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BCTYII

MaTteMaTH4Ha €KOHOMiKa € BaXXJIMBOK MAaTEMATHYHOIO HUCHHUILIIIHOI0, ¥
MEXax SKOi 3IMCHIOETHCS KUIbKICHA OI[IHKA €KOHOMIYHUX TMPOIIECIB, IO
BIIOYBAIOTBCA y MeXaxX JEsIKOi €eKOHOMIYHOI cucteMu. Ll Hayka opieHTOBaHa Ha
CUCTEMHE BHBUYEHHA €KOHOMIKM Ha pI3HMX PIBHSIX 3 JOINOMOTOI0 amapary
MaTeMaTuyHoro MmojeaoBaHHs. OO0’€KTOM JOCHKEHHS TYT € PI3HOMaHITHI
€KOHOMIYHI CHUCTEMH, MpEeAMET IOCIKEHHS — MaTeMaTH4HI MOJEJl pealbHUX
€KOHOMIYHMX 00’€kTiB. [liT €KOHOMIYHOIO CHCTEMOIO Jaji OyaeMo pO3yMITH
CYKYITHICTh B3a€EMOTIOB’SI3aHUX EJIEMEHTIB, Y MEXaX SKOi 37IHCHIOIOTBCS IPOIECU
BUPOOHUIITBA, OOMIHY, PO3MOJLTY, CHOXMBAaHHS MaTeplalbHUX Ta IHIIUX OJar.
ExoHOMI4HI cCUCTEMU BITHOCSTH 70 KIOEPHETUYHUX, TOOTO KEPOBAHUX CUCTEM.

MeToro BUKJIQJaHHS HAaBYAJILHOI TUCHUILIIHU «MaTeMaTHYHa €KOHOMIKa» €
OBOJIOJIIHHSI CTYJICHTAaMH HAyKOBUMH OCHOBAaMH Ta METOJIUKOI MaTeMaTHYHOTO
MOJICITIOBAaHHS CGKOHOMIYHUX cHCTeM Ta TporeciB. OCHOBHMMH 3aBJIaHHSIMU
BUBUCHHS JUCHUILIIHK «MareMaTnyHa €KOHOMika» € (OpPMYyBaHHS y CTYACHTIB
YSIBJICHHS TPO 3a7avi po3poOKH E€KOHOMIKO-MaTeMaTHYHHX MOJIeieH, HaJaHHS iM
3HaHb IMPO OCOOJMBOCTI 3aCTOCYBaHHS MAaTEMAaTHUYHUX MOJIEICH Yy CKOHOMIYHHMX
JTOCHIDKEHHSIX HAa MIKPO- Ta MAaKpOpIBHSIX, HABUAHHS CTYACHTIB €(EeKTUBHOTO
3aCTOCYBaHHSI amapaTy CY4YacHOTO EKOHOMIKO-MAaTeMaTHYHOT'O MOJICIIOBaHHS 0
PO3B’sI3aHHS MPUKIATHUX E€KOHOMIUHUX 3aJa4; CTBOPEHHS 0a3u IJisi MOJAJIbIIOro
BUBUYEHHS KYpPCIB MATEMAaTUYHOTO MOJICJIFOBAaHHS Ta JOCIIIKEHHSI OIepallii.

VY pe3ynbraTi BUBYEHHS HABYAIBHOI MUCHMIUIIHU CTYIEHT MOBHHEH 3HATH:
npeaMeT, OO0 €KT JOCHIDKCHHS, OCHOBHI NPHUHIMIM TOOYJAOBH  MoJelen
MaTeMaTH4YHOI €KOHOMIKH, CYTHICTh OallaHCOBHMX €KOHOMIUYHHMX  MOJIEJIeH,
IIPU3HAYCHHS 1 METOJMKY TOOYIOBU Ta aHalli3y BUPOOHMUYMX (YHKIIIH, OyayBaTu Ta
JOCIIIJDKYBAaTH MOJENI TOBEIIHKA CIIOKMBayiB, MOJEIl €KOHOMIYHOI JTUHAMIKH 3
JTUCKPETHUM Ta HETIEPEPBHUM YaCOM.

Jlo OCHOBHUX BMiHb, SIKi CTYJCHT INOBHHEH HAOyTH B pe3yJbTaTi BUBUYCHHS
Kypcy «MaremaTudHa €KOHOMIKa», CJIiJl BIIHECTH BMIHHS OyJayBaTHU Ta aHaJi3yBaTH
MaTeMaTH4HI MOJeJIi eKOHOMIYHUX OO0’€KTIB Ta TMPOIECIiB y MIKpo- Ta
MaKpOCKOHOMIIIl, MOJCTIOBATH IPOIEC BHUPOOHUIITBA 3a JIOIMOMOI'OK BHPOOHHYHMX
GyHKITIH, BUKOPUCTOBYBATH iX [JI1 PO3B’SI3aHHA MPAKTUYHHUX 3a7a4 YIPABIIHHS
BUPOOHUIITBOM, BHKOPHCTOBYBAaTH CEpeAHI Ta TpaHWYHI BEJIMYMHH IS
€KOHOMIYHOTO TUIAaHYBaHHS, 3aCTOCOBYBAaTH AU(EpEHIladbHI Ta PI3HHUIEBI MOJEII
€KOHOMIYHHX MPOLIECIB IS MPAKTUYHUX €KOHOMIYHUX JTOCITIKEHb.

Mera Ta 3aBmaHHS Kypcy «MaTemMaTH4YHA EKOHOMIiKa» BHU3HAYAIOTH 3MICT
JAHOTO HABUYAJbHO-METOJWYHOTO BHJIAHHS — KOHCIEKTY JeKIiii. Y HbOMYy
PO3TIIIHYTO HACTYITHI OCHOBHI TeMH: BUPOOHMY1 (YHKIIII, ONTUMI3AIlisl BUPOOHUINX
BUTpAT, TEOPisS MISUTBHOCTI KOMEPIIMHOTO MIAMPUEMCTBA, MOJENI BHPOOHWYOT
TISUTHHOCTI 32 PI3HUX THUIIB KOHKYPEHIIii, TEOpis CIOKUBYOTO BHOOPY, CTaTUYHA Ta
JUHAMIYHA MOJICNIb MIKIaly3eBOTO OajaHCy, JAWHAMIYHI MOJEI MaTeMaTHYHOI
€KOHOMIKH, MOJIeJll aHalli3y, MPOTHO3YBaHHS Ta PEryJIIOBaHHA E€KOHOMIKH. Takum

6



YWHOM, BHCBITJIEHO OCHOBHI BUJH METOJIIB Ta MOJICJICH MaTeMaTUYHOT EKOHOMIKH.

VY mnociOHMKY HaBEIEHO KOPOTKMM BHKJIAJ JIEKLIHHOrO Marepiany Kypcy,
HABEJICHO MUTAHHS JJI CaMONIATOTOBKH Ta 3aBJAaHHS 3a pO3JLIaMH KypCy.

3rifHO 3 BUMOTaMH OCBITHBO-TIPOQECIHHOT MNpPOrpaMH CTYAEHTH IOBHUHHI
JOCSITTA TaKUX PE3yNbTATIB HaBYAHHS Ta KOMIIETEHTHOCTEN: PO3B’sI3yBaTd 3ajadi
NPUJATHUMUA ~ MaTeMaTMYHUMHM  METOJAaMM, T[EpEeBIPITH  YMOBU  BHKOHAHHS
MaTeMaTUYHUX TBEPIKE€Hb, KOPEKTHO MEPEHOCUTH YMOBU Ta TBEPKCHHS Ha HOBI
KJIacu O00’€KTIB, 3HAXOAUTU W aHANI3yBaTW BIANOBIIHOCTI MIX MOCTaBICHUMHU
3a/layaMi Ta BIIOMUMHU MOJENSIMH, PO3BUTOK MAaTE€MaTH4YHOI IHTYIlli, (OpMyBaHHs
MaTeMaTUyHOl KyJbTYpH MUCJIEHHS, 3[JaTHICTb CTBOPIOBATH MaT€MaTH4HY MOJEINb
o0’€ekTa JOCHIIKEHHSI Ta 3A1HCHIOBaTH 11 BepuQiKalliio, 31aTHICTh (HOpMynrOBaTH
CKJIaJHI 3aJayl ONTHUMI3alii Ta IHTEPHPETyBaTH iXHI PO3B’A3KU y MPAKTUYHOMY
KOHTEKCT1 LMX 3a/la4, 3/JaTHICTh BHU3HAYaTH MEX1 MPUIYCTUMOIO BHUKOPHCTAHHS
€KOHOMIKO-MaTeMaTUYHUX MOJIETIECH.

OcHOBOIO 111  BUBYEHHS JUCHMIUTIHM «MaTemMaTH4Ha €KOHOMIKa» €
OBOJIOJIIHHSI CTyJEHTaMu JucuuiuiiHamMu «Jludepenuianbhi piBHSIHHSA», «JIiH1NHA
anre6pa» ta «MaremMatuuHui aHaniz». BuUBUeHHS 1€l AUCHUILTIHK POPMYE OCHOBY
JUIsl BUBUEHHS AMCHUILIIH «/loCmiPkeHHs omepalliii Ta MareMaTUiyHa €KOHOMIKay,
«MareMaTuyHe MOJICTIOBaHHS».



Posaia 1. Ilpeamer Ta CyTHiCTH MATEMAaTHYHOI €KOHOMIKH

Jlekuis 1. Ilpeamert, 3agaui Ta reHe3uc MaTeMaTHYHOI EKOHOMIKH

Meta Jsekmii: BH3HAYMTH MpeAMET Ta 3ajJayl MaTeMaTUYHOI EKOHOMIKH,
HAJIaTU XapaKTEPUCTUKY 1i CTAHOBJICHHS SIK HAyKU.

ILnan
1. Tlpenmer Ta 3aga4i MaTeEMaTUYHOI EKOHOMIKH.
2. CyTHICTb Ta NMPU3HAYEHHS €KOHOMIKO-MAaT€MaTUYHOTO MOJICTIOBAHHS.
3. Po3BUTOK MareMaTUYHOI €KOHOMIKH SIK HAYKHU.

Kiwo4doBi TepmiHM Ta TOHATTSA: MareMaTU4YHa EKOHOMiKa, MOJIEIb,
€KOHOMIKO-MaTeMaTU4YHa MOJIeNb, JETEPMIHOBaHA MOJIENIb, CTOXaCTUYHA MOJEIb,
oInTHMI3alliiiHa MOJEJIb, aJICKBAaTHICTh MOJIEI.

1.1 lpeameT Ta 3a1a4i MaTeMaTHYHOI €KOHOMIKH

VY ekoHOMIIll AI0Th CTIHKI KUIbKICHI 3aKOHOMIPHOCTI, TOMY € MOJIUBHM iX
CTpore MaTeMaTh4He onucaHHs. 06 ekmom 00CniONHceHHs: MATEeMAaTHYHOT €KOHOMIKH
€ pI3HOMAaHITHI EKOHOMIYHI cucTeMH. I[Ipeomem MAaTEeMAaTHYHOI EKOHOMIKH —
MaTeMaTH4H1 MOl pealbHUX EKOHOMIYHMX 00’€kTiB. OO0’€KT MOCHIIKEHHS Ta
peaMEeT MaTeMaTUYHOT €KOHOMIKH BU3HAYAIOTh Memoou HAYKOBO20 OO0CIIONCEHHS.
MaTeMaTUYHOI eKOHOMIKA. OCHOBHI ii MeTonM — 1€ EKOHOMIKO-MAaTeMaTH4HE
MOJIEIIIOBAHHS T4 CUCTEMHHUI aHaji3 €KOHOMIKM SIK CKJIAIHOI AUHAMIYHOI CUCTEMHU.
MopentoBaHHsS — 1€ YHIBEpPCAJIbHUM CIIOCIO BUBYEHHS MPOIECIB Ta SBUILl PEATILHOTO
cBity. Oco01MBe 3HaUYCHHS MOJIEITIOBAaHHS Ma€ MPU BUBYEHHI 00’ €KTIB, 10 TTIOBHICTIO
Y1 YaCTKOBO HEJOCTYMHUX /ISl MPSAMOI0 CIOCTEPEKEHHS Ta JocimxeHHs. [{o Takux
00’€KTIB BITHOCATHCS 1 COIIAJIbHO-CKOHOMIYHI sBHUIAa Ta mporecu. Jlo 3amau
yOpaBIiHHA EKOHOMIYHMMH CHUCTEMaMH, B SKHUX €(QEKTHBHO 3aCTOCOBYIOTH
MaTeMaTH4Hl METOAW Ta MOJeNl, BIJHOCATH 3a7adi aHaji3y pe3yJbTaTiB
rocroAapchkoi  AISUIBHOCTI,  NPOTHO3YBaHHS,  IJIaHYBaHHS,  MPOCKTYyBaHHS
BUPOOHUIITBA Ta MIATOTOBKH YIIPABIIHCHKHX pimieHb [1].

Mooens — e 00’€KT, SIKM y AOCTIIPKCHHI 3aMiHS€ OpPWTiHAJ, BIATBOPIOE
HaWOLIBII BaXKJIMBI JUISI JAHOTO JOCITIKEHHS PHCH Ta BIACTUBOCTI OpPHTIHAIY.
MartemMaTuyHa MOJIENbh € CYKYIMHICTIO MaTEMAaTUYHHUX CIIBBIAHOLIEHB, 3/1€0LIBIIOTO
PIBHSIHB Ta HEPIBHOCTEH.

CydacHa €KOHOMIYHa Teopii Ha MIKpO-Ta Ha MAaKpOpPiBHI BKIIOYAE SIK
MPUPOJTHUA HEOOXITHWHM €JIEMEHT MaTeMaTHYHI MOJENl €KOHOMIYHHMX IPOIECIB Ta
cucteM. BUKOpUCTaHHS MaTeMaTUKU y €KOHOMIIll JO3BOJIIE€ BHIUIATH Ta OMHUCATH
HaWBaKJIMBIIII 3B’SI3KM MK CGKOHOMIYHMMH 3MIHHHMH Ta 00’ €KkTaMH. BuBueHHS
TAKOr0 CKJIAJIHOTO0 00’€KTa K €KOHOMIYHOI CHCTEMHU Iependadae BHCOKHN PIBEHB
y3araJibHeHHS, M0 JOCSATAEThCS MUITXOM BHUKOPHUCTAaHHS MATEMaTHYHOTO armapary.
3acTocyBaHHSI MaTeMaTUYHOrO amapary rnependadae 4iTko chOpMySbOBaHI BUXIIHI
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JaHl Ta CHIBBLAHOILIEHHS, 3 SIKMX MOKHa OTpPUMAaTH BUCHOBKH, aI€KBaTHI 00’ €KTY
TOCIiHKeHHsSI. BUKOpPHCTaHHS MaTeMaTHYHUX Ta CTATHCTHYHUX METOIB JIO3BOJISE
IHAYKTUBHUM METOJIOM OTPUMYBaTH HOBI 3HAHHS TMPO O0O0’€KT JOCHIIKECHHS,
olliHyBaTH (opMy Ta MapaMeTpu 3aJeKHOCTEH HOro 3MIHHMX, IO BIAMOBIIAIOTH
HAsBHAM CIIOCTEPEKCHHSAM. BHKOpHCTaHHS MOBM MaTEMaTHUKH JIO3BOJISIE TOYHO Ta
KOMIIaKTHO BUKJIAJaTH MOJIOKEHHSI €KOHOMIYHOI Teopii, GOpMYITIOBATH 11 MOHATTS Ta
BHCHOBKH [2].

Bynp-sike eKoHOMIYHE JOCIIDKEHHsS 3aBkAu Tmepeadadae 00’ eaHaHHS
€KOHOMIYHOI Teopii (HasBHUX €KOHOMIYHUX MOJejei) Ta MPaKTUKU (CTaTUCTHUYHHUX
naHux). JlOCHIIHUKM BUKOPUCTOBYIOTH TEOPETHYHI EKOHOMIYHI MOJENl s
ONMCAaHHS Ta TOSCHEHHS TMPOIECIB, IO CIIOCTEPIraloThCs, a TaKOX 30UparoTh
cTaTUCTHYH1 AaHl. Ha iX OCHOBI 31MCHIOIOTh eMIIPUYHY MOOYJ0BY MaTEMaTUYHUX
MOJIEJIeH, 1[0 KUTbKICHO B1I0OpaxalTh CYTHICTh EKOHOMIYHHMX MoOJIeNieH (TimoTe3) Ta
iX OOIpyHTOBYIOTh. JJii BUBUEHHS PI3HMX €KOHOMIYHUX ABUII (DaxiBIli 3 €KOHOMIKU
BUKOPUCTOBYIOTh iX CHpOIIEH] (OpMalibHI OMUCAHHSA, TOOTO E€KOHOMIYHI MOJEI.
[IpuknagamMm eKOHOMIYHMX MOJENIEN € MOJIell CIIOKUBYOr0 BUOOPY, Mojeli (hipMu,
MOJIeJll €KOHOMIYHOTO 3pOCTaHHs, MOJIEJ1 PIBHOBArd Jyisi TOBapHUX Ta (hIHAHCOBUX
PUHKIB Ta 1HIIN KOHIIENTYaJbHI MOJE1 €KOHOMIYHUX TMPOIECIB, IO € OCHOBOO IS
noOyI0BM iX MaTeMaTHMYHHMX Mojelieid. Y mporieci moOyI0BU €KOHOMIYHOI MOJEIN1
BU3HAYAIOTh CYTTEB1 (DaKTOPH, 110 BU3HAYAIOTH MOBEAIHKY 00’ €KTa JOCIHIIKEHHS Ta
BITKHJIAIOTh HECYTTEBI CIIEMEHTH JJI1 PO3B’SA3aHHSA IMOCTABICHUX IMPOOJIEM.
dopmaitizallisi OCHOBHUX OCOOJHMBOCTEH (DYHKI[IOHYBAaHHS E€KOHOMIYHUX OO0’ €KTiB
JI03BOJISIE OLIIHUTH MOXJIMBI HACIIJKA MEBHOTO BIUIMBY Ha HUX Ta BUKOPUCTATH IIi
OIIIHKM B K€PYBaHHI [TUMHU 00’ EKTAMH.

MaTteMaTHYHy €KOHOMIKY MO)KHAa BHU3HAYUTH SK PO3ALT €KOHOMIYHOT HAYKH,
IO 3aiiMaeThcsl aHaI30M BJIACTUBOCTEH Ta PO3B’S3KIB MAaTEMAaTUYHUX MoOJIeei
CKOHOMIYHHX TpoleciB [2]. ¥V nmeskux Bumagkax Ii MOJETI PO3TIATAIOTHCS SIK
YacTMHA MAaTEeMaTUYHOI Teopii Ha CTUKY 3 EKOHOMIYHOI0 Haykoio. OCHOBY s
noOyI0BM MaTeMaTHYHUX MOJEJCH, SKi BUBYAE MaTEeMaTHUYHAa €KOHOMIKa, CTBOPIOE
€KOHOMETpHUKA, 10 3aiMA€ThCA CTATHCTHUYHOIO OIIHKOIO Ta aHATI30M 3aJIeKHOCTEH
MDK €KOHOMIYHMMH BEJIMYMHAMHM Ha OCHOBI BHBYCHHSA EMITIPUYHUX JIaHHX.
ExoHoMeTtpurka mociimkye KUTbKICHI 3aKOHOMIPHOCT1 Ta B3a€EMO3B’SI3KH Y €KOHOMIITI
3a JIONOMOTOI0 METOAIB MAaTeMaTUYHOl CTATUCTHUKH, 30KpEMa, KOpESIiiHO-
pErpeciiHOTO aHami3y.

Y wMaTtemMaTHuHIM eKOHOMIll JOCHIKYIOTBCS TEOPEeTHYHI MOMAENi, IIIo
IPYHTYIOTbCS Ha TEBHUX (QopMaIbHUX TMepeayMoBax (JIiHIHHICTh, OMYKIICTb,
MOHOTOHHICTh, KOHKpPETHI (DOpMHU B3a€EMO3B’SI3Ky TOIIO). MaTemMaTH4YHA €KOHOMiKa
HE 3aiiMa€eThCsl BUBUCHHSM PIBHS OOTPYHTOBAHOCTI BUTJISY MEBHOI 3aJI€KHOCTI, 1€
3aBlaHHs ekoHoMmeTpuku [1]. 3amadero MaTeMaTHYHOI EKOHOMIKM € BHBYCHHS
MUTAaHHS TPO ICHYBaHHA PO3B’SI3Ky MaTEMaTHYHOI MOJei, YMOBH HOTO
HEB1I’€MHOCTI, CTaI[lOHAPHOCTI, HAABHOCTI IHIMX BiacTuBOocTeH. lle, 3BWYaiiHO,
3MIACHIOETHCS, K 1 y MaTeMaTHIll, NUISIXOM JEIYKTUBHOTO OTPUMAaHHS HACTIAKIB y
BUTJISI/II TEOPEM 3 alpiopHO 3pOOICHUX MepeayMOoB (aKcioM).



Merononoriss Ta amapaT Cy4aCHOI €KOHOMIYHOI HAyKd HE BHUYEPIYIOTHCA
NiAX0AaMU MAaT€MATHYHOI €KOHOMIKM Ta €KOHOMETPUKH, 3BUYAITHO B €KOHOMIYHUX
TOCIIIPKEHHSIX BHUKOPUCTOBYIOTHCS TaKO0X METOAM SIKICHOTO aHalli3y, IHAYKTHUBHI
€BPUCTUYHI MIAXOAM, IO MOEAHYIOTHCS 3 METOJaMH MAaTEeMaTHYHOI €KOHOMIKH Ta
€KOHOMETpUKH. TakuMm 4YMHOM, MaTeMaTU4YHa €KOHOMIKA € OJTHOYACHO 1 CAMOCTIHHUM
PO3A1IOM €KOHOMIYHOI HayKH, 1 ii iHcTpymMeHToM. [Ipu ipomMy po3auiu MaTeMaTH4HO1
€KOHOMIKH, BC€ B OUIBLIOI0 MIPOIO CTAaHOBISTHCS TEOPETHUYHOIO OCHOBOIO ISt
MPUKIAAHUX JOCTIKEHb.

1.2 CyTHiCTh Ta NPU3HAYEHHA €KOHOMIKO-MAaTEeMAaTHYHOI0 MOJIeJTIOBAHHS

Exonomiko-mamemamuuna moodensb — 1e¢ MaTeMaTHYHUI OMUC €KOHOMIYHOTO
00’€KTY YM TPOIECY 3 METOK JOCIIKEHHs Ta KepyBaHHS [2]. Y CHIBBiTHOIICHHSX,
10 YTBOPIOIOTh MAaTEMaTUYHY MOJENb, 30KpeMa €KOHOMIKO-MaTeMaTUYHY MOJCIIb,
PO3PI3HSIOTH JBa THUIM 3MIHHUX: €K30T€HHI Ta EHAOTCHHI. FEK302eHHi 3MiHHI
BU3HAUYAIOTHCS 11032 MOJICIUIIO, @ eHO02eHH1 3MIHHI BU3HAYAIOTh y XO/1 PO3paxyHKIB
3a mozaewno [1]. MaremaTuuHi Momeni pi3HHX 00 €KTIB MOXYTh MaTH OJHAKOBY
MaTEeMaTUYHY CTPYKTYpy, ajieé pi3HI 3MICTOBHI 1HTeprperalii, To0To OAHY U Ty X
MaTEMaTUYHY MOJIC]Ib MOKHA BUKOPUCTATH JUISI JIOCIIJDKEHHS PiI3HUX 00’ €KTIB.

[Topsig 3 eKCTIEepUMEHTOM, MaTEMaTUYHE MOICITIOBAHHS € OCHOBHUM CIIOCOOOM
JIOCHIDKeHHS.  AKTHBHE  3aCTOCYBaHHS ~ MaT€MaTHYHOrO  MOJIENIOBaHHSA Y
MaTeMaTUYHIN eKOHOMIII 00yMOBJICHE HACTYITHUMHU ITpHUnHamu [2]:

— HEMOXXJIMBICTH 3/1IHCHEHHS eKCIIEPUMEHTIB y OUIBIIOCTI BUTIAKAX;

— 3HaYyHl BUTPATH HA NMPOBEJCHHS €KCIIEPUMEHTIB;

— YCKJIaJJHEHHS THUIIIB 3aJ1a4, 1[0 PO3B’A3YIOTHCS Y XOJI1 JOCIIKEHb;

— CKOpOYCHHS TEPMIHIB JOCIIKEHHS Ta OTPUMAaHHS PE3yJIbTaTiB;

— MOXJIHMBICTh 0araTopa3oBOTO MOBTOPEHHS JOCIHIIKEHHS Ha MaTeMaTHYHIM

MOJIEJI.

3 TOYKM 30py 3MIHHM CTaHy CHCTEMH Yy Yaci PO3PI3HIAIOTH JAUHAMIYHI Ta
CTaTH4HI MOJIeTl. Y cmamuunux mMooesax po3riasgaloTh CTaH CUCTEMH Y KOHKPETHUH
MOMEHT Yacy 1 3MiHH1 XapaKTepUCTUKU MOJIEIII HE 3aJeXarh BiJ yacy. B ouramiynux
MoOesiax BOHU € (DYHKIIISIMU Yacy.

3 TOYKH 30py BpaxyBaHHS BUMAJAKOBUX (DAKTOPIB PO3PI3HAIOTH JE€TEPMIHOBAHI
Ta CTOXaCTUYHI MOJeNi. [Jemepminosarni modeni iepe6ad4ar0Th HAIBHICTh KOPCTKHUX
(GYHKIIIOHAIBHUX ~ 3B’SI3KIB MK 3MIHHUMH ~ Mojueli. Cmoxacmuuni  mooeii
JIOMYCKAOTh HASBHICTH Jli BHUMAIKOBUX (AKTOpPIB HA CHUCTEeMYy — 00 €KT
JoCipKeHHsl. BOHM BUKOPHCTOBYIOTH [JISi MOJICTIOBAHHS CHCTEMH amapaTr Teopii
HMOBIPHOCTEH, MaTeMaTUYHOI CTAaTHCTUKH, TEOpii BHUIAJKOBHX TIPOIECiB. 3a
BUTJISIZIOM CITiBBITHOIIIEHb MK 3MIHHUMU PO3PI3HSIOTH JIIHIlIHI Ta HeAiHIlHI MOICIIL.
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Onmumizayitini moodeni nependavyaroTb MOOYJOBY LUIKOBOT (PYHKIII, IO
BiloOpakae pe3ynbTatu (PYHKIIOHYBAHHSI CUCTEMHM Ta MOAANbINE JOCTIIKEHHS ii Ha
€KCTPEMYM 3 BpaxyBaHHSIM OOMEKEHb HA CUCTEMY.

3a MeTolaMHu aHaii3y MOJENl PO3PIBHSAIOTH MOJAENI, IO JOCHIKYIOThCS
aHAMITUYHO Ta YUCEIbHO. Pe3ynpTaToM aHaIITUYHOIO AOCTIIKEHHS € OTpUMAaHHS
dopmyn, 110 3aaI0Th IIYKaHI BETUYMHH Y SBHOMY BHUTJISIIL, TYT MOXYTh OyTH TaKOXK
OTPUMAaH1 BUCHOBKH IPO CTIUKICTh PO3B’A3KY, HASIBHICTh Y HHOTO OCOOJIMBUX TOYOK,
HOro acCUMOTOTHKY TOIIO. Y OUIBLIOCTI pealbHUX BUNAAKIB MaTeMaTH4YHY MOJEIb
HEMOXJIMBO 3BECTU JO BUIUIANY, JUISl SKOTO MOXJIMBO OTPUMATH aHATITHYHUN
PO3B’SI30K 3a YMOBHM 30€pekKeHHsI aJeKBaTHOCTI Mojeil. Tomy st JAOCIiKEHHS
MOJZIeNll BUKOPUCTOBYIOTH 4YHCEIbHI MeTomu. IIpoGnemamu mnpu BHKOPUCTaHHI
YHUCEJIbHOTO aHalli3y MOXYTh OyTH HEKOPEKTHICTh a00 HECTIMKICTh MOOym0BaHOi
MaTEMaTU4YHOI MoJieJl. Y HEKOPEKTHO IOCTaBJIEHOI 3ajadl BIACYTHIN €AMHUI
PO3B’s130K (Hioro Hemae abo po3B’SI3KIB JEKUIbKa). HecTiKICTh MOJEsl 03Havae, 1o
MaJi MOXUOKHU y BU3HAYEHHI il BUXIAHUX JAHUX CIIPUYMHSIOTH BEJIUKI BIIXUICHHS Y
OTPUMAHUX pe3yjbTaTax. Y TaKuUX BHUMAJKaX 3aCTOCYBAHHS YHUCEIBHUX METOMIB
3/1€0UTBIIIOTO HE MAE CEHCY.

JIo OCHOBHHMX BJIACTHMBOCTCH MaTEMaTHYHUX MOJCICH BIJHOCATH IX
CKIHYCHHICTb, CHPOIIEHICTh, HAOIMKEHICTh, TTOBHOTY, aJ€KBAaTHICTh Ta ICTUHHICTH

[3].

Ckinuennicms MoOeni O3HAYa€e, IO BOHA BIJOOpakae IHIIE JESIKI 3
XapaKTepUCTUK, MPUTaMaHHUX OpuriHainy. BoHa oOymoBieHa OOMEKEHICTIO Yacy,
OTPiOHOTO JJIsE pO3pOOKH Ta aHAJI3y MO,

Cnpowernicmov moldeni 03Ha4ae, MO TpU i1 1oOymoBI Oyau BIAKUHYTI
XapaKTEPUCTHUKHU OPUTIHAIY, HECYTTEBI JJIS JOCIIITHUKA.

Habnuoicenicme  03Ha4ae, 1O MOJENb JIMIIEC HAOMIKEHO BimoOpaxkae
XapaKTePUCTUKH CHUCTEMH Ta CIHIBBIAHOIICHHS Y HiM. TUNOBMMH TpUKIaIaMH
HaOIMKEHb, [0 BUKOPHUCTOBYIOTHCSA NMPU MaTEMAaTHYHOMY MOJIEIIOBaHHI, € 3aMiHa
JTUCKPETHUX CHCTEM HEMEPEPBHHMHU Ta HABIIAKH, 3aMiHA HEIHIMHUX 3aJICKHOCTEH
JIHIMHUMH, YCTaHOBIICHHSI OOMEKEHb Ha TOYHICTh OOYHCICHHS PE3yIbTaTiB TOIIO. 3
CKIHUYEHHOCT1 Ta HAOJMKEHOCTI MOJIei BUILIMBAE, IO BOHA BiIOOpa’kae OpUTIHAT
HenoBHO. CTYIiHb 706HOMU MOOe/i 3aJIeKUTH BiJl METH Ta 3a7a4 MOJICTIOBAHHS.

Aoexeamuicmv  moOeni  XapakTEpU3ye€  MOXIUBICTh  peamizamii MeTu
MOJICTIOBaHHSA, a 1i icmuuuicms BigoOpaXkae BIAMOBIAHICTH MOJENI ICHYIOUHUM
3HAHHIM TIPO 00’ €KT MojiemtoBaHHs. KpuTepisiMmu aqekBaTHOCTI € BIHOOpakeHHsI BCiX
CYTTEBHX BJIACTHBOCTEH 00’€KTa OCHTIKEHHS, BIpHE BiMOOpaXEHHS ICHYIOUYHX
B32€MO3B’SI3KIB MK OKpEMHUMH €JIEMEHTaMH CKJIaJHOI cucTteMu. [Ipm KimbKicHOMY
JOCIIHPKCHH] TTOKAa3HUKOM a/ICKBATHOCTI MOJIEIII € BEJITMYMHA BIAXUICHHS PE3YIbTaTIB
MO/ICJIFOBaHHS BiJl ICHYIOUMX €MIIIPUYHHUX JaHUX. ICTUHHICTH MOIEJ1 HE € TapaHTIEI0
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ii anmekBaTHOcTi. Lle Moxke OyTH OOYMOBIIEHO HAKONWYEHHSM OOYMCIIOBAIBHHUX
MOXUOOK MPH pO3paxyHKax Mo Mojeil. 3 1HIIOro OOKY, aJIeKBATHUMU MOXYTh OyTH
MoOJiell, II0 He € icTUHHUMU. [IpukiaaoM e perpeciiiHi Mojenl Ajis TpOrHO3yBaHHS
MOBEAIHKA CHCTEMHM, IO JOCIHIKYEThCA, Y JEIKOMY Jiama3oHl 3MIHM BXITHHUX
napameTpiB, He B1J0Opa)xarouu Mpu HbOMY BIIOMI1 AaH1 MO0 CTPYKTYPH CUCTEMH Ta
B3a€MO3B’3KIB MIX ii €JIeMEHTaMHu.

1.3 Po3BMTOK MAaTEeMAaTHYHOI €EKOHOMIKH SIK HAYKH

MaremaT4HEe MOJICIOBAHHS SIK KITBKICHUM METOJ JOCHIPKEHHS €KOHOMIKH
Mae€ J1aBHIO icTopito. CTAaHOBICHHS Ta PO3BUTOK MAaTEMAaTUKH Ta €KOHOMIKH SIK HayK
Ha MpoTs31 0araTb0X CTONITH BiOYBajJOCh 3a BJIACHUMHU 3aKOHAMHU, ajieé OJIHOYACHO
JTOTUKAIUCHh MIX c000t0. BXke y 4acu aHTUYHOCTI 3 PO3BHUTKOM TOBapHO-TPOIIOBUX
BITHOCUH 3 SIBJIIIOTHCS KUIBKICHI BEJIMYMHU SK MIpH SIKOCTI. 3acTOCYyBaHHS
apu(METUKHA y BUPIMICHHI MATaHb TOBAPHO-TPOIIOBUX BITHOCHH PO3TIISAIATUCH Y
TpakTaTtax Apictorens, KceHodoHTa Ta IHIIMX JaBHBOTPEIBKHX BYCHHX.
Cucremaruzaiiiss Ta o0poOka KUIBKICHUX Pe3yJbTaTiB TOCMOAAPCHKUX JOCHIIHKEHb
npuBeJa 10 CTBOPEHHS CTATUCTHKW Ta CTATUCTUYHUX METOMIB OOPOOKH KUIBKICHOT
iHbopMmarlii, o ¥ 3apa3 BiIirpae BaXXJIUBY pPOJb Y MAaTeMaTH4YHIA E€KOHOMIIIL.
[TpaktnyHo 10 18-r0 CTOMITTS OCHOBOK MAaTEMAaTHYHOTO arapaTy B €KOHOMIYHUX
JOCHTIDKeHHSIX Oy apudmeruka Ta cratuctuka [1]. Ha mpoMy erami po3BHTKY
MaTeMaTHYHOI €KOHOMIKM BapTO BHJUIMTH JOCIIKCHHS BIJOMOTO aHTJIIMCHKOTO
ekoHomicra Y. Ilerri. BiH 0OIpyHTYBaB 3acTOCYBaHHS OCHOBHI NPHHIUIH
CTAaTHUCTHUKH B E€KOHOMIYHMX MJOCTIIHKCHHSIX. [CTOPMYHO NEpIIod MaTeMaTUYHOIO
MOJCJUTIO HAI[IOHAJIBbHOI E€KOHOMIKM CTBOpeHa Yy 18-My CTONITTI ¢paHIly3bKUM
ekoHomictoM @. Kene, sika orpumana Ha3By «ExoHomiuHa Tabmwuis Kene», y skii
MICTHJIUCh TTOYaTKOB1 1mei exkoHomiuHOoi nuHamikk. Kpim Toro, mpari @. Kene
MICTHJIM TIOYAaTKHW CY4YacHOi Teopii pUHKY, MOJEIb MYJbTHIUTIKaTOopa ToImio. BiH
cripoOyBaB BUSBUB TCHJICHIIT Y PO3BUTKY €KOHOMIKH DpaHITii.

[Tomampmmi  ycmixu 3acTOCyBaHHS MaTEeMaTHUYHHUX METOJIB y EKOHOMIII
MOB’s13aHI 31 CTBOPEHHSM Ta PO3BUTKY MAaTeMaTHUYHOIO aHali3dy, 30Kpema,
nudepeHIiaIbHOTO YHUCIIeHH. MaTtemartu3allis €eKOHOMIKHA OyJjia 3aKOHOMIPHUM Ta
MPUPOAHUM TIPOIECOM, OCKUIBKM y HayKax, JAe¢ cGpopMyBaiucs CTaOUIbHI MOHSATTA,
aKTyaJIbHE 3aBJaHHS € YCTAHOBJICHHS 3B’SI3Ky MK HUMHU. Y €KOHOMIIIi 116 MOKJIMBE
3a JIOMOMOTOI0 BHUBYCHHS KUIBKICHOTO BHpa3y TaKOro 3B’S3KY, y 3B S3KYy 3 IIUM
BUHUKAE HEOOXITHICTh 3aCTOCYBaHHS MAaTEMaTHYHOIrO amapary. MaTemaTh4He
MOJICIIIOBaHHS — II€ JIMOBHI IHCTPYMEHT, IO JTO3BOJISIE HE JIUIIE MOSICHIOBATH, a U
MPOTHO3YBATH TIOBEAIHKY 00’ €EKTY JTOCIIKEHHSI.

Ha pannbomy eTami po3BUTKY MaTeMaTW4YHOi eKOHOMikH y 18-19 cromiTTsix
OCHOBHMM MaTeMaTHYHUM amapaTtoM Oyno audepeHiiaipbHe Ta IHTErpajbHe
gyucneHHs [4]. BukopucTaHHS TOXigHOI JO3BOJIMJIO BBECTH B CEKOHOMIiYHI
JOCTI/DKCHHST TIOHATTSA €NacTUYHOCTI. Y cdepli MareMaTuyHOI EKOHOMIKH TYT
Bim3Haunt pobotn  bepnymm, Jlammaca, Kypuo, Ilackams, Banbpaca.
[IBeituapcekuit ekonomicT JI. Banbpac nmoOyayBaB y3arajibHEHYy T€MaTUYHY MOJICIIb
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€KOHOMIKHU KpaiHu. [ paHMYH1 EKOHOMIYHI T€OPIii — FPAHUYHOT KOPUCHOCTI, IPAHUYHO1
JNOXIAHOCTI, TPaHWUYHOI MPOAYKTHBHOI mpaui 3amnpononyBanu Y. C.JI)xeBoHc,
K. . beiirc. BunatHuii exonomict JI. M. KeitHC cTBOpMB Mozenp 3arajbHOi
€KOHOMIYHOI PIBHOBAr#, MOJIEJIb TPOLIOBOTO 00iry, Mojenb iHIsii [4].

Y 20-my cTomiTTi Iy pO3B’SA3aHHS EKOHOMIUYHUX 3a7a4 MaTeMaTUYHUMU
MeTOJaMHU, 30KpeMa, 3ajad ONTUMI3allli, CTBOpEHa MaTeMaTH4Ha JUCIUIUIIHA —
JOCJIJKEHHsT omepallidi ta Teopis irop. Tyt cmin Big3Hauutu mpami [I. Jlanira,
JI. KantopoBuua, B.JleontreBa, B.Ilapeto, A.Banpna ta iHIIUX AOCHIIHUKIB. Y
pobotax ¢axiBuiB 31 craructuku P.dimepa Tta P. @pima cTtBopeHo (GyHIAAMEHT
BAYKJIMBOTO 3ac00y MOJENIOBAHHS MPUYMHHO-HACIIIKOBUX 3B’S3KIB Y €KOHOMIIl —
ekoHoMeTpukHu [2]. ExoHOMeTpHKa J103BOJIIE BCTAHOBUTH 3B SI3KH Y KIIbKICHIH
dbopmi MK EKOHOMIYHUMHU SIBUIIAMH, OKPEMHUMU €JIEMEHTAaMU €KOHOMIYHUX CUCTEM.
[Tomanpmuii  pO3BUTOK EKOHOMETPUKH SIK METOAYy TIi3HAHHS Y CKOHOMIYHHX
JTOCHIDKCHHSIX TPYHTYEThCS Ha CY4aCHUX METOJaxX Teopii WMOBIpHOCTEH Ta
MaTeMAaTUYHOI CTaTHUCTHKH, 30KpeMa, KIACTepHOMY aHali3y, CTOXaCTHYHUX
nudepeHIiaIbHUX PIBHSAHD.

Ha HMHIIIHBOMY eTari PO3BHTKY MaTEeMaTU4YHY CKOHOMIKY PO3TJIIal0Th 5K
MaTEMaTUYHY TEOPil0 CKOHOMIKH. AKCIOMU — 3 €KOHOMIKH, peIliTa — MaTeMaTHKa.
MaTteMaTHYHEe MOJICTIOBAHHS CKOHOMIKHM — II¢ CTBOPCHHS MaTeMaTUYHHX MOJCIICH
C€KOHOMIYHHMX CHUCTEM Ta iX aHaii3. [IpukiagaMu cydyacHUX MaTeMaTHUYHHUX MOJeleH
€KOHOMIKM € MOJIeJll BHPOOHMYMX TMPOIECIB, MOJEIl CIIBpOOITHUITBA Ta
KOHKYpEHIIii, MOJieJl PUHKY, TJIOOaJIbHI MOJEN MDKramay3eBux OallaHciB, Mojeni
Conoy, Heiimana Tta Oararo IHIIMX MaTeMaTUYHUX MoOJENEH, OTPUMAHHUX 3
BUKOPUCTaHHI Cy4aCHMX MaTE€MaTUYHUX IIIXOJIB: TEOPEMY IPO HEPYXOMY TOUKY,
OaraTo3HauHi BifoOpaXkeHHs, Teopiro rpadis, ppakTaibHi CTPYKTYpH TomIo [4].

He3Bakaroumn Ha BeJIMKUN 4aCOBU Mepioj pO3BUTKY MAaTEMAaTHUYHOT EKOHOMIKH
npobsiieMa MoOyJ0BM €KOHOMIKO-MAaTEMaTUYHUX MOJENEH CKIaJHUX E€KOHOMIUHHMX
CHUCTEM € JAJIEKOI0 BiJl OCTATOYHOI'O BHPIIICHOTO, ICHYIOTh Pi3HI MOJIENl OJHOTO U
TOTO X E€KOHOMIYHOrOo 00’€KTYy, BHUKOPHCTaHHS SIKUX MPUBOJIUTH 10 OTPUMAHHS
CyNepewInBUX pe3yJbTariB. MareMarndHa MoJieJIb EKOHOMIYHOTO OO0’ €KTy €
e(eKTUBHOIO JJIs 3aCTOCYBaHHS Ha MPAKTHII, SKIIO BOHA CIIMPAETHCS HA aJ€KBATHY
pPeagbHOCTI 3MICTOBY MOJICTh YU KOHIICHI[IIO. Y CydacHIM €KOHOMIUHIM HayIll iICHy€
0arato pi3HUX HAMpsMKIB, BCl BOHM B TIEBHI Mipi BHUKOPUCTOBYIOTh KUIBKICHI
CHIBBITHOIICHHS MDXK  JOCITDKYBAaHUMH  BEJIIMYMHAMH, TOMY BCl  BOHHU
BUKOPUCTOBYIOTh MAaT€MAaTHUYHE MOJCIIOBaHHA. MaremMartuk, W0 3aiMa€eThCs
MOJICITIOBAaHHSM €KOHOMIYHHMX 00’ €KTIB UM MPOIECIB, TOBUHEH MATH YITKY YABY PO
MpEeIMET MOJICTIOBAHHS Ta OPIEHTYBAaTUCS Y PI3HOMAHITHUX CYYaCHMX HayKOBUX
MIX0/1aX Ta KOHIETIISAX Y €eKOHOMII. Y IIbOMY BiH 3MOJKe TTOOYyBaTH MOJACIb, 10
€ 3MICTOBHOIO Ta aKTYaJIbHOIO 3 TOYKH 30py MPAKTHKNA €KOHOMIYHOT JiIsUTBHOCTI.

IuTaHHs Ta 3aBAaHHA JJISI CAMOKOHTPOJIsI 10 po3aiay 1

1. IosicHiT, 1O € mnpeaMeToM Ta 00 €KTOM JIOCIIIKEHHS MaTeMaTHIHOI
€KOHOMIKH.
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BkaxiTh 00’ €KT JOCIIIHKEHHSI MAaTEMAaTUYHOI EKOHOMIKH.

[losicHITh pU3HAYEHHS! MATEMATUYHOI €EKOHOMIKH SIK HAYKH.

[TosICHITP PI3HULIIO MK MAaTEMAaTUYHOIO €KOHOMIKOIO Ta €KOHOMETPHUKOIO.

OxapakTepu3yuTe OCHOBHI €Tanu PO3BUTKY MAaTEMATHYHOI €KOHOMIKH.

[TosICHITH 3MICT €KOHOMIKO-MaTEMaTUYHOI MOJIEIII.

Hapaiite o3Ha4eHHS OoNITUMI3a1iHOT MOIEII.

[losicHITP TpHU3HAYEHHS Ta HEOOXIAHICTh MaTeMaTHYHMX Mojened B

€KOHOMIYHMX JOCIIHKEHHSX.

9. IlosicHITh, Ky MaTeMaTHYHY MOJENb €KOHOMIYHOTO 00’€KTa MOYKHA BBaXKaTH
€(EeKTUBHOIO.

10.BkaxxiTh OCHOBHI PUCH CYyYaCHOT'O €Tany pO3BUTKY MAaTEMAaTUYHOT EKOHOMIKHU.

©NOOA W

VY HaBeJeHUX TECTOBUX 3aBJIaHHAX BKaXXITh BIPHY BIINOBI1/Ib.

1. OG’ekTOM JOCHIIKEHHSI MAaTEMaTUYHOI EKOHOMIKA € a)O0yab-siKi CHUCTEMH;
0) CKOHOMIYHI CHCTEMH; B)MaTeMaTUYHI MOJelli EKOHOMIYHHUX CHCTEM;
I') 3aKOHU €KOHOMIKH.

2. Y cTaTMYHMX MOJENIAX 3MIHHI MOl a)3ajexarb BiJ 4dacy; 0) 3ajexarb BiJ
cy0’€eKTa KepyBaHHS; B) HE 3aJIeKaTh BIJ] Yacy; I') HE 3aJeXaTh Bij 30BHIIIHHOTO
CepeIoBHUIIIA.

3. CroxacTH4Hi MoOJieNl JOMYyCKalTh a)HasBHICTh >KOPCTKUX (DYHKIIOHATIbHUX
3B’SI3KIB MK 3MIHHUMHU MOJEIsIMU; O) BIICYTHICTh KEpYBaHHsI; B) BpaxXyBaHHS
11 BUaaAKoOBUX (HaKTOPiB; I') AN TUBHICTD /10 30BHIINIHHOTO CEPEIOBUIIIA.

4. JletepMiHOBI MOJEN1 JOMYCKAIOTh a)HAsSBHICTh >KOPCTKUX (DYHKITIOHATBHUX
3B’SI3KIB MK 3MIHHUMH MOJIENIIMH; 0) BIACYTHICTh KEpPYyBaHHS, B) BpaxXyBaHHS
11 BUaaAKoBUX (HaKTOPiB; I') AN TUBHICTD /10 30BHIINIHHOTO CEPEIOBUIIIA.

5. I[Ipu mporHo3yBaHHI E€KOHOMIYHUX IMPOIIECIB HEMOXKJIMBO BUKOPHCTOBYBATH
a) MaTeMaTU4Hi1 Mozei; 0) Mojesl Moi0HOCTI; B) CTATUCTHYHI JIaHi; T') Cy4acHi
iH(pOpMaIIiiftHI TEXHOJIOTi.

Po3ain 2. CucteMHni miaxix y MaTeMaTU4YHid €eKOHOMI L

Jlekuisa 2. CucTeMHHH MiAXix 10 MOJEJIOBAHHA €KOHOMIYHHX 00’€KTIiB Ta
npouecis

MerTa jgekuii: HaaTH CTyACHTAM 3HAHHS PO CYTHICTh CUCTEMHOTO MiAX0IY Y
€KOHOMIKO-MaTEMaTHYHOMY MOJICITFOBaHHI.

ILinan
1. CuctemHWMA MiaXig TpU MOJCITIOBAHHI EKOHOMIYHUX 00’ EKTIB.
2. CyTHICTh MaTEMaTUYHOTO MOJICITIOBAHHS €KOHOMIYHHX CHUCTEM.
3. TloHATTS IMHAMIYHOI EKOHOMIYHOI CHCTEMH.
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KirouoBi TepMiHM Ta MOHATTHA: CUCTEMHUN MIAXIJ, MPUHLUINA CUCTEMHOIO
MIAX0AY, MIJACUCTEMA, EMEPEIKEHTHICTh, CHHEPT1sl, COLIIAJIbHO-€KOHOMIYHA CHCTEMA.

2.1 CucTeMHUIl miaXiJa MpU MOAeTI0BAHHI eKOHOMIYHUX 00’ €KTIB

CucmemHuti nioxio — 1€ METO0JOTr1S JOCIIKEHHS 00’ €KTa Ta o0y 10BU HOTO
MaTeMaTUYHOi MOJeNl, KOJM OO0 €KT PO3TISTAETbCS K IUIICHUM KOMIUIEKC
B3a€MOIIOB’ I3aHUX KOMIIOHEHTIB, III0 MA€ €HICTh 3 30BHILIHIM CEPEJIOBUILIEM, IO €
MiJICHCTEMOIO0 BHIIOTO MOPSAKY IO BiJHOIICHHIO 10 00 €KTy MojeiaroBaHHsS [5].
€IHICTh €KOHOMIYHOT CHCTEMHU 3 ii 30BHINIHIM CEPEOBUIIEM BU3HAYAETHCA IIEI0
00’ €KTMBHUX €KOHOMIYHHMX 3aKOHIB.

[Ipu mopentoBaHHI O0’€KTIB Ta MOJAHHS iX y BUIVISIAI CUCTEMU HEOOX1ITHO
BpPaXxOBYBaTH HACTYIHI BJIACTHBOCTEH CHCTEM:

1)  HUTICHICTh — CTIWKI BIAHOIICHHS MK €JIEMEHTAaMH CHUCTEMH, KOJHM CTaH
JO00r0 11 eIEMEHTY 3aJIeKUTh Bl CTAHY CUCTEMY 1 HABIAKU;

2)  TOOUIBHICTh — CHCTEMY SK IUIICHUM 00’ €KT MOXKHA 300pa3uTu
MOJIJICHUM Ha OKpPEMi CIICMCHTH;

3)  130JIbOBaHICTh — KOMIUICKC OO0’€KTiB, IO YTBOPIOKOTH CUCTEMY Ta
3B’SI3KM MDK HUMH MOXHA BHJIUIMTH 3 1X OTOYEHHS 1 PO3MISLAATH 130JIbOBAHO
(1301bOBAHICTh CHCTEMHU € BIIIHOCHOK, OCKUIBKM BIJKpHUTAa CHCTEMa IIOB’s3aHa 3
CepeOBUIIEM Yepe3 JesKl eJIEMEHTH, 10 € BXOJaMU Ta BUXOJIaMH ),

4)  CTIHKICTh — cHCTEMa IMOBUHHA HOPMaabHO (DYHKI[IOHYBATH 3a HAsSBHOCTI
30BHIINIHIX BILUIMBIB;

5) PI3HOMAHITTS — KOXXHUU €JIEMEHT CHCTEMH Ma€ BJIACHY IMOBEAIHKY Ta
CTaH, BIIMIHHUM BIJ TIOBEIIHKM Ta CTaHy IHIIUX EJIEMEHTIB Ta CHCTEMH K
ITICHOCTI;

6) 11eHTH()IKOBAHICTh — KOXKEH €JIEMEHT CHUCTEMH MOJKHA BIIPI3HUTH Bil
IHIIUX T1 CKJIaJOBHX;

7) crabumizamisi — CHUCTEMa MOXKE 3IIMCHIOBATH BIJHOBJIEHHS CBOIX
€JIEMEHTIB;

8)  cmocTepexHiCTh — BCl BXOAUW Ta BHUXOJM MOJXKHA CIIOCTEpIraTH
JIOCITITHUKAMH;

9)  amanTUBHICT — cUCTeMa 30epirae craH pPyxXxOoMOi piBHOBaru 3i CBOIM
30BHIIIHIM CEPEIOBUIIEM Ta CTIMKICTh 10 30BHIIIHIX 30yPCHb.

CucteMHHMIA TIAX1A O MOJETIOBAHHS €KOHOMIYHUX 00’ €KTIB IPYHTYETHCS Ha
MPUHIMIAX IHTETPATH3MYy, HEBU3HAUEHOCTI, IHBAPIAaHTHOCTI Ta MPHUHIUI TOJOBHHUX
BUJIB MisTbHOCTI. [IpyHIMI 1HTETpaTU3My MOJSITa€ B TOMY, IO B3a€EMOBITHOCHUHU
YaCTHHH Ta [UIOTO XapaKTepU3YIOThCS TpPbhOMa e€JIeMEHTaMHu: 1) BUHUKHCHHS
B3a€EMOJIi Ta 3B’SI3KIB MK €JIEMEHTAMU CHCTEMH SK YaCTHHAMH IIUIOTO; 2) BTPATOIO
JESIKUX BIIACTUBOCTEH YACTHMHH TPH BXOJDKEHHS N0 CKJIAAy IIUIOTO; 3) MOsIBI HOBHX
BJIACTUBOCTEHN Yy IIJIOTO, OOYMOBJIEHUX BIACTUBOCTEN OKPEMHUX CKJIaJOBUX YACTHH.
[Ipu 1boMy 00OB’SI3KOBOIO € BHOPSIAKOBAHICTh YaCTHUH CHUCTEMHU, JIETEPMIHOBAHICTD
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iX MPOCTOPOBUX Ta (PYHKUIOHAIBHUX B3a€EMOBIAHOLIEHb, KOJIM YaCTUHA CTAHOBUTHCS
KOMIIOHEHTOM 1HTErpajbHOro Iijioro [4].

[IpuHUMI HEBU3HAYEHOCTI MOJIATA€, 110 HA MOYATKY Ta B KIHII €KOHOMIYHI
MPOIIECU € 3HAYHOK MIPI0 HEBU3HAYEHUMHU. Y 4Yacl BOHU MOCTIHO 3MIHIOIOTHCH,
TOMY, SIKILIO BAQJIOCH 3’SICYBaTH JESKY BJIACTHBICTh IPOLECY, TO BOHA € ICTUHHOIO
JuIIe y el MOMEHT yacy 1 y JaHiid cuTyauii. EKOHOMIYHI mpouecu MnoTpioHO
po3risaTd 3 BpaxyBaHH1 Jii BumaakoBux (axrtopiB. IIpuHUIMI HEBU3HAYEHOCTI
CTBEPIIKYE, 110 ICHY€E piBeHBb (PAKTOPIB, KOJM iX Majl BIAXWICHHS BEAYyTh /10 3MIHU
CTaHy cuUcTeMH. UMM CKIaJHIIIa MOJENb CUCTEMH, TUM OUIbII HEBU3HAYEHHMU €
pe3yabTaTu, OTPUMaH1 BHACIIAOK il JOCTIIKEHHS.

[IpyHIMT 1HBapIAHTHOCTI MOJIATAE Y TOMY, IO MOJIENIb CUCTEMHU MMOBUHHA OyTH
IHBapIaHTHOIO IS JIFOOMX OpraHizalifHuX GopM T AISUIBHOCTI 1 X 3MiHA HE TOBUHHA
3MIHUTH CYTHICTb Mojeii. [IpUHUUI TOJOBHUX BHIB JISUIBHOCTI MOJIATAE, IO Y
PI3HHUX CUCTEM ICHYIOTh CTaHAAPTHI OJHOTHUITHI BUJIU JISTIBHOCTI.

[Ipu moOyn0BI €KOHOMIKO-MAaTEMATUYHOI MOJIEN TOTPIOHO BPaxOBYBATH TaKi
OCOOJMBOCTI  MOJCNIOBAHHS  €KOHOMIYHMX  CHCTEM: 3pPOCTaHHS  KUIBKOCTI
MDKIMCIUIUTIHAPHUX TMPOoOJieM, KOMIUIEKCHICTh MpoOJeM Ta HEOOXITHICTh iX
BUPIIICHHS 3 BPaxXyBaHHSIM €JIHOCTI €KOHOMIYHUX, COIIaJIbHUX, MCHUXOJIOTTYHUX Ta
TEXHIYHUX aCHEKTIB, YCKJIAIHEHHS EKOHOMIYHUX 00’ €KTIB, 3pOCTaHHSIM KUIbKOCTI
3B’SI3KIB MDK €JIEMEHTaMH Yy CHUCTEMi, JMHAMIYHICTb EKOHOMIYHUX MPOIIECIB,
MO>KJIMBOCTI 3aCTOCYBaHHS Cy4aCHUX 1H(GOPMAI[IHHUX TEXHOJIOT 1.

2.2 CyTHicTHh MAaTEeMATHYHOTO MO/IEJIIOBAHHSI eKOHOMIYHMX CHCTEM

Cucmema — 11e CYKYIHICTb B3a€EMOTIOB’ I3aHUX €JIEMEHTIB, IO CIUIBHO i€ TS
JIOCATHEHHsI TeBHUX mued. [lizcmcreMor0 Ha3WBAaIOTh MIAMHOXHHY €JIEMEHTIB
CUCTEMH, IO JIFOTh I JOCATHEHHS NIEBHUX ITUICH, Y3TOKCHHUX 3 IIISIMU CUCTEMH.
Hancucrema — 11e 30BHIIIHE cepeioBHIIE, Y AKOMY (YHKIIOHYE cucTteMa. OCHOBHOIO
METOI0 €KOHOMIKH € 3a0€3MEeUYCHHS CYCITUILCTBA MPEJAMETAMU CIIO)KMBAaHHS, Y TOMY
9uCcai W Ti, IO CTBOPIOIOTH YMOBH IS Oe3leku CcycniabcTBa. EKOHOMIiKa
CKJIAJIAa€ThCA 3 €JIEMEHTIB — OJMHHUIIL TOCIOJapioBaHHS (IAMPHUEMCTB, JTOMAIIHIX
rocrojiapctB). Haacucremoro HalioHaIbHOI E€KOHOMIKH € TPHUpPOAA, CBITOBA
€KOHOMIKa Ta CYCIIbCTBO, ii OCHOBHI IMIJCUCTEMH — BHPOOHMYA, (HIHAHCOBO-
KpeauTHa Ta cepa oOMiny [3].

Exonomika sik 00’€KT MOJIETIOBaHHS Ma€ HACTYIHI JIBl OCHOBHI OCOOJHBOCTI.
[lo-mepiie, mpu MOJENIOBaHHS E€KOHOMIKM HEMOKJIMBO BUKOPHUCTOBYBAaTH MOJEII
nmoaidHOCTI, TOOTO mMOOymyBaTh 1ii 3MEHIIEHI KOmii 1 HaJ HUMHU MPOBOJIUTH
nocmkeHnas. [lo-gpyre, y €KOHOMII 3HAYHOI MIipOK0 OOMEKEHI MOKIHMBOCTI
JIOKAJTbHUX €KOHOMIUYHHUX €KCIIEPUMEHTIB, OCKUIBKHU BCI 1i YaCTHHU B3a€MOIIOB’ s3aH,
TOMY €KCIIEPUMEHT HaJl OJHIEI0 y «YHCTOMY» BUTIISAAl HeMokinuBwil. [Ipsmi
EKCIIEPUMEHTH 3 €KOHOMIKOIO MAlOTh SIK MO3UTUBHHM, TaK 1 HETaTMBHUM AaCIIEKT.
[lo3uTBHMIA acCMeKT TMoJsira€ B TOMY, TYT 3pa3y IMOMITHI KOPOTKOTEPMIHOBI
pEe3yNbTaTH EKOHOMIYHOI TIONITHKHM, WO 3IACHIOEThCS. HeratuBHa cTOpOHA
EKCIIEPUMEHTIB HaJ] €KOHOMIKOIO TOJIATA€ y TOMY, IO HEMOXJIMBO TMepeadadnuTu
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CEpeHbO-Ta JOBFOTEPMIHOBI HACIIKM pIIMIEHb, [0 HNPUUHATI y HOPAIAKY
EKCIIEPUMEHTY.

PeanbHl €eKOHOMIUHI O0’€KTH € JAOCHUTH CKIAJHUMH, TOMY JJI iX BUBYEHHS
CTBOPIOIOTH iX Mojesi. Mojeni MOBUHHI OyTH AOCTYHHUMHU JJIsi BUBYEHHS, TOMY
BOHU HE NOBUHHI J1y’K€ CKJIAJJHUMHU, TOOTO BOHH CIIPOILYIOTh peanbHuil 00’ekT. [lpu
IIbOMY BOHHM TIOBMHHI BiIOOpakaTH HaWBaXUIMBINIL JJI1  JOCTIIKEHHS PHUCH
peasbHOTO 00’ €KTA.

[IporHozyBatu pe3yiabTaTH MOKJIMBO 3 BHUKOpUCTaHHI Mmopeni. CmodaTky
OyIyeThCS KOHIIENTyaJbHA MOJEIb PO3BUTKY €KOHOMIYHOI CHUCTEeMH 4YM ii
MIJICUCTEMH, 110 TPYHTYEThCS Ha aHaji3l MUHYJIOrO JOCBiAYy. Y CBOIO Hepry,
KOHIICTITYallbHI €KOHOMIYHI MOJeNl CKIajalTh (yHIaMeHT [Js 1oO0yJ0BU
MaTeMaTUYHUX Mojeneid. Po3pobka maTeMaTWYHUX MoOJENe, M0 aJeKBaTHO
BiZIOOpaXKalOTh PEaNbHICTh, € JOCHTh CKIIATHUM 3aBHaHHAM. [IpoTe BUKOpUCTaHHS
MaTEMaTUYHUX MOJCJICH HaJlae MOXKIMBOCTI MPUHAHATTS OOTPYHTOBAaHUX PilllEHb
BITHOCHO 00’ €KTa MOJICTIIOBAHHS 1 JOCUTh TOYHO MPOTHO3YBATH 1X HACIIIKH.

