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BcTtyn

Exonomiuna guHamika — pO3QT  EKOHOMIYHOI  HAyKH
(MaTeMaTHYHOI E€KOHOMIKH), y SKOMY JOCITIDKYIOTH JIEeTePMiHOBaHY
MOBE/IIHKY C€KOHOMIYHHMX CHCTEM y 4aci. 3 KiOCpHETHYHOI TOUKH 30Py
€KOHOMIYHI CHUCTEeMH € CKIQJHAMH JIMHAMIYHAMH CHCTEMaMH.
CxiragHicTh Ta JUHAMI3M €KOHOMIYHHX CHCTEM 3YMOBIICHI 3arajibHAM
301IbIIEHHSAM O0CSTIB MaTepiaJIbHOTO 1 HEMaTePiaJbHOTO BUPOOHMIITBA;
3pOCTaHHSIM TEMITIB HaYKOBO-TEXHIYHOTO MPOTPECy Ta MOSBOI HOBUX
BHCOKOTIPOYKTUBHUX TEXHOJOTiH; MpolecaMu CBITOBOI 1HTErparii Ta
Koomeparii, sKi BeayTh MO0 30UIBIIEHHS pPi3HOMAHITHOCTI CBITOBOI
E€KOHOMIKH;, HECTaOUIBHICTIO TOJITHUYHHAX TMpPOIECiB Ta IHIIMMHU
YHHUKAMH.

JlocaipkeHHS AWMHAMIKA IOBEIIHKM CKOHOMIYHHMX CHCTEM Ja€
3MOT'Yy BH3HAUUTH MEPCICKTUBU iXHHOTO PO3BUTKY, BHSIBUTH MOMKJIUBI
pe3epBH, pO3POOUTH KOMILICKC aJalTUBHUX YIPABIIHCHKHUX PIllIEHb, SKi
3a0e3revyary eQekTUBHEe (YyHKI[IOHYBaHHS EKOHOMIYHUX OO0’ €KTiB.
ExonoMiyna cTaThka BHBYa€ JOMYCTHMI Ta ONTUMAIbHI CTaHU
€KOHOMIYHMX CHUCTeM. EKOHOMIUHA JMHaMiKa JOCHIKY€E MPOIECH,
TOOTO TOCIIJJOBHICTH CTaHIB i MEPEXOIU BiJ OJHUX CTaHIB A0 1HIIWX,
BH3HAYA€ MOXKIIMBI Ta ONTHUMAIBbHI TPAEKTOPii PO3BUTKY CHCTEM. Y
pamMKax CTaTUYHOTO MiAXOMy THepeAdadyaeTbcs, 110 PECYpCHO-
TEXHOJIOT1YHI MOJIMBOCTI BUPOOHHUKA 1 CTPYKTypa MOTped CIOKHMBaya
HEe3MiHHI, B eKOHOMIYHIi JTUHAMII OCOONHBA yBara 3BEpTAEThCA Ha Te,
SIK 3MiHM B Yaci BIUIMBAIOTH HA B3a€MOJi0 (hakTOpiB BHUPOOHUIITBA Ta
CIIO)KUBAHHS.

MeTo0NoTiYHAM anapaToM eKOHOMIYHOT JHHAMIKH € eKOHOMIKO-
MaTeMaTH4YHe Ta KOMI'IOTepHE MOJETIOBAHHS, METOIN MAaTeMAaTHUIHOTO
aHaiizy, qudepeHialbHOTO Ta BapialifHOTO YHCIICHHS TOIILIO.

BuBuenns gucourunign  “Mojenni  €KOHOMIYHOI  JUHAMIKKA
MaiOyTHIMHU (haxiBIIMH 3 iHPOPMAIIfHUX TEXHOIOTIH CIIPSIMOBaHE Ha
PO3BUTOK HAYKOBOTO MHCJIEHHS y 3/100yBadiB BUIIOi OCBITH Ta HAOyTTA
MPaKTUYHUX HABUYOK POOOTH 3 CYYaCHUMH ITaKSTaMU MPHKJIATHUX
MporpaM i METOTUKOI0 EKCIEPUMEHTAIEHUX JTOCIIPKeHb Y KOHKPETHIN
MPEAMETHIN Tairy3i. 3aBIaHHs IJII CAMOCTIHHOI poOOTH TependavaroTh
pO3poOKy KOMHI'IOTEpHUX IporpaM (MpPOrpaMHUX 3acTOCYBaHb), IO
peaNizyloTh BIIIMOBIJHI E€KOHOMIKO-MaTeMaTW4HI MOJENi, Ta OaroTh
3MOTY CTyJIE€HTaM OTPHUMAaTH NPaKTUYHUHA IOCBIA 3 MpOTrpaMmyBaHHS
MPUKJIATHUX 3a]1ad.



Tema 1. MpuHUMNKU MoaeNntOBaHHA €KOHOMIYHMUX
npoueciB

1. Exonomika ax 00'exm mamemamuyHo20 MOOeN08AHHS.

2. Ocobausocmi ma npUHYUNU eKOHOMIKO-MAMEMAMULHO20
MOOeN0BaAHHSL.

3. Knacughikayia mooenell, o UKOPUCMOBYIOMbCS 8 eKOHOMIYI.

4. Emanu no6yo0osu exoHoMiko-MamemMamuyHux mooeeil.

5 opmanizayis onucy OUHAMIYHUX CUCTEM.

6. Icmopuuni menoenyii mamemamuiHoi eKOHOMIKU.

1.1 ExoHOMIKA SIK 00'€KT MaTEMaTHYHOT'O MOJEIIOBAHHS

OcHOBHE TpHU3HAYEHHS €KOHOMIKM — 3a0e3MedeHHs CYCIIJIbCTBa
Mpe/IMETaMH CIIOKUBAHHS Ta TOCITYyTaMH, KOTPI CTBOPIOKOTH YMOBH JUIS
JKUTTS Ta OE3MEKH JIIOJIMHU, POJIUHH, CYyCIIIbCTBA, KpaiHA. Y 3B 3Ky 3
UM € CEHC PO3IIANaTH, JOCTKyBaTH Ta MOENIOBATH COIiaIbHO-
E€KOHOMIYHI CHCTEMHU.

3a3HauMMO, MO0 MiJ  COYIATbHO-€KOHOMIYHOW — CUCHEMOI)
PO3YMIIOTh CKJIaJHy WMOBIPHICHY NWHAMIYHY CHCTEMY, IO OXOIUTIOE
MpollecH BUPOOHHIITBA, OOMiHY, PO3IOALTY 1 CIIOKUBAHHS MaTepialbHAX
Ta iHmux Onar. ComiaabHO-CKOHOMIYHI CHUCTEMH HAJIe)KaTh JIO KIACy
KiOepHETUYHHX, TOOTO KEPOBAHUX, CHCTEM.

ExoHnomika CkiamaeTbes 3 €IEMEHTIB — TOCIOMAPCHKUX OTUHUITH
(mignpuemcTB, ¢ipMm, 6aHKiB ToIo). Hancucrema ekoHOMIKH — mpHpoa
Ta CYCIIBbCTBO, [IBi il TOJOBHI MiJCUCTEMH — BUPOOHMYA Ta iHAHCOBO-
KpeAWTHA.

OCHOBHMMHM  TiAXOJaMH  JI0  MOJCJIOBAHHS  COLIaJbHO-
E€KOHOMIYHHUX CHUCTEM, € CHHEPTCTUYHUHN i CHCTEMHUI aHalli3 eKOHOMIKU
K CKJIQIHOI HeCTaOIbHOI IUHAMIYHOT CUCTEMU.

[pakTrHuHUMU 3aBIaHHAMHU €KOHOMIKO-MaTeMaTUYHOT O
MOJICJIFOBAHHS €: TMO-TIepIle, aHaIi3 EKOHOMIYHMX 00’ €KTIB 1 MPOLECIB;
Mo-JJpyre, €KOHOMIYHE TIPOTHO3YBaHHSA, TepeA0adeHHS pPO3BHTKY
€KOHOMIYHHUX TIPOIIECIB; TO-TPETE, BUPOOJIECHHS YIPABIiHCHKHUX PIIlICHB
Ha BCiX PiBHSIX TOCIIONAPCHKOT iepapxil ynpaBTiHHS.

OmHMM i3 BaXKJIMBHX AaCHEKTIB y EKOHOMIKO-MaTeMaTUIHOMY
MOJIEJIIOBAHHI € IIOHATTSA a0eKkéamuocmi MOAEN, TOOTO BiAMOBITHOCTI
MOJICTII MOJICIbOBaHOMY 00’€KTy 4H mpoliecy. Ilpu domy, imeTbcs He


http://elearn.nubip.edu.ua/mod/glossary/showentry.php?eid=2319&displayformat=dictionary
http://elearn.nubip.edu.ua/mod/glossary/showentry.php?eid=2262&displayformat=dictionary
http://elearn.nubip.edu.ua/mod/glossary/showentry.php?eid=1879&displayformat=dictionary

MPOCTO TIPO aJEKBATHICTh, a MPO BIATOBITHICTH TUM BIIACTHBOCTSIM, SIKi
BBAXAIOTHCA  CYTTEBUMH  JUIA  JOCIHIJHUKA, BIAMOBINAIOTH  METI
JIOCJIJDKEHHS Ta YCTaJCHIA CHUCTEeMi Trinore3. 3a3HaYyMMO, IO MepeBipKa
aJIeKBaTHOCTI €KOHOMIKO-MaTeMaTHYHUX MOJeJei He € mpocTor. Bona
00TsDKEHa CKIIAIHICTIO BHUMIPIOBAHHS €KOHOMIYHHX BeldW4ynH. Ane 0e3
TaKoi MepeBipKH 3aCTOCYBaHHs PE3yJbTaTiB MOJCIIOBAHHS B aHaNi3i Ta
YIPaBIiHCHKUX PIIICHHIX MOXKE HE JTUIIE BUSBUTHCS MAJIOKOPUCHUM, a i
MIPU3BECTH JI0 HETATUBHUX HACIIMKIB.

ComianpbH0-€KOHOMIYUHI CHCTEMH HaJIe)KaTh, 37€OLIBIIOro, 10
CKIaJHUX cucTeM. lluM cucreMaM mpuTamMaHHa HHU3Ka BIACTHBOCTEH,
SKi TOTPiOHO BPaxOBYBATH B iX MOJIETIOBAaHHI, 30KpeMa, TakKi:

" emepodcenmuicmy SIK IPOAB y HalsIcKpaBilliid GopMi BIaCTHBOCTI
IIJTICHOCTI CHCTEMH, TOOTO HASIBHICTH Y CKOHOMIUHOI CHCTEMH TaKHUX
BJIACTUBOCTEM, SIKi HE € MPUTAMaHHIMU >KOJHOMY 3 ii eJIeMEeHTIB, KOTpUH
pO3TIIAAAETbCS OKPEMO, I03a CHCTeMOlo. EmepmkeHTHICTH — 1e
pe3yibTaT BHHUKHEHHS MK €JIEMEHTaMH CHCTEMH TaK 3BaHUX
CUHEPreTHYHHUX 3B’SI3KIB, SIKi 3a0e3Me4yloTh 30UTBIICHHS 3arajibHOTO
epexTy 10 Oumbmux oOCsTiB, HiK cyMa eQeKTIB OKpPeMO B3STHX
€JIeMEHTIB CHUCTEMH, IO ioTh ((QYHKIIOHYIOTH) He3anekHo. Tomy
COITIATbHO-€KOHOMIYHI CHCTEMH MTOTPIOHO AOCTIKYBATH i MOACITIOBATH
3BaYKAIOUW HA CHHEPTi3M;

" QuHamiyHiCMb EKOHOMIYHHUX MPOIECIB — 3MIHM B Yaci MapaMeTpiB
1 CTPYKTYypU €KOHOMIYHHMX CHUCTEM IIiJ] BIUIMBOM SK BHYTPIIIHIX, TaK i
30BHIIIHIX YMHHUKIB (HABKOJUIIIHBOTO CEPEIOBHUINA);

" Hegu3HAYeHiCb TOJ0 PO3BUTKY €KOHOMIYHHUX SIBUI (IIPOIIECIB).
ExoHoMiuyHi sBWINa Ta MPOIECH MarOTh HENIHIHHUN BUNIAJAKOBHUN
xapakTep. HeBu3HaueHiCTh IMaHEHTHO WIPUTAMAaHHA EKOHOMIYHHM
cUcTeMaM, TOMY JUIsl iX BUBUYEHHS MOTPIOHO 3aCTOCOBYBATH €KOHOMIKO-
MaTeMaTH4yHi Mofjeni Ha 0a3i Teopii HMOBipHOCTEH 1 MaTeMaTH4YHOI
CTAaTHUCTUKH, a TAKOXK Ha 0a3i Teopil HEUITKUX (PO3IITUBYACTHX ) MHOKIH
TomoO. BaXIMBUM TakoXX € PO3BHTOK pusuKonozii (Hayku npo
EeKOHOMIUHUY PU3UK) TOILO;

" pemooicnusicmb  130JII0BAaTH TMPOLIECH, SKI 3MIMCHIOIOTHCS B
E€KOHOMIYHHMX CHCTEMax, Bijl MPOIECiB Y HABKOJUIIHLOMY CEpeJOBHUII,
00 criocTepiratu Ta JOCTIHKYBATH iX OKPEMO;

"  gKkmueHa PEaKllis Ha HOBI YHMHHUKH, 10 3 SBJSIFOTHCS.
CrIpOMOXKHICTh COIIATbHO-CKOHOMIYHAX CHCTEM 10 AaKTHBHHX HeE


http://elearn.nubip.edu.ua/mod/glossary/showentry.php?eid=1800&displayformat=dictionary
http://elearn.nubip.edu.ua/mod/glossary/showentry.php?eid=1883&displayformat=dictionary
http://elearn.nubip.edu.ua/mod/glossary/showentry.php?eid=1886&displayformat=dictionary

3aBXAM  TiepenOadyBaHUX Jii  3aJeKHO BiJ CTaBIIGHHA CyO €KTiB
YIPaBIIiHHSA Ta CUCTEMH 3arajoM JO IIMX YHHHHKIB, CIIOCOOIB 1 METOIiB
IX BIIUBY TOLIO.

JominpHO 3BepHYTHM YyBary Ha Taki JABIi o0coOiuBOCTI
€KOHOMIKHU K 00’ €KTa MOJIEITIOBAHHS.

1. B exoHOMIII HEMOXJIMBO BHUKOPHUCTOBYBATH  MOJIEINI
MOMiOHOCTI, KOTpi IIHPOKO 3aCTOCOBYIOThCS B TexHimi. Hampukian,
HEMOXXJINBO TOOYMYBAaTH KOMII0 EKOHOMIYHOI CHCTEMH B MacmTadi
1:1000, i Ha Hili MOZIEIOBATH Pi3HI BapiaHTH CKOHOMIYHOT MOJIITHKH.

2. B exoHoMimi MOXJIHBOCTI JIOKAJbHUX €KOHOMIYHHX
SKCIIEpUMEHTIB TPAaHMIHO OOMEKEHi, OCKIJTBKH BCi 1i CKIIaloBi TiCHO
B3a€EMOTIOB’s3aHi, a, OTXKE, «UYUCTUH» EKCIECPUMEHT € MPaAKTUIHO
HEMOXJTUBUM.

BpaxoBytoun 1mi 00cTaBUHH, B EKOHOMIYHHX JOCIHIJKCHHSIX
IOBOJUTHCS CIIMPATUCS HA BIACHUN JOCBiA, MOCBiJ I1HIMX KpaiH,
0e3nocepeiHi eKCIIEPUMEHTH 3 YCIEI0 SKOHOMIKOIO Ta Ha MaTeMaTHUYHE
MOJICTFOBAHHSI.

JlocBin sik iHMMX KpaiH, TaK i BIIACHUM, Ba)KKO TIEPEOIIHUTH, ajie
BiH JJaJIEKO HE 3aBXKIH, SK MOKa3aB, 30KpeMa, JOCBIJ MOCTPaISHCHKUX
KpaiH, MOXe OyTH BUKOPHCTAaHHH B yMOBaX KOHKPETHOI €KOHOMIiYHOI
cuTyarii 6e3 amanTarii.

[Ipsimi exciepuMeHTH 3 €KOHOMIKOIO, SIK CBITYHTDH 1CTOPIf, AykKe
JIOPOTO KOIITYIOTH: MM 3HA€EMO MPO KOJEKTHBi3allilo, 1HIYyCTpiani3amilo,
rinepin¢usmiro, MOpUBaTH3amiro Tomo. Pa3oM 3 THM HEMOXIJIHBO
0e3rmocepeTHh0 MepeadadynTH CepeIHbO- Ta ITOBMOTEPMIHOBI HACIIIKH
okpemux pimeHb. Ile MokHa 3poOMTHM JMINe HA  IijAcTaBi
KOHILIENTYaNbHUX MOZEJCH PO3BUTKY E€KOHOMIKH, IO CIHPAIOTHCS Ha
MUHYJIUH JOCBiN. Y CBOIO 4Yepry KOHIENTYyalbHI MOJENi, BJAcHe, i
CTaHOBJISATh (PyHIAMEHT MaTEeMaTUIHUX MOJICIICH.

dopMyBaHHS MaTEMaTHYHUX MOJENe — JOCUTh TPHUBATUN
nporec, sKkuii nmorpedye 3HaHb 1 mpamni. Bixrak HaiiBaxknupimuMm (i
HaliBaXX4nM) € Te, moO0 CTBOpeHa MOIeNb Oylla ITOCTaTHLO
aJIeKBAaTHOIO LIOJI0 PEaNbHOCTI.

OTxe, AN HaNpauUOBaHHS NPaBUIBHUX €KOHOMIYHUX PilIeHb
HEOOXiTHO aHaJi3yBaTH BeCh MUHYJIUU JOCBIJ, a TAKOX Pe3yJbTaTH,
OTpHMaHi Ha MiACTaBi  3acTOCYBaHHS  KOHIENTYaJIbHHX 1
MaTeMaTHYHUX MOJEJIeH, 0 € HaWOiNbI aJeKBaTHUMHU ISl AaHOI
ekoHoMiuHOi cutyamii [2, C. 13-16].



1.2 OcobaUBOCTI Ta MPUHITATIA €KOHOMIKO-MaTeMaTHIHOTO
MO/JIEITIOBAHHSI

Tonosna ocobrugicms MOJCIIOBAHHS MOJSATAE Yy TOMY, IO IIe
METOJI  OMOCEePEIKOBAHOTO Mi3HAHHS 3a JIONOMOTOK  00’€KTiB-
3aMinryBadiB. Mojenp TOCTa€ SK CBOEPIAHHI IHCTPYMEHT IMi3HAHHS
IocaigHuka ab0 CUCTEMHOI0 aHAITHKA, SIKHH CTaBUThL HOr0 MiXK CO00I0
Ta 00’€KTOM i B Takuil crocid BUBYAe AOCTiKyBaHu 00’ekT. Came 1s
0COOJIMBICTH MOICITIOBAaHHS BU3HAYAE crieruidHi GOopMH BUKOPUCTAHHS
a0CTpakilii, aHaJoTiH, rifoTe3, IHIIMX KAaTEropiii 1 METOMIB Mi3HAHHS.
HeoOximHiCTh BHKOPUCTAHHS MOJICIIOBAHHS BU3HAYAETHCS THUM, IO
O0arato 00’€kTiB (UM AaCHeKTiB, fAKi CTOCYIOThCS IIMX OO’ €KTIB)
0e3mocepeTHh0 JOCIIHKYBATH a00 B3arai HEMOXKIIUBO, a00 I BUMAarae
Oararo 4acy 1 KOILTIB.

3aranbHOBU3HAHUMHU BBaXAIOThCSI TPU MIAXOAH 10 MOOYI0BH
MaTeMaTUYHUX MOJEIICH.

=  CopomeHHss  peanbHOi  cuTyamii.  CyTTeBe — CIIPOILEHHS
JIOCSTAETBCA TOJI, KOIM HECYTTEBI BIIACTUBOCTI IOYaTKOBOI
eMITIpUIHOI CTafil Mi3HAHHS AOCTIIKYBaHOTO 00’€KTa Ta HOTO
OTOUYEHHS HE BPaxoBYIOThCs. OTKe, CKIIaZiHA 33 CBOEIO TPUPOJIOI0
MPaKTHYHA CUTYyallis CIPOIIYETHCS JIO i7ealli30BaHOTO aHajora,
SIKUH MIa€ThCS MATEMAaTHIHOMY OIIHCOBI.

= [lobymoBa MPOCTO1 MO Ha MiICTaBi MEBHUX
HalixapakTepHIIIMX OcoONMBOCTEH  peajbHOI  cUTyamii 3
HACTYITHUM TIOCIIIOBHUM YCKJIaJHEHHSIM TaKOi MOJENI MUITXOM
OXOIUIEHHS IHIINX YUHHHKIB aX 0 OTPUMAHHS «IIPHIHITHOTO
BapiaHTy MOJEII.

= BpeneHHs 3HaYHOI KUJIBKOCTI YMHHHKIB 3 IX B3a€MO3B’SI3KaMU 1
moOymoBa Ta BHBYEHHS MOJeNi 3aco0amMH  iMiTaIiifHOTO
MO/ICITIOBaHHSI.

CucteMHi  aHaNITUKM  3000B’A3aHI  KEepyBaTUCS  TaKOX
NPUHIUIAMH I0JI0 KOHIENIii «MaTeMaTHYHa MOJEIb» JCSIKOTrOo
«00’€eKTay.

Hpunyun 1. JlianekTu4Ha mapa MOJeNIb-00’€KT 3aBXIU IMOJIIPHA,
Ma€ JiBa MOJOCH — «MOJICIBY 1 «00’€KTY.

Tpunyun 2. 3 1BOX B3a€MOIIOB’ I3aHUX ITOJTFOCIB TIAICKTHYHOI TTapH
MO/IEJIb-00 €KT OJIMH € MIEPBUHHUM, a 1HIIHMN — TIOXITHUI BiJl HBOTO.



Ipunyun 3. HasBHOCTI TmoNIFOCa «00’€KT» HETOCTATHHO IS
HAsSBHOCTI MOJIFOCA «MOJIE/Ib», HASABHICTh IMOJIIOCA «MOJIENB» 3YMOBIIIOE
HeOOX1IHICTh HAIBHOCTI IOIIOCA «00’ €KTY.

Hpunyun 4. SIx «Monmenp» AN TaHOTO «00’€KTa», TaK i «00’€KT»
IS JaHOiI «MOJEN» CEeMaHTHYHO Ta IHTEpIpeTaIliifHO OaraTo3HavHi:
«MOJICNIbY»  BIJI3EPKANIIOE€  BJIACTUBOCTI HE OJHOro, a 0arathox
«00’€KTiBY», «00’EKTY» OMHUCYETHCSA HE OJHIEI0, @ 0araTbMa «MOCTISAMID.

Hpunyun 5. «Mogenb» TOBUHHA OyTH aIeKBaTHOIO «00’€KTOBI» i
BiJOOpakaTH 3 MEBHOIO TOYHICTIO OCHOBHI HOT'O PUCH Ta BIACTUBOCTI
3aJeKHO BiA IiNedl JocmigpkeHHs, HasBHOI iH(popMauii, NPHIHATHOT
CHCTEMH TiI0TE3.

Bapro 3a3HaunTH, MO Ha MPAKTUI PEaNi3ylOThCS TP OCHOBHI
cryneni  ¢opmanizanii  (bopMmyBaHHS MareMaTHYHOI  MOJENi):
3MICTOBHHH onuc; popMani3oBaHa CXeMa; MaTeMaTH4Ha MOJIEIb.

3micmosHuill onuc TONSTaE y TOMY, IO Ha BepOaTbHOMY piBHI
(MOBHMMHM 3aco0aMM) BiATBOPIOIOTHCS NIaHI TMPO MPHPOAY (CYTHICTB)
00’eKTa, KUIBKICHI ~ XapakTepUCTHKH  siBULI  (IIpoleciB),  sKi
CITOCTEPIraroThCsl, XapaKTep B3a€MOil MK CKIAJOBHMH €JIEMCHTaMU,
MICIIE Ta BaXJIMBICTh KOXXHOIO SBHINA B 3arajJlLHOMy MpoIeci
¢yHKUioHyBaHHS 00’€KTa AociifkeHHA. Ha piBHI 3MICTOBHOTO ommcy
¢dopmamizamiss 3BOIUTBCA [0 BHOKPEMJIEHHS MHOXHHH CYTTEBHX
(KTFOUOBMX) YMHHHKIB, IO XapaKTepU3yIOTh 00 €KT (3rifHO 3 METOI0
JOCTIDKEHHS 1 moOynoBH MoJeni), HOro CTPYKTYpY, BJIACTHBOCTI,
CHIBBiAHOLICHHS MIX CKJIaJOBUMH YacTHHAMH. KOXeH 3 BUOKpEMIICHUX
YUHHUKIB TTIOBUHEH OyTH ONMMCAHWHA Ha AKICHOMY Ta KiJTbKICHOMY PIBHSIX
(iHTepBan MOXJIMBHUX 3HAa4YeHb, IIKaja BUMIipIOBaHHs Toulo). Dopmoro
3MICTOBHOTO OMHUCY MOKE€ OyTH T€pMiHOJIOTiYHE POPMYIIIOBaHHS 3a/1a4i,
CYKYIIHICTb YHCJIOBUX 3HaU€Hb 3 BiANOBIIHUMHU KOMEHTAPSIMU.

[TapanenbHO 13 3MICTOBHHM ONMUCOM (YW JAEUIO TMI3HINIE) MOXKE
¢dopmyBaTHCS cxema, fKa y BHUINIAAI CHMBOINIB, rpadikiB, rpadis,
TaOIMIp 300pakye Tepelik Ta B3a€EMO3B’SI3KHM MK CYTTEBHUMH
YUHHUKAMH TaK, 00 HamaTH iM IUTICHICTE, KOTpa 0 Y 3aralbHUX prcax
aJICKBAaTHO BiJITBOPIOBAJIa BIACTUBOCTI 00’ €KTa JOCITIKCHHI. 3aKOHH Ta
3aKOHOMIPHOCTI MOXKYTb OyTH 3aMiHEHi OIMCOBUMH BHpPa3aMH, Ha3BU —
MaTeMaTUYHUMHU CHUMBOJIAMH, BIJHOIIEHHS — MaTEMAaTHYHUMH AiIMHU
(omepaTopamu).

[Mopaneiie nmepeTBOPEHHS 3MICTOBHOTO OMHKCY Ta (OpMati3oBaHOi
CXeMH B €IWHY TpyIly MaTeMaTHYHUX CHMBOJIB 1 CITiBBiAHOIIEHb
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3aBEPIIYETHCS TMOOYIOBOIO Mmamemamuunoi mooeni. Jlisi 3aKoHIB 1
3aKOHOMIPHOCTEH «Marepiai3yeTbCsi» depe3 TpaBuia (HopMabHOT
JIOTIKM Ta JIOTIYHOTO BHUBEACHHS Yy QopMi piBHSIHb, HEPIBHOCTEM,
CIIBBITHONIEHh MK MaTeMaTHYHHMH CHMBOJIAMH 3 TOYHICTIO 10
ICTHHHOCTI ~ MaTeMaTH4YHHX  TEepeTBOpEeHb  Ta  BIAMOBITHOCTI
c(hopMyJIbOBAaHMX TiNOTE3 pEabHUM 3aKOHaM. Taka MoOJIeNnb €
MaTeMaTHYHOI0 MOJIEIIII0 JIOCIiPKYBaHOTO 00’€KTa 1 MOmiOHWX 10
HBOTO 00’ €KTiB-aHAJIOTIB.

IcHy10TB pi3Hi popMH MTONAHHS MAaTEeMaTHYHOT MOJEII.

Ineapiaumua  ¢opma — TOJaHHA MaTeMaTWYHOI MoAeni
OE3BIIHOCHO 10 METOIIB, 3a JOIIOMOTOI0 SKHX MOXE PO3B’S3yBaTHCh
MOCTaBJICHA 3a/1aya MOJICIIOBAHHS.

Aneopummiuna ¢opma — TONAHHS MaTEeMaTHYHOI MoJEm Yy
BUTJIAJI TIOCTIOBHOCTI Jii, SKi HEOOXiJHO BWKOHATH, MO0 TpHU
pO3B’sI3aHHI MMOCTaBJICHOI 3a/1adi MOJETIOBAHHS TEPEUTH Bill BiJOMHX
JTAHUX JI0 IIIYKAHOTO PE3yJIbTaTy.

Ananimuuna ¢popma — NOJAHHSA MAaTEMaTUYHOT MOJIENI Y BUTIISIL
dbopMynT Ta CHIBBIIHONIEHh MiXX MaTeMaTHYHUMH BHpa3aMH, 3a
JIOTIOMOTOK0  SIKUX IIyKaHl B 3ajJa4i MOJECIIOBAHHS pe3yJbTaTH
BHU3HAYAIOTHCS Yepe3 BiIOMi JlaHi.

Cxemna ¢opma — TomaHHS MaTEeMaTUYHOI MOJENI y BT
TabNIUIb TaHUX, giarpam, cxeM, rpadis, rpadixis.

Iepapxiunmii migxin o ¢opmyBanHsa Mopeneil. Jlume y
HebaraThOX BUMAAKaX OyBae 3pydHO i BUIPABIAHO Bifpa3y MOBHICTIO, 3
ypaxyBaHHSM YyCiX CyTT€BUX YHHHHUKIB, OyyBaTH MaTeMaTHYHYy MOJEIb
HaBITh TPOCTOro 00’ekTa. TOMy NPUPOAHMM € MiAXiJ, IO peani3ye
OPUHLOMIT «Bil TPOCTOrO — IO CKJIaTHOrO», KOJM HACTYHMHHUH KpPOK
poOuThCS MICHS JOCHTH JAETaJbHOTO BHBYEHHS HE JIyXKE CKIAIHOI
Mogeni. OTke, BUHHKAE JIAHITFOXKOK (i€papxisi) yce OUIbII AeTani30BaHIX
MoJeneil, KOKHa 3 SKUX Y3arajbHIOE€ TOIEPeHi, BKIIOYAIOUYM iX SK
JaCTKOBHH BHIIQ/IOK.

