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Viktor Senchukov (Ukraine)

THE SOLUTION OF OPTIMIZATION
PROBLEMS IN THE ECONOMY BY
OVERLAYING INTEGER LATTICES:
APPLIED ASPECT

Abstract

The results of generalization of scientific approaches to the solution of modern economic
optimization tasks have shown the need for a new vision of their solution based on the improvement
of existing mathematical tools.

It is established that the peculiarities of the practical use of existing mathematical tools for solving
economic optimization problems are caused by the problems of enterprise management in the
presence of nonlinear processes in the economy, which also require consideration of the
corresponding characteristics of nonlinear dynamic processes.

The approach to solving the problem of integer (discrete) programming associated with the
difficulties that arise when applying precise methods (methods of separation and combinatorial
methods) is proposed, namely: a fractional Gomorrhic algorithm - for solving entirely integer
problems (by gradual “narrowing” areas of admissible solutions of the problem under
consideration); the method of branches and borders - which involves replacing the complete
overview of all plans by their partial directional over.

Mlustrative examples of schemes of geometric programming, fractional-linear programming,
nonlinear programming with a non-convex region, fractional-nonlinear programming with a non-
convex domain, and research on the optimum model of Cobb-Douglas model are given.

The advanced mathematical tools on the basis of the method of overlaying integer grids (OIG),
which will solve problems of purely discrete, and not only integer optimization, as an individual
case, are presented in the context of solving optimization tasks of an applied nature and are more
effective at the expense of reducing the complexity and duration of their solving.

It is proved that appropriate analytical support should be used as an economic and mathematical
tool at the stage of solving tasks of an economic nature, in particular optimization of the parameters
of the processes of organization and preparation of production of new products of the enterprises of
the real sector of the economy.

Keywords economics and mathematical tools, optimization problem, parametric
equations, target function
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PO3B’A3AHHA OMTUMI3ALIMHUX
3AZlAY B EKOHOMILI METO/ZIOM
HAKJIAIAHHA LI/I0YMUC/IOBUX CITOK:
MPUKJIAIHUN ACMEKT

AHoOTAaLiA

PesynbraTu ysarajbHEHHs HAyKOBUX IIIXOAiB [O BUDIlIEHHA Cy4acHUX €KOHOMiYHUX
ONTUMISALifHNX 3afad 3acBigumim HeoOXifHicTb QopMyBaHHS HOBOro OadeHHs ILOfO iIX
PO3B’sI3aHH: Ha OCHOBI YJOCKOHA/IEHHA iCHYI0YOTO MaTeMaTUYHOTO iHCTPyMEHTapilo.

BcraHOBIEHO, 10 OCOOGMMBOCTI MPAKTUYHOTO BUKOPUCTAHHS ICHYIOYOTO MATe€MAaTHIHOTO
iHCTpyMeHTapito /ISl PO3B’sI3aHHs €KOHOMIYHMX ONTHMISALifHUX 3a7a4 06yMOBIeHi mpobreMamu
YIpaBliHHA TMiANIPUEMCTBAMM B yMOBAaX HAABHOCTI HEMiHIHMX IpOLleCiB B €KOHOMIll, AKi
BMMAaralTh TAKOXX BpaXyBaHHA BiJIIIOBIIHMX XapaKTEPUCTUK HEHIHNX JUHAMIYHMX IPOLECIB.

3aIpOIOHOBAHO MifXiM O BUPIIIEHHs IPO6IeMH LIMOYNCIOBOTO (AUCKPETHOTO) IPOrPaMyBaHHs,
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IIOB’513aHOI 3 TPYAHOLAMUY, IKi BUHMKAIOTH IIPY 3aCTOCYBAHHI TOYHUX METOAIB (METO/IIB BifTMHAHH Ta KOMOIHATOPHIX METOIIB), a caMme:
apo6osuit anroput™ foMopi — /1 po3B’sI3aHHA MOBHICTIO LITOYMNCTIOBUX 3a/ja4 (IIUIAXOM IIOCTYIIOBOTO “3BY)KEHHA  00IACTi HOIMYCTUMUX
PO3B’AI3KiB pO3I/LIAyBaHOI 3afadi); METOR TiMOK i MeX — SIKUil Iepefbavae 3aMiHy IMOBHOTO Iepeb6Opy ycixX IVIAHIB IX 4aCTKOBUM
HAIPSMJICHUM 11epe6opoM.

HaBepieHo imocTpaTMBHI IpuK/Iagy cXeM Te€OMETPUYHOIO IIPOrpaMyBaHHA, APOOOBO-TIiHIIHOrO IporpaMyBaHHS, HeNiHITHOTO
IpOrpaMyBaHH:A 3 HEONYKJIO 00/aCTIO, POOOBO-HEMIHITHOTO IPOrpaMyBaHHA 3 HEONYKJIO O0MACTIO, JOCII/PKeHHA Ha ONTUMYM
moperni Ko66a - Tyrnaca.

[IpencraBieHO YZOCKOHAJEHMII MaTeMaTMYHMII IHCTPyMeHTapilli Ha OCHOBI MeTomy HaknagaHHs LimoumcnoByx citok (HIC), skuii
IO3BOJIMTD PO3B’A3yBATH 33/jadi CYTO JYICKPETHOI, @ He Ti/bKY I/I0YMCIOBOI ONTUMI3allil AK OKPeMOTO BUII[IKY, B KOHTEKCTi BUPillIeHH:A
ONTUMI3AL{fHNX 3aBaHb IPUKIATHOTO XapaKTepy i € OiIbIl edeKTUBHMM 3a PaxXyHOK 3MEHIIEHHs TPYHOMICTKOCTI Ta TepMiHy ix
PO3B’sI3yBaHHS.

IloBeneHo, 1110 BiAMOBifHe aHATITIYHe 3a0e3IeYeHHsI [OLIIbHO BUKOPUCTOBYBATH Y SIKOCTI €KOHOMIKO-MAaTeMaTHYHOTO IHCTPYMeHTapiio
Ha eTalli BUpIlleHHs 3aBJaHb €KOHOMIYHOIO XapaKTepy, 30KpeMma ONTHuMisallii IapaMeTpiB INpoLeciB opraHisalii i MiZrOTOBKU
BUPOOHMUIITBA HOBYX BMPOOIB MiAIIPUEMCTB PeaTbHOTO CEKTOPY €KOHOMIKIL.

Kaouosi c1i0Ba €KOHOMiKO-MaTeMaTUYHNI1 IHCTpyMeHTapiit, onTuMisaniiiHa
3ajlaya, IapaMeTPUYHi piBHAHHA, 1i/1boBa QyHKIIisA
Knacudikauia JEL C61

BCTYI

Kapaunanphi 3MiHM IapaMeTpiB QyHKI[iOHYBaHHS Cy0’€KTiB €KOHOMIKM B Cy4acHMX yMOBax I/I0Oai3aliifHOro
PO3BUTKY BMMAraloTb Bii HayKOBLB i (axiBIiB IPaKTUYHOTO CEKTOPY HOBUX IIXOMIB O aHaTi3y epeKTMBHOCTI
B3a€EMO3B’A3KiB MK BCiMa IificucTeMaMy i y9acCHMKaMM eKOHOMIYHMX BifHOCUMH. Bupimienns icHyro4oi mpo6miemMn
OTPVMMAHHSA a[eKBATHMX BJMCHOBKIB 3a pe3y/lbTaTaMM OLiHKM [VHAaMiK/ €KOHOMIYHMX IIpOLIECiB BMMAra€ Bif,
TOCTiTHUKIB HEOOXITHOCTI PO3BUTKY TEOPETUYHUX II0I0>KeHb, 3a0e3IIeUeHHsI BUKOPUCTAaHHS eeKTVBHUX METOIB
TOCHIIPKEHHS, BIPOBA[)KEHHA YIOCKOHA/IEHUMX METOOVYHMX IIifXOZiB, a TaKOXX BUKOPUCTAHHSA BiJIIOBiHOrO
€KOHOMIKO-MaTeMaTUYHOrO IHCTPYMEHTApilo B aCIeKTi oNTuMisalil BM3Ha4eHMX napaMeTpis. Lle Takoxx cBif4uTH
Ipo IX BeluKe IPAKTUYHE 3HAYEHHA, IO OOYMOBIEHO BUHMKHEHHAM CY4YacHOi IOTpeOM OO0 OTPYMAaHHSA
BifjoBifeit B popMaTi KiIbKiCHUX i AKICHMX ITapaMeTpiB ITOKa3HMKIB Ha eTalll IOIIYKY pillleHb i 3aBIaHb PO3BUTKY
CY0O’€KTiB roCIIoflaploBaHHsI 3 BpaXyBaHHSM 3MiH SIK BHYTPIiLlIHBOTO, TaK i 30BHIIIIHBOTO CEPELOBNUIIA.

