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1 TEOPETUYHI OCHOBHU MOJAEJIOBAHHA

1.1 IlousaTTa MoaeJi, iXHi BUAN

Monens (Bin mat. «modulusy» — 3pa3ok, HOpMa, Mipa) — 1e 00’€KT, 10 3aMilIye
opuriHan 1 BigOMBae WOro HaWBaXIMBIIII PUCH W BIACTUBOCTI IS I[HOTO
TOCIIKEHHS, II€T METH JTOCIIKSHHSI 32 00paHOi CHCTEMH TIMOTE3.

MaremaTtuyHa Mojenb — II€ aOCTpakiis peanabHOi AINCHOCTI (CBITY), B SIKIH
BIJIHOIIICHHSI MK PEJIbHUMHU €JIEMEHTaMH, a caMme Ti, IO I[IKaBJIATh JOCIIIHHUKA,
3aMileH] BIJHONIICHHSMHU MK MaTeMaTMYHUMHU KaTeropismu. ILli BigHOIIEHHS
3a3BMYail MOJAOThCs Yy (opMi pIBHSHB 1/9M HEPIBHOCTI, BiJHOIIEHL (HOpPMaJIbHOI
JOTIKM MDK TOKa3HUKaMU (3MIHHUMH), SIKI XapakTepu3yloTh (YHKI[IOHYBaHHS
peanbHOI CHCTEMH, IO MOJCTIOETHCS.

CyTb METOAOJOTII MaTEeMAaTUYHOTO MOJCJIIOBAHHS IMOJSITa€ B 3aMiHI
JOCIIKYBaHOTO 00’ €KTa Oro «00pa3zom» — MaTeMaTUYHOIO MOJIEIUIIO 1 MOIAJIbIINM
BUBYCHHSAM (JOCII/DKCHHSAM) MOJEIl Ha IIJICTaBl aHAJTITHYHUX METOMIB Ta
OOYHUCITIOBAILHO-JIOTTYHUX ~ alNTOPUTMIB, SKI  peali3yloThCi 3a  JONOMOTOIO
KOMIT I0TepHUX mporpam. PoboTa He 3 camuM 00’ €KTOM (SIBUILIEM, TPOIIECOM), a 3 HOTO
MOJICJUTIO /A€ MOXJIMBICTh BIAHOCHO HIBHUJKO 1 0€300JIICHO JOCHIAXYBaTU MHOro
OCHOBHI (CYTT€EBI) BJIACTUBOCTI Ta MOBEIAIHKY 3a OYyJb-SIKUX IMOBIPHUX CHUTYyaIliil (e
nepeBarn Teopii). BoaHouac oOuMcaOBanbHI  (KOMII'IOT€PHI, CHUMYJISITUBHI,
IMITAI[il{H1) €KCIIEPUMEHTU 3 MOJIETISIMU 00’ €KTIB J03BOJISIOTH PETEJIbHO Ta JOCHUTH
IIHOOKO BUBYATH 00’ €KT, 110 HEJOCTYITHO CYyTO TEOPETUYHUM ITiaxoAaM (1Ie mepenara
EKCIIEPUMEHTY).

Bxxe cama mocraHoBKa MHUTaHHS IIOJ0 MAaTEMaTUYHOTO MOJIEITIOBAHHS
OyIb-IKOro 00’€KTa MOPOJIKY€E YITKUM IJIaH Aii, SKUH YMOBHO MO>KHA MOJUIMTH Ha
TPHU €TaIu: MOJIEIIb — AITOPUTM — Iporpama (puc. 1.1).

i

Pucynok 1.1 — Y3aransHeHa cxeMa MaTeMaTUYHOTO MOJETIOBAHHS



Ha mepmiomy erami obupaetrbcst (uu OyIyeThCsl) «EKBiBaJeHT» 00’€KTa, MO0
BiloOpakae B MaTeMaTU4HIM (popMi HalBaxuBiI (KJIFOYOB1) HOTO BJIACTUBOCTI —
3aKOHM, SIKUM BIH MIANOPSAKOBYETHCS, 3B’SI3KM, 1110 MPUTAMaHHI CKJIaJ0BUM HOTO
JacTHHAM Tomlo. MarematuyHa wMojaenb (uu 11 ¢parMeHTH) AOCHTIIKYIOThCS
TEOPETHUYHUMH METOJIaMHt, IO JAa€ 3MOTY OTPUMATH BaXXHBI (KOHIIENITYaJIBHOTO
XapakTepy) HOB1 3HAHHS PO 00’ €KT.

Hpyruii etan — BUOip (4u po3poOsIeHHS) alrOpUTMY JUIS peatizalii Mojaesl Ha
KoMIT toTepi. Mojens momaerbest y Gopmi, 3pydHid I 3aCTOCYBAHHSI YMCIIOBUX
METO/I1B, BU3HAYAETHCS MOCIIIIOBHICTh OOYMCITIOBAIBHUX 1 JIOTIYHUX Omepariii, KoTpi
HEOOX1THO 3M1MCHUTH, III0O OTPUMATHU IITyKaH1 BETUYMHH 13 33J]JaHOI0 TOYHICTIO.

Ha TpeThoMy eTami CTBOPIOIOTBCS NPOTPAMH, IO «IIEPEHOCITH» MOJENb 1
aITOPUTM Ha JOCTYMHY KOMIT'IOTEPHY MOBY. IX MO)KHA Ha3BaTH «ENEKTPOHHUMY»
€KBIBJICHTOM JIOCII)KYBAHOTO 0O0’€KTa, 110 € MpUAATHUM JJjIsi Oe3M0CepeIHbOro
EKCIIEpUMEHTYBAaHHS Ha KOMIT FOTEPI.

CTBOpUBIIM Tpialy «MOJIENb — aJTOPUTM — MPOTrpamay, JOCTITHUK (CUCTEMHHUMA
aHAIITUK) OTPUMY€E YHIBEPCAIbHUM, THYYKUH 1 BIIHOCHO JIENIECBUN IHCTPYMEHT, SIKUN
TECTYETbCSI B «IPOOHUX» OOYMCIIOBAIBHUX eKcriepuMeHTax. [licms Toro sk
aJIeKBaTHICTh (AOCTATHIN pIBEHB BIMOBIIHOCTI, 3BayKAIOYH Ha 111711 Ta 00paHy CUCTEMY
rinoTe3) Tpiaid MO0 AOCIIIKYBAHOTO 00’ €KTa 3aCBiIUEHA, 3 MOJACIUIIO MPOBOISIThH
PI3HOMAHITHI Ta JACTAIbHI «IOCHIAN», SIK1 Jal0Th HOBY 1H(OpMAIliI0O PO HEOOX1AH1
AKICHI Ta KUIbKICHI BJACTUBOCTI M XapaKTepucTUKH 00’ekrta. [Ipouec MoaeatoBaHHs
CYIIPOBOJUKYETHCS MOMIIIIEHHSIM Ta YTOYHCHHAIM (32 HEOOX1THOCTI) BCIX CKJIaJIOBUX
(J1aHOK) Tpiajam.

1.2 llpuHuMnu MO0y 0B MATEMATHYHUX MoOjIeJIeil
dopmystOBaHHS MpeaMeTa U METH JOCHIKEHHS peasbHOro 00’ekTa. Takum
00’€KTOM BHCTYIA€ CYKYIHICTh JEAKUX SKOCTEH JOCIHIIKYBaHOTO SBUIA a0o
porLecy.

BunineHHs B €KOHOMIYHOMY 00’€KTI HaMOUIBII BaXKIWBUX CTPYKTYPHHUX 1
(YHKII0HATBHUX €JIEMEHTIB Ta IXHIX XapaKTEPUCTHUK.

dopmaizailisi  BU3HAYAJIBHUX  €JIEMEHTIB  €KOHOMIYHOrO  00’ekTa 1
iXHIX B3a€MO3B’SI3KIB.

Busznauennst Buay BxiAgHOI iH(MOpMalii (BXiIHI TapamMeTpu MOJENl) 1 BUXITHOL
iH(MopMarti (po3paxyHKOBI TapaMeTPU MOJIEII).

[TocraHnoBKa 3ajaui — CTBOPEHHS OCHOBM MaTE€MaTHYHOI MOJEINI — OJep>KaHHsS
3aMKHEHOi ¥  BHYTpPIIIHBO  HECYNEPEWIMBOi  CYKYNHOCTI  MaTeMaTUYHHX
CHIBBIJIHOIIIEHb, TPU3HAUEHUX JJISI OMUCY JOCHIIKYBAHOTO €KOHOMIYHOIO 00’€KTa
4yepe3 po3paxyHKOBI 3MiHHI. B iHdopmaliifHOMy acnekTi MOJelb € OIepaTopoM
BIIOUTTS 1H(OpPMAIIHHOTO TOJSI peajbHOro O0’€KTa B KIHIIEBY CYKYIHICTb



PO3paxyHKOBHX 1HQOpMaIiitHIX o3HaK. BuOip 1boro oneparopa 3aiaexuThb BiJ aBTOpa
MOJIEI.

BusnauenHss QyHKIIOHAIBHOI HAAIHHOCTI MOJEN — yCTaHOBJEHHs cdepu ii
aJIeKBATHOCTI JOCJIIPKYBAaHOMY 00’ €KTY.

1.3 Knacudgikanis moaesieit

g xknacudikaiii eKOHOMIKO-MaTeMaTHUYHUX MOJENEH BUKOPUCTOBYIOTH Pi3HI
Kjacudikaiiiai 03HaKH.

3a UIbOBUM IMPU3HAYEHHSIM €KOHOMIKO-MaTeMaTH4YHI MOJIEINI MOAUIIIOThCS Ha
TEOPETUKO-aHANITUYHI, 10 BUKOPUCTOBYIOTHCS MiJI Yac JOCIHIJKEHHS 3arajibHUX
BJIACTUBOCTEH 1 3aKOHOMIPHOCTEH €KOHOMIYHHUX TMPOLECIB, 1 MPHUKIAIHI, IO
3aCTOCOBYIOTBCSI Yy PO3B’SI3aHHI KOHKPETHMX €KOHOMIYHUX 3ajad (Mojeni
€KOHOMIYHOT'O aHaJII3y, IPOTHO3yBaHHs, YIIPABIIIHHS).

BignoBimHo n0 3aranbHOi  Kiacudikaili MaTeMaTHYHUX MOJIeJIed BOHHU
NOJUIAIOTECS Ha (YHKIIIOHAJIbHI Ta CTPYKTYpPHI, a TaKOX MPOMDKHI ¢dopMu
(cTpykTypHO-(DyHKIIOHANBHI). TUMOBUMH CTPYKTYPHUMH MOJIETISIMA € MOJEII
MDKrajry3eBux 3B’si3kiB. [lpukinagoMm (QyHKIIIOHAIBHOI MOJAENT MOXE CIyryBaTu
MOJIEJIb TTIOBEIIHKU CIIOKUBAaYiB B YMOBAX TOBAPHO-TPOIIOBUX BITHOCHH.

Mopeni moAUIAIOTE HA  JECKPUNTHBHI Ta HOpMaTuBHI. [lpukmamom
JECKPUINITUBHUX MojieJel € BUpoOHHY1 (yHKLII Ta (YyHKLII KYIIBEJIbHOIO MOMUTY,
moOyJ0BaH1 Ha MIJICTaBl ONpPAIOBaHHS CTaTUCTUYHHUX NAaHUX. THUIOBUM IPHUKIAAOM
HOPMATUBHUX MOJIETIEH € MOJIe ONTHUMAJIBHOTO (pallioHATBHOTO) TIJIaHyBaHHS, IO
dbopMai3yrOTh Y TOH YM 1HIIHK COCiO 1IJII eKOHOMIYHOTO PO3BUTKY, MOXJIHUBOCTI 1
3aco0u TXHBOTO JIOCSTHEHHSI.

3a xapakTepoMm BiTOOpaK€HHS MPUYUHHO-HACIIIKOBUX ACIMEKTIB PO3PI3HSAIOTH
MO KOPCTKO JEeTEepPMIHOBaHI 1 MOJENl, W0 BpaxOBYIOTb BHUIAIKOBICTb
1 HeBU3HAUYCHICT.

3a crocobamu BiIoOpakeHHsS YMHHUKA Yacy €KOHOMIKO-MaTeMaTH4HI MOJENi
MOIUISAIOTHECA Ha CTAaTUYHI M JTUHAMIYHI.

Mopeni eKOHOMIYHMX TMPOIECIB HAJA3BUYAWHO PI3HOMaHITHI 3a (OPMOIO
MaTEeMaTUYHUX 3aJeKHOCTEeH. BakMBO BHOKpEMHMTH Kjac JIHIMHUX MoJemel, 1o
Ha0yJIM 3HAYHOTO MOIIUPEHHS 3aBISKHA 3pyYHOCTI iX BUKOPUCTAHHS. BIMIMIHHOCTI MiX
JHIAHUMHA 1 HENTIHIMHUMU MOJENSIMU € CYTTEBUMHU HE JIMIIE 3 MaTeMaTU4YHOIO
MOTJISIY, @ U Yy TEOPETUKO-€KOHOMIYHOMY TIUIaHi, ajpke Oarato 3aJIe)KHOCTEH B
€KOHOMII[I MalOTh IPUHIIMIIOBO HEJIIHIMHUN XapaKTep.

3a CMiBBIAHOIICHHSIM €K30T€HHUX 1 EHJOTeHHUX 3MIHHUX, SIK1 BXOJSITh Y MOJEIb,
BOHU TOJUISIOTHCS Ha BIAKPUTI 1 3akpuTi. [[OBHICTIO BIAKPUTHX MOJIENEH HE ICHYE;
MOJIeTIb MOBMHHA MICTUTH Xoua O OJHY €HAOreHHY 3MiHHY. [IOBHICTIO 3aKpuTi



€KOHOMIKO-MAaTeMaTH4YHI MOJENI, TOOTO Taki, IO HE MICTATh €K30I€HHUX 3MIHHUX,
HaJ3BUYaliHO pinkicHI. [lepeBakHa OLIBIIICT €KOHOMIKO-MaTeMAaTHYHUX MOJCIICH
MOC1J1a€ IPOMDKHY MO3UIIIIO 1 PO3PI3HIETHCS 32 CTYIIEHEM BIAKPUTOCTI (3aKPHUTOCTI).