Ha mnpakrtumi, 3a3Bu4ail, BHKOPHCTOBYIOTh OaHK Mojeied i
3MIACHIOIOTh aJamnTallil0 BIJIOMHX MOJeliel. 3ayBakuMo, IO Pi3HI 3a
MPUPOJIOF0 EKOHOMIYHI SBUIIA MOKYTh MaTH OJTHAKOBHI MaTeMaTHYHHUN
ONHMC, XO4Ya CeKOHOMIYHa IHTEpHpeTamis MOIeli Ta pe3yibTaTH
po3paxyHkiB OyayTh pisaumu [2, C. 48-49].
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1.3 Knacudikartist Mogenei, o BUKOPUCTOBYIOTHCS B €KOHOMIIT

Marematu4yHi MOJeNi, IO BHKOPUCTOBYIOTHCS B EKOHOMIII],
MOXKHa TOAUIMTH Ha KJacH 3a HHU3KOI0 O3HaK. B 3amexHocTi Bif
0co0IMBOCTEN 00'€KTa MOJIEITIOBAHHS Ta 3aCTOCOBAHOTO MAaTEMATHUIHOTO
IHCTpyMEHTapil0  BHOKPEMNIOIOTh  Taki  MOJEN:  Makpo- Ta
MIKPOEKOHOMIYHI, TEOPETHYHI Ta MPHUKJIAAHI, CTATUYHI Ta ITUHAMIYHI,
JIETEpMiHOBaHI Ta CTOXaCTHYHI, ONTHMI3aliiHI Ta MOJEN pPiBHOBaru
TOIIIO.

Maxkpoexonomiyni  MoJeNli  ONMUCYIOTh EKOHOMIKY — 3arajiom,
MOB'A3YI0YM MK c000r0 y3aranbHeHi MaTepianbHi Ta (iHAHCOBI
nokazHukn: BBII, cnoxwBanHA, iHBECTHINl, 3aHHATICTH, MPOIEHTHY
CTaBKY, KUIBKICTh T'POIIEH TOIIO.

Mixpoexonomiuni MoJeni ONMHUCYIOTh B3a€EMOJII0 CTPYKTYpHHX 1
(YHKI[IOHATBHUX CKJIQJOBUX EKOHOMIKH a00 TIOBEMIHKY OKpeMoi
CKJIaJIOBOI B PHUHKOBOMY CEpEIOBHINI. 3aBISIKHA PI3HOMAHITTIO THIIIB
EKOHOMIUYHMX eleMeHTiB 1 ¢opm ix B3aeMonii Ha  PHHKY
MIKpDOEKOHOMIYHE  MOJEJIIOBaHHS  CTAHOBUTb OCHOBHY  YaCTHHY
€KOHOMIKO-MaTEeMaTHIHOI TeOopii.

Teopemuuni MOZEI AalOTh 3MOTY BHBYATH 3arajbHi BIIACTHBOCTI
CKOHOMIKH Ta ii XapaKTepHUX EJICMEHTIB 1 OTPHMYBAaTH HOBI pe3yJIbTaTh
Ha TiicTaBi (OpMaNTBHUAX MPUIYIIEHb.

3a JIOTIOMOTOI0 MpuKIadHux MOHENeH MOXKHA OITIHUTH TICBHI
E€KOHOMIYHI MOKAa3HUKU, HAJaTh IM KOHKPETHI 3HAYCHHS, BUXOJIYH 3
BiJIIOBITHOT CTATUCTUYHOI iH(OpMaILii.

Y cmamuynux MOJIEISAX OMMMCYETHCSA CTaH EKOHOMITHOTO 00'€KTa B
NEBHUM MOMEHT YW TMEepiof 4acy, a OuHaMiyHi MOJENI BUBYAIOTH
B32€MO3B'SI3KM €KOHOMIYHUX 3MIHHUX Yy 4aci. 3MiHHI, [0 BUBYAIOTHCS B
MUHAMII, Y CTaTHYHUX MOJIENSIX MaioTh (ikcoBaHe 3HaueHHs. OmHaK
JMHAMIYHA MOJICTTb HE 3BOAMTHCS JIO MPOCTOT CYMHU CTaTHYHHUX MOJICIICH,
a OMHCYE B3aEMOJIIIO CUIL, III0 PYXalOTh CKOHOMIKY .

Iemepminosani Monen mnependavaroTh XKOPCTKI (PyHKIiOHATBHI
3B'I3KM MK 3MIHHUMH MOJETI, a CMOXAacmuyHi — TIPUTYCKAIOTh
HAsSBHICTh BUIAJIKOBUX BIUIUBIB Ha JIOCII/PKYBaHI TIOKa3HUKH.

B MopenroBaHHI PUHKOBOI €KOHOMIKH BaXKJIMBE MiCIle HaJEXKHUTh
MOJIEJISIM pisHogazy. BOHN ONMHCYIOTh TaKWH CTaH €KOHOMIKH, KOJIU BCi
CHJIM, 10 HAMaraloTbCsid BHUBECTH ii 3 pIBHOBAard, MaiTh HYJIHOBY
CyMapHy [ilo.
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Onmumizayitini MOIEII HAWYACTIITIE 3aCTOCOBYIOTh Ha MIKPOPIBHI:
BOHH Jal0Th 3MOT'Y BU3HAYATH HAaHKpalll pillleHHS B yMOBaX 00OMEKEHHX
MOKJIMBOCTEH.

B 3anexHocTi Bin crocoOy BigoOpa)XeHHs CITiBBiTHOIIEHb MiX
30BHINIHIMH YMOBaMH, BHYTPIIIHIMHA IapaMeTpaMH 1 UIyKaHHMH
BEJIMYMHAMHA  €KOHOMIKO-MaTeMaTW4HI  MOJAEll  IOAUIAITHL  Ha
CMpYKmypHi 1 (hyHKYIOHANbH.

Y nmocnimKeHHSX Ha MaKpOpiBHI HAWdYaCTIile BUKOPHUCTOBYIOTHCS
CTPYKTYpPHI MOJENi, OCKIJIbKH IJIsl IUIaHYyBaHHS Ta YIPaBIiHHS BEIUKE
3HAQUEHHS MalTh B3a€MO3B’sI3KM migcucteM. Cmpyxmypui Mozaemni
BiTOOpaKalOTh BHYTPIIIHIO OpTaHi3amif0 00’€KTa MOCIiKeHHS, HOoro
CKJIIOBI YaCTWHHU, BHYTPIIIHI MapaMeTpH, iXHI 3B’S3KH 13 BXOJaMH 1
BUXOAaMU 1 T.M. THUNOBMMH CTPYKTypHUMH MOAETSIMH € MOZeNi
MIXTaTy3eBUX 3B S3KiB.

DynxyionanbHi MOAEN1 IIMPOKO 3aCTOCOBYIOTHCS B EKOHOMIYHOMY
peryJioBaHHI, KOJM Ha TOBEAIHKY 00’e€kTa («BUXiZ») BIUTUBAIOTH,
3MIHIOIOUM «BXif». Ilpukmagom Moxke OyTH MOAENb IOBEIIHKH
CIMIOKMBAYiB 32 YMOB TOBapHO-TPOIIOBUX BimHOCHH [2, C. 66].

1.4 Etanu noOy0BU €KOHOMIKO-MaTeMaTHYHUX MOJIEIICH

H06y,£[OBa E€KOHOMIKO-MaTEMaTHUYHUX MO,HCHCP'I, Yy 3arajbHOMY
BUIIAKY, CKIIAAA€THCS 3 HACTYITHUX eTalTiB.

1. IlocTaHOBKa eKOHOMIYHOI MPoGaeMHu Ta ii AAKicHUIA aHaJTI3.
Ha wupomy erami mnoTpiOHO chopMyJIOBaTH CyTHICTH MNPOOJIEMH,
BU3HAUYUTH  TEpPelyMOBHM W BHCIOBUTH npumyuieHHs. HeoOxigHo
BHOKPDEMHTH HAWBXJIMBINII BJIACTHBOCTI 00’€KTa MOJICITIOBAHHS,
BUBYHTU HOTO CTPYKTYpYy, [OCHIIUTH B3a€MO3B’S3KH MiX Horo
eJIeMEHTaMH, a TaKoX, Xo4a O MonepeaHbo, CPOpPMYIIIOBATH TiOTE3H,
0 TIOSCHIOIOTH TIOBEMIHKY 1 PO3BUTOK OO0’€KTa (AWHAMIKY pyXy),
JTOCITITATH HOTO 3B’ S3KH 13 30BHINIHIM CEPEIOBHINEM TOIIIO.

2. IlodynoBa maremaTm4yHoi Monesi. lleii eran mnondrae y
¢dopMaiizallii eKOHOMIYHOI Mojeni, TOOTO ToNaHHI I y BHIIAII
KOHKPETHHX  MaTeMaTHYHUX 3aleXHocTed  (QyHKIMiH, piBHSIHB,
HepiBHOcTeH Tomo). [Iponec moOyaoBM MoOJeNi CKIaJaeThCs 3 KUTBKOX
craniii. CiouaTKy BH3HA4alOTh THII €KOHOMIKO-MAaTE€MaTH4HOI MOJENi,
BHBYAIOTH MOMKJIMBOCTI ii 3aCTOCYBaHHSI Yy IIbOMY KOHKPETHOMY
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BHITAJIKY, YTOYHIOIOTEH TEPENTiK 3MIHHAX Ta MapaMeTpiB, (GOpMH 3B 3Ky
MK HUMH. [ CckmagHUX 00’€KTiB JONUILHO OyayBaTH KiIbKa
Pi3HOACIIEKTHUX MOJIEIICH.

3. Maremaruunuii anamgiz moaemi. Ha mpomy ertami cyrto
MaTeMaTUYHUMH TPUHAOMAMHU JTOCHIDKYIOTh 3arajibHi  BIACTHBOCTI
Mojeneil Ta po3s’s3kiB. Ha anamiTuyHOMY eTami 3’SCOBYIOTh KiNBKiCTh
PO3B’s3KiB (€IVHUHN YW HE €UHMIA), BU3HAYAIOTh 3MiHHI Ta IMapaMmeTpH,
SIKI MOYKYTh BXOJIUTH JI0 PO3B’A3KY, a TAKOXK MEXKI Ta TCHIEHITIT iX 3MiHH.
OnHak, MOJENI CKJIaJHUX CKOHOMIUYHUX OO0’€KTiB JdyXe TOraHo
MiAJAIOTBCS  aHAIITHYHOMY  AOCHIIKEHHIO. Y  TakuX  BHIAAKax
HEPEXOAATh 10 YUCIOBUX METOIB AOCIIIKEHHS.

4. IligroroBka BXinHOI iHgopMamii. B ekoHOMIUHKX 3a7a4ax 1ie,
3a3BHYai, HAWOUMBII TPYIOMICTKUM €Tam MOZETIOBaHHS, OCKIIBKH TYT
3aMaJIo caMoro JIMIIEe MacuBHOro 300py naHux. B mporeci cucremHoro
E€KOHOMIKO-MaTeMaTHYHOT0 MOJICITIOBAHHSI pe3yIbTaTH (PYHKI[IOHYBaHHS
OJTHMX MOJIeJIel BUCTYNAIOTh BXiJHOIO iH(OpMAIIi€l0 AT iHIIKX.

5. YwucaoBe (xkommn'roTepHe) MojaenwBaHHs. Lleit eran
mepenbagae po3poOKy alrOpUTMIB UYHCIOBOTO PO3B’SA3aHHS 3ajaadi,
pO3pOOKY KOMIT'IOTEPHHUX TIporpaM Ta O€3MOCepeaHE BUKOHAHHS
PO3paxyHKiB.

6. AHaji3 4YHMCJOBHX pe3yJbTaTiB Ta iX 3acrocyBaHHs. Ha
BOMY €Talli MepeayciM 3’SICOBYEThCS HaWBAKIIMBIIIE MUTAHHS MO0
MPaBUWIBHOCTI 1 TOBHOTH PE3YJbTaTiB MOAETIOBAHHS Ta MOXJIHMBOCTI 1X
NPAaKTUYHOTO 3aCTOCYBaHHS, a TaKOX JOCHIDKYIOTbCS MOXKIIUBI
HaIpPSAMKH TOJAJBIIONO BIOCKOHAJeHHS Mojeini. Crepiry mepeBipsioTh
aJICKBaTHICTh MOJICJII 32 TUMHU BIIACTHBOCTSIMH, SIKi OyJIM BU3HAYCHI SIK
HalicyTTeBimn. BUKOHYIOTh BepudiKkallito i BamiJaIito MoJeli, OCKUTbKA
TOJIOBHA METa MOJEJIOBAHHS IOJIATa€ B PO3B’SA3yBaHHI NPaKTHUYHHUX
3ajay (aHasi3 EKOHOMIYHHX 00’€KTiB, €KOHOMIYHE MPOTHO3YBaHHS,
BUPOOJICHHS YIIPABIiHCHKUX PillIEHb TOLIO).

Haragaemo, mo eepughixayin Momemi — T1e TepeBipka
MPaBWIBHOCTI CTPYKTypu (JOTIKH) Moaeni. Banioayia wmopmenmi —
nepeBipKa BiAMOBIIHOCTI 3400yTHX y pe3yibTaTi MOACTIOBAaHHS TaHUX
pearbHOMY Tporiecy B ekoHoMiti. [2, C. 67]
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1.5 ®dopmaizaliis ONUCy THHAMIYHAX CUCTEM

1.5.1 @opmanvhe euznauenus OUHAMIYHOT cucmemu

Binowmi Bueni 1. Camyenbcon Ta B. @pick naroTh Take 03HAYSHHS
JMUHAMIYHOI CUCTeMH: “‘...CHCTEMYy HAa3HWBAaIOTh JAWHAMIYHOK, SKIIO il
MOBE/IiHKa B 4aci BH3Ha4YeHa (YHKI[IOHATHPHUMHU PIBHSHHSIMH, B SKHX
3MiHHI y Pi3HI MOMEHTH Yacy BKIIOYEHI y SBHOMY BHIIIL”. [HImmMH
CJIOBaMH, €KOHOMIYHA CHCTeMa [OWHAMIiYHA, SKIIO BCI 3HAYCHHS
3MIHHHX, III0 ONKCYIOTh 1i CTaH, YNOpPSIKOBaHI B daci. Meroau
€KOHOMIYHOI AWHAMIKH TIepen0adaroTh, M0 3aKOHOMIPHOCTI IMOBEIIHKH
CUCTEMH, 3yMOBJICHI [i€0 BHYTPIIIHIX Ta 30BHINIHIX YHHHHKIB, €
JIETepMiHOBaHUMU.

OpHiero 3 HAWBOXIWBIMINX HAyKOBUX IMPOOJIEM € pO3B’sI3aHHS
3aja4i MPOTHO3YBAaHHS IMOBEAIHKHM IOCIIIPKyBaHOTO 00’€KTa B Yaci Ta
MPOCTOPI Ha OCHOBI IEBHUX 3HAaHb MPO WOr0o MOYAaTKOBUN cTaH. Lls
3a/1a4a 3BOJUTHCS JI0 3HAXO/KCHHS JESKOTO 3aKOHY, KU J03BOJISE 32
HasBHOIO iH(OpMAII€I0 PO O0’€KT y IMOYATKOBHH MOMEHT Hacy fy y
TOYIll Xy BU3HAYUTH HOTO MaiOyTHE y OyAb- KM MOMEHT Yacy I>f.
3aneXHO BiJl CTYNEHS CKIATHOCTI 00’€KTa Iel 3akoH Moxe OyTu
JeTepMiHOBaHUM a00 HWMOBIPHICHUM, MOXKE OIHMCYBaTH CBOIIOIIIO
00’eKTa TINBKM B 4Yaci, TiINBKH B MPOCTOpPi a00 MPOCTOPOBO-YACOBY
€BOJIIONI0. B OCHOBY HeTepMiHOBAaHOTO OMUCY AMHAMIYHUX CHCTEM
MMOKJIAJCHO CYDKEHHS PO Te, MO0 BCS MalOyTHS TOBEHiHKA 00’€KTa
OJHO3HAYHO BU3HAY€HA MOr0 CTAHOM Y NMOYAaTKOBUH MOMEHT 4acy.

Cmanom (abo 6ekmopom cmany) o0’ €KTa Ha3UBAIOTh CYKYITHICTh
N Bennuun

xX=(X1, X2, ..., Xn),
ne N — po3MmipHICTh OmHuCy.

Benuunnu x; (i=1, ..., N) Ha3UBaIOThCS OUHAMIYHUMU 3MIHHUMU.

B 3aranpHOMy BUIAAKy pO3MIPHICTH ONUCY MOXe OyTH
HECKIHYCHHOIO BEIMYNHOIO.

Onepamop esonroyii @, 103BOJIsIE 3a MOYATKOBUM CTaHOM X(Zp)
BH3HAYHUTH CTaH 00’ €KTa B Oyb-IKUil HACTYITHHA MOMEHT 4acy fy+t:

x(tott)= Dufx(to)).

MareMaTHYHO OmepaTtop €BOMIONIT Moxe OyTh 3amaHuid
nudepeHIliaTbHUMA 200  PI3HUIEBUMH PIBHIHHSAMH, THUCKPETHUMH
BiJOOpaKEHHSIMHU, MATPULSAMH, Tpadamu, MapKiBCbKUMH JaHIIOaMU
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Tomo. ['omoBHE — 3a0€3neYeHHS OAHO3HAYHOCTI MPOTHO3Y. B ekoHOMIITI
HaifyacTille BUKOPUCTOBYIOTH MOJIENi, OIMCaHI 3a JIOTIOMOT'OIO
JuQepeHLianbHuX 1 pi3HULCBUX PiBHSHb.

Ot1xe, ounamiuna cucmema — 1€ MaTeMaTH4YHA €BOJIIOLIIiHA
MOJEIIb, JJISI OITUCY SIKOT HEOOX1THO:

a) BU3HAYMUTH ITOYATKOBHIA CTaH 00’ €xTa X (1)),

0) 3amatu onepaTop eBoyoMil @,, IKUI T03BOJSIE 33 MOYATKOBUM
CTaHOM 00’ €KTa OJJHO3HAYHO BU3HAYATH MaOyTHI CTaHH,

B) BU3HAYMTHU 3MiHHI Ta MapaMeTPH CUCTEMH.

Junamiuni 3minni — ue Bemwuumnn X; (i1=I1, 2, ..., N), mo
YTBOPIOKOTH BEKTOP CTaHy X=(X;, X2, ..., Xy). Benuuunu a;, as, ..., gki
MOXXYTh MIJATPUMYBATUCS MOCTIMHHUMH, a MOXKYTb I[JIECIIPIMOBAHO
pEryJIIOBaTHCS, Ha3WBAlOTh napamempamu. Ilapametpu —  Ig,

31e6inporo, KoedimieHTn y piBHAHHAX eBomrorii. CyKymHICTH BCiX
napamMeTpiB CHCTEMH Ha3HMBalOTh BEKTOpOM mapamerpiB. Po3moain
BEIMYMH, LI0 XapakTepU3yIOTh CHUCTEMY, Ha 3MiHHI Ta MapaMeTpu
00yMOBJIEHHH METOK MOJIEITIOBAHHS.

1.5.2 @opmanwHi npocmopu

OnHi€ro 3 BaXXIIMBUX MOXJIMBOCTEH TUHAMIYHOTO MOJAEIIOBAHHS €
Hao4He ToAaHHs iH(opMarii, 0co0nMKBO, y BUMAAKY Majioi pO3MipHOCTI
cucremu N 1 Majoi KiITbKOCTI mapameTpiB. [l IbOTO BUKOPHCTOBYIOTH
¢opManbHi TpocTOpU: TpocTip cTaHiB (¢pa3oBuil mpocTip), TPOCTIp
napamMeTpiB, a TakoX pi3HOMaHiTHI iX TiOpuani Bapiantu. Ha ocsx
KOOpIuMHAaT (OpMaJbHOIO MPOCTOPY BIAKIAAAIOTH ab0 3HAYECHHS
IUHAMIYHAX 3MIHHHX, a00 3Ha4YeHHs MapaMmeTpiB, abo Ha OIHUX —
napaMeTpH, Ha 1HIIUX — 3MIHHI.

Crany Xx(t) y neskuii MOMEHT dYacy y (a3oBomy mpocTopi
Bi/MOBiae ToYka 3 KoopauHaTamu X;(1), X2(t), ..., xn(t) (dpasosi
KOOpAWHATH) — TOYKA CTaHy, ska BimoOpakae MutTeBUil craH. [IpocTip
yCIX MOXKJIUBUX CTaHIB CUCTEMH HAa3UBAETHCS hazoeum npocmopom. B
Mpoleci €BOJIOLIl TOYKa CTaHy MHPOTATOM JAESKOTO 4Yacy 3CYBAE€ThCS
B3JIOBXK JIeSIKO1 IiHiT — ghazoeoi mpaekmopii. O1xe, ha3oBa TpaekTOpis —
UTFOCTpaIlisl epexoay CHCTEMH 3 OJHOTO CTaHy B IHIIWH y (a3oBOMY
npocropi. Y camiii azoBiit TpaekTopii iHdopMalis MPO MOMEHT 4acy,
KOJIN TOYKa ONHMHSAETHCA B TOMY UM iHIIOMY Micwi, BiacyTHs. da3oBi
TpaekTopii HIKOJIW HE TEPETHHAIOTHCA. [lepeTWH oO3Hadae, IO IBOM
pI3HMM TOYAaTKOBHM YMOBaM BIiJIIOBiae OIWH PpO3B’SI30K, a IIe
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CyIepeunTh BUMO31 AeTepMiHOBAHOCTI Mojeli. CYKyIHICTh TpaeKTOpiit
CUCTEMH, SKi BIAMOBINAIOTH Pi3HUM (BCIM MOXIIMBUM) ii MOYATKOBUM
CTaHaM, HA3UBAIOTHCS PA306UM HOPMIPEMOM CUCHIEMUL.

1.5.3 Pesrcumu nogedinku OuHamiunoi cucmemu

[loBemiHKy JMHAMIYHOI CHCTEMM 3a/Jal0Th HAO0OpPOM TIPaBHUI
(aIropuT™MOM), OCKIIBKM JHHAMIYHA CHCTeMa — II€ MOJETh JesSKOl
peanbHOi CUCTEMH, ajpKe s OyAb-sIKOT PeaIbHOI CHCTEMH XapaKTepHi
¢nykramii (3MiHH, KOTTMBaHHS).

Po3pi3HAIOTE Taki peskMMH MOBEAIHKHN THHAMIYHAX CHCTEM:

" pignogadcHuli (CTaH CUCTEMH HE 3MIHIOETHCS B 9aci; y MpPOCTOpi
CTaHiB — PIBHOBKHI CTaHU 300paKYIOTHCS TOYKAMHU; LI TOYKH
HA3UBaIOTHCS OCOOIMBUMU TOYKAMH);

B pepioduunuii a00 konusanvuull (depe3 PIBHI MPOMDKKHA dacy
CHCTEMa OTMHSIETHCS B OJTHUX 1 TUX JK€ CTaHaX);

" pnepexioHuil (PEKUM PyXy CHUCTEMH 3 JESIKOrO MOYaTKOBOTO CTaHY
JI0 CTaJIoTO CTaHy — DPIBHOBAXHOTO a00 KOJMBAJbHOTO; IEPEeXiTHHMA
pEXUM BHHHKAE TIiJ] BIUTMBOM 30BHINIHHOTO 30ypeHHsS ab0 BHACIIIOK
3MIiHU BHYTPILIHIX BJIaCTHBOCTEH; y CHCTEMax 3 HENEepPepBHUM 4YacoM
PO3pPI3HAIOTH MOHOTOHHHUH 1 KOJIMBAIBHUH NEpeXigHi MpoLech);

" xaomuunuu [16, C. 10-12].

1.6 IcTopuyHi TeHAEHIIIT MAaTEMAaTUYHOT CKOHOMIKH

CxeMaTHYHO MOXXHA BHJIUIMTH JABI OCHOBHI JIiHII PO3BHUTKY
MaTeMaTHYHUX METOMIB aHali3y €KOHOMIUYHHX CHUCTEM — II€ 3arajibHa
€KOHOMIYHa piBHOBAara i MoZiesib PO3MIMPEHOTO BiATBOPEHHS.

3arajqbHa eKOHOMiYHA piBHOBara. 3acHOBHHUKAMH LIbOTO
HanpsMmky € XK.b. Ceii i A. Kypno. Ceil po3risgaB 3B’S30K HpoLECiB
BHPOOHHMIITBA, PO3MOAUTY 1 OOMiHY B pUHKOBIi# ekoHOMII. BiH BBaxas,
110 B MPOIIECi BUPOOHHUIITBA BUTPAYAIOThCs mparid L, kamitan K, 3emist Z
1 BUPOOJISIOTHCS CIIOXKHBYI BAPTOCTI-KOPUCHOCTI.

Bapricte TOBapy BH3HAUAETHCS BHUTpPAaTaMW BHPOOHHIITBA 1
KOPHCHICTIO TIPOAYKTY. BapTiCTh yCTaHOBIIOETHCS TAKOK, MIO0 MOMHT
BpiBHOBaXKyBaBcsl npono3uuieto ToBapy. JK.b. Ceit cpopmyitoBaB 3akoH
PUHKY: mpomec o0MiHY Ha PHHKY aBTOMATHYHO NPHBOAMTLCS A0
piBHOBaru, ToMy CYKYNHHMii MONHMT HA TOBAap 3aB:KIU /IOPiBHIOE
npono3uuii ToBapy. Skmo 3akoH Ces € MpaBWIBHUM, TO BHUBYEHHS
caMme CTaHy piBHOBaru Ha pUHKY Ma€ BayKJIMBE 3HAYCHHS.
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JromuHi, SK 1 cWCTeMi, B 3araJlbHOMY BHUIAAKy IpHUTaMaHHE
MparHeHHs 10 cTablIbHOCTI, SKe (opMalli3yeThCsl B TEOpil IMHAMIYHHX
E€KOHOMIYHHMX CHCTEM 3a JONOMOTrOI0 MOHSTTS piBHOBaru. PiBHOBara —
e CTaH CUCTEMH, B SKOMY HapaMeTpH, IIO JOCITIKYIOThCS,
3aJUIIAI0THCSA HE3MIHHUMH Y Yaci.

Mogeni craHy piBHOBarm [JarOTh CHPOLICHY CXEMYy KapTHHU
PIBHOBa)XXHOT'O CBiTy PMHKOBOI €KOHOMIKH, NPOTE€ BOHH JONIOMAararoTh
TOYHINIE 3PO3yMITH 3B’SI3KM CGKOHOMIYHUX IIOKA3HHWKIB 1 TEHIEHITIN
CTPYKTYPHHUX 3pYIICHb.

OTtxe, MOZenb PUHKOBOI PiBHOBAarM MICTUTH OIMHUC CYKYITHOTO
MIOTATY Ta CYKYITHOI MPOMO3UIIii TOBapy Ha pHHKY. DYHKIIIS MPOO3HUIIii
OyIIy€eThCSl HA OCHOBI MOJIEIIi BUPOOHHUIITBA.

PosrasiHeMo €Ky TEXHOJOTIIO, IO TEPETBOPIOE UYUHHUKU

BUPOOHMITBA B NpoAyKT. Ilo3Haummo uepe3 X|,X,,...,X, KUIBKICTh

BUKOPHUCTAHUX YWHHUKIB, a ) — BEJIMYNHY BHUITYCKY 32 OAWHHUIIIO 4YaCy.
Bynemo BBaxkatu, IO TEPETBOPECHHS 3aJa€ThCs 0OaraTOBUMIPHOIO

dynkuiero y Burisini y = F(x[,X,,...,X,
3a 3micToM, GyHKUist ¥ = F(x|,X,,...,X,) BU3HAUCHA TUIbKU IPH

x;>0,i=1,...,n i HaGyBae HEeBiI’eMHHUX 3HAUCHb.

YacTrHHA MOXigHA > (0 mokasye, 5Ky 100aBKy 10 BHITyCKY

X;

Ja€ BHUKOPHCTaHHSA [OJATKOBOI OOWHMLI [-e0 YMHHUKA 3a 1HIIUX
OJTHAKOBHUX YMOB, 1 Ha3WBAETHCS T'PAHUYHOK NPOAYKTHUBHICTIO i-20
YMHHUKA.

Mopens BUpPOOHWIITBA TPYHTYETHCS Ha aKCcioMmi crmamHol
rpannyHoi mponyktuBHocTi k. b. Kiapka: 3a iHIIUX piBHUX yMOB
rpaHWYHa TPOAYKTUBHICTh i-20 UYMHHHMKA CcHajga€ i3 301UIbLICHHAM
KUTBKOCTI IIBOTO YMHHUKA Y BUPOOHUIITBI.

3 akciomu cnagHOi TPaHUYHOI MPOAYKTHUBHOCTI BHIUIMBAE, IIO

O*F ‘ :
—2<O, i=1,...,n. Omxke, oyukuiss y=F(x,X5,...,%,)
Ox;
HEBiJ’€MHa, MOHOTOHHO 3pocTaioya, yBirHyra. B wMarematuuHiit
€KOHOMIIli BOHA Ha3WBAETHCSI BAPOOHUY0I0 (PYHKIII€IO.

OyHKIiss monuTy OyayeTbcss Ha TiACTaBl Teopii I'paHMYHOL
KOPHCHOCTI, PO3p00JICHOT aBCTPIHCHKOIO IKOJIOK HOJITHYHOT €KOHOMIT,
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BiamoBinHO 110 11i€T TEOpil CIIOKMBAY Mae anpiopHe MPEICTaBICHHS PO
KOPHUCHICTh MPOAYKTIB 1 OILIHIOE CIIOKHUBYY BapTiCTh HAOOPY MPOAYKTIB
y KUIBKOCTSX V|, Vs,...,V, OyHKuieto kopucuocti U(yy,....,»,).