AxTyanpHicTp poboTM TONATaE B HeOOXimHOCTI QOpMyBaHHS HOBMX MiXOHIiB [0 BUPILIEHHS Cy4acHUX
€KOHOMIYHIX ONTHMIi3allifiHMX 3ala4 Ha OCHOBI yJOCKOHAJIEHHS iCHYI0YOTO MaTeMaTUYHOTrO iHCTPyMeHTapio.

Cepen BOCTiHUKIB €KOHOMIKO-MaTeMaTN4HOro mpodimo i ¢axiBLiB IpaKTUKIB LIMPOKO BiZOMi KIacH4Hi 3a/jayi.
Taxk 3ajjaya mpo proksak (3aaya KOMOIHATOPHOI ONTMMI3alLil) J03BOJISIE OTPUMATI HEBHUI CLieHapiil JOCATHEHHS
MaKcyMisanii cyMapHOI BapTOCTI KOPMCHOTO BMICTY pedeil 3 BpaxXyBaHHSIM OOOB’SI3KOBOTO BMKOHAHHS iHIIOI
yMOBU-TIapaMeTpy — OOMeXeHHs i He IIepeBUIeHHS MaKCUMaabHOI npumycrumol Macu. KoHcomigosani
QITOPUTMM B MeXax MaHOI 3ajadi B IPAKTUYHOMY CEKTOpPi €KOHOMIKM [IO3BOJIAIOTH (axiBIAM 3 YIIPaBJIiHHSA
HiANPMEMCTBOM BUPIINTK 6araTo iHIIMX eKOHOMIYHMX 3aBJaHb, IO HEBHOI Mipoio cpopMOBaHI TMMM YU
iHmmMy po6eMamu. 3 TOYKY 30py HassBHOCTI 11 y SIKOCTi IIEBHOI IIifi 3a/ja4i B CTPYKTYpi OiIbII 3ara/ibHMX 3a7ad,
HMiATBEPIPKYE 3HAYYIIICTD TAKOTO MAaTEMAaTMYHOTO IHCTPYMEHTApil0 I IUMPOKOTO HAIpsAMy HayKOBUX
TIOCTII>KEHb.

Bimoma 3afaya ONTMMaNIbHOTO PO3KPOI0 MaTepialiB Mae MPaKTUYHUII NPUKIAL HeOOXiTHMX aIropuTMiB Ha
eTalli NpUIHATTA OpTaHisalifiHKX pillleHb MeHe[ KepaMy B yMOBaxX OpraHisanii i ynpaBliHHA IPOMMUCIOBUX
nignpuemcTs. IIpu 1bOMy [/Is1 IPUITHATTS BipHOTO pillleHHs € 00OBSI3KOBUM BpaXyBaHHsA 6araTbox (GpakTopiB
— O MHMYHMII (cepiltHmiT 860 MacoBMil) TUII BUPOOHMIITBA, KOHPIrypalis 3aroToBOK (Marepiany), o6csr Bupo6-
HUIITBA NMPOAYKIil Ta iH. Po3B’A3aHHA Takoi 3ajjadi B yMoBax yHKIIiOHYBaHHS KOHKPETHOTO IPOMICIOBOTO
HifiIPMEMCTBA LIOJ0 BUITYCKY IIEBHOTO BUALY IPOAYKIIil JO3BOJISE 3a6€3MeUNTI YMOBY OTPUMAaHHS JOCTaTHBOTO
IpUOYTKY i HOJA/IBIIOrO 10T0 epeKTMBHOTO PO3BUTKY.

3agaya KOMiBOsDKepa YiTKO [IeMOHCTPYE MOMJIMBOCTI 30KpeMa Cy4acHUM MeHekKepaM 3 JIOTICTMKM ILOZO
BUKOPVICTAaHHS a/ITOPUTMiB (MaTeMaTMYHOTO IHCTPYMEHTApil0) y 3HAXOKEeHH] HallBUTiTHIIIOro MapuIpyTy (3a
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HEeHVMM KPUTePisIMU — HAKOPOTIUNIL, HalifjeIeBIINIi, CYKYIIHMII KPUTePiil Ta iH.) OfHi€l JOCTaBKM IEeBHOI MapTil
TOBapy, IO IIPOXOAWUTb dYepe3 OOOBA3KOBI NyHKTM MAOCTaBKM (Micta, morictmuni ckmagu). [Ipm 1pomy
000B’I3KOBOI0 YMOBOIO € HAasBHICTh IIA0JMIOHIB IEBHMX MapaMeTpiB (BapTiCHMX, TeXHIYHMX), fKi 3aJaHO
3aspaserifp. [l [OCIgHMKIB OAiOHI aIrOpUTMM HO3BOJISAIOTD 3/iMICHIOBAT alpoOaIlilo HOBITHIX YIIPaBIiHCHKMX
HigxopiB, 3aCHOBaHMX Ha EBPUCTMYHOMY CKOPOYEHHI ITOBHOTrO Iiepebopy icHyrooumx (cueHapiiB) BapiaHTiB
IOCATHEHHS YMOBHOTO Pe3y/IbTaTy.

OInpoke 3acTOoCyBaHHA B INPAaKTUYHOMY CEKTOPi €KOHOMiKM MAalOTb y3arajbHeHi IIXOAM HO YIpaBIiHHA
OKpeMMMU BUPOOHMYMMI IIpolLiecaMyl Ha MiJIPUEMCTBAMM, B MeXXaxX 3aadi 3 MOCTITHMMU eJleMeHTaMJ BUTPAT
(3amayva nraHyBaHHs BUPOOHMYOI TiHiT).

3ajava Ipo NpuU3HAYEHHs TAaKOX € OfHi€w 3 6a30BuX 3ajay KOMOiHATOpHOI omTmMisamii i 3 iHmoro 6oky
HaJIeKUTD 10 3a/a4 JIiHiTHOro IMporpaMyBaHH:A. IIpakTuyHa HiHHICTD I 3 TOYKM 30py MOK/IMBOCTEN BUPilIEHHA
3aBJlaHb EKOHOMIYHOTO XapaKTepy MOJIATAa€E y PO3IIIALi IIeBHOI TPAaHCIIOPTHOI 3a/iadi, AKY JOLi/IbHO PO3IIARATU
Y AKOCTi aITOPUTMY BY3HA4YEHH ITapaMeTPiB NOTOKY MiHiMaIbHOI BAPTOCTI 3a IEBHUX YMOB TOTO, AKUI areHT
BUPpIiLIye BUPOOHNYY CUTYALIil0.

CydacHi BUMOIM [0 BMpillleHHA Ipo61eM ONTUMi3alil HiATBEPKYOTb, 1[0 BUCBIT/IeHi BuIle iHCTPyMeHTH
HOTpeOyI0Th YOOCKOHAJIeHHs Ha OCHOBI MerTofy HakmajaHHs wninoumcnoBux citok (HIIC). Taxwit mipxin
I03BOJISIE PO3B’A3YBATH 3a/ladi CYyTO AMCKPETHOI, @ He TUIbKM LI/IOYMCI0BOI ONTUMI3aIil 1K OKPeMOTO BUIIAfIKY.