Knacudikariis BumiB MaTeMaTHYHHX MOJIEJICH MOKE IMPOBOJUTHCS W 32 TAaKHMH
O3HaKaMH, SIK aHAJIITHYHE Ta KOMIT I0TEpPHE MOJIeNtoBaHHs (puc. 1.2).

MaTeMATHYIHe MOTeTHOBAHHA I

AHAMTITIHE I Komn'wtepHe
‘ Tucemue I CTaTHcTHIHE I

Pucynox 1.2 — AHamiTHdHEe Ta KOMIT IOTEPHE MOJICTIOBAHHS

IniiTamiiae
(anropHT MIHE)

JUis  aHaJITUYHOTO MOJENIOBAaHHS XapakTepHHMM € T, 110 IPOLECH
(GYHKI[IOHYBaHHS €JE€MEHTIB CUCTEMH 3alUCYIOTh Y BUIJISAJII JACSIKUX MaTeMaTHYHUX
CHIBBIAHOILIEHB (aJIreOpaiyHuX, IHTErpO-auepeHIINHNX, KIHIEBO-PI3HULIEBHUX TOILIO)
YH JIOTIYHUX YMOB.

KoMmn’roTepHe MOJentoBaHHs XapaKTepPU3y€eThCs TUM, 1[0 MaTEMaTUYHA MOJIETb
CUCTEMU (BUKOPUCTOBYIOUM OCHOBHI CITIBBIHOIIEHHS aHAJITUYHOTO MOJICITFOBAHHS)
MOJIA€THCSA Yy BUTJTISI ISSIKOTO aJICOPUTMY Ta TIPOTpamMu, MPUAATHOL Ui ii peaizarii
Ha KOMIT IOTEpl, M0 Ja€ 3MOTY MPOBOJIUTH 3 HEHO OOYHUCITIOBAIBHI €KCIIEPUMEHTH.
3asie’KHO BiJl MAaTEMaTUYHOrO 1HCTPYMEHTapito (amapary), 110 BUKOPUCTOBYETHCS B
nmoOy1I0B1 MOJielli, Ta COCcO0y opraHizailli 0OUMCIIOBAILHUX €KCIIEPUMEHTIB MOXKHA
BUOKPEMHUTH TPH B3aEMOIIOB’SI3aHI BUIM MOJICIIOBAHHS: UYWCENbHE, AJITOPUTMIYHE
(imiTariiine) Ta CTaTUCTUYHE.

Y  ducenbHOMY MOJENIOBaHHI JUIsl MOOYJOBM  KOMIT IOTEPHOI  MOJei
BUKOPHUCTOBYIOTHCSI METOJM OOYMCIIOBAJIbHOI MAaTeMaTUKHU, a OOYHMCIIOBAJIbHUN
€KCIIEPUMEHT TOJISITa€ B YUCEJIbHOMY PO3B’SI3aHHI JIEIKMX MaTeMaTUYHUX PIBHSIHb 32
3a/IaHUX 3HaY€Hb NapaMeTpiB 1 IOYATKOBUX YMOB.

AnroputmiyHe (imiTaliiiHe) MojentoBaHHS (Moke OyTH JETepMIHOBAHMM Ta
CTOXaCTHYHUM) — 11€ BH KOMIT FOTEPHOTO MOJEIIOBAHHS, JJIS SIKOTO XapaKTepPHUM €
BIJITBOPEHHSI Ha KoM toTepl (iMitauisi) mpouecy (yHKIIOHYBaHHS AOCTIIKYBaHOI
CKJIAZIHOI CUCTEMMU.

CraTucTuHE MOJENIOBAHHS — 1€ BUJ KOMII IOTEPHOIO MOJICTIOBAHHS, SIKUH
JI03BOJISI€ OTPUMATH CTATUCTUYHI J1aH1 BITHOCHO MPOIIECIB Y MOJIEIbOBaHIM cUCTEMI.



2 ONTUMIBAIIAHI MATEMATHUYHI MOJIEJI

2.1 3arajpHa mocTaHOBKA ONTHMIi3aliiiHol 3axa4i

BukopuctanHs MaTeMaTUYHUX METOIB Y 1H)KEHEPHO-EKOHOMIYHIN MisSIIbHOCTI
JI03BOJISIE  ONTHUMAJIbHO BUPINIYBaTH BEJNUKY KUIBKICTb EKOHOMIYHHX 3ajiad.
[IpuknagaMmu MOKIJIMBUX €KOHOMIUHHUX 3aJlay, M0 SCKPABO LIIOCTPYIOTh KOPHUCHICTD
3aMpoNOHOBAHOI AUCIMILUIIHU, MOXKYTh OYTH Takl TEKCTOBI 3a/1a4i:

— OJIepKaHHS MaKCHMAaJIbHOTO BHMXOJYy MPOAyKIii ado mnpulOyToKk y pasi
3a3Ha4YEHUX BUTPAT KOIITIB;

— 3a0e3leyeHHs] TUIAHOBUX T[OKA3HUKIB MIANPUEMCTBA 3a MIHIMAJIBHUX
BUTpAT KOUITIB;

— JIOCSITHEHHS MAaKCHUMaJIbHO CKOPOYEHOI'o TepMiHy OYIIBHMIITBA O0’€KTa B
YMOBaX BUKOPHCTAHHS 3a3HAUYEHUX KOIITIB Ta TPYJOBUX PECYPCIB.

VY HaBeleHMX NpUKIaAaX MaKCUMAJbHMM BHXIJl MPOJYKIIi, MaKCUMaJIbHUN
MpUOYTOK, MIHIMaJIbH1 BUTPATH, MAKCUMAIbHO CKOPOUYEHUN TEPMIH — LI€ € ONTUMYMH
(MakcuMyMu 200 MIHIMYMH), K1 TOTPIOHO 3HAWTH.

YMOBH, K1 HaKIaIalThCA HA BUPILICHHA 3a7a4i (3a/laHl MaTepiaibHl, TPYI0B1
BUTPATH; TJIAHOBI MMOKA3HUKH; BUPOOHUY1 pECYpCH ), HA3UBAIOTh OOMEKEHHSIMHU 3a/1a4l.

2.1.1 3micToBa NOCTAaHOBKA OITHUMI3AIIHOI 3aqa4l

3MICTOBHA MOCTAHOBKA 3aj7a4l — 1€ 1i CJIOBECHUI omnuc. 3MICTOBHA MOCTaHOBKA
3a/1a4yi MOBUHHA JO3BOJIATH MEPEXOUTH IO MaTeMaTHUYHOI MOJENI.

Ilpuknao 1. ]Jlng BUrOTOBIIEHHS TphOX BUIIB BUpoOiB A, B 1 C mianmpuemMcTBo
BUKOPHUCTOBYE CHPOBHHY JBOX BHIIB. HOpMH BUTpaTH CHPOBHMHH HA BHPOOHHIITBO
OJIHOTO BHPOOY KOKHOTO BH]Y, IliHA KOKHOTO BHpoOy A, B 1 C, a Takox 3araibHa
KUTBKICTh CUPOBHMHHU KOXXHOT'O BUIY, 110 MOXK€ OyTH BHKOPHUCTaHA MiIMPUEMCTBOM,
HaBeZieHl y Tabmuii 2.1. Bupoou A, B 1 C MOXyTb BHpOOISATHCS B OyIb-sIKUX
CHIBBIAHOIIEHHAX (30yT 3a0e3mnedeHuii), ajie BUPOOHUIITBO OOMEXEHE BHJILICHOIO
MiATTPUEMCTBY CUPOBHHOIO KOXKHOTO BHAy. CKIIacTH TUTaH BUPOOHMIITBA BUPOOIB, 3a
SKOTO 3arajibHa BapTiCTh BCIET 3p00JIEHOT MPOAYKIIIT € MAKCUMAJIHLHOTO.

Tabnuns 2.1 — 3arajibHa KUTbKICTh CHPOBUHU KOXXHOTO BUTY

HopMmu BUTpaTH CHPOBHHU Ha o
3aranbpHa KUTBKICTh
Bun cupoBunu BUTOTOBJICHHSI OJJHOT'O BUPOOY (KT)
CUPOBHHH (KT)
A B C
I 7 11 9 450
I 4 8 9 370
[ina omHOTO BHPOOY (TPH) 6 9 12




2.1.2 MaremaTnuHa DOCTAaHOBKA ONITHUMI3AIIIHOI 3a1a4l
VY 3aranbHOMY BHUIJISIII  MaTreMaTH4Ha IMOCTAHOBKA EKCTPEMallbHOI 3ajaadi
MoJisira€ 'y~ BU3HAYEHHI ~ HAWOULIBIIOTO (MAaKCHMAajIbHOTO) a00 HANMEHIIIOTro
(MiHIMAQJIBHOTO) 3HaueHHS IUIbOBOT QPYHKIIT Y (Xy,Xp,...,X,)=Y(X) 3a ymoB

fo (X, Xp e X, ) <0y (i=1,m), me Y if; —3anani Gynxuii, a b, — miiici uncna:

Y (x) — opt (2.1)
fi(x)sxtig,2
f,(x)=b;, (2.2)
f.(x)>b;,
(l =1 m)

2.2 IloOynoBa MaTeMaTUYHUX MOjeJei
Jnst moOy1I0BU MaTeMaTUYHOT MOJEINI 3a/1a4l HEOOX1HO:
— BU3HAYUTHU HeBIOOMI,
— cKIacTH yinvosy gyuxyio Y(X);
— 3aIkcaTu cucmemy oomedcersv € .
VY npuxnaoi I 1ie 3MICTOBHA ITOCTAHOBKA 3a/1a4l IJIaHYBAHHS BUPOOHHUIITBA.
Pozbepemo nporiec moOy10BM MaTEMaTUYHOI MOJISTI 3a/1aui.
BusHagaemo HEBIIOMI — Xy , X5 , x5 . ByJle BATOTOBJIEHO x; OJMHHIIL BUPOOIB BUY

A, x, —Buny B i x; —Buny C.
ChopmyeMo GyHKIIIIO METH Y()_c). Skmo Oyne BUTOTOBJICHO x; OJWHUIID
BUpoOiB BUay A, x, — Buay B 1 x; — Bugy C, To mpuOyTOK CTaHOBUTHME

Y (X, %y, X5 ) = 6%, +9X, +12X, — max .

Busnauaemo oomexxeHHs — 06macTh (.
Butpatu cupoBrHM KOXKHOTO 3 IBOX BHJIIB HE TOBUHHI MEPEBUIIYBATH BUIJICHOT
MIIIPUEMCTBY KIJIBKOCTI L1€1 CHPOBUHM:
X, +11x, + 9%, =450,
4x, +8x, +9x, =370 _
X 20;x,20;%2>0
[Ipu ibOMy KUIBKICTh BUTOTOBJIIEHUX BUPOOIB MOBHUHHA OYTH HEB1J €MHOIO:
X, =0, X, >0, X, 20.
Takum ynHOM, MaTEeMaTUYHA MOCTAHOBKA 3a/1aul Ma€ TaKU BUTIISI:
Y (X0 X5, X3 ) = 6X, +9X, +12x;, — max

xeQ
X, +11X, +9x, =450
Q: |4% +8x,+9%, =370 |
X =0;x,20;%2>0
X =int,i=13

s 3a1a9a HAMEKUTH A0 337a4 MIJIOYUCENBHOTO JIIHIMHOTO TPOTpaMyBaHHSI.

10



Ilpuknao 2. Tlportarom T1’ATH POKIB MOXJIHMBE 3IIACHEHHS BOCHMH
TOCTITHUIBKUX TMpoeKTiB. OuikyBaHuU e(eKT Bia peaiizailii KOXKHOTO IMPOEKTY,
BIMOBITHO cTaHOBHUTH 155 Tuc.y.o., 130 tuc.y. o., 140 tuc.y. 0., 120 tuc.y. o.,
180 Tuc. y. 0., 175 tuc. y. o., 160 tuc. y. o., 145 tuc. y. o. Burparu 3a KoxxHu# 1-i pik
Ha 3/1ICHEHHS MPOEKTY j BIIOMI i HaBEICHI y MaTPUILL:

15 10 10 30 30 20 10]
15 10 15 30 40 20 15
A=[a,]=|20 15 20 5 30 50 20 10|
20 15 25 30 0 20 15
20 10 20 5 20 0 10 10|

3aranbpHUNA JIMIT KamiTaJoOBKJIaleHb, BUIIICHUX Ha JOCTIKEHHS B 1-My poIIi,
BianoBigHo npopiBHIOe 100 THC.y. 0., 150 THC. y. 0., 150 THC. y. 0., 150 THC. y. O. 1
100 tuc. y. o. IloTpiOHO BKa3aTh MakCUMaIbHO €(PEKTUBHUI HAOIp MPOEKTIB, IO HE
BHBOJIUTH 32 MEXKI MOXJTMBUX BKJIAJACHb.

o1 o1 o1 o1

Po3B’s3anHs
1. BuzHayaeMo HEBIAOMI — X1, Xy, X5 «.... Xg.

Hexait X; — 3MiHHA, piBHA |, SIKIIO j- MPOEKT 3AIMCHIOETHCA, 1 piBHA 0 Yy
IPOTHIICKHOMY BUTIAAKY, j =18.

2. Chopmyemo ¢ynxiiro metn Y (X ):

Y (X) =155x, +130x, +140x, +120x, +180x; +175x +160x, +145x, — max

X, €Q

3. Buznauaemo oOMekeHHS — 001acTh (2.

CymapHi BuTpat Ha Bci (piHAaHCOBaH1 MPOEKTH 3a 1-U PiK (i :1,_5) HE TIOBUHHI
MEePEBUINYBATH 3arajbHUN JIMIT KaIliTaJOBKIIAICHb, BUIIJICHUX Ha BIAMOBIIHUM PIK:
15x, +10x, +10x, + 5x, +30x; + 30x, + 20x, +10x, <100

15x, +10x, +15X, +5x, 4+ 30x, +40x, + 20x, +15x, <150,
20X, +15x, + 20X, +5x, +30x; +50x + 20x, +10x, <150,
20X, +15x, + 25X, +5x, +30x, + 20x, +15x; <150,
20x, +10x, + 20X, +5x, + 20x, +10x, +10x, <100.
Bci sMiHHI X; 32 YMOBOIO 3aBJaHHS € TO3UTHBHIMH BEIHIHHAMH, TOOTO
X; >0, j -18.