OCKIiJIbKH KOPHUCHICTB Mae ekoHoMiunuil 3mict, 0 U(y,...,7,)>0.

YactuHHa TOXiIHA MOKa3ye, HACKUJIbKU 3pOCTE KOPUCHICTh HA0OPY

y;
V> V25--sV,, AKOIO JOAATH OJUHHUIO i-20 TPOAYKTY. IIpupomHoO

Beakatn, mo —>0, i=1,...,n. TloxigHa
; ;
TPAHUYHOI0 KOPHCHICTIO OJMHUIII i-20 IPOAYKTY B HAOOp1 Y|, ....),.

Ha3MBA€TbCA

Teopis CHMOXXHMBYOTO TIOMHTY TIPYHTYETHCS HA aKCiOMi CITamHOl
IpaHMYHOT KOPHCHOCTI: TpaHUYHa KOPHUCHICTH JOAATKOBOI OAMHUILI i-20
MPOAYKTY Crajae 3i 30UTBIICHHSAM KiTbKOCTI HOro B HabOpi 3a iHIIMX
2

piBHEX yMmoB. OTxe, 8—2< 0, i=1,...,n. OyHKUOi KOPUCHOCTI
Vi

U(y,,...,y,) HEBiI €éMHa, MOHOTOHHO 3pOCTAl0Ya, YBIrHYTA.

OyHKIisA npono3uilii BUpoOHUKA OYIy€eThCcS Ha MIJCTaBi aKciom
Ipo MakcuMizaliro npuOyTKy BHPOOHHKaMHd, a (DYyHKIisl [IOMUTY — Ha
MiZICTaBl aKCIOMH PO MAaKCHMI3allil0 KOPHCHOCTI TpU OIOHKETHOMY
00OMeXeHHI CITOKNBaYiB.

MarematuyHa MoJieNnb 00’€KTa, IO JOCHIKYEThCS, 3a3BUYAM,
MICTUTh B €00l JIBI Tpyld E€IEMEHTIB: BiJIOMi JO MOMEHTY MOOYIO0BU
MOJICITi, eK30reHHi (BU3HAYCHI 11032 MOJICIUTIO) TTapaMeTpH 1 HEBIIOMI —
eHoreHHi (0OyMOBIIEHI ycepenuHi MojeiNi) mapaMeTpH, sKi Tpeba
BU3HAYUTH 3 aHaIi3y (POo3B’sI3aHHS) MOAEII.

[ToObynyBatn MaTeMaTndHy MoJeib (YHKIIOHYBaHHS IESKOI
CHUCTEeMH O3HAYa€ BIAIIyKaTH a00 MOCTYJOBaTH omneparop ((PyHKIIi0),
110 3B’s3y€ HEBIIOMI 1 BIIOMI IapamMeTpy MOJEIII.

SIK mpaBWiO, y MaKpOEKOHOMIYHHX MOJENSAX SK EeK30TeHHI
MapaMeTpH 3a1af0ThCS TEXHOJIOTisI BUPOOHUIITBA Y BUTIISINI BHPOOHHUIOT
¢GyHKIIi 1 XapakTep MOBEIIHKA €KOHOMIUYHUX Cy0’€KTiB Ha KOXHOMY 3
PHUHKIB y BUIIIAA] 1XHIX (YHKUIH MONMUTY Ta mpomno3uuii. Sk eHnorenHi
MTOKa3HUKH, K1 OJIEPKYIOTHCS 3 aHaJi3y MO/, BUCTYIAl0Th BETNYHHA
peabHOTO HAIIOHATIHLHOTO JI0XO.y, PiBEHb 3aHHSATOCTI, CTaBKa peabHOI
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3apo0OITHOI TUTaTH, pealbHa CTaBKa BiJCOTKA 1 piBeHB IiH. OcoOMMBHit
1HTEepeC MpEeACTaBIIsE TAKUA BEKTOP €HIOTEHHUX BEJIWYHH, IPH SIKOMY
eKOHOMiKa nepedyBae B CTaHi 3arajbHOI pIBHOBArH.

3arajbHa eKOHOMiIYHA piBHOBara — 1e CTaH, MPU STKOMY 00csT
BUPOOHUIITBA 1 TPOMOPIIiT OOMiHY CKIIQINCS TaKUM YWHOM, IO Ha BCIiX
PHHKaX OJJHOYACHO JOCSTHYTO PiBHICTh MiX IMOIMTOM Ta MPOMO3UIII€IO 1
MpH IbOMY JKOICH 3 YYAaCHUKIB PHHKOBUX YTOJl HE 3alliKaBICHHUU
3MIHIOBATH CBill 0OCST IMTOKYITOK 200 MPOJIaxiB.

BusHaunTi craH 3aralibHOi €KOHOMIYHOI pPIBHOBAarM — 3HAYHUTH
3’5ICyBaTH, MpPU SKUX YMOBaxX BCI yYaCHMKH PHHKOBOI'O TOCIIOAapCTBa
3MOXYTh peamidyBatu cBOi miii. JIOCATHEHHS 3araibHOi €KOHOMIYHOI
piBHOBarn He O3Ha4ae, IO Telep KOXEH YYacHUK PHHKOBOIO
TOCTIOAapCTBA 3aJI0BOJICHMM CBOIM IOJIOKCHHSM: pPIBHOBara IpoCTO
KOHCTATy€, IO 332 PaxyHOK 3MiHH OOCATY 1 CTPYKTypH IOKYIIOK a0o
MPOJIaXKiB HIXTO HE 3MOXE IMOJIIMIIUATH CBill 10OpOoOYyT y chopMOBaHUX
yMOBaXx.

3aranpHa €KOHOMiYHA PiBHOBAara He € TUIIOBUM CTaHOM PHHKOBOI
€KOHOMIKH, TOMY IIIO TUTaHU CYBEPEHHUX CyO0’€KTIB, SKi pO3pOOIISIOTHCS
HE3JIC)KHO OJMH BiJl OJHOTO, JIMIIE BHIAJAKOBO MOXYTh BUSBHTHUCS
B3a€MHO y3rojkeHUMH. OJHAaK TOBeAiHKAa Cy0’€KTiB y PHHKOBOMY
TOCIOJIAPCTBI BU3HAYAETHCA iXHIM OakKaHHSM JOCSTTH PiBHOBArH.

Hns  po3yminHa  crenudiku  MOTOYHOI  TOCHOJAPCHKOI
KOH FOHKTYPH 1 MPUHHATTS PIlIEHh PO 3aX0U SKOHOMIYHOI MOJIITHKU
BXUIMBO BUSBUTH, YW € CKOHOMIYHA pIiBHOBara CTiiKOK abo He
CTIHKO0. SIKITO y BIAMOBIAP HA €K30TCHHHH IMITYJIBC, MO TOPYIIYE
piBHOBary, CHCTeMa cama I1iJ] BIUINBOM BHYTPIIIHIX CHJI TIOBEPTAETHCS Y
PIBHOBa)XKHHUH CTaH, TO piBHOBara Ha3MBA€ThCA CTIHKOI0 (CTA0LILHOIO).
ExonoMiuyHa piBHOBara Ha3WBa€ThCSI HECTIHKOIO, SIKIIO  TCIA
€K30TCHHOTO IMITYJIbCy BOHA CaMOCTIHHO HE BITHOBIIOETHCA. Tomy
MOpsi 3 BH3HAYCHHSM YMOB BCT@HOBJICHHSI 3arajlbHOI EKOHOMIYHOT
piBHOBaru HeEOOXiTHO JOCITIKYBATH XapaKTep PiBHOBATH.

Y 3aJeXHOCTI BiI TOTO, SKOIO MIpOI0 TPH TOCHTIHKEHHI
E€KOHOMIUHHX SIBHII BPaXOBYETHCS Yac, PO3PI3HAIOTh TPU BHUIU aHAII3Y:
CTATHYHUI, NOPiBHSUILHOI CTATHKH | TUHAMIYHMIA.

IIpu craTuyHOMY aHAJI3i BU3HAYAIOTHCS 3HAYEHHS CHIOTCHHHX
mapamMeTpiB Ha JEIKHH MOMEHT dYacy. Ko MOJenb 03BOJISE
BU3HAYNTH 3HAYCHHS CHIOTCHHUX NapaMeTpiB y pi3HI MOMEHTH Hacy,
aje TpH IbOMY HE ONHUCYEThCS IMIPOIEC IEepPexXony Bil OIHOTO
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PIBHOBRKHOTO CTaHy JI0 1HIIIOTO, TO 1€ MOJICTH MOPIBHSJILHOI CTATHKH.
[poriec nepexoay eKOHOMIKH 3 OJJHOT'O CTaHy B IHIIHH TOCTIIKYETCS B
XO/1 IMHHAMIYHOI0 aHAJI3y, IPU SIKOMY €K30T€HHI Ta €HJOTCHHI 3MiHH1
PO3TIAAAIOTECSA K (DYHKITIT Bif] 4acy.

B pamkax nuHami4HOTO aHAaJi3y 3 SCOBYIOTHCA TaKOX MPHYUHHU
MOJJIMBOTO HETOBEPHEHHSI E€KOHOMIKM B DPIBHOBOXHHUI CTaH Micis
€K30TeHHOTO IIOKY (TIOIITOBXY).

Uepe3 B3aeMO3B’S30K BCiX EHIOTEHHHUX MAaKpOSKOHOMITHHX
napaMeTpiB IXHI PiBHOBaXKHI 3HaYCHHS, 37€01IBIIOT0, MOKHA BU3SHAYUTHU
TIBKH CHIIBHO Ha OCHOBI PO3B’SI3aHHSI CUCTEMH PiBHSHb, IO ONHCYE
B3a€EMOJMII0 MAaKpOEKOHOMIYHHX Cy0’€KTiB OJHOYaCHO Ha BCIX
MaKpPOEKOHOMIYHHX PHHKAX.

Touka piBHOBarm — TOYKA, MOTPANUBIIM B Ky TPAEKTOPis
PO3BUTKY IWHAMIYHOI CHCTEMH BXXE€ HE MOXKe ii 3amumuTé 0e3
JIOJJATKOBUX 30BHIIIHIX BIUIMBIB. AHAJOrYHUM YMHOM MOJKHA CKa3aTH,
0, SIKIIO TPAEKTOpis TOYMHAETHCS B TOYIl pIBHOBaru, To 0e3
30BHIIIHBOTO MOIITOBXY TPAEKTOPIsl HE 3aJIMIINTH LIO TOUKY.

Mogean po3miupeHoro BiaTBopeHHsi. KeHe po3rismgaB mporec
CYCITUTBHOTO BIITBOPEHHS B HiJoMy. BiH BHBUYaB pyX pi3HHUX YacTUH
CYCIIIIBHOTO TIPOAYKTY B MPOLECi BiATBOPEHHS, BUIUCYIOUH CHUCTEMY
BapTiCHUX OaNaHCiB YacTWH CYCHUIBHO TpOAyKTy. Ha ocHOBI
nociimkens Kene srogom Oynu chopMyliboBaHI YMOBH PO3IIMPEHOTO
BigrBopeHHs. Lli imei Oynu po3BunyTi nami B. B. JleontheBUM y MoOaemni
«BHUTpaTU-BUITycK» (input-output analysis). Mogens eKOHOMIYHOT
CHCTEMH HHAM TIOJJaHO SIK CHCTEMY JIiHIHHUX OalaHCOBUX CITiBBIIHOIICHD
BUPOOHHUIITBA 1 PpO3MOMITY NPOAYKTIB y TMPOLECI PO3IMIMPEHOrO
BiITBOPEHHSI.

Otxe, y Teopii €KOHOMIYHOI pPIBHOBAarM OMHUCAaHI MEXaHi3MHU
PUHKOBOTO PpETyJIOBaHHS BHPOOHHUITBA 1 PO3MOMILTY HPOAYKTIB Y
KOHKPETHIi (OpMi pUHKOBUX MEXaHi3MiB, OHAK HE PO3TIIAJAIOTHCS sl
PUHKOBHX MEXaHI3MIiB 1 TPOIEC E€BOIIOLIi €KOHOMIYHOI CHUCTeMH. Y
OaJIaHCOBHUX MOJIEIISAX BiITBOPCHHSI ONMCAHI 3araJibHi CIIBBIIHOIICHHS
pI3HMX YACTHH CYCHUIBHOTO MPOAYKTY B Tpolecax eBOJIOMii
EKOHOMIYHOI CHUCTEMH, aji¢ He ONHUCaHI MeXaHi3MH EKOHOMIYHOTO
PETYIIFOBaHHS, 0 MOTUI O 3aMKHYTH 0aJlaHCOBI CITiBBiTHOIIIEHHS.

m (CyyacHa MaTeMaTHYHa EKOHOMIKa CXpEIIyBaHHSAM [HX JIiHIN
oJliepana riopun — Teopito ekoHoMigHOTO0 3pocTtanHs [21, C. 10-13].
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Tema 2. Mogenb eKOHOMIYHOIO Kpyroooiry.
3aranbHi yMOBU MaKpOEKOHOMIYHOI piBHOBarm

B ocHOBY MakpoeKOHOMIYHOTO aHai3y 3aKia/ieHa HalWmpocTima
MOJIeTb KPYTOBUX MOTOKIB (200 MOJIenb Kpyroo0iry AOXOIB i BUTpAT).
VY cBoiil enemeHTapHil (opMi LI MOAETh MICTHTHh Y COOiI TUIBKU JBi
KaTeropii eKOHOMIYHUX areHTiB — JOMAIIHI TOCIoIapcTBa Ta GipMu — i
HE TIPUIyCKae AEepKaBHOTO BTPYYaHHS B EKOHOMIKY, a TaKOX SKHAX-
HeOy /b 3B'A3KIB 13 30BHIIIHIM CBiTOM (puc. 1).

I3 cxemu BHIHO, 110 €KOHOMiKa € 3aMKHEHOIO CHCTEMOIO, B SIKil
JIOXOJTA OJTHUX €KOHOMIYHHX areHTiB € BUTPaTaMH 1HIINX:

" CIOXWBYI BUTPATH JOMOTOCIIONAPCTB Ha MPUAOAHHA TOBApiB €
JoxoiaMu (ipM BiJ| peaizaliii roToBoi MPOIyKIIii;

®  BuTpaTH (pipM Ha OMIATY PECYPCIiB € JOXOAAMHU JOMOTOCIIOAAPCTB
(3apo0iTHa TUTaTa, peHTAa Ta IHII BUAN TOXOIIB).

mphl Pimok
dnﬂ" o TPOIyETIE
el
Domo- .
rocnogaperea Dipmu
dﬁ#
I’qh% Pimiok

pecypis

% I -

»

Puc. 1. JIBocekTopHa MOENH KPYTOOOITY IPOAYKTIB 1 IOXOMiB

Peanbamii  («pecypcu—ToBapu») Ta TpPOIIOBUN  («BUTpaTH—
JTIOXOJIN») MOTOKH IIUPKYIIOIOTH OJTHOYACHO Y MPOTUIICKHUX HAMPSIMKAX
1 HeCKIHYEHHO TTOBTOPIOIOTHCSI.

OCHOBHUM BHCHOBKOM 13 MOJEIi € PIBHICTD MK CyMapHOIO
BEIMYMHOIO MpoAaxiB (ipM Ta CyMapHOIO BEJIHMYMHOIO JIOXOIiB
nmomorocnogapets. Lle o3nadae, 1o s 3aKpuToi ekoHOMikH (ToOTO Oe3
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OyIIb-SKHX 3B'S3KIB 13 30BHIIITHIM CBITOM), 0€3 Iep’KaBHOTO BTPYYaHHS B
€KOHOMIKY BEJIMYMHA 3arajJbHOTO OOCSATY BUPOOHHIITBA Y T'POIIOBOMY
BUMIPIOBaHHI JIOPiBHIOE CyMapHiii BEJWYMHI TPOLIOBUX JOXOIIiB
nomorocnogapcts. Ilpm 1mpoMy TakoX CHpaBeIJMBOIO € pPIiBHICTB
noxoxiB (Y) i cykynHux Butpar (y JaHiid MOJEINI 1l BATPATH Ha TOTOYHE
cnoxkuanus — C), Tooto ¥ = C.

3MiHHI 3anacy MOXyTh OyTH BUMIPSHI TUTBKH Yy MEBHUH MOMEHT
4yacy i XapakTepU3yrTh CTaH 00'€KTa JOCTIDKEHHS Ha TEBHY NaTy —
noyatok abo KiHenp poky Toulo. IIpukinagamu 3amacy MOXyTb CIIyKHTH
nep>kaBHUE Oopr, oOCAT KamiTaly B €KOHOMIIll, 3araJibHa KUIBKICTh
0€3po0ITHUX TOIIIO.

3MiHHI 1OMOKY BUMIPIOIOTBCS 332 OJUHMLIO Yacy (Ha MicAlb, y
KBapTaJ, y PiK TOIIO) 1 XapakTepu3yIOTh BIACHE “TUIMH’ €KOHOMIYHHX
MPOIIECiB y Yaci: po3Mip CHOXHUBYUX BUTPAT 32 PiK, 0OCST iHBECTHIIIH 32
PiK, YMCIIO THX, XTO BTPaTWJIN poOOTY MPOTIATrOM KBapTaty i T.n.

[ToTokM BUKJIMKAIOTh 3MiHH B 3alacax: HAKOIMMYECHHS OIOKETHUX
nedInuTiB 3a psI POKIB MMPU3BOIUTE 0 30UTBIICHHS IEPKaBHOTO OOPTY;
3MiHa 3amacy KamiTalxy HampuKiHII MTOTOYHOTO POKY B TOPIBHSHHI 3
Horo po3MipoM Ha KiHellb MUHYJIOTO POKY MOXKe OyTH mojaHa sIK MOTiK
YUCTUX IHBECTHIIIH 3a PiK TOIIO.

B ocHOBI BUXiJTHOT MaKpOEKOHOMIYHOI MOJIeIi KPyTOBHX MOTOKIB
JISKUTh B3a€MO3B 30K 3aIaciB 1 MOTOKIB, 10 Nepeadayae ix aHami3 Ta
BHUMIPIOBaHHS B Yaci.

[ousTTas “nomixk” xapakTepu3ye EKOHOMIUHHH TMpPOIEC, KU
BiZIOyBa€THCS HEMEPEPBHO 1 BUMIPIOETHCS B OJUHHULISX 32 IEBHUN TIEpio]]
qyacy. B Mozeni kpyroo6iry Mu po3risaand NOTOKH NPOLYKIii, BUTpaT,
JOXOZIB.

[lonarta “3anac” — 1e BeaWuWHA, SKY BUKOPUCTOBYIOTH IS
BUMIpIOBaHH MMOKa3HUKA y KOHKPETHHI MOMEHT 4acy, Ha [IEBHY AAaTy.

Jns BuMiproBaHHS 3amacy 1 IIOTOKY 3acTOCOBYIOTBhCS pi3HI
onuHULi BUMIipy. Tak, ckaxiMo, 3amac MO>Ke BUMIPIOBAaTHCSA y TPUBHSX,
$, mitpax, a motik — B $/ro., TpH./piK, 1/cex.

B exoHoMmimi icHye TMEBHHH B3a€MO3B'S30K MK MOKa3HHUKAMHU
3amacy i moToKY:

= 3amac JOpiBHIOE HAKOMTUYEHHUM 3a TICBHUH Mepioj MOTOKaM;
®  [OTIK JOPIBHIOE PI3HMINI MIX 3amacaMd Ha TOYAaTOK Ta KiHEIb
nepiomy.
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HactymauM kpokoM B aHaJi31i Kpyroo0iry TOXOdiB Ta IPOIYKTIB €
BBEIICHHS 0 MOJEII JCPXKABHOI'O CEKTOpPa CKOHOMIKHM, Iifl SKUM
PO3YMIIOTB SIK IEHTPaJIbHi, TaK 1 MiCLIEBi OpraHH BiaIu.

JepxaBHuil cekTop TOB'SI3aHUN 3 IHIIUMH  €JIeMEHTaMu
€KOHOMIYHOI CHCTEMU depe3:

®  yycri nogatku (7), sKi KUTbKICHO MOKa3ylOTh Ty YaCTUHY HMOTOKY
IPOLIOBUX KOIITIB, sIKA BHJIyYAETHCS NEPXKABOI B JOMOIOCIIONAPCTB;
BU3HAYAIOTHCS PI3HHUILICI0 MDK IOJaTKOBHMH HAJXO/DKCHHIMH JIO
Or0[KeTy 1 JepKaBHUMH TpaHC(EPTHUMH IUIaTeKaMH (B HOJATbIIOMY
JUIS CIIPOLICHHS Ha3MBaTUMEMO iX MIPOCTO MOJATKaMH);

®  jepkaBHi 3akymiBii ToBapiB i mociyr (G), M0 SKHUX HaJeKaTh
TUTaTeXi JepKaBH 3a MPUAOaHi TOBAapW 1 MOCIYTH, a TaKoX 3apo0iTHa
T1aTa BCiX JepyKaBHUX CITYKOOBIIiB;

= jep)KaBHI MO3WKK Ha (DIHAHCOBMX DPHHKAX (3MIHCHIOIOTBCS MPH
HasBHOCTI Je(iluTy aepkaBHOTO Oromkety, T06To ko G>T).

TakuMm dYwWHOM, Ha pHC. 2, SIKAW BimoOpa)kae IOJaNbIIe
YCKJIAaJHEHHS MOJENl KpyrooOiry, 3'SBISETbCS HOBUH CEKTOp —
“neprkaBa’” — i TpM HOBHUX CTPIJIKU-B3a€EMO3B'SI3KU.

LepwasHii

w“‘/ e
Lomo- 3a0UIBK R,

recnogapeTea

Dipmu

'I"; diamconi

| pummar

Prmos:
| Peypds
L

Puc. 2. TpucekTopHa Mo/ieIb KPyroo0iry IpoJyKTiB i pecypciB
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[lepma 3 wHux — “Uncti momatku” — TOETHYE AepKaBy 3
noMorocniogapcTBamu. [pyra — “JlepkaBHi 3akymiBii” — TIO€IHYE
JepKaBy 1 pUHOK MPOAYKTiB. I, HapemTi, TpeTs — “/lepkaBHi MO3UKU~ —
HampaBJlieHa BiJ (iHAHCOBUX PUHKIB JI0 IEPKaBHOTO CEKTOPA, OCKUTBKU
JIeQIluT JepKaBHOTO OIOJDKETY Ma€e MOKPUBATHCS 338 PaXyHOK TO3UK Ha
¢inancoBux puHKax. Halvacrime 1i MO3WKW 3AIHCHIOIOTBCS MUIIXOM
MpoAaxy JAepKaBHHX OOJiramidi Ta IHMMX I[HHUX T[anepiB sK
0e3rmocepeTHF0 TOMOTOCIIONAPCTBAM, TaK 1 ((iHAHCOBUM ITOCEPETHUKAM.

VY Tux BUNamkax, KOJIH YTBOPIOETHCS HAIJIHMIIOK ACPKaBHOTO
OrO/KeTy, TOOTO KOJM YHCTI TIOJATKU TIEPEBHIIYIOTH JIepPiKaBHI
sakymiBm 1>G, crpinka Ha puc. 2. Mae OyTH HampaBjieHa B
MPOTUJICKHOMY HampsMKy. JlepkaBa ciutauye Oopru 3a 371iCHEHHMH B
MHUHYJIOMY [O3MKaMH IIBHJIIE, HDK OTPUMY€E HOBi, CTBOPIOIOYH TUM
CaMHM YUCTHH MPUTIK TPOITOBUX KOINTIB Ha ()iHAHCOBI PHHKH.

BBeneHHs1 epKaBHOTO CEKTOpa B KPYrOBHW IOTIK JOXOMIB i
NPOAYKTIB HE NOPYLIye PIBHOCTI HAI[iOHAJIBHOTO JOXOAYy Ta
HalllOHAJIBHOTO MPOAYKTY. Lle mosicHIoeThCs TUM, 1IO:

1. I'pomroBuii mOXi1 BUKOPHUCTOBYETHCS HA CIIO)KMBAHHSA TOBApIB 1
nocayr (C), uucti nomatku (7), sIKi HAAXOAATH Y PO3MOPSIKEHHS YPSIY,
i 3aomamkennas (S), ki morpamstoTeh Ha (iHaHcoBi puHKH. Tomi, 3
TOYKH 30py HAaLIOHANBHOTO JOXOAY, CIPAaBEUIMBUM € PiBHSIHHS:
Y=C+T+S.

2. IcHye Tpu BHIM BHTpAaT Ha TOBapHh 1 IMOCIYTH: CIOXHBYI
surpatu gomorocrnogapctd (C), iHBectuuiitni Butpatu ¢ipm (I) Ta
JepaBHI 3akymiBiai ToBapiB i mocayr (G). Tobro, 3 TOUKH 30py
HAI[IOHAILHOTO MPOAYKTY (BUTPAT), MOXkHa 3anucatu: Y=C+I[+G.

Biokpuma exonomixka — 11e €KOHOMIYHA CHCTEMa, SIKa TTOB'sA3aHa 3
THIIUMH KpalHaMU CBITY MeXaHi3MaMu €KCIOPTY, IMIIOPTY 1 (iHAHCOBHX
orepartii.

OCKIIBKH B MOZIEITi Ha pHUC. 3. 300pakeHO TUTHKH TPOIIOBI MTOTOKH
(a HE peanpHi), TO:

®  excnopt (X) SIK MOTIK TPOIIOBHX IIATEXKIB, @ HE TOBAPIB 1 MOCIYT,
300pakeHO CTPIIKOIO, IO HaIlpaBjcHa BCEPEIUHY CHCTEMH, TOOTO, Ha
BHYTpIIIHI pUHKH IPOYKTiB;

" qarexi 3a iMnopt (M) 300pakeHO CTPLIKOIO, IO HampaBlieHA i3
BHYTPIIIHOI HAaIIOHATHHOI €KOHOMIKH 3a KOpAOH (IMITIOPTHI TOBapH i
MOCIYTH KYyNYIOThCS SIK JOMOTOCIOAapCTBaMH, Tak 1 (ipMamMu Ta

25



00'eKTaMH AEPIKABHOTO CEKTOpa EKOHOMIKH, TIPOTE 3 METOIO CIPOITICHHS
Ha puc. 3 300pakeHO JIMIIE OJHY, HAWOLIBIIY 3a O0CIrOM KaTeropiro
IMIOPTY — IMITOPT CIIOKUBYUX TOBapiB);

Cextop
3KOP/AOH

M [OepXagHUH
cexTop

Platis- 220LUE0NBH

FocnogapeTEa

>
quamuil APLIS kanitiary, J
\\—/.

Prmos:

“ora pecypeis

b,
Puc. 3. Monens kpyroo0iry ais BiIKpUTOI eKOHOMIKH

" pIi3HUIS MK BEJIMYMHOIO TPOIIOBUX HAIXOKEHB Bin ekcropty (X)
1 BeJIMYMHOIO TPOIIOBUX IUIATEXKIB 3a iMIopT (M) HazuBaeTbes wucmum
excnopmom (NX): NX = X — M.

" KOJM €KCHOpPT He mokpuBae immopty (X<M, NX<(), to pizHuis
Mae OyTH orutadeHa abo0 MUIIXOM IO3WKHM B 1HO3EMHHX (HiHAHCOBHX
MOCEPEAHNKIB, a00 HUIIXOM MPOAaXKy peaqbHHX i (HiHAHCOBMX AKTHBIB
IHO3EMIISIM — 1€ TIPU3BOAMTH JI0 YHCTOTO IPHUILIMBY Karitany (Ha puc. 3
Taki omeparii 300paxeHO SK TOTIK, CIPAMOBAHHN OO BHYTPIIIHIX
(iHaHCOBHX PUHKIB);

" KOJHM X eKcropT mepesuirye immopt (X>M, NX>(0), to € Biarik
KaliTtaly — CHTyallis, KOJM CKOHOMIYHAa CHUCTEMa HaJa€ IMO3UKU
1HO3eMIIsIM 200 KyTye iHO3eMHi ()iHaHCOBI Ta peajbHi aKTHBH.
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IcHy€e TIeBHMIA B32a€EMO3B'I30K MiXK TIOTOKAMH TUTATEXKIB 32 IMITOPT-
€KCIOPT TOBApiB Ta MOCIHYT i MOTOKAMHU IUIATEXKIB 38 MIKHAPOJHHUMH
¢iHaHcOBUMHU omepauisiMu. Tak, HAIpUKIaJ, iMIOPT MOXKHA OIUIATHTH
abo K eKcrmopToM, abo X MPUIDIMBOM Kamitady. ToOTo kpaiHa Moxe
iMOopTyBaTu Oinple, HIXK €KCIIOPTYyBaTH, KOJH Ma€ MiClleé YHCTHUN
MPUIUINB KamiTany.

PiBHiCTP MiXX HAI[OHAJBHUM JOXOIOM Ta HAIllOHAJIBHUM
MPOIYKTOM 30epiraeTecs 1 TOMi, KOIM B MOAEIl Kpyrooodiry
BPaxOBYETHCS B3a€EMO3B'S30K 3 IHIIMMHU KpaiHaMH CBiTy, OCKUIBKH TOJ1
CHPaBIKYIOTHCS PIBHSAHHS:

1) 3 Touku 30py mpoxoxaiB Y=C+T+S+M;

2) 3 Touku 30py Butpar Y=C+[+G+X._

[TlizcymoByroun BHIlIECKa3aHE, MOXKHA 3POOMTH DSl BaXKJIUBUX
BHCHOBKIB:

1. I'pomroBuii J0Xi/T BUKOPUCTOBYETHCS HE TUTBKU Ha CIIOKUBAHHS
(C), ane # wma: uncti nomatku (7); marexi 3a immopt (M),
3aomamkeHnst (S). Lli Tpu HampsMHU BUTpa4YaHHS KOIITIB HA3UBAIOTHCS
“eumoxamu’”, Toml MOXKHA 3aITUCATHU:

Y=C+T+M+S, abo Y=C+)_ Burtoxkis.

