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Beryn

MeTo10 JaHOTO HaBYAJILHOTO MOCIOHNKA € HaJaHHSI IOTIOMOTH CTYJICHTaM IIPH CaMOCTIHHOMY
BHBYCHHI TAaKUX PO3JUIIB TACIIUILTIHA:

- OIITHMI3ALIiHI EKOHOMIKO-MaTeEMATHYHI MOIENI;

- 3araJibHa 3aj1a4a JIHIMHOTO MPOTpaMyBaHHS Ta METOH 11 PO3B'I3yBaHHS;

- CUMIUIEKCHUI METOJI pO3B’sI3yBaHHs ONTHUMI3aIIMHUX 3a/1a4;

- METO/JI IITYYHOTO 0a3UCy pO3B’sI3yBaHHS ONTUMI3AIIMHNAX 33]1a4;

- Teopist IBOICTOCTI Ta aHANI3 JIHIHHUX MOJIEeTIeH ONTUMI3alliiHUX 3a/1a4;

- MOCTaHOBKA TPAHCIIOPTHOI 3a/1a4i, METOM PO3B’A3yBaHHS Ta aHATI3Y;

- LIJIOYMCIIOBI 3ajadi JIHIKHOTO MPOrpaMyBaHHS Ta OCHOBHI METOIU iX pPO3B’S3yBaHHA 1

aHami3y;

- 3a71a4i ApoOOBO-JIIHIHHPOTO MPOrpaMyBaHHS;

- 3a]1a41 HEJIIHIMHOTO MPOTrpaMyBaHHSI;

- 3a]1a41 JMHAMIYHOTO IPOrpaMyBaHHSI.

[Toci6HUK yKIaeHOo BIAMOBIAHO 0 MporpaMu Kypcy: “ OnTtumizaiiiHi MeToau Ta Mojemi
JUIS BUIIMX TEXHIYHUX HaBYAJIbHMX 3akianiB. KokHa Tema y MociOHHMKY Mae KOpOTKi TEOpeTHUHI
B1JIOMOCTI, IPUKJIAJNA PO3B’I3aHHS TUIIOBUX 3a7a4.

MetoauyHuii MOCiIOHUK MOKe OYTH BHUKOPHUCTAHUH CTYAEHTAaMHM TEXHIYHOTO YHIBEPCHUTETY
MpU  CaMOCTIHHOMY OIpaIfOBaHHI BUIIE HA3BaHUX PO3JAUIIB Ta BHUKOHAHHI KOHTPOJBHO-
PO3paxyHKOBUX
pOOIT.



TEMA 1. ONTUMIBAIINHI EKOHOMIKO-MATEMATHUYHI MOJEJIL.

1.1. IlIpeomem,3a60anns ma Memooo0102i4HI 3acadu Kypcy. 3a0aui eKOHOMIUHO20 UDOpY.

BaxmBuM 3aBOaHHSIM CYyYacHOCTI € KEpyBaHHS E€KOHOMIYHHUMM CHCTEMaMH, OINTHMI3allis iX
CTPYKTYpH, TPAa€KTOpii pO3BUTKY U (PYHKILIOHYBAHHS 3 METOIO JOCSATHEHHS MAaKCHUMaJlbHOT €KOHO-
MiyHOT edexTuBHOCTI. Lli mpobiiemMn BUBYae Hayka, SIKy Ha3UBAIOTh MEOPIEI0 00CHIONHCEHHA ONe-
pauiii. BoHa oXOIutTIoe BCi €Tany BUBUEHHS CHUCTEM, Y TOMY YHCII €KOHOMIYHHX: BIJ 3'ICyBaHHS
MeTH (11i11) QYHKIIOHYBaHHS W PO3BUTKY, MOOYJOBH €KOHOMIKO-MAaTEMAaTUYHOI MOJEN Ta BiJIIy-
KaHHS ONTUMAJILHOTO PO3B'SI3KY JI0 PO3POOKH IJIaHy MPAKTUYHOI peanizallii 3100yTUX pe3yabTaTiB
JOCIIJKeHHS Ta 3a0e3MedeHHs peaiizallii nuporo miany. Mamemamuune npozpamyeanus — OIUH
3 TOJIOBHHMX IHCTPYMEHTIB TEOpii JOCITIPKEHHsI Olepalliii — IoJjsrae B po3po0JIeHHI METOIB PO3-
B'SI3yBaHHS ONTUMI3aliiHUX 33J1a4 Ta JOCHIHKEHHS OTPUMAHOTO PO3B'SA3KY.

ExoHoMmiuHy cucTeMy MOKHA CXEMAaTHYHO TTOJIATH Y BUTIISAII IPSMOKYTHHUKa (puc. 1.1).
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Puc. 1.1. Cxema 7 iuHoi cucmemu

'’

Iapamerpu C, (k =1,2,...,1 ) € KUIbKICHUMHU XapaKTepUCTUKaMu cucTeMHu. Hampukiaza, Ko

HAEThCs PO CLIbCHKOTOCIIOAAPCHKY €KOHOMIYHY CUCTEMY, TO 3HaYeHHs Cj XapaKTepu3ylOTh HasiB-
HICTh PECYpPCiB (3€MEIBHUX YTi/b, )KUBOI Mpalli, CLIbCHKOTOCIIOAAPCHKOI TEXHIKHA, TBAPUHHUIIBKI Ta
CKJIAJIChKI MPUMIILIEHHA), PIBEHb YPOXKalfHOCTI CLIIBCHKOT'OCHOJAPChKUX KYJIBTYp 1 IPOAYKTUBHOCTI
CBIMCHKUX TBApWH, HOPMH BUTPAT PECYPCIB, I[IHY Ta COOIBAPTICTh MPOMIKHOI 1 KIHIIEBOI MPOYKIIIi,
HOPMH I10/IaTKIB, TIPOLIEHTH 3a KPEAUT, LIIHA Ha KYIIOBaHI peCypCH TOLIO.

[Mapamerpu C; Isi IEBHOI CUCTEMH MOXYTh OyTH CTaJIMMH, HAIIPHUKJIAJ HOPMH BHCIBY HACiHHS
CUIBCBKOTOCIIOAAPCHKUX KYJIBTYP, HOPMU CIIO’KMBAHHS TBApUHAMU KOPMIB 1 T. 1H., 200 1X 3HaYECHHS
3aJIe)KaTUME BIJl TICBHUX YMOB, SIK, CKQXIMO, YPOXKaHHICTh CIITbCHKOTOCTIOIAPCHKHUX KYJIBTYp, CO0i-
BapTICTh MPOJYKIIIT , peani3aliifHi I[iHK Ha POCTUHHULIBKY i TBAPUHHUIIBKY MPOIYKIIiIO.

[HIT KUTBKICHI XapaKTEPUCTHUKH € 3MIHHUMHU BEJIMUYMHAMH, sIKI OyBalOTh HE3AJICKHUMH YU 3aJICK-
HUMH, TUCKPETHUMH a00 HEMepepBHUMH, JA€TEPMIHOBaHUMHU a00 BHUIMAIKoBUMHU. Hanpuknan, 3ane-
YKHOIO 3MIHHOIO € OOCST YHUCTOTO MPHUOYTKY, HE3AJICKHOK — KIJIBKICTh KOPMIB, SIKI TIJIAHYETHCS
3roJlyBaTH BEJIMKiM porariii Xyno0i, TMCKPETHOI — KUIBKICTh KOPiB, HEMEPEPBHOIO — IUIOIIA I10-
CiBY 03MMOI MIIICHHMIII, IETEPMIHOBAHOIO — HOPMa BUCIBY HACIHHS KyKYpYA3U Ha TeKTap, BUMAIKO-
BOIO — KUIBKICTB TEJIAT, SIKI HApPOAATHCS Y TNIAHOBOMY MEpioIi.

Hesanexui 3minni OyBaloTh 1BOX BUIIB: KEPOBaHi X ( j=L2,. ,n) 3HAYCHHS SKUX MOXHA 3Mi-

HIOBAaTU B JISSIKOMY IHTEpBaJll; HEKEPOBaHI 3MiHHI Y, (i = 1,2,...,m), 3HAUCHHS SKHX HE 3aJICXKAaTh

BiJl BOJII JIFOJICH 1 BU3HAUYAIOTHCS 30BHINIHIM cepefoBuilieM. Hampukian, Tuiomni mociBy 3epHOBUX
KYJIbTYp — KEpOBaHi, a IOTO{HI YMOBU — HEKEPOBaHI1 3MiHHI. 3aJIe)KHO BiJl peajbHOI CUTYaIlii Ke-
pOBaHi 3MiHHI MOXXYTb NEPEXOAUTH y Tpylly HEKEpOBaHMX 1 HaBnaku. Hanpuknan, y pasi Hacuye-
HOT'O PUHKY 00CATH MpUAOAHHS JAU3ETHHOTO MAJIMBa € KEPOBAHOK 3MIHHOIO BEJIMYMHOIO, a 32 YMOB
neiuTy HOTO PECypCy — HEKEPOBAHOIO.

1.2. Cymmuicmo 36uuaitnoi onmumizayii. Ilocmanoexka onmumizayininux 3aday. Buoip
Kpumepiro onmumizayii.

KoxxHa ekoHOMIYHA cucTeMa Mae MeTy (11iJIb) PO3BUTKY Ta QpyHKUIOHYBaHH. e Moxke OyTH, Ha-
MPUKIIAT, OTPUMAHHA MaKCUMyMy 4YUCTOro mpuOyTKy. CTymiHb AOCATHEHHS METH, 3J€OUIBIIOTO,
Ma€ KUIbKICHY Mipy, TOOTO Moke OyTH OIMCaHU MaTeMaTHYHO.

Hexait /' — oOpana meta (11i71p). 3a IMX YMOB BIA€ETHCS, K MPABUIIO, BCTAHOBUTH 3aJICKHICTh



MIX BEJIMYMHOIO F, SIKOIO BUMIPIOETHCS CTYMIHb JOCATHEHHS METH, 1 HE3AIC)KHUMHU 3MIHHAUMH Ta
napaMeTpamMH CHCTEMHU:

F=f(XpXpis X3 VoY, Y,,CL G, C).
(1.1)

OyHK1II0 F HA3UBAIOTh YiNb06oI0 PyHKuicro, a0 hpynxyicro memu. J1jis eKOHOMIUHOI CUCTEMHU
e € GyHKIis epeKTUBHOCTI ii (YHKIIOHYBAHHS Ta PO3BUTKY, OCKIJILKH 3HA4YCHHS F' BIIOMBAE CTY-
iHb JOCATHEHHSI IEBHOT METH.

3aaya MaTeMaTUYHOIO IPOrpaMyBaHHs POPMYITIOETHCS TaK:

3naiumu maki 3nauenna Keposanux minnux X; w00 yinvoea ynkyia nabdyeana excmpema-
JIbHO20 (MAKCUMATIbHOZ20 YU MIHIMAIbHOZ20) 3HAYEHHAL.

OTxe, MOTPIOHO BIAIIYKATH 3HAYEHHS

F =max(min)f(Xl,Xz,...,Xn,}’1,1/2,...,}’ C Cz,...,CI).

m> 12
(1.2)
MosknuBocTi BHOOPY Xj 3aBau 0OMEKEH1 30BHINTHIMU II0JI0 CUCTEMHU YMOBAaMH, IMapaMeTpaMu
BUPOOHUYO-CKOHOMIYHOI CUCTEMH 1 T. iH.
Hamnpukiaz, mioria mociBy 03uMoi MIIEHUIII 0OMEeXeHa HAsIBHICTIO PIUTL Ta 1HIIUX PECYpCiB, Ci-
BO3MiHaMM, MOXKJIBICTIO peaii3allii 3epHa, HEOOX1IHICTIO BUKOHAHHS JOTOBIpHUX 3000B'13aHb TO-
m1o. L{i mporiecu MokHa ONUCaTH CUCTEMOI0 MaTEeMAaTUYHUX PIBHOCTEH Ta HEPIBHOCTEH BHUIY

qr(Xl,Xz,...,Xn,Yl,Yz,...,Ym,Cl,Cz,...,CI){S,z,Z}0
(r=1,2,...,S)
(1.3)

Tyt HaOlp cuMBOIIB <,=,>! O3HAYaec, M0 UL AEIKNX 3HAUY€Hbh OTOYHOTO 1HIEKCY I' BUKOHY-
2 b b

IOTHCSl HEPIBHOCTI TUIMY <, JUIsl 1HIIMX — PIBHOCTI (=), a /ISl peIITH — HEPIBHOCTI TUITY >.

Cuctema (1.3) Ha3uBaeTbCA cucmemoro oomedxcennb, ado cucmemoro ymoes 3anadi. Bona onucye
BHYTpIIIHI TEXHOJIOTiYHI Ta EKOHOMIYHI Mporecu (YHKIIOHYBaHHS W PO3BUTKY BHPOOHUYO-
€KOHOMIYHOI CUCTEMH, a TaKOXX IPOIIECH 30BHIIIHBOTO CEPEAOBUINA, SKi BIUTMBAIOTh HA PE3YJIbTAT
AiAABHOCTI CUCTEMHU. JIJl EKOHOMIYHUX CUCTEM 3MiHHI X; MalOTh OyTU HEB1I'€eMHUMU:

X, 20,(j=12,..,n). (1.4)

Bupasu (1.2)—(1.4) € exonomixka-mamemamuunorwo modennio 1i€i eKOHOMIUHOT cuctemu. Po3-
POOJISIIOUH TaKy MOJIEIh, CITiJl KEPYBATHCS IEBHUMH MTPABHIIAMH:

1. Mozaenb Mae aJieKBaTHO ONMCYBATH pealibHI TEXHOJOT1UH1 Ta €KOHOMIYHI IPOLIECH.

2. Y mozeni nmoTpiOHO BpaxoByBaTH BCE ICTOTHE, CYTTEBE B JOCIIHKYBAaHOMY SIBUII YU TIPOILIEC,
HEXTYIOUHU BCIM APYTOpSAHUM, HEICTOTHUM Yy HbOMY. MaTeMaTH4HEe MOJICIIIOBAHHS — 1€ MUCTELT-
BO, By3bKa CTEXKa MK MEPECIPOIICHHSIM Ta Tepe yckiagueHHsM. Crpasi, MpocTi Mojies He 3a-
0e31meuyIoTh BiJIOBITHOI TOYHOCTI, 1 «ONTHUMAJIbHI» PO3B'A3KH 32 TAKUMH MOJICISMH, SIK MPABUIIO
HE BIJNOBIIAIOTh PEATbHUM CHUTYaIlisIM, AC30PIEHTYIOTh KOPUCTyBava, a Mepe YCKIaAHEHI MOoei
BakKko pearnizyBatu Ha I1K sik 3 ormsay Ha HEMOXIMBICTh iHpOpMaLiiHOro 3a0e3MeueHHs, TaK 1 ye-
pe3 BIACYTHICTH BIAMOBIIHUX METOIIB ONTUMI3AILi.

3. Mopaenb Mae OyTu 3p03yMiJIOO JUIsl KOPHCTYBaya, 3py4Horo [uis peanisaii Ha [1K.

4. Ilorpi6HO 3a0e3meunTH, 00 MHOKHHA HAOOPIB X; Oyla HE HOPOKHBOIO. 3 LIEK0 METOIO B €KO-
HOMIKO-MaTeMaTHYHUX MOJIEIISAX 1O 3MO31 CJIiJl YHUKATH OOMEXEHBb THITY «=», a TAKOXK CyIepeysIu-
BUX OOMexeHb. Hampukiian, cTaBUThCS OOMEXKEHHS I0JI0 BUKOHAHHS KOHTPAKTIB, ajie PECypCiB
HE/I0CTaTHBO, abu iX BUKOHATH. SIKio cuctema (1.3) Mae equHUN PO3B'A30K, TO HE ICHYE 3a/1a4i BU-
00py ONTUMAJILHOTO TIJIAHY.

bynp-sxuii HaOip 3mMiHHUX X, X,,..., X, mo 3ag0oBoabHsae ymoBu (1.3) 1 (1.4), Ha3uBarOTh dony-

cmumum niaanom, ado niaanom. OUEBUIHO, MO0 KOXKHHUM JOMYCTUMUN TJIAH € BIATOBITHOIO cmpa-
mezico eKOHOMIUHOT cucmemu, npozpamoro oiti. Came 31 CIIOBOM «IIpoTrpaMay 1 MoB's3aHa Ha3Ba
mpeaMeTa «MaTeMaTU4He MporpaMyBaHHs». KoKHOMY JOMYyCTHMOMY TUIAHY BIAMOBINA€ 3HAYCHHS
IUTLOBO1 (DYHKIII, sike 00unCIIOeThCs 3a hopmysoro (1.1).



CykynHIcTh ycix po3B'si3kiB cucteM oomexeHb (1.3) i (1.4), ToOTO MHOXHMHA BCIX JAOMYCTUMHUX
IJIaHIB, CTAHOBUTH 00.1aCMb ICHY8AHHS NAAHIS.

[Tnan, 3a sxoro 1inboBa (QyHKIiS HAOyBa€ EKCTPEMAJIbHOT'O 3HAUEHHS, HA3UBAETHCS ONMUMATb-
Hum. ONTUMAIBHUN TUIaH € Po36'a3Kom 3a0aui mamemamuunozo npozpamyeanns (1.2)—(1.4).

3ayBakuMo, 1110 B 3aj[aui MaTeMaTHYHOI'O MPOrpaMyBaHHs NepeadadyaeTbCcs OJlHA LIJIbOBA (YHK-
11is1, SIKa KIJTbKICHO BU3HAYEHA. Y PealbHUX €KOHOMIYHMX CHCTEMax Ha POJIb KPUTEPI0 ONTHUMAab-
HOCTI (€()eKTUBHOCTI) MPETEHIYIOTh KiIbKa AECATKIB MOKa3HUKIB. Hanpukiaz, MakCUMyM 4HCTOTO
JIOXOAy BiJ BUPOOJIEHOI MPOAYKIli Y BapTICHOMY BHpa3l UM MaKCUMYM PEHTAOEIBHOCTI, MIHIMyM
cobiBapTocTi BUpPOOJIEHOI MPOAYKLii a00 MiHIMYM BUTpaT Ae@iuuTHUX pecypciB. HexkopekTHHM €
YHOT'O MPOrpaMyBaHHs nepedadae oHy HIJIbOBY (YHKIIIIO, ajle iICHYIOTh MaTeMaTH4HI METOH T10-
Oy10BM KOMITIPOMICHHUX TUIaHIB, TOOTO METOIM Oarato KpuTepiaibHOI ONTHUMI3AIlii.

[Tepr HixK pO3MIIAIATH METOIM ONTUMI3allll, 0O3HAHOMUMOCS 3 KiIacu(ikaIiero 3a1a4 MaTeMaTHy-
HOT'O MPOrpamMyBaHHS.

1.3. Haiinpocmiwa knacughikauyia onmumizayitnux zaoau

Bynp-sika knacudikamis nependayae BUOip KpUTEPito, 3riIHO 3 IKUM BOHA 3M1HCHIOETHCS. OCKLIb-
KM MaTeMaTH4HE MPOrpaMyBaHHs MepeayCciM € CTPOrol0 MaTeMaTUYHOIO JUCHUILTIHOK, TO KpUTe-
pisimu kiacugikanii MaloTh OyTH B OCHOBHOMY MaTE€MaTU4HI CTPYKTYpHU (BIACTUBOCTI) 33a7a4 1 Me-
TOMIB X pO3B'A3yBaHHA. 3ayBaXKMMO, 110 OJIHA ¥ Ta caMa 3aJaya 3 MOIJIALY PI3HUX MaTeMaTHYHUX
KPUTEPIiB MOXKE HAJIEXKaTH 10 KIJIBKOX KJAaciB. AJDKe KOKHHUM KPHUTEpi MiIKPECIIOe JHIIE OJHY
BJIACTUBICTH 3a/a4l HA MPOTUBAry ACSKiH 1HIIINH, TOOTO MOAUIIE BCl 3a/1a4l Ha J1Ba KJacH (YU MiAK-
JlacH BCEPEHHI IEBHOTO KJacy).

3amayul MaTeMaTHYHOTO TIPOTPAMYBaHHS MOAUISIIOTHCS HA JBA BEJUKI KIIACH JIIHIUHI TA HeIiHIHI.
Sxmo ninsoBa ¢yHkis (1.2) ta oomexenns (1.3) € niniiHUMU QYHKIISIMH, TOOTO BOHH MICTSTh
3MiHHI y TIlepmioMy abo HYJbOBOMY CTemeHi. B ycix iHmMX BHmaakax 3amada Oyae HEMHIHHOIO.
BaxnuBoro nepeBaroro JiHIHHUX 3a/1a4 € Te, 1110 JJIS X po3B'sI3yBaHHS po3po0IeHO yHIBEpCcaTbHUN
METO/I, SIKUH HA3UBAETbCS CUMMNIEKCHUM Memooom. TeopeTHIHO KOXKHY 3a7ady JIHIHHOTO Mpo-
rpaMyBaHHSI MOXKHA po3B's3aTu. [ neskux KiaciB JiHIMHMX 3a/1ad, 110 MalOTh OCOOJHMBY CTPYK-
TYpY, pO3po0JIsIOTh CIeliadbHI METOIA PO3B'sI3yBaHHs, sKi € ehekTuBHIMMMA. Hanpuknan, TpaHc-
MOPTHY 3aJa4y MOXHa PO3B'SA3aTH CUMIUIEKCHIUM METOJIOM, ajie¢ €)eKTUBHININMU € CHEI[ialIbHI Me-
TOJM, HATIPUKJIAl METOJ IIOTCHITIJTIB.

ExoHOMIYHI Ta TEXHOJOTIYHI MPOIECH, SIK MPABUIIO, € HETIHIMHUMH, CTOXaCTUYHUMH, PO3BUBA-
IOThCSl B yMOBaX HeBH3HA4YeHOCTI. JI1HIHI €KOHOMIKO-MAaTeMaTHYHI MOJIEN YacTO € HeaJeKBaTHH-
MU, a TOMY JOBOJUTKLCS OyayBaTH HEIiHIMHI Ta CTOXacTU4HI Moneni. Po3B's3yBaTu HeniHiliHI 3a1a-
4yl Habarato CKJIaHIIIE, HIXK JIHINAHI, OCKUILKH HEMA€E YHIBEPCAIIbHOTO METOJIy PO3B'I3yBaHHS Ta-
KHUX 3a71ad. [ okpeMux THUIMIB HETIHIMHUX 3a7ad po3poOJeHO YHUCIEHHI cremiaibHi e(eKTHUBHI
MeToau po3B'sizyBaHHsA. [IpoTe ciij 3a3HAYMTH, 110 HA MPAKTHUIN 3aCTOCOBYIOTH, 3/1€0IBIIOTO, JIi-
Hil{HI €KOHOMiKO-MaTeMaTH4Hi Mojeni. YacTo HemiHilHI 3aJeKHOCTI ampOKCUMYIOTh (HaOmmxka-
10Th) JIIHIMHUME. Takuit miaxia Ha MPaKTHUIIl € JOBOJII e(DEKTUBHHUM.

VY HeniHIHHOMY MpOrpaMyBaHHI BUOKPEMIIIOIOTh TaKi KJIACH: OnyK1e npozpamyeanns. Jiis 3anad
OTYKJIOTO MPOTPaMyBaHHsI iICHYE HU3Ka J0Ope OOIPYHTOBAaHMX Ta €PEKTUBHUX METO/IIB X pPO3B'sI3y-
BaHHS. 3a3HAYMMO, 110 3a]1a4i JIIHIHHOTO MPOrpaMyBaHHs € YaCTKOBUM BHUIAJIKOM 33Ja4 OMYKJIOTO
MpOrpaMyBaHHSI.

Haronocumo, 1m0 koiau 06J1acTh JOMYCTHMHUX IUIAHIB € OMYKJIOK MHOXKHHOI0, a [IJTh0oBa (YHKITiS
€ OMYKJIO (PYHKITI€I0, TO 3aJladya MaTEeMAaTHYHOT'O TPOrPaMyBaHHS Ma€ TJIOOAIbHUM, €JMHUN €KCT-
peMyM (SIKIO TaKui iCHYE).

MHuoxuHa S B N-MIpHOMY €BKJIIJJTOBOMY ITPOCTOP1 Ha3UBAETHCS OMYKJIOI0 MHOKMHOIO, SIKIIO JIJIs
OyIb-IKMX TOYOK (€JIEMEHTIB) 11i€1 MHOXHHH X (1),X @ eS toukm X = uX 0 +(1— ,u)X @ nane-
YKaTh MHOKHMHI S 3a BCIX 3Ha4Y€Hb |, K1 HaIexath BiApi3ky 0 < u <1..

1 2 . . .
I'eomeTpuyne 1€ 03Ha4ae, KOO0 X O ra X® nanexars JI0 MHOKMHH 5, TO BIJIPI30K MPSIMOT, IO



3'€THYE 11l 1Bl TOYKH, TAKOXK IIJIKOM HAIEKUTH 10 MHOXKHUHH S.

OyuK1is f{X), BU3HaUE€HA HA OMYKJIA MHOXXHHI JIHIHHOTO MPOCTOpY (Ha OMyKJIiH MHOXHUHI S),
HA3UBAETHCA OIYKIIOIO, SIKIIO BUKOHYETHCSI HEPIBHICTh

f(,uX(l) +(1—y)X(2))S,Ltf(X(l))+(1—y)f(X(2))

JUTSL BCIX 11, sIKI HaJIexaTh BiApi3Ky 0 < p<1.

Keaopamuune npocpamysanns — 1inpoBa QyHKIIS KBJAPATUIHA, 2 OOMEKEHHS JTIHINHI.

Jami 3aga4i MaTeMaTHYHOTO TIPOTrpaMyBaHHs MOAUISIOTh HA OUCKpemHi 1 HenepepeHi. JINCcKpeT-
HUMU HA3WBAIOTh 33/1a4i, B SKUX OJIHA, KiJIbKa a00 BCl 3MiHHI HAOyBalOTh JIMIIE AUCKPETHUX 3HA-
yeHb. OKpeMHUll KJ1ac CTAaHOBJIATH 3a7adi, B SIKUX OAHA a00 KUIbKa 3MIHHUX HaOyBalOTh HIJIOYHCIIO-
BUX 3HAu€Hb, TOOTO 3a/1a4l YiNOUUCI06020 npozpamysanna. SIKIO BCi 3MiHHI MOXYTh HaOyBaTu
OyIb-sIKOTO 3HAUYEHHS B JISSIKUX 1HTEpBaiax YMCIOBOI OCl, TO 33/1a4a € HenepepeHoIo.

3aaui MaTeMaTHYHOTO MTPOrpaMyBaHHS MOAUISIOTHCS TAKOXK HA 0emepMIHOBAHT 1| CHOXACMUYHI.
JleTepmiHOBaH1 3a/1a4l HE MICTSATh BUMAJAKOBUX 3MIHHUX 1 ITapaMmeTpiB, KOTPi HaOyBarOTh 3HAYCHB
BiIMOBiAHO 10 (QyHKUii po3nmoniny. Hanmpukman, sSKIio B €KOHOMIKO-MAaTeMaTUYHIN MoJen Bpo-
YKAWHOCTI CLTCHhKOTOCTIONAPCHKUX KYJIBTYP 3aJaHi CBOIMH MaTEeMAaTHYHUMHU CTIOJIIBAHHSIMH, TO TaKa
3ajaya € JIeTepMiHOBAHOIO. SIKIIO BPOXKAMHOCTI 331aH1 PYHKLISIMHU PO3MOALTY, HAIPUKIIAJ HOpMa-
JIBHOTO 3 MaTEeMaTUYHUM CIIO/IIBAaHHIM O 1 JUCHEPCIEI0 G, TO TaKa 3a/1aya € CTOXaCTUYHOIO.

SK110 y BIAMOBITHUX €KOHOMIYHHX MPOIIECAaX BUIMAIKOBI SBHILA HE BIAIrPaIOTh ICTOTHOI POJIi, TO
3a/1ayy MO’KHa pO3B'A3yBaTH SK JIETEPMIHOBaHY. Y TPOTHBHOMY pa3i aJeKBaTHa E€KOHOMIKO-
MaTeMaTH4Ha MOJEIb Ma€ OyTH CTOXaCTUYHOIO, TOOTO MICTUTH BMIAIKOBI (DYHKIII Ta BEIUYHHH.
CrtpykTypa Ta pO3B'sI3yBaHHS TakuX 3a/a4 BUBYAIOTHCS B OKPEMOMY PO3JL, KU HA3UBAETHCA
CMOXACMUYHUM RPOZPAMYBAHHAM.

ExoHoMI4YHI TIpoliecH pO3BUBAIOTHCS B 4Yacli, a TOMY BIJIMOBIIHI MOJEINI MalOTh BigoOpa)xaTH IH-
Hamiky. Lle o3Hauae, M0 17151 3HAXO/PKEHHS! ONTHMAIBHOTO IJIaHY MOTPIOHO 3aCTOCOBYBATH Kilacu
3a/1ad MaTeMaTHYHOTO TPOTpaMyBaHHS cmamuuHi (OJHO KPOKOBI) 1 Ounamiuni (6araToKpoKoOBi).
[ToHATTS TUHAMIYHOCTI 3po3yMijie, BOHO NOB's3aHe 3 yacoM. Hampukian, Ko iaersest npo miaH
po3BUTKY Ykpainu 10 2015 poky, MaroTh OyTH OOIpYHTOBaHI 3HAYEHHSI BIIMOBITHUX MaKPOEKOHO-
MIYHHX MOKa3HUKIB He ymiie Ha 2015 pik, a i Ha BC1 MPOMIXkKHI POKH, TOOTO BpaXxOBaHO JAWHAMIKY
PO3BUTKY HAPOJHOTOCIOJAPCHKUX MpolieciB. Takuil I1aH Ha3UBAIOTh cmpameiyHum. Y HbOMY Ma€e
OyTu OOrpyHTOBaHa ONTHMAallbHA (palioHaJIbHA) TPAEKTOPIS PO3BUTKY HAPOJHOTO T'OCIOAAPCTBA.
[Ipote mij BIJIMBOM HEKEPOBAHUX YHHHHUKIB PEIbHI MMOKA3HUKU IMOPOKY MOXKYTh BIIXUJISTUCS Bif
IUIaHOBHX. TOMy MocTae noTpeda KOpUryBaTu KOXKHUN piuHUH TuiaH. Taki IIaHu HAa3UBAIOTh MAK-
muynumu. BoHN BU3HAYAIOTHCS B PE3YNIBTATI peajizaiii CTaTUYHOT eKOHOMIKO-MaTeMaTHIHOI MO-
neri.

BaxnuBo 4iTKO YCBIIOMUTH BIIMIHHICTH MK OJIHO - Ta 0araTOKpOKOBUMU 3anadyamu. bazamok-
POKogicmb K METOJ PO3B'S3yBaHHS 3a7ad MaTEMaTHYHOTO MPOrpaMyBaHHS 3YMOBIIIOETHCS, Ha-
camrmepes, ix 6arato BumipHicTi0. CyTHICTh IIbOTO METOAY IOJISITAE€ B TOMY, II0 ONTHMaJIbHI 3Ha-
YeHHsI PO3MVISIyBaHOI MHOKHHH 3MIHHUX 3HAXOJATh KPOK 32 KPOKOM, TOCTIJIOBHO 3aCTOCOBYIOUH
THIYKITII0, TPHYOMY PIIICHHS, SIKE TPUIUMAETHCS Ha KOXKHOMY KPOIIi, Ma€ 3aI0BOJIbHSTH YMOBH OII-
TUMAJIBHOCTI LOJI0 PILIEHHs, TPUHHATOrO Ha MOMNepeIHbOMY Kpoli. Taka rnpoueaypa Moxe OyTH i
He OyTH MOB'SI3aHOI0 3 YacoM. QOHOKPOKO0E6I 3a/1a4l, HaBIaKU, XapaKTEPU3YIOThCS THM, 1110 BC1 KOM-
MOHEHTH ONTHMAIBHOTO IJIAaHY 3a/1a4i BHU3HAYAIOTHCS OJHOYACHO HA OCTAHHIN imepauyii (Kpoiii)
anroputmy. [ToTpiOHO PO3PI3HATH iTEpaIliiiHICTh aNTOPUTMY 1 Horo Oararo KpokoBicTh. Hampwu-
KJIaJl, CUMIUIEKC-METOJ] PO3B'SI3yBaHHS 3ajay JIIHIHHOIO HpOrpaMyBaHHs € iTepauiiHuM, TOOTO
SIKHUMOCh YMHOM 33J1a€MO JOIYCTUMHUMN TIJIaH 1 B PE3YJIbTATI IEIKOT KUIBKOCTI 1Teparliii JICTaEMO OI1-
TuMaNbHUH m1aH. TyT BUKOHYIOTBCS iTeparllii (KpOKH) allTOPUTMY CUMILIEKCHOTO METOAY, aje e He
IHTEPIPETYETHCS SIK 0araTOKpPOKOBICTh €EKOHOMIYHOTO Tporiecy (sBuma). Jleski 3agadi MmaTeMaTHy-
HOTO MTPOrpaMyBaHHs MOKHA PO3MJIAJATH SIK OJHO a00 6araTOKpOKOBI 3aJI€KHO BiJl CIIOCOO0Y iX po3-
B's3yBaHHs. SIKIIO 3aa4y MOXHA PO3B'SA3yBaTH SIK OJTHO KPOKOBY, TO PO3B'SA3yBaTH ii K Oaratokpo-
KOBY HEJIOIIHHO, a0 HE 3aCTOCOBYBATH VISl 3HAXO/KCHHSI ONITUMAIBHOTO TUTAHY CKJIQJIHININX Me-
toxiB. [IpoTe OUIBIIICTh EKOHOMIYHMX MPOIIECIB ¢ TUHAMIYHUMH, 1X IMapaMeTpH 3MIHIOIOTHCS B Yacl



il 3amexkarh Bij pillleHb KEPIBHUIITBA, IO iX JOBOAUTHCS MPUHAMATH 3 METOIO JOCATHEHHS PO3BHTKY
€KOHOMIYHOT CHCTEMH 32 TPAEKTOPI€I0, sIKA BU3HAYAETHCS CTPATETIYHUM TLTAHOM.

[oiiHo OyJ0 PO3MIIAHYTO JIMIIE HAMOLIBIII KIacu 3a7ad MaTeMaTUYHOTO IPOTpaMyBaHHs, K1 BH-
3HAYEHI 3T1IHO 3 MaTeMaTUYHUMH KpUTEpIAMH. MOKHA TaKOXX 3a PI3HUMHU O3HAKAMH BHOKPEMHUTH
it migknacu. Lle oco6imBO crocyeTbes 3amay JIIHIKHOTO, HEMIHIHOTO 1 CTOXaCTMYHOTO IpOrpamy-
BaHHA. Hampukiian, sk OKpeMHil Kilac pO3TisialoTh Opoo06o-iHiliHe NPOZPAMYS8AHHA, KOJIA 00-
MEXEHHS € JIIHIHHUMH, a H1Ib0Ba PYHKLIsI — ApoOoBo-miHiiHA. OCOONMBUN KIac CTaHOBIATH 3a-
navl meopii izop, K1 MUPOKO 3aCTOCOBYIOTHCS B PUHKOBIH €KOHOMIII. AJKE TYT JiIOTh JBI M Oi-
JpIIe KOH(IIIKTHUX CTOPIH, SIKI MAIOTh IIiJIi, 0 HE 30iraroThCs, a00 MPOTHIICKHI 1Tl Y CYKYITHOC-
Ti 33724 Teopii irop, y CBOIO 4epry, TaKOX BUOKPEMIIIOIOTh MEBHI miakinacu. Hanpuknan, izpu 0eox
0ci0 i3 HY1b0B80K0 CYMOI0.

HaBeneny kiacudikanito BUKOPUCTAHO AJISi CTPYKTYpPYBaHHS Kypcy «MaTemaTuuHe mporpamy-
BaHHS.



TEMA 2
3ATAJIBHA 3AJIAYA JIHIMHOI'O TPOTPAMYBAHHS TA METO/M Ii PO3B'SI3Y-
BAHHSA
2.1. Mamemamuuna nocmanoeka 3aoay ainiitHo2o npozpamyeanns. Cucmema zinomes.
3aranpHa JIiHIiTHA MaTeMaTUYHa MOJIEIh EKOHOMIYHUX MPOIIECIB 1 SIBUI] — TaK 3BaHa 3arajib-
Ha 3a/1a4a JiHiiHOro nporpamysBanHs (JII1) mogaeTscs y BUIISL
3HAlTH MakcuMyM (MiHIMYM) QyHKLIT Z =cx, +¢,x, +...+C, X, , (2.1)
abo Z =cx, +¢,x, +...+c,x, = max(min)
3a yMOB
a, X, +a,x, +...+a,x, {S,Z, :} b,

Ay X, +ayX, +...+a, X, {S,Z, =}~ b, 22)

A X, +a,,%, +...+a,, x,{<,2,=}b,
x,20,x,2>0,...,x, 0. (2.3)
Otxe, NOTPIOHO 3HAWTH 3HAYEHHS 3MIHHHUX X,,X,,...,X, , Kl 33J0BOJBHAIOTH YMOBH (2.2) 1 (2.3),

TO1 SIK JTbOBA (PYHKITiST HA0OYBAE EKCTPEMAIBHOTO (MAKCHMAILHOTO UM MiHIMAJILHOTO) 3HAYCHHS.
3anauy (2.1)—(2.3) nerko 3BecTu 10 KaHOHIYHOI ()OpMHU, TOOTO O TAKOTO BHUTJISAY, KOJU B CUCTE-

Mi oOMexeHb (2.2) Bel b, (i =12,..., n) HEBiJ'€MHI, a BC1 0OMEXEHHS € PIBHOCTSIMH.
Sxmio sikech b; Bix'eMHe, TO, IOMHOXKUBIIY i-T¢ 0OMEXeHHs Ha (—1), micTaHeMo y mpaBiii YacTHHI
BIIMOBIIHOI PIBHOCTI JojaaTHe 3Ha4yeHHSA. Komm i-te OOMEXEHHsS Ma€e BHIJISI HEPIBHOCTI
a,x,+a,x,+...+a,x, <b, TO OCTAHHIO 3aBXJI{ MOKHA 3BECTH 10 PIBHOCTI, yBIBIIM JONOMIXHY
3MIHHY X, X, +a,%X,+...+a,x +x,  =b.
AHaNorivHo OOMEXEeHHs BULY d,,X, +4a,,X, +...+a, X, = b, 3BOAMMO 10 PIBHOCTI, BIAHIMAIOUH Bij
71BOI YaCTHHH AONOMIKHY 3MIHHY X, ,,, TOOTO @, X, +4a,,X, +...+a, X, — X, , =b,.
3agava 2.1. 3anucaTH B KaHOHIuHil popmi Taky 3anauy JIII:
Z =2x,+3x, —4x, - max
3a yMOB
x,—2x,-3x,=10
X, —2x, +3x, 2-180
S5x,+x,+2x, 2100
x,20,x,20,x,=20.
Po3é'azyeannsa. 1loMHOXUMO Npyry HEpiBHICTH Ha (—1) 1 BBeAEMO BiAMOBIAHO JOMOMIXHI
3MIHHI X4 1 X5 JIJIS1 APYTOTO Ta TPETHOTO OOMEKEHHS:
x,—2x,-3x, =10
—x, —2x, —3x;, +x, =180
5x,+x, +2x, — x5, =100
x,20,x,20,x;,20,x, 20,x, 0.
HeBaxxko mepekoHaTucs, 110 JAOMOMIKHI 3MiHHI, Y IIOMY pa3i X4 1 X5, € HEBI'€MHUMHU, IPUUOMY
iX yBeJleHHS HE 3MIHIOE IIUTHOBOT (DYHKIII.
Orxe, Oyab-saky 3amauy JII1 MoxkHa 3amucatu B Takiii KaHOHIYHIN Hopmi:
3HalTH MakcuMyM QYHKLIT Z = ¢ X, +¢,X, +...+¢,X, —> max 24
3a yMOB
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a,x, +a,x,+...+a, x, =b
ay X, +a,X, +...+a, x, =b,

(2.5)

a,x +a, ,x,+...+a, x =b,

x,20, x,20,...,x, >0. (2.6)

3amauy (2.4)—(2.6) MoxHa pO3B'sI3yBaTH HA MIHIMYM, SIKIIIO IUJIHOBY () YHKIIIIO IOMHOXHUTH Ha (—
1), TobTO

max Z =min(—Z) = min(-c¢x, —¢,x, —...—¢,X, ).

2.2. Busnauennsa Muoycunu oonycmumux naanie 3aoayi JII1

3anauy JIIT (3JIIT) 3pydHo 3amucyBaTH 3a JOIIOMOTOIO 3HaKa cymMH «2». CripaBni, 3agauay (2.4)—
(2.6) MOXHa TOAATH TAK:

Zzzn:cjxj — max
j=1

3a YMOB

Zn:aijxj =b,

j=1

(i=12,...,m);

X; 20(]'21,2,...,11).

[Ile xommakTHimmM € 3anuc 3JII1 y MaTpuaHOMY BUTJISIIIL:

Z =CX — max
3a YMOB
AX = 4,,
X220,
I
CTEE T s 4y,
A:{aij}— a21’ a22’ > a2n
a a

ml> m2° e amn

€ MaTpuIlsd Koe(ili€HTIB MpU 3MIHHUX

X b,
X, . ) )

X =| 7 | — MaTpuus - CTOBNEb 3MiHHUX; A4, =| . | — MaTpuls - CTOBIElb BLIBHUX dlle-
X, b

HiB;
C= (cl, Cypene ,cn) — MaTpHI - PAIOK KOS(IIiEHTIB IPU 3MIHHUX Y IUIbOBIH QyHKIIT.
Yacro 3JII1 3pydHo 3anucyBaTu y BEKTOpHIH Gopmi:

Z=C-X - max
3a YMOB
Ax + A, x, +

+Ax =4
X >0,

0°

ac
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€ BEKTOpHU KOe(DIIIEHTIB TP 3MIHHHX.

2.3. I'eomempuuna inmepnpemauin 3J/IIl. Kanoniuna ¢hopma 3JIII i ii onmumanvrnuil
naam.

['eomerpuuny inTepnperamito 3JII1 posrnsHemo Ha Takomy mpukiani. Hexait ¢epmep npuitHsaB

pillIeHHS] BUPOIIYBAaTH 03UMY HIIEHUINIO 1 IYKpOBHUH Oypsik Ha ruromi 20 ra, BiABIBIIM Mif] LIYKPO-

BHI OypsiKk He MeHII 5K 5 ra. TexXHIKO-eKOHOMIYHI MOKa3HUKHU BUPOIIYBAHHS IIMX KYJIbTYp HaBE/ICHI
B

Tabumi 2.1
Taomums 2.1
CinbChKOTOCIIONAPChKA  KYIBTY-
No TexHiKO-eKOHOMIYHUN TOKa3HUK 13 | pa HasBauii
3/m po3paxyHKy Ha | ra Ozuma  mme- | LlykpoBuii Oy- | pecypc
HUIIS psIK
1 JKuBa mparist, 110IMHO-/THIB 5 25 270
2 MexaHi30BaHa mpars, JIOAMHO-THIB 2 8 80
3 [TpubyTOK, THC. TPH. 0,7 1

Kpurepiem onTHManbHOCTI € MaKCUMI3allisi IPUOYTKY.

3anmunieMo eKOHOMIKO-MaTeMaTUYHy MOZETh CTPYKTYPH BHPOOHUIITBA O3UMOI TIIIEHUII Ta IIyK-
pOBOrO Oypsika, CKOPUCTABUIUCH TAKUMU MTO3HAYCHHSIMHU:

X; — IIyKaHa IJI0IIa MOCIBY 03UMOT MIIICHHMII];

X, — LIyKaHa IJIoIIa MOCiBY I[yKpOBOTo Oypsika.

