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HEPEIAMOBA

Jlist cydacHOi MaTeMaTUKH XapaKTepHe IHTCHCUBHE MPOHUKHEHHS B
1HIII Taly31 3HaHb, 30KpeMa B €KOHOMIYHI HaAyKW. Y OUIBIIOCTI BUIMAJIKIB
el Mpolec MpOTIKae 3aBAsSKM audepeHmiami MaTeMaTUKd Ha Psi
CaMOCTIMHUX  Tajy3ed 3HaHb. MoBa  MaTeMaTUKUM  BUSBUIIACS
YHIBEpPCAJIbHOIO, IO  PENpe3eHTye 00 €KTHBHE  BiAOOpakeHHS
YHIBEPCAJIbHOCTI €KOHOMIYHHMX 3aKOHIB HABKOJIMIITHLOT'O CEPEIOBHIIIA.

ExoHoMmika sK Hayka TMpo OO0’€KTMBHI NPUYUHU PO3BUTKY
CyCHUIbCTBAa III€ 3 paHHIX 4YaciB y CBOIX MJISJIBHOCTI KOPHUCTYETHCS
pPI3HOMAHITHUMM  KUIBKICHUMH  XapaKTepUCTHKaMH, 1 TOMY BOHa
aKyMyJIroBajia B 001 BEJIMKE YHMCI0 MaTeMaTUYHUX METOMAIB. buibIi TOro,
AKTUBHICTb EKOHOMIYHMX JOCHIKEHb CTa€ pPYIIHHOW CHIOK s
MaTeMaTUKIB y MOAAIBIIIOMY PO3BUTKY MaTeMAaTHYHOTO 1HCTPYMEHTAapIio.
CbOrojiHi B €KOHOMIYHIMA HayIll HA NEPIINH IJIaH CTABUTHCS MaTEMAaTUYHA
MOJEJb K JI€BUU THCTPYMEHT JOCTIHKEHHS Ta MPOTrHO3yBaHHS PO3BUTKY
€KOHOMIYHUX ITPOIIECIB 1 SBUIII.

MaremaTuuHy MOJEh MOXKHA TMPEJACTABUTH SK BHYTPIIIHBO-
3aMKHYTYy CHCTEMY MAaT€MaTH4YHUX CIHIiBBIAHOIICHh O€3 MPOTHpIY, fKa
CIIY>KHUThb JIEBUM 1HCTPYMEHTOM BiTBOPEHHS MEBHOTO KJacy SIKICHHX a0o
KUTBbKICHUX (PYHKI[IOHAJTBHUX XAPAKTEPUCTHUK, BIACTUBUX E€KOHOMIYHOMY
MpoIIeCy Yd SBUIILY, 110 BUBYAETHCSA. BoHa po3BHUBae Hallll ySBICHHS PO
3aKOHOMIPHOCTI Ta B3a€MO3B’SI3KM €KOHOMIYHHMX MPOILECIB 1 JOIMOMAarae
(bOpMyBaHHIO HAyKOBOI'O MHCJICHHS Ta HaBHYOK IOPIBHSJIBHOTO aHaji3y
Ha HOBOMY, OLIbIII BUCOKOMY piBHI. ToMy nJig BU3HAUYEHHSI XapaKTEPHUX
0COOJIMBOCTEH KJIACY MAaTeMaTHYHUX MOJENIeH, SKI 3aCTOCOBYIOTHCS B
€KOHOMIIll, = BHUKOPUCTOBYETHCS  TEPMIH  «EKOHOMIKO-MaTEMATUYHE
MOJICTFOBAHHS.

MoskHa CTBEPIKYBaTH, 110 €KOHOMIKO-MaTeMaTHYHE MOJCITFOBAHHS
3a OCTaHHI JECATUIITTS CHOPMYBAIOCS B OKPEMY MIKIUCIUIUIIHAPHY
00JaCcTh 3HAHBb 13 BJIACTHBUMH 1M 00’€KTaMH, IMIAXOJaMH Ta METOIAMHU
TOCHIIKEHHS. Y 3B’SI3KY 3 IIUM BCE OUIBII aKTyaJIbHUM TOCTAa€ 3aBIaHHS
[UIECIPSIMOBAHOT  MIATOTOBKM  CICIIAJICTIB-aHAJITUKIB Yy  BHIIUX
HaBUYAJIbHUX 3aKJIaJaXx.

[Ilo6u BUIBHO BOJOAITH UMM IHCTPYMEHTApieEM, MOTPIOHO
HacaMIepe] ONaHyBaTH 3HAHHS 3 0a30BHMX EKOHOMIYHMX JUCLMILIIH,
TOOTO 3aCBOITH OO0 €KTHBHI 3aKOHOMIPHOCTI, SIKI JIIFOTb Y PHHKOBOMY
cepenoBuill. B  kypci «MaremaTtuka [Jii €KOHOMICTIB» CTYJEHTIB
HABYAIOTh AaHAII3yBaTH B3aEMOJII0 E€JIEMEHTIB Yy CKIAQJIHUX CHCTEMaX,



BHUCYBATHU Ta MEPEBIPATH T1IOTE3U BiJHOCHO iXHHOTO PO3BUTKY B JMHAMIII
Ta MPOCTOPI.

3HaHHs 1HPOPMATUKU Ta TPAMOTHE BOJIOJIHHS KOMIT IOTEPOM JAIOTh
MOJIMBICTh HIBUJIKO Ta OE3MOMUIIKOBO MPOJAEMOHCTPYBATH TEOPETUUHI
NPUIYLICHHS y BUTJSAI KUIBKICHMX 1 SIKICHUX OI[IHOK, a TaKO0X BMLIO
BUKOPUCTATH MPOrPaMHi MPOTYKTH.

BpaxoByroun Bce BuIIe3ragaHe, OYEBHIAHO, IO EKOHOMIKO-
MaTeMaTU4YHEe MOJICIIOBaHHS SK HaBYAJIbHA TUCLUIUIIHA MOETHYE TEOPII0
TPhOX JUCIUIUIIH — €KOHOMIKHM, MaTeMaTUKu Ta 1H(GOPMATHUKH.
JlucuuriiHa mokasye, SiK 3aCTOCOBYBAaTHM HAOyTi 3HAHHA 1O BUPIIICHHS
KOHKPETHUX BUPOOHUYUX a0O0 IHIIMX CUTYaIllid, TOJIOBHOIO METOIO SIKHX €
0e3Kkpu30Be, CTalbuIbHE (GYHKI[IOHYBAaHHS BIANMOBIIHUX I1HCTUTYLIN IIpU
OyIb-IKUX 3MIHaX HAaBKOJIMIIHBOTO PUHKOBOI'O CEpPEIOBHUILA. 3PO3YMLIIO,
[0 EKOHOMIKO- MaTeMaTU4YHE MOJICTIOBAaHHS SK METOJOJOTisS  Ta
IHCTpyMEHTapid y )KOJHOMY pa3l HeE 3alepeuye 3rajiaHl AUCIUILIIHE 1 He
KOHKYpY€ 3 HUMH, a, HaBIIaKK, CHHTE3Y€E Ta JIOTIOBHIOE iX.

Tomy xkBamidikoBaHUN aHATITUK, SKUH BUKOPUCTOBYE METOIU
MaTeMaTUYHOTO MOJICIIIOBAHHS Y TTOBCSKICHHIN MPaKTHIl, IIEBHOIO MIPOO
MOBUHEH OYyTH:

a) EKOHOMICTOM — 100 BUKOPUCTOBYBATU €KOHOMIUHY TEOPIIO IS
aHaJ13y eMIIIPUYHHUX JIAHUX;

0) MaremMaTUKOM — 1100 (OpPMYJIOBAaTH EKOHOMIUYHY TEOPIit0
3aco0aMy MaTEeMaTHYHOI MOBH, 3POOHBIIH 1i MPUIATHOIO IS MOOYJIOBHU
dbopmai30BaHUX CXEM Ta MEPEBIPKHU iX KOPEKTHOCTI;

B) CHELIaJICTOM Yy €KOHOMIYHIN CTaTUCTHUIIl — 1100 BOJIOJITH
nporiecamu  ¢opmyBaHHA iH(OpMamiiiHOT 06a3u  JaHWX 1 BMITH
MOPIBHIOBAaTH y BIAMOBIIHOCTI 10 3MIHHUX €KOHOMIYHOI TEOpii peaabHO
BUMIPSIHI MAaKpO- Ta MIKPOEKOHOMIYHI €MIIPUYHI MIOKA3HUKHU;

r) CIHemajgicToM B MaTeMaTH4YHIM  CTAaTUCTHINl — 1100
BUKOPHCTOBYBATH JJIsl aHAJI3y EMITIPUYHUX JaHUX KUIbKICHI METO/IH.

Jlo 1mporo mepesiky CiIif J0JaTH HEOoOXIJIHICTb 00O0B’SI3KOBOTO
3HAHHS Ta BOJIOJIHHS KOMIT IOTEPHOIO TE€XHIKOI0, OCBOEHHS HEOOX1THUX
MPOTPAMHUX MPOJYKTIB, 0€3 BUKOPUCTAHHS SKUX ChOTOJIHI HEMHUCIUMUI
CUCTEMHHI aHaII3.

3acToCyBaHHSI MAaTEMAaTUYHOTO anapary B €KOHOMIIll IPYHTYEThCS Ha
3aCBO€HHI HeoOxigHOoi 0a3su MareMaTU4YHMX 3HaHb. EKOHOMIKO-
MaTeMaTU4HI METOJAM — METOJOJIOTIYHUM 1HCTPYMEHT y mnpodeciiiHii
TISTTBHOCTI €KOHOMICTIB-aHAMITHKIB, SKUW J0TIOMarae iM BHPIIIMTH JIBa
OCHOBHI 3aBJIaHHS: MEPILE€ — BU3HAYNUTH, YOMY Y BUPOOHUYO-C€KOHOMIUHIN



CUCTEMI YW IHIIIA CTPYKTYpPHIH 1HCTUTYLIi CKJajlacsi MOTOYHA KPU30Ba
cuTyalisi, TOOTO MNPOBECTH KOMIUIEKCHUMW EKOHOMIYHUW aHalli3 CTaHy
(b1HAaHCOBO-TOCTIOAAPCHKOI MISUTBHOCTI Ta BUPOOUTH MPOTHO3HY CTPATET1Io
HACJIJKIB NMPUWHATUX YHPABIIHCBKUX PIIIEHb HA NEepcreKkTuBy. Jlpyre
3aBJJaHHS TOJISITa€ B KUIBKICHOMY OOIPYHTYBaHHI MPOUEAYpPU 1A «IIIO
Oyne, SKIIO ....» JUISI KOXXHOTO 3 MOXJIMBHX CIICHApIiB PO3BUTKY,
oOuparouyd MpU LHOMY HANUOLIBII KOPUCHUN (BUTIAHUN) 3a 3aJaHUM
KpUTEpieM a00 MHOKHUHOIO KPUTEPIiB.

OCBO€HHA MaTEeMaTUYHUX METOAIB 1 I1HCTPYMEHTapil0 HayKOBHUX
JOCIIIJI)KEHb TaCTh MOXJIMBICTh MallOyTHHOMY CIELiaNicTOBI chopMyBaTH
HEOOX1JHI KOMIIOHEHTH MHCJIEHHSA: KOMIIETCHTHICTh, CBITOIVISAN 1
KYJBbTYPY, 5IKi OyayTh (haxiBIIeBl MMOTPIOHI SIK Y TEOPETUUHOMY ILUIaH1, TakK 1
B IIJIaH1 OpieHTAalli B podeciiiHiid NPaKTUYHIN A1SIbHOCTI.

MarteMaTruHi METOJM B €KOHOMIII CEpel IHITUX METOIIB MOCIAat0Th
ginpHe Micte. [le merepMiHOBaHO BaroMicTiO OOYHMCIIEHb 00CSTIB BUITYCKY
NPOAYKIIii, MOMUTY, I[IH, TEPMIHIB 1 T.d., TOOTO OOYHCICHb 3MIHHHUX,
BUMIPIOBAHUX K1JIbKICHOIO IIKAJIOIO.

[TincyMoByroun ckazaHe, KOHCTATyEMO, 110:

1. ExoHomika sk OyJp-fika TEOpETHMYHA Hayka B  SIKOCTI
THCTpYMEHTapIIO CBOIX JOCITIIPKEHb BUKOPHUCTOBYE MOJIel,
dbopmasi30BaHOK MOBOIO OMHUCY SIKUX € MaTeMaThka. KpiM Toro, HassBHUM
amapaT MaTEeMaTUYHUX METOMIB Ja€ 3MOTY 3HAWTH YMUCENIbHI PO3B’SI3KU
OOy TOBaHUX MOJICTICH.

2. HaykoBi po3poOKku 3 MUTaHb PUHKOBOI €KOHOMIKH HEMOJKJIUBI 0€3
BUKOPHCTaHHS  JIOCUTh  CKJIAQMHOTO ¥  OJHOYACHO  JIOCTYITHOTO
MaTeMaTUYHOTO  1HCTpyMEHTapito. Y  MPOTUICKHOMY  BHUIIAJKY,
NOCIIHKEHH B3a€MOIIlT MaTeMaTUKA 1 E€KOHOMKH MAarTh OMIKWCOBUIA
xapaktep abo0 kK € 3BUYHOI0 €KOHOMIYHOIO My OIIIIUCTUKOIO.

[lepiie TBepHKEHHS MOKIUKAHE 3aXMINATH €KOHOMIKY W OCOOJIMBO
€KOHOMIYH1 IUCIUILUIIHK BiJi HAaCHUJIBHOTO HAIOBHEHHS iX aOCTpaKTHUM
MaTeMaTUYHUM arapaToM.

Jlpyra Te3a BimoOpakae peaibHI BUMOTH 10 HAYKOBUX JOCIIIKEHb Y
rajxy3l €eKOHOMIKH, NPUKHATI Yy KpaiHaX 3 €KOHOMIKOIO PUHKOBOTO THILY.
CigueHHsM 11boro € HoOemiBChKl mpeMii 3 eKOHOMIKH, SKuMu 3 1969 p.
Bi/I3HAYAJIM BYCHHUX, $KI AaKTUBHO BHUKOPUCTOBYBaJIM Ta PO3BUBAIHU
MaTteMaTu4Hi MeToju 1 Mojeii. ChOro/iHi BCe IIUPIINE BUKOPHUCTOBYETHCS
KUTbKICHUM 1HCTPYMEHTApiil Cy4yacHOI MaTEMAaTUKU Ta HAsIBHE MPOTPaMHE
320€31EYEHHH.



B iHO3eMHUX XypHajax 1 MOHOTpadisix onepyBaHHS MaTEMaTUYHUM
arapaToM cTajga HEOOXiJHOK yMOBOIO JUIS BHUPIIICHHSA 3aBJaHb
COIIaJIbHO-€KOHOMIYHOTO PO3BUTKY. MiKHapogHa MPaKTHUKA IMEPEKOHYE
HAC y BHUCOKIN €(EeKTUBHOCTI 3aCTOCYBAaHHS MATEMaTUYHUX METO[IB MPHU
pPO3B’si3aHHI 3a7]a4 Pi3HUX PIBHIB 1 HANPSAMKIB €KOHOMIYHOT'O PO3BUTKY, B
TOMY YHCJI1 TPU JOCTIKEHHI MeXaHi3MiB (DYHKIIIOHYBaHHs (hiIHAHCOBOI,
0aHKIBCHKOI Ta 1H. CUCTEM.

Pazom 13 TUM 1HCTpYMEHTapiil MaTeMaTUYHOTO MOJICITIOBAHHS HE Ja€
OJIHO3HAYHMX BIAMOBIJIEH UM pEeKOMEHJAlllM, MpOTe CIPUsE MPOBEIACHHIO
IMITALITHUX PO3paxyHKIB 13 BUKOPHUCTaHHSM Mojelied mnpu BHOOPI
PI3HOMAaHITHUX CITIBBITHOIIEHs TapaMeTpiB abo cueHapiiB miil. Ile mae
MOXJIMBICTh, HANpPHUKIAJ OMHHYTH O€3MIJCTaBHI JUCKYCli Tpo BHUOIp
¢ickanbHOT MOJMITHKY, BU3HAYEHHS BEJIMYMHHU CTaBKHU TOJATKy Ha JOJaHy
BapTICTh, KA HE MIPU3BEIC 10 1HQIIAILIII.

Ak 6aumMo, MpeIMEeTOM HaBYAILHOI JAMCIUIUIIHU € 1HCTPYMEHTApIii
MaTeMaTUYHUX METOJIB, SIKUH 3aCTOCOBYETHCS 110 dopMmalizallii 3aBlIaHb
peabHUX IPEAMETHHX 00J1acTel, moOyI0BH MOACICH, 3HAXOKCHHS TXHIX
ONTUMI3AIIMHUX PO3B’S3KIB 1 BUPOOJEHHS MNPOTHO3HUX pimieHb. [lpu
IbOMY OO’€KTOM JOCJIJI)KEHHSI BHUCTYHAa€E €KOHOMIKA MPEIMETHHUX
oOJyacTel pa3oM 13 1i CTPYKTYPHUMU CKJIAIOBUMH.

Mera Ta 3aBAaHHS HAaBYAJIbHOI JUCUUIUIIHA TOJATAIOTH Y
dbopMyBaHH1 B CTYACHTIB CHCTEMH 3HaHb 3 MaTeMaTUYHUX METOJIIB 1 B
HAaOyTTI TEOPETUYHUX OCHOB 1 TMPAKTUYHUX HABUYOK 3 TMHUTaHb
MMOCTAaHOBKH, PO3B’S3yBaHHS ONTUMI3AIIMHUX Ta YIPaBIIHCHKUX 3ajad
€KOHOMIKH THCTPYMEHTapiEM MaTEeMAaTUUYHUX METO/IB.

HapyanpHuil MOCIOHMK HAIMCAHWUW BIAMOBITHO JI0 MPOrpaMu KypcCy
«EKOHOMIKO-MaTeMaTUYHE MOJCIIOBAHHS» ISl CTYJEHTIB-€KOHOMICTIB
BUIIUX HABYAJILHUX 3aKJIaIiB.

Y mociOHUKY MMOJaHO Martepian, SKUW Ja€ MOXKIHUBICTh YHTAdYCBI
OTpUMAaTH HEOOXi HI 3HAHHA TMPO BUKOPHUCTAHHS 1HCTPYMEHTAPIIO
MaTeMaTUYHUX METOJIB TPH PO3B’SA3yBaHHI KOHKPETHUX MPHUKIAJHUX
onTuUMI3amiiHuX 3anad. HaBemeHwmit Matepiand IEBHOIO MIPOIO OIHUCYE
CydYacHMH CTaH MaTeMaTHYHOrO0 amapary TMpeaMera JOCHIKCHHS
TUCITUTITIHA — METO/IH MaTeMaTHIHOTO porpaMyBaHHS,
€KOHOMETPUYHOTO  Ta  IMITAIiIHHOIO  MOJICTIOBAHHS,  MPUUHATTS
YOPaBIIHCHKUX PIllIEHb B YMOBaX PU3UKY T4 HEBU3HAYEHOCTI.

HaByanbHuil TOCIOHHMK TMIATOTYBaB aBTOPCHKHM KOJEKTUB i
kepiBHUIITBOM norieHTa O. T. IBamryka.
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I''TABA I. METOAU MATEMATHYHOI'O
INPOI'PAMYBAHHA TA MOJAEJIFOBAHHSA
EKOHOMIYHUX IMTPOLECIB

Po3aia 1. KonuenryajbHi acClIeKTH MAaTEMATHYHOTO
MO/ICJIIOBAHHS €KOHOMIYHUX MPOLIECIB

ExoHOMIKO-MaTeMaTUYHE MOJICTIOBAaHHS — HAYKOBA JUCHUILUIIHA, SKa
3alMaETHCA PO3POOKOI0 Ta MPAKTUUYHUM BUKOPHUCTAHHSIM MaTEMaTHYHOTO
amapary: HaWOLIbIl BUTIIHOTO 3acO0y KEpyBaHHS PI3HHUMHU COIIaIbHO-
€KOHOMIYHUMHM CUCTEMaMHU Ta MPOIECAMHU.

KepyBaHHsI JOBIIBHOIO CUCTEMOIO pEa3yeThCsl K MPOILIEC, SIKUIA
MIATOPSIAKOBYETHCSA ~ TEBHUM  3aKOHOMIPHOCTSIM.  3HaHHS  IHX
3aKOHOMIPHOCTEH JO0mOMara€ BH3HAYUTH yMOBH HEOOXITHOCTI Ta
JOCTAaTHOCT] YCHIIIHOTO MPOTIKAHHA OKpemoro mpoiecy. i 1uporo Bci
IapaMeTpH, 110 XapaKTePU3YIOTh IIPOIEC 1 30BHIIIHI YMOBH, IOBUHHI OyTH
KUIbKICHO BU3HaUeHUMH. OTXKe, EKOHOMIKO-MaTEMaTUYHE MOJICTIOBAaHHS —
KUIbKICHE OOTPYHTYBaHHS MPUUHSTTS PIIIEHb BIJIHOCHO OpraHi3aliiiHOTO
KEepyBaHHS.

CyyacHa eKOHOMIYHA HayKa K Ha MIKpO-, TaK 1 Ha MaKpOpPiBHIX Y
CBOIX TPAaKTMYHUX JOCII/DKCHHSX IIMHPOKO BHUKOPUCTOBYE HasSBHHUI
IHCTpYMEHTapii MaTeMaTUYHUX METOAIB g (hOpPMaai30BAHOTO OMUCY
ICHYIOUMX CTIMKMX KUIBKICHUX XapaKTePUCTUK Ta 3aKOHOMIPHOCTEH
PO3BUTKY COI1aIbHO-EKOHOMIYHUX CHUCTEM.

Ilin comliadTbHO-€KOHOMIYHOK CHCTEMOIO PO3YMIEMO CKIIagHY
IMOBIPHICHY JUHAMIYHY CHCTEMY, SIKa MICTUTh IIPOIECH BHUPOOHUIITBA,
0OMiHy, pPO3MOAiNy Ta CHOKMBaHHA MaTepiaJbHMX I iHmMX Omar. i
BIJIHOCSITh JI0 KJIacy KIOEpHETUUYHUX, TOOTO KEPOBAHUX CHUCTEM.

baraTokOMIIOHEHTHICTh 1 BEJMKa PO3MIPHICTH CHCTEM, 30Kpema
COIIIaJIbHO-€KOHOMIYHMX,  MO’X€  3HAYHO  YCKJIAIHUTH  MPOIIEC
BiJOOpak€HHS METHM Ta OOMEXEHb B aHaJIITUYHOMY BUIUIAAL. Tomy
BUHUKAE HEOOXIAHICTH Yy TPOBEICHHI MPOIEIypPH 3MEHIIEHHS peaibHOl
PO3MIPHOCTI 3aj1aul 10 TaKUX MEX, sIKl 0 13 1OCTaTHIM CTYIIEHEM TOYHOCTI
aZIcKBaTHO B1JI0Opa3uiu pealibHy HiMCcHICTh. HesBakatoum Ha BeJIHMKe
YUCJI0 3MIHHMX 1 0OMEXEeHb, SIKi Ha MEPIIUi MO CIiJl BpaXOBYyBaTH B
IpoLeCcl aHalli3y peaJlbHUX CUTyallld, JWIIEe HEBEIMKa I1X YacTHUHA
BUSIBJISIETECS CYTTEBOIO ISl OMKCY TMOBEMIHKHA JOCTIHKYBAaHUX CHCTEM.
ToMy npu BUKOHAHHI IPOLIEAYPH CIIPOILECHHS OMUCY PEAIbHUX CUCTEM, Ha



OCHOBI sikOoi Oyne moOyJoBaHa MoOJENb, HacamIepes HeoO0X1THO
1IeHTU(IKYBaTH JIOMIHYIOU1 3MIHHI, TApaMETPHU Ta OOMEKEHHSI.

CxemaTnuHe 300pakKeHHS piBHIB aOCTpakiiii, BIAMOBIAHO [0
NpoLIeAypH MPOLECY MEepPexXoay BiJ CHUCTEMHU-OpPUTIHAIY A0 11 MOJeni
MPEJICTaBICHO Ha puc. 1.1.

PeaspHa cucTemMa

Mojaean

S

IIpoooOpa3s
peajibHOI CUCTEMU

Puc. 1.1. AGcTpakTHe 300pakeHHS PiBHIB CUCTEMU

[IpoobOpa3 peanbHOi CUCTEMH BIAPI3HIETHCS BIJl CUCTEMH-OPUTIHAITY
THUM, 1110 B HbOMY BIJJOOPaKEHO JIMIIIE JOMIHYIOYl YMHHUKHU (3MIHHI, iX
napaMmeTpu W OOMEXKEHHs), SKI BHU3HAYalOTh TEHEpaJbHY CTPaTETrito
MOBEIIHKH PEeaIbHO1 CHCTEMHU.

Mogenp, sika Oyae ImpooOpa3oM peaabHOI CHUCTEMH, € HaHOLIbII
CyTTEBOIO IS OMHCY CHUCTEMH CIIIBBIJIHOIICHHS y BUIJISAI IUIHOBO1
(GyHKIIT Ta CYKyITHOCTI OOMEKEHb.

€IMHOrO BU3HAYCHHS KaTeropli CUCTEMU HE ICHye. Y CBOIX
JOCIIKEHHSIX MU OyJIeMO BUKOPUCTOBYBATH TaKy Je(iHIIIIO: CUCTEMOIO
HA3UBAETHCA CYKYMHICTh B3a€EMO3B’SI3aHUX CTPYKTYPHUX EJIEMEHTIB, 5Kl
CyMICHO pe€alli3yl0oTh BH3HAu€HI 1. MHOXHWHY €JEMEHTIB, IO
JOCIIJKYETHCS, MOKHA PO3MIISIAATH K CUCTEMY, SKIIO BUKOHYIOTHCS TaKi
JOTHPH O3HAKHU:

® IIUTICHICTh CUCTEMH, TOOTO HE3BITHICTH 1i BIACTUBOCTEH JI0 CyMHU

BJIACTUBOCTEH CKJIaJI0BUX €JIEMEHTIB CUCTEMH;
® HAsBHICTb METU Ta KPUTEPIIO JOCHTII)KEHHS MHOKUHU €JIEMEHTIB,;
® HAsgBHICTb  OUIBII  CTPYKTYPHO-JOTIYHOI,  30BHIIIHBOI Y
BIJHOIIIEHHI 110 JOCH1JIKYBaHO1 CHUCTEMH, Ha3MBaHOI1
«CEepEeIOBUILIEM;



e MOXJIUBICTh BUJUICHHS B OMMCYBaHIM CHCTEMI B3a€EMO3B’SI3aHHUX
YaCTUH (MACUCTEM).

3 MOHATTAM CHUCTEMH TICHO KOPEIIOIOTh KaTeropii HaJCUCTEMH 1
nigcuctemu. Hajcucrtema — cepeoBuIle, K€ OTOUYE CUCTEMY 1 B SIKOMY
BOHa (QyHKIIOHYE. TliicucTemMa — MiIMHOKHWHA €JIEMEHTIB, 110 peali3yloTh
I1JT1, Y3TOJKEHI 3 IUIIMH CUCTEMU.

IcHye pekinbka MiaX0A1B MAaTEMAaTUYHOTO OIMKUCY CKJIAJHOI CUCTEMHU.
Hait6imp1m 3araabHUM 1 JOCTYITHUM € TEOPETUKO-MHOKHUHHUM IMAX11, TIPU
AKOMY CcHCTeMa S TpeACTaBISIETCA BITHOIIEHHsIM S C XxY, 1e
BignmoBimHO, X 1 Y — BXiAHI Ta BHUXIAHI OO0 €KTH CHUCTEMH. T00TO
MPUITYCKAETHCS, IO 3aJjaHa CYKYIHICTh MHOXUH V;, ne i € I — MHOXUHA
1HJIEKCIB, 3aJ]a€ThCS SIK JiesdKa BJacHA MAMHOXHHA JIEKapTOBOIO JOOYTKY,
BC1 KOMIIOHEHTHU KOTPOTO € 00’ €KTaMU CUCTEMH.

[IpeqmeroM Hamoro AOCHIIKEHHS OyJae eKOHOMIYHa CHCTeMa,
nporiecaM  (GYHKI[IOHYBaHHS SIKOi  BJIACTHMBI  KUIBKICHI Ta  SKICHI
XapakTepUCTUKU. Jlo SKICHUX XapaKTepUCTUK BIIHECHMO, HaINPHUKIIA,
MOJATKOBY pedopMy, MpUBATU3AIlIIO0 BIACHOCTI, PaJAUKaIbHY Mepedyn0BY
30BHIIIHBOI JISTIBHOCTI, 3MiHY 1H(DPACTpPyKTypH, pedopmMy arpapHoOro
CEKTOopa Ta iH.

SkicH1 XapaKTEepPUCTUKH €KOHOMIYHOI CHCTEMH TICHO IOB’s3aHIl 3i
CTPYKTYPHHUMHM 3CYBaMU B €KOHOMIITI.

VY CBOI0 uepry KUIBKICHI XapaKTEpPUCTUKU OXOIUIIOIOTh MHOXKHUHY
TUX TUTaHb, K KOPEIIOITh 3 PETYJIIOBAaHHAM PUHKOBOI KOH IOHKTYPH,
BUKOPUCTAHHSAM (IHAHCOBMX 1 MarepialbHUX pecypciB, BHOOpOM
ONTUMAJIBHUX  TEXHOJOTIYHUX CIOCOOIB BHUPOOHHUIITBA, CTPYKTYpH
nopTdes IIHHUX TanepiB, ONTUMAIBHUX CTpaTerii Oi13HeC-TUIaHIB Ta 1H.

KinbkicHUM acmekT OLiHKM (PYHKIIIOHYBAaHHS €KOHOMIYHOI CHCTEMHU
Ha MIKpO- 1 Ha MakpOpIBHSIX TIPYHTYETbCS Ha BUKOPUCTAHHI
THCTPYMEHTAPII0 MAaTEMAaTUYHUX METO/IB.

BukopucrtanHsa KUTbKICHUX METOJIB B €KOHOMIYHHUX JOCIHIKEHHIX
7A€ MOXJIUBICTh, MO-MIEpIIE, BUAUIUTH Ta (POPMaILHO OMUCATA HANOIBII
BOXJIMBI M CYTTEBI 3aKOHOMIPHOCTI (PYHKIIOHYBaHHS E€KOHOMIYHMX
CUCTEM 1 00’ €KTIB Y BUTJISIAI MOJIEIICH.

ITo-npyre, Ha OCHOBI C(OPMYJbOBAaHMX 3a II€BHUMHU IIpaBUIaAMHU
JOTIKM BXIJHHUX JaHUX 1 CIIBBIAHOIICHb, METOAAMHU AEAYKIli 3pOOUTH
BHCHOBKH, SIK1 aJICKBaTHI O 00’€KTa JOCIIPKEHHS CTOCOBHO 3pO0JIEHUX
MPUITYIIICHB.

[To-Tpete, MaremMaTU4HI METOAM JaIOTh MOXJIMBICTb OTpPUMATU
JIEYKTUBHUM IIUISIXOM HOBI JIJaH1 PO 00’ €KT JTOCT1IKCHHS.
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[To-yeTBepTe, BUKOPHUCTAHHS MOBH  MAaTEMaTHUKH  JIO3BOJISIE
KOMIIAKTHO  ONHCATH OCHOBHI  TMOJOXXEHHS  €KOHOMIYHOI  Teopii,
chopMyIrOBaTH iX 3MICTOBHUM amapaT 1 pOOUTH BiAMOBIIHI BUCHOBKH.

SK CBIIUUTH €KOHOMIYHA TEOpisi, B €KOHOMIIll JIIOTh MEBHI CTIMKI
KUIBKICHI ~ 3aKOHOMIPHOCTI, III0  MIAJAIOThCA  (popmasizoBaHOMY
MaTeMaTUYHOMY OITUCY.

MaremaTuuHi METOAM B E€KOHOMIYHOMY JOCHIPKEHHI — TIOHSTTS
ayxe 1mupoke. Iledt TepMIH OXOIUIIOE IUIMH  CIEKTP IIAXOMIB,
IHCTPYMEHTIB, CIIOCOOIB BUMIPIOBAHHS, OIUCY, aHAJI13y Ta IPOTHO3yBaHHS
€KOHOMIYHHUX SIBUI 1 MPOLECIB, Kl 3HAXOJATh 3aCTOCYBAHHS B Cy4acHIN
Hayii. Crogd BXOMATh PI3HOMAHITHI CTAaTHCTHYHI METOAM OOpOOKHU
COIIaJIbHO-€KOHOMIYHMX JaHUX, MIKPO- Ta MaKpOCKOHOMIYHI MOJEl 3
BIINOBITHUM MAaT€MaTUYHUM allapaToM.

KoHcTaryeMo, 1110 ChOTOJIHI 1II€ HE ICHY€E 3arajJbHONMPUNHATOI €TUHOT
Kiacudikaiii MaTeMaTHYHUX METOJIB. MaremMaThudHi MeToau — IIg,
Haumnepiie, BI/IMipIOBaHHSI 4Kl 3aBXJIM Oynau B eKoHoMill. BoaHouac
MaTeMaTHU4H1 METOJU — 1€ HE TUIbKU 3aCO0M MaTeMaTHUYHOI IHTEpHpeTarii
€KOHOMIYHUX 3aKOHIB 1 TIPOIECiB, a W MOTyTHIM MaTeMaTHYHUIN
IHCTpyMeHTapii X BHUSABJICHHS, TEOPETUYHOTO (POPMYJIIOBAaHHA U
MPUNHATTS ONTUMAJILHUX pillleHb (puc. 1.2).

PeajibHa cuTyanis

Buxopucranus Bukopucranus
TPaAMUiiiHUX METO/iB MATeMATHYHUX METO/IB
AxicHe q OnTuMaJbHUN BapiaHT < KiabkicHe
9
OOrPpYHTYBAHHH PO3B A3KY OOrPYHTYBAHHS

Puc. 1.2. CxemaTnuHe npecTaBIeHHS MaTeMaTHYHUX METOIIB
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1.1. OcHoBHi aediHinii MATEMATHYHOTO MOAEJTIOBAHHS

Y PpUHKOBHX yMOBax TOCIOJAPIOBAHHS EKOHOMIKO-MaTeMaTHU4H1
METOAM CTalOTh BAXKIMBUM IHCTPYMEHTOM OTPHUMAHHS OLIbII MIHOOKHUX 1
MOBHUX 3HAHb MPO KIJIBKICHI Ta SIKICHI CTOPOHU €KOHOMIYHOTO MEXaHI3MY
TUX YM 1HIIUX MPOIIECIB 1 SIBUIII.

Meton «mpo0 1 MOMWJIOK» y Halll JAHI HENPUIATHUM, TyxkKEe Majo
yacy 3aJUIIAETBhCS IS «Ipo0» 1 JOCUTh JOPOTMMH MOXKYTh OyTH
MOMUJIKA. Y PUHKOBUX YMOBaX HE MOBUHHO OyTH MICISI CBaBUIBHUM, TaK
3BaHUM «BOJIbOBHUM» pilleHHsIM. CTpareriydi pilleHHs HEe0OX1IHO
npuiiMaTd HE I1HTYITMBHO, a Ha MIJCTaBl BCEOIYHOTO CTATUCTUYHOTO
aHaII3y Ta MaTEMaTUYHUX PO3paxyHKIB. | He BUIaIKOBO, caMe B Halll 4ac,
BI/I3HAYAETHCSA TOCUJICHUM IHTEpPEC J0 BHUKOPUCTAHHS MaTeMaTUYHUX
METO/IIB Y Makpo- Ta MIKpOCKOHOMIYHUX JOCIIKEHHSAX. 3aMICTh TOTO,
100 «MpoOyBaTH 1 TOMUJIATHUCS» Ha peallbHUX 00’ €KTaX, aHATITUKHU JAl0Th
nepeBary poouTd 1€ 3 JOMOMOIOK €KOHOMIKO-MaTeMaTHYHUX MOJIETIEH.
IToOymoBa Takux Mojeiaed € OJHUM 3 BaKJIMBUX 3aBJaHb MHPHUKIATHOI
MaTEeMAaTHUKH.

BHYTpIIIHBOI0O ~ XapaKTEPUCTUKOIO  PalllOHAJIBHOIO  KEepyBaHHS
rOCIIOJIAPChKOr0 KOMILIEKCY Ta MOT0 CKJIAJHHUKIB € ONTHMAaIbHICTh, TOOTO
BHOIp 13 MHOKUHHU MOKJIMBUX BapiaHTIB €KOHOMIYHOTO PO3BUTKY TaKOTO,
AKUW Ja€ MOXJIMBICTh Haille()eKTUBHIIIE BUKOPUCTOBYBATU HAsIBHI
BUPOOHUYI1, (P1IHAHCOBI Ta 1HII PECYPCH.

3 no3ullli ONTUMAJIBHOTO TJIaHYBAaHHS Ta KEPYBaHHS, MiANPUEMCTBO
a00 CTPYKTYpHMH TIIPO3JUT PO3IJISJIAETHCS SIK  CUCTEMa, B SKiHd
KOMILJIEKCHO B1JI0OpaKaroThCsl TEXHOJIOTTYHI, EKOHOMIYHI Ta OpraHizaliiiHi
B3a€EMO3B’SI3KM KEPOBAHOT'O 00’ €KTA, a TAKOXK HOTO CKJIAIHUKIB.

OnTtumanbHl IUIAHK BUPOOHUYMX Ta TOCHOJAPCHKUX CTPYKTYP
MMOBHHHI 3a0e31euyBaTh OaTaHCOBHM B3a€EMO3B’ 30K 3aBJaHb JJISI BUITYCKY
NpOAYKIi 3 BUPOOHMYMMHU Ta (HIHAHCOBHUMH pecypcamu, sSKi € B
HassBHOCTI. HacTynHe 3aBIaHHsI ONTUMaILHOTO IUIAHYBAaHHS — €()eKTHUBHE
BUKOPHUCTaHHS BHUPOOHWYMX, (IHAHCOBUX Ta IHIIUX PECYpPCIB TMpHU
TOTPUMaHHI ONTUMAJIBHUX CTPYKTYPHHUX ITPOTIOPIIiii.

Konnenitisi onTuMaabHOr0 KEpyBaHHS HApOJHUM TOCHOJAPCTBOM 1
Horo ramy3smMu Oepe CBIM TOYATOK Yy HAYyKOBHX MpallsX akaJeMiKiB
JI.B. KantopoBuua, B.B. Hooxwioa, B.C. HemuunoBa Ta iH. 3a
BucioBoMm JI.B. KaHnTtopoBnua, onTthmanbHUN pO3pPAXyHOK — L€ TPETH
KOMITOHEHTA, SKa Ja€ MOXJIMBICTh OTPUMATH JOJATKOBUHN €(EeKT MpH TUX
CaMHUX pecypcax, ajie 3a KOpOTKUHU Yac. TakuM 4YMHOM, ONTUMAJIbHAMN — 1€
TaKui TUIaH, SIKU 3a0e31edye BUKOHAHHS OKPEMOi BUPOOHUYO1 MporpamMu
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IIpU MIHIMAJIbHUX BUPOOHUYUX BUTPATAX a00 MaKCUMalbHUN BUPOOHUYUI
edekT mpu 3a7aHOMy 00Cs31 pecypciB.

3 ONTUMAJIBHUM TUTAHOM O€3IMOCEePEIHhO B3AEMOJIIE  TMOHSTTSA
E€KOHOMIKO-MaTeMaTUYHOT MOJIei, sSKa € KOHIICHTPOBAaHMM BHPa30M
ICHYIOUHX B3a€MO3B’SA3KIB 1 3aKOHOMIPHOCTEH MpoIiecy (PyHKIIOHYBaHHS
€KOHOMIYHOT CHCTeMH B MaTeMaTH4Hid GopMi 1 CKIamaeTbes 13
CYKYyITHOCTI TIOB’SI3aHMX MDK CO00I0 MaTeMaTHYHUX 3aJeKHOCTEH Yy
BUTJISI POpMYJI, PIBHSIHB, HEPIBHOCTEH, JIOTIYHUX yMOB Ta (haKTOPHHUX
BCJIMYMH, BCl a00 dYacTMHA SKUX Ma€ E€KOHOMIYHHMH 3MICT. 3a CBOIM
MPU3HAYEHHSIM B EKOHOMIKO-MAaTeéMaTUYHUX MOJACSIX 11 (akTopu
JOITHHO MOJIJTUTH Ha TTapaMeTpH Ta XapakTepucTuku (puc. 1.1.1).

Monens
00’€eKTa
r—-=—-=-=-==-========7=-% 1
1 1
1 1
1 1
Buxinni : : _
A > o , > Buxigni
XapaKTepHCTHKY ———— > 3MiHHI ; > XapaKTepHCTHKHU
. . ! . ! N 5
SOBHIMIHBOTO  — 1  — ™ CTaHIB ; > 00’exTa
cepeloBuIla  — o —T> i >
O = |
: q | I_A__):________jl__)\_l
g |
: I
T
'K
: |
"0 .
i L — . — . —. —_— — —.-! .r'_ —_—r=rr= === I
. B : | 3Mminni |
1 yMOBH | | KepyBaHHSI |
! I

Puc. 1.1.1. Knacudikaris ¢hakTopis 3a ix MicIieM
B €KOHOMIKO-MaTeMaTUYHUX MOJIEIISX

[Ipyu wuboMy mnapameTpamMu 00’€KTa Ha3UBaIOTh (PaAKTOpH, SKi
XapaKTEePU3yIOTh BIACTUBOCTI 00’€kTa ab0 MOro CKJIaJHMKIB. Y TpoIleci
TOCHIHKEHHS O00’€KTa psJa TMapaMeTpiB MOXKE 3MIHIOBAaTHUCS, TOMY iX
HA3UBaIOTh 3MIHHUMH, SIK1 B, CBOIO 4epry, MOAUISIOTHCS HA 3MIHHI CTaHy
Ta 3MiHHI KepyBaHHA. fIK mpaBmio, 3MiHHI CTaHy 00’€KkTa € (YHKIIIE
3MIHHUX KEpyBaHHS Ta i 30BHIIIHBOTO CepeIoBUIIIA.
XapakTepucTukamMu  (BUXIJTHUMHU  XapaKTEPUCTUKAMHM)  HA3UBaIOThCS
oes3rocepeiHl KiHIIEBI pe3yibTaTu (yHKIIIOHYBaHHS 00’€KTa (3p0O3yMiJo,
[0 BXIJIHI XapaKTepUCTUKHM € 3MIHHUMH CTaHiB). BigmoBigHO,
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XapaKTEPUCTUKHU 30BHIIIHHOTO CEPEIOBUINA OMUCYIOTh MOTO BIACTHUBOCTI,
Kl BIUIMBAIOTh HA TIPOIEC Ta PE3yJabTaT (YHKIIOHYBaHHS 00’ €KTa.
3HaveHHs psiAy (akTopiB, 110 BU3HAYAIOTH MOYATKOBUM CTaH 00’€kTa abo
30BHIITHLOTO CEPEAOBUINA, HA3UBAIOTHCS TTOYaTKOBUMU YMOBaMH.

OTxe, MOJICIOBAHHSL — IIpolieC MOOYJIOBH MOAEHII, 3a JOIOMOIOIO
SAKOTO BHMBYAETHCS (PYHKIIIOHYBaHHS O0O0’€KTIB pi3HOI mpupoau. BiH
CKJIAJIA€EThCA 3 TPbOX OCHOBHUX €JEMEHTIB: Cy0’e€kTa, 00’€KTa
JOCIIIJIPKEHHSI Ta MOJIET, 3 TOIOMOT OO0 SIKO1 Cy0’€KT Mi3HA€ 00’ €KT.

Mogens — 11e Takuii MarepiaibHO ab0 PO3yMOBO 300paKyBaHUM
00’€KT, SIKMM y Mpolleci MOCTIKCHHS 3aMiHIOE 00’ €KT-OpUTiHAI TaKUM
YUHOM, IO HOro Oe3mocepe/lHe BUBUCHHS J1a€ HOBI 3HAHHS MpO IeH
00’exT. IHIIMMU clioOBaMU, MOJEIh — YMOBHE 300pakeHHS 00’€KTa, IO
MIEBHOIO MIPOIO aJIEKBAaTHO OMKCY€E HOT0 (PyHKIIIOHAJIbHI XapaKTePUCTHKH,
SIK1 ICTOTHO Ba’KJIMBI JUISL IIOCTABJICHOT METH JOCIIJUKEHHA. Pa3oM 13 TuM,
MOYKHA CKa3aTH, 1110 MOJIeIb — 1€ IHCTPYMEHT KUIbKICHOTO aHaIi3y MEeBHUX
SBUI, KpIM TOTO, BOHH PO3BHUBAIOTH IHTEJIEKT 1 JalOTh O0araTo KOPUCHOIO
IUTSI IPUMHSTTS PIIICHb.

B o3HaueHHi Mozeiml MOKHA BH3HAYUTH [OEKUIbKA BaKJIWBUX
MOMEHTIB:

e MOJCIb MOXe OyTH MatepiadbHUM 00’€KTOM ab0 aOCTpaKTHUM

MIPEJICTaBICHHSAM, 1, SIK HACIIAOK, KOHKPETHE BTIJICHHS MOJEINI HE
OyJle CyTTEBUM JIJIsi METHU MOJICTIOBAHHS;

® OCHOBHa BJIACTUBICTh MOJEN — 3/IaTHICTh NPEACTaBUTU 00’ €KT
MPU JOCHIKEHHI MOr0o BIaCTUBOCTEH;

® MOJCIUII0O MOXE OyTH TIIBKM Taka CTPYKTypa, SIKa J103BOJIUTH
OTpUMATH Ha 11 OCHOBI OLIbII MOBHY 1H(OPMAILIitO, B IOPIBHSHHI 3
0e3nocepeHIM JOCTIKEHHIM 00’ €KTa.

3arajiibHe CXEMaTU4YHE 300paKEHHS OCHOBHHMX €TalliB IPOIECY
MO/ICJIFOBaHHS MTOKa3aHo Ha puc. 1.1.2.

Po3pi3HsI0TH bi3uuHe Ta MaTeMaTHYHE MOJICITIOBAHHS.
MaremaThuHe MOJICJIIOBAaHHS — YHIBEpCAIbHUWA Ta  €(PEKTUBHUUI
IHCTPYMEHT Mi3HAHHS BHYTPIIIHIX 3aKOHOMIPHOCTEW, BIIACTUBUX SIBUILIAM 1
nporiecaM. BoHO Ja€ MOXJIMBICTP BUBUMTH KIJBKICHI B3a€MO3B’SI3KH,
B3a€MO3AJIEKHOCTI MOJAEIIOI0Y0T CUCTEMHU Ta BAOCKOHAJIMTH 11 ITOAATBIINI
PO3BUTOK 1 (YHKITIOHYBAaHHS 3 JIOTIOMOTOI0 MaTeMaTHIHOT MOJIEII.
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O0’exT [ToOynoBa Mmojeri

JOCITKEHHST > Monen
A
[TepeBipka Ta BuBucHHSA
BUKOPHUCTaHHSA MOJIENI
3HaHb
Y
3HAHHS 3HaHHSA
po 00’ €KT- € po
opuriHa . HepeHegeHHﬂ 3HAHb MOJIEND
13 MOJIEJI1 HA OpUTTHA

Puc. 1.1.2. OcHOBHI CKJIa70B1 TIPOIIECY MOJICTIOBaHHS

MaremaTuuHy MOJEIbL PO3yMiEMO SK ¢opmaTi3oBaHUM, TOOTO
MPEJCTABICHU MaTEMAaTUYHUMU CITIBBIHOIIIEHHSIMHU, HaOIp MpaBui, 110
ONMUCYIOTh (PAKTOPU CYTTEBOrO BIUIMBY Ha (PYHKIIOHYBaHHS 00’ €KTa
JIOCII1KEHHS.

OTxe, MaTeMaTHYHA MOJIENb € CUCTEMOI0 MaTeMaTUYHUX (HOopMyII,
HEpIBHOCTEUW ab0 PIBHSAHB, AKI OLIBII-MEHII aJeKBATHO OMUCYIOTH SIBUIIA
Ta MPOIIECH, 1110 BJIACTUBI JJIsI OpUTIHAITY.

Tomy mporiec moOymaoBH Ta BUKOPHUCTAHHS MaTeMaTHIHOI MOJENI
Ui 11 pO3B’sI3aHHS 3 JOIMOMOTOK0 TPUKJIAJHUX 33aJa4 HAa3WBA€ThCS
MaTeMaTUYHUM MOJICITIOBAHHSIM.

Onuc mMaTeMaTUYHOI MOJIETI BUKOHYETHCS TEPMIHAMM KUIbKICHUX
XapaKTePUCTUK-TIOKA3HUKIB  (3MIHHUX, HEBIJOMHUX), 3HAUYCHHS SKHUX
MIJJIAra€ BU3HAUYEHHIO B MPOIECI PO3B’S3Ky 3ajadl Ta IapaMeTpiB,
BEJIMYMHU KOTPUX alPiOPHO B1JIOMI.

MonentoBaHHsl CIIyUTh NEPEIYMOBOIO Ta IHCTPYMEHTOM aHali3y
€KOHOMIKM 1 TIpOIECIB, sIKI (DYHKIIOHYIOTh y HIM, a TakoX fK 3aci0
OOTpyHTYBaHHS MPUUHATTS PIllIEHb, TPOTHO3YBaHHS, Oi3HEC-TIaHYBaHHS
Ta KEPYBaHHS €KOHOMIYHUMHU 00’€KTamMu. Mojenb eKOHOMIYHOTO 00’ €KTa
NEPEBAKHO MIATPUMYETHCA PEATBHUMHU CTATUCTUYHUMHU Ta €MIIPUYHUMU
JaHUMH, a pe3yJbTaTH PO3PAXyHKIB, BUKOHAHI B MeEkaX MNOOYJOBaHOI
MOJIEN, TaI0Th MOXJIMBICTh Oy yBaTh MPOTHO3M Ha MallOyTHE Ta JlaBaTu
00’€KTHBHI OI[IHKA KOPUCHOCTI 00’ €KTIB JOCHII>KEHHSI.
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VY OUIBLIOCTI BUMAJIKIB 00’ €KTOM MOJEIIOBAHHS MOXE OyTH peaybHa
rocroiapchbka CUCTeMa 4YM OJWH a0do0 JBa MPOIECH, 110 BIJOYBAIOTHCS B
Hii. J71g moOymoBu Mojeni HeOOX1JHO HE MPOCTO BHOpaTH 00’€KT, aje i
MOoJaTH HOTO CTPYKTYPHUH OIMKC Yy BUTJISAAI CUCTEMH, TOOTO BHU3HAUUTH
M1 HOro B3a€MOIii 3 30BHIIIHIM cepeaoBuiieM. Mojeni 0JHOTO M TOTo
K 00’€KTa MOXKYTbh OyTH PI3HUMHM Ta BiJI0OpakaTu MOT0 3 PI3HUX CTOPIH.

[TepeBara MaTeMaTHYHOTO MOJICTIOBAHHS OUYEBHIHA: BOHA TOJIATAE Y
MOXJIMBOCTI  OTpuUMaTd iHGOpMaII0 TMpo O00’€KT BHUBYEHHA 0€3
MPOBEACHHS JIMCHUX €KCIIEPUMEHTIB. A 1I€, B CBOIO YEpry, BUIPABIOBYE
BUTpPATU Ha PO3pOOKY aJIrOPUTMIB 1 METOMIB PO3B’SI3aHHS IMOCTABJICHHUX
3aj1ad.

MopenoBaHHsT Mae 0araTOBEKTOPHUM XapakTep 1 HOTo JOIIBHO
3aCTOCOBYBATH B TaKMX BUIAIKAX:

® 00’€KT HEeJIOCTYITHHUH JJ1s1 0€3M0CePETHBOTO JTOCTIIKEHHS;

® 00’€KT HACTIJIbKHU CKJIAJHUMN, 1110 TOCIIKEHHSI MOT0 BTpavae CEHC

4yepe3 CKIAIHICTh CaMoro JOCHIIKEHHsS, a0 K uepe3 HasiBHICTh

BEJIMKO1 KUTBKOCT1 MOOTYHUX JJIsI JTAHOTO JOCTIHKEHHS (haKTOPiB;
® JIOCTIKEHHS Ha pealbHOMY OO0’€KTI HEMOXJIHMBI 3 JIESIKHUX

MIpKYBaHb (MOpaJIbHUX, (DIHAHCOBUX a00 KOHKYPEHTHHX).

Mopenooun KOHKPETHY CHUTYyallilo, aHaJIITUK Ma€ 3 siCyBaTH,
HACKUIBKM YITKO W TOYHO MOJENb BijoOpaxkae peaabHy MIMCHICTH 1
HaJIIMHICTh OTPUMAaHUX KUIbKICHUX OITIHOK.

Haii0inpn BaXXKJIMBUMHU MOJICIISIMHM, IO BHUKOPHUCTOBYIOTBHCS IpHU
JOCIIPKEHHI PO3BUTKY Ta (PYHKIIOHYBAaHHS €KOHOMIYHUX IIPOIIECIB €
MaremaTuuHi. byap-sfika Monaenb 3ajadl JAOCHIKEHHS OKPEMOro Kiacy
BKJIIOUa€ B ce0e 3MiHHI, CUCTEMY OOMEXKEHb 1 MeTy. MeTa — 1€ LUIbOBa
dyHKIIS, KA 3aJa€ThCd HA MHOXHHI JOMyCTUMHX PO3B’s3kiB D. Cama
MHOXHUHa D BUpakae Mipy JOCSATHEHHS METHU: SIKIIO D — mycTa MHOXHWHA,
TO PO3B’SI3KIB HE ICHYE; SKIO D — OJIHa TOYKa, TO Il TOYKA Oy €IUHUM
JOMYCTUMHUM PO3B’SI3KOM 3ajlaul, KWW HE MPEACTaBisie COOOK ISl Hac
iHTepecy; sKimo D MICTUTh Ol OJHOTO PO3B’SA3KY, TO 3a7ada
ONTUMI3allll TOJsArae y 3HAaXO/PKEHHI ONTHMaJbHOIO PO3B’S3KYy Ha
MHOXHHI foryctumux. [Ipu mpomy, ko D cKIHUY€HHA, TO ONTUMAJIbHUN
PO3B’SI30K MOXKE€ OYTH 3HAWJEHUM y Pe3yJbTaTi MPOCTOro mepedopy BCIX
TOYOK D, JUIsl SIKUX BHU3HAYaIOThCS 3HAYEHHS MiIb0BOI1 PyHKIi. ko D
3YHCIICHHA 1 € KOHTUHYYMOM, TO ONITUMAaJIbHUN PO3B’SI30K Tpeba MIyKaTh y
HECKIHYEHHIA MHOXXHWHI JIOMyCTUMHUX pO3B’s3KiB. ToMy, mpu mnoOyaoBi
MOJIeNIe €eKOHOMIYHUX CHUCTEM, CIIiJT BIIOOpakaTy TUIBKU HaWBa>KJIMBIII
Ta HaliXapaKTEpHIllll BJIACTUBOCTI MPOIECIiB a00 SBHII, IO BHUBYAIOTHCA.
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Bhacnigok 11boro BCi MOJIENl € CIPOIIEHHUM Bi1IOOPaXEHHSIM peabHO1
CHUCTEMHM, ajieé SKIIO IIed MpolleC BUKOHAHO KOPEKTHO, TO OTpHUMaHE
HaOJMKEHE BIJOOpaKEHHSI pealbHOI CHUTYyallll Ja€ MOXJIUBICTH MaTH
JOCTAaTHBbO TOYHI XapaKTEPUCTUKU 00’ €KTA TOCII1IKCHHS.

ExoHOMIKO-MaTeMaTH4YHI MOJI€JII HE CTBOPIOIOTH HOBHUX 1 HE
3MIHIOIOTh ICHYIOUUX MPHUHIIMIIIB Ta METO0JOTITYHUX OCHOB €KOHOMIYHO1
TE€Opii, BOHM 3MIHIOIOTh CHOCOOM iX BHUKOPUCTAHHS MJisI BCEOIYHOTO
KUIBKICHOTO Ta SKICHOTO aHaji3y 3aKOHOMIPHOCTEH 1 B3a€EMO3B’SA3KIB
€KOHOMIYHUX IIPOIIECIB.

OTxe, mOpollec MOJICNIOBaHHS TICHO TOB’S3aHUM 13 MHOXKHHOIO
mpoleayp, a came: BHOOPOM IUIHOBOI (DYHKIIi, 3MIHHHX, MapameTpiB,
dbopmM 3B’sI3Ky Ta 1HIIUMH. ToOMy TpH MOOYAOBI €KOHOMIKO-MaTEMaTHYHO1
MOZENI  CJJI BMUIO BOJOAITH TakUMH TOHSATTSMU:  KPUTEPIEM
ONTUMAJIBHOCTI, IITLOBOIO (DYHKITIEI0, CUCTEMOI0 OOMEXKEHb, PIBHSIHHIMU
3B’SI3KY, PO3B’SI3KOM MOJIETII.

KpurepieMm onTUMaIbHOCT1 HA3UBAETHCS JIEIKUIN TTOKA3HUK, SIKUM Ma€e
€KOHOMIYHUM 3MICT Ta CIYKUTh ClIOCOOOM (hopMarizallii KOHKPETHOT METH
KEpYBaHHS 1 BHUPAXAEThCA 3a JOMOMOIOI IIUIOBOI (YHKIII uepe3
dakTopu mozeni. Kpurepiil onTUMaIbHOCTI BU3HAYA€ PO3YMIHHS 3MICTY
UTbOBOT QYHKINI. Y NesSKuX BUMaAKaX B SIKOCT1 KPUTEPIIO ONTUMAIBHOCTI
MOX€ BHCTyHmaTH OJHA 13 BHUXITHUX XapaKTEPUCTUK 00’ €KTa
MOJICTFOBaHHSI.

[{inboBa (QyHKIST MaTEeMaTUYHO 3B’sI3ye MDK Cc00010 (akTopu
MOJeNl1, 1 T 3HaYeHHS BU3HAYA€THCA 3HAUCHHSIMHU LIUX BEJIUYUH. 3MICTOBHE
TJIyMayeHHs IIb0OBIM (QYHKIIIT HAJA€ TIILKU KPUTEP1i ONTUMAIIBHOCTI.

[ToTpiOHO pO3PIZHATU KPUTEPI ONTUMAIBLHOCTI Ta IJIBOBY
dyukiio. Tak, HampuKIaa, KpUTEpii NMpUOYTKY Ta KpUTEpid 3arajibHOI
BapTOCTI BHUIYIICHUX 1HBECTUIIIMHOI KOMIIAHIEKD aKIIi MOXYTh
OTIMCYBATHUCS OJHIEIO 1 TIEIO XK IIJTLOBOIO (DYHKITIEIO:

Z = ic[xi —> max, (1.1)

i=1

1e [ — 1HAeKC BUAY akiii i = 1,7 ; x; — oOCsT BUIYCKY aKIlii i-ro BUNY; C; —
NpUOYTOK BiJl BUITYCKY OJIHI€I aKIlii i-ro BUAY ab0 BapTICTh OJIHIET aKIIil i-
ro BUJY 3aJIC3KHO BiJ] 3MICTY KPUTEPIIO0 ONTUMATBHOCTI.
Kputepiii mpuOyTKy TaKoX MOXKHA pO3paxyBaTH 3a JOMOMOTOIO
HEJIHIMHOT HUTHOBOT (DYHKITIT:
Z = Zn:ci(xl.)xi — max, (1.2)
i=l1
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AKII0 NpuOYTOK BiJ BUITYCKY OJIHI€I akilii i-ro BUAY (¢;) € PYHKIIEO Bij
00CsTy BUITYCKY (X;).

3a HaABHOCTI JEKUIBKOX KPUTEPIiB ONTUMAJIBHOCTI KOXHUN 3 HHUX
Oyzae Gopmali30BaHMI CBOEK YACTKOBOIO LIIBOBOKO (pyHKIIEW Z,, 1€ k-

1HJEKC KpHUTEepito onTUMaibHOCTI k£ =1,K . Jlj1s KOMIPOMICHOTO BHOOpY
ONTUMAJIBHOTO PO3B’A3KY MOXKHA C(HOPMYJIIOBATH HOBY LIJIBOBY (DYHKIIIIO:
Z=f(Z,.,Z )—>extr (1.3)

OpHak Taka mUTbOBa (DYHKIIISI MOXKE BXXKE HE MaTH €KOHOMIYHOIO
3MICTYy, B TAKOMY BUMAJKy KPUTEPI ONTUMAILHOCTI JIJI HET BIICYTHIH.

3MiHHI B MOJENSIX KIACHU(PIKYIOTbCA $K 3MIHHI CTaHy, pOCTY,
J0JTIaTKOBI Ta KEPOBaHI.

3MIHHI CTaHy BH3HA4YalTh a0O0 JIONIOMAararOTh BHU3HAYUTH CTaH
CUCTEeMH B Oyb-sKUi MOMEHT 4acy. [IpukmagoM Takux 3MIHHUX MOXKYTh
OyTH 00CSTH IPOJIAXKy 1 MPUOYTOK.

3MiHHI POCTY — XapaKTEPUCTUKH, IO OMNUCYIOTh MPOLEC, KU
MpOTIKaE B CHUCTEMI B 3aJaHMil MOMEHT d4acy. JlociimxyBaHuil mporec
MOKHa KBaTi(iKyBaTH a0o0 SIK IEPETBOPEHHS, a00 SK MEePEeMIIICHHS.

JlomaTkoBl 3MIHHI JONOMAralOTh TJIMOIIE BUBYMTH OO’€KT, a B
OKpEeMHX  BHIAQJKaX  CIHPOIIYIOTh  CITBCTaBJICHHS  Pe3YJIbTaTiB
IOCIIKEHHS.

KepoBaHi 3MiHHI — BXOAU MOJEINI, 3HAYCHHS KOTPUX 3MIHIOETHCS B
4acl He3aJeKHO BIJl TOBEIIHKU 00’ €KTa JOCTIKEHHS. 3pOCTaHHS O0CSTiB
BUPOOHUIITBA — pe3yJbTaT KEepyBaHHS 31 CTOPOHU 3OBHIIIHIM
CEepEeZIOBHUILIEM, JiI0 SIKOTO Ha OKPEMHUX CTadisiX MOXHA PO3TIIAIATH SK
NOCTiMHY BennuuHy. KepoBaHy 3MiHHY MOKHA MPEICTaBUTH K (YHKIIIO
B1JT 4acy.

[TapameTpy Ta KOHCTaHTH — I1I€ HE3aJCKHI BIJI Yacy €KOHOMIYHI
MOKAa3HWKU Ta HOPMAaTUBHI KOE(QIII€EHTH, SKI XapaKTepHl s 00’eKkTa 1
BKJIFOYAIOTHCS O MOJIEI1 Yepe3 CUCTEMY OOMEKEHb.

Cucrema oOMeXeHb BM3HAYa€ I'paHUIll ICHYBaHHS 00JacTi AIMCHHUX
Ta JIOMYCTUMHUX PO3B’SA3KIB 1 XapakTepu3ye OCHOBHI 30BHIIIHI Ta
BHYTpIIITHI BJAcCTUBOCTI 00’ekta. OOMEXEHHS BHM3HA4YalOTh 001acTh
B1IOYTTSI IPOILIECY, TPAHUII 3MIHU MMapaMeTPIB Ta XapaKTEPUCTUK 00’ €KTA.

PiBHSHHS 3B’S3Ky SBIISIIOTBCS MaTeMaTHYHOIO  (popMati3alli€ro
CUCTEMHU OOMEKeHb. MIXK MOHATTSAMU «CHUCTEMa OOMEKEHb» Ta «PIBHSIHHS
3B’SI3KY» ICHY€ aHAJIOT1d, IK M1 HOHITTSIMU «KPUTEPIA ONTUMATIBLHOCTI Ta
«IIJIbOBA (PYHKITIs»: PI3HI 3@ 3MICTOM OOMEKEHHS MOXYTh OMHCYBATHCS
OJIHAKOBUMHU PIBHSHHSAMH 3B 53Ky, a OJTHE 1 T€ %K caMe OOMEKEHHSI B PI3HUX
MOJIEJISIX MOJKE 3aMMCYBATHCh PI3HUMU PIBHIHHSMH 3B’ SI3KY.
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Takum 4MHOM, came KpUTepid ONTUMAIIBHOCTI Ta CUCTEMa OOMEXEHb
B MIEpIIy 4Yepry BU3HAYAIOTh KOHIIEMINIO (PYHKIIOHYBaHHS MalOyTHBOI
MaTeMaTUYHOI MOJENi, i1 KOHIENTyalbHy MOJEdb, a iX Qopmamizaris,
TOOTO MOOyZ0Ba LUIbOBOI (DYHKIII Ta PIBHSHB 3B’S3KY, MPEJCTABIISIIOTH
co0010 MaTeMaTUYHy MOJICIIb.

Po3B’s3k0OM MaTemMaTH4YHOI MOJENl  HA3UBAEThCA TaKUM HAOIP
(CYKyHIHICTb) 3HAYEHb 3MIHHMX, SIKI 3aJIOBOJIBHSIOTH il PIBHAHHS 3B S3KY.
Po3B’si3kM, sIKi MarOTh €KOHOMIYHMM 3MICT, HA3UBAlOTHCS CTPYKTYPHO
IOMyCTUMHUMHU. Mojeni, 5Kl MarTh 0arato po3B’s3KiB, HA3WBAIOTHCS
BapIaHTHUMU Ha BIAMIHY BijJ 0€3 BapiaHTHUX, SIKI MalOTh OJMH PO3B’S30K.
Cepen CTpYKTYpHO JONYyCTHMHX BapiaHTHUX PO3B’SA3KIB MOJENI, 5K
MPaBWJIO, 3HAXOAUTHCS OAWH PO3B’SI30K, MPU SIKOMY IIIb0BAa (YHKIIIS B
3QJIEKHOCTI BijJ 3MICTYy MOJIEl Mae HalOLIbille a00 HailMEHIIIe 3HAYCHHS.
Takuit po3B’sI30K, SK 1 BIANOBIAHE 3HAYCHHS IIILOBOI (PYHKIIII,
HA3UBAETHCS ONTUMAIBHUM.

Jlist Toro, 1moOOM MOJENIOBAaHHS CTaj0 JI€BUM IHCTPYMEHTOM
MI3HAHHA, HEOOXITHO MpPaBWJIbHO MOOYAyBaTH MaTeMaTU4YHY MOJEb,
aZIcKBaTHY MPOLECY, 1110 BUBYAETHCA.

Haiiuacrimie MaTeMaTuiHi METOAM BUKOPUCTOBYIOTH JJI1 BUPILICHHS
KJIACMIHUX 3aJlad ONTHMI3arlii, iMiTaIlli 4d mporHo3yBaHHA. [Ipu mpomy,
OCHOBHI TPYJIHOIIII, MOJ0JaTH K1 HEOOX1THO, TOJIATAl0Th y 3a0e3MeueHH]
aJIEKBATHOCTI I11€1 MOJIEN1 10 00’ €KTa JOCTIKEHHS.

AJZIeKBaTHICTh TOOYJIOBAaHUX MAaTEMaTHUYHHUX MOJeNed HEOOXI1THO
OIIHIOBATH 3 ypaxyBaHHSIM TaKuX YMHHUKIB (puc. 1.1.3):

—> 3ajaua KepyBaHHHA l(f
MeTtoau M Ini eo .
MiTaminHi
Mooy 10BH oac/JIb
y . < < > MeTOoaH
MoaeJen

1

Puc. 1.1.3. ®opmyBaHHs BUMOT aJICKBaTHOCTI MOJIeel

00’exT KepyBaHHHA
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BIJINOBIJTHOCTI CTPYKTYpPH Ta BJIACTUBOCTEN 00’€KTa KEpyBaHHS
(mporecy ynpaBiiHHS);

BIAIIOBIJHOCTI  BJIACTUBOCTEM 1  MOMKJIMBOCTEM  METOJIB
dbopmyBaHHs iHPOpMaIiHOI 0a3um Mojelie, BUKOHAHHS iX Ha
OCHOBI MPOLIEAYPH IMITAIIIi;

BIJIMOBITHOCTI JI0 BUMOT PO3B’SI3aHHS YIIPABIIHCHKUX 3a7a4.

1.2. TeopeT4yHi OCHOBH MAaTEMATHUYHOI'0 MO/IEJTI0BAHHA

Ta kiaacudikauisa moaesen

ExoHOMIKO-MaTeMaTUYHE MOJCIIOBAHHS € OJHUM 13 €()EKTUBHUX
METOAIB oOmnucy (YHKIIIOHYBaHHSA CKJIQJIHUX COIIaIbHO-EKOHOMIYHHUX
00’€KTIB Ta MPOLECIB y BUIIISLAI MaTeMaTHUYHUX MOJielel, 00’ €IHYIUYU
THM CaMHM B €JMHE €KOHOMIKY Ta MaTEeMaTHKY.

Y cTpyKTypl €KOHOMIKO-MaTEMAaTHIHUX METOJIB MOKHA BHUILIATH
JUCHMIUTIHA Ta 1X PO3JAUIA, SKI CKJIaJal0Th TEOPETUYHY OCHOBY
MaTEMATUYHOI'O MOJIEIIIOBAHHS

CKOHOMIYHY KIOCpHETHKY (CHCTEMHUM aHaIl3 €KOHOMIKH, TEOPito
€KOHOMIYHOI1 1H(popMallii, TEOPIIO KEPYIOUUX CUCTEM 1 T.1.);
CKOHOMETpit0 (AUCHepCIMHUN aHaii3, KOpEeIALiMHUM aHai3,
perpeciiiHuii aHaii3, OaraTOMipHHUI aHami3, (PaKTOPHUU aHai3,
KJIACTEPHMI aHaI3 1 T.1.);

MAaTEMATUYHY E€KOHOMIKY (TE€Opil0 €KOHOMIYHOI'O POCTYy, TEOpii
BUPOOHMYMX (PYHKIIIH, MDKramgy3eBi OajaHCH, HalllOHAJbHI
paxyHKH, aHalli3 TMOMUTY Ta TMPOIMO3UIIiH, pPEriOHAIbHUN Ta
IIPOCTOPOBUM aHali3, INI00AbHE MOACITIOBAHHS 1 T.]1.);

METOAM MOCHIHPKEHHsI omeparlii (MaTeMaTUdHe MporpaMyBaHHS,
CITKOBE MOJICJIIOBaHHS, TEOPII0 MacOBOTO OOCIyTrOBYBaHHS,
METOAM KEpPYBaHHA 3alacaMu, TEOPIkO 1rop Ta METOAU MPUNUHATTS
pilleHb 1 T.1.);

EKCIEPTHI METOJM E€KOHOMIKM (MaTeMaTH4HI METOAM aHajizy i
IJTAHYBaHHS €KOHOMIYHUX EKCIIEpUMEHTIB, IMITaLII{HE
MOJICTIOBAHHS, IIOB1 ITPH, METOJX €KCIIEPTHUX OLIHOK 1 T.1I.);
METOAM MPOTHO3YBaHHSI.

VY npukimagHuX JIOCTIKCHHSIX EKOHOMIYHHX TMPOIECIB 1 SBHIIL
BUKOPHUCTOBYIOTHCS PI3HI TUIU MOJENEH, Kl BIAPIZHAIOTHCSA IL1JIBOBUM
MPU3HAYEHHSIM MOJICNl, XapaKTepoM 3ajiadl, CTYINEHEM aJIeKBaTHOCTI,
MaTeMaTUYHHM arapatoM Ta iH. [loOyaoBa €a1uHOI MaTeMaTHIHOT MOJE1
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(yHKIIIOHYBaHHSI OYJIb-IKOI E€KOHOMIYHOI CHUCTeMH abo0 1 CKJIaJOBUX
MPAKTUYHO HE TPECTABISIETHCS MOXKIUBHM 0€3 PO3pOOKH JTOMOMIKHHUX
MoJieJiel, TOOTO MEBHOTO KOMILIEKCY MO/ISTICH.

Bua 1 xapaktep €KOHOMIKO-MaTEMAaTUYHUX MOJIeNIed BHU3HAYAETHCS
B3a€EMO3B’SI3KAMHU Ta  B3A€EMO3AJICKHOCTAMH  €KOHOMIYHMX  CHCTEM.
B3aeM03B 3k OJTHUX CHUCTEM MOYKHA OMMCATH Ha OCHOBI JIHIAHUX
PIBHSIHB 1 HEPIBHOCTEM, APYrMX — HA OCHOBI PIBHSHB 1 HEPIBHOCTEW O1JIbIII
BHUCOKHUX MOPSAJIKIB, TPETIX — HA OCHOB1 KOPEJISIIIIHHOTO aHalli3y, YeTBEPTUX
— Ha OCHOBI1 Teopii KMOBIPHOCTI 1 T.]I.

B ocHoBy knacudikaiii €KOHOMIKO-MAaT€MaTUYHUX  MOJeJen
MOKJIAJICHO TaKi O3HAKHU:

1) 32 [ILOBUM TPU3HAYCHHSIM — TEOPETUKO-aHAMITHYHI Ta
MPUKIIAH] MOJEI;

2) 3a CTyNEHEM arperyBaHHs OO0 €KTIB — MaKpOEKOHOMIYHI Ta
MIKPOEKOHOMIYH1 MOJIEII;

3) 32 KOHKpPETHMM MpPHU3HAYEHHSIM — 0ajaHCOBI, TPEHJOBI,

OIITUMI3AIIMHI, IMITAIllI{HI MOJEIII;

4) 3a Tunom iH(opmarllli, BAKOPUCTAHOT B MOJICNIl — aHAIITHUYHI Ta
11eHTH(1KOBaH1 MOJIEI;

5) 3a BpaxyBaHHSIM (paKTOpa HEBU3HAYEHOCTI — JACTEPMIHOBaHI Ta
CTOXACTUYH1 MOJEII;

6) 3a XapakTepoM MaTeMaTUYHOIO amaparty — MaTpUyHi MO,
MOJIEJT1 JIIHIHHOTO Ta HEJIIHIMHOTO TTPOrpaMyBaHHsI, KOPEIAIIHO-
perpeciiiHi Mojemi, Mojel Teopli MacoBOro OOCIYyrOBYBaHHS,
MOJIEJ1 CITKOBOIO IUIAHYBAHHSI Ta KEPyBaHHS, MOJIE TEOPii 1rop
1T.I0.;

7) 32 TUOOM MiAXOMYy JO CHCTEM, SKi JOCHIKYIOTbCS —
JNEeCKpUNTUBHI (omucoBl) Mopenl (HaIpukiaaa, OalaHCOBl Ta
TPEHJOBI MOJIEJl) Ta HOPMATUBHI Mojeni (omTUMI3alliiHi Ta
MOJIEI1 PIBHS KUTTHA);

8) 3a CTPYKTYpOIO MOJICJIEH Ta XapaKTEepOM iX CKJIaJOBUX — OJHO- Ta
OaratodakTOpHI MOJIENl, CTAaTUYHI Ta JAHAMIYHI MOJENTI, MOJE]
IIPOCTOI Ta CKJIAAHOI CTPYKTYPH;

9) 32 4YacoBUMHM  XapakTE€pUCTUKaMU  —  JOBIFOTEPMIHOBI,
CEPEIHHOTEPMIHOBI Ta KOPOTKOTEPMIHOBI MOJIEIII.

Jlo uuncna CKJIagHOI KOMOIHOBAHOI E€KOHOMIKO-MAaTEMATHYHOI
MOJIEN, HANpUKIaJ, MOKHA BIJJHECTU €KOHOMIKO-MAaTeMaTUYHY MOJEIb
MDKraiay3eBoro OajaHCy, sSKa € 3a BHUIIEHABEJCHOIO Kiacu]ikailiero
MPUKJIAAHO, MaKpPOCKOHOMIYHOK, AHAIITUYHOI, JACCKPUNTHUBHOIO,
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JETEpPMIHOBAHOI, OalaHCOBOIO, MATPUYHOKO MOJICJUII0, OKpIM TOTrO,
PO3PI3HAIOTH SIK CTaTUYHI, TaK 1 JUHAMIYHI MOJIEJII.

Po3risitHeMO KOpPOTKO OCHOBHI SIKICHI XapaKTEPUCTUKHU JICSKHX
€KOHOMIYHUX MOJIETIEH.

MakpoeKkOHOMIYH1 MO/I€JIl IEPEBAKHO I[IITICHO ONMUCYIOTh EKOHOMIKY
KpaiHu, 3B’S3yIOYM MK COOOK0 y3arajibHEHI MarepiaibHl Ta (PiHAHCOBI
MOKAa3HUKHU: BAJIOBUM BHYTPILIHINA NPOIYKT, CIIOKWBAHHS, 1HBECTHIIIL,
3alHSATICTD, OIOKET, 1HQIISII0, IIHOYTBOPEHHS, ONIOIATKYBaHHS Ta 1H.

MiKpoeKOHOMIYHI MOJENI OMHUCYIOTh B3aEMOJII0 CTPYKTYPHHUX Ta
(PYHKIIIOHAJIBHUX CKJIAJOBUX €KOHOMIKH a00 X aBTOHOMHY MOBEIIHKY B
nepexigHoMy ab0 pUHKOBOMY CEPEIOBMII, CTpaTerii moBemaiHKU PipMm B
YMOBaX OJIITOMOJII1 3 BUKOPUCTAHHSAM METOIB ONTUMI3allli Ta TEopii irop.

TeopeTnyn1 Moieli Bi10OpaXKarOTh 3arajbHi BJIaCTUBOCTI €KOHOMIKH
Ta 1i KOMIIOHEHTIB 3 JEAYKII€I0 BUCHOBKIB 13 (hOpMaJbHUX IEPEIyMOB.
[Ipuknagnai Moxaem 3a0€3MeuyroTh MOMIIMBICTh OIIHKA —IapaMeTpiB
(yHKIIIOHYBaHHSI ~KOHKPETHUX TEXHIKO-€KOHOMIYHMX OO0’€KTIB Ta
OOTpyHTYBaHHS BHUCHOBKIB Il IPUMHSTTS YHPABIIHCHKUX PIllIEHb (10 iX
yucjaa BIJHOCITHCS HacaMIlepe] €KOHOMETPUYHI MOJeNi, SKI JaloTh
MOXJIUBICTh CTATHUCTUYHO OIIHIOBATH YHCJIOBI 3HAYEHHS EKOHOMIYHUX
MMOKA3HHUKIB Ha OCHOBI CITOCTEPEIKEHBD ).

PiBHOBaroBi Mol OTIUCYIOTh MOBEIIHKY Cy0’€KTIB
rOCTOJIAPIOBAaHHSA SIK B CTaOUIBHUX CTIMKHUX CTaHax, Tak 1 B yMOBax
HECTIMKOTO EKOHOMIYHOTO CEpe/oBHUIA, Ji€¢ HEpIBHOBara 3a OJHUMU
napaMmeTpaMyd KOMIICHCY€TbCsl 1HIIMMH  (dakTopamu. OnrumizaiiitHi
MOJIEN1 3B’sI3aH1 MEPEBAKHO 3 MIKPOPIBHEM, HA MAKpOPIBHI pe3yJIbTaTOM
pallioHaILHOT0 BUOOPY MOBEAIHKH CYO’€KTIB € ICSIKUN CTaH PIBHOBArH.

CraTuyHl MoOJieJll OMHCYIOTh CTaH €KOHOMIYHOTO 00’€KTa B
KOHKPETHUM MOMEHT abo IepioJ vacy, JAMHAMIYHI MOJEJl, HaBIIaKH,
BKJIFOYAIOTh B3a€MO3B’ A3KH 3MIHHUX B 4Yaci.

VY craTHYHMX MOJEISIX TMEePEeBAXKHO 3a(iKCOBaHI 3HAYCHHS JCSKHUX
BEJIMYMH, SIKI € 3MIHHUMM B JIMHAMIIll, HAIIPUKJIAJl, KaliTaJIbHI BKJIAJCHHSI,
1iHu. J[MHaMiyHa MOJENh HE 3BOJUTHCS IO MPOCTOTO CYMYBAaHHS JESIKHX
CTaTUYHMX BEJIMYMH, a OMNHUCYE€ CUJIM Ta B3aEMOJIl B EKOHOMII, SIKi
BU3HAYAIOTH X1J] ITPOILIECIB B Hill. J[MHAMIYHI MOJI€Il YaCTO BUKOPUCTOBYIOTh
anapat audepeHIiaTbHUX Ta PI3HULIEBUX PIBHSIHb BaplalliiHOTO YHUCIICHHS.

JletepMiHOBaH1 MOJENI TPUITYCKAIOTh ICHYBaHHS (PYHKIIOHAJIBHUX
3B’SI3KIB MK 3MIHHUMHM MOJIeIl, a CTOXAaCTHMYHI MOJel JONYyCKarTh
HasSBHICTh BUIIAQJKOBUX il Ha JOCTIKyBaHI IMOKa3HUKH, BUKOPUCTOBYIOUH
METO]I TEOP1l UMOBIPHOCTI Ta EKOHOMETPII K IHCTPYMEHTapii.

22



BpaxoBytoun  BuiecopmysiboBaHi  Kiacu@ikaiiiiHi  O3HAKH,
MIPEJICTABUMO 3arajbHy CXeMy MaTeMaTHYHUX MOJEJEH, SKi B MOJAIBIIOMY
CKJIayTh OCHOBY MOJICITFOBaHHS €KOHOMIYHMX TporieciB (puc. 1.2.1).

OnHokpuTepialibHi bararokpurepiaibHi
MoJieil MoJieil
MaremaTnuHi
MoeIIl
¢ L v
JleTepMiHOBaHi CToXacTU4Hi Moneni 3
MOJEII1 Mozenl eJIEMECHTaMH
HEBU3HAYCHOCTI

Monem
CTOXaCTUYHOI'O
MporpaMmyBaHHs

JliHiiiai
MOJEIT1

Monpem
Teopii
irop

Heniniitai
MoJIel Mopneni Teopii
BUIIAJIKOBUX

MpOILIECIB

JluHami4dHi
MoJieil

ImiTariiiai
MOJIENI

Mopemni Teopii

MacoBOTO
00CITyroByBaHHs

I'padiuni
MoJenl

Puc. 1.2.1. Cxema knacudikaiiii MaTeMaTUYHUX MOJIEIeH

Y HaBuagbHOMY MOCIOHHMKY 31e01IbIIOr0 OyJaeMO pO3TiisiaaTu
JeTepMiHOBaHI Mojell (PYHKIIIOHYBaHHS TPOIIECIB 1 SIBHUII, BIACTHUBUX
CeKOHOMIUHIA cucTeMi. KpiM 1poro, meski 3amadi OyAayTh ONHCaHI 3
JOTIOMOTOI0  CTOXACTHYHHUX MOJEJIeld 1 Mojened 3 eJeMEHTaMHu
HEBU3HAYEHOCTI Ta PU3HUKY.
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1.3. [IpuHuunm Ta eTanu nodya0Bu
€KOHOMIKO-MAaTeMaTHYHUX MO/1eJIeH

Jlnist  moOyaoBU  SIK  KOMIUIEKCY B3a€MO3B’SI3aHUX  E€KOHOMIKO-
MaTeMaTUYHUX MOJENIeH, Tak 1 OyJb-IKOi OKpeMoi Mojeli, HeoOXiaHa
MEeBHA CYKYIHICTh MNPUHLMUIIB (MPaBWI TpH), [KI JAIOTh MOXKJIIMBICTh
KOPEKTHO 3J1MCHIOBaTH Tpoiiec ¢opmaiizaiii MOJAETIOIYUX CUCTEM Ta
00’ €KTIB.

3arajibHl OPUHIUINA ~ €KOHOMIKO-MaTeMaTHYHOTO  MOJICIFOBAHHS
BUILIMBAIOTh 13 3arajJbHUX OCHOB CHCTEMHOI'O aHamizy, TOOTO BOHHU
NMOBMHHI OyTH BIANOBIAIMM Ha 3amuTaHHsA: 1) 10 MOBHUHHO OyTH
3po0seHo? 2) Koau TMOBHHHO OyTH 3po0sieH0? 3) 3 JOMOMOTror KOTO
MOBUHHO OyTH 3po0JsieHO? 4) Ha OCHOBI sIKOi 1H(GOpPMaIIlil 3MIMCHIOIOTHCS
BIAMOBIHI A1i? 5) sSIKUH pe3ynbTaT MOBHHEH OyTH OTPMMAaHUN HA OCHOBI
UX a1i?

Tomy B SIKOCTI 3arajbHUX HOPUHIHUIIB €KOHOMIKO-MAaT€MaTHUYHOTO
MOJICTIOBAHHS  JIOUUIBHO TPUUAHATH Takl MPUHIMUIN: CUCTEMHOCTI,
IHTETPOBAHOCTI, = HEBHM3HAYEHOCTi, TOJIOBHUX  BHIIB  JISUIBHOCTI,
JOCTATHOCTI, 1HBAPIaHTHOCTI, HACTYMHOCTI Ta €(eKTUBHOCTI. Po3risHeMo
IIUPIIE KOKHUH 13 [TUX TPUHIIUIIIB.

OnHuM 13 TOJIOBHUX MPUHIUINB MOJICTIOBAHHS E€KOHOMIYHUX
MPOIECIB € MPUHIUIT CUCTEMHOCTI, SIKHH BKJIIOYa€E B CE0E METOJI0JIOTIH0
JOCIIJIKEHHSI 00’ €KTa Ta MOoOyA0BY MOr0 MaTEMaTUYHOT MOJIEII, 32 YMOBH,
0 00’€KT PO3TIANAIOTh SK HUIICHUNA KOMIUJIEKC CKJIQIHMKIB, SIKI MalOTh
0COOJIMBUY 3B 30K 13 30BHIIIHIM CEPEJAOBHUIIEM 1 MPEACTABIISIIOTH COOOI0
NIJCUCTEMY CHUCTEMH BHUIIOTO TOpsAKy. JlieBUM  IHCTpyMEHTOM
OKPECJICHOTO TIPUHITUITY € CHCTEMHUI aHaJIl3.

[IpuitHaTO BBa)KaTw, 110 CHUCTEMHHUM aHali3 — I€ METOH0JIOT1s
BUpIIICHHS TABMU(] opribieM, sKa IPYHTYEThCA Ha CTPYKTypHU3allii
CUCTEMHU Ta KiHBKiCHOMy MOPIBHSHHI anbTEPHATHB. OTxe, CUCTEMHUM
aHa130M OyJie JIOTi4HO 00’ €qHaHa CYKYMHICTh TEOPETHYHMX, eMmquHI/IX
MOJIOXKEHb TPEAMETHHUX oOJacTen MPUPOIHUIHX 1 EKOHOMIYHUX HayK,
MPaKTUKXA PO3POOKH CKJIATHUX CHCTEM, SKI 3a0e3MedYyI0Th HAyKOBY
OOTpyHTOBAHICTh BUPIIICHHS KOHKPETHOT MPOOIeMHU.

VY cucteMHOMY aHaji31 BUKOPUCTOBYEThCS K MAaTeMaTUYHUN amapat
3arajJibHO1 Teopli CHcTeM, TakK 1 1HII SKICHI ¥ KUIBKICHI METOIu
MPUKIIATHOT MaTeMaTUKU Ta iHpopMmaTuku. [lo ckiaaay 3agad CHCTEMHOTO
aHaji3y BXOJATh 3a7a4l ACKOMIIO3HUIIIi, aHaJl3y Ta CHHTE3Y.

3ajaya JAEKOMIIO3UIIIT O3HAYA€ MPEICTABICHHS CUCTEMHU Y BUIJIAI
MJICUCTEM, SIK1 CKIIQJAaI0OTHCS 3 MEHIIINX €JICMEHTIB.
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3ajada aHaNi3y MOJATa€e y 3HAXOKEHHI P13HOTO POy BIACTUBOCTEM
CUCTEMU Ta CEPEJOBUILIA, 1110 OTOUYYIOTh 10 cUCTEMY. MeTo1 aHami3y — 1e
BU3HAUCHHS 3aKOHY IMEepeTBOpEeHHs 1HdoOpMallli W OmUC MOBEAIHKHU
cuctemu. TyT Moxke UTH MOBa 1 PO KOMIIO3UIIiIO (arperaiiito) CUCTEMHU B
€JIMHUM CJIEMEHT.
3agaya CMHTE3y CHCTEMHU MPOTHJICKHA J0 3a7adl aHaIi3y, TOMY 10
JOCIIIJI)KYBAaHOTO 3aKOHY HEOOXIIHO TOOyJIyBaTh CHUCTEMY, fKa B
JIACHOCTI BUKOHY€E TMEPETBOPEHHS HA OCHOB1 KOHKPETHOT'O aJITOPUTMY.
[Ipu MomentoBaHHI EKOHOMIYHHUX TIPOIECIB TEBHUX OO €KTIB 1
NPEACTaBICHHA iX y BUIJIAMI CUCTEMH HEOOXITHO BPaxOBYBAaTH 3arajibHi
BJIACTUBOCTI CUCTEMHU, a CaMe:
® I[UIICHICTBH — CTIMKI BIIHOIICHHS MK €JI€MEHTaMU CUCTEMH, KOIHU
CTaH JIOBIJILHOT'O €JIEMEHTA 3aJIeKUTh BlJ] CTaHYy BCIEI CUCTEMH Ta
HaBIaKH;
® UIMMICTh — IUIICHUHA OO’€KT TOBHHEH OYTH 300paKeHHM
PO3KJIaJCHUM Ha €JIEMCHTH;
® 130JIbOBaHICTh — KOMILJIEKC O0’€KTIB, IKI YTBOPIOIOTh CHUCTEMY, 1
3B’SI3KM MK HMMH MOYKHA BHUJUINTH 3 IXHBOTO OTOYEHHS Ta
PO3TJISAIATH OKPEMO;
® CTIHKICTh — CHCTE€Ma IMOBHHHA HOPMAJIbHO ()YHKITIOHYBAaTH 1 OyTH
HEUYYTJIMBOIO 10 MOXKJIMBUX MOOIYHUX KOJIMBAHb;
e i7cHTU(DIKOBAHICTh — KOXXHHMM €IIEMEHT CHCTEMU MOXke OyTu
BIJIOKPEMJICHHH BIJI IHIINX CKJIAJIOBUX;
® PI3HOMAHITHICTh — KOKHHUN €JIEMEHT CUCTEMM BOJIOJI€ BIACHUMU
IISIMA Ta CTAHOM, SKWM BIAMIHHUM Bl JIHA IHIINX €JIE€MEHTIB 1
BCIE€T CUCTEMH;
® CTaOUIBHICTh — CHCTEMA 3/IIMCHIOE BIJTHOBJICHHS CBOIX €JIEMCHTIB
34 PaxyHOK IX pEeryJrOBaHHs;
® CIIOCTEPEKEHICTh — BCl BXOJAM Ta BHUXOJM CHUCTEMU
KOHTPOJIIOIOTHCS Cy0’€KTOM a00 K MOXKYTh CIIOCTEPITaTUCS;
® HEBU3HAYCHICTh — CYO’€KT OJHOYACHO HE MOXe (PikcyBaTH BCl
BJIACTUBOCTI Ta BIJHOIIICHHS €JIEMEHTIB CHCTEMH;
® HETOYHICTh BiJOOpa’KEHHs — 3HAKOBA cHCcTeMa Cy0’€KTa BiJMIHHA
BiJl 3HAKOBOI CHCTEMHU MPOSBY BIACTUBOCTEH OO0’€KTIB 1 IXHIX
BITHOIIIEHD,
e ajamTaris — cucTeMma 30epirae CTaH pIBHOBArWm Ta CTIHKOCTI J0
MO>KJIMBHX BHUITQJKOBUX BIUIMBIB, SIK1 IIOCTIMHO JIIIOTH Ha HET.
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[IpuHUMI JOCTATHOCTI BUKOPUCTAHOI iH(oOpMalii o3Havae, MO B
KOXKHIM MOJIel TTOBUMHHO BHUKOPHUCTOBYBATHCS TUIBKM T€ 1H(OpMaIliitHe
3a0€3MeUeHHs, SIKE BiJOMEe 3 HEOOXI1THOIO /IS pe3yiabTaTiB MOJICTIOBAHHS
touHicTio. [lig BimoMuMm 1HQOpMALITHUM 3a0€3MEUYEHHSIM PO3YMIIOTh
HOPMATHBHI, JIOBIJKOBI, 3BITHI Ta 1HIII XapaKTEPUCTUYHI JaHl NP0 peasibH1
E€KOHOMIYH1 CUCTEMH Ta iX CKJIaJ0BI, K1 OyJIH 10 MOMEHTY MOJICTFOBaHHS.
VY 3B’s3KYy 3 MOCHI1I0BHOIO PO3POOKOI0 KOMIUIEKCY MOJIENIEH, SIKi OTUCYIOTh
CKJIaTHUN 00’€KT 1 (popMasnizoBaHl OKPEMOIO MOJIEIUIIO, BCs 1H(QopMaIlis
PO MOJICTIIOI0UY CHCTEMY MO)Ke OyTH HE TMOBHICTIO BijoMa 10 MOMEHTY
po3B’s3Ky Aeskoi 3amadi. [Ipore 11e He 3aBaka€ BHKOPUCTAHHIO OKpPEMOi
MO, K0 BOHA MO0y 0BaHa 3 IOTPUMAHHSIM MPUHITUITY JOCTATHOCTI.
KpiMm 1p0r0, BUKOHAHHS TMPHUHIMITY JIOCTaTHOCTI Jla€ MOXJIMBICTh
MEePEeXOAUTH Bl 3arajlbHUX MOJENECH A0 OUIbIl JE€TaJIbHUX, MOCTYIOBO
YTOUHIOIOUU Ta KOHKPETU3YIOUH PE3YyJIbTaTH TOCITIKEHb.

[Ipunmun iHBapiaHTHOCTI 1HGOpMAIll BUMarae, moO0d B MOJENI
BXigHa 1H(opMmalia Oyna He3aJekHa BlJ NapaMeTpiB  MOJACIIOI0UOl
CUCTEMH, SKI II€é HE BIJOMI Ha ONKWCYBaHIM CTamii JIOCIIIKCHHS.
BukopuctanHs 11bOro MPUHITMITY Aa€ MOXKIIMBICTh MPU MTOOYA0B1 MOAEICH
Mo30yTUCS 3aMKHYTOTO KOJIa, IO YacTO TPAIUIAETHCS, KOJW B MOJETI
BUKOPHUCTOBY€EThCS 1HGOpMaIlid, sSKa Moke OyTH BiJoMa JuIle 3a
pe3yabTaTaMyi MOJICTIOBaHHS.

BukopuctanHd  TPUHIMIIB  JIOCTAaTHOCTI Ta  1HBAPIaHTHOCTI
MPUBOAUTE 10 (POpMyBaHHS i€papXil EKOHOMIKO-MAaTEMAaTUUHUX MoJeen
JUISl CKJIAJIHOTO 00’€KTa, JO3BOJISIE CTPOrO BU3HAYMUTH BXIJHI MapameTpu
piBHSHHSA 3B’SA3Ky 1 IIboB1  (pyHKIii, QopmanizyBatu Kputepii
OIITUMAJIbHOCTI M OOMEKEHHS JII KOKHOI Mojenl. Tak, BXIJTHAMH
napaMeTpamMu JjIs 3arajlIbHOTO BHUIAJKY MOXYTh OyTH a00 BXIJHI JaH1
MOJIeJIeH ITOMePEeaHBOTO PIBHS, a00 pe3yabTaTH (DYHKIIOHYBAaHHS MOJACICH
HIDKHIX DIBHIB 1€papxii, ajge OTpuMaHi Ha OCHOBiI iH(oOpMaIlii,
1HBapiaHTHOI BITHOCHO ITyKaHUX Ha JaHOMY PiBH1 3MIHHHUX.

3MICT NPUHLMIY HACTYIHOCTI 3BOAUTHBCS JO TOro, IO KOXHA
MOJIeJIb HE TMOBHHHA MOPYIIYBaTH BJIACTUBOCTEHW 00’€KTa, BCTAHOBJICHUX
a00 BIJIOOpaXE€HUX Y TMOMEpeAHIX MOJEsAX KomIuiekcy. Otxe, BUOIp
KPUTEPIIB Ta MOJE/1 MOBUHEH B MEPIIY YEepry IPYHTYBaTUCA HA MPUHIIMIIL
HACTYITHOCTI 3a YMOBH, IO 3a0€3MeYye€ThCsl BUKOHAHHS TMPUHIIUIIB
JOCTAaTHOCTI Ta 1HBAPIaHTHOCTI BHUKOpPUCTaHOi 1H(dopMamii. Akmo x
HACTyITHA MOJIeJIb HE € CKJIAJ0BOIO TOMEPE/IHIX, TO paHilie modyaoBaHi
MOJENl TOBUHHI OyTHM CKOpUrOBaHi Jyisi 3a0€3MEUYeHHs MPUHIUITY
HACTYITHOCTI.
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BaxxnuBUM 13 TOYKH 30py MPAKTUYHOTO BUKOPHCTAHHS KOMILICKCY
MoJiesied € TPpUHIUI e(PeKTUBHOCTI peam3aiii. Jl1si Moro BHKOHaHHS
HEO0OX1/THO, 00U KO)KHAa MOJIEibh MOTjia OyTH peaiizoBaHa 3 JOIMOMOIOI0
CydyaCHHX MpPOrpaMHHUX Ta  TEXHIYHMX 3ac0o0iB. 3 Jpyroi CTOpPOHH,
BUKOHAHHS TaKOTO MPUHIIMITY BUMarae 3a0e3nedeHHs BiATIOBIHOT TOYHOCTI
BXIJTHUX JTaHUX, TOYHOCTI PO3B’A3KY 3a7adi 1 Ti€l TOYHOCTI BHCHOBKOBOI
1H(popMmaIlli, sika JOCTaTHS JIsl JOCATHEHHS TPAKTUYHUX LIICH.

[IpyHIOUIT 1HTETPOBAHOCTI TMOJATaE B TOMY, IO B3a€MOBIIHOIICHHS
YACTHUHM Ta IIJIOTO XapaKTEPU3YIOThCS CYKYITHICTIO TPhOX €JIEMEHTIB:

1) BUHUKHEHHSAM B3a€MOJIIFOYUX CUCTEM — 3B’S3KIB MK YaCTMHAMMU

IILJIOTO;

2) BTpATOIO JICSIKMX BIACTUBOCTEH MPH BXOJXKEHHI B IILJIb;

3) MOSIBOO HOBUX BIIACTMBOCTEH Yy IIJIOTO, 3YMOBJICHHUX BIIACTH-

BOCTSIMH CKJIQJIOBUX YaCTHH.

[IpuHUMIT HEBU3HAYEHOCTI MPUIYCKAE, 10 HA TPAHUYHUX MeEkKax
€KOHOMIYHI TpoIleCM YITKO HeBu3HadeHi. [lepeOir mporieciB y yaci
MPU3BOAUTH JI0 TOTO, IO BOHU IMOCTIMHO 3MIHIOIOTBCSA, 1 SKIIO HaBITh
3MOXEMO BCTAaHOBUTH OYJIb-sIKI XapaKTepHI BIACTUBOCTI  YH SIKOCTI
MpoIieCy, TO BOHHU MPOSBISAIOTH iX TIIBKM B TEBHMM MOMEHT 4Yacy 1 B
3a/aHiil curyailii. ToOTO Ha MIKpOPIBHI €KOHOMIYHI MPOIECH HEOOXITHO
PO3IIISIATH 3 YpaXyBaHHAM BUIMMAJAKOBUX (PaKTOPIB.

[IpyHIIMT HEBM3HAYEHOCTI A€ MOKJIMBICTh CTBEP/IXKYBaTH, 1110 iICHY€
piBeHb (haKTOPiB, Masi BIAXWIICHHS KOTPUX HE BUKJIMKAIOTh 3MiH Yy CTaHI
cucteMu. OgHaK B MIpY YCKJIAQTHEHHS MOJEIl CUCTEMHU MH XOUYE€MO
IpeJMeTHIIIEe aHadizyBatu ii. Pa3oMm 3 TUM aOcTparyerbcs pPoO3B’ 30K
3a/1a4i, a 1 pe3yJabTaTH MOKYTh BTpadyaTH MPUKIIATHUMN 3MICT.

[IpuHIIUIT TOJOBHUX KOMIIOHEHTIB BOAYa€EMO B TOMY, IO B PI3HUX
CUCTEMax ICHYIOTh MOAIOHI BUIM MIsUIBHOCTI (YNPaBIiHHS, PETYIIOBaHHS,
pPO3MOJITY Ta 1H.), SIKI MOXKHA BUJUIUTH SIK CTaHAAapTHI. BoHM OyBarOTh
HE3MIHHUMHM Ha JIESIKOMY TMPOMDKKY dYacy W MOXyTh OyTH JeIlo
MOIIOHUMH MOJCIISIMH.

[TogaHi OpUHIMIIN AAIOTh MOXJIMBICTH OyIyBaTH JOBLIBHY OKpEMY
MOJIeTb (PYHKITIOHYBaHHS €KOHOMIYHHUX CHCTEM 1 TapaHTyIOTh MOXKJIUBICTh
il MOBHOT CyMICHOCTI 3 IHIIIUMH €KOHOMIKO-MaTeMaTHIYHUMU MOJIEIISIMU.

3ajeXHO BIJT KOHKPETHOI CHUTyallll MOXJIMBI Taki MIIXOAW 10
o0y 10BU MOJIENICH:

e OesnocepenHii aHami3 QYHKIIOHYBaHHS CUCTEMU;

® MPOBEICHHSI OOMEKEHOT0 €KCIIEPUMEHTY HaJl CAMOIO CUCTEMOIO;
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® BUKOPUCTAHHS aHAJIOT1B;

e aHaii3 BXIIHUX JAHUX.

[Iponienypy mnoOymoBu Mol Ta MIATOTOBKY YIPaBIIHCHKOIO
pIIICHHS Ha OCHOBI EKOHOMIKO-MaTeMaTHYHHUX METOJIB  MOJKHA
NpeACTaBUTH 3 JOMOMOIOI0 Py B3a€EMO3B’SI3aHUX €TamiB, Xo4ya B
KOHKPETHUX BHMAJKaX JCSIKI €Talld MOXKYTh OIyCKAaTHCS, a P MPOIEAYP
TUTs1 TOOYTOBH MOJIEI1 — BECTHCH TapajiebHO.

1. Ilocmanoexa 3adaui ma opmyno8anus memu 0OCAIOHCEHH.

OnucyBaHOMY €Tally Tepeaye€ BUHUKHEHHS MPOOJIEMHHUX CHUTYaIlii,
YCBIJIOMJICHHS SIKUX TMPHU3BOAUTH A0 HEOOXIJTHOCTI iX y3arajibHEHHS abo
BUPIIICHHS JIJI1 MallOyTHBOTO JIOCSITHEHHS MEBHOTO €(hEeKTY (KOPHUCHOCTI).

OcHOBy eTaly CKJIaJa€ KOMIUIEKCHUM aHam3 (YyHKI[IOHYBaHHS
00’eKTa JOCIIIKCHHS, BHUSBJICHHS HOTO MpoOJeMHHX Micie. Jlam iae
OMHUC HaANOIIBII XapaKTePHUX BJIACTUBOCTEH 00’€KTa, BUBUYEHHS WMOTO
CTPYKTYpU Ta B3a€MO3B’s3KiB. TyT BaXJIMBUM MOMEHTOM €
dbopMyTIOBaHHS TIMOTE3 IIOJ0 TOBEAIHKA Ta PO3BHTKY 00 €KTa.
3aBepulyeThbCsl JOCHIKYBAaHUM €Tanm OMUCOM IIOCTaBJICHUX 3aBlaHb Y
BUTJISI 3a7a4l Ta chOPMYJIbOBAHOI METH JOCIHIIKEHHS 3 JOIMOMOTOI0
KPUTEPIIO YU KPUTEPIiB €(PEKTUBHOCTI.

2. Ilobyoosa konyenmyanvuoi (¢popmanizosarnoi) mooeni. bazoBoro
OCHOBOIO JIJIsl TOOYJIOBU MOJIeNl 00’ €KTa € MOro KOHIENTyajlbHa MOJEIIb.
[lin KOHUENTYaIbHOIO MOJEIII0 00’ €KTa PO3YMIEMO CYKYITHICTh SKICHHX
3QJIEKHOCTEH KPUTEPIIB ONTUMAJIBHOCTI 1 PI3HOTO POAY OOMEKEHb BIJ
¢dakTopiB, CyTTEBUX [JIs QJCKBATHOTO BigoOpa)keHHA (YHKITIOHATBHUX
XxapakTepucTuk o0’ekta. Ha apyromy erami BinmOyBaeTbes opmaiizailis
ICHYIOUOl E€KOHOMIYHOI MpoOJieMH, fAKa TOJISITa€ y BUPAXKEHHI 11 3
JOTIOMOTO0 MaTEMAaTUYHOI CUMBOJIIKA YE€pe3 BIAMOBIJIHI 3aJ€AKHOCTI Ta
BIIHOIIIEHHA. SIK pe3ynbTar, Ha 3aBEpIICHHS €Talmy MU OTPUMYEMO
MaTeMaTU4Hy 3a7ady, fKa Ma€ UIIbOBY (DYHKIIIIO Ta BIANOBIIHY CUCTEMY
O0OMEKEHb.

KonrenryanbHa MoAenb Bi1I0Opakae OCHOBHI €JIEMEHTH:

e yMOBH (YHKI[IOHyBaHHS 00’€KTa, BH3HAUCHI XapaKTepOM
B3a€EMOJIIT MDK OO0’€KTOM 1 HMOTro OTOYEHHSM, a TaKOX MIXK
eJIEMEHTaMH 00’ €KTa;

® METy JOCHIDKEHHS OO0 ’€KTa Ta HaNpsAMOK TMOKpalleHHs HOro
(byHKITIOHYBaHHS;

® MOXJIMBOCTI  KEpyBaHHA OO0 €KTOM, BHU3HAYEHHSA  CKJIaay
KEPOBaHUX 3MIHHUX 00’ €KTa.
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VY nporeci GopMyTrOBaHHS KOHIENTYAJIbHOT MOJAE 00’ €KTa MOXYTh
BUHUKATHU TaKl MpoosieMu:

e 1100y/I0Ba CIPOIIEHOTO 1 B TOM € Yac aJeKBaTHOI'O MOCTAaBJICHIM
METI TOCIIKCHHS CIIeHapito (GyHKI[IOHYBaHHS 00’ €KTA;
dbopMyIIOBaHHS Ta YTOUHEHHS METH JOCIIIKEHHS;
dbopmaizaliisi METH B KPUTEPil ONTUMATBHOCTI;

(opmatizaliisi 30BHIIIHIX Ta BHYTPIIIHIX 0OMEXEHb;
BUOIp (hakTOpiB, 5Kl OMHCYIOTh OO0 €KT 1 MOTrO OTOYEHHS, KOTPi
NMOBUHHI OyTH BpaxoBaHI MpH JOCIIPKCHHI 1, BIAMOBIIHO,
BKJIFOYEH1 B MAaTEMaTUYHY MOJICIIb;
o xiacudikaiis (akTopiB 1 BHOIp cepeq HUX B MEpIIy Yepry
KEpOBaHUX 3MIHHUX.

[ToOynoBa  KOHIENTyalbHOI MOJEII € BaXKJIWBUM  €TalloM
MOJICTTIOBAHHS, OCKIUJIbKM BIH BHU3HA4Ya€ HANpPsSMKU, I Ta 0OJIacTh
JOCIIKEHHs. 3aBepIialbHUM KPOKOM MOOY0BH KOHIENITYaIbHOT MOJIET]
€ OLlIHKA B MallOyTHhOMY ii aJICKBATHOCTI MOJICJTIOIOUii CUTYyaIlii.

3. @opmysanns ingopmayitunoi 6azu mooeni. Tperii eram €
HaOUIbII TPYJAOMICTKUM, OCKIJIBKH BIH MPEJCTABISE€ COOOI0 HE TUIbKHU
npocTuil cratuctTuuHuil 30ip 1Hdopmarnii. TyT BHCYBarOTbCS JOCUTH
BHCOKI BUMOTH JIO SIKOCT1 Ta JOCTOBIPHOCTI MiATOTOBJICHOT 1H(pOpMAIIii.

[Ipn (dbopMyBaHHI 1H(pOpMaLIifHOTO 3a0€e3neYeHHs
BUKOPHUCTOBYETHCS MAaTeMATHUYHUI THCTpYMEHTapii Teopii HMOBIPHOCTEH,
€KOHOMETPUYHOTO MOJIeTIOBaHHA. TyT Mae MiCIle HETIEPEPBHICTh MPOLECY
(opmyBaHHs HEOOX1HO1 1H(POpPMAIlli, IKUN MOJArae B TOMY, 110 BUXIJHI
mapaMeTpH OJHIET MOJIeTIl MOXKYTh CIIY)KUTH BXITHUMH ITOKa3HUKAMU IS
1HIIIO1.

4. Ilobyoosa uucnosoi exkonomixo-mamemamuunoi mooeni. Ha
OKpECIICHOMY eTaml Ha OCHOBI KOHIIENTyaJdbHOI MOJENl 31HCHIOETHCS
dbopMyBaHHS YHCIIOBOI MaTeMatu4yHoi Mmozeni o0’ekta. ['onoBHa
mpoOiiemMa  eTrammy —  BU3HAQYCHHS  KUIBKICHMX  MaTeMaTHYHHX
CHIBBIHOIICHb, SKI (OPMaTi3yIOTh SKICHI 3aJ€KHOCTI KOHIENTYaIbHOI
Mojieni. HaBiTh 3a HasBHOCTI MOBHICTIO PO3POOJICHOTO CIIEHApilo I
CIIBBIIHOIIICHHSI MOXKYTh OYTH HEOYEBHJAHUMHU. Y 3B’SI3KYy 3 IIUM YacTO
BUHHMKA€ HEOOXIJTHICTh Y BUKOHAHHI MPOMIDKHOIO €Tamy MK MOOYAOBOIO
KOHIIENITYaJbHOI 1 MaTeMaTUYHOI Mojieel 00’ekTa, TOOTO TEPETBOPECHHS
CLICHApIIO B aJrOPUTM, SIKUM MOJEIIOE B3aEMOJII0 €JIEMEHTIB MIXK COOO0
Ta OTOYCHHSM B JTWHAMIIII.

Jns  peamizaiii  MareMaTH4YHOI  MOJENl HA  MEPCOHAIBHUX
KOMIT FOTE€pax BOHAa Mae OyTH MPEACTABICHOI B YHCIIOBIM (popmi, TOOTO
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3a/JlaHl 4YMCJIOBI 3HAYEHHS KOHCTAHT, TpaHUIl 3MIHM HEBU3HAYEHUX
¢dakTOpiB Ta KEPOBAaHUX 3MIHHHUX, 3aKOHHM PO3IOALITY BHIAIKOBUX
BEJIMYMH. 3aBeplIaibHUM KPOKOM (DOpMYBaHHS MaTEMAaTHMYHOI MOJENI €
OIliHKa 1i aJIeKBAaTHOCTI CTOCOBHO /10 KOHIIENTYaJIbHOI MOJICITI.

5. Yucnosuu poze’szoxk 3aoaui. Etanm JOCHIPKEHHS YMCIOBOI
MaTeMaTUYHOI MOJEII PO3MOYMHAETHCA 3 11 aHami3dy (BIAHOIICHHS 10
MEBHOTO KJIacy MOJIeNeil), BUOOpY BIAMOBIIHOTO METOY ii pO3B’sI3aHHS Ta
nmporpaMHoOro 3ade3nedeHHs. ['osoBHa mpobdieMa 1bOro eTamy — po3pooka
QIrOPUTMY ONTUMAJIBHOTO abo0 HaKpamoro B 3aJaHUX YMOBax
PO3B’sI3aHHS MEBHOI 3a/1a4i.

BpaxoByroun BHJ YHCIOBOI E€KOHOMIKO-MaTeéMaTHYHOI MOJEI,
MPUKAMAIOThCA BIAMOBIAHI PIMIEHHS CTOCOBHO MOJANBIIMX i, SKino
OTpUMaHa MOJIEJb 3a/1a4l Ma€ CTaHAAPTHUW BUJ, MJIA HEl ICHYIOTh Bigomi
QITOPUTMH, a TAKOXK MPOTPaMHI MPOIYKTH 3HAXOJKEHHS PO3B’SI3KIB, TO
TyT B1IOYBa€TbCsl BCE MyXe€ TMPOCTO. B MNpOTUIEKHOMY BHUIAIKY
JOBOJUTHCS  PO3POOJISITU  allTOPUTM  PO3B’A3aHHA Ta  (OpMyBaTH
BIJIMOBIIHE Mporpamue 3abe3neueHHs. OTpuMaHi YUCIOB1 PO3B’A3KU Jaji
M1JITAI0THCS CYTTEBOMY KIJIbKICHOMY aHaJIi3y.

6. Ananiz uucnosux pes3yibmamis i NPUUHAMMS pimeHb Ha nsomy
eTarl BUPINIYETbCS BAXJIMBE MUTAHHS BIIHOCHO MPABWIHHOCTI Ta TOBHOTHU
pe3yibTaTiB  MOJENIOBAaHHS, 1, SIK  pe3yJbTar, po3poOJsIOThCA
pEeKOMEHIAII1 SISl TPAaKTUYHOTO BUKOPUCTAHHS MPH MPUUHSITTI BUT1THUX
piteHb ado i YI0CKOHAJIEHHS MOJIEII.

3aBepliaibHUM  KPOKOM  MpOUEaypy  MNOOYJAOBH  EKOHOMIKO-
MaTeMaTUYHOI MOJIETl € OIlIHKa TOYHOCTI OJIEp’KaHUX PO3pPaxyHKIB Ta
BUPOOJICHHS HA 1X OCHOB1 €()eKTUBHUX MPUKIIATHUX PIIICHb.

EdexTuBHICT, TPUUHATTSA pIllIEeHb Yy BEJIUKIM MIpl 3aleKUTh BIJ
PIBHS JOCSATHYTOI METH JOCJIPKCHHS, SIKa B CBOIO UEpPry BHU3HAYAETHCS
IIJIbOBOIO (PyHKIIE0. Moaem MOXyTh Oy yBaTUCh JJISl TOCATHEHHS TaKUX
UIEH:

1. BusBieHHs (QyHKIIOHAJIBHUX CIIBBIIHOIICH, — BHU3HAYCHHS
KUTBbKICHUX 3QJICKHOCTEH MK BX1THUMH (DAKTOpaMH MOJICII Ta BUXITHUMU
XapakTepucTukaMu 00’ekTa gociipkeHHsa. IlomgiOHoro pomy mopeni 3a
CBOIM XapaKTEpPOM € OMHUCOBUMH 1 MPUCYTHI MPU MOOYA0BI MATEMATUIHUX
Moiesien Oyab-sIKUX BU/IIB.

2. Amnami3 4yTIUBOCTI — BCTAHOBJICHHS 3 BEJIUKOTO YHCJa HAsSBHUX
dakTOopiB THMX, SKI 3HAYHOIO MIpPOI BIUIMBAIOTH HAa  BUXIAHI
XapaKTEPUCTUKU  00’€KTa MOCHIKeHHS. Mojem aHamizy 4YyTJIMBOCTI
MOBHHHI 000B’SI3KOBO IepeadayaT MOXKJIUBICTh Bapiallii paay GpakTopis i
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MOXYTh OYyTHM BHUKOPHUCTaHI TaK CamMoO JJisi OI[IHKKM TOYHOCTI PO3B’S3KiB,
OTPUMAHHUX 3a JOMOMOTOI0 MOJIENeH Oy Ab-IKUX THUIIIB.

3. IIporHo3 — oiiHka MOBEAIHKM O0’€KTa Ha YacOBOMY I1HTEpBai
Ipu JACSKOMY JOMYCTUMOMY IO€JHAaHHI 30BHINIHIX yMOB. IlepeBakHO
3a/1a4l MPOTHO3Y € JUHAMIYHUMU BIJTHOCHO BXIJIHMX MapaMeTpiB 1 B AKOCTI
HE3aJeXKHOI 3MIHHOI BHCTymae d4ac. Mojenl TPOrHO3y TaKOX €
OIMCOBUMHU.

4. OmiHKa — BHW3HAYEHHS, HACKUIBKH aJIeKBaTHO 00’ €KT
TOCHiKeHHS OyAe BIAMOBiAaTH JAESKUM KpuTepisiM. Ha BiaMmiHy Bif
pPO3IJITHYTUX BHWIINE THUIMIB MOJIENICH, MOJEIl OIlHKKA BKJIIOYaIOTh
PO3paxyHKH IHTETPATIbHUX XapaKTEPUCTUK — KPUTEPIiB, sIKI POpMaITi3yrOTh
METy JOCHIDKeHHS. Mojeni OLHKM 3aiiMaroTh MOPOMIKHE MICIE MIXK
OMHUCOBHUMHU 1 ONTUMI3AIIHHUMU MoJIeNIsIMU. B HUX 3aaH1 KpUTEpii 1 HOro
JesIKe «KPUTUYHE» 3HAUYCHHS, ajieé MPOBOJIUTHCS HE ONTHUMI3allis, a JIUIIe
MOPIBHAHHS PO3PAXyHKOBOTO 3HAYEHHS 3 «KPUTUYHUMY», TICIS YOTO
NpUAMAETbCS  PIMIEHHS TPO 3a/I0BOJICHHA XapaKTEPUCTUK 00’ €KTa
MOCTaBJICHUM BUMOTaM.

5. TlopiBHSHHA  —  CHOIBCTaBJICHHS  OOMEXKEHOTrO  4HcCia
aJbTEpPHATUBHUX BapiaHTIB CUCTEeM a00 CIIBCTaBJICHHS JEKUIBKOX
MPUAHATHUX TIPUHIIUIIB Y¥ METOMIB 1.

Yucio BapiaHTIB NPUINYCKAETHCS HE3HAYHUM, Y 3B’SI3KYy 3 UYUM
OIIHIOIOTHCS BC1 BapiaHTHU, TOOTO 3MIMCHIOETHCS MOpsIMUN Tiepedip Bciel
MHOXHUHU. XO04Ya MOJIEJl OKPEeMOro THUIy OJIM3bKI 0 ONTUMIZAIIHHUX,
crielialbHUM OJIOK ONTUMI3AIll Y HUX BiJACYTHIH.

6. OnTumizailisi — TOYHE BU3HAYEHHSI TAKOTO MOEJHAHHS 3MIHHUX
KEpyBaHHS, MPU SKOMY 3a0€3MeUy€ThCs eKCTpeMalbHe (MakcuMaibHe abo
MIHIMaJIbHE 3aJIe)KHO BiJl 3MICTY KPUTEPil0 ONTHUMAIbLHOCTI) 3HAYCHHS
1iIboBo1 (yHKINI. CyTTeBa PI3HUIIA BiJ HABEICHOTO BHIINEC BHMIAIKY —
HAsBHICTh  CHEIlaJbHOrO  OJIOKY  ONTUMi3allii, SKUH  J03BOJISIE
IIJIECTIPSIMOBAHO 1 HaMOULIbIT €(DEKTUBHO 3 OOYMCIIIOBAIBLHOI TOYKU 30Dy
NeperisiIaTi MHOKUHY aJbTepPHATHBHUX BapiaHTIB.

VY 3aragbHOMY BUIMAJKY SKICTh €KOHOMIKO-MAaTEMaTUYHOI MOJEI
BU3HAYAIOTh  B3a€MOJONOBHIOBAIBHI  OJHA OJHY  XapaKTePHUCTUKHU
aJIEKBATHOCTI, CTIMKOCTI Ta KOPUCHOCTI MOJIEJ, 5IKI MOKHA TPAKTyBaTH SIK
MOTOJIKEHHA 1HGOpMaIlli, 0 OMUCY€E PYHKIIOHATBHI MOKIIMBOCTI MOJIEII,
3 HasiBHOIO 1H(OpPMALII€I0 MPO peabHUU 00 €KT JIOCTIKCHHS Ta METY
MOJICJTIOBaHHS. Y3arajabHeHl (DaKTopH, SIK1 OMUCYIOTh PIBEHB IUX SKICHUX
XapaKkTepUCTHUK, MO1aHo Ha puc. 1.3.1.
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SkicTh

€KOHOMIKO-MaTeEMaTUYHOI MOJEI1

/l\>

Crymniab Crymniab Cryminb
aJIEKBATHOCTI CTIHKOCTI KOPHUCHOCTI
MoJieil MoJiei MOJIENI
[ToromKeHicTh 31aTHICTE MOJEN] Bnactusicts
MOJIEI 3 BXiTHOIO JOCSITHYTH TIPOTHO3HUX MOJIEIN1 T0CSATHYTH
iHopMaIiitHOIO PO3paxyHKiB IIPU [IOCTaBJIEHO1
623010 neBHUX Jeopmariisx METH
MOYaTKOBHX YMOB
! !
MaxkcumanbHUA HassHicTb HasBHICTE 3MIHHUX, SK1
o011k 1HopMarrii GyHKIIOHATBHUX JAIOTh MOYKJIMBICTB
po 00’ €KT Mpu XapaKTEPUCTUK C(POPMYHIOBaTH ITATaHHA
inenTudikamii ONITUMAJIbHUX Ta IHTCPIPETYBATH
MoOJIeIl PO3B’SI3KiB CKJIaJI0OB1 MOJE1

Puc. 1.3.1. ®aktopu sIKOCTI MOJETi

1.4. ExoHomika fIK 00’€KT MAaTEeMATHYHOI'0 MOJAEJTIOBAHHSA

MaremaTidHe MOJEIIOBAaHHS CIIYT'YE JIEBUM 1HCTPYMEHTOM TIpPH
po3poOIll Ta TPUKIATHOMY BHUKOPHUCTaHHI METOJIB ONTHMAIBHOTO
KEpYBaHHSI PI3HUMM OpraHizaliiHuMu cucteMamu. Jlo opranizamiiHux
CUCTEM BIJHOCSTHCS ITPOMHMCIIOBI MIAMPUEMCTBA PI3HUX (OPM BIACHOCTI,
BUPOOHMY1 00’ €THaHHS, KOHIIEPHHU, aKI[IOHEPH1 1 MPUBATHI MiMPHUEMCTBA,
€KOHOMIKa HapOJHOTOCIOAAPCHKOIO0 KOMIUIEKCY 3 1l CTPYKTYpHUMU
CKJIQTHUKAMHU.

KepyBaHHSI JOBUIBHOIO CHCTEMOIO PEaTI3YEThCS SIK MPOIIEC, SKUU
HIAMOPSIAKOBYETCS ~ TEBHUM  3aKOHOMIPHOCTSIM.  3HaHHS  IHX
3aKOHOMIPHOCTEH JO0mOMara€ BH3HAYUTH yMOBH HEOOXITHOCTI Ta
JOCTATHOCT1 YCIIIIHOTO BIAOYTTS AOCHIIKYBAaHOTO mpoiiecy. s 1mporo
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BC1 IapaMeTpH, 110 XapaKTEePU3yKTh MPOIIEC 1 30BHIIIHI YMOBH, TOBUHHI
Oyt KUIbKICHO Bu3HaueHMMHU. OTKe, METOAM MaTeMaTUYHOTO
MOJICTTIOBAHHS — KIJbKICHE OOIpYHTYBaHHS NMPUUHSITTS PIllIEeHb BiJTHOCHO
OpraHi3aliiHOro KEpyBaHHS.

CyuacHa €KOHOMIYHA HayKa K Ha MIKpPO-, TaK 1 Ha MaKpOpPIBHAX Y
CBOIX TMPUKIATHUX JOCTIKEHHAX IIUPOKO BUKOPUCTOBYE HasSBHUUN
IHCTpYMEHTapii MaTeMaTUYHUX METOJIB i1 (POpMai30BAHOTO OIMUCY
ICHYIOUMX CTIMKUX KUIBKICHUX XapaKTepUCTHK Ta 3aKOHOMIPHOCTEH
PO3BUTKY COI1aIbHO-EKOHOMIYHUX CHCTEM.

OCHOBHMMHM METOJaMH JIOCTIDKCHHS CHUCTEMH SIBISIETBCS METOJ
MOJICJIFOBaHHS, TOOTO 1HCTPYMEHT TEOPETUYHOr'O0 aHATI3y Ta MPaKTUYHUX
Til, CIPSIMOBaHMUI HA PO3POOKY, BUBYEHHS Ta BUKOPUCTAHHS MOJIETIEH.

3HayHUN KJac MaTeMaTHYHUX Mojelield, SKI MawTh Ha3BY
MaKpOCKOHOMIYHUX, BUKOPUCTOBYETHCA JJII  PO3POOKM  CIIEHApiiB
PO3BUTKY COILIAIbHO-CKOHOMIYHUX CHCTeM. BOHM Jar0Th MOXKJIMBICTH
BIIMOBICTH HA 3allUTAHHS: «I110 Oyje, SKIIO...?», TOOTO 10 CTaHEThCS 3
IHITAMH TTapaMeTpaMHu, SKIO0 OAWH 13 HUX 3MIHUTH. Hampukmnazn, sKImo
MIJBUIIUTH CTaBKy MOJIATKy Ha JOJIaHy BapTicTh HA P %, TO SIKUM YUHOM
e B1110’eTbes HAa 1eiuuTi yu npodiuuTi OromxKeTy?

OgauM 13 NpUKIaAIiB  MaKpOCKOHOMIYHUX MOJEIel € Teopis
CKOHOMIYHHMX IHUKIIB (XBWIb). BoHa BUSBISE LMKIIYHI KOJMBAHHSI B
€KOHOMIIII, SIKI MalOTh Pi3HY NEPIOJUYHICTh 1 BUKJIHMKAHI 1HBECTUIIHOIO
aKTUBHICTIO, TEXHIYHUM POTPECOM, HOPMOIO npUOYTKY
KamiTaJIOBKIaJeHb 1 MPOAYKTUBHICTIO Tipami. Taki MoOJeai MOXYTh
CIIY>KUTH JJI1 BUSBJICHHS JOBrOTEPMIHOBUX TEHJICHIIINA 1 MPOTHO3IB. Y
JOCIIPKYBAaHOMY KJIaci Mojiefield BUBYAIOTHCS PI3HOMAHITHI TIPUITYIIICHHS
CTOCOBHO 3aJICKHOCTI BJIACTHBOCTEH €JIeMEHTIB MOJEIl B Yacy Ta
MOETHAHHS CAMUX €JIEMEHTIB.

Mopeni Mikrany3eBoro 0anaHcy, HUIIXOM TPYITyBaHHsI M1IPUEMCTB
32 TaJly3€BUMHM Ta pPEriOHAJbHUMHM O3HAaKaMH, 3MEHIIYIOTh Jiana3oH
PI3HOMaHITHOCTI B €KOHOMIYHOMY TipocTopi. Hanpukinasn, Bigoma MoJenb
JleoHThEBA JJa€ MOKJIMBICTH OIIIHUTH: HACIIJKKA 3MIHHM KiHIIEBOTO IOIHTY
IUISL PI3HUX CEKTOPIB €KOHOMIKH, HACTIJIKHU 3arajJbHOIO POCTY 3apOO0ITHOI
IJIATH JUIs1 KOXKHOI TPYIH JISUTBHOCTI, BY3bKI MICII €KOHOMIKH, HACIIJIKU
MIEPETBOPEHbL B CEKTOpPaX €EKOHOMIKH, BIUITMB 30BHIITHbOCKOHOMIYHHUX
3B’ SI3KIB.

Mogeni nuHaMIYHOI PUHKOBOI PIBHOBArd J0O3BOJISIIOTH BUBYUTHU
B3aEMHUU BIUIMB TOMUTY, MPOIMO3HUIII NMEBHOIO PEeCypcy UM TOBapy Ha
pI3HMX pUHKax 1 LIH Ha HUX. Taki MOJEN TaKOX CHPUSIOTH OLIIHIOBAHHIO
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BILUIMBY TOJIATKOBOI 1 OIOJIPKETHOI MOJITUKUA Ha THQIIAIII0, HA CTUMYJISIIIO
YU CTPUMYBAHHS €KOHOMIYHOTO POCTY. 3HAHHA 3raJlaHuX 3aJIeKHOCTEHN
J0TIOMarae CIporHo3yBaTH PO3BUTOK CHUTYaIlli MpU THX a00 IHIIMX AisX 1
HaMipax ypsiay, HallpuKIiaa, npu GopMyBaHHI OIOIKETY.

PosristneMo xapakTepHi 0COOIMBOCTI MATEMAaTHYHOT'O MOACTIOBAHHS
€KOHOMIYHUX IIPOIIECIB.

[To-nepire, MaTeMaTUYHE MOJICTIOBAHHS SIK METOJOJIOTISI HAYKOBUX
JOCIIPKEHb TMO€IHYye B €001 Haa0aHHS PI3HUX Taly3ed HaykKd TMpo
MPUPOAY Ta CYCHIILCTBO, a caMe: MPUKIAJHOT MaTEMAaTHUKH, 1HPOPMATHUKHU
Ta CUCTEMHOT'O aHaJli3y JJId BUPIIIEHHSA (PyHAAMEHTAIbHUX MPOOJIEM, SKi
MalOTh  BaXJIUMBE  MAaKpPOCKOHOMIYHE  3HaueHHsI.  MaremaTuyHe
MOJICJIIOBaHHS O0’€KTIB CKJIAAHOI MPUPOAU — €AUHUN 3aMKHYTHH UK
po3po0OK  BiA  PyHAAMEHTAIBHOTO  JOCHIUKEHHS  OpoOJeMH 10
KOHKPETHUX  YHCJIOBHUX  PO3PAaxXyHKIB  TMOKa3HUKIB  €(PEKTHUBHOCTI
dbyHKIIOHYBaHHSI 00’€kTa. Pe3ynbTaroM po3poOOK Moxke OyTH cucTema
MaTeMaTUYHUX  MOJENE, Kl  SKICHO ONHUCYIOThb  PI3HOMAHITHI
3aKOHOMIPHOCTI (DYHKITIOHYBaHHSI 00’€KTa Ta HOTO €BOJIIOIII0 B IJIOMY,
K CKJIaJIHOI CHCTEMH B PI3HMX yMOBax. P0O3paxyHKOBI €KCIIEpUMEHTH 3
JIIOIIOMOTOK0 MaTeEMATHYHHUX MOJEJIEd Mar0Th BUXIOHI JaHl JUIA OLIHKH
MOKa3HUKIB e(PEeKTUBHOCTI (yHKIIIOHYBaHHs 00’ekTa. ToMy mMaTemMaTH4YHE
MOJISTTIOBAHHS SIK METOOJIOT1sI OpraHi3allii HAayKOBOi €KCTIEPTU3H BEIMKUX
npoOJieM € He3aMIHHUM MPU MPUUHATTI MAKPOSKOHOMIYHHUX PIIIEHb.

[To-npyre, 3a CBO€IO CYTTIO MaTEMAaTUYHE MOJICTIOBAHHS € METOJIOM
pO3B’A3aHHS HOBHUX CKJIQJHUX NPOOJeM, TOMY JAOCHIIKEHHS 3 HOTo
JOTIOMOTOI0 MOBUHHO OyTH YNEpeIKEHUM: Tpeda 3a31aJIerib PO3pO0IISITH
HOBI METOJM Ta TOTYyBaTH CIICIiaiCTIB-aHAITHKIB, SIKI 3MOXYTh 31
3HAHHSIM CIIPaBM BUKOPUCTOBYBATH 1[I METOAM MJisi PO3B’A3aHHA HOBHX
MPUKJIATHUX 3a]1a4.

[To-TpeTe, Ti, Bi KOrO 3aJICKUTh PO3MOILT PECypCiB, Ie HE
MOBHICTIO YCBIJIOMUJIU, 1110 METOJIM MAaTEMAaTUYHOI'O MOJICJIFOBAHHS MalOTh
BEJIMKE HAPOJHOIOCHOAAPChKE 3HAYEHHS 1 BIJ 1X PO3BUTKY 3AJICKUTH
PO3BUTOK COIIaJIbHO-€KOHOMIYHOTO Ta HAYKOBO-TEXHIYHOTO MPOTrpPecy
kpainu. JlocBim TMoOkaszye, 110 BIIHOCHO KOMIIaKTHI, ajie Jao0pe
CTPYKTYpOBaHI MaTeMaTH4Hl MOJENl Jal0Th MOXKJIMBICTb OTPUMYBaTH
HETPUBIAIbHI PO3B’SI3KU CKJIAJIHUX €KOHOMIYHHUX MPOOIIEM.

Y Toil xe dYac HEOOXIIHO 3BEpHYTHM yBary Ha JBlI BaXXJIMBI
0COOJIMBOCTI €KOHOMIKH K 00’ €KTa MOJICITIOBAHHS

® B EKOHOMII HEMOX/INBI MOJEIl MHOMIOHOCTI, SIKI 3 BEIHUKHUM

yCIIIXOM BUKOPUCTOBYIOTHCSI B TEXHIIIL;

34



® B CKOHOMINI JOyXe OOMEXEHI MOJMJIHUBOCTI  JIOKaJbHHUX
CKCIICPUMEHTIB, OCKUJIBKM BCI 1i CKJIaJ0B1 TICHO B3a€EMOIIOB’s3aHi
MDK co0Ol, 1, SIK HAcCHiJOK, «YHUCTHUN»  EKCIIEPUMEHT
HEMOXKJIUBUM.

VY Takomy BUIMAJKy MPOTHO3HHI PO3BUTOK Ta MependadeHHs Horo
HACJIJIKIB MOJJIMBI JIMIIE HA OCHOBI KOHUENTYyaJIbHUX MOEIeH
(GyHKIIIOHYBaHHSI €KOHOMIKH, SIKI B CBOIO Yepry CKJIQJarTh (PyHIaMEHT
MaTEMaTUYHOTO MO/ICJIFOBaHHS.

IIporiec po3poOKKM MaTeMaTHYHUX MOJIENIEH JOCUTH TPYJIOMICTKHIA,
ajie 1€ BaX4e JIOCATHYTH BHUCOKOTO CTYNEHS aJeKBAaTHOCTI 00’ €KTa
TOCITIKEHHS Ta MOJICTI.

[Ipy BUKOHaHHI CBO€l TOJOBHOI (PYHKIII €KOHOMIYHA CHCTEMa
3MIMCHIOE Taki Mii: PO3MIIIY€E PECypPCH, BUPOOISE IPOMAYKIIIIO, PO3IOALIIE
MpeIMETH CIIOKUBAHHS Ta 31MCHIOE HarpoMakeHHs (puc. 1.4.1).

ExoHomika
Banosun
. BHYTPIILIHIA MPOAYKT
IPUPOJIHI
pecypcu
CHOXUBAHHS
> ,
BUPOOHUITBO [ PO3HIOALI >
>
TPYAOBI1
pecypcu

Puc. 1.4.1. ExoHOMIKa SIK MiiCKCTEMA MIPUPOJIU Ta CYCIIIbLCTBA

OcHOBHA MeTa EKOHOMIKH — 3a0€3MEeUYEeHHS CyCIIIbCTBA IPeAMETAMU
CIIOKMBAHHS, OCOOJIMBO TaKWMH, SKI CTBOPIOIOTH YMOBH JJisA Oe€3IeKu
CcycniibcTBa. EKOHOMIKa CKJIQIa€ThCsl 3 €JIEMEHTIB — TOCIOAAPChKUX
oauHuUlb (mianpuemMcTs, (pipMm, OaHkiB, KommaHiid 1 T.1.). Haacucrema
€KOHOMIKH — TpPHUpOJAa 1 CYCHIIbCTBO, JABI i1 TOJIOBHUX TIJCUCTEMH —
BUpoOHMYAa Ta (iHaHCOBO-KpeauTHa. DyHKIisS (iHAHCOBO-KPEAUTHOI
NIJICUCTEMH TIOJISITA€ B PEryJIOBaHHI (DIHAHCOBUX MOTOKIB (SIKI WIYyTh B
3BOPOTHOMY HANPSIMKYy BIJHOCHO MAaTEpilaJIbHUX) TaKUM YHWHOM, II100
3a0€3MeUnTH CTA0IIBHUM 1 ClIpaBeIJIUBUN OOMIH TOBapaMu Ta MOCIyTramMu
AK MDK TOCHOJapChbKMMH OJUHHUISIMU Ta iX 00 €IHAaHHSIMM, TaK 1 MDK
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OKpPEMHUMH WICHAMU CYCIJIbCTBA, a TAKOXK 3a0€3MeUnTH (PiHAHCOBI YMOBU
JUIs. PO3BUTKY BHUpOOHMIITBA. B IMX ymoBax rpoill Ta IiHHI Nanepu
CKJIaJIalOTh OCHOBY (DIHAHCOBUX PECYPCIB.

CphorogHi eKOHOMIKO-MaTEMaTU4HI MOJENI, MOPs 13 1HHOpMALIHHUMU
Ta EKCIIEPTHO-JIOTIYHUMHU CHUCTEMaMH, € HEBiJ €MHUMH  CKJIQJ0BUMU
AQHATITUYHOTO 1HCTPYMEHTApII0 TEOPETUYHOI 1 NPUKIAJAHOI EKOHOMIKH.
[IpenmerHa 007aCTh €KOHOMIKO-MATEMaTHYHOTO MOJICIIOBAHHS € JOCHUTH
HAITOBHEHOIO, PI3HOMAHITHOIO Ta BCEOXOIUITIOIOYOIO, SKa BHUMAara€ MIITHHX
0a30BUX 3HAaHb 1 AKTUBHOT'O BHKOPUCTAHHS 1HCTPYMEHTIB PI3HUX PO3ILIIB
MaTeMaTUKH, CUCTEMHOIO aHali3y, €KOHOMIYHOI Teopii, rocrnoaapChbKOro
IIpaBa, COIIOJIOTIi, CTATUCTUKH Ta 1H.

Exonomiko-MaTeMaTHuHE MOAEIIIOBAHHS SIK CAaMOCTIMHA JUCLMILIIHA,
0 BHUBYA€E IMPOIECHM TMOOYIOBU, IHTEpPIpETallii Ta BUKOPUCTAHHS
MaTeMaTUYHUX MOJENIe €KOHOMIYHUX CHCTEM Il PO3B’SI3aHHs 3aaad
aHaji3y, CHUHTE3y Ta MPOTHO3yBaHHS iX MIISUIBHOCTI, 3a OCTaHHI POKH
moyvajia pPO3BUBATHCS JIOCUTh I1HTEHCHUBHUMHU Temmamu. Ilpu 1pomy
00’€KTOM  JOCHI/DKEHHS Ta MPEIMETHOK  OO0JacTI0  E€KOHOMIKO-
MaTeMaTUYHOTO MOJIETIOBAHHS CJIY>XUTh CUCTEMA, sika 00’ €JIHy€ y c0o01 K
€KOHOMIYHY TEOpIil0, TaK 1 EKOHOMIYHY MOJITUKY Ta TOCHOAAPCHKY
npakTUKy. ToMy caMi €KOHOMIKO-MaTEMaTH4H1 MOJIENI, a TaKOX MPOIECH
ix moOya0BHU, Bepudikallii Ta iHTepIpeTallii ciy,aTh 3B’ SI3yI04Y0I0 JTAHKOIO
B TplaJil «EKOHOMIYHA TEOPIsH»-«EKOHOMIYHA TMOJITUKA»-«TOCIOJapChKa
MpakTUKa» 1 Ha HUX TIOKJIajJeHa (QyHKIS 3a0e3MedeHHs IIUTICHOCTI
€KOHOMIYHOI CHUCTEMH.

Enementu oxpecineHoi Tpiaad B 3araibHOMY BHMAAKY BIJHOCHO
CaMOCTIMHI ¥ OJTHOYACHO B3a€EMOTIOB’sI3aH1, TP I[bOMY 3B’SI3KHM MK HUMU
MaroTh 3BOPOTHIM xapakTep. Tak, EKOHOMIYHA TE€Opis BIUIMBAE HE TUIbKU
Ha EKOHOMIYHY TIOJITHKY, ajieé W Oe3lnocepelHb0 Ha TOCIOAAPChKY
npakTuky. el BIuiMB 311HCHIOETHCS Yepe3 OUIKYBaHHS, PEaKIliio, TyMKY,
Tpajuilii, TOBEIIHKY areHTiB pi3HOro piBHA. B cBoioo depry, Ha
€KOHOMIYHY TEOpPII0 BUSIBIISIE BIUIMB HE TUIBKM TOCHOAApChKa MPAKTHKA
(uepe3 HayKOBE Yy3arajJbHEHHS Ta XapaKTepHI OCOOJIMBOCTI peabHUX
€KOHOMIYHUX OO0 ’€KTiB), aje 1 Ha €KOHOMIUHY MOJITUKY — 3 JOTIOMOT'OIO
IIJIECTIPSIMOBAHOTO UM HECBIAOMOTo (popMyBaHHS MOMUTY HA T1 YW 1HIIII
TEOPETUYHI CUCTEMH, a TaKOXX uepe3 OO0 €KTUBHUU aHali3 MPOIECiB
NPUHHATTS YIPABIIHCHKUX PIIIEHB 11X (POPMYBaHHS.

I'padiune mnpeacraBiaeHHs Tpiaad pa3oM 13 B3aEMO3B’SI3KaMU  ii
€JICMEHTIB TTOBUHHO MAaTH BWTJIS HEJIHINHOI OJHOMIPHOI IMOCIIIOBHOCTI
«EKOHOMIYHA TEOPIsiN-«EKOHOMIYHA MOJIITUKa»-«TOCMIOAapChKa
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MpPaKkTUKa», a ABOMIPHOI (PIrypu-TpukyTHUKa (puc. 1.4.2), y AKiii KOXHa
rapa BEpIIMH Ma€ BIJHOCHMN HE3aJe)KHMH BlJ 1HIIMX JABOCTOPOHHIN
3B’ SI30K.

baxxanum € Takuil ctaH TpukyTHHkKa (puc. 1.4.2), mnpu sxomy
€KOHOMIYHA Teopisi, rOCHOJapChka MpaKTUKa Ta €KOHOMIYHA MOJIITHUKA
YTBOPIOIOTH IIUJIICHY CHCTEMY, MEpeOyBalOTh Yy IAJIEKTUYHIN €IHOCTI,
B3a€EMHO JIONOBHIOKOTh, BEKTOPHO CIPSIMOBYIOTH 1 HiILTpI/IMYIOTB OJINH
onHoro. CaMe TOMy OJHY 3 OCHOBHUX pOJe€il y Mpoleci KOHCOiAalii
TEOPETUYHUX, YIMPABIIHCHKUX 1 TOCMOJAPCHKUX OCHOB EKOHOMIKHU
MOBMHHO HAJIaBaTUCSl €KOHOMIKO-MaTEMAaTUYHOMY MOJIEJIFOBAHHIO.

Exonomiuna
Teopist

Exonomiuna
MOJIITHKA

EKOHOMIKA

I'ocnogapcebka
NMPAKTHKA

Puc. 1.4.2. ®yHK11OHATBHUI B3a€EMO3B’ 30K
OCHOBHHX CKJIQJIOBUX €KOHOMIKH

[Iportec moOyOBM Ta NPHUKIAJIHE BUKOPUCTAHHS MOJACICH MpH
JOCIIPKeHH] (DYHKIIIOHYBaHHS KOHKPETHHX OO’€KTIB Yy 3arajlbHOMY
BUTJISA1 TipeacTaBieHuit Ha puc. 1.4.3. TyT BimoOpakeH1 OCHOBHI CKJIaJI0B1
MIPOIIECY, K1 CTPYKTYPHO BKJIIOUA€E y ceOe MojientoBaHHs (00’ €KT, Cy0’ €KT
MOJICJIIOBaHHS, MeTa TMOOYyJOBH MOJENi, MaTeMaTHYHUW amapar -—
MOYATKOBI KOHCTPYKIII 1J11 MOOYAOBH Ta 1IeHTU(IKAIT MOJIeN1) 1 MpoIec,
SAKWUW peai3yeThes Mij] 9ac o0y 10BH Ta BUKOPUCTAHHS MOJIEII.
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ExoHnoMmiko-mMareMaTuyHa

MO/ICJTb
i IncTpymentanbHa | | IeTepnperamis |} ! LlinsoBa !
i Ta QyHKIiOHAIbHA | pe3yJIbTaTiB ' 1 imentudikamist !
i imeHTH (KIS i : MOJIEJIFOBAHHS ! : MOl
| Mozieni e e o
[HCTpyMeHTapiit O0’exT > Mera

H
MOJICIIFOBAHHS |[€—— MOJECIOBaHHs [|€&—— MOJC/IIOBAHHS

AR . .| Inrepuperamis | | Bxinna |
! Bxingna L pripetart ; L AU |
v b . : | pe3yspTariB i ! inopmamis !
L lH : opMaum 1! MOJCNIOBaHHS | ! !
BryTtpimmHii 30BHILIHIN
akrop (pakTop

E— OO0’ €eKT MOZIETIOBAHHS —

Bunankosi ¢akropu

Puc. 1.4.3. Cxema no0Oya0BH Ta BUKOPUCTAHHS
€KOHOMIKO-MaTEMaTUYHOI MOJEI1 00’ €KTa JOCIKEHHS

J1o HUX BITHOCHUTHCH:

® IHCTpyMEHTaJbHa Ta (yHKIIOHATbHA 1MEHTH(IKAIA MOJeNl —
BUOip (BH3HAYEHHS) THUIy Ta IapaMeTpiB MaTeMaTHU4HOI
KOHCTPYKIII TPEACTaBICHOI Mojell (Hampukiaa, Mmo0y/10Ba
€KOHOMETPUYHUX MOJieJied BKIO4Yae BHOIp Buay (yHKIII,
KPUTEPIIO OI[IHIOBAHHS MapaMeTpPiB 1 BU3HAYCHHS IXHIX YHUCIIOBUX
3HAYEHb);

® IIbOBa 1eHTU(IKAIIA MOJEIl — BHU3HAYEHHs Ta cruenudikaiis
TUX €JIEMEHTIB KOHCTPYKIi, Kl CIyXaTh BXIJHUMH 3MIHHUMH
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NpyU BUKOPUCTAHHI MOJENIl g OTpUMaHHA HEOOXIIHOi
iH(opmarrii;

e iHTEpIpeTamis MOJell — BH3HAYEHHS Ta crerudikamisa THX
CKJIAJIOBUX €JIEMEHTIB KOHCTPYKIIi, SIKI CIy»XaThb BUXIJHUMHU
3MIHHUMH NP BUKOPUCTAHHI MOJIENI JJI1 OTPUMaHHS HEOOX1IHO1
iH(dopMmarii.

AnexkBatHa TmoOOymoBa Mojenl Ta e(eKTUBHE 3aCTOCYBaHHS
C€KOHOMIKO-MaTeMaTUYHUX  MOJIeJIeH  MOBHHHO OyTH  TIPEeIMETOM
CaMOCTIMHOT HayKOBO1 TUCLHUTLTIHA «EXOHOMIKO-MaTeMaTHYHE
MOJICTIIOBaHHS», SKa TaKOX, SK 1 €KOHOMIKAa, Mae CBOIO TEOPETUYHY,
«MONMITUYHY»  (METOAMYHY Ta  METOJOJIOTIYHY) 1  NPAKTUYHY
(pe3ynbTaTUBHY — BUKOPUCTAHHSA MOJENIEH y eKOHOMIII) CKJIaaoBi. Tomy
MOXXHa TOBOPUTHM MNP0  ICHYBaHHS  «EKOHOMIKO-MaT€MaTUYHOTO»
TPUKYTHUKA: «TEOpis MOJETIOBAaHHSI»—«METOJIONOTISE Ta METOJUKa
MOJICJIIOBAHHS»— «IPAKTUKA MMOOYIOBU T4 BUKOPUCTAHHS MOJIEICHY, IKUN
AHAJIOTTYHUN «EKOHOMIYHOMY» TPUKYTHUKY (puc.l.4.2). Mix einemeHTamMu
IMX JBOX KOH(irypauiid iCHYIOTh 3B’A3KH (IyYHKTHpPHI CTPUIKH) Ha
puc.1.4.4, mnpuyomMy B pealbHIM JTINCHOCTI 11l 3B’SI3KU TTOBUHHI
OMOCEPEAKOBYBATH T1 B3a€EMOBILUIMBU TEOPIi, MOJITUKU Ta MPAKTUKH, SIK1
MO3HAYEHI CYIUIbHUMHU CTPUIKAMU HAa BEPXHHOMY TPUKYTHUKY. Y CBOIO
4yepry BEPUIMHU «EKOHOMIYHOTO» TPUKYTHUKA OMOCEPEIKOBYIOThH 3B’ SI3KU
MIX €JIEMEHTaMH «MOJEIIbHOT0» TPUKYTHHKA.

Jlist OUTbIIOTO PO3YMIHHA XapaKTepHUX OCOOJIMBOCTEH MPOLECY
MaTeMaTUYHOTO MOJIEIIOBaHHS, SIK NPUKIAJ, PO3MVISTHEMO (IHAHCOBY
CUCTEMY.

BropoBamkeHHsT  METOJOJOTIYHMX 1  METOAUYHUX  PO3POOOK
MOJICTTIOBAHHS MPOIIECIB MPUUHATTA (DIHAHCOBUX pPIIMICHh Yy MPAKTHKY
(b1HAaHCOBOTO MEHEKMEHTY TIOBUHHO 31MCHIOBATHCS 3a HAasBHOCTI
TOYHOTO PO3MEXKYBaHHS YSIBICHb CTOCOBHO BEKTOpa /i, MOYATKOBUX
MepelyMoOB, CTPYKTypHOI chnenudiku Ta 1HIUX (QYHKIIIOHATBHUX
XapakTepUCTUK Mojeneil. bararo Hemopo3ymiHb 1 po3dyapyBaHb Yy
pe3yabTaTi BHUKOPUCTaHHS KUIBKICHUX METOJIIB BUHHUKAIOTh Yepe3
3aCTOCYBAaHHS HETOYHOI YM HEaJEKBAaTHOCTI MOJEl IPH PO3B’s3aHHI
BIIITOBIIHUX 3a7a4.

39



Exonomiuna Teopis

['ocnioapceka
MPaKTUKA

Exonomiuna
MMOJIITUKA

Mertoaonoris
Ta METO/IMKA
no0y10BU MoJienen

[TpakTuka noOynoBu
Ta BUKOPUCTaHHS
Mozenein

Teopist MojieNIFOBaHHS

Puc. 1.4.4. B3aeM03B’ 130K CKJIaJ0BUX «EKOHOMIYHOI'O)
Ta «€KOHOMIKO-MaTeMaTUIHOTO» TPUKYTHUKA

B skocTi 00’€kTa ympaBiiHHS MOXKE BHUCTYMaTH Oyab-ska cdepa 4uu
JaHka (HiHAHCOBOI CUCTEMH.

PosrasiHemo knacudikaniio Ta HarfsgHy 1HTEpIpeTaniio GakTOpHUX
XapaKTEPUCTHUK, Mij BILTUBOM SIKUX (DYHKIIIOHYE 00’€KT (cepa UM aHKa
(iHaHCOBUX BIJHOCHH) ympaBiiHHA (puc. 1.4.5). X, X,,...,x,  —

n

(yHKI[IOHAJIBHI TIapaMeTpu CTpaTerii 1 TaKTUKU (PIHAHCOBOI CUCTEMU;
Z,,2,,..,Z, — XapakTCpHUCTUYHI MapaMeTpH (PIHAHCOBOTO MEXAHI3MY;

W, ,W,,..,W, — napameTpy BUIIQJKOBUX BIUIMBIB; V,V,,...,», — BHXIJIHI
XapaKTEPUCTUKHU 00’ €KTA YIIPABIIHHS.

40



X1 - = > yl
dinancoBHii 00’ €KT
X, ———> (chepa um anka > Y
. (iHaHCOBHUX BiTHOCHH) :
> >
Xn Ym
\/\/1 W2 oo WI

Puc. 1.4.5. Cxema B3aeMo/ii (PAKTOPHUX XapaKTEPUCTHUK
00’€KTa ynpaBJIiHHS

BianoBimHO /10 HaBeAEHOI cXeMH, (YHKIIOHAIbHI XapaKTEPUCTUKHU
00’eKkTa ympaBliHHS MOKHA PO3JUIMTH HAa YOTHUPHU TPYIH: BXITHA rpyna
(xl,xz,...,xn), BHUXIJIHA TpyIa (yl, Vg geens ym), Ipyla peryarunX ik
(Z1 A ,...,Zk) Ta rpyna BUNajakoBux BIUUBIB (W, W,...,W)).