2. 3 iHmoro OOKy, iCHy€e TpH BHIM BUTPAT HA TOBapH 1 MOCIYTH,
BUPOOJIEHI BHYTPIIIHBOIO HAIIOHANBHOIO EKOHOMIKOIO, SIKi He €
BUTpAaTaMy BHYTPILIHIX CIOXUBA4iB: iHBecTULiiHI BuTpatu (1),
JeprkaBHi 3aKymiBi ToBapis i nocayr (G), miarexi Bix ekcropry (X). 1li
TPU TIOTOKU HA3UBAIOTHCA “IH'exyisamu”. 3BiICU cIpaBeUIMBUM Oye
PIBHICTB:

Y=C+[+G+X, a6o Y=C+ 2 in'exuiii.

3. IopiBHSBIIN HAIliOHATHHUIA MPOMYKT 1 HAI[IOHATBHUHA IOXII,
orpumyemo: C+T+M+S=C+[+G+X. 3Bigcu BummBaE, 1IoO:
T+M~+S=I+G+X. 111 TOTOXHICTB OKA3ye, 1O 3arajibHa CyMa BUTOKIB
TOPIBHIOE 3arajbHIA cyMi iH'eKImii. J[ye BaXIWUBO MiTKPECIUTH, IO
TIIBKH CyMapHi TOKa3HUKW BUTOKIB Ta iH'€KWild piBHI MiX coboto. B
OKpEeMHX TMapax BHTOKIB Ta IiH'€KIi Hal{dacTimie TOYHHUH OajaHc
BiJICYTHIA. 30BCiM He OOOB'S3KOBO, 100 3a0IIaPKEHHS JOPiBHIOBAIIN
IHBECTHIIISIM, YUCTI MOJATKU — JEPXKABHUM 3aKyIIBISIM, a €KCIIOPT —
iMOOPTY.

4. I3 BBemeHHSAM 10 MOENi Kpyroodiry (iHaHCOBUX PHHKIB,
Nep’)KaBHOTO CEKTOpa 1 pemTH KpaiH CBiTy, CXeMa B3aeMomii MiX
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PIMIEHHSMH JOMOTOCIIOAAPCTB PO BUTPATH Ta PillleHHAMHA (BipM mI010
00csTiB BUPOOHHIITBA 3AMIIAETHCS TAKOKO K, X04a M YCKIAIHIOETHCS:
3a JIONIOMOrol0 TpaHc(epTiB, MOJATKIB Ta IHIIMX EKOHOMIYHHX
IHCTPYMEHTIB JAepiKaBa PEryiioe KOJHWBAaHHS B PIBHIX BHPOOHUIITBA,
3aifHATOCTI Ta iHQIAMmIL. SIKIO moMammHI rocmogapcTBa MPUUMAIOTH
pillieHHS BUTpadaTH MeHIIe, TO (ipMU 3MYyIIEHI CKOPOYYyBaTH BHUITYCK
NPOAYKILil, 10, B CBOIO YEPry, NPU3BOAUTH A0 3MEHIICHHS JOXOIIB.
PiBens monuty Ha TOBapH BHU3HAYA€E PiBEHh BUPOOHUIITBA 1 3aHSITOCTI, a
BiJ] piBHS BUIYCKY 3aJIGKHTh DiBeHb JOXOJIB BIACHUKIB (hakTopiB
BUPOOHUIITBA, 110, 3HOBY X TaKH, BIUIMBAE HA CYKYTHHIA HOIUT.

TakuMm YHHOM, 3pOOMMO OCHOBHHHM BHCHOBOK 13 MoJeli
KpyrooOiry MpOAyKTiB Ta JOXOJIB: peaJbHHUH 1 TPOIIOBUH IMOTOKU
3OIHCHIOIOTECS 0€3 MEepelKoa MPH YMOBI PIBHOCTI CYKYIHHX BHTpPAT
JOMOTOCIIONApCTB, (ipM, AEp)KaBU Ta PEIUTH KpaiH CBITy CYKyIHOMY
00CsTOBI BHPOOHHIITBA. SIKIIO X CYKYITHI BUTPATH, SKi BH3HAYAIOTH
CYKYITHUH TOMHT, CKOPOYYIOTHCS, TO W CYKYNHHUI OOCST BHITyCKY Ta
piBeHb 3alHATOCTI Majae, 10 3MEHINY€E CYKYIHI JOXOAH, SKi, B CBOIO
4epry, BU3HAYaIOTh CYKYNHHUH MONMT. 3BIICH BaKIMBUM 3aBIAHHAM
MaKpOEKOHOMIYHOT IOJIITHKH € CTa0UTi3allisl CyKYITHOTO TOIUTY .

[lizxoau mo BupileHHS Li€l 3a4a4i pi3Hi y NPEACTABHUKIB Pi3HUX
HaAIpSMKIB MaKpOeKOHOMIUHOI Teopii. [IpencraBHUKN KeHHCiaHCHKOTO
HaAIpPSAMKY MPOIIOHYIOTh 3IIHCHIOBATH CTA0OLTI3aIil0 CYKYyITHUX BUTPAT 32
JIOTIOMOTO0 3MiHU BEJIMYMHU JIEPKABHHUX BHUTPAT, MOAATKIB i TPOMIOBO]
nporno3unii. MoHeTapucTH  BBaXalOTh 3MiHY TIpOIIOBOi  Macu
VHiBepcaJTbHUM  3aco00M  cralimizamii eKOHOMikH. Y  paMKax
HEOKEHHCIaHCBKOTO  IIXOMy PO3POOJSIOTBCS  KOHIEMIii  MaKpo-
E€KOHOMIYHOTO YMpaBIliHHS OYiKYyBaHHSIMH EKOHOMIUYHUX areHTIB IpHU
MOBLTBHIN 3MiHI PiBHIB 3apO0ITHOI TUIATH 1 iH. Y HEOKIACHYHIA MOZei
palioHaTbHUX OYiKyBaHb IiHA 1 3ap0o0iTHA TUIaTa MBHIKO pearyioTh Ha
3MiHU PUHKOBOI KOH'IOHKTYPH 1 TOMY €KOHOMiKa IIBUAKO CTa01i3yeThCs
B CTaHi JOBipM EKOHOMIYHMX AareHTiB J0 TONITHKH Ypsaay i
HamionanpHoro 6anky. IlpuxuiapHUKH Teopii “€KOHOMIKH MPOTIO3HIIII”
BB@KAIOTh  HEJAOIIBHOI  OyIb-sKy TMONITHKY, HalpaBicHy Ha
peryaoBaHHA CyKymHOro momnuTy. Ha iXHIO AyMKy, MOJTHKA Oep:KaBu
MMOBMHHA OOMEKYBATHCS CTUMYJTIOBAHHSM ITiITPUEMHUIIBKOT TisITEHOCTI
1 30UMBIIEHHAM CYKYIHOI NPOMO3HWIii 3aBAAKK jiOepaiizamii pHHKY,
PO3BUTKOBI KOHKYPEHIIIi Ta 3MEHIIIEHHIO TIOJaTKIB.

28



Tema 3. Mogenb AMHaMi4YHOI piBHOBarn eKOHOMIKM.
Mopenb JleoHTbEBA

1. Memoo exoHOMIUHO20 AHANIZY «BUMPAMU-BUPOOHULMEBO ».

[Munamiuna mooenwv Jleonmoesa.

Jlunamika 3aMKHymoi eupobHuuoi cucmemu.

3. Minxceanyzesa Ounamiuna mMooens i aHaniz RPONOPYIL PO3UUPEHO20
8i0mMBoOpenHs.

4.  V3aeanvnenns ounamiunoi moodeni Jleonmoeaa.

N

3.1 MeTtol eKOHOMIYHOTO aHAIli3y «BUTPATH-BUPOOHHUIITBOY.
Junamiuna mojens JIeoHThEBa

Bacwuiis JleontseB (1906-1999 pp.) — amepuKaHCHKHI €KOHOMICT
POCifiCBKOTO MOXOKeHHS; mpodecop l'apBaplIChKOro yHIBepCHTETY Y
KemGpumxki, misuime y Helo-HMopky; TBOpeub MeTOIy EKOHOMiKO-
MaTEeMaTUYHOI'0 aHali3y «BUTPATU-BUPOOHUIITBO» (Input-Output) ams
BUBYCHHSI MiKrainy3eBux BIUMBiB. OtpumaB HoOeniBcbky mpemiio y
1973 p.

Jlunamiuna Mozenb JICOHThEBA € JETalli30BAHO0 MOJEIUIIO POCTY
BaJIOBOI'O CYCIIJIBHOTO MPOAYKTY 1 HalioHaJlbsHOTO goxony. basoro mms
nuHaMiyHOI Mogeni B. JleoHTheBa € craTMYHA MOJENb MIXKIaly3€BOIO
OalaHCcy B TPOIIOBOMY BHpPa)X€HHI, IO BigoOpaskae BUPOOHHUIITBO 1
PO3MONLT BajJOBOTO CYCHIBHOTO MPOAYKTY B Taly3eBOMY po3pisi,
MiKramy3eBi BHpPOOHMYI 3B'S3KM, BHKOPHCTaHHS MaTrepialbHUX 1
TPYAOBUX PECYpPCiB, CTBOPEHHS 1 PO3IOJALT HALIOHAIBHOTO IOXOAIY
(HO). KoxHa ramy3s y OanaHci po3riisiaaeThes JBivi — SIK CIIOKUABAY 1 K
BupoOHuk. lle 1 BU3HAauae MaTpuyHy CTPYKTypy Oanancy. B ocHoBi
CTaTUYHOI MOAENl JIeKUTh NPHUIYILIEHHS IPO B3a€EMO3B'SI30K MIX
HarpoOMa/UKeHHSAM 1 NPHUPOCTOM BasioBOro mpoaykry. Ilpm moOymosi
nmuHamigHol Mojeni B. JleoHTheBa, K 1 JUIsl MOJENI MiXKIaiy3eBOTO
OanaHCy, MarOTh MiCIle HACTYITHI IPUTTYIIEHHS:

1) B KOXKHIN TaITy31 € €IMHA TEXHOJIOTisI BAPOOHUIITBA;

2) HOpMHU BUPOOHHYHMX BUTPAT HE 3aJIeKaTh BiJ] 00CATY MPOIYKIIii,
1110 BHUITYCKA€ThCS;

3) y BUpOOHHITBI HE MIOIMYyCKAETHCA 3aMIIICHHS OJHUX BUJIB
MPOAYKIIT IHIIIUMH.

Miciie auHaMIYHUX MIDKTany3eBHX MOJAENCH cepen Mopenei
€KOHOMIYHOI AMHAMIKH BU3HAYAIOTh 38 TAKUMH TPhOMa YHHHUKAMHU.
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1. Bonm € geramizoBaHUMH (JIe3arperoBaHUMH) aHAIOTaMH
MoJielieil BIATBOPEHHS BaJOBOTO BHYTpilIHLOro mpoaykry (BBII) i
HAI[IOHAJIBLHOTO JIOXO/Y.

2. Mogen € y3arajJpbHEHHAM CTaTHYHUX (OamaHCOBUX i
ONTHUMI3aMIMHNX ) MKTaTy3€BUX MOJIETICH.

3. Mopgeni €  TEOPETUKO-METOAOJIOTIYHOK  OCHOBOIO
MPUKIATHUX JAWHAMIYHUX MOJENeH 3 MATPUIIMH MiXTaTy3eBOro
OayraHcy.

3anpomnoHoBaHa B. JIcOHTheBUM MUHAMIiYHA MiKTaay3eBa MOJAEITH
€ KIAaCHYHHUM TMIPHUKIAJOM BUKOPHCTAHHS CHCTEM AudepeHIiaTbHIX
PiBHAHB Y JIOCIiKEHHI TTPO6JIeM eKOHOMIUHOTO 3pocTaHHs. 1i Micue B
cUCTeMi Mojienell HapoJHOTOCIONAPChKOro PiBHSA MOXHA TpPAKTYBAaTH
JTBOSIKO:

SIK Jie3arperyBanHs Mojeni Binreopenns BBIT i H/I;

SIK TMHAMI3aI[it0 CTATHYHOI MOJIENI MIXKIamy3eBOro OallaHcy.

[ToOymyemMo MOAEITH 3TiTHO 3 TIEPITUM METOJIOM.

Haiinpocrima Mozenbs BiTBOPEHHS BaJlOBOTO BHYTPIIIHBOTO
MPOAYKTY OIUCYETHCS B TAKOMY BUIJISII:

x(t)= ax(t)+bdd +c(t).

[Ipu ne3arperyBaHHi i€l MOJEII IO Taly3€BOTO PiBHS €HIIOTEHHI

a’x f)

Ta €K30reHHi 3MiHHI X(7), ,c(f) 3aMiHIOIOTBCS BEKTOpaMU-

dX(t)

croBmismu X (1), ,C(t), a mapamerpu a i b — xBagpaTHUMH

marpuisima A 1 B. OtpuMyemo cucreMy 3BHYaWHHX JiHIHHHX
TUQepeHIianbHuX PIBHAHb 3 TOCTIHHUMH Koe]illieHTaMu, BIJIOMY SIK
IMHaMIi4Ha Monelb JIeOHTheBaA:

X(t)= AX(t)+ B

d);(’)w(z), G.1)

ne X(#)=[x,(#)] — BexTop-cTOBIENH OOCATIB BUPOOHUIITBA;

dx(1) _[ dx (1)

BEKTOP-CTOBIIEI[b  a0CONIOTHUX MPUPOCTIB

dt dt
BHPOOHMIITBA;
C(t) — BeKTOp-CTOBIEIb CIOXWUBAHHS (pa3oM i3 HEBUPOOHHYUM
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HarpoMapKCHHSIM);

A={a;}

;j/ — MAaTpHLlsl KOSQILIEHTIB NPsMKUX MaTepiajlbHUX BUTPAT (Ha
BiIMiIHYy BiJ KOe(illi€HTIB CTAaTHYHOTO MDKramy3eBoro OanaHcy
KoeQillieHTH B JWHAMIYHIA MOJEN BKJIIOYAIOTH TaKOXX BHUTpPATH Ha
BiJIIIIKOTyBaHHS BUOYTTS 1 KaliTAIbHUI PEMOHT OCHOBHUX BUPOOHUYMX
¢doHiB);

=1{b;} — Marpuus Koe(iLi€HTIB KaIlTAIOMICTKOCTI NPHPOCTIB
BUPOOHUIITBA (BUTPATH BHPOOHMYOTO HATPOMADKEHHS HA OJMHUIIIO
NPUPOCTY BiIMOBIqHUX BHUAIB poaykitii) (7, j € {L,...,n}).

Haragaemo, 1110 CTaTHYHY MOJENb MDKIany3eBoro OanaHcy
3aKCYIOTh TaK:
X=A4AX+Y
abo

X=(E-Ar,

e (E—A)_1 — MaTtpulsi KoeillieHTiB MOBHUX TOTPeO y BHUITYCKY
TMPOAYKII JUIsl OAep KaHHS OMWHHII BIATMOBIAHWX BHUIIB KiHIIEBOI
MPOIYKIIi.

BiamoBigHICTE MIDK CTaTUYHOK 1 JUHAMIYHOIO MOZEISIMH
MIXTaJTy3eBOro OallaHCy IUTsl KOJKHOTO ! BCTAHOBJIOIOTH 32 JOMOMOTOIO
MaTPUYHOTO PIBHSIHHS:

Y(t) = Bd); W e,
OcCKiJBKH % (E )_l dY(Z) , To 3amictb (3.1) MokHa
JIOCTKYBaTH CUCTEMY L[H(i)epeHulam)HHx PIBHSHB!
¥(1)= BE - Ay O (’) L), (32)

ne B(E — A)*1 — MaTpHIIs Koe(biuieHTiB MOBHOI MPUPOCTHOI KariTaao-
MICTKOCTi, TOOTO TOBHHX BHTpaT BHPOOHMYOI'O HArpOMajpKEHHsS Ha
OMHUYHI MPUPOCTH €JIEMEHTIB HalliOHAJILHOTO JOXOAY.

[MpumyckawoTh, 1Mo MaTpuiss A TPOAYKTHBHA. Y TOJAIBIIOMY
aHaNi3i 3pyYHO BBa)XKaTH MaTPHI0 A HEPO3KIAJHO, a MATPHULID B —
HeBHpOKeHOoT0. Tomi
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(E-A)'>E-4
B(E-A)"'>B

Jlati po3ristHeMO TaKoK BHIAIOK, Koiu Matpuii B i B(E — A)_l

BKJIIOYAIOTh HE BCE BUPOOHHWYE HArPOMa/DKEHHS, a  TiIbKU
HarpoMaJi>KeHHs] OCHOBHHX BUPOOHHYUX (POHIB.

Ha mepmwii mornsag i MPUMYIICHHS HENPUIYCTHMO IITYYHI,
OCKimBKH milicHi Marpuii A, SK NpaBwio, PO3KIamHi, a MaTpuili B
MaloTh HYJBOBI PSIIKU (30Kpema, AJs ranys3eil, o BUPOOIAIOTh TUTBKU
npenMeTH criokuBaHHA). OmHak micns 3BeneHHS cucrtemMu (3.2) 1o
PIBHSIHBb TUTHKH IS (DOHAOYTBOPIOIOYNX Taly3ed 0OuaBa MPHITYIICHHS
CTaOTh IIJIKOM MPaBOMipHUMH.

OueBuaHO, MO EKOHOMIYHE 3HAYEHHS MAalOTh TUIBKH PO3B'SI3KH
X(t)>0. Auanoriuny BUMOTY B MOjielli 63 30BHIIIHBOI TOPTIiBII MOKE
OyTH HakIazeHO Ha Bektop Y(?). Slk Oyae ommcaHo aaii, CKOHOMIYHHM
nepexymoBaM Mojem (3.1) BiANMOBiNalOTh TUTBKH HECHAJHI TPAEKTOPIi

X(t), TobTO d);t) >0.

dY (1)

>( uepe3 HeBig'€MHICTH

ax .,
dr

Posp's30x cuctemu (3.2) mpum

marpuns (£ — A7Vi BE —A)_l rapanrye, mo Y (7)>0 i

. OnmHak ocTaHHI YMOBM MOXYTh OyT BHKOHaHI 1 TOZi, KOJH OKpeMmi

(1)

KOMITOHEHTH BEKTOpa T BiT'€MHI.
4

3.2 Jlunamika 3aMKHYTOi BUPOOHHYOI CHCTEMH

[IpoananizyeMo cucteMy OIHOPIIHHUX PIBHSHD:

N ()
V()= B(E- A= 2

ExoHOMiuHMIA 3MIiCT PO3B'A3KY 1i€i CHCTEMH TIOJNATAE B TOMY, IO
BiH XapakTepu3ye€ TPaHWYHI TEXHONOTIYHI MOXIUBOCTI PO3BHUTKY
BUPOOHHMIITBA MpU 3adaHux wMarpuisix A 1 B, komu Bci pecypcu
HaIlOHAJIFHOTO TOXOJY CIPSIMOBYIOTBCSI Ha PO3IIMPEHE BiATBOPEHHSI.

(3.3)

32



[MpupoaHO, BUHUKAE MUTAHHS: YM ICHYIOTH TPAEKTOPIl CHCTEMHU
(3.3), aHamoriuHi TPaEeKTOPii 3pPOCTAaHHS HALIOHAIBLHOTO JOXOAY 3
MNOCTIHHMM TEXHOJIOTTYHUM TEMIIOM P ?

JlezarperoBani aHalOTW 3aKOHY 3pPOCTaHHS 3 TOCTIHHHUM
TEXHOJIOTIYHMUM TEMIIOM p JijIss BEKTOPIB HALliOHAILHOTO JOXOAYy 1
BaJIOBOT'O MPOIYKTY MAlOTh BUTIIS;

Y(t)=Y(0)e*, X(t)=X(0)e". 34

Bigmoigao 10 (3.4) 3 MOCTIHHUM TEMITIOM 3pOCTAlOTh HE TiTHKU
HaI[lOHAJBHUHA JIOXiZ] 1 BaJOBMUH NPOAYKT 3araioM (SIK CKaJsApHi
BEJIMYMHHU), alle i OOCITM BHPOOHMLTBA MPOAYKIii, a TaKoX 0OCITH
BUKOPHCTaHHS HAI[IOHAJFHOTO JIOXOAY JUIS KOXKHOI 3 ramyseir. OtTxe,
ray3eBa CTPYKTypa BaJIOBOTO MPOMYKTY 1 HAI[iOHAJHHOTO TOXOIY AJIS
TpaekTopii (3.4) 3anumaeThbcs HE3MIHHOIO. BiAmoBine Ha mocTaBieHe
MUTaHHS Tepeadadae AOCHiKeHHS cucteMu (3.3) as pi3HUX MaTpHUIlb
A TaB.

3aranbHUi po3B'a30Kk cucreMu (3.3) Moxxke OyTH TOJNAHUN y
BUTIIAIL:

V(=1 dKe" (3.5)
i=1

ne A, — KOpeHi XapaKTepUCTHYHOTO PIBHSHHSA H-TO MOPSAKY

det(E-AB(E—A4)) =0,
K, — Bigmosimui 10 /4, Buacui Bektopu matpuii B(E — A)_l , TOOTO
HETpHBIaJIbHI PO3B'I3KH CHUCTEMH OJTHOP1THIX PIBHSIHB
(E-AB(E-A)HK, =0.

Jesiki KOpeHi A, MOXYTh BHSBHTHCS KOMIUIEKCHUMH. KoxHiit
napi KOMIUIEKCHO CIIPSDKCHUX KopeHiB A =« +if3 Bimnosinae B (3.5)
napa nonaukis Ce™ cos St + De™ sin St (ne C i D — nocriitni BekTOpH
PO3MIPHOCTI #1), IO TOPOKYIOTH KOJMBAHHA 3 YactoToro [ i
ammritymoo e .

Bemnuuan d; y dopmymi (3.5) omHO3HAYHO BH3HAYAIOTHCS i3

MMOYaTKOBOI1 YMOBH.
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VY 3aragpHOMY BHIAAKy HEMAE MiJCTaB pO3paxOBYBAaTH HA Te, IO
BiZIMIHHOIO Bij HyJst Oyjae eamHa KommoHeHTa d;. OTKe, y THIOBIH
cuTyarii eauHa TpaekTopis cucreMu (3.3), sska BUXOIUTH 3 TOYATKOBOT
toukn Y(0), € KOMOiHAI[i€f0 EKCIOHEHT, IO 3POCTAITh PI3HUMHU
TeMrraMu. TOMy pO3BHTOK TOYHO 3a 3aKOHOM (3.4) € HEMOXKIIUBHM.
OcTaHHE TBEP/KCHHS BKa3y€ Ha ICTOTHY BiJMIHHICTh MIXIally3eBOl
MOJeNi Bijl il MAKPOEKOHOMIYHOT'O IIPOTOTHUILY.

Ane meBHa CXOXICTh PO3B'SI3KIB OJHOPITHUX MaKpPOEKOHOMIYHOI
Ta MDKramy3eBoi wmojenei 30epiraerscs. lle cTae oueBumHUM 3
HABEJCHUX HIKYE MIPKYBaHb.

BinnosinHo m0 mnpuitHATHX npunyiieHs marpuns B(E —A)_1
nompatiHa. OTke, BOHA Ma€ J[0JaTHE BIACHE YHCIO S, MO 3a
a0CONIOTHOIO BEJIMYMHOKO OuTbINe, HiK yCi IHIN BIacHI YHCIA i€l
MaTpHIli, a TAKOX BIAMOBIAHUI CTPOrO MOJATHHUM BiacHUi BekTop K .
ITpy 1BOMY BIIaCHI BEKTOpPH, IO BiAMOBIAAIOTH BIAMIHHUM Bimx S
BIIACHMM 3HAuY€HHSIM, 3 HEOOXIJHICTIO MarTh KOMIIOHEHTH Pi3HUX
3HaKIB.

3 Teopii HEBII'EMHUX MaTPHUIlb BiIOMO, IO § 3HAXOIUTHCS MIiX
MaKCUMAaJIBPHOIO 1 MIHIMAJIBFHOIO CYMaMH{ €JIEMEHTIB CTOBIIIIIB MaTpPHII

n
-1 o .

B(E — A) . Tlo3naunmo depe3 B./'_Z B cymy enementis j-ro

i=1
CTOBIIIS 1Ii€i MAaTpHIli, TOOTO MOBHY KaliTAJIOMICTKICTh MPOAYKIIi j-i
ramy3i. Toxi

minB,- <s< max B .
J o J :

1

Pazom 3 Tum, mapamerp A =—, 10 HAJIEXKUTH PO3BsI3KY (3.5) sk
N
MOKa3HUK €KCIIOHEHTH, 3HAXOAUTHCS HA MPOMIKKY:

o1 - 1
min—=—< A < max—.
7 B /B
Takum YHWHOM, IIOKa3HHUK CKCIIOHCHTHU € O6CpHCHOIO BCIIMYHNHOIO
0 JeSKOi CepelHbOl 3 TIOBHMX Taly3eBHUX KamiTalOMICTKOCTEH. Y

BUMIAJIKy ) IXHBOI PIBHOCTI (B ; =By, j=1,...,n) A s30iraersca 3
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p= L, IO CTaE MiJICTAaBOI0 HAa3WBATH BEIMUUHY /. TeXHONOTIYHUM
B,
TEMIIOM MIPUPOCTY B MiXKranxy3eBiil auHamiuHii moaeni (3.1).
Tpaekropiss Y;(f) BimmoBigHOo 10 (3.5) € CyMOIO EKCIIOHEHT.
OueBuaHO, IO NpH [ —> 0 B Hi NMOYMHAE NEpeBaKaTH IOAAHOK 3
MaKCHMAIIBHOIO JIICHOI0 YaCTHHOI /; . MOXJIHBI [1Bi B3aEMOBHKITIOUHI
CUTYail:
1) TOMIHYIOUOIO € EKCIIOHCHTA e;";
2) IOMiHY€ IHIIHIA JOJAHOK 3 TEMIIOM /5 , IKUH BIAMIHHME Big A
VY mepmoMy BHIIQJIKY TEMITH MPHUPOCTY MPOAYKIIT KOKHOT ramysi
npu [ —> o0 OpAMYIOTh 10 TEXHOJOTIYHOTO TEMILy 3POCTaHHS A, a
rpaHUYHA rajy3eBa CTPYKTypa HAalliOHAIBHOIO IO0XOAYy BHU3HAYAETHCS
MPOMOPLISMHI MK KOMIIOHEHTAaMH BJIaCHOT'O BEKTOPa K.
V npyroMmy Bumajiky auHamika Y;(f) yce Ginmplue BH3HAYa€THCS

1

BJIACHUM BEKTOpOM K, IO BiJNOBifa€ BIaCHOMY 3HA4YCHHIO 7 =S 3
1
marputi  B(E —A)fl. Takuif BIacHHI BEKTOp, SK OYyJIO 3a3HAYECHO
BHUIIE, 0OOB'SI3KOBO Ma€ KOMITOHEHTH Pi3HUX 3HaKiB. ToMy mpH JOCHTH
BeMUKUX ¢ y po3Bsi3Ky V;(f) HEOAMIHHO 3'IBISIOTBCS Bix'€MHI
KOMITOHEHTH 1 THM CaMHM BTPAda€THCSI EKOHOMIYHHMA 3MIiCT PO3B'SI3KY.
Orxe, po3B's30k (3.5), y sKOMy JOMIHY€E JOJAaHOK 3 TEMIIOM,

BiJIMiHHMM Bif A , EKOHOMIUHO HEIPUIHATHUH.

3a3HavyeHi 0co0NMMBOCTI PO3B'SI3KIB OMHOpPiMHOTO piBHSHHS (3.3) €
NPUHLIUIIOBUMH BH3HAYQJIBHUMH pHCAMH MiKramy3eBoi moneni (3.1),
MTOPIBHSAHO 3 1i MaKpOCKOHOMIYHHM aHAJOTrOM, II¢ PO3B'SI30K BTpayae
JIOITyCTUMICTh TUTBKM B pe3yJibTaTi HaJMIPHUX BHUMOT JI0 3pOCTaHHS
CIIO’KUBAHHSL.
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3.3 Mixranmy3eBa quHaAMIgHA MOJIEIh 1 aHaJTi3 POTOPITIH
PO3IIUPEHOTO BiATBOPSHHS

3B'S30K pe3yNbTaTiB MiKraly3eBOi AWHAMIYHOI MOJAETI 1 Makpo-
MOJENi PO3MHUPEHOr0 BIiATBOPEHHS MOXe OyTH TOCHJICHHH 3a
JIOTIOMOTOF0 KiTacuQikallii Ta arperyBaHHs raiy3ei 3a QyHKIIIOHaATbHHM
NPU3HAYCHHSAM MPOAYKIil, IO HHUMH BHUTOTOBISETHCSA. 3aMiCTh
“3He0CO0NIeHNX” Taiy3eld, MPEeICTaBICHUX TUIBKH TOPSAKOBHMU
HOMEpPAMH, BapTO BHIUIATH Tady3i, 0 BUKOHYIOTh 0COOJMBI (PYHKIIIT B
Mpolieci BiATBOPEHHSI.

[loginumo Bce BHPOOHHMUTBO Ha TPH Taly3i: BHPOOHHUITBO
3HapsAAp mpami (Tany3b 1), BUpOOHHWITBO MpeaMeTiB mpami (Tamyss 2),
BUPOOHUIITBO TMpEJMETIB CHOXHBaHHS (Tany3b 3). B pesynbrati
OTPHUMYEMO TpPUTAy3€BY CHCTEMY, SIKY MOXHa JOCHIIDKyBaTh 3a
JTIOTIOMOT OO MIXKIally3eBoi TUHAMIYHOI MOJIETIi.

VY 3a3HadveHIM TpPHUTAITY3€Bill CHCTEMi JHIIEe Tary3b 1 3mificHIOE
KaliTajdbHI BKJIAQJCHHS, Tajly3b 2 3a0e3leuye TUIbKH TPOMIXHE
CIOXXHMBaHHS, a Bech (DOH]] CIIOKMBAHHS 3a0e3meuye raimysb 3.