3JIIT mae BurIAng:

Z =0,7x, + x, = max 2.7
1 2

3a yMOB
x, +x, <20, (2.8)
5x,+25x, <270, (2.9)
2x, +8x, <80, (2.10)
x, =5, (2.11)
x,20, x,20. (2.12)

I'eomeTpuuny iHTepIpeTallito 3a1a4i HaBeAeHo Ha puc. 2.1.

12



15+

dazs 5\
A

Puc, 2.7, CORaCE OORVCITRM DO3ER K
OO6nacTb HOMYCTUMHX PO3B'3KIB AicTaeMo Tak. KojkHe oOMexeHHs, Hanpukian x, +x, <20, 3a-

Jla€ MIBIUIOIIMHY 3 TPAaHUYHOO HpsMOI0 X, +x, = 20. bBynyemo 1 1 BU3Ha4aeMO MIBIUIOIIUHY, KA
OIHUCYETHCSI HEPIBHICTIO X, + X, < 20. 3 Li€I0 METOIO B HEPIBHICTD X, + X, < 20 MiJCTaBIIEMO KOOP-
JAMHATH SKOICh XapaKTepHOI TOUKH, cKaxiMo X, =0 1 x, =0 . IlepekoHyemocs, 1110 1 TOUKA Haje-
’KUTh MIBIUIOIMHI X, +X, <20. Ileit ¢gakr Ha puc. 2.1 UTIOCTPYEMO BIMNOBIAHOIO HANPSIMIEHOO

CTPIIKOI0. AHANOTIYHO OyAyeMO MIBIUIONIMHHM, SKi BiIMOBIAalOTh HepiBHOCTIM (2.8)—(2.12). ¥V
pe3yiabTaTi MEPETHHY WX MIBIUIOMIUH YTBOPIOETHCS 00JACTh JOMYCTUMHUX PO3B'S3KIB 3aaadi (Ha
puc. 2.1 — mHorokytHuk ABCD). LlinboBa ¢ynkuis Z =0,7x, +x, omucye ciM'to NapaiaeabHUX
NpsMHUX, KOKHA 3 SIKHX BIJINOBiJae TEBHOMY 3HaueHHIO Z. 3okpema, skmo Z =0, Maemo
0,7x, +x, =0. Lla npsiMa IpoXoauTh Yepe3 No4aToK cucteMu koopauHar. Komu Z = 3,5, gicraemo
npamy 0,7x, +x, =3,5.

3aranpHa 3a7a4a JTiHIHHOTO nporpaMmyBaHHs (2.1)—(2.3) reomMeTpruyHe IHTEPIPETYETHCS TaK: KO-
KHE I-Te OOMEKEHHSI, III0 MA€ BUTJIS PIBHSIHHS

a,x,+a,x,+...+a,x, =b,

y n-BUMIPHOMY IPOCTOpPI OCHOBHHX 3MIHHUX X,,X,,...,X, 3a1a€ rinepruomuny. Koxnomy 006-
MEXEeHHIO BUAY (2.2) 1 (2.3) BiAMOBIAAIOTH TIMEPIUIONIMHA Ta MiBIPOCTIP, SKUH JCKHUTH MO OJWH 01K
Ii€T TINEePIUIONMHUA. Y MEPeTHHI BCiX MIBIPOCTOPIB, 110 BU3HAYAIOTHCS 0OMEKEHHAMU 3aaui (2.2)
1(2.3), yTBOpIOETHCS OMYKJIMNA MHOTOTPAaHHUK JOMYCTUMUX ii po3B'sa3kiB. LlboBy QyHKIIiIO

Z=cx +c,x,+...+c.x,

B -BUMIPHOMY IIPOCTOpPi OCHOBHHMX 3MIHHUX MOYXHAa T€OMETpPHYHE IHTEPIPETYBATH SIK CIM'IO Ma-
payieTbHUX TNEePIUIONINH, TOJI0KEHHSI KOYKHOT 3 SIKUX BU3HAYAETHCS 3HAUCHHSIM Iapamerpa Z.

2.4. Ocnoeni ananimuyni e1acmugocmi po3e'a3Kie 3a0ay JiHIIHO20 RPOZPAMYBAHHA
Bektop X :(xl,xz,...,xn), KOOPJMHATH SIKOTO 33JI0BOJIBHSIOTH CHCTEM1 oOMexeHb (2.2) 1 (2.3),

Ha3UBaIOTh OONYCHMUMUM PO38'A3K0oM, a00 donycmumum naanom 3adaui. CyKyImHICTh JOIYCTH-
MUX pO3B's3KiB (IUIaHIB) 3a/1a4l YTBOPIOE 001ACHIb OORYCHIUMUX D036 'A3Ki6 3a0aui.

Onopuum naanom 3a0aui JiHIEHO20 NPOZPAMYBAHHA HA3UBAETHCS TUUIaH, YTBOPEHHUI KOOpIMHA-
TaMy BEPUIMHU MHOTOTpaHHUKA IUIaHiB 3aaa4l. OTxe, OMOPHUM TUTaH — 1€ TUIaH, KU 3a/10BOJIb-
HSI€ HE MEHIII HIXK 7 JIIHIMHO HE3aJIe)KHUX O0OMEXeHb (2.2) y BUTIIAMI CTPOTHX PIBHOCTEH pazoM 3
obMexeHHsM (2.3) mo/10 3HaKa.
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OnopHuii TUTaH HA3UBAETHCS HEBUPOOHCEHUM, SIKIIO BiH € BEPIINHOIO MHOTOTPAHHUKA TUIAHIB 3a-
Javi, yTBOPEHOTO MEPETUHOM TOYHO # TIMEPIUIOMINH, TOOTO 3aJI0BOJIBHSE 7 JIHIHHO HE3AJICKHUX
00MeKEeHb — CTPOTUX PIBHOCTEU. Y MPOTUBHOMY pa3i ONOPHUH IJIAH € UPOOHCEHUM.

Skmo 3agada JHIAHOTO MpOTrpaMyBaHHS Ma€ PoO3B'S30K 1 cepep ii TUIaHIB € OMmopHi, TO Xxo4a 0
OJIVH 13 HUX OyJie ONTUMAIbHUM.

CyKyIHICTh yCiX PO3B'SI3KIB 3a/1aui JIHIKHOTO MPOTPaMyBaHHS € MHOTOTPAHHOIO OMYKJIOK MHO-
KUHOIO, SIKY Ha3UBAIOTh MHO202PAHHUKOM D036 'A3Ki8.

Skmio 3agava THIHHOTO MPOrpaMyBaHHS Ma€ ONMTHUMAIBHHUH IJIaH, TO €KCTPEMAIIBHOTO 3HAYCHHS
1iboBa (PyHKIIiS HAOyBa€ B OJHIH 13 BEPIIMH MHOTOIpaHHHMKA PO3B'A3KiB. SIKIIO LigbOBa (PYHKIIIS
Ha0yBa€e €KCTPEMAIBHOTO 3HAYCHHS OLIBII SIK B OJHIA BEPIIMHI IIOTO MHOTOTPAHHHKA, TO BOHA
J0csiTae Horo i B OyIb-IKHi TOYII, 0 € JIHIHHOI KOMOIHAII€I0 TAKUX BEPIIHH.

2.5. I'paghiunuit memoo po3e'azyeanns 3a0ayu niHilHO20 NPOCPAMYBGAHHA
2.5.1. Ocnosu epaghiunoeo memooy
Jlnst po3B'A3yBaHHS JBOBUMIPHHUX 3aj]lad JiHIMHOTO MporpamyBaHHs, TOOTO 3a/1ad 3 JIBOMa 3MiH-
HUMH, a TaKOX JSSIKUX TPUBUMIPHUX 3aJad 3aCTOCOBYIOTh rpadiyHUI METOJ, 10 TPYHTYETHCS Ha
reoOMeTPHUHIN IHTeprpeTalii Ta aHATITUYHUX BIACTUBOCTSX 3aJ]1a4 JiHIMHOro nporpamyBanHs. Po3-
IJISTHEMO TaKy 3a/1a4y. 3HAUTH eKCTPeMyM (MIHIMYM, MaKCUMYM) YHKIIII:

Z =¢,x, +¢,x, - max (min ) (2.13)

3a yMOB

[l
\%
——
S

a,x, +a,x, {S, ,

ay X, +a,x, {<,=,2}b, (2.14)

x,20, x,20. (2.15)

[Ipunycrtumo, mo cuctema (2.14) 3a ymoB (2.15) cymicHa 1 MHOTOKYTHHK 11 pO3B'sI3KiB 0OMexe-
HUU.

3riIHO 3 TEOMETPUYHOIO IHTEPIPETALIEIO 3a/1a4i JIIHIHHOTO nporpamyBaHHs (2.4) KoxHE i-Te 00-
MEXEHHS-HEPIBHICTh (2.14) BH3HAYa€E MIBIUIOITUHY 3 TPAaHUYHOIO IPSIMOTO

a,x, +a,x, =b, (i:1,2,...,m). Cuctemoro obMexeHb (2.14) omucyeThcsl CHUIbHA 4YacTuHA, a0o

nepepi3 ycix 3a3HauyeHUX MIBIUIONIMH, TOOTO MHOXHHA TOYOK, KOOPJMHATH SIKUX 3a/I0BOJIBHSIOTH
BCi 0OMexeHHs 3a1adi. Taky MHOKHUHY TOUOK Ha3UBAIOTh MHO2OKYMHUKOM p038'Aa3Kie, a00 00.1a-
cmio oonycmumux nianie (po3e'a3kie) 3adaui JiHillHO20 NPOZPAMYBAHHA.

VYmoBa (2.15) HeBia'eMHOCTI 3MIHHUX O3Ha4ae, 10 00JacTh OIMMYCTUMUX PO3B'A3KiB 3aaui Haje-
YKUTH TEPIIOMY KBaJIPaHTy CUCTEMH KOOPJIMHAT IBOBUMIpHOTO TipocTopy. LlimpoBa QyHKItis 3aqa4i
JTHIMHOTO TporpaMyBaHHs TE€OMETPUYHE IHTEPIPETYETbCA SAK CiM'S TapayielbHUX NPSIMHUX
¢,X, + c,x, = const.

ChopmynroeMo nesiki BIIACTMBOCTI 3aj1ayi JIIHIHHOTO MporpamMyBaHHs, 3aCTOCOBYBaH1 Imija 4ac ii
rpagiqHOTO po3B'sI3yBaHHI.

Skimio 3agava THIHHOTO MPOrpaMyBaHHS Ma€ ONMTHUMAIBHHUH IJIaH, TO €KCTPEMAIIBHOTO 3HAYCHHS
11b0Ba (YHKIIIsSI HAOyBa€ B OJHIN 13 BEPIIMH MHOTOKYTHUKA PO3B'SI3KIB. A AKILIO IIJIbOBA (YHKIIIS
J0CSITae EKCTPEMAIbHOTO 3HAYEHHS OUIBII SIK B OJHIM BEpIIMHI MHOTOKYTHHKA, TO BOHA JOCATAE
1oro 1 B Oynb-sKi{ TOUII, IO € JIHIHHOI KOMOIHAIIIEIO IUX BEPIIUH.

OTxe, po3B'sa3aTu 3a4ady JiHIHHOTO MporpamMyBaHHsS rpadivyHO O3HAYA€ 3HAUTH TaKy BEPUIMHY
MHOTOKYTHHKA PO3B'SI3KiB, Y pe3yJbTaTi MIJACTABISHHS KOOpAWHAT sKOi B (2.13) miHilHA II7IHOBA
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¢yHkuig HabyBae HalOUTBIIOTO (HAMEHIIOr0) 3HAYCHHS.

AJroput™M rpagiyHoro MeToay po3B's3yBaHHA 3aJ1a4 JIHIHHOTO MPOTpaMyBaHHS CKIIAJAETHCS 3
PO3IIISIHYTHX J1aJli KPOKiB.

1. Bynyemo mpsmi JiHiil, pIBHSHHS SIKUX JICTAEMO 3aMIHOI0 B OOMEKEHHsX 3aaadi (2.14) 3HakiB
HEpIBHOCTEN Ha 3HAKU PIBHOCTEH.

2. BuznauaeMo MiBILTONIMHM, 110 BiMOBIJAIOTh KOXKHOMY OOMEXEHHIO 3ajadi.

3. 3Hax0AMMO MHOTOKYTHHK PO3B'SI3KiB 3a/1a4i JIHIHOTO MpOrpaMyBaHHSI.

4. BynyeMo BekTOp N = (cl;cz) , 110 33/1a€ HAIIPSIM 3pOCTAaHHs 3HAYCHb LITHOBOI (PYHKIIT 3a1a4i.
5. Bynyemo npsamy c,x, +c,x, = const , HIEPIEHAUKYISPHY 10 BekTopa N .

6. Ilepemimyroun mpsmy c,x, +c,x, =const B HampsMi Bekropa N (Juid 3a1adl MakcuMi3anlii)

a00 B MPOTHJIKHOMY HapsiMi (U1 3a1a4i MiHIMi3allil), 3HAXOJUMO BEPIIUHY MHOTOKYTHHKA PO3-
B'SI3KIB, JI€ IIUIbOBA (PYHKIIS TOCITAE EKCTPEMAIILHOTO 3HAYCHHS.

7. BusHayaeMo KOOpJMHATH TOYKH, B sIKiil iIboBa PyHKIIisS HaOyBae MaKCUMaJIbHOTO (MiHIMAalIb-
HOTO) 3HaYEHHS, 1 00UMCITIOEMO €KCTpEMaIbHE 3HAUYEHHS UJIbOBOI (DYHKIIIT B 111 TOYIII.

V pasi 3actocyBaHHs TpadiuHOr0 METOAY AJISL PO3B'SI3yBaHHS 3a/ay JIIHIKHOTO MPOrpaMyBaHHS
MOKJIMBI TaKl BUIIAIKH.

LinpoBa ¢pyHK1iL HAOYBaE MAKCUMAJIBHOTO 3HAYCHHS B €IMHIN BEpUINHI 4 MHOTOKYTHUKA PO3B's-
3KiB (puc. 2.2).

MaxkcumanbHOTO 3HA4YeHHS LUIboBa (YHKIIS Jocsirae B Oyab-sKiil Touui Biapizka AB (puc. 2.3).
Toni 3agava AiHIKHOTO TPOrpaMyBaHHs Ma€ albTEPHATHBHI ONTUMANIbHI TUTaHH.

3anava JNiHIKHOTO MPOrpaMyBaHHS HE Ma€ ONTHUMAJIbHUX IUIaHIB (puc. 2.4 — 1i1boBa QYHKIIS HE
oOMekeHa 3ropH; puc. 2.5 — cucTemMa 0OMEeXeHb 3a/1aul HeCyMicHa).

Zmax —» co

2

Puc. 2.4

JPPTITITIII I3

1

Puc. 2.6 Pnc. 2.7

3amaya JiHIHHOTO MPOrpaMyBaHHS Ma€ ONTHUMAaJbHUH IUIaH 3a HeoOMexeHoi 001acTi omyc-
TUMHX po3B'sa3KiB (puc. 2.6 1 2.7). Ha puc. 2.6 y Tourii B MaeMo MakCUMyM, Ha puc. 2.7 y Toulli B —
MiHIMYyM, Ha puc. 2.8 TOKa3aHo, 110 B pa3i HEOOMEKEHOI 00acTi JOMYCTUMUX TUIAHIB HiIboBa (Y-
HKIIisl HA0yBa€ MaKCUMaJIbHE 1 MiHIMaJIbHE 3HAYCHHSI.
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2.5.2. Hasuanvni 3a60anns. Poze'sazyeanns 3a0au epagiunum memooom
PosrisiHemo 3actocyBaHHs rpadigHOTO0 METOY JIJISl PO3B'SI3yBaHHS IEIKHX €KOHOMIUHUX 3a/1a4.

3agava 2.2. @ipma crierianizyerbcsi Ha BAPOOHUITBI 0picHUX MeOIIiB, 30KpeMa BOHA BUITyCKA€e
JB1 MOJiei 301pHUX KHMKKOBHUX moymib — A Ta B. [Tonwuii 060x moneneit 00po0isaroTh Ha BepcTa-
tax 1 Ta 2. TpuBanicte 00poOkH (y XBWIMHAX) OJHIET TOJIHII KOXHOI MOJEINI MOJAHO TaOIUIICIO
2.2.

Tabnuys 2.2
Bepcraru TpuBajictb 00po0KkM MoJMLI, XB., 32 MOIEJIIMHU
A B
1 30 15
2 12 26

Yac pobotu BepctatiB 1 Ta 2 ctaHoBUTH BianoBimHo 40 Tta 36 rox. Ha TwkaeHb. [IpubyTok dipmu
BiJl peanizamii ogHiel momuii Moaeni A nopisHioe 50 y. 0., a Mogeni B — 30 y. o. BuB4eHHs puHKY
30yTy MoKa3ajo, Mo THKHEBUW MOMUT Ha KHUKKOBI MOJTUII MOJEII A HIKOJIH HE TIEPEBUIILYE MTOMH-
Ty Ha Mozienb B Oinbin sik Ha 30 oaMHUIG, @ TONMUT Ha moJuii Mozelni B He nepesuinye 80 oguHUID
Ha THXK/ICHb.

BusHauntu 00CsIru BUPOOHHIITBA KHMKKOBUX TIOJUIlh PI3HUX MOJENCH, 10 MaKCUMI3yIOTh MIPHOY-
ToK ¢ipmu. [ToOyayBaTH €KOHOMIKO-MAaTeMaTHYHY MOJENb IMOCTaBJICHOI 3ajJadl Ta po3B's3aTd il
rpagivHo.

IloOynoBa MmaTeMaTH4YHOI Mo/eJIi. 3SMIHHUMU B MOJIEITi € THXKHEBI 00CSITH BUPOOHUIITBA KHUXK-
KOBHX TOJIMIIL Mojieneil A ta B. Hexalt x; — KUIBKICTh MONHIL MOJIETT A, BUTOTOBITIOBaHUX (ip-
MO0 33 THXJCHb, a X; — BIIMOBIIHA KUTBKICTh IONUIL Moneni B. IlinpoBa dyHKIist Mogeni — ma-
KcuMmizarlis npuOyTKy dipMu B peamizaiii mpoAyKiii. MaTeMaTH4HO BOHA 3alTUCY€EThCS TaK:

Z =50x, +30x, - max

OOMexeHHs1 MaTeMaTUYHOT MOJIeli BpaXxoBYIOTh Yac poOoTu BepcrTaTiB 1 Ta 2 ans oOpoOKu mpoy-
KIIii Ta MMOMUT Ha MOJIMII pi3HUX Mojenel. OOMexeHHs Ha yac poOOoTH BepcTaTiB 1 Ta 2 HaOUparTh
TaKOT0 BUTIIAY:

1 Beperara 1 - 30x, +15x, <2400 xB.;

11 BepcTara 2 - 12x,+26x, <2160 xB.

OOmMexeHHs Ha TONMUT HAOUPaIOTh BUTIISATY:
x—-x,<30 i x, <80.

OTxe, eKOHOMIKO-MaTeMaTUYHY MOJEIb IIOCTABICHOI 3aaul MOXKHA 3allUCATH TaK:
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7 =50x, +30x, — max, (2.16)

30x, +15x, <2400 (2.17)
12x, +26x, <2160 (2.18)
x,—x, <30 (2.19)

x, <80 (2.20)

x,20;x, 0. (2.21)

3anucaHa eKOHOMIKa-MaTeMaTHYHA MOJIEINIb € MOJICIUTIO 3a/1a4i JIIHIHHOTO TTPOrpaMyBaHHS, IO Mic-
TUTh JIUILE /1Bl 3MiHHI, 1 TOMY MO>Xe OyTH po3B'si3aHa rpagidHo.

Po3eé'azyeanns. llepmmii KpoK 3TiTHO 3 TpaiYHUM METOJOM TOJIATAE B TEOMETPUIHOMY 300pa-
’KEHHI JONYCTUMHMX IUIaHIB 3a/1a4i, TOOTO B MOOYAOBI Takoi 00JacTi, ¢ 0OJJHOYACHO BUKOHYIOTHCS
BCl OOMEXEHHsI MOJIeJi. 3aMIHIOEMO 3HAKW HEPIBHOCTEW Ha 3HAKU CTPOTHX PIBHOCTEH 1 Oymyemo
rpadiku BignoBigHuX npsamMux (puc. 2.9). Koxna 3 mnoOynoBaHUX NPSAMUX MOIUISLE IUIOIIUHY CHC-
TEMH KOOpJMHAT Ha JIBi MIBIUIOMUHU. KOOpIUHATH TOYOK OAHI€l 33J0BOJBHSIOTH PO3TIISATyBaHY
HEPIBHICTb, a IHIIOT — HE 33A0BOJIBHSAIOTH. [1[00 BU3HAUNTH HEOOXiqHY MiBIUIOMUHY (Ha puc. 2.9 ii
HaIpsiM MTO3HAYEHO CTPLIKOI0), TOTPIOHO B3ATH OYy/b-IKY TOYKY 1 IMEPEBIPUTH, YH 3aJ0BOJHHIIOTH
il KoopAMHATH 3a3HAUYCHE OOMEKEHHS. SIKIIO 3a0BOJBHSIOTH, TO MIBIUIONINHA, B SKii MICTHTHCS
BHOpaHa TOYKa, € TCOMETPUYHUM 300paKCHHSAM HEPIBHOCTI. Y MPOTHIICKHOMY pa3i Takum 300pa-
’KEHHSM € 1HIIA MIBIUIONIIMHA. YMOBA HEBII'€MHOCTI 3MiHHUX X, = 0,x, 20 oOMmexye obiacTs g0-

MyCTUMHUX IUJIaHIB 33aJa4i MepIIuM KBaJPaHTOM CHUCTeMHU KoopauHaT. [lepepi3 ycix miBIUIOUIMH BU-
3Ha4ae 00JacTh JOMYCTUMHX IUIaHIB 3a1adl, — mecTUKyTHUK OABCDE. Koopaunatu Oynb-sKkoi
HOro TOYKH 33JJOBOJIbHSIOTH CUCTEMY OOMEXEHb 3aJayi Ta yMOBY HeBia'eMHOCTI 3MiHHHX. Tomy
MOCTaBJICHY 33/1a4y Oyze po3B'A3aHO, SKIIO MM 3MOXKEMO BiJIIYKaTH TaKy TOYKY MHOTOKYTHHKA
OABCDE, B sixiii inboBa QyHKIis Z

HalyBae HaitO11b1110T0 3HAYCHHS.

Puc.2.9
st iboro moOyayemMo BekTop N = (cl;cz) , KOMIIOHEHTaMH SIKOTO € KOe(ili€HTH MPU 3MIHHUX Y
nuTboBiNA QyHKIIT 3a7a4i. Bektop N 3aBXIu BUXOAWTH 13 TIOYATKY KOOPJWHAT 1 HAPSIMJIICHHUH 10
TOYKH 3 KOOPJMHATAMH (X, = ¢;; X, =¢,). Y Hauwiii 3axa4i Bekrop N =(50;30). Bin 3axae Hanpsiv

301JIbIIICHHS 3HAYEHb ITIJIbOBOI (DYHKIIIT Z, a BEKTOP, MPOTUIIC)KHUN HOMY, — HANpsM iX 3MEHIIICH-
HsI.
[To6ynyemo niHito, 10 BiANOBinae, Hanpuknaj, 3HadeHHIo Z = 0. Ile 6yne npsama 50x, +30x, =0,

SKa MEPIeHINKYIAPHA 0 BeKTopa N 1 IPOXOIWTH Yepe3 MoyaTok KoopauHaT. OCKITbKH MaeMO
BU3HAUUTU HallOLblIe 3Ha4eHHS IUIb0BOI (YyHKIIT, nepecyBatuMmeMo npsmy 50x, +30x, =0 B Ha-

npsimMi BekTopa N J0TH, TOKM HE BU3HAYMMO BEPUIMHY MHOTOKYTHHUKA, SIKA B1MOBIA€ ONTUMAb-
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HOMY IIJIaHy 3a/1a4i.
I3 puc. 2.9 6aunmo, 10 OCTAaHHKOIO CIUIBPHOIO TOYKOO MPSMOI IIJIBOBOI (PYHKITIT Ta MHOTOKYTHHKA
OABCDE, € touka C. KoopauHaTH 1i€i TOYKM BU3HAYAIOTh ONTUMAIBHUN TUTAH 3a7a4i, TOOTO 00-
CSIT BUPOOHUIITBA KHIDKKOBHUX TOJIUIb Mojesield A Ta B, mo MakcuMi3yroTh mpuOyTOK BiJ iX pea-
mmi3arii.
Koopaunatu Touku C BU3HAYAIOTHCS EpeTHHOM npsiMux (2.17) 1 (2.18):

30x, +15x, = 2400

12x, +26x, = 2160.
Po3B's3aBmn 110 cucteMy piBHSIHB, JICTAHEMO x, =50;x, = 60. OTxe,
X = (50; 60);maxZ =50-50+30-60=4300. Lle o3Hauae, mo Ko QipMa MOTHIKHS BUTOTOBIISI-

tuMe 50 30ipHUX KHUKKOBHX MONHIB Moneni A ta 60 — mozeni B, To BoHa oTpuMae MakcUMab-
Huii mpudyTok 4300 y. o. [Ipu oMy TrxkHEBUH poHI poboTH BepcTaTiB 1 Ta 2 Oyne BUKOPUCTAHO
IMOBHICTIO.

3agava 2.3 Hesenuka nrtaxodpepma Mae po3paxyBaTé ONTUMAIbHUNA KOpMOBHi patioH 1t 1000
Kyp4ar, IKUX BUPOLLYIOTh 70 8-TH>KHEBOTrO BiKy. HeXTyroun TuM, 1110 THKHEBI BUTPATU KOPMIB IS
Kyp4ar 3aJie)ath BiJl iIXHbOTO BiKYy, BBAXKaTUMEMO, IO B CEPETHHOMY 3a § TH)KHIB BOHHU JOCSTHYThH
Macu 500 T. 3 mi€ro METOI0 KOPMOBHH paIlioH Kyp4aT Ma€ 3aJI0BOJIBHATH IEBHI BUMOTH TTOXXHUBHOC-
Ti. ChopMyII0€MO 11i BUMOTH Yy CHPOLICHOMY BHUIJISIII, YPaXOBYIOUH JIMIIE JIBi MTOKUBHI PEUOBUHHU:
OUTOK 1 KIIITKOBUHY, IO MICTATHCA Y KOPMax JBOX BHIIB — 3€pHI Ta CoOeBUX 000ax. BMicT moxus-
HUX PEYOBHH y KOKHOMY KOpMI Ta iX BapTicTh 337aH0 Tabmuiero 2.3.

Tabnuys 2.3
Kopm BmicT nMoKMBHMX pe40BHH, % Bapricts 1 KT KOpMY, Y.0
Bisnok KiirtkoBuna I
3epHo 10 2 0,40
CoeBi 6001 50 8 0,90

I'oToBa kopMOBa cyminI Mae MICTUTH He MeHII sk 20 % Oinka 1 He Ol K 5 % KIIITKOBUHHU.

BusHaunTi Macy KOKHOTO 3 JBOX BUIIB KOPMIiB, III0 YTBOPIOIOTH KOPMOBY CyMIII MiHIMaJIbHOI Ba-

PTOCTI, 3aJ0BOJILHSIOYH BUMOTH JI0 3aTJIbHUX BUTPAT KOPMOBOI CyMiIIIi Ta ii MO>KHUBHOCTI.
IMo0ynoBa maremaTnuHoi moaesi. Hexait x; — maca, kr, 3epHa B KOPMOBIH cymili, a x; —

BMICT, KT, COEBUX 0001B y TOTOBiH KOPMOBIH CyMmiIIi.

3arapHa KUIBKICTb CyMilll X, + X, Ma€ cTaHOBUTU He MeHI sik 1000 « 0,5 = 500 (xr), ToO6TO

x, +x, 2500

Po3rnsiHeMo 0OMEXEeHHS 00 MOXUBHOCTI KOPMOBOI CyMIIIIi.

1. Cymim mae micTuTH He MeHII sk 20 % Oinka:

10x, +50x, = 20(xl + xz)

2. CyMiln Ma€e MIiCTUTH HE OUTBII K 5 % KIITKOBUHH:

2x, +8x, SS()C1 +x,)

OcTtaToyHO MaTeMaTHYHa MOJIENb 3ajjadi ONTUMI3allil KOPMOBOTO pallioHy HaOUpae TaKOTO BUIJISA-

ay:
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Z =0,40x, +0,90x, — min; (2.22)

X, +x, > 500 (2.23)
~10x, +30x, >0 (2.24)
“3x,+3x,<0 (2.25)
x>0 x,>0. (2.26)

Po3e'azyeannsa. I'padiuny iHTEpIIpeTAaIlito 3aaa4i nmogaHo Ha puc. 2.10. MHOXHHA JOMYCTUMUX
ii po3B's3kiB HeoOMexeHa. [lns Bektopa N =(0,4;0,9) MokHa 3MIHHTH MacIiTad, Hampu-

KJIaf N = (200;450). HaiimMeHmioro 3Ha4eHHs ITb0BAa PYHKIIIS Z TOCSTa€e B TOUIl A, 10 JISKUTH Ha
nepetuHi npsamux (2.23) Ta (2.24). BuzHaunmo ii koopauHaTH:

x, +x, =500, x, =375;
—10x, +30x, =0 x, =125

Omxe, X* =(375;125);minZ =0,4-375+0,9-125=262,5.

XZ
500 N
fffffffffffff v @
4 il :
@ i
300+
1 )
1001 A Z"””
3 X
| 1 | |
| | | | N
0 100 300 500

Puc. 2.10

3HaliiecHui ONTUMAaIBHUHN TUIaH 3a1a4l oKa3ye: i Toro mo6 orpumaTti 500 Kr KOpMOBOI cyMmitri
MiHimManbHOT BapTocTi (262,50 y. 0.), moTpiOHO B3sTH 375 KT 3epHa Ta 125 kr coeBux 6006iB. [lpu
IIbOMY BUMOTH 10 TIO)KUBHOCT1 KOPMOBOi CyMiIlli BHKOHYBAaTUMYThCS:

0,10 * 375+ 0,50 » 125= 100kr 6inKa, 1110 CTAaHOBUTH PiBHO 20 % 3araibHOI MacH CyMillli;

0,02 375+ 0,08 « 125 = 17,5 Kr KJIITKOBUHHA B KOPMOBIH CyMillli, III0 CTAHOBUTH 3,5 % Ti Macu 1 He
nepesuiye 5 %.

TEMA 3
CUMILIEKCHUIA METO/I PO3B’I3YBAHHSA ONITUMI3AIIMHUX 3ATAY

3.1. Teopemuuni gioomocmi
I'padiununit MeTo A1 BU3HAUYEHHS ONTUMAJIBHOTO IJIaHY 3ajiadi JiHIHOTO IporpaMmyBaHHS J10-
[UJTBHO 3aCTOCOBYBATH JIMIIE JUIS 3a/1a4 13 JBOMA 3MIHHMMH. 3a OUTBIIOT KUIBKOCTI 3MIHHUX BJa-
IOTBCS JIO0 3arajibHOTO METOAY PO3B'SI3yBaHHS 3a/ad JIHIMHOTO MpOTrpamMyBaHHS — TaK 3BAHOTO
cumnuekc-memody. IIporiec po3B's3yBaHHS 3a7a4l CUMIIIEKC-METO0OM Ma€ 1TepariiiHuil XapakTep:
o0uHcIoBaNIbHI TIpoleAypu (iTepallii) OHOTO i TOTO CaMOTO THITY TIOBTOPIOIOTHCS y TIEBHIN TOC-
JITOBHOCT1 JIOTH, JIOKH HE Oy/e OTpHUMaHO ONTHMAJIbHUN IJIaH 3a1a4i abo 3'1COBaHO, M0 WOTO HE
icHYE.
OTxe, CUMILIEKC-METO1 — 1€ MOeTarHa 004YHCIIOBaJIbHA MPOIIElypa, B OCHOBY SIKOT MOKJIAJAEHO
MPUHIUI TOCIIIOBHOTO MOJIIIIICHHS 3HAYeHb IUIOBOI (PYHKIIIT Mepexo10M Bijl OJTHOTO OMOPHOTO
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IUTaHy 3aja4i JJiHIHHOTO MpOrpaMyBaHHS 10 1HIIOTO.

Anzopumm po3e'azyeannsn 3a0ayi JiHIIHO20 NPOZPAMYSAHHA CUMNIEKC-MEMO0OM CKIATAETh-
Cs 3 I'SITH €TaIliB:

1. BuzHaueHHs MOYaTKOBOTO OTIOPHOTO TIJIaHy 3a/1aul JIHIHHOTO IpOorpaMyBaHHS.

2. [TobynoBa CUMIUIIEKCHOT TaOJIHIII.

3. IlepeBipka OMOPHOTO IUIAHY HA ONTHMAIBHICTH 33 JONOMOrow ouiHok Z,—C;. Skmo Bei

OLIIHKM 3aJ0BOJIbHSAIOTH YMOBY ONTHMAJIBHOCTI, TO BU3HAYEHUH OMOPHUH IUIAaH € ONTUMAIbHUM
IUTaHOM 3ajadyi. SIkmo xoda O oxHAa 3 OLIHOK Z ; —Cf HE 3a/I0BOJILHSE YMOBY ONTHUMAIbHOCTI, TO

MEPEXOATh JJO HOBOTO OMOPHOTO IIaHy a00 BCTAaHOBIIOIOTH, IO ONTHMAJILHOTO IUIAHY 3a71avi He
icHYE.

4. Tlepexia 10 HOBOT'O OIOPHOIO IUIAHY 3ajJadi BUKOHYETHCS BH3HAYCHHSM PO3B'SI3YBaIBHOIO
eJIEMEHTa Ta PO3PaXyHKOM HOBOT CUMILIEKCHOT TaOJIUII.

5. [loBTOpeHHs Aiit mounHawouu 3 1. 3. Po3riistHeMo JOKIaaHIIIEe KOKHHAM 3 €TaIlB alrOpUTMY.

1. BusHadyeHHs MepIioro OMOPHOTO IUIaHY MOYMHAIOTH 13 3aIlKCy 3a/adl JIHIHHOTO Mporpamy-
BaHHS B KaHOHIYHIH (opMi, TOOTO y BUIIIAI OOMEXEHb-PIBHIHD 3 HEBII'€MHUMHU NMPABUMH YaCTH-
HaMHd. SIKIIO B yMOBI 3a/1a4i MPUCYTHI OOMEKEHHSI-HEPIBHOCTI, TO TIEPETBOPEHHS 1X Ha PIBHSIHHS
BUKOHYETHCS 32 JIOTIOMOTOI0 000AmKO8UX 3MIHHUX, SKI BBOAATHCS IO JIIBOT YAaCTUHU OOMEXKEHb
TUITY « < » 31 3HAKOM « + », a 10 OOMEKEHb THITY « > » — 31 3HAKOM « — ». Y IUIhOBIHN QyHKIIIT 3a-
Jadi JOJATKOBI 3MiHHI MalOTh KOe(Dilli€HT HYIb.

[Ticns 3BeeHHS 3a7a4i 1O KAHOHIYHOTO BHUTJISY ii 3aMHMCYIOTh Y BEKTOPHIN (opmi. 3a 03HAYCH-
HSIM OIIOPHOTO IUIaHY 3a/a4i JiHIHHOTO MpOorpaMyBaHHS WOTO YTBOPIOIOTH 7 OJMHUYHMX JIIHIKHHO
HE3AJIKHHUX BEKTOPIB, sIKi CTAHOBIIATH 0a3MC m - BUMIPHOTO MPOCTOPY (A€ m — KUIbKICTh 00OMe-
YKEHb y 3a7a4i JIHIHHOTO MPOTpaMyBaHHs ).

Ha ipomy etami po3B's3yBaHHS 3a/1a4i MOXJIHBI TaKi BUTIAIKH:

* MmiCJIsl 3aMUCy 3a7a4l y BEKTOpHINA (Gopmi B cucTeMi 0OMEKEHb € He0OX1/IHAa KUIBKICTh OJMHUY-
HUX BeKTOpiB. To/i MOYaTKOBUI ONMOPHUH TJIaH BU3HAYAETHCS O€3MOCepeTHBO 0€3 JOATKOBUX Mii;

* y cucTteMi 0OMEXeHb HeMa€e HeoOX1HOT KUTBKOCTI OMHUYHHUX HE3aJeKHUX BeKTopiB. Tomi ms
oOy/I0BHU MEPIIIOTO OIMIOPHOTO IJIaHYy 3aCTOCOBYIOTH JMEn o0 uwimy4Ho2o dazucy. Ines oro nosusrae
B TOMY, IIIO BiJICYTHI OIMHWYHI BEKTOPH MOJKHA JIICTaTH, YBIBIIU JI0 BIATOBIAHUX OOMEXEHb JCsKi
3MiHHI 3 Koe(ilieHTOM +1, sKi HAa3UBAIOTHCS wimyunumu. Y UiAbOBIH (yHKUIT 33724l JTiHIKHOTO
MporpamMyBaHHs IITYYHI 3MIHHI MarOTh KoeditieHT +M (s 3aaadi Ha min) abo -M (s 3a7a4i Ha
max), 1e M — JTOCUTH BEJIUKE T0IaTHE YUCIIO.

Bu3naueH1 oquHUYHI JIIHIMHO HE3aJIeKH1 BEKTOPH YTBOPIOIOTH 0a3uc, 1 3MiHHI 3a7ad4i, 1110 BiIO-
BiJIAIOTh 1M, HA3UBAIOTH HA3UCHUMU, A BCi 1HINI 3MiHHI — @i1bHUMU. X TIPUPIBHIOIOTH 0 HyJIA Ta 3
KOYKHOTO OOMEXEHHS 3a/ladyi BU3HAYAIOTh 3HAYCHHS 0A3WCHUX 3MIHHUX. Y TaKui CIOCIO OTpUMY-
I0Th TIOYaTKOBUI ONOPHMH TUIaH 3a/1a4i JiHIIHOTO MporpaMyBaHHSI.

2. [Nomanpmnii 00YMCTIOBAILHUN TIPOLIEC Ta MEPEBIPKY OMOPHOTO IJIaHy HAa ONTUMAJIBHICTD TO-
JAIOTh y BUTJISII CUMIUIEKCHOT TaOJIHII.

VY nepmomMy cToBMUMKy Tadsmii — «ba3ucy — 3anmucyroTh 0a3uCcHI 3MiHHI OMOPHOTO IUIaHy, MPH-
YoMy B Till TOCIIAOBHOCTI, B fIKiif BOHM PO3MIILIYIOTHCS B CUCTEMI 0OMEXKEHb 3aj1aui.

Hactynmauii croBmunk cuMiuiekcHoOi Tabmuii — «Cgys» — KoeilieHT npu 0a3uCHUX 3MIHHUX Y
UTbOBIN QYHKIIT 3a1aui.

VY Tperbomy cTOBIMUMKY — «Ilman» — 3anucyroTh 3Ha4YeHHs 0a3MCHUX 3MIHHUX 1 BIIIIYKYBaHHI y
Mpoleci po3B'sI3yBaHHs 3a/1a4i KOMIOHEHTH ONTUMATBHOTO TUIaHY.

VY pemrti CTOBMYMKIB CUMIUICKCHOT TaOJMIN, KIJTBKICTh SKUX BIAMOBITA€ KUTBKOCTI 3MIHHUX 3a/1a-
9i, 3aMUCYIOTh BiMOBIAHI KOe(DIIIEHTH 3 KOKHOTO 0OMEXEHHS 3aa4l JTIHIHHOTO MTPOrpaMyBaHHS.

3. [lepeBipsArOTH OMOPHUH TIJIaH HA ONTUMAJIBHICTB 3T1IHO 3 HABEICHOIO J1aJli TEOPEMOIO.

! Teopema (03HaKa ONTUMAIBHOCTI OMOPHOTO IUany). OnopHuil wian X :(xl* ,x;,...,xZ) 3a-

Jadi JIIHIHOTO MPOTrpaMyBaHHs € ONTUMAILHUM, SIKIIO TS BCIX j ( j=1, n) BUKOHYETHCSI YMOBa
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Z = C .2 0 (g 3a7gadi Ha Max)
abo
Z = C ;< 0 (myg 3amadi Ha min)

S0 A noOyI0BH OMOPHOTO TUIaHy OYJI0 BUKOPUCTAHO METOJ IITYYHOTo 0azucy, HeoO0XiTHOO
YMOBOIO ONITUMAJIBHOCTI € TaKO BUMOTa, 1100 y MpoIieci po3B'sI3yBaHHS 3a/1a4l BCl MITYYHI 3MIiHHI
Oynu BUBeIEH1 3 6a3HCy 1 JOPIBHIOBAIN HYIIO.

3HaveHHs OLHOK Z; — C; BU3HAYAIOTH 33 (HOPMYJIOIO

A;=2,-C, :icz‘aﬁ_cﬁ (jzl’_”)
i=1

abo Oe3mocepeIHbO 13 CUMITIEKCHOT TaOIUIll SIK CKAISIPHUNA T00YTOK BEKTOPIB-CTOBIMTUUKIB «Cpys»
Ta «x;j» MiHyC BinoBiqHUI KoediuieHT C;. Po3paxoBaHi OL[IHKK 3alIMCYIOTh B OKPEMUH PANOK CUM-
IJICKCHOT TaOJIuIll, SKUH Ha3UBAIOTh OUIHKOGUM.

Y mporieci nepeBipkd yMOBU ONITUMATBLHOCTI MOKIIMBI TaKi BUTIAKU:

a)yel A, ( Jj= l,n) 3aJI0BOJIbHSAIOTH YMOBY ONITUMAJIBHOCTI, 1 TO/1 BUSHAYCHUI OTIOPHUH IJIaH €

ONITHUMAJIEHUM;
0) He BCI A, 3aJ0BOJIBHSIOTH YMOBY ONTHUMAIBHOCTI, 1 TOAI NOTPIOHO BUKOHATH MEPEXia 10

HACTYITHOTO, HOBOTO OIIOPHOTO TUIaHY 3a/1a4i.
4. Tlepexia Bi OJJHOTO OTIOPHOTO TJIAHY JI0 1HIIOTO BUKOHYETHCS 3MIHOIO 0a3UCy, TOOTO BHUKIIIO-
YEHHSIM 3 HBOT'O JIESIKOI 3MIHHOI Ta BBEIEHHSIM 3aMICTh HEl HOBOI 3 UMCIIa BIIbHUX 3MIHHUX 3a1a4l.
3MiHHA, sSIKa BKJIIOYAETHCS 0 HOBOTO 0a3ucCy, BIAMOBIAA€E TiK OIIHIN Z ; —C ;» 1O HE 3a]10BOJIb-

HSI€ YMOBY ONTHUMAIBHOCTI. SIKIIIO TaKMX OIIIHOK K1JIbKA, cepell HMX BUOWPAIOTh HaWO1IbINy 3a ao-

COJIFOTHOIO BEJIMYMHOIO 1 BIAMOBIAHY 1 3MiHHY BBOIATH A0 6aszucy. [Ipumyctumo, 1mo iHaekc 3a-

3HAYEHOI 3MIHHOT j = k. BianmoBiqHUN CTOBIIYMK CUMITJIEKCHOI TaOIHIlI HA3UBAIOTh HANPAMHUM.
Jl5is BU3HAYCHHSI 3MIHHOI, 10 Ma€e OyTH BUKJIIOYEHA 3 0a3ucy, 3HAXOATh AJIS BCIX JIOJATHUX dik

HaNpsIMHOTO CTOBIYMKA BeIHunHy O = b,/ a, . Bubuparors HaliMeHIIe 3Ha4eHHs @, sike BKa3ye Ha

3MIHHY, 1110 BUBOIUTKLCA 3 6a3ucy. [IpurmycTumo, 1o 11e BUKOHYETHCS I | = 7. BIIMOBITHUN PSATOK
CUMIUICKCHOI TaOJUIlI HA3UBATUMETHCS HANPAMHUM.