®diHaHCOBI MPOIECH CIYyXaTh s (OPMyBaHHA Ta PO3MOALTY
(1HaHCOBUX peCypciB BIAMOBIAHO 0 MEBHUX MpaBUJl, SIKI MOXYTb OyTH
MPEJCTABICHUMHU Y BUTJISI1 QITOPUTMIB 1 POrPAMHHUX CUCTEM.

Y (¢inaHcoBOMY TIpoIieci OCHOBHI ormeparlii, 0 HEOOXITHI s
nepeMimeHHs (PiHaHCOBUX PECYpPCIB, 3A1MCHIOIOTHCS 3 JIOTMIOMOTOI0 TIEBHOT
Kepyrouoi mijcucremu. OKpecieHa MiICUCTEMAa Ma€ CIpaBy 3 LEHTPOM
HarpoMaJPKeHHsI — PO3IOJIJIOM, CYKYITHICTIO IJIATHUKIB 1 KOPHUCTYBadiB
(¢1HaHCOBUX  pecypciB. [i  QynxuionyBaHHs  OasyeTbcd  Ha
3aKOHOMIPHOCTSIX, BU3HAUYCHHX JIsl KiIOCpHETUYHUX CHUCTEM KEpYyBaHHSI.
Po3rnsstHeMO OCHOBHI TOJIOKEHHS, 110 BHUIUIMBAIOTH 13 KIOEPHETHYHOTO
M1JIX0AYy, CTOCOBHO BIJTHOIIICHB 1 TOAIM COIIAIbHO-€KOHOMIYHUX CHCTEM.

Ak BigomMoO, mpoIec KepyBaHHS IEBHUM OO0 €KTOM COIlIaIbHO-
€KOHOMIYHOI CHCTEMH MOJKHa TPEJICTaBUTH Y BUIJIAAI 3aMKHYTOTO
KOHTYpa, CXeMaTH4YHe 300pa’KeHHS SIKOro 1mojilane Ha puc. 1.4.6.
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Kepytoua niacucrema

Puc. 1.4.6. 3aMKHYTHUIA KOHTYD KEPYBAHHS TUHAMIUHUM 00’ €EKTOM
Yy YP KEpy il

OOG’ext abo mpollec, KEPYBaHHS SIKUM 3JIMCHIOETHCA B 3aJaHOMY
KOHTYpl, Ma€ IMEBHY KUIbKICTb CTYINEHIB BUIBHOCTI 4YM KOOpIMHAT.
CyKynHICTh 3HAa4€Hb KOOPJMHAT 3aJla€ TMOJOXEHHS O00’€KTa B
KOHKpEeTHOMY IpocTopi. Tak, Ko 00’€KTOM € aBTOMOOUIb, TO BIH Mae
JIBI TIPOCTOPOBI KOOPAMHATH, a JiTak — TpU. J[Ji1 eKOHOMIYHMX 00’ €KTIB
4acTO KOOpJMHATaMH BUCTYNAIOTh HE3aJIekKHI MOKa3HUKU. OO0’€KT MOXke
OyTH CKJIQJHUM 1 CKJaJaTUCAd 3 TEBHOIO YHWCJia YacTUH ab0 €JIEMEHTIB,
TOOTO € cuctemoro. Hampukian, Or0KeT CKIAAaeThCs 3 PO3AUIB, KOXKEH
13 SIKMX B CBOIO 4epry IUIMThCA Ha TIJaBU, a IJiaBa CKJIAJA€ThCA 3
naparpadi, K1 BKJIIOYAIOTh Y ce0€ CTaTTI.

JI1s1 Hac MpeJCTaBIAIOTh IHTEPECH JUHAMIYHI 00’ €KTH, TOOTO T1, JJIs
SAKUX OJHIEI0 3 KOOpAWHAT Oyje yac. BoHM MaroTh BIacCTHUBICTh 3MIHIOBATU
CBIi CTaH MPOTATOM Hacy, IPUUOMY IEPEXiJ BIJl OJJHOTO CTaHy A0 1HIIOTO
HE CTAETHCS MUTTEBRO.

[lepen TuM sIK KepyBaTH OO0’ €KTOM, HEOOXiAHO BHU3HAYUTU HMOTO
MOYATKOBUM CTaH (3HAYECHHS KOOPAMHAT y MOYATKOBHM MOMEHT 4acy) Ta
MeTy (IIJTh) — TOJIOKEHHS 00’ €KTa B MallOyTHI MOMEHT 4acy. SKio matu
Ha yBa3l JAep)kaBHI (piHAHCH, TO METOI0 MOXKEe OyTH PO3MIp OIOKETHOTO
nediuTy, TponopIlii B aCUTHYBAaHHI1, 110 BUAUISIOTHCS JIJI PI3HOMAHITHUX
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nuie (po3diaiB 1 rjaB), IMIOKBApTAIbHI PO3MIPU IMX ACHUTHYBaHb.
3HaueHHs TMOKa3HUKIB BU3HAYAIOTHCA Yy MpPOLECl CKIaJaHHS OMKETy 1
MIPUMNMAIOTHCS SIK 3aKOHOJABYMU aKT.

3aBAaHHSAM KEpyBaHHS € JOCSITHEHHSI 00’ €KTOM IOCTaBJICHOI METH,
MOYMHAIOYH 13 33JJaHOTO CTAPTOBOTO CTaHy 3a MEBHUN MPOMIKOK Hacy. ¥
3arajJbHOMY BHMAAKy TMPOCYBaHHSA JI0 METH MOXE 3JIIMCHIOBATHUCS
MHOXHUHOIO cnoco0iB. Ilpu KOXHOMY 13 HHUX KOOpAMHATH 00’ €KTa
OpUiiMaloTh MHOXKHHY 3HA4€Hb 3a 4ac cBOro pyxy. Lls MHoxuHAa Mae
Ha3By TpaekTopii (puc. 1.4.7). SKmoO MU pO3TIASHEMO TIUIBKH OJHY
KOOpPAMHATY €KOHOMIKM (piBeHb IHQUISALIi), TO MOCIIIOBHICTh 1l
I0JICKaHUX 3HA4YEHb 3a PiK i Oyjae (akTuyHOIO TpaekTopiero. Toil, XTO
Kepye 00’ekToM (Kepyrda CHCTeMa), 13 MOXKJIMBOI MHOXHWHHM TTOBUHEH
BUOpaTH HAWOUIBII OUIBHY (BUTIAHY, KOPUCHY) TPA€EKTOPIIO PYyXy M0
MeTd. TyT MU CBIJJOMO OMYCKAa€MO TEPMIH ONTUMAIIbHICTh, OCKUIBKU JIJIS
peaqbHUX CcUCTeM (IMOJATKOBOI YM OIOKETHOI) y OLIBIIOCTI BHUMIAIKIB
KpUTEpId  ONTHUMAJIBHOCTI BaXKO C(HOPMYIIOBATU KOHCTPYKTHUBHO,
0COOJIMBO MTPAKTUYHO peaTi3yBaTH.

A pod
X fp — MIOYaTKOBUU CTaH,

¢, — KIHIIEBUH CTaH.

| [€--mmmmmmmmmeea
\Z

v

t=t, t=1t, t

Puc. 1.4.7. Obnactb MOXJIMBUX TPAEKTOPIH 00’ €KTa

OO0’extT mepelyBae y JACSKOMY CEpEOBHIII, SIKE 37aTHE B MpOIECi
pyXy BIUIMBaTU Ha HBOTO M «30MBaTW» 13 BUTIAHOI TPAEKTOPIi, IO
MPU3BOJUTH JO TIEPEXOJly Ha 1HINY, sSKa HE MPOXOAUTH 4epe3 3aJlaHy
IUJIbOBY TOYKY. SIKIIIO MU MAaeEMO CHpaBy 3 OIOKETOM, TO 11€ MOXKe OyTH,
HaIMpUKIIaJ, CTUXIIHE JINXO, Ha JIIKBIIAIIIO AKOTO OyayTh MOTPIOHI 3HAYHI1
aCUTHYBaHHSA, a00 * 1HII MOJii, 1110 MPU3BEIYTh A0 301IbIICHHS BUILIAT 1
KOMIIEHC AT 3 OFOIKETY.
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Y peanbHMX cuUCTeMaX, HaBITb TMpPU BIIOMHUX HapameTrpax
YIPaBIIiHHS, TPOIIEC BUPOOJICHHS YIPABIIHCHKUX 1 1 TOBEICHHS iX J10
00’eKkTa KepyBaHHs Ayxe ckiagHuil. OcoOMMBO 1€ CTOCYETHCA MPOLECY
OPUUHATTS pilleHs 1 opraHizamii ix BukoHaHHS. Hacammepen ans
NPUUHATTS pilieHb HeoOximHa aoOpa iHdopmaliiiHa 6a3za — gaHl MOPO
(dakTHYHUM cTaH 00’€KTa KEPYBaHHS Y MOTOYHUM MOMEHT Ta 1H(pOpMaIlis
PO TMOBEIIHKY 3a TMOMEPEeaHIN BiIpi30K 9acy, a TaKox JaHl, Ha OCHOBI
skux Oyla po3paxOBaHAa BUTIHA TPAEKTOpis, 1, 3BUYANHO, cama X
Tpaektopis. Ciil TeX MaTu ACSKY MOJENb, sIKa JO3BOJUTh OLIHUTU WU
CIIPOTHO3YBAaTH TMOBEMIHKY O00’€KTa MpU pI3HUX BapiaHTaX MOBEIIHKU
cepenoBuIa Ta Kepyrounx mid. L{s Momens abo cucteMa Mojeneid MOxke
OyTH TIpeJCTaBieHa CHUCTEMOIO PIBHSHb 1 HEPIBHOCTEH, SKI CKJIAJal0Th
OCHOBY QJITOPUTMIB MPOTPAMHUX MPOJYKTIB.

dinaHCOBHI TIpolieC K 00’€KT KEpyBaHHS MOKHA MPEACTaBUTU Y
BUTJISIZII TPHOX CTPYKTYPHUX CKJIQJIOBUX: MHOKMHU TIJIATEX1B X; MHOXKUHU
opraHizamii, fKi BiIOOpakarOThb LIEHTP HArpOMaKEHHS pO3NOALTY Z;
MHOXUHU KOPHUCTYyBauyiB V.

KoxxHa 3 1MX MHOXHWH Ma€ BIJIACTUBOCTI, CYKYITHICTb SKHX,
BignosinHo, nosHaummo G(X),G(Z)iG(V). 1li BnactuBocti wacom
HA3MBalOTh 3MIHHUMHU 00’€KTa KepyBaHHS. BOHM BU3HAUalOTh CUCTEMY
KOOpAMHAT JJisi omucy (QiHaHcoBoro mnpouecy. Hanpuknan, KOXHUI 3
€JIEMEHTIB, 10 BXOJATh /10 00’ €KTa, Ma€ B SIKOCTI BIACTUBOCTEN PaxyHKHU
B Oankax. CyKynHICTh 3HA4Y€Hb BJIACTUBOCTEH €JIEMEHTIB 00’ €KTa

KepyBaHHs {Gt (X).G,(2).G, (V)} ONHO3HAYHO  BHM3HAYa€  CTaH

(b1HaHCOBOTO TIPOIECY Y BUOPaHii CUCTEMI KOOPAMHAT HA JCSIKUM MOMEHT
qacy f.

3a OCTaHHI POKH 3pIC 1HTEPEC 0 E€BOJIOLIMHUX MOJEIEH, y SIKHX
MHOKMHA €KOHOMIYHMX OO0 €KTIB PO3IVISIAAETHCS Y BUIJISAAI TIEBHOI
MOMyJIAMii, B SKIM €JIEMEHTH MOXYThb 3 SIBIATHCS, 3HHKATH,
HarpoMa)KyBaTuCs, TepelaBaTH JOCBiJ 1 3a3HaBaTh MyTamiid. Jlo 1mux
MoJiesiel TOTP1IOHO BIAHECTH HEMPOHHI MEpEeKi Ta IMITAIIHI MOJIETI.

butbiiicts (IHAHCOBUX MPOLECIB MOXXHA ONHCATH 3 JOMOMOIOIO
MaTEeMaTUYHOIO amapary IepexigHux mnporeciB. Jlo Mojeneit nepexigHux
MPOIECIB MOYKHA BITHECTH MOJIEJl TUHAMIYHOTO MPOTpaMyBaHHs, MOJIE]
MapKiBCbKUX IIPOIIECIB, CUCTEMU MAaCOBOTO OOCIyroByBaHHs. [ns nmx
MoOJieJeld XapaKTepHl TMOHATTSA: CTaH CHCTEMH, MOXIIHMBI IEPEeXOau
CHUCTEMHU I Ji€r0 MeBHUX (DAKTOPIB 13 OJHOTO CTaHy B IHIIMHN. 3aJ€KHO
Bl TpaBWJ 1 yMOB TaKWUX MEPEXOAIB, ICHye Kiacudikalis MpoLEeciB
(IMCKpeTH1, HeTIepePBHI, BUMIAJKOB1, KEPOBaH1 Ta 1HIII1).
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Mopgemni pi3HOTO BHAY CHUCTEM, (PYHKIIOHYBAHHS KOTPUX 3aJICKUTh
Bl psay BUNAAKOBHX (aKTOpiB, MOXYTh OyTH CHOPMYJIbOBAaHUMHU 3
JOTIOMOTOI0 TEPMIHIB, TaK 3BAaHMX BHUIIAJIKOBUX MpolieciB. [ ix aHami3zy
OyytOThCSI IMOBIPHICHI MOJI€JIi TTOBEMIHKH, 1110 BPaXOBYIOTHb BIUIMB ITUX
BUIMAJIKOBUX (DAKTOPIB HAa 3HAYCHHS OCHOBHUX IIIYKAaHUX IapaMeTpiB 1
OIIHIOIOTh PIBEHb PU3HKY.

[Ipu dopmyBaHHiI OrOKETY, 3A1MCHEHHI OLIIHKM HOro BUKOHAHHS
npoTsroM (piHAHCOBOTO POKY JOBOJMTHCS MATH CIIPaBy 3 MPOTHO30M HOTO
J0X1JHOT YaCTHHM Ha OCHOBI (paKTUYHOI TPAEKTOPII 32 MONEPEeaHIN MEePio/I.
TyT BUKOpHUCTOBY€TbCSI MaTeMaTUYHUM amapar AUHAMIYHUX PAIIB. Y
nepiog CTPYKTYpHOI MepeOdyaoBH EKOHOMIKM I MOJENI HEIOCTAaTHbO
a7ICKBaTHO OIMCYIOTh HasiBHI €KOHOMIYHI MPOIIECH, OCKUIBKH B 1X OCHOBY
3aKJIaJalOTGCS HEraTWBHI TEHJEHINI BIJHOCHO TEMIIB €EKOHOMIYHOIO
3pOCTaHHS.

OTxe, KOHCTaTyeEMO, IO MOJICIOBaHHS (DIHAHCOBUX IIPOIIECIB
BUKOPHUCTOBYETHCS SIK JJIs OIIIHKA CTATHKHW YW MOPIBHSAIBHOT CTAaTHKH, TaK
1 JJia aHamidy Ta MPOTHO3Y iX JAUHAMIKM Ha KOPOTKOCTPOKOBI Ta
JOBrOCTPOKOBI MEPCHEKTUBU. Y TOW K€ 4Yac NoTpedye MOoIaablIoro
PO3BUTKY KOHIIEMIIIS MOOYJ0BU MOJEIeH NpeAcTaBieHHS (PIHAHCOBUX
TEXHOJIOT1M, M0 BHU3HAYAIOTh IMpaBUiia pPyXy (PIHAHCOBUX PECYpPCIB,
MOHITOPUHT ONKCYBaHOTO Tporecy. Kpim 1p0ro, auHamika 3MiH B
ekoHOMII1 ¥ 90-x pokax XX CTOJITTSA T€X BUMAarae HOBUX MIAXOAIB IpHU
MoeoBaHH1 cdep 1 JaHOK (PIHAHCOBUX BIJTHOCHH.

1.5. IluTaHHsA AJI CAMOKOHTPOJII0

1. OnuumiTe XapakTepHI MOXJIMBOCTI BHUKOPHUCTaHHS KIIbKICHUX
METO/I1B B EKOHOMIUYHUX JTOCIIKEHHIX.

2. JlaiiTe BU3HAYEHHS Ta CXEMaTUYHE 300paKEHHS KUIbKICHUX
METO/I1B.

3. OxapakTepu3zylTe OCHOBHI CKJIaJ0BI MOJICJIOBAHHS COLIAIBHO-
E€KOHOMIYHHUX TPOIIECIB.

4. Illo o3Hayae TEPMIH «COIIATbHO-EKOHOMIYHA CUCTEMay ?

5. CxemMaTU4yHO ONHUILITh A0CTPAKTHE 300pakKEHHS PIBHIB CUCTEMH.

6. JlaiiTe nediHimito CHCTEMH Ta MiACHCTEMHU.

7. OxapakTepuszyiTe MiAXOAM MATEeMaTUYHOTO OMHUCY CKJIATHOT
CHUCTEMHU.

8. SIki 3amadi BXOAATH 710 KJIAacy 3a7a4 CHCTEMHOTO aHAi3y?

9. JlaliTe TmyMauyeHHS MOJE Ta MOJICTIOBAHHS.
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10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.
22.
23.
24.
25.

26.

OnumiiTh OCHOBHI €Tamy MOJICIIIOBAHHS Ta 1X XapaKTePHUCTUKH.
SK1 e1eMEeHTH BXOJATh A0 CKJIaay Mojaemi?

JlaiiTe  BH3HAQUCHHS  OCHOBHHMX  CKJIQJOBHX  €KOHOMIKO-
MaTeMaTUYHOI MOJENI.

SKi AUCHUTIIIIHY CKJIQJal0Th TEOPETUYHY OCHOBY MaTEMaTHYHOTO
MozetoBaHHs? KOpOTKO ONMUIIITE iXHIO CTPYKTYPY.

UuMm BH3HAYA€THCS BHUJ 1 XapaKTep EKOHOMIKO-MAaTeMaTHIHOI
Moem?

Aki o3HaKM TIOKJIAJE€HI B OCHOBY Kiacu(ikailii €KOHOMIKO-
MaTeMaTU4YHOI Moael?

OnuuriTh AKICHI  XapaKTEePUCTHUKA OCHOBHHUX E€KOHOMIYHMX
MOJIEJIEH.

JaiiTe cxemMaTUyHy Kiaacu(ikailito MaTeMaTUYHUX MOJIETICH.
Jlavite  gediHimiro  3araJbHUX  NPUHITUIIB €KOHOMIKO-
MaTeMaTUYHOT'O MOJICJTFOBaHHS.

OxapakTepu3ynuTe MOHATTS KOHIENTYaIbHOT MOJIEIII.

Jist sikux e 0y ayroThest MOJEi?

[Ilo Bkmowae y cebe mnpeamMeTHa 00JacTh E€KOHOMIKO-
MaTEeMaTUYHOI'O MOJICTIOBAHHS ?

[Tepepaxyiite 51 OTIHUIIIITh XapakTepH1 0COOJIMBOCTI
MaTeMaTUYHOT'O0 MOJICJTFOBaHHS.

Cdopmymorite 0coOIMBOCTI (PIHAHCOBOI CHUCTEMH SK 00’ €KTa
MOJICJTFOBAHHSI.

Onuumiith  cxeMy  B3aeMoAll  (DaKTOPHMX  XapaKTEPUCTHUK
¢dbiHaHCOBOTrO 00’ €KTa yIpaBJIi1HHS.

CxeMaTHYHO OXapaKTEPH3yWTE MPOIEC KEPyBaHHS TUHAMIYHUM
00’€KTOM.

OnumIiTe CTPYKTYpPHI CKIIA0B1 (PIHAHCOBOTO MPOIIECY.
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Po3ain 2. Mopesi 3aga4 JIiHIHHOT0 POrPaAMyBaHHS
Ta MeTOAH iX PO3B’SI3yBAHHA

2.1. ITocTanoBKa 3a/1a4 JiHIHOIO NPOrPaAMYBaHHS,
IX MojeJIi Ta OCHOBHI popMu

CTpyKTypH1 CKJIaJIOBI €KOHOMIYHOI CHCTEMH MarOTh METy (I[iJIb)
CBOIO pO3BUTKY Ta (yHKIloHyBaHHA. Ile Moke OyTH, HaIpUKIAI,
OTPUMAaHHS MAaKCUMaJbHO YHUCTOrO0 MPUOYTKY YHM BaJOBOTO BHUITYCKY,
MIHIMIi3allisl BUTPAT 4Yu BiAXOAIB Ta iHmE. CTyIiHb JHOCATHEHHS METH, B
OLIBIIIOCTI BUIIAJIKIB, MAa€ KUIbKICHY XapaKTEpHUCTUKY, TOOTO ii MOXKHa
omucaTth MmaTeMatTudHo. Hexailt Z — oOpaHa 11iJ1b.

3arajibHy JIIHITHY MaTeMaTU4Hy MOJielb (hopmaizaiii eKOHOMIYHUX
MPOIIECIB 1 SIBUII, TaK 3BaHy 3arajbHy 3ajJady JIHIHOIO MporpaMyBaHHS,
MO>KHA TTOJATH Y BUTJISIL:

3HAUTH MaKCUMyM (MiHIMYM) (pyHKIII

Z=c,+cx +e,x,+...+c,x,, (2.1)

32 YMOB
(a,,x, +a,x, +..+a,x {<,=>}b,

a, X, +a,X, +...+a, x {<,=2}b,,

< (2.2)

a, x, +a,,x, +..+a,x, {<,=2}b,,

x,20,x,20,..,x 20. (2.3)

OyHKIII0 Z HA3UBAIOTh YiLIb0B0I0 (yHKYiElo ab0 @yHKyiclo memu.

JUiss  eKOHOMIYHOiI cucteMu 1€ € (yHKUia eQeKTUBHOCTI 11
(YHKI[IOHYBaHHS Ta PO3BUTKY.

ChopmymroeMo  3arajgbHe  BHU3HAYEHHA  3a/4adl  JIHIAHOTO
porpaMyBaHHS TAKUM YHHOM:

HeoOxigHO 3HaMTH Takl 3HAYCHHS KEPOBAHUX 3MIHHHX X;, II00
[IJIboBa (YHKIS TpU [UX 3HAYEHHSIX HaOyBajla eKCTPEMaJIbHOTO
(MIHIMAJIBHOTO YW MAaKCHMAJbHOIO0) 3HA4YEHHS 3a BUKOHAHHS IE€BHOI
MHOHHHU YMOB.

Otxe, NOTpPIOHO 3HAWTH 3HAYEHHS 3MIHHUX X;, Xo,..., X, SKi
3aJI0BOJILHAIOTE yMOBU (2.2) 1 (2.3), nmpu sxux 1iasoBa (pyHkiis (2.1)
Ha0yBa€e €KCTPEMaJIbHOrO0 (MaKCHMAaJIbHOTO YM MIHIMAQJIHHOTO) 3HAYEHHHI.
Habip cumBomiB {<,=,>} B (2.2) o3Hayae, 1m0 s JCSIKUX 3HAYCHBb
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iHaekcy I (i =1,n) BUKOHYIOTBCSI HEPIBHOCTI « <), JJIsI IHIINX — PIBHOCTI

(=), a 11 peImTH — HEPIBHOCTI TUITY « ).

Cucrema (2.2)-(2.3) Ha3uBa€TbCA cucmemoro obmednceHb abo
cucmemoro ymog 3ajadi. BoHa omucye BHYTpIIIHI TEXHOJOTIYHI Ta
€KOHOMIYHI TIporiecH  (PYHKIIOHYBaHHS 1 PO3BUTKY BHUPOOHHYO-
€KOHOMIYHOI CHUCTEMH, a TaKOX MPOIECH 30BHIIIHHOTO CEPEJOBHINA, SKi
BIUIMBAIOTh HA PE3YyJIbTaT AISTILHOCTI CUCTEMH. /{711 €eKOHOMIYHUX CHUCTEM
3MIHHI X; MalOTh OyTH HEB1Jl' €EMHHUMHM.

dopmanizoBanuii 3anuc 3anadi (2.1)-(2.3) € 3aragbHOI0 €KOHOMIKO-
MaTeMaTU4YHOI MOJEIUII0  (YHKI[IOHYBaHHA YMOBHOI €KOHOMIYHOI
cucteMu. Po3poOiisaroum  OKpeclieHy MOJelb, IOTPIOHO KepyBaTHCs
TaKUMU TTPaBUIIAMU:

1) w™moxaenb Mae aJeKBaTHO OIKUCYBaTH peaibHI E€KOHOMIYHI Ta
TEXHOJIOT14HI1 IIPOIIECH;

2) y Mojeni TMOTpiOHO BpaxoByBaTH BCE ICTOTHE, CYTTEBE B
JTOCHIKYBAaHOMY SIBUIII YW TPOILECi, BIJIKWAIOYU BCE JPYTOPsJIHE,
HEICTOTHE;

3) Mozenb Mae OyTH 3p0O3yMUIOIO 711 KOPHUCTYBAya;

4) Tpeba 3a0e3neunTH, 100 MHOXHMHA HAOOpIB X; Oyna HemycToro. J{nd
[bOr0 B €KOHOMIKO-MAaT€MaTUYHUX MOJIEISAX MOTPIOHO SKHAMMEHIIIE
BUKOPHUCTOBYBaTH OOMEKEHHS-PIBHOCTI, a TaKOX CyNepewInBi
OOMEKEHHSI.
bynp-sikmit HaO1p 3MIHHUX X|, X3,..., X, IO 3aJ0BOJBHSIE YMOBH (2.2)

Ta (2.3), Ha3uBaOTh donycmumum wniaHom adbo 1aHoMm. O4YeBUIHO, 1110

KOXKHUM JONMYCTUMMU TUJIaH € BIANOBIJHOK CTPATEri€l0 €KOHOMIYHO1

cuctemu, nporpamoro Jiid. KokHOMYy J0myCTUMOMY IUJIaHY BIJMOBIAA€E

3HAYEHHS I1IbOBOI (PYHKIIIT, iK€ 00UUCITIOETHCS 3a popmyioro (2.1).
CyKyInHICTh yCIX PO3B’sA3KIB cuUcTeM oOMexeHb (2.2) Ta (2.3), To0To

MHOKMHA BCIX JONMYCTUMHX IUIAHIB, CTAHOBUTb 00]1ACMb ICHY8AHHS

NJaHI8.

IInan, 3a sikoro 1HIboBa (PyHKIIsI HAOYBA€ EKCTPEMAJILHOIO 3HAUEHHS,
Ha3UBAEThCA onmumanvHum. ONTUMATBLHUN IUJIaH € PO3B’A3KOM 3ajadl
MaTeMaTUYHOro mporpamyBanHs (2.1)-(2.3).

Cnin BiA3HAYMTH, IO B 33Ja4yl MaT€MAaTHYHOrO MPOrpaMyBaHHS
nepeadavaeTbcsl OAHA IIIbOBA (PYHKINISI, sIKa KIUIBKICHO BHpakeHa. B
peaJbHUX EKOHOMIYHUX CHCTEMaxX Ha pOJib KPUTEPII0 ONTUMAalIbHOCTI
(eheKTMBHOCTI) MPETEHAYIOTh 0arato nmokasHukis. Hanpukiaa, Mmakcumym
YUCTOTO  JOXOJY BiJi BUTOTOBJICHOI MPOAYKIII YU  MaKCUMyM
peHTAa0ENbHOCTI, MIHIMyM COOIBapTOCTI BUTOTOBJEHOI MNPOIYKINi abo
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MIHIMYM BHTpaT JePiUUTHUX pecypciB 1 T.n. Xoua 3arajibHa 3ajiaya
MaTeMaTUYHOTO MPOTpaMyBaHHS mependadae oOaHy IIILOBY (PYHKIIIO, ajie
ICHYIOTh MaTeMaTH4YHI METOJX TMOOYJIOBHM KOMIIPOMICHHMX IIJIaHIB, TOOTO
METOAM OaraTOKpUTEPIAIbHOI ONTUMI3allli.

Po3risitHeMoO HalmpocCTilil MaTeMaTU4YHl MOJeJNl 3ajiad JIHIAHOIO
nporpamyBanns (JII1):

1) 3aoaua npo euxopucmanmus pecypcis (cuposunu).

Jlns  BuroTOBIEeHHS ~ABOX BumiB  mpoaykmii Iy, Ta I,
BHUKOPUCTOBYIOTBCSI TPU BUJM CHPOBHHU .S, S, S3. 3amacu CHpPOBHHH,
HOPMH BHUTpPAT CUPOBHHHU Ha BUTOTOBJICHHS OJMHUII MPOIYKII KOXKHOTO
BHJIY Ta JIOX1J BT OJWHMII MPOAYKIII KOKHOTO BHUIy HaBEACHI B TAOJIHIIL:

Butparu cupoBUHM HAa BUTOTOBJICHHS
Bun 3anacu .
OJVHUII TTPOJYKIII1
CUPOBUHU CUPOBUHU
p p 1, 1,
S b ag apn
AYS by ar ax
AYS bs asg aszn
Jloxia BiJ OAMHUILI TPOYKIi C1 CH

HeoOxi1HO 3HAWTH Takuil TUIaH BUPOOHMIITBA MPOIYKIN, SKUAM
3a0€3MeYnTh HAMOUTBIINI CyMapHHI JOXI/I.

[ToOyayemo maTeMaTudHy MoAelb 3aaa4i. [lo3zHaunmo:
X1, X, — 3arajibHa KiJIbKICTb Npoaykiii /7, ta I;
Z — CcyMapHH# J0X1]1, SKHK OTPUMAEMO BiJI peai3alii BC1€l TpoayKITii
17 1 Ta I 2.
3anumeMo MinboBY (QyHKIIO 3amayi. J{oxig Big peami3zaiii oguHUIII
NpOAYKIIii //; CTAHOBUTH €1, & BCHOT'O II€T MPOAYKIIIi IJIAHYEMO BUITYCTUTH
X; OOUHHUIb, TOMY IIEPEMHOKHUBIIHN €| Ha X|, OTPUMAEMO BECh JIOX1J, SIKHil
MaTHMEMO BIJ peamizaiii BcCiel MNPOAyKIi. AHAJIOTIYHO JOXiJ BIf
peanizaiii npoaykiii /7, cTaHOBUTHUME cCpXx,. Jlojamo 11 JBa JOJaHKU
(c1x1Fcoxy) 1 OTpUMAEMO BeCh JOX1J BiJ peanizallii Bciel mpoaykii /7; Ta
Il,. OCKITbKM MM XO4Ye€MO OTPHMATH HAWOUIBIIMK J0XiJ, TO OyJIemMo
3HAXOJIUTH MaKCUMaJIbHE 3HAYEHHSI 11JIbOBOI (PYHKIII:

Z=cx +c,x, (max).

Ternep moTpiOHO 3amucatv 0OMEKeHHS 3a1a4l. HaM BiIoMO, CKUIbKU
pecypciB KOXKHOTO BHAY 3aTPadyaceTbCsd HA BUTOTOBJICHHS OJHHHII
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MPOAYKIIII KOKHOTO BUAY. Tak, Ha BUTOTOBJICHHS OJAMHUILI MPOAYKIi /7
pecypcy (CUpOBHHH) S| BUTPAYAEMO d1j, BCbOIO MPOAYKIi //; TIaHyeEMO
BUTOTOBUTU X; OJUHMIL. [lepeMHOXMMO a;; Ha X; 1 OTPUMAEMO Ty
KUIBKICTh pecypcy S;, fSKa Ije Ha BUTOTOBIICHHS Bciel mpoxykiti [7;.
[{poro x pecypcy S| Ha BUTOTOBJICHHSI OJIMHUII TPOAYKIIi /1, 3aTpayaeMo
a1y, a IJIAHYEMO BUTOTOBUTH X, OJUHMIL MOpOAyKuii Il,, ToMy, KOJIu
NEPEMHOKUMO dj, Ha X,, OyZIEMO MaTH KUIBKICTh pecypcy S, 3aTpadeHy
Ha BUTOTOBJICHHS BCi€i mpoaykiii /1,. SIKmo momaMo apix; Ta a;px;, TO
OTPUMAEMO CyYMapHI BHUTpPATH pecypcy S; Ha BHUTOTOBJIEHHA BCIEl
npoaykuii /7; ta Il,. Ane 3amac KOXHOrO BUAY PECypCy OOMEXEHUU 1
BUKOPHUCTATH OlIbIlle, HK MM MaeMo, HE MOXKeMoO. 3amac pecypey S
CTaHOBUTHb b;. Tomy OOMEXEHHs 3 BUKOPUCTaHHS pecypcy S| MaTume
BUTIAA: @, X, +a,X,<b. AHaJOriYHO 3amMIIEMO OOMEKEHHSI 3
BUKOPUCTaHHS pecypciB S, Ta S:

a, X, +a,x, <b,,
a, X, +a,x, <b,.
OueBUHO, IO HEBIJIOMI X;, X, HE MOXYThb OYTH BiJ’€MHHUMHU.

[IpruoMy piBHICTH HYJIIO OJIHIET 3 HUX O3HAYAE, 110 JAHUM BUJ MPOTYKIIii
BUTOTOBJIATA HEAOLUILHO.

Mu oTpumanu Taky 3aja4dy JiHIHHOTO MPOTrpaMyBaHHS:
Z=cx, +c,x, (max), (2.4)
a, x, +a,x, <b,

a, X, +ayx, <b,,

-

Ay X, +ay,X, < b;, (2.5)
x, 20,
x, = 0.

Oynkuis (2.4) — ne muboBa ¢QyHKIisA adbo dyHkiis metu, (2.5) —
cucTemMa OOMEXEHb HaIlloi 3aj7adi, IPUIOMY TIepIil Tpu oOMexeHHs (2.5)
Ha3UMBAalOTh OCHOBHMMHU OOMEXKEHHSMH, a OCTaHH1 JBa (OOMEXEHHS Ha
3HAK 3MIHHUX X| Ta X,) — IPUPOAHUMHU YU €KOHOMIYHUMH.

2) Y3azanvnena mooenv onmumanbho20 naAHYE8aAHHA.

PosrnsiHemo  3arajibHy  MOJEIh  ONTHMAJIBHOTO  TIJIAHYBaHHS.
[IpumycTuMo, 110 MJIaHY€ETHCS OPraHi3yBaTU BUITYCK MPOIYKIIi 7 BUIB 3a
JOTIOMOTOI0 71 MOKJIMBUX TEXHOJIOT1M. JIJII IIbOTO BUKOPUCTOBYETHCS 71
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BU/IIB BUPOOHHUYUX pecypciB (MaTepianiB, oONaJHaHHS, Mpalll, CHPOBUHU
TOILIO).

BBenemo mo3HaueHHs: [ — 1HAEKC pecypey, I=1n; j — 1HIEKC
TexHonorii, j=1,m; [ — iHgexc Bugy mpopykuii, / =1,7; a; — BUTpaTH
pecypcy i-ro BUAY Ha OJWHMITIO Yacy poOOTH TEXHOJOTIYHOI JIiHII BUAY J;
by — BuXiJ MPOAYKLii BHAY / 3a OAMHUIIO 49acy POOOTH TEXHOJIOTIYHOI
JHI1 BUAY J; A; — 00CsT 3amaciB pecypciB i-ro BUay; K; — KOeQILi€eHT, IKUn
BijoOpakae 4acTKy MOPOAYKINi BuAy [ B 3aralbHOMy 00cCs31 KIHIIEBO1
IPOJYKII; X; — 9ac poOOTH TEXHOJOTIYHOI JNIHII BUAY j; Z — 3arajJbHHiA
00CsT KIHIIEBOI MPOTYKIIii.

Tonmi y3aragpHeHa MOJENh ONTUMAIBHOTO IUIAHYBAaHHS MaTHUME
BUTJISUL: 3HAUTH Takuid 1iad {x, 2 0; j =1,m; Z > 0}, sixuit 3a0€31€e9nTh

Z — max
pU BUKOHAHH1 0OMEKEHB:

a) 32 00CAroM pecypciB

a, x, +a,x,+--+a, x <A,
: > (2.6)
a,x, +a,x, +--+a,x <A.;
0) 3a CTPYKTYpPOIO KiHIIEBOI MPOTYKIIIi
.
b x, +b,x,+-+b, x =2K/Z,
: > (2.7)

b.,x,+a,x,++a,x, 2K 7.

3) 3adaua npo cknadanus KOpM0OBO20 PAUioOHY.

B xopmoBuMii parfion aJisi BIATOAIBI1 BEJIMKOI poratoi xygaoou (BPX)
BXOJATh II’ATh BUAIB KopMmiB K, K>, K3, K4 ta Ks. J{nsa 3abe3neueHHs
33JIaHOTO0 TPUPOCTY Baru TBAapMHU ITIOBUHHI CIIOKUBATH TOXKUBHI
peuoBunn P,, P, Tta P;. MiHiMalbHa KUIBKICTh TOXUBHUX PEYOBHH,
MOTPIOHUX TBapUHAM, a TaKOX BMICT KUIBKOCTI OJMHHUIIL MOKHBHHX
pedoBHUH B 1 KT KOpMY Ta BapTICTh | KT KOpMy HaBeJ€HI B TAOJHIIL.

HeoOximHo ckimacTd J000BUM palliOH CHOXXUBAHHS TOKUBHUX
PEYOBUH TAKUM YMHOM, 100 3aTpaT HA HHOTO OyJIM MIHIMAJIbHUMU.

51



MiunimanbHa |  KUIbKICTh OJIMHUILIb IOKUBHUX PEUYOBUH B 1 k2 KOpMY
[ToxuBHI | KUIBKICTH
PEYOBHHHU | TTOKMBHHX K; K, K; K, K
PEYOBUH
P, by an apn ais a4 ais
P, b, ar ar ans a4 ass
P; bs aszy asn ass azq ass
BapricTs 1 kr KOpMY C1 C C3 Cy Cs

[ToOymyemo maTeMaTUuHy MOJIEIb 3a7a4i. BBenemo nmo3HaueHHS:

X; — KUIbKICTh KOpMY (KT) K; B partioHi (i=1, 2, 3, 4, 5);
Z — BapTICTh I0OOBOT'O pallioHYy.

OCKUIbKM BapTICTh OJHOIO KUIOrpamMa KOpPMY CTaHOBUTH ¢;, a
3arajibHa KUIbKICTh KOPMY i-TO BUAY, 110 MOTpiOHa aisa Bigromisiai BPX
CTaHOBUTH X; KT (i=1, 2, 3, 4, 5), TO IEpEeMHOXXUBILIHU ¢; HA X; 1 JOJABIIH 111
H00YTKH, OTPHUMAEMO BapTICTh J000BOTO pamioHy Biaromisiai BPX:
Z=cx +c,x,+cx,+e,x, +ex,. Jna noOynoBun oOMexeHb 3amadl
MEPEMHOXKUMO d1; — KUIbKICTh TOXXUBHUX PEUYOBUH Pj, 110 MICTATHCS B
lkr kopMmy K| Ha 3arajibHy KUIBKICTh IILOTO KOPMY X, d|p — KUIBKICTh
MOXUBHUX PEYOBHH P), 1m0 MICTUThCS B 1 Kr kopMmy K, Ha 3arajbHy
KUTBKICTh IILOIO KOPMY Xj, d13 Ha X3, dj4 Ha X4, d15 Ha X5 1 10AaMO IIi
n00yTku. B pesynapTari OTpUMaEMO 3arajbHy KUIBKICTh IMOKUBHUX
pEYOBUH P;, OTpUMAHUX BiJ yCIX M SITU KOPMIB, a MIHIMaJbHa KUIbKICTh
MOKMBHUX PEUOBUH P; TOBUHHA CTAHOBHTH b;, TOMy OOMEXCHHS 3
NEepIIoro BULY MOKMBHUX pEYOBUH MaTUMe BUTJISIL;

X, =D, AHanoriyHo 3aMHUCYIOThCS

a,x, +a,x,+a,x,+a,x, +a
OOMEXKEHHS 3 MIHIMAJIBHOI KUIBKOCTI CIIO’KMBAHHSI MOKUBHUX PEYOBUH P,
ta P 3.

Mu oTpuMalii MaTeMaTUYHy MOJIEJIb 3a/1a4l PO KOPMOBHUM palllOH:
Z =cx, +c,x, + x5, +¢,x, +csx; (min), (2.8)

(a,,x, +a,x, +a,x, +a,x, +a,.x; b,

Ay X, + Ay X, + Ay Xy + Ay, X, +ay5X5 2 b, 2.9)

Ay X, + Ay, X, + AyXy + Ay X, + Ay X 2 by, '

x; 20, =15
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4) 3a0aua npo pauionanvuuil po3Kpin mamepiaie.

PosrinsitHeMo ymMoBHM 3ajiadi. 3HaYyHA YacTHMHA MarepiaiiB HaJIXOJUTh
Ha MANPUEMCTBO TMEBHUMH OJWHUIISIMU CTaHAAPTHUX po3MipiB. s
BUKOPUCTAHHS MOr0 JOBOAMTHCS PO3pPI3aTH HAa 4YACTHHH, 100 OTpUMATH
3arOTOBKHU MOTPIOHMX po3MipiB. BuHukae mpobiaema MiHiMizalli Biaxo1iB
Marepiais.

Jl1s moOyq0BM MaTeMaTHYHOI MOJIENI 3ajiadl BBEIEMO MO3HAYCHHS.
Hexai:

M — KUTbKICTh PI3HUX 3arOTOBOK;

B; — 1y1aH BUIyCKY 3aroTOBOK i-TO BUY;

n — KUIBKICTh PI3HHUX CIIOCOO0IB (BapiaHTIB) PO3KPOIO CTAHIAPTHOTO

Marepiany;

a; — YWACJIO 3aroTOBOK [-I'0 BHUIY, OAEPKAaHUX 3a JOHOMOTIOIO j-TO

CIIOCo0y PO3KpPOI0;

¢; — BeJIMYMHA BIJIXO/1B MPU j-MY BapiaHTi pO3KPOIO.

CxemaTH4HO 3a/1a9y MOKHA MPEACTABUTH y BUTJISI TaOJHIII:

Bapianr (croci6) | BuXii 3aroToBoK 3 0fMHUII MaTepiany .
Biaxoon

PO3KpOIO l-ro Bugy | 2-ro BuUay | ... | m-ro BURy

| an apn - Aim C1

2 ari arn Arim C

n a, an Aum Cy

[Lian Bumycky
B B, B,

3arOTOBOK

Yepes HEBIIOMY X; TO3HAYMMO KUIBKICTh OJWHHIIL BHX1THOTO
Marepiaiy, siki TOTpiOHO po3pi3aTH j-TUM CIIOCOOOM, a uepe3 Z — 3arajbHy
KUIBKICTh B1JIXO/IIB.

KinpkicTh 3aroToBOK i-ro BHAY, OJEp)KaHa 3a BCIMa BapiaHTaMu
PO3KpOI0 CTAaHOBUTUME a.X, +a,.X, +...+a,Xx,, a HaM HNOTPiOHO IUX

3aroTOBOK B KUIBKOCTI B; oauHullb. TOMYy B SIKOCTI OOMEXEHHS 3 i-TOTO
BHJTY 3aTOTOBOK Oy/i€ P1BHICTb:

a;x, +a,x, +..+a,x, =B..

1
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B 3aranpHOMY BUMNaJKy MaTeMaTHYHA MOJIEJb 3a/1aul paIlioHaJIbHOTO
PO3KpOIO MaTepiainy MaTUME BUTJISIIL;

Z=cx +c,x,+...4+¢c,x, (min), (2.10)

a,x, +a,x, +..+a,x =B,
a,x, +a,x, +..+a,x, =B,,
2 e e (2.11)

a, x +a,x,+..+a, x =B

m?

\ijO, j=1n.

IcHytoul MeToau pO3B’sI3yBaHHS 3ajad JIHIHHOTO IPOTrpaMyBaHHS
nependayaoTh MEBHI BUMOTM JI0 CUCTEMHU OCHOBHUX OOMEXeHb (2.2),
TOMY PO3PI3HAIOTH JIBl CTaHAapTHI (opMu 3amucy 3afad JIiHIHHOTO
porpaMyBaHHS:

[-1m1a — 3 0OMEKEHHSIMU-PIBHIHHSIMU;
[I-ra — 3 0OMeXeHHIMHU-HEPIBHOCTIMH.

3anuieMo 3aja4dy JIHIMHOTO NpOorpaMyBaHHs B IEPIIiN CTaHAAPTHIN
dopmi:
Z=c,+cx +c,x,+...+cx, (extr), (2.12)
a, x, +a,x, +..+a,x =b,
a,x, +a,x,+..+a,x, =b,,
........................................... (2.13)
a x +a x,+..+a, x =b

x, 20 (i=1n).

m?

Po3p’s3atu 3amauy (2.12)-(2.13) — o3Hauae 3HAWTH Taki PO3B’SI3KHU
cuctemu piBHsAHb (2.13), mpu sikux 1muIboBa (QyHKIA (2.12) HaOyBae
EKCTPEMAJIbHOTO 3HAYCHHSI.

3ajada JIHIKHOTO MpOrpaMyBaHHs 3alvcaHa B APYTid cTaHIapTHIN
(dopMmi1 B 3araJJbHOMY BUIIAJIKy Ma€ BUTJISIIL;

F=sy+s85%+8,%,+...+5,.x, (extr), (2.14)
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(a“xl +a,X, +. o X < B,

oy X+ 0, X+ + o, X < B,

S eeeeee e et e e e e e e rrrraaaee s (2.15)
o X Fa,X oo X < B,

% >0 (i=Lk).

3HalTH PO3B’SI30K 3ajlayl JIHIMHOTO MpOrpaMyBaHHsSI, 3allMCAHOI B
ApYTiA CcTaHAapTHIN Qopmi, — 03HAYa€e 3HAWTH TaKi PO3B’SI3KU CHCTEMU
HepiBHOcTer (2.15), mpu saxux minboBa (QyHKuisA (2.14) naOyBatume
€KCTPEMAJIBHOTO 3HAYEHHSI.

B cucremi oOmexenb (2.15) cTraBUMO 3HaK HEPIBHOCTI «<»,
OCKUIbKH IILOTO MOHA 3aBXJIU JIOMOI'TUCS, TIOMHOXXUBIIIHA MPABY 1 JIIBY
JaCTUHM HEpiBHOCTI Ha (—1).

OckinbKkd A€kl METOIM  pPO3B’SA3yBaHHA  3a/Jad  JIHIAHOTO
IporpaMyBaHHsl BHMarawTh, Mm00 3ajada Oyjla 3amucaHa MEBHIN
CTaHJIapTHIN popmi, MOKaKEeMO, SIK MOXKHA TEPENTH BiJ MEPIIOi 0 APYroi
CTaHJApPTHOI (POPMHM 3aIKCy 3aj]1ay JIHIMHOTO MPOTpaMyBaHHS 1, HABIIAKH,
B1J1 Ipyroi J0 MEepIIIOi.

[I{o6 mepeiTu Bia ApyTroi cTaHaapTHOI (POPMH A0 MEPIOi, TOCTaTHBO
710 JIIBO1 YACTUHHU KOKHOTO OOMEXEHHs TUMY «<» cuctemu (2.15) nonatu
J0aTKOBY JOJAaTHY HEBIOMY, sSKa piBHA PI3HMII MK MPABOIO Ta JIIBOIO
YaCTUHAMU HEPIBHOCTI. 3IMCHUMO 1€ 1 B pe3yJIbTaTi OTPUMAEMO:

F=5+SX+SX +..+8X,  (extr), (2.16)
o X +oapX ooy X+ X, =B

Oy X+ O Xy + oo+ 0 X + Xy = 55,

S e e e e e (2.17)
o X+, X% Fo o X+ X, =0,

X =20 (=Lk+lI).

3anaua (2.16)-(2.17) 3anucana B nepiiiid CTaHAapTHIA GopMi.
PosrnsiHemo 3amady JTHIHHOTO TpOTrpaMyBaHHS 3 OOMEKEHHSIMHU-
piBHOCTsIMHM (2.12)-(2.13).

Hexaii X ,X,,..., X, — BUIbHI 3MIHHI. Toal X, ,X.,--,X, — Oa3HUCHI

3MiHHI. Bwupaszumo 3HaueHHs 0Oa3MCHUX 3MIHHMX 4epe3 BUIbHI,
BUKOPHUCTOBYIOUH NepeTBOpeHHs XKopaaHa-I ayca:
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X, =dx +d,x,+...+d, x, +d,,

X, =d,x +d,x,+...+d, x, +d,,

| X, =d x, +d,x,+...+d x, +d_.
Maemo s 0a3UCHUX 3MIHHUX 1 kK BUIBHUX (S+k=n).
OCKUIBKH X ;2 0;,j=1n,T10

dx +d,x,+...+d, x, +d 20,
d,x +d,x,+...+d, x, +d, =20,

d,x +d,x,+...+d, x +d, =0.
abo

-

dx, +d,x, +...+d,x, =2-d,,
d,x, +d,x,+...+d, x, =2—d,,

dx +d,x,+...+d, x, 2-d..

[TomHOXHMMO Bci HepiBHOCTI Ha (-1), TOAl 3HAKKW HEPIBHOCTEH
CTaHYyTb «<». 3MIHHI X,,,X,,,,...,X, LIJIbOBOI (DYHKIII BHpPa3uUMO 4Yepe3
3MIHHI X, X,,...,X,. Y pe3yJapTaTl OTpPUMY€EMO 3aJady JIHIKHOIO
MIPOTPaMyBaHHS 3 0OMEXKEHHSIMHU-HEPIBHOCTIMH.

[Ipouenypy mepexomy Bin 3aaadi JiHiHOrO nporpamyBanHs (JIIT),
3amucaHoi B Mepinid craHmaptHik dopwmi, ao 3amaui JIII, 3ammucanoi B
ApYTii cTaHaapTHINA GopMi, 3M1IMCHUMO Ha IPUKIIAII.

[Ipuknazg 2.1. 3agavy JiHIKHOTO TPOTrpaMyBaHHSI

Z =3x,—2x,-5x,+10x, -2  (min), (2.18)
X, +x, +2x, +x, =5,
X, =X, =X, +2x, =1, (2.19)
x>0 (i=14)

3amucaTu B IPYTid CTaHAApTHIN Gopmi.
*P0o36 ’s13y8aHHA.

BunumeMo Marpuiro KoediIieHTiB IpPH HEBIAOMHUX B OCHOBHMX
oOMexeHHs X cuctemH (2.19):
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11 2 1
A= .
(1 -1 -1 2)

3HaliIeMO paHT 1€l MaTpulll, KWW PIBHUI HAWBUIIIOMY MOPSIKY
MIHOpA, BIAIMIHHOTO BiJ HYJIS.

rangA =2, OCKUIbKH, HAIIPUKJIA]]

2 1
=4+1=5#0.
-1 2
Otxe, 0Oa3uUCHUMHU HEBIAOMUMH OepeMO X3 Ta Xx4. Po3B’spkemo
CUCTEMY OCHOBHMX OOMEXEHb BIJJHOCHO X3 Ta X4 MetojgoM JKopmaHa-
l"ayca:

No No | Koedimientu npu HeBinomux |[IpaBi yacTUHU 0OMEKEHb
TaOIMWLI | pAIKa | x, X, X3 X4 b,
1 1 2 1 5
! 2 -1 -1 2 1
1 1 1 2 1 5
II
2 —1 -3 -5 0 -9
1 A I i 7
w1 s
2 — - 1 0 Z
5 5 5
3 0cTaHHBOI TAOJHIII 3aITUIIIEMO CUCTEMY PIBHSAHB:
Ex1 1x2+x4=7, 4:z—§x1+1x2,
> - > S ) (2.20)
et 2x4x, =2 =2l 3.
55 5
Ockunbku x, 20, x, =20, TO
z—gxl+lx220, Exl—lxzﬁz,
5 5 5 N 5 5 5
2—1x1—§x220. lxl+§x2_2
5 5 5 5 5 5

[ToMHOXkUMO 00M/IB1 HEPIBHOCTI Ha 5:
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3x,—x, <7,
x, +3x, <9.

[TincraBumo B uuiboBy PyHKIi0 (2.18) popmynu (2.20) (BupaxeHHs
HEBIJJOMUX X3 Ta X4 Y€PE3 X| Ta Xp):

Z =3x,—2x,—5x, +10x, =2 =3x, - 2x, —5(%—%)61 —%ij-l-

+10(%—%x1 +%x2j—2=3x1 —2x,—9+x, +3x,+14-6x, +2x,-2=

=—2x, +3x, +3.
OTxe, MU OTpUMAJH 3aJ1a49y
Z=-2x+3x,+3 (min),
3x, —x, <7,
x, +3x, <9,
x, 20,x, 20,

sKa 3amucaHa B JApYTid cTaHaapTHIN (opmi 1 piBHOCWIBHA 3adadil (2.18)-
(2.19). ¢

2.2. I'pagiynmii MeTO PO3B’A3yBaHHA 3a/1a4
JIIHITHOT0 MPOrpaMyBaHHS

JIJisi Kkpaiioro po3yMmiHHS OCHOBHMX BJIACTUBOCTEM 3ajad JIHIMHOTO
MporpaMyBaHHs BUKOPHUCTAEMO iX TE€OMETpUYHE 300pakeHHs. Bmegemo
O3HAYCHHSI OMYKJIMX MHOXHH, SIKI XapakTepHl JUIsl 3aJad JIHIAHOTO
IporpaMyBaHHSI.

Muoxkuna D B n-MIpHOMY €BKJIIJJOBOMY TMPOCTOPI Ha3WBAETHCS
ONYKIOI0 MHONCUHOIO, SIKIIO 1711 OyAb-SKMX JIBOX TOYOK ITI€] MHOKHUHU
XY X? ¢ D rourkn X = X" +(1-2)X® nanexars MEOXHH] D 115 BCix
3HA4YEHb A, K1 HAJIekKaTh BiAPi3Ky [0; 1]. ['eoMeTpudHO 11€ 03HAYAE, IO SKIIO
JIBI TOYKW HaJIeKaTh MHOXUHI D, TO ¥ BIJIPI30K MOPSMOi, IO iX 3 €IHYE,
TaK0’K HAJIEKUTH 10 MHOXKXHUHU D.

[TpuxmagamMu OMyKIMX MHOKWH Ha IJIOLIMHI € BIIPI30K, MpsimMa, KPyT,
MIBIUIOIIWHA, KBAaJIpaT 1 T.JI.
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P
o X
X( 2) /

1)

X2
.

D

2) 9)
Pucynok 2.2.1

Ha puc. 2.2.1 (a, 6, 8, 2) 300pakeHO OMyKJIi MHOXKUHHU, puc. 2.2.1 (0) —
HEOITyK/Ta MHOJKHHA, OCKUTBKH BiIpi30K, siKuit 3’quye Toukn X ta X He
MOBHICTIO HAJICKUTh MHOXHUHI D. Onykii MHOXHHHU MOXYTh OyTH
0OMEKEeHUMHU 1 HEOOMEKEHHMHU.

MuoxxuHa D Ha3UBAETbCSI 0OMEMHCEHO0, SIKILO ii MOYKHA MOMICTUTH B
KyJI0 (KOJIO) CKIHYEHOTO pajiiyca 3 IEHTPOM B OyJib-sIKii TOYII MHOKHHH, 1
HeobMmedceHoo — B MPOTHIICKHOMY BUManaky. Ha puc. 2.2.1 MHOXUHH 6, 6,
2, 0 — 00MeXeH1, a — HeoOMeKeHa.

Touxa MHOXWHHM HA3UBAETHCS 6HYMPIUWIHLOIO, SKIIO BOHA HAJIECKUTH
MHO>KHHI pa30M 3 JAECSIKUM CBOIM OKOJIOM.

Touka MHOXMHU HA3UBAETHCS 2PAHUYHOMO, SIKILIO B OYIb-SIKOMY 11 OKOJII
3HAXOJIATHCA SIK TOYKH, 110 HaJIeKaTh OIMCAaHIN MHOXKHMHI, TaK 1 TOYKH, K1 TH
HE HaJIeKATh.

CyKynHICTbh TPaHUYHUX TOYOK MHOKUHHU YTBOPIOE ii eparuyro.

HalinpocTimyMy — mpuKiagamMu  OMYyKJIMX  MHOXHH €  OMyKIi
MHOTOKYTHUKH. ['paHUIIS OMyKJIOT0 MHOTOKYTHHKA CKJIQJAEThCS 3 BiJIPI3KiB
a00 mpsmux. ToOUku, B SIKMX MEPETHHAIOTHCS BIAPI3KH a00 MpsiMi TpaHUIll
MHOTOKYTHUKQ, HA3UBAKOTh GEPUIUHAMU.

llepemunom obnacreut Dy, D,, ..., D; Ha3UBarOTh MHOXXKMHY TOYOK, 1110
HaJIeXKaTh KOXKHIH 3 IIUX 00Js1acTei.

[lepetrH Oyab-IKOTO YKCIIa OMYKIUX MHOXKHH € OITyKJI00 MHOYXHHOIO.
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Po3ryisiHeMO OCHOBHI  BJIACTUBOCTI  PO3B’S3KIB  3a/lay  JIIHIKHOTO
IIporpaMyBaHHSI.

Bekrop X=(xi, xy, ... , X,,), KOOpJIMHATHU SIKOTO 33JI0BOJIbHSAIOTH CUCTEMY
ooMexeHnb (2.2) 1 (2.3), Ha3WBAIOTb OONYCMUMUM PO38 SA3KOM (NJIAHOM)
3agadl. CyKyINHICTh JOMYCTUMHX pO3B’SI3KIB 3aJladyi  yTBOPOE 00JacThb
JIOIYCTUMUX PO3B’SI3KIB.

OnopHuM IJIAHOM 3a/iadi JIHIAHOTO MpOorpaMyBaHHS HAa3UBAETHCA
IUTaH, M0 YTBOPEHWH KOOpJAWHATAMM BEPIIMH MHOTOTPAaHHUKA TUIAHIB
3aja4l. OTXe, OOPHUM IIJIaH — 1€ IJIaH, SIKUM 3a/I0BOJIBLHSE HE MEHII HIXK 7
JHIMHO He3aleKHUX OOMEeXeHb (2.2) Ta oOMexxeHHs (2.3) MOJ0 3HaKa Y
BUTIJISI/II CTPOTHX PIBHOCTEH.

OnopHuil TIaH HA3UBAETHCS HEBUPODKEHUM, SIKIIIO BiH € BEPIIMHOIO
MHOTOIpaHHHMKA IUIAHIB 33/1ayl, 1110 YTBOPEHUI MEPETUHOM 71 TINEPIUIONIYH,
TOOTO 3aJ0BOJIBHSE 71 JTIHIMHO HE3aJIEKHUX 0OMEXEHb — CTPOTUX PIBHOCTEH.
B npotuiie:;kHOMY BUIIAJIKY OTIOPHUM TUIAH € BUPOKCHUM.

Ao 3amaya JIHIKHOTO MPOTrpamMyBaHHA Ma€ PO3B’SI30K 1 cepen il
IUIaHIB € OMIOPHI1, TO X04a O OJIMH 3 HUX Oyl ONITUMATILHUM.

CykynHICTh yCIX pO3B’SI3KIB 3ajadi JIHIHHOTO MPOTpaMyBaHHSA €
OaraTorpaHHOIO OMYKJIOI MHOXKHMHOIO, SIKy HA3MBalOTh MHOTOTPAaHHUKOM
PO3B’SI3KIB.

ko 3agaya JIHIMHOTO MPOrpaMyBaHHS Ma€ ONTHUMAJILHUM IUIaH, TO
EKCTPEMAIBHOTO 3HAYCHHS MIIh0BA (DYHKINS HaOyBae B OJHIN 13 BEpIIHMH
MHOTOIpaHHHMKAa PpO3B’s3KIB. SIKIIO K IUIbOoBa (PYHKISE HaOyBae
EKCTPEMAJIbHOTO  3HAUYEeHHS OUIbIl  SIK B OJHIA  BEpIIMHI  ILIOTO
MHOTOTPaHHUKA, TO BOHA JIOCSTa€e WOTo 1 B OyIb-sKIM TOYII, 1110 € JITHIHHOO
KOMOIHAITIEI0 TAKUX BEPIIIHH.

Posrnsinemo anncopumm 2paghiunozo memoody po3B’sA3yBaHHsS 3adad
JiHIMHOrO mporpamyBaHHs. CniJl 3ayBaXUTH, LIO0 OKPECICHUH METOJ
BUKOPUCTOBY€ETHCA Il PO3B’SI3yBaHHSI TIEBHOTO KJACy 3aJiay JIHIAHOTO
nporpaMyBaHHs, 30KpeMa 3ajad, YUCIIO HEBIJOMUX SKUX HE TMEPEBHUIIYE 3.
Xo4a BXKE B TPhOXBUMIPHOMY TPOCTOPI BaXKKO MOOYyBaTH MHOTOIPAHHUK
JOITyCTUMHUX PO3B’SI3KIB, a 3a7ady JIHIMHOrO MporpaMmyBaHHs, SKa MICTUTb
OUIbIIIE TPHOX 3MIHHUX TpadiuHO 300pa3UTU MPAKTUYHO HEMOXIUBO. Tomy
HailyacTime rpaiuHuM ~ METOJOM  PO3B’SI3YyIOTh  3ajayl  JIHIKHOTO
MIPOrpaMyBaHHsI, K1 MICTSTh JIBI HEBIJIOMI 1 3aMKCaHi B APYTiil CTaHIAPTHIM
dbopMi (3 0OMEKEHHAMHU-HEPIBHOCTSIMHU ).
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z=c,+cx +c,x, (extr),
a, x, +a,x, <b,

a,x, +a,x, <b,

-

ak+11x1 + ak+12x2 S bk+19
a . x +a ,x,<b ,
x 20, x,20.

Po3riasiHeMO OCHOBHI €Tany 3HaxOJKeHHS po3B’s3Ky 3agad  JIIIT
rpadiyHIM METOIOM:

1) Ha xoopaunatHiii tuiommui X;0X, OyayeMo TrpaHW4Hl TpsiMi
(puc.2.2.2), K1 BIJIIIOBI1AAIOTh cucTemi 0OMEKEHb 3aj1aui:
ax +a,x,=b, i=1m.

2) Buznayaemo MIBIUIOIIMHY, SIKI € PO3B’sS3KaMu HepiBHOcTeH. Jliis
IIOI0 OepPEeMO KOOPAMHATH TOYKH 3 JIOBUILHOI IIBIUIOIIMHU 1 IT1JICTABIIIEMO B
HEPIBHICTb. SIKIIIO HEPIBHICTh CHPABIKYETHCS, TO MIBIUIOIIMHA PO3B’S3KIB
HampapJieHa B CTOPOHY BHUOpPAHOI TOYKH, SIKIIO K HE CHPABIKYETHCS, TO B
MPOTUJICKHY CTOPOHY.

Pucynok 2.2.2

3) 3HaxomuMo  00JacTh, JI€ TNEPETUHAIOTHCS BCl  MIBIUIOLIMHU
PO3B’SI3KIB — MHOTOKYTHHK PO3B’SI3KIB. SKIIIO MEPEeTHH — HEMOPOXKHS
MHOKHHA, TO TIEPEXOIMMO JI0 HACTYITHOTO €Tammy. B mpoTHiie:;KHOMY BHUITAIKY
pPOOMMO BHCHOBOK, 1110 3a/1a4a HE Ma€ PO3B’SI3KY.
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4) BynyemMo BEKTOp HOpMalli N , TIOYATOK SIKOTO 3HAXOAUTHCS B TOYII
(0,0), a xiHewp B Toull (c,,c,) (KOEQILIEHTH NPH HEBLAOMHUX B LILIbOBIH
¢yHkIiii). Bekrop HopMati BKa3zye HAPsSIMOK 3pOCTaHHS (PYHKIII.

5) IlepnieHAUKYASIPHO 7O BEKTOpa HOpMasll OyayeMO JIHIIO pIiBHIB
¢, X, +¢,x, = const. JIns 3py4HOCT] 3HAXO/HKEHHS ONITUMAJIBHUX TOYOK JIIHIIO
piBHIB OyAye€MO Tak, 1100 BOHAa Maja CIUJIbHI TOYKHM 3 MHOTOKYTHHKOM
PO3B’sI3KIB (MepeTruHaIa MHOTOKYTHHUK PO3B’S3KIB).

6) Busnauaemo ontuMmasibHi  TOYkH. JJIs 1bOTO JIIHIIO PIiBHIB
napajieabHO MePEeHOCUMO B HANpPsIMKY BekTopa HopMmaii. OcTaHHS BepIIUHA
MHOTOKYTHHKA, SIKy TIEpETHE JIiHisl PiBHIB, Oy/Ie TOUKOI MakcuMmyMy. [loTim
JIHIKO PpIBHIB TMapajelibHO MEPEHOCUMO B HAMNpsMKY, MPOTUIICKHOMY
HamnpsSMKY BekTopa HopMaii. OcTaHHS BEpIIIMHA MHOTOKYTHHKA PO3B’SI3KIB,
Ky TIEpETHE JIHIS PIBHIB B I[bOMY BUITAJIKY, € TOUKOIO MIHIMyMY.

7) 3HaxonauMO HaOUIbllle Ta HaliMeHie 3HaueHHs (yHkuii Z. s
IILOTO TICTABUMO KOOPAWHATH ONTHUMAIbHUX TOYOK, 3HAMICHUX IIUIIXOM
PO3B’SI3yBaHHS CHCTEM pIBHSHb TPAHUYHUX MPSAMUX (MIEPETUHOM SKHX €
ONTUMAaJIbHA TOYKA), B IIIbOBY (PYHKIIIIO.

[lpuknag 2.2. I'pagiuariM MeTOAOM PO3B’s3aTH 3a7ady JIHIAHOTO
IpOrpaMyBaHHS:

Z=3x,+7x,-5 (extr),
(4x, —3x, <12,
10x, +13x, <130,
—6x, +8x, <48,
2x, +5x, 210,
4x, —x, 20,
x, 20,

X, 2 0.

.

¢ Po36 ’s13y6aHHs.

bynyemo rpaHuuHi mpsiMi, 1O BiANOBIIAIOTH HEPIBHOCTSAM CHUCTEMU
oOMeXXeHb 3ajaul (KO)KHE OOMEKEHHSI PO3IJIsgaeMo SIK piBHSHHS). [ls
noOyTI0BU JOBUILHOI MPSAMOI HaM MOTPIOHO JB1 TOUKH. SIKIIO MpaBa 4acTHHA
PIBHSHHS HE JIOPIBHIOE HYIIO, TO JJISl TIPOCTOTH 3HAXO/KEHHS KOOPIMHAT
JIBOX TOYOK, Yepe3 sIKl MPOXOJIUTh TpaHWYHA MpsMa (Hanpukiazn L), 6epemMo
coyatky x;=0 1 3Haxomumo Xx,. 4-0-3x,=12, 3Bigcum —3x,=12, a 3HAYHUTH
x,=4. Mu maemo koopaunatu oaHiei Touku (0, —4). ITotim 6epemo x,=0 1
3HaxomuMo Xx;: 4x;—3:0=12, 3Bimcum 4x;=12, a 3HauuTh Xx;=3. OTKE,
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KOOpJuHATH Apyroi ToukH (3,0). AHAJIOrYHO 3HAXOAUMO KOOPAMHATH TOYOK
JUIsl TIOOYTOBU TPAaHUYHMX NpsIMUX Ly, L3 Ta Ly,

B mnpaBiii 4YacTWHI TpaHWUYHOI MPSAMOI, IO BIANOBIIAE IT SITOMY
OOMEXEHHIO — HYJIb, TOMY JJII 3HAXO/PKEHHS KOOPJWHAT ABOX TOUYOK ITIET
IPsIMOI OJIH pa3 BizbMeMo x;=0, ToJIl oTpuMaeMo, 110 x,=0. /{751 Bu3HaueHHs
KOOpJMHAT JIPYroi TOUYKH OepeMO JOBLIbHE 3HAUYCHHS OJIHIETI 3 HEBIIOMMX,
Tk He 0, HampukiIam, x;=1 1 3HAXOAMMO 3HA4YCHHS X,: 4-1-x,=0, 3Bijgcu
Xo= 4,

L: 4x,-3x,=12, (0;—4); (3;0).
L, : 10x,+13x, =130, (0;10); (13;0).
L : —6x+8x,=48, (0;6); (-8;0).
L,: 2x+5x,=10, (0;2);  (5;0).
L. : 4x,—x, =0, (0;0);  (1;4).
L, : x, =0, BiCb Ox,.
L. : x, =0, BiCb Ox,.
A

Jinisa pisnie _

Pucynok 2.2.3

3HaxoAUMO MIBIUIONIMHU PO3B’SI3KiB, 110 BiJNOBIIAIOTh HEPIBHOCTSIM
cucTeMu oOMexeHb. [ 1mporo OepeMo MOBLIbHY TOUYKY KOOPIWHATHOI
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IUIOILIMHY, 4Yepe3 Ky He MPOXOAUTh I'paHuuyHa mpsMma 4x, —3x, =12 (mna
IIPOCTOTH Po3paxyHKiB BizbMeMo (0,0)) 1 mACTaBISIEMO B TIEPIITy HEPIBHICTb.
Otpumaemo 4-0-3-0<12; 0<12, omke, HEPIBHICTh CHPABIKYETbCI. A 1I€
3HAYUTB, 1110 IMIBIUIOIIMHA PO3B’SI3KiB, KA BIAMOBIIAE TIEPIIOMY 0OMEKEHHIO
3amadl, posmimieHa B Hanpsamky Touku (0,0). Ha pucysnky Bkazyemo
CTPUIKOIO B SIKOMY HampsSMKY BiJ TpsMoi L, po3MillicHa Hallla IMiBIUIOIIMHA
pPO3B’SI3KIB. AHAJOTIYHI PO3PAXyHKH MPOBOJMMO 3 YCIMa TPaHUYHUMHU
npssMUMH. TUIBKU TSI BUBHAYCHHS MIBILIOIIMHU PO3B’S3KIB, IO BIIMOBIIAE
I’ ITOMY OOMEKEHHI0, OepeMO KOOPJAMHATH JTOBUIBHOI TOUKH, 110 HE JICKHUTH
Ha npsmii, TUbKU He TouKy (0,0), OCKUTbKH TpaHWYHA MpsMa Ls MPOXOAUTh
yepe3 IMoYaToK cucreMu KoopauHat. [llykaemo cnuibHy o001acTh, 1€
MEPETUHAIOTLCS BCl  MIBIUIOUIMHU PO3B’s3KIB. B  HamoMy BUIAIKY
MHOTOKYTHHUKOM pO3B’s3KiB € (pirypa ABCDE.

Bynyemo Bextop Hopmam N ={(0;0);(3;7)}. IlepneHANKYIIPHO MO
HBOTO — JIIHIIO piBHIB. [lapanenbHO MEpeHOCHMO IO JIIHIK0 B HANPSMKY
BekTOpa HopMati. OCTaHHBOIO BEPIIMHOIO MHOTOKYTHHUKA, SIKY TIEPETHE JIHIA
piBHIB € Touka C — Touka MakcuMyMy. Toi mapajieiabHO IEPEHOCUMO JIHIIO
pPIBHIB y HampsSMKYy, HIPOTHICKHOMY JI0 HAmpsSMKy BEKTOpa HOpMaIi.
KpaiiHp010 BepIIMHOI0, Ky MEPETHE JIIHIS PIBHIB, € Touyka A — TOYKa
MIHIMYMY.

3HaiiieMO KOOpPJAMHATH ONTUMAJBHUX TOYOK 1 HaWOUIble Ta
HaiimeHie 3HaueHHs1 GyHKuli Z. Touka C JEXUTh HA MEPETUHI TPAHUYHUX
npsimux L, Ta L;, TOMy ii KOOpauHATH OOYMCIMMO, PO3B’S3aBIIA CUCTEMY
PIBHSIHB ITUX TPAHUYHUX TPSIMHX:

~

13
10x1—|—13x2 :1307 x1+2x2:13’ xl =—Ex2 +139
—6x, +8x, =48 < 10 = 13
N O, = A0 ~6x 8%, =48, |=6(—x, +13)+8x, =48
X, =—Ex2 +13, X, = —Ex2 +13, 13
10 10 X, =——x, +13,
= 19 = 79 = 10
—78+—x, +8x, =48. —x, =126. x, =197.
\ 5 L5
13

x, =——-797+13=2,64,
& 10

x, =797.
Mu otpumanu, o C(2,64; 7,97).
Tom Z . =2(C)=3-2,64+7-797-5=7,92+55,79-5=58,71.
Touka A — nepetnH L4 Ta Ls. 3amuIeMo CUCTEMY PIBHSIHb IUX TPAHUYHUX
NPSIMHX 1 PO3B’SDKEMO Ti:
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2x,+5x, =10, 2x,+5x, =10, 2x,+5-4x, =10,

N p—
4x, —x, =0. x, =4x,. X, =4x,.
22x, =10, x, = 0,45,
p— N
x, =4x,. x, =4-0,45=18.

Orxe, A(0,45;1,8).
AZ. . =2(4)=3-045+7-18—-5=1,35+12,6-5=8,95.4
[Ipu po3B’s3yBaHHI 3adad JIHIMHOrO MporpamyBaHHs TpadiuHUM
METOIOM MOYKJTHBI TaKl BUITAJKU:

Jinia
A X, ;  pieHis ,
Zmax’ /S

2|

> X|

Pucynok 2.2.4

B nanomy Bumaaxky ¢yHKIiS Z AocsIra€ HaWMEHIIIOrO 3HAYeHHS B
ToYIl A, a HAaHOLITBIIOro B To4Il B.

Zmin

> X1

O . JliHis
DIBHIE

Pucynok 2.2.5
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DyHKIIS Z J0csIrae HAMMEHIIIOTO 3HaYeHHS B TOUI A, a HAMOLIBIIIOTO
Ha BiApi3Ky BC, TOOTO ICHYE HEEAMHUM ONTHUMAIbHUM (MaKCUMAaJbLHUMN)
PO3B’SI30K 3aJaui (aHAJTITUYHUM KPUTEPIEM HEETUHOCTI € MPOMOPLIMHICTh
KOeQIIEHTIB TPU HEBIAOMUX B IUIbOBIM (PyHKLII KoedillieHTaM mpu
HEBIJJOMUX PIBHSHHS TPAHUYHOI MPSAMO1, Ha SIK1i JeXUTh Bipi3ok BC). 11106
3HAWTU HaMEHIIE 3Ha4YeHHs (DYHKIII1, MOTPIOHO 3HAWTU KOOPAMHATU TOUYKHU
A 1 miACTaBUTH B IUIbOBY (DYHKIIIO, a 1100 3HAWTH HaWOUIbIlIEe 3HAYCHHS
(yHKIII1 Z, TOTpiOHO B IUJILOBY (PYHKIIIIO MJICTABUTH KOOPANHATH JOBUILHOL
Touku Biapizka BC. HaiimpocTiie 3HAWTH KOOpAWMHATH KIHIIIB BlApi3Ka
(KOOpIMHATH TOYKM TMEPETHHY TPaHUYHUX MPSMUX), TOMY 3HAXOJMMO
KOOPJIMHATU TOYKU B un Touku C 1 MiJICTABISEMO B IIUTLOBY (PYHKIIIIO.

L o AY

ax S

Pucynok 2.2.6

OyHKIIS Z A0CATaE HaWMEHIIIOTO 3HAYCHHS B TOYIl A, a HalOLIbIIe
3HauUeHHs (PYHKINT piBHE OE3MEKHOCTI, OCKUIBKM MHOTOKYTHUK PO3B’SI3KIB

HEOOMEKEHUM 3BepXy (Z = +w).

max
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’ ..
¢ Jlinis
Zmax

/ . .
/
’ ,/  Dienis ,

—_— ,
% N,
/

/
/

Pucynok 2.2.7
HaiimeHnmie 3HaueHHs ¢QyHKWi Z =—o0, a HalOUIbLIE 3HAYEHHS
Z =400, OCKUIbBKM MHOTOKYTHHK pO3B’SI3KIB HEOOMEKEHUM 1 3HU3Yy 1

ma:

3BEPXY.

/
/ o Zmin
¢ JliHia
/

pisHis /

/

Pucynok 2.2.8
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HalimeHnie 3HadeHHs (QyHKLII Z  =—00, OCKUIBKM MHOTOKYTHHK

PO3B’sI3KiB HEOOMEKEHHI 3HU3Y, a HalOUIbIe 3HaYeHHS QyHKIIIS Z J0carae
B TOuIll 4.

|\
\4

é

A

Pucynok 2.2.9

Mu 6aunmo, 1110 B JaHOMY BUMAAKY MEPETHHOM ITIBILIONIMH PO3B’SI3KIB
€ MOPOXKHS MHOXKHMHA, TOOTO CHCTEMa OOMEXKEHb 3a7adl HecyMiCHa (Hemae
’KOJTHOTO PO3B’S3KY), TOMY 3HAMTU €KCTPEMaJIbH1 3HAYEHHS IITbOBO1 (PyHKIIIT
HEMOKJTUBO.

2.3. CUMILIEKCHMH METOJ PO3B’SI3yBaHHS 32124 JIHIHHOT O
NMPOrpaMyBaHHA

Ha Bigminy Bix rpadiuHOro METOMy, SKHM JOIIBHO 3aCTOCOBYBATH
JUIIEe JJIs PO3B’sA3YBaHHS 3ajad JIHIMHOTO MPOrpaMyBaHHS 3 JIBOMA
3MIHHUMH, 32 JOTIOMOTOI0 CUMILIEKC-METOIy MOKHA 3HAXOIUTH PO3B’I3KU
3anay JII1 3 O1ibII0r0 KUTBKICTIO HEeBimoMuX. [Iporiec po3B’sa3yBaHHs 3a1a4i
TaKUM METOJIOM Mae€ iTepaiiiHuii xapaktep. OOuuCIIOBaIbHI MPOIEAYPHU
(iTepailii) OAHOrO ¥ TOrO CaMOro THUIYy IOBTOPIOIOTHCS B KOHKPETHIMN
MOCJIITOBHOCTI 3a MEBHUMHU TMpaBWJIaMu 10 THUX Iip, JOKHM He Oyne
OTPUMaHO ONTUMAJILHUH TJIaH 3a71a4ul a00 3’sICOBAHO, 1110 MOTr0 HE ICHYE.

CuMILiekc-MeTo] — 1€ TO€TaHa OOYMCITIOBAIbHA MPOIeaypa, B
OCHOBY SIKOi MOKJIaJICHO MPHUHIMUI TOCIIJOBHOIO TMOJIMIIEHHS 3HAa4Y€Hb
L17Ib0BOI (DYHKIIT MEpexX0I0M BiJl OJHOTO onopHoro miany 3azaadi JIIT go
HIIIOTO.
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Lle¥ MeTOL MOXKHA BUKOPUCTOBYBATH I PO3B’s13yBaHHA 3axa4 JIII,
K1 3aliCaHl B KAHOHIYHIN (hopMi, TOOTO:

1) 3amava JIII 3amucana B mepmiiid ctaHgapTHi dopmi (oOMexKeHHs-
PIBHOCT1);

2) mpaBl YaCTUHU PIBHAHL-OOMEXEHb (BIJIbHI YJICHHW ) HEBIJI €MHI;

3) cuctema pPIBHIHb-OOMEXKEHb MAa€ UYITKO BHUAUICHWHM 0Oa3uc, TOOTO B
KO)KHOMY DIiBHSIHHI € HeBijjoma 3 koedirieHToM | 1 1 HeBizoMa
BIJICYTHSI B yCIX IHIIMX PIBHSHHSIX CUCTeMHU OOMexeHb. Ll1 HeBioMi
Ha3WBAIOTHCS 0a3MCHHUMH, a BC1 1HIII — BUIBHUMU;

4) niboBa (QYHKIIIS 3aJICKUTh TIIBKU B1JI BIIbHUX HEBIJIOMHUX.

AJNTOPUTM CHUMILIEKCHOTO METOAY PO3B’sI3yBaHHS 3a/ad JIHIMHOTO
IporpaMyBaHHS CKJIAJA€THCS 3 TAKUX €TalliB:

1. Bu3HaueHHS MMOYATKOBOIO OMOPHOrO IIJIaHy 3ajayl JIHIHHOTO
porpaMyBaHHs.

2. TlobynoBa CUMILIEKCHOT TAOJIHIII.

3. TlepeBipka OMOpHOIo MIAHY HA ONTUMAJIBHICTH 32 JIOTIOMOTOI0 YUCE
HYJIBOBOTO PsIIKA CHUMIUIEKC-TaONUIll. SIKIIO yMOBa ONTHUMAaJbHOCTI
BUKOHYETHCS, TO BUSHAYCHUI OMOPHUH IUIaH € ONTUMAJILHUM, SKIIO K
HE BUKOHYETHCS, TO TEPEXOJATh O HOBOIO OINOPHOTO IUIaHy abo
BCTaHOBJIIOIOTh, 1110 ONITUMAJILHOIO IIJIaHY 3aj1a4dl HE ICHYE.

4. Tlepexim 10 HOBOTO OIOPHOTO TIUIAHY 3aJadl 3JIHMCHIOETHCS
BU3HAYEHHSAM KJIIOYOBOTO (T€HEPAbHOI0) €JIEMEHTa Ta PO3PaxyHKOM
HOBOI CUMILJIEKC-Ta0IHII].

5. [loBTOpEeHHS 11, MOYMHAIOYH 3 11.3.

Po3rasiHemMo feranbHillle KOKEH eTal [bOro alropuTMy.
1. BusHaueHHs TOYAaTKOBOTO OIOPHOIO TUIAHY IMOYMHAIOTH 13 3aInCy
3a/1a4i JIHIHOTO MpOTrpaMyBaHHs y KaHOHIYHIN (opmi. SKIIo B cucremi
oOMeXeHb € OOMEXXEHHSI-HEPIBHOCTI, TO JI0 JIIBO1 YaCTUHU OOMEXXEHBb TUITY
«<» I0maEMO JNOJATKOBI HEBIJ €MHI HEBIZIOMI, a BIJ JIBUX YaCTUH
0OMEXEeHb THUITY «>» BIJTHIMAEMO JIOJATKOBI HEBIJ €MHI HEBIIOMI. SIKIIO
mpaBa YacTMHA OOMEXEHHsS BIJI’€MHA, TO MHOXKMMO BCE€ OOMEXKEHHS Ha
(—1). Sxuro minboBa PyHKIIS MICTUTh OA3UCHI HEB1JIOMI, TO BUPAXKAEMO 1X
gepes3 BiIbHI 3 CHCTEMH 0OMEKEHB 1 IIJICTABISIEMO B IIILOBY (DYHKIIIIO.

[Ticns 3BemeHHS 3adadl 0 KaHOHIYHOTO BUJY TMEPEBIPIEMO, UM
KUIBKICTh 0a3MCHUX HEBIJIOMHUX JIOPIBHIOE KUIBKOCTI PIBHSIHb CUCTEMHU
oOMeXeHb. SIKIO I PIBHICTh BUKOHYETHCSA, TO TMOYATKOBHI OMOPHMIA
IJaH BU3HAYAETHCS Oe3mocepe/lHbOo 0e3 AoJaTKoBHX MAid. s 1boro
BUIbHI HEB1JIOMI PUPIBHIOIOTH J0 HYJIA 1 3 KOKHOTO PIBHSHHSI-OOMEXKEHHSI
3pa3y OTPUMYIOTh 3HAYCHHS Oa3MCHUX HEBIJOMHUX, TOOTO TaKUM YHHOM
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OTPUMYEMO TIOYATKOBUM OMOPHUN TIUIaH 3ajayl. SIKIO0 X KUIbKICTh
0a3MCHUX HEBIJOMUX MEHIIA BiJl KIJIbKOCTI PIBHSHb-OOMEXKEHb 3aja4i, TO
1Sl TOOYJIOBM TMOYATKOBOTO OMOPHOIO IUIAHY BUKOPUCTOBYIOTH METOJ
HITY4YHOTO 0a3ucy.

2. Ilomanbmuii 0OYKCIIOBAIBHUN TPOIEC Ta MEPEBIPKY OMOPHOIO IJIAHY
Ha ONTUMAJIBHICTD 3M1HCHIOOTH 3 JJOIIOMOTO CUMILJIEKC-TA0IULLb.

B mepmioMy CTOBMYMKY TaOiulll 3alUCyeMO HOMEp TaOJuili
(iTepariii), B APyroMy CTOBNYMKY — HOMEp psAJiKa, B HACTyIHOMY —
«bazuc» (0OasucHi HeBimoMmi), gami — «OnopHUM TIaH» (3HAYCHHS
0a3WCHUX 3MIHHHX), @ y PEIITI CTOBIYHUKIB, KUIBKICTh SIKUX JIOPIBHIOE
KUTBKOCT1 HEBIAOMHUX 3aJadvi, — BIAMOBIAHI KOCMIMIEHTH MPH HEBIIOMHUX
KO>KHOTO 0OMEXEHHS 3a/1aul JIIHIHHOTO MporpaMyBaHHSI.

3BepHEMO yBary Ha Te, IO B HYJIbOBOMY PSI0YKY CHMILICKC-
TaOJIMII 3aMMCYEMO JTaH1 3 MILOBOI PyHKITII.

3. IlepeBipsiemo OMOpHMI TIaH HA ONTUMAIBHICTH 3T1THO 3 TEOPEMOIO.

Teopema (kpumepinn onmumanvnocmi cumniexkc-memooy). Axuo
Yinbosa (OYHKYIS MAKCUMI3YEMbCS (MIHIMIZYEMBCA) © 8 HYIbOBOMY PSOK)
gi0cymHi 8i0 €MHI (000amHi) yucna, 3a UHAMKOM cmognuuxa « OnopHutl
NIIAH», MO ONOPHULL NIAH € ONMUMATLHUM.

VY nporieci nepeBipKy YMOBH ONTUMAaILHOCTI MOKJIMBI TaKl BUMAIKU:

a) yMOBa OINTHUMAJIbHOCTI BUKOHY€THCS, @ 3HAYUTh OMOPHUM IUIAH €
ONTHUMAaTbHUM;

0) yMoOBa ONTUMAaJIbHOCTI HE BUKOHYETHCA, TOJA1 MOTPIOHO MEPEUTU HO
HOBOT'O OIOPHOTO TJIAHY.
4. Tlepexia BiJ OJHOTO OMOPHOTO IJIAHY JIO IHIIIOTO BUKOHYETHCS 3MIHOIO
0a3ucy, TOOTO BUKJIIOUECHHSIM 3 0a3uCy JEsAKOl 3MIHHOI Ta BBEJCHHSIM
3aMICTh Hel HOBOI 3 UKCJia BUIbHUX HEBIJIOMUX 3aJ1ayi.

3MiHHY, SIKy OTPIOHO BBECTU B 0a3uC, BUZHAYAEMO 32 €JIEMEHTaMHU
HYJIBOBOTO psijika. Ko miboBa QYHKIIS JOCHIIKYETHCA HA MIHIMYM 1 B
HYJIbOBOMY PSJKY CHUMILUIEKC-TaONUIll € JOJaTHI 4ucia (32 BUHITKOM
cToBmuuka «ONOpHUIN IJIaH»), TO BUOMPAEMO HANOLIbIE 3 MUX YUCeN 1
HEBIJIOMY, IO BIAMNOBIJA€ IILOMY 4YHCIY, BBOAUMO B 0aszuc. SKmo x
1IJIboBa (DYHKIIIST AOCHIKYEThCS Ha MaKCUMyM 1 B HYJbOBOMY DPSIAKY
CUMILIEKC-TA0JIHIIl € B’ €MHI 4Kcia (3a BUHATKOM CTOBIYMKa « OmopHU
IJIaH»), TO BUOMPAEMO HaMMEHIe 3 HUX (HAWOUIbIIE MO MOJIYIIO) 1
HEBIIOMY, 110 HOMY BIAMOBiTA€, BBOAMMO B Oaszuc. Cmoéneyw, SKUU
BIJINIOB1JA€ HEB1JOMIH, III0 BBOAUTLCS B 0a3WC, HA3UBAECTLCS KIFOUYOGUM.

Jlns BU3HAYCHHS 3MIHHOI, fka Mae OyTHM BHBEAEHa 3 0Oasucy,
3HAXOJATh BIJHOIICHHS €JEeMEHTIB CToBMIS «OnopHUl TUIaH» 110
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BIIMOBITHUX JOAATHUX €JIEMEHTIB KJIIFOUOBOT'O CTOBIIIIS (HYJbOBHUH PSIIOK
HE pO3TIISIAAEMO) 1 BUOMpAaeMO HaWMEHIe 3 IIUX BigHOIIeHb. HeBimomy,
sKa BIJTIOBiJa€ 1IbOMY BIJIHOIIIEHHIO, BUKJIFOYAEMO 3 0a3ucy. PsmoK, sSKuii
BIIMIOBIJIa€ IIbOMY HAMMEHIIIOMY BiJHOIIIEHHIO, HA3WBAETHCS KIIOUOBUM
paokom. Ha TmepeTHHi KIIOYOBOrO psjaKa 1 KIOYOBOTO CTOBIIIS
3HAXOAUTBCS Katoyosuu (TEHEpATIbHUN) enemenm. 3a JIOTMOMOTOIO
reHepajgbHoro enementa 1 Merony JKopaana-I'ayca nepexoaumo 10 HOBOIi
CUMILJIEKC-TA0IHULLI.

Jlani iTepauiiiHuii MpoleC TMOBTOPIOIOTh JOTH, MHOKU HE Oyje
3HANJIEHO ONTUMAaJILHUM TJIaH 3aJ1a4l JIHIHHOTO MporpaMyBaHHS.

[Ipu 3acTtocyBaHHI CHMIIIEKC-METOIY JUIS PO3B’SI3yBaHHS 3ajad
JHIMHOTO NMpOrpamMyBaHHS MOXJIMBI Taki BUMAIKU:

1) ko Mu orpumanu onTUMaibHUM T1aH 3aga4di JIII 1 B HynboBOMY
PSAJIKY OCTAHHBOI CUMIUIEKC-TAOJIMI]l BUIbHIA HEBIIOMIN BIANOBIIAE
KOe(IIIEHT, PIBHUI HYIIIO, TO II€ CBIIYUTH IIPO TE, IO ICHY€E HEETUHHI
pPO3B’SI30K 3ajayl. AJbTEPHATUBHUM ONTUMAJIbHUM IIJIaH MOXKHA
OTPUMATH, SKIIIO BBECTH IO HEBIJIOMY B 0a3uC 1 3M1HCHUTHU IIIE OIHY
iTepartio.

2) Skmo npu Tepexoil BIJ OJHIEI CHUMILICKC-TaOIMIN 10 I1HIIOI B
KJIFOYOBOMY CTOBITYMKY HEMa€ JOAATHUX 4YHCEeJ, TOOTO HE MOXHa
’KOJIHY 3 0a3MCHUX HEBIJJOMHX BHBECTH 3 0a3uCy, TO 1I€ O3HAYae, IO
1UIbOBa (DYHKINA 3a7adl JIHIHHOrO HpOorpamMyBaHHS HEoOMEXeHa 1
ONTUMAaJIbHUX PO3B’S3KIB HE ICHYE.

OCKITbKM €KOHOMICTIB IIKaBJATh MPAKTUYHI PEKOMEHAAIlli, sKi
MOXHa JaTH CTOCOBHO pO3B’SI3aHHS 3a/Jadi, TO B SKOCTI MPHUKIATY
3aCTOCYBaHHS CHUMILIEKC-METOJy BI3bMEMO KOHKDPETHY 3ajady IIpo
BUKOPHUCTAHHS CUPOBHUHH.

IIpukaan 2.3. s BuUroToBiieHHs ABOX BuaiB mpoaykuii I, ta II,
BUKOPHUCTOBYIOTHCSI TPU BUJIM CHUPOBUHH Si, S; Ta S3. 3amacu CUPOBUHH,
HOPMHU BUTpAT CHPOBUHU HA BUTOTOBJICHHS OJWHHMII MPOAYKINi KOKHOTO
BUJIY Ta JIOX1J] B/l OJMHUII MTPOAYKIIII KOKHOT'O BUIy HABEACHI B TAOJIMIIL:

BuTpaTy cupoBUHU Ha BUTOTOBJICHHS
Bun 3amacu OJIMHUII TIPOIYKIT
CHpPOBHUHHU CUPOBHUHHU AMHALI TPOZYKN

I1; 1T,

S| 275 4 5

S, 680 13 8

S5 60 1 1
Jloxin BiJg OAMHUII TPOAYKITIi 9 6

HeoOxi1HO 3HaliTM Takui TJIaH BUPOOHUIITBA, SIKUW 3a0€3MEUYUTh
HaWOUIBIIINN CyMapHHI JOXI/I.
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¢ Po36’sa3y8anns.

[ToOynyeMo matemMaTu4yHy MoJielb 3aaadl. Hexal x; Ta x, — 3arajbpHa
KUTBKICTh BifmoBigHo mpoaykii Iy ta Il,; Z — cymapuuit noxin, sKui
OTPUMAEMO Bl peanizaiii BUpoOseHoi npoaykuii. Toali maTremMaThyHa
MOJIEJIb 3a7a49l MaTUME BHUTJISI:

Z =9x, +6x, (max),

(4x, +5x, <275,
13x, +8x, < 680,
5%, +x, <60,

x, 20,

X, 2 0.

[IpuBenemo 3aaauy 10 KaHOHIYHOT'O BUAY:
Z =9x, +6x, (max),

(4x, +5x, + x, = 275,
13x, +8x, + x, = 680,

4x1 +x, + x5 =60,

x; 20, i= 1,_5

Po3B’sbxkeMo 1110 3a71a4y CUMILIEKC-METOJIOM. 3allOBHUMO MOYAaTKOBY
TaOJIULIIO:

Tabnuis 2.1
No No % OropHuit Koedimientu npu HeBigOMHUX
Tabmumi | psaaka | (R TUTaH xil X X X4 Xs
0 Z 0 -9 —6 0 0 0
1 1 X3 | 275 4 5 1 0 0
2 x| 680 8 0 1 0
3 Xs 60 1 1 0 0 1

ITepanin 1. B Hynb0BUl psiIok 3aHOCUMO 1HPOPMAIIIIO MPO IITIHOBY
¢yHKII10, a B psiaky 1-3 maHi1 3 BIAMOBIIHUX PIBHSHb CUCTEMU OOMEXEHD.
JIisi  3amOBHEHHSI HYJIBOBOTO PsIIKA TOYATKOBOI CHUMIUIEKC-TAOIMII
UJIbOBY (DYHKIIIIO 3aMUIIIEMO B TAKOMY 3K BUTJISA, K OOMEXKEHHS 3aj1aul,
TOOTO y BUIIIAL piBHAHHA Z —9x, —6x, =0 (Bcl HEBIAOMI MEPEHECEMO B

JIBY YacTHHY), 1 B MOJAJIBIIOMY HYJIbOBUU PsSIOK OyJeMO 3allOBHIOBATU
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TaK camo, sIK 1 psaku 1-3, 110 BIANOBIIaIOTh OOMEXEHHSIM. B cToBOmUMKY
«bazuc» 3anmucyeMo Oa3uCHI HEBIAOMI 3 CHUCTEMHU OOMEXEHb, a IS
HYJIbOBOTO psJika 0a3ucHOI HeBigoMmow € Z. B croBmuuky «OmnopHui
IJIaH» 3aMKUCYEMO 3HAYEHHS O0a3MCHUX HEBIJIOMHX, KOJU BiJIbHI HEBigOMIi
X; Ta X, JOPIBHIOIOTh HYJIO (MpaBl YaCTUHU pPIBHSAHb-OOMEXKEHb Ta
1UIbOBO1 (DYHKINNT). B HACTyNMHMX CTOBMUMKAX 3aMKUCYEMO KOe(Ii€HTH
IIPU HEBIIOMUX B LUIbOBIM (PYyHKIIIT Ta CUCTEMI OOMEXKEHb.

Bunumemo 3 mnepmioi TaOnMIli  MOYaTKOBHM  OMOPHMM  TJIaH
Xonopn.=(0; 0; 275; 680; 60). 3naiimeMo 3HA4YEHHS ILUIHLOBOI (YHKIII Ha
HbOMY TUIaH1 Z(X,,0p, ) =9-0+6-0=0. IlepeBiprimMo, uu AaHW ONMOPHUN TIJIaH
€ onTuManbHuUM. JIJisi BU3HAYEHHS CTYINEHS ONTUMAJIBHOCTI OMOPHOTO
IJaHy BHUKOPHUCTOBYETHhCS  HyJIbOBHHM  psgok. LlimpoBa  pyHKIIis
TOCIIDKYETBCSA HAa MaKCHUMYM, 3HAYUTh JJIS ONTHMAJIbLHOCTI OIIOPHOTO
IJIaHy B HYJBOBOMY DPsIIKY HE Mae OyTH Big’eMHUX uuceil. B Hac B
HYJIbOBOMY PSAKYy € aBa Big emMHux umcia ((-9) ta (-6)), 3HA4YUTH
IOCIIDKYBAaHUM OIOpHUN IUIaH HE € ONTUMalbHUM. Bubupaemo
HalMeHIIe 3 uX uucen (-9) 1 CTOBMOEIb, B IKOMY 3HAXOAUTHCS 11€ YUCIIO €
KJIFOYOBHMM, a HEBIIOMY Xi, fKa BIJIMOBIJA€ I[bOMY CTOBIIIIO TMOTPIOHO
BBecTH B 0azuc. CtaBuMO OUIS 1Ii€T HEB1JOMOI CTPLIOUYKY (SIKIIO I[IJIOBA
GyHKIIIST MIHIMI3YETBCA 1 B HYJIBOBOMY PSIKY € JOJaTHI 4YHUCIA, TO
BUOMpaeMO HAWOLIbINIE 3 IIUX YHCEI 1 32 HUM BHU3HAYAEMO, SIKY HEBIJIOMY
noTpiOHO BBecTH B 0asuc). 1100 BU3HAUMTH, 5Ky 3 HEBIAOMHUX IOTPIOHO
BHBECTH 3 0a3MCy, CKIIaJlaEMO BITHOIICHHS €JIEMEHTIB CTOBMIl « OTIOpHUI
IUIaH» 10 BIAMOBIAHUX JOJATHUX €JIEMEHTIB KJIFOUOBOTO CTOBOLA 1
BUOMpPAEMO HAWMEHIIE 3 [IUX BITHOUICHD:

275 :4=068,75;
680:13 =52,3; (min)
60:1=60.

HeBigomy, sika BIANOBIJAa€ I[bOMY HAWMEHIIOMY BIJHOIICHHIO (B
HaIlIOMY BUIIAJIKy X4) BUBOAMMO 3 Oaszucy. CTaBUMO O I11€1 HEB1OMO1
CTPIJIOUKY, a PSAIOK, SKOMY BIJINOBiAa€ 1€ HAWMEHINE BiJHOIICHHS
HA3UBAEThCS KIOUOBUM. Ha mepeTwHi KI0YOBOro psijka 1 KIIFOYOBOTO
CTOBIIIISI 3HAXOJIUTHCS KITIOUOBHM (TeHEpATbHUN) €IeMEHT, piBHMI 13.

ITtepamia 2. Ilepexoaumo 110 Apyroi CUMILIEKC-Ta0IuUIl. 3aMiCTh

HEBIJOMO1 X4 B 0a3Wc BBOJAMMO HEBIIOMY Xx;. Ha Micii KiIH040BOTO
eJeMeHTa HaM TOTpiOHO oTpumatv 1, a BCl iHIN €JIeMEHTH B CTOBIMII
MOBHHHI JIOPIBHIOBAaTH HYIIO. [[7s OO KIIOYOBUU PAJIOK AUIMMO Ha
KJIFOYOBUM (TeHEepaJIbHUM) eJleMeHT, ToOTo Ha 13, 1 pe3yibTaT 3alucyeMO
Ha MICIII Apyroro psaka tadu. 2.2. Yci iHu psaaku 1adi. 2.2 3amoBHIOEMO
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merogom JKoppana-I'ayca, MOCIIIOBHO BHUKIIOYAIOYM HEBIIOMY X| 3

HYJIbOBOT'O, MIEPIIIOTO Ta TPETHOTO PSIKIB:

1) MHOXMMO TMOYJIEHHO JpPyTud psAJAOK Ha 9 1 J07aeMO  BIAMOBIIHI
€JIEMEHTH HYJIbOBOTO psjika Tabiu. 2.1, pe3ynbTaT 3alucyeMo Ha MicCIl
HYJIBOBOTO psijiKa Tadm. 2.2;

2) MHOXHMO KOXEH €JIEMEeHT Jpyroro psaka Ha (—4) 1 gomaeMo
BIJIMOBITHI €JIEMEHTHU MEPIIOTo psiika Tadmd. 2.1, pe3yabTaT 3anucy€eMo
Ha MICIII TepIIoro psiaka Tadi. 2.2;

3) MHOXXHMMO KOXXEH €JeMEHT Jpyroro psaka Ha (—1) 1 momaemo
BIJIMIOBIIHI €JIEMEHTHU TPETHOTO psifKa Tadja. 2.1, pe3ysabTaT 3alucy€eMo
Ha MICIIl TPEThOTro psiaka Tadi. 2.2.

Tabmmg 2.2
No No 2 | OnopHuii KoediiienTy npu HEBIIOMUX
TaOaumi | psagka | 3 IJ1aH X1 x| X3 X4 X5
6120 6 9
0 Z — 0 - — 0 — 0
13 13 13
4
1 X3 855 0 33 1 —— 0
5 13 13 13
1
2 X1 680 1 8 0 — 0
13 13 13
100 1
3 X5 — 0 > 0 —— 1
13 13 13

Mu orpuMaii HOBUM ONIOPHUN IUIAH:

xo,wpﬁ.=(@' 0 2 0 @j

13 13" 13
3HavyeHHs UIIbOBOI (DYHKIIT IPU IOMY:
Z(x,,,) =922 +6.0= 2120 _ 470,77,
o 13 13

[lepeBipuMoO 1€l ONMOPHUIN IUIAaH HAa ONTUMAIBHICTh. B HylIbOBOMY
. 6 . .
PAIKY € 1€ BIJI €MHE YHCIO (_E)’ 3HAYUTh BHUILE3raJaHUN ONOPHUU

IJIaH HE € onTUMaIbHUM. HeBigomy, siKka BIJMOBIAA€ IbOMY CTOBIHITIO (X;)
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BBOJAMMO B 0Oa3uc. CTtaBuMO O 11i€i HEBiAOMOI cTpiiouky. CKiiamaemo
BIIHOIICHHSI €JEMEHTIB CTOBMIS «OMNOpHUHN TIUIaH» 10 BiAMOBIIHHUX
JOIATHUX E€JIEMEHTIB KJIIOUOBOI'O CTOBIIIIS 1 BUOMpAEMO HAWMEHIIE 3 IUX
BITHOIIIEHD:

85—5:£=25,9;

13 13
@:§:85;

13 13
@:i=20 (min).
13 13

HeBimoMy, ska BiANOBiAa€ IbOMY HAWMEHIIIOMY BIJHOIICHHIO (B

HAIlIOMY BUIIAJIKy X5) BUBOJAUMO 3 0a3zucy. CTaBUMO OIS ITi€i HEB1IOMOI

: . 5
CTpUIOUKy. KIIFouoBHM €1EMEHT — a3

ITepamiss 3. IlepexoaumMo A0 TPEThOI CHUMILICKC-TAONMIII. 3aMiCTh

HEBIZIOMO1 X5 B 0a3WC BBOAMMO HEBIIOMY X,. KirouoBuii (TpeTiit) psiaok
. 5 . .

IUIAMO Ha ) 1 pe3ynbTaT 3aMMCyEMO Ha MICIll TPETHOTO psiaka Tadi. 2.3.

3H0BY BuKOpHucTaeMo Mmetoh JKopnaaHa-I'ayca, MOCHIIOBHO BUKITIOYAKOYU
HEBIZIOMY X, 3 HYJIbOBOTO, MEPIIOTO Ta APYroro PSKIB:

1) MHOXXMMO TMOYJIEHHO TpPETIid PIAOK Ha B 1 J0IaEeMO BIIHOBIIHI

€JIEMEHTH HYJIbOBOTO psjiKa TaOi. 2.2, pe3yabTaT 3alhCyeMO Ha MICIIi
HYJIBOBOTO psjiKa Tad. 2.3;

33, .
2) MHOXHMO KOXEH €JIEMEHT TPEThOTO psaKa Ha (_E) 1 JI0JTa€EMO

BIIMIOB1JHI €JIEMEHTH IEPIIOro psjaka Tadid. 2.2, pe3yjbTaT 3alucyeEMO
Ha MICIII MepIIoro psiaka Tadm. 2.3;

8. .
3) KOXEH €IEMEHT TPEThOro psAJKa MHOXKHUMO Ha (_B) 1 J10JTa€EMO

BIJINOBIJIHI €JIEMEHTH APYroro psiaka Tadi. 2.2, pe3yabTar 3alnucyeMO
Ha MICIIl IpYyToro psijaka tadm. 2.3.
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Tab6mums 2.3

No No Basuc OnopHuii KoediiieHTH 1py HEBITIOMHUX
TaOJIMIII | pSAaKa TJIaH X1 Xy X3 X4 X5
0 Z 480 0 0 0 3 6
5 5
1 X3 15 0 0 1 1 _33
5 5
: 1 8
2 X 40 1 0 0 — ——
5 5
3 X 20 0 1 0 1 13
5 5

B Hynb0BOMY pSAKY OCTaHHBOI TAOJMII HEMA€ BiJ’€MHHUX YHCE, a
3HAYUTh MM OTPHUMAaIN ONTUMAIBHUM PO3B’S30K: X,,,=(40; 20; 15; 0; 0),
L = 480.

Omxe, MakKCHMaJIbHUM JOX1J cTaHoBUTHME Z,,,,—480, sKm10
npoaykiii Il; Buroroputu 40 omuuuns (x;=40 ), a mpoxaykmii I, — 20
oauHUIb (x,=20).

[TepeBipka: Z,,,,= 940 + 6-20 = 360 +120 = 480.

HeBimomi x4,=0 Ta xs=0, a 1me o3Hayae, MO CcHpoBUHA S, Ta S;
BUKOPHCTaHa TOBHICTIO, X3=I15, 3HAYuUTh CHPOBHMHA S; € B 3aJUIIKY
(HemoBUKOpHUCTaHa) 15 OIUHUIID. ¢

Sk 3a3Havanioch, mpu  po3e’a3yeanHi  3a0a4y  JAIHIUHO20
nPOZPAMYBAHHA MONCIAUGL 6UNAOKU, KOJIU ONMUMANbLHO20 NIAHY 3a0aui
JUHINHO20 NPOZPAMYBAHHA He ICHYE (yintbosea (QyHKUia HeoOMedicena)
abo icHye HeeOUuHUIL P036°A30K 3a0aui. Po3TITHEMO 111 BUTIAJIKH.

[lpuknan 2.4. Po3B’s3aTtu  3amady JIHIKHOTO MPOTrpamMyBaHHS
CUMILJIEKCHUM METOJIOM:

Z=Tx +3x,-12 (max),
(5x, — 6x, <30,

13x, —8x, <104,

x, 20,

x, 2 0.

~
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¢ Po3g ’s3y6annsl.
3anuIieMo 3aja4y B KaHOHIYHi# hopmi:
Z=Tx,+3x,—-12  (max),
5x, —6x, + x, =30,
13x, —8x, + x, =104,

x,20, i=14
1 O3B’ SHKEMO CHMILICKC-METOI0OM:
‘5 S = Koegiuientu npu
= g O z HEB1JOMUX
5 a, = o =
ol Lg ol S = g X l X X X
| &| A O E ! 2 3 4
0| Z -12 —7 -3 0 0
1 1 [x3<—| 30 5 —6 1 0 |30:5=6 (min) :5
2| x4 104 13 -8 0 104:13=8
57 7
0| Z 30 0 | ——1|| = 0
5 5
6 1
1 6 1 —— - 0 [*7; «(-13
2 X1 5 5 (-13)
1
2 |x4—| 26 0 3B 1 :ﬁ
5 5 5
0| Z 66 0 0 ER
2 | 2
192 4 1 3
1 — 1 0 —— | ==
3 ST 19 | 19
65 13| 3 |57 6
2 — 0 1 —— | = P e
29 38 (38| 5 5

Mu 3HaxoaMMO MaKCUMaJIbHE 3HAYEHHS I1JIbOBOI (DYHKIIIi, 3HAUUTH
32 KPUTEPIEM ONTUMAJIBLHOCTI B HYJIbOBOMY PSJIKY HE Ma€ OyTH BiJI’ €MHUX
yucen. B HyJbOBOMY PSiAKY OCTaHHBOI (TPETHOi) CUMILIEKC-TA0JIUIII 11IE €

. 5 . .
BIJ €MHE YHCJIIO (—5), OT)XE, HEBIJIOMY X3 MTOTPIOHO BBECTH B 0Oazuc. Aje

MU 0ayuMMoO, III0 B KJIOYOBOMY CTOBIYHKY, IO BIJAIMOBiJAa€ 3MIHHINA X3,
HEMa€ JIOJJaTHUX YHCEJ, 3HA4YUTh H1 Xi, HI X, BUKIIOYUTH 3 0a3ucy He
MoHa. [{e cBiIUNUTh Mpo Te, MO MPU TaKUX OOMEKECHHSIX ONTHMAIBHOTO
IUTaHYy 3a/1a4l He iICHye (Z = +00).4
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[Mpukman 2.5. 3 AONOMOIrOI CUMILIEKC-METOY 3HAWTH PO3B’ 30K
3a/1a4i JIIHIKHOTO TTPOrpaMyBaHHSL:
Z =-16x,-18x,+13  (min),

(—5x, +3x, <15,
7x,—5x, <35,
8x, +9x, <72,
x, 20,

| x, 0.

N

¢ Po36’s3y8anHA.
[IpuBeneMo 3amady A0 KaHOHIYHOI dopMu (J0AamMO 110 JIIBHUX
YaCTUHU MEPIIMX TPhOX OOMEKEHb BIANOBIAHO 3MIHHI X3, X4 Ta Xs, 1100
OTpUMATH PIBHOCTI) 1 PO3B’SIHKEMO ii CUMITIIEKC-METOIOM:

= > = KoediienTu npu HEeBi1OMHUX
SRS ) i
=5l & = =
o '8 ?: g Cl::D Eé X1 X2 X3 Xq X5
Sz |m | OF
0 | Z 13 16 | 18] | O 0 0
1 |x3<| 15 -5 | 3 1 0 0 |15:3=5 (min) :3
Plo x| 35 1705 0 1] o0
3 | xs 72 8 9 0 0 1 [72:9=8
0 | 2| =77 [46]| O —6 0 0
5 1
1 | x 5 -—— 1 = 0 0 |*(-18); *5; +(-9)
) 3 3
4 5
2 | x4 60 |——=1 0 = 1 0
3 3
3 |xs—| 27 0| =3 |0 1 |23
0 | 2z | -131 0 0 0 0 | 2
160 8 5
1 | x| — 0| 1 — 0 | —
23 69 69
3 141 1 4
2 | x4 1416 0 0 103 1 | —
23 69 69
27 2 1 5. 4
3 — 1 0 | ——= | 0 | == [|*(H40);°—
SR 23 23 O
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OcKUIbKA ULUIbOBA (PYHKIIS JOCHIKYETbCS HA MIHIMyM 1 B
HYJIbOBOMY PSIIKY OCTaHHBOI CHUMIUIEKC-TA0IMUI[I HEMA€E JOJATHUX YHUCEI,
TO MU OTPUMAJIM ONTUMAIbHUH IUIaH 3a/1a4l:

Z =-131 1pm x1=2—7, x2=@, x, =0, x4=%, x, =0.
23 23 23
[TepeBipka:
me=—16-§—Z—18-%+13=_432_2880+13=—144+13=—131.

Ane 0auMmo, IO BUIBHIA HEBIJOMIA X3 B HYJIbOBOMY PAIKY
BignmoBigae 0, 10 CBIAYUTH MNPO T, IO ONTUMAJbHUNA PO3B’SA30K
HeeMHU. BBeaeMo HeBiloMy x3 B 0a3HUC 3aMICTh HEBIJIOMOI X4, TOMY 11O
HallMEHIIIe BIJHOIICHHS €JEeMEHTIB CTOBMIs «OMNOpHUM TIIaH» 10
JOJIaTHUX E€JIEMEHTIB KJIIOUOBOI'O CTOBIIIS BIAMOBIIAE PSIAKY, B SIKOMY B
0as3ucl 3HAXOAUTHCS 3MIHHA X4.

- >§ KoedimieHTn mpu HeBIJOMHUX
= é on
= = 2 2o
oGl Sl 8| BE |0 | 2| X X4 | Xs
el = da) O =
0 Z —131 0 0 0] 0 -2
160 8 5 |160. 8
1 — 0 1 — 0 - |—=:—=60
203 69 69 |23 69
3 1416 103 4 1416 103 _
R B L U e B Rl S TR s
27 2 1
3 X1 — 1 0 - — 0 e
23 23 23
0 7 -131 0 0 0 0 -2
224 8 7
1 — 0 1 0 - —
2 103 103 | 103
4 4248 69 4
2 — 0 0 1 — | —
103 103 | 103
675 9 5
3 X1 — 1 0 0 — | —
103 103 | 103

B pesynbrari CUMILIEKC-TIEPETBOPEHh MH OTPUMAJIM  HOBHH
ONTHUMAJILHUH TUIaH HAIIOI 3a71a4l:

Z =—131 mpu xl:@ 224 4248

min - ” xz - x3 =, X =O, X =O
103 103 103

4 5
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[Tepesipka:

Z,, =162 1g.22% 3 ~10800-4052
o 103 103

3HayeHHs 1UIbOBOI (YHKIII MpU 000X IUIaHaX OJHAKOBE 1 PIBHE
(-131). IIpore nuMu pABOMA IUIAHAMU HE BHYEPIIYETHCA MHOXKHHA
ONTUMAJIbHUX PO3B’SA3KIB 3adadi. 3 TEOMETPUYHOI 1HTepHpeTarii
pPO3B’sI3yBaHHS 3aj]lay JIIHIMHOTO MPOrpaMyBaHHS BIIOMO, IO Y BUOAAKY
HEEJIMHOCTI PO3B’SI3KY JUIsl JIBOX 3MIHHUX (HA IUIONIMHI) KOXXHA TOYKa
BiIpi3Ka, SIKMM 3’€AHY€ JB1 ONTUMalbHI BEPIIMHU MHOTOKYTHHKA
JIOIYCTUMUX PO3B’sI3KiB, Takox onTuManbaa. SIkmo x ta x' omrrumanshi

IJIaHU 3a7adi, TO KOOPAWMHATH KOXKHOI TOYKHM BIJpiI3Ka, IO iX 3’ €JHYE,

13=-144+13=-131.

MoxHa 3HaiiTh 3a popmynoro: XV =AxV +(1-A)x?,  nme A1e[0;1].¢

2.4. MeToa mITY4HOro dasucy

Jlnst toro, mo0 po3B’s3yBaTH 3ajady JIHIMHOTO MPOrpaMyBaHHS
CUMIUIEKCHUM METOJIOM, IIOTpiOHO, 100 BOHa Oyja 3amucaHa B
KaHOHIYHIN (opmi. 3BeCTH 3a7a4y JO KaHOHIYHOT (OPMH HEBAXKKO, SKIIIO
cucteMa OOMEXKEHb BUIJISJAE Tak, SK B 3a7a4l NP0 BUKOPHUCTAHHS
CUPOBUHHU:

n
> a;X; <b, b =20, i=1m.
j=1

3a Takoro TUMy OOMEXEHb MU BBOJWJIU B JIIBI YaCTUHU OOMEKEHb
J0/1aTKOB1 HEB1JI’€MH1 HEB1IOMI, IEPETBOPIOBATIN HEPIBHOCTI B PIBHAHHS 1
TaKUM YUHOM OTPUMYBAJIM KaHOHIYHY ¢opmy 3amadi. IIpore Taka
CTPYKTypa OOMEXKEHb HE OXOIUIIOE BCiX MOXJIMBHX BHIIQJKIB, SKIi
TPaIUIAIOTHCS B JIHIHHUX ONTUMI3AIIHHUX MoaeisiX. KpiM 1poro, € 3aadi,
SK1 HE MalOTh KOJJHOTO JOMyCTUMOTIO TUIaHy.

Meroa mTydHOro 0aszucy Jae 3MOry 3°sCyBaTH, Y Ma€ CHUCTEMa
oOMeXeHb JIOMYCTUMI TIJIaHH, a TAKOXK BKA3y€ MUISXH 1X 3HAXOKEHHSI.

PosrnsHeMo 3amady JIiHIMHOTO TPOTPaMyBaHHS 3 OOMEKCHHSIMH-
PIBHOCTSIMU:

Z=c,+cx +c,x, +...+¢c,x, (max), (2.21)
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e

a, x, +a,x, +..+a,x =b,
a, X, +a,x,+...+a,x, =b,,
S e (2.22)

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

m

KijO, j=1Ln.

Hexail Bcl mpaBl yacThHH oOMexeHb nonatHi (b, >0, i=1m).
[{poro 3aBXau MOXKHA JOCATHYTH, MOMHOXKHUBIIIM PIBHSHHS 3 BiJ’ €eMHUM
BUIbHHUM 4jieHOM Ha (—1).

dopMabHO [0 JIIBUX YacCTUH OOMEXKEHb J0JaMO TO OJHIN
HeBioMIA w; (w; 20, j=1m.), ki GyZeMO HA3WUBATH WMYYHUMU, A

0a3uc, YTBOPEHUM 3 IIUX HEBIIOMUX — wmyyHum Oasucom. B pe3ynbTaTi
cucteMa 0OOMeXeHb MaTUME BUTJISI:

-

a, x, +a,x, +..+a,x +w =b,
a, X, +a,Xx, +...+a,x, +w,=b,,
S e e (2.23)

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

m?

x, 20, j=Ln; w20, i=1m.
J1o 111€i cucteMu 0OMEKEHb J01aMO IITYYHY ONTUMIZYIOUYy (hopmy:
f=w+wy,+..+w, (min). (2.24)
3agaua (2.24)-(2.23) € 3amadero JHIKHOTO IporpaMyBaHHS, IO
3amycaHa y Maike KaHOHIYHIA (opmi. 3aluIaeThCs BUPA3UTH Oa3UCHI
HEBI1ZIOM1 W; 4epe3 BUIbHI 3 CUCTEMHU OOMEXEHb 1 MiJICTAaBUTH 1X B IITYy4YHY
onTuMizyrouy popmy (2.24).

Cucmema obmedcenv (2.23) HA3UBAETBCA CYMICHOIO B 007acCTI
HEBII’EMHUX 3HAY€Hb, SKIIO BOHA Ma€ Xoya O OJMH JOMYyCTUMHM
PO3B’SI30K.

ChopmymroeMo TeopeMmy.

Teopema. JIns toro, mob6 cucteMa oOMEXeHb OyJia CyMICHOIO B
007acTi HEBIJ €MHUX 3HA4YeHb, HEOOXIAHO 1 [JOCTaTHLO, IOO Ha
pPO3B’s3Kax cUCTEMU 0OMExeHb (2.23)

Jnin=0. (2.25)

Hacniook. ko ontumanbHuil miaH 3amayl (2.24)-(2.23) MicTUTH
xoua O OJHY IWITY4YHY HEBIJOMY W; TO IIOYaTKOBa 3ajJadya HE Mae
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PO3B’SI3Ky, OCKUJIbKA BOHA HE € CYMICHOIO B 00JIacTi JOMYCTUMHUX ILJIaHIB
(MHOXHWHA JIOMYCTUMUX TUIAHIB OPOXKHS).

3po0uUMO IEKUIbKa 3ayBaKEHbB 00 3alIOBHEHHS CUMILIEKC-Ta0IHUITh
IIpU BUKOPUCTAHHI METOAY MTYYHOTO 6a3ucy:

1.IIlo6 3HaiiTH OMOpHUI TUIaH, MOTPIOHO MEPEBECTU IITY4YHI HEBIAOMI 3
0a3MCHUX y BUIBHI. 3 MI€I0 METOK Yy METOJll IITY4YHOro Oaszucy
BUKOPHUCTOBYIOTh PEIYKOBaHI CHUMIUIEKC-Ta0IuUIl (HE 3alOBHIOEMO
CTOBIMYUKIB KOEQIIIEHTIB TPU IMTYYHUX HEBIAOMHUX W;), OCKIJIBKH
MICIIS IEPEX0/1y Y BUIbHI IITYYH1 HEB1AOMI HAC BKE HE IIKABUTUMYTh.

2.HynboBuil psiiok 3allOBHIOEMO 3a MITYYHOK ONTHUMI3YIOUOI (POpMOIO
f. Vloro MoxHa OTpUMAaTH (OpPMaIbHIM JTOJABAHHIM YHCEN PAAKIB, IO
BI/IMOBIIAFOTH OOMEKECHHSM 3 ITYYHUMU 3MIHHUMH.

3. liig Toro, mo6 B KIHIIEBOMY PE3yJbTaTi OCHOBHA ONTHUMI3yloua ¢opma
Z Tex Oyna BUpakeHa uepe3 BUIbHI HEBIOMI, MU BiABOAUMO iil 0' —
PANOK, SIKMI 3alUCy€eMO 3pa3y MiJ HyJIbOBUM PSIKOM 1 BUKOHYEMO 3
HUM Ti caMi IEPETBOPEHHS, 1110 U 3 THIIUMHU PSIAKAMHU.

[puknan 2.6. Po3B’s13atu 3a1a4y J1HIMHOTO MPOrpaMyBaHHS:
z=2x,+5x,-6x;, +10 (max),

X, —2x, +2x, =4,
—x, +3x, +2x, =2,
X, %,,%, 2 0.

¢ Po36’s3y8aHHA.

Il po3B’s3aHHsA  Ii€i  3ajadi  CUMIUIGKCHUM METOJ  oJpaszy
BUKOPUCTATH HEMOXJIUBO, OCKUIBKM HE BHKOHYETHCS OJHA 3 YyMOB
KaHOHIYHOCTI 3amadi (B cucTeMi oOMexeHb Hemae Oaszucy). Tomy
3aCTOCYEMO METOJ ITy4HOro Oas3ucy. /o JMBUX YacTHH MEPIIUX IBOX
(ocHOBHHX) 0OMEKEHB 3a/1a4l JI0JJaMO HEBIJI'€MHI IITYYHI 3MiHHI Wi Ta W,

X, —2x, +2x, +w, =4,
—x, +3x, +2x, +w, =2, (2.26)
X,X,,%, 20, w,w, 20.

Busznaunmo 3 cucteMu 0OMEXEHb IITY4YHI HEBIIOM1 W Ta W, 4epe3
BUIBHI X, X, Ta X3 1I1ICTABUMO B IITY4YHY ONTUMI3YyI0uy (popmy f:
w, =4—-x +2x, - 2x,,
w, =2+x, —3x, —2x,,

X;,%,,%, 205 w,w, 20.

1°
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f=4—x+2x,-2x,+2+x,-3x,-2x,=—x,—4x,+6 (min). (2.27)
3anuiieMo MITY4YHY ONTUMI3YH4y (GopMy Ta LUIbOBY (YHKIIIO B
Takii ¢opmi, SK OOMEXKEHHs 3ajadi, TOOTO MEepeHeceMO BCl HEBIJIOMI B
J1BY CTOPOHY
f+x,+4x,=6 (min),
z—2x,—5x,+6x, =10 (max)

1 po3B’spkeMo 3aaauay (2.27)-(2.26) cuMIIeKc-MeTOA0M:

o N Koedimientn
5 & = IPH HEBIJOMMX
IS < o,
28 = 5 | 23
22| & S8\ m =
ol £ 1 6 | 0] 1 |4
0’ VA 10 —2 -5 6
R 1| 22| 2 |42=2

2:2=1(min) :2

I

[

(O8)
o oo ]

1o (-4); +(-6); *(-2)

1 x | 1 | 1] =21]0

3
2 X3 5 0

B pe3yabpTati BCTaHOBJIEHO, IO f,,;,, = 0, a 11e 03HaYa€, MO MOYATKOBY
3a/1a4y 3BeJIM /10 KaHOHIYHOI (popmu. BumnuieMo ii 3 0CTaHHBOT CUMILIEKC-
TaOJINIII:

z= %xz +3  (max),
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5
X, ——x, =1,
2
1 N 3
1, %2 TX T
2
X;,%,,%, 2 0.

Po3B’skeMo 110 3a7ady CUMILIEKC-METOJIOM, BIIKHHYBIIIKM B TPETIiil
TaOJuIIl PSIIOK, B AKOMY 3HaXOIWJIACh 1HPOpMaIlis Opo PYyHKIIIIO f:

< = Koedinientu npu
g B = HEBIJJOMHUX
= - Q o
Sl S B | S8 x| x |x
22| 8 |SE
23
0| Z 3 0O | -——1|1]0
2
5
3 1 X1 1 1 —5 0
3 1 1
2 X3 — O — 1 —
2 4 4
0 Z 72 0 0 69
4 |1 | x| 16 |1 0 |10
23 5
2 X 6 0 1 4 o == ;e
2 2

OckinpKM 1IIbOBA  (PYHKINS JOCHIKYBajdaCh Ha MakKCHUMyM 1 B
HYJIbOBOMY PSIIKY OCTaHHbOI (YETBEPTOi) CUMILICKC-TAONUIll BIJACYTHI
BiJ’€MHI YHuCIa, TO 1€ 03HAYaE, 1110 MU OTPUMAaJIX ONTUMAIBHUM PO3B’ 30K
3aj1a4i:

Z =72 mpu x =16, x,=6, x,=0.

ITepeBipka: Z_ =2-16+5-6-6-0+10=32+30+10=72.4

PozrisinemMo 3a0aui 3 mirvanumu oomernceHHAMU.

Bigmomo, mo koiau 0OOMEXKEHHS CKJIaJaloThCs 3 PIBHSIHb, 3a SKHUMHU
0e3nocepe/IHbO Ba)XKKO 3HAWTH OMOPHUM IUIaH, TO HOro MOXKHA 3HAWTH
METO/IOM IITYYHOI'0 0a3ucy.

Ha mpakTuiil 4acTo TparuisiioThCs BUIIAAKU, KOJIU CUCTeMa 00OMEKEHb
CKJIQAETHCS SK 13 PIBHSAHB, TaK 13 HEPIBHOCTEH (HABITh PI3HUX 3HAKIB):
l.5lkmo B cucteMi OOMEXKEHb 3ajadl JIHIMHOTO IIpOorpaMyBaHHS €

HEPIBHOCTI TUITY «<)» 1 PIBHSHHSA 3 JOJAATHOIO MPaBOI YaCTHUHOIO, TO J0
JIIBOi YaCTUHU KOXKHOTO OOMEKEHHS THUMNY «<)» JIOJAEMO HEBiJ €MHY
3MIHHY (sika 1 Oyjae 0a3uCHOI0), B PE3yJbTaTl YOTO OTPUMAEMO
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OOMEKCHHS-PIBHSHHS, a B JIBl YaCTMHU OOME)KCHb-PIBHSHbL BBOIHMO
IITY4YHI HEB1AOMI 1 32 HUMH OyAyEMO IITYYHY ONTHUMI3YI0Uy (hopMy.
2.5kmo KpiM HEpIBHOCTEH THUMY «<)» 1 PIBHAHb 3 JIOJIATHOIO IIPaBOIO
YaCTMHOIO B CHCTEMI OOMEXEHb € Ie W OOMEXEHHS THUIY «>» 3
JIOJAaTHOI MPaBOI0 YAaCTUHOIO, TO IOTPIOHO BiJ JIBOI YAaCTHMHU IIUX
OOMEXeHb BIJHATH JOJATKOBI HEBIX €MHI HEBIAOMI, IMOO 3BECTH
OOMEKEHHS TUIY «>» JI0 OOMEKEHb-PIBHSHb, a MOTIM B JIiBi YaCTHHHU
IIUX PIBHSHb BKJIIOUUTH IITY4YHI HEB1AOMI.
[Ipukang 2.7. 3HalTH PO3B’ 30K 3a/1a4i JIHIMHOIO IPOrpaMyBaHHS:
z=3x,+3x,—-x,—5 (min),

(2x, +2x, +x, =8,
X, +2x, +3x;, <12,
4x, +8x, +3x, = 24,

L X),%,,x 2 0.

¢ Po36 ’s3y8annsi.

Buiie 3a3HaueHa 3ajadya TakKOXK HE 3alllcaHa B KaHOHIYHIN dopwmi,
TOMY BHUKOPHUCTA€EMO METOJ IITYYHOTO 0a3ucy. Aje CIo4YaTKy J0 JIBOi
YaCTMHU JAPYroro OOMEXKEHHS 3ajiadil J0JaMO J0JaTKOBY HEBiJ €EMHY
3MIHHY X4, a BIJ JIBOI YacTUHH TPETHOTO OOMEXKEHHS BIIHIMEMO
JTOAATKOBY HEBiJA €MHY HEBIIOMY X5, 1100 MEpedTH J0 pIBHSIHL. B
pe3yabTaTi OTPUMAEMO:

(2x, +2x, +x, =8,

X, +2x, +3x; +x, =12,
4x, +8x, +3x, — x, = 24,
x; 20, i=1,_5.

YV apyromy piBHSHHI-OOMEKEHHI € Oa3ucHa HEBigoMa X4, a B
IepIIoMy 1 TpeTboMy HeMae. ToMy B JIiBl YaCTUHH IIEPIIOro Ta TPEThOIO
0OMEKEHHS 3aJa4l BBOJAMMO IITYYHI HEB1J €MHI 3MIHHI W Ta W,.

(2x, +2x, +x, + w, =8,

X, +2x, +3x; +x, =12,
4x, +8x, +3x;, —x, +w, =24,

x; =20, i=L5 w,w,20.

BuszHaunmMo 3 cuctemMu oOMEXKEHb IITYYHI HEBIIOMI Wi Ta W, 4epes
BUIBHI X|, X;, X3 TA X5 Ta MJACTaBUMO B f:

w, =8—2x, —2x, — x;,

w, =24 —4x, —8x, —3x, + x;.
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f=w +w, =8-2X —2X, — X, +24—-4X —8X, =3X, + X, =
=-6X, — 10X, —4X, + X, +32.
IlepeneceMo BC1 HEBIJIOMiI IITY4YHOI ONTHUMIi3yruoi ¢GopMH Ta
LUJILOBOI (PYHKIIIT B JIIBY CTOPOHY:

f +6x +10X, +4X, =X, =6  (min),

Z—3X —3X,+ X, =-5 (min)
1 pO3B’SKEMO OTpUMaHy 3ajady:
= & Onop- KoeiLieHTu npu HEBIIOMHUX
= H ) o
2| &, = HUU
ol &3 < 3 1Al X1 X2 X3 X4 X5
0 f 32 6 10] 4 0 —1
0| Z -5 -3 -3 1 0 0
1 1 | wy 8 2 2 1 0 0 [8:2=4
2 | Xy 12 1 2 3 1 0 [12:2=6
3 | we—| 24 4 3 0 | —1 [24:8=3(min) :8
1 1
0 2 1 0 — 0 —
f l 1 1
ol z | 4 |20 | Yo |3
2 8 8
2 |1 |we—| 2 0 % 0 % 2:1=2 (min)
2| Xz 6 0 0 k4 1 1
3 : (=10);23;2(=2);2(-2)
1 3 1 — ;. ;. — ;. —
3| x 3 — 1 = 0 —— | 1_
’ 2 8 g |77
0 f 0 0 0 0 0 0
ol z | 7 0o 0o 2010
2
1 1 3 1
| 2 1 0 — 0 — (=)o = (——
3 *1 1 g [COnge3)
2| Xxa 6 0 0 kd 1 1
4 4
3 x 2 0 1 1 0 1
4 4
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Maemo f,;,,=0, a 3HA4UTh, MU OTPUMAIH KAHOHIYHY (OpMy
IIOYaTKOBOI 3a/1a4i.
5 :
z=-——x,+7 (min),
2
( 1 1
X +—x, +—x, =2,
4 4

9 1
Zx3 + X, +Zx5 =6,

| |
x2 +Zx3 _sz = 2,

X, 20, i=1,_5.

Po3B’sbxemo 1110 3aa4y CUMIIIICKC-MCTOAOM:

g 3 Onop- Koedinientn npu HEBITOMUX
< x 2 HUH
o 5| 2| manm X1 X2 X3 X4 X5
Z Z 2]
0 VA 7 0 0 % l 0 0
I | xq 2 1 0 l 0 l 2: l=
3 4 4 4
9 | 9
2 x4~ 6 0 0 — 1 — |6:—=267 —
4 4 4 min
1 1 1
3 | x 2 0 1 — 0 —— |2:—=8
4 4 4
1 1
0| z| - o o | o 9>
3 9 18
4 1 2
I | x4 — 1 0 0 —— —
4 3 9 | 9
8 4 |
2 | x3 — 0 0 1 — —
3 9 9
4 1
3 x| = 0| 1] 0 | -2 -2
3 9 18

B HynboBOMY pSJKY OCTaHHBOI (YETBEPTOi) CHUMILIEKC-TAOJIMIN
HEMa€ JOJIaTHUX YMCEJ, @ OCKUIBKHA IIIbOBA (PYHKI[ISL TOCTIIKYETHCS Ha

87



MIHIMYM, TO 1€ O3Hayae, 0 MU OTPUMAIM ONTHUMAaJIbHUN PO3B’A30K

3ajaul: / =— 0Opu X —i X _f x _§
. min 3 p 1 37 2 3, 3 3.
HepeBipKa: Zmin=3-f+3-i—§—5:4+4_§_5:l.‘
3 3 3 3 3

2.5. Po3B’si3yBaHH4 3a/1a4 JIIHIMHOTO MPOTPAMYyBAHHSA
3 IONIOMOT 010 MAKETIB NMPUKJIAJHUX NPOrpam

3HayHa YacTMHAa MAaTEMaTUYHUX JOCHIPKeHb TIOB’si3aHa 3
BUBYCHHSIM MAaTEMAaTHUYHUX MOJEJICH, 110 BKJIIOYAIOTh BEIUKY KIJIBKICTh
3MIHHUX 1 3aJ€XHOCTE MK HHUMH. 3pO3yMUIO, IO 3HAXOMKECHHS
ONTUMAJIBHOTO PO3B’A3KY TaKUX 3a7a4 € Ty>XK€ TPOMIZAKUM, a B JIEIKUX
BUIMAJIKaX TMPAKTUYHO HEMOXKJIUBUM. TOMy i pO3B’A3yBaHHS TaKOTO
KJIacy 3aJa4y JIOLUIbHO BUKOPHUCTOBYBATHM CYy4YacHl 1HQOpMaIliiiHi
TEXHOJIOT1i, 30KkpemMa makeT npukiaagHux mporpam LINA Tta cranmapthHy
odicuy nporpamy EXCEL.

Jnd 03HAaMOMJIEHHSI KOPUCTYyBaya 3 OCHOBHUMH XapaKTEPUCTUKAMU
cucteMu LINA, cnocobamu BBoay iH(}oOpMalii Ta BUKOHAHHS KOXHOI
komauau B cuctemi LINA icnye komanma HELP. 1Ilo6 otpumatu
iH(opmarliro npo nesHy komanay, HeoOxinHo miciast HELP BBectu im’s
KOMaH/IH, sIKa HacC I[IKaBUTh.

[Iporpamna cuctema LINA npusHadeHa i 3HAXOKCHHS
ONTUMAJIBHOTO PO3B’SA3KY Ta MPOBEACHHS MICISIONTUMI3AIIHOIO aHAII3Yy
3arajpbHOi 3ajayl JIHIAHOTO TporpamMyBaHHsS (MaKCUMalbHUM pPO3MIp
3amadi: 229 3miHHuX 1 118 oOMexeHb 3 ypaxyBaHHSIM Makcumizaiii abo
MiHIMI3alli 1UIbOBOI (yHKIIT). ¥ CBOEMy cKjajl BoHa Mae 36 KOMaH]I,
00’eqnanux B 10 kaTeropii.

Po3risiHeMo CTpyKTypy KOMaH ] CUCTEMHU 32 KaTeTrOpisiMHU:

1) indopmarii

HELP COM CAT;

2) Bxony

MAX MIN RETR TAKE LEAN;

3) imgekcartii

PIC TABL LOOK NONZ SHOC SOLU RANGE;

4) 3anucy y daiin

SAVE DIVE PVRT SDBC;

5) po3B’s3Ky

GO PIV;
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6) penaryBaHHs

ALT EXT DEL SUB APPC;

7) BUXOY

QUIT;

8) LJI0YKCIIOBOTO Ta MAPaMETPUYHOTO MPOrpaMyBaHHS

INT PARA BIP;

9) bopmary iHaMKAaIIi1

WIDTH TERS VERB BAT RAGE;

10) 1Hmn

STAT.

[puxman 2.8. [lpumycTuMo, 10 HaMU IUJIAHYETHCS OpPTaHi3yBaTH
BUITYCK MPOAYKII TPhOX BUJIIB 3a JIONMIOMOT'OI0 YOTHUPHOX TEXHOJIOTIYHUX
croco01B BUPOOHHUIITBA HA OCHOBI YOTUPHOX BUJIIB PECYPCIB, 3aMacu SIKUX
oOMexeHl. 3amac Ta BHUTPAaTH PECYpCiB HAa OJMHUINI0 dYacy poOOTH
BIIMOBITHUX TEXHOJIOTIYHUX JIIHIN Ta BUX1J MPOAYKIIii BiJl HUX HaBEJCHI B
Tabn. 2.4. HeoOXimHO po3paxyBaTh ONTUMAaJIbHUM IJIaH BUPOOHMIITBA,
AKAA 3a0€3MeUnTh MAKCHMyM KIHIIEBOI MPOJYKINi, SKIIO 4YacTKa
npoAyKIlii A B KiHIEBi# craHoBUTH 0,2, mpoaykii B — 0,5, a mpoayxkiii C
—-0,3.

Tabmunsa 2.4
TeXHO0JIor19H1 CITOCO0n
(BUTpaTH pecypcis, OO0csr
HoxasHuky BUXI1JI TPOJIYKIIi1) pecypciB

I I1 111 IV

~ | OOsaiHaHHs, MaIIL.-TOJ. 1.9 | 3,2 | 2,1 | 2,8 295

é IIpars, mroa.-rox. 33 | 24 | 45 | 2,7 410

3 | EmexTpoenepris, kBr.ros. 46 | 38 | 2,7 | 4,1 505

° | dinancosi xowry, I'pH. 6 7 5 4 890
. w | A, T — 3 2 4
2 BB, mm. 2 | = 1
= &2[C, wr. 3 2 1| -

¢ Po3s’a3yeannsi.
JI71st moOy10BM MaTeMaTUYHOI MO/IeJIl BBEJIEMO MMO3HAYCHHS:
X1, X X3, X4 — dYac poOOTH BIJANOBIIHUX TEXHOJOIIYHMX JIHIN
BUPOOHUIITBA;
Z — o0csr BUpOOHHUIITBA KIHIIEBOI MTPOAYKIIIi.
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BpaxoByrouu BBeJIeH1 TO3HAYEHHS, MaTEeMaTUYHA MOJIEJIb 3aJ/1aul Ma€e
BUTJISIJI. 3HAWTU Takui ILIaH {x1 >0,x,20,x,20,x,20,Z = O}, SIKUAM

3a0€3I1eYnTh
/ — max
MpY BUKOHAHH1 YMOB:
1) 3 BUKOpucTaHHs 00JIaHAHHS
1.9x, +3.2x, +2.1x, + 2.8x, < 295;

2) 3 BUKOPUCTaHHS Oparli
3.3x, +2.4x, +4.5x, +2.7x, < 410;

3) 3 BUKOPUCTaHHS €JIEKTPOEHEePrii
4.6x, +3.8x, +2.7x, +4.1x, <505;

4) 3 BUKOpHUCTaHHs ()i HAHCOBUX KOIITIB
6x, + 7x, + 5x, +4x, <890;

5) 3 CTPYKTYypH KIHIIEBOI MPOAYKIIIi BITHOCHO:
— TIpOAYKITi A
3x,+2x,+4x,202Z abo —-0.2Z+3x,+2x,+4x, 20;
— mpoaykiii B
2x,+x,+x,205Z abo —0.5Z+2x +x,+x,20;
— npoaykiii C
3x,+2x,+x,203Z abo —0.3Z+3x,+2x,+x, >0.

Po3B’sxemo 3amady 3 nornomororo nakety LINA. BBeneHHs 1ijiboBoi
(GyHKIII1 Ta CUCTeMH 00OMEXKEHb 3a/1aui 3/11CHIOEThCA TAKMM YHHOM:
:max Z

? st
?1.9x1+3.2x2+2.1x3+2.8x4<=295
? 3.3x14+2.4x2+4.5x3+2.7x4<=410
?4.6x1+3.8x2+2.7x3+4.1x4<=505
? 6x1+7x2+5x3+4x4<=890
?-0.2Z +3x2+2x3+4x4>=0

? -0.52+2x1+x3+x4>=0
?-0.3Z+3x1+2x2+x3>=0

? end

JI71s1 OTprMaHHS ONTUMAIBHOTO PO3B’ 3Ky Ta MICASIONTUMIZAIIMHOTO
aHaNI3y 3a/1adl BUKOPUCTOBYeEMO komaHay GO. B pe3ynbpTari OTpUMaEMo
PO3B’SI30K 3a/aadi (3HAUYCHHS LUIHOBOI (PYHKIIT, Yac poOOTHU BIAMOBIAHUX
TEXHOJIOT1#, BUKOPUCTAHHS PECYPCIB):
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: GO
3nauenna uinboeoi pynkuyii
1) 415.180300

3MiHHa 3Ha4YeHHs BigHocHa ouiHka

Z 415.180300 .000000

X1 88.503800 .000000

X2 .000000 1.957552

X3 19.647020 .000000

X4 10.935500 .000000

Pagok [lopaTkoBa 3MiHHa [1BoicTa 3MiHHa

2) 54.964630 .000000

3) .000000 .150523

4) .000000 .699932

5) 217.000100 .000000

0) .000000 -.354482

7) .000000 -1.858207

8) 160.604400 .000000
Uncno itepauin = 4

3 OTPMMAHOTO PO3B’SI3Ky 0adyWMoO, MO0 3a ONTUMAIBHUM IIJITAHOM
BUITYCK KIHIIEBOT NpoaykKiii craHoButuMe Z=415,1803 oaunuue. Ilpu
bOMY 4ac PoOOTH BIAMOBIJHUX TEXHOJOTIYHUX JIIHINA Oyne: mepuioi —
X1=88,5038; Tperboi — X3=19,64702; uetBeptoi — X4=10,9355. Jlpyra
TEXHOJIOTiSl HE BUKOPUCTOBYEThCS (X2=0). 3MiHHI, 3HAUCHHS SIKMX HE
JOPiBHIOIOTh HYJIIO B ONTUMAJIbHOMY IUIaH1, HA3UBAIOThCS O0a3WCHUMU, a
3MiHHI, 3HAQYEHHS SKUX PIBHI HYJIO — BUIbHUMHU. 3HAYEHHS BiHOCHMX
OLIIHOK i1l 0a3UCHUX 3MIHHUX PIBHE HYJIIO, & 3HAYEHHS BITHOCHO1 OIL[IHKU
JUIs1 BIJIBHOI HEB1JJOMO1 BKa3y€ Ha 3MEHIIICHHS 3HAYEHHS 1IUIbOBOT (PYHKIIIT
Mpy 3017bIICHH] BiIBHOI HEBIJIOMOI X2 Ha OJMHUIIO, TOOTO B HAaIIOMY
BUMAJKY TMpU 30UIBIIEHH] Yacy PoOOTHM APYroi TEXHOJOTIYHOI JIiHIT Ha
OJIMHUIII0 MaKCUMaJIbHUI BUITYCK KIHIIEBOI MPOAYKIlI 3MEHIIUTHCS Ha
1,957552.

[puknan 2.9. [TianprueMcTBO BUTOTOBIISIE MPOAYKIIIIO YOTUPHOX BU/IIB,

BUKOPHCTOBYIOUM PECYpCH TPhOX BHUJIIB: TPYAOBI, CHpPOBHHA, (hIHAHCH.
Hopmu 3atpart pecypciB, mpuOyTOK BiJI peami3ailii OJUHHIN KOKHOTO BHIY
NPOAYKIlT Ta 0O0CAr 3amaciB pecypciB mojaHi B Tabn. 2.5, morpeba
MIIMPUEMCTBA Y BUPOOHUIITBI IPOAYKIIIT MpUBEeHa B Ta01. 2.6.
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Bu3HaunTh mJIaH BUTOTOBJICHHS MPOAYKINi, SKUH 3a0e3MeyunThb
OTPUMaHHSI MaKCUMaJIbHOT'O MPUOYTKY.

¢ Po3s’azyeannsi.

BBenemMo no3zHaueHHs:
[Iponl= x;, IIpoa2 = x,, [Ipon3 = x3, [Ipoad = x4, z — npudyTOK.

Toxai maTemaTHyHa MOJIEIb 3a7ja4l MATUME HACTYITHUM BUTIIS!

z =2x, +3x, + 6x, +3x, - max,

Tabmuns 2.5
Pecypc ITponl | Ilpon2 | Ilpon3 IIpon4 | HasBHICTB pecypcy
[IpubyTok| 2 3 6 3
Tpynosi 0,03 0,04 0,05 0,04 500
CupoBuna| 1,4 1,2 2 1,9 26500
diHaHCHU 4 6 4 7 10090
Tabnums 2.6
Bug nmpoaykiii | ITorpeda
ITponl 500
ITpon3 200
ITpon4 800

0,03x, + 0,04x, + 0,05x, + 0,04x, <500,
L4x, +1,2x, +2x, +1,9x, <26500,
4x, + 6x, +4x, +7x, <10090,

x, = 500,
x, = 200,
x, = 800,
x, 2 0.

Po3B’sbkemMo 1110 3ajauy JIIHIKHOTO TPOrpaMyBaHHS 3 JOMOMOTOIO
crangapTHoi odicHoi mporpamu Excel. CrovaTtky 3podumo dopmy s
BBOJIy YMOB 3aJiaul y BUIJISA1 TaOuuil 2.7. Bech TEKCT y moganblioMy €
KOMEHTapeM 1 Ha PO3B’sI30K 3aj1aui HE BILIMBAE.
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Tab6mums 2.7
A B C D E F G H

3MiHHI
M’ IIpoal | IIpon2 | IIpon3 | IIpon4
3HAYCHHSI

HIDKH. TP.

BEPXH. Ip. H® | Hano
P P P

koed.B [1D

OOMexeHHs

RNI| NN | AW (N -

BUJT JiBa | 3HaK |MpaBa
4acT yacT

9 | TpynoBi
10{CupoBrHa
11|dinancu

JIpyruM KpOKOM € BBEICHHS BHUXIAHUX AaHUX B (popmy Tadm. 2.7 i
3QJIEKHOCTEH MaTeMaTH4dHOi Mojeni. HeoOxigHl maHl mpeacTaBieHl B
Tabn. 2.5 ta 2.6. Cro4yatky 3aHOCHMMO YMCJIOBI JIaHi, TOTIM 3aJIeKHOCTI
MaTeMaTHYHOI MOJIEI. 3aJIe)KHOCT]1 BBOJIATHCS TAKUM YHHOM.

1. Be¢io 3anestcnocmi 014 uinbo6oi hynkuii:
e Kypcop B F6 (TyT Oyne dhopmyBaTucs 3Hau€HHS 1JILOBOT PYHKIIIT).
e Kypcop Ha kHOonKy «Mactep ¢pynkiuii», JIK (miBa kinasima).
e ¥V BikHi  «Kareropus»  BUOMpaEMO  KypCOpOM  KaTeropiro
«Matematuueckuey, JIK.
e Hampasnsiemo kypcop y BikHO ¢yHKIIT «CYMMITIPOU3By, JIK.
e Jlanece.
Ha expani nosiBisieThes Aianorose BikHO «Mactep QpyHKImil — mar 2
u3 2».
e B «maccuB 1» BBectn B$3:E$3 (B mux komipkax Oymemo Qopmysatu
3HAYECHHS TPOJIYKIIiT).
e B «wmaccuB 2» Beectu B6:E6.
e ['oToBO.
Ha expaHni oTpumaemMo faHi y BUriaal taomnuii 2.8 (B GopMynbHOMY
pexumi — Tabnuis 2.9) B F6 Oyie 3HaueHHS 1I7IbOBO1 (PyHKITII.
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Tao6murs 2.8

A B C D E F G H

1 3MiHHI

2| M’ IIpoal | IIpon2 | Ilpon3 |IIpon4

3 [3HaueHHS

4 |HWXKH. TP. 500 200 800

S [BepxH. Tp. H® | manp

6 |[koed.B LD 2 3 6 3 0

7 OOMexeHHS

8 BUJT JiBa | 3HaK | mpaBa
gacT gacT

9 | Tpynosi 0,03 0,04 0,05 0,04 0 <= 500

10|CupoBuna 1,4 1,2 2 1,9 0 <= | 26500

11|dinancu 4 6 4 7 0 <= | 10090

2. Beio 3anexcnocmeit 015 1i6ux 4ACMUH 00MEIHCEHD:
e Kypcop B F9.
e Kypcop Ha kHOonIKy «Mactep dhyHkuin», JIK.
e ¥V BikHi  «Kareropus»  BUOHMpaEMO  KypCOpOM  KaTeropiro
«Matematuueckuey, JIK.
e Hampasnsiemo kypcop B BikHO QpyHKI1ii «CYMMIIPOU3By, JIK.
e Jlanece.
Ha expani nosiBisieThes Aianorose BikHO «Mactep pyHKImi — mar 2
U3 2».
e B macuB 1 BBectn B$3:E$3.
e B macus 2 Bectu B9:E9.
e ['oToBO.
[ro x mpolieypy MOKHA BUKOHATH KomitoBaHHsIM Gopmynu 3 F6 B FO:
e Kypcop B F6.
e Kypcop Ha kHonky «KonupoBats B Oydep», JIK.
e Kypcop B F9.
e BcraButh u3 0ydepa.
Amnarnoriudo komitoemo popmyiy B F10:F11.
Ha nibomy BBEICHHS JIaHUX 3aKIHUYETHCS.
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Tab6mums 2.9

A B C D E F G H
1 3MIHHI
2 iMs Ipoxl | Ipox2 | [Ipox3 | Ilpon4
3 |3HA4YCHHS
4 |HwxH. Tp. | 500 200 | 800
5 [BepxH. Tp. 1O Harmp
6 [koed.s 1D | 2 3 6 3 | =CYMMIIPOU3B(B$3:E$3;B6:E6)
7 OOMexeHHS
8 BHL JiBa 9acT 3HAK |[IpaBa

qacTtT

9 | Tpymosi 0,03]0,04 [ 0,05] 0,04 |=CYMMIPOM3B(BS3:ES3;BYEY) [ <— | 500
10|Cuposuna 14 1] 1,2 2 1,9 =CYMMITPOM3B(BS$3:E$3;B10:E10) | — [26500
11|®inancu 4 6 4 7 =CYMMIPOM3B(BS3:ESI:BILEID) | —— | 10090

Jlani mepexoauMo A0 3HAXOKEHHSI ONTUMAIIBHOTO PO3B’SI3KY.
Anzopumm 1. 3nHaxo00sceHns ONMUMATLHO20 PO38°A3KY.
1. Cepsuc, Ilouck pemeHnus...
Ha ekpani: gianorose BikHO «Ilouck pemeHus».
2. Haznayaemo 1iab0BYy (hYyHKIIIIO.
Jlist 1bOro Kypcop y BIKHO «YCTaHOBUTH LIEJIEBYIO SIYEHKY» 1
BBOAMMO aapecy F6.
BBoguMo  HampsMoK — 1UIbOBOI  QyHKII:  «MakcuMmaibHOMY
3HAYCHUION.
3. BBoauMo ajsipecy HEBIJJOMUX 3MIHHHX:
Kypcop y BikHO «3meHss stuelikny, BBoaumo ajapecy B3:E3.
4. BBoaumMo 0OMEKEHHS:
e Jlo6aBUTH
Ha ekpani: gianorose BikHO «JloOaBieHUe OrpaHUYCHUS.
Cnouatky BBOJAMMO OOMEKEHHsI HEB11’ eMHOCTI 3MiHHUX 11 [Ipon?2
1 MIHIMAJIBHOTO OOCSITY JIJI PEIITH 3MIHHUX:
e V BikHi «CchulKa Ha s'YeiKy» BBOauMO B3.
e Kypcop Ha ctpinky, JIK (;1iBa kiasimma).
e Ha expaHi: «3HaKu JyIsl BBOJia OTPAHUYCHUI».
e Kypcop Ha 3HaK « >=», JIK.
e Kypcop B npaBe BiKHO.
e Bromumo B4.
e Jlo6aBUTH.
Ha expani 3HOBYy BIKHO «JloOaBiieHHE OTrpaHWYEHUS». AHAJIOTIYHO
BBOJIMMO 1HII1 ooMmexenHs: C3>=C4, D3>=D4, E3>=E4.
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Tak camo BBoasATECS oOMexxennsa F9<=H9, F10<=H10, F11<=H11.
e [licns BBOy ocTaHHROTO 0OMekeHHsT HaTuckaeMo OK.

