun (14) — (19).

DTarnel aJropuT™Ma;

1. Wcxomuast 3aaua cHavaia pacujCHSCTCS Ha JBE 3a1add, TOXKE «00Jib-
IIAE». TMPOM3BOJCTBO KOHEYHOW MPOAYKIMH U MPOMEKYTOUHOU Hpoaykiuu. Yact-
HBIC 31241 3aIHCHIBAIOTCS B BHJIC:

Z?EX' - max C?*X? - max

B'X'<M* B*X?<M?

L'X* < D* (20) R2X? 2 V2 (21)
RIX>Vv? L?X?<Y?

X'>0 X2>20Y?=EX*

2
2 :
3neck: E — TexHOJOTHUECKass MaTPHIIA MPOU3BOJICTBA MIPSDKU; Z° - IIEHBI; (7L -

JIBOVICTBEHHBIC MIEPEMECHHBIC TPEThel TpyIbl orpanndeHuid B (21) Ha mnpeapiaymien
UTEPAIUH PACUCTOB).
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2. Jlns pemenust kaxaon u3 3amad (20), (21)npumeHsieTcss ASKOMITO3UITHS TI0
pecypcam: 3anmava (20)pacunensiercs Ha K, JOKaIbHBIX 3aja4, 3aaa4a (21) —Ha K,
JIOKATBHBIX 3aJ1a4 BUJIA:

C*X* 5 max,

B*X* <Mk,

L“X* < D¥, (22)
RX* >V,

X* 20k =k, k,;k OK, k, OK,.

3nech: D" VY - dpukcupoBanHbie mapameTpbl (00bEMBI CHIPhSI U IPOU3BEICHHOM
npoaykiuu). OHU KOPPEKTUPYIOTCS HAa KXKIOW UTEPAIUU B 3aBUCHMOCTH OT JIBOHCT-
BEHHBIX IIEPEMEHHBIX, TIOTYYCHHBIX Ha MPENbIIyIIei HTePaIHH.

Otan 2 noBTOpsieTcs MHOTOKpaTHO (pemratorcst K, + K, MajbIX 3a/1a4 OJHOBpE-
MEHHO), ITOKa JIBOHCTBCHHBIC IEPEMEHHBIC «TJI00ATLHBIXY» OTPAHUYCHHNA

(...,D%,...V¥) cOnuzsaTcst ¢ TOYHOCTHIO 70 3aIaHHOTO &

3areM 00BeAMHEHHBIC TTOKA3aTENH TEpeAaroTcs Ha 3Tanm 1 W Bce MOBTOpSETCS.
Ha sranme 1 mpoBepsieTcsi cOanaHCHPOBAHHOCTh O0BEMOB MPOU3BOJICTBA MPOMEKY-
TOYHOW W KOHEYHOU MPOAYKIIMH, & TAKKE CXOJMUMOCTh PSJia JTOKATHHBIX ONTHMAIh-
HBIX PEIICHUH K TII00aTbHOMY ONTUMYMY.

3. Oram BcrioMoratenbHbIid. YToObI 3Tamnel 1 u 2 pabotanu, HEOOXOIUMO, YTOOBI
KaXJas JOKallbHas 3a/ladya uMena JIomycTuMoe pemieHue. YToOwl 310 ycinoBue odec-
MIEYHTh, MPEAIOKEH aTOPUTM «PACIIUBKHU Y3KUX MeCT». Bce orpaHnyeHus JIoKaib-
HOM 3amaun (22) yciioBHO pa30uBaroTcs Ha 3 TPyIIbl (BHYTPEHHHE M BHEIIHHE Pe-
CypcChl, 00bEM Mpou3BOCTBA). [Toce0BaTEIEHO CTPOSATCS U PEHIAIOTCS 3 BCIIOMOTa-
tenbHbIe 3aaaun JIIT (MUHMMYM HM3MeHeHH# BekTopa JuMuTOB). OHHU Becerja paspe-
IIMMBI U TAf0T 3HAYCHHS 1 KOPPEKTUPOBKHU Benmuund M ¥, D* V¥ urobsl 3amaua (22)
ObLTa pa3penImMoil 1 UMeNIa MaTeMaTHIEeCKOe JT0IYCTUMOE PEIICHHE.

Takum 06pazoM, pa3paOOTaHHBIN B TEOPUHU AITOPUTM MO3BOJISET MOTHOCTHIO aB-
TOMATH3UPOBATh PEIICHUE 3aJa4id ONTUMHU3AIUU OO0JNbIION pasmepHOCcTH. [Ipu 3TOM
OyAyT paccyMTaHbl BCE HEOOXOIUMBIC MONPABKM B UCXOAHBIC JaHHbIC (i wHMOP-
MUPOBaHUS MEHEDKepa). Tak Kak COBpEMEHHBIC KOMITBIOTEPhI Pa0OTAIOT OYEHB ObI-
CTPO, TO BECh pacyeT ONTUMAIBLHOTO peIleHHUs (BapHaHT COTJIACOBAHHOTO IIJIaHA)
MpOUAET B HOPMAJIbHBIE CPOKHU JJIsT MEHEKepa. bosbInoe koan4yecTBo MH(opMaliu-
OHHBIX KOH(IJIMKTOB (COTJIaCOBaHHME IapaMeTpOB MOJEJCH) KOMIBIOTEpP pa3peliuT
caM, aBTOMaTHYECKHU.