[lepeTHOM HampsIMHOTO CTOBITYMKA Ta HANPSMHOTO PsiIKa BU3HAYAETHCS YMCIO CUMILIEKCHOI
Ta0JIUII a4, IKE HA3UBAIOTh PO36 'A3Y8AIbHUM e/leMeHmOoM. 32 TOTIOMOTOI0 €IEeMEHTA d,4, 1 METOY
Kopnana-I"aycca po3paxoBylOTh HOBY CUMILJIEKCHY TAOJIHIIIO.

Jlani iTepariiiHuii mpouec MOBTOPIOIOTH J0TH, TOKH He Oy/ie BU3HAYCHO ONTUMAIbHUH IIJIaH 3a-
nayi.

VY pasi 3acTOCYBaHHSI CHMILIEKC-METOTY JJIsl PO3B'SI3yBaHHS 3a/1a4 JIIHIHHOTO MPOTrpaMyBaHHS MOX-
JIMBI Takl BUITAIKH.
1. SIKWO B OLIHKOBOMY PSIKY OCTaHHBOI CUMIUIEKCHOI Tabmuui ouika Z, —C, =0 Bianosixae

BUIBbHIN (HeOa3MCHIN) 3MiHHIHN, TO 1Ie 03HAYa€, MO 3aja4a JIHIHHOTO MPOrpaMyBaHHs Ma€ albTep-
HAaTUBHUN ONTUMaNbHUM Tu1aH. OTpUMAaTH HOro MOKHa, BUOPABILM PO3B'SA3YBAIBHUN €IEMEHT Y
3a3HaYE€HOMY CTOBITYMKY TAOJHII Ta 3A1MCHUBIIN OJMH KPOK CHMILICKC-METOIOM.

2. Sx1o npu nepexoii y CUMILIEKC-METO/I1 BiJl OJJHOTO OTIOPHOTO IJIAHY 3a/1a4i A0 1HIIIOTO B Ha-
MPSIMHOMY CTOBITYHMKY HEMAE JTOJATHUX €IIEMEHTIB 4, TOOTO HEMOKJIMBO BUOpATH 3MiHHY, sSIKa MaE
OyTH BUBe/EHA 3 0a3HcCy, TO 1€ O3HAYae, M0 LIIboBa (DYHKINIS 3a/1a4i JIIHIHHOTO MPOrpaMyBaHHs €
HEOOME)XCHOIO i ONITUMAJIbHHX TIJIaHIB HE ICHYE.

3. SIk1o A1 OMOPHOTO IUIAaHy 3aavi JIIHIHHOTO MpOrpaMyBaHHS

Bei ouinku Z, —C,; ( Jj= l,n) 3aJJ0BOJIbHAIOTH YMOBY ONTHUMAJIBLHOCTI, aje MpU I[bOMY Xo4a O oaHa

MITy4YyHa 3MiHHA € 0a3UCHOIO 1 Ma€ J0JaTHE 3HAYCHHS, TO 1€ 03HaYae€, M0 cucTeMa OOMEKEHb 3aJ1a-
4i HeCyMiCHa i ONITUMAJIbHUX TUIaHIB TaKoi 3ajaui He iICHYE.
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3.2. IIpuknaou po3e’a3yeannus 3a0au cUMnieKc-memooom
Po3rnstHeMo 3acToCyBaHHS CHMILIEKC-METOY ISl PO3B’SI3aHHS JIESAKHUX 3a/1ad JIHIHHOTO Mporpamy-
BaHHA.

3agava 3.1. [Iponykuist yotupsox BuaiB A, B, C i D npoxoauts nocnigoBHy 00poOKy Ha ABOX
BepcTaTax. TpuBanicTb 0OpOOKHM OJUHUII MPOAYKIIT KOXKHOTO BUIYy Ha BepcTaTax HaBeJcHa B
Tabn. 3.1.

Tabnuys 3.1
TpuBanicte 00poOKH OTUHUII TPOAYKILT ( TOA.)
Bepcrar
A B C D
1 2 3 4 2
2 3 2 1 2

ButpaTtn Ha BUpOOHUIITBO OAMHMII MPOAYKIIIi KOKHOTO BUY BH3HAYAIOTH SIK BETUYHHH, IPSMO
MPOTOPITIFHI 0 YaCy BUKOPHUCTAHHs BepcTaTiB (y MAaIIMHO-TOAWHAX). BapTicTe oaHi€el MammHO-
roauHu ctaHoBuTh 10 rpH mig Bepcrara 1 1 15 rpH. — g Bepctara 2. TpuBaicTh BUKOPUCTaHHS
BepcTaTiB OOMEKeHa: JJi BepcTata | BoHa cTaHOBUTH 450 MamMHO-TOAMH, a I Bepcrara 2 —
380 MamMHO-TO/IUH.

[ina oguauI mpoaykiii BuaiB A, B, C i D nopiBHtoe Biamosinno 73, 70, 55 Ta 45 rpH.

Busnauntu onTHUMansHUM TUIaH BUPOOHUIITBA MPOAYKIli BCIX YOTUPHOX BHIB, SKHUH MaKCHUMi-
3ye 3arajbHUN TPUOYTOK.

IloOynoBa exoHOMiKO-MaTeMaTHYHOI Moaei. Hexaii x; — mian BUpoOHMITBA OPOIYKIIi j-ro
BH]Y, JI¢ j MOKe HaOyBaTH 3Ha4eHb Bif 1 110 4.

YMmoBamu 3a7a4i OyayTh 0OMEKEHHS Ha TPUBAJIICTh BUKOPUCTAHHS BEPCTATIB AJIsi BUPOOHULITBA
MPOYKIIIi BCIX BUIIB:

st Bepetata 1 2x, +3x, +4x; + 2x, <450 (Mamr.-ronu.);

U1 Bepcetata 2 3x, +2x, + x; +2x, <380 (MalL.-rof.).

LinpoBoro (yHKIII€IO 3a/1a4i € 3araJibHUi NpUOYTOK Bij peanizallii roToBOT MPOAYKIii, SKU po-
3paxOBYETHCS SIK PI3HUIIST MIXK I[IHOIO Ta COOIBAPTICTIO BUTOTOBJICHHS MPOAYKIIIi KOXKHOTO BHY:
max Z = (73— (2-10+3-15))x, + (70— (3-10+ 2 15))x, +

+(55—(4-10+1-15)x, + (45— (2:10+2-15))x,;
max Z =8x; +10x, +0x; —5x, .

OTtxe, MaTeMaTHYHA MOJIENb 1I1€1 3a/1a4l Ma€ TaKUW BUTIIA:

max Z =8x, +10x, —5x,

3a YMOB:
2x, +3x, +4x; +2x, <450;
3x, +2x, + x; +2x, <380;
x; 2 0; j=14.

Po36’a3yeanna. Po3B’smkeMo 3a71a4y CUMIUIEKC-METOJIOM 3T1THO 3 PO3TIISTHYTHM QJITOPUTMOM.

1. 3anumemo cucreMy OOMEXEHb 3a/adi B KaHOHIYHOMY BUTIsAAL. [[isl boro mepeiieMo Bix
00MeKEeHb-HEPIBHOCTEH O CTPOTHX PIBHSHB, YBIBIIM JO JIIBOI YaCTHHU OOMEKEHb JOJAaTKOBI
3MIHHI X5 Ta X!

2x, +3x, +4x; +2x, + x5 =450;
3x, +2x, + x5 +2x, + x, =380;
x,20; j=1,6.
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Li momaTkoBi 3MiHHI 32 €EKOHOMIYHUM 3MICTOM O3HAYarOTh HEJOBHUKOPUCTAHUM JJIsi BHPOOHUIIT-

Ba MPOAYKIlii yac podotu BepcTaTiB 1 Ta 2. YV nimboBii GyHKIIT Z T10JaTKOBI 3MiHHI MatOTh Koedi-
I[I€EHTH, K1 TOPIBHIOIOTH HYJIIO:

max Z =8x, +10x, +0x; —=5x, +0- x5 +0- x,.
Kanoniuny cucremy oOMexeHb 3a1a4i 3aluIIeMO y BEKTOPHiH dopmi:

xl-;11+x2-;12+x3-A3+x4-A4+x5-A5+x6-A6:AO,
pi(S]

-} A-8) A=) -G A - (8

OCK1TbKH BEKTOPH ;15 Ta ;16 OJVHMYHI Ta JIIHIHHO HE3aJIe’KH1, TO caMe 3 HUX CKIAJa€ThCs IoYa-

TKOBHI 0a3uc y 3a3HAYCHIN cHCTEMI BEKTOPIB. 3MIHHI 3a/1a4l X5 Ta Xg, 110 BIAMOBIIAIOTh OJUHUYHUM
0a3UCHUM BEKTOpaM, HA3WUBAIOThb OA3UCHUMU, & PEIITY — GLIbHUMU 3MIHHUMU 3334l JTIHIHHOTO

nporpamyBaHHs. [IpupiBHIOIOYM BUTBHI 3MIHHI 0 HYJSI, 3 KOXHOTO OOMEXKEHHS 3a7adi JICTAEMO
3HaueHHS 0Aa3MCHHUX 3MIHHUX:

X =x,=x,=x,=0, x;,=450, x,=380.

3rifiHO 3 BUBHAYEHUMH X, (j :R) BEeKTOpHa (hopMa 3amucy CUCTeMH OOMEKEHb IIi€l 3a/1adl Ma-
THUME BUTIIAL;
0-A +0-A,+0-A,+0- A, +450- A, +380- A, = 4, .

Ockinbku A0JaTHI KOEQIIIEHTH X5 Ta X¢ BIAMOBIIAIOTH JIHIHHO HE3aJICKHUM BEKTOpaM, TO 3a
O3HAYEHHAM

X, =(0; 0; 0; 0; 450; 380)
€ OTIOPHHUM TUTAHOM 3a/1adi 1 JUIsl IIbOTO MOYaTKOBOTO TJIaHY
Zy=8-0+10-0-5-0+0-450+0-380=0.

2. Cxy1aeMo CUMIUIEKCHY TaOJUIT0 JIJIsl IEPIIIOro ONMOPHOTO IJIaHy 3a/1adi.

8 10 0 -5 0 0
Bbasuc Coas ITnan 0
X1 X2 X3 X4 X5 X6
s 0 | 450 2 |4 2 | 1| o 150
X6 0 | 380 3 2 A 1| 2 0] 1 190
Aj=7-¢=0 ol -s[-10"] o s ol o

EnemMeHTH OCTaHHBOTO psAfKa CUMILIEKC-TA0IMII € OLIHKAMH A ;, 32 JOMOMOTOIO SKHX ONOPHHI
TJTaH TEPEBipAIOTh Ha ONTHMANBHICT. IX BU3HAUAIOTH TAK:

Z,—¢,=(0-2+0-3)-8=-8;
Z,—¢,=(0-3+0-2)-10=-10;
—c3 (0-4+0-1)-0=0;

,=(0-240-2)- (-5 =5;
Zs—c;=(0-14+0-0)-0=0;
Zg—cs=(0-0+0-1)-0=0.
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VY croBmunky «llnan» OIIHKOBOTO psi/iKa 3alMCYIOTh 3HAUEHHS LIbOBOI PYHKIIT Z, IKOrO BOHA
HaOyBae 111 BU3HAYEHOT'0 OTIOPHOTO IJIaHy: Z, =0-450+0-380=0.

3. ITicas oGuucnaeHHs BCiX OI[IHOK OMOPHHH IJIaH MEPEBIPSIOTh HA ONMTUMAIBHICTh. [ 11bOTO
IPOUBIAIOTECS €IEMEHTH OLIIHKOBOTO psaka. SIKio Bci A; >0 (s 3amayui Ha max) abo A; <0

(st 3aadi Ha Min), TO BUSHAYCHUW OMTOPHUH IJIaH € ONTHMAJIBLHUM. SIKIIO K B OI[IHKOBOMY Psii-
Ky € xoua 0 OJjHa OIliHKa, III0 HE 3aJJ0BOJbHIE YMOBY ONTHMAJIBHOCTI (Bi’€MHA B 3aJa4i Ha max
a0o 1ojaTHA B 3a/1adi HaA Min), TO OTIOPHHH TJIaH € HEONMTUMAJIBHUM 1 HOT'O0 MO>KHA MOJIIITIIIATH.

V uiit 3aga4i B OLIIHKOBOMY PSZIKY /1Bl OLIHKH A, =—8 Ta A, =—10 BiA €MHI, TOOTO HE 3a]I0BOJIb-
HSIOTh YMOBY ONTHMAJIBHOCTI, 1 TOMY TEPIINi BU3HAYCHHUI OIMOPHUH IUTAH € HEONITUMAJIbHUM. 3a
QIITOPUTMOM CHUMIUIEKC-METOAY HEOOX1THO BiJl HBOTO NIEPEUTH J0 1HIIOTO OMOPHOTO TUTaHY 3a/1ayi.

4. Ilepexia BiJ OJHOTO OTIOPHOTO IJIaHY JI0 1HIIOTO 3/1HMCHIOIOTH 3MIHOKO 0a3ucy, TOOTO de-
pe3 BUKIIIOUEHHS 3 MOTOYHOr0 06a3ucy SKOiCh 3MiHHOI Ta BKJIIOYEHHS 3aMiCTh Hel HOBOI 3 yHucia
BUJIbHUX 3MIHHHX.

Jlns BBeeHHS 10 HOBOTO 0as3ucy BHOMpPAEMO 3MiHHY X;, OCKIIBKH Til BiJMOBi/ae HalOiIbIa
3a a0COJIFOTHOIO BEJIMYMHOIO OIIHKA 3-TIOMDK THX, SIK1 HE 33JJ0BOJBHSIIOTh YMOBY ONTHMaIbHOC-
Ti
([-10/>[-8]).

o6 BU3HAUMTHU 3MiHHY, SKa MIJUIATA€ BUKIIOYCHHIO 3 MMOTOYHOTO 0a3ucy, /IS BCiX JOJATHUX
€JIEMEHTIB CTOBITUMKA «X2» 3HAXOIUMO BiTHOIICHHS O =5,/a;, 1 BUOMpAaEMO HaliMEHIIEe 3HAYCHHS.
3riIHO 3 JAaHUMH CHUMIUIEKCHOI TaOJIUITl MaeMo, 10 min 6 = {450/3; 380/2} =150, 1 ToMy 3 0a3ucy BH-
KJTIOYaEMO 3MIHHY X5, @ YHCJIO djp = 3 — p038 ’a3ysanvHuti eremenm. Jlanpmmii mepexia 10 HO-
BOT'O OTMIOPHOTO IUIAHY 3aJa4i MOJArae B MOOYI0BI HACTYIMHOI CUMIIEKCHOI Ta0IHIli, €TeMEHTH
SIKOT pO3paxoByIOTh 3a MeToiIoM JKopnana—I aycca.

Jlpyra cuMIuieKcHa TaOHIlsl Ma€ TaKUi BUTIIS;

8 0] 0 | -5 0 |0
bazuc Coaz | IIman 0
X1 X2 X3 X4 X5 X6
X2 10 | 150 | 23 | 1 | 43 |23 |13 |0] 225
-« o | 8 | GB KRR EARE
!
Aj=Z—¢>0 | 1500 | —4/3 | 0 | 40/3 | 353|103 |0

VY miif TabnuIi crovaTky 3amOBHIOIOTH JIBa MEPIINX CTOBMYUKU «bazucy 1 «Ce,y», a pemry ene-
MEHTIB HOBO TaOJIHUIIl PO3PaXOBYIOTh 32 PO3TIIIHYTUMH HIDKYE TTPaBUJIAMHU:

1. Ko)xHuil eneMeHT po3B’sA3yBaJbHOTO (HANpsIMHOTO) psAAKa HEOOXIAHO TOJUIMTH Ha
PO3B’A3yBAIBHUHN €JIEMEHT 1 OTPUMaH1 Yucia 3alliCcaTi Y BIAMOBIIHUM PSIIOK HOBOI CUMILIEKCHOT
Ta0IHII].

2. Po3B’si3yBasIbHHI CTOBMYMK Y HOBIM TaOJIUIIl 3alMUCYIOTh SIK OJMHUYHUAN 3 OJUHUIICIO 3aMiCTh
PO3B’A3yBaJIbHOTO €JIEMEHTA.

3. SIK110 B HaNpPSIMHOMY PSIAKY € HYJIHOBHUM €JIE€MEHT, TO BIJIMOBIIHUI CTOBIMYHUK MEPETUCY-
I0Th Y HOBY CUMILIEKCHY TaOJIHIIO Oe3 3MiH.

4. S0 B HaNpsSIMHOMY CTOBITYHKY € HYJIBOBHH €JIEMEHT, TO BIATOBIAHUHN PSAOK MEPEHUCYIOTh
y HOBY Ta0H1II0 6e3 3MiH.

Vi =111 e1eMEHTH HACTYIMHOI CUMIUIEKCHO1 TaOIHIli PO3PaxoBYIOThH 3a MPABUIIOM MPSMOKYTHH-
Ka.

[[{o6 BU3HAUUTH OyAb-IKUN €IEMEHT HOBOI1 TAOJHIIl 3a UM MPaBHJIOM, HEOOXITHO B IOIIe-
peaHiil CUMIUIEKCHINW TaONMIll CKIACTH YMOBHUU MPSMOKYTHHUK, BEPUIMHH SIKOTO YTBOPIOIOTHCS
TaKUMHU YHCIIaMHU:
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1 — po3B’s13yBasibHUN €1eMeHT (dncio 1);

2 — YHCII0, IO CTOITh HA MICIII €JIEMEHTa HOBO1 CUMIUIEKCHOT TaOIHIl, SKUH MU MaeMO po3pa-
XyBaTH;

3 Ta 4 — eleMeHTH, 1110 PO3MIILYIOTHCS B JBOX IHIIUX MPOTHUIICKHHUX BEPIIMHAX YMOBHOTO Mpsi-
MOKYTHHKA.

HeoOximHuii eneMeHT HOBO1 CUMIUICKC-Ta0INIIl BU3HAYAIOTh 34 TAaKOI0 (POPMYIIOI0:

Yucno 1 - Yucno 2 — Yucno 3 - Yucno 4
Po3B’ s3yBasibHUI eleMeHT '
Hanpuknan, BUBHaAYUMO €NEMEHT a), , SIKHH PO3MIILYe€TbCS B HOBiM TaOJIHUIIl B APYrOMY PSIKY
CTOBIMUUKA «x4». CKJIaleMO YMOBHUM NPSIMOKYTHHK:

Yucno 1 Yucno 3
2
2 2 = (2577
Yucno 4 Yyeo 2

Toni d), =(3-2-2-2):3=2/3. lle 3Ha4YEHHS 3aIUCYEMO B CTOBITYHUK «X4» y JAPYTOMY PAAKY ApY-
roi CUMIUIEKCHOT TaOJIHIII.

AHaJIOTIYHO PO3PaxOBYIOTh YCi €IEMEHTH HOBOI CHMIUIEKCHOT TaOJIHII, Y TOMY YHCII i eleMeH-
TH cToBmuMKa «llman» Ta oniHkoBoro psjaka. HasBHICTH BOX cmOCOOiB 300paykeHHsSI BH3HAUCHHS
OIIIHOK OTIOPHOTO TUTaHy (3a MPaBUIIOM MPSIMOKYTHUKA Ta 33 BIAMOBIAHOIO (OPMYIIOK0) JTa€ 3MOTY
KOHTPOJIIOBATH MPABHIBHICTD apU(PMETHUHUX 00UHCICHb Ha KOXXHOMY KPOLl CUMILIICKC-METOTY.

[Ticnst 3ammOBHEHHSI HOBOTO OI[IHKOBOTO PsIIKA MEPEBIPIEMO BUKOHAHHS YMOBH ONTHMAaIBHOCTI
Z;—c; >0 ma apyroro omnopHoro miasy. Llei miaH Takok HEONTUMAIbHHUN, OCKUIBKUH A, =—4/3.

BukopucTtoByroun nporeaypy CUMILIEKC-METOy, BU3HAYaEMO TPETii OMOPHUY TUTaH 3adadi, KU
HABEJICHO y BUTJISII TaOJIHIIi:

8 10 0 -5 0 0
Bazuc Cs | Ilmanm
X1 X3 X3 X4 X5 X6
X 10 118 0 1 2 2/5 3/5 | =2/5
X1 8 48 1 0 -1 2/5 | =2/5 | 3/5
ANj=Zj—¢;>0 1564 0 0 12 | 61/5 | 14/5 | 4/5

B ouinkoBoMy psaKy TPEThOI CUMILIEKCHOT TaONIMIIL HEMA€ BiJl’€MHHMX YHMCEIN, TOOTO BCl A >0 1
32JI0BOJIBHSIOTH YMOBY ONITUMANBHOCTI. Lle 03Hauae, 110 3HaiIeHO ONTUMAJIBHUH TUTaH 3a/1a4i:
X =(x, =48 x,=118; x;=0; x, =0; x;, =0; x, =0),
abo
X' =(48; 118; 0; 0; 0; 0);
max Z =8-48+10-118+0-0-5-0=1564.

Orxe, mIaH BUPOOHHUIITBA MTPOAYKIIii, 110 Tiepeadavae BUMYCK 48 oauHUIb npoaykiii A ta 118
OIMHUIL TpoAyKLii B, € onTuMansHuM. BiH yMOXIUBIIOE OTpUMaHHS HaOUTBIIIOrO TPUOYTKY 3a
3amannx yMoB (1564 rph). [Ipu nboMy 9ac poGOTH BepcTaTiB BUKOPUCTOBYETHCS TTOBHICTIO (X5 = X¢
=0).

HaBeneHi Buile Tpyu CUMILIEKCHI TaOJIHII MOKHA 00’ €THATH B OJHY Ta MOCIJOBHO 3alMCYBaTH
B Hili BCI iTeparii.
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TEMA 4
METO/I HITYYHOT'O BA3HUCY PO3B’SI3YBAHHSA ONITUMIBAIIMHUX 3AJIAY

VY nonepeaHix TeMax po3IiIAIaBCcs BHUIAIOK, KOJIHM cUCTeMa 0OMEXEHb 3a/1aul JIHIHHOTO Mporpamy-
BaHHS MICTHJIa OJUHUYHY MATPHINIO TopsiaKy m. [TpoTe OiIbmIicTh 3a1a4 HE MOYKHA 3BECTH JI0 TTOTPi0-
HOTO BUIIIAAY. B TakoMy pasi 3aCTOCOBY€EThCSI METO/I INTYYHOT'O Oa3uCy.

PosrasneMo 3amavy JiHIHHOTO MPOTpaMyBaHHS:

maxfl’ = cx, +¢,x, +...+¢,x, (4.1)

a; X, +a,x, +..+a,x,=b;
Ay X+ ApXy +.+ay,X, =by; (4.2)

Ay X, +a,p Xy + .t a,, X, =b

mn - n m*

x;20 (j=12,.,n). (4.3)

3amava mojlaHa B KaHOHIYHOMY BHTJISAI 1 cucTeMa oOMekeHb (4.2) He MICTUTh OJMHUYHOI MaT-
puti. OTpuMaTH OJMHUYHY MAaTpPHUII0 MOXKHA, SKIIO O KOKHOTO PIBHSHHS B CHUCTEMI OOMEXEHb
3a/1a4i 10aTy OJIHY 3MIHHY x, ., >0 (i :I,_m) . Taki 3MiHH1 Ha3uBarOTh wmyynumu. (He 000B’13K0BO
KUTBKICTh BBEJICHUX MITYYHUX 3MIHHUX Ma€ JIOPIBHIOBATH 1. Ix HEOOXiMHO BBOMUTH JIMIIE B Ti piB-
HSIHHSI CICTeMH OOMEXKEHb, SIKi He pO3B’s3aHi BITHOCHO 0a3MCHUX 3MIHHHX.) JlOMyCTUMO, IO CHC-
TeMa piBHSAHB (4.2) HE MICTUTH JKOJAHOTO OJIMHUYHOTO BEKTOPA, TOAI ITYYHY 3MiHHY BBOJSTH Y KO-
KHE PIBHSIHHSL:

apX, +anx, +...+a,x,+x,, =b,
Ay X, + Ay Xy + oo+ 0y, X, +X,,, =b,, (4.4)
Ay Xy + Xy +.. ¥ a,, X, +X,.,=b,.

x; 20 (j=12,..,n+m).

VY pe3ynbTarti 10AaBaHHs 3MIHHUX Y PIBHSHHS cucTeMH (4.2) 00acTh JOMYCTUMHUX PO3B’SI3KIB 33/1a4i
po3mmpwiack. 3amady 3 CHCTEMOI0 OOMeXeHb (4.4) Ha3WBaIlOTh posuiupenoro, abo M-3adaueio.
Po3B’s130K posimpenoi 3a1adi 30iraTUMEThCS 3 PO3B’SI3KOM MTOYATKOBOI JIMIIIE 32 YMOBH, 110 BC1 BBEICHI
IITY4YHI 3MiHHI B ONTUMAJIbHOMY IUIAHI 3371a4i OyyTh BUBEJIEHI 3 0a3uCy, TOOTO JOPIBHIOBATUMYTH HY-
neBi. Tomi cuctema oOMexxeHb (4.4) HaOyme Burmsimy (4.2) (He MICTUTUME INTYYHHX 3MIHHHX), a
PO3B’SI30K PO3IIMPEHOI 33/1a4i Oy/ie po3B’si3KoM 1 3a1aui (4.1)—(4.3).

3riHO 3 CUMIUIEKCHUM METOJIOM JI0 0a3uCy BBOJATH 3MiHHI, SIKi MOKPAIIYIOTh 3HAYCHHS IIUTHOBOT
¢bynkuii. Ansg naHoi 3a1a4i Ha MaKCUMyM BOHM MaroTh Horo 30uibmryBati. OTxe, A1 TOro, 1mod y
pe3yNIbTaTI MPOIEAYP CUMILIEKCHUX MEPETBOPEHb BUKIIOUAINCS 3 0a3UCy MITYy4YHI 3MiHHI, TOTPIOHO
BBECTH iX y LUIbOBY (DYHKIIIIO 3 BiI'eMHUMH KoedirienTamu. ToOTo 1iiboBa (yHKIisS HaOy/e BUTIIS-
ny:

.
maxf” =cx, +c,x, +..+c,x, —Mx, , —..—Mx,,,

(Y pasi po3B’s;3aHHS 3a/1a4il HA BIANIYKAHHS MiHIMAILHOTO 3HAYEHHS LUTHOBOI (DYHKIIIT BBOJSATH
Koe(irieHTH, sKi € JOCUTh BEIUKUMHU uuciaamu. LlimboBa QyHKIS TOMI Mae€ BUIJISM:
minF" =¢x, +c,x, +...+¢,x, + Mx,, +..+ Mx,,, ).

[Ipunyckaerscs, 1o BeauuuHa M € 10CUTh BEIUKUM YuciaoM. Toi ikoro O Manoro 3Ha4YeHHs He
HaOyBasia BiAMOBiAHA Koe(illieHTY MITy4Ha 3MiHHA x,,,, 3HAYCHHA IUIbOBOI (QyHKUIi F* Oyne
BiJl'€MHHM JJIs 33724l HA MAaKCUMYM Ta JIOJATHUM JJIs 33/1a4l Ha MIHIMYM 1 BOJIHOYAC 3HAYHHUM 32
MoxayieM. ToMmy mporenypa CUMIUIEKCHOTO METOAY OJipa3y BHJIyda€e BIAMOBIIHI 3MiHHI 3 6a3ucy i
3abe3mneuye 3HaXOKEHHS IJIaHy, B SKOMY BCl IITY4HI 3MiHHI x,,, =0 izl,_m).

Sk1o B oNTUMAaIbHOMY IUIaH1 PO3LIMPEHOT 3a7aul ICHYe Xo4a 6 ofHe 3HaueHHsA x,,, >0, TO IIe

O3Hayae, 10 MOYaTKOBA 3a/1a4a HEe Ma€e PO3B’SI3Ky, TOOTO chucTeMa 0OMEXeHb HECYMiCHA.
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Jis po3B’si3aHHS PO3MIMPEHOT 331a4i 32 JIOTIOMOTOK) CUMIUIEKCHUX TaOJHIlh 3pyYHO BUKOPUCTO-
BYBaTH TaOJINIII, OLIHKOBI PSIIKM SKUX TOIJICH] HA JIBI YaCTUHU-PSIAKKU. Toml B (m+2)-My psnKy 3a-
MUCYIOTh KoediieHTu 3 M, a B (m+1)-my — Ti, siki He MicTATh M. BekTop, sIKuil miajsrae BKIFOUYEH-
HIO 10 0a3uCy, BU3HAUalOTh 3a (m+2)-M psakom. Itepamiiiauii mporec 1mo (m+2)-My psKy MpoBO-
JSITh JT0 TIOBHOTO BUKITIOYCHHS BCIX IITYYHUX 3MIHHUX 3 0a3HCy, MOTIM MPOIIEC BU3HAYCHHS ONTUMA-
JILHOTO TIAHY TTPOJIOBXKYIOTH 3a (m+1)-UM PSIIKOM.

B3aeM03B’5130K MiXK po3B’sI3KaMU MOYATKOBOI Ta PO3IIMPEHOT 3a/1a4 JiHIHHOTO MporpaMyBaHHs
HE € OYECBHJIHUM 1 BUBHAYAETHCS TAKOIO TEOPEMOIO.

Teopema 4.1. fxmo B onTuManbHOMY TIJIaHI X = (X, X0 X, 0,..., 0) PO3LIMPEHOI 3312~

opt =

9i WITY4YHI 3MiHHI x,,, = =0, ((=12,..,m), TO WIaH X, = (x,x,,...,X,) € ONTUMAIbHUM IUIAHOM

n+i

[I0YaTKOBOI 3a1a4l.

Otxe, 3aranoMm anzopumm po36’A3V8aHHsA 3a0ayi JNIHIUH020 NPOZPAMYSAHHA CUMNIIEKC-
MEMOOOM CKIIAAETHCS 3 11’ SITH €TaIllB:

1. Bu3HaueHHs MOYaTKOBOTO OMOPHOTO IJIAHY 3a/1a4i JiHIITHOTO MporpaMyBaHHS.

2. TloOymoBa CUMIUIEKCHOT TaOJIHIII.

3. IlepeBipka OMOPHOrO MJIAHy HAa ONTUMAIIBHICTh 32 IOMOMOTOK OLIHOK A ;. SIKIIO BCI OLIHKH

3aJI0BOJILHSIOTh YMOBY ONTHMAJIBHOCTI, TO BU3HAYCHHIA OTMOPHUI IUIaH € ONTHMAJIbHUM ILIAHOM
3aga4i. SIkmo xoya 6 o7Ha 3 OLIHOK A, HE 3aJ0BOJIbHAE YMOBY ONTUMAJIBHOCTI, TO MEPEXOAATD 10

HOBOT'O OIIOPHOTO IJIaHy 00 BCTAaHOBIIOKOTh, 10 ONTHMAIBFHOTO IJIaHY 33]1a4i He ICHYE.

4. Tlepexix 10 HOBOTO OTOPHOTO IIAHY 3ajadl 31HCHIOETHCS BU3HAYCHHSIM PO3B’SA3yBAIIBHOTO
eJIEMEHTa Ta PO3paxyHKaMH €JIEMEHTIB HOBOI CUMIUIEKCHOT TaOJIHIIi.

5. TloBTOpeHHs Aii, TOYMHAIOYH 3 T1. 3.

Jani iTepaniiiHuii mpoiiec MOBTOPIOIOTh, TOKH HEe Oy/1e BU3HAUEHO ONTUMAIILHUMH IJ1aH 3ajaui.

VY pasi 3acTOCyBaHHSI CUMILIEKC-METONY Ul pO3B’SI3yBaHHS 3a/a4 JIHIHHOTO MpOorpamMyBaHHS
MO>KJIABI TaKl BUIAJIKH.

1. S0 B OIIHKOBOMY PSJIKY OCTaHHBO! CUMITIEKCHOI TaOJUII OIiHKa A ;=0 BIJIIOBIAA€ Bib-

Hii (HeOa3uCHIN) 3MIHHIHN, TO IIe 03HAYaE, 110 3a/1a4a JIHIMHOTO MPOrpaMyBaHHS Ma€ aJbTePHATHB-
HUH onTUMaiIbHUN T1aH. OTpuMaTu HOro MokHa, BHOPABIIHM pO3B’sI3yBaJIbHUI €JIEMEHT y 3a3Haye-
HOMY CTOBITUYMKY TaOJIHIN Ta 3IHCHUBIINA OJWH KPOK CUMILIIEKC-METOIOM.

2. SIk11o mpu mepexoi y CUMITIEKC-METO/1 BiJl OJJHOTO OMOPHOTO TJIaHy 3a1ad4i JI0 1HIIOro B Ha-
NPSIMHOMY CTOBITYHMKY HEMAa€ J0JAaTHUX EJIEMEHTIB a, , TOOTO HEMOXJIMBO BHOpaTH 3MiHHY, SKa
Mae OyTu BHBezieHa 3 06a3ucy, TO 1€ O3HaYae, IO IiTboBa (PYHKIIIS 3a/1a4i JTIHIHHOTO MpOrpaMyBaHHs
€ HEOOMEKEHOIO I ONITUMAIPHKX TUTaHIB HE ICHYE.

3. S0 ams OMOPHOTO TUIAHY 3a/1ayi JIIHIMHOTO TPOTrpaMyBaHHS BC1 OI[IHKA A ; (j :ﬁ) 3a70-

BOJIBHSIOTH YMOBY ONTHMAJILHOCTI, ajie MPpU LbOMY X04a O OfHa IITy4YHa 3MiHHA € 0Aa3UCHOIO 1 Ma€e
JI0JIaTHE 3HAYEHHS, TO II¢ 0O3HAYaE, 10 CUCTEMa OOMEXEHb 3a7a4l HECYMICHA i ONTUMAaJIbHUX TLJ1a-
HIB TaKoi 3aja4i HEe iCHYE.

3apaua 4.1. Po3p’s3aru 3amavy 3 npukiany 2.10 i3 701aTKOBOO yMOBOO: npoaykiliss C Mae BUTO-
TOBJIATUCS 06C$II‘OM HC MCHII AK 9 OJUHHUIIb.

Po36’a3yeanns. MareMatnuny MoJieinb ChOpMYILOBAHOT 3a/1a4l 3aMMUIIIEMO TaK:

max Z =8x, +10x, —5x,

2x, +3x, +4x; +2x, <450;
3x, +2x, +x; + 2x, <380;
X 29;
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3acTOCOBYIOUM AJIs PO3B’SI3yBaHHS MOCTaBIEHOI 3a/1a4i CUMIUIEKC-METO/I, CIIOYATKY 3aIlUIIeMO
CUCTEMY OOMEXEeHb Y KaHOHIYHIN (hopmi:

max Z =8x, +10x, —5x, + 0x; + Ox, + Ox;
2x, +3x, +4x; +2x, + x; =450;
3x, 4+ 2x, + x; +2x, + x, =380;
X, —x,=9;
x;20, j= 1,_7
3ayBa)kKUMO, 1110 HEPIBHICTh THITY « > » TIEPETBOPIOEMO Y PIBHSIHHS BBEACHHSM Y JIIBY YaCTUHY 00-
MEKEHHSI JI0IaTKOBOT 3MIHHOI 31 3HAKOM «—.
CucTeMa MiCTUTB JIUIIE JBa OAMHUYHI BEKTOPH — A Ta A, a 6a3uc y TPUBUMIPHOMY IPOCTOPI
Ma€ CKJIAJaTHCS 3 TPbOX OJAMHUYHUX BeKTOpiB. llle oquH ogMHUYHUI BEKTOp MOXHA JTICTaTH, yBi-
BIIM B TPETE€ OOMEXEHHA 3 Koe(dilieHToM + | mTyyHy 3MiHHY X3, SIKiil BiANOBiZaTUME OAMHUYHUN

_ (0
BEKTOp A4; =|0
1

Tenep MokeMO PO3IIIIHYTH PO3LIMPEHY 3a/1a4y JIIHIHHOTO IPOTrpaMyBaHHS:
max Z = 8x, +10x, —5x, + 0x; + 0x, + Ox, — Mx,
332 YMOB:
2x, +3x, +4x; + 2x, + x5 = 450;
3x, +2x, +x; + 2x, + x4, = 380;
X=X, +x,=9;

x,20, j218.

Ha Bigminy BiJ TOAaTKOBHX 3MIHHUX INTy4YHA 3MiHHA X3 Ma€ B IUTbOBIH (QYHKINT Z KOSPIIiEHT
+M (nns 3amadi Ha min) abo —M (mu1st 3a7a49i Ha max), e M — TOCUTh BEITUKE TOAATHE YHCTIO.
VY posmmpeniii 3aaa4di 6a3UCHUMH 3MIHHUMH € Xs, X, X3, @ PEIITa 3MIHHUX BUTbHI. [logaTkoBwHii
OTIOPHUH TIJIaH 3aJ]1a4l TAaKWMN:
X, =(0; 0; 0; 0; 450; 380; 0; 9),
Z,=8-0+10-0+0-0-5-0+0-450+0-380+0-0-M -9=-9M.

CxkrazemMo mepIry CUMITIEKCHY TaOJIMITIO IT1€T 3a1a4i:

8 10 0 -5 0 0 0 -M
Baszuc Cs | Ilman g
X1 X2 X3 X4 X5 X6 X7 X8
Xs 0 450 2 3 4 2 1 0 0 0 112,5
X6 0 380 3 2 1 2 0 1 0 0 380
kxxg |-M| 9 [ oo | 00| 0 |-1]1 9
0 -8 |-10| O 5 0 0 0 0
A] = Zj Y >0
-9M | 0 0| -M 0 0 0 M| 0
PospaxoByroun OIIIHKH MepIIoro OTIOPHOTO TJIaHy, JIICTaEMO:

Zo=-IM; Z,—c,=-8; 72, —c,=-10, Z3 — c3 =—M 1 T. 1. OTKE, MU OTPUMYEMO OIIIHKH JBOX BH/IIB:
OJTH1 3 HUX MICTATH M, a iHII € 3BUYaiHUMH yuciaMu. ToMy AJist 3py4HOCT PO3UIMMO OL[IHKOBHN
PSAIOK Ha NBa. Y MEpITUi OIIHKOBHH PsAOK OyJAeMO 3alMCcyBaTH 3BHYaliHI YMCIIa, a B IPYTUd —
yucia 3 koediieHTom M.

OI1iHKY MepIIoro IUiaHy He 33JJ0BOJIBHAIOTh YMOBY ONTHMAJILHOCTI, 1 TOMY BiH € HEONITUMAJILHUM.
3riJIHO 3 AITOPUTMOM, PO3TIITHYTUM Y 3371a4i 2.4 1, BUKOHYEMO Mepexif 10 HACTYIHOTO OMOPHOTO IJIaHy
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basuc | G5 | I[lnan | 8 10 0 |-5 0 0 0 -M e

X1 X2 X3 | X4 X5 X6 X7 X8
— 0 414 2 3y | 0 2 1 0 4 -4 138
X5
x¢| O 371 3 2 0 2 0 1 1 -1 185.5
X3 0 9 0 0 1 0 0 0 -1 1 -
Aj - 0 -8 0 5 0 0 0 0
/ 10

x| 10 138 2/3 1 0] 273 1/3 0 4/3 -4/3 207
= 0 93 @ 0 0] 23 | 273 1 -5/3 5/3 57

X6

x| 0 9 0 0 |1] 0 0 0 | -1 1 -
A | - | 1380 | f] 0 [0]353) 105 ) 0 403 | 403

x | 10 | 100 | 0 Lo{of 25 | 3525 2 2

x| 8 | 57 1 0 |0 25 |-25] 35| -1 1

x50 9 0 O |1 0 [ 0 | 0 | -l 1

4 1456 | 0 0 [0 |6l/5 145 45 | 12 | -12

OnTumanbHAM IIJIAHOM 33/1a4i € BEKTOP:
X =(57; 100; 9; 0; 0; 0; 0),
maxZ =8-57+10-100+0-9-5-0=1456.

OTxe, ONTUMAIBHUM € BUPOOHUITBO 57 oauHulb npoaykuii A, 100 oguauups npoaykmii B 1 9
onunauIb npoaykiii C. Toxi mpuOyrok Oyae HalOUIbIIUM 1 cTaHOBUTUME 1456 TpH.
3agaua 4.2. ®inancosi pecypcH GipMU MOXKYTh BUKOPUCTOBYBATHCS JUIsl BKIIAJIEHHS Y JBa MPOEK-
TH. 32 1HBECTYBAaHHS B MPOCKT A TrapaHTYye€TbCsl OTPUMaHHS 4epe3 pik mpuOyTKy B po3mipi 60 Korr.
Ha KOKHY BKJIQJICHY TPUBHIO, a BKJIAJICHHS B IPOCKT B 1ae 3Mory oTpumaTu 10Xia y po3mipi 2 TpH.
Ha KO’KHY 1HBECTOBaHY I'PUBHIO, aJie uepe3 JBa poku. 3a (hiHaHCYBaHHS MPOEKTY B mepiox iHBecTy-
BaHHS Ma€ OyTH KpaTHUM JBOM. Bu3Haumtu, sk moTpiOHO posnopsautucs KamitaioMm y cymi 100
000 rpH., 1006 MaKCUMI3yBaTH 3arajJbHUNA TPOLTOBUHN JOX1J, SIKM MOXXHA OTPUMATH Y€pe3 TPH POKH
MICJIA TOYaTKy iHBECTYBaHHS.

Po3eé’asyeanns. Hexail x;; — po3Mip BKJIaJEHUX KOLITIB y i-My poli B poekT j (i = 1,3;j =1,
2). ITobynyemMo yMOBHY CXeMY PO3IOJILTY IPOIIOBUX KOIITIB IPOTITOM TPbOX POKIB.

IIpoexkT A IIpoexT B
1-i1  HasBHa cyma Ha 100 000
pPIK TIOYAaTOK POKY -
ATnbTEepHATHUBHI BKJIAJICHHS X1 X12
Jloxiz Ha KiHEIb POKY 1,6x11 —
2-i1  HassHa cyMa Ha 100 000 — (x11 +x12) +1,6x1;
PIK  11OYaTOK POKY -
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ATnbTEepHATUBHI BKJIAJICHHS X1 X2

Jloxiz Ha KiHEIb POKY 1,6x7; 3x12
3-it HasBHa cyma Ha 100 000 (xp +x12) +1,6x1; —
pIK II0OYaTOK POKY —(x21 +x2 5 éle + 3x12

AnbTepHAaTUBHI BKJIQJCHHS X3 —

Jloxi Ha KiHEIb POKY 1,6x3; 3x22

3riJIHO 3 HaBEJIEHOIO CXEMOI0 MOYKHA 3alMCcaTH MaTeMaTHYHY MOJEIb 3a/1ayi.
LinpoBa GyHKIISA: TPOLUIOBUN T0XiJ (GipMU MicIs TPHOX POKIB IHBECTHIIIH
max Z =1,6x;, +3x,, .
OO6mMexeHHsT MoJieni chOpPMYITIOEMO 3T1THO 3 TaKOK YMOBOIO: PO3MIP KOIITIB, IHBECTOBAHUX Y

MOTOYHOMY pOIIi, HE MOKE MEPEBUIIYBATH CYMHU 3aJHILKY KOIUTIB MUHYJOIO POKY Ta JAOXOAY 32
MUHYJIUA PIK:

1St 1-ro poKy x;, +x,, <100 000 ;
JUISL 2-TO POKY X, + Xy, <100 000 — (x;, + x,,) +1,6x,, ;
JUISL 3-TO POKY x5, <100 000—(x;, +x,,) +1,6x,, — (X, + X,,) +1,6x,, +3x,, .
BukoHaBIM eneMeHTapHi epeTBOPEHHsI, JICTAHEMO CHCTEMY 0OMEXKEHb:
X, +x,, <100 000;
—L6x;, +x,, +x,, <0;
—3x, —1,6x,, +x;, <0.