3anponoHoBaHi OpUriHa/NIbHI KOHCTPYKTUBHI 3aco6u onrtumisanii po3po6eHi mif BIVIMBOM 1y cBiTi imeit, ki
npuBenyu 10 cTBopeHHs PpadoBuM (1982) teopii R-dyukuiit [8]. 3a pmomomororo umx ¢yskuin 6yma
po3B’sizaHa oOepHeHa 3ajlaya AHATITUYHOI TeoMeTpil: ONMMC OJHUM aHAITUYHUM BMPA30M pPiBHAHHA,
BiIMOBifiHe 3ajaHOMY TreOMeTpUYHOMY 00’eKkTy (/iHii, KpecleHHI0). AHajOriyHa 3ajadya II0CTA€ CTOCOBHO
AHAJIITUYHOTO OINCY JUCKPETHOI, 30KpeMa LiJIOYNCI0BOI MHOXXMHM TOYOK J[BOBMMIPHOTO IIPOCTOPY
(mIomMHM) Ta TPUBMMIPHOTO NPOCTOPY, i 3arajioM — 6araTOBMMIPHOTO IIPOCTOPY, IO MOXXHA BBaXKaTH
pe3ynbTaTOM IOAANBIINX HOC/i/>KeHb. Bliepiie BIPOBAaJKEeHHA LIIOYMCIOBUX CITOK y 3afadi JMCKPETHOTO
IIporpaMyBaHHsI [T0Ka3aHo B poboTi aBTopa [9].

Meroto mocmimpkeHHs € yHidikauis BiZoMMX MeTOfiB, sika He HOTpeOye po3B’s3aHHs MOCTabneHoi 3ajadi
MaTeMaTUYHOro IPOrpaMyBaHHs, TOOTO 0e3 ypaxyBaHHs AMCKPeTHOCTI 3MiHHUX. [IpyruM acriekToM yHigikariii €
3a0esrevyeHHs MOXIMBOCTI il Oyhb-sKol 1jiiboBOi (YHKII, 0OMe>xeHOI B JOBiIMBbHI 0071acTi JOIYCTMMUX
IVIaHiB, 3HAIITU €KCTpeMaIbHe 3HAaYEHHH.

[Tomyk miTepaTypHMX JpPKepe/l CTOCOBHO O3HAVIOM/IEHHsS 3 pe3y/lIbTaTaMyl HayKOBOTO JOpOOKy ¢axiBIiB 3
HOCTIIKYBAaHOI TPOO/IeMaTUKM [O3BOJISE 3POOUTM BMCHOBOK IIPO BiICYTHICTP IPYHTOBHUX HAyKOBUX

ny06iKaniii, mpucBsYeHuX ii BUpilIeHH!o.

Peajisaniss 3amponoHOBaHOrO B poOOTI MiXOAy [0 pO3B’si3aHHA 3aad  IJIOYMCIOBOrO  (IMCKPETHOTO)
IIporpaMyBaHHsI OTpeOYye esKMX IOTepefHiX BiToMocCTet.

Bigomicts 1. Ommc 3MicTy BMKOPUCTAaHUX TEOPETMYHMX IIO/IOKEHDb, NOHATb Ta Mpouenyp. OFHOBUMIpPHI,
[BOBMMIpHI Ta TPMBUMIpPHI YMC/IOBI OpycK: OCHOBHI ITOHATTS Ta OOYL0Ba

[Tlix Hymepanieo [3] po3ymiloTbh BimOOpa)keHHS I€BHOI IiJMHOXMHM HATypalbHUX umucen N Ha Kiac
IOCIPKyBaHNX KOHCTPYKTUMBHUX 00’€KTiB (popMmys, ciiB, MaTpuub i Take iHie). Y IpONOHOBaHi pobOoTi

pO3I/IAfaoThCA BifobpaXkeHHs MHOXMHU N B (Ha) MHOXXUHY Z”.

[TinMHOXXVMHY HyMepallii, iKa 3aJJOBOJIbHSAE II€EBHI YMOBY, Ha3MBAOTh LI/IOYMCIOBOIO CiTKOIO.
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[To6ynoBa LiTOYNCIOBUX CITOK (fjasli — HPOCTO CiTOK) 37iiICHIOETbCA B fiBa eTany [10]:

1) Bubip mpaBuI — cCXeMy HyMepaliil, — 3a IKUMU 3[iJICHIOETbCS IIPUCBOEHHS HAaTypa/JbHIX HOMEPiB TOUKaM
L[1/I0491C/TIOBOTO IIPOCTOPY;

2) QaHaMTUYHUI ONNC — YCTAaHOBJIEHHA 3a/IKHOCTI — II1/IOYNMC/IOBMX KOOPAVHAT TOYKM Bifj IPUINCAHOTO 3a
CXeMOI0 HOMepa Ta BifIHOBJIEHHA 3a KOOpAMHATaMM HOMepa 11i/I0l TOUKM.

IcHye 6esnmiu cxem Hymepauii ninux to4yok (ILIT) mpsmoi. Bubepemo omny 3 mHux (Pucynok 1). IToumnatn
HyMepallifo MOXKHa 3 OyIb-sKOI TOYKY 41CIOBOI oci. BisbMeMo B sikocTi moyaTkoBoi To4Ky O.

[TocmiioBHICTD NepexoAfy Bifi TOYKM [O TOYKM ITOKa3aHa
‘cTpinoukamu (Bif moyatky Bifiky).

‘Homepn Touox HaHeceHo Hap Biccto Ox. AHamisyroun
‘BMOpaHy cxeMy, IPUXOAVMO 10 BUCHOBKY, IIJO TOYKa X i i
HOMep N I0B’si3aHi OiEKTVBHMM CIiBBiJHOLIEHHM:

75 3 1 2 4 6 . neox o neo(=1)"[n2
-3 -2 -1 o 1 2 3 'x

PucyHok 1. Cxema HyMepariii Z

Bubip cxemm Hymepauii (MOX/IMBOMY BapiaHTy Ha eTami NPUIHATTSA PpillleHb) 3a/leXWUTb Bif TOro, A
PO3B’s13aHHA SAKOI NPUKIALHOI 3a7aui (crenudiky eKOHOMIUYHNUX 3aBJjJaHb) BOHA BIKOPJCTOBYEThCA. besayMoBHO,
BiIOBiZHA CiTKa IOBMHHA 3alOBOJIBHATM YMOBM IIOCTaBjeHOl 3amayi, crnpusna Oinbur edekTusHin, 3a
IIBUAKICTIO, YMCeNIbHIN peasnisauii. Big BubOpy cxemm HyMmepariii CyTTEBO 3a/leXXUTb 00’€M OOYMCIIOBANTBHOIL
po60TH, 0COONINBO, KOMNU ieThCsA IPO 6araTOBMMIpHI CiTKM.