OmnwucaHHbIi 3-3TanHBINA aATOPUTM JBOWHOMN Jekommnosunuu 3agaun (14) — (19)
CBOJIUT PEIICHNE UCXOJHOM 3a7a4u OOJIBIIION pa3sMEepHOCTH K HEKOTOPOH Mociie1oBa-
TEJBPHOCTH PEUICHUI JIOKAIBHBIX 3a1a4 (22) Manoi pasmepHocta. [Ipornenypa moma-
TOBOM KOOPJMHAIIMHM PEIICHUH JIOKAThHBIX 3a7a4 MO3BOJSET MHTEPIPETHUPOBAThH €€
KaK IMHUTAIIHIO TTPOIIECCa COTIIACOBAHUS YIIPABICHYECKUX PEIICHUH.
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Paznen 7. 3KCHeplflMeHTaJH)HOC KOMIILIOTEPHOC MOAC/INPOBAHUEC

[IpemyiokeHHBIM MHOM alNTrOPUTM COIVIACOBAHWSI ONTUMAJIBHBIX IIJIAHOB IS
JIBYXYPOBHEBOM CHUCTEMBI YIIPABJICHUS C TOPU3OHTAIBLHBIMU CBS3SIMU OBLIT peain30BaH
B KOMITBIOTEPHBIX ITporpammax. O01as cxeMa TEXHOJOTMU PacyeTa B COOTBETCTBUM C
aJITOPUTMOM TMPEICTaBIICHA HA PUC. D.

_____________________________________________________________________________

[ToaroroBuTeNbHBIN OJIOK

i | Ucxonuble ITapameTpsl Pa6oune

| | naunbIe MOJIENH MacCHBBI

E OCHOBHO} 6J10K

! > Ynpasmsromas nporpamma <

i . [ OpU30HTAILHOE COTIIACOBAHKE .
i | | TPOTREB | | TOTKLON TCELL '
i RASHIVKA OPTIM RASPRED

i — — ]
! -« -

! YHpasiieHHe MOy MU

E FORTBC1 FORTBC: TASWODN

Puc. 5. CTpykTypa nporpaMMHOIo KOMILJIeKca JJIsl peain3aliiid MO/IeJId COrJIacOBaHHUs

ynpaBJieHYeCKHX peleHuii
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ITo oxoH4YaHUM pacueTa MEHEIKEp MOJydaeT IUIaH JUIsl OTPACiIu B LEJIOM, MpHU-
OJMMKEHHBIH K ONTHMAaJbHOMY, a TakXke I Kaxjaoro npeanpustus. COamaHcupo-
BAHHBIN IIJIaH MTO3BOJISIET BBISIBUTH PE3EPBHI MPEANPUITHI: IO BHYTPEHHUM peECypcam,
M0 B3aMMHBIM MOCTABKaM MPOAYKIIUH.

He Oynem ocraHaBiIMBaTHCS HA KOHKPETHBIX JIETasX MPOo(hecCHOHATBHOTO KOM-
MBIOTEPHOTO MPOTPAMMHPOBAHUS, IOCKOJIBbKY S3BIKOBasi 0a3a MOCTOSTHHO MEHSETCS U
coBepiieHCTBYeTca. OTMETUM TOJIBKO: JOCTATOYHO 0a30BOIl YHMBEPCUTETCKOM IMOJ-
TOTOBKH B 00JIACTH MPOTPAaMMHPOBAHKSI Ha SA3bIKaX BBICOKOTO YPOBHs (YHHBEpCallb-
HbIX). BHagane 310 6611 FORTRAN-4 uadopmannonno coBmectuMbiii ¢ MS Excel.

[IporpaMMHBIN KOMIUIEKC Ha pHC. S pabOTaeT MO0 MPUHLUITY «HEPHOTO SIIUKA».
MeHekep BUIUT TOJIBKO PE3YJIbTAThl: BBIXOJHBIC JaHHBIC (pEIIEHHE), KOTOphIC
chopMUPOBaHBI CEPBUCHBIMU TporpamMmMamMu. Ha puc. 5 onu He nokazanbl. He moka-
3aHBI TAK)KE MPOTPaMMBbI TIOJIB30BATEILCKOr0 UHTEpdelica (Ha BXoJe MPOrpaMMHOTO
KoMmIuIekca puc. 5). CepBucHbIe U UHTEP(EHCHBIE TPOTPaMMBbI JOJDKHBI OBITH ajar-
TUPOBAHHI K JCHCTBYIOMIECH HHPOPMAIIMOHHON CUCTEME MEHEIKepa-CIeIuaInucTa.

KoMnbroTepHbl€ 3KCIEPUMEHTHI MTOKA3aIM, YTO TEOPETUUECKUN aITOPUTM SIBIISI-
eTCsl yI0OHBIM JIJIsl MPAKTHYECKOT0 HUCIoJb30BaHus. Jloctarouno 3 — 4irara (urepa-
IIUM), YTOOBI COBOKYIHOCTh JIOKQJIBHBIX ONTHMAJIBHBIX PEHICHWHA NPUOJIM3HIACH K
rII00aTbHOMY ONITUMYMY C TOYHOCTBIO 710 4 — 5 %.9TOro 10cTaTouHO At 5KOHOMHU-
YECKOI0 aHAJIM3a U MPUHATHS YIIPABICHYECKUX PELICHU.

Bech koMIuieKC mporpaMM OpraHM30BaH TaKUM 00pa3oM, 4TOOBI MCIOJIb30BATh
€ro COBMECTHO ¢ JIF000M JieiicTByomIel nHPOpMaMOHHOM crcteMoit (rie o0padaThi-
BacTCs TMEpBUYHAS CTaTUCTUYEeCKas WHQpopmarus). Ha cxeme BUAMM: TOJNBKO OJIOK
OPT1M — 5710 cTaHIAPTHBIA «CHUMIUIEKC-METO/I», MAIOIMINNA PEIIeHUe IPsIMOUN U JTBOM-
ctBeHHoU 3anay JIII. Bcé octanbHOE — 3TO MporpaMmbl MOEro alropuTMa, HalucaH-
HbIE MHOM JIMYHO. 371ech 25 mporpamMm, OHM HE BKJIIOYAIOT 0OpaOOTKYy MEPBUYHOMN
UHGOPMAITMK ¥ BbIIAYy BBIXOJHBIX JOKYMEHTOB. [10JHOCTBIO (BMECTE C CEpBHCOM)
KOMIUIEKC BKJIFOYaeT okojio 60 mporpamMm (paboTan aBTOPCKUE KOJUIEKTHB 5 uerno-
BCK).