OTxe, eKOHOMIKO-MaTeMaTHYHa MOJIeTb C(HOPMYITbOBAHOI 3a/1a4ul Ma€ TaKUM BUTJIISL;
max Z =1,6x;, +3x,,
3a YMOB:

X, + X, <100 000;
=162, + x5 +x,, <0;
—3x,, —1,6x,, +x;, <0,

x,20,i=13 j=12.

OueBuHO, MO IS 337a49a € 3a/1a4ero JIHIMHOTO MpOorpaMyBaHHs 1 11 MOXKHA PO3B’SI3aTH CHMII-
JIEKC-METOJIOM. 3TiJIHO 3 aJlTOPUTMOM HEOOX1JHO 3BECTH CHCTEMY OOMEXKEHb 3aj1aui 1O KaHOHIYHOI
¢dbopmu. Ile BUKOHYETHCS 3a JOTIOMOTOIO JTOJATKOBUX 3MIHHUX X, X2, Ta X3, IKI BBEJIEMO 31 3HAKOM
«+» 110 NiBO1 YaCTMHHU BCIX BIJNOBIIHUX OOMEXEHb. Y HUIbOBIM (QYyHKIIT 3a7a4i 11l 3MiHHI MalOTh
Koe(iIieHT, 110 JOPIBHIOE HYIIIO.

Po3B’s13yBaHHA 33724l HABEIEHO Y BUTIISAI CUMIUIEKCHOT TaOIuUIIi:

bazuc Céas | IInan

X11 X12 | X21 X22 | X31 | X1 X2 | X3

x1|0 100000 | 7% |1 0 0 {0 |1 (010

x| 3 0 -1,6 |0 1 I {0 |0 [1]0
x33 (1,6 |0 T -3 |-1.,6|/0 |1 (0O |0 |1
0
Zi—c;i=0 0 4,8 |4,8(04410 |0 [0 |3 |16
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-—x1 | 0 100 000 | 1 {13 |0 0 [0 |1 (0]O
X0 |3 160 000 | O 1,6 |1 I {0 |1,6(1 10
x33 (1,6 |0 0 T -1,6|10 |1 [0 |0 |1

-3
Zi—c;=0 480000 | O 0 0,44(0 (0 [48|3 | L6

ONTUMAJILHUM € TaKUH IUIaH:
X! =(x,, =100000; x,, =160000).

3a Takoro IUIaHy iHBeCTyBaHb Z, = 480000 rpH.
Ane 3agaua Mae 1€ OJWH ONTUMAJPHHHN TIIJIaH,

SIKUH MOJXKHA JIiCTaTH,

BUOpaBIITHN

PO3B’A3YBAIbHUMN €IIEMEHT Y CTOBITUYUKY «X]2» OCTaHHBOI cuMILIEKCHOT Tabmuti. Lle moxe 6yt abo
gucio 1, abo 1,6. BisbMeMo sk po3B’sa3yBasibHUI efeMeHT 1. BUKOHaBIIM OJIMH KPOK MEPETBOPECHB
CHMILJICKC-METO/IOM, JIICTAHEMO TaKy JIPYTY KiHIIEBY CUMILJICKCHY TaOJIUIIO:

0 0 0 3 1,6 |0 010
Bbazuc Cs ITman
X11 X12 | X21 X22 | X31 | X1 X2 | X3
X12 0 100 000 1 1 0 0 0 1 0
X2 3 0 -1,6 | O 1 1 0 0 1 0
X31 1,6 300 000 3 0 |-1,6] O 1 3 0
Zi—¢; 20 480 000 0 0 044 | O 0 48] 3 1,6
3BiacH:

X3 =(x;, =100 000; x;, =300000),Z, =480000 rp.

max

300pa3uMoO BUKOPUCTAHHS TPOIIOBUX KOIITIB (PipMH 3a MEPIIMM ONTUMAJIBHUM IJIAHOM 33/1a4l y

BUTJIAIl CXEMU:

IIpoexT A IIpoexT B
l-ii  Haspha cyma na 100 000 rpH.
PIK  mo4yaToK POKY —
Bxnanenus x11 =100 000 x12=0
Jloxin Ha KiHeub poKy 160 000 rpH.
2-i HasBHa cyMa Ha 160 000 rps.
PIK  TOYaTOK POKY —
Bxnanenns x21=0 X22 =160 000
Jloxin Ha KiHeub poKy 0 rpH.
35 Hassua cyma Ha 0 rpH.
PIK  moyaTOK POKY /\
Bxitanenns
Joxix Ha KiHEIb POKY X31 480 000 rpH.

3riHO 3 PO3MITHYTOIO CXEMOIO TEPIIHA ONTUMATLHUH IJIaH 1HBECTYBaHHA Nepedayae Ha MepIunii

31



pik yci komtu o0csirom 100 000 rpH BKJIACTH B MPOEKT A, 110 AACTh 3MOTY OEpXKaTH MPUOYTOK 00Cs-
rom 60 000 rpH, a 3arasibHa cyma B KiHIll poky ctanoButuMe 160 000 rpu. Ha npyrwuii pik yci KomTu B
po3mipi 160 000 rpH nependayaeTbesi BUTpATUTH Ha (piHaHcyBaHHS mpoekTy B. Hampukinii npyroro
poky ¢ipMa npubyTKy He oTpuMae. Ha Tperiit pik (iHaHCYBaHHS TPOCKTIB HE Mepen0adacThes, ajle B
KiHIIl pOoKy NpuOYyTOK (ipMH Bil MUHYJIOPIYHMX iHBeCTUIH mpoekty B cranoButrme 320 000 rpH., a
3arasibHUH rpomoBuid qoxix — 480 000 rpH.

Taxwuii ke MakCUMaJIbHUH TOX11 MOKHA MaTH, IPOBIBIIM 1HBECTHIII] 32 CXEMOIO:

IIpoexkT A IIpoexT B
I-1  HasBha cyma Ha 100 000 rp=.
pPIK  IIOYaTOK POKY —
Bxnagenus x11=0 x12 =100 000
Jloxi Ha KiHEIb POKY 0 rpH.
2-i1  HasBHa cyma Ha 0 rpH.
pIK  IOYaTOK POKY —
BxianeHus x1=0 X»n =0
Jloxiz Ha KiHeLb POKY 300 000 rpH.
3-i1  HasBHa cyma Ha 300 000 rpH.
pPIK  IIOYATOK POKY —
BxianeHus x31 =300 000
Jloxiz Ha KiHeLb POKY 480 000 rpH.

3riiHO 3 APYTrUM ONTUMAILHUM IUIAHOM Y TIEPIIOMY POIli (ipMa CIPsSIMOBYE BECh KaImiTan y po3Mipi
100 000 rpH. Ha ¢pinaHcyBaHHS MpoekTy B. Lle yMOXIMBUTH 0OJiep>KaHHS TPOIIOBOTO JOXOAY JIMILE Ha-
npuKiHIi apyroro poky oocsirom 300 000 rpH., sIKi Ha TPETIK PiK MOBHICTIO 1HBECTYIOTHCS B IMPOEKT A.
3aranbHUi TPOIIOBUI OXiN (ipMH 33 TPU POKU isUTBHOCTI 32 IIUM BapiaHTOM TAaKOXK CTaHOBHUTHUME
480 000 rpH.
Sxmo Sk po3B’s3yBaIbHUN €1EMEHT B OCTaHHIN CUMIUICKCHIN Tabmuii B3sTH yucio 1,6, To ma-
TUMEMO TPETiH ONTHUMAIBbHUH TUTaH:
x,, = 50000;x,, = 50000;
X,, =80000;
x5, =150000.
Z_ =480000.

max
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TEMA 5
TEOPISI IBOICTOCTI TA AHAJII3 JIHIMHUX MOAEJENA ONTUMIBALIAHUX 3A-
JIAY

5.1. Ocnosena ma osoicma 3adaui ak napa e3aemocnpaxcennux zaoay JIII.
KoxHiif 3aa4i JiHIKHOTO TIporpamMyBaHHs BIJINOBia€ dgoicma, 1Mo GOPMYETHCS 3a JIOMTOMOTOIO
MEBHUX MPaBUII Oe3MOCEPEaHbO 3 YMOBU MPAMO] 3a/1a4i.
ko npsima 3a7a4a JiHIHHOTO MPOTPaMyBaHHS Ma€ BUTJIS
Z =cx +c,x,+...+c,x, — max

o, X +o,x, +...+a,x, <b,

1n"*n
Oy X, + X, +...+a,,x, <b,,
a,x+a x,+...+a, x, <b ,
X; >0, j=1,n,
TO JIBOICTa 3a/1a4a 3aIUCYETHCS TaK:
F=by +by,+...+b,y, — min

3a OOMEXKEHD
oy tapy, ... ta,,y, <o,

apy +opy, +...+a,,y, ¢,

ayta,y,+...+a, v, <c,,

yjzoﬂ j:L_m:

[MopiBHiotouM 11i AB1 cOopMyIbOBaHi 3aadi, JOXOAMMO BUCHOBKY, WIO dgoicma 3adaua ni-

HIIIHO20 NPOZPAMYBAHHA YIMEOPIOCMbCA 3 RPAMOT 3a0aui 3a MAKUMU RPAGUNAMU.

1. KoxxHomy oOMeXeHHIO MpsMOi 3ajadi BiANOBIga€ 3MiHHA ABOICTOI 3amayi. KinbKicTh HEBigO-
MHUX JBOICTOI 3a7a4i TOPIBHIOE KiJTBKOCTI 0OMEKEHb MPSMOi 3a/1a4i.

2. KoxHiif 3MiHHIM npsAMOi 3a1adi BiAMOBigae 0OMEXEHHS ABOIiCTOI 3a1a4i, MPUIOMY KUTBKICTh
00OMEKEHb JTIOPIBHIOE KITBKOCTI HEBIIOMUX MPSMOI 3a/1a4i.

3. Sxmio minkoBa (QYHKINIS MPSMOT 3a/1a4i 3aJa€EThCsl HA TOMTYK HANHOUIBIIOro 3Ha4eHHsI (max), TO
UTboBa (DYHKITIS ABOICTOT 33124l — HA BU3HAYEHHS HaMEHIIIOTO 3HAYCHHS (Mmin), 1 HaBMaKHU.

4. KoeoiuienramMu mpu 3MiHHMX B HTbOBIN (DYHKIIIT ABOICTOI 3a/a4i € BUTbHI WICHH CUCTEMH 00-
MEXXEHb MPSMOi 3a/1aui.

5. IIpaBuMHU YacTUHAMM CUCTEMH OOMEXEHb JIBOICTOI 3ahaui € Koe(ilieHTH MpH 3MIHHHUX B Li-
TOBIA PYHKITIT TPsAMOT 3a1a4i.

6. Matpuis
a, @y - a,
612] an 02”
A= e |,
Qi Opy o O

10 CKJIAJAETHCS 3 KOC(IIIEHTIB IPH 3MIHHUX Yy CHCTeMI 0OMEKEHb MpsAMOi 3a/1adi, 1 MaTpuIlsd Koe-
¢ilieHTIB B CUCTEMI 0OMEKeHb ABOICTOT 3a1aui

ay dy .y

Qa Qyy oo s
AT =

aln a:‘.u ¢ amn
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YTBOPIOIOTHCS OJIHA 3 OJHOI TPAHCIIOHYBAaHHSM, TOOTO 3aMiHOIO PSAKIB CTOBIMYMKAMHU, a CTOBITUH-
KIB — PSIKaMH.

5.2. /leoicmi oyinku. Cmiitkicmo onmumaibHuXx niaanie npamoi ma 060icmoi 3zadadu.

JIBoicTi mapu 3a/1a4 JiHIHHOTO MporpaMyBaHHs OyBalOTh CUMETPUYHI Ta HECUMETPUYHI.

Y cuMeTpHYHMX 3a1a4axX OOMEXECHHS MPSAMOi Ta IBOICTOI 3a7a4 € HEPIBHOCTSIMH, a 3MIHHI 000X
3a/1a4 MOKYTh HaOyBaTH JIUIIIE HEBI/I'€MHUX 3HAYCHb.

Y HecHMeTPHYHMX 3aa4aX OOMEXEHHS IMPsAMOI 3a/1adl MOXKYTh OyTH 3allvcaHi SK PIBHSHHS, a
IBOiCTOI — JMIIE SIK HEpiBHOCTI. Y LbOMY pasi BIIMOBiIHI 3MiHHI JABOICTOI 3amauyi HaOyBalOTh
OyIb-sIKOTO 3HAUYEHHS, HE 0OMEKEHOTO 3HAKOM.

Pi3ni MoxiIHB1 popMHU TpAMUX 3aj1a4 JIIHIHHOTO IPOTrpaMyBaHHs Ta BIAMOBIIHI iM BapiaHTH
Mojiefiell IBOICTUX 3a/1ad HaBEJIEHO Jali.

CumeTpuyHa 3a/1a4a.

[Ipsama 3anmaya. JIBoicTa 3amayda
n m
Z =Y c,x, - max; F=>Yby — min;
J=1 i=1
n m
2%, <b; PICAIIE
j=1 i=1
>
x; 2 0. y,20.

HecuMmeTpuuna 3axaya.

[Ipsama 3amaya. JBoicra 3amada

B

Zal./.xj =bl.;ie{m1 +1,...,m};

J=1

X; 20,]6{1,...,1’!1},1’!1 <n,

X ; npUUMae 0yob — sKe 3HAYEHHs KONU j € {m +1,...,n}

F= Zbl.yj — min;
i=1

m
Yy, zcjellan}n<n

i=1
m
Za[jy,. =cje{n+1,..n};
i=1
yi Zo,ie{l,...,ml},ml Sm,

¥, nputimae 6y0b — sike 3HAUeHHA KONU i € {m1 +1,..., m} .

5.3. Ocnoeni meopemu 0eoicmocmi 3a0au ma ix eKOHOMIYHUU 3MiCH.

Mix mpsIMOIO Ta JIBOICTOIO 3aJjauaMHu JIiHIHHOTO MPOTrpaMyBaHHs iCHY€E TICHUI B3a€MO3B'A30K, SIKUN
BUIIJIUBAE 3 HABEICHUX J1ajll TEOPEM.

! Illepwa meopema 0eoicmocmi. SIxio ojHa 3 Mapu JBOICTUX 3aJlay MAa€ ONTHUMAIbHUI IUIaH, TO
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1HIIIA 3a/1a4a TaKOXX Ma€ PO3B'A30K, IPUUOMY 3HAYCHHS IIUIOBUX (DYHKIIN /Ui ONTUMAJIbHUX I1J1a-
HIB JIOPIBHIOIOTH OJTHE OAHOMY, TOOTO max Z = min F , i HaBMAaKH.

SAxmro k minpoBa GYHKINS OAHIET 3 Tapy JABOICTUX 3a/lad HEe OOMEKeHa, TO Apyra 3ajada B3araii
HE Ma€ PO3B's3KIB.

SIkmio nmpsiMa 3a7iava JiHIMHOTO MporpaMyBaHHS Ma€ ONTUMANbHUHN MJaH X* BHU3HAYCHUH CUMII-
JIEKC-METOJ0M, TO ONITUMAJIbHUH IJIaH JBOICTOI 3a71a4i ¥ ¥ BU3HAYACTHCA 3i CIIBBITHOIIIEHHS

Y'=c¢ D,

e Cons — BEKTOP-PSI/IOK, IO CKIAAAETHCS 3 KOe(PIIIEHTIB MUIbOBOI (DYHKIIIT IpsMOT 3a1a4i mpu
3MIHHHX, SIKi € 0a3UCHHUMH B ONTUMAIBHOMY IUJIaHi; D! — MaTpullsi, o0epHeHa no marpwuii D,
CKJIaJICHOT 3 0a3UCHHX BEKTOPIB ONTHUMAIBHOTO IUIAHY, KOMIOHCHTH SKHX Yy35TO 3 IOYaTKOBOI'O
OTIOPHOTO IUIany 3axaui. OGepHena Marpuist D™ 3aBKIu MiCTHTBCS B OCTAHHIN CHMITIEKC-TaGIHAIT
B TUX CTOBITYMKAX, JI€ B MEPIIii TaOIUIl MICTHIIACS OAMHUYIHA MATPHUIIS.

3a TOMOMOTO0 3a3HAYCHOTO CITIBBIIHOIICHHS ITiJl YaC BU3HAYCHHSI ONTUMAIBHOTO IIJIaHy OJIHI€T 3
Mapu ABOICTHX 3a/1a4 JIIHIHHOTO TporpaMyBaHHs 3HAXOAATh PO3B'SI30K 1HINIOI 3a/1a4i.

! llpy2a meopema 0soicmocmi. SIKI0 B pe3yabTaTi MiJCTAHOBKU ONTHUMAJIBHOTO IJIAHY MPSMOi
3a/1a4ul B CUCTEMY OOMEXeHb ITi€l 3a/1adl i-Te 0OMEKEHHSI BUKOHYEThCS SIK CTpPOra HEPIBHICTH, TO
BiJIMTOBIAHHI i-if KOMIIOHEHT ONTUMAIBHOTO TUTaHY JIBOICTOI 3a/1a4i IOPIBHIOE HYIIIO.

SIK110 i-if KOMIIOHEHT ONTUMAJIBHOTO TUTAHY JBOICTO1 3a/1a4l TOAATHUH, TO BIAMOBITHE i-T€ 0OMe-
KEHHSI MPSAMOT 33724l BUKOHYETHCS JJII ONTHUMAILHOTO TUIAHY K PiBHSHHS.

! Tpema meopema 0soicmocmi. JIBoicta OIliHKa XapaKTEPU3Y€E MPUPICT IITHOBOI PYHKITT, SKHA
3YMOBJICHUI MaJTUMH 3MiHAMU BUIBHOTO WIEHA BiAMOBIIHOTO OOMEKEHHSI.

ExoHoMIuHUH 3MICT TPEThO1 TEOPEMHU JIBOICTOCTI MOJIATAE B TOMY, 11O BiJIMOBIIHA TOJAaTHA OIlIH-
Ka MOKa3ye 3pOCTaHHs 3HAYCHHS IIJTb0BOI (DYHKITIT IPSIMOT 3a/1a4i, SIKIIO 3amac BiAMOBITHOTO nedi-
IIUTHOTO PECYPCY 301TBIIYETHCS HA OJHY OJHHHITIO.

5.4. Illicnaonmumizauyiiinuii ananis 3aoau JII1.
PosrnsinemMo 3acTocyBaHHS TEOpii Ta CIiBBITHOLIEHD JBOICTOCTI HA KOHKPETHUX MPUKIIAIAX.

3agaua 5.1. Jlo HaBeneHOT 3a/1ayi JIHIMHOTO MporpaMmyBaHHs 3alucaTH ABOICTY 3ajaady.
Po3B's3aTn 0HY 3 HUX CHMIUIEKC-METO/IOM Ta BU3HAYUTH ONTHMAIBHUH TUIAH 1HIIOT 3a1a4i.

Z=-5x1 + 2x, — max;
x tx, 21,
2x, +3x, £3,
x, 20, x, 20,
Po3e'azyeanna. Ilepm HIX 3anMcaT IBOICTY 331a4y, HEOOXITHO MPSIMY 33734y 3BECTH A0 BiJO-
BiIHOTO BUTIISINY. OCKUIBKY MUIBOBA QYHKINISI Z MAaKCUMI3YETHCS 1 B CHCTEM1 0OMEXEHb € HEPIBHO-
CTi, TO BOHM IOBUHHI MaTH 3HaK « < ». Tomy nepiie oOMeKeHHsI MOJIENi 110 MHOKUMO Ha

(=1). IIpu ypboMy 3HAK HEPIBHOCTI 3MIHUTBHCS HAa MPOTHICKHUN. OTpUMaEMO:
Z=-5xy + 2x; = ma»
2x, +3x, €5,
x 20, x,20.
Tenep 3a BIANOBITHUMH IPABUIAMHU CKJIAJEMO JBOICTY 3a4ady:
F =~y + 5y, > min;
-y +2y,2-5,
-~y +3x, 22,
¥, 20, y,20.
OCKUTbKY 3amucaHi 3a/1a4i CMHMETPUYHI, Oy/b-sKy 3 HUX MOXKHA PO3B'S3aTH CHMILJIEKC-METOJIOM.
Hanpuknan, BU3HAUMMO CHOYATKy ONTHUMAJIbHMH IUIaH MpsAMoi 3afadi. J{ng nporo 3actocyeMo ain-
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rOpUTM CUMILJICKC-MCTOY.

Aix, + Axx, + Asx, + Aax, = Ao,

— 1 — 1 — -1 — 0 - 1
e Al = , Az = , A3 = , A4 = , Ao = .
2 3 0 1 5

Y cucremi BEKTOpIB JUIsi YTBOPEHHS TOYAaTKOBOTO OJMHUYHOTO 0a3uCy BIJCYTHIM BEKTOP

1 : .
As = (0 . Tomy BEUKOpHCTaEMO IITYYHY 3MiH HY B IEpIIOMY OOMEKEHHI.
Pozmmpena 3agaua niHiiiHOTO porpaMyBaHHs Oyie Taka:
max (—5x, +2x, + 0x; + 0x, — Mx; );
X +x, —x, +x, =1,
2x, +3x, +x, =5,

x;20, j=L5.

V miii 3agma4i x, Ta x; — Oa3uCHI 3MiHHI, a X,,X,,Xx; — BUIbHI. Hexall x, =x,=x;=0, Toxi
x, =5; x; =1. Ilepmmii onmopHMii MIaH 3a1a4i:

x, =(0;0;,0;51),Z, =—M.

[Tonanpiie po3B's3yBaHHs MPsAMOT 3a/1a4i MOJAHO Y BUTJISA1 CUMILIEKC-Ta0IULI:

-5 2 0 0 M
basuc Cous [Tnan 0
X, X, X, X, X
x|y 1 1 ( ) | 0 1 1
X, 0 5 2 3 1 0 5/3
0 5 -2 0 0
Z —-C. >0
i M —M M M 0 0
X, 2 1 1 1 -1 0 1 -
cx |0 > 1 0 G -3 213
Z,-C 20 2 7 0 -2 0 2+ M
X, 2 5/3 2/3 1 0 1/3 0
X, 0 2/3 -1/3 0 1 1/3 -1
Z,-C 20 10/3 19/3 0 0 2/3 0+M

3 0CTaHHBOI CUMILIEKC-TA0IHIlI Oa4MMO, 10 ONTUMATBHUHN TUTaH MPAMOI 3a/1a4l
X =(0;5/3;2/3;0), zZ . =10/3.

3ri1HO 31 CIIBBITHOIICHHSIM JIBOICTOCTI 3a MEPIIOI0 TEOPEMOIO MOYKHA 3alMCATH, 110 ONTHMAJIhb-
HUH TUTaH ABOICTOT 3aa4l iCHYE 1
min F =maxZ =10/3,

* _ -1
Y =c,D",

1€ Coas = (2; 0) Ta MicTUTBCS B CTOBMUUKY «Cgas) OCTAHHBOI CUMILIEKC-TA0IIHUIIL;

D 0 1/3
-1 1/3
BiH TaKO)X MICTUTbCS B OCTaHHINM CHUMIUIEKC-TAOJIUINl y CTOBIYHMKAX 3MIHHUX «X;» Ta «X,», Kl
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YTBOPIOBAJIM MOYATKOBHH O6a3uc. OTxe,
0 1/3
Y =(2;0)- =(0;2/3),
(2:0) (—1 1/3) ( )

min F=-1-0+5-2/3=10/3.
3aCTOCOBYIOUH /10 PO3B'SI3yBaHHS MPSAMOI 3a/1adi CUMIUICKC-METOM, MU 3HAWIUIM i1 ONTUMaTbHUI
IUIaH, a TMOTIM BU3HAYMIIM ONTUMAIBHUHN PO3B'SI30K JBOICTOI 3a7ayi 3a JOMOMOTOIO CITiBBITHOLICHb
MePIIOi TEOPEMH JIBOICTOCTI.

3agaua 5.2. /lo HaBeneHoi Jami 3a1advi JiHIKHOTO MPOrpaMyBaHHs 3allMcaTH JIBOICTY 3anauy. Pos-
B'SI3aBIIM JBOICTY 3a/1auy rpadiuHo, BA3HAYUTH ONTHUMAJIBHUHN TIaH NMPSMOi 3aayi.
Z =x,+2x, +2x, = min;

2x, +x,—x; =1,

X +2x,+x, 24,

x;20, j=L3.
Po3eé'azyeanns. 3a BIANOBIAHUMY ITpaBUIaMu TOOYIyeEMO JBOICTY 3a/1ady:
F=y +4y - max;
2y, +y, 21,
¥ +2y, 52,
-y +y, €2,
¥; 20.
3ayBaxxMMo, 110 337a4yi HECUMETPHUUHi, 1 TOMY 3MiHHA ), LI0 BIANOBIJA€ PIBHSAHHIO B CUCTEMI
00MeXeHb MPAMO] 3a]aul, MOKE MaTH Oy[b-SIKUI 3HAK, a 3MIHHA ), — JIAIIE HEBIJ'€MHA.

JlBoicTa 3amaua Mae 1B 3MiHHI, a OTKe, ii MOKHA po3B's3aT rpadivno (puc. 5.1).

e

Puc. 5.1

Haii6inpmoro 3Ha4eHHs iTh0Ba QYHKINSA ABOICTOl 3amaui F' mocsrae B TOYIli B MHOTOKYTHUKA
ABCD. li koopnuHaTH:

n+2y,=2 »n=-2/3
=
ity =2 ¥, =4/3.
10610 Y" =(-2/3;4/3);max F =1-(-2/3)+4-4/3=14/3.

OntumanbHAN TUTAH MPSIMOI 3a/1adi BU3HAYMMO 32 JOMOMOTOIO CITiBBIIHOIIEHB APYToi TeopeMu
JBOICTOCTI.

[MincraBumo Y y cucremy oOMeXeHb JIBOICTOI 3a/adi i 3'ICYEMO, SIK BUKOHYIOTHCSI OOMEKEHHS
i€l 3amayi:
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2-(—2/3)+4/3=0; 0<1L;

-2/342-4/3=2; =1:2=2;

—1-(—2/3)+4/3=2 2=2.

Ockinbky niepiie 0OMEeKEHHS Ul ONTHMAJIBHOTO IJIaHy JBOICTOI 3a7jaui BUKOHYETHCS K CTpora
HEPIBHICTh, TOXOAMMO BUCHOBKY, IO I€pIla 3MiHHA IPsAMOI 3a/1adl JOPIBHIOBaTHME Hym0 X, =0
(mepia yacTUHA APYTOi TEOPEMH JIBOICTOCTI).

Tenep mpoananizyeMo ONTUMaIbHUHN IJIaH ABOiCcTOl 3a7a4i. OCKUIBKM Jpyra KOMIIOHEHTA IJIaHy
v, =4/3 nopatHa, TOXOANMO BHCHOBKY, L0 Ipyre OOMEXEeHHs MpsiMoi 3a1adi it X~ BUKOHYBa-
TUMETbCA SIK CTPOTe PiBHAHHS (Jpyra 4aCTHHA JAPYTroi TEOPEMH JBOICTOCTI).

O0'ennyroun 3100yTy 1HGOpPMAIIiI0, MOJKHA 3alMCaTH CUCTEMY OOMEKEHb MPsIMO1 3a7adi K CHC-
TEMY JBOX PIBHSIHb, B AKil X, =0, Ta BUBHAUUTHU PEIUTY 3MIHHUX:

X, —x; =1 x,=5/3;
=
2x,+x,=4 x,=2/3,
TOOTO X*:(0;5/3;2/3),minZ:1-O+2-5/3+2-2/3:14/3
VMoBa minZ =max F =14/3 BUKOHYyeThCS, i TOMY X :(0;5/3;2/3);}’* =(—2/3;4/3) € ONTH-

MaJIbHUMH IIJIaHAMU BIATIOBIAHO MPSAMOI Ta ABOICTOI 3a1ad.

3agava S.3. Buznaunty, 41 onTUMaNbHI Taki IUIaHU c(OPMYITHOBAHOI 3a/1adi JiHIHHOTO Iporpamy-
BaHHS:
Z =12x, —4x, +2x; = min;

2x, =3x, +x; =1,
X +2x, +x;22,
X; ZO,jzl,_3.

a) x=(8/7;3/7;0); 0)x=(0;1/5;8/5); B)x=(1/3;0;1/3).

Po3B'sizyBanus. [IpuHnun po3B'si3yBaHHS 3a7ad TAKOTO TUITY IPYHTYEThCSI HA BUKOPHCTAHHI APY-
roi Teopemu aBoictocti. HeoOxigHO moOymyBaTH ABOICTY 3aady Ta MPHUITYCKAIOYH, 10 BiIMOBII-
HUN ToTaH X € ONTUManbHUM, BH3HAYUTU ONTHMAIBHUN PO3B'SI30K ABOICTOI 3a madi. SKmo mpu
[IbOMY €KCTpeMajibHI 3HAYEHHS IUIBOBHX (PYHKIIIHA 30IraTUMYThCS, TO MPHUITYIICHHS IMpaBUJIbHE.
[TpoTune:kHOTO BUCHOBKY MOKHA JIHTH B TAKMX BUIAIKAX.

1. Sx1o 3anponoHoOBaHMii MIaH X HEOMYCTUMHM, TOOTO HE 3aJ0BOJILHSE CUCTEMY OOMEKEHb
npsIMOT 3a/1a4i.

2. Slkmo BU3HAaYEHWH TUTaH ABOICTOI 3a/1a4yi HEIOMyCTUMUHN, TOOTO HE 3a/I0BOJIBHSIE BCi 0OMe-
»KEHHS IBOICTOI 3amadi.

3. SIkmo BU3HAYEHMH IUIaH JABOICTOI 3a7avi JOMYCTUMUMN, aje JJIsi HbOTO €KCTpeMalibHE 3Ha-
YeHHs LJIbOBOI PYHKIIT /' He AOPIBHIOE 3HAUEHHIO (PYHKIIT Z, TOOTO HE BUKOHYETHCS YMOBA Iep-
101 TEOPEMU JABOICTOCTI.

3anumieMo JBOiCTy 3aqady J0 IpAMOi 3a/1ai JiHIHHOTO MporpaMyBaHHS:
F=y+2y, - max;

2y, +y, <12,
=3y, +2y, <-4,
n+y, <2,

» E]—oo;oo[,y2 = 0.

[TepeBipuMo 3ampoNOHOBAHI IJIAHU HA ONTUMAJBHICTb.
1. X =(8/7; 3/7; 0). IlincTaBuMO HOro B cucTeMy OOMEKEHb MPSIMOi 3a1a4i:
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8 L3
2-7—3-7-{-0—1, {1:1,
8122402 2=
777

OO6unBa oOMexeHHS! BUKOHYIOThCS 1 Tomy X = (8/7; 3/7; 0) € nomycTUMHUM TJIAHOM TIPSIMOI 3a/1adi.
[Tpumyctumo Tenep, o 3a3Ha4eHUH IUIaH € ONTUMAIBHUM TUTAHOM MpsiMOi 3a1adi. Tozi uist HhOTo
Z=12-8/7+4-:3/7+ 2:0=12.

CxopucTaeMocs APyror TEOPEMOIO JBOICTOCTI Ta BU3HAYMMO BIiMTOBIIHUN TUIaH JBOICTOI
3agadi. Ockiteku x, =8/7>0; x,=3/7>0, T0 3riAHO 3 APYrOI0 YACTUHOIO APYroi TEOPEMU JBO-

icTOCTI MOXHa 3aIMCaTH IepILe Ta Jpyre OOMEXEHHs SIK PIBHAHHS 1 BUSHAYUTH ), 1 ), :
{Zm+n=ﬂ% {M=4;
=
=3y, +2y, =-4 v, =4.
[TimcTaBUMO 111 3HAYEHHS B TPETE OOMEKEHHS CUCTEMH JABOICTOI 3aa4i:
Wty <2
4+4=8>2.

Jlns BU3HAuUeHUX 3HaueHb ), =4; ), =41e oOMEKEHHsS HEe BUKOHYETHCS, 1 TOMY BIIIOBIAHUI
miaH Y =(4;4) € HeJOMyCTUMUM TIJIAHOM JBOICTOI 3a/1adi. YHACIHIIOK IIbOTO HAIlle MPUITYIICHHS,
mo X =(8/7;3/7;0) € onTuManbHUM IUIAHOM BHMX1JTHOI 3a/1a4i, BUSBHIIOCS IIOMUIKOBHM.

2. X =(0; 1/5; 8/5)IlincraBumo 11 MIIaH B CUCTEMY OOMEXEHb MPsMOi 3a/1a4i:

2:0-3-1/5+8/5=1;
{0+2-1/5+8/5=2.

[Tnan momyctumuii 1 juist Hporo Z=12-0—-4- 1/5 +2-8/5 =12/5.

Busnaunmo BianoBigHuil miaH ABoicToi 3amadi. OCKUIBKM KOMIIOHEHTH X, Ta X, JOJATHI, TO
Apyre Ta TpeTe 0OMEXEHHs ABOICTOI 3a7a4ui MOXKHA 3aIIUCATH K PIBHAHHS:

{—3yl+2y2=—4; {yl:S/S;
=

y+y, =2 v, =21/5.

IepeBipuMo, 110 BUKOHYETHCS Ieplle 0OMEKEHHs ABOICTOI 3ahadi [l BU3HAYEHUX 3HAUCHb ),
Ta y,: 2+ 8/5+2/5=18/5<12. Orxe, nepiie oOMexeHHs BUKOHYETbCs, 1 ToMy Y = (8/5; 2/5) €
JOMYCTHMHM TUIAHOM J1BOicToi 3amaui. s Heoro F = 8/5 + 2 « 2/5 = 12/5 = Z. 3 ornany Ha BUKJIa-
JIeHe MO’KHA 3pOOMTH BHUCHOBOK, 110 Y~ =(8/5;2/5) € onTHMalbHUM IUIAHOM JBOICTOI 3amaui, a
X" =(0;1/5;8/5) — onTUMaIBHUM IIJIAHOM TIPSAMO] 3a/1aui.

Harre mpunyIieHHs BiITHOCHO 3aIPOIIOHOBAHOTO TUTAHY BUSBUIIOCS TPABUIIBHUM.

3. X=(1/3; 0; 1/3). lns uporo miaHy oOMeKeHHs MPSAMOi 3a7a4i BAKOHYIOThCS TaK:

2:1/3-3-0+1/3=1;
{1/3+2-0+1/3:2/3¢2.

Ockinbku X= (1/3; 0; 1/3) € HEMOMYCTUMUM IJIAHOM, TO BiH HE MOXKE€ OyTH TaKOX ONTUMAaIbHUM
TJTAHOM TIPSIMOI 3a]1a4i.

OT1xe, mepeBipKa 3ampornoHOBaHUX TUIaHIB HA ONITUMAJIBHICTH JaJia Taki pe3yabTaTu: a) Hi; 0) Tak,
Y =(0;1/5;8/5),minZ =12/5; B) Hi.
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TEMA 6
AHAJII3 JITHIMHUX MOJAEJENA EKOHOMIUHUX 3AJTAY

6.1. Ananiz po3e’a3kie onmumizayiiinux 3aoay, penmaoenvHocmi i Oehiyumy.

ExoHOMIUHY 1HTEpIIpeTalio JBOICTOI 3a/1a4i PO3TISTHEMO Ha MPHUKIIA/I 3a/1a4l ONTUMAILHOTO BU-
KOpUCTaHHS 0OMEKEHUX pecypciB. jisi BUpOOHUIITBA 7 BUIIB MPOIYKIli BUKOPUCTOBYETHCS 71 BU-
1B

pecypciB, 3amacu SKUX OOMEXeHI 3HaYeHHSIMHU bl.(i :l,m). Hopma BuTpar K0>XKHOro pecypcy Ha

OJIMHUITIO TPOAYKIIil CTAHOBUTH Q; ( Jj=Lni=1, m) [ina oMHUII TPOAYKIIIi j-TO BULY JOPIBHIOE

¢, ( j=1 n) . MaremaTruHa MOJEIIb 3aa4l Ma€ TaAKUI BUTIISI;

n
max Z = machj X5
Jj=1

x; 2 O(j = l,n).
IlpsaMa 3amadya nomjsirae y BH3HAYEHHI TAaKOrO ONTUMAJIbHOIO IUIAaHY BHUPOOHHUITBA IPOAYKIT
X' = ()c1 3 Xy seens X, ) , AKUU Ja€ HAMOUIBIIUI JOXIA.
JIBoicTa 3a1a4a 10 MOCTaBIEHOI IpsAMO1 Oy/ie Taka:
F= i“,b, Y, —min;

=]
gauyr 2¢, (j=l’_");

7,20 (=L m)

ExoHOMIUHUIT 3MIiCT 1BOICTOT 3a7a4i MOJATAE OCh y YOMY. BU3HAUNTH TaKy ONTUMAIIbHY CUCTEMY
JBOICTHX OLIIHOK PECYPCiB ), BAKOPUCTOBYBAHUX 11 BUPOOHUIITBA MPOIYKIIii, IS SIKOi 3arajbHa
BapTICTh YCiX pecypciB Oyzae HaiimeHmow. OCKUTBKY 3MiHHI ABOICTOI 3a7ad4i 03HAYAIOTh I[IHHICTh
OJIMHUIII 7-TO pecypcy, iX iIHKOIH e HA3UBAIOTh MIHbOGOIO YIHOI0 8ION0BIOHO20 Pecypcy.

3a J0MOMOTOI0 JBOICTHX OILIHOK MOKHA BU3HAYHTH CTATyC KOXKHOTO pecypcy mpsiMoi 3amadi Ta
PEHTa0EIbHICTh MPOAYKIIi1, IO BUTOTOBIISETHCS.

Pecypcu, 1o BUKOPUCTOBYIOTBCS /ISl BUPOOHHIITBA MPOYKIIii, MO)KHa YMOBHO IOJLUJIUTH HA de-
¢iyumni ta Hedeghiyummni 3a7eKHO BiJ TOTO, TOBHE UM YACTKOBE X BHKOPUCTAHHS MepeadadcHe
ONTHMAJIBHUM IUIAHOM HpsAMOi 3a1adl. Ko aBoicTa OliHKa y,, B ONTUMAIbHOMY IUIaH1 JBOiCTOI
3a/1a4l JOPIBHIOE HYIIIO, TO BIATIOBIAHUM i-il pecypc BUKOPUCTOBYETHCS Y BUPOOHUIITBI MPOMYKIIiT
HE MOBHICTIO 1 € Hedegiyumnum. Sxio x nBoicra ouinka y, >0, To i-if pecypc BUKOPUCTOBYETbCS
JUI. ONTUMAJIBHOTO TUIAaHY BUPOOHMIITBA MPOAYKLIT MOBHICTIO 1 HA3UBAETHCS dehiyumnum. Y 1b0-
My pa3l BeJIMYMHA JIBOICTO1 OIIIHKU MOKAa3ye, Ha CKIJIbKH 30UIBIINTHCS 3HAYCHHS ITHOBOI (DYHKITIT
Z, SIKII0 3amac BiJIOBITHOTO pecypcy 30UIBIIMTH Ha OJTHY YMOBHY OJIUHHIIIO.

AHani3 peHTabebHOCTI MPOAYKIIii, 0 BUTOTOBJISIETHCS, BUKOHYETHCS 3a JIOMTOMOTOIO JIBOICTHX
OIIIHOK 1 0OMEXEHb JIBOiCTO1 3a fnadi. JIiBa yacTHHA KOKHOTO 0OMEXEHHS ABOICTOT 3a/ayi € BapTic-
TIO BCIX PECypcCiB, Ki BUKOPHUCTOBYIOTh JJII BUPOOHUIITBA OJUHMIII j-1 TPOMYKIIii. SIKIO 1151 BeIr-
YKMHA MEPEBUILYE LiHY OIUHMII TPOAYKUIi (¢, ), BATOTOBIATH NPOIYKIIIO HE BUIIJHO, BOHA Hepe-

HmabenvHa 1 B ONTUMATHLHOMY IUIaHI MPSAMOT 3a7a4i BIANOBIIHA X ;= 0. SIxmio >k 3arajpHa OLIHKA

BCIX pPeCypcCiB JOPIBHIOE IiHI OAMHMIII MPOIYKIii, TO BUTOTOBIISITH TaKy MPOAYKIIIIO IOIITHHO, BOHA
penmabenvha 1 B ONTUMAIIBHOMY TUTaH1 TPsIMOT 3a1a4i BiAMOBIAHA 3MiHHA x; > 0.

ExoHomiuHa iHTepHpeTalis ABOICTUX 3a/1a4 Ta aHalli3 eKOHOMIKO-MaTeMaTUYHUX MOJIENIeH Ha uy-
TIUBICTH 32 JOIIOMOTOIO TEOpii ABOICTOCTI JaIOTh 3MOTY MOAU(DIKYBAaTH ONTUMAJILHUAN TUTaH 3314l
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JHIMHOTO IporpaMyBaHHs BIAMOBIAHO 70 3MiH YMOB MpsAMOi 331a4i i JiCTaTH MpU LIbOMY TakKi pe-
3YJIbTaTH.

1. 3miHa pi3HUX KOEQILI€HTIB Y MpsMiid MaTeMaTH4YHI MOJeNi MOXKe BIUIMHYTH Ha ONTHUMAllb-
HICTb 1 IONYCTUMICTh OTPUMAHOTO TIJIaHy Ta MIPUBECTHU JI0 OJHIET 3 TAKUX CUTYAIlIN:

—CKJIaJ] 3MIHHUX Ta X 3HaYEHHS B ONTUMAIHHOMY ILUIaHI HE 3MIHIOIOTHCS,
—CKJIaJ1 3BMIHHUX 3aJIUIIAETHCS TIOTIEPETHIM, ajie iX ONTUMaIbHI 3HAUYE€HHS 3MIHIOIOTHCS,
—3MIHIOIOTHCS CKJIaJl 3MIHHUX Ta 1X 3HAUYECHHS B ONITUMAJILHOMY TUIaH1 3ajadi.
2. YBeleHHs JOJAaTKOBOTO OOMEKEHHS B MaTeMaTUYHY MOJENb 3ajadi BIUIMBA€E Ha JOMYCTUMICTh
PO3B'sI3KY 1 HE MOKE BIUTMHYTH Ha MOINIICHHS 3HaYE€HHS UTHOBO1T (DYHKIIII.
3. YBeJeHHS HOBOI 3MIHHOI B MaTEMAaTHYHY MOJEINb 33/1a4i BIUIMBAE€ HA ONTHMAJBHICTH TOMEPE/-
HBOTO IIJIaHY 1 HE TIOTIPIITY€E 3HAYCHHS IITLOBOT QYHKIIIT.

6.2. Hasuanovni 3a60anns

Po3rnsiHeMO KOHKpeTHUI NPUKIIaJI, 10 MiATBEPAXKYe 3p00JIeHI BHCHOBKHU.