Po3rnsiHeMo CTpyKTypy €KOHOMIKH SIK 00’ €KTa MaTEeMaTHUYHOTO MOJICTFOBAHHSI.
[Ipu BUKOHaHHI CBOET OCHOBHOI (DYHKIIIT EKOHOMIYHA CUCTEMA BUKOHY€E HACTYIHI Jii:
pO3MIIye pecypcH, BUPOOIIsie MPOMYKITiIO Ta HAJAa€ TMOCIYTH, PO3MOIUISIE MPEAMETH
CTIOKMBAHHS Ta 3A1MCHIOE HAaKOMWYCHHS. BOHa BHKOPUCTOBYE TPYIOBI Ta MPUPOIHI
pecypcu, y HIM 3I1MCHIOETHCS BHUPOOHUIITBO TOBApiB Ta HAJaHHS MOCIYT, SIK1 Y
CYKYMHOCT1 yTBOPIOIOTh BaJOBUI BHYTPIIIHIA MPOIYKT, MOTIM 3IHCHIOETHCA HOTO
PO3MOJIUT Ta CIIO’KUBAHHSI.

Exonomiuna cuctema, B CBOIO YEpry, € MIJCUCTEMOIO JIOACHKOTO CYCIUILCTBA.
Bona € ckimagHOIO CHCTEMOIO, IO CKIAAEThCS 3 BUPOOHMYMX Ta HEBHUPOOHHUMX
ONIMHUIb, IO 3HAXOAATHCA MDK CO00I0 y BHPOOHHYO-TEXHOJOTIUYHUX Ta
OpratizaniifHo-ToCIoAapchkux 3B’ s3kax. 1o BIHOIIEHHIO 10 €KOHOMIYHOI CUCTEMU
KOKHHI 4JIeH CYCHIJILCTBA BUCTYIIA€ Y TBOX POJISIX: 3 OJIHOTO OOKY, BiH € MpalliBHUK,
3 IHIIIOTO, — CIIO’KHBAY.

Y BUpPOOHMYOMY TMpoIrieci, KpIM MPUPOAHUX Ta TPYAOBUX PECYPCIB, 3aJisiHI
3acobu BupoOHuUITBa [5]. 3acoOu BUPOOHHMIITBA MOAUIAIOTH Ha 3aco0M mpari Ta
npenMeTy mpaiii. 3acobu mpaili 6epyTh y4acTh y KUTbKOX BUPOOHMUYUX IHKIAX JI0 1X
3aMIHM BHACHIIIOK 1XHBOTO (HI3MYHOTO YW MopanbHOro 3Hocy. Ilpeamern mparri
(cupoBuHa, MaTepiann) OepyTh y4acTh y OJTHOMY BUpOOHMYOMY IuKJi. HakommdeHi
3aco0u BUPOOHMIITBA CKIIAAI0Th BUPOOHUY1 (hoHau. BOHU CcKilamatoThesi 3 OCHOBHHUX
BUpOOHNYNX (DOHIIB (HAKOTUIEHHX 3aC001B BHPOOHUIITBA) Ta OCHOBHHUX OOOPOTHHX
¢dboHMIB (HAKOTIEHUX MPEIMETIB Mpaili).

OcHoBHI BUpoOHMYI (DOHIM HA TPOTA31 JOBrOTO MEPioy Yacy oOCIyroByIOTh
BUPOOHUYHH TpoIiec, 30epiraroyu IMpu IIbOMY CBOIO HATypajabHy (DOPMY 1 YaCTKOBO B
MpoIECi 3HOCY MPUHMAIOTh y4acTh Y CTBOPEHHI BapTOCTI BUPOOJIEHOTO MPOAYKTY.
BinHOBNEHHS OCHOBHUX BUPOOHWYMX (OHIIB 3HIHCHIOETBCA 32 PaxyHOK
aMOPTHU3AIIMHUX BipaxyBaHb, 30UTHIICHHS OCHOBHUX BUPOOHWYUX (OHAIB — 32
paxyHOK KamiTAIbHUX BKJIQJCHb Yy BUTIAAlI iHBecTHiiil. OO0opoTHi GdoHAM
CKIQJAIOThCS 3 TMPEAMETIB Tpari, IO 3HAaXOAATbcs y BUpoOHUITBL. Croau
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BITHOCSITHCS PEAMETH Ipalll, 110 BXOJATh Y HE3aBEPIIECHY MPOAYKIIIO Ta BUPOOHUY1
3amnacH.

BHacnigok AisSIbHOCTI  HALIOHAJBHOI E€KOHOMIKM 3a pIK BCl  Talysi
MaTepiallbHOr0 BUPOOHHUIITBA CTBOPIOIOTH BajOBHI BHYTpiHIN mpoaykt (BBII). ¥V
HaTypasibHO-peuoBiii Gopmi BBII posmamaerbcss Ha 3aco0u mpaili Ta MNPeIMETH
CIOKMBAaHHS, y BapTicHIM gopMi — Ha amopTuzauidiHuii ¢Goua (pona 3aMileHHs
BUOYTTSA OCHOBHUX (DOH/IIB) Ta HOBY CTBOPEHY BapTICTh (HalliOHAIBHUHN 10X01) [4].

VY nporueci crBopenHss BBII BupoOHuua mijcucreMa €eKOHOMIKM BHpOOJIsie€ Ta
3HOBY CHOXKMBA€ MPOMDKHUNA MPOAYKT, TOOTO MpEeIMETH Mpaill, BUKOPUCTAHHS JJIs
MOTOYHOTO BUPOOHMUYOTrO CHOKUBAHHS, IX BapTICTh MOBHICTIO IEPEXOAUTH Y BAPTICTh
OpeIMEeTIB Tpall 4Yu MpeAMETIB CHOXUBaHHS, MO BXxoAsTh y BBIL VYV skocti
PO3PaXyHKOBOTO JAOMOMDXHOTO MOKa3HHUKA YacTO 3aCTOCYIOTh BaJIOBE BUPOOHMIITBO,
10 € cymapHoro Baptictio BBII ta npomixxHoro mpoaykry [5].

3anayer0 BUpOOHUYOT MIJICUCTEMH HaIllIOHAJIBHOI €KOHOMIKM € NEPETBOPEHHS
npenMeTiB npaii y ToBapu. OcHoBHA (QyHKIIS (PIHAHCOBO-KPEIUTHOT MIJICUCTEMU €
peryitoBaHHs (HIHAHCOBUX MOTOKIB, 1M00 3a0€3MeYUTH CTaOUTLHUM Ta CIpaBeIUBUMA
OOMIH TOBapiB Ta MOCIYraMH MK €JIEMEHTAMU €KOHOMIYHOI CUCTEMHU.

OCHOBOIO E€KOHOMIYHOI CHCTEMH € BHUPOOHUYI TOCMOJAPCHhKI OJMHUII
(BUpOOHUMY1 MIANPUEMCTBA), 110 MAIOTh T'OCMOAAPCHhKY caMOCTIHHICTh. KoxHa Taka
BUPOOHMYA OJMHMII Ma€ 3acoOu Tpalli, SKI JO3BOJSAIOTH 3AIMCHIOBATA OJWH YU
KUTbKa BUPOOHMYHUX TpoleciB. Y Kypci MaTreMaTUyHOI EKOHOMIKH 00’ €KTOM
MOJICJTFOBAHHS € SIK €KOHOMIKA B I[IJIOMY, TaK 1 il OKpeM1 TocrmoapchKi OTMHUILL.

2.3 IIoHATTA JMHAMIYHOI € KOHOMIYHOI CHCTEMH

Ilin  cucmemoro PpoO3yMIIOTh CYKYIIHICTh B3a€MOIIOB’SI3aHMX  C€JIEMEHTIB.
CorrialbHO-€KOHOMIYHI CHCTEMHU CIpPSMOBaHI Ha JOCSITHEHHS TIEBHOI MeETH.
[TincucreMa — 1e YaCTHHA CHCTEMH, IO peali3ye MEBHY METY, Y3TOJDKEHY 3 METOIO
cucteMu. Hajcucrema — 11e 30BHIIITHE CEPEIOBUIIE, Y AKOMY (YHKI[IOHYE CHCTEMA.
Bynp-sika cucrema Mae BIIACTHBOCTI emepeddcenmuocmi, TOOTO HasiBHI CHCTEMHI
BJIIACTHBOCTI, 1[0 HE MpHUTaMaHHI I1X CKIagoBUM eineMeHTaM [4]. Exonomiuna
cucmema — 1€ CYKYIHICTh TOCIOJAPCHKUX OJIWHUIL (Tally3eH, MiANPUEMCTB YU
HiAPO3AUTIB  TIANPUEMCTBA), IO 3HAXOIATHCS Y BUPOOHHYO-TEXHOJIOTIYHHUX Ta
OpraHi3aniifHO-TOCIIOapChKUX 3B’s3Kax. bynb-sika cuctema, MmO COpsSMOBaHa Ha
JIOCSITHEHHS TIEBHOT METH, CKIIAJIA€ThCS 3 OpraHy KepyBaHHS Ta 00’ €KTy KepyBaHHS
[6].

VY cBOili AISUTBHOCTI CHCTEMH Ta iX €IEMEHTH MEePETBOPIOIOTH BXOIU HA BUXOJIH.
JIisi €KOHOMIYHMMHU CHCTEMaMH BXOIH € PECypCH, a BUXOAU — pe3yJbTaTH iX
TiSUTHHICTh, HAMpPUKIAA, TOBAp YW TMOCHYrd. EnemMeHTH, 3 SKHX CKJIaal0ThCs
CUCTEMH, MOXYTh OyTH CTAaTUYHUMHU UM JUHAMIYHUMHU. BigmoBigHO pPO3PI3HAIOTH
CTaTH4YHI Ta JUHAMIYHI MOJEJi €KOHOMIYHUX CHUCTEeM Ta ix ejemeHTiB. CTaTudyHa
MOJIeITb CHCTEMA TIepedayae MUTTEBE IEPETBOPEHHS BXOAY X y BUXia F(x).

CratnyHa MOJENbh CHUCTEMY pO3IIIIAE€ SK «JYOPHY CKPUHIO», BHYTPIITHS
CTPYKTypa SIKOi y MOCHTIIPKEHHI HE BPAaXOBYETHCA, a TMPEIAMETOM IOCIIIKEHHS €
MEPETBOPEHHS BXOMAIB y Buxoau. st Takoi Momeni 9ac t OJTHAKOBHM /IS BXOAY Ta
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Buxony. PosrasHyri y po3auni 1 MakpoeKOHOMIUHI BHUpPOOHMYI (QYHKUIII €
MPUKIaJaMHU CTATUYHUX MOJEJIe BUPOOHUYMX cHUCTEeM. JJuHaMiuHa MOJENb CUCTEMU
Yy il eJIEMEHTa XapaKTEepHU3yeETbCSl THM, IO BUXIJ CHCTEMH Yy MOMEHT dyacy t
3aJIKUTh HE JIMLIE BiJ 3HAYEHb BXOJIB y HHUHILIHIA MOMEHT 4acy t, ane ¥ BiA
3HaY€Hb BXOJIB Ta BUXOIB y MOMNEpPEIHI MOMEHTH 4acy. Y JAMHAMIYHIN CHUCTEMI Ta
BIIMOBIAHINA MOJIeNIl MPUYMHA TEPEXOJUTh Y HACHIIOK HE MUTTEBO, a 3 JICSIKUM
3ami3HeHHsIM. MoJienb € JUHAMIYHOIO, SIKIO Y 11 CKJIaJl € 3MiHHI, 1[0 3aJieXaTh Bij
4acy, TOOTO 3MIHIOIOTBCS 3 YaCOM.

Po3pi3HSII0Th AMHAMIYHI €KOHOMIYHI MOJIENl 3 JHUCKPETHUM Ta HENEepEepBHUM
gacoMm [4]. YV Garathbox CEKTOpax eKOHOMIKH TOCIIOAAPCHKUI UK TPUBAE PIK, TOMY
HiJICYMKU TOCMOAApChKOI AISUIBHOCTI MiAOMBAaIOTh 3a piK, TOOTO 3MIHHA Yacy
PO3IJIAJIAEThCS SIK TMCKPETHA BEIMYMHA, 110 3MIHIOETHCS 3 KpOKOM Yy pik. Kpok
3MIHM dYacy Moke OyTHM 1 IHIIMM MPOMDKKOM 4yacy (Micsilb, KBapTaj, TOIIO).
JluHamiyH1 MO/ieNi 3 JUCKPETHUM YacoM IMOAA0Th 3BUYANHO y BUTIJISAI CKIHYEHHO-
PI3HMLIEBUX PIBHSAHb, Hanpuknan, Yiyq =Y 1+ 2Y;,, ne Y, — 3HaueHHs
CKOHOMIYHOTO TIOKa3HWKa Y B MoMeHT uacy t [2]. [lpu mocmimkeHHsIX Oarathox
€KOHOMIYHHMX TPOIIECIB, HAMPHUKJIAA, KOPOTKOTEPMIHOBUX TMEPEXiAHUX MPOIIECIB
JOLTBHO PO3MJISIIATH €KOHOMIYHI MTOKA3HUKHU K (PYHKI[Ii HEMEPEpPBHOIO apryMeHTy
yacy. Jlnst moOynoBU Ta IOCHTIJKEHHS JTUHAMIYHUX MOJENIel 3 HeMepepBHUM 4acoM
BUKOPHUCTOBYIOTh anapar JudepeHiiaTbHuX pIBHIHb.

IluTaHHs Ta 3aBAaHHSA JJISI CAMOKOHTPOJIS 10 PO3aiay 2

=

[TosICHITH CYTHICTH CUCTEMHOTO MIJX0/1y B eKOHOMIYHUX JOCIIKEHb.
[losicHITh, YOMY MIANPUEMCTBA € BIIKPUTUMHU €KOHOMIYHUMHU CUCTEMAMHU.
3. Ha3BiTh OCHOBHI MNPUHIUIHN, HA SKUX TPYHTYEThCS CHUCTEMHHUM MIIXIT
JOCJTIJPKEHHSI €EKOHOMIYHHX TMPOIIECIB Ta MOSICHITH 111 MPUHITUIIH.
HagpeniTe mpukiaau eKOHOMIYHUX CUCTEM.
OxapakTepu3yTe OCOOJMBOCTI HAIIOHAJIBHOI E€KOHOMIKM SIK  00’€KTa
MOJICTTIOBAHHSI.
6. Ha3BiTh OCHOBHI IiJICHCTEMH HalliOHAJTBbHOI EKOHOMIKH Ta BKaXKITh X (QYHKIIII.
7. TlosCHITh, y YOMY PI3HMIII MDK JTMHAMIYHUMHM CHUCTEMaMH 3 HENECPEepPBHHUM Ta
JTUCKPETHUM YaCOM.
BkaxiTh, sIKi €IEMEHTH BXOJIATH 10 BAPOOHUYIOTO IIPOIIECY.
9. OxapakTtepu3yiiTe  CTPYKTYpy  HaIllOHaJbHOI E€KOHOMIKH SIK 00 €KTa
MaTEeMaTUIHOTO MOJICITIOBAHHS.
VY HaBeJeHUX TECTOBUX 3aBJIaHHAX BKAXKITh BIpHY BiIMOBIb.
1. Tlinx cuctemMor0 pO3yMilOTH a) OyJb-SIKy HEMyCTy MHOXHWHY; 0)MHOXUHY
B3a€MOIOB’ I3aHUX E€JIEMEHTIB; B) BIAKPUTY MHOKHUHY; T') 3aMKHEHY MHOXHUHY.
2. BrmactuBicTh cucteMu mnepembadae a)ii 3aMKHEHICTh; 0)30epexeHHS CTaHy
pyXomoi piBHOBaru 3 1ii 30BHINIHIM CEPEIOBHUIIEM; B) JOCSITHEHHS 1 METH;
T') 130JIbOBAHOCTI CUCTEMH.

no

A

0
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3. Tloka3HUKOM, 110 KUIBKICHO XapaKTepU3ye NINIbHICTh HALlIOHAIBHOI EKOHOMIKH
€ a)npuOyTok; ©)piBeHb IHHOBAllll; B)BaJOBUH BHYTPIIIHIA MPOIYKT;
I') cepeiHs 3apo0iTHA TIaTHSI.

4. BnacTUBICTh CHCTEMH, L0 MOJISITA€ y TOMY, IO BOHA Ma€ BIIACTUBOCTI, HE
NpUTaMaHHI  OKpeMUM ii  CKJIAJOBUX, Ha3WBAaIOTh  a) IMHAMIYHICTIO;
0) eMEPIKEHTHICTIO; B) JUNITUBHICTIO; T') BIKPUTICTIO.

5. JInHaMiuHI CHUCTEMH 3 JUCKPETHHM 4YacoOM MOJEIIOITECS 3 JOMNOMOIOI0
a) pI3HULEBUX PIBHSAHB; 0) AU(EepeHIIaIbHUX PIBHAHD; B) IHTEIPAJIbHUX PIBHSIHb;
I') HEJHIMHUX PIBHSHb.

6. JlunaMiyHl CHUCTEMH 3 HENEPEepBHUM YacCOM MOJENIOIOTECA 3 JOMOMOTOI0
a) pI3HULIEBUX PIBHSAHB; 0) AU(EepeHIIaIbHUX PIBHAHD; B) IHTEIPAJbHUX PIBHSIHb;
I') HENHIMHUX PIBHSHb.

Po3nin 3. Bupoonuyi pyHkuii

Jleknis 3. MoaeqoBaHHsT BHPOOHUYOI JIVIBHOCTI 32 J10MOMOIOK0
BUPOOHUYMX QYHKIIN

Meta Jekuii: copmyntoBaTH y CTYIEHTIB YSBICHHS NP0 CYTHICTh Ta
BUKOPUCTaHHS BUPOOHUYUX (YHKIIH, OCOOJMBOCTI MOJENIOBAaHHI BHPOOHHYOTO
IpoIeCy Ha OCHOBI anapaTry BUpOOHMYUX (YHKIIIN

ILnan
1. OcHOBHI TOHATTS Ta JOMYIICHHS TPU MOJEIIOBaHHI BHUPOOHHYOL
nistmeHOCTI. BupoOHuua QyHKIis
2. Buau BupoOHUYMX QyHKITIHI
3. TloOynoBa BUpOOHUYUX (YHKITIH

Kio4oBi TepMiHHM Ta MOHATTS : BUpOOHWYA TISTIbHICTH, BUpOOHWYA (PYHKITIS,
dbynkiis Ko66a-/lyriaca, piBHIHHS perpecii, METO1 HAMMEHIITUX KBaIPaTiB.

3.1 OcHOBHi MOHATTSI Ta JAONYIIEHHS] NMPH MOJEJIBAHHI BHPOOHHYOL
JiAJIBHOCTI

PosristHemMo OCHOBHI TOHSTTS Ta JOMYIICHHS, 10 BUKOPUCTOBYIOTHCS TPH
MOJICIIIOBaHH1 8UpPOOHUYOI JisibHOCmI, TOOTO MISITBHOCTI 3 BUPOOHUIITBA TOBApiB. Y
X0l OmeparifHol MisTIBHOCTI CTBOPIOIOTH HOBI TOBAapW Ta MOCIYTH, IO MAaiOTh
JI0JIaHy BapTIiCTh Ta OEPYTh yUacTh y HACTYMHUX IMpoIlecax 0OMiHy Ta CIOKUBaHHS.
BupoOHHUIITBO TOBapiB MOB’s3aHE 3 OJHOYACHUM CIIOKMBAHHSM I1HIIMX TOBAapiB —
CUPOBHHH, TIparli Ta Kamitaimy. OTxe, mpoIiec BUPOOHHUIITBA TIOB’sI3aHUN 3 TIPOIIECOM
CIIO’KMBAaHHS, a PO3BUTOK BHUPOOHMYHMX TMPOIECIB 3HAYHOIO MIPOK BU3HAYAETHCS
MOBEAIHKOIO CITOKHBAYIB.

PosristHemMo OCHOBHI €KOHOMIYHI TOHSTTS, SIKi OyZeMO BUKOPHCTOBYBATH
HaJal MPU MOJICTIOBaHHI BUPOOHUYHUX MPOIIECiB. Bupobnuuuii npoyec — 1e mpoIiiec
CTBOPEHHS JIOJIaHOI BApTOCTI NUISAXOM MUJIECHPSIMOBAHOTO IEPETBOPEHHS OTHOTO
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Ha0opy ToBapy Yy iHII1 Habopu ToBapiB. EKOHOMIYHA cHCcTeMa, Y AKIA OpraHi30BaHO 1
3MIACHEHU BUPOOHMYMH TMPOLIEC, HA3ZUBAEMO BUPOOHUYOIO cucmemoro abo
BUPOOHULITBOM. PO3Mipy BUPOOHMYMX CUCTEM MOXKYTh 3MIHATHCA Yy AY’KE IIUPOKHUX
MEKax — BiJl JIOMAaIlIHHOT'O TOCIOJIapCTBA J0 CBITOBOI €KOHOMIKH, Y 3aJ€XKHOCTI Bij
MacmTadiB AOCTI)KYBaHUX EKOHOMIYHUX MpoosieM. byib-ska eKOoHOMIYHA cHCcTeMa €
OJIHUM LIUTUM 1 € Cy0’€KTOM rOCIOJIapIOBAHHS.

Bci BuUAM €KOHOMIYHUX MPOAYKTIB, L0 € pe3yJbTaTaMH JisSIbHOCTI
BUPOOHUYNX EKOHOMIYHUX CHCTEM, Yy3araJbHCHO HAa3WBAaIOTh TOBApOM UM
NpoayKkToM. Bci ToBapu MarTh BIIACTUBOCTI KOPHUCIMBOCTI Ta PIIKOCTI, IO
CTBOPIOIOTH MOKJIMBOCTI MPOLIECIB EKOHOMIYHOTO0 0OMIHY HUMH. ToMy BCl BUPOOJIEH1
TOBapu OepyTh yd4acThb Yy oOmepaiisix oOOMiIHYy Ta CIHOXHUBAaIOTbCS I1HIIUMHU
BUPOOHUYUMH CHCTEMaMH a00 KIHIIEBUMHU CIIOKHUBayaMHu. bynb-ska BHpPOOHHMYA
cHUCTeMa BHUKOPWUCTOBYE TMpaIf0 JOJAeH, y TOMY YHCIi 1 A YHOpaBIiHHA IIi€l
cucreMoro. BupoOHuYa crucrteMa OJHOYACHO BUPOOJIAE 1 CIIOKHMBAE PI3HOMAaHITHI
ToBapu. ToMy BOHa y mpoiieci OOMiHy OJHOYACHO BUCTYIAE Y IBOX MPOTHUICKHHUX
POJISX — SIK TIOKYTICIIb CUPOBUHU, TIpalli Ta KariTaxy Tak i sk MpoJiaBellb BUPOOJICHOTO
npoaykTy (ToBapy). ToBapH, 110 CIIOKHUBAIOTHCS y MPOIIECi BUPOOHUIITBA, HA3UBAIOThH
dakTopamu BuUpOOHHUITBA abo pecypcamu. Jlii BUpPOOHHUYUX CHCTEM BH3HAYAIOThH
IOMHUT HAa PUHKAX PECypCiB Ta MPOIO3HMINT HA PUHKAX BUPOOJECHUX HUMHU TOBapaMu
[2].

JlocnipKeHHs] €KOHOMIUHUX TMPOIECIB y CYYaCHOMY BEJIMKOMACIITAOHOMY
BUPOOHUIITBI BUMAarae OTPUMaHHS BEIMKUX OOCATIB CTAaTUCTHUYHOI iHGOpMAIlii ajis
noOy/I0BH MaTeMaTUYHUX MOJIEJIEH, 1110 OMUCYIOTh B3aEMO3B’ 130K MIXK BUTpaTamMu Ta
00CcAroM BUPOOHUIITBA — MOJEISAMH TUIY «BUTPATH — PE3YJbTATU», OCKUIBKH TaKi
MOJeJII TIOBMHHI BpPaxOBYBAaTH BHYTPIINIHIO CTPYKTYPY BHTpPAT Ha IIANPUEMCTBI.
OTpuMaHHS JOCTaTHBO CTATUCTUYHHMX JAHUX PO BC1 BHYTPIIIHI BUPOOHUY1 BUTPATH
€ JOCTaTHHO CKJIAIHOIO 3a/lauero. 3HAYHO MPOCTIIIe OTPUMATH JlaHi MPO 3arajbHi
MOKa3HUKH, TaKi SK BapTICTb BHPOOJICHOTO TOBApy, BapTiCTh OCHOBHUX (OHIB
HiAIPUEMCTBA, KUIBKICTh BHPOOHHWYOTO TEpCOHANy, (POHI OIUIaTH IIpalli TOIIO.
AHaJI3yI04H 111 TOKa3HUKH 1 PO3MIISAAI0UN MAMPUEMCTBO K «IOPHUHN SIIHKY», TOOTO
JOCIIJKYIOUHM B3a€MO3B 30K MK BEIMYMHOIO BHUTPAYCHUX PECYpPCIB Ta BEIUYHHY
BUPOOJICHOTO TPOJIYKTY, MOKHA 3pOOUTH IIEBHUX BHUCHOBKIB IIOJI0 BUPOOHUYOI
IISTIBHOCTI II€1 CUCTEMMU.

Bnepmie ¢yHKIIOHANIBHUI B3a€EMO3B’SI30K MK 00CSTOM BHPOOHHIITBA Ta
BEJTMYMHOIO BUTPAYEHUX pecypciB OyB BU3HAUYCHHM Ta BUKopuctaHuii y 1928 p. y
CTaTTI aMepHKaHChKUX BYeHUX exoHomicTa [loms Jyrmaca ta marematuka Yapnbsa
Ko66a «Teopis BupoOHUIITBaY. Y IOMY AOCTIIKEHHI 3p00JieHa cripo0a BU3HAUNUTHU
BIUTUB BEJIMYMHHA BUTPAYCHOTO KalliTaay Ta TMpalll Ha BEJIMYUHY BUTOTOBJICHOT
npoaykiii 'y o0poOHniii mpomucioBocti CIIA. Jlnsg mporo Oyiad BUKOPHCTaHI
cTatucTh4Hi qaHi 3a 1899-1922 pp. i mocTaBiieHi HACTYITHI 3aBnaHHs [4]:

1) Bu3HAUMTH BHUIIIAA (QYHKII, 1[0 HaAHOiNBIIE TOYHO BigoOpakae KUIBKICHI
CHIBBIIHOMIEHHSI MK TpPhOMa XapaKTEPUCTHKAMU BUPOOHWYOTO TMPOIECy —
o0caroM BUPOOHUIITBA, BUTpaTaMH KalliTaldy Ta BUTpaTaMu Tparli;

2) 3HANTH 3HAYEHHS KOCQII€HTIB 1€l (YyHKIIIT;
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3) mepeBipUTH JOCTOBIpHICTE MOOYIOBH (YHKIIIi, TOPIBHIOIOYH pPO3PaxOBaHi 3a
HEIO 3Ha4Y€HHs 3 (PaKTUUYHUMHU JAHUMHU.

Y. Ko66om [5] 3ampononosana ¢yukuis suxy Q = AK*LP, ne Q — obcsr
BUpOoOIeHOT npoAykii, K — BeIMUYMHA OCHOBHOTO Kamitany, L — Butparu npaui, 4, «,
f — KoedilieHTH, MO 3a0BOJIBHAIOTE YMOBU A>0, @, f — HEBII €MHI, IpUUOMY & +
p = 1. KoediieHT A BUKOPUCTOBYIOTH AJI1 NEPEBOJAY OJMHHUII BUMIpY mpari i
KariTtajny B OJAMHMII BUMIPY BUPOOJIEHOI MPOAYKIIii, KOE(DILIEHTU @, f BIIOOPaKalOTh
BHECOK Ipalll Ta KamiTaJl y BUPOOHMIITBO MPOAYKIi. 3HaUYE€HHA LMX KOe(DIIEHTIB
3HaxXOJATh 3 BUKOPHCTAHHSAM MeTony HahMeHmmx kBaapatiB (MHK) [3], srigHo 3

SIKUM BOHHU BU3HA4YarOTbLCA 3 YMOBH:
1922

ES(MQV—MA—aMKy—BMQY.
t=1899

VY pe3ynbTari OTpUMaHi HacCTyMHi 3HaueHHs koedimientiB A = 1,01; a = 0,25;
B = 0,75, To6T0 oTpuManu BupobHuuy dpyskuito Q = 1,01K%2°1975,

Bupobnuuoio  gyukyicto  (B®)  BHPOOHHYOrO  MPOIECY  HA3UBAIOThH
BitoOpakeHHss Q: D — U, 1o MojAenoe BUPOOHUIITBO MPOAYKIIIIO y IbOMY IMPOIeci
[6]. Ob6nacte BuzHaueHHs D BupoOHMYOI (QyHKII — 116 MHOXHHA BHPOOHHUYMX
pecypciB X = (X1, X5, ..., Xy) y BapTICHOMY YW y HaTypaJIbHOMY BHUTJIsSIl. MHOXHHA
3HaueHb U BKJIIOYAa€ MHOXXHMHY KUIBKICHHX OIIIHOK pe3yJIbTaTiB BUPOOHHUIITBA,
HAIPUKJIAJ, PIYHUN O0O0CAT BHUPOOHHUIITBA 3a KOXXHOK TO3HUIIEI0 ACOPTUMEHTY
IPOIYKIIIT miAmpueMcTBa abo BiAMoBiAHI BapTicHI moka3sHUku Q = (Qq, Q5, ..., Q).

Hali6inpmiumMy BUBUCHUMH BUPOOHHYMMHU (YHKIIsIMA mipu m = 1, ToOTO Yy
HUX BHU3HAYA€ThCS OJIHA KUIbKICHA OIlIHKA Pe3yJbTaTy BUPOOHHUIITBA, TOOTO y IbOMY
Bumnaaky BO-dyHKIig — 11e 3BuUaiina QyHKIIis KUIbKOX 3MiHHUX. OTxe, BD-yHKIis
BCTAHOBIIIOE 3aJICKHICTh MDK KUIBKOCTSMH BUTPAUYCHUX BHUPOOHUYUX PECypCiB X =
(%1, %3, ..., Xn), Ta 00carom Q BHpPOOJSIEHOT IPOAYKIIii, TOOTO BOHA Ma€ BUTIAT Q =
Q(xq, X9, ., X). TyrT 3HaueHHA 00cATy BHPOOJCHOI TPOIYKIN BBAKAETHCS
MaKCUMaJbHO MOJJIMBHM IIpH JAaHUX BHTpPaTaX BUPOOHHYHMX PpPECypCiB, TOOTO
BUTPATH PECYPCiB HE s 3a0e3MeueHHs] BAPOOHMIITBA MPOAYKITIT BiCYTHI.

B®-dynkiis, mo Mojentoe peaqbHUN BHPOOHWYHMH MpOIeC, Mae HACTYIIHI
BJIACTHUBOCTI:

1. [Tpu 306inbmieHHsT 0OCSTIB BUTPAT OJHOTO 3 PECYpPCiB Ta crajoMmy oOcsry
BUTpAT IHIIUX PECYpPCIB 00CIT BUPOOHUIITBA MPOIYKILIi 3pOCTa€, TOOTO BUKOHYETHCS

.. d .
HEPIBHICTH f >0,i=1,2..,n.
i

Ils BIACTUBICTH BHIUIMBA€E 3 TINOTE3W NPO palliOHAIBHUN BHOIp pecypcy
BUPOOHUIITBA — PECYpPCH, WO HE 30UIBIIYIOTh OOCSTH BHUPOOHUIITBA, HE
3aCTOCOBYIOTh Y BUPOOHHUYOMY MPOIIECI.

2. Ilpu cranmx oOcsArax BHUTpPAT BCIX PECYpCiB, KpiM OFHOTO BHIY, MOCIITOBHE
30UTBIIIEHHST IBOTO pecypcy 3a0e3medye TMOCTIHHE 3MEHIICHHS MPUPOCTY
BUPOOJIEHOT MPOAYKIIii, TOOTO

02 ,
¢ <0,i=12,..,n

0x;
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s BiacTtuBiCTh OOYMOBIEHa HEOOXIAHICTIO 30alaHCOBAHOCTI BUTpAT y
KOHKPETHOMY TE€XHOJIOTTYHOMY IPOLECY: 30UIbIIEHHSI BUTPAT OJHOIO BUAY PECYpCiB
0e3 BIAMOBIIHOTO 30UIBIIEHHS BUTPAT IHIIMX PECYpCiB HE 3a0e3leuye 3aCTOCOBAHY
BUPOOHHUYY TE€XHOJIOT1H0 MOBHOLIHHUM MOTOKOM PECYPCIB, TOOTO JOJATKOBUI €PeKT
Bijl 30UTBIICHHS BUTPAT PECYPCiB 3MEHIIYEThCS [7].

3anexHICTh BETUYMHU OOCATY BUPOOHHUITBA Bl BEJIMYMHU BUTPAT OJHOIO
pecypcy npu (HIKCOBAaHMX BUTpPATAX IHIIMX PECYPCIB, Ha3UBAIOTh KPUBOIO GUNYCKY.
[lepmia ymoBa oO3Hauae, 1O JOTUYHA A0 KPUBOI BUIIYCKY MPH BCIX MOMKIMBHUX
3HAY€Hb BUTPAT PECYPCY MA€ JOJATHUN HAXWII:

aQ
—=tga > 0.
axi g
. 0%Q 0 (9Q
Jpyra ymoBa, sKy MOJKHA 3amucaTd y BUIIAAl —— = —(—) <0. Le
0x; 0x; \0x;

CBITYHTH, L0 MPUPICT NPOAYKIII y PO3paxyHKy Ha JOJATKOBI BUTPATH OIUHUIL
pecypcy 3MEHIIYEThCS MTPH 3pOCTaHHI BUTPAT LILOTO pecypey [7].

3.2 Buau BupoOHnYMX pyHKIii

PosrnssHeMo ocHoBHI TMnmu  B®, 1m0 3acTOCOBYIOTBCS Yy MPaKTHUIl
€KOHOMIYHOI'O aHali3y BUPOOHUYOTO MPOIECy, Ha MPUKIIAAl PYHKIINA ABOX pecypciB
, K1 JIOMyCKAaIOTh HAOYHY T€OMETPHUHY iHTeprpeTaliito [4].

Jlinitna B® wmae Burmsa: Q = aqx; +ayx;. [i koediuienTn nOpiBHIOE

. . 9Qi
3HAYEHHSAM TPAaHUYHUX MPHUPOCTIB BUPOOHHUIITBA MPOIYKIlii, OCKUIbKU M Q;== a—‘,
Xi
=12

Ile o3Hauae, MmO mpupict 0OCATY BUPOOHUIITBA BHACTIIOK OJUHUYHOIO
30UTBIICHHS 00CATY BUTPAYEHOTO PECYpCy € CTaJuM 1 HE 3aJIeKUTh BiJ BUXIJTHHX

BEJMYUH BHUTpAT (pakTopiB. ['paHWyHa HOpMa 3aMiHM BHPOOHWYHUX (HAKTOPIB IS

T . a; . . .
niHiiHOi B® € cranoro Ta mopiBHioe S, ,. = —. EnacTtuunicTh 3amimieHHs (paxkTopiB
a

X
142 2

€ HECKIHYEHHOIO.

Jlinitini BUpoOHWYI (YHKIIT 3BHYAHO 3aCTOCOBYIOTHCS IIPH MOJICITIOBAHHI
BEJIMKUX CUCTEM (BEJIMKA rajay3b, €KOHOMIKa KpaiHU B IIIJIOMY), Y SKUX BUPOOHHUIITBO
IPOJYKINi € pe3yJIbTaTOM OJIHOYAaCHOTO BHUKOPHCTAHHS OaraThOX pPI3HOMAHITHHUX
TexHojoriid. Ilpu 1bOMYy TOBMHHO BHUKOHYBATHCS JOMNYIICHHS TMPO CTaJOCTi
IPaHUYHOT MPOJTYKTHUBHOCTI PECYPCiB Ta MOXKIMBOTO iX HEOOMEKEHOTO 3aMIIICHHS.

B® Ko66a-/lyrnaca mae Burisin [1]:

Q=Ax¢ xl a+p=1,a>0p>0.

KoedimieHT 4 BUKOPUCTOBYIOTHCA ISl TIEPEBOJY OJMHUIIb BUMIPY y TpaBiid
YaCTHHI 0 OJUHUIb BUMIPY 00CATY BUPOOHHUIITBA IPOAYKITIi y JiBiil 4acTuHi, @, f§ —
Koe(DIIiEHTH eNacTUYHOCTI BHPOOHHWIITBA 3a pecypcamu. ['paHWdHa TPOMYKITis
¢dakTopiB mpoMopIIiitHa X cepeaHiil MPOAYKITii:

MQy, = a3 MQx, = B

I'pannyna HOpMa 3MIHH JTIOPIBHIOE
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_ﬂxt_—axz
ey, a X
3 ILOT'O BHILJIMBAE, IO €JJaCTUYHICTh 3aMIHHU CKJIaJac
1—a Xy
) s, o

X XlXZ )%1 1 a X, "

Ile cBiquuTH, 10 3aMILIEHHS OJHOTO (AaKTOPy BHUPOOHMIITBA IHIIMM 3aBXKIU
BiI0yBaeThes y mponopuii 1:1. ¥V npomy nossirae Baxiusuil Henoiik BO Kob6a-
Jlyrnaca, OCKUIbKM BOHA HE 3aBXAHM BIPHO BioOpaxkae peasibHi eKOHOMIYHI MPOIIECH,
OCKUTBKM HE 3aBXJHU OAWH (haKTOp BUPOOHUIITBA MOXKHA 3aMIHUTH €KBIBaJICHTHOIO
KUTBKICTEO 1HIIOTO (akTopy [1].

Oyukinito Ko66a-Jlyrnaca HalyacTilie BHKOPUCTOBYIOTH JUISL OINUCAHHS
BUPOOHUYOT JISUTBHOCTI CEPEeHIX 3a MAcIITabOM BHUPOOHHUOI JISIILHOCTI CYO’€KTIB
rocrnoAapcTBa (Kopropaiisi, HEBEJIMKa Tally3b), SKI XapaKTepU3YIOThCS CTIMKUM
cTabUTbHUM (YHKIIOHYBAaHHSM, KOJIM 3aJy4€HHS J0JaTKOBOI OAMHUIIl PECYpPCY Ta€
e(eKT, MPONOPIIHHUIN CepeiHIi MPOAYKTUBHOCTI HASIBHOTO PECYpCY.

Posrnsinemo B® 3 ghikcosanumu nponopyiamu (pyrkyin Jleonmoesa):

5%
Q=min<s —=,—=
Cl C2

Koedimientn C; BHpakarTh KUIBKICTB 1-TO pecypcy, HEOOXITHOTO IS
BUPOOHUIITBA OJMHUII TPOAYKIIil. DYHKIlIA BioOpakae po3B’A30K 3aj1adi JIIHIHHOTO
IpOrpaMyBaHHs, 10 BHHUKAE Yy MOJETi «BUTpaTH—BUIYcK»: CQ <X, Q — max,
OCKUTBKH (hakTOp, MO0 OOMeXye oO0CAT BUPOOHUIITBA, BH3HAYAETHCS YMOBOIO
MiHimMaibpHOCTI. Enactiuunicts 3aMinm ¢aktopis 1mo goBinsHOMY pecypey o =0 mis

miei BO [2] . Jlas wHel rpaHwdyHa OPOAYKINS € KYCKOBO-CTAaJIOK IBOPIBHEBOIO
. . X
¢yHKiiero BigHomeHHS —= (HOoHI0030pOEHHS):
X,
. X C
omind X %2 .
Q ¢ Cj) 1 1 X G
8X1 0 ﬁ C G 0, ﬁz&
Cl X2 CZ

Oynkiiss JIeoHThEBAa BUKOPUCTAETHCS IS MOJICIIOBAHHS BHUPOOHHYOTO
MIPOIIECY 3 CTPOTO JETEPMIHOBHMH TEXHOJIOTISIMH, IO HE JOMYCKAIOTh BiIXUJICHHS
BiJl TEXHOJIOTIYHUX HOPM BHKOPUCTAHHS PECYpPCiB Ha BUTOTOBICHHS OJWHUII
MPOAYKIIii, 3BUYANHO JIJIT ONMUCAHHS HE3HAYHOI'O 3a MacIITaboM BHPOOHHITBA abo
MTOBHICTIO aBTOMATHU30BAHOTO BUPOOHUIITBA.

3.3 [lobynoBa BUPpOOHUYUX (PYHKIIIH

Jlnst moOynoBu BUpOOHMYMX (DYHKIIIN BUKOPHUCTOBYIOTh CTATHCTHYHI JaHi MPO
oOcsrn Ta (dakTopu BUPOOHULITBA. Po3risiHeMO HAWMPOCTINIMN BUIAJIOK, KOJIHU

24



BUpOOHMYA (DYHKIIISI BU3HAYAE 3AJI€KHICTh OOCATY BUPOOHUITBA Y JIMIIE BiJ OJHOTO
dbakTOpy BUPOOHUIITBA X, TOOTO BOHA Ma€ BUTIIAN Y = y(x). JonycTtumo, 1o Mix
3MIHHUMHU Y Ta X ICHY€ 3B’SI30K, Ha SIKMW HAKJIAJA€ThCS i BUIAJIKOBUX (DaKTOPIB,

TOOTO MK ITUM 3MIHHUMHU ICHYE CTATUCTUYHUM 3B’s130K. HasBHICTH Takoro 3B’sI3Ky
MPOSIBIISIETHCST Y TOMY, IO 3MiHA 3HA4Y€Hb OJIHIE] 3MIHHOI MPUBOAUTH 10 3MIHU
MaTeMaTUYHOr0 CIOJIBaHHA 1HIIOT 3MiHHOI. Dopmyny Y= Y(X), 10 BCTaHOBIIIOE

CTATUCTUYHUN 3B’A30K MDK 3MIHHUMHU Y Ta X, Ha3UBAIOThb DIGHAHHAM pecpecii.
Haii6inb11 mpocToro € JiHiliHa perpecis, 110 ONMUCYEThCS PIBHSAHHAM Y =a, + a X .
OcHoBHUM MeTOAOM TOOYAOBH pIBHSIHb perpecii € Mmemoo HauMeHuux
keaopamie (MHK) [2]. CnouaTKy BCTaHOBJIOETHCS KPHUTEPild OJIM3BKOCTI MIiX
TOYKaMU (Xi,yi), BCTAHOBJIICHUMH Y pe3yJbTaTl CIIOCTEPEKEHHsS, Ta TOYKAMHU

(xi,a0+a1xi), OpAMHATU SIKMX OOYMCIIOIOTBCS 3a PIBHSAHHAM JIIHIHHOI perpecii
y=a,+ax:
n
2 :

Q=Y (yi—a,—ax) —min. (3.1)

i1
VYV (3.1) a, Ta &, — HEBiAOMI mapaMeTpH PIBHSHHS JiHIWHOI perpecii, TOOTO
JAOCHIKYeEMO Ha MiHIMYM ¢yHkHio (3.1) aBOX 3MIHHMX @, Ta ;. 3aCTOCYBaHHs
HEOOX1THOT YMOBHM eKCTpeMyMmy Ili€i (yHKIII — pIBHOCTI HYNIO ii YaCTHHHHX

MOX1THUX — JIO3BOJIIE OTPUMATH CUCTEMY JIIHIHHUX ayreOpaidHuX piBHSHb BITHOCHO
HEBI1JIOMUX IapaMeTpiB perpecii a, Ta a:

ZYi —Na, _aizxi =0,

= =

D XYi—a ) % —a) X =0.
i1 i1 i1

1 1
BBenemo 1mo3HaueHHs: X = —Z X, Y= —Z y.. Po3B’s3aBumn cucremy (3.2),

(3.2)

N5 )
OTPUMAEMO 3HAYEHHS IMapaMeTpiB perpecii:
Z XY, —nx-y
& =" ,» =Y -aX. (3.3)

) iz:xf—n(i)z

Jlist MoientoBaHHs 3B SI3Ky MK 3MIHHUMHU X Ta Yy MOXHA BHKOPHCTOBYBATH
HEJTiHINHI 3a1e)KHOCTI, HAMPUKIAJ, MapabolIy APYroro mopaaky ¥ =a, +aX+aXx’,
einepbony y =a, + i MIOKa3HUKOBY QYHKIO Y =3a,-8,, JorapuMiuny (QYHKIIiIO

X

y=a,+a,Inx, morictuuny kpuBy Y = Tomo. Bei HaBeeH1 TyT 3aleKHOCTI

1+ e
€ JIIHIMHUMHU 32 CBOIMH TapaMeTpaMu ab0 TaKWMH, IO 3BOJAATHCS 10 JiHIMHUX. J[J1s
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3JIEKHOCTEH, 10 € JIHIMHUMH 3a CBOIMU IapaMeTpaMmH, MOXKHa Oe3rnocepenHbo
3actocyBatu MHK Ta MiHiMi3yBaTH CyMY KBaJpaTiB BIIXHJICHb:

2 .
Q= Z(Y. ¥(%,89:8,,..,8, ) —>min. (3.4)
[Tapamerpu perpecii a,, 4a,, ..., @, 3HaXoOAUMO 3 HEOOXIZHOI YMOBHU
ekcTpeMyMy (pyHKITii Q(ao,a1 ) ):
Q =0,i=12,...,k. (3.5)
oa,

1
JUis BU3HAU€HHS Koe(illeHTIB a,, @,, 4, napaboau ¥y =a, +a1x+a2x2 3 (3.6)
OTPUMYEMO CcHUCTeMY JiHiiHuX piBHsSHE MHK [7]:

ZYi —na,; — a12Xi _azzxi2 =0

i1 i1 i1

Zn:XiYi _aozn‘,xi _%anxiz_azzn‘,x?:o’ (3.7)
i1 i1 i1 i1

ixizyi - a-oixi2 - a1ixu3 - azixi4 =0

i1 i—1 i1 i—1

PiBusaung MHK st orpuManHs koe(ilieHTIB @, @, TinepOoiiyHol perpeciiHol

8

3aIeKHOCTI § =8,+— 3HaligeMo, 3aMiHMBIIM y cucTeMi piBHAHb (3.8) s
X

Koe(IillieHTIB JIIHIHHOT perpecii X Ha —:

X
Zy.—nao aiZX
J , = (3.9)
lel _aOZl;_aile

Jiss BU3HAYCHHS apaMeTpiB @,, 8, MOKa3HHUKOBOI 3aJie)KHOCTI §=a,-a
nonepeauso norapupmyiots: Iny=Ina,+ x-Ina,. Beismm no3nauenns ¢, =Ina,,
=Ina, z=Iny, orpumaemMo cucTemy piBHSHb IS BHU3HAYCHHS HEBITOMHUX
napameTpiB o, Ta ;.

na, +alixi - Zn:zi,
i i=1 i =1 i
aOin +0(12Xi2 = inzi.
L i=1 i=1 i=1

Tyt z; =Iny,. 3 (1.10) 3Haxoaumo ¢, Ta a,, nami a, =€“, a, =e*

(3.10)

3B’S130K MK 3MIHHUMH X Ta Y BHUMIPIOETBCS 4epe3 iX Kopensioo. Bumipstu
KOpEJLI0 MDK 3MIHHMMUM X Ta Y O3Hayae BU3HAYUTH, HACKUIBKM 3MIHA Y
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3aJI€KUTh Bl 3MIHU X . JUI KUIBKICHOT OLIHKM KOPEJSALil MIXK TOKa3HUKAMH X Ta Y

BUKOPUCTOBYIOTb JUHILHUL KOeDiyicHm Kopensayii:
Z(Xi_i)(yi_y) nzxiyi_ZXiZYi
i—1 i—1 =l il
n n n n 2 n n 2
(=) 2 (vi-y) N XE=1 D% | |[nyi= Dy,
i—1 i-1 i—1

i=1 i=1 i1

JIiH1iiHUN KOe(ILIEHT KOpesLii I' € [—1; 1]. [Tpu r =0 niHiiHA 3aJIEKHICTD MK
3MIHHUMU X Ta Y BiacyTHs. llpu HaGmmxeHHi |r| 0 1 3anexHicTb y(X) cTae

Omu3pkol0 A0 JiHIAHOL. [lpu r >0 30UIblIEHHS 3HAa4eHb X CYIPOBOMIXKYETHCS
30UTbIIEHHSIM Y, NIpU I <0 XapakTep 3aJeKHOCTI € MPOTHIICKHUM: 3POCTAHHSA X

CYNPOBOJIKYETHCS CIIATAHHAM Y .

3HavueHHS €KOHOMIYHUX BEJIWYWH 3J€OUIBIIOr0 BHU3HAYAIOTHCS BIUIMBOM HE
OJIHOTO, a KUIbKOX (hakTOpiB, TOOTO PO3TISAIAETHCS MOJCNb JCSKOI €KOHOMIYHOT
BEJIMUYMHU Y Yy BUIIAAl (QYHKOII M HE3aIEKHUX 3MIHHHUX X, Xp,..., X, '

Y= (X, %00 Xy

PosrnsHemo Mozens JiHIMHOT 3anexHocTi Y =a,+aX +..+a,X,, T0OOTO
JUHIUHY MHOJICUHHY peepecito. BiIXWUIICHHS 3HAYCHHS Y, 3aJeXKHOI 3MIHHOI y |-My
crioctepesxerni, 1=12,...,N. Bix 3HaueHHs ¥,, 3HANICHOrO MPH 3HAYCHHIX X, X,

X IIO3HAYUMO ¢&; .

geeey im »

n
E =Y —8) —a Xy — X, —...—aq X, =Y, — _Zajxij -
j=1
V BignosinHocTi 3 MHK mapamerpu a,, a,,..., @, JiHIIHOI MOAel 3HAXOAATh

n
Tak, o0 cyma zgiz =Q — min, T06TO:
i1
2
n

dlvi—a,— > ax, | —>min. (3.11)
-1

i=1

Oynkmis Q, mo MIHIMIBYEThCS, € KBaIpPaTUYHOK BITHOCHO BEITHMYHH a;,
j=0,1,2,...,n. HeoOxinHOHO YMOBOIO ii MIHIMYMY € PiBHICTh HYJIIO BCIiX ii YaCTUHHHX
MMOXIIHUX 34 a,. YacTuHHI OX1IHI KBaIpaTUYHOI QYHKIIIT € JTIHIHHUMU () YHKITISIMH,
TOMY, IPUPIBHIOIOYH iX J0 HYJS, OTPUMYEMO CUCTEMY M +1 JHIHHUX anreOpaidHuX
piBHSHB 3 M+1 HEBIJOMUMHU Q,, d,..., A, . PO3rasHEMO 3a7auy BU3HAUYECHHS IUX

KoeQiIieHTIB y MaTpuuHiit Gpopmi [6].
Cymy KBaapaTiB BIIXWIEHb & MOKHA 3allMCaTH y BHUIVISA1 JOOYTKY BEKTOpa-
panka &' = (6‘1,6‘2,...,6‘n) Ha BEKTOP-CTOBIYUK ¢&. lled BEKTOP-CTOBIYMK MOXHA
3amucaTh |y BUTISAL: £=Y—X-a, O€ Y — BEKTOP-CTOBIMYHMK 3HAYCHb Y,

y' =(y1, Yorens yn), a — BEKTOP-CTOBIMUUK Koe(illieHTiB Mozem, a' :(ao,al,..,am),
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X — MarpuId po3MipHOCTI nx(m +1), y SIKii KOXKEH 3 N PSAAKIB — 1€ 3HAYCHHS
CIIOCTEPEKEHHS BEKTOPA 3HAYEHb HE3aJIEKHOT 3MIHHOI:

I Xy o Xy
X — 1 X21 X2m
1 x X

Toni
Q=¢"-e=(y-Xa) (y-Xa)=(y"-a'X")(y—Xa)=yy-
—a'X'y—y'Xa+a ' X"Xa=y'y-2a'X"y+a' X' Xa.
TyT IpH IepeTBOPEHHAX OyJI0 BUKOPHCTAHO piBHICTE &' X'y =Y’ Xa.
Toni 3 piBHOCTI
@:—szym(xTx)a:o
oa
3HAXOJIUMO HEBIIOMUN BEKTOP KOe(]iI[IEHTIB MHOXKUHHOI JIIHIMHOT perpecii y BUTIIS1
[8]:
-1
a=(X"X) Xy. (3.12)
®opmyny (3.12) BUKOPUCTOBYIOTH JIsI PO3PAXYHKY KOE(IIIE€HTIB JIHIHHOI
MHOXHHHO1 perpecii.

ITuTaHHs Ta 3aBAaHHSA ISl CAMOKOHTPOJIS 10 po3aiiay 3

[TosicHITH TpU3HAYEHHS BUPOOHUYOT (PYHKITII.

Bkaxitp, 1110 € apryMeHTaMu BUPOOHUYOT PyHKIII1.

Ha3Bith BuaM BUpOOHUYIMX (PYHKIIIH.

BkaxiTh OCHOBHI JIONMYIICHHS, N[0 BHUKOPHUCTOBYIOThCA TIIpU TOOYIOBI
BUPOOHUYOT PyHKIIII.

[TosicHiTh 3MicT KoedirieHTiB BupoOHn4oi Gpynkiii Kooo6a-Jlyrmaca.

[TosicHiTh, MO € 00’€KTOM MOEIOBaHHS sl BUpoOHWYOi ¢yHkIli Ko6ba-

Hyrnaca.
7. Po3kpuiiTe MaTeMaTUyHy CYTHICTh METOIY HaMEHIIIUX KBaJPaTiB.

el NS

i

P03B’soKiTh HaBeIEH1 HIDKYE 3aB/IaHHS.

1. Ha ¢aOpwurii, mo BUTOTOBISIE B3YTTS, 5 MpAaIliBHUKIB MPAIlOIOTh HA 5
BepctaTiB Ta BurotoBisie 1000 map B3yTTs 3a TwkIAeHb. bynu HalHATI me 5
MPAaIliBHUKIB, BHACIIIOK YOT0 00CAT BUPOOHHUIITBA B3YTTA 30UIhIMTECS 10 1500 map
B3YTTA HA TWKJICHb. 3HAWTH, SIK 3MIHUTHCS TPOAYKTHUBHICTH Tpari pPOOITHUKIB Ta
BEJINYMHA BUPOOHUYUX (DOH[IB MIAIPUEMCTBA.

2. Jlns ¢abpuku 3 momepeaHboi 3amadi 00CAT BHPOOHHIITBA BUPOOHHUOIO
dynkiiero Ko6b6a-Jlyrmaca 3 koedimieatom B=0,75. Sk 30impmuThcs oOcsr
BUPOOJIEHOT TPOAYKIi (IpaHWYHA MPOAYKTHUBHICTH IMpali), SKIIO MANPUEMCTBO
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HaliMe JOJAaTKOBOI'O MpalliBHUKA MPU HASBHOCTI 5 MpAliBHUKIB. SIK 3MIHUTBCA LA
BEIMYMHA, AKIIO HaiimMe 1 mpaimiBHUKAa NpU HASBHIA YHMCIEHHOCTI BUPOOHUYOTO
nepcoHany 10 npauiBHUKIB?

3. @abpuka 3 MONEepeaHiX MPUKIAIIB 3 €JACTUYHICTIO MPOAYKIi MO mpari
B=0,75, nnanye 3611bmmTH iepcoHan Ha 10%. Ha cKuIbku MPOILIEHTIB 3pOcTe 00CAT
BUpoOJeHo1 mpoaykiii? Ha CKiIbKM TPOLIEHTIB MOTPIOHO 30UIBLIMTH IMEpPCOHA,
AKIIO MOTPIOHO 30IBIIKUTH 00CIT BUpOoOHUITBA Ha 15%?

4. Ha uemntono3o-mnamnepoBoMy KOMOIHATI OOCAT BUPOOHMIITBA 3aJICKUTh BIJ

BUTpAT BUKOPHUCTAHOI IIEJIIOJIO3H (X1) Ta KUIBKOCTI BEPCTaTIB (X2) MPU BUPOOHUUIM

Gyukiii Q = x§ -xf , 0=0,5; p=0,1. IIpu nnaHOBOMY 3aBaHTaXCHH1 Yy MICALb

notpedba B pecypcax ckiamgae 20T uemrosno3n T1a 10 BepcrariB. 3HAWTH, YOMY
JIOPIBHIOE TJIAHOBUIM 0OCSAT BUPOOHMIITBA MPOAYKIT Ta TpaHUYHY MPOAYKIIIIO IS
Ipyroro pecypcy xo. Skmo komOiHaT npunbae moxatkoBo 100 BepcraTiB, He
3a0€3MeunBIId MPU I[bOMY 30UIBIIEHHS MOCTaBOK UEIIOJNIO3M, TO YOMY JOPIBHIOE
e(deKT Bil OCTaHHLOTO MpHUAO0aHOTO BepcTaTa? 3HAWTHU, HA CKUIBKH 301TBIIUTHCS
oOcAar BUpOOJIEHOT MPOAYKIIiT P 301IbIIEHH] 00CAT1B BUKOPUCTAHHS 000X PECYpCiB
Ha 1%?

Po3ain 4. XapakrepucTuku BUPOOHUYUX QyHKIIN

Jlekuis 4. OCHOBHI XapakTepuCTHKM BHPOOHHYMX (QYyHKHIIH Ta iX
€KOHOMIYHMH 3MiCT

MerTa JiekItii: BUCBITIUTH OCHOBHI XapaKTEPUCTUKHU BUPOOHMY1 PyHKIIIT

ILnan
1. TloHATTS €MacTUYHOCTI.
2. ExoHOMiKO-MaTeMaTH4H1 TapaMeTpu BUPOOHNYOT QYHKIIII.
3. Edektn posmmupeHHs Macmtady BUpOOHHIITBA Ta 3aMIIIIEHHS peCYpPCiB.
4. 130kBaHTH BUPOOHMYOT (HYHKIII].

KiiouoBi TepMiHM Ta NOHATTHA: €TACTUYHICTh, CEPEIHS MPOTYKTUBHICTH
mparli, cepenHs ¢GOHAOBIIAYa, TpaHWYHA MPOAYKTUBHICTH TIpalli, TpaHUYHA
dbonmoBiAIaYa, TPAaHIUYHA HOpMA 3aMIIIeHHS, e()eKT MacTaldy, 130KBaHTH.

4.1 TToHATTH €JIACTHYHOCTI

Enacmuunicms XapakTepusye BITHOCHY 3MIHY €KOHOMIYHOTO TMOKa3HWKa ITiJ
TE0 OJWHWYHOI BiAHOCHOT 3MiHM (PakTOpy, BiJ SKOTO BiH 3aJICKHTH, 32 yYMOBH
HE3MIHHOCTI pemTd (aKTOpiB, MO BIUIMBAIOTH, HA JOCHIIHKYBaHHH IMOKa3HUK.
[HIIMMU  clioBaMM, €JACTUYHICTh IIOKa3ye, HA CKUIbKM MPOLEHTIB 3MIHUTHCA
JOCJIIJIP)KYBAaHUM MOKa3HUK, SIKIIO (PAKTOp, Bill SIKOTO BiH 3aJ€XKUTh, 30UIBIIUTHCS Ha
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1% [2].
Hexail pocnimKyeTbCsl 3aJI€KHICTh €KOHOMIYHOIO TMOKa3HUKA Y BiJ 3MIHU
(dakTopy X, 3HaUE€HHS SKOrO BIUIMBAIOTh HAa 3HaueHHs Y. PosrisHemMo BHUMAnok,

KOJIM CIOCTepiraeThes (GyHKIIOHANIbHA 3aJICKHICTh Y = y(x). [IBuaKiCTh 3MIHU

d . A

_y = lim _y ’
dx ax-0 AX
MpoTe 11 3aCTOCYBaHHS Y €KOHOMIYHMX JOCIIKEHHSX 3/1€OUTBIIOTO € HEe3PYYHUM,

OCKUIbKU BEJIMYMHA MOXITHOT 3aJIeKUTh BiJl OOpaHUX OJIMHULIb BUMIPY X Ta Y. Tomy

BEJIMYMHHU Y BIJHOCHO 3MIHM BEJIMYMHHM X BU3HAYAETHCA MOXITHOIO

IJIs1 BUBYCHHS BIINIMBY 3MIHM BEJIIMYMHHA X Ha BCIIMYMHY Y ¥ CKOHOMiHi

3aCTOCOBYIOTh HE aOCOJIOTHI, a BIOHOCHI (MPOLIEHTHI) 3MIHM BEJIHWYHH, IO
JTOCIIJDKYIOThCSI.  3B’SI30K  MDK 3MIHAMHU BIIHOCHHX BEJMYMH OIIHIOIOTH 32
JIOTIOMOT'OXO €JIAaCTHYHOCTI.