3pilicHeny Hymepaio ninouncnosoi oci Ox (guB. Pucynok 1 ) Buxkopucraemo A Hymepanii LT gBoBumipHOTo
npocropy. [Ina mporo BubepeMO [eKapTOBY KOOpAMHATHY IvouwpyHy xOy, Bich abcumc sAkoi cyMimjeHa 3i
3aHyMepoBaHOI Bicco. [lami BubepemMo Ha Ox LIiOYNCIOBUI Biipi3oK [—d, a], Axnit mictutuMe (2a+1)-y Touky. Ha
wiomyHi XOy po3IIAHEMO BEPTUKAIbHY CMY-Ty IMPUHOIO W=2a+1, a=3. Ill06 oTpuMaTy HaCTYIIHMII 1P TOYOK
AK JesAKy MIMHOXMHY Z%, Bif ToukM 3 HaibinpmyM HomepoM Ha Ox (PucyHok 2) nepexopumo o Touku Ha Oy
i3 opguHaTo0 y=I, i mpumnucyemo iit yeprosuit Homep. fAkio a=3, To Ha Ox 1je To4Ka x= —3 3 HOMEPOM 1=/, a Ha
NpAMiit y=1 OTPUMY€EMO TOYKY 3 HOMepoM n=8. IIpolec NpogoBXyeTbCsA HalaHHAM OPJVHATI 3HaYeHb y=2,3,...
[0 THMX Hip NOKM LiIOYMCTIOBMM HPAMOKYTHMKOM He Oyje OXOIUIIOBAaTMCh O0NIACTb, Ha AKiil pO3INALAETHCA
3ajiaya onrTuMisalii. MHOXXIHY TOYOK, fIKa BiilTOBijae KO>)KHOMY (piKCOBaHOMY 3HAaU€HHIO ¥, HAa3MBAIOTh IIAPOM
TOYOK.

Ha Pucynky 2 cTpinodykaMy IIOKa3aHO MOCIiIOBHICTb HyMepalil TOYOK BepTUKaIbHOI cMyru. JiTKo y mpoueci
HyMepallil IPOCTeXYIOTbCA [Ba €Talln:

1) 3acxeMmolo HyMepalii 0OBefileHHs TOYOK LIapY;
2) mnoOymoBa HACTYIIHOTO LIAPY IepeXofoM (II0 MTOXWJIiiL) 1O Y4eproBOro 3HaYeHHs OpJMHATI.

AmnajoriyHo 6yyeTbCs JOBI/IbHA KiZTBKICTD IIAPIB 1 3 BifeMHUMU OpAMHATAMMA.
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Y maHOMy BMKJIAJii B OCHOBY IOOYOBM IUIOCKMX i
X m-BUMIipHUX CiTOK (m > 2) IIOK/IajjeHa HyMepalis 3a
Y cxemoto Cepmincbkoro (1961) [12], sika onucyeTbes
V=1 - popmymnamu [11]:
i x=(DP([b/2l+min(0,n-B), ()
(- »= (-1)([b/2]-max(0, n-B)),
T ) X 1€ X, ¥ — KOOPAMHATH LiIUX TOYOK B Z*,
- b=[\/n-1]+1, B=(b-1)b+1.

MHOXNHa LIIMX TOYOK y HpOCTOpi Z°, sfKa BK/IIOYae B cebe I TOYKM BHYTPILIHOCTI i MOBHOI MOBepXHIi
HPsAMOKYTHOTO IIapajiesielliliefja HasMBA€TbCA LIOYNCIOBUM OpycoM (mami — 6pycom). OxpeMuM BMIIaJKOM
Opyca € uinouncnosmit Ky6. ITapanenbHUM IepeHeCEHHAM JIOTO MOXKHA PO3TAIIYBAaTH B YCiX 4M JeKiIbKoOX
OKTaHTaX.

Tpusnumipunmit ninodncnosmit 6pyc mosnaummo uepes Bar(k, h), me mapamerp k — HoMmep KBajpaTa, AKMit
HOK/IaJIEeHO B JIOro OCHOBY 3rigHo 3 (1); h— Bucora 6pyca sk Kimpkicts mapis LT mo Beprukani. Bpycu 3
HeBiJl EMHMMI aITiKaTaMy 2(#) ONIUCYIOTbCS CIIiBBiJHOIIEHHAM:

z(n) =[(n-1)/ N,]=[(n-1)/ 2k + 1)’], n=123,..,h- N,, ()
ne N,=(2k+1)? — KinbKicTb TOUOK OCHOBM BUOpaHOro 6pyca.

dxmo n €[(h-1) 2k + 1)2, h-(2k + 1)2], TO 3a TaKMX yMoB jiA h=I,2,3,... MaTuMeMo, BifjlIOBifiHO,
z=h-1=0,1,2,... .

3cyBoM 6Opycy, a pasi morpebu, 3 HeBiI €eMHMMM aIlikaTaMM Y Biff eMHOMy HampsAMi nmpoMeHs-miBoci Oz
OTpMMaeMo OpycH TiIbKY 3 Bift eMHUMM a00 3 Bi EMHUMU i JOFATHUMMU aIUTiKaTaMIu.

Ha Pucynky 3 306paxkeHo 6pyc 3 mapamerpamu k=I, h=4. 3rifHo 3 (2) Takuit 6pyc OXOIUII0E BCbOro 36 Iiimmx
TOYOK: KOXXEH IIap MiCTUTD 9 TOYOK, a Ki/IBKiCTb IIapiB JOPiBHIOE 4.

3 Tlopsamox  mpuCBOEHHA HOMepiB i TOYKaM
u | IPOCTEXKYETbCS 3a CTPi/IOYKaMy, ITOYMHAIOUY 3 LeHTpa IIapy
Ha 1romuHi xOy.
2

Y mponeci Hymepalii YiTKO IPOCTEXYIOTbCA fABa eTaIlu:
00BeleHHSA TOYOK KOXXHOTO IIApy, MifliiMaHHA Ha OJVHMIIIO
(110 MoXWIIiTI) 1O YeproBOTO LIAPY.

Bpyc nobygoBanuii 3aco6aMy IaKeTy IPUKIAFHUX TIPOTPaM
MatLab [7].

OpnoBuMipHMIt 6pyc (1-6pyc) — LiI0YMCIOBY CiTKY Ha MpsMiit
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JIBoBuMipHuUit 6pyc (2-6pyc) B Z° oTpuMyeMO KOHKAaTeHAli€l0 (3YeIUIEHHsAM) OJHOBMUMIpHUX OpyciB (mms.
PucyHok 2), a 34ernieHHs Ki/IbKOX TaKVX OpyciB HOpOpKye TpuBUMipHUii 6pyc (3-6pyc) B Z°.

Bigomicts 2. ITo6ynoBa 6araroBuMipHux (m-BuMipHuX, m > 3) 6pycis

bes mpuHUMIIOBMX 3MiH ONMCaHMIT KOHCTPYKTMBHMII IifXif mo moOymoBM CiTOK Ha IpsAMiif, Ha IUIOLVHI, y
npocTopi Z’ y3arajJpHIOETbCA Ha IpocTopy Oinbioi BuMipHOCTI. bpycoM winmx Todok y Z™ € KOHKaTeHalis
opycis i3 Z™!. OcHOBHI eTanu Mo6yROBM: 00BEfIeHHSA TOYOK BUXIAHOTO (m-1) -Opyca; KOHKaTeHalist HeoOXigHOl
(3ajjaHoi) KiIbKOCTI BUXiTHUX OPYCiB.

[TosHauenHs m-6pyca mictutume (m-1) mapamerpis: Bar(k, Sy Sp s S m), nie s, 3<i<m, AKuMH, KpiM mepiioro,
BU3HAYAETbCSA KiNbKIiCTh ollepaHfiB (LIapiB) 34eIIeHHA. 3BMYAIHO 3a OCHOBY 3-6pyca 6epyTb HyMepaliio 3a

KoopAMHATHUMM QyHKIiAMH (1), IKi OIMMUCYIOTDH 2-6pyC.

KinbkicTb TOYOK 1IapiB BUMIpY 2,3,..., 1, MiPaxoBYeTbCA 3a GOPMY/IaMM:

N,=Qk+1)*,n,=1,N, 3)
N =N_,-s,n=LN,i=3,4,., m.