3agaua 6.1. /lesxe nignpueMcTBO BUpoOisie wotupu Buau npoaykuii A, B, C i I, BukopucroByto-
YM JUIs IIbOTO TpU BUIM pecypciB 1, 2 1 3. Hopmu BuTpaT pecypciB Ha OJUHHIIIO KOXKHOI MPOAYKIIT
(B yMOBHHMX OJIMTHUIISIX ) HABEJICHO B TAOJIHII:

Hopma BuTpar Ha OJMHUINO MPOAYKIIi, yM. OI., 3a

Pecypc BUJAMH POAYKIIT 3anac pecypcy
A B C Jil|

1 2 5 2 4 250

2 1 6 2 4 280

3 3 2 1 1 80

Bigoma 1ina oguHUIl MPOAYKIIIT KOXKHOTO BUAY: U MPOAYyKIi A — 2 ym. of., st B 1 [ — mo 4

on., i C — 3 on. BusHaunTH ONTUMAaTbHUAN TIJ1aH BUPOOHMIITBA MPOYKITli KOKHOTO BUTY B YMO-
Bax 0OMEXEHOCTI PecypciB, SIKUl 1a€ MiANPHEMCTBY HaiOinbIuil noxia. Ha Bememo cumiexc-
TaOJIUITIO, IO BIAMOBIIa€ ONTUMAIBLHOMY TIJIaHY ITOCTABJICHO1 3a/1a4i.

5 4 3 4 0 0 0
Bbazuc C,. [Tnan

X X X3 Xy Xs X6 Xq
Xy 4 45 -2 1/2 0 1 12 0 -1
X, 0 30 -1 1 0 0 -1 1 0
X 3 35 5 3/2 1 0 -172 |0 2

3

Z,-C,;20 285 5 5/2 0 0 12 0 2

Bukonaemo 3a3Haueni mami aii.

1. ChopmynoBatu MaTeMaTUYHy MOJIENb JaHOI 3a7ayi JIHIMHOTO MporpaMmyBaHHsS Ta ABOICTOi
710 Hel.

2. 3anMcaTy ONTUMANbHI IUIAaHU MPSAMOI Ta JBOICTOI 3a1a4 1 3po0M TH iX €eKOHOMIYHMIA aHai3.

3. BuzHauuTtu cTatyc pecypciB MpsAMOi 3a/1a4i Ta IHTEPBAIM CTIHKOCTI ABOICTUX OIIHOK BiAHOCHO
3MiHH 3anaciB 1e(ilUTHUX PECYPCIB.

4. BU3HA4YUTH TJIaH BUPOOHHUIITBA TIPOAYKIIIi Ta 3MIHY 3araJibHOTO JOXOY IIIMPUEMCTBA, SIKIIO
3amac nepuioro pecypcey 30inbpmuty Ha 10 on., npyroro — 3smenmutd Ha 10 of., a TpeThoro — 30i-
apmuTH Ha 20 yM. Of1.

5. BuzHauntu peHTabenbHICTh KOKHOTO BUAY NMPOIYKIII, 110 BUTOTOBJISETHCS HA MiAPUEMCTBI.

6. Po3paxyBaru iHTepBaIy MOXKJIMBOI 3MIHH IIHA OAWMHUII KOXKHOTO BHY MPOMYKIIIi.

Po3e'azyeanna. 1. MaremaTnyHi MO/IEN1 NPSAMOI Ta JBOICTOI 3a1a4i MatOTh TAaKUH BUTJIISL:
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Z =2x, +4x, +3x; +4x, = max;
2x, +5x, +2x, +4x, <250,
X, +6x, +2x, +4x, <280,
3x, +2x, +x; +x, <80,
x, 20, j=14
Jie x; — 00cAr BUPOOHHLTBA IPOAYKLIT j—T0 BUAY (j = 1,_4;)
F =250y, +280y, + 80y, — min;
2yt p, +3y3 22,
S5y, +6y,+2y, =24,
2y 42y, +y; 23,
4y, +4y,+y, =24,
y,20, j=13,
ie y, — OUIHKa OJMHHUII i—T0 BUAY pecypey (j = L3 ).
2. 3 HaBeJIeHO1 CUMILJIEKC-Ta0IHII MaeEMO:
X" =(0;0;35;45;0;30;0), max Z = 285;

172 0 -1
Y =(4:03):| -1 1 0 |=(1/2;0;2);
~1/2 0 2

min F =250/2+160=285=max Z.
OnTuManbHAN TUTaH TIPSAMOI 3a/1a4i epeadavyae BUPOOHUIITBO Jiniie 1BOX BHAIB mpoaykiii C 1 J]

y KITBKOCTI BianmoBimHo 35 ta 45 oa. Bumyck npoaykmii A ta B He nepenbadaeThest (x1 =X, = 0).
JlonaTKOBI 3MIHHI X,,X,X, XapaKT€PHU3YIOTh 3aJIMIIOK (HEBUKOPHCTaHY YaCTHHY) PECYPCIB BIIIIO-
BigHO 1, 2 1a 3. Ockimeku x, =30, Opyruil pecypc BUKOPHUCTOBYETHCS Y IPOLECI BUPOOHMITBA
NPOAYKIIT HE TIOBHICTIO, a MEPIIUi Ta TPETIi pecypcu — MOBHICTIO (x5 =X, = 0) . 3a TaKOro ONTH-
MaJIBHOTO TJIaHY BUPOOHUIITBA MPOAYKIIT Ta BAKOPUCTAHHS PECYPCiB MiANPHUEMCTBO OTPUMYE Haii-
OUTBIIMIA TOX11T Y po3Mipi 285 ym. of1.

[Inan ABOICTOI 33124l Ja€ ONTUMANIbHY CHCTEMY OLIIHOK PECYpCiB, 110 BUKOPUCTOBYIOTHCS Y BU-
po6HunTsi. Tak, y, =1/2 Ta y, =2 BIAMIHHI BIJ HYJIs, a pecypch 1 Ta 2 BUKOPHCTOBYIOTHCS IOB-

HicTi0. JIBOicTa omiHKa ), =0 1 BIANOBIAHUM BHJ PECypCy HE MOBHICTIO BUKOPHCTOBYETBCS IIPH

ONTUMATBHOMY IIJIaHI BUPOOHUIITBA TTPOYKIii. [le miaTBepKy€eThest TaKOXK MOMEPEAHIM aHai30M
JOJJaTKOBUX 3MIHHHUX ONTHMAJBLHOTO TUTaHY MpsAMoi 3agadi. Taka onTuManbHa cUCTEMa OIIHOK Ja€e
HallMEHINy 3arajbHy BapTICTh YCIX PECypCiB, IO BUKOPHUCTOBYIOTHCS Ha MiAMPUEMCTBI:
min F' =285 ym. ox.

3. Craryc pecypciB mpsiMoi 3a7adi MOXKHa BUSHAYUTH TpboMa criocodamu. [leprmii — migcTaHo-
BKOIO X' y cucteMy OOMexeHb HpsAMol 3aadi. SIKIo 0OMeXKeHHsT BUKOHYETBCS SIK PIBHSHHS, TO
BIIMOBITHUM pecypc AehIUTHUHN, Y TPOTUBHOMY pa3i — HeneDIUTHHI.

2.0+5-0+2-35+4-45=250 pecype 1 Aediumrhnii);
1-0+6-0+2-35+4-45=250<280 ecype 2 HenediumuTimii )
3.042-041.35+1-45=80 ecype 3 mediluiuii).

Jpyruii croci6 — 3a JOMOMOTOI0 TOJaTKOBUX 3MIHHUX TPSIMOI 3a/1adi. SIKIo 10AaTkoBa 3MiHHA B
ONTUMAIBHOMY TUIaH1 JOPIBHIOE HYIIO, TO BIAMOBITHUN pecypc AehIIUTHHAM, a SIKIO BiJIMIHHA BiJ
HYJISl — pecypc HeaepiuuTHU.
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Tperiit cnocid — 3a JOOMOTO0 ABOICTHX OLIHOK. SIkmo y, # 0, To 3MiHa (301IbLIEHHS a00 3Me-

HIIIEHHS) OOCSTIB i—T0 pecypcy MPHUBOIAMUTH O BIAMOBIIHOI 3MIHM TOXOIY IMiJIPUEMCTBA, 1 TOMY
Takuil pecypc € gedinutaumM. ko y, =0, To i— i pecypc HeaedinuTHUi. Tak,

Y = 172 (pecype 1 pedinurHui);

y2 =0 (pecypc 2 neaedituTHHH);

¥3 =2 (pecypc 3 aediudTHui).

Omxe, AKIIO 3amac mepuioro AeMIimUTHOTO pecypcy 3O0UIBIIMTH HAa OJHY YMOBHY OJUHHMIIIO
(b1 :250+1=251), TO IITbOBAa (DYHKINSE Mmax Z 30UIBIIUTHCS 3a IHIIWX OJHAKOBUX YMOB Ha

v, =1/2 ym. on. 1 craHoBUTHME max Z = 285,5 yM. 0. AJle 3a paxyHOK SIKHX 3MIH B ONTUMajb-
HOMY IUIaHI BUPOOHUIITBA MPOAYKIII 30LIBIIUTRCS AOXI mianpuemcTBa? [HGopMmaliro mpo 1e aa-
IOTh €JIEMEHTH CTOBITUMKA « X;» OCTAHHbOI CHMILIEKC-TAa0MIl, KUl BIANOBiIA€e IBOICTIH owLiHII

¥, =1/2. Y HOBOMY ONTHManbHOMY IUIaHi 3Ha4CHHs 0a3MCHOI 3MiHHOI X, 30imbIIATHCS Ha 1/2,

3MiHHOI X, — 3MEHIINTHCS Ha OJMHHIO, @ X, — Ha 1/2. [Ipu 1bOMY CTpyKTypa IUIaHy HE 3MiHUTh-

Cs1, @ HOB1 ONITUMAJIbHI 3HAYCHHS 3MIHHUX OYyIyTh TAKHUMHU:
X"=(0; 0; 34,5; 45,5, 0; 29; 0).

Orxe, 30UIBIICHHS 3amacy MEPIIOro AS(IIUTHOTO PecypCy 3a IHIIUX OJHAKOBUX YMOB IPHBO-
JMThH JI0 3pOCTaHHS BUITYCKY Npoaykii /| Ta maginHs BupoOHUITBA mpoaykuii C, a 06csar BUKOpHUC-
TaHHS pecypcy 2 30UIbIIYyEThCS. 3a TAKOTO TJIaHy BUPOOHHUIITBA MAKCUMAJIBHUM JTOX1 TATPUEMCT-
Ba Oyne maxZ =2-0+4-0+3-34,54+4-45,5=285,5, To6T0 3pocte Ha y, =1/2.

[Ipoanamnizyemo, sk 3MIHUTHCS ONITUMATBHHIN IJIaH BUPOOHUIITBA MPOAYKITii, SKIIO 3anac aedimm-
THOTO pecypcy 2 3a IHIIUMX OJHAKOBUX YMOB 30OUIBIIMTA HA OJHY YMOBHY OJWHU-
Luo(b3 =80+1= 81) . AHAJIOTIYHO TOTIEPEIHIM MIPKyBaHHSM, CKOPUCTABIIUCH CJIEMEHTAMH CTOBII-

YHKa «X,» OCTAaHHbOI CUMILIEKC-Ta0NHMII1, IO BIAMIOBLAAE IBOICTIH OLIHII y, =2, MOXHA 3aIICaTH

HOBHUI ONTUMAJIBHUH TIJIAH:
X" =(0;0;37;44,0,30;0).
maxZ =2-0+4-0+3-37+4-44 =287.

O1xe, AOX1 MIATPUEMCTBA 30UTBIIUTHCSA HA JIB1 YMOBHI OJIMHHMIT 32 PaXyHOK 3017IbIIICHHST BUPOO-
HulTBa npoaykiii C Ha IB1 OJUHUIN Ta 3MEHIIICHHS BUITYCKY Mpoaykiii [l Ha onuy oguHuIo. [Tpu
IbOMY OOCST BUKOPHUCTaHHS PECypcy 2 HE 3MIHIOETHCS.

AJe micns MpOBEACHOT0 aHaJli3y MOCTA€E JIOTIYHE 3aUTAaHHSA: a UM 30epiraTUMyThCsl BCTAaHOBIICH]
MPOMOPITii, AKIIO 3anac AeIIUTHOTO PECYpCy 3MIHUTH HE HA OJMHMINO, a Hampukiaa, Ha 10 ywm.
on.? lllo6 oqHO3HAYHO BIANOBICTH Ha MOCTABJICHE 3alIUTAaHHS, HEOOXIIHO PO3paxyBaTu iHTEPBAIU
MOKJIMBOI 3MIHHM 00CSTIB Ae(DIMUTHUX PECYPCIB, y MEKaX SKUX JBOICTI OLIHKK Y, 3AIUIIAIOTHCS HA

PiBHI ONITUMAJILHUX 3HAYEHb.

IIpupict (3miHy) 3anacy pecypcy 1 nmosHaunmo Ab, . Toxi, sKio bl' =b, +Ab,, To HOBUH ONTHUMAa-
JIbHUH MJ1aH
X" =(0;0;35-1/2Ab;;45+1/2Ab,;0;30 — Ab,;0).

€1MHa BUMOTA, SIKY MOKHA TIOCTaBUTH J0 MOXJIMBUX HOBUX ONTHMAIBHUX 3HAYEHB, — II€ YMOBa
HEB1A'€MHOCTI, TOOTO

35— 1/24b, 20; Ab, <70;

45+1/2Ab, 20; = {Ab 290;

30-Ab, 20 Ab, <30,
~90<Ab <30.

Ile o3Hauae, mo koau 3amac pecypey 1 30inbmmThes Ha 30 yM. ox. a00 3MeHIUTHCA Ha 90 ywm.
0., TO ONTHUMAJILHOIO JABOICTOO OLIIHKOIO pecypcey 1 3amummtecst y, =1/2. Otxe, 3anac pecypey 1

MO>KE 3MIHIOBAaTHCh y MEXax
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250-90 < b, + Ab, <250+ 30,
160 < b, <280.
3riiHO 3 MM MaKCHUMaJIbHO MOXJIMBUH TOX1J MiIPUEMCTBA IepeOyBaTuMe B MeXax
250-90-1/2<Z7_, <285+30-1/2,
240<Z_ . <300,
a ONTHUMAJIBHHH TJIaH BUPOOHUIITBA TTPOTYKITIT
(0; 0; 80; 0; 0; 120; 0) < X~ < (0; 0; 20; 60; 0; 0; 0).
AHaJOrIYHO PO3paxoOBY€EThCSI IHTEPBaAN CTIHKOCTI ABOICTOI OLIHKU ), =2 Ae(IiUTHOrO pecypey 3:

45— Ab, 2 0;
30408520 (2545
—17,5S Ab, <45,
62,5<b, <125.
Omxe, AKIIO 3amac pecypcy 3 30UIbIMUTECA HA 45 yM. o11. a00 3MEHIUThCA Ha 17,5 ym. of., TO
JBOICTa OLIHKA Y, =2 IbOT0 PECYPCY 3ATUIIUTHCS ONTUMAIBHOIO0. 3T1JHO 13 IIUM MOXKJIMBUN AOX1]

{35+2b320; {M32_175;

HiANPUEMCTBA Ta ONITUMAIIBHUH IJIaH BUPOOHULITBA MPOAYKLIT MepedyBaTUMYTh Y MeKax
250 <max Z <375

(0; 0; 0; 62,5; 0; 30; 0) <X~ < (0; 0; 125; 0; 0; 30; 0).
3ayBaXWMO, II0 BHU3HAYEHI 1HTEPBAIM CTOCYIOTHCS JIUIIE BHUIMAJKIB, KOJH 3MIHIOETHCS TUTBKU
OJIMH PEeCypc, a 3aracH BCiX 1HMHUX (iKcoBaHi, TOOTO 3a IHIIMX OAHAKOBUX YMOB. Y pa3i oJHOYAC-

HO1 3MiHH 00CSATIB ycix ab0 KiJIbKOX PecypcCiB MiJXia 0 BU3HAYEHHS HOBOTO ONTHUMAIBHOTO IJIaHY
JIEI0 1HIINIA.

4. 3a yMOBOIO 3amadi 00CATH BCIX TPhOX PECYpCiB  3MIHIOIOTHCS  BIAMOBIIHO
Ab, =+10,Ab, =—-10,Ab, =+20 . JIng BU3HAUEHHS] KOMIIOHEHTIB HOBOI'O ONTUMAIBHOTO IUIaHY CKO-
PUCTAEMOCH OJTHUM 13 TOJIOBHUX CITiIBBITHOIIIEHh OOYHCIIOBATHLHOI MPOLIEYPH CUMILIEKC-METOY:
X'=D"-B.

3 0CTaHHBOI CUMILIEKC-TA0IHMIII MOYKHA 3aMMcaTH 00EpHEHY MATPHUIIIO:

/72 0 -1
D'=| -1 1 0
-1/2 0 2

3MiHEeHI1 3a11acu PecypciB YTBOPIOIOTH BEKTOP
b+ Ab, 250+10 260

B=|b,+Ab, |=| 280-10 |=| 270 |.
by+Ab, | {80+20 ) (100

Tozi HOBUI onTUMaNbHUH TUIaH BUPOOHULITBA MPOAYKIIIT 32 BiAMOBIAHOI OJJHOYACHOT 3MiHU
3araciB yCiX TpbOX pecypciB
/72 0 -1) (260 30
X'=| -1 1 0 [270(=]|10
-1/2 0 2 ) {100 70
t06T0 X (0; 0; 70; 30; 0; 10; 0).
Yei x; 20, i ToMy ONTUMANTLHUM IJIAHOM JBOICTOT 3ana4i 3amumaetbes Y™ =(1/2; 0; 2). 3arans-

b

HUN MaKCUMaTbHHNA JOX1J MiAMPHUEMCTBA 3MIHUTHCS Ha
AZ_ . =Aby +Aby, +Aby, =10-1/2-10-0+20-2 =445 yM. ox. 1 CTAHOBUTUME
max Z =285+45=330 ym. ox.
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5. OuiHka peHTabenbHOCTI MPOAYKIIii, [0 BUTOTOBISETHCS HA MiAMPUEMCTBI, BUKOHYETHCS 32 J10-
MTOMOTOIO JIBOICTHUX OIIIHOK Ta OOMEXEHb JBOICTOI 3aj1ayi, sIKi XapaKTepU3yIOTh KOKHHI BUJ TIPO-
TYKIIi.

IMizcraBumo Y~ y cucreMy oOMEKEHb JBOICTOI 3amadi. SIKIIO BapTiCTh PEeCypCiB Ha OXMHUIIO
MPOAYKIIii (JIiBa YaCTUHA) MEPEBHINYE IIHY ITI€T MPOAYKIIii (TIpaBa 4YacTHHA), TO BUPOOHHUIITBO TaKO1
MPOIYKIIIT JJIs MiAMPUEMCTBA HEJOMIIbHE. SIKIIO K CIIBBITHOIIEHHS BUKOHYETHCS SIK PIBHSHHS, TO
MPOYKIIisl peHTa0ebHa.

2:1/2+1:043:2=7>2 (mpoxykuisi A HepeHTa0eNbHa);

5:1/246-0+2-2=13/2 >4 (mpoaykuis B HepenTabenbHa);

2:1/2+2-0+1-2=3=3 (mpoxyxuisi C peHTaOENbHA);

4-1/2+4.0+1-2=4=4 (mpoxyxkuis J] penTabenpHa).

AHaJOri4HI pe3ybTaTh MOXKHA JICTaTH, IPOAHAII3yBaBIIN JBOICTI OLIIHKU JOJATKOBUX 3MIHHUX,
3HAYEHHS SKHX MMOKAa3yIOTh, Ha CKIJIBKA BapTICTh PECYPCIB MEPEBHINYE I[IHY OJWHHUIN BiIMOBITHOT
npoaykuii. ToMy, SIKIIO 101aTKOBa 3MiHHA JIBOICTOT 3a]adi JOPiBHIOE HYIIO, TO MPOIYKIIis PEeHTa-
OenbHa. I, HaBnaky, Akmo y, # 0, To BIANOBIAHA MPOAYKLIs HEPEHTAOEIbHA.

JlomaTtkoBi 3MiHHI JBOICTOI 3a/a4i PO3MIIIYIOTECS B OIIHKOBOMY PSJIKY OCTAaHHBOI CHMILIEKC-
TaOJIUIIl y CTOBITYMKAX « X, » — « X, ». IX ONTUMAaJIbHI 3Ha4eHHA y, =5;ys =5/2;y,=0;y, =0. Tomy

npoaykiis A 1 B nepenrtabenbna, a mpoaykiis C 1 [l — penrabenpHa.
6. I1ig BruiMBOM pi3HUX 0OCTaBUH I[iHA OJUHMII MPOJAYKLIi HA MiIMPUEMCTBI MOXKeE 3MiHIOBATHCS
(301TBIITYBATHCS UM 3MEHITYBATHUCS). | TOMY 3aBXKIM I[IKaBO 3HATH, Y MeXaX SIKWX 3MiH IIHU TPO-

AYKIiT KOXKHOTO BUIY ONITUMAaJIBHUI IJ1aH 1l BUPOOHUITBA 3anuiaeThes Takum: X = (0;0;35:45).
Jlnist BU3HAUEHHSI 1HTEpBAIiB 3MiHU KOE(IIIEHTIB IIBOBOI (PYHKIIIi CKOPHUCTAEMOCH THM, IO TIPU
IbOMY CUMIUICKC-Ta0uIIA, SIKa BIJIIIOBIIa€ ONTUMAILHOMY IIJIaHy, 30epirae CBiil BUTJIS 3a BUHST-

KOM €JIEMEHTIB OI[IHKOBOT'O psAaka. HoBi omiHKH (Z —C j) MAaloTh 3a/10BOJIBHATH YMOBY ONTHMAaJb-

HOCTI 3aJ1a4l MakcuMi3allii, TOOTo OyTH HEeB1A'€EMHUMHU.
3miny koedinienta C, nmo3Hauumo AC,. OckinbkM X, — Heba3MCHa 3MiHHA, TO B CHUMILIEKC-

Ta0IMLl 3MIHUTHCS JIMIIE BiAnoBigHa ouiHka Z, —C,.
(Z,-C)=4:(-2)+0-1+3-3/2—(2+AC,) =5-AC,.
3a ymoBu Z,—C, 20 nicranemo HepiBHicTh 5—AC, 20, T06T0 AC, <5. Ile o3Hauae, Mo Konu

I[IHa OJIMHMIII MMPOAYKIII A 3a IHIIUX OJHAKOBUX YMOB 3pOCT€ HE OUIBIN SIK HA 5 yM. Ofl., TO ONTH-
MaJIbHUM IJIAHOM BUPOOHHIITBA IPOAYKIIT Ha MMiAIPHEMCTBI Bce oaHO 3amummuthes X = (0; 0; 35;
45). JInme MakcumanbHuil 1oxi1 3MiHUTBCS HAa max AZ = AC,x,.

AHanoriyHo po3paxoByeThesl IHTEpBall 3MiHU Koeditienta AC, :
(Z,-C,)=5/2-AC,20; AC,<5/2

31 3pocTaHHAM LIHM OAMHUII MpoAyKuii B Ha 5/2 ym. o1, 3a IHIIUX OJHAKOBHUX YMOB ONTHMAJb-
HUI IU1aH BUPOOHUIITBA MPOAYKIIii He 3MiHUThCA, @ max AZ = AC, X, .

Jemo ckiagHie po3paxoByeThCs IHTEPBAI 3MIHM KOe(IIieHTIB y1si 0a3UCHUX 3MIHHUX. Y IhO-
My pa3i 3MiHH BiI0OYBAIOTHCS TaKOXK Yy CTOBMUUKY «Cpys) CUMILICKC-TA0MUI, a 1€, Y CBOIO Yepry,

CTOCYETBHCS BCIX HEHYJIBOBUX OIIIHOK (Z ; —Cj). Tak, nist 6a3ucHOT 3MIHHOI X3 3MiHa KoedillieHTa
Ha AC, npuBefie 10 TAKUX OLIHOK:

(Zl—Cl):4-(—2)+0-(—1)+(3+AC3)-5—2:5+5AC3;
(Zz—Cz):4-1/2+0-1+(3+AC3)-3/2—4:5/2+3/2AC3;
(ZS—CS):4-1/2+0-(—1)—1/2-(3+AC3)—0:1/2—1/2AC3;
(Z7—C7):4-(—1)+0-O+2-(3+AC3)—0:2+2AC3.
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HoBi 3HaY€HHS OLIHOK MAOTh 33[[0BOJLHATH YMOBY ONTUMANIBHOCTI, T06T0 Z; —C, 2 0. Tomy iH-
TepBa A1 AC, BH3HAYAE€THCS 3 TAKOI CHCTEMH HEPIBHOCTEH:

5+5AC, 20, AC; 2 -1,

5/2+3/2AC, 20, |AC,>2-5/3,

1/2-1/2AC; 20, AC, <1,

2+2AC, 20; AC, =2 -1,

-1<AC, <1,
2<C, <4,

Orxe, nina oguHUMi npoaykiii C Moxke 301IbIIyBaTHCS Ta 3MEHIIYBaTUCS Ha 1 yM. o i
nepedyBaTu B Mexax BiJ 2 10 4 yM. 0., aJie ONTUMAJIbLHUM IIJIAHOM BUPOOHMIITBA MPOIYKITIi 3a-

mamaerbes X = (0;0;35;45).
Jlnst 6a3ucHOi HeB1IOMOi X, 1HTepBall 3MiHM KoedinieHTa C, po3paxoBYeThCs aHAJIOITYHO:

5-2AC, 20, AC, £5/2,

5/24+1/2AC, 20, AC, =2 -5,

1/2+1/2AC, 20, AC, 21,

2-AC, 20; AC, <£2;

-1<AC, L2,
3<C, <6.

Skiio 3a 1HIMX OJTHAKOBMX YMOB IiHA OJAWHUIN MPpoAyKIii J{ 3MeHmuThCs 10 3 yM. 0. abo 30i-
JTBIIATHCS 10 6 YM. OJ., TO ONTUMAJILHUH IJIaH BUPOOHUIITBA MPOIYKIIT HA MiJIPUEMCTBI HE 3Mi-
authes ( X = (0; 0; 35; 45)).

SIKIIO KOJIMBAHHSI [IHU TPOIYKIIT BUXOIATH 3a BU3HAa4YeHI Mexi, To ian X = (0; 0; 35; 45) Bxe
He Oyne ONTUMAJbHUM 1 HOro HeoOXimHO Oy[e MOJIMIIUTHA 3TIIHO 3 AJITOPUTMOM CHUMILICKC-
METOAY, TOOTO MPOAOBKHUTH PO3B'I3yBaHHS 3a/1a4i.

Bukonanuii y 1iid 3a1a4i aHaii3 JiHIHHOT MOJIei HA YYTJIMBICTh A€ MIUPOKUN CHEKTP AMHAMIY-
Hoi iH(opMaIlii Mpo BU3HAYEHUI ONTUMAIBLHUM IJIaH 1 1a€ 3MOTY JJOCTIIUTH MOXJINBI 3MiHU LLOTO
ONTHMAJILHOTO IJIaHY B pe3y/IbTaTi KOPEKTYBaHHS YMOB MPSMOT 3a/1adi.

6.3. Ananiz yinvoeoi hynkuyii i koeghiyicnmie mexmnono2iunoi mampuui. Ilpuknaou:
dipma BUTOTOBIISIE MPOAYKLi0 TphoX BUAIB A, B i C. J{ns uporo norpiOHuil neBHuii yac
00p0OKHM KOXKHOT MPOAYKITT HA Pi3HUX Tpymnax obsaguanus (1, 2, 3) (1uB. TaOIUITO).

Yac 00poOKH MPOAYKILI, IO, 38 BUAAMHA
Pecypc A P DOAYK B C
1 1 2 4
2 2 4 2
3 1 1 2

MoxnuBuid yac poO0oTH 00JIaHaHHS KOXKHOTO THITY CTAaHOBUTH BiAmoBigHo 360, 520 ta 220 rox.
Ha micsanp. [lina oguaM npoaykiii A mopiBHioe 90 noin., mpoaykiii B — 110x0:., a mpoaykiii C
— 150 non. BusHauuTH, SIKy NPOIYKIIIIO 1 B K1l KITBKOCTI CITiJi BATOTOBIISATH, 00 (ipMa OTpUMYy-
BaJIa HAMOIBIIUNA JOXII.
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Po3B's3yBaHHs 3a7a4i CUMIIJIEKC-METOJIOM JIa€ TAKy OCTAHHIO CUMIUIEKCHY TaOJIHIIIO:

90 110 150 0 0 0
bazuc C,, [Tnaun . . . . X X
1 2 3 4 5 6
X4 0 100 0 0 3 1 -1/2 0
X, 110 40 0 1 -1 0 1/2 -1
X, 90 180 1 0 3 0 -1/2 2
Z,-C,>0 20 600 0 0 10 0 10 70

KepiBHUIITBO (hipMU 1IKABUTh, YU 3MIHUTHCS ONTUMAIBHUHN TUTaH BUPOOHHUIITBA MPOAYKITIT 1 AKIIO
3MIHHUTBCS, TO SKUM Oy/ie HOBUI ONTUMANBHUN TIJIaH Y KOKHIN 3 HABEJCHUX Jalli CUTYaIliH.

1. ®dipma Moxe 301TBIIUTH Yac poboTH obsmagHanHs rpymn 2 Ta 3 BianosiaHo Ha 100 Ta 80 rog.
3a MICSIIb, OPEHIYIOUH ISl ILOTO JOJaTKOBE 0OnmamHaHHs, ske KomryBatume 5000 mon. Yu Buria-
HO 11e? SIKII0 BUTITHO, TO IKMM Ma€ OyTH HOBHUH TUTAaH BUPOOHUIITBA MTPOTYKIIIi?

2. ®ina”coBuil Bijaia ¢ipMy BBaXKae, M0 3arOCTPEHHS KOHKYPEHIII Ha pUHKY 30yTy MOXe
MPU3BECTH JI0 3HWKEHHS IIHU HA TPOYKIliI0 B Ha 25 mon. SIk 1e mo3HaunuThes Ha ONTUMATBLHOMY
TUTaHI BUPOOHUITBA MPOAYKLii (ipmu?

3. Bigain mochimkeHb 1 po3poOoK (ipMu MPOMOHYE BUTOTOBIATH JCHICBITY MOIUDIKAIIIIO
npoaykiii C. Jlyis BUpoOHUIITBA OJMHULII 11i€T HOBOI MPOAYKITIi MOTPiOHUI Yac poOoTH 00IaJHAHHS
rpyn 1, 2 Ta 3 craHoBUTH BiAnoBigHO 4, 3 Ta 1 roa. OpieHTOBHA IiHA OJMHMII HOBOT IPOIYKITIT J10-
piBHtoe 120 mon. KepiBHUIITBO pipMU IiKaBUTh, 4u OyJie 3a TAKMX YMOB BUPOOHHUIITBO HOBOI IPO-
JYKITii BUT1THAM.

4. CnoxuBay MpOIYyKIii A 3a MeBHUX OOCTaBHH MOPYIILY€E MOMEpPe THIO JTOMOBJIEHICTH 1 Bif-
MOBJISIETHCSA MPUUHATH OUThII sk 100 ox. mpoaykmii A. Buznauutu, sk pipma mMae 3MIHUTH TIIaH
BUPOOHUIITBA CBOEI MPOYKIIii, 00 YHUKHYTH BTPAT, MOB'SI3aHUX 13 HAJABUPOOHUIITBOM BiJIMOBIM-
HOTO BUJTY MPOAYKITii.

Po36'sazysannsn. 13 HaBeneHOT B yMOBI 3a7a4i cumiuiekc-tabmuii maemo: X = (180; 40; 0;
100; 0; 0), max Z =20 600,Y"= (0; 10; 70). OnTHMaIbHAM IUIAHOM BHPOOHHMIITBA MPOAYKIII Ha
¢bipmi € Bummyck 180 ox. mpoaykmii A Ta 40 ox. mpoaykiii B. Burotosnennst nponykiii Buny C He
nepenbavaetses. [Ipu pomy dipma oTpumae MmakcumanbHuil 1oxin y po3mipi 20 600 non. Ha mi-
CSILIb.
1. 30inbIeHHs Yacy poOOTH OONagHAHHS JacTh 3MOTY 30UIBIIMTH BUIYCK MPOAYKIii, TOOTO 3Mi-
HUTb ONTUMAaIbHUMU IIaH 1 goxig ¢ipmu. Ockineku Ab, =0, Ab, =100, Ab, =80, HOBHI onTHMa-
JBHUH TIJIaH BU3HAYAETHCS TAK:

1 -1/2 0 360+0 50

X =D"-B=|0 1/2 -1|520+100|=| 10
0 -1/2 2 220+20 290

Hosuii mian gomycrumuii (Bei x; > 0), i TOMy ONTUMaIIbHI JBOICTI OLIHKK 30€piraroTh CBOi

snauenns: Y = (0; 10; 70). IIpupict poxoxy ¢ipMu B pe3yabTaTi 3MiHH ONTHMAJIBHOTO ILIAHY BH-
POOHMIITBA MPOIYKIIil pO3PaXOBYETHCS TaK:
max AZ = Ab,y, + Ab,y, + Ab,y, =100-10+80-70 = 6600 no.

Ockinbku 10Xi1 (GipMU BiJl JOJAATKOBOTO BUKOPUCTAHHS O0JIaHAHHS T'PYI 2 1 3 TEpEBUIIY€E BH-
TpaTu Ha opeHAy Iboro obmagHaHHs (6600 > 5000), To mpupoaHO, IO Taka TakTUka (Gipmu Oyze
BUTiTHOIO. [Ipu 1IbOMY ONITUMATBLHUM TUTAHOM BUPOOHUIITBA cTaHe BUITYCK 290 of. mpomykmii A 1
10 oxn. mpoxyxkuii B. HeBukopucranuit uac pobotu o6nagHanus rpynu 1 3meHmmrthes 10 50 roa. Ha
MiCSIIIb, a 10X11 (ipMH 3a BiipaxyBaHHSM BUTPAT HA OpeHy oOnaaHaHHs AopiBHIOBaTuMe 20 600 +
(6600 - 5000) =22 200 goJ1. HA MICSAIIb.

47



2. 3miHa niHyn oauHuLI npoaykuii B Ha AC, (25 1011.) CTOCYETBCS BCHOTO OLIIHKOBOTO PsIKA CUM-
IUIEKC-TabIMIIL, OCKITIBKHU X, € 0a3ucHO0 3MiHHOI0. HoB1 Z; — C MaTUMyTh TaKi 3HAYEHHS:
Z,—C,=10-AC, =10+25=35;

Z,—C,=10+1/2AC, =10-12,5=-2,5;
Z,—C,=70-AC, =70+25=095.

Komu 6 yci 3100yTi OIiHKH 3370BOIBHSUIA YMOBY Zs — Cs > 0, TO 11e 03Ha4ano 0, 110 momnpy 3HH-
KEHHsI LI1HU TUIaH BUPOOHUIITBA NPOMYyKLIi Ha (ipMi He 3MIHUTBCA. Asie oliHka Z, —C; HE 3a10BO-
JIbHSIE YMOBY ONTHMAJILHOCTI 3a7]a4l Ha MAaKCHUMYM, 1 TOMY MOKHA 3pOOHMTH TaKHii BUCHOBOK. IcTO-
THE 3HIDKEHHS LIHM OJMHMII MPOAYKIii B mopyirye BU3HaueHHi paHille ONTUMaIbHUN IUIaH BU-
POOHMIITBA MPOAYKIIi1, OCKUTBKH BHITYCK TIPOAYKIIii Buay B ctae mis GipmMu HEBUTITHUM, HEpEHTa-
OCNbHUM.

HoBuii onTuManbHU# MUIaH BU3HAYAETHCS Y MPOIEC] MOJAIBIIOTO PO3B'SI3YBaHHS 3a7adl CHMII-
JIEKC-METOJIOM:

90 85 150 |0 0 0
baswuc C,. [Tnan 0
X Xy Xs Xy Xs X6
X4 0 100 0 0 3 1 -2 1y _
«x, |85 40 0 1 -1 0 g > -1 80
% 90 180 1 0 3 o | 2 -
Z,-C,>0 19 600 0 0 35 0 25 |95
X, 0 140 0 ] 2 1 0 -1
X, 0 80 0 2 ) 0 1 2
. 90 220 | ] 2 0 0 1
1
Z,-C,20 19 800 0 5 30 0 0 90

OTxe, y pO3TJISIHYTIHM cuTyanii 3HM)KEHHS [IHU OJMHHULI MPOAYKLUii BUay B Ha 25 mon. pi3ko 3Mi-
HUTb CTPYKTYPY Ta 0OCSITH BUPOOHHUIITBA TPOAYKIIii HA (ipmi. BUrimHuM crane BUITYCK JIUIIE MPO-
aykuii A y xinekocti 220 of.: mpu bOMY 4ac poOOTH o6naaHaHHs rpyn 1 1 2 BUKOPUCTOBYBATH-
METbCSI TIOBHICTIO. Y ce 1€ Mpu3Bee A0 3MEHIIeHHs goxoay ¢ipmu g0 19 800 moi. Ha MicALb.

3. OOGcsr BupoOHHUILITBA HOBOI IPOAYKLII B ONTUMAILHOMY ILIaHI IO3HAYMMO X,. Toxai MaTemaru-

9YHA MOJEIh IPSIMOI 33a/]a4i MaTUME TaKUH BUTIIS;
Z =90x, +10x, +150x, +120x, — max;

X, +2x, +4x, +4x, <360,
2x, +4x, +2x;, +3x, <520,

X, +x, +2x; +x, <220,

X; >0,j=1,7.

VYV MaTemaTuuHii Mojenl JBOICTOi 3ajayl 3MIHHIA X, BIJNOBIJATUME TaKe OOMEKEHHS:
4y, +3y, +y, 2120 . OniHuMO peHTaOENbHICTh HOBOI MPOAYKIIT 3@ JOMOMOIOI0 ABOICTUX OIL[IHOK:

4-0+3-10+1-70=100, mo € menmuMm 3a 120 gon. 3aranpHa BapTICTh YCiX pecypciB, 10 BUTpa-
Yal0ThCs Ha BUMYCK OJMHUII HOBOI MPOAYKIIil, HE NMEPEBUIIY€E OPIEHTOBHOI LIHMU i€l MPOAYKIii, 1
TOMY ii BUPOOHUIITBO JIs1 ipMU € BUT1IHUM, peHTa0CTbHUM. 3aBISKH IIbOMY BH3HAYEHUN paHiIIe
ONTHMAJIbHUM IUIaH BUPOOHUIITBA MPOAYKIIIT MOKHA MOJIMIIUTY 38 PAXYHOK YBEAECHHS B HOTO X, .

JU1st 1bOro 3a JOIOMOTOK OOEpHEHOI MATPHUIl HEOOX1IHO BUSHAUYUTH €JIEMEHTU CTOBIYMKA « X, »

OCTAaHHBOI CUMILIEKC-TA0IHUILII;
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a, 1 -1/2 0) (4) (5/2
D' lay, |=[0 1/2 -1|x|3|=[1/2
a,) \0 -1/2 2 ) (1) (1/2

PesynpraTi onHi€l iTepanii CHMILIEKC-METONY, IO MPUBOJHUTH O HOBOTO ONTUMAJIBHOTO
TUIaHY 3aJ1a4i, HABEJCHO JaJi.

90 110 150 |0 0 0 120
Basuc C,. [Tnan 0
X, X, X, X, X5 X X,

«— X

4 0 100 0 0 3 1 -12 |0 @‘. 40
X, 110 40 0 1 -1 0 12 -1 1 80
X, 90 180 1 0 3 0 -12 |2 360
Z,-C, 20 20 600 0 0 10 0 10 70 -20
X7 120 40 0 0 6/5 2/5 -1/5 |0 1
X, 110 20 0 1 -8/5 | =1/5 |3/5 -1 0
X, 90 160 1 0 12/5 | =1/5 | =2/5 |2 0
Z,-C;20 21 400 0 0 34 8 6 70 0

Sk 6aunmo 3 Tabmumi, X = (160; 20; 0; 0; 0; 0; 40), max Z =21 400 . Kepiauurso dipmu
Ma€ MATPUMATH MPOTIO3UILII0 BIALITY AOCTIKEHb Ta PO3POOOK 1 HATArOIUTH BUPOOHHUIITBO HOBOT
MPOJYKIIii, SiIka € peHTabeIbHOI, BUTOTOBIISAIOUH ii B KibKocTi 40 0Of1.; BIAMOBIAHO MPOIYKINT A —
160 ox. 1 mpoaykiii B — 20 ox. Takuii HOBHI oNTUMaIBHUH IJIaH BUPOOHHUIITBA TIPOIYKITIT 301716~
muTh goxia Gipmu 1o 21 400 gon. Ha MicALb.
4. YerBepTa 3amponoHOBaHA CUTYAIllT MaTeMaTUYHO IMOB'sI3aHa 3 YBEJACHHSIM B YMOBY 3ajadi J0-
JATKOBOTO OOMEKEHHSI, 110 MO MPU BECTH JI0 TAKUX HACIIIKIB:
a) HOBE OOMEXEHHS JJII BU3HAYCHOTO ONMTHUMAIBHOTO TIJIaHY BUKOHYETHCS 1 TOJII BOHO € HaJl-
JUIIKOBUM, 3aiBUM 1 OTO BKJIIOUEHHSI 1O MOJIEJIi HE 3MIHIOE BU3HAYEHOTO IUIaHY;
0) HOBE OOMEKEHHSI 11 BU3HAYCHOT'O ONTUMAJILHOTO TJIaHY HE BUKOHYETHCS, 1 TO/1 3a JI0MO-
MOT0I0 JIBOICTOTO CUMIIIEKC-METOly HEe OOX1HO 3HANTH HOBUN ONTHUMAJIbHHIA TUIaH.
3a yMOBOIO 3a/1a4 JOAATKOBUM € oOMexkeHHs X, <100 . Aye BOHO Cynepe4nTh ONTUMAIIbHIN KiJlb-
KocTi mponykiii A, sika gopiBHioe 180 ox. Tomy HE0oOXiqHO MPUEAHATH 1€ T0JATKOBE OOMEKECHHS
70 CUMIUIEKC-TaOJHIl Ta MPOJOBXUTH PO3B'SI3yBaHHS 3a/1adi, ajie BXKE 3a JOMNOMOTOI0 JBOICTOrO
CUMILIEKC-MeToAy. JIJIsi bOTO CIOYaTKy 3BEIEMO JTOaTKOBE OOMEKEHHS /10 KaHOHIYHOTO BUTIISITY:
x, +x, =100.
OCKUTbKHM B ONTUMAIBHOMY IUIaHI 3MiHHA X] € 0a3UCHOI0, 11 He0OX11HO 3anucaTu yepe3 Heba3ucHi

HeBigoMi. [le pobuthes Tak. ¥ cumruiekc-tabuil, sIKy HaBEJIEHO B YMOBI 3ajadi, psAAOK 3MiHHOT
“X1” IOIa€ThCS PIBHIHHAIM

l-x, +0-x,+3-x,+0-x, —1/2-x,+2-x, =180.
3 1IbOT0 PiBHSHHS BU3HAYUMO X,
x, =180—-3x;, +1/2x, —2x,.
[TimcTaBuBIIM 1I€H BUpa3 B JOIaTKOBE OOMEKEHHS, OTPUMAEMO
180—3x, +1/2x, —2x, +x, =100
abo
=3x; +1/2x, = 2x, + x, =—80.
Y TakoMmy BUTJISA/II JOJATKOBE OOMEKEHHS JOMMUCYEThCS B CUMILICKC-TA0HINIO. 3aCTOCYBaHHS
JIBOICTOTO CUMILIEKC-METO/1Y MPUBE/IE 10 HOBOTO ONTUMAIBHOTO IIJIaHy 3a]1a4i:
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90 110|150 |0 0 0 0
bazuc C,. [Tnan

X, x, X, X, X X, X,

3
%4 0 100 0 0 i, 1 “12 |0 0
X, 110 40 0 1 ; 0 12 -1 0
X, 90 180 1 0 0 12 |2 0
0 - 0 0 0 _ 1
x 80 )\ 12 2
Z,-C,20 20600 |0 0 10 0 10 70 0
4 0 20 0 0 0 1 0 2 1
X, 110 20003 |0 1 0 0 1/3 13 | -1
X, 90 100 1 0 0 0 0 0 1
) 150 80/3 0 0 1 0 ~1/6 |23 ~1/3
3
61 000

Z,-C,;>0 3 0 0 0 0 353 | 190/3 | 10/3

3 ocranuboi Tabmumi maemo X~ = (100; 200/3; 80/3; 20; 0;0), max Z =61 000/3 ~20 000.