[IpakTHuecKOoe MPUMEHEHUE MOJENIH COTJIaCOBAaHUS BBINOJIHEHO IO 3akazy Mu-
HUCTEPCTBAa TEKCTUIBHON mpombinuieHHOocTH CCCP s pacdeTa mpoekTa nepcrek-
TUBHOTO Pa3BUTHUSI OTPACIIH HA D-TIETHUI HEPUO/I.

[To3nHee 3Ta sxe Mojesb Oblla MPUMEHEHa JIJIsl pacueTa MPOeKTa MepCIeKTUBHO-
r0 pa3BUTHS CEIHLCKOXO3SMCTBEHHOIO MPOM3BOACTBAa MBaHOBCKOM 00lacTu P® Ha 5-
netHuit nepuo. Ilocne 3Toro mporpaMMHubiii kKomiuieke Obl1 3anateHToBaH B CCCP
(aBTOpCKoe cBuaereabcTBO 1991rona).
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Pa3nen 8. Paciimpenne Mojesin coriacoBaHusi AJ1si ONTUMHU3ALNHU
CTPATerH4eCcKOro ynpasJjeHUus1 arpapHbIM KOMILIEKCOM PEeruoHa.
Y4er HeonpeaeIeHHOCTH BJIMSHUSA MOTOAHBIX YCJIOBUH HA YPOKAMHOCTH

Mopenb coriiacoBanusi YNpaBJI€HYECKUX PEIICHUN WIA JEKOMIIO3UIUS 3a]1auu
(14) — (19)nomyckaeT paciIMpeHHE CUCTEMbI OTPAaHUYCHUMN I ydeTa KOHKPETHBIX
ocobOeHHOcTel MonenupyeMoro o0bekTa. Eciu mpu 3TOM CTpyKTypa MaTpULbl HC-
XOIHOM 3aJ]a4d COXPAHSIETCs, TO COXPAHSACTCSA U AJITOPUTM pEaNM3alld IBOMHOU Jie-
KOMITO3UIMHU. 3HAYUT MOXKHO HCIIOJIB30BaTh ATOT aJITOPUTM JJIsi MOJEIUPOBAHUS
npolecca IIaHUPOBAHUS Pa3IMYHBIX IBYXYPOBHEBBIX SKOHOMUYECKUX OOBEKTOB.

JIisl CeNbCKOXO3SMCTBEHHOTO MPOU3BOICTBA (PACTEHHEBOCTBO + )KHMBOTHOBOJI-
CTBO) MOTPEOOBAJIOCH YCIOKHUTH OCHOBHYIO MOJICIb, YTOOBI YUECTh Pa3IUYHBIC TO-
rojHbIe yCIoBHs Ha 5 et Brepén. Mojenb crana BepOsSATHOCTHON (CTOXaCTHYECKOI),
HO HamMM OBUIO [I0OKa3aHO, 4YTO €€ MOXHO TpaHcPOopMUPOBATH B OJIOYHO-
IMaroHaJbHYIO 1€TEPMUHUPOBAaHHYI0 Mozelb. Mcnons3oBan noaxon B. Kapnam ms
ompeieseHus MoJHOTo Habopa N BO3MOXHBIX BapHaHTOB MOTOAHBIX YCIOBUN Ha Oy-
IyIIHE TO/Ibl C BEPOSITHOCTSIMU UX HacTymuienus q”,v =12,...,N . Ha npenBapurenbHoM
ATane HY>KHO BBIMOJHUTH CTATUCTUYECKYIO OOpaOOTKY NMHAMHYECKUX PSAIOB YpPOB-
HEl ypOXXKaHOCTH OCHOBHBIX CEIBCKOXO3SUCTBEHHBIX KyabTyp 3a mepuon 20 — 30
net. [{ns MaKpO3SKOHOMHKH JOCTaTOYHO OLEHUTh BEPOATHOCTh HACTYIUICHUS KaXKI0TO
U3 TPEX BapUAHTOB. ypOKaWHBIN T01, HeypoxaitHbIi, cpenauit (N = 3).

JInisi TByXypOBHEBOW CHCTEMBI YIPABJICHUSI arpapHBIM KOMIUIEKCOM (pErHoH +
CEIIbCKOXO3SMCTBEHHBIE PAHOHBI) KPUTEPUH ONTHMATBHOCTH: MaKCHUMyM TMPHOBLTH
MpU JTIOOBIX MOTOJHBIX YCIOBUSIX W MPU BBINOJHEHUH MPOU3BOACTBEHHBIX YCIOBUM.
CrtpykTypa MaTpHIlbl TAKOW TUIMOTETUYECKOW MOJEIN ONTHUMAIBHOTO TUIAHUPOBAHUS
MoKa3aHa Ha puc. 6.

31ech KaKAbIi U3 M OJIOKOB (palilOHOB) OTpa)kaeT MPOU3BOACTBEHHYIO MOJIEIH
pa3BuTHs (PaCTEHHUEBOJICTBO + JKMUBOTHOBOJICTBO) B KaXKJIOM U3 TPEX BapHAHTOB TIO-
TOJHBIX ycloBuid (v = 1,23). O0mwuii 6110k (CBEpXy) — perHOHAIBHOE TOCPETyIMpOBa-
HUE MPOU3BOJCTBA U 33aKYIOK, BKIItOUYas JIbIOTHbIE Tapu(bl Ha 0OLIETPOU3BOICTBEH-
HBIC PECYpPCHI M 3aKyIOYHBIC [IEHBI HA MPOAYKIHUIO IS TOCPE3epBOB (B 3aBUCUMOCTH
OT TIOTOJTHBIX YCJIOBUHA).