1

SIkio B3sTH, HAIpUKIIAL, k=1, $,=2, s,=2, 5,=3, TO OTPUMAEMO watuBuMipHuit 6pyc Bar(1, 2, 2, 3). B itoro ocHOBi
NeXNTH 1-KBajipaT, TPUBUMIpHUIT 6pyc Mae aBa mapy, 4-0pyc sB/sie OO0 KOHKATeHAIl{l0 JBOX TPUBMMIPHUX
OpyciB, a 34emyIeHHs TPbOX TakKuMxX OpyciB fmae msaTmBmMipHmMit 6pyc 3 Tppox mapiB. Ha Takomy 6pyci Oyma
IpOBeJieHa anpooballis aropuTMy HOOYIOBY ITATUBMMIPHUX CITOK. MU >KMBeMO B TPMBMMIPHOMY CBiTi, TOMYy HaM
Ba)KKO YsIBUTH COOi CBIT iHIIOTO BUMIpY.

OcKinpKy anroput™M NoOygoBu M-OpyciB CIMPAETbCS HAa BUKOPUCTAHHS BifNOBifHUX (OPMY/, TO CTBOPEHHS
nporpamHoro 3abesmedenHs Ha EOM i peanmisanii moOynoBum He BUKIMKAae TpymHoLiiB. [laHe Imporpamze
3abe3IeuyeHHsI MOYKHA BUKOPVICTOBYBATH Y SIKOCTi €KOHOMIKO-MaTeMaTHYHOTO iHCTPYMEHTapilo s BUpPilIeHHs
3aBJlaHb E€KOHOMIYHOIO XapaKTepy, 30KpeMa OITMMi3allil IlapaMeTpiB IIpolieciB oOpraHisamil i MigroToBKM
BUPOOHNIITBA HOBMX BMPOOIB Ha MiAIIPUEMCTBAX PEaIbHOTO CEKTOPY €KOHOMIKIL.

Bigomicts 3. Onuc MeTofy HakafaHHA 1[i/IOYNCIOBO] CITKY Ta ITIOCTpaTUBHI IPUKIAaAy 3aCTOCYyBaHHA

3anpornoHoBaHMiI B po0OTI mifxi Ho IioumcioBoi omTmMmisanii mependavyae MOXKIMBICTD He 3aTydaTy
HoIIepeJHbO MToC/IabIeHy 3a/jauy 1inouncinoBoro nporpamysanus (31IT).

3acTocyBaHHS BiOMMX TOYHMX MeTOAiB fo posB’ssanHs 3LIII, a came: MeTop BifTMHAHHA B ApoOOBOMY
aroput™i 'omopi i rinkyBaHHS B KOMOiHAaTOpHUX MeTOofiax [4; 5] moTpebye 3aiiicHIOBATH Hepexi 40 HACTYIHOI
1iy10i TOYKM, a MOTIM J{iarHOCTYBaTM OTPUMMAHMI HOIYCTUMMII IUIAaH Ha ONTUMMAaJIbHICTh. Lle TsarHe 3a cob6oro
notpedy KOXKHOTO pasy ([ KOXKHOI Lol TOYKM) PO3B’sA3yBaTH OKpeMy 3afady, L0 YCKIAJHIOE ITOIIYK
ONTMMAJIbHOTO IIaHy. Y IPOTMBAry Ha3BaHMM MeTOJaM IIPOIIOHYETbCA aHAMITUYHMIA ONNC Bifpa3y yCixX Limmx
TOYOK 007acTi HOMycTMMMX 3HadeHb. Takmit migxig po poss’ssanHs 3LIII HasBaHO MeTOOM HaK/IaJaHHSA
uimouncnosoi drku (HIIC).

Bin peanisyerbcA 3a Tpy KPOKM:

e ONNC MHOXVHMU L|I/INX TOYOK D, sIKi OXOITIOE 3a/jaHa 00/1aCTh JOIMYCTUMUX 3HaYeHb D;

o 00uYKCiIeHHs 3HaYeHHs LinboBOI PYHKILII B KOXKHIiT Touli D° i BUSHAYEeHHs cepeJ HUX ONTUMAaIbHOrO (1je
3I1VICHIOETHCS 3a JOIIOMOTOI0 Cy4acHUX IaKeTiB IPUKIAJHNX IPOrPaM Ha IIePCOHATbHIX KOMIT I0Tepax);

e  BifIyKaHHS BiJIOBIZHOTO ONTMMAIBHOIO IIaHy (ab0 ITaHiB), TOOTO KOOPAMHAT TOYOK MAaKCUMYMY UM
MiHIMyMYy 3a BiJOMUM 3Ha4eHHSM Li/IbOBOI QYHKIIiI.
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SIx 6aunmmo, 3a meromoMm HIIC mepe6uparoTbcsi BCi TOYKM 3 LIMMMU KOOPAMHATaMy, TOOTO BiH € METOJOM
IIOBHOTO Iepebopy, abo MeTofoM «rpy6oi cvm» (Big aHr. brute force). Bin Budepiye yci Moxusi Bapiantu. Y
meroni HIIC mip «BuuepyBaHHAM» C/1if po3ymity nepebip ycix ninmx Touok obmacrti D°. OnruManbamit miad X
(abo rmany) 1i1bOBOT PYHKIIT BiJIIYKy€ETbCS 32 ONTMMYMOM YMCIIOBOTO MacUBY ii 3HaYEHb.

3a BijoMuMu MeTofaMu JIiHITHOTO IPOTPaMyBaHHs 3HAXOAWUIN ONTUMaNbHI I1anu nociaabnenoi 3111, a 3a HuM
i cam omrtumyMm (i3 HOFanbIIMM IPOCYBaHHAM HO ILimounucnoBoro Iiany). Y meroni HIIC naBmakm: 3a
OIITMMa/IbHMM 3Ha4eHHM Li/1b0BOI PyHKIii 3HAXOATHCA BifAMOBi{HI — ONTMMAa/IbHI — JONYCTUMI IIAaH.

o > 2
PosrnsanemMo npocTeHbKMit IpuKaz posssasannd LI s 7, .

ITocTaHOBKa 3amayi:

Ay G
z=9x+8y — max; 3_1 """" TR 1 -------------- ------
4x+28y <77 . A SEN TR D SR N N A
36x+28y <189

x20,y20;xeZ, yel.

Ob6nactp ycix pomycTmmux IvtaHiB 3ajadi D, i
obmactp ycix 1i mimmx Ttoyok D 300pakeHi Ha
Pucynky 4.

S e SRRREEEEY EEEEE
[N e R . TR

R

N S T

PucyHnoxk 4. I'padiune 306pakeHHs ob6acti
JIOMYCTUMUX 3HAYEHD 1 [[1JIOUMCIIOBOI CITKHU

Posp’si3anns miniitHoi 3LIIT 3piiicHioBanocst B cepeposuii IITTIT MatLab [7]. Ha muHoXuHi D° MakcumanbHe
3HaueHHA QYHKIII Winmi: z = 45, BUusHayvae minouncnosuit mnan: X (5, 0). Ontumanbauii nan nocmabnenoi 31T
BU3HAYA€ETbCs TOUKOW B(3, 5; 2, 25) (nuB. PucyHok 4).

Takum umHOM, 3acrocoBytoun HIIC, MM OTpuMManyM LiTOYMCIIOBMII ONTMMYM, OOMMHAIOUM PO3B sI3yBaHH:I
nocnadmenoi 3MI1.

«IIpoKIATT BUMIPHOCTI», TOOTO TIpo6eMa €KCIIOHEHI[ia/IbHOTO 3pPOCTaHHSA KIIBKOCTI MJaHuX Yy pasi
6araToBMMIipHMX IPOCTOPiB, He € mns Merony HIJC nmepenikonor. Crpasa B TOMY, 110 He OyIb-sKWUIT aITOPUTM
IPsAMOTo Iepebopy € eKCHOHEHIITHNM. Y CTaHOBJIEHO [6], 110 a/IrOpUTM IOIIYKY HaiiMeHIIoro (Haibinbuioro)
e/IleMeHTa B Y/C/IOBOMY MacyBi, He3Ba)Kalouy Ha JIoro mepebipHuMil Xxapakrep, € JiHIIHUM, a He eKCIIOHeHILIIHIM,
OCKIZIbKM TaKUil aITOPUTM JIeT€PMiHOBaHMIA.