[Ipoananizyemo 1ieii miiaH. Peasizaiiis 3armpornoHOBaHO1 B YMOBI 3a7a4i CUTYaIlii 3MiHIOE CTPYKTY-
Py Ta KUIbKICHMIA BHpa3 ONTHUMAaJIbHOTO Iuiany. Tenep 3 ypaxyBaHHSM BUMOT CIIOXHMBava (pipma Bu-
roroBisitume 100 ox. mpoaykmii A, 200/3 ox. mpoxykiii B 1 80/3 ox. mponykmii C. Y pe3ynbrari
TAKOT0 IJIaHy BUITYCKY IPOAYKIIT 10Xi1 (ipMu 3MeHIIUTHCS 710 20 333 o1, Ha MicsIIb.

TEMA 7
TPAHCIIOPTHA 3AJTAYA. IOCTAHOBKA, METO/U PO3B’I3YBAHHSA TA AHAJII-
3V.

7.1. Exonomiuna i mamemamuuna nocmanoeka T3. Ymoeu icuysannsa poze’azky T3.
Tpancnopmmna 3a0aua — 1e cuenudivyna 3a7ay4a JIHIHHOTO MPOrpaMyBaHHs, 3aCTOCOBYBaHA IS

BU3HAYCHHS HAalleKOHOMIYHIIIOrO IJIaHy MEePeBE3eHHs OJHOPIAHOT MPOMYKIIl Bifl MOCTaYalbHUKIB

710 CIIO’KMBAYiB.

MaremaTruHa MO/I€b TPAHCIIOPTHOI 331241 Ma€ TaKU BUTIIS:

Zzizn:c[j-xl_j%min; (7.1)

i=l j=1

32 OOMEXKEHD

n

Mx, =q, (z :1,m); (7.2)

Jj=1

m

> x,=b; (j=Ln); (7.3)

i=1

xifZO (z’zl,m;jzl,n), (7.4)

ne x; — KUIBKICTh TIPOYKIIii, 1110 IEPEBO3UTHCS BiJl i-TO MOCTAYAIbHUKA IO j-TO CIIOYKHBa-

4a; ¢; — BapTICTh [EPEBE3CHHs OAMHHLI NMPOIYKIUII Bi {-r0 MOCTa4YaIbHHUKA [0 j-TO CIIOXKHBAYa;
a;, — 3amacu NPOAYKLIi i-ro MoCTavYaibHuKa; b, — MONHUT Ha IPOAYKLIIO j-TO CIIOXKHBAYA.

SIK110 B TpaHCHIOPTHIHM 3a7aui 3aranbHa KUIBKICTh MPOYKIIii MOCTAa4albHUKIB JOPIBHIOE 3a-
TaJIbHOMY TIOTIUTY BCiX CIIOXHBaYiB, TOOTO
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PILEDICE (7.5)

TO TaKy TPAHCIIOPTY 3a7auy Ha3UBAIOTh 3041aHCO8AHOI0, A00 3aKpumoro. SIKIIO X Taka yMOBa HE
BUKOHYETHCS, TO TPAHCIIOPTHY 33J[auy HAa3UBAIOTh HE30a1aHCO8aH010, 200 8IOKpUmMOI0.
Ilnanom TpaHCTIOPTHOT 3a7a4l HA3WBAIOTh OY/b-SKUI HEBI'€MHUNU PO3B'SI30K CUCTEMHU 00-

MEXEHb (7.2)—(7.4) TPAHCIIOPTHOL 3amadi, SIKUN MO3HAYaI0Th MaTpULEIO
x:(xl.j) (izl,m;jzl,n).
Onmumanvhum nAaAHOM TPaHCIOPTHOT 3amadi Ha3WBaIOTh MaTPHIIIO

X' = (;c ;,«) (z’ =lm;j= l,n), sIKa 3aJJ0BOJIbHSIE YMOBH 3aja4i 1 Juisl ko1 miyiboBa GyHKis (7.1)

Ha0yBa€e HAMMEHIIIOTO 3HAYCHHS.
! Teopema (ymosa icnysanna po3e'asky mpancnopmnoi zaoaui). Heooxionow i oocmammusoro
YMO06OI) ICHYBAHHA PO38'A3KY mpancnopmuoi 3adaui € il 30anamcoeanicms, moodmo

m n
2 a; = Z b;.
i=1 =1

5.2. Memoou nobdyooseu onopnozo naany. Bnpoeaoxscenns. /leoicmicmo.

TpancnopTHa 3a7a4a € 3aauelio JiHIHHOTO MPOrpaMyBaHHS, SIKY MOYKHA PO3B'S3aTH CHMII-
JIEKC-METOZIOM. AJie crielidiyHa CTPYKTypa TPAaHCIOPTHOI 3a/1a4l Aa€ 3MOT'y BUKOPUCTOBYBATHU IS
il po3B's3yBaHHS €(PEKTHBHILINI METOJ, KU MOBTOPIOE, MO CYTi, KPOKH CHMILIEKC-AITOPUTMY.
Takum € memoo nomenuyianis.

ANTOpUTM METOJy OTEHIIIaJIiB CKJIAJA€ThCS 3 TAKUX ETaIliB.

1. BuzHaueHHs THITY TPaHCTIOPTHOI 3a7a4l (BIAKPUTA YU 3aKPHUTA).

2. [ToGynoBa mepIioro OMOPHOro IIaHy TPAHCIIOPTHOI 3a/1adi.

3. [lepeBipka miaHy TpaHCIOPTHOT 3a71a41 HA ONITUMAJIbHICTD.

4. SIKmo ymoBa ONTHUMAIbHOCTI BUKOHYETHCS, TO MAEMO ONTUMAIBHUI PO3B'SI30K TPAHCIIOPTHOI
3amayl. SIKI10 )k yMOBa ONTUMAJIBHOCTI HE BUKOHYETHCS, HEOOX1THO TIEPEUTH 10 HACTYITHOTO OTIOP-
HOTO TUIaHy.

5. HoBwuii mian 3HOBY NEpEBIPSAIOTH HA ONITUMAJIbHICTh, TOOTO MMOBTOPIOIOTH i 1. 3, 1 T. 1.

Po3risiHeMo nOKIIaIHO KOKHHM €Tall [bOT0 aJITOPUTMY.

1. Sxmo mix yac mepeBipku 30a1aHCOBAaHOCTI (5.5) BUSBHUIIOCS, 110 TPAHCTIOPTHA 3ajJiavya € BIIK-
pUTOIO, TO 11 HEOOX1HO 3BECTH /10 3aKPUTOro THIY. Lle BUKOHY€ETHCS BBECHHAM (DIKTUBHOTO yMO-

n m
BHOT'O TIOCTa4albHUKA A ., y pa3l IEepEeBUIICHHS 3arajbHOro MOMUTY HaJl 3allacaMu Zb > z a,
j=1 i=1

n m
13 3amacom aq,,, = Zb ' —Zal_ . SIkimo >k 3arajgbHi 3alacu MOCTavalbHHUKIB INEPEBUILIYIOTH ITOMUT
j=1 i=1

m n
CIIO’KMBAYiB Zal_ > Zb . | 710 3aKpUTOrO THILY 3a/ia4a 3BOJUTHCS BBEICHHAM (DIKTHBHOIO yMOB-
i=1 Jj=1

m n
HOTrO criokuBava B ,, 3 motpeboro b, ,, = Zai —z b, .
i=1 Jj=1

BapricTs nepeBe3eHHs OAMHULI TPOAYKIIT 17151 PIKTUBHOTO MOCTayaIbHUKA A4 abo QiKTUBHO-

m+1
o CIOXkHBaya B | . BBAXKAETHCS TAKOI0, 110 JOPIBHIOE HYIIIO.

2. lns noOya0BY MOYATKOBOTO OMOPHOTO IUIaHY TPAHCIOPTHOI 3aj1a4i iCHY€ KijbKa METOJIIB: MiB-
HIYHO-3aX1JHOTO KyTa; MiHIMaJIbHOI BapTOCTI; MOABIHHOI nepeBary; anpokcumaiiii doremns. [1o0y-
JIOBY OIOPHOTO IJIaHY 3pYYHO MOJABaTH y BUTJIAMI TaOiMill, B sIKill MOCTavyaJIbHUKU MPOAYKLIi €
psIKaMH, a CIIO’KUBadl — CTOBIYMKAMHU.
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[ToOynoBy mepmioro miaHy 3a MeTOA0M MiBHiYHO-3aXiZHOr0 KYyTa MOYHHAIOTH 13 3alIOBHEHHS
J1BOi BEPXHBOI KIITHHKU Tabnuui (X,,), B Ky 3alMCYIOTh MEHIIE 3 IBOX 4ucen a, Ta b,. Jlam me-

pPEXOoNATh 10 HACTYITHOI KJIITHUHKU B PAAKY a00 y CTOBITUMKY 1 3alOBHIOIOTH 1i, 1 T. 1. 3aKiHYYIOTh
3aIMOBHIOBATH TAOJHUIIIO Y MPaBiid HYIKHIM KITITHHIIL.

Inest MmeToay MiHiMaIbHOI BAPTOCTI TOJIATAaE B TOMY, 110 Ha KO)KHOMY KPOIIi 3alIOBHIOIOTH KJIi-
TUHKY TaOJHIl, sIKa Ma€ HAlMEHITy BapTiCTh MepeBe3eHHs ONMHUII mpoaykiii. Taki 1ii moBTopio-
I0Th JIOTH, JIOKH HE Oyie pO3IMOIiICHO BCIO MPOIYKITIIO MiXK MOCTavYaIbHUKAMH Ta CIIOKHUBaYaMHU.

Meton noasiiiHoi nepeBaru. Ilepen moyarkoM 3amoBHEHHs TaOIMII HEOOX1AHO MO3HAYUTH KIIi-
TUHKH, K1 MalOTh HAaWMEHITy BapTICTh Y PSIKaX 1 CTOBMYMKAX. TaOJMIO MOYMHAIOTH 3aIlIOBHIOBA-
TH 3 KIITHHOK, MO3HAYEHUX JIBIYi (K MiIHIMaJbHI 1 B PSJIKY, 1 B CTOBIUKKY). Jlaji 3alOBHIOIOTH KJTi-
TUHKH, TTIO3HA4YEH1 OJIMH pa3 (K MiHIMaJIbHI 200 B PsIIKY, a00 B CTOBITYMKY), a BXKE TIOTIM — 3a Me-
TOJIOM MiHIMAJIBHOI BAPTOCTI.

Metoa anpoxcumanii @ores. 3a MM METOAOM Ha KOKHOMY KpPOIll BU3HAYAIOTh PI3HUITIO MIXK
JIBOMa HAMEHIIMMHU BapTOCTSAMHU B KO)KHOMY PAIKY 1 CTOBIUMKY TpaHcnopTHOI Tabmuti. i pizuu-
111 3aIUCYIOTh Y CHEIialbHO BiABeAeHUX Micusax Tadmmii. Cepen ycix pi3HUIb BUOMPAIOTH HAWO1-
JBINY 1y BIAMOBIIHOMY PSIIKY UM CTOBITYMKY 3alIOBHIOIOTH KJIITUHKY 3 HAiMEHIIOO BapTicTiO. SIK-
10 K OJTHAKOBHMX HaWOIBIIMX PI3HUII KiJIbKa, TO BUOUPAIOTH Oy/b-IKUH BIAMOBITHUN PSIIOK a0
cToBmuuK. Konu 3anuiaeTscsi HE3aOBHEHUM JIMINE OJUH PSAAOK a00 CTOBIMYUK, TO OOYHCIICHHS
PI3HUIL TPUIHHSIOTH, a TAOJIUITIO TTPOOBKYIOThH 3alIOBHIOBATH 32 METOJIOM MiHIMaJIbHOT BAPTOCTI.

[Ticns moOynoBHM MEPIIOro OMOPHOTO IJIaHY OAHUM 13 PO3IJISTHY TUX METOJIB y TaOMuUIll Mae OyTH
3amOBHEHO (M + n - 1) KIITHHOK, 7€ m — KIIBKICTh TOCTAYaIbHUKIB; # — KIJIBKICTh CITOKHBAYIB Y
3amadi, y Tomy uucii GikTuBHUX. Takuil TUIaH HAa3UBAIOTh He GUPOOXHCeHUM. SIKIO KUTBKICTh 3ario-
BHEHHMX KJIITUHOK TIEepeBUINYye (m + n — 1), TO TOYaTKOBUH TUIaH TOOYA0BAaHO HEMPABUJILHO 1 BiH €
HE ONOpHUM. O3HaKow onoprocmi TUIaHy TPAHCIIOPTHOI 3a/adi € WOro alMKIIYHICTh, TOOTO He-
MOXJIMBICTh TTOOYIOBU 1UKIY. IJukiom y TpaHCTIOPTHIN 3a7adl Ha3WBaIOTh 3aMKHEHY JIaMaHy JIi-
HiIO, BEPIIMHM SIKOI PO3MILIYIOTHCS B 3alIOBHEHHMX KIITHHKax TaOJMIll, a CTOPOHU MPOXOIATH y3-
JOBX PSAJZIKIB 1 CTOBITYMKIB TaOJIHIII.

SIK110 3aMOBHEHUX KJIITHHOK Y TaONHII MEHII 5K (m + n - 1), TO OMOpHMIA IJIaH HA3UBAIOTh GUPO-
Oxcenum. Y TakoMy pasi HEOOXITHO 3allOBHUTH BIAMOBIAHY KUTBKICTh MOPOKHIX KJIITHHOK, 3aIld-
CYIOUd B HHX «HYJIBOBE TMEPEBE3CHHS», ajlie TaK, MI00 MPU [bOMY HE MOPYIIMIACS AIlMKIIYHICTh
IUIaHYy.

3. OnopHuil naaH NepeBipAI0Th Ha ONTHMAJIbHICTh 3a JOINOMOIOI0 MOTEHLIAIB u; Ta V; BLIIOBIA-
HO MOCTa4yajIbHUKIB Ta CIIOKUBAYIB.

! Teopema (ymoea onmumanvnocmi onoprnoz2o niany mpancnopmuoi 3aoaui). SAxuio ona oeaxo-
20 onopnozo naany X' :(xl.j*) ICHYIOmb wucna u, ma v;, Onsa AKUX GUKOHYEMbCA YMO6A

u+v, =c x; >0,

l'jﬂ

u,+v,<c;, x;=0

ona ecix i=1,m, ma j=1,n, mo 6in € onmumanoHumM na1AHOM MPAHCROPMHOT 3a40aYi.

IloTeHIiany ONOPHOrO IUTaHY BU3HAYAIOTHCS i3 CUCTEMH PIBHSAHB U, +V, =C;;, K1 3aIHCYIOTh JUISI

BCIX 3alIOBHEHUX KJIITHHOK TPAHCTIOPTHOT TaOJIHIII.
4. 3a 10MOMOTOI0 PO3paxOBaHUX MOTEHUIANIB MEPEBIPSIOTh YMOBY ONTHMAIBHOCTI U, +V; =

JUTSI TIOPOYKHIX KJIITHHOK Ta0muil. SAkmo xoda O ays oxHi€l KIITUHKYU IS yMOBa HEBHUKOHYETHCS,

TOOTO u, +V >y, MOTOYHH IJIaH € HEONTUMAIBHUM 1 BiI HHOTO HEOOXITHO MEPEUTH O HOBOTO

OTIOPHOTO TUTaHY.
[lepexia BiJ OHOTO OMOPHOTO IUIAHY JIO IHIIOTO BHKOHYIOThH 3allOBHEHHSIM KIIITHHKH, JUIS SIKOi
MOPYIIEHO YMOBY ONTHMAIBHOCTI. SIKIIO TaKWX KIITUHOK KUTbKA, TO JUISl 3aIIOBHEHHS BUOUPAIOTH
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TaKy, 110 Ma€ HalHOUIblIe MOPYLIEHHS, TOOTO {Al.j :(ui +vj)—cl.j}. Jlst BUOpaHoi MOPOKHBOI KITi-

TUHKU OYIYIOTh LMKJI NIEpepaxyBaHHs Ta BUKOHYIOTh MEPEPO3NOALT MPOAYKIIT B MEXKaxX LbOTO -
KJTy 32 TAKMMH [IPaBUJIAMU:

1) KOXKHIN BEpIINHI LUKy PUIHUCYIOTh MIEBHUN 3HAK, IPUYOMY BUTBHIN KIITHHIII — 3HAK «+», a
BCIM 1HIIIMM TIO Ye€P31 — 3HAKU «—» Ta «+»;

2) y OPOXKHIO KIITHHKY IIEPEHOCATh MEHIIIE 3 YHCEIl Xjj, IO CTOATh Y KIITUHKAX 31 3HAKOM «—».
OnHOYACHO II€ YMCIIO JOJAI0Th 10 BIAMOBIIHUX YHCEN, SKI PO3MILIYIOTHCS B KITHHKAX 31 3HAKOM
«tm.

OTrxe, KIITHHKA, IO OyJia BUIBHOIO, CTA€ 3allOBHEHOIO, a BIAMOBITHA KIITHHKA 3 MiHIMAILHUM
YHUCIIOM X, BB@XKAEThCs MOPOKHBOI. Y PE3ybTaTi TaKoro Iepepo3oAily MPOAYKLii JicTaHeMO
HOBMIA OTIOPHUH IJIaH TPAHCIIOPTHOT 3a/1a4i.

5. HoBwuii onopHMii 1i1aH mepeBipsA0Th Ha ONTUMAIBHICTD 3T1IHO 3 I1. 3 pO3IIISTHYTOTO aJTOPUTMY.

PosrnsiHemMo 3acTOCyBaHHS METOAY MOTEHINAIB AJIsl PO3B'A3yBaHHS TPAHCIIOPTHUX 3ajad, HaBe-
JEHUX JaJIl.

7.3. T3 3a kpumepiem uacy. /leoemanna T3. Po3eé’azannsa no cimui.
Komnanist konTpomoe tpu ¢abpuxku 4, A4,,4,, 3narai Burorosiastu 150, 60 ta 80 tuc. ox.
npoaykuii moTtikHsA. Komnanis ykiiana JOroBip i3 4oTHpMa 3aMOBHUKaMu B, B,, B,, sSIKUM HOTpi-

6Ho moTkHSA BignosinHo 110, 40, 60 Ta 80 THC. oa. npoaykuii. BapTicTs BUpOOHUIITBA Ta TpaHC-
noptryBanHs 1000 ox. mpoaykirii 3aMOBHUKAM 3 KOJKHOI (haOpHKK HaBEJICHO B TAOJIHIII.

BapricTe BUpOOHHUIITBA 1 TPAHCHIOPTYBAHHS
dabprka 1000 ox. mpoayKIii 3a 3aMOBHUKAMHU

B, B, B, B,
4 4 4 2 5
A, 5 3 1 2
A, 2 1 4 2

Busnauntu ans koxHO1 (paOpuKku ONTUMATbHUM IUIaH MEpPEeBE3CHHS MPOIYKIIi 10 3aMOBHUKIB,
10 MiHIMI3Y€ 3arajabHy BapTiCTh BUPOOHHUIITBA 1 TPAHCIIOPTHHUX MTOCIIYT.
IToGynoBa maTemaTu4noi Mojei. Hexaii x; — KiIbKiCTh NPOAYKLIi, 10 NEPEBO3UTHCA 3 i—i (a-

OpHUKH 10 j-TO 3aMOBHHUKA (i =13 j= 1,4). OCKUTbKHM TPaHCIIOPTHA 33Jaya 32 YMOBOIO € 30ajaH-

3 4
COBaHOI0, 3aKPUTOO Z a,= z: 290 |, To MaTeMaTHYHA MOJEIb 3a4a4l MATUME BUTTIAL
i=1 j=1

X, +x,+x,+x, =150,

Xy + Xy + X5 +x,, =60,

Xy + X5, + X35 + x5, = 80.

ExoHOMIUHUI 3MiCT 3amucaHuX OOMEXEeHb IOJISrae Och y 4OMY: ycsi BUpoOsieHa Ha (pabpukax
MPOIYKIIisl MAa€ BUBO3UTHCS JI0 3aMOBHHKIB ITOBHICTIO.

AHasoriyei 0OMeXEeHHsS MOKHA 3allUCcaTy BiTHOCHO 3aMOBHUKIB: MPOAYKLIs, 10 HAIXOAUTH JIO
CIIO’KMBaya, Ma€ MOBHICTIO 337I0BOJIBHATH HOTO ONHUT. MaTeMaTHYHO 1€ 3aMUCYETHCS TaK:

X, + X, + x5, =110,
X, +X,, +x,, =40,
X3+ X,5 + X5, = 60,
X, +x,, +x,, =80.

3aranpHi BUTpATH, MOB'3aH1 3 BUPOOHUIITBOM 1 TPAHCIIOPTYBaHHAM HPOAYKIIil, CKIaJAIOThCS K
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I00yTOK 00CATYy MepeBe3eHOl MPOAYKIIii Ta MATOMOI BapTOCTI MEpPEeBe3eHb 3a BiMOBIIHIUM MapIli-
PYTOM 132 YMOBOIO 33/1a4l MatOTh OyTH MiHIMaITbHUMHU. ToMy

Z=4-x,+4-x,+2-x;+5-x,+5-2x,, +3-2x,, + X3 +2-x,, +2-x;, +

+x;, +4-x;, +2-x;, > min

VY minoMy MaTeMaTUYHy MOJEIb IIOCTABICHOI 3aa4i MOYKHA 3aIIUCATH TaK:

Z =4x, +4x, +2x, +5x, +5x,, +3x,, + X, +2x,, +2x;, +

OTOPHUH TIJIaH 3374l MOOyIyEMO METOJIOM MiHIMAJIbHOI BapTOCTI.

+X;, +4x,; +2x;, & min

X, +x, + x5 +x, =150,
Xy + Xpp + X5 +X,, =60,
Xy, + X5, + X35 + x5, = 80.
X, +Xx,, + x5, =110,
X, +X,, +x,, =40,
X3+ X,5 + X5, = 60,

X, +x,, +x,, =80.

x;20,i=13; j=14.

Po3e'azyeanna. Po3p'a3yBaHHS 3a7aui MoJaMo B TaOIUIIX, SIKI HA3BEMO TpaHCHOPTHUMHU. [lepmnit

B
A] J u[
B, =110 B, =40 B, =60 B, =80
B 4 4 2 5 B
4 =150 110 2+ 40— th =5
5 3 I 2 B
A, =60 0 o u, =2
2 1 4 2 _
4, =80 40 0 U, =2
v; v, =-1 v, =-1 v, =-1 v, =0

Tomy Z=4-110+5-40+1-60+1-40+2-40 =820 ym. ox.

[lepmmii omopHU# MJIaH TPAHCIIOPTHOI 3a1a4l BUPOKEHU, OCKUIBKH KUTBKICTh 3aITOBHEHUX KJIi-
TUHOK y TaOnuIi nopiBHIOE m'satH, a (m + n — 1) =3 + 4 — 1= 6. [l monansIioro po3B's3yBaHHS
3aJa4i HEOOXITHO B OJIHY 3 MOPOKHIX KIIITHHOK 3allUCaTH «HYJIbOBE MEPEBE3EHH» TaK, 1100 HE IMO-
PYIIUTH OTIOPHOCTI IUIaHy, TOOTO MOYKHA 3alHITH OyIb-IKYy BUIBHY KJITHHKY, sIKa HE YTBOPIOE 3a-
MKHEHOro nukiy. Hampukian, 3anoBHUMO KIITHHKY A,B,. Tenep nepuuii niaH TpaHCIIOPTHOI 3a-

Jadi € He BUPOJKEHUM, 1 1Oro MOKHA MEPEeBIPUTH HA ONTUMANIBHICTh 32 JOMIOMOTOI0 METO/Y TOTe-
HIaJIB.
Ha ocHOBI 11epioi yMOBH ONTUMANBHOCTI U, +V; = ¢;; CKJIaJIeMO CUCTEMY PiBHAHD JUIs BU3HAYEH-

HS MTOTEHITIAJIB IJIaHY:

u +v, =4,
u, +v, =3,
u, +vy =1,
u,+v, =2,
u, +v, =1,
u, +v, =2.

3amucana cucTeMa piBHSAHBL € HEBU3HAYEHOIO, 1 OUH 3 T PO3B'SI3KIB JICTAHEMO, SIKII[O, HAIIPUKIIA]
b b 9 9

54




v,=0. Tomi BCI 1HIIT IMOTEHI1AIH OJIHO3HAYHO BU3HAYAIOTHCS:

u =5 u,=2,u,=2,vy=-1, v,=-1, v;=-1..
Jlami 3riHo 3 aNnropuTMOM METOJY MOTEHLIANIB IepeBipIeEMO BUKOHAHHS APYroi YMOBHU ONTHMA-
JIBHOCTI u; + v, < ¢;; (WIS TOPOXKHIX KIIITHHOK TabJHI1):

AB, iu +v, =5+(-1)=4=4;
AB; tu +vy =5+(-1)=4>2;
A,B, iuy +v, =2+(-1)=1<5;
A,B, iuy +v, =2+(-1)=1<3;
AB uy+v =2+ (-1)=1<2;
AB; tuy+vy=2+(-1)=1<4.
YMOBa  ONTHMalIbHOCTI  HE  BHUKOHYETHCS Ui KIIITUHKH AB,. ITopymenns

Ay =(u, +v;)—c;; =4—2 =2 3anuCyeMO B IIBOMY HHKHbOMY KYTKY BiIIOBIIHOI KIITHHKY.

[lepmii onopHMii MIaH TPAHCIIOPTHOI 33a7ja4i € HEONTUMAJIBLHUM. TOMY BiJl HBOTO HEOOXIIHO Tie-
pPENTH 710 IPYroro Iiany, 3MIHUBIIHN CITIBBIIHOIIEHHS 3aIIOBHEHUX 1 MOPOKHIX KIIITUHOK TaOJHIII.
IToTpiGHO 3aOBHUTU KIITUHKY A B,, B AKiil € €lUHE NOPYIIEHHsS] YMOBU oNTUManbHOCTI. CTaBu-

MO B Hill 3HaK «+». [[ng BU3HAuUEHHs KJIITMHKH, L0 3BUIBHAETHCS, OyIyEMO LMKI, TOYMHAIOUYH 3
KIITUHKU A B,, Ta M03Ha4ya€MO BEPILMHM LMKy IIOYEProBO 3HAKaMHU «-» 1 «+». Tenep HeoOXigHO

HEPEMICTUTH MPOAYKIII0 B MEKaX MOOYI0BaHOro LMKITY. [ 1IbOro y BiAbHY KIITHHKY A B, ne-
PCHOCHMO MEHIIE 3 YHCel X, SIK1 pO3MIIIYIOTHCS B KIIITHHKAX 31 3HAKOM «—». OJTHOYACHO IIe came
YHCII0 X; JIOJAEMO 10 BiJIMOBITHUX YHUCEIl, IO PO3MIIIYIOThCS B KIIITHHKAX 31 3HAKOM «+», Ta BiJl-
HIMAa€EMO BiJl YUCEJ, IO PO3MIIIYIOTHCS B KJIITHHKAX, TO3HAYEHUX 3HAKOM «—.

VY naHomy BUNAAKy min{60; 40} =40, To6T0 min x; =40. BukoHaBIM 11epepO3MOALT MPOAYKIIT
3TiHO 13 3alMCaHUMU IIPAaBWJIAMHM, AICTAHEMO TaKi HOBI 3HAYE€HHS: KIITHHKAa A B, — 40 ox. npo-
aykuii, 4,B,—(60-40)=20 ox., 4,8, —(0+40)=40 on. Knitunka A4 B,, 3BUIbHAETbCS 1 B HOBIM
Tabnuili Oyie MOPOXKHBOK. YCi IHII 3aMOBHEH] KIITUHKY NepIioi TaOuIli, sSIKi He BXOIWIN JI0 IU-
KITy, TIEPENUCYIOTh Y APYTy Tabnuio 6e3 3MiH. KiTbKICTh 3alIOBHEHMX KIITHMHOK Y HOBIH TaOwMIIi
TaKOX Ma€ BIJIOBITaTH YMOBI HEBUPOHKEHOCTI, TOOTO TopiBHIOBATH (1 + m—1).

OTxe, Ipyruii ONMOPHUI IJIaH TPAHCIIOPTHOI 3a/1a4i MaTUME TaKUi BUTIISAL;

B.
Aj / u,
B =110 B, =40 B, =60 B, =80
B 4 4 2 5 B
A4 =150 —1I10 o u, =0
B 5 3 1 2 —
A, =60 0 i u, =1
. 1 4 2 _
4, =80 1| o+ 40 4L— =1
v, v, =4 v, ==2 v, =12 v, =3

Tomy Z,=4-110+2-40+1-20+2-40+1-40+2-40 = 740 ym. ox.
Hoswii m1an 3HOBY nepeBipsgeMoO Ha ONTHMAaJIbHICTh, TOOTO MOBTOPIOEMO OMMCAH1 paHilIe Aii.
Jpyruii niaaH TpaHCIOPTHOI 3a7a4l TaKOK HEONTHUMAJIbHUH (IOpYLIEHHS Ul KIIITUHKH 4, B, ). 3a

JI0TIOMOT010 TOOYTOBAHOTO IIUKITY BUKOHAEMO TEPEX1J A0 TPETHOTO OMOPHOTO IJIaHY TPAHCIIOPTHOT
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3a/1a4i i JICTAHEMO TaKy TaOJIHIIFO:

B.
4, / u
B =110 B, =40 B, =60 B, =80
B 4 4 2 5 B
4, =150 90 60 u =2
5 3 1 2
4, =60 60 u,=0
_ 2 1 4 2 _
4 =59 20 40 20 4 =0
v, v, =2 v, =1 v; =0 v, =2

Tomy Z, =4-90+2-60+2-60+2-20+1-40+2-20 =720 ym. ox.
[lepeBipka OCTaHHBOTO TUTAHY HA ONITHUMAJIBHICTH 32 JIOTIOMOTOI0 METOJTy TTOTEHITIaIiB IMOKa-
3ye€, 110 BiH onTUMaibHUN. Tomy

9 0 60 O
X'=0 0 0 60
20 40 0 20

3a onTHUMAaNBHUM IUIAHOM TIEPEeBE3eHb MEepIIni 3aMOBHHUK oTpuMye 90 THC. OJ1. MPOAYKIIi 3 TIep-
moi ¢padpuku Ta 20 THC. 0J1. — 3 TpeThoi. J[pyruii crokrBay 3a70BOJIbHSIE CBIM TIOMHT 33 PaXyHOK
BUPOOHMIITBA Ta TiepeBe3eHHs 40 THC. 0. MPOAYKLii 3 TpeThoi pabpuku i T. 1. [Ipu 1ipomy 3araib-
Ha BapTICTh BUPOOHUIITBA Ta TIEPEBE3CHHSI BCi€T MPOIYKITIi € HAWMEHIIIOIO 1 CTaHOBUTH 720 yM. 0f1.

TEMA 8.
IJIOYUCJIOBI 3AJIAUI JITHIMHOI'O ITPOT'PAMYBAHHS. OCHOBHI METO/JIH iX
PO3B’SAI3YBAHHS TA AHAJII3Y.
8.1. Obnacmo 3acmocysanns L[3JII1.

VY mnomnepenHix po3aiax Oyiao PO3MISIHYTO 3aiadi JIHIHHOTO MpOrpaMyBaHHS Ta METOAM iX
po3B's3yBanHs. [li MeToam HaWOiIBII po3pobiieHi, Jerko peanizyroThess Ha [IK, a Tomy HaOymu
IIMPOKOT'0 3aCTOCYBAHHS B 0araThbOX rajy3sx HayKd, TEXHIKU Ta eKoHOMikH. [Ipore miHilHI Moaeni
B1IOMBAIOTH JIMIIIE TIEBHY ¥ BETbMHU OOMEKEHY CYKYITHICTh BJIACTUBOCTEH HABKOJIHUIIHHOTO CBITY.
AJKe, CKaXkiMO, COIIaIbHO-€KOHOMIYHI TpoliecH He € iHiiauMu. ["anmy3i, 00'eqHaHHS Ta OKpeMi
I IMTPUEMCTBA HAPOTHOTO TOCTIOIaPCTBA (DYHKITIOHYIOTH 1 PO3BUBAIOTHCSA 32 YMOB HEBU3HAUCHO CTi,
a TOMY OIUCYIOTHCS HENHIMHMUMH, CTOXAaCTHYHHUMH, IAWHAMIYHUMHU Tporecamu. OTxke, s
VIOpaBIiHHA HApOJHUM TOCHOJApCTBOM, HOro rajly3sMd W TUMH YU IHIIUMH O0'€eKTamMu
rOCIOJIApIOBaHHS MOTPIOHI HENIHIAHI €KOHOMIKO-MaTeMaTH4YHI MOJENi Ta METOAM. A BOHM I
HEJIOCTaTHLO PO3pO0JIEH] 1 0 TOro X HE TaK JIeTKo, SK JIHIWHI, manaThes peamizamii Ha [IK.
[[MonpaBna, HENMiHIIHI, CTOXAaCTUYHI 3a/Jayi HEPIKO BIAETHCS 3BECTH OO JIHIMHUX, a Aami —
CKOPHUCTATHUCS BIAMOBITHUMH A00PE pO3pOOIICHUMH METOIaMU po3B'si3yBaHHSA. OHAK TaKUH TiIX11
mopasy noTpedye NeBHUX 3aCTEPEIKCHb.
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Posrnsinemo npuknaj. YpoxkaiHICTh CUTBCHKOTOCIIONAPCHKUX KYJIBTYpP 3aJI€KUTh, K BIIOMO, Bil
0araTbOX YMHHHUKIB, CEpell SKWUX HacaMIlepes] CJIiJI Ha3BaTH 3aXOdd 3 MIIHKUBJICHHS TPYHTY.
[TpupoaHa poaovicTh 3eMENbHUX YTiab 3a0€3Meuye JIMIIe IeBHUHM piBeHb IPOAYKTHBHOCTI POCIIHH.
{06 miABUIIMTH iX YpOXKaHHICTh, BAKOPUCTOBYIOTH OPTaHIYHI Ta MiHEpaIbHI JOOpHBa. 3aJICKHICTh
YPOKalHOCTI IYKPOBUX OYpSIKiB BiJ KUIBKOCTI BHECEHUX MiHEpaJIbHUX J0OPHB LTIOCTpYE puc. 6.1.
I3 mporo pucynka 6a4yumo, 110 3a paxyHOK MPUPOIHOT POMIOYOCTI IPYHTY Ta BHECEHHS OpTraHIYHUX
I0OpHUB JOCSTAETHCS BPOXKAWHICTD I[yKPOBUX OypskiB Y,. 31 3pOCTaHHSAM KUIBKOCTI BHECCHHX

MiHEpaIbHUX JOOPUB YpOXKaWHICTh Li€l KyAbTYPH HiABHILYEThCcS. Hampukman, sKIo 1 KUIbKICTh
36ubmyeTses Bin X, nmo X, (peanbHo me 100—280 kr ngirouoi pedyoBHMHM Ha TEKTap), TO
BpPOXKAMHICTh IIYKPOBUX OYPSKIB 3pOcTae Maike JiHiIMHO, mpuoim3Ho Bix 150 mo 450 w/ra. Ilpote 3
NOJAIBIINM 301JIbIIEHHSIM KUIBKOCTI BHECEHHMX MiHEpaIbHHUX J0OpUB (X3 >X2) ypOXKaiHICTh

3HUKYETHCS (Y3 <Y, ), OCKUJTBKHM POCITMHU HE 3a0€3MeuyIOThCs IHIMMMHA HEOOX1THUMHU €JIEMEHTaMU,

HAIPUKJIIAT BOJIOKO.

OTxe, SKIIO B pO3pOOJICHIN €KOHOMIKO-MaTeMaTHYHIA MOJeNi BHPOIIYBAaHHS IIYKPOBHX
OypsiKiB B3STH OOMEXEHHsS 3a piBHeM ix ypokaiiHocTi (ckaxkimo, 150—450 1/ra), 10 3
BIJMIOBITHIUMH 3aCTEPEKECHHAMU MOXHA TMPHUIYCTHTH, IO ICHYE JiHIHHA 3aleXHICTh MIX
YPOXKaHHICTIO IyKPOBOT'O OYPSIKY Ta 00CSTaMU BHECEHUX 1 OpTraHIYHUX JI00PUB.

3ayBa)xXuMo, 10 PO3BUTOK KOMI'TOTEPHOT TEXHIKH 1 METOAIB MAaTEMAaTUYHOTO MOJICTIOBAHHS
CTBOPIOE TIEPEIYMOBHU JJISI BUKOPUCTAHHS HEMHIHHUX METOJIB, a II€ MOXXE 3HAYHOKIO MIpOI0
MiABUIIUTH SKICTh PO3pOOIIOBAaHUX IUIAHIB, HAIMHICT Ta €(EKTUBHICTh MPUHHATHX pilleHb. Y
IIOMY PO3JIJi CTHUCIO PO3TISIHEMO JEsKi METOAM MaTeMaTHYHOTO MpPOTrpaMyBaHHS, IO BKpau
notpibHi ekoHoMicToBI XXI cTomiTTS. 3ayBakuMo, 110 ¢axiBelb, IKHH po3poOUB EKOHOMIKO-
MaTeMaTU4Hy MOJENb, ajie¢ Yepe3 ii CKIaAHICTh He peanizyBaB Ha [IK, iCTOTHO MOMOBHUB CBOI
3HaHHS PO IOCIIIKYBaHUHN MPOLIEC, @ OTXKE, 1 MPUHHATI HUM (CB1IOMO YU HECBIZIOMO) pIIIEHHS €
OUTHIIOOTPYHTO BaHUMHU M €KOHOMIYHO €()EeKTHBHUMH, HIXK Ti, K1 MOTJIM O MOcTaTH 03 BUBUCHHS
3a3Ha4EHOT MOJIEIT.

8.2. Mamemamuuna nocmanoexa L[3JII1.I eomempuuna inmepnpemauia po3e’a3Kie Ha
NAOWUHIL,

IcHye pgoBom IMPOKWE KIAc 3aga4 MaTeMaTUYHOTO TMPOTPAMyBaHHS, B EKOHOMIKO-
MaTeMaTUYHUX MOJIEIAX SKUX OJHAa ab0 KiJbKa 3MIHHUX MalTh HaOyBaTH IUIMX 3HAYCHBD,
HaNpuUKJIaa, KOJMU HAEThCS MPO KUIBKICTh BEPCTaTiB y 1LEXY, KOPIB Yy CUIbCHKOTOCIIOAAPCHKUX
MIIMPUEMCTBAX TOIIO, TOOTO KOJM Taka BHUMOTa BHIUIMBAE 3 OCOOJMBOCTEH TEXHOJIOTIT
BUPOOHUITBA. [0 IIOYMCIIOBOTO MPOTpaMyBaHHs HaJeKaTh TaKOX 3a/adi ONTHUMI3allii, B SIKUX
3MiHHI Ha0yBalOTh JUIIe 1BOX 3HaueHb — 0 abo 1 (OynboBi, abo OiHapHI, 3MiHHI).

Posrnsinemo npukiiaz. IHBecTHiiiHa KOMIaHIsl MOXe BKJIACTH KOIITH Y TPH Pi3HI MiAMPUEMCTBA.
EdexTuBHICTh KO)XKHOTO MPOEKTY OLIIHEHO 3T1HO 3 THM, III0 HOTO peaji3allisi MOKJIUBa 32 YOTUPbOX
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MOB. JlaHi Ipo 1l MPOEKTH HABEJCHO B TAOJIUI:

. YMoBH peaii3allii NpoeKTiB
[IpoekTt 3MiHHA
Y V) Y3 Yy
1 X, 8 15 21
2 X, 10 16 18
3 X, 12 14 17
IMOBiIpHOCTI OIIIHKHM pealtizailii MPOeKTiB 0,2 0,1 0,4 0,3

Koxna 3miHHa Xx,x,,X, MOXe HaOyBaTH JuIIe JBOX 3Ha4YeHb -1 abo 0, ToOTO iHBecTHLiNHA

KOMIIaHis BKJIaJae a00 HE BKIJIAJa€ KOIITH Y BIANOBIAHE MiAIPHEMCTBO.

J1o 1iI0YnCcI0BOro MPOrpaMyBaHHS BIIHOCATD 3aadi PO MPU3HAYCHHSI, HANKOPOTIIUH MUISIX 1 T.
iH. Y peanpHUX 3a/Jadax dYacTo IIJIOYMCIOBHX 3HAa4eHb HAa0yBalOTh HE BCi, a OJHA YU KiJbKa
3MiHHMX. Taki 3ama4i Ha3UBaAIOTh YACMKOGO ULIOUUCIO8UMU.

3acanvha 3a0aua yinovyuci06020 NPOPAMYBAHHA 3ATTUCYETHCS TAK:

Zzzn:cjxj%max(min), (8.1)
j=1
3a YMOB
<
>axi=th  (i=Lm), (8.2)
j=1 >
x,20 (j=1n), (8.3)
X, —uini (j=Ln), (8.4)

Jlis 3HaXOJKEHHsI ONTHMAJIBHOTO PO3B'SI3KY ILUIOYMCIOBHUX 3a/1ad 3aCTOCOBYIOTH CIICHialibHI
Meroau. Ha#mpocTimmM MeTO0M pO3B'SI3yBaHHS IIJIOUYMCIIOBOT 3a1adl € 3HAXO/KEHHS 1l
ONITUMAJILHOTO PO3B'SI3KY SIK 3aj]adi, 10 Ma€ JIMIIE HEeNepepBHi 3MiHHI, 3 TOAAIBIINM OKPYTICHHIM
octranHiX. Takuii miaxig 9acto € BumpaBaaHuM. Hexai, Hanmpukiam, y pe3ysibTari po3B's3yBaHHS
3ajadi Mpo MOEAHAHHS Trally3ed y CLIbChKOTOCIOAAPCHKOMY MiANPUEMCTBI IiCTallM, IO BOHO MO
Tpebye 1235,6 xopiB. OKpyriMBIIM 1€ 3HA4YEHHS KOpIiB 10 1236, HE MPUNMYCTUMOCS 3HAYHOI
noxubku. [Ipore B AedIKMX BUMAAKaX TakKi CIPOIIEHHS MPU3BOIATH 10 ICTOTHHX HETOYHOCTEH.
S0, ckaxXiMo, y pasi po3B's3yBaHH SIK HEMEPEPBHOI 3a/1a4i PO CYIIMIIBHUH 1IeX, 1[0 MOKe OyTH
oOJlalHaHMI arperarami TPbOX THIIB, AicTamu X, =2,6,x, =4,31x; =0,7, Oyap-sKi OKpyIJICHHA
HEJIOTYCTHUMI.

Jlis 3HAXO/KEHHS ONTHMAJIbHUX IUIAHIB 33/1a4 [UIOYMCIOBOTO MPOrpaMyBaHHS 3aCTOCOBYIOTh
JIBI OCHOBHI I'PYIT METO/IB:

° METOIH BIATUHAHHS,

. KOMOIHATOPHI METOIH.