Enacmuunicmio ¢ynxyii y:y(x) BITHOCHO 3MIHHOi X Ha3WBaIOTh TPAHUIIIO

BIJTHOILICHHS BIIHOCHUX 3MIH BEJIMYUH Y Ta X:

Ay
E(y):nmﬁznm 4y x 4.1)
X AXx—0 Ay Ax—0{ AX y .
X

dopmyiy (4.1) MoxHA 3aMMCaTH y BUTIISIL

d(Iny)
E,(Y)= 2. (4.2)

d(Inx)
SIKIO eacTUYHICTh BU3HAYAIOTh HAOJIMKEHO 3a JUCKPETHUM HAOOpPOM JIaHUX,
HAIPUKJIAJ, 3aJaHUX y BUTISAA1 TaOmuIli, To 3amicTh (4.1) Tta (4.2) nius oOUucIeHHS

€TaCTUYHOCT1 Y TOYII1 (Xl, yl) BUKOPUCTOBYIOTH (DOPMYITY:

EX(Y)Z y2 yl:XZ Xleylel (43)
Y1 X i %
Enactuunicte, oOuucneny 3a dopmymnow (4.3), Ha3HBAOTh KIHYEBOH
elacCmuUyYHICMIO.
Y eKOHOMIYHMX JOCHIIPKCHHSIX BHUKOPUCTOBYIOTH TaKOX CEpelHI0 (AyroBy)
€JIACTUYHICTD:

Yo=Y . %X
E.(y)= ; : (4.4)
Ty o)
2 2
a TaKOX JorapuMiuyHy eITaCTUIHICTh
Y, X

E,( ):A(Iny)zlnyz—lnylzln ‘In| 22 | (4.5)
A(Inx) Inx,—Inx, Y, X,
3 o3HaueHHsS enacTUyHOCTi (4.1) BUIUIMBAIOTH OCHOBHI BIIACTUBOCTI IIHOTO
nokasHuka [5]:
1) Eax(by)z Ex(y), TOOTO €IACTUYHICTh HE 3aJCKHUTh BiJ OJWHHUIL BUMIPY

MOKa3HUKIB X Ta Y ;
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2) enacTUYHOCTI B3a€EMHO OOepHEHUX (QYHKLIA € B3a€EMHO OOEpHEHUMU
1

E, (%)

3) enactuuHICTh JOOYTKY ABOX (YHKLIA TOPIBHIOE CYMI iX €JIaCTHYHOCTEM:
E,(u-v)=Eu+Ey;

4) enacTUYHICTb 4YAacTKU (YHKIIA [JOPIBHIOE PIZHUIN IX €JaCTUYHOCTEH:

E, (Ej —Eu-Ev;
\"

5) EnactuunicTh cyMu BOX (YHKIIIH 3HAXOSTH 32 (POPMYIIOIO:

d(u+v) x _(d_u+ﬂJ X _Uu-Bu+v-EV

BemmumHamu: E, (y)=

E (u+v)=
X( ) dx Uu+v \dx dx) u+v u+v

PosrnsiHeMO OCHOBHI MMOKAa3HWKW €JIACTUYHOCTI, 110 BUKOPUCTOBYIOTHCS Y
MaTEMATUYHIA €KOHOMIIII.
1. Enacmuunicme nonumy 3a yinorwo (npsma eracmuunicms) BU3HAYAETHCSA 32

dbopmyoro
dq
_dq

B d/ dpq

ac p — I_IiHa O,ZII/IHI/IHi TOBapy, ( — BCIMYMHA IOIMTY Ha HBOTO. Bona ImoKasye

BITHOCHY 3MIHY y BIJICOTKax BEJMYMHHU TOMHWTY Ha TOBAp MPH 3MiHI I[IHHU I[LOTO
ToBapy Ha 1% Ta XxapakTepHu3ye peakilito CIIoKHBaviB Ha 3MiHY I[IHU TOBapy.
2. [lepexpecny enacmuunicmos nonumy 3a Yinoio 3HaAXOIATh 3a (HOPMYIIOI0
d,
q _ dg By

Epj(qi):dry _dpj g
P;

BoHa moka3ye BiIHOCHY MPOICHTHY 3MiHY BEIHYUHMA (;, MONHTY Ha | -if TOBap

mpu 3MiHI WiHM P;HA ]-i ToBap, IO 3aMilllye YM JONOBHIOE I-i ToBap Yy

cIokuBaHHi, Ha 1%.
3. Eracmuunicms nonumy 3a 00x000m 00IUCITIOIOTH 32 POPMYJIIOIO:

dg
dq

i V d g’
ne | — cepemHs BenWuYMHA JOXOAY CHOXKHMBadiB. BoHa XapakTtepusye BITHOCHY
MPOIICHTHY 3MiHY BEJIMYHHH MOMUTY HAa TOBAp MPHU 30UIBIICHH] TOXOY CIIOKHBAYIB
Ha 1%. JlomaTHa enacTUYHICTH TOMHTY 3a JOXOJOM CIIOCTEPIrae€ThCs st
HOPMaJIbHUX (SIKICHUX) TOBApIB, Bil’€MHA — JJII MAJIOIIHHUX (HU3bKOSKICHHX).
4. l[inosa enacmuuricmo pecypcis
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d% dR

B d/ dpR

XapaKkTepHu3ye BiTHOCHY 3MiHY y BiICOTKaX BeIWYMHU R TMOMUTYy Ha MEBHUU pecypc
IIpH 3MiHI LIHU UBOTO pecypcy Ha 1%.
5. Enacmuunicms 3amiwenns npu supoOHUYymaei 00H020 pecypcy iHuum

dR R
E.(R)=—Z{1-—
 (R)= dR, R
NOKa3y€e, Ha CKUIbKM MPOLIEHTIB 3MIHHThCS KiIbKicTh R 1-ro pecypcy mpu

30U1bIIeHH] KiTbKOCTI R, ] -ro pecypcy Ha 1% Tax, 110 IpH 1LOMY 3arajibHHii 00csAr

BUPOOHUIITBA HE 3MIHIOETHCS.
4.2 ExoHOMiKO-MaTeMaTH4HI NapaMeTpH BUPOOHUY 01 PyHKIiT

OcHoBH1 xapaktepucTuku B®-¢yHkuii posriasHeMo s QyHkuii Buny Q =
Q(K,L). PosrnsineMo cepenHi BenuuuHHU, noB’si3aHi 3 BD. Bonu 3HauHOIO Mipoto
XapaKTepu3ylTh  €(PEKTHUBHICTh BHUKOPUCTAHHA Yy BHPOOHMUOMY  MPOIECI
nignpuemctBa. Cepeous npodykmusHicmv npayi — 1€ BUIHOIIGHHS 00CATYy
BUPOOJIEHOT MPOAYKIIii 32 MEBHUM MPOMDKOK Yacy 10 KUTbKOCT1 BUTPAYEHOT Mpalli:

Q
AQL = I .
Cepeons ¢onoosiooaua — 1€ BITHOIIGHHS 00OCATY BHUPOOJIEHOT MPOIYKIIl 10

BapTOCTI OCHOBHUX BUPOOHUYMX (POH/IIB:

AQK = E
s BO Ko66a-/lyrnaca cepentsi IpoyKTUBHICTD Ipalii
Q AK“ oy pd
AQ =—=—=AK ",
Q= L
cepenns GpoHmoBiIIAYA
ap B
AQ, = Q = ARTL” = AK* 72,

K
Ockinpku f < 1, TO cepeaHs MPOAYKTUBHICTh Mpalll € CMaJHOK (PYHKITIEIO
aprymeHnTy L, ToOTO 31 30UIBIICHHSIM BUTPATH Tpalli cepeaHs MPOAYKTUBHICTH Mpalii
3MeHIIYeThCsl. OCKUTBKA TPH [IbOMY BEJIMYMHA JAPYroro pecypcy K 3aiauimaerbes
HE3MIHHOIO, TO 3allydeHa JI0JIaTKoBa poboua cuia He 3a0e3MeuyeThbes T0AaTKOBUMHU

, K
3acobamu BHUpPOOHHITBA. DOHI0030POEHICTD T IIPU UBOMY 3MEHIIYEThCS

AmnanorigyHo cepents ¢oHmOBiIIa4a € cragHa QyHKIis aprymeHTy K, OCKITbKH 3i
3pOCTaHHIM IIHOTO apPTyYMEHTY, TOOTO 31 30UIBIIEHHSIM BapTOCTI OCHOBHUX (DOH/IIB,
TOOTO TIpH 3aJTY4YEHHSM JOJATKOBUM BHPOOHWUYMX (OHAIB, HE MiTKPIIJICHHSIM
30UTBIIICHHSM BIAMOBIMHOI KUTBKOCTI TPAIOIOYNX, a00 30UTBIICHHSIM BHUIUIAT Ha
OTUTATH TpAIIi.
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['paHnyH1 BEIUYMHM MPOAYKIII, TOOTO epanuuHi npodyKmu XapaKTepU3yrTh
edeKT y BUINIAIAI 00CATY MPOAYKIi, SKOrO OTPUMYIOTH 31 30UIBILIEHHSAM BHUTPAT
pecypciB. [ panuuna npooykmusHicms npayi XapaKTepU3y€e BEIUUUHY JOAATKOBOIO
e(eKTy Bil KOXKHOI JOJaTKOBO BUTPAYEHOI Ipalll MNpH JaHOi KOMOIHalli pecypciB
(R,L): %

M QL = a_L

Buxonsiun 3 o3naduenHs B® npu 30UIbIIEHHI BHUTpaAT Mpali, TpaHUYHA
MPOAYKTUBHICTh Tpaii 3MeHmyeTbes. s B® Kob6b6a-Jlyrmaca rpaHudHa

MPOYKTUBHICTb Mpalll JOPIBHIOE
MQ, = BAKLF~ = B2,
TOOTO TpaHWYHA MPOJYKTUBHICTh NMPOMNOpPLIHA cepeHId MPOIYKTUBHICTh 1 3aBXKIU

MeHIIIa 3a Hel, ockuibku f < 1.
I'panuuna gponoosiooaua BU3HAYAETHCS AHAJIOTTYHO:

9Q
PosrnsiHemo koedilieHTH €acTUYHOCTI, 110 BUKOPUCTOBYIOTH ISl aHAII3y
B®. Ile 6e3po3mipHi KOe]ili€EHTH, 110 XapaKTepU3yIOTh MPOILEHT MPUPOCTY 00CATY
MPOJIYKIIii, IO BUPOOISETHCA, TIPU 30UTBIIICHHST BUTpAT pecypey Ha 1%. Koegiyicum

eracmuyHocmi npooyKyii 3a ponoamu BU3HAYAETHCS 32 HOPMYJIIOIO
_0Q K
K=ok o
OcCKUTbKM TPU HE3MIHHOMY OO0CS31 BUTpAT Mpaili BIIHOCHOMY 301IBIICHHIO

) ) AK . ) . )
o0cs131 OCHOBHUX (OHJIB Ha ~— BIANOBINAE BiTHOCHE 30UIBIIICHHS  BHUPOOHUIITBA
AQ %
IPOJYKIIi Ha o TO BITHOCHUM TPHUPICT BUITYCKY MPOIYKIII CKIajae W,
L

nepeimoBmy TyT n0 rpanHuii npu AK — 0, orpumaemo BUpa3 Mg €IaCTUYHOCTI
IPOYKIIii TI0 poHTaM.
Enacmuunicms npooyxyii 3a npayero BU3HAYAETHCS 32 POPMYIIOIO:
g, =L
L Q

s B® Ko66a-/yrnaca ii mapametpu a, S € koedillieHTaMH €JTaCTUYHOCTI 1
He 3ajexath Bin BenuuuHU ¢aktopiB K, L, a came Ex = a, E;, = . Tomy mns miei
B® koedimienTn a, f € ctanumu 1 He 3aiexars Big K,L.

KpiMm ymoB, BKITIOUEHUX Y O3HAaYeHHS BUpOOHMUMX ¢GyHKIIH, HAa BD 3anexnHo
Bix 11 BUy HAKJIQal0Th JOJIATKOBI OOMEKEHHS.

Bracmueicms 00nopionocmi Tonisirae y TOMy, 1110 TIpH 30UTBIIIEHH] BUTPAT BCIX
pPECYpPCIB B OJIHAKOBY KIUIBKICTh pa3iB W 0O0CST BHPOOJIEHOI MPOAYKIIi 3pocTae y
KpaTHy W KUTBKICTh pa3iB:

Q(wK,wL) =w"Q(K,L)
s moBitbHOTO W>1. TIOoKa3HMK CTENEHIO ' HAa3UBAIOTh CcmeneHem 0O0HOPIOHOCMI
@yuxyii Q, BIH xapakTepu3ye ePeKT pO3IUpPEeHHS MacimTaly BUPOOHHUIITBA: SKIIO
BUKOHYETHCS YMOBa 1 > 1, TO 30UIbIIIEHHST BCIX PECYpCiB y W pa3iB MPUBOAHTH 0O
3pocTaHHs 00cCsIry BUPOOHHITBA OUIbIIE, HDK Y W pa3iB, TOOTO edekT MaciTady €
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no3uTuBHUM. ko r < 1, To mpupicT pakTopiB y W pa3iB 3a0e3neuye MEHIIE HiX
W-KpaTHE 3pOCTaHHs 00CITy BUPOOHUIITBA, TOOTO €(hEeKT MacIITaly € HETaTUBHUM.

YacTo Ha MpakTUlll CHOCTEPIratoThCs JIIHIMHO-OAHOPIAHI BUPOOHHUY1 (PYHKITII.
mast skux =1, 10670 Q(WK,WwL) = wQ(K,L). YV 1uboMy BHIaaKy e(hexTy
30UTbIIEHHS] MacITa0y BUPOOHUIITBA HE CIIOCTEPIraeThCs.

BnactuBicTh HEOOX1THOCTI BC1X PECYPCIB MOJSATAE Y TOMY, 1110 IPH BiACYTHOCTI
xoua 0 0IHOTO pecypcy BUPOOHMIITBA MPOAYKIIii BIACYTHE, TOOTO

Q(0,L) =Q(X,0) = 0.

BnactuBicTh OOMEXKEHOTO 3pOCTAaHHS O3HAYa€ MOJAraEe y TOMY, IO MpH
3pOCTaHHS BEIMYMHU pecypcy Bia 0 0 A€SKOro CKIHYEHHOT'O 3HAYEHHS B11I0YBa€ThCS
CTpIMKE 3pOCTaHHs 00CsSry BUPOOHMIITBA, SIKMI 3 MOJANBLUIUM 3POCTAHHSIM PECYpCy

[OCTYIIOBO 3MEHIIYETHhCSI J0 HyJs, TOOTO MO’KHA 3amucaTH HAaCTYIMHI YMOBH:
. . 0Q . dQ .
lim Q(x) =0, lim—==0, lim—==oco. Ils ymoBa BHUpaxaec Hee()EKTHBHICTH
X—00 X—>00 ox x—-0 ox
pe3epBYyBaHHS PECYpCIB.

PosrisitHemo BIAcTUBICTH elacTUYHOCTI pecypciB. JliHiHO-onHOpinHI B®

MO>KHA MMOAATH Y BUTJISIL:
2Q 9Q
=—-K+—L. 4.6
Q 0K oL ( )
ExoHOMIYHO 110 pIBHICTH MOXXHA MOSICHUTH HACTymHUM dYuHOM. Hexai
BJIACHUK MIANPUEMCTBA I1HBECTY€E KalliTal y BUPOOHULTBO 10 THUX TIp, JIOTH

o . 0Q o . . C
JOJaTKOBUH OOX1 & HC JOCATHC IMPUHUHATOLl Y JaHIM CKOHOMIYHIM CUCTCMHU HOPMHU

aQ o .
npuOyTKy, a BEJIMYWHA JOOYTKY HOPMH MPUOYTKY o Ha BKIAJCHHI KartiTas K — e
JI0XOJ BJIACHWKA MiAMPHEMCTBA. AHAJIOT1YHO, HaliMar4u pOOITHUKIB, BIH 30LIBIIYE

. . o . 0Q o .
1X YUCCIBbHICTE JOTH, AOKAa AOAATKOBHHN HOX1J a, o IIpUHOCUTHL HOBUHU pO61THI/IK,

o . . aQ .
HC OOCATHC BCIMYMHH HOI'O 3ap061TH01 IJ1aTH, TOOTO BEJIMYMHA EL — OC J0X1J

IpaIiBHUKIB, 3arajbHa YUCICHHICTh SKUX JIOPIBHIOE L.
Jns Teopii BupoOHmmTBa piBHSIHHSA (4.1) 03Hadae, 1O oOcCAT BHPOOICHOT
NPOAYKIIIi CKJIATAEThCS 3 YaCTHH, BUPOOJICHUX 32 PaxXyHOK BHKOPUCTAHHS KOXKHOTO

pecypcey okpemo. [ToainuBmm o6uaBI yacTuHM piBHOCTI (4.6) HA Q, OTpHMaEMO:
9Q K  0Q L
1 =£'5+5'5= EK +EL'
TOOTO JIsl MHIAHO OAHOPIAHOT QYHKIIIT KOSPIITIEHTH €JaCTUYHOCTI JIEKATh Y MeKax
Bix 0 1o 1, skmo xouya 6 oguH 3 HUX OUIbImUK HyNd. s omHOpigHOT QyHKIIT E) +
+E; =1, To0TO cymMa KOe(illi€eHTIB €IaCTUIHOCTI JOPIBHIOE CTETICHI OJHOPITHOCTI
¢ynkmii. Otxke, oTpumana BaxmBa BiactuBicth BD Ko66a-/lyrnaca [6]: cyma ii
KOe(DIIIEHTIB €IacCTUYHOCTI JOPIBHIOE TOKA3HUKY €(PEeKTy pO3IMIMPEeHHS MacuTady:

Ex + E;=r.
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4.3 Ed¢exkTn po3mmpeHHs MacmiTady BHPOOHMUTBA Ta 3aMillleHHSA

pecypciB

Bume Oyno moka3zaHo, 1o eQeKkT pO3IMHUPEeHHS MaciiTady BHUPOOHUIITBA
BU3HAYAETHCSI MHOKHUKOM W', 71st oHOpinHOl ¢yHKIil pu r > 1 edekt maciirady
MO3UTUBHUM, TpU 7 < 1 BiH € HEraTUBHUM.

CepenHio 4MCIIOBY XapaKTEpUCTUKY e(peKTy MacmTaly MO>KHa BHU3HAUYMUTH
aHAJIOTIYHO Koe(illleHTaM eJacTUYHOCTI 00CATYy BHPOOHHUITBA 32 BUPOOHUYMMHU
daxTopamu [8]:

2Q(wx) w
ow Q(wx)’
a, Mepe’IIoBIIM A0 TpaHUllb, OTPUMAEMO BHUpa3 IS Koe(dillieHTa eIacTHUYHOCTI
BUPOOHUIITBA:

= lim 280 W 4.7)
w-1 0w Q(wx)

EnactuuHicTh BHpo6HHuTBa XapakTepu3y€e MPHUPICT MPOAYKIII MPU JCTAKUX
3HAQUYEHHSX BUTpPAT pecypciB (JIoOKanbHHM e(deKT Macmtady), OCKUIBKA 3MIHU
CTPYKTYpH  pECypCiB  BBaXkalOThbCsA  HeckiHueHHOo Maaumu (w — 1)  [2].
Tudepenuirotoun Bupaz Q(wx) = Q(wxy wxy, ..., wxy,), AK cknageHy (GyHKIIirO
3MIHHOT W, OTPUMA€EMO:

BQ(wx) n  9Q(wx)
ow =1 5 (wx;) (4.8)
[MincraBuBiu (4.4) y (4.3), oTpuMyeMo:

E, = lim [( ?:16Q(Wx)) ] > = i=1o 2.5 - 1_1Ex
w—1 o(wx;) Q(x) ox; Q

Takum uywmHOM, KOE(QIIEHT eJaCTUYHOCTI BHUPOOHHUIITBA JOPIBHIOE CyMI
Koe(iIieHTIB €JacCTUYHOCTI 00CATYy BHPOOHUIITBA 3a pecypcaMu BUPOOHHIITBA. 3
BpaxyBaHHAM piBHOCTI (4.8) mpUXOaMMO 10 HACTYIMHOTO BHCHOBKY: KOe(]iIlieHT
€JaCTUYHOCTI BUPOOHUIITBA JOPIBHIOE MOKA3HUKY €(EKTy PO3IIMPEHHS MaciiTady
BUpOOHMIITBA [7] .

Posrnssnemo edext 3aminu pecypciB. OCoOONMBICTh pealbHUX BHUPOOHHYHMX
IIPOIIECIB TOJIATAE Y TEOPETUYHIN MOKIMBOCTI 3aMilllEeHHsS] OAHUM (DaKTOPOM 1HIITHM.
Hampukman, icHye abcTpakTHa MOXIIMBICTh 3aMIHUTH OJWHUIIO BUPOOHHUYOTO
oOJlalHaHHS CKBIBAJIGHTHUM 3a BEJIWYHMHOI (OHAOBIAAAYl KUIBKICTIO OIWHUIID
mparii. [Ipote qyke 4acTo Ha mpakTuill e HeMoxkJuBe. JJis BUmaaky aBopakTopHOi
B® uucnoBa xapakrepuctuka edeKTy 3aMiHM TIOKa3ye, Ha SKy BEIUYUHY dX;
3MEHIIUTHCA BUTPATa JAPYTOTO PECYPCY, SAKIIO 30UTBIIUTH OOCATIB BUTPAT MEPIIOTO
pecypey Ha dxq, mob npu mboMy 00’ €M BUPOOHHMITBA Q 3aTUITMBCS HE3MIHHUM.

I'panuunoro nopmoio 3amiwgennst Sy y, ONHOTO PECYPCY IHIIMM HA3UBAIOTH

BemunHy [8]

Sx o= dx,
1527 dxy

gKa TIOKa3ye, SKAW O0OCIT pecypcy 3BUIBHIOETHCS TpU 30UTBIIEHHI pecypcy-
3aMIHHHKA Ha OJIMHMINIO. 3 YMOBH HE3MIHHOCTI 00CATY BUPOOHHIITBA IIPOIYKIIT TIPH
3aMimeHH1 (paKkTopiB BUTUIMBAE:
aQ
dQ = 5 —dx; + de = 0.
X1
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OTxe, rpaHM4Ha HOpPMa JOPIBHIOE BIJHOIICHHIO TPAaHUYHUX MPOIYKTIB
¢dakropiB, TOOTO

== = : 4.9
1X2, aQ /axz MQ, ( )

VY upomy BUNAIAKY X, — e (akTop, IO 3aMINIyIOTh, X; — (akrop, SIKui
3amimye. 3 piBHOCTI (4.9) BUIIMBAIOTH, IO 0OCST X, PECYPCY, IO BUBUIBHAETHCA, Y
pPO3paxyHKy Ha OJUHHUIIIO PECYypCy X; € TUM Ouiblie, 4uM OuIbllla TpaHUYHA
MPOAYKUiA (GaKTOPY 110 3aMIIly€, Y MOPIBHAHHI 3 TPAHUYHOIO MPOAYKIIEI (GAKTOPY,
AKOTO 3aMILIyIOTh. Y TMPOTHIICKHIA CUTyalli HOpMa 3aMilleHHS BU3HAYAETHCA
aHAJIOT14YHO, 3 BpaXyBaHHSIM CITIBBIIHOIIEHHS

Sxaxs S, = 1.

Hns B® Ko606a-Jlyrimaca oTpuMyeMO TpaHUYHY HOPMY 3aMilleHHS 3a

dbopmynoro (4.9). Maemo:

KGE= P = i Sue = g =

MOXIUBICTh 3aMIlllEHHsT PECypCiB OJMH OJHOTO XapakTepu3ye B® 3 Touku
30py pi3HUX KOMOIHAII# BHUTpAaT pecypciB, M0 3abde3nedye piBHI 00CsITH
BUPOOHUIITBA Mpoaykiii. KUTbKICHOIO XapaKTEpUCTHUKOIO TEMIy 3MIHU TPaHUYHOT
HOPMH 3aMIIIEHHS Yy POCTOP1 PECYPCiB € enacmuunicms 3aminu pecypcis [6]:

_ a(x1/x2) . Sx1x2
X1Xy T Sy, x, xz/xl'

EnactuunicTe 3amMiHu TIOKa3ye, Ha CKUIbKM MPOIEHTIB TMOBUHHE 3MIHUTHUCA
CIIBBIHOIIICHHS PECYPCIB MIPH CTAIOMY OOCS31 BUPOOHUIITBA MPU 3MiHI TPAaHUYHOT
HOpMU 3aMiHd Ha 1%. BianmoBigHO 10 XapakTepy 3MiHH KOEQIIIEHTY €IacTUYHOCTI
3aMIHU PO3PI3HAIOTH JBa KJIaCH BUPOOHMUOT (DYHKITIT:

1) B® 3i 3MiHHOIO €JIACTUYHICTIO 3aMIHH;

2) B® 3i cTanomo enacTUYHICTIO 3aMiHH.

Haii6inpmoro mpakTHYHO 3HAYUMICTIO Mae B® 31 cTajgor enacTHYHICTIO
saminm [6]. Jns Hei MOMUIMBI 1Ba XapakTepHi BUIMAIKH: Oy x =00, TOOTO IDaHHMII

(4.10)

B32€MO3aMIHU DPECYPCIB BIICYTHI, 0y =0, TOOTO pecypcH B3a€MHO JONOBHSIOTH
OJINH OJTHOTO Ta BUKOPUCTOBYIOTHCS Y CTPOT'O BUBHAYCHOMY CITIBBIIHOIIIEHHI.

4.4 130xkBaHTH BUPOOHNY0I PYyHKILIT

[30oninii’ BUpoOHUYOi (PYHKINT — 1€ KpHBI, y BCIX TOYKAX SKOi (DYHKIISI Mae
CTalle 3Ha4eHHs , TOOTO me JiHii piBHA (yHKIii [7]. PosrisHemMo kKoopauHATHY
wiomuay KOL, monoskerns touku (K,L) BiamoBinae meBHOMY piBHIO 3a0€3ICUCHHS
BUpOOHUIITBA pecypcamu: KamitaioM K Tta mparmero L.

[30x6anmor0 HA3WBAIOTh TeOMETpUYHE Miciie Touok Tutockocti KOL pecypcis,
JUIs1 SIKO1 00CSAT BUPOOHUITBA MPOAYKIIIi € CTAJIOI0 BEJIMYHHOIO:

Q(K,L) = Q. = const.
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PiBHAHHSA 130KBaHTH MOKHa 3amucatu 1 y sBHomy Burmani: L = f(K,Q.).
1

. B B
Hamnpuxnan, nns B® Ko66a-/lyrnaca y sBHomy Burisial: L = /% = ’QTC 7
K

ExoHOMIYHMI1 3MICT 130KBaHTH MOJISATAE Y TOMY, 110 KpHBA MOKa3ye 00CT TPYyAOBHUX
pecypciB, HEOOXIIHUX IJIsi OTPUMAHHS HPOAYKUIi Qg y 3aJeXHOCTI Bl HAsBHOIO
Kamitany. HaBegemo OCHOBH1 BIaCTUBOCTI 130KBaHTH.

1. SIxmo Bci pecypcu € HEOOXITHMMHU I BUPOOHMIITBA, TO HEMa TaKOIo
3HA4YEeHHSI 00CATY BUPOOHULITBA Q, JIJISl SIKOTO 130KBAHTA Ma€ CHUIbHI TOYKH 3
ocsiMU KoopauHaT. Ll BIAacTUBOCTI BUILIMBAE 3 YMOBHM HEOOXIIHOI BCIX
pecypciB JiJIsi BUPOOHUIITBA.

2. Binpmomy 3Ha4YeHHIO 00CSATY BUPOOHHUIITBA BIATOBiNAa€ OlIbINa BiAAaNeHa Bij
NOYaTKy KOOPJMHAT 130KBaHTA, 1110 BUILIMBAE 3 YMOBH OJHOPITHOCTI.

3. I30kBaHTH, 110 BIANOBIAAIOTH PI3HUM 3HAYECHHSIM (., HE IEPETUHAIOTHCS.
[30KniHOI0 HA3WMBAIOTh MHOXXHMHY TOYOK IUIOIIMHU PECYPCIB, y SIKMUX HaXHI

130KBaHT TPHU PI3HUX 3HAUEHHAX O0OCATY BHPOOHHUITBA MPOAYKIIT 3aJUIIAETHCS
CTaJIUM, OCKUIbKM Haxwi rpadika (yHKIIT BUpaxae ii MOXiJHA, TO 130KJIiHA — L€
MHOKHHA TOYOK, Y SIKUX

_22 _ g

dx, X1x,

Tyt BUKOpHUCTaIu MO3HAYCHHS PECYPCIB Xq,X,. OTXKe, 3BiICH BUIUIMBAE, IO

TCOMETPUYHHMI 3MICT HOPMH 3aMIIIEHHS TIOJIATa€ B TOMY, IO BOHA JOPIBHIOE

TAHTeHCY KyTa, 110 yTBOPIOE AOTHYHA JO 130KBAHTU 3 JOJATHUM HAIpPSIMOM OCI
a0cruc.

Hnas B®d Ko66a-/lyrmaca, sk Oylio IOKa3aHO BUIE, TpaHUYHA HOpMa

= const = 5.

3aMIIIEHHS € MPONOPIIHOI0 3HAYEHHIO KoeDimieHTy GOoHI0030pOEHOCTI K / L
B K

«' T
TOOTO UMM OUTBIIOIO € BEJIUYHMHY OCHOBHOTO KamiTany ((oHIIB) y po3paxyHKy Ha
OJIHOTO TIpaIliBHUKA Mae€ IMAMPUEMCTBO, TUM OUTbIIA YAaCTHHA KaIliTaly MOXKe OyTH
3BUIbHEHA Ta 1HBECTOBAaHA B IHIIWHM MPOEKT MpH 30UIBIICHHI MEPCOHAY HAa OJHOTO
npariBauka [8].

Otxe, piBHsHHS i30kimiHM B® Ko606a-/[yrmaca BU3HAYaeThCs HACTYyIHUM
KyTOBUM KOe(DIIiEHTOM:

Sk =

p K
S = —rr—= S .
LK = "] c
AHaJIOTIYHUM YUHOM MOXKHa 3AIMCHUTH aHali3 IHIIUX THUIIIB BUPOOHUYMX
(YHKIIIH.

IIuTaHHs Ta 3aBAAHHA JJIsI CAMOKOHTPOJIsI 10 po3aiay 4
Po3kpuiiTe Ha KOHKPETHUX MPHUKIAAaX 3MICT MOHATTS €TaCTUYHOCTI.
2. TlosicHITP TIpU3HAYEHHS Ta POJIb Y EKOHOMIYHHMX JOCTIIHPKCHHSX TOKa3HHUKA
€J1aCTUYHOCTI.
3. HaBenite dopmynu mns oOuncieHHS KOEQIMIEHTIB €IaCTHYHOCTI 00CSTIB
BUPOOHHUIITBA 32 (haKTOpaMu BUPOOHHUIITBA.
4. TlosiCHITH 3MICT FPAaHUYHUX MMOKA3HUKIB.

=
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[TosicHITB, 1110 Taka €TaCTUYHICTh 3aMiHU PECYPCIB.

6. Ha3BiTh OCHOBHI cepe/iHI MOKA3HUKHU, MOB’A3aHl 3 BUPOOHUYOIO (YHKIIIEIO Ta
PO3KpHUITE 1X 3MICT.

7. TlosICHITB, Yy HOMY HOJATalOTh €()EKTH PO3IIUPEHHS MacIuTady BUPOOHUIITBA Ta
3aMiILIEHHS PECypCiB Ta sIK MOKHA 3aCTOCYBATU Ha MIJIPUEMCTBI 111 €()EKTH.

8. Po3zkpuiiTe 3MICT NOHATH 130KJIIH Ta 130KBaHT.

Po3B’s1kiTh HACTYIIHI 3aBIaHHS.

1. Ha ¢abpwuiii, 110 BUpo0OJisie B3yTTs, S MpalliBHUKIB MPAIIOIOTh Ha 5 BEpCTaTIB
1 BupoOssaoTh 1000 map B3yTTs 3a Micslb. SKI0 KOEQIiEHTH €JaCTUYHOCTI
pecypciB  gopiBHIOOTE 0=0,25; p=0,75, 3HaiiTH HOPMY 3aMiHU Ha ILOMY
OiANPUEMCTBI, TOOTO CKUIBKM MOKHa CKODOTUTH TMpAal[iBHUKIB MpU TpHUAOaHHI
01aTKOBO 1 BepcTaty, o6 o0csiar BUpOOHUIITBA 3aTUIIINBCS HE3MIHHUM.

x2(2x12+x22)
3x7 + X

2. llepeBiputn, 1O A1 BUPOOHUYOI QYHKIIT Fl(xi,xz):

rpannaHui npoaykt MP; cniagae, a cepenniii mpoaykt AP, He crianae.

3. Ha xonBeiiepi 30MparoTh TENEBI30pM NUIAXOM 3’€JIHAHHA KOPIYyCYy Ta
KiHECKoma, TOOTO MaeMoO (hiKCOBaHI MPOMOPIlii BUKOPUCTAHHS pecypciB (c1=cp=1).
BupoOuuuoro ¢yskiiero mianpueMcta € ¢yHkuiga JleoHTheBa. Ko Ha KOHBEep
Hamiinuio 200 kopmyciB ta 500 kiHeckomiB y Micslb, TO Oyae 3i6panHo 200
TEJNEBI30piB. 3HAWAITH y IIbOMY BHUMAAKy TPAHWYHY MPOAYKIIIO IMEPIIOro pecypcy
(kopmyca) Ta TpaHUYHY MPOAYKIIO Apyroro pecypcy (kiHeckomy). [loOyayBaTu
KpUBY BUPOOHUIITBA (3aJIEKHOCT1 00CATY BUPOOHUIITBA) BiJl KUIBKOCTI KOPIYCiB, IO
HaIUILI0, TIpU (HIKCOBaHIM KiTbKOCTI KiHeckomiB (500 mTyK).

4, Jnsa muikHOoi BUpoOHMYOi ¢yukmii X =a-K+b-L, a>0, b>0,
noOyayBaTH 130KBaHTH Ta 130KJI1HAJ1. 3HAUTH HOPMU 3aMIIICHHS Tpalli KamiTajioM Ta
KaIrTary Mparero.

5. BusHnauutu rpanndHy (HOHIOBIAAAYY Ta TPAHUYHY MPOAYKTUBHICTD TIparll y
€KOHOMIYHIM cucTeMi, (DYHKI[IOHYBAaHHS SKOi OMHUCYETHCS BUPOOHWYOIO (PYHKITIEIO
X =F(K,L)=1500-K®*- L%, sKumo BapTicTb OCHOBHHX BHUPOOHHMYMX (OHAIB
K =3200 y.r.o., BuTpaTtH Ha orutary mpaii L=1000 y.r.o.

6. Jlna Bupobmmuoi dymkumii X =1200- K°*.L°® BusHaumtn emactmumicTh
BUPOOHHUIITBA 32 TIPAIICIO Ta 32 KAIiTaJIoM.

7. BupoOuwmua ¢yukiis mae Burasg: X =0,931- K% 1999 33 neaxnit
nepiol yacy obcsar BupoOHmiTBa 30inbmuBes y 4,08 pa3u, OCHOBHI BUPOOHMYI
doumu — y 6,62 pas3u, KUIbKICTh NMpaliBHUKIB — y 1,79 pa3u. Slka yacTuHa 3pOCTaHHS
o0cAry BHUPOOHUIITBA TOSICHIOETHCS 3POCTaHHSIM Horo wmacmrTaly, a ska —
3pOCTaHHIM HOTO €(pEeKTUBHOCTI?

8. 3amucaTy piBHSHHS 130KITIHAIEH JUIsi BUPOOHWYOT (DYHKIIIT 3 TONEPEeTHHOTO
3aB/IaHHS.
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9. BupoOnuya ¢ynkuiga JIeoHTbeBa BU3HAYAETHCS PIBHICTIO X = MIN {—, E},
a

7e a Ta b — BIANOBIAHA KUIBKICTh OJUHULb KaMiTally Ta OJUHULB Ipalli, HEOOX1THUX
UIsl BUPOOHMITBA oauHULI npoaykuii. [loOynyBaTu 130KBaHTM Ta 130KJIiHAII
BUpoOHMUO1 QpyHKUIi JIleonTheBa pu a =5, b =3.

10. IliampueMcTBO 3a OCTaHHI 3 POKM I[OKa3aJl0 HACTYNHI pPe3yJbTaTu,
HaBeJICH1 y TaOuIIl.

Pix KinbkicTs MeTana, Kinbkicts [Tepconai,
TUC. T Bepcrartis, o. THUC. JIIO/IeH

1 13 10 0,8

2 30 20 1,8

3 50 30 2,8

Buznauntu koedimieHTH BUPOOHMYOT (PYHKIII, SKIIO BIJOMO, IO BOHA €
niHiIHHOI0. OO SICHUTH €KOHOMIYHUHM 3MICT ii koedimieHTiB. CrporHo3yBaTu 00cCsT
BUPOOHUIITBA METaly Ha 4-il piK, SKIIO KIJIBKICTh BEPCTATIB MIAHYETHCS TOBECTHU J10
40 oauHUILIb, a YUCEIBbHICTh MPAIIBHUKIB — 70 3,5 THC. JIIOCH.
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Po3ain 5. Onrumizaniss BUpOOHMYMX BUTPAT

Jlekuiss S. MogeaoBaHHsd BHPOOHMYMX BHUTPAT Yy JAOBrOTEPMiHOBOMY
nepioxi

Meta Jekuii: HaJaTH CTyJIGHTaM 3HAaHHS MPO OCHOBHI MPUHIUIHN Ta METOAU
MO/ICJIIOBaHHS! BUPOOHUYUX BUTPAT Y JOBFOTEPMIHOBOMY HEPIOI1

ILnan
Burtpatu nignpuemcraa.
@OyHKI[IT BUTpAT y JOBIrOTEPMIHOBOMY MEP10i
JIOBroTepMiHOB1 BUTPATH Ta PO3IMIMPEHHS MacllITa0y BUPOOHUIITBA
@DyHKI[IS BUTPAT Y KOPOTKOTEPMIHOBOMY MEPioAi
@OyHKI[IS BUTPAT NPU 3MIHHOMY €(PEeKTI pO3IIHUPEHHs 00CITY BUPOOHULITBA

o wbE

KuarouoBi TepMinM Ta MOHATTA: QYHKLIA BUTPAT, 130KOCTA, 3MiHHI BUTPATH,
CTaJi BUTpaTH, (YHKIUIA TOMNUTY HA PpECypcH, JTOBrOTEPMIHOBI BUTPATH,
KOPOTKOTEPMIHOBI BUTPATH.

5.1 Butpatu minnpuemMcTBa

Butparu C nignpueMcTBa 3aiexaTh BiJ KUIBKOCTI X; i=1, 2,..., n pecypciB, 110
BOHO BUKOPHUCTOBYE, Ta I[IH HAa HUX, p;, i=1, 2,..., n .BOHU € BapTICHUMHU OIlIHKAMH
BUTpaT BCiX pecypciB, ToOTO X;p;, =1, 2,..., n, IO BUKOPHUCTOBYIOTH JIs

BUPOOHUIITBA JAHOTO BUIY MPOAYKIIil 32 YMOBH, 1110 HEBUPOOHUY1 BUTPATH BiJICYTHI,
TOOTO BUOpaHa TEXHOJIOT1SI MIHIMAJIIbBHUX MOKJIUBUX BUTpAT:
mxin C(x1, %) = mxin(P1x1 + p2x2),

AxPxP = Q,x, 2 0,i =12

®yukmio C(x,p), M0 3aT0BOJBHAE IIi YMOBH, HA3UBAIOTh (YYHKYIIO SUMpPAm.
OyHKIST BUTPAT XapaKTepu3ye€ MIHIMAIbHY CYMY BHUTpaT sK (QYHKIIO 00cary
BUPOOHMIITBA Ta IiH pecypciB, TOOTO (YHKIIiSI BHUTpPAT XapaKTEPU3y€E€ MIHIMAIbHY
CyMy BHUTpAT Ha BHUPOOHHUITBO (HIKCOBAHOTO 00CATYy BUpOOHHIITBA QQ 32 yMOBH, IO
iMPHEMCTBO BUKOPHCTOBYE ONMTHMAabHI KOMOiHaIii pecypcis C(Q) = Y; pix;, ne
CHMBOJIOM ~ IIO3HAY€Hi BMTpPATH PECYPCiB IPU HalOiIbII €KOHOMIYHOMY CIOCOOI
BUPOOHHUIITBA.

MHOXXHHY TOYOK TUIONIUHU PECYPCIB MPHU CTAJIOMY CyMi BUTPAT MiAMPUEMCTBA
C HA3UBAIOTh i30KOCMOW. P1X1 + PaXy = C.

VY SsBHOMY BUTJISA/II PIBHSHHS [30KOCMU MOYHA 3aIUCATH Y BUTIISAII:

C
xZ = &xl.
D2 D2

30UIBIICHAS] CYMH BUTPAT MPUBOJWTH JIO MAapaJIeIbHOTO 3CYBY 130KOCTH Y
HalpsMy Bropy Ta BIPABO BiJl MOYATKy KOOPJAWHAT. BIUIMB IIiH Ha pecypcH Ha
MOJIOXKCHHS 130KOCTH TPOSBISAETbC y ToMmMy [9], 1m0 3MIHIOIOTBCA KyTOBHIMA
Koe(illieHT HaXWily 130KOCTH, HAINPHUKIAJ, MPH HE3MIHHIA IiHI JIPyroro pecypcy
3HIDKCHHS I[iHHM IIEpIIOTO pPecypcy CHPUYHMHSE 3MEHIICHHS HaXWIy 130KOCTH
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BITHOCHO OCl mepuoro pecypcy. Lle o3Hauae, 110 npu HE3MIHHOMY 00CS31 BUTpAT
IPYroro pecypey nepuuii pecypc 0yae BUTpa4yaTUMEThCS TUM OUIbIIE, YUM HUKYOIO
€ Horo miHa. Y mnojaiplioMy OyaeMoO BBaXKaTH, IO JJs BUPOOHUITBA MPOAYKIIi
OyAyTh BUKOPMCTOBYBATH JIMIIE JBA BUAM PECYpCcH: X; = L — TpymoBi pecypcu Ta
X, == K — 0CHOBHI1 BUpOOHMY1 (POHH.

Posrnsinemo knacu@ikaiiito BUTpaT. 3 TOYKH 30pYy TPUBAIOCTI MEPIOy Hacy
PO3PI3HAIOTH BUTPATH Yy JIOBIOCTPOKOBOMY MEPiofi (0osecocmpokosi sumpamu), 1O
no3HadaroTh C;, Ta BUTPATH Yy KOPOTKOCTPOKOBOMY MEPIOAl YU KOPOMKOCHPOKOBI
sumpamu Cg. Y JOBrOCTPOKOBOMY I€piojii BCl pecypcu € 3MIHHUMHU. Y
KOPOTKOCTPOKOBOMY TEPiO/l YaCTHHA PECYpPCIB € CTaIUMHU, TOOTO iX KUIBKICTh HE
MOke OyTHM 3MIHEHO Ha NpOTA31 LBOro mepiofi. Y KOPOTKOCTPOKOBOMY Mepioji
BUTPATH MOXHA PO3AUINTH HA ABa BUAU: 3MiHHI eumpamu Cy, MO 3MIHIOIOTHCS TIPU
3MiHI 00cCs31 BUPOOHMIITBA, a TakoX cmani eumpamu Cp, M0 HE 3aJexaTh BiJ
BEJIMYUHH 00CITy BHpPOOHHITBA. J[0 3MIHHMX BUTpaT BIHOCSATH BUTPATH Ha
CHUPOBUHY, MaTepiajy, OIUIaTy Mpaili BUPOOHUYOTO MEepCOHANTY, A0 CTalUX BUTpAT —
BUTPATH HA YTPHUMaHHS CIIOPYAH, OOJIaTHAHHSI, aJMiHICTPAaTUBHI BUTPATH, OPEHIHA
TuiaTa, moJaTKH.

OTxe, y KOPOTKOMY TEpioji Yacy BUTPATH € CyMOIO CTJIOK Ta 3MIHHUMU
BUTpPATaAMHU:

Cs(Q) = Cr + Cy(Q). (5.1)

Jliist aHami3y BUTPAT BUKOPUCTOBYIOTH TaKi MOKAa3HUKH SIK TPAHUYHI Ta CepeHi
BUTpPATH.

I panuuni sumpamu MC XapakTepus3ylOTh 3MIHYy BUTpPAT, BUKIUKAHY 3MIHOIO
o0csTy BUpOOHUIITBA HA OJIMHUITIO TPOAYKIIIIO, 1 BU3HAYAIOTHCS PIBHICTIO:

e < 6@ 4@
V=" “aq

Tyt cumBon A BUKOPHCTAIOTh [JIsi IO3HAYEHHS NPUPOCTY BeauuyuHu. Llei
noka3sHuK MC 3acTOCOBYIOTH IPHU aHaJi31 BUTPAT 1 B JOBTOTEPMIHOBOMY Mepioji, 1y
KOPOTKOTEPMIHOBOMY Tiepioni. OCKUIbKM CTali BUTpAaTH HE 3ajiekaTh BiA 00CATY
BUPOOHMIITBA, TO KOPOTKOTEPMIHOBI rpaHUYHI BUTpaATH 3 BpaxyBaHHsIM (5.1)MoxHa
MIOJIATH Y BUTJISAII:

dac(Q) d dcCy(Q)
MC,(Q) = 0 - E[CF + Cy(Q)] = ;—Q

3 mi€i pIBHOCTI 3pO3yMUIO, IO KOPOTKOTEPMIHOBI TpaHUYHI BUTPATU
XapaKTepU3yIOTh MPUPICT 3MIHHUX BUTPAT TPHU OJWHUYHOMY TPUPOCTY OOCHTY
BUPOOHHUIITBA MPOYKITIi.

Cepeoni eumpamu AC TOKa3ylOTh BUTPATH Ha OJHMHUINO BHUPOOJIEHOI
MPOTYKITIi:

C
AC(Q) = %

3 BpaxyBaHHAM (5.1) KOpPOTKOTEPMIHOBI CEepeHI BHUTPATH MOXHA IMOJATH Yy
BUTJISL:

Cs(Q@ _ Cr+Cy(Q) _ CF

e e Q

ACs(Q) = + Cy.
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Tyr ¢, — nuromi 3MIHHI BHUTPAaTH, TOOTO 3MiHHI BHUTpPAaTH Ha OJUHULIIO
MPOAYKIIIIO.

3BiICM BHUIUIMBA€, M0 KOPOTKOTEPMIHOBI BHUTPAaTH 3MEHIIYIOThCS 31
30UTBIIEHHSM 00CAry BUPOOHUITBA MPOJYKLIi, TOOTO CIOCTEPIra€EThCsl EKOHOMIsL Ha
PO3IIMPEHH] BUPOOHUIITBA Y KOPOTKOCTPOKOBOMY MEPIOAY.

5.2 dyHKUil BUTPAT y J10BrOTepMiHOBOMY mepioai
OyHKI[IS BUTPAT BU3HAYAETHCS Y PE3yJbTaTi PO3B’sI3aHHA 3a/ayl MIHIMIZalii
BUTpaT Ha BUPOOHULTBO (DIKCOBAHOTO CTAJIOTO OOCATY BUPOOHHUITBA Mpoaykuii Q.
[ro 3amauy nogaemo y Burisiai [9]:
rr;in C(x1,%2) = mxin(plxl + p2x3)

Hna B® Kob66a-/yrnmaca 3a ymoBu Q = Axf‘xzﬁ, x;=20,i=1,2. VY
3arajJbHOMY BHIJISIJI MIHIMI3Allsl 3I1MCHIOETBCS TPU HASBHOCTI OOMEXEHHS Yy
BUTJISAl BUpa3y Uil BIAMOBIAHOT BUPpOOHMUYOI (PYyHKID, e 0Ocsar BupoOHunTBa Q €
CTaJIUM.

L5 3amaya Mae HarJsiAHY TEOMETPUYHY IHTEpIpeTalito. JAKIo nepemMinlyBaTu
130KOCTY y HampsMi JI0 MOYaTKy KOOPJIWHAT JOTH, JOKH BOHA MAa€ CIUIbHI TOYKH 3
130KBaHTOIO, 110 BIATMOBia€ (IKCOBAHOMY 00CATY BUPOOHUIITBA (1, TO PO3B’SI3KOM
3a/1ayul MiHIMI3allli € TOUYKa NEePeTHUHY A 130KOCTH Ta 130KBaHTH. MHOHHA BC1X TaKUX
TOYOK TMpPU PI3HUX 3HA4YCHb 00csAry BUpoOHMITBA Q  yTBOPIOIOTH JiHiIO
006820MePMIH0B8020 PO3BUMK) nionpuemcmea. TOUKH, 10 3HAXOAATHCS Ha M JIiHII,
XapaKTepU3YyIOTh MiHIMaJIbHI BUTPATH BUPOOHUIITBA, 110 BIAMOBIIAIOTH (PIKCOBAHUM
cTamuMm oOcsram BupoOHHITBa mpoaykiii [9]. Moxkna moBecTH, MmO I JIiHIT
JIOBFOTEPMIHOBOTO PO3BUTKY TMIAMPUEMCTBA, YTBOPEHOT TOYKaMU KOMOIHAIH
pecypciB, BUIHOIICHHS TPAHUYHUX MPOAYKTIB MPU TaHOMY BU1I BUPOOHHUYOT PyHKIIIT
JIOPIBHIOE BITHOIICHHIO X I1H, TOOTO JIJIsl IMX TOYOK BUKOHYETHCS PIBHICTIO:

Mo, _p1 (5.2)
MQ; D2
Bupasumo Bimomuii QikcoBaHmii oOcsAT BUpOOHHUIITBA Q y TOYIll PUHKOBOI

pIBHOBarm uepe3 ONTHMAJIbHI OO0CATH BHKOPHCTaHUX pecypciB. PosrisHemo
BUPOOHUIITBO, 1110 MoenoeThesi BD Kob66a-/lyrmaca. Tomi
Q = A(xD*(x)P. (5.3)
[linctaBuMO BUpa3u TpaHUYHUX TpoaykTiB MQqta M@, B yMOBH
MiHIMaBHOCTI BUTpAT (5.2) 1 3HalAEMO X5. OTprMaeMo:

Aa(xD* ()P _py « _BP1 s« _

A(x;)“(xz)ﬁ‘l _pz 2 = ap, xl - hxl’ (54)
e h = i—zl. [MincraBuBmm X, 3 (5.4) y B® (5.3), 3Haxoaum Xx; K (QyHKIIitO

2
o0cary BUpOOHUIITBA:
1
* \% * B * aTﬁ
Q=A(x) (m) =% = 55

Bupas mis x5 (Q) 3uaiiaemo, BukopucroByroun (5.4):
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1
x;=h.x =LP (ijﬁ . (5.6)
ap, \h’A
Buaiigeni 3uadenus X;(Q), x5(Q) € @yukyiamu nonumy Ha pecypcu. Bonu
J03BOJISIIOTH TIPU BiIOMOMY 00csi31 BUpOOHHIITBa Q BUSHAYUTH HEOOX1IHI KUTBKOCTI
pecypcu, IpU AKUX JIOCATAIOThCS MiHIMaJIbHI BUTPATH.
3naiinemMo ¢yHkuiro BUTpAT K ¢yHKUito Q. s mporo migcTaBUMO BHpa3H

ms x7(Q), x5(Q) y Bupas s QyHKIii BI/I’[paT C(xq1,%xy) = p1x1 + pyxy:

c@) =p1(h§Aj +, fg (%)ﬁ,

c@ =p. (1+2)[a(22)"|" 0= = e, 67)
D=p (1+L [A (B B]M.

apz

Bupas (5.7) — e ¢yHkitis BUTpaT, 1mo € QyHKIlieo 00csIry BUPOOHHUIITBA, a HE
dyHKII€EI0 BUTpaueHUX pecypciB. OTpuMaHa (yHKIIIS BIAMOBIIAE BEIIUKOMY TEPMIHY
mwianyBanus, T06to C(Q) = C.(Q).

VY Bumagky BiAcyTHOCTI edexTy 30uibleHHsS Macmtady r=a+f =1
(GyHKIliSE BUTPAT € JIHIHHOW (YHKIIIFO 00CsATY BUPOOHHUIITBA, 10 BUILTHBAE 3 (5.7).
I'padix ¢ynkmii 3atpar € omykiaoro Bropy mnpu r > 1. Ile o3nauae, mo npu
30UIBIICHHIO OOCITY BHUpPOOHUIITBA BiAOYBAETHCS BIIHOCHE 3MEHIIEHHS BUTpAT,
TOOTO CIIOCTEPIraeThCs MO3UTUBHUN €(PEeKT PO3UIMPEHHS MaciiTady BUpOOHHUIITBA. Y
Bumnajaky r < 1 rpadik ¢pyHKIis BUTpaT € OMYKJIMH BHU3, IO BIAMOBIIA€ MIBUIIIIOMY
3pOCTaHHIO TEMITy 3pPOCTaHHS BUTPAT y TMOPIBHSAHHI 31 3pPOCTaHHSIM OOCATY
BUPOOHMIITBA.

5.3 loBrorepMiHOBi BUTPATH Ta PO3IIMPEHHSI MACIITA0Y BUPOOHMITBA

HaiiBaxknuBimum (akropom, 110 BH3Hadae KoHdirypaiio kpuBoi C;(Q), €
BenuuMHA edekTy Bifg MacmrTady BupoOHUITBA. [ BupoOHMYOi ¢yHKIiT Kobba-
Jlyrimaca 1 BeTUYMHA BU3HAYAETHCS 3HAYCHHSIM TIOKAa3HUKA ' = @ + . Y BUNAJAKY
r=1,10 xpuBa ButparC,(Q) Mae BHI NPOMEHIO, IO BUXOJUTb 3 IOYATKY
KOOpPJIMHAT, TOOTO TOBFOTEPMIHOBI BUTPATU 31 30UIBIICHHSIM OOCATY BHUPOOHHUIITBA
30LTBIIYIOTCS Y TiH Jk€ MPOMOPILii, y sAKiit 3pocTae obcsar BupoOHuITBa [6].

Posmupennss mMacmta0y BUpPOOHHUIITBA TOB’Si3aHE 3 KPAaTHUM 30UTBIICHHAM
pecypciB, 110 BUKOpUCTOBYE. Tomy

pl(W1X1*) + P, (WX;) = WCL’
Q(wx;, wx; ) =wQ(x;,%; ).

Cyma BuTpart, Ta 00CsT BUPOOHHUIITBA MPOAYKITIT 301TBITYETHCS Y W pa3iB.
[Tpu 3pocTanHi Bimmayi Bl BUTpaT, TOOTO mpu r > 1:

(Wx,, WX, ) =
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pl(W1X1) + P, (sz) = WCL’
Q(fo,wx;):WrQ(xf,xg )

OCKinmbKU Yy I[bOMY BHIAAKy W' > W, TO 3pOCTaHHS 0OCSTy BHUPOOHHIITBA
BUIIEPEXKYE 3pPOCTaHHS BUTpAT. 3ayBaXXMMO, WO BHUTPATU 31 30UIBLICHHSAM
BUPOOHHUIITBA 1 Y ILOMY BUMNAJKY TE€XK 3pOCTAIOTh, aJI€ 3pOCTAIOTh MOBUIBHILIE.

[Ipu r < 1 cmocTepiraeMo 3MEHILEHHs Bifadl BiJ MaciTady BUPOOHHUIITBA Y
IbOMY BUMIAAKY W' < W, TOOTO MpH HE3MIHHHX I[iHAX BUTPATH 3POCTAIOTH HIBH/IIIE,
HIX 00csT BUpoOHUITBA [6].

Po3zristHemMo JOBroTepMiHOBI Cepe/lHI Ta TpaHU4HI BUTpATH. JJOBroTepMiHOBI
CepeiHl BUTPATH BU3HAYAETHCA HACTYITHUM YHHOM:

(wx,, wx, ) =

c.(Q) 1_
ACL(Q) === =DQ" g (5.8)
I[OBFOTepMiHOBi BI/ITpaTI/I BU3HAYAKOTHCA 34 O3HAUCHHIAM FpaHI/I‘IHI/IX BI/ITpaT:
oc(Q) 1 i 1
MCL(Q)==3==DQ"" =~AC,(Q). (5.9)

3 mnopiBusaHHsA Qopmyn (5.8) Ta (5.9) BumHo, mo ¢opmu TpadikiB
JIOBFOTEPMIHOBUX TPAaHUYHUX Ta CEpPEJIHIX BHUTpPAT OJHAKOBI, BIIPIZHAIOTHCA

1 : : :
PO3TALYBAHHAM 3-32 MHOXKHHKA 1/p. SIKIIO ~ =1, 10 ui rpadiku cniBNazAKOTE, IPH
1 . .,

~>1, xpusa MC . (Q) posramoBana Buine KpuBoi cepeaniii Butpatr AC.(Q), y

1 : : .
Brmagky ~ < 1, rpadik MC, (Q) 3uaxomutscs mig rpadikom AC, (Q).
[MosutuBHMI edeKkT MacmTady BUPOOHHUIITBA IOJIATAE Yy TOMY, 10 BEIMYMHU

CepeaHIX Ta TPAaHUYHUX BUTPAT 3MEHITYIOTHCS 31 30UIBIICHHSM 00CATY BUPOOHHMIITBA,
NPUYIOMY 3MEHIICHHS TPaHUYHUX BUTPAT BiIOYBAETHCS 3 BUIIEPEIHIKEHHSIM.

5.4 @yHKUiA BUTPAT Y KOPOTKOTEPMiHOBOMY Mepioxi

Y KOpPOTKOTEpMIHOBOMY TEpioJli KITBKOCTI JIEIKUX PECYpCiB HE MOXe OyTH
3MiHeHO. bynaeMo BBaxkaTu, 1m0 y ABO(aKTOpHIA MOjeni BUPOOHUIITBA KUIBKICTH
JPYrOoro pecypcy 3aMIIAEThCS CTAIOK:. X, = b, = const. Toxi 3amada MiHiMI3amii
KOPOTKOTEPMIHOBHX BUTpAT IPHU CTaIoMy (pikcoBaHOMY 00cs31 Q BHpOOHUIITBA Mae
BUTJIS;

min C(x;,x;) = min(pyx; + pyxs),
X1 X1

Axf‘xf =Q,x; =20,x, = b.

Ils 3amaua Mae TPOCTYy TEOMETPHYHY IHTEpHpeTaiio. SKIo mnepeMimaru
130KOCTH Yy HaIpsiMi JI0 MOYaTKy KOOPJMHAT, MOKa 130KOCTa HE MEpPEeTHE 130KBAHTY,
o BigmoBigae ob6csary BUpOOHUITBO Q, y Toumi ii MEepeTWHy 3 JiHIAMH CTaJOro
pecypcy, TO po3B’SI3KOM 3ajadi MiHIMi3allii BUTpat OyJe criibHa Touka 130K0ocTH Cs,
¢ikcoBanoi 130kBanTH Q Ta JiHIi cTanoro pecypey. Jlosrorepminosi Burpatu C; mpu
TOM ke 00cs31 BupoOHmMITBa Q BW3HAYAIOTHCS TOYKOK NOTHUKY 130koctH (3 Ta
¢ikcoBanoi i3okBanTH Q y Toumi 3 KoopauHaTamMu (X3, X3), TPH IBOMY
JOBFOTEPMIHOBI BUTpPaTH HE TMEPEBUILYIOTh CYMHU KOPOTKOTEPMIHOBUX BHUTpAT,
OCKUIbKH 130K0cTa C3 po3TamioBaHa He Bullle 130kocTH C,. TakuM yuHOM, BUTpATU HA
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BUITYCK OJTHOTO ¥ TOro * 00CSAry BUPOOHHLTBA y JAOBrOTEPMIHOBOMY MEpIOAl HE
OubLIE, HDK Y KOPOTKOTEPMIHOBOMY mepioAy. L{i BUpoOHUY1 BUTpATH MOKYTh OYTH 1
pIBHUMU MDK c000r0. MokHa TOKa3aTd, 10 CyMa BUTpaT y JOBrOTEPMIHOBOMY
nepiojii He OuUIbIIe, HDK y KOPOTKOTEPMIHOBOMY IMEpioJll IPU HEOOMEKEHOMY
30UIBIIIEHH] HAsSIBHOTO 00CSTY pecypcey.

PosrnstHemo aHanmiTHUHE PO3B’sI3aHHA 3aJa4l MiHIMI3alii KOPOTKOTEPMIHOBUX
BUTpAT NpU CTaIOMY 00Cs31 BUpOOHUIITBA. J[JI1 BU3HAUEHHS! BETUYMHHU PECYPCIB Xq
MOTPIOHO PO3B’SI3aTU CUCTEMY PIBHSIHB!

Axxl = Q;
X, = bz.
[lepiie piBHSHHS 1i€T cUCTEMHU XapakTepu3ye (ikcoBaHy 130KBaHTY Q, a Apyry
— JIiHII0 cTasioro pecypcey. llykane SHAHCHEA X1 I[OpiBHIOCZ

xi =—5 2> x(Q) = (—)E (Ab,g) Qe = gQa (5.10)

2
Tyr g = (ﬁ) . ®opmymna (5.10) go3Bosisie po3paxyBaTu MOTPIOHY KUIBKICTh
2

3MIiHHOTO pecypcy X;(Q), mo 3abesmedye 3i CTaaMM pPeCcypcoM Xz obcsr
BupoOHuirTBa Q. Ilpu 1BOMY KimbKicTi pecypciB X4(Q), X, = b 103BOJSIOTH
OANPUEMCTBY BHpOONIATU 00csir Q 3 MiHIMadbHUMHU BHUTpaTaMu. Buznauum i
BUTpATH:

1
Cs(Q) = p1x1(Q) + p2b; = p1gQe + p2by. (5.11)
[Tepmmit qomaHoK y (PyHKIT KOPOTKOTEPMIHOBUX BHUTPAT € CYMOK 3MIHHUX
BUTpAT, a IPYTUil — Bi1OOpakae BHECOK CTAJTUX KOPOTKOTEPMIHOBUX BUTpAT.

5.5 @DyHKHisE BUTPAT NPH 3MiHHOMY e@deKTi PpO3MHUPEeHHS O00cATy
BHPOOHMIITBA

[Tepen uM My BBaXkasiv, 110 MOKa3HUK €deKTy MacmTady I' He 3aJICKUTh Bif
obcsary BupoonuITBa. [IpoTe y 6ararbox BUpOOHHUMX IpoIiecax 3pocTaroya Bijgada
BiJl pO3IIMPEHHS MaciuTady BUpOOHHITBA (r > 1) 3MIHIOETBCS MPH JOCSITHEHHI
IEBHOIO 00CATy BHPOOHMIITBA CIIOYATKYy CTalol Bimmadoro (r = 1), a mortiM
cnaguoto (r < 1). BupoOHn4iit GpyHKIIT 31 3MIHHAM THIIOM BiJIadi BiJl PO3IMIUPECHHS
MaciTady BUpOOHUIITBA BIAMOBIIa€e 3MiHa (OopMU KpuBHX BUTpPAT [9] .