3anumemMo cucTeMy pIiBHSHb, 3BaKaloWd Ha (DYyHKIIOHAJIBHE
MPU3HAYEHHS MPOAYKIIiT TPHOX Tay3ei:

dx, dx
+b
g

dx,
=2 4 pyy 3

x1(2) = ayx (1) + ap X, (1) + a3 x5(2) + by — r i

X5 (2) = ay %) (1) + apx, (1) + ay3x5(1)

X3(1) = c(?)

[TincraBuBIK X2(7) 1 X3(¢) y Teplue piBHSIHHI, OTPUMAEMO
JIuQepeHiianbHe PiBHSIHHS TAKOTO BUTIIALY:

~ dx, - dc
x,(¢) = ax, (¢ +b—+ c(t) +
(1) = ax (1) di gc(1) gzdt
ne @ =ay, + 2921 apdy b by, + 22920 b12a21
—azz 1- azz

apdrys  ~ b byyay;
L, & =03t ——.
5%} —dy
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3aBasKku  NPOAYKTHBHOCTI Marpumi A BemmumHa d <1 .
TexHONOTIYHUI TeMI TPHPOCTY, SKUi mocsraetbess mpu  c(1)=0,

. - 1-a
JOpiBHIOE A = —

Ipu (1) = cye™” Tpaeropis X1(¢) Mae BUTTIAL:
g, +rg v (g +rg .
xl(t):(xl(O)—(gl Nrg2)f”)e"’+(g' N”gz)fo e
l-a—-rb l-a-rb

30Kpema, MpH CTAIOMY PiBHI crioxkuBaHHs (#=(0) OTpUMY€EMO:

gco ) ir 8¢
xl(t):(xl(O)—igi%je r 4 1%

~

1-a
TOOTO TEMIl HPUPOCTYy BHPOOHMLTBA 3HAPSAb Npali IyKe IIBUAKO

IPSIMYE€ JI0 BEJIMYUHA A .
[Ipomopiiifine  3pocTaHHS  BCIX  Trajny3edl  BHUpPOOHHUIITBA

(1-a)x;(0) - gcq

x,(t) = x,(0)e" (i=1,2.3) icaye npu 7y = — -
bx;(0)+ gx¢

pH
bOMY OSrO</i.

IIpu 0 <r <§, TeMoum mpupocty BHpOOHMITBA Tamyseil 1 i 2

30iIbIIyIOThCS 10 Meki A . BupoOHunTeo y 1 Ta 2 ramyssx 3pocrae
BUTICPE/DKYIOUMMH TEMITAMH, iXHS 4YacTKa y BaJOBOMY HPOAYKTI
HenepepBHO 30UTBIIyEThCS. BiAmoBigHO 3pocTae yacTka BHPOOHUYOTO
HAarpOMAaJUKeHHA 1 3HIKYEThCA YacTKa CIOXKHBAaHHA (K 1 B
MaKpOMOJIEIISX ).

IIpu r>7r, Ttemmnu npupocry BUpOOHMLTBA ramyseil 1 i 2
HEOOMEKEHO 3MEHINYIOTHCS; BIAMOBIAHI TPAEKTOPii BHXOIATH 3a MEXI
JorrycTiUMoi 00acTi. BogHoYac 3011bITyeThCS 9acTKa TPEThOl Tamy3i y
BaJIOBOMY IIPOIYKTi Ta (DOHI CTIOKUBAHHS — Y HaIlIOHATHFHOMY JOXOII.

3aneXHOCTI TEMMIB TPUPOCTYy BUPOOHHIITBA 3HAPSAAb Mpami i
MpeIMETIB Mpalli BiJ TEMITy CIIOKUBAHHS 7 300pakeHo Ha puc. 4.
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w

a) O<r<ry 0 6} rong
Puc. 4. 3anexxHicTh TUHAMIKH TEMITiB IPUPOCTY BUPOOHUIITBA
rajy3eil Bil TeMITy IPUPOCTY CIOKHBAHHS:
1 — BUPOOHMIITBO 3HAPSIB Tpalli; 2 — BAPOOHUIITBO MPEIMETIB Mpalli;
3 — BUPOOHHIITBO MPEIMETIB CIIOKHUBAHHSI

3MiHU Tay3eBOi CTPYKTYPH BajJOBOTO BHYTPIIIHBEOTO MPOIYKTY
NpY 3MiHI TEMITy CTIO’KMBaHHS MIOKAa3aHO Ha pHC. 5.

L

' ‘|' L4 &

100 100 el
l?:ﬁu]
Lo 5] {n']‘

'3',:0:'

0
(=r<ry 0 r=ry
a) i)

Puc. 5. 3anexHicTh TUHAMIKY raiy3eBoi CTPYKTYPH BaJIOBOTO
BHYTPIIIHLOTO MPOAYKTY BiJl TEMITYy IPUPOCTY CIIOKHBAHHS:
0 — YacTKa BHPOOHUIITBA 3HAPSAb Mpalli; Oy — 4YacTKa BUPOOHUIITBA
MPEIMETIB MpAalli; 0,3 — YaCTKa BUPOOHHUIITBA MMPESIMETIB CITOKUBAHHS

IIpu 0 <r <K (puc.5a) yactka BHPOOHMITBA 3HAPSIb MpaLl

3pocTae, a yacTKa IPEIMETIB CIOXXHMBaHHS 3MeHUIyeTbes. llpu 7 > ¢
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(puc. 50) cTpykTypHi 3MiHM TpoTHiexkHI. YacTka BHpPOOHHIITBA
MpeIMETIB Tpalli BIJHOCHO CTilika IIOA0 Temmy crHoxxuBaHHs. Lle
MOSICHIOETHCS. THM, II0 BUPOOHHWIITBO MPEIMETIB Tpalli OJHAKOBO
HeoOXimHE TpH OyIb-SIKOMY CITiBBIIHOIIEHHI MK BHPOOHHUIITBOM
3HApAMb Tpami 1 TpeaMeTiB  CIOKHMBAHHSI, a TaKoXK  MiK
HarpoMaJuKeHHSIM OCHOBHHMX BHPOOHMYMX (OHIIB 1 BHKOPHUCTAHHSIM
MPOAYKIIii Ha HEBUPOOHUYI MTOTPEOH.

3.4 Y3aranpHeHHs JuHaMidHOI Mojenl JleonTeeBa

Y  nmuHamiuHii  Mmomeni  B.JleoHTheBa  3po0iieHO  HH3KY
MIPHUITYIICHb, IO CIPOIIYIOTh PO3B'SI30K CHUCTeMH Au(epeHIriaTbHIX
PIBHSHB 1 TMOJICTINYIOTh BIAMOBIAHMN TeOpeTHYHMI aHami3. OnHak I
NPUNYLIICHHS 3BYXKYIOTh MOXJIMBOCTI  KOPEKTHOTO  IE€PEHECEeHHS
pe3yNbTaTiB aHajily Moneni Ha eKOHOMiuHy miiicHicTh. [lopsg 3
KPUTUYHOIO OI[IHKOIO TMPHITYIIEHh PO3IISIHYTOT MOJETl BaKIMBO
OIUCATH LIIAXU 11 yJOCKOHAJICHHS.

1._BxnrodeHHs yMOB ,.HEOOOPOTHOCTI" KamiTaabHUX BKJIAIEHb i

Hepexia 10 CUCTEMH HEPIBHOCTEH.
B ymoBax (3.1) BekTOp BHPOOHHYOTrO HarpoMaJiKeHHA (YHUCTHUX

KalliTalbHUX BKJIQJAEHB) MOB'A3aHUMN 3 MPHUPOCTAMU BUPOOHHIITBA

.. dX ..
cuiBBigHomenusm U(t) = B 7 Take cmiBBiIHOWIEHHS Iependadae
t

dx (1 dx (1
L(). ﬂKHIO x;i/—t()<

TIIBKA  HEBIX'€EMHI  ITOXIJHI 0, To

dx (1

< 0. ®opmanpHO I 03HAYAE TTOBEPHEHHS PECypCiB y

OajaHCH MPOAYKINI 32 MOBHMMH HOPMaMH KamiTajJOMICTKOCTi (TIOBHE
JICIHBECTYBaHHS), 1[0 HE BIAMOBIa€ JIHCHOCTI.
Tomy posB'szku cuctem (3.1) i (3.2) MOXKHa BHKOPHUCTOBYBaTH

JIUTIIE TOM1, KOJIM BOHH 33JJ0BOJILHSIOTH TIOJaTKOBY YMOBY: 7 >0.
1

Taka yMOBa BHKOHYETHCS JAJICKO HE JJIs1 OYIb-SIKOI TpaekTopil
(3.1), 30xpema, BOHa MOPYLIYETHCS:

a) IpH JOMiHyBaHHI B PO3B'SI3Ky OJHOPIJHOI CHCTEMU CKJIAJ0BOI,
110 3POCTAE 3 TEMIIOM, KU BiAPI3HAETHCS Bl TEXHOJIOTIYHOTO;
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0) 1pu 3pOCTaHHI CHOXKUBAHHSA 3 TEMIIOM /> 1} ;

B) Ha TIOYAaTKOBOMY BiJIpi3Ky 1HIIMX TPAEKTOPIH.

Crporo kaxyuu, I J0AaTKOBa yMOBa HE € HEOOXITHO. AJKe
BXIUBO HE 3a00pOHHUTH Bi'€MHI MPHUPOCTH, a BHKIIOUYUTH (EHOMEH
“000pPOTHOCTI” KamiTAThbHUX BKIAICHL. TOMy OiIbII OOTPYHTOBAaHUM €
OesmocepeHE  BKIIOYEHHS B MOJETb YMOB  “HE0OOpOTHOCTI”
KaIliTaJOBKJIaIeHb:

dx (1)
Uy =00 T
] +
dx (1) dx (1)
() _ | e g 2
dt - dx/(t)
e + 0, SAKUIO 0 <0.

Bigznaunmo, 0o mpumyiieHHS aOcoIIOTHOI HEOOOPOTHOCTI
KamiTAIOBKIIaZleHh € HaATO »JKOPCTKHM. MarepiaabHi €JIeMEHTH
OCHOBHHX BHUPOOHHYMX (DOHJIB, IO BUBUIBHSIOTHCS, MOXKYTh YaCTKOBO
nepepo3nofinsaTucs. Lle MoxkHa BpaxyBaTH HACTyIIHUM YHHOM.

dx (1)
Skmo ———<0, 10 B OamaHc NPOAYKIii HAIXOIWUThH
. —dx /(l ) — )
u; = b,-/- d , ne 0< b,-]» < b,/. . OgHak TeopeTHYHE IOCTiHKEHHS
i i 2 A A

MOJIeJi 3 TAKMMU YMOBaMH TIOMITHO yCKIIaTHIOEThCSL.
I3 ypaxyBanHAM yMOBH ‘‘HEOOOpPOTHOCTI” KamiTaJIOBKIaJCHb
IHAMigHA MiXKTalTy3eBa MOJICITb Ha0yBa€ BUTIIALY:

X(t):AX(t)—kB[%j +C(1), (3.6)

Opnak cucrema piBHSHb (3.6) MOXe HEe MaTH JOIIyCTUMHX
TPAEKTOPIii, 110 MPOXOAATH yepes 3amany moyatkoBy Touky X (0)=>0.
V 3B'SI3Ky 3 UM JOLIJIBHO 3aMIiHUTH CUCTEMY PiBHSHB (3.6) CHCTEMOIO
HEPIBHOCTEIH:

dx (1)

X(t)=>AX(t)+ B( J +C(1), 3.7)
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3aBOSKH THOMY BIAETHCS YHUKHYTH 0aratbox IpooOsieM, IIIo
BUHUKAIY TIPH MOTIEPETHHOMY aHaJIi3i.
Tak, MOZENb 3aMKHYTOI BUPOOHUYIOT CHCTEMU

X()=AX(t)+ B ax() , Ha BiaMiHy Bim piBHsHHA (3.3), Mae
+

po3B'A30K mpu Oyab-sikoMy nodatkoBomy 3HaueHHi X (0)>0:

At
X ()= X(0)e™.
OTxe, y Moen 3aMKHYTOI BHpOGHqui CHUCTEMU MAKCUMAJIIBLHO

MOJKJIMBHH TOCTIIHHIA TEMIT TPUPOCTY BUPOOHHUIITBA BCIX Taly3el icHye
npu OyIb-sIKOMY TOYaTKOBOMY CTaHI.

2. YpaxyBaHHS pe3epBiB BUPOOHUIHMX MOTYKHOCTEH.
Y monem B. JIeoHThEBA TIPHUITYCKAIOTh, IO TIPHUPICT BUPOOHHUIITBA

Moxxe OyTH 3IOiHCHEHWH TiBKM 32 paxyHOK  BHPOOHHYOTO

dx (1) )

Harpoma/pkenus: 3 (1) =0 BummMBae TzO. Hacnpasui
i 1

PO3IIMpPEHHS BUPOOHUIITBA MOXKE BigOyBaTHCS 1 B pe3ynbTaTi OUTBII
MMOBHOT'O BUKOPHCTAHHS HasBHUX BUPOOHMYHUX MOTYKHOCTEH (OCHOBHUX
BUPOOHNYNX (DOHIIB).

[osnaumBum wepes M (f) MakcHManbHO MOXIMBHA 00csAT

BUPOOHUIITBA MPOAYKIIi j-1 Taly3i Ha NiF0YMX OCHOBHHX (DOHAAX y poIli
¢, MOXXEMO BBECTH YMOBH: xj(t) < MA/-(Z), 10 pOOATH MPHUITYCTUMHM
a’x (1)

1)=0 >0.
(1) =0 npu ——

Ormxke, BBEINEHHS JIONATKOBUX yMOB X (1) <M (f) moxe

YTOYHHUTH PO3B's30K cuctemu (3.1).

3. [loOysnoBa MixKrasy3eBUX MOJIeJICH 3 iIHBECTUIIIHHIUMH JaraMu.
Y wmopmem B.JleonTheBa, Tak camMo SK 1 B HaWmpocTimii

MaKpoMOJIeJli BiITBOPEHHs, IepeadadeH0 MHTTEBICTh IEPETBOPCHHS
BUPOOHMYOTO HArpoMaJKeHHs (KamiTaJbHUX BKIIAJCHB) Y HPHUPOCTH
BUpoOHUITBa. HanmipHa cropomieHicTh 1i€i yMOBH HEOAHOPA30BO
BiI3HAuagacg 6ararbMa JOCHIITHUKAMHU.
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[IpupomHe BAOCKOHAJICHHS MOJEII — BKIIOUCHHS 1HBECTHIIIMHHUX
JariB  (30Cepe/PKeHUX 4YM po3mojiieHux). Tak, SKIO BHU3HAYATH
{HBECTULIIMHMIA JIar y KOXKHIN j-# ranysi sk 30cepe/keHui i piBHUN T B

TO cHUCTeMa piBHSHb BHPOOHMUTBA 1 PO3MOAUTY  MPOAYKIii
(HaLiOHAEHOTO TOXOTY) Ha6yBa€ Bnrn;my:

x,(t)zzn:a,/ /(t)+2b ’(t+r Y+ (t),i=L....n.
j=1

IaBecTuIliliHI J1aTH MO)KyTB mudepeHITioBaTHCS HE TIIBKHA 3a

rajy3sMu--‘Crio)kuBayamMu’”  KalliTaJIbHUX  BKJIAQJCHb, aje ¥ 3a
MaTepiadbHO-PEYOBUMH €IEMEHTAMH KalliTaJTbHUX BKIAJACHB (TIPOIYKITis

MaIMHOOY AyBaHHsI, OyJIBHULTBA 1 T. iH.). Ilo3Ha4nBIIM Yepe3 7, nar

KamiTaJIOBKIIaJIeHb, 10 HAAXOMATH 3 -1 ramy3i 1 3a0e3meuyoTh MpUpicT
BUPOOHUIITBA Y j—171 ranysi, oz[epmyeMo TaKy CUCTEMY PiBHSIHB:

x,(1) = Za,,x (t)+Zb,, ’(t+z',/)+c(t) el

Y ;[HHaMquy MlmranyseBy MOJIeTh MOXYTh OYTH BKIFOYEHI
TaKOX 1 PO3IOIIICHI JIaTH, IPU [bOMY 3MIHIOETBCS 3MICT MaTpuili B.

Metoau po3B's3yBaHHS CUCTeM JUQEPEHIIaTbHUX PIiBHSIHb 3
JaramMu (3ami3HUTIMHA apryMEHTaMH) po3po0JIeHO MTOCHTH A00pe, oaHaK
SIKICHUH aHaJli3 pO3B'A3KIiB ICTOTHO YCKIIaTHIOETHCS.

4. BpaxyBaHHS JIWHaMIiKU KOe(IIliEHTIB MAaTepiaJoMiCTKOCTi i

KaIliTaIOMiCTKOCTI BUPOOHUIITBA.
OnHuM 3 HaHOIBII CHIBHUX MPHITYIICHb aHAI30BaHOT MOJEINI €

HE3MIHHICTh Y Yaci MaTpUIlb MaTepialbHUX 1 KamiTanbHuX BUTpaT A i B.
3aBAsSKH [IbOMY BIAETHCS 3pOOUTH HHU3KY BUCHOBKIB MPO BJIACTHUBOCTI
TpPaeKTOpiii (30KpemMa, MIOBECTH ICHYBaHHS TEXHOIJOTIYHOTO TEMITY
MPHUPOCTY 1 BiAMOBIAHOI TpaeKTOpii MPOMOPIHHOTO 3pocTaHH:). Aue
npd IBOMY TI032 MOJEJUIIO 3AIMIIAETHCS HAWBAKIMBIIINA YHHHUK
€KOHOMIYHOI JMHAMIKM — HAYKOBO-TEXHIYHUH IIPOrpec.

Bxurouenns B Mojens Marpuis A(?) i B(t), mo 3anexars Bix
yacy, MABUINY€E ii MpuUKIaaHe 3Ha4eHHs. [IpoTe TeopeTHUHUil aHaii3
y3araJlbHEeHOI MOJENi 3aJHUIIAEThCA JOCTYIMHUM JJIS JOCHUTHh IMPOCTUX
3aKOHIB 3MiHH, HANpPHUKIAI, TIPH PIBHOMIPHIA 3MiHI BCiX Koe]iIlieHTIB
MaTpHIlb 00 KOeQIIiEHTIB OKpeMuX psiikiB Matpuib [5, C. 164-181].
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Tema 4. JliHinHi AMHamiyHi mopaeni.
Moaenb Xappoaa-[omapa

1. Moodenv Xappooa-/[omapa: cyms ma 0CHOBHI NPUNYUJEHHS.

2. Moodenv Xappooa-J{omapa 015 Hy1608020 CHONCUBAHHSL.

3. CnisgionoulenHs Midic 2apaHmo8anuM, NPUPOOHUM I PaKmuyuHuUM
memnamu 3pOCmAaHHsI.

Mopuens Xappoma—/lomapa — 1e MOCIb MaKpPOCKOHOMIYHOT
nuHaMiky, 3anpornoHosana E. Jlomapom i M. @. Xappomom (1939p.).

Poit ®op6c Xappox (1900—1978), BumaTHHN  aHTTIHCHKAN
ekoHoMicT, mpodecop OKCHOPACHKOrO  yHIBEPCHUTETY, OJIUH 3
HAaWBUAATHINIMX TIPOJOBXKYBAaUiB KEHHCIAHCBKUX iJICi, BBaXKAEThCS
0aTbKOM Teopii eKOHOMi4HOro 3pocTtaHHs. Came HOMYy HaJICKHUTh
MPIOpUTET y PO3poOI MIpodiieM EKOHOMIYHOTO 3pPOCTaHHS Ta HOTro
MaTeMaTHyHOro MozemntoBanHs. Hapomuscs y 1900 p. y poanHi BUeHUX-
IHTETIeKTyalliB, OTpUMaB OnmucKy4y OCBITY =~ —  3aKiHYUB
BecrMmincTreperknit konemk Ta Okcopacekuit yHiBepeuteT. Y 1933 p. —
BUHIIIA Tiepmia HaykoBa kHura P. Xappoma "Teopiss MiKHapoJHOT
exoHomikn". Y 1936p. omyOmikoBana mpans "Toprosuili mukn", y
1939 p. — mpaus "Hapuc Teopii auaamiku". Y 1948 p. — BuXig OCHOBHOI
¢ynnamenTansHoi MoHOTpadii "/lo Teopii ekoHOMIuHOT AUHAMIKH", sKa
MaJla BENMYE3HUH HAYKOBHH YCIiX, TpUHECIa aBTOPY BH3HAHHS Ta
peryTauiio TeopeTHKa-HOBaTOpa.

HaykoBo-gocaigaumbKy mOisuisHICTE P. Xappon Bmango moeaHyBaB
3 MPaKTUYHOK POOOTOI0 HAa BUCOKHMX aJIMiIHICTPAaTHBHUX Mocaaax. Y
1939 p., 3 moyarkom [lpyroi cBiTOBOi BiiiHM — mepelIioB Ha poOOTy B
CTaTHCTUYHE BiIOMCTBO TipeM'ep-MiHicTpa Benmkoi bputanii B. Uepuins
Ta BUKOHYBaB (QYHKIIi pagHuKa OputaHcsKoro ypsany. Y 1947-1950 pp.
P. Xappon ouonroBaB migkomicito Opranizanii O0'eqnanux Harmiii 3
NUTaHb 3alHATOCTI Ta CTAaOUIBHOTO PO3BUTKY. Y 1952-1953 pp. —
eKOHOMIUHM pagauk Mixkaapoanoro Bamoraoro @onmy. Ille y 1939 p.
B ctarti "Hapuc teopii aunamiku" P. Xappox chopmyiroBaB OCHOBHI
NPUHIMIN TE€opil EKOHOMIYHOI TUHAMIKU. Y LEHTpi yBaru — HaMaranHs
BU3HAYUTH TEMII 3POCTAHHs HalllOHAJBHOTO JOXOAY, HEOOXITHOTO A
BUKOPUCTAHHS BCE3POCTAIOYOT0 O0OCITYy BHUPOOHMYUX IMOTYKHOCTEH 1
3a0e3MeYeHHs TOBHOI 3aiHTOCTI Y TPUBAIIl IEPCTIEKTUBI.

Jlo aHamoriYHOTO BUCHOBKY IPO HEOOXiTHICTh MOCTIHHOTO TEMITY
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3pOCTaHHS HALIOHAIBHOTO AOXOLYy SK BaKIMBOI YMOBU IWHAMIYHOI
piBHOBaru npuOIM3HO B TOW camuii yac, Koy 1 P. Xappon, npuxoautsb
npodecop Maccauycercekoro yniBepcutery (CILA) €sciii [omap.
TomMy B ekoHOMIUHi# JiTeparypi X copigHeHi migxoan 0yno 06'eqHaHO
y Tak 3BaHy Mozelb Xappoaa—/lomapa. Omaak monens €. Jlomapa nemio
BinpisHseTbess Bin mozeni P. Xappoma. B 11 ocHOBy moknaneHi He
PIBHICTh 3a0IIa/PKCHb IHBECTHIISIM, a PIBHICTH TPOIIOBOTO JOXOIY
(moruTy) BUPOOHUYUM TIOTY>KHOCTAM (Tiporro3wuirii). [lix BupoOHUIMMEI
notykHocTsiMu €. Jlomap po3yMiB MOTEHIIHHO MOXIIMBE BUPOOHUIITBO
MPOAYKIIi B yMOBaX MOBHOI 3aifHATOCTi. T0OTO, KO MOAENs Xappoaa
OynyBamacsi Ha  akcemeparopi, To Moxaens Jlomapa — Ha
MYJIbTUILTIKATOPI.

B wmogmeni €. [lomapa nuHaMiyHa piBHOBara JOCSTa€ThCS 32
YMOBH, IO TOMHT i MPOIO3HUIliS MarOTh 3pOCTAaTH TakK, MO0 TPUPICT
MTONUTY JIOPIBHIOBAB NPHPOCTY TMpomo3uIlii. Ilpum mpoMy auHaAMidHA
piBHOBara Moke OyTH 3a0e3ledyeHa JIMIIE ITIEBHUM TEMIIOM pPOCTY
IHBECTHIIi. 3pOCTaHHS KaIliTAJIOBKIAJACHb — II€ CTPATEriYHUN YHHHUK
30aJJaHCOBAaHOCTI €KOHOMIYHOTO 3pOCTaHHA. BiaMiHHICTE Momenri
Jlomapa mosisiraia i B ToMy, 1110 B Hili iependadanacs MmoBHa 3alHATICTb,
toni sixk P. Xappon BUX0QuB 3 TOTO, IO IWHAMIYHA PiBHOBara Moxke He
30iratucs 3 TMOBHOK 3aWHATICTIO. Ane BHUCHOBOK €. Jlomap poOuth
Takuit camuif, mo 1 P. Xappoa: HEoOXigHOI YMOBOIO JIWHAMIYHOI
piBHOBard, ToOTO MOCTYMAaJbHOTO PYXY EKOHOMIKH, € CTIMKHH TeMIl
eKoHoMiuHOro 3poctansi. [Ipu npomy i P. Xappon i €. Jomap, crosiun
Ha mo3utiax Jk.M. KefiHca, miakpecioBaM CKIIATHICTG BUPITIICHHS
npoOjeMd JMHaMIYHOI piBHOBarM 1 HEOOXINHICTH TNPOBEACHHS
BIJIMOBIAHOT Iep>KaBHOI MOJIITUKH PETYIIOBAHHS €KOHOMIKH.

Monens Xappona—/lomapa Oyna cnpssMoBaHa Ha Te, o0 Ha 0asi
KeHHCIaHCTBA MOIOJIATH CTATHIHICTh MaKpoeKoHOMITHOT Mojem Keitaca
1 po3poOUTH MOJIENb, PO3PaxOBaHy Ha TOBrOCTPOKOBHH mepiof. Ale
€. Jlomap i P. Xappon ycBimomioBany CHpOLICHICTh CBOIX MOZETEH,
BBaXKAIOUH, 1110 BOHH € JIMIIE IHCTPYMEHTaMHU TEOPETUYHOTO aHamizy. 1o
CyTi, 1le OyJM JIMIIE TEPIIN KPOKH B JOCIIKEHHI CKJIaIHUX 3B'S3KIB
npolecy BiATBOPEHHS Y BHIUIAAI ofgHO(akTOpHOI Mozeni (koedilieHT
KamitaioMicTkocTi). Jlami mMomeni AMHaAMIYHOI piBHOBAarM pO3BUBAIH Y
HampsIMKY — po3poOku  OaratoakTOpHHX MoJeNiell  EKOHOMIYHOTO
3pOCTaHHS, JOCTI[DKEHHS BHPOOHWYMX (PYHKIiIH, EKOHOMIYHOTO
porpaMyBaHHS.
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4.1 Mopens Xappona-/{omapa: cyTs Ta OCHOBHI TTPHITYIIICHHS

Mogens Xappoga—/omapa — e MOAENb 3 HEMEPEPBHUM HACOM,
npeAcTaBieHa JiHIHHUM AudepeHiaTbHIM PiIBHSIHHAM. MoJiens onucye
IMHAMIKy joxoxy Y(), mo posrisaaerses sk cyma crokuBanus C(2) i
inBectuii 1(2):

Y(t)=C(t)+ 1(1).

Exonomika BBaXa€TbCs 3aKPUTOI0, TOMY UHCTHHA EKCIOPT
JIOPIBHIOE HYJIIO, a JCPKaBHI BUTPATH B MOJENI HE BHUAUISIOTHCS.
OcHOBHa mepeyMOBa MOJICNI 3pOCTaHHs — (hOPMYJIa B3aEMO3B'SI3KY MiXkK
IHBECTHIISIMM ¥ IIBUAKICTIO pocTy ngoxomy. Ilepenbadaerncs, mo
HIBHJKICTh POCTY JOXOJy MPOMOPILiiiHa IHBECTULIISIM:

dy
[(t)y=B—,
dt
ne B — xoedillieHT KamiTaJoOMICTKOCTI TPHUPOCTY J0Xomy abo

Koe(iIieHT MPUPOCTHOI KaIiTaJIOMICTKOCTI (BiAMOBiIHO, oOepHEHA IO
HBOTO BEIMYMHA 1/B Ha3uBA€THLCS IPUPOCTHOK KAIiTATOBIIIAY€EN0).
Tum camMuM y Mojenb (AKTHYHO BKIIOYAIOTHCS HACTYIHI

epeayMoBH (TIPHUITYIICHHS):

®  {HBeCTHUIHHMH JIar JOpPIiBHIOE HYJIO: I1HBECTUII MHTTEBO
NepexXoAiaTh y MpUpicT Kamitamy. @DopmanbHO 1€ O3Hayae, M0
AK()=I(t), ne AK(t) — wuenepepBHa (QYHKIIS TPUPOCTY KarliTaiy B
yaci;

= BUOYTTS KamiTay BiJICyTHE;

= pupoOHHMYa GYHKINS B MOJENI JiHIHHA — II€ BHTIKae i3
MPOMOPLIHHOCTI MPUPOCTY JAOXOY MPUPOCTY KarmiTaty;

®  BUTpaTH MIpaui MOCTiHHI B 4aci a0 BUIYCK HE 3aJCKHUTH Bix
BUTpAT Tpalli, OCKUTEKA TIpals He € AePIIUTHUM pecypcom;

= MOJIeNIb HE BPaXOBY€E TEXHIYHOTO TIPOTPECY.