PesynbraToM SIBISCTCS ONTUMAIBHBIN TUTAH JJIS KXKI0TO paiioHa (M = 22)u s
Ka)XJOr0 BapuaHTa MOTOAHBIX YCIOBUHM, YTOOBI B IIEJIOM IO PErHOHY O0ECIeYUTh
MaKCUMYM CpelHel npuoObu (MaTeMaTHYECKOE 0KUaHKE).
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Puc. 6. CTpykTypa MaTpHUbl CTOXACTHYECKOH MO/IeJ I ONITHMHU3ANU

Mogens coriacoBaHUs HHTEPECOB PETUOHA M MPEANPUITUN YIUTHIBAET BIUSHUE
CIly4aiHbIX MOTOJHBIX ()AaKTOPOB HA YPOBEHb MPOU3BOJACTBA U MEPHI MO MPEIOTBpa-
nieHuto yniepoa. [IpenycMOTpeHO NpPUMEHEHHE CHEeNHUATBHBIX (FOCYIapCTBEHHBIX)
3aKyMOYHBIX 1IEH Ha IPOAYKIUIO B HEYPOKalHbIE TOJIBI.

OnyctuMm jganee MoJHOe MaTeMaTUYeCKOe OMMCAHUE MOJIEIH, HO OTMETUM TJIaB-
HOE: U3 CXeMbl 6 sICHO, 4TO MbI moixyuywin 3aaaudy JII1 GnodHol cTpyKTypsl U OOJB-
ol pazmepHocTu. s ee pelmieHuss MOKHO MPUMEHUTh METOJ| JI€KOMITO3UIIUU TIO
pecypcaM M aJrOpuTM JUTsl peayii3aiui 3Toro metoaa (cMm. pasmen 5). JlocTOMHCTBO
aIropuT™Ma JEKOMIO3UIMHU.: BO3MOXKHOCTh paboTaTh MEHEIKEPY B YCIOBHIX HETOJ-
HOHM M HecTaOUIbHON MHpOpMaIuu. [ moaydeHus: J0CTaTOYHO MPUTOIHOTO pelie-
HUS I 9KOHOMHYECKOTO aHaju3a moTtpelyeTcs Bcero 3-4 <«6Gobllive UTeparum»,
wi MeHee 1 yaca paGoThl Ha KoMIbloTepe. PasMepHOCTH 001Iel MOIeNT MOXKET Tpe-
BeimaTh 800<1000.MeHnemkep MOKET PKCIIEPUMEHTHPOBATH C MOJICIBIO B peaIbHOM
peXHMe BpEMEHH, MOJy4yaTh HOBbIE BapUAHTHI MPOTHO30B Pa3BUTUS SKOHOMHUYECKOMN
CUTYallMU B 3aBUCUMOCTHU OT U3MEHEHHUS CIIPOCa U MPEIOKEHUS.

DkcrepruMeHTanbHas anpooanus moaean (1992r.) npoBoauiacs 0THOBPEMEHHO
C MIPOEKTHOM pa3paboTkoil S-neTHel crpaterun pa3Butusa AIIK MBanoBckoii o0nactu
(«Bpy4HYIO», 110 ACHCTBYIOIIMM MeToaukamM). OOl BBIBOA: KOMIIBIOTEPHBIN MPO-

19



eKT MMEET JIydlllee Hay4yHOe 00OCHOBAaHUE, CHEIMATUCT-MEHeKep MOXKET padoTaTh
OBICTPO | ¢ OoJbIIeH 3PPEKTUBHOCTHIO.
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Annotation

The lecture was delivered on 30 of December 20t bdstgraduates and pro-
fessors of mathematics and computer science depatrmh \Wuhan Textile University
(the city of Wuhan, Chinese National Republic) mgksh.

The basic content of the lecture is formed by Rsde A. lichenko and her fol-
lowers’ findings in the problem of economic mathéina modelling methods adop-
tion to the practical management activity at thedpiction branch, territorially indus-
trial complex and regional economy levels. Singleegfions and particular results
were published in Russian scientific editions avg@eriod of twenty years (from 1990
to 2010). In brief compacted account the matesiglublished for the first time.

The lecturers of Wuhan Textile University Luo JuXmgng Xiao Gang, He Wei
and also of lvanovo State University of Chemising &echnology O.A. Golovacheva
and O.L. Ksenofontova help the author in mateniappration and design for publish-
ing.

Presented material will be useful for students amdkergraduates who get trained
In economic specialties, economic universitiesuemrs and postgraduates, applied
managers of regional level of management.
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The basic sections

1. The basic concepts and definitions of mathemapoagramming problems de-
composition theory. The content of research taskaproblem of management deci-
sion accommodation in economics.

2. Practical management requirements to managemensiatex optimization
problem solution quality.

3. Dimension problem solvability hypothesis. Lineaogmamming block problem
decomposition.

4. Planned solutions coordination theory. Two wayblotk problem decomposi-
tion. Decomposition algorithm economic interpretatas the plan coordination proc-
ess in bimodal management system.

5.  Optimal production plan coordination model for bolab management system
with horizontal connections.

6. Management decision accommodation model algorithtioz for textile
branch.

7. Experimental computer modelling.

8.  Accommodation model extension for regional agrioat sector strategic man-
agement optimization. Responsiveness to uncertantyeather conditions on crop
capacity.
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Introduction

At the beginning it is necessary to tell some walsut the title of the lecture.
A “dimension damnation” term was introduced by Amman mathematician Richard
Bellman (1920 — 1984), the author of the dynamagprmming. But this term is also
proper to my scientific inquiry. The whole pointtieat management decision optimi-
zation mathematical methods well elaborated inrhet introduction to the manag-
ers’ practice strike on invincible difficulties penting its application. Experimenter
understands all on small models but on the realnfmglels informational problems
arise (with the human factor participation) thateoeive the optimal decision not oc-
curs as possible. High speed of computer functgdives not help.