3HaiileMO aHANITUYHUM BUpa3 (QYHKIII JOBrOTEPMIHOBUX BUTpaT 3
BpaxyBaHHIM Gopmyiu (5.7):

1
C.(Q) = DQ"@. (5.12)
Jlnst BUMaAKy, KOJMW TOKA3HWK CTEMEHI0 OJHOPITHOCTI € JIHIHHO CHaJaHO0
byHKITIEO o0csry BUPOOHUIITBA. Horo MaKCUMallbHe 3HAYECHHS

Tynax PY 00CsA31 BUPOOHULTBA (i, -CTIAJIAE JO MIHIMAIIBHOTO 3HAYCHHS 1yyiy TIPH
Qnax- Moxkna mokazatu, mo rpadik QyHKIIT CyKyITHUX BATpAT MpHU 3Ha4eHHI Q, 110
BIZIMIOBIZIa€ 3HaueHHS T = 1, Mae Touky neperuHy. /o 1pOro 3HaYCHHS apryMEHTY,
rpadik € ONmyKJIMM Bropy, HiClii HbOTO BiH crae omykiauMm BHU3 [9]. Tomy kpuBy

45



JOBrOTEPMIHOBUX BHUTpaT MNpU 3MIHHOMY €(EeKTl pO3LIUPEHHS MaclTady

BUPOOHHUIITBA HA3UBAIOTh «S-TIOJ10HOI0» KPUBOIO Y 3B’ SA3KY 3 ii BUTIIAIOM.
PozrnstHemo QyHKIIt0 BUTPAT y KOPOTKOTEPMIHOBOMY Mepioi. 3 BpaXyBaHHIM

dopmynu (5.11) BUpa3 cymu Takux BUTPAT MOXKHA NEPETBOPUTH 10 BUTIISY:

1
Cs(Q) = p1gQ*@ + pyb,.

Cepenni 3Ha4Y€HHsS JOBrOTEPMIHOBUX BHUTpPAT OTPUMAEMO, MOAUIMBILU
¢ynxuiro Butpat (5.12) Ha Q. Omxe, po3paxyHkoBa ¢popmyia JJisl TOBIOTEPMIHOBUX
CepelIHIX BUTpAT Ma€ BUTJISL:

1
1 ———1
ACL(Q) = 2C,(Q) = DO,

AnanoriyHo,  orpumyemo  QopMyiny  uIsI  pO3paxyHKy — CEepeaHIX

KOPOTKOTEPMIHOBUX BUTPAT:

C ——1 b
ACs(Q) = SéQ) =p1gQ@  +222,
VY upomy BUpasi Nepiinii 10AaHOK XapaKTepusye cepeaHi 3MiHH1 BuTpatu ACy,
1

a JIpyrui nojgaHok — cepenHi crani BuTpatu ACp. [loka3sHUK CTeneHro o ly

dopMyni ayig cepeqHiX AOBrOTEPMIHOBUX BHUTPAT BU3HAYA€ IMOBEIIHKY Trpadika

. : 1
¢GyHKIIT JOBrOTEPMIHOBUX CEPENHIX BHUTPAT: SKIIO o 1 <0, t0obTO TIpH

3naueHHsx r(Q) > 1, kpuBa JOBrOTEPMIHOBHX CEpEIHIX BUTpAT € CHagHoio. [Ipu

r(Q) = 1, T06TO BHKOHYETHCS DPIBHICTH — 1 =0, QyHKIIS TOBroTepMiHOBUX

1
7(Q)
CepeaHIX BUTPAT € CTAJIO, TP BCiX 3HAYEHHSAX apryMEHTY i1 3HaueHHs JopiBHIOE D.

1 . :
ITpu r(Q) < 1 maemo s 1 > 0, ToMmy KpuBa cepeHIX JOBrOTEPMIHOBUX BUTpPAT

€ 3pOCTAar04010.

IIuTanHs Ta 3aBAAHHA JJISI CAMOKOHTPOJISI 10 PO3Jiiay D

HageniTh knacudikaiiiro BUTpaT MiAIPUEMCTBA.

2. TlosicHiTh, MmO Take QyHKINS BUTpAT 1 K ii moOyayBaTu. Ska iHdopmariis ais
IILOTO MTOTPiOHA?

3. Hamenite reoMeTpuuHy iHTEprpeTallito GyHKIi BUTpaT y JOBrOTEPMIHOBOMY

epioi.

[TosicHITh, SIK BU3HAYAIOTh JJOBTOTEPMIHOBI CEpPEIHI Ta TPAHUYHI BUTPATH.

Poskpuiite 3micT Ta TpuU3HAYEHHS JTHIT JOBTOTEPMIHOBOTO  PO3BUTKY

MIITPHEMCTRBA.

BkaxiTh MaTeMaTHYHI METOIM PO3B’A3aHHS 33724 MiHIMI3aIlii BUTpaT.

7. TlosicHiTh, unM (YHKIlIA BUTPAT MPH 3MIHHOMY €(eKT1 pO3MIUpPEHHS O00CATY
BUPOOHHUIITBA BIAPI3HAETHCA BiA aHAMOTiuHOT GYHKIN s cTaysoro edexry
PO3IIMPEHHS BUPOOHUIITBA.

8. 3anummrite (QyHKIIT BUTpAT y MOBFOTEPMIHOBOMY Ta KOPOTKOTEPMIHOBUX

nepioyax.

Po3B’s0KiTh HACTYITHI 3aBIaHHS.
1. IlignpueMCTBO, 1110 3aiMaETHCS] BUPOOHUIITBOM TKAHWHHU, BUKOPUCTAETHCS 2

BHUJIAMHU pecypcaMmu: Mpsikero 3a 1iHoroo 10 r.o./kr Tta poOouy cuily, oraTta mpari
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momicsiyHo 1 mpaniBHuka ckiagae 2000 r.o. y wicsub. [loOyayiite 130k0oCcTH ISt
momicsiyHux Butpat 100 THc. r.0., 200 THC. T.0. BU3HauTe, A MIOMICAYHUX 3aTpaT
100 THC. T.0. IpU CHOKUBAHHI 5 TOH NPsIK1, CKUIBKK MOTPIOHO OyTH MpaliBHUKIB?
ko MiAOPUEMCTBO TOTOBE 30UIBIIMTU IIOMIicA4H1 BuTpatu Ao 200 Ttwc. r.0.,
CKUIBKH MpaliBHUKIB BOHO MOK€ HaHATH ?

2. 3aBoj1, 110 BUPOOIIsiE€ CKII0, MOKYIAE CUPOBUHY JJISI BUPOOHUIITBA: TICOK IO
1iHi 4 THC. r.0./T Ta MaJIMBO MO IiHI 7 THUC. I.0./T. BU3HAauUWTH XapakTep KpPUBHUX
nosrorepminoBux BUTpatC;(Q)mpu pisHUX THMAX €()EKTy PO3MIUPEHHS MacIuTa0iB
BUPOOHHUIITBA: BIACYTHIN epeKT po3mupeHHs: Macirady BupoOnuursa(a = 0,3; f =
0,7; 3pocraroya Biggada Biag po3mupeHHs macimraba (a = 0,4; f = 0,8; cmaana
BiJilaya BiJg posmupeHHs MacmTtady BupooHunTsa (a = 0,2; f = 0,6). 3HaueHHS
koedinienty A = 1, BukopucTtoByroun noOyaoBaHuil rpadik, BUSHAYUTH BETUUUHY
BUTpPAT 3aBOJY, IIO TMPAIfO€ B EKOHOMHOMY PEKHUMI IMPU BUPOOHUIITBI 4 TOH CKJIa Y
MICSILIb, SKIIO €()EeKT PO3LMIUPEHHS MacIITady BiACYTHIM.

3. B ymoBax momepennboi 3amaui moOyayBaTH Ta MpOaHANI3yBaTH rpadiku
AC,(Q),MC,(Q). PosrnsiHyTH BHIAIKH CTAIOI Bigmadi Bif PO3LIMPEHHsS MacmTaby
BupobOHurTBa (r =1) , 3pocrarodoi Bigmaui Big PpO3IIHPEHHS MAacIITady
BupoOHuiTea (r > 1) Ta cmagHOi Bimgadi Bix po3mMpeHHs MaciuTady BUPOOHHIITBA
(r<1).

4. Jlng migOpHEMCTBA 3 TONEPEIHBOIO TPUKIANY, BU3HAUYUTH BHUTPATH Yy
BUIIAJIKy, KOJIM TIOCTaBKHM TaJMBa OOMEXEHI 2 TOHU Ha MICSIb MPH BiICYTHOCTI
edexty posmupenHs Mmacmradby a = 0,3; f = 0,7, skmo oOcar BUpOOHUIITBA CKJIa
CKJIaB 4 TOHWU.

5. Ha mianpueMcTBi 1711 BUPOOHUIITBA MPOIYKIIIi BUKOPUCTOBYIOTH CHPOBHUHY
A1 mo mini 20 r.o. 3a 1kr Tta cupoBHHY Ap, miHa skoi ckiamae 30 r.o.3a 1 kr.

.. ) ) . 1
KoedirieHTn enacTHyHOCTI BUPOOHUIITBA 110 pecypcaM CKIIAIal0Th BiJIIMOBIIHO - Ta

1 :
p 1) Buznauutu QyHKIIT TONUTY HA pecypcy Ta (QYHKIIO BUTpaT, SKIIO

CIIO’KMBAHHS pecypciB HE 0OMEKeHe, a TEXHOJIOTISI BUPOOHUIITBA MOACTIOEThCsT BD
Ko66a-/Iyrnaca. [To6ynyBatu rpadiku 1ux (yHkiiin. 2) Po3B’sokite 10 3amauqy,
SKIIO 332 yMOBaMH JOTOBOPOM 3 TIOCTAYaJIbHUKOM IIOCTaYaHHS CHPOBUHU A3,
oomesxene 500 kr Ha micsips. Busnauntu QyHKIii cepennix BUTpaT AJis BUMAIKY 1)
Ta 2).

Po3nin 6. Teopis aisibHOCTI KOMepUiliHOTO MiANPUEMCTBA

Jlekuist 6. Moae/iloBaHHA palioHAJIbHOI KOMePUiiHOI XiIJIbHOCTI

Meta Jekuii: 3’scyBaTH MeETy Ta 3aJadl MOJCIIOBAHHS palliOHATHHOI
KOMEPIHHOT TisUTbHOCTI

Inan
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1. PanionanbpHa KOMepIliitHa A1SUIBHICTD
2. PamnioHanpHa ASUTBHICTH NIANPUEMCTBA B YMOBAX JOCKOHAJIOT KOHKYPEHIII1
3. AHani3 6e330UTKOBOCTI
KirouoBi TepMiHM Ta NOHATTHA: KOMEpUIWHE MNIIIPHEMCTBO, 130mpodira,
JOCKOHAJIa KOHKYpEHI1s, 0€330UTKOBICTh, KpUTUUHUN 0OCIT BUPOOHUIITBA

6.1 PanionajbHa koMepuiiiHa JiAIbHICTH

Komepyitine nionpuemcmeéo — 1€ CaMOCTIHHO CYyO’€KT TOCHOJApCHKOT
JUSTTBHOCTI, CTBOPEHUM 11 BUPOOHHUIITBA MPOAYKI[li, BUKOHAHHS POOIT, HAJaHHS
MOCIyI 3 METOK OTpuMaHHs npuOyTKy. B mpoiueci kKoMmepuidHOi MisUIBHOCTI
HIANPUEMCTBO BUTpavya€ EKOHOMIUHI (akTopu (mpuadaHi pecypcu) 1 peamnizye
CTBOpEHI1 TOBAapH, BUKOHAH1 POOOTH UM HaJaH1 MOCTYTH.

[lepen  minmpueMcTBOM  CTOiTh  3ajgada  BHOOpY  palioHAITBHOTO
(HaMBUT1IHIIOr0) cHoco0y 3A1MCHEHHS KOMEpIiiHOI NisiibHOCTI. B ymoBHM i€l
samaui Bxoaath [10]: 1) BekTop 1iH Ha dakTopu BUpOOHHITBA P = (P1, P2, ) Pr),
IO BHW3HAYAIOTHCS PHUHKOBOIO pIBHOBAarow, a HE CaMUM IIMPUEMCTBOM; 2)
HOMEHKJIATypa PecypciB BHPOOHHIITBA X = (Xq,Xy, ..., Xy), 3) BUPOOHWYA (DyHKIIis
Q = Q(x), 4) piBeHb WiHKM TPOIYKIIIi MiAMPUEMCTBA, 1[0 BU3HAYAETHCS PUHKOBOIO
pIBHOBAror, 5) XapakTepUCTUKN PUHKA, 110 BU3HAYAIOTH (OPMYBAHHS I[iH HA TOBAp
Ta PECypcH: PUHOK JOCKOHANOl KOHKYPEHI[li MpH BENMKIH KUIBKOCTI B3a€EMHO
HE3aJICKHUX TIANMPUEMCTB, IO BHPOOJISIOTH CTAaHIAPTU30BaHY NPOAYKIIIO, HE
BIUIMBAIOYM Ha PIBEHb I[iH Ha HEl; HEJIOCKOHAJhbHA KOHKYPEHIlis (MOHOIMOJICTHYHA
KOHKYPEHIIiS, OJIIFOIMOJIisI, MOHOIOMIs); 6) TpUBaJIiCTh MEPIOAY: JOBrOTEPMIHOBHUI
nepioJ Ha TPOTS31 SKOTO MIAMPUEMCTBO MAa€ MOXKJIUBICTH BUOUPATH OYIb-sIKHIMA
HEBIJ'EMHUHN BEKTOp BUTPAT X = 0; KOPOTKOCTPOKOBHI MEPI0JI, Y MEXaX MOKIUBUN
BUOIp BEKTOpa BUTPAT, 0OMexKeHui X < b.

OcHOBHa 3ajjaya KOMEPILIMHOTO IMANMPHEMCTBA (Haaall TOBOPSYH TIPO
HiAIPUEMCTBO, MAaEMO Ha YyBa3l KOMeEpIIiHE MiANPHUEMCTBO) IOJSATAE y BHOOPI:
a) aCOPTHUMEHTY Ta 00Cs31 BUPOOHUIITBA, TOOTO, III0 BUPOOJIATH Ta Y K1 KUTBKOCTI;
0) BO Ta cymum BuTpaT, TOOTO SKHM TEXHOJOTIYHUM CHOCOOOM 31HCHIOBATH
BUPOOHMIITBO Ta 3 IKUMHU BUTpAaTaMu, 1100 MakcuMizyBatu mpuoOyTok [10].

[TinnpuemctBo popmye ¢diHaHCOBUN pe3ynbTaT (IpHOYTOK YW 30UTOK)
MPOJAXY SIK PI3HUINIO TIEPIOTUYHOTO J0X0Ay R Ta BUTpaT BUPOOHUIITBA Ta peaizallii
C: P=R—C. [oxom 3a mepioJl BHU3HAYAETHCS SK JOOYTOK 00CATYy peamizaiii
npoayKiii Ha 11 iHy: R = poQ(X). Burpatu BUpOOHMIITBA CKIIAA0OTh 3 BUTpATaM Ha
npua0aHHs BCIX HEOOXITHUX PECypCiB, BUKOPUCTAHUX Y BUPOOHUYIOMY Tiporieci: C =
P1X1 + P2X;.

[TignpueMCTBO TOBMHHO BUOpPATH BEKTOP PECYPCIB , MPHU SKOMY MPUOYTOK
MiATPUEMCTBA MAKCUMAJTbHUN :

P = (poQ — p1X1 — p2x2y — max.
S0 3aneXKHICTh CyMU MPUOYTKY Bifl 00CATIB BUTpAT (DakTOpiB BUPOOHUIITBA
MoJIaHa y BUTJIS1
P(xy,x5) = poQ(x1, X3) — P1X1 — P2X2),
TO, BUPA3UBIIIH 3 I[LOTO CITIBBIIHOMICHHS 00’ €M BUPOOHUIITBA MPOIYKIIIi
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p D1 D2
X1, X =—4+—=x; +—x
Q( 1 2) Po Do 1 Do 2

OTPUMAEMO 3ATIEKHICTh 00CATY BUPOOHMITBA Q BiJ BETUYMHU BUTPAYEHUX PECYPCIB
IpU JESKOMY 3HaueHH1 NpuOyTKy P, siky Ha3uBawOTh i3onpogimoro (130npodiTHOIO
noBepxHio) [9]. fAxmo oaur 3 (dakropiB BUPOOHWITBA (HANPUKIAN, X2), , TO
13onpodita € MNOPAMOIO JIHIEID 3 KYTOBUM KOE(QILIEHTOM, M0 JIOPIBHIOE
CHIBBIIHOUIEHHSIM LIH 3MIHHOTO (akTopy Ta MNPOAYKTY, OCKUIBKM T'paHUYHUN
20, _ Py
% B Po
Omxe, y aeskii Touii i3ompodita TOTHKAEThCS A0 KpHBOi BUpoOHMITBA [9].
AOciuca TOYKM JOTUKY X; — Il ONTHUMallbHA BUTpATa Pecypcy X;, IO 3ade3mneuye
MaKCHUMAaJIbHY CyMY MPUOYTKY MPU KOHKPETHOMY BUTJISIA1 BUPOOHMUYOT (PYHKITIT.

MPOJYKT AOPIBHIOE KyTOBOMY JAOTUYHOI 10 KpUBOi BUpoOHULTBA: M Qq =

6.2 PamioHanbHa JiVIBHICTH NIANPHEMCTBA B YMOBaX OCKOHAJIOL
KOHKYPeHIil

JlockoHasla KOHKYpCHIIsI SK OJHAa 3 MOJENCH pPHHKY Ma€ HaCTYIIHI
0COOJIUBOCTI:

1) HasBHICTH  BEJIWKOI  KUIBKOCTI  MIANPHEMCTB, IO  peali3yloTh

CTaH/apTU30BaHI TOBAPH UM IMOCIYTH;

2) MOCTYyIl Ha PUHOK € BUIBHHM, TOMY 3JIMCHIOETHCS BUIBHE IMEPEMIIICHHS
pecypcis;

3) o0car mpoAyKIii OKpeMOro IMiANMPHEMCTBA HE3HAYHHWHA Y IOPIBHSHHI 3
obcsiroM peamizamii 1€l NPOAYKIi HAa BCbOMY pPHUHKY, TOMY KOXXHE
HiAMPUEMCTBO TPOJAE MPOAYKIIIO 32 IIHOIO, IO CKJIalach y pe3yJbTaTi
PUHKOBOT pIBHOBard i He MOK€ BIUIMBATH HA IO ITIHY.

B 1ux ymoBax (yHKIIIsS TpOIo3uIlii, TOOTO 3aJIe)KHICTh IIHU MPOTO3HUIIiT B il
ob6csary, Mae Tpadik, SKHH 31 3pPOCTaHHSAM OOCATY TIPOIO3UIli, ACUMITOTHYHO
HAOMMKAETHCS 10 TOPU3OHTAIBHOT IPSIMOi, TOOTO I[iHA MPOIMO3HIIIl HE 3aJICKUTh BiJl
BEJIMYMHU TPOIO3UIli 3 OOKYy MiANpUEMCTBA. TakKuM YMHOM, yMOBa JOCKOHAJIOI
KOHKYPEHIIIi MATEMaTUYHO MA€ BUTIISI;

dpo _ . Op; .
=0, =0,i=1,2,..,n.
6Q axi

3’aCyeMO  YMOBH  ONTHMAIBHOCTI  JISUIBHOCTI Yy  JOBTOTEPMIHOBOMY
nepcnekTuBi. Po3rasHeMo #oro MisNIBHICTH Y JOBrOTEPMIHOBOMY TMEpiol TIpH
HeoOMexxeHnX (pakTopax BUpOOHHUIITBA. B ymMoBax JOCKOHANO1 KOHKYpEHIlii OCHOBHA
3a/1a49a MianpueMCTBA

P = (poQ — p1x1 — DP2X2)y — max.
[i MoxHa pO3B’s3aTH y BiAMOBITHOCTI 3 HEOOXITHUMU YMOBAMH €KCTPEMYMY
byHKITIT 01HIET 3MIHHOT. 3raaeEMOo 11l YMOBHU:

1) ymoBa mepuioro mopsjaKy Pd(g*) = 0; (6.1)
d*P(Q") :
2) yMOBa JIPyroro MopsIKy a0t < 0; (6.2)

Tyt Q* — onTrManbHE 3HAYCHHS 00CATY BUPOOHUIITBA PO TYKITIi.
3 YMOBH MEPLIOTO MOPSAKY BUILIABAE, 11O
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ap(Q)_d dC(Q)
0@ — C(@] =0 - = MC(Q).
OcCKUIbKM 11HA MPOMO3HUINT MPOAYKTY — IIe FpaHI/I‘{HI/II/I noxix MR, ToOto
MPUPICT JTOXOJY MIJNPUEMCTBA Y PO3PAXyHOK Ha KOXHY JIOJATKOBY OJIMHUIIIO
MPOAYKIIi, OTKE

Po = (poQ) = = MR,

TOOTO 3 YMOBH MEPIIOTO MOPSIKY BI/IHJ'II/IBaC HGO6X1I[Ha yMOBa PIBHOCTI I'PaHUYHOTO
JI0OXOAYy TPAHUYHUM BUTpaTaM MpH ONTUMAJILHOMY 00CSITY BUPOOHUIITBA:

MC(Q") = MR(Q"). (6.3)
YMoBa Apyroro nopsiAKy 3BOAUTHCS A0 HEPIBHOCTI:
a’P(@ _ d . _ _ _ amc(@) amc(Q")
2D = lpy - MC(Q)] = -8 <o 5 ML 5,

TOOTO MpU ONTUMAIBHOMY OOCSITY BUPOOHUITBA TIpPAHUYHI BHUTPATH MOBUHHI
3pOCTaTH.

YMoBa pIBHOCTI TPaHUYHOIO JOXOAYy TI'paHUuHUM BuTpatam MR = MC €
OpPIEHTUPOM ONTHUMAIBHOCTI 00CITY BUPOOHHULTBA 3 TOYKUA 30py HNPUOYTKY 1 AJis
IHIIUX MOJENIed PUHKY, ajie JIMIE MPH JTOCKOHATIN KOHKYpPEHIIT MOKHA 3aMIHUTH
TPaHUYHUM JIOXOJIOM I[1HOI0, TOOTO yMOBa py = MC € OKpeMuM BUMNAIKOM YMOBHU
MR = MC.

OTxe, Npu MJIaHYBaHHA BUPOOHUYOI MPOrpaMu MiANPUEMCTBA TUIT MOJIEN1, IO
BUKOPHUCTOBY€ETHCSA, 3QJICKUTH BiJl IEPI0Oly YaCy TUIAHYBAHHS.

6.3 AHaJi3 0e330MTKOBOCTI

PosrisinyTa MeToiMKa TUTaHYBaHHS, PO3TJISIHYTa BUIIE, 3HAMIIIIA 3aCTOCYBaHHI
pu aHai31 0€330UTKOBOCTI BUPOOHUYOT AiSTILHOCTI MIANPUEMCTBA. be33oumkosicms
— 1e Takuil (PIHAHCOBO-TOCTIOJIAPCHKHUM CTaH MIANPUEMCTBA, MPHU SIKOMY HOTO J0Xi]
nopiBHIOE Horo Butpatam. OOcCsAr BUPOOHMIITBA, TPU SIKOMY JOCATAETHCS CTaH
0€330MTKOBOCTI, HA3UBAIOTh KPUMUYHUM.

3poOUMO HACTYITHI MIPHUITYIIICHHS :

1) po3risiaeTbcss MOJETb JTOCKOHAIOT KOHKYPEHIIl, TOOTO, 3HAUYCHHS TPAHUYHOTO
JIOXOMY € CTaJie 1 JOPIBHIOE IIiH1 MTPOAYKTY, TOMY JIHIS JJOXOJY € MpsMa;

2) Bigmada Big PO3IIMPEHHS BUPOOHHUIITBA BBAXKAETHCS CTAIMM, TOMY (DYHKI[IS
BUTpAT € JIHIHHOIO (PYHKITIEIO 00CITY BUPOOHHUIITBA;

3) pO3rIIsIIaeThCs KOPOTKOCTPOKOBUI TEPMiH IUIAHYBAHHS, BHACIIIOK YOT0 (YHKITis
BUTPAT MOJAETHCS Y BUTIISAII CYMH CTAJIMX Ta 3MIHHUX BUTpaT

3 BpaxyBaHHSM 3pOOJIEHUX MPUITYIICHh BUKOPUCTOBYIOTh HACTYIIHI MiTXO0IU
710 TIPOOJIEMH OIIHKY peHTa0eIbHOCTI 1 TUIaHy BUpoOHHUIITBA [9].

1. 3niliCHIOETHCS TIOPIBHSIHHS BAJOBOTO JOXOJY IIIMPUEMCTBA 3 HOTO BaJOBUMH
BUTpaTaMU Ta BIJOKPEMJICHHS 30HM TPHOYTKOBOCTI Bil 30HU 30MTKOBOCTI
BUPOOHUYOT JITBHOCTI MIANPUEMCTBA. Bupa3z nmns KpUTHYHOTO O00CATY
BUPOOHUIITBA, IO PO3AUISLE II 30HH, OTPUMYEMO 3 YMOBHU PIBHOCTI JOXOIIB Ta
BUTpAT:

C
poQ = Cp + C,Q — Q) =—=

Po—Cy
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Tyt ¢, — cepenHi 3MiHHI BUTpAaTH. 3HaYEHHS 00CATY BUPOOHUUTBA, IIPU AKOMY
JOCSTaeThCsl 0€330MTKOBICTh B YMOBAX MOKPUTTS 3MIHHMX BUTpAT LIHOKO peastizauii
MPOAYKIIil, HA3UBAIOTh KpumuuHum 3nadennsim [8].

2. CmiBcraBnenns cepeanboro goxony AR(Q) = p, ta cepemuix Burpar AC(Q)
BH3HAYa€ 30HU MPUOYTKY Ta 30UTKY.

3. TlopiBusuHs rpanndHoro goxoxy MR(Q) ta rpannunux surpat MC(Q) mo3Bosse
BU3HAYUTH MOJXKJIMBOCTI TOMAJIBIIOI JISNIBHOCTI MIAMPUEMCTBA, OCKUIBKU ISt

MOJIe1 TOCKOHAJIO1 KOHKYPEHITii
dR

MR = — =
aQ pO’
B ymoBax KOpPOTKOTEpPMIHOBOTO TMEploAy CepelHl TpaHU4YHI BUTPATH
. . . ac
JOPIBHIOIOTH CEpelHIM 3MIHHUM BuUTpataMm MC =£=AC,, =y, TO y UBOMY

BUMAJKY MOTPIOHO TMOPIBHATH 3HAYEHHS I[IHU MPOAYKTY 1 BEIUYUHY HUTOMHX
cepenHix BuTpar. SAkuo py < ¢, TO BAPOOHUIITBO MOTPIOHO MPUITUHSTH.

BusnayeHHss Touku 0€330MTKOBOCTI € HEOOXITHUM BaXJIMBHM €TalloM
PO3pOOKH BUPOOHUYOT IPOrPaMHU MIANPUEMCTBA.

IuTanHs Ta 3aBAaHHS JAJIS CAMOKOHTPOJISI 10 po3aiay 6
[osicHITh, SIKY KOMEPIIHHY AisIbHICTh BBAXKAIOTh PAIlIOHAIBHOIO.
Bkaxith ¢akTopu, 1110 BIUTMBAIOTH HA BEJIMUMHY MIPUOYTKY MIAITPUEMCTBA.
Sy KpuUBY Ha3UBarOTh 1301POdiTOIO?
BkaxiTh OCHOBHI PUCH PUHKY JIOCKOHAIO1 KOHKYPEHII].
Ha3Bith HEOOXiaHI Ta JOCTAaTHI YMOBU (PYHKIIIT O/THI€T 3MIHHOT.
BkaxiTh KpuTepiii ONTUMAIBLHOCTI 00CATY BUPOOHHUIITBA.
Po3skpuiite 3micT aHanizy 0€330UTKOBOCTI.
Hagenite dhopmyiy uis po3paxyHKy TOUKH 0€330MTKOBOCTI.

ONoakwNE

Po3B’siKiTh HaBe € H] HIKYE 3aBIaHHS.

1. Mnun kymisie 3epHo 3a 1iHot0 200 T.0. 32 TOHY 1 €JIEKTPOCHEPTIIO IO IIiH1
300 r.0. 3a KUTIOBAT-rOAUHY 1 peanizye OopomrHo 3a 1iHo 10 Tuc. rpH. 3a 1 TOHY.
BuzHnauutu 11 HbOro ONTHUMaIBHUN 00CSIT BUPOOHHUIITBA MPU PI3HUX THUIAX €PEKTYy
pO3IIMPEHHs MacTabiB BHPOOHHUIITBA: a) 3pocCTarya Bigjgada BiJl PO3MIHUPEHHS
Macmtady BupoOHunTBa a = 0,8; f = 0,6; 0) cmagHa Bigmaya Bif PO3IMIUPEHHS
Macitadby BupoOHunrBa a = 0,2; f = 0,6; B) BincyTHICTh edekTy macmTaby a =
0,3; § =0,7.

2. Po3B’s13aTu 3aBAaHHs 1, SKIIO MOCTaBKHU 3epHaA oOMexeH1 obcsrom 400 T Ha
piK.

3. ITigmpueMcTBO 3 BUpOOHUITBA MOl 3a Micslb ckianae 100 cTiibliB, mMiHA
npoaykiii 5 r.0. 3MiHHI BHTpaTH CKjajae 2 T.0. Ha OJWHHUIIO MPOMYKIii, cyma
ctasmx Butpar 110 r.0. OmiHEHWUTH 0OporpaMmy MANPUEMCTBA 3 TOYKH 30Dy
0€330UTKOBOCTI.

4. Hexait MmnuH (ommicanuii y 3aBaaHHi 1), mo kyruise 3epHo 3a miny 200 r.o. 3a
ToHy 1 eHeprito 3a 300 T.0. 3a KUIOBAaT-TOAWHY € MOHOIOJICTOM, TO IliHa HOTO
MPOAYKI[II0 3HUKYETHCA 31 30UIbIIEHHSIM 00csry peanizauii py = 10000 — 2Q r.0. 32
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TOHY. BU3HAUMTH ONTUMANbHUI OOCSAT BUPOOHMIITBA: a) MPHU CHAIHIA Biggadi Bij
posimpenns macimrady (r = 0,5), a = 0,2; f = 0,3; 6) npu BigcyTHOCTI edeKTy
postmpenns supoouuiTea (r = 1) a = 0,2; = 0,7.

5. IlinmpueMCTBO 3 BUTOTOBJIECHHS JIIHOJIEYMY BUKOPUCTOBYE HACTYIHY
CUPOBHHY: IJIACTMACY BAPTICTIO 5 T.0. 32 1 Kr Ta OapBHUK BapTICTIO 8 r.0. 32 1 Kr Ta
npoxae nminoneym no 100 r.0. 3a 1 M2 Koedinientn Bupo6HMUOi PyHKUii 0=0,5;
B=0,5, A=1. IlinnmpueMcTBO i€ Ha PUHKY JIOCKOHAIOi KOHKypeHIi. Buznauutu
(YHKIII0 ONUTY HA pecypcy, ONTUMAJIbHUN OOCAT BUPOOHUIITBA Ta MAaKCUMAaJbHE
3HAYEHHS NMPUOYTKY y IOBFOTEPMIHOBOMY MEPIO/IL.

6. Po3p’sa3atu 3agauy 1 1j1s HACTYMHUX BUIAJKIB: a) 3pOCTAIOYOi BiAadi Bia
posmpenHa macmtady npu o=0,8; f=0,6; 0) cnaaHoi Bimgayi BiJ PO3MIMPEHHS
macmitaby npu 0=0,2; p=0,6; B) BiACYTHOCTI e(eKTy pO3IIMUPEHHS MacmTaldy
Bupo6HuITBa npu 0=0,3; =0,7.

7. Po3B’spkiTh 3a7aui 1 Ta 2 B yMOBax KOPOTKOTEPMIHOBOIO MEPioy, SKIIO
o0csr BUTpAT MEPUIOTO pecypcy 3adiKCOBaHMM, 3aKyMiBii miacTMacu ooMexkeni 10
KT B JICHb.

8. 3HaiiniTh TOYKy 0€330MTKOBOCTI BHUPOOHMYOI MPOrpaMH MiANPUEMCTBA Y
KOPOTKOTEPMIHOBOMY TEpIOi, SKIIO B yMOBax 3ajaui | IiHa JIHOJEYMY JOPIBHIOE
100 r.o. 3a 1 M?, cTaji BUTpaTu — 2 MIIH. T.0., 3MiHHi BuTpatH — 80 r.0. 32 1 M2,

9. [lignpueMcTBO, IO JII€ HA PUHKY MOCIYT 3B 3Ky, B yMOBaX HEJOCKOHAIO]
KOHKYpEHIIii, TUIaTUTh 3a KOopucTyBaHHs 4yactoramu (1-it pecypc) 300 r.o. 3a 1 rog,
mparis ornepaTopiB — 2-i pecypc, dhoua oriaTu npari Ha 1 omeparopa 0,06 r.o. 3a 1
roa. Ilina mocayru 3B’sa3Ky y mignpuemctsa py = 1000 — 0,1Q (r.o. 3a 1 roguny
MOCIYT 3B’5I3KYy). 3HAWTH ONTHUMAIbHUI OOCAT BUPOOHUIITBA (HaJAaBaHHS MOCIIYT)
npu A=1 ta cmagHoro edekrty Bix po3mupeHHs Macirady mpu 0=0,1; f=0,4 Tta npu
BIJICYTHOCTI e(DeKTy pO3IIMpeHHs MaciiTady BupooHuirea mpu 0=0,4; $=0,6. 3Haiitu
ONTUMAJIBHUNA 3 TOYKY 30py MaKCUMyMy MNpuOyTKy oOcsar mociyr. Busnauutu
MaKCUMAaJIbHUW MTPUOYTOK Ta MOMHT HA PECYPCH.

10. JIBa migmpueMcTBa 3B 3Ky MpaIo0Th B ymMoBax aynouii Kypuo, ¢yHKIii
BUTpAT 3a piK mojaarThes BupazoM C; = cQ; +d,i = 1,2;c = 2 (r.0. 3a xB), d = 2
(THC. T.0.), QYHKIT MOMUTY MarOTh BUTISA: Py = a — b(Q; + Q,),a = 100 r.o0. (3a
xBuauHy), b = 0,05 r.0. 32 xBunMHY. Bu3HaunTu piBHOBaXXHUIN 00CAT BUPOOHUIITBA
Ta BEIMYMHY NPUOYTKY KOXKHOTO MiAMPUEMCTBA TPH LBOMY 00Cs31. 3HaWIITH I
BEJIMYMHHU, SKIIO TMepIie MiIIPUEMCTBO BBaXKa€, M0 KOHKYPEHT pearye y
BiIMOBITHOCTI 3 TinmoTe30r0 KypHo.

Po3ain /. OnTtumizaniss BUPpOOHUYOI AiSIJIBHOCTI B YMOBaX KOHKYPEHTHOI 0
cepeoBHMINA

Jlekuist 7. Po3po0ka BUPOOHMYOI MPOrpaMu Il Pi3HUX YMOB KOHKYPeHIIil

MeTta Jaekuii: OBOJIOMIHHS CTyJEHTAMU 3HAHHSMH MPO PO3POOKY BHPOOHUUOT
MpOrpaMu MiANPUEMCTBA JUISl PI3HUX YMOB KOHKYPEHII11
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IL1an
1. [InanyBaHHS 32 KOHKYPEHTHOIO MOJIEILITIO
2. ParmionanpHa KOMepiliiiHa JISTIbHICTH B YMOBaX MOHOMOJMICTUYHOT KOHKYPEHIII1
3. PamionanbHa koMepIiiiHa JISUTBHICTH B yMOBaX OJIIFOMOJIIi Ta OJIIFONCOHIT

KarouoBi TepMinMm Ta NOHATTA: (QYHKUIS MOPONO3ULII MIANPUEMCTBA,
MOHOTIOTICTUYHA KOHKYPEHLIS, OJIIrONOJIis, OJIrONCOHIS, YOS

7.1 IlnanyBaHHS 32 KOHKYPEHTHOIO MO/eJLIII0

OTtpumaHi y TMONEpPeAHbOMY PO3AUTT HEOOXiHI YMOBHU ONTHUMAIbHOCTI
BUPOOHMUYOI MPOrpamMu MIAINPUEMCTBA OTpUMaHi 0e3 BpaxyBaHHS OOMEXKEHb, IO
MaloTh MicIle B 3B’5I3Ky 3 OOMEXKEHICTIO pecypciB miAnpueMcTBa. Po3risHyra BuIile
MOJIeNIb € CXEMOK BHU3HAYEHHS ONTUMAJIbHOrO O0O0CATY BUPOOHUUTBA Yy
JIOBroTepMiHOBOMY Tmepiofi yacy [8]. VY moBrorepmiHoBomMy Tepioni 3agava
palioHaJbHOI KOMEPIIMHOI MISUTBHOCTI MIANPHEMCTBA € 3ajladeto 0e3yMOBHO1
omnTumizalgi.

PosristHemMo Mo/eb 1I0BrOTEPMIHOBOTO TUIaHYBAHHS

max P = max[pyQ(X) — p1x; — D2X;]
y BUNIAAKY J1BoX(akTopHOi BupooHu4oi Qynkiii Ko66a-/lyrnaca.
Q = Axfixy. (7.1)

YMOBH ONTUMANBHOCTI NEPLIOTO MOPAAKY JAO3BOJSIOTH BU3HAYUTU BEJIUUYUHY
BUTPAT KOKHOTO (akTopy BUPOOHUIITBA, 110 3a0€3M€UyI0Th MAaKCUMaJIbHE 3HAYEHHS
npUOyTKY:

oP 0 0
a—:po—Q—plzo, po_Q:pv

X 0%, 0%, (7.2)
oP oQ 0Q '
_—= _— = O —_— = .
o, Po o, P, Po ox, P,

YMmoBu (7.2) € HEOOXIIHMMH yMOBaMH YMOBaMHU ONTUMAJIBHOCTI ¥y
noBrotrepminoBoMy mnepioni. Judepenmiroroun Bupasz BupoOHHuoi Pyskiii (7.1) i
mijicTaBUBINY TOXiAH1 y (7.4), oTpuMy€eMO:

poa%:pl' XIZCZQ&’

poﬂ_*: P,- X;:ﬂQ&-
X, P,

PiBrocti (7.3) 3Ha4aTh, MmO BUTPATH PECYPCH MPOMOPIIIHHI MIAaHOBAHOMY
o0cary Q BupoOHMIITBA TPOAYKII 1 OOEpHEHI MPOMOPIiiHI I[iHAM NPUIOAHHS
BiINOBiMHUX pecypciB. Bupasu (7.3) — me QyHKIOii TOMHTYy Ha pecypciB y
JIOBTOCTPOKOBOMY TI€PiOIi TPU JOCKOHAJIW KOHKYpEHIlii. 3 piBHSAHB (7.3) BUIUIHBAE,
110 BUKOHYETHCS PIBHICTD:
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X>2k — B p1XI’
a D2
TOOTO 3aJI€KHICTh BUTPAT OJJHOTO PECYPCY BiJI IHIIOTO € JIHIKHOIO (DYHKIIIETO.
PosrnssHeMo 3amady BH3HAuUEHHS OOCATY BHPOOHHMIITBA MPOIAYKIi QF, Mo
3abe3reuye MakCUMaJIbHUN MPUOYTOK, SKIIO BUPOOHMYMI mporec momaerbcsi BD
Ko66a-/Iyrnaca [10]. ITinctaBumo ¢yHkuii monuty (3.7) Ha (hakTopu BUPOOHUIITBA Y
B® Ko66a-/lyrnaca (7.2):

a B a s
Q" = A[ P Q*] ( Pof Q*j _ A( poa} [ poﬂ} (Q*)‘”ﬂ_
Py P, Py P,

OTpuManu piBHSAHHS, 3 SKOI'O BH3HAYMMO OOCAT BHPOOHHUIITBA MPOAYKIT QF,
110 3a0e3neuye MaKCUMadbHUN TPUOYTOK:

O PONECY) :AKMT(MT’
(Q*)Mﬁ (Q ) Py P,

_a _B
(Q*) _ Al—(a1+ﬂ) (Mjl_(mm (M]Hmm ) (7_4)

P, P,

Otxe, y BHUMAJIKy MO3UTUBHOTO €(eKTy pO3MIMpEeHHS MacumTady BUPOOHMIITBA

a B
(a + B) > 1, K110 MOKa3HUKH CTEIIEHIO @B <0, @B < 0.

OnTuManibHe 3HAYEHHS OOCATY BUPOOHMIITBA MPOIYKINT TUM OUIbINE, YUM
HUKYa I[1Ha TPOJYKTY Yy MOPIBHSAHHI 3 IiHaMH pecypciB. [Ipu HeraTuBHOMY edekTi
pPO3IIMPEHH] MacmTady BUPOOHHIITBA CIOCTEPIraeThCcsl 3BOPOTHA CHUTYAIlisl: YUM
OUTbIIIE IIIHA TPOJYKTY MEPEBUIIYE I[IHU PECypciB, TUM OLIbIINE 3HAYEHHS JIOCATAE
ONTUMAJIbLHUN 00CAT BUPOOHUIITBA.

Otpumanuii Bupa3 (7.4) onTUMaIBHOTO OOCATY BHUPOOHHMIITBA MPOIYKINT SK
GbyHKIIT I[IHM MPOAYKIi Ta IIIHM PEeCcypCiB HA3UBAIOTh (QYHKYIIO NPONO3Uuyii
mignpuemcta 3 B® Kob66a-/yrmaca: Q* = Q*(py, p1,p2). o dyHKIIFO MOXKHA
BUKOPHUCTATH JUIS MOOYJAOBU KPHUBOI MPOIO3HIIi, 0 BigoOpa)kae 3alie)KHICTh I[IHU
IPOIIO3UITIT BiJ 0OCATY IIPOIIO3UITIT IMAMPUEMCTBA:

a

1 PN

. ey | @ A H@h) gy o

Q = A ﬁ{;] [pﬁl pé( ﬁ)z(Q)r =2y
1 2

B

1 a a+p ﬂ w . .
ne Z=A*"| = — — IIe CcTajla BEJIWYMHA, W0 HE 3aJICKUTh Bl I[IHU
P, P,
MPOAYKTY: T = + ff — 1e CTymiHb OJHOPiAHOCTI BUpoOHMUOT (yHKIil. Tomy
OTPUMYEMO PIBHSIHHS KPUBOT MPOTIO3UITIi Y BUTIISII:
1, T
Po = E(Q )T
[Tpu Bigmadi, o 30UTBITYETHCA 3 PO3MIUPEHHSM BUPOOHUIITBA, KO BUTPATH
MIAIPUEMCTBA 3POCTAIOTh CHOBUTBHEHUMHU TEMITAMH Y TOPIBHSHHAM 31 3POCTaHHS

BUPOOHUIITBA, TOOTO cepeaHs COOIBapTICTh MNPOAYKIII 3MEHIIYETHCS, Yy
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MIAINPUEMCTBA € MOXJIMBICTh MPOAABATH OUIBLIMKA OOCSAT MPOAYKIII 3a 3HIKEHIN
LiHI, TOPOJOBXYIOUM OTpUMATH MakcuMaiabHuil npubyrtok. ILlg curyanis
BUKOPUCTOBYEMO ITiIIPUEMCTBO TIPU BUXO/11 Ha HOBU prHOK [10].

Crana Bigzaya BiJg pO3MIMPEHHS BUPOOHMIITBA MPOSIBISIETHCS B TOMY, IIO
cepefHsi COOIBapTICTh MPOAYKIII HE 3MIHIOETHCSA, IO CTBOPIOE MOXKIIUBICTD
NIANPUEMCTBY 30€epiraTu LiHy NPOAYKIil He3MIHHOW. Taka cuTyalis € XapakTepHOIO
JUIsL cTpaterii cTablIbHOIO PO3BUTKY MIANPUEMCTBA, L0 JII€ Y PEKUMI IJIAHOBOTO
3aBaHTAKEHHS.

Cnanna Binjgaya Biff PO3IIMPEHHS BUPOOHUIITBA, MOB’si3aHa 31 3pOCTAHHAM
co0IBapTOCTI MPOAYKIIi, OOYMOBIIIOE€ HEOOXITHICTh MIABUIIECHHSA I[IHU TMpHU
30UIbIIEHH] mpomo3ulii 3 MeTow 30epexxeHHs npuOytky. lLle 3HMXKYye
KOHKYPEHTO3/IaTHICTh MPOAYKIIii 1 3MEHILIY€ PUHOK ii 30yTy.

VY Mexax KOpOTKOTEpPMIHOBOIO Mepiofy 0OMEXEeHHs Ha pecypcy IPUBOJIUTD 110
oOMekeHHs Ha 00car BUpoOHuITBa Q < Q i BiAMOBIIHOMY OOMEKEHHIO BETHUYUHU
npuOyTKy, SIKa MOXK€ B LIbOMY BHIIQJIKy HE JOCATATH ONTHUMAJIbHOIO 3HAYEHHS, Y
npoMy Bunagky Q < Q*, To0To 3HayeHHs @, IO BU3HAYAECTHCS OOMEKEHHSAM Ha
BUTpaTy pecypcis g(X) < by, ciix po3riIafaTh SK ONTUMANbHHI 00CAT BUPOOHHIITBI
y KOPOTKOTEPMIHOBOMY TEPIO/I.

OT1xe, SIKIIO Y JOBFOTEPMIHOBOMY TIEP101 3a/1a4a paliioHaizaiii KoMepIiinHoi
IisUTbHOCTI  copMyiioBajach sK 3ajada Oe3yMOBHOI ONTHUMI3allii, TO TMpHU
KOPOTKOTEPMIHOBOMY  IUJIJAaHYBaHHI BHUHHMKA€ 3ajlaya BU3HAYEHHS YMOBHOTO
EKCTPEMYMY.

[Ipu KOpOTKOTEPMIHOBOMY IIJIaHYBaHHI Hexall Nepmmuil pecypc 0oOMexeHUH
BEJIMYMHOIO 3aracy b;, a Jpyruii pecypc € y HeoOMeXKeHid KuibKocTi. Jlis
pPO3B’sI3yBaHHs 3aJladyl Ha YMOBHUM EKCTpeMyM BHKOpHUCTaeMO MeTox Jlarpamxa.
3rifHO 3 aJTOPUTMOM IILOTO METOJY, MOTPiIOHO ckiacTh ¢yHKito Jlarpamka. Y
BUIIAJIKIB IBOX (DAKTOPiB BUPOOHUIITBA Ta OJTHOT'O OOMEKECHHSI BOHA Ma€ BUTJISI!

L = poQ(xy, x2) — (p1x1 + p2x2) + A(by — x1). (7.5)
HeoOximxHi ymMoBHU ekcTpemymy (PyHKIIi1 Jlarpanka HaOyBarOTh BUTIIS/I:
oL 0
N pO_Q_ pl_izo’
0%, O
oL oQ
—=p, ——p, =0, 7.6
ox, Po ox, P, (7.6)
%:bl—xizo’%:/l:o_
oA ob,

3 BpaxyBaHHSAM BUy BupoOHn4oi QyHkiii Ko66a-Jlyriaca 3 HeoOXiTHUX yMOB
ONTUMAJIBHOCT] BUTIIIMBAE:
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poa%_ p—4=0,

Pufs-2 - P, =0 (7.7)

2

(b, —%)2=0.

Bupaszu (7.7) € o6G’egnannsam ymoB by —x; =0 ta A =0. IIi ymoBu He
MOKYTh BUKOHYBATHUCSI CYMICHO.

Axmo b; — x4 > 0, To6T0 X; < b;. MHOXKHUK Jlarpanxka A mokaszye BEIUYUHY
NpUPOCTYy AOXOAYy, SKAH MOXHA OTPUMATH 3 OJUHUIII HEBUKOPUCTOBYBAHOTO
pecypey X4, T0 A = 0. Sxmo b; — x; = 0, To6TO pecypc X; BUKOPHUCTOBYIOTH Y
MOBHOMY 00cCsI31, TO 3Ha4YeHHSI A Moxke OyTu Oyab-axkum, A # 0. Skmo by — x; < 0,
TOOTO X7 > by, TO MHOXHUK Jlarpamka y IbOMY BHIIQJKy € CYMOIO 3HIKCHHS
JOXOJy 3 OJMHUIII TEpPEeBHUINCHHS 3amacy pecypcy, IEpeBHUINCHHS BBaKa€ThCs
HEMOXUTUBHM, TO TyT A = 0.

OTxe, Ipr KOPOTKOTEPMIHOBOMY IJIAaHYBaHHI MOXKJIMBI /1Ba Bumnaaku [9].

1) 3miHu 00CsITy BUPOOHUIITBA J0 JESIKOI BEIUYMHHU, OOMEKEHOI YMOBOK X; < by,
T00TO 3 mepmioro piBHsSHHS (7.7) npu A = 0 Ta x; = by:
0<Q<(="00th
Po& Do«

VY 11poMy BHUMAAKy ONTHUMAaIbHI 3HaY€HHS (PAKTOPIB pO3pPaxylOThCs TaK camo,

SK 1y TOBrOTEPMIHOBOMY Tiepiofl (OCKiIbku A = 0):

* Do * Do
X1 = “Q_rxz - ﬁQ_
P1 [
2) Binpima 3miHa 00CsAry BHpPOOHHIITBA BIAMOBIZAE IMOBHOMY BHYEPIIAHHIO
00MEXEHOTO Pecypcy, Y IbOMY BUIIAJKy ONTUMAJIbHI 3HAYCHHS JOPIBHIOIOThH

* * p
x1 = by, x3=BQ i- (7.8)
OOcsr BUTpAT IPYroro pecypey Uis ONTUMAIBHOTO IIaHy BUPOOHHIITBA 3

BpaxyBaHHSM BUY BUPOOHMYOT PyHKIIII:
1

X = BAG) (13)P 2 > xj = (BABF )7 (7.9)
1 D2 D2
OCKUTbKH MTOKA3HUK CTEIEHI T3 1, To BeIMYMHA BUTPAT 3MIHHOTO PECYpCy

C e . . . . . . 14 )
3poCTa€ HCIIHIMHO 31 301IBIICHH] CIIIBBITHOIICHHA I1H —0, TOOTO YUM JACIHICBITNHA
2

pecype, IO 3MIHUTBCI. THM Yy OuIbmioMy o00csa31 BiH OyJae BUTpadaTHCs IS
3a0€3MeUYeHHs] ONTHUMAJIBHOTO O00CATYy BUPOOHUIITBA. binbIoro 3HaueHHS by
BiJIMMOB11a0TH OLIBIII BUTPATH 3MIHHOTO PECYpCY.
OntumansHUil  00CST BUPOOJIEHOI TPOAYKIi BU3HAYAETHCS 3  BHPA3y
BUpOoOHNYOI PyHKIiT Ko66a-J[yriaca 3 BpaxyBaHHSM cITiBBiTHOIICHHS (7.8):
B
B o5 -3
0" = Ab¥ (,BQ*?) > Q" = ATFb P (/3 5—) . (7.10)
2 2
OckulbKM B peajlbHUX BHPOOHMYUX TIpollecax, sIK OyJI0 TIIOKa3aHO B

nocmikennsx JI. Ko66a ta II. Jlyrnaca, 3HaueHb MOKA3HUKIB €JACTUYHOCTI & =
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0,25; p = 0,75, To 3 Bupasy (7.10) BurumBae: 1) onTumaabHUI 00CSAT BUPOOHHIITBA

co . . a
3poCTae  MPONOPIIHHO 3amacy (IKCOBAHOTO  pecypey, OCKUIBKH —~ L

2) ONTUMAIbHUN O0CAT BHUPOOHMIITBA 3POCTA€ MPHUCKOPEHUMH TEeMIIaMU 31
30UIBIIEHHSIM CIIBBIAHOIIEHHS WLIH MPOAYKTY Ta 3MIHHOT'O pEecypcy, OCKUIbKU

CIIBBIJHOIIICHHS % < 1; 3) 3HauYe€HHS ONTUMAJLHOTO OOCSTY BHPOOHHUIITBA HE

3aJIeXKUTH BIJ I[IHU (PIKCOBAHOTO PECypCy.

7.2 PamioHajbHa KoMmepuiiiHAa JisSUIBHICTH B YMOBAaX MOHONOJiCTHYHOL
KOHKYPeHUil

bararo BupoOHMKIB, 110 CHEMIiaTi3ylOThCS Ha BUPOOHMIITBA CIAOKO
CTaHJApTU30BAHMX TOBApiB, 3YCTPIYAIOTBCA 3 YMOBAMH  MOHONOJNICHMUYHOL
koHKypenyii . Ha BigMiHy, BiJ JOCKOHAJOi KOHKYpEHIIi, JJi1 MOHOMOJICTUYHOL
KOHKYpPEHI[Ii Mae MiClie 3aJIeKHICTh L[IHM TOBAapy BiJl 0OCSTY PHHKY, TOOTO KpHBa
TIOTIATY Ha TOBAp TAKOTO PUHKY Ma€ BUTISI: Py = Po(Q). IlonuT Ha Takuii ToBap He
€ HECKIHYCHHO €JIACTUYHUM, Y [IbOMY BUIAJIKy KpUBa MOMUTY € craana [9].

B ymoBax mMoHOMOIMI1 BUPOOHUK Ma€ MOXKJIMBICTh BIUIMBATH Ha IIHY TOBapYy,

. op .
3MIHIOIOYH 00CsT MPOIIO3UIIll, BpaXOBYIO4YH, IO a_QO < 0, TOOTO IS 30UIBIICHHS

o0cAry npoaaxxy HeoOX1AHO 3HUKATH I[IHY TOBapy, a00 /Jisi 30UIbLIECHHS [[IHA TOBapy
NOTPIOHO 3MEHIIYBATH OOCST MPOMO3UIII.

31e0UThIIOTO MIANPUEMCTBO, IO 3aWMA€EThCS BUPOOHMIITBOM CIEIU(PIIHOTO
OPOAYKIlli, € OCHOBHUM IIOKYMIIEM Y BJACHUX IOCTa4aJbHUKIB. BoHM 3MyIleHi
BUPOOJIATH MaTrepiajid, KOMIUICKTYHOUl Ta HamiB(aOpuKaTH y BIAMOBIIHOCTI 0
BUMOI' CBOTO 3aMOBHHMKAa. B Takux yMoBax NpPOIYKIliS TMOCTayajJbHUKA TaKOXK €
criemianizoBanoro. Cwuryallig, Tpd SAKIH ICHYe€ TICHUM B3a€EMO3B’SI30K MK
MOCTaYaTbHUKOM Ta TMOKYIEM, € OOCpHEHOI0 CTOPOHOK MOHOMOJICTUYHOL
KOHKYPEHIIii 1 Ha3UBAETbCS MOHONCOHIEIO (HASBHICTIO OJHOTO TOKYII). B ymoBax
MOHOTICOHIT TIOKYIellb Ma€ MOXJIMBICTh BIUIMBATH Ha I[IHY pecypciB, sKI BiH
3aKyIUISIE€ Y TOCTAYalbHUKIB 3MIHOIO OOCSTIB 3aKyIiBIIi, TOOTO ICHYE 3aJIe’)KHICTh
BUny p; = p;(x;). g dyHKIS XapakTepru3ye CyMy BUTpAT MOKYIIIS PH MOHOIICOHIT
Ha mpuadaHHs X; pecypcy [8]. V 3araibHOMYy BHMAAKy MOKYIEIb MOXE MPUI0ATH
OUTBITY KUTBKICTh PECYPCY, 3aMPONOHYBABIIHY 32 HHOTO OUTBIII BUCOKY IIJIATy, TOOTO

—>0,i=1,2,..,n

OCKiIbKM BalIOBMI OXix mignpuemcra Bu3HadaeThes 1k R(Q) = py(Q)Q, a
CyMa BHUTpAT JOPIBHIOE
C(Q) = py(x1)x; + P2 (x2)xz,
TO B yYMOBaX HEJIOCKOHANIOT KOHKYpeHIlli (KomMOiHaIii MOHOMOMIi Ta MOHOIICOHIT)
3a/1a4a parioHaabHOI KOMEPIIHHOT JiSIIbHOCTI MAa€ BUTIISI:
max Il = max [p,(Q)Q — p1x1 — P2x2],

Q; X1,X2 Q!xlvxz

3a ymoBH Q = Q (x4, x5).
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Ha BinMiHy BiJ JOCKOHAJIO1T KOHKYpEHLIi, Y IIbOMY BUIAJKy FPAHUYHUNA TOXOJ
HE JOPIBHIOE CTaJli LIHI TOBApY, a TAKOX 3aJEKUTh BiJ 00CATY BUPOOHMIITBA!

MR(Q) = aR(Q) = po + 2220 9Py 2Q, (7.12)

. 5} - .
7€ MOX1JHa aiQo = Po < 0 moka3zye, Ha CKUIbKM T'POIIOBUX OAMHHUIB LIHA MPOAYKIi

Bil CBOrO IIOYAaTKOBOI'O 3HAYEHHS Py 3MEHIIUTbCA NpHU 30UIbILIEHHI 00CAry
MPOIO3ULIl MIANPUEMCTBA HAa OJMHULIO MPOAYKLIi. ['paHUYHI BUTPATH TaKOX
3aJIeKaTh Bl 00CSITY PECYpCiB, IO CIIOKUBAIOTHCS:
api .
MCi(Q) = pi(x) +2-=x,0 = 1,2,
L
op; — . . ..
TYT a—x‘ = p;j— 3pOCTaHHs WIHU pecypcy NpH 30UIbLIEHHI Horo mnpuadaHHS Ha
i

OJIMHHULIIO.

Po3p’s3yBaHHsl 3a7aul KOMEpLIMHOI opraHizaimii Moxe OyTH 3A1HCHEHO
MeTozoM Jlarpanxka sk 3ajadi onTuMi3allii 3a HasBHOCTI oOMexeHb [9]. DyHKIIis
Jlarpan»a Mae BUTJISAI:

L(x1,%2,Q,4) = poQ — p1x1 — p2x2 + A(Q(x1, x2) — Q).

HeoOxinH1 yMOBHU €KCTpEeMyMy BU3HAYaIOThCS, MPUPIBHIOIOYU 10 HYJS BCi

yacTHHHI MoxiAH1 pyHKii Jlarpanxka:

oL op,

—=p,——=-4=0; A= +

OX; OX; OX; ax ax,
Z_l/_izQ(Xsz)_Q:O. Q*:Q(Xl*’xz)

I[Mepira ymMoBa MOKa3ye, M0 MPH ONTUMATBHUX 3HaYeHHSX (Q,X;) MHOKHHK
Jlarpamka H0opiBHIOE TpaHrYHOMY Hoxony A = MR(Q™).

Jlpyra rpyna yMoB CBiIUUTBh, IO JOOYTOK TPAaHUYHOTO JOXOY Ta TPAHHYHOTO
(dbakTOpy JAOPIBHIOE TPAHUYHUM BUTpPATaM IIbOTO (paKkTopy:

MR(Q*) - MQ;(x) = MC;(x]),i = 1,2. (7.12)
VY ocrtaHHii YMOBI MIJICTaBISETHCS BUPOOHMYA QDYHKITIS
Q" =0Q(x7,x3) = Axf‘xzﬁ. (7.13)

Pipastnust (7.12) ta (7.13) € OCHOBHUMHU PIBHSHHSIMU, 1[0 BH3HAYAIOTH OOCST
BUPOOHHUIITBA Ta KOMOIHAIIT BUTPATH PECYPCIB, O MaKCUMI3yIOTh puOyToK. Kpim
TOT0, HEOOXITHO BPaxOBYBAaTH, IO PaHillle OTPUMaHA YMOBA PIBHOCTI TPAaHUYHOTO
JI0OXO/ly TpPaHWUYHUM BHTpaTaM I[MOBUHHA BHUKOHYBAaTHUCS 1 3a yMOB MOHOIIOJIi-
MOHOTICOHI]:

TR = TR 00, MR(Q) = MC(Q).  (7.14)

Buxopucraemo Bupas (7.14) nns OTpI/IMaHHH bopMynH ONTUMAIEHOTO 00CATY
BUPOOHHUIITBA y MeXaX MOHOIOIMIT (CHTyarii MOHOIICOHIi HE BPaxOBYETHCS, TOOTO
TpaHUYHI BUTpATH 3aJ€KaTh JMINEe Bim o0csary BupoOHuUITBA). Po3srmsHemo aBa
okpemux umajku [10]:
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a) HeraTMBHUM e(peKT po3lUpeHHs MacmTady BUPOOHULTBA TMpU T =

0,5, mincraBumo B (7.14) Bupa3 rpanuuHoro goxoxy (7.11) Ta rpaHUYHHUX BUTpAT
(7.9):

—~ 1 l—1 x _ _DPo .
Po+2pQ =-DQr "> Q" = 25 (7.15)

0) BiACyTHE eQeKTy pO3LIHUPEHHS BUPOOHUIITBA mNpu 7 = 1; aHANIOTIYHO
MOTIEPETHBOMY BHITAJIKY OTPHUMY€EMO:
_ 1.1 . D-
Po+2PQ =-DQ" ' > Q" =2 (7.16)
®OyHKIIT TOMUTY HA pecypcy MOKeMo oTpumatu 3 yMoB (7.12), (7.13), Bupasu
IUTS TPAaHUYHHUX TPOAYKTIB MalOTh BUTJIAL:
_ B

aQ
MQl =x_1' MQZ - x_z
Bupaszu nis rpaHUYHUX BUTpAT 3HaAEMO, MpoaudepeHIitoBaBid PiBHICTE C =
= pix; + pyx,. MCy =p, MC, = p,. IlincraBuBmu 1i Bupasu y (7.12),
OTPUMAEMO:
(po+2ﬁQ*)aQ*:p (Po+2PQ")BQ"_

- 1 - p2-
1 2
3 X piBHSIHB 3HAXOJIUMO IOIMUT HA PECYPCH:
* [ % aPo+2pQ")Q" 4/ A« B(po+2pQ™)Q"
xi(Q) = TP, (@) = BT, (7.17)

BusnauuBim ontuManbHui 00csIr BUpoOHHUIITBa 3a Gopmynam (7.15), (7.16),
MOTIM MOJKJIMBO PO3paxyBaTH MOMMT Ha pecypcu 3a hopmynamu (7.17).