4.2 Mogenb Xappozaa-Jlomapa jsi HyJIbOBOTO CIOKHUBAHHS

HaiinpocTimmii BapianT Mozesi OTPUMY€EMO SIKIIO TOKJIACTH, L0
ciokuBanus  BijcytHe, T1o6T0 C(£)=0. Ileit BUmamok abGCOIHOTHO
HEepeaJIbHUH 3 TPaKTUYHOI TOYKH 30pY, ajleé MA€ Ba)KJIUBE TCOPETUYHE
3HaveHHs. [Ipy HyIbOBOMY CIIOKMBaHHI BC1 pecypcH CIIpSIMOBYIOTHCS Ha
{HBECTHII{, B pe3yJIbTaTi 4OT0 MOKHA BU3HAYUTH MaKCUMAaJIbHI TEXHIYHO
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MoskiuBi Temrn 3poctanns. [pu C(¢£)=0 maemo:

¥(Oy=C(eyH(ty=0+B L) (’)

=BY'(¢).
e — niniiiHe ofHOpigHE IUQeEpeHIliaTbHe PIBHSHHS, PO3B'SI30K
SKOTO M€ BUTJISIA:

Y(6)=Y(0)e(/B).

HenepepBuuii Temn mpupocty TyT craHoBuTh — 1/B. Ile i €
MaKCHUMAaJIbHO MOKJINBHH (TEXHOJIOTITHHI) TEMIT 3pOCTaHHS.

4.3 CriiBBiTHOIIIEHHS MK TaPaHTOBAaHUM, TPUPOTHUM 1
(aKTHYHUM TEMIIAMH 3pOCTaHHS

B  wmogmenmi  exkoHomiwHOro  3poctaHHs  Xappoma—/lomapa
PO3PI3HAIOTH IBA TEMITH €KOHOMIYHOTO 3POCTaHHS:
®  rapadroBanuii (piBHOBaxkHWit, () TeMmIl, 110 3abe3nedyye MOBHE
3aBaHTaXXCHHS BUPOOHHYUX IMOTYXKHOCTEH 1 CTiliKy HOpPMY HpUOYTKY
JUTSL  TANPUEMINB. ['apaHTOBaHWA TEMIT 3POCTaHHS TIOBHHEH OyTH
cramM. lle o0OymMOBIEHO ABOMa TNPUYMHAMHU: TIPUIYIIEHHSIM IIPO
CTaJICTh YaCTKH 3a0MIa/PKEHb B HAI[IOHAILHOMY JIOXO/II 1 MPUITYIIICHHSIM
PO CTaICTh HEOOXiqHOTO KamitansHoro Koedirienra C,. OCKiibKu

G,=S/C,,

a YMCEJIbHMK i 3HAMEHHUK — cTaji, To G, — TAKOXK CTalla BeJINYKHa;

" mpupoxHuii (moreHmidHMMA, (G,) TEMIT — Ile MaKCHMaJIbHHN TEMII,
KU OIyCKae 3pOCTaHHS aKTHBHOTO HACEJCHHS 1 TEXHIYHHHA MPOTpec.
SIK110 BU3HAYEH] TeMITH 3pOCTaHHS KaliTally i IpOAYKTY, TO PUPOTHHHA
TEMII 3POCTaHHS 3a YMOBHM 30UIBIIEHHS YHCEIBHOCTI aKTUBHOTO
HAcelleHHs 1 3 YypaxyBaHHSAM TEXHIYHOTO IIPOTPECy 3alUCy€EThCs
dhopmyItoro:

G,=d+t+d,

1€ d — TeMIT 3pOCTaHHS KiIbKOCTI aKTHBHOTO HACEJIEHHS;
{ — TeMIT 3pOCTaHHS MPOAYKTUBHOCTI MpaIli;
d, — BHIIa IPOIYKTHBHICTH HOBOI pOOOYOT CHITH.
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TeMmmr 3pocTaHHS MPOMYKINI 1 TOXOAY MOXE OyTH BHIIUM Bil
MPUPOTHOTO TEMITy 3POCTAHHS, 3a BUHATKOM IIEepiofy nenpecii, Koiu €
HaUTMIIOK BHUpOOHMITBA. Hes0amaHcoBaHICTh OOyMOBIICGHA THM, IO
rapaHTOBaHWH TEMII, K TPaBUJIO, HE 30iraeThCs 3 MPUPOTHUM, 1 IIe Bele
abo 70 HammMImKy abo A0 HecTadi KamitaabHuX KomTiB. Lli Temmu
BU3HAYAIOTHCS PIi3HUMH, HE TOB'S3aHUMH OJHMH 3 OJHUM, YNHHHKAMH.
["apanToBaHMil TeMI BU3HAYAETHCS CEPEIHBOK HOPMOIO 3a0MIa/KEHHS i
TeXHIYHUMH  KoedillieHTaMH, IO  XapaKTepU3yIOThb  TI'paHUYIHE
BiJTHOIICHHS «MPOAYKT—KaIliTal» 1 TpaHUYHE BIAHOIICHHSA «KamiTaji—
npoaykt». IlpupogHuii —  CHIOTCHHHMMH  YWHHUKaMHU, KOTpi
XapaKTepU3yoTh 301TBIIEHHS] MPOMO3HIi mpari, a camMe — 3pPOCTaHHS
YHCEJIBLHOCTI POOOUOT CHIIH 1 POy KTUBHOCTI IIpAIi.

MOoXIHBICTh PO30IKHOCTI 3a3HAYCHUX TEMIIIB MOCUITIOETHCS THM,
mo B Mojmem Xappoma—/lomapa HOpMa 3a0m@/DKEHHS 1 TEXHIYHI
koedimieaTr crami. ToMy TIPUCTOCOBHICTH TapaHTOBAHOTO TEMITY
3pOCTaHHs A0 IPUPOAHOrO BUKIOYAEeThes. P. Xapponx mpuxoaurts 1o
BHCHOBKY IpPO HECTIHKICTh PO3BUTKY €KOHOMIKH 3 XapaKTEPHOK s
HBOTO TEHJICHITICI0 BiIXWJICHHS BiJi TapaHTOBAHOTO TEMIy 3POCTAHHS.
Lle#t BHCHOBOK JIGXHTh B OCHOBI TeOpil €eKOHOMIYHOT HeCTabLIbHOCTI, 3
SKOi BWILUIMBA€E, MIO SKIO MiANPUEMIN IUIAHYIOTh TEMI HPUPOCTY
MPOAYKIIii BUIIIMM, Hi’K TapaHTOBAHWUI, TO TTOYMHAE MIiSITH MEXaHi3M, 10
MOCTYNOBO Bifnaisie GakTUYHY JiHIIO PO3BUTKY BiJ JiHII piBHOBAry.

B rteopii P.Xappoga po3rismaeThcs  TEMIT  3pOCTaHHS
BUPOOHUITBA 1 AOXONY, SIKUH, OyIydn pa3 JOCATHYTHUH, Ma€ TEHACHLIIO
MTOCTIfHO BIiNTBOPIOBATHCA. SIKIIO K (aKTHYHUH TEMIT 3pPOCTAHHS
BUPOOHUIITBA BIAXMISETHCS BiJl rapaHTOBAHOTO, TO CKOHOMIYHA CUCTEMa
MOCTIHO BifJanA€TbCA Bil HBOro. TakUM YWHOM, JiHiS PO3BHUTKY
€KOHOMIYHOI CHCTEMH TOKa3ye CTaH HEeCTiiKkoi piBHOBaru. Pe3dymbraToMm
PO30DKHOCTI TapaHTOBAaHOTO 1 MPHUPOJHOTO TEMINB € JOBTOTPUBAII
qucniponiopuii B ekoHomini. Tomy B Mozeni Xappoja BelUKe 3HAYSHHS
HaTa€ThCsl CIHIBBIAHOMEHHIO MiX (aktuunum G, mnpupomuum G, i
nignpuemuuiiekuM G, Temmamu, 00 BiZ IBOTO 3aJE€XKHTh CTaH
E€KOHOMIKH.

P. Xappon posrisimae Tpu MOXKIIUBI BUMAIKH CITIBBITHOIIEHb MiXK
rapaHTOBAaHUM, PUPOJTHUM 1 PAaKTUIHUM TEMITaMU 3POCTaHHS.

1. G>G,, G<G,. Sxmo rapaHTOBaHWi TEMI BHIIUA Bij
MPUPOAHOTO, TO (AKTUYHHN TEMI, JOCSATHYBIIW IOBHOI 3aiHATOCTI
TPYAOBUX pecypciB, He Moxke 3abesmeuntd oOCsAT MPOAyKii,
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HEOOXITHUH TSI BUKOPUCTAHHS BCiX BHPOOHHUYNX MOTYXKHOCTEH. Tomy
HAKOIMYYIOThCS HE3aBAaHTAXCHI MOTYXKHOCTI, 0 CTPUMYE 301IbIICHHS
IHBECTUIIHUX BUTpAT. BUHHKAE JOBroCcTPOKOBA CTarHailisi, BUKJIMKaHa
HEJOCTATHICTIO TIOMUTY. Y IHUX yMOBax Jiep)KaBa IMMOBUHHA MPOBOAMTH
MOJITHKY 3HIKEHHS HOPMU 32011a[PKEHb.

2. Gw<G,, G>G,. SKmo rapaHTOBaHHH TEMII MEHIIU Bij
MPUPOTHOTO, TO (PAaKTUYHHUN TEMII, JOCATHYBIIM IIOBHOTO 3aBaHTAKCHHS
MOTY>KHOCTeH, Oy/ie mparHyTu 10 MpupoAHoro temmy. Lle mpusseae mo
XPOHIYHOTO HAJIMIIKY IHBECTHUII Yy TIOPIBHSHHI 3 BEIHYHUHOIO
3a0IQJDKCHHS 1 710 TIEPEBUIICHHS MOIUTY HaJl TPOIO3UIIIEI0, SIKEe CTaHe
JOKEPEJIOM JIOBIOCTPOKOBUX 1H(IIAIHHUX TEHACHIIN. Y I[bOMY BUTAJKY
JONUTFHUM € TiABUINEHHS HOPMH 3a0IIa/DKeHb, IO HAOImKaTHMe
rapaHTOBAaHUHN TEMII O IPHUPOTHOTO.

3. SIxkmo G=G,~=G,, TO OOCATAETHCS icaNbHUI PIBEHb PO3BHUTKY
€KOHOMIYHOI CHCTEMH, TOMY IO B [[bOMY BHNaAKy G HE TLIBKH peasisye
OUIKYBaHHS MiANPUEMIINB, a W TOTJIMHAE BCl BUPOOHWYI TOTY>KHOCTI 1
BCIO HasIBHY p0o00OTy CHITY.

Y w™oxeni Xappoma—/lomapa KJIIOYOBE 3HAUCHHS HAJA€ThCS
MEXaHi3My TNPUAHATTA IHBECTHLIHHMX pilleHb A EKOHOMIYHOTO
3pocTaHHs. [HBecTHINii B mepio ¢ MPOMOPITiHHI BiTHOMICHHIO «KarliTa—
MPOAYKT» 1 OYiKyBaHOMY 30LJBIIEHHIO I0XO0My. SIKIIO MiAnpHeEMelh
CIIOJIIBAETHCS, MO MOMHUT Ha HOTO MPOIYKT 3pOCTE, TO BiH, 32 YMOBHU
MOBHOTO  3aBaHTAXEHHS BHUPOOHHYMX TOTY)KHOCTEH, 3aKyIOBYE
JIOJIATKOBE  OONagHaHHs, 100 BHUPOOUTH JIOJATKOBY IMPOAYKIIiIO
BiJIMIOBI/THO 10 Iiepe10avqyBaHOTO MOIHUTY .

B Moneni Xappoaa mignprueMHHAIBKI i BUTIPAaBIOBYIOTHCS JIHIIE
B TOMY BHIIQJIKY, KOJIM TEMIT 3pOCTaHHS 30iracThes 3 TapaHTOBaHUM. Best
JIOJIATKOBA MPOJYKITisl 3HANIE MOIHNT, 1, OTKE, BC1 JIOJATKOBI IOTYKHOCTI
OyIoyTh BHKOpHCTaHI. SIKIIO > pO3pPaxOByBaTH HA BUIIMHA TEMII
3pOCTaHHS, TO HACIPaB/i BiH MEPEBHUINUTH ONTUMICTUYIHI OUiKyBaHHSI.
MokHa TPUIYCTHTH, TI0 MiIPUEMIT OyayTh MPAarHyTH A0 IE BHIIOTO
3pOCTaHHsl Y HACTYNMHHUU mepiof. | HaBmakW, SIKIIO OYiKYBaHUW TEMIT
3pOCTaHHS € HIKYMM 32 TapaHTOBaHWHA, TO (DaKTUIHHHA TaKOX
BHUSABHUTHCS MEHIIMM BiJ] TAPAHTOBAHOTO TeMITy 3pocTaHHs. [linmpuemiti
MEPETJISHYTh CBOI PO3PaXyHKH JUJIs IMOAAJBIIOTO Mepiogy B Oik Ie
OLTBIIIOTO 3HMKEHHSL.

OTtxe, BimXmwIeHHS (haKTHIHOTO 3POCTAaHHS BiJl TAPAHTOBAHOTO HE
MiATA€TBCS CAaMOPETYJIIOBAaHHIO 1 Ma€ KyMYJISITUBHHN XapakTep. Takum

48



guHOM, 3a P. Xappomom wmexaHi3M (opMyBaHHS IiIMPHEMHUIIBKAX
OUiKyBaHb HaJa€ HECTAOUILHOCTI €KOHOMIYHOMY PO3BUTKY, MPUYOMY,
Opd  HaWMEHLIOMY  BiAXWJEHHI  (AKTUYHOTO  3pPOCTaHHS  Bif
rapaHTOBAHOTO, BOHA ITOCUITIOETHCSL.

3aranpHUl BUCHOBOK 3 MOJENI TOJATaE B TOMY, IO PUHKOBA
EKOHOMIKa He 31aTHa 3a0e3MeUnTH 30ir MiINPUEMHUIBKUX OYiKYBaHb 3
rapaHTOBaHUM TEMIIOM 3POCTaHHS, TOMY IO MiANPUEMII TPU TPHHHSATTI
IHBECTHIIIMHUX PIMIEHb HE BPaxOBYIOTh CIIBBIIHOIICHHSI «HOpMa
32012 KCHb—TEXHIYHI MOYKIIUBOCTI.

Tema 5. PiBHOBara Ta CcTinKicTb AMHaMiYHNX
Moaenen eKOHOMIKu

1. Hlonsamms pisnogazu, cmitikocmi, cmabitbHOCMi ma CMAYiOHAPHOCMI
ounamiunux cucmem. Cmitikicmo 3a Jlanynosum.

2. Xapaxmep cmitikocmi 0COOIUBUX MOUOK OUHAMIYHUX CUCEM 3
Henepepenum yacom. Kpumepii cmitikocmi.

3. Tunu ocobausux mouok ma ix ¢pazosi nopmpemu. bighyprayiiina
diazpama.

4. Hecmitvixicmo i HeliHIUHICMb K 02cepeno HeBUHAYEHOC
EKOHOMIYHUX NPOYecis.

5. Axichuil ananiz coyianbHO-eKOHOMIYHUX CUCTHEM.

5.1 [oHsATTA piBHOBAry, CTIMKOCTI, CTAOLILHOCTI Ta CTAI[IOHAPHOCTI
quHaMigHuX cucteM. CTiHKicTh 3a JISmyHOBUM.

Bynp-ska puHAMidHa CHUCTeMa y TIEBHMA MOMEHT dacy
XapaKTepU3yEThCs CBOIM CTaHOM i1 HampsiMoM pyxy. PiBHoBara cucremMu
— e Takui ii CTaH, SIKMH TpUBA€ K 3aBrOJHO JIOBrO 3a BiJCYTHOCTI
30BHIMNIHIX BIUIMBIB. Hampukiaza, piBHOBara Ha pHHKY JIESKOTO TOBAapy,
piBHOBara MOJITHYHUX CHJI y CYCHUIBCTBI TOMIO.

Sxmo cucreMa HE 3HAXOIUTHCS B CTaHI pIBHOBaru, TO BOHA
3I1MCHIOE PyX MiZx Ai€l0 BHYTpIMIHIX a00 30BHIIHIX 30ypeHb. Y LBOMY
BHITAJIKY B JII0 BCTYIIA€ iHIIA XapaKTEPUCTHKA AMHAMITHOI CHCTEMH —
nosedinka. B 3anexxHocTi Bijg OyIOBM CUCTEMH Ta ii BJIIAaCTUBOCTEH
MOBE/IHKA CHCTEMH MOX€E CYTTE€BO 3MiHIOBaTHCA 3 yacoM. [IpuHImmoBo
PI3HUMU € N1Ba BapiaHTH PO3BUTKY MOJiil MICIs TOTO, K HA CHCTEMY
MOAISUIO Jiesike 30yPEeHHsI 330BHI: MOBEPHEHHS JI0 MOYATKOBOTO CTaHy 1
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MOJaNbIe BiOJAJICHHS BiJ TOYaTKOBOTO cTaHy. ILli MOXIMBOCTI
OTUCYIOTHCS MTOHATTSM CTIMKOCTI. [1if cTiliKicTI0O pO3yMilOTh 31aTHICTh
CHUCTEMH TIOBEPTATHUCS Y PIBHOBAXHUI CTaH, SKIIO BOHA OyJia BUBEACHA
3 HBOrO. Y TakOMy BHIAJKy CTaH PIBHOBArM HA3WUBAIOTh CMAOLIbHUM
(critikum). Jlpyromy BapiaHTy BIANOBigae HecmabinbHa (HecTiKa)
MOBE/IHKA CUCTEMH. BiJMOBIIHO PO3PI3HSIIOTh CMIUKI Ta HeCMmilKi
CUCTEMH.

[loBeminka  cucTeMH  MOXK€  3MIHIOBaTHCS 3  YacOM.
CTauioHaApHICTh € BJIACTUBICTIO TOBEIIHKH, a caMe — IPOIECIB, IO
BiOyBalOTbCSI B CHUCTeMi, 1 oO3Hadae, IO Xapakrep (3aKOH)
(yHKI[IOHYBaHHS CHCTEMH HE 3MIHIOETHCS B YaCi.

Omxe, piBHOBara — Ii€¢ BJACTUBICTh CTaHy, CTaOUIBHICTH —
BJIACTHBICTh CHCTEMH, a CTAIllOHAPHICTh — BJIACTUBICThH IPOLECIB, IO
BiJI0OYBaIOTHCS B CUCTEMI.

[Ipunyctumo, mo MU MaeMo A
JesKy  TOYKy  piBHoBarm  X* !
(crariorapHy ab0 0COOIUBY TOUKY).

CrarionapHa TOYKa x*

Ha3UBA€EThCS cTiliKkoI0 3a ‘Q

JIamyHOBHM, SIKIIO JUIS OYIb-SKOT 1 ‘ ~
00J1acTi JTOMyCTUMHUX BIJAXWICHb BiJl
Hel (00macTh €) MM MOXKEMO BKa3aTH

o6macTh O(€), sIKa 0TOUYE CTA[IOHAPHY -
TOYKY 1 Ma€ TaKy BIAcTUBICTb, IO ¥
JKOJEH PyX, SKHH pO3IMOYMHAEThess 3 Puc. 6. Lroctpauis crilikocti 3a
cepenuun O(€), HIKOIM HE IOCSTHE JlamyHoBuM

Mexl obmacti € TOOTO, SIKIIO IS _1""

nosineHOro £>0 icuye 6=0(€)>0, mio,
AK  TINBKH ’JC(fo)—x*|<5, TO
|x(t) -X *‘ <&, BCIX [ =1

(puc. 6). SIkmo cranionapHa Touka X *
criika 3a JIAMyHOBMM 1, KpiM TOTO,

lim‘x(t) - X *‘ =0, TO BOHA

fr—w -
Ha3WBAETHCS ACHMIIOTHYHO CTiliK0I0 X
(puc. 7). Puc. 7. Imroctpanis acummro-

TUYHOI cTiiikocTi 3a JIsimyHOBUM
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Crauionapsaa TOYKA x* A
Ha3MBAETHCS HeCTiiiKoI0 3a
JIAMyHOBHM, SIKIIO MOXHA BKa3aTH
TaKy o0JacTh JOIMYCTUMHUX BiIXUJICHB
BiJ Hei (007acTh €), IS AKOi HE iICHY€
xomHoi obOmacti O(€), sKa oOTOUye
CTallioOHapHy TOYKY 1 Mae Taky
BJIACTUBICTh, IO JKOMICH PYX, SKHI
posmounHaeThest  Beepemuni  O(€),

=
HIKOJM HE JOCSITHEe MexXi o0macti € ¥
(puc. 8). Puc. 8. IimrocTpartist HeCTifKOCTI 3a
ACHMTOTHYHO CTiiKa TOYKa JIAmyHOBHM
HA3MBAETHCS aTPAKTOPOM, HECTiiika —
perneyiepom.

5.2 XapakTep CTIHKOCTi OCOOTMBUX TOYOK TUHAMIYHUX CHCTEM 3
HernepepBHUM yacoM. Kputepii ctiikocTi

5.2.1 Xapaxmep cmitkocmi 0cCOOIUBUX MOUOK OUHAMIYHUX
cucmem, Wo ONUCAHI 0OHUM OughepeHYiabHUM DIBHAHHSIM.

PosrisHeMo OLIbII OETAIBLHO SKICHHM METOX JOCIIIKEHHS
IUQepeHIianbHOro PiBHAHHS
& f.,
dt
3a3HaunMoO, MO0 B OUIBIIOCTI BHITAJKIB OTPUMATH HOTO
aHAJTITHIHUA PO3B 30K HE BIAETHCS, a SAKIO HABITh 1 BHAETHCS, TO
BIJIIOBIIb MICTHTh HESBHI (YHKIi, BJIACTUBOCTI SKHX BaXKO
MpoaHai3yBaTH.
Oco00/1MBOI0 TOYKOI TMHAMIYHOI CUCTEMH HAa3UBA€THCS TOYKA, B
AKIi TpaBi YacTUHH NTUPEPEHIIIHHUX PiBHSHb NPUIIMAaIOTh HYJILOBE 3HA-
gyeHHs1. OcoOIMBHUX TOYOK MOXKe OyTH O/IHA, KilbKa abo He OyTH 30BCIM.
3 TOYKHM 30py AKICHOI Teopii nudepeHIiHHNX PIBHAHb HAC LIKaBUTHME
MTOBEJ[IHKAa CHCTEMHU B OCOOIMBUX TOYKaX (CTilKa, HECTIHKa TOIIIO).
Hexaii piBusiuns f(x)=0 He mae mificHUX KOpeHiB, TOOTO, KpuBa

f(x) we neperunae Bice x. Tomi = Bech yac 30epirae 3HaK i Bci
t
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pO3B’s3KU X (1) OyayTh MOHOTOHHHMH (YHKISIMH, 3pOCTAlOUUMHU abo

ClIaTHUMH, 3aJIEKHO BiJ 3HAKY f(X).
Hexait tenep piBHsiHHs f(X)=0 Mmae HilicHi KOpeHi X|,X;,...,X}

Bonu Ha3MBaroThCs CTAlliOHAPHIMH PO3B’SI3KaMH, OCOOTMBIMH TOYKAMHU
abo ToukaMu piBHOBaru. SIkiio Touka X; — cTalioOHapHUH PO3B’S30K, a

(x;_1,x;) 1 (X,,X,,;) — ABa CyMDXKHI 3 HEIO IHTEPBAJIM, TO HA KOKHOMY 3
HUX [OBE/iHKA CHCTEMH MOXKE MaTH TPAEKTOPII0 IEBHOTO BUTIISIY.
Skmo oOuaBi TOUKM, SIKi HamexaTb iHTepBamam (X,_j,X;) i

(X;,X;,1), IpU 3pOCTaHHI Yacy ! HaOIMKAIOTHCS 10 CTALIOHAPHOI TOUKH

X;, TO TaKUl po3B 30K Ha3UBAETbCA CTIHKHM (puc. 9).

fix) fx)
/ ) | )
» X e X
Hecrilika Touka Criiika Touka
fix) fx)
X X
> > X <« >
Haniscriligka Touka HaniscTiiika Touka

Puc. 9. Imroctparist CTIHKOCTI, HECTIHKOCTI Ta HAIIBCTIHKOCTI
CTaIiOHApHUX PO3B'SI3KIB

Slkmo  0OMnBi TOYKHM, sKi Hamexars iHTEepBamam (X,_;,X;) i

(X;,X;,1), IpH 3pOCTaHHI Yacy f BiIJaIsIOThCS BiJl CTAI[IOHAPHOT TOUKH
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X; , TO TAKUH PO3B’ 130K Ha3UBAEThCA HeCTIlKNM (puc. 9).
Skmo ToukM ogHOro 3 iHTepBamiB  (X,_i,X;) 1 (X;,X,)
HaOJIMXKAOThCS O TOYKHM X;, a IHIIOrO — BINJANAIOTHCS BiJ HEi, TO

PO3B 30K Ha3UBAETHCS HamiBCTiiikuM (puc. 9).

VY BUNaAKy ONHCy AMHAMIYHOI CUCTEMH OJHUM Au(epeHITiaTsHuM
PIBHSHHSM MUTaHHS PO CTIHKICTh TOYOK PIBHOBard MOXKHA BHPIIIUTH
3a JIOTIOMOTOI0 aHaTi3y rpadika camoi QyHKII.

MO>KITBI TPH BUTIATKH: ﬂ.I)

1. Ilo6Gnu3y craHy piBHOBaru
¢yukuisn f(x) 3miHoe 3HaK 3 “+” Ha
“~” mpu 3pocTaHHI X — cTaH X

piBHOBaru cTiiikui (puc. 10).
Puc. 10. Criiika Touka piBHOBaru

)

2. Ilobmu3y craHy piBHOBaru

¢yskuis f(x) 3miHOE 3HaK 3 “—” Ha
“+” mpuM 3pOoCTaHHI X — CTaH
piBHOBaru HecTilikuii (puc. 11). X

Puc. 11. Hecriiika To4ka piBHOBaru
3. TMo6nu3y crany piBHOBAaru ffx)
dynxkuist f(x) He 3MiHIOE 3HAK — CTaH
piBHOBaru HamiBCTiHKMi (puc. 12).

X

Puc. 12. HamiBcriiika To4ka piBHOBaru

5.2.2 Xapaxmep cmituxocmi 0cOOIUBUX MOUYOK OUHAMIYHUX
cucmem, Wo ONUCAHE CUCMEMORO TITHIUHUX OughepeHyianbHUX PIGHHD.

Posrisinemo cuctemy JiHIMHUX AudepeHLiabHUX PIBHSHB 3
MOCTIHHUMH KoedilieHTaMu:
’ o " —_
X\ = fi(x,xy,..0,x,)=ayx; +... +a,,x,,

! . - p— -
Xm :f‘m(‘\l’)‘Zv“'?Xn)_aml'\l+"'+a Xn

mn
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[Ilo6 3HaiiTH TOYKHW PIBHOBArd CHCTEMH, HEOOXITHO PO3B’SI3aTH
OJIHOPIJTHY CUCTEMY JIIHIMHUX ajareOpaidHuX piBHSHb:
Cll 1x1 +...+ alnxn = O,

Ay X +...+a,,x, =0.

Sk BimZOMO, BOHAa Ma€ €IUHUN PO3B’SA30K, SKIO BH3HATHHUK

app Ay,
marpumi A=1... HE JIOPiBHIOE HYJIFO( ‘A‘ #0).

1> >y p

CTIfKICT, TIOJIOKCHHS pPIBHOBarW BHW3HAYAETHCS  BIACHUMH
uncnamu Matpuili 4. BracHi umcna matpuiti A 3HaXOSTh, PO3B’A3YI0UH
XapaKTePUCTUYHE PIBHSHHS:

2 -oA+A=0,
ne 0 = tr(A) — cunig marpuni; A = det(A) — nerepminanr.

XapakTep CTIHKOCTI OCOONMBHX TOYOK JUISI PI3HUX BHUMAJKIB
KOpEHIB  XapaKTepUCTUYHOTO  PIBHSHHS  JUISI  CUCTEMH  JIBOX
mudepeHnianbHuX  piBHsSHb mnojano B Tabm.l. Li Bumamkm
MOITUPIOIOTHCS 1 HA CHCTEMH O1JTbIII BUCOKUX TOPSAKIB.

Tabnuys 1.
CriliKicTh TOYKH PIBHOBAr'M B 3aJISKHOCTI Bl KOPEHIB
XapaKTepI/ICTI/I‘IHOFO plBHHHHH
A, A CriiikicTh TOYKH piBHOBArH
JUHCHI, B €MHI CTiiika
JUKCHI, TOJaTHI HECTINKA
JIHiCcHI, pi3HUX 3HAKIB HECTINKa
KOMIUIEKCH] 3 Bil’€MHOIO JiMICHOKO YaCTUHOIO CTIfKa
KOMIUTEKCHI 3 IOJIATHOIO JIHCHOO YaCTHHOIO HECTIMKa
YHCTO YSIBHI CTiliKa, aJie He ACHMITOTHYHO
HYJIbOBI CTiiKa, aje He aCUMITOTHYHO
a0o0 HecTilKa

Otxe, 03HAKa CTIHKOCTI — BiJl’€MHICTh MIACHUX YaCTHH KOPCHIB
XapaKTEPUCTUYHOTO PiBHSIHHA (Teopema JIsmyHoBa).
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5.2.3 Kpumepii cmiuxocmi.
Hexait MmaemMo XxapakTepucTHUYHE PIBHSHHS 71-TO MOPSAKY:

-1
A 4 a "V +a, A+a,=0
Sk BIOMO, HeobXiOHOM0, ale He OOCMAMHbLOK YMOBOK TOTO, IO
BCi JMiliCHI YaCTWHH KOPEHIB IHOTO DIBHSHHS Bil'€MHI, € d > 0,

j=Ln. e o3navae, skmo xoua 6 oauH 3 KoedilieHTIB
XapaKTePUCTUYHOTO PIBHSIHHS BiJl'€MHHIA, TO 3HAWIEThCA X04a O OJWH
KOpiHb, KM MaTHME HEBIJI'€MHY MAIMCHY YacTHHY i, OTXe, 0coOJMBa
Touka Oyjae HecTiiikoro. Il yMOBa € TakoX 1 TOCTaTHLOKO JIJIsi PiBHSIHB
MEPIIOTO Ta IPYTOTO CTETICHIB.