Ha expani: pgianoroBe BikHO «llouck pemieHusi 3 BBEICHBIMU
YCIIOBUSIMI.

3 gomomororo kKoMmaHn «M3MeHuTH» 1 «YOamuTb» MOXKHa 3a
HEO0OX1THOCT1 KOPEKTYBaTH OOMEKEHHS.

OntumanbHU pO3B’A30K 3HAXOAUMO 32 TAKUM aJITOPUTMOM:

Anzopumm 2. Po3ze’azyeanna 3aoaui.
1.ITicns BBOAy 3ajadi, KoJaM Ha ekpaHi € BikHO «Ilouwck pemeHus,

BuOupaemo «IlapameTpsi».
Ha ekpani: gianorose BikHO «IlapameTpsl morcka pemeHus .
2. BcraHoBioeMo BIIMITKY «JIMHEHHAas MOJETbY.
3.0K.
Ha expaHi: mianorose BikHO «ITouck pemieHus.
4. BBINOJTHHUTS.
Ha expani: pmiasoroBe BIKHO «Pe3ynbTaTbl TMOWUCKAa pEIICHUS» 3
MOBIIOMJICHHSIM TIPO T€, IO PO3B’s30K 3HaieHo. B komipkax F6, B3:E3
3HAXOJUTHCSA ONTUMAIBHUI O3B’ 530K (Tadi. 2.10).

MakcumanbHuii  npuOyTOK  cTaHOBUTH 7135 rpH., 00cCsTH
BurotoBiieHHss  mpoaykii:  Ilpoxl1=500, Ilpon2=0, Ilpoa3=622,5,
[Tpoa4=800.

Pecypcu BUKOPUCTOBYIOTHCA B TaKiil KiIIBKOCTI:
e TpynoBi (quB. F9) = 78,125;
e cupoBuHa = F10 = 3465;
e ¢inancu =F11 =10090.
Tabmuug 2.10

A B C D E F G H
1 3MiHHI
2| Mg IIponl | ITpon2 | Ilpoxa3 | Ilpon4
3 |3Ha4YeHHA 500 0 622,5 800
4 |HWDKH. Tp. 500 200 800
S [BepxH. Ip. D |Hamp
6 [koed.B 11D 2 3 6 3 7135
7 OOMexeHHSs
8 BUJI JiBa |3HAK | IpaBa

4acT 4acT

9 | Tpynosi 0,03 0,04 0,05 0,04 [78,125| <= | 500
10|CupoBuna 1,4 1,2 2 1,9 3465 | <= | 26500
11|®d1inancu 4 6 4 7 10090| <= | 10090
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2.6. IIuTanHA 1J51 CAMOKOHTPOJIIO

1.

10.
11.

12.

13.

14.

15.

16.

17.

18.
19.

3anumiiTh 3arajbHy MaTEeMaTHYHY MOJIENb 3ajadl JIHIHHOTO
MpOrpamMyBaHHS.

Axuil po3B’A30K 3a7adl JIHIMHOTO NPOrpamMyBaHHS HA3UBAETHCA
JTOIYCTUMUM ?

[ITo Ha3uBaeThCs 00JACTIO ICHYBAHHSI TJIaHIB?

Slku¥i 11aH HA3UBAETHCSI OLIOPHUM, & SIKUW ONTHUMAIbHUM?

Sxi HaMmpocTiiI Mojei 3adad JIHIHHOTO MNpOorpamMyBaHHS BU
3HaeTe?

Axi € crampaptHi  (dopMmMu  3amMcy 3aJad  JIIHIAHOTO
MporpamMyBaHHs?

Ski 3amadil JIHIKHOTO MPOTrpaMyBaHHS MOKHA PO3B’A3yBaTH
rpagpiyHUM METO0M?

JlaiiTe BU3HAYEHHS OMYKJIOT MHOKHUHH.

SIxa MHOKHMHA € 00OMEKEHOIO, a IKa HEOOMEKECHOIO?

JlaliTe BUBHAYEHHSI BHYTPILIHBOI Ta TPAHUYHOT TOUOK MHOYKHUHH.
CyTp anroputmy rpagiyHOTO METOAY pO3B’SI3yBaHHS 3ajad
JIHIMHOTO MpOrpaMyBaHHS.

Slka 3amava JiHIMHOTO MPOTpaMyBaHHs 3amKcaHa B KaHOHIYHIHN
dbopmi?

Ski 3amadi JIHIKHOTO MPOTrpaMyBaHHS MOKHA PO3B’A3yBaTH
CUMILIEKCHUM METOJIOM?

CyTb anropuTMy CUMILIEKCHOTO METOY.

Chopmyntonte KpUTEpii ONTUMATBHOCTI CUMILIEKC-METOTY.

Sk BUOMpPAETHCS KIIOYOBUM CTOBMEIb, KIOYOBUN PSIAOK Ta
T€HEePAITBHUMN €JIEMEHT?

Sxi 3amadi JIHIKHOTO MPOTPaMyBaHHS PO3B’SI3YIOTh METOJIOM
HITY4HOTO 0azucy?

CyTb METOJy IITYYHOTO Oa3ucy.

Sxi cydacHi iHGOpMaIlIHI TEXHOJIOTIi MOXKHAa BUKOPUCTOBYBATHU
IUTSL pO3B’°SI3yBaHHS 3a/1a4 JIHIMHOTO NpOrpamMyBaHHS?
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Po3aia 3. Teopist ABOICTOCTI Ta KIJIbKICHUH aHAJII3
ONTUMI3AIMHUAX PO3PAXYHKIB

3.1. JIBoicTicTh y 3aga4ax JiHIAHOIO NPOrpaMmyBaHHS:
NMPaBUJIA MOOYA0BH ABOICTHX 32/124 TA IX OCHOBHI KJIacH

KokHiil 3aia4i JiHIMHOTO MpPOTpaMyBaHHS BIJAIOBIJIA€ ABOICTA, sIKa
bopMy€eThCS 3a JIONOMOTOI IIE€BHMX MpaBWI O€3MOCEepPe/IHhO 3 YMOB
npsiMoi 3ajadi. Hexait 3aaua niHiiiHOTO MporpaMyBaHHS Ma€ BUTJIS;

Z=c,+cx +c,x,+...+c,x, (max), (3.1)
a, x, +a,x, +..+a,x <b,
a, X, +a,X, +...+a, x, <b,,
ererreenee ettt (3.2)

a x +a x,+.+a, x <b ,

x, 20, j=1ln

[ToOyaoBa ABOICTOI 3a/1a4i JIHIMHOTO MPOTPaMyBaHHS 3/1MCHIOETHCS
32 TAKUMU MTPABUIIAMMU:

1. Ko’kHOMYy OCHOBHOMY OOMEXEHHIO IMOYaTKOBOI 3a/1a4l CTABUMO Y
BIIMOBIJIHICTh JIBOICTY 3MIHHY: MEPIIOMY OOMEXKEHHIO — )|, APYroMy —
V2, ey M-MY — V,,. KiIbKICTH HEBIZOMHX ABOICTOI 3aJadi JIOPIBHIOE
KUTBKOCTI OCHOBHUX OOMEKEHB MPSIMOi 3aj1aul JIIHIMHOTO MpOorpaMyBaHHS:

-

a,x, +a,x, +..+a,x,<b |y
Ay X, + Xy +.c+ay,x, <b, |y,

a, x, +a,,x, +..+a, x, <b |y,

\ijO, jzrn.

2. Sxuo uuiboBa (PYHKINS MOYATKOBOI 3ajayl JOCHIKYETHCS Ha
MaKCHUMYM, TO JIBOICTOi — Ha MIHIMYM, 1 HaBIIaKH.

3. 1106 3anucatH 1iI50BY (PYHKIIIFO ABOICTOI 3aj1a4l, MOTPIOHO MpaBi
YaCTUHM  OCHOBHMX  OOMEXEHh  II0YATKOBOI  3aJayl  IMOWIEHHO
MEPEeMHOKUTH Ha JIBOICTI 3MIHHI, IO BIAMOBIAAIOTh KOXKHOMY 3 IIHX
obmexeHb 1 momatu. OTxke, KoedilieHTaMU TPU HEBIJIOMHX B IIJIbOBIH
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¢yHKIII1 JBOICTOI 3aAadl € MpaBl YaCTMHU OCHOBHUX OOMEXEHb MPSIMOi
3aga4l. BiapHUI 4iieH 117b0BO1 (DYHKIIIT IPsMOI 3a/1adi MEPEHOCUTHCS 0€3
3MiH B IIJIbOBY (DYHKIIiFO IBOICTO1:

z =cy+by, +b,y, +..+b y  (min).

4. OOmexeHHa JnBoicTOi 3amadyl  (OPMYEMO TAKUM UYHUHOM:
Koe(IIIEHTH MPHU HEBIJIOMIM KOXHOTO OCHOBHOTO OOMEXEHHS CHCTEMU
(3.2) mowieHHO MHOXMMO Ha BiAMOBIJHI ABOICTI 3MIHHI 1 jJojgaemo. B
pe3yiabpTaTi OTPUMYEMO JiBI YacTUHM OOMEXEHb JBOICTOI 3ajadl:
a;; v, +ay;y, +...+a,,y,. lIpaBuMu 4acTuHaMu 0OMEKEHb [IBOICTOI 3a/1a4i

€ Koe(IlicHTH NPH HEBIAOMIN X; B IUILOBIMA (DyHKIIi ITOYaTKOBOI 3a1a4l
(¢;)). Omxe, KIIBKICTh 3MIHHHMX HpsAMOi 3a7ayl JOPIBHIOE KUIBKOCTI
OCHOBHHX OOMEXKEHb IBOICTOI.

5. BpaxoBytoun, 110 B OCHOBHMX OOMEXKEHHSX ITOYAaTKOBOI 3aaadi
3HaK HEPIBHOCTI «<», TO B OOMEKEHHSIX JBOICTOI 3a/Ja4l 3HaK HEPIBHOCTI
oyme «>».

6. Marpuns
all alZ aln
a a a
21 22 2n
A= ,
L " ml am2 amn_

[0 CKJIAJAETHCS 13 KOEQIIIEHTIB MPU HEBIJIOMHX B CHCTEMI OOMEXKEHB
npsMoi  3ajayi, 1 MaTpulsg KOe(IlI€HTIB MpU HEBIIOMUX CHUCTEMU
oOMeXeHb IBOICTO1 3a7a4l JIIHIHHOTO TTPOTrpaMyBaHHSI

all a21 coe aml
AT . a12 a22 coe amz
4, a,, ... 4,

YTBOPIOIOTHCSI OJIHA 3 OJHOI TPAHCIOHYBAaHHSIM, TOOTO 3aMIHOKO PSJIKIB
CTOBITYMKAMHU, & CTOBITYHKIB — PSAIKAMHU.

B pesynbTari oTpuMaeMo JBOICTY 3a/1auy:

z =cy+by, +b,y,+..+b v~ (min),
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)
apy, +a,y, +..+a,y, 2c,
any, +ayy,+..+a,,y, =c,,

a, y, ta,y,+..+a, vy =c,

i >0,

i=1,m.

JIBoicTi mapu 3aja4 JIIHIKHOTO TPOorpaMyBaHHs OyBalOTh CUMETPUYHI
Ta HECUMETPUYHI.

Y cumempuunux 3a0auax OOMEXEHHS MPSIMOi Ta JABOICTOI 3a7ay €
HEPIBHOCTSMHU, a 3MiHHI 000X 3a/1a4 MOKYTh HaOyBaTH JIUIIEC HEB1A €EMHUX
3HAYECHb.

Y Hecumempuunux 3a0avax OOMEXKECHHS TPSAMOI 3a/7a4l MOXKYTh OyTH
3amucaHl y BUTJISA/I PIBHSHB, a IBOICTOI — JIMIIIE Y BUTJISA1 HEpIBHOCTEH. B
IIbOMY BHIIAJIKy BIJATMOBIAHI 3MIHHI JBOICTOI 3ajadl MOXYTh NpUNMATH
Oylib-sIKE€ 3HaUCHHS, HCOOMEKEHE 3HAKOM.

PosrnsiHemo pi3Hi  MOXJIMBI  GOpMH  TOpsIMUX  3ajad  JIHIAHOTO

MpoTrpaMyBaHHS Ta BIAMOBIIHI IM BapiaHTH MOJIeNIel IBOICTUX 3a/1a4:
IIpsma 3a0auqa lsoicma 3a0aua

CumeTpuyHi

Z=c,+¢x +0x, +..+e,x,(max),z" = ¢ + by, +b,y, +..+b y (min),

-
-

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

\xJ.ZO,

j=Ln

apy, +a,y,+..+a,y, 2cp,

a,y, +ayy,+..+a,,y, =c,,

a,y,+a,y,+..+a,6 vy, 2c,,
Ly, 20,

i=1,m.

Z=Cy+CX +6x, +.tex,(min). 2" =¢c +by, +b,y, +...+b y (max),

-

a, X, +a,x, +..+a,x, 2b,

a, X, +a,X, +...+a,x, 2b,,

a,x +a,x, +.+a x 2b ,

x. >0,

L J

j=Ln.

-

apy, +a,y, +...+a,y, <cp,

an,y, +ayy,+..+a,,y, <c,,

a,y,+a,y,+..+a, vy =<c,
¥ 20,

i=1,m.

\
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Hecumerpuuni

Z=cy ey +6% +oe,x,(Max), 2 —c 4+by +by, +..+b y (min),

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

1n""n

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

oooooooooooooooooooooooooooooooooooooooooo

apy, +a,y, +..+a,y, 2cp,

apy, +ayy,+..+a,,y, =c,,

aml'xl +am2x2 +..t amn'xn :bm’ alnyl + a2ny2 +..+ amnym 2 Cn’

X, >0,

j=Ln |y, €] oo3+od].

Z=cyrex +ox, oty (min). o~ L phy 1hy +..+b y (max),

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

1n""n

a,y,+a,y,+..+a,y, <c,
a, X, +a,x, +..+a,x, =b, a,y, +a,y,+..+a,y <c,,

a, x +a,x,+.+a x =b , a v, +a,y,+..+a, vy <c,

x. >0,

L J

j=Ln. |, €] oo;+od].

3ayeaccenns. SIko B cucTeMi 0OMEXEHb MPAMOI 3a/1aul MICTATHCS
HEPIBHOCTI 1 PIBHAHHS, TO B JIBOICTIM 3ajJiaul HEBIJIOMI, 1110 BiJMOBIAAIOThH
OOMEXEHHSIM-HEPIBHOCTAM TMPSAMOI 3ajadi, MOBUHHI NPUHAMATH TUIbKU
HEB1J €MHI 3HAYCHHS, a ABOICTI 3MIiHHI, IIIO BIiAITOBIJAIOTH OOMEKCHHSIM-
PIBHSIHHSIM MPAMOi 3a7]a4l, MOKYTh Ha0yBaTH 3HAYEHHS JOBUILHOIO 3HAKA.

3.2. OCHOBHIi TeOpeMH ABOICTOCTI

Mix mpsMOr Ta JABOICTOIO 3aJadyaMy JIIHIMHOTO MIpOrpaMyBaHHS
ICHY€ TICHUM B3a€MO3B’SI30K, SIKWW BUIUIMBAE 3 HABEACHUX HIKUE TEOPEM.

Ilepwa meopema 0goicmocmi. SIkiio ogHa 3 mapu JBOICTHX 3a7ad
Ma€ ONTUMaJbHUW IIJIaH, TO 1HIIA 3ajlada TaKOXX Ma€ ONTUMAaJIbHUM
PO3B’SI30K, MPUYOMY 3HAYEHHS IIJILOBUX (PYHKIIM IS ONTUMAaIbHUX
MJIaHIB JOPIBHIOIOTH OJIHE OJTHOMY, TOOTO maxZ = minZ *, 1 HaBITaKH.

Akmio k nuboBa (QYHKIA OJHIET 3 Mapu JIBOICTUX 3ajay
HEOOMeXKeHa, TO JIpyTra 3ajava B3araji He Ma€ po3B’A3KiB.

k1o ogHa 3 mapu HE Mae PoO3B’SA3KY, TO IIIbOBA (YHKIS APYTOi
3aja4l a00 HeoOMexkeHa, ad0 TaK0XX HE Ma€ PO3B’SI3KY.
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ko npsimMa 3agaya JIHIMHOTO NpOrpaMyBaHHS Ma€ ONTUMAaIbHUN
miad X,,,, 3HAUJECHUN CHUMIIJIEKC-METOJI0OM, TO ONTHUMAaJIbHUU mjaH Y,,,,
JIBOICTOI 3aj1a4ul BU3HAYAETHCS 32 (OPMYJIOLO:

Y =c_-D7,

onm 6asz.

1€ Cgus — BEKTOP-PSIAOK, SIKHHM CKIATAETHCS 3 KOSDIIIEHTIB MPH HEBITOMHUX
IUIbOBOI (PYHKINT MpsAMOI 3ajadi, 1[0 € Oa3suCHUMU B ONTUMAIbLHOMY
miani; D7 — marpums, ofepHeHa m0 Marpuui D, IO CKIAZacThCs 3
0a3MCHUX BEKTOPIB ONTHUMAJIBHOIO IUIaHY, KOMIIOHEHTH SIKMX Y3STO 3
[I0YAaTKOBOTO ONOPHOTO IUIaHy 3amadi. O6epHeHa Marpums D' 3aBxam
3HAXOJUTHCS B OCTAHHINM CUMILIEKC-TA0JIHII 3a/1a4l B TUX CTOBITYHKAX, JIE
B MEPIIii TaOIMIll 3HAXOAMIACH OJMHUYHA MaTPHIIA.

JIpyea meopema o0eoicmocmi. SIKiio B pe3ysbTaTi IMiJACTaHOBKHU
ONTUMAJIBHOTO IJIaHY MPSIMO1 3a7a4i B CUCTEMY OOMEXKEHb Ii€l 3a7a4i i-Te
oOMEXEHHs BUKOHYETBhCS SK CTpOora HEpIBHICTb, TO BIAMOBIAHUN i-UH
KOMITOHEHT ONTUMAJIbHOTO IUIaHy JABOICTO1 3a7a4l IOPIBHIOE HYJIIO.

k110 i-uit KOMIIOHEHT ONTUMAJIBFHOTO TUIaHY OJTHIET 3 Tapy TBOICTHX
3aJa4l  JOAATHUM, TO BIAMOBIJAHE i-Teé OOMEXEHHS Jpyroi 3aaadi
BHKOHYETHCS JJISI ONTUMAJIBHOTO TIJIaHY SIK PIBHSHHS.

Tpema meopema O06oicmocmi. 3HAYCHHS JIBOICTUX 3MIHHUX
XapakTepu3ye TMPUPICT IIIbOBOI (YHKINI, SKUH 3yMOBJICHHM MalUMHU
3MiHaMH BUIBHOTO YJICHA BiAMOBIIHOTO OOMEKEHHS.

ExOHOMIUHHIA 3MICT TPETHOT TEOPEMH JIBOICTOCTI MOJSATAE TOMY, 1110
BIIMOBIJTHA J0JaTHA OIIHKA II0Ka3y€ 3pOCTaHHS 3HA4YeHHsS IIHOBOI
GbyHKIT mpssMoi 3a/1adi, SKIIO 3anac BIAMOBITHOTO Ae(pIIMUTHOTO PECypCy
301JIBILIUTH HA OJIMHULIIO.

3.3. /IBoicTHH CHMILIEKC-METO/

Po3rnssHeMo MeToJl 3HAXO/KEHHS OIOPHUX IUJIaHIB, B SKOMY
BUKOPUCTOBYETHCSI TMOHSITTSA JBOICTOCTI. MM 3HaeEMO, IO JIBOICTOIO
3aJa4ero 10 3a1aul:

Z =c,+cx +c,x, +...+c, x, (max),
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a, x, +a,x,+..+a,x, <b,
a, X, +a,x, +..+a,x, <b,,

a, x +a,x,+..+a, x <b ,

\ijO, j=1Ln,

a00 y BEKTOPHO-MaTpUUHiil hopMi:
z=¢,+(6x) (max)
Ax<b, x2=>0

€ 3a7a4a:

z =c,+by +by, +..+b y (min),

-

aayta,y,+..+a,y, 2c,

any, +ayy,+...+a,,y, 2¢,,

a,y,t+a,y,+..+a, 6y, 2c,

1,20, i=1lm,

a00 y BEKTOPHO-MaTpUuHiil (hopMi:
z =¢,+(by) (max)
A'y>c, y20,

ne A" — marpuus, TpaHCIIOHOBaHA 10 A;

(¢,x), (b,y) — ckansipHi 1O0OYTKH BIJTIOBITHUX BEKTOPIB.

SAxio npsimy 3aaady OPUBECTU A0 KAaHOHIYHOTO BUAY 1 3alIOBHUTH
CUMILJIEKC-TA0NMUII0, TO MHU ©0auuMo, IO CTOBNYMKHA NpsIMOI 3ajayi
CTaHyTh PSJAKaMH JBOIiCTOi, 1 HaBHmaku. ToMy HeMa MOTPEOU OKPEMO
pO3B’A3yBaTH BUXIJIHY 3a7ady, a OKPEMO — JBOICTY, OCKUIbKH PO3B’SI3KU
000X MOXHA 3HAWTH 3a OJHUMH W THUMH 3K CHUMILIEKC-TaOJIUIISIMH,
ImaM’sITal04y, 110 HEBIJOMHMM OJHI€I 3a1adl BIAIIOBIJIAIOTH CTOBITYHMKH, a
HEBIJJOMHUM JIPYTOi — PSJIKH.

CrouaTky po3TJITHEMO, SIK MOKHa BUKOPHUCTATH MOHSATTS JBOiCTOCTI
JUTsI 3BEICHHS TIPSIMOI 3a/1a4l 10 KAHOHIYHO1, IPUYOMY OCHOBHOIO 33]1a4€l0
TYyT € 3BEJCHHS CHCTEMH OOMEXEHb JI0 KaHOHIYHOI (POpMH, OCKIIbKH
0a3MCHUX HEBIJJOMHUX B ONTUMI3YIOUiil (hOpMi 3aBKIU MOXKHA MO30yTHUCH,
BUpA3UBIIM iX Yepe3 BiIbHI 3 CHUCTEMH OOMEXKEHb 1 TIJICTABUBIIN B
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U1IIb0BY (DYHKI1FO. 3 LI€T MPOCTOI NPUUYUHKU MU HE OyJeMO 3BEpPTaTH yBary
Ha pSAJOK ONTUMI3yH4oi (opMH A0 TUX TIp, JOKHM HE OTPUMAEMO
OTOPHOTO TIJIaHY .

Hexaii B Hac € 3amada, B 0a3uci SKOI JesAKl IUIaHU B1a e€MHI. Toml Ti
0a3MCH1 HEBIJIOMI, 1110 MAKOTh BiJI’€MHI IJIaHU, IOBUHHI OYTH BUKJIIOYEHI 3
0azucy.

[IpunyctuMo, 1m0 HeBiIoMa x; Mae BiI eMHMM mmaH (f5;<0).
Posrnsinemo k-t psgok. SIkmo B HOMY BC1 WIGHHM JoOJaTHI (3a
BUHSTKOM f;), TO JBOiCTa 3ajJada, a pa3oM 3 HEK 1 BUXiJHA HE MalOTh
PO3B’SI3KY Yepe3 HEOOMEKEHICTh (DOPMHU.

B iHmmomy BumMaaky BUIIISEMO CTOBITUUKH, B IKMX YHCIIA k-TO psaKa
Bix’ eMHI1. {71 KOXKHOTO 3 BUAUICHHX CTOBIYMKIB CKJIAJA€EMO BI1JHOIICHHS

eiaeMeHTIB cToBmis «Ilman» 10 eleMeHTIB BUIIICHUX CTOBMINB (

&) 3a

MPUHIIMIIOM: TOAATHI 10 JOJATHUX, BIJI’€MHI J0 BiJl'€MHHUX, 1 BH6I/Ipa€MO
HallMEHIl BIAHOLIEHHS, SKI IO3HauyuMo uepe3 A,A ..., a ducia

HYJIBOBOT'O psiaKa BII[HOBII[HI/IX CTOBITUMKIB qepes ¢, ,... .

Jlo 6a3ucy BBOJAMMO BUIBHY HEBIJIOMY, JJIsl SIKOi (IIPY 3HAXOJ/KEHHI
MaKCUMyMY IT1JIbOBOT (DYHKIII1):
a,A, =min{aA,}

[<i<n
Po3srisiHeMo 11ei MeTo Ha TPUKIIAII.
[puknan 3.1. 3HalTH MakCUMalibHE 3HAYEHHS (PYHKITIT
z=3x,+2x,+3x, -7
Py OOMEKECHHSIX:
3x, +4x, +2x, 22,

2x,+x, +x; <8,
X;5X,,%, 2 0.
¢ Po36 's3y6annsl.
[ToMHOXHMMO TIepIITy HEPIBHICTh CUCTEMU OOMEKeHb Ha (—1):
—3x, —4x, —2x, <-2,
2x, +x, +x; <8.

[Io6 oTpuMaty OOMEKEHHS-PIBHAHHS JO JIBUX YAaCTUH OOMEXEHb
BBEJEMO JIOJIaTKOBI1 HEB1JI €MHI HEBIJIOMI X4 Ta X5:
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—3x, —4x, —2x,+x, =2,
2x, +x, +x, +x, =8.

CDOpMaJ'IBHO 3aIlIOBHIOEMO CI/IMHHGKC-Ta6J'II/II_IIOI

- KoedimienTu nmpu HEBIIOMHUX

X1 X2 | x3l | x| X5

31 0
2| 3| 4 1 | 0 [:(2)
2 x| 8 | 2 1 1 0 | 1

— | © [Ne psimka
= TN | Basuc
IT

Buainsemo psiiok 3 HallMeHIIUM (BIJI’€MHUM) IJIaHOM. B Hamomy
BUMAAKYy — II¢ mepmuid psiaok. HeBigomy x; (3 BiA’€MHUM IUJIAaHOM)
MOTPIOHO BUBECTHU 3 0a3ucy. B 1iboMy pssIKy € Tpu Bia eMH1 yucia (—3) B
CTOBIMYUKY X;, (—4) B CTOBIMYUKY X, Ta (—2) B cTtoBmuumKy x3. LIlo0
BU3HAYUTH, Ky 3 HEBIJOMUX MOTPIOHO BBECTHM B 0a3ucC, 3HAXOJIUMO
BITHOIICHHS eJIeMeHTIB cToBIId «Ilman» 10 eleMeHTIB CTOBIIIB, IO
BiANOBiAalOTh 3MIHHUM X|, X, Ta X3 (BIJ’€MHI JO BIJI €MHHUX, JOAATHI JI0
J0JIaTHUX ), & TAKOK 3aMHUIIEMO 3HAYCHHS (L KOMIIOHEHT HYJbOBOIO PSI/IKA,
[0 BiANOBIIAIOTH CTOBMYMKY, JIO €JIEMEHTIB SKOr0 3HaXOJAUMO

BIIHOLIEHHS:
A, =min _—2; § = min %; 4)=%; a, =-3;
-3 2 3 3
A, =min _—2; 8 = min l; 8 :l; o, =-2;
-4 1 2 2
A3=min(_—2; %)zmin(l; 4)=1; a, =-3.

Tomi 3HaX0IMMO

min{a,A } = min{% -(=3); % (-2); 1 (—3)} =min{-2; -1, -—-3}=-3.

OTtxe, B 6a3uc noTpiOHO BBECTH HEBIAOMY X3. Ha mepeTuHi nepiioro
psJiKa 1 CTOBIILIS, IO BIANOBIIA€ HEBIAOMIM X3 3HAXOAUTHCS T€HEpAIbHUM
(xmr0uoBUiA) eneMeHT (—2). inumo nepiuil psaaoK Ha KIIOUYOBUM €JIEeMEHT
1, 32 IpaBWJIaMH POOOTH 3 CUMILIEKC-TAOMHUIIMH, TIEPEXOAUMO 0 APYroi
Ta0IUIL:
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No No KoediiienTy npu HEBIIOMUX
. bazuc | [Inan
TA0MLL | pAzia X1 X2 X3 X4 Xs
3 3
0 Z —4 — 4 0 —= 0
2 2
3 1
2 1 X3 1 —~ | 2 1 | —= 0
2 2
1 1
2 Xs 7 — | -1 0 — 1
2 2

3;(-1)

B npyriii Tabauii MM BKe MaeMO OMOPHHUH IJIaH. 3ajaya 3amucaHa B
KaHOHIYHIN (popmi:

z=——x,—4x,+—x, -4
3 1
Exl +2x, + x, —5x4 =1,
1
<5xl X, +—x, +x, =7,
x, 20, z=f

Alle MU IIyKaeEMO MaKCHUMallbHE 3HAuYCHHS IILOBOI (PYHKIII, a B

. : . 3
HYJIbOBOMY PSIIKY JPYTOi TAOJMIl 1€ € B1J €MHE YHCIO (—5), 3HAYUTb,

3HAWJEHWM OMOPHUU IIaH HE € ONTUMAIbHUM. Tomy gaml 3amady
PO3B’A3YEMO 3BUYAHHUM CHUMILICKC-METOIOM:

N | —

No Ne | ba- n KoeditienTu npu HEBIIOMUX
. JIaH
TaOJIUIIl |psSIAKA| 3HC X1 | X | x3 Xy | xs
0 Z | -4 3 4 0 |]- 3 0
2 2
2 1 X3 1 é 2 1 — l 0
2 2
Sl | 7 % “1] o % 1
VA 17 3 1 0 0 3
3 1 X3 8 2 1 1 0 1
2 xs | 14 1 | =21 O 1 2

N | W
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B Tperiii Tabauii MU OTpUMaly ONTUMAJIbHUAN PO3B’SI30K 3aa4i:
x =0, 0, 8 14, 0), =z =17.

m

Axbu gpyra iTepaliis HE Jana OMOPHOTO IUIaHy, TO Iporec Tpeda
IIOBTOPIOBATH A0 THUX Mip, JOKKM HOro He 3700yaemo. I3 amroputmy
JIBOICTOTO  CHUMIUIEKC-METOZy  BHUIUIMBA€, IO  WOro  JOILJIBHO
3aCTOCOBYBATH TOJIi, KOJIU OOMEXEHHS 3a/Jadl MICTSITh HEPIBHOCTI PI3HUX

3HAKIB. ¢

3.4. EKOHOMiIKO-MaTeMaTUYHUI aHAJII3 ONTUMAJIbHUX
PO3paxyHKiB

ExoHoMIuHY IHTEpIpEeTaIlif0 JBOICTOI 3adadl pO3IJISHEMO Ha
MPUKJIAJI ONTUMAJILHOTO BUKOPUCTAHHS OOMEKEHHUX PECYPCIB.

JInst BUpOOHMIITBA 7 BUJIB MPOAYKIII BUKOPUCTOBYETHCS M BU/IIB
pecypciB, 3anacu Ikux ooMexxeH1 3HaueHHaMHU b; (i =1,m). Hopma BuTpar
KOKHOTO  BHJIy pecypcy Ha OAWHUIIO TMPOAYKII CTAaHOBUTH
a, (i=Lm; j=1n). JIoOXiJ Bl OMMHUII NPOAYKIIII j-TO BUIY JIOPIBHIOE
c, (j=Ln). 3HalTU TUTaH BUPOOHMIITBA MPOAYKIIi, IO 3a0€3IMEeUUTh
MaKCUMaJIbHUN CyMapHUM J0XiJ.

MaremaTrdHa MOJIENb 3a/1a4l:

Z=cx +c,x,+...+c,x, (max),

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

a x +a x,+..+a, x <b ,

kaZO, j=1n.

IIpsima 3agaya moJsira€ y BU3HAYEHHI TAKOrO ONTHUMAJILHOIO ILIAHY
BUPOOHUIITBA MPOAYKIUL X,,,, KUK JacTh HaWOinpmuil noxia. JlBoicta
3aj7a4a JI0 OKPECJICHOI 3a/1a4yl MaTUME BUTJISI;

z =by +b,y,+...4+b, y, (min),
any, +a,y,+..+a,y, 2c,

apy, tany, +..+a,,y, 2¢,,

a,y, ta,y,+..+a,y, =c

b, 20, i=lm.
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ExoHOMIYHMI 3MICT JBOIiCTOI 3ajayl IMoOJsArae B TOMY, 100
BU3HAYUTH TaKy ONTUMAJIbHY CHUCTEMY JBOICTHX OIIIHOK y; peCypciB, IO
BUKOPHUCTOBYIOTHCS 11 BUPOOHHUIITBA MPOIYKIIl, MPH SKUX 3arajibHa
BapTICTh YCiX pecypciB Oyjae HaiiMeHIow. OCKUIBKM JBOICTI 3MIHHI
O3HAYaIOTh I[IHHICTh OJMHHUIIl PECYypCy, TO 11X IHKOJM W€ Ha3UBaIOTh
MIHbOBOIO YIHOI BIONOBIOHO20 Pecypcy .

3a 101mOMOTror0 JIBOICTUX OIIHOK MOKHA BU3HAYUTHU CTATyC KOXKHOTO
pecypcy TpsMOi  3amadi  Ta  PEHTA0ENbHICTh  MPOAYKINi, IO
BUTOTOBJISIETHCAL.

Pecypcu, 1m0 BUKOPUCTOBYIOTBHCS JJIi BUPOOHHUIITBA MPOAYKIIIT,
YMOBHO MOXXHA MOJUIMTH Ha Oe@iyumui Ta Hede@iyumui, 3a7ICKHO Bif
TOTO, TTOBHE YU YACTKOBE iX BUKOPHUCTAHHS MEpeA0AYeHO ONTUMAaJIbHUM
IJIAHOM MPSAMOI 3a7adl. K110 ABOICTA OLIHKA y; B ONTUMAJIbHOMY ILIaHI
IBOICTOI 3ajadl JOPIBHIOE HYIIO, TO BIAMOBIAHUN I-THH pecypc MpH
BUPOOHUIITBI  MPOAYKINI TIOBHICTIO HE BHUKOPHUCTOBYETHCSI 1 €
HenedimuTHUM. SKIIo K JABoicta omiHka p>0, TO i-TMH pecypc
BUKOPHUCTOBYETHCS TOBHICTIO ISl ONTHUMAJBHOTO IJIaHY BHUPOOHUIITBA
MPOAYKINI 1 Ha3suBaeTbca AeinuTHUM. B 1bOMy BHUIAAKy BeEIWYMHA
JIBOICTOI OIIIHKM TOKa3y€, HACKUIbKH 30UIBIINTHCA 3HAYCHHS II1LILOBO1
GyHKIIIT Z, SKIIO 3anac BIAMOBIIHOTO pecypcy 30UIBIIUTH Ha OJTUHHUIIIO.

AHanmiz  pewmabenvHocmi  npoOyKyii, 1O  BUTOTOBJISETHCH,
BUKOHYETHCSI 3a JIOIIOMOI'OI JIBOICTMX OIIIHOK 1 OOMEXEHb JIBOICTO1
3ajadyi. JIiBa yacTrHA KOKHOTO OOMEXEHHS € BapTICTIO BCIX PECYpCIB, SKi
BUKOPHUCTOBYIOTHCS JIJIT BUPOOHMIITBA OJUHMUII j-TOT MPOIYKINi. SKIIO 1151
BEJIMYMHA TIEPEBUIIYE JIOX1] Bl OJUHUII MPOAYKIIIi (¢;), TO BUTOTOBIISITU
I}0 MPOJYKIIF0 HE BUT1IHO, BOHA HEpEeHTa0ebHA 1 B ONTUMAJILHOMY ITUIaH1
npsiMoi 3adadl BignmoBiaHa x,=0. SIKIIO K 3arajbHa OIlIHKA BCIX PECypCiB
JOPIBHIOE JOXOJY BIJI OJWHMIN TPOAYKII, TO BUTOTOBJISTU TaKy
MPOYKIIIIO IOIIJILHO, BOHA PEHTAa0EIbHA 1 B ONTUMAIBLHOMY TUIaH1 IPSMO1
3a71a4l B1NOBIHA 3MiHHa X; > 0.

[Ipukman 3.2.
1.Ckiactu 1BOiCTY 3a7a4y J0 BUX1AHOI 3a7a4l npukiamy 2.3.
2.Bunucatu ontuManpHUI TUIaH ABOICTOI 3a71a4l 3 OCTAaHHBOI CUMILIEKC-
Ta0IUI1 PO3B’A3aHO1 33/1a4l 1 3pOOUTH ii EKOHOMIYHUI aHai3.
3.BuszHaunTu cratyc pecypciB mpsMOi 3aaadi Ta IHTEPBAJIM CTIMKOCTI
JIBOICTHX OIIIHOK BITHOCHO 3MiHH 3araciB Ae(PilUTHUX pEeCypCiB.
4.BU3HAYUTH MJIaH BUPOOHUITBA MPOYKIIil Ta 3MIHY 3arajibHOTO JI0XOy
HIAMPUEMCTBA, SAKIIO 3amac nepmoro pecypcy 30uibmmutu Ha 100
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OJIMHMIIb, JPYTOro — 3MEHIIMTH Ha S5 OJWHHUIIb, a 3amac TPEThOTro
pecypcy 30UTbIINUTH HA 15 OTUHUIL.
5.Bu3HauuTH  peHTAOCNBHICTh  KOXKHOTO  BHAY  MPOAYKIi, IO
BUT'OTOBJISIETHCS HA M1IPUEMCTBI.
6.Po3paxyBatu IHTEpPBAJIM MOXKJIHUBOI 3MIHH JIOXOJYy, OTPUMAHOIO Bij
peanizallii OJUHMII KOKHOTO BUAY MPOIYKIIii.
¢ Po36’s3y8annsi.

1. MaTtemaTryHa MOJIEIb IPSIMOT 3a/1a4l Majia BUTTISIL;
Z=9x,+6x, (max),

(4x, + 5x, <275,

13x, +8x, < 680,

31X, +x, <60,

x, 20,

X, 20.

[To6ymyemo ABOICTY 3a7a4y 0 BUX1IHOI:

BiamoBiaHO 10 KOYKHOTO OCHOBHOI'O OOMEKEHHS MOYATKOBOI 3a1ayl
CTaBUMO JBOICTY 3MiHHY: MEPUIOMY OOMEKEHHIO — Vi, IPYyrOMYy — ),
TPETHOMY — V3!

Z =9x, +6x, (max),
(4x, +5x, <275 |y,
13x, +8x, <680y,
1x, +x, <60 Vs
x, 20
x, 2 0.

Akmio minekoBa (QYHKINA BUXITHOI 3ajadl  JOCTIIKYETHCS Ha
MaKCUMyM, TO JIBOICTOI — Ha MIHIMyM. 3alMIIeMO IiIbOBY (DYHKIIIO
aBoictoi 3amadi. Jlmsg mpOro mpaBl YaCTHHH OCHOBHHX OOMEXEHB
MOYATKOBO1 3aj7aul MOWICHHO IEPEeMHOKMMO Ha JBOICTI 3MIiHHI, IO
BI/INOBIJIAIOTh KO)KHOMY 3 IMX 0OMEXKEHb 1 JoAaamMo. OTpuMaemo:

Z" =275y, + 680y, +60y,  (min).

3anuiieMo OOMEXeHHs JBoicToi 3amadi. Jisg mporo koedirmieHTH
IIpH HEBIJIOMiM X 3 CHCTEMH OOMEXKEHBb MOUYJIEHHO MHOXKHMO Ha JBOICTI
3MIHHI 1 JOJA€EMO, OAEPKUMO JIBY YACTHHY MEPIIOr0 OOMEKEHHS
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nBoicTOl 3a7aul. BpaxoByrouu, 1110 B OCHOBHUX OOMEKEHHSX MOYaTKOBOI
3a7a4l 3HAK HEPIBHOCTI «<», TO B OOMEXEHHI JBOICTOI 3ajayl 3HaK
HEpIBHOCTI Oyjae «=>». [IpaBoro yacTMHOIO OOMEXKEHHS JBOICTOI 3a/1adi €
Koe(IILIEHT PU HEBIJOMIN X; B IIJIbOBiHM (DYHKIIIT MOYATKOBOI 3aa4i. Mu

OTpUMAJIA TIieplie OOMEXEHHd JBOICTOl 3ajadi:

AHAJIOTIYHO OTPUMAEMO Jpyre OOMEKEHHS:

pe3yiabTaTi MaEMO JIBOICTY 3a/1auy:

Z =275y, +680y, + 60y,
4y, +13y, +y, 29,

5y, +8y,+y, =26,

V15 Vs Vs 2 0.

2. Po3B’430K JBOICTOI 3a/1a4l BUTUCYEMO 3 HYJILOBOT'O PsiIKa OCTAHHBOI (B
Hallli 3aJ1a4l — TPEThOi) CUMILIIEKC-Ta0IHIIL:

(min),

4y, +13y, +y, =29.
5y, +8y,+y,26. B

No No 5 OnopHHuit KoediiienTy mpy HEBITOMUX
Tabmumi | pagka | o0 | mian X X5 X3 X4 Xs
3 6
0 Z 480 0 0 0 = —
5 5
1 33
1 X3 15 0 0 1 — -=
5
3
1 8
2 X1 40 1 0 0 — ——
5 5
1
3 X 20 0 1 0 — 13
x 3 6 . .
me = Zmax =480 opu i = 0, v, =§, Y3 =g- 3HaueHHS ABOICTHX 3MIHHHUX
O0epeMo 13 KIITHHOK HYJBOBOTO psJKa, IO BIAMOBIIAIOTH Oa3WCHUM
3MIHHUM IIOYaTKOBOI 3ajadl, TOOTO Yy, —> X, Y, >X,, J, > X,.
OnTtuManpHUM TJIaH  ABOICTOI  3a7adl  TakoX  MOKHA  3HAWTH,

BUKOPHUCTABIIN (DOPMYITY:
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, 1B
5 5
_e .p'=© 9 6.0 L 38 =(o 3 éj.
' ' 5 5 5 5
o 1 13
5 5
. . 3 6
IlepeBipka: Z . =275-0+ 680'5 + 60-§ =408+ 72 = 480.
. . 6
3. Hesimomi y, =§, Y, :g, a 1€ O3Hayvae, W0 pecypcu S, S;

BUKOPUCTaH1 MOBHICTIO 1 € 1ePiuuTHUMH. 30UTbIICHHS 3amacy pecypcy S,
Ha OJIMHUIIO CHPUSITUME 3OUIBIICHHIO IUIbOBOI (DYHKIII MOYaTKOBOI

: 3 :
3aga4l (JI0X0ay) Ha 3 a 301IbIIEHHS 3amacy pecypcy S3; Ha OJIMHUIIIO

. 6 ) .
MIpU3BeJIe 10 301IBIIIEHHS JOXOIy Ha g OCKI1JIbKY 3HAYEHHS )3 O1IbIIe

B1JI 3HAYEHHS ),, TO pecypc S; € nediuutHimmMm 3a S,. J[Boicta 3MiHHA
y;=0, a 3HauuTh pecypc S| HE BUKOPUCTAaHUN MOBHICTIO (€ HAJJIHUIIOK
boro pecypcy) i € HemepinuTHUM. lle MATBEPIKYETHCS THUM, IO
J0/1aTKOBa HEBiJioMa X3, sika Oyja BBEJEHA B Tmepiie oOMexeHHsS (3
BUKOPUCTAHHS pecypcy S) Ui TOro, 110 3BECTU 3aJlauy 10 KAaHOHIYHOTO
BUJY, € PI3HUIICIO MDK MPABOIO Ta JIIBOIO YACTMHAMHU IILOTO OOMEKEHHS,
HE piBHa HYNIIO (Xx3=15) B onTuMaidbHOMY IUIaHl. 3HAYUTh, HAJJIUIIOK
pecypcy S| cTaHOBUTH 15 OquHULI.

OTxe, JnedIIUTHICT pPeCcypciB MOXHA BU3HAYUTH TphOMaA
crnoco0amu:
a) TligcTaBUMO ONTUMAJIBHUM TIJIaH TIPSMOI 3a/a4l B CUCTEMY OOMEKEHb.
Ao oOMeXeHHsT BUKOHYETHCS SIK PIBHSHHS, TO BIANOBIAHUNA pecypc
neMIUUTHUM, B IPOTWICKHOMY BUITAAKY — HeAC(DIIIUTHUH.
4x,+5x,=4-40+5-20=160+100=260< 275, pecypc S, HenepiuuTHII,

13x, +8x, =13-40+8-20=520+160=680= 680, pecypc S, nedinuTHUL,
x, +x, =40+20=60 =60, pecypc S; npediuuTHUIL

6) 3a JIOTIOMOr0I0 JI0JAaTKOBUX 3MIHHUX MPsAMOi 3aiayi. SIKio mogaTkoBa
3MiHHa TPsAMOI 3ajladyl B ONTUMAJIbHOMY IUIaH1 JOPIBHIOE HYIIO, TO
BIINOBIHUN pecypc NePIUUTHUHN, SKIIO K BIJAMIHHA BIJ HYJS — pecypc
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HenedinuTHui. B Hamomy Bumaaky x;=15 (pecypc S HenepiuuTHuUiA),
x4=0 (pecypc S, nedinutHuii) Ta x5=0 (pecypc Sz aedinuTHMIT).

6) 3a IONOMOIOI0 JBOICTHUX OLIHOK. SKmo nBoicra 3MmiHHa y, #0, TO
3MiHa (30UIbIIEHHS a00 3MEHILICHHS) 00CSTIB i-TO peCypCy MPUBOJIUTH J0
BIINOBIJTHOI 3MIHM JIOXOAY 1 TOMY Takuil pecypc € aedinuTHum. Ko
y~0, To i-Tuit pecypc HeaedinuTHM. B Hamrii 3agaqi:

¥, =0 (pecypc S, HeneiuuTH uii),

1Y, = (pecypc S, aediuuTHUH ),

V= (pecypc S, nediuuTHMI ).

NN | W

\

Otrxe, skmo 3amac pecypcy S, (AedinutHOro) 30UIBIIMTH Ha
onunuIo (b,=680+1=681), To MakcuManbHE 3HAYCHHS IIJILOBOT (PYHKIIIT
3

3pocTe Ha 5 1 CTAHOBUTUME Z . = 480+g=480,6 3a IHIIUX OJHAKOBUX

YMOB. AJl€ 3a paxyHOK SIKUX 3MIH B ONTHUMAaJIbHOMY IUIaHI BUPOOHMIITBA
MPOAYKIT 30UIbIIUTECS 10XiA? [HopMmaliito mpo 1€ JalTh €JIeMEHTH
CTOBITYMKA «X4» OCTAaHHLOI CUMIIIEKC-TA0INIll, SKUH BIJIIOBIIA€ ABOICTIN

3MIHHIN y2=g. B HOBOMY onTHManbHOMY IIJIaHI 3HA4Y€HHS Oa3UCHOI

: . 1 : . 1 . .
HCB1AOMO1 X3 3POCTC Ha g, HCB1AOMOI1 X1 TCXK 3PpOCTC Ha g, d HEB110MO1

X, 3MEHIIUTHCS HA 5 OTxe, HOBI ONTUMAaJIbH1 3HAYEHHS 3MIHHUX OYTyTh

TaKl:

xonm_:(40+§; 20—%; 15+%; 0; 0)=(40,2; 19,8; 152; 0; 0).

30inbIIeHHs JeiuUTHOrO  pecypcy S, Ha OJUHHUINO 3a 1HIIUX

1
OJIHAKOBUX YMOB MPUBOJUTH 0 3POCTAHHS BUIYCKY NPOAyKIii //; Ha 3’
1
3MEHILIECHHS BUITYCKY NMpOoAyKuii //, Ha 3 a 00CsT BUKOPUCTaHHS PECYpCy

1 1
S| 3MEHIINUTHCSA Ha 5 (3anumok x;=15 3pocte Ha g). 3a Takoro IUIaHy

BUPOOHHUIITBA MAaKCUMaJIbHUHN JTOX1] CTAHOBUTHUME:
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Z. .=9-402+6-198+0-152+0-0+0-0=3618+118,8 =480,6.

[IpoananizyemMo, sIK 3MIHUTBCS ONTHUMAaJbHHUI IUIaH BHUPOOHMIITBA,
KO 3amac  JaedinmuTHoro pecypcy S 30UIBIIMTH  HAa  OJUHHUINO
(b, =60+1=061) 3a IHIIUX OAHAKOBUX YMOB. AHAJIOTIYHO [0 MOIEPEIHIX

MIpKyBaHb, CKOPHCTABIIIUCH €JIEMEHTAMH CTOBITUYMKA «Xs5» OCTaHHBLOI
CUMILIEKC-TAa0MUL, SKUA BIAMNOBIIAE ABOICTIH 3MIHHINA Yy, :g, MO>KHA

3alucaTy HOBUM ONTUMAJIbHUM MJIaH:
X, =(40—§; 20+§; 15—2; 0; 0)=(384; 22,6; 84; 0; 0).
' 5 5 5
[Tpu nboMy MakCUMaJIbHUM 10Xi7 Oyie:
Z ..=9-384+6-22,6+0-8,4+0-0+0-0=345,6+135,6=481,2.
OT1xe, 30UIbIICHHS Ae(IIUTHOTO pecypcy S3 Ha OJMHUITIO MPU3BEIEC

8 :
0 3MEHILIEHHsA BUILYCKY mpoaykuil [//; Ha e 30UIBIIEHHS] BUITYCKY

13 33
nponykuii /7, Ha 5 a oOcCsT BUKOPUCTaHHS pecypcy S| 3pocTe Ha =

33 . :
(3anmuIIoK x3=15 3MEHIIUTHCS Ha ?). MakcuMalibHUAN JTOX1JT B TAKOMY

BUIIAJIKy 3pocTe Ha 1,2.
AJle TiclIs MPOBEASHOrO aHali3y IOCTa€ JIOTIYHE 3allUTaHHS: a 4M

OynyThb 30epiraTvucsi BCTAHOBJIEHI MPOMOPIi, SIKIIO 3amac JAe(iUuTHOrO
pecypcy 3MiHUTH He Ha 1 ojauHuIIO, a Hanpukiaaa Ha 10 ogunuie? o0
OJIHO3HAYHO BIJNOBICTH Ha 1€ 3alMWTaHHS, HEOOXIIHO pO3paxyBaTu
IHTEpBAJIM MOKJIUBOT 3MIHU OOCSTIB A€QIIUTHUX PECYPCIB, Y MEKAX SIKUX
JIBOICTI1 OLIIHKH y; 3aJIMILAI0THCS HAa PIBHI ONITUMAJIbHUX 3HAYCHbD.

[Tpupict (3MiHy) 3amacy pecypcy S, nozHauumo Ab,. Toxi, Ko

b, =b, + Ab,, ToO HOBHI1 ONTUMAJIBHUIA TIaH Oy[e:
1 1 1
xonm.:(40+§Abz; 20—§Ab2; 15+§Ab2; 0; 0).

€IvHa BUMOTa, SKy MOXXHA TOCTaBUTH JO MOKJIUBHX HOBHX
ONTUMAaJIbHUX 3HaYEHb 3MIHHHX, — II€ YMOBA HEBI1Jl’€MHOCTI, TOOTO:
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40 + %Abz >, %Abz > —40,

; 1 Ab, > —200,
120=2Ab, 20, = 9= Ab, 2 220,=1Ab, <100, = -75<Ab, <100.
Ab, > -T5.

15+%Ab2 >0, éAbz > —15.

Ile o3Hayae, 110 KOJU 3amac pecypcy S, 30uibmuTd Ha 100 ouHULB
a00 3MCHIIUTH Ha 75 OJMHHIL, TO ONTHUMAJILHOIO JBOICTOIO OI[IHKOIO
pecypcy 3amuimuTbea y,. OTKe, 3amac pecypcy MOKE 3MIHIOBATHUCS B

MECXKax:
680 —75 < b, < 630 +100,
605 < b, < 780.

3rigHo 3 MM MOXKJIMBUN MaKCHMaJIbHHUI JOXiJ IepeOdyBaTuMe B MeKax:

480—75%£Zm £480+100%,

480 —45<7_ <480+ 60,
435< 7 < 540.

a ONTUMAJIbHUH TIJIaH BUPOOHUIITBA TIPOTYKITIi:

(40 + ; - (=75);20 — ; (=75):15 + ; : (—75);0;0} <x, < (40 + ; -100;20 — ; 100315 + ; : 100;0;0),

(40—-15; 20+15; 15-15; 0; 0)<x, <(40+20; 20—20; 15+20; 0; 0,)
(25; 35 0, 0; 0)<x, <(60; 0; 35 0; 0)
AHAaJOrI4HO pO3pax0oBY€EThCs IHTEPBAJI CTIMKOCTI IBOICTOI OLIHKH Y,
nediuuTHOrO pecypcey S:

8 8 (
40— Ab; 20, Ay <40, Ab, <25,
1204 3 ab 20, =B Ab > 20,2 {ap, 190 o 100 25
5 5 13 13 11
15-2A 20, [2Ab <15 |Ab <2,
75 5 k 11
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60—llﬂ<b <60+ 25

5231<b, <62,27.

MOXIUBUM J0X1JT Ta ONTHMaJbHHUI IUIaH BUPOOHMIITBA MPOAYKIIii
nepe0yBaTUMyTh B MEXKax

480 + 52,31 -g <Z  <480+62,27 -g,

480+ 62,77 < Z._ <480 +74,72,
54277< 7 <55472;

10 10 825, 1325 _ 3325
40— (—— ()15 (—— ,0,0 40— —20+—-—315~—-—00
( g g’z ( %’1 ( ] ( 5117 5 117 5 11 )

(40-1231% 2020 15+5077 0; 0)<x, <(40-3,64 20+591 15-15 0; 0),
(27,69 0; 6577 0; 0)<x,, <(3636 259L 0, 0; 0)

3ayBa)kMMO, 1110 BU3HAYCHI 1HTEPBAJIU CTOCYIOTHCS JIMILIEC BUIAIKIB, KOJIU
3MIHIOETHCSl TUIBKH OJMH PECypc, a 3amacu BCIX I1HIIMX (ikcoBaHl. Y
BHMIIAJIKy OJJHOYACHOI 3MIHH 0OCATIB yCIX a00 KUIBKOX PeCcypciB IIAX1J 10
BU3HAYEHHS HOBOT'O ONTUMAJIHLHOTO TUIaHY JIEIO THITUH.

4. Hanpukman, ©Hexalh o00CSITM BCiX TPbOX PECYpCiB  3MIHIOIOTHCS
BiANMOBIAHO Ha Ab =+100, Ab,=-5, Ab =+15. Jlna BuU3HAYEHHS
KOMIIOHEHTIB HOBOT'O ONTUMAaJbHOTO IJIAHY CKOPUCTAEMOCH OJHUM 13
TOJIOBHUX CITIBBIJIHOIICHh OOYMCIIIOBAIBHOI MPOIEAYPH CUMILICKC-
METOAY:

x"=D"-b.
3 0CTaHHBOI TAOIUIIl 3aITUIIIEMO OOEPHEHY MATPHIIIO:
1 33
1T - 22
5 5
pi=lo L %
5 5
B
5 5

3MiHEHI 3a1acu pecypciB yTBOPIOIOTH BEKTOP:
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b +Ab ) (275+100) (375
b=|b +Ab, |=| 680-5 |=|675]|
b, + Ab, 75 75

Toml HOBHUM ONTHUMAIBbHUM IJIaH BUPOOHUIITBA IIPOAYKINI 3a
BIIMOBITHOT OJTHOYACHOIT 3MIHHM 3aIaciB YCIX TPhOX PECYPCIB:

L33
S 5| (375) (15
x=lo L % |lers|=|15)
15 | Ls) Lo

o L I3

5 5

TOOTO X,,,, =(15; 60; 15; 0; 0).
Bcixj >0, a TOMy ONTUMaJIbLHUM IUJIJAHOM JIBOICTOI 3ajadyi

. 3 6 . . .
3aJIMIIAETHCS Y =(O; =; g . 3araJbHUA  MakKCHUMaJbHHUU  JIOXIJ

5
I1IIMPUEMCTBA 3MIHUTHCS Ha:

AZ .. =Aby +Abyy, +Ab,y, :25-0—|—(—5)%+15-§:_3+18:15

1 cranosutuMme Z . =480+15=495.

5. HactymHuM KpOKOM €KOHOMIYHOTO aHajidy pO3B’S3aHOi 3ajadl €
OIliHKa PEeHTA0EIbHOCTI MPOAYKI, 10 BUTOTOBISAEThCSA. BU3HauuTH, sika
POAYKIIiSl peHTa0eIbHa, a sIKa Hi, MOYKHA:

@) 3a JOMOMOTroI JBOICTHX OIIIHOK Ta OOMEXEHb JBOICTOI 3ajadi.
[lizcTaBUMO 3HAYEHHsS JBOICTUX 3MIHHHUX OINTHUMAJbHOTO IUIaHY
IBOICTOI 33/1a4l y CHCTEMY OOMEXEHb JBOICTOI 3aaaqi. SIKIIo BapTIiCTh
pecypciB Ha OAUHUIIIO MPOIYKIIIT (JIiBa YaCTHUHA) TIEPEBUIILYE TOX1 BT
OJMHUII IIi€l TMPOAYKIi (MpaBa YacTWHA), TO BUPOOHHUIITBO TaKoOi
MPOAYKII HEIOLUIbHE. SIKIO K CHIBBIIHOIIEHHS BUKOHYETHCS SK
PIBHSIHHSA, TO IPOYKIIis peHTabeIbHAa.

3 6 45
4y, +13y,+y,=4-0+13-—+—-=—=09,
W Yo TV 5 3 5
3 6 30
5v. +8y, +9,=5-0+8 - —+—=—=6
W Yo T)V; 5 3 5

~

Mu Gauumo, 1110 1 poayKitis /1,1 npoaykitist /1, peHTadenbHi.
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6) 3a JOIOMOIOK JOJAaTKOBUX 3MIHHMX JIBOICTHX OIIIHOK. 3HAauCHHS
WX JIOJATKOBUX 3MIHHUX TMOKAa3ylOTh, HACKUIbKH BapTICTh PECYpCIB
MEePEBUIIy€E JOXiJ B OJAMHUIN BIAMOBIAHOI mpoaykiii. Tomy, sKIIo0
JOIaTKOBa 3MIHHA JIBOICTOI 3ajiayl JOPIBHIOE HYJIO, TO MPOJIYKIIis
peHrabenbHa. [ HaBmaku, skmoy, #0, TO BIANOBIAHA IPOIYKIISA
HepeHTabebHa.

JloaTkoBl 3MIHHI JBOICTOI 3a/1adl pO3MIlIEHI B HYJIbOBOMY PSIKY
OCTaHHBOI CUMIUIEKCHOI TaOJHIIl y CTOBITUHMKAX «X1» Ta «X,». Bumuimemo
ix 3HaueHHs: 1,4,=0, ys=0. A 1€ cBiAUUTH NMpO Te, 10 NpoaykKiii /7, ta I1,
peHTa0eIbHI.

6. Ilimx BmIMBOM pI3HHX OOCTaBMH JOXiJ BIJ peaiizaiii OJHHHII
MPOAYKIIII MOXKE 3MIHIOBaTUCA (30UIBIITYBATHCh UM 3MEHITYBAaTUCh). Tomy
3aBXKIM I[IKaBO 3HATHM MEX1 3MIHM JOXOJy BIJ peaiizallii OJWHUII
IPOIYKINT KOXHOTO BHUAY, IpPH SKUX ONTHUMAJIbHUNA PO3B’S30K HE
3MIHIOETLCS, TOOTO:

Xonm=(40; 20; 15; 0; 0).

JIJisi BU3HAYEHHS 1HTEpBaJiB 3MIHM KOE(IIIEHTIB IUIbOBOI (PYHKITI
CKOPHUCTAEMOCH THUM, IIIO TPH IIbOMY CHUMILICKC-TAO0IHUIIS, IO BIAMOBIIAE
ONTUMAJIBHOMY IUIaHy, 30epirae CBi BUIJISI, 3a BUHSTKOM €JIEMEHTIB
HYJIHOBOTO psiAka. HoBi1 OIIHKK (z,-c;) MarOTh 3aJ0BOJIBHITH YMOBY
ONTUMAJIBHOCTI CUMIUIEKC-METOTy MPHU JOCIIKEHHI IIJIOBOT (PYHKIIIT Ha
MaKCUMyM, TOOTO OyTH HEBIJI'EMHUMH.

3MmiHy koediuieHTa c¢; mo3HauyuMo Ac,. Ockuibku x; — 0Oa3ucHa

3MiHHA, TO JIJIsl 3HAXO/KEHHS 1HTEPBAITy 3MIHU €1 PO3PAXyEMO OITIHKHU:

1 1 1 9 1 6 3 1

Z4—C4:O'—+(9+ACI)'—+6'(——)—O:g‘l—gACl—§:§+§ACI,
13 72 8 78 6 8

2 —c,=0- ——+9+Ac 462 0=—2 OAc + 222 Opc

(—)+( D ( ) s P 5 5 500

OTpHMaHl OHIHKI/I MAarThb 6YTI/I HGBI,H €EMHHUMHU, TOMY

E+1Acl >0, lAc1 > _E, Ac, = -3, 3
<2 g = <§ 65 = <3 = —3SA0132.
———Ac, 20. —Ac, £ —. A ~ 4
(5 5 5 5

[le o3Hayae, 110 KOIU TOX11 BiJl OJUHMIN MPOAYKINT //; 3MEHIITUThCS

He OuIbIle K Ha 3 TPOIIOBI OJIMHMIII 1 3pOCTE HE OLIbIIE SIK 1 TPOIIOBUX
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OJIMHUIIb, TO ONTHUMAJIBHUM IUIAHOM 3aMIuThes X,,,,=(40; 20; 15; 0; 0).
JInmie MakcuManbHUM 10X11 3MIHUTBCA HA Az = Ac,x,.

AHAJIOTIYHO PO3pPaxOBYEMO 1HTEpBaJ 3MIHM Koe(illleHTa ).

3HAWIEMO OIIHKU:

11 1 9 6 1 301
z,—¢,=0-=49-=+(6+Ac,) (-——)—0=2—2——Ac, =>—=
7 =0H9 (64 A) (- ) - 0= oA =1

33 8 13 72 78 13 6 13
—¢.=0-(-—)+9-(—)+(6+Ac,) ——0=—F+—+—Ac, =—+—Ac,.
2, =€ =0 (=) +9: (=) +(6+Ac) St T Aa=cT A

Ac,,

BpaxoByrouu X HEBI €MHICTH, MAEMO:
y ,

é—lAcz 20, lACZ Sé, Acz < 39

6 13 <fs : 6 Ac, > = e
_+_Acz > 0. —AC2 > ——. ©2= _B

5 5 5 5

Mu oTpumanu Mexi 3MiHN KoedIIi€EHTa IPH HEBIAOMIHN X, B IILJIbOBIH
GyHKINT, OpU IKUX ONTHUMAIbHHUM PO3B’SI30K HE 3MIHUTHCSA. TOOTO, AKIIO
3a THIIUX OJIHAKOBUX yMOBax (IIpH HE3MIHHOCTI BCIX 1HIUX JAaHUX 3a/1a4l)
JOXI1JT Bl OJUHMIN TpoAyKiii I/, 3pocte He OUIBII SK Ha 3 TPOIIOBI

OI[I/IHI/II_Ii Yh 3MEHIIUTLCS HE OUIBIIE SK Ha B rpomoBuXx OIWHHUIBb, TO

ONTHUMAaJBLHUM ILUIAaHOM OyJe: X,,,=(40; 20; 15; 0; 0).

[IpoBenenuii y 3amaul aHaii3 JiHIMHOT MOJENI Ha YYTJIMBICTH A€
IIMPOKUH CHEKTp 1H(OopMalii TPO BU3HAUYCHUI ONTUMAJIbHUN IUIAH, 1 MU
MOXEMO JIOCTIJIUTH MOJIMBI 3MIHU ONTUMAJIBHOTO IUIAHY B PE3YJIbTaTl
KOPEKTYBaHHS yMOB TpsIMOI 3ajayi, IO € JyXe BaXIUBUM IS
€KOHOMICTIB. ¢

Temep po3rassHEMO TICASONTHMIZAIIMHNN aHAII3 PO3B’I3aHUX 3a7a4

3 JIONOMOroK0 MmakeTy npukiaaHux 3agad LINA Ta craHgapTHOi oicHOI
nporpamu EXCEL.

[pukmnan 3.3. IlpoBecTr miCIasIONTUMIZAIIMHAN aHATI3 ONTUMAaTb-
HOTO PO3B’SI3Ky y3arajJlbHEHOT MOJENl ONTUMAJIbHOTO IUIaHYBaHHS
(mpukian 2.8).

¢ Po3s’sa3yeannsl.

B npuxnazi 2.8 Mu oTpyUMaiu ONTUMaIbHUN PO3B’SA30K y3arajJbHEHOI

MOJIeJIl ONTUMAIBHOTO TUIAHYBaHHA. AJie aHANITHK, KM BUKOPHCTOBYE
I1JT 9ac PO3B’SI3yBaHHs 3a7a4y OpraHizallii ympaBJiHHS BUPOOHHUIITBOM Ta
IHITMMH €KOHOMIYHHMMH MpollecaMyd METOAMW JIIHIMHOIO IporpaMyBaHHS,
Oy’K€ PIAKO 3aJ0BOJIbHSAETHCS JIUIIE YHUCIOBUM 3HAYEHHSM 3MIHHUX. Y
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OUIBIIOCTI BHUIAJIKIB BIH XO4Y€ 3HATH, B SKOMY IHTEpBaji MOKHA
3MIHIOBaTH BX1JHI apaMeTpu 0€3 CyTTEBOrO BIAXWJICHHS BiJl 3HANAEHOTO
ONTUMYMY 1 0€3 3HAYHOTO MOPYIIECHHS CTPYKTYPHU OJEPKAHOTO Oasucy.
Ha 1m 3amutaHHs 1gae BIAIOBIAlI €KOHOMIKO-MAaTEMaTUYHUM aHaIII3
ONTUMAJIbHUX PO3PAXYHKIB, KUN 3I1MCHIOETHCS 3a TOMOMOTO JIBOICTHX
OITIHOK 1 KOe(III€EHTIB 3aMiIlI€HHSI OCTAaHHLOI CUMILIEKC-TaOJIHIII.

AHaJi3 ONTUMAJIbHUX PO3PaxXyHKIB 3a JOMOMOTOIO JIBOICTHX OIIHOK
IPYHTY€TbCSI Ha JBOICTIM MOCTAHOBILI 3a7adi JIHIAHOTO MPOrpaMyBaHHS.
Bigomo, mio mis Oynb-siKOi 3adadi JIIHIKHOTO MpOorpaMyBaHHS 1CHYE
JBOICTa, Jie TepIla 3a/Jadya Ha3MBAETHCA NPSMOIO, a JApyra — JABOICTOIO.
Hamnpuknan, B SIKOCTI npAMOi 3a7a4l — 3aja4a 3arajJbHOr0 ONTUMAIBHOTO
nanyBaHHsA. [ToOynyemo no Hei aBoicTy. 3 Ii€l0 METOI BBEIEMO n+r

ONTHMAJIBHUX OLIHOK 1 MO3HAYMMO 4€pe3 ), V,,..., ), OLIHKU HasBHUX
pecypciB, a 4epe3 Y, . ..., V,,, OUIHKHA OJUHHII IPOXYKIIi BIAIOBIAHOIO

Buay. Toal MaTeMaTUYHa MOJIEJb ABOICTOI 3a7a4l MaTUME BUTJIS:

F=A4y +4,y,+-+ A4y, — min (3.3)
pu
(a,y, +-+a,y, by, —=b,y,, 20,
< auy,+-+a,y,—b,y,,—-b,y,, 20, .
Kyt Ky, =1

I3 0cHOBHOI TeopeMH IBOICTOCTI BIJOMO: SIKIIIO OJHA 13 Map JABOICTHX
3a/1a4 Ma€ xouya O OJIMH ONTHUMAIBHUMN TUIaH, TO 1 Apyra 3ajada TaKoXX Mae
ONTUMAJIBHUN TUIaH, TPUUYOMY MAKCUMYM IUTHOBO1 (DYHKIIT MOYATKOBOI
3a/1a4i Ta MiHIMYM JBOICTOT YMCEIHHO PIBHI.

PosrnssHemMo  onTuUManbHUN  PO3B’SI30K  y3araJlbHEHOT MO
ONTUMAJIBHOTO TUTaHyBaHHA (TIpukiaf 2.8), AKUA MU OTPUMAIIA Yy BUTIISIII
Tabn. 2.2 1 TpoBeAeMO MICIASONTUMIZAIIMHUM aHaAM3 OTPUMAHUX
pPO3paxyHKIB.
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3Hauenna yinvboeoi hynkuii
1) 415.180300

3MiHHA 3HaueHHS BinnocHa ominka

Z 415.180300 .000000

X1 88.503800 .000000

X2 .000000 1.957552

X3 19.647020 .000000

X4 10.935500 .000000
Pamok JlomaTkoBa 3MiHHA JIBoicTa 3MIHHA

2) 54.964630 .000000

3) .000000 .150523

4) .000000 .699932

5) 217.000100 .000000

6) .000000 -.354482

7) .000000 -1.858207

8) 160.604400 .000000

3 ONTHMAaJIbLHOTO PO3B’SI3KYy BHUIIMIIEMO YHCIOBI 3HAUCHHS IBOICTHX
OLIHOK:
v, =0.150523; y, =0.699932; y. =-0.354482; y, =—1.858207,

V=Y,=y,=0.

[lepuiiM HampsIMKOM BHUKOPHCTAHHS JBOICTUX OIIIHOK € OIliHKa
€(EeKTUBHOCTI TEXHOJOTIYHMX CHOCOOIB BHpPOOHUIITBA a0O BHU/IIB
nistmeHOCTI. {715 11boro HEoOX1THO TTOpaxyBaTH 3arajibHl OIIHKKA BUTPAT Ta
BUITYCKY MPOAYKIIi CTOCOBHO KOXXHOIO TEXHOJIOTIYHOTO CIOCOOY
BUpOOHHUIITBA (Tad. 3.1).

3 1miei TabmmIll 3po3yMUIO, IO [ TEXHOJOTIYHHUX CIIOCOOIB
BUPOOHMUIITBA, sIKi BBIMIIIIN B ONTUMAJIBHUMN TUIaH, CyMapHi OI[IHKU BUTpaT
1 BUpOOHUIITBA MPOAYKIi 30iratloThcs. Jpyruil TEXHOJOTIYHUN CHocio
BUPOOHUIITBA € HEe(DEKTHUM, TOMY IO JUIsI HOT'O CyMapHa OIliHKa BUTpaT
MEPEBUIIYE CyMapHY OIIHKY BUITYCKY Ha BEJIMUYHMHY BIJIHOCHOI OI[IHKH.

Jpyroro BJIACTUBICTIO OI[IHOK PECYpPCIB € XapaKTepUCTHUKA IX
edexkTuBHOCTI. UM OlbIlle 3HAYEHHS ABOICTOI OIIHKK (JJIT OOMEKEHb
TAMY «<»), TUM €(EKTUBHIMHNM a00 JIePIIUTHIIIUM € OKpPECICHUN
pecypc, TOOTO OUIBII BUMPABJAHUMU € 3aXOJM 1 BUTpATH Ha 301IbIICHHS
roro oOcsriB. SIKmio oIiHKAa BIAMOBIAHOTO PECypcy MaTHMe HYJIbOBE
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3HAUYEHHS, TO 1€ O3HAyae€, 10 JAHUM pecypc € HaJJIMIIKOBHM 1 00CsT
3QIIMIIKY TTOJaHO B CTOBMIN «/logaTkoBa 3MiHHAY.

Tabnuusa 3.1
O1iHKa BUTPAT 1 BUMYCKY HPOIYKIIil OPH BIATOBIIHUX
[Toxa3Huku TEXHOJIOT1X
| 11 11 IV
OO6nagHaHHs 1.9:0=0 3.3:0=0 2.1-:0=0 2.8:0=0
y =0
[Ipaus 3.3:0.150523= | 2.4-0.150523= | 4.5-0.150523=|2.7-0.150523=

y, =0.150523 =0.4967259 =0.3612552 =0.6773535 =0.4064121

Enekrpoenepris | 4.6:0.699932= | 3.8:0.699932= | 2.7-:0.699932= |4.1:0.699932=
¥, =0.699932 =3.2196872 =2.6597416 =1.8898164 | =2.8697212

®diH. KoITH

0 6-0=0 7-0=0 5-0=0 4-0=0
V4 =
Cymapna oyinka| 5 - c413q 3.0209968 2.5671699 3.276133
sumpam
Tponykitist A 0-0.354482=0 | 3-0.354482= | 2:0.354482= | 4-0.354482=
. =0.354482 =1.063446 =0.708964 | =1.417928
Tponykiis B 2-1.858207= | 0-1.858207=0 | 1-1.858207= | 1-1.858207=
y, =1.858207 | =3.716414 =1.858207 | =1.858207
Tponykiis C 3.0=0 2:0=0 1:0=0 0-0=0
bz =0
Cymapna  oyinka 3.716414 1.063446 2.567171 3.276135
BUNYCKY

VY cucremi LINA nogaTkoBi 3MiHHI MarOTh CTaHAAPTHE MO3HAYEHHS 1
no3HavaroTecsa 4yepe3 SLK N, ne N — HoMep OoOMEXeHHs, sSIKOMy BOHa
BiAnoBigae. Ilig mepumiiM HOMEPOM B CHCTEMI 3aBXIW He IIJIbOBa
byHKIis, TOAl GaKTUIHUN HOMEP KOKHOTO OOMEKEHHS € 30LIbIIEHUM Ha
OJIUHHUIIIO.

VY npuxnanl 3anumiok obnamHaHHA (psAaok 2) ckiagae 54,96463
Malr.-Tof., a ¢piHancoBux KomTiB (psagok 5) — 217,0001 rpH. 3HaueHHs
JBOICTO1 OIIIHKA PECypcCy, SKHl BUKOPHUCTAHO TOBHICTIO, IMOKa3ye, Ha
CKUIBKM OJIMHMIIb 3pOCTE€ IMIbOBa (yHKISA Z TMpU OJUHUYHOMY
30UIBIIEHH] 3amacy pecypcy. Tak, mogaTKOBE 3ailydeHHS 1 JIFOA.-TOJI.
mpaill npu3Bese 10 30UTbIIeHHS BUITYCKY KiHIIEeBO1 nmpoaykii Ha 0,150523
OIUHUIIL (PAIOK 3), a T0JATKOBE BHUKOPHUCTaHHS (PIHAHCOBUX PECYPCIB B
po3Mipi 1 TpH. MO3BOJUTH 3OUIBIIMTH MUTHOBY (yHKIO Ha 0,699932
OJIUHUIIH (PSIIOK 4) TPU HE3MIHHOCTI 1HIIIUX PECYPCIB.
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3a J0MOMOro0 JBOICTOI OIIHKA MOKHA TaKOX BCTAHOBUTH HOPMHU
3aMIHH PEeCypcCiB, TOOTO BH3HAYWTH CITIBBIIHOIICHHS, HAa OCHOBI SKHX
pECYpPCH MOXKYTh 3aMIHUTH OJMH OJHOTO 0€3 3MIHM KiHIIEBOTO pe3yJIbTaTy
Z. 3aMiHy pecypciB HEOOX1AHO MPOBOJMUTH Yy BIJHOUIEHHI, OOEPHEHOMY
BIJIHOIIEHHIO iX oIiHOK. Tak, y mpukiaal HopMa 3aMiHU €IEKTPOSHEPTii
IPALCI0 CTaHOBUTB: y, : ), = 0,699932 :0,150523 = 4,65, ToOto 1 KBT.-

roJI. eIEKTPOCHEPT1i MOXKe 3aMIHUTH 4065 10 TMHO-TOIWH IIpAaIIi.

JInst oOOMeXKeHb TUITY «=>)» HYJbOBI 3HAYEHHS JOJIATKOBUX 3MIHHHUX
BKa3ylOTh Ha T€, IO III OOMEXEHHS BUKOHYIOThCS SIK CTPOTl piBHOCTI. B
HaIIOMY BHUIIAJIKY OAATKOBI 3MIHHI IIIOCTOT'O Ta ChOMOTO PsiAKIB piBHI 0, a
1€ 3HA4YUTh, L0 MNPOAYKIii Tunmy A Ta B moTpiOHO BHUrOTOBISTH B
MIHIMaJIbHOMY 00cs131, 30kpema 20 % 1 50 % Big KiHIEBOI HPOAYKIi.
3Ha4yeHHS JBOICTHX 3MIHHUX ITUX DPSAAKIB BKa3yOTh Ha 3MIHY 3HAauYCHHS
IUJIOBOT (DYHKINT MpU 301IbIIIEHH]I HAa OJMHUIIO BUITYCKY MPOAYKIli A Ta
B mnonan minimym. ToOTo, KO 30UIBIIMTA BUIYCK MOPOIYKINI A Ha
onunuIto Oukie Big 20 %, TO BUITYCK KIHIIEBOT MPOAYKIIT 3MEHIITUTHCS
Ha 0,354482. BianoigHo 301IbIIIEHHS BUITYCKY IPOAYKIli B Ha oMHUIIO
ounbiie 50 % mnpusBene A0 3MEHIIEHHS BUITYCKY KIHIIEBOI MPOIYKIIT Ha
1,858207 opuHM1Ib.

JlonatkoBa 3MiHHA BOCBMOTO psiika He JopiBHIOE (), a e O3HaAyYae,
mo npoxaykiii C BuroroBwian Ha 160,6044 oauHuIb (3HAYCHHS
J0JIaTKOBOT 3MIHHOI IIOTO PsiKa) OUIbIIE MIHIMAJIBLHOTO OOCSTY, SIKHIA
ctaHoBUB 30 % Bij KiHIIEBOI MPOTYKIIi.

HaBeneHl BUCHOBKM MaTUMYTh MICIE B MEKaX CTIMKOCTI Oa3MCHOTO
pPO3B’SI3KY, SIKI MU OTPUMAaEMO, SKIIO BBeAeMO Y TICIS 3aluTaHHS
«ITocTonTuManbHU aHam3 Y/N?»:

IHocmonmumanvnuii ananiz Y/ N ?

2Y
Meoici, 6 aKkux 6azuc He 3MIHIOEMbCA
Mesci koeghiyicumie 1] D
3minna  Ilomounuu Jlonycmume Lonycmume
KoegiyicHm 30i1bUWEHHS 3MEHUEeHHS

Z 1.000000 besmeorcnicmo 1.000000
X1 .000000 2.531645 1.688172
X2 .000000 1.957552 beszmeorcnicmo
X3 .000000 2.649573 403226
X4 .000000 .840336 2.248736
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Mesci npasux wacmun

Psook Ilomouna Jlonycmume Llonycmume
RHS 30inbUEen S 3MEHUIeHHS
2 295.000000 besmesicnicmo 54.964630
3 410.000000 61.050420 52.631040
4 505.000000 74.373210 65.450450
5 890.000000 besmesicnicmo 217.000100
6 .000000 206.610100 49.296020
7 .000000 123.240000 200.483800
8 .000000 160.604400 besmesicnicmo

Mu oTpumanu mapameTpu CTIMKOCTI Oa3UCHOTO PO3B’SI3KY BIHOCHO
Koe(diieHTIB 1UIbOBOT (yHKIi. Ha OCHOBI OTpUMaHUX pe3yJbTaTiB
0aunMo, 10 KOE(ILIEHT MPU HEBIIOMIM Z B LUIbOBIMA (yHKIII MOKHA
30UTBIIYBAaTU 10 O€3MEXKHOCTI, a JOMYyCTUME HOTO 3MEHIIEHHS piBHE 1.
bazucHuii po3B’A30K IpU [IbOMY 3MIHIOBAaTHUCh HE OyJie, TOOTO Oa3MCHUMMU
3anuiarbcs HeBigoMi Z, XI, X3 ta X4, a BiapHOw Oynme X2. Takox
JIOJIaTKOBl  3MIHHI  JpPYyroro, II'SITOTO Ta BOCBMOTO pAJKIB  HE
JOPIBHIOBAaTUMYTh HYJIIO, a 3HAYEHHA JOAATKOBUX 3MIHHUX TpPETHOTO,
YETBEPTOI0, MIOCTOTO 1 ChOMOTr0 OyAyTh piBHI 0.

BianmoBigHO B Mib0BY (QyHKITIO MOXKHA BBeCTH HeBigomi X7, X2, X3
Ta X4, HaWOUIbII 3HAYeHHS KOE(IIIEHTIB MPU SKUX CTAHOBUTUMYTh
BiOnoBigHO 2,531645; 1,957552; 2,649573; 0,840336, a HaliMeHIII
(—=1,688172) npu X1, (-0,403226) npu X3 Ta (—2,248736) npu X4,
KoedimieHT npu X2 MOXKHA 3MEHIIYBaTH 0 O€3MEXHOCTI, OCKIIbKH IS
HEB1JIOMa € BUIHHOIO.

[IpoananizyemMo CTIMKICTh ONTUMAJILHOTO PO3B’A3KY BITHOCHO 3MIHU
MOYaTKOBUX 3araciB BHPOOHUYUX PECYpCiB Ta MIHIMAJIBHOTO O0OCATY
BUTOTOBJIEHHST Tponaykiii A, B ta C. JIjs HEBUKOPHUCTAHHX PECYPCIB
IPaHUIIl MOXJIMBOTO 30UIBIIEHHS HE BKa3ylOThCs, TOOTO B HAIIOMY
BUMAJKY 3amacu o0jagHaHHs 1 (HIHAHCOBUX KOIITIB MOKHA 301IbIITyBaTH
1o 6e3MexxHocTi. ONTUMANIBHICTh TUTaHY 30epiracThCs MPU 3MEHIICHHI
3amacy oOmamHaHHa Ha 54,96463 MamMHO-TOAWH, a MaKCHUMallbHa
BEJIMYMHA 3MEHIICHHS (piHAaHCOBUX KOWITIB cTaHOBUTH 217,0001 rpH.
MakcuManbHO JOMyCTHMa BEJIWYWMHA 30UTBIIICHHS BUKOPUCTAHHS TMpalli
craHoBUTh 61,05042 mroauHo-roauH, a 3MeHiIeHHs — 52,63104 mroauHo-
roJvH. BilMmoBiHO po3Mip MaKCUMaJbHOI'O 301IBIIEHHS BUKOPHUCTAHHS
eJeKTpoeHeprii craHoBUTh 74,37321 kBT.-roa, a 3MeHmeHHss — 65,45045
kBT.-roa. Bunyck npoaykiii A, B Ta C MokHa 3011bIITUTH BIJAMOBITHO HA
206,6101, 123,24 ta 160,6044 oguHuIb, JOMYCTUME 3MEHILICHHS BUITYCKY
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npoaykiii A ta B cranoButs 49,29602 1 200,4838 oauHMIL, a HUKHS
Meka BUITYCKy IpoayKiiii C — 0e3MeXHICTh, OCKIIBKH JOAaTKOBA 3MIHHA
BOCBHMOTO PsiJiKa HE piBHA HYJIIO.

Ciil 3a3HAYUTH, 110 BCl 3MIHU MNOTPIOHO MPOBOJAUTH TaKUM UYHUHOM,
00 1e He CyNepeynIio €KOHOMIYHOMY 3MICTY HEBIJOMUX 3a/1adi.

Jlam po3risiHeMo, sk Oyje 3MIHIOBaTHUCh CTPYKTYpa ONTHUMAJIBHOTO
pO3B’A3KYy MpH 3MiHI a00 0OCSTIB BUPOOHHUYUX pPeECypciB, abo 0OCATIB
rapaHTOBAaHOTO BUPOOHHUIITBA MPOAYKIIi, ab0 BKJIIOYEHHA B IUIaH
HEBIJJOMUX BEJIMYMH, 10 HE BBIAIIIM B OasucHUil po3B’si3ok. Lleit
€KOHOMIYHUW aHalli3 MU MOXEMO IMPOBECTU 3 JIOMOMOIOK KOe(Dil[ieHTIB
3aMIMIEHHS OCTAaHHBOI CHMILIEKC-TAOIMIl, OTPUMAHHX 3a JOIOMOTOIO

komaHu TABL:
: TABL
Paook (ba3zuc) Z X1 X2 X3 X4
1 ART .000 .000 1.958 .000 .000

2 SLK 2 .000 .000 12 .000 .000
3 X3 .000 .000 -.045 1.000 .000
4 X1 .000 1.000 077 .000 .000
5 SLK 5 .000 .000  3.284 .000 .000
6 X4 .000 .000 871 .000  1.000
7 Z 1.000 .000 1.958 .000 .000
8 SLK 8 .000 .000 -2.402 .000 .000
Paooxk SLK?2 SLK3 SLK4 SLKS SLK6 SLK7 SLK 8
1 .000 151 700 .000 354 1.858  .000
1.000 -.169  -.338 .000 266 -.106 .000
.000 373 -.264 000  -.021 .008 .000
.000 -.059 224 .000 210 -.084 .000
.000 -.793 -.689  1.000 -.268 107 .000
.000 -.179 167 .000 -.222 .089 .000
.000 151 .700 .000 354 1.858 .000
.000 150 .196 .000 503 -.801  1.000

Po3rinssHeMO BHMIAIOK, KOJM OCHOBHA HEBIJIOMA BEJIMYUMHA HE
BBejleHa B Oasuc. lle o3Hauae, 1m0 Mpu 3aJaHUX yMOBax BKJIIOYEHHS ii B
ONTUMAJIbHUH TUTaH HE € €(eKTHBHE Ha BEJIMYMHY BIJTHOCHOI OIiHKHU. [Ipu
BBEJICHHI B 0a3WC Takoi HEBIJIOMOi BEJIWYMHM, PIBHOI OJMHUII, JOJATHI
Koe(IIEHTH 3aMINIEHHS TTOKaXXyTh, HACKUIBKA 3MEHIIUTHLCSA, & B1I’ €MHI —
HACKIJIbKM 3pOCTYTh BiAMOBIIHI Oa3uMCHI HEBiJIOMi. Takow HEBIJIOMOIO
BEJIMYMHOIO B HAIIIOMY TMPHUKIIaI € X2.

Mu 6aunmo, 110 30UIBIIEHHS Yacy POOOTH APYroi TEXHOJIOTTYHOI
niHii Ha 1 (BBedeHHs B 0asuc X2=1) npusBeie 10 TaKOi 3MiHU PO3B’S3KY.
HinboBa ¢ynkuia (ART) 3menmmteea Ha 1,958, wac pobotu mnepuioi

(o< BRN B o) NV, IN SN US I \O)]
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TEXHOJIOT11 BIANOBIAHO 3MeHIUTHCs Ha 0,077, TpeThoi 3pocte Ha 0,045, a
yeTrBepToi 3MeHmUThCca Ha 0,871 omuHumbs. Y TOM caMui  4ac
HEJIOBUKOPUCTAaHHS (3anuiok) obmanHanHs (SLK 2) 3MmeHmUTHCS Ha
0,712 mammHo-roguH Ta (piHancoBux komTiB (SLK 5) — Ha 3,284 rpH.
(ToOTo BUKOpUCTAaHHS oOOjagHaHHSA 1 (D)IHAHCOBUX KOINTIB 3pOCTE Ha
BEJIMUMHY IUX KOE(DIIIEHTIB 3aMIIIEHHS), BUITYCK KIHIIEBOT MPOAYKIli Z
3MeHIUThCA Ha 1,958 oguuuup, a Bunyck npoaykuii C moHaa MiHIMYM
(SLK 8) 3pocte Ha 2,402 onuHMII.

PosristneMo BIIMB Koeilli€eHTIB 3aMillieHHs] Ha 0a3UCHUN PO3B’ 30K
y BUIIQJAKY 30UIBIICHHS 3amaciB BUPOOHUYHUX pecypciB. SKIIO pecypc
BUKOPHUCTAHO IMOBHICTIO, TO JOJAaTKOBAa HEBIJOMa BEJIMYMHA (3aJTHIIOK
pecypcy) BXOAUTH Y YUCIIO HEOA3MCHUX 3MIHHHX 1 Ma€ HYJILOBE 3HAUYCHHS.
KoediiieHTr 3amillleHHs] OCTAaHHBbOI CUMILIEKC-TA0IUIl JJIi OOMEKEHb
TUITY «<» TMOKa3yITh, HACKUIBKH 301IBIINTHCS, SKIO BOHU JIOJATHI, 1 Ha
CKUIBKM 3MEHIIUTLCS, SKIIO BOHHM BIJI €MHI, 3HAUYE€HHS BIJIOBIIHUX
0a3MCHUX 3MIHHUX IPU OJWHUYHOMY 3OUIBIICHHI MOYATKOBOIO 3amacy
pecypcy. Ilpm 3meHmeHHi — HaBmakd. Hampukmag, 3011bITEMO
novyaTkoBui 3amnac mpaiil (SLK 3) Ha 1 mroguHo-roaudy. Tomai Ha OCHOBI
nanux croBmisg SLK 3 orpumaemo, mo miaboBa Gynkiis (ART) 3pocte Ha
0,151, 3anmmmok o6naananus (SLK 2) 3smenmutbes Ha 0,169, yac pobotu
TpeTboi TexHojorii (X3) 30inemuTbes Ha 0,373, a mepmoi (X1)
3sMeHImUThCA Ha 0,059 oauHUIb, HETOBUKOPUCTAHHS (DIHAHCOBUX PECYPCIB
(SLK 5) 3menmmuthess Ha 0,793 rpH., 4ac poOOTH YETBEPTOi TEXHOJOTIi
(X4) 3menmutbes Ha 0,179, BUMycK KiHIIEBOI MPOAYKIi Z 3pocTe Ha
0,151 ogununp, Bunmyck npoaykiiii C monaa minimyMm (SLK 8) 3pocte Ha
0,15 ogunawnIk.

[lepelineMo [0 po3risAly BUNAIAKY, KOJM JTOAATKOBA HEBiJOMA
BEJIMYMHA HE BBIMILIA B 0a3uC 1 BIANMOBITaE OOMEKEHHIO BHAY «=>». Lle
O3Havae, 110 BIJIIOBIIHA 1 OCHOBHA HEB1JOMa BEJIMUKMHA BBIMIILIA B 0a3HC
y PO3Mipi MiHIMAJIbHOT'O TAPAHTOBAHOT'O OOCSITY BUPOOHMIITBA, a TAJIbIIIE 11
30UTBIIICHHS] MPU3BENIC O 3MEHIIEHHS KIHIIEBOTO €(peKTy Ha BEITUYUHY
ABoicTOl  OwiHKUA. JlomaTkoBi KOE(DIIIEHTH 3aMIIIEHHS OCTaHHBOI
CUMILICKC-TA0JHUIIl TTOKAa3ylOTh 3MEHIIECHHS, a BIJI’€MHI — 30UIbIICHHS
BIAMOBIAHMX Oa3WCHUX 3HAYe€Hb IIPH OJWHUYIHOMY  301IBIIICHHI
He0a3UCHUX JT0JaTKOBUX 3MIHHUX OOMEXKEHDb THITY «= ).

ko 30UTbIIMTA BUITYCK Opoaykuii B monan minimym (SLK 7) Ha
OJIMHHMITIO, TO HA OCHOBI 3HAa4YeHb KoeiIi€HTIB 3amitieHHs ctoBmil SLK 7
3HaueHHs 1UIboBOI (yHKIli (ART) 3menmmthes Ha 1,858, 3amuimok
obnagHanusg (SLK 2) 3pocte Ha 0,106, yac poOOTH TpeThOi TEXHOJOTII

125



(X3) 3menmuthes Ha 0,008, a mepmoi (X1) 30umbmuthess Ha 0,084
OJIUHHMIIB, 3aTuIIoK (hiHaHCcOBUX pecypciB (SLK 5) 3smenmutses Ha 0,107
IpH., 4ac PoOOTH YeTBepTOi TexHojorii (X4) 3menmuthcs Ha 0,089,
BUITYCK KIHIIEBOI MPOAYKIIl Z 3MeHmuThed Ha 1,858 oauHuUIb, BHUITYCK
npoaykiii C monan miimyMm (SLK 8) 3pocte Ha 0,801 oguHUIE. 4

[lpuknang 3.4. IlpoBecTH MiCISIONTUMI3AINHAN aHali3 ONTUMAalb-
HOT'O PO3B’SA3KY 3ajayl, 3HAHWJEHOr0 3 JIONMOMOIrOI0 CTaHAapTHOI 0(dicHOT
nporpamu EXCEL (npukiaz 2.9).

¢ Po36’sa3y8anHA.

[IpoBenemMo aHalli3 ONTUMAJIBHOTO PO3B’A3KY. 3  JOMOMOIOKO
JiaoroBoro BikHa «Pe3yipTaThl MOMCKA PEIICHHs MOKHA BUKIMKATH
3BITH TaKUX THUIIB:

W pe3yibTaTH;
B CTIMKICTB;
W TPaHMUII].

Bynp-akuii 3 1UX 3BITIB BUKJIMKAETHCS HATUCKYBAHHSM JIIBOIO
KJIABIIICIO HA THII 3BITY.

[Ipoanamizyemo 3BIT 3a pesyabpTaTamu (Tabmuisg 3.2). Bin
CKJIAJIA€ThCS 3 TPHOX TAOJIHUIIb:

1. Ilepmra MICTHTH BIIOMOCTI IIPO IMTBOBY (DYHKIIIFO.

B croBmunky «McxoaHO» MOaHO 3HAYEHHS LUIbOBOI (PYHKIIT 10
MOYaTKy OOYHUCIIEHb, B CTOBMNUUKY «Pe3ynbTaTy» — Mmiciig 00YUCIICHb.

2. Jlpyra MICTUTBh BiJIOMOCTI IpPO HEBIJIOMI, OJIepkKaHl B Pe3yJbTarTi
pO3B’A3KY 3a/1adui.

AHaJIOT14HO B CTOBMYMKY «McX0qHO» TOMaHO 3HAYCHHS HEBIJOMHX
710 MIOYaTKy OOYMCIIeHb, B CTOBITYMKY «Pe3ynbTar» — Mmiciisi 00YUCIICHb.

3. Tpets Tabnuilsd MoAa€e pe3yabTaTu JIjsi 0OMEXKEHb.

B croBmuuky «3HaueHHWe» MNPUBEACHI BEIMYMHH BHKOPHUCTAHUX
pecypciB 1 KUIBKICTh THUX BHAIB MPOAYKIIi, HA BUPOOHHUIITBO SKUX
HaKJIaJlauch oOMexeHHd. B croBmunky «®opmylia» MOJaHO 3aJI€KHOCTI,
o0 BBOAWINCH y BiKHO «llouck pemrenusi». B croBmumky «CocrosiHue»
BKA3YETHCS «CBA3AHHOE» Y BUIAJMIKY, KOJU PECypC BUUEPIIAHUI MMOBHICTIO,
a00 TIPOAYKIIS BUITyIIIEHa B MIHIMAJbHO HEOOXiTHOMY 00Cs31 1 «He
C653aH» TPU HEBUKOPUCTAHOMY pecypci, a0 SKIIMO MPOIYKIIiS BUITYIIICHA
Outbllie MiHIMabHOTO 00csAry. B croBmuuky «PasHunia» mnomaerbes
3AIMIIOK  pecypcy ab0 KUIBKICTh MPOJYKINi, BHUIIYIIEHOI TTOHAT
MIHIMaJIBHUN 00CHT.
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Tab6murs 3.2

Al B C D E F G
1 Microsoft Excel 7.0a OT4yeT no pe3yJjbraTtam
2 Paboumii ucr:
[onTMm2.x]Is]JIncT2
3 OTtuer co3nan:
4
5
6 LleneBas sauerika
(Maxc)
7 Sueiika Nms HUcxoano| Pesyabrar
8 $F$6  |koed.B LID 0 7135
9
10
11 |M3meHseMble sUehKU
12 Slueiika HUms Hcxonno| Pesyabrart
13 $B$3 |[3HaueHHA 0 500
IIponl
14 $CS$3 |3mauenHs 0 0
IIpon2
15 $D$3 [3HaueHHA 0 622,5
IIpon3
16 $E$3 [3HaueHHA 0 800
IIpon4
17
18
19 |Orpanuuenus
20 Hueiika Nms 3HaueHue dopmyia Cocrosinne |Pasnuna
21 $F$9 | Tpynosi 78,125|$F$9<=$HS$9  |ne cBszaH. 421,875
JIiBa YacT
22 SF$10 CHpOBI/IHa 3465|$F$10<=$H$10 [ue cBs3an. 23035
JI1BA 9acT
23 $F$11 |®inancu 10090|$F$11<=$HS$11 |cBs3anHOE 0
JI1Ba 4acT
24 $B$3 [3mauenHHd 500|$B$3>=$B$4 |cBsazanHOE 0
IIponl
25 $C$3 |3HauenHs 0[$C$3>=8C$4  |cBazannoe 0
IIpon?2
26 $D$3 |3HaueHHs 622,5/$D$3>=$D$4  |ne cazan. 422,5
IIpon3
27 $ES$3 |3HaueHHSA 800|$SE$3>=$E$4  |cBs3anHOE 0
IIpon4
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Jlani BUKOHAaeMO aHali3 3BITY CTOCOBHO CTIMKOCTI OTpPHUMAaHHUX
pe3ynbTariB (Tadi1. 3.3), AIKUM CKIIaJa€THCS 3 IBOX YaCTHH.

Tabnuis 3.3
Al B | C D | E F G H
1 [Microsoft Excel 7.0a OT4eT 10 ycToii4uBOCTH
2 |Pa6oumii auct: [onTum2.xls]JIuct2
3 |OTuer co3gaH:
4
5
6 |lI3meHsembie TYEHKN
7 Pesynet. | Penyn. | Henesoii | lonycrumoe | iopycrumoe
8 HAueiika HNwmsa 3HaUYeHue | cTOUMOCTh | Koag-HT | YBeanuenue
YMeHblIIeHHe
9 | |$B$3 [3nauenns IIpoxl 500 -4 2 4/1E+30
10| |$C$3  |3Hauenus [Ipon2 0 -6 3 6|1E+30
11| |$D$3 |3mauenns Ipoxa3 6225 0 6 1E+30(4
12| |[$SES$3  |3Hauenns [lpon4 800 -7,5 3 7,5[1E+30
13
14 |Orpanuuenus
15 Pe3yant. | TeneBas | Orpanu- | Jlonycrumoe JlonmycTumoe
YyeHHe
16| |Sueiika Nms 3HAYeHH e ena IIpaBasi | YBeqnuenue
4acTh YMmeHbleHue
17| |(SF$9 Tpynosi 78,125 0 500 1E+30(421,875
JIiBa 4acT
18| |$FS10 CupoBuHa 3465 0 26500 1E+30|23035
JIiBa 4acT
19| |$F$11 |dDigancu 10090 1,5 10090 33750{1690
JiBa 4acT

Posrasinemo nepinry yactuy tadi. 3.3:

® B CTOBIMYUKY «Pe3ynbT. 3HaUeHHE» HaBEJECHO PO3B’SI30K 3a/1aui;

e B CTOBNUMKY «Pemyll. CTOMMOCTBY» HaBeJeHI BOICTI OIIHKH, SKi
MOKa3yl0Th, HACKUIBKA 3MIHUTHCS 3HAYEHHS IUIOBOI (PYHKIII MpHU
MIPUMYCOBOMY BBEJICHHI B ONTUMAJIbHUI PO3B’ 30K OJUHUII MPOAYKIII],
Ky, 3T1IHO 3 ONTUMaJIbHUM PO3B’SI3KOM BUTOTOBIATH HEIOIIIBHO, YU
1pu 301IbIIEHH] Ha OJMHHUIKD BUIIYCKY MPOAYKII MOHAA MIHIMAJIbHUN
o0csr (HampuKJIaa, MpU BBEJACHI B IU1aH 3MiHHOI [Ipoa2 3 3HavyeHHsIM 1,
i7b0Ba (YHKIISI 3MEHIIUTBCS HAa 6 TPH., MPU BHUIIYCKY MPOAYKIIii
[Tponl Ha oguHuUIIO OLTBIIE MiHIMATBLHOTO 00CsATYy (TOOTO 501) 1UIBOBA

(GyHKIIIS 3MEHIIUTHCS Ha 4 TpH.);

B croBmuuky «llenmeBoil ko3hPuIMEHT» HABOIAATHCS KOePIlIEHTH

LUJILOBOI (PYHKIIIT;
B  CTOBHYHKAX

«Jlommyctumoe
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¢yHKII, Mpu SKUX 30€pIraeTbCa CTPYKTypa ONTUMAIBHOIO IIJIAHY,
TOOTO 30epiraeTbcst 0a3uCHUM PO3B’SI30K.
B napyriii yactuni Tada. 3.3 HaBOJATHCS AHAJIOTIYHI 3HAYCHHS IS
O0OMEKEHb:
® B CTOBMUUKY «Pe3ynbT. 3HaueHUE)» HaBEJCHI BEJIMYMHU BUKOPUCTAHUX
pecypcis;
® B CTOBITUMKY «TeHeBas IleHa» HaBEACHI ABOICTI OIIHKH, K1 MTOKa3yIOTh,
HAaCKIJIbKM  3MIHUTBCS 3HAYEHHS IUIbOBOI (YHKII TMpU  3MIHI
BUKOPHCTAaHUX PECypCiB Ha OJMHMINO (HAMPHUKIAA, TpH 30UTBIICHH]
¢inanciB Ha 1 (To6To HasBHUX (iHaHCiB Oyae 10091), mpubyTok 3pocTe
Ha 1,5 rpH. (z = 7135 rpa+1,5 rpu.= 7136,5 rpH.).
B CTOBIMUUKY «OrpaHu4eHue, rpaBasi 4aCTh» HABOJATHCS MPaBl YACTUHU
HEPIBHOCTEM;
B croBmumkax «Jlomyctumoe yBenmmuenue» 1 «JlomycTtumoe
YMEHBIIICHHE» 3aJaHi TPaHWYHI MPUPOCTH PECYpPCIB, MPHU SIKUX
30epiraeTbcs HaOip 3MIHHUX, 110 BXOJSITh B ONITUMAIBLHUMN PO3B’A30K.
BaxxnnBoro CKJ1a10BOIO MICISONTUMIZAIIMHOTO aHATI3Y € OTPUMaHHS
3BITY CTOCOBHO MEX CTIMKOCTI (Tad. 3.4).

Tabmuns 3.4
Al B | C | D [E] F G H 1 J
1 |Microsoft Excel 7.0a
OTtuer o npegesaam
2 |PabGoumii jaucrt:
[omTum2.x1s]JIncT2
2‘: OTuer co3xan:
d
6 IeaeBoe
7 Slueiika uMs 3HaueHue
3 $F$6 |koed.B [1D 7135
10
11 H3mensiemoe Huxuuii| Ilenesoii | |Bepxumii| Ilenesoii
12 Sueiika UM 3HauyeHue npeaes |pe3yJabrar npeaesa |pe3yiabTar
13 $B$3 [3HaueHHs 500 500 7135 500 7135
[Tponl
14 | |$C$3 |3HaueHHd 0 0 7135 0 7135
ITpon?2
15 $D$3 |3HauenHs 622,5 200 4600 622,5 7135
[Tpon3
16 $E$3 [3HaueHHA 800 800 7135 800 7135
[Ipon4
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Bumie 3a3HaueHmii aHalmi3 TMOKasye, B SKHX MeEXax MOXKe
3MIHIOBaTUCS BUITYCK MPOYKIIii, sIKa BBIMIILJIA B ONTUMAIBHUN PO3B’S30K,
IIPU HE3MIHHOCTI CTPYKTYPH ONTUMAJIBHOTO TUIAHY.

B nepmiit yactuHi Tabn. 3.4 HABOAWTHCS 3HAYEHHS LUIHOBOI
¢yHKIII1, a B APYTii — MOJaH1 Takl pe3yIbTaTH:
® B CTOBITYMKY «3HAYCHHUE» — ONTUMAIILHUM PO3B’SI30K;
® B CTOBIYMKY «HMKHMH ITpene» — HUKHI MEX1 3MIHM 3HA4EHb X;;

e B cTOBNUUKY «lleneBoil pe3yiapTaT» — 3HAUCHHS LIIbOBOI (PYHKII TIPH
HIDKHIX MeXax. A came, sk 0auumo, 3Ha9eHHS 4600 OTpuMaeMO TaKUM
guHOM: F=2x500+3%x0+6x200+3x800=1000+1200+2400=4600;

® B HACTYIIHHX JBOX CTOBINYMKAX HaBEJCHI BIAMOBIAHO BEPXHI MEXi
3HAYEHb X; 1 3HAYCHHSA LIJbOBOI (PYHKIII IPX HUX.

SK NOMOBHEHHS MIiCISONTUMI3AIIMHOIO aHalli3y MOXXHAa IPOBECTH
napamempuyHull aHa1i3, TiJ SKUM PO3yMIIOTh PO3B’SI3yBaHHA 3ajadyl
OmnTUMI3allll MPH PI3HUX 3HAYEHHSX OJHOro 3 mapameTpiB. IIpoBegemo
napaMeTpUYHUN aHajl3 i MONEPEIHbOI 3a/1adul NMpU PI3HUX 3HAYEHHAX
¢inancoBux pecypciB. Hexait HE0OXiIHO OIIHUTH NPUOYTOK TIPH
3Ha4YEHHSX (PiHAHCIB, MPE/ICTaBIECHUX B Ta0OJI. 3.5.

Tabmuusg 3.5

Bapiant 1 2 3 4 5

®inancu | 10000 10500 11000 11500 12000

BukinkaeMo Ha €kpaH TaOJUIIO 3 Pe3yJabTaTOM PO3B’SI3KYy 3ajadi
(Tabm. 2.8) 1 3HUIIYEMO pe3yabTaT PO3B’A3KY.
1. Po3B’si3yemo 3agady jyuist 1-ro BapiaHTy.
. BBogumo B komipky H11 gucio 10000.
. CepBuc, [louck pemenus. ..
. BBINOJIHUTS.
Ha expani nosiBisieTbest BIKHO «Pe3ynbTaThl MOMCKa PEIICHUN.
. CoxpaHuTh ClieHapHil...
. BBogumo im’st crieHapito «dinancu = 10000».
OK.
Ha expani nosiBisieTbest BIKHO «Pe3ynbTaThl MOMCKa PEIICHUI.
1.7. OK.
Ha expaHi MosIBISIETbCS pE3yJbTaT PO3B’SI3KYy 3ajadyl Uisl BaplaHTa
«pinancu =10000y.
2. Po3B’s13yBaHHs 3a/1a4i J1s 1HIITUX BaplaHTIB.
2.1. BBogumo B komipky H11 HactymnHe 3HadueHHs (iHaHCIB 3 TaduI. 3.5.
2.2. Bukonyemo nyHkTH 1.2 - 1.7, nuiiie 3 BiAMIHHICTIO BBEJICHHS B ITYHKTI
1.5 iMeH1 crieHapito, 110 BIAMOBIIa€ 3HAYCHHIO (DIHAHCIB.

l.
l.
l.

W N =

—
'O\Qll-lk
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3. Jani HeoOX1THO IPEACTABUTH PE3YIbTATU PO3B’SI3KIB.
3.1. CepBuc, CueHapun...

Ha ekpani nosiBAs€THCS 11aJIOrOBe BIKHO «JlucreTuep crieHapueBy.
3.2. Oryer...

Ha expani nosiBisieThes 11aioroBe BIKHO « OTUET 110 CIIEHAPHION.
3.3. CTpykrypa.
3.4. OK.

Ha expani nosiBisietbes 3BIT «CTpyKTypa cueHapus» (Taou. 3.6):

Tabnuus 3.6
I

B C D E F G H
CTpykKTypa cueHapus
Texyume |pinancu=10000|pinancu=10500|pinancu=11000| pinancu=11500
3HAYCHMUS:
Monens noncka | Moaeis nmoucka | Moens rmoncka | Moaeias monucka Monens
peuieHus pelienus pelieHus pelienus IOMICKa
pemeHust
HN3mensieMble TUeHKH:
$B$3 500 500 500 500 500 500
$C$3 0 0 0 0 0 0
$DS$3 1100 600 725 850 975 1100
SES$3 800 800 800 800 800 800
S4eiiku pe3yabrara:
$FS$6 10000 7000 7750 8500 9250 10000
$F$9 102 77 83,25 89,5 95,75 102
$FS$10 4420 3420 3670 3920 4170 4420
$FS$11 12000 10000 10500 11000 11500 12000
ITpumedanus: cronbern « Tekyrie 3HaYCHIS MPEACTABIICT 3HAYCHNS N3MCHICMBIX STUCCK B
MOMeEHT co3ianus Mtorosoro otdera mo CrieHapuio. M3MeHsIeMBbIe SIMEUKH IS KaXKI0TO
CLICHAPHsI BBIICJIEHBI CEPBIM IIBETOM. | |

B 3BiTi pecTaBieH1 pe3yabTaTy Po3B’A3KYy 3a/a4l JIJis BCiX 3HaYEHb
¢iHaHCIB MO BCIX M'SATH BapiaHTax. JlJis 3py4YHOCTI MNpEACTaBICHHS
pe3yabTaTIB y BUTJIAAL JiarpaM BHUKOHAEMO peJlaryBaHHS 3BITY 3a TaKUM
IrOPUTMOM:

1. ¥V Bumanaky, xoyia Bech 3BIT «CTpyKTypa CIieHapush» HE BMIIIYEThCS Ha

€KpaHi, TO 3MEHIITYEMO BIKHO MacIITaly.

2. Bukumaemo crosmmi A, B 1 D.

3. Bukungaemo psajaku 4,51 10

4. Beoammo cnoBa: Ilpodl ... Ilpoo4 B xkomipku C6:C9, [Ipubymok B C11,
BUJIU PECYPCIB: mpy0osi, cuposuna, ¢inancu B koMipku C12:C14.

5. 30unbmTH mupuny croBmus C.

6. Y BUMaJKy OTpUMaHHS APOOOBUX PE3yJIbTATIB, 3a0KPYTIIFOEMO iX.

7. 3abpatu 3ayBaKECHHS.

[Ticna Takoro penaryBaHHs 3BiT MaTUME BUTJIAL:
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Tabnuusa 3.7

C E F G H I
1
2
3 (inancu=1000] (inancu=10500| (inancu=11000| inancn=11500] dinancu=12000
6 |Tponl 500 500 500 500 500
7 |Ilpon2 0 0 0 0 0
8 |Tpon3 600 725 850 975 1100
9 |Tpon4 800 800 800 800 800
11 (IIpudyToK 7000 7750 8500 9250 10000
12 | Tpynosi 77 83,25 89,5 95,75 102
13 |CupoBuna 3420 3670 3920 4170 4420
14 |®inancu 10000 10500 11000 11500 12000
3.5. IIuTaHHs AJ1s1 CAMOKOHTPOJII0
1. CdopmyntoiiTe mpaBuiia moOy10BU JBOICTOI 3a4ayi.
2. B yomy mnonsirae pi3HMIS MK CUMETPUYHOIO Ta HECUMETPUYHOIO
apor0 B3aEMOCHIPSKEHUX 3a71a4?
3. CKUIbKM 3MIHHHX Ta OOMEXEHBL Ma€ IBOICTa 3aJada BIAIOBIIHO 0
npsAMoi?

4. CdopmyntoiTe OCHOBHI TEOPEMU JBOICTOCTI.

5. 3anuuriTe BCi MOXKJIMBI BUIY MPSIMUX Ta ABOICTUX 3aj1ay.

6. Sk 3a po3B’sI3KOM MPSIMO1 3a/1a4i 3HANTH PO3B’SI30K ABOICTOI?

7. Ska cyTh IBOICTOrO CUMIUIEKC-METOTY?

8. JlaliTe €KOHOMIUHY 1HTEPIIPETALIIIO JBOICTUX OIIIHOK.

9. Sk Bu3HauuTH AehIMUTHICTH (HEASDIITUTHICTE) pecypcy?

10. SIk BuU3HAUUTH pEeHTAOENIBHICTh (HEPEHTAOCIbHICTD) NPOIYKIIii, 1110

BUTOTOBJISIETHCS ?
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Po3nia 4. TpancnopTHa 3aga4a

4.1. IlocTaHOBKAa TPAHCIIOPTHOI 3a1a4i
Ta il MATEMATUYHA MOJEJIb

TpancnopTHa 3aa4a noJsirae y nmouryKy HaiOuIbIl BUT1IHOTO TUTAHY
MEPEeBE3CHHS OJHOPIAHOTO TMPOAYKTY 3 TYHKTIB BHUPOOHHUIITBA (4UU
30epira”Hsi) 0 MYHKTIB CIIOKHWBaHHS, TOOTO BIJl MOCTa4aJIbHUKIB J0
CIOXKMBayiB, €(QEKTUBHICTh SKOTO OYyJEeMO OIIHIOBaTH 3a KPUTEPIEM
HaMMEHIIO1 BapTOCTI NepeBe3eHHs. TpaHCIOpTHA 3a/1aua — 11 crenudiyHa
3a/1aya JIHIMHOrO MPOrpaMyBaHHH.

CdopmymroemMo BU3HAUYCHHS TPAHCIIOPTHOI 3a/1a4i. [{esaKy omHOpiaHY

MPOAYKIIIO, KA 3HAXOAUTHCS B m TOCTa4aldbHUKIB A, A>, ..., A,
KUIBKICTIO 4, dp, ..., 4, OJMHHUIIL BIANOBIAHO, MOTPIOHO IIEPEBE3TU 7
criokuBauam B, B,, ..., B, B xinbkoctsx by, b,, ..., b, oquaunb. Bimoma

MaTpulld BapTOCTEd TMEpPEBE3CHHS OJMHUII MOPOAYKIIl BII  i-TO
IMocTavYaJibHUKA 10 j-TO CIIOKUBAaya:

C C, - C,
Ch Cyry o Gy,
¢h C,o - C,,

HeoOxi11HO CKJIacTH TakWM IJIaH TEPEeBE3CHHs, 100 BUBE3TH BCHO
MPOAYKIIIIO BiJ MOCTaYaJIbHUKIB, 33/I0BOJIbHUTH MOTPEOU BCIX CIIOKHBAYiB
1 cymapHa BapTIiCTh MEPEBE3CHHS MPU 1IbOMY Ma€ OyTH MIHIMAJIbHOIO.

OxkpeciieHa TIOCTaHOBKA 3aJadl BHMAara€ BHKOHAHHS PIBHOCTI
3arajibHO1 CyMU 3amacy BaHTaXy 3arajibHii cyMi NoTped B HbOMY, TOOTO

>a,=3b. 4.1)

Ao B TpaHCHOpTHIN 3a1adi yMoBa (4.1) BUKOHY€TBCS, TO TaKy
MPAHCNoOpmuy 3a0ayy Ha3UBAIOTh 3akpumoro (3 MPaBUILHUM OAJIAHCOM).
Akmo x piBHICTE (4.1) HE BHUKOHYETbCS, TO TPAHCHOPTHY 3ajady
Ha3UBaKOTh 8IOKpUumoio (3 HEMpaBUILHUM OalaHCOM).

[ToOynyeMmo mMaTeMaTUdHy MOJENb TPAHCHOPTHOI 3a1ayl. OCKUIbKU
Harepe/ HEB1IOMO, CKUTBKHM BaHTaXKy MOTPIOHO MEPEeBE3TU 3 MyHKTY A; 110
MyHKTY B;, 100 11ad nepeBe3eHb OYB ONTUMAILHUM, TO MTO3HAYUMO HOTO
gyepes Xx;;. BapTicTh nmepeBe3eHHs BCbOI0 BaHTaXYy BIJl MOCTAYAILHUKIB J10
CIIO’KMBAYiB MMO3HAYUMO Z.
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YMOBY TpaHCIIOPTHOI 3a7a4i MOKHA 3aMMCATH Y BUTJISI TaOIHIIL:

? , CrnoxxuBaul B, B, B,
& = ITotpe6u
é E Jamacn b, b, b,
C11 Ci12 Cin
Ay a
X11 X12 Xin
Co1 Co Con
A, a
X21 X22 Xon
Cml Cm2 Cmn
A, a,
Xml Xm2 Xmn

Toni miap0Ba GyHKITIS MAaTUME BUTIIS:

/= Ci11%4 + Cr X, +...+ Ci, X1, + Cr1 X5 + Crr Xy, +...+ Cy, %0, +...+ C,1Xm +
+c,,X, ,+..+c, x, (min)
m n
60 Z=2.2.%% (min) 4.2)

i=l j=1
Jlnst cknamaHHs OOMEXEHb TPAHCIOPTHOI 3ajladyl CKOPHUCTAEMOCS
TaKUMU MIPKYBaHHSAMHU:

1) KUIBKICTh BaHTaXYy, KN MOTPIOHO MEPEBE3TH J0 MYHKTY B; 3 ycix
MYHKTIB MOCTa4yaHHs, piBHA Xj; +xy +... + X,;, a CHOXUBa4eBl B;
NOTpiOHO b; OAWMHUIIL BaHTAXy, TOMY, BpPaxOBYIOYM Te€, IO BCI
MOTpeOM TMOBWUHHI OYTH 3a/J0BOJICHUMH, MOXXEMO 3aIucaTh
00OMEKEHHS CTOCOBHO IOTpPEO:

X+ X, +etx,=b,, j=Ln;

2) KUIbKICTh BaHTaXYy, KM TpeOa BUBE3TH 3 MYyHKTY MOCTa4aHHA A;
70 BCiX CIOXKHMBayiB, IOPIBHIOE X;; +x; +... + X;,, @ HOCTa4aJIbHUK
Ma€ @; OJUHUIIbL BAHTAXy 1 BCl BAHTa)KI MalOTh OYTH BUBE3€HI, TOMY
0OMEXEHHsI CTOCOBHO 3aIlaciB MaTUMYTh BUTJISI:

Xy +Xp+.t+x,=a, i=lm.

B 3araJIbHOMy BHUIIAAKY CUCTCMY OOMEXXEHb 3alUIIeMO TaKHM
YUHOM:
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<

a0o
Z:lxij:bj: ]:79
1Sx,=a, i=Lm; (4.3)
j=1
xl.J.ZO, i=l,m, j=1n.

Mu orpumManu MaTeMaTHMYHY MOJIeNb TPAHCHOPTHOI  3ajayi
(4.2)-(4.3), ne x; — KUIbKICTb NPOIYKIIii, 110 MEPEBO3UTHCA BiJ i-TO
nocTayaJibHUKA JI0 j-TO CIOXKUBAya; ¢; — BapTICTh NMEPEBE3CHHS OAMHUIII
MPOAYKIII BiA i-TO TMOCTadaJbHUKA 1O j-TO CIOXKMBada; @; — 3amacu
OPOAYKIIl i-r0 mMocTadajdbHUKA, b, — TMOMUT Ha MOPOIYKIIO j-TO
CIIO’KMBava.

Tenep, BUXOAAYM 3 EKOHOMIYHOI TIMOCTAHOBKU TPAHCIIOPTHOI
3a7a4l, MOXeMO C(hOpMYJIIOBAaTH ii MaTeMaTH4HYy 3ajauy:. ceped 6CIiX
HeBI0 'EMHUX pO038’°a3Ki6 cucmemu pieHanv (4.3) 3uaumu maxuu, npu
axomy onmumizyroua gpopma (4.2) nabyoe HAUMEHUL020 3HAYEHHSL.

TpancnopTHa 3a7aya € 3aJayelo JIIHIKHOTO MPOrpaMmyBaHHS, SIKY
MOXKHa PO3B’s3aTH CHUMILUIEKC-METOJOM, ajie Tpu PO3B’sA3yBaHHI
TPAHCIIOPTHOI 3a]]a4i CUMIUIEKCHUM METOJIOM MU O OTpUMAaIN CUMILIEKC-
TaOJUIll BEIUKUX PO3MIPIB, OCKUIBKH YUCIIO HEBIAOMUX JIOPIBHIOE M- 1.
Cnenudiuyna cTpykTypa IIi€i 3aadi J03BOJISIE BUKOPUCTATH IS 1l
pO3B’si3aHHA €()EKTUBHIIIMKA METOJI — METOJ| TMOTCHIANIB, SKUU MU
pPO3TIISTHEMO B 11. 4.3.
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4.2. MeToau mo0y10BM MOYATKOBOI0 OMOPHOI0 IJIAHY

Sk 1 B CHUMIUIEKCHOMY METOJII PO3B’SI3yBaHHsS 3ajlay JIHIHHOTO
porpaMyBaHHs, IIPU PO3B’I3yBaHH1 TPAHCIIOPTHOI 3a/1a4l MOTPIOHO MaTH
[IOYATKOBUM ONIOPHUU IUUIAH.

Po3rasiHeMO MeTOaM 3HAXOKEHHS LbOTO IUIAHY:

1. /liaconanvnuit memoo (nigHiuno-3axioH020 Kyma).

[ToOy10BYy IOYaTKOBOI'O OIIOPHOrO IUIAHY 3a METOJIOM ITIBHIYHO-
3aX1JHOTO KyTa IOYMHAIOTH 13 3allOBHEHHS JIIBOI BEPXHHOI KIITHHKH
Ttabnuii 4,8 (x11), B IKy 3allUCYIOTh MEHIIIEC 3 IBOX 4yuceln a; Ta by. ani
Nepexo/iATh JO HACTYNMHOI KJIITHHKH B pAIKYy ab0 CTOBMYMKY 1
3aMOBHIOIOTH i1 1 T.J., 3aKIHUYIOYM OCTAaHHBOIO TMPABOIO0 KJIITUHKOIO
tabmui A,,B, (X,,).

PosrasiHemMo aiaroput™M moOyJI0OBH TMOYaTKOBOT'O OIMOPHOTO IUIAHY
TPAHCTHOPTHOI 3aJ71aul METOIOM MIBHIYHO-3aX1THOTO KyTa:

1. IlepeBipka TpaHCHOPTHOI 3ajayl Ha 3aKPUTICTh. SIKIIO BOHA
BIJIKpHUTA, TO IPUBOIUMO ii 70 3a7a4i 3akputoro tumy (1. 4.4).

2. Ileprioro 3a1IOBHIOEMO BEPXHIO JIIBY KIITHHKY.

3anoBHEHHS KJIITUHKA A;B; Tabnuil 31ACHIOEMO 3a TaKUMH
MIpaBUJIAMH:

a) KO a;<b;, TOOTO 3amach MEHII BiJ TOTPEO, TO B I[t0 KJIITUHKY

3aMMMCYEMO BECh 00’€M 3alacy BaHTaXy «;, MEPEPaxOBYEMO IMOTPEOH

CHOKHMBaya B;, mocTayaibHUKA A; BUTy4a€EMO 3 PO3IIISAy (HampUKia,

MOCTABUBIIIM Y BCiX KIITHHKAX PsAJI0YKa, KPIM 3aIIOBHEHOI, TPOYEPKHU) 1

MepeX0IMMO J0 3alIOBHEHHS HACTYMIHOI KIITUHKH A1 B;;

0) skmo a>b;, TOOTO 3amacu OLIBII BiJ MOTPeO, TO B L0 KIITHHKY

3alUCyEMO BeCh 00’€M TOTpPeO BaHTaXy b;, MEPEepaxoBYEMO 3amacu

nocTadaJIbHUKA A;, BUIy4aeEMO 3 PO3IISAY CHoXKuBada B; (CTaBUMO Y

BCIX KIITHMHKAaX CTOBMYMKA, KpiM 3allOBHEHOi, MPOYEpPKH) 1

NEePEXO0IMMO JI0 3aITIOBHEHHS HACTYITHOT KIITUHKU A;B;41;

B) SKIIO a/~=b; TOOTO 3amacu PiBHI MOTpedaM, TO B II0 KIITHUHKY

3aMMUCYEMO BECh 00’€M TOTped Y 3amaciB, BUIYYAEMO 3 PO3TIISITY

nmocTravajbHUKa A; 1 crnoxuBada B; (CTaBUMO B YCIX KIITHHKaX

CTOBMYHMKA 1 psiaKa, KpiM 3allOBHEHOI, MPOYEPKH) 1 MEPEeXOaUMO 10

3aMOBHEHHS HACTYIHOI KINITUHKU A1 B;1.

3. Cepen He3amOBHEHUX KIITUHOK (0€3 00ciry BaHTaXy 1 MPOYEPKIB)
3HOBY BUOMPAEMO BEPXHIO JIIBY KJIITUHKY TaOJIUIIl 1 3alOBHIOEMO i 3a
npaBujiaMu, TOAaHUMHU B 1. 2. Tak MPOAOBXKYEMO A0 THUX Mip, JOKHA HE
3aII0BHHUMO BC1 KJIITUHKHN TAOJIUIII.
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4. 3 onepxaHoi TaOMUIl BUMUCYEMO TOYATKOBHUM OINOPHUM IIJIaH
TPAHCHOPTHOI 3a7ayl Ta OOYMCIIOEMO 3HAYEHHS LUIHOBOT (PYHKIIT TpHU
IIbOMY IIJIaHi.

PosrnsHemo aiaroputM 1moOyJI0BH IOYATKOBOT'O OIMOPHOTO IUIAHY
TPAHCHOPTHOI 3aJ1a4l JIIarOHAJIbHUM METOJIOM Ha MPUKIIA/I].

[Mpuknag 4.1. MeTogoMm MIBHIYHO-3aX1AHOTO KyTa (JlaroHaJbHUM)
3HAWTU TOYATKOBUU OMOPHUM IIJIaH MEPEeBE3CHHS OJHOPIAHOTO BAHTAXKY
BIJl mocTtadanbHUKIB A;, A, Az 3 3amacamu a;=200, a,=150, a;=175 no
CIOuBaviB B, By, B3, B4 3 moTpedamu B 11boMy BaHTaxi b =140, b,=125,
b;=90, b,=170, gxuI0 BijiloMa BapPTICTh MEPEBE3CHHS OJUHUIIl BAHTAXY
B1JI IIOCTA4YaJILHUKIB JI0 CIIOKUBAYIB:

ij

)
I

A~ W P

W L

AN N =

8
7
9

¢ Po36’s3y8aHHA.
[lepeBipuMo, yu TpaHCHIOPTHA 337a4a € 3aKpUTor0. OOUHUCIUMO:

4
Y a, =200+150+175=525; ij =140+125+90+170 =525.
j=1

i=1
. 4 3
Ockinbku ) a, =Y b, , TO OKpec/eHa TPaHCIIOPTHA 3a/1a49a 3aKPHTOTO THITY.
i=1 j=1

[lepioro 3amoBHIOEMO KIITHHKY 4181 uuciaom 140, sk min(200;140).
B pesynbraTi Takoi nii moTpedu crnokuBada B; 3aJ0BOJIBHUJIUCS, a Y
nocravyajibHuka A; 3amumuiock 1ie 60 oauHunps BaHTaxy (200-140).
OckinbKU CHOXHWBaueBl B Ounbplie HE MOTPIOHO BAaHTAXy, TO CTABUMO
MIPOYEPKH B YCIX 1HIIMX KJIITHHKAX CTOBIYHKA, 30KpeMa B KIITHHKAX 4,85
Ta A3B;. Jlam nepexoaumMo 10 CyCiIHbO1 KJIITUHKHU B PSIAKY YU CTOBITYHUKY,
ajie OCKUIbKU B KJITHHII 4,81 BXX€ CTOITh IMMPOYEPK, TO HACTYIMHOIO OyAEMO
3allOBHIOBATH KIITUHKY AB,. Y mnocradaibHuKka A; e 3aJuiiuioch 60
OJIMHMIIL BaHTAXy, a CHOXHUBa4yeBl B, moTpiOHO 125, TOMy B KIITHHKY
AB, 3amucyemo Mmenmie 3 1ux yucena — 60. OCKUIbKY MOCTaYadbHUK A
OuTbIlIE BaHTAXy HE Ma€, TO CTaBUMO IIPOUYECPKH B HE3AMOBHEHUX
KIITUHKAX psagouka 485 ta A\B,4. [lepexonumo 10 CyCiIHbOI KIITUHKH 10
CTOBIMUUKY — A,B, (OCKUIbKK B CYCIJHIM KJITUHII psiouka A;B; CTOITh
MpoYepK) 1 3aMoBHIOEMO ii. [TocTauanbHuk A, mae 150 oguHUIIL BaHTaXY,
a cnoxkuBaueBl B, mie moTpidbHo 65 (60 oaMHUIIL BaHTaXy BIH BXKE
OTpUMAaB BiJl MocCTadajdbHUKAa A;), TOMY B KIITUHKY A,B, 3amucyemMo
MEHIIIEe 3 IuX yucen — 65. OCKUIbKM CHOXUBauy B, OUIbIIE BAHTAXY HE
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Tpeba, TO CTaBUMO MPOYEPKH B KIITHHKAX CTOBIIS, IO 3aJTUIIUIUCH
HE3allOBHEHMMHM, 30KpeMa B KITUHIIL A3B,. IlepexoaumMo A0 CycCiaHBOI
KJIIITUHKU MO PANOYKY — A,B3. Y mocTadaibHUKA A, 1€ 3aJIUIIUIOCh 85
OJVHUIIb BaHTaxy (65 OIWHMUIL BIH BUIJAB CIIOXKKBa4YeBl B)), a
CrokuBaveBi B3 nmotpioHo 90, ToMy B KIITUHKY A,B; 3aHOCUMO MEHIIIE 3
ux gucen — 85. OCKUIbKM MOCTadadbHUK A, BaHTaXy OlIbIlIe HE Ma€, TO
CTaBUMO IPOYEPKU B HE3AMOBHEHUX KIITHHKAX PsIAO0YKa — B KJIITHUHIN
A,B,. He3almloBHEHUMH 3aJIMINMINCS 1€ JBI KINTHHKU — AzB; Ta A3Ba.
OckibKU B CYCIOHIA 3 Ap;B3 KIITHHII TO PAIOYKY — IPOUYEPK, TO
3aMIOBHIOEMO CYCIJIHIO KJIITUHKY MO CTOBIMYUKY — A3B3. IlocTauanbHuK A3
Mae 175 omuHMIIL BaHTaXy, a CIOXHBadeBl B; mie morpibHO 5 (85
OJIMHUIIb BAaHTAXy BIH BXE€ OTPUMAaB BiJ IOCTadajbHHKA A,), TOMY B
KIITUHKY 4,8, 3anucyeMo 5. 3aquiiuniach HE3aMOBHEHOIO OJIHA KIIITUHKA
— A3B4. 'Y mnoctayanbHuKa A; 3anummiock 170 oauHuip BaHTaxy (5
OJMHUIIb BIH BIJJIaB CHOXXUBaudeBl Bj), crnoxkuBaueBi B, notpidoHo 170,
TOMY B KIITUHKY A3B43anucyemo 170. Hama tabnuus Matume BUTIS!

S? i CnoxxuBaui B, B, B; B,
s 2 oTpedu
3 = 140 125 90 170
= & |3amacu
2 8 6 1
Ay 200
140 60 - -
3 7 5 2
A, 150
- 65 85 -
4 9 3 6
Aj 175
- - 5 170

Mu oTpumMav TOYATKOBUW OTIOPHUM ILIAH:

140 60 0 0
x,,.=| 0 65 8 0
0 0 5 170

[Ilo6 mi3HaTHCh, AKOK OyAe BapTICTh NEPEBE3CHHS BaHTAXy 3a
TaKUM IIJIJAaHOM, IOTPIOHO MEPEMHOKHUTH BapTICTh IEPEBE3CHHS OIUHMIII
BaHTAXy Ha KIJIbKICTh BaHTaXY, IO MEPEBO3UTHCS, JJIS BCIX 3aIOBHEHUX

(e HemMae MPOYEPKIB) KIITHHOK TaOJIUIll 1 3HANUTH iXHIO CyMY, a caMe:
7=2-140+8-60+7-65+5-85+3-5+6-170=280+480-+455+425+15+1020=2675. ¢
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2. Memoo naiimenwioi eapmocmi.

[IpaBuia 3HaXOJIKEHHS TOYATKOBOT'O OMOPHOTIO MIAHY TPAHCIIOPTHOT
3aJa4li  METOJOM HaWMEHIIOi BapTOCTI BIAPI3HSAIOTHCS BiJ MpaBUI
3HaXO/DKCHHSI ~ TaKoro IUlaHy  JIIarOHAJIbHUM ~ METOJIOM  TIJIbKHU
MOCJIJOBHICTIO BUOOPY KJIITUHKH, Ky MOTPIOHO 3aMOBHIOBATH. 3TiJHO 3
METOJOM HaWMEHIIOI BapTOCTI MEPIIOID BUOUPAETHCA KIITUHKA 3
HaMMEHIIIOI0 BAPTICTIO MEPEBE3CHHS OJIMHMII BaHTAXYy BiJ MOCTadalbHUKA
70 crhokuBaua. SIKIO TakuxX KJIITUHOK AEKUIbKa, TO BUOMPAEMO Ty, IS
AKO1 KUTBKICTh BaHTaXYy, III0 MOKHA TIEPEBE3TH, HAHO1IbIIIA.

ANTOpPUTM METOAY HaMMEHIIOI BapTOCTI MOOYIOBH IMOYATKOBOTO
OTIOPHOTO TIJIaHY TPAHCIOPTHOI 3a/1a4l PO3MVISTHEMO Ha TIPUKJIIAII.

[Ipuknag 4.2. MeTtoioM HaMMEHINIOI BapTOCTI 3HAWTH MOYATKOBHM
OTOPHUM TIJIaH TEPEBE3CHHSI OJHOPITHOTO BAHTAXY BiJ MOCTAYaJbHHUKIB
A,, Ay, A5 3 3ammacamu a,;=200, a,=150, a;=175 no cnoxxkusauiB B, B,, B3,
B, 3 notpedbamu B nibomy BaHTaxi b=140, b,=125, b3=90, b,=170, k110
BiJIOMa BapTICTh MEPEBE3CHHS OJMHUIIl BaHTAXy BiJl MOCTAYAJIIBHUKIB JI0
CIIO’KMBAYIB:

ij

)
I

A~ W P

W L

AN N =

8
7
9

¢ P038’a3y68aHHA.

3 mpuknaay 4.1 mMu 3HaeMo, WO OMNKCaHAa TPAHCIIOPTHA 3ajaya
3aKpPUTOTO TUITY. 3HANIEMO MOYATKOBUI OMOPHUM IJIaH 11i€1 TPAaHCHIOPTHOI
3aJladyl  METOJOM HaWMEHIIOoi BapTocTi. Bubupaemo KIITHHKY 3
HalMEHIIIOI0 BaPTICTIO MEPEBE3CHb OJMHUII BaHTaXy. B Hamomy BUnaaky
— 1e KkiiTuHKa A;B, 3 BapricTio nepeBe3eHHs 1. Ilepmmii mocTadanbHUK
mMae 200 oauHMII BaHTaXxy, a CcHoXkuBadeBl B4 Tpeba 170, Tomy
3alIUCYEMO B I KIITHHII MeHIIe 3 nux uyucen — 170. Ockinbku
CIIO’KMBAY€Bl OUTBIIE HE MOTPIOHO BaHTAXy, TO B yCIX PEHITY KIITUHKAX
3a3HAYEHOTO CTOBIMIlS CTAaBUMO MPOYEPKHU, 30KpeMa B KIITHHKaX A,B, Ta
AsB,. Tonl BUOMpaeMo KIITHHKY 3 HAllMEHIIIOK BapTICTIO MEPEBE3CHb
OJIMHHUIIl BaHTaXy Cepel TUX, SKI 3aJUIIMIMCh (KpiM 3amoBHEHOI A;Bj 1
TUX KIITUHOK, B SIKUX CTOATH mpouepku). lle wmitunka 4B, BapTiCTh
nepeBe3eHHs B skik 2. [locravanbHuk 4, me Mae 30 OJUHUIL BaHTAXKY
(BiH maB 200, 3 skux 170 BigmaB cmoxkuBauy B4), a crokuBauyeBi B,
noTpioHo 140, Tomy 3amucyemo B 11 KmiTUHIN 30, a B yCiX KIITHHKaxX
OTMCYBAHOTO PSJIKA CTABUMO MPOYEPKHU (B KIITUHKAX 4B, Ta A1B3), TOMYy
1[0 MepUIMi MOCTaYaIbHUK OLIbIIE HE MA€ BAaHTaXy. 3 TUX KIITHHOK, SKi
3UIMIIMINChG ~ HE3allOBHEHWMH, 3HOBY OepeMo KIITHHKY A,B; 3
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HaiiMeHIo1o BapTicTio — 3. [locTtauanbHuk 4, Mae 150 oquHMUIL BaHTAXKY,
a crnioxkuBauesi e Tpeda 110 (30 oguHUI BaHTAXY BIiH BKE OTPUMAB Bij
IepIIOro IMocTayajbHUKa). 3a0upaeMo B mocTayajbHUKa A, 1ux 110
OJIMHUIIb BaHTAXy 1 3alMCYyEMO B OKpPECJICHIM KIITHHII, a B YCIX
HE3alIOBHEHUX KIIITHHKAX CTOBMI CTaBUMO MOpoYepKku (B I1BOMY
CTOBITUMKY HE3AMOBHEHOIO 3aJUINWJIACh TUIBKM KIITUHKA A3B;, TOMYy
MpOYEepK CcTaBUMO B Hii). B mocravanbHuka A, mie 3aaumuioch 40
onuHuIllb BauTaxy (150—-110). HactymnHa kIiTHHKA cepej] HE3alOBHEHHUX 3
HalMEHIIIOI0 BapTICTIO MEpPEeBE3eHHs 3 — 1€ KIiTUHKa A3B3. CriokuBaveBi
B3 motpi6HO 90 oAMHUIIL BaHTAXYy, a MTOCTaYaIbHUK A3 1ie Mae 175, Tomy
MMAIIEMO B KINTHHIN Az;B; MeHme 3 nux yuceda, Tooto 90, 1 OCKUIBKHU
CIOKMBa4eBl OUIbIIE HE MOTPIOHO BAHTaXy, a B CTOBMYMKY, IO HOMY
BIJIIOBIJA€, 3aIUIIMIIACH €IMHA HEe3allOBHEHA KJIITUHKA A,Bz, TO CTaBUMO
B Il KIITUHI TPOYEPK. 3aTUIIUIOCS Bl HE3aMOBHEHUX KIITHUHKU A,B,
Ta A3B,. MeHIa BapTICTh MEPEBE3CHHS OJIMHUIII BAHTAXY B KIITHUHII
A,B,, ToMy 3allOBHIOEMO CIIOYaTKy ii. B mocradanbHuka A, me € 40
OJIMHUIIb BaHTaXy, a CHOXXUBaueBl B, Tpeba 125, ToMy nuiemMo B il
KITUHII 40 1 mepexoauMo 10 OCTaHHBOI HE3aIIOBHEHOI KIIITUHKHM HaIoi
Tabnuii A;B,. I[locTauanbHuk Mae 85 oauHUIL BaHTaxXy (BiH MaB 175, ane
90 omuHUIE BiJJaB CIOKUBAUEBl B3) 1 CIOXKUBAaUEBl B, Tpebda CTUIBKH XK
(ftomy Oyno moTpiOHO 125 oauHULIE BaHTaxXy, aje 40 OMHUIIL BIH B3SIB Y
rocravyajabHUKa A,), TOMYy 3alMCyeMO B I KMiTUHII 85. Hamra Tadmuis
Ma€ BUTJISIL;

cc:tj - CnoxxuBaui Bl Bz B3 B4
§ = 0Tpedn
S E 140 125 90 170
= E|3amacu
2 8 6 1
A 200
30 - - 170
3 7 5 2
A, 150
110 40 - -
4 9 3 6
Aj 175
— 85 90 —

Mu oTpuMaiii NOYaTKOBUM ONIOPHUM IUJIAH:
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30 0 0 170
x,,. =[110 40 0 0
0 8 90 0

CyMapHa BapTiCTh IIEPEBE3CHHS BCHOTO BAHTAXYy IIPH IIbOMY Oye:
7=2-30+1-170+3-110+7-40+9-85+3-90=60+170+330+280+765+270=1875. ¢

[Ticist moOymOBH MTOYATKOBOTO OMOPHOTO IUIAHY KOXKHUM 3 METOIB Y
Ta0IUIl Mae OyTH 3aMOBHEHO (m+n-1) KIITUHOK, TOMY LIO0 paHr MaTpHIl
CUCTEeMU OOMEXEHb TPAHCIOPTHOI 3ajadl piBHUU r=m+n-1, ne m —
KUJIBKICTh IIOCTAYaJbHUKIB, 7 — KIUIBKICTh CIIOKMBAYiB. 3allOBHEHI
KAIMunKy Ha3UBAIOTBCS OA3UCHUMU, a HE3AIIOBHEH1 — GinbHumu. SIKIIO
KUIBKICTh Oa3MCHUX KJIITUHOK piBHA (m+n-1), TO TaKui nian Ha3UBAETHCS
HesUpoOoceHuM. SIKIO KiTBKICTh 3alIOBHEHUX KIITHHOK MeHIa (m+n-1),
TO IUIaH HA3UBAEThCA BUpoOdxceHum. Toal HEOOXIITHO 3alOBHUTU
BIJIMOBIIHY KUTBKICTh MOPOXKHIX (HEOA3UCHUX) KIITHHOK, 3aMUCYIOYU B
HUX «HYJbOBE MEPEBE3CHHS, 1 111 KIIITUHKU BBaKaTu OazucHumu. Komm x
KUTBKICTh 3allOBHEHMX KJIITUHOK TmepeBuInye (m+n-1), TO mo4yaTKOBUI
OTOPHUH IJIaH MOOY/I0BAHO HEMPABUIIBHO 1 BIH HE € OTIOPHUM.

Jliist Toro, mo6 3’AcyBaTH, SIKUM METOJ 3HAXOJI)KEHHSI TTIOYaTKOBOTO
OMOPHOI'0 IUIAaHy TPAHCIOPTHOI 3ajadi € e(QEeKTHUBHIIINM, ITOPIBHIEMO
3arajbHi BapTOCTI TEPEBE3CHHS 3a OMOPHUMM IUIAHAMH, 3HAWJICHUMU
KOXXHUM 3 MeTOA1B. baunmo, 1110 MeHIlly BapTiCTh OTPUMAEMO 32 METOJOM
HaiiMeHI10i BapTocTi (Z=1875) 1 3HaUHO OUIBIILY BapTICTh MEPEBE3CHHS
(Z=2675) BCbOro BaHTaXy Ja€ [IaroHaJbHUNA METOJ MOOYyA0BH
MOYaTKOBOTO OMOPHOro IiaHy. Sk 06aunmo, €(DEKTHBHIMIMM METOI0M
noOy/I0BH MOYATKOBOT'O OTMOPHOTO IJIaHY TPAHCIIOPTHOI 3a7adi € METOJ
HaWMEHIIO1 BapTOCTI.

4.3. MeToa moTeHIIiaJgiB

4.3.1. Kputepiii onTUMAJIBLHOCTI ONIOPHOIO IJIAHY
3a MEeTO/I0OM MOTEHI[iAJIiB

Mu Bxe 3Ha€EMO METOAM 3HAXOJPKCHHS MOYATKOBUX OMOPHUX IIJIaHIB
TPAHCHOPTHOI 3ajadi, ajie Y Il OMOPHI IJIAHU € ONTHUMAJIbHUMH, TOOTO
TaKMMH, 110 Jal0Th HAWMEHIIY 3arajbHy BapTICTh MEPEBE3CHHS BCHOTO
BAHTAXy BIJ MOCTAYaJbHUKIB JO CIOXKHUBA4lB, MU HE 3HaemMo. OnopHUI
IJIaH TEePEeBIPAIOTh Ha ONTHUMAJIBHICTH 3a JOIMOMOTOK ITOTCHIIIAJIB.
BiamoBimHO 4O KOXKHOrO IoOcCTadyajJibHHKa A, CTaBUMO IIOTCHIUAN ; a
KOKHOMY CIIO)KMBa4€Bl B; — v;.
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Kpumepii onmumanvnocmi onopnozo niany mpancnopmmoi 3a0auyi:
AKWO OJIl 0esIK020 ONOPHO20 NAAHY (X;) MPAHCNOPMHOI 3a0aui
ICHYIOMb MaKi 4ucia-nomenyianu u; ma Vv, wo Ol Oa3UCHUX
KATMUHOK BUKOHYIOMbCA pieHocmi  u;+v/=c;, a 014 Heba3ucHux
KIIMUHOK  BUKOHYIOMbCS — HepigHocmi  u;tvi<c; O  6CIX
i=1,m; j=1n, momaxuii ONOPHULL NIAH € ONMUMATNLHUM.

[ToTeHIliaau ONMOPHOIo IUIaHYy BU3HAYAIOTHCS 13 CUCTEMH U;+V,=cC;;,
K1 3alUCYIOTh JJIi BCIX 3alOBHEHMX KIITUHOK TaOJMIl TPaHCHOPTHOI
3a/1adi. 3a JIOMOMOTOI0 PO3PaXOBAHMX MOTEHIANIB MEPEBIPSIOTh YMOBY
ONTUMAJIBHOCTI #;+V;<c;; i1 HE3aNOBHEHUX KIITUHOK TaOiuIli. Skino
xo4a 0 JJist 0O/iHI€T HEOA3UCHOT KIIITUHKY 1Sl YMOBA HE BUKOHYETHCSI, TOOTO
u;+vj>cij, To TOTOYHHH TIJIaH HE € ONTUMAJIBHUM 1 MOTPIOHO TIEPEUTH 110
HOBOT'O OTMIOPHOTO TIJIaHY.

4.3.1. llukaun nepepaxyHKy TPAHCIOPTHOI 3aaa4i

Ilepexin BiJ OAHOIO OIIOPHOrO IUIAHY JO IHIIOTO BHKOHYIOTH
3alIOBHCHHSM HEOA3WCHOI KIITHHKH, JUISI SKOi TMOpyIIeHa YMOBa
ONTUMAJIBHOCTI. SIKIIO OKpecAeHWX KIITMHOK KUIbKa, TO IS
3alIOBHEHHS BHOHMPAIOTh TaKy, IO Ma€ HaMOLIbIIEe MOPYIICHHS, TOOTO
maX{A i = (u, +v j)—cl.j } JInst BUOpaHOi MOPOXKHBOI KIITUHKU OYIyIOTh
UK TIEPEPaxyHKY.

[uxnom y TpaHCHOPTHIN 3ajayul HA3UBAIOTh 3aMKHEHY JIaMaHy
JIIHIK0, CTOPOHU SIKOT IPOXOJATh Y3J0BXK PSJKIB 1 CTOBMYUKIB TaOMuIl], 1
OJlHA 3 BEPIIMH SKOI 3HAXOAUTHCS B HEOA3WCHIN KIITHHIN, IS SIKOi
MopyilieHa ymMoOBa OINTUMAJIbHOCTI, a BCl IHIINI BEPIIMHU — Oa3UCHI
KJITITUHKU.

[lepepo3mnomin mpoAyKIlli B MeXax MUKIY 3A1HCHIOIOTH 32 TaKHUMU
MIpaBUJIAMH:

a) KOXHIA BEpIIMHI IUKIY MPUMNKUCYIOTh TEBHUM 3HAK, MNPUYOMY
HE3aIMMOBHEHIM KJIITUHII 3HAK «+», a BCIM 1HIITUM IO 4€p31 3HAKU «—» Ta
«t»;

0) y TOPOXXHIO KJIITUHKY 3aHOCATh HaMMEHINE 3 YHUCEN, IO CTOSTh Y
KJIITUHKAX 31 3HaKOM «—». OIHOYAacHO II€ YMCJIO JI04Al0Th [0
BIAMOBIAHUX 4YHCEN, IO CTOSATh Y KIITHHKAX 31 3HAKOM «+» 1
BIJIHIMAIOTh B1J] YKCEJ, IO PO3MIIICH] y KIITUHKAX 31 3HAKOM «—».

Otxe, KIITUHKA, IO OyJa BUIBHOIO, CTaja 3aloOBHEHOI, a
BIJINOB1/IHA KJIITUHKA, JI€ 3HAXOIMJIOCSI HAMEHIIIE YUCIIO (Y BEPILUHI 3 «—»)
cTajia He3alOBHEHO. B pe3ynpTari Takoro nepepo3noAilry IpOoayKIii MU
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OTPUMAEMO HOBHWI OMNOpPHUN IUIaH TPAHCIIOPTHOI 3ajayl, SKUHA 3HOBY
MEepeBIpIEMO Ha ONTUMAJBHICTh. SIKIIO PO3B’S30K ONTHUMAJIbHUN, TO
OOYMCIIIOEMO MIHIMAJIbHE 3HAYE€HHS LUIBOBOT (QYHKIND (MiHIMAIBHY
BapTICTh IEPEBE3EHHS BCHOTO BAHTAXKY), a SKIIO HEONTUMAJIbHHH, TO
3HOBY OyAye€MO LHKJI TEPEPaxyHKy 1 3 JIONOMOTO 3CYBY MO IHUKITY
MEepPEeXoJIMMO J0 HOBOI'O OMOPHOro IaHy. IIpoiiec MOBTOPIOIOTH A0 THUX
Tip, JOKK HE OTPUMAEMO ONITHMAJIBHOTO PO3B’ 3Ky TPAHCIIOPTHOI 3a/1a4i.

3HaueHHs Oa3uMCHUX KIITHHOK, SKI He Opanu ydyacTi B MK
nepepaxyHKy, B HOBIM TaOJIMII 3aJIMIIAIOTHCS 0€3 3MiH.

Skio Ha JIedKoMy Kpolll MOTpeOM CHiBMNANaloTh 13 3amacaMu, TO B
noTpebax CcTaBUMO AINCHUNA HyJbh, a B 3amacax — (IKTUBHUN (HYJIb 3
kpankoto — O). Toxi oapa3y OynyeTbcs TOBHA CHCTEMa PIBHSHb JIs
3HAXOJ/IPKCHHS 3HAYEHb MOTEHIIAIIB (AUB. NPUKII. 4.5).

VY 3amayax 3 BHUPOKEHHUM IUIAHOM YacTO 3CyB CTOCOBHO ITUKITY
Tpeba pobutu Ha 0. Toai mpu Mmepexol 10 HACTYHHOI TaOJWIll 3HAYCHHS
0a3MCHUX KIITUHOK, 10 Opajiud yd4yacTb B LHKJl MEPEPaxyHKy, He
sMmiHuiocs. Tulbku 1iel «Oa3ucHUN HYJbY» TMEPeBOJATh y HEOA3UCHY
KJIITUHKY, JIJIs SIKOi IO CYT1 pOOWJIN LIUKJ TIepepaxyHKy, a KJIITUHKA, B KA
3HaxoauBcd e 0, crae BUIBHOIO.

300pa3uMo MOKJTMB1 BUJIH ITUKITIB:

Po3risitHeMo anroputM METO Iy TOTEHIIaliB Ha MPUKJIIA/II.

IIpuknan 4.3. 3HalTH ONTUMAIBHUM IIJIaH IEPEBE3CHHS OJHOPITHOIO
BAHTAXy BI1J IOCTadYalbHUKIB A, A, Az, A4 3 3amacamu a;=90, a,=85,
a;=125, a4=105 no cnoxwusauiB B, B,, B3 3 nmorpedbamMu B bOMYy BaHTaXI1
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b=110, b,=155, bs=140, sxuii 3a0e3meUUTh MiHIMAJIbHyY BapTICTh
MEPEBE3CHHSI BAHTAXy, SIKIIO BIJIOMAa BapTICTh MEPEBE3CHHS OJUHMUIN
BAHTAXYy BIJl MOCTAYAJIbHUKIB JIO CIIOKUBAYIB:

3 6 2

I 5 7
c, = :
19 7 8

4 3 5

¢ Po36 ’s13y8aHH.
[louarkoBuii OMOPHUM IIaH 3a7ayl 3HAHWAEMO 3 JOIOMOTOIO
JiaroHaJbHOrO0 METOY (MIBHIYHO-3aX1THOTO KyTa).
[TepeBipuMo, yu TpaHCIIOPTHA 33Ja4a € 3aKpUTOor0. OOUNCIUMO:

3
2.a,=90+85+125+105=405;  >b, =110+155+140 =405.
j=1

i=l
4 3
Ockinbku ) a, =) b, To onMcana TPAHCIIOPTHA 33/1a4a € 3aKPUTOTO
i=1 j=1
TUIY.
[ToOyayemMo MOYAaTKOBHM OMOPHMI TUIaH TPAHCIOPTHOI 3ajadi
I1arOHAJIbHUM METOIOM:

é i} CrioxuBaui B, B, B;
S & [ToTpeou u;
g = 110 155 140
= &|3amacu
3 6 () 12 (6)
A, 90 - | u=
90 — —
1 5 7
A2 85 4+ M2:—2
200 | 65 -
9 7 8
Az 125 . uz=0
— 90 — 35
4 3 (1) |5
A4 105 M4:—3
— - 105
V; vi=3 V=7 ;=8
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9% 0 O

20 65 O
X =
ONOpH. 0 90 35
0 0 105

BapricTh nepeBe3eHHs 3a OKPECICHUM OIIOPHUM IJIAHOM OyJie:
Z;=3-90+1-20+5-65+7-90+8-:35+5-105=270+20+325+630+280+525=2050
I'POILIOBUX OJIUHULIb.