[Ipu mockoHamiil KOHKYpEHIIl ONTUMaIbHE 3HAYEHHS MPUOYTKY JTOCSATAETHCS
Opyd HE3MIHHIM IiHI TOpoaykimii py, = MR HaBiTh npu MiHIMAIBHOMY 00Cs31
BUpoOHUITBa [9], TO B yMOBaX MOHOMOJII ONTHMajlbHA BEJIWYHMHA TPUOYTKY HE
NEPEBUINYE CyMy MPUOYTKY MPU JTOCKOHANIOi KOHKYpeHIlli. MakcumMyMm MpuOYTKY B
yMOBaxX MOHOIOJII JOCSATAEThCA TpPU 00CI31 BHPOOHUIITBI, IO € HE OUIBIINM
ONTUMAJIBLHOTO 00CATY BUPOOHMIITBA B YMOBaX JIOCKOHAJIOT KOHKYPEHIIIi.

7.3 PanioHajibHa KoMepuiiiHa IiAIBHiICTL B yMoBax oJiromouii Ta
OJIIrOTCOHII

CtpykTypa pHHKY € TaKOl, II0 Ha HBOMY Jii€ OOMeXeHa KUIbKICTh
MIANPUEMCTB, TOOTO Ma€ MiICIle KOHKYpEHIlis cepeji HebaratboX. PUHOK, Ha SIKy
OJTHOPIIHY TPOIYKIliI0, MPOMOHYIOTh KiUTbKa TMPOJABIIIB, HA3UBAIOTh 0./1i20NOJIEI0.
PuHOK, Ha sSIKOMY TIPOJYKIliS TIEBHOTO BHIY, MpUaA0a€ KUThbKA MOKYIIIIB, HA3UBAIOThH
OI2ONCOHIETO.

['onoBHa 0COOMMBICTH KOHKYPEHIIIT cepel HebaraTboX MOJsrae y ToMy, 1o BCi
KOHKYPYIOU1 MiAMPUEMCTBA MOXKYTh BIUIMBATH Ha I[IHU MPOAYKIIi, 110 MPOMOHYIOTh,
Yy BHUMAJAKY OJIIromojiii 4u pecypciB, IO Tpua0awTh. ToMy NpHOYTOK KOKHOTO
MIANPUEMCTBA 3aJ€KUTh BiJ] CTparerii KOHKypeHTiB. OnTuManabHa CTpaTeris
KOMEPIIHHOTO TiJIPHUEMCTBA BU3ZHAYAETHCS HE JIUIIE, BUXOASYHN 3 MPSIMOTO BIUIMBY
IIHOTO MIATPUEMCTBA HAa CTaH PUHKY PECYpPCIB Ta TOBapy, aje W 3 BpaxyBaHHSIM
moOIYHOTO BIUIMBY, — Yepe3 BIUIMB Ha [ii IHIMMWX KOHKYpeHTiB. OTxke, CTparteris
MIAMPUEMCTBA, 10 JI€ B YMOBAX OJIITOTOJIICTUYHOI KOHKYPEHI[Ii Ma€e 6arato CriibHO1
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3 TPOI0, OCKUIBKM BUTpAIl KOYKHOTO IpaBUs 3aJI€XKUTh Bl A1 1HIIMX rpaBuiB. Tomy
pH po3po0LIi TAKOI CTpaTerii MOXHA BUKOPUCTOBYBATH MIAXOAM TEOPIi Irop.
PozrnstHemMo XxapakTepHU# BapiaHT OJIITONOJIICTUYHOI KOHKYpEHIIi, y KOTpii
JIBa KOHKYPEHTH (PUHOK JyMoJiii) BHUPOOJSIOTH MPOAYKIII 3 HACTYMHUMHU
BUPOOHUYUMU (PYHKILISIMU:
Q1 = f1(x11, X12, -+, X10), Q2 = f2 (X210, X22, -+ X20),
ne @ — oOcar BHUPOOHUIITBA TMEPIIOTO MIANPUEMCTBA, (J, — 0OCSAT BUPOOHUIITBA
APYyroro MIANPUEMCTBA, Xq; — OOCIAT i-TO pecypcy, BUTPAYEHOrO NEPIIUM
MIIIPUEMCTBOM, X,; — OOCST i-TO PECypCY, BUTPAUEHOTO IPYTUM MITMPUEMCTBOM.
[{ina mpoaykilii HAa PUHKY BU3HAYAETHCS 3arajbHUM OOCSITOM BHPOOHMIITBA:

Po = Po(Qq1, Q;), ToOTO OfHOUYACHE 30LIBIIEHHS 00CATIB BUPOOHUIITBA TPHBEIE JIO
- .. 0 0
3HMKEHHS PUHKOBOI I[IHU MTPOTYKITIi: a—ZO < 0,6—20 <0.
1 2
[inu pakTopiB BUpOOHUIITBA BU3ZHAYAIOTHCS 0OCSATaMH 3aKyIiBII1 BIAMOBIIHUX
dakropiB oboma mimmpuemctBamu: p; = p; (X1, %3;), i = 1,2,...,n, T00TO, SKIIO

o0uJBa MiMPUEMCTBA 30UTBIIYIOTH OOCSTH MpUIOaHHS PEeCcypciB, TO I[IHK HAa HHUX

op; op; .
Pi 50,2225 0,i=1.2,..,n
axli ale-

OcHoBHa 3a7ada MIANPHUEMCTB, IO KOHKYPYIOTb, MOJIATAE Yy MaKCHMi3allii
npuOyTKy MNUIAXYy 3MIHIOBAaHHS OOCATY BHPOOHUIITBA MPOIYKIIT Ta BiAMOBIIHUX
BUTPAT PECypCiB:

3pOCTAarOTh:

1,.X1i

n
max I1; = py(Q1,Q2)Q1 — z ;i (X1, X2i)%1;
i=1

3a yMOBOIO Q = f1(X11, X129, <) X10)-

Y 1mpOMy BUNAQAKY pO3TISAAETbCA  (DOPMYITIOBAaHHS 3aqavi  IMEpIIoro
HiIMPUEMCTBA, IO Ji€ B yMOBaxX OJIrOMOMICTHYHOI KOHKypeHIli [8]. PosriasHemo
aHaJITUIHE PO3B’A3yBaHHS IIi€] 3a/1a4i.

3anumemo ¢Qyskiiro Jlarpamka s 1i€l 3amadi BU3HAYEHHS YMOBHOTO
ekcTpemyMy. Boma wmae wmacrymumii  Buriasg:  L(Q,x, A1) = py(Q1,0,)0Q0; —

— 2i=1 i (e X220 — —ALf1 (011, X125 0, X1n) — Q4]
3anuieMo YMOBH onTUMaabHOCTI GyHKIIT JIarpanxa:

oL op, op, 0Q, _
—= ,Q, )+ + +4=0;
an pO (Ql QZ) Ql an Ql aQZ an
a_L:_pi(Xli’XZi)_Xli%_ iapi 8X2i_/18f1 =0; (7.18)
O, OXy Oy 0%y OXy
oL
Y f (X Xppreen X ) — Q =0.

Bupasumo w™HOxkHUK Jlarpamxka 3 mepmoro piBHSHHSA cuctemu (7.18) i
MiJICTABEMO #oro y npyre piBHHHS cuctemu (7.18). B pesynbrati orpriMaeMo:
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9P, | 0P, 9Q, op; Pi 0%y ~12..
|: po " Ql(an aQZ an \]j| axil Xll axll Xll aX2| aXll I

Q = f1()(11')(127---)(3)-
. .. .. 0Q, 0X5i
OTtpumani HEOOX1JHI YMOBH ONTHUMAJIBHOCTI MICTSTh KOMIIOHEHTH 30, @ oz,
1 x1i’
K1 Ha3UBAIOTh MOXCAIUGUMU 6apiayiamu. BOHU BUPAKaIOTh MPUIYILIEHHS MEPUIOTO
NIANPUEMCTBA LI0JI0 MOXJIMBOI peaklii KOHKYpeHTa Ha BUOpaHy HUM CTpaTerilo.

0 .
Bupas a—gz, — 1e 3MiHa 00csATy BUPOOHMIITBA MPOIYKIII IPYroro KOHKYpeHTa Mpu
1

30iIbIIEHH] 00CATY BUPOOHMITBA HPOAYKIii HEPHIOro KOHKypeHTa. IMoximmi —=

X1i
BiIOOpaXKAIOTh BUTPATU PECYPCY i-TO BUAY JAPYroro MiANPUEMCTBA MPU 30LIBIIIECHH1
BUTPAT MEPUIUM HIAIPUEMCTBOM OOCATY JAHOTO pecypey.

Posrnsinemo HaltmpocTimuii BUNagok osmiromoiii. B ymoBax skoi Jif0Th JBa
BUPOOHMKA OJHOPIIHOrO TOBapy (Aymouis), BUPOOHHUYHUH MpOILIEC XapaKTepU3ye
CTAIUM pIBHEM TpaHUYHUX BHUTpAT, a peamizallis MNPOAYKIIl 3IIHCHIOETbCS 3a
MOJIEIJUTIO JIIHIHHOTO MOMUTY. Y 1bOMY BUMNAAKYy (YHKIII BUTpAT BUPOOHUKIB MalOTh
BUTJISA]T

C; =cQ,+d, C,=cQ,+d,c>0,d>0,
ne d— cyma CcTaluxX BUTpAT, C — BEJIMYMHA TPAHUYHUX BUTpAT. DYHKI[IS MPOMO3HIIIT
TOBapy € aAUTUBHOIO: Q = Q4 + Q,, a PYHKIIIIO MONMUTY MOKHA MOJATH y BUTJISIL:
po=a—b(Q;+Q;),a>0,b>0.
@yHK11g NPUOYTKY OZHOIO 3 TYMOJIICTIB MOXKHA 3alMCATH HACTYITHUM YHHOM:

My =[a—b(Q; +Q)]Q —cQ,—d (7.19)
Tomy MOkeMO 3anmucaTd yMOBY MakcUMi3allii MpuOyTKY y BUTIISIL:
al_ll QZ
a—b(Q,+0Q,)] —bQ;, —b——0, —c =0.
an = Q1+ Q2)] — b0, 30, Q1

AHani3 naymnosnii, BUKOHaHUN (paHIy3bKHM MaTEMaTHUKOM Ta €KOHOMICTOM
AntyanoM KypHO, IpyHTY€TBCS Ha TIEpeAyMOBI, 110 KOKHUH 3 JYIOJICTIB BBaXKae,
10 3MiHM OOCSTY BUPOOHMIITBA MOTO MPOMYKIIi HE BIUIMHE HA 0OCIT BUPOOHHIITBA
koHKypeHToM [9]. PiBHoBara KypHo 11 000X HiANMPHEMCTB BU3HAYAETHCS YMOBAMU

0Q4 "0Q,
oy _ ooy _
. 00Q; "0Q, .
3 UX PIBHSIHb MA€EMO:
a-b(Q,+Q,)-bQ,—c=0; (7.20)
a—b(Q1+Q2) —C:O,
. a—c . . .
3BicKM BU3HA4Yaemo, 1mo Q; = Q, = T OTxe, BIAMOBIAHA PHUHKOBA I[IHA
+2 : . :
CKIIaJIe Py = % Toni cykymHUIT 00CAT IPOMO3UITIi TOPIBHIOE:
Z(a c)
Q=011t0;=

61



OtpumaHi  pe3yJbTaTd  MOXXHA  y3arajJbHUTH HA  BUMNAJOK, KOJIU

OJIITOMOJICTUYHA KOHKYpeHLId Mae Micue MK N MmianmpueMcTBaMu, TOJA1I OTPUMYEMO
BUpPA3HU:

a—=c a+ Nc N a-c

=——,j=12,...,,Npy=—7+,0 =——
=i’ Po= N1 % NF1 b
B ymoBax HE0OMEKEHOTO 3pOCTaHHs KUIBKOCTI MiANPUEMCTB piBHOBara KypHo

npsIMye€ 70 piIBHOBAaru, XapakTEPHOI 7Sl TOCKOHAIIOT KOHKypeHIlii [8], To0To:

1) inpuBinyanbHi 0Ocaru BUpoOHuITBA Q; — 0, OCKIIBKU OKpEME MiIIPUEMCTBO

BUPOOJISIE BITHOCHY Maly KUTBKICTh IPOYKIIIIO;

2) 1iHAa TPOAYKIIi Py — €, OCKUIBKM OKpEeME IMiJIPUEMCTBO HE BIUTUBAE Ha

PIBHOBaXXHY I11HY, 1110 JJOPIBHIOE TPAHUYHUM BUTpaTaM.
PiBusinns (3.24) MOKHA 3amyMcaTyl y BUTJISAI

_tc_&
Qi ="—24 (7.21)
Q=2-% (7.22)

Bupasu (7.21), (7.22) Ha3uBarOTh JiHISIMH peakilii IyMOIICTIiB Ha TX MOBEIIHKY.

PiBHOBara gocsraeTbcss Ha OCHOBI B3aemojii peakiid mymomictie [10]. Sxmo vy
MOYATKOBUH MOMEHT 4acy mepina ¢ipMa € MOHOIOJICTOM, BUPOOIIste Q7 TPOAYKILii,
TO MOSIBA HA PUHKY (GipMH 3 006CATOM BUPOOHHIITBA @ OAMHUIID MPOAYKIIT 3MyCHTh
HEPINY 3HU3UTH 00CAT Impono3uilii 7o Q"' oguHuIb mpoaykiii i Tak mani. Cam mporec
JOCSITHE PIBHOBArv, Mo cynepeuuth rinote3i KypHo mnpo dikcyBaHHs oO0csary
BUPOOHUIITBA Y KOHKYpeHTa, ToOTO Mojaenb KypHo He € ayrentuuyHow. Cyma
npuOyTKy OAHOTO aymnojicta y mojaeni KypHo nopiBHIOE cymi MpUOYTKY IHIIIOTO
AYIOJIiCTA, 110 BUILIHBAE 3 hopmyinu (7.19).

ok own

©

IIuTaHHs Ta 3aBAAHHA ISl CAMOKOHTPOJISI 10 PO3aiiay /

[TosicHITE OCHOBHI 3ajaul Ta MPHU3HAYCHHS TMPOIECY IUIAHYBaHHS Ha
iAIPUEMCTBI.

Po3skpuiite 3MiCT Ta CYyTHICTh MOJIEJI JJOBIOTEPMIHOBOTO IIJIAHYBaHHS.

[TosiCHITH PI3HUIIIO MK pUHKaAMHU JJOCKOHAJI01 Ta MOHOTIONICTHYHOT KOHKYPEHITII.
[TosicHITB, 1110 BU3HAYAE MTOMUT HA PECYPCH IIPH PI3HUX THUITAX KOHKYPEHITI.
[TosICHITP PI3HUIIIO MK OJITOMOJIIEI0 Ta OJITONCOHIETO.

Y domy mnonsirae meron Jlarpamka s po3B’S3yBaHHA 3aJadi  YMOBHOT
OITHUMI3aIi?

[TosicHITB, Bil YOTO 3aJIEKUTh CYKYIMHUN 0OCST MPOMO3MIli Ha PUHKAX PI3HOTO
THUTTY.

[TosicHiTh 3MicT KoHTIeii KypHo.

Po3B’soKITH HABEIEH] HIDKYE 3aBIaHHS.
[TignpuemMcTBO, 10 BUPOOJISE JTIHOIEYM, BUKOPUCTOBYE TIACTMAcy 3a I[IHOIO 6
r.0. 3a KUTorpaM Ta OapBHHK 32 IiHOK0 9 T.0. 3a Kinorpam. [lignmpuemcTBo mpoaae
cBii ToBap 3a miHow 101 r.0. 3a 1 kB.M. KoedimieaTnn BupobHMU0i PpyHKIii a =

62



=0,5; f =0,5;A = 1. BuzHauntu (yHKIlIi TOMUTY HA PECYpCH, ONTUMATbHUN
oOcAr BUpOOHHUIITBA Ta MAKCUMAJIbHUM MPUOYTOK Y JOBrOTEPMIHOBOMY MEPIO/IL.

2. IlignpueMcTBO 11 BUPOOHMUTBA CBOIO TOBAapy BUKOPUCTOBYIOTh 2 BUAU
pecypciB A1 ta A2 1o uiHow BianoBigHO 800 r.0. Ta 600 T.0. 32 OJUHUIIIO
Burtpata pecypcy A yMOBaMHM KOHTPakTy 3 mocTadajbHUKOM oomexeHa 1000
onuHuLb y Micsaub. KoedimieHTn enactuyHoCTi BUPOOHUIITBA 3a pecypcamu A1
Ta Az BianosigHo nopiBHOOTE 0,5 Ta 0,7, Koedimient A = 1. BuzHauutu
¢yHKIIi cepenHiX BUTpaT y KOPOTKOTepMiHOBUX mepiogax. [loOyaysatu ix
rpadiku.

pik) BU3HayaroTbcs Bupazom C; = cQ; + d. Tyt ingekcu i = 1,2 BigHOCSTHCS
BIJIMOBIAHO J0 MEPIIOTO Ta APYroro MiANPUEMCTB, 3HAUEHHS CTAIMX C = 2,d =
2000. @ynkmii  momuTy  MaTh  BUDISEL Py = 100 — 0,05(Q; + Q).
[loOyayBaTi KpuBi1 peakuii MiANPUEMCTB, BH3HAYUTH PIBHOBAXHUH 00OCST
BUPOOHUIITBA MPOAYKI(li Ta BEIUYMHY MPUOYTKY KOKHOTO MIAIPUEMCTBA JJIS
IIbOr0 00CATY BUPOOHUIITBA. a) PO3B’SA3aTH 3a/1ady, SKIIO MepIIe MiAMTPUEMCTBO
BBaXKa€, 10 KOHKYPEHT pearye 3rimHo 3 rinore3or0 Kypno; 0) posB’sizatu
3a/auy, AKIIO0 OOWABa MIANPUEMCTBA MOMMJIKOBO BBaXalOTh, IO KOHKYPEHT
pearye BiAnmoBinHO N0 rinore3u KypHo; B) po3B’s3aTl 110 3a7ady B YMOBax
KOOTIEPaTUBHOI JYMOJIIi.

Po3aia 8. Teopisi cio:kuB4Y0ro BUOGOPY

Jlekuisi 8. ®dyHKUii KOPUCHOCTI Ta iX 3aCTOCYBAHHA y Teopii CNOKUBYOI0
BHOOPY

Meta Jeknii: chopMyBaTH y CTYACHTIB CHCTEMY 3HaHb TIpo (QyHKIT
KOPHUCHOCTI Ta iX 3aCTOCYBaHHS MPH JOCHTIJKCHH] TTOBEIHKHU CITOKHBAYiB.

ILnan
1. ®yHKIisS KOPUCHOCTI.
2. bromxeTHi niHii, KpUB1 KOPUCHOCTI Ta KPUBI Oaly»KOCTi.
3. Buam QyHKIIiT KOPHCHOCTI.

KirouoBi Tepminu Ta moHATTA: QYHKIIS KOPUCHOCTI, MOJIEIh CIIOKHUBYOTO
BUOOpY, BIJHOIICHHS TepeBard, rpaHUYHa KOPUCHICTh, TPAaHUYHA HOpMa 3aMiHH,
OrO/KETHI JiHi{, KpUB1 KOPUCHOCTI, KpUBi Oalay»)oCTi, PyHKIIIs AJUIeHA.

8.1. ®yHKUis1 KOPUCHOCTI

Dyuxyicio KopucHocmi HA3HBAIOTh 3aJCKHICTh MK KUIBKICHO BHPaKCHHM
piBHEM 3aJIOBOJICHHS CIIOKMBaya BHKOPUCTAaHWMH OyiaramMu (TOBapaMu 4
nociyramu) ta obcsramu criokuTHx ux Omar: U = U(xq, Xy, ..., Xy). Tyr U —
KOPHCHICTh HAbOpy OJIar, X4, Xy, ..., X, — 00CSTH CHIOXXKUBaHHS 1uX OJar [4].
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Hexail cnoxuBau mae noxia J, sSIKHHA BIH MOBHICTIO BUTpaya€e Ha MPUAOAHHS
neskux ToBapiB uu mochyr (Onar). [{iHM 1ux TOBapiB BBAXKAIOTHCS 3alaHUMHU.
BpaxoByroun CTpYKTypy LiH, BEJIMYMHY JOXOAY Ta BJIACHI yNoAoOaHHSA, CHOKHBa4
npuadae MEBHY KUIBKICTh TOBapiB (mociyr). MareMaTuyHy MOJENb MOBEIIHKU
CIIO’KMBAay4a Ha3UBAIOTh MOOELII0 CHOHCUBHO20 BUOODY.

Posrnsinemo Mojens 3 ABOMa BHAaMHU TOBapiB, TOOTO OynemMo BBaxaTH, IO
KUIBKICTh TOBapiB, IPUI0aHUX CIIOKMBAYEM, BU3HAYAETHCS BEKTOPOM (Xi, XZ), ne X

— KUTBKICTh OJJUHHUIIB | -TO TOBApY, NpUAOAHUX CHIOXKKBaYeM, | =1,2.

Bubip cnoxuBaua XapakTepu3ylOTh 6IiOHOUIeHHAM Hnepesdasu, CYTh SKOTO
MOJISITa€ Y HACTYNMHOMY. BBaxaeThcs, 110 CrokKMBay MOXke BUOpaTy 3 IBOX HaOOpiB
TOBapiB A:(ai,az) Ta B =(b1,b2), Olnbi OakaHWil abo crokuBad He 0AYUTh MIXK

HUMHU pi3HULI. Skimio HaOip TOBapiB A:(ai,az) € OuthIl OakaHUM TOPIBHSHO 3
na6opom B=(b,b,), o BuKOpHCTOBYIOTH mO3HAueHHs A>B. fkmo A<B, TO

Habip B € Oinpmn Oaxanum, Hixk A. Sxmo A~ B, To HaGopu € piBHOIIHHUME s
CTIOXKMBAYA.
BigHomieHHsT TepeBard Mae BIACTUBOCTI TPAaH3UTHUBHOCTI Ta HEHACHYEHOCTI.

Hexait A=(a,,a,), B=(b,b,), C=(c,c,). Toai:

1) A-~BAB>C = A>C — BIaCTUBICTh TPAaH3UTHUBHOCTI;
2) a, >b Aa, >b, = A> B — BIacTHBICTh HEHACHYCHOCTI.

Ha MHOXMHI crio’)kuBYMX HabOpPiB (Xi, X2) BU3HAYaIOTh (PYHKIIIIO u(Xl, XZ), AKY
HA3UBAKOTh QYHKYICO KOpucHocmi cnoxcusada. i 3HaYeHHS u(xi,xz) Ha

CIIOXXKMBYOMY Habopi (Xl,XZ) JOPIBHIOE OIlIHII IIHOTO HAOOPY CHOXKHUBa4YeM (PiBHIO

3aJI0OBOJICHHSI TMTOTPeO CroKMBava naHuM Habopom). KoxxHUil criokuBad Mae BIacHY
dbyHKIIII0O KOpUCHOCTI. Skmo HaOip ToBapiB Az(ai,az) € OuThIl Oa)kKaHUM JJIst

cnoxusaua, Hbk Habip B=(b,b,), 10 u(a,a,)>u(b,b,), TO6TO
A>-B=u(A)>u(B).

Y Teopii CHOXUBYOrO BUOOPY BBAXKAETHCSA, MO (YHKIST KOPUCHOCTI Mae
HACTYITHI BIACTHBOCTI:

ou : : :
1) v >0,1=1,2 — 3i 3pocTaHH]IM CIIOKUBAaHHS TOBapy HOr0 KOPHCHICTH
X
1
3pocTac;
. ou . : y .
2) IIrr(l)a— =00 — HEeBEJIMKUH MPHUPICT CIIOKUBAHHS TOBApY MPH HOTO TTOYATKOBIH
X —> X.
1
BIJICYTHOCTI CYTTEBO 301JIBIITYE HOTO KOPUCHICTB;
o’u : . .
3) = <0, 1=1,2 — 31 3pocTaHHsAM CIOXXHBAHHS TOBApPy IIBHIKICTH 3pOCTAHHS
X.
I
HOT0 KOPUCHOCTI CTIOBLTBHIOETHCS;
. ou .
4) lim v =0 — npu ayxKe BHCOKOMY PIBHIO CIIOKHBAHHS TOBapy WOro
Xj =0 X
1
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MoAaJbIle 30UThIIEHHS HE IPUBOJUTD J10 30UTbIIEHHS] KOPUCHOCTI.
AHaNOTi4H1 MOHSTTS Ta BIACTUBOCTI MOXHA BU3HAYUTH JUIsi HAOOpIB 3 N
TOBapiB 4 mociayr X :(Xl,xz,...,xn), Ha SKUX BHU3HA4YalOTh (PYHKILIIO KOPHCHOCTI

U (X Xg s X, ) -

. u . .
YacTHHHY HOXiAHY 7 MSMBAIOTD 2PANNHOIO KopucHicmio 1-T0 TOBapy.
X
1
Jlimiro piBHs U(X,X,)=C=cONst Ha miomunHi OXX, HA3UBAIOTH JiHICH0

batioyoicocmi. st HaGopiB X =(X,X,,...,X,) N TOBApiB PO3IVSNAIOTE NOGEPXHI

oauoyacocmi u(xl,xz,...,xn):c:const, Ha SIKUX KOPUCHICTh HAOOpPIB TOBapiB €

ctajor. MHOXMHY BCiX JiHIM (TOBEPXOHB) OalIy’)KOCTI HA3UBAIOTH KAPMOK
batioyacocmi.

PiBHsiHHS mOBepxHi 0aifly»KOCTI MOHa 3amucaTd y AudepeHiianbHii Gopmi.
OckiIbKM Ha Takii MOBEpXHI (PYHKI[ISI KOPHUCHOCTI € CTaJNOk0, TO

n
du = Za—udx = (8.1)
i OX;

YmMmoga (8.1) o3Hauae, 1m0 TOTUYHA JI0 OBEPXHI 0aMTYKOCTI OPTOTOHAJIbHA 10
rpajaieHTa (QyHKIIT KOPUCHOCTI. 3 TOYKH 30py CHOKHMBa4Ya HASBHICTh MHOXKUHHU
HaOOpIB TOBapiB, II0 MAaOTh OJHAKOBY KOPHCHICTh, O3HAYa€ MOKJIMBICTh 3aMIHU
OJIHOTO HAOOpy TOBApiB PIBHOIIHHUM HOMY IHIIUM HaOOpOM.

ou ou
Hexaii 8.1) dx,=dx,=..=dx =0, —d +—dx,=0. 3
exaii y (8.1) . ' ] TOI ox X, ™ BizcH

2
3HaXO0AHUMO:

ou
dx, _ OX,

% W,
dx,

BII[HOHIeHHﬂ d_ Ha3uBaAlOThb cPAHUUHOIO HOPMOIO 3aMIHU [Iepmoro ToBapy

apyrum [5]. BoHa nOpiBHIOE BiTHOIICHHIO T'PAaHMYHMX KOPHUCHOCTEW MEpIIOro Ta
JPYyroro TOBapiB 1 TMOKa3ye, CKUIbKM MOTPIOHO OJMHUIIL JPYroro TOBapy, 100
3aMIHUTH OJUHUITIO TEPIIIOTO TOBAPY.

(8.2)

8.2 brom:keTHi JiHii, KpUBi KOPUCHOCTI Ta KPUBIi OaliyKOCTI
bBroooicemnoro muodicunoro Ha3WBAIOTh MHOXXKHHY HAOOpIB TOBapiB, SKI MOXKE
npua0aTH CIIOKUBAY, IO Ma€ MeBHMM cTanuii moxon J. SAxmo X :(Xl,xz,..., Xn) —

Habop TomapiB, P =( P Py pn) — BEKTOP-PSAJIOK BIAMOBITHUX 3HAYCHBb IIiH, TO
OrOoKEeTHA MHOKHMHA Ma€ BUIIIAL: B = {X P- X< } .

['eomeTpuune Miciie TOUYOK mIomuHA X10X,, 1€ X1, X, — BIAMOBIIHI KUTBKOCTI
MEPIINOro Ta JAPYroro Ojara, IJs SKAX CyMMa BHTpAT CIIOKMBada Ha iX MpUIO0aHHS
3QJIMIIAETHCS CTaja Ta JOPIBHIOE JIOXOJY CIOXKMBaudy J, Ha3UBaIOTh 0100H#CEMHOI0
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niniero. e npsama
p1X1 + p2xz =]J.

L5 piBHICTH BUpa)ka€ yMOBY PIBHOCT1 BUTPAT Ta JOXOJY CIIOKHBaya.

[Ipu Bu3HaueHH1 HAOOpPy OJar, skl BiH MIOBUHEH NMPUA0ATH, CII0KUBAY PO3B’A3Yy€
HACTYIHY 3a7a4y: BU3HAYUTH KUIbKicTh Onar (X, Xx,), M0 OyayTh CIIOKHBAHI i IpH
SAKAX MaKCUMi3yeThcss KopucHicTs U(xy,X, ) 32 yMOBM BHMKOHAHHS ONOKETHOIO
0oOMEXeHHS p1Xq + DX, < J. L{ro 3agaua Moxke OyTH po3B’si3aHa TpadiuHO MUITXOM
noOyA0BH ciMelcTBa JiHIA OalayKOoCTi Ta OmOMKETHOI JiHIi. 3 BCIX KPUBHUX
0aly>KOCTI BUOMPAETHCA Ta, 110 JIOTUKAEThCSA 10 OrokeTHOi JyiHii. KopucHicts U,
110 BIANOBIAAE LI KPUBIM 0alayk OCTl, € MAKCUMAIBHOIO KOPUCHICTIO MPU LBOMY
n0Xx0/i J, a KOOPIUHATH TOYKU TOTHKY (X, X,) — BU3HAYAIOTh IIyKaHW HaOip Onar,
I[0 MaKCHUMi3y€ KOPUCHICTh. [CHYBaHHS Ta €IUHICTH PO3B’sI3Ky (X, X,) BUILIMBAE 3
BUIYKJIOCTI KpPUBO1 Oaly’KOCTi, IO BHIUIMBAE 3 3aKOHY CMAgHOI TPaHUYHOI
KOPHCHOCTI.

ExoHoMiuHM#i 3MICT OMOKETHO1 JIIHIT TOJSIrae y TOMY, IO BOHA MOKa3ye
KUTBKICTh JAPYrOT0O TOBApy, SIKY MOKE, BUTPATUTU BECh JOXOJ, MPUI0ATH CIIOKHUBAY
IpHU Pi3HUX 3HAYEHBb KIILKOCTI MPUAOAaHOro mepiioro Tosapy [3].

OCKUTbKM KOPHUCHICTH € CyO’€KTHBHHM TMOHSTTSAM, TO TIEpel THM, SK
BUKOPUCTOBYIOTh (DYHKIIIFO KOPUCHOCTI y MaTeMaTUYHOMY MOJIENIIOBaHH1, TOTPIOHO
CTHOYATKy BH3HAYMUTH, IO PO3YMIEMO TiJ HYJIHOBUM PiBHEM KOPHCHOCTI, a TaKOX
MIKaJI0l0, TOOTO OAMHUICIO BHUMIPIOBAHHS 3aJ0BOJICHOCTI. 3arajoM, Oynab-sKa
3pocTatoda GyHKIlis apryMeHTy U —Takoxk € (PyHKITI€F0 KOPUCHOCT1, OCKUTBKH TaKOXK
BHpaka€ KOPUCHICTH OJiara.

3aJIe)KHICTh KOPUCHOCTI Bl 00CATY X; CIOXKMBaHHS MpH (iKCOBAaHUX obOcsTaX
CIIOKMBAHHS IHIIMX OJar HasWBaWOTh Kpueoio kopucrhocmi U(x;). Burisn
sajgexxHocti U(x;) Big o0csary crHokmBaHHS i-r0 Ojara OpHM CTaaux oOcsrax
CIIO’KMBAHHS 1HITUX OJiar BU3HAYa€ TPaHUYHA KOPUCHICTH i-T0 OJiara:

MU; =520, = 1,2, (8.3)

['panryHa KOPHCHICTh BUPAsKa€ IMPUPICT KOPHCHOCTI Habopa 6iar (X4, X, ..., X;) IIpH
30UIBIIEHH] CIOKUBAHHS I-T'0 OJ1ara Ha OIUHUILIIO.

Jlinii piBHA (i307iHM) (QYHKIIT KOPUCHOCTI (KpHBI CTajloi KOPHUCHOCTI),
HA3MBAIOTh Kpusumu Oauoyxcocmi. OCHOBHA yMOBa, SIKiil BIAMOBIMAIOTH KPHUBI
0ailmy’>KHOCT1, — YMOBa CTaJOCTI KOPUCHOCTI B yCiX TOUKAX I1i€1 KPUBOI:

U(xy,x,) = const. (8.4)

AHaNI3yl0oud KpUBY KOPUCHOCTI, MU 0adMmo, IO TpPH CTAJIOMY piBHI
3aJI0BOJICHOCTI HAOOpOoM 3 2 ToBapiB AJisi 30€peKEeHHS I[bOTO PIBHS MPU 30UTBIICHHS
CIIO’KMBAaHHS OJHOTO TOBApy CKOPOUYETHCS CIOXKUBAHHS 1HIIOTO TOBapy. Y IbOMY
MPOSIBISETHCS €EKT 3aMiHMU.

KinbKiCHOIO XapaKTEepUCTUKOI THTEHCHUBHOCTI €(PEeKTy 3aMiHU 1 TTOKA3HUKOM,
0 Bu3Havae popmy KpuBOi OANTYKOCTI, € SPAHUYHA HOPMA 3AMIUJEHHS:

MRs,, = 3%
Xm U =const

(8.5)

X1 Xa
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OCKiIBKH MIPHUPICT KOPHCHOCTI J0piBHIOE HY/I0 3a ymoBi U(xq,x,) = const,

TOMY ; ;
U U
dU = oxs dx; + oxs dx, = 0.
3BIZICH OTPUMYEMO, 1110
au
dxz _ _0x _ _ MUy
dxq a_U MUZI
axz

[TincraBuBmiu e Bupas, y (8.5), 3Haxomumo dopmyny Ijsi TPaHUYHOTO

HOPMH 3aMIIIEHHS y BUTJISAL

MU,
MRSz, = it (8.6)

OckinbKM TpaHW4YHA HOpMa 3amilleHHs MRSy ,, CBIIUMTH, HAa CKUIbKH

MOJIMBO CKOPOTUTH CIIOKMBaHHS OJjlara Xz, 1100 TpU OJAMHUYHOMY 30LIBIIEHHI
CTMOKHMBaHHs Oyara X1 KOPUCHICTh HaOopy Ojar He 3MIiHHTBCSA, TO 3 ymoBH (8.6)
BUIJIMBAE HACTYMHUN BUCHOBOK: y CKUIBKM pa3iB T'paHUYHA KOPUCHICTH Oara-
3aMIHHUKA TIEPEBUIIYE KOPUCHICTH OJiara, 110 3aMillla€e, Y CKUIbKU pa3iB CKOPOYCHHS
00CsTy HOTO CIIOYKUBAHHS MIEPEBUIIMTH MPUPICT CIIOKKUBAHHS OJlara-3aMinHuKa [6].

8.3 Buau ¢yHkiiii kopucHocTi

e y 18-my cropiuui JI. bepHymil Bmepiie 3amporoHyBaB KUIBKICHE
BU3HAYCHHS KOPHCHOCTI Oyiara Ha ocHOBi Teopii rpu [9]. 3a BepHyiuti, KOpHCHICTD
(ab6o Buroma) U — me pesynwpTar, MO0 OTPUMYE CIIOXKHBA4 BiJl BOJIOJIHHS OJyara
(mocsruenHs Burpamty) x, JliamazoH 3MiHM 00cCATy CHOXHBaHHS Omnara X
po30MBaEThCS Ha JBa IHTepBaIM: 1) mpu x > x, Oyiaro 3abesnedye BUTpaIl
(KOpHCHICTB); 3HAYEHHS Xo — II€ KUIbKICTh OJjiara, 1o BIANOBITA€ HYJIbOBOMY DPiBHI
kopucHocTi; 2) mnpu 0<x <Xx, HagBHUU piBeHb Ojara 3HWKAE PIBEHb
32/I0BOJICHOCTI, MPH IIBOMY YHMM MEHIIMK oO0csar Oyiara, TeM OLIBII CYTTEBUM €
3HIDKEHHS 33/I0BOJICHHS CIIOKHMBAYA.

3 TOYKH 30py Teopii irop Ojaro po3rIAAETHCSA SK BHUTpaml. Y IMOJAIbIITUX
MipkyBaHHsAX JI. bepHym1i BUKOPHUCTOBY€E HACTYITHE MPUMYIICHHS: 00csT OJyiara Xo,
[0 BiIOBigae MOBHINA He3amoBoseHOCTI croxuBada (U = 0), He HmOpiBHIOBaHMIA 3
MaKCHUMaJIbHO MOXKJIMBHM OOCSITOM CHOXKHMBAaHHS Xy, TOOTO Xy K X,. Y MeXaX CBO€T
teopii bepHymrni orpumaB, mo (yHKISIT KOPUCHOCTI MOXKe OyTH TpecTaBlieHa
norapuMidHOIO KPUBOIO BUIY

U=aln= (8.7)

Xo
3ayBaxxuMo, 1o QyHkIis (4.7) HE 3HANMIIA MHUPOKOTO 3aCTOCYBaHHS y TEOpii
KOpPHUCHOCTI, ockinbku Ha iHTepBani 0 < x < X 1sg QyHKIS € Bix eMHOI0. bimbin
PO3MOBCIOJKEHOIO Yy JOCHIIKEHHSIX € 3acCTOCyBaHHs Jiorapudmiuaoi QyHKItii
KOPHUCHOCTI y BUTJISAII:

U = aln(x — x4),x > x¢ = 0. (8.8)
JInst BUIIA/IKY KiJTbKOX 6J1ar BUKOPHUCTOBYIOTH (DYHKIIIFO
U = Yk=1a In(xr — xox). (8.9)
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Hpuxkaanx 8.1. IlepeBaru crioxxuBaya, sikuid npuadae 10 1 mosioka Ta 2 TIOOMKHU
3yOHOI MAacTH y MICALb, BUPAXKAIOThCS JIOrapU(PMIUHOO (PYHKI[IF0 KOPUCHOCTI, 110
Ma€ BUTJISIA:

U=U;+U, =2In(x; — 1) +In(x, — 1)

CnoxuBay MipKye, 10 HOMY KOpPHUCHIIIE MPUAOATH: JOJAaTKOBO 1 JITp MOJIOKa
yi 1 TIOOMK 3yOHOT acTH.

JUis BIAMOBIAl HA 1€ MHUTAaHHS CHOXHBA4dy MNOTPIOHO MOPIBHATH T'PAHUYHI
KOPUCHOCT1 MOJIOKA Ta 3yOHOI MAacTU NP JAHUX 00CArax CIOXMBAHHS LIMX TOBApIB.
3Haii1IeMo 111 TPaHUYH1 KOPUCHOCTI.

U 2 2

MU, = = =—=0,22.
axl x1—1 10—1
ou 2 1
MUZ _—-_—— _—-—— 1_
0x, xX,—1 2—1
OTxe, IbOMY CHOXKHMBauy 3HAYHO KOPHUCHINIE JOJATKOBO NPUI0ATH THOOMK
3yOHO{ MMacTH, HIX JITP MOJIOKA.
Po3srisitHemMo BeIMUMHY cepelHbOT KOPUCHOCTI:
7= f1U1+1f2U,

fitfe

zie f; —JacToTa OTpUMaHHs j Onara.
3anumemo GyHKIIiI0 KopucHocTi (4.9) nist 1Box OJiar:
U=U;+U, =ayIn(x; — x91) + a,In(x, — x95),a; = 0,x; > x0; = 0.
[IpuitnsBum a; = a, = a, oTpuMyeMo (GopMylly cepeaHbOI KOPUCHOCTI ISt

ObOI'O BUITAAKY:
f:
(= %0) 22|,

T fraln(x;—xq)+fraln(x,—x)
U= =a In[ X1 — X
fitfe ( 1 O)f1 +f; fit+fz

Lo piBHICTH MOKHA 3aIMCATU Y BUTJISAII:

U = In(x; — x0) - (x; — x0) 2.

Ockunbku JorapudmivyHa (yHKIS € 3pOCTalou0l0, TO BHUPA30M ITiI 3HAKOM
norapudmy y 11l piBHOCTI TAaKOX MOXHA PO3MISLAATH K (QYHKIIIFO KOPUCHOCTI:

U= (x; —x0)" - (g — x)"2.

VY 3aranbHOMY BUIJISII CTETIEHEBY (PYHKI[II0 KOPHUCHOCTI MOKHA 3allUCaTH y
HACTYITHOMY BUTJISII:

U=alx; —x91)0  (x; — x95)2,a > 0,b; + b, = 1,x; = x5; > 0. (8.10)

Cenc teopii irop, Binoxenuit [|. bepuymni y ¢yHKIIiIO cepenHbOi KOPUCHOCTI,
JI03BOJIUB THTEPIPETYBAB KOPUCHOCTI y 3a/adyax BU3HAYCHHS MOYATKOBOTO 0O0CHTY
Oyar, HEOOXIMHOTO ISl JOCATHEHHS TIEBHOTO pIiBHSI KOPHCHOCTI Ta MPHUPOCTY
3aJI0BOJICHOCTI, 1110 TIOB’SI3aHUN 3 MMPUPOCTOM HasiBHOTO Oyara. TyT BBaXkKaeTbesl, 110
PO3TIIAIAETHCS OJHE 1 Te K OJ1aro, 1mo MoXke OyTH y pi3HUX KUTBKOCTSAX, TOOTO MOXKE
3a0e3reuyBaTy pi3HUH PIBEHB 3aJI0BOJICHOCTI.

Mpuxkaanx 8.2. Ilpoxasens mianye peanizyBata ToBap 3a 10 000 r.0., mpoTe 3
MOTIEPEeTHHOTO JOCBiMy Bimomo, mo 31 100 yrox amamoriyHoro THUMY S5 yron
BUSIBJISIFOTHCS HEBJAIMMU. YToay MokHa 3actpaxyBaTu Ha 800 r.o. BuznauuTu: a)
MOYMHAIOYH, 3 K01 CYMH KaIliTalxy MpOaaBellb MOXKE, BIAIMOBUTHUCS BiJl CTpaxXyBaHHS;
0) SKUM MIHIMIBHUM KaIliTaJOM MOBHHEH MaTH CTPaxXyBAJIbHHK, 1100 WOMy Oynu
BHU3HAYEHI TaKl YMOBHU CTPAXyBaHHS.
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Busznaunmo moyaTkoBU po3Mip KamiTany X, BBakawoun x, = 0,x, = x; + 6,
ne § — mpupict Kamitamy. [IpupiBHSEMO cepeiHIO KOPUCHICTh MPH BIAMOBH BiX
crpaxoBkn  (x; + 10000)%%% - x> 1a npum sromi sactpaxyBatu yromy, mo
cTaHoBUTH X; + +(10000 — 800).

OTpuMy€eMO PiBHSHHS:

(x; + 10000)%°% - x2%° = x; + 9200,
AK€ Mae HaOmKeHu po3B’a30k Xx; = 5043. TomMy, SKIIO KamiTaa MOpoOJaBLs
nepesuirye cymy 5043 r.o., To OpUpICT CepeAHBOI KOPUCHOCTI Y BUMAAKY BIIMOBU
BiJl CTpaxXyBaHHS BHIIE, HIK Y BHITAJIKy HOTO MIPUHHATTSI.

Po3Mip movaTtkoBoOro Kamiraiay CTpaxyBaJbHUKa BU3HAYMMO 3 YMOBH PIBHOCTI
fioro cepeqHbOI KOPHCHOCTI MPH MPHUUHSITTA Ha ce0e CTpaxyBaHHs Ta BiJIMOBU Bif
CTpaxXyBaHHS:

(x1 +800)%% - (x; + [800 — 10000])%% = x;

3BIZICK 3HAXOAUMO, 110 X1 = 14243, OTxe, SKIIO CTpaXyBaJIbHUK Ma€ KarmiTal,
o nepesuiye 14243 r.0., TO oMy JONUIbHINIE MPUHHATH Ha ce0e 3000B’sA3aHHS
CTpaxyBaHHS, HIXXK BIIIMOBUTKLCS BiJ HUX.

OTxe, pO3TNSHYTI MPUKIAJAW CBIAYATH, IO KOPUCHICTH TOBAPY YU TOCITYTH
(piBEeHb 337J0BOJIEHOCTI HHOT'0) MOYHA OLIIHUTH KLJIBKICHO.

Bbputancekuii ekoHOMICT P. AJuteH 3ampornoHyBaB BUTIISA PYHKINT KOPUCHOCTI,
sKa OTpUMaJia Ha3By Kkeadpamuynoi pynkyii kopucnocmi abo gyuxyii Annena.

OCHOBHOIO MepeyMOBOIO BUOOPY BUIIISAY GYHKIII € ICHYBaHHS CIIOXKWBAYIB,
JUTSL SIKUX MOMKJIMBICTH KOPHUCTYBAaHHS TEBHUMHU OjlaraMu OOMEXEHUMH, BHACIIJIOK
4oro HaJMIpHE 3pOCTaHHS OOCATY OJHOro 3 Ojar Npu HE3MIHHOMY 00CsTy
CTMOKMBAHHS I1HIIOTO OJiara 3MEHINy€e 3arajibHy KOPUCHICTH [4]. V mbpomy BHMAjKYy,
KOPHUCHICTh BUPAXKAETHCS a0COMIOTHUM BIIXHJICHHSIM OOCSTIB CIIOKMBAHHSA OJiar Mix

CO00k0, B3STHM 3 MPOTHISKHUM 3HakoM: U = —|x; — x,|. Buiemn 3py4Horo s
BUKOPHUCTAHHS € nudepeHIiioBHa (YHKIIS KOPUCHOCTI, TOMY MOJYJb BIIXWICHHS
IOIILHO 3aMIiHUTH Ha KBaipaTr Bigxuwienus: U = —(x; — xz)z, abo, y OuUIBII
3araJlbHOMY BHUTJISIII:

U=—(a;x; — ayx,)% = 2a,a,x,X, — a3x? — a5x3.

OyHKIisT AJJIeHa € 3aBXIM BT’ €MHOIO 1 € «YHKIIEI0 BTpaT», SKi Hece
CIOXKMBAY, SKIIO 00cArd Onar, M0 3HAXOMATBCA Yy HOTrO PO3MOPSIKEHHI
BIIPI3HAIOTBCA BlJ| 33JlaHMX NUTOMMX NOTpeO ai Ta ap. Ilpum mpoMy a;x; = a,x,

TOOTO
aq
X2 = a X1.

VY 11p0My BHITAJIKy BTPATH JOPIBHIOIOTH HYJIO 1 KOPUCHICTh € MAKCUMAJIBHOIO.

OCHOBOITOJIO)KHHKAMH KapAUHATICTCHKOTO (KUIBKICHOTO) MiAXOIY J0 OIIHKH
KOPHUCHOCTI € ekoHOMIcTH 19-ro cromitrs [[)xeBoHc Ta Bambpac [4]. Born BBaxkanw,
0 CTIOWBAY 37]aT€H OI[IHUTH TOBAPH, IO CTOKUBAIOTHCS 3 TOYKU 30PYy BEIMUYWHU
KOPHCHOCTI, TP IIbOMY METOIO0 CIOXKMBada € MaKCcHMi3aiisi KopucHocTi. Tomy
CIOYaTKy KOPHUCHICTh HAOOpy OJar Bu3Havyanacs Sk cyma KOpHUCHOCTEH BCix OJiar, 110
BXOJWIU y 1€ KOMIUIEKT, TOOTO BHKOPHUCTOBYBajdach aJWTHBHA (YHKIIIS
KOPHUCHOCTI:
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U=2%;U(x), (8.11)

U; — xopucHICTb i-To Oyary. ToOTO BBaxkanacsi, 1[0 Ma€ MICIIE HE3aJEeKHICTh
KOPUCHOCTEH OKpeMux Ouiar Mix coboro [6].

VY cyuacHiii Teopii OaraTokpuTepiasibHOT Teopii BHOOpy pimeHb [5]
BUKOPHCTAHHSI arperoBaHOrO KPUTEPisl 3HOBY IIHPOKO PO3MOBCIOMKEHI, MPOTE
PO3PI3HAETHCA KOPUCHICTh  aJbTEPHATUB IUISIXOM BBEJACHHAM  KOE(DIIIEHTIB
3HAYUMOCTI K;:

U= kiU (xy). (8.12)

[Mpu upomy ) k; = 1

Y mnepioAl BUHUKHEHHS TEOpisl KOPUCHOCTI BUKOPUCTOBYBAaNaCh IS
TEOPETHYHOTO  OOTPYHTYBaHHS  TMEBHUX  EKOHOMIYHMX  KOHIICTIIiH,  3apa3
BUKOPHUCTOBYETHCS 1 y MPUKIATHUX JOCTIIKEHHIX, 30KpeMa, Y MapKETHHTY.

Jlekuia 9. Mone/loBaHHSI NMOBEAIHKU CIOKMBAYiB 3 J0NMOMOro0 (pyHKIil
KOPHUCHOCTI

Meta Jekuii: 3’scyBaTM OCHOBHI MPUHIMIN MOJEIIOBAaHHS IOBEIIHKH
CIIO’KMBAYiB HA OCHOBI BUKOPUCTAHHS (PYHKI[I KOPUCHOCTI.

ILnan
1. 3akonu I'occena.
2. Mopenb MOBEIIHKY CIIOKHBava B YMOBaX MaKCHMi3aIlii KOPUCHOCTI.
3. TlopsinkoBa Teopiss KOPUCHOCTI.

Kiro4oBi Tepminu Ta moHATTA: 3aKoHM ['occeHa, 3aK0oH monuTy Maprrasmna,
piBHsiHHSL Ciytibkoro, koedimientu CrylbKoro, MOpsIKOBa TeOpis KOPHUCHOCTI,
TEOpis BU3HAUEHOT ITepEeBardy.

9.1. 3akonu I'occena

Mera wMakcuMmizamii KUIBKOCTI KOPHCHOCTI 3HaWImIa BigoOpaKeHHS Yy
3aKOHOMIPHOCTSIX, OTPUMAaHUX HIMEIBKUM eKoHOoMIcTOM I'. 'occerHoM.

[lepmmit 3axkoH I'occeHa: mnpW HENMEPEPBHOMY CIOXXKHBAaHHI KOPHUCHICTH
HACTYIMHOI OAMHUII OJiara 3MEHIIYETHCS, TIPU MOBTOPHOMY CIIOKMBAHHI KOPUCHICTh
KOXXHOT OAWHMIII Ojara 3MEHIIYEThCS Yy TOPIBHAHHI 3 11 KOPUCHICTIO TpHU
MOYaTKOBOMY CHokuBaHHI [7]. ¥V maremartmuniii dopmi mepmmii 3akoH ['occena

MO>KHA 3aITUCaTH Y HACTYITHOMY BHTJISIIIL:
oMU

MU=2502Y<0,i=1.2 (9.1)
0x; 0x;
TOOTO TpaHUYHA KOPUCHICTH OJIara y mpoIieci Horo Crio’KMBaHHS 3MEHITY€EThCS.
[HKONM 1€l 3aKOH HAa3MBAIOTh TAaKOX «aKCIOMOK HEHAcH4eHOCT» [7],
ockitbku mpu MU > 0 (yHKISE KOPHCHOCTI € 3pOCTalY0r0, TOOTO HACHIIICHHS
crokrBada He Hactymnae. Liif akciomi 3aJ0OBOJBHSIOTH PO3TISHYTI BHUIIE (YHKIII

KOPHUCHOCTI.
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llepwuii 3akon ['occena OyB OTpUMaHMP EMIIIPUYHUM HUIIXOM Ha OCHOBI
y3araJibHeHHsI Cy0’€KTUBHUX AYMOK CIIO’KMBayiB PO KOPUCHOCTI CIIOKMBAHHS Ojar
y pi3HUX KUTBKOCTSAX [7].

Jpyeuti 3axon ['occena: MaKCUMyM KOPUCHOCTI CIOXMBaHMX Oyar 3a
0OMEKEHUH Mepioj 4acy JOCATAETHCS, SKUI0 3aTpaTH Yacy Ha CIOKMBAHHS KOKHOI'O
Onara Taki, o X TpaHUYHI KOPUCHOCTI piBHi [7].

Tyr MoBa Hae mpo 3anayy BH3HAYEHOTO YMOBHOI'O €KCTPEMYMY (YHKIIIT
xopucuocti U = Y; U;(x;) npu oOMexkeHOMY 4aci crioxxuBanus Omar Y, t;x; + T, ne
t; — yac croxuBaHHs i-ro Onara, T — 3anac (dhoHna) yacy.

3amaya po3B’A3yE€TbCSI METOAOM MHOXHUKIB Jlarpawxka: TyT (QyHKIIS
Jlarpan»a Mae BUTJISAI:

L=2%:Ui(x) — ALY tix; — T, (9.2)
YV (9.2) A — wmHoxuuk Jlarpamxa. HeoOXxinmHI yMOBM ONTUMaJbHOCTI
BU3HAYAIOTHCS CUCTEMOIO PIBHSHbB:
oL %% ti=0i=12
axi_axi (==L

dL
a=2tixi—T=0.
i

3 mepIoi piBHSIHHS II€T CHCTEMH BUILUIMBAE, 1110
MUl' = Ati,l' = 1,2 (93)
[ToxinuBim oxHe 3 piBHSIHHSA (4.15) Ha 1HIIIE, OTPUMAEMO CIIBBITHOIICHHS:
MU, (x1) _ tg
MU, (x3)  t; (94)
BBenemo koopawmHatH Y = t1X1,Y, = t3X,, IO € IHTEpPBAJIAMH 4acy, IO
BUTpAYa€ThCcs Ha CHoXKuBaHHS Oyar. KpuBa OaliayKocTi y HOBHUX KOOpJAHHATaX
nomaerscs Gpyukiiero kopucuicto U; (y;) = U;(t;x;),i = 1,2.
['paHNYH1 KOPUCHOCTI OJ1ar TOPIBHIOIOTH:
oU;(y)) _ aU(y;) 9y,
MU;(x;) = Fya '
Xi dy;  0x;
[TincraBuBiy 11i BUpas3u y (4.16), orpumaemo:
MU (y)) -ty MU (y1)

=— 5 ——0=1,

MU,(y2)-t; t;  MUy(y;)
ToO6To y MOMEHT 3aKiHYCHHS CIIOXKHBAaHHS KOXXHOTO OJjlara TpaHH4HI
KOpHCHOCTI Bcix Ousar piBHi [7]. ExoHoMiuHuWii 3micT MHOXHUKIB Jlarpamxka A

MOJIATaE y TOMY, IO TpupicT GoHay yacy 7 Ha OJUHUINIO TPUBEAE IO 30UTbIICHHS
9% U;
aT

= MUl(yl) . ti,i = 1,2

KOpPHUCHOCTI Habopa Ha BeMYUHY A, 10 BUIUTHBAE 3 piBHIHHS (9.2). ToOTO A =

— 1€ TPAaHUYHA KOPUCHICTH Yacy.

Pe3ynpTaToM KiTBKICHOT TEOpii KOPHCHOCTI € 3aKOH TIONMHTY, OTPUMaHUU
aMepUKaHCBhKUM eKoHOoMIcTOM A. MapmamioMm. ['poiini po3risiatoTe 3 TOUYKU 30pYy iX
¢yHkii sk Mipu BaptocTi [10]. Mapiramt BUXoIuB 3 TOTO, [0 TPAaHUIHA KOPUCHICTH

rpomield JOPIBHIOE BITHOIIEHHS TPAaHUYHOI KOPHCHOCTI Onara J0 HWOro IIiHH,
MU;

3AIIUNIAECTHCS CTAJIOK0 BEJIMYUHOIO: =M Up = const.

bi
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Ile mnosicHsgeTbCs THM, 110, 3a JAPYIMM 3aKOHOM [l occeHa, crHoxuBay
MaKCHUMI3y€ CBOI KOPHUCHICTh IUIAXOM CIHOKHBAHHS IIMPOKOIO aCOPTUMEHTY
TOBapiB, TOMY 3MIHM LIHM OJHOTO TOBapy HE BIUIMHE CYTTEBO Ha KYIIBEJIbHY
CHPOMOXHICTh Tpomieii B oMy [10]. 3Bijgcu BUIUIMBAE, 0 TPaHUYHA KOPUCHICTH
OJsiara npomnopiiioHanbHa oro 1iHi: MU;~p;, a, OCKUIbKH niepiIomMy 3akony ['ecceny,
rpaHUYHa KOPHUCHICTH OOEpHEHa NpOoMopiiiiHa o00cAry chnoXuBaHHsA Ojara

MU;~1/ x; TO Py~ 1/xl., TOOTO KpHBA MOMMTY € CHAHOI0. Y LLOMY MOJATA€ 3aKOH

nonuty Mapiuauia.
Ha ocHoBi 3akoHiB ['occeHa MOKHA JOBECTH, 0 MPU ONTUMAaTbHINA KOMOIHAIIT
OJyiar, 1m0 MaKCUMI3y€ KOPHMCHICTb 11 JJIsl CIIOKMBaua IiHa OJHOro 0Jjiara MOBUHHA
NEPEeBUIYBATH I[iHY I1HIIOrO Ojlara y CKUIbKM pa3iB, Yy CKUIBKM mepiue 01iaro
kopucHimie npyroro [10], To6To:
P _ MU, (x71)
P2 MUy (x3)
3 miei piBHOCTI BWIUIMBAaE, mI0 y Toulli 3 KoopauHatTi (X7, X;) KyTOBi
koeirieHTH Or0IKETHOT JTiHIT Ta KpUBOI 0alTy>KOCT1 piBHI MK CO0O0IO.

9.2 Moneab NoBeIiHKY CMOKMBAYa B YMOBAX MaKCHUMi3alil KOPUCHOCTI
CnoxuBay HaMara€eTbCcsi MaKCUMI3yBaTH CBOIO (PYHKI[II0 KOPHUCHOCTI 32 YMOBU
0OMEXEHOCTi 0XOAy. 3a yMOBH BHKOPHCTAHHS BCHOTO JOXOAY J Ha TPHAOAHHS

HAOOpIB TOBApiB CHOXXHBA4Yy IMOTPIOHO BU3HAYMUTH Lnxa_)J(U(X). Maemo 3amady Ha

YMOBHHUI eKCTpeMyM 3a HasBHoOcTi obmexenHs P-X =J. Boma 3BoauThCcs 110
3HAXOJ/IPKEHHS 0€3yMOBHOTO ekcTpeMymy pyHkIii Jlarpanxka

L(X):U(X)+/1(J—P-X), (9.5)
ne A = const — MHOXHUK Jlarpanxa.

HeoOximxH1 ymoBHU ekcTpemymy GyHKIIi1 (9.5) MarOTh BUTITIS:

A _oi=12..n %L_g.
o2

OX;

3BIZICH OTPUMYEMO CUCTEMY PIBHSHB:
M p=0,i=12...n;
OX;

| (9.6)

2P =

L=l

Cucrema (9.6) — e cucrema(n + 1)-ro pipusuus 3 (N+1)-umu HeBizoMuMu
Xiy Xy ey Xy A . MOXKHA 1OBECTH, IO 1i PO3B’A3KAMH € KOOPAMHATU TOYKH

Makcumymy GyHKIT Jlarparka (9.5).
3 cucremu (9.6) BUIIMBaE, MO CMOXUBa4Y Mpu (IKCOBAHOMY CTaJIOMy piBHI

J0X04y BHOMpac onTuManbHuii Habip X =(X1*,X2*,...,xn*), IO € PO3B’SI3KOM IIi€i

CHCTEMH, TaKUM YMHOM, [0 y Touli X BiJHOLIEHHS TI'PaHUYHUX KOPUCHOCTEN
JIOPIBHIOIOTH BIAHOIIIEHHSM IT1H:
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ou_ ou_ ou
ox, Ox,  OX

=Py Py Py

n

Posp’sizaBmm cuctemy (9.6) BimHOCHO KoopauHAT BekTopa X , OTPHMAEMO
(DYHKITO iHIMBiTyanbHOTO MOMUTY y BUIJIAMAI piBHOCTEH X, = X ( Pps Poseres Py I ),
1=12,..,n.

Hexaii P :(pl, Pyensy pn) — BEKTOp IIiH Ha Habip ToBapiB X :(Xl,xz,...,xn), J -
n0Xig cnokuBada. DYHKIIIO D(P,J), 0 CTaBHTh y BIAMOBIAHICTH mapi (P,J)

Ha0ip ToBapis X', 0 Hajac CIIOKUBaYy MaKCHMalbHy KOPHCHICTH IIpH IliHax P Ta
noxoi J , Ha3MBAKOTh PYHKYIEIO IHOUBIOYAILHO2O NONUNY .
Konkperna ¢opma GpyHKIIT 1HIUBIIYaIbHOTO MOMUTY

X" =(%"%" e %, ) = D(( Py Pyres Py ), 9)

BU3HAYAETHCS IIIXOM PO3B’sI3aHHS 3a7a4i ontuMizaiii ¢pyHkiii Jlarpanxka (9.5) abo
IIJISIXOM CTATUCTHYHOT 00POOKH pe3yNbTaTiB ONUTYBaHb criokuBadis [10].