Binbim 3aranbHOI0 He0OXIOH0I0 | 00CMAMHBLOIO YMOBOIO CHIIIKOCTI
¢ xpurtepiii Payca-I'ypeina: cucrema Oypae cTilikoro, SIKIIO HpU yCiX
MOJaTHUX — KoedillieHTax a; > 0, j=Ln Oyayts momaTHUMH

BU3HAYHUK MaTpuii ['ypBila i BCi roJIOBHI AiaroHajbHI MiHOPH.

Marpuus ['ypBina ckiagaeTscst 3 KOe(ili€HTIB XapaKTepUCTHY-
HOTO PIBHSHHSA 32 NTPaBUJIAMH:

1) Ha TONOBHIM  JdiaroHalmi  3amHMCyiOTh  KoedimieHTH
XapaKTePUCTUUHOTO PiBHSHHS;

2) HajJ TOIOBHOK [[iarOHAJLTIO 3aMUCYIOTh Koe(ilieHTH 3
OlJIBIIMMU 1HIEKCAMH;

3) T TONOBHOK JiarOHALIIO 3alHMCYIOTh KOEQIIlieHTH 3
MEHIIMMH iHAEKCAMH;

4) pemTy eJ1eMeHTIB MaTpPHIli 3aMTOBHIOIOTH HYJISIMH.

a a as 0 0
a a, a, 0 0
0 a az 0 0
A,=| 0 a, a 0 0
a,; O
dp_> 4y | — BU3HAYHUK MATPHII
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: a4 ds
I'ypsina, Aj=a;, Ay =
dy

. A3:a0 az a4,

. — TOJOBHI

0 a ay

niaroHanbHi MiHOpW Matpuui ['ypeina [16, C. 25-39].

5.3 Tumnu oco0aMBUX TOYOK Ta iX (ha30Bi MOPTPETH.
bibypxkariiina giarpama

PosrasiHeMo JuHaMiuHy cHCTeMy JUIsi JBOX 3MiHHUX. Ko
JETePMiHAHT BiANOBIIHOTO XapaKTEPUCTUYHOTO PIBHSIHHS HE JOPIBHIOE
HYJII0, TO TOYKA PIBHOBArH €IWHA 1 i1 THIT 33/1a€ThCSI CIIBBiTHOIICHHAMHA

MDK BJIAQCHUMH 4YHCIaMH Matpuii cucremu A, A, — KOpEHIMH

XapaKTePUCTUUHOTO PiBHAHHS (TalI. 2).

Tabauys 2.

®Da30Bi MOPTPETH TOYOK PIBHOBATHU B 3aJI€KHOCTI BiJl KOPEHIB
XapaKTEPUCTUYHOTO PiBHSIHHS

cTiiiKHI1 BY30.1
. L |

: \ AT
Y Y .I|I J
ke it
™ N, ! =
o, s
\.H % i Iz
. LY —
e ™, - B
- ey N N '\-\.‘1
) LY P
i e
Eresarodlh s N
’ i
o ] * "

A, A, — niiicHi, Big emHi, pi3Hi

HecTilikuii By30.1

% | / S :
G g
’ /
; x 2
- 4 %
T # f.f"
F f == =
g el o e
e 1 S
- | AT T
-4 e / I R
f ",
# / 3

Ay, A, — niiicHi, nonatHi, pi3Hi

cTiiiKHil BUPOZKEeHUH BY30.1

Ay, Ay — nificHi, B’ €MHI, OZTHAKOBI

HEeCTIiiKnii BUPOIKEHUI BY30.1

7

Ay, Ay — nificHi, T01aTHi, OJHAKOBI




AIKPUTHYHUH BY30J1
\ I Fa

... .II:I:' I

Ay, Ay — TiliCHI, pi3HHX 3HAKIB

Ay, Ay — KOMIUTEKCHI, 3 JOaTHOO
JIHACHOIO YaCTHHOKO

Ay, Ay — KOMIUIEKCHI, YUCTO YSIBHI

Tako MOYXHa BWU3HAYUTH THII TOYKH PIBHOBaru i xapaktep ii
CTIMKOCTI, HEe 3HaXOs/YU BIACHUX 3HAYCHb MaTPHUL CUCTEMH, a 3HAIOUU
tineku 1i cinig 0=tr(A4) i Busnaunuk A=det(A4) (tabu. 3).

Tabauys 3.
Tur TOYKH piBHOBATH B 3aJISKHOCTI Bij 3Ha4UCHB #7(A4) i det(4)
Busnaunnk matpuni| Coix maTpuni Tun Touku piBHOBArH

A<0 Bynb-sike 3HAUCHHS Cimgno
A>0 o=0 Lentp
A=0 o#0 [psiMa Ha ($a30Biii MIOMIMHI

2 <0 Criiikuii By3071

O0<A<|—=
>0 Hecriiikuii By3on
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o 2 <0 Crilikuil BUpOIKeHUH B30I
A=|—

2 >0 Hecrilikuii BUpOIKeHUH By30.

o 2 <0 Criiikuii poxyc
A>|— o

2 >0 Hecriiikuii Gpokyc

Bidypkauiitna giarpama, Ha SKili MOXKHa OOAYUTH T€OMETPUYHE
MICIIe TOYOK, ONMCAaHNX y Ta0i. 3, 300pakeHa Ha puc. 13.

&det 4 dﬁ,{-[;

HQ

trd
-

Puc. 13. Bidypxkamiitna giarpama

5.4 HecrilikicTb 1 HENMHIAHICTD SK JKEPETO HEBU3HAYECHOCTI
€KOHOMIYHHX TPOLIECIB

CKIaaHICTh Ta BIOKPUTICTh CYYaCHUX CEKOHOMIYHHMX CHUCTEM
MOSICHIOIOTh TOW (pakT, M0 piBHOBara Ta CTIMKICTP Ha MPaKTHII
3yCTpiYaroThCs JA0BOJI pifako. KpiM Toro, HENMiHIHHICT B €KOHOMIYHUX
cUCTeMax MOPOAXKY€ YCKIaJHEHI BapiaHTH PiBHOBAard Ta CTIMKOCTI, IIO
MoTpeOyIOTh OCOONWBUX MIAXOAiB 10 ix BuBuYeHHS. [lpuTamanna
€KOHOMIYHHM CHCTEMaM, SBHIAM Ta MpollecaM HETHIHHICT, Ta
HECTIHKICTh MOPOJKYIOTh HEBH3HAYCHICTh, IO € BAXKIMBUM aCHEKTOM
BCEOIYHOTO aHANi3y EKOHOMIYHHX SBUIII Ta MPOIIECIB 1 CITy)KUTh OJTHUM 3
OCHOBHHMX JDKEpEl TAaKoro (yHIAaMEHTAIbHOTO MOHSTTS Cy4acHOI
E€KOHOMIYHOI HAYKH SIK eKOHOMIYHUL PUBUK.
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CyyacHa ©€KOHOMIiKa SK CKJIagHAa CHCTeMa pPO3BHBAETHCS
HEpIBHOMIPHO, il MpUTaMaHHI SK PEXHUMHU CTIHKOro (YHKIIOHYBaHHS,
TaK 1 peXXMMH XaOTUYHOI TUHAMIKU. B Hamr yac OypXJIMBO pPO3BUBAETHCS
HAYKOBWH MiIXiJ] — «CHHEPTEeTHYHA €KOHOMIKay, — KU CITUPAETHCS Ha
CYTTEBY HEMIHIHHICTh EKOHOMIYHHX TIPOIIECIB, JOCTIKYE Jac i 3MiHU B
HeNiHIHIA eKoHOMIuHill Teopii. Lleld HampsSMOK CHOTOJHI BBa)KAETHCS
OJTHUM 13 HaHNEPCIEKTUBHIMIMX HAMPSMKIB JOCHIHPKEHHS €KOHOMIYHIX
cucTteM. MeToau i MiIXOau TaK 3BAaHOI «HENiHIHOI Haykm» OYypXIUBO
PO3BUBAIOTLCS Ta YCHIIIHO BHKOPHUCTOBYIOTHCS OCTaHHIM yacom. [li
METOJ BUOKPEMWJIHCh y HAYKOBUH HANPSMOK, SIKUH JiCTaB Ha3BY
«cuHepreTuka».  llopsm i3 TepMIHOM  CHHEpPreTHKa  9acTo
BUKOPUCTOBYIOTh TEpMiHM Teopisi ckiamHocTi (complexity theory),
Teopis aAuHamiuHMX (ckmagHuxX) cucteM (dynamic (complex) system
theory), Teopis xaocy (chaos theory), HeminiiiHa nuHamika (nonlinear
dynamic) abo Ginblr 3aragpHAN — HENiHIMHA Hayka (nonlinear science),
YBUPA3HIOIOUH npu LBOMY NIPUHIIUIIOBY HeninitiHicmb,
HEpIBHOBAICHICMb, CKAAOHICMb NOCTIHKYBAHHUX SBUIIL

CuHepreTuKa JOCTIKYE MPUHITATIOBO HepigHoBadicHi (Taki, IO
nepe0yBaroTh AAJEKO BiJ CTaHy pIBHOBAaru) CHCTEMH, HPHUHILUIIOBO
Heninitini (Taki, o0 3a MEBHUX YMOB JesKi 30ypeHHs — BHYTpillIHi abo
30BHIIIHI — MOXYTh MPUBECTH CHCTEMY JI0 IPUHIIUIIOBO HOBHUX CTaHIB,
JI0 BUHUKHEHHS HOBHX CTIMKHUX CTPYKTYpP) MPOILIECH €BOJIOIiT CHCTEM.

Jns  HemHIMHMX  SABHIN, MaTeMaTHYHI MOJAENl SKHX He
MiATOPSIAKOBYIOTECS  NPUHIUIY CYNEPHO3WIlii, 3HAaHHA CTOCOBHO
MMOBEIHKA YaCTHHH 00'€KTa HE TapaHTYIOTh 3HaHL PO TOBEHIHKY
o0'ekTa B HIOMY. BuNbIICT peaNbHUX EKOHOMIYHHMX TIPOLECIB i
BIIIOBIIHUX M MaTeMaTHYHUX MOJCICH € HeliHiHHuMH. Tomy
OCTaHHIM 9acOM €KOHOMICTH HamaraloThCsl CTBOPUTH BiAIIOBIAHI MO
iHTepIpeTallii HeJiHIKHUX SBUIT B €KOHOMIIIl 3 METOIO OIUCY TPOIIECIB 3
JIOBOJII CKJIaTHOI0 €KOHOMIYHOI0 JUHAMIiKOI Ha MAakpo- Ta MiKpOpiBHI,
BUKOPHUCTOBYIOYH METOJIH Ta MiIXO/IN «HETIHIHHOT HAYKH».

JIns ckimagHUX €KOHOMIYHHX CHCTEM CTIMKICTh O3HAJae, IO MPHU
BUHUKHCHHI 30ypeHHs, SIKE HEBEIUKOIO MIpOI BHUBOJIUTH CHCTEMY i3
CTaHy pIBHOBaru, cuUcreMa OyJle HaMaraTucs BiJHOBUTH MOIEPEIHIN
cTaH, To0TO, BCi 11 MaitOyTHI cTaHW OyIyTh 3HAXOIUTHCH MTOOIN3Y CTaHy
piBHOBaru. TakuMm 4MHOM, TiJ CTIHKICTIO pO3YMIIOTh 3JaTHICTH CHCTEMH
MOBEPTAaTHCS Y BPIBHOBAXXCHHWH CTaH, SKIIO BOHA Oyja BHUBEIEHA 3
HBOr0o. B TakoMmy BuUNaAKy CTaH pPIBHOBAarM HAa3WBAETHCS CTIHKHIM.
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[Hmomy BapiaHTy, TOOTO, KOJMHM CHCTeMa HE 3/1aTHA IMOBEPHYTHCS 0
CTaHy pIBHOBAarw, Bi/IMOBiJIa€ HECTIHKICTh CTaHy i CUCTEMH.

Po3rnssHeMo BIACTHBOCTI BIJKPUTHUX CHCTEM, IO IepeOyBarOTh
JTAJIEKO BiJ] CTaHy PiBHOBAry.

1. Taki cucremMu HECTiiiKi, TOMy TIOBEpHEHHS JI0 IIOYaTKOBOTO CTaHy
IUIS HAX € HEOoOOB'S3KOBUM. Y JesAKii TOYIl, IO HA3UBAECTHCS
mouykoto Oighyprayii (po3ranyKeHHs), IOBOJKCHHS CUCTEMHU CTa€
HEOJTHO3HAYHUM.

2. 3a HasBHOCTI HECTIMKOCTi 3MiHIOETBHCS POJIb 30BHIIIHIX BIUIMBIB.
3a meBHUX YMOB HE3HAYHWI BIUIUB HA BIJIKPUTY CHUCTEMY MOXE
MIPU3BECTH 10 3HAYHUX Ta HeMepea0adyBaHuX HACIiKIB.

3. VY BIAKpUTHX CHCTEMax, HAJICKUX BiJ pIBHOBAarW, BUHHUKAIOTH
e(heKTH Y3TOJKCHHS, KOJIM CIIEMEHTH CHCTEMU KOPEIIOIOTh,
Y3rO/UKYIOTh ~ CBOE  TOBOJDKEHHs.  Take  KoomepaTHBHE
(ToromKeHe) MOBOHKEHHS XapaKTepHE ISl CHCTEM PI3HUX THIIIB:
aTOMIB Ta MOJICKYJ, KJIITHH Ta JXHUBHUX ICTOT, EKOHOMIYHHX
00'eKTiB Ta COIiAIbHUX TPy TOIIO.

VY pe3ynbTaTi MOTOMKEHOI B3a€MOJii BiOYBAarOTHCA IPOIECH
BIIOPSIIKYBAHHS, BUHUKHEHHS 3 Xa0Cy MEBHUX CTPYKTYP, IEPETBOPEHHS
1 YCKIaAHEHHs cucTeM. YuM OiNbIIMM € BiAXWICHHS BiJ CTaHy
piBHOBarM, THUM CHIBHIIIUM CTa€ OXOIUICHHS KOPEJAMisAMH Ta
B3a€EMO3B'SI3KaMH, THM BHIOI OyIe y3TOKEHICTh IMPOIECiB, IO
BiOyBarOThCS HABITh Y BilJalleHUX 00NacTAX i, HA MEPIIMH MOTJISI, HE
3B'sI3aH1 OJIMH 3 OJHUM.

«HeminiHICTEY — (QYHIAMEHTATLHUN KOHIENTYATbHUH BY30]
CydacHOT HAyKOBOi TapaJurMH B EKOHOMIUHil cdepi, SKy MOXKHa
HA3BaTH TaKOX MapagurMor0 HeliHidHOocTi. B MaTemarnyHoMy CeHCi
HeNiHIHHICT, O3HAa4Ya€ TIEBHUHA BHUJA pPIiBHSAHb, IO MICTITh INIyKaHi
BEJIMYMHU B CTENEHSIX OLIbIINX, HDK OAMHHUIL, a00 KOeQIIlIEHTH, IO
3aJe’KaTh BiJ] BIACTHBOCTEH cepenosuila. HenmiHiiiHI piBHSHHS MOXYTh
MaTH JeKiJdbKa SKICHO Pi3HHX pO3B'SA3KiB. MHOXHHI PO3B'S3KiB
HEJIHIHHOTO PIBHSAHHS BiITOBIa€ MHOKHHA IIUIAXIB €BOJIIOIIT CHCTEMH,
IO OIHUCYEThCS PIBHAHHAMHM HENIHIMHOT CHUCTeMH. binbiie TOrO,
BUBYAIOYM Pi3HI CTafil pO3BUTKY HPOLECIB Y BIIKPUTOMY HEJIHIHHOMY
CepeloBHIIi, MOKHAa OYIKyBaTH Ha SKiCHy 3MiHY NpOIIECiB, 30Kpema,
MePECTPYKTYPYBAaHHS — YCKJIQJHCHHS YH JErpajallifo — opraHizarii
cepenoBua. [Ipuuomy 1e BigOyBaeThCsl HE uepe3 3MiHY MapaMeTpiB
CEpEeIOBHINA, a K Pe3yJIbTAT PO3BUTKY MPOLIECIB Y HHOMY.
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DeHOMEH HENHIHHOCTI MOYKHA OXapaKTepHU3yBaTH HACTYITHHUMH
0COOJIHBOCTSAMHU.

1. 3aBmsKu HENIHIHHOCTI Ma€ Miclle HAWBaXIJIUBIIINA TPUHIIKI
«PO3pPOCTaHHA Masoro» abo «IOCHICHHS 30ypeHbY.

2. [IleBHi Ky1acu HENMIHIKHUX CHCTEM JEMOHCTPYIOTh iHIIY BaXKJIUBY
BJIACTUBICTH — TPAHUYHY Uy TIHBICTb.

3. HemniHilHICTP TOPOJPKYE TOMIOHICTE O KBAaHTOBOTO €(EKTy —
MACKPETHICTh NMUISAXIB €BOJIONIT HeTIHIHHAX CHCTEM.

HeniuiliHicTh 03HAa4Ya€ MOKIMBICTH HECIOIBAHMUX, TaK 3BAaHMX,
eMepKeHTHUX 3MiH HampsMKy Imepediry mponeciB. HemniniiitHicTh
MIPOIIECIB POOUTH MPUHITUITOBO HEHAMIMHUMH 1 HETOCTATHIMH IIPOTHO3H.

OpmHUM 3 OCHOBHHUX PE3yNbTATiB HEMHIKHOTO MiIXOAY € BU3HAHHS
MOYJIMBOCTI PI3HOMaHITHOTO PO3BUTKY CHUCTEM, HAsBHOCTI Oidypkarii.
VY Toumi Oidypkarii HeCTIHKICTh MIICUITIOETCS Yepe3 Te, M0 B CUCTEMAX
3aBXIM TPUCYTHI (IIYKTyarlii, sSKi racAThCA y CTIHKOMY cTaHi. Aye B
pe3ybTaTi HeTIHIMHUX MPOLECIB, SIKi BUBOAATH TApaMeTpU CHCTEMH 32
KPUTUYHI 3HAY€HHsA, Taki (UIyKTyalil TMOCHIIOIOTECA 1 MOXYTh
CIIPUYUHUTH CTPUOKOMOMIOHMI Tepexil 10 HOBOTO CTIHKOTO CTaHy 3
MEHIIIOI0 SHTPOIII€I0, MICIIS YOT0 MUK «IUTABHUH PO3BUTOK—CTPUOOKY,
«EBOJIIOIII—PEBOIIOII, «CTIHKICTh—HECTINKICTh) TOBTOPIOETHCS.

OTxe, CTIMKICTh Ta HECTIMKICTh € OJHAKOBO HEOOXITHHUMH Yy
mporieci po3BUTKY Oyab-AKOi cucTeMu. AOCOIIOTHO XHMCTKa CHCTEMa He
MOYXK€ TPOTUCTOATH (PIyKTyamisM, He 37aTHa A0 aJanTauii i MBUAKO
pytlinyetbea. Ilpore HanTo crilika cucTeMa, NPUAYLIyIOUHd OyAb-sKi
(baykTyariii, KOHCEPBYE CBOIO CTPYKTYpy H TIOBOIDKEHHS, 1 TOMYy HE
3[aTHA 3MIHUTHUCS SKICHO, BOHA 1M030aBIIeHa MOXIUBOCTI PO3BHUTKY, 1 1l
pyHHYBaHHS cTa€ Jume cnpaBoro dyacy. OOHIBAa THUNM CUCTEM
MPUXOAATH 0 XA0Cy, PI3HULS MXXK HUMH TIOJIATA€E B 4aci, IO MPOXOAUTH
JI0 BUOYXOBOT'O 3pOCTaHHSI EHTPOITIi.

Y 1IMHaMiYHHX CHCTEMax MOXJIMBHM € HE TUIBKA TJajaKe
(OesmepepBHE) 1 BiZHOCHO mepenOadyBaHe TMOBOKEHHS, alle ¥ pi3Ki
cTpubkomonioHi 3MiHu. Taki cTprOKomomiOHI 3MIHA CTaHy TWHAMIYHOT
CUCTEMH TIpU NOBLIBbHIN 3MiHi ii mapaMeTpiB (200 Kepyrounx 3MiHHHX)
BUBYAaE Teopis KaTactpod. B pamkax i€l Teopii po3mIAAarOThCS
MMATaHHA SK TEXHIYHOTO, COITIOJIOTIYHOTO  HampsSMKiB, TakK 1
€KOHOMIYHOTO (HampuKiaa, 00Baix GOHIOBOTO PUHKY).

[IpeameroM Teopii KaTacTpod € BUBUEHHS 3aJ€KHOCTI SKICHOI
MPUPOJM PO3B'SA3KIB BiJl 3HAYEHb NapaMeTpiB, IO € MPHUCYTHIM ¥y
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3alaHuX PIBHAHHAX. TakoX MpPEIMETOM BHBYCHHS Teopii KaTacTpod €
knacu(ikalliss CTaHIB pIBHOBarM TPaJi€HTHUX CHCTEM, SIKIi MOXYTh
NPOSIBIIATHCA SIK PAanToBi 3MiHM — KaracTpodu — y TIOBOKEHHI
IUHaMi4HOI cucTeMu. OCHOBHUMM NPUIYLICHHSIMH Teopii KatacTpo €:
B CcpcTeEMa € JMHAMIYHOIO, TOOTO i1 CTaH 3MIHIOETHCS B 4aci;
"  [IPUHIMI MAaKCHUMAaJIbHOT'O 3BOJIIKAHHS: CHCTEMa TparHe 30epiratu
CBill cTaH KOMOTa JOBIIIE;
®  [OTOYHMH CTaH CHCTEMH 3aJIKUTh BiI TOrO, SKMM YHHOM
crhcTema Ipuiiuia B Uel CTaH;
= TpaekTOpii cucTeMH HEOOOpPOTHI, TOOTO MpM 3MiHI KEPyKOUHX
rmapaMeTpiB CHCTEMH Ha TPOTHIICKHI, cHCTeMa He 0O0OB'SI3KOBO
HpUiiAe 10 MOYATKOBOT'O CTAHY.

Binkputts TOro, MmO TPOCTI HENiHIHHI MOJET MOXYTh
JEMOHCTPYBAaTH CKJIAAHY W XaOTHYHY OTUHAMIKY, HiAIITOBXHYJIO JESKUX
€KOHOMICTIiB 10 TOro, MO0 3aI[ikaBUTHUCS M€ OJHUM HAIPIMKOM
«HEIIHIMHOT HAyKW» — Tepi€ero Xaocy. THUITOBI XapaKTepHI PUCH TTOHATTS
Xaoc:

®  HeNiHiHHICTH (SKIIO MpoLecC JiHIWHHUHA, TO BiH HE MOXe OyTH
XaO0THYHUM);

= JeTepMiHI3M (B OCHOBI SIBHINA Xa0Cy JIeXaTh JETEPMiHOBaHi, a
He WMOBIpHICHI, IpaBuUiIa);

¥  YyTIMBICTH A0 MOYATKOBUX YMOB (Maja 3MiHa B MOYaTKOBOMY
CTaHi CHCTEMH MOXE TIPHBECTH JO paAWKaIBbHO 1HIIOL
MOBE/IIHKH B KiHIIEBOMY CTaHi);

= crifika HEperyJspHICTh (XaOTHYHE SIBHILIEC XapaKTEPU3yEThCS
MPUXOBAaHUM TOPAIKOM, L0 BKJIIOYAE BEJIIUKY 200 HECKIHUCHHY
KUJIBKICTh HECTIHKMX NEpiOAMYHHMX IPOSBIB; el NPUXOBaHUM
nopsnok  QGopMmye iHPpPACTPYKTypy CHUCTEMH: XAOTHUYHHUH
(IMBHUWH) aTpakTOp; AWHaAMikKa B XaOTUYHOMY aTpakTopi —
eproJnvHa).

5.5 SIkicHu a”HAIII3 COMIATBHO-EKOHOMIUHUX CUCTEM
IToBeninka CKJIAJHUX COLIAJIbHO-EKOHOMIYHHUX CHUCTEM

CYIPOBOJUKYETHCSI HE TUIBKM KIJIbKICHUMH, ajie¢ W SKICHUMH 3MiHaMH.
SIKicTb XapakTepHu3ye LiNiCHY HEPO3WICHOBaHY BU3HAYEHICTh MPEIMETIB
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i sBum. CTpyKTypa — IIe KaTeropis, M0 XapaKTePU3y€ PO3MOIIT
B3a€EMOJIII B MPOCTOPI €JIEMEHTIB, IPEIMETIB 1 SBUIII, MPOrpaMy IXHHOTO
po3BUTKY. BaxknuBa o0coOnMBICTH CTPYKTYpH — LUIICHO-SKICHA
BiIMIHHICTbH BiJ] €JI€MEHTIB, 1[0 BXOIATH 10 ii ckiamy. CTpyKTypa TiCHO
MOB'sI3aHa 3 AKICTIO0. 3MiHA SKOCTI MPEAMETIB Y BCiX BHITaJKaX IOB'I3aHa
3 OyIOBOIO CTPYKTYPHU CKJIQIOBUX iX €JICMCHTIB.

Po3BHUTOK MOKE PO3TISIIATUCS K CYKYITHA 3MiHA ¥ B3aEMO3B'SI3KY
KUTBKICHUX, SKICHHUX 1 CTPYKTypHHX KaTeropiii cumcremm. KinmbkicHi
3MIHHU — II€ 30UIBIIEHHS a00 3MEHIIEHHS CKIIAA0BUX YaCTHH LIJIOr0, L0
BHUPAXAETHCSI 30UTBIICHHSIM 200 3MEHIICHHSIM X YHUCIOBUX 3HAYCHb, SKi
MPHU3BOJIATE 32 PAXYHOK CBOET 3MIHH JI0 SKiCHOTO cTprOKa. CTpyKTypHIi
3MIHH — II¢ 3MIHM CKJIQJOBHX YacTHH, SKI 30BCIM HE OOOB'I3KOBO
MOBUHHI CYNPOBOJKYBATUCS 30UIBIICHHSIM a00 3MEHIICHHSM iXHBOI
KimbkocTi. HaBmaku, KiTBKICTh CKIIAIOBHX YAaCTHH MOKE 3aJIMIIATHCS
He3MiHHOI0. OgHAK, CTPYKTYPHI 3MiHU TaKOXK MOXYTh NPHU3BOIUTH IO
SIKICHOTO CTpuOKa. TakuM YMHOM, MOXHA BBaXKATH, IO SK KIJIBKICHI, TaK
1 CTPYKTYpHi 3MiHM BifirpatoTh IPUYUHHY POJIb y SKICHUX 3MiHaX.

SkicHi 3MIHH — MarepiaJbHI TMPOMECH, SKi TICBHUM YHHOM
MOB's3aHI 3 KUIBKICHUMHM XapaKTepUCTHKaMH MaTepii Ta eHeprii.
MexaHi3MH SKICHUX 3MiH:

1. Ilepm 3a Bce mpeaMeTH Ta SBHINA MOXYTh 3MiHIOBATH CBOIO
SAKICTh 3a PAaxXyHOK KIUNBKICHOTO JoJaBaHHS MaTepii Ta eHeprii B
pe3ysbTaTi B3aeMOJii i3 30BHINIHIM cepeoBUllleM. B exoHOMIIl],
HANpPUKIAJ, MOKHa BCTAHOBHTHU 3aJIe)KHICTh CTPYKTYpH CUCTEMH Bill
KUTBKOCTI po00Y0i CHIM Ta po3Mipy OCHOBHHX ¢oHmiB. Ha neskomy
BHU3HAYEHOMY DIBHI CHCTEMa CTa€ HEOCSDKHOKO Ta BIAOYBAEThCS PO3Mal
CTPYKTYpH (HallpuKJIaa BUAJICHHS Ta30BOi IPOMHUCIIOBOCTI 13 Ha(hTOBOT).
SkicHi 3MiHM B CHCTeMi MOXYTh BiOyBaTHCS TakKOX Yy pe3yJbTari
nepepo3nozaity (0e3 mopyuieHHs 0agaHcy) eHeprii Ta MaTepii BcepeanHi
camoi cucremu. Hampuknan, B 3aMKHEHHX EKOHOMIYHHMX CHCTEMax
CIIOCTEPIraeThCsl TEHCSHITSA 10 MaKCHMi3alii MeBHOI MiTbOBOI (QYHKIIIT,
sIKa MOYKE PO3TIIBIIAaTHCS K aHajor ¢i3umdHoi eHTpomii. Bee me, BpemTi-
PEIIT, MPU3BOAMUTD J0 HOBOI IKOCTI CUCTEMH.

2. SIkicHi 3MiHH CUCTEMH MOXYTb OyTH Pe3yIbTaTOM 3MiHH SKOCTI
migcucTeM (€IEMEHTIB), IO CKIANAal0Th CTPYKTYpy CcHCTeMH. B
€KOHOMIYHUX CHCTeMaxX Tpd 3MiHI BHUAY MiACHUCTeM (HAIpPHUKIAI,
aBTOMATH3allisg Ta KOMI'TOTepU3allis MPOIECiB (PYHKIIOHYBAHHS CUCTEM)
MOXYTh BHHUKATH HOBI1 SKOCTI.
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3aKk0OH pO3BHTKY CHCTEM — JESIKHUH CIoci0 BHpasy CTIHKOCTI
3B'SI3KIB 1 BIIHOCHMH MDK MpEIMETaMH Ta SIBUINAMHU, a TaKOX CTIHKOCTI
CTpyKTypu (Oprasizaiii) caMux IMX MPEAMETIB 1 sBuml. [HIIMMUK
CIIOBaMHM, 3aKOH BHpa)kae cO0OI0 HE TUIBKH MOPSIOK IEePETBOPEHBb
MpPEeIMETIB 1 SBHI y MPOIECi IXHROTO PO3BUTKY, ajle i crocid iXHBOTO
iCHYBaHHSI, XapakTep iXHbO1 BHYTPIIIHBOI OpraHi3alii.