Kpim ToOro, 3MiHHI X; MOXYTh HaOyBaTH TiUIbKH JJBOX 3Ha4eHb: 0 abo 1, TOOTO

X; =int, j=18.
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Takum YHMHOM, MaTEMAaTH4YHa ITIOCTAHOBKA 3a,uaqi Ma€e TaKuu BUTIJIAA:

Y (X) =155, +130Xx, +140x, +120x, +180x, +175x; +160x, +145x, — ng)f
15x, +10x, +10x, +5x, + 30x, +30x, + 20x, +10x, <100

15x, +10x, +15X, + 5x, + 30x; +40x, + 20x, +15x, <150

Q- | 20% +15X, +20x; + 5x, +30x; +50x; + 20x; +10x, <150

20x, +15x, + 25X, +5x, +30x, + 20x, +15x, <150

20x, +10x, + 20X, +5x, + 20x; +10x, +10x, <100

X;20j= 1_8

X; =int j=18

[ 3a1aua HAJEXKUTH J10 33]1a4  [IJIOYMCEIILHOTO JIIHIMHOTO ITpOorpaMyBaHHS.
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3 BE3YMOBHA OIITUMI3AIIA
3.1 HeoOxiaHi it 1ocTaTHi YMOBH /151 TOUKH JIOKAJILHOT0 0€3yMOBHOI0 MiHIMyMYy

3.1.1 Axkciomatuka Ta hopMyJIFOBaHHS OE€3yMOBHOI 3a1a4i MiHiMi3aIli QyHKIIii

3amaga Oe3yMoBHOI MiHIMI3alii (QOPMYIIOETBCS TakK: 3HAUTH MIHIMYM
(MiHiMyMH) QYHKIT p(X), SKIIO y SKOCTI PIICHHS X MOXE BUCTYIIATH OY/Ib-sIKa
TOYKa X N-MIPHOTrO €BKJIiZ0Ba MpocTopy R”, abo
y(X)— min (3.1)

xeR"

Abcontomnum,  abo  enobanvHum, — HA3UBAIOTh  3HA4YeHHS  QyHKIIT

3™ = p(x™) = min y(¥), AKIIO I YCIX X € CMpaBEAJUBE CIIBBIIHOMICHHS y(x¥ ) < y(¥) .
x eQ

AOCONIOTHUIT MaKCUMyM BU3HAYA€ThCSl AHAJIOTIYHUM YWHOM, TIJIBKH B
OCTaHHBOMY CITIBBIHOIIIEHHI 3HAK «<» TpeOa 3MIHUTU Ha «>).
Jlokanvrum, abo 4aCcmKoBUM, HAa3UBAIOTh 3HAYECHHS byHKLii

y i =yx) = min_y(¥), SKIO JUis yCix ¥ eQ N F BUKOHYE€TLCSA HEPIBHICTL y(X ) < y(¥),
X M

ne F — g-okin Touku x .

OO6acTh TOMYCTUMHUX PillleHb y BUTIAAI QN F moTpiOHA 71 BiJOKPEMIICHHS
30BHIIIHIX TOYOK Bij] 00y1acTi {) y BUMAJIKY, KOJIM TOYKA X 3HAXOJUTHCS Ha TPAHMII
oOmacTi .

Y noTouHOMY Kypci MU OyJIeMO IIyKaTH JUIIIE JIOKaTbHI MiHIMYMHU.

l'onosna enacmusicms mouku MiHimMymy: TPUPICT PYHKIUT B TOUIl MIHIMyMY
€ TOJIaTHUM HE3aJIeKHO BiJI 3HAKY MIPUPOCTY apTyMEHTY:

Ay* > 0.

3.2 O3HaveHa BJACTUBICTD, 10 BUILIUBAE i3 BUBHAYEHHS TOYKH MiHIMyMYy
YT )ENF), T eQNF;
V(X )< V(X +4K);
WET+AT) - y(F ) 20
Ay 20, (3.2)

3.2.1 HeoOxiaHi yMOBH JIOKaJIbHOTO MIHIMyMY
Po3B’s13aHHs Oyb-KOi ONTUMI3AIINHOL 3a/1a4i y Tk a00 1HIINA Mipi 3BOUTHCS
10 3a1a4i 0e3yMoBHOI MiHiIMi3alli. Tomy 115 3a1a4a OyAe po3rIsiHyTa OUIbII PETENBHO.
Ha nouatky po3risigy oTpuMyeMO HEOOXI1AHI YMOBU Jii TOYKH JIOKAJIbHOIO
MIHIMYMY.
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Jist uporo poskiiageMo GyHKUIO Ul y(x) y pan Teisopa B €-OKOJl TOUKH

MIiHIMyMy X

. o (v dy oy
y(x +Ax)=y(x )J{—yj Ax1+[ yj Ax2+...+( yj Ax, +
ox o o

1 Xy Xp

R %) PR
+2[[ﬁ J;j Ax‘2+[a );J Ax§+...+[a J;] Ax? +
X1 Xy Xy

) 2 Y o 3 soh
+[ oy ijle2+...+(é,xé’y] Axil—len]++R (AX , AX ,...),

0 x,0x, S0 x,

ae R — wdactuHa psAy po3Kiamy, IO 3aJeKUTh B MPHUPOCTY BEKTOpa 3MIHHUX
3-T0 Ta OUIBIIIOro MOPSIKY MAJIOCTI; 1HACKC * € 03HaKOI OOYHUCIICHHS B TOYIIl MIiHIMyMY.

[Tepenuiemo GpyHKIIIO 1T Y MATPUIHOMY BUTJISII

T

% _ % 5 _ 1 _ % % _ _
YE +AT) = 9(F )+(yj AT + - ATTH AT + R (AT, AT,..)

ox 2

ne H —wmartpuns 'ecca, 1110 MiCTUTB JIpyT1 MOX1THI:

0 2y 2%y 2%y
O xi ox0x, =~ Ox0x,
2%y 2%y 2%y |,
H=|/x,0x, dx3 T 0x,0x, |
%y %y %y
dx,0x; dx,0x, ox; |

1 . .
ne EM "TH'Ax - mudepenuiiina kBaapatudna Gpopma;

R™(AX’,Ax",..) — 3aIMIIOK PO3KIANy, IO 3aJIEKUTh BiJl IIPUPOCTIB apryMEHTY

BEJIMKUX MOPSIJIKIB.

1 ' .
: —AY"H AY +R(AY,AY,..)
OCKUIbKH i 2

o *T
AY-0 ( ﬁyj A5
ox
a *
—3_/ =0,
0 X
TO psij po3kiany Teisiopa HaOyie CIPOIIEHOTO BUTIISATY
*T
* * 5
Y& +AY) = )X ”(TQ AY -

OcranHiii Bupa3 (3.4) mepeTBOpuMO Ha PiBHICTh IPUPOCTIB:
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SIKIIo MOKNacTu x, = const (i=l,n i #r), T0 3 ypaxyBaHusm (3.2):

Ay :(ji)*m, >0- (3.6)

I

I3 (3.6) BuxomuTH, WIO (;yj _0, OCKUIbKH B MPOTHJICKHOMY BHIIQJKy IO
xr

KOXHOTO (jyj 40 3aBXIU 3HAWJIEThCA MPOTUICKHUHN 32 3HAKOM MPUPICT Ax,, IO
xr

NpU3BEJIE /IO MOPYIIEHHS ciiBBinHOmEHHS (3.6).
Ockuibku 3MiHHA x, Oyina JOBUIBHO BHOpaHa, TO OTPMMAaHHM  BHUCHOBOK

TOPKAETHCS KOXKHOI 3MIHHOT x;, i =1,n. ToMy HEOOX1/IHI YMOBH JIsl TOYKHU JIOKAIIBHOTO

MIHIMyMY OCTaTOYHO HaOyBalOTh BUPaA3y

2 - @

OTxe, HeoOXIOHI YMOBU NONA2AIOMb Y PIGHOCMI 8eKMOPA NEPUIUX YaACTUHHUX

NOXIOHUX (OYHKYIT Yini HYTIo.
Touku, B AKWX BHUKOHYIOTHCS HEOOXIJIHI YMOBH, 3BYTHCA CMAYIOHAPHUMU.
CraiioHapHa TOYKa MOXe OyTH SIK TOUKOIO €KCTPEMYMY, TaK 1 TOYKOIO MEPETHHY.

3.2.2 JlocTaTHi YMOBH JIOKQTHHOTO MIHIMyMY
Busenennss nHeoOximuux ymoB (3.7) Tpumanocs Ha gomymieHHi (3.3). Ane
BHACJIIJIOK BHBEIICHHS OyB OJIep)KaHUU MPOTWICKHHIA pe3ynbrar. Tomy ymoBu (3.7)
BBAXKAIOTHCS HEOOXITHUMH, ajieé 30BCIM HE JocTaTHIMU. Tpeda 3HOBY MOBTOPUTHU
BUBEJICHHS YMOB JIOKAJIbHOTO MiHIMYMY 0€3 HEXTyBaHHS WIEHAMHU PO3KIaay IPYyroro
Ta OLIBIIT BUCOKOTO TIOPSIAKY .
Po3knanemo 3HOBY QyHKOIO Ul p(x) y pan Teinopa B €-OKOJI TOYKH

MiHIMyMy Xy HPHPOCTax

v
Ay =(—y_j AT +=ATTH AT + R (AT, AF4,..). (3.8)
oXx 2
3 ypaxyBanHsMm (3.7) po3knaf (3.8) HaOye BUTIISAY
* 1 * *
Ay :EMTH AY +R7(AX?,AXY,.) . (3.9)
OCKIIBKHA i, RI(LMW):O 3a YMOBH, 10 3HAMEHHHK % AFTH'AY 20, TO PAX
Ax —0 EMTH*M

posknany Telnopa 3 ypaxyBaHHsM (4.2) MaTUMeE BUTIISIA

*

Ay :%AT(T H Ax>0. (3.10)

Takum 4yuHOM, TpUPICT QYHKUI y TOYIl MIHIMYMY BHU3HAYa€ThCS
mudepeHiiHo KBaapatudHoto (opmoro. CmiBeinHomeHHs (3.10) BUKOHYeTbCA
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JIMILIE Y BUTIAJKY AOJATHOI BU3HAYEHOCTI MaTpHIll Koe(ilieHTIB KBapaTUYHOI (GopMHU,
y mpoMy pasi — matpuui ['ecca. OTxe, docmamui ymogu OJisi MOUKU JIOKAILHO2O0
MIHIMYMY noJsiearome y 0odamuiil eusHawenocmi mampuyi I ecca H, mo obuncieHa B
TOYI[I MIHIMyMY.

3aysasicennsn: AKIWO B JAEAKIM TOYIl Yy pa3l BUKOHAHHS HEOOXIIHUX yMOB
Mmatpung ['ecca Big’eMHO BU3HA4Y€Ha, TO L TOUKA € JIOKAJTbHUM MaKCUMYMOM.

3.3 Kinacuuni meroau onruMizamii

¥Yci MeTou onTUMi3allii MOXKHA TTOAUIMTH Ha KJIACUYHI Ta MOIITYKOBI.

Krnacuuni Metoau M03BOJIAIOTh 3HAWTH TOYKY ONTUMYMY 4epe3 pO3B’s3aHHS
CUCTEMHU pIBHSHb. 3aBISKH 1bOMY OTPUMAHHM PO3B’A30K € TOYHUM, SKIIO
PO3B’sI3aHHS CUCTEMHU PIBHSHB 3/[1HCHIOBAJIOCH HE HAOJIMKEHUMU METOaMHU.

Memoo Etinepa

Merton Eitnepa Halle:)KuTh 10 KJIACUYHUX METOAIB. BiH 6a3yeThcs Ha HEOOXITHUX
Ta JOCTATHIX YMOBAX TOYKH JIOKAJbHOTO MIHIMYMY.

Ipuxnao 3. Memooom Eiinepa snatimu minimym ¢hyukyii

Y(X) = =% +6%X, +3%5 +6% —18X, — min

XeR

Po3B’s13aHHs
3agady po3B’A3yI0Th B TPH €TaIlU.
Ilepwuy nonArae B po3B’si3aHHI CUCTEMHU N PIBHSHb

j—i’i=0, i=12,...,n,
IPOJUKTOBAHUX HEOOXITHUMHU YMOBaMU [IJIi TOYKH JIOKQJIBHOTO MIHIMyMy, Ta Y
3HAXO/PKEHHI YCIX CTAI[lOHAPHUX TOYOK.

Jpyeuii — y GbopMyBaHHI MaTpull APYTUX YAaCTKOBUX MOXITHUX ISl KOXKHOT
CTal[lOHAPHOI TOYKH.

Tpemiu — y nepeBiplll OTPUMAaHUX MaTPHULb HA JOJATHY BU3HAYEHICTh 3TITHO 3
kputepieM CuiibBecTpa Ta 3HaXO/KEHHSM TOUYKH MIHIMyMY, SIK I[bOTO BHUMAararoThb
JI0CTaTHI YMOBH.

JUis BU3HAYEHHS XapakTepy KBaJApaTUYHOI (POPMH BHKOPUCTAEMO KpUTEPIi
CunbBecTpa, SKUH TONATae B OOYMCIEHHI TOJIOBHUX BH3HAYHMKIB MAaTpHIIL
KBaApaTu4yHO1 popMu A:

allalz cee aln

811812
B A= 321322...a2n.

Ap=ag; Ay =

azaz
aman2 ---8nn

Sxio Bei TONOBHI BU3HAYHHMKHU JIOJAaTHI, TO KBajgpaTH4Ha (opMa MO3UTHBHO
BHU3HAYCHA.

Akmio Bci HemapHi TOJOBHI BU3HAYHMKU BiJ’€MHI, a TapHl — JOJAaTHI, TO
KBaJipaTuyHa opMa BiJi’€MHO BU3HAUECHA.

16



VY peurti BUMaKiB KBaapaTuyHa (popMa He BU3HAU€HA a00 HaMiBBU3HAUCHA.
Ilepwiuy eman. JIns HAIIOTO NPUKIIAAY OTPUMAEMO CUCTEMY PIBHSHb:
{—SXf +6x, +6=0;
6x, + 6x, —18=0.