OCHOBOIO METO/IIB BIITUHAHHS € 1]1es TIOCTYIIOBOTO «3BY>KEHHSI» 00JIaCcT1 JOMMYCTUMHUX PO3B'SI3KiB
po3risiayBaHol 3anadi. [lomyk 1i0 9MCI0BOTO ONTHMYMY MOYHHAETHCS 3 PO3B'SI3yBaHHS 3a1adi 3
TaK 3BAaHUMH HOCAAOIEHUMU O0OMeXHceHHAMU, TOOTO 0e3 ypaxyBaHHS BHUMOT IIUIOYMCIIOBOCTI
3MiHHHX. Jlami BBENEHHSM y MOJENb CIEeHialbHUX JOJAATKOBUX OOMEXKEHb, IO BpPaXOBYIOThH
[UJTOYHUCIIOBICTh 3MIHHMX, MHOTOKYTHHK JOIYCTUMHUX PO3B'S3KIB MOCIA0JICHOI 3a7adl MOCTYIOBO
3MEHIIYEMO JIOTH, JIOKU 3MiHHI ONTUMAIBHOTO PO3B'SI3KY HE HAOYyTh IIJIOYHUCIOBUX 3HAYCHb.

Mo i€l rpynu HaJIekKaTh:

a) METOJIM PO3B'SI3yBaHHS MOBHICTIO IITOYMCIOBHX 3aa4 (IpoOoBuii anroputm ['omopi);
0) MeToIM PO3B'SI3yBaHHS YACTKOBO IUIOYMCIIOBHX 3anad (aApyruii anroputm ['omopi, abo
3MIIIAHUN AJITOPUTM IIJIOUMCIIOBOTO IPOTpaMyBaHHS).
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KombinaTopHi MeToIu LiIOYUCIOBOI onTUMI3alii 0a3yloTbcs Ha IMOBHOMY Iepedopi BcCix
JOMYCTUMHX ITIJIOUYMCIIOBUX PO3B'A3KIB, TOOTO BOHU PEai3ylOTh MPOLEAYPY IUIECIPSIMOBAHOTO
nepedopy, Mg Yac SKOi pO3MISIAEThCS JIMINE YaCTHHA PO3B'A3KIB (IOCHTHh HEBENIMKA), a peITa
BPaxOBY€ETHCS OJTHUM 31 CIICIIAIbBHIX METO/IB.

Haiinommpenimmm y 1iid rpyri METOAIB € METOJI BITOK 1 MEX.

[TounHarouwm 3 po3B'A3yBaHHA MOCIA0JEHOI 3a/1a4i, BiH nepeadadae po3OUTTs MOYATKOBOI 3a/1adi
Ha [Bl Mmig3afayi BHUKIIOYEHHAM OO0JIacTel, [0 He MAaloTh ULUIOYHCIOBUX pO3B'A3KIB, 1
JOCIIHKCHHSIM KOKHOI OKpeMOi YaCTUHU MHOTOKYTHHKA JIOITYCTUMHUX PO3B'SI3KIB.

Jlnst po3B'si3yBaHHS 3a7a4 i3 OyJIbOBUMH 3MIHHUMH 3aCTOCOBYIOTH KOMOIHOBaHI METOAM, IPUIOMY
OCKIJIbKH 3MiHHI € OyJTbOBUMH, TO METOJIN MOIITYKY ONTUMYMY 3HAYHO CITPOIIYIOTHCS.

8.3. Memoo I'omopi
Hexait maemo 3amauy uigodnciaoBoro nporpamyBass (8.1)— (8.4). lns 11 po3B'si3yBaHHS MOXXKHA
CKOpHUCTaTHCs iTepaTuBHUM MeToaoM ["'omopi. CyTk HOTO TOJISITa€ OCh Y YOMY:
1. 3HaxoaaTh po3B's130K MociabiaeHoi, ToOTo 3amadi 6e3 BUMOT I[IJIOYHCIOBOCTI 3MIHHUX —
(8.1)—(8.3).
SIK110 cepen elneMeHTiB YMOBHO-ONTHMAJIBHOTO TNIaHY HEMa€e APOOOBHX YHCEIN, TO IeH MiIaH
€ ONTUMAJIbHUM TUTAHOM 33]1a4i IIJI04MCcI0oBOro nporpamyBanHs (8.1)—(8.4).
2. Konau B yMOBHO-ONTHUMAJIBHOMY IJIaHI € JIpOOOBI 3HAYCHHS, TO BHOUPAETHCS 3MiHHA, SKa
Mae HalOupITy IpoOoBY yacTuHy. Ha 6a3i 1iei 3MiHHOT (€JIEMEHTIB BiOBIAHOTO PsIIKA OCTAaHHBOT
CHMILJICKCHOI Ta0JIHIl, B IKOMY BOHAa MICTHTbCS) OyIyeThCs 101aTKOBe 0OMexkeHHs [ omopi:

n
Z{az‘f}xf = {bf}’

j=l

JIe CUMBOJI {} TTO3Ha4Ya€e ApOOOBY YACTUHY YHCIIA.

Jns Bu3Ha4YeHHs1 ApoOOBOi YaCTUHH Oyb-sIKOTO YKCIa B OO YUCIA BIAHIMAIOTH LTy HOTro
YaCTUHY — HaWOUIbIIE I1iJIe YKCII0, IO HE TepeBuIye AaHoro. [y yacTuHy 4mciia mo3HavaloTh
cuMBoJioM [ |. Hampuknan,

[1,3]=1;[-1,3]=-2; {1.3} =1,3-1=0,3; {-1,3} =-1,3-(-2)=2-1,3=0.7.

3. JlonaTkoBe 0OOMEKEHHS IMICIIs 3BEACHHS MOT0 O KAHOHIYHOTO BUTJISITY 1 BBEACHHS 0a3MCHOTO
€JIEMEHTA TPUETHYETHCS 10 OCTaHHBOI CUMIUIEKCHOI TaOMUII, SIKa MICTUTh YMOBHO-ONTHMAIbHUN
miaH. 37100yTy pO3MIMpPEHY 3agady po3B'S3yl0Th, a Jajl TEpeBipsAOTh 11 pPO3B'SI30K  Ha
[IJIOYUCIIOBICTh. SIKIIO BiH HE IIJIOYUCIOBHA, TO IPOIEAYPY MOBTOPIOIOTH, MOBEPTAIOYHCH JI0 1. 2.
Tak nit0Th TOTH, TOKH HE Oyje 3HAWIEHO IIJIOYMCIIOBOTO PO3B'A3KYy a00 TOBEIEHO, M0 3aja4ya He
Ma€ JIOMyCTUMHUX PO3B'A3KIB y MHOXKHHI LIJIMX YUCEIT.

JlocBin moOKa3ye, MmO TPOIEC PO3B'SI3yBaHHS 3aJad BEJIMKOI PO3MIPHOCTI MeToaoM [omopi
MOBUIBHO 30DKHUMA. ICTOTHUMHU € TaKOX MOXUOKH OKPYTJICHHS, sIKi MOXKYTh MPHU3BECTU O TOTO, 11O
OTPUMaHMM LTOUKCIOBUHN IIJ1aH HE Oye ONTUMAIbHUM.
3agaya 8.1. Cinbcbkorocnogapcbke MHIANPHEMCTBO 3aJyMajOo CTBOPUTH CYIIMJIBHHM 1LIeX Ha
BUPOGHMUIi wiomi 190M, Maroun st poro 100 THC.TPH. 1 MOKITHBICTS IPUAGATH YCTATKYBAHHS
nBox TumiB A 1 B. TexHiko-ekoHOMIUHY iH(OpMaIi0 Mpo IIi ABa BUIAM YCTaTKYBAaHHS MOJAHO B
TaOJIUII:

. S YcraTtkyBaHHs
TexHIKO-eKOHOMIYHUI MTOKA3HUK A B Pecypc
Bapricts, THC. TpH. 25 10 100
Heo6xinHa BUpoOHWYA TIIOIIA, M 40 20 190
IToTyxHICTB, THC. TPH./pIK 350 150 —

Po3¢'azyeanna. Hexail x, 1 x, — KUIbKICTh KOMIUIEKTIB YCTAaTKy BaHHsI BINOBiAHO THITY A 1 B.

3anuieMo eKOHOMIKO-MaTeMaTUIHY MO/JIENb:
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Z =350x, +150x, — max,
25x, +10x, <100,
40x, +20x, <190,
x,20,x, 20,
X1 x, — 1.
Po3B's13yemMo 3amauy, HEXTYIOUHM YMOBOIO IMUTOYMCIOBOCTI. OCTaHHS CUMILJIEKCHA Tabauis Habepe
BUTJISTY:

350 150 0 0
X6a3 C6a3 HHaH X X X X
1 2 3 4
1 1
X, 350 1 1 0 - ——
5 10
1 2 1
X, 150 7— 0 1 -= ——
2 5 4
1
Z,-C,>0 1475 0 0 10 2>

3Ha4yeHHs1 APYroi 3MiHHOI € APOOOBUM YHMCIIOM, IIO HE 3a/I0BOJIbHSE MOYATKOBI YMOBH 3ajadi.
[ToGymyemo utst ApyTOro psiKa HABEICHOI CUMILIEKCHOT TaOIHIll JOIaTKOBE OOMEKEHHS BULY

> {a,}x 2 {5}

Jj=1

{1} x, +{0} x, +{—%}x3 +{—i}x4 > {7
ownn (-3 ()3 (-4

TO JOJAaTKOBE OOMEXKEHHS HalOupae

BHFHHHy
57 4742

3BezIeMO MOro 10 KaHOHIYHOT ()OPMH Ta BBEIEMO IITYYHY 3MIHHY:

3 1
=Xt =X, — X, X 2—.
5 4 2
[TpueanaBmm 3700yTe 0OMEKEHHS 10 OCTAHHBOI CUMIUICKCHOT TaOIHUIll 3 YMOBHO-ONTUMAILHUM

IJIAHOM, JIICTaHEMO:

350 150 0 0 0 -M
X6a3 C6a3 HHaH
Xl x2 x3 x4 x5 X()
1 1
X, 350 1 1 0 - - 0 0
5 10
1 1
X, 150 7— 0 1 _= —— 0 0
2 5 4
1 3 3
X, M — 0 0 2 2 -1 1
2 5 4
1
1475 0 0 10 2— 0 0
z _Cf 20 3 i
-—M 0 0 -—M | ——M | M 0
5 4
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Po3B'si3yroun HaBeneHy 3a/1a4y, OCTATOYHO 3HAXOJAUMO IUIOYHCIOBUI ONTUMAIILHUN TUTaH:
*
X (x,=2 x,=5), Z,, =1450.

8.4. Memoo «gimox i medxnc»

EdextuBHimmum 3a metoa ['omopi po3B's3yBaHHS 3a/1a4 HIIOYHUCIOBOTO MPOTPAMyBaHHS € METO/]
«BITOK 1 Mex». Criovarky, sk 1 B pa3i merony ['omopi, po3B's3yeThcsi mociaadiieHa (BiIKUIaHHIM
YMOBH IIJIOUMCIIOBOCTI) 3a]1a4a.

3 €0 METOIO 3aCTOCOBYETHCSI CUMITIIEKCHHA METO/I.

Hexail moTpiOHO 3HAWTH X, — LIIIOYHUCIIOBY 3MIHHY, 3HAYCHHS SIKOT X B ONTHMAILHOMY TLJIaHi
nocnabneHoi 3anavi € gpoooBumM. Toai MOKHA CTBEpIKYBaTH, IO B iHTEpBai ([x;}, [xj.}tl)
UJINX 3HAYE€Hb HEMAE.

Hanpuknan, skio x’; =2,3, mictaemo iHTepBai (2,3), A€, OYEBUIHO, HEMAE X . SIKe HaOyBae
LIJIOr0 3HAYEHHS.

3HauenHo x; =-2,3 Bianosinae intepsan (—3; —2), A€ TaKoX HE iCHy€ I[JIOTO 3HAYEHHS X ”
OTxe, IOMYCTUME L1JIE 3HAYEHHS X, MA€ 3aJI0BOJILHSITH O/IHY 3 HEPIBHOCTEH

<|x >l x
X; _[xj] abo x, _[xj]+1.

[IpunucaBmy KOXHY 3 IIUX YMOB 0 337adi 3 MOCIAa0JCHUMHU OOMEXEHHSIMH, J1ICTAHEMO JIB1 HE
MOB's3aHI MK 00010 3amavi. TOOTO MOYaTKOBY 3a/ady IUIOYMCIOBOTO mMporpamyBaHHs (6.1)—
(6.4) po3i®'emo Ha ABI 3amaui 3 ypaxyBaHHSIM yYMOB LIJIOYHCIOBOCTI 3MIHHUX, 3HAQUEHHS SIKUX B

ONTUMAIBHOMY IUTaH1 TociadiieHoi 3amaul € napoboBumu. lle o3Hauae, MO CHUMILIEKC-METOAOM
PO3B'I3yBaTUMEMO JBi TaKi 3a/1a4i:

Z= Zn:cjxj — max (min) (8.5)
j=1
3a yMOB
<
Zal.jxf =+b.
= > (8.6)
-1,
x,20 (jzl,_n), (8.7)
x; — ui, (8.8)
ij[xj} (8.9)
max(min)Z =Zn:cjxj (8.10)
=1
3a YMOB
<
Zal.jx] =D,
=N 8.11)
=T,
x,20 (j=Ln), (8.12)
x, - uimi,  (j=1n) (8.13)
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x, <[ x |+1 (8.14)

Jie x; —KOMIIOHEHT po3B'a3Ky 3aaui (8.1)—(8.4).

Jami cumriekc-MeToIoM po3B'sizyemo mociabieni 3amadi (8.6)— (8.9) 1 (8.10)—(8.14),
TOOTO 3 BimkuaaHHAM oOMexeHb (8.8) 1 (8.13). Skmio 3HaiIeH! ONTUMAaNBHI TIJIAHA 3310BOJIBHSIOTh
YMOBH IIJTOYHUCIIOBOCTI, TO IIi TIaHU € po3B'si3kamu 3amadi (8.1)—(8.4). Inakure momyk po3B'sizKy
3amaui TpuBae. s MOJANBLIONO PO3Taly:KEHHS OepemMo 3ajady 3 HaWOUIBIIMM 3HAYCHHSIM
UTbOBOT (PYHKITIT, SKIIO WAETHCS MPO MAKCHMI3alliio, 1 HABIMAKW — 3 HAWMEHIINM 3HAYCHHSIM
11b0BO1 PyHKIT B pa3i i miniMizawii. [Toganpine po3rany:keHHsI BAKOHYETHCS JOTH, JOKHU HE Oyie
BCTAHOBJICHO HEMOJKJIMBICTH TOJIIIIEHHS PO3B'A3KY. 3M00yTHH TIJIaH — ONTHUMATbHHI.

Po3B's3yBaHHS LIIOYUCIOBUX 337a4 METOAOM «BITOK 1 MEX» MOXKHA 3HAYHO NMPUCKOPHUTH,
npueaHaBy oOMexxeHHs Buay (8.9) 1 (8.14) mo ocTaHHBOI CHMIUIEKC-TAOMUINI HE IMOYATKOBOT
(8.1 —(8.4), a BignoBiAHUX 3a/1a4.

Po3B'skemMo MeToI0M «BITOK 1 Mex» 3amady (8.1) — (8.4).

. . o 1
BigkuHyBIIM yMOBY LIIOYHMCIOBOCTI, JICTAHEMO PO3B'SI30K X, =1, X, :75. Otxe, gomyctume

. . . 1 1
[JIe 3HAYEHHS X, MA€ 3aJ0BOJILHATH OAHY 3 HEPIBHOCTEU X, < [75} =7 abo x, > [75}4 =8.

Jani npuegHyeMo 10 3amadi KOKHE 3 OOMEXKEHb, HEXTYIOUM YMOBOIO I[IJIOYMCIIOBO CTi, 1
PO3B'A3y€EMO 110 Yep31 00MB1 yTBOPEHI 3afaul. [ nepmoi (3 00MexkeHHAM X, < 7) ONTUMaIbHUM

Oyne posB'szok x, =1,2, x,=7,Z. =1470, a mns apyroi (3 oOMEkKEHHIM X, >8) —
poss'szok x; =0,75,  x; =8, Z2 =1462,5 . OcKilbKH HilOYMCIOBOrO TLIAHY HE 3Hai/IeHO,
IpOIeC HEOOXiTHO MPOJOBKHUTH, Y3SBIIH Ui HACTYITHOTO pO3TAIyKCHHs MepIly 3a1aqy,

ONTUMANIBHUN TUIAaH sAKOi J1ae Ourblie 3HaYeHHs QyHKIioHamy. Jlam po3s'as3yemo 3amauy,
OpUeIHyouYn 10 Hei oOMexkeHHd x, <1 1 x; 22, 3BLAKM ¥ 3HAXOAMMO ONTHMAJIBHUN IUIaH

X' (x,=2; x,=5), Z,, =1450, mwo 306iraetbcs 3 po3B's3KOM, 3100yTHM 32 MeTOZOM I'OMOpI.

8.5. Ilpuknaou yinouucnoeux eKOHOMIUHUX 3a0ay
3agava 8.2. 3ajava NiHIKHOTO PO3KPOI0. Y LEXy po3pi3yIOTh NMPYTH 3aBIOBXKH 6 M Ha 3arOTiBKU
1,4; 2 1 2,5 m. Yeporo B 1iexy matoth 200 mpyrtiB. [ToTpibno mictat He menme sk 40, 60 1 50
3aroTIBOK 3aBJOBXKKH Biamosiguo 1,4;212,5 m.

[ToOynyBaTu 3arajbHy 1 YUCIOBY MOJEIb JIIHIHHOTO PO3KPOr0. 3a KpUTEpid onTuMizallii €
CEHC Y34TH MIHIMYM BiJIXO/iB.

Po3e'azyeannsn. Hexait 1 i (i el ) — BHJ 3aroTiBku. KokHUI TpyT MOKHA po3pi3aTd Pi3HUMH
J ( jeJ ) ciocobamu. CKOpHUCTaEMOCS TAKUMU TTO3HAYCHHSIMH:

a; — BHX1J] 3arOTOBOK i-I0 BU/y B Pa3i pO3pi3yBaHHs PyTa 7-M CIOCOOOM;

¢; — BIIXOJM B pasi pO3pi3yBaHHs MPyTa i-M CII0CO00OM;
A — KINbKICTh HasIBHUX MPYTIB;
B., D, — B1IIIOBIHO HUKHS 1 BEPXHs MEKI MOTPEOU B i-1 3aroTiBL;

1

X, — KUIBKICTb TIPYTIB, SKi pO3pi3aHi 3a j-M BapiaHTOM.

3anumieMo 3arajibHy eKOHOMIKO-MaTeMaTUYHy MOJEIb JIIHIHHOTO PO3KPOIO.
Kpurepiii onTumManbHOCTI:

n
minZ = Zijj
jeJ
33 YMOB
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x;20 ( jedJ ) ,
X; — 1 (] eJ).
[ToOynyeMo YHCIIOBY €KOHOMIKO-MAaTEMAaTU4YHY MOJENb PO3pi3yBaHHS MPYTIB, PO3IIISIHYBIIN
MOJKJIMBI BapiaHTH TAaKOTO PO3Pi3yBaHHS:

JoBXHHA BapianTtu po3pi3yBaHHs NPYTiB

3aroTiBKH, M X, X, X, X, X X, X,
1,4 4 — — 1 1 2 2

2 — 3 — 1 2 1 —
2,5 - - 2 1 - 1 1
Homiuna 0.4 0 1 0.1 0.6 12 0,7
BIIXOJIiB, M

baxxano, mo0 y MHOXXHMHY BBIMIIUIM BCl MOXKJIMBI BapiaHTH, HaBITh TaKi, K1 Ha TEPIIAN
HOIJISA 3JA0ThCSl Hee(PEKTUBHUMU, HAIIPUKIIAM X, .

3anuiieMo Y1ciIoBY €eKOHOMIKO-MaTeMaTHUHy MOJIENb PO3PI3yBaHHS MPYTiB:
Z=0,4x,+0x, +x; +0,1x, +0,6x, +1,2x, +0,7x, — min
3a yMOB

a)II0J0 KUIBKOCTI 3aroTiBOK 3aBAOBXKKH 1,4 M:

4x, +x, + x5 +2x, +2x, = 40;

2wm:
3x, +x, +2x, +x, 2 60;

2,5 M:
2x; +x, +1,2x, +x, 2 50;

0) 11010 KUTBKOCT1 HAsIBHUX TIPYTIB:
X, +x, +x; +x, + x5 +x, +x, <200,

B) II0JI0 HEBIJ'EMHOCTI 3MIHHHX:
x,20,x,20,x;,20,x, 20,x;, 20,x, >20,x, = 0;

T') IIOAO IIJIOYUCITOBOCTI 3MIHHHX
X5 Xy, Xy, X,, X5, X, X, — LI UUCHA.

[IporonyemMo po3B's3aTH 1110 3a/1a4y OJTHUM 13 METO/IiB IIJIOUMCIOBOTO IPOTPaMyBaHHS.

3agaya 8.3. 3amaua KomiBOsDKEpa. B €KOHOMIYHOMY pETiOHI PO3MILIEHO 6 MYHKTIB (MICT).
KowmiBosikep, sikuii BUDKIDKae 3 micta 1, Mae moOyBaTH B KO)KHOMY MICT1 OJIMH pa3 1 TOBEPHYTUCS
710 BUXIJHOTO MYHKTY. 3HAWTH HAaHKOPOTLIMHA MapIIPyT, SKIIO BiACTAaHI MIX MiCTaMH BiZioMi (pHC.
8.1).

3amucary 3arajbHy 1 YUCIOBY €KOHOMIKO-MaTEMAaTUYHY MOJIEb.

Po3e'azysanna. Hexaii MaeMo n MyHKTIB, € Ma€ MOOYBaTH KOMiBOSIKED.
[To3naunmo:
1, sKmo MapupyT nependayae nepeizn i3 i - ro MicTa a0 - ro;

X,
Y |0— y mporuBHOMY pas3i.

Omxe, x;, — OynboBi (uinoynciosi) 3minHi. LlinboBoto dyHKIIEO Li€T 3a/1a4i € MiHIMI3allis BCbOTO
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MapuIpyTy KOMiBOsDKEpa:
n n

Z = zz%.xl.j — min,
i=l j=l

Jie ¢; — BIICTAaHb MiX MICTaMH [ Ta j.

Puc. 8.1
OOMexeHHs 111010 OHOPA30BOr0 B'i3/1y B KOXKHE MICTO:

> x, =1 (jzl,n;i;tj).

i=1

OOMexeHHs 111010 OAHOPA30BOr0 BUi3/ly 3 KOXKHOTO MiCTa!
le.jzl (zzl,n;z;t]).

j=1

[{i oOMexeHHST HE TIOBHICTIO OMUCYIOTH TOMYCTHMI MapImIpyTH 1 HE BUKIIOYAIOTh MOXKIHWBOCTI
po3puBy  mapmpyty. ILlo6 ycyHyrm 1eit  Hemomik, BBEAEMO  JOJATKOBI  3MiHHI

u, (u j) (i =Ln; j=lLni#j ) , fAKi HaOyBalOTh HEBIMEMHHX IIJIMX 3HA4YCHb. 3aNUIIEMO
0OMEKEHHSI, SIK1 BUKJIIOYAIOTh MOXJIMBICTh ICHYBaHHSI ITiIMapIIPYTiB:
U, —u; +nx; Sn—l(z’zl,n; j=1Ln; i;tj)

ae u, (u j) — MOPSAAKOBUN HOMEP MiCTa 32 MapIIPyTOM MPSIMyBaHHs KOMiBOSDKEPA.

3anumemMo YicIOBy eKOHOMIKO-MaTeMaTHYHY MOJIENIb KOMIBOsSDKEpa 3a PO3TJIIsIyBaHIX YMOB.
Kputepiit onTuManbHOCTI:

min (SO)C12 +75x,; +40x,, + 70x,5 +100x,, +30x,; +40x,, +50x,, +70x,, + 60x,5 +80x,, + 50x, );

a) 0OMEeKeHHs 1010 OJTHOPA30BOT0 B’i31ly B KOKHE MICTO:
Xy X5 X X5+ X =1,

X, +X,+x, =1,

X3t X5+ X =1,

Xig Xy + X5y + X5 + X, =1,
Xys + Xp5 + X5 + X5 =1,

X+ Xy + X4 X5 =15

0) 0OMeKEeHHS III0JI0 OJTHOPA30BOTO BUI3Y 3 KOKHOTO MiCTa:
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X+ X5+ X, x5 Hx, =1,
Xy + Xy + X5 =1,

Xy + x5, + x5 =1,

Xy F Xy H X5+ X5+ X4 =1,
X + Xy + X5y + X5 =1,

Xg + X3+ Xy +X5 =1

B) OOMEXEHHSI 110I0 BUKIIOUEHHS IT1IMapIIPYTiB:
u, —u, +6x, <5,

Uy, —us +6x,5 <5,
Uy, —u, +6x;, <5,
Uy, —ug +6x,, <35,
u, —u, +6x, <5,
u, —u, +6x, <5,
u, —us +6x, <5,
U, —ug +6x,, <5,
us—u, +6x, <5,
us—u, +6x, <5,
U —ug +6x, <35,
Uy —uy +6x, <5,

u, —u, +6x, <5,

ui(uj)— IUTl gKcia (i=2,6;j:2,6; i;tj).

Taki 3a1a4i po3B'sI3y10ThCs crienianbHUMu Metoaami [1; 10].

3ayBakMMO, III0 AaHAJOTIYHI 3aJla4yi HEPIJKO MOCTAI0Th HA TPAKTHIll, HAMPUKIAN, Y IpPIOHOMY
Oi3Heci.

®dipma y MicTi Mae 25 KIOCKiIB, SIKI TOPryiOTh Oe3ankoroinpbHuMu Hamosmu. LllonenHno 3 6a3um
aBTOMOOLIEM PO3BO3SITH 10 HUX TOBap. SIK ONTHMAaIbHO OpraHi3yBaTH PO3BE3EHHS BiIOBIIHOI

KUTBKOCTI TOBapy?
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TEMA 9.
3AJIAUI IPOBOBO-JIHIMHPOI'O TPOT'PAMYBAHHS. OCHOBHI METOJIA
PO3B’SI3YBAHHS TA AHAJII3Y.
9.1. Exonomiuna cymnicmep i nocmanoexa /IJI11.
Po3B'si3ytoun eKOHOMIYHI 3a/Jadi, 4acTo 3a KPHUTEPid ONTUMAJIBLHOCTI OEpyTh TMOKa3HHUKHU
peHTabeIbHOCTI, TPOAYKTHBHOCTI Tpalli TOMIO, SKi MAaTEMaTHYHO MOJAIOTHCS IPOOOBO-TIHIHHIMHE
byHKIIsIMU. 3aranbHy €eKOHOMIKO-MaTeMaTHIHY MOJICNb Y ITbOMY pasi 3aluCyIOTh TaK:

n
26+ 6
_ A

7 — max (min)

[IpunyckaroTh, 1m0 3HAMEHHUK IUIbOBOI (YHKLIi B 001acTi JOMYyCTUMHUX PO3B'S3KIB CHCTEMHU
00MEXeHb HE JIOPIBHIOE HYIIIO.

AnropuT™m po3B'sI3yBaHHSA 3a/1aui IpoOOBO-TIHIMHOTO MporpaMyBaHHs nepeadayae 3BeieHHs i1 10
3a1ad4i JiHIAHOTO TTporpamyBaHHs. 11{00 BUKOHATH Take 3BEJICHHS, TO3HAYUMO

< 1
2 dx;+dy=—
j=1 Yo

3poOMMO 3aMiHY 3MIHHUX

Y, =YX, (jzl,n).

1 3aMUIIIEMO €EKOHOMIKO-MaTeMAaTUYHy MOJIETb:
n

max(mm)Z = Zijj + Xy,
j=1

3a yMOB

iay.yj -by, =0(i:1,_m)
=

zdjyj +d,y,
=

v, 20(j=1n),
Vo >0.

Jicranu 3amady JiHIHHOTO IPOTrpaMyBaHHs, IKY MOXHA PO3B'SA3aTH CUMILIEKCHUM METOJIOM.
Hexaii onTumManbsHui 1U1aH

J’OJ':{yov Yoo oees Yon> yo}

9.2. Ocnoeni memoou po3eazyeanns 30au /IJII i ananiz onmumanvHux nianie
3agaya 9.1.. CubchbKOTOCIIOAAPCHKE aKI[IOHEPHE TOBAPUCTBO 3 OOMEKEHOIO BIATOBIAAIBHICTIO,
gke posmimieHe B Jlicocremy YkpaiHu, Mae HaMmip ONTHMI3yBaTH CTPYKTYpy BUPOOHHMLTBA. 3a
KpUTEpIA ONTHUMAIBHOCTI B3STO MaKCHUMI3AIlil0 PEHTA0ETbHOCTI SIK BITHOIICHHS MPUOYTKY IO
cobiBapTocTi. JlaHi Ipo BUIU TisSUTBHOCTI, IO X 3/11iCHIOBATHME TOBAPHCTBO, HABEJCHO B TaOIUIIL:
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JUSITBHICTD 3 BUPOITYBaHHIM
KOpIB MPOAYKTHUBHICTIO, KT
s s v ©
IMoka3Huk 3 = E ” s e Pecypc
g = 8'5 5000 | 4500 |4000 |3500 S E‘
S 2| E o g K
2El 2& gz
YpoxaifHICTBh, T/Ta 4 35 - - - - 6 -
Co0iBapTicTh, TpH./T 600 | 250 | 600 700 800 9000 | 200 -
Lina, TpH./T 800 | 300 | 1000 | 1000 | 1000 | 1000 |- -
Buxin KOpPMIB, TOH 0.8 2.0 3 3 3 3 6 3
KOPMOBHX OJJMHMIIB/TA
Butparu xusoi mpaui, | 4|55 | g 6 6 6 3 26 000
JIFOIMHO-THIB/Ta
BI/ITp.aTI/I MEXaHI30BaHOT | ] 3 3 3 3 ) 11 000
npartli, JIIOJUHO-THIB/Ta
YacTtka KopiB y crami - - 0,1 0,2 0,3 0,4 -
[ToTpeba B KOpMax, T/TOT | — - 5 4.7 4.4 4,1 - -

AxuionepHe ToBapuctBo Mae 2500 ra pimii. 3amucaté eKOHOMIKO-MaTeMAaTUYHY MOJENb 1

3HAWTU ONTUMAJILHY CTPYKTYPY BUPOOHUIITBA.

Po3eé'azanna. BBeneMo mo3HauyeHHs:
X,— ILIOIIA IOCIBY 03UMOI MIIEHHUIT, I'a;

X,— IJIOIIA MOCIBY LIYKPOBOro Oypsika, Ta;
X, — IIJIOIIA ITOCIBY KOPMOBHX KYJIBTYD, Ta;
X,— KUIBKICTb KOpiB poayKTuBHIcTIO 5000 KT
X;— KUIBKICTb KOPIB IPOAYKTHBHICTIO 4500 KT
X,— KUIBKICTb KOpiB poayKTuBHICTIO 4000 KT
X,— KUIBKICTb KOPIB IpoayKTHBHICTIO 3500 KT.

3anumeMo KpuTepiit ONTUMAaIbHOCTI:

800x, +1750x, +2000x, +1350x; +800x, +350x,

" 2400x, +8750x, +1200x, +3000x, +3150x; +3200x, +3150x,

3a PO3IIIIHYTUX Jalli yMOB.
1. OOMexeHHs 3a pecypcamu.
1)Pimmi:

X, +x, +x; <2500.
2) XKusoi npari:

4x, +25x, +3x; + 6x, + 6x5 + 6x, +3x, <26000.
3) MexaHi30BaHOI TIpaili:

2x, +8x, +2x; +3x, +3x, +3x, +3x, <11000.
2. OGMEXEeHHS CIBO3MIHH.

1) IociBHa mioma KOpMOBUX Mae Oyru Outbmia abo JOPIBHIOBATH IUIOUI MiJ O3UMOIO

MIIEHUIIEIO:
X, 2 X

2) IlociBHa mioma O3MMOI MIIEHUII Mae OyTu Ounbina abo AOPIBHIOBATH TIUIOMII ITiJT

IIYKPOBUMU OypsIKaMU:
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X 2 X,
3. CTpykTypa KOpiB 3a MPOAYKTUBHICTIO.

1) BanmancoBe piBHSIHHS 1010 KOPIB:
X, + X+ X+ X, =X
1€ X, — 3arajibHa KiJIbKiCTb KOpIB.

2) Yactka kopiB npoayktuHicTio 5000 Kr:
x, <0,1xg

3) Yacrtka xopiB mpoayktuBHicTio 4500 Kr:
x; <0,2x

4) Yactka kopiB npoaykruBHicTio 4000 Kr:
X, <0,4x,

5) Yactka xopiB mpoayktuBHicTio 3500 Kr:
x, <0,3x,

4. 3a0e3nedeHicTh KOPiB KOPMaMHU:
0,8x, +2x, +6x; +5,0x, +4,7x; +4,4x, +4,1x, = 0.
HeBig'eMHiCTh 3MIHHUX:
x;20 (jzl,n).

[I{o0 3HaiTH PO3B'A30K 3a LI€I0 MOJEIUIIO, 3pOOMMO BIMOBIIHY 3aMiHY M CKOPHCTAEMOCS
CUMIIJIEKCHUM METOAOM:

2400x, +8750x, +1200x, +3000x, +3150x, +3200x, +3150x, = L ,
Yo

Y, = 0%
OTxe, MaeMO TaKy JiHIHHY €KOHOMIKO-MaTeMaTUYHy MOJECTIb:
f =800y, +1750y, + 2000y, +1350y, + 800y, + 350y, — max

3a pO3MJISTHYTHX JaJll YMOB.
1.

Y, +y,+y,—2500y, <0,
4y, +25y,+3y,+6y, +6y, +6y,+6)y, —26000 <0,

2y, +8y, +2y, +3y, +3y, +3y, +3y, —11000 < 0.
2.
y;=»,20 abo y,—y;20,

Y =¥,20 abo  y,—y 20.

3.

Vit Vs +Ys+y, =y =0,
v,—0,1y, <0,
¥s—0,2y, <0,
y6_094y8 <0,

¥, =0,3y, <0.

4. 0,8y, +2y,+6y,+5,0y, +4,7y, +4,4y, +4,1y, 2 0.
5.7,20 (j=08).
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3agaua 9.2. Po3s's3atu rpadiuHo 3a1a4y ApoOOBO-JIHIHHOTO MPOTrpaMyBaHHS:
Z= 5% 2% — max (min)
2x, +x,
3a yMOB
2x, +3x, 212,
-x, +2x, <6,
2x, —2x, <8,

x,20, j=12.

Po3e'azannsa. TloObynyemo Ha TUIONIMHI 00JacTh JOMYCTHMHX pO3B'SI3KIB 3amadl —
TpUKYTHUK ABC.

[{impoBa QyHKIIIA 3a7a9i SBISE COOOIO MPSAMY, sIKa 00€PTATUMETHCSI HABKOJIO MOYATKY CHUCTEMHU
KOOPJIMHAT 3aJIe)KHO BiJ 3MIHIOBaHMX MapaMeTpiB X,, X, TaK, Mo Toukd 4 1 C OyayTb TOUKaMH

MakCUMyMYy 1 MiHiIMyMy ¢yHKLii. Bupasumo x, i3 1iaboBoi GyHKIT:

5-27Z
X, =X, :
Z+2
KytoBuii koedinieHT Hiab0BOi PyHKIIIT
_5-27
)
PosrisiHemMo noxigHy
cmz_(5—22}_(5+2412+2}{Z+2f@—22)__ 9
dZ \ Z+2 (Z+2) (z+2)"

Ockinpku npu Oynb-KOMYy 3HAa4eHHI Z BOHa BiA'eMHa, TO QyHKUiA R, € cnagHow (31
3pOCTaHHAM Z KyTOBUH KOe]ilieHT R, 3MEHINYEThCs), a rpadik HiIboBOi QyHKIIT 00epTaTUMETHCS

HABKOJIO TIOYATKy KOOPAMHAT 3a TOJMHHUKOBOIO CTPiIKOI0. OTxe, Touka C € TOYKOI MaKCHMyMY,
a Touka 4 — MIHIMyMY JOCTIIKyBaHO1 3a/1a4i.

3Hal1eMO KOOPJIUHATH IIUX TOYOK.

2x,+3x, =12

Touka A: ;
-X,+2x,=6
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2 3 12 3
A= =4+3=T;A, = =24-18=6;
-1 2 6 2
2 12
A, = =12+12=24.
-1 6
3BiacH X —é' X —g
1 7’ 2 7 :
Touka A mae koopaunatu (6/7; 24/7).
2x, +3x, =12
Touxka C: ;
2x,—x, =8
2 3 12 3
A= =-2-6=-8; A = =-12-24=-36;
2 -1 8 —1
2 12
A, = =16-24=-8.
2 8
) -36 9 -8
3BigcH x, =——=—; x, =—=1.
b8 2777 =8

Touka C mae xoopaunatu (9/2; 1).
3HaiigeMo 3HaYeHHS IITbOBOT (PYHKITIT B IIMX TOYKAX:

5.6 ,.24 5.2 2

1 41
Z, = 76 7 __ 1. Z. = 29 =5
2-—+ 2-—+1
7 2

24 2
7
Pesynbratu (ZC >7 A) MiITBEP/DKYIOTh, IO ONTHMYMH 3HAHJACHO TPABWIBHO: MaKCHMYyM

nocsiraeTbes B Toulll C, a MiHIMyM — y Toulli 4.

3apaua 9.3. Po3s'si3atu 3a1a4y 1poOOBO-IIHIHHOTO TPOrpaMyBaHHsI CUMITJIEKCHIM METOJIOM:

3x, +2x
Z="1_"""2_5max
X, +x,
3a yMOB

X +3x, —x; =12;
2x,—x, +x,=9;

—x, +4x, +x;, =38;

x,20, j=15.

Po3e'azyeanna. 3BeeMO IMOYATKOBY 3aqady A0 3ajadi JIHIHHOTO MpOrpamMyBaHHS 3TiIHO 3
PO3TIITHYTHMH paHilie MpaBUIaMH.

1
[NozHaunmo — = x; + x,.
Yo
BBenemo HOBI 3MiHHI:
Vi =VoX;s J=L5.
HictaneMo 3amaqy JiHIHHOTO MPOTPaMyBaHHS:
f =3y, +2y, > max

3a yMOB
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Yi=3y, =y —12y,=0;
2y, =1+ 1, =9y, =0;
“n+4y,+y;—8y,=0;
Nty =L
%20, y,20, j=15.

Po3B'spkeMo 3a1auy CUMITIEKCHUM METOAOM. Y TepIle Ta OCTAaHHE OOMEKECHHs BBEIEMO IITYYHI
3MIHHI Y, Ta J,.

Maemo onTUMalTbHHAM PO3B'SI30K MEPETBOPEHOI 3a/1a4ui:
y, =0,7222, y,=0,2778, y,=y,=0, y,=0,1296.

3Haii1IeMO ONTUMAIILHUN PO3B'SI30K TOYATKOBOI 3a/1a4i, BpPaXOBYIOUH, IO X ;= Vi :
Yo
X, = 0,7222 =557, x,=0; x,=0;
0,1296
x2:0’2778:2,14; x5:0’6481: '
0,1296 0,1296
Orxe, X" =(5,57;2,14;0,0;5),

_ 3-5,57+2-2,14 _2.722,

" 5,57+2,14

TEMA 10.
3AJIAYI HEJIHIHHOI'O ITIPOT'PAMYBAHHSI. OCHOBHI METO/IH iX
PO3B’SAI3YBAHHS TA AHAJII3Y.
10.1. Exonomiuno cymuicms i nocmanosxa 3aoay HJIII.
Po3p'si3yroun 3amaui  ONTHMANBHOTO YIpaBIiHHS (IJIaHYBaHHS), JOBOAHMTHCS BpPaXxOBYBaTH
HEJHIWHUA XapaKTep B3a€MO3B'A3KIB MK €KOHOMIYHUMHU IMOKa3HUKAMHU. Y 3araJbHOMY BUTJISIL
HeNiHIITHa €eKOHOMIKO-MaTeMaTUYHA MOJIETTb MAa€ BUTJISIL:

Z=f(x, Xy, ...,  X,)—> max(min)
3a yMOB
ql.(xl, Xy, s xn){S,z,Z}bl.
(l’:l,m),
ne f(x, Xyo e X)) g (x, Xy, ..., X,) — HemiHiiiHi QyHKIL.

3amauy HETIHIMHOTO TPOTpaMyBaHHS HaMaralroThCs 3BECTU JO JiiHIMHOTO BUDLimy. [lpore B
TAaKOMY pa3i MOXXJIHMBI 3HauHi moxuOku. Hexaill, Hanpukiaa, co0iBapTICTh NMPOAYKLIi Yy BU3HAUYEHO

. b . . I . o
K QYHKIIIO y=a+—, ¢ X — 00csaru BUpOOHUIITBA. BBiBIIM 3aMiHy z =—, AICTAaHEMO JIiHIHHY
X X

3aeKHICTh y = a + bz . 3a Takoi 3aMiHM MOXMOKU HeMae. A KOIu y = —ax” +bx +c, To 3aMiHa 1€l
3aJIeKHOCTI JIEAKOIO JIiHIHHOIO (yHKIi€ ) =d+ fx NpU3BOAUTH A0 3HAUYHUX MNOXHOOK, IO
umoctpye puc. 6.3.
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e [ = RS \
Puc.10.1

VY Toukax x, 1 x; 3Ha4eHHs co01BApTOCTI Ul 000X PO3IIIAAyBaHUX QYHKIIH OIHAKOBI, aje B yCiX
IHITUX TOYKAX I[l 3HAYEHHS BIAPI3HAIOTHCS, MPUUOMY B TOYIII X, 3HAYHOIO MipOIO:

Ve =y, =—ax; +bx, +c—d — fx, = ax; +(b—f))c2 +(c—d).

OTxe, niHeapu3allis HETIHIMHUX MPOIECIB € JOCUTh CKJIaJHOI0 MAaTEMAaTHYHOIO 3a/1a4€lO0.

Jlnst mHIAHAX 337129 MOYKHA 3aBXKIM 3HANUTH ONTHMAJIBHUN PO3B'S 30K YHIBEPCAIHBHUM METOIOM
— cuMIuieKcHUM. Ilpu npoMy Hemae mpoOsieMH 3 TOBEICHHSIM ICHYBaHHS TaKOTrO PO3B'SI3Ky. ADKe
B pe 3y/ibTaTi PO3B'SI3yBaHHS 3a/1aul CUMIUIEKCHUM METOJIOM 3aBXKIH JIIC TAEMO OJIMH 13 BaplaHTIB
BiNOBIi: 1) 3HAlIEHO PO3B'A30K; 2) 337a4a CynepewInBa, To0To 11 po3B'a3Ky He iCHYeE; 3) LiJIbOBa
byHKIIIS HE 0OMEeXeHa, OTXKE, PO3B'A3KY TAKOK HEMAE.

Jnis 3a1a4y HENiHIMHOTO MpOorpaMyBaHHS HE ICHY€ YHIBEpPCaJIbHOI'O METONY PO3B'SI3yBaHHS, TOMY
opasy Ciijl JOBOJUTH ICHYBAaHHS PO3B'SI3Ky 3a/adi, a TaKOXK HOro e€auHIcTh. Lle mocuth ckimagHa
MaTeMaTH4YHa 3a/1a4a.