[lepeBipuMO, uYM 1€l T[UIAaH BUPOKEHUU, 4Yu Hi. KUIBKICTB
3anoBHEHUX (0a3UCHUX) KIITMHOK Ma€e OYyTH piBHA paHTy MaTpuIll
CUCTEMU OOMEKEHb TPAaHCIOPTHOI 3aAaul r=4+3—1=6. ¥ Hac € 6 0a3ucHux
(3alIOBHEHMX)  KIITHHOK, TOMY IUIaH  TEPEBE3CHHS  BaHTaXy
HEBUPOKECHUMU.

[lepeBiprMO, 4YM OMHMCAHUNA OMOPHUM IUIAaH € ONTHUMaJIbHuUM. JlJis
0a3MCHMX KJIITUHOK MOBUHHI BUKOHYBATHUCh PIBHOCTI 1;+V;=C;;. 3aIUIIEMO IX:

- ( = u :0,
Vl+u1:3, ul O’ :

v, =3-u,=3-0=3, v, =3,
v, +u, =1, 5
vty =5 U, =1-v,=1-3=-2, U, =2,
T = =5—u,=5-(-2)=7, = v =7,
v +u, =17, 1V2 U, (-2)=17, 2

u,=T7-v,=7-7=0, u, =0,
v, +u, =8,

v,=8—u, =8-0=3§, v, =8,
v, +u, =5.

u,=5-v,=5-8=-3. u, — 3.

Mu maeMo cucteMy 6 piBHsSHb 3 7 HeBigomumu. lg cuctema mae
0e37114 po3B’s3KiB. Bi3bMeMO 0/IHY 3 HEBIJOMUX PIBHY OY/Ib-IKOMY YHCIY,
Hanpukiaza, u,=0, 1 3HalIeMO BCl 1HIII MOTEHIiaau. 3HAWeH1 3HAaYCHHS
MOTEHINANIB 3aMuiIeMo B Taonuiro. Tenep 3M1MCHUMO MEpPEeBipKy APYroi
YMOBH KPHUTEPII0 ONTHUMAJILHOCTI TPAHCIOPTHOI 3ajadi, a camMme: 4Yu
BUKOHYIOThCA IS He0a3MCHUX (HE3alMOBHEHMUX) KIITHHOK HEPIBHOCTI
u;Tv;<cy.

Hnsa  xmituHkn  (4,B,): v, +u; <6  74+0>6  HEpiBHICT HE BHUKOHYETHCI
Hns  xmituHkn  (4,B5): vy+u, <2  8+0>2  HepiBHICTb HE BHKOHYETHCI
Hus  xmituekn  (A,B5): vy +u, <7 8+(-2)<7

Hus  xmtuekn  (A;B)): v +u; <9 3+0<9

Jna  ximituakn  (A,B)): v, +u, <4 3+(-3)<4

Hna  xmituakn  (A,B,): v, +u, <3 7+4+(-3)>3 HepiBHICTh HE BHUKOHYETHCI
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Maemo Ttpu xmituHKM (AB,), (A;B3) Ta (A4B,), Wi SKUX HE
BUKOHYIOTHCS HEPIBHOCTI U;+V;<Cj;, a 1€ 03HAYaE, 10 OMOPHUM IJIaH HE €
ontuMaibHUM. B ximitunkax (A4,B,), (A1B3) Ta (448,) ctaBumo 3ipouku (*)
1 B MpaBOMY BEPXHHOMY KYTKY KIITHHKH 3alHCYEMO B JYXKKaX PI3HHIIIO
MDK CYMOIO TMOTEHIQTIB 1 BapTICTIO TEPEBE3CHHS OJWHUII BaHTAXKY
OKPECJICHUX KIITMHOK Ta BUOMPAEMO KIITHUHKY, IJ SIKOI LSl PI3HULS
HalO1IbIIa, 30KpeMa KITUHKY (A1B3). st 11€l KINTUHKY OyTy€MO ITUKII
nepepaxyHky Ha BenuunHy &,=min(90;65;35)=35, To0TO 10 uKced, SKi € y
JTONAaTHUX BEpIIMHAX, JOJaEMO 35, a B YHCEN, SKI 3HAXOIATHCS Y
BiJI’€EMHMX BEpILIMHAX, BiAHIMAEMO 35:

90 * 55 35
— +
+ J—
20 65 55 30
+ —
90 35 12
a) 00 nepepaxyHKy 0) nicnsa nepepaxyHky
Bcl 1HII11 KITITHHKY Ta0IU1Il IepenucyeMo 0e3 3MiH.

& | CnoxuBaui B, B, Bs

E E IToTpebu U;

3 = 110 155 140

= H| 3anacu
3 6 () |2

Aq 90 — + u;=0

55 * 35

1 5 7

A2 85 + — ] M2:—2

55 30

9 7 8

As 125 uz=0

125

4 2) |3 (7) |5

A4 105 . + " - l/l4:3

105
V; vi=3 =7 =2
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Mu oTpuMalii HOBUM ONIOPHUM TUJIAH:

ONOpH.

55
55
0
0

0 35
30 O
125 35
0 105

BapTicTh niepeBe3eHHs pU [[bOMY OIIOPHOMY ILJIaHi Oyjie:

1

MDK CyMOIO TOTEHI[IajiB 1 BapTICTIO MEPEBE3CHHS OJUHUII BAaHTAXY IS

HEpPIBHOCTI HE BUKOHYIOTHCS.

Hei Haitouba (7). [lepexoaumo 10 HACTYTHOT TaOJIHIII:

Z,y=3-55+2-35+1-55+5-30+7-125+5-105=1840.

[lepeBipsieMO TJIaH Ha ONTUMAILHICTB: 3HOBY 3alHUCYEMO CHCTEMY
PIBHSIHB, 3HAXOJAUMO BCl IOTEHIIAJIA, 3aHOCUMO 1X 3HA4YEHHS B TaOJIHIIIO 1
JIMBAMOCH, YU BHMKOHYIOTBCS HEPIBHOCTI u;+Vv;<c; A HEOa3UCHHX
KJIITUHOK. € I11e TpY KIITHHKH, 30KpeMa (418,), (A4B1) Ta (A4B85), 11s aKux
bynyemo 1Mk mnepepaxyHKy Ha
BenuunHy 6,=min(55;30;105)=30 g kmituHku (445;), TOMYy 1O Pi3HUALA

? § CrokuBaui B, B, Bs
S oTpedy U,
3 = 110 155 140
= 5| 3amacu
3
A 90 i | w=0
25 * 65
1
A2 85 u2=—2
85
91 @ (1)
A3 125 1/l3:7
* 125
4 (2)
A4 105 = + 1/[4:3
* 30 75
V; vi=3 v,=0 V=2
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Hosuli onopHuy 1ias:

25 0 65

& 0 0

ONOpH. = O 125 O
0 30 75

BapTicTb nepeBe3eHHs IpU OMMCAHOMY OIIOPHOMY IIjIaH1 Oy/ie:
Z5=3-25+2-65+1-85+7-125+3-30+5-75=1630.

Ille € HeOasucH1 KITUHKH (A3B)), (A3B3) Ta (A4B;), NI SKUX HE
BUKOHYIOTBCS HEPIBHOCTI #;+Vv;<c;. ToMy OyIyeEMO IHUKJI TEepepaxyHKy
Ha BenuuuHy 6,=min(25;75)=25 nnst xmTUHKA (A481), OCKUIBKY Pi3HULA
MDK CYMOIO MOTEHIIaNIB 1 BAPTICTIO IEPEBE3CHHSI OJAUHUII BAHTAXY IS
Hei piBHA 2 (HalOLIbIIa). OTprMaeMO TabIUIIIO:

& - Cnoxusayi B, B, Bs
s g oTpebH u;
3 = 110 155 140
= 5| 3amacu
3 6
A]_ 90 M1:0
90
1 5
A, 85 u,=0
85
9 7
A3 125 + M3:7
125
4 3
A4 105 + — 1/[4:3
25 30 50
V; vi=1 v,=0 =2

Mu oTpuMaiii HOBUM ONIOPHUM TUUIAH:

0O 0 90

& 0 0

ONOpH. = O 125 0
25 30 50
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[Ipu nupoMy 3arajgbHa BapTICTh NEPEBE3CHHS CTAHOBUTD
Z,=2-90+1-85+7-125+4-25+3-30+5-50=1580.

Ockinbku B KIITUHLI (A43B3) 1ie MNOpYLIyeThCA JApyra ymoBa
KPUTEPII0 ONTUMAILHOCTI TPAHCHOPTHOI 3ajayi, a caMe u3+v;>cs;
(742>9), To ns Hi€l KIITUHKUA POOMMO IHKJ MEPEePaxyHKy Ha BEIUYUHY
(6 4=min(125;50)=50. B pe3ynbTaTi OTpUMaIIn:

‘;’ y CnoxxuBaui B, B, B; U;
s X oTpedu
8 z 110 155 140
= 5| 3anacu
6
A1 90 u1=0
90
5
Az 85 Z/lz_—z
85
7
Az 125 uz=6
75 50
3
A4 105 M4:2
25 80
Vi V1:2 V2:1 V3:2

3HOBY OOYHCIIOEMO BCl TMOTEHIAIX 1 3alUCYEMO iX 3HAYCHHS B
tabmuuro. Jlog BCIX HEOA3MCHUX KINTUHOK OCTaHHLOI  TaOmuIi
BUKOHYIOTBCS HEPIBHOCTI u;+Vv;<cC;, a 1€ O3Haydae, 10 MH OTPUMAJIHU
ONTUMAaJILHUHN IIJIaH TTePEBE3CHHS BAHTAXKY:

0 0 90
8 0 0
X, = .
o 0 75 50
25 80 O

MiniMalibHa BapTICTh IEPEBE3CHHS BAaHTAXKY:

Zin=2-90+1-85+7-75+8-50+4-25+2-80=1530 rpomroBux OAUHHUIIb. ¢

[Ipuknang 4.4. 3HalTH ONTUMAIBHUK TUIAH TPAHCHOPTHOI 3ajadyi
npukiady 4.3, BUKOPUCTABIIM JiI BU3HAYCHHSI MOYATKOBOTO OMOPHOTO
IJIaHy 3aJa4i METOJ] HalMEHIIIO1 BapTOCTI.
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¢ Po36’s3y8anns.
Bukopucraemo MeTO/ HaIMEHIIIOI BAPTOCTI 1 3alIOBHUMO MMOYATKOBY
TaOIUII0 TPAHCTIOPTHOT 3a/1a4i:

? } CrnoxxuBaui B, B, B;
s £ oTpedH U,
3 = 110 155 140
= 5| 3amacu
3 6 2
Al 90 M1:0
B B 90
1 5 7
Az 85 M2:-2
85 B B
9 7 8
Az 125 T + Uz=6
25 50 50
Ay 4 3 5
105 p—— — B Us=2
* 105
V; vi=3 V=1 V3=2

KinbkicTh 0a3UCHUX KIITHHOK piBHA 6 1 panr r=4+3—1=6, 3HaUUTH
OTPUMAHUN OTIOPHUM IUIAH HEBUPOKECHUM:

0 0 90
& 0 0
x, o= .
125 50 50
0 105 O

[Ipn TakoMmy miaHi 3arajbHa BapTiCTh IMEPEBE3CHHS BAHTaXy BiJ

MOCTAa4aJIbHUKIB JIO CTIOKHMBAa4iB CTAHOBUTHUME:
Z,=2-90+1-85+9-25+7-50+8-50+3-105=1555.

3a 0a3MCHUMM KJIITHHKAMH 3HAXOJIUMO BCI1 IIOTEHIIAIU 1 X 3HAUYEHHS
3aHocuMo B Tabsumiro. IlepeBipsieMo, YW OMUCAHUM OMOPHUM IIIAH €
ONTUMAJIBHUM.

Ockunbkd B KIMITUHLI (A4B)) MOPYLIYETHCS yMOBa ONTUMAIBbHOCTI
utvi<cy, TO i1 HEi poOMMO IMKI TMepepaxyHKy Ha BEIUYHHY
#=min(25;105)=25 1 nepexoauMo 10 HOBO1 TAOJIHIIi:
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. Cnoxusaui B, B, B;
g S oTpebu u;
g E 110 155 140
= &| 3amacu
3 6 2
Al 90 M1:0
90
1 5 7
Az 85 M2:—2
85
9 7 8
Aj 125 u;=6
75 50
4 3 5
Ay 105 Us=
25 80
V; V=2 =1 =2

O0umncII0EMO 3HAYEHHS BCIX IIOTEHINATIB. | OCKUIBKH IJIS BCIX
He0a3MCHUX KIITHHOK ITI€T TaOIHIIl BUKOHYIOTHCS HEPIBHOCTI U;+V;<C;;, TO
11e 03HAYaE, 10 MU OTPUMAJIH ONTUMATbHUN IUIaH IEPEBE3CHHS BAaHTAXKY:

0 0 90
8 0 0
X =
o 0 75 50
25 80 O

MiHimanbHa BapTICTh MEPEBE3CHHS BAHTAXKY:

Zin=2-90+1-85+7-75+8-:50+4-25+2-80=1530 rpoiioBux OJUHUII. ¢

Mu Bukopuctamu oOWaBa METOIM 3HAXOHKCHHS II0YaTKOBOTO
OMOPHOTO TUTAaHY TPAHCMOPTHOI 3adadi 1 Oauumo, 10 HANUOUIBII
e(DEeKTUBHUM € METOJI HaWMEHIIOi BapTOCTi, TOMY IO BIH BX€ Ha
nepuioMy Kpoiii (mpu 3al0BHEHH1 MOYaTKOBOI Ta0JUIIl) Ja€ 3HAYHO Kpallle
3HAUYEHHS IUILOBOT (PYHKII TpPaHCIOPTHOI 3amadi (MEHIIY BapTiCTh
MEPEeBE3CHHS BCHOTO BAaHTAXy BlJ MOCTAaYaJbHUKIB JI0 CIOXXKUBAUiB), HIK
niaroHaJIbHUN MeToJ. KpiM TOro, /Uil 3HaXOKEHHS ONTUMAJIBHOTO TIIaHy
MEepPEBE3EHH BaHTAXy POOMMO MEHINY KUIBKICTh IHUKIIB IMEPEPaxyHKy
(onuH) B npuxnadi 4.4, e BUKOPUCTOBYBAJIU METOJ HAlMEHIIIOI BapTOCTI,
HIK B npukiadi 4.3, JIe 3aCTOCOBYBaJIM Jl1arOHAJIBHUM METOJA 1 IUKJIIB
nepepaxyHky Oyio 4oTupu. ToMy pPEKOMEHIyeEMO TpH 3HAXOJKEHHI
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MOYaTKOBOTO OMOPHOr0 IUIAHY TPAHCHOPTHOI 3adadyl BUKOPUCTOBYBATH
METOJ] HalMEHIIIO1 BapTOCTI.

4.4. Binkpura TpaHCIIOPTHA 3a/1a4a

Bigomo, mo TpaHcmopTHa 3agada, Ui SKOI CyMa 3amaciB
NOCTAYaJIbHUKIB HE JOpPIBHIOE CyMi TOTped CHOXHBadiB, TOOTO

m n
2.a,#).b,, HasMBacTbCA BIAKPHTON. SIKmIO TMix 9ac pPO3B’A3aHHA
i=1 j=1

TPaHCHOPTHOI 3aJaui 3’sCyBajocs, 10 TPAHCIIOPTHA 3aja4ya BIAKPUTA, TO
il HEOOXIHO 3BECTH /0 3aKPUTOTO THUILY, OCKUIBKM MU MOXKEMO 3HAWTH
ONTUMAJbHUM IJIAH TUIBKU TPAHCHOPTHOI 3aJadl 3aKpUTOro TUMy. Y pasi
NEPEeBUIICHHS  MOMUTY  HaJ  3amacaMd, BBOAMMO  (DIKTUBHOTO

n m
noCTavanbHuka Ay=A,+ 3 3amacoMm a, , =>.b, —> a,, AKIIO X 3amacu
j=1 i=1

MOCTAYaJIbHUKIB TIEPEBUIIYIOTh  MOTPEOM CIOXKUBAYIB, TO BBOJUMO

m n
(hikTMBHOTO crioxkuBaya By=B,.| 3 motpeboro b, => a,—.b,. Bapricts
i=1 j=1

NEepEeBE3EHH OJUHULI MPOAYKIII BiJ (PIKTUBHOTO MOCTayalbHUKA YU [0
(PIKTUBHOTO CIIOKMBaya BBAXKAETHCS PIBHOK HYJIO, OCKUIBKK HAcHpaB/Ii
1Ie BaHTaX MEPEBO3UTUCH HE OyJie 1 I1e HE BIUIMHE HA 3HAYEHHS IIJIbOBOI
byHKITI.

Cimia 3BepHYTHM yBary Ha Te, IO HOpu MOOYJOBI IMOYaTKOBOIO
OTIOPHOTO TUTAaHy TPAHCIOPTHOI 3ajadl METOJIOM HaWMEHINOi BapTOCTi
KJIITUHKU 3 HYJbOBUMH BapTOCTSAMH IIEPEBE3CHHS OJMHUII BAHTAXKY
MOTP10HO 3aMOBHIOBATH B OCTAHHIO YEpry.

[lpuknan 4.5. 3HailTM ONTHUMaJbHUN IIJIAaH TPAHCIOPTHOI 3ajadl,
akmo:  a; =(60; 85, 30; 45); b, =(115; 85 40);
7
6
714
11

W L DB

6
3
1
8

¢ Po3s’azyeannsi.
[lepeBipuMO, YK TpAaHCTIOPTHA 3aj1aya € 3aKPUTOIO.

4 3
O6uncoumo: > a, =60+85+30+40=220; > b, =115+85+40=240.

i=1 j=1
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. m n . es
OcCKUIBKH da, # Zbi , TO 3agada Biakputa. [IpuBenemo 11 10 3aKpUTOrO
i=1 j=1

tummy. BpaxoByrouu Te, mo moTpedu MepeBUINYIOTh 3amacy, TO BBOIUMO
(GiKTMBHOrO nocTayanbHuKa Ay 3 3amacamMu g ,=2b = a =240-220=20
j=1

i=1

1 BapTICTIO NIEPEBE3EHHSA OJMHHULI BAHTaXKy B1J HHOTO ¢;/=0.

[ToOyayemMo MOYAaTKOBHMM OMOPHMM TUIaH TPAHCIOPTHOI 3ajadi
METOJIOM HaliMEHIIIOi BapTOCTI:

& | CnoxwuBaui B, B, B;
‘E E oTpedu U;
3 = 115 85 40
= 5| 3amacu
7 4 (1) |6
Ay 60 + = | w=0
50 * 10
6 2 3
Az 85 —_ + l/lz_—3
85 0
4 5 1
A3 30 l/l3_—5
30
11 3 6) | 8 (2)
A4 45 _ -+ . . M4:4
45
0 0 0
A¢, 20 I/l5_—7
20
V; vi=7 v,=5 ;=6

Mu oTpruMalii TOYaTKOBUI OMOPHUH IIJIaH TPAHCTIOPTHOI 3a]1ayi:

50 0 10
0 85 0

Xy =| 0 0 30.
45 0 0
20 0 0
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BapricTe nepeBe3eHHsI 32 OKPECIEHUM ONIOPHUM IIJIaHOM Oyjie:

Z;=T7-50+6-10+2-85+1-:30+11-45+0-20=1105.

[lepeBipuMo, uyM 1eM TIaH BUPOKeHUH. KidbKiCTh 3aloBHEHUX
(0a3ucHUX) KIITUHOK Mae OyTH piBHA paHry r=51+3—1=7, a B Hac 0a3uCHUX
KIITUHOK 6, TOMY IUIaH TEPEBE3CHHS BaHTaXy BUpOKeHHd. OTxe, B
ONHINM 3 HeOa3ucHuX (HE3alMOBHEHUX) KIITUHOK CTaBUMO «HYJIbOBE
nepeBe3eHHs» (0a3MCHUI HYJIb) 1 BBOXAEMO II0 KJIITUHKY 0a3uCHOMO, a
AKy caMmMe KIITHHKY Tpeba HaMm B3STH, BU3HAYUMO TMPU 3HAXOJKEHHI
MOTEHIIIATIB.

Jliist 6a3uCHUX KIIITUHOK NMOBHMHHI BUKOHYBATUCh PIBHOCTI U;+V;=Cj;.
3anuiiemo 11 HepIBHOCTI, BI3bMEMO OJIHY 3 HEBIJIOMUX PIBHY OY/b-IKOMY
quCy, HanpuKiIaa, u;=0, 1 3HaX0AMMO BCi 1HIII MOTEHIIAJIH:

e ru]:())
v, tu =7, B B B
v=T-u=7-0=7,
v, +u, =6, B B B
v, =6—u,=6-0=06,
v, tu, =2,
] = v, +u, =2,
v, +u, =1, B B B
u, =1-v, =1-6=-5,
v, +u, =11, B B B
u,=11-v, =11-7=4,
v +us =0. B B B
us=0—-v,=0-7=-7,

Mu maeMo 3Hau€HHS BCiX IOTEHINATiB, KPIM U, Ta V,. 3alUIIEMO
3HAQUYEHHS 3HANJEHUX MOTEHIIaliB B MOYATKOBY TAOJHUIIO TPAHCHIOPTHOI
3a7a4l 1 Jajl BU3HA4YaeMoO, B sKi HeOa3MCHIM KIITHMHII HaM Tpeda
3amucaTu «0a3MCHUI» HYJb. 3 HEOA3UCHUX KIITUHOK APYroro psaoyka i
APYroro CTOBMYMKA (I HHUX HE MOXEMO OOYHCIUTH 3HAYCHHS
MOTEHIIIAIIB), /I€ BXKE € MOPAXOBAHUMN OJIMH 3 MOTEHI1AIIB, BUOUPAEMO TY,
JIe¢ HailMEHIIIa BapTICTh MEPEBE3CHHS OJMHUIN BaHTaXy (KpiM HYJIbOBOI
BapTocTi). B Hamomy Bunaaxky — ue kiithHka (A4,B3). 3anucyemo B Hiit 0
Ta BBaXaeMoO i1 0a3MCHON. 3amMCyeMO IS HEl PIBHSHHS V3+u,=3, sKe
JTOTIUCYEMO JIO CUCTEMH 1 Jaji 3HaXOIUMO BCI MOTEHITIAJIH:

”120, v1:7, v3:6’ v3+u2:3, v, +u, =2, Usy = -5, Uy =4, u5:—7.

u, =0, v,=7, v; =6,
uy,=3-v,=3-6=-3,
v, =2—u,=2-(-3)=5,

uy=-5, u, =4, us=-7.
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3HaiiieHl 3HAYE€HHS  MOOTEHIIAJIB  3aluIIeEMO B  TaOJIHIIIO.
[TepeBipuMO, 4M JAaHUN OMOPHUN IJIaH € ONTUMAIBHUM, 30KpEMa YU
BUKOHYIOThCA ISl HEOa3MCHUX (HE3almOBHEHUX) KIITHHOK HEPIBHOCTI:
u,+v,<c;.

Maemo Tpu KMTHHKU (A1B,), (A4B,) T1a (A4B3), s SKUX HE
BUKOHYIOTHCSA 11l HEPIBHOCTI, a II€ O3HA4ae€, IO OMOPHUM IJIaH HE €
ONTUMAJIBHUM. B 1MX KIITHHKaX CTaBUMO 3IpOYKH 1 B MpaBOMY
BEPXHbOMY KYTKY KIITHHKHU 3alUCYEMO B JyKKaX PI3HUIIKO MK CYMOIO
MOTEHIIIAJIIB OKPECICHUX KIITUHOK 1 BapTICTIO MEPEBE3CHHS OIUHUIIL
BaHTA)XXy Ta BHUOMpPAEMO KIITUHKY, I SIKOI 1L PI3HUIS HaiOuIblIa
(KMTUHKY (A4B5)). s 1i€l KITUHKA OyAyeEMO LMKI MEpEepaxyHKy Ha
BeanunHy 6,=min(10;85;45)=10, ToOTO nO YMcen, sKI € y AOJATHUX
BeplInHax, nojgaeMo 10, a Big yucen, sKl 3HAXOMSITHCS Y Bl €MHHUX
BepiIrHax, BigHiMaemo 10. Bei iHII KIITUHKHA TaOIUI MEpenucyeMo 0e3
3MiH.

% i} CnoxuBadi B, B, B;
M .
55| o 85 40 u’
= E| 3anacu
7 4 6
Al 60 M1:0
60
6 4) |2 3
A, 85 . T T =3
75 10
4 + 4) |5 1
A3 30 - I/l3:1
* 30
11 3 8
A4 45 _ + M4:4
35 10
0 0 0
Ay 20 us—7
20
V; vi=7 =1 v3=0
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Mu oTpuMalii HOBUI OIIOPHUM IIJIAH:

ONopH.

60 0 O

0 75 10
=10 0 30/

35 10 O

20 0 O

BapticTh nepeBe3eHHs Ipu OMOPHOMY ILJIaH1 Oyie:
Z,=T7-60+2-75+3-10+1-:30+11-35+3-10+0-20=1045.

[lepeBipsieMO ONMMCaHUM TJIaH HA ONTUMAJIBHICTh: 3HOBY 3alTUCYEMO
CHUCTEMY DPIBHSHB, 3HAXOJUMO BCl IMOTEHIIIAIH, 3aHOCUMO iX 3HAYCHHS B
TAOJUIIO0 1 JMBUMOCH, YU BHUKOHYIOTbCS HEPIBHOCTI U, +V ;<c; nns

HeOa3MCHUX KIITUHOK. € 111e B1 KITHUHKU — (A,B)) Ta (43B)), 118 IKUX 111
HEPIBHOCTI HE BUKOHYIOThCA. BynyemMo UK MepepaxyHKy Ha BEJIMYUHY
6,=min(75; 30; 35)=30 mna kmTHHKU (43B;), TOMy LIO0 PI3HHULS MIX
CYMOIO TIOTEHI[IaJIiB 1 BapTICTIO MEPEBE3EHHS OJMHUIIl BaHTAXy JJIsi 000X
KJIITUHOK OJIHaKOBa (4) 1 HEMae CYTTEBOTO 3HAYCHHS, Ky 3 KJIITHUHOK

B3sATH. [lepexoanumo 10 HaCTYHOT TaOIHIII:

é:? } CrioxxuBaui B, B, B;
S B oTpedu Ui
3 = 115 85 40
= =| 3anacu
7 4
A]_ 60 M1:O
60
6 4 |2
A, 85 & - B U,=3
45 40
4 5
As 30 Uz=—73
30
11 3
A4 45 _F + M4:4
5 40
0 0
Ay 20 us—77
20
V; vi=7 v,=1 v3=0
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Hoswuii onopHuy 1ias:

60 0 O
0 45 40
Yo =| 30 00
5 40 O
20 0 O

BapticTh nmepeBe3eHHs BAHTaXY MPU [IbOMY Oyie:
Z3 =7-60+2-45+3-40+4-30+11-5+3-40+0-20=925.

[Ile € onna kmiTuHKA (A,B)), IJs SIKOi HE BUKOHYIOTHCSI HEPIBHOCTI
u,+v,<c;. Tomy OylyeMO UMK [EPEPAXyHKY HA BEIUYUHY

0,=min(45;5)=5 s niei kmTuHKA. OTpUMAEMO TaKy TaOIHLIO:

‘::? } CrioxuBaui B, B, B
s £ oTpebu u;
3 = 115 85 40
= 5| 3amacu
7 4 6
Al 60 M1:0
60
6 2 3
A2 85 l/lg—l
5 40 40
4 5 1
A3 30 l/l3_—3
30
11 3 8
A4 45 M4:0
45
0 0 0
Ag 20 us—7
20
V; vi=7 v,=3 =4

3HOBY OOYMCIIIOEMO BCl MOTEHIIANX 1 3aMUCYEMO I1X 3HAYECHHS B
tabmumro. Jlnsg  Bcix HeOa3MCHUX  KIITMHOK OCTAaHHLOI  TaOJIHIl
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BUKOHYIOTBCsSl HEPIBHOCTI u, +Vv, <¢;, a Ll O3HAYae, [0 MU OTPUMAJIH

ij
ONTHUMAaJIbHUM IIJIAH ICPCBC3CHHA BAHTAXY .

60 0 0
5 40 40
x, =30 0 0
0 45 0
20 0 0

MiHiManbHa  BapTICTh  MEPEBE3EHHS  BCiX  BaHTaXIB  Bij
MMOCTA4YaJILHUKIB JI0 CIIOKWBAYlB CTAHOBUTD:

Zin =1:60+6:5+2-40+3-:30+4-30+3-45+0-:20=905 rpomoBux OAUHUIIb.
[Ipu upomy cnoxuBad B; He orpuMae 20 OJAWHUIL BAHTAXKY,
OCKUIBKH IT’SITUM MOCTayaJbHUK (DIKTUBHUH 1 BaHTAXXy HacIpaB/ii HEMae. 4
Hecounicms onmumanbiozo niany mpancnopmuoi 3aoaui.

Komu MM OTpHMyeEMO ONTHMAJIbHUM IIJIaH TPAHCHIOPTHOI 3ajaui,
[IOCTA€ JOTIYHE 3alUTAHHI: 4Yd €OUHUNA TaKUW OITUMAJIbHUU IUTaH?
Po3ristHeMo ocTaHHIO TaOJUIIO TPAHCTIOPTHOI 3a1a4l npuxiaoy 4.5.

% } CroxuBadi B, B, B;
& .
g E Lompeon ) s 85 40 .
= 5| 3amacu
7 4 6
Al 60 M1:0
60
6 + 2 3
Az 85 I/lz_—l
5 40 40
4 5 |
As 30 - T u=3
30
11 3 8
A4 45 M4:0
45
0 0 0
Ag 20 us—7
20
V; vi=7 =3 ;=4
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Mu Gauumo, mo Uit oJHi€el 3 HeOAa3HMCHUX KIITUHOK Ifi€l TaOJMIIl,
30kpeMa A3B3;, yMOBa ONTUMAaJbHOCTI OMOPHOTO IJIAHY BUKOHYETHCA SIK
CTpOra PIBHICTB: U, +V, =Cy;; —3+4=1.

BukonaeMo i i€l KIITMHKM LMK~ [E€pEpaxyHKy  Ha
6=min(30;40)=30. B pe3yiapTaTi OTpUMAEMO HOBY TaOJIMI[IO 1 HOBUM IIJIaH
NIePEBE3CHHS BAaHTAXKY:

g? i} CnoxuBaui B, B, B;
S 2 oTpebu u;
3 = 115 85 40
= E| 3anacu
7 4 6
A1 60 M1:0
60
6 2 3
Az 85 I/lz—l
35 40 10
4 5 |
A3 30 I/t3_—3
30
11 3 8
A4 45 M4:O
45
0 0 0
Ay 20 us—7
20
V; vi=7 v,=3 ;=4

baunmo, 1m0 B TAONMII BUKOHYIOTBCS YMOBH  KPHUTEpIiIO
ONTUMAJIbHOCTI TPAaHCHOPTHOI 3aj1ayl, a TOMY OTPUMAaHHMI IUIaH TEX
ONTHMAaJbHUM:

60 0 0
35 40 10
x, =0 0 30
0 45 0
20 0 0

1 cyMapHa BapTICTh IEPEBE3CHHS BaHTaXy CIIBIAJa€ 3 MiHIMAJIbHOKO
BapTICTIO, SIKY OTPUMAJIH 3 TIOTIEPEAHBOT TAOJIHIII:
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Zyin =71-60+6:35+2:40+3-10+1-30+3-:45+0-20=905.

OTxe, MH MaeMO JBa ONTHMAajbHI IUIAHH OJHIET TPAHCIIOPTHOI
3amgaui. IIpore 3 TreoMeTpuuHOi I1HTEpHOpeTalii 3agad JIHIAHOTO
MpPOTpaMyBaHHS MM 3HAEMO, IO SKIIO IIJIbOBa (DYHKIIS JOCATAE CBOTO
EeKCTpEeMaIbHOr0 (MaKCUMMaJIbHOI'O YW MiHIMAJbHOIO) 3HAYE€HHS B JIBOX
BEpIIMHAX MHOTOTPAaHHMKA JOMYyCTHUMHX pO3B’S3KiB, TO BOHAa HalyBae
TaKOTO JK 3HAUYEHHS B KOXHIM TOYlll BiJpi3Ka, IO CHOJy4Yae I JBi
BEpIIMHU. 3HAYUTh TPAHCIOPTHA 3ajada TEX IIOBHHHA MaTH Oe3Iid
ONTUMAJIBHUX TUIaHIB. SIKIIO PO3TISHYTH OCTaHHIO TaOIMIO, TO 0aYHUMO,
o JUIsl KIITUHKU A3B; yMOBa ONTHMAJIbHOCTI BHKOHYETHCS SIK CTpOTa
PIBHICTh 1 IMKIMA IS 1€l KIITUHKH, 1 KIITHHKU A3B; TONepeaHboi
TaOJuIl 3AIMCHIOIOTHCS Ha OJHE 1 Te X 3HaueHHS mnapametrpy 6=30.
[lepepo3nonainn BaHTaxXy B po3Mipi € OJWHHUIIL CTOCOBHO KOXKHOTO 13
IUKJIIB 3aJIIIa€ He3MIHHUMH yYMOBH ONTHUMAJIBHOCTI. Bu3HaunmMo mexi
3MiHU nlapaMeTpy & 3 OCTaHHBOI TaOJHIIL:

0<0<min(35,30)=230.

OTxe, MHOXKMHA BCIX ONTUMAJIbHMX IUIaHIB TPAHCHOPTHOI 3ajadi,

0 PO3TIIAAETHCS, MA€ BUTJIS/:

60 0 0
35-0 40 10+0
x, = 0 0 30-6
0 45 0
20 0 0

[IpoTe, sKkiIO BpaxyBaTH UUIOYUCENBHICTh HapameTpy 6, TO
MHOXHHA ONTUMAJIbHUX TIJIaHIB 3BY3UThCA.

4.5. ExoHoMiuHI 3a1a4i, 110 3BOAATHCS 10 32724
TPAHCIIOPTHOIO THITY

4.5.1. On1HONPOAYKTOBA 3271244 MOTOYHOI'0 NMEPCIEKTUBHOIO
IJIAHYBAHHA

HaimpocTtimuMu MOAEIsIMH Taly3eBOro INIaHYBaHHS € MOJel
onTuUMi3allii MOTOYHMX 1 TEPCIEeKTUBHUX IUIAHOBUX PO3PaXYHKIB
BUPOOHUIITBA Ta OCTAYaHHS OJIHOPIAHOI MPOTYKIIII.

Po3risiHeMO  OJHONPOAYKTOBY MOJI€NIb MOTOYHOTO Tajy3€BOroO
IJIaHyBaHHS. Y NOTOYHOMY MEpioji HEOOX1IHO BU3HAYUTHU ONTUMAaIbHUN
BaplaHT 3aKpIIJICHHS CIIOXKHBAyiB 3a MOCTadyaJlbHUKAMH TaKUM YHHOM,
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00 TPAHCHOPTHI BUTPATH HA NEPEBE3EHHS BCHOrO0 OOCATY OJHOPIIHOI
MPOAYKIIIl Y CUPOBUHU Oy MiHIMAIIbHUMH.

[IpunyctuMo, 1O B CTPYKTYpPY YMOBHOI Trajy3l BXOJIWUTb 7N
NIIMPUEMCTB, SIKI € BHUPOOHUKAMHU OJHOPIAHOI MPOAYKII KUIBKICTIO
a,,a,,...,a,. Jam BHpoOJIeHa MNPOAYKLIA PO3NOAUISIETECA MIK M
MIMPUEMCTBAMU-CIIO)KUBaYaMu. [loTpeObu  BIAMOBIIHOTO  CIOXKUBaya
CTaHOBJATH b,,b,,...,b . BBeeMO 03HAUYEHHS: | — 1HJIEKC OCTaYaJIbHUKA
NPOMYKIIL; j — IHJAEKC CIIOXKMBA4a MPOAYKIII; f; — BapTICTh NEPEBE3CHHS
OJIMHMII TPOAYKIIi BiJ I-r0 MOCTayajdbHUKA 1O j-TO CHOXHUBaya; a; —
HAsBHICTb POLYKII B {-I0 IOCTa4albHUKA; b; — moTpeda B MPOAyKIii j-T0
CIIOKMBA4a; X; — IOyKaHa HEBIJOMa BEJIMYMHA O0CATY IEPEBE3CHb
MPOJYKIIIT BiJl i-I'0 MOCTavajIbHUKA JI0 j-TO CIIOXKKBaya.

3 ypaxyBaHHSIM BBEJEHUX MO3HAYEHb, MATEMATHYHA MOJIEIb OJIHO-
IPOIYKTOBOI 3a7aul MOTOYHOTO TUIAHYBAHHS MaTUME BUTJIA/L.

3HAWTU TAKUH IUIaH {xi]. > O} , SKMH 320€311eUnTh

/= Zn:itijxl.j —> min

i=l j=1
MpU BUKOHAHH] YMOB:
1) 3 HAIBHUX BUPOOHUYHUX MOTY>KHOCTEH MOCTAaYaIbHUKIB

m _
le.j <a,i=ln;
Jj=1
2) 13 3a0e3MeueHHs TUIAaHOBO1 MOTPeOH B MPOAYKIIi CIIOKHUBAYIB

Zm:xij =b;, J =Lm.
i=1

VY miBii 9acTHMHI MOJel TOBUHHA BUKOHYBATHCS JOJaTKOBAa YMOBa,
sKa TMOJIsra€ B TOMY, 110 TOTPEOU HE TMMOBUHHI IMEPEBUIIYBATH 3aMaciB:

m n
Zb ;< Zai :
j=1 i=1

OpmHak y MpakTUYHINA AISTIBHOCTI TPAIUIAIOTHCS BUMAAKU, TIPU SKUX
norpeda TEpeBUINyE HasBHI BHUPOOHWUYI TMOTYXKHOCTI. TOJI BUHHUKAE
HEOOX1IHICTh HA NEPCHEKTUBY PO3IIMPIOBATA HASIBHI MOTYXKHOCTI 3a
paxyHOK BBEJCHHS B JIil0 HOBUX 00’€KTIB a00 PEKOHCTPYKIIii 1CHYIOYHX.
OTxe, TEpexoguMo 1O  PpO3TJsay  OJHOMPOAYKTOBOI  3ajadi
MEePCIEKTUBHOTO IJIAHYBAaHHS.

[Tpunyctumo, 1o B Aesikiil ramy3i QyHKIIIOHY€E k MIINPUEMCTB, K1
MaloTh pIYHY MOTYXKHICTb 4,,d,,...,d, OJUHHIb IPOAYKIII OJHOTO BHIY.
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Piuna norpeba m 1HIIMX MIANPUEMCTB Tally3l B JA€SIKOMY BUAI MPOAYKIIIi
BiamoBinHO cknamae b,b,,....b . Ilpm mpomy nitodi migmpueMCTBa He
MOXYTh 3a0€3MEYUTH MOTPEON CIOXKUBAYIB B OKPECICHIM MPOIyKIii Ha
BEIINYNHY

azzm:bj—Zai.

Jj=1 i

OTxe, HA MEPCIEeKTUBY IUJIAHYETHCA (71-k) BaplaHTIB PO3IIUPEHHS Ta
PEKOHCTPYKIIii, 1110 AIIOTh HA BEJIUYHHY d.

JInss moOynoBM MaTEeMaTUYHOI MOJENl BpaxyeMo TMONepenHi i
BBEJIEMO HOBI MO3HAYEHHS: ¢; — COOIBAPTICTh OJMHUII MPOAYKIIT HA i-My
HiANPUEMCTBI (K HA [Ji0YOMY, TaK 1 Ha INPOEKTHOMY); f; — BapTICTh
MEPEBE3CHHSI OJMHUII MPOAYKIT BIJ [-rO TMOCTaYallbHUKA [0 j-TO
CrokuBaya; E — HOpPMATHBHUN KOE(QILIEHT €(PEeKTUBHOCTI KamiTalbHUX
BKJIaJIeHb; k; — KamiTaJbHI BKJIQJCHHS [JI1 BapiaHTIB OyJIBHULITBA Ta
PEKOHCTPYKIIIl B pO3paxyHKy Ha OJMHUILIIO P1YHO1 nTpoAykIii. Kpim 1poro,
HEOOXITHO BBECTH JOJATKOBOTO CHOXHMBadya 3 moTpedorw (n-k-1)a
OJIIMHMIIL TIPOAYKINi, 3aJaBIIM JUIsI HHOTO TMPHUBEACHI BHUTPATH, IO
JTOPIBHIOIOTh HYJI10. TOJ1 €KOHOMiIKO-MaTeMaTH4yHa MOJeNb 3ajadvl
HaOyBa€ BUTJISAY: 3HAWTU ONTHMAJIbHHUM TIaH 301IBIIECHHS BUPOOHUYUX

k
=1

IIOTYKHOCTEN {xij > 0} , AKU 3a0€31eYnTh

n m+l

ZZZZ(CI' + Ek, +tl.j)-xl.j — min

=l j=l
IIPpY BUKOHAHH1 YMOB:
1) 13 3a70BOJIEHHS TOTPEO MIAMPUEMCTB ragy3l B MPOAYKIIIi

D> x;=b,, j=Lm+1;

i=1
2) CTOCOBHO BUPOOHUYHUX MOTY>KHOCTAX MIIPUEMCTB

m+1

le.j =a,i=ln.
j=1

Ilpuknang 4.6. I'any3p CKIamaeThCs 3 YOTUPHOX MIAMPUEMCTB, SKI
BUPOOJISIIOTh  OJHOPIAHY MNPOAYKIII0. BHpOOHMYI TOTYKHOCTI LHX
mAIpUeEMCTB cTaHoBATh 100, 150, 200, 150 oaununbs BUpoOIB 3a 100Y.
[IlonenHna mnotpeba IHIIMX ITSITH MIANPUEMCTB Taly3l y BUPOOHUYIN
npoaykiii cranoButh 150, 100, 150, 200, 100. TpancnopTHi BUTpaTu
(TpH.) 32 JOCTaBKY OJMHMIII TMPOAYKIIIL JUIsl AIFOYUX MIIMNPUEMCTB 3aJaH1
TaKOI MaTpUIICIO:
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40 20 25 30 25
[t.]— 15 35 40 15 30 .
Y 25 10 30 45 10
35 15 50 55 20

CobiBapTicTh BUPOOJEHOI MPOAYKIII HA MIFOYMX MIJANPUEMCTBAX
CTaHOBJIATH: ¢, = (25;30;28;20) I'PH.

OCKUIbKM HasiBHI BUPOOHHMYI MOTY>KHOCTI HE MOXYTh 3a0€3MEUYUTU
CBOIX CYMDKHUKIB TIPOAYKIII€I0, TO Ha TIEPCIEKTUBY ILJIAHYETHCS
30UIBIIIMTHU MOTYKHOCTI rajy3i Ha BEeJUYUHY, 110 JopiBHIOE 100 oguHUIlL
BUPOOiIB 3a 100y. IIpoekTamu mependadeHa PEKOHCTPYKIlS IMEPLIOro Ta
TPETHOr0 MIAMPUEMCTB Ta OYIIBHUITBO HOBOro. Co0OiBapTICTh OJMHUIII
TIPOYKIIii MicNs PEKOHCTPYKIIiT CTAHOBUTS: ¢, =22 IpH. 1 ¢i =25 IpH., a
Ha HOBOMYy c¢, =20 rpH. IluTOMI BHTpaTH Ha PEKOHCTPYKLIIO Ta
OyAIBHULTBO NIANPUEMCTB IOPIBHIOOTE Ek, =48, Fk, =40, Ek, =50 rp=.
TpaHcOpPTHI BUTpaTH HA OJWHMUITIO MPOIYKIIT 1T HOBOTO MiANPHUEMCTBA
CTaHOBJIATH [ = (30;45;50;25;35).

BuzHaunutu ontuManbHUN BapiaHT MPUPOCTY MOTYKHOCTEH raimys3i Ta
e¢(EeKTUBHMI IIJIaH TOCTAaBKH BHUPOOIB CyMIXKHUKaM, SKUW 3a0€3MEYUTh
MIHIMaJIbH1 BUTPATH.

¢ Po36’s3y8anns.

3HaXO0AMMO 3arajbHi BUTpaTd Ha OJWHHUIIO MPOIYKINI 3
ypaxyBaHHsIM BapiaHTIB MPUPOCTY MPOAYKIUi. JIJIs MiF0UrX MiaIPUEMCTB
3arajbHI BUTPATH MICTATh y €001 ;1 ¢;, @ I HOBOI'O Ta PEKOHCTPYKIIIT —
TaKOX 1 KamiTajabH1 BKJIaJAeHHA (Tadm. 4).

Tabmmg 4
3araibHi BUTPATH HA OJMHHUIIO MoTysKHicT,
IPOAYKIII, I'PH.
B | B | B | B.| B: B THC. OJI.

A 65 | 45| 50 | 65 | 50 0 100

A, 45 | 65| 70 | 45 | 60 0 150

As 53 |38 | 58 | 73 | 38 0 200

Ay 55 | 35| 70 | 75 | 40 0 150
Pexonctpykuiss 4, | 110 | 90 | 95 |100| 95 0 100
Pexonctpykmiss 43 | 90 | 75 | 95 |110| 75 0 100
DY MBHUITEO 100 [ 115] 120 | 95 | 105 | 0 100
[ToTpeba 150 [ 100 | 150 | 200 | 100 | 200
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HeBioMO10 BEIMYMHOIO B 3a/1a4l € X; — KIJIBKICTh NPOMYKIi, SAKY
mocrayae [—d BHUPOOHUK j—My CIOXKHBayeBi. Sk 0auyuMo, KUIBKICTh
CIIOKMBaviB 30UIbIIKIACS Ha OJUHMIIIO, a moTpedu Ha 200 onunub. Lle
MOB’SI3aHO 3 THUM, IO MOJIeJIb MICTUTh TPU BaplaHTH PO3IMIUPECHHS
noTyxkHocTel oocarom 100 oTUHUIL.

MartemaTuuHa MOJICIIb 3az[aqi MAaTUMEC BUTIJIA:
3HAUTH
Z =65x,, +45x, +50x, +65x,, +50x,, +...+

+105x,, +150x,, +135x,; +110x,, +120x,, = min

IpU BUKOHAHHI YMOB:
1) 3 moTped miANPUEMCTB y MPOTYKITIi:
NEPLIOTO — X, + X,, + X3, + X, + X5, + X, +x,, =150
APYIOTO — X5 + X,y + X3, + X, + X5, + X, + X5, =100;

LIOCTOTO — X, + X, + X3 + X + X5 + X + X, =200

2) CTOCOBHO BUPOOHUYUX MOTY>KHOCTEH:

HEPILIOTO — X;; + X, + X5 + X, + X5 + X, =100;

APYLOTO — X, + Xy + Xp3 + Xy + Xp5 + X, =150

HOBOI'O — X, + X0 + X;3 + X, + X,5 + X, =100.

Po3B’sa3aBmm  3amady 3 JOMOMOIOK OJHOTO 3 ONTHUMI3AIIMHUX
npukiaguux maketiB (LINA, EXCEL), 6auumo, 10 ONTUMAJIbHUM
BaplaHTOM OyJie PO3UIMPEHHS MOTY>XKHOCTEH NEPIIOro MiAIpPUEMCTBA.

Kpim 116010, MU OTpUMAaJIM ONITUMAJIBHUH TIJIaH 3a0€3MeUeHHs TPOAYKIIIE€I0
Ha MIEPCIEKTUBY:

0 0 100 0 0 0
0 0 0 15 0 0
100 0 0 100 0
x]=| 50 100 0 0 0 |
0 0 0 0 100
0 0 0 0 0 100
0 0 50 50 0 0
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4.5.2. Moaeab onTUMAJIBLHOTO PO3MOALTY (PiHAHCOBHX
pecypciB 0aHKY

O0car (iHaHCOBUX pecypciB OaHKY BHU3HAYA€THCS HASBHICTIO IMEBHOI
KUTBKOCTI TPOLIOBMX KOIUTIB y Tid abo 1Hmik BamtoTi. IIpu 3m1iicHeHH1
KPEJMTHUX ONeparliii BUHUKAIOTh CUTYaIlli, KOJii 0aHK HE Ma€ MOXKJIMBOCTI
3aJIOBOJIHUTH KJII€EHTA B KOHKPETHIA BamOTi. ToMy SIK aabTepHATHBHI
BapiaHTU TO3WYAIILHUKY MPONOHYIOTHCS KPEIWTH B IHIIINA BallOTI B
MOEHAHHI 3 HAJAHHSAM IOCTYT BITHOCHO KOHBEpTAIlll BAJIOTH KPEIUTY Y
HEoOX1Hy BaMOTy. Pa3oMm 3 TUM mpolleHTHA CTaBKa JJisl KPEAWTY B TEBHIN
BAJTIOTI KO)KHOMY MO3WYAJILHUKY BCTAHOBJIIOETHCS 1HIUBITyaJIbHO, BUXOASIUN
3 ICHYIOYMX BITHOCMH MDK OaHKOM 1 MO3WYAJILHUKOM, PHU3MKOBAHOCTI
oreparili, KOHKypEeHTHO1 Ta pEHTHHTOBO1 MO3MITii OaHKY 1 T.1I.

[Ipu npoBeneHHI MOAIOHUX Omnepaliid 3 BEIUKOIO KIJIbKICTIO KIIIEHTIB
BUHHUKAIOTh MEBHI TPYAHOIIl Y 3HAXO/KEHHI ONTHUMAJILHOTO BapiaHTa
cepeZl MHOKMHHM ICHYIOUHX, SIKMM 3a0e3neunB Ou nmoTpedy MO3UYabHUKIB Y
KpeauTax 1 npuOyTok 0aHKy OyB OM MaKCUMAJIbHUM.

Jlns po3B’si3aHHS  TOCTaBJEHOI MpoOJeMH MOXXHA MOOyAyBaTH
€KOHOMIKO-MaTeMaTUUHy MOJEIb, sIka 3BOJAUTHLCS J0 3ajadl TPaHCIOPTHOIO
TUIY, 1 JlaJll BUKOPUCTATH MAaTE€MaTHUYHUMN IHCTpyMEHTapiid abo mporpami
MPOYKTH MAaTEMAaTUYHOTO MPOTpaMyBaHHSI.

[Ipumyctumo, 1mo O0aHK Ma€ # BUIIB BUIBHUX PeCypcCiB (IPOIIOBHUX
KOILTIB Y PI3HUX BUJAX BaIIOT), HA SIKI B KOHKPETHUW 4Yac € TOMUT, 1
IJIAHYETHCS iX PO3MOAUIMTH MIXK 7 MO3UYAIbHUKAMH (FOPUIUYHUMU YU
b13uyHIME 0co0aMu ).

Jlnst o0y 10BH €KOHOMIKO-MaTEMaTHYHOT MO 3a/1a4l BBEAEMO TakKi
MO3HAYCHHS: [ — 1HAEKC BHAY BaJIOTH, [ =1,7; j — 1HACKC MO3UYaJIbHHKA,
j=Lm; b, — 0o0cAr KpequTy y T'pMBHEBOMY CKBIBAJIEHTI BHUIUICHOIO j-My
NI03UYaJbHUKOBI; C; — TIPOLUECHTHA CTaBKa BIJHOCHO KPEOWTY NI j-TO
NMo3WYaJIbHUKA Y BAIIOTI i-TO BUIY; @; — OOCST BUIBHHX pecypciB OaHKY B
[-My BHJI BalIOTH; X; — HEBIJIOMA BEJIMYMHA, K4 BU3HAYAE OOCAT KPEIUTY
BUJIUICHOT'O JIJI51 j-TO TIO3WYaIbHUKA B I-MYy BUJIl BAJIIOTH.

HeoOXiHO 3HAWTH ONTUMAbHY CTpAaTEril0 PO3MOJUTY HasgBHUX
(hiHAaHCOBHX pecypcCiB, siKka 3a0€3MEUUTh MAKCUMAJIbHUM MPUOYyTOK OaHKY
B1JI MPOBEACHHS KPEIUTHUX OMEpallii.

BpaxoByroun  BBeleHI ~ TNO3HAYEHHs, MaTeMaTH4HA  MOJETb
ONTUMAJILHOTO PO3MOJUTY BUIBHMX (DIHAHCOBHX pecypciB OaHKy Haly[e
BUTJIATY.

3HaWTH TaKUH IDIaH {xl.jj >0,i=1,n,j=1,m}, akuii 3a0€311€INThH
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R
ZI_Z‘; 100 —> max

IpU BUKOHAHHI YMOB:
1) 3 00cATy BUIBHUX pECypCiB OaHKY

m
inj =a,i=1n;
j=1
2)3 00cATy BUAUICHUX KPEIUTIB MO3UYaIbHUKAM

le.j =b,,j=1m;
j=1

3) piBHOBAru MOIMUTY Ta MPOHO3UIIIT
m n
=3
Jj=1 i=1

[Ipore y MOBCIKIEHHIA AiSUTBHOCTI OaHKy MOXYTh BHUHUKHYTH
CUTYaIllil, 32 SIKMX TMOIUT MEPEBUIIYE HASBHI KPEAUTHI pe3epBU, TOOTO Mae

MICIIE
m n
Zb > Zai )
j=1 i=1

VY BuUNAIKy MNEPEBUILCHHS MOMUTY HaJA NPONO3HIIEI0 CTOCOBHO
KPEAUTHUX DPE3EpBIB OAHK MOXKE JOJATKOBO BHUKOPHUCTATH MIKOAHKIBCHKUM
KpPEAUT 00CSATOM d TPOILIOBUX OJUHUIIL 32 YMOBH, SIKIIO IOMY 11€ €EKOHOMIYHO
BUT1IHO. BennunHa Mi>kOaHKIBCHKOTO KPEIUTY CTAHOBUTUME:

d= Zm:bj —Zn:al. .
j=1 i=1

Jlayi BBOOMMO JIOAATKOBI MO3HA4YEHHS: [ - 1HAEKC OaHKY, y SKOMY
B3SATO KpeauT, /€L — MHOXHWHa OaHKIB-NIOCTAa4yaJbHUKIB, ); — 0OCAT
MDKOAHKIBCHKOTO KPEAUTY B3ATOTO y [-My OaHKy i-TO BUIY BalioTH; Pj; —
MPOLICHTHA CTaBKa BIAHOCHO MiXkOaHKIBCHKOTO KPEIUTY ISl [-r0 OaHKY Y
BAJIIOTI i-r0 Buay; (J; — MaKCUMaJIbHO MOKJIUBUH 0OCST B3SITTS
MDKOAHKIBCHKOT'O KpEUTY B [-My OaHKY Yy BaJIfOTI i-I'O BU]IY.

Toni mipoBa GyHKIIIS MAaTUME BUTTISIL

o G NN D
2= 0200 22

i=l i=l i=1 leL

IIPY BUKOHAHH1 YMOB:
1) 3 00csary HasgBHUX BUIBHUX pecypciB OaHKy 3 BpaxyBaHHAM
MDKOAHKIBCHKOT'O KPEIUTY
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m _
DX =a+ ) yyi=1n;
j=1

lel
2) 3 00CATY BUJIJICHUX KPEIUTIB MO3HMYAJIbHUKAM

m
2% =b,.j=Lm;
j=1

3) CTOCOBHO pO3MIpPiB Mi>kOaHKIBCHKMX KPEIUTIB
Vi SQz‘l’i:L—n’lEL;
4) CTOCOBHO HEB1/1’ €MHOCTI 3MIHHHX
Yy 20, x, >0,i=lnlel, j=1m.

[lob6ynoBani 1imb0BI (GyHKIII Z; Ta Z, BIIOOpaXarOTh I1HTEPECH
TUIBKA OCHOBHOTO OaHKy 1 HE BpPaxXxOBYIOTh 3aIliKaBJIEHOCTI CaMHX
NO3UYaJbHUKIB. TOMYy JOIIIBHO OKpECIECHY 3a/ladyy pO3B’SI3aTH  fK
OaraToKpuTepiasibHy 1 TUM CAaMHUM OJIEp>KaTh KOMIIPOMICHUH TIJIaH.

YV MeHemKMeHTI 0aHKIBCHKOI AISUIBHOCTI MOJKJIMBI M 1HII HE MEHIII
IIKaBl 3 NPAKTUYHOI CTOPOHU MPOOJIEMHI CHUTYallii, SIKI MOXYTb OyTH
npeAcTaBieHl SK 3a7adl TPAHCIOPTHOTO TUMy. SIK CUTyaliiiHI MOXHa
HABECTHU TaKI1 MPUKIIATH:

— OaHKIBChKHI MOPTQENb [IHHUX NanepiB MICTUTh JEKIJIbKA MaKeTiB
aKkiii pi3HUX (PIHAHCOBHX YCTAaHOB 1 Ha PUHKY OAHKIBCHKOI MPOIYKIIi €
JeK1IbKa MOKYIIIIB, 3aIliKaBJICHUX Yy MPUI0aHH] ITUX aKIlii;

— OaHKIBCBKUI moOpTdens MICTUTh BeKcesll OjHI€l (HIHAHCOBOI
CTPYKTYpPH, aJIe 3 PI3HUMH TepMiHAMHM IMOTAIICHHS Ta PI3HOIO0 JOX1AHICTIO,
3 OJIHI€T CTOPOHM, 1 MOTEHIIIMHI KIIIEHTH KPEAUTYBAaHHS BEKCEJIIB — 3 1HIIION.

4.5.3. Moaeuab (popMyBaHHS IITATHOTO po3nucy pipmMu
[Ipunyctumo, 1o aeska ¢ipma 3A1HCHIOE mpoueaypy (popMyBaHHS

mTaTHOro posmnucy. [lo3Haunmo: j — iHAekc mocan, j=1,m; i — 1HAEKC

IpyNH KaHIWATIB Ha 3aiiMaHl MOcaan, [ = Ln. V ueii MOMeHT gacy (ipma
Mac 1 TPyl Pi3HKUX 10CaJl, Y KOXKHIiM 13 AKHX € b; BinbHUX. IIpeTenaenTn na
BAaKaHCIi POXOJATh TECTYBaHHS, 3a pe3yJbTaTaMu SIKOTO iX JUIATh Ha 1
Ipyl MO @; KAaHAUJATIB y KOXKHIN rpyni. /(s kKoKHOTrO KaHaujaara 3 i-Toi
Ipyny HEOOXI1IHI NEBHI BUTPATH C; HA HAaBYaHHSA JJI IPU3HAYEHHS KOIo
Ha j-Ty mocaay. TyT MOXIuBI BHOAJKH, 32 SIKUX KaHIUJAT TMOBHICTIO
BIANOBiNaE mocanl, AKo c¢;=0; KaHauaar B3arajai He MOXe 00iiMaTH
mocajy, sKIIo ¢, = o0,
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CraBUTbCS 3aBJAHHS PO ONTUMAIBHUI PO3MOAUT KaHAWAATIB Ha
BIJIMOBIAHI MOCaJM, 32 YMOBU MIHIMaIbHUX (DIHAHCOBUX BHUTpAT Ha IXHE
HaBYaHHS.

J1J1st 3HAXOMKEHHSI ONTUMAIBHOL CTpaTerii A1l MPUITyCTUMO, IO YUCIIO
MPETEHJICHTIB BIJNOBIAA€ YHUCIy 3alpONOHOBAHMX BakKaHCIH. Y 1boMy
BUIAJKy OTPUMYEMO TPAHCIOPTHY 3aJady 3aKpuToro Tumy. B
NPOTWICKHOMY BHUIIQJKy MAEMO CIpPaBy 3 TPAHCHOPTHOKO 33J1a4€r0
BIJIKpUTOrO TUMY. TyT MOCTayalbHUKOM BUCTYMA€ Irpyrna NPEeTEHACHTIB Ha
BaKaHCIi, a B POJIi CIIOKMBaya BUCTYTAIOTh IPYNH BAKAHTHUX MOCA/I.

Burpatun Ha HaBYaHHA KaHAWUAATIB ¢; OyIyTh CIYI'yBaTH TapupHUMU
NIEPEBE3CHHSAMH.

HeBioMMMH BEIMYMHAMM 3a/1a4l OyAyTh X; — KIJIBbKICTh KaHIWIATIB
[-TO1 TPYTIH, SIK1 PU3HAYAIOTHCS HA j-Ty MOCaly.

3 ypaxyBaHHSM BBEACHUX II03HAY€Hb, EKOHOMIKO-MaTeMaTUYHa
MOJIEJb 3a/1a4l MAaTUME BUTJISA;

3HAWTU TaKUKA PO3B’SI30K { >0,i=1n,j= l,m} , SIKUH 3a0€3MEYNTh
m
/= Z " X; > min,

MIpY BUKOHAHH1 YMOB:
1) Bci KaHAMAATH Ha TTOCAIU MOBUHHI OYTH MparieBIallITOBAaHUMHU

S, =a,i=ln;
j=1

2) BC1 BakaHTHI ITOCaJy MIOBUHHI OyTH 3aIIOBHEHUMH
Zx =b,,j=1m;
3) piBHOBaru MOMUTY Ta MPOIMO3UITIi

n m
Z a;, = ij '
i=l i=1
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4.5. IIuTaHHA 1J1sI CAMOKOHTPOJIIO

10.
11.
12.

13.

14.

15.

CdopMyiroliTe BU3HAYEHHS TPAHCIOPTHOI 3a1aul.

Slka TpaHCrOpTHa 3aJaya HA3UBAETHCS 3aKPUTOIO, a sKa
BIJIKPUTOIO?

Sk 3BecTd BIAKPUTY TPAHCIOPTHY 3a7ady /0 TPAHCHOPTHOI 3ajaayi
3aKpUTOTO TUITY?

SIk1 BM 3HaeTe METOAW IMOOYJOBH MOYATKOBOI'O OIOPHOrO ILJIAHY
TpaHCIIOPTHOI 3a1a4i? SIkuii 3 HUX € HallePeKTUBHILINM ?

Ckutbky 0a3uMCHHUX (3alOBHEHUX) KIITHHOK Ma€ OyTH B TaOIMIII
MicJIs TOOYI0BU OTIOPHOIO TIaHy?

Sk mo30yTHCS «BUPOKEHHSD OMOPHOTO IUIaHy?

ChopMmyirolTe KpUTepiii  ONTUMAIBHOCTI  OMNOPHOTO  IUIAHY
TPaHCHOPTHOI 3a]1aul.

Sk 00UHUCITIOIOTH 3HAYEHHS MOTEHITIAJIIB?

[Ilo Ha3MBaIOTh LIUKJIOM Y TPAHCIIOPTHIN 3a1a41?

Cdopmyintolite npaBuiia Nepepo3noaiTy NPOAYKIll B MeXKaxX ITUKITY.
Kosu TpancniopTHa 3a/1a4ya Ma€ HEEQUHUN ONTUMAIIBHUI PO3B’SI30K?

Akl eKkoHOMIYHI 3amadi, MO 3BOASATHCS JO 3a7ad TPaHCIIOPTHOIO
TUITY, BU 3HA€TE?

CdopmyroiiTe MOCTAaHOBKY Ta MOOYyAyWTE MaTeMaTUYHy MOJEIb
OJTHOTIPOYKTOBOI 3aJ1a4l TOTOYHOT'O MEPCIIEKTUBHOIO MJIAHYBaHHSI.

[ToOynyiiTe MaTeMaTUYHY MOJEIb 3a/1a4ul ONTUMAIBHOTO PO3MOALTY
(b1HaHCOBUX pecypciB OaHKY.

OnumriTh €KOHOMIYHE 1 MareMaTtudHe (OpMYJIIOBaHHS 3ajaadi
(¢bopMyBaHHSA MITATHOTO PO3MHUCY DIPMH.
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Po3aia 5. 3agadi mijio4nucJI0BOrO JIiHIHHOTO
MpPOrpaMyBaHHsI TA METOIHU iX PO3B’A3aHHS

5.1. ITocTaHoBKa 3aa4i HiJIOYHCJIOBOI0 JiHIHHOTO
NporpaMmyBaHHs

[cHye mocuTh MIMPOKUA KJIac 3a/1ad MaTeMaTUYHOTO TPOrpaMyBaHHs,
B ONTUMAJIbBHOMY PO3B’SI3Ky SKHX 3MIHHI MPUNMAIOTh APOOOBI 3HAUYCHHS,
0 3 EKOHOMIYHOI TOYKH 30py HE Ma€ 3MICTYy, HampHKIad, KOJIU
TOBOPUTHCS PO BUITYCK MEBHOI MPOAYKIi (KOMII IOTEpiB, MEOJIIB, CTAHKIB
1 T.1.). ToMy 11€ IpU3BEJIO 10 HOBOTO KJIacy 3ajia4d — 3aj1a4 1[iJI0YUCIOBOTO
porpaMyBaHHsI.
B 3araibHOMY BUIIQJIKy Taka 3aja4a Ma€e BUTIIS!
3HalTH MakCUMYyM (MiHIMYM) yHKITIT
Z =c,+cx, +c,x, +...+c,X, (5.1
32 YMOB

-

a, X, +a,x, +..+a,x {<,=>b,

Ay X, +apXx, +...+a, X n{< :az}bza

S errnnreeeeeeeeeeeeeerrrr————————————— (5.2)
a x +a,x,+..+a, x {<,=>b
x; 2 0, Jj= I,_n
x, — yini, j=ln (5.3)

J

Jlo 3aga4 1bOro Kjacy MO’KHA BIIHECTH 3aJlayy MPO BUKOPUCTAHHS
CUPOBUHHU, TpPAHCIOPTHY 3ajady, 3a7ady palioHaJIbHOTO PO3KPOIO
MarepiaiiB, a IHIIWK Kjac 3a7ad IIJIOYMCIOBOTO MPOTPaMyBaHHS MICTHTh
3aj1a4i ONTUMI3aIlli, B SIKMX 3MIHHI HaOYyBalOTh JIMILIE ABOX LUINX 3HAYECHb
— 0 abo 1 (6yJII>OB1 3minH1). [IpukmanoM Takoi 3amadi € 3amada Mpo
KOMiBOsKepa. i 3MIiCT mosisArae B TOMy, HIO KOMiBOSKEpY HOTPiOHO
BI/IBIIATU KOKHE 3 # MICT, ITOYMHAIOYM 1 3aKIHUYIOYM CBId MapHipyT B
OJHOMY M TOMY 3K MICTI 1 HE 3aDK/PKar0ud JABIYl B OJHE MICTO. SIKIO MiX
MICTaMU [ Ta j HEMAa€ MPSAMOro MapuIpyTy, TO BBa)KarOTh, c; =0 (Ha

npakTulll OepyTh JNOCTAaTHBO BeNMKE 4ucio). KpiM 1boro, MOXKJIuBO, 110
¢, #C,;. 3ajaya MOJNATAE€ Yy 3HAXO/DKEHHI HAWKOPOTIIOTO IIIAXY

KOMiBOsKEpa. MaTemaThyHa MOJEINb 3a71a4l Ma€e BUTIISI;
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x. =1,  j=lmi#], (5.4)

/=1
J€ C;— BIACTaHb MK MICTaMHU I Ta j;
X;; — OyJIbOB1 3MiHHI:

{1, AKWO mapwipym nepeobayac nepeizo i3 i—eo micma 0o j— 2o,
X, =
ij

0, y mnpomunesxcrHomy 6unaokxy.

OOMexxeHHs, 3amaHl mepiioo (Gopmyio B cucteMi (5.4), — me ymoBa
10JI0 OJTHOPA30BOTO B’i3/1y B KOKHE MICTO, a IPYroto GopMyJior — 1010
OJIHOPA30BOI'0 BUI3/Y 3 KOKHOTO MICTA.

Po3rnsiHeMo 1ie oAMH TpUKIAA 3ajayl 3 OyJIbOBHUMHU 3MIHHUMU.
[aBecTHIlIfHA KOMITIaHIsI MOXXE BKJIACTH KOINTH B JIEKIJIbKa ITiAIPHUEMCTB.
E(deKTUBHICT, KOXXHOTO MPOEKTY OLIHEHa 3TiIHO 3 THUM, IO HOro
peanizailisi MOXJIMBa 3a MEBHUX yMOB. KOXXHOMY MpOEKTY BIJAMNOBIJIAE
HeBioMa, sika piBHa 1 um 0 3aJIe)XKHO BiJ TOrO, BKJIAJIA€ YW HE BKJIAJAE
1HBECTHII1ITHA KOMIIaH1sl KOIITH B MIMPUEMCTBO.

B nedxkux peambHHMX 3aJadax CTaBUTHCS YMOBA IIIJIOYHCIOBUX
3Ha4Y€Hb HE JI0 BCIX 3MIHHHX, a JIO OJHIEl YHM JEKUIbKOX. Takl 3agadl
HA3WBaIOTh YaCTKOBO IIJIOYHCIIOBHMHU.

JInst 3HaxO/KEHHS ONTHUMAJIBLHOTO PO3B’SA3KY IUJIOYHMCIOBHX 3aaad
BUKOPHUCTOBYIOTh  CIHElialbHI ~ MeToau. HaWmpocTimuM  MeToaoM
PO3B’SI3yBaHHS LIJIOYMCIIOBOI 3aJadl € 3HAXOJ/PKEHHS 1i ONTUMAaJIbHOTO
pPO3B’SI3Ky, SK 3a7adyi, 10 Ma€ HENEpPepBHI 3MIHHI, 3 MNOAAIBIIUM
OKpYTJICHHAM OCTaHHIX. Takuil miaxXix yacTto € BumpaBgaHuM. [Ipote
SAKIIO MOBa M€ MPO BUIYCK MPOIYKIIl BEIMKOI BapTOCTI (HANpUKIA,
TypOlHU A0 €IEKTPOCTAHIIIM YU arperatv B CYUIWJIbHUI 11€X), TO OyAb-sKi
3a0KPYTJICHHS HEJIOMYCTUMI.

Jlns 3HAXO/DKEHHS ONTUMAaNIbHUX IUIAHIB ITUIOYMCIOBUX 3ajad
3aCTOCOBYIOTh JBI OCHOBHI I'PYIH METO/IIB:

— METOJU BIATHHAHHI;

— KOMOIHATOPHI METO/IH.

OCHOBOIO METOMIB BIATHHAHHS € 17 MOCTYIIOBOTO «3BYEHHS)
00J1acTi JOMYCTUMUX pO3B’s3KiB 3afaui. CrovyaTky po3B’si3y€TbCs 3aja4ya
3 TaKk 3BaHUMHU MOCIA0JICHUMU yMOBaMHu, TOOTO 0O€3 ypaxyBaHHS BHUMOT
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IIJIOYMCIIOBOCTI 3MIHHHUX, a MOTIM BBOJSITH B MOJEIb JOJATKOBI
OOMEXEHHS, SKI BpPaxOBYIOTb BUMOTY, 00 3HA4Y€HHS 3MIHHUX Oyu
uimuMd.  TakuM  9YMHOM  MHOTOKYTHHUK — JOMYCTUMHUX  PO3B’A3KIB
nocyiabieHol 3a7adi MOCTYIOBO 3MEHIIYEMO JI0 TUX Mip, JOKU 3MiHHI
ONTUMAJIBHOTO PO3B’SI3Ky HE HAOyIyTh LUIMX 3Ha4eHb. (OCHOBHUM
METOJIOM IIi€1 Tpymu € MeToa ["'omopi.

KomOiHaTOpHI METOAM ILIIOYMCIOBOT ONTUMIZalli 0a3yroTbCs Ha
MOBHOMY TMepedopi BCIX AOMYCTUMHUX ILUIOYMCIOBUX PO3B’SI3KiB, TOOTO
BOHH PEaTi3yIOTh MPOIEAYPY LIECIPSIMOBAHOTO Mepedopy, i Jac KOl
PO3IJISIAETHCS JIMIIE YacTUHA PO3B’SI3KIB (IOCUTHh HEBEJIWKA), a pellTa
BPaxOBYETHCS OJIHUM 13 CTICIIaIbHUX METO/IIB.

HaiinmompeHimuM B 1IA Tpydl € METOJ «BImOK I Mmedxcy, SAKUH,
MOYMHAIOYM 3 PO3B’A3yBaHHA MOCJIA0JIEHOT 3a/adl, nepeadayae po30UTTS
IIOYATKOBOI 3aJadl Ha JBl1 Hia3ajadl BUKJIIOYEHHSAM O00JacTei, 10 He
MalTh IIJIOYMCIOBUX PO3B’SI3KIB, 1 JOCTIIKEHHSIM KOXHOI OKpeMOi
JaCTUHU MHOTOKYTHHKA JIOyCTUMHUX PO3B’S3KIB.

Jist po3B’s3yBaHHA 3a/1a4 3 OyJIbOBUMHU 3MIHHUMHU BUKOPHUCTOBYIOTh
KOMOIHOBaH1 METO/H, 1 SKIIO 3MIHHI € OyJbOBHUMH, TO METOAM MOIIYKY
ONTUMAJIBHOTO PO3B’A3KY 3HAYHO CIIPOITYIOTHCHA.

5.2. MeToam po3B’A3yBaHHA 33124 HJIOYHMCI0BOIO
JIIHIMHOT0 MPOTPAMyBaHHSA

5.2.1. Metoa I'omopi

Hexali maemo 3amauy uinouumcioBoro mnporpamyBaHHs (5.1)-(5.3).
Jlnst i1 po3B’si3yBaHHST MOKHA CKOPUCTATHUCS 1TEPATUBHUM METOJOM
["'omop1i, CYyTh QJITOPUTMY SKOTO MOJIATAE V:
1. BUKOPUCTOBYIOUM CUMILIEKC-METO/, 3HAXOISITh PO3B’ 30K MNOCIA0ICHOT
3aga4i, TOOTO 3amadi 6e3 BUMOT HUIOYKCIOBOCTI 3MiHHHX — (5.1)-(5.2).
ko cepen €IEMEHTIB YMOBHO-ONTUMAIBHOTO IUIAHY HEMae ApOOOBHUX
Ypucell, TO IIeM MIaH € ONTHUMAJbHHM IUIAHOM 3a7adi I[IJIOYHMCIIOBOIO
nporpamyBanHs (5.1)-(5.3).
2. S0 B yMOBHO-ONTHUMAJbHOMY IUIaHI € JpoOOBI 3HAYCHHS, TO
BHOMPAETHCA 3MIHHA, SKa Ma€ HaWOUTbITy apoOoBy dactuHy. Ha 6a3i miei
3MIHHOI Ta €JIEMEHTIB PsAJIKa OCTAaHHLO1 CUMILIEKC-Ta0JIMIT, III0 BIATIOBIIA€E
111 3MiHH1A Oyy€eThCS 10J]aTKOBE 0OMexkeHHs ['omopi:

> {a, v, > b}

7ie CUMBOJI { } O3Ha4ya€e ApoOOBY YACTUHY YMCIIA.
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Jlns BU3HAYeHHS APOOOBOI YaCTHMHHU OYJIb-SIKOTO YHCIIa HEOOXITHO
B1JI HHOT'O BIIHATHU 1[Iy HOrO YaCTUHY — HAWOUIbIIE I[IJIE€ YUCIIO, IO HE
IepeBUIIly€e€ 3a3HaueHoro. Iliny wyacTMHY 4uyucla IMO3HA4aKTh [ .
Hampuxian,

[274]: 27 [_294] = _39
(2,424 [2,4]=2,4-2=04; {-2,41=-2,4[- 2,4]=-2,4— (-3)=3-2,4=0,6.

3. JlonaTkoBe OOMEXKEHHsSI MICJs 3BEACHHS HOro J0 KaHOHIYHOI (Gopmu
MPUETHYETHCS 0 OCTAaHHBOI CHMILIEKC-TAONHIN, SKa MICTUTh YMOBHO-
ONTUMAJIBHUN  pO3B’sA30K 3amadi. OTpuMaHy pO3IMIUPEHY 3a7ady
pPO3B’SA3yI0Th, a MOTIM IIEPEBIPAIOTH il PO3B’SI30K Ha IIIOYHCIIOBICTD.
SIkmo BiH HE LUIOYKMCIOBUM, TO MOBEPTAIOThCA 10 MyHKTY 2. IIpouenaypy
MIOBTOPIOIOTh J0 THUX Mip, JOKKM He OyAe 3HaWACHO I1JIOYHMCIOBOIO
ONTHMAaJIBLHOTO PO3B’SA3KYy a00 JOBEJICHO, IO 3aja4a HE Ma€ JIOIMYCTUMUX
PO3B’SA3KIB Y MHOXKHHI IIJINX 3HAYCHb.

JlocBim TOKa3zye, IO TMPOIEC PO3B’SI3yBaHHA 3a7ad  BEIUKOI
PO3MIPHOCTI MeTOA0M I'OMOP1 MOBIILHO 30KHUM.

Posrnsaemo aaroputM metoay I'omopi Ha KOHKPETHOMY IIPUKIA/I].

Ilpukaan 5.1. 3HaliTH PO3B’SA30K 3aJadi HIIOYHUCIOBOIO JIiHIMHOIO
nporpaMyBaHHs1 MeToA0M I'omMopi:

Z=x—x,+2x;,+5 (max),
)
3x,—x, +x; <1,

X, +3x,—x, <2,

-

2x, +x,—x; <4,

X,, X5, %; 20,

XXy, Xy — YL

¢ Po3s’sa3yeannsi.

bynemo  po3B’s3yBatd 10 3a7adyy, HEXTYIOUd  YMOBOIO
nutouncioBocti. IlpuBenaeMo 3agady a0 KaHOHIYHOro BHAY. L{U1bOBY
(YHKIIIIO 3aMUIIEMO SIK OOMEXKEHHS:

Z—-x +x,-2x;,=5 (max),
3 =1
X, =X, +x;,+x, =1,

X, +3x, —x; +x, =2,
2x, +x, —x, +x, =4,
x, >0, i=16.
v !
3amoBHUMO TTOYATKOBY CUMILIEKC-TAOJIHUIIIO 1 PO3B’SHKEMO 3a/1a4y.
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‘5 % E Koeditientn npu HeBIAOMHUX
E & 5| &3
ol ca % L‘g S E X1 X> X3 X4 Xs X6
0 Z 5 —1 1 2] 0 0 0
1 1 x| 1 3 -1 | |1 1 0 0
2 Xs 2 1 3 —1 0 1 0
3 X6 4 2 1 —1 0 0 1
0 Z 7 5 —1] 0 2 0 0
1 X3 1 3 —1 1 1 0 0
2
2| X5 3 4 @ 0 1 1 0
3 X6 5 5 0 0 1 0 1
0 7 17 7 0 0 > 1 0
2 2 2
1
3 1 1
2 X, — 2 | 0 - - 0
2 2 2
3 X6 5 5 0 0 1 0 1

OCKUIbKHA B HYJIbOBOMY PSIIKY HEMae€ BIJ €MHHUX YHCEN, a IL1JIbOBA
(GYHKIIS TOCTIKYETHCSI HA MAaKCUMYM, TO II€ O3HAua€, 10 MU OTPUMAIH
ONTUMAJIBHUN PO3B’SA30K 3aJadl 3 IOocaabiIeHUMH yMoBamMu (0€3 ymoB

IIIJIOYUCIIOBOCTI):

z =£; X o, = (03 é; é; 0; 0; 5).
2 | 27 2

max

Ajie My 6a4MMO, III0 KOMITOHEHTH ONTHMAJIHLHOTO TIaHy APOOOBI, TOMY
3aMUIIeMo HEepIBHICTH ['oMOpi Jij1st OfHIET 3 Oa3UCHUX HEBIIOMUX OCTaHHBOI
TaOJNIUII (HAMPUKIIAM, JUIA X;), OCKUIBKH JPOOOB1 YACTUHU 000X PIBHI:

{5}x, +{0}x, + {l}x, + {%})@ + {%}xs +{0}x, = {%} =
1 1 1

—X, +—Xx.=—.
27 2702
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[IpuBeneMo 1€ OOMEXKEHHS 10 KaHOHI4HOI ¢dopmu (Big JiBOI
YaCTUHU BIJIHIMEMO JI0JJATKOBY HEBIJ €MHY 3MIHHY X7, 1100 OTpUMATH
PIBHSIHHS, a TOJ1 BBEJEMO IITY4YHY HEBIIOMY u). BBemeMo 11e 0OMeKeHHs
0 OCTaHHbOI CHMIUIEKC-TAONMIl 1 PO3B’SHKEMO 3aJady METOAO0M

HITY4YHOTO 0a3ucy.

| 1 1
5)6'4 +5x5 - X, +I/l=§.

ItyyHa ontumizyroda popMa MaTUME BUTIISL;
1 1 1

f:u:5—5x4—5x5+x7 (mln)
abo
1 1 1 .
T X, XX, = min).
f 2 x4 2 xS x7 2 ( )
3anOBHIMO MTOYATKOBY CHUMIIJIEKCHY TaOIHITIO:
E z 3 E KoedimienTy mpy HEBIIOMHUX
S| &| § |25

2 el 2| & |[OE| X1 | X2 | X3 X4 Xs X6 X7
U Llo ool Lo 1

2 o) ! o)

17 5 1
0| Z — 7 0 0 — — 0 0

2 2 2

5 3 1
1 — 5 0 1 = — 0 0

4 ) 2 | 2

3 1 1
2 | x = 2 1 0 — — 0 0

2 2 2
3 | X6 5 5 0 0 1 0 1 0

1 1 1
4 | u— | — 0 0 0 — — 0 -1

2 2 2
0 f 0 0 0 0 0 0 0 0
0| Z 6 6 0 0 0 -2 0 5
5 I | x3 1 5 0 1 0 -1 0 3
2 | x 1 2 1 0 0 0 0 1
3 | X6 4 5 0 0 0 -1 1 3
4 x| 1 | 0O ] 0 | O 1 0 | -2
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Mu orpumanu f,;,,=0, a 1e O3Haudae, IO 3aJady MPUBEICHO 0
KaHOHIYHOTO  BHUJy, Jajl MOXEMO pPO3B’si3yBaTU 11 3BUYAHUM
CUMILJIEKCHUM METOJ0M. ToMy BIIKMIA€EMO HYJIHLOBUU PAJIOK 3 MITYYHOIO
onTuMizyrouow (opmoro. Ockuibkd (QyHKIIS Z JOCHIIKYEThCA Ha
MakcuMyM, a B 0' psaKy € BiJ’eMHE 4uciio (-2), TO 3A1IMCHIOEMO 1€ OJIHY
iITepaliro 1 Mepexo MO JI0 HACTYIMHOT TAOJIHII:

< s KoediuieHnTu npu HEBIAOMUX
.E M E
= = 2 & =
2€ o BIEE M | ®» | x| X | x| X% | ox
0 | Z 8 6 0 0 2 0 0 1
1 | x5 2 5 0 1 1 0 0 1
6 2 | x 1 2 1 0 0 0 0 1
3 | X 5 5 0 0 1 0 1 1
4 | x5 1 0 0 0 1 1 0 -2

Mu oTprmanu onTUMaNIbHUN PO3B’A30K HAIIOT 3a]1a4l:
Z =8 x =(0; 1; 2; 0; 1, 5; 0),

mq
MPUYOMY BCl 3HAYEHHS 3MIHHHUX ONTHMAJBHOTO IUIaHYy — Il YUCja, a
TOMY MU OTPUMAJIA ONITHMAJIbHUI PO3B’ 30K TIOYATKOBOT 3a/1a4l. 4

5.2.2. MeToa «BIiTOK 1 MeXK»

EdextuBnimum 3a  Metron [omopi  po3B’si3yBaHHA — 3ajay
IIJIOYMCIIOBOIO MPOrpaMyBaHHs € METOJ1 “‘gimoxk i medic”. CloyaTky, sK 1 B
MeTo11 ['oMop1, CUMIIJIEKCHUM METOJIOM PO3B’S3y€EThCA MociIadiieHa 3a1a4a
(3 BIOAKUJAHHAM YMOB IIUIOYMCIIOBOCTI). Hexalh B onTuMallbHOMY IJIaHi

*

1ocyabaeHoi 3a7a4i 3HaYEHHS HEBIIOMOI X; IpOOOBE 1 PIBHE X ;- Tomi
MOHA CTBEPJIXKYBaTH, 1110 B iIHTEPBaIi ([x:];[xj.] + 1) IIJIMX 3HAYCHb HEMAE.

Hanpuknan, skiino x:. =3,6, To Mmaemo iHTepBai (3;4), 1e, OUEBUIHO,
HEMa€ IIJIOTO YHCIa. 3HAYCHHIO xj. =-3,6 BianoBigae iHTepBan (—4, —3), ne

TaKOX HE ICHY€ LJIOr0 YKCa.
OTxe, HNOMyCTUME IIlJIE 3HA4YEHHS Ma€ 3aJI0BOJBHATH OJHY 3
HEPIBHOCTEH:

x, <[x;]] abo x,=[x]+]1.
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JlomucyeMo KOXHY 3 I[UMX YMOB JO OOMEXKEHb 3ajadi 3
nociabJieHUMH YMOBaMU 1 OTPUMYEMO JIBI HE TIOB’s3aHI MDK COOOO
3aja4i:

- mepuia 3aj1aya:

Z=c,+cx +c,x,+...4+c,x, max(min), (5.5)
a,x, +a,x, +..+a,x {<,=>b,
Ay X, +apX, +...+ 4, X, {<,=,21b,,

2n""n

5.6
amlxl + am2x2 +ot amn'xn {< ’Z}bm’ ( )
x; <[x;],
x, 20, j=Ln,
xX; — uyi, j=l,n, (5.7)
- Jpyra 3ajava:
Z=c,+cx +c,x,+...+c,x, max(min), (5.8)
fa“xl +a,x, +...+a,x, {S, =, Z}bl,
Ay X, + ApX, + ...+ a, x, {<,=,>1b,,
(5.9)

<
a,x, +a,x, +.+a, x{<=>b

x, 2 [x)]+1,

szoa jzla_na
X, — wyini, j=1n, (5.10)

J
Jie x; — IpoOOBHI KOMIIOHEHT po3B 3Ky 3axadi (5.1)-(5.2).

Jlaim CUMMILIEKCHUM METOJIOM PO3B’s3yeMo mociadieHi 3amadi (5.5)-
(5.6) Ta (5.8)-(5.9), To6TO 3 BigkuaaHHIM oOMexeHb (5.7) Ta (5.10). Sxio
3HAWJIEH1 ONTUMAJIBHI PO3B’SI3KH 3aI0BOJIBHIIOTH BUMOTH IILJIOYHUCIIOBOCTI,
TO IIl TIAaHW € po3B’si3kamu 3aaadi (5.1)-(5.3), B MPOTHUICKHOMY BHIIAIKY
MIOITYK PO3B’SA3KY 3ajadl TpUBa€. J{JI1 moJaIbIIoro po3railyKeHHs 0epeMo
3a7a4y 3 HaOLIbIIMM 3HAYCHHSM IIJIbOBO1 (DYHKIIII, SKIIO MOBa e Mpo
MaKCcUMi3allio, 1 3 HaWMEHIIMM 3HAYCHHSM I[IJIbOBOI (YHKINI mpu Ti
MiHIMI3a1ii. Take po3rany>KeHHsI BUKOHYEThCSI JI0 TUX IIip, MMOKU HE Oyje
3HAMACGHO  ONTHUMAJbHUM  IUIOYMCIOBHM  pO3B’SA30K  3adaul  abo
BCTAHOBJICHO, 110 IIJIOYHCIIOBOTO PO3B 3Ky 3a7adl HE ICHYE.

Po3rissHeMo aaroputm METOy «BITOK 1 MEX» Ha MPUKIaII.
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Ilpukgang  5.2. 3HaTH  pO3B’S30K  3aJadl  IIJIOYMCIOBOTO
IporpaMyBaHHS METOJIOM «BITOK 1 MEXK»:

Z=x—-x,+2x,+5 (max),
(3x, —x, +x, <1,
x, +3x,—x, <2,
12x, +x, —x; <4,

X, X5,%; 20,

X, Xy, Xy — YL

¢ Po3s’sa3yeannsi.

Meton «BITOK 1 MexX», sIK 1 MeTod ['oMopi po3B’si3yBaHHsS 3ajad
UJIOYUCIOBOIO MpOrpamMyBaHHs, TNiepefdayae Ha MEpHIoOMYy eTami
pO3B’s13aHHs MociadiaeHoi 3aaadi (0e3 yMOB IIJIOYHCIIOBOCTI 3MIHHMX).
Po3B’ 130Kk mocmabieHoi 3aa4ui MU OTPUMaId B MpUKIal 5.1:

Zmax=£; x, =(0; é; é; 0; 0; 5).
2 ' 2 2

Sk OGaunmmo 1aBI 3MIHHI ONTUMAILHOIO IIaHy ITOCa0JIeHOI 3ajadvi

HaOyBarOTh JpoOOBI 3HaueHHs. [100ymyeMO H0MATKOBI OOMEXKEHHS IS
3MIHHOI X, :

X, S{%} Ta X, 2[%}+1, T00T0 X, <1 Ta Xx,22,
1 pO3IJISIHEMO JIB1 3a4a4i:
1) Z=x—x,+2x,+5 (max), (5.11)
(3x, —x, +x, <1,
X, +3x, —x, <2,
2x, +x, —x; <4, (5.12)
x, <1,

-

Xp5 Xy, %, 2 0.

2) Z=x,—x,+2x,+5 (max), (5.13)
(3x, —x, +x, <1,

X, +3x, —x; £2,

12x, +x, —x, <4, (5.14)
X, 22,

| X5 X,, X5 2 0.
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Po3p’sokemo cnodatky 3amady (5.11)-(5.12). IlpuBenemo ii 10
KaHOHIYHOT'O BUJY 1 3alUIIEMO UIBOBY (DYHKIIIIO Y BUTJISI PIBHSHHSL:
Z-x+x,-2x,=5 (max),
(3x1 —X,+x,+x, =1,
X, +3x, —x, +x,=2,

2%, +x, —x;, +x, =4,

x, +x;, =1,
x; 20, i= 1,_7
3Hal1IeMO pO3B’ 30K MI€1 33/1a4l CUMILIEKCHUM METOJIOM:
5 I Koedimientu npu HeBiToMUX
gl _E 5| gE

g &g w g 5 ); X1 X X3 X4 Xs X6 X7
0|z | 5 |11 |=21] 0 0 0 0

1 x| 1 3 | -1 | | 1 0 0 0
Llo2 x| 213 |-1] 0 | 0 0
3 | x | 4 | 2 1 | -1 0 0 1 0

4 | x; | 1 0 1 | 0 0 0 0 1
0|z | 7|5 |-11]0 2 0 0 0

1| x5 | 1 3 | -1 | 1 1 0 0 0

2 02 x| 3| 4| 210 1 1 0 0
3 x% | 5| 5,010 1 0 1 0

4 || 1L L0 [ 1] 0] 0 0 | 0 | 1
0|z | 8| 6| 0|0 2 0 0 1

1 | x| 2| 50 |1 1 0 0 1
312w | 121110 0 0 0 1
30 x| 5] 51010 1 0 1 1

4 | x5 | 1 0| 0| 0 1 1 0 | =2

Mu 3HaWIIA ONTHUMAaJbHHUN, TPUYOMY HIHO‘{HCJIOBI/II/I PO3B’s30K
3az[at11 Zyax=8; Xonm. =0; 1; 2; O 1; 5;0), axuii TOBHICTIO CITIBIIAB 13
PO3B’SI3KOM 1I1€1 XK 3aj1a4ul, OTPUMAHUM METOo10M ["'oMopi.
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Tenep posrasaemo 3axady (5.13)-(5.14). Ockiabku B cHCTEMI
OOMEKEHb 3aJ1adl € HEPIBHOCTI THITY «>», TO PO3B’sA3yBaTtH i Oyaemo
METOJIOM IITYYHOrO 0a3uCy:

Z—x+x,-2x,=5 (max),
3x,—x, +x,+x, =1,
X, +3x, —x; +x, =2,
$2x, +x, —x; +x, =4,

X, =X, tu=2,

u=0,x, 20, i=1,_7.

[lITyyna ontuMizyroda popma Oye:

f=u=2-x,+x, (min) abo  f+x,—-x,=2 (min).

< »= . .
E % S a Koediuientu npu HEBIAOMUX
Sl | § | 25
ol S <! ch 5 E X1 X2 X3 X4 X5 X6 X7
0| f 2 0 1] 0 0 0 0 -1
0| Z 5 -1 1 -2 0 0 0 0
1 1 | x4 1 3 -1 1 1 0 0 0
2 | xs—| 2 1 3 | -1 0 1 0 0
3 | x6 4 2 1 -1 0 0 1 0
4 u 1 0 1 0 0 0 0 1
4 1 1 1
0 — | —=1 0 | = 0 —— 0 -1
/ 3 3 3l 3
1 4 1
0| Z LEN .. 0 2 0 —— 0 0
3 3 3 3
5 10 2 1
1 | x4~ | = — 0 — 1 — 0 0
) 3 3 3 3
2 1 1 1
2 | x — — 1 | —= 0 — 0 0
3 3 3 3
10 5 2 1
3| x¢ | = - 0 | ——< 0 - 1 0
3 3 3 3
4 1 1 1
4 u — | —=1 0 - 0 —— 0 -1
3 3 3
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N - = KoedimienTu npu HEBIIOMUX
= B| o |E
= o,
mé g" 5 g ‘E X1 X2 X3 X4 X5 X6 X7
S| Z2| m |OE
1 1 1
0 f — -2 0 0 —— —— 0 -1
2 2 2
14 1 5 1
0| Z2 | — — 0 0 — — 0 0
3 3 2 2
5 3 1
1 X3 — 5 0 1 — — 0 0
3 2 2 2
1 1
2 | x 3 2 1 0 — — 0 0
2 2 2
3 | X6 5 5 0 0 0 0 1 0
1 1 1
4 u — -2 0 0 —— —— 0 -1
2 2 2

OnTtumizyroua ¢opma f  AOCHIDKyBajlach Ha MIHIMyM 1 MU
OTpUMAaJIH, M0 B HYJIHOBOMY PSJIKY OCTaHHBOI CHUMIUICKC-TAONHUIll BKE

: . 1
HEMa€ JOJATHUX YHUCEN, a 1€ CBIIUUTh MPO Te, 1[0 MU 3HAUNLIU f,,;,,=—,

2

T00TO0 He piBHE 0. KpiM mporo, 6a3Wc MICTUTHh MITy4HY HEBIIOMY 1,
3Ha4YUTh 3a7a4a (5.13)-(5.14) He Mae po3B’A3KYy.

OTxe, ONTUMAJIBHUM PO3B’SI3KOM TOYATKOBOI 3a/adi Oyje po3B 30K

3amaui(5.11)-(5.12): Z,.=8; Xpnm=(0; 1; 2; 0; 1; 5; 0). ¢

5.3. IlpukiaaaHi MmoaeJi 3a1a4 HiJIOYMCI0BOIO JIHIHOTO
NPOrpaMyBaHHA

5.3.1. Moaeab ¢popMyBaHHA ONTUMAJIBLHOI iIHBECTHLIHHOT
NMPOrpaMu MpHu 3aIaHOMY OIO/IKeTI

VY okpecneHii Mojeni MUIbOBOK (DYHKIIEI0 BUCTYIMAE BapTICTh
KaniTajly 1HBECTHUIIIHOI TpOorpaMu, NPUYOMY B HIA MNpU 3aJaHUX
OOMEXEeHHSX  (KOHKPETHOI BHpPOOHWYOI TporpaMud JJig  OKPEMHUX
IHBECTUI[IMHUX OO’€KTIB 1 3a HAsABHOCTI MOBHOrO 0OCATYy (DiHAHCOBUX
pecypciB) HEOOX1THO chOpMYyBaTH Ta BUSHAYUTH 1HBECTHUIIMHY MpOrpamy.
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JI1st o0y 10BU MOJIEN1 3pO0MMO TaKl NPUITYIIICHHS:

1) mpeacraBiieH1 Ha BUO1p 1THBECTUIIIITHI 00’ €KTH PIBHO3HAYHI;

2) (biHAHCOB1 pPEeCypCH HEMOXXJIMBO 3aJy4YUTH B HEOOMEKEHil
KIJILKOCTI 32 BKa3aHOIO BIJCOTKOBOI CTaBKOIO;

3) iHBeCTHIIIliHA TMporpamMa BHU3HAYAETHCA TUIBKA Ha [OYaTOK
IJJAHOBOTO TMEpiojay, a II0YaTKOBI BUTPATH TMPU I[bOMY HE
MEPEBUIIYIOTh 3a3HAYECHUM OIOJIKET;

4) 1HBECTHIIINHI 00’ €KTH peali3yloThCs SIK €IUHE II1JIC.

s moOyaoBM MoOJENl BBEAEMO Takl IMO3HAYEHHS: I — 1HACKC
IHBeCcTHIIMHOTO 00’€kta, i=1,n; C; — BapTICTh KamiTaay i-ro
IHBeCTUIIIMTHOTO 00’€kTa; A,y — 3arpaTd Ha NOpPUAOAHHA  i-TO

1HBECTHUIIIMTHOTO 00’€KTa; () — 3arajJbHUN 00CAT OFOHKETHUX KOITIB; X; —
OinapHa 3MiHHaA (x; = 0 260 1), 3HaYeHHSI KOTPO1 BU3HAYAE, Oyae MJIs i-TO
1HBECTHUIIIHHOTO 00’ €KTa BUJIUICHE (PiHAHCYBAHHS YH Hi.

BpaxoBytouu BBejIeH1 TO3HAUYECHHS, EKOHOMIKO-MaTeMaTHYHa MOJEIb
¢bopMyBaHHSI ONTUMAILHOI 1HBECTUIIMHOI MPOTrpaMu MpPHU OKPECICHOMY
OIOKET1 MATUME BUTIIS.

3HAUTH TakWul PO3B’A30K {xi >0,i=1, n}, SKUA 3a0€3IeUnTh

CyMapHy MaKCUMAaJIbHY BapTiCTh 1HBECTHUIIHHOT ITPOTpaMHu:

n
Z=>C, -x; > max (5.15)
i=1
MIpY YMOBAaX:
1) 3 BUKOpUCTaHHS HasBHOI'O 00CATY OIOKETHUX KOIITIB

24y x, £0; (5.16)
i=1

2) 3 peamzamii I1HBECTUIIMHMX OO’€KTIB SK €IUHOTO IIJIOTO
(HEeMmOIILHOCT1 1IHBECTUIIIMHUX 00’ €KTIB).

1, sIK1110 pearizartiis i-ro IHBECTUIIMHOTO 00’ €KTa 31MCHIOETHCA,

& 0, SIKI110 peastizaliis i - T0 IHBECTUIIIMHOTO 00’ €KTa BIAXWISIEThCS, [ = 1, 7.
TakuM 4YWHOM, MH OTpPUMAJIM 3aJadyy JIHIMHOTO MporpaMyBaHHS 3
OyJieBUMHU 3MIHHUMH. P0O3B 130K 111€1 3a/1a4i MOKHA 3HAUTHU 3 JIOMIOMOT OO
MPOLIEAYPH IIJIOYUCIOBOTO MPOrPaMyBaHHS.

[lpuknang 5.3. AKIOIOHEpHE TOBAapUCTBO Ma€ WIICTh pEaJbHUX
IHBECTUIIITHUX OO0 €KTIB, XapaKTEPUCTUKA  HETTO-TUIATEXKIB  SIKUX
npejacrarieHa B Taba. 5.1. O0car OrHKETHUX KOIITIB CTaHOBUTH 350 THC.
I'pH., PO3paxyHKOBa BIJICOTKOBa cTaBka ckiagae 20 %.
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[ToOymyBatT  €KOHOMIKO-MAaTe€MaTUYHy  MOJCIh  CHHXPOHHOTO
(1HaHCYBaHHS Ta PO3paxyBaTH ONTUMAJIbHY 1IHBECTUIIMHY MpOrpamy mpu
BKa3aHUX OFOKETHUX OOMEKEHHIX.

¢ Po36 ’s13y8annsi.

3a yMOBOIO 3aj1aul BIJICOTKOBA CTaBKa OJHAKOBa IS BCiX IJIAHOBUX
nepioaiB. Bapricte kamitany (C)) s i-TO 1HBECTHUIIIHHOTO 00 ’€KTa Ha
MOYATOK IUIaHOBOTro nepioay (/=0) 3HaiinemMo, BUKOPUCTOBYIOUU (HOPMYITY:

T T
C, =—4;,+ Z(eit —d; )(1 + r)_t =—A; + Z(eit —d; )q_t ) (5.17)
t=1 t=1

ne Aj — 3arpaTh Ha TpUIO0AHHS I-TO I1HBECTHIIIMHOTO 00’€KTa,
Ay, =—(e, —a,); t — ingexc mianosoro mepiomy, t=1,T; e,(a,)
MOCTYIJICHHsI (BUILJIATH) JJIsI i-TO 1HBECTHUIIIMHOTO 00’€KTa B MOMEHT 4acy
t (1 + r)_’ = ¢ '~ xoe]ilieHT AUCKOHTYBAHHS AJIsl MOMEHTY 4acy f.
Tabmamms 5.1
ILnaTizkHi HETTO-PSAAU AJIA IHBECTHLIHUX 00’ €KTIB i BAPTICTH KamiTanay

... . | HeTTo-mnarexxi B MOMEHT 4acy, TUC. TPH. BapricTtb
[aBecTHIiTHI ;

o6 ekt | t=0 | t=1 | t=2 | t=3 | t=4 | 0
THC. TPH.

10, —-80 50 35 40 45 30,83

10, —120 60 45 40 55 10,92

10, —60 30 35 25 40 28,28

10, -90 50 45 50 30 26,33

105 —110 60 30 40 50 8,09

(05 —40 20 25 15 30 17,18

Po3spaxoBana pi3Huns (e, —a,) A i-ro 00’€KTa Ha MOMEHT 4acy f

Ha3WBAETHCA YUCTUM IUIaTekKeM. BoHa Moe BimoOpakaTH MEPEBUILICHHS
MOCTYIUICHB HaJl BUTPaTaMy YW BUILIAT HAJ[ OCTYIUICHHIMHU.
Hexaii x,,X,,...,X, — HEBLAOMI BEJIWYMHH, LIO0 BKa3ylOTb Ha

MOXJIMBY peali3allif0 BIAMOBIIHO TEPIIOro, APYroro, ..., IIOCTOTO
1HBECTUILIIUHNX 00’ €KTIB.
Jlnst moOyA0BU YHUCIIOBOI €KOHOMIKO-MaTEMaTHYHOT MOl 3ajaadi
3HaiIeMo 3HaueHHs BapTocTi Kamitany (C;) i-To IHBECTUIIIMHOTO 00’ €KTA.
Hanpuknazn, 115 mepiioro iHBeCTUIIMHOTO 00’ €KTa MaeMO:
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4
Ci=—4,+ Z(eu _alt)q_[ =
=1

=—80+50-1.27"+35-1272+40-127 +45-127" =

=—-80+41.67+2431+2315+21.70 =30.83.
AHAJIOTIYHO ~ 3HAXOAMMO  BapTOCTI  KamiTalmy  JJid  1HIOUX
1HBECTUIIIHHUX 00’ €KTiB. OTpUMaHi pe3yJbTaTh 3aHOCUMO B Tad. 5.1.
YucnoBa Moielb 3a7a4i MaTUME BUTJISAI.

3HaiTn
Z =30.83x, +10.92x, +28.28x; +26.33x, +8.09x; +17.18x, — max

MIpY BUKOHAHH1 YMOB:
1) 3 BUKOpHCTaHHS HassBHOTO 00CATY OFOPKETHUX KOIIITIB
80x, +120x, + 60x; +90x, +110x, +40x, <350;

2) CTOCOBHO HEAIIMMOCTI IHBECTULIIMHUX 00’ €KTIB

i

1, SKII0 peasizaris i - To IHBECTUIIIHHOTO 00'eKTa 3M1HCHIOETHCS,
i {O, SKIIO peai3allis i - T0 IHBECTUIIIHHOTO 00'€KTa BIAXUISIETHCS; [ =1, 6.

JInst  3HAXOKEHHSI  LUIOYMCIOBOIO  PO3B’SI3KY  BUKOPUCTAEMO
npouenypy INT nporpamuoro npoaykry LINA.

Sk pe3ynbTaT, MAEMO TaKy ONTUMAJbHY IHBECTULINHY Nporpamy, a0
SKOT BXOJATh MEPIINM, TPETIN, YETBEPTUH 1 IOCTUHN 00’ €KTH:

x=Lx,=0,x;=1Lx, =Lxs =0,x, =1.

Peamizaiiiss 1HBEeCTHINIHHOI TIporpamMu OyjJe€ BHUKOHYBATHCS MPH
3arajJlbHUX BHUTpAaTax Ha MpuA0aHHSA 00’€kTiB o0csrom 270 THC. TpH.
(80+60+90+40=270) 1 cymapHniii BapTOocTi Kamitaity po3mipom 102,62 Tuc.
rpH. (30,83+28,28+26,33+17.18==102,62).

Bu3zHaunMMoO BUTIAHICTh 1HBECTHUIINHOT MPOTpaMu Yepe3 BEIUUYUHY
HOpMaTuBY BapTocTi Kamitany (HBK):

Cymapua eapmicmbs Kanimajzy] 102,62

HBK = [ =0,38.¢

[060;12 sumpam Ha npu06aHHﬂ] 270

5.3.2. 3apaya npo npu3HAYEHHSH

[Tpumyctumo, 110 AJ1s1 BUKOHAHHS 7 poOiT hipMa Mae n MpaliBHUKIB.

[To3Haunmo: i — IHIEKC MPETEHACHTa Ha BUKOHAHHS MTEBHOT pO0OTH,
i=1,n; c; — cymapHl BUTpaTH Ha BUKOHAHHS i-TO BHJIY POOOTH j-TUM
MpaliBHUKOM; j — 1HJEKC BUay podoTH, j=1,n. IlpuiitMemMo Taky yMOBY:
KOXXHUU MPETEHACHT MOXe OyTH NMPU3HAYCHUM TUIBKU Ha OJHY poOOTY, a
KOKHa po00Ta MOe OyTH BUKOHAHOIO TIJILKH OJHUM MPAI[iIBHUKOM.
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HegioMo10 BETMUHUHOIO B 3aj1a4l Oy i€

1, saxwo i—1u kaHoudam uKoHye j—my pobomy,

710, 6 npomunexcrhomy sunaoxy.

Heo0xigHO po3paxyBaTh ONTUMAJIBHY CTPATETiI0 MPU3HAYCHHS
KaHAUJATIB HA BUKOHAHHSI O0OCSITY poOIT, MIpU sIKiil CymMapHi BUTpATU Ha
BUKOHAHHS OyJI OM MiHIMAJIbHUMU.

Toal eKOHOMIKO-MaTeEMaTUYHA MOJIENB 3324l MATUME BUTJIA.

3HalTH

Zzznlzn:cij-xl.j%min (5.18)

i=1 j=l1

MIpY BUKOHAHHI TaKUX YMOB:
) KO’)KHUM KaHIUJATOM BUKOHY€ETHCS TIIbKU OJHA PoOOTa

Sx, =1, i=lLn (5.19)
j=1

2) KOkHa po00Ta MOYKE€ BUKOHYBATHUCS OJTHUM IPaALlIBHUKOM

Mx, =1,j=Ln; (5.20)
i=1

3) BiAHOCHO JIBINKOBHUX 3MiHHHX

x, {01} i=1Ln, j=1n; (5.21)

5.4. IIuTaHHA 1JIsI CAMOKOHTPOJIIO

1.

2.

(9)]

0 1 O

Ska 3amaga MaTeMaTHYHOTO TIPOTpaMyBaHHS HA3HMBAETHCS
LIJIOYUCIIOBOIO?

HapeniTe npukiaay eKOHOMIYHMX 3aj1ad, [0 HaJleXKaTh 0 KJacy
3a/1a4 IJIOYHUCIIOBOTO JIIHIMHOTO MTPOTpaMyBaHHS.

. ki1 MCTOAN BUKOPHUCTOBYIOTH IJIsI 3HAXOIKCHHA OIITUMAJIBHOI'O

IJIaHYy [UTOYUCIIOBOI 3aa4i?
OxapakTepu3yuTe METOIU BiATUHAHHSL.

. Ha domy 0a3yroTbcs KOMOIHATOPHI METOAW IIIJIOYHMCIOBOI

OnTUMI3aIi?

. OnuuIiTe anroput™ Metoxay I'omopi.

OnuUITh aJITOPUTM METOJY «BITOK 1 MEXK».

. ChopMmymroiiTe MOCTAaHOBKY Ta MOOYAyWTe MaTeMaTUYHY MOJEIb

dbopMyBaHHS ONTHMAJIBHOI  IHBECTULIMHOI MpOrpamMu  MpH
3aTaHOMY OIOJIKETI.

. [lobynyiite ¢dopmManizoBaHy MaTeMaTHYHY MOJI€NIb 3ajJadi Ipo

IMPU3HAYCHHA.
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Po3nain 6. Heainiiini onTumizaninii Mmoaesti
€eKOHOMIYHHUX CHCTEM

6.1. IlocTanoBka 3a1a4i HeJNIHIHHOTO MPOrpaMmyBaHHS
Ta 1l XapaKTepHi 0C00IMBOCTI

Jlo 1poro yacy Mu po3nsiAaNIM 3a7adl JIHIKHOTO HpOorpamyBaHHS,
TOOTO BC1 HEBJIOMI 1 B IIUIbOBY (DYHKIIIIO, 1 B OOMEXKEHHS 3a/1a4l BXOIAIA
JiHIMHO (B mepiiomy cTerneHi). [IpoTe B3aeMo3B’sI3KHM MK €KOHOMIYHUMU
MOKa3HUKaMHU JOCHTh YacTO HOCSTh HENIHIMHMUMA xapakTep 1 moOyjoBaHa
JiHITHA MOJIeJIb B TaKOMY BHUIQJKy OyJe€ HeaJeKBaTHA pealbHIN
aivicHocTi. ToMy IOIUIBHO AOCHTIKYBaTH TMEBHI €KOHOMIYHI IPOIECH 3
JOTIOMOI'O0 HENHIAHUX MOJEJEH, MATEMaTUYHUM 1HCTPYMEHTOM SIKUX €
HEJIHITHE MpOorpaMyBaHHS.

B 3aranpbHOMYy BUIAJKy 3ajadya HENTIHIMHOIO MPOrpaMyBaHHS Mae
BUTJISIL;

Z = f(x,,x),...,x,)  max(min), (6.1)

G, (X, XIS, =210, (6.2)

x, 20, j=1n,

e f(x,,x,,...,x,) Ta q,(x,,%,,...,X, ) — HEIIHIAHI (PYHKIII.
YacTo 3ama4y HENHIHHOTO MPOTpaMyBaHHS HaMararThCA MPUBECTH
o jiHiHOrO BUy. Hampuknaza, skmo ¢QyHKIIS 3a0a€ThCA Yy BUIIISAIL
1 : oy :
z=a+b—, TO 3aMiHOIO y=— MH OTPUMAEMO JIHINHY (QYHKIIIIO
X X
z=a-+by. 3a Takoi 3amMiHM TIOXMOKM HeMae, aje 3aMiHa (QyHKIII

z=—ax’ +bx+c HeIKOI0 MHIAHOIW z=c+dy NPUBOAUTEL 0 3HAUYHHUX

MOXMOOK, 110 300paxkeHo Ha puc. 6.1.1. B Toukax x; Ta x3 3HaYE€HHS 000X
(GyHKITIN CIIBIMAAaI0Th, @ B TOYII X, BIIPI3HAIOTHCS 3HAYHOIO MIPOIO.

Mu 6aunMo, 110 JTiHeapu3allis HeJHIMHUX MPOIIECIB HE 3aBXIU ceOe
BUMPABJAOBYE 1 B 3araJlbHOMYy BHUIAIKy € JOCUTh  CKJIQJHOIO
MaTEeMaTUIHOIO 3a7a4€tO.
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Pucynok 6.1.1

JIns TiHIMHAX 33729 3aBXKId MOYKHA 3HANTH ONTHUMAaJILHUKN PO3B’SI30K
YHIBEpCAJIbHUM (CUMILIEKCHUM) MeToAoM. [Tpu nbomy HeMae mpoOiaemu 3
JOBEJCHHSM ICHYBaHHS TaKOTO PO3B’SI3KY, aJ’K€ B pE3yJIbTaTl pO3B’ I3aHHS
3a/1adl CUMIUIEKCHUM METOJIOM 3aBXKIW OTPUMYEMO OJHWH 13 BapiaHTIB
BIJIMOBII1:

1) 3HaliIEHO ONTHUMAJIBLHHI PO3B’A30K;
2) 3agayda cynepeuinBa, ToOTO ii po3B’ 3Ky HE ICHYE;
3) nitboBa (QYHKIIS HEOOMEKEHA, OTXKE, PO3B’A3KY TaAKOK HEMAE.

JIJist 3aj1ad HENMHIMHOTO MpOTrpaMyBaHHS HE ICHYE YHIBEpCaJTIbHOTO
METOAY PO3B’A3yBaHHS, TOMY KOKHOTO pa3y TpeOa JOBOJIUTHU ICHYBaHHS
pO3B’A3KY 3aja4i, a TAKOXK MOTro €IUHICTh. [Ipu po3B’sa3yBaHHI HETIHIMHUX
3a/1ad BUKOPUCTOBYIOTh HAOJIMKEHI METO/IH, OUIBIIICTh IKUX JaI0Th 3MOTY
3HAXOJWTH JIOKaJbHI ONTHUMYMH, a BXE€ 3HAWIIOBIIM BCl JOKaJIbHI
ONTUMYMH, METOJIOM MOPIBHSIHHS 3HAY€Hb IIJIbOBOI (YHKINT Y KOXHIHN 3
TOYOK JIOKJILHOTO ONTUMYMY MOKHA 3HaWTH riodanbHui. Hanpukian, Ha
puc. 6.1.2 maeMo Ha AESKOMY BIAPI3KY JIOKaJbHI ONTUMYMH B TOUKaX X,
X2, X4, X5, X6, X7, Xog TA X9, @ TJIOOATBHI — B TOYKaX X3 Ta Xg. IIpoTe mis
MPaKTUYHUX PO3PAXYHKIB TaKU METOJ HE 3aBXKIU €(PEKTUBHUHN, TOMY I110
4acTO HAOJMKEHI METOIM HE «BJIOBIIOIOTHY TIJI00AJBLHOIO ONTHMYMY,
OCOOJIMBO KOJIM TJIOOAJbHUN ONTUMYM JICKHUTHh JOCUTH OJIM3BKO 10
JIOKaJILHOTO.
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Pucynok 6.1.2

3BEpHEMO YyBary 1€ Ha OJWH BAXKJIMBUKA MOMEHT. Y 3ajayax
JIHIAHOTO MPOrpaMyBaHHS TOYKA ONTUMYMY 3aBXKIU OyJia FPaHUYHOIO, a B
HEJIHIMHUX BOHA MOXK€ OyTH a00 rpaHUYHOIO, a00 TaKOl0, 110 MICTUTHCS
BCEpE/IMHI TOMyCTUMO1 00J1acTi po3B’si3KkiB. [lokakemo 11e Ha mpUKIaii.
[lpuknan 6.1. 3HaliTH HaliMEHIIIEe Ta HaOIbIIIEe 3HAYEHHS (DYHKITIT
Z=x+x.—4x —2x,+5
32 OOMEXKEHb
X, +x, <5,
x,,%, 2 0.
¢ Po36’s3y8annsl.
3HalimeMo po3B’a30K 3adadi  rpadiuHo. OCKIUIBKHM OOMEXKEHHS
JiHIAHI, TO 0O0JIACTIO JIOMyCTUMHUX PpO3B’SI3KIB OyJie MHOTOKYTHHK
po3B’s3kKiB. [ToOynyemo ioro. MuorokyTHukoMm po3B’si3kiB € AOBC.
[utboBY (DyHKIIIIO 3aMUILIEMO Y BUIJISIAI
Z=x}+x—4x —-2x,+5=(x,—2)" +(x, - 1)".
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Mu oTpumanu piBHSAHHS KoJja 3 HEHTpoM B Toulll A(2;1) Ta paaiycom
R=+/Z. 3uaunrp, 3mauenns OyHkuii Z Oyme 3poCTaTd, SKIIO
30UTBIITYBAaTUMETRCS PajilyCc KoJia 1, HaBMaku, OyJie 3MEHIIYBAaTUCS, SKIIO
OyJe 3MEHITyBaTHCS paalyc Kojia. Mu 0adumo, 10 KOJIO HalOUIBIIOTro
pazdiyca, iK€ TEPETUHAE KPAaWHIO TOYKY MHOTOKYTHHUKA PO3B’S3KIB — II€
KOJIO 3 LIEHTpoM B Toullli A. BoHo mpoxoauts uepe3 Touky C, sika Mae
koopauHat (0;5). [lizcTaBuMo iX B IIIJIOBY (PYHKIIIIO 1 MAEMO:

Z =(x,=-2)+(x,-1)’=(0-2)"+(5-1)>=4+16=20.

OueBUAHO, [0 HAUMEHIIOTO 3HAYCHHS (YHKIlIA JOCSITaTUME B TOUIII
A(2;1):

Z . =(x,-2 +(x,-1)’=2-2)+1-1)°=0.

B npomy npukiaai Mu 6a4mMo, 10 TOYKa MAKCUMYMY € TPaHUYHOIO,
a TOYKa MIHIMyMY — BHYTPIIIIHbOIO TOYKOIO MHOTOKYTHHKA PO3B’SI3KIB.

[Ipuknan. 6.2. Po3s’s3atu rpadiyHUM METOJOM 3a/1ady HEIIHIMHOTO
porpaMyBaHHsI.

Z =2x,—x_ +x, —> extr,
2x,+3x, <6,
2x, +2x, <4,

x,20,x, 20.

¢ Po36’sa3y8aHH.
3po6uMO IepeTBOPEHHS BUpa3y LIIbOBOI (PYHKIII].
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Z =2x,—x; +x,,
2 . 2 _ 2
2x, =X +x, =X, —(x1 —2Xx, +1)+1 =x, —(x, 1) +1,
2
Z=x,—(x 1) +1.

Slkmo Z=0, To maemo Bupas x, =(x,—1) —1, skuii € piBHAHHAM
napaboyy, BepIIMHAa KOTPOi 3MIIIEHA BIPaBO HA OJMHHUIIO MO OCI X; 1
HiJHSATAa HAa OJUHUII0 BBEPX MO OCI X,. SIKII0 HagaBaTH 3HAYEHb Z, TO
rpadik 1i€i mapadonu Oyne mepemilryBaTuca mo mpsamiid x;=1 BBepx abo
BHMU3.

PiBHSIHHSA JTIHIN CHUCTEMU OOMEKEHbD.

l:2x, +3x,=6, (0;2),(3;0);
L:2x +2x, =4, (0;2),(2:0);
[, :x,=0;
l,:x,=0.

Toal 3HaAXO0AMMO MHOTOKYTHHMK po3B’si3kiB OAC, 110 BIANOBIIAE
CUCTEM1 OOMEKEHD.

>

X1

3HAXO0AMMO KOOPJAMHATH TOYKM JOTHUKY TMapadbonu Ta diHil b.
3HaxoauMO KyT Haxwiy mdiHii [, 10 Ox;. 3 piBHSHHA 2x, +2x, =4
BHUITHIIIEMO X;:
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Otxe, k=-1.
PiBHSIHHA TOTUYHOI 10 JOCIKYBaAHOI 1MapadoIu Ma€ BUTIISIA:
X, —X;) - f,(xlo)' (xl _xlo)'
3 iH10r0 0O0KY, KYyT HaXuiIy JiHii /, MO’KHA BUPA3UTHU TAKUM YUHOM:
k=f(x).

[IpoBenemo po3paxyHKU Ha OCHOBI IIUX MIPKYBaHb:

F)= (-1 +1)] =20 - ), =2x"-2.

0
X =X]

Maemo: —1=2x"-2. 3Bincu x, =%.

0 0 3
Tenep 3Haxomumo  x, =2-—1x :5. OTxe, KOOpAMHATH TOYKH

3 . . .
IO0TUKY Tapabdonu 10 l: D 5,5 . 3HalIeMO 3HAYCHHS ILJIbOBO1 (YHKIT

B 111} TOYII: Z(D): Z(l,éj = 21—(lj +é :5—1:2.
2°2 2 \2 2 2 4 4
BuzHauuBIIM 3HAYEHHS LUIHOBOI (PYHKIII y BEpUIMHAX JIOMYCTUMOI
MHOxuHHU (O(0;0), 4(0;2), C(2;0)), nepekoHyeMOC, 10 €KCTPEeMaTbHUMU
3HAYEHHSAMHU IIJIbOBO1 DYHKIT € TaKl 3HAYCHHS:
Z . =7(0)=2(0;,0)=0;

zZ =Z(D)=Z(l;§j=2. A
2°2) 4

6.2. OCHOBHI BH/IH 32124 HEJIIHIHHOT0 MPOrPAMyBaHHA

Jist po3B’A3yBaHHs 3a/lad HENIHIMHOTO MNpPOrpaMyBaHHSA HE ICHYE
YHIBEpCAJIbHOTO METOAYy, a TOMY JOBOJMTHCS 3aCTOCOBYBATH Oarato
METO/IIB Ta OOYMCITIOBAILHUX aJTOPUTMIB, IKI B OCHOBHOMY IPYHTYIOTHCS
Ha Teopli AudepeHIiaIbHOr0 YMCICHHS, 1 BHOIp iX 3al€XKUThb BIJ
KOHKPETHOI TOCTAaHOBKHM 3ajadl Ta (opMHU EKOHOMIKO-MaTEeMaTUYHOI
MOJIENL.

Metoau HENMHIMHOrO MporpaMmyBaHHs OyBalOTh MpsiMi Ta HENPSAMI.
[IpsMuMu MeTOAAMHU ONTUMAaNbHI PO3B’S3KU UHIYKAIOTh Yy HAMNPSIMKY
HaWIIBUAIIIOTO 30UIbIIEHHS (3MEHIIEeHHS) IIb0BOiI (PpyHKIi. TunoBumu
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UL 1€l TPYNHU METONIB € TpajieHTHI. HempsiMi MeTOIM MONSATalOTh Y
3BEJICHHI 3a7a4l JI0 TaKOi, 3HAXOJKEHHS ONTUMAJIbLHOI'O PO3B’SI3KY SKO1
BJIA€ThCSA COPOCTUTH. HaltmommupeHimMMu MeToJaMH IBOTO Kiacy €
METOIU KBaJAPAaTHYHOTO IMPOTPaMyBaHHS.

OnTuMizaliiial 3amadl, Ha 3MIHHI SKAX HaAKJIaJaloThCs OOMEKCHHS,
PO3B’SI3YIOTHCSI METOJaMHU KJACUYHOI MareMmaTuku. OnTumizaiio 3
0OMEXEHHSIMU-PIBHOCTSIMU BUKOHYIOTh METOJAaMU 3BEICHOIO TPAJIIE€HTA,
HaIpUKJIaJ, METOAOM MHOXXHHMKIB Jlarpamka. Y 3amadax omnTuMizamii 3
00OMEKEHHSIMU-HEPIBHOCTSIMU JTOCTIKYIOTh HEOOX1IHI Ta JOCTaTHI YMOBH
icHyBaHHs ekctpeMyMy Kyna-Takkepa.

Posrnsinemo memoo muoocnuxie Jlacpawdsxca Ha TPUKIAIl TaKoi
3a/1a4l HEJIIHIMHOTO MpOrpaMyBaHHS:

Z=f(x,,%y,...,x,)  max(min), (6.3)
q.(x,,%,,....,x)=b, i=1m, (6.4)
e f(x,x,,....x,) 1a q,(x,,X,,...,X ) — IUPEPEHLIIAOBaHI.

Ines metomy Jlarpamka mnossirae B 3aMiHI OKpPECJICHOI 3ajaadi

MPOCTIIIO — 3HAXOJKEHHSI €KCTpEeMyMy CKiIaaHiloi ¢GyHKIi, ane O0e3

oomexenb. st yHKIia HAa3UBaeThes hyukyiero Jlacpanoica 1 3aUCYETHCS
y BUTJISAIL:

LX), Xy s X5 Ay Ay ) = (X5 Xy 50005 X)) + D A[q, (X, X, 505x, ) — .1, (6.5)
i-1

A€ A — HEBU3HAYEHI NOKU 1110 BEJIUYHMHHM, TaK 3BaHl MHOXKHUKHU Jlarpanxa.

HeoOx11HOIO YMOBOIO eKcTpeMyMy (yHKIT OaraTb0X 3MIHHUX €
PIBHICTh HYJII0O YaCTMHHUX MOXIJIHMX CTOCOBHO BCiX 3MIHHHMX (DYHKIIII.
BizbMeMo 111 YaCTUHHI TTOX1/IH1 1 IPUPIBHAEMO iX 0 HYJIS:

-

Lo j=in
ox .
4 J
AL o i=Llm.
02,

abo

,  j=Ln,

of (X,,Xy,.005X,) +i/1i 0q, (X, Xy, X,) 0
Oox ; P ox ;
q.(x,, %y, x,)=b =0 i=1m.
Otpumyemo cucremy (m+n) piBHSHb 13 (m+n) HEBIIOMUMU,
po3B’s3aBmIM Ky, 3Hahgemo X =(x,X,,...x ) Tta A, =(A,4,.., 1) —

cTamioHapHi Touykd. OCKUIBKM 1X 3HaWJIeHO 3 HEe0oOXigHOI YMOBH

192



EKCTpEMyMy, TO B HHUX MOXJMBUH MakCcUMyM abo MiHiMyM. [HOm1
CTalllOHapHa TOYKA € CIJIJIOBOIO (TOUKOIO IMepernHy rpadika GyHKIIIT).

Teopema. Hexalt B OKOJII KPUTUYHOI TOYKHU (Xo; Vo) GyHKIS flx, »)
Ma€ HEMepepBHI YaCTUHHI MOXIAHI JI0 JPYyroro MOPSAKY BKIIFOYHO.
PosriistHemo Bupas

D(x’y): 0 ];()zsy) 0 f(xz-ay)_(a f(xay)) .
X oy OxOy
1) Skmo D(xo, yo) >0, To B TOUI (X0; Vo) yHKIIIA f{X, ) Mae Taki

eKCTPEMYMHU:

S (xv) _.
ox’

S 1x0) g.
ox’

2) Skmo D(xo, y0)< 0, To B TOuIl (X0; Vo) DyHKIIA fx, ¥) HE Mae

a) Jocsrae€ CBOro MakKCuMaJbHOI'O 3HAYCHHS, KO

0) ocarae CBOTO MiHIMAJIBHOTO 3HAYEHHS, SKIIO

E€KCTPEMYMIB.
3) Sxmo D(xo, yo):O, TO B Toumi (Xo; Vo) st QyHKHii flx, )
€KCTPEMYMH MOKYTh ICHYBaTH UM HE 1ICHYBaTH.
JUIs HarJIsiAHOCTI B JIEAKUX BHIMAAKaxX IO TEOpeMy (OpMYIIOIOThH
iHakwe. CKJIaJaeMo MAaTPULIIO TAKOTO BUAY:

[ 0°Z  0°Z ]
ox>  OxO
Hey)=| 57 57 |
[ Oyox Oy |

2
i Bu3HauHuK Matpuri H (x, y):

O6uucmoemo H, (x,y)=

2

Ox
0'Z 0'Z
o' axdy| 3z 9z 9z 9z 9z 9Z _[ 0’z jz
0°Z O°Z| ox® 9y* odyox oxdy  oxE oyt \oxoy )
oyox oy’
Skmo H,(x,,y,)=D(x,,¥,)>0, To B Toumi (xo; yp) JOCTiKyBaHa

Hz(x»y):

(GYHKIIIS Ma€ EKCTPEMYM.
Sxmo mpu usomy H,(x,,y,)>0, To B OKpecleHiii Toumi (yHKIs

jocarac  MiHiMaibHOro  3Hadenns; skmo M (x,,y,)<0, To -

MaKCHUMaJIbHOI'O 3HAYECHHS.
Po3B’s>xemMo MeTO10M MHOKHMKIB Jlarpanka Taky 3ajady.
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[lpuknan 6.3. Bu3HaunTu onTUMalbHi 3HAYEHHS PYHKIIIT
z=3x] +2x; +2x,x, — 2x, +3x,
py 0OMEKEeHH1
X, +x,=3.
¢ Po36’s3y8aHHA.
Ilepen Tum, sk OynyBatu (¢yHkuiro Jlarpanxka, 3amuiieMo

OOMEXKEHHS y TakoOMy BHIJISl, 100 B TMpaBid 4YacTUHI OYB HYIIb:
x,+x,—3=0. Toxail ¢pynkuis Jlarpanxa MaTuMe BUTJISA;

L(x,,x,,A)=3x] +2x2 +2x,x, —2x, +3x, + A(x, + x, = 3).
BizbMemMo yacTHHHI TTOX1/IH] i€l GYHKIIT 1 TPUPIBHIAEMO iX 0 HYJIS:

i 6x,+2x, —2+ A =0,
JS—L:O, = 4x, +2x,+3+ 1 =0,
% x, +x,-3=0.
oa_
L0

BigniMeMo BIiJ MEpLIOro PIiBHAHHS JIpyre, 100 BUKIIOYUTH A,
OTPUMAEMO TAKY CUCTEMY PIBHSHb:

4x,—2x,-5=0,
x, +x,-3=0.
Po3B’sxemo 1i:

43-x,)—2x,-5=0, 12—-4x,-2x,-5=0,
= =

x, =3—x,. X, =3-x,.

-7
6x, =7, x2—6,

=3- - ) 7 11

N T X, =3-—=—.

\ 6 6

. 11 7 ) . :
Touka x = 7’8 € TMAO3pUIOK HAa ONTUMANIBHICTh. s

BU3HAUYCHHS TUIY ONTUMAJIBHOCTI OOUHUCIIOEMO YaCTUHHI MOX1IHI APYTOT0
MOPSIAKY
O’L 6: 0’L _ 4 O’L 0L

— Yy ’ - = °
ox’ ox; ox,0x,  Ox,0x,
a OTIM BU3HAUYHUK
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o0°L o0°L

Ox’ Oox,0x 6 2
H, = ! 27 = =24-4=20.
Pl oL oL ‘2 4‘
ox,0x,  Ox.
) O°L . )
Ockuibku H| = ? =6>0 1 H,>0, 10 e o3Hayae, 1O B TOYIII
‘xl

. (11 7) . .
X = 7’8 (yHKIIIS AOCITaE MIHIMYyMY:

z =3x)4+2x; +2xx, —2x, +3x, =

2 2
:3-(Ej +2-(Zj +2-E-Z—2-E+3-z:@:101,5.0
6 6 6 6 6 6 6
PosrasinemMo 3adaui 6unykioco npoecpamyearts, Kl € CTPyKTypPHUMU
CKJIQJJOBUMHM KJIACy 3aJad HEJIHIMHOTO MpOrpaMyBaHHSA, B AKUX
BUKOPUCTOBYIOThH OIMYKJI1 UM BrHYTI (DYHKIIII.
®ynkuisa f(x,,X,,...,X,), gKa BU3HAYCHA HAa ONYKJIIN MHOXHHI M,
HA3UBAETHCS OMYKJIOK, SKIIO s OyJab-SKHMX JBOX TOYOK X; 1 X 3
MHOXUHU M 1 AoBUIBHOI KOHCTaHTH A 3 mpomikky [0; 1], (0<AL1)
CIIPaBI)KY€EThCSI CITIBBITHOIIICHHS
ST+ (1= Dx, <2 () + (1= D) f (x,).
®yukuis f(x,,X,,...,X, ), AKa BU3HaUYECHA Ha OIYKJIA MHOXHUHI M,
HA3UBAETHCSI BTHYTOIO, SIKIIO ISl OyAb-SKMX JBOX TOYOK X; 1 X; 3
MHOXUHU M 1 AoBUIBHOI KOHCTaHTH A 3 mpomikky [0; 1], (0<AL1)
CIIPaB/IKY€ETHCS CITIBBITHOIICHHS
ST+ (1= 202, ]2 2 () + (1= D) f (x).

PozristneMo 3agady OnmyKjioro mporpaMmyBaHHS.

f(x,,x,,...,x,) = max(min), (6.6)

q.(x,,%,,...,x,)<b, i=1m, (6.7)

x;20, j=Ln, (6.8)
ne f(x,,x,,...,x,) — BrHyTa (omykua) GyHkuis; q,(x,,x,,...,Xx,) — ONyKIl

(byHKIIII.

MHoOXHMHA JOMyCTUMHX pilieHb 3amadi (6.6)-(6.8) 3a10BOJIbHSE
YMOBY PETYJIAPHOCTI, AKILO ICHY€ X04 Ou onHa Touka X =(x,,X,,...,X,) B
OMHUCYBaHId MHOXHHI 3 KOOpJWHATaMH, IO 3aJI0BOJLHSAIOTH HEPIBHOCTI
q,(x,,%,),...,x,)<b,i=1m.
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Axmo f(x,,x,,...,X,) — BrHyTa (OomykJya) (yHKIis, sIKa 3a7aHa Ha

ONYyKJIii MHOXHHI, TO OYyJb-SKHM JIOKAJbHUM MakCUMyM (MIHIMyM) €
JI00AIbHUM MaKCUMYMOM (MIHIMyMOM).

Oynkiis Jlarpawka Ui 3a7adl OMYKJIOTO  MpOrpaMyBaHHS
3alIUCYEThCS B TaKOMY 3K BHJI, K 1 JJIs OyJab-sKO1 3aja4dl HEJIHIHHOTO
MpOTpaMyBaHHS

LX), Xy X,y Ay Ao s A ) = f(X X5y X, )+ DA [B = q,(x,, Xy, X,)],
i=1

ae A,A,,...,A —MHOXHHKM Jlarpanxa.
Touka(X";A") = (x,x),...,x; A, A,..., A ) Ha3MBAEThCA CiIOBOKO
Toukor (yHKIIi Jlarpanxka, sIKIo
LX)y X s A ALY SL(X, e X5 A ey A SL(X, e X5 Ay A ),

Ui BCixx, >0, j =Ln 1A, 20,i=1,m.

Teopema (teopema Kyna-Takkepa). SIKIIO MHOXXKHMHA JOMYCTUMHX
PO3B’SA3KIB 3ajadl OIYKJIOro IporpamyBaHHs (6.6)-(6.8) 3a10BOJIbHSE
YMOBY perynsTHBHOCTI, To Touka X' =(x',x’,...,x") 6yne ONTHMAIbHIM

pO3B’A3KOM  3ajayl TUIBKM TOJl, KOJM ICHYE Takhil  BEKTOp
N=A,20,..,1), A >0,i=1,m,mo (X’;A’) — cinnosa Touka QpyHKIIi
Jlarpanxa.

Teopema  Kyna-Takkepa 1mae  MOXIHUBICTE  CPOpMYIIOBATH
MaTeMaTU4YHI BUpa3d, 10 BU3HAYAIOTh HEOOXIJHI Ta JOCTAaTHI YMOBHU
HasIBHOCTI Ciy10BO1 TOoUukH. Ile BijoOpakae Taka Teopema.

Teopema. SIkuo 3ana4y HENHIMHOTO MTPOTrpaMyBaHHS

Z = f(x,,%,,...,X,) = max,

q,(x;,%y,...,x,)20,i =1, m;

x;20,j=Ln,

ne Z=f(x,x,,....,x,) Ta q,(x,x,,...,x,), i=1,m — HenepepBHO
nudepenmiioBani mo x (QyHKII, TO s TOro, mod Bekrop X' >0 OyB
ONTHUMAaJIbLHUM PO3B’SA3KOM 3ajiaul, HEOOX1HO 100 1ICHYBaB TaKUM BEKTOP
A’ >0, mo Touka 3 koopauHatamu (X ;A’) OGyna 6u CilIOBOIO TOYKOIO
dyukii Jlarpanxka, To0TO 11100 BUKOHYBAJIUCS YMOBH:

196



OL(X°,A°) . —

<0,j=1n;
Ox . J
J
L(X°, A° —
AN om0, =T
8xj
0 A0 L
OL(X ’A)ZO,i:I, ;
o,
0 A0 L
OLLX'N) o o=
o,
oL, oL, . .
5 ;8k — 3HAYEeHHA BIANOBIIHMX TMOXigHUX GyHKIIl Jlarpanxka,
X .

0OYHUCIIEH] B CIJIOBIMA TOYILII.

PosrnstneMo  3aodaui  keadpamuuHo20  NpoOSPAMYBaHHA, SIKI €
YaCTKOBUM BHIIaJIKOM 3aJa4 OIYKJIOTO MPOTrpaMyBaHHS, B AKUX IJIbOBA
(GYHKIIS € CYMOIO JTIHIMHOT Ta KBaApaTU4IHO1 (DOPMH.

KBagparnuHoro (pOpMOIO BIZHOCHO 3MIHHUX X,,X,,...,X, € YUCIIOBA
(GYHKITS IUX 3MIHHAX BHTJISY:

Z=c X} +CpX; +...4C, X, +20,X,X, +2C,X,X, +...+ 20, XX, ...+

n n
+ 2cn—1,nxn—l‘xn = Z chjxi‘xj
i=1 j=1

KBagpatuuna ¢opma Z(X) Ha3uBaeThCsi A0JAaTHO (BiA’€MHO)
BU3HaueHOwo, skKio Z(X)>0 (Z(X)<0) nmas BciXx 3HaA4YeHb 3MiHHUX
X =(x,,x,,...,x,), kpim X=0.

KBanpatnuna dopma Z(X) Ha3MBa€TbCs HaAIMIBBU3HAYEHOIO, SIKIIO
Z(X)20 (Z(X)<0) mnsa Bcix 3HayeHb 3MIHHMX X =(X,X,,...,X ), KpIM
IIOrO iCHye Takuii BekTop X :(xl* ,x;,...,x;), HE BCl KOOpAWHATHU
KOTPOTo piBHI HyO i 11 sikoro Z(X ) =0.

KBanpatnuna ¢dopma Z(X) Ha3uBaeThbCd HEO3HAYEHOIO, SIKIO il
3HAYECHHS € TOJAaTHUMU U OJHUX 3HaueHb X 1 BT EMHUMU TS 1HIIINX.

Bun kBagpatnuHoi popMy MOKHA BU3HAYUTH Y€pe3 BIIACHI 3HAUCHHSI
(xapakTepuCTH4HI KOpeHi) A = (ﬁ],iz,...,ln) Matpuill koediuieHtiB C, e
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€1 Cp Ciy
C= Cy C?z Con
Cnl CnZ Cnn

Cll - ﬂil Clz e Cln
C21 022 - 12 e CZn — O
nl n2 e Cnn - /In
3 BOT0O PIBHSHHS BU3HAYAEMO BEKTOP XapaKTEPUCTUUYHUX KOPEHIB:
A=A ).

Teopema. KBanparuuna opma € 107aTHO (BiJ'€MHO) BU3HAYEHOIO
TUIBKU TOJI1, KOJIM BCl KOMIIOHEHTH BEKTOpPA XapaKTEPUCTUUYHUX KOPEHIB €
T0TaTHUMH (B1J’ EMHHMHU).

SIkio BiIacHi 4yMCiIa MalTh Pi3HI 3HAKHU, TO KBajapaThyHa Gopma €
HEBHU3HAYCHOIO.

3amayda KBapaTUYHOTO IPOrpaMyBaHHs — 1€ 3a7a4a BUAY

n n n
f L Xy,0x,)=2d,x, + 2D c;x.x, = extr
j=1 i=1 j=1

pu OOMEKEHHSIX

n n
., .
ne D D ¢, XX, — A0aTHO (B’ €MHO) HAMBBU3HAYCHA KBAAPATHIHA
i1 j=1

dopma.
YMmoBu Kyna-Takkepa mis 3amadi BUIYKIOTO IPOTpaMyBaHHS
MarOTh BUTJISL:
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“+v =0,j=1n;
ox, /
6L0_W,_Oalzra
oA
xv, =0,j=1n
/”Lowl:O,z:r,

x' 20,4 20,v, 20,w, 20.

Teopema. X’ € onrumansHUM PO3B’SI3KOM  3a7a4l KBaJpaTUYHOTO
MporpaMyBaHHS TIJIBKH TOJI, KOJU ICHYIOTh TakKi m-BUMIPHI BEKTOpHU
A’ >0,w>0 i n-BumipHuii BekTop V >0, 11 IKMX BUKOHYIOTHCS YMOBH:

L. Mﬂ/: .j:;.
x| !

11 ij_f:O,jzj

111, aL(XO;AO)—Wzo.izf
OA ’

IV. wA =0,i=1,m.
[Ipuknan. 6.4. Po3B’s3atu 3a7a4y KBaJIpaTUYHOTO MPOTpaMyBaHHS.
Z =—x] —xx, —2x. —5x, +3x, - max,

x, +x, <5,
x,20,x, 20.
¢ Po3s’a3yeannsi.
Z=7+7Z,,
Z, =-5x,+3x,,

. 2 2
Z,=—Xx; —x,X, —2x,.
PosrisiHemo — kBagpatuuHy ~QyHKIiO @ Z =-Xx —XxX,—2X, Ta
BIJINOBI/IHY 111 MaTPHUIIIO, CKIIAJICHY 3 KOE(ILIEHTIB IPU 3MIHHUX

2
3HaxX0MMO BJIaCHI 3HA4YEHHS (XapakTepucTuyHi KopeHi) matpuil C,
BUITHUCABIIN XapaKTEPUCTHYHE PIBHIHHSI
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2 |_
| =0.
——  =2-A
2
Tomi
(-1-A)(2-1)- (— lj(— lj =0
2N 2) 7
(1+/1)(2+/1)—%=0,
2421+ A+ 1 —%:O,
2 3
A +34+1==0,
4
D=9-4. 7 2,
4
—3+
A= T3EN2 V2 ,
2
jq = _3+\/§ ~ —3+14 =-0.8<0,
2 2
PRk E N el S PP
2 2
Ockutbku A; 1 A, € MEHIIMMH BiJ HyJs, TO KBaapaTudyHa (opma
Z, =-x'—xx,—2Xx, € Bil’€MHO 03HaYCHOIO, TOOTO YBIFHYTOIO.

@ynkiris Jlarpanxka Jj1s MOYaTKOBO1 3a/1a41l MA€ BUTIISA:
2 2
L(x,,x,,A)=—x —x,x, —2x; =5x, +3x, + A(5—x, — x,).
HeoOxigHi yMOBH ICHYBaHHS €KCTPEMyMYy IUJIbOBOI (YHKIII 3a

TEOPEMOIO MAKOTh BUTJISAL:
oL oL

—=-2x,-x,-5-1<0; —=-x-4x,+3-1<0;
Oox, ox,
o4 ox, ox, o4

0 0 0 . .e
ae (x;,x,,A ) — KOOpAUHATHU C1AJIOBOI TOUKH.

PosrnsiHemMo mepmmx TpU HEPIBHOCTI Ta 3BEAEMO iX JI0 PIBHSHB
IIUITIXOM BBOJY JI0JIATKOBUX 3MIHHUX
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—2x,—x,—A<S
—x, —4x, - A< -3|x(-1),

—X,—x,25 x (=1).
Tomi
—2x,—x,—A <5y, —2x,—x,—A+v, =5, (6.9)
X +4x,-A23 v, = x +4x,-A-v,=3, (6.10)
X, +x, <5 Vv, X, +x,+v,=5. (6.11)

VY piBHsHHI (6.9) 1 (6.11) 6a3ucHUMH 3MIHHUMHM € BIATMOBIAHO Vi1 V4.
B npyre piBHSHHS BBOOMMO IUTYYHY 3MiHHY #. OTpUMYy€EMO TaKy 3ajgady
JIHIAHOTO MPOrpaMyBaHHS:
F =u— min,
—2x,—x,—A+v, =35,
X, +4x, - A-v,+u=3,
X, +x, + v, =35.
Po3B’s13yeMO 3a1a4y CUMILIEKC-METOIOM.
3 piBHsHHA (6.10) BU3HauaemMo u:  u=3-x, —4x, +A+Vv,.

Otxe,
F=3-x—-4x,+A+v, > min.

Ner. | Nep. | B | OIl | x; |x2l | A Vi V) V3 u 0
0 F 3 1 4 | -1 0 | -1 0 0

I 1 Vi 5 -2 | -1] -1 1 0 0 0
2— | u 3 1 4 | -1 0 | -1 0 1 3:4
3 V3 5 1 1 0 0 0 1 0 5:1
0 F 0 0 0 0 0 0 0 | -1

I 1 vi |23/4) -7/4 | 0 |-5/4] 1 |-1/4| 0 | 1/4
2 X, | Va Ya 1 | -1/4] 0 [-1/4| 0 | 1/4
3 vy | 17/4| 3/4 O |14 |0 |14 |1 |-1/4

OTpuMaiii oNTUMAIILHUI PO3B’SI30K:

2 1
x; =0; x;):%; A =0, Vf):;; vy =0; vf:%; u’=0.

[lepeBipsieMO BUKOHAHHS HEOOXIJHUX YMOB, BpaxOBYKOYHM TaKl
PIBHSIHHSA:
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a—L=—2xl—xz—5—ﬂb=—‘/p v, <0;

Ox,

oL

—=-x,—4x,+3-A=v,, v,=0;
ox,

oL

—=5-x,—x,=Vv,, v;>0.

oA

Bci yMOBHM BUKOHYIOTBCS, a 1I€ O3HAYAE, 110 TOUKA 3 KOOPAMHATAMU

3 :
x, =0; x; = A =0 e cimmoBoro Toukow (yHkuii Jlarpamxka s

3a/ladl  KBaJpaTUYHOrO TMporpamyBaHHs. Touka 3 KOOpJAMHATaMU

3 o . .
X °(xl° =0;x, =Z;k° =0 | € TOYKOIO, B SKifi IIJIbOBa (PYHKI[S AOCATAE

CBOI'O MAKCUMAJIbBHOI'O 3HAYCHHAI:

7 :_0h4y§_2(§)_54yﬁy§:_2+2.Ei‘
o 4 4 4 8 4 8

[lpuknan. 6.5. Po3B’s3atu 3a1a4y HENMHIMHOTO IPOrpaMyBaHHS:
Z =x] +2xx, +2x; +3x, + 2x, — min,
{le +2x, <10,
x,20,x, 20.

¢ Po36’s3y8aHHA.

Z=7+2,
Z, =3x,+2x,,
Z,=x +2x,x, +2x,.
PosrisiHemo — kBagpaTuuHy QyHKIi0 Z =x +2xx +2x, Ta

2

BIIMIOBIZIHY il MaTPHIIO, CKJIQJICHY 3 KOe(IIlI€EHTIB MPpU 3MIHHUX

1 1
C= :
1 2
3HaxX0MMO BJIACHI 3HA4YEHHS (XapakTepucTUyH1 KopeHi) matpuil C,
BUITHUCABIIIN XapaKTEPUCTUUHE PIBHSHHS:

| Y 1‘

Tomi
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(1-A)2-21)-1-1=0,
(1-A)2-2)-1=0,
2-2A-A+ 1 -1=0,

A =31+1=0,
D=9-4.1=5,

_|_
z=3—J§,

2
A :3+2\/§z2.618>0,
A, =3_26 ~0.382 > 0.

Ockiibku A; 1 A, Oulblnl Big HyJs, TO KBaJapaTuyHa Qopma
Z,=x +2xx,+2x, € 10IaTHO 03HAYCHOIO, TOOTO OITYKJIOIO.
Oyukiist Jlarpanxka A1 MOYaTKOBOI 3a71a41 Ma€ BUTIISI:
L(x,x,,A)=x] +2xx, +2x2 +3x, +2x, + A(10-2x, — 2x,).
Heo0xiaH1 yMOBH ICHYBaHHS €KCTPEMYMY LIJIbOBO1 (DYHKIII:
oL oL

—=2x,+2x,+3-21<0; —=2x,+4x,+2-2A<0;

Oox, ox,

a—L=10—2xl—2x220; a—L-x;’:o; a—L-x;’:o; a—L-/”LO=O,
oA OX, ox, oA

e (xl0 ,xg ,A’) — KOOpAMHATH Ci/UI0BOT TOUKH.
PosrasiHeMO mepmmx TpW HEPIBHOCTI Ta 3BEIEMO iX JO PIBHSIHBb
IIUITXOM BBOAY J0JIaTKOBUX 3MIHHUX
2x, +2x, +24 < =3|x(-1),
2x, +4x, =21 < -2|x(-1),
—2x, —2x, 2—10 |x(=1).

Tom
—2x,—2x, +2A =23|v,, —2x, —2x, +2A—v, =3|u,,
—2x,—4x,+2A23|v,, = =2x,—4x,+21-v,=2u,,
2x,+2x, <10 V. 2x, +2x, +v, =10.

PosrasiHemo 3agady JiHIKHOTO MPOTpaMyBaHHS:
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OCKIUJIBKH

F =u, +u, = min,

2x, +2x, +

—2x, = 2x,+2A—-v,+u, =3,
—2x,—4x, +2A-v,+u, =2,

=10.

u, =3+2x +2x, -2A+v;

—2x, = 2x,+2A—v, +u, =3,

—2x,—4x,+2A-v, +u, =2,
=10.

2x, +2x, +

Vs

u,=2+2x +4x,-2h+v,,

TO MaeMO TaKy 3ajady:
F=5+4x+6x,-41+v, +v, > min,

Po3B’s30k 3HaXO0AUMO 3 JOIIOMOI'0O0 CUMIIJICKC-MCTOY.

Nor. ng. b OIl X1 X2 7\,J, Vi 1 %) V3 73] (Z5)
0 F 5 —4 | -6 4 | -1 | -1 0 0 0
I 1 u 3 -2 | 2 2 | -1 0 0 1 0
2«— | up 2 —2 | 4 2 0 -1 0 0 1
3 V3 10 2 2 0 0 0 1 0 0
l
0 F 1 0 2 0 —1 1 0 0 —2
I 1< | uy 1 0 2 0 —1 1 0 1 —1
2 A 1 -1 | 2 1 0O [-172| O 0 | 12
3 V3 10 2 2 0 0 0 1 0 0
0 F 0 0 0 0 0 0 0 0 | -1
I 1 x | 172 ] 0 1 O [—172,12] 0 | 12 |-172
2 A 21 | -1 0 1 -1 | 172 0 1 |-1/2
3 V3 9 2 0 0 1 —1 1 —1 1

OTpuMalii ONTUMAJILHUMN PO3B’A30K:

0_( +%— v 20_9 0_0 0_0 v°—=0 ,,°—0 2,°—
x, =05 xz—E, A =2 v, =0; v, =0; v;=9; u =0; u,=0.
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a—L=2xl+2x2+3—2}t=—v1;

Oox,
a—L:—2x1 —4x,+2A-2=~v,;
ox,
a—L:2x1 +2x, =10 =v,;
oA
L
a—-xl0 =—v)-x'=0-0>0;
Oox,
OL -0 =0.Lso
ox, 2
a—L:vf A'=9.2=18>0.
oA
OCKUTbKM BHKOHYIOTHCSI YMOBH ONTUMAIBHOCTI, TO CTBEPIKYEMO,

1 :
o To4YKa 3 KoopauHatamu X, =0; X, =3 A’ =2 € cioBo TOYKOI0

. 1) .
¢yukuii Jlarpamka. B Toumi 3 koopauHatamu X °(xl° =0;x) = 5) 1JIbOBA

GyHKIIS Jg0CsraEe CBOrO MIHIMQJIBHOTO 3HAYECHHS, SKE BUPAXOBYETHCS
TaKUM YHHOM:

z =0-02 00 [1) 13002 01t
2 2 2 2

max

6.3. IlpukiiaiHe BUKOPUCTAHHA METOAY MHOKHUKIB Jlarpanxa

Po3risiHeMO €KOHOMIYHMM 3MICT MHOKHUKIB Jlarpanka. [y 1iboro
PO3IJIIHEMO 3a/layy HENIHIMHOrO0 MpOorpaMyBaHHS CTOCOBHO BU3HAYEHHS
ONTUMAJIBHOTO IJIaHy BUPOOHMIITBA MPOAYKIIIT TP OOMEKEHUX pecypcax:

Z=f(x,,%,,...,x,) = max

Qi(x17x29"'7xn) Sbi’ i=1,_m,
x,20, j=ln.