Po3B’s13k0M cucteMu € CTaHiOHa HI TOYKHU (© = 2\ 20 _[ 74 .
XA 1 % =],

Jlpyeuii eman. BusHauumo eneMeHTH MaTpuib aApyrux noximamx HO, HO

BiamosiaHo B Toukax X i xQ:

2

. 2
— B TouIi X hey {M
1

(0)
] = (—6xl)(£) =-12;
A

©
- 2
— B Toumi X hy, = [5;’] = (=6x,)¥ = 24;

Xl B

0 0
27y ©) 27y ©) |
hpp=|—5| = 2 =6
X3 ), X3 ) p
bk _( é)zy j(ﬂ)_[ ﬁzy J(O)_
v oxox, O%, 0%,

Cx1azemMo MaTpuui w© =[‘162 6}; H© =[24 6} .

6 8 6 6
Tpemiii eman. 3rinno 3 kputepiem CuibBectpa Matpuns H He BusHaueHa
marpuns HY mosutueHO BusHaueHa. OTxke , X\ — TOUKA JIOKAIBHOTO MiHiMyMy (32
BiJl’€MHOI BU3HAYEHOCTI MATPUIIl JPYTUX MOXIIHUX Yy CTalllOHAPHIN TOYIll HASBHUMA
MaKCUMYyM (PYHKITIT).

VY Toumi 4 _ 3O = [— 4] 3aaHa (YHKIIiSI JOPIBHIOE y” =107, IO 1 MOTPIOHO 3HAKTH.
7

Memoo ceomempuunozo npocpamyeans
IIpuknao 4. 3HaiiT MIHIMYM TO31HOMA:

Y(R) = 25/x + 2% - Xp + 2.
X1X

2
Po3B’s3aHHs
[a 3amaya € 3a7a4er0 T€OMETPUYHOrO MPOrpamMyBaHHS 3 HYJIbOBUM CTYIEHEM
cknagHocTi, ockineku T=n+ 1. Ii po3B’s3aHHA 3BOAUTLCSA 1O PO3B’SA3KY CUCTEMH
JHIAHUX PIBHSHB:

iwf =1 (3-11)

iakjW? =0, k=1,2,...,n, (312)
j=1

ne T — KUTbKICTh JJOJIAaHKIB y MO31HOMI;
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w; — HOBI HOPMOBAaHIi 3MiHHi, AIKi XapaKTepu3ylOTh CTYIiHb y4acTi [-TO ulieHa

103iHOMa y ()OPMYBaHHI BEJIMYMHHN y 1 YHCEIILHO PiBHI BiJIHOIICHHIO BEJIMYMHU |-TO
YJIeHa 70 BEJIMYMHH Y |
a; — MIOKA3HUK CTEMEHi k-1 3MIHHOI X, Y J-M WIeHi 03iHOMa;
N — KUJTBKICTh 3MIHHHUX.
Jlns 3amanoro mosinoma cucrema (3.11)—(3.12) mae Buriisg
W, W, + W, =1
1 . 1 .« . . —
oW oWy — Wy = 0;  afiipimenns w =[1/3 1/3 1/3].
W, —w; =0,

MiHiMyM TT031HOMa BU3HAYAETHCS BUPA3OM

Wj

T C.:
* j
vy =TI—=1| . (3.13)
=L\ W
Jie ¢;— KOeillieHT U j-M dIeHi Mo3iHOMa.
Jlns Hammoi 3amaqi
. 25 1/3 2 1/3 20 1/3
y =|—| |=| =] =30
1/3 1/3 1/3
3HaueHHS 3MIHHUX x; MOYXHA BU3HAYHTH i3 CHCTEMH PiBHSHb:
n .
* Wi
L Cj(xj)a
wj=H=b o j=12,..,T-L (3.14)

y
B ymoBax 3anaui cucrema (3.14) mae Burisn

1 25x

3030 gy pitenns x” = {i é}
1 2%%, 25 2
3 30

3.4 Itepauiiini MmeToan 6e3yMOBHOI onTHUMi3alLii

[IpsMuMH MeTogaMu BUPIIIYIOTH 3aJady ONTUMI3AIlll HUIAXOM 1TEpaLiitHOro
HaOJIMKEHHS. O TOYKM MiHIMyMy. PO3B’S30K OTpUMAarOTh HaOJIMKEHUM, ajie 13
3a0e3neyeHHsIM Hatlepe 1 3a/1aH01 TouHoCTi. Ha BiiMiHY BiJl KIIACHYHHX 1CHY€E BITHOCHO
Oararo mpsMux MeToniB. Tpeba 3amaBaTucs TOYHICTIO oOumcieHHs. Kpim Toro,
NOoBUHHA OyTH 3aJaHa MMOYAaTKOBA TOYKAa HAOMMKEHHS 0 MiHIMyMy. SIKIIIO BOHA He
3amaHa, ii Tpeba BUOpaTH MOBUIBHO a00 31 3JI0POBOTO TIy3Ay — SKHAMOIMXKYE 10
nepeaoa4eHoro MiHIMyMy.
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Y mporieci nomryky MiHiMyMy Ha KOkHOMY (K-My) Kpo1li BU3Ha4ar0Th HOBY TOUKY
HaOMKeHHS 10 MiHIMyMy x*™ Taky, 1mo 3HaueHHs QYHKIII y HEi MeHIIe, HiXK Y
nonepeaHin

AT D) < fx9). (3.15)
Koxna wHoBa (HacTymHa) Touka x'“* moB’s3aHa 3 momepenHpor0 x

PEKYPEHTHHUM CIT1BBITHOIIICHHSM

FED 50 4 g BAFH (3.16)
e Ax¥) — HanpsiMHUIT BEeKTOp Ha K-My Kpoiii;
A — cxanspHe 4KcIio, 110 BU3HAYAE TOBKUHY K-TO KpPOKY B HANpsMKYy Ax .
[Iponec MmiHIMiIzalil 3aKiHYYIOTh, IIOMHO HAa YEProBOMY KpoOIll aOCOJIOTHE
3HAYEHHS yCIX CKJIAJO0BHX BEKTOpA MEPIIMX YACTUHHHUX MOXIAHUX (yHKLIT 1Tl Oyne
MCHIIIMM, HIX 3aJjJaHa TOYHICTh OOYHMCIICHHS

)

oy )" —
(2 e =t (3.17)
o x,

Icnye Gararo mMeToAiB OaraTOBUMIPHOI MIHIMI3AIlii, IO BIAPI3HSAIOTHCS OJIMH Bij
OJIHOTO 3ac00aM¥ BU3HAYCHHSI HAMPSIMHOTO BEKTOpa Ax‘“ Ta mOBXHHH Kpoky Ay
pekypeHTHoMY cmiBBigHOIIeHH] (3.16). Cepen HUX HAHOLIBII MOMIUPEHIMHU € METOJIH:

— HaMmBuamoro cnycky (Merox Kormi);
— HeroToHa;
— nokoopauHatHoro cnycky (I"aycca — 3eitaens).

3.4.1 Meroa HaUIIIBUIIIIOTO CITYCKY
Jns MeToay HAaUIIBUAIOTO CITYCKY

(k)
<) __[ Y
KON [aXJ , (3.18)

a BenuuuHa (3HaueHHs) kpoky 4% BH3HaYaeThcs SK PO3B’sA3aHHS 3ajadi

OJIHOMIPHOi MiHIMI3aIl1 (QyHKIIIT

(k)
oo 2] 319)

PekypeHTHE CHiBBIIHOILIEHHS ISl METOJY HAMIIBHALIOTO CIYCKy Oyae MaTu
BUTJISIA

(k1) _ (k) _ ﬂ(ﬁ_j(k)
OX
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3.4.2 Metoxa HreroTona
g merony HeroTOHA HanpsAIMHUAN BEKTOP

ax®) [ (k)}l(%](k), (3.20)

a BeauurHa Kpoky AKX =1.
PexypenTtHe crniiBBiIHOIIECHHS 11 MeToty HproTOHa Oy/ie MaTu BUTIISI

gD — () _ (H (k))_l (ﬂ)(k)
ay .

3.4.3 MeToa MOKOOPAUHATHOTO CITYCKY

Y MeToml MOKOOPAWHATHOTO  CIYCKY, SIKHA 1€ 3BEThCS  METOIOM
["aycca — 3eligens, Ha BIAMIHY BiJ] IHIIIUX Ha KOXXHOMY KPOI[l 3MIHIOETHCS TUIBKU OJTHA
3MiHa. TOMy pEeKypeHTHE CITIBBIJHOIIEHHS MK MOMEPEIHHOI TOUYKOI HAOIUKEHHS
710 MIHIMYMY Ta MOJIaJIbIIO0 MAa€ BUTIIST

MU N ONPICN ) (3.21)
’ 0 x, ox’) |
Tob6to
P (k)
x (K+1) —y (k) _ (Mj ' (322)

(k)
82 y
1z xr2

3ayBakumo, 10 apyra moxigHa B (3.22) o0OB’S3KOBO TMOBHWHHA OpaTHCs 3a
MOAYJEM, IHAKIIe y pasl ii BIJ €MHOrO 3HAYEHHsS Npolec MIHIMI3alli mige y
3BOPOTHOMY HaIPSIMKY.

BapitoBaHHs 3MIHHUX 31MCHIOIOTH MOCIIJOBHO: CIMOYATKy — MEpILy, MOTIM —
npyry Toro. LIukJ1, 1110 cKi1agaeTbest 3 N MOCIiIOBHUX KPOKIB, CTBOPIOE OJTHY 1TEpallifo.
[Tonryk MiHIMyMY 3aKiHYYIOTh, IIIOWHO HAa Y€PTOBOMY KPOIIi aOCOTIOTHE 3HAYEHHS YCiX
CKJIQJIOBUX BEKTOpa MEPIIMX YACTMHHHUX MOXIJHUX (PYHKIII 1l OyJe MEHIIUM, HIX
3a7aHa TOYHICTh OOYMCIIEHD

(k)
[;”_yj <o, izin (3.23)
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Ilpuxnao 5. MetonomM MOKOOPAWHATHOTO CITYCKY 3HAWTHU MIHIMYM (DyHKIIT 1111
y(X) =% +x3 -6x,x, 3 TOUHICTIO &£=0,12, B3SITH 3a IMOYATKOBY TOYKY HAOJIMIKEHHS

TOYKY x© — 2,4 .
2,3
Po3B’s13aHHA

HynwoBa iTeparis:

& © 22y )\
I KpoK (—j =348>¢; (—32’] ~14,4,
0%, OX;

Hogse 3HauenHs 3MiHHOI x\Y BH3HAYaeThCs BIAMOBIAHO 110 (3.22):
1

xY =24 348 _ 2,15809.
14,4

2,3

II kpox. HoBe 3HaueHHs 3MIHHOI X2 BH3HAYAETHCS TAKOX BIJMOBIIHO
no Bupasy (3.22). Tpeba mam’sTaTy, 1O A0 BIAMOBIAHUX MOXIJIHHUX MHiACTaBISIEThCS
HOBA MPOMDKHA Touka X ¥ .

. 2,158
Tenep GpopmyeThest HOBa POMikHa Touka X% :{ }

(1.0) 2 \@O)
(ﬂ] —202> ¢ (ﬂJ ~138: x¥ =23 —% =2,088.

2
0X, X5

VY pe3ynbTati HyJIb0BOI ITE€pallii OTPUMANIA TOUKY X©® = [2,158 }

2,088

HeoOxinmHo mepecBiguuTucs y HaONMKEHHI 10 TOYKH MIHIMyMYy B pe3yJbTarTi
HYJI6OBOI iTepamii y» =-7,882 <-7,129 = y©.

[TepeBiprMO BUKOHAHHS CiiBBiTHOIIECHHS (3.23)

@ @
(ﬂj =1,442 > ¢; (ﬁj ~0131>¢;
OX, o

XZ
CriBigHomieHHs (3.23) HE BUKOHYETHCSA. TOMY IEpexoauMo JI0 MEePIoi iTepartii.
[lepma iTeparis:

(o) oty \" 1,442 ey _| 2,047
Ixpok: |21\ —14425g | 2| 12,948 xP=2158-———=2,047;, X = :
4 X 12,948 2,088

@Y 2. \@D
Mxpok: (Y| _o797254(2Y| —12528 x@ -2,088- 27972
X, ox: 12,528

=2,024 3.

2,047
2,0243}

TpeOa nepecBiiUUTUCS Y HAOJMKEHHI 10 TOYKH MIHIMYMY B pe3yJIbTaTi MepuIoi
itepamii: y® =-7,99004 <-7,882=y®.

V pesynbrarti nepiuoi iteparii orpumaemo X = {

21



[TepeBiprMO BUKOHAHHS CITiBBiIHOIICHHS (3.23):

24 2
CuiBBigHomeHHs (3.23) He BUKOHYETHCS 1O 3MIHHIHN X, , IEPEXOAUMO J0 APYTOi

) (2)
[ﬂj =0,4248> ¢; (g} =|-0,008| < &;
X

iTepartii.

Ipyra iteparis:

@ 2, \@ 2,0124
Lkpok: |V | _oazagse |9V | —12282: x® =2,047- 94243 __ 20124; XGP =| .
P (ax1 RS | B S PP T 2,0243

X

32) D)
ITxpok: (Y] _oo195s [2Y] 121458 x9 -20243-22%° o006, x©-
o, B% 12,458

2,0124
2,0061

y® =-79993<-7,990 4 = y?.
[TepeBipruMO BHKOHAHHS CHiBBigHOIICHHS (3.23):

&) o
[QJ =0,113<¢; 9y =|-0,001 < &;
oX, X,
CniBsigHoteHHs (3.23) BUKOHYEThCS
. [2,0124 .
X' = ; y' =-7,9993
2,0061
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4 YmosHa ontumizaunia. bararoBumipHi 3agaui
3 00MEKeHHSIMHU Y BUIJISIAI PiBHOCTI

4.1 ®opmy IlOBaHHS 3aaa4i

MaremaTuyHa MO/ie)Ib 0araTOBUMIPHOT ONTUMI3AIlIHHOI 3a71a4l 3 00MEKEHHIMHU
y BUTJISIA1 PIBHOCTI Ma€ BUTJIST
y(X) — opt (4.1)

XeQ

Q: f,(X)=0, i=Lmn (4.2)
SIx po3B’si3ku 3amadi (4.1) MOXYTh BUCTYIATH JIUIIE TOYKH, IO HAJEXKaTh J0

HESBHOT TOYKOBOI MHOKHHH (2, TOOTO TOYKH, sIKi € po3B’si3KaMu cucteMu (4.2).
KinpkicTh piBHOCTI M MOBHHHA OyTH MEHIIe, HIXK KIJIBKICTh 3MIHHUX 3aja4i N,
IHaKIIIE 3a7a49a He Ma€e po3B 53Ky (AKIIo M > N) abo 3BOAMTHCA JI0 TIepeOdopy KiIbKOX
TOYOK (SIKIIO M = N). Y 3arajbHOMY BUIAJIKy CUCTeMa piBHSIHb (4.2) HeminiliHa. OTxe,

HEMa rapaHTii, 0 BOHA B3araji Ma€ po3B’s30K.