The matter is in mathematical economics essencelwmites two sciences: ex-
act science — mathematics and inexact descriptiien@&e — economics where the
main active element is human, “the person takeeceswn” (PTD).

Mathematical model is the combination of equatiand inequalities which re-
flect real object functioning in economy (enterprisndustrial branch, region). The
model is created for the purpose of PTD work impraent with the computer ex-
periment assistance: to predict the object devedmprin future; to choose the best
development variant (optimal) from among many gaes{admissible). In this way
the model is necessary to manager calculationsrmgabkut with real numerical eco-
nomic information.

In order to carry out computer experiments mathenstience requires exact
figures but economic practice can not give exachlmers. This is the objective con-
tradiction, the problem of mathematical economiglich prevents good theoretical
model introduction in management practice. The lgmbis becoming acute for big
dimension models including hundreds and thousahdiements what corresponds to
the real diversity of element correlation insidemamic objects. This is “dimension
damnation”.

The scientific work which will be talking about ther applies to the mathemati-
cal economics section which is called “mathematmalgramming”. This work is
characterized by the fact that my research resblizined during all the three model-
ling technology stages are included in it: modetsl @ptimal decision reception
mathematical algorithm construction; instrumentgbethm realization, that is com-
puter programming; this elaboration application foanagement on the industrial
branch level on nation-wide (USSR) and on a rediscae (lvanovo region).
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Section 1. The basic concepts. The content of resgatask

In the theory of mathematical economy a problemmathematical program-
ming (MP) is well-known:

f(X) - extr, (1)
g'(X)<b', (2)
X =0,

whereX =(x, x,,-, x,) - variables,
f — object function (max, min),

g'(i=1m) - restriction functions,
b'(i =1,m) - restriction limits.

The problem (1) - (2) can have range of solutionthe only one solution or
not to have solution. In this case restriction eys{(2) is called incompatible and the
problem (1) — (2) is called unsolvable. For pradtimanagement only soluble prob-
lem (1) — (2) which has the only solution is of sequence. In the economic termi-
nology the problem (1) — (2) is called “managenmgtision optimization problem”
or “planning optimization problem”. There is its nwxplanation for it.

The formal description (1) — (2) reflects the praaitessence of the main eco-
nomic object management problem: production progoatimization for the purpose
of making a maximum of profit if the following asaptions to be brought out:

n - number of goods manufactured types;
m- number of applied resources types;

x, (j =1n)- volumes of production by types;
b! (i =1m) - volumes of available resources;

gi (i =1,m) - technological subordinations between productioh r@sources;

f - economic production purpose (profit).

To solve a problem (1) - (2): to find suetivector by which all conditions (2)
are fulfiled, and functiorf (X") = maxf (X). In mathematicsx"vector is called “opti-
mal decision” and in economic sciengévector is called “optimal plan”.

For the problem (1) - (2) solving (in a generalwjdhere are no simple algo-
rithms to receive the optimal decision for finahmoer of steps. Such algorithm exists
for the elementary variant of (1) - (2) problem,eniiand g' are linear functions. It
is a problem of linear programming (LP):

cX - max(min), (3)
AX <b, (4)
X 20,

where X —vector of variables,
A- matrix of restrictions,
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c(@@n),b(1,m) - vectors.

The algorithm is called "simplex-method", it is lizad in all modern office
computer application programs, for example MS Exthe optimal decision will be
always found, if it exists for a (3) - (4) proble@therwise it is necessary to correct
the set parameterg; ¢, b and to try again to receive the optimal decis{@.first it
Is the formal mathematical decision and then sletalbbonomic decision). Such deci-
sion should be a basis for management - it is #8¢ production program for the
planned period.

Section 2. Practical management requirements to magement
decisions optimization problem solution quality

In order to use the optimal decision in managectpral work (working out of
planned production targets), the following requiests should be fulfilled by the
model developer:

- X" values should be acceptable for production;

- there should be some variants of suitableplans for choosing;

- next variant computer calculation should not taket of manager’s personal time;
- n, m parameters should full enough reflect a scaleadyction.

The model developer (with concrete numerical dag),un order to fulfil 1 - 4

requirements, demands himself from the manageatishg the following conditions:

- initial data must be complete (terms, volumealescof production);

- varied initial data must be comparable (unitsnefasure, assortment),

- numerical values of the interconnected indicatoust be balanced (resource limits,
production standards).

To fulfil all (1 - 4) and (1 - 3) requirements & necessary to carry out work
"manually" by force of the manager and the mathemaat negotiation, by force of
multiple updating of (3) - (4) model set parametaasic data. It is necessary for (3) —
(4) problem optimal decision existing ensuring atsdapplicability for production
conditions.

If nm<30, updating can take some days.nim=200as happensn real
economy problems negotiations and updating sumeessonable terms. The optimal
decision with (3) - (4) model use is not alreadgessary for nobody.

«The dimension damnatiomensists in it at economic-mathematical modelling
technology introduction to planning and productinanagement practice. If model is
small (primitive and crude) it is possible to reeeithe optimal decision easy and
quickly. If model is big (detailed and useful) thecision becomes more complicated
by negotiations and updating. It is impossible danfalize this process mathemati-
cally.
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Section 3. Dimension problem solvability hypothesis
Block problem decomposition

The mentioned contradiction between the economityemaatical modelling
theory and practice has objective character. Basiceconomic information has ob-
jective defects. High speed of computer functiontlugs not help at informational
conflict coordination.

Theoretic hypothesis of dimension problem solviogies to substantiation of
(3) - (4) LP problem solving possibility in partst is to solve "small" problem series
for the purpose of receiving one "big" problem de&m. In order to run a series of
"small" coordination proceeding faster instead lmfy* informational conflict verbal
coordination.