['0I0BHOIO METOI0 BHUPOOHHUIITBA TPOAYKINI €  OTpUMAaHHA
HalOIpIIOro nmpuOyTKY Bif ii peanizailii, TOMy LUJIbOBOIO (YHKIi€W Z
3agadi € mpuOyTOK BiJ peamizamii Mpoaykiii oOcsaroMm X=(x;, Xx»,...X,)
OJIMHUIIb. 3ayBaXKUMO, 1110 QYHKINA f(X|, Xy, ...X,) — HEIIHIMHA.
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JI1st BUpOOHUIITBA MPOAYKI[li BUKOPUCTOBYETHCS M BUIIB CUPOBUHH,
oOcsAru 3amaciB SKUX OOMEXeHl 1 CTaHOBIATH b, (i= I,_m) OJIMHUIIb.
3anuIeMo CUCTEMY HEPIBHOCTEH

q,(x,,%),....,x,)<b, (i=1,m)
y BUTJISAI
d(X)=b—q,(x,,%,,...,x,)20, (i=1,m).

Tob6to, sxmo ¢q,(x,,X,,...,x,) — 00CAT CHPOBHHM 1-r0O BHIY, IO
BUKOPHUCTOBYEThCS ISl BAPOOHMIITBA BCl€l MPOAYKINi, TO d;(X) — 3aJIMIIIOK
IbOro pecypcy micisa ii BupoOHuITBa. Skmo di{X)=0, To cupoBuHa
BUKOpPHCTaHa MOBHICTIO; KO d;(X)>0, TO Ha BUPOOHUUTBO MPOIYKIIil
BUKOPHUCTaHa HE BCA CUpOBUHA; KO dA(X) <0, TO HasiBHOI CUPOBUHU HE
BHCTAYae 151 BUPOOHUIITBA MPOIYKIIIi.

Posrasinemo yskuito Jlarpanxka st onrcyBaHo1 3a1ayi:

L(x,A,b) =f<x>+ilﬂ,-<qi<x>—bi>.

L .
%:&, TOOTO I TMOXiJHA TOKa3ye, SK

1

OueBHUIHO, IO

3MIHIOETbCSl 3HAYEHHSA IIJIbOBOT (PYHKINT 3alIe)KHO BiJl OOMEXEHb.
MuoxHuku Jlarpanxa € ABOICTUMU 3MIHHUMU 3a/1adl PO BUKOPUCTAHHS
pecypciB. BoHM MOXyTh OYTH IIHOIO, 3a SKOI Ha PUHKY MPOJAETHCS YU
KyIIy€TbCS OAMHHLA i-r0 BuAy cupoBuHH. fxmo A =20 1 d(X)>0, To
MOKHA MPOJATH 3aJTUIIKA CUPOBUHU 1 OTPUMATH JA0JATKOBUN MpUOYTOK B
po3mipi Ad, (X). Axmo x di(X)<0, To MOXKHaA KyIIUTH NOTPIOHY KIIBKICTB,
BuTparuBmn Ad (X) TpolIOBUX OJUHUIL 1 3a0€3MeUUTH BHPOOHULTBO
npoaykiii oocarom  X=(x;, X,,...x,). Dynkmiro Jlarpanxka MoXHA
TPaKkTyBaTH $K 3arajlbHUNA NPUOYTOK BiJ BUPOOHUITBA, SKUH MICTUTH
npuOyTOK BIiJ peaiizailii BUTOTOBJICHOI MPOIYKIii f(x) Ta mpuOYTOK BIf
MpOJaXy 3aJIUIIKIB CUPOBUHHU (200 BUTpaTH Ha NPUAO0AHHS MOTPIOHOT
m
Kimbkocti cupoBunn) Y Ad (X).
i=l
PosrnsiHemMo nesiki mpuKIagu po3B’si3aHHS €KOHOMIYHUX 3a7ay 3
JOTIOMOIOK0  METOAy MHOXKHHKIB Jlarpamka po3B’si3yBaHHS —3aaad
HEJIHIMHOTO MPOrpaMyBaHHS.

[puknan 6.6. @ipma mianye sutpata 20000 rpH. Ha pexinamy. OaHa
XBUJIMHA pekiamMu Ha TenebadenHi komrye 1000 rpH., a Ha pamio — 500
IpH. AHaMTUKU (IPMHU MPOTHO3YIOTH 30UIBIIEHHS MPUPOCTY  JTOXOIY
(ipMU Bi1 BAKOPUCTAHHS PEKJIIAMHUX 3aC001B 3a TaKOIO (PYHKITIEIO:
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Z(x,y)=—x" =y +xy+10x+5y,
ne Z(x,y) — npupict goxoay ¢ipMu (THC. TpH.) Bl pEKJIaMu; X —
TPUBAJICTh (XB.) PEKJIAMHOTO pOJIMKa Ha TeyieOaueHHi; y — TPUBAJICTh
(XB.) pEeKJIaMHOTO POJIMKAa Ha pajio. SIKUM YHHOM MOTPIOHO MOEIHATH
pekiaMy Ha TejaebadyeHHI Ta padlo, IMOOM OTpUMaTH MaKCUMaJIbHE
3HAYEHHS MPUPOCTY A0X0ay PipMU, EKOHOMHO BUKOPUCTABIIM MIPU LIbOMY
HasiBHI TPOIIIOBI 3aCO0M Ha peKiIamy?

¢ Po3s’azyeannsi.

[{iboBa QPYyHKIIIS — 11€ MAKCUMYM MPUPOCTY 0XO0IY (ipMuU
Z(x,y)=-x" -y’ +xp+10x+5y — max

[IpY BUKOHAHH1 HACTYTTHUX YMOB:

a) 3 HABHOCT1 OOCATIB IPOIIOBUX PECYPCIB HA PEKIIaMy
1000x + 500y = 20000;

0) CTOCOBHO HEB1J’€MHOCTI 3MIHHUX
x>0,y=>0.
OnTuMaiabHe PIICHHS 3HAXOIUMO 3 JIOIIOMOTOI0 METOIy MHOKHHUKIB

Jlarpanxa.
®Oyukuis Jlarpanxa HaOyBa€ BUTIISIAY:

L(x,y,A)=—x"=y> +xy+10x+5y + A1-(20000 —1000x — 500y).
YacTuHHI MOX1AH1 TPUPIBHIOEMO JI0 HYJIS:

O )yt y+10—10004 =0,
Oox
oy
8_L

P =20000-1000x -500y = 0.

Mu oTpumany CUCTEMY PiBHSIHb TAKOTO BUY:

—2x+y+10-10004 =0,

—2y+x+5-5004 =0, (6.11)
20000 —-1000x -500y = 0.

3po6uMO BIJIMOBIIHI IEPETBOPEHHS:
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=-10

—2x+y—-10004 =-10, —2x+y—-10004
—2y+x—-5004 =-5, = x—2y-5004 =-5 [x-2=
—-2x-y =-40

—1000x —500y =-20000.

—2x+y-10004 =-10,
=10,

= —-2x+4y+10004

—2x—-y =—40.
Jlomamo miepiini ABa piBHSHHS OCTaHHBOI CUCTEMH 1 OTPUMAEMO:
4

—4x+5y=0 = yzgx.
: : 100 2
ITincTaBUMO B TpETE PIBHSIHHS: — 2X —gx =40=>x=—= 14;.

4 100 &0 3 .
=—=1 1;. 3HaMaeMo 3HadyeHHS MHOXKHHUKA

3BijCH, =— —
YT T
Jlarpan»a 3 apyroro piBHsHHs cuctemu (6.11):
80 25

100
R e A
500 500 500 140
OTxe, pO3B’SI3KOM II1€1 CUCTEMH €:
x=14z; yzllé; ﬂ:_i.
7 140

7
Yy Jocsira€ Hama (QyHKIIS EeKCTPEMalbHOTO

[Tepekonaemocs,
3HAUYEHHS B 3HAWIEHIA TOYILII.
JIst 11bOTO0 HA OCHOBI BHINE3TaJIaHOI TEOPEMH 3HAMIEMO YaCTHHHI

MOX1J{HI MEPIIOro MOPSIAKY 3aAaH01 (DYHKIIII:
Z(x,y)=—x" =y " +xy+10x+5y.

aZ=—2x+y+10;

Jy

o
oz =—-2y+x+35.

3HaX0AMMO YaCTHHHI MOX1IHI APYTOTO MOPSJIKY:
0’Z Y 0°Z . 0’Z  oZ i
ox’ ’ oy’ ’ oxdy oOyox

3B1JICH,
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-2 1
| ol Hl(x,y)=—2<0,

1

H(x,y){

Hz(an’)z B

BianoBigHO [0 YMOBH TEOPEMH CTBEPKYEMO, IO TOYKa 3

-2(-2)-1-1=3>0.
J-22)-11=3>

KOOpAWHATAMU (14%;1 1%) OyJZle TOUKOI0 MAKCUMYMY (DYHKIIII.

MakcuManbHUM 3HAYEHHAM (YHKIIIT €

2 2
o 21203 ) {190 (S0 100,50, 1 10, 580,
7T 7 7 7

7 7 7
_ 10000 6400 N 8000 N 1000 N 400 —16400+8000+9800
49 49 49 7 7 49
_ 1400 _ 200 =28i.
49 7 7

®dipmMa oTpuMae TOAATKOBUM JOXIA BiJ BHKOPHCTaHHS pEKIaMH y

.. 4 : :
po3MIp1 28; TUC. TPH. SIKIIO TPOIN, MpU3HA4YEHI HAa pekiamy OyayTh

) 2 ) 3
BUKOPHUCTaHI Ha 14;XBI/IJ‘II/IHI/I peKJIaMu Ha Tejie0aueHH] Ta 11;XBI/IJ‘II/IHI/I

— Ha pajio. ¢

IIpuknang 6.7. KommnaHis BupoOJise aBa BUIU B3a€EMO3aMIHHOI
npoayKiii BUAy A 1 B. AHamTUKU QipMU €KCIIEPTHO BU3HAYMIN (PYHKIIIIO
CyMapHHUX BUTpAT, sIKI HEOOX1AH1 JJIsI BUITYCKY TTPOAYKITii

Z(x,y)=8x"—xy+12)°.

Bigomo, mo cymapHmii oOciar mpoaykmii 000X BHAIB Oyje
nopiBHioBaTu 42 oguuuiaM. [lepen MeHemkepaMu KoMMaHii MOCTaBICHE
3aBIaHHS: BUSHAYUTHU OOCSATH MPOAYKIi 4 1 B, IpU SIKKUX CyMapHI 3aTpaTu
Ha BUPOOHUIITBO Oy1yTh MiHIMAJIbLHUMH.

¢ Po3s’a3yeannsi.

BBenemo no3HaueHHs: x — KUTbKICTh NPOAYKIIil BUny A (OAVMHULIB);

Yy — KUTBKICTb MPOAYKINi BUAY B (OJUHUII).

MarematnuHa MOAEIb 3a7adyi HaOyBae BHUTIISAAY: 3HANTH MIHIMYM
CyMapHHUX BUTpAT

Z(x,y)=8x" —xy+12y” — min
32 OOMEKEHb:
a) CTOCOBHO HEOOX1THOTO CyMapHOTro 00CAry IpOayKIilii 000X BUIIB
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x+y=42;
0) CTOCOBHO HEB1J €MHOCTI 3MIHHUX
x=>20,y20.

3agadyy po3B’sA3yEMO 3 JIOMOMOIOK METOJY MHOXKHHUKIB Jlarpanixka.
JI1s horo 3poOMMO  TIEpETBOPEHHS MEPIIOTr0 0OMEKEHHS, MPEICTAaBUBIITH
HWOr0o TakuM 4MHOM: 42 —x—y =0.

Oynkiris Jlarpanixka Mae BUTIIS;
L(x,y,A)=8x"—xy+12y° + 1-(42—x—y).
3HaX0JMMO YaCTHHHI MOX1/IHI IEPIIOro MOPSIAKY Ta MPUPIBHIOEMO iX
10 HYJISL.

a—L=16x—y—ﬂ,,

ox l6x—y—-A4=0, l6x—y—-A1=0,
Jg—Lz—x+24y—/1, =-x+24y-1=0, = {—-x+24y—-1=0,
Y

aL 42-x—-y=0. x+y=42.
—=42-x-y.

L 04

Po3B’si3yeM0  OoTpuMaHy CHCTEMY TphOX PIBHAHB 13 TphOoMa
HeBioMHuMHU 32 popmynamu Kpamepa:
16 -1 -1

A=l-1 24 —1=16-24-0+(=1)-(=1)-1+(=1)-(=1)-1-1-24-(=1)-
1 1 0
~1:(=1)-16=0-(=1)-(=1)=0+1+1+24+16 -0 = 42,

0 -1 -1
A =10 24 -1=42+24-42=25-42=1050,

42 1 0
16 0 -1
A,=-1 0 —1=42+16-42=17-42="714,
1 42 0
16 -1 0
A;=-1 24 0]=16-24-42-42=383-42=15286,
I 1 42
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(A 254 o
A 42

poh 1T
A 42
A, 383.42

A=—"2= = 383.
A 42

3HaXOMMO 4YAaCTUHHI TMOXIAHI JPYyroro mopsAaky Ta (opMyemo
matpumio H(x,y).

2 2 2 2
66216; 66224; 'L __, oL __
ox oy Ox0y 0yox

H(x.y)= 16 —1
T 24
16 —1
H(x,y)=16; H,(x,y)= 5y =16-24-1=383.

3paxatoun Ha Te, mo H(x,y)=16>0, H,(x,y)=383>0,
CTBEPJKYEMO: 3HAWJIEHA TOYKA €KCTPEMYyMY 3 KOOpJAWHATAMM (25; 17) €
TOYKOIO MIHIMyMY (yHKILi.

OTxe, KOMIaHIA I[IOHECE MIHIMAIbHI CyMapHi 3aTpaTH, SAKIIO
BUITYyCKaTUME NMPOAYKIIi BUAY A — 25 oguHuULb, NpoaAyKii Buay B — 17 on.
i 3aTpaTy CTAHOBUTUMYTh:

7 =7(2517)=8-25 —25-17+12-17 =5000—425+3468=8043 (cpr.).4

6.4. Ilutanus 1J CAMOKOHTPOJIIO

l.

2.

(U]

V)]

3anuiniTh 3arajibHy MaTEeMaTU4YHy MOJCNb 3a/adi HEIIHIMHOTO
porpaMyBaHHs.

SAxi TpyaHOII BUHUKAIOTH TIPU PO3B’A3yBaHHI 3a7a4 HEIHIHHOTO
MpOorpamMyBaHHs?

Sxi MeToM HeJIIHINHOTO MporpaMyBaHHs BU 3HaeTe?

B yomy monsrae imes metoay Jlarpanka po3B’si3yBaHHS 3ajad
HEJIHIMHOTO MPOrpaMyBaHHs?

Axwuit Burisig Mae Gyskiis Jlarpanxa?

CdopmymroliTe HEOOX1IHI 1 JOCTATHI YMOBH ICHYBaHHSI C1JJIOBO1
TOYKH I ArdepeHIiioBaHoi GhyHKITI.

7. Slka QyHKIIIS HA3UBAETHCS OIMYKIIOK (BTHYTOIO)?
8.
9. 3anumiTh MaTeMaTHYHy  MOJAENTb  3ajadl  KBaapaTHUIHOTO

Cdopmymroiite Teopemy Kyna-Takkepa.

IIpOrpamMyBaHHS 1 OXapaKTePU3YHTE OCOOIMBOCTI ii PO3B’I3yBaHHSI.

10. TTosicHITP €EKOHOMIYHHI 3MICT MHOKHHKIB Jlarpanxa.
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Po3ain 7. IlunamMivHe mporpaMmyBaHHS

7.1. IlocTaHoBKa 3a1a4i IMHAMIYHOTO MPOTPAMYBAaHHS

JluHamiyHe mMporpaMyBaHHsS — II€ MaTeMaTUYHHUM amapar, SKHUM
J03BOJISI€ IIBHAKO 3HAXOJIWUTH OINTHMAalbHE PINMIEHHS y BHMAAKY, KOJHU
CUTYyallisl, [0 BUBYAETHCS, MA€ BEJIUKY KUIbKICTh BapiaHTIB MTOBEAIHKH, SIK1
JIal0Th PI3HI pe3yJbTaTH 1 cepea HUX Tpeba BUOpaTH HaWKpaIuu.
JlnHaMiuHe MporpaMyBaHHS BUKOPUCTOBYIOTh MPH PO3B’A3yBaHHI IIEBHOTO
TUIY 3aJa4 NUIIXOM iX PO3KJIaJy Ha MEHIIl Ta MPOCTIlIl IijA3ajadl.
Po3B’s30k Takoro BUAY 3ajaul MOXKHA 3HAWTH NIIIXOM Iepedopy BCiX
MOJIMBUX BapIaHTIB 1 BUOOPY cepell HUX HAMKpamioro, ajae B OUIbIIOCTI
BUIIQJIKIB Takuil 1iepedip € JOCUTh TpyJIoMicTKUM. ToMy mporiec
MPUUAHATTSA ONTHUMAJIBHOTO PIMICHHS PO30MBAETHCS Ha eTanu (KPOKH) 1
TOCIIKYETHCS 3 JIOMOMOTOI0 METOTy JUHAMIYHOTO MTPOTPaMyBaHHSI.

JlunaMiuHe MpoOTrpaMyBaHHS BHKOPHUCTOBYETHCS JJIsI PO3B’SI3aHHS
TaKUX 3aJ7a4y: po3MOAia AePIIUTHUX KaliTaJbHUX BKJIAJICHh MK HOBUMU
HaIpsIMKaMHU X BUKOPUCTaHHS; PO3po0OKa CLIEHAPIiB YIIPABIIHHS MTOIMTUTOM
Yy  3amacaMu; po3poOKa TMPHUHIMIIB  KaJCHIAPHOTO IUIAHYBaHHS
BUPOOHUIITBA 1 BHUPIBHIOBAHHS 3alHATOCTI B yMOBaxX HECTaOUIHLHOTO
MONUTY Ha TPOMYKIIIO; CKIIaJIaHHs KaJCHAApHHUX IUIaHIB MOTOYHOIO Ta
KamiTalbHOTO PEMOHTY YCTAaTKyBaHHS Ta Moro 3amiHu; (QopMyBaHHS
MOCJI1TOBHOCT1 PO3BUTKY KOMEPIIIMHOI oreparii 1 T.]I.

Posrmanemo  geskuii  kepoBanuii  mpouec. [Ipumycrtumo, 1o
KEpyBaHHS MO>KHa PO3OMTH Ha #n KPOKIB, TOOTO PIIICHHS MPUNMAETHCS
MOCJIIZIOBHO HA KOKHOMY KpOIli, a MPOLEAYypa, sIKa MEPEBOJUTH CUCTEMY 3
MIOYAaTKOBOT'O CTaHY B KIHIIEBUH, € CYKYITHICTIO # TIOKPOKOBUX KepyBaHb. B
pe3yabTaTi KEpyBaHHS CUCTEMa MEPEXOIUTH 13 CTaHy Sy B S,

[Toznaunmo vepe3 x, €U, kepyBaHHS Ha k-My kpoul (k=1,n), ne
U, — MHO>KHMHA JJOITyCTUMMX KEPYBaHb HA k-My KpOLIL.
Hexait x=(x,Xx,,...,x,) — KE€pyBaHHs, K€ NEPEBOJAUTH CUCTEMY 3

ctany Sy B S,. [lo3Haunmo uepe3 S, cTaH cUCTeMH TICIs k-TO KPOKY
KepyBaHHs. OTpUMY€EMO HOCHIAOBHICTE CTAHIB S, S,,..., 8, 1,5, 15,

(puc.7.1.1).

. ktlees Xp-1 X,
‘ X1 > X2 5 Xk-1 > Xk > 3 E

Pucynok 7.1.1. CxemaTuuHe 300pa>keHHs IPOLIECY KEpyBaHHS
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[TokazHUK €(QEeKTUBHOCTI TMPOIECY KEPYBaHHA 3aJICKHUTh BIJ
MOYaTKOBOTO CTaHY CUCTEMHM 1 KEpOBaHO1 3MIHHOI:

Z=F(S,,x). (7.1)

Brache, 3agaya [MHAMIYHOTO TIPOrpaMyBaHHS (POPMYIIOETHCS

TaKMM UYHHOM: 3HATH Take 3HAYEHHS KEpOBAHOI 3MIiHHOI X , SKe
NEPEBOJUTH CUCTEMY 3 MOYATKOBOTO CTaHy Sy B KIHIEBUU S,, TPU STKOMY
1iapoBa PyHkiis (7.1) HaOyBae HaAMOUTBIIOTO (HAWMEHIIIOTO0) 3HAYCHHS.
PosrnsiHemMo — xapakTepHi OCOOJMBOCTI MAaTEMaTHYHOI  MOJENl
JUHAMIYHOTO MPOTpaMyBaHHSI:
1) 3amaua onTuMizanii GOPMYITIOEThCS SIK CKIHUEHUN 0araTOKPOKOBUM
MpOIIEC YIIPaBIIIHHS;
2) mnboBa QyHkisg (7.1) € aTUTUBHOIO BiJ MOKa3HUKA €(EeKTUBHOCTI
KOXXHOTO KPOKY, TOOTO BHWIpall BiJl BCI€i omepailii CKJIaJIaeTbCcs 3
BUTpAIiB, OTPUMAHUX Ha KOKHOMY KPOILIi.

Z=F(Spx)= 3 F(S,00%,), (72)

ne F, (S, |,x,)=Z,— NOKa3HUK e(PEeKTUBHOCTI Ha k-My KpPOLIL;

3) BUOIp KepyBaHHS X; Ha KOKHOMY KPOIll 3aJI€KUTh TIIbKH BiJl CTaHy
CHUCTEMH JI0 1IbOT0 KPOKY 1 HE BIUIMBAE Ha MOTNEPEIHI KPOKH (HEMae
3BOPOTHOTO 3B’ SI3KY);

4) cTaH cUCTEMHU Sy MICIISI KOXKHOTO KPOKY KEPYBaHHS 3aJIEKUTh TUIbKU
BiJl MOMEPEIHBOIO CTaHYy CHUCTEMH S;; 1 Kepyrodoi nii x; Ha k-My
KpOIll Ta HE 3aJIeKUTh BIJ MOMEPEIHIX CTaHIB CUCTEMH 1 KEpyBaHb
(BIACYTHICTB MICIISIT):

S, =9.(5,.,,x,), k=Ln, (7.3)
A€ ¢, — OIepaTop Mepexony;

5) Ha KOXXHOMY KpOIll KEPYBaHHS X; 3aJ€KUTh BiJ CKIHUCHOTO 4YMCIa
KEpOBaHUX 3MIHHHUX, a CTaH CHUCTEMH S 3aJICKHUTh Bl CKIHUCHOTO
4ucia napaMmeTpis;

6) ONTHMAIbHMM KEPYyBaHHSAM € BEKTOp X , SAKHH 3HAXOIUThCS
[UISIXOM ~ MOCTIJJOBHUX ONTUMAaJIbHUX TMOKPOKOBUX KEpPyBaHb:

X =(X,Xy5eees X505 X, ), KUIBKICTh SIKMX 1 BU3HAQYA€ YUCIO KPOKIB

3ajaul.
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7.2. Metoau po3B’si3yBaHHS 3a1a4
AUHAMIYHOI0 NPOTrPaAMYBAaHHS

Hexaii mpouec onrtumizaiii po3outuii Ha n KpokiB. Ha koxxHOMY
KpOIIl MOTPIOHO BU3HAUUTHU JIBA TUIH 3MIHHUX — 3MIHHY CTaHy S Ta 3MIHHY
KepyBaHHS X. 3MIHHA CTaHy S BH3HAya€e, B AKUX CTaHaXx Moxe OyTu
CUCTEMa Ha k-My Kpoul. 3alexHO Big S Ha LbOMY KpoOIll MOXHA
BUKOPUCTATH JCSKI KEpPyBaHHs, SIKI XapaKTepHU3yIOThCS 3MIHHOIO X.
BukopucranHsa kepyBaHHS X Ha Ak-My KpoOIl Jae JSAKWNA pe3ysbTaT
f.(S,x,) 1 mepeBoauTh cuctemy B Aeskuid HoBuit craH S'(S,x,). s

KOXKHOT'O MOJKJIMBOT'O CTaHy Ha k-My KpoIll (3 yCiX MOXJIMBUX KEPYBaHb)
BUOUPAETHCS TaKe KEPYBaHHS X, , 100 pe3ynbTaT, IKUd OTPUMAEMO 3 K-TO

no n-ukl Kpok OyB ontuMaibHuUM. YucaoBa XapaKTEpUCTHKA I[LOTO
pe3ysbTaTy HazuBaeTbes (QyHKUiero benmana F (S) Ta 3aneXxuTb B

HOMEpa KpOoKy k 1 crany cucrteMu S. OTXKe, CYTHICTb HPHUHIIUITY
ontuMaibHOCTI benmana monsirae B ToMy, 1O SKUM OM He OyB CTaH
CHUCTEMH B pe3yJIbTaTl MEBHOI KITBKOCTI KPOKIB, Ha HAUOIMKUYOMY KPOITl
KepyBaHHsS MOTPiOHO BHOMpaATH TakK, MO0 BOHO Pa3oM 3 ONTHUMAJIbHUM
KEpyBaHHSIM Ha BCIX HACTYIMHUX KpOKaxX MPUBOJWIO 10 HaANKpaloro
BUTpAIIy.

Bech po3B’s30k 3ajaui po30MBaEThCA Ha JBa eranu. Ha mepriomy
eTani 3HaxoJATh (PyHKIII0 benrmaHna ¥ onTuManbHE KEpyBaHHS ISl BCIX
MOXJIMBUX CTaHIB Ha KOXXHOMY KpOILll, NMOYMHarouuM 3 nepmoro. Ha
OCTaHHBROMY #-MYy KpOIll 3HAWTH ONTUMaJIbHE KEPYBaHHS 1 3HAYCHHS
¢ynkuii benmana F (S) HecknanHo, ockuibku F,(S) =max{f, (S,x, )}, ne

MaKCUMYM 3HaXOJSTh 32 BCIMa MOKJIMBUMH 3HAUYCHHIMU X,,.

[Topanpin  po3paxyHKHM HOPOBOJASTH 3TIJIHO 3  PEKYPEHTHUM
CIIBBITHOIICHHSIM, sIK€ MOB’s3ye (yHKIII0 benmana Ha KOKHOMY KpOIIli 3
Ti€r0 K (DYHKIII€10, 00UHUCIICHOIO HA MONEPEAHROMY KPOIIi:

!/
F(8) =max{f, (5, x,) + F,(S, %)} (7.4)
k

[eli MakcuMyM (4 MIHIMYM) 3HaXOAUTHCA 3a BCiIMa MO>KJIUBUMHU
s k1 S 3HaYEHHSIMHM KepOBaHO1 3MIHHOI X;.

[Ticna Toro, sk ¢yHkiis benmana 1 BIANOBIIHE ONTHUMAalbHE
KEpYyBaHHS 3HAWAEHI IJi1 BCIX KPOKIB 3 MEPIIOrO 10 7-TO (Ha MEepIioMy
Kpoul k=1 cTaH cucTeMu PiBHUM ii MOYATKOBOMY CTaHY S)), BUKOHYEMO
JApPYTUil eTam po3B’si3aHHSA 3aj]ayl 3TiJHO 3 AJCOPUTMOM 3BOPOTHOI
MPOTOHKH. 3HAIOYM ONTUMAaJIbHE KEPYBaHHS HA n-MYy KPOIIl X,,, MU MOKEMO
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IIyKaTy ONTHMallbHE KepyBaHHS Ha (n—1) Kpoli JOTH, JOKUA HE JIAJIEMO
70 MEepUIOro.

TakuM 4YHWHOM, B TIPOIECI ONTHUMI3AIlli KEpyBaHHS METOJIOM
AUHAMIYHOTO TIPOrpamMyBaHHS 0araTOKpPOKOBHUH MPOIEC «IIPOXOIUTHCS
JB14l: TIEPUINNA pa3 — 3 MOYATKY JO KIHI, B PE3YJbTATl YOTO 3HAXOJAUMO
YMOBHI OINTHMAajbHI KEPYBaHHS 1 YMOBHI ONTHMAaJIbHI BUTpaIli; APYryi
pa3 — BiJI KIiHIIA JI0 MOYATKY, KOJM HaM 3aJIUIIAETHCS TITBKH «ITPOUYUTATH
BXKE€ TOTOBE KEPYBaHHS, IO CKIAIAETHCS 3 ONTHUMAJIbHUX MOKPOKOBHUX
yIIpaBIliHb.

7.3. llpukaagni Moge i AMHAMIYHOIO IPOrPaAMyBaHHA

[IpukiiamHe 3acTOCYBaHHS METOJy JWHAMIYHOTO IIPOTrpaMyBaHHS
pO3MIISTHEMO HA TPHUKIAAI JBOX BaXKIUBUX CEKOHOMIYHUX  3aJ1ad:
ONTUMAJIBHOTO PO3MOAUTY (PIHAHCOBUX PECYpPCIB MiX 1HBECTUI[IHHUMU
IIPOCKTaMH Ta ONTHMAJIBHOI 3aMIHHM YCTaTKyBaHHSI.

7.3.1. Mogesab ONTUMAJIBHOTO PO3MOAiTY (PiHAHCOBUX
pecypciB MK iIHBeCTUIIHHUMHU MPOEKTAMM

PosrnssHemo  BUpOOHMYY  CHUTyallito, TIOB’S3aHYy 3  aHaJi30M
MPOMO3UIIIA  BIJHOCHO  30UIBIIIEHHS  BUPOOHMYMX  MOTYXKHOCTEH
nianpueMctB pipmu. J[1si MOXKIMBOIO PO3MIMPEHHS MOTYXHOCTEH (ipma
BUJIUIAE (PIHAHCOBI PEeCypcH PO3MIPOM X, Kl HEOOXITHO PO3IIIUTH MIXK
MpPOEKTaMU B TakKWil cmociO, 100 ojepkaTH MaKCUMAaJIbHO MOXKJIUBHUI
CyMapHHUI IPUPICT BUITYCKY MPOAYKIIIi.

[To3Haunmo dYepe3 X; — po3Mip 1HBECTHUIIM, BUIAIICHUX MiJ i—HM
MPOEKT (i = l,n), 1e [ — 1HAeKC MpoeKkTy. OTxe, Ma€e MICII€ PIBHICTS:

X FX, 4. +Xx, =X, (7.5)

Ha ocHOBI momepeaHbOro aHajaizy BCTAHOBJICHO, IO MPHUPICT
IPOIYKLIi BHACIIIOK peai3anli i—To IPOeKTy 3a1aeTbesa PyHKIieo f(x,).
Toai cymapHuil mpupicT TPOAYKIli pipMU CTAHOBUTHUME:

Fx,%,,x,) = Zl 10x). (7.6)

OTxe, Hama 3ajJaya IMOJSATae y 3aXO/UKEHHI TaKuUX 3HAYEHb
x,20({=1Ln), axi 3an0BOABHAOTH (7.5) 1 3a0e3me4ylOTh MaKCHUMyM

byukii (7.6).
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[lo3dHauMMO  MakCUMaJIbHUN  CyMapHUH  OPUPICT  OPOIYKIIii,
OJICp’)KAaHUN MpH PO3MOJLIL 1HBECTUIIM pO3MIpOM X JJIsl Mepux k
IIPOEKTIB, uepe3 F, (x), npuuomy

X=x+x,+...+x, x20,i=Lk.
Jlnst Bu3HaueHHs QyHKLIN F, (x) 100y 1yeMO peKypEHTHE PIBHSAHHSA
32 IONOMOT OO KIJTbKOX €TaIllB.

[Toynemo 3 po3MOALTY HAasSBHUX 3acO0IB JJIS TEPIIOr0 TMPOEKTY.
3Ha171)1eMo MaKCHUMaJIbHE 3HAUEHHS IbOr0 NPHUPOCTY 3a (hopmyoro:

Fl max[f )]zfl(x

0<x,<x

HCpCXOI[I/IMO 0 Jpyroro eramy po3paxyHkiB. Ham HeoOXimaHO
3HANTH ONTHUMAJbHUM BapiaHT PO3MOAULY 1HBECTHUIIM po3MIpoM X 3a
YMOBHU, II0 BOHM BHUIUIEHI NEPHIOMY Ta Apyromy npoekry. TyT ciin
BpPaxoOBYBaTU OTpPUMaHy Halkpaily €(eKTHUBHICTb ISl EPIIOTO MPOEKTY.
[IpumycTumo, 1110 Ha APYTHUI TPOEKT BUALICH] THBECTHIIIT PO3MIPOM X;, K1
Jal0Th f(X;) MOPUPOCTY MPOAYKIIi, a 3alUIIOK (X—X;) BHUAUISETHCS
NepuIoMy TpOEKTy, kUil nae F(x—x;) mpupocty. Toll mMakcuManbHUN
OPUPICT TPOMYKINI, OTPUMAHUN BiJI ONTUMAJIBHOTO PO3MOJAUTY BCIX
1HBECTUI[I MIXK [IEPIIUM 1 IPYTUM MPOEKTAMU OyIe:

Fz(x max[f2 x2 +F(x xz)}

0<x,<x
[lepexonumMo A0 TPETHOTO €Tamy, Ha SIKOMY HEOOXiJHO 3HAWTH
ONTUMAJIbHUNA BapiaHT PO3MOAUTY 1HBECTUIIM 3a YMOBH, IO BOHHU
BUJIUIAIOTHCA MEPIIMM TPHOM MTPOEKTAM Pa30M.

Hexaif Ha TpeTiil MPOEKT BUAUICHO X3 OJUHUIIb KOIITIB, K1 B CBOIO
4yepry JaBaTUMyTh I HBOIO MPHUPICT MPOAYKLII PO3MIPOM f; (X3).

HasiBHuit 3anumok (x —x3) Ha/JIaMO TIEPIIOMY Ta JIPYTroMy MPOEKTaM, SKi
Opy ONTUMAJIbHOMY pO3MOAUIL JalTh MHpHUpICT F, (x — x3) IPOIIOBHUX

onunuIlb. OTKE, MaKCUMaJIbHUNU €(EeKT, IKUHA OTPUMAEMO BiJl PO3MOJLTY
1HBECTHIIIM MDK MEPIIUMHU TphOMa MpoeKTaMu Oy/e:

F3(x max[f_,, (x3)+F,(x— x3)]

0<x3<x
Po3rasinemMo 3arajibHUN BUIAI0K PO3MOAUTY IHBECTULIIA JJIsSI IEPIIUX
k mpoektiB. Hexall k—My mpoeKTy BHAICHO X; OJMHUIIb 1HBECTHIIIHU, SIK1
3a0e3neyaTh HOMYy MPHUPICT MPOAYKIIL PO3MIPOM fi(x;). 3amuuiok
iHBeCTULIN (x—x;) Bigmamo nepmuMm (k—1) mnpoekTaM 1 BOHU TIpU
ONTUMaJIbHOMY PO3MOJAUN mOpuHecyTh dipmi  F(x—x;) TpUPOCTY
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npoaykuii. [Ipu mpomy dipma oTpumae cyMapHUWA OPHUPICT MPOAYKIIT
pIBHUI:
Fk(x):(ﬁqxig fk(xk)+Fk_l(x—xk)]. (7.7)

OTxe, MU OTpUMaIM pPEeKypeHTHE cmiBBigHOMmEHHS (7.7), ske
npejcTaBisie coooro piBHsAHHS benmana s 3amaqi (7.5) — (7.6).

[puknan 7.1. Jna 301IbII€HHA BUIIYCKY NPOAYKIIL (ipMa MOKe
BUJIUIMTH 1HBECTUIllI po3MipoM x=200 MJH. TpPH. CBOIM YOTUPHOM
MIANpUEMCTBAM Ha meBHUM mnepiod. [lpupicT npoaykiii, sSKuii Moxke
OTPUMATH KOXHE MIANPUEMCTBO MPU BHUAUICHHI HOMY BIANOBIIHUX
IHBECTHUIIM, TpenacTtaBiaeHud y Tabmumi 7.1. IloTpiOHO  3HaWTH
ONTUMAJIbHUN BapiaHT BKJIAQAIB 1HBECTHUIIIN 1 JaTH €KOHOMIYHHHN aHai3
€(hEeKTUBHOCTI MPOBEJACHUX 3aXO/IIB.

Tabmuis 7.1
Po3mip iHBecTHIIIH, [Tpupict npoayKIlii, MIH.TPH.
MJIH. TPH., X Si(x) f(x) S() Ja(x)
0 0 0 0 0
50 45 60 55 70
100 110 90 85 105
150 160 165 170 155
200 210 215 225 230

¢ Po36’s3y8aHH.

JUIsi 3HaxXO/KEHHS ONTUMAJIBHOIO BaplaHTa PO3MOJUTY HasBHUX

1HBECTHIlI BUKOpUcTaeMO ¢yHKIIoHaNbHE piBHSAHHA (7.7). Po3paxyHku
poBeAEMO B HOTUPH eTanu. Hacammnepena 3HaiiileM0O YMOBHO ONTUMAaIbHE
3HAQYEHHS BapiaHTa pO3MOAUTY BHUAUICHUX I1HBECTUIIN JUIsi TEPIIOTO
nianpueMcTBa. BBaxkaemo, 1110 mMiaANPUEMCTBO — 1€ OKPEMHI MPOEKT.

Jlnst mpucKopeHHsT po3paxyHKiB yci 3HadueHHs Fj(x;) Ha HAaCTyIHHUX

eTanax npeacTaBuMo Taouiero 7.2.

Tabmuis 7.2
Po3mip iHBecTHilii, 3Ha4YeHHs! IPUPOCTY MPOAYKIIii, MJIH. TPH.
MJIH. TPH., X Fi(x) F>(x) F3(x) Fy(x)

0 0 0 0 -
50 45 60 60 -
100 110 110 115 -
150 160 170 170 -

200 210 220 230 240
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Ockimskn  F(x)=max| f,(x)]=£(x), To mnepexomumo 10

0<x<x
BU3HAUYCHHS YMOBHO OINTHUMAaJbHOIO 3HAYEHHS PO3MOAUTY 1HBECTHIIH,
BUJIUICHUX JIBOM TIEpUIMM  MiAOpPUEMCTBAM  pazoMm. Jlimga  1boro
BHUKOPHUCTAEMO (POPMYITY:

Fz(x):max[fz(xz)+Fl(x—x2)],

0<x,<x
y SIK1i HaJlaMo X, ycix MoxJuBux 3HadeHsb (0; 50; 100; 150; 200).
F(0)=0.
PosristneMo BuMagoK po3Moalay iHBECTHIN po3mipom 50 MITH. TPH.
Otpumaemo:

]3(0)+E(50):O+45:45}—60.

£ 0):max{ﬁ(50)+ﬁ(0)=60+0:60 N

MakcumanbHe 3HAYEHHS MNPUPOCTY MPOAYKIi Bia BkjiIageHHs S50
MJIH. TPH. B MEPUIUX JBa MiJIPUEMCTBA OAEPKAHO 32 PAXYHOK JIPYroro
yieHa, T00To f,(50)+F(0). Lle o3Hauae, 110 ApyroMy MiANPUEMCTBY CJIiJ
BUIUTATU 50 MJIH. TpH., a IEpUIOMY HE HaJaBaTH KOIITIB.

AHAJNOTIYHO TPOBOAUMO OOYHMCICHHS F5(x) M IHIIMX 3HAYEHb
BKjasieHs (100; 150; 200).

Tak, mpu BuaUIeHHI nepmuM aBoM mianpueMmctBaM 100 MIH. TpH.
Ma€eMO:

£,(0)+F(100)=0+110=110
F,(100) = max{ £,(50)+ F(50)=60+45=105;=110.
£,(100)+ F(0)=90+0=90

OpepxxaHuii pe3ynbTaT TMOKa3ye, MO0 MEPIIOMY MIINPUEMCTBY
1HBECTUIllT NMOTPiOHO BUAUIUTH po3MipoM 100 MuH. TpH., a Apyromy —
KOIITIB He naBaTu. [Ipupict npoaykuii npu nbomy 0yae 110 miH. rpH.

(£,(0)+ F(150)=0+160=160
50)+ F(100)=60+110=170

Fz(150)=max<f2() 1(100) L —170.

£,(100) + F(50) =90+ 45 =135

| £,(150) + F(0)=165+0=165
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[Ipu posmoaum 150 maH. rpH. gouiisbHO 100 MIIH. TpH. AaTu
nepuIoMy MiANPUEMCTBY, a 50 — npyromy.
[IpoBenemo aHagoTiuH1 MipKyBaHHS Jy1sl po3moaiay 200 MITH. TpH.
3anucyemo:
(£,(0)+ F(200)=0+210=210 |

£,(50) + F,(150) = 60 + 160 = 220
F,(200) = max{ £,(100) + F;(100) =90 +110 = 200 { = 220.
£,(150) + F(50) =165 + 45 =210
| /,(200) + F(0) =215+ 0 =215

J

3rigHo 3 BUpazoM f>(50)+F(150), skuit 3a0e3neuye MakCUMaIbHUM
NpUpPICT NpOAyKIiii obcsirom 220 MIH. TpH., HEoOXimHO 150 MuH. rpH.
BIJIJIaTU MEPUIOMY MiANPUEMCTBY, a 50 MJIH. TpH. — IPYTrOMY.

[lepelineMo 10 TpeTbOro eramy, B SKOMY IOTPIOHO BH3HAYUTHU
ONTUMAJIbHUNA  BapiaHT  PO3MOJLIY  IHBECTHIIA  MEPIIMM  TPHOM
MIAMpUEMCTBAM pazoMm. [ po3paxyHKy 3Ha4eHb F3(X) BHUKOPHCTAEMO
bopmyiny:

Fy(x) = max [£,(x) + F (x = x,)].

Hamaroun x3;=(0; 100; 200; 300; 400; 500), B1AMIOBIAHO OJICPIKUMO:
F,(0)=0.
£,(0)+ F,(50)=0+60 = 60}

£,(50)+ F,(0)=55+0=55

F,(50) = rnax{

baunmo, mo BurimHo Bci 50 MIIH. TpH. BigjaTH TEPIIAM JBOM
MIIMPUEMCTBAM, a TPETbOMY HE JaBaTH KOIITiB. MakCUMaIbHUN TIPUPICT
npoaykiii 0yae 60 MIIH. TpH.

Bukonaemo BiamoBigH1 o0uucaeHHs npu x3=100:

£(0)+ F,(100)=0+110=110
F,(100) = max4 £,(50) + F,(50)=55+60=115}=115.
£,(100) + F,(0) =85+ 0 =85

Makcumansuuii epekt mae Bupas f3(50)+F5(50), a e o3Havae, 110
100 MaH. TpH. MDK NOEpPUIMMH TpPbOMa MIANPUEMCTBAMU TOTPIOHO
PO3MOJUIATH TaKUM YWHOM: IEPIITUM JBOM IMIANpUEMCTBaM Biggatu 50
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MJIH. TpH. 1 Tpetbomy 50 mutH. TpH. Ilpupict mpoaykilii cTaHOBUTHUME
115 mnH. rpH.

Oo6uucnumo F5 (150):
(£,(0)+ F,(150)=0+170 =170
£.(50)+ F,(100) =55+110 =165

F,(150) = max L _170.
£,(100) + F,(50) = 85 + 60 = 145

£,(150)+ F,(0)=170+0=170

N\

[Tpu posmoauti 150 MiIH. TpH. MU OTpUMAJIH JBa ONITUMAIbHUX
BapIaHTH:

1) MDK nepmmMu ABOMa MiANPUEMCTBAMH PO3NOAIIUTUA 150 MIIH.
I'PH., @ TPETHOMY HE Ha/IaBaTH KOIITIB;
2) 150 MuH. TpH. BiAAATH TPETbOMY MIANPUEMCTBY, a MEPIIUM
JIBOM HE HaJIaBaTU KOIIITIB.
B 000x BUnagkax MakCUMaJbHUI TPUPICT MPOAYKIIT CTAHOBUTHME
170 muH. TpH.

Ha 3aBepiiieHHs 11b0OTO €Tay npoBeaeMo anaii3 posnoairy 200 mutH.
I'PH. MiX TIEPIIUMH TphOMa M1AMPUEMCTBAMHU:

[ £.(0) + F,(200) = 0+ 220 = 220

£.(50)+ F,(150) =55 +170 = 225
F,(200) = max< f£,(100) + F,(100) =85 +110 =195} = 230.
£,(150) + F,(50) =170 + 60 = 230

£,(200) + F,(0) =225+ 0 =225

Mu 6Gauyumo, 110 HaWOUTBIIMK MpUpicT Tpoaykiii 230 MIIH. TpH.
oTpuMaeMo, ko S50 MIH. TpH. PO3NOJAUIMMO MIX MEPIIUMHU JABOMA
MIANPUEMCTBAMHU, a B TpeTe iHBecTyeMO 150 MITH. rpH.

[lepexoquMo 0 4YETBEPTOrOo eTamy, B SKOMY HEOOXIJTHO
MpoaHani3yBaTl €(EeKTUBHICTh PO3MOALTY HAsIBHUX 1HBECTHUILIN YyKEe MIXK
yotupMa mianpuemctBamu ¢ipmu. IloxknaBmm y (7.7) k=4, maemo
PEKypEHTHE PIBHSIHHSI:

F,(x)= max[ﬁ(x4)+ﬂ(x—x4)].

O<xy<x
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OCK1TbKM OMUCYBaHUN €Tan € 3aBeplIaibHUM 1 PO3paxoByBaTH
sHaueHHS F4(0), F4(50), F4(100) Ta F4(150) HEe Mae 3MiCTy, TOMY JOLIIBLHO
nepenTH Bizpasy 1o BuzHaueHHs F4(200).

OT1xe, MaeMoO:

[ £,(0)+ F,(200) =0+ 230 = 230

£,(50) + F,(150) = 70 + 170 = 240
F,(200) = max f,(100)+ F,(100) =105+ 115 =220} = 240.
£,(150) + F,(50) =155+ 60 = 215
| £:(200) + F;(0) =230 +0 = 230

Makcumanbauii edexT po3mipom 240 MIH. TpH. 3a0e3Ieuye apyruid
yieH f4(50)+F5(150). Amnamiz ojepkaHUX PO3pPaxyHKIB TIOKa3ye, 110
ONTUMAJIbHUM BapiaHTOM OyJie BHUAUICHHS YETBEPTOMY MiANPUEMCTBY
1HBECTHUILIIM po3mipoM 50 MJIH. TpH., a IEPIIUM TPbOM pazoMm — 150 muIH.
rpH. IIlo0 npi3HaTuCh, KUK OoNTUMAIbHUN BapiaHT po3noainy 150 miH.
IPH. MDK MEPIIUMU TphOMa MiAIMPUEMCTBAMH, MOBEpHEMOCh 10 F3(150).
bauumo, mo 150 MJIH. TpH. ONTUMAJIBLHO MOXHA PO3IUIUTH 3a ABOMA
BaplaHTAMMU:

- f3(0)+F5(150), TOOTO TpEeTHOMY MIAMPHEMCTBY KOIITH HE
BUAUIATH, a Biggatu nepmmMm jaBoMm 150 wmmH. rpH. 100
BU3HAYUTHU ONTUMAIBHUHN BapiaHT po3noAury 150 MIIH. rpH. MixX
NepIIMMU  JIBOMa TMIJNPUEMCTBaAMHU, MOBepHEMOCh 10 F,(150).
baunmo, 1m0 1€ BapiaHT PO3MOALTY OTPUMYEMO 3 BHUpaA3y
£(50)+F(100), ToOTO ApyroMy mianpueMcTBy gaemMo 50 MIIH.
I'PH., a iepmomy — 100 MITH. TpH.

- f3(150)+F5(0), sixuii o3HAyae, M0 B TPETE MIANPUEMCTBO BUTI1IHO
iHBecTyBaTu 150 MITH. TpH., a IEPIIUM JIBOM KOIITH HE BUIIISATH.

OTxe, MU OTpUMAJIM JIBa ONTUMAaJbHI MIaHu po3noaury 200 MmiH.
I'PH. M YOTHUpPMa MIANPUEMCTBaAMU PipMHu:

[ BapiHT po3nouTy I1 BapiHT po3nOLTY
Llionpuemcmeo |Po3mip ineecmuyiti | [lionpuemcmeo | Po3mip ineecmuyiti
[lepure 100 MITH.TpH. [lepure 0 MJIH.TpH.
Jpyre 50 MJIH.TpH. Hpyre O MJIH.TPH.

Tpere 0 MIIH.TpH. Tpere 150 muH.TpH.
UetrBepre 50 MyIH.TpH. UetrBepre 50 MJIH.TpH.

221



[Ipyn po3noaiii KOWITIB 32 KOXKHUM 3 JIBOX BaplaHTIB OTPUMAEMO
MaKCUMaJIbHUN NPUPICT TPOAYKIIi po3mipom 240 MIIH. TpH.
CxeMaTU4HO L€ MOKHA 300pa3uTh TAKUM YUHOM:

LIL 1L IV I, ILIIL, TV
Fy(200
‘m (200) . 200
IV I, 11, 111 1 11, 111
F3(150) F3(150)
1 11

\1 11
@ F(150)
I

7.3.2. MojaeJib ONTUMAJIbHOI 3aMIiHM YCTATKYBAHHS

Ha nouaTky miaHoBOro nepioay, sIkil CKJIaJa€eThCA 3 KiJIbKOX POKIB,
BUPOOHUYMI TMIIPO317 Ma€ OAHY OJMHMIIO YCTaTKyBaHHSA (HIKCOBAHO1
KUIBKOCTI POKIB €KCILTyaTalii. ¥ MpoIlect eKCITyaTalli yCTaTKyBaHHs J1a€
HOpIYHUN TPUOYTOK, TMOTpeOye eKCIUTyaTalliliHUuX BUTpaT 1 Mae
BIJIMOBIIHY 3aJIMIIIKOBY BapTICTh, MPUYOMY BCl 3rajlaHi XapaKTePUCTUKU
3aJIeKaTh Bij BIKY YCTaTKyBaHHSI.

VY NOBUIBHMI pIK YCTaTKyBaHHS MOKHA 30€perTd 4 MNpOJaTd IO
3QJIMIIKOBIA BapTOCTI W KYMHUTH 3aMiCTh HBOT'O HOBE YCTAaTKyBaHHS 3a
BIJIOMOIO II1HOIO, KOTpa MOKE€ 3MIHIOBATHCS B 4aci. 3ajada TOJSITaE B
TOMYy, IO JJisl IUIAHOBOTO TEPIOAYy HEOOXITHO 3HAWTH ONTUMAJbHY
TaKTUKYy (3aranbHuii TOpuOYTOK 3a Tepiod) 3aMiHu (30epeKeHHs)
yCTaTKyBaHHS, TOOTO Il KOXKHOTO POKY B IJIAHOBOMY IIepiojil Tpeda
NPUMAHATU PIIICHHS: 30€piraTd HasiBHE YCTAaTKyBaHHS Yy KOHKPETHUU
MOMEHT a0o0 mpoaaTH Woro ¥ mpuadatu HOBe, 00 3arajibHUNA MPUOYTOK
3a BECh IJIAaHOBUU Mepioj OyB MaKCUMaJIbHUM.

Jns  moOyJoBU  €KOHOMIKO-MAaTEMAaTH4YHOI  MOJIENl  BBEAEMO

MO3HAaueHHs: { — BiK ycrarkyBauHg, ¢ = 0, 1, 2, ... (=0 BignoBimae
BUKOPUCTAHHIO HOBOI'O YCTaTKyBaHHsI; =1 BIAMNOBIJa€ BUKOPHUCTAHHIO
YCTaTKyBaHHS BIKOM OJIMH pIK TOWIO); X(f) — BapTICThb MOPOIYKII,
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BUT'OTOBJIEHOI MPOTATOM OJHOIO POKY Ha YCTaTKyBaHHI BikoM f; S(f) —
3aJIMIIIKOBA BapTICTh YCTAaTKyBaHHS BIKOM f; 7 — MPOMDKHHMM dYac Yy
IJaHOBOMY Tiepioai; P — 11ilHa HOBOIO YCTaTKyBaHHS; u(t) -
eKCIUTyaTalliiHl BUTpaTH 3a OJMH PIK HAa YCTAaTKyBaHHA BIKOM f; f) —
MOYaTKOBUM BIK YCTaTKyBaHHS; N — IJIAHOBUH TIEPIO/I.

[To3znauumo uyepes f, (f) cymapHuii nmpuOYTOK 3a OCTaHHI 7 POKIB
IJIAHOBOTO MEPIOY MPHU YMOBI, 10 HA MOYATKY LILOTO MEPIOAY 3 7 POKIB €
YCTaTKyBaHHSI BIKOM f, 1 MM JOTPUMYEMOCS ONTHUMAIbHOI TOJITHUKUA B
3amiHi. [lpu oMy, n=1 mo3Havae OCTaHHIM PIK MJIAHOBOTO mepioay (10
KiHIS TUIAHOBOTO TE€PIOy 3aJUIIMBCA OJWH PIK); n=2 — OCTaHHIX JBa
POKH TIJIAHOBOTO TepioAy (0 KiHIS IJIAHOBOTO MEPIOy 3aTUIIMIOCA JBa
pokun); n=N — ocTtaHHiX N pOKIB IJIAHOBOTO IEPIOay, TOOTO BIJMOBIIAE
BChOMY TUIAHOBOMY IEPIOJTY.

[Ipunyctumo, 1o pilieHHs] NPUUMAEThCs B MOMEHT vacy 7= 0, 1,
2,..., N—1 (npu cuctemi BiJUTiKy BIAHOCHO mapameTpa x 1ie o3Hadae n=(N,
N-1,...,1). Omxe, mIaHOBUN Mepioa IIIUTHCS Ha IHTEPBAIU JOBKHUHOIO
OIUH PIK, Y KOXXHOMY 3 SIKMX MNPUNUMAEThCA PIllICeHHS — 30epiraTu 4u
3aMIHUTH YCTAaTKyBaHHS.

Skmo B MOMeHT 7=i (IIOYaTOK i-TO POKY, TyT n=r—i ) CHCTeMa
nepeOyBae B CTaHi ¢ (BIK YCTaTKyBaHHS ¢) 1 MPUUHATO PillICHHS «30epiratu
yCTaTKyBaHHS», TO 1€ O3HA4ae€, 10 1€ YCTaTKyBaHHS, MPOIpPaIOBABIIN
OJIUH PIK, «IIOCTapie» W OMNUHUTHBCS Ha MOMEHT =i+l (Ha mouyatok
HACTYITHOTO POKY) B cTaHi t+1 1 Oyne maTtu Bik ¢ +1. SIKiio Ha MOMEHT 7=i
YCTaTKyBaHHS 3HAXOAWJIOCS B CTaHl f 1 MPUUHATO PIIICHHS «3aMIHUTH
yCTaTKyBaHHS», TO II¢ O3HAYa€, 10 B MOMEHT / HasBHE YCTaTKyBaHHS
MIPOJIA€THCS, @ HATOMICTh KYIyI0Th HOBE (BiK 0 POKIB); BOHO IPAIIO€ OJIUH
piK 1 10 MOMEHTY i +1 cucTtema BUSBUTHCA B CTaHl | (ycTaTKyBaHHS BIKOM
OJIUH PIK).

3amiHa ICHYIOUOT'O YCTaTKyBaHHS BIKOM { Ha HOBE JIOILJIbHA B TOMY
BUMAJKY, KOJM MPUOYTOK BiJl HOBOTO YCTaTKyBaHHS OUIBIIMK BiJ CTApOTO,
TOOTO

S()—p+x(0)—u(0)>x(¢) —u(t).
Axmo S(¢)— p+x(0)—u(0) < x(¢) —u(t), TO HasiBHE yCTaTKyBaHHS
i1 30€eperTu.
BianoBiiHO A0 anropuTMy JUHAMIYHOTO MPOTrPAMyBaHHS CIOYATKY

IUIAHY€ThCA OCTAHHINA KpOK, ISl SIKOTO NPHUMMAEThCS PILIEHHS TaKUM
YMHOM, 00 OTPUMATH MakKCUMalbHUW npuOyTOoK. Buxonsuu 3 Toro, 1o
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fi(f) - npubyTOK, SKUH Ha OCTaHHBLOMY eTami OyJe JOpiBHIOBATH
HaOUIBIIIOMY 3HAYEHHIO IIUX JIBOX BUPA3iB, JICTAHEMO:

- x(t)—u(t) 36epertu
fl(t)—max S(t)—p+x(0)—u(0) 3aMIHHTH. (7.8)

OnTUMallbHUM PIILICHHSIM 32 OCTaHHI1 (n+1) poku, pu YMOBI, 110 Ha
MOYaTKy MbOro mepioxy 3 (nt+l) poKy € ycTraTKyBaHHS BiKOM f, Oyne
pIllICHHS, sIKE€ 3a0e3Me4yuTh 3a OCTaHHIX (n+1) poOKM MaKCUMabHUU
NpUOYTOK, SIKU BU3HAYAETHCS 3 BUPA3Y

x(t)—ult)+ f.(t+1) 30epertu

S(t)- p+x(0)-u(0)+ £(1)  samismrm. (7.9)

an+1 (t) = max

CuniBBigHomieHHs (7.8) 1 (7.9) BCTaHOBIIOIOTH 3B’SI30K MK BUpa3aMU
t, Ta t,+. lle pexypeHTHI CITIBBIIHOIICHHS, 3a SKUMH MOXXHA 3HAWTH
PO3B’ 530K 33/1a4i METOJ0M JUHAMIYHOTO MPOTrpaMyBaHHS.

[Ipuknag 7.2. Jlo moyaTtky IJIaHOBOrO MEPIOAY B II€Xy BCTAHOBJICHO
yCTaTKyBaHHs. 3aJICKHICTh TPOIYKTUBHOCTI IIbOTO YCTaTKyBaHHS BiJ] 4acy
BUKOPHUCTAHHS HOTO IIEXOM, a TAKOX 3aJIeKHICTh BUTPAT HA yTpUMaHHS U
PEMOHT yCTaTKyBaHHS P Pi3HUX TEPMIHAX KOTO0 BUKOPUCTAHHS HaBEJEHI
B Ta0mI 7.3.

Tabnuis 7.3
XapakTepucTHKa Yac, npoTAroM IKOro BUKOPUCTOBYETHCS YCTaTKyBaHHS
yCTaTKyBaHHS 0 1 2 3 4 5
s
VIFHH BIITYCK 100 85 75 70 70 65

OPOIYKLIi, MJIH. TPH.

PiuH1 BUTpaTH, NOB’sI3aHI 3
YTPUMAHHSM i PEMOHTOM 30 35 40 45 55 65

YCTAaTKyBaHHA, MJIH. TPH.

Butpatu Ha mnipuaOaHHS Ta BCTAHOBJICHHS HOBOT'O YCTaTKyBaHHS
ckiagaTh 50 MIIH. TpH. YCTaTKyBaHHS, 110 3aMiHIOIOTh, CHHUCYETHCS
(3anuIlKoBa BapTICTh JOPiBHIOE HYIH0). [lo0ymyBaTu Takuii TiaH 3aMiHU
yCTaTKyBaHHS, 3a SKUM NOpuOyTOK 3a TeBHUM mepiox dacy Oyne
MaKCUMaJIbHHUM.

¢ Po3s’a3yeannsi.
[TouHeMO 3 BH3HAYEHHS YMOBHOI'O OINTHMAJIBHOTO PO3B’S3KY JJIS
OCTaHHBOTO POKY IJIAHOBOTO mepioAy. OCKUIbKH A0 MOYaTKy IJIAHOBOTO
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nepioay IeX Mae HOBE YCTAaTKyBaHHS, TO BIK YCTaTKyBaHHS JO IMOYATKY
OCTaHHBOI'O eTammy Moxe oyTtu 1, 2, 3 a60 4 poku.

Jnd  KOXHOrO 3HAQUYEHHSA [ 3HAUJIEMO YMOBHO ONTHUMAaJIbHUN
PO3B’S130K 1 BiAMOBIIHO 3HAaUeHHsI GYHKIIII f;(f) Ha ocHOBI hopmyu (7.8).

fl(l) = rnax{85 33
100-30-50
75—-40
1000-30-50
70—45
100-30-50

} =50 30eperTu;

112)= max{

} =35 30eperTu;

10)=max]

} =25 30eperTu;

65-55 _
f, (4) = max =20 3aMIHHUTH.
100—-30-50

Bik ycTaTKyBaHHS J0 MOYATKy YETBEPTOTO POKY IIAHOBOTO TMEPioTy
(n=2) moxe pnopiBHwoBatu =1, 2, 3. Kopucrywuuchk ¢opmynow (7.9),

3HANUJIEMO:
£(1)= max 85—-35+35
? 100-30—50+50

75—-40+35
ax
100-30-50+50

70—-45+35
100—-30-50+50

} =85 30eperTu;

£,(2)=m } =70 30eperTy;

1.6)= max{

MoxauBuil BIK yCTaTKyBaHHS 10 TOYaTKy POKy (n=3) Moxke
nopiBHioBat ¢ = 1, 2. Ha ocHoBi ¢opmynu (7.9) po3paxyemo 3HaUYCHHS

S5 ()
£.(1)= max{

} =70 3aMIHUTH.

85-35+70
100-30-50+385

75-40+70
100-30-50+85

} =120 30eperTu;

7,2)=max|

AHANOTIYHO PO3MJITHEMO BHUIMAAOK misi n=4, To0TO =0. OTXe,

npo0yieMu BUOOPY HEMa€e: yCTaTKyBaHHs Tpeba 30epertu, a
7.(0)=100-30+155 = 225.

} =105 30€eperTu.
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BpaxoByroun, 110 BiK YCTaTKyBaHHS J0 MOYATKy TUIAHOBOTO IMEPIOy
=0, 1 KOPUCTYIOUHCh pO3PAXOBAaHUMH peE3yJibTaTaMH B OOEPHEHOMY
nopsAaKy ix (opMyBaHHS, MOOYAyEMO ONTHUMAJbHY TaKTUKy 3aMiHU
ycTatkyBaHHs (Tadmn. 7.4).

Tabnuns 7.4
, Poku nmanoBoro nepiogy
ITepioan
1 2 3 4 5

1 [30epertu [30epertu [30epertu [30epertu  |30epertu
Bik 2 30eperTu |[3aMIHUTH |30€perTu
yCTaTKyBaHHi |3 3aMIHUTU |30€epertu
4 3aMiHUTH

OntuMasibHe :
: 30epertyu [30epertu [30eperTu [3aMIHUTU |30€perTu

pIIIeHHS

OTxe, oNTUMaIbHUM PIIIEHHSAM 3ajJadl Oyjae 3aMiHa yCTaTKyBaHHS
Ha [MOYaTKy YETBEPTOTO MEPiojly. 4

7.4. IIuTaHHA 1JISI CAMOKOHTPOJIIO

N =

MEeTOJaMH1 JUHAMIYHOTO MPOTpaMyBaHHS.
3. CopmymtoiiTe xapakTepHI OCOOJHMBOCTI

JUHAMIYHOTO MPOTpaMyBaHHSI.
4. 300pa3iTh CXEMAaTUYHO MPOIEC KEPYyBaHHS B 3aja4ax JUHAMIYHOTO

porpaMyBaHHsI.

9

6. OnuIuITe

OIITUMAJIBHOI'O

. ChopmymroiitTe 3aga4y JUHAMIYHOTO MPOTPaMyBaHHS.
. HaBeniTh mnpukiIagyd €KOHOMIYHMX 3ajiad,

0 PO3B’SA3YIOThHCS

. JlaiiTe BUBHaAUEeHHS TPUHIMUITY ONTUMAILHOCTI benMana.

MaTEMATUYHOI MOIEIl

€KOHOMIYHY 1 MaTeMaTU4Hy [IOCTaHOBKY  3ajaul

PO3MOILTY

IHBECTUI[IMHUMHU MPOEKTaAMHU.

7. Chopmymroiite

YCTAaTKyBaHHS.

nediHimio
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Po3nia 8. Enementu Teopii irop

8.1. OcHOBHi NOHATTH TeOPil irop

[Ipy po3B’si3yBaHHI psAAy EKOHOMIYHHUX 3aJad JIy»X€ 4YacTo
BUHHUKAIOTh KOH(IIKTHI CHUTYyallli, SIKI MOPOJKYIOThCS CYNEPEUSIMBUMU
lHTepecaMd BUPOOHMYMX a0O0 3allIKaBICHUX CTPYKTyp. MaremMaTUu4HUM
ariapaToM PoO3B’SA3KYy TAaKOIo THUIMY 3ajlady € Teopis 1rop, sika MpeacTaBiIsie
cobor0 Teopito MOOYIOBM MAaTEMAaTHYHUX  MOJCICH  IPUHHATTS
ONTUMAJIbHUX pIlIEHb B YMOBaX KOH(DIIKTY. OCKUIBKM CTOPOHH, IO
OepyTh y4acTh y BUPIIICHHI KOH(IIKTIB, 3alliKaBeH] y MIPUXOBaHHI CBOIX
HaMIpiB BiJl CYIPOTUBHUKA, TOMY MIPUHHATTS PIllIEHh B YMOBaX KOHQIIKTY
€ TICPEBAXHO NPHUHHATTAM pIIICHh B yMOBax HEBHU3HA4YeHOCTI. DakTop
HEBU3HAYEHOCTI B OKPECJICHIA CHUTyalli MOXHa I1HTEpPIPETYBATH SIK
CyIpOTHUBHHKA CY0’€KTa, 110 MpHUiTMaE PiIlICHHS.

JloriuHOI0 OCHOBOIO Teopli irop € ¢opmanizaiis TpbOX MOHATH, SIKI
BXOJSITh Yy ii BU3HAYEHHS 1 € 0a30BUMHU [JIsi BCi€i Teopli: KOHIIKT,
NPUUAHATTA PIlIEHHS B HHBOMY Ta ONTHUMAJbHICTh IIOTO PIIICHHS.
Curyallisi Ha3uMBae€TbCsl KOH(IIKTHOI, SKIIO B HIA OepyTh yd4acTh
CTOPOHHM, IHTEPECHU KOTPUX IMOBHICTIO YA YACTKOBO MpOTHIECKHI. ['pa — 11e
nivicauit ado (popmanbHUM KOH(IIIKT, B SKOMY € X04 OH JIBa yYaCHUKHU
(rpaBiii), KOXKHUMN 13 SIKUX MparHe AOCATTH BiacHOI MeTu. Jlomyctumi Aii
KOXKHOTO 3 TpaBIliB, CHPAMOBaHI Ha JOCATHCHHS JIESIKOi METH,
Ha3UBaIOThCA NpaBuiamMu rpu. KokHuil rpaBelb Mae €Ky MHOXKHUHY
(CKIHUEHHY YU HECKIHYEHHY) MOXJIMBUX BHOOpIB, SIKa HA3UBAETHCS
ctparerisimu. Ctpareris rpaBlii HAa3WBAETHCS ONTHUMAJIBHOIO, SKIIO TPHU
OaraToKpaTHOMY TIOBTOPEHHI TpWM BOHa  3a0e3medyye  TpaBIlICBI
MaKCUMaJIbHO MOKJIMBHI cepefHiid BUrpail (ad0 MIHIMAJIbHO MOKJIMBUN
MPOTPAIII).

B ocHoBy kmacudikaiili irop MOKIaJ€HO Taki O3HAKH: KUIbKICTh
IpaBIliB, KUIbKICTb CTpaTerii, XapakTep B3a€MOBIIHOCHH, XapakKTep
BUTPAIIIIB, BUTJIS]] BUTPAIIIB, KUTbKICTh XO1B, CTaH 1H(opMaiiii (Tads. 8.1).

3aiexHO BiJl KUTBKOCTI TPABIlIB ICHYIOTh ITPH: OJTHOTO TPABIIS, JTBOX
IpaBILiB, k TpaBiiB. ['pa HA3UBAETHCA MAPHOIO, SKIIO B HIA OEPYTh y4acTh
TITBKU JIB1 CcTOpoHU (1Bl ocoOm). Illomo KiIbKOCTI cTpaTeriit irpu
TIATHCS HA CKIHYEHHI Ta HECKIHYEHHI. SIKII0 B TPl KOXKEH 13 TPaBIliB Ma€
CKIHYEHHE YMCJIO CTpaTeriid, TO BOHA Ha3MBAETHCS CKIHUCHHOIO. SIKIIO K
X04 OU OJIMH 13 TPABI[IB Ma€ HECKIHYEHHY KUTbKICTh MOXJIMBUX CTpATETIH,
TO Taka rpa Oylae Ha3MBaTUCS HECKIHUCHHOIO. 3a XapaKTepoM
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B3a€EMOBIJJHOCMH TpaBILIB IrpU MOAUISIIOTBCS Ha  OE3KOaNiIiiiHI,
KOOIEPATUBHI Ta KOaTiliiHI. be3koamI[iiHUMU Ha3UBalOTh ITPU, B SIKUX
rpaBlll HE MalOTh MpaBa JOMOBIATHCS MK CO00I0, TOOTO YTBOPHOBATH
Koasiuii. ¥ KoomepaTuBHiN Ipi KOANIIli Harepe| B1IOMI.

Tabnuis .1
Ne n/m Knacudikamiiini 03Haku ['pynu irop
1. Opnoro rpasist
1  Yucno rpa.iiiB 2. JIBox rpasiiiB
3. krpaBimiB
. . 1. Ckinuenni
2 |[KinbkicTh cTpaTerii > Hecxi .
. Heckinuensi
1. Beskoamimiiifi
3 |Xapaktep B3a€MOBITHOCHH 2. KoomepaTtuHi
3. Koaniuiini
4  |XapakTep BUTpAIIIiB é ngBOBOIO CYMOIO
. HenynboBoro cymoro
1. Marpuuni 4. Bunyxkmi
5 |Burnsg ¢pyHkuii BUrpamis 2. Bimarpuuni 5. CemnapabenbHi
3. HenepepsHi 6. Tuny nyemni
1. OgHOKpOKOBI
6  |Kinskicts xonis 2. EaraTOKpOKQBi (HOSI/IHiI\/'I‘Hi, '
CTOXacTHYHi, AudepeHItianbHi, THITY
Jyeni).
7  |Cran iHpopMarii é :;HOBHOIO in)OPMame}?
. 3 HEMOBHOIO 1H(pOPMAITIEIO

3a xapakTepoM BUTpAIIB ITPU MOJUISAIOTHCA Ha ITPU 3 HYJIHOBOIO
CYMOIO Ta IrpHu 3 HEHYJIBOBOIO CyMOI0. ['pa Ha3MBAETHCS TPOO 3 HYJIHOBOIO
CYyMOI0, SIKIIIO CyMa BUTPAIIIB yCIX TPaBIIB Y KOXKHINA 11 MapTii JOPiBHIOE
HYJII0, TOOTO 3arajibHUM KamiTajl yCIX T'paBIliB HE 3MIHIOETHCS, a TIJIbKHU
MEePEPO3NOAUISIETHCS MK TPABLSIMU 3aJICKHO BIJl OTPUMAHUX HACIIIKIB.

3asie’)kHO BiA BUAY (PYHKIII BUTpAIIIB ITPU AUIATHCS HA MATPUYHI,
OiMaTpuuHi, HENIEPEPBHI, BUITYKII1, cernapadesbHi, TUIY AYyeJi TOIIIO.

BigHOCHO KIIBKOCTI XOJIB IFpU TOJUISIOTH HAa OJHOKPOKOBI I
O0aratokpokoBi. OJHOKPOKOBI 1ITpH 3aKIHUYIOTbCS MICHS 3aKiHUCHHS
OJIHOTO XOJy KOXKHOTO TIpaBIs. baraTokpokoBi irpu MHOAUISIOTBCS Ha
MO3UIIIHI, CTOXaCTUYHI1, Ju(epeHIIalIbHI, TUITY AyeJi TOIIIO.

3ane’kHoO BiJ cTaHy i1H(opMalii po3pi3HAIOTH ITPU 3 MOBHOIO Ta
HEMOBHOIO 1H(oOpMali€ro. SKII0 Ha KOXHOMY KpOILl TpH KOXHOMY
IpaBLEBl BIAOMO, SIK1 il Oyau 3poOJeHl TpaBIsIMH paHIlle, TO Taka rpa
HA3UBAETHCS TPOIO 3 TIOBHOIO 1H(OpMAIII€l0, SKIIO XK HE BCE BIAOMO MPO
MOTepe/IHI i1, TO — TPOIO 3 HEMOBHOIO 1H(POpMAITI€IO.
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8.2. OnTuManbHUIT PO3B’A30K B irpax ABOX 0Ci0
3 HYJIbOBOIO CYMOIO

Posrasinemo rpy, B sKiii OepyTh y4yacTb JBa IpaBlli, OJUH 3 SKUX
MOXKE JTOTPUMYBATUCA CTpaTerii i 3 n CBOiX MoxiuBux (i =1, 2,..., n), a
JAPYTUM, HE 3HAIOUYM BUOOPY IEPIIOro, BUOMpPAE CTpATETiiO j 13 m CBOIX
MOXJIUBHUX cTpareriit ( j =1, 2, ..., m). Y pe3ynbTari nepuuii rpaseib (A4)
BUI'pA€ a;, a Apyruu (B) mporpae 1o BEIUYHHY.

BennunHu a;; yTBOPIOIOTH IUIATIKHY MaTPUIIIO (MATPHULIIO I'PH):

B - B,
Al all alm
Az a,, oy,
o, ]="21 T (8.1)
An L anl anm _
Psanku matpuni [a;] BIAIOBIAAIOTE cTpaTerisam (A4;, ..., A4,) rpasus A.
A croBmmi — crparerisim (By, .., B,) rpaBus B. Taxi crparerii

Ha3MBAIOThCA 4MCTHMU. bynemo BBaxarm, mo mnpu a; > 0 rpasenp A
BUIpAe€, a rpaBelb B mporpae BeauuuHy a;. SIkmo a; < 0, TO, HaBIIaKH,
BUI'pA€E TpaBellb B 1 mporpae rparenb A.

CnouaTky 3HaWaeMoO HaWkpairy 31 cTpaTeriii rpaBusg A4, TOOTO
Halikpamty cepen Ai,..., A, 3 ypaxyBaHHSM MOXJIMBHUX BapiaHTIB
BIINOBIJIeH Ha HEl rpaBud B. [Ipu ibomy HEOOXI1JIHO BpaxOBYBaTH TE, 1110
Ha JOBUIBHY CTpaTerito A4; rpaBenp B BiANOBIA€ CTpaTeriero B, 1uid AKOi
Burpam rpasus A Oyzae MiHiManbHuHM. [l 3HaXOJDKEHHS cTparerii B,

HEOOXITHO B i-MY PSAKY IUIATLKHOI MATpUI 3HAUTH O, = mjm{al.j}. [Ipu

3MiHI cTpaTerii rpaBis 4 0JJHOYACHO OyJyTh 3MIHIOBAaTUCS BIJMOBIIHI M

quciaa ¢;. 3pOo3yMuIo, IO T'paBlEBI A BUTIAHO 3aBXKIU 3YNMHUHSATHUCS Ha

Takiid cTparerii A;, AJisl IKOi 3HAYCHHSA O =max{ai}, a00, BpaxoOBYHOUHU
i

MPEACTaBIIEHHS (¢, OTPUMAEMO Ol = mlax mjin{aij}.

Yuciao o Ha3MBAETHCS HUKHBOKO I[IHOK TPU YU MAKCHUMIHOM, a
BIINOBIJTHA MOMY cTpaterist (psS0K) — MAKCUMIHHOIO.

Axmo rpaBerns 4 Oyae IOTpUMyBaTHUCS MaKCUMIHHOI CTparerii, TO
oMy, NpU JOBUIbHIA MOBEMIHII TpaBlsd B, B OyIb-IKOMY BHUIAIKY
rapaHTOBaHUW BUTpAlll, HE MEHIIUM . AHAJIOTIYHO MOXXHAa BHU3HAYUTH
HaMKpallly CTpaTeriio Ijs TpaBlisl B, MeTa SKOro — 3BE€CTH BUTPAILl TPaBIIs
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A no miHimMyMmy. {11 11bOTO rpaBellb B nparHe A KOXKHOT CBO€I cTpaTerii
B; otpumati MakcHMaJlbHE 3HAYE€HHS BMIpAIly IIPU JOBUIBHIN cTpaTerii
rpaBIis 4;, TOOTO BiH IIYKa€ 3HAYCHHS 3, = max{ } [IpoTe rpaBers B He

MOE PO3PaxOBYBAaTH Ha Te, 110 I'paBellb 4 T03BOJUTb MOMY OTpUMAaTH
Oynb-AKUM 13 BUrpamis f. €auHe, Ha 10 MOXKE PO3PAXOBYBATH I'PABELlb
B, To 11e Ha Te, OO OTpUMATH BUTpAIlll, SIKUIl HE Oy/1€ MEHIIIUM BEJIUYHUHU

B= mmmax{ } BenuurnHa [ Ha3UBa€TbCS BEPXHBOIO IIHOK TPH, YU
J

MIHIMAaKCOM, a BIJAMOBIJIHA MWOMY cTparteria rpaBls (CTOBIELb) —
MIHIMAaKCHOI. MiHIMaKCHa CTparteriss — HaloOepexHIIIa CTpaTeris s
rpaBus B. Bona 3a0e3neuye oMy B Oy/ib-SIKOMY BHIIQJIKy MpOTpalll, HE
OinpIuid L, 1 BIAMOBIIHO BUTpAIll TpaBIeBl A, TeX He OUIbIIUN Big [
Ao o = =v, TO YUCIIO V HA3UBAETHCS 11HOIO T'PH.

I'pa, mna daxoi o=, TOOTO MIHIMAKCHE 3HAYEHHS piBHE
MAaKCUMIHHOMY, HAa3MBA€TbCS TPOI0 13 CIIJIOBOK Toukowo. g rpu 3i
CIJIJIOBOI0O TOYKOK PO3B’SI30K TOJISITa€E 'y BUOOpI MaKCUMIHHOT ¥
MIHIMAKCHOI CTpaTeridi, sKi € ONTUMaJbHUMHU. «ONTUMaNbHICTHE» TYT
O3Hauae€, IO JKOJICH TpaBellb HE TMparHe 3MIHUTH CBOK CTPATEriio,
OCKUIBKH MOro CyINEpHHK MOKE BIJMNOBICTH Ha II¢ BHOOPOM IHIIO1
CTpaTerii, ska MO’€ JaTh TIPHIMKA pe3ynbTaT sl mepiioro. Biarani,
3HAQYEHHS I'PY MMOBUHHO 33/I0BOJILHSATH HEPIBHICTB:

[Makcuminne 3HaueHHs | < [3HaueHHs rpu]| < [MiHiMakCcHE 3HAYEHHS].

[puknazn 8.1. [TinznpuemctBa A Ta B BUPOOJISIOTH IBA KOHKYPYIOUHUX
BUIM MPOJYKIi. Y TNMEeBHUN Yac KOXKHUN BHJ MPOJYKIT «KOHTPOIIOE»
50% punky. [lokpamuBmM SKICTh MOPOAYKIii, OOWABA MIANPUEMCTBA
MJIAHYIOTh PO3TOPHYTH PEeKJIaMH1 3ax0Au. SAKIIo oOuaBa mianmpueMCTBA HE
OyIyTh IOTO POOUTH, TO CTAH PUHKY HE 3MIHUTHCA. OOCTEKEHHS PUHKY
nokasye, 1mo 50 % MOTEHIIMHUX MOKYMIIB OTPUMYIOTh 1H(OpMaIliIo Yepe3

tenebaueHns, 30 % — wuyepe3 mpecy U ocrtanHl 25 % — wuyepes
PaJIOMOBJICHHS.
Mera KOXHOrO mMiANpUEMCTBA — BHUOpaTH e(eKkTuBHI 3acolu

pexiamMu. 3agayy HEoOXiqHO chOopMyloBaTH SIK TPy JBOX o0cCi0 3
HYJILOBOIO CYMOIO i 3HAWTH ONTUMAJIbHI CTpaTertii.

¢ Po36’a3yeanns. YdyacHUKaMU TpU € JBa mianpuemcrsa A 1 B.
KoxxeH 13 TrpaBIIB Mae€ TpU CTpaTerii BUKOPUCTAHHSI peKIaMu —
tenebadyeHnns (1), npeca (2) 1 pamiomoBieHHs (3). Skio oduaBa rpa,iil
BUOEPYTh OJIHAKOBI 3aco0U 1H(OpMAIlii sl peKIaMu CBOET MPOIYKIIii, TO
iX BIUIMB Ha PUHOK HE 3MIHUTHCSA. [IpumycTumMo, 1o SKIIO MiANPUEMCTBO
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A BuOpano sk 3aci0 pexyiamu TenedadeHHs (A;), TO MANPUEMCTBO B MOxe
BUOpatu TenebaueHHs (B), npecy (B,) uu pajaioMoBieHHa (B;) s
pekyiaMu. Y pe3ylsibTaTi TaKoro BUOOPY BIUIMB HA PUHOK 1Ji1 A B IEPIIOMY
BUIAJIKy HE 3MIHUTHCS, B IPYTOMY ¥ TPETbOMY BIJIMOBIIHO 301JIBIIUTHCS
Ha 20 % 1 30 %. Ao nmianpueMcTBO A BUOEpE 3a CTPATETII0 PEeKIaMy
yepes mnpecy (4,), To B moxe BuOpatu tenedadeHus (B;), npecy (B,) uu
pagiomoBieHHsA. ToAl B MepuioMy BHUIAJKY MiANPUEMCTBO A BTPATUTH
20% cnoxuBadyiB, y TpeTboMy — mnomuT 3pocte Ha 10 %. AHamoriuHo
aHaII3yeMO TPETIo cTpaTterito. OCTaTOUHO OTPUMYEMO IUIATIKHY MAaTPHUIIIO

[a;]:

B min B psJKax
Bl Bz B3
A A, 0 20 30 |0 « makcMiH
max —» A, -20 0 10 |-20
y CTOBIIIAX A -30 | -10 0 -30
0 20 30
T Mminimakc

3HalIeMO HIDKHIO Ta BEPXHIO IIHU OMUCYBAHOI T'PH:
o= maxmin{a, | = max{0;-20,-30} = 0,

l J
B =min max{aij} = min{0,20,30} = 0.
ji
Ockinbku @ = f = 0, To rpa Mae CiIIOBY TOUYKYy. ONnTHUManibHUMU
OynyTh ctpaterii A; aiaa mianpuemctBa A 1 By ansa B, T0o6TO 000M
MIANPUEMCTBAM CJIiJi BUKOPUCTATH SIK 3aci0 1HQopmarlii TesaeBi3iiHy
pekiamy. ¢

8.3. 3mimamni crparerii

HasBHICT, y Tpl CIIJIOBOI TOYKH JIa€ MOXKJIMBICTh BU3HAYUTH
HEOOX1/IHI ONTUMAalbHI CTpaTerii. AJle JesKl IrTpu HE 3aBXKIU MaIOTh
CIJIJIOBI TOYKH, TOOTO MaKCHUMIHHO-MiHIMAKCHI CTpaTerii HEONTUMAJIbHI.
[le mpu3BOAUTH O TOTO, IO KOXXKHHUMU 13 TPaBIIB MOXKE MOJIMIIUTH CBOE
CTAHOBUILE, BHOpABIIM IHIIY CTpATeriro. Y IbOMY BHIAJKy BUHHUKAE
noTpeda y BUKOPUCTAHH1 3MIIIAaHUX CTPATETIH.

3MilIani cTparterii — e MaTeMaTu4Ha MOJIeSIb MOXKJIMBOI M THYYKO1
TaKTUKHU TpaBls, NMpPU SKIA CYyNPOTUBHUN HOMY rpaBellb HE MOXE 3HATH
Harepes] CUTYyaIlito, 3 KO HOMY MPUNIETHCA 3ITKHYTHUCHh y Tpl, TOMY
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nepes KOKHOI NMapTier MPOBOIUTHCS BUMAJAKOBUNM BUOIP OJHIET 3 UUCTUX
CTpaTerii 3 JOMOMOTOI0 JIESIKOT0 MEXaHI3MYy, IKUW 3IIMCHIOE 1Ieil BUOIp 13
BU3HAUYCHUMH W Hamepe]] 3aIaHUMHA HMOBIPHOCTSIMU.

Po3rasinemo rpy JBOX 0ci0, MaTpHUIIs TUIATEXIB K01 Ma€ pO3MIPHICTh
nxm. Hexail rpaBentb A Mae n cTpaTeriii, a rpaBelb B — m CTpaTeri.
[Toznauumo dyepes p=(p,, pr....pn) 1 q=(q1, qz,....q,) BEKTOPHU
HMOBIpHOCTEH, 3 AKUMHU TpaBill A Ta B BiANOBIIHO BUOMPAIOTh CBOI YUCTI
ctpaterii. OCKIJIBKYU 111 CTpATerii 3a YMOBOIO I'PU MOBHICTIO BUYEPITYIOTh
MOXJIMB1 XOAH TpaBIliB A 1 B, TO BOHH yTBOPIOIOTH MOBHY T'PYMy MOIIH.

Tomy mae Mmicrie: Zpi = qu : (8.2)
i=1 j=1

SAxmo a; — (i, j)-# eIeMeHT MaTpuLli TPH, TO IUIATIKHA MaTPHUL Mae€
BUTJISI]T

B, B B,
qi1 q> dm
A P1 a apn Aim
A . .
Ay Pn an an2 Ay

BiAnoBigHO 1O OCHOBHOI TEOPEMH TEOPii Irop KOKHA CKIHYEHHA Tpa
Mae X04 OM OJIMH PO3B’A30K, SIKUM BU3HAYAE TIE€BHA 3MIIIaHA CTPaTErisl.

Meroanka BU3HAYEHHS PO3B’A3KYy T'pU MPHU 3MIIIAHUX CTPATETisX B
OCHOBHOMY TaKOX IPYHTYEThCS Ha BUKOPUCTAHHI KPUTEPIIO MiHIMaKca.
Pi3Huist mossirae B TOMy, 10 rpaBenb A BuOupae P; Tak, moou
MaKCUMI3yBaTH  HaWMEHIIMM  CHOMIBaHUW  BUrpaml (MaTeMaTH4YHE
CIIOJIBAaHHA) IO CTOBNILAX, TOAI fAK TIpaBellb B BUOMpAac ¢; 3 METOIO
MiHIMI3alli1 HalO1IBIIOTrO CIO/IIBAHOIO BUTpAIlly 1O psAaax. MaremaTuyHO
KpUTEpI MIHIMAKCa JIJIs 3MIMIAHUX CTpaTEeriil OMUCYEThCS TAKUM YHUHOM.
['paBens A BUOUpae cTparterito 4;, sika 1ae

n n n
max-< min Zailpl., Zaizpi,...,Zaimpi , (8.3)
Pi i=1 i=1 i=1
a rpaBellb B BuOUpae crTpareriro B, sgKa 1ae
m m m
min< max Zaquj, Zazjqj,...,Zanjqj : (8.4)
o = j= j=1

Ili BeaIUUMHM BH3HAYAIOTHLCS BIJAIOBIIHO SK CIIOJIBaHI MaKCHMIHHI
Ta MiHIMakKcHI1 TaTexi. [Ipu ibomy Mae Miciie CIiBBiIHOIICHHS:
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MiHIMaKCHUH CITOA1BaHUN MakcUMIHHHN CIIO1BaHUA
mporpart BUTpAIII
Jkmo p; 1 g; BIANOBINAIOTH ONTHMMAJIBHUM DO3B’S3KaM, TOOTO
BUKOHYETHCSI CTpPOTa PIBHICTh, TO PE3yJIbTAaTHUBHE 3HAYCHHS JOPIBHIOE
crofiiBaHoMy  (ONTUMANbHOMY) —3Ha4eHHI0 Tpu. Skmo p; i g
ONTUMAJIbHI PO3B’SI3KM JUIsi 000X TPaBliB, TO KOXKHOMY €IIEMEHTY
MIaTiXHOT MaTpuui BiamoBinae HMoBipHicTE p; ¢;. OTxke, onTHUMabHE
CIO/[IBaHE 3HA4YE€HH4 (1[1HA) TPU Ma€ BUTJISL;
n m
vi=2.2a,0q;. (8.5)
i=l j=1
JIns 3HaxOpKEHHST ONTUMAalbHUX CTpaTerii B irpax JaBOX ocCi0 3
HYJIbOBOIO CYMOIO MOKHA BUKOPHUCTATU TpadiuHuil MeToa (AJisl irop BUAY
2 x m abo n x 2), a TAKOK MPUBECTH 334y JI0 JIHIHHOTO MPOTrpaMyBaHHS.

8.4. I'padiunmit MeTox PO3B’SA3KY irop Buay 2 xmin x 2

PosrisineMo rpy Buay 2 X m, sika HE Ma€ Ci1JI0BO1 TOUKH.

B
Bl B2 Bm
qi q» dm
A A, D1 ap ap Am
A pzzl—pl ani an Aom

Ockinbku rpaBeilb 4 mae 1Bl crparerii (4,1 4), T0 p, = 1— py.
3HalileMO CIOJ(IBaHl BUrpamll (MaTeMaTHU4HE CIOJIBaHHS TpaBisl) A
3aJIe’KHO BiJl YUCTUX CTpATETii rpaBus B:

Mj(pl) =a,;-pta,;-p, :(alj _azj)pl +a,;, J =1m. (8.6)
OTpumaHi pe3yJbTaT NPEJCTaBUMO Y BUIJISA1 Ta0. 8.2.
Tabnuis. 8.2
YucTi cTparerii CnoniBani Burpaiii rpaBist 4
rpasus B

1 (an—ax)p1 tan=M, (p:)

2 (a12—ax)p1 tan=M, (p1)

m (alm_ a2m)p1 +a2m:Mm (pl)

I3 Tabiuui 8.2 BUIUIMBAE, 1O cnoAiBaHKMi BUrpam rpasusd A M(p;)
JIHINHO 3aJICKUTH BIJl p; 1 € IPSIMOIO JITHIELO.
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Mera rpaBus B nonsirae B MiHiMi3allil BUrpamty rpaBus 4 3a paxyHOK
BHOOpPY CBOIX cTpaTeri, Tooto M ( pl) = min {M i ( )2 )} . Ha puc. 8.4.1
J

* .
touka M wuabyBae 3HaueHHs M ( Dy ), SKe OTpUMai mipu p, = p, . Llina
pu v=M ( D ) Takum yuHOM, TpadiyHO BU3HAYAETHCA ONTHUMAJIbHA

3MilllaHa CTpaTeris p, = p, TEPIIOro TPaBIsl i Mapa YacTHX CTpaTerii

. . *
JAPYroro rpaBlid, sIKi B MEPETUHI YTBOPIOIOTh TOuky M (Ha puc. 8.4.1 e
Bianosigae II 1 III crparerism rpaBms B).
Pose’szaBmm cucremy pisusine M, (p)=v(j=2, 3), sHaiizemo
TouHe 3Ha4ueHHH p, 1 v. I[licis mporo, HamaBum ¢,=0 UL THX j, OIS KX
sk o .
M(p,) ne yTBOpIOIOTL TOUKY M, MOKEMO 3HAHTH 3HAYEHHS ¢; JUIS THX ],
nis akux Mj( py ) yTBOPIOIOTh TOUKY M , PO3B’A3aBILU CUCTEMY

angq, +ayq; =V,

(8.7)

a3q, +ayq; =V.

/s g
0 pl* 1 P1

Puc. 8.4.1.

[Ipuknang 8.2. Ha ocHOBI HasBHOro J00OBOTO OOCATY CHUPOBHHHU
MIJMPUEMCTBO Ma€ MOXKJIMBICTh BHUITYCKAaTH JBa BUIW MPOIYKINi, IO
MBUIKO TICyeThecs. [IpuOyTOK NiANPUEMCTBA 3AJICKUTH BiJg 00CITY
peanizoBaHoOl MPOIYKIl KOKHOIO BUAY, SIKA B CBOIO YEPTy 3aJICKHUTh BlJI
MOTOJIH.

Peanizamiss mepmoro BUAYy MNPOAYKTY BHINA 3a TEIUIOl IOTOJH,
Apyroro — 3a mnpoxojoaHoi. CTaH MOTroau MOXHA PO3IJIAAATH SIK TaKi
cTpaTerii NMpUpPOAU: JEHb MEKy4YHd CYyXuil, MEeKy4Yuil BOJOTHM, TETUTHi
CyXUH, TEIUIMHA BOJIOTMU, MPOXOJOAHUN CYXHUM, HMPOXOJIOJHUN BOJOTHUHU.
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Binoma maTpuns npuOyTKy (THC. TPH.) OIANPUEMCTBA 332 KOKHUM BHJIOM
MPOYKINT 3aJI€KHO B1JT CTaHy ITOTOU:
{12 9 7 5 4 2}

3 56 8 9 10/

3a 10nmoMorow rpadivHOro METOAY 3HANTH ONTUMAabHI CTpaTerii 3
oprasi3ailii BUIyCKY MPOAYKIIiil 1IPUEMCTBOM.

¢ Po3s’a3ysanmsi.

[ToOynoBaHa rpa He Ma€ CiIJIOBOI TOYKHU B YMCTUX CTPATETisIX, TOMY
JUTsl BU3HAYEHHSI ONTUMAJIbHUX CTPATET1id MOKHA CKOPUCTATUCS TpapiyHUM
MeToaoM. CTpaTeriiMu MiANPUEMCTBA € BUPOOHUIITBO MPOIYKIIlT MEPIIOTO
abo npyroro Buay. bynemo BBakaTu MiANPUEMCTBO TEPIIMM TpPaBIEM, a
npupony — apyrum. [TozHaunmo yepes p; IMOBIPHICTh BUKOPUCTAHHS CBOET
MepIoi cTparterii mepuM TpaBieM, depe3 q(qi, go, ..., gg) — 3MIIIAHY
cTparerito apyroro rpasus. I[loOyayemo rpadiku cepenHiX BHUTrpailiB
nepioro rpasud (puc. 8.4.2.), 11 nporo 3Hangemo M; (p)):

*

0 P1 1 P1

Puc. 8.4.2.

M (p)=(12-3)p,+3=9p,+3; M,(p,)=(9-5)p, +5=4p, +5;

M;(p,)=(7-6)p,+6=p +6; M,(p,)=(5-8)p, +8=-3p, +8;

M(p)=(4-9)p,+9==5p,+9; M((p)=(2-10)p, +10=—-8p, +10.

HwxHsi rpaHulls MHOXWHHU OOMEXeHb 300pakeHa Ha pwuc.8.4.2

KUPHOIO JHi€r0. Sk O6aunmo, maxM(p,) nocsraeTrbecs B Touli M , 11O
yTBOPIOEThCS NiHIIMU M| (p1) 1 My(p,). Tloknagemo ¢,= g3= gs= q¢=0. Jlna
3HAXOJKEHHS Py, P2, 41, ¢4, V HEOOXITHO PO3B’SI3aTH TaKi CUCTEMU PIBHSHbD:
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12p,+3p, =v, 12¢g,+3q, =v,
S5p,+8p, =v, 5q,+8q, =V,

pl=1—p2, %:1_%'
Po3B’s3kamu ux cucteM Oye:
2, Tl —l'v—2 MJTH.TPH
P Py Ty T YTy TPH:

Mu oTpuMali ONTUMaILHUI PO3B’°SA30K.

. : 5 .
[linnpueMcTBY HEOOX1IHO o 00CSITiB CUPOBUMHM BUKOPUCTAaTH Ha

BUT'OTOBJICHHSI TEPLIOrO BUAY MNPOIYKINi, a o I IPyroro BUILY

npoaykiii. IIpu 11boMy OoTpuMaeMO MaKCUMaJIbHUN MPUOYTOK Yy PO3MIpi
6,75 MJIH. TpH. ¢

8.5. 3Benennst 3a1a4 Teopil irop 1o 3agau
JIIHIHHOT0 MPOTrPaMyBaHHA

PosrnstHemMmo MaTpuuHy Tpy #n X m, 3aJlaHy MaTpHUIEIO [aij]

[To3Hauumo uyepes p' = (pl*p;p:) q = (ql*q;qm) iMOBipHOCTI

ONTUMAJIBHUX 3MIIIAHUX CTpaTeriii BIAMOBIIHO NEPIIOrO Ta IPYroro
I'paBIIiB, a yepes3 v — MiHy I'pu. be3 noBeieHHs chOopMyTIIOEMO TEOPEMY.

Teopema. JIis Toro, moGu 4uCio v GyiI0 IHHOK IpH, a p i ¢ —
BEKTOpaMU MMOBIPHOCTEH ONTUMAJIbHUX CTpaTeriid, HEOOXI1IHE M JOCTaTHE
BUKOHAHHS CUCTEMH HEPIBHOCTEH:

Da,p 2y, j=1, (8.8)

i=1

aq <v,i=ln 8.9)
yLJ

L /=1
Hns mpocrotm mnpumyctumo, 1o v>0. I[lporo 3aBxam MoxHa

TOCSTHYTH 3aBISKHU J0JIaBaHHIO J0 BCIX €JIEMEHTIB MaTPHIII [aij] OJTHOTO

1 TOTO X MOCTIMHOTO uKcha k. Taka mporieypa He BIUTMHE Ha ONTUMAJIbHI
CTpaTerii, a TUIbKY 301UIbIIUTD 1IHY TPU Ha k.
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Meta mnepmioro TpaBis TMOJSITa€ B OTPUMaHHI MaKCUMAaJbHOTO
BUTpaIly, a JAPyroro — MiHIManpHOTO mporpamnry. Kopucryrouuch
chOpMyILOBAaHOIO TEOPEMOIO, 3aJady MaKCHUMi3allli TapaHTOBAHOTO
BUTpAIly NEPIIOro IpaBls 1 3a4a4y MiHIMIi3allil rapaHTOBAHOTO MpPOrpalry
APYroro TpaBlsl MOXHA MPEICTABUTU SIK TMapy B3a€EMOJIBOICTUX 3ajad
JHIMHOTO MpOrpamMyBaHHS:

3asoanns 1 epasys

n (8.10)

3asoanns 1l epasuys
F* =v — min,

m —_
* .
E < =
a,q; <v, i=Ln,

j=1

. (8.11)
2.4, =1
j=1
qj. >0, j= 1m.
3anuieMo cucteMy ooMexxkeHs (8.10) B posmmpeHiit popmi:
a,p; +a,py +..+a,p, 2,
(8.12)

a,.p, +a,,p,t+..+a,p =V,

p,+p,+..+p =1L
[Toginumo mpaBy i JiBY YaCTHHY HEPIBHOCTI Ha v. OTpUMYyEMO:
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a.p. a,p, a.p. Vv
1P + 21p2+...+ 11 Pn >

v v v v
almpl 4 a2mp2 44 anmpn ZK, (813)
v v v v
* * * 1
BBy B
2R v v
3poOumMo 3aMiHy: Pi _ x,, i =1,n. Maemo:
v

a, x, +a,x,+..+a x =1,

(8.14)
a,x +a, x,+.+a, x =1.
. n n p* n ) n 1
Binomo, 1o sz* =1. Orxe, Z ’ =le.. 3BijacH, le. =—.
i=1 izl V i=1 i=1 v
OckiIpKHM MeETa TMepIIOro TpaBlsl — OTPUMATH MAaKCHUMAaJIbHUM

BUTpalll, TO BiH Ma€ 3a0e3neuutu min—. OTXe, BUBHAYEHHS ONTUMAaJIbHOT
v

cTpaTerii JUisl MepuIoro rpaslisl 3BOAUTHCA 1O PO3B’sI3aHHS TakKol 3ajadl
JIHIMHOTO MpOrpamMyBaHHS:
3HaUTU Z = X, + X, + ...+ X, —> min NpU BUKOHAHHI YMOB

a,x, +..+a,x, 21,

(8.15)

a,x +..+a x =1,

x, 20, i=1n.
AHaJIOTI4HI MIPKYBaHHSI MOKHa ITPOBECTH BIJTHOCHO 3aja4l APYyroro

*

rpaBis. BukoHaBim 3aMiny 1 _ Y, OTPUMAEMO TaKy 3a/iavy:
v

3HaWt™M F =y +y,+..+y —> max Ipu BUKOHAHHI YMOB

ay,+...+a,y <1

8.16
a,y+..+ta, y <1 ( )

y,20,i=1m.
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3ajgadya JApyroro rpaBUd € JBOICTOI0 CTOCOBHO 3a/iadl MEPIIOro
IpaBIIsl.

[Iportec 3HAXOMKEHHS PO3B’SI3KY I'PU 3 BUKOPUCTAHHSM JIIHIAHOTO
MporpaMyBaHHS CKJIQJA€ThCA 3 TAKUX €TalliB:

I —nmoOynoBa mapu JBOICTMX 3aJad JIHIMHOTO MpPOrpamMyBaHHS,
€KBIBAJICHTHUX OKPECJICHIA MaTpUYHIN Ipi;

II — 3HaXOKEHHS ONTUMAJIBHKX IIJIaHIB TIApH IBOICTHX 3ajaY;

[II — 3Haxo/KEHHS PO3B’SI3KY I'PH, BUKOPUCTOBYIOUM CITIBBIIHOIICHHS
MDXK TJTaHAMU JIBOICTHX 33]1a4 Ta ONTUMAJILHUMU CTPATETISIMH 1 LIHOIO TPH.

[puknan 8.3. J[Bi hipMu MOXYTh BKJIACTH CBIM HasBHUM KarmiTan y
OymiBHUIITBO T1I’siTh 00’ €ekTiB. CTparerisa ¢ipMm: i-Ta cTpaTeris MoJyisirae y
¢dinaHcyBaHHi1 i-ro o0’ekta (i=1, 2, ..., 5). BpaxoByrouu 0COOIMBOCTI
BKJIQIB ¥ 1HIII yMOBH, NPUOYTOK (PIPMU BHUPAKAETHCS 32 JOIMOMOIOKO

Matpuil A:
2 0 1 -3 4]
0O -2 -1 4 3
A=|2 0 3 2 -1
0O -3 1 0 1
3 0 0 -2 2]

[Ipubytok mnepiioi ¢GipMU € BEIMYMHOI 30UTKY ApYyroi, TOOTO
OMHUCYBaHy I'Py MOKHA PO3TJSIATH K TPy ABOX OCI0 3 HYJIbOBOIO CYMOIO.

¢ Po3s’a3ysanmsi.

Jlist hi (o)
MpOoTrpaMyBaHHS HEOOX1AHO, HAcaMImeped, 10 KOXKHOTO eJIeMeHTa MaTpPHII

3BE€IECHHS BHILE3ragaHol 3ajauil 3a7a4l  JIIHIAHOTO

aonatu yuciao k=4 (HeoOXimHO, MO0 yci eleMeHTH MaTpuill A Oynu
noaaTHUMHM ). OTpUMYEMO:

6 4 5 1 8
423 8 7
A=l6 4 7 6 3
415 45
7 4 4 2 6]
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BBoguMo HEBiOMI BEJIUYUHH X|, X, ..., X5. 1OJIl OTPUMYEMO TaKy
3a/1a4y JIHIMHOTO MPOrpamMyBaHHS:
3HAUTU Z = X, + X, + X; + X, + X; —> min
IIpU BUKOHAHH1 YMOB
6x, +4x, +6x; +4x, +7x, 21,

Ax, +2x, +4x; +x, +4x5 21,
5x, +3x, +7x; +5x, +4x, 21,
X, +8x, +6x; +4x, +2x, 21,
8x, +7x, +3x; +5x, +6x, 21,

x, 20, i=1,_5.

Po3B’sa3koMm 111€i 3a1a4i Oy ae:
x=0;, x,=0; x;,=0,125; x, =0, x, =0,125.
. |
OCKUIBKM X, + X, + X; + X, + X, =—, TO
v

1 1 1

y = = = =
X +x,+x,+x,+x; 0,125+0,125 0.25
3HAKO4M Te, 110 X, =&, oTpuMyemo: p, = x, -v; p1=0; p,=0; p3=0,5;
v
p4:O;p52095'

IToOynyeMo 10 3aaadi JBOICTY. 3a HEBIJIOMI Bi3bMEMO V1, Vi, V3, Vi,
5. Maemo:
F=y+y,+y;,+y,+ys > max
IIpU BUKOHAHH1 YMOB
6y, +4y, +5y, +y, +8y, <1,
4y, +2y, +3y, +8y,+ 7y, <1,
6y, +4y,+7y,+6y,+3y, <1,
4y, +y, +5y,+4y, +5y, <1,
Ty, +4y,+4y,+2y,+6y, <1,

v, 20,i=15.
Po3B’sa3koMm 111€i 3aa41 Oyae:
yl :0; yz :0,25,' y3 :O,’ y4 :O; yS :O'

Kopucryrouncs popmysor y, = &, 3HAUJEMO:
%
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q;,=y:v,q,=0,9,=1,9;=0,9,=0,95,=0.

OTxe, BEKTOpHM HWMOBIPHOCTEW ONTUMAIBLHUX 3MIIMIAHUX CTPATETii
B1/IMIOBIJTHO TUTSt nepIoi Ta IpyToi bipmu Oy1yTh

p=(0;

0, 0,5, 0, 0,5); q=(0; I, 0; O; O), a I[lHa TOYaTKOBOI I'PpU —

vV =v—4=0.¢

8.6. IIutanHd 1 CAMOKOHTPOJIIO

l.
2.

9

. Po3B’sixki1Th mpukiiazn 8.3, sKIIo:

ki 03HaKM MOKJIA/IEH] B OCHOBY Kiacudikarii irop?
CdopmymroiiTe €KOHOMIYHY TOCTAaHOBKY 3ajayl BHU3HAYEHHS
ONTUMAJIBHOTO PO3B’SI3KY B Irpax ABOX 0C10 3 HYJbOBOIO CYMOIO.

3. Slka rpa Mae Ha3By I'pH 3 C1JIOBOIO TOYKOIO?
4.
. Ha 4yomy rpyHTyETbCS METOAWKA BU3HAYCHHS PO3B 53Ky IIPH

[I{o Taxe 3mimiaHi cTpaTerii?

3MIIIAHUX CTpaTerisx?

. OnuuIiTe anropuTtM rpadigyHoro METoy po3B’si3Ky 1Fop BUIY 2 X

minx?2.

. OxapakTepusyiTe METOAUKY 3BEIACHHS 3aJad Teopii irop 10

3a7a4 JIIHIHHOTO TPOrpaMyBaHHsI.

. 3 SIKMX €TalliB CKJIAJA€ThCS MPOLEC 3HAXOKEHHS PO3B’SI3KY I'PH 3

BUKOPUCTAHHSM JIIHIMHOTO MPOrpaMyBaHHs?

5 0 2 -3 -5 8]
4 -2 0 5 0 -3
0 4 -8 -6 2 0
A= .
0 3 5 8 -6 -7
3 2 0 7 5 -6
8 0 -5 -4 9 -9
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Po3ain 9. OnrumisaninHi MogeJai npeMeTHUX 00J1acTen

9.1. Moaean onTuMizanii BAPOOHN4Y0I MPpOrpamMu
MiANPUEMCTBA

Po3risitHeMO MOCTaHOBKY 3ajiaul ONTUMI3allli BUPOOHUYOT MIPOTpaMu
MIMPUEMCTBA Ta MOOYAY€EMO i1 EKOHOMIKO-MaTEMAaTHUYHY MOJIEIb.

Jlns opranizaiii BUpOOHHUIITBA 7 BHAIB MPOIYKINI MHIAMPUEMCTBO
Ma€e 1 BUJIIB BUPOOHUYHUX PECYPCIB, CTOCOBHO SIKMX 3aJaHO OOCSTH 3araciB
Ta HOPMHU X BUKOPUCTAHHS Ha OJIMHUIIIO BUMYCKY MPOTYKIIii.

Bimomuii puHKOBUN TOMAT Ha OKpPeMi BWAM MPOAYKINI, a TaKOXK
e(EeKTUBHICTh 1X BUPOOHUITBA (I[1HA, MPUOYTOK BiJ OJIMHUII MNPOMYKIIIi,
COOIBapTICTh OJUHMIN MPOAYKINi 1 T.1.). HeoOximHO moOymyBaTH MOIEIb
OINTUMI3allll BUPOOHUYOI MPOrpaMu MANPUEMCTBA AJIsl BUITYCKY PI3HUX BUIIB
MPOJYKIIT HA OCHOBI HAsIBHUX PECYPCIB. Y SKOCTI KPUTEPIO €(HEKTUBHOCTI
NPUKAHATH a00 IPUOYTOK, a00 BAJIOBY MPOYKIIiI0, 200 COOIBAPTICTb.

Jlns moOyJ10BU €KOHOMIKO-MAaTE€MaTHUYHOI MOJIEl 3ajadl BBEAEMO
MO3HAYCHHS: | — IHJIEKC BUAY pecypcey, i =1,n; j — IHIeKC BUAY IPOAYKIIii,
j=Lm; k — imgexkc kpurepito onrtuManbHocTi, k=1,K; a;— HOpMa
BUKOPHUCTAHHS I-TO BHUJY PECypCy Ha BHUIYCK OAMHUII MNPOIYKIIi j-TO
BUNYy; A; — 00cATr 3amaciB i-ro BUIy pecypciB; B; — BEIMYMHA JOrOBIPHUX
IOCTaBOK  j-ro Buay npoxykuii; Cp; — BenuuuHa e(EKTHBHOCTI k-ro
KPHUTEPIIO ONTUMAIILHOCTI IIPH BUITYCKY OJMHHII IPOLYKIi j-TO BUILY; X; —
HEB1JIOMa BEJIMYMHA, sIKa 03HA4Ya€ OOCAT BUITYCKY MPOAYKIIi j-r0 BUILYy; M,
— MHOHWHA BUJIIB MIPOAYKIIii, ISl IKMX BCTAHOBIIOETHCSI HUKHS T4 BEPXHS
MeXXa PUHKOBOIO MONUTY; M, — MHOXXMHA BUIIB MPOAYKIL, IS SIKMX
ICHYIOTh ()IKCOBaHI JIOTOBIPHI IIOCTaBKH; «; , [3; —BIIIIOBIAHO, HWKHS Ta
BEPXHS MEK1 PUHKOBOTO TIOMUTY HA MPOIYKIIIIO j-TO BUIY.

BpaxoByioun BBejieHI MO3HAYEHHS, MaTeMaTHYHa MOJEIb MaTHUMeE
BUTJISI.

3HaWTH PO3B’I30K {xl. >0, j=1, m}, AKHAN 3a0€31eYnTh

k=1,K

Z, =Zm:ijxj —)max(min) (9.1)
j=1

IpU BUKOHAHHI YMOB:
1) 3 BUKOpUCTaHHS 00CSTIB HAsIBHUX PECYPCIB

Max, <A,i=Ln; (9.2)
j=1

1
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2) 3 BUIIYCKY NPOAYKIIli, BpaXyByIOUM PUHKOBHUI OMUT

o, <X <B;, JeM,. . (9.3)
3) 3 BUKOHaHHS ()IKCOBAaHUX YMOB BIJHOCHO TTOCTABKU MPOTYKIIi1
X, =B, JeM,; 9.4)

[puknag 9.1 Jlmga BUrOTOBAEGHHS II'ATH BHUAIB  MPOIYKIIil
(B,B,,...,.B;) miampumeMcrBO  BHUKOPUCTOBYE TOKapHe, (pe3epHe,

CBEepAJIWIbHE ycTaTKyBaHHA Ne 1, po3TodyBajibHE Ta CBEpIJIUIbHE
ycTaTKyBaHHs Ne 2, a TaKOK KOMIUIEKTYIOU1 JIeTall.

KpiM 1poro, ckmamgaHHsi BHpPOOIB BUMara€ BHKOHAHHS TI€BHOTO
00cCsTy CKIIalalIbHO-HANAro/KyBaIbHUX po01T. HopMu 3aTpar BCiX BHIIIB
peCypciB Ha BUTOTOBJICHHS OJMHHUIII KOXXHOTO BUPOOY, 3amacu pecypcis,
npuOYTOK Bij peanizaiii oJHOTO BUpOOy Ta IiHA OJWUHULI MPOAYKIIl
HaBeneHl B Ta0u. 9.1. JloroBipHuM#u ymMoBamMu nepeadadueHo MiHIMaIbHUN
BUMYCK MPOJYKINi YeTBEepTOro BHUAY B KiabkocTi 200 OIUHUIIE.
AHaN3yl0O4yd  pUHKOBUWA  TOMMUT,  BCTAHOBJIEHO  OOMEXEHHA 3
MaKCUMaJIbHOTO BHIIYCKYy JIpyroro Ta II'SITOTO BHU/IB MPOAYKIII,
B1AMOBIAHO B KUTHKOCTI 3400 1 2800 oauHALE.

Tabmuns 9.1
Hopwmu 3aTpar pecypciB Ha

Pecypcu BUT'OTOBJIEHHS OJJTHOI'O BUPOOY Obcsr

Bl BZ B3 B4 5 pecypcy
§° Crepanunbhe Nel 2,1 2,5 4,3 25000
§ 5 dpesepue 6,2 4,1 5,0 30000
2 o Tokaphe 0,6 0,7 0,9 5000
‘E‘ % Po3Toune 0,8 0,9 1,1 1,3 0,4 10000
> Ceepnmwmere N2 | 2,1 | 18 | 23 | 1,5 | 12 | 16000
Kommiekryroui neraiti, mr. 4 3 4 6 4 40000

CkrnaganpHO-HAJIAropKyBanbHl | 4,5 2,2 2,6 5,3 4,6 45000
poOOTH, JTFOJI.-TO/I.

[Ipubytox  Bix  peamizamii
OJTHOTO BUPOOY, TPH.

1200 | 2300 | 3000 | 1600 | 1900

I{ina ogHOTrO BUPOOY, TPH. 9000 | 6400 | 6000 | 4200 | 7200
MiHiMaJIbHUI BUMYCK, IIT. 200
MaxkcumanbHUi BUNTYCK, IIT. 3400 2800

Po3paxyBaTv onTUMaabHUM BHUIYCK MPOIYKIII, SIKUM 3a0€3MeUnTh
N1IIMPUEMCTBY MaKCUMAJIbHUN MPUOYTOK Ta IPOBECTU MOBHUM €KOHOMIKO-
MaTeMaTUYHUIN aHaI13.
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¢ Po3z6 ’s13y6anHns.

Jlnss moOyJIoBHM 4YHCIIOBOI MOJIeNIl  3ajJadl BBEJICHO HEBI1JIOMI
BEJIMYUHU X{, X, ..., X5, AKI BIJMOBIJIHO O3HAYalOTh PO3MIPU BHUITYCKY
NIAMPUEMCTBOM MPOJYKLII MEPIIOro, IPYyroro i T.A. II'ATOrO BHUJIIB.
HeoOXiaHo 3HalTH TaKui po3B’A30K \x, 20, j = 1,5}, SIKUN OU 3a0e31eunB

H1APUEMCTBY MaKCUMAJIbHUHM IPUOYTOK (Z;):
Z, =1200x, +2300x, +3000x, +1600x, +1900x;, — max

IpY BUKOHAHHI YMOB:
HassBHOTO (hOHY poOOUYOTO Yacy yCTaTKyBaHb
1) cBepamnbHOro Ne 1

2,1x, +3,5x;, + 4,3x, <25000;
2) dbpe3epHOTO
6,2x, +4,1x,+5,0x, <30000;
3) ToKapHOrO
0,6x, +0,7x, +0,9x, <5000;

4) pO3TOYHOTO
0,8x, +0,9x, +1,1x; +1,3x, + 0,4x, <10000;

5) cBepanunbHOTO Ne 2
2,1x, +1,8x, +2,3x; +1,5x, +1,2x, <16000;

6) BUKOPHUCTAaHHS KOMIUIEKTYIOUHX JeTalen
4x, +3x, +4x, +6x, +4x, <40000;

7) MOXKJIMBOTO BUKOHAHHSI CKJIaIaJIbHO-HAJIATOJ[)KYyBaJIbHUX POOIT
4,5x,+3,2x, +2,6x; +5,3x, +4,6x, <45000;

8) 3 BUKOHAHHSI JIOTOBIPHUX YMOB BITHOCHO BHUITYCKY MPOAYKIIIi

4eTBEepTOro Buxy  x, = 200;

9) 3 MakCUMaIbHOTO BUITYCKY MPOAYKIII1

apyroro Buny x, <3400;

10) m’sToro Buny x, < 2800.

Po3B’skeMo 3amauy 3 momomororo nakety LINA. Bexpemo 1inboBy
GyHKIIIIO Ta cuUcTeMy OOMEXKeHb MOOyJ0BaHOI 3aaadi 3 JOMOMOTOI0
komaugu MAX.

JIist opepikaHHsT ONTUMAIBHOTO PO3B’SA3KY 1 MICISONTUMIZAIIHHOTO
aHajizy 3ajaadi BukopuctaeMo komanay GO. 3 gomomorow KOMaHIu
TABL onepxumMo 3MICT OCTaHHBOI CHUMILIEKC-TAONUIll. Y pe3yJbTaTi
BUKOHAHHS IIUX JBOX KOMaHJ HaMHM OyIyTh OJep:KaHl JlaHl y BHUTJISAIL
TphOX Ta0muIb (Tadm. 9.2, 9.3, 9.4).
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: MAX 1200x1+2300x2+3000x3+1600x4+1900x5

?7ST

? 2.1x1+3.5x3+4.3x5<25000
? 6.2x2+4.1x3+5.0x4<30000
? 0.6x1+0.7x2+0.9x5<5000

? 0.8x1+0.9x2+1.1x3+1.3x4+0.4x5<10000
?2.1x1+1.8x2+2.3x3+1.5x4+1.2x5<16000
? 4x1+3x2+2x3+6x4+4x5<40000
?4.5x1+3.2x2+2.61x3+5.3x4+4.3x5<45000

? x4>200

? x2<3400

? x5<2800

END

Tabnuis 9.2
3HavyeHHs UIIbOBOI (DYHKIIIT

1) 21634060.0
3MiHHA 3HAUYCHHS BIJTHOCHA OITIHKA
X1 .000000 1520.000000
X2 2124.127000 .000000
X3 3702.857000 .000000
X4 200.000000 .000000
X5 2800.000000 .000000
PATIOK JIOIATKOBI 3MI1HHI JIBOICTA 3MIHHA
2) .000000 17.460300
3) 13818.290000 .000000
4) 992.111000 .000000
5) 2635.143000 .000000
6) .000000 1277.778000
7) 13821.900000 .000000
8) 15475.360000 .000000
9) .000000 316.666700
10) 1275.873000 .000000
11) .000000 291.000000
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Tabnuist 9.3

3MIHH1

10
11

['pannunmii KoeimieHT MiTLOBOT QYHKIIIT

[Torouynuit
KoeirieHT
1200.000000
2300.000000
3000.000000
1600.000000

1900.000000

Jlonmyctume
301JIbIIIEHHS
1520.000000
47.826030
237.338400

316.666700

['panuni npaBux 4yacTUH

ITorouna RHS

25000.000000
30000.000000
5000.000000
10000.000000
16000.000000
40000.000000
45000.000000
200.000000
3400.000000
2800.000000

Jlomyctume
30UIBIIICHHS
5817.261000
HECKIHUCHHICTD
HECKIHUCHHICTD
HECKIHYCHHICTD
2296.571000
HECKIHUCHHICTD
HECKIHUCHHICTD
2548.953000
HECKIHUCHHICTD

648.150800

Jlommyctume
3MEHIIICHHS
HECKIHYCHHICTb
322.847000
61.111040
HECKIHYCHHICTh

291.587200

Jlonmyctume
3MEHILICHHS
3494.781000
13818.290000
992.111000
2635.143000
3822.429000
13821.900000
15475.360000
200.000000
1275.873000
2351.845000
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Tab6muis 9.4

P?II[OK (Ba3I/IC) X1 X2 X3 X4 X5

I ART 1520.00 .000 .000 .000 .000

2 X3 .600 .000 1.000 .000 .000

3 9K 3 3.740 .000 .000 .000 .000

4 9K 4 320 .000 .000 .000 .000

> 9K 5 -220 .000 .000 .000 .000

6 X5 400 1.000 .000 .000 .000

7 9K 7 1.600 .000 .000 .000 .000

8 9K 8 1.660 .000 .000 .000 .000

9 X4 .000 .000 .000 1.000 .000

109K 10 -.400 .000 .000 .000 .000

1 Xs .000 .000 .000 .000 1.000

Panox SLK2 SLK3 SLK4 SLKS5 SLK6 SLK7

1 17.460 .000 .000 000  1277.778 .000

2 286 .000 .000 .000 .000 .000

3 -1.171 1.000 .000 .000 .000 .000

4 256 .000 1.000 .000 389 .000

5 014 .000 .000 1.000 -.500 .000

6 -.365 .000 .000 1.000 556 .000

7 524 .000 .000 .000 -1.667 1.000

8 425 .000 .000 .000 -1.778 .000

9 .000 .000 .000 .000 .000 .000

10 365 .000 .000 .000 -.556 .000

11 .000 .000 .000 .000 .000 .000
Panox SLKS SLK9 SLK10 SLKI11

1 .000 .32E+03 .000 29E+03 22E+08

2 .000 .000 .000 -1.229 3702.857

3 .000 5.000 .000 5.037 13818.290

4 .000 -.583 .000 -3.532 993.111

5 .000 550 .000 139 2635.143

6 .000 833 .000 903 2124.127

7 .000 500 .000 -4.252  13821.900

8 1.000 3.633 .000 -3.996  15475.360

9 .000 2.000 .000 .000 2.000

10 .000 -.833 1.000 -.903 1275.873

11 .000 .000 .000 1.000 2800.000

VY tabin. 9.2 HaBeJleHO AaHI MPO PO3B’SI30K 3a7aul (3HAUYCHHS L1ILOBO1
¢yHKIII1, po3Mip BUITYCKY BIAMOBIAHOTO BUIY MPOIYKIIi, BUKOPUCTAHHS
HasBHUX 3amaciB pecypciB). Y Tabin. 9.3 wmictutbes iHdopMmalis mpo
MCJITONTUMI3AIIMHNN aHai3, a B Ta01. 9.4 — 4nciioBl 3HAUYEHHS OCTAaHHBLOL
CUMILJIEKC-TAOJIHIII.
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I3 Tabn. 9.2 6aurmo, 110 BIAMOBIAHO O ONTHMAJIIBHOTO PO3B’SI3KY,
MIJIMPUEMCTBO  OJIEPKUTh  MAaKCUMaJIbHUH  NpUOYTOK Yy  po3Mipi
Z,=21634060 rpH., MpU IILOMY BHUITYCK MPOIYKIIi BIAMOBITHUX BHJIB
Oyne: npyroro — x,=2124,128; tperboro — x3=3702,857; uerBepTroro —
x4=200,0; m’siToro — xs=2800,0. Ilepiiuii BuA NpoayKIlli He BUMYCKAETHCH,
X1:O.

BukoHaeMo MOBHUM €KOHOMIKO-MAaTeMaTUYHUM aHali3 OJep KaHUX
PO3paxyHKIB.

ITo3Haunmo vepes y, (i = l,n) — 3HAYCHHS JIBOICTHX OIIHOK. YncIoBi

3HAQYEHHS 1X JIJI HAIIOTO MPHUKIIaAy HaBeJICHO B ApyTrii yacTuHi Tabd. 9.8:
Vo =V3=Vs= Ve =V = Vo5 V) = 17,4603;
s =1277,778; y, =316,6667; y,, =291,5872.

[IpoBeneMo aHaii3 oAep:KaHOTO PO3B’A3KY 3a7adl 13 BUKOPUCTAHHSAM
OCHOBHMX BJIACTUBOCTEH JBOICTMX OIlIHOK. Hacammepen HeoOXigHO
nam’ATaTH, 1O BCl BPaXOBaHI PECYpCH Ta BUAM MPOAYKIIIi OLIHIOIOTHCS B
OJMHUIIAX BUMIPY IIb0BOI (GyHKII. TakuM YWHOM, OIIIHKH y; HAIOTh
MOXJIUBICTh CHIBCTAaBUTH PI3HI 3aTpaTH 1 pe3yJbTaTH Ta JaBaTHU OLIHKY
PI3HUX 3aXOJIB 3 BpaXyBaHHSM iX BIUIMBY Ha KpUTEPiH ONTHUMAIbHOCTI. Y
PO3IIISTHYTOMY TPUKIAAl OLIHKH ); PIBHI TOMY HPHUPOCTY (3MEHIIEHHIO)
npuOyTKY, SIKE BUHUKAE BHACIIJOK 3MIHM B JESIKUX TPAHMIIX HASBHOCTI
pecypciB Ta 3aBllaHb 3 BUITYCKY Ipoaykiii. HailBuilly OLIHKY oJep:Kaio
CBep/uTHIIbHE ycTaTkyBaHHa Ne 2. BBefeHHs y BUPOOHUYUN TIpOIIEC
JO0MaTKOBO OJHIET JIIOA.-TOJ. POOOTHM I1IOTO YCTAaTKyBaHHS MOXKE
MPU3BECTU 10 30unbIIeHHS NMPpUOYTKY Ha 1277,778 TpH., HA OKpECICHY
BEJIMYMHY MPUOYTOK 3MEHIIUTHCS MPU BUITYUYEHHI OJTHIET JIIO/T.-TO/I.

OuiHka cBepIIuiIbHOTO ycTarkyBaHHA Ne 1 € Huzbkoio — 17,4603
I'pH. AHaATI3YIOUH Il OIlIHKH, 0a4MMO, IO JOMIJIBHO PO3TJITHYTH MUTAHHS
PO MOKJIUBICTh 3aMiHU CBEPUIMIIBHOTO YycTaTKyBaHHs Ne 1.

JIBOiCTi OIIIHKK Mal0Th MOJKJIMBICTH BCTAaHOBHUTH HOPMH 3aMiHHU
pecypciB abo BHUJIIB MPOAYKIIi, TOOTO BHU3HAYMUTH CHIBBIJIHOIICHHS, Ha
OCHOBI SIKMX MO’KHa MPOBECTU 3aMIHy OJHMH OJHOTO 03 3MIHM KIHIIEBOTO
pe3yabTaTy (EKCTpeMaIbHOTO 3HAYEHHS IIJIbOBOT (PYHKIIIT).

3aMiHy pecypciB HEOOX1JTHO TPOBOJAUTH Y BIJHOIIEHHI, 0OEPHEHOMY
BIJIHOIIEHHIO iX oOIiHOK. Tak, y HamoMy TMpUKIaJl HOpMa 3aMiHU
CBEPJIMIIBHOTO YCTAaTKyBaHHs Nel Ha No2 CTaHOBUTB:

Vs 3 =1277,778:17,2, T00TO 1 NIOJ.-TO. CBEPIUIBHOTO YCTATKyBaHHS
Neo 2 moe 3amiHuTH 73,2 M101.-TOJI. ycTaTKyBaHHS No 1.
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Axio BUpOOHHMYI Ta TEXHOJIOTIYHI YMOBH, IOB’S3aHI 3 BHUITYCKOM
NPOAYKIIli, JaI0Th MOXJIUBICTh MPOBECTU TAKy 3aMIHYy, TO iX €KOHOMIYHY
e¢(EeKTUBHICTh MOXKHA BHM3HAUUTH 3 JOMOMOTOK) JIBOICTHUX OIIIHOK.
[IpunyctumMo, 1m0 3aTpaTd Ha 3aMmiHy | JIOA.-TOM. CBEPJIUIBHOTO
ycrarkyBaHHsl Ne 1 ycrarkyBanHsiM Ne 2 Ha mianpuemctsi ckiagae 3500
rpH. L1 3aTpaT HEOOX1HO MOPIBHATH 13 JOJAATKOBUM e(eKToM, TOOTO 13
ix pi3uuueto ouiHok (1277,778 —17,4603=1260,3177 rpH. Ha 1 droa.-rox.).
Tonmi Tepmin okynHocti 3atrpaT Oyae cranoButu (3500:1260,3177=2,8)
Maibke 3 poku. AHal3 MOKa3ye, M0 3aTpaTH MIBUAKO OKYIUISATHCS, TOMY
el 3axii HEeOoOXiJHO BKJIIOUYUTH B YHUCIO €(PEKTUBHUX HANPIMKIB
BUKOPHUCTAHHS KaiTaTbHUX BKJIAJICHb.

Bigomo, mo 13 30UIBIIEHHSIM 3HAYEHHS JBOICTOI  OLIHKH
epeKTUBHIIIKMM a00 JOePIUUTHIIMIUM CTa€ pecypc, TOOTO OUIbII
BUIPABJAAHUMU € 3aXOJM Ta 3aTpaTd Ha 30UIbIIEHHS HMOro oOcsriB. SIKIno
OIliIHKa BIAMOBIJHOTO pPECypCcy MNpHMae HYJbOBE 3HAYEHHS, TO II€
O3HaYae, 10 OMUCYBaHUMN PECypC € B 3AIUIIKY.

OOcAar 3alMIIKy pecypcy HaBOAWThCS B Tabm. 9.8 y croBmmi
«J10J1IaTKOB1 3MIiHHI». Tak, y Hamomy NOpUKIaal 3aJUIIOK TOKApHOTO
ycTaTKyBaHHsl ctaHoBUTH 993,111 mon.-roa., a ¢pesepnoro — 13818,29
JIOJ.-TOI.

O1iHka OOMEXKEHHS 3 BUITYCKY YETBEPTOrO BUY MPOAYKIIi MOKa3ye
( Ve =316,6667), HACKUIbKM HEOOXITHO MIABUUIMTH IIHY (200 3HU3UTH

co0iBapTicTh), MO0 ii BHUIYCK, 3riAHO 3 YKIAJAEHHWM JIOTOBOPOM, OYyB
¢(DEKTUBHUM.

Haseneni BuIille BHUCHOBKM MAalOTh MICIE B MeEXaxX CTIAKOCTI
0a3ucHOTO PO3B 3Ky (Tadd. 9.3), mo MoB’I3aHO 3 MOHATTIM KOS(DIIIEHTIB
3aMIMIEHHS OCTaHHBOI cUMILIEKC-Ta0mmIl. LI KoedilieHTH OIepKyIOTh 3
nonomoror komanau TABL 1 1at0Th MOKIIUBICTh TPOBECTH €KOHOMIYHUM
aHaJI3 y IEBHUX HaMPSIMKaXx.

[lepruii HAaPSIMOK CTOCY€ETHCSI BUBYEHHS CTIMKOCTI ONTHUMAJIbHOTO
PO3B’SI3KYy BIIHOCHO 3MiHM ITOYAaTKOBHX 3amaciB BUPOOHUYHX PECYPCIB,
rapaHTOBAaHOTO OOCATY BHPOOHHUIITBA Ta OIIIHOK IUIbOBOI pyHkmii. Llei
aHall3 TIPYHTYEThCA Ha pe3yibTarax, HaBefeHux y Tabn. 9.9. Tax,
HaIpUKIIaJa, Oa3WCHUI PpO3B’S30K IUIaHy 30€pIraeThCi MPU 3MEHIICHHI
3amacy cBepAIWIbHOTO yctarkyBaHHsA Nel na 3494,781 mwoa.-roxa. abo
30uTbIIIeHH] oro Ha 5818,261 mroa.-roa. s MOBHICTIO HEBUKOPUCTAHUX
peCypcCiB TPaHUIll MOKJIUBOTO 301IBIICHHS HE BKa3ylOThca. Y Tadn. 9.9
HaBEJICHI MapaMeTpW CTIMKOCTI 0a3MCHOTO PO3B’SI3Ky  CTOCOBHO
Koe(iIie€HTIB MITHOBOT (PYHKIIII.
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Jlpyruii HanpsIMOK BiTHOCHUTBCS JI0 3HAXOJKCHHS HOBOI CTPYKTYpH
pPO3B’SI3KYy MpU 3MiHI a00 00CSTIB BHUPOOHHUMX pecypciB, abo oOcCsTiB
rapaHTOBAaHOTO BHUPOOHHUIITBA MPOAYKIIii, a00 BKJIIOUYEHHS B PO3B’SA30K
HEBIJJOMUX BEJIMYMH, 1110 HE BBIMIIUIM B 0A3UCHUM PO3B’S30K.

Po3srisiHeMo BIUIMB KOe(illl€EHTIB 3aMilIeHHs] Ha 0a3UCHUIN PO3B’° 130K
y BUIAAKY 30UIBIICHHS 3amaciB BUPOOHUYHUX pecypciB. Ko pecypc
BUKOPUCTAHO TMOBHICTIO, TO JOJATKOBAa HEBIJIOMAa BEIWYMHA (3aJIUIIOK
pecypcy) BXOIUTh y YMCIO HEOA3MCHUX 3MIHHUX 1 Ma€ HyJbOBE 3HAUCHHS.
ToOTo B 3a3HaU€HOMY BUIIAJKY JI0JAaTKOBA HEBIJIOMA BEJIMUYMHA, BBEJICHA B
oOMeXeHHs BUAY «<», piBHa HYyIt0. KoedilieHTH 3aMillleHHS MTOKa3ylOTh,
HACKUIBKU 30UIBIINTHLCS, SKIO BOHHM JOJATHI, 1 HACKIIbKH 3MEHIIUTHCS,
SKI0O BOHM BIJI’€MHI, 3HAYEHHS BIJAMOBITHUX Oa3MCHUX 3MIHHUX IpHU
OJIMHUYHOMY 301UIbIIEHH]I MOYaTKOBOIrO 3amacy pecypcy. [Ipu 3mMeHmeHH1
— HaBmaku. Hampukian, B HalIOMy BHUMAAKy 3aJUIIOK CBEPIJIUIBHOTO
ycratkyBaHHss  Nel ~ SLK2=0. 30ubliuMO  MOYaTKOBHMM  3amac
cBepMiabHOro ycrarkyBanHsi Nel Ha 1 mroguno-roa. Toai Ha OCHOBI
naHux Taon. 9.4 (crosmneup SLK2) orpumaemo, 10 BUITYCK TPETHOTO BUIY
npoAykiii 301memuThcss Ha 0,286, a apyroro 3meHmuThes Ha 0,365, a
4EeTBEPTOTO Ta II'SITOTO 3AIMIIUTBCA  He3MiHHUM. [lpu  1pomy
HEJIOBUKOPUCTAHHS TOKApHOTO YCTaTKyBaHHA 30uibmuThCs Ha 0,256
Jaroa.-rod., a ¢dpe3epHoro — 3MeHmUTbHCS Ha 1,171 mrop.-roxa. 1 T.n.
[TpubyTok migmpueMcTBa 3pocte Ha 17,46 rpH.

PosrnsiHeMo BUIANOK, KOJM OCHOBHA HEBIJOMa BEJIMYMHA HE
BKJIIOYeHa B 0a3uc. Lle o3Havae, 110 Mpu OKPECICHUX YMOBAX BKIIOUCHHS
il B ONTUMaJbHUN IJIaH HEE(PEKTUBHE HA BEIWYMHY BIJTHOCHOI OI[IHKH.
[Ipu BBemeHHi B 0a3Wc Takoi HEBIJIOMOI BEIWYMHH 3 OJWHHUYHOIO
IHTEHCUBHICTIO J0AaTHI KOe(IIlIEHTH 3aMIIIeHHS MOKaXXyThb, HACKIJIbKHU
3MEHIIUTHCI, a BIJ €MHI — HACKIIbKK 301JIbIIATHCI BIIMOBIAHI Oa3HCHI
HeBioM1. Takoio HEBIIOMOIO BEJIMYWHOIO B HAIIIOMY MPUKJIAIl € X .

Ak BuaHO 3 Tab. 9.4, BBeJIeHHS B 0a3uC x| NMpU3BEAE A0 TaKOi 3MiHU
pO3B’si3Ky. Bumyck mnpoaykiii TpeThboro BHAY 3MeEHIIUThCss Ha 0,6,
Apyroro 3MeHImuThea Ha 0,4, a 4eTBEpTOro i I’SITOTO 3AIMIIUTHCS 0€3
3MiH. Y TOM ’X€ Yac HEIOBUKOPHUCTAHHS TOKApHOTO 1 (¢pe3epHOro
oOJlagHaHHA 3MEHIIHUTHCS BigmoBimHo Ha (0,32 Ta 3,74 mrom.- Tom., a
npuOyTOK 3MeHIUThHCs Ha 1520,0 rpH.

[lepeitnemo 10 pO3MISAYy BHUIAJKY, KOJM JI0JaTKOBa HEBigoma
BEJIMYMHA HE BBilILIa B 0a3uC 1 BBEJEHA B OOMEXKEHHS BHAY «>». Lle
O3Havae, 1110 BIINOBIJIHA 1 OCHOBHA HEB1JOMAa BeJIMYKMHA BBIMIILIA B 0a3uc
B PO3MIpPI MIHIMAQJIBHOTO TapaHTOBAHOIO OOCATY BUPOOHMIITBA 1 ndami ii
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30UIbILICHHS] MPU3BENIC O 3MEHILIEHHS KIHLIEBOrO €()eKTy Ha BEIMYUHY
nBoictoi  omiakW. JlomaTkoBi  KOe(IIIEHTH 3aMilieHHS ITOKa3ylOTh
3MEHIIEHHSA, a B1J €MHI — 30UIbIICHHS BIAMNOBIOHUX Oa3UCHHUX 3HAYEHD
IpU OJIMHUYHOMY 30UIbIICHH] HEOA3UCHUX 3MIHHUX TAKOTO BUIY.

VY HaBeJeHOMY MPUKIIAAI TaKOK HEBIAOMOIO BeanunHOK € SLKO,
sKa BBEJEHA B OOMEXKEHHS, IO MOJICNI0E€ BUKOHAHHS JOTOBIPHUX YMOB
BIJIHOCHO BUITYCKY MPOAYKIi 4eTBepTOro Buay. JlomaTkoBe 3011bIIEHHS
BUITYCKY OMHUCYBAaHOT'O BUJy MPOAYKII HAa OJHY OJMHUINIO MPHUBEIE 10
3miH (croBmenb SLK9 Tabn. 9.4). Bumyck npoaykuli Apyroro BHIY
sMeHmuThca Ha 0,833 ox., a IHINUX 3aJIUMIIMTBCS 0€3 3MIH. 3aJIMIIOK
TOKApHOTO YycCTaTkyBaHHA Oyne 30uibmeno Ha 0,583, a ¢pesepHoro
3MeHImuThCA Ha 5,0 moa.-roa. 1 T.4. [Ipu npoMy mnpuUOYTOK 3MEHIIUTHCS

Ha 320,0 rpH.

9.2. MeToan no0y10BH KOMIIPOMiICHUX IIAHIB

baraTtokpuTepialibHi 3a7a4i J{y>K€ 4aCTO TPAIISIOTHCS MIPU ONTUMI3aIlli
CKJIQIHUX JUHAMIYHHMX CHUCTEM, SIKOIO0 € eKOHOMIKa. 1le moB’sa3aHo HE TUIBKH
3 (opMaIbHUMHM TpPyAHOUIAMU BHUOOpPY Ta OOIPYHTYBaHHSIM €JIHUHOTO
KpUTepito, ane 1 3 0araroluUIbOBUM XapakTepoM (YHKIIIOHYBAHHS
E€KOHOMIYHOI CHCTEeMH, KOJIM HEOOXiIHO OpaTth 10 yBark OJHOYACHO
JEKIJIbKa TMOKAa3HUKIB €(EeKTUBHOCTI (MakCUMyM MOpUOYTKY, TOBApHOI Ta
KIHIIEBOI IPOAYKIIii, pEHTa0eIbHOCTI, MiHIMYM COOIBapTOCTI 1 T. 11.).

Bigomo, 1o cmiBmagiHHS €KCTpEeMaIbHUX 3HAYCHb JBOX 1 OLIbIIe
KpUTEpIiB MOXJIMBE JIMIIE MpPH BHUIAJKOBOMY 30iry OOCTaBMH 1 B
MPAKTUYHUX PO3paxyHKaxX iX OTpUMaHHS MajoimoBipHE. TOMy BUHUKaE
noTpeda y BUOOpI TaKOro BapiaHTa, AKUM OYB OM OJHAKOBO €(PEKTUBHUM
JUIsl MHOKMHHM HalOUTbII TpUBa0iauXx KputepiiB. Taki 3a/1ayul Ha3UBaIOThCS
0araToKpUTepiaIbHUMU 3 BEKTOPHUM KPUTEPIEM ONTUMAIIBHOCTI.

[Ipu po3B’s3Ky 3a7ad OKPECIEHOro Kiacy HEOOXiJIHE BUKOHAHHS
TaKUX yYMOB: OOIPYHTYBaHHS MHOXWHU KPUTEPIiB JIsl KOHKPETHOI 3aaui;
KUTbKICHA OITIHKA BIJHOCHOI IepeBaru KpuUTepiiB abo moOyaoBa IESKOl
IIKAJIM TIepeBar; BHU3HAYEHHS YMOB MOJJIHMBOTO KoMmpowmicy (BUOIp
CUEHAapliB KOMIIPOMICY) Ta OOIpYHTYBaHHS METOJy 3HaXOKCHHS
KOMITIPOMICHOTO BapiaHTa.

MHOXHHA MOXJIMBHUX KPUTEPIIB BU3HAYAETHCS XapaKTEPHUMHU
BJIACTUBOCTSIMU €KOHOMIYHOMY Mpolecy 1 OOIpyHTOBYEThCS HAa OCHOBI
joriyHoro a”amszy. I[licis Bu3HaUeHHS HEOOX1THOTO0 HAOOpy KPUTEPIiB 1 iX
BITHOCHOT IIepeBarv Mo>kHa MepeuTH 10 BUOOPY KOMITPOMICHOTO BapiaHTa.
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YMOBY KOoMOpoMmicy MoOXHa c(OpMyNOBaTM 1O  PIZHOMY:
MIHIMI3AI[lsI BIJHOCHUX BIAXWIEHb Bl ONTUMAJILHUX 3HAYEHb MO BCIH
MHOKHUH1 KpUTEPiiB; (PIKCYBaHHS OAHOTO 3 KPUTEPIiB Ha JAEIKOMY PiBHI 1
nojaibila ONTUMI3AIlis 32 HACTYITHUM KPUTEPIEM 1 T. 1.

BianoBigHo A0 yMoB (OpPMYINIIOBaHHS KOMIIPOMICY PO3pOOIEHO
METO/IA 3HAXOHKEHHS PO3B’s3KiB OaraToKpuUTepialbHUX 3a7a4.

Cboroani Jyisi OAEp>KaHHS KOMIIPOMICHUX BaplaHTIB ICHY€E psj
METOMIB, Cepea SAKUX OCOOJMBY yBary 3aciyroBylOTh METOJIU
B. Canmoscekoro, 1. HukoBcekoro, I. Cacki, X. IOttnepa, wmeroau
MOCJI1JJOBHUX MOCTYTOK, BIITHOCHOTO MTOKa3HUKA Ta iH.

JIisi 3HaXOJKEHHS KOMIIPOMICHOTO IUIaHy 3 BpaxyBaHHSAM JBOX
PIBHO3HAUYHHUX KPUTEPiiB MOkHA BUKopucTaTtu metoA I. HukoBchkoro. Bin
J03BOJISIE 3HAWTHU TAaKWWA KOMIIPOMICHHMM BaplaHT pPO3B’SI3KY, B SIKOMY
BIIXWJICHHS KOXXHOTO KPUTEPII0 BIJ ONTUMAJBLHOIO 3HAYEHHS €
pPIBHOBEJIMKE Ta MiHIMAJIbHE.

AJNTOPUTM METOZy CKJIAJAEThCA 3 TMEBHUX KpokiB. Ha meprmomy
KpOIIl 3HAaXOJUMO PO3B’SA30K 3a7a4l 32 KOKHUM KPUTEPIEM OKPEMO, TOOTO

m m
Z = ZCljxj —>max 1 Z,= ZCzjxj —> max TPU ICHYIOUYIM CHUCTEMI
J= j=

oOMmexeHb, Hamnpukian, Buay (9.2) — (9.4). Y pesynbTari oTpUMYyeEMO:
maxZ, =7, i maxZ,=27,.

Ha napyromy kpomi B cucremMy OOMEXEHb MOJEIl BBOIUTHCS
J0/IaTKOBA YMOBA, SIKa BUMIPIOE BIIXWUJIEHHS KOXHOTO KPUTEPIIO BIJ
ONTUMAJILHOTO 3HAYEHHS:

% *
ARYA _ Z, -7,
Zl Z2
Y HamoMy BUIAJKy 3aJaya pPO3B’SI3YE€TbCS HA MAaKCUMyM, TOMY
JOAATKOBY YMOBY MOHA 3alIUCATH TAKUM YHHOM:

(9.5)

zZ' Z 7, —Z Z Z
L —L="2__"2 a60 |-—L=1-=2 (9.6)
7z 7 7. Z 7z Z
: Z 7
3Bimcu, MaeMo: — =—=.
Zl ZZ
OTKe, OCHOBHA CHCTEeMa 0OMEKEHb JOMOBHUTHCS YMOBOIO:
Z.Z,-7Z'Z, =0. (9.7)

Jani 3agada po3B’A3yEeThCS 32 OJHUM 13 KpUTEPIiB Z; abo Z,.
JI71s1 3HAaXO/IPKEHHSI KOMIIPOMICHUX PO3B’SI3KIB 32 JBOMA a00 OijibIe
KPUTEPISIMU ONTUMAJILHOCTI OCOOJIMBO MPAKTUUHUM 1HTEpEC MPECTaBIIsE

252



METOJT TIOCTIIOBHUX TMOCTYMOK, 3MICT aJrOpUTMy SKOTO TIOJISIrae B
OoKpeMux Misx. Hexail B SKOCTI KpUTEpiI0 ONTUMAIbHOCTI BHOpaHo K

m —
OKPEMHX CKOHOMIYHHX MOKasHHKIB Z, (x)= ZCl.jx L k=1LK. [
j1

MOKa3HUKIB  €()EKTUBHOCTI BCTAHOBJICHO 1epapxito. Jlam 3agaua
PO3B’A3YETHCS 3 JOMOMOI0IO JIEKUIBKOX IMOCIIJOBHUX €TaITiB.
Ha nmepiiomy erari 3HaXOIUTHCS PO3B’SI30K 32 HAMOUIBII BaXKJIUBUM

kputepieM, Hampukinax Z,(X). YV pesyinbrari po3B’sA3Ky OTPUMAEMO
onTHManbHe 3HadeHHs Z, =maxZ (x). Ha npyromy erami OCHOBHY

CUCTEeMy OOMEXEHb 3ajJladl JOMOBHIOEMO JOJAaTKOBOK YMOBOIO, sKa
3a0e3neuye JOCATHEHHSI 3HAWJIEHOTO ONTHMAJIBHOTO 3HAYEHHS 3 JICSIKUM

BiAXHICHHM AZ,, T06TO Z,(x) > Z — AZ,.

[licma 1poro 3amada po3B’SIBYETbCS 3 BpaxyBaHHSAM JIPYyTroOro
KpUTEPIIO ONTUMAIBHOCTI Z,(x). SIKIIO B HasgBHOCTI € TPETI KpPUTEPIN

ONTUMAJIBHOCTI, TO 3 Z,(X) NpOBOIWTHCA ajeKBaTHa mnpouenaypa Z, (x).
Takum unHOM, B cUCTeMy OOMEXeHb OyJe BBEACHO JIPYry IOJATKOBY
yMOBY: Z,(x)2Z) —AZ,.

Jlani 3HaXoaMMO ONTHMaJbHE 3HAYEHHS BIJIHOCHO TPETHOTO
KpuTepito Z,(x) 1 AKIO OUIbIIE HE ICHY€E KPUTEPIiB, TO 3HANIECHUN
ONTUMAJIBHUNA PO3B’SI30K OyJ€e KOMIOPOMICHUH. Y BHUMNAAKYy 1CHYBaHHS
IHIIUX KPUTEPIIB ONTUMAIBLHOCTI MPOLEAYypa MOBTOPIOETHCA 10 MOBHOTO

nepebopy iX 3 MHOKHMHM ICHYIOUMX. SIKIIO A-M KpUTepiid ONTUMaIbHOCTI
OIIIHIOETHCSI HA MIHIMYM, TO JOJIaTKOBE OOMEKEHHSI MaTUME BUTJIS/I;

Z,(x)<Z +AZ,.

CkJIaiHICTh TaKOr0 METOJly TMOJISITa€ B 3HAXO/)KEHH1 BEJIMYUHHU
BIAXWICHb AZ,. [Insa 11 3HaXOMKEHHS IOLUIBHO BHUKOPUCTATH JBOICTI
OLIHKH.

butbmr  00’€KTHBHO MOXKHA OINIHUTH KOMIIPOMICHUW BapiaHT
PO3B’SI3KYy 3 JIONMOMOTOI0 METOJy BIJHOCHOTO TOKa3HuKa. Ha mepriomy
eTari po3B’A3yeThcsi K OJHOKpUTEPIATbHUX 3a/1a4

m

Z, (x) =) Cyx, > min (9.8)
- k=1,K
j=1
IIpA BUKOHAHHI OJHIET 1 TI€ET ) CHUCTEMHU OOMEKEHBb, HAMPUKIAJ, BHUIY
(9.2)-(9.4).

Ha npyromy erami opmyeThcss HOBa 3ajada, B SKii 10 OCHOBHOI
CHUCTEMHU 0OMEXEHb JT0JIaTKOBO BKJIIOYAETHCS OOMEKCHHS BUIY
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ZZ_ZCIX *
_ 42, Tk (9.9)

/= <Z abo -
Zk Zk

Cucrtema HepiBHOcTel (9.9) ekBiBaJIEeHTHA TaKiid CUCTEMI:
( *
Z, -7, (x)
%
Zk

<Z,

~

[Ticyist BIAMOBIHUX MTEPETBOPEHH OTPUMAEMO:

Z,(x)+2;2>7],
Z,(x)-2;2<7;, (9.10)
k=1K.

OcHoBHa cucTeMa 0OMeXXeHb Oy/ie BKIIFoYaTh B cede 2K 10aaTKOBUX
yMoB Buay (9.10). i oTpuMaHHS KOMIIPOMICHOTO PpO3B’SI3KY Jali
HEOOX1/THO 3HAWTH PO3B’A30K JTIONOBHEHOI 3a7a4i, MPUIHSBILYN 3a KpUTEPIi
ONTUMAJIBHOCTI minZ .

Omxe, po3B’S30K 3ajayl JIHIMHOIO MPOTrpamMyBaHHS 3a HABEACHOIO
METOAMKOIO JIa€ MOMJIMBICTh OJIEPKATH MIHIMAJIbHY BEPXHIO TPAHUIIIO IS
BITHOCHUX BIAXHJIEHb BiJI yCIX MaKCHUMAaJIbHUX 3HAYCHb IIIHOBUX (DYHKIIIH,
oJiepkKaHUX B pe3yibTaTi po3B’sdky K oJHOKpuTepiadbHuX 3adad. lle
J03BOJISI€ 3HAUTH KOMIIPOMICHUM PO3B’ 130K MOCTABIIEHOT 3a/1a4i.

[lpuknan 9.2. BukopucroByroun ymoBy mnpukiaay 9.1, HeoOXigHO
po3paxyBaTd  KOMIIPOMICHUW  BapiaHT  BUPOOHMYOI  Mporpamu
NIAIPUEMCTBA 3 BpPaxyBaHHSM JBOX KpPUTEPIiB: MPUOYTKY Ta BaJlOBOI
MPOAYKIIII.

¢ Po3s’a3ysanmsi.

Po3B’sbkemMo okpemo 3amady (moOyaoBaHy B mnpukiaml 9.1) 3a
KOXKHUM 13 3aMpONOHOBAHUX KPUTEPIiB (MpUOYTOK 1 TOBApHA MPOAYKILis).