4.2 Po30MTTA 3MIiHHMX HA 3AJI€KHI i He3aIeKHi

Posrnsan GaraToBUMIpHOi ONTUMIZAIIAHOL 3a7a4l 3 OOMEXEHHSIMH y BUTJISIL
PIBHOCTI IPYHTYETHCS Ha KOHIICIIIIT 3aICKHUX W He3aJICKHUX 3MIHHHUX, 1110 MOJIATAE Y

. . . : - S .
p036I/ITT1 yCIX 3MIHHUX 3aJa4l Ha JIBa IIJABCKTOPU: X = f , A€ 5§ — MABCKTOP 3aJICK-

HUX 3MIHHUX; { — NIBEKTOp He3aJIeKHUX 3MIHHUX. [Ipu ibomy

S, X
! ! t] xm+]
S X
— 2 2 t X . —_
s = — ; t_: 2 _ m+2 ; m + p =n.
S X t X

m m » mip
3ayBaXuMo, 1110 Oyb-sIKe 1HIIIE PO3OUTTS 3aBXK AN MOKHA 3BECTHU JI0 3a3HAUYEHOTO
3a paxyHOK BI/IMIOBIIHOI MTepeHyMepallii 3MiHHUX.
3a3HaYMMO TaKOX, IO 3aJIeKHI 3MIHHI 4acTO 3BYThCS 3MIHHUMU CHMAHY, a
HE3aNEKH] — 3MIHHUMU PO38 SA3AHHAL.

4.3 MeToa miACTAHOBKH
HatinpocTimmm MetoioM po3B’si3anns 3anadi (4.1), (4.2) € MeTo1 miZICTAHOBKH.

3anaua (4.1), (4.2) 3 ypaxyBaHHSM PO30UTTS 3MIHHUX Ha 3aJIe)KHI i He3aIeKHI
HaOyBa€ BUTIISTY

¥(5,t) - min

sk (4.3)

Q: f.(57)=0, i=Lm]|, (4.4)
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Mertop MmiZICTAaHOBKH IOJIATAE B IEPETBOPEHHI CUCTEMH piBHOCTI (4.4) y cuctemy

5= (1) (4.5)

Ta miacTtaHoBmi B (4.3) 3amicTh 5 Horo Bupa3y uepe3 ¢{. Taka mpoleaypa

MiJICTAHOBKH IPU3BOJMUTH JO TOTO, IO CKJIAJHA 3ajilada YMOBHOI MiHiMizamii (4.3),
(4.4) nepeTBOpIOETHCS HA 33/1a4y OE3yMOBHOI MiHiIMi3aIlil

y(f) = min | (4.6)

PR

13 KUIBKICTIO 3MIHHUX MEHIINM, HIXK Y TTOYaTKOBIN 3a1a4i.

4.4 Heo0XiaHi yMOBH JIOKAJIBHOT0 MiHIMyMY
Posknagemo QyHkumiro mim y(x) y psag Teinopa y mpupoctax apryMeHTIB y
€-0KOJIi TOUKU MiHIMyMy Xy BEKTOpPHiii popMi 3 ypaxyBaHHSAM pO30OUTTS 3MiHHUX Ha
3aNekH1 W He3aJIeXkH1 1 3HEXTYBAHHSIM HEJIHINHUX WICHIB PO3KIaTy

*T *T
oy _ o”y] _

Ay =| —— | AS+|—=| A4t. 4.7
r-(53) (5 @

Tak camo 3poOumo 3 oOMexxeHHsIM 3a1a4i (4.6):
Af*:(%} A§+(%j AT =0. (4.8)

% ﬁ *T' % 5.]? *T_
[To3Haunmo w _(ﬁsj ' C :(mj

Martpunst W mae po3mip (M x M) 1 3BETbCSI MATPHUIICIO0 CTaHy a00 MaTPHUIIECIO
Ako61, abo skobieBoro Mmatpuiero. Matpunss C mae po3mip (M X P) 1 3BEThCSA
MaTpPUIICIO KEPyBaHHS.

VY 3arasbHOMY BHUNAAKy SIKOOI€Ba MATpHUIld 1 MaTpulld KEpyBaHHS MalOTh
BI/ITIOBITHO BUTJISI;

[on 2 ] (% 2k oh |
s Os, *tc Os, ot oty ttt e,
oh o oh 9h  oh oh
35, ; e : > > . 5
W= s s, s, : C= o4 Oty at, i
| s ds,  tcc s, | L o4 oty o at,

[lepmia ckimagaeTbest 3 MEPIIMX YACTUHHUX MOXIAHUX (PYHKINT OOMEXEHHS IO
3MIHHMX CTaHY (3aJIe’H1 3M1HH1), & Ipyra — 10 3MIHHUX PO3B’SA3KY (HEe3aJIeKH1 3MIHHI).
3 ypaxyBaHHSM 3/iliCHeHUX 1MO3Ha4YoK (5.8) HaOyne BUTIIS Y
W*A5 + C*Af =0. (4.9)
Baxkxatumemo, 1m0 po30UTTA 3MIHHMX 3IHCHIOBAJIOCH TaKWM YHUHOM, 1100
sakob0ieBa maTpuilsi Oylia HEBUpPO/KeHOw. Toxi momHOXkuMO (4.9) Ha o0epHEHY
Matpuiro Akooi:

(W*) ' W*A5 +(W*) ' C*A7 =0 (4.9)
abo
As +(W*)'C*AF =0. (4.10)
Po3B’spxkemo (5.10) BITHOCHO MPUPOCTY BEKTOPA HE3AIECIKHUX 3MIHHHIX
As =—<(W*)'C*Ar . (4.11)
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[TincraBumo (4.11) y (4.7):

é’yj 0 _ (é’y) _
¥ _| 22 * * 7
Ay (m (W*)"C*Af + o) AL (4.12)
[TpuBenemo moaioH1
% _ oy *T_ oy " #)\ T ox (A7 . 4.13
Ay_(m_) (agj (W#)™ C*|A7 (4.13)

Bupas y kBagpaTHUX OyXKaX — BEKTOP-pSAIOK MEPIIMX YMOBHUX MOXITHUX Y

*T
TOYI[I MIHIMYMY Ta IMO3HAYAETHCSA SIK (Qj 1 U151 OYIb-IKOT TOUKH Ma€ BUTJISA

57
o) () (2] e 4.14
(5z _(afj _(mj (W) ¢ (4.14)
CkrnagoBa (;tyj p-BuMmipHOoro  Bektopa (4.14) 3BeTbCS nepuioro yMO8HOIO

yacmunHow noxionoro GYHKIIT it Y 1o j-1 He3ale)KHOT 3MIHHOI 1 moKasye (B pasi
JHIAHOT anpoKcUMaliii), K 3MIHUTBCS QYHKIIS Y, SIKIO 3MiHHA 3pOCTE Ha OJMHHIIIO.

3a O3HAYCHHSM TOYKH JIOKAJHLHOTO MIHIMyMYy Ta 3 ypaxyBaHHSM ITO3HAYEHHS
(4.14) Bupa3s (4.13) mepeTBOPIOETHCS Ha CITIBBIIHOIICHHS

KT

Ay = (%j A >0. (4.15)

3a ymMoOBaMH 3MIHM TUIBKM OJIHIE€T 3MIHHOi ¢, OCTaHHE CITIBBITHOIICHHS
HaOy/ie BUTIISITY

k

Ay = [g—f] AL >0. (4.16)

r

[Mpupict Az, y (4.16) moxe OyTu gk MpUOYTKOBHUM, TaK 1 BiJl’€MHUM, TOMY

*

HepiBHICTH (4.16) 3anumiaeThCs CIpaBeIJIMBOIO JIMIIE Yy pasi [Mj _o- Ockinbku

r

3MiHHA ¢, 00Mpanacs JOBIJILHO, TO T€ CaM€ MOXHA CKa3aTu Mpo OyAb-sKy HE3AJICKHY

3MiHHY ¢, (j=1,p) , 200

[gfj ~o (4.17)

Bupas (4.17) mictuTh HEOOXiJHI YMOBHU JJisi TOYKH JIOKAJIbHOTO MiHIMyMy B

3a/1a4yl MiHIMi3alli B pa3i 0OMeXeHb y BUTJIS 1 PIBHOCTI.
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4.5 Metoa SIxo0i
BusnauenHs cramioHapHUX TOYOK MeTojoM k001 y 3amaui MiHiMi3alii B pasi

00MEKEHb y BUTJISI PIBHOCTI MOJIATAE y PO3B’SI3aHHI CUCTEMH, IO CKIAAAETHCA 3 N
PIBHSIHB, CEpell SIKHX M BHU3HAYAIOTHCA OOMEXKEHHSMHU 3ajadil 3MiHHI, a OCTaHHI
P =N —M — HEOOX1THUMHU YMOBAaMH 11 TOUKH JIOKAJIbHOTO MIHIMYMY:

f;(gat_)_oa 1217 ’
oy L (4.18)
S5/ =0, j=Lp

4.6 MeToa HeBU3HAYEHUX MHOKHMKIB Jlarpan:xka
[eit meTon mossirae y 3aMifi GyHKIT 111 PyHKITiero JlarpaHika i moaaabiiomMy
BU3HAYEHHI 1i CTaIllOHAPHUX TOYOK, IO CIIBHAAal0Th 31 CTalllOHAPHUMH TOYKAMH
MOYaTKOBOI (PYHKIIIT ITiTi.

Oynkiisa Jlarpanixka mo3Ha4aeThes K L(f ,/1) 1 YTBOPIOETHCSI TAKUM YHHOM:
L(%,2)=y®) -2 "f(%) (4.19)
abo
L(x,2) = y@)+ 4 "f(x), (4.20)
e A — BEKTOp HEBM3HAYEHUX MHOYKHHMKIB.
B anre6paiuniit hopmi ¢pynkiis Jlarpamka (5.19) mae Burmsin

L(x X500 X Ay Agseens A ) = = i/‘t,.f[ , (4.21)
i=1

Crarionapsi Touku (yHkiii Jlarpan»a BHU3HA4alOThCS caMe Tak, sIK Yy 3ajadi
0e3yMOBHOI MiHIMi3allii, TOOTO SK PO3B’A30K CHCTEMH DPIBHSAHb, 110 YTBOPIOETHCS
NPUPIBHIOBAHHIM YaCTUHHHX MOX1IHUX HYJTIO:

o L(i,I)
— —0: (4.22)
o L(%%) _

Cucrema Haniuye n piBHSHB TUTY (4.22), 1110 € YACTUHHUMH MOX1THUMHU QYHKIIIT
Jlarpan»a 1o 3MiHHHX 3aJ1a4i, Ta M piBHSAHB TUMY (4.23), 1110 € 0OMEKEeHHSIM 3a/1a4l. Y
SAKOCTI OCTaHHIX MOJXHAa BHM3HABAaTH YacTWHHI moxigHl ¢GyHkmii Jlarpamxka o
HEBU3HAYCHUX MHOKHUKAX.

Hesimomi B CHMCTEMI CKIQarwThCa 3 N 3MIHHUX 3amadl x, (j= Lm)Ta m
HEBHM3HAYEHUX MHOKHUKIB A , (i =1,m). PIBHO CTiNIbKM HaJli9y€ThCS PIBHAHD y CUCTEMI
(4.22), (4.23). Y nporeci po3B’sa3aHHs 3a/1a4i BU3HAYAIOTHCA MHOKHUKU A , (i =1,m),
Ha sKI MOKHA 30BCIM HE 3BEpTAaTH yBaru. [HTepec CTAHOBIATH TIIBLKH HEBIJOMI
x;, (j=1Ln).

PosrnsitHeMo 3actocyBaHHST METOJQYy Ha TpPHUKIaAl  PO3B’SI3aHHS — 3ajadyl
ONTUMAJIBHOI peani3anii MpoIyKIii.
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IIpuknao 6. bopomHoMensHU KOMOIHAT peastizye OOPOIIHO TBOMA CIIOCO0aMU: Y

po31pi0 yepe3 MarasuH 1 ONTOM Yepe3 TOPrOBUX areHTIB. Y pa3l Mmpoaaxy X Kr
OopoIIHa yepe3 Mara3uH BUTPATH Ha peani3alliio CKIaJalTh X, TPOIL. 0., a Y pasi
MpOJaXxy X, Kr OOpoIlHa 3a JIONMOMOTOK TOPrOBUX AareHTiB — X, TPOIIL OJI.

BusHaunTH, CKUIBKKM KI OOpOIITHA HEOOX1AHO IMPOJIaBaTH KOXKHHM CIIOCOOOM, 1100
BUTpPATH HA peati3alliio Oyau MiHIMaJIbHUMH, SIKIIIO Ha 10Oy AJIs IPOJAXKy BUIIISETHCS
5 000 kr GoporHa.

Po3B’s13anun

MaremaTiuuHa MOZENb 3aJja4l MATUME TaKHil BUTTIS;
y(X) =X + X2 — min
xeQ

| % +Xx, =5000
'{xj >0, =12
®yukuis Jlarpanxka i cucrema piBHSIHb HAOYIyTh BUTIIANY:
oL(X, Z)=x +X;—A(x+X,—5000).,
a cama CUCTeMa PiBHSIHb OyJie MaTU BUIJISI
2x, —A=0;
2X, — A =0;
—X, — X, +5000 =0.
3BiKH 3HAXOAMMO CTarfioHapHy Touky X =[2500 2500] ; y(x)=12500000.
Hanaroun x, 3HaueHHs Oinbie i Mennre 2 500, 3HaxoauMo  y(X) i 3 BU3HAYECHHS
eKCcTpeMyMy (DYHKIIIi OTpEMYEMO, IO Y(X) y pa3i X, = X, = 2500 mocarae MiHIMyMy.
JIyist oTpuMaHHST MiHIMQJIBHUX BHUTpAT HEOOXITHO peaiizyBaTh Ha 00y depes
MarasuH i ToproBux areHTiB 1o 2 500 kr 6opornrHa, Tpy IBOMY BUTPATH Ha peaTi3allito
cxianyThb 12 500 tuc. rpom. ox.