OyHKIIS 1HAMBIAYaJBHOTO MOMUTY € HEMEPEPBHOIO Ta JB1Y1 AUPEPEHIIHOBHOIO
3a CBOIMU apryMeHTaMu. BoHa € Tako OAHOPITHOIO (PYHKIIIEIO HYJIBHOBOTO CTEIICHS,
TOOTO D(/IP,/IJ): D(P,J).

@OyHKIII0 1HIWBIAYAIBHOTO MOMUTY BU3HAYAKOTH SIK po3B’si30K cuctemu (9.6).
PosrisiHemo BUmasok, Koiu 10Xo0J J € 3MIHHOIO BEJMYMHOM0, a IiHU Py, Py,..., P, €
¢dikcoBanumu. Toji KOMIIOHEHTH BeKTOpHOI (PyHkIii D iHIMBiTyanpbHOrO MOMHTY

* . . . . . .
X = D j (J ) 3aJIe)KaTh JIMIIE BiJl 3MiHHOI J , a iX MOXIiJHI T0 J OIHCYIOTh XapaKTep

3MIHHM MOMHKTY MPH 3MiH1 qoxoay. Judepenmiroroun pisusuus (9.6)

a—u—/ipi =0,1=12,...,n;
OX,;
2 Pix; =1
=
3a 3MIHHOIO I0X0/y J Ta BBa)karouW npu upomy X, =x(J), 1=12,...,n, 1= A(J ),
OTPUMAEMO:
52U OX;
Z o‘u iy I pig_/lzo’ | :1,2’.”’n;
2 0x0x; 0 0J
9.7)
—=Tay T
2
Hexait =U; . 3anmmemo cucremy (9.7) y BUrIIs L

OX;0X;
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(9.8)
Z“:p OX; 1
= al
SIkio GyHKIls KopucHOCTI U € Bimomoro, a ik P,, 1=1,2,...,n — 3anani, To
cucrema (9.8) — e cucrema NiHIHHUX anreOpaiYHUX PIBHSHB BITHOCHO MOXITHUX
OX. ]
a—J’ (GyHKIIA 1HAMBIIYAJIBHOTO MOMMUTY Ha |-i TOBap y TOYLi X*(J ) 3anuuiemMo

1[I0 CUCTEMY Y MaTpUUHIi QopMi:
Upy Upp - Uy = Py

) (0
oJ
Uy Uy o Uy — Py 8X2 0
0J
........................... e = . (9.9)
U, u,..u —p, ||ox
0J 0
PP, Py O |2
0J

SIxkmo Bu3HauHUK cuctemH (9.9) He MOpPIBHIOE HYIIHO, TO ii pO3B 30K — BEKTOP

(ax1 oX, OX 04

SN IGN BN IG
I[bOI'0 BEKTOPA Bi0OpakaroTh peakiliio CrokuBada Ha 3Miny goxoay [10].

Komnonentn BekTop-QyHKUii iHAMBiAyambHOTO monuty D, (P, J ), AK 1y

j — MokHa 3HaWTH 3a (opmynamu Kpamepa. KommoneHTH

NOTIEPETHROMY BHIAAKY, BU3HAYAIOTHCS 3 CUCTEMH piBHAHB (9.6). YacTuHHI mOXiIH1

OX.

—- MOXHa 3HAWTH, SKIO NPOMU(PEPCHIIIOBATH Ii PIBHSHHS 3a 3MIHHHMH P, .

Opy
o°u . i
[To3HaunBIIM %0 =U;, 'y pe3ynpTari OTPUMYEMO CHCTEMY JIHIHHHX
X;OX.
]
. : : : OX;
anre6pa1qHHx P1BHAHDb BIIHOCHO ITOX1AHHUX a .
k
o, OX; 04
DUy —L——-p=4-6,i=12,...n
= Py Py

(9.10)

3Haxo/s4u 111 HEBIIOM1 BennuuHU 3a popmynamu Kpamepa, Maemo:
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OX. Ay OX.
-8 x - j=12,..,nk=12..,n. (9.11)
op, A 0J

Y ¢opmynax (9.11) A — susnaunuk cucremu (9.10), A, — BU3HAYHMK, AKMH

OTPUMYEMO 3 BHU3HAYHHKA A BHKPECITIOBaHHSIM K -TO psiaka Ta |-TO CTOBITYHKA.

PiBusiang (9.11) HasuBaroTh pisusannuim Ciyuvbkoeo. 3 HHOTO BUILIMBAE, IO TIPH 3MIHI
IiHK K -rO TOBapy Ha Mayly BEJIMYMHY 3MiHA MOMUTY Ha | -i TOBap (JOPMYETHCS SIK

cyma JBoX (hakTopiB: eeKTiB 3aMimieHHs Ta goxoay [4]. dpyruii momaHok y mpasiii
OX:

gactuHi (9.11), mjo nopiBHIOE —X, -a—\]’, HA3UBAIOTh eghexmom 00xo0dy. Bin omnucye

3MIHY JIOXOJy CHOKHMBaya, BUKJIMKaHY 3M1HOIO 1iHU K -ro ToBapy. Ilepmmii qonanok
‘o . . Ki ..
y mpasii vactuni (9.11), mo nopiBHIOE A- X’ =C, Ha3MBAIOTH KoepiyieHmom

Cryyvbkoeo. Bin xapakTepu3ye BIUIMB 3MIHM I[IHU Ha BUKIIMKAHY I[1€10 3M1HOIO 3aMiHY
ToBapiB MpH npuadanHi. [Ipu 3HWKEHH] IHU HAa K -i TOBap Bi10yBa€ThCs 3pOCTAHHS
JIOXOAY CIOXKMBaya, YaCTHHA SIKOTO PO3IMOJUISEThCS HA MPUI0aHHS IHIIUX TOBAPIB.
Marpuust  koediuientis  Ciayubkoro € CHMETPUYHOW: Cy; =Cy . JliaronanbHi

KoeQillieHTH 1i€1 MAaTpUIll XapakTEepU3ylOTh YUCTUH eQeKT 3aMilieHHS Ta
Bi100OpaxaroTh NIBUJAKICTh 3MIHU MOMUTY Ha K -i TOBap MpHU MalIKuX 3MiHaX WOTO IIHU
Ta JOXONy croxuBada. Ll 3MiHAa mMOMUTY BigOYBAa€ThCS TAaKUM YHHOM, IIIO
KOPHCHICTh BUOOPY CIOKHBaYeM HaOOpYy TOBApIB 3aIUIIAETHCS HE3MIHHOO [4]
HanpssMm 3MiHM monWty Ha - ToBap mpM 3MiHI IiHK K-ro ToBapy

BU3HAYAEThCS 3HAKOM Koedimienta CiaylpbKoro Cy - Sxmo ¢ >0, to k-1 Ta |-i
TOBapH 3aMiHIOIOTh OJIMH OJHOTO, TIPU Cy < 0 TONIOBHIOIOTH OJIUH OJTHOTO, IIPH Cy = 0

— € HC3aJICKHHMMMU.

9.3 IlopsiakoBa Teopisi KOPUCHOCTI

Ilopsokosa (opounanicmcvka) meopisi KOpUCHOCMI BUPaXKae TEPeXil Bif
NOIIYKY abCOMIOTHOT BEJIMYUHUA KOPUCHOCTI /10 1i BiTHOCHOI BenmnuuHU. OCHOBHUMU
epeyMOBaMu IIEPEX0ay A0 MOPSIKOBOT Teopil KOpUCHOCTI € [5]:

a) HEMOXJIMBICTh KUIBKICHO OIIHUTU CYO €KTUBHO KOPHCHOCTI Omara s
CIOKMBay4a, OCKUIBKM BHUMOTa OO0 €KTUBHOTO BUMIPIOBAHHS KOPHUCHOCTI HE
BiZMmoBimae 1i cy0’ €KTUBHUM OIIIHKAM;

0) HeaJeKBATHICTh 3aKOHY CHAJHOI TPAHWUYHOI KOPHUCHOCTI JUISI TaKOro
€KOHOMIYHOTO SIBHINA SK HASBHICTh MEPEXPECHOTO BIUIMBY Oyiar y HaOopi (Koiu
30UTBIICHHS OAHOTO OJjlara Beie 0 3MEHIICHHS KOPHUCHOCTI iHIIOro Ojara, SKIIO
BOHU € TOBapaMHU-3aMiHHUKAMH TOIIIO).

B ocHOBI moOpsiaKOBOT TEOPil KOPUCHOCTI JIGKUTh METOJ KPUBUX Oailay’KOCTi.
Bin mepenbavae, mo crnoxwBad Mae CyO €KTHBHY IIKalXy MepeBar, a (QyHKIIisS
KOPHCHOCTI BU3HAYA€E MOPSIOK mepeBar HaOopiB Onar. B pe3ynbrarti Bim HEBUMIpHOT
TPaHUYHOT KOPUCHOCTI MOXKHA TEPEUTH 10 TPAaHWYHOI HOPMHU 3aMIIEHHS, sKa
BHpaXa€ KUIbKICTh OJiara X, BIJl SIKOTO CIIOKUBAY 3rOAHUN BIAMOBHUTHCA Y OOMIH Ha
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JOIATKOBY OJIMHHUITIO OJara Xi.

OCKUIbKM TpaHWYHA HOPMa 3aMILIEHHS JIOPIBHIOE CIIBBIIHOUIEHHIO ILIiH OJar,
TO 1€}l MOKa3HUK € 00’ eKTUBHUM 1 Horo BennunHa MRS, Moxxe OyTH BU3HAUeHa 1y
TOMY BHUIIQJIKy, KOJIM caMa KOPUCHICTh BBaXaeThcs HeBUMIipHOMW. [IpoTe miaxia, mo
IPYHTYETHCSI HA BUKOPUCTAHHS KPUBHX OaWAYyX OCTi, TAKOX Ma€ CYTTEBI HEHOIIKU.
30kpeMa, kKapra 0allmyX’ocCTi Ma€e CTaTUYHUN XapakTep, NP MOsABlI HOBUX Onar 4yu
3HMKHEHHS CTapux MOoTpiOHO OynyBaTu HOBY Taky KapTy. Ha mpakTuii cnoxuBau He
MO>K€ BU3HAYUTH HECKIHUEHHY MHOKMHY PIBHOLIIHHUX KOMO1HaIliil OJar.

PO3BUTKOM HOPSAAKOBOI TeOpii KOPUCHOCTI € meopisi eusHayeHux nepesaz. 1i
aBTOp, amepukaHCbkuil ekoHoMmicT II. CaMyelbCOH, CTBEpIKYyBaB, 11O CIOXKHBaY,
npu0aBIIM MEeBHUM HaOip OJyiar, BUpa)kae CBOIO MepeBary 1, SKIIO CIOXKWBay Jli€
palioHaIbHO, TO BUSBJICHI IepeBaru 30epexyThes 1 pH 3MiHi cTpykrypu 1iH [10]. B
pe3yNbTaTi MpU JOCHIKEHHSI MOBEIIHKH CIOXKMBa4a MOXKHA HE BHUKOPHUCTOBYBATHU
KpUBY Oaiiy’)xocTi, moOyJoBa SKHUX IPYHTYETbCS JIMIIE Ha JaHi MPO JIOXOAU
CIIO’KMBAaya Ta I[iHU OJiar.

Ha6Gip Onar X BBaxaeTbcsl OUIbLI NPIOPUTETHUM, HDK HaOlp Y, SKIIO

T XD = Xie1 yipi- ko cnokuBay BUOUpae HaOip Giar X 3a IiHaMu p;, SKIIO Yy
TOM >K€ Yac BiH MIT 3a [IUMHU I[iHAaMU Npua0aTy HIHN Habip O6iar X, TO TUM CaMHUM
BiH BU3HAYHUTh CBOIO TIEpeBary.

st knacudikaiii 61ar (ToBapiB UM MOCTYT) Y 3aJI€KHOCTI BiJl peaKIlii MOMUTy

. . . . Ox o .
Ha HHUX Ha 3M1Hy II1HU BHKOpI/ICTOByI-OTB IMOX1JH1 a— ]_IGI/I ITIOKa3HHUK CB1AYUTH, Ha
p
CKUIBKW OJIMHMIIL 3MIHUTBLCS TIOMUT HA JaHWUW TOBap, SKIIO HOTO IIiHA 3pocTe Ha 1

. . dox . ..
T.O. AH&HOFI‘{HO, AKIIO J — JA0X0J CIIOKHBayda, TO IIOX1JHa 6_] JOPIBHIOE 3MIH1

BEJIMYMHU TIONUTY, SKIO JOXOJ CIOKMBaua 30UTBIIUTECA Ha 1 T.0. Y 3a1eKHOCTI Bix

3HaKy I[UX MOXITHUX OJiara MOXKHA BIZIHECTH J0 OJHOrO0 3 HacTymHux Thmis [10].
dax
ap
3MEHIIYEThCS TMPU 30UTBIIIEHHI HOro IIHM Ta 3pOCTa€ MPU 3POCTaHHI TOXOITY
CIOKMBaya.

. .. dx
1. Hopmaneni ma yinui 6aaea, SKIIO < O,a—] >0, TOoOTO momur Ha OJaro

. .. dox dox
2. HopmanbHi Ta wMajomiHHi Ojara: P < O’a_] <0. Jnmga Ttakmx Oyar mOIUT

3MEHIITYEThCS, SIK MPU 30UIBIICHH] 1X I[IH Ta MPH 3pOCTaHHI IOXOJy. CIIOKHBaYa.
[Tpuknagom iHHOTO O1ara BBAXKAE€THCS MACIIO, MAJIOI[IHHOTO — MaprapyH.

o .o ox
3. ToBapu, monut Ha SIKUK 3pOCTAIOTh MPHU 3POCTaHHI I[iH, TOOTO P > 0, Ha3uBaIOTH
p

mogapamu ligpgina. T'onmoBHOIO ocobmuBicTI0O ToBapiB ['ihdina € BimHOCHA
JICIIeBU3HA Y TIOPIBHAHHI 3 MOKJIMBUMHU aHAJIOTaMHU.
Jlnst kmacudikaii 67ar MO)KHa BUKOPUCTOBYBATH KOS(DIIIEHTH €MTacTUYHOCTI:

KOe(DIIIEHT eacTUYHOCTI TIOMUTY 32 JOXO0I0M E,{ :g_x L 1a KOE(IIIEHT eTaCTUIHOCTI
ox p )X
Pl
MOKa3ye, Ha CKUTBKU TPOIEHTIB 3pic MOMHT, SKIIO JOXOJ CIokuBada 3pic Ha 1%. Y
BIIMMOBITHOCTI 31 3HAYCHHAMHU Koe(dillieHTa €IAaCTUYHOCTI TOMHUTY 3a JO0XOA0M
PO3pi3HSIOTH HacTyHi T Outar [10]:

mornuTy 3a wiHOW EL = KoeimieHT emacTHYHOCTI MOMUTY 3a JO0XOJ0M
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1. HuzbkosikicH1 (MaJOLIHHI) TOBapH, MOMUT Ha K1 3MEHIIYETHCS 31 30UIBILIEHHIM

70X0/1a CIIOKKBaya, TOOTO E,{ < 0.
2. bnara mepiioi HEOOX1MHOCTI, CIIOKUBAHHSA SIKUX HE 3aJICKHUTh BiJl 3MIHU JIOXOJY:
El =o0.
3. SxkicHi (1iHHI) TOBapH, OOCIT CHOXKHUBAHHS SIKUX 30UIBLIYETHCS 31 3pOCTaHHSIM
noxoxy, To6to EJ > 0.
4. TlpenmeTu pO3KOII, CIOXUBAHHS SKHUX 3pOCTa€ IIBHALLE Yy TMOPIBHAHHI 31
3pOCTaHHSIM J0XO.Y.
KoepiuieHT enacTUYHOCTI MOMUTY 3a IIHOKO CBIIYUTH, HA CKUIBKU IPOLIEHTIB
3MIHUBCS TIOMUT Ha TOBap, SAKIIO IiHA 30UThHIIMCA Ha 1%. Y 3ajekHOCTI BiA
3HAYCHHS 1OT0 Koe(illieHTa PO3PI3HAIOTH HACTYIHI ToBapH (OJiara):
1. HopmanbHi Onara, CroXKMBaHHSI SIKMX 3pOCTalOTh NMPU 3MEHIICHHI I1HHU,
CraJIlaHHs SIKUX TIpH 30UTbIeHH] 11H. s Takux Gnar Ef <0.

2. He3aminuMmi Onara, 3MIHU IIH SKMX HE BIUIMBAa€ Ha OOCSITU CIOKHUBAHHS,
TOGTO TOMHUT 30BCiM HE enacTHUHuif 3a winow. Tyt EF = 0.

3. ToBapu T'ipdina, monuT Ha sSKi 30UTBIIYIOTHCS 31 30UIBIIEHHS I[IHU. Y
bOMY BHUIIAJIKY E}: > 0.

ToBapu MOXyTh KiIacu(iKyBaTH 3 BUKOPUCTAHHSIM KoedillieHTa NmepexpecHol
enacTHyHOCTI monuTy 3a miHowo [3] . Ilel koedilieHT MOKa3ye MPOIEHTHY 3MIHY
NOMUTY Ha OJIHE OJlaro Mpu 3MIHM I[IHM HA 1HIIEe Onaro Ha 1%: Efl’ = Z—;i' : % Tyt

Jj i
Oylara MOXXyTh OYTH B3a€EMO3aMIHHUMU (Ef:ij > (), B3a€EMHO JIOTTOBHIOBAaHUMH (Efj <

0) abo He3aneKHUMU (Ef:ij = 0).

ITuTanHs Ta 3aBAaHHA JJISI CAMOKOHTPOJIA 10 po3aiay 8

[TosicHITB 3MICT Ta Mpu3HaYeHHs QYHKIIT KOPUCHOCTI.

Sk Ha Bamny TyMKYy, Ha MPAKTHUIl MOXKHA IMOOYMyBaTH (YHKIIIF0O KOPUCHOCTI.
BkaxiTh OCHOBHI BJIaCTUBOCTI (PYHKIIIT KOPUCHOCTI.

BkaxiTh MOXJIMBI BUIU (DYHKITIT KOPUCHOCTI.

[TosicHITB, 1110 Taka TpaHWUYHA KOPUCHICTh Ta FPaHUYHA HOPMA 3aMIIICHHS.
[TosicHITB, 110 MOJIETIOOTh piBHAHHS CIIYIIBKOTO.

[Ilo ommcye GYHKIIA I1HAMBITYaJIbHOTO TIOMUTY 1 JUIS 4YOoro il MOJKHA
BUKOPHUCTATH.

Po3zkpuiite 3MiCT OPSAIKOBOI TEOPii KOPUCHOCTI.

9. Sk xnmacudikyrOTh TOBApU y MEKaX MOPSAIKOBOI TEOpii KOPUCHOCTI?

NoobkwbdE

0

Po3B’soKITH HABEIEH] HIDKYE 3aBIaHHS.

1. ITepeBaru croxuBavya OMHUCYIOTHCS JOTAPUPMITHOIO (PYHKITIEI0 KOPUCHICTIO
U = 2In(x; — 0,5) + 3In(x, — 1). BusHaunti, Ha CKiIbKH OJUHHIE 301IBIIMTHCS
32JI0BOJICHICTB, SKIIO 3a MICAIb BiH CIIOKHUBAE 5 OAWHUIB |-TO TOBapy Ta 3 OJWHHII
2-T0 TOBapy, SAKIIO BiH IpUa0a€ T0JATKOBY OJUHUIIIO 2-TO TOBApY.

2. TlepeBaru crmoKrMBada MOJICTIOIOTHCS CTEMEHEBOIO (DYHKITIEI0 KOPHUCHOCTI
U=10(x; — 0,1)%3(x, — 0,2)%7, skmo 3a Micaup BiH CIOXHBAaE 5 OAMHHI 1-TO
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TOBapy Ta 3 OJUHULI 2-T0 TOBAPY 1 BIH BUPIIIMB AOJATKOBO IpHUI0aTH OJUHULIIO 1-T0
TOBapy, a 2-il TOBap BUKOPUCTOBYETHCSA Yy HE3MIHHIM KUIbKICTI. Bu3HauuTH, sK
3MIHUTBCS 33JI0BOJICHICTD MPU IbOMY CIIOXKHBaya.

3. ns 3aBnanp 1 Ta 2 noOyayBatu rpadik KpUBOi KOPUCHOCTI 1-ro ToBapy npu
CTajoMy 00Cs131 CIOKMBAHHS 2-T0 TOBapy.

4. CnoxxrBad B yMoBax 3ajadi 1 nmpunbae 5 onunuup 1-ro ToBapy. Buznauutu,
CKUIbKHY BiH TOBMHEH CMOXKUBATHU 1-TO TOBapy, o0 HOTo 3a0BOJICHICTh cKiaaana 10
OJIUHUIIb.

5. CnokuBau B yMOBax 3ajayi 2 npuadae 3 oquHulp 2-ro ToBapy. Buznauuty,
CKUIbKHY BiH TOBMHEH CMOXKUBATHU 2-TO TOBapy, 11100 HOTO 3a10BOJICHICTh cKianana 30
OJIMHUIIb.

6. PiBeHb 3a710BOJICHOCTI CIIOXKKBaya 3 3a/1a4i | JopiBHIOE 2 OAUHUIIL. 3HAWUTH,
CKUIbKM BIH CHOXHBa€ 1-ro Ta 2-ro TOBapy LIOMICSYHO, SKIIO BiH 3rOAE€H 3a
J0JIATKOBY OJIMHULIIO 1-r0 TOBapy BIAMOBHUTHCS BiJ 4 OAWHUII 2-TO TOBapY.
[ToOyayBaTu rpadik KpuBOi 01y KOCTI.

7. PiBeHb 3aJI0BOJICHOCTI CMOXHWBada 3 3ajadyi 2 aopiBHIOE 10 OJAMHUIL.
BusHaunTH, CKUIBKM BIH CIOXHUBa€ 1-To Ta 2-TO TOBapy ILIOMICAYHO, SIKIIO BIH
3rOJIeH 3a I0JAATKOBI 2 OMHUIIL 2-TO TOBapy BIAMOBHUTHCS BiJl OJUHUII 1-TO TOBapy.
[ToOynyBaTu rpadik KpuBOi 01y KOCTI.

8. CnoxkmBau 3 3amaul 1 mae goxig 300 r.o. B Mmicsib, IiHa OOMHHUIN 1-TO
ToBapy nopiBHIOe 50 r.0., miHa omuHull 2-ro ToBapy 20 r.o. Po3w’s3atu 3amauy
CIIO’KHMBYOTO BUOOPY.

9. CnoxuBau 3 3amaul 2 Mae goxig 600 r.o. B Micsdlb, I{iHAa OAUHUII 1-TO
ToBapy aopiBHioe 100 r.0., miHa oxunwuii 2-ro toBapy 30 r.o. Po3p’s3atu 3amauy
CIIO’KHMBYOTO BUOOPY.

10. Iina 1 xr M’saca 3am3mnacek 3 100 r.0. 1o 90 r.o.. B pe3ynprari monut Ha
HBOTO 3piC 3 2KT 10 4KT B MICSI[b. 3HAUTH CEPEIHIO €IaCTUUHICTD MOMUTY 3a I[IHOIO.

11. [Tina Ha B3yTTs 3pociaa 3 700 r.0. 3a mapy mo 1000 r.0. 3a mapy, BHaCIiAOK
IIbOTO TONUT 3MEHIIMBCA 3 3 TMap Ha pIK 10 2 map Ha piK. 3HAWTH CEPenHI0
€JTaCTUYHICTD IMOIHUTY 3 IIHOIO.
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Po3ain 9. CtatucTHYHA MOJe/Ib MiXKIaay3eBoro 0ajancy

Jlekuist 10. CraTuuna moaesb JleonTneBa Ta ii modyaoBa

Meta Jekuii: 3’sCyBaTH CYTHICTb, MPU3HAYEHHA Ta METOJA MOOYAO0BH
CTaTUYHOI MIXKTaJly3eBOi MOJIeN1 OajaHCy.

ILnan
CyTHICTB Ta NpU3HAYEHHS MIKTaTy3€BUX MOJIEIIEH.
[To6ynoBa cTaTUUHOT MOJIEIl MIXKTa1y3€BOro OanaHcy.
CratuyHa MOJIeNb TalTy3€BOr0 0anaHcy y HaTypaJbHOMY BHpa3i.
[cuyBanHs mynbTUILIiKaTOpa JIeonTheBa. [IpoaykTHBHI MaTpuIll.
TOTOXHICTh MIKTaJTy3€BOT0 OajiaHCy

o wbE

Kiaiwo4doBi Tepminu Ta mnoHsaTTA: MOjenb JleoHTheBa, OGalaHCOBI MoAe,
TEXHOJIOTIYHA MATPHIISI, MYJIbTUILTIKATOp JICOHThEBA, MPOTYKTUBHICTH MATPHIII.

10.1. CyTHicTh Ta NPU3HAYEHHS MIKIajgy3eBUX Mojeseil

ExoHOMiKO-MaTeMaTHYHI MOJENI MPU3HAYAOTHCS JUII OTPUMAHHS SKICHOT Ta
KUTbKICHOT 1HQoOpMalii npo O00’€KTH MAOCHKEHHS 3 METOI PallioHAJIBHOTO
KepyBaHHS I[IMMH €KOHOMIYHMMH 00’ e€kTamu. OJHUM 3 HAHOUTBII BaXKJIIMBUX TaKUX
00’€KTIB € BHUPOOHUYUN CEKTOP E€KOHOMIKH KpaiHH, IO i€ y CKIAIHIA cucTeMi
MDKraqy3eBHX B3a€MO3B’s3KiB [2].

Mioceanyzegi  moOeni XapaKTepU3yIOTh B3a€EMO3B’SI3KM  MDK  Tally3sMHU
€KOHOMIKH. MiXrany3eBi MoJieli, BIeplie po3poOieH] BUAATHUM aMEpPUKaHCHKUM
ekoHomicToM jaypeatom HobGeneBcrkoi mpemii B.B. JleonTheBUM, Mpu3HayeH1 A
oTpuMaHHs iH(oOpMaIli Ta aHai3y ASUIBHOCTI BUPOOHHUYOTO CEKTOPY EKOHOMIKH
KpaiHM 3 MeTOI0 3a0e3rledyeHHs OOIPYHTOBAHOTO IUIAHYBAaHHS MDKIaIy3eBUX
OCTa4aHb TMPOJYKINI 3TiJHO 3 IUIAHOBAaHMMHM YW TIPOTHO30BAHUMHU OOCATaMH
KIHIICBOT'O MOMUTY Ha MPOAYKIli0. Mixramy3eBi MoOJeli MOXKYTh OyTH 3aCTOCOBaHI
HE JIUIIE 0 EKOHOMIKM KpaiHu, ajie i Ha PiBHI CBITOBOT UM PETiOHAIIBHOT €KOHOMIKH,
a00 HaBITh Ha PIBHI OKPEMOT KOMMAaHIi.

Y  eKoHOMIYHIM TMpakTHIll MDKraiay3eBli MOJAENI BHUKOPUCTOBYIOTH y
eKoHOMiuHil npakTuii Gineme 80 kpaim cBity [5]. Ix 3acrocyBamms mo3Bonse
paIlioHaJIbHO KepyBaTW BHUPOOHHMYMMH CEKTOpPAaMH HAI[lOHAIBHUX EKOHOMIK. 3a
TUTIAMU BHKOPHUCTAHOTO MATEMATHYHOTO arapaTy MDKrajay3eBi MOJeNi € JIHIHHUMU
JETEPMIHOBUMH MOJIEIISIMHU.

VY MiKrary3eBUX MOJEISX BBaXKAETHCSA, 110 BUPOOHUUYUN CEKTOP €KOHOMIKH
MOJUICHUN Ha JEAKY KUTBKICTh N ramy3eil. Y oJHy Tary3b MpH BOMY 00’ €THYIOTHCS
BC1 BUPOOHUYI MPOIECH OJHOTO MPOIYKTY, TaK, IO KOKHA Taly3b BHPOOJISIE€ OTUH
MPOIYKT. 31 3pOCTaHHAM KITBKOCTI TaTy3ei, Ha Kl MOMUICHUNH BHPOOHUYUN CEKTOP
HaIlIOHAJIbHOT €KOHOMIKH, THM OUTBIIIE aJICKBAaTHO MIKTaly3eBa MOJCIH BiIoOpakae
BeChb BUpOOHMYMI cekTop. HaliuacTile Ha mpakTuill BUKOPUCTOBYIOTh MIKIaly3eBi
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mozeni, ne BuauieHi Bix 500 go 600 ramyzeir, y Anonii — 2000 ramysei y
MDKTaJTy3€Biil MOJIEI.

10.2 ITo6ynoBa cTaTU4YHOI MOJIeJIi MIZKrajay3eBoro 0ajaHcy

Hexail BupoOHHMUM cekTOp moauleHMid Ha N ranmysed. [lepeHymepyemo 111
ranysi. BupoOHIUMiA ceKTop Mpaioe AJis 3a10BOJICHHS MTOTPed HACEeNEHHS y TOBapax
Ta nociayrax. Hexail Ha mpoTsA31 IUIAHOBOIO MEPIOAY y €KOHOMIlll, 3a BUHATKOM il
BUPOOHUYOTO CEKTOpY, MOTpiOHO Y; mpoaykuii 1-oi ramysi,..., y,, — N-01 ramysi.
[loTpebu y mnpoaykuii rajny3eil €KOHOMIKM TMOAAaHO Y BHUIJSAlI BEKTOPY Y =
= (y1, ¥2, -, Yu)T. Lleii Ha3UBaIOTH BEKTOPOM KiHIEBOTO monuty. KiHnesuii momut
CIIPSIMOBAaHHMI Ha HEBUPOOHMYE CIOKUBAHHS Ta iHBecTHIlli. Hexal KiHIIEBUN MOMUT
Bimomuii. [lpu mnaHyBaHHS BUPOOHWYOI AISUTBHOCTI BHUHUKAIOTH JiBa 3aBIAaHHS.
[lepmie 3 HUX — 11e BU3HAYEHHS OOCSTIB BAJOBOTO BUPOOHHIITBA MPOAYKIIII ramy3en
3a IJIaHOBMIi TIepiof, AKi MPeACTABUMO Y BUIIISA BEeKTOpY X=(xX1, X, ..., X)) T, 1€ X; —
BAJIOBUI 0OCAT BHPOOHHUIITBA Yy -1l Tanmys3i, mo0 3a0e3MeYnTH KiHIICBHH MOMHUT Ta
(GyHKIIOHYBaHHS CaMOro BUPOOHUYOTO CEKTOpy. [pyre 3aBHaHHS — I1e BU3SHAUCHHS
pPO3MOAUTY TO Tamy3sM BHUPOOHHYOTO CEKTOPY BalloOBOro 00cCATy BHPOOHHUIITBA
OPONYKIIi, 00 3a0e3MeunTH MiSUTBHICTh BUPOOHMUOTO cekTopy. Llei posmonin
IpEACTaBUMO Yy BHIIIALAI BEKTOpy XP = (xij ,xg, ...,xﬁ) T, Tyr xlp — BCJIMYWHA
BaJOBOI'O BHPOOHMIITBA TMPOAYKIl #-0i Tamy3i, IO IOBHHHO CHpPSIMYBaTH Ha
3a0e3MevYeHHs] BUPOOHMIITBA BCHOIO BUPOOHHUYOTO CEKTOPY €KOHOMIKH. Bekrop xP
HAa3UBAIOTh BEKTOPOM MPOMDKHOTO MOMHUTY (BEKTOPOM MPOMDKHOT MPOIYKILii).
Bupimuti 111 3aBIaHHA JO3BOJISIE CTaTUYHA MOJIETh MIKIaly3eBOro OanaHcy
(CMMB).

Hexaii x; — BajoBe BUpOOHHUIITBO MIPOMYKIIii y i- Tayry3i y BapTiCHOMY BUpas3i,
xlp — MPOMDKHA MPOAYKIliS i-1 Tay3i y BapTICHOMY BHpa3i, 110 BUKOPHUCTOBYETHCS
BCiMa rajy3sMm y BUpoOHHUYOMY mporieci. Po3B’sa3aTu niepiie 3aBaaHHs — 1€ 3HAYUTH
OTPUMATH CIiBBIAHOIICHHS, 3 JOTIOMOTOI SKOT'O JIJI1 BiJIOMOT'O KIHIIEBOTO IOMHUTY
MO>XKHa BH3HAYUTH HEOOXIiTHI1 3HAUYCHHS OOCSTH BaJIOBOIO BHPOOHHUIITBA y KOXKHIM
ranysi [2]:

X = f (X X X0 ), (10.1)

X, = T (Xpeeos Xireoes X, )

Po3B’s13aTu npyre 3aBIaHHS TMOJSITA€ y OTPUMAaHHI (HOPMYI, 1O TO3BOISIOTH
BAJIOBUM 00CAT BHpPOOHUIITBA PO3MOAUIMTH 32 Taly3s M BUPOOHMITBA (TYT
BBXXKAETHCS, [0 BEJTMYNHU X;, BUUHCIeHi 3a opmynamu (10.1).

PosristHemo BanmoBe BUPOOHUIITBO X; Yy i-i ramy3i. Toji mpomixkHa MPOIYKIIil
i€l Tamy3i xlp BU3HAYAETHCS PIBHOCTIMU

xP =x; — yii=12,..,n. (10.2)

L
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p

Hexaii x;; — 4YacTMHa BEIMYUMHM X;, HeOOXimHa g 3a0€3MEYEHHs
BUPOOHULTBA X; Mpoaykuii j-ii ramysi, j = 1,2,...,n. IIpy 11bOMy BUKOHYIOTHCS
PIBHOCTI:

xP =Y oxi,i =12, ..,n. (10.3)

Bennunna X;; 3a0eXMTh Bil BEIMYHMHH Xj, 31 3pOCTaHHAM X; 3pOcTae i

BeJMUMHA X;;. ToOTO Mae Micle 3alexHICTh X;j = <pl-(xj). 31 crocrepexeHb
OTpUMAJIH, IO TYT MA€ MICIIE JiHIAHA 3a71€KHICTh:

Buznauumo koedimieHTH i€l JHIAHOT 3aiexHOCTI. OCKUIBKH TpH Xj = 0,
Maemo, 1o 3HadeHHs x;; = 0, To koedimient b;; = 0. Omke, Bupas (5.4) HaOyBae
BUTJIANLY:

xij = (PU(XU) = al-jxj,i = 1,2, ...,n;j = 1,2, e, 1L (105)

Koepiuientn a;; y piBaoctsx (10.5) HasuBarwoTh  mexnonoziunumu
koepiyienmamu abo Koegiyienmamu npamux mamepiarbhux sumpam. Benuunna a;
JIOPIBHIOE KUIBKOCTI MPOAYKIIi Yy BapTICHOMY BHpa3l MOpOAyKuii i-ii ramysi,
HEOOXiZHOT Uil  BUPOOHMIITBA MPOAyKIii BapTicTio 1 T1.0. -1 ramy3i y
TEXHOJIOTTYHOMY IMKII j-0i ramysi. Ksaapatny marpumio A(n X n), ckiaaeHy 3
TEXHOJIOTTYHUX KOEQILIEHTIB @;;, HA3UBAKOTH MEXHOIOIUHOW Mampuyero. 3HaUCHHS

IIUX KoeiIieHTiB BHU3HAYAIOTHCS TEXHOJIOTICIO BUPOOHUIITBA, 10
BUKOPHUCTOBYIOTHCS.
[TincrapuBmu (10.5) y (10.3) oTpumaemo:
xlp = Z?=1 a;jxj, i =1.2,..,n (10.6)
3 BpaxyBaHHsM (5.6) 3 (5.2) oTpuMaeMo:
Z?=1 al-jxj + Vi = xi,i = 1,2, ey N (107)

Piguicte (10.7) € marematmuyHoro ¢dopmoro 3anmucu CMMbB a6o wmoxeni
«BHTpaTH-BHITYCK», po3podicHoi B.B. JleoutbeBuM [2]. BoHa € cucTeMOr0 JTiHIHHAX
anreOpaiyHuX PiBHIHB 3 1 HEBigoMuUX X;,i = 1,2, ..., n. [{ro Mogeas MOXKHa 3amucaTu
y BEKTOPHIM (opMi 3 BUKOPUCTAHHSAM TEXHOJOTTYHOT MaTpHIli A:

A T+§j=x% (10.8)

Piguicts (10.8) HasuBaroTh cmpyxkmyphoio gopmoro 3anucy CMMB [2].
Mosxna orpumatu iHmy Gopmy CMMB — npugederny ¢popmy. PiBaicts (10.8) moxna
3aMMcaT y BUTIISAII:

y=(E — A) - x. (10.9)

Y (10.9) E — omuHmyHa Matpums po3mipoMm n X n. [lomHOXuUMO 00HIBI

YJaCTHHU [bOTO PIBHAHHS HA MaTpuIlio, obepueny 10 (E — A). Otpumaemo:
x=(E-A)1-y. (10.10)

Hosuaunmo (E — A)™! = B. Toxi otpumaemo X = By — npusedeny opmy
CMMB. V ckansipuiii popmi 1151 piBHICTH MA€ BUTIISI:

Xi = fi(1 Yar e ¥n) = Zier by i = 12,.,m. (10.11)

[IpuBenena popma CMMDB n03BoJII€ 32 €K30T€HHUMH 3MIHHUMU (3alaHUMU
mo3a MoJielll) Y BU3HAYMTH €HAOTCHHI 3MiHHI (Taki, IO OOYHCIIOIOTHCS Y MOJIEINI)
smiaHi X. Orxe, ¢popmymu (10.10) ta (10.11) mHagaroTe pO3B’s3aHHS 3a7advi MPO
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HEOOX1/IH1 00CATH BaJIOBOI'O BUPOOHUIITBA KOXKHO1 rany3i. 3HAlIOUM BEJIMUUHU X;, [ =
1,2, ...,n, 3a popmynamu (10.5), MokHA pO3B’A3yBaTH APYre MOCTABIEHE 3aBJAHHS,
TOOTO pO3paxyBaTH BEJIMYMHU MDKIAITY3€BUX IOCTa4aHb MPOMDKHOI MPOAYKII —
TOOTO Xij, L= 1,2,..,n;j=12,...,n. lli BenmuuuHu yTBOPIOIOTH MaTpuili X 3
KOMITIOHEHTAMH X; . [i Ha3MBAIOTE Mampuyero Midceany3esux nocmaiamb.

JIns po3paxyHKy BEKTOpPY X Ta Marpuili X MOTpiOHO 3HATH KOMIIOHEHTH
TEXHOJIOTTYHOI MaTpUIll  @;; (TEXHOJOTIUHI Koe(ilmieHTn). 3a O3HaYEHHAM, IIi
Koe(ilieHTH € HeBiA eMHUMH. OCKUIbKM BUKOPUCTaHHS BJIACHOI HPOIYKLII Ha
BUPOOHMYI MOTPEOU W€l K Tajly3l HE MEPEeBUILYIOTh BaJIOBUW BUITYCK MPOIYKIIL y
rajry3i, TOMy BUKOHY€TbCS HEPIBHICTb Xj; < ;i X; < Xj, ToMY aj; < 1.

Mae wmicie 17100ajbHa BJIACTHUBICTD, IO BIJTHOCHTHCS JIO BCIX TEXHOJOTTYHHUX

Koe(iIieHTIB: a; = max a;; > 0,j = 1,2,...,n. Bona o3Havae, 1o He ICHY€E Taly3b,
1<i<n

sIKa TIPY BUPOOHUIITBI CBOET MPOAYKIIIT HIYOTO HE CIOXKHBAE, TOOTO Y TEXHOJIOTTUHIM
MaTpUlll HEMae HYJIbOBUX CTOBMYUKIB. KoedilieHTH TEXHOJOriuHOi MaTpulll €
0€3p03MIpHUMU BETUYUHAMH.

Koepiuientn  b;; marpuni B HasuBawTh  koegiyiecnmamu  no6Hux
mamepianvHux eumpam. PoO3rIIsTHEMO €KOHOMIYHMM 3MICT 1MX KoedirieHTiB. J{is
(iKCOBaHOTO HOMEPY | Bi3bMEMO HACTYIHI 3HAYCHHS KiHIIEBOTO monuty: y; = 0,1 #
j; ¥y;=1. Tomi 3 (10.11) orpumyemo, mo x; =b;;. 3 UBOr0 BHUIUIMBAE, IO
KOe(ilieHT b;; — L€ KUIBKICTh BAIOBOI MPOAYKILi (y BapTICHOMY BUpasi) raiysi i,
HEOOXiHOT i1 BHPOOHMIITBA KIHIIEBOI MPOAYKI[I y BapTiCHOMY BHpasi ramysi |.
JlificHO, OCKUIBKM KiHLEBMH momuT y; = 1 Ha OJAMHMIO MPOAYKLIi ramysi j mpu
HYJbOBOMY KIHIIEBOMY TIOMHUTY Ha MPOIYKIIIO IHIIUX Tally3edl 3a0e3medyeThes
rajy3eBUMH BUPOOHUUTBAMU X1 = byj, ..., Xn = byj BCIX ranysell BUPOOHUYOTO
cektopa. Matpuito B Ha3WBalOTh MAaTpPUICI0 KOE(DIIIEHTIB MOBHUX MaTepiaJbHUX

BUTpAT ab0 mymemuniixamopom Jleonmovesa. Koediuientn bj; He menmi 3a I,

OCKUIBKH Xj = bj i = xjp + 1, a 3HaYCHHS IPOMDKHOI MPOAYKITIT x]p € HEBI EMHHUMHU.

10.3 CraTtuuHa MoeJ b rajgy3eBoro 0ajaaHcy y HATypajJbHOMY BUpa3i

Posranssaemo crpykrypay dopmy CMMB (10.8). Tyt Bektopu y Ta X MarOTh
BapTicHUH BHUpa3. Tomy mo Mozaenb HazuBatoTh CMMB y BapticHOMy Bupasy. Bin
Hei MOXXHA TMEpedTH J0 MOJENl Y HaTypadbHOMY BHpa3i, /i€ BEKTOPH KIHIIEBOTO
MONUTY Ta BAJIOBOTO BUPOOHWIITBA 33/IaHi y HATypaJbHHX Moka3HWKax [1]. Takwmii
Hepexis 3MIHCHIOETHCSI, 3Ty YiBIIIH 10 Moei iinu. Hexail x; Ta y; — e BiAMOBiqHO
3HAUEHHs BAJIOBOI Ta KIHIIEBOI MPOAYKIIii i-0i ramy3i y HaTypaiabHOMY Bupasi. [ami
iHIeKc ~ 03Hauae, IO BiAMOBiIHA BEIMYMHA 33/1aHA y HaTypaJlbHOMY BHpa3i. 3B’ 430K
MK BEJTMIMHAMU X;, V; Ta X;, J; BUPAKAETHCS PIBHOCTIMHU:

X =Pt XL Yi =Dt Vi (10.12)

Y (10.12) p; — uiHa omWHMIN TPOAYKIil i-01 ramy3i. 3 miH p; chopmyemo
JlaroHaJIbHy MaTpuIll0 P, 1€ Ha TOJIOBHIM JiaroHani 3HaYeHHA WIH py; = p; [ =
1, ...,n. Toai BeKTOpW BaJIOBOTO BUPOOHMIITBA Ta KIHIIEBOTO MOMHUTY MOXXHA TOJATH
y BUTJISI:
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X=P-x",y=P-y". (10.13)
[lincTaBuBIUK 11 BUpa3u y piBHICTH (10.8), oTpumaemo:
A Xx+y=x->A-P-x"+P-y"=P-x". (10.14)
[ToMHOXuUBIIM OOMIBI YACTUHU OTPUMAHO1 PIBHOCTI Ha OOEpHEHY MaTpHIlo P,
orpumaemo CMMBb y HaTypanbHOMY BHpa3i:
AX* +y* =x". (10.15)
Y (10.15) wmarpuna A* =P 1AP = (a;k j) — MATpHUIlsl TEXHOJIOTTYHUX

*

KOeQillieHTIB y HaTypaibHOMY Bupasi. Enementu a;;

1iei MaTpuIll TOB’s3aHI 3
€JIEMEHTOM @;j HACTYITHOK PIBHICTIO:
* bjaij . e
a;; = - Jdi—=1,..,nj=1,..,n (10.16)

l
3a cBoiM 3MmicTOoM Ta BiactuBocTsIMU Mozenb (10.16) He Bimpi3HSAETHCA BiX

mozneni (10.8). Hampuknan, moxHa otpumaru npusBeaeHy CMMBb y HatypanbHOMY
BUpa3i:

x*=B*-y",B*=(E—-A")"L (10.17)
Martpuns B* — wmarpuiss Koe(illi€HTIB MOBHMX MaTepialbHUX BHTPAT Y
HaTypallbHOMY BUpa3i. 3B’ 30K MK MaTpulisiMu B* Ta B 3a/1ae€ThCsl piBHICTIO:
B*=pP1.-B-P. (10.18)
[lepexin Bim Mojeni y HaTypalbHOMY BUpa3l 10 MOJEl y BapTICHOMY BUpasi
3MIACHIOIOTHCS 32 POPMYIIaAMH:
=P g,y =Py A=P-A*-P"L,B=P-B*-P L (10.19)
3BUYaiiHO, y IJIaHYBaHHI BHKOPHCTOBYIOTH MOJIENl 1 Y HATypaJlbHOMY, 1 Y
BapTICHOMY BHpa3i.

10.4. IcnyBanHsi MyJbTUILTiIKaATOpPa JleonTheBa. [IpoaykTUBHI MaTpHUILi

PosrnsitHemo MaremMatuyHe OOIPYHTYBaHHsS ICHYBaHHS MYJIBTUILIIKATOpa
Jleontsena [1], To6T0 MaTpuni B = (E — A)~1. HaBite icHyBaHHS 1i€i MaTpuii me
HE TapaHTye TOTO, IO 11 KOeIIEHTH 33 I0BOJILHIIOTh YMOBaM

bij = 0, b]] = 1,l = 1, ...,Tl;j = 1,2, ey n, (1020)
10 OTPUMaH1 3 EKOHOMIYHUX MIpKYyBaHb.

Metoro marematnyHoro mociipkeHas CMMDB e Bu3HaueHHS MaTeMaTHUYHOIL
O3HAKH, 3 JOMOMOTOI0, 3HAIOYM TEXHOJOTIYHY MaTpuiio A, MOXHa TapaHTyBaTu
kopekTHicTb CMMB, To0TO MOXIUBICTH mepexonay Bin ii ctpykrypHoi (10.8) mo
npuseaeHoi popmu (10.10), 3a masBHOCTI BiactuBocTi (10.20) koedirieHTiB MaTpuIli
B wmatpuii TOBHMX MaTepiasbHHX BUTpaT. KOPEKTHICTH CTaTWUYHOI MO
MDKTalTy3eBoro OajlaHCy TOBHICTIO BHU3HAYAETHCS BIIACTHBOCTAMH TEXHOJIOTIYHOT
Matpuili A.

OznauenHs. Bcesky kBampaTHy maTtpuiio 4 3 HEBIT €eMHUMH Koe(illieHTaMu
HA3MBAIOTh NPOoOYKMueHorw, AKimo icaye matpunsd B = (E — A)™1 i 1i xoediumientn
3a710BOJIBHSAI0TE yMOBH (10.20).

Ipukaax 12.1. Hexaii cknageno asi moneni CMMB, y koxHoi sxoi n = 2.
[Tpu mbOMyY OTpHMaHi HACTYITHI TEXHOJIOTIYHI MATPHIII:

a=(8 09)4.=(00 o2)
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[lepeBipuTH, UM € BOHU POAYKTUBHUMH.
Po3p’sa3anns. {1 koxHOI 3 nux matpuilps 0 < q; S 1. Ilpu ubomy maTpuis
B, = (E—A;)"! me icaye, a marpuna B, = (E —A,)”! icuye, mpore mns ii
Koe(dilieHTIB HE BUKOHYIOThCA (5.20).
1 0 0,5 05 05 -0,5
E-20=(y 1) (g5 03)=(Cgs o5 ) detE—4) =0
Otxe, obepHeHa MaTpull Ui By He icHye. 3HailieM0 BUBHAYHUK MaTpuili B,.
1 0 0,5 05 05 -0,5
E-4)=(; )= (oe 02)=(C0e o) det(®—4z) =005
Ockinbku det(E — A,) # 0, To o6epHena marpuis icHye. OTpUMYy€eEMO:
_ 1 (0,5 05 —-10 -10
By =(E—4)7" = _E(Oﬁ 0,5) - (—12 —10)'
YMmoBu (5.20) HE BUKOHYIOThCS, 30KpeMa, BC1 €JIEMEHTH MaTpulll B, Bix eMHi,
TOMYy MaTpuIls A, HE € MPOAYKTUBHOIO.
Hocnimkennst crpykrypHoi ¢opmu CMMBb A-X+y =X mnouHemo 3i
3’sICyBaHHS BJIACTUBOCTI TEXHOJIOTTYHUX KOS(]IIIEHTIB:
?=1aij < 1,] = 1, vy s 1L (1021)
Ils BrmacTUBICTP Ma€ TMPOCTE EKOHOMIYHE OOIpyHTYBaHHS. PosrisHemo
MaTPUII0 MIKTATY3€BUX MTOCTAYaHb:

X11.-.- xlj X1n
X — cee
Xni-.- xn] Xnn

[i J-ii CTOBIMYMK MICTHTHh BHTpATH Tally3edi BUPOOHHUYOTO CEKTOPY Ha BajlOBE

BUPOOHMIITBO X; Y j-y Taxy3b. OueBHIHO, IO BEIMYHMHA X; 3aBKIM OUIbIIA CyMH LIHX
BUTpPAT, TOOTO BUKOHYETHCSI HEPIBHICTb:

— n H—
zj =X — Xi=1%; > 0,j=1,...,n (10.22)
Bennuuny z;, m10 BU3Ha4YaeThes y NiBid yactuni (10.22), Hasusarots dodanoio

sapmicmio, cmeopenoto y |-iti eanysi. Bona Bkiodae B cebe OIiaTy mpaili B ramysi,
aMOPTHU3alliiHI BiIpaxyBaHHs Ta TPUOYTOK MIANPUEMCTB Tanysi. Bennuuny z;
HAa3UBAIOTh TAKOX uuUCMol npooykyieclo j-oi eamysi. OOUABI YaCTMHU HEPIBHOCTI
(10.22) noxinumo Ha BenuduHy X; > 0 3 BpaXyBaHHAM, IO X;j = @;;Xj, OTPEMAEMO
HepiBHICTH (10.21). 3 11i€i HEpIBHOCTI BUILIMBAE, 110 BUKOHYETHCS HEPIBHICTH:

max Y i a;; <1 (10.23)

1<jsn
HaBenemo ocHoBHI HOpMu MaTpulli A (3 BpaxyBaHHS, IO JJIST TEXHOJIOT1YHOT
Mmatpulli A koedimienTn HeBin emHi) [1].
— n — n — . ..
41l = max T ayj, 14ll; = max ¥ aij, 141l = maxay,

1<jsn

IAlly = [ By a4l = max|4,(a)]

VY |lAlls /1]-(A), j=1,..,n, — BoacHi 3HaueHHs Matpuii 4, TOOTO KOpeHi ii

xapaktepucTuaroro pisasaus det(4 — AE) = 0.
ChopmynroeMO TOCTATHIO YMOBY MPOIYKTHBHOCTI TEXHOJIOTTYHOI MATPHIIi:
akmo ||A|| < 1, ze [|A]| = 1min5||A||k, TO TEXHOJIOT1UYHA MaTpHI A € IPOAYKTHBHA.
<K<
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3 mepiBhocti ||A|| < 1 BumiuBae, mo I OPOAYKTHBHOCTI Matpuii A 3
HEB1I’€eMHUMU Koe(illieHTaMU AOCTaTHBO, [0 Xo4ya O o/iHa 3 ii HopM OyJna meHie 1.
HepiBuicts [|A]| <1 € He muiie € g0CTaTHBOIO, a W HEOOXITHOI YMOBOIO
MPOJYKTUBHOCTI MaTpHIIl A.

3ayBaKMMO, 10 3 TPOAYKTUBHOCTI MAaTpulli A BUIUIMBAE TaKOXK
IPOAYKTUBHICTH MaTpuili A~ y HATypaJbHOMY BHPa3i i HABMAKH.

10.5 ToToxkHicTh MikKrajay3eBoro 6ajgaHcy

[Ipuznauennss CMMDbB nonsrae y BHU3HayeHHS 3a 3aJaHOMYy BEKTOp1 Y
KIHIIEBOI'O TOMUTY BIJAMOBIAHO BEKTOP X BaJIOBOIO BUPOOHUIITBA MPOIYKIIT Ta
MaTpuill X MDKTaly3eBUX MOCTaYaHb.

Hexaii 3a npuBenenoro moaewtto CMMBb 3HaiineHo BekTop X, Aaiii MaTpuiio X

MDKrajy3eBUX MOCTa4yaHb, BU3HAUCHI JI0J]aH1 BApTOCTI z;.

Bcro mio iHpopmariito, a TakoXX 3aJlaHUid BEKTOpP Y HABOJIUTHCA y TaOIMII
Mbkrany3zeBoro Oanancy [2]. Tabmuuna ¢opma moganHs iHGopMallii mpo 00’€KT
MOJICTIOBAaHHSI — BUPOOHWYMU CEKTOpP EKOHOMIKM KpaiHH € JOCUTh KOPHCHOIO,
OCKUIBKA HAOYHO TIOJA€ SKICHY Ta KUIBKICHY CTPYKTYpPY MIKraiy3eBHX
B3a€MO3B’s13kiB. Hampukmnan, i-ii psgok, 0 BIANOBIZAE 1-1d Taimy31-BUPOOHUKA
MOKa3y€e pO3MOAUT BajJOBOrO BUPOOHUIITBA MPOJAYKLII 1i€l Trany3i, MOpUYOMY
BUKOHYIOTbCS PIBHOCTI:

X = Z}leij + yiri = 1,2, e, N (1024)

Jlaui, j-it cToBOeIlb, 110 BIAMOBIAAE J-il Tamy3i-ClOXUBaUy, IOKa3ye BUPOOHHYI
BUTPATH 1li€i Taay3i Ha BUPOOHMITBO X; BaIOBOI Mpoaykuii miei ramysi. 3 (10.22)
BUIUIMBAE, 1110 BUKOHYIOTHCS PIBHOCTI:

XJ = ?=1xl-j + Zj}j = 1,2, ey, N (1025)

PiBrocti (10.24) masuBawTh Oarancom eupobnuymea, a pisHocti (10.25) —
oanancom eumpam, tomy CMMB Ha3uBaloTh TaKOX MOOeLl0 «BUPOOHUYMEBO-
sumMpam».

3 cnisBigHomensb (10.24) ta (10.25) BUMIMBaIOTH JBa THUIHM TOTOXXHOCTEH.
[Meprmmit Tun BurummBae 3 (10.24) Ta (10.25) npu i = j:

k=1 Xik ¥ Vi =Dk Xki + 2z i=12,...,n (10.26)

Toroxnocrti (10.26) 03Hayar0Th, 1110 BUPOOHUY1 BUTPATH 1-01 Tairy3i, 30UTbIICH]
Ha JIoOAaHy BapTICTh ii MPOMYKIlii, JOPIBHIOIOTH BApTOCTI BAJIOBOTO BUPOOHUIITBA y
ik ramysi [2].

CxmaBmm  Bci  piBHocti  (10.25) Ta  BpaxyBaBmIM  TOTOXKHICTH

YR Xik =211 Y R=1 Xki, OTPUMAEMO APYTUii THUIT TOTOKHOCTEH:
i=1Yi = Xi=1Zi- (10.27)

PiBricTs (5.27) o3Hayae, MO 3arajibHa CyMa KIHIIEBUX TIOMUTIB JOPIBHIOE
3aranpHi cymi nmomanmx Baptoctedd. PiBmocti (10.26) Ta (10.27) Ha3uBawTh
MOMONCHOCTIAMU MIHC2ATY3€68020 OANAHCY.

PosrnstHemo mpukiian po3poOKH CTATHYHOI MOJEN MIKralxy3eBoro OajmaHCy y
HAWTIPOCTINNIOMY BUMAJKY JIJIi EKOHOMIYHOI CHCTEMH 3 2 TaTy3eH.
Hpukaan 10.2 V tabmumi 5.2 HaBeAeHI AaHI MO0 MDKTaIy3eBOTO OanaHCy
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€KOHOMIYHOI CHUCTEMH, IO CKJIAJIA€ThCSA 3 IBOX rajly3el, 3a OCTaHHI! piK y TPOLIOBUX
OMHULAX. Bu3HaunT HEOOX1THUNA 0OCIT BaJIOBOrO BUPOOHUIITBA Y KOXKHIN rainysi,
AKIIO IUTAHOBE CIIO)KMBAHHS HAa HACTYIHMM MeploJ Yacy NOBUHHE 3MIHUTHCS.
KiHneBe croskxuBaHHS MPOJYKIIIT rainy3i A1 MOBUHHO 30UIBIIMTHCS YIBIYl, a rainy3i 4>
— 3aJIMIIMTUCS HA MONEPEIHbOMY PiBHI. 3HANTH OaHY BapTICTh y LUX Taly3sx.
Po3B’si3anHs. 3HalEMO €IEMEHTH TeXHOJIOTIYHOI MaTpuIi A — TEXHOJIOT1uHI
Koe(DillieHTH a A
1) '
j
Ta6muis 10.1. Mixrany3eBuit 6aianc BUPOOHUUYOTO CEKTOpY 3 2 ranysei (T.0.)

lan lamysi- Ki Barno
y3i- CIIOKMBaYl HIIEBUH BE
BUD A A np BHpPOO
00HUKH 1 2 OJTyKT HUIITBO
Ax 7 1 2 72 100
1 1 12
A2 2 5 3 150
Otpumaemo:

a,=Xu- ' _007;a,=22-2 01,
X, 100 X, 150

a21:ﬁ=£:0,12; a,, =@=£:0,10.
X, 100 X, 150

TexHomoriuyna Matpumst A Mae BUTIIS:
A 0,07 0,14
(0,12 0,10/
[TepeBipumMo Ti Ha TPOYKTHUBHICTB. J[JIT 4OTO BUKOPHCTAEMO HOPMY
141l = max Yiz; a;j:
a1 +a,; = 0,07 +0,12;
a, + ay, = 0,14 + 0,10 = 0,24.
Omxe, ans orpuMaHoi TexHosoriuHoi Matpuiii A Hopma ||All; = 0,24 < 1,
TOMY 11l MATPHIIS € TIPOJTYKTUBHOO Ta JJISL IOBUIBHOTO BEKTOPA Y KIHIICBOTO TIOMUTY
MOXHa 3HAWTH BEKTOP BaJIOBOTO BUPOOHMIITBA X, IO 3a0e3meuye Ield BEKTOp.
3Haiigemo X 3a ¢popmysoro (10.10):
x=(E-A4)1y.
3arIaHOBaHUN HOBHU BEKTOP Y KIHIIEBOT'O CIIO’KUBAHHS Ma€ BUTIIS]
_=(72-2 = 144)
123 '
Toni MaTpuIlA TOBHUX BUTpAT Mae Burisig B = (E — A) ™1

e-0=(, -G 010)=Cor2 os')

det(E —A) =0,93-0,9 — (—0,14) - (—0,12) = 0,8202.
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1 (0,9 0,14).

= 0.8202 0,12 0,93
BekTop X BajioBOro BUpOOHHUIITBA:

_ 179,0

%= BY = (140's)

[Ilo6 3HaTH YMOBHO YHCTY MNPOAYKIIIO Taly3ed Npu 3HaaeHuX obcsarax
BaJIOBOI'O BHUPOOHMIITBA, 3HANJAEMO HOBI 3HAUYCHHS BUPOOHUYOrO CHOKHBAHHS
X =8 X, 1=12; j=12:

X, =a, % =0,07-179=12,53;

X, =, X, =0,14-160,5=22,47;

X,y =8, - % =0,12-179=21,48,;

X,, =8,, - X, =0,1-160,5=16,05.
Jlonany BapTICTh y Tany3sx BU3HAYAEMO 32 (POPMYIIOI0 Z; = Xj — X1; — Xpj. Tyrj =
1,2. Maemo:

z,=179-12,53-21,48=144,99, z, =160,5-22,47 -16,05=121,98.
PosrasiHyTy TYT MOJens MDKraiay3eBoro 0ajlaHCy 3aCTOCOBYIOTh HE JIMIIE JIJIs

yIOpPaBIiHHA BHUPOOHUYOTO CEKTOPY HAI[IOHATBLHOI EKOHOMIKHM YW TUIaHYyBaHHS
TISTBHOCTI  auBepcu(dikoBaHOi KoMImaHii, ame ii MokHa MOAUGIKYBaTH IS
IUIaHYBaHHS BHUTpPAT TIpalll Ta OCHOBHOTO KalliTally 3 MeTOK 3a0e3IeueHHs
BUPOOHUYOTO TIPOIIECY.

Jlekuia 11. banancu wiH, TPyaoBUX pecypciB Ta OCHOBHHUX BUPOOHMUYMX
donais

Meta Jjekmii: HajgaTH CTYJACHTaM 3HAaHHS PO OCHOBHI THUIH OalaHCOBUX
MoJeNe Yy BUpOOHUYIN TiSITBHOCTI.

ILnan
1. bananc miH.
2. bananc TpymoBUX pecypciB.
3. bananc ocHOBHUX BUpOOHUYHUX (OH/IIB.