SIk110 B 11bOMY CeHCi IOpiBHIOBATY MeTOAY BiATMHAHHA i KOMOiHaTOpHI MeToay po3BsisanHs 3111 3 MeTogoM
HIIC, To nepeBara Ha 6011i 3aIIPOIIOHOBAHOTO METOAY, 60 pO3B’A3aTI HOBY 3afiauy /I 3HAXO[ KeHHs 4epProBoi
11i/7101 TOUKY 3HAYHO CK/IafHillle, Hi>K 00YMCINTY 3HaYeHH 11i/1b0BOI PyHKIII.

Cepen cy4acHMX Npo6jieM YIpaBIiHHA MiANPUEMCTBAMU € BifICYyTHICTh €KOHOMIKO-MaTeMaTMYHUX MOJerei
HeTiHiHNX npoueci. [lobpe po3pobiieHi miHiHI MO/l ONICY eKOHOMIYHMX HPOLieCiB € HeeeKTUBHUMM /IS
IOCTAHOBKM i po3BsI3aHHs 6araTboX Ba>K/IMBUX 3aJlady, IOBA3aHNX 3 HEMTiHITHMMM MpoLeCaMyl B eKOHOMIIIi.
Taxe cTaHOBUIIIE CIIOCTEPITA€ETHCA i BITHOCHO HeMiHIMHNX AVMHAMIYHUX IIPOIjeCiB B3arasi.

Ha Bigminy Big 1poro, meron HIJC mo)xHa BnpoBaguTyt, IpudoMy 0e3 NPUMHLIMIOBMUX 3MiH, y HeNiHiiHI 3amauyi
MaTeMaTMYHOIO IporpaMyBaHHA. KpiM Toro, iforo 3 ycmixoM MOXKHa 3acTOCOBYBaTM B iHIIMX Taly3dx 3HaHb
IPUK/IAJHOTO XapaKTepy, a came: Kpucranorpadis, ONTMMaIbHIIT PO3KPill MaTepiajiB, TeOpis arTOPUTMIB, TeOpis
q1Cesl TOLIO.
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ITepearu metopy HIIC Hap icHylouMMU TOYHUMY METOJAMU I1i/IOYMC/IOBOTO MaTeMAaTUYHOTO IPOTpaMyBaHH A
TaKi:

o Ha OyHKIil0 Uin HakIaJa€TbCs TIIBKM OfjHe OOMEXeHHSA: BOHA IOBMHHA OyTM 0OMeXeHOH0
B PO3I/IAAYBaHill 00/1acTi; IpOTe HOBIBHOI 3 TOYKM 30pPy MaTeMAaTMYHOTO aHaji3y: HemepepBHa
i zudepenuinosHa; He HellepepBHa i HefuepeHIIiIoBHa;

o 001acTIO JONYCTMMUX 3HaYeHb MOXKe OyTu Oyib-sika 3aMKHEHa OfHO3B’s3Ha Yy MHOTO3B s3Ha 00/IacTb 3
MeXel0 3 KYCKiB HellepepBHMX KPUBUX 4 TOBEPXOHb.

«IIpOKIATTA BUMIPHOCTI», TOB’sI3aHe 3 eKCIIOHEHIIia/IbHUM 3pOCTaHHAM KiJIBKOCTI JaHUX, MO>XKJIMBO TOOOPOTH,
3alpoBajKytoun perionanbHnit meron HIIC:

o 00yacTh JONYCTMMMX IUIaHIB PO30MBaIOTh Ha Mifo6macTi (perionn);

e Ha KO)KHOMY PeriOHi pO3B3YI0Th IIOCTAaB/IEHY 3a/1a4y;

e  Cepep perioHa/JIbHMX ONTKMYMiB 3HAXOAATDH ONTMMAa/bHe 3HaYeHHs PyHKILT il Ha Bciit 3apaHiit obmacti
HONYCTUMMUX IIJIaHiB;

e  ONTMMAa/IbHMII IIaH (200 I/IaHM) 3HAXOAATH 3a Bi/JIIOBITHIM 3Ha4YeHHAM QYHKIT 1iIi.

[lns1 3MeHIIeHH YacoBKX BUTPAT Ha po3p’sizanus 311 perionansuum metogom HIIC 3HaX0KeHH I ONTUMYMIB
Ha perioHax JIOLi/TbHO 3i/ICHIOBAT) OfHOYACHO Ha JIeKi/IbKOX KOMIT I0TEPaXx.

3nauHol0 nepesaroio Metony HIIC € Te, 1110 BifKpUBAETHCS MOK/IMBICTb PO3BA3yBaTH 3a/jadi CYyTO AMCKPETHOTO
IpOrpaMyBaHH, a He JI0r0 OKPEMOTo BUIIAfIKY — 11i/I04MC/I0OBOIO MaTEMAaTUYHOIO IPOrpaMyBaHHA.

Po3po6reHi KOHCTPYKTMBHI 3aco6u MOOYAOBM IiIOYNMCIOBUX CITOK JAIOTh MOXXIMBICTH MOOYAyBaTH CiTKy 3
BY3/IaMU He Ti/IbKM Ha KOOPAMHATHUX JIiHIAX, a 11 3aHyMepyBaTy TOYKY 3 APOOOBUMM KOOpAMHAaTaMu. [I1s 11bOro
JIOCTATHBO KOOPAMHATHI PyHKI[il TOMHOXXWUTI Ha CTaNy, MEHIIY O MHULL.

Takwnit nifxizx peanisoBHMIT He TI/IBKM Y ZBOBMMIPHOMY 4Y¥ TPUBUMIPHOMY IIPOCTOPI, a i1 Y IpocTopax 6inbIiol
BMIMIipHOCTI.

MokHa 3ampoBagnTy Takox nokanbHuit Metop, HIIC, sknit nepenbadae gocnimxeHHs QyHKUil 1ini B okomi
ONTMMAJIbHOIO LIiIOYMCIIOBOIO IUIAHY, AKIIO JOCTiJHMKA LIKaBIATD 1i 3HAYEHHSA 32 YMOBM HELiNUX KOOPJAMHAT
IOOIyCTUMUX 3MIHHMX, 3BiCHO, i3 3alaHOI0 TOuHicTIO. [Hakmie kaxyum, nokanpHuit mMeron HIIC mae 3mory
IIOBEPHYTUCS [0 PO3B’sA3aHHsA nocnabnenoi 3LII.

[IpoimocTpyeMo NpMKIafaMy HENiHIHY ONTMMisalil0 B 3ajjadaX LiJIOYMCIOBOTO  MAaTE€MaTUYHOIO
IporpaMyBaHHA (IIpaKTMYHA 3HAYYILICTh MOXKIMBOCTEN IIOJJ0 BUKOPMCTAHHSA 3alIPOIIOHOBAHOTO IAXOAY HO
BUPpilLlIeHHSI KOHKPETHUX 3ajay IoJArae B Tomy, mo Meron HIIC 3acrocoBHmit 3a yMOB O6yb-s1K0i 06MeXeHOi
00671acTi ZOMYCTVMUX IJIaHIB 1 6yb-AKOI LiNbOBOI PyHKIIIT).

3apmayva 1. (reoMeTpuvHe IporpaMyBaHH).