"Simplex-method" universal algorithm does not per(8) - (4) LP problem
solving in parts, only entirely. But for the blotkpe problems the possibility of total
problem breaking down into small dimension locablpems range is theoretically
proved. These are the decomposition methods. Deasitign method essence is that
all local problems are solving with the “simplex4med” aid, local optimums re-
ceived are uniting into single multitude and chagkon correspondence with global
optimization criterion. In case of necessity lopabblem parameters update is ful-
filled (it can be done automatically), then alla@roblem calculations are repeated,
are checking on correspondence with global criteaigain etc.

Thus long-run informational coordination betweendelodeveloper and man-
ager may be reduced to minimum. In some cases ibeautomated completely. The
main theoretical difficulty: the way of linking dbcal problem solving intermediate
results into integrated calculation range and megtiate result range convergence
provision (all local optimum sums) to a global optim. Dual variables are used for
this purpose.

Section 4. Planned solution coordination theory.
Two ways of block problem decomposition

For any LP (3) - (4) problem dual LP (5) - (6) peats always exists:

cX - max, (3)
AX <b, (4)
X =0.
bY - min, (5)
YA >c, (6)
Y =0.
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Here: Y (Lm) - vector of dual variables; Amxn) transposedh matrix. In so
doing cX” =bY" is in optimum pointsy” optimal values have names: dual variables,
dual resource estimations, objective estimatioshadow prices». When computer
solving X" andY" values are calculated simultaneously.

e

e

Scheme 1. Restriction matrix of block problem

Let's remind the dual variable value economic megny vector components,
(Y1, Yo,..-, Ym), Ccorrespond wittA matrix lines of (3) — (4) LP straight problem. Feq-
timal X' plan eachY” vector component, that js [ =1 m), means resource deficit or
surplus measuri j =1,m) that is ofX optimal plan “intensity”.

LP block problem has restriction matrix as on thkesne 1. Here: dark areas
are nonzero coefficients;andc — vectors from (3) - (4K — A matrix blocks (parts)
guantity;D — restriction part (4), general for all blocks.

cX — max, (7)
A(l)x(l) + A(Z)x(Z) Foot A(K)x(K) < b(1+K) ’ (8)
APYX <b®), (9)
X =0.
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c®X® _ max, (10)

AL X O <k (11)
APR x () < pBk) (12)
X*>0

Here:X = X, X@ ... x®): b= 0, b®@, ..., b®, h®): p® :ib(D,k) _

k=1
Mathematical LP block problem can be put down mfibrm of (7), (8), (9). If
it will be divided into blocks every separate blockn be put down in the form of
(10), (11), (12) LP local problem. In this divisi@hcommon block, (12) conditions,
also will be divided into K parts. Common resoutoeal limits, b®%, k = 1,... K,
need to be selected by special methodic in ordefibthe following condition

Y bOH = (13)
k=1

for each line from D restriction group.

The process of searching of optimal solution of (&), (9) problemX™ = (X%,
X@ ., X®) consists ot steps (= 1, 2,...,L). On the first stepl (= 1) we choose
b®H (k = 1, 2,...,K) at will with (13) condition maintenance. We sokié(10), Sll),
(12) local problems by simplex-method but all loogkimum (X", X@" .., X%
unification is not (7), (8), (9) problem optimumtyEor second step (I = 2) fulfillment
it is necessary to correb (k = 1, 2,...,K) limits and to solve all local problem K
again in order to approach toptimal plan of (7), (8), (9) common problem.

It is proved in the theory of mathematical econorhyo solve a group of (10),
(11), (12) local problems with set parameters siam#dous correction on each I-step
of calculation instead of (7), (8), (9) problem\ang "entirely” then it is possible to
approach by degrees to the optimal (7), (8), (®eg& problem solving as the sum of
local optimums.

The rule forb®* limit correction: after each | stdp™* parameter values are
substituted for®®* xb®“whereA®* are dual variable values in local problems from
previous (I — 1) step. Incidentally nes’® (k = 1, 2,...,K)) values correspond with
condition (13). Then all local problers 2, 3,...are solving again. Process comes to
an end, when®® are leveled for alk local problems on the restrictions of the same
name for group of conditions (9), that is aftepste L (X%, X&", ..., X9y = X",

This algorithm is called «decomposition throughoteses». Authors: J. Kor-
nai, K. Bagrinowsky.

Another algorithm is called «decomposition throutjie prices». Authors:
D. Danzig, G. Wolf. It is proved for block problemsth the matrix of restrictions as
it presented on scheme 2.
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Scheme 2. Restriction matrix of block problem

Here dual variables are used for local goal-or@fitaction correction on each
| step of iterational calculations.

Decomposition algorithms can accelerate a lot @age® of the (3) - (4) model
initial numerical parameter coordination and upaatit is very important for practi-
cal management because the optimal "big" plan tausquickly. "Manually" work
became less.

In order to move on computer automation of infoiorel coordination process
of planned solutions, it is necessary to conquerraare difficulty.

Decomposition algorithm assumes initial admissiidns existence for all lo-
cal problems. In mathematical language it means (9 - (12) restriction systems
are to be solved and have formal solution. | renihmt it is a question of concrete
models with real numerical data. Usually the adibisssolution does not exist be-
cause of data non-coordination. These are stalistiftormation objective defects.

| have developed algorithm of search (localizatiohjpdmissible solution ab-
sence reasons and initial problem numerical parnsietorrection in such manner
that admissible solution existence is guarantdedilll be talked about it in detail in
the following section.