4.7 locTaTHi yMOBH JIOKAJIbHOT0 MiHIMyMY
Po3rnsiHyTi MeTOu Jville BU3HAYAIOTh cTailioHapHi Touku. [1[o6 rapanToBaHo

BIJIIOpaTH cepe] CTallilOHApHUX TOYOK MiHIMaJbHI, Tpeda NepeBIpUTH JOCTaTHI YMOBU
JIOKaJIBHOTO MIHIMYMY, IO MOJISTAIOTh y TOAATHIN BUSHAYEHOCT] B TOUIIl JIOKAJIHLHOTO

MIHIMyMY MaTpHIll IPYTHX YMOBHUX MOXiMHUX (yHKIIl mim S = L‘S ;y } Marpuns
1,61,
Mae po3Mip (p X p) 1 BU3HAYAETHCA 32 GOPMYIIOI0
s=P,-PW'C—(P,W'C) +(W'C) P,W'C, (4.24)

e W', C — Bxe 3Haiiomi oOepHeHa MaTpuIlsd SIko01 1 MaTpHIls KepyBaHHS;

P,, P, P — TOMaTPHIl MaTpPHUIIi
P P m
P:{ ‘”}:H—Z}tiHi. (4.25)
Pts Pl‘t i=1
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28

Lot af, af,
o x} o0x,0x, Jx,0x,
2°f, 2°f, 2°f,

=| dx,0 x, o x? 2x,0x,
é’..z.fi é)..z.fi é’..z.fi

| dx,0x, JOx,0x, O x}

yi=lm,

Oy

T
ne A, — Koegiyicnmu yymiueocmi, CKIag0Bi BeKkTopa A " = (—) w.

os

Tyt H — Bxe 3Hailoma MaTpuils Apyrux noxigHux ¢ysHkuii mini; H, —martpuus
APYTUX MOXITHUX I-TO OOMEKEHHS 3a/1a41, BUBHAYAETHCS SIK

(4.26)



5 YMOBHA OIITUMIBALISA. BATATOBUMIPHI 3AJTAYI Y PA3I
ABOBIYHUX OBMEKEHb 3MIHHUX

5.1 ®opmyaroBaHHs 3a1a4i
MatemaTtnuHa MoJieIb 6araTOBUMIpHOT ONITUMI3AIIIHOI 3a/1a4l B pa3i ABOOTUYHHUX
00MeXEeHb Ma€ BUTIIAL

y(X)— min (5.1)
Xxe
o x<x<x~ |, (5.2)

VY skocti po3B’sizaHHs 3amadi (5.1) Moke BUCTYMATH JUIIE TOYKAa TOYKOBOL
MHOKUHH ), 1110 BU3HAYAEThCA rinepnapanesemnineaom (5.2).

5.2 Heo0XiHi yMOBH JT0KAJIBbHOT0 MiHIMyMY
Posknanemo QyHnkmito i y(x) y psaa Telnopa y npupocTax B £-0KOJI TOUYKH
MiHIMyMy Xy BEKTOpHii (OopMi 3 ypaxyBaHHAM TiIbKM JiHIHHHX YIEHIB PO3KIALY,

TOMY 1110 1HIIIl BBaYKAEMO 3aHAJTO MAJIMMU
5T

5)/) _
wre(2) ar |
v* =52 (5.3)
3a 03HAYEHHSM TOYKU MIHIMYMY
Eya
5yj _
Ay* = (— Ax >20. .
=52 (5.3)
Xal 3MIHIOEThCS TUIBKH OJIHA I'-a 3MIHHA, TOI1
oy
Ay* = o AX, >0, refl,2,..,n}. (5.4)
XI’

CTOCOBHO 3MIHHO1 x, ICHY€E TPU BapiaHTH 3HAXO/PKEHHS MIHIMYMY:

o . . . . *
— Ha HWOKHIA IpaHuIli 001acTi BU3HAYCHHS 3MIHHOI x, = x|

o . sk
— Ha BepXHIiW IpaHMIi x, =x, ' ;

— BCepenHi 001acTi BUSHAUCHHS X, < X, < X/ .

PosrasineMo K0>XHHI BapiaHT OKPEMO.
Hexait mMiHIMyM MI0/I0 3MIHHOi x, 3HAXOJUTHCS HA HWXKHINA TpaHUIll, TOOTO

*

X, =x, .Y IbOMY BUIAJIKy IPUPICT aPTYMEHTY MOKe OyTH TUIbKH JOJaTHUM Ax, >0,

a YaCTMHHA MOX1JAHa PYHKIIT 1171 0 3MIHHINA x, HEB1J €MHOIO
%

(ﬂj >0, (5.5)

ox,

iHakire Oyze mopyuiena ymona (5.4).
Hexait wmiHiMyM 1070 3MIHHOT x, 3HAXOJIUTHCA Ha BEPXHIM TrpaHUIL,

%
T0OTO X, =x,".
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VY upoMy BUIAAKY MPUPICT apryMEHTy MOXe OyTH TIJIbKU BiJI’€EMHUM Ax, <0, a

YacTUHHA NOXiAHa (PyHKIIT 111 MO 3MIHHIA x, HEAOAATHOIO:
*
[j—ij <0. (5.6)

VY nportunexxHoMy BUMaJKy ymoBa (6.4) Oyne nopyiieHa.

Xaif MIHIMYM IIOAO 3MIHHOI x, 3HaXOAMTHCA BCEPEIWHI 00JIACTI BU3HAUYCHHS,
TOOTO x, <x, <x,;". ¥ 1bOMy BUMajKy (32 aHAJNOTI€I0 3 BHBEACHHAM HEOOXiTHHX
YMOB Y 3a/1a4l 6€3yMOBHOI MiHiMi3aIlil) MPUPICT ApTyMEHTY MOKe OyTH 5K BiJl’€MHUM
Ax, <0, TaK 1 JOJaTHUM Ax, >0, a YaCTUHHA MOXiAHA (QYHKIII LI MO 3MIHHIA X,

ITOBUHHA I[OpiBHI-OBaTI/I TUIBKHU HYJIIO:

*

Y| . (5.7)
O Xy

Skmo 1e He Tak, 3aBXKJIM MOXKHa MiAiOpaTH MPHUPICT apryMEHTy 3a 3HAKOM,
MPOTWICKHUM 3HAKY IMOX1THOI, IO IPU3BEEC 10 MOPYIIECHHS YMOBH.

Ockuibku 3MiHHA BigOuWpanacsi JOBUIBHO x,, TO T€ caM€ MO)KHa CKa3aTH Ipo
Oynp-sky 3MiHHY. OTKe, HeOOXiJIHI YMOBH JIOKAJbHOTO MIHIMyMY (DOPMYIIIOIOTHCS
TaKUM YAHOM:

*
0”y * +
— | 20, gkmo x =x ;
ox, r r
*
0 *
22 <0, sxkmo x =x'T; (5.8)
é’xr ¥ r
*
o *
7Y =0, HgKIo xJr <X <x++.
é’xr r r r

5.3 [lepma rpyna gocTaTHix yMoB
Hexaii 110710 TOUKH ¥ °BUKOHYIOTHCS HEOOX1HI YMOBH JIOKAJIBHOTO MIHIMyMY.
Posknanemo dynkiio nui y psa Teitopa B OKOIl TOUKH X ° Yy IPUPOCTAX Y pasi
JIHIMHOT anmpoKcuMalIii
0 y] -
Ay = (—_ AX . 5.9
T (5.9)

3a 03HAYEHHSM TOYKH MIHIMyMY
4
A" = (M) AX>0 - (5.10)
J X

[lepma rpyma AOCTaTHIX yMOB JJsi TOYKM MIHIMyMY IMOJSTa€e y BUKOHAHHI
HEOOXITHUX, SKIIO OJHA 3 YACTUHHUX MOXITHUX (DYHKIIT 1Tl HE JOPIBHIOE HYIJIIO.

o

[Hakmie kakyd, SIKIIO BCl CKJIaJ0BI BEKTOpa X ° 3HAXOJSATHCS Ha TPaHMII, KOJHA 3
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[TOX1JHUX (@) BIJIMOBIAHOT TOYKH HE JOPIBHIOE HYJIIO 1 BUKOHYIOTHCS HEOOXITHI

ox,
YMOBH.
oy Y .
—y >0, Lphr” X; = xi+;
IXi ), (5.11)
Z y * + +

—_— <0, IHhr” X, =X, ,
ﬁxi | |

TO BOHU OJHOYACHO € 1 JOCTaTHI, TOOTO X ‘=X .
[TpumycTrMo, 1110 3MIHIOETHCS TUTHKH OJJHA 3MiHHA X, , TOA1

A =(§ny Ax, >0, (5.12)

TOMY III0 3HaK MOX1JHOI 3a ymoBamH (6.11) 30iraerbcst 31 3HAKOM MPHUPOCTY
apryMeHTy, a Iie¢ OOyMOBIIO€ HEBiJ eMHICTh Bupaszy (5.12). Jlo anamoriutoro
BUCHOBKY MH JiiiieMO, KOJU OyJIeMO 3MiHIOBaTH Oyab-aKy I1HIIY 3MiHYy. OTxe,
ymosu (9.11) € ne minbku HeoOXIOHUMU, A | OOCMAMHIMU.

5.4 Jlpyra rpyna 10CcTaTHiX yMOB
Jpyra rpyma A0CTaTHIX YMOB HasiBHA, KOJIA y TOYIll MiHIMYMY JAEKUIbKa 3MIHHUX
(abo Bcl 3arajiomM) MarOTh BIJAIMOBIJIHI HYJIbOBI MOX1JIHI. Y 1[bOMY BHIIQJIKy PO3KJIaja
dbyskuii i y psa Teisiopa B OKOJi TOUKH X ° 3[1ACHIOETHCS 3 ypaxyBaHHSIM UJICHIB
JPYTOT0 MOPSAKY.
P03i6’eMo BekTOp X Ha JBI CKJIAJI0BI

N (5.13)

Tak, 100 CKIaIOBUM X| j BEKTOpa ¥, BiINOBiIAIM TOXiaHi [5 yJ 40, a
Jx,;
J

CKJIaJIOBUM x:j BEKTOpa ¥, — MOXIiaHi ( ﬂy] _o- Toxi pan Telinopa mae BUTTISAN
Jx ;

s (oY) o 1.oe L 11,
AY = ZL | AR 4 T AR HLAR, + = AR, ML AR, + — AT HD AT, +— AT HLAY, - (5.14)
a X 2 2 2 2

Tyt H,,H,,,H,,,H,, — miamaTpuili Matpui ['ecca 3riiHO 3 pO3OUTTIM 3MIHHUX.

Hexaii B okoJ1i X * 3MIHIOIOTBCS TIJTBKH CKJIAZ0B1 BEKTOpa X, , ToOTO AX, =0. Tomi

N A .
Ay :(ﬁyj AT, +~ AT H) AT, - (5.15)
X, 2

OckisIbKu (é’y) 40, TO IpyruM ujieHoM B (6.15) MoskHa 3HeXTyBaTH. SKIio Tenep
0 X,

MIPKYBaTHl caMe Tak, SIK IiJ 4ac pO3MJIsAy NEepIIoi Ipynu JOCTaTHIX YMOB, TO MU
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TIAIEMO aHAJIOTIYHOTO BHCHOBKY: HEOOXIOHI YMOBU WOO0 3MIHHUX 6eKMopd X,
0OHOUACHO € OOCMAMHIMU.

Temnep, HaBmaku, HeXall B OKOJII X 3MIHIOIOTHCS TUTBKU CKIIAQJIOBI BEKTOpa X, ,
T00TO Ax, =0. Tomi

Ay = %A@TH;A@ : (5.16)
Octanniit Bupa3 (5.16) roBoputh mpo Te, MO I BUKOHAHHS JOCTaTHIX YMOB
HeoOXimHo, mo6 Mampuysa H,, 6yra nosumusHo eusnavena. OTXKe, JOCTATHI YMOBH
3amadi (5.1), (5.2) monsAraroTe B JOJATHIM BU3HAYECHOCTI MATPHUIl IPYTHX YACTHHHHUX
MOX1THUX (PYHKIIT Tl IO THX 3MIHHMX, 110 MalOTh HYJIbOBI1 MEPII MOX1THI.

5.5 ludepenuiajbHuii aJIropuT™M po3B’sa3aHHs 3a1a4i MiHiMizamii
(¢yHkuiii y pasi 1Bo0OiYHMX 00MexKeHb 3MIHHUX

5.5.1 MoxnuB1 NOpyIIEeHHS HEOOX1THUX YMOB

OcCKUIBKM KJIACMYHI METOJIM PO3B’sA3aHHS 3aJad MiHiMizallii 0a3yroTbCcs Ha
PIBHOCTI YaCTUHHUX MOXIJHUX HYJIIO, TO BOHH CTAlOTh HEMPUAATHUMH JJIS MOIIYKY
MiHIMyMY GYHKIID 3a JABOOIYHHUX OOMEXEHb Ha 3MiHHI, KOJM B TOYIl MIHIMyMY
MOXIJTHI MOXYTb BIAPI3HATUCSA BiA HyJs. Y TakMX yMOBax pO3B’si3aHHS 3ajadi
3MIIACHIOETHCS 32 JOTIOMOTOI0 PO3BUHYTOTO METOAY MOKOOPAMHATHOTO CITYCKY, KU
TEIep 3MIHIOE CBOIO Ha3BY Ha OugepeHyianbHuil aieopumm.