BimoMi TOuHI MeTOaM PO3B'A3yBaHHS HENIHIMHUX 3a7a4, ajie MPU IIbOMY IMOCTAIOTh TPYAHOIII
obuncmoBaibHOrO Xapakrtepy. HaBite mns cydacHux IIK BignmoBigHi anropuTMu € J0BOJI
TPYIOMICTKHUMHU.

Jns po3B's3yBaHHS HENMIHIMHUX 3aJad 3aCTOCOBYIOTh HAONMKEHI METOJH, CTHKAIYUCh 13
po0JIEMOI0 JIOKAJIbHUX 1 TNI00abHUX onTuMyMiB. Hampukinan, Ha puc. 10.2. MmaemMo Ha BiJIpi3Ky
JIOKaJIbHI ONTUMYMH B TOUKAX X, X,,X,,X;,X,, X5, X, X;, Xg, Xy , & [TIOOAIBHUM — y TOUL X, 1 X,.

Puc. 10.2

BinbricTe HAOMMKEHUX METOJIB JAIOTh 3MOTY 3HAXOIUTH JOKAIBHUN ONTUMyM. BU3HauuBIIN
BCl JIOKQJIBbHI ONTHMYMH, METOJIOM TIOPIBHSAHHS MOXXHA 3HAWTH TioOambHmid. [Ipote st
NPAaKTUYHUX PO3PAaXyHKIB Takuik Merox He € edexkruBHUM. Yacto HAOIMKEHI METOIU He
«BJIOBITIOIOTH)» TII00AJTBHOTO ONITUMYMY, 30KpEMa TOJi, KOJIM TJI00ATBHUN ONTUMYM JIEKHUTh IOCUTh

6MIM3BKO 110 JIOKAIBbHOrO. SIKINO BiApi3ok [X,,X,,] posi6'emo Ha gecsTh miaBiApisKkis i rnoGanbHUit
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ONTHUMYM TIOTPAIUTh Y BIAPI30K [xl.,xl.ﬂ] (muB. puc. 6.4), a 1BOpPYY BiJl X, Ta IMpaBOpyY Bi X,

KpuBa y = f(x) MmiIHIMAaTUMETHCS, TO INIOOATBHUNA ONTUMYM OyJe MPOMYyIIeHUM. 3BEPHEMO yBary

IIe HAa OJUH Jy>XK€ BOXIUBUI MOMEHT. Y 3ajadax JIHIHHOTO MPOrpaMyBaHHS TOYKA ONTHMYMY
3aBkaM Oysia TpaHWYHOO. {711 HENMHINHUX 3a/1ad TOYKA, KA € ONTUMAJIBHUM IJIAHOM, MOXE OyTH
IPaHUYHOIO 200 TAKOIO, 110 MICTUTHCS BCEPEIHHI JOMYCTUMOI 001aCTi pO3B'A3KiB (IUIaHIB).

10.2. Knacuunuit memoo onmumizauii 3a0au MJIIl ma 6a3i eukopucmanua MHOMCHUKIG
Jlazpansca ma ix ekonomiuna inmenpumayisa.

Jns po3B'si3yBaHHS 3a1ad HENIHIMHOrO NporpaMyBaHHs He ICHYe, SK YK€ 3a3Hayasocsd,
YHIBEpCAJTBLHOTO METOJy, & TOMY JIOBOJMTHCS 3aCTOCOBYBATH 0arato METOJIB 1 OOYMCITIOBAIILHUX
JITOPUTMIB, SKi TPYHTYIOTBCS, 3A€0UIBLIOrO, HA Teopil AuQepeHIiaTbHOr0 YUCIeHHs, 1 BUOip iXx
3QJICKUTH B1JI KOHKPETHOI MMOCTAHOBKH 3a7a4i Ta (GOPMHU €KOHOMIKO-MaTeMaTUYHOT MOJIETII.

Metoau HemiHIHHOTO TpOrpaMyBaHHS OyBalOTh mpami Ta Henpami. llpsmumu MeTomamu
ONTUMANbHI PO3B'SI3KM BIAIIYKYIOTh Yy HANpsAMKY HAWIIBUIIIONO 30UIBIICHHS (3MEHIICHHS)
11b0BO1 (PyHKIT. TUOBUMU JUIs Li€T TPYIH METOMIB € 2padienmui. HenpsMi METOAM NMOJATAIOTh Y
3BE/ICHHI 3aJla4l JI0 TaKoi, 3HAXOJKEHHS ONTUMYMY SIKOT BIA€ThbCS CIIPOCTUTH. Jl0 HUX Hallexarb,
HacamIiepe]], HalOUTbII PO3pOOIIEHI METOIN KGAOPAMUYHOZ0 TA CenapadenbHo2o NPOrpaMyBaHHS.

OnrTumizalliifHi 3aaadi, Ha 3MiHHI SKUX HE HAKJIAJAIOThCI OOMEXEHHS, PO3B'SI3YIOTh METOJaMU
KJIAaCUYHOI MaTteMaThku. OnTumizamito 3 O0OMEKECHHSIMH-PIBHOCTSIMH BHKOHYIOTH METOJaMHU
36€0eH020 2padicnma, CKaXiMo memodom Hkooi, ta muoxcnukie Jlacpanryca. Y 3agadax
ontuMizamii 3 O0OMEXKEHHSIMHU-HEPIBHOCTAMH JOCHIKYIOTh HEOOXiJHI Ta JOCTaTHI YMOBHU
icHyBaHHs ekcTpemymy Kyna—Tankepa.

Po3rnsiHemMo MeTor MHOKHUKIB Jlarpan»ka Ha mpuKiIai Takoi 3a Aa4i HeJTiHIMHOTO MPOrpaMyBaHHS:

Z=f(x, X, eees  Xx,)—>max(min) (10.15)
3a yMOB
ql.(xl, X, s xn)zbl.
_ (10.16)
(l =1lm|,
ne Gynkuii f (xl, X, oo xn) 1gq, (xl, X, s xn) nuQepeHiiiioBaHi.

Inest MeTomy MHOKHUKIB Jlarpanka moJiarae B 3aMiH1 JaHOT 3a/1a4il MPOCTIIIOK: HA 3HAXOKEHHS
eKCTpeMyMy ckiIaaHimoi QyHkuii, ane 0e3 oOMmexeHb. Lls (yHKIIsS Ha3UBaeTbC @QyHKyicto
Jlazpansica 1 NONAETHCS y BUTIISAI:

L(x,%, 0%, 2050004, ) =

:f(xl,xz...,xn)Jrz&i(bl_—ql.(xl,xz...,xn)),

i=1

(10.17)

Ie A, — He BU3HAUYCHI OKU 1[0 BEJIMYMHH, TaK 3BaHI MHOKHHMKH Jlarpanxa.
3HaNIIOBIINM YaCTUHHI MOX11H1 GyHKIT L 3a BciMa 3MIHHUMU 1 TPUPIBHSABIIY iX 0 HYJIA:

oL . T
gj:O(jzl,n),
g—iso (i=1Lm),

3aIUILIEMO CUCTEMY
8f(xl,x2,...,xn)+i/1‘ qu(xl,xz,...,xn) 0 (j:ﬁ)
% A 7 0.s)
bi—qi(xl,xz,...,xn)zo (i:l,_m),




110 €, SIK MPaBUJIO, HEJIHIHHOIO.
Posp'si3aBiun 1o cucteMmy, sHaiiiemo X =(x,,x,,...,x,) i 4 =(4,4,...,4,) — cramionapHi
Toukn. OCKIIBKU iX BU3HAYEHO 3 HEOOXiHOT yMOBHEKCTPEMYMY, TO B HUX MOXKIMBHI MaKCHMyM

abo wmiHiMyM. [HOZI cTamioHapHa TOYKa € TOYKOI MeperuHy (cimmoBa Touka). OTxe, s

BH3HAUYCHHS JOCTAaTHIX YMOB EKCTPEMYMY Ta MIarHOCTYBaHHS HOTO THIy ICHYE CIeIiaIbHUI
anroputm [15].
Po3B'skemMo MeTo10M MHOXKHUKIB Jlarpanka HaBeIeHyY Aaili 3a7ady.

3apaua 10.1. AxiioHepHEe TOBAPUCTBO 3 OOMEKEHOIO BiANMOBIAabHICTIO BiaBeno 1200 ra pimm mif
OCHOBHI POCIIMHHUIIBKI KYJIbTYPU — O3UMY IMIICHULIIO Ta LIYKPOBi OYpSKH.

TexHIKO-eKOHOMIYH1 TOKAa3HUKW BUPINTYBAaHHS [IUX KYJIbTYp BiJ OvBae TabauIs:
ITnoma, ra, BigBegcHa

[TokazHuk . . =

i 03UMY HIIEHHUIIIO, X, i OyKpoBUii OypsK, X,
YpoxkaiiHICTb, T/Ta 4 35
Iina, rpH./T 800 300

CobiBapTicTh, TpH./T

y, =12,5x> —200x, +1200

y, =12,5x =150x, +650

3HalTH ONTUMAJIbHY IJIOULY MOCIBY 03UMOI MIIEHUIII Ta IIyKPOBUX OYypSIKiB.

Hexaii x, — muioma puul, BiABEJEHAa MiJ COTHI ra O3MMOI MINEHHUI; X,— IUIOA PUIII,
BiJIBE/ICHA ITiJ1 IYKPOBi1 OYPSKH, COTHI Ta.

3ayBakuMo, 10 cOOIBapTICTh OJHIE] TOHM TIIEHHI Ta LYKPOBUX OYpPsKIB 3aleKUTh BiJ
BIJIMOB1/THOI TIJIOII TTOCIBY.

3anumieMo  €KOHOMIKO-MaTeMaTH4HYy MOJENb. 3a KpPHUTEpill ONTUMAaIbHOCTI  Bi3bMEMO
MaKCHUMI3aI[il0 BAJIOBOTO MPUOYTKY:

£ =4(800-12,5x] +200x, 1200 x, +35(300-12,5x; +150x, —650) x, =
= 4(—12,5x; +200x; —400x, ) +35(~12,5x; +150x; ~350x,

3a yMOB

x +x,=12.
3anumemo ¢yskito Jlarpanxa:

L(x,,%,,4) =4(~12,5x +200x —400x, ) +35(~12,5x; +150x; —350x, ) +

+4 (12-x,—-x,)=0.

BizbMeMoO yacTUHHI MTOX1/IHI 1 MPUPIBHIEMO iX 10 HYJIA:

o 4(-37,5x; +400x, - 400)— 4, =0
ox,
oL
— =35(-37,5x, +300x, -350) -2, =0
0ox,

%:12—xl—x2 =0.

I3 miei cucremMu BU3HAYMMO CIJIOBY TOYKY. 3 TEpIIOi Ta APYyroi piBHOCTEH 3HAMAEMO
BUpa3u I A, 1 IPUPIBHAEMO iX:

4(—37,5x12 +400x, —400) = 35(—37,5x2 +300x, —350),
abo
—150x12 +1600x, —1600 =—-1312, 5x§ +10500x, —12250. (10.5)

I3 OCTaHHBOTO PIBHSAHHS Li€] CHCTEMH MAEMO:
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x, =12-x,
IMincraBuBmm 3HaueHHs x,y (10.5), nicranemo:
—150(12—x2 )2 +1600(12—x2 )2 ~1600 = -1312,5; +10500x, —12250,
a6o 11625 —8500x, +11450 = 0.
Po3B’s13aB11M 11€ KBaJpaTHE PIBHAHHSA, 1ICTAHEMO
W =1,78 (178 ra); X, ~5,53 (553 ra).
Bimnosinno gicramemo: x 10,22 (1022ra);  x’~6,47 (647 ra)
ToOTO c1/UI0BUMHU TOYKAaMU € TaKi:
{xf“ =10,22 {xfz) = 6,47

V=178 x\? =553
OO6uncnTuMO 3HaYeHHS IUTbOBOT (PYHKIIT y IUX TOUKAX:
F(x =10,22;x, =1,78) = 4(800-1305,61+ 2044 -1200)1022 +
+35(300-39,615+267-650)178 = -236247;
f(x =6,47;x, =5,53) = 4(800—-523,26+1294—1200) 647 +
+35(300—-382,26+829,5-650)553 = 4 625 863.

Orxe, minboBa (YyHKIS HaOyBae MaKCHMAaJIbHOTO 3HAYEHHS, SKIIO O3WMa TIICHUIS
BUPOIILYEThCS Ha uioli 647 ra, a myKpoBuil Oypsik — Ha ruiori 553 ra.

10.3. Onykne npocpamyeanns. Heobxioni ma oocmammui ymoeu icHysannsa cionoeoi
mouku. Teopema Kyna-Taxepa.

[TonuT HAa MPOMYKIIiIO, IO BUTOTOBIISIETHCS HA JBOX BUJAX OOJaAHAHHS, CTAaHOBHUTH 120
onunauIlb. CoO1BapTICTh, TUC. TPH., BAPOOHUIITBA OJAMHHII MPOAYKIII HA 00JIaJHAHHI KOKHOI TPYIH
3aJIeXKUTh Bl 00CATY TaKOro BUPOOHMLITBA — BIAMOBIJHO X, 1 X,— Ta MOJAETHCS y BUTIISIL IS
nepuioi rpynu: 3x, +4x; ; ays apyroi rpynu: S5x; .

3HalTH ONTMMAJIBLHUN TUTAH BHPOOHMIITBA MPOAYKIIi Ha KOXKHIM Tpymi oOJagHaHHS, SKUW 3a

YMOBHU 33JIOBOJICHHS TONHUTY TOTpeOye HaWMEHIIMX BUTpAT, MOB'SI3aHUX 13 COOIBAPTICTIO
MPOIYKIIIi.

Po36'azyeanns. MareMaTnyHa MOJIEIb 3a/1a4l:
Z =3x, +4x] +5x; — min
3a YMOB
x, +x, =120,
X; >0,j=1,2.

3riJIHO 3 METOJ0M MHOKHUKIB Jlarpanxa ckiagaemo QyHkiito Jlarpanxka:
L(xl,xz,/l) =3x, +4x; +5x; +/1(120—x1 —xz).

[IpupiBHABIIM 10 HyJs YaCTUHHI MOXiAHI Liei QyHKUIi 3a HeBioMuMH napamerpamu X, X, 1 4,
JICTAHEMO CUCTEMY PIBHSHbB:

a—L=3+8xl—/7,=0;
ox,

a—L=10x2 -A1=0;

X

a?L=12O—xl—x2 =0.
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Po3B's3aBum 1110 cucreMy, 3Hai1eMo:
x, = 66,5; x, =53,5; A =535.
Omxe, Ha TIepHIii Tpymni oOiiagHaHHS HEOOXiqHO BUIyCcKaTu 66,5, a Ha npyrid 53,5 oguHUIb
npoaykuii. [Ipy nbomMy MiHIMaIbHI BUTPATH, TUC. TPH., CTAHOBUTUMYTh:
Z =3-66,5+4(66,5)* +5(53,5)* =32199,75 — min.

TEMA 11.
3AJAYI JUHAMIYHOI'O ITPOT'PAMYBAHHA

11.1. Exonomiuna cymuicme Ounamiuno2o npozpamyeannsa. OCHO6HI munu 3a0ay ma
mooeni J[11.

VYci eKOHOMIYHI TPOIECH Ta SBHUIIA € TUHAMIYHUMH, OCKUTBKU (DYHKITIOHYIOTh 1 PO3BUBAIOTHCS HE
JIMILE Y TIPOCTOpi, a i y Jaci.

Haponne rocmomapcTBo, HOTro Taimy3i, perioHd 4u OKpeMi MiANpPHU €MCTBA MArOTh PO3pOOIATH
CTpaTeriuHi 1 TakTU4Hi MiaHu. [lepmi BU3 HA4YarOThCS 3 JOMOMOTOI JUHAMIYHHX MOJIENCH,
PO3B'SI3KM SIKMX 3HAXOAATh METOJAaMH JTUHAMIYHOTO TPOrpaMyBaHHS. 3ayBaXHMO, IIO cyma
ONTUMAJILHUX IJIaHIB HA OKPEMHUX Bifpi3Kax miaHoBoro nepiony T He 3aBxau siBiisie cOOO0IO TUIaH,
ONTUMAIBHUI Ha BCLOMY TaKOMY TIE€piOi.

PosrnsiHemMo 3amayy ONTHMAlIbHOTO PO3MOJUTY KamiTadbHUX BKJIAACHb, SKI MOXYTb OyTH
BHKOPHCTaHI JIBOMa CITIOCOOAaMHU: 3 METOI0 PO3BUTKY POCIMHHHIITBA a00 TBapMHHUIITBA. Bimomo,

110 3a IIEPIIOTro CIIocoby oTprMaemo mpubyToK g (x), a 3a apyroro — h(y).

VY Takomy pasi OJJHOKPOKOBY 3a/1ayy MO>KHA MOJIaTH y BUTJISIIL:

Z =g(x)+h(y) > max (11.1)
3a yMOB
x+y=b,
11.2
x>0, y=>0. ( )
Hexait

Z=72,b=b, x=x, y=b —x,.
Tonai nany 3agady MOXHa 3alUCaTH Tak:

Z =g(x)+h(b, —x,) > max

Posrnsiemo ii gk 3a7ady ONTHMANbHOTO BHUKOPHCTAHHS KamiTaJbHUX BKIIAQJCHb 32 OKPEMHUMHU
1HTepBajIaMu IUIAHOBOTO Mepioay 7, MaroYl Ha METI PO3MOAUTHTH 3aJIMIIOK KaIiTaJbHUX BKJIA/ICHD
Ha KiHelb j-TO 1HTepBaly ( j=1 2,...n) JIBOMa 3a3HaueHUMH criocobamu. IIpu npomy Kpurtepiid
ONTHUMI3AIli1 HE 3MIHIOETHCS: MAKCUMI3yEMO OOCST MPUOYTKY 3a BECh TIaHOBUH mepion 7.

SIKmo Ha mepumoMy iHTepBalli BUKOPHCTaHO b, KaIliTalbHHMX BKJIAJIEHb, TO Ha HOro KiHelb

3QJIMIINIOCS 1X:
b, = cx, —i—af(b1 —xl),

ne c¢,d — KoeQIiieHTH TPOMOPIIHHOCTI, M0 XapaKTepHU3yIOTh BHUKOPHCTAHHS KaIliTaJIbHUX
BKJIaJICHb TIEPILUM i APYTUM CIIOCOOAMH:

x _c
b-x d

3ajauy UIs1 APYroro iHTEPBALY MOJAMO TaK:
Z,=[g(x,)+h(b,—x,)| > max
33 yMOB
0<x,<b,.

3BizcH U1 Oyb-IKOTO j—TOIHTEpBAIY MAEMO:
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Z, :[g(xj)+h(bj—xj)}—>max

J
3a yMOB
0< x; < b/

3aranpHa 3a/1a4a HaOupae BUTIISAY:
L= +7Z,+..+Z, :Zn:[g(xj)+h(bj—xj)]—>max (11.3)
j=1
3a ymMoB 0<x, <b, (jzl,_n),

b, =cx; —i—a’(bj_l —xj_l), (j :I,_n)

Taky 3agauy po3B’s3yIOTh crielianbHUMU MeToaamu [4, 10] .

11.2. 3adaui npo 3aminy O0CHO6HO20 Kanimaay O001AOHAHHA RNIONPUEMCHIEA.
Bazamokpokosuii npoyec.

JuHaMidHMI TIporiec po30MBAETHCS HAa CYKYIHICTH MOCIHIJOBHUX eTamiB, ado KpokiB. Koxuuit
KPOK OIITHMI3YEThCS OKpPEMO, a pimieHHs (PO3B'S30K), 3TiAHO 3 SIKUM CHCTEMa NEPEeXOIUTh 13
MOTOYHOTO CTaHy IO HOBOT'O, BUOMPAETHCA 3 ypaxXyBaHHSAM HOro MaOyTHIX HACTIAKIB 1 HE 3aBXKAU
nae HauOuThIMil edexT Ha maHoMmy ertami. Ha ocTaHHBOMY KpOIll MPUKAMAETHCS PIIICHHS
(BiALIYKY€ETbCS pO3B'SI30K), sike 3ale3nedye MakCUMajdbHMHA e(ekT. 3 Oorisay Ha CKasaHe,
ONTHUMI3AIlSl METOJOM JUHAMIYHOTO TMPOTPpaMyBaHHS IIOYMHAETHCS 3 KIHIP: HacamIepen
IUIAHY€EThCSI  OCTaHHIM Kpok. Cnuparounch Ha BigoMy iHpOpMaLil0 TPO  3aKiHYCHHS
MepPeOCTaHHBOTO KPOKY, Ha MIACTaBl PI3HMX TIMOTE3 IMIOJAO0 HOTr0 3aKiHUYCHHS, BHOHMPAIOTH
yIIpaBIIiHHS HAa OCTAHHbOMY Kpolli. Take ympaBiiHHS HAa3MBalOTh YMOBHO ONTHMAJIBHUM, OCKUIBKU
3HaXOATh HOT0 3a TMPUIYIIECHHS, IO TOMEpPeIHId KpOK Oyno 3MIMCHEHO 3TiJHO 3 OJHIEI 3
MOJKITUBUX TIMOTE3.

Hexait anamizyeTbcsl MessKUi KEpOBAHUMA MPOIEC, MEPEOIr SKOTO MOXKHA PO3OMTH Ha TOCIITOBHI
eTanmu (KpOKH), M0 3aaaloThcs. EdeKTHBHICTH BChOro mpoiecy Z € CymMol e(eKTUBHOCTEH

Z, (j = l,n) OKpEeMHX KPOKiB:
Z = ZZj (anUTUBHUI KpUTEPIid)
j=1
abo

n
Z= HZ ; (MysnbTHILTIKATHBHUI KPUTEPIH).
j=l
3 KOKHUM KPOKOM 3a/iadil TOB'sI3aHE TMPUUHATTS TEBHOTO PIIICHHS, TaK 3BAHOTO KPOKOBO20
ynpagninua X, ( i :l,n), 10 BU3HAYa€ SIK €PEeKTHBHICTh JAHOTO €Tamly, TaK 1 Bciei omepauii B
JIOMYy.
VY 3agadi IMHAMIYHOTO TPOTPaMyBaHHS 3HAXOAATh Take YHpaBiIiHHI X =(x1,x2,...,xn)
BCI€IO OTepalli€lo, sIKe MaKCUMI3Ye 3arajibHy i1 €pEeKTHBHICTD:
n
Z= ZZ ; — max.
Jj=1

OnTuMansHUM PO3B’SI3KOM i€l 3a1a4i € ympaBimiHHS X, M0 CKIAAAEThCS 13 CYKYIHOCTI
ONTHMAJIbHUX TTOKPOKOBUX YIIPABIiHb

X =(x,%y,...,%,)
. . b
1 3a0ecreuye MakCUMaabHy €(EeKTHUBHICTD Z
Z" = max {Z(x)}

yeX
yCi KjJIaCHu 3aJaq ,Z[I/IHaMiLIHOFO HpOFpaMyBaHHH pO3B'5[3yIOTB, KepyIOLII/ICB OCHOBHUM
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NPUHIUIIOM: SIKUM OM He OyB CTaH CHCTEMH S Iepel YeproBUM KPOKOM, YIPABIiHHS Ha IbOMY
KpoIli cJij BHOpaTH Tak, MO0 e(QEeKTUBHICTh pPO3TIIAIYBAHOTO KpPOKY IUIIOC ONTHMalIbHA
e(eKTHBHICTh Ha BCIX HACTYMHUX KPOKax Oyjia MaKCUMaJIbHOIO.
OTxe, MaEMO aJITOPUTM PO3B'SI3yBaHHS 3a/1a4 JUHAMIYHOTO TIPOTPAMyBaHHSI.
1. CnenudixyemMo cTaH 3aJjaHOT KEPOBAHOI CUCTEMH Ta MHO>KMHY MTAapaMeTpiB, 110 OMHUCYIOThH
e crad. CtaH cHCTEMH OOMpAaEMO, MAalOYM Ha MeETi 3a0€3MEYHMTH 3B'S30K MK IOCITITOBHUMH
erarnamMy mepediry mporuecy 1 3HaWTH JONYCTUMHH pO3B'S30K 3a1adi B LUIOMY SK pe3yibTar
onTHUMI3aIlii Ha KOXXHOMY Kpolli okpeMo. [Ipu 1pomMy onTHMasbHI pillIEeHHs Ha HACTYIMHUX eTarax
NPUEMAEMO, HEXTYIOUH BIUIMBOM IMOAAJIBIINX PIlICHb HA MPUIHATI paHilIe.
2. Po3buBaemo auHamigHUI mporiec (omeparliro) Ha KPOKH, IO BiAMOBIIAIOTH, SK MPABHIIO,
YacoOBUM IepiofiaM IJIaHyBaHHS a0o okpeMuM oO0'exkTam (IiANPUEMCTBAM, BHJAM IPOJIYKIIII,
YCTaTKYBaHHS 1 T. 1H.), CTOCOBHO SIKMX PO3pOOJISIOTHCS YIIPABIIHCHK] PIIICHHS.

3. Iloraemo meperik ynpasBaiHChbKUX PIMICHb X, ( Jj :I,_n) JUTsI KOSKHOTO KPOKY 1 BIJIOBIIHI
O0OMEKeHHS 1010 HUX.

4. BuzHayaemo ehekT, 1o #0ro 3abesmedye ynpaBIiHChKE PILCHHS X, Ha j— My KPOL, SIKIIO
nepes TUM cuctema Oyna y ctasi S, K QyHKIII0 eeKTUBHOCTI:
Z ={g(x)+h(b-x)} - max.

5. JlocnmimKyemo, K 3MIHIOETbCs CTaH S CUCTEMU [ BIUIMBOM YIPABJIIHCHKOIO X, HA j— My
KpOIIi, IepeXosiun A0 HOBOTO CTaHy:
S’ :(oj(s,xj).

6. bynyemo s po3risiayBaHOi 3a/madi PeKypeHTHY 3aJeKHICTh, IO BU3HAYA€ YMOBHUU
onTUMaNbHUi edekr Z, (s), MOYMHAIOYU 3 j— IO KPOKY 1 JI0O OCTaHHBOTO, Y€pe3 BXKE BIIOMY

. N
dynkuio Z,, (s):
Z, (S):Hka_x{ff (s,xj)+Zj+1(s,xj)}
J

[lboMy edexTy BiAMOBiIa€e yYMOBHE ONTHMAalbHE YHOPABIIHHA Ha j— My KpoIli (xj (s))
3ayBakuMoO, IO 3a apryMeHT (PyHKIi Z jﬂ(s) OepeMo He S, a 3MIHCHHH CTaH CHCTEMH, TOOTO

r_
§ —goj(s,xj).

7.311HCHIOEMO YMOBHY ONTHUMI3allil0 OCTAHHBOTO 1-T'0 KPOKY, PO3IJIAaI0Yd MHOKUHY CTaHIB

S, IO Ha OJWH KPOK BijIaJieH] BiJl KiHIIEBOTO CTaHy, 1 BU3HAYaEMO YMOBHUH ONTHUMAJIbHHUN ePeKT
Ha n-MY KpOLli:

Z,(s)= max {fn (s,x, )}
Jani 3HaXOAMMO YMOBHE ONTUMAJbHE YIPABIIHCHKE pIIICHHS X, (s) , 3aBISKU SIKOMY Leil

MaKCHMYM JOCATAETHCS.
8. BukoHyeMo ymMoBHY onTuMisanito (n—1)—ro, (n—2)—ro i 1. 1., T06TO BCiX mONepenHix

KPOKIB 32 PEKYpPEHTHUMH 3aJIeKHOCTAMU 1.6, 1 JUIsi KOXXKHOTO KpPOKY 3HAaxOJIHMMO YMOBHE
ONTUMAJILHE YIIPABIIIHHS:

.
Z"=Z/(s)

9. 3niiicHI0eMO ©€3yMOBHY ONTUMI3allll0 YHPABIiHHSI y «3BOPOTHOMY» HampsMi — BiJ
MOYaTKOBOTO CTaHy S, IO KiHIEBOro. [ IbOro 3 ypaxyBaHHSIM BHU3HAYEHOTO ONTHUMAJIbHOTO

YIIPABIIHHS HA MEPIIOMY KPOIi X, = X, (s) 3MIHIOEMO CTaH CHUCTEMH 3TiHO 3 1. 5. Jlami ams nporo

HOBOTO CTaHy 3HAXOAMMO ONTHMAllbHE YIPABIIHHS Ha IPYroMy KpOIi X, 1 Ti€EMO TaK [0
OCTaHHbOT'O KPOKY.

78



11.3. Memoo pexypenmnux cniegionowienv. Buxopucmannsa npunyuny bennmana i
anzopummy /[xconcona.

dipma miIaHye HapOLTyBaTH BUPOOHMUYI MOTYKHOCTI Ha YOTUPHOX MiANPHEMCTBAX, MAIOUn
st 11b0T0 4 MUTH TpH. J[JI1 KOKHOTO 3 MiANPHEMCTB PO3POOJICHO IHBECTHIIHHI MPOEKTH, SKI
BiIOMBAIOTh MPOTHO30BaHi cymapHi Butpatu C Ta noxoau D, MOB's3aHi 3 peani3ali€io KOKHOTO
MPOEKTY. 3MICT IIUX MPOEKTIB LITFOCTPYE TAOIUIIS:

[TignpuemcTBO
Ipoeexr | | 2 3 4

CYl Dl CZ D2 C3 D3 C4 D4
1 0 0 0 0 0 0 0 0
2 1 3 1 4 2 4 1 2
3 2 5 2 6 3 9 2 8
4 3 7 3 8 4 12 3 5

[epmmii mpoekT nependavyae BiAMOBUTHCS BiJ POLIMPEHHS MiANPUEMCTBA, & TOMY Ma€ HYJIbOBI
BUTpaTH 1 1oxoau. Po3pobuTu mian | iHBecTyBaHHs BUAUICHUX KOINTIB Yy 3a3HAa4Y€HI MiANPHEMCTBA
Tak, 00 OJepKATH MaKCUMAIILHUN TPUOYTOK.

Po3e'azyeanns. CripomeHuM 1 HaliMeHIT e(EKTUBHUM CIOCOOOM PO3B'S3yBaHHS TaKUX 3a7ad €
nepebip ycix MOXJIMBHX BapiaHTiB. [IpoTe Ha mpakTuii iX Tak Oararo, 10 mpoaHani3yBaTH BCi 1
BHOpaTu cepel HUX HaWMePEKTHBHININN HEMOXXJIUBO. ['OJJOBHUMHM HENONIKaMH TAaKOTO CIIOCOOY
PO3B'sI3yBaHHs € BEIMKUN 00CAT 004HCIeHb, BIACYTHICTD alipiopHO1 iHGOpMAaLii PO HENPUITYCTUMI
PO3B'SI3KM, a TAaKOX HEMO JKJIMBICTh CKOPUCTATUCS TPOMDKHUMH pe3ybTaTaMH aHali3y uis
BiJIKHJIaHHS HEONITUMAITBHUX KOMOIHAIIIl MTPOEKTIB.

Po3B'sokeMo 1110 3amady 3a anropuTMOM (METOAOM) 360pomHozo npozony. Kpoxamu 3amadi
BBXATHUMEMO KOXKHE 3 YOTUPHOX MIANPH €MCTB, OCKUIBKU JJIS1 KOXKHOTO 3 HUX MaeMo BUOpaTu
ONTUMATBHUHN 1HBECTUILIIMHUHN MPOEKT 32 OOMEKEHUX TPOIIOBUX PECYPCIB.

3ayBaxXuMo, M0 B I[bOMY pa3i HEIWHAMIYHHI TPOIEC PO3TISAAEMO SK IUHAMIYHHMA, a0u
CKOPUCTATUCS METOJAaMH IHWHAMIYHOTO TMpOrpa MYBaHHS Ui 3HAXOJDKCHHS ONTHMAIbHOTO
PO3B'sI3Ky. 3B'I30K MIXK 3a3HaYCHUMHU KpOKaMH 3a0e3MeuyeThesi 0OOMEKEHHSIMHU Ha 3arajlbHUN 00csrT
BHJIUICHUX KOIITIB — 4 MJIH TPH.
3MiHHI 337241 Bi3bMEMO TaK, 1100 MMOCIIiIOBHO KEPYBATH MPOLIECOM PO3MOILITY KOIITIB:

X,— 00csAT KaliTaJOBKIaleHb, BUAUICHUX Ha Kpokax 1—4;

X,— T€ caMe Ha Kpokax 2—4;

X, — Te caMe Ha Kpokax 3 14;

X,— Te caMme Ha Kpoui 4.

k, (i =1, n) — 00csry 1HBECTHIIIH HA T'-MY MIANPUEMCTBI (kl. =0,1,2,3, 4) .
k; (z’ =1, n) — ONTUMaJIbHI 00CATH IHBECTHIII HA [— MY TiIPUEMCTBI.

PexypeHTHe CIIBBITHOIICHHS Ji 3BOPOTHOTO TPOTOHY Bi KpoKy 4-ro mo 1-ro (Bix
YEeTBEPTOTO MiNPUEMCTBA JI0 MEPILIOr0) MOAAETHCS Y BUIIISIL

fi* (xs) =0,
£ (xk ) =max{D, (k) + iy (x = C (k))} (i=14),  C;(k)<x,
ne f; (x j;kl,)— cymapHa e(peKTUBHICTh 1HBECTHIIIH 3 i—T'0 KPOKY O OCTAaHHBOTO.

Tyr f *(xS):O, OCKITBKM TI'SITOTO TANPUEMCTBA HE ICHye. BukoHaemMo moeramHi

PO3paxyHKH 3a I[1€I0 MOJIEILTIO.
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Eran 4.

Fi (k)= D8+ £ =G (1)

Pe3ynbraTi po3paxyHKiB MOaMo TaOHIICIO:

. " O %
. Hoxin f, (x,:k,) =D, (k,)+ 1+ (x5) p;il/’liinlann
k=0 |k =1 k=2 |k =3 k=4 | fi(x) |&
0 0 0 0 0
1 0 2 2 1
2 0 2 8 8 2
3 0 2 8 5 8 2
4 0 2 8 5 8 2
Eran 3.
]g*(x3):rr}{§1x{D3(k3)+ﬁ(x3 _C3(k3))}
3a YMOB
G (k)< X,, k=0,1,2.34.
Pesynbratn po3paxyHKiB BiiOMBa€e TaOIHIIS:
Hoxin f; (xy:k;) =D (ky )+ f7 (%= Cs (ky)) OnTuMaIbHHUA PO3B’A30K
X
’ ky=1 ky =2 ky=3 ky=4 £(x) K
0+, (0-0)
0 =0+0=0 0 0
0+f4*(1—0)=
I =0+2=2 2 0
0+f;(2-0)] 4+ £ (2-2)
2 =0+8=8 | =4+0=4 8 0
0+ﬁ;(3—0) 4+ﬁ:(3—2) 9+ﬁ:(3—3)=
3 —0+8=8 | =4+2=6 |=9+0=9 9 3
0+ 7 (4-0)| 4+ £; (4-2)| 9+ £7 (4-3)] 124 17 (4-4
4 =0+8=8 | =4+8=12 | =9+2=11 |=12+0=12 12 2 abo 4
Po3paxyHKH BUKOHYIOThCS Tak. Hexaii motpiGHO 3HaiiTH f; (x3 = 3) .
Oo6uncaoeMo

£ (x5:k) =Dy (ks ) + 7 (3, = Cy (k).

Orxe,
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f3()c3 =3k, :1):0+f:(3—0):0+f:(3):0+8:0,
f3(x3 =3k, =2):4+f4*(3—2)=4+2:6,
f3(x3 =3k, =3)=9+1,(3-3)=9+0=09.
3anumemo, mo C, (k3 = 1) =0, OCKUIbKHU ]ISl TPETHOTO MiJMPUEMCTBA HE ICHYE MPOCKTY 3

iHBeCTULIsIMU B | MIIH TrpH. 3HaueHHA ﬁ(x3—C3(k3)) Oepemo 3 momepenHboi Tabmumi. Jlami

Ma€EMO:

£ (x)= a{ () + 5 (3% = €y (K, )) | = max {0,6,9} =9.

1,2,3

Eran 2.

fi(x)= max{ (k) + 15 (% =G (k)
3a yMOB
C, (kz) <x,, k,=0,1,2,3,4.
PesynbpTaTy po3paxyHKiB 01a€EMO TaOJIUIICIO:

L R lrs (k) =By (k) £ (3 - k)] b
k, =0 k, =1 ky=2 ky=3 ky=4 fz*(xz) k]
0 0 0 0
1 4 4 4 1
2 8 6 6 3 0
3 9 12 8 8 12 1
4 12 13 14 10 14 5
Eran 1.
£ (a)=max{D, (k )+ £ (x, = C, (k)]
33 YMOB

C(k)<x, K =01234.

BukoHyeMo po3paxyHKH nunie A x, =4, MOJAr04y iX y BUIIIAAL TaOnumi:

* O v

L | onin A, Cick) =Dy (k) + £ (5 - () poom'm0R

k=1 k=2 k=3 k=4 fl*(xl) ky

o | A S (a2 [T (a-3)- s |
=3+12=15 | =5+6=11 —7+4=11

3HaiiieMo onTHManpHUN IUTaH. I3 TaOMuULi MepuIIoro KpoKy BHILIMBAE, MmO k =1, ToOTO s

MIEPIIOTO MiMPUEMCTBA PEAI3y€e€ThCS APYTU MPOEKT, IKHUl BUKOPUCTOBYE | MIIH TpH. 1HBECTHIIII
3 e(ekTUBHICTIO 3 MJH IpH. OTXe, X, =3—1=2 a1 Apyroro, TPETHOro 1 YETBEPTOrO MiAIPUEMCTB

3anumaeTbess 4—1=3 MIH rpH. iHBecTULii. I3 Tabmuui Apyroro Kpoky Maemo, 1o 3a YMOB X, =3

MaKCUMaJbHUI e(eKT HacTae B pa3i peamizamii s APYroro MmiJIpUeEMCTBA MEPIIOrO MPOCKTY
(k2 =1) eekTuBHICTb cTaHOBUTh 4 MiH IrpH. OTxe, x, =3—-1=2, ToOTO I TPETHOro 1 Yer

BEPTOro MiANPUEMCTB CIIiJi BUKOPUCTATH 2 MIH I'pH. IHBECTHILIH. I3 Tabauui TpeThoro Kpoky 3a
yMOB X, =2 Maemo, mo k; =0. Omxke, x, =2, a oMy BIANOBIJAIOTH KamiTaJlbHI BKJIAJCHHS

k, =2, edextuBHicTp sAKkuX 8 MiH rpH. OCTaTOYHO MaeMO: €(DEKTHUBHICTh 4 MIIH IPH. 1HBECTHLIN

cTaHOBUTH 3+4 + 8=15 (MyH rpH.).

81



9.

10.

11.

12.

CIIMCOK PEKOMEH/JJOBAHOI JITEPATYPU

. byrip M.K. Marematuka st ekonomictiB: nociouuk. / M.K. Byrip — K.: BL] «Akanemis», 2003. — 520

C.

Inmymuk M.M. Marematiuune nporpamyBanHs: HaBd. noci6. / M.M. I'mymmuk, M. Komuu, O.C.
Ilenmak — JIpBiB: «HoBuii ¢cBiT-2000%», 2006. — 216 C.

Hanko M.B. JlocnimkenHs onepariii: HaBd. noci6. / M.B. Jlanko, M.M. Kap6oBuuk — JIBiB, 2009. —
288 c.

Karpenko A.B. Jlocnimxenns onepauiid: migpyunuk. / A.B. Karpenko — JIbBiB: «Marnomist Ilmocy,
2005.—-549 c.

Tapactok I'. M. 11IBa6 JI. I. IlnanyBanHs AisibHOCTI MignpueMcTBa. HaBY. mocio. /I. M. Tapaciok,

JI. I. lIBa6 — «Kapasena», 2003 — 432c.

Tapactok I'.M. IlnaHoBa AisUTBHICTH K CHCTEMHUH MPOLIEC YIPABIIHHS MiAIPUEMCTBOM: MOHOTpadis /
I'. M. Tapactok. — XKutomup : XKATY, 2006. — 469 c.

[IIBaiika JI. A. [InanyBanHs qisibHOCTI mignpueMcTBa: HaBd. moci0. / JI. A. IlIBaiika — JIsBiB : «HoBwii
Cait - 2000», 2004. — 268 c.

Masuuk JI.B. Onrumizamiiiai METOIM Ta MOJIEN: HABYAILHO-METOAWYHUNA IOCIOHHMK O BHUBYEHHS
JTUCITUTIIIHA, BUKOHAHHS JTAOOPATOPHHUX Ta KOHTPOJIBHUX POOIT IS CTYACHTIB HAMPSMY IiATOTOBKH
6.030505 «YmpaBniHHS TIEpCOHANIOM Ta eKOHOMiKa mpami», 6.030508 «Dinancu 1 kpeaur», 6.030509
«O06mik 1 aymuTy, 6.030507 «Mapketunr» Bcix ¢Gopm HaBuanus / Yki.: JI.B. Mazuuk, FO.M. I'puntok
—K.: HYXT, 2013. - 100 c.

JlaBpenuyk B.I1., 'otunuak T.1., Jpons B.C., Konayp O.C. Buma marematuka Yactuna 3.-UepHisii ,
B-BO Pyrta, 2007.

30ipHuK 3ama4 3 Kypey “Maremarnune nporpamyBanus’ /Ykia. C.I. Hakoneunuii, B.B. Bitnincekuit
ta iH. — K.:KHEY, 1998. — 4.2.

Bitmiacekuii B.B., Hakoneunuii C.1., Tepemenko T.O. MaTemaTuyHe mporpaMmyBaHHs: HaBY.-METOI.
mocioHuK g camoct. BuBY. aucil. — K.: KHEY, 2001.

Heremuk. I'.I'. Marematuune nporpamyBanHs. JIbBiB, 1995.

82



3MICT.
BCTVII

TEMA 1. OIITUMIBALITHI EKOHOMIKO-MATEMATUYHI MOEJIL

TEMA 2. 3ATAJIBHA 3AJTAUA JIIHITHOTO ITIPOTPAMYBAHHS TA METO/IU ii
PO3B'SI3YBAHHS

TEMA 3. CUMIIUIEKCHUIT METOJI PO3B’SI3YBAHHS OIITUMIBALIIMHUX 3AJAY

TEMA 4. METO/I LITYYHOI'O BA3KCY PO3B’SI3YBAHHS OIITUMIBALIIMHUX
3AJIAY

TEMA 5. TEOPIA ,Z[BOT(UJTOCTI TA AHAJII3 JIIHIMHUX MOJIEJIEM
OIITUMIBALIMHUX 3AJTAY

TEMA 6. AHAJII3 JIIHIMHUX MOJEJIEM EKOHOMIUYHUX 3AJIAY

TEMA 7. TPAHCIIOPTHA 3ATAYA. IIOCTAHOBKA, METO/IN PO3B’A3YBAHHA
TA AHAJII3Y.

TEMA 8. UUIOUNUCJIOBI 3A JAUI JITHIMHOI'O ITPOI'PAMYBAHHS. OCHOBHI
METO/IU IX PO3B’SI3YBAHHS TA AHAJII3Y.

TEMA 9. BAJAYUI IPOBOBO-JIIHIMHPOT'O ITPOI PAMYBAHHS. OCHOBHI
METO/U PO3B’SI3YBAHHS TA AHAJII3ZY.

TEMA 10. 3AJAYI HEJIIHIMHOI'O ITPOI'PAMYBAHHS. OCHOBHI METO]IU
IX PO3B’SI3YBAHHS TA AHAJII3Y.

TEMA 11. 3AJAYI JMHAMIYHOI' O I[IPOI'PAMYBAHHAA

JIITEPATYPA

SMICT

83

17

23

29

36

46

52

61

66

71

77

78



84