ITocTaHoBKa 3amavi: ‘Ha erani BupilleHHA 3aBAaHb ONTUMi3alilIHOTO
XapakTepy (3araipHoro o6cAry BUPOOHMIITBA,

_ -1, -1/2 _-1 . . . " . .
U=40x"y "z +20xz + 20xyz —> min; Makcumisanii npubyTKy BiJ BUpOOHMYOT 1isA/IbHOCTI)
‘reomerpuyHe nporpamysanHsa (I'Tl) sacTtocoByroTh

1/3)6_2)/_2 —|—4/3y1/22_1 <1; 'KONMM JJeTbCsl IPO 3HAXOM)KEHHS ONTMMATbHUX

- po3MipiB TpUBUMIipHKX BUPO6iB (Tin).
x>0,y>0, >0 - uini yncna. :

Po3Mipy (KOHCTPYKTUBHI XapaKTepPUCTUKY, BApTICHI MapaMeTpu) BUpoOy MOBMHHI OyTY BUOPaHi TAKMM YMHOM,
06 iforo BapTicTh Oy/a MiHiMaTbHOIO.
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Po3B’a3aHHA.

Hakmagannsa ninodncnosoro 6pyca Ha 0671acTb,,
AKa BU3HAYAETbCA OOMEXEHHAMM, [O3BOJLAE
po3B’sA3aTn 3apaqy reoMeTpUYHOTO
IporpamMyBaHHs 0e3 Iepexo/y 1o ABoicTol 3ajjaui i
6e3  poO3B’sA3yBaHHSA  CUCTeMM  HeNMiHIHMX
anrebpaiuHux piBHAHB [2]. |

Ha Pucynky 5 306paskeHO BifmoBigumit 6pyc;.
KBa/IpaTUKOM BiZJMi4€HO TOUYKY MiHIMyMYy:

xmin = 17 ymin = 1’ Zmin = 2 . Umin = 100

ITocTranoBKa 3amavi: ‘B 3ajauax nmpukIagHOI eKOHOMIKM I{i/I0OYMCIIOBE
 Apo6oBO-JIiHiliHE MPOrpaMyBaHHS 3aCTOCOBYIOTbH
U=(2x-y+2z)/(x+3y+5z) - min; 'y IUTaHyBaHHi Ta yIpaBmiHHI BUpOOHMITBA (HA

 MIKDOEKOHOMIYHOMY  PpiBHi) /11  BM3HAYeHHS
 ONTMMAJIbHUX O0CSTiB BUPOOHNIITBA YU BUTPAT /IS

6x—3y+z<12 jtoro pmocsrHeHHs. llinoumcnoBi XapaKTepyucTUKU
Tx—y+2z<12; HpORYyKLil obyMoBIeHi BUMOTaMI TUILY
—Ax+2y—z>1 (macmTabiB) BUPOOHUIITBA, 0cobmmBoOCTEN

TEXHOJIOTi] BUPOOHMIITBA, 00/1a/{HAHHS.

x20,y20, z>0 - nini uncna.

Posp’13anna. Haknaganus ninoducnoBoro 6pyca Ha 00/1acTb, sika BUSHAYAE€ThCS OOMEXXEeHHAMM, He TOTpebye
3BefleHH LIIsIXOM 3aMiHy 3MiHHMX 3afiadi ;po6oBo-iHiiHOrO Iporpamysanus go 3/1I1.

Ha Pucynky 6 306pa>keHo Bifnosifuuit 6pyc, fe
KB3/IpaTMKOM Bi]Mi4€HO TOUKY MiHIMyMYy:
xminzz’yminzs’z :O;

U, ==9/17.

Hywmepanis ocHoBu Opyca 3gilicHioBamacs 3a
CXeMOI0, HaBeleHO y po6oTi CepmiHCbKOTO
[12], me mokasaHO, B/IaCHe, TiIIBKU CaAMYy CXEMY,
6e3 OINCY B aHATITUYHOMY BUTJIAL].
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3apmava 3 (HesiHiliHe TpOrpaMyBaHHs 3 HEOMYKJ/IO 00/IacTIO).

IlocraHoBKa 3amavi:

U=x"+y"+2 —xp-5x+62z > 3 B IV T Ak StErT S
d 4 st T e M K ETTTTT

— max (min);

z—2,25+\/0,5625—(x—1,5)2 —(y-1,5% <0
- (x-1,52% —(y-1,5% >0 3 N |
z-2,25<0 0 de* =53
x20,y20,z20;xeZ, yeZ,zcZ. X Y

3ayBaxxeHHsa. Ha cporopni, Ha J>Kajgb, €KOHOMiKO-
MaTeMaTH4Hi MOfieli 3 HeliHiitHoM IinboBoo dyHKiielo  PHcyHOK 7. HakiaganHA HJI0YHCIIOBOI
i [MOBIMbHMMM HEMIHIMTHUMU OOMEXEeHHSAMHU IIfe He: CITKH

Posp’azannsa. O6mactio D € Tino, obmexxeHe HIDKHBOW miBcdeporo papiycom 0,75 3 [EeHTpPOM y TOYI
(1,5; 1,5; 2,25), xpyroBum napabosnoifoM i3 Biccro cumerpii x =1,5; y =1,5; z=¢, t € (—0, + ), i mromu-
HOW z = 2,25. Ha Pucynky 7 306paykeHo: i Toukn 3-ky6a (*), uini rouxn (©) B o6macti o6MexxeHb (KPyKKu
HaKJIafleHi Ha 3ipo4kn); KBafipaTyKaMy BifMideHo onrumanphi mnann-roukn X, = (1,2, 2)i X, = (2,1,1).
Onrumymn dynkuii nini: U =18, U_, =0.

3ayBaXuMo, IO LA 3ajjlaya He IINAETbCA PO3B’A3aHHIO IHIIMMM TOYHUMM METOJAMM MaTeMaTUYHOTO
nporpamyBanHa. OyHKUis nini gudepeHninoBHa, ame nepiie i gpyre odMexeHHs HenmiHiiHi. I obcraBuHa
YHEMO>X/IMBIIIOE 3aCTOCYBaHHs iCHYIOYMX METOMIB ONTMMisalii.

Y Hactynuint sajavyi QyHKuia uini HenmiHiViHa i HemmdepeHLiTOBHA, a OOMEXEHHA MICTATb KBafpaTUYHY
ippalliOHa/IbHICTD.

3agaya 4 (zpo60Bo-HeiHiiIHe IPOrPaMyBaHHsI 3 HEOITYK/IO 00/1acTIO).

IlocraHoBKa 3amavi:
3 ¥’'y—y In(l+2)+arctg z
e (1+|cosz|)

— max (min )

z—3<0

2 Nr=1,52 +(r=1,5) 20

z—3+\/0,25—(x—1,5)2 —(y-1,5)% <0
PucyHnoxk 8. HakiazjanHs 1ij1o9mc10BO1
: ciTku

x20,y20, z20,xeZ,yeZ,ze L.

Posp’a3anHa. OyHkuis [z paumioHaZIpHO 3ajeXXHAa  Bi  OCHOBHMX  e€/IeMEHTapHMX  QYHKIIiN
i HemuepentiitoBHa (3 OIIAMY HA HAABHICTD MOAYILST) Y TOUKax i3 z = T/2 .
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Ha Pucynky 8 306pakeHo: uini touku 3-ky6a (©), uini touku (*) B o6macti o6MexxeHb (3ipouku Hakmame-
Hi Ha KPY>XKM); KBaJpaTuKaMy BifimiueHo onTummanbHi mmann-toukn X - =(3,2,2) i X . ==(1, 3, 2).
Binnosigni snavenns ynxuii uini: U, =1483/306, U, =—643/1164.
Oco6nuBoi yBaru 3acyyroBye 3ajjaya ontumisanii mmpoko Bigomoi [1] Bupobumnyoi ¢pyukuii Ko66a — Jyrnaca
(1928): Z = ayx”y", me X, ¥ - obcAr BUKOPUCTAHOI Ipalli i KamiTany, BifiIOBifHO; Gy, o, B - cTai, 110
XapaKTepU3yITh TeXHOJIOTiI0 BYPOOHNUIITBA.

Y 6inbIu 3araIbHOMY BUIIAJKY, y pasi 3MiHHOI TeXHO/IOTil BUPOOHUIITBA, BEIMYMHM O. , [ € BiAIIOBiTHO 3MiHHUMM
Be/IMYMHAMU.