Po3B’s13aHHs 3a1a4i 32 AUQepeHlaTbHUM aITOPUTMOM MOJIATAE Y HACTYITHOMY.
Ha koXxHOMY KpolLll 3MIHIOETBCS TUIBKM OJHA 3MIHHA x,, IHII 3aJMIIAIOTHCS
HE3MIHHUMU. 3MiHHA B1JIOUPAETHCS BHACIIIOK aHAII3y BUKOHAHHS HEOOX1JHUX YMOB y
HOTOYHIN K-H ToYIll HAOMMOKEHHS 10 MiHIMyMy. SIKIIO MO AesKii 3MiHHIH HEO0OXiTHi
YMOBH MOPYIIEHI, TO ii 3MIHa y MOTPIOHOMY HANpPSMKY MNpPU3BEAE O 3MEHILIEHHS
dbynkuii mu. [opyreHHs HeoOX1THUX YMOB MOXJIMBI JIMIIIE Y IBOX BUIIAIKAX:

(k)
(ﬂj >0, xWsxt | Aac® <o, (5.17)
O X, r r r
2 (k)
(—yj <0, x® o xt ,Ax(k) >0 . (5.18)
é’xr r r r

5.5.2 Bubip po3Mipy KpoKy
Ha xoxHOMYy Kpoll MiHIMI3alii, KpiM BHOOPY HaANpsIMKy pyXy, MOTpiOHO
BU3HAYATH PO3MIp KpOKY y BHOpaHOMYy HampsMKy. SIKimo B 3agadi 0€3yMOBHOI
MIHIMI3alLlii po3Mip KPOKY BIAHOCHO 3MIHHOI x, BU3HAYaBCS 32 yMOBAMH OOEpHEHHS Ha
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HYJTb BiNOBiIHOT oXiHoT -2Y, TO Temep, KpiM IbOro, TpeGa BpaxoByBaTH MOYIIHBICTE
o

r

BUXOY 3MIHHOI x, 3a MeXi oOnacti Bu3HaueHocTi. OTxke, skimo (6.17), To

A = max x+—x(k); Ax (5)/] , (519)
Ax <0 " " ==1=0
r ox
P
skuro (6.18), To
Ax(k) = min x++ —X(k), Ax [ ay} . (5.20)
r r r _
Ax >0 =
r ox
-
3HAYEHHS ( sy J Hafikpame  OOYMCIIOBaTH 33  METOIMKOIO
r —_— =
ox
r

OKOOPJAMHATHOTO CcrycKy. Tosi kputepii BuOOpy po3mipy K-ro Kpoky HaOIMKCHHS
(5.19), (5.20) maTrMe Takuii BUTJISAA BiAIOBIIHO:

k
(ﬁy}()
Ox ) 5.21
Ac® = pax [xtox®. -~ 7 ( )
A <ol T T (k)
r 52)}
Ox 2
k
[ﬁy]() (5.22)
) . .
Ax(k)* min x++—x(k); - 7)(7
r Ar >0 b4 r (k)
r 52}’
ox 2
.

Ilpuxnao 7. 3a nOMIOMOToI0 JughepenyiaibHo2o aneopummy PO3B’S3aTH 3a7aqy
MiHIMI3a1ii QyHKIIT
Y(X) = X7 +2XF +2X;X, — min
Xe

=12 _ |15
Q: <X<
-20 5
. : 5 (0) 1
3 TOYUHICTHO O6‘II/ICJICHB =05 11I0YaTKOBOI TOYKOIO Ha6J'II/I)I<eHHSI X = 5 .

Po3p’si3anHs
Jnst  po3B’sizanHs  1mi€i  3amaul  Tpeba CcKopucTatuca AuQEpeHIaTbHIM
QNTOPUTMOM — METOJIOM ITOKOOPJAWHATHOTO CIYCKYy, y3araJbHEHHM Ha BHITQJIOK
JBOOTYHOT 0OMEXKEHOCTI 3MIHHUX.
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Po3B’si3anHs npukiaay 7 — 11e MOCTiJOBHICTh 1TEpallii.

HynwoBa iteparis

I kpok: y moyaTKoBid TOYIl x© :m y(©@ =13 (3aaHa TOYHICTH 3@ 3MIHHOIO X, IIIE

ﬂ (0)
x,

OOYHCITIOETHCS 32 IOTIOMOTO0 BHpasy (6.21):

. . (V] . . o
HE JIOCATHEHA): ox +2x, =65¢ OCKUIBKH X >x 1 [ oy j - 0> IPHUPICT 3MIHHO]

1

O = ma){—lZ—l; —E} =-3
Ax; <0 2

Hose 3nauenns 3minHoi xV Oyme piBHUM x{P =x{¥ + ax(” =1-3=-2. TIpomixna

-2
touka X*% =[ ) }

oy 1.0)
Il kpox: | —= =4x, +2x, =4> ¢,
0X,
Axéo) = max[—ZO—Z; —f}:—l; xgl) =2-1=1
Ax,<0 4

: —2] .
Hoge 3navyenns pynkuii y Touri x@ { ) } CBIJTYUTH, 1110 HAIIPSIM PYXY A0 TOUKU

MiHIMyMy 00paHoO npaBwibHO: Yy =2<y© =13.

[lepma iTeparis

)
X I-2|> & Ax{P = min [15 —(-2); - _—2} =1
8x1 Ax >0 2
X =x® 4 Ax =241=-1; x@ = [_11}
@ 5
N =2>¢; AXSY = max [— 20-1 - —} =-0,5
8X2 Ax, <0 4

-1
xP =xP +Ax{” =1-05=05, x? = {o 5} :

y?@ =05<y® =2,
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Hpyra iTeparis

@ _
Y1 cptse @ =min|15- (1 - t|=0s 4 =X 4T =-1+05=-05  x©2- 05
ox ’ b a0 2 i 05
1
G2 3 2 2 .
ﬂ =1>¢ Axéz) —max | -20-05: _1 —_0,25: Xg ) — Xé ) +AX£ ) :0,5—0,25 =0,25, 7@ = -05
X, 8, <0 4 0,25

y®=0125 <y@=05.
Tpets iTepartis

£l (©) oy (3)
X1 OXy

HeoOxiHI yMOBU NOAEPKYIOThCA 3aJ1aHOI TOYHOCTI, OTXKe, Tpeba MepeBIpUTH
JIOCTATHI: AKIIO MATPHUIIS IPYTUX MOX1THUX JJI11 000X 3MIHHUX IMO3UTHUBHO BU3HAYCHA,

=|-05=¢; =0.

toni X? € TOUKOI0 MiHIMyMY:

2 2
H = A =2>0; A,=8-4=4>0.
2 4

. . ) _* —0,5 * (3)
OTxe, MIHIMYM 3HaWJICHO: X = ol V=Y =0,125.
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6 JITHIMHA OIITUMI3AIISL. TPAHCIIOPTHA 3AJTAYA
6.1 MatemaTnuna nocranoska 3JII1. ®@opmu 3anucy 3JI11

3aranpHa 3amava JdiHiHOTO mnporpamyBanHs (3JIII) dopmymtoeTbes Takum

YMHOM: 3HAWTH ONTHMYM JiHIHHOI HimboBO1 PyHKIIT Y(x), skmo obmexeHHs f;

JIIHINHI, a 3MIHHI X ITO3UTHBHI.
AHATITHYHUN 3a0UC LI€] 3a1a4] Ma€ TaKWil BUTJISI,

y(x)=c"x+ ¢ - opt (6.1)
xeQcR"
A x+b1 <0;
O A2}+62=0; (62)
A;x +b3 20;
x>0,

ne x — N-MipHUI BEKTOp AiHCHUX 3MiHHHX X € R";
¢ — N -MIpHUI BEKTOP KOEPIIEHTIB (PYHKIIIT, 110 ONITUMI3y€EThCS;
Co — BUIbHMM wieH (yHKIII1, 110 ONTUMIZYETHCS;
A, Ay, A3 — wmaTpull  KOE(IUIEHTIB  JIHIMHUX  CHCTEM  PO3MIPHOCTI
m; xN, M, XN, MgXN BiAIOBITHO;
b1, b2, b3 — BekTOpH BUIBHUX WiIEHIB 00MEKEHD PO3MIPHOCTI m; x1, m, x1,  my x1
BIJIIIOBI/IHO.
3amauy, TOJAaHY BUIE, HA3WBAIOTh CMAHOAPMHON 3aJa4yel0 JIHIHHOTO

nporpamyBanHs (3JII1).
3JII1, B skifi OOMEXEHHs 3amucaHl y BUIJISAI PIBHOCTI 1 3MIHHI TO3UTHBHI,
HazuBaethbest 31 y xanowniuniti popmi. Kanoniuna, abo ocrHosra 3anada JHIHOTO

MIPOTPaMyBaHHS MA€ BUTJIS

y()_c)=Z‘T)_c+co—>70pt : (6.3)
Q;{A“b; (6.4)
x>0,

ne A —marpuilsd KoedimieHTiB po3MIpHOCTI MXxN, M<N;
b — BekTOp BUIBHUX WICHIB 0OMEKEHBb pO3MipHOCTI Mx1.
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3amaua (3.3)—(3.4) B anreOpaiuHOMY 3amMCi Ma€ TAKUA BUTIISI;:

_ n
y(x) :chxj +c, —> opt (6.5)
j=1 xeQcR"

fi=a, X +a,X, +---+a,,X, =b;;
f,=a, X +a,X,+---+a, X =h,;
2 217N 2272 2n*n 2 (66)
fo =X +a,,X, +--+a,,X, =b,;

x; 20, (j=1Ln).

[TepeTBopenns crangaptHoi 3JII1 Ha kanoniuny 3JII1 po3risiHeMo Ha TPUKIAAAX.
Ilpuxnao 8. IleperBoputn Ha KaHOHIYHY ¢dopMy Taky 3ajady JIHIHHOTO
MporpaMyBaHHS:
y(X) =X, +4X, —2X; = min

GjeﬂcRs

X —X;+x5 <3

Q! X, +x,—5x,2>8
x;20, j=15
Po3B’s13anus

OOMeXEeHHSA-HEPIBHICTh TUITY "<" MOXHa NEPETBOPUTU HA OOMEKEHHSA-PIBHICTD
JOJIaBaHHSIM 70 MOTro JIiBOI YaCTUHHU JIOJATKOBOi MO3WTHMBHOI 3MIHHOI, HANPUKIIA/,
{ x,—x,+x, <3} ctane { x, —x,+x +x,=3}.

OOMeXEeHHSA-HEPIBHICTh MEPETBOPUTHCS HA OOMEKEHHA-PIBHICTh BITHIMAHHSM 3
HOro JIIBOT YaCTUHM JJOAATKOBOI O3UTUBHOT 3MIHHO1, HAITPUKJIA/, {
X, + x4 —5x5 > 8} crane {x +x,—5x,—x, =8}.

Kanoniunuii BUIIA I104aTKOBOT 3a1a4i.

Y(X) =X +4X%, — 2%, — Mmin

0; cQcR®
X =X+ X+ X, =3
Q) +x,~5x —x,=8"
1 4 5 7
x;20, j=17
BekropHo-maTpuuna hopma 3anrcy noyaTkoBOi 3a/1aui:
y(x)=[1 4 -2]x—min

xeQ

Rl S

o<

10-10110
Q1001 50 -1

>
Fe
Il
——
@ w
I

A<

o5

< X
3
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Ilpuxnao 9. IleperBoputH Ha KaHOHIYHY  (opMy Taky 3agady JiHIHHOTO
IpOrpaMyBaHHS:

y(X) =6x, —4x, —7x,+x; > min _,

xjeQcR®
2x, +5x;, —3x, + 7x; <8;
9x, — x5 + 2x, <5;
X, + x5 —3x, +5x5 2 3;
x; 20, j=15

Po3p’s13anns
HepiBrocti Tumy "<" ( f, f,) mepeTBoprMO Ha PiBHICTH MUIIXOM JOJaBaHHS 10

iXHIX  JTIBUX YacTMH JBOX  JOJAaTKOBUX 3MiHHHX  0,,0,. OTpumaeMo
f, =2x, +5x; —3x, +7x; + Xs =8, f, =9x, —x; +2x, +x, =5.

HepiBaicts THITY ">" ( f,) MepeTBOpUMO Ha PIBHICTh IUISIXOM BiHIMAHHS 3 HOTO
J1BOI YaCTUHU JIOJJATKOBOI 3MIHHOI x,. OTPUMA€EMO f, = x, + x; —3x, +5x, —x, =3.

Kanoniunuii BUII4 I104aTKOBOT 3a1a4i.

y(X) =6x, —4x, —7x, +x;, > min

XjEQCRS
2x,+5x; —3x, + 1x;, + x, =8;
9x, —x; +2x, +x, =5;

X, + X3 —3x, +5x;, — x5 = 3;;

x;20, j=18

6.2 BaactuBocti 3a1a4i JiHiiHOT0 MporpaMmyBaHHsA

VYci nepin yacTUHHI MOXIAH1 (QyHKIID LUl Ta OOMEXKEeH1 3a/adli KOHCTaHTH, a

MOX1JTH1 OUTBIINX TOPAJIKIB JOPIBHIOIOTH HYJIIO: % - % —A.
X X
HeoO0xiaH1 yMOBU [1Ji1 TOUKH JIOKAJIBHOTO MIHIMYMY OJIHOYACHO € JOCTaTHIMH 1

MarOTh BHUI'JIAO

oy B
(ﬁ >0; t*=0.

o . . . -
3ayeadrcenns: SKILIO ﬁ =0 y pa3l ¢, >0, TO 3aBJSKHU JIHIAHOCTI Y Ta / BOHa

”

JIOPIBHIOE HYJIIO 1 B TOYIII ¢, =0,
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6.3 TpancnopTHa 3a1a4a

6.3.1 IlocTtaHoBKa, METOAM PO3B’sI3aHHS Ta aHAII3Y

TpancnopTHa 3ajaya € OJIHIEIO 3 HAWUNOMIMPEHINIMX CIEeliaIbHUX 3aja4
JNiHIHOTO MpOrpaMyBaHHA. Ii MeTa — po3poOKka HAWOLIBII paIlioHATbHUX HUIAXIB i
CHOCO0IB TpPaHCIOPTYBaHHS TOBApIB, YCYHEHHS HAIMIpPHO JallbHIX, 3yCTPIYHHX,
MOBTOPHUX IEepeBe3eHb. Bee 11e ckopouye yac mpocyBaHHs TOBapiB, 3MEHIIIYE BUTPATH
MIIIPUEMCTB, TIOB’s3aHI 31 3IIHCHEHHSM TMPOIECIB 3a0e3MeUeHHsS CHPOBHUHOIO,
MaTepiajiamu, MaJTuBoOM, 0OJaJHAHHIM TOIIO.