A (x) =1200x, +2300x ,+3000x, +1600x, +1900x (max),

Z, (x) =9000x, +6400x,+6000x; +4200x, + 7200x (max).
Ha nepiiomy ertamni B pe3ynibTaTi iX pO3B’SI3KY OJIEPHKUMO:
Z; =21634060 tpH.; Z, = 71213340 rpH.
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HoBa 3agaua Oyne ckiagaTtvcss 3 OCHOBHUX JECATH OOMEXEHb
npukiaay 9.1 1 HoTUPHOX TOJATKOBUX OOMEKEHb.
PosrnssHeMo, Hacammepesi, 0OMeXeHHsI CTOCOBHO MPUOYTKY:

Z' —Z/(x)
Z
BpaxoBytoun 3HaueHHs Z =21634060 i cucremy HepiBHOCTEH

(9.10), onep>kumMo J1Ba JOAATKOBUX OOMEKEHHS:
Z, +21634060Z > 21634060,

Z, —21634060Z <21634060.
AHAJOTIYHO OTPUMAEMO JIOJATKOBI OOMEXKEHHS BiJHOCHO BaJOBOIi
npoayuii (Z; =71213340):
Z,+71213340Z >71213340,

Z,—71213340Z <71213340.
OTxe, MU OJIEPKUMO TaKy 3a7avy:

: MIN Z

ST
2) 2.1x1+3.5x3+4.3x5<25000,
3) 6.2x2+4.1x3+5.0x4<30000,
4) 0.6x1+0.7x2+0.9x5<50000,
5) 0.8x1+0.9x2+1.1x3+1.3x4+0.4x5<10000,
6) 2.1x1+1.8x2+2.3x3+1.5x4+1.2x5<16000,
7) 4x1+3x2+2x3+6x4+4x5<40000,
8) 4.5x143.2x2+2.61x3+5.3x4+4.3x5<45000,
9) x4>200,
10) x2<3400,
11) x5<2800,
12)  1200x1+2300x2+3000x3+1600x4+1900x5—Z1=0,
13)  9000x1+6400x2+6000x3—4200x4+7200x5—Z2=0,
14) 21634.06Z+0.01Z1>21634.06,
15) -21634.06Z+0.01Z1<21634.06,
16) 71213.34Z+0.01Z2>71213.34,
17) -71213.34Z+0.01Z2<71213.34,

END.

<Z
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BukopucroBytoun mnaker LINA, orpumaemo onTuMaibHUN
PO3B’sA30K 3aj1a4i (Tad:m. 9.5).

Tabnuia 9.5

: GO LP OIITUMYM HA KPOLII 11

3HaYeHHs IJIbOBOI PYHKIIIT
1) .105366800
3MiHHA 3HAYEHHS BIIHOCHA OI[IHKA
X1 1283.912000 .000000
X2 3400.127000 .000000
X3 1072.696000 .000000
X4 904.389300 .000000
X5 2800.000000 .000000
Z .105366800 .000000
Z1 19345810.0000 .000000
72 63709820.0000 .000000
PAIOK OJATKOBa 3MIHHA BOicTa 3MIHHA
2) 6509.0000 .000000
3) .000000 .000000
4) 958.7658000 -.000000
5) 2437.199000 .000000
6) .000000 .000048
7) 5892.624000 .000000
8) 7880.122000 .000000
9) 704.389300 .000000
10) 1275.873000 .000000
11) .000000 291.000000
12) .000000 .000000
13) .000000 .000000
14) .000000 .000017
15) 4556.966000 .000000
16) .000000 -.000009
17) 15007.04000 .000000

Kopucrytounch panumu Tabn. 9.5, oAepXuMo KOMIIPOMICHUHN
BapiaHT BUPOOHUYO1 ITporpamMu minprueMcTna (Tabdi. 9.6).
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Tabnuis 9.6

Bapiantu BupoOHHYOT mporpamu 3
BpaxyBaHHSIM KPUTEPIiB ONTUMATBLHOCTI
IIOKASHHK Banosa Kommnpo-
[TpubyTox . L
TIPOTYKITISt MICHHI
Bl 0 4133,333 1283,912
B2 2124,127 2033,334 3400,0
Bunyck npoayxuii B3 3702,857 0 1072,696
B4 200,0 200,0 904,3893
B5 2800,0 2800,0 2800,0
ToxapHoro 992,111 4280,0 958,7658
Veratkysanms ®pezepHoro 13818,29 16393,33 0
1O > | CBepanuibHOro Nel 0 0 6509,348
' ’ Posrounoro 2635,143 3483,333 2437,199
CepymiibHOro No2 0 0 0
Sammox Kommekryrouux neraneu, mr.
CKJIaIlaJII)HO-HaJIaFOIl)KYBE’lJII)HI/IX pooiT 13821,9 4966,606 >892,624
’ 15475,38 5953,333 7880,122
JIIOI.-TO/I.
[TpubyToK, TpH. 21634060,0 15276667,0 19345810,0
Bamxosa HpOIIYKHiSI, TPH. 60159996.,0 71213340,0 63709820,0

9.3. Moaean onTuMizanii mpouecy (piHAHCYyBaHHHA
3 ypaxyBaHHSIM 4ac0BOro gaxkropa

Ha BigMiHy BiJi €BpPUCTUYHOrO PO3MNOALTY (PIHAHCOBUX PECYPCIB,
KOJIU JIJIS KO)KHOTO 00’€KTa Ta KOXKHOTO MEPioly 4Yacy 3aJa€ThCsi CTPOTO
BU3HAUCHA BEJIWYMHA, TIPU ONTUMAIbHOMY (iHAHCYBaHHI JJIsI KOXKHOTO
00’€KTa 1 KOKHOTO MEPIOAYy 3aal0ThCs HE KOHKPETHI 3HAUYCHHS, a HUKHS
Ta BEPXHS TpPaHUYHI YMOBHM, TOOTO IHTEpBAIM, B SKUX TOBUHHI
3HAXOJUTHUCS IIIyKaHl HEBIJIOMI BEIMYMHU. Y IUX 1HTEpBajax
3MIACHIOETBCS (PIHAHCYBAHHS 3 METOI0 MakKCHMI3allii Horo €(eKTUBHOTO
BUKOPHUCTAHHS, K€ BU3HAYAETHCS 3 JOTIOMOT OO IT1IJIbOBOI (PYHKITII.

[Ipumyctumo, 1m0 BUPOOHHYA CHUCTEMA CKJIAJAEThCS 3 7 00’ €EKTIB,
(YHKIIIOHYBaHHSI SIKUX NPOXOAuTh B 1 4acoBux mnepiogax. Baememo
MO3HAYEHHS: I — 1HAeKC o0’ekta (iHaHCyBaHHs, [ =1,m; ¢ — 1HIOEKC

nepioay (iHaHCYyBaHHS, t=1T; a

1

— BeIWYMHA (PIHAHCOBHUX PECypCiB
BUJUIEHUX iI-My 00’€KTy; b, — BeIM4rnHa (PIHAHCOBUX PECYPCIB MOTPIOHUX
B {-My Tiepiofi; A — 3arayibHUN 0OCST BUAUICHUX (PIHAHCOBHUX PECYPCIB;
C,, — BenMYMHA KiJbKICHOI OMIHKU €(DEKTHBHOCTI pO3MOaiLTY (DiHAHCOBHX

pecypciB i-My 00’€KTy B MEPioi £; X;; — HEBIJOMa BEJIMYMHA, KA BU3HAYAE
ONTUMAabHUN 00CAT (iHAHCYBaHHA i-ro 00’e€KkTa B mepionl t; «,,f;, —

BIJIMOBIIHO, HWKHS Ta BEPXHSA TpaHUIl (piHAHCYBaHHS i-TO O0’€KTa B
nepioi ¢.
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Po3rnsiHeMO MOKJIMBI  BapiaHTH KUIBKICHOI OIIIHKM BEJIMYMHU
e(PEeKTUBHOCTI PO3MOILITY PECYPCIB.

3 npomomorow BenuuuHU C; MOXHAa BCTaHOBUTU MPIOPUTET
(iHaHCyBaHHSI i-TO 00’€kTa B TmepioAl f. Y TakOMy BHUIAJKYy YHUM
BakuBie (iHaHCyBaHHs, TUM Ouibiine 3HadeHHs C;. Hampukian, ioro
MOYKHa OIIIHIOBAaTHU B OajbpHIM cuctemi B iHTepBami Big 0 1o 10. V mpomy
BUIAJIKY 3HAXOJAUTHCS MAKCUMYM LLJIbOBOI (DYHKIIII.

Axmo C;, € MIporO KUIbKICHOI OIIIHKHM pe3yJibTary (hiHAaHCYBaHHS, TO
HiIp0Ba  (QyHKIIS TexX MakcuMidyeTbesa. Hanpuknan, C;,; mno3Hayae
BEJIMYMHY OTPUMAHOIO MPUOYTKY i—M 00’€KTOM BiJ OJMHUIIl BKJIAJICHUX
KOIITIB y TIepioi £.

Axmo C;, xapakTepuzye BHUTpPAaTH, TO LUIbOBA  (PYHKIIIS
MIHIMI3Y€ThCH.

BpaxoByioun  BBelIeHI  TMO3HAYCHHs, MaTEeMaTH4YHA  MOJIEIb
ONTUMAJIBHOTO (PiHAHCYBaHHS MOXXe OyTH chOpMYyILOBaHA TAKMM YHHOM.

3uaiitn po3B’s3ok X, =0,i=1n;¢t=1,T, sxuii 3a0e3mc4UTH

n T
Z=ZZCﬁxn — max(min), (9.11)
i=l t=1
IIPY BUKOHAHH1 HACTYITHUX YMOB:
1) 3a po3MipoM BUIAIJICHUX JIIMITIB BIJIMIOBITHUM 00’ €KTaM

T -
Y x, <a;,i=Ln; (9.12)
t=1
2) 3a po3mipoM mnoTrpebn (PiHAHCOBUX pECYpCIiB Yy BIAMOBITHUX
nepiojax
> x, <b,t=1T; (9.13)
i=1
3) 3a 3arajgpHUM 00CsTOM (DiHAHCYBAHHS BUPOOHUYOI CUCTEMU
n T
> > x, <A4; 9.14)
i=1 ¢=1
4) 3a rpaHUYHUMU 00CsITaMU PO3MOALTY (DIHAHCOBUX PECYPCIB
o, <x, <P, ieM,teM,j=1Lm, (9.15)

ne M .— MHOX1HaA TUX 00’€KTIB, a M, — MHOKMHA THUX NEPIOIB, IS IKUX

BCTAHOBJIIOIOTHCS BIJINOBIIHI T'PAHUYHI P1BHI.

VY onucyBaHIi MOl NOBMHHA BUKOHYBAaTHUCS J0JAaTKOBa YMOBa,
sKa TOJISITa€ B TOMY, 110 MOTpeOu y (piHAHCOBHX pecypcax HE MOBUHHI
MEPEBUIIYBATH 3arajbHOT0 O0CSITY BUAICHUX OI0I)KETHUX KOIITIB:
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T
b < A. (9.16)
t=1

[Ipote y mnpakTU4HIA AISJIBHOCTI TPAIUISIOTHCS BUIIAAKU, KOJIU
MOTPEOU MEePEeBUILYIOTh HAABHI (PIHAHCOBI KOIITH, TOOTO HEPIBHICTH (9.16)
HE BUKOHYETHCS, a OTKe, Mae Miciie aedinut ¢pinancoBux pecypciB. Hexait
JUTs1 HAIIO1 BUPOOHMYOI CUCTEMHU 1e(pIIUT (PIHAHCOBUX PECYPCIB CKIIaIa€e

T n
d=b-Ya,. (9.17)
t=1 i=1

Toal BUHUKaE HEOOXIHICTh y 3aJy4€HH1 JOAATKOBUX (DPIHAHCOBUX
pPECYpPCiB IUISIXOM CTBOPEHHSI 1HBECTUILIIMHUX (POH/IIB a00 B3ATTS KPEIUTIB.
[Ipunyctumo, mo s 3a0e3nedyeHHs: (iHAHCYBaHHS B MOBHOMY 00cCA31
MJIAHYETHCS B3SITH M KPEIUTIB Yy BIATMOBIIHUX OaHKax 00CATOM HE OLIbIIe

Q, min P; % (j— iHgekc baHky, j = 1,m).
BBeneMo 10AaTKOBY HEBIIOMY BETUYHMHY V; , IKa O3HaAYaTUME OOCST

B3SITUX KPEAWTIB B j-My OaHKy njisi i-ro o0’ekta. [IpuiiMemo kputepieMm

ONTUMAJIBHOCTI BEJIMYMHY OTPUMAHOIO0 YUCTOTO MPHOYTKY BHPOOHHUUOIO

cucteMoro. Toji eEKOHOMIKO-MaTeMaTHYHa MOJCIIh MAaTUME BHTJIS/L.
3HAWUTHU ONTHUMAJIBLHUN PO3B’A30K

x; 20,y, 20;i=1Ln,j=1l,mt=1T
w |

3aJ1aul TOBHOTO 3a0e3MneueHHs (PIHAHCOBUMH pPECypcaMu Ta iX PoO3MOALLY,

SAKWN 3a0€3MeYNTh MAaKCUMYM YHUCTOTO IPUOYTKY:
r 2 100+ P,

Zzzn:ZCﬂxﬁ _ZZTOinj (max), (9.18)

i=l =1 i=l j=1
MpY BUKOHAHHI YMOB:
1) 3a TOBHMM 3a0€3MEYCHHSIM €JIEMEHTIB BHPOOHHUYOI CHUCTEMHU
(p1HaHCOBUMU pecypcamu

T m -
DXy =a;+ ), y;i=1n; (9.19)
t=1 j=1
2)3a po3MipoM MOTpeOM (PIHAHCOBUX pECYpCiB Yy BIANMOBIAHUX
nepiojgax
> x,=b, t=LT; (9.20)

3)3a TpaHUYHUMHU pPO3MIPAMH MOXJIMBUX OOCSTIB BHJAUICHUX
OaHKaMU KpPEIuTIB

>y; <0, j=1m; (9.21)
i=1

259



4) 3a rpaHUYHUMU 00CsITaMU PO3NOALTY (DIHAHCOBUX PECYPCIB

o, <x, <P, ieM, teM,j=Lm; (9.22)
5) 3a po3MipoM NOKPUTTA AeDILUTY PIHAHCOBUX PECYPCIB
2.2y =d. (9.23)

i=1 j=1
[Ipuknan 9.3. Bupobuuue 06’eananns (BO) ckiamaerbes i3 msTH
CYMDKHUX OiAIpueMCTB. [IpoTsarom miBpiudst Jjist opraHizaili BApOOHUYUX
MpoIeciB  MicsiyHa moTpeba o00’enHaHHA Yy (IHAHCOBUX pecypcax
ctaHoBUTh BianoBigHo 20, 30, 50, 60, 70 1 80 muH. rpH. BenuunnHa
BUAIJICHUX JIMITIB JIJIS BIAMOBIAHUX MIANPUEMCTB cTaHOBUTH 30, 60, 40,
50 1 70 muH. rpH. HasBuuit nedinut (iHAHCOBUX pecypciB MOXKHA
MOKPUTH 3a PaxXyHOK B3ATTS KPEIWTIB y TPbOX OaHKax Mmia BIJAMOBiAHI
BijcoTku: 40 %, 50 % 1 60 %. Po3mipu (HakTHUYHUX KPEIUTIB HE MOBUHHI
nepepuityBatu 20, 30 tTa 40 MiH. rpH. BenuunHU OTpUMAHOTO TIPUOYTKY
[-UM TMIAOPUEMCTBOM BiJ OAMHUII BKJIAJEHUX KOINTIB B MEpioJl ¢ y
BUPOOHMYMI MPOLEC 3alUCYIOThCs 3 gomomororo  marpumi  [Cy]
(i=15 t=16):
(0,21 0,32 0,41 0,36 0,26 0,45]
0,34 0,64 0,48 0,38 0,21 0,62
[C,]=]0,20 0,48 0,72 092 041 038].
0,38 0,15 0,12 0,68 0,94 0,41
10,45 0,18 0,32 0,26 0,41 0,39

HwxH1 Ta BepxHiI 00CSATH MOXIMBOTO (hIHAHCYBAaHHS MiAIMPUEMCTB
MPOTSATOM MIBpIYYSL 33Jal0ThCS 3 JIONIOMOTOK0 Matpuilb [o;] Ta [[],
BIJIMOB1AHO:

5 0 0000 0 0 0 0 0 10
10 0 0 0 00 0 200 0 0 0
e]=|5 0 0 0 0 0|, [B]=l0 0 0 15 0 0
0 0 5000 0 0 0 0 25 0
0 10 0 0 0 0 20 0 00 0 0

Bu3Hauntd onTUManbHUM BapiaHT (pIHAHCYBAHHS MIJIPUEMCTB
00’ eHAHHS, AKUI 3a0€3MeunTh MakcuMyM npuOyTKy BO.

¢ Po3s’a3ysanmsi.

Jlist moOynoBH YMCIOBOI MAaTeMaTHYHOI MOJEIl MO3HAYMMO Yepe3

X, (i =15,¢t= 1,6) — 00csr (hiHaHCYBaHHSA I-TO MIAMPUEMCTBA B TIEPIO/Il Z.

it
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OckiIbKY BeIMUMHA 1ePIuuTy (PIHAHCOBUX PECYPCIB
6 5
d=>Y b—> a,=310—250=60muH. rpH.,
t=1 i=1
HaM HEOOX1THO B3SITH KPEAUTH Yy (i = G j= E) y TphOX OaHKaX.

MareMaTiuuHa MOJEb 3a4a4l MAaTUME BUTIISII:

3HAWUTH
Z=0,21x,+0,32x, +0,41x,; +0,36x,, +0,26x,, +0,45x,, +... +

+0,45x,, +0,18x,, +0,32x,, +0,26x,, +0,41x,, +0,39x,, —1,4y,, —
-5y, =16y, —...— L4y, —1,5y,, — 1,6y, = max
IpU BUKOHAHH] YMOB:
1) 3a po3mipaMu BUIIEHUX JIIMITIB BIAMOBIAHUM 00’ €KTaM:
- Tepuomy
X+ X F X3 X X5+ X6 S30+y + ), + 5, a00
Xyp + X + X3+ Xy + X5 + X — Yy~ Vip — Vi3 <303

- JApyromy
Xop +Xgy + X3 +Xo4 +Xp5 + X9 60+ ) + Yy, + 1,5, 200

Xop F Xy + X3 +Xo4 + X5+ X556 = Vo —Voyy — Yoy S60;

- TPEThOMY
X3 X3y + X33 + X34 + X35 + X35 <40+ y3; + y3y + y33, 200

X3+ X35 + X33 + X34 + X35 + X35 — V3 — Viy — V33 £40;

- YETBEPTOMY
Xgp Xy + X453 + Xy +X45 X4 S50+ p, + Yy, + Y43, 200

Xgp Xy + X453 + X4y + X5+ X456 = Vg —Vag — Va3 50

- I SITOMY

Xsp + X5y + X3 + X5y +Xs5 +X5g STO+ Y5 + s + V53, 300

Xsp T X5y +Xs53 + X5y +Xs5 + X6 = Vs; = Vsy = Vs3 <705
2)3a po3MmipoM TOTpeOM (IHAHCOBUX PECYpPCiB Y BIAMOBITHUX

nepioaax:

- INEPUIOMY X;, + X, + X5, + X, + X5 =20;

- IPYTOMY X, + X,y + X3, + X4y + X5, =30;

- TPETBOMY X 3 + Xp3 + X33 + X 53 + X3 =50;

- UYETBEPTOMY X, + X,y + X34 + X4y + X5, = 60;

- IUSTOMY X5 + X55 + X35 + X4 + X5 =70

- IIOCTOMY X + X,¢ + X3¢ + Xy + X5 =80;
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3) 3a TpaHUYHUMHU PO3MIPAMH MOXJIUBUX OOCSTIB BUIIICHUX OaHKaMU
KpPEJIUTIB:
- NEPIHM Yy + Vo + V3 + Yy + Vs <203
- APYTHM Yy + Yy + V3 + Yy + Y5y <305
- TPETIM Y3 + Vo3 + V33 + Vs + V53 <40;
4) 3a TpaHUYHUMH OOCsITaMU PO3NOAUTY (PIHAHCOBUX PECYpCIiB MIXK

00’ €KTaMu:
- TIepIIOMY
min X, 25, max X6 <10;
- Apyromy
min X, 210, max X, <20;
- TpPETbOMY
min Xy 25, max Xy <15;
- YETBEPTOMY
min X4 25, max X5 <25
- I ITOMY
min X5, 210, max x5 <20.
Po3B’30K 33714l IPEICTAaBUMO Yy BUTJIsA 1 Tab1. 9.7.
Tabmams 9.7
: OO0csr BIacHUX Kpenutu
O6’exT HQCTyHJ.IeH.H’I BIACHHIX KOTITIB ¥ KOIITIB, MJIH. | BIAMOBIAHHUX OAHKIB,
B1AIIOB11H1 HeplOI[I/I, MIJIH. FpH.
TpH. MJIH. TPH.
1 2 3 4 | 516
1 5 15 10 30
2 10 | 20 55 60 15 10
3 5 30 | 15 40 10
4 5 |45 |25 50 10
5 10 45 | 15 70
Totpebn | 20 | 30 | 50 | 60 | 70 | 80 20 15 10
KOIIIT1B

OTxe, OTPMMAaHO ONTUMAJbHY JAUMHAMIYHY CXeMy (iHAHCOBHX
NOTOKIB 11 CTPYKTYPHUX MIAPO3AUIIB BHUPOOHMYOro 00’ €qHAHHS.
Jediuut ¢iHaHCOBUX pecypciB OyJe IOKPUTHM 3a pPaxyHOK B3ATTS
BIJIMOBIAHUX KPEAUTIB Ha cymy 45 MIH. TpH. 3aBISKU OACPKAHOMY
ONTUMAJIBHOMY CIIEHapit0 pyXy (iHAHCOBUX pecypciB 00’ €THaHHS
OTPpUMAE YUCTUN NPUOYTOK po3MipoM 90,2 MIIH. TpH.

3ajmady MOXKHA pO3B’SI3aTM  HAa OCHOBI 0araTOKpUTEPiaIbHOTO
nigxony. IIpoMiKHUMH KpUTEPISIMH ONTUMAJIBHOCTI MOXKHA  B3SITH
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MaKCUMyM MPUOYTKY ISl OKPEMUX CTPYKTYPHHX MIAPO3JLIIB 00’ € AHAHHS,
BUKOPHCTABLIM 3alPONIOHOBAaHI BUIIE METOJAM MOOYIOBH KOMIIPOMICHHUX
TJIaHiB.

9.4. Moaeab ONITUMAJILHOI CTPYKTYPH
iHBecTHLiIiiHOTO MOpTdest

[HBecTuiiiina cTpareris OaHKy BH3HAYa€ TAKTUKY BKJIAJIaHHS
KOIIITIB: CKUTBKHM 1 B SIK1 LIHHI TAMepH IOIUJIBHO 11 KOIITH 1HBECTYBATH.
Taka po3poOka 1HBECTHIIIITHOT CTpaTerii, mepil 3a Bce, COpsiMOBaHa Ha
MaKCHMI3aIlil0  JOXOay BiJ BKJIAAEHWX KOINTIB IPH MIHIMI3AI] IIHU
pecypciB, sIKi BHKOPHCTOBYIOThCSA [IJII 1HBECTYBaHHS 1 BHOIp TaKoTo
BaplaHTa I1HBECTYBaHHS, III0 3a0e3MeUYuTh HaWBHUINY 3 MOXKIHUBUX
IOX1THICTb.

Jlo mpobinemu mOpThENbHOTO 1HBECTYBAaHHS Ta MO/ICITIOBAHHS
ONTUMAJIBHOTO 1HBECTUIIMHOTO MOpTdensi, B TOMy Yd 1HIIOMY BUIJISI,
3BepTayiocs 06arato BUCHHX-EKOHOMICTIB 3axoay, a came: [. MapkoBiTil,
H. To6in, VY. apm, JIx. Ciaki. BiTun3HsAHI HAyKOBII TEX MPAIFOBATN HaT
BupimieHHaM i€l 3amadi (I. bnank, B. Bitmiacekuii, A. MepteHc,
A. Ilepecana Ta iH.).

Opnak npu poOOTI OaHKIB HA (OHAOBOMY PUHKY YKpaiHU KJIACUYHI
METOIM  Teopli  MOpPT(HENbHOTO  IHBECTYBaHHS  MPAKTUYHO  HE
BUKOPHUCTOBYIOTHCA. Y MOJENSIX, BJIACTUBUX YMOBAaM HaIllOi KpaiHH, CIiJ
nepeAadavyaTy MOKJIUBICTh OOIKY CIIEHM(IKU BITYU3HAHOIO PUHKY I[IHHUX
narnepiB, CUTYyallll0 Ha CBITOBUX (POHIAOBUX PUHKAX, OCOOJMBOCTI BEICHHS
0i3HEeCy YKpaiHChKHUMHU OaHKaMH.

Onuparoynch  Ha  KJIACMYHUM  MIAXIA  J0  MOJEIIOBAHHS
1HBECTHULIIMTHOTO MOpTdenss Ta BpaxyBaBIIM BHINE3rajaHi OCOOJIUBOCTI,
3MOJICTIIOEMO ONTUMAJIbHY CTPYKTYpPY IHBECTHULIMHOTO TOpTdens OaHKy,
sKa 0a3y€eThCA HA TAKUX BUCXIJHUX MPUMYIICHHSIX:

® IHBECTYBaHHS PO3TIISAAETHCA 3 MO3UIIN O0aHKY SK MOPT(ETHLHOTO

1HBECTOpA, 110 HamaraeTbcsi chOpMyBaTH ONTUMATBHUN MOPTdENDH

aKTHBIB, & HE TUIbKM IHBECTyBAaTU B €JUHUNA BHU3HAYECHUU THII

(1HAHCOBOT'O ITHCTPYMEHTY, HAIPUKJIA]T B aKIIii;

® BU3HAYCHICTh IHBECTUI[IMHOTO TOPU3OHTY (JIBa POKH).

VY 3anmpomnoHOBaHIN MOJEIl TaKOXK MPHITYCKAEThCS, 110, MAlOYd Ha
MOYaTOK MepioAy NeBHUM kamitan (), 0aHK 3 yCiX MOXKJIMBHUX aKTHUBIB
dopmye noptdens Ha TepMiH 1HBECTHUIIHHOTO ropu3oHTy 7. OTxe, s
opraHizamii IHBECTHULIMHOI JIsUIBHOCTI OaHK IUUIaHy€ BKJIIOUUTH B
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noptdenb Takl (IHAHCOBI IHCTPYMEHTH: akiii m BUAIB, oOJiramii
BHYTPIIIHBOT JEP>KaBHOI MO3UKU # BUJIB 3 PI3HUMU TEpMiHAMH OOIry,
KpenuTu L  BHUAIB  CTPOKOBOCTI. [HBECTHINIMHY JiSJIBHICTH OaHK
OpraHi30By€ Ha OCHOBI BHUKOPUCTAHHS BJIACHUX (DIHAHCOBUX PECYpPCIB 1
MOXJIMBOCTI ~ OTpUMATU  MIXKOAHKIBCBKMH  KpPeAUT TIpU  3aJaHUX
BIJICOTKOBUX CTaBKaX. 3aro3W4YeHHA MIDKOAaHKIBCBKHX pecypciB Oyne
perymoBatrcs HarionanbHuM OaHKOM VYKpaiHM Yepe3 BCTaHOBJICHHS
HopMmaTuBy H13 — MakcumMaibHOTO pO3Mipy OTPUMAHUX MIKOAHKIBCHKHMX
MO3UK, 3araIbHUN O0OCSAT SKMX HE MEPEBUIIYE TPUKPATHOTO PO3MIPY
BIAacHUX pecypciB OaHky. Illo cTocyeTbcst Buxoay OaHKy Ha PHUHOK
oOmiramid BHYTPIIIHKOI JEPKaBHOI TO3MKH, TO, HE3Ba)XKalO4M Ha
CTaOUIBHICTh KypCcy oOOJiramiii 1 BHCOKY TapaHTii0 Ypsaay Tmpu ix
noramieHHi, OaHKM Ha MOYaTKy HOBOTO CTOJITTS HE OYyJM J0CTaTHbO
aKTUBHUMU Ha 1IbOMY pHUHKY. [Ipo 1ie cBig4ath pe3ynbTaTH ayKIlIOHIB
2001-2002 p. p. BpaxoByrouu 11e, BKJIFOYEHHS B 1HBECTUIIIHHUIN MOPTQEIb
OaHkKy oOJiiramiii BHYyTPIIIHBOI JIepxKaBHOI Mo3uKU oomexumo 20-30 %
BiJl 3arajJibHOi CyMH KOINTIB, #KI TmependadeHi  Ha QopMyBaHHS
1HBECTHUILIIMHOTO MOpTdess OaHKy.

Jns moOynoBu gopmanizoBaHOi MOJEIl HAIol 3ajiadyl BBOAUMO
MO3HAYEHHS: ¢ — IHJAEKC IIaHOBOro mepiomy (micsaus), t=1,7,T > 24;

j — 1HACKC BUAY aKIik, j=1,m; i — IHAEKC BUAY OOJiramii aep>kaBHOI

MMO3UKH, [ = I,_n; [ — iHACKC BUAY HaJaHUX OAHKOM KpEIWTIB, [ = I,_L; k —

iHIeKe BUAY OaHKy, 110 Hajxae MDKOaHKIBCbKMM KpemuT, k=1,K; x; —
o0OcsT KOIMTIB, BKIAJACHUX OAHKOM B j-W BHJ aKIii y TEpioal ¢; y;; — 00csT
KOIIITIB, BKJIQJCHUX OaHKOM B i-i BUJ OOJramii Aep>kaBHOI MO3UKH B
nepioji £; z;— 00CSAT KOIITIB, BUAIJICHUX OAHKOM JJIsl [-TO BUY KPEIUTY B
nepioai ¢; vy, — 00CAT B3STOTO MI>KOAHKIBCHKOTO KPEAUTY B k-My OaHKy B
nepiofi t; (J; — oOCAT BIACHUX KOINTIB, CIPSMOBAaHUX Ha IHBECTHUIIHNHY
TISTTBHICTD OaHKY B MEPioi ¢; ¢, [/ — BIANOBIIHO, BEPXHS Ta HIDKHS MEXa,
BIJICOTKOBE CIIBBIJHOIIIEHHS BapTOCTI OOMiramii JepKaBHOI MO3WKH B
3arajbHId  CTPYKTypl I1HBECTHLIMHOro mnoprdend; ¢, — BEIUYUHA
KOPUCHOCTI, IKy OTpUMY€ OaHK BiJl BUIAIJICHUX OJMHUIb KOIITIB JJIs j-TO
BHJTY aKIlii B TIEPIOJ f:
q; , SIKITO BIJT j — O BHJy aKI[ii OAHK OTPUMYE KOILITH PO3MIPOM q;

q,= y HIepioJil ¢ Ha OJUHUIIO BKIIAJICHb;

0, SKIIOBiA j —TO BUAY aKIliii OaHK OTPUMYE KOIITH B TIEP10i ¢,
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d; — BeIMYMHA KOPUCHOCTI, Ky OTpPUMY€ OaHK BIJl BUAUICHHS OJMHUII
KOINTIB JJIs i—T0 BUJY OOJIramii Jep>kaBHOI MO3UKU B mepioAdl t; b, —
BEJIMUMHA KOPHUCHOCTI, SIKY OTPUMY€E OaHK IPU PO3MIIICHH] OJWHMII
pecypciB AJist [-T0 BULY KPEAUTY B MEPIOIL £:

b

., SIKIO BiJT [ — TO By KpeUTy OaHK OTPUMY€E KOIITH PO3MipoMm b,

b,/. = y Mepioi ¢ Ha OMHUITIO PO3MIIIICHHS;

0, K110 BiA / — TO BHUTY BUIAHOTO KPEAUTY KOIITH B TIEP10/I1 ¢ HE TIOCTYMAIOTh.

P,; — BigcoTkoBa cTaBKa s k-TO BUIY MDKOAHKIBCBKOTO KpPEAUTY,
OTPHMAHOTO B Tepioni ¢, P, — yMOBHHIA KOeOIili€HT BiITHOCHO k-TO BHIY
MIKOAHKIBCHKOT'O KPEAUTY, OTPUMAHOIO B TIEPIO/Il £,

MeTorw 1HBECTHIIMHOT AISIBHOCTI OaHKYy € OTpMMAaHHS Ha KIHEIb
IJIAHOBOTO TEPioJy MaKCUMAaJbHOTO YHCTOTO JOXOAY BiJI ONTHMAJbHOI
CTPYKTYpH TOpTdes.

BpaxoByroun BBeAeHI IO3HAYEHHS, E€KOHOMIKO-MaTeMaTH4YHa
MOJieib Ha0yBa€ TaKOrO BUTJISATY.

3HAWTH TaKU PO3B’ 30K

(X,20%,20,2,20,20,j=Lmi=lnl=1Lk=1Kt=1T},

SIKWUH 320€3I1€YUTH

m n L K T
F = Zthxj‘tj + Zdityi‘ti + Zbltzl'cl - ZZB;VM —> max s (924)
j=1 i=1 I=1

k=1 t=13

T, €M1, eM,, 7, eM;,t=T=25,

e 7; — IHJAEKC mepioay, B sSKoMy Oyiau BKIJIAQJE€HI KOIITH B oOsirarii
JIEP’KaBHOI IIO3MKH i-TO BUIY; 7; — IHIEKC Iepioay, B AKOMY OyJIM BKJIaJICHI
KOILITH aKIi j-TO BUIY; 7; — IHAEKC MEpiojly, B IKOMY OyJu HaIpaBiieH1
KOWITH B [-ii BU KpeauTy; M| — MHOKMHA IIOIEPEIHIX NEPIOMIB 7j, B IKHUX
Oynu BKJIaJE€HI KOIITH B j-W BHJ akKiliii, a YacTKOBE YW IIOBHE iX
IIOBEPHEHHS HacTae B nepioAi t; M, — MHOKMHA TOIIEPEIHIX MEPIOAiB 7;, B
SAKUX OyJIM BUJIUICH] KOIITH Ha IPUA0AHHS i-TO BUAY OOJIraIii aep>kaBHO1
MO3WKHA, a TOBEpPHEHHS BiAOyIeThcs B mepioai #, M; — MHOXHHA
MOMNEPEIHIX MEPIOJIIB 7;, B SKUX OYyJIM HaNpaBleHI KOITH B [-i BUJ
KpEJIUTY, a MOBEPHEHHS Bi0YBA€THCS B MEPIOI L.

[Ipy BUKOHaHHI TAKUX YMOB:

1) GamancoBa ymMoBa pyxy (piHAaHCOBUX peCypcCiB OaHKY Ha MOYaTOK
IIJIAHOBOTO TIEP10Ty

m n L K
ijt +Zyit+zzlt =Q¢+2kaaf=1; (9.25)
=1 i1 I=1 k=1
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2) OanancoBa yMOBa pyxy (hiHAHCOBUX pecypciB OAHKY y HACTYIIHI
MEePI0JIY MEPIIOTO POKY

m n L m n L K
ijt +Zyit +Zzlt = qu'txjrj +Zdityiti +Zbltzltl +Qt + kat’
= i=1 =1 = i=1 =1 k=1 (9.26)
T, eM v, eM, T e M;t=2]12;

3) GanaHcoBa ymoBa pyxy (piHaHCOBUX pecypciB OaHKy Ha Apyrui
PiK TJIAaHOBOTO MEPIOAY

m n L
ijt +Zyiz +Zzlt +
j=1 i=1

5100+ P, ), , _
p= 100 k,it—-12

=1

B SPIRTINS SO RO S A S 9.27)
J=1 i=l I=1 .

t=13,T,T =24,7:j eM  t,eM, 1, eM,;

4) yMoBa BIJTHOCHO CTPYKTYpH I1HBECTHUIIIMiHOTO TOpTdens 3
ypaxyBaHHSIM HOPMATHUBHUX BHMOI CTOCOBHO OOJIramiii Jaep>kaBHOI
MO3UKHU

m n L n m n L

a| X, A2 Yy v 22y [S2 Vi SP XX A2 v+ 2z, |- (9.28)

j=1 i=1 I=1 i=1 j=1 i=1 I=1

Jlnst popmyBaHHS peaqbHOTO 1THBECTUIIIMHOTO MopTdess 0aHKy HaMu
BUKOPHUCTAHO B MEXax 1HBeCTUIiHHOTrO ropu3oHTy (2001 — 2002 p. p.):

1) cepeaHbOMICSAYHY JOXITHICTh aKIIM KommaHii YkpHadTa,
KuiBenepro ta xkoHuepHy «CTipoi», Kl BXOJASTh Y PO3PaxXyHOK 1HAEKCY
[MOTC;

2) cepeIHbO3BAXKEHY JOXITHICTH O0JIIraiiil BHyTPIIIHBOI JIePHKABHOI
no3uku (OBJIII);

3) cepeAHbO3BAXKEHI MICSIUHI, KBAPTaJIbHI Ta PIYHI BIJICOTKOBI CTaBKU
OaHKiB YKpaiHM 3a KpeIUTaMH;

4) cepeHBLO3BAXKEHI  BIJICOTKOBI CTaBKM 3a KpeauTaMH Ha
MIKOQHKIBCBKOMY PUHKY.

3a NMMHU JaHUMU TOOYyJ0OBaHAa YHCJIOBA EKOHOMIKO-MaTeMaTH4YHa
MOJI€JIb, IKa PO3B’si3aHa 3 JOMOMOroI0 mnporpamHoro npoaykry LINA. B
pe3yJibTaTi HaMHU OTPUMAHO ONTUMAIbLHUM 1HBECTUIIMHUN MNOPTQETD
Oanky (Tabn. 9.8). Takum ymHOM IHBECTULIMHUN mopTdenp OaHKy, 110
dbopMyBaBCcS Ha OCHOBI BJACHMX KOIITIB OaHKy 1 MiKOaHKIBCHKOTO
KPEIUTY, MA€ TaKy ONTUMAJIbHY CTPYKTYpPY: aKiiii kommnanii «KuiBeHepro»
Ta KoHIEpHY «CTipos», oOmiraimii BHYTPIIIHBOI JEpP>KaBHOI MO3UKH Ta
MICSTYH1 KPEJAUTH.
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[IpunOannsa akmid kommadii «YkpHadTa», BUIaYa pPIYHUX 1
KBapTaJbHUX KPEJUTIB, SIK MOKA3y€ €KOHOMIKO-MaTEMATUYHUN aHali3, €
HEBUTIIHUM JJ11 (OpMYyBaHHS 1HBECTUIIIHHOTO MOpTQeis OaHKYy.

AHali3 JBOICTHX OLIHOK JOBOAUTH BUCOKY CTYIIHb €()EKTUBHOCTI
BJIACHMX KOIITIB y TEpUIl MICSIl I1HBECTUI[IMHOTO TOPU3OHTY. Tak,
HaIlpUKJIIAJ, OJHA THUCSYa TPUBEHb JOJATKOBUX KOIITIB Yy CEPEIHbOMY
MOXE JIaTh TPUPICT JO0XOAy OaHKy Ha KIHEIb IJIAHOBOIO TOPU3OHTY B
po3mipi 30 - 40 Tuc. TpH.

Pa3zoMm 13 TuMm, 3ampomoHOBaHa EKOHOMIKO-MaTeMaTH4YHAa MOJCIb
MOXe OyTH JOMOBHEHA OUIBIIMM YHUCIOM (DIHAHCOBUX IHCTPYMEHTIB, a
TaK0X € MOXKJIMBICTh 301IBIITUTH TPUBAIICTh 1HBECTHI[IMHOTO TOPU3OHTY.
O4eBUIHO, YCTAHOBJIEHA MOJIENIb MOXX€ OyTHM BUKOPUCTAHOI HE TUIbKHU
JUISl TIPUMHSTTA ONTUMI3ALIMHUX 1HBECTUIIMHUX pIllIeHh OaHKaMH, a U
IHITUMHU (PIHAHCOBO-KPEUTHUMH YCTaHOBAMH.

OxkpeciieHa MoJieNib 3Hale YlJIbHE MICIIE 1 B JISIbHOCTI CTBOPEHUX
(p1HAaHCOBO-IIPOMUCIIOBUX TPyl Ta IHIIKUX (PIHAHCOBUX CTPYKTYpP OO
aKTHUBI3alll]l IXHbOI IHBECTHIIIMHOI TISILHOCTI 30KpeMa.

9.5. MoaenoBaHHSI KOHKYPCIB IHBECTHLIHHUX MPOEKTIB

[Ipumyctumo, 10 # MPOEKTIB KOHKYPYIOTh MK CO0OI0 3a MpaBO
OTpUMATH 1HBECTUIIMHUNA (QoHA KomnaHii. BBenemo mno3HaueHHS: I —
1HJIEKC 1HBECTHUIIIITHOTO TIPOEKTY (I = I,_n); { — IHACKC TJIAHOBOTO MEPIOY
(tzl,_T) IHBECTHUIIIMHOT JisIbHOCTI. Ham BioMiI BEKTOpHM BKJIAJICHB 1
€(DEeKTUBHOCTI i(-TO 1HBECTUIIIHHOTO TMPOEKTYy Ha OJWHUIII0 BKJIAJICHb
KOIITIB JIJISI IEP10TY £, SIK1 BIAMOBIIHO CTAHOBJISTH:

J 1, AKIIO B i-i MPOEKT 31MCHEHO BKJIAJICHHS Y TIEPIOAl £,

t . v . . . .
’ 0, SIK1110 B - IPOEKT BKJIAJEHHS BIJACYTHI Y Tepiofi ¢;

g, , AKIIO Bifl {-TO MPOEKTY HAIXOIATh KOIITH PO3MIPOM ¢, Y IEPIOIi ¢,
4, = .. . : .

0, SIKI1I0 B1J i-TO MMPOEKTY BIACYTHE HAJIXOI>KEHHS KOILTIB y IIEpioi 7.
KpiM 1poro, xommnaHis Mae MOXJIMBICTb HajaBaTH Kpeautu nig P %
pPIYHMX B 00CS31 MOMJIMBOTO 3AJIMIIKY IPOIIOBUX KOWTIB y, (),— 3MIHHA,
10 O3HA4Ya€ 00CAT MOKIIMBOTO BUJIUICHHSI KOPOTKOTEPMIHOBOTO KPEJIUTY B
NepioJl ¢), siki He OyJIM BKJIQJICH] B 1HBECTHUIIIMHI IPOEKTU B {-MYy TEPIO/II.
[IpubyTOK, OTpUMaHUN y pe3yiabTaTl 1HBECTHUIIINHOI MISUTBHOCTI, MOXHAa
pEIHBECTYBATH BIJIOBIIHO J0 ICHYIOUOi CXEMH, OCHOBY SIKOi CKJIaJar0Th
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3HaueHHs ¢,. llozHaummo uepes &; Ta [f,— BIANOBITHO HIDKHIO Ta

BEPXHIO MEXI MOXJIHUBHUX OOCSTIB BKJAJEHb B i- MPOEKT y TEpIOil L.
KoMnanias Ma€e MOMIMBICTG BHUAUIATHA JUIA 1HBECTUIINHOI JISITIBHOCTI
BJIACHI KOIITHU 00csiroM () TrpomoBUX OAWHUIL. OCHOBHOKO HEB1JOMOIO
BEIMYUHOK €: X, — OOCAr IPOLIOBHMX KOINTIB, SIKI BHIUISAIOTHCSA IS i-TO

IHBECTUI[IMHOTO MPOEKTy B mepiojal £ Mera KoMIaHii — OTpUMaTH
MaKCUMajbHy CyMy TpONIOBUX KOHIITIB B  KIHIIEBOMY HEpIOl
IHBECTHUIIIMHOT ~ MiSUTLHOCTI.  BpaxoByrouum  BBEIEHI  MO3HAYCHHS,
MaTeMaTUYHa MOJCIIb 3aJa4ul MaTUME BUTJIAL.

3HaTH TakUl  PO3B’SI30K {xﬁ 20,y,20,t= I,_T; I = I,_n}, SIKUU

3a0€3I1eYnTh
”
Z= Zqﬁ "X +10(10;0P"1-yt_1 —>maxt=T,t,eM_, (9.29)
i=1
1€ 1HAEKC 7, O3HAYa€ Mepioj, B IKOMY BKJIAJIU KOIITH B i-i IHBECTULIIHHUAN
IPOEKT; M = — MHOKMHA NIEPIOJIB, B IKUX OyJM 3A1MCHEH] BKJIAJICHHS B -1
IHBECTULIIMTHUN MPOEKT, a MOBEPHEHHS KOIUTIB B1IOYBAEThCA B MEpioAi ¢
(M, - {f =1,T -1, 7 <t§), npu BAKOHAHHI YMOB:
1) 3a rpaHUYHUM 00CSITOM BKJIAJ€Hb Y BiAMOBIIHI IPOECKTU
a, <x;,<p,,icl,t=1T-1, (9.30)
ne I — MHOXXWHA TUX 1HBECTUIIMHUX MPOEKTIB, IS AKUX 1CHY€E HIDKHS ab0
BEPXHS MeXa BKJIaJieHb, 800 00HU/IBI;

2) ycs HasBHa cyma (PIHAaHCOBUX pECypciB TIOBUHHA OyTH
BUKOPHUCTAHOIO Yy TEpIIOMYy Tepionai, TOOTO BKIaJeHAa Yy BiAMOBIAHI
MIPOCKTH Ta HaJaHa I MOXJIMBUM KPEIUT

n
Z;‘dn.-xn. +y, =0,t=1, (9.31)
i=

3) OamaHCcoBI yMOBM pPyXy (PIHAHCOBUX PECYpCIiB y HACTYIHUX

nepiogax
L 100+ P, L —
2.4 "Xt 100 = Vg =2d; x;+y,t=2T—-1Lr,eM_. (9.32)
i=1 i=l1

[lpuknag 9.4. IlicTe mpoekTiB OepyTh yd4acThb y KOHKYpCl 3a
OTpUMAaHHS 1HBEeCTUIIMHUX (PoHAIB KomnaHii. Ham BimoMa epexkTHUBHICTh
KOXKHOT'O 1HBECTHUI[IMHOTO MPOEKTY Ha OJIHY TPUBHIO BKJIAJICHUX KOIITIB Y
nuHaminl (Tadma. 9.9).
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Tabnuisa 9.9

EdexTuBHICTD IHBECTHIIIHHUX MPOEKTIB
E Ha | TpH. BKJIaJCHUX KOIITIB

A B C D E F
1 —-1,0 —1,0 0 0 0 0
2 0,4 0,9 0 —-1,0 0 0
3 0 1,0 —1,0 0,2 —1,0 0
4 1,1 0 0 0,9 0,8 -1,0
5 0 0 1,7 0,4 0,6 1,2

Big’emHl BeIWYMHHM O3HAYAIOTHh 3/IMCHEHHS BKJAJCHb KOIINTIB ¥
BIIMOBI/THI MPOEKTU Ta MEPIOAM, a JOJATHI — CXEMY iX MOBEpHEHHs. Tak,
MpoeKkT B — 11e 1HBeCTul1Ii1, sIKi MOKHA BKJIACTU HA MOYATKY MEPIIOTO POKY
Ha JiBa HacTynHux. [I[pudomMy, B KiHIIl TOTO K POKY MOKHA moBepHYyTH (0,6
o0CsTy BKJIQJICHUX KOINTIB, a HAa KiHEIb JPYroro pPoKy — BCHO CyMy
BKJaJieHb. CyMa BKIIQJICHb Y NMpoeKT B He moBuHHA niepeBuinyBatu 300
THC. TPH., a B PpOoeKT F — He menme 100 Tuc. rpx.

Komtu, oTpumaHi y pe3yiabTari 1HBECTUIINHOI MisIbHOCTI, MOXKHA
pEIHBECTYBaTH BIJIMOBIAHO /10 iCHYIO4Oi cxemu (Tadiu. 9.9). Kpim 1mworo,
KOMIIaHIsI Ma€ MOXJIUBICTH oTpumyBatH 20 % piyHMX 3a HaJaHHS
KOPOTKOCTPOKOBUX KPEAUTIB 3 KOWITIB, SIKI HE OyJlIM BKJIaJACHUMHU B
1HBECTHUIIIIHI MPOEKTHU y AaHOMY poili. KomnaHis Mae 2 MIIH. TPH. BIIACHUX
rpomeii. Ii MeTa mondrac B OTPUMAaHHI MaKCUMAaJbHOI CYMH TI'DOIIOBHX
KOIIITIB, 320111a/I)KEHUX B KIHIIEBOMY TIEP1O/II.

¢ Po36’a3ysamHsi.

HeBigoMumu BeIMYMHAMH 3a1a4i OYIYTh: X, Xj5, X33 Xo4» X355 Xg6 5

K1 03HA4Yal0Th 00CATH BKJIaJeHUX KomTiB y mpoektu A, B, C, D, E ta F
BIATMOBITHO; )y, V,, V5,V IOKa3ylOTh BEIMYMHY MOXJIMBUX KOPOTKO-

CTPOKOBUX KPEIUTIB, BUIUJICHUX Yy TMEpIIOMYy, APYroMy, TPETbOMY Ta
YETBEPTOMY I€Pi0Jiax BiAMOBIIHO.

[ToOya0BYy 4YMCIIOBOI €KOHOMIKO-MAaT€MaTUYHOI MOl MOYHEMO 3
¢bopMyBaHHS YMOB CUCTEMH OOMEKEHB 1 3aBEPIINMO MOOYI0BOIO ITIITLOBO1
byHKITI.

JIJIsl 3HAXOKEHHS ONTHMABHOTO PO3B’SI3KYy 3ajayul MOJICTIOBAHHS
KOHKYPCIB 1HBECTUIIIHHUX MTPOEKTIB HEOOX1THO BUKOHATH TaKi YMOBH:

1) 3a MaKkCHMaJIBHUM PO3MIPOM BKJIaAE€Hb Y IPOEKT B x, <300;

2) 3a MIHIMQJIBHUM PO3MIpOM BKJIaaeHb y npoekT F x,, >100;
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3) ycs HasiBHa cyma (DiHAHCOBUX PECYpCIB MOBMHHA OYyTH MOBHICTIO
BUKOPHUCTAHOIO 32 MEPIIMM pik X, + X, + ¥, = 2000;

4) 6anaHCOBY YMOBY pPyXy (DiHAHCOBHX PECYpCIB y IPyroMy poIll
0,4x,,+09x, +1.2y, = x,, + »,, adb0
0,4x,, +0,9x, +1,2y, —x,, —», =0;
5) GanaHcoBy yMOBY pyxy (DiHAHCOBUX PECYpPCIB y TPEThOMY pPOIIl
X, +0,2x,, + 1,2y, = x33 + X35 + 5, 200
Xjp +0,2x5, + L2y, = X33 = X35 = y3 = 0;
6) 6aaHCOBY YMOBY pyXy (hiHAHCOBHUX PECYPCIB Y YETBEPTOMY POIII
Llx,, +0,9x,, +0,8x; + 1,2y, = x,, + y,, a00
Llx;, +0,9x,, +0,8x; +1,2y; —x,s — v, =0.

B ocHoBy moOya0BH 1IbOBOI (PYHKIIIT MOKJIAIEHO PyX (hIHAHCOBHUX
pecypciB y KIHIIEBOMY TIIepiojil, TOOTO KOMIIaHiI Ma€ OTpUMAaTH
MaKCUMaJIbHy CyMY KOIITiB PO3MIPOM:

Z =1,7x3; +0,4x,, +0,6x;5 +1,2x,, + 1,2y, — max.

PesynpTat po3B’s3ky 3amadyi chopMyeEMO Y BUIISAI  TaOIMIT
AMHAMIKU PyXy (IHAHCOBUX MOTOKIB IMpoliecy iHBecTyBaHHS (Tadi. 9.10).

Tabnuia 9.10

. | JluHamika BKJIaJICHHS KOWITIB y IPOEKTH, TUC. TpH. | Po3mip kpenuTis,
29 A B C D E F THUC. TPH.

1 0 300 1700

2 0 2310

3 2947 125

4 100

OnTuMallbHUI  ClieHapiid opraHizailii 1HBECTHULIMHOTO MpoLecy
3a0€3MeUnTh KOMIIaHIi B KIHIIEBOMY IMEpPioJil MaKCUMaJIbHUW TPUOYTOK
po3mipoM 5204,9 tuc. rpH. Po3paxoBaHa nuHaMmiuHa cxema (hiHaHCOBHUX
MOTOKIB BKa3y€ Ha BHUCOKY €(EKTUBHICTh I1HBECTUIIIITHOTO MpPOLECY,

IPHUPICT SKOTO CKJIaJae 5204;)(;02000 -100% =160,245%. lleir npupict

MOXKHa OTPUMATH 3a PAaXyHOK BJIACHUX KOIITIB, BUAUICHUX KPEIUTIB Y
NepIIMii Ta JIpYruid POKM Ta PEIHBECTYBaHHS NPUOYTKY Yy BiAMOBIAHI
npoektH (C, E ta F). ¢
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9.6. OqHoeTanmHA TUHAMIYHA MO/€JIb CHHXPOHHOIO
iHBeCTULINHO-(IHAHCOBOI0 MJIAHYBAHHSA

OpnHoeranHa JWHAMIYHA MOJIENIb ONTUMIZAIll TPUNUHSTTS PILICHb
IpU CHHXPOHHOMY IHBECTULIMHO-(DIHAHCOBOMY IUJIaHYBaHHI KPUTEPIEM
ONTUMAJIBHOCTI TMpUMMae MaKCUMyM 3arajibHOi BapTOCTI KamiTainy
IHBECTUI[IMHO-(IHAHCOBOI ~ MPOrpamMu, TOOTO CXEMATHYHO  MOXKHA
MpeACTaBUTU TaK:

CymapHa BapTICThb KaIiTary CyMapHa BapTICTh KaIliTary
F=| ) +| —> max.

1HBECTULIMHOI IPOTpaMHU (b1HaHCOBOI TporpamMu

YMoBa JIKBITHOCTI TapaHTye (IHAHCOBY pIBHOBary s BCiX
3aMpONOHOBAHUX MOMEHTIB IUIAHOBOTO MEpioay. 3a YMOBU JIKBIJHOCTI
BJIACHI 3aCO0U MiANPUEMCTRBA, 110 BUALICHI MiJl IHBECTULINHY TISUTbHICTb,
MOBHHHI OyTH YiTKO BH3HaueHUMH. OKpiM IIbOTO, BUpOOHWYA TIporpama
OKpEMHX 1HBECTULIIMHUX OO0’€KTIB BUMarae, adu KOXXHUM BUITYCK
MPOAYKIIIl HE IEPEBUIIYBaB 00CITY MOKJIUBOTO 30YTY.

BpaxyBanHs 3HaueHb BapTOCTI KamiTally B MUIbOBIA (PyHKIIIT
BKJIIOYA€E PEAIBHICTh YMOB MOJENI BapTOCTI KaliTally, BCTaHOBIIIOIOYH,
HaMpUKIajJ, MOXJIMBI TMO3WTHUBHI CallbJ0 (PIHAHCOBUX KOIITIB, SKI
HapaxoBaH1 3a PO3PaxXyHKOBOIO BIJICOTKOBOIO CTaBKO. Jlami mpuitmMmeMo
TaKl YMOBH:

1) Bci 1HBecTHUIlIiHI 00’€KTU Ta 00’€KTH (PIHAHCYBaHHS JIOBUIHHO
TiIuMl 1 0 BKa3aHOi BEPXHBOI MEXI MOXYTh OYyTH BUKOHaHi
0araTopaszoBo;

2) MIATDKHUE psifi OJIMHUI 1 Pa3oM 3 HUM BapTICTh KamiTally Ha
OJMHUIIIO TMPU BCIX 1HBECTUIIIMHUX 00’€KTaX HE 3ajie’KaTh Bif
qucja peaai30BaHUX OJUHUIIb;

3) KUIbKICTh BHJIIB MPOJYKIli, BUPOOJECHOI MEBHUM 1HBECTHUIIIHUM
00’€KTOM, 1 MaKCUMaJIbHUI 00CAT 30yTy MPOAYKIIii KOHKPETHOTO
BHUJIy OJHO3HAYHO MOKHA BIAHECTH JO TICBHOTO IIEPIOAYy YH
MOMEHTY 4acy;

4) po3rsiy MIAJIATAIOTh TUTBKM Ti  aJlbTEPHATHUBH, SKI MOXKHA
peanizyBaTu JI0 MOYaTKy IIAHOBOTO MEPIoy.

Jlam 3anuiiemMo (popmainizoBaHy €KOHOMIKO-MAaTeMaTUYHY MOJIEIb

3aaauyi.

HeoOxigHO 3HAWTH Takuil PO3B’ 30K {xi 20,y;20,i=Ln,j =1,m},

AKUA 3a0€3MeUYnTh MaKCUMaJlbHy CyMapHY BapTICTh 1HBECTHIIIHO-
(d1HaHCOBOI MPOrpamu:
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F=)c¢x+) q. v, > max, (9.33)
171 J< ]
i=1

j=1
e i — 1HJAEKC I1HBECTHIIMHOrO 00’ekta, i=1,7m; j — 1HAEKC 00’€KTa
binancyBanHs, j=1,m; Xx; — 3MiHHA, IO O3HAYa€ KIJIbKICTb OJWHUIIb

peamizaiii i-rO 1HBECTHIIIMHOTO 00’€KTa; ); — 3MiHHA O00CsTy
BUKOPUCTAHHS KOIITIB j-T0 00’€kTa (DiHAHCYBAHHS; ¢; —BAPTICTh KaIITAly
peamizailii i-ro 1HBECTUILIIMHOrO 00’€KTa; ¢; — BapTICTh KamiTaly

BUKOPHUCTaHHS j-T0 00’€kTa (hiHAaHCYBaHHSI.

B ycraHoBieHI Mojenl MIATKHI PAIM 1HBECTUIIIMHUX OO €KTIB 1
00’€ekTiB (piHAHCYBaHHS 3a1at0ThCs Yy GOpMI BiI’€EMHOTO Cajlb0 TUIATEXKIB.
KinbkicTp BCix 00’€KTIB (DiHAHCYBaHHS HE TOBUHHA OyTH BiJ’€MHOIO Ta HE
MIEPEBUIIYBATH BEPXHIO TPAHMUIIIO.

BpaxoBytoun BBeA€HI MO3HAYEHH, OOy IyeEMO OOMEXEHHS 3ajadi,
110 BigoOpaxae yMOBY JIIKBITHOCTL. OTpUMyeMO:

n T m T T
2. 2.a,X, +Zzbjtyj <20, (9.34)
i=1 t=0 j=1t=0 t=0
e t — 1HAeKC mIaHoBoro nepiony, f=0,7; a,— HETTO-IUIATEX1 iI-Io
IHBECTUIIINHOTO 00’€KTa B MEPioai £, b, — HETTO-IUIATEXI j-T0 00’€KTa

(diHaHCyBaHHS B niepioi ¢; J, — BJIaCH1 KOWITHU MiANPUEMCTBA B MEPIO/II 1.
[Topsim 13 UM HEOOXI1JHO BpPaxOBYBaTH YMOBY BHUPOOHHIITBA Ta
peanizalii OpoayKIli, AKy MOXHa MPEJICTABUTH TAKUM OOMEKEHHSIM:

>d, <D,,kek, (9.35)
iel,
ne k — 1HAeKCc BHAy NpoAykKuii; K — MHOXHMHA BUAIB NPOyKuUii; d, —
IHTEHCHUBHICTh ~ BHUITYCKYy MNPOAYKIIi A-rO BUAY OJUHHULECIO I-TO
1HBECTULIMHOIO 00°€KTa; D, — BEpXHS MeXa PUHKY 30yTy MPOAYKIII A-r0O
BUNy; [, — MHOXMHA I1HBECTULIMNHHUX OO0 €KTIB, $KI BHUIIyCKalOTh
MPOJYKIIIO A-T'O BUAY.
3aBepiIylOTh CUCTEMY OOMEXKEHb TpaHWYHI YMOBHU peai3ailii
IHBECTHUIIIMHUX MTPOEKTIB 1 00’ €KTIB (PiHAHCYBAHHSI:

O0<x, <N, i=Ln;

o (9.36)
0<y <B,j=1lm,

ne N; — MakCUMallbHE YUCIIO peai3alii i-ro IHBECTHLINHOro 00°€KTa; B; —

JIMIT MOKJIMBOTO BHUIUICHHS KOIIUTIB j-TUM 00’€KTOM (h1HAaHCYBaHHS

(MaKCUMaJIbHO MOXJIMBUM PO3MIP KPEIUTY).
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[Ipuknang 9.5. BizHec-miaH BUPOOHUYOTO OO’ €HAHHS BKIJIIOYAE B
ce0e po3paxyHOK ONTHUMaJbHOI CHHXPOHHOI 1HBECTHUIIIMHO-(IHAHCOBOI
nporpaMu JJis CBOiX BUPOOHUYUX CTPYKTYp Ha OCHOBI OJHOETAITHOI
JUHAMIYHOT MOJENl 3 BUKOPUCTAHHSM INECTU I1HBECTHUIIIMHMX 00’ €KTIB
(tabn. 9.11) 1 Tppox 00’ekTiB (piHaHcyBaHHs. OO0 ’ekTaMu (piHAHCYBaHHS
BUCTYNAIOTh TPU BUJIM OAHKIBCHKUX KpEeAUTIB ), 6, Ta €5 3 BIANOBITHUMU
oOcsiramu JimiTiB: 150, 200 Ta 400 THC. TpH. Ta NPOIEHTHUMH CTABKAMMU:
24, 25 ta 30 %.

[Ipy oTpuMaHHI KpPEAWUTIB TMOCTYIUICHHS KOIITIB HAIXOAUTh ¥
MOBHOMY pO3Mipi Ha MOMEHT yacy ¢ = (0, a TOBEpHEHHS KpPEIWTIB
3MIMCHIOETBCSIT B OCTaHHIM IaHoBui miepiog ¢ = 4. Po3paxyHkoBa
BIJICOTKOBA cTaBKa ckiamac 20 %.

IaBecTumiitni 006’extu 10, 10, Ta 10; cremianizyroTbCsl Ha BUYCKY
MpOAyKIii BUxy A 3araipbHUM oOcsroM 15,2 tuc. mt., 30,4 Tuc. mT. Ta
20,9 Tuc. mWT. BIANOBIIHO, MAalOYH TIPU LIbOMY PUHOK 30yTy MPOAYKIIIi HE
ouremii 150 tre. mr. InBectuniiai 00’ektu 104, 105 1 104 BHITyCKarOTH
NpoayKIito BuAy B obcsirom 12,3 tuc. wrt., 25,4 tuc. mr. ta 30 TUC. MIT.
BIIMOBIJTHO, MAIOYH MPH IIbOMY PUHOK 30yTy OpoayKIli He Oiapmuii 200
THC. OJ.

[aBectumiitii 06’ ekt 10; Ta 104 MOXYTh OyTH peani3oBaHUMU
BIIMOBIJTHO HE O1IbIlIe YOTUPHOX 1 II’sATH pasiB, a 10, ta 10, — He MeHIIIE
JIBOX 1 IT’SITU pa3iB.

Ha mouarky muanoBoro mnepiony (=0) o0’eqHaHHA Mae BIACHI
kot obcsirom 200 TuC. TPH., @ KOXXHOTO HACTYITHOTO TMEPioay BOHHU
30UIBIIYIOTHCS HA S0 THUC. TPH.

[loOynyBatT  €KOHOMIKO-MaT€MAaTHYHY  MOJEIb  PO3PaxyHKY
CUHXPOHHOI  1HBECTHUIIIHO-()IHAHCOBOI MporpaMd Ta 3HAWTH 11
ONTUMAJILHUH PO3B’SI30K.

¢ Po3s’a3ysanms.

3a yMOBOIO 3aj1a4l BiJICOTKOBAa CTaBKa OJHAKOBA JIJIsi BCIX TIAaHOBUX
nepioaiB. Bapricte kamitanmy c¢; Ajisl i—TO IHBECTHUIIIMHOTO OO0’€KTa Ha
MOYaTOK TIaHOBOTO Tiepioay (=0) 3HaiinemMo, BUKOPUCTOBYIOUH (HOPMYITY:

T T
¢ =—Ay+ Z(eﬁ _ait)(l + r)_t ==, + Z(eit —al.t)q_t ’ (9.37)
1=1 t=1

ne A, — 3arpaTd Ha TMNOpUAOaHHSA [-TO 1HBECTHIIMHOTO 00’€KTa,
Ay=—(ey—ay,); e,(a,) — UOCTymIeHHs (BHIUIATH) JUIL  i-TO
. " —t _ o« e

1HBECTHUIIIHHOTO 00’€KTa B MOMEHT 4acy f; (1+r) =q ' — KoedilieHT

JTWCKOHTYBAHHS JIJIsI MOMEHTY 4acy f.
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PospaxoBana pisuuus (e, —a, ) s i-To 06’€KTa Ha MOMEHT 4acy ¢

HA3MBAETHCS YUCTUM IUIaTeKeM. BoHa Moke B1IOOpakaTH MEpEeBUILEHHS
NOCTYIJIEHb HaJl BUTPATaMH Y BUILIAT HAJI TOCTYTJICHHSIMH.
Hexait x,Xx,,...,X,— HEBIIOMI BEJINYMHU, 10 BKA3YIOTh HA MOKIIUBY

peanizalliio nepuioro, Ipyroro,..., MoCTOTO IHBECTUIIIHHUX 00’ €KTIB.
Jlns moOyJ1I0BM YMCIIOBOI €KOHOMIKO-MaTeéMaTH4YHOI MOJIEN 3ajiadi
3HANIEeMO 3HAYEHHs BapTOCTI KamiTany (¢;) i-ro 1HBECTUIIIMHOTO 00’ €KTa.
Hanpuknan, 1jis nepiioro iHBECTULIIITHOTO 00’ €KTa MaEMO:

4
¢ =—4, +Z(elt _an)q_t =
i1

=-80+50-1,27"+35-1,27 +40-1,27 +45-1,27" =

=—-80+41,67+24,31+23,15+21,70 =30,83.
AHAJIOTIYHO  3HAXOJIUMO  BapTOCTI  KamiTaldy  JJIsi  1HIIKUX
1HBECTUIIIHHUX 00’ €KTiB. OTpUMaHi pe3yJbTaTh 3aHOCUMO B Tab:. 9.11.

Taomung 9.11
[ImaTi>kH1 HETTO-PSAIN IHBECTHIIIMHUX 00’ EKTIB
1 BapTICTh KallTaly I[IUX AJIbTEPHATHB

= HerTo-1muarexi Ha MOMEHT 4acy, < >
= THC. I'DH. IS B =g -
R : EEEsSE s2|EnE
= O cEN8EL ERITES

A p z
88 |1=0| t=1 | t=2 | t=3 | t=4 5550 S & %é”ﬁ
= = 8

m

10, | —80 50 35 40 45 30,83 | 15,2 A 150
I " 4 4 10,92 4

O, 120 60 5 0 55 0,9 30,

I0; | —60 30 35 25 40 28,28 | 20,9
104 | =90 50 45 50 30 26,33 | 12,3 B 200

1(OF 110 60 30 40 50 8,09 | 254

I0s | —40 20 25 15 30 17,18 | 30,0

Bapricte kanitany mist 00’ektiB ¢dinancyBanHa Od;, OD, ta OD;
3HAXOJUMO 3 YpaxXyBaHHSM IXHIX KpPEJAUTHHUX IMPOLICHTHUX CTaBOK.
OCK1IbKH TIOCTYIUICHHSI KOINTIB MPOBOJMTHCA HA MOMEHT dvacy ¢t = 0, a
PO3paxyHOK 3a KPEAUTH 3MIIMCHIOETHCS B MOMEHT 4acy ¢ = 4 3a cTaBKaMu
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24, 25 ta 30 %, TO Ay BU3HAYEHHSA BapTOCTI KamiTaldly BUKOPUCTAHHS
OJMHUII 00’ €KTIB (piIHAHCYBAHHS CKOPUCTAEMOCS (hOPMYJIOLO:

100+ p ) -
- 1—(—’9’) (Cer] i, 39

100 100

J€e p; — BIIACOTKOBA CTaBKa 3a j-M KPEIUTOM; ¥ — PO3PaxXyHKOBa
BIJICOTKOBA CTaBKa.
3BI1JICH, MAEMO:

g, =1-1,24*-1,2" =-0,1401;
g, =1-1,25" 1,27 =—0,1774;

q,=1-1,30*-1,2" =-0,3773.
IlepexonuMo A0 TMOOYJOBHM YMCIOBOI €KOHOMIKO-MaTeMaTUYHOL
MOJIEIT1 3a/1aul.
HeBimoMumu BenuuuHaMu 3adadi OynyTh: Xy, Xp, X3, X4, X5, Xg —
KUTBKICTh OJIMHMITH peaTi3ailii BiAMOBIIHOTO 1HBECTHIIIMHOTO 00’€KTa; Vi,
V7, ¥3 — 00CSTH BUKOPHUCTAHHS KPEIUTIB 00’ €KTIB (DiHAHCYBAHHS.

3anuuiemMo MiIbOBY (PYyHKIIIIO:
F =30,83x,+10,92x, +28,28x, +26,33x, +8,09x, +17,18x, -

-0,1401y, - 0,1774y, —0,3773y, = max.

OcHOBY cucTeMH OOMEXKEHb CKJIaJal0Th YMOBH JIIKBIZTHOCTI IS
KOKHOTO TIJIAaHOBOTO MEPIOy.

ChopmyemMo s 3arajgpbHOrO BHIIQJKy YMOBY JIKBIIHOCTI IS
nepiony ¢ = 0:

A1gXy + Ay Xy -+ AgyXg T b1o Yy +Dyy Yy + D315 <0y,

I€ a0 — BII'€MHE cajbJ0 IUIATEXKIB I-ITO IHBECTHIIMHOIO 00’€KTa Ha
MOMeHT 4acy =0; b;) — JoJaTHe calbao IIATeXIiB 00’ €KTIB (PIHAHCYBaHHA
(b10=br=b30=—1, ockinbku Bci Tpu 00’ ektt OD;, OD, Ta OD; HAa MOMEHT
yacy ¢ =0 3a0e31meuyoTh NOCTYIICHHS IIATEXKIB).

VY Hamomy BUIIAJIKy MAEMO:
t=0:80x, +120x, + 60x; +90x, +110x5 +40x, — y, — ¥, — y; < 200;
t=1: (80—50) X, +(120— 6O)x2 +(60—30)x3 +(90—50)x4 +
+(110—60)x; +(40—20)x, — y, — ¥, — ¥, <200+ 50,
t=2:-5x +15x, = 5x; —5x, +20x5 = 5x, —y, — vy, — 5 <300;
t=3:-45x, —25x, —30x; —55x, —20x; —20x, —y, — y, — y; < 350;
t=4:-90x, —80x, —70x; —85x, —70x5; —50x, — y, — y, — y; < 400.
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Jlani 3anmucyemMo 4YMCIIOBI OOMEXKEHHSI BiJTHOCHO BUPOOHHUIITBA Ta
YMOB PUHKY 30yTy MPOAYKIIIi:
nponykuig A:  15,2X +30,4X, +20,9%, <150;
npoaykuist B: 12,3x, +25,4%, +30,0x, <200.
['pannyHl yMOBHM peanizallii 1HBECTULINHO-(IHAHCOBUX MPOECKTIB
MaTUMYTh BUTJISI:
[0, : X, 22; 105 :X% <4
0, :X, 25, 104 :X, <5.
O, : y, <150; OD, :y, <200; OD, : Yy, <400.
Po3B’si3aBmm  moOyJ0BaHYy  YMCIOBY  €KOHOMIKO-MAaT€eMaTUUHY
MOJCNb, MH OTPUMaJIM TaKy ONTHMAJIbHY 1HBECTUIINHO-(PIHAHCOBY
nporpamy:
X =2,0; X,=4,0; X, =0;
X, =0; X, =5,0; X =2,5;
y, =150; vy, =200; y, =400.
Fox =141,345.

OTxe, OoNTUMAaJIbHE 3HAYCHHS 1HBECTUIIMHO-(PIHAHCOBOI MporpamMu
BIJINOB1/1a€ MaKCUMaJIbHIM BapTOCTI KamiTany, piBHii 141,345 tuc. rpH.

9.7. Moaeas onTuMizauii mpoueciB ynpapJjaiHHA
JIKBITHICTIO 0aHKY

3abe3rneuyoun CTaOUIBHICTh TPOIIOBO-KPEIUTHOI CUCTEMM KpaiHW,
JTIKBIAHICT OaHKIB €  KaTaldi3aTOpoOM  CIPUSTIMBOTO  COIIAIBHO-
€KOHOMIYHOTO, 1HBECTUIIITHOTO, MOPaJIbHO-TICUXOJOTIYHOTO KJIIMATy B
CYyCHUIBCTBI. Y MIATPUMAaHHI HEOOX1THOTO PIBHS JIIKBIAHOCTI 3alliKaBJICH]
HE nume OaHKMW, a W KIIEHTU, OCKIJIBKH BIH € BaXXJIMBUM ITOKQ3HUKOM
IITICHOCTI Ta MOBEPHEHHS iX KOMTIB. KpiM 11bOro, B JIKBIIHOCTI OaHKY
3aIlikaBJIeH1 HOT0 aKI[IOHEepU, OCKUIBKH 1i piBeHb CBIIYUTH PO PEIyTaIlii0
O0aHKy, IO Ja€ 3MOTry 3aJy4YuTH g0 OaHKIBCHBKOTO OOCITyrOBYBaHHS
MOTEHINIMHUX KJIIEHTIB, a 1€, BIAMOBIIHO, MpaIfOBaTUME Ha JOXIJHICTH 1
NpUOYTKOBICTh. SIK CBIIYMTH MPAKTUKA, YNPABIIHHS JIKBIIHICTIO OaHKY
Ha/I3BMYalHO CKJIaJHE Ta CYyINEepEewIMBE 3aBJIaHHs, OCKUILKM OAaHK MOBUHEH
3a0e3neyuTu 11 0€3 CyTTEBUX BTpaT y MNPUOYTKOBOCTI: MiATPUMAHHS
HEOOXiHOTO OanaHCcy MK Oa)XXaHHSIM JI0 MaKCUMAaJIbHOI JOX1AHOCTI
OaHKIBCBKMX oOmepamiii 1 3a0e3nedeHHs OO0OB’SI3KOBUX HOPMAaTHBIB
JIKBITHOCTI Yepe3 MiHIMI3aIlit0 0aHKIBCHbKHUX PU3HKIB.
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[Ipu po3poO1ii cTparerii ynpapiiHHS O0aHKIBCHKOIO JIIKBIIHICTIO Ma€e
OyT BpaxoBaHE€ HOro OCHOBHE (YHKI[IOHAJIbHE MPU3HAYCHHS, SIKE
MOJISITA€ y BUPIIMICHH] TaKWX 3aBJaHb: 3aJI0BOJICHHS MOMUTY Ha KPEIUTHI
pecypcH; BUKOHAHHS BHMOT 3a JICTIO3UTHUMH OIepallisiMU; OOMEKEHHS
HEMPUOYTKOBOTO TMPOJAXy AaKTHUBIB; ONTHUMI3AIlSl BapTOCTI 3ally4EHUX
pecypciB Ha (HiHAHCOBOMY PHUHKY; ONTHUMI3AIllsS JOXITHOCTI OaHKIBCHKHUX
orepailiii Ta 3arajabHO1 IPUOYTKOBOCTI OaHKYy.

VYrpaBniHHs OaHKIBCHKOIO JIKBIJHICTIO Ma€ HE JIMIIE MPaKTHYHE
3HAUYCHHS, a4 W TEOpPETUYHE MIATPYHTH, sKe (GOpPMYBaIoCs BIPOJIOBK
0aratbOX PpOKIB MiJ BIUIMBOM PO3BUTKY Ta 3MIHHM T'POLIOBO-KPEAUTHOTO
perymoBanHa. Cepen Teopil ynpaBiiHHS OaHKIBCHKOIO JIIKBIAHICTIO
HaWOUIBII OOIPYHTOBAHUMH € TaKl: TEOPis KOMEPIIWHUX TO3HK, TEOpis
NEPEMIILIEHHS] aKTUBIB, TEOPisl OYIKYBAHOTO JOXOAY, TEOpIis YHpPaBIIHHS
nacruBamu.

Cporoani 6aHKM HE MOXKYTh BIJJJaBaTH MEpEBary JUIlEe KOHKPETHIN
TeOpli, a TOBHUHHI KOMIUJIEKCHO 3aCTOCOBYBAaTH iX BIAMOBIJIHO JI0
MOKa3HUKIB €KOHOMIYHOTO PO3BUTKY KpaiHu, CTaHy (hIHAHCOBOTO PHUHKY
Ta JISUTbHOCTI 0AHKY HAa OCHOBI MaTEMAaTUYHOTO MO/ICTTFOBAHHS.

Konmen 13 pO3MISTHYTUX METOJIB HE Ja€ MOXKJIMBOCTI TOYHO
KUIBKICHO BHU3HAYUTH Ta CHPOTHO3YBAaTU OCHOBHI CTpaTerii ymnpaBJIiHHS
JKBITHOCT1 OaHKY Ta MOTpeOy B JIKBIIHUX KOIITaX.

OkpeciieHy mpoOjeMy TMPOINOHYEMO YacTKOBO BHUPIIMIMTH 34
JOTIOMOT0I0  KIJTbKICHUX METOIB, MOOYAyBaBIIM MPH LBOMY MOJIETh
ONTUMAJIBHOTO 3aJTy4Y€HHS KOIITIB BiAMOBIIHO JI0 JIKBITHUX MOTPEOD.

s moOynoBu ¢GopMalizoBaHOI MOJIENI TAKOTO KJIacy BBEIAEMO

MO3HAYCHHS: ¢ — IHJAEKC IUIaHoBoro mepiony, t=1,7; a, — NpOTrHO3HA
HEpIBHOMIpHA MOTpeda B JIKBIJHUX KOIITAX Yy MEpioAl f; Sy— MOYaTKOBUM
pPO3MIp 3aracy JIKBIJIHMX KOIITIB; S, — 0OCST 3amaciB JIKBIJIHUX KOIITIB
TUTSL TIEPIOJTY ¢; X; — OOCST JOAATKOBOTO 3aIy4EeHHS KOINTIB JJISI TIOKPUTTS
nediuTy JIKBIIHOCTI y WepioAdl f; y; z, — 301IblIeHHS a00 3MEHIICHHS
MOTPeOU KOIITIB y Iepioi £.

B ocHoBy moOynoBM Hamioi Mojei MOKIaAeMo OalaHCOBUM pyX
KOIIITIB JIs1 KOYKHOT'O TIJIaHOBOTO TIEPIoAY:

O6csar 3any4eHHs [Totpeba O06csar
JIKBIMHAX KOIITIB |+ KOIIITIB =| B JIKBIAHUX KOIITax |+| JIKBIJHUX KOIITIB
Ha T[OYaTOK Iepiony ¢ B mepiomi ¢ B mepiodi ¢ Ha KiHeub mepioay?

Ilpyra rpymna oOOMEXEHb MOJCNIOE CHUTyallllo, SKa IOB’si3aHa 3
J0/IaTKOBOIO MOTPEOOI0 B JIKBIJHUX KOIITaX. SKIIO 3alydeHHs KOIITIB B
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nepioai 1 30uIbIIKIOCA MOPIBHAHO 3 mepiofgoM f, To y, >0, z =0. |
HaBIAK{, SAKIIO 3alyd4eHHSA KOWTIB 3MeHmwiocsa, Toy, =0, Z >0.

BuBiibHEHI KOIITH PO3MIPOM Zz; MOXXHAa BHKOPHUCTOBYBATH  JUIs
MOJAJIBIIOTO PO3MILIEHHS a00 HAaJaHHA KpeauTiB. TpeTs rpyna oOMexXeHb
MOJIEJTIO€ BIJIITOBIAHICTD JIIKBIAHOCTI HOPMATUBHUM MOJIOKECHHSIM.

Mera Hamoi 3aayi NoJisira€ y 3HaXO/KEHH1 ONTUMAabHOTO TUIaHY
3QJIy4eHHsI KOIITIB X; JJI KO>KHOTO TOPU30HTY IUIAaHYBaHHSA Ta PO3MIPY
3QJIMIIKY JIIKBIAHUX KOIITIB S, Tak, II0OM CyMapHE KOJIMBAHHS JIMHAMIKU
J0IaTKOBOTO 3aJIy4€HHsS KOIITIB 1 CyMapHUM pO3MIp 3amacy JiKBITHUX
KOWITIB Oyin MiHIMadbHUMH. BpaxoByrouu chopMynbOoBaHy METy Ta
BBEJICHHI MTO3HAYCHHSI, HAIlla MOJIEJIb MAaTUME BUTJIS].

3HaKIEMO TaKUi PO3B’A30K {x, >0, ”, >0,8,20,z, 20, =1T } , SIKUH

3a0e3meunB O JIs ITBOBOT (hYHKITIT
T-1 T
F=Yy,+).8 — min (9.39)
t=1 t=1

IpU BUKOHAHHI TAKUX YMOB:
1) 6anancoBa yMoBa pyXy KOWITIB JIJIsl KOKHOTO MJIAHOBOTO MEPIOY

S, +x =a +S,t=1T,a60 S, +x -85 =a,t=1T; (9.40)

2) yMOBa IOTPUMaHHS MPUHIIMITY PIBHOMIPHOCTI 3aJIy4€HHS KOIITIB,

KA BUPAKAETHCS 3 JIOTIOMOTOIO PI3HUII [IUX KOINTIB 3a KOXHUX JBa

MOCJIIOBHUX MEpioJnd, TOOTO MDK X~ Ta X, 3 I1HIIOI CTOPOHH,

3rajlaHy BEJIMYMHY MOXHA TMPEACTAaBUTH SK PIZHUINIO JBOX

HEBIJIOMUX V; 1 Z;:

X, —Xx =y, —z,t=1T—-1,a00 x,,, —x,—y, +z =0,t=1,T-1; (9.41)
3) yMOBa JOTpUMaHHSI HOPMATHUBIB JIIKBITHOCTI

S2>l-a,t=1T. (9.42)

[ToOymyeMo 4MCIIOBY MaTeMaTHYHY MOJENb 3ajadi, MPUUHSIBIIN 3a

OCHOBY II€BHI1 BXIJIHI TAPAMETPH.
[IporHo3Huii BEKTOP NOTPEOU B JIKBITHUX KOIITAX CTAHOBUTH:

{a,t=1, 11} ={20,35:60,25,75;95,100,80,120;95;130,muc.epu}
S, =15,1=0,2.
TOI[i YucJioBa MOJACJIb MATHUME BUTJIA .
F=y+y,+...+Y,+S5+8, +...+8, >min

1) 6anancoBa yMOBa pyXy KOIITIB JIsl KOKHOTO TIEP1OTY

t+12
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X, =8 =58 +x,-8,=35:8,+x, -5, =60;S, +x, — S, =25,

S, +x,—-8s=758+x, -8, =958, +x,-8,=100,S, + x, — S; =80,
S, +x,— S, =120;S, +x,, — S,y =95,

2) yMOBa AOTPUMAHHS IPUHITUITY PIBHOMIPHOCTI 3aJTy4eHUX KOIITIB
X, =% =y, +z,=0;x;—-x,-y,+z,=0;x, —x; -y, + 2z, =0;

X=X, =V, +z,=0;x,—x;—ys+2z,=0,x;, —x, —y, + 2z, = 0;

Xg =X, =V, +2; =00x =X =Yg + 2y =0, X0 =Xy = yy + 2, = 0;

3) ymMoBa 1OTpUMaHHS HOPMATUBY JIIKBITHOCTI

S, >7:8,212;8,25:85,>15;8,>19;5, >20;S5, > 16,

S, >14;8,>19;8,, > 26.
3HaliIeMO 4YMCIOBUM PO3B’SA30K 3ajadl 3 JOMOMOIOI0 MPOrpamMHOIo
npoaykty LINA, pe3ynbTaT SKOro NpeacTaBUMo 3 A0MOMOroro 1adm. 9.12.

Tabnuia 9.12
OnTuMalibHUM pi1BEHB 3aTyYEHHS KOIITIB BIJIMOBIIHO
710 MOTpeO Yy JIKBITHUX KOIITaX

O6csr Oo6car :
. 301bIIeHHS 3MEeHIIEHHS
. 3aITy4YCHUX JMIKBIOIHHUX . .
ITepion . . KOIITIB, KOIIITIB,
KOIITIB, KOIIITIB,
THUC. T'PH. THC. T'PH.

THUC. T'PH. THUC. I'PH.
1 x1=26 S1=21 =0 Z,=0
2 )C2:26 S2: 12 y2:27 ZZZO
3 )C3:53 S3:5 y3:0 Zgzo
4 X4:53 S4:3 3 y4:8 Z4:0
5 XS=61 S5=19 y5=35 Z5=O
6 x6=96 S6:20 y6:O Z6:O
7 X7:96 S7:1 6 y7:5 Z7:0
8 )ngl()l Sg:37 ygzl Zg:()
9 Xo—= 102 S9: 19 y9:0 Zgzo

10 X10:102 S10:26

3HaueHHa x;=26, Xx,=26,

3aIy4€HHS  JIKBIJHHUX

KOIITIB Y

MepioJiu.

.., X10=102 BKa3ylOThb Ha BEJIUYUHY
BIIITIOBI1IH1

3aBasIKu

noOyI0BaHiii Mojeni OaHK Ma€ MOKJIHMBICTh OTPUMATH ONTUMAaTbHUUN
CIICHapiil A1l Ha 3aJaHWN IUJIAHOBUW TOPU30HT MPU JTOTPUMAHHI MUTTEBOI
JIKBIZHOCTI B cepelHbOMYy Ha piBHI 27,94 %. 3HalijeHl 3HAYCHHS
BEJIMYUHU ); 1 z, JalOTh MIiACTaBYy CTBEP/KYBaTH MpPO JOTPUMAHHS
MPUHIMITY PIBHOMIPHOCTI JOJAaTKOBOTO 3aJTy4Y€HHS KOIIITIB.

JIns1 3a0e3neueHHs] ONTUMAIBHOTO PIBHS JIIKBITHOCTI OAaHKU MOBUHHI
CTBOPIOBAaTH PE3EpBU, 110, B CBOI YEPry, MPHU3BOJUTH 10 3HIKCHHS
JOX1THOCTI 1X JIsUTbHOCTI. BiAMOBIIHO 10 ILOTO Ma€ MICIlE albTEpHATHUBA
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Jili: MaKCUMYM JOXIHOCTI 1 BEJIUKUNA PU3UK JIIKBIAHOCTI, a00 3HUKECHHS
JOX1THOCTI MpH IIABUILEHHI PiBHS JIKBIIHOCTI. Taka mocTaHOBKa 3ajadyi
MPU3BOAUTH J0 OaraTOKpUTEpIaIbHOI ONMTHUMI3AIli 3 JBOMA KPUTEPISIMU,
Kl KOHKYPYIOTh (JIKBIAHICTH 1 JOXIAHICTH), IIO JacTh MOKJIUBICTh
3a0€3MeUnT OUIbIll BHUCOKY CTYIIHb aJICKBATHOCTI MOJEIIOIYOr0
poliecy.

Jlani po3riasiHeMO BHUPILIEHHS MPOOJIEMH JIIKBIHOCTI OaHKY 4Yepe3
BU3HAYEHHS ONTHMAJIbHUX 3HAY€Hb 00CSITY BUCOKOJIIKBITHUX aKTHBIB.

KinpkicHy OIIIHKY PpIBHS JIKBITHOCTI MOXKHA PO3TJSAIATH  SIK
CIIBBIJJHOIIIEHHS! BUCOKOIIKBIJJHUX aKTUBIB JI0 OOCATY 3aJIy4Y€HHUX KOIITIB.
OO6epHeHe CIIBBITHOIICHHS IUX BEJIMYMH Ha3BEMO UMOBIPHICTIO BIAIUIUBY
3aJIy4Y€HHMX KOIIITIB, 110 TIOB’sI3aHE 3 JIIKBIAHICTIO OaHKY, 1 IPEACTaBUMO il
3a I0MOMOT010 (hOPMYJIH:

a aQ
p=——=—1, (9.43)

LIQO L
A€ p — IMOBIPHICTh BIAIUIUBY 3aJIy4€HUX KOIITIB, IIOB A3aHUX 13
TKBITHICTIO OaHKy; () — o00cAr 3alydeHux KomTiB, L — o0csr

BHCOKOJIIKBIJIHMX aKTUBIB; a@ — MapameTp moxaeni, 0<a<0,01.

bank 3MmyleHuid BUPOOUTH BIAMOBIJHY CTPATEril0 Ta BU3HAYUTHU
MEBHY 3aJEXKHICTh MDK OO0CAraMu JIIKBITHUX aKTHUBIB Ta IMOBIPHICTIO
BIIIUIMBY 3adydeHUX KomTiB. [[0 3alleXHICTP MOXKHAa OTpUMAaTH
€KOHOMETPUYHUM METOAOM 13 TIONAJBIINM KOPUTYBAaHHSM BIUTUBY
JT0MaTKOBUX YWHHHKIB. HalO1apll agekBaTHO TaKy 3alieKHICTh MOXKHA
MIPEJICTAaBUTH 32 JOTIOMOTO0 (DYHKITIN:

3 =-0,0013 + ! ,
0,0195 +98,65x

J€ X — YacTKa JIKBIJHUX KOIITIB B 00CA31 3alyd4eHUX KOINTIB, ) —
IMOBIPHICTb BIJIIJIMBY 3a7y4€HUX KOIIITIB.

Po3paxoBaHi 3Ha4eHHs IMOBIPHOCTI BIATUIMBY 3aJy4Y€HHUX KOIITIB
JAl0Th MOXJIUBICTh 3J1MCHUTH aHaJi3 CHOAIBAHUX Jii B OKOJ1 KPUTHYHOI
30HM JIKBIAHOCTI. I3 puc. 9.7.1 6aunmo, M0 NpU 3HAYEHHI IMOBIPHOCTI
menme 0,15 Haxun KpuBOi pI3KO 3MiHIOEThCS. Husbkuii  piBeHBb
JIKBIJHOCTI 3011b1Iy€ WMOBIPHICTh BIAIUIMBY 3ally4€HUX KoIITiB. PazoMm 3
TUM, BHCOKHW PpIBEHb JIKBIJIHOCTI BKa3y€ Ha 3BOPOTHUM 3B’SI30K
OMMUCYBAHOTO MPOIIECY.

[Ipumyctumo, 1o 00CAT BHUCOKOJIKBIHUX aKTUBIB L MEHIIUN BiJ
o0csary 3aidydeHux KOmTiB (J, TOJl MPU BUKOPUCTAHHI BCIX 3aTy4CHUX
KOIITIB Yy 0aHKy BHHUKAE ACPIUUT JIKBIIHOCTI BenuuuH (Q—-L). Y 1upomy

R =0,99997,
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BUMNAAKy OaHKy JOBEJAETbCS JOJATKOBO 3ajydyaTd KOINTH  JUIs
(diHaHCYBaHHSI OTpUMAHOro AedinuTy JikBigHOCTI. Taki aii mpu3BeayTh 10
J0JIaTKOBUX MPOILICHTHUX BUTPAT po3MipoM B. BpaxoByroun BUIaIKOBICTh
OKPECJICHOT0 TMpOLECY, BHUPA3WMO CYMapHi CIOJIIBAHI BUTPaTH TaKUM
YUHOM:

B(L):(Q—L)-P-r:(Q—L)-%r:ar %2— ,  (9.44)

0.9 - iIMOBIPHICTh BiJIINIUBY
? 3aJIy4eHHX KOIITIB

0,8 14 0,01

0,3 0,4 0,5 0,6 0.7
® 5 s 5 A 0,8
, , — >y = * .
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

YacTKa JIKBIAHUX KOLITIB y 00Cs3i 3aJly4eHHUX KOIITIB

Puc. 9.7.1. 3anexxHicTh IMOBIPHOCTI BIJIIJIMBY 3JIyYEHUX KOIITIB Bij
YACTKH JIIKBITHUX aKTHUBIB B 00Cs31 3a]Ty4E€HUX KOIITIB

Ie 7 — PO3MIp BIJCOTKOBOI CTaBKH 3a 3aJIy4YCHHUMHU JIOJaTKOBUMH
BHUCOKOJIIKBIIHUMH KollITamu. [TpoaHanizyeMo MOXIUBICTb BUKOPUCTAHHS
3JIy4€HHX KOIITIB 3 BpPaXyBaHHSM CTBOPEHHS OOOB’S3KOBUX pE3EPBIB
ob0csiroM R. SIkmio OaHK MiATPUMYE PIBEHB JIKBIIHOCTI L Ta 000B’SI3KOBI
pe3epBu R, TO BiH 3JIHCHIOE MPOLEHTHI BUTPATH HA yTPUMAHHA TIE]
4acTUHU (DOHJY 3aTy4YCHUX KOIITIB, sIKy OaHK MHIATPUMYE B JIKBIIHIN
dopmi Ta y hopmi 000B’A3KOBUX PE3EPBIB, a 3ap00JISIE IPOILICHTHY MaPKy
y 3aJIMIIKOBOI YacTUHU (oHIy. Takuil BUJ JOXO1y MOJaMO 3a JI0IIOMOI0I0
HACTYIHOI (hOpMYJIH:

I(L) = (Q—L—R)(rk —rd)—er —Rr, = Q(rk —rd)—(L—R)rk, (9.45)
ne /(L) — noxinHicTh OaHKY MPH 3aJlaHUX MPOIEHTHUX CTaBKax JOXOJIB 1
BUTpAT; 7, — MPOIEHTHA CTaBKa JJig KPEAWUTIB (CTaBKa JOXOAY); ¥y —
MIPOLICHTHA CTaBKa JIJIs JICMIO3UTIB (CTaBKa BUTPAT).
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Oyukuis /(L) BU3HAYaAE TOXIAHICTH 1HBECTYBaHHS (DOHIY 3aTyUYECHHUX
KOIITIB 1 Mae 3micT nipu /(L)=0. 3naiiaemo pizauito Gynxiiid /(L) 1 B(L), y
pe3yJibTaTi d4oro OTpUMAaeMO (QYHKIIO JOXOMIIB, SIKI MaTUMe OaHK,
NIATPUMYIOUHY NEBHUN PIBEHB JIKBIIHOCTI Ta BIAMOBIIHUN 10 HOTO 00CAT
1HBECTHIIIM Y JOX1JIHI BKJIaJeHHs. Toal JoXiAHICTh OAHKY 3 BpaxyBaHHSIM
BUTPAT HA yIPaBJIHHS JIKBIJIHOCTI MAaTUME BUTJISII;

D(L):I(L)—B(L):(Q—L—R)(rk—rd)—er Rr, — (Q L)-—r:

2
=Qr, —Lr,—Rr,—0Qr, —ar(%—l].

3naiigeny Qyskuiro D(L) Ha3BEeMO CKOPUTOBAaHOK JOXITHICTIO.
Busznaunumo ontumanabHui o0csr poxigHocTi D(L). g mporo HeoOX1IHO

PO3B’s13aTH PIBHSIHHS:
D'(L)=0, (9. 47)

TOOTO

17@0:“ﬁf—4=0. 9. 48)

OTxe, onTUMaIbHUI 00CAT BUCOKOIIKBIIHUX aKTHBIB Oyie:

2
LW=JWQ :van, (9. 49)
T T

Toxi onTuManbHUHN PiBEHBb JOX1AHOCTI OAHKY:

R
—Q.\Jarr, + Rr, = Q(rk -1, —Ljarr, )+ Rr,.

Bupas (9.50) Bu3Hauae onTUMalIbHUM PIB€Hb 1HBECTHUIIN y JTOXIJIHI
CTaTTl aKTUBIB 13 3aJy4Y€HHUX KOIITIB. BUKOpUCTaBIIM 3HANACHI 3HAYCHHS

L, Ta [,(L), po3paxyemMo ONTUMAjbHI 3HAYEHHS  OOCATIB

BHCOKOJIIKBIJIHMX aKTUBIB Ta JAOXIJIHICTh JIsl OaHKy (Tabi. 9.13).
Tak, MOKa3HUKH ONTUMAJILHOTO 3HAYEHHSI 0OCATY BHCOKOJIKBITHUX
aKTHUBIB 1 JOX1AHOCTI OAHKY B CIYHI CTAHOBUJIU:

= Q(Vk _rd)_
(9. 50)

I = 86,24/0,01-0,09-0,132

=7,758 MIH. TpH.,
o 0,132 P
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1,, =86,2:(0,132-0,062-+0,01-0,09-0,132 ) +

+3,9-0,132 = 5,609 MJiH.TpH.

Ak O6aumMo, ONTUMAIBLHUM PO3MIP BHCOKOJIKBIIHUX AaKTHUBIB Y
CepeTHHOMY TepeBUIITy€e (haKTUIHE 3HAYCHHS B 2,6 pasw, 1110 JIa€ IMiACTaBU
3pOOUTH BUCHOBOK IMPO HEES(PEKTHUBHE BUKOPUCTAHHS HASBHUX PECYPCIB
Oanky. 3HalJEHI ONTHMMAJIbHI 3HAYEHHS YCTAHOBJICHUX TOKAa3HUKIB
MOXYTh BUKOPHCTOBYBATHCS JJISI MPUUHSTTS IPOTHO3HUX PIIIEHb.

Tabmuist 9.13
Po3paxyHOK oNTUMaIbHUX 3HAYEHb 0OCATIB BUCOKOJIIKBITHUX
aKTHBIB 1 JOX1THOCTI Ju1s1 OaHKy B

= 2 0 0 = : =

B o g = s o g = 2 |o g =

o = 2 ~ = o = O 2 |mARg

Obear samysennx | gco | 915 | 957 | 1002 | 1083 | 111.1]1182]125.9| 123.5 | 106.7

KOIITIiB, MJTH. TPH.

OOcsAT BHCOKOITIK-
BIJTHUX aKTHUBIB, 20,8 | 26,0 | 25,3 | 25,3 259 22,8 | 23,4 | 26,4 | 22,7 243

MJIH. TPH.

Po3mip nporeHTHOT
CTaBKH II0 3ajy4e-

HUX JIOJAaTKOBO 9,0 | 12,0 | 12,0 | 11,8 12,0 12,2 | 109 | 11,6 | 11,7 11,5
BHCOKOJIIKBIIHUX

Komrax, %

IIponieHTHA cTaBka
no kpeaurax (crapka| 13,2 | 13,9 | 15,3 16,4 15,2 15,7 | 13,4 | 15,7 | 17,0 15,1
noxomiB),%

IIponieHTHA cTaBka
IO JETO3UTaX 6,2 9,7 8,6 9,0 8,5 8,1 6,8 7,5 7.5 8,0

(craBka BUTpar), %

OG0B’ sI3K0Bi 39 | 41 | 41 42 43 44 | 4,6 | 49 5,5 44

pe3epBH, MJIH. TPH.

OnrtuMalibHe
SHAUCHHA O0CATY | ;7 750 | g5 18475 | 8.499 | 9,623 |9.793 | 10,66 | 10,82 | 10.245| 9.31

BUCOKOJIIKBITHAX

aKTHBIB, MJTH. TPH.

[Iporuosuuii po3mip
JOX1THOCTI, MJIH. 5,609 | 3,2 5,468 6,399 | 6,159 |7,262|6,686|8,993 10,404 | 6,833

IPH.
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9.8. IluTaHHA 1J51 CAMOKOHTPOJIIO

l.

10.

11.

12.
13.

14.

15.

3anumiiTh  MOJENAh  ONTUMIZAIli  BUPOOHMYOI  MPOTPaMHU
HINPUEMCTBA, MPUUHSABIIA 32 KPUTEPId ONTUMAJIBHOCTI
BEJIMYHMHY OTPUMAHOIO MPUOYTKY.

. OnuIiniTh OCHOBHI HaNpSMH MPHUKIIATHOTO BUKOPUCTAHHS MICIIS

ONTUMI3aIITHOTO aHaTI3Y.

. OxapakrepuszyiTe OCHOBHI METOAM MMOOYIOBH KOMIPOMICHUX

maHiB. ONMUIIITE TXHI aITOPUTMHU.
3anuuiiTh MOJIENb ONTUMIZalil mpouecy «¢IHAHCYBaHHS 3
ypaxyBaHHSIM 4acOBOTO (haKTopy.

.Y dYoMy CyTh 1 3MICT MOJEJIl ONTUMAJIbHOI CTPYKTypH

1HBECTHUIIMHOTO mopTdeiis OaHKy?

. ChopmymroiiTe Ta 3anmuiiiTh OCHOBHI OOMEXKEHHS MOENI

onTHUMI3allli CTPYKTYypH 1HBECTUIIIITHOTO TTOpTdess OaHKy.

. JlaiiTe XapakTepuUCTHKY 3a7adl MOJICJIOBAaHHS  KOHKYPCIB

1HBECTHUIIITHUX TTPOEKTIB.

. Oxapakrtepusyite OCHOBHI  BHAM  OOMEXEHb  3ajaadi

MOJIECTIOBAHHSI KOHKYPCIB 1HBECTUIIMHUX MTPOEKTIB.

. ChopmymroiiTe 3a1auy CHHXPOHHOTO 1HBECTUIIIITHO-(1HAHCOBOTO

IJIaHYBaHHS B CTATUYHIN ITOCTAHOBII Ta MTOOYAYHUTE 1i MOJIETIb.
3anuinite (HOpMyJaM OOYMCIIEHHS BHYTPIIIHIX BIJICOTKOBUX
CTaBOK JIJ1s1 00’ €KTIB IHBECTYBaHHs Ta (JiHAHCYBAHHSI.
ChopmymroiiTe  mpaBujia  HaJaHHS  TMPIOPUTETIB IS
1HBECTUIIMHUX 1 (IHAHCOBUX 00’ EKTIB.

3anuuiiTe 0aNaHCOBY YMOBY JIKBIJJHOCTI KOIITIB OaHKY.
CdopmymroiiTe MeTy 3ajadi ONTUMI3AI] MPOIECY YIPaBIIHHS
JIKBIAHICTIO OQHKY.

OxapakTepu3ylTe OCHOBHI OOMEXKEHHS 3a7adl OmNTUMI3allil
MIPOIIECIB YIIPaBIiHHS JIIKBIIHICTIO OaHKY.

OnuiiiTh alropuT™M PO3PAXyHKY ONTUMAJIbHUX 3HAYEHb OOCSTIB
BHUCOKOJIIKBIJTHUX aKTHBIB 1 IOX1THOCT1 OaHKY.

285



I'nasa I1. MoaesiloBaHHSI €eKOHOMIYHMX IPOLECiB
B YMOBaX PU3MKY | HCBU3HAYEHOCTI

Po3aia 10. AnaJi3 Ta ynpaBJaiHHA PU3MKOM B €KOHOMIIII

Teopiss NPUMHATTS PIIEHb € CYKYIHICTIO MOHSITH Ta MAaTEMAaTHIHUX
METO/IIB, K1 JO3BOJIAIOTh BCEOIYHO BUPINIYBATH M aHAII3yBaTU MpoOJieMu
NPUUHATTS pIIIEHh B YMOBaxX pHU3UKY Ta HeBU3HaueHOCTI. OCHOBY
JIOTIYHOI CTPYKTYpH TMOOYJAOBHM MPUMHATTS PIIIEHb CKJIATal0Th TaKl
aKClOMU: ICHYBaHHS BIJIHOCHUX TI€peBar; TPAH3UTUBHICTh; IMOPIBHSHHS
MPOCTUX JIOTEPEW; 4YHCIOBa OI[IHKAa IIepeBar; 4YHCJIOBa  OIlIHKa
HEBU3HAYEHOCTI MIPKYBaHb; MOXJIMBICTh 3aMiHH; €KBIBaJICHTHICTh
YMOBHOI Ta 0€3yMOBHOI mepeBar. Skiio ocoOa, 1Mo npuiiMae pillieHHs
(OIIP), po3rasmae mi akCloOMH SIK KEPIBHUIITBO JIO JIId, TO BOHA TTOBUHHA
MpuiMaTH PillIeHHs, SIKe TMTOBHICTIO 0a3yeThCs HA 3a3Ha4eH1i Teopii. ToOTO
OIIP noBuHHA ab0 BIAKMHYTH aKCIOMHU TEOpil MPUUHSTTS pilleHb, a0o
IIATHA BIAMOBIIHO 10 11 METOIUKH.

B ocHOBI1 Teopii NpuUAHATTS pillIeHb JIEKUTh MPUITYILICHHS MPO TeE,
1m0 BUOIp aJlbTEpPHATUB IOBMHEH BHU3HAYATHUCh JBOMa (pakTopamu:
3HaueHHsAMU OIIP mpo iMOBIPHICTH PI3HUX MOKJIMBHX HACIiAKIB, KOTpi
MOXXYTh MAaTH MICII€ NP BUOOPI1 SKOTOCh BapiaHTa PIllICHHS; IIepeBaraMu,
[0 HAJAIOTHCA IM PI3HUM MOXIMBUM Haciigkam. OOunBa daxrtopu
(dopMaIbHO BXOJSATH B TEOPIIO0 MPUHHATTA PIIICHb 1 A iX BpaxyBaHHS
HEOOXITHO KUIbKICHO BHPA3UTH BHUCHOBKM IIPO MOKJIMBI HACHIJIKU
(KOpUCTYIOUHCH Cy0’€EKTUBHOIO IMOBIPHICTIO) Ta nepeBaru
(BUKOPHCTOBYIOUU TEOPit0 KOPUCHOCT1).

OnuieMo OCHOBHI €JIEMEHTH, SIKI XapaKTepU3ylOTh YHPABIIHCHKE
pILICHHS:

1) HasiBHICTP MHOXMHH BHOOpy, komu OIIP, wmae nexigbka

BaplaHTIB aIbTEPHATUB MOXKIUBO1 TOBEIHKU;
2) BuOip MOBUHEH OyTH CBIIOMHUM (OOTPYHTOBaHUM), TOOTO MaTu
HAyKOBE MATPYHTS;

3) BuOip TOBUHEH OyTH OpPIEHTOBAHMM Ha OJHY a00 JEKUIbKa

1JIeH, To0TO OyTH OaraToIiILOBUM;

4) BuOip TOBMHEH 3aBEPIIYBAaTHUCh BIAMOBIIHUMHU disIMH, 5IKI O

B1JI0OpaKaJId KUIBKICHO Y SIKICHO KIHIIEBY METY PIILICHHS.

Ha puc. 10.1 mpencraBieHo B3a€EMO3B’SI30K OCHOBHMX (DaKkTOpIB,

K1 BUBHAYAIOTh TECOPIIO MPUNHATTS PIIICHb.
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Teopist npUAHATTSA pillleHb

YMOBH NIPUHAHATTSA .| Ocoba, o npuiimMae | TIpomec BupoOneHHS 1
pillIeHb pilIeHHS MPUIHATTS PIllICeHb
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Puc. 10.1. ®akropu, 5Kl BU3HAYAIOTh TEOP1I0 MPUUHATTS PIIIEHb

Sx OGauuMmo, mpollec MNPUUHATTSA pillIeHb MOXE BiAOyBaTHCs 3a
TaKUX YMOB:

a) BUOIp pIIICHHS B YMOBaX BU3HAYEHOCTI, TOOTO KOJU PE3yJbTaT
KO>KHOT J11 BIZIOMUH;

0) BuOIp pillIeHHS B YMOBaX PU3HUKY, KOJU KOKHA JIisl IPU3BOJIUTD /10
MIEBHOTO pE3YyJIbTATy, MPUUYOMY KOXKHHUU PE3yIbTaT Ma€ BIIOMY
IMOBIpHICTb B1IOYTTs 1 BOoHU Bimomi OIIP;

B) BUOIp B YMOBaxX HEBHU3HAYEHOCTI, KOJIM KOXHA J[11 MAa€ MHOXHUHY
HACJIIAKIB, IMOBIPHOCTI SIKMX HEB1AOMI.

10.1. HeBU3HAYEHICTH | pU3HK

Y mpomeci (yHKIIOHYBaHHS CyO €KTH €KOHOMIYHOI MISUTBHOCTI
3a3HAIOTh BIUIMBY (DAKTOPIB — COIIAJIbHUX, MOJITUYHHUX, 3aKOHOJABUMX,
aMIHICTpATUBHUX, BUPOOHMUYUX, (PIHAHCOBUX TOII0. PO3BUTOK cuTyaIlii
Ha MalOyTHIM Tepioa 1 CHOPOTHO3YBAaTH KIHIEBUM pe3ysibTaT omepariii
Ay’K€ Ba)XKO, AK€ MNPUUHATTSA pIIIEHb B E€KOHOMIII BIIOYBA€ThCA B
yMOBaxX  HEOJHO3HAYHOCTI  PO3BUTKY,  HEMOXJHUBOCTI  TOYHOTO
MIPOTHO3YBAaHHS TEBHUX ITOJ1MA, HETIOBHOI UM HEIOCTOBIpHOI 1H(OpMAITii.
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[To30yTHCsT HEBU3HAYCHOCTI MaMOYTHHOTO B EKOHOMIYHIN JIsJIBHOCTI
HEMOJKJIUBO, TOMY 1110 BOHA € €JIEMEHTOM 00’ €KTUBHOI JIIICHOCTI.

Ilin nesusnauenicmio [33] po3yMitOTh 00’€KTUBHY HEMOXKJIMBICTh
3100yTTsI aOCOJIFOTHOTO 3HAHHS MPO 00’ €KTUBHI 1 Cy0’€KTUBHI (haKTOpHU
(YHKI[IOHYBaHHSI ~CHUCTEMHU, HEOJIHO3HAYHICTh 1i  mapaMmeTpiB. 3
IMOBIPHICHOI TOYKH 30pYy HegusHaueHicms [28] — 11e HEMOXKJIMBICTh OITIHKHU
MaiOyTHBOTO PO3BUTKY TMOAIN, AK 3 MOIJSAy MWMOBIPHOCTI iXHBOI
peamizailii, Tak 1 3 MOMISAY BHUAY IXHBOTO TposiBy. Yum Oinbina
HEBU3HAYCHICTh IIJI Yac MNPUUHATTSA PIMICHHSA, THUM OUIBIIMK CTYIIHb
PU3HKY TIPUHHATHA HECTIPUSTIMBE PIIICHHS.

BuaiisitoTe NpuYuHA BUHUKHEHHS! HEBU3HAYEHOCTI:

® [I0BHA BIJACYTHICTbh 1H(OpMaIil, Cy0’eKTUBHUHN aHaNI3 1HPOpMAIIii

I1]1 Yac IJIaHyBaHHS MOBE/IIHKY Cy0’ €KTa MISTIbHOCTI;
® HEIECTEPMIHOBAHICTh MPOIIECIB, SIKI BIAOYBAIUCh HA MiANPUEMCTBI
Ta B €EKOHOMIYHOMY >KUTTI;

® BIUIMB CYO’€KTUBHUX YHHHUKIB Ha pPE3yJbTaTH MPOBEICHUX

aHaJi31B;

® BIJICYTHICTh IpaBAUBOI iH(GOpMaIlii B cy0’e€kTa AISIBHOCTI HIOA0

CBO€1  (pIHAHCOBO-TOCHOJIAPCHKOI  MISVIBHOCTI, MPUXOBYBaHHS
1H(opmarrii;

® HasSBHICTh MOMUJIOK B 1H(pOpMaIIii.

3a CTyIeHEM HACTaHHS MOJil HEBU3HAYEHICTh KIACU(DIKYIOTh SK
NOBHY HEGU3HAYEHICHb, YACMKO8Y HEBUSHAYEHICMb TA BU3HAYEHICMb.

PilieHHsT npUiMalOTbCsl B YMOBAX GBU3HAYEHOCMI, KOIU CYO’€KT
BHAC/IIJOK PO3POOKH JIESIKOTO TMPOEKTY OTPUMYE €JIUHOMOKIMBUN
pe3yabTar abo TOYHO 3HA€ PE3yJbTaT KOXKHOTO 3 aJbTePHATHBHUX
BapiaHTiB BuOOpy. Hanpuknaz, Bkiaa rotiBku B 10-BiJICOTKOBI AEMO3UTHI
ceptudikatu. PiBHO dyepe3 piK, 3a BHUKIIOYEHHSIM MaJIOMMOBIPHUX
HaJ3BUYAMHUX CHUTyaIlllid, MokHa oTpuMaTtu 10% piyHMX Ha BKIJIQJCHI
3acobu. IIpoTe myxe mMano pilieHb NPUINMaIOTHCS B YMOBaX BU3HAYEHOCTI,
XO4a BOHHU BiIOYBAIOThCA W 1HKOJU €JIEMEHTHU PU3UKOBAHIIIMX PIIICHb
MOXYTh PO3TJANAaTUCS SK BHU3HA4YeHl. Taki cuUTyallli Ha3UBaIOTHCS
oemepminicmuyHumu [34].

Ao pe3ysibTaTd PIlIEHb HE € BU3HAYEHUMH, aji€ MMOBIPHICTH
HAaCTaHHS KOXHOTO pe3yibTaTy BijjoMa, TO Takl PIIICHHS BITHOCATHCS 10
KJIacy pIIIEHb, Kl NPUUMAIOTHCS B YMOBAX YACMKOB0I He8U3HAUEeHOCHI
(pusuxy). VIMOBIpHICTb KOXHOTO pe3y/bTaTy BH3HAYAETHCSA SK CTYIIiHb
MOYJIMBOCTI 3/IIMICHEHHS OKpeCIIeHO1 1mo/1ii, BUMiproeThbes Big 0 10 1 1 cyma
AMOBIpPHOCTEMN BCIX ajJbT€PHATHUB MOBUHHA AOpIBHIOBATH 1. PiBeHb pu3uky
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BUCTYIIA€ BAXJIMBUM (DAaKTOPOM PO3BUTKY CyO’€KTa HISIBHOCTI 1 HOTO
000B’s13K0BO Tpeba BpaxOBYBAaTH.

PilieHHs1 mpuiiMaeTbCcsi B YMOBAaX HOBHOI HegU3HaAueHOCMi, KOJIU
HEMOXJIMBO OIL[IHUTHM WMOBIPHICTh HacTaHHS pe3ynbTaTiB. Ll cutyaris
Ma€ MiClI€ TOJi, KOJW MOTPIOHI JJisi aHami3y (DAaKTOpU HACTIIBKU HOBI 1
CKJIaJIHl, IO TMPO HUX HEMOXJIHMBO 310paTH JOCTaTHHOI KIJBKOCTI
iHpopmanii. Tomy WMOBIPHICTP MEBHUX  HACHIAKIB  HEMOXJIUBO
nepeAdauYnTH 3 TOCTaTHHOIO JTIOCTOBIPHICTIO. HeBHU3HAYEHICTh XapakTepHa
JUISL pIIICHb, $KI JOBOAWTHCS TpUKWMATH 3a OOCTAaBHH, SKI IIBUAKO
3MIHIOIOThCA 200 B YMOBaxX MOBHOI BiJICYTHOCTI 1H(GOpMaIIii.

HeBu3HaueHICTh MOKHA YacTKOBO TMOJAOJATH, SKIIO CHpoOyBaTu
OTpUMAaTH JOAATKOBY iH(OpMaIlito 1 1€ pa3 mpoaHaai3yBaTU MpoOIeMy,
SKIIO JISITA BIJAMOBIAHO /10 MHUHYJIOTO JOCBIIY Ta IHTYIIII 1 3poOUTH
MPUITYIICHHS PO WMOBIPHICTh HACTAHHS TIOIM.

Bnacnigok Toro, mo pu3MK 1 HEBU3HAUYCHICTh ICHYIOTh HE3aJICKHO
Bl TOTO YCBIJIOMJIIOEMO MH iX YW Hi, IpoOLEC PO3pOOKHM ONTUMAILHOI
CTpaTerii po3BUTKY GIpM Ma€ MOPOXOAUTH ITEpaIisMH 1 NPUAHITTS
CTpaTeriyHUX pIllIeHh Ha TMPaKTHUIll Mae BiAOyBaTHUCS 13 BpaxyBaHHSIM
PHU3HKY.

Tepwmin pusuk B nepexnaai 3 itTamicekoi (risiko) — e «Hebe3nekay,
«3arpo3a»; cioBa «ridsikon», «ridsa» B TpeupKiii — 1€ «CTPIMYAKY,
«CKeIs»; Yy Pppaniy3bkiil «risdoe» — «00 1K IKATH CKETION.

B ekoHOMIuHI# JiTepaTypl HE ICHY€ €IMHOTO 3araJIbLHOBU3HAHOTO Ta
3arajJbHOMPUNUHATOrO TIYMAU€HHS TOHSTTS «ECKOHOMIYHMN PHU3UK», IO
MOSICHIOETHCSI 0araToaceKTHICTIO 1€l eKOHOMIYHOI KaTeropii. Buainumo
TaKi X0 0 IHTEPHpETaIlii OKpECICHOT KaTeropii:

e pusux [34] — 11e MOXKJIMBICTh BIAXWJICHHS BiJ METH, 3apaju
TOCSTHEHHS SIKO1 OyJI0 MPUMHSTO YIIPaBIIHCHKE PIIIICHHS;

e pusux [54] — HEBU3HAUEHICTb, IOB’S3aHA 3 SKOI-HEOY.b
rmoai€ro adbo il HaCIIIKOM;

e pusuk [34] — e IMOBIPHICTh 3arpo3u BTpaTH MHiAIPUEMCTBOM
JaCTHMHHU CBOIX PECYpCiB, HEJ0OJI€pKaHHS JIOXOJIB a00 MpOSB
TOMAaTKOBUX BUTpPAT B PE3yJbTaTl 3IMCHEHHS IIEBHOI
BUPOOHUYOI 1 P1HAHCOBOT JISITBHOCTI;

e pusuk [27] — ue Ais, 3A1MCHIOBaHa B YMOBaxX BUOOpPY B Hajil Ha
COPUSTIMBUNM pe3ysibTaT, KOJW Yy BUIAJAKY HEBJAyl ICHYE
HeOe3MneKa ONMMHUTHCS B TIPIIOMY CTaHOBHUIII, HIK JO BUOOPY.

Ha nam moruisia, Biajie 03Ha4€HHS €KOHOMIYHOTO PU3UKY HaBEACHO
y nocionuky [15]. Cnuparouuce Ha 1€, TPOIMOHYEMO TaKe BU3HAUCHHS:
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Exonomiunuti pusux — 1€ €KOHOMIYHA KaTeropisi, mnpuTramMaHHa
JISUIBHOCTI CyO’€KTIB T'OCIIOJIapIOBaHHSI, sSKa IIOB’si3aHa 13 IOJ0JaHHIM
HEBU3HAYEHOCTI, KOH(IIKTHOCTI, aJbTEPHATHBHOCTI B  CHUTYyaIlisiX
OIIHIOBAHHSI, IIPABJIIHHS Ta HEMUHYYOTO BUOODY.

HeBu3HayeHICTh Ta MOPOKEHUN HEIO PU3UK € HEMUHYYUMU Maixke
B YCIX IPUNHATHX €KOHOMIYHUX pileHHsIX. He3Bakarouu Ha Te, 110 pU3UK
MOY€ TPU3BECTH J10 30UTKIB, HEAOOJIEPKAHHS JHOXOJY, BiH € PYLIIMHOIO
CUJIOI0 TOCTIOJIAPIOBAaHHSA B CyYaCHMX YMOBaX. 3 JOCBIy BITYM3HSHUX 1
3apyODKHUX MPOBIIHUX MIAMNPUEMCTB BIJIOMO, IO iX YCHIX IMOB’SI3aHUU 3
INPOHUKHEHHSIM Ha HOBI PUHKH, BIPOBAKEHHSM HOBUX I1HHOBAIIMHHUX
TEXHOJIOT1H, pO3pOOKOI0 HOBUX TOBApIB, a 1€ BCE PU3UKOBI PIIIICHHS.

B exoHOMIYHIM JiTepaTypl BUIAUISIOTH Takl GYHKIIL PU3HKY
(puc. 10.1.1):

1. InHOBaIlI}iHA, BUKOHYIOYHM SKY PHU3UK CTUMYJIOE  TOUIYK
HETPAJUIINHUX PO3B’sSA3aHb MPOOJIEM, IO CTOATh Mepes cy0’ €KTOM
IISUIBHOCTI.

2. PerynstuBHa GyHKIIS Ma€ CyNEepedSIMBHI XapakTep 1 BUCTYIAE Y
nBOX (hopMax: KOHCTPYKTUBHIM 1 AECTPYKTUBHIM.

KonctpykTrBHa (hopma mosirae B TOMY, 110 37aTHICTh pU3UKYBATH —
OJIUH 31 NUISAXIB YCIIIIHOI JisfibHOCTI. [lecTpykTuBHa (hopma mossirae B
TOMY, 1110 PU3UK MOKE BUCTYIATH SIK IecTaOUTI3yt0uuil (hakTop.

OYHKIIIT pUBHKY
[gHoBaIiHa PerynstuBHa 3axucHa AHamiTuuHa
KoHcTpyKTHBHA JlecTpyKTHBHA

Puc. 10.1.1. ®yHK1ii puzuky
3. 3axucHa (GQYHKIS PUBUKY BUSBISETHCS B TOMY, IO SKIIO JJIs

cy0’eKkTa MISTBHOCTI PU3UK — TPUPOJHUNA CTaH, TO HOPMaJIbHUM
MOBUHHO OYTH 1 TEpIEINBE CTABICHHS /10 HEBJIAY.
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4. AnamiTuyHa QyHKIS TOB’si3aHa 3 TUM, 110, aHAJTI3yHO4Yd BCl
MOXJIMBl aJbTEPHATUBHU, CYO’€KT JISUIBHOCTI TIIparHe BUOUpaTH
HaWOUIbIII peHTa0eIbHI 1 HATMEHIII pU3UKOBaHI1 PIIIICHHS.

YMOBaMM BUHUKHEHHS pU3UKOBUX CHUTYAIII €:

1) HEeBU3HAYEHICTh Ta HEMOBHOTA IH(GOPMALIl IS NPUNHSATTS

pIIIICHHS;

2)  3pUIICTh 1 PO3BUHYTICTh €KOHOMIKH;

3)  MOXJIHMBICTh KEPIBHUIITBA Ta PETYJIOBAHHS €KOHOMIKOIO;

4) MarepiajgbHa 3aIllKaBJICHICTh KEPIBHUKIB B pe3yjbTaTax

NPUNHATTS PIILICHD;
5) anpTepHATHUBHICTH Ta BapIaHTHICTh PO3BUTKY EKOHOMIYHUX
TIPOIIECIB.

HaBenemo niekiiabKa MPUKIAAiB PU3UKOBUX CUTYAIIIH.

Cumyayis 1. KymiBisi IpOAYKTIB B CylepMapKeTi 1 Ha CTUXIAHOMY
puHKY. B cymepmapkeTi IIHM Ha TPOAYKTH BHIII, HDK Ha CTUXIHHOMY
PUHKY, 1 € pU3UK NpUAOAaTH MEHIIY KUIbKICTh MPOAYKTIB 32 MEBHY LIIHY.
Ha ctuxiiiHoMy pUHKY I[IHM Ha MPOJYKTU HIKYI, alleé € PUBHK OTPUMATH
M1IpoOICHUH, HeSIKICHUN TOBap 3 TEPMIHOM MPHUIAATHOCTI, 110 3aKIHUUBCS.

Cumyauz;zZ BHpo6HHuTB0 HOBOI'O TOBapy 3a JONOMOIOK) HOBOI
TEeXHIKM 1 TexHoJjorii. HoBOBBe/ieHHS BHMararoTh 3HaAYHUX (PiHAHCOBUX
BUTpAT, & TOBAP MOXE HE CIPUUHITUCS PUHKOM ab0 HE 3HAUTHU MOKYMIIS
B3araii.

Cumyayisn 3. bananc  momuty 1  mpomo3umii. €  pHU3HK
HeJooAep)KaHHA TPUOYTKY a00 3a MEHIIMX OOCATIB BUPOOHUIITBA BIJ
MOMNUTY, a00 32 BEJIUMKUX 3aTpaT B IHIIOMY BUMIAJKY.

Cumyayia 4. TloptdenpHuii maxix 10 Teopli rpomei. MoxHa
30epiratu 0araTCTBO y BUIJISAJII T'pollei Ta oOmiraiii. I'pori — akTuB, 110
HE IIPUHOCHUTH I'POIIOBOI BIACOTKOBOI CTaBKH, a OOJIraiii — iHHI Mamnepu,
[0 MPUHOCATH TPOIIOBY BiJICOTKOBY CTaBKy. [IpoTe puHKOBa BapTICTh
obmiraiiii Hamepen HeBigoma. Tomy akTHBH 30epiraroTh 1 B Tpoliax, i B
oOJtiraiisix, Moo He pU3UKYBATH.

Cumyayisn 5. 1ligrotoBka chemiamicTiB ¥ nonuT Ha Hux. I[lpu
CTBOPEHHI B OJHOMY PEriOHI HaBYAJIbHUX 3aKjajiB, IO TOTYIOTh
CIICLIATICTIB OJTHOTO HANpsIMy, TPOXOJUTh MEPEHACUUYCHHS KaJipiB, BOHU
HE MOXYTh BJIAIITYBaTUCS HA POOOTY.

Cumyayis 6. HeBenuki kpamHuui 1 cynepmapket. [Ipu BiakpuTTi
CylepMapKeTIB HEBEJIMKI KpaMHHUIIl TOCTYIOBO BTpavyaroTh CBOIiX KJIIEHTIB,
TOMY ICHY€ PHU3UK BTpaTH POOOTH MEPCOHATIOM KpaMHUIll BHACIIIOK ii
3aKPUTTA.
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Cumyayis 7. banaHc CUpOBHMHHOI 0a3u 1 OTY>KHOCTEU 3 mepepoOKu
cupoBuHU. CUpOBUHHA 0a3a Ma€ BIAMOBIIATH MOTYKHOCTAM MEPEPOOHUX
HIAMPUEMCTB, 1HAKIIE € PU3UK 3a3HATH TOIIKOMKCHHS, ICYBaHHS
CUPOBHUHU.

Cumyayin 8. CTBOpEHHS pe3epBy MPOAYKII 3a BHIIaJKOBOTO
nonuty Ha Hei. Skmo o00CsAT MHOMUTYy 3HWXKYETHhCS, TO BIIOYBa€ThCS
HarpOMaJI>KeHHs MPOAYKIIli, BHACIIJIOK IOTO MPOXOIUTH 1i «MOPAJIbHUI
3HOC, BUXOJUTh TEPMIH MPUIATHOCTI.

10.2. Knacudikaniss pu3uky

baratoBeKTOpHICTP E€KOHOMIYHHMX TIPOIIECIB TOPOKYE MPoOIeMHU
MPOBEACHHS MpoUeaypH Kiacuikalii pu3uKy, sika MoJsrae, HacaMIepe/,
B IX PI3HOMAHITHOCTI. Y TepUIOMY HAOJMKEHHI MOKHA BHJIUIMTH TaKl
BHUJIM PU3UKIB:
® PU3UKH, [TOB’SI3aH1 3 TOCMIOJAPCHKOIO JISUIBHICTIO;
® PU3UKH, MOB’s3aHI 3 OCOOMCTUMH SIKOCTSMH OCOOH, IO MpUMMaE
pillICHHS;
® DPU3WKH, TIOB’SI3aHI 3 HEJOCTATHICTIO 1H(opMali Mpo CcTaH
30BHIIIHBOTO CEPEOBUIIIA.
B ocHOBYy kiacudikaliii pu3uKy MOXHa MOKJIACTH TaKl O3HAKU:
® 3a Macumabamu ma po3mMipamu:

- TI0OaLHUM;
- JIOKaJIbHUH;
® 3a acnekmamu.
- ICUXOJIOTIYHUM; - FOPUIUYHUM;
- COIlaJIbHUM; - HOJIITUYHUH;
- EKOHOMIYHHIA; - MEJTMKO-010JIOT1YHHUH;
- KOMOIHOBaHHUM; - COIIAJIbHO-EKOHOMIYHUM;

® 14000 Mipu 00 €KmusHocmi ma cyo €KMUBHOCMI PilUEHb:
- 3 00’€KTUBHOIO HMOBIPHICTIO;
- 3 Ccy0’€KTUBHOIO WMOBIPHICTIO;
- 3 00’€KTUBHO-CY0’€KTUBHOIO MMOBIPHICTIO;
® 3a mpueanicmio Oii-
- KOPOTKOYACHI (TPaHCIIOPTHUM, HEIJIATIK 32 YrOJI010);
- TOCTIWHI (pU3UK CTUXIMHUX JINX Y IEBHOMY paiioH1);
® 3a MUnamu pusuKy:
- pauioHaJbHUM (OOTPYHTOBAHUN);
- HepalioHaJIbHUM (HEOOTPYHTOBAHUM );
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- aBaHTIOpHUI (a3apTHUN);
® 1000 4acy NPUUHAMMA PUSUKOBAHUX DIUUEHD:
- BUIIEPEIKAIOYUN;
- CBO€YACHU;
- 3aI3HUINK;
® 14000 YUCeIbHOCMI 0CIiD, WO NPUUMAIOMb DIULEHHSL:
- 1HJAWBIIyaJbHUI;
- TPYNOBUH;
® 1000 cumyayii:
- B YMOBax HEBHU3HAYEHOCTI (CTOXaCTUYHHUM PU3HUK);
- B YMOBaX KOH(IIIKTY (KOHKYPYIOUUN PU3HK);
- B YMOBaX pO3ILJIUBYACTOCTI;
®  3a MOJCIUBICMIO CINPAXYBAHMHSL:
- SKI CTPaXyIThCH;
- 5Kl HE CTPaxylOThCs;
® 33 pi6HeM empam.
-  MIHIMAJILHUI;
- CepeIHiii;
-  ONTHUMAJbHUM;
- MaKCHUMaJIbHUU abo JOITYCTUMUM, KPUTUYHUM,
KaTacTpOoIUHUI.

3aieXHO BiJ PIBHA BTpaT BUAUISIIOTH YOTUPU OCHOBHI 00JIaCTI
PU3UKY MISUIBHOCTI MIANPUEMCTBA B YMOBaX PHUHKOBOI €KOHOMIKH (pHC.
10.2.1).

Ilin 6e3puzuxosor 30HO0 PO3YMIIOTH 30HY, SKIA BIJMNOBIIAIOTH
HYJIbOB1 200 B1J’€MHI BTpaTH (TIEpEeBUIIIEHHS MPUOYTKY).

Ilin 30H0M0 Oonycmumozo PU3UKY PO3YMIIOTH 30HY, B MEXax SIKOi
CIIOJ[IBaH1 BTPATH MEHIII BiJ] CIOAIBAHOTO MpUOyTKYy. BepxHs Mexa i€l
30HU BIJIMOBiJAa€ PIBHIO MOXJIMBHUX BTpAT, IO JOPIBHIOE PO3PAXOBAHOMY
NpUOYTKY.

30Ha KpuUmuuHo2o0 pu3UKy XapaKTEPHU3YETbCA HEOE3MEUYHICTIO
BUIAIKOBUX BTpaT, PO3MIPU SKUX MEPEBUIIYIOTh BEIWYUHY CIOJIIBAHOTO
npuOYTKY 1 BETUUYMHY 3ac001B, 110 BKJIAJIeHI B cripaBy. ToOTO B 11iif 30H1 HE
OTPUMYIOTh HE TUIbKM HISIKOTO TPUOYTKY, ajie 1 € BTpaTd B Cyml, WIO
JOPIBHIOE BCIM 3aTpaTaM.

30Ha kamacmpogiuno2o pu3uKy XapaKTEPU3YEThCS HEOE3IMEUHICTIO
BUMAJKOBUX BTpaT, PO3MIPU SKUX PIBHI MaWHOBOMY CTaHy CyO’€kTa
roCcHoJapioBaHHs, TOOTO KaTaCcTpOodIYHUM PHU3UK TPU3BOIUTH 10
OaHKPYTCTBA, 3aKPUTTS MIANPUEMCTB, pO3NPOAAXKY MailHa.
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Jlo kareropii katacTpo(iYHOTO PU3UKY TaKOX BapTO BIJHOCUTHU
HE3JICKHO BiJ MaTeplajlbHUX YM TPOIIOBUX BTPAT PU3MUK, MOB’SI3aHUM 3
IPSIMOK0 HEOE3MEKOI0 IS JKUTTS JIIOJEH YM BUHUKHEHHSM €KOJIOTTYHHX
KaTacTpod.

< Burpamm Brpatu >
Pospaxynkoeuii Pospaxyuxosuii Matinosuii
npubymox eumope cmam
> »<€ > < >
bespuszu- 3ona 3ona 3ona
K0o6a donycmu- Kpumuu- Kamacmpo-
30Ha MO20 HO20 @iunoco
PUBUKY PUBUKY PUBUKY
>
0 Xon Xip Xxm

BennurHa MOXIHBUX 30UTKIB

Puc. 10.2.1. Cxema 30H pU3HKY 1 XapaKTEPHUX TOUOK

Koxxnuit  Bux  pu3uky Tpeba  JeTajabHO  MpoaHaji3yBaTH,
3MOJICTIIOBATH, PO3KJIACTH Ha €JIEMEHTH, IO J03BOJHUTH IEBHOI MIPOIO
3MEHIIIMTH HEBU3HAYEHICTh CUTYaIlIi.

Pusuk, sK mnpaBwio, IUIATh HAa JBa TUNW — JUHAMIYHUM Ta
CTAaTUYHUM.
Junamiuvnuu  pusuk — 1€, 30Kpema, PU3UK HemepeadauvyBaHuX

(HemeTepMiHOBAHMUX) 3MIH BapTOCTI OCHOBHOTO KamiTaldy BHACHiJI0K
NPUUHATTS  YOPaBIIHCBKUX pillleHb a0o HemepeadauyyBaHUX 3MiH
PHUHKOBHUX YH IOJITUYHUX OOCTaBHH.

Taki 3MiHM MOXYTb MPU3BECTH K J0 30MTKIB, TaK 1 JO JOJATKOBHUX
JIOXO/IIB.

CmamuyHnuti pu3ux — 11€ PU3MK BTpAT pPeajJbHUX aKTHBIB BHACIIIOK
30UTKIB BJIACHOCTI, a TaKOXX BTpaT JOXOAYy 4Yepe3 HeI1€31aTHICTh
opradizaimii (CTUXiHI JuXa, TMOXEXI, 3J0YMHHI [Oii, HOPUAHATTS
HeOJIaroHa 1 ifHOTO 3aKOHOJIaBCTBA, HE1€3aTHICTD KIFOUYOBHUX
criemiamicTiB 1 T.4.). Lleit pu3uk Moke MpU3BECTH JUIIE 10 30UTKIB.

BpaxoByroun xapakTepHi O0COOJIMBOCTI AISJIBHOCTI 00’€KTIB MOYKHA
BUJIUIUTHU TaKl PUBHKHU:

® gupoOHuyuy (MOB’SI3aHUM 3 BHUPOOHUYOIO  JISJIBHICTIO, B

pe3yiabTaTi Kol HEee(EeKTUBHO BHUKOPUCTOBYETHCS CHPOBHHA,
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BUKOPHUCTOBYIOTHCS HOBI METOJIM BUPOOHMIITBA, POCTE COOIBAPTICTH
OpoaykKili, abo 3 MOXIMBICTIO HEBUKOHAHHS  CyO’€KTOM
€KOHOMIYHO1 MiSTTbHOCTI CBOIX 3000B’Si3aHb IIOJI0 KOHTPAKTY YH
JOTOBOPY 3 1HIITUM Cy0’€KTOM €KOHOMIYHOI AiSJILHOCTI);

e inancosuti  (pU3WK, IO BUHUKAE 3a  (PIHAHCOBOTO
NIAMPUEMHHULITBA YU (DIHAHCOBUX OmNepalii ToAi, KOJU B poil TOBApY
BHUCTYIIalOTh a00 TPOIIOBI KOIITH, ad0 BajoTa, ad0 I[IHHI IMalepu;
MOB’sI3aHUN 3 MOJKJIMBICTIO HEBHUKOHAHHS CY0’€KTOM EKOHOMIYHOI
TSJIBHOCTI  CBOiX (DiHAHCOBUX 3000B’si3aHb IMEpell 1HBECTOPOM
BHACJI1JJOK BUKOPUCTAHHS JJ1s1 (PIHAHCYBAHHS iSTBHOCTI KPEJUTY );

o jngecmuyitinut (TIOB’SA3aHUM 3 MOXJIMBICTIO 3HEIIHIOBAHHSI
1HBECTHUIIIITHO-(IHAHCOBOTO MOPT(dENs, AKUM CKIATAEThCA 5K 3
BJIACHUX I[IHHMX MAaMNepiB, TaK 1 3 MO3UYEHUX);

® punkosuti (MOB’SI3aHUNW 3 MOXJIUMBUM KOJUBAHHSIM PUHKOBUX
BIJICOTKOBHX CTaBOK SK HAaIlIOHAJIBHOI TPOIIOBOI OJWHMII, TakK 1
KYpCIB 1HO3EMHHX BaJIOT);

e nopmahenvruy (MOJISITa€ y MWNMOBIPHOCTI BTpPAaTH 3a OKPEMHUMHU
TUMAMU I[IHHUX TafepiB, a TaKoX 3a BCIMa KaTEropisiMH KPEIHUTIB).
[TopTdenbHl  pU3MKU  NOAUIAIOTHCS HAa  (IHAHCOBI, PUBUKHU
JIKBIJTHOCTI, CUCTEMAaTH4YH1 Ta HECUCTEMAaTHYHI.

Ha npaxTuiii BUAUISIoTh KJaacu(piKalliio pu3uKy HIHHUX TanepiB:

1) pu3uK najiHHS 3aralbHOPUHKOBUX I[1H;

2) pu3UK 1HQIIAIIT;

3) rajry3eBuid pU3UK;

4) pinaHCOBHI pU3HK;

5) pU3HK JIIKBIAHOCTI;

6) cUCTeMaTUYHUM Ta HECUCTEMaTUYHMH.

@Dinancoeuil pu3uk OB’ SI3aHUN 3 TPOIIOBO-(PIHAHCOBOIO Cheporo i
NPU3BOJNUTH JO 3arpo3d TPOIIOBUX BTpaT MIANPUEMIIEM, OaHKOM,
nianpueMcTBoM. BomHouac, (iHAHCOBUN PU3MK AUTUTHCS HA BaIHOMHULL
kpeoumnutl, ineecmuyitinuti (puc.10.2.2).

Banomnuii puzux — 1e pusuk (HiHAHCOBUX BTpPAT BHACIIOK 3MIHU
Kypcy BamoT. Koiaum Kypc BaldiOT 3aHWKEHHUM, TOJMI MiABUILYETHCS
€(EeKTUBHICTh €KCIIOPTY 1 BiIOYBAETHCS MPUILIIUB 1HO3EMHOTO Kamitany. Y
BUIMAJKY TIJBUILIEHONO KypCy BajlOT BHUTIJHUM CTa€ IMIOPT, a
e(EeKTUBHICTh €KCIOPTY 3HWKYEThCA. BaloTHUN pU3UK Mae Tpu
PI3HOBUIHOCTI: PU3HK OIEpalliil, pU3UK MepeKkazy, eKOHOMIYHUMN PU3HUK.
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DiHaHCOBUU PU3UK

BAJIOTHUH KpPeAUuTHUI iHBecTHIIVHUI

chepu dbopmu JoKepena
POSIBY IHBECTyBaHHS BUHUKHCHHS

—

(V)

CUCTEMATUYHHUUN

€KOJIOTiYHU I

€KOHOMIYHI

NOJITUIHU M

Pusux onepayiu
Pusux nepekasy
couiaJabHUM

Exonomiunuii pusux

peajbHOro
iIHBeCTYBaHHS
iHBeCTYBaHHS

(¢inancosoro
HeCHUCTeMATHYHHI J

Puc. 10.2.2. Knacudikaiis (piHaHCOBUX PUZHKIB

Puzux onepayiii — 11e AMOBIPHICTh BAJIFOTHUX BTPAT 3a ONEpaIisiMH B
1HO3eMHIM BamioTi. Pu3uK omepariii BUHMKAE dYepe3 HEBU3HAYCHICTH
BApTOCTI B HAI[IOHAJbHIN BalOTI omepamii B MailoytHroMy. s
EKCIopTepa pPHU3MK ONepallii BUHUKAE 3a TMaJIHHSI Kypcy BajlOTH 3
MOMEHTY MIJMUCAHHS JOTOBOPY 10 OTpUMaHHs miarexy. g imnoprepa
pU3HMK oOmepaliii BUHUKAE 3a 3pPOCTaHHSA KypCy BaJIIOTHU 3 MOMEHTY
M1ITBEPKEHHS 3aMOBJICHHS /10 AaTH miatexy. CTpaxyBaHHAM BiJ I[bOTO
BUIY PHU3UKY MOXYThb OyTH GopBapJHI KOHTPAKTH 1 iX IHCTPYMEHTH,
BAJIIOTHI ()’ 10Y€pPCH, OMIIIOHU, CBOIIH, CIIOTH.

[puknaan 10.1. Kommnanis npojana 3a KOpJOH METAJIONPOAYKIIIIO Ha
cymy 323 TtHmc. nonapiB. Ha MOMEHT miATBEp/KEHHS 3aMOBJICHHS
oOMIHHMI Kypc nonap/@yHT crepiiHriB O0yB 1,9 nomapiB 3a 1 QyHT
crepainriB. Ha MoMeHT omiatw, mo BigOyBCsS 4depe3 ABa MICHI, KypC
ctaHoBuB 2,02 nonapiB 3a 1 ¢yHT crepainriB. O0unciut B (yHTax
CTEpJIHTIB OTpUMaH1 3aco0u 1 puOyTOK (200 BTpaTH).

®P038’a3y8anHA.

Kypc nonapa mono ¢gyHTa CTEpJiHTIB 3HU3UBCS, TOMY (PiHAHCOBHIA
CTaH KOMIIaHli OOTs>KEHHMM pu3uMkoM omnepaiii. Kommanis mnpopgana
npoaykuii Ha cymy 323000:1,9 =170000 ¢ynTiB crepmainris. OTpumana
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323000:2,02=159901 ¢yuTiB crepainrie. OTxe, BOHA HEAOOTpUMAasa

170000-159901=10099 ¢yHTIB CTEpIIIHTIB. ¢

[Ipuknag 10.2. Komnanis 3akynuna B ¢gipmu «Brother» (SAmonis)
mBeriHe ob6nagHanHs Ha 20 MuH. i€eH. Ha MOMeHT nocTaBKkM OOMiIHHUH
Kypc ctaHoBUB 120 i€H 3a 1 amMmepuKaHChKUI 107ap, @ HA MOMEHT OIUIATH —
116 ien. OO0uMcIUTH B A0JIapax BapTICTh YroAu, CIIAY€Hi 3aCO0U 1 CymMy
neperiaTu.

¢ P0o36 ’s13y8aHHS

VY 3B’s3Ky 31 3pOCTaHHSAM KypCy 1€HM (PIHAHCOBUM CTaH KOMIIaHIi
oOTsDKEHUM omepaliiHuM pu3ukoM. KommaHis TjiaHyBasia 3arulaTUTH
20000000:120=166666,7%, a 3MyIICHA OyJa CIJIATUTH
20000000:116=172413,8%. OTxe, koMmmaHnis neperuiatmia 5747,15.4

Pusux nepexazy nonsrae B UMOBIPHOCTI Pi3HOI BapTOCTI aKTHBIB M
NACUBIB B OyXTrajJTepCbKOMY OOJNIKY. SKIIO KypC 1HO3EMHOI BaJlOTH, B
AKIM BUPAXKEHI aKTUBU (PIpMHU, 3HUKYETHCS, TO BapTICThb TAKUX AKTUBIB
3MEHIITY€ThCS.

Exonomiunuti pusux monsirae B TOMY, IO 3MIHIOETbCS BapTICTh
TOBapy 31 3MIHOIO KypCy BaJltOT.

[Mpuknag 10.3. KommaHis ekcrmopTye TOBapd B Pi3HI KpaiHu.
Co01BapTicTh OAMHUII TOBAPY 8,5 PYHTIB CTEPJIIHTIB, a IPOJIa€ BOHA HOTO
10. Kypc oOMiHYy (pyHTa CTEpIIHTIB 3 YacOM 3pOCTa€ MO MO0 I1HIITUX
BaIIOT. B HalOamKkunii 9yac o4iKyrTh Woro 3MirHeHHs. [IpoanamizyBaTu
CUTYalli}0 Ha HASIBHICTh €KOHOMIYHOT'O PU3UKY.

¢ P038’°a3y8aHHA.

Y 3B’Sa3Ky 31 3pOCTaHHAM Kypcy (yHTa CTEpJiHTIB KOMIaHIA
OO0Ts>KEHAa €KOHOMIYHUM PHU3UKOM. SKIIO (DYHT CTEpPIIIHTIB 3MILHHUTHCA,
TO1, MOKJIMBO, 3MCHIIIUTHLCSA TOMUT 1 MPUOYTKU. Y BHUMAIKY, KOJIHU KypC
¢byHTa cTepaiHriB moao €Bpo 3pocte Bim 1,28 mo 1,45 3a 1 ¢yHT
CTEPJIIHT1B, TO TPOMAJSHUH, HanpukiIad, Opaniii Oyae miarutu He 12,8, a
14,5 eBpo. SKIIO MONUT 3HU3UTHCI, TO 1€ MPHU3BEIAEC N0 3MEHIIECHHS
ekcropty. ToMy KOMIaHis MOBUHHA 3MEHIIIUTH I[IHY BUPOOY, HAMPUKIIA/,
10 9,5 PyHTIB CTEPIIIHTIB, HE3BAXKAIOUM HA 3MEHIIECHHS TPUOYTKY OJWHUIN
TOBapy. ¢

Kpeoumnuu pusux — 1ie AMOBIpHICTh HEBUKOHAHHS (PIPMOIO CBOIX
¢iHaHCOBUX 3000B’si3aHb MEpe] 1HBECTOPOM YU Kpeautopom. llpu
PO3paxyHKy HapoIlEHOi CyMU MOTPIOHO MOCTINHO BpaxoByBaTH 1HQIISIIIO,
Tak sK 1HQIIIS B YKpaiHi cTajga HEBI €MHUM €JIEMEHTOM €KOHOMIYHOI
nisuibHOCTI. Haporiena cyMa BU3HadaeThest HOPMYJIOHO:
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1+iY
S:SO(H}J ’

ne S — HapolleHa CcyMa Ha KIHElb TEPMIHY CIUIaTH KPEIUTy 3
ypaxyBaHHsAM 1HOIALIT; Sy — moyaTtkoBa cyma Oopry; i — BIJACOTKOBa
CTaBKa; & — TeMIl 1HQIALIL; # — TEPMiH O3UKHU B POKaX.

Ineecmuyiinut pusuk — 1€ PU3UK BTPATH BKJIAJCHOTO KamiTaly M
CIIOIBAaHOTO J10X0AY. IHBecTHIlIiHA JISJIBHICTD B yCiX 11 opmax Ta BHIAX
OOTsKEHAa PU3MKOM, CTYIIHb SKOTO 30UIBIIYETHCS 3 TEPEXOJOM J0
PUHKOBOI €KOHOMIKH. 3pOCTaHHSI CTYINEHS PU3MKY B Cy4acHHUX YMOBax
[OB’Ss13aHE 3 HEBU3HAUEHICTIO Ta MIBUAKUMH [IUHAMIYHAMH 3MIHAMH B
€KOHOMIYHIM CHTYyallil KpaiHM 3arajoM 1 Ha I1HBECTULIIHHOMY PpPHUHKY
30KpeMa; pO3LIHUPIOIOTHCS MPOMO3UIII JJ1s1 IHBECTYBAaHHS MTPUBATU30BAHUX
00’€KTIB; 3 ABJSIOTHCS HOBI €MITEHTH 1 (PIHAHCOBI 1HCTPYMEHTH TOIIIO.
Buay iHBECTUIIIHHMX PU3HKIB JOCUTh PI3HOMAHITHI Ta YHCIICHHI:

® pPUBUKU U000 chepu npPosia)y:

- EKOHOMIYHHUW —  CHPUYMHEHUW  MOXJIMBHUMHU  3MIHAMU
CKOHOMIYHMX YNHHHKIB;
- MOJMITUYHUN — CIOPUYMHEHUH MOMXJIMBUMHU OOMEXKEHHSIMU

1HBECTHUILIIMHOT JISJIBHOCTI, $KI BHUKJWKaHI 3MIHAMHU JEP>KaBOIO
MOJIITUYHOTO KYpCY;

- ColLllalbHUN — CHOPUYMHEHUN MOXXJIMBUMHU HE3alIAHOBAaHUMU
CoLllaIbHUMU MPOTPaMaMHu;

- CKOJIOTIYHUM — CHPUYMHEHUNW MOXKJIUBUMH €KOJIOTIYHUMU
KaTacTpodamMu Ta JUXaAMU;

- 1HIIl BUJIM PUBHKIB (PEKET, KpaAl kKU MaitHa);
® PUBUKU WOOO Popmu iH8ECYBAHHS:

- pU3UK pealbHOro IHBECTyBaHHA. Llell pu3MK CHpUYMHEHUN
HEBJAJMM MiCLIEeM pO3TalllyBaHHS 00’€KkTa, 110 OyJayeThes;
HEBUACHUM TIOCTa4aHHSAM OyamaTtepiaiiB, oOJagHaHHS; BUOOpOM
HEKOMIIETEHTHOTO MIAPSJHUKA; PIi3KUM 3pPOCTaHHSAM IiH Ha
1HBECTHIIIHI TOBapH;

- pu3uK (piHAaHCOBOrO 1HBEeCTyBaHHsA. llel pusuK crpuyMHEHUN
(p1HAaHCOBUMHU TPYAHOILIAMH YHM HABITh OAHKPYTCTBOM €MITEHTIB;
HE3aIJIAHOBAaHMMM  3MIHAMU  I0JI0 YMOB  1HBECTYBAaHHS;
HETIPaBUJIBHUM  MiAOOPOM  (PIHAHCOBUX  IHCTPYMEHTIB  JUIS
1HBECTYBaHHS;
® PUUKU U000 0XHcepell BUHUKHEHHSL:

- cucrematuuyHuii  (puHkoBui). Ile pu3UK COpPUYMHEHUI
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(akTOpaMu, Ha £AKI IHBECTOp HE MOKE€ BIUIMHYTH IpU BHOOPI
00’€KTIB 1HBECTYBaHHs (3MIHA CTaJiii €KOHOMIYHOTO LMKy KpaiHU
YU KOH IOHKTYPHHMX IMKJIIB PO3BUTKY 1HBECTHUIIIMHOTO PUHKY; 3MIHU
B [10JIaATKOBOMY 3aKOHO/IaBCTB1);

- HecucteMatuyHui. lle pu3uK BIacTUBUN NEBHOMY 00’ €KTY
1HBECTYBaHHS BHACIOK HEKBaJ1(piKOBAHOTO KEPIBHUIITBA 00’ €KTOM
1HBECTYBaHHS; MOCUJICHHSI KOHKYPEHLIIi; HEpallilOHAIbHOI CTPYKTYpHU
iHBecTOBaHMX 3ac00iB. 1Ooro MOXHa YHHKHYTH HpU e)EKTUBHOMY
yIIpaBJIiHHI IHBECTUIIIHHUM TTPOCKTOM.

Bankiecvkuil puzuk — 1€ 3arpo3a BTpaTH OaHKOM YaCTUHHM CBOiX
pecypciB, HeIOOJIep KaHHs JOXOJIIB UM OJIEP>KaHHs JOJATKOBUX BUTPAT Y
pe3yabTati 3A1iCHEeHHs (PiIHAaHCOBHUX omepallid. ¥ 0aHKiBChbKiN cepi pusuk
MPUCYTHIN y BCiX BHAAaX Omepalliii, TIIbKH BIH MOXE BUHUKATH B PI3HUX
Macmrabax. TomMy [isUIBHICTE OaHKy Ma€ COpSIMOBYBAaTHCh Ha HeE
3amo0iraHHs pU3HMKY, a Ha IXHE TMependadeHHs 1 3HIDKEHHS 10
MIHIMaJIbHOTO PiBHSI.