3apgaya 5 (mozenb Ko66a — [lyrnaca).

ITocranoBKa 3amaui:

Z=3{x-y >maxZ

x+y23,0<x<10

s xel,yel.
2x-y<6,0<y<10

Posp’a3anHa. 3a metogom HIIC D° - npsmokyTHa
1inounciosa citka. BimmosigHa obmacts 306paxkeHa
Ha  Pucynky 9; KBaflpaTUKOM  BifIMi4eHO
OINITUMAJIbHUI TI/IaH:

Xoie =715 Vo =95 Ze 19,44

3ayBakeHH:: CTajli 0OMe>KeHb BUPaXkeHi B YMOBHMX
OIVIHUIAX.

AHasni3 TeHJieHIIiil PO3SBUTKY CBiTOBOI eKOHOMiKM, 3MiHa CTPYKTypy (IIMTOMOI Bary OKpeMMX Tanayseir) Ta ix
IapaMeTpiB B 3araJlbHUX 00CATax CBifYMTh HpO OYPXIMBUII PO3SBUTOK eleKTpoHHOro 6OisHecy. Lle BuMmarae
HeoOXi/JHOCTi CBOEYAaCHOTO BUpillleHHs IpobieMn i, pa3oM i3 TUM, BiJIOBIZHOCTI ImapaMeTpiB 00UMCITIOBANTBHOI
TEeXHIKM, 110 OHOYACHO HinTBepmKye nepcrekTBy Metony HIJC sk To4HOro MeTofy «rpyboi cumm», 3a IKUM €
MaitoyTHe. Hait6inpi fominpHNM, Ha HaIly AYMKY, € 3aCTOCYBaHHS JQHOTO METOJy Ha eTali eKOHOMIYHOTO
IIPOTHO3YBAHHs OYiKyBaHUX Pe3y/IbTaTiB Ais/IbBHOCTI CY0 €KTIB rOCIOfApIOBAHHsA caMe y Iepiofi eKOHOMIYHMIX
Kpu3 (eTamy Iic/s KpKU30BOTO BiJHOB/IEHHS €KOHOMIKM), B YMOBaX HasBHOCTi HecTabOiIbHMX, HeBU3HAYEHUX
IapaMeTpiB BIUIMBY 30BHIIIHbOIO CEpeNOBUIA HAa BHYTPIllIHi EKOHOMi4HI IPOLECH.

BUCHOBKMU

IcHyrO4i aaropuT™MM B MeXXaxX KJIACMYHMX MaTeMaTMYHMX 3a7ad [O3BONMANTb (axiBIsAM 3 YHIpaBIiHHA
HiAnpueMCTBOM BUpimNTY 6araTo iHIIMX eKOHOMIYHMX 3aBJlJaHb B IPAaKTMYHOMY CEKTOPi eKOHOMIKM, sKi
CIIpAMOBAHi Ha YCYHEeHHA IePLUIONPUYNH TUX UM {HIIMX TPO6/IeM.

JlocsATHeHHsT MeT! JOCTiKEHHs TO03BOJIMIO aBTOPY 3alpPOIIOHYBAaTH YHi(piKOBaHMIT METOH, SIKMIl He HOTpedye
po3B’s3aHHA HOCIab/eHol 3afadyi MaTeMaTHMYHOTO IIporpaMyBaHH:A, TOOTO 0e3 ypaxyBaHHS [JUCKPETHOCTI
3MIHHMX, @ TaKOXX 3abe3Iedye MOXKIMBOCTI i OyIb-AKOI 1imboBol QYHKIiI, 0OMe>XeHOi B JOBiNbHIN 06macTi
JOINYCTYMUX IUIAHIB, 3HAWITU €KCTpeMajibHe 3HAaYEHHA.
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HaykoBa HOBM3Ha OTPMMAaHMX pe3y/IbTaTiB [OCII/DKEHHA IIOJNATA€ Yy BIPOBAIPKEHHI B LIJIOYNCIOBE
MaTeMaTW4YHe INPOTPAMYBAaHHA AaHAJIITUYHOIO OINCY IUCKPETHOI, 30KpeMa LiT0Y4MCI0BOI MHOXXUHU TOYOK
JIBOBUMIPHOTO NPOCTOPY (IUIOLMHM) Ta TPUBUMIPHOTO NPOCTOPY, i 3arajioM — 6araTOBMMIpPHOTO IIPOCTOPY.
Oco6mMBOCTI MPaKTUYHOTO 3aCTOCYBAHHS Ppe3y/IbTATiB JOCTIIKeHHs OOyMOBJIeHi Ipo6/1eMOI0 yIpaBiHHA
MiJIPUEMCTBAMM B YMOBaX MOJENIOBAHHA HEMIHIMHMX IIpOLeCiB B €KOHOMilli, AK i B3araji BpaxXyBaHHA
HEJiHIHUX JUHAMiYHNX IIPOLECIB.

3a pomomoroo Merony HIIC BigkpuBaoTbcs MOXIMBOCTI ONTMMI3yBaTu Oymb-sKy LiIboBY (YHKIiIO,
oOMe)XxeHy B 3ajaHiil o6nacTi — JiHIHY 4M HeJiHIiNHY, HellepepBHY 4M PO3PUBHY, AMEpeHILiiOBHY Y1 He
nudepeHIiiioBHY, 3 6yIb-sIKOI0 3aMKHEHOI0 00/IaCTIO0 JONYCTMMMX 3HaueHb, Y TOMY YMC/Ii — MHOTO3B SI3HOIO, 3
MeXXaMM i3 KyCKiB HelepepBHMX KpuBuUX uu noBepxoHb. Meron HIIC nosBonse po3p’sizyBaTu 3amadi came
TVICKPETHOTO, a He Ti/IbK! Li/IOYMCIIOBOTO IIPOTPaMyBaHHA K JIOTO OKPEMOTO BUIIAJIKY.

Bumoru miofo 3MiHHMX BeIMYMH OYTM [AUCKPETHMMM YU LiIOYMCIOBUMMM (K YaCTMHHOTO BUIIAZIKY
AMCKPETHOCTI) IpUTAaMaHHi 0araTbOM IPaKTUYHMM 3ajiayaM: BUOIp ITOC/TIZOBHOCTI BMPOOHMYMX IIPOLECIB,
KaJIeH/jJapHe IUIaHyBaHHA pPOOOTM IiJIPMEMCTBA, IUIAHYBaHHA Ta 3a0e3lleYeHHS MaTepia/lbHO-TEXHIiYHOTO
[IOCTa4aHHs, PO3MIllleHHS MiAPUEMCTB, PO3IOAIT KaIliTaTOBK/Ia/ieHb, IVITAHYBaHHS BUKOPUCTAHHS O0/IaHaHHS
TOLIO.

3anponoHoBaHuil B pobOTi MiAXif ;0 pos3B’sA3aHHA ONTUMi3aLlillHUX 3a/jad MPUKIAJHOTO XapakTepy € OinbIu
eeKTUBHIM 32 PaXyHOK MEHIIOI TPYZOMICTKOCTi Ta TepMiHy pO3B’sI3yBaHHA.

Ha IIEPCIIEKTUBY, 3a YMOBI pO3pO6}I€HHH Bi}IHOBiHHOI‘O IIpOrpaMHOrO 3a6esr[equH,q, BBa)KA€ETbCA 3a HOHiTIbHe

pO3B)H3aHHH HE€ MOJE/IbHUX, a pe€a/IbHUX 3ajayd €KOHOMIYHOTO 3MiCTY. Bucnosmioemo BeBHEHICTH TaKOXX, IO
METO[ HHC CTaH€ aKTMBHO BUKOPMCTOBYBATUCDh 1711 HO6YI[0BI/I HOBUX €eKOHOMiKO-MaTeMaTUIHUX MOHE)’IG]?I.
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