KaouoBi Tepminu Ta mnoHsTTA: OamaHc 1iH, OajaHCOBE pPIBHSHHS,
arperoBaHuii OamaHc mpaili, Koe(iieHTH MOBHUX BUTPAT Mpailb, OAJlaHC OCHOBHHUX
BUPOOHUYNX (POH/IIB

11.1 Bajganc uin
Panime npu nocmimkerai CMMB orpumana piBHicTh (10.25):
n

x] = inj + Zj;j = 1,2, e, N
i=1
[Toninmeum 06uaBI YacTMHM ILi€i PIBHOCTI Ha 10OaBIEHy BapTiCTh Z; y j-H
rajxysi Ta BBIBIIM TO3HAYCHHS
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Z.
— 4 ;
v = /xj J=12,..,n (11.1)
OTPUMAEMO PIBHICTh
Uj =1- Z?:l aij ,j = 1,2, e, N (112)
Bennuunna v; 10piBHIOE YaCTIi JOJAHOT BAPTOCTI Y KOKHIN OJMHMII MPOAYKIIi
Jj-# rTamy3i 4uM 1ie BeIWYMHA JOJaHOi BapTOCTi, IO MNPUINAJA€ HA OAUHUIO Y
BapTICHOMY BHpa3i MPOIyKIii ramy3i [2].
Posrisnemo dopmyiy (11.2). TexHonoriuni KoeinieHTH @;; MOXKHA MOJATH Yy
HaTypaJIbHOMY BUpasi, Bukopucraniu (10.16)

pj " 4ij
* . .
o= i=1,...nj=1,..,n

ij — ’
pi
Tonai orpumaemo:
Diajj
aij = p_]] (113)
Toni 3 (11.2) orpumyemo:
n Pidij

U]=1—Zl=1 ] ,j=1,...,7’l.
bj
[ToMHOXHMMO OOM/IBI YaCTMHM PIiBHOCTI Ha p;, BpaxyBaBlIH, WO V; = p; "V},
OTPUMAEMO:
* n * .

Benuuuny vj* HA3WBAIOTh JIOJAHOI0 BapTICTIO HAa OJWHUINIO MPOAYKI Yy

HaTypaJibHOMY BHpa3l mponaykuii j-i ramysi. PiBrocti (11.4) mMoxkHa 3amucatu y
MaTpU4Hii Gopmi:
vi=(E-4")p. (11.5)
Pinicth (11.5) Ha3uBarOTh Oaarncom yin abo pisHaHHAM banancosux yin. TyT
BeKTOp P = (Pq, ...,Pp)’ — BEKTOp LiH MpoAykuii ramyseit, v* = (v5,vs, ..., v5)7 —
BEKTOP JIOJJAHUX BaPTOCTECH HAa OJMHHUIIIO Y HATYPATbHOMY BUPAa3i MPOAYKIIii rary3e.
Pienicth (11.4) € nacminkom Oamancy Butpat (10.25). bananc min ta 6amanc
BUTPAT € OCHOBOIO MIXKIrally3eBoro 6amancy [6].
Hexaii y 6amanci min (11.4) BexTop v* BimoMHii, a BEKTOp P MNOTPIOHO
BusHaunTH. 3 (11.4) oTpumMaemo:
_ TN~1 — T —
p=(E—A* ) -v* = B* -v*, (11.5)
ne B* — mynprHummiikarop JIeOHThEBA y HATYpaIbHOMY BUPa3i, BT - MYJIbTUTIIIKATOP
IIIHOBOT'O €()eKTYy PO3IOBCIOIKEHHS.
Pisnicth (11.5) Ha3uBaIOTL npueedeHoio popmoio moodeni pieHosaxncHux yin. 1i
MO>KHA TMOJATH Y BUTIISIAIL:
p=P-BT-7, (11.6)
ne 7= (vy, vy, .., v,)T =P71-v* — BexkTOp MOMAHMX BAapTOCTEH HA OIMHHINO
MPOAYKIIi1 rary3eld y BapTicHOMY BUpa3si [4].
Mopeni (11.5) ta (11.6) 703BONSIIOTH 3MIMCHUTH KOPUTYBaHHS PIBHOBAXKHUX
I[IH TPOMYKIII Tamy3i, IO OOyMOBJI€HAa 3MIHAMHU JOJAHWX BAPTOCTEH MPOIYKILIi.
Hexaii BekTOp m0JaHUX BapTOCTEW U 3MIHUTHCS HA BEIMYUHY AV, TOJ1 BEKTOp IiH D
TIOBMHEH 3MiHUTH Ha BenuunHy Ap = P - BT - A 3riguo 3 (11.6).
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11.2. baiaanc Tpy10BUX pecypciB

Bce, mo cnoxuBaeTbcsi B €KOHOMIIl KpaiHU, CTBOpPEHE Mpallero, 30Kpema,
pe3yibTaTaMi Impami € OOCArd BaJOBOIO BUPOOHUITBA MPOAYKIII ramysl y
BUPOOHUYOMY CEKTOpP1 EKOHOMIKH. TOMy BUTpaTH mpaili Ha BUPOOHULTBO MPOAYKIIIi
1 3arajibHl BUTPATH Mpall y €KOHOMIII KpaiHl Ha MPOTA31 IUIAHOBOI'O MEPIOy Yacy €
BOXJIMBUM €KOHOMIYHUMH 3MIHHUMU. Tomy ix motpioHo Britountd y CMMB, mo
MiJBUINE SIKICTh Ii€i Mojaeni. BBegemo 3MiHHY L — KUIBKICTH TMpaili, BOHa
BUMIPIOETHCS Y JTIOJUHO-TOAMHAX, JTIOAUHO-AHIX. KoedilieHT BUTpaT mpaii y j-id
rajiy3i Ha3UBalOTh BEIMYUHY

[ =2 (11.7)

J = %
j
IO JIOPIBHIOE KUIBKOCTI Mpalli, 110 BUTPAYAETbCS y Taiy3l j MpU BUPOOHHULTBA Y
BapTiCHOMY BHpa3i Ha oaumHuMuUi mpoxykuii. ¥V (11.7) L; — xinbKicTe mparmi, 1o
BUTPAYacThCsA Y j-i raaysi Ha BAPOOHMITBO X; MPOAYKIIi wiei ramysi [5] .

Koepimientn [; Ak 1 TEXHONOTIYHI KOEDIUMIEHTH @;; OUIHIOKTHC 32

cratucTuuHoo 1H(opmariiero. Il koedimieHTH 00’ €IHYIOThCS y BeKTOp [ =
(14, ...,1;). Woro Ha3uBarOTh BEKTOPOM KOE(II[iEHTIB MPSIMUX BHUTpAT TMpaii y
BUPOOHUYOMY CEKTOpl €KOHOMIKHM. 3arajbHa KUIbKICTh BHUTpAT Mpalll Ha BUIYCK
BaJIOBOI MPOYKIIIi X BU3HAYAETHCS PIBHICTIO:

=\ _ V1 . vy, =T .
Lx) =% Lj =Yz x =1 - x. (11.8)
[To3naunmo L, — KUIBKICTb Mpalli, W0 BUTPAYa€ HEBUPOOHHYHMIA CEKTOD
€KOHOMIKM 3a TOH J>X€ NpOMDKOK dYacy, L — 3aragpHa KUIBKICTH TIparfi, M0

BUTPAYAEThCA Y eKoHoMilli, To6to L = L(X) + L,. Lo piBHICTh Ha3UBaIOTh
azpezosanum 6anarcom npayi [4]

3 Bupasy (11.8) sposymino, mo Benuuuna L(X) Ta xoxHuit ii monaHok L;
3QJICKUTH BiJ] BaJOBOTO BHPOOHHUIITBA X, OTKE Il BEIWYMHH (PYHKII BEeKTOpa y
KiHieBoro nomuty. Ile 3Haunth, mo Benuumnu L(X) Ta L; € enymorenni 3MiHHi, a
3MIHHA L, € ex3orenna 3MIHHA MOJIEII.

Jlonasim arperoannii 6ananc mnpaii y CMMB (10.7) 3 BpaxyBauusm (11.8),
orpumaemo mojaeias CMMB, posmupeny 6anancoM mpari:

A x+y=x1"-%+L,=L. (11.9)

Bin ctpykrypHoi dopmu mozeni (11.9) mepeiinemo mo npuBeaeHoi dopmi, y
AKI} €HJOTEHH1 3MIHHI TIOJJaH1 Y BUTJIAI1 SBHUX (PYHKI[IH €K30T€HHUX 3MIHHHUX:

Xx=B-yL=0""B-j+L, (11.10)

Posrmstnemo apyry piBHicTe y moaeni (11.10). Ilepmwmii gomaHok y mpasiit
JacTHHI Ii€i PIBHOCTI € KUIBKICTh Tpari y BUpoOHHMUOMY cekTopi. IlomaiimMo 1o
Benmunny L(X) y BUTIISII:

L) =1"-B-y=ml -y =YL, my, (11.11)
A€ CHMBOJIOM M MO3HA4YE€HO BCKTOP
BT -1l = (my,m,,..,m,)" =m. (11.12)
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3’4CyeMO 3MICT eleMEHTy M; 1boro BekTopy. s mporo y (11.12) Bubepemo
Kinnesuit momut y Burnami y; = 0,i # j; y; = 1. Tomi L(x) = m;. Omxe, m; —
KUTBKICTH Ipaili BCbOr0 BUPOOHUYOTO CEKTOPY €KOHOMIKH (He JHIIe -1 ramysi), mo
BUTPAYAETHCS HAa BUITYCK OJMHUI (Y BapTiICHOMY BHpa3i) mpoaykiii j-i ramysi. Tomy
€JIEMEHTU M; HA3MBAKOTh Koe@iyicnmamu NOGHUX 6umMpam npayi y 6upoOHU4OMY
CceKmopi.
3 piBHOCTI (5.40) BUTUIMBA€E PIBHICTH
AT -m+ [ =m. (11.13)

11.3. bajaanc OCHOBHMX BUPOOHHYHUX (POH/IIB

Takum uymHoM, CMMDbB po3mmupeHa HUISXOM BKIIOYEHHS y HEI HOBHX
€KOHOMIYHMX 3MIHHMX, WIO0 XapakTepu3yloTb BuUTpaTu npami. o ocHOBHUX
BUPOOHMYUX (HaKTOPIB BITHOCATHCS Mpalls, OCHOBHI BUpoOHHYl ¢pouan (OBD) abo
OCHOBHMUM KamiTan, 3emiiss Ta NpupojHi pecypcu. Posmmpumo CMMB nuisixom
BKJIFOUEHHS Y HET HOBUX €KOHOMIYHUX 3MIHHHUX, 1110 XapakrepuszyoT OBO.

Hexait y j-ii ramysi npu BUPOOHULTBI X; TPOIYKLII KpiM BUTpaT mpaui [
BUKOPHCTOBYIOTh KUIBKICTh y BapTicHOMY Bupasi @; OB® (00sanHaHHs, BEPCTATIB,
criopyJZl BUpoOHHYOro npusHadeHHs Touro).KoedimieHTom npsimMoi GOHA0EMHOCTI UM
KaIiTaJOMICTKOCTI j-H Taly31 Ha3UBalOTh BEJIMUYUHY

f_‘]‘ = %lj = 1)27 "')nl (11.14)
J

10 opiBHIOE KUTbKicTh OB® 11i€1 ramysi, 1mo BUTpauyae Ha BUPOOHHUIITBO OAUHUII (Y
BapTICHOMY BHpa3i) mpoaykiii miei ramysi. [ToOyayemo marpuimio F, Ha TOJOBHIM
JiaroHasi po3TamoBaHi Koe(imieHTH f; TpAMOi (HOHIOEMHOCTI, pemTa eJIeMEHTIB
i€i MaTpuill € HYJIbOBUMH. [[t0 MaTpuIl0O Ha3MBaIOTh MATPUIICIO KOeQilli€eHTIB
npsamux dpougoemuoctel. 3 (11.14) BuriuBae piBHICTh
F-x=0, (11.15)

ne ® = (Pq,...,P,)T — Bexkrop OB® y BapricHomy Bupa3zi. Pismicts (11.15)
Ha3uBaOTh oOarancom OB®. CMMb w™oxna posmuputn O6amancom OBO.
Otpumaemo posmmpenuii 6ananc CMMBb y Burisni:

A-X+Y=X,

F-X=0.

SIkmo KoMmoHEHTH BekTopa P posrisgat SK €HAOTeHHI 3MiHHI, TO 3
cTpyktypHOi hopmu mozeni (11.16) posmmpenoro 6anancy OTpUMyeMO il IPUBEACHY
bopmy:

(11.16)

X=B-YV,
®=F-B.V,

IO J03BOJISE 332 €K30TEHHOI0 3MIHHOI Y OOYMCIIMTH €HJOreHHi 3MiHHI X Ta ®. 3
CeKOHOMIYHOI TOYKH 30py posmmsmatd y mognen (11.17) BektopHy 3MiHHY @D sK
€HJIOTEHHY HEJOIUIBHO 3 HACTYMHUX MIpKyBaHb. Hexali BeKTOp HassBHUX HA MOMEHT

MOYaTKy IJIaHyBaHHS (y MOYaTKOBHII MOMEHT 4acy) OCHOBHHMX (POHIIB CTaHOBUTH

(11.17)

@y = (®,(0), @,(0), ..., ,,(0)). Moxe Gyt Tak, IO 3HAYCHHS KOMIOHEHTIB
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BekTOpy @, o6uncneni 3a mogenmo (11.17) mepeBUIYIOTh BiANOBiIHI KOMIOHEHTH
BekTOpy @,. BuHuKae Toni morpeba y CTBOPEHHI JOAATKOBUX OCHOBHUX (POHIIB,
11100 3a0e3neunT BUPOOHMIITBO 3aINIAHOBAHOIO 0OCATY X BaJIOBOI IPOTYKIIIL.

SIKIIo 3HaYeHHs KOMIIOHEHT 3MiHHOI ® He 3aJ0BONBHAIOTH YMOBY @ < @,
0 € HeoOXiIHO aia 3a0e3nedeHHs MOTpiIOHOro oOcAry BaJlOBOi MPOAYKIIi, TO
3MiHHY ® MOTPIOHO PO3rIANATH SK €K30T€HHY 3MiHHY. Y HbOMY BHIAIKy CHCTEMA
(11.16) micTuTh 2n pPIiBHSIHBb Ta N HEBIIOMHUX — KOMIIOHEHT BEKTOpY X. SIKIIO paHr
MaTpHIll CHCTEMH HE JIOPIBHIOE PAHTY PO3LIMPEHOI CUCTEMH, TO CHCTEMA HE MaTUME
po3B’s3Ky. Y LbOMY BUNAJKy YK€ 3 MaTeMAaTUYHUX MipKyBaHb 3MiHHY ® BBakaTu
€K30Tr€HHOI0 3MIHHOIO HE MOXKHA, BOHA MOK€ OYyTH JMIlE €HIOTeHHO. Monens 3
EK30T€HHOI0 3MIHHOIO J Ta €HJIOTeHHMMHM 3MiHHUMH X Ta ® mnpujgatHa .ajs
BUKOPUCTAHHS HA MPAKTHI[, SKIIO pPO3paxoBaHWi 3a mpuBeaeHid ¢opmi (11.17)
MoZieni 3a70BONbHSE yMOBI ® < ®,. Y iHImIOMy BHIAAKy HPOLEC PO3POOKHU
MDKraigy3eBoro OanaHcy 3 BpaxyBaHHsM HasBHUX OB® Bumarae inmoi mojaeni, y
K1 Oyzne BpaxoBaHO CTBOpeHHs HeoOxigHux aomatkoBux OIID. Taka momens —
JUHAMIYHA MOJIE]Ib MIXKIraay3eBoro 0angancy [9].

IIuTanHs Ta 3aBAAHHA JJISI CAMOKOHTPOJISI 10 PO3aiiay 9
[TosicHITB, Yy 4OMY 3MICT MIXKTaJIy3€BOi Oa1aHCOBOT MOJICIII.
3anuIIiTh CTAaTUYHY MOJACIh MIKTATy3eBOT0 OallaHCy.
Po3skpuiite, y 4oMy MOJISITa€ TOTOXKHICTh MIDKTaJTy3eBOr0 OajaHCy.
HapeniTh 03HaueHHS TEXHOJOTTYHOT MATPHIIL.
Bkaxitp, ik 3’sICyBaTH, YH € 3a/laHa TEXHOJIOTIYHA MATPHIISI POTYKTUBHOIO.
[TosicHITh 3MiCT MynbTHILTIKaTOpa JICOHTHEBA.
[TosicHITB, y YOMY TOJIATAlOTh OajlaHCH IIiH, OCHOBHUX BUPOOHHMYUX (POHJIB Ta
TPYAOBUX PECYPCIB.
8. TlosCHITH PI3HUIIO MDK €K30T€HHHMMH Ta €HJONeHHHMMH 3MIHHHMH, a TaKOX
HABEJITh BIAMOBIIHI MPUKIaAH 3 Mojieii JICOHTheRA.

NogakowdPE

Po3B’siKiTh HaBeAEH] HIKYE 3aBIaHHS.

1. JlisUThbHICTP €KOHOMIYHOI CHUCTEMH, IO CKJIATA€ThCS 3 JBOX Taly3ed, Ha
IPOTA31 OCTAHHBOT'O POKY XapaKTECPHU3YEThCS HACTYIMHHUMH JAaHUMH, HABEJICHUMHU Y
TaOyuIli (B YMOBHUX T'POIIOBHUX OJWHHIIX). 3HAWUTH TEXHOJOTIYHY MaTpuito A 1iel
€KOHOMIYHOI CUCTEMHU.

lan
[amy y3i- Banosuii
3i- CIIO obcsr
BUPO | KHMBayl BUPOOHHU
OHUKH [TBa
A 00 | 60 500
B 75 0 400
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2. 3’dacyBath, 4Yd €  TPOAYKTHMBHOK  TEXHOJIOTIYHA  MaTpuls
0,2 03 O

A=101 0 03]
0,6 01 0,2

3. Y Tabauii HaBEIEHO JaHl MDKrajly3eBoro OajaHCy 3a 3BITHHH Mepioj Y
YMOBHHMX TPOLIOBUX OAMHUIX. 3HAUTH HEOOXITHUN OOCSAT BaJIOBOTO BUPOOHUIITBA
JUISL KOXKHOT rajy3i, SKIIO 3a IJIAHOM KIHIEBE CIOXKWMBaHHS y rainy3i A TMOBUHHO

30UTBIIUTHCS Y 2 pa3y, a y raiay3i B piBeHb KIHIIEBOTO CIIOKUBAHHS MOBUHEH 3pPOCTU
Ha 20%.

lanysi- lanysi- dakTU4YHE Banoswnii
BUPOOHUK CIOKMBayl KIHIIEBE oocsr
u A B CIIOKUBaHHS BUPOOHUIITBA
1 1
A 00 60 240 500
2 4
B 75 0 85 400
: 0,1 0,5
4. 3a1aHo TEXHOJIOTIUYHY MATPHIO (MATPUIIO IPSIMUX BUTpaAT) A= 03 02/
3HaWTH: a) BEKTOP BaJlOBOTO BUPOOHHIITBA X , IO 3a0e3neuye IIaHOBE KiHIICBE

400

crokuBaHus Y =
[500

j; 0) mpupict AX BaJOBOro BUPOOHHUIITBA, IO 3a0e3leuye

: . 100
30UTBIIEHHS KIHLIEBOTO CIIOKUBaHHS Ha AY :( 50 j ,

5. Ha mmaHoBmii mepion BimoMi HaBeeHI y Tabuuill KOepIiEHTH TPSAMUX
BUTPAT Ta BEJIMYMHA KIHIIEBOTO CIIOXWBaHHS y rany3six Aq, A,, A;. 3Haiitu obcsru
BaJIOBOTO BUPOOHUIITBA MPOIYKIIIT y IIUX TaTy3saX Ta MDKrajay3eBi TOCTa4aHHS.

lamysi- Kinme
CIOKHMBaul BE
lamysi- CITOK
BUPOOHUKHU A 4, | 4, HBa}(I;j N
)

! 3 |25 |2 56

A2 15 |12 |03 20

A 1 |05 |08 12

6. Uwucroro TPOMYKII€I0 Tamy3l HA3WBAIOTh PIZHUIIO MK 1i BaJOBOIO
MPOIYKIIEI0 Ta MPOMYKIIEI0 BCIX Tally3eld, BUTPAYCHOI HA BUPOOHUIITBO Yy JNaHIN
rany3i. B yMmoBax momepeaHbOi 3ajayl 3HAWUTH YUCTY MNPOAYKLIIO s
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MPOMHUCIIOBOCTI, CUIBCHKOTO rOCIOIapCTBA Ta THIIMX Taly3€eH.

7. Y Tabnuui HaBEJEHO JaHl MPO JIUIbHICTD E€KOHOMIYHOI CHUCTEMH, IO
CKJIQJA€ThCS 3 JIBOX rajly3ei, a TaKOXK IUIaH BUPOOHUIITBA MPOAYKIII JJis1 KIHIEBOTO
CHOXHUBaHHA Y, y MaiOyTHboMy nepioal (B y.r.o.). 3HaliTH MaTpULll IOPSIMHUX Ta

MOBHUX BUTPAT, @ TaKOX OOCAT BajJOBOTO BUPOOHUIITBA MPOAYKIli y MJIAHOBOMY

nepioi, o 3abe3nedye BUPOOHUIITBO MPOIYKITii KIHIIEBOTO CITOKMBAHHS Y .

lamy lamysi- [1nan
31- CIOKMBayl Yucra KIHIIEBOTO
BUPO A B MPOTYKIIIS CIIOXKHMBA
OHHKH HHs, Y
A 0 8 0 12 300 350
B 0 ! 30 200 300
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Po3ain 10. lnnamiuna Moaesib MizKrajry3eBoro 0ajaHcy Ta ii y3araJbHeHHS

Jlekuis 12. /lunamiuna Moaesib MiKrajay3eBoro 0ajancy

Meta saeknii: 03HAOMUTH CTYJIEHTIB 3 MOHATTAM Ta MOOYIOBOIO AMHAMIYHOL
MOJIE1 MIKTaJTy3eBOro OajaHcy.

ILnan
1. TloBHa cTpykTypHa popMa TMHAMIYHOI MOJIE1 MIKIaay3€eBOro OajgaHcy.
2. AJTOpUTM 3aCTOCYBaHHS AMHAMIYHOI MO MIKTaly3eBOro OajaHcy.
3. TpaexTopis BUPOOHUUOTO CEKTOPY EKOHOMIKH.

KarouyoBi TepMiHM Ta NOHATTHA: MaTpPUIS KamiTalbHUX KOEQIIIEHTIB,
BIIKPUTUN JUHAMIYHMNA OallaHC, TPAEKTOPISS BUPOOHUYOrO CEKTOpa, 3aMKHYTUN
IUHAMIYHUN OaJiaHC.

12.1 TloBHa cTpyKTYpHa ¢opMa JUHAMIYHOI MOJeJi MIXKrajaxy3eBoro
O0asancy

[Ipu gocnipkeHHI PO3MIMPEHOr0 MOJENl MDKrajiy3eBoro OanaHcy 3
3QIy4eHHSM OCHOBHHUX BHPOOHHYUX (DOHIIB MU 3YCTPUIMCS 3 HEOOXIIHICTIO
noOyJ0BH MOJIeNII MIKIraJly3eBOro Oajlancy, y sKiii OyB BigoOpakeHWH Tpoliec
BBEJICHHSI HOBUX BHUPOOHHYMX IMOTYKHOCTEH, 30KpeMa, KaIiTaJbHOTO OYHiBHHUIITBA
[8]. Byap-skuit mpouec 30iabinenHs OB® 3aiiicHIOEThCS 3 YacoM. Y 3B’S3KY 3 UM
3MiHHI MoJienTi € QYHKIIISIMU Yacy t, TOOTO MOJCNb € TMHAMIYHOIO.

JlxepenoM iHBecTuli s 30utbmieHHss OB® € kiHneBa NOpPOAyKIIS V.
YacTuHy KIHIIEBOI MPOAYKIlii, IO CHPSMOBYETHCS Ha 30UIBIICHHS OCHOBHOIO
Kamitany, 6yaeMo nosHadaTu I,. Tozi BEeKTOp ¥, MOKHA MOAATH Y BUMIISI CYMH JTBOX
JIOJAHKIB:

Ve = It + ¢, (12.1)
ne C; — BEKTOp CIOXKUBAHHS, TI0 CYTHOCTI, IIel BEKTOp BU3HAYAE KiHIICBUH ITOITHUT.
BekTtop iHBecTHuili I;, BknajgeHux y 30imbmienHs OB® y MomeHT wacy t,
JI03BOJIUTH 30iIbIINTH (GOHIM HA €Ky Benuduny A®,=d,,; — ®, — npupict OBD
Ha iHTepBami wacy [t;t+ 1]. 3B’sa30k Mix Bektopamu I, Ta A®, BBakaeMo
JTIHIHHAMU:
I = D-A®,, (12.2)
ne D — KBajgpaTHa MaTpUI PO3MIPHOCTI M X N, €IEMEHTH AKOI d;j. YV CKansApHii
¢dopwmi piBHicTh (12.2) HaOyBae BUTIISA:

Il(t) = Z;‘lzl dl] ' Aq)](t), i=12,..,n. (123)
3anaiimMo y piBHOCTI (12.2) 36inbmenus OB® y Burmsni
AD(t) = = AD;_1(t) = -+ = AD;4(t) = - AD,(t) = 0,

mpu oMy AP;(t) =1. Toxi orpumaemo I;(t) = d;;. Orxe, kKoedimienT d;; MaTpui

94



D nopiBHIOE KITBKOCTI MPOAyKIii i-1 ramy3i, HeoOXigHOi [uist 30imbIIeHHS Ha | y
BapTICHOMY BHpa3i OCHOBHOro Kamitamy j-i ramysi. Koediumientn d;; Ha3suBaroTh
Koeghiyienmamu kanimanomicmrxocmi npupoctisB OBD.

Otxe, Mmaemo Mozensb (12.2) 38’s3ky iHBectuiit I, 3 npupoctom A®, OBD. 3
6anancy OB® (11.15) Bumusae 38’5130k npupocty A®, 3 npupoctom AX; = X, 1 —
X; BamoBOro BUPOOHUIITBA:

A®, = F - AX,. (12.4)

3 cnisBigHomens (12.2) ta (12.4) oTpuMyeMO MOJENb 3B’A3KY iHBECTHIIIH I, 3
MPUPOCTOM BaJIOBOTO BUPOOHHUIITBA:

I, =D:F-Ax; = K - Ax;. (12.5)

Marpuito K =D:-F 'y (12.5) Ha3uBawTh Mmampuyero Koe@iyicHmis
KanimaneHux eumpam abo kanimanvHux koegiyicumis. KoedillieHT KamiTalbHUX
BUTPAT K;j — 11€ CTBOPEHUH y i-i ray3i OCHOBHMIA KamiTal y BapTiCHOMY BHMpa3i, IO
BUKOPUCTOBYETHCS |-i rayiy3i Mpu BUPOOHUIITBI OJUHMIII ii MPOJYKIIT y BaAPTICHOMY
Bupas3i. 3 Bupazy (12.5) kamitanbHl Koe(]illEHTH TOB’S3YyIOTh MPUPICT BAJIOBOTO
BUPOOHUITBA AX, 3 iHBeCTULIIAMHU I, y MOMeHT yacy t. IliicTaHOBKa MpaBoi YacTHHU
1poro Bupasy y (12.1) mo3Bosisie BCTAHOBUTH 3B’SI30K MK AX; 3 BEKTOpOM V; Ta
BEKTOPOM KiHI[EBOTO MOMUTY C; Y BUTIISII:

Ve = K - Ax; + C;. (12.6)

Tenep mnomaiimo auHaAMiuHy MOJEIb MikramyseBoro Oanancy (JAMMB) y
aHaJTITHIHOMY BHUTJIsAAl. Hexail y neskuii moyaTkoBU MOMEHT dacy abo 6a30BuUil pik
(t = 0) nasBai OB® Benuuuuu @

_ T

~ ® = (,(0), ®,(0), ..., ®,(0)) . (12.7)

i ®, 103BOIAIOTH 3AIMCHUTH BaJIOBE BUPOOHUIITBO X, TOOTO mpu t =0
BUKOHYIOThCS piBHOCTI (11.16):

.5 (12.8)
X =D,

Tyt BekTOp y; 3 omHOro OOKY BiANOBimae y ceHci mepinoi 3 piBHOCTI (12.8)
BEKTOPY BAJIOBOTO BUPOOHHMIITBA X; = X, 3 IHIIIOr0 00Ky, Ma€e CTpykTypy (12.6):

Ve = K- A%+, (12.9)
ne AX; — moka HEBIAOMHM, MPOTE JOJATHUN MPUPICT BAIOBOTO BUPOOHHUIITBA HA
inrepBani [t,t + 1], ne t = 0, C; — icHyrounii Ha MoMeHT t = 0 piBEHb CIIOXKMBAHHS
(KiHIIEBUH TIOIIHT).

[TincraBumo mpaBy 4dacTuHy piBHICTH (12.9) 3amicte y, (12.8), B pe3ynbrati
OTPUMAEMO:

{A'Yt"l'yt:Z’

% —A % —K-A%, =, (12.10)

PiBricte (12.10) — me crpykrypra dopma JIMMB. VY miii piBHOCTI IS

6a3ucHoro poky t = 0 3MiHHI X; Ta C; € BITOMUMU BEIIMYNHU, TOOTO €K30TEHHUMH, a

BenM4MHy AX; TOTPIOHO BW3HAYMTH 3 MOJZENi, TOOTO II€ € EHJOreHHa 3MiHHA.

ExoHoMiko-MaTeMaTH4H1 MOJIENl 3 €K30T€HHUMH 3MIHHUMH Ha3UBaIOTh BIIKPUTUMU

MoaensMH, ToMy Mojienb (12.10) Ha3uBaIOTh 6iOKpUMUM OUHAMIYHUM MINC2ATY3E8UM
oanancom 3 OUCKpEemHUM YaACOM.
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Jlonasrm 10 miei Mmoaem piBHocti (12.1)-(12.5), a Takok piBHICTH
Ay, = (E — A) - AR,
0 BUIJIMBAE 3 CTAaTUYHOI MOJEN1 MDKramay3eBoro OanaHcy. OTpUMaeMO HOGHY
cmpykmypuy chopmy IMMB:

X —AX-K-AX =G,

K-A% =T,

F-AX =AD,, (12.11)
I_t+_t = Yo

(E—A)-AX, =AY,

Y wmoneni (12.11) mpu t =0 BenuuuHu X; Ta C; € EK30TEHHHUMH, peITa —
egaoreHHuMu. g monens moOyaoBaHa Uisi BUSHAUEHHS TAKOTO OOCSTY BallOBOTO
BUpPOOHUIITBA X, sIKMM OyB Ou 3abe3neuyeHuit HeoOXimHumMu OB® 1 mpu upomy
3a0esneuennii Gaxanuil piBeHb Vp. Bektopu X Ta @, mo 3abe3neuyroTh yr,
I03HAYMMO CUMBOJAMH X7, ®p. Sximo Hassui OB® (12.7) 103BONAIOTH BU3HAUMTH
Xr y Mexax moxeni (11.16), to momens (12.11) ne notpiona [8]. HeoOXigHicTh y
BUKOpucTaHHs Mozieni (12.11) BuHuKae, KOJIM cUCTEMA
{A'XT +¥r =X,
F-X =0,
HE Ma€ po3B’s3Ky. Y 1IbOMY BUTNIAIKy Mojelnb (12.11) 1o3Bosie BUBHAUUTH IITyKAaHUH
BEKTOP X, BUXOJSAYM 3 3aJaHMX BEIMYUH X, Co, . HacmigkoM BUKOpHCTaHHS Iii€i
MOJIEJI € OTPUMaHHS MOCIIIOBHOCTI
(%0, Do, Co), (%1, P1, 1), e, oy, P, Jr = 1) . (12.13)
Y wuiif mocnigoBHocTi KoxkHa Tpiiika (X, @, V), t = 1,2, ..., T 3a10BOIbHSE
mozenb (11.16), mpu 1150My BEKTOp Y, IO BXOJUTH JO OCTAaHHBOI1 TPIAKH, JTOPIBHIOE
O0axkanomy KinrieBomy monuty [8]. Takum umnom, y mozeni (12.11) BimoOpakaeTbes
nuHaMivHHAK nporiec BBeaeHHss OB®d, ToMy naHa Mojienb € TMHAMIYHOTO.

(12.12)

12.2. Axaroput™M 3acTOCyBaHHSI JHHAMIYHOI MoJeJi MikKraay3eBoro
O0asaHcy
Jns mobynosu mocaigoBHocTi (12.13) mepeiinemo Big CTPYKTYypHOI dopmu
(12.11) mo mpuBenenoi ¢opmu, Bupazupmu 3 (12.11) eHmOreHHI BETUYHHH Yepes3
ex3orenHi. Otpumaemo [8]:
Ax, =K 1-(x,—A-%x,—¢,), I, =K-Ax;, A®d, =F -Ax.,y, = I, + ¢,
Ay, = (E — A)Ax,,t =0,1,2,...,T.
V wiii npuseneniii Gopmi enorenni sminni Ax,, I, A®,, y,, Ay, nogani y Burnsni
ABHUX (DYHKIIIH €K30T€HHUX 3MIHHUX X¢, C¢.
Posrasinemo nopsiiok pod0TH 3 1I€F0 MOJIECILTIO.
Hexait t = 0. 3 mepmroi piBHOCTI 11i€1 MOAEIT1 3HAXOAMMO
Axy = X1 — %, =K1 (X, — A %, —C,) (12.14)
[Ticns mporo Bu3HavaemMo oOcsr iHBecTHIllM y MomeHT t = 0. ITicis 1iboro 3HadYeHHs
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IIPUPICT OCHOBHOTO KalliTally, IO BiAnoBizae uuM inBectuiisM AP, = F - Ax,, mo y
MOMEHT 4acy t+ 1 [03BOJUTH OTPUMATH HOBY BEJIMYMHY OCHOBHUX (OHIIB Y
rajty3sx:

q)t+1 == th'l'Ath. (1215)
Ile mae MOXIUBICTH y MOMEHT yacy t+ 1 =1 3ailicHUTH BajloBE BUPOOHHUIITBO
MPOAYKIIIi ranmy3ei

ft+1 = ft + Axt. (_1216)
Ipnu t = 0 3aranbHuit BEKTOP ¥ KIHIEBOTO CIOKUBAHHS Ta IHBECTHLIN Yy = Iy + C¢.
[Ipupict Ax; BaioBOro BUpOOHUITBA IHIYKYE Y MOMEHT yacy t + 1 = 1 npupict
1, BIATIOBITHO, HOBE 3HAYCHHS

Ver1 = Ve + Ay (12.18)
BigzHaunmmo, 1m0 TPOAYKTHBHICTP MaTpuii A y cuTyamii npsaMoi uu
OIMOCEPEKOBAHOI 3aeXHOCTI KOokHOT mapu (i,j) KOXKHOI mapu BHUPOOHHUYOTO
CeKTOpy 3a0e3neuye BUKOHAHHS HepiBHICTh Ay, = 0 npu Ax; = 0.
Takum umboM, moOymoBaHo Tpiiika (X;,®P,,¥y;) y mocaimoBHocTi (12.13)
noOy0BaHa, MpUYoOMy y; > Y. IlepeBipuMo BUKOHAHHS HEPIBHOCTI
Ye+1 = Cr, (12.19)
ne t+1=1,¢cr — morpiOHu piBeHb crokuBaHHA. Skmo HepiBHicTh (12.19)
BUKOHY€ETHCS, TO 3aJlaya po3B’si3aHa Bxke npu t + 1 = 1. [Hakme, To BBaKaeMo, 110
t=t+1=11BuauuMo y BeKTOpl y; AesIKy Horo yactuny [, Ha iuBectuuii. Lle
MO’KHa 3pOOUTH HACTYITHUM YHHOM:

It =S- )_/t, (12.20)
ne S — miaroHajgbHa MaTpPHIl, HEHYJILOB1 €JIEMEHTH Ha 11 TOJIOBHIH JlaroHall S; i =S
— 1€ TPUIHATI HOPMHU THBECTHIIINA Y BIAMOBIIHUX TaTy35X BUPOOHHUYOI cekTopy. Bei
3HAYEHHsI LIUX HOPM 3310BOJIBHAIOTH HEPIBHOCTSIM:

0<S§;<1,i=12,..,n. (12.21)
3 BpaxyBanHsaM (12.20) 3 (12.1) orpumaemo:
¢t =(E—S) ¥ (12.22)

Tyr t = 1. 3 BekTOpamu X; Ta C; npu t = 1 MOYMHAEMO HOBUM €Tall pO3pPaxyHKiB 3a
TIPUBEJICHOI0 MOJEIN0. BH3HayaeMo 3a Hewo Bektop Ax,. Imectumii I, Bxke
Bu3HaueHi 3a (12.20). Jlani BU3HA4YaeMO BIAMOBIAHI MPUPOCTH OCHOBHOTO KamiTaly
A®, = F - Ax, Ta HOBY BEeIMUYHMHY OCHOBHUX BUPOOHMuUMX (oHAiB 3rigHo 3 (12.15).
ITicas 1BOro OOYUCIIOETHCS HPHUPICT Ay, Ta HOBEe 3HAa4eHHA Y., 3a (GopMmyaamu
(12.16) ta (12.17).
Takum umHOM, y nociigoBHocTi (12.13) nobymoBano HoBy Tpiiiky (X,, @,, 7, ),
npuaomy y, > y;. Ilicna nepesipku HepiBHOCTI (12.19), ne t + 1 = 2, sxuo BoHa
BUKOHYETBCS, TO 3aBEpPIIYEMO PO3PAXyHKH 3a MPHUBEACHOIO MOCIUI0. [Hakme mpu
3HAUeHHI ¢ = 2 MOYMHAEMO HOBHM €Tal PO3paxyHKIB 3a IIEI0 MOJEIUTIO 1 TaK MPOIIeC
MIPOJOBKYETHCS JOKH, ITOKU He OyJie BUKOHAHO HepiBHICTH (12.20).

[IpuBenena nuHAMIYHA MOJIEIb BiToOpaXkae JUHAMIYHHAM MPOIIEC KaIiTaJbHOTO
OymIBHUIITBA Ta BBEACHHS B JIiF0 OCHOBHOTO Kamitany [8]. I[Ipu mpoMy BBaxkaeTbes,
10 iHBecTHLii I, y MOMEHT uacy t IPUBOAATH 1O BEIMYMHHU OCHOBHOIO KarliTamy
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®,, 1, 110 MOBHICTIO TPaLOE Y MOMEHT Yacy t + 1. Kpim Toro, 11 Moaenb MiCTUTB
TAaKO’k NPHUIYLICHHS, IO NPHMPICT OCHOBHOIO Kamitany A®, KOMIEHCye TaKoxX
BenuuuHy W, fioro npupoanoro BubyTTs. 38’430k BenmuuuHu W, ubyrts OB® 3 ix
BEIUUKMHOIO P, BBAXKAIOTH JIiHIHHUM:

W,=y-®,, (12.23)
ne matpuist y(n X n) — giaroHaqbHa MaTPHI 3 HEHYJIHOBUMH JIiarOHALHUMH
KoedilieHTaMu y;, O JOPIBHIOIOTH Temmy BuOyTrs OB® y i-if ramysi. Yacro
BUTpaTH Ha 3aMilieHHs BUOYTTS OB® Ta iX KamiTaqbHUA PEMOHT BKJIIOYAIOTH 10
BEJIMYMHHU KOSQILIEHTIB a;;.

12.3. TpaekTopisi BUPOOHUYOT0 CEKTOPY €EKOHOMIKHU

JlocaimuMo nUHAMIKy BEKTOpa BallOBOro0 BHpPOOHHWIITBA X,. Lleil BekTop sk
GyHKIIII0 Yacy HA3UBAKOTh MPAECKMOPIEN BUPOOHUU020 CEKMOPY eKOHOMIKU. SIKIIO0
TPAEKTOPIS X;.TAKA, IO BUKOHYETHCS PIBHICTD:

Xep1 = A X, t =0,1,2, ... (12.24)
i mpu mpomy y i piBHOCcTI crama A > 1, TO IF0 TPa€EKTOPil0 HA3MBAIOTh
30anancosanoio, a KOHCTaHTy A"— memnom 3pocmanis 30a1aHCO8AHOT MPAEKMOPIL.
[Ipu ubomy, sikmo BUKOHYEThCS (12.24), To 30anaHCOBAaHMMH 3 TUMH K TEMIIOM
3pOCTaHHSA € CyNyTHi Tpaektopii @, Ta V,. 3’scyemo, uM icHye 30anaHCOBaHA
TpaekTopia. Jus mporo, BukopuctoByroun Bupasu (12.11) ta (12.20), noOGynyemo
JiHIHE TEPETBOPCHHS:

Xey1 = H-x,t=0,1,2, ..., (12.25)
10 JJO3BOJISIE PEKYPEHTHO OOUMCIUTH TPAEKTOPIIO Xy, MOYMHAIOYH 31 3HAUYEHHS X .
Pignicte (12.25), 1m0 HEe MICTUTHh €K30T'€HHY 3MIHHY C; HA3WBAIOTh 3AMKHYMUM
ounamiuHum 6anancom. JloBeneHO, IO ICHYBaHHS 30ajJaHCOBAHOI TPaeKTOpIi X;
PIBHOCHJIBHO ICHYBaHHIO y Mmatpuili H miHifiHOro meperBopenHs (12.25) BmacHoro
3HaueHHd A" > 1 1 BIAMOBIIHOrO HOMY BJIACHOrO BEKTOpa 3 JOJATHUMU
KoMmroHeHTamu [9].

[Tobynyemo kBaapaTHy MmaTpuiito H miHiiiHOTO neperBopeHHs. s 1poro y
apyre piBHsHHS Moaem (12.11) mimcraBumo mpaBy uactuHy piBHOCTI (12.20).
Bracniok 110ro oTpuMaeMo:

K-Ax; =S -y;. (12.26)

OOu/BI YacTHHU 11i€i PIBHOCTI MOMHOXKHMO Ha MaTpuiio S~ 1, B pesymbrari
OTPUMAEMO BEKTOP Y; SK JIHIAHY QYHKITiI0 BEKTOpa AX,:

y, =G A%, G =S"1-K. (12.27)

Matpunisi G € HEBII'€MHOI0O Ta HEBHUPO/IKECHOIO, OCKUIBKH MAaTpPHUIIS
KaImiTaabHUX KoedilieHTiB K € HEBUPOKEHOIO

VY (12.27) 3amicTh y; migcraBuMo Bupas 3 mojeni (12.11):

Ve =% — A%,

OTpuMaeMo HACTYITHUI BUTJISA] 3aMKHYTOTO TMHAMIYHOTO OaaHcy:

% — A% =G (Fpyq — %) (12.28)

TTOMHOKMBIIM IF0 PiBHIiCTH 37iBa Ha Matpuiio G~ 1 i 3i6paBmm B ommii ii
YaCTHHI JOJAaHKH, M0 MICTATh X;, OoTpuMmaemo Bupa3 (12.25), me marpums H
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BHU3HAYA€THCA PIBHICTIO:

H=E+G - (E-A. (12.29)
JloBeneHo [7], 1o, skmo MaTpuilsd A MPOAYKTHBHA, TO MaTpHis H Mae JiiicHe

BiIacHe uucio A* > 1, mpuyoMy HOMY BiIIOBiIA€ BIACHUN BEKTOpP 3 JOJATHUMHU
KOMITOHEHTaMHU.

N

o B

~

IMuTanHs Ta 3aBAaHHA J1JISI CAMOKOHTPOJIA 10 po3aiay 10
[TosicHITh 3MICT Ta IPU3HAYEHHS MATPULI KOSPIIIEHTIB KaMiTAIbHUX BUTpPAT.
3anuiiTh PiBHAHHS BIAKPUTOTO IMHAMIYHOIO MIKIaJly3eBOro OajaHCy.
Hagenith MOBHY CTPYKTYpHY (GOpMY JIHMHAMIYHOIO MDKrajay3eBOro OajaHCy.
[osicHITS ii 3MIHHI.
BkaxiTh, I 4Oro 3aCTOCOBYIOTh TMHAMIUHY MOJIENh MIKIaJly3eBOro OajaHcy.
Ha3BiTh y AuHaMI4HIN MOZEN MIKIraly3eBoro 0ajiaHCy €K30Te€HHI Ta €HJOTeHHI
3MIHHI..
[losicHiTh, y 4oMy mosisrae mpuBeneHa (opma JHMHAMIYHOI MOAeNi
MDKramy3eBoro 0anaHcy.
BkaxiTh, 1110 pO3yMIiIOTh M1l TPAEKTOPiI0 BUPOOHUYOTO CEKTOPa EKOHOMIKHU.
[TosicHITh, y YoMy moJiirae 30a71aHCOBAHOCTI TPAEKTOPii BUPOOHUYOTO CEKTOpa
€KOHOMIKH.
HaBenith piBHAHHS 3aMKHYTOTO JUHAMIYHOTO OallaHCy.

VY HaBeJeHUX TECTOBUX 3aBJIaHHIX BKaXKITh BIPHY BiJIIIOBI/Ib.
HeoOximHICTh Yy po3po0Ili TMHAMIYHOT MOIEJIi MIKTaTy3eBOTO OalaHCy BUHUKIIA
y 3B’s3KYy HEOOXITHICTIO BpaxyBaHHs 1) BUTpat mpaili; 2) JUHAMIKH TaTy3eBOTO
pUHKY; 3) BBEJCHHA HOBUX BHUPOOHMUMX TIOTYXKHOCTEH; 4) HEOoOXiIHOCTI
30UTBIICHHS 00CSTIB BUPOOHUIITBA.
['omoBHUM mKepesioM Jis 30UIBIICHHS OCHOBHUX BHpPOOHWYUX (OoHTIB € 1)
3QJIydeHHs aKI[IOHEpHOTO KamiTany;, 2) KpeauTHI pecypcH; 3) 30LIbIICHHS
obcsary peanizaiii mpoayKilii mignpueMcTBa; 4) 3aJydeHHS HOBUX 1HO3EMHHX
IHBECTHULIIHA.
Marpuiis KamiTaabHUX KOE(QIIlIEHTIB BCTAHOBIIOE 3B’SI30K MK BEIUYHUHOIO
IHBECTHIlI Yy 30LIBIIIEHHS BHPOOHUYUX IOTYKHOCTEH Ta 1) oOcarom 30yTy
OIANPUEMCTBA; 2) TPUOYTKOM MIANPHUEMCTBA; 3) MPUPOCTOM BAJIOBOTO
BUPOOHUIITBA; 4) BUTpaTaMH TpaIli.
JluHaMidHa MOJCITh MIJKTajy3eBoro 0ajaHCy 3a CBOEI0 MaTEMaTHYHOK (HOPMOIO
€ cuctemoro 1) 3BuYaiiHUX nudepeHIianbHuX PIBHSAHD, 2) MudepeHIiaTbHuX
PIBHAHb Yy YAaCTUHHUX TMOXINHHUX; 3) IHTErpajJbHUX pIiBHAHB, 4) PI3HHUIIEBUX
PiBHSHB.
JlnHaMi9HY MOJIENTb MDKTaTy3eBOoro 0ajaHCy 3aCTOCOBYIOTH JUisl 1) BU3HAUCHHS
noTpedu y OCHOBHHMX BUPOOHMYWX (OHIIB Juisi 3a0e3medeHHs] HEOOX1THOTO
piBHA BaJlOBOTO BUPOOHHWIITBA, 2) TUIAHYBAaHHS ONTUMAaJbHUX OOCSTIB
BUPOOHMIITBA; 3) BH3HAYCHHS TMOTpeOm y mepcoHami; 4) OIIHKHU
MEePCIEKTUBHOCT] PUHKY.
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6. ¥V nauHamiuHii Mozenl MiKraiay3eBoro OanaHCy BeJIMYMHA  BaJOBOIO
BUPOOHUIITBA € 1) cCTajiol0 BEIWYMHOW; 2) €K30T€HHOI 3MIHHOW; 3)
€HJIOT€HHOIO 3MIHHOI0; 4) BUMAJKOBOIO BEIUYHNHOIO.

100



Po3aia 11. JlunamiuHi Moaesi MaTeMaTHYHOI eKOHOMIKH

Jlekuis 13. Ilpukiaagu nuHaAMiYHUX MojIeJieill eKOHOMIYHUX CHCTEM

Meta saeknii: Ha MpUKIagax NOSICHUTH CTYACHTaM NMPU3HAYECHHS JUHAMIYHUX
Mojiesield EKOHOMIYHUX CUCTEM Ta CIIOCOOM 1X MOOYI0BH Ta JOCIIIHKEHHS.

Iiaan
1. Monens Camyenbcona-Xikca.
2. Jlunamiuna mojenb KeitHca.
3. Tlpuknamu AMHAMIYHHX MOJENICH EKOHOMIYHUX CHCTEM 3 HENIEPEPBHUM YacoOM

KirouoBi TepMiHM Ta NOHATTA: IMHAMIYHA MOJe/Ib, EKOHOMIYHA CHCTEMA,
Mojzienb CamyenbcoHna-Xikca, mojnenb KeitHca, Mozelnb 3 HEMEPEePBHUM YaCOM,
MOJIEJb 3 TUCKPETHUM YacoM, piBHsIHHS DepxronbcTa-Ilepna, noricthyHa KpuBa.

13.1 Moaeans CamyesibcoHa-Xikca

Mogens CamyenbcoHa-XiKca — 1€ JUHAMIYHA MOJIENb, Y SIKid €KOHOMIYHMIA
ITUKJT PO3TIISIAETHCS SIK HACIIIOK B3a€EMOJIii HAI[IOHAJIBHOTO JIOXO/y, CIIOKWBAHHS Ta
HakomuueHHs Kamitany [5]. OcHOBHE MPUIYHICHHS MOJCHII IMOJArae y TOMY, IO
nonuT d y MOMEHT 4yacy t=n+1 JiHIMHO 3aJeXUTh BiJ] BEJIMUYWHHU HAI[IOHAJIHLHOTO
JIOXONly Y y IoTmepeHii MOMEeHT yacy t=n:

d. =ay, +b.

Mopgens CamyenbcoHa-Xikca MOXXHA TOJATH Yy  BUIVISAL  JITHIHHOTO

HEOHOPITHOT'O PI3HUIIEBOTO PIBHAHHS APYTOTO MOPSIAKY
yn+2 :(a'—i_a)ynﬂ_ayn +b! (131)
ne a >0 — akceneparop ab0 TeMI TPHUPOCTY KaIiTAIOMICTKOCTI HaIllOHAJIBLHOTO

TOXOJTy.
3aranbHuil po3B’sa30K piBHAHHA (13.1) Oyaemo mIykaTd y BHUIJISAL CYMHU

YACTHHHOTO PO3B’SA3KY Y, HEOIHOPIAHOTO PIiBHSAHHS Ta 3aralibHOTO PO3B’SI3KY Y.
BIIMIOBITHOTO OMHOpPIAHOTO piBHAHHA: Y, =Y, +Y.. Yactunuuii pos3s’sizok (13.1)
IIYKAEMO y BHUMIAI cTamoi Y, = A, SKy BH3HAYa€MO HUIIXOM ITiJICTAHOBKH Y
PIBHSHHS:
A-(a+a)A+aA-b=0.
3BiJicH 3HAXOIUMO YaCTHHHHU PO3B’ 130K HEOHOPITHOTO piBHIHHS (13.1):
b
%
Yn=72-
1-a
Xapakrepuctuane piBHsHHS 1 (13.1) mae Burmsia;
A° —(a+a)/1+a=0.

Burnsn po3B’si3Ky OJTHOPIAHOTO PIBHSIHHS 3aJI€KUTh Bl 3HAKY JUCKPUMIHAHTA

JUTSL XapaKTEPUCTUIHOTO PIBHSIHHS.
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Hpukaax 13.1 BuxopucroByroun mojnens CamyenbcoHa-XIKCa, BHU3HAUYHUTH
OVUHAMIKY 3pOCTAaHHS HALlOHAJBHOIO IOXOAY Y,, SKIIO I AAaHOI HallOHAJIbHOI
exoHOMIkM mapametpu mozaeni a=a =0,5;b =5, y nouatkosi nepioau yacy n=0 ta
n =1 HaliOHAJIBHUI JOXOA CTaHOBUB BiANOBiAHO ), =10 r.o., y; =20 r.o.

Po3p’si3anns. [lincraBuBiim napamerpu Mojeni y pizHunene piBHsHHs (13.1),
OTPUMAEMO JIIHIHHE HEOJTHOPIAHE PI3HULIEBE PIBHAHHS JPYroro MOpsaKy 31 CTaaIuMu
Koe(ilieHTaMu:

Ynizo =Y t 0’5yn =5
3anuieMo Ta po3B’sHKEMO BIJMOBIIHE XapaKTEPUCTUYHE KBaJpaTHE PIBHIHHSA:
A*-2+0,5=0.
Moro nuckpuMiHaHT nopiBHIOE —1<0, piBHAHHA Ma€ Tapy KOMILIEKCHHX
KOpEHIB

1 i 21V 1
A= tr = = - (j (E] -, gt = %

TOMY 3arajJbHHI PO3B’SA30K BiJIITOBITHOTO OJHOPITHOTO PIBHSIHHS MOYKHA 3aITUCaTH Y
BUTJISAIL:

- =(|4,])" (C,cos(narg 4,) + C,sin(narg 4,)) =

= i (C cosn +C smn—”j
J2 4 4

YacTuHHUI po3B’ 30K HEOJTHOPITHOTO PIBHSIHHS ITyKAEMO Y BUTIISI
HeBimoMoi KoHcTaHTh: Y, = A. ITiICTaBUBIIY If0 CTATY y PIBHSHHS, OTPUMAEMO:
A-A4+0,54=5=4=10=y.
Toni 3aranpHUN PO3B’A30K HEOTHOPIAHOTO PIBHAHHS HaOyBa€ BUTIISANY:

1Y Nz . nrx
=y +y =|—||C,cos—+C,sin— |+5.
yn yn yn (\/Ej( 1 4 2 4j

3nayenns craaux C; ta C, 3HaiaeMO, BUKOPHCTOBYIOUM I1OYAaTKOBI YMOBH
v, =10, »,=20.1Ipu n=0 Ta n=1 BiANOBITHO OTPUMYEMO:
Yo=C+5=10=C, =5,
A :i(Scos£+C25in£j:E+C— 20=C, =35.
J2 4 4) 2 2
OTxe, BUpa3 Juis 3aJI€KHOCT] BEJIMYMHU HAIIOHAIBHOTO JOXOYy Y, BiA Hacy n,
[0 MOJIETIOE JUHAMIKY HAaIIOHAJBLHOTO JOXOAY B yMOBaX JIaHOTO MPUKIAAY, M€

BUI'JIA.
1) Nz . hr
=| — | | 5cos— + 35sIn— |+5.
r (ﬁj( 4 4j

13.2 Imnamiuna mojaeanb Keiinca
Bunatuuii Oputancekuii exonomict J[. KeitHc cdopmyntoBaB moctynar, mio
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(IIATPUEMIIT BUPOOJISIIOTh HE CKUIbKH, CKUIBKHM 3aXOTATh, ajie CTUIbKHU, SKUU €
MOMUTY. SIKIIO MPUITYCTUTH, [0 TOMUT HACTYITHOTO POKY (POPMYETHCS Y MOTOYHOMY
poli, TO MIAIPUEMIIl TUIAHYIOTh BUPOOHUIITBO HA HACTYNHUM PIK Yy BIIMOBIIHOCTI 3
NPOTHO30M Mai0yTHBOTO monuTy [5].

PosrnsitHemo AMHAMIYHY MOJENb BajJOBOrO BHYTpPIIHBbOrO mHpoAykty (BBII),
TOOTO 00CSITy BHUPOOHMIITBA MPOJAYKLII KIHIIEBOTO CHOXXHMBaHHSA. Y wi Mojeni
ennHoro eHaoreHHoro 3MmiHHOK Y € BBIIL. Benmnuunna BBII ckinanaerbest 3 4 4acTuH:
¢onn HeBHUpoOHMUYOro crokuBaHHs C, BaJoB1 NMpUBaTHI BHYTPIIHI 1HBecThuii |,
Jep>KaBH1 BUTPATH HA 3aKYIIIBIIIO TOBapiB Ta nocayr G, unctuii excnopt E. ¥ mMozgemni
KeiiHca eKOHOMIKA € 3aKPUTOI0, TOMY YUCTUH €KCIOPT JIOPIBHIOE HYJIIIO, a JIep KaBHI
BUTPATH CIIPSIMOBAHI Ha CIIOKMBAaHHS Ta HAKOMMWYEHHS, TOMY BBa)KA€ThCS, M0 Y =
C+1.

Y Mojeni BBaXKa€eThCs, IO MOMHT Ha IHBECTHIIIHI TOBapH € CTaJINM, a TIONMUT Ha
CIIO’KMBY1 TOBAapH Y HACTYMMHOMY polii € JiHiiiHOI0 ¢yHK1Iie0 BBII morounoro poky:

Ces1 = C + Yy,
ne C — HwxkHSA Mexa GoHIy HeBUpOoOHMUYOTO crioxuBaHHs, 0 < ¢ < 1 — rpaHnYHa
CXUJTBHICTD JIO CTIOKHBAHHSI.

Huaamiuny wmojnenb KelHca OTpUMyeEMO, SIKIIO TPUPIBHATH 3alUTAaHOBaHE

BUPOOHHMIITBO TOBAPiB KIHIIEBOTO MOTHTY 10 IPOTHO30BAaHOTO HA HUX IOTHTY:
Yie1=C+cY + 1. (13.2)

L1 MoteTTh MOYKE 3aCTOCOBYBATHCS JIAIIE /ISl aHATI3Y Ta KOPOTKOTEPMiHOBOTO
NPOrHO3YBaHHS TOBEJIHKM €KOHOMIKM. BoHa He MoOXe 3acTOCOBYBaTHCS 10
JIOBFOTEPMIHOBOTO TPOTHO3YBaHHS, OCKUIBKM HE BiOOpakae MpoIleC BiTHOBICHHS
OB®, 30kpema, TyT He BpaxyBaHHs BUOYTTSI OB® y 3B’a3Kky 3 iX (i3uyHUM Ta
MopaJlbHUM 3HOCOM [9].

3 MaTteMaThyHOi TOYKH 30py Mojaenb (13.2) € JiHIWHUM HEOTHOPITHUM
PI3HUIIEBHM PIBHSHHSAM IEPIIOTO TMOPSAKY. 3arajJlbHUM pPO3B’S30K HEOIHOPIIHOTO
PIZHHUIIEBOTO PIBHSHHSA € CyMa 3arajbHOrO0 PO3B’S3Ky OJHOPITHOTO DPIBHSHHS Ta
YACTUHHOTO PO3B’SA3KYy HEOAHOPITHOTO PiBHAHHA. PO3B’ 30K OJHOPIMHOTO PIBHSHHS,
mo Bianosinae (15.2), T06T0 Y1 — cY; = 0 ,0ymemo mykatu y Burisgi Yy = A%,
TOMY OTPUMAEMO PIBHSIHHS JIJIS1 3HAXOKEHHS A

Al —cdt=0=>21-c=0=>1=c.

ToMy 3araibHUiA po3B’sI30K OJHOPITHOrO PiBHAHHA Mae Buris: Y, = A - ct.

YactuaHMA PO3B’S30K HeomHopigHoro piBHAHHS (13.2) OymemMo mykatu y
BUIJISIII  CTANOi  BeawduHW Yp = B.  3HadyeHHsA 1iel  cTajmoi  3HAXOJMMO

0e3mocepeTHbOIO TiICTaHOBKOIO y piBHSAHHSA (13.2):
C+I

YE =B = E
OTrxe, 3aranpHuil po3B’ 130K piBHIHHS (13.2) Mae BUTIISI:
Y, =A-ct+Y,t=01.2,..
Sxmo 3amaHo 3HadeHHs 1€l GyHKHii npu t = 0, HeXail BOHO JIOPIBHIOE Y.
3BijicK MOXKHA 3HAWTH 3HaUCHHS cTtanoi A: A =Y, — V5.
TakuM dMHOM, pO3B’SI30K PpI3HUIEBOTO piBHSHHSA Moneni KeiHca wae

OCTaTO4YHO HaCTyrIHI/Iﬁ BUTJIAA.
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C+I1 C+I1
o= (Yo—-15) e+

IIpu npomy t!im Y; = Yy ockuibku 0 < ¢ < 1, to6to BBII y noBrorepminoBiit
—00

NEPCHEKTUBI MPSAMYE 10 BETUUUHU Y.

13.3 Ilpuxknaam AUHAMIYHHX MojJejeil €eKOHOMIYHMX CHCTeEM 3
HelepepBHUM YacoM

[loOynyemMo Mopenb HACHMUEHHS PUHKY MPOAYKIEID IEAKOro MIiANPUEMCTBA.
Hexaii y(t) — o0csr BUpOOHUIITBA IIi€l MpoAyKIii y mMoMmeHT udacy t. Bymgemo
BBAXKATH, 1110 31 30UIbLICHHSM BUPOOHUIITBA B1A0YBA€THCS HACUYEHHS PUHKY IIIE€IO
OPOAYKIIETO 1 1i I1HA p(y) 3MEHIIYETHCS 3a JIHIHHUM 3aKOHOM:

p(y)=b-ay,a>0,b>0.