OCHOBH1 BUJIM PU3HKIB, SIKI MOXKYTh BIJIMBAaTH Ha AiSUIbHICTH OaHKIB
IpeIcTaBIeHo Ha puc. 10.2.3:

bankiBchkni
PU3HK
>~
= g
0= S Bl = o
) = < = B = = = o)
= = = S >§ = 5 = = = E g =
= < = = g o = & = = 3 0 =
S eIl G| S|l E||E||e|l2||&||2||5||=]||Z
.2 E
SIS B[ 2| [ 2|5 | E||E||=||&||2]|2]||E
=+ E IS¢ >y =
: Qi
=
Puc. 10.2.3. Knacudixkariist 6aHKIBCbKHX PU3HKIB
1) xpenutHuii — TNOB’S3aHUA 3  MOXJIMBICTIO  HEBUILIATU
MO3UYaJTLHUKOM OCHOBHOI CyMH OOPTY 1 BIICOTKIB 3T1JIHO 3 JIOTOBOPOM;
2) BIOCOTKOBMM — TOB’SI3aHUM 3 MOXJIMBICTIO BTpaT MpHU

Hernepea0aueHux Jjis1 0aHKy BiJCOTKOBMX CTABOK 1 3HAYHOT'O 3MEHIICHHS
Mapxi;
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3) BaMOTHUN — TOB’A3aHUM 3 HECHPUATIMBUM BIUIMBOM Ha OaHK
JTMHAMIKU KYPCIB BaJIIOT;

4) neno3UTHUM — TOB’SI3aHUMA 3 JIOCTPOKOBUMHU BUMOTaMH
MMOBEPHEHHS BKJIAJIIB 3 OAHKIB,;
5) mi3uHroBuil. Jl3WMHr — 1€ 37a4a B OPEHIY PI3HUX BU/IIB

TeXHIYHUX 3ac00iB, OYJIMHKIB 1 CHOPYJ 3a MOCEPEAHUIITBOM JII3UHTOBOI
KOMITaH1i; TPOMaJaSHCHKO-TIPABOBHM JIOTOBIp, 3a SKHUM OpCHJIaBEIlh
3000B’s13y€ThCsl TIPUAOATH y BIACHICTh BKa3aHE OpPEHAApeM MaWHO Yy
BU3HAYEHOTO HMM MPOJIABIlS 1 HAJATH OPEHJapio 1€ MaiHO 3a IUIaTy B
TUMYacOBE KOPUCTYBAHHA IJIs MIANPUEMHUIBKUX I1i1el. L{el pusuk Moxe
CIIPUYHHUTHUCS HEMPaBUWIBHOIO OILIIHKOIO MJIaTOCTIPOMOXKHOCTI
JI3UHT00JIep)KyBada, HEIKICHUM OO0JIaJHAHHSM, 10 BBIMIIIO B JII3UHTOBY
Yoy, HEIOTPUMAHHSIM CTPOKIB IMOCTaBKU O0JIaIHAHHS Ta 1H.;

6) PUHKOBUU — pU3UK HA PUHKY I[IHHUX MamepiB 3a OnepamisaMu 3
IIHHUMHU nanepamMu. BiH MOXKe CHPUYUMHUTHCS KOJHMBAHHAMH PUHKOBOI
B1JICOTKOBOI CTaBKM HAIIOHAJIBHOI I'POIIOBOi OAWHUII 4K 1HO3eMHOi. 1100
3amo0IrTH 1IbOMY PHU3HMKY HEOOXITHO CHCTEMAaTHYHO MPOBOJUTU aHAIII3
JOX1THOCTI I[IHHUX TAaIepiB Ta MEPeBIpsATH CTPYKTYpy nopTdens. binpiry
4acTKy MopTdesis MiHHUX TaIepiB AOLUUIBHO 30epiraTu B JOBIOCTPOKOBUX
oOJiraisax, 3piBHOBAXKCHUX IIHHUMHU KOPOTKOCTPOKOBUMH TMamepamu, 3a
BIJICYTHOCTI I[IHHUX MaIepiB 13 CEPeAHIMU CTPOKAMH,

7) (dakTOpUHTOBHI — MOB’SI3aHUN 3 JOTOBOpPaMM 3a SIKUMM OJIHA
ctopoHa (¢iHaHCOBUI areHT) mepedae ab0 3000B’SI3yeThCA TepeaaTh
1HIIM (KJII€EHTY) TPOIIOBI KOIITH 3aMICTh TPOIIOBOI BUMOTHU KIII€EHTA
(kpenutopa) A0 TpeTboi ocoOu (OOpPKHUKY), 110 BHUIUIMBAE 3
MpeACTaBICHHS KJIIEHTOM TOBapy, BUKOHAHHS poOIT ab0 HaJgaHHS MOCIYT
TpeTi 0co0i, a KIIEHT MOCTYHAEThCS a00 3000B’SI3Y€THCS MOCTYIMHUTHUCS
(1HAHCOBOMY areHTy Ha IO IPOIIIOBY BUMOTY;

8) PpHU3MK aHIACPANUTUHTY — PHU3UK 3aJTUIIUTUCA OaHKy 3 MaKeTOM
aKI[i, sIKl BUCTABJSJIMCh HAa PUHKY, ajie He Oy MpojaHi, 0 NPU3BOAUTH
70 ToTpedu OaHKyY B pecypcax (rapaHTyBaHHS BUITYCKY I[IHHUX ManepiB);

9) kpaiHHUWA — pHU3UK OaHKIB, II0 MPSIMO YU OIMOCEPEIKOBAHO
3aliMalOThCsl AISUIBHICTIO, TOB’SI3aHOI0 13 OOCITYTOBYBaHHSIM 30BHIIIHBOI
TOPIriBJIi i 1HO3EMHUX 1HBECTUIIHM. L{ei pu3uK MOB’s13aHUM 3 MOJITHYHUMU
Ta EKOHOMIYHMMU 3MIiHAMHU B KpaiHi, K1 MOXKYTb BIUIMHYTH Ha 37aTHICTb
KpaiHW, KOMMAaHIM Ta 1HIIMX TMO3UYAJbHUKIB  BIAMOBIIATH 34
3000B’sI3aHHSIMM  30BHIIIHLOTO Oopry. Ha OCHOBI JaHUX HalllOHAIBHOT
CTaTUCTUKH PO3PAXOBYIOTHCS TOKa3HUKH, 1110 OIL[IHIOIOTh KpaiHHUN PU3HUK:
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Ha3zBa nokasHuka dopmyna HopmanbpHe 3HaYeHHs
[Toka3zHuk
obcnyrosypanns | K= or3.100% | Ommmmamsie <10%
JYTOBY : O, [Tpuitastae <25%
30BHIIIHBOTO OOpry
[Toka3zHuk B
K. =21 .100% He noBuHHO
00CITyTOBYBaHHS 2 0 o
. Oy nepesumuty 15-20%
BIJICOTKOBUX BUILJIAT
ne CBK, — cykynHlI BUTpaTH KpaiHM 3a OOCIYrOBYBAaHHS CBOIO

30BHIIIHBOTO 0Opry; B, — BIICOTKOBI IaTexi; O — 00CAT EKCIOPTY;

10) exoHOMIYHMH — TMOB’S3aHUM 13 3araJlbHUMUA 3MIHAMHU B
ekoHoMmill. Ile pusuk HeiHPopmoBaHOCTI OaHKy, (ipMu, MIATPUEMCTBA,
MIIMPUEMITS OO0 BHYTPIMIHIX 1 30BHINIHIX CHUTYAIlii, SKI BIUIMBAIOTh Ha
HUX. EKOHOMIYHMI PHU3HMK TMOPOJKYE 3HMKEHHS KOHKYPEHTO3JIaTHOCTI,
JIOBFOCTPOKOBY PEHTA0ENbHICTh, 3MIHY BapTOCTI AaKTHUBIB 1 IIacCUBIB
HIATPUEMCTB 4Yepe3 MailOyTHI 3MiHM KypciB BamioT. lLleil pusuk €
MIPOTHO30BAHUM;

11) nemorpadiunuii — OB’ A3aHUM 3 PI3ZHUIICIO ITHTEPECIB OKPEMHUX
rpyn HaceneHHs. [loTpiOHO #oro BpaxoByBaTH TIPU CTPaATETTYHOMY
MJIaHyBaHH1 OAaHKIB, KOMITaHIM;

12) pusuk penyrtamli — el PUBMK TAKOXK CYTTEBO BIUIUBAE Ha
aoxoau OaHKy, TOMY IO dYepe3 MiJipBaHy pernyTalil0 BiH BTPaTUTh
MIOTCHIIIMHUX KJIIEHTIB.

13) pwusuk mikBigHOCTI. JIIKBIAHICTE — 1€ MOXJIMBICTH IIBUIKOTO
NEPETBOPEHHSI  aKTUBIB  MIANPUEMCTB,  TOPTrOBO-TIOCEPEIHUIIBKUX
opraHizaliii Ha KOIUTH JJIsI CBOEYACHOTO MOTAlIE€HHS CBOiX OOpProBUX
3000B’s13aHb. PU3UK JIKBIHOCTI MOJISITa€ B HEOE3MEIl 3aTPUMKHU TaKOTO
neperBopeHHs. [lin JaikBiAHICTIO OaHKY PO3yMIIOTh 34aTHICTh CBOE€YACHO
3a0e3neuyBaTd BHUKOHAHHSA CBOiX OOOB’s3KiB. fkmio OaHkoMm Oyiu
BKJIQJICHI TEBHI 3acOOM B aKTHUBH, IS SKHUX CIIOCTEPIra€TbCs Crajl
JIKBITHOCT1, TO BUMYIIEHHM MPOJaX OJHOTO 3 aKTHUBIB MOXKE MPUHECTU
O0anky 30uTkd. TomMy HEOOXiJHO MOCTINMHO 3A1MCHIOBAaTH aHai3 BILUIUBY
OKPECIICHOT0 BHUJY PU3UKY Ha ormepailii 0aHKy. 3 METOI KOHTPOJIO 3a
CTAHOM JIIKBIJIHOCTI BCTAQHOBJICHI HOPMAaTHMBH TOTOYHOI, MHUTTEBOI U
JOBIOCTPOKOBOI JIIKBIAHOCTI. LI HOpMATUBU BCTaHOBIIOIOTHCS B MEBHUX
pO3Mipax 1 00UUCIIIOIOTHCS 3a (popMyIamMu:

K
HH=H—A”-IOO%, HM=HAJ-100%, H jy =—2—-100%,
3B 3B K+31

7 M +
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ne JIA,; — nikBinHI akTUBH; 3B, — 3000B’s3aHHS 10 BAMOTH Ha TEPMIH 110
30 nHiB; JIA,, — cyMa BUCOKOJIKBIJIHUX aKTUBIB OaHKy; 3B,, — cyma
3000B’s13aHb 0AaHKYy 3a KBHUTAHIISMH 0 BUMOTH; K a3 — KPCIUTH, BUIaHI

O0aHKOM 3 TEpPMIHOM IMOTalIE€HHs MOHA OJUH piK; K — kamitan 0auky; 3/{
— 3000B’s13aHHs 0aHKY 3 TEPMIiHOM IIOTaIlICHHS ITOHA]T OJIUH PiK.

Hionpuemnuuyvkuit pusuk. OKpeMO MOXHA BHUJIUIMTA BUJIH
M1AMPUEMHHULIBKOTO PU3HKY, SIKUM, BOJIHOYAC, TTOIUIAETHCS Ha:
® PUBUK NOMUTIKOBOI cmpamezii — TIOB’SI3aHUN 3 1CHYBaHHSIM
CUJIbHMX KOHKYPEHTIB, IO 3aiiMalOThCs TaKOK K JISUIBHICTIO.
KoHkypeHIlisi CTBOpIOE  MeXaHI3M  €KOHOMIYHOI'O  3MaraHHs,
3aCTaBJIsI€ MIANPUEMIIIB TIEpErIsigaTh CBOrO cTparerito. [lomunkora
CTpaTeris MOKe NPU3BECTU 10 OAHKPYTCTBA;
® pusux 6ubopy mosapie i cnoxcueauie (CErMEHTa PUHKY) —
OB’ SI3aHUM 3 MApKETHHIOBOIO JIsNIbHICTIO, BUMAara€e BijJi BAPOOHHUKIB
TOBapIB 1 MOCITYT CBOEYACHOI PEaKIii Ha 3MIHU CUTYallli Ha PUHKY;
® PU3BUK HENpPaBUIbHOI OYIHKU KOH TOHKMYpPpU PUHKY — TIOB’I3aHUU 3
HEBPAaXOBAaHUM  CITIIBBIJHOIICHHSM  MOMUTY ¥ MPOMO3MIII,
MOTEHINIHOI MICTKOCTI PHUHKY, CTyIEHs KOHKYpPEHIli, I1HOBO1
MIOJITHKH TOIIO;
® pusux iH@AYii 3YMOBIIOE 3pPOCTAaHHS IIIH HAa CHPOBHHY,
HamiBpadbpukaTy, KOMIUICKTYIOUl BUPOOH, 3MIHM TEMITIB 3POCTAHHS
3apo0iTHOT TaTHI. Lle Buj pU3MKY TPU3BOIUTH 10 3MEHIICHHS
3aKyIIBEIBHUX MOXJIMBOCTEH uYepe3 IMIABUIIEHHS PIBHA IIH 1
HEJIOCTaTHI! PiBEHb 3apIlIaTH;
® PDUBUK MPAHCNOPMYBAHHA CUPOBUHU [ 20MOBOI NPOOYKYIL —
NOB’sI3aHUM 3 ICHYIOYOK HEOE3MEKOK TICYBaHHSA, YaCTKOBOIO
MONIKO/PKEHHSI YW BTPaTOI0 CHUPOBUHU U TOTOBOI MPOIYKIIIi
BHACIJOK TMEpEeBe3€Hb BaHTaXIB TPAHCIIOPTOM: aBTOMOOLIBHHM,
MOPCBKHM, PIYKOBUM, 3aJII3HUYHUM, MTOBITPSHUM 1 T.J.;
® pU3UK HeCmabilbHOCMI NOOAMKO8020 3AKOHO0ABCMEA, KPEOUMHO-
2poutoBoi nonimuku, mumnux npasun Touo. Ll HecTabUIBLHOCTI,
3MIHM, BHIIPABJICHHS 1 JIOTMIOBHEHHS, $SKI TIOCTIMHO BHOCSTHCH,
M030aBJISAIOTh  MIANPUEMINIB BIEBHEHOCTI B HAIIMHOCTI  CBOET
ISUIBHOCTI.

302



10.3. 3arajbHi NPUHUMIINA AHAJI3Y PU3HKY

JlieBUM 1HCTpYMEHTOM Yy TIpUMHATTI pIillIeHb Ha Makpo- Ta
MIKPOCKOHOMIYHOMY pIBHSIX, B Oi3Hecl (B Taidy3l MapKETHHTY,
MEHEI)KMEHTY) € aHali3, OI[IHKAa Ta BpaXyBaHHS €KOHOMIYHOI'O PU3HKY. 3a
JOTIOMOIOI0 I[LOTO MEXaHI3My aHali3 TPOEKTIB CTae TIUOInM, a
1HBECTHI[IMHI (IHHOBAI[1liH1) PilIEHHS — €()EKTUBHIILIUMH.

AHaJi3 pU3UKy MOXHA MPOBECTH, 3arajioM, B TaKii MOCIIJOBHOCTI [28]:

1. BusiBjieHHs BHYTPIIIHIX 1 30BHIMIHIX ()aKTOPIB, 10 301IBIITYIOTH

a00 3MEHITYIOTh KOHKPETHUN BHUJI PU3UKY.

2. AHauni3 BusiBieHUX (haKTopiB.

3. O1miHka KOHKPETHOTO BHUIY PHU3HMKY 3 (PIHAHCOBOi CTOPOHHU 3

BUKOPUCTAHHSIM JIBOX IT1IXO/I1B:
a) BU3HAYCHHS JIKBITHOCTI (PIHAHCOBOTO CTaHY) MPOCKTY;
0) BU3HAUCHHS €(QEKTUBHOCTI BKJIaJeHb (PIHAHCOBUX 3ac00iB
(€eKOHOMIYHO1 JAOIIBHOCTI).

4. BCTaHOBJICHHS JOIYCTUMOTO PIBHS PU3HKY.

5. AHai3 okpeMux oreparliii 3a BUOpaHUM PIBHEM PU3HKY.

6. Po3poOka 3axo/iB 31 3HUKEHHS pU3UKY.

AHaJi3 pU3UKy MOKHA ITPOBECTH SIKICHO 1 KUJIBKICHO.

[Ipu sikichomy awnanizi BU3HA4YAIOTHCS (PAKTOpU PU3UKY, 00JIACTi
pU3HKY, €Tanu Ta poOOTH, MPU BUKOHAHHI SKUX BUHUKAE PU3UK, 1 MICIS
bOr0 1IEHTU(IKYIOTHCS BCl MOKJIMBI pu3uKu. ToMy 1€l aHalli3 BUMarae
I'PYHTOBHUX 3HaHb, IOCBIy Ta 1HTYIII1 B ONUCYBaHIN cdepi.

[Ipu «kinvkichomy aHani3i BU3HAYAETHCA KUIbKICHE (YHMCIIOBE)
3HAQYEHHS PO3MIPIB OKPEMHX PHU3HUKIB W PHUBUKY KOHKPETHOTO BUIY
TISIBHOCTI 3arajioM.

10.3.1. SAkicHuii aHAJII3 PU3HKY

HeoOx11HICTh SKICHOTO aHaJi3y pU3UKY MOB’s3aHa 3 TUM, II10:

no-nepuie, PU3NK Mae OyTH OOIpyHTOBaHMM 1 HE HalyBaTu
XapakTepy aBaHTIOpU. ToMy HEoOXiTHO TMOpIBHIOBaTH  CIOJIBaH1
MO3UTHUBHI PE3YJbTATH 3 MOKIUBUMU E€KOHOMIYHHMH, COI[IaIbHUMHU SIK
CHOTOJHIIIHIMM, TaK 1 MalOyTHIMM Hacihiakamu. SKio X aHami3 Ta
OOTpyHTYBaHHS il MPU3BOJATH A0 KpalluX HACIIJKIB, TOJI PU3UKYBaTH
JOIJIBHO.

[Ipuyomy posrisaatu npodieMH PU3HKY HEOOXITHO K 32 pO3pOOKH
CTpaTerii, Tak 1 B MPOIIEC peaizailii KOKHOTO eTaIy 3aj1ay;
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no-opyze, pU3vK € TOJAl, KOJIU ICHY€ 3alliKaBJICHICTh B pe3yJibTaTax
€KOHOMIYHUX pilieHb. ToMy HEOOXIJIHO BUSIBIIATH BIUIMB PIllIEHb, IO
NpUUAMAIOThCSd B YMOBax HEBU3HAYEHOCTI, Ha IHTEPECH CYO €KTIB
€KOHOMIYHOTO JKUTTS. be3 BpaxyBaHHs 1HTepeciB, 0€3 KepyBaHHS HUMU
HEMOJKJIUBl pealibHl SIKICHI TIEPETBOPEHHS B COI[1aJbHO-€KOHOMIYHOMY
KHUTTI.

OTxxe, pU3MKOBUM CHUTYyaIlisIM BJIACTUBI Taki pucu [7]: HasBHICTbH
aNbTEPHATUB Ta HEOOXI1IHICTH BUOOPY (BIIMOBA BiJl BUOOPY) OJHIET 3 HUX;
HasBHICTh HEBU3HAUYCHOCTI; 3allIKABJICHICTh y pe3yJIbTaTax; MOKJIUBICTh
OLIIHUTH HAsABHI a1bTEPHATUBU — IPUIUHATU PIILICHHS.

daxkmopu, MO BIUIMBAIOTh HAa CTYIIHb PU3UKY, MOAUISIOTH Ha JIBI
rpynu: 00’ €KTHBHI (30BHIIIHI) 1 Y0’ €KTUBHI (BHYTPIIIIHI).

06 exmusni paxmopu — 1€ PaxTopu, sIK1 HE 3aJIeKaTh Bl CyO’ €KTIB
NPUUHATTS pillieHb (MiANpUeMCTB, ¢ipM, MeHemkepiB). Jlo Hux
BITHOCSITBCSI: CYNEPEWINBICTh 3aKOHOJIABCTBA, PO3MYTHUU yIPaBIIHCHKUI
anapat, 1HQIAUIL, AeMorpadiyHa CUTyalis, KOHKYPEHIsl, KOPYIILis,
MOJITAYHI Ta €KOHOMIYHI KPH3W, aHapXis, €KOJIOTisI, MHTa, IMOJaTKOBa
CHUCTEMa, HASBHICTh PEKUMY HAHOIIBIIOTO COPHUSHHS, MOXJIMBA poOOTa B
30H1 BUTBHOTO €KOHOMIYHOTO MiAPUEMHHUIITBA 1 T. 1.

O06’exTHBHI (hakTOpU MOIUISAIOTH HA JB1 TPyNH: (PAKTOpH MPsIMOTO 1
ornocepeakoBaHoro BBy (puc. 10.3.1).

Cy6 ’exmueni pakmopu — 1e (HaKTopH, K1 3ajekaTh BiJ Cy0’ €KTIB
NPUUAHATTA pimeHb. Jl0 HHX BIZHOCATHCI: TEXHIYHE OCHAICHHS,
KkBajiikalisa MeHepKepa, opraHizallis mpaiil, CTyMmiHb 3B A3KiB 3 1HIIUMHU
¢dipMamu, BUOIp TUIY KOHTPAKTIB 13 3aMOBHUKOM a00 1HBECTOPOM, SIKICTh
MPOJYKIIi, MICIIe pO3TallyBaHHs MIANPUEMCTBA 1 T. A. Bix ocTaHHLOTO
dakTopa BAICKUTh CTYMiHb PHU3UKY 1 BEJIWYWHA HArOpPOAM IIICIIS
3aKIHYEHHS POOIT.

Hageneni Buiie o0uiBi rpynu (akTopiB TICHO MOB’sI3aHI MIXK CO0O0IO0
1 MalOTh CIUIbHI edeMeHTH. ToMy iX HEeOOX1THO PO3MIAaTH SK JIOTIYHO
B3a€MOINOB’ I3aHi.

31 cka3aHOTro BHUIIE MOYKHA 3POOMTH BUCHOBKH MPO 00’€KT 1 CyO’ €KT
PHU3HKY.

06 ’exmom pu3uxy € NisUIbHICTh (IpM PI3HUX BUAIB, BUPOOHUYMX
MIIMPUEMCTB, OaHKIB, 1HBECTHUIIMHUX (OHMIB, TOOTO MISIBHICTH
BUPOOHUKIB 1 MIIMPUEMIIIB.
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DaKTOpPH PU3UKY

00’ exkTHBHI (30BHilIHI) Cy0’exkTHBHI (BHYTPillIHi)

IIpsAMOT0 OIIOCCPCAKOBA-
BIINIMBY HOT'O BIVIMBY

TEeXHOJIOrl —

HEKOMIIETEHTHICTh KaJAPiB —
BUTIK iHopMamii —
SIKICTh MPOAYKUII i mocayr —

HTII
pPiBeHb MAPKETHHTY —

cTparerisi po3BUTKY —
BHPOOHUYI MOTYKHOCTI —

inpasmia —
NPUHIMNN JiAIbHOCTI pipmu —
Micue po3TauryBaHHs

KOHKYPeHILisl —
€KOJIOrisl, CTHXiliHi JJuxa —

3MiHHM 3AKOHOAABCTBA |

aii opraniB Biaagu —

MOAATKOBA CUCTEMA ——
KOpYIlisi i peket

MOJITUYHA 00CTAHOBKA

Mi’KHAPOJAHA 00CTAHOBKA ——

€KOHOMIYHA 00CTAHOBKA —

Ail eKOHOMIYHMX KOHTPAreHTiB —

Puc. 10.3.1. ®akropu puzuky

Cy6’exkmom pusuxy € ocoba, Mo TpuiiMae pimeHHs (MEHEIKED,
KepiBHUK). Bijg TOro, HAacKUIbKA KBaJIi()IKOBAHUM 1 OOIPYHTOBAHUM €
YIPaBIIHCHKE PIIIEHHS, 3aJ€KUTh CTYIIHb PU3UKY CYyO’€KTa MISUIBHOCTI.
Yemix y MEHEIKMEHTI MOXIMBUM IS THUX, XTO Ha BHCOKOMY
npodeciiHOMY PiBHI BUPINIY€ 3aBAaHHS, 1[0 MMOCTAIOTh NEpPEed HUM, XTO
Ma€ HEOpPJMHAPHE MUCJIEHHSI, XTO Ma€ 3MOTY TBOPYO 3aCTOCYBAaTH 3HAHHS
B peasbHIi €KOHOMIYHIH 1 (D1HAHCOBIN CUTYyaIIsIX.

Hanpuknan, npoBeaeMo SIKICHUM aHai3 OAHIET CUTyallll pU3UKy 3a
CXEMOIO: CYTHICTh PU3MKY, IPUYUHU PU3UKY, PAKTOPU PU3UKY, CIIOCOOU
3HUKEHHA pU3HKY [28].

o Pusux, sAKull nNO8’A3aHUN 3 HEYKIAOAHHAM 002080pié Hda
peanizayito 8upobnenoi npodykyii. B pe3yiapTaTi 1IBOTO MNPOXOIUTH
3aTOBAPEHHSI TOTOBOIO MPOJYKIIIE€IO, 10 IPU3BOAUTH JO IOTIPIICHHS
(b1HaHCOBOTO CTaHYy.

o [Ipuyunu pusuxy — 3MIHAa CTPYKTYpH CIIO)KMBYOIO MOMNHUTY Ha
NEBHUI BHUJ MNPOIYKIIii; 3alOBHEHHS PUHKY MPOAYKIIE€I0 KOHKYPEHTIB;
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MOpPAJIBHUN 3HOC MPOAYKILIi; MEepeopieHTalis] BIAOMUX BHPOOHUKIB
MPOAYKIIii; BIICYTHICTh MAPKETUHTOBOTO aHAII3Y PUHKY.

o Qaxkmopu pu3uxy — TEXHIYHUW TIPOrpec; HEMpPO30PICTh
MIJIMUCAaHHS JOTOBOPIB; 3MIHA YMOB IMIIOPTY, IO TOJIETIIYE BBE3CHHS
IMITOPTHOI ~ MPOAYKIi;  aKTHUBI3AIllI  MapKETHHTOBOI  JISUTBHOCTI
KOHKYPEHTIB; 301IbIIICHHS] KOHKYPEHTIB.

o Cnocobu 3uudcenHs puzuxy — AuBepcu(ikailisi BUPOOHHUIITBA 1
30yTy; CTBOPEHHS Ha MIANPUEMCTBI CUCTEMHU 0a3 AaHUX PO MOKIMBUX
CHOXKHMBAYiB MPOAYKUIi (iIXHIO AiSIBHICTb, HAMIPH, TEHACHIiI PO3BUTKY
TOIII0); aKTUBHE BUKOPUCTAHHS BCiX ()OPM MapKETHUHTY; OOMIH aKIisIMHU 3
TpaAUIIMHUMHU  CIIOKMBA4YaMH;  OCBOEHHS  THYYKHMX  TEXHOJOTIN
BUPOOHUIITBA.

10.3.2. KinbKiCHMH aHAJTI3 PU3HKY

Jlnst Toro mo0 KUTBKICHO BU3HAYUTU PU3UK, HEOOXIJIHO 3HATH BCl
MOMJIMBI HACHIIKU SKOi-HEOyAb OKpeMoi fii 1 WMOBIPHICTh CaMHX
HACJIIKIB.

IcHYIOTH Taki OCHOBHI METOH KIJIbKICHOTO aHaI13y PU3HKY:

® CTAaTUCTUYHHUU METOL;

e METOJI aHAJIOT1H;

® METOJ EKCIIEPTHUX OI[IHOK;

e MeTOJ ITOOYIOBH JACpPEBa PIIICHb;
® KOMOIHOBaHMI METOI.

Cmamucmuynuy Memod — HAUTIOIIUPEHIINN METOJ] B OI[IHIOBaHHI
€KOHOMIYHOTO PH3HKY. BiH 3aCTOCOBYETHCS 3a HASBHOCTI CTAaTUCTHIHUX
JAHUX IIOJ0 AOCHIIKYBaHOTO 00’ ekTa. KiIbKICHI OLIIHKY OTPUMYIOTHCS 32
JOTIOMOTO0  METOJIIB MAaTeMaTU4YHOI CTaTUCTUKU. [HCTpyMeHTamu
CTaTUCTUYHOTO METOJy €: HWMOBIPHICTh, BIJHOCHAa YacTOTa, CEPEIHE
3HAQ4YEHHS, JUCTIEPCis, CEpeHE KBAJAPATHUYHE BIJXWUJICHHS, CEeMiBapiailis,
Koe(illleHT Bapiaiii, koedimieHT ceMiBapiaiii. CyTb CTaTUCTUYHOTO
METOJIy TOJIATa€ B TOMY, III0 BUBYAETHCS CTAaTHUCTHMKA MPHUOYTKIB 1 BTpaT,
Kl ICHYIOTb Ha OKpecieHOMYy a00 aHaJOriyHoMy BHUPOOHMIITBI,
BCTAaHOBJIIOETHCA BEJIMYMHA Ta YACTOTA OTPUMAHHS JIEIKOTO0 €KOHOMIYHOTO
pe3yJbTaTy 1 CKJIaIa€ThCsl HAMIMOBIPHIIITUI MMPOrHO3 Ha MalOyTHE.

Ane nai, IKMX NOTpeOye CTATUCTUYHUI METO/I, HE 3aBXK/IH ICHYIOTb
1 ix Heyerko 3i0paru. [HKOMM 301p 1 0OpOOKa TaHMX BUMAraloThb 3HAYHUX
3aTpaT KOIITIB. B Takux BHUMagkax MOXXHA CKOPHUCTATUCS I1HIIUMHU
METOJIaMH.
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Memoo ananocili BUKOPUCTOBYE JaHI NP0 HACHIJAKKA BIUIMBY
HECTIPUATIUBUX (DAKTOPIB PUBMKY HA 1HII aHaAJIOriyHi abo OJu3bKi
MPOCKTH.

Hamnpukman, B KpaiHax 3axigHoi €BponM CTpaxoBl KOMMaHIi
peryiasipHoO MmyOJIKYIOTh 1H(OpMAIlII0 100 TEHACHIIIN y HalBaXKIUBIIINX
30HaX pU3UKY (MPUPOTHUX KaTacTpod) 1 3HAUHUX 30UTKIB.

3a BUKOPUCTAHHS aHAJOTIB 3aCTOCOBYIOThCS 0a3u JAHUX MPO PUBHUK
aQHAJIOTIYHUX TMPOEKTIB, JOCIIAHHUIIBKAX POOIT MNPOEKTHO-TOCTITHUX
YCTaHOB, MOTJIMOJEHUX ONMUTYBaHb MEHEXKEPIB MPOECKTIB.

BukopucTtoBytoun  MaTeMaTUYHUN  amapar, OTpUMaHl  JaHi
O0OpOOJIAIOTh /JIs1 BUABJICHHS 3aJI€KHOCTEH 1 MPUUMH 3 METOIO BpaxXyBaHHS
MOTEHIIIHOTO PU3MKY 3a peajizallii HOBUX ITPOEKTIB.

PO3pi3HAIOT, Taki €Tanmu JKUTTEBOTO LUKy MPOeKTy [28]
(puc.10.3.2): eran po3poOKu, eTan BUBEACHHS Ha PUHOK, €Tall pOCTY, €Tall
3pUJIOCTI, €Tam Cramy.

BUBYMBIIY )KUTTEBI LIUKIIU MPOEKTY, MOKHA BUOpATH BIJOMOCTI PO
peanizailito Oyab-sSKOi YaCTUHU MPOEKTY W 31CTABUTH MPUUMHU NTEPEBUTPAT
3ac00IB.

[IpoTe BUKOPHUCTOBYBATH METO aHAJIOT1H MOTPIOHO 00EPEKHO, a/IKe
Il OUIBIIIOCTI BHWNAIKIB HETAaTMBHHX HACHIAKIB XapaKTepHI IIEeBHI
0co0sMBOCTI. TOMY JTy»e Ba)KKO CTBOPUTHU MEPEAYMOBH i1 MaiiOyTHHOTO
aHaji3y, TOOTO MiArOTYBAaTH BUYEPIHUM 1 PEaTICTUUHHUI HAOIP MOKIIUBUX
CIIEHapiiB 3pUBIB MPOEKTIB.

Memoo excnepmuux oyiHOK BUKOPUCTOBYIOTh, K TMPaBWIO, 3a
BIJICYTHOCTI CTaTUCTUYHUX JaHUX, SKI HEOOXiAHI ISl PO3PaxyHKy
BIIMOBIJHUX KIUIBKICHUX ITOKa3HUKIB a00 3a BIJACYTHOCTI aHAJIOTIYHHUX
npoekTiB. [[ns BuOOpY TMPOEKTy MPOBOAUTHECS 00poOKa JTYyMOK
KBaJ1(PIKOBAaHUX JOCBIUCHUX CIEIIANICTIB — €KCNEepTiB (1HBECTHUIIINHUX,
CTpaxoBHX, (DIHAHCOBUX MEHEIKEpIB ab0 aHANITUKIB O0’€KTa PUBHUKY).
CUJIBHOIO CTOPOHOIO I[LOT'O METOAY € T€, IO €KCIEPTH MOXKYTh HAIIHHO
PO3B’sA3yBaTH CKJaJHI IpoOieMH, 0a3yl0UHMCh Ha HEIOBHUX, HETOYHHUX 1
HaBITh CYyNEPEUSIMBUX JTAHUX.

BuaiisitoTe TpU TUIIKA €KCIEPTHOTO OL[IHIOBAHHSA:

® BiJKpUTE OOrOBOPEHHsS TOCTaBJIEHUX IMHUTAHb 3 HACTYITHUM

BIIKPUTHUM 200 3aKpPUTUM T'OJIOCYBAHHSIM;

® BUIbHE BUCJIOBIIIOBAHHS 0€3 OOrOBOPEHHS 1 TOJIOCYBaHHS;

® 3aKpUTE OOTOBOPEHHSI 3 HACTYITHUM 3aKPUTUM TOJIOCYBaHHSIM ab0

3alIOBHEHHSM aHKET EKCIIEPTHOTO OMUTYBaHHHI.
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Ta PO3POOKH  KCHHS

Hocnimxennst BripoBan- Posmmpenns Bukopucran- 3pimicte Hacu-
pUHKY 30yTy HS IepeBar

YCHHA

BuricHenns
3 PUHKY

/ XapakTepucryka cTajiil JKUTT

€BOT'O IMKIIY

HMudepenmiaris 3HavHa [Tonmxyerbcs Hwusbka Husbka
. . IIBunke . o
PiBens nponaxy Huzbkui A IToBinbHUM Coan
3pOCTaHHSA
[TpubyTok 30UTKH Makcumym Cnan Huzbknii
. Crenudiyanii " N
Kmientn Hosatopu und Macoswuii puHOK AyTcaiinepu
CErMEHT
. Bararo
KonkypeHnuis Hesnayna 3pocraroua . Cnagna
KOHKYPEHTIB
) .. .. . 3axucHa 11HOBa
1HU ndepeHIianis ndepeHIiamis CrabinbHi )
g Audpepenian Aucpepenttian MOJIITHKA
Howmenknarypa . IIBunke . o
M OnHa 4M JeKiIbKa 1 Jexinpka HOBUX | IIIBHaKuii criafg
TOBapy 3pOCTaHHSA
BigmosiaHi il Ha KOXKHIN cTanil
Croareris Po3mmpenns [IponukHeHHs HA 30epexeHHs 301IbLICHHS
P PUHKY HOB1 PUHKH YaCTKU PUHKY Blaaul
Bunarku na . . .
o Bucoxki Bucoxki 3HMKYIOTBCS Huspxi
MapKETUHT
Mepexa 30yTy Mana InTencuBHa InTencuBHa Bubipkoa
inn Bucoxki SHUKYIOThCS Haitamxkui 3pocTaTh
[Tpomyxkis OCHOBHUH THI VHikagpHa Hudepenmianiss | Pamionamizanis
1JILOBA TPyIIa .. Iepuri . Crenudiuna
1 L TPy [Tepmonpoxisii P AyTcaiinepu und
TTOKYTIIIIB MOCJ1TOBHUKH rpymna
Crpareris < . ..
p . Wnemo 3a Pamonanizania ToBapu
PO3pOoOKHU [lepmuii Ha pUHKY . .
JiaepoM BHKOPHUCTAHHS BUTICHSIIOTBCS
MPOJIYKTY

Puc. 10.3.2. Moaenb cTafiii )KUTTEBOTO LUKy TPOCKTY
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[lepinii TUM E€KCIEPTHOrO OIIHIOBAHHSI HE 3aBXKJU Ja€ JTIOCTOBIPHI
OI[IHKM 4Yepe3 Te, M0 JyMKa TPYNMH MOKE 3HAXOIUTHCS T BIUIMBOM
aBTOPUTAPHUX, JIIUPYIOUMX YYACHHUKIB €KCHEpTHU3W. Tomy BCid rpymi
MOke OyTH HaB’si3aHa JIyMKa OJTHOTO €KCITepTa.
Jpyruii TN OTpUMaB Ha3BY METO]1y KOJICKTUBHO1 I'eHepaliii iiei adbo
«MO3KOBOi aTakuW». YYaCHUKH BUCIJIOBIIIOIOTH CBOI 171ei IIOJ0 BapiaHTIB
po3B’A3yBaHHs mpobOiemu. Meton mnepeadadae BIICYTHICTh OyAb-sSKOi
KpUTHUKH, Ka O HEe J03BojsiIa (QOpMyJIIOBaHHS 1A€i, a TakoXX BUIbHY
IHTepIIpeTaIlito iicii B paMKax MOCTaBJICHO1 TPOOIeMHU.
3a OMOMOTOI0 IILOTO METOJY YCIIIIHO PO3B’SI3YIOThCS Taki 3ajadi
YOPaBIIHHS PUSHUKOM:
® BUSBIICHHS JDKEpel 1 NPUYMH PU3UKY, BCTAHOBJICHHS BCIX
MO>KJIMBUX BHUJIIB PU3HKIB;

e BUOIp HANPSIMIB 1 LIJISAX1B 3HUKEHHS PU3UKY;

e (QopMmyBaHHSI MMOBHOTO HA0Opy BapiaHTIB, 10 BUKOPUCTOBYIOTh
pi3H1 CIIOCOOW 3HMKEHHS PU3HUKY 1 T. 1.

Jlo He#oJiKIB MOKHA BIJHECTH 3HAYHUU pIBEHb 1HPOPMAIIHHOTO
IIyMY, III0 CTBOPIOETHCS TPUBIATLHUMHM 11€5IMU, CIOHTAaHHUMN 1 CTUXIHHUN
XapakTep re’eparlii iJ1ei.

Tpertiit TUN ycyBae HEIOMIKH MEPIIOTO 1 APYroro TUITIB OL[IHIOBAHHS.
KoxHOMY eKkcriepTy HaJa€eThCs MEPEITIK PU3UKIB M IPOMOHYETHCS OLIIHUTH
HMOBIPHICTb 1X MOSIBU 3a TAKOIO CHCTEMOIO OIIHOK:

0 — HeCyTTEBUU PU3HK;

25 — pU3MKOBa CUTYyaIlisd, UMOBIPHIIlIE, HE HACTYMUTh;

50 —mpo MOKJIMBICTH PHU3UKOBOI CHUTyaIlli HIYOr0 BHU3HAYEHOIO

CKa3aTH HEMOXXJINBO;

75 — pu3uKOBa CUTYyallisi, UMOBIpHIIll€, HACTYIIUTD;

100 — pu3uKoOBa CUTYyaIlisl HACTYTUTb, HATIEBHO.

Excnieptu mpaitooTh okpemo. 1100 He JOMyCTUTH OpOTUpIYYs B
OI[IHKAaX €KCIEPTIB, PI3HUII MK iXHIMH OIlIHKAMU 3a OYIb-IKUM BUIIOM
pu3MKIB He TMoBMHHA mnepeBuiyBatd S50. OLIHIOBaHHS MNPOXOJIUTH
aHoHiMHO. Ilicma oOpoOku 1H(opmali pe3ynabTaT MOBIAOMIISIOThH
KOXKHOMY €KCHepTy, aje He 1H(QOPMYyIOTh SIKy OIIIHKY XTO JdaB, 100
YHUKHYTH JJOMIHYHOYO1 JyMKH ninepa [ToTiM ekciepTU3y MOBTOPIOIOTH.

Memoo nobyodosu Oepesa piwierv MOJAra€ y TOMy, IO B MPOLECI
MiITOTOBKH PIICHHS BUIUIAIOTH PI3HI #Oro BapiaHTH, sIKI MOXYTb OyTH
TPUIHSATI.

Hami, 300paxarodu rpaiiHO MOXKJIMBI  BaplaHTH  pILICHB,

OTPHMYIOTh JCPEBO PILICHB, SKE 3aJICKHO Bl CKIAJHOCTI IPOOIeMH Mae
PI3HY KIJIBKICTh BITOK.
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Ao pyxaTucs BijJi BUXIJHOI TOYKH B3JI0BXK TUIOK JAEpeBa, MOXHA
PI3HUMHU NUISIXaMU JIOCSITHYTH OYy/b-sIKOI KiHIIEBOI TOYKHU. ['JIkaM JepeBa
CTaBJISITh Y BIAMOBIIHICTh 00’ €KTUBHI a00 Cy0’€KTHUBHI OLIIHKH MOKJIUBUX
nojAiil (ekchepTHi OIIHKH, po3Mipu BTparT 1 OpuOyTKiB Tomo). Tyt
BPaxOBYIOTh WMOBIPHOCTI MOXJIMBHUX pe3yibTaTiB. TakuM YUHOM,
pPyXarounuch B3JOBXK BITOK JEPEB, OIIHIOITh KOXEH NUIIX, a IOTIM
BUOUPAIOTh ONTHUMAIbHUN NUISIX. JleTanbHIIMKA MPUKIAL PO3IJISAHYTO B
HACTYITHOMY PO3/IiIi.

Ha mpakTtuiii MoHa 3aCTOCYBaTH 1 KOMOIHOBaAHUU Memoo, TOOTO
3aCTOCYBAaTU CTATUCTUYHUM METOJ, METOJ EKCIEPTHUX OILIHOK 1 METOJ
aHaJIOTIH.

10.4. YnpaBJ/liHHA PU3HKOM

bynp-sika ekoHOMiIYHA MiSUTBHICTH TOB’si3aHAa 3 (pakTOpamu
BUIAIKOBOCTI, PO3ILIMBYACTOCTI, HEIIOBHOTH 1H(popMarii
(HEBM3HAUEHOCTI), TOOTO 3 PpHU3UKOM. TOMy mapaienbHO 13 3aX0JlaMu
MPOBEJICHHS aHaII3y, OI[IHKM PU3UKY HEOOXiAHO MPOTHO3YBATH PHU3HK 1
pPO3CYJIJTMBO pearyBaTd Ha HbOro. ['paMOTHHMM KEpiBHUK IOBUHEH
BU3HAUATU [UISXH 3HWKEHHS 3arpo3d BTpaT BiJI PHU3HUKIB, 0OUpaTH
HaiieeKTUBHIII CMOCOOU 1M, 10 3a0e3neyaTh NPUHUHATHUN CTYIIHb
PHU3HKY, TOOTO YIPABIIATH PU3UKOM.

[Iporienypa ympaBiiHHS PHU3UKOM € BaXJIHBOIO CTPYKTYPHOIO
CKJIaJIOBOIO TIPOIECY MPUUHATTS BUTITHUX PIIlICHb.

Vnpaeninua puzuxom (pusuk-meneddcmenm) — 1€ CYKYIHICTh
METO/I1B, MPUHOMIB, 3aX0/I1B, SIK1 MOKJIHUKAaH1 IIEBHOIO MipOIO MPOTrHO3yBaTH
HACTaHHS PHU3MKOBUX CHUTyaIlld 1 BXKUBATU 3aXOJIB IO BUKJIIOUCHHS YU
3HUKEHHSI HETaTUBHUX HACHIJIKIB TAKUX TO/IIH.

['oToBUX cleHapiiB  yYNpaBIiHHSA PU3UKOM MpU  TPUHHATTI
roCHOJapChKUX PINIEHh B KOHKPETHINM ¢ipmi HeMae 1 OyTH HE MOXKeE.
Koxxna ¢ipMa Mae cBOI 11111 1 HA OCHOBI HUX BUSIBIIIE€ PU3UKH, SIKUM BOHA
MOX€ MiJAaTUCS, BU3HAYAE€ MPUNHATHUN PIBEHb PU3MKY, LIYKAE CIOCOOU
3HMKEHHSI Ta YHHMKHEHHS pusukiB. I{i 11i Ha3uBaroThCad cucmemoro
ynpaeninus pusukom [27].

Ck1aIoBUMHU CUCTEMH YIIPaBIIiHHS pu3ukoM € (puc. 10.4.1):

e 00’eKT ynpaBiiHHA (K€poBaHa MiJCUCTEMA);

e Cy0’eKT ynmpaBiiHHA (KEpiBHA ITIJICUCTEMA).
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Puc. 10.4.1. CkiaioBi CUCTEMU YHPABIIHHSA PUZUKOM
06’exm ynpaeninnsa — 1ie¢ 0e3MOoCepeIHbO PHU3UK, PHU3UKOBaHI

BKJIQJICHHSI KaIliTaly ¥ €KOHOMIYHI BIJIHOCMHU MK Cy0’€KTaMH B MpOIIeCi
TISUIBHOCTI.

Jlo HMX HajeXxaTh, HAMPUKJIAJT, BIJHOCHHH MK CTPaXOBHKOM 1
CTpPaxXyBaJIbHUKOM, MO3UYAIBHUKOM U KPEAUTOPOM, MIX MIANPUEMIISIMU
(mapTHEepaMM, KOHKYPEHTaMH) 1 T.II.

Cy6’exm ynpaeéninHsa — 1e CHellalibHa Tpymna Jrojel (Halmpukial,
¢diHaHCOBI MeHemKepu, (axiBii 31 CTpaxXyBaHHA), M0 31MCHIOE
HuIecpsiMoBaHe (PYHKIIIOHYBaHHS 00’ €KTa YNPaBJIiHHS, BUKOPUCTOBYIOUHU
pi3H1 TPUHOMU 1 CTOCOOU YIIPABIIHCHKOTO BIUIMBY.

PosrnsHeMo ocHOBHI (GyHKIIT 00’ €KTa YIpaBIiHHS:

J03B1JI PUBHKY;

PU3MKOBAHE BKJIAQJICHHS KaIliTaly;

po0OOTa 31 3HUKEHHS BEJIMUUHU PUBHUKY;

CTpaxyBaHHs PU3HKIB;

€KOHOMIYH1 BiJJHOCUHHU 1 3B’SI3KM MK Cy0’€KTaMHU JIISLIbHOCTI.

Jlo ocHOBHUX (DYHKIIIH Cy0’€KTa yIpaBIiHHS BIAHOCSATHCS:

® TMPOTHO3YBAaHHS — I 3/IaTHICTH IepeadayvaTt MeBHy mojiro. Jis
bOT0 HEOOXIJTHO BiUyBaTH PUHKOBUN MEXaHI3M, MaTH 1HTYILIIO,
BMITH 3HAXOJIUTH THYUKI ONEPATUBHI PIIICHHS;
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opraizaiiisi — 1e 00’ €JJHaHHS JIOJIEH, 10 CHUIBHO Peai3yloTh
IporpaMy PU3MKOBAHOTO BKJIQJIEHHS KamiTaly Ha OCHOBI MEBHHUX
npaBusl ¥ mpouenyp (CTBOPEHHST OpraHiB  yIpaBJIlHHS,

YCTaHOBJICHHS B32€MO3B A3KY MIDK yIpaBIlIHCHKUMH
M1apo3i1aMu, PO3poOKY HOPM, METOJIMK 1 T.I1.);
peryJiloBaHHA — II€ TIeBHUW MEXaHI3M BIUIMBY Ha 00’ €KT

YIPaBIIHHS JJIs JOCATHEHHS CTIMKOCTI MBOTO 00’€KTa B CHUTYyaIlii
PHU3HKY;

KOOpJIMHALIISA — II€ JIii, 110 HaJaro KylTh pOOOTY BCI€l CUCTEMH
yIpaBIiHHA PU3UKOM, arapaTy KepyBaHHS 1 (paxiBIIiB;
CTUMYJIIOBaHHSI — 11€ CIIOHYKaHHs (paxiBIliB JO 3allIKaBJICHOCTI B
pe3yJIbTaTl CBO€ET pOOOTH;

KOHTpOJIb — 1€ 30ip iHdopMalii NOpo CTyMiHb BUKOHAHHS
BH3HAYCHOI MpOrpaMu 3 YIPABIIHHS PU3UKOM. 3aKIIOUHHM eTall
KOHTPOJIIO — aHall3 pPe3yJbTaTiB 3aXOoMiB IOJO0 3HWKCHHS

CTYIICHSI pPU3UKY.

[Ipouiec ympaBiliHHS PHU3UKOM 3JIMCHIOETHCS 3a TICHOI B3a€EMOJIIL
00’€KTIiB 1 cy0’ekTiB ympaBmiHHSA. OcTaHHS MOXKe BI0OyBaTHCS JIUIIE 3a
YMOBU LMPKYJALIl TeBHOI iHpopmalii Mk cy0’ekToM Ta 00’€KTOM
yrpasiiHHs (puc. 10.4.2). Indpopmarriiine 3a0e3meueHHs] BKIIOYAE PI3HOTO
poAdy 1 BUIy AaHI: CTATUCTHYHI, EKOHOMIYH1, KOMEPIiiiHi, (IHAHCOBI 1 T. 1.

Oco0a, sixa mpuiiMae pilIeHHS MPU YNPABIiHHI PU3UKOM, MOBUHHA
OOTPUMYBATUCS TAKUX NPUHYUNIE:

1. He MoXHa pu3uKyBaTH OUIbIIE, HIK JO3BOJISIE BJIACHUU
KarmiTal.

2. He MoxHa pu3MKyBaTH BEJIIMKUM 3apajy Majoro.

3. HeoOxiiHO maM’ATaTH NMPO HASBHICTh aJIbTEPHATUBHUX PILIEHb.

4. HeoOx1aHO 3a3/1aJieriib TyMaTH PO HACTIAKH PU3HKY.

3arajibHy cXeMmy MpOoIecy yIpaBIiHHS PU3UKOM MOKHA MPEJACTABUTH
TakuM yuHOM (puc. 10.4.3) [8].

Ak BUIHO 3 OJIOK-CXEMH, PO3PI3HSAIOTH HACTYITHI METOIU YIIPABIIHHS
PUBHKOM:

® YHUKHEHHS,
® [IONEPEIKEHHS;

e NPUIHATTSA (30€peXKEHHS UM HaBITh 30UIbILICHHS);
® 3HIDKEHHS (ONTHUMI3allis) CTYIECHS PU3HUKY.
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Bxin Indopmanis npo rocnogapcbKy

| cuTyauniro (30BHilIHSs iHdopMaIin)

Cy0’ekT ynpasJiiHHS
(kepiBHA migcucrema)

l, Komanjna ingopmairis

O0’exT ynpasiaiHHA
(kepoBaHa miacucTema)

l Buxin

Indopmanisi 3BOPOTHOrO 3B’ SI3KY
(indopmarig nmpo ctaH 00’ €KTa yIpaBIIIHHS)

Puc. 10.4.2. O6miH iH(]opMalli€ro B CUCTEMI1 YIIPABIIHHS PU3UKAMU

VHuxknenus pusuxy — 1€ BIIMOBa BIJI peaiizallii MeBHOTO 3aXO1y,
00TsKEHOTO PU3UKOM. Ile Moke OyTH y BUIIAJKy, KOJU PIBEHb MOKJIUBUX
BTpAaT 3HAYHO TEPEBUINYE CHOAIBaHMN TpuOyTOK. lle pimenHs €
HAWMPOCTIIIMM B yIPaBliHHI pPU3UKOM. BOHO [103BOJsSI€ YHUKHYTH
MOXJIMBHX BTpaT, aje, BOJAHOYAC, O3HAYA€ BIAMOBY BiJ MPUOYTKY, IO
OB’ SI3aHUM 3 PU3UKOM HEBUKOPUCTAHUX MOKIUBOCTEM.

llonepeooicenns pusuxy — 1€ BIIAXUJICHHS B1J 3aX0Jy, OB’ S13aHOTO 3
pusukoM. Hampuknan, mis OaHKiB 3aco0aMH TIONEPEKEHHS PHU3HKY
OynyThb: HEHAJAHHS KPEIWUTIB PHU3UMKOBAHWM KJIIEHTaM 1 KEPIBHUIITBY
OaHKy, IEperyIsal yMOB KpEIUTYBaHHs, KOHTPOJIb 3a BUILJIaTaMU KPEJIUTIB.

Iputinamms puszuxy — 1e 3aJIUIICHHS PU3UKY Ha BIJMOBIJAILHOCTI
ocoOu, M0 mnpuiiMae pimeHHa. B 1mboMy BHUMNaAKy TMOBHHHI OyTH
MOKJIMBOCTI TOKPUTTSI MOXKJIUBUX 30UTKIB.

3HudCenHs pu3uKy — 11€ 3MEHILIEHHS PO3MIpPIB MOKJIMBUX 30UTKIB 4H

IMOBIPHOCTI HaCTaHHS HECIIPUSATIUBHUX MOMIIH.

313



AmHami3 Ta i1eHTudikarmis

SIKicHa OIlIHKA PU3UKY
v

3arpo3auBuit KonTtpons pusuky HecyrreBuit

Yu cyTTeBU pU3nK?

—
HenocratHbo
[TonepemxeHHs .
N IiJICTaB v
PUBUKY
KinbkicHa IIpukHATTA yn
. 301IbIIEHHS CTYTIEHS
|| Yuuxuenns OHIHKa PU3HKY
PHU3UKY l A
< KonTpoib pusuky
3arpo3nuBUi Yu cyTreBuii pusHK? HecyrreBun
CyrreBuii
Bubip meroziB (ciocoOiB)
3HVDKEHHS PU3UKY
— 30BHIIIHI CITOCOOU 3HIKCHHS — Buytpimni cnocobu
CTYIICHS PU3UKY 3HIDKCHHSI CTYTICHS PU3HUKY
—>|  Posnoain pusuky —> JlimiTyBaHHS

——>| 3osHimHe cTpaxyBaHHs ——>|  JuBepcudikariis

—>{ CTBOpEHHS pe3epBy

3100yTTS 10JaTKOBO1
—> 1Hpopmarii

Puc. 10.4.3. Y3aranpHeHa 010K-cXxema IpoLecy yIpaBiIiHHA PUZUKOM
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PO3pi3HAIOTH TaKi METO/IU 3HUKEHHS CTYIICHS PU3HUKY:

e juBepcudIKallis;

® JIIMITYBaHHS;

® CaMOCTpaxyBaHHS:

® CTpaxyBaHHS;

® Xe/KyBaHHSI;

e 3700yTTS JOAATKOBOI 1HPOpMAIIiT;

® PO3MOALT PU3UKY MK YYAaCHUKAMH ITPOCKTY;

® OJIep)KaHHSI KOHTPOJIIO HAJ[ AISUTBHICTIO B TIOB’ I3aHUX Tally3sX;

e OO0JIK 1 OI[IHKA YaCTMHW BUKOPUCTAHHS crenudpiyHux (OHIIB

KOMIIaHii B ii 3arajapHux (PoHaax Ta iH.

Jlusepcugpikayis — 1€ TpoIec PO3MOALTY KaIiTaly MDK PI3HUMU
00’€eKTaMu BKJAJEHHS, 1110 0€3MOCepeIHhO HE MOB’s3aHl MIXK coboro. Ha
id mpouenypl 0a3yroTh CBOIO AISUIBHICTh 1HBECTHLIWHI (oHau. Bonu
NpoJaloTh KJIEHTaM CBOI1 akIlli, a oJiep>KaHi KOIITH BKJIAJalOTh ¥y
PI3HOMAHITHI LIHHI TanepH, sIKi MPUHOCATH CTIMKHI cepeHiil mpuOyTOK.

[Tpuknagamu auBepcudikaiii MoXyTb OyTH: quBepcudiKallis pi3HUX
BU/IIB IISTIBHOCTI; nuBepcudikaris [MOCTAYaJILHUKIB TOBapIB;
auBepcuikailiss  acCOpTUMEHTY  MPOAYKIi, [0  BHUITYCKAETHCH;
nuBepcudikailis mopTdesns [MIHHUX ManepiB; AMBEepcUdikallis 1eN03UTHOTO
nopTdens.

Jlimimysanns — 11e OOMEXEHHS TPAaHUYHUX CYM BKJIAJICHHS KarmiTaty,
pOJIaKy TOBapiB Yy KPEOUT, HaJaHHI MO3UK, yKJIaJaHHI JOTOBOPY Ha
oepapadT 1 T.1A. JliMITyBaHHS MOXKE€ BKJIIOYATH MAaKCUMaJIbHUM 0OCST
3aKymiBJIl TOBAapiB B OJHOTO IOCTayaJlbHUKA, MaKCHUMaJIbHUU PO3MIp
CYKYIIHUX 3aIlaciB TOBapiB, MAKCUMAIIbHUI PO3MIpP CIIOKMUBUOIO KPEIUTY,
HAJIaHOTO OJHOMY TIOKYMII0, MIHIMAJbHHN pPO3Mip OOITOBHUX aKTHUBIB,
TPaHUYHUM  PO3MIp BUKOPUCTAHHS TMO3WMKOBUX KOIITIB B  00Iry,
MaKCUMaJIbHUM  PO3MIP  JIEHO3UTY  PO3MIIIYBAHOTO B  OJHOMY
KOMEPIIIHHOMY OaHKY.

CamocmpaxysanHs — 11e CTBOPEHHS PE3epBHUX 1 CTpaxoBUX (POHIIIB
B paMKax camMoi (ipMu UIsI ONEPATHBHOTO ITOJOJIAHHS THMYaCOBHX
yTpyAHEHb (IHAHCOBO-KOMEPINMHOI dismbHOCTI. Ilewt Bua Metomy
3HIDKCHHS € aJbTePHATUBOIO CTPAaxXyBaHHIO M JOIJIBHUNA TOMi, KOJHU
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BapTICTh MalHa, [0 HAPAXAEThCS HA TIEBHUM PHU3WK, BITHOCHO HEBEJIMKA
MOPIBHSIHO 3 MAaHOBUMHU Ta (PIHAHCOBUMHM MapaMeTpaMH BChOTO MTPOEKTY.

Cmpaxyeanusa — 1€ BIAIIKOyBaHHS 30MTKIB 32 PaXyHOK CTPaxoBOTO
dony. IHBEeCTOp BIIMOBIISIETHCS BiJ YaCTUHU JOXOIB, 1100 YHUKHYTH
pu3nKy abo 3BecTu ioro a0 Hyis. CTpaxoBHWK, BoAHOUYac, Oepe Ha cebe
BiINIOBiJAIBLHICTh 3a pU3HUK. BiH Mae KOMIIEHCYBaTH HACIIAKU peai3arlii
OO PU3UKY B PO3MIpI, 1[0 HE MEPEBUIINY€E CTpaxoBoi cyMu. CTpaxoBa
cymMa € Mipor 3000B’si3aHb 3 OOKy CTpaxoBHUKA. TakWM YHHOM,
peanizyeTbcs pu3uKoBa (DYHKIIISI CTpaXyBaHHS.

XeoorcyeanHs — 11€ CTpaxyBaHHSI YYaCHUKIB KOMEPUIMHOI yroau BiA
PU3UKY BTpaT, IMOB’SI3aHUX 3 MOXJIMBOIO 3MIHOIO IIiH (KypCiB BajIoOT,
BiICOTKOBUX CTaBOK) 3a dac 11 peamizamii. IlpuHnun onepariii
«XEIKYBaHHS» TIOJIATa€ B TOMY, 110, KyIlyroud ToBap (I[IHHI Tarepu)
MOCTaYaHHSIM Yy MalOyTHROMY Mepiofdl, MiANPHUEMCTBO, BOJHOYAC,
3MIMCHIOE Tpofax (’IOYepCHUX KOHTPAKTIB HAa aHAJOTIYHY KIJIBKICTh
ToBapiB (I[IHHUX manepiB) [27]. Skmo BoHO moHece (hiHAHCOBI BTpaTU
gepe3 3MiHy pUHKOBHUX (OIpKOBUX) IIiH, SIK MOKYTMEIh PEajbHOIO0 TOBApPY
(KOHKpETHHMX BHUJIIB I[IHHUX MAarepiB), TO OJEPKUTh BUTpAIl Y TaKUX KeE
po3Mipax, SIK MpoAaBelb ’IOUEPCHUX KOHTPAKTIB HA HBOTO.

3aranpHe XEKyBaHHS BCIX PHU3UKIB — 1€ €IUHMN Crocid ix
MOBHICTIO YHUKHYTH. OJHUM 3 HEJOJIKIB 3arajlbHOTO XEJKyBaHHS €
JOCHUTh BEJIMKI BUTPATH HAa KOMICIHI Opokepam 1 mpemii omniioHiB. Tomy
¢diHaHCOBI  JOUpEKTOpH OaraTbOX KOMMAaHIM  BiAJalOTh  IepeBary
BUOIPKOBOMY XE€/XKyBaHHIO. SIKIII0O BOHU BBaXKalOTh, 110 KYPCH BATIOT YU
BIJICOTKOB1 CTaBKH 3MIHSATHCSI HECTIPUSTIMBO ISl HUX, TO BOHH XEIKYIOTh
pU3HMK, a SKIIO pyxX Oyae Ha ix kopucth — Toal Hi. Ile 1 €, BiacHe,
CIEKYJISLIIS.

30006ymms 000amko80i inghopmayii € BaXKIUBUM 3aCO00M 3HIKCHHS
CTymleHs pu3uKy. TOYHICT, TIPOTHO3YyBaHHS MaMOYTHIX pe3yiabTaTiB
3QJIEKUTh BIJI TOBHOTH Ta JOCTOBIpHOCTI 1HQopmarli. I[le poduts
1H(}OopMalio HIHHUM TOBapoM. BapTicTh HOTO po3paxoBYy€eThCS K PIZHUIISA
MDK CIIOJIBaHOIO BapTICTIO MpuUAOAaHHS TEBHOTO TOBapy (BKJIAICHHS
KamiTany), KoJu € MoBHA 1H(GOpMallis, Ta BapTICTIO, KOJIU 1HGOpMaIlis
HEIOBHA.

Po3nooin puszuxy migic yuachuxamu npoexmy € JIEBUM CHOCOOOM
Horo 3HWXKEHHS. BiH mojsdrae B po3mojull PU3UKY MK YYaCHUKOM 1
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BUKOHABIIEM NPOEKTy ab0 MiX TMpoaaBieM i mokymieMm. I[lepeBakHo
CTOCYHKM MIDK YyYaCHUKOM 1 BHKOHABIIEM TMPOEKTY Oa3ylThCs Ha
JOTOBIPHUX CTOCYHKax. Tomy MpH MiAMUCAHHI JIOTOBOPY JTOMOBIISIFOTHCS
npo Bci mTpadHi CaHKUI, Kl OyIyTh MOpen SBISATUCA TIAPSAYUKY 3a
HEBUKOHAHHA MOro JAOroBIpHUX 3000B’si3aHb. OTxe, pu3uk Oyne
pPO3MOJIVICHUN MIXK Y4YaCHUKaAaMU JOTOBOpY 1 OyJie, MEBHUM YHHOM,
KOMIICHCOBaHUW. B 1poMy BHMOaAKy IHIIIATOPOM PO3MOAULY PHU3UKY
BHUCTYNa€ BHUKOHABEIlb TMPOEKTY, OCKUIBKM BIiH € BHPOOHHKOM 1
3aIliKaBJICHUI B TOMY, 11100 BCI MiA3BITHI HOMY 0COOM CBOEYACHO Ta SIKICHO
BUKOHAJIA CBO1 3000B’sI3aHHS.

AKIO pUBUK PO3MOAUISETHCS MDK MPOJABIEM 1 MOKYIIEM, TO
o0uJB1 CTOPOHM € iHIIIaTopamMu pu3uky. IIpomaBenps xoue, 100 HOro
TOBap KyNWIM, a MOKyHenp Xode, mod ToBap OyB sikicHUM. Tomy mnpu
YVKIJIaJICHH] JIOTOBOPY a00 KOHTPaKTy KOXKHA 13 CTOpPIH HaMaraeTrhbCs
PO3NOAIIUTH PU3UK TaKMM YMHOM, 10O IS HEei BiH OyB HalMEHIIIHM.
[IpukiiaoM ONMMCYBaHOTO CIOCOOY 3HUXKEHHS PU3UKY € KOHOcaMeHT. Lle
TPAHCIIOPTHUHM JOKYMEHT, 32 YMOBaMU SIKOTO PU3HK 3a TPAHCIIOPTYBAHHS 1
BTpPATY SIKOCTI TOBapy MNpH TPAHCHOPTYBAaHHI BiJi MPOJABIS O MOKYIILS
oepe Ha cebe TpaHcnopTHa ¢ipMma.

10.5. IluTaHHs AJI51 CAMOKOHTPOJII0

Po3kpuiiTe CyTh MOHATH «HEBU3HAUCHICTDY Ta «PUBHK.

JlaliTe BU3HAYEHHS PU3UKY Ta MOSICHITH HOTO CYTh.

Po3kpuiiTe 0CHOBH1 (DYHKIIITi pU3HKY.

HapeniTh neKibKa MPUKIAAIiB PU3NKOBUX CUTYAIIIH.
OxapakTepu3yuTe I’ ATh-1IICTh KJIacU(pIKALIHUX 03HAK PU3HKY.
Ha axi 3081 o1 10Th 11amma3od 3HaYEHb MOKIUBUX 30UTKIB?
OxapakTtepusyite BUu (PiHAHCOBOTO PU3HKY.

X NN E WD =

SxuM BUJAM PU3HKY TUISTat0Th OaHKU?

e

[IpoananizyiTe KpOKH 3a SKUMU MIPOBOAUTHLCS aHAJI3 PU3HUKY.

p—
O

. Y 4oMy MoJiira€ HEOOX1JIHICTh KICHOTO aHaJ13y PU3UKY?

[U—
[—

. TTosiICHITB CyTh KIIBKICHOTO aHAI3y PU3HKY.
. Ha sxi rpynu noauisaioTh (akTopH, 10 BIUIMBAIOTh HA CTYIIIHb
pU3HUKY?

p—
[\
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13.
14.
15.
16.
17.

18.

19.

20.
21.

22.

OxapakTepusyite 00’ €KTUBHI ()aKTOPU PUBHKY.

[IpoBeniTh aHali3 Cy0’€KTUBHUX (DAKTOPIB PUBHKKY.

JlaiiTe BU3HaYeHHS 00°€KTa 1 Cy0’€KTa pU3UKY.

A1 OCHOBHI METOAM KUJIBKICHOTO aHaJII3y PU3UKY BaM BiJIOMi?
OxapakTepu3yuTe METOJ CKCIEePTHHUX OI[IHOK ISl OITIHKH
PU3HKY.

K1 OCHOBHI 3acajy CTaTUCTUYHOI'O METOIY aHaji3y PU3UKY BH
3HaeTe?

Po3kpuiiTe CcyThb METOAYy aHAJIOTIMd sl KIUIBKICHOTO aHai3y
PHU3HKY.

Ha3BiTh CKJIQIHUKU CUCTEMU YIPABIIHHSI PU3HKOM.

Po3kpuiiTe 3MICT METOAIB yIpaBIIHHS PU3UKOM: YHUKHCHHS,
MOTIEPEKCHHS Ta TPUNHATTS PU3HKY.

OxapakTepu3yiTe OCHOBHI METOJIM 3HUKEHHS CTYIICHS PU3HKY.
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Po3ais 11. CucreMa NoKa3HUKIB KiJILKICHOTO
OLIHIOBAHHSA CTYIEHSI PU3BHKY

11.1. imoBipHicHMii miAXia 10 ONiHIOBAHHS PU3HKY

JIJIsl KITbKICHOTO BU3HAYEHHSI BEJIWYMHU PU3UKY, HEOOXITHO 3HATU
BCl MOJJIMBI HACJIJIKU SKOi-HEOyIb OKpemMoi mojaii 1 WMOBIPHICTH il
HacTaHHs. [lig WMOBIPHICTIO CHiJA PO3YMITH MOKJIUBICTH OTPHUMAHHS
neBHOro pe3ynbrary. Illogo exoHOMIYHMX 3agad  METOAu  Teopii
WMOBIpHOCTEN 3BOJATHCS O BU3HAYCHHS WMOBIPHOCTI HACTaHHS MOMIT 1
70 BUOOPY 3 MOXKJIMBHUX MOAIN HalONTUMAIBHIMKNX (HalpallioOHATbHIIINX )
noJii (pe3ysbTariB, pillieHb, IPOEKTIB, CTpaTEriil).

MMoBipHiCTh HacTaHHA MOJIl MO>ke GYTH BH3HAYCHA 00 €KTHBHUM i
Cy0’€KTUBHUM METOJIaMH.

06 ’ekmuenuti Memod BHU3HAYEHHA WMOBIPHOCTI 0a3yeTbcs Ha
OOYMCIICHHI YaCTOTH, 3 SKOK BIJOYBaeTbCAd TOAIA (CTaTUCTHUYHA
UMOBIpHICTB). [IpunycTuMO BiJIOMO, 11O MPY BKJIAJEHHI KaIliTATy B SIKUMN-
HeOy b 3axig mpuOyToK B cyMi 20 THC. TpH. oTpuMaHo B 40 Bumagkax i3
100, Toai IMOBIPHICTh OTPUMAaHHS TaKOTO MPUOYTKY AopiBHIOE 0,4:

W(A)=M=ﬂ=0,4,
N 100
ne A — BUMNAAKOBa TMOisA, fKa TMOJATae y TOMY, IIO NpU BKJIaJaHHI
KamiTamy B 3axig Oyae oTpuMaHo mpuOyTok B cymi 20 Tuc. TpH.; M —
YHUCIIO BCiX (paKTUYHHUX MOSB MOJil A; N — 4UCII0 yCiX BUMAJKIB BKJIaJICHb
KarmiTany.

[{s1 #iMOBIpHICTb € OO0’ €KTHBHOIO, TOMY III0 BOHA BHU3HAUCHA Ha
micTaBl GaKTUIHUX JTaHUX.

Sxki1o He icHy€e MOAIOHOT CTATUCTUKK B MUHYJIOMY, TOJI1 HEMOXKJIUBO
pO3paxyBaTH WMOBIPHICTh 00’€KTUBHUM METOAOM 1 HEOOXiTHUMH €
Cy0’€KTHUBHI KpUTEPIi.

Cy6’exmusna UMOGIpHICMb € TPUMNYIICHHSIM IIOJ0 IEBHOTO
pe3yiabraty. lle npunyiieHHs: 0a3yeThCs Ha MipKyBaHHSX a00 0COOMCTOMY
JIOCBIIl  ekcrepra 3  ouiHkh. Koim  WMOBIPHICTh  BHU3HAYAETHCS
cy0’€KTHUBHO, TO Pi3HI JIOJU MOXYTh BCTAHOBIIOBATH pi3HE ii 3HAUCHHS
Ui ONHI€l 1 Ti€l X MOMIl 1, TaKUM YWHOM, POOUTH pi3HUIN BHUOIP.
Hanpuknan, sKio NEeBHUM 3axiJi Ma€ MOPOBOJUTHCSA IEpIIMM pa3 y
BIIMIOBITHOMY PpaioH1, TOJI CyO’€KTHBHIM HWMOBIPHOCTI MOXXHA HaJaTH
3aHAATO BEJMKE 3HaueHHs. Pi3Ha 1H@opmaris abo pi3HI MOXKIUBOCTI
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OMEpPyBaTH 3 OJHIEIO 1 Ti€0 K 1HGOPMALIEID MOXYTh MOSICHUTH, YOMY
Cy0’€KTUBHI UMOBIPHOCTI BapitOIOTh.

Ak 00’ekTUBHA, TaK 1 Cy0’€KTMBHA MMOBIPHOCTI BUKOPUCTOBYIOTHCS
Py BU3HAYEHHI MOKa3HUKIB a0COJIFOTHOTO Ta BIJHOCHOTO BHUMIPIOBAHHS
PU3HKY.

11.2. Pu3uk B a0COJIIOTHOMY BHPa3i

B abcomoTHOMY BUpa3i Mipa pU3UKY MOXKE BU3HAYATHUCS SIK TOOYTOK
UMOBIpHOCTI HeBAaui (HeOaKaHWUX HACIIJAKIB) HA BEJIUYHUHY IIUX
HeOaKaHUX HACHKIB (30UTKH, T[UIaTeX1), SAKI MalTh MICLE B
OKpECJICHOMY BUTIAJIKY:

W= Py X,
ne W — BenmuuyuHa pU3UKY; p, — UMOBIPHICTh HEOAXKaHUX HACHIAKIB;, X —
BEJIMYMHA ITUX HACIIKIB.

B okxpemMux BuIankax, HalpuKIad, Y CTpaxyBaHHI, MIpYy PHU3UKY

BU3HAYAIOThH SIK UMOBIPHICTh HaCTaHHS HEOaKaHUX HACIIIIKIB:
W=p,.

Cepeone cnodisane 3Hauenns (MaTeMaTUYHE CIIOIIBAHHS), TIOB’ I3aHE
3 HEBU3HAYCHOK CHUTYaIll€l0, € CEePeIHhO3BAKEHOI BCIX MOXIJIMBUX
pe3yJIbTaTiB, e UMOBIPHICTh KOKHOTO PE3YyJIbTaTy BUKOPUCTOBYETHCS SIK
yacToTa a00 Bara BiIMOBIAHOTO 3HAYCHHS:

}zM(X)zixipl., (11.1)

J€ x, — 3HAYCHHA [-TO pe3ylbTaTy; p, — WMOBIPHICTb HACTaHHS i-IO

pe3ynbTary, X — EKOHOMIYHHUI MOKa3HUK (JTUCKPETHA BUIIAIKOBA BEJIMUMHA).

CepenHe crio/iiBaHE 3HAUYCHHSI BUMIPIOE PE3YJIbTaT, SKUA OUIKYETHCS
B CEPEIHHOMY.

®opmyna (11.1) 3acTocoByeThCs y BHUIAAKY, KOJU PE3YyJIbTATH
MarOTh TMEBHI 3HAYEHHS (€ JUCKPETHOIO BUIAJIKOBOIO BeIMUMHOMN0). [IpoTe
KOJIU pe3yJIbTaTH HaOyBarOTh 3HAYEHB 3 IHTEPBATY [a,b] (€ HEEPEPBHOIO
BUITAIKOBOIO BEJIMYMHOIO), CEPEIHE CIOAIBAHE 3HAYCHHS OOUYUCIIOETHCS
3a (OpPMYJIOIO:

x=M(X)= j xf(x)dx, (11.2)

ne X — eKOHOMIYHUM TTOKa3HUK (HEelepepBHA BUITAIKOBA BEIMYMHA); f(X) —
HIUJIBHICTh PO3MOALUTY MMOBIpHOCTI (IudepeHtianbHa (PyHKIIIS PO3HOILTY).
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Hamnpuknan, Hexaih mpoi3n y TpoJieiOyci craHoButh 60 Kom., a
mtpad 3a 0€3KBUTKOBUU Mpoi3a — 12 rpH. K110 HMOBIPHICTh NEPEBIPKU
kBuTka 0,1, TO cmojiBaHe 3HAYEHHS PE3YJbTATy BiJ OE3KBUTKOBOTO
npoizay x=0,9-0,6+0,1-(—12) =-0,66. Takum unHOM, I31UTH O€3 KBUTKA
3a TAKMX YMOBaX HEBUT1IHO. 30UTKHU Oy1yTh EPEBUIIYBATH BUTOTY.

[Ipuknag 11.1. Bimomo, 110 mpy BKJIaJaHHI KalliTauxy B BapiaHT A4 3
150 BunaakiB npudyTok 10000 rpH. OyB B 60 Bumaakax (iMoBipHicTh 0,4),
npuOyTok 13400 — 78 Bunankax (iimoBipHicTb 0,52), mpudytok 28500 rpH.
— B 12 Bunazgkax (itmoBipHicTh 0,08). [Ipu BkiIamaHHi KamiTaly B BapiaHT
b: mpudyrok 12500 rpu. 6y B 30 Bumankax 13 120 (itmosipHicts 0,25),
npudyTok 14000 rpH. — B 54 Bunaakax (MmMosipHicTh 0,45), mpuOyTOK
25000 rpu. — B 36 Bunaakax (iiMoBipHicTh 0,3). BuzHauutu crnojiBaHe
3HAUYCHHS NPUOYTKY 3a BapiaHTamu 4 Ta b.

¢ Po3zs’azyeannsi.

JlaHi 3aHecemMo y TaOJIHUIIIO:

Bapiant I7IMOBipHi HACIIIIKHA
BKJIQJICHHS 1 2 3
KaIiTany |iMoipHicTs |pHOYTOK | iMOBIpHICTS |MPHOYTOK | IMOBIpHICTS | TPHOYTOK
60 78 12
A —=0,4| 10000 |—=0,52| 13400 |—=0,08| 28500
150 150 150
30 54 36
b —=0,25 —=0,45 —=0,3 | 25000
120 12500 |15 14000 | 15

[ToxknmaBm B OCHOBY po3paxyHkiB ¢dopmyny (11.1) cnoaiBani
3HAYEHHS NpUOYTKIB JJisl BaplaHTiB 4 Ta b:

xa =10000-0,4 +13400-0,52+20500-0,08 =12608 rpH.

x5 =12500-0,25+14000-0,45+25000-0,3 =16925 rpH.

Cyma criofiiBaHOTO NPUOYTKY JJIS BaplaHTy b € OLIbIor0, HiXK I A.
Ha mnepmwuit mornsg MokHa BHOpaTH BapiaHT b, OCKUIBKM CyMma
CIIOIBAaHOTO MNPUOYTKY € OUIbIIOI, HIXK 3a A. AJie NOPIBHIOIOYHU JIBa
BapiaHTH, 0OayuMo, WO TMpHU BKIAJaHHI B A BeIMYMHA NPUOYTKY
konuBaeThbes Bi 10000 mo 20500 rpH., a B 5 — Big 12500 1o 25000 rpH.

CepenHe crojiiBaHE 3HAYEHHSI € y3arajlbHEHOI0 BEJIMYMHOIO, TOMY
JUIs.  KIHIIEBOrO BHOOpY BapiaHTa HEOOXIJHO OOYMCIWTH KOJMBAaHHS
(MIHJIUBICTH ) MOXKJIMBOTO PE3yJIbTATYy.

KosvBaHHS  MOXJIMBOrO  pe3yjabTaTy € MIpO  BIIXUJICHHS
CIIOJIBAHOTO 3HAYEHHA BiJ cepeAHbOoi BeauuuHu. Ha nOpaktuin
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3aCTOCOBYIOTh JIBa MOKAa3HUKHU: Oucnepcito (8apiayiro) 1 cmanoapmue
gioxunenus (cepeOHbOK8AOpamuuHe 8I0OXUNICHHS).

Hucnepcis (éapiayis, o (X)) € cepefHbOI0 3BAKEHOIO 3 KBaAPaTiB
BIIXWJICHb JIWCHUX PE3yJbTaTiB BiJ CEpeaHbOro crojaiBaHoro. Bona
XapaKTepHU3y€e PO3CIFOBaHHS 3HAYCHHS BHUIIQJKOBOTO IapaMeTpa BiJ HOTO
CEepPEeIHBbOr0 MIPOTHO30BAHOTO 3HAYCHHS U O0UUCITIOETHCS 3a (DOPMYJIOIO:

O-z(X):Z(xi_;)z'pi:inz'pi_gz' (11.3)
i=1 i=1
Jlnist HemepepBHOT BeTMUMHY X Ha iHTepBani [a,b]| Maemo:
b
o} (X) = [ (x= M (x)* f (x)dx.

Cmanoapmue gioxunents (o(x)) DJOPIBHIOE KBAJAPaTHOMY KOPEHIO 3
JUCIIepCii:

F(X)=+c>(X) = Z(x —x)’-p,. (11.4)

CrangapTHe  BIIXWICHHS  [OKa3ye  MaKCUMAalbHO  MOXJIMBE
KOJIMBaHHS TIEBHOTO MapaMeTpa BiJl HOro CepeHBO CMO/IIBAaHOT BEIUYMHU
Ta J03BOJIAE€ OIIIHUTH CTYIIHb PU3UKY 3 MOy WMOBIPHOCTI HOTO
3M1MiCHeHHsT (YuM Oulbllla BEJIMYMHA YHUCIOBOI XapaKTEPUCTUKU, THUM
PU3UKOBAHIIINM € PIIICHHS).

k1o BBaXxaTH, 110 € JBa MPOEKTH MEPIINi 1 IPyTuil B sIKI MOXKHA
BKJIACTH KOIITH 1 BOHM Y BH3HAUYCHUM MOMEHT B MallOyTHbOMY
3a0€3M1eUyI0Th BHIAIKOBI BEIHYHHH HpI/I6YTKy, TO TPU BIAMOBITHUX
cepenﬂlx CIO/AIBaHMX 3HAYEHHAX X| Ta x, 1 AUCHEPCIAX o, Ta o, MNPHU
x, > x, 1 6, <o, KpalluM € TIPOEKT Hepnn/m

B 3aranbHOMY BUNAJAKy, KOJIHM x, >x,, o,>0, a0 x,<x,, 0, <0,
OJIHO3HAYHOTO pIIICHHS HeMmae. I[HBeCTOp MOXKE BHOpaTH MPOEKT 3
OLIBIIMM CTOJIIBAHUM MPUOYTKOM, aJie MOB’SI3aHUM 13 BEJIMKUM PU3UKOM,
a00 BapiaHT 3 MEHIIIMM CIO/iBaHUM MPUOYTKOM, ajie MEHIIl pPU3NKOBAHHM.
JlociiKyBaHy CUTyallll0 MOXKHa TMOKa3aTh Ha rpadiky, /1€ KOXKEH BHU]
BKJIQJICHb IIPEJICTABICHO TOYKOK 3 KoopAauHaramu (o;,x;) (puc. 11.2.1).
Yum Outblvid crioAiBaHMM e(eKT, TUM BHUIIE PO3MIlIEHA TOYKa, YUM
O1MBIIKMN PU3UK — TUM TOYKA PO3TAIlIOBaHA MpaBillle.

OuyeBUIHO, IO TOCBIIYEHUN 1HBECTOP BIAJACTh MepeBary mpoexTy 1,
a He 2 1 3. Takox BiamacTh nepeBary nmpoekty 4, a He 2. I[Ipote 3anexHo
B1JI CXHJIBHOCTI JIO pU3UKY 3aJIe’KUTh BUOIp MpoekTiB 1, 4 abo 5.
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Puc. 11.2.1. [Jiarpama B3a€MO3B’SI3Ky PU3HUKY 1 IPUOYTKY

[puknan 11.2. Jns nanux npukiiany 11.1 HeoOXigAHO OLIHUTH PUBUK
BapIaHTIB UYe€pe3 JUCHEPCIIO 1 CTaHAAPTHE BIAXUICHHS.

¢ Po36 ’s3y8aHH.

BusznaunMo aucnepcito 1 cTaHaapTHE BIAXWICHHS 3a (popmyliamu
(11.3),(11.4).

Jlns BapianTa A:

o =(10000-12608)* - 0,4+ (13400 —12608)* - 0,52 + (20500 —12608)* - 0,08 =
=2720666+4982693+326177=8029536 rpH.”

o, =2834 rpH.

Jlns BapianTa b:

o =(12500-16925)* - 0,25 + (14000 — 16925)* - 0,45+ (25000 — 16925)* - 0,3 =
=4895156+3850031+19561688=28306875 rpx.”

o = 5320 rpH.

OTxe, py BKJIQJaHHI KaIiTaay Y BIAMOBIAHI BaplaHTH MAEMO:

BapianT A — x =12608 rpH., 6° =8029536 rpH.z, o =2834 rpH.

Bapiant 5 — x = 16925 rph., o> =28306875 rpu.°, o =5320 rpH.

Sk Gaunmo, BapiaHT bh Mae OUIbIIE CHOJAIBaHE 3HAYEHHS MPUOYTKY,
ajyie BIH € PU3UKOBAHIIINM, HIXK A. Jkuil BapiaHT BUOpaTH — 1€ 3aJICKUTh
BiJI KOHKPETHOI JIOJWHU. 3amoB3sTivMBa ocoba BIIJACTh IIepeBary
OUTBIIOMY  CHOMIBAHOMY 3HAQYEHHIO MOpUOYTKY 1 CTaHAAPTHOMY
BIJIXMJICHHIO, 2 KOHCEPBATHBHIIIIa — BUOEpE BapiaHT A. ¢

[Tigxi7, MO IPYHTYETHCS HA BUKOPUCTAHHI AUCIIEPCIi 1 CTAHAAPTHOTO
BIAXWJICHHS, BBaXKAETbCS KiacuuyHum. Y JHUCIHEpCii Ta CTaHIaApPTHOMY
BIIXWJICHHI PHU3WK BHU3HAYAETHCS Yepe3 BIAXWICHHS BIAMOBITHUX
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MOKA3HUKIB BUITQJKOBOI BEJIMUMHU BIJl IXHBOTO CEPEIHHOTO CIOAIBAHOTO
3HaYEHHs (MaTeMaTU4YHOIO CIOJ(IBaHHS). 3ayBa)XKMMO, IO 3a TaKOTo
BU3HAUCHHS MIpH PU3UKY OJHAKOBO TPAKTYIOThCSA SIK  JOJATHI

(cipusATIUB1), TakK 1 BIJI’€MHI (HECTIPUSTIIMBI) BIAXWICHHS BIJ] X .

[IpoTe, KO IiCHy€ Big’€MHE BIAXWICHHS, TOJI BIAMOBIIHE
CIIOJ[IBaHE 3HAUYCHHS PE3YJbTAaTy HIXKYE BiJl CEpeaHBOro crnojiBaHoro. Lle
O3Ha4ya€ HECHPUATINBY cUTYyallito. JlogaTHe BIAXUICHHS BOAHOYAC BKa3ye
Ha Te, IO CIHOJAIBaHE 3HAYCHHS pE3yJbTaTy BHIIEC BiJ CEPEAHHOTO
ciogiBaHoro. lle € copusariuBa curyailis g OCOOU, IO MpUMae
pILIEHHS.

Pusuk, HacaMiiepei, OB’ A3aHUN 3 HECHPUSITIMBUMHU CUTYaIlisSIMU. 3
i€l TPUYMHU 3a MIpy PHU3MKY 4YacTo BHUOUpPAIOTh cemigsapiayiro
(Heoxknacuynuti TIAXiZA 10 OLIHIOBAHHA pU3MKY). li OOUYMCIIOIOTH 3a
dbopmyoro:

1] »
SV=—_Zdi2Pi, (11.5)
P i
Ae p, — WMOBIPHICTD HACTaHHA I-IO pe3yJbpTaTy; d, — BII €MHI
BIIXWJICHHS IIUCHUX PE3YyJbTATIB Bl CEPEAHBOTO CIIOAIBAHOTO, TOOTO:
0, x, =x,
d = _ (11.6)

X, —x, X, <X,

J€ X, — 3HAY€HHS I-I0 pe3yNbTaTy; X — CEPENHE CIIOJAIBAHE 3HAYCHHS;
P~ — cyma AMOBIpHOCTEM, [UId AKUX d, B €MHI.

KBanparhnwuii KOpIHb 13 ceMiBapiaiii HA3UBAETHCS
CeMIK8AOPAMUYHUM BIOXUNEHHIM:
SSV =SV . (11.7)
3po3yMino, 10 4uM OuIbIIOK Oyjae BeauuuHa SV um SSV, Tum
O1bITUM OyJIe CTYIIHB PU3UKY.

11.3. Pusuk y BiTHOCHOMY BUpa3i

Y BigHOCHOMY BHpa3i pU3KMK BHU3HAYAETHCS, HAMNPUKIAI, 5K
BEJIMYMHA MOXJIMBUX 30HMTKIB, BiJHECEHa JIO0 JesAkoi 0a3u, 3a SKy
Hal3pyyHille mpuiMatu abo MaWHO MIANPHEMIlS, a00 3arajbHI BUTpATH
pecypciB Ha BIAMOBIAHUM BUJ MIANPUEMHHUIIBKOI MisTBHOCTI, ab0 XK
CroAiBaHuM 10X1 (MpuOYTOK) BiJl KOHKPETHOTO MINPUEMHUIITBA.

Jlist mignpuemcTBa (Kopriopailii) 3a 0a3y BU3HA4Y€HHS BiIJAHOCHOI
BEJIMYMHU PU3UKY O€pyTh BapTICTh OCHOBHUX (DOHJIIB Ta 00IrOBUX 3aCO0IB
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a00 TJIAaHOBI CyMapHi 3aTpaTd Ha BKa3aHWUM BHUJ PU3UKOBOI IISUIBHOCTI,
MarOyd Ha YyBa3l SK IOTOYHI 3aTpaTd, TaK 1 KaIliTaJOBKJIAJCHHS YU
PO3paxyHKOBUHN TOX1]] TOIIIO.

CHiBBITHOIIEHHS] MaKCUMaJIbHO MOXKJIMBOTO 00CSTy 30UTKIB Ta
o0csry BIIacCHUX (PIHAHCOBUX PECYpPCIB IHBECTOpa € Mipor (OIIHKOIO)
PU3HMKY, IO Bele A0 OaHKPYTCTBA. PHU3UMK BUMIPIOETHCS 3a JOMOMOIOIO
Koe(ilieHTa:

W= % (11.8)
ne W — xoe(illieHT PU3UKY; X — MAKCUMAJIbHO MOKJIMBHUM 0OCST 30UTKIB
(rpH.); K — 0o0csr BinacHUX ()IHAHCOBUX PECYPCIB 13 BPaXyBaHHSIM TOYHO
B1JIOMHUX HAJXO/PKEHBb KOIITIB (TPH.).

JlocmimKeHHsT pU3UKOBUX 3aXO0J1B JI03BOJISIE 3pOOUTH BUCHOBOK, 1110
onTUManbHUN Koe(dilieHT pus3uky ckiagae 0,3, a Koe(illleHT pHU3HKY,
AKui Bene 10 OaHKpyTCcTBa iHBecTOpa, — 0,7 1 OLIbIIIE.

[Mpuknag 11.3. JocBiguenui iHBecTop 3amianyBaB 50 THC. TpH.
BKJIACTH B MEPCIEKTUBHI, HA KOT0 AYMKY, akuii mifg 25 % piyHUX 3 HA/II€10
orpumatu 50-0,25=12,5 Tuc. rpa. Koy 11 akiii nodaau pi3ko majaaTw,

BiH iX mpopaB, moHicimu 30 % 30uTKiB, TOOTO HOro BTpaTH CTAHOBUJIU
.. 15
50-0,3 =15 tuc. rpa. KoediienT pusuky 1y Hporo W = 0 0,3.
Monoauii 613HeCMeH, MarouM CBOiX 15 Tuc. rpH., 6epe B 6opr 35 TuC.
rpH. mig 12 % piuHux 1 Takox BkJIagae Bcl 50 THUC. IpH. B Il akii. Bin
manye orpumata 50-0,25-35.0,12 =8,3 tuc. rpH. Alle B pe3yibTaTi
THUX JKe omeparmiil BiH moHic 30uTku piBHl 50-0,3+35-0,12=19,2 THC.

rpH. JlJis HbOTO 111 BTpaTH — MoBHE OaHKPYTCTBO. KoedilieHT pu3uKy s
19,2

HbOTO W = =1,28>>0,7, mo Tex roBOpuTh Mpo OaHkpyTcTBO. Lleit

NpUKIa] MATBEPJKYE, 110 CTAaBKa Ha BIACHUM KamiTall € MEHII
PHU3UKOBOIO. ¢
Y BIIHOCHOMY BHpa3l PU3UK TaKOXX BHUMIPIOIOTh 3a JOMOMOTOIO
Koegiyichma eapiayii. BiH € BITHOIIIEHHSIM CTaHIAPTHOTO BIIXUJICHHS JI0
CEPEAHBOTO CIOAIBAHOIO 3HAYCHHS:
y=2. (11.9)
X
KoedimieHT Bapiailii — BiJHOCHA BEJIWYMHA, TOMY Ha MOTO po3Mip HE
BIUIMBAIOTh a0COJIIOTHI 3HAYEHHS JOCTIKYBAaHOTO TOKa3HUKA. 3
JOTIOMOTOI0 IIOTO TOKa3HUKA MOXKHA MOPIBHIOBATH HABITh KOJIMBAHHS

325



MOKa3HUKIB, BUPAXKEHUX B PI3HUX OJUHHMIAX BuUMIpY. [liama3zon 3minu V
Big 0 mo 1. Uum Oinpmmii KoepiIlleHT, TUM OUIBIIUNA PO3KHUJ 3HAYECHD
MOKA3HHUKIB 1 TUM PU3UKOBAHIIIUM € OIIHIOBAaHUN MPOEKT.

BcTaHoBiieHa Taka sikicHa IIKajia pi3HUX Koe(diIlleHTIB Bapiallii:

10 0,1 — cnaOke KOMBaHHS;

0,1-0,25 — nmomipHe;

nonaz 0,25 — BUCOKe.

BiamoBigHO, YMM BUIIE KOJMBAHHS, TUM OLTBIINHN PU3HK.

ko, HanpukiIag, y J[ABOX aJlbTEPHATUBHUX TMpPOEKTIB A4 1 b
BUSBUTBCA, 10 V<V TO TmepeBary cCiil HagaTu TPOEKTy A, SKUH
OOTSKEHUI MEHIITUM PUZHKOM.

s BUnmagky x, >x, Ta 0, >0y, ado Z<g Ta 0, <0y, 1 IIpH
uboMy V,=Vy, Tpeba BpaxoByBaTU CXUJIBHICTh (HECXWIBHICTH) CyO’€KTa
NpUMaTH PU3UKOBAHI PIICHHS.

B HeokmacuyHOMY MiAXO/ll A0 OIIIHIOBAHHS PU3UKY 3a aHAJOTIEI0 3
KoedleHTOM Bapiallli iICHye xoegiyienm cemisapiayii:

csy =2V (11.10)

X
ne SSV — cemikBagpaTUYHE BIIXUICHHS.

KoedimieHT cemiBapialiii y psjl BUIIaJAKIB JO3BOJISE Kpallle OLIHUTH
CTyMIHb pU3UKY. [{e nouiibHO, 30KpeMa, TOA1, KOJY 30BHIIIHE EKOHOMIYHE
cepenoBuile, (HAKTOPHU PU3MKY, XapaKTEPHI JJIs aHaI30BaHOTO IPOEKTY,
B1/I3HAYAIOTHCS JUHAMI3MOM.

Takum YMHOM, cHCTeMa MOKAa3HUKIB KUIBKICHOI OI[IHKH PHU3UKY
BKJIIOYa€ aOCOJIOTHI 1 BiTHOCHI Beu4yuHu (Tadm. 11.1).

Tabmuusa 11.1.
CucreMa MoKa3HUKIB KIJIbKICHOT OLIIHKU PU3UKY

IToka3zHUK dopmyna
Abconromne 8UMIpIOGAHHS PUSUKY
AOCOII0THA BEJIMUUHA PU3UKY W=p,- x,

ne W — BenuuyuHa pusuKy; p, —

WMOBIpHICTh HEOQKAaHUX HACIIIJIKIB,
X — BEJIMUMHA [TUX HACJIIIKIB
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[TponoBxkenns Ta6m. 11.1

CepenHe  crojiiBaH€  3HAYECHHS

(MaTemMaTU4HE CIO/IIBAHHS)

;:M(X)zzn:xipi,

i=l1
1€ x, — 3HA4YEHHs [-T'0 PE3YIbTaTy,
P, — IMOBIPHICTb HACTAHHS i-T'O

pe3yNbTaTy

Hucnepcis (Bapiartis)

o’ (X)= i(x,. ~x)*-p,

CrangapTHe BiAXUICHHS

(cepeaHbOKBaIpaTUYHE o(X) =+ (X)
B1AXHUJICHHS)
CewmiBapiaiis

1 n
SV =—Ydp.,
P‘,%: hy

1€ p, — UIMOBIPHICTb HACTAHHS i-TO
pe3yabTary;
d, — B11’€MHI BIAXWIECHHS JIACHUX
pE3yJIbTaTIB B1J CEPEIHBOTO
CHOIBAaHOT0, TOOTO

g 0, x =ux,

; _ _
X, —x, x <X,

P~ — cyma iiMOBIpHOCTEH, JJI SIKUX

d, B’ €MHI

CemikBaJIpaTUYHE BIIXUJICHHS

SSV =SV

Bionocne sumiprosanus pusuxy

KoediiieHT pu3uky

W=,
K

JI€ X — MAKCUMAaJIbHO MOXJINBUH
oOcsir 30UTKIB (TpH.);

K — obcsr BracHUX (piHAHCOBUX
pecypciB 3 BpaXyBaHHSIM TOYHO
BIJIOMHMX HaJXOJPKCHb KOIITIB (TPH.)

KoedimienT Bapiarrii y_o
X
oellieHT ceMiBapialiii Sy - S§ V
X
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[puknan 11.3. @ipma nanye BKJIACTH MEBHY YaCTUHY CBOIX KOIITIB
Yy PO3BUTOK €KOHOMIYHOT JISUIBHOCTI. AJIbTEPHATHBHI BapiaHTH PO3BUTKY
33J1aHO TEBHUMHM CTpATETisIMU. 30BHIINIHLOCKOHOMIYHI (3/€) yMOBH, Kl
BIUIMBAaTUMYTh Ha MOKA3HUKU €(EKTUBHOCTI KOKHOI CTpaTerii, IMOBIPHI.
Burpami  3a  peamizamii = KOXHOi  cTpaTerii  Ta  WMOBIPHOCTI
30BHIINTHBOCKOHOMIYHMX YMOB HaBeieHo B Tabn. 11.2. HeoOximHo
BU3HAYUTU €(DEKTUBHICTh W PU3MKOBAHICTh KOXHOI CTpPATErii PO3BUTKY
¢bipMu Ta 3pOOUTH BUCHOBOK, Y SIKY CTpPATEriio JOLUUIBHO BKJIAIATH KOIITH
Ta YOMY.
Tabnuia 11.2
Burparii npu peasnizaliii K0>XHOI cTpaTterii Ta UMOBIPHOCTI
30BHINTHbOCKOHOMIYHHMX YMOB

Crparerti, [TpuOyToK 3a 3/e yMOB

S 1 2 3 4 5
S 18 3 20 9 5
S 10| 22 14 35 45
S; 30 5 4 30 3
S, 14 15 10| 28 6
Ss 17 24 19 11] 14

Mwosiprictsl 5 1 o3| 01| 025 0,15

3/€ yMOB, P;

¢ Po36 ’s13y8aHH.

1. Buznawaemo cepenHr0 €(QEKTUBHICTh KOXKHOI
dopmyuoro (11.1):

x,=18-0,2+3-0,3+20-0,1+9-0,25+5-0,15=9,5,

x_2:10-0,2+22-0,3+14-0,1+35-0,25+45-O,15 = 25,5,

x_3:30-0,2+5-O,3+4-O,1+30-0,25+3-0,15:15,85,

x_4:14-0,2+15-0,3+10-O,1+28-O,25+6-O,15:16,2,
x_5:17-0,2+24-O,3+19-O,1+11-0,25+14-0,15 =17,35.

OCKUIbKM MM 3HA€EMO, IO YUM OulbIna cepenHs e(eKTUBHICTh
CTpaTerii, TUM BUTIAHIIIA CTpaTerid, TO 0a4uMo, 1110 Apyra CTpaTeris Mae
HaOUIbIy CepeHI0 €(QEeKTUBHICTh 1 € HAWBUTIHINIOW, a pellTa
CTpaTeriil HaiiMeHI e(heKTUBHI.

2. KinbKicHa OIIIHKa PU3MKOBAHOCTI KOXKHOI CTpaTerii Ha OCHOBI
MOKa3HUKIB Bapiallli:

a) 3a IUCTEPCIEI0 MPOBOAMMO po3paxyHKu 3a popmyrioro (11.3):

cTpaterii 3a

328



D, =(18-9,5-0,2+(3-9,5°-0,3+(20-9,5)°-0,1+(9-9,5)* - 0,25 +
+(5-9,5)°-0,15=41,25,

D, =(10-25,5)*-0,2+(22-25,5)>-0,3+(14-25,5)* - 0,1+ (35— 25,5)* x

x 0,25+ (45-25,5)*-0,15=144,55,

D, =164,23, D, =55,66, D, =25,33.

Jlucniepcisi € OTHUM 3 a0CONIOTHUX MOKA3HUKIB KUTBKICHOI OLIIHKH
pu3uky. UuMm Ouibllia aucnepcis, TUM OUIbIIMNA PU3UK, NPUTAMAHHUN
cTparterii. Buxoasuu 3 1poro, m’sta cTpaTeria XapakKTePU3yeThCI MEHIITUM
PU3UKOM, HDK peITa cTpareriii, ToOTO 3a UM TIOKa3HUKOM II’siTa
CTpaTeris € BUT1IHIIION;

0) Ha OCHOB1 CTAaHJIAPTHOTO BIAXWJICHHS MPOBOJUMO PO3PaXyHKH 3a
dbopmyoro (11.4):

o, =+/41,25=6,42,
o, =+/144,55 =12,02,
o, =+/164,23 =12,82,
o, =+/55,66 = 7,46,
o, =+/25,33 =5,03.

CrangapTHe BIIXWIEHHS — II€ CEpPEIHE JIIHINHE BIIXWJICHHS BIJ
(aKTUYHOTO 3HAYEHHS MNpPUOYTKYy, YMM MEHIIE G, TUM HaJilHIIIA
ctpateris. Tox 3a MM MOKa3HUKOM HAWMBUTIIHIIION € T1°siTa CTpaTeris;

B) Ha OCHOBI Koe(ili€eHTa Bapiailii OOYUCIEHHA MPOBOAMMO 3a
dbopmyioro (11.9):

V, = 042 _ 0,68, V, = 1202 _ 0,47, V, = 1282 0,81,
9,5 25,5 15,85
v, = 7,46 =0,46, V, = 203 _ 0,29
16,2 17,35

YumMm Oinbliie 3HaYeHHS KoedillieHTa Bapiailii, THM PHU3UKOBAHIIIO
Ta MEHII €(EeKTUBHOIO € CTpaTeris. 3a UM MOKAa3HUKOM BUT1JIHIIIA 11’ sTa
ctpaterid. [IpoTe KONMMBHICTS ii BUCOKA,;

I') 3a ceMiBapialli€ro.

OOUHCITIOEMO BIAXUIIEHHS TPUOYTKY BiJl CEPEAHBOI €(PEKTUBHOCTI 3a
3/€ yMOB 1 3aHOCUMO B Ta0i1. 11.3.

3a ¢gopmynor (11.6) gomatHi BiaxuiaeHHs 3aMiHUMO uucioMm 0, a
BiJI’€MHI 3aJIMIIIa€EMO, SIK TTOKa3aHo B Ta0i. 11.4.

Jlami obumciroemMo cemiBapiaitiro 3a ¢popmynoro (11.5):
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1

V1 =
03+0,25
158

=225,

b

1

+0,15

V,=
0,2+0,3
65,0

=108,3.

9

+0,1

((=6,5) -0,3+(~0,5)> - 0,25 + (~4,5)* - 0,15) =

((-15,5)% 0,2+ (=3,5)* - 0,3+ (~11,5)>- 0,1 )=

Tabmuisa 11.3

Bigxunenns npuOyTKy BiJi CEpEIHBOT
Crparerii, S;|  e(peKTUBHOCTI 3a 3/€ yMOB, x, - x x
1 2 3 4 5
Si 85| -6,5 | 10,5 |-0,5| -45 9,5
S, -15,5| -3,5 | -11,5| 9,5 19,5 25,5
S3 14,15(-10,85|-11,85 |14,15| 12,85 |15,85
Sy 22| -1,2 | 6,2 |11,8| —10,2 | 16,2
S —0,35| 6,65 | 1,65 |-6,35| —3,35 |17,35
mosipricts| 0,2 | 03 | 0,1 [025| 0,15
3/€ yMOB, P;
Tabmmg 11.4
Crparterii, Bin’emHi BigXuneHHs NpuOYTKY BiJl CepetHbOl
S; e()EKTUBHOCTI 3a 3/€ YMOB, X, — X
1 2 3 4 5
M 0 —-6,5 0 -0,5 -4,5
S, —15,5 -3,5 —11,5 0 0
S5 0 —10,85 | —11,85 0 —12,85
Sy 2,2 —1,2 —6,2 0 —10,2
Ss —0,35 0 0 -6,35 | -3,35
NmogipHicts| 0,2 0,3 0,1 0,25 0,15
3/€ yMOB, P;
1 2 2 2
= -10,85)°-0,3+(-11,85)"-0,1+(-12,85)"-0,15)=
’ 03+OJ+OJ5« ) ( ) ( ) )
_ 74 =134,7.

>
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o ((-2,2)* 0,2+ (-1,2)*-03+(~6,2)* - 0,1+ (~10,2)* - 0,15) _
* 0,2+03+0,1+0,15
_209 75, 51 : ((~035)*-02+

57 0.2+025+015

+(-6.35)70.25+(-335)° -0.15)= 7

9

b

=19,6.

CewmiBapialiisi XapakTepU3y€ CEpeliHI KBaAPAaTHUUHI BIAXWUJICHHSA THX
3Ha4YeHb MPHUOYTKY, SKI MEHII 3a HhOro. Ynum MeHIa ceMiBapiallisi, TUM
MEHIII MPOTHO30BaH1 BTPATHU. 32 UM MOKAa3HUKOM BUTIJTHIIIOK € TaKOXK
I’ siTa CTpaTeris;

1) 32 CEMIKBaJIpPATUYHUM BiAXHIICHHSIM.

OO6uucnenHs npoBoaumMo 3a ¢popmyroro (11.7):

SSV, =4,75, SSV, =10,40, SSV, =11,61, SSV, =5,27, SSV, =4,43.
OTe, BUT1AHIIIOO € TAKOXK I1°sITa CTPATETis;

¢) 3a KoeIIiEHTOM ceMiBapialiii.

OG6uucnenns mpoBoauMo 3a ¢opmynoro (11.10):

csv =21 _o50, csv, =040 _g 41, ey =101 53
CSV, = f 27 _ 033, CSV, = 14’43 =0,26

b b

3a 1M MOKa3HWKOM BUT1JIHIIIIOKO € TAKOX M’ sITa CTpaTerisl.

Takum ywHOM, B aHaANMI30BaHOMY MPHKIAAl 3a aOCOTIOTHUMHU W
BIJIHOCHUMHM TIOKa3HUKAMH HAaMEHIIl PU3UKOBAHOIO € I1°Ta CTpaTEris. 4

[Ipuknan 11.4. Bigomo, mo axiii Buay A ta B, 3aJIe)KHO BijJ CTaHy
€KOHOMIKH, MOXXYTh MaTH Pi3HY JOXIAHICTh. CriemiadicTd 3 €KOHOMIYHUX
IOCIIUKEHDb BKa3aJyd HA I SITh MOXKJIWBUX CTaHIB €KOHOMIKHA Ta OL[HWIIN
WMOBIpHOCTI HacTaHHs LMX cTaHiB (Tabn. 11.5). HeoOxigHo mpoBecTu
KUIbKICHUM aHa13 pU3UKY aKIIiil.

Tabmug 11.5

Cranu o JloximnicTs akmii, %
CKOHOMIYHOI'0 ImoBIpHICTSB, p

CepeIoBHIIA A B
3Ha4HE MiIHECEHHS 0,2 0 2
H}ilzle;:j:;fﬂ 0,1 25 20
Crarsaris 0,3 18 13
Hesnauna perecis 0,3 10 8
3HayHa perecis 0,1 -5 —3
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¢ Po36 ’s13y8aHH.

OO6uncaMMO CHOMIBaHY JOXITHICTB JJIs KOXKHOT akIlii 3a (GopMyJIor0
(11.1):

A x4=02-0+0,1-25+0,3-18+0,3-10+0,1- (-5) =10,4%,

B:xp=02-2+0,1-20+0,3-13+0,3-8+0,1- (-3) =8,4%.

JJ1s OIlIHIOBAHHSI CTYIIEHS pU3UKY B aOCOIOTHOMY BUpPa3i 3HAMIEMO
aucriepcito  (Bapiaiiio) Ta CepeaHbOKBAJpAaTUYHE BIAXWICHHS 3a
dopmynamu (11.3, 11.4) 1 KOKHOI 3 aKIiil.

Jlucniepcist JOX1AHOCTI JJisl aKilii A:
c2=0,2-(0-10,4)> +0,1-(25-10,4)* +0,3- (18 -10,4)* +0,3-(10-10,4)* +
+0,1-(=5-10,4)> = 84,04.

TyT cepeaHbOKBaJpaTUYHE BIAXWICHHA s akmii A4 Oynje:
c,=917%.

AHAaJIOTI4HO JIs aKIli B 3HaX0AUMO JUCIIEPCitO:
c.=0,2-(2-8,4)*+0,1-(20—8,4)* +0,3-(13-8,4)* +0,3-(8 - 8,4)* +
+0,1-(-3-8,4)° =41,04
Ta CEPEIHbOKBAAPATUYHE BIAXWIEHHSA: 0, = 6,41%.

Otxe, akiiga Buay 4 3abe3nedye BHIIY CIOJIBAaHY JOXIIHICTh, HIXK
aKkilis BUAY B, aje OCTaHHA MEHII PU3MKOBA 32 MOKAa3HUKOM CEPEAHBOTO
KBaJpPAaTUYHOrO BiAXWJieHHs. Po3paxoBaHi Koe(illeHTH HE ar0Th
OJTHO3HAYHOI BIAMOBIAlI II0JI0 BUOOPY Kpailoi 3a 1HBECTUIINHOIO
MPUBAOIMBICTIO AKITIi.

3a 1i€I0 NPUYUHOI0 HEOOXITHO OOYMCIMTH PHU3UK Y BIJHOCHOMY
BUpa3l s akuii 4 Ta B 3a J0omnoMororw koediiieHTa Bapiaiii 3a
dbopmynoro (11.9):

y - 9,17 6,41

=088, V,=—2—=0,76.

b b

Orxe, akuig BUIYy B Mae Kpanie CMiBBIIHOILIEHHS MK PU3UKOM Ta
JOX1JHICTIO, ajJie KOJIMBaHHA i BUCOKE.

Jl1s1 OUTBIIO1 IEPEKOHAHOCTI B MPABUIILHOCTI BUCHOBKIB MIJIPAXyEMO
sl 000X aKIii TaKoXK TOKAa3HUKH CTYNEHS PHU3UKY, 110 BPaXxOBYIOTh
BIIXWJICHHS BiJ CIIOAIBaHOI JOX1THOCTI JIUIIIE B HECTIPUSTIUBHM OiK.

3a ¢popmynoro (11.5) cemiBapiarris qist akuii 4 Oyze:
~0,2-(0-10,4)> +0,3-(10-10,4)* +0,1- (-5-10,4)* 45,40
0,2+0,3+0,1 0,6
a CeMIKBaJI[paTUYHE BIIXUJIEHHS 3a popmyJioro (11.7):

SV,

=175,67,
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SSV, =8,70%.

AHaIOTI4YH1 MOKA3HUKHU U1 akilii B:
_0,2-(2- 8,4)" +0,3-(8—8,4)>+0,1-(-3-8,4)° 2124
B 0,2+0,3+0,1 0,6

SV, 35,4,

SSV, =5,95%.
Ternep OLIHMMO PU3HK Y BIIHOCHOMY BUPaXKEHHI JJ1 aKiliil A Ta B 3a
koediieHToM ceMiBapiallli, BUKopucToByrouu dhopmyiy (11.10):

CSV, = f’m _ 084, CSV, =222 —0.71.

OTxe, mparMaTUYHMI 1HBECTOP 00epe akIlito BUAY B, ajke 3a BCciMa
BIIHOCHUMH  IIOKa3HMKaMH  pHU3UKy BOoHa  3abe3ledye  Kparre
CITIBBIIHOIICHHS MK pU3UKOM Ta JTOX1AHICTIO KalliTaJbHUX 1HBECTHUIIIM. ¢

11.4. Buxopucranns HepiBHOCTI UeOnmena

Jlucrepcisi HEMOBHICTIO XapaKTepuU3ye CTYMiHb PU3UKY, aje BOHA
I03BOJIIE B JSIKUX BHIAJIKaX JOCHTHh YiTKO BU3HAYUTH I'PAHUYHI IIaHCH
MeHeKepa (1HBecTopa, MIANPUEMI) MPU NPUUHITTI EKOHOMIYHHMX
pimeHb. TeopeTWyHa OCHOBa Il IILOTO 3aKJaJeHa B HEPIBHOCTI
YeoOuiiera: IMOBIPHICTh TOT'O, 110 BUITAJAKOBA BEIMYHMHA R BIAXUIUTHCS
BIJI CBOI'O MaTeMaTHYHOI'O CIOJIBAHHS m 3a a0COJIOTHOIO BEIMYHUHOIO
OinbIIe BiJ JOAATHOTO YKCIA O, HE MEPEBHUILYyE ii AUCIEPCIi, TOAIICHOT
Ha O :

P(JR—m\>5)s§, (11.11)

ne R — BUIagKOBa BEJIMYMHA;, m — ii MaTeMaTUYHE CIOJIBaHHA, V =0’ —
JUCIIEPCis BUIMAJAKOBOI BEIMUMHHU; O — BEIMUYMHA BIIXUJICHHS BUIIAIKOBOI
BEJIMYMHU Bl 11 MATEMAaTUYHOI'O CIO/{IBAHHS.

: V
Ockinbkn p <1, 10 oueBuaHO, Mo — <1, a omke, V' <5°.
52

PosrinsiHeMo fAesiky €KOHOMIYHY cuTyauniro. Hexaih 1HBecTuilii
3IIACHIOKOTHCA 32 PAXYHOK KPEIMTY, B3ATOIO MiJ BIJICOTOK 7 MiJ 3aCTaBy

HEPYXOMOCTI. 3HaleMO WMOBIPHICTb TOTrO, LIO I1HBECTOP HE 3MOXKE
MOBEPHYTH OOPT ¥ 030y 1€ThCS CBOET HEPYXOMOCTI.

Hexaii R — BumaagkoBa BeaWYMHAa €(PEKTUBHOCTI BKIAJICHb 13
MaTeMaTUYHUM CHOJIBaHHSAM m 1 gucnepciero V. Toal MMOBIPHICTH
OaHKpYTCTBAa — 116 MMOBIPHICTh TOTO, 10 BUIIQJKOBAa BeJIWYMHA HaOyje
CBOI'O 3HAYEHHSI, SIKE BIJIMOB1/Ia€ YMOBI:
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R<r. (11.12)
B npomy BuUnNagKy 3Ha4€HHS HMOBIPHOCTI Oy/i€ IOPIBHIOBATHU:
P(R<rs):P(R—m<rS —m):P(m—R<m—rs):PQR—m‘<m—rS)£
V

“(n-r)

I3 mpoBeaeHux anreOpaiyHUX MEPETBOPEHb BUILIMBAE, IO IIAHC

(11.13)

30aHKpPYTYBaTH HE TEPEBUIILYE ~. Tyt Tpeba Matu Ha yBasi, LIO

Vv
(m-r.)
palioHaIbHO BKJIAJATH IiJ KPEIAUT MOKHA TUIBKH TOAl, KOIU m>7,, a
yMmoBa (11.12) BUKOHY€EThCS JUIIE TOM1, KOJIU JUCTIEPCis HE TY>KE BEIIMKA,
3okpema V <(m—r ).

Jiist Toro, mo0 Mpy BUKOHAHHI IIUX YMOB, IIIAHC OAHKPYTCTBA OyB HE
oubie 1 3 9, Tpebda o0 BUKOHYBaIacsk HEPIBHICTb:

ngl. (11.14)
(m—=r) 9

3Biacu BUIIUBAE, MO 30 <m—r, abo
mzr +30. (11.15)

Taxkum 9YMHOM, HAMH OTPHUMAHO MPABHIIO TPHOX CHUTM.

TyT, sIK OJMH 13 MapaMeTpiB PUBUKY, Y CHUCTEMI1 KIIBKICHOI KMOrO
OLIIHKM, BUCTyMA€ HMOBIPHICTH HECIPHUATIMBOI Nomii p =o’/S° nopan 3
mucriepciero. B 3a3Hauenomy Bumanky p, <1/9. Iukomm cy6’ekra
OPUAHATTSA PpIIIEHHS HE 3aJ0BOJBHSAE BEIWYMHA p, 1 TOOl i
BCTaHOBJIOIOTH Ha piBHI 0,001.

[lpuknan 11.5. IlinmpuemctBo Oepe kpeaut miag 20% pidyHHX.
Excnieptu  OIiHIOIOTH, 10 PHU3HMK, T[OB’SI3aHUM 3 KOJIMBAHHIMHU
CIOAIBAHOTO MPUOYTKY CTaHOBUTH 5%. OIiiHUTH 3 1MOBIpHICcTIO 1/9
pPiBEHb CIIO/IIBAHOTO MPUOYTKY, 11100 YHUKHYTH OaHKPYTCTBA.

¢ P0o36 ’s13y8aHH.
Ha mincrasi orpumanoi popmynu (11.15) maemo:

m=20%+3-5%=35%,
TOOTO PIBEHB CIIOAIBAHOTO MPUOYTKY MOBUHEH OyTH HE MEHIIIUM 3a 35%.4
Po3rasiHemo iHIy eKOHOMIYHY cuTyaiito. Hexail kpenurop 1HBeCTye

JMIIE YacTHHY CBOIO KamiTaly, 3alMIIAl0Yd 1HOIy YacTHHY Ha
3a01LaPKEHHSI 1] Maike 0€3pU3UKOBHI BIJICOTOK 7.
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ITo3nauumo:
S — ITOYaTKOBHUH KaIliTaml;
X, —9acTKa, BKJIaJI€HAa HA 3a011aJUKEHHS M1 BIICOTOK 7, .

baHKpyTCTBO MOXJIMBE, SKLIO:
x,S(1+7)+1-x,)SA+R)<0.
3BiJCH,

R<_1T%M (11.16)

1-x,
Y upoMmy BUNAAKY 3aMICTh 7, 10 Qirypye B HepiBHOCTI (11.12), €

1+ x,7, : .
BEJIMYMHA L Orinka 3a HepiBHICTIO UeOuIieBa BU3HAYAE PUBHUK
—X
0
O0aHKpPYTCTBA 3 IMOBIPHICTIO, MEHIIIO0 HiX 1/9 To1, KOMTH:
o 1

<
l+x,r, 3

9

m+

1-x,

1+x7r

3o <m+—2L°2

1-x,
a0o0

l+xn

m > +30. (11.17)

1-x,

3BIJICM BHUIUIMBA€, IO CTaBKa Ha BJIACHUHM KamiTal 3HA4YHO
oesmevHima. Ko iHBECTyBaTH BECh BIIACHUW KamiTaj, TO JOCTaTHIM
piBHEM HeOAHKpPYTCTBa Oyie:

m>—-1+30. (11.18)

[Ipuknag 11.6. [aBecTop, maroun 100 TUC T'pH., BKIAJa€ MOJIOBUHY
KamiTaiay B O€3pU3MKOBI 1IHHI MaNepu MiJl BiACOTKOBY cTaBKy 35%. Pemry
rpouieil BIH X04€ BKJIACTH B Mamepu, sIKi 0OTsHKEH! pU3UKOM. PU3MK 1mx
narnepiB (CepeIHbOKBAIPATUYHE BIIXUICHHS) CTAHOBUTH §%.

1. Po3paxyBatu cniojiiBaHy HOpMY NMPUOYTKY, OOTSHKEHOTO PU3UKOM
LIHHKUX Tanepis, SIKIIO 1HBECTOP X0ue, 1100 maHC OAHKPYTCTBA JJi1 HbOTO
OyB MeHIIUM 32 1/9.

2. O0uuCcIUTH, IKUM Ma€ OyTH 3HAYECHHS CEpPeAHLOKBAAPATHUYHOIO
BIJIXMJICHHS LIIHHUX TNaIepiB, SIKIIO 1HBECTOP BUPIIIUB BKJIACTH B HUX BECh
kamitan. CriogiBana (cepenHs) HopMa npuOyTKy gopiBHIoe 10 %, miaHc
OaHKpyTCTBa HE OUTBIIMM HIXK 1/9.
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¢ Po36 ’s13y8annsl.
1. 3a ymoBu npuknany 7, =35%, x, =0,5, o =8%.
Buxkopucrasiu popmyny (11.17) onepkumo:

5 05035 4608211 (-211%).

M

TobOTo croxiBaHa HopMa JI0XOAY IIHHUX IMamnepiB, IO OOTSKEHi
PHU3UKOM, Ma€ OyTH He MEHIIOK0 HIXK 211%.

2. Binomo, mo x, =0, m =10%. BukopucraBum gopmyay (11.18),
OJICPKUMO:

o <(m+1)/3, 10610 0 <(0,1+1)/3=0,367 a6o 36,7%.

OT1xe, pu3uK Mae OyTy He BUILIMM Hik 36,7%. 4

11.5. KpuBa pusuky

B nonepennbomy po3/iii Oyjid BBEACHI MOHATTS OE3pU3UKOBOI 30HU,
a TaKOX 30HU JIOMYCTUMOI'0, KpUTUYHOIO, KatacTpodiuHoro pusuky. Jami
OMUIIIEMO MMOKA3HUKU PU3HKY, BUXOJISIUU 3 IIUX MOHSTh.

HaiinoBHimie ysBJICHHS NPO PU3MK Jla€ TaK 3BaHAa KpUBa PO3MOJLITY
nMoBipHocTel BTpart. Llsg kpuBa € rpadiyHUM 300paKeHHAM 3aJEKHOCTI
WMOBIpHOCTI BTpaT BiJ iX piBHS, IO IIOKa3y€ HACKUIBKM HWMOBIpHE
BUHUKHECHHS BTparT.

PosrasiHemo mpuOyTOK SIK BUMAAKOBY BEJIWYUHY 1 TOOYyEMO KPHUBY
PO3MOILTY UMOBIPHOCTEN OTpUMAaHHS HOT0 MeBHOTO piBHA (puc. 11.5.1).

[Ipu noOy10BI 11€1 KPUBOT BUKOPUCTAEMO TAKI MIPUITYIICHHS:

1. HaitliMOBipHIIIUM € OTpPUMaHHS MPUOYTKY, MO JOPIBHIOE
po3paxyHKoBoMy NpuOyTky — IIP,. VIMoBipHicCTb P, oTpyMaHHs TaKoro
NpUOYTKY € MAaKCHMAaJIbHOIO, 3a Ii€l MpU4YMHOIO 3HadyeHHs [IP, moxHa
BBa)XaTH  MaTEMaTUYHUM  CIOAIBaHHSAM  NOpHOYTKy.  3HA4YECHHS
AMOBIDHOCTEW BIJXWJIEHHS B1JI PO3PAXyHKOBOrO MPUOYTKY MOHOTOHHO
CIaJal0Th MPH POCTI BIAXWICHb, TOMY IO WMOBIPHICTH OTPUMAaHHS
NpUOYTKY, SKUM € OUTHIIIMM a00 MEHIIINM BiJl pO3PaxyHKOBOTO, € HUKYOIO,
YUM OUIbIIE TaKUW NPUOYTOK BIJIPIZHAETHCA Bl pO3PaxXyHKOBOTO.

2. HMOBIpHICTh HAJ3BHYAWHO BEIMKHX BTpaT, Maiike JOPIBHIOE
HYJIIO, TOMY III0 peajibHI BTPaTH MalOTh BEPXHIO MEXKY (3a BHKIIOUCHHIM
THX, K1 HE OLIHIOIOTHCS KUTBKICHO).
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P VIMOBIpHICTh OTPUMAaHHS
IA KOHKPETHOI BEJIMYMHU
+ OpuOyTKYy

Py

30Ha BTpaT 30Ha BUTpaITy

A

>
0 I1P, Benmunuuna npuOytky, [1P

Puc. 11.5.1. KpuBa po3mnojiny WMOBIPHOCTEH OTpUMaHHS IPUOYTKY

3. Brparamu  mpubytky  AIIP  BBaxkaeTbCs  BIAXWICHHS

pospaxyHnkosoro npuoytky I1P, Bix peansnoro npudyTky IIP:
AITP= IIP, — IIP.

[IpuiiHaTi TpUNyIeHHs € Jeu0 YMOBHI, TOMY 110 BOHU MOXYTh HE
BUKOHYBATUCh JJIA BCIX BUIIB puU3uKy. IIpoTe 3aramom i npuUnymieHHsS
MPaBUIILHO Bi0OpaKal0Th 3aKOHOMIPHOCTI 3MIHM PH3HMKY, OCOOJHMBO B
MIANPUEMHUNTBI. ba3yloTbcsi BOHM Ha TImoTe3l, M0 NPUOYTOK SK
BUIMAJKOBa BEJIMYMHA MIAMOPSIKOBAaHA HOPMAJIbHOMY a00 OJU3BKOMY 10
HOPMaJIBHOI'O 3aKOHY PO3IOILITY.

Marouu KpuBy pO3NOAUTY WMOBIpHOCTEH OTpUMAaHHS MPUOYTKY Ta
30HM PU3UKY, MOOYAYEMO KPHUBY pO3MOAUTY WMOBIPHOCTEM MOMKIMBUX
BTpaT mnpuOyTky. Il10 KpuBYy HaszuBaroTh Kpugoro pusuxy. BonHa €
MOIEePEIHHOI0 KPUBOIO, ajie MOOYIOBAHOIO B IHIININ CHUCTEM1 KOOPAMHAT
(puc. 11.5.2).

Ha xpuBiii po3noily WMOBIPHOCTEH MOKJIMBHUX BTpaT MPUOYTKY
BUIUISIIOTh YOTHPH XapaKTEePHI TOUKH.

Touka 1 BigNOBIa€e WMOBIPHOCTI HYJBbOBUX BTpaT MNpPUOYTKY
(AITP=0 1 P=P,). JIMOBIpHIiCTh HYJIBOBHX BTPAaT € MAKCHMAJIBHOIO, IO
BUIUIUBAE 3 HABEJCHUX BUIIEC NpUMyIleHb. [[poTe BOHAa € MEHIOK 3a
OJIMHUIIIO.
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Touka 2 BiANOBIJa€ WMOBIPHOCTI MOBHOiI BTpaTh NPHUOYTKY, SKY
nozHaunmo P, (AIIP= IIP, 1 P=P,).

Touku 1 12 € rpaHuLISIMA 30HU IOMYCTUMOT'O PU3HKY.

Touka 3 BigmoBigae WMOBIPHOCTI 3AIMCHEHHS BTpaT, IO
JTOPIBHIOIOTh CyMi1 BEJIWYMHHM PO3PAXYHKOBOTO MPUOYTKY 1 BEIMYMHHU
3aco0iB, IO BKJIAJEHI B CHpaBy, TOOTO BEIWYHHI PO3PaAXYHKOBOTO
sutopry BP (AITP=BP i P=Py,). VIMOBipHiCTh TAKHX BTpAT Pyp.

Touku 2 1 3 € rpaHUIIMH 30HU KPUTUYHOTO PU3UKY.

HMoOBIpHICTH BUHUKHEHHS

3a3HAYEHOTO PiBHS BTpaT
1, npubyTky
P
el
1
P, o)
< Ean >< >
3ona donycmu- OHa 3ona kama-
MO20 PUBUKY KPUMDINHOZO cmpogiunoco
PU3BUK PUBUKY
P MosxnuBi
Kp
BTpaTH
P 4 | npubyTKy
>
0 TP, BP MC

Puc. 11.5.2. Kpusa pusuky

Touka 4 BiANOBiZae MWMOBIPHOCTI 3AIMCHEHHS BTpaTr, IO
JOPIBHIOIOTh MaitHOBOMY cTaHy cy0’ekTa rocnojapioBanusa (AIIP=MC i
P=P.), IMOBIpHICTb SIKUX JIOPIBHIOE P..

Touku 3 14 BU3HAYAIOTh TPaHUIIl 30HU KaTaCTPO(PIIHOTO PUBHKY.

Brparu, 1mo nepeBuiyoTh MAHOBUKA CTaH, HEMOKJIMBO YTPUMATH,
TOMY BOHH HE PO3IJISIAAIOTHCH.

3a J0MOMOrol KpPUBOI PHU3UKY MOXKHA POOUTH BHCHOBKH IIPO
CIIOAIBaHUN PHU3MK. SIKIIO MPH OIIHII PU3UKY MOXIJIMBO MOOYIyBaTH HE
BCIO KpHUBY WMOBIPHOCTEM PHU3MKYy, a JIMIIE€ BCTAHOBUTH 1i YOTHUPHU
XapakTepHl TOYKM (HAMIMOBIPHIIIKMKA pPIBEHb PU3UKY 1 HMOBIPHOCTI
JOMYCTUMO1, KpUTHUYHOI 1 KaTacTpoI1vyHOI BTpAT), TO 3aJa4y TaKOi OI[IHKH
MO’Ha BBa)KaTH yCHIIIHO 3aBepuieHoto. [Ipore, 6e3 cyMHiBY, 100pe MaTu
11e ¥ MPOMI>KH1 3HAYCHHS.
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3a [OMOMOTOK KPHUBOI PHU3MKY MOYKHA BU3HAUYUTH WMOBIPHICTH
BTpAT, 1110 3HAXOJATHCS B MEBHUX 1HTepBaiax. Hampukian, mianpueMeisb
3Hae, 1Mo pusuk BTpatutd 2000 rpH. mMpu MIANKCAHHI KOHTPAKTY IS
HbOr0 cTaHOBUTH 0,1, ajne HOTo 1IKABUTH 3 SAKOI MMOBIPHICTIO BIH MOXKE
Brpatutu Bia 2000 1o 3000 rpH.

3a ICHyBaHHSI KpHBOi HMOBIPHOCTI BTpaT MNpUOYTKIB MO>KHA
BIINOBICTH HA 11€ 3alIMTAHHS NUITXOM 3HAXO/KEHHS CEPEAHBOI0 3HAUCHHS
WMOBIPHOCTI B 33JJaHOMY 1HTEpBaJi.

3a JIOMOMOTOI0 KpPHUBOI pHU3UKY MOXXHA TaKOX BHU3HAYUTU
WMOBIpHICTh BTpaT, IO 3HAXOAAThCA B IIEBHUX «HAIIBIHTEpBaJIax».
Jlocuts wacTto, B mpolieci MPUNUHATTS PIlIEHb NP0 JOMYyCTUMICTH 1
JOIIBHICTh PU3UKY, HEOOXITHO 3HATH HE TUIBKA HMMOBIPHICTH NMEBHOTO
piBHS BTpaT, ajieé 1 UMOBIPHICTh TOTO, IO BTPaTH HE NMEPEBUILATH JICSIKUAN
piBeHb. IMOBipHICTh TOTO, IO BHTPATH HE NEPEBHINATH NEBHHIl PiBEHB,
HA3UBAETHCS IMMOKA3HUKOM Haoliurocmi, énesnernocmi. MK MOKa3HUKaAMU
PU3HUKY i HAAIHHOCTI ICHY€E 3B’ SI30K.

IToxasaukn pusuxky P,, P,, Py, Ta P J03BOIAIOTE BUPOOIATH
CYI’KeHHSI ¥ MpUMMaTH PIIIEHHS NPO 3A1MCHEHHS MIANPUEMHHUIITBA. Alie
JUIT TAKOro PIIIEHHS HEAOCTaTHbO OIIHUTH 3HAYCHHS IMOKa3HUKIB
(MMOBIPHOCTEMN) TOMYCTUMOI0, KPUTUYHOTO ¥ KaTacTpO(pIYHOTO PHU3UKY.
Hanpuknan, noignpueMens 3Hae, o BiH BTpatuTh 20 THC. TpPH. 3
iMoBipHicTIO 0,15, TO 11 1€ HE O3Hayae, MO0 MOKHA WTH Yd HE WTHU Ha
PHU3HK.

JIsi IpUMHSTTS OCTATOYHOTO pIIICHHS Tpeda 1€ BCTAHOBUTU a00
NPUUHATA TPAaHWYHI BEJIWYMHU IMX TOKAa3HUKIB, BUIIE SKUX BOHU HE
MOBUHHI TIJHIMATHUCS, 100 HE TMOTPAalmUTH B 30HY HAJAMIPHOIO,
HEIIPUUHATHOT'O PU3HUKY.

[lo3dHaunMoO TpaHUYHI 3HAYCHHS WMOBIPHOCTEW BHUHUKHEHHS
JOIYyCTUMOTr0, KPUTUYHOTO W KaTacTpo(pIYHOIO PU3UKY BIANOBIAHO [,
Iy, Ta I'y;. Bu3HaueHHd BeIWYMH I'DAaHMYHMX PIBHIB PHU3HMKY € JJOCUTb
CKJIAJIHOIO TIpoOsieMoro. BeawumHM 1HMX MOKa3HUKIB, 3BHYAMHO, Mae€
BCTAaHOBJIIOBATH 1 PEKOMEHIyBATH MIPUKIIAJHA TEOPIs MIATPUEMHUIILKOTO
pu3uky [46], ajie i1 caM miAIpUEMEIb Ma€ MPaBO BU3HAYATH CBOI BJIACHI
I'PaHUYHI PIBHI PU3UKY, SIKI BIH HE Ma€ HaMipy NIEPEBHUIIYBaTH.

Ha nymky aBtopiB [46, 54], MOXHa OpI€HTYBAaTHCS Ha TpaHUYHI
3HA4YEeHHA NOKa3HukKiB pusuky [ ;=0,1, I'(,=0,01 ta I';=0,001. 3 nporo
BuruimBae, 1o sAkmo B 10 Bumagkax 31 100 MokHa BTpPaTUTH BECh
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npuOyTOK, B OAHOMY BHWIIQJKy 31 CTa BTPATHTH BHUTOPT, a B OJHOMY
BUMAJKy 3 THUCSYl BTPATUTH MalHO, TO IIOTPIOHO BIAMOBHUTHCS BIJ
MIJIPUEMHULIBKOTO MPOEKTY, KOMEPIIHHOI yroJi1, BKJIaJJaHHS KOIIITIB.

Takum 4MHOM, CyO’€KTy AISIIBHOCTI MOXHA PU3UKYBAaTH y TaKHX
BUIA/IKAX:

1. Sxkuro TOKa3HUK JOMYCTUMOTO PHU3UKY HE IEpPEBUIILYE
I'PaHUYHOrO 3HaueHHs (P, <[')).

2. Sxio moka3HUK KPUTHYHOTO PU3KMKY MEHIITUHN Bijl aHAJIOTIYHOTO
TPAHUYHOTO MOKA3HUKA (P, <['p).

3. Skumo moKa3HMK KaTtacTpo(iuHOTO PHU3HKY HE TMEPEBUIILYE
rpaHUYHOTO 3HAUYCHHS (P <['¢p).

OTxe, 32 OLIHKK PU3UKY BaXKJIMBO MOOYTyBaTU KPUBY HMOBIpHOCTEN
MOMJIMBUX BTpaT ab0 xoua O BUBHAUUTH 30HU U MOKA3HUKHU JIOMyCTUMOTO,
KPUTUYHOTO 1 KATaCTPO(PIYHOTO PUBUKY.

Jns  1moOydoBM  KpUBOi  MMOBIPHOCTEM  MOXJIMBHX  BTpaT
BUKOPUCTOBYIOTh HAW4acTillle CHOCcoOW, Mpo sKi HIIOCA paHile:
CMamucCmuyHul, eKCnepmHull, AHATIMUYHUL.

[Ipu crarucTuuHOMY crnocoOl 30MpaEeThCs CTAaTUCTHMKA BTpAT, sKa
Majia MICII€ B AQHAJIOTYHUX BHJAX MISUTbHOCTI, BCTAHOBIIKOETHCS 4acTOTa
MOSIB TIEBHUX PIBHIB BTpar. [0 "acToTy, SKII0 310paHuil MacuB JaHUX
JOCTaTHIM, MPUPIBHIOEMO 10 MMOBIPHOCTI MOSB BTpaAT 1 Ha iX MiJCTaBl
OyayeMO KpUBY pPHU3UKY. YacTOTy BUHUKHEHHS JESIKOrO PIBHA BTpaT
OOYHUCITIOEMO HUTSIXOM JIIJIEHHS YHUCJA BIAIMOBIAHMX BHUIIAJKIB HA 3arajibHE
YUCJI0 BUMNAJIKIB, B sIKI BKJIIOUAIOTHCS 1 T1 BUMAJKH, B IKUX BTpaT HE OYJIO,
a Oynu mpuOyTKW. SIKIIO BUMAIKKM 3 NPUOYyTKAMH MU OMYCTHUMO, TO
MOKa3HUKHA MMOBIPHOCTEM BTpaT OyAyTh 3aBHUIIEHI.

[Ipu excriepTHOMY €mOCO01 €KCHEPTH AAOTh OLIIHKM WMOBIPHOCTEU
BUHUKHEHHS TIEBHUX pIBHIB BTpaT, 3a SKHMH 3HAXOJATHCS CEpeHI
3HAQYEHHS CeKCIEPTHUX OIIHOK, Ha TIJCTaBl SKUX OYAye€TbCsS KpHUBa
PO3MOALTYy TMOBIPHOCTEIA.

[HKOMM OOMEXYIOTBCA EKCIEPTHUMM OI[IHKaMH HMOBIpHOCTEH
BUHUKHCHHS TIEBHOTO PIBHSA BTPAT B YOTUPHOX XapaKTEPHUX TOUKaX,
TOOTO BHM3HAYAIOTHCSA TMOKA3HWKU HANOUIBII MOKJIUBHX, JIOMYCTHUMHX,
KPUTUYHUX 1 KatacTpodiunux BTpaT (iX piBHI Ta WMOBIPHOCTI). 3a LIUMU
4OTUpPMa TOYKAMHU OPIEHTOBHO OyAYIOTh BCIO KPHMBY PO3MOJLITY BTpaT.

[Ipy a”amiTHYHOMY METOAI TOOYyJOBa  KPHUBOI  PO3MOJLLY
WMOBIpHOCTEHd BTpaT 1 OIIHKA Ha Il MIiACTaBl IOKA3HHUKIB PHU3HKY
0a3yeThCs HA TCOPETUUHUX YSIBICHHSX.
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11.6. CucremMaTH4YHUI | HECUCTEMATHYHUN PU3HK

VY (¢inaHCOBIM TeOpii MOMYISIPHUM € PO3MOALT PU3UKIB Ha JIBA THUIIU:
CUCTEMAaTUYHHUM 1 HECUCTEMATUYHUM.

Cucmemamuyunuti pusux ff BU3Ha4a€ piBEHb KOJIMBaHb a00 BIJIXWUJICHb
y pe3yabTarax IisuIbHOCTI rajgys3i o0 pe3yabTaTiB AIsIbHOCTI PUHKY 200
BCi€l eKOHOMIKH. BiH € 4acTHHOIO 3arajibHOTO PU3HUKY, SIKHH 3aJI€KUTh Bl
3arajlbHOr0 CTaHy €KOHOMIKM Kpainu. lleil pu3uK BIUIMBae Ha BCIX
YYaCHUKIB TOCMOAApPCHKOrO0 TMpolecy W 3yMOBJIEHUW JUHAMIKOIO
1HBECTHIIM, 000POTOM 30BHIIIHKOT TOPTiBIIi, 3MIHAMHU B 3aKOHOJABCTRBI Ta
iH. CucremMaTHYHUN pPH3UK € OJHUM 3 OCHOBHUX TIOKa3HHUKIB, IIIO
BUKOPUCTOBYIOThCA TiJ] 4Yac aHamizy (iHAHCOBUX pHU3HMKIB. Bin
3HAXOJIUThCA 3a (DOPMYJIOIO:

V, o
B=—"5=ppr—r, (11.19)
Og Og

e R — BUMazkoBa BEJIIMYMHA, IO XAPAKTEPU3Y€ BCHO E€KOHOMIKY; R, —
BUIIAJIKOBA BENMYHMHA, LI0 XapaKTepU3ye -y raiysb; Vyp — KoediuieHT
KoBapiauii Mk R; Ta R; 0, — CepeIHbOKBAIpAaTUYHE BIAXUIECHHS R; Op —
CePeIHbOKBA/IPATUYIHE BIIXWICHHA R;; Qg — KOCDILIEHT KOPEISLil MiXK
R, TaR.

OOuucneHHs BUIIICHABEICHUX YUCIIOBUX XapaKTEPUCTUK
MIPOBOISITHCS 32 TAKUMH (POPMYyJIaMU:

ZRinj ZRU
R-R,-R)', ppp=—"-, RR="——
Or n n

R=" 0y = [X(R, ~R) /n, oy = [X(R,~R)*/n.
Jj= /=

CucreMaTUYyHUN PU3UK 1€ HA3UBAIOTH PUHKOBUM pusukom abdo
Heousepcugikosanum. BUMIpIOIOTP WOro BEIWYHMHY, SK OadmMmo,
Koeghiyienmom yymaueocmi [3. 3a IOMOMOIOI0 IIbOIO MOKa3HUKA MOXHA
MOPIBHIOBATU [ISUIBHICTh MIANPUEMCTB 1 Tally3i, €PEeKTUBHICTh aKIii 3
e(peKTUBHICTIO BCHOTO PUHKY I[HHMX TIarepis i T.1. Mloro iHTeprnpeTyroTh
Tak: KoedilieHT [ BKa3ye, Ha CKIIbKH BIJACOTKIB HAOIMXEHO 3pOCTE

' Koediuient n/(n-1) BUKOPUCTOBYeThCS y BHIIAAKY n<15, mpu n>15 koedillieHT 1OPiBHIOE OMHAMILI
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(3HM3UTHCA) HOpMA NPUOYTKY aKIIIi, SIKIIO HOpMa MPUOYTKY PUHKY 3pOCTE
(3Hu3UTHCS) HA 1%.

[CHYIOTB TBEPIKEHHS:

e (=1, To 11e 03Hauae, M0 AOCTIHKYBaHA TaTy3b Ma€ KOJUBaHHS
Pe3yIbTaTIB, SIKI IOPIBHIOIOTH PUHKOBOMY;

e (<1 — KonMBaHHA pe3yJIbTAaTIB MEHIIIl 32 PUHKOBI;

e (> 1 — KOoJIMBaHHS PE3YJbTATIB OLIbIII 32 PUHKOBI.

Yum OuIblIMM MOKa3HUK f, TUM BHIIUM € PU3MK IOB’SI3aHHUM 13
3a3HAYECHOIO raty33Io.

3HadyeHHs1 KoeilleHTa £ peryisipHO MyONIKYIOTbCs Y (DiHAHCOBIN
MEepIOJUIIl KpaiH 3 PO3BUHYTOI PUHKOBOIO EKOHOMiKO. OOYHCIEHHS
oro He € ckimagHuM. IIpoTe MOCHIKEHHS EKOHOMICTIB Jal0Th
CTaTUCTUYHI CBITYEHHS TOro, IO f HECTIMKUW, BiH HE BigoOpaXkae
oOuncineHl Ha MmiAcTaBl I1HQOpPMAIT MHUHYJIOrO0 MEpIOAy MPOTHO3U
1HBECTOPIB IIOAO0 PU3UKY Y MalOyTHROMY. | TUM Oinbiie, f 0O4YUCIICHI Ha
MUHYJIUX JTaHUX, HE MOXXYTh BIJOWTH PU3MK, IKWH BIIUyBAJIM 1HBECTOPH B
MI3HIIIOMY MEePi0ii.

Kpim miei mpoOaemu, TOCHIIHKEHHS MOKA3ylOTh, IO € Ie W 1HIa
npobiiema: 3 yacoM f HaOIMKAEThCA 10 OAWHMIN. Hanmpukian, sKio akiis
B niepios 1995-2003 p.p. Mana ob6uuciene 3HaueHHs f=0,7, To B 2003-
2008 p.p. BoHO Oyae BuIIe W 3HAXOAUTUMEThCA B miama3oni 0,7-1,0 i,
HaBMakH, Ko £ 3a nepiox 1995-2003 p.p. nopiBHIOBaB 1,6, TO B mepioA
2003-2008 p.p. itMoBipHO, 1110 £ Oyne 3HaxoauTucs B aianazoxi 1,0-1,6. 3a
11€1 MPUYUHOIO EKOHOMICTH MaiOyTHI 3HA4YeHHS LS OOYHUCIIOITH SK
cepeHbO3BAKEHI 3HAUEHHS f 3a MUHYJUM niepioa. Hanpukian,

B iz = 0,6 IBnonepebHilfl +0,4-1,0.

Baru 60 % 1 40 % xoxxHa ¢ipma BUOHpae 31 CBOiX MIPKyBaHb 1, K
MPaBWJIO, HE PO3KPUBAE METOJIMKY iXHBOTO MiJI00PY, KPIM TOTO, 3MIHIOE
1X 3 4acoM.

Ha po3BuHeHUX (OHAOBUX PUHKAX, JI€ PETYJISIPHO PO3PAXOBYIOThH
3HAQYEHHS BIJMOBITHUX PUHKOBHX ((POHIOBHX) IHJAEKCIB, ICHYE YiTKa
KJIacu(ikaiis akuiii 3a CTyNEeHEM PHU3UKY BIANOBIAHO A0 TPaHUYHUX
3Ha4YeHb Koe(irieHTa 9yTauBocTi f (1adm. 11.6).
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Tabmuus 11.6
Krnacudikartiis akiiiii 3a CTyIIeHEM PU3UKY

3HaYEHHS ExoHOMIYHA CYyTh CtyniHb pU3UKY
PiakicHuii BUNagoK, JOXIAHICTE aKIii Ta
<0 PUHKOBOTO MOpTQeis Mo’ a3aHi 00epHEHOI0
3QJIEKHICTIO
JIoX1aHICTh aKIlli He 3aJIeKUTh Bl 3MiH, 110

Pusuky mainke

— BIIOYBArOTHCA HA PUHKY. T0oOTO 11€ O€3
,B 0 Aoy PUHEY = HEMAE

PHU3HUKOBI IIHHI Manepu

JIOX1THICTB aKIlii JOCUTh TOMIPKOBAHO
0<p<l1 pearye Ha 3MiHHM Ha pUHKY. Taki akiii
HA3MBAIOTh 3aXUCHUMH

Pusuk HIDKUMM 3a
CEepEIHbOPUHKOBU I

JIOX1THICTB aKIlii 3MiHIOETHCS TAKOKO CaMOIO
p=1 MIpOI0, SIK CepeIHbO PUHKOBA AOX1IHICTh. Ta-
KU KOeILIEHT Ma€e caM pUHKOBUI NOPTheETh

Pusuk Ha piBHI
CepeTHLOPUHKOBOTO

JIOX1IHICTh aKIlii 3HAYHOIO MIPOIO 3aJICXKUTh
IB > 1] B1J1 3MiH, 1[0 BII0YBalOThCS Ha pUHKY. Taki
aKIli Ha3MBaIOTh arPECUBHUMU

Pu3uk Bummii 3a
CEpPEAHPOPUHKOBUI

[puknag 11.7. ¥V tabn. 11.7 BkazaHi gaHi €)EKTUBHOCTI pOOOTH
METaNypriitHoro KOMOIHaTy ¥ €(QEeKTUBHOCTI POOOTH MeETalypriiHOi
MIPOMUCIIOBOCTI 3a ocTanH1 10 mepioiB.

Tabmuua 11.7
2011511211012 6 |-2|-4] 3 |5

EdextuBHicTh poboTH
MeTaTypriitHoro komo6iHaty (X)
EdektuBHICcT pOOOTH METATYp-
riiHoi npomMuciaoBocTi (V)

30/20(10( 8 | 9 |-2|-5]|-2|-2]3

OO6uncIUTH KOEePIIEHT YYyTIAUMBOCTI f 1 3pOOMTH BUCHOBKH II0JI0
CTaOUIBHOCTI POOOTH METAIYPriiHOrO KOMOIHATy MOPIBHSHO 3 YCIEIO
METaTyprifHOI0 IPOMHUCIIOBICTIO.

¢ Po36 ’s13y8aHH.

x=77, y=69,y'=159,1, 5> = 111,49,
x—y_(20-30+15.20+12.10+10.8+12.9—6-z+2.5+4-2—3.2+5.3)_

10
—122.3,

v, = Ll@—}.}) :%(122,3 ~7,7-6,9)=76,86.
n —
Orxe, = 76,86/111,49 = 0,689 < 1.
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Ockunbku f < 1, TO METATYpriiHUN KOMOIHAT Mpaltoe CTaOLIbHIIIE,
HDK BCSI METaTyprifiHa MPOMUCIIOBICTD. 4

[puknang 11.8. Bigomi cratuctuyHi jgaHi 3a 10 mocmigoBHUX
nepioAiB 4yacy MHpo HIOTHXKHEBY AOXITHICTH akui komnadii N (Yy) Ta
IIOTHXKHEBY JOX1IHICTH PUHKOBOTO MOPTQeENs, Mo CKIaJAeHUNH Ha OCHOBI
donmoBoro iHaekcy M (Y),) (tabn. 11.8). HeoOxiaHo miapaxyBaTu f aKiiii
KOMIIaHii V.

Tabmums 11.8

Y| 4 05| -1105| 2 |35|-06]05]-05] -2
Y| 2 3 11,5 6 4 3 125 2| 3| 4

¢ Po36 ’s3y8aHH.

O6unciumo f 3a popmynoro (11.19). [lo0 yHUKHYTH TpOMI3IKHX
oOuncneHb KoBapiallii 1 Aucmepcii Bpy4YHY, BHUKOPHUCTAEMO BiJIMOBIIHI
ctangapTHi ctatuctuuHi Pyskiii makety MS Excel - KOBAP ta JJUCII:

cov(Y, Y, )= 2,753, &%, =3,761, f= 21 ‘;’ 0,732.

5

Ockuibkun 0 < # <1, TO BKIAAEHHS KOIITIB y Takl akmii MEHIII

PU3HKOBI, HIK B CEPEIHBOMY Ha PUHKY. 4

KpiMm  cucrteMaTMdyHOro  puU3MKY,  PO3PI3HSIIOTH 1  pPHU3HK
Hecucmemamuynu. lle oOCTaBUHH, IOAO KOXKHOTO MiJNPUEMCTBA
30KpeMa, € XapaKTepHUMHU JIMIIE JI1 HhOTO 1 HE 3aJieXaTh BiJl 3arajibHOTO
€KOHOMIYHOTO KJiMaTy. BOHM 3MylIylOTh 3MIiHIOBaTH HOPHUOYTKH
ITIIMPUEMCTBA 32 TIEBHOIO aKII€I0 HE3aJe)KHO BiJ 3MIHH 1HIIMX aKI(id Ha
puHKyY. Taki moaii XxapakTepu3yroThCs TEPMIHOM IIIOK.

Hamnpuknan,  mianpueMcTBO  BUIYCKAJIO  OOJIAJHAHHS A
METaypritHOro KoMOiHATy. Y 3B’S3Ky 13 3aKpUTTAM METaIypriifHOTO
KOMO1HATy 3HMKAE MOMUT Ha 11¢ 00JIaJHaHHS.

3aJIeKHICTh MK 3araJilbHUIM PU3UKOM aKIlli, CHUCTEMAaTUYHUM 1
HECUCTEMaTUYHUM PU3UKOM BUPAKAETHCS Y TaKUH CIOCIO:

o*=(g,0, ) +lo. J. (11.20)
Jie 0, — CTaHJapTHE BIJXMIICHHS OYiKyBAaHOTO MPHOYTKY HA PUHKY; O, —
CTaH/IapPTHE BIAXWICHHS OXHOKK ab0 MIOKY j-O1 aKii; f; — KoepIlieHT f3
j-o0i aKiii.
HecucremaTtnynuii pu3vK MOXXHA 3MEHIITYBaTH HUISXOM BEICHHS

MPaBWIbHOI 1HBECTHUIIINHOI MOMITUKK (ipMu. JuBepcudikailis g03BOJISE
3HM3UTU HEBU3HAUCHICTh OTPUMAHHS JOXOYy NUISXOM MPUAOAHHS PI3HHUX
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(b1HaHCOBUX 1HCTPYMEHTIB. TOMy HECUCTEMAaTUYHUN PU3UK HA3UBAIOThH 1€
ousepcupixo8aHum pU3NKOM.
Ak 6auuMo, NpU YMpaBIiHHI TIANPUEMCTBAMU HEOOXI1THO PETEIbHO

BHUBYATHU

CUCTEMAaTUYHHM  PU3UK 1  NOPABWIBHO  YIIPABIATH

HECUCTEMATHNYHHUM.

11.7. IlutaHHs AJ151 CAMOKOHTPOJIIO

l.

2.

9.

10.
11.
12.

Y 4omy monsrae CyTh MOHATH OO €KTHMBHA 1 CyO €KTHUBHA
WMOBIpPHICTB?

HaBeniTh MOKa3HUKM KUIBKICHOTO BHUMIPIOBAHHSA BEIHMYUHU
PHU3HUKY B a0COJIIOTHOMY BHpPa3i.