Thus, as a result of listed algorithm applicatibmsipossible to automate de-
composition of "big" LP problem of block structuna computer. Even in the pres-
ence of initial economic information objective ddfeit is possible to receive auto-
matically the optimal administrative decision foetreal object “big” model (or near
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optimal — “quasi-optimal” with the set accuracy)isl necessary for it to develop “de-
composition” realization computer programs andeimtth “simplex-method”. High
speed of computer functioning will help to overcofdenension damnation” prob-
lem.

Further I'll tell for what real economic-mathematienodel it was executed.

Section 5. Optimal production plans coordination mdel
for bimodal management system with horizontal conngions

Textile branch management two-level system is cmmed. At the scheme
number 3 lower level the industrial enterprises imglend production (fabrics, jer-
sey) and intermediate production (fibre, yarn)@esented.

At the scheme number 3 upper level all branch mamagt as a whole is pre-
sented: that is interaction coordination betweenehterprises, limited resource ex-
penditure accounting (for example: gas, the elegiwer etc.), export delivery regu-
lation.

Textile branch management

Intermediate production manufac-

End production manufacture
ture

Ao [@ = [ele] [@

Scheme 3. The two-level management system of tegtilranch

Actually branch management process (the proces®iiing out of the project
of branch development strategy on prospect) is kistage iterative procedure. On
each step calculation of the project of the prodacprogram "below" (each enter-
prise - is independent) is carried out, then tharz® for system as a whole "above"
is fulfiled, limited global resources redistributidor all branches united purpose
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achievement is carried out. Another example: unldersame scheme administration
of whole country educational institutions netwaskealized.

Substantially plan project coordination processwo-level branch manage-
ment system reminds decomposition algorithm whemptdblem of “big” dimension
IS being solved. | talked about it earlier. Let’'aka use of this similarity.

Textile branch management problem by scheme nuBilgan be presented as
LP problem of the big dimension with block type matHere: X*, X - vectors of
manufacture unknown volumes (yarn and fabrics atiagly).

M, M B, Bf? are limits of domestic resources for yarn andiéaproduction
accordingly and also technological coefficientsitsiuse;

D,L* are limits of common resources and coefficientsito use for all spin-
ning enterprise in the whole;

V,V;,R“ R are productive capacities of enterprises of inéshiate and final
output and coefficients for its use;

E,LX* are technological coefficients which bind togeth@ermediate and fi-
nal output production.

Graphically it corresponds with scheme 4.

(14) and (17) blocks are technological restrictieorrespondingly during yarn
and fabric production. (15), (16), (18) are resiwits in production (yarn and fabric).
(19) block — global (connecting) resource reswitsi for all branch.

D X - max,
k0K,

BXk <M" k OK,, (14)
Y Lexk <D, (15)
k0K,

Y ReXk 2V, (16)
k0K,

Bl X2 <My k, 0K, , (17)
SREXE 2V, (18)
k0K,

DENXN - Y LE X 20. (19)

k0K k0K,

Scheme number 4 visually shows block-diagonal &irecof (15) — (19) prob-
lem restriction matrix. It can be pointed out hieve block-diagonal structures united
by common (19) block. Common problem dimensionigs n*n) = (200*300) even
if to take into account the integrated aggregaitadifed product assortment.
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Scheme 4. (14) — (19) problem matrix structure

My research problem included the following sections
- to develop detailed algorithm of (14) — (19) desb step-by-step decomposition;
- to prove mathematically its application validftgcal problem intermediate solution
range convergence to general problem optimum);
- to develop computer program complex for algorittealization;
- to make modelling experiment (computer calcule)joon real object with the use of
my investigations.

Section 6. Management decisions accommodation modddjorithmization
for textile branch

Economic system concerned is characterized by tlverses of interaction be-
tween elements:
1. Subsystems of the lower level co-operate wighrttanagement central body (verti-
cal interaction).
2. Subsystems of the lower level co-operate ambamselves through intermediate
production deliveries (horizontal interaction).

Therefore my algorithm is based on application pvimciples of (14) — (19)
problem decomposition at once.

The algorithm has 3 steps:
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1. At first the initial problem is divided into twalso "big" problems: end pro-
duction and intermediate production manufacturati®ear problems are written
down in the following form:

Z’EX' - max C*X? - max

B'X'<M* B?X?<M?

L'X' < D! (20) R2X2 2V?2 (21)
REX>Vv?! L°X2<VY?

Xt>0 X?>0Y? =EX*

Here:E — yarn manufacture technological matres;- prices;z’, =z +32 (»2-dual
variables of the third restriction group in (21)the previous calculation iteration).

2. For each of (20), (21) problem solution decontps on resources is ap-
plied: the (15) problem is divided into local pretyk,, the (20) problem — into local
problemk, of the type:

C*X¥* - max,

B*X*<M¥,

L“X* < D¥, (22)
RX  >V¥,

X* 20k =k, k,;k OK, k, OK,.

Here:D" V“ - the fixed parameters (raw materials and prodaabutput). They
are corrected on each iteration depending on darédbies obtained on previous itera-
tion.

The second step repeats many times+K,of small problems are solved si-
multaneously), while "global” restriction dual \vavles (..D*,...v*) will be drawn
together withe given.

Then indicators united are transferred to the ftspp and all repeats. At the
step one intermediate and end production manufastolume balance and also con-
vergence of range of local optimal solutions tdglooptimum are checked.

The third step is auxiliary. In order that 1 angdt@ps work, it is necessary that
each local problem has the admissible solutionpibwide this condition, «bottleneck
elimination» algorithm is offered. All (22) locatgblem restrictions are divided condi-
tionally into 3 groups (internal and external rases, manufacture volume). Three aux-
iliary LP problems are constructed and solved galigl@limit vector change minimum).
They always have admissible solution and give wafaem “,D* v* correction in order
that the (22) problem should be solved and hadenadhical admissible solution.