[IBuaKicTh 3MiHHM OOCSTIB BUPOOHMIITBA MPSAMO TMPOIMOPIIAHA JTOXOMY
OiANpUEMCTBA Bl peanmizamii  BUpOOJIeHOT  MpPOAYKIIT 3  KOe(IiliEHTOM
npornopuiiHocTi K :

d
OI_i':k-p(y)-y:k(b—ay)y. (13.3)
Po3B’sxemo 11e audepeHIiiaibHe piBHIHHS, PO3AUTUBIIN 3MIHHI:
L =k-dt.
y(b-ay)

[HTerpyroun JiBy YacTHMHY LIOTO PIBHSHHS 3a 3MIHHOIO Y, a MpaBy — 3a
3MIHHOIO 1, OTpUMaeMo:

b'Cebkt
y(t)=—/—7——.
( ) a(Cebkt _1)
I'padikom orpumanoi GyHKITIT y(t) € TaK 3BaHa .Jjocicmuyna kpusa. Ilpu

b
t—+o0 y(t)>—.
a
Mogens (13.3) € gudepeHmianbHOI, OCKUIBKM BOHA  BUPAKAETHCS
mudepeHmiabHUM piBHIHHAM. Jlo nudepenmiansHoi Moaeni Buay (13.3) 3Boauthbes
MoOeny 3onomaca AVMHAMIKA PIBHA CYCHUIBHOTO J00pOOyTY, sIKa OIHUCYETHCS
nudepeHIliaIbHIM PIBHIHHSIM

dw
P KW (A-W), (13.4)

ne W — piBeHb cycniuibHOro 100po0yTy, k>0, A>0 — Bigomi cTami, y — A0XOJ Ha
nyiry HaceneHHs. PiBastaas (13.4) Ha3uBawTh pisuaunim Pepxioavema-Ilepna [10]

. , A
Horo pOBB’}I?)KOM € JIOricTuiHa KpuBa w (y) = W , A€ B - crana
+ bé

IHTETpYBaHHs, KA BUZHAYAETHCS 3 MO4aTKoBOT ymoBu W (0) =W, .

Hexait X =F ( K, L) — BUPOOHUYA PYHKITIS JACSIKOT EKOHOMIYHOT cUcTeMH, X —

104



oOcsr BUpoOHUITBA, K — BapTicTh OCHOBHUX BUpOOHMYUX (oHIIB, L — BuTpaTn Ha
omaty npaui. Jlam po3riiIHEMO BHIAIOK, KOJU BUpOOHMYA (QYHKUIA € (YHKIIIEO
Ko66a — Tyrmaca: X =K“- L.
Y mooeni Conoy BBaXaeTbes, MO MBHIKICTD 3MiHM (hakTOpiB BupoOHHITBA K
ta L mae Burmsin:
dK

o

dlf (13.5)
— =1L,

dt

7€ S — YacTKa HAKONMWYECHHS Yy JOXOJi X BiX peasi3oBaHOI MPOyKIii, A — TeMm
3pOCTaHHS OIJIATH Mparli.

K
Hexait K = T Toni Bupo6uuua dynkiriss Koo6a-J{yrnaca HabyBae BUTIISITY:

X:K“-Ll_“:L-(%J =L-k*. (13.6)
[TincTaBuBmu (13.6) y nepuie 3 piBHsaHb cuctemu (13.5), orpumaemo:
dK o
—=s-L-k“.
dt

Bpaxopyroun, mo K =KL, 3 0oCTAaHHBOrO PIBHSHHS 3 BpaxyBaHHSIM JPYIroro
piBHsHHS cuctemu (13.5), 3HaxoauMo:

d(k-L
d _d(k-L)_ dk d_ dk

dt dt dt dt dt
3BiicH OTPUMYEMO, 1110 dd—f =s-L-k?%= L% + kAL a6o
%+ﬂ.k:5-k“. (13.7)
dt

Pieusinas (13.7) € piBHsHHSIM bepnysur. IHTerpyroun Horo 3a J0OMOMOTOIO
mizicTaHoBKU K = U (t) . V(t) , 3HaXOJIMMO MOT0 3arajJbHUM PO3B’SI30K Y BHUTJISII

1
w o K(t
k(t)=e™ (Ee‘(l * +C1) :L.
A L(t)
OTxe, 3HalIEHO BiMHOIIEHHS (AaKTOPIB BUPOOHUIITBA y MOMEHT 4acy t. Cramy
K(0)

iHTerpyBanHs C, BU3HAYAIOTh 3 MOYATKOBOI yMOBH K (O) =——==Kk,.

L(0)

IuTanHs Ta 3aBAaHHA JJIsI CAMOKOHTPOJIsI 10 po3aiay 11
1. TlosicHITH HEOOXiMHICTh MOOYAOBU Ta 3aCTOCYBAaHHS JUHAMIYHMX €KOHOMIYHHX
MOJICIICH.
2. HapeniTe mpuKIIagu THHAMIYHUX MOJICIICH CKOHOMIYHUX CHUCTEM.
3. Y dyomy mepeBara JMHAMIYHUX MOJCICH CEKOHOMIYHHUX CHCTEM IIepen
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CTaTUYHUMHU?
[losicHITh 3MICT Ta pu3HayeHHs Mozen CaMyenbcoHa-XIKca.
BkaxiTe 3MiHH1 Mogeni KeliHca.
[TosicHITh PI3HUINIO MK AUHAMIYHMUMHU MOJEISIMU 3 HEMEPEPBHUM YacoM Ta
JTUCKPETHUM YaCOM.
/. HaBenite piBHsHH Depxionbcta-Ilepna Ta npuxknaaum Monened, e
3aCTOCOBYIOTH 1€ PIBHSHHS.
8. IosicHITh cyTHICTH Ta npu3HaueHHd Mojaeni Coinoy.
Po3B’s1kiTh HACTYIIHI 3aBIaHHS.
1. Hexaii y(t) — 00csar BHpPOOHMIITBA MPOAYKLII AESKOro MiANPHUEMCTBA.

o0k

3anexHICTh L[IHU TOBapy BiJ 00CATY BUPOOHUIITBA MAa€ BUTIISIA: P ( y) =b-ay, a>0,

b>0. IlBuakicte 3pocTaHHs 00CATY BHUPOOHMIITBA € 3POCTAIOUOI0 (PYHKIIIEIO
npuOyTKy. BayioBi BHUpOOHWYI BUTpATH OMNUCYIOTHCS 3aJICKHICTIO c(y):ay+,8,

a>0, f>0. [looynyBatu nudepeHiiaibHy MOACTb ISl 3HAXOPKECHHS 3aJICKHOCTI
o0cAary BUpOOHHUIITBA MPOIYKIIi Bij yacy t.

2. 3HalTH (QYHKIIIO TOMUTY y( p) , SIKIIO €JaCTHUYHICTh MOMHUTY 3a I[IHOIO
E.(y)=-2.

3. 3HaiiTu (QYHKUIIO MOMUTY y( p) , SIKIIO €JaCTHUYHICTh TMOMHUTY 3a I[IHOIO
E,(y)=—1inpu y=2 mina p=10.

4. 3HaiiTu (QyHKIIIIO, 1110 MA€ CTAly eJIaCTUYHICTh K .

5. 3HaiTH QYHKIIIO TONMUTY Y = y( p), SKIIO €JaCTUYHICTh MOMUTY 3a I[IHOIO

—-100
Ep(y) e

6. IIBuakicTh 3HEIIHIOBaHHS OOJaJHAHHS BHACIIIOK HOr0 3HOCY Y KOXKHHUN
JaHWW MOMEHT 4acy IMpoTopliiiiHa Horo ¢akTUYHINA BapTOCTI A(t) 3 koedimieHTOM

, p=10 mpu y=90, 0<y<100.

npornopiiiHocTi k =const . [louatkoBa BapTicTh 00J1aTHAHHS A(O) = A,. BuzHauutn
(dakTUuHy BapTicTh 00JIaIHAHHA Y MOMEHT 4acy t.

7. 3nHaiiTu oOcar peayizoBaHoi mpoxaykiii 3a 4ac t=10 1HIB, AKII0O MOJETb
3pOoCTaHHS OOCATIB peaiizallii B yMOBaxX KOHKYPEHTHOT'O PHHKY Ma€ BUTJIS:

Y_y(2-y), y(0)-1

8. IIBuakicTh 3pOCTaHHS IHBECTHI[IHHOTO KamiTally y MOMEHT d4acy 1
MPOIOPIIiiiHa BEIMYUHI Kamitaiay 3 Koe(diIliEeHTOM MpPOMOPIIHHOCTI, IO JOPIBHIOE
MPOLICHTHIM cTaBmi I. 3HAWTH 3aKOH 3pOCTAaHHS 1HBECTOBAHOTO KariTamy,
BPaxOBYIOUM BETMYMHY IMOYATKOBOT IHBECTHIIII.

9. Ilina ToBapy p(t) € ¢dyukiieto yacy, ¢yHKii monuty d Ta MPOMO3UILi S
JIHINHO 3ajIe)KaTh Bix LIHU, IBUAKOCTI 11 3MiHU p'(t) Ta TEMITY p"(t). [Tpu pomy
d(p): p"—p'—2p+480, S(p)=2p"+3p'+3p+80. 3HalTH JUHAMIKY 3MIiHU

LIHA p(t) B yYMOBax PHUHKOBOI PIBHOBaru (d(p)=S(p)), AKIIO Y TNOYATKOBUU
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MOMeHT Yacy t=0 miHa ToBapy JnopiBHioBasia 120 r.0., a MBUAKICTh ii 3MIHH
nopiBHioBazia 40 r.0. 3a OAMHUIIIO YacCy.
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Posain 12. MopeJii ananidy, IpOrH03yBaHHS Ta Pery/J1l0BaHHSA €KOHOMIKH

Jlekuist 14. Mopesi B3aeMoaii cCliokuBaviB Ta BUPOOHUKIB

Merta Jiekmii: HaJaHHA CTYJAEHTaM 3HAHHA OCHOB MOJC/JIOBAHHSA
PMHKOBHX B3a€MO/iil Mi’K BUPOOHUKAMH Ta CIIOKMBAYAMHU.

Iiaan
1. Monenb BCTaHOBJICHHS! PUHKOBOI 11HU 3 TUCKPETHUM YacoM.
2. Monens EBanca.
3. Mogaens Banbpaca.

KiarouyoBi TepMiHM Ta NOHATTS: «IABYTUHOMOMIOHA» MOJEb, (YHKIIIS
nonuty, PyHKIIis mporno3ullii, Moaens EBanca, monens Banbpaca.

14.1 Monenb BCTAHOBJIEHHSI PUHKOBOI IiHU 3 JUCKPETHUM 4aCOM

PosristHemMo mMateMaTHYHI MOJIEi BCTAHOBJICHHS PIBHOBAXKHOI PUHKOBOI IIIHH
[9]. Bonu rpyHTYyIOThCS Ha JTOMYIICHHI, 110 3MiHA [IHK TOBAPY 3aJICKUTh BiJ PI3HHUII
MOMUTY Ta MPOIO3UIIIi: AKIO MOMMUT BHUIIE, HI’K MTPOMO3HUILis, TO I[IHA 3pOCTAE, IHAKIIIES
iHa cmagae. J[Bl HaAWOLIBII BiIOMI MOJI€NII BCTAHOBJICHHS PIBHOBa)XXHOI I[IHM Ha
PUHKY OJIHOTO TOBapy — II€ «IaBYTHHOIOIIOHA» MOJENb 3 JUCKPETHUM YacoM Ta
monenb EBaHca 3 HemepepBHUM YacoM.

«ITaByTHOTIOAI0HA» MOJIENIb TPYHTYETHCA HA BU3HAYCHHI PIBHOBAXKHOI IIHU
SK aOCIMCH TOYKU TEPEeTHHY KPUBUX TMOMHUTY (3QJICKHICTh TOMUTY BIJ IIIHU P
TOBapy) Ta CYKYIHOI MPOMO3HIIii (3aJ€KHICTh CYKYITHOI MPOMO3HUIIii BC1X BUPOOHUKIB
Bif iHKu P). DyHKIS TOMHUTY € CHaaHOK (GYHKINE IMiHW, (YHKIS MPOMO3MUIlT —
3pocTatoda (QyHKIS [iHU. PO3TIsSHEMO PHHOK OJHOTO TOBapy, IO Mae (YHKIIIO
nonuty @(p), dyHKIiro cykymHoi mpomo3uiii — Y (p). Lli ¢yHkmil Bu3HAYeHI Ta
HEeTepepBHi MpHU BCix 3HaueHHAX p > 0. Kpim TOro, 3 €KOHOMIYHOTO 3MICTY ITUX
GyHKIIM BUILUTMBAIOTh HACTYIHI JOMYIIEHHS, OO0 IUX (PyHKITIN:

lim p(p) = oo, lim @(p) =0, limy(p) =0, lim Y(p) = oo.
p-0, p—0o, p—0 p—
CraH piBHOBar# BIANOBIAA€ PIBHOCTI MOMHUTY Ta MPOIO3UIIii, TOOTO
() =y, (14.1)

3 3po0eHnX BUINE MPHUMYIEHb MPO (YHKIIIT TOMUTY Ta MPOTO3UILlT pIBHIHHSA
(14.1) mae equuuit po3B’SI30K P = Pg, IO BIANOBIAAE€ CTAaHY PIBHOBArd, BiAMOBIIHO,
crad piBHoBaru @(pg) = Y(pg) = Xg € €qUHUM.

«ITaByTrHOMIOMIOHA» MOMENh PUHKY JIO3BOJISIE aJCKBATHO TOKA3aTH MPOIIEC
BCTAHOBJICHHS Ha PUHKY PIBHOBaXKHOI IiHW. Hexail y moyaTKOBHI MOMEHT 4Yacy
BCTAHOBJICHA MOYATKOBA I[iHA TOBapy Pg, NMPH IOMY MOMHUT BUSIBUBCS MEHIIUM 32
npormno3wuiito, T06To @(py) < Y(py). Toxi mpoaaBels 3HWKYE IiHY JO PiBHS, IPH
SKOMY IIOIIMT JOPIBHIOE IPOIO3HUIIIL 32 OYaTKOBIM wiHi, T06TO @(p1) = Y(p,). Ilpu
HOBIH IiHi P; TONHKT MEPEBUIYE MPOMO3UIio @ (p;) > Y(p,). Tomy HiHy migBHIIYE
110 piBHS P,, Tpu skoMy @(p,) < Y(py) 1 TAKMM YMHOM MPOIEC TPOJOBKHUTHCS JI0
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(opMyBaHHS PIBHOBa)XHOI I[IHU TOBAapy, LIO0 YPIBHOBAXKYE MOMUT Ta MPOIO3UIIIIO.
Lleit mporec MOAETIOEThCS peKypeHTHUM criBBigHomenusM @(p;) < Y(p;_1),i =
1,2, .... BiH € 301KHUM, SIKIIIO KpHBa MPOMO3HULIIi € BUIYKJIA BIOPY, 1HAKIIIE, ONUCAHUN
npoiiec € po30ikHUM, Xo4a O piBHsHHS (14.1) Takoxk Mano O €UHUN PO3B’S30K.

14.2. Moaeanr EBanca

Mogens EBaHca TakoX MOJIEIIO€ BCTAHOBJICHHS PIBHOBAXKHOI I[IHU TOBapy.
Tyt 3MinHa yacy t € HenepepBHOIO. [l03HaUYMMO CYKyIHI NOMMUT Ta MPOIMO3ULII0 Y
MoMmeHT 4acy t BiamoigHo d = d(t) = @[p(t)],s = s(t) = Y[p(t)], 4epes p =
p(t) — winy ToBapy y el MOMEHT Yacy. MoJenb IPYHTYEThCS Ha AOMYIICHHI, 110
HOIMMUT Ta MPOTO3HULLIS € TIHIMHUMU (PYHKIISIMU LIHU:
o(p) =a—bp,a>0,b>0;
Y(p) =a+Bp,a>0,>0.
TyT BpaxoByeTbcs, 1110 TOMUT 31 30UTBIIECHH] I[IHU CTaJIa€, MPOIO3HULIisl 3pOCTAE
31 3pocTaHHsIM LiHU. KpiM TOro, BBakaeTbcs, MO0 a > &, OCKUIBKM IpPH I[IHI, IO
JIOPIBHIOE HYJIO, TOMHUT MEPEBUIIY€E Mpono3uilito. OCHOBHE MNPUITYHICHHS MOl
HoJsira€ y TOMY, IO 3MiHAa I[iHM MPOIMOPIiOHAJbHA TEPEBHINEHHIO TOMUTY HaT
IIPOTIO3UITIEIO:
Ap = y(d — s)At,y > 0. (14.2)
3rinHo  npunymieHHo  (14.2) B3aeMofis CHOXHMBa4yiB Ta BHUPOOHUKIB
3MIACHIOETHCS TAKUM YMHOM, IO I[1HA, sIKa BioOpa)ae 10 B3a€MOJII0, HEMEPEPBHO
IPUCTOCOBYETHCA 10 CUTYallli Ha puHKY. [Ipu nepeBuIieHH] MONMUTY MPOMO3HULIT 11Ha
3pocTae, y IpOTHIEKHOMY BUIAJKY CHAIAE.
BukopucroBytoun  chopMyiboBaHI  MPOMO3ULIi, OTPUMAEMO HACTYIIHE
nudepeHIiiaibHe PIBHSHHS BIIHOCHO ITIHM:

%= —(b+B)p +a—a,p(0) =po. (14.3)

Ile minifine HeomHopimHe audepeHIialibHe PIBHSHHS IEPIIOTO TOPSAJIKY 31
CTaIUMU Koe]illiEHTaMHu.
Horo po3B’s130k Ma€ BUTIIS;

— (-~ Dtpt 4 272
p(t)=C-e +b+B'

Cramy interpyBanns C 3maxomumo 3 1mo4atkoBoi ymoBu p(0) = p,.
OTpumaemo:
a—«a

a-a
p0—6+ﬁ=>C—po—M.

OT1xe, po3B’sA30K — IiHA K (QYHKIIIS 4acy Ma€ BUTIIAL:
_ a-a\ —(b+p)t 4, a-a
p=(py— =) e @A 4+ 22

b+ b+B
. _ a—a
Skio t > o, TO L}l_)rg p(t) = VL »
Omxe, piBasHHS (14.3) Mae cramioHapHy (piBHOBaXHY) TOUKy pgp = — > 0.

b+p
: . d d
PiBusinns (14.3) cBiguuTh, 1m0 py < pE,d—lt) > 0; pg > pE,d—lt) < 0. OTxe, oTpuMany,
1o L}im p(t) = pg. llpuyomy y mepuioMy BHIAAKy IiHA JOCSATA€ PIBHOBAKHOTO
—00
3HA4YEHHS, 3pOCTa€, a y APYroMy BHUMAJAKY CMaJa€ A0 JAOCSITHEHHS 1IbOTO 3HAYECHHS.
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[Ipy ubOMY pIBHOBa)KHA 1[IHA Py HE 3QJIEKUTH B MMOYATKOBOI LIHU Py. PIBHOBa)kHA
[iHa € a0CUUCOI0 TOYKM NEPETHHY IMOMUTY Ta MPONO3MLIi, MPU TaKiil IIHI MOMUT
JIOPIBHIOE MPOMO3HUIIIi.

14.3. Moaeas Baabpaca

KonuenrtyanbHa cxema Mozeni (OpMyBaHHS PUHKOBOI LIIHM TOBapy Oyia
po3pobiieHa ¢paHiy3pbkuM ekoHoMmicToM JI. Baiabpacom y Mexxax 3amporoHOBaHOi
HUM Teopii (QyHKIIOHYBaHHS pUHKOBOI ekoHoMiku [10]. Bona rpyHTyeThCcsl Ha
ySIBJIGHHI MPO T€, 10 €KOHOMIKA CKIAJAEThCSA 3 BEJIMKOI KUIBKOCTI TOCMOAAPChKHUX
OJIMHHULIb Ta HA HbOMY IPUCYTHI O6arato crnoxkupayiB. KoxHUM 3 UX YYaCHHUKIB Mae
BJIACHI 11, TOMY MOXJIMBI KOHGIIKTHI cutTyaiii. Jus Toro, mod eKoHOMiuHA
cucrteMa (yHKIIIOHYBaja HOPMaJIbHO, 1HAMBIIYalbH1 Jii PI3HUX YYaCHUKIB MOBHUHHI
OyTH y3roJukyBaHi Mk coboro. Y moneni Banbpaca, 110 BKIItoUYae CKIHUEHHE YUCIIO
CHOXKMBa4yiB Ta BHUPOOHUKIB, BHPIMIEHHS KOH(MIIKTY MDK CHOXHBadaMu Ta
BUPOOHUKAMHU JIOCSATAETHCA Yepe3 KOHKYPCHTHHA pPHUHKOBUH MeEXaHI3M, IO
IPYHTYETHCS HA PETYJIISTOPHOMY BIUIMBI CUCTEMHU ITiH. SIKIO cHCTeMa I[iH BU3HAUYCHA,
TO Oyab-siKa PUHKOBA yroja 3JIMCHIOETHCS Yy BIAMOBIIHI 3 I cuCTeMI ITiH. SIKIIO
YY4aCHUKM pPHHKY HE MOXYTh BIUIMBATH Ha I[iHW, TO PHHOK Ha3WBAaIOTh
KOHKYpPEHTHMM. Ha KOHKYpEHTHOMY PUHKY JJIi KOKHOTO YYacHUKa PUHKY I[iHU HE
KEepOoBaHi, BIH MOXXE JIMIIE TMAaCUBHO MPHUCTOCOBYBATHCS IO Ji0OY0i CHUCTEMH IIiH.
OcHoBHa imest Banbpaca, 1110 3HaXOAUTHCS Y HOTO MO, MOJISTaeE y TOMY, IO MPH
NesKii cucTeMi IiH 1HAMBIAyalIbHI TUJIAHU YYACHHUKIB CTAaHOBJIITRCA CYMICHI, TOOTO
TaKa CUCTEM IIiH 3a0e3Meuye po3MnoJIiyl pecypciB Ta MPOAYKTIB HA OCHOBI BUPIIIICHHS
KOH(UIKTIB MK yuyacHukamu puHKy [10]. Taky piBHOBa)KHY CHTyallil0 HAa3MBAaIOTh
KOHKYDEeHMHOI0 PIBHO8A2010.

Y mopaem Banbpaca posrisimaersest ekoHoMika 3 | coxkuBauamu (i=1,2,...,1), m
cnoxuBadamu (K=1,2,...,m) ta n tumamu toBapiB (j=1,2,...,n). BBeaemo HacTymHi
no3HaueHHsA: P = (Pq, P, -, Py) — BEKTOP-PAMOK 1iH, X = (X4, X5, ..., X,)T — BeKTOp-
CTOBIYUK TOBapiB (0OCATIB BIAMOBIIHMX TOBapiB). Y Iiifi MoOJelb TOBap
PO3TIIAIAETHCS B IIUPOKOMY CEHCl1 HE JIMIE SK MpEeAMET CIOKHBaHHS, ale ¥ 10
TOBapiB BITHOCATHCS 1 MPOMDKHUN MPOAYKT, 1 3aci0d mpali 1 IEepBUHHI PeCypcH
(parro Ta MPUPOIHI pecypcH).

Hexaii koxuwmii crioxkuBad Mae qoxig K(p) ta mae BiacHe IIOJie IEpEBar, siKe
MOXKHA 3aJaTH Yy BHIJIAII iHAMKaTopa mepeBar (GyHKiii xopucHocti) u(x). ko

nosHaunt  X(p) = {x*: x€eX(p),ulx) = _rEnXa(x)u(p)} ta X(p) =0, skmo
xeX(p

MaKCUMYM HE JIOCATAETHCA.

Mopens Bambpaca MokHa posrisgaTd Ak (opmamizaiifo PIigHOTO ITHUKITY
BUPOOHUIITBA 1 PO3MOALTY TOBApY BHACHIJOK B3a€EMOAII CYO €KTIB E€KOHOMIKH
(coxuBaviB Ta BUPOOHUKIB), KOKHUH 3 IKUX HAMAra€ThCS JOCSITHYTH BIACHI METH.
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Jlekuis 15. Knacuuna Mmoaenb pUHKOBOI €EKOHOMIKH

Merta Jekuii: BHUCBITIMTH CYTHICTh Ta MPU3HAYEHHS KIACUYHOI MOJENl
PUHKOBOI €KOHOMIKH, 03HaOMUTH CTYJEHTIB 3 1i MOAU]IKALIIMHU.

ILnan
1. Punok po0ouoi cuiu.
2. PuHOK rpouieii Ta puHOK TOBapiB.
3. Mopneni Keitnca ta @pigmana.

KarouyoBi TepMiHM Ta NOHATTS: MakcuMizalisl MNOpUOYTKY, 3alHSATICTD,
0e3po6iTTs, Mmojaenb KeliHca, MOHETapU3M.

15.1. Punok po6o4oi cuiun

Knacudana Mopaens pPHHKOBOI E€KOHOMIKM € CHCTEMOKO B3a€MOIIOB’SI3aHHUX
MOJIeJIeH, KOKHA 3 SKHX BimoOpakae MOBEIIHKY OJHOTO 3 PHUHKY: poOodYoi cuiwm,
¢diHaHCOBUX pecypciB Ta ToBapiB. KinacuuHa monens y HaOUIbIIINA Mipl BiJIIIOBIIA€E
€KOHOMIIII 3a HAasBHOCTI JIOCKOHAJIOI KOHKYpeHIli. 3a HasBHOCTI MOHOMOJINA ii
BUKOPUCTOBYBATH HEJIOIIILHO. PO3TiITHEMO MO/IeITi BKa3aHUX TPhOX PHHKIB y MEXax
KJIACUYHOT MOJIEJI1 PUHKOBOI €EKOHOMIKH.

Punox poOouoi cuiau, sK 1 I1HIOII PHUHKH, OINHCYETHCA 3 JIOMOMOTOIO
(GYHKITIOHAIBHUX 3aJIeKHOCTEH: (YHKINI momuTy, (GYHKIT MpOMO3HIlli Ta yMOBHU
piBHOBaru. Y KJacH4yHIM Mojeil GyHKIliS MONMUTY Ha poOody CHUITy OTPUMYIOTh Ha
OCHOB1 BUKOPHUCTAHHS IBOX T1I1OTE3:

1) ¢ipMH € MOBHICTIO KOHKYPCHTHMMHM IIPH TPOIO3HINI TOBapiB Ta HaiMy
pobouoi cuw;

2) 3a IHIIKX PIBHUX YMOB TPaHMYHUN MPOAYKT IIpami 3MEHIIYEThCS 31
3pOCTaHHSAM 3alHATOT poOOYOi CHIIH.

3 muX TirnoTe3 BUILIMBAE, IO Yy CTaHI PIBHOBArd TPaHUYHUM MPOIYKT Ipari y
BapTICHOMY BHpa3i JOPIBHIOE CTABIll 3apOOITHOT IJIATH W

w=p— (15.1)
ne p — winHa npoaykry, F =F(K,L) - BupoOHumua ¢ynkmia, K
— BapTiCTh OCHOBHUX BUPOOHUYUX POHAIB, L — 4nCII0 MpaIiBHUKIB.
o oF :
Sxmo 6 He BMKOHyBanachk piBHICTH (15.1), Hampukian, po > W, 10 bipmu
Hamaraiayucs O 30UTBIIUTH KITBKICTh HAWHATHUX TMPAIiBHUKIB, OCKUTBKH 3 KOXXHUM

. oF
HOBUM TIPAI[iBHUKOM BOHM OTpUMYyBaliu O mpUOYyTOK P, W SAxuo 6

.. OF . .
BHKOHYBAJach HEpPIBHICTH p— < W, TO bipMu HecyTh 30MTKM 1 HaMararThCs

CKOPOTHTH 3aTydeHy pobouy cuiy [3].

3 piBHocTi (15.1) Ta 3 BKa3aHUX TIOTE3 BUILIMBAE, IO NMPU 3MCHIIICHH] CTaBKH
3apoOITHOI MJIATH TPAHUYHUNA MPOAYKT TaKOXK OyJe 3MEHIIIYBaTHCS, TIOKH 3HOBY HE
Oyne nocsirHeHa piBHOBara. OOIpyHTYeEMO 1€ BUCHOBOK Ha OCHOBI MaTeMaTH4HOT
Mozeni. Po3risiHeMO €KOHOMIKY sK oOjJHe Benuke mianpueMctBo. Hexait 1T —
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npuOyTOK, MPU TONYILIEHHI, 110 BCl pakTopu BUPpOOHHUIITBA € (PIKCOBaHI, KpiM Ipalii,
OTPUMAEMO:

IM=pF(K,L)—wL—rK, (15.2)
HeoOxigHa ymMOBa MaKCUMyMy NPUOYTKY Ma€ BUTIIAL:
on_ ok o
oo P~ W=5
[IpoTte, OCKUIBKH MPU IbOMY BUKOHY€ETHCS 1 IOCTATHS YMOBAa MAKCUMYMY
9211 0%F
oz~ P <0

To ymMoBa (15.1) € ymMOBOIO MakCUMyMy MPUOYTKY. 3alUIIEMO L€ CIIBBIIHOIIEHHS Y

oL
. W
IJiaTi —.
p

. OF w o . .. .o e
BUTJISIII — = —. 3HAIeMO MOXIIHY I[bOTO CIIBBITHOIIEHHS MO peaabHii 3apOo0ITHIM
p

0%F oL

912 ow/p) 1,
2

0°F oL . . . .
OCKUIBKH 37 < 0, To o /p)<0, TOOTO 31 3pOCTAaHHSM peabHOI 3apOOITHOI IJIATH

TIOITUT Ha po00YY CHITy 3MEHIIYETHCS.
[Tpono3uttist poboyoi cuimu Takok € (YHKIIE peanbHOi 3apo0iTHOI IUIaTH.
YumM BUIIOIO € peasibHa 3apo0iTHA IJIaTa, TUM OUTBIIOK0 € MPOMO3Ullis poO0UYO0T CHITH.

0
[Ipu piBHOBa3i Ha PHUHKY IMpalli MO3HAYMMO pEaJIbHy 3apo0iTHY IUIaTy (;) , a
saiaaTicTs — L°. Skmo 6 peanbHa 3apo0iTHA IUIaTa MEpeBMIMIA O PiBHOBAKHE

0
3HA4YCHH, TOOTO Mana 0 MICIOC HCPIBHICTH — > (—) , TO 3’ SBUJIOCH IMCPCBUILICHHSA
b b

l'[pOl'[OSI/IHII HaId IIOIIMTOM Ha p060‘{y CUJ1y, TOMY HAJIMIIKOBA HpOl’IO3HH1§I IMpUBCJIa
o J0 3HHMXCHHA 3&p061TH01 IJIaTH 1 l'Il,II BINIMBOM BHUMYIICHOTO 6€3p061TT51 IIpu

IIbOMY I[iIHU P 3HIDKAThCS, ajJie MEHIIOI MIpO0, Tak, IO peaibHa 3apo0iTHA TuIaTa
w 0 w w 0
3HU3UTHCSA 10 3HAYECHHS (—) . JIxmo 6 BusBWIOCHE — < (—) , TO Hecrada poOodoi
p p p

CHUJIM BUMYCHB OW MIAIPHUEMIIIB 30UIBIIUTH OIUIATY Mpalli 1 3HOBY HAa PUHKY IIparli
Oyna 06 JoCsITHyTa JMHAMIYHA piBHOBAra.

15.2. PuHOK rpouieii Ta puHOK TOBapiB

Teopis momuty Ha Tpomri (06e3 iHmMMX (IHAHCOBUX AKTUBIB) Y KIIACHYHIN
MOJIeNIi TPYHTYEThCS Ha TIMOTE3l, IO CYKYMHUN TOMHUT HA Tpoili — Ie (YHKITIS
TPOIIOBOTO JOXOAY, TOOTO (YHKIi Bl BaJOBOTO BHYTPINIHBOTO MPOAYKTY Y
TPOIIOBOMY BUMIpi, MPUYOMY CYKYINHHUH TMOMUT HA TPOIIl MPSIMO MPOMOPIIAHUAN
rpomoBomy goxonay [3].

[Ipomno3uttist rpomet posrasgaeTbes sSK  (PIKCOBAaHO €K30TeHHA 3aJiaHa
BenuunHa. [Ipy HaAIWMIIKOBIA TPOMO3HUIIII TPOIICH, IIHU BiIMOBITHO 3POCTYTH 10
piBHS, TIPH SKii Ha PUHKY TPOIIICH HacTaHe pIBHOBAra.

PosrnstHemo MexaHi3M PUHKOBOTO PETYJIIOBaHHS PHHKY ToBapy. llomut Ha
ToBapu (a00 3arUTaHOBAaHI BUTPATH) — 1€ CyMa MOMHUTY Ha CIIOKUBYI Ta 1HBECTHUIIIHHI
toBapu: E = C + I. 3riguo 3 xnacuunoro mouewao C = C(r),I = I(r), upu mpomy
C(r) ta I(r), sx GyHKUIl IPOLEHTHOI CTAaBKK T CIAJAIOTh 31 3DOCTAHHSIM CTaBKU T
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Uum Ouibllle 3HAYEHHSI ILOTO I[IOKAa3HHWKA, TUM OUIBIIUM Oyne J0XOIl BiA
HAKOIUYEHHS,

OTKe, OUIbIIIA YacTKa A0X0y Oublie Oyae 30epiratucs 1 MeHIla YacTKa BUTpayaTUCS
Ha MpU0aHHS CIIOKUBUUX TOBAPIB.

SIxuro MoBa iie mpo 1HBECTYBAHHS, TO 31 3pOCTAHHSAM CTaBKH T MPOLIEHTIB, 1110
3aCTOCOBY€ETHCS MPU JTUCKOHTYBAaHHI MalOYTHIX TIOXOA1B, TUM HUXYe Oy/ie HUHIIIHS
oliHKa OyAb-SKOro I1HBECTULIMHOrO MpoekTy. IIpoekTH, 1O BBaXKAIOTHCS
NpuOyTKOBUMHM TpPU BHUCOKMMHM CTaBKaMH, Yy TaKUX YyMOBaX BBaXXalOThCA
HEMEpPCHeKTUBHUMM JUIsl 1HBECTOpIB, IO HamaraloTbCd MAaKCHMI3yBaTH CBId
pUOYTOK.

VY kiacuyHid MOJeNl Mporo3ullis ToBapiB € (PYHKIIIEIO piBHA 3alHATOCTI, L0
BU3HAYAECTECA Ha PUHKY pobouoi cumu: Y = Y(L°). YmoBa piBHOBaru momsrae y
TOMY, 1110 nipono3uttist ToBapis Y (L°) nopisHioe nomuty Ha ToBapu E = C(r) + I1(7).
Jl1st puHKY po0604Y0i CHIIM MAaEMO PIBHSHHS:

1S =15 (2),1P=1P (), 1f [(g)o] =[P [(g)o] = 1°. (15.3)

VY nux piBHAHHAX iHACKC D BiTHOCUTBHCS 0 MOMUTY, 1HAEKC S 10 MPOIO3HUIIIi.
[o3HaumBIIM TIponosuiii rpomeit MS, mnomut Ha TpomoBy macy — MP,
piBHsAHHS, aHanoriudi (15.3), MoxkHa 3anucaTy A1 pUHKY TPOILECH:

MS = MP = kp°y. (15.4)
JlJist puHKY TOBapiB BIANOBIAHI PIBHSHHS MalOTh BUTJISL;
Y=YU"),E=Cr)+I(), YUY =CcG@®) +1(0° =Y". (15.5)

O0’emnaBmm  1i  piBHsHAES Ta ymoBH (15.3)-(15.5), 1m0 BH3HAYAIOTH
(GyHKITIOHYBaHHSI PUHKIB po00YOi CHIIM, TPOIIEH Ta TOBAPiB, OTPUMAEMO Y TTOBHOMY
00Cs131 KITaCHYHY MOJIeNIb pUHKOBOT eKOHOMIKH. KO)KHMIA 3 TUX PUHKIB BU3HAYAETHCS
KPUBUMHU TIOTUTY Ta TPOTIO3HIIii, a TAKOK TOYKaMu piBHOBaru. CyTTEBUM HEIIOIKOM
UX MOJENeHd € iX CTaTWYHHA XapakTtep. Y CYYacHHX HAyKOBHX JIOCIHIKCHHSIX
IPOIMOHYIOTECSA JAWHAMIUHI MOJENi JJIsi ONMHucaHHSA (YHKI[IOHYBAaHHS IMX PHHKIB,
JOCTaTHHO CKJIQ/IHI 3 MATEMATHYHOT TOYKH 30pY Ta JUISI MPAKTUIHOTO 3aCTOCYBAHHS.

15.3 Mogeai Keiinca ta ®@pigmana

Kiacuuna momens Hajgae BIANOBiIp HAa MpoOJIEeMYy TIONIYKY pIBHOBaru B
€KOHOMIIIl 32 YMOBHU TOBHOI 3aifHATOCTI JIIOJCHKUX PECypCiB, ajie He BU3HAYAE ILIAX
70 JIOCATHEHHS PIBHOBArv, SKIIO €KOHOMIiKa 3HAYHOIO MIpPOIO BiMIHIILIA Bif I[HOTO
CTaHy Ta HasiBHE MacoBe 0e3poOiTTsa. Bumaramii exonomict J[. KeiHc moka3zas, 1110
piBHOBara Ipu MOBHIN 3aHATOCTI HE € 3araJlbHUM BHUIIQJIKOM. 3arajibHUN BUIAJI0K —
Ile piBHOBara 3a YMOBHU HasiBHOCTI 0e3po0itTsa. BiH 3ampomoHyBaB Monenb, sSKa
0oOTpyHTOBYBaja POJIb JCPKABU Y JOCATHEHHI MMOBHOI 3aifHATOCTI. ABTOMAaTHYHO i
PUHKOBHX CHWJI, HA IOTO JYMKY, HE TapaHTy€e IOCSTHEHHS NOBHOI 3aiiHsATOCTI [9].

VY cBoiit moneni Keiinc posrisgae Tpu puHKK (IHAHCOBUX AaKTHBIB — PUHKIB
rpomiei, oOiramiii Ta ¢iHaHCOBOTO KamiTanxy. BiH BBIB BiTHOCHY IIiHY TpOIIEH —
MPOIICHTHY CTaBKYy 3a oOuxirarmiero. B momem KeitHca BBaXkaeThCs, 10 B yMOBax
piBHOBarm HopMa mpuOYTKY Ha (PiI3MYHWUN KamiTana JAOPIBHIOE CTaBIll MPHUOYTKY 3a
oOmiranisM. BiH poOuTh BHUCHOBOK, IO T'POILIOBO-KPEIUTHA MOJITHKA BIUIMBAE HA
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BUPOOHHUIITBO, 30KpeMa, 30UIbIIEHHS TpOIIOBOI Macu. Y Mozeni chopMyabOBaHUN
KpUTEPI MakCUMyMy NpUOYTKY MO BIJHOIICHHIO O KamiTaly HpuU (PIKCOBAHOMY
piBHIO 3aifHsATOCTI. BiH mossirae y Tomy, 10 I'paHWYHa NPOJAYKTUBHICTH BUPOOHUYHX
(GoHIIB y BapTICHOMY BHUpa3l JOpiBHIOE HOpMi mnpuOyTtky. Monens KeitHnca
CTBEPIXKY€E, IO BIIHOCHO HEBEJIMKE 3POCTAHHS TPOIIOBOI MacH HPUBOAUTH 10
3pOCTaHHsS TONUTY HA IHBECTHUILIMHI TOBAapW 1 3pOCTaHHS MPOIMO3HUIII TOBapiB y
IJIOMY, TOOTO /10 30UIBIICHHS KIHIIEBOT'O MPOIYKTY.

Taxkum urHOM, Monenb KeliHca € KOPeKIi€ro KIacCUuYHOT MOJENI 3 TOYKU 30pY
BpaxyBaHHS HAasBHOCTI Oe3poOITTS Ta BIUIMBY HAasBHOI TPOIIOBOi Macu. I[HIIOIO
MOAM(IKALI€I0 KIACUYHOI MOJENl € MOHETAPUCTCHhKUM MiAXiJ J10 EKOHOMIKH,
PO3BUHEHUN aMEepUKaHChKUM ekoHomicToM M. ®piamanom. Sxmio KeitHc BBaxkas,
10 HAaWOUIbIlIEe BIUIMBAE HA 3MIHY OCHOBHUX MaKpPOEKOHOMIYHHUX MOKA3HHUKIB MOMUT
Ha ToBapu, TO OpiMaH BBAXae, 110 OCHOBHUM € KOHTPOJIb 33 MPONO3HUIIIEI0 TPOLLIEH.
MoHeTapucTi BBaXKarOTh, 110 TPOIIOBO-KPEAUTHA TMOJITHKA HA pealbHUN 00CsT
BUPOOHUIITBA Ta 0€3pOOITTS BILTUBAE Y KOPOTKOTepMiHOBHUE niepion [9]. Ha mpaktuiti
JUISL PI3HUX KOHKPETHUX CUTYaIllil HalOUIbIlIEe aJIeKBAaTHOI € KJIACUYHA MOJENb, il
moaudikarii Kelinca Ta wMonHeTtapuctiB. Illomanmpmiuii po3BUTOK ITUX MOJEINICH
3MIACHIOIOTBCA Y MAaTEeMaTHYHUX MOJENSIX JACPKABHOTO PEryJIIOBAHHS E€KOHOMIKH,
30KpeMa, MOJIEJIIX BU3HAUCHHS ONTUMAIbHOT MOJaTKOBOI CTABKH.

Jlekuist 16. MonenoBaHHS CYyCHIJIBHOTO PO3BUTKY

Meta Jgekuii: 03HAaHOMUTH CTYJICHTIB C Cy4YaCHUM CTaHOM Ta OCHOBHUMU
npoOsieMamMu MOJIETTIOBAHHS CYCITIIIBHOTO PO3BUTKY.

ILnan
1. KinbkicHi kputepii epeKTHBHOCTI CYCIIUIBHOTO PO3BUTKY.
2. MopentoBaHHS HAYKOBO-TEXHIYHOTO IIPOTPECY.

Kiaw4yoBi TepMiHM Ta NOHATTA: CYCHUIBHUA PO3BUTOK, KpHUTEpiit
€(DEeKTUBHOCTI CYCHUIBHOTO PO3BUTKY, ONTHUMajbHICTH 10 IlapeTto, HOpma
HAKOIMMYCHHS, HAYKOBO-TEXHIYHUH MTPOTpec, HEUTPAIBHICTh TEXHIYHOTO IIPOTpecy.

16.1 KinbkicHi kpuTepii epeKTHBHOCTI CYyCHVIBHOTO PO3BUTKY

VY HalOUIBIIOMY 3araIbHOMY BUTJISAII ME€Ta CYCHITBHOTO PO3BUTKY 3BOJAUTHCS
70 TIiABUIICHHS piBHSA J00poOyTy BCIX UJIEHIB CYCHUIbCTBA, OO CTBOPEHHS
KOM(DOPTHUX Ta OE3MEYHUX YMOB KHUTTS, IO POKPUTTS MOTEHIIATY OCOOUCTOCTI, 10
3pOCTaHHS TPHUBAIOCTI KUTTA. Pi3HI migxomu 10 ii JOCATHEHHS 3HAYHOIO MIipOO
BUpPAXEHI y 3HAYCHHI TOKA3HWUKIB Uil TIOPIBHAHHS MDK  KpaiHaxX, 10
BUKOPUCTOBYIOTHCS Y MIKHAPOAHIN MPaKTHUIl €KOHOMIYHHUX JOCTIIHKEeHB. [ 0TOBHUM
MOKA3HUKOM Y IIif CHCTEMI1 € BAJIOBHI BHYTPINTHINA TPOTYKT HA OJHY JIOAUHY, THITUN
BOKJIMBUH MOKa3HUK — 1HIEKC PO3BUTKY JIFOJICHKOTO TIOTEHITIANY, IKHi BU3HAYAETHCS
K cepeqHi apu(PMETUIHHI MOKA3HUK 1HIEKCIB TPUBAJIOCTI XKUTTS, PIBHSI OCBITH Ta
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noxony. Po3rnsigatoTbes 1 iHIIN MOKAa3HUKH, — 1HIAEKC €KOHOMIUHOI CBOOOIM, 1HJEKC
HaIIOHATLHOT KOHKYPEHTOCTIPOMOXKHOCTI To1o [9].

I[Ipu  po3poOui  AOBrOTEPMIHOBHX  MpOrpaM  COLIAJIbHO-EKOHOMIYHOTO
PO3BUTKY, MPU MAKPOCKOHOMIYHOMY MOJEIIOBaHHI TOJOBHUM IOKa3HUKOM, IO
BUCTYyHA€ y podii Kpurepito epextuBHocTi, € BBII Ha nymy Hacenenns. [Ipote 6arato
JNOCHIAHUKIB BBaXKalOTh, IO OUIBII JOIUIBHUM € BHUKOPUCTAaHHS MOKa3HHUKA
HEBUPOOHUYOTO CIHOXXKMBaHHS Ha OJHOro 3aifHsToro. J[lificHo, SIKIIO0 po3risnatu
3aMKHYTY €KOHOMIKY 1 Jep)KaBHI BHUTPATH pO3MOAUIMTH Ha IHBECTHIl Ta
HeBUpoOHHUYEe crniokuBaHHs, To BBII po3nageTrscs Ha (pona HakonmuueHHS Ta (OHI
cnokuBanHs y Burimsagi: Y =1+ C, I ==pY,C=(1—-p)Y, ne p — HopMa

HAaKONMYEHHs, YacTKa iHBecTuUIHHUX BuTpaT y BBIL Tomy kputepiii makcumymy

. e . I+C
BBII nHa AYyLly HACCJICHHA TIOJIAra€ 'y MaKCHUMI3allll BIIHOIICHHSA T’ IS N —

YHUCEJIbHICTh HACEJICHHS.

3 moneni Conoy BuruuBae [9], 1o 3MEHIIICHHS HOPMH HAaKOIIMUYCHHS O BEJC HE
JUIIE 7O 3pOCTaHHS MOTOYHOIO CIOKHMBAaHHS, ajleé ¥ /10 CKOPOYEHHS MUTOMOTO
CIOKMBAaHHS B MaWOyTHbOMY. SIKIIIO HOPMY HAKOMWYEHHS OyX€ 30UIBIIMTH, 1€
OPUBOJUTH JI0 CKOPOUEHHS HE JIMIIE IMOTOYHOTO, aje W MallOyTHHOrO CHOKMBaHHS.
JloBroTpuBaiie CTiKe 3pOCTaHHS MUTOMOI'O CIOKMBAHHS MOXKHA 3a0€3MEUUTH JIHIIE
OpU TapMOHIKHOMY PO3BUTKY BUPOOHHUIITBA SK CIOXKMUBYUX, TaK 1 THBECTUIIHHUX
ToBapiB. /loBeseHO, 10 MUTOME CMOKMBAHHS MAKCUMI3Y€TbCA Y JIOBTOTEPMIHOBOMY
NEPCIEeKTUBI, SKIIO HOPMa HAKONMHYEHHS JOPIBHIOE KOe(DIieHTY eJacTUYHOCTI
BUPOOHMIITBA 3a KaMiTaJIoM: p = Q. KiHneBumu Omaramu, JJisi BAPOOHUIITBA SKUX 1

. . . . I
ICHY€ CKOHOMIKA, € TOBApPHU KIHICBOI'O CIIOKWBAHHA. TOMy 301IBIICHHS JOJaHKa ;

(mUTOMOrO0 BHUPOOHHUIITBA IHBECTUI[ITHMX TOBApiB) KOPUCHUM € JIUIIE y TOMY
BUTIAJIKY, KOJIH 1€ COPUYMHAE 3pOCTAHHS MUTOMOTO BUPOOHUIITBA TOBAPIB KIHIIEBOTO
CIIO>KHMBaHHS.

IcHye Garato miaxoAiB JO BU3HAYECHHS KPHUTEPIS ONTUMAIBHOCTI €KOHOMIKU
abo kpuTtepisa cycminbHoro Bubopy. Hanpukinan, y moaeni Coiaoy BUKOPUCTOBYETHCS
KpUTepii BUPOOHMIITBA Ta CIIOKUBAaHHS Ha JAYyIIy HACEJICHHs MPEAMETIB
CIIO’KHMBAHHS, MPHU I[bOMY ITHOPYETHCS PI3HUI y BETUYMHI TAKOTO CTHOXKUBAHHS JIJIS
pisuux comianbHux Tpyn [9]. YV MaremaTHUHHX MOMAENAX  ONTHMAILHOTO
€KOHOMIYHOTO 3POCTaHHS BUKOPHCTOBYETHCA KPUTEPI MAKCUMyMy THMCKOHTOBAHO1
CyCNUTbHOT KOpUCHOCTI. OTHUM 3 MiIXO/IIB 10 BU3HAYEHHSI €EKOHOMIYHOTO ONITUMYMY
€ BUKOPHUCTaHHs onTuManbHOCTI o [TapeTo.

[Tin ontumymom 1o Ilapero po3yMilOTh Takuil CTaH €KOHOMIKH, TIPH SIKOMY
HEMOXXIIMBUM € TEPEepO3NOALT TPOAYKIi Ta BUTpaT, IO Beae 10 30UTbIICHHS
KOPUCHOCTI OJHUX O€3 3MEHIIEHHS KOPUCHOCTI 1HmmX. [licims BUKIIOUEHHS BCIX
CTaHIB €KOHOMIKH, HE ONTHMAJIBbHUX 1o [lapeTo, 3aauImaeThCs BEJIMKAa KUIBKICTH
CTaHiB, MO € onTuManbHUMH TI0 [lapeto. Bubip ogHOrO 3 1IMX CTaHIB € COIiaTBHO-
€KOHOMIYHOI0, & HE YUCTO €KOHOMIYHOIO 33]1a4€t0, OCKUTBKH TP 1OMY JOBOJIUTHCS
pamXHpyBaTH KOPUCHICTh PI3HUX COIMIANbHUX Tpyn. Take paH)KyBaHHS, MOPIBHIHHS
KOPHUCHOCTI MOKe OYyTH 3IHCHEHO 3 JIOMOMOTOK0 (DYHKITIi CyCTUTBHOTO T0OPOOYTY, Y
Ky 1HJUBIAyaJIbHI KOPUCHOCTI BXOASTh 3 PI3HUMM BaroBumu koedimientamu. Lle
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OJIMH 3 MIAXOJIB 10 MOJENIOBAaHHS CYCHUIBHOTO PO3B’s3KYy. [HIIMM mNommpeHum
METOJIOM pO3B’sI3aHHS 1i€l 3a7a4yl € BUKOPUCTAHHS Teopli Irop, 30KpeMa,
KoonepatuBHuX irop. Ha choronni npobiema epeKTUBHUX MAaTEeMaTHUYHUX MOJeNen
CYCIUJIBHOTO BHOOpY 3alMIIAETHCS AKTYaJbHOIO Ta BaXJIHBOK 3 TOYKH 30pYy
€KOHOMIKO-MaTeMaTUYHOI'0 MOJIEIIOBAHHS Ta MaTEMAaTUYHOI €EKOHOMIKH.

MaremaTuyHa Teopis CYCHUIBHOTO BHOOPY TIPYHTYEThCA Ha KpHUTepii
KOMITPOMICHOI MakcuMi3alli KOPUCHOCTEH OKPEeMHX COILIaJbHUX TPYI CYCHLIbCTBA
[9]. [Ipu ubOMY cami KOPUCHOCTI PO3TISAAOTHCS K QYHKIIIT BiJT 0OCATIB CIIOKUBYUX
onar. Tyt Ha MOJENBHOMY PiBHI JOBOJUTHCS, 1O CHIBPOOITHUUTBO Ta KOHKYPEHIIis
Ipu  B3aeMOJli CYO’€KTIB €KOHOMIKM BIUIMBAa€ HA pPIBEHb JOCATHEHHS LIUICH
CYCIUJIBHOTO PO3BUTKY. [ '0J10BHMM 3ac000M peainizalii JOBrOTEPMIHOBUX CYCHUIbHUX
iJIe € HayKOBO-TEXHIUYHUU MPOTpec.

16.2 Moneni0BaHHSI HAYKOBO-TEXHIYHOI0 IPOrpecy

HaykoBo-TeXHIUYHUI TIpOrpec MPOSBISETHCS Yy HOBUX BHJIAX MPOIYKINi, y
HOBHX crioco0ax Ta 3acobax BUPOOHMIITBA MPOAYKIIT Ta HagaHHS Mochayr. OCKUIbKU
po3poOKa Ta BIPOBAKEHHS HOBUX TEXHOJIOTIH € TPUBAJIMMHU MPOIIECAMH, a 3a BEJIHKI
IPOMDKKH Yacy 3aJIeKHOCT1 MK 00csiraMu BUPOOHHUIITBA Ta BUTPATAMHU 37€01IBIIOTO
€ HEeNMHIWHUMHU, TO IJisi BpaxyBaHHA HayKoBO-TexHiuHoro mnporpecy (HTII) npu
MOJIEJIIOBaHH1 HAa MaKpOPiBHI BUKOPUCTOBYIOTh B OCHOBHOMY HelliHiiH1 Moeni. HoBi
3aco0M BHpPOOHMIITBA Ta HOBI TEXHOJOTIl XapaKTepU3YEThCS OUIBLION BiIJ1a40I0
pecypciB Ta MEHIIIOI0 BUTPATOIO PECYpPCiB, came Il aCIeKTH BiI0OpakaroTh BiIOMIi
mozeni HTII [10].

HTTII moxe 3maiiicHIOBaTHCS Yy €BOJIIOIINHIN (popmi, abo y ¢dopmi mMacoBoro
MePEX0y 10 HOBOT'O TEXHOJOTTYHOT'O CIOCO0y BUPOOHUIITBA (KapAMHAIBHUX 3MiH).
VY nepioMy BHIAIKy HOT0 MOXHA BIiJOOpa3UTH 3 TIOMTOMOTOK BUPOOHUYNX (YHKITIH
3 Koe]iIi€eHTaMH, 10 3MIHIOETHCS TIOBUIBHO, Y IPYTOMY BHUIIAJKY JJIsI MOJICITIOBAaHHS
BUPOOHUYOI TISJIBHOCTI Ha PI3HUX IMPOMDKKAX 4Yacy BUKOPHUCTOBYIOTH Pi3HI THIH
BUpoOHMYMX (yHKIINH. [Tpukimamom peamizalii mepmoro Mmaxoay € BHKOPUCTaHHS
MYJIbTHILTIKATUBHOT BUpoOHUY0i ¢yHkiii Tinbeprepa [10]:

X, = F(K,L)A(K, XKLL, A(t) = Age™.
[Tapamerp A y ibomy Bupasi € miporo HTII.

3acTocyBaHHS €KCIIOHEHTH y 1IboMYy Bupa3i npu 3Mini HTII € gorinsHUM TOM1,
KoJIM BimmoBigHa GyHKiis A(t) 3pocTae 3 NPUOIN3HUAM CTAIMM TEMIIOM IPUPOCTY A.
Toni BuxoHyeTbcsi Habmmxena pieaicTs A(t) = (1 + A)! = e, ns nHabmmkena
PIBHICTH BipHA MMPU MAJIOMY 3Ha4€HHI MOKa3HUKa A.

TexHiuHuid mporpec Ha3WMBAIOTh HEUTPAIBHUM, SKIO BIH HE 3MIHIOE
CHIBBIIHOIIEHHS 3HA4YeHb mMapaMeTpiB BUpPOOHHMUOI  (yHKIIL.  Po3pi3HAIOTH
HeUTpanbHICTh 32 XikcoM, Xippoaom ta Conoy [10].

Texaiuauit mporpec € wHetmpanvHum 3a Xikcom, SKIO TIPH  3aJaHIH
$OHIT0030POEHOCTI TpaHWYHA HOpPMa 3aMIMICHHS TMpaii (OHIaMH € CTaloK MpHU
JOBUTBHOMY 00Cs131 BUPOOHHUIITBA:

m
ok lok= €K /oK

) AL ZAk.
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Tyr K* = A, (O)K, L* = A, (t)L
[Iporpec € wuetimpanvnum 3a Xippooom, SIKIIO HE 3MIHIOETHCS TPAaHUYHUIMA

NPOYKT (HOHAIB:
dX_OF
oK 0K’

[Iporpec HasuBawTh Heumparvuum 3a Conoy, SKIIO HE 3MIHIOETHCS
IPaHUYHUN TPOIYKT Ipalli: Z—)L( = Z—IZ.

HeoOxigHicTh 3aMiHM CTapuX BHUPOOHMYMX (POHIIB OOYMOBJIEHA 3MIHAMHU
BHUMOT JI0 IPOJYKIii, TEXHOJIOT1i BAPOOHUIITBA, 3arOCTPEHHSI KOHKYPEHIIIi HA PUHKY.
Y MareMaTtuyHid MoOJenl 1€ BiIOOpa)kaeTbCs y BUIJISAI NEpPeXoAy A0 HOBOI
BUpoOHNYO1 (yHKLil. [Tpy moOya0B1I MaTeMaTHYHOT MOIENI1 BUPOOHUYOTO MPOIIECY B
TaKUX YMOBax MOTPIOHO BpaxoBYyBaTW 1 HAsBHOCTI MepexigHoro mnepioay. Tomy
BUpOOHMYA (DYHKIIISI Ma€ PI3HUN BUIJIS] HA PI3HUX eTanax BUPOOHUYOI JisSIBHOCTI,

10 CYIIPOBOIKYBAJIACh MOJICPHI3alli€l0 OCHOBHUX (DOH/IIB.

ITuTanHs Ta 3aBAaHHA JJISI CAMOKOHTPOJIA 10 po3ainy 12
[TosicHiTh IOTPEOY y pO3p0OITI MOIEIeH B3a€EMO/IIT CITOKMBAYiB Ta BUPOOHUKIB.
Po3kpuiite CyTHICTH MOJIEIi BCTAHOBJICHHS PUHKOBOT I[iIHU TOBapy.
[TosicHiTh 3MicT Moaeini EBanca.
Bucsitnite npusHadeHHs Ta 3MicT Mojieii Banbpaca.
[TosicHITh OCHOBHI BiiMiHHOCTI y Mojienisax Keitnca ta @pigmana.
[TosicHITh MexaH13M (YHKI[IOHYBaHHSI pUHKY POO0OYOT CHIIH.
BkaxiTh OCHOBHI MoJieli PYHKIIIOHYBaHHSI PUHKY TPOIIESH.
Ha3BiTh KUTIBKICHI KpUTEPIi CYCMUIBHOTO PO3BUTKY. U MOkHa, Ha Bamry nymky,
iX BBayKaTh 00’ €KTUBHICTH?
BkaxiTh OCHOBHI MiJIXO/IU IO MOJIETIOBaHHS HAYKOBO-TEXHIYHOTO MPOTPECY.

NGO WDE

©

VY HaBeJIeHUX TECTOBUX 3aBJIaHHIX BKaXKITh BIPHY BiJIIOBIb.

1. PiBHOBakHa IIiHA TOBApy BHU3HAYAETHCH K aOCIIMCAa TOYKU TIEPETHHY KPHUBHUX
nonuty Ta mpomosumii y  wmomeni 1)  Bamepaca; 2)  Cesimka;
3) «maByTHHOIOIIOHOT» Moei puHky; 4) Ketinca.

2. PiuHmMii muki BUpPOOHUIITBA Ta PO3IMOJLIY TOBAapY 3IIMCHIOETHCS HA OCHOBI
JOCITIJDKCHHSI B3aEMO/I11 CTIOKMBAYiB Ta BUPOOHHUKIB, IO HAMATralOThCs JTOCATTH
BJIACHI 1T, 3MIACHIOEThCS y Mexax 1) momeni ['ypsima; 2) moxeni Banbpaca;
3) monemni ®dpinmana; 4) moxeni Keiinca.

3. Y moneni EBanca yac € 1) HemepepBHOIO 3MiHHOIO; 2) TUCKPETHOIO 3MIHHOIO;
3) CTaor0 BEIMYMHOK0; 4) €HJOTEHHOK 3MIHHOO.

4, KnacnyHa MOJIelIb PHUHKOBOI €KOHOMIKM HAWOLIBIIIO MIPOIO BiAMOBIigAE
1) puHKY MOHOIIOJIICTUYHOI KOHKYpEHIlii; 2) MoHomouii; 3) JocKoHamol
KOHKYpPEHIIii; 4) oiiromnodii.

5. V¥ crani piBHOBaru puHKY Tparli BapTiICHHI BUpa3 TPAaHUYHOTO MPOAYKTY TIparli
nopiBHIOE 1) 1iHI OAWMHUII TOBApy; 2) MOAATKY Ha MOXid; 3) CTaBIll 3ap0oOiTHOI
11aTHi; 4) OIaTKy Ha JI0JIaHy BapTiCTh.
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. Y moneni KeliHca BigHOCHA I111HA TPOIIEH BU3HAYAETHCS SIK 1) MPOIEHTHA CTaBKa
3a 00JIiraii€ro; 2) emo3uTHa MPOIEHTHA CTaBKa; 3) HOpMa NMPUOYTKY HA aKIIiIO;
4) oOMIHHUH KypC.

. Y mogeni Coyioy KpUTEpPIEM ONTUMAIBHOCTI €KOHOMIKHM € 1) BUPOOHHUIITBO Ta
CHOXKMBAaHHS Ha JYyIIy HACEJCHHS TMPEIMETIB CIOXUBaHHSA; 2) BaJlOBOTO
BHYTPIIIHBOIO MPOAYKTY Ha AYIIy HAacelieHHs; 3) cepeldHld IoXia Ha ayury
HaceJieHHs; 4) pIBeHb 3alHATOCTI.

. BB HayKOBO-TEXHIYHOTO IpOrpecy Ha oOcAr BUPOOHHUIITBA BPAaXOBYETHCS Y
BupoOHuui ¢Qynkuii 1) JleonteeBa; 2) Ko66a-Ilyrmaca; 3) TiuGeprepa;
4) miHIAHIH.

. SIKmo 'y XoAl HayKOBO-TEXHIYHOTO MPOrpecy HE 3MIHIOEThCS TpaHUYHUN
OPOJYKT Tpali, TO BIH Ha3WBA€ThCsl 1) HEWTpadbHUM 3a  XIKCOM;
2) HeliTpanbHuM 3a Xippoaowm; 3) HeliTpanbiuMm 3a Conoy; 4) HEHTpaTbHUM 32

Jyriacom.
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