YoMy 1 B SIKOMY BHUIIQJIKy [Jis OI[IHIOBAHHSI MEpeBar OJHOTO 3
JAEKUIBKOX 3aXO0/[1B BUKOPUCTOBYIOTh KOE(ILIIEHT Bapiarii?
HapeniTh MOKa3HWUKH KIIBKICHOTO BHUMIPIOBAHHS BEJIMYMHHU
PU3HUKY B BITHOCHOMY BHpas3i.

Yum BIOPI3HAIOTHCS MOKA3HUKU KIIBKICHOTO BHMIPIOBAHHS B
KJIACHYHOMY 1 HEOKJIACUYHOMY TMIAX0JaX JO OI[IHIOBaHHS
pU3HUKY?

[IoOynyiiTe KpuUBY pO3NOALTY MHMOBIPHOCTEH OTpPUMAHHS
npuOyTKY Ta 30HU PUBHKY.

SIKy KpUBY Ha3UBaIOTh KPUBOIO PU3UKY?

Slka HepiBHICTh Ma€ BHUKOHYBAaTHUCS Uil TOro, MO0 IIIaHC
OankpyTcTBa OyB HE OUTbIEe 1 3 9 BUMaAKiB (PO3TIISIHYTH Pi3HI
CUTyallii iHBecTopa)?

[Ilo o3HayalOTh TEPMIHU CUCTEMATHYHHUM 1 HECUCTEMATUYHUU
pU3UKH?

B yomy cyTh KoedilieHTa 4y TIUBOCTI 7

Sk k1acu@iKyrOThCs aKIlii 3a CTyIIEHEM PU3HUKY?

A BUpaXaEThCA 3AJIECKHICTh MDK 3araJIbHUM PHU3HKOM aKIlii,
CUCTEMaTUYHHUM 1 HECUCTEMATUYHUM PU3UKaMU?
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Po3ais 12. IIpuiiHATTS pillleHb B YMOBaxX PU3UKY

12.1. Kpurepiii cioaiBaHOIr0 3HAYEHHHA

BukopuctanHs CHojiBaHUX BEIWMYHH TPHUIIYCKAE MOMIHMBICTD
Oaratopa3oBOro po3B’s3Ky OJHIET 1 Ti€i X 3amgavi, JOKU HE OYyIyTh
OTpMMaHi JOCTaTHbO TOYHI PO3paxyHKOBI ¢dopmMynau. MaremMaTudHO Iie
TBEPJKEHHS BUPAXKA€ThCS TaKUM YMHOM. Hexal x — BUIagkoBa BeIMYHMHA
3 MaTeMaTu4HuM crojiBaHHsIM M(x) 1 gucnepciero D(x). PosristHemo
BUMAJKOBY BUOIPKY 00CATOM — X|, X5... X,

X+t X,

BubipkoBe cepegne x = Ma€ JMCMEPCito, 10 JOPIBHIOE

D(x)

n

n

OckinbkH [im D(x)

n—»0 n

[HIMMU  crioBaMH, TP JIOCTATHBO BEIMKOMY 00CsA31 BHUOIpKU
pI3HUIISI MDK BHOIPKOBHM CEpeHIM 1 MaTeMaTHYHUM CHOJIIBAaHHIM
npsaMye 10 HyJsa. OTke, BAKOPUCTAHHS KPUTEPIIO CIOJIBAHOTO 3HAYCHHS
JOMYCTUME JIMIIE Y BUMAAKY, KOJU OJHE 1 T€ X PIMIEHHS TOBOAUTHCS
npuiiMaTH 3HA4YHy KUTBKICTh pasiB. HaBmaku, SKIIO HEOOXIAHICTH ¥y
NPUKAHATTI JEAKOTO PIIICHHS TPaIUI€ThCsl YK€ PIAKO, TO BUOIPKOBE
CEpPEeHE X MO’KE 3HAYHO BiAPI3HATHUCS Bix M(x).

PosrnssHeMo BHpOOHMYY CHUTyaIlil0, IIOB’S3aHYy 13 MPOBEJICHHIM
po(diIaKTUYHOTO PEMOHTY 00JIaIHAHb.

HeoOxiaHIiCTh y MpoBeAeHHI TPOPIIaKTUUHOTO PEMOHTY 00J1aTHAHb
BUMAarae MpUUHATTS PillIeHb PO T€, KOJIM MOTPIOHO MPOBOJIUTH TIJIAHOBUH
PEMOHT SIKOTO-HEOyAb BepcTaTa, 00 MIHIMI3yBaTH BTPATH YEpe3
HECIPaBHOCTI. SIKIIO BeCh 4aCOBHUU IHTEpBaJ PO3OUTH Ha PiBHI MEPIOJIH,
TOJ PIIICHHS TOJISATa€ y BU3HAYEHHI ONTUMAILHOIO YHCJa MEPIOAiB MIX
JBOMa HACTYITHUMH PEMOHTaMU. SIKII0 BOHU MPOBOIATHCS Ty KE 4acTO, TO
BUTpATU Ha 00CIyroByBaHHA OyyTh BEIMKUMU MPU MAJIUX BTpaTax depe3
BUMAJKOB1 BiAMOBJIeHHA. Kommpomic MK JBOMa KpalHIMH BUMNaIKaMHU
nependayae 30alaHCOBAHUM BUOIP MIXK BUTpAaTaMy Ha PEMOHT 1 BTpaTamMu
4epeB BUIIAJIKOBI BIAMOBIICHHS.

OCKUTbKM HEMOXXJIMBO TepefdavyaTd Hamepea, KOJW BHHHUKAE
HECTPABHICTh, TOMY HEOOX1JTHO OOYMCIUTHA UMOBIPHICTH TOTO, 1110 BEPCTAT

=0, To X HabmmxaeThcs 10 M(x).
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BUilIe 13 Jlaqy B mepion 4acy ¢. Tomy 1€ 1 € eJIeMEHT PU3UKY B MpoIieci
MPUAHSTTS PIIICHb.

BepcTar 13 rpynu B 7 BepCTaTiB PEMOHTYETHCS 1HAUBIIYAIbHO, SIKIIIO
BIH 3yNUHUBCS 4Yepe3 HecnpaBHocTi. Yepe3 71 IHTEpBaliB 4acy
MPOBOJUTHCS MPOPIUIAKTUYHUN PEMOHT BCIX # BEPCTATIB. 3ajiaya MOJsArae
y BU3HAYCHHI ONTUMAJIBHOTO 3HA4YEHHA 1, MPHU SIKOMY MIHIMI3YIOThCA
3arajbHi BUTpPaTH Ha PEMOHT BEpCTaTiB, L0 BUWILIM 13 Jamgy, 1
MpOBEACHHS MNPOPIIAKTUYHOTO PEMOHTY B PO3pPaxyHKy Ha OJMHHUIIIO
IHTEepBaTy 4yacy.

Hexait P, — IMOBIpHICTh BUXOY 13 JIaAy OJHOTO BEpCTaTy B MOMEHT
{, a n, — BUIMAJKOBA BEJIIMYMHA, KA O3HAYa€ YKMCJIO BCIX BEPCTATIB, IO
BUWNIUTK 3 Jlaay BoaHouac. [IpumycTtumo, mo c¢; — BUTpATU HA PEMOHT
BepcTara, 10 BUUIIOB 13 JIay, 1 ¢; — BUTPATH HA TPOPIIAKTUYHUNA PEMOHT
OJITHOTO BepcTaTa.

BukopucTanHsa KpUTEPitO CIOIBAHOTO 3HAUYCHHS B HAIIOMY BHUIIAJIKY
JOLUIbHE, SKIIO0 BEPCTAaTU MPAIIOIOTh MPOTITOM BEIHUKOTO0 MPOMIKKY
yacy. [Ipu bOMy BUTpaTH Ha OJJUHUYHOMY 1HTEPBaJl CTAHOBUTHUMYTh:

T-1
chn, +c,n
o(r)==2—.

a CIoJ[IBaH1 BUTPATH HA OJMH IHTEPBAJ CKJIAAYTh:

7-1
¢, > M(n,)+c,n

M[C(T)]= —=° ; , (12.1)

ne M (n,)— MaTeMaTH4YHE CIIOAIBAaHHS YMWCJIa BEPCTATIB, IO BUMILIM 3

Jaxy Ha MOMEHT ¢ OCKUIBKM #; Ma€ OIHOMIaJbHUM PO3MOALT 13
napamerpamu (n, P, ), 10 M (n,)=nP.

Takum 4uHOM,

-1
n(clzpt +c¢,)

M[C(T)]= t:OT : (12.2)

HeoO0x11H1 yMOBH ONTUMAJIBHOCTI Jyist T " MaIoTh BUTJISAI;
Mlc(r -1)]= mlc(r)}
M|c(T +1)]= M[c(T7)]

OTKe, MOYMHAIOYM 3 MAJIOro 3Ha4YeHHs 1, oouuciroemo M [C (T )],

(12.3)

JIOKUA HE OYTyTh BUKOHYBATHUCS 111 YMOBH.
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[Ipunmyctumo, 1o 4rcTa NPOAYKINs B pO3pPaxyHKy Ha OJIMH BepCTat
3a OJMHHUIIO 4Yacy ckiagae a rpH. CTaBUTbCS 3aBJaHHS: MaKCUMI3yBaTH
NpUOYTOK, SIKAW MPUIAJae HA OJMHUIIO Yacy. 3ayBaKUMO, 110 MPUOYTOK
N1IPaxOBY€ETHCS SIK PI3HULIS MIXK 3arajibHOI0 BETUYMHOKO YUCTO1 MPOAYKIIIT
1 BUTpaTaMM Ha PEMOHT BEpCTATIB, 10 BUWHILIM 13 Jagy, 1
ob0ciyroByBaHHs. To1 crioiBaHWi MPUOYTOK Oyie:

T-1
n(a -G, —CIZB)
t=0

M[II(T)] = ; (12.4)
3anuiieMo HeoOX1THI YMOBH Makcumizari ajs 77 :
M| I(T") |=M| II(T"-1) |;
() |2 ()] .

M{m(r)|zm| m(r+1)|.

[Mpuknang 12.1. B unexy 3Haxoastbess n=60 BepcrariB. Ha
IPOBEICHHS PEMOHTHUX pOOIT OJHOTO Bepcrara BUTpaydaeTbes c;=150
IpH., a Jis npoduiakTuku c¢,=20 rpH. IMOBIpHICTH BHUXOAY 13 Hamy
BepcTaTa B MOMEHT 4acy f HaBeJeHo B Ta0i. 12.1.

3HalTH ONTUMAJIBHUN 1HTEPBAI MPOBEACHHS MNPOPUIAKTUYHOTO
PEMOHTY.

¢ Po3e’a3ysanmsi.

3ajaya mojisra€e y BU3HAYEHHI ONTUMAJIbHOrO 3HA4YeHHs 17, mpu
SKOMY MIHIMI3YIOTbCA 3arajbHl BHUTPAaTU Ha PEMOHT BEPCTaTIB, WIO
BUMIILIN 3 JIaay, Ta MPOBEICHHS NPOQPIIaKTUUHOIO PEMOHTY B PO3PAXYHKY

Ha OJIMH 1HTEepBaj yacy (tabdu. 12.1).
Tabmuusg 12.1

T-1

T P 2P M[c(D)]
=

1 2 3 4

1 0,04 0 1200

2 0,08 0,04 780

3 0,12 0,12 760<—min

4 0,14 0,24 840

5 0,17 0,38 924

OTpumaHi pe3yJbTaTh TMOKa3ylTh, M0 MPOMUIAKTHYHUN PEMOHT
HEOOX1THO TPOBOAUTH Yepe3 KOXKHI TpU 1IHTEpBaIu yacy (7*=3). ¢
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12.2. Kpurepiii «ciogiBaHe 3HAYEHHS — TUCIIEPCIA»

Posrnsinemo moaudikaiiito HaBeaeHoro kpurtepiro B §12.1 s
BUMAJKIB, SKI MOBTOPIOIOTHCS PIAKO. SKIIO X — BHUIAIKOBAa BEIWYHHA 3
D(x)

n

o0Ocsr BUOIpKHU. 3BiACH, SKIIO D(X) 3MEHIIYETHCS, TUCHEPCIA X TaAKOXK
3MEHIITYETHCS, 1 UMOBIPHICTB TOTO, IO X Onu3bke 10 M(x), 301IbITy€EThCA.
[le moka3ye IOIIBHICTh BBEACHHS KPUTEPIIO, B SKOMY MaKCHMI3allis
CIOJIBAHOTO 3HAYEHHA MPUOYTKY TMOEJHYETHCS 3 MIHIMIZAIIEK i
auctiepcii. MOXIUBUM KpPUTEPIEM, 110 BIAMOBIAAE 1[I METI, € MAKCUMYM
BUpazy M(x)-KD(x), ne x — BUMaAKOBa BEJIMYMHA, IO BijoOpaxkae
npuOyTok, K — 3a/1aHa nmocTiiiHa BeanurnHa (K>0).

BenmnuuHy K 1HKOJIM IHTEPHNPETYIOTH SIK PIBEHb HECXMWJIBHOCTI JI0
pusuky. [ilicHo, K BH3HA4Ya€ CTYIIHb BAXKIMBOCTI JUCIEPCIi X BIIHOCHO
M(x). Hanpukmnasn, mianpuemelnb, SKUid 0COOIMBO TOCTPO pearye Ha BEJIHKI
BIJI’€MHI BIIXWJIEHHS NMpUOYTKY BHU3 Bia M(x), Moxe B3sTH K Habaratro
Oubie 3a onunMIto. Lle Hamae BeNMMKy Bary Iucrepcii 1 MpU3BOIUTH J10
PO3B’SI3KY, 110 3MEHIITYE UMOBIPHICTh BEJIMKUX BTpAT MPUOYTKY.

BBenenuii KpuTepiil MOroKy€eTbes 13 BUKOPUCTAHHIM KOPUCHOCTI
IpU MPUUAHSTTI PIlIEHb, OCKUIBKH TapaMeTp HECXUJBHOCTI /10 PUBHUKY
XapaKkTepu3ye BIJHOIICHHS OCOOM, sika MpUiIMae PIIIeHHs, 10 BEJIMKHUX
BIIXWJICHB B1Jl OUIKYBaHHUX 3HAYCHb.

Bukopucraemo Kputepiid «CHojAiBaHEe 3HAYEHHSI — JUCIEPCis» 0
KOHKPETHOI cuTyallli, HaBeneHoi y mnpukianl 12.1. Ham HeoOXimgHO
OOYMCIIMTH AUCIIEPCIIO BUTPAT 3a OJIUH 1HTEPBAJI, TOOTO AUCIIEPCIIO

mauctiepcietro D(x), To BUOIPKOBE CEPeAHE X Ma€ JUCIIEPCIIO , de n —

T-1
clz:nt+nc2
_ =0
C, =— 7 (12.6)
Ockineku n, (t=0,7—-1) — BumagkoBa BeauunHa, TO C7r — TaKOX

BUMAJKOBa, #; Ma€ OIHOMHMI PO3MOALT 13 CepeaHIM 3HaYeHHsIM nP; 1
nucnepcieto n P, (1-P,).
Tom

(12.7)



Ockinbku M[Cr]|=M[C(T)], To kxputepieM Oyjae MIHIMYM BUpA3y:
MIC(D)]+ kD [Cr).
Tenep M[Cy] miacymoByetbesi 3 kD[C7], ockimbkm M[C(T)] —
dbyukiia sutpart. [lpu k=1 oTpumyemo 3aBaaHHA: MiHIMI3yBaTu

M[C(T)]+D[C,]= n{£—+—]ZP ( joZiPZ Cz}
{ ZP ( j(i};—i}f}%}—mm. (12.8)

t=0 t=0
3aHHmeM0 BUpa3 Uil KPUTEPIIO «CIMOJIBAHE 3HAYCHHS —
JAUCTIEPCis» 3 ypaxXyBaHHSIM YMOBU MaKCHUMIi3allii MpuOyTKY:

M[H(T)]—nk(%j {TZiPt—TZin}—)max. (12.9)

[lpuknan 12.2. BukopuctoByrouu Ti X AaHi, 0 ¥ 'y mpukiaa 12.1,
3HAUTH PO3B’SI30K 3a JOMOMOIOK KPHUTEPIIO0 «CMOJIBaHE 3HAYEHHA —
JTUCTIEPCis».

¢ Po3e’a3yeanns.

MoxkHa CKJIacTH TaOJMIf0, 3 SKOI BUAHO, IO MPOMUIaKTUIHUN
PEMOHT JOIIJIbHO MPOBOJAUTH MPOTITOM KOXKHOTO iHTepBaly dacy (7*=1).
Kputepii «cnogiBaHe 3HA4Y€HHA — JHWCHEPCIsH» Ja€ OUIbIl HajiiiHe
PILICHHS TOPIBHSIHO 13 PO3TISHYTUM KPUTEPIEM OUYIKYBAHOT'O 3HAYCHHS.

Tabmus 12.2

T7-1 T-1

T P, P >.P W Mlc(n)]+D[C, ]
t=0 t=0

1 0,04 0,0016 0 0 1200,0 [ min

2 0,08 0,0064 0,04 0,0016 13740,0

3 0,12 0,0144 0,12 0,008 17560,2

4 0,14 0,0196 0,24 0,0224 19065,0

5 0,17 0,0289 0,38 0,0420 19176,0

12.3. Kpurepiii r(paHUYHOIO PiBHA

Kputepiii rpaHudHOro piBHS HE Jla€ ONTHUMAJBLHOrO PIIICHHS,
HaIpUKIIad, MakCUMyMy mOpuOyTKy abo MiHIMyMy BHTpar. 3a UM
KPUTEPIEM MOKHA BU3HAYUTHU JTOMYCTUMUI CIIOCIO A1H.

[lpunyctumo, 1m0 BeIUMYMHA TOMUTY X 32 OAMHUINO Yacy
(IHTEHCUBHICTh TIONMTY) HAa JEAKUM TOBap 3aJa€ThCsl HEMEPEPBHOIO
¢yHKIi€0 po3noaity f(x). Ko 3amnacu B HOYaTKOBU MOMEHT HEBEJIUKI 1

350



B MOAQIBIIIOMY MOXJIMBUN JAeMIMUT TOBapy. Y NPOTUIICKHOMY BHUIIAIKY
710 KIHIIS PO3TJISIHYTOTO TEPIoTy 3amacu Hepeaai30BaHOTO TOBAPY MOXKYTh
BUSIBUTUCH AYK€ BEIMKUMHU. B 000X BUMaakax BTpaTh HE OMUHEMO. Y
NEepHIOMY  BHUIAJAKY  3MEHIIYETbCSA  NOTEHUIMHMM  TpPUOYTOK 1
nepeadavaeTbCcsl BTpaTa KIIEHTIB, y APYromMy — 30UIbIIYIOTHCS BUTPATH
BI/IMOBIJTHO HAa JIOCTAaBKY Ta 30€piraHHs TOBapYy.

MoXXuBUIT KOMIIPOMIC TIOJISITA€ y BHOOP1 PIllIeHHs, siKe OallaHCye
JBa BUJM BKazaHUX BTpar. OCKUIBKM BU3HAYUTH BTPATH BII AeinuTy
Iy’)K€ BaXKO, o0co0a, sKka TMpuiiMae pIIICHHS, MOX€ BCTAaHOBUTHU
HEOOXITHUM PIBEHb 3aIlaciB TaKUM YHUHOM, 00 BEIMYMHA OUYIKYBAHOTO
nedinuTy HE TnepeBUIlyBajda A; OJWHWIL, a BEJIWYMHA OYIKYBAHUX
HAJJTMIIKIB HE TepeBHINyBajia A, oauHuIl. BupasumMo maremaTHdHO ITi
yMmoBU. Hexaii R — rpanu4Huil piBeHb 3anaciB. To/1 o4iKyBaHUM AePiluT

o0

v (R)=[(x—R)f(x)dx < 4, (12.10)
a OYIKyBaHUW HAJJIUIIIOK R
l//z(R):_T(R—x)f(x)dxs A,. (12.11)

0
[Tpu noBitbHOMY BUOOPi A 1 A; BKa3aHi yMOBU MOXKYTh BUSIBUTUCS
cynepeusuBuMU. B 1boMy BUNAaKy Juisi 3a0€3MeyYeHHs JI0IMyCTUMOCTI
PO3B’SI3KY HEOOX1HO TTOCIA0UTH OJHE 3 OOMEXKEHb.
[Mpukman 12.3. BennunHa nonuty x Ha JACAKWANW TOBApP 3aJA€ThCS
(GYHKITIEI0 PO3MOALTY, IIUIBHICTD SIKOI Ma€ BUTJIS;
f(x)z ? pu xe[5;20];
0, mpu x € J—oo;S[U]ZO;oo[.
3HalTU TpaHUYHUM pIBEHB 3anacy R.
¢ Po3z6 ’s13y6anns.
[lepeiineMo 10 BU3HAUYCHHSI OUIKYBAHOTO JASDIUTY:

T i 10 20 R
R)= —R dx = —R)—dx=10| In—+—-1].
v (R)= J (=R} (s)ds = [ (e R) e =10{ 10+ 21
AHAaJIOT1YHO 3HANUIEMO OUYIKYBAaHUM HAJIJTUIIOK:

v, (R) = E(R—x)f(x)dx = I(R—x)i—(z)dx =10(ln%+§—lj.

BukopuctanHs KpUTEpPil0 TPAHUYHOIO PIBHS MPUBEIE A0 TaKUX
HEPIBHOCTEH:
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10 ln§+£—lj£/1 :
R 20

10 ln£+£—1j£A2.
R 5

N

Bukonaemo BIJIMOBIIHI IEPETBOPEHHS:

( (

m20-mR+ X 1<\ _pre KA 0041
20 10 2010

< R 4 ) R 4

InS—-mR+—-1<-=2 —ImMR+—<="2_-_In5+1.

i 5 10 10

OCTaTOYHO MAEMO:

lnR—£ZZn20—ﬁ—1=1,996—ﬁ;
20 10 10

lnR—EZInS—é—1=0,6O9—é.
\ 5 10 10

['panuyni 3HaueHHs A 1 A, ToBUHHI OyTH BUOpaHi Tak, 100 00MABI
HEpPIBHOCTI BUKOHYBAJWCh MPUHAWMHI i1 OJHOTO 3HAa4YeHHS R.
Hanpuknan, mokmamemo A; =2 1 A, = 5. Toali HepiBHOCTI HaOyayTh
BUTJISITY:

-

InR— & >1,796,
20

InR —% >0,1009.

L

3HayeHHs] R MOBUHHO 3HAXOAUTUCh MK 5 1 20, TOMy IO B IIHUX
IPaHUIISX 3MIHIOETHCS TIOIUT.

Jlns BUBHaYEHHS MHOXKUHM 3Ha4eHb R moOyayemo Ta6mn. 12.3, ska
MOKa3ye, 110 OOWIB1 YMOBH BUKOHYIOTHCS sl R € [7; 20].

Taomung 12.3

R 5 6 | 7 (8| 91011 |12 {1314 | 15|16 |17 |18 |19 |20

InR- 1,5811,70{1,85(1,9812,09|2,19|2,28{2,36(2,44|2,51|2,57|2,63|2,69(2,75|2,80|2,85

InR—-—1,29]1,43|1,56(1,66|1,76|1,84[1,92(1,99|2,05(2,11(2,17|2,22|2,27(2,312,36| 2,4
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12.4. KisibKicHMH aHAJIi3 NPUUHATTS PillIeHb
MEeTO/I0M «jIepeBa Iijiei»

Y nomepeanix mnaparpadax po3riISHYTO KpUTEpli, IO J1al0Th
MOXJIMBICTh TMPOBOJUTH aHajl3 BUOOPY 3 MHOXXHMHHM OJIHOETAITHUX
anbTepHATUB. TOOTO rOCIIOMApChKE PIIEHHS, MPUUHITE HA MEPCIICKTUBY,
HE 3aJIeXaJ0 Bij pIllIeHb, MPUHUHATHUX y MOTOYHOMY MOMEHTI. B Toi xe
4yac y MPaKTUYHIN JISUVIBHOCTI BUPOOHMYMX Ta IHIIUX CTPYKTYP JOCUTh
4acTO TpAIUIIIOTBCS  BUMNAIKU — aHai3y OararoeTamHuX IMpOLEciB
NPUUAHATTA PIlIEHb, Yy SKUX B3a€EMO3aJICKHI YIPaBIIHCHKI PIIICHHS
NPUHAMAIOTBCA TOCHIIOBHO. Takuil TUN pIllIeHb MIAAAEThCA TrpadiuHOMY
MOJIEJIFOBAHHIO 3 JIOMTOMOTOIO «JIepeBa LI (PIlIeHb).

[Ipumyctumo, 1m0 MU chOpMyJIrOBaId TOCTAHOBKY  3ajadvi

NPUUAHATTA 1HBECTUIIIMHMX PIIIeHb, KpIM TOro, BIJOMI MOXKJIMBI
aNnbTEpPHATUBU [, @ TaKOXX BU3HAYEHO MHMOBIPHOCTI iX BIIOYTTS Ta
KOPUCHOCTI HaciiakiB. [HBectop, ik ocoba, KOTpa NpHilMae pIilIeHHS
(OIIP), mae MOXIUBICTH BUOOPY AJIbTEPHATUB, ajie MOKH 1110 HE BUPIIIUB,
K JIATH y 1A cutyailii. [TpoBIBIIM BUCOKOSIKICHUM aHa13 1HBECTUIIMHOI
nisbHOCTI, OIIP Oynye «aepeBo pimieHby. OCHOBHUMHU HOTO €J1€MEHTaMu
€ BEpIIMHU JBOX THIIB: pilieHHs (MO3HA4aloTh KBajaparamu — [J) 1
BUNMAAKU (MO3HAYa0Th KpyroM — Q). Y mepmiomy Tuii BEpHIMHU BUOIP
noBHicTi0 Bu3Havyae OIIP, a B apyromy — BUOIp 3aJ€KUTh Bl BUIAJIKY,
T00TO He mnepedyBae mig HarmaaoM OIIP. B ocraHHbOMY BUIAIKY
HaWOLIbIIE, 110 MOXE 3pOOMTH 1HBECTOP, — MOCTABUTH MMOBIPHOCTI IJIsi
TUX BITOK JepeBa, sIKI MalOTh MOYATOK Yy BHUIQJKOBUX BepimmHax. Ha
puc. 12.4.1 Bepummnu 1, 4, 5, 6 € nepmoro tuny, a 2, 3, 7, 8 — npyroro.

Hactynnuii kpok aii OIIP nosnsirae y BCTaHOBJICHHI YMCJIOBUX 3HAYECHB
HACJIIJIKIB, MOB’SI3aHUX 13 palllOHANI3AIE NUISAXIB Ha «JIEPEBl PIIICHBY.
Po3rnsitHeMo muisiX BiJ TMOYaTKy J0 Jesikoi ymMoBHOI Touku C. VY
NPUKIAAHUX JOCHIDKEHHSIX 13 3TaJaHuM IUISIXOM OyAyTh IIOB’s3aH1
KOHKPETHI1 3aTpaTu, TOOTO CBOEPIIHI HACIIJIKH, BIIOYTTS SIKUX OB’ sI3aHE 3
neskoro HmMoBipHiCcTIO. [lpumyctumo, mo OIIP HeoOXigHO 3a1MCHUTH
BUOIp albTepHaTUBU a' abo a” , ToOTO MK momissMu [; abo [, Tonmi
HacJiJKaM HEOOXITHO TOCTaBUTH Yy BIANOBIAHICTh 3HAYCHHS BEIUYUH
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! / " "
KOPHCHOCTI (Ul. wisC, ral, st C, j TaK, MO0 Majlo  Mice

criBBigHOMEHHS. Ko a’ > a”, To crpaBeyIMBa HEPIBHICTH

n !/ ! m ” "
Y PU, >ZPj U, , (12.12)
i=1 j=1
. . P P ' ” . . .
ne [ Ta j — 1HIACKCU CTaHIB (z‘ =Ln;, j= 1,m>; F, P, —BIANOBIIHI
! "
imoBipHOCTI, U, ,U, — 3HAYCHHS BEJIMYWHH KOPHCHOCTI BIAMOBIIHO B
CTaHax I Taj.
!/ !/ !
Pl Ul - Cl
4 4 !
4 E Ui - Ci
7
!/ !/ !
Pﬂ U}’l B C}’l
a!
1 )
" " /4
Pl Ul o C1
a”
14 " 14
Pz’ Ui - Ci
6 8
" " /4

Puc. 12.4.1. OCHOBHI €JIEMEHTH «JIepeBa IiIek»

[le o3Hauae, MO ONTUMAJIBHOIO OyJe Ta aJlbTEPHATHUBA, JJIS SIKOI
OUIKyBaHa KOPUCHICTh OyJie€ MaKCUMAIbHOIO.

Toni, mnouMHarOYM pyxaTUCsA COpaBa HaIiBO, TOOTO pyx
B1IOYBAEThCA MO JACPEBY B 3BOPOTHOMY HAMPSIMKY, 1 KOPHUCTYHOUHUCH
paHillie BCTAaHOBJICHHM MPHUHIIUIIOM ONTUMAJIBHOCTI (MakCUMyMm a0o
MIHIMYM), JIJIi KOKHOTO By3J7la OOYHCIIOIOTH PO3MOJII IMOBIPHOCTEH Ta
OUIKyBaHy KOpHUCHICTh. Jlami 3HOBY myig koxkHoro Bysna OIIP BubOupae
TaKy ajJbTePHATUBY, KA NPUBOJIUTH 10 HAUOLIbII OYIKYBAaHOI KOPHUCHOCTI,
1 IPUMUCYEMO OTPUMaHy KOPUCHICTh BY3J1y PIIIEHb.

PosrnssHeMo aHaji3  1HBECTHIIMHOI CHUTyallli Ha yMOBHOMY
NpUKJIQAl 1100 1HBECTYBAaHHS Yy BHUIYCK IE€BHOTO BHJY MPOAYKIIII.
[HBecTOp 1HBECTYE KOIITH Y BUITYCK MPOAYyKIii /1, Ha Ky B LIeH Yac iCHYy€
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puHKOBHI nonut. HasiBHE TEXHOJIOTIYHE YCTaTKyBaHHA, ()IHAHCOBUH CTaH
MIJIIPUEMCTBA, ICHYIOYAa OpraHizaifisi mpaili, MapKETUHIOBa MIisJIbHICTh
JAl0Th 1HBECTOPY CTaOlIbHMI goxia. Pasom 3 TUM, 1HBECTOp MOXKeE
BKJIACTH 1HBECTHUIIII y BHUIIYCK MPOAYKIII MIABHILNEHOro kinacy I/, Ta
Bucokoro I,. [TonepenHiit ¢piHaHCOBUI aHaII3 MOKA3ye, IO 1HBECTYBAHHS
y BUIYCK MPOAYKIIi //; 3a0e3meunTh 1HBECTOPY PIUYHMI MPUPICT MPUOYTKY
po3mipom 30 MIIH. TPH. 32 YMOBH iICHYBaHHS Ha HEl pUHKOBOTO MOMUTY, Yy
MPOTWIC)KHOMY BUIAJIKy — 3HU3UTh HA 3 MJIH. TPH.

Ilepexin Ha BUMYCK MPOAYKIi /7, 103BOJIUTh, y BUMAAKY 1ICHYBaHHS
MOMUTY, OTPUMATH TpUpICT NpuOYTKY 50 MJIH. TPH., a 3a HOT0 BiICYTHOCTI
1HBECTOP MOHECE JOJIaTKOBI P1YHI BUAATKH po3MmipoM 10 MIiIH. TpH.

IMOBIpHICTH TOTO, IIIO TIPH MEPEXO/II HA BUITYCK MPOAYKIIi HOBOTO
BUJly, BHUPOOHHK VCIIIIIHO CHPaBUThCSA 3 TIOCTaBJICHUM 3aBIaHHSM,
ctaHoBHUTH 0,8.

JIisi BU3HAYEHHS PUHKOBOTO TMOIMUTY 1HBECTOP MOXKE IPOBECTH
BI/IMOBI/THI MAPKETUHIOBI JOCIIKCHHS (€KCIIEPUMEHTH), SIKI PU3BEAYTh
70 AOJIaTKOBUX BUTPAT pO3MIpoM 5 MJIH. TpH. Pa3zom i3 TuM, HEBIAOMO, SIK
MOXYTh 3aKIHUYMTHUCS TPOBEACHI JOCTIIHKEHHS. 3 JOCBIIY MOMEPEIHIX
POKIB 1HBECTOP 3HAE€, 110 MO3UTUBHI BUCHOBKH CHPABIXYIOThCA Ha 70 %, a
HeratuBHl — Ha 90 %. [HBecTOpy HEOOXIJTHO MPUUHSATU PIMIEHHS II0JI0
1HBECTYBaHHS y BUITYCK HOBOT'O BUJY MPOAYKIIi, a AKIIO MEPEXOJAUTH, TO
Ha [I,, un Ha I,? Kpim TOro, morpiOHO BUPIIIMTH THUTAHHS II10JI0
3aMOBJICHHS JOCIIIJI)KEHHS.

JIJ1st 3HaXOKEHHS ONTUMAJIBLHOIO PIIIEHHS MOCTABJICHOI MpobIeMu
MOXHa BHUKOPHCTATH METOJl «JepeBo pimeHb». Ha mnpakTtuii 3ramani
BUPOOHMYI MPOIIECHU PO3BUBAIOTHCA B JMHAMIL, TOMY Ha MEPIIOMY €Tarll
HEO0OX1HO BCTAHOBUTH 1X 4aCOBY MOCIIIOBHICTh. [HBECTOPOBI HEOOX1THO,
HacamIepe/l, BUPIIIUTH MUTAaHHS W00 aHaji3y MPOrHO3HOI 1HQOopMarllii
PO PUHOK 30yTy, TOOTO 3aMOBJIATH JOCHIKEHHS Y Hi. 3pO3yMijo, 110
BUCHOBKU 3 TPOBEJCHOTO MOCIIKCHHS MPUCKOPATh MPUUHATTSA OLIbII
00’ €KTUBHOTO PIIIICHHS.

[IpunmycTumMo, 110 IHBECTOP BHUPIIIUB 3aMOBUTH JIOCTIJKCHHS Ha
MIPOTHO3HY OIIIHKY PHUHKY 30yTy. Ll mporegypa BumaraTume MEBHOTO
4acy, JOKH 1HBECTOpP OTPUMAE BHUCHOBKHM 3 IPOBEJICHOTO JOCIIIKCHHS.
3MICT BUCHOBKY MOKE TMepea0auuTH OJWH 13 ABOX BapiaHTIB: ycmix abo
HEeBJIaya.

[ToOynyeMo JOriYHY CXeMy MpOUEAYpU NPUUHATTA pILICHb Y
BUTJISI «JiepeBa 1uiei» (puc. 12.4.2). Ha «aepeBi» mo6pe BUAHO TMOIl, 3
SKUX CKJIQJA€ThCs Tpolieaypa MpUUHATTS pimieHb. bykBamu A4, B, C, /]
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ITIO3HAYNMO CTaHU: A — MOYaTKOBHH cTaH, F,...,F|5 — KiHIeBUH ctaH, B, C,
J[ — cTaHM 4M TOYKH PO3raay KEHHS.

JliHis, mo #ae BiAg MOYATKOBOI MOl 10 OyJb-AKOi KIHIIEBOI,
Ha3UBAETHCA MOBHUM HUISIXOM (ABCy/[; — nmoBHMI 1uisx). Bimpizok mixk
nBoMa noAdisiMu Ha3zBemo BiTKOW (C;[s — BiTKa). Sk 6auuMmo, mpoueaypa
MPUUAHATTS PIIICHb BKIIFOYAE MOMIl TPhOX BHUIIB: MO/IIi, IO 3aJIeKaTh BiJ
pillIeHHS 1HBECTOpa (3aMOBJICHHS TOCTIHKEHHS, BUOIp MIPOAYKIIii) — 11 Jii;
NoJi1, 110 € HACHiIKAMU PIlIEHb 1HBECTOPA, ajle Ha XapakTep SKUX BiH HE
MOYK€ BIUIMHYTH, ITOJ11, KOJH 1IHBECTOP HE MOXXE BIUIMHYTH Ha pe3yJIbTaTH
BHCHOBKIB 3aMOBJICHOTO JOCIIKEHHSI, HA3BEMO MTPOCTO TOIISIMH.

I3 moxii A BuxomsaTh nBi BITKM (Aii): [, — 1HBEeCTOp HE POOHUTH
3aMOBJICHHS Ha JOCIIJUKSHHS Ta [, — 3aMOBIIsIE IOCILIKEHHA. BoHu €
3MIHHUMH TIPOIECYy MPHUUHATTS pIlIeHh 1 CKJIAJal0Th MHOXHHY

L={,r=0,}. I3 crany B, BUXOJATb JABi BiTKH, fKi O3HAYAIOTH TaKi

noxii: O — pochimkeHHs nepeadoavae ycnix 1 O, — nepeadadyae HEeBaady.
31 crany B, BUXOAuTh BITKa, sfKa Mae Jwmiie (GopmanbHe 3Ha4YeHHS, (O
(bixtuBHa noxis). Ha 111 mosii iHBeCTOp BIUIMHYTU HE Moxke. [lo3HauumMo
OKpPECJICHY CYKYIHICTh MOA1H SIK MHOXKUHY (Q = {Q]., Jj= 0,1,2}.

I3 craniB Cy, C; 1 C, BUXOAATH MO TPHU BITKH, SIKI BITOOpPa’KarOTh
noii: Zy — BUMMYCK NPOAyKIii //, TpuBae; Z; — nepexiji iHBeCTYBaHHS Ha
BUITYCK NpOAYKUli /1;; Z, — nepexiJ 1HBECTYBaHHS Ha BUITYCK MPOAYKIIIi
Il,. BoHu € 3MIHHUMH MPOLECY MNPUHHATTS PIllleHb 1 00’ €IHYIOThCSA B
MHOXWHY Z = {Z k= 0,1,2}. [IpomoBxyroun aHami3 cTaHiB, 6a4yuMo, 1110 3

1, s, s, s, g, o BAXOOSTH IO JIB1 BITKH, SIK1 ITO3HAYAIOTh MOAIL: S5, S5,
BIIMOBIZIHO, YCIIX 1 HEBJauy IHBECTOpa IpH MEPEeXOJl Ha 1HBECTYyBaHHS
BUITYCKY HOBOTO BUy MpoayKiii. Ha 3aBepiiieHHst MaemMo, 1110 13 CTaHiB /),
4, /I; BUXOIWUTH TUIbKU TO OJHIN (popMayibHIN BITHI (S)), 110 CBIIYUTH
PO BIJICYTHICTh aJIbTEPHATUB BITHOCHO YCITIXy a00 HEB/Iaul BUITYCKY [/,

3rajiani BUIIE MOJAIl HE € 3MIHHUMHU MPOIECY MPUNHATTA PIlIEHb, 1X
MHOXXHHY MMO3HAYUMO Yepe3 S = {S L= 0,1,2}.

JIOMOBHUMO «JEpeBO IIJIeH» YHMCIOBUMHM JAHUMH 3MIHH PIYHOTO
obcsary mpuOyTKy. BiamoBimHO 10 YMOBH 3a1adi IPUOYTOK 3MIHHUTHCS
TakuM 4yuHOM: 0 — BUPOOHHMIITBO mpoxaykiii [/, 30epiraerbcs; +30 —
BUPOOHUIITBO MPOAYyKIii [/, 3a HAsABHOCTI yCHiXy; -3 — BHUPOOHUIITBO
npoaykiii 7/, 3a BiACyTHOCTI ycmixy; +50 — BUpOOHUILITBO MPpOayKIii /7, 3a
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HasgBHOCTI ycmixy; -10 — BupoOHMITBO Tpoaykiiii I/, 3a BiACYTHOCTI
YCIHIXY.

ITomicTHMO 3a3HaueHl BEJIWYMHU HA BIAMOBIAHUX JIOTIYHHUX TLIKax
«JaepeBa pilieHby. BpaxoByroouMm 3aTpaT, MOB’S3aHI 13 JOCHTIIHKECHHIM
pUHKY 30yTy, 3HaIEMO JJIsI KOKHOT'O KIHIIEBOTO CTaHy BEJIMUUHY €EKTY
(kopucHocTi) Uy, AKi BimOOpasMMO Ha KIHIAX BIANOBIAHHUX BITOK
(puc. 12.4.2). Amnanizyroud 4YHUCIOBI pe3yJabTaTH, OauMMO, HACKIIbKU
Oisbllie 3B’ SI3aHUM 3 PU3UKOM IEPEX1] Ha BUITYCK NPOAYKIIi /7, TOPIBHSHO
3 I1,. TlpoTe okpecneHuil pU3UK MOKE OyTH BHUIMpPaBAAaHUN MPOTHO3HOIO
BEJIMYMHOIO PIYHOTO MPUOYTKY.

So
O e
MoZo 81_0 F, U,=30
Ro ~ S O s Us=-3
Nz, N

St
U~ On v
|_|222 2 ( ) F5 U5=-10

Co

He 3amoBngaTu

So
JOCIIIIKEHHS i O/ 4@ Fe Us=-5

MoZo S F, U;=25
A S
C Os 2 Fo Us=-8
Mz s,
e —Q Fo Ug=45
e S,
|_|222 C>< ( ) F10 U10 =-15

JocmimkeHHs
nepea0avyaTh So

yCImix 7 v Fro Uin=-5
3aMO‘BJ'I$ITI/I MoZo Si Fio U;x=25
JOCIT JUKEHHS
n S
C, i 2 ( ) Fiz Uiz=-8
MZ4

S4
Oo S—O Fia Uia =45
M2, 2 ( ) Fis Uis=-15

Puc. 12.4.2. TIpuitHATTS pillIeHB 13 TOMIOMOTOIO «JIepeBa LI
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Jns  orpuMaHHsT ~ €(DEKTUBHOTO  1HBECTUI[IMHOIO  PILICHHS
BUKOPUCTAEMO KUIbKICHI 3HAYEHHSI IMOBIPHICHUX BenuWuuH. [Ipumyctumo,
10 1HBECTOp TNpHUUMAE PIIICHHS HE 3aMOBJIATH JOCIIPKCHHS PO PUHOK
nonuty. Ile o3Havae, mo Mu nepedyBaeMo y BepiuHi piieHb Cy 1 mepen
HHUM CTOiTh 3aBAaHHS BHOOPY OMHIET 3 TPHOX abTEPHATUB: Z, Z1, Z,, AK1
03HAYarOTh BIJATIOBIAHO BUITYCK TIpOAyYKIii /1y, I1;, I1,.

Hexaii inBecTop BUOUpae anbTepHATUBY Z( (TOuka /), IMOBIpHICTh
TOTO, 110 1HBecTOp He oTpuMae npudyTky (U;= 0), cranoButume P, = 1.
Ski10 1HBECTOp 3yNUHUTHCS HA BUITYCKY [/}, Toai 3 BepmnHu I, (BepiinHa
BUMNAJKIB) MOxIuBHM stk ycmix (S)) 13 imoBipHicTio P(S;) = 0,8, 1 B
pe3yabTati 1HBECTOP OTpuMae AonatkoBuid npudyTtok U, = 30 MIIH. TpH.,
Tak 1 HeBaya (S,) 3 iMoBipHICcTIO P(S>)=0,2 Ta po3MipoM piuHUX BUTPAT Yy
cymi Us = 3 mutH. rpH. P(S}) Ta P(S,) € cy0’€KTUBHUMU UMOBIPHOCTSMU.

PosrnsiHemMo aHaii3 BUMAJAKY, MOB’SI3aHOTO 13 BUITYCKOM MPOAYKIIT
11,. Maemo, 1110 13 BepIIMHU BUMAAKY [l3, 3HOBY BUXOJATH JB1 BITKH, SIKi
BIIMOBIJTHO MOJIENIOI0TH ycmix (S7) 1 HeBaauy (S,). IMOBipHiCTH mepmioro
BUMaAKy craHoBuTh 0,8, a apyroro 0,2 i, K pe3yJbTar, piYHUN NpUOyTOK
30UTBIIMTHCS BiAMOBIAHO Ha U} = 50 MyH. TpH. a00 3MeHIIuThCS Ha U; =
10 muH. TpH.

[lepeitmemo [0 aHamizy CHTyallli, IOB’S3aHOI 13 3aMOBJICHHSIM
JTOCIIHKEHHS Ha BUBYEHHSI PUHKOBOTO MONMUTY. To/ai y BEepIIuHI BUNAIKIB
B; Mae miciie 1Ba HaCHIJKH, SIK HO3UTUBHUN O (IOCIIIKEHHS TIependadae
ycmix) 13 iMmoBipHicTio P, = 0,7, Tak 1 HeratuBHud (, (mepeadadae
HeBAavy) 3 iMoBipHicTIO P, = 0,3.

OTpuMaBIIM  BHUCHOBKM  3aMOBJICHOTO JOCTIDKCHHS  1HBECTOD,
nepeOyBaroun y BepimHax Bumnajakie C; abo C, MOBUHEH 3HOBY MPUNUHATU
pillieHHs 110/10 BUOOPY OAHIET 3 allbTepHATUB {Zy, Z,, Z,}. [lpunyctumo,
[0 BUCHOBOK JIOCHI/DKEHHS € TIO3UTHUBHUM. [IpofoBKyroun BHUITYCK
npoaykKuii /7y, 1HBECTOp Hece piuHl BUAATKU po3mipoMm Us = 5 MIIH. TpH.
(Py = 1). Bubpasiuu /7;, moxHa otpuMatu npudytok U; =30 — 5 = 25 muH.
IpH. 13 IMOBIPHICTIO P(Sl/ Ql) abo Butpatu Ug =30+5 = 8 MiH. TpH. 3
IMOBIpHICTIO P (S2 / Ql). Jliia BUMycKy mpoayKIii /7, OJep>KUMO BEITMUUHY
mpuoyTky Uy = 50 — 5 = 45 muH. TpH. a60 Butpat U;o =10 + 5 =15MuH. TpH.

AHAJIOTIYHO TMpOAHATI3yeEMO BHUMAJAOK OTPUMAaHHS HETaTUBHOTO
BUCHOBKY 3 MPOBEACHOIO AOCIKeHHs. Y BepiiuHi C, 3HOBY MOKJIMBI
TPpU albTEPHATUBU {Z, Z,, Z,}. IlpuitHarTs ix mae npuodytok Uy, U4 a00
Butpatu Uy, ,U;s,Us. IIpoBiBiy BiAMOBIAHI pO3PaXyHKH, OJEPKUMO:

Un = 5, U12 = 25, U13 = 8;U14 = 45,'U15 =15 MmaH. I'PH.
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Po3paxoBaHi 3HaUYeHHS OyAyTh XapakTE€pU3yBaTUCS MMOBIPHOCTSIMHU
P(Sl /0,) i P(S, /Q2). Onnak OTpUMaHHI pe3ysibTaTH HE JaloTh
OJIHO3HAYHOI BIJMOBIAI Ha MPUUHATTA e(OEKTUBHOTrO pimeHHs. s
3MEHIICHHS PU3UKY Ta OUIBIIOI BIEBHEHOCTI MPU BHOOPI ONTHUMAaIbHOI
aNbTEpPHATUBU HaJajdl BUKOPUCTOBYEMO MAaTEMATHYHHU amapar Teopii
WMOBIpHOCTI. 3a yMOBOIO 3a7adi BiJOMO, IO TMOTEHIIMHI MO>KJIUBOCTI
MIJIMPUEMCTBA Y MUTAHHI BUIYCKY HOBHUX BHJIIB MPOAYKIlI OI[IHIOIOThH
BemmunHO0 P; = 0,8. Ila BeawumHa € Cy0’€KTHBHOIO IMOBIPHICTIO 1
CYTTEBO BIJIPIBHSAETHCSA BIJI KIACMYHOTO O3HAYECHHS HMOBIPHOCTI.
Cy0’exTBHA WMOBIPHICTh € MIPOIO MOXJIMBOTO BIAOYTTS SKOi-HEOYIh
ONHiI€l monii 3a YMOBH, IO KUIbKICHE BHUPXKEHHS € PE3yJIbTaTOM
0COOMCTOr0 EKCIIEPUMEHTY.

Ockinpku noii S 1.5, yTBOPIOIOTH MOBHY T'PYIy MO/, TO MAa€ MICIIE
P(Sy) + P(S;) = 1. Cy0’ekTUBHI UMOBIPHOCTI, 110 BIOM1 JO MPUNUHATTS
pIIIEHHSI, HA3UBAIOTHCA ANPIOPHUMU WMOBIPHOCTSMU. 3pO3YyMLIO, IO
1HBECTOP MpUIME pIIMICHHS MO0 MPOBEJACHHS JOCHIIKEHHS PUHKY
MOMUTY, TOAI LIIUM BiH Ja€ 3pO3yMITH NPO BUKOPUCTAHHS OTPUMAHMX
pE3yAbTATIB B IPUIHATTI PILICHHS.

[Ipu onepkaHHI  MO3UTUBHOTO  BHCHOBKY 3  MPOBEICHOTO
nociiKeHHst (()) 1HBECTOp y MOJabIIOMy TTOBUHEH 3BEPHYTH yBary Ha
CTYHIHb JOCTOBIPHOCTI pe3yJsibTariB. OTxe, HMOBIPHICTH TOro, L0 3a
CHOPUATIMBOTO pimeHHs mnpoxaykiis /1, ado [, OyayTh MaTtv TOMUT,
cranosuts P(Q,/S,)=0,7; P(0,/S,)=0,3.

[IpoBiBIIIM aHAJIOTIYHI MIPKYBaHHS IOJAO0 HETaTUBHOI'O BHCHOBKY,
OJIEPKUMO:

P(Q2/S2):0’9; P(Ql/Sz):l_P(Qz/Sz):O’l-

HactynmauMm KkpokoMm aHamizy Jid Oyae OOYHCIICHHS YMOBHHUX
IMOBIPHOCTEN

P(5/Q). P($,/Q). P(5/0,). P(S,/0,).
JIJ1s1 1X 3HAXOJIKEHHSA BIZIKOpI/IC)TaG\(/IO ()bopMyJIy barieca:
P\O, /S, )xP(S,
P\S. /0, )= AR, =12 =1,2- (12.13)
8./0.)=—"50)
BpaxoBytoun KOHKPETHI YUCJIOB1 3HAUYECHHSI, OTPUMAEMO:
P(0,/S,)xP(S,) _07x08 _ 056

PI0=""00) ~ o) “P0)
P(Q,/S,)xP(S,) 0,1x02 0,02
PS0=""00) ~Fa) Py
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Ockinbku Mae micte pisaicts P(S, /Q, )+ P(S,/Q, ) =1, orpumaemo:
0,56 0,02

Q)" P(Q)

3B1JICH, WMOBIpPHOCTI BIJIITOBITHUAX o1 OyIlyTh:
P ( Ql) =0,58, P (Q2 ) =0,42. OrpumaBmu 3HaueHHs P(Q;) 1 P(Q»),

00YHCIUMO:

P(SI/QI):

P(Q,/S)% P(S,) _0,56

=0,966, P(Sz/Q1 ) =0,034,

P(0,) 0,58
_P(Qz/Sl)XP(Sl)_ijo’S _ . _
P(5,/0,)= Py om TO P(5,/0,)=0,429.

[Tepeitnemo 10 3HAXOJKEHHSI ONTUMAJIBHOTO PIIIEHHS, TOOTO HaM
HEOOXITHO OJiepKaTh ONTUMAJIbHY ajbTepHATUBY il iHBectopa. Ilim
ONTUMAJIBHOIO AJIbTEPHATUBOIO OYyJIEMO PO3YMITH TakKe pIIIEHHs, SKEe 3a
OMMUCYBAHUX YMOB JIa€ 1HBECTOPY HANOUIBIINM PIYHUNA TPUPICT TPUOYTKY.
OnuieMo airopuT™M aHali3y ONTHUMalIbHOI aJIbTEPHATHBU AN 1HBECTOpa
JUTsI TUCKPETHOTO BUMAJIKY 3 JOTIOMOTOIO TaKUX €TarliB.

Eran 1. Maroun 4YucioBl 3HAYEeHHS  KIHIIEBUX  CTaHIB

U,.=U (ZT,Q].,Z Y ), o0uMcIuMoO I CTaHiB /[ (2 = 1,9) BIJTIOB1/IHI

ouikyBaHi Bemuanan U, =U (ZT,Q‘/,Z . )
Uy = Zl U % P(S,-/Q,- ), r=0,1;,7=0,12;k=0,,2. (12.14)

[Tokaxkemo, HampukiIaa, PO3pPaxyHOK OYIKYBAHOTO MPUOYTKY IJis
crany /[s:

2
Uy =D U, % P(S,/0,) =25%0,966 —8x 0,034 = 23,878.
i=1

AHanoOriyHO 00YMCIMMO 1HII 3HAYECHHS CTaHIB /[ (2 = 1,9).

Eran 2. JIna koxuoro crany C(0, 1, 2) BubupaeMo BiTKy Z, 110 1a€
HaO1IbIlIe 3HAYEHHS O4iKYBaHOT'O IIPUPOCTY:
U, = mgx{Urjk}; t=0,1; j=012; k=0,12.

Y
Tax, nanpuxnan, g crany C; MaeEMo:
U, = mlfzx{Unk} = max{—S;23, 78; 42.96} =42,96.

AHAaJIOTIYHO MPOBOJATH OOUUCIICHHS JIJIs1 IHIINX CTaHIB.
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Ertan 3. Jlns koxkHOTo HacTymHoro ctany B (r =0,1) o6uncmoemo

MaKCUMAaJIbHO OYIKyBaHUM MPUPICT MPUOYTKY:
U,=max{U,;}; ©=01 j=0,12.
; .

Hanpuxnan, U, = max{U | = max{42,96; 19,96} =42,96.
J

Etan 4. IloBepHyBIIMCh y TMOYAaTKOBUU CTaH A, BUOMpPAEMO TaKy

BiTKy, fIKa Ja€ MaKCUMAJLHO ouikyBaHuii npupict: U = max{U 4)} :
P

TakuM 4MHOM, MM OTPUMAEMO ONTUMAJIBHY CTPATETII0 MPUUHSATTS
1HBECTHUIIMHOTO PIIICHHS. Y HAIIOMY BUMNAJKy MAaEMO:

U =max{38,0; 42,96} =42,96.

OTxe, aHami3 TNOKa3ye, M0 HAWOUIBIIMKA OYIKYBaHUW MPHUPICT
npuOyTKy craHoButume 42,96 wMiH. TpH. 3BIICH, ONTHUMaJIbHOIO
aNbTEPHATUBOIO OyJie 3aMOBJICHHS JOCTIIKEHHS IIOAO MPOTHO3Y PUHKY
nonuty. He3aneHo BiJi BUCHOBKY, 1IHBECTOPY HEOOX1JHO BKJIACTH KOIITH
y BIPOBAKCHHS BHUPOOHUIITBA Tponaykiii //,. 3a3HauyeHUN BUCHOBOK
MOSICHIOETBCSL TUM, 10, NMPU HPUHHATTI MO3UTUBHOTO MPOTHO3Y MO0
puHKy monuty (momia (), mu notrpanumo Ha BiTKy C/]s (BUIyCK
npoaykuii /1), a y BHUIAJAKy HETaTUBHOTO BHUCHOBKY (moxiss (J,) —
nepexoaumo Ha BiTKy Cp/{y (Bumyck mpoaykiii /7,), OCKiIIbKM HaWO1IbIIa
OUiKyBaHa KOPUCHICTb Oyje 42,96 MJIH. TpH.

12.5. Onrumisaniss CTpyKTypH noprdesisi HiHHUX Mmanepis
TA OUIHKA PU3UKY
Metoauky ontumizailii CTpyKTypu mopTdens IIHHUX MamnepiB Ta
OIIIHKH PU3HUKY MPEJCTAaBUMO 3 JIOTIOMOI'0I0 TaKOro ajaroputMmy. Beeaemo
MO3HAYEHHS: [ — IHJACKC BUIY aKIliH, i = I,_n, j — IHJIEKC CUTYyallli Ha PUHKY
IIHHUX TManepiB, j = I,_m; X, — IiHAa OpuaOaHHA akilii i-r0 BUIY B

KOHKPETHHH IIEePioA; X;; — IPOTHO3HA I1iHa aKIii i-ro BUIy IIPH peaisanii j-
oi curyauii; P; — cy0’€KTMBHa HMOBIPHICTb HACTaHHA j-Oi CHUTYaIli,
m

ZP] =1; B; — moxisd, 10 O3HAa4Yac HACTAaHHsA j-O1 CHUTyalli Ha PUHKY
j=1

IIHHUX IanepiB.

[IpeacrtaBumMo BXIiJHI TapaMeTpy aHali3y CTPYKTypu TOpTdhens
IIHHUX TarepiB y MaTpudHii ¢opmi (Tadmn. 12.4).
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Tabmuusa 12.4
Bxinni mapameTpu aHali3y CTpyKTYpH MOPTQes IIHHUX TanepiB

) [Tporno3Ha 11iHa aKIIiil 3a1eKHO BiJl
Bun | Lina HPH,HU@HH’I CUTyaIlii Ha PUHKY I[iHHKX Manepis
aKIin aKIin
B 1 B 2 B J B m
1 X10 X11 X12 X1m
2 X20 X21 X22 ¥ X2m
i
n Xn0 Xn1 Xn2 Xnm
MmoBipHicTh cuTyarii P, P, P } P,

Po3rmsHeMo METOAMKY MOJKIMBOTO BH3HAYEHHS  CIIOJIBAHOTO
J0XOJTy Ta PU3UKY KOXKHOT akIii okpemo. [lepeBakHO criomiBaHmil JOX11 3a
aKIIErO i-T0 BUIY OOUYHCITIOIOTH 3 JOTIOMOTOI0 MaTEMaTUYHOTO CITO [IBaHHS
JI0XO0Jy 3 OKPECJIECHOr0 BUAY aKIlli TakK:

m -
X, =M(x)=(x,—x,)P.i=Ln. (12.15)
j=1
Kpim Toro, cmojaiBaHuii A0XiJi MOXKHa BHU3HAUYUTH 3 JIONIOMOIOIO
a0coroTHOrO 3HauYeHHs (Tabi. 12.4) abo HA OCHOBI OILIIHKHU I[OT'O J0XOY
y (opmi BiACOTKA MPUPOCTY AOXOAY 3 KOXKHOTO BHUIY IIHHUX Iarepis.
BpaxoByroun BBelleHI TMO3Ha4YeHHs, (Gopmysa BHU3HAUYCHHS MPUPOCTY
J0XO0/1Y Y BIJICOTKOBOMY 3Ha4€HHI1 MaTUM€ BUTJISI:

X, —X, X, -
y, =| —— [x100=| —-1|x100,i =1,n;j =Lm , (12.16)
X, X,

10 10

A€ y, — OpUpIiCT NOXOAY B IMPOLEHTAX OO LIHM aKLii i-ro BUAY NpH j-i
CUTyallli Ha PUHKY HIHHUX manepiB. CroaiBaHUN MPUPICT JOXOIY ()_/l) B
HAIIOMY BHUIIAJIKy 3HaWIEMO 3a JOTIOMOTO0 (POpMYIIH:

;E=M(yl~)=iyl,><Pj,i=1,_n. (12.17)
j=1

Hanani ¢opmyny (12.17) mnoknageHO B OCHOBY alIrOpUTMy
BIANIOBIAHUX €KCIIEPUMEHTAJIBHUX PO3PAXYHKIB.

VY Teopii aHani3zy CTPYKTypH OpTQes HIHHUX HanepiB mij pU3UKOM
BKJIQJICHb PO3YMIIOTh OYIKYBaHE BIIXWUJIEHHS MPOTHO3HUX PE3YJIbTATIB Y
BUIJISI1 IOXOMAIB B1JI X CIIOJIBAHOI'O 3HAYEHHS, TOMY JUISI OLIHKH PU3UKY
KOXKHOI OKpeMoi akiii abo 1HIIOro BHIY IIIHHOTO IMamnepy MOXKHA
BUKOPHCTOBYBATH JHUCHEPCIIO PO3MOJALTY il MPOrHO3HUX J10X0/IB. Bigomo,
o0  JUCHepCiss  JUCKPETHOI  BUIAJKOBOI  BEJIUYMHM  CTAHOBUTH
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MaTeMaTHUYHE CIIOJIBaHHS KBaJipaTa BIIXWJICHHS BHUIIQJKOBOI BEIIMYMHHU 1
€, B CBOIO 4Yepry, MIpol0 PO3CISIHHS 3HA4YCHb L€l BeIUUYMHU. JIJIs OLIIHKHU
PU3HUKY JIOLUIBHIIIIE BUKOPUCTOBYBATH CEPEIHE KBaJApaTUUHE BIAXMICHHS
PO3IIOIiTY TOXOIiB 33 aKIiAMH. FIoro 06UMCIIIOITh K KOPiHb KBAPATHHIA
3 gucrepcii. CTOCOBHO IIIHHUX MamepiB KOXXHOTO BHAY a00 BChOTO
nopTdens Taka OIliHKa PU3UKY BUPAXa€ OYIKyBaHHUM 1HTEPBa BIAXUJICHHS
MPOTHO3HOIO JIOXOAY 3a aKili€ro ado 3a BciM mopTdesieM BiJ CIOAIBAaHOTO
3HAYCHHS JTOXOAY 3a aKIli€ro ad0 BChOTO MOPTQheEs.

Bubuparoun, 3a IHIIMX PIBHUX YMOB, BapiaHT BKJIaJCHb 3 BEIUKHUM
CepeHIM KBAJpPaTUYHUM BIIXWICHHSM PO3MOIIIY MPOTHO3HUX JIOXOIB,
1HBECTOP CHOJIIBAETHCA OTPUMATH OLIbIIE, HIXK Y TOMY BHUIIAJKY, KOJIU BIH
BHOMpAE BapiaHT 3 MEHIIIUM CEPEIHIM KBaJpPaTUUYHUM BIAXWJICHHSAM. AJjie
npU 1EOMY lHBeCTOp PU3HKYE ¥ OTpUMATH MEHIIE, HIXK Y BII[XI/IJ'IGHOMy
BaplaHTi, OCKUIBKM 3rajiaHa BEJWYMHA 3a/1a€ BEPXHIO 1 HWIKHIO MEXI1
OUIKYBAHOT'O 1HTEpBally 3MIHM MPOTHO3HUX JoxoAiB. OTxke, s
BU3HAYEHHA JMCIEpPCli MPOrHO3HUX MPHUPOCTIB JOXOMAIB 1 IX CEepeliHIX
KBaJ[paTUYHHUX BIAXWJICHb BUKOPHUCTAEMO (hOPMYITY:

D(%Fi(n y)P c,=D(y,) = i(yl.j—)_zl.)szj,i:I,_n,(U.lS)

J=1 Jj=1

ne D(y;) — nucnepcisi, G; — CepeHE KBaJpaTUYHE BIAXWICHHS PO3MOALLY
IPUPOCTY MPOTHO3HUX JOXOJIB ILIIHHUX MamnepiB i-ro Buay. Hagami min
CEpeAHIM KBaAPATUUYHUM G; OYJEMO PO3YMITH BEIUUMHY PU3HUKY.
OTpumaHa napa BEJIWYUH CHOAIBAHOIO MPUPOCTY JOXOAY Ta PUIUKY
()71.,01.) MOXe OyTH BUKOPHCTaHA JJIsl KUIbKICHOTO OOTPYHTYBAHHS IUIaHY

BKJIQJIEHb 3aC001B 1HBECTOpa JIMIIE B TOMY BHUIIQJKYy, SIKIIO BiH XOYe
IpUA0aTH TIIBKU OJHWH BHJ aKIilii ado 1HII miHHI namepu. [Ipu mboMy Mu
Ma€eMo Ha yBasi, 1o Oyab-skuii iHBecTop (OIIP, MmeHemxkep), CXUIbHUHN 110
pU3HKY, 3aBXAM BUOMpae akxiii 3 OUIbIIMM pPU3UKOM, a MEHEKep,
HECXWJIBHUM JI0 PU3UKY, — BApPIaHT 13 MEHIIIUM PU3UKOM.

Y Bunmaaky, KOJIM MK I[IYKaHUMU [apaMeTpaMH MaloTh MicCIe
HEPIBHOCTI

. 1 2 -
y, >y, 10,>0; i=1n, (12.19)
U1 OpUAHATTS €(GEeKTUBHOTO PIIIEHHS HEOOXIJTHO BUKOPHUCTOBYBAaTH
J0/1aTKOB1 YMOBH, SIKi aJIeKBaTHO BiJjoOpakajiu OW CTaBJICHHS MEHEKEepa

70 KOHKPETHUX BapiaHTIB KOMOIHAIlli CIOAIBAHOIO MPUPOCTY JAOXOAY Ta
BEJIUYMHH PU3HKY.
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3 1Li€0 METOI0 BBOJATH CHElladbHy (QYHKIIIO, fKa BH3HA4Y€Ha Ha
MHOXHUHI CIOJIBAaHUX TMPUPOCTIB JOXOMIB 1 PHU3HKIB R(J_/,G). st

3a3Ha4eHOI (YHKII BJIAaCTUBUM € T€, IO BOHA 3pOCTAa€ A0 G IS
MEHEKEpIB, CXWIBHUX JI0 PU3UKY, 1 CHAJa€E 10 G B MPOTHICKHOMY
BUnaaky. KpiMm 1poro, 3anponoHoBaHa (pyHKIlIS TOBUHHA IEBHUM YHMHOM
BimoOpakatu cuctemy nepesar npu Aii OIIP. To6ro OIIP, He cxunbHa 10
PU3HKY, TOTOBA MPUNHATUA PIIICHHS 3 BEJIUKUM PU3UKOM TUIBKH B TOMY
BUMAJKY, SIKIO i BIAMOBIJA€ BEIMKE 3HAYEHHS CIIOAIBAHOTO MPUPOCTY
noxony, a OIIP, cxunpHa 0 pU3HMKY, MOXE€ HAJATH NEpPEBary BUIIOMY
PU3UKY B TOMY BHUMIAQJKY, SIKIIO i BIAMOBIJA€ 3HUKEHHS CIIOJ[IBAHOTO
IMPUPOCTY JT0XOMy. 3rajzaHa (yHKINS MMOBHHHA CIYXKHTH IS PEaTbHOTO
BimoOpakenHs nux nepesar OIIP, To6To BoHa 1a€ 1if MOXKIUBICTh OLIHUTH
mepeBary TOro 4 iHIIOTO BapiaHTa BKJIAJCHb y BUIQJAKY SIK MPUIOaHHS
aKIliil OIHOTO BUAY, TaK 1 CyMapHOi OLIHKK NOPTQEs IHHUX MaIepiB.

[IpoOnema aHamizy ONTUMAILHOrO BHOOPY TOPTQEns MIHHUX
ranepiB CTAHOBUTH 3aJlauy MPUNHATTS PIIIEHbh B yMOBaX HEBU3HAYEHOCTI,
TOMY IS X PO3BUTKY MOKHA BUKOPHUCTATH KPUTEPIH, SKUH Mae Ha3BY
«MIHIMYM CEPEAHBOTO PU3UKY». 3MICT HOTO aJITOPUTMY TOJISTaE y BUOOPI
aKiii BUAY, ISl SIKOi MaTEMaTUYHE CIOJIIBAaHHS BEJIUYUHU PU3UKY MATUME
MiHIMaJIbHE 3HAYCHHS

R = mlle:W’f PJ = mlle:PJ -m]fzx(ykj —yl.j), i=1n. (12.20)
Jj= Jj=

Sk bauumo, W, = mgzx( Vg~ yy.) € PI3HULECI HAWKPAIIOTO 3HAYCHHS

B CTOBII j 1 3Ha4eHHA y;. 3a 3MmicToM W; Bupaxkae «cmiBuyTTs» OIIP
4epes Te, 110 BOHA He BUOpajia HaiKpaIol il moao0 curyauii B;.

[Ipu anamizi onTuManbHUX (IHAHCOBUX PIIIEHb 3aCIyTOBY€E IMEBHOI
yBaru kpurtepiii Xomkeca-Jlemana. s MpakTUYHOTO BUKOPHUCTAHHS
[IbOI'0 KPUTEPII0 HAM HEOOXIJHO MaTH, KpIM PO3IOALLYy HMOBIpPHOCTEN P;
BIIMOBIIHUX CHUTyallid, me 1 napamerp . OKpecieHuil mnapaMerp
BCTaHOBJIIOE OajaHC MK BUITQJKAMH KPailHbOT'O ONTUMI3MY Ta KPaiHbOTO
necumismy. 3HadeHHs @(0<a <1) MOKe BH3HAYATHCS 3aJEKHO BiJ
XapakTepy ocoOu, sika MpuiiMae pillleHHs, TOOTO BiA TOro, IO iH
XapakTepHille, — TEeCHMI3M 4YM ONTUMI3M. Bubip onTuMasbHOI
albTEPHATUBHU 3IIMCHIOETHCSA BIAMOBITHO JI0 aJITOPUTMY, B OCHOBY SIKOTO
MOKJIAJICHO TaKy 3aKOHOMIPHICTB:

R, = max OL-ZPJ.-yZ.].-F(l—OL)m;’nyU yi=ln j=1lm. (12.21)
i = ‘ j ‘
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OuiHOOYM HEOOXIJIHY MOYaTKOBY 1H(OpMALl0 i1 KPUTEPIIO
Xomkeca-Jlemana, MokHa 3pOOWUTH BHUCHOBOK MPO CTYHiHb HOTO
ckJ1agHoCTi. OCHOBHUM HEIOJIIKOM 3alIPOTIOHOBAHOT'O KPUTEPIIO € Te, IO B
HOTO aIropuTMI BUKOPUCTOBYETHCS Oarato cy0’€KTUBHUX (PaKTOPIB.

Y peanbHUX 3agayax, MNOB’s3aHUX 13 (oOpMyBaHHAM mOpThEs,
BUHHUKAE TMOTpeda B ONTHUMI3aIlli MOro CTPYKTYpH Ta OIIIHKH PU3UKY Ha
BUIMAJ0K, KOJIM BiH MICTUTh NpUHAWMHI JBa BUJAM IIHHUX TnanepiB. Hexai
CTpyKTypa mopTdens akiiii ado 1HIIUX IIHHUX MamnepiB BUPAKAEThCS 3
JOTIOMOTOI0 XapaKTePUCTUYHUX IOKA3HMKIB, IO BIJOOpakalOTh 4YaCTKY
BApTOCTI aKLIM 3a3HAYEHOrO0 BHJY B 3arajbHId BapTOCTI BCHOTO
NpUI0AHOrO IMaKeTa akuid y nepion Kymimi. Ilo3Hauumo depes a, —

4acTKy aKIlli i-ro BUIY B 3arajbHiil BapToCTi mopTdens; (; — KUIbKICTh
KYIUICHUX aKIlii i-ro BuAy, i = 1,n.
BpaxoBytouu BuIl€3rajaHe Ta BBEJICHI MO3HAYEHHS, Oy1eMO MaTH:

q:%L%<ZQ=U=E; (12.22)
Z Xio Qi -
i=1

Bu3zHaunMMo MPOTrHO3HMI TPUPICT AOXOAY HOpTdhens akiiii (yj7 ) y

BUIAJIKy HACTaHHs j-0i cuTyarlii. BpaxoByrouu ¢popmynu (12.16) 1 (12.22),
OTPUMAEMO:

n n n n xi. — xi
25,0, = 2 %00, > (% =)+ Q100 ZIW-Qi-IOOx,-O
—| =l i=1 ] 100 — =l — i= j

i0
n n n
2500, 2500, 2 %00,
l:l l=1 l=1

1

Y, =

Zyij'xij'Qi n X. Q n
== :;yynlo—l:;yyai’ j=Lm. (12.23)
;xiOQz‘ ;xiOQi

B3sBuu 10 yBaru cTpykTypy noptdesns niHHuX nanepis a, (i = I,_n),

BU3HAUYMMO 3 JIOIOMOIO0 MAaT€MaTUYHOIO CIOJIIBAaHHS OYIKYBaHy
BEJIMYMHY IPUPOCTY AOXOAY BCHOTO MOPTQEs:
—1II

Y :M(yf)zzyf g :Zl)j 'Zyij "4 :Zai 'ijy,'j :Zai)_/i . (12.24)
J=1 j=l i=1 i=1 j=1 i=1

3 ¢opmynu (12.24) BumiauBae, 1O CHOAIBaHUNA IPUPICT JOXOIIB
noptderns IIHHUX TanepiB € 3BaKEHOI0 CYMOIO CIOJIIBAHUX MPHUPOCTIB 3a
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KO)KHUM BHJOM I[IHHUX MamnepiB, sKi BXOASATh y HOro CTPYKTYpY.
Barosumu xoeini€HTaMu BUCTYIIAIOTh 3HAYEHHS 4.

Jlns owiHKM pu3UKYy TOpTdeENns IIHHUX MamnepiB BHKOPHUCTAEMO
CEepeIHE KBaJpaTUYHE BIIXWICHHS PO3MOAULY HPOTHO3HHUX MPUPOCTIB
noxo/iB noptdend. OTxe, pu3uk NopTdens, SKUil MICTUTh 1 BUAIB IIIHHUX
narnepiB, OLIHIOETHCA 3a (OPMYJIOIO

z 2
o= 2Py -¥") . (12.25)
j=1
1€ G — PU3UK MOPTQeEs akIliu.

Po3rnsiHemMo BHIAJIOK, KOJU #n=2, TOOTO MOPTdENb CKIATAEThCA 3
JIBOX BHJIIB IIIHHUX TAIepiB, 1 CTPYKTypa Horo Oyjae xapakTepu3yBaTHUCS
YUCJIAMHU a1 dp. TakuM YMHOM, PU3HUK MOPTPEst OIiHUMO 32 (HOPMYJIOIO:

m 2 2 2 m
On = ZIPJ [Zai Vi _Zai)_/ij = ZIE ':alylj Ta,),, _(al)_;i +a2y2)]2 . (12.26)
J= = i= j=

BukoHaemo BiJIIOBIIHI IEPETBOPEHHS JJIA MM1IKOPEHEBOTO BHUpPa3y, B
pe3yabTaTi 4OTO OTPUMAEMO:

i})j |:a1y1j +a,),; _(alJ_/l +a,y, ):|2 = ipj |:a1 (ylj _371)"‘“2 (ij ) ):|2 =
= ~

=1

~

iPJ |:a12 (ylj -V )2 +2a,a, (ylj _)_’1)(y2j _)_/2)-1-6122 (yzj -, )2:| = (12.27)

=1
= alzin (ylj _J_’l)z + 2a1a2in (ylj _i)(J’z.j _y2)+azzipj (y2j -V, )2 .
J=1 Jj=1 =

Jlnst  onepkaHHS — KIHIIEBOTO  pe3yJbTaTy BBEIEMO BEIMYHHHU
TUCIIEPCii PO3MOIUTY HMPHUPOCTIB JTOXOAIB 3a aKI[iSIMH IEPIIOro 1 APYyroro
BU/IIB:

c; = ipj(y,;,- —E)z,i =12, (12.28)
j=l1
a TaKOX Koe(iIieHT KoBapiarlii:
Op = ZPJ (ylj _)_’1)(y2j _)_’2)- (12.29)
j=1

Ak OaumMo, KoBapiailisi JBOX BHIIQJIKOBUX BEIWYMH CTAaHOBUTH
MaTeMaTU4HE CHOJIBaHHSA MOOYTKY BIIXHWJICHHS MPOTHO3HUX MPHUPOCTIB
JOXOJIIB 3a aKIisIMA KOXXHOTO BHAY BIJI 1X CIIOJIBAaHOTO 3HAYEHHS 1
BUpAXKa€ IIUIBHICTh 3B’SI3Ky MDK PO3MOAUIOM MPUPOCTIB JOXOMIB 3a
aKIisIMHA 000X BUIIB.
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BpaxoBytouu popmynu (12.27)-(12.29), ouinka pusuxy noptdens 3
JIBOX BHUJIIB I[IHHUX ITariepiB MaTUME BUTJISI:
o, =+Jalo! +alc? +2a,a,0, . (12.30)
Jlns  aHamizy TICHOTH 3B’S3KYy HajJall BUKOPHUCTOBYBAaTHMEMO
Koe(dimieHT KopenAuii (7;), AKUA y HaIOMy BHUNAAKy OyJlle BUpaKaTHCA 3
JTOTIOMOTOI0 (hOPMYJIH:

ro=-28  Lel11]. (12.31)
o, 0,
3 ¢popmynu (12.31) orpumaemo:
c,=1,0,0,. (12.32)
OcTtaTo4HO OJePXKUMO (PopMyny [T OOUMCIICHHS PU3UKY TOPTdEns
3 IBOX BU/IB aKI[IH:

o, = \/afalz +a,o; +2a,-a,1,-0,-0, . (12.33)

Po3rasiHeMO KUIbKICHUHM aHami3 3B’ 3Ky MK KO€(ILIEHTOM KOpEeJALIii
Ta NPUPOCTaMHU JOXOJIB. UuM Onmue HaOJIMKAETBCS 7, A0 +1, TUM
OinbINIa 3aJIeKHICTh MDK IMPUPOCTAMHM JIOXOAIB 3 000X BHJIIB akIld, 1
HaBMaKW, YUM OJIMKYE 1€ 3HAYCHHS 10 HYJIA, THM BOHA MEHIIA. SIKImo
r1,=0, TOJI1 Ma€ MiCIle TOBHA HE3aJIE)KHICTh MPOTHO3HUX IIPHUPOCTIB 3 000X
BUAIB akmil. Skmo 7,>0, ToAl 3HaAYEHHS MPUPOCTIB JOXOJIB 3 aKIlii
OJIHOYACHO a00 MEPEBUILYIOTh CIIOJIIBAHHS 3HAYEHHS MPUPOCTIB JOXO/IIB,
a00 MalwTh 3HAYEHHS MEHIIE, HDK CHOJIBaHI MPHUPOCTH JOXOIB 3
BIIMOBITHUX aKIIii, TOOTO € OJHOYACHO a0O0 TMOPIBHSIHO BUCOKHMH, a00
MOPIBHSAHO HU3BKUMHU. SKIIO 71,<0, TO/1 IEPEBUIIIEHHS 3HAYCHB ITPUPOCTY
JIOXOJIIB HAJ CIIOJMIBAHUM PIBHEM 3 OJIHOTO BHJIY AaKIlii BIJAMOBIIAE
3HMKEHHSI MPUPOCTY JOXOIYy HHUXKYE BiJI CIOJIBAHOTO PIBHS JUIS aKIlii
APYroro BUAY, 1 HaBnaku. ToOTO MOPIBHSHO BHUCOKHUM PIBHSIM MPUPOCTY
JOXOAY 3 aKIii OJHOTO BHUJY BIJAIMOBIIAIOTH TMOPIBHSIHO HU3BKI PIBHI
MPUPOCTY JAOXOMAY 3 aKIiid IPyTroro BUIY.

Jns a”amizy cuTyaiil BIUIMBY Ha BEJIMYMHU PHU3UKY I1HBECTOpa
MOXJIMBOTO Tepepo3noainy abo mguBepcHudikaiii HOro 3aco0iB MIXK
PI3HUMHM PU3WKOBAHUMHU CIIEHApisIMH (MPOEKTaMH) 3 TapaHTOBAHUMU
MIPUPOCTaMHU JTIOXOIIB HaJlasli O0y/1eMO BUKOPUCTOBYBaTH hopmyiy (12.33).

[IpunyctuMo, 110 1HBECTOP Ma€ JiBa PUBUKOBAHUX CIIEHApii
MOXJIMBHUX BKJaJeHb. [lepmuii monsarae y npuadaHHi akiiiii ABOX BHUIIB, a
JIpYTU, KpIM LIbOTO, Nependadae BKIJA Tpolieid y 0aHk mija (iKCOBaHUMN
OPOLEHT piyHuX. /s copouieHHs npuitmemo y, =y, =y 1 0, =0, =0O.
OTxe, B OKpECIEHOMY BUNAJKy MPU KYIIBJII IHBECTOPOM AakKIliil TUIbKU
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OJIHOTO BHUJY CIIOJIIBAaHUHN PiBEHb JIOXOAY JOPIBHIOBATUME ), a PU3UK — O.
[IpoanamizyemMo Jpyruii BHUIIAJ0K, KOIM TOPTdeEIb I[IHHUX IanepiB
1HBECTOpa CKJIQJa€ThCS 3 akKIliid JBOX BHJAIB 1 BKJIaJeHb y OaHK.
[TosHaunMo uepe3 ), — OAHKIBCBKUI pIYHMM IPOLEHT, d, — YacTKy
KOIIITIB BKJIAJEHUX Y OaHK.
OTxe, cioJliBaHUM TPUPICT T0XOLy MOPThEs IHHUX TanepiB Oyjae
piBHMIA:
yn =a Y +a,y, +asy; = (al +a2)y+a3y3 . (12.34)
Anamiz  (12.36) mnoxkazye, 110 30UIbIIEHHA a00 3MEHIICHHS
CIOJIBAHOTO TPHUPOCTY JOXOAY Y IIbOMY BHITQJIKy 3aJIeKUTh BIJT
CIIIBBIIHOIIICHHSI TIPOIEHTIB K OaHKIBCBKOTO, TaK 1 CIOAIBaHOTO

IPUPOCTY oXoAy 3 akuid. ToOTo, AKmo y, > y, TOAl CIOAIBAHUI IPUPICT
J0X0y noptdens OUIBIINI, HIK y NepIIoMy BUNAAKY. SKimo y, < y, Toxi
BKJIaJaTH KaIriTajl y OaHK HE BUT1JIHO.

Buxopucrasmm ¢popmyny (12.33) 1 BpaxyBaBmm, o o, =0, =0,
3HAWJIEMO BEJIWYMHY OIIIHKU PU3UKY C(HOPMOBAHOTO MHOPTQEist IIHHUX
narnepis

2

o, =ac!+ao] +2a,a,r,00,=a’c’+a,0’+2a,a,r,0° =

(a +a; +2a,a,r )0' : (12.35)

2712
AHami3 mokaszye, 10 3HWXKEHHS PU3UKY TOpTdens MOPIBHIHO 3
PU3UKOM BKJIaJ€Hb TUILKH B OJIMH BUJ aKiliid Oyje JIUIle 3a YMOBH, KOJIU

o, <o, T00TO MOBMHHO MaTH MicIle:
a’ +a:+2aa,r, <l. (12.36)

2712

Bpaxosyrouu, mo —1<7, <1, orpumaemo:

a’ +al +2a,a,r, <(a, +a,) <1,saxmo a, #1 a6o a, #1. (12.37)

2712 —

3Bigcu, HepiBHICTh  (12.36) BUKOHYeTbCS ISl OYyIb-SIKHUX
JIOMYCTUMHUX CTPYKTYp MOPTdensi, KpiM TUX, KOJIU 1HBECTOP KYIy€ TUIbKU
oauH Buja akui (a;=1, a,=0 a6o a;=0, a,=1). Orxe, sKO TOPTPEIL
MICTUTh akKIlii 000X BHAIB y OYyAb-SIKOMY CIIBBIJHOIIEHHI, TO PHU3UK
noptdens Oyne MEHIIUM, HDK PU3UK KOXKHOTO I[IHHOTO Mamnepy 30Kpema.
Y Bumaaky BKJIaJC€HHS 1HBECTOPOM Kamitaly B OaHk (az=1—(a;+ta,)>0)
BUpa3 (a;+a;) 3MEHIIUTHCA, 1 1€ MPUBOAUTH JI0 3HWKEHHS PHUBUKY
nopTders MOPIBHSAHO 3 PU3UKOM aKIId OJHOTO BUIY.

368



[lepelineMo 10 po3risigy KOHKPETHOI (PIHAHCOBOI CHUTYyallli, sKa
noyisirae 'y ¢GopMyBaHHI ONTUMAJIBHOTO TMOPTHENs I[HHMX MamnepiB 3
TaKUMU BX1THUMH JTaHUMU:

[ = 1,_4 ,J = 1,_5,x10=2,5 I'PH., X,,=3,0 TpH., x;,=4,0 TpH.,
x,,=6,0 rpu.; P;=0,1 , P,=0,2 ,P;=0,25 , P,=0,2 , Ps=0,25;
(2,7 2,6 2,7 23 28]

32 38 31 35 34
5] 50 42 41 45 47|
69 67 65 62 63]

B3sBmmm B ocHOBY oOunciaeHb dopmyny (12.18), orpumaemo

PO3MOJIUT TPOTHO3HUX MPUPOCTIB JOXOJIB Y MPOILICHTHOMY BHpasi (TaOJl.
12.5). Hani, xopuctytouuch dopmynamu (12.19) i1 (12.20), orpumaemo
3HAYEHHS CMOJIBAHOTO MPHUPOCTY Ta BEJIMYUHHU PU3UKY 3 KOXKHOTO BHUIY
akiii (tabm. 12.5).

Tabmuis 12.5
AHaJti3 po3MoILTy IPUPOCTIB TOXOAY aAKIIIH 11X XapaKTePUCTUKH

TpupicT noxoty aKilii 3aexHO Bil cuTYyarii, CrnoniBanuii

AKIIi1 IPUPICT Pusnk
B, By B By Bs 7o0xony, ), o
1 8,0 4,0 8,0 16,0 12,0 9,8 4,09
2 6,67 26,67 3,33 16,67 | 13,33 13,5 8,19
3 25,0 5,0 2,5 12,5 17,5 11,0 7,47
v 4 15,0 11,67 8,33 3,33 5,0 7,83 3,77
VIMOBIPHICTE| 1, _ 1 | p =02 | P,=0,25 [P,=02 | Ps=0.25
CI/ITyaI_III

PosrnsHeMo aHami3 IMIeCTM MOXJIMBUX BaplaHTIB  CTPYKTYpHU
noptdesis IMIHHUX TanepiB, BKIOYAOYA B KOXHUW JBa BUIW AaKIIli:
noptdenb-1 MICTUTH aKIlii MEepIIoro Ta APYyroro BHUAY; HOpTdenb-2 —
MIEPIIIOTO Ta TPEThOro; MOpTdennb-3 — MEepIIoro 1 4eTBEpTOro, mopTdenb-4
— JAPYroro Ta TPEThOro, NOpTdheNb-5 — APYroro 1 4€TBEPTOro, NopTdens-6
— TPETHOTO Ta YETBEPTOro. B OCHOBY alropuTMy MOKIaACHO (OpMYIH
(12.24) 1 (12.30), mpu 11boMy OyAEeMO AUCKPETHO 3MIHIOBAaTH CTPYKTYPY
noptdens moao koediientis a; (i=1, 2, 3,4) 3 kpokom +0,1. OTpumani
YHUCJIOB1 pe3yJIbTaTH MOIaMO y BUIIIsiAl Tabu. 12.6.
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Ananiz manux Tabn. 12.6 mokasye, 10 MpU 3MiHI CHOJIBAHOTO
MPUPOCTY JAOXOJY PUBUK HOPTQENs, 3aJ€KHO BiJ HOTO CTPYKTYpH, MOXKE
3pocTatH abo crajaTu.

Tabnuia 12.6
AHaJti3 NpupocTy JOXOIB 1 pU3UKY OPT(EIB I[IHHUX MarnepiB

IToprdens-1 [Toprdens-2 [Toptdenn-3

< & < = < =

] i ]

= o = o = o

S =HEN v 2 =HEN o Y SR x

= oA < = oA = = m oA <

O =g g O =2 | E O =2 | E
— T~ | 88| & [T | 82| &~ [T | 87| =
2| B = = B = ) B IS¢
S| E| & ARIE -
< | < © < < © < < ©
a, | a, ﬁ o a, | a, ﬁ o, a, | a, y_” o,
1 0 9,8 4,094 1 0 9,8 4,094 1 0 9,8 4.094
09101 10,17 | 3,638 1 09| 0,1 | 9,92 [ 4,074 | 09 | 0,1 9,6 3,37
0,8 1021 10,54 | 3,408 [ 0,8 | 0,2 | 10,04 | 4,165 | 0,8 | 0,2 | 9,41 2,665
0,703 1091 | 3,449 | 0,7 | 0,3 | 10,16 | 4,358 | 0,7 | 0,3 | 9,21 1,997
0,6 |04 11,28 | 3,752 [ 0,6 | 0,4 | 10,28 | 4,642 | 0,6 | 0,4 | 9,01 1,42
05105 11,65 | 4263 | 0,5 0,5 | 10,40 | 5,001 | 0,5 | 0,5 | 8,82 | 1,091
0,406 12,02 | 4916 | 0,4 | 0,6 | 10,52 | 5,420 | 0,4 | 0,6 | 8,62 1,227
03107 12,39 | 5,663 | 0,3 | 0,7 | 10,64 | 5,886 | 0,3 | 0,7 | 842 | 1,721
021087 12,76 | 6,471 [ 0,2 | 0,8 | 10,76 | 6,389 | 0,2 | 0,8 | 8,23 | 2,359
0,109 13,13 | 7,320 | 0,1 | 0,9 | 10,88 | 6,920 | 0,1 | 0,9 | 8,03 | 3,051
0 1 13,50 | 8,197 0 1 11,00 [ 7,475 0 1 7,83 | 3,768

[TopTdens-4 [Toptdens-5 IToptdens-6

g 3 g 3 g S

c | g c | | g

> = > Q = a,

E = H = = = H = = = 3 =

S =2 | B O s 2 | Z o s%| B
2| .Z = = B = =) 3 "
A A : | 2|2
< | < © < < © < < ©
a, | a, y oy, a, | a, y o, a, | a, y" o,
1 0 13,5 8,197 1 0 13,5 8,197 1 0 11,0 | 7,475
09101 | 1325 | 7378 |1 09| 0,1 | 12,93 | 7,401 | 0,9 | 0,1 | 10,68 | 6,717
0,8 0,2 13,0 6,652 | 0,8 | 0,2 | 12,37 | 6,63 | 0,8 | 0,2 | 10,37 | 5,985
0,703 12,75 | 6,055 | 0,7 | 0,3 11,8 | 5,891 [ 0,7 | 0,3 | 10,05 | 5,291
0,6 | 0,4 12,5 5,626 | 0,6 | 0,4 | 11,23 | 5,199 | 0,6 | 0,4 | 9,73 4,65
05105 12,25 | 5,406 | 0,5 | 0,5 | 10,67 | 4,577 | 0,5 | 0,5 | 9,42 4,09
0,4 | 0,6 12,0 5421 | 04 | 0,6 10,1 4,054 | 0,4 | 0,6 9,1 3,646
03107 11,75 | 5,668 | 03 | 0,7 | 9,53 | 3,675 | 0,3 | 0,7 | 878 | 3,365
0,2 10,8 11,5 6,121 1 0,2 | 0,8 | 897 | 3,487 | 0,2 | 0,8 | 8,47 | 3,289
0,1 |09 | 11,25 | 6,736 | 0,1 | 0,9 8,4 3,52 1 0,1 [ 09 | 815 | 3.431
0 1 11,0 7,475 0 1 7,83 3,768 0 1 7,83 3,768
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[IpunmycTumo, 110 IHBECTOP XOu€ MaTH CTPYKTypy mnoptdens 3
MIHIMQJIbBHUM pu3ukoM. Hampuknaza, BizbMeMO Apyruid mopTdenb, sSKui
MICTHUTB aKIlii IEPIIOro Ta TPETHOT'O BU/IIB.

Otxe, y HamioMy Bumnajky (12.32) maTume BUTIIAL:

2 2 2 2 2
(3'17(czzl,az3)—051 o, +ta,0, +2a,a,0, .

(12.38)
[HoxknaBmm y dopmyny (12.32) as=l-a;, OTpuMaeMoO 3aJICKHICTh
pU3HUKY MOPTdEIs BiT OJHIET 3MIHHOT @

z(al):alzo-l2 +(1_a1)20-32 -|—2a1(1—a1)0'l3 =

017
N ) 2 2 2 __2 2
=a,0, +0, —2a,0, +a,0, +2a,0,,—2a, 0.
JInsi 3HAXOKEHHS E€KCTPEMYMY OKpECHEHOI (PYHKIII 3HaWaeMOo
YaCTKOBY MOXIJAHY 1 MPUPIBHIEMO 110 HYJIsI. OIEPKUMO:

oo’ (a
ﬁ =2a,0}! =20} +2a,0; +20,,—4a,c, =0
oa,
260 a(0'2+02—20' ):O'Z_O- (12.39)
1“1 3 13 3 13 .
2
_ o. -0
3BlACH, a, = : =

o’ +o! 20,
Taka ctpyktypa noptdens 1ae MOKIUBICTh OTPUMATH ONTUMAJIbHUIMA
criofiBaHui npupict poxoxdy (12.24) 3a minimanbHoro pusuky (12.38).
[IpoBeneH1 po3paxyHKH Aal0Th 3MOTy c(popMyBaTH IIICTh MOPTHEIIB
iHHKX nanepiB. OTpuMaHi pe3yabTaTy mogaemMo y Tadmwmii 12.7.
Tabmuusa 12.7

AHai3 onTUMaIbHOI CTPYKTYpHU MOPTQEs IIHHUX ManepiB
3 MIHIMaJIbHUM PU3UKOM

CrpykTrypa nnoptdens CropaiBaHui MiHiMaJIbHUAN
Toprder > nyuiﬁp ? npnpif:[T JOXOY pPHU3HK
1. 1-2 a,=0,765 a,=0,235 10,6695 3,3903
2. 1-3 a,=0,932  a5;=0,068 9,8816 4,0686
3. 14 a,=0,478  a,=0,522 8,7732 1,0773
4. 2-3 a,=0,456  a;=0,544 12,140 5,3831
5.2-4 a,=0,165 a,=0,835 8,7681 3,4725
6. 3-4 a;=0,215 a,=0,785 8,5139 3,2860

AHami3 TaOnuill ToKazye, 1Mo 3 MmecTH chopMoBaHUX TOPTQETiB
ONTUMAJIBHUM 3 TOYKH 30pYy MIHIMAJIBLHOTO PHU3HMKY € TPETid mopTdes.
[Tpunmyctumo, 110 1HBECTOp acurHye Ha mnpuadanHs akuid 17500 rpH. 1
IJIaHye MaTu TpeTik moptdens. Toal BiH MOBUHEH KYyNUTH Ha 8365 TpH.
(0,478x17500=8365) akmii mnepmioro BuUay Ta Ha 9135 rpH.
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(0,544x17500=9135) axiiii yerBepTOro BUAY. BpaxoByrOUu MOYATKOBY
BApTICTh aKIlid, iIHBECTOPOBI HEOOXigHO mpuadaTu 3346 akiiil meproro
eMiTeHTa Ta 1522 — akiiiif 4eTBEpPTOro eMiTeHTA.

HaBenena meTonuMka y JOCTYNHIM Qopmi Jomomarae 3pO3yMITH
OCHOBHI PE€3yJIbTaTH 1HBECTULINHUX MPOIIECIB Y TEOPii BUOOPY CTPYKTYpHU
nopTdens IMiHHUX TanepiB. [HBeCTOp 3aBXKIU MOXKE€ OTPUMATH BUTIIHY
CTPYKTYpY HopTders, sika 3a0e3MeunTh HOMy MiHIMAJIbHUN PU3HK.

12.6. IInTaHHs JJ151 CAMOKOHTPOJIIO

1.

2.

10.

11.
12.

13.

14.

15.

[Ilo cknagae OCHOBY JIOTIYHOI CTPYKTYpHU TEOpii NPUUHATTA
piteHs?

OnuiriTh OCHOBHI €JIEMEHTH, L0 XapaKTepU3yIOTh YIPaBIIHCHKE
pIILICHHS.

[Ilo cninbHOrO 1 fIKa BIAMIHHICTh Y HNPUUHSTTI pIlIEHb B YMOBax
PU3HKY Ta HEBU3HAYEHOCTI?

A1 kputepii MOKJIAJACHI B OCHOBY MPUUHSATTA PIIICHH B YMOBax
pU3UKY ?

OnuiniTh aaropuT™M MOPUUHATTSA pIllIEHh B yMOBax pHU3HUKY 3a
JIOTIOMOTOI0 KPUTEPIIO «CIIO/IIBAHE 3HAYCHHS.

Y YoMy BIAMIHHICTb KpUTEPIIB «CIOAIBAHE 3HAYCHHS» Ta
«CIOJIIBaHE 3HAYCHHS — JIUCIIEPCis»?

Yu [ae MOXIMBICTH OTPUMATH ONTHUMAJIbHE pIIIEHHS MpHU
BUKOPUCTAHH1 KPUTEPIIO «KTPAHUYHUN PIBEHB»?

VY yomy mossirae KOMIPOMIC HIPU TPUHHATTI PILIEHb 3 JOTIOMOTOI0
KPUTEPII0 «TPAaHUYHUMN PIBEHB»?

Onuiith BUPOOHUYY CHUTYyallil0, MOB’SI3aHY 3 BUKOPUCTAHHSIM
CKCIIEPUMEHTAIPHUX JaHUX TPH MNPUAHATTI PIllIEHh B YMOBax
PU3HUKY.

3anuuIiTh s 3arajibHOTO BUMAAKY (POPMYJTy IMTOBHOI MMOBIPHOCTI
Ta popmyny baiieca.

OnuUIITh aJTOPUTM METOJY «JIepeBa ILICH».

[ToOynyiTe JOTIYHY CXEeMy MNpPOUEAYpU MPUUHATTS pPIIICHb Y
BUTJISAJIL «JIepeBa IIIeh».

3anumnite (Gopmyny baiieca mng 3aranbHOrO BUNAAKy. SAkmii 1i
MPUKIAHUN 3MICT?

OnuiiTh aJropuT™M ONTUMIZAlll CTPYKTYpU MNOPTHENns IIHHUX
narnepiB 3 ypaxyBaHHSIM PHU3HUKIB.

3anuunite (GopMyITy OLIHKY pU3UKY MOPT(ENs HIHHUX Manepis.

16. Sk Burnsgae ¢popmysia OLIHKA PU3UKY TOPTQENs [IHHUX Manepis,

KOJIM € JB1 aKIii?
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Po3aisa 13. IIpuidHATTA pillieHb B YMOBAaX HEBU3HAYCHOCTI

3aBaaHHS MPUUHATTSA PIIICH, B YMOBax HEBH3HAYEHOCTI BHHHUKAE
Ipyd HEOOXIAHOCTI MIATH B CHTYyarlli, SKa BIJOMa HE IIOBHICTIO. Ii
(OpMyJTIOIOTh MEPEBAXKHO K 3aJlayy MOIIYKY OKPEMOro Halkpamoro (B
MIEBHOMY PO3YMiHHI) pillIEHHs Ha Hamepes 3aJaHiii MHOXKUHI JOMYCTUMUX
pimeHb. OcHOBHA Tpo0jieMa MoJiArae B TOMY, IO HACIIJIKHU, MOB’sS3aHl 3
NPUUAHATTAM OYyIb-SKOTO PIIIEHHS, 3aJIeKaTh B HEBIJOMOI CHUTYyaIli.
CryniHp HENPUUHSATHOCTI UMX HACHIJKIB MPUUHATO BUMIPIOBATH
YMOBHUMHM OJIMHUIISIMU — BTPATaMH, SIKUX 3a MPUIYIICHHIM MOXE 3a3HaTU
akTUBHa ocoba (ToH, XTo mpuiiMae pimeHHs ). OCHOBHOIO BXI1AHOIO
iHpopMmaIlliero, HEOOXIHOK JUIsi PO3B’SI3aHHS 3a/Ja4 TaKoro THUIY, €
¢yHKIIS BTpAT, siKa sIBJIS€ COOOI0 3aJIEKHICTh BTPAT BiJl IBOX apTyMEHTIB:
pitieHHs Ta cutyarii. OCHOBHUN KpPOK IMPHU pO3B’SA3yBaHHI 3a/1aul MOJISITae
B NEPETBOPEHHI (PYHKI[I BTpaT Ha (PYHKIIO PU3MKY, sIKa BijoOpaxae
3aJIeKHICTh CTYTECHS PU3UKY, Ha AKUH 171e akThUBHA ocoba. Crocid Takoro
MIEPETBOPECHHSI HEOJAHO3HAUYHHUHN 1 3aJICKHUTh BiJl KPUTEPIIO PUBHUKY, SKUH
BHOpalia akTUBHA 0CO0a.

OCHOBHMMU IPUYMHAMHU HEBU3HAYCHOCTI €:

® HEBHU3HAYCHUI XapaKTep HAyKOBO-TEXHIYHOTO MPOILIECY;
® JIMHAMIYHI 3MIHA BHYTPIIIHIX 1 30BHIIIHIX YMOB PO3BUTKY
CKOHOMIKH;
® HEMHUHYYl TOXUOKU MPH aHaATI31 CKJIaJIHUX CUCTEM;
® IMOBIPHICHHMI XapaKTep OCHOBHUX €KOHOMIYHUX MapaMeTpiB;
PO3BUTOK 1 PO3IIMPEHHS TBOPYOI AKTUBHOCTI Mpale3aaTHOTO
HaceJIeHHS,
® HEOOXITHICTh MPOCKTYBAHHS MOTYXHUX 1H(QOpMAIIHHUX TOTOKIB
Ha KOMIT FOTEpHii 0a3i.

Ak pu3uMK PO3TIANAEMO Takl CHUTYyallll, TpU SKUX HACTaHHS
HEBIJIOMHX MOJIN qy’ke WMOBIpHE 1 MOKe OyTH 3HAUICHUM. Y TOM Ke yac
CUTYyallisl, IpU K1 IMOBIPHICTh HAaCTAHHS HEBIAOMHUX IOJIN 3aBUaCHO HE
MOke OyTH HaMH BCTAHOBJICHOIO, YU HE MOXKE OYTH BCTaHOBJICHOIO
TPagUILIITHUMH 3acO00aMu, HA3UBAETHCS HEBU3HAYCHICTIO.

[ToHATTS TOCOAAPCHKOTO PU3UKY T4 YMOBU HOT0 BUHUKHEHHS TICHO
MOB’sS3aH1 3 TMOHSATTSM HEBU3HAYEHOCTI M edekTuBHOCTI. OCh uHOMY
MPOIIECY 3HAXOKEHHS HAaUOLIbI e(DEeKTUBHOTO BapiaHTa PO3BUTKY JIESIKO1
BUPOOHMYOI CHCTEMHM BJIACTUBUH TIOCHOJApChbKUN  pm3uk. OTKke,
palioOHAIbHI METOAY MNPUNHATTS PillleHb B YMOBaxX PU3UKY IOB’si3aHl 3
MHOHHOIO JIOMMYCTUMHX (30a7laHCOBAHUX) IJIAHIB 1 1X €(EKTUBHOCTIMH,
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AKI € CKJIaJOBUMH ONTHMAJIBHOTO IUIaHyBaHHSI. ToOTO pallioHaIbHI
pIIIIEHHS B YMOBaX PU3HKY € ONTUMAIbHUMHU.

3a HaAsABHOCTI PHU3WKY, a OTXKe, W HEBU3HAYEHOCTI, TIiJ
30aJJaHCOBAHUM ILJIAHOM YK€ HEJIOCTATHBO PO3YMITH IUIaH, Y3TOKEHUH 13
BHYTPIIIHIMUA Ta 30BHINIHIMM TapaMeTpaMu JHUIIE 3a YyCEpPeIHECHUMU
OUIKYyBaHUMH O00’€MHHUMH TMOKa3HWKAMM, OCKUTBKHM iX JIMCHI 3HAYEHHS
MOXYTb ICTOTHO BIAPI3HATUCA BiJ OYIKyBaHUX. TyT HEOOXIIHO
BpaxOBYBaTH Bapiallil0 HEBH3HAYCHUX MapamMeTpiB 1 YacTOTH, 3 SKHUMHU
BOHU MOTPAIUISIIOTh Y TIEBHUH 1HTEpBAJL.

OpHuM 13 OCHOBHUX CIOCOOIB MiJABUIIICHHS CTYIICHS 30aJ1aHCOBAHOCTI
TUTaHy B YMOBAaxX HEBU3HAUYCHOCTI € (hOpMyBaHHs HEOOX1THUX PE3EPBIB.

Jns  mpudHATTS pillleHb B yMOBaxX HEBHU3HAYEHOCTI BXigHA
1H(dOopMalis 3aJa€ThCA y BUIIIAAI MATPUIl, CTPIYKH AKO1 BIAMOBIIAIOThH
MOJIMBUM ajibTepHATHUBAM, a CTOBIII(I — CTAHAM CHUCTEM.

KoxHilt anmbTepHaTHBI Ta KOXXHOMY CTaHy CHCTEMH BIJIIOBIJIAE
pe3yabpTaT (HacliIoK), SIKUM BU3HA4ae BUrpaml (abo BTpaTH) mpu BUOOPI
anbTEepHATUBU W peamizamii crtany. OTxe, AKIIO0 @; TPEACTaBIsSE

anpTepHatuBy i (i =1,n), S; NpencTaBisie MOXKIUBUMI CTaH j ( j= l,m), TO
V(ai,Sj) OMUCY€ BIAMOBIIHUN pe3yabTaT. Y 3arajibHOMy BHUIAJIKY
V(al. ") _].) MOe OyTH HENepepBHOIO (PYHKIIIEI0 apryMEHTIB a;1 ;.

VY nucKpeTHOMY BUIIAJKY BKa3aHI JaHi MPEACTaBISAIOTHCS MAaTPUILICIO:

S| S
a V(al,Sl) V(al’Sm)
a, V(an’Sl) V(an’Sm)

Taka dopma npeacTaBieHHs B MOJAIBIIOMY OyJ1€é BUKOPUCTOBYBATHCS
IIPU PO3TIISiAL KpUTEPIiB MPUMHATTS PillleHb B YMOBaX HEBU3HAYECHOCTI.

13.1. Kpurepiii Jlaniaca

Kputepiit Jlamnaca BUKOPUCTOBYETHCS IPH YMOBI, KOJIM HMOBIPHOCTI
MOXJIMBUX CTaHIB CHUCTEM HEBIJIOMi, TOOTO B yMOBax IOBHOI
HEBH3HAuCHOCTI. BiH  0a3yeTbCs Ha  BUKOPUCTaHHI  MPUHIHUILY
HEJIOCTATHLOTO OOTPYHTYBaHHSI, SIKUM CTBEP/IXKY€, 11O CTaHU CHUCTEMU
S.,S,,.,S ~MawTb piBHI HMOBIpHOCTI. BpaxoByroum BHILlECKa3aHE,
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MOYATKOBY 3a7ady MOKHA PO3IVISAaTH SK 3a1ady MPUHAHATTS PIIICHb B
yMOBax pU3UKY, KOJU BUOUPAETHCSA albTEpPHATUBA @;, SKa Ja€ HAWMOUIBII
OUiKyBaHUW Burpam R; (Koiu V(al.,Sj) MOJIETI0€ MPUOYTOK) abo

HallMEHIIIUM OYIKYBaHUM mporpaml R, (Koiau V(al.,S /.) MOJIEJIIOE BUTPATH).

OTxe, U1 3HAXOKEHHS BEINYMHU R Ma€ MICIE:

max{ ZV(aZ,S )},HKH_IO V(al.,Sj)—an/I6yT0K,

min {iiV( )},}IKHIO V(al.,Sj)—BI/ITpaTI/I,

! 1

R =1 (13.1)

.

1 -
7€ — — IMOBIPHICTb peaiizailii cTany S, ( =1 m)
m

Kpurepiii Jlamuraca AomiibHO BHUKOPHUCTOBYBAaTH B THX BHITQJIKaX,
KOJIA PI3HUI MIXK OKPEMHUMM CTaHAMU CUCTEMH BEJIMKA, TOOTO BeJMKa
JUCIIEPCisl 3HAUCHb.

[lpuknang 13.1. IliaznpueMcTBO TOBMHHO BHU3HAYUTU  PIBEHb
BUPOOHUIITBA TIEBHOT'O BUY MPOYKIIiI TaK, II00W 3aJ0BOJIbHUTH MOTPEOy
CIIO’KMBAYiB MPOTATOM IE€BHOrO mepioay dyacy. KoHkperHa KiIBKICTh
CIIO’KMBaYiB HEB1JIOMa, ajie¢ OUIKYEThCA , IO BOHA MOXE CTAHOBUTH OJHE 3
m'sti 3HaueHb: 250, 300, 350, 400, a6o 450. JInsg KOXHOro 3 IHX
MOXJIMBHUX 3HAUYCHb ICHY€ HaMKpalllui piBeHb MPOMO3UIIT YK HaWKpala
anbTepHATUBA (3 TOYKU 30py MOXIMBUX 3aTpar). BiaxuieHHs Bi LUX
PIBHIB MPUBOJIUTH JO JOAATKOBHX BHUTpaT abo uepe3 NepeBUIICHHS
MpOMO3UIlli HaJ MOMUTOM, ab0 Yepe3 HEMOBHE 3a/I0BOJICHHS TOMMUTY.
Po3mip BTpar (THc. rpH.) HaBeaeHuid y Tabn. 13.1. BukopucroByrouu
Kputepiii Jlannaca, 3HalTH oNTUMaIbHYy AJIbTEPHATHURY.

Tabmuia 13.1

ATbTepHaTHBA Croxusaul > V(Cl S j) L > V(a,- Yy ) min
S |S|S | S| S | A m )= ’
s 4 122115 | 16 | 29 79 15,8
&, 10 |15] 26 | 12 | 10 76 15,2
a3 8 |19 6 [ 24 | 5 62 12,4 Ri=124
ay 30 |25 5 | 14 | 16 96 19,2
as 15513022 9 81 16,2
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¢ Po3z6 ’s13y6anHns.
[Ipunnun Jlanmaca npumyckae, mo momii S, Sy, 83, Si Ss

PIBHOMMOBIpHI, TOOTO p(S = Sj):é, j=1,5. MaremaTnuni crogiBaHHs

BUTPAT MPH PI3HUX AJIbTEPHATUBAX OYIyTh:
M(a))=15.8; M(a,)=152; M(a,)=12.4; M(a,)=19,2; M(a5)=16,2.
Toni R, = m;’n{M(ai)} = min{15,8; 15,2, 12,4, 19,2, 16,2 } =12,4.
OTtxe, BpaxoByrouu kputepii Jlamnaca, Hallkpalow aabTepHATUBOIO
OyJie albTEepHATHBA 3. ¢

13.2. Kpurepiii Baabaa

Kpurepiii € HaWOLIbII O0OEpPEXKHUM, OCKIIBKM BiH IPYHTYETHCS Ha
BUOOP1 aNbTEPHATUBHU 3 YCiX HAUTIPIINX MOXKIIUBUX. Y 3B SA3KY 3 LIUM HOTO
4aCTO HA3MBAIOTh MAKCUMIHUM (MIHIMAKCHUM).

Akiuio pe3ynbTar V(al.,Sj) BijloOpakae BTpaTHu 0coOH, 110 Mpuitmae

pillIeHHs, TO MJi1 aJbTePHATHUBU «; HAWOUIBIINI BTpaTH, HE3aJICKHO BIJ

MOXKIIMBOTO CTaHy JSj, OylyTh piBHMMHU max{V(ai,S . )} BianoBigHo mo
J

MIHIMAaKCHOTO KPHUTEPil0 HAWKpaIlolo BUOUPAETHCA ajlbTEpHATUBA a;, AKa

c_zx{V(ai,S ; )} AHQJIOTIYHO B TOMY BHIAJKy, KOJIHU
J

V(ai,Sj) BiloOpaXkae BUTpalll BIAMOBIJHO J0 MAaKCHUMIHHOTO KPHUTEpIIO,

nae R, =minm
i

BUOMPAETHCA ANBTEPHATHBA a;, SIKA Ja€ R, = max m;’n{V(al.,S ; )} :
l J

[Ipuknan 13.2. Kopucryrouncs kputepiem Banpna, 3HaiTu
pO3B’sA30K npukiagy 13.1.

¢ Po3s’a3ysanmnsi.

OckIbKH V(al. ") j) B1JI0Opakae BTPATH, BUKOPUCTAEMO MIHIMAKCHUHN

kputepid. g 3HAXOMHKEHHsT HaWKpallol aJbTEpPHATUBU MOOYAYEMO
Ta0JINLIIO.
Tabmuis 13.2

S| s | s | s | s | mavles)
a, | 4 | 22| 15 | 16 | 29 29
a |10 18 | 26 | 12 | 10 26 « min
a | 8 | 19 6 24 | 5 24 ’
a, | 30| 28 8 14 | 16 30
as | 15| 5 30 [ 22 ] 9 30
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R, = min{29; 26, 24; 30, 30} =24.

OTxe, MIHIMAKCHOIO albTepHATUBOIO Oyne as. OTpumaHuii
pe3yabTaT CHIBNAJAE 3 Pe3yabTaToOM Ipukiany 13.1. ¢

13.3. Kpurepiii CeBixxa

Bukopucranus kputepiro Banapga  1HKOAM  OPUBOAUTH [0
CyNepeusIMBUX BUCHOBKIB. PO3risiHeMo Taky MaTpuilto BTpart (TpH.).

S 5 | mo
J .
Via,.S,)- a 50 210 210 < min
2 150 200 200

Kopucryrouncr kputepieM Banpga, npuxoaumMo 10 BHOOpPY
aNnbTEPHATUBU @,. IHTYITUBHO NpPOCUTHCS BUOPATH a;, OCKUIBKA HE
BUKJIIOYEHO, 10 S = S}. Toai Brpatu cknanyts Tiabku S0 rpH. IIpu BubOOpI
aNbTEPHATUBU d, BTPATH 3aBXKJIU OyayTh He MeHIIMMU 150 TpH.

Posrnsinemo kputepiii CeBimka, SKUA IPYHTYETbCS Ha TPUHIUII
MIHIMaKCca HaCHIAKIB MPUHUHATOrO MOMMJIKOBOTO PIMIEHHS 1 CTapaeThecs
MiHiMi3yBaTn BTpadeny Buromy. Moro 3MicT momnsrae y GopMyBaHHi HOBOI
MaTpHulll BTpat W(al. , Sj) 3 JIOITOMOT'0I0 TaKOi (hOPMYJIH:

W(ai’Sj) _ mlfzx{V(ak,Sj )} —V(ai,Sj),SIKHIO V(ai,Sj)—HpI/I6yTOK, (132)
V(ak,Sj)—mgn{V(ai,Sj )},HKH_IOV(ai,Si)—BTpaTI/I.

OTpuMaHi 3HA4Y€HHS TOKa3yIOTh BEJIUYUHY PU3UKY, TOMY KpUTEpIii
CeBipka HAa3UMBAaIOTh KPUTEPIEM MIHIMAIBHOIO PHU3HUKY. Y MEpPIIOMY
BUMAJIKY W(a,.,Sj) € PI3HMILIECI0 HAWKpaIloro 3HAa4eHHA B CTOBHOII Sj i
3HAYEHHAM V(al.,Sj). 3a 3micTOM, W(al.,Sj) BUPAXKAE€ «CHIBUYTTA» 0COOI,
10 mpuiimMana pilieHHs, y 3B’ 3Ky 3 THUM, 110 BOHA HE BUOpasia HalKpaioi
i1 BIJTHOCHO CTaHy S .

Y npyromy BHUNAIKY W(al.,Sj) B1JIOOpaXkae PI3HUILO V(al.,Sj) Ta
HaWTIpIIE 3HAYEHHS B CTOBIII S; .

HeszanexxHo Big TOro, 4um V(al.,Sj) € npuOyTKOM abo BTpaTaMu,
byHKIIis W(al.,S ].) B 000X BHUIIaJIKaX BU3HAYa€ BTpaTu. ToMy 10 W(al.,S /)

CJIi1 BAKOPUCTOBYBATH TUIbKU MIHIMAKCHUI KpUTEPIH.

Otrxe, ¢opmyna it BUOOPY ONTHUMalIbHOI QJIbTEPHATHBU 3
JOTIOMOTOI0 KPUTEPi0 MiHIMAJILHOTO PU3UKY HaOyBa€ BUTJIAY:
axW ( a;,s, ) .

R, =minm
i J
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[lpuknan 13.3. Kopucryrouuch kpurepiem CeBijka, 3HAWTU
pO3B’s130K npukiaay 13.1.

¢ Po3s’a3ysanmnsi.
Bignosigao 1o ymoBu npukiany 13.1 matpuis V(al. , S j) BijloOpaxkae
BTpatH. OTKe, U1 IOT0 BUITAAKY Ma€ Miciie popmya:
W(al.,Sj) = V(al.,Sj ) - mkin{V(ak,Sj )} k
3HaNIEMO YMCI0OB1 3HAYECHHS:
mkzn{V(azk,S1 )} =4, mkm{V(ak,S2 )} =5;

mZn{V(ak,S3)} =6; mZn{V(ak,S4 )} =12,

LS.

mkzn{V(ak,SS)}zi k=15,
Toxi mrykana BemMuuHa pU3UKY W(a,. ") j) MaTtume BUriiiy (tabm. 13.3).
Tabmuis 13.3

S| S| S| S| s | max{W(a,s)))

a | 0 [ 17] 9 | 4| 24 24 < min
Wla,S. )= a | 6 | 13|20 0| 5 20 i
a | 4 [14] 0 ]12] 0 14
a, | 26 [ 23] 2 2 | 11 26
as | 11 [ 0 [24]10] 4 24

Otpumyemo, R, = min{24; 20, 14; 26, 24} =14.

OTxe, HaWKpaIllOI0 aJlbTEPHATUBOIO 3HOBY BUSBUJIACA d3. ¢

PosrnsHyTuit  Kputepiii IOCHUTh 4YacTO BHKOPHCTOBYETHCS B
NPaKTUYHIN JIAJIBHOCTI NOpPU MNPUKHATTI YHOPaBIIHCBKUMX pIIIEHb Ha
TpuBanuii nepion. Hampukian, npu po3moiii KamiTalbHUX BKJIAJCHb Ha
MEPCIIEKTUBY BIH Ja€ 100p1 pe3ybTaTH.

13.4. Kpurepiii I'ypBina (kpurepiii onTuMizMy-1ecuMizmy)

Kpurepiii I'ypBilla B CBOEMY aJITOPUTMI OXOIUTIOE JIEKIIbKA MiAXO/IB
0 TPUUHSATTS PIIICHb: BiJ] HAWOUIBII ONTUMICTHUYHOIO JO HANUOLIbII
ECUMICTUYHOTO.
[Ipy HaWOIBPII ONTUMICTUYHOMY TMIAXOJI MOKHA BUOpaTu
aIbTECPHATUBY, SIKa A€ maxmax{V(ai,Sj)}, ae V(a,.,Sj) € BUrpalieM
i J

(mpubyTKOM).

378



AHAJIOTIYHO 11 HaOUIbII TNMECUMICTUYHUX MNPUNYIIEHb BUOpaHa

aJbTepHATHBA BIANOBIIA€E max min {V (al. S I )} ) (13.3)
i J

Kpurepiii ['ypBilla BCTaHOBIIIOE OajaHC MK BUITaJKaMU KPaWHbOTO
ONTHUMI3MY ¥ KpaHBOT'O TIECUMI3MY, TTOPIBHIOOYH 0OUJIB1 aJIbTEPHATUBH 3
JOTIOMOTOI0 BIAMOBITHUX KoedimieHTiB «, Ta (a—1), ne 0< a <1. Sxmo
V(al.,Sj) npeacTaBisie TPUOYTOK, TO BUOUPAEMO albTEPHATUBY, SIKA J1a€

R, = mlgzx[ocmax{V(ai,Sj )} —(1 —oc)mjin{V(ai,Sj )}J (13.4)

J
Y BUNAnKy, KOmH V(e S;) IpecTaBise BTPAaTH, KPUTEpil BHOMpae

albTEPHATHUBY, SIKA J1A€

R, = miin[amin{V(ai,Sj )} +(1- oc)quzx{V(ai,Sj )}} (13.5)

J

[TapameTp ¢ € MOKa3HUKOM ONTUMI3MY (CTYIE€HEM BIIEBHEHOCTI):
npu o=1, kputepid ayxe ontumictuunuii; npu o« = 0 — gyxe
necumicTuuHui. 3HaueHHs o0 <o < 1) MOXke BU3HAUUTHUCS 3aJICKHO B1J]
XapakTepy 0coOu, sika MpuiiMae pilmeHHs, TOOTO 110 i OUIBII XapaKTepHO:
MEeCUMI3M 4M ONTUMI3M. UMM CKIIajHIIlIa TrOCMoJapchKa CHUTyalllsl, YUM
outbiie B HiIM Xxoue miactpaxyBatuch OIIP, tum Ommkde no Hyms
BHOMpAETbCA «. SKIMO « HAOIMKAEThCA OO HYJS, TO 30UIBIIYETHCS
HEBIIEBHEHICTh TPU JIOCATHEHHI YCMiXy. BUKOpPUCTaHHS OKpECIEHOTO
KPUTEPII0 YCKIATHIOETHCS TPU BIJACYTHOCTI JOCTaTHBOI 1HGOpMaIli mpo
BEJIMUMHY TIapaMeTpa ¢, IKUWA B CUIIy CyO €KTUBHHMX HPUYMH MPU PI3HUX
pIICHHSX 1 B PI3HUX CHUTYyallisiX HaOyBae pI3HUX 3HauYeHb. llpu
BIJICYTHOCTI 1H(QoOpMAIlii TPO SICKPAaBO BHUPAKECHHUI XapakTep 0cod0u o
npuiiMaeThest piBHuM 0,5.

[Ipunyctumo, mo «a = 0, T0OTO OIIP Mae wmano Hazgii Ha

CIPUSATINBUM HACIIIOK, TOJl OTPUMAEMO:

R, = mlgzx{O-qusz(ai,Sj)+(l—O)-mjinV(ai,Sj)} = mlaxmjin{V(al.,Sj)} =R,.
[Ipu abcomoTHIN BINEBHEHOCTI B JOCSTHEHHI yCHiXy (3HAYCHHS «
npuiiMaemo 3a 1) MaemMo KpaliHiil ONTUMI3M:
R, = max{l-maxV(al.,Sj)+(1—1)-miinV(ai,Sj)} = m_axmax{V(ai,Sj)} :

i J l J
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3a ymoBu, mo OIIP He Mae 3MOrM BHU3HAYUTH KOCQIMIEHT ¢, a
KOMIIPOMIC MK ONTUMICTUYHUM 1 TIECUMICTUYHHUM PIIICHHSMHU Oa’kaHUM

BUKOPHUCTOBYEMO BHUPA3:
(

Via,S. | +miniV\a,S,
e mjlx{ . J)}z’””}”{ 5) ,mano V(a,,S, ) ~mpubyrox,
R, =1 (13.6)
max{V(ai,Sj)}+min{V(ai,Sj)}
min / 5 . , SIKIIO V(al.,Sj) — BTpATH.

[lpuknang 13.4. Kopucrtytounch kputepiem ['ypBilma, 3HalTH
pO3B’s130K npukiaay 13.1.

¢ Po3s’a3ysanmnsi.

BukopucroByemo kputepiit ['ypBina no ymoBu mnpukiany 13.1.
IToxnanemo a=0,5.

J171s1 3HaXOIPKEHHS ONTUMAJIBHOTO PIIICHHS MO0y yEMO TaOJIMITIO:

Taomums 13.4

winla,. S, | [macla, 5, aminllar 5, Jr (- dmarla,. S,
J J J J
a| 4 29 16.5
&y 10 26 18
a3 5 24 14,5 < min
ay 8 30 19
as 5 30 37,5

R, =min{16.5; 18; 14.5; 19, 37.5} =14.5.

OTxe, onTUMabHE PIIICHHS MOJISITa€ Y BUOOP1 AJIbTEPHATUBU 3. ¢

13.5. Kpurepiii baiieca (MakcuMyM cepeHbOr0 BUTPAIILY)

Lei kpuTepiii BUKOPUCTOBYETHCS 3a YMOBH, KOJIM BIJOMHUI PO3MOALI
HMOBIpHOCTEN BIIOYTTS CTaHIB cuctemu. [lpumycTtumo, 1o HaM BigoMi

3HAUYECHHS HMOBIpPHOCTEN {pj, Jj zl,m} HAaCTaHHsS CTaHIB CHUCTEMHU

{Sj , =1, m}, K1 33JIaI0ThCS TAKUM PO3HO1IOM:

S ) - Sn L
> 3
Pj P1 P2 e Pm Jj=1
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IcHyBaHHS 3aKOHY pO3MOJAUTY KWMOBIPHOCTEM CTaHIB CHUCTEMH Ja€

MOJKJIUBICTD

BU3HAYUTU MAaT€MaTUYHE CIOAIBaHHS KOPUCHOCTI IIPU BUOOPI

KO>KHOI AJIbTCPHAaTHUBH. OnTuMajabHOK BBa)KaeThCs Ta AJIbTCPHATHBA, sdKa

3abe3neuye
CIIOJ1BAHHA:

R, =1

eKCTpemMajbHe (min abo max) 3HAYEHHS MaTeMaTUYHOIO

(13.7)

L J=1

[puknan 13.5. Kopucryrouncs kputepieM balieca, 3HaliTH pO3B’SI30K

npukiaay 13.1, skmio Bigomi moBipHocTi ctaHiB {0.2; 0.15; 0.3; 0.25;
0.1}.
¢ Po3z6 ’s13y6anHns.
Po3B’s130k 3amaui mpeacTaBuMo Tadauiero 13.5.
Tabnuusa 13.5
2 S S S; Sy Ss i
= 5
% = & = 2 | S 2| | e = Z:lpj Yy
3 N s N f m~ s N gr_ N gﬂ Jj=
<
a| 4 [081]22| 33 15 45| 16 | 40| 29 |29 15,5
a | 10 | 20| 15 225|126 |78 ] 12 |3,0] 10 | 1,0 16,05 |« min
al| 8 [ 16|19 |28 | 6 1,824 60| 5 |0,5 12,75
as| 30 | 6,0 25| 3,75 1,514 | 35| 16 | 1,6 16,35
as | 15130 5 |075]30 90|22 (55| 9 (0,9 19,15
P 0,2 0,15 0,3 0,25 0,1

OTxe, ONTUMaTbLHUM PIIIEHHSAM € BUOIp aJbTepPHATUBH d3.

13.6. Kpurepiii MiHiMyMy CepeIHbOT0 PU3UKY

[Tpuny

ctumo, 1o OIIP Bonomie iHdopMalii€ro Mpo 3aKOH PO3MOALTY

HMOBIpHOCTEH {pj, Jj zl,m} HaCTaHHs CTaHiB CUCTEMH S, j zl,m} 1

CTaBUTH IIEP

en co0or0 3aBIaHHS MIHIMI3YBaTH CEpeAHIN PU3HK. Y LbOMY

BUIAJIKY KPUTEPIN MaTUME BUTJISI:
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> pma{V{a.5)|-(a5)] maw V{as)-muyroc
J=

m L &
R =niny pW(a.S,)=nin k (13.8)
i 5 i I
j ;13 V(q,%)—nlin[V(ak,%)]}mqm V(q,@)—BHm

[lpuknan 13.6. KopucTyrouuch KpUTEpIEM MIHIMYMY CEpPEIHBOIO
pU3HKY, 3HAWTHU PO3B’sA30K mpukiamxy 13.1, gxkmo BimoMi WMOBIPHOCTI
craniB {0,2; 0,15; 0,3; 0,25; 0,1}.

¢ Po36’a3ysanHsi.
Jlnst po3B’sI3Ky 3a/1adi HEOOX1THO MaTH MATPHUII0 BEIUYUH PUBHKY

[W(al. , Sj )J, 3HAYEHHS SKO1 3HakAeH1 B pukiaal 13.3.
Ham Buxopucraemo ¢opmyny (13.8) 1 mpeacraBUMO pPO3B’SI30K
3aaayil tTadauiero 13.6.

OTxe, ONTUMaTBHOIO aJTbTEPHATUBOIO 3HOBY OyJIE a3. ¢

13.7. Kpurepiii Xoxxeca-JIlemana

Kpurepiit Xomxeca-JlemaHa BHUKOPUCTOBYE JBa CyO €KTHBHHX
MOKAa3HUKM: 3aKOH PpO3MOALLY WMOBIPHOCTEH \p;, j =1,m} HACTaHHS
CTaHIB CHUCTEMU {S}., Jj =1,m} 1 mapaMmeTrp ONTHUMI3MY & ISl KPUTEPIIO

['ypgira.
Jl1s 3araapHOrO BUNAJKy Kputepid Xomkeca-JIlemaHa BU3HAYA€ETHCS
BUPA30M:

J

R = ’ - (13.9)
min{ochjV(ai,Sj)+(loc)mc_sz(al.,Sj) ,siwo V(a,,S; ) - purparn,
LA

max{aiij(ai,Sj)+(1—oc)minV(a,.,Sj) , SAKITIO V(al.,Sj)—an6y101<,
! =1

J

ne 0< a<1,0<p<l, Y p, =1.

J=1
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[puknan 13.7. Kopuctytounch kputepiem Xomxkeca-Jlemana, 3HailTu
po3B’sa30K mnpukiany 13.1, skmo Bimomi KMoBipHOCcTi craHiB {0.2; 0.15;
0.3; 0.25; 0.1} Ta 3HaueHHs  «mapameTpiB ontumizmy» {0.3; 0.6;
0.8}.IloknaBmm B OCHOBY  po3paxyHkiB  ¢dopmyny (13.9) 1
BUKOPHCTOBYIOUM  pe3yibTaT mpukiany 13.5, po3p’sa30k  3amaui
npeacTaBuMo Tadnunero 13.7.

Tabnuua 13.7

5

an . . . — . .

g gij(ai,Sj) max(a;.S ) ajz_lpr(a”S’Ml a)"n?xV(a“S’) |
< a=03 | ™" | a=06 | ™" | a=0.8 | ™"
(= 15,5 29 24,95 20,9 18,2
&y 16,05 26 23,015 20,03 18,4
a3 12,75 24 20,625 | min | 17,25 | min | 15,0 | min
Y 16,35 30 25,905 21,81 19,08
as 19,15 30 26,745 23,49 21,32

PesynpTat oTpuMaHMX po3paxyHKIB y Tabna. 13.7 3a kpurepiem
Xomkeca-Jlemana s BCIX 3HAUYC€Hb « TMOKAa3yHOTh, 110 ONTHMAIbHOIO
aJbTEPHATUBOIO Oy 3.

Po3rnssHeMO MOXKJIMBI YacTKOBI BHMOAIKM KpPUTEpir0 XoJKeca-
Jlemana:

e =1, orpumyeMo hopmyity kpurtepito baiteca;

e o =0, orpuMyemo Gopmyity Kputepito Banpa.

OmuiHIo0YM HEOOXI1IHY MOYaTKOBY 1H(MOpMallio KpuTepiro XoIKeca-
Jlemana, MO)XHa 3pOOWTH BHCHOBOK IIPO CTYIHb MOTO CKJIAHOCTI.
OCHOBHHMM HEAOJIIKOM PO3TIISIHYTOTO KPUTEPIIO € TE, 1110 B HOr0 aJIrOpUTMi
BUKOPHUCTOBYETHCS 0araTo cyo’€KTUBHUX (DAKTOPIB.

13.8. IIuTanHs 1J11 CAMOKOHTPOJII0

1. ChopmynroliTe OCHOBHI MPUYMHUA HEBU3HAUYEHOCTI.
2. 3a J0mOMOTOI0 4YOTO 3aJa€ThbCs BXiJHA 1H(OpMAIS TIPU
OPUKHSTTI PIIlIEHh B yMOBaX HEBU3HAYEHOCT1?
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10.

11.

. SIki KpuTepii MOKJIAJECHI B OCHOBY NPUNHATTS PIIIEHh B YMOBAaX

HEBU3HAYEHOCTI?

. 3a SKHX YMOB BHUKOPHUCTOBYEThCS KpuTepi Jlammaca i1 Ha yomy

BiH 0a3yeTbCs ?

OnuuiTe aaropuT™M BHUKOPUCTAHHS KpuTepito Banpna mms
OPUNHATTS PILIEHb B YMOBaX HEBU3HAYEHOCTI.

3anuuiite ¢GopMmyily, f[Ka TOKJIaJeHa B OCHOBY KPHUTEpItO
CesBimxa.

MiK 4YuM 1 Ha OCHOBI YOTO BCTAHOBJIIOE OajaHC KpUTEPIi
['ypBilla B IpUIAHATTI pIIEHbh B YMOBAaX HEBU3HAUYEHOCTI?

3a SKMX YMOB BUKOPUCTOBYEThCA Kputepiii baiieca 1 sika Horo
po3paxyHkoBa hopmya?

3anuuiite ¢GopMmyily, f[Ka TOKJIaJeHa B OCHOBY KPHUTEpItO
Xomxeca-JIemana.

AxtionepHe ToBapuctBo (AT) Bumyckae MOJIOUHY MPOAYKIIIIO,
dacye 1i B SIIMKA 711 TOAANIBIIOL peasizallli B TOProBUX TOYKAX
Micta. IMOBIPHOCTI TOro, IO TOMUT MPOTArOM JHS Ha
npoaykuito oyae 5, 6, 7, 8 ta 9 smukiB piBHI BianosiaHo 0,15,
0,2, 0,35, 0,12, 0,18. Butrpatnu Ha BHUOYCK OJHOTrO SIIHKA
ckianaoTh 1,25 tuc. rpH. AT npojiae KOXKeH SAIUK 1o 1iHl 2.65
TUC. TPH. SKIO SIIMK 13 CUPOBUHOK HE PEaNTi30BYETHCA
IPOTIATOM JAHS, TO CUPOBHHA CTAa€ HEMPUIATHOK I TOBAPUCTBO
HE OoTpuMye npuOyTKy. Po3paxyBaTu oNnTHMalbHy CTpaTErito
BUITYCKY MPOAYKTY.

Po3B’soxiTh mpukiaz 13.1, skio maTpuis npuOyTKiB OyAe:

50 40 80 90 60
40 80 60 70 75
7(a,.5,)]=| 80 100 110 120 70|,
60 120 100 110 90
100 80 90 60 55
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I'nmasa I1l. ExoHOMeTpHUYHI MeTOAM Ta MOJeJIi

Po3ain 14. ExkoHOMeTpHYHE MOIEJTIOBAHHS
OCHOBHI OHATTS Ta BU3HAYCHHS

14.1. ExoHoMeTpist Ta 1i 3B’A30K I3 MATEeMATHKO-
CTATUCTUYHUMM METOAAMH

PuHKOBI  BITHOCHMHM  BIJKPUBAIOTH IIHPOKHM  MPOCTIp IS
BUKOPUCTAHHS JIOCIIPKCHUX EKOHOMETPUYHUX METOJIB, SKI  Jal0Th
MOKJIMBICTh HE TIJIbKH MPOBECTH KiIBKICHI PO3paxyHKHU, ajie i BUOpaTu
ONTUMAJIbHI MPOTHO3HI CclieHapii a1id. HaBiTh KO 111 CIieHapii HEMPOCTO
3aCTOCOBYBAaTH, a OOMEKEHHSI MOJIEJIl Y CTPOTOMY BH/JII HE BUKOHYIOThCH,
BOHU CIyXaTh PO3YMHOIO BIJMPAaBHOI TOYKOIO, Ha SKy MOXHA
OpPIEHTYBATUCS TIPU NMIPUUHATTI PalllOHATBHUX PIIICHb.

ExoHomeTpis — 1€  caMocCTiiiHa  e€KOHOMIKO-MaTeMaTH4yHa
AUCIUILIIHA, 110 O00’€IHy€ CYKYIHICTh TEOPETUYHUX PE3yJbTaTiB,
CIoco01B, METOIB Ta MOJeNieid, MpU3HA4YeHUX s Toro, mobd Ha 0asi
€KOHOMIYHOI ~ Teopii, CTAaTUCTUKA MAaTEMAaTU4YHOI EKOHOMIKH Ta
MaTeMaTUKO-CTaTUCTUYHOTO  1HCTPYMEHTapil0 HaJaBaTH  KOHKPETHE
KUTbKICHE BHUPAXEHHS 3arajJlbHUM (SKICHUM) 3aKOHOMIPHOCTSAM 1
IIPOTHO3YBATH PE3yJIbTATH PO3BUTKY CKJIAJIHMX €KOHOMIYHHUX MPOIIECIB.

Takum 4YMHOM, CYTHICTH E€KOHOMETpIi MOJSATaE B CHHTE31 TPHOX
CKJIQJJOBUX: €KOHOMIKHM, €EKOHOMIYHOI CTaTHUCTUKH Ta MATEMaTHKH.
Posrasigatoun €KOHOMIYHY TEOpiI0 B paMKax EKOHOMETpIii, MU OyJ1eMO
IIKAaBUTHUCS HE MPOCTO BUABJICHHSAM OO’ €KTHBHO 1ICHYIOUMX €KOHOMIUHMX
3aKOHIB 1 3B’3KIB MI)K €KOHOMIYHHUMHU IOKa3HUKAMU, aje 1 MIAX0JaMHt JI0
dbopMatizarili, siKi BKJIFOUalOTh B ce0e MeToau crierudikaliiii BiAMOBIIHUX
MOJeJIeH 13 BpaxyBaHHSIM MpodsieMu ix ineHtudikaiii. [lpu BukopuctanHi
€KOHOMIYHO1 CTaTUCTHUKHU SIK CKJIaJ0BOI YaCTMHU €KOHOMETpii Hac Oyne
I[IKaBUTH JIMIIIE acHeKT IOB’s3aHUM 3 1H(OpMAaIIMHUM 3a0e3MeUYeHHIM
aHaJ130BaHOi €KOHOMeTpu4HOi Mojeni. [ligm mMaremMaTHKO-CTaTUCTHYHUM
THCTpYMEHTapiEM €KOHOMETPIi pO3yMI€ThCs, 3BUYAHHO, HE MaTeMaTH4YHA
CTaTUCTUKA B TPAAUIIAHOMY PO3YMiHHI, a JUIIE OKpemi il po3aiIu
(perpeciitHuii Ta OUCTEPCIMHHMM aHajl3, YacoBl PSAAW, aHajl3 CHUCTEMH
OJIHOYACHUX PIBHSHbB Ta 1H.)

I3 BU3HAUCHHSA €KOHOMETPIi BUTIKAE, IO ii MOXOJKEHHS 1 TOJIOBHE
MPU3HAYEHHS] — II€ COIIaJbHO-€KOHOMIYHI 3aCTOCYBaHHS Ta MOJCIbHHUI
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OMHUC ICHYIOUMX KUIBKICHMX B3a€MO3B’SI3KIB 1 B3a€EMO3AJICKHOCTEH MiX
aHaJII30BaHUMU IMOKa3HUKAMH €KOHOMIYHHUX MPOIIECIB.

3HaXO/UKEHH 3aJI€KHOCTEH Ta B3a€EMO3B SA3KIB MK 00’ €KTHBHO
ICHYIOUMMH SIBHIIIAMH Ta TMPOIeCaMH €KOHOMIKHM Ma€ BEJIMKE 3HA4YCHHS,
0, B CBOIO YEPry, J1a€ MOXJIMBICTh TIJIMOIIE 3pO3yMITH CKIIAQJHUN
MEXaHi3M TPUYMHHO-HACIIAKOBUX BITHOCMH MDK HuUMU. Cporomsi
00’€KTUBHO 1CHYIOUI 3JIE)KHOCTI Ta B3a€MO3B’SI3KM MDK €KOHOMIYHUMH
SBUIIIAMHU B CBOIM OULIBIIOCTI onucaHi BepOaibHO (sKicHO). [Topsia 3 mumM,
OLIBII BaXXJIMBUM € KUIbKICHUM BUMIp NPUYMHHO-HACTIAKOBUX 3B’ SI3KIB,
BJIACTUBUX BHUIQJAKOBUM mpoliecaM. Jisi JOCHiIKEeHHSI IHTEHCHUBHOCTI,
BUly Ta (POPMU MPUUYMHHUX BIUIMBIB Y CEPE/IMHI CTOXACTUYHUX MPOIIECIB
BUKOPUCTOBYIOTHCSI METOJIM 0araTOMIpHOTO CTaTHCTHUYHOTO aHai3y,
cepel SIKUX OCOOJIMBY POJIb BIABOAUTHCA KOPEIALIMHOMY 1 perpeciiHoMy
aHamizy. BpaxoByroouu xapakTep SBHII, BJIACTUBUX EKOHOMIYHUM
mpolecaM, MaTeMaTHYHUN amapaT KOpessiiHO-perpeciiiHoro aHamizy
J03BOJISIE CTBOPUTH CTOXAaCTHYHI MOJIENl 1 IMOKa3aTh iX NepeBary B
JOCIIKYBaHii ragy3l B TOPIBHAHHI 3 JETEPMIHOBAHUMH MOJIEISIMHU.
KO BIAHOCHO BEJIWYMH, AHAI30BAaHUX Y JETEPMIHOBAHUX MOJEIISX,
POOUTHCS MPUMYIICHHS II0J0 1X CTaOIILHOCTI, @ BUIAJKOBI BiAXWJICHHS
HE BpaxoOBYIOThCA, TO B CTOXAaCTHYHUX MOJCISIX BPaXOBYETHCS
BUMAJKOBUN XapakTep MOKa3HWKIB, 1 BOHU OI[IHIOIOTHCS IMOBIPHICHUMU
Mipamu.

JleTepMiHOBaHMMH MOJICNIIMH  ONUCYIOThCS 3aKOHOMIPHOCTI, SIK1
MPOSIBISIOTHCS.  MMOOAMHOKO, B KOXXHOMY OKPEMO B3SITOMY €JIEMEHTI
CYKYMHOCTI. 3B’A30K MDK NPUYMHOIO Ta HACIIJKOM y 3aKOHOMIPHOCTSIX
TaKoro TUIy MOXe OyTH BHUPaXEHUU JOCTaTHHO TOYHO Yy BUIJIAII
KOHKPETHMX MaTeMaTUYHUX (OPMYJ, CUCTEM PIBHSHb, OCKIJIBKU MEBHUM
KUIBKICHUM 3HAUEHHSIM BIUIMBOBUX UMHHUKIB (ApryMEHTIB) 3aBXIU
BIIMOBIZIAIOTh TIEBHI 3HAYCHHS PE3yJbTATUBHOTO IOKa3HHMKA ((YHKIIIT).
Takuii 3B’A30K Ha3UBa€ThCA (PyHKIIOHATBHUM. [Ipu dyHKIIOHATBHIN
3QJIEKHOCTI Mk 3MIHHUMH X Ta Y KOXKHOMY MOXJIMBOMY 3HAUECHHIO X;
OJIHO3HAYHO CTaBUTHCA Yy BIAMOBIAHICTh 3HAUEHHS y;. DYHKIIOHAIBHY
3QJIEKHICTh MOJKHA 3amucatu y Bumsal y=f(x) abo mnpencTaBuTH
CXeMaTHUYHO:

X1

Xn > Vn
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3aKOHOMIPHOCTI, SIKI MPOSIBIAIOTECA Y MAaCOBHUX BHUIMAJKaX, TUIbKU
IpU BEIUKOMY YHCII CIHOCTEPEKEHb, HA3HUBAIOTHCA CTATUCTUUYHUMU.
CTaTUCTUYHI 3aKOHOMIPHOCTI TPUYMHHO OOYMOBJIEHI, ICHYIOYa MHOKHHA
MPUYMH B3a€MOIOB’s13aHa U Jli€ B PI3HUX HampsMKaxX. Y TaKMX yMOBax
BAKKO BHUSBUTU KUIBKICHUM 3B’SI30K MIK MPUUYUHOK 1 HACHIJIKOM.
AHaJIITUYHE BUPAXKEHHS CTATUCTUYHUX 3aKOHOMIPHOCTEH BHU3HAYAETHCS
MeTOoJaMH MaTeMaTHYHOI CTAaTUCTUKHU. [IpHYMHHO-HACTIIKOBUH 3B’S30K,
0OyMOBJICHUI OJHOYACHOIO JII€I0 0araTboX MPUYHUH 1 MPOSBISIETHCS YITKO
TUIBKW B Macl BUIIAJIKIB, HA3UBAETHCA KOPESALINHUM a00 CTOXaCTUYHHM, 1
BIH BJIACTUBUN CTAaTUCTUYHHM 3aKOHOMIPHOCTSIM. B exoHoMill YacTo
TOBOJAUTHCS MaTH CIIPaBy 3 OaraTbMa SIBUIIAMH, SIKI MAlOTh IMOBIPHICHUH
xapaktep. Ilpy CcTOXaCTHYHIM 3aJ€XKHOCTI IS 3aJaHUX 3HAYCHb
HE3aJICKHOI 3MIHHOI X MOHA BKa3aTH pAJl 3HAUEHb 3aJIEKHOI 3MIHHO1 Y,
K1 BHWITQJAKOBO PpO3CiAHI B TeBHOMY OKoji. KoxHOoMy (QikcoBaHOMY
3HAQYEHHIO AapryMEHTYy BIANOBIJAa€ TIEBHUM CTAaTUCTUYHUM PO3MOJILI
3HaueHb (QyHkuii. e mor’d3aHo 3 TUM, IO Ha 3aJ€XKHY 3MIHHY, KpIM
BUJIUICHOI 3MIHHOi X, BIUIMBAa€ psjJ HEKEPOBaHUX ab0 HEBPaXOBAHMUX
YUHHUKIB, a TAKOK MOMWIKK BUMipIoBaHHs. OCKIJIbKY 3HAUYCHHS 3aJIEKHO1
3MIHHO1 TIANOPSIAKOBAaHI BUIAJKOBOMY PO3CISIHHIO, BOHO HE MOXe OyTu
nepeadayeHe 3 JIOCTaTHHOIO TOYHICTIO, a TUIBKM BKa3aHE 3 TICBHOIO
WMOBIpHICTIO. Y TOH K€ Yac €KOHOMIYHUM IPOIlecaM BJIACTHB1 BUIAIKOBI
BIAXWJICHHS Ta B3a€EMO3B’S3KM B 4Yaci, TOMY I aHalizy KOMILICKCY
MPUYUHHO-HACTIIKOBUX 3B’ 5I3KIB BUKOPUCTOBYIOTHCSI CTOXaCTHYHI MOJIEIII.
3 J0MOMOTOI IMX MOJeNied MoO)KHa IOOyAyBaTH MPOTHO3HI OI[IHKU
napamMeTpiB (PyHKIIIOHYBaHHS €KOHOMIYHUX CUCTEM Y JIMHAMIII].

Hait61imp1m1 BifoMHUMH METOaMHU MOOY0BU CTOXaCTHYHUX MOJCICH €
KOpEeSUIMHUN Ta perpeciiHuil aHami3. Y NPUKIAJIHUX EKOHOMIYHHMX
JOCIIDKEHHSIX BOHU BHCTYIAIOTh CaMe€ THM 1HCTPYMEHTOM, SIKHMH MOXeE
BHUSBHUTH Ta OI[IHUTH CKJIaJIHY MHOKHHY B3a€MO3B’S3KiB 1 HACTIIKIB.

PesynpTatu aHamizy MPOBEICHUX JOCTIIHKEHb TOKa3ajad, IO
MOJICTTIOBAHHSI €KOHOMIYHHUX MPOIIECIB 3 JIOMOMOTOI OJHOTO PIBHSHHS
perpecii JOCUTh TPUMITHUBHE 1 HEIOCTATHE 4Yepe3 ICHYIOYY MHOXHUHY
MPUYUHHO-HACTIAKOBUX B3a€EMO3B’SI3KIB. st iX OLIblI  aeKBaTHOTO
B1JIOOpa)K€HHSI HEOOXIIHO BUKOPHUCTOBYBATH CHUCTEMY OJHOYACHUX
PIBHSHB.

Pozrasinemo kacudikamico  3aAad,  fAKI  PO3B’SA3YHOThCA
MaTeMaTHYHUM arapaToM EKOHOMETpii, 3a TaKMMH O3HaKaMH: KiHIIEBI
NPUKIAIHI [T, piBeHb lepapxii Ta mpoduib aHATI30BaHOI €KOHOMIYHOI
CHUCTEMH.
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3a KIHIEBUMHU MPUKIATHUMU IIJIIMU BUIUIMMO JIBI OCHOBHI 3a/1a4i:

1) mporHo3 €KOHOMIYHUX Ta COI1aJbHO-EKOHOMIYHUX MOKA3HUKIB,
K1 XapaKTEPU3YyIOTh CTaH Ta PO3BUTOK aHAII30BAHOI CUCTEMU;

2) 1MiTaIlisl pi3HUX MOKJIMBHUX CIIEHApPiiB COIIAIbHO-€KOHOMIYHOTO
PO3BUTKY  aQHAII30BAaHOI CHCTEMH, KOJM CTaTUCTUYHO  BHSBIICHI
B3a€EMO3B’SI3KM  MIDXK XapaKTEPUCTUKaAMU BUPOOHMIITBA, CIIOKHWBAHHS,
comiajibHOi Ta (PIHAHCOBOI MOJITUKH 1 T.J. BUKOPUCTOBYIOTHCSA JIJIs
JIOCIIDKEHHST TOro, SK MOXJIMBI 3MIHM TapaMeTpiB  KepyBaHHS
BUPOOHUIITBA YU PO3MOAUTY BIUIMHYTh Ha 3HAYEHHS BUXITHUX
XapaKTEePUCTHK.

3a piBHEM l€papXxii aHATI30BaHOT EKOHOMIYHOI CHCTEMHU BUILISIOTHCS
3a/1a41 MaKpOpPIBHSA, ME30PIBHS Ta MIKpOPIBHSI.

Y Jedkux BHUMNAQAKax I[OBUHEH OYTH BU3HAYeHUM mpoduib
CKOHOMETPUYHOTO  MOJCJIOBAHHS:  JOCHIDKEHHS ~ MOXe  OyTu
CKOHIICHTPOBAaHE Ha MpoOjeMaX pUHKY, IHBECTHIlIMHIN, (iHAHCOBIH,
NOJATKOBIM a00 collialbHIA TOJITHIl, I[[IHOYTBOPEHHI, IONUTI Ta
CIO’KMBaHH1, 00 Ha IEBHOMY KOMILJIEKCI TTPOOJIeM.

PosrnsHeMo cxemy, sika OUIbIII MOBHIIIE BU3HAYa€ €KOHOMETPIIO 1
MOKa3ye 11  B3a€EMO3B’SI30K 3  MaTE€MaTUKO-CTATUCTUYHUMHU  Ta
€KOHOMIYHUMHM auctuiutinamu (puc. 14.1.1).

Exonomerpisn
Metoam: perpeciiiHuii aHamis; 3acTocyBaHHS: MakpopiBeHb (MOJIeli HalliOHATBHOT
JMCTICPCIAHNN aHalIi3; €KOHOMIKH);
CUCTEMa OJJHOYACHUX PIBHSHB; Me30piBeHb (MOJIeIi PEeTiOHANIbHOT
CTATUCTUYHI METO/IH €KOHOMIKH, TaITy3€H, CEKTOPIB);
knacudikamii Ta 3HUKCHHS MIKpOpiBEHb (MOJIEN1 MOBEIIHKN
PO3MIpHOCTI. CIIOXKMBAYiB, GipM, IiAIPUEMCTB).
Exonomiuna Teopis CorrianbHO-€KOHOMIYHA OcHoBU TeOpii UMOBIPHO-
(Makpo- Ta MiKpOaHais, cratucTtuka (inpopma- CTi Ta MaTeMaTHYHOI
MaTeMaTHYHa EKOHOMIKA) 1iliHe 3a0e3meYeHH) CTAaTUCTUKH
:kepesio 6a30BMX KOMIIOHEHTIB €eKOHOMETPUYHOI HAYKH

Puc.14.1.1. ExonoMeTpis Ta ii 3B 430K 3 IHIIUMHU JUCHUTLUTIHAMHU

MosxHa BUIUIMTH TSTh OCHOBHUX 3aBJaHb, SKI PO3B’SI3ye
€KOHOMETPIsl.

[To-tiepiiie, Mmosenp Mae OyTH crerudikoBana, To0To Tpebda, 100 yci
(yHKIIIOHAJIbHI 3B’A3KH BXOAWIM 10 HEl y sIBHOMY BUDJIsiAl. [[o 1poro
€KOHOMETPISE MOXKE [INTH MUIIXOM BiJI TPOCTOTO JIO CKJIAJIHOIO:
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MOYMHAIOYM 3 HampocTimux (YHKIIH, BBOJUTH Ta MEPEBIPATH pPI3HI
TIMOTE3M 1 MOCTYIOBO YCKIAHIOBATH XapaKkTep (PYyHKIIIOHATBHUX 3B’ A3KIB,
BUXOJSYM 3 PEaIbHUX JTaHUX.

[To-npyre, 3aBOaHHAM €KOHOMETPii € BUOIp O3HAUYEHHS Ta