Thus, the algorithm developed theoretically allovesnpletely automating of
big dimension management problem solution. In soglall necessary corrections for
initial data (for manager informing) will be calai¢d. As modern computers work
very quickly so all optimal solution calculatiorhé coordinated plan variant) will
pass in normal terms for the manager. Big amourmfofmational conflicts (model
parameter coordination) computer will solve inlitseutomatically. Described three-
stage algorithm of (14) — (19) problem dual decositpan reduces big dimension ini-
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tial problem solution to a certain consistency wi$ dimension (22) local problem
solutions. The procedure of step-by-step coordmmatif local problem solutions al-
lows interpreting it as management decision coatibn process imitation.

Section 7. Experimental computer modelling
Optimal plan coordination algorithm offered by noe & two-level control sys-
tem with horizontal communications was realize@emputer programs. The general
scheme of calculation technology according to dllgor is presented on the scheme
number 5.

_____________________________________________________________________________

The preparatory block

rameters working files

' | Initial data Model pa- Processing of

The mainframe

i > Operating program < i
i Horizontal coordination
i i TPOTREB TOTKLON TCELL i i
i RASHIVKA OPTIM RASPRED |
! — — - i
i - - =
i Module management i
i FORTBC1 FORTBC: TASWODN

Scheme 5. Program complex structure for managemedecision coordination model realization
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After calculation completion manager receives pianbranch in whole ap-
proximate to optimal and also for each enterpisdanced plan allows to reveal en-
terprise reserves: on inner resources, on mutodiyation deliveries.

We shall not stop at concrete details of profesdicomputer programming be-
cause linguistic basis changes at every turn aondresses. It is necessary to point
out: it is enough of basic university preparatiarprogramming on high level (uni-
versal) languages. At first it was FORTRAN-4 infatnally compatible with MS
Excel.

The program complex on scheme 5 works on “blacK Ipoiciple. Manager
sees only results: output data (solution) which feamed by service programs. On
scheme 5 it is not shown. User’s interface programsalso not shown (in outlet of
scheme 5 program complex). Service and interfacgrams must be adopted to op-
erating informational system of manager specialist.

Computer experiments show that theoretical algarith convenient for practi-
cal use. It is enough of 3 -4 steps (iteration)lémal optimal solution combination to
approach to global optimum with exactness of 4 %.5It is enough for economic
analysis and management decision acceptance.

All complex of programs is organized so that itddobe used together with
any operating information system (where the primstatistical information is proc-
essed). On the scheme one can see: only block OH3liNe standard "simplex-
method" which gives direct and dual LP problem sofu All the rest are the pro-
grams of my algorithm written by me personally. &1@5 programs, they do not in-
clude primary information processing and outputuoent issuance. In full (together
with service) the complex includes about 60 prografine group of 5 authors
worked).

Coordination model practical application is fulill to order the USSR Minis-
try of Textile industry for branch perspective deyenent calculation project for
five-year period.

Later the same model was applied for RF Ivanovaoreggricultural industry
perspective development calculation project for fikke-year period. After that the
program complex was patented in USSR (the copydgtitficate of 1991).

Section 8. Accommodation model extension for regiahagricultural sector
strategic management optimization. Responsiveness tincertainty of weather
conditions on crop capacity

Management decision coordination model or (14) 9 {roblem decomposi-
tion admits restriction system widening for modegliobject concrete peculiarity ac-
counting. If in addition initial problem matrix sicture remains so dual decomposi-
tion realization algorithm also remains. It meaat tthis algorithm can be used for
different double-level economic object planningqass modeling.
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For an agricultural industry (crop production +elstock farming) it was re-
guired to complicate the basic model in order t@®tato account various weather
conditions for 5 years forward. The model becanablé (stochastic), but it was
proved by us, that it can be transformed to theksttiagonal determined model. W.
Kardash’s approach is used for determination dfdallection of N possible variant
of weather conditions on future years with probgbibf its coming:q”,v=12,...,N.
On preliminary step it is necessary to fulfil stéti processing of dynamic ranges of
main agricultural cultivation productivity levelsrfthe period of 20 — 30 years. It is
enough for macroeconomics to assess probabiligpofing of each of three variants:
high-yielding year, low-yield, middle.

For two-level agricultural complex management gys{eegion + agricultural
district) the optimal criterion is: maximum of pioin any weather condition and in
production condition fulfillment. Matrix structu such hypothetic optimal planning
model is presented on scheme number 6.

Here each om blocks (districts) reflects productional model ddvelopment
(crop production + livestock sector) on each oetvariants of weather conditions
(v =123). Common block (upper) is regional state regulabbmroduction and pur-
chase including reduced tariffs on common produaetioresources and purchase
prices on production for state reserves (dependeather conditions).

As the result is the optimal plan for each dist(rot= 22) and for all variant of
weather conditions in order to make sure maximunprofit for region in whole
(mathematical expectation).

Region and enterprise interest coordination moaletd into consideration ad-
ventitious weather factor influence on productiemel and measures on damage pre-
vention. Special (state) production purchase paigplication in low-yield years is
provided.
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Scheme 6. Matrix structure of optimization stochast model

Let’s leave out full mathematical description botmq out the main sense: it is
clear from scheme 6 that we receive LP problemlotkstructure and big dimen-
sion. It can be applied for its solution the reseudecomposition method and algo-
rithm for this method realization (see section H)e merit of decomposition algo-
rithm is: it gives manager the possibility to wankconditions of incomplete and in-
stable information. To receive enough suitable tewmhufor economic analysis it will
be needed only 3 — 4 “big iterations” or less thdmur of computer work. Common
model dimension can exceed 80A000. Manager can experiment with model within
real time, receive new economic situation growtbdption variants depending on
demand and supply changes.

Experimental approbation of model (1992) was fidfilat the same time with
project working out of 5 year strategy of lvanowgion agricultural complex devel-
opment (“manually”, on operating methods).

General summary: computer project has the besttdfaieground, manager can
work easy and quickly and more effectively.
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