VY 3aranibHOMY BUIJISI/II TPAHCIIOPTHY 3aJja4y MOYKHA MOJATH TaKUM YUHOM: B M
MyHKTaX BUPOOHUITBA A, A,,.,A, PpOOIIATh JESKUNA OJHOPITHUN TPOIYKT Y
KUTBKOCTSIX, BIJIOBIAHO, &,&,....4,. Llel MpOayKT COKMUBAIOTh Y N MyHKTax B,..,B, y
KUIBKOCTSIX, BIANOBIAHO, b,b,....b. Ilpumyctumo, mo 3 KOXHOTO NYHKTY

BUPOOHHIITBA MOXJIMBE TPAHCIOPTYBAHHS TIPOAYKTY B OYIOb-IKUH  ITyHKT
CIIOKMBaHHA. TpaHCIIOPTHI BHUTpATH Ha IEPEBE3EHHS 3 NYHKTY A Yy IyHKT B,
OIMHHI mponykuii gopisaioe ¢, (i=1m; j=1n).

3amava moJsrae y BU3HaYEHHI TaKOTO IJIaHy TMEePeBE3€Hb, 3a SIKOTO 3aIUTH BCIX
CIIO’KMBAYiB IMOBHICTIO 3a/10BOJIEH1, BECh ITPOJIYKT 13 MYHKTIB BUPOOHUIITBA BUBE3EHUI
1 cyMapH1 TPaHCIIOPTHI BUTPATU MiHIMAJIbHI.

3aJie’KHO BiJI CIIBBIAHOIIEHHS M1 CyMapHUM 00CSITOM BUPOOHUIITBA (3amacaMu
BaHTaXy) 1 CyMapHUM CIOKUBaHHSIM, TPAHCIOPTHI 3ajadi OyBarOTh 3akpumi U
BIOKpUMI.

3akpuma mpancnopmua 3a0aua: SKIIO 00CIT BUPOOHUIITBA JIOPIBHIOE 0OCATY
CIIO’KMBAaHHS, TOOTO

Taka TPAHCIOPTHA 3aJlaya HA3UBAETHCS 3aKPUTOIO.
Biokpuma mpancnopmua 3adaua: Ko oOCAT BUPOOHHUIITBA HE JIOPIBHIOE
00CsTy CIOXXUBaHHS, TOOTO

Zm:ai * Zn:bj ,
-1 =1

Taka TPAHCIIOPTHA 3ajaua Ha3UBAETHCS BIIKPUTOIO.
Posrnsinemo 3akpumy mpancnopmuy 3aoayy. YMOBH TpaHCHOPTHOI 3azadi
3py4YHO MOAATH y TAKOMY BUTJISAL (Tadu. 6.1).
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Ta6mui 6.1 — YM0BHU 3aKpUTOT TPAaHCIIOPTHOT 33124l

TIyHKTH NpH3HAYEHHS
MyuxTH amacu | B ‘ B, ’ BE ’ B, ‘ e ‘ n
BiJINpaBJIeHHS otpebu

b, b, ... b, .o by

C11 C12 Cyj C1n
A a

X11 X12 Xy Xin

Co1 C2 e [&]] cee Con
A, ay

Xa1 X22 X9j Xon

Ci1 Ci2 vee Cij Cin
A a !

' Xi1 Xi2 Xij Xin

C C vee Chmi e C
m am ml m2 mi mn

Xm1 Xm2 Xmj Xmn

Jlis cknagaHHS MaTeMaTHYHOI Mogjeni 3amadi momaemo 3MiHHI X, >0 (i=1m;
j=1n), IO IO3HAYalOTh KiIBKICTh BaHTAXy, IIEPEBE3CHOrO 3 I-TO IIYHKTY

BUPOOHHUIITBA B j-I MyHKT CIIOKUBAHHSI.
MareMaTtryHa MOJIeNTb TPAHCIIOPTHOT 3a/1a4l MAa€ BUTJTISI;

L(X):ZiC--Xij - min (6.7)

m
1
i=l j=1 Xjj €Q

=3

(6.8)

ij 20,I=1,m, j:]"n'

YmoBu (6.8) rapaHTyrOTh TIOBHE BHBE3CHHS NPOAYKTY 3 YCIX MyHKTIB
BUPOOHHUIITBA i IOBHE 3a/10BOJICHHS OMUTY B YCIX MYHKTaX CIIOKUBAHHS.

TpancnopTHa 3a1a4a — 11¢ 3a1a4a JIHIHOTO MporpaMyBaHHs i3 (Mx N ) KiIbKICTIO
3MIHHHX X; , 1 (M+n) KUIBKICTIO 0OMEXKeHb-PiBHOCTI.

3MiHHI X; HyMEPYIOTb 3a JOIIOMOTOI0 JBOX 1HJIEKCIB 1 TOMY 3aIIUCYIOTh Y BUTJIAI

i Xp o X
ManI/IHiZ X = Xa Xp - X
Xml Xm2 an

Martpuiro X Ha3WBalOTh ITUTAHOM  TE€PEBE3€Hb  TPAHCIIOPTHOI  3ajadi,

a 3MIHH1 X; — IIEPEBE3CHHAMH.
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Marpuna C = || ¢;|| HasuBaeTbCs MaTPULEI TPAHCIIOPTHUX BUTPAT.

OnTuMansHUM PO3B’SI3aHHAM 33]1a4l € MAaTPHUILIS
Xopt = (Xij )mxn 1
sKa 3aJJ0BOJIbHSIE CUCTEM1 OOMEXXEHD 1 HaJla€ MIHIMYM IITbOB1H PyHKIII1. [CHYIOTH
py4Hi i MalllMHHI METOAM PO3B’S3aHHS TPAHCIOPTHOI 3a7adi. J[o pydHHX HalexaTh
PO3MOAUTEHANA METOI, METO/I MIOTEHITIANIB, IO MATUHHUX — YTOPCHKUI METOJI, METO/
augepeHLiaIbHIX CTPIUOK.
Po3B’s13aHHS TpaHCTIOPTHOI 33124l 3a JAOMOMOTOI0 PYYHHX METOIB CKJIaJIa€ThCs
3 TaKUX €TalliB:
— BU3HAYEHHS MTOYaTKOBOTO OITOPHOTO PO3B’SI3aHHS 3a]1adi;
— MepeBipKa IIbOTO PO3B’SA3aHHS Ha ONTUMAJIbHICTH;
— Tepexij BiJl OTHOTO OMOPHOTO PIllIEHHS JI0 APYToro.

6.3.2 Po3B’si3aHHS TPaHCIIOPTHHUX 3a/1a4
AJTOpUTM 1 METOAM pO3B’A3aHHS TPAHCIOPTHOI 3aJadl MOXYThb OyTH
BUKOPHUCTAHI M1/l YaC BUPIMICHHS JESIKUX €KOHOMIYHHUX 3aj]iad, 10 HE MalO0Th HIYOTO
CIIJIHOTO 3 TPAHCIIOPTYBAaHHAM BAHTAXy. Y LbOMY BHMIIQJIKy BEIUYUMHU TapuQiB c;

MarOTh PI3HUN CEHC 3aJI€KHO Bl KOHKPETHOI €KOHOMIYHOI 3a7aui. Jlo Takux 3agau
HaJeXaTh:
1. OnTuManpHe 3aKpIIJIEHHS 32 BEpcTaTaMmM omnepauiid 13 oOpoOKu aeraneil.

YV Hux Cij € TAKUM CKOHOMIYHHUM ITOKAa3HHUKOM, SK HpOI[YKTI/IBHiCTI). 33,[[&‘{3 JO3BOJIIE

BU3HAYMTH, CKUTBKH Yacy 1 Ha AKi{ orepariii TOBUHEH BUKOPUCTOBYBATUCS KOXKEH 13
BEpCTaTIB, 1100 0OpPOOUTH MaKCUMAaJIbHY KUIbKICTb JieTajell. OCKUIBKM TpaHCHOpPTHA

3a7aya BUMarae 3HaXOJKEHHS MIHIMyMy, TO 3Ha4eHHS C; OepyTbcsi 3 HEraTHBHUM

3HAKOM.
2. OntumanibHe TpU3HA4YeHHS a0o mpobiema BuOOpY. € m MexaHi3MiB, SIKi
MOXXYTh BHKOHYBaTH N Pi3HUX POOIT i3 NPOMYKTUBHICTIO ;. 3aja4a J03BOJIAE

BU3HAYMUTH, SKUM MEXaHI3M 1 Ha sKy poOOTy Tpeba MpU3HAYMUTH, 100 OCATTH
MaKCHUMaJIbHOI MPOAYKTUBHOCTI;

3. 3amaya mpo CKOPOYCHHS BUPOOHMIITBA 3 YPaXyBaHHIM CyMapHHUX BUTpAT Ha
BUTOTOBJICHHS 1 TPAHCIIOPTYBAaHHS MPOIYKIIIi.

4. 3011bIIeHHS] MPOAYKTHUBHOCTI aBTOMOOUIBHOTO TPAHCIOPTY 32 PaXyHOK
MIHIMI3alli MOPOKHBOTO MPOOIry. 3MEHIIEHHS MOPOKHBOIO MPOOIry CKOPOTUTH
KUIBKICTh aBTOMOO1ITIB JIJIsl IEPEBE3€Hb, 30UIBIITUBIIHN IXHIO MPOTYKTUBHICTb.

5. Po3B’si3aHHS  3amay 32 JIONIOMOTOI0  METOMy 3a00pOHU  TEpPEBE3CHb.
BuUKOpUCTOBY€ETHCSI B TOMY BHUMAJKY, SKIIO BaHTaX BiJl JESKOTO MOCTayalbHHUKA 3
JESIKUX MPUYMH HE MOXKe OyTH CIIPSIMOBaHHUM OAHOMY 31 criokuBayiB. L{e oOMexeHHs
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MOXHa BpaxyBaTW, HAJABIIW BIIMOBITHIA KIITII JOCTATHRO BEJIMKE 3HAYCHHS
BapTOCTi, TUM CaMUM Y IT0 KIIITKY HE MPOBOTUTUMYTHCS TIEPEBE3CHHS.

Ilpuxnao 10. Ha mianpueMcTBl € TpU TPYNH BEPCTaTiB, KOXKHA 3 SKUX MOXKE
BUKOHYBATH I’ SITh omepaliiii 3 00poOku neranei (omeparlii MOXXyTh BUKOHYBATHCS Y
Oyab-siKOMYy TOpAIKY). MakcuManpHUI 4Yac poOOTH KOXKHOI TPyHH BEpPCTaTiB,
BinmoBinHo, mopiBHIOE 100 rom, 250 rom, 180 rox. Koxna omepariiss moBHHHA
BUKOHYBatwucs, BiamoBigHo, 100 rox, 120 rox, 70 rox, 110 rox, 130 roxa. Busnauutwy,
CKITPKA Yacy Ta Ha fKy OIEpalil0 MOTpIOHO BUKOPHCTOBYBATH KOXHINM TpyTi
BEPCTATIB, 100 0OPOOUTH MaKCUMaIbHY KIJIbKICTh JAeTaiei. [IpoiyKTUBHICTh KOXKHOT
IpyIy BepCTaTiB Ha KOXKHY omepailito 3ajana Marpuieo C:

3 5 11 10 5
C=/5 10 15 3 2
4 8 6 12 10

Po3p’si3anns
CKkopHuCcTaeEMOCs alTOPUTMOM PO3B’SI3aHHS 3aKPUTOT TPAHCTIOPTHOI 3a/1adi, MpU
IbOMY MiJ Tapu(OM pO3yMIEMO IPOIYKTUBHICTh BEPCTATIB IO ONEpALisX.
OckiJIbKM B 3a/iadl MOTPIOHO 3HAWTH MAKCHUMyM, a 3TiIHO 3 alJTOPUTMOM
TPAHCIOPTHOT 3a/1a4i 3HAXOUTHCS MIHIMYM, TApU(PH TOMHOKHUMO Ha (-1).

Tabomurg 6.2 — [TouaTkoBe OIOpHE PO3B’ AI3aHHS
pHE D

b; 1 2 3 4 5 a
8 100 | 120 | 70 | 110 | 130
T PR B ) s
2 |20 g0 “lig w0 | i
S B N P
s, 3 | 8| 13| 7 5

Jnsg KOXKHOi BUIBHOI KIITKM OOYHMCIIOEMO OWIHKH A, =f+a;—C;. A, =-3,
Ay,=-2,A,=3,A,=-6,A,,=-5 A, =-4, A,=-5, A, =-12.

Ockiibku A, =3>0, IepepO3NOIITUBIIN BEPCTATH, OTPUMAEMO HOBY TAOJHITIO.
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Tabnus 6.3 — OnTUMalibHE OMOPHE PO3B’A3aHHS

b, 1 2 3 4 5
a;
a, 100 120 70 110 130
-3 -5 -11 -10 -5 0
1 100 40 60
-5 -10 -15 -3 -2
2 250 60 120 70 -2
-4 -8 -6 -12 -10
3 180 50 130 -2
B; -3 -8 -13 -10 -8

Jns KOXKHOI BUIBHOI KIITKM OOYHMCIIOEMO OLIHKM A; =S+, —C;. A, =-3,
Ay=-2,A=-3,A,=-9,A,=-8, A, =-1, A,,=-2,A,=-9.

OCK1UIBKH BC1 OI[IHKU HETaTUBHI, TO 3HANECHUN PO3B’SI30K € ONTUMAIbHUM.

40 0 0 60 0
X.,=[60 120 70 0 0
0 0 0 50 130

[lepmiiii rpymi BepcTaTiB AOLJIBHO BUKOHYBaTH orepauii 1 1 4 TpuBamiCTIO
40 rog 1 60 ron BiANOBiAHO, ApyTid rpymi — oneparii 1, 2 1 3 TpuBamcTio 60 rox,
120 rox 1 70 rox BiANOBIAHO, TpeTid rpymi — omeparlii 4 1 5 tpuBamictio 50 rox i
130 rox BiAMOBITHO, MPH IBOMY MaKCHMaJlbHa KUIBKICTh OOpOOJIEHHX JeTaliei
cknazae 5 170 oqguHULB.
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