3acTocyBaHHS SKICHOI TEOpii 10 aHAMi3y JUHAMIYHUX CUCTEM IPU
BHBYCHHI COIIaJIbHO-CKOHOMIYHUX SBHUIl Ta TIPOIECIB € BKpai
BXJIMBUM AaCIEKTOM aHaji3y Ta PO3yMIHHS CKJIaJHUX CKOHOMIYHHX
aBull. JlMHaMi4Ha €KOHOHOMiYHa CHCTEMa € MaTeMaTHYHUM OO0'€KTOM,
110 BiATIOBiTa€e peanbHiil eKOHOMIYHIN CHCTEMI, €BOJIFOIIISA SKOI B Yaci Ha
OyIb-IKOMYy  9acOBOMY  IHTEpBaJi  OJHO3HAYHO  BU3HAYAETHCS
MOYaTKOBUM CTaHOM. TakuM MaTeMaTHYHUM OO0'€KTOM MoOxe OyTH
cuctema auepeHmiHHUX pIiBHAHB. EBOJIONiI0 MUHAMIYHOI CHUCTEMHU
MOXXKHa CIIOCTEpIraTd B TIPOCTOpi CTaHIB cucTeMH. Judepenmiitai
PIBHSHHSL PO3B'S3YIOTbCS aHAIITHYHO B SIBHOMY BHIJIAII BKpall piIko.
BukopucraHHs KOMIT'IOTEpHHX 3aco0iB Jae HAOMIKEHHH PO3B'SA30K
nudepeHifHuX piBHAHbP HA CKIHYEHHOMY YacOBOMY BiJpi3Ky, IO HE
JIO3BOJISIE 3pO3YyMITH TIOBEMIHKY (ha3oBHX TpaekTopii B mimomy. Tomy
BaXIUBY poib  HaOyBarOTb  METOOM  SAKICHOTO  JOCHIJKEHHS
nudepeHiiaIbHIX PiBHIHb.

BinmoBixe Ha muTaHHS MPO Te, SAKI PEKUMH MOBEHIHKH MOXYTh
OyTH BCTAaHOBJICHI B JaHiii CHCTEMi, MOKHa OTPHMAaTH 3 TaK 3BAHOTO
¢a3oBoro mopTpera CHCTEMH — CYKYNHOCTI BCiX I TpaeKTopiH,
300pakeHnx y pocTopi (ha3zoBux 3MiHHHX ((hazoBoMy mpocTopi). Cepen
UX TPAEKTOpil € JesKe YUCIO OCHOBHHX, SIKi 1 BH3HAYAIOTh SIKIiCHI
BJIAaCTUBOCTI cuctemMu. Jlo HHUX HalmexaTb, MHepII 3a BCE, TOYKHU
piBHOBard, IO BIiANOBINAIOTH CTAlliOHAPHUM pEXHMaM CHCTEMH, i
3aMKHEHI TpaeKkTopii (rpaHWYHI NWKIW), IO BiAMOBIAAIOTH pEXUMaM
NEepiOIUYHUX KONMKMBaHb. Yu Oy/e peskuM CTIHKWH 4M Hi, MOKHA CYAUTH
3a TOBEMIHKOI CYCIHIX TpaeKkTOpii: cTilika piBHOBara a0 IHKI
MIPUTATYE BCi ONM3BKI TPAEKTOPii, HECTIHKA BIiMIITOBXyE X04a O JesKi 3
HUX.

Takum uymHOM, (pasoBa mIIOLIMHA, po30UTa Ha TPAEKTOpii, Hae
JIETKO OCSHKHUHN "MOpTpeT" MWHAMIYHOI CUCTEMH, BOHA A€ MOKJIMBICTH
BiJIpa3y, OAHHUM TIOTJISIZIOM OXOMHUTH BCIO CYKYITHICTh PYXiB, SIKI MOXYTb
BUHHUKHYTH IIPH Pi3HUX MOYATKOBUX YMOBAX.

64



3aBmaHHA SKICHOTO METOAY — OXEp)KaHHS SKICHOTO Pe3yibTary,
TOOTO XapaKTepHUX pHC YChOTO SBHINA BiIpa3y Ta, YacTKOBO, —
MPOTHO3YBaHHs SBHIIA. MaTeMaTHUHa YacTHHA SKICHOTO IOCIIJKEHHS
CHUCTEMH IOJSTa€ y TOPIBHSAHHI (a30BOr0 MOPTPETYy 3 peabHUMHU
COILIaTbHO-€KOHOMIYHMMH ~ TIporiecaMu  abo o0'ekTamMu  pazoMm i3
MPOBEJCHHSIM aHalizy. [Ipy 1bOMy HeMae HEOOXITHOCTI MPOBOIMTHU
MOBHUI SIKICHAW aHalli3 ICHYFOUHWX CHUCTEM pIBHSHB, OCKLIBKH SIKOCTI
peanpbHOTO EKOHOMIYHOTO 00'€eKTa HaKIIamaroTh OOMEXKEHHS SK Ha
(ha3oBull po3B'A30K, TaK i HA PIBHIHHA. B JIesKuX BUMaIKax BUSBISETHCS
JOCTaTHIM JIMILE BU3HAYEHHS 00J7acTi CTIMKOCTI, CTaHy piBHOBAaru ta ix
€KOHOMIYHO{ iHTepIIpeTaIii.

Crimparounce Ha SKICHUH aHaii3 nudepeHmiiHOrO PIBHSIHHS 3a
nmoromMoror0  (azoBoro rpadika Ta HE pPO3B'A3YyOYM HOro, MOXHA
OTpUMATH JOCUTHh TIMOOKE pPO3YMIHHS IIOBEMIHKH HOTO PO3B'SI3KIB.
Hanpuknazn, Ko MaeMO IOYaTKOBY YMOBY, TO MOXKHA CKa3aTH, SK
PO3B'A30K OyJie MOBOMUTHCH i3 TUIMHOM 4acy (3pOCTaTh YW CIaiaTH),
a00, HaNpUKIIaJ, 10 SIKOro 3HauYeHHs BiH Oyne 30iratucs.

Takwii aHami3 € ayXe BaKIWBHM, OCKUIBKA B PEaTbHOCTI B
E€KOHOMIYHHMX 3aCTOCYBAaHHSX JIOCHTh DPINKO BIAEThCS 3HANTH SBHUH
PO3B'A30K HEMiHIHHUX AudepeHUiiHuX PiBHAHB. B 3aranbHOMY BHIIAAKY
SAKICHUH aHaJi3 CIpsIMOBAHUN Ha BU3HAYEHHs TOYOK PiBHOBAru Ta yMOB
CTIHKOCTi PO3B'SI3KiB.

Ko BiGIATH BiJ CyTO MaTeMaTHYHUX ACHEKTIB MPOBEACHHS
SKICHOTO aHaii3y JAWHAMIYHHX CHUCTEM, TO MOXKHA MOOAYHMTH iHIIY
CTOPOHY SKICHOTO aHaJli3y COIliaThbHO-€KOHOMIYHHUX SIBHII Ta TPOIIECIB,
IO TOJISIra€ y BU3HAYEHHI OCHOBHHMX YHHHUKIB, apaMeTpiB, Cy0'eKTiB
Ta 00'€KTIB €KOHOMIYHOI CUCTEMH 1 MiATPUMKH TMPUHHSATTS BiJIIOBIIHUX
YIPaBIiHCHKUX PIilIeHb. AJDKe SIKICHUHA aHali3 COIiaTbHO-eKOHOMIYHUX
CHCTEM Ta TPOIECIB € IOCUTh CKIAgHUM. BiH BHMarae IpyHTOBHUX
3HaHb, JOCBiAY Ta iHTYINI{ y neBHil chepi eKOHOMIYHOI AiSTIBHOCTI.

[IpomoHyeThCS Taka mporeaypa (aaropuTM) SKICHOTO aHami3y
COLIAIbHO-EKOHOMIYHUX CUCTEM:
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Kpoxk 1. Azanis i 1lardocTHKE eKOHOMIMHOT (VIPaBRIIHCEKOT) cHTvauil,
noe’g3aHol 3 nepHnM 08 exToM (poekTOM).
BuixadeHHA roI0BHEX 38BIaHb, OCHOBHHX CYVIEPEMHOCTE (HEVIr0IMEeHOCTI),
JOMIHVHOHHX TeHIeHi

¥

Kpok 2. BussieHHA IHTEPECIB OCHORHHX VHACHHKIB 0111

¥

Kpok 3. Busanenss vopastiscesxix uinedi, MeToais i 3acodis
IXHBEOTO JOCATHEHHA

¥

Kpok 4. Ananii oCHOBHHX MHHHHKIB (napzmetpm} 110 BIUTHBAKTE HA NPHAHAT-
TH pillleHs, pO3NOIin X Ha KEPOBaHI TA HEKEPOBAHI NAPAMETPH CHCTEMH

¥

Kpor 5. 3100vrTa indopyanii npo MoXIHE] 1ianaioHl 3HaHeHE
HEKEPOBAHHX NapaMeTpis (YHHHHKIR)

¥

Kpog 6. I'enepauis vabopy ansTepHaTHRHUY BAPIAHTIR NPOEKTY
{o@’exTa, cnocoby aif)

¥

Kpoxk 7. Bussnenss npiopureTis (cucTeM Kputeplie) cvd exra
1010 Pi3HUX BapianTis npoekTy (08 exra, cnocody ail)

]

Kpok 8. OuiHka 3reHepoBadiy ankTEPHATHBHUK BAPIAHTIB.
Bubip ix nigmu0®#Ey, 110 Halikpalle BIANOBIIaE BuMoram ob’exra

¥

Kpoxr 9. Pozpofxa signoeignoro cnocody (nporpasu) gifi, kotpa ovia
6 Haiikpauiow (HaliedexTHBHIIOW)

3 TOUYKHM 30py YNPaBIiHHS CKIATHAMH E€KOHOMIYHFIMH CHCTEMaMH,
SIKICHAIM aHaJli3 COI[albHO-SKOHOMIYHHUX SIBHIIl Ta IMPOLECIB Ma€ JEKijIbKa
acnekTiB. [lepwwuii acnexm TOB'SI3aHUH 3 HEOOXIOHICTIO MOPIBHIOBATH
oquyBaHi TIO3UTHBHI pesynbTaTH 3 MOMUIMBIMMU €KOHOMIYHUMH,
COLIILHIMH Ta {HIIMMH SIK ChOTOAHIIIHIMM, TaK 1 MOy THIMH, HACITIKAMHL.
Jpyeuii acnexm TOB'SI3aHUK 3 BHSBICHHSAM BIUIMBY pillleHb, SIKi
NpUHAMAIOTBCS. B YMOBaX HEBM3HAUEHOCTI, Ha IHTEpecH CyO'€KTiB
E€KOHOMIYHOTO KWTTA. be3 ypaxyBaHHA iHTepeciB (3aliKaBJIEHOCTI)
HEMOXKIIMBI peasibHi SIKiCHI TIEPETBOPEHHS B COLIATIEHO-CKOHOMIYHOMY KHUTTI.
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Tema 6. HeniHinHi AuHamivyHi Mmoaeni eKOHOMIYHUX cUcTeMm.
Mopenb Conoy

1. Moodenv Conoy ax npuxiad 00HOCEKmMOPHOi MOOei eKOHOMIKU.
THpunywenns moodeni. Mooenv Conoy 3 abcoatomuumu ROKA3HUKAMU.

2. Mooenv Conoy 3 gioHocHumu nokasnuxamu. Ilepexionutl pesxcum y
mooeni Conoy.

3. "3onome npasuno"” nakonuuenns Conoy. Teopema npo macicmpains.

4. Poszsumox mooeni Conoy.

6.1 Mogens Conoy sk IpuKiIa] OAHOCEKTOPHOI MOAETi eKOHOMIKH.
[Tpunymenns monemi. Mogens Conoy 3 aOCOTIOTHIMH MTOKa3HUKAMHU

TUNoBUM MPHUKITAIOM MOAEI EKOHOMIYHOTO 3pOCTAHHS € MOJEIb,
gaka Oymna pospobnena B 50-60-x pp. MHHYJIOTO CTONITTS JlaypeaToM
HobGeniBcproi mpemii Pobeprom-Mepronom Comoy. Lls mozens mae
3MOTY JOCIITUTH, SK OCHOBHI YHHHUKH BHPOOHHUIITBA — TIparls, KariTall,
TEXHOJIOT1UHI 3MIHM — BIUTMBAIOTH Ha AMHAMIKY 0OCSTYy BHPOOHHWITBA,
KOJIN €KOHOMIYHa cucTeMa nepeOyBae y piBHOBRXKHOMY CTAJIOMY CTaHi.

[lepearoro moxmeni Conoy € poO3MEXyBaHHS LWX UYUHHHKIB 1
MOCTYIIOBE  JIOCHI/DKEHHSI BIUIMBY KOXKHOTO 3 HHX Ha TMpoIlec
JOBTOCTPOKOBOTO 3pOCTaHHS HALlIOHAIBHOTO TOXO.Y.

3 ommsimy Ha 3HAYHY CKJIAMHICTh HENHIHHUX — Mofelnei
MaKpOEKOHOMIKHA JUISi BHWBYCHHS JIOBTOTCPMIHOBHUX TEHICHITINA 1
YHHHUKIB PO3BUTKY (Tpancdopmartii) €KOHOMIKH 4acTo
BUKOPUCTOBYIOTBCS MAJIOCEKTOpHI  HenmiHidHI Mogmeni. Hesenuka
KUTBKICTh CEKTOPIB JO3BOJISIE€ aHANITHIHO TOMATH 1 TIPOaHaIi3yBaTH Ha
MOJIeJli PO3BUTOK €KOHOMIKH 3 aJIeKBATHUM YpaxyBaHHSIM HENiHIHHHX
3aJIeKHOCTEH 0OCSTIB BUITYCKY CEKTOPIB BiJf 00OCSTIB pecypciB 3a pi3HUX
3HA4YeHb €K30T€HHMX MapaMeTpiB 1 Ha MiJACTaBi LOIO OTPUMATH AEAKY
y3arajbHEHY KapTHHY €KOHOMIYHOTO 3pocTaHHs. Tak, 30KpemMa, Mojelb
CoJ0y € 00nocexmopHo MOJIEIUII0 €KOHOMIYHOTO PO3BHTKY. Y Wil
MOJENi EeKOHOMiYHAa CHUCTeMa pPO3MVIAAAEThCS SIK  €OWHE  Lije,
BUPOOJISIIOUM JMIIE OJWH Yy3arajJbHEHUH NPOLYKT, KOTpUH MOxe 1
CIIOKHMBATHUCh, 1 IHBECTyBaTHCh. MOJIENb JOCUTH aJIeKBaTHO BioOpaxae
HaBa)XJIMBIIII MaKpPOCKOHOMIYHI aCIEeKTH TMPOLEeCY BiATBOPEHHS.
Excnopt Ta iMIOpT y IBHOMY BUIJISIAI HE BPAXOBYIOTBCSL.
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Cran exoHomikn B Mozpenmi Coioy 3amaeTecs m'sAThMa
eHOO2eHHUMY 3MIHHUMHU:
X — BanoBuii cycninpauii npoaykt (BCID),
C — hoHI HEBUPOOHHYOTO CIIOKUBAHHS,
[ — iuBecTHii,
L — xinpKicTh 3aiHATHX,
K — BupoGHuui Gponm.
Oxpim 1pOTO, B MOZIET] QIrypYIOTh TaKi  ex302eHHi TIOKa3HUKH:

V — pIYHHIA TEMI PUPOCTY YUCEITBHOCTI 3alHSITHX,
[ —YacTKa BHOYINX MPOTSATOM POKY OCHOBHHX BHPOOHWYHX (DOH/IIB,
a — KOe]ilieHT MpSAMHUX BUTpaAT (YacTKa MPOMIKHOTO MPOAYKTY Y
BBII),
£ — HOpMa HaKOIMYEeHHs (YacTKa BaoBHX iHBecTHii y BBIT).
PobOutkcst mpunyimieHHs, 0 €HIOTEHHI 3MiHHI 3MIHIOIOTBCS 3
yacoM. Ex3oredHi 3MiHHI BBa)KalOThCS HOCTIMHMMM. BBakaeThbcs, 110
HOpMa HAKOIHMYCHHS € KePYHUUM mapameTpoM. Yac ¢ € HerepepBHUM i
BUMIPIOEThCS B pPOKax. POOUTHCSA MPUMYIICHHS, M0 PiYHUNA BUIYCK Yy
KOKEH MOMEHT 4acy BU3HAYAEThLCS JIIHIHHO-OIHOPITHOI HEOKIIACHIHOIO
BUPOOHMYOIO (DYHKIIIEO Bij ABOX 3MiHHUX (pecypciB) K ta L
X=F(K, L).
Temn npuUpoCTy YUCETBHOCTI 3alHSITHX:
AL = VAt, abo daL =vL.3Binku L= Lje" .
L dt
3HomeHicTs (QOHAIB Ta 1HBECTHLIi 3 pO3pPaxyHKy Ha piK
nopiBuiooTh 4K Ta [ BiamoBimHO, a mpoTsaroM vacy Af — BiIIOBIIHO
UKAt, IAt, tomy mpupict (OHIIB yHOPOJOBXK IBOrO Yacy:
AK = —uKAt + [At, 3Binku orpuMaemMo qudepeHIiiiHe piBHAHHS:

C;—[j:—/,lK‘FI, K(O):K()

OCKiJIbKM TPOMDKHHAN TPOIYKT CTaHOBUTH aX, TO BaJOBHii
BHYTpiHi# npoaykt gopisaioe (1—a ) X.
IBecTuLii cTaHOBIATS:
I=p(l-a)X.
@DoHA CIIOKUBaHHS:

C=(1-p)(1-a)X.
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Otpumaemo Taky Mmodeab Conoy 3  abcontomuumu

NOKA3HUKAMU .
L= Loe‘r, Ci,—[f: —/,[K + p(l— Cl)X, K(O) = Ko,
X=F(K.L), I=p(l-a)X, C=(-p)l-a)X.

Ha puc. 14 naBenena cxema (yHKIIOHYBaHHS EKOHOMIKH 3a

Mozemtio Cooy.

Fepll=alX

L

‘r_ -

S| X =FlK.L]

L »

Puc. 14. Cxema pyHKIiIOHYBaHHS eKOHOMIKH 3a Comoy

C=(1-p) (1-a)x

6.2 Monens Cosoy y BiTHOCHUX ITOKa3HUKAX.
[epexinuuii pexum y moaeini Conoy

BBenemo Taki BiZHOCHI TOKA3HUKH:

K . X . .
k=— — ¢boH100306pOEHICTD; xzf — CycIiJbHa TPOAYKTUBHICTh
| . y
npari; I = 7~ mUTOMI iHBecTHIIi (Ha OIHOTO 3alHATOTO); C = 7

CepPEeIHBOYIIIOBE CITOKUBAHHS (Ha OJHOTO 3aiHATOTO).
Mooeav Conoy nHabyBae Takoi GopMU 3 nHUmMOMUMU

(6i0HOCHUMU) NOKA3HUKAMU.
Lk pli-)f(R), A=+, KO)=ky =22,

0

x=fk), i=p(-a)f(k), c=(1-p)1-a)f(k).
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Koxen aOconmroTHMHA YHM BiTHOCHWH TIOKa3HUK 3MIHIOETHCS 3
4acoM, TOOTO MOXHa BECTH MOBY TIPO TPAEKTOPIIO CHCTEMH 3
aOCOMIOTHUMHU YM BiTHOCHMMH TMOKAa3HUKaMHU. TPaeKTOPil0 HA3MBAIOTh
cmayioHapHoo, SIKIIO MOKa3HUKH HE 3MIHIOIOTHCS 3 YaCOM:

k=k°=const,x =x°=const, i =i’ = const, ¢ = c® = const.

SIK HEeBaXKO MOMITHTH, BCTaHOBJIEHHS (OHI0030POEHOCTI Ha
JesikoMy TocTiitHOMy piBHi k& O mpuBOIMTH 10 BUXOLY Ha CTalliOHAPHY
TPAEKTOPIIO.

A
Ha crarmionapHiii TpaexTopii = =0, Tomy

— k" + p(1-a) f (k") =0,
a60 2k = p(1—a) f(k").
Ockinbku ¢yukuis F(K, L) — veoxknacuuna, to (0) =0, /> 0,
M <o.

Hexaii k ° — cTanionapuuii piseHb GoH10036pOEHOCTI, k - piBeHb
(OHII0030POEHOCTI, TPU SAKOMY IIBUIKOCTI 3pOCTaHHS (DYHKIIN
gk)y=2k i g,(k)=p(-a)f(k) e piBrumu, 10610 k — KOpiHB
PIBHSIHHS:

pl-a)f'(k)=1.
Ilepexionuii pesrcum y mooeni Conoy.

Slkmo ky = k°, To exonomika Bxe mepebyBae Ha cTalliOHAapHii
TpaeKkToOpii 1 MOXe 3iiTH 3 Hei JMiie 3a 3MIHM 30BHIIIHIX YMOB
(BCTaHOBJICHHSI 1HIIOTO 3HAYCHHS HOPMH HAKONUYCHHS YH TEPEXOy JI0
HOBHMX TEXHOJIOTIH, IO CYNpOBOMKY€EThes 3Mminow ¢yHkuii F(K, L)).
Sxmo ky # k° To B exoHOMImi BiI0YBaTUMETHCSI TIEPEXIAHUN TPOIIEC,
AKAi  (TIMOTETHMYHO) 3aBEpPIIMTHCS BCTAHOBJICHHSM CTaI[iOHAPHOTO
peXUMY.

MaeMo  Tpu  THUOM  MEPEXiHOTO  MPOIECYy  CTOCOBHO
(hoH10030pOEHOCTI:

1. sxmo ky < k° — cnouaTky Mae Micie NMpUCKOpeHe 3pOCTaHHS

(GOHI0030pOEHOCTI, sSKE INCIsA JOCATHEHHS 3HA4YeHHs K
3MIHIOETBCS CIIOBUTBHEHUM 3POCTAHHSIM;

70



2. saxmo k < ky < k° — cnoBineHeHe 3pocTaHHs (OHI0036POEHOCTI;
3. sxmo kg > k° — cnosinbHeHe 3HMXeHHS (OHI0030POEHOCTI
(«npoinanus» QOHIIB).
Ha puc. 15 nokasani yci Tpu Tunm nepexoay ¢GpoHI0030po€eHOCTI
JI0 CTalliOHApHOTO 3HAYCHHS k0 (xpuBi 1-3 BiAMOBiTHO). AHAIOTIYHO
3MIHIOETBCSL 1 pellTa BiIHOCHUX MOKA3HUKIB (X, I, C), OCKUIBKH BOHHU
MPOTIOPITiHHI 110 k0.

ki

k°

Y

0

Puc. 15. Tunu nepexoay 0 CTalliOHAPHOTO CTaHY

Skmo k < ky < k°, To mae Micue AOCHTH KOPOTKOTpHMBAJIHMii
mepeximHuid  mpomec.  ToOTO  TEOPEeTHYHO TEpexXigHHi  mporiec
3aKIHYY€ThCS Yepe3 HECKIHYCHHO BEIMKWUH MPOMDKOK dacy, ale
MPaKTHYHO Yepe3 BiJHOCHO HEBEJIWKUN TEPMiH IMOTOYHE 1 CTallioHapHE
3HAaYeHH: MOKa3HUKA PI3HUTUMYTHCS JIAIIE Ha KiJIbKa BiZCOTKIB.

6.3 "3onote npasmiio" HarpoMakeHds Cooy.
Teopema mpo marictpaib

CyTHICTB «3010mo20» npasuna Hazpomaoxcents 6 mooeni Conoy
MoJjsirac B TOMY, IO, OOHpAalOYd HAJICKHAM UYHHOM HOPMY
HarpoMaJiKeHHs, MO)KHa MAaKCUMI3yBaTH CepeHbOYIIOBE CIIOKHBAHHS
B CTal[iOHADHOMY pPEXHUMi, a OTXKe, 1 uYepe3 BIAHOCHO HEBEJIUKUHI
MMPOMIKOK Yacy MIiCJs IOTOYHOTO TEPeXimHOro mporecy. Haibimbime

. *
CEPEAHBOAYHUIOBE CIIOKMBAHHA OOCATAaTHUMETBCA TOMdl, KOJIHU p =,
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TOOTO HOpPMa HarpoMa)KCHHs TOBHHHA IOPIBHIOBATH €IACTHYHOCTI
BUIYCKY 32 (poHIamu.

[Ipomopuii cycmibHOTO  BIATBOpEHHS, TMpH SIKUX (QOHX
CHOXXHMBAaHHS Ha OJUHMIIIO BUTpadeHOI poOouoi cuiaM (MOKHA CKa3aTH,
omlaTa OJWHMII poOO0YO0i CHIIM) MaKCHUMAalbHHUH, 3alal0ThCS yMOBOIO
PIBHOCTI omyiaty poOOYOi CHITM TPpaHNYHIH MPOAYKTUBHOCTI Mpalli:

_OF
oL

«3050Te mpaBuiIo0 3pocTaHHsM» Co0y MOXKHA 1IHTEPIPETYBATH SIK
piBHOBary Ha pHHKY po0OYOi CHIIH.

[Iportec  cycmipHOrO  BIATBOPEHHS,  HPOMOPII  SKOTO
BiJIMIOBIAAIOTH «30JI0TOMY npaBuiy» CoJoy, y MaTeMaTHYHIN eKOHOMII
Ha3uBalOTh MaricTpaio. lle MoxHa iHTEpIpeTyBaTH TAKUM YHHOM.
Sxmo BBakaTH, IO B EKOHOMIIIl MifOTh PHHKOBI MEXaHi3MHU
pEryJIIOBaHHS, TO B KOKHHH MOMEHT Yacy Ha MaricTpalli BHKOHYIOThCS
YMOBU pIiBHOBarM Ha pHHKax. EBOJIOLIOHYIOYM Ha MaricTpani,
€KOHOMIiKa Maii>ke HellepepBHO MEPEXOANUTh 3 OJJHOTO CTaHy PIBHOBAaru B
iHmmi. [Ipore muTaHHS YU MOXKYTh PHHKOBI MEXaHI3MH DPETYJIOBaHHS
3pYLIMTH CTPYKTYPY €KOHOMIKH 10 MIPONOPILIil 3pOCTaHHS 110 MaricTpai
— 3QJIMIIAETHCS BIAKPUTHM.

lomoBHmWit  pe3ymbraT  Teopii  €KOHOMIYHOTO  3pOCTaHHS
HA3UBAETHCS TEOPEMOI0 Mpo MmaricTpaib. Ha skicHomy piBHI nei
pe3yabTaT GOPMYIIIOETHCS TaK: MOKHA MO-Pi3HOMY BHU3HAYaTH KpHUTEPii
SIKOCTI TPAEKTOPiA PO3BUTKY EKOHOMIKH, aje Ha BEIHKHX IMPOMINKKaX
Yyacy OINTHMajbHE 3POCTaHHS MPAKTHYHO 30Ira€Tbesi 3 MaricTpajulio.
OTxe, MaricTpanb MOXHa BBaXaTH  JESIKOO "JUHAMIYHOKO"
XapaKTEPUCTUKOI €KOHOMIYHOI CUCTEMH, IO BifoOpaxae ii epekTuBHY
CTPYKTYPY. 3IHINAETHCS TUTHKHM 3HAWTH Ti MEXaHI3MH CaMOOpPTaHi3allii,
SIKi 3MOXKYTh CTBOPUTH B CUCTEMI TaKy CTPYKTYpY.

c

6.4 PosBurtok monem Conoy

Jns  momamemoro  po3Butky Mogmeni  P. Comoy mo  uepsi
3HIMAIOTHCI [Ba OOMEXXEHHS: HE3MIHHICTh YHMCEIHLHOCTI HACEIEHHS Ta
foro 3aiiHATOi yacThHU (iX JUHaAMiKa IependadaeThcsi OJHAKOBOKO) i
BiJICYTHICTh TEXHIYHOTO TIPOTPECY.

[IpumycTiMoO, 1m0 YHCENBHICTh HACEJIIEHHS 3POCTAa€ 3 MOCTIHHUM
TemrioM #. lle HOBWIA YMHHUK, IO BIUIMBAE Pa3oM 3 IHBECTHUIIISMH i
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BHTpaTaMH Ha (OHIT0030POEHICTh. 3pOCTAaHHS HACEICHHS, aHAJIOTIYHO
JI0 BUTpAT, 3HMXKYE (OHIO0030pOEHICTh, X04Ya W IHAKIIe — HE uepes
3MEHILIEHHS TOTIBKOBOTO 3allacy KamiTaly, a IUISXOM pO3IOoAiTy ioro
MiX 301TBIIEHUM YHCIIOM 3aiHATHX. B JaHMX yMoBax HEOOXiTHO Takui
o0csT IHBECTHIIIH, SIKUA HE TLbKM O MOKPWUB BUOYTTS Kamitamy, ane i
JIO3BOJIUB ~ OM  3a0€3MEYMTH  KamiTaJloM HOBHX IPAIliBHUKIB B
nonepeaHboMy 00cs3i. JoOyTok 7k mmoKasye, CKiIBKH MOTPIOHO
JIOJJATKOBOTO KamiTady 3 pO3paxyHKy Ha OJHOTO 3aiHATOTO, WI00
KariTano030poeHicTs "HOBUX" MpaliBHUKIB OyJia HA TOMY K piBHi, IO i
"crapux".

Y crTifikoMy cTaHi €KOHOMIKM KaIliTal 1 BHITyCK Ha OJHOTO
3aitHsATOr0, TOO6TO (OHI0030pO€EHiCTh (k) 1 MPOAYKTUBHICTD mparti (X)
3QIAMIAIOTECA He3MIHHUMH. Ta 100 (OHI0030pOEHICTh 3ayHIIaIacs
MOCTIHHOIO 1 MPW 3pOCTaHHI HACEJEHHS, KalliTal [MOBHHEH 3pOCTAaTH 3
THM K€ TEMIIOM, IIO 1 HaceJIeHHs, TOOTO

AX AL  AK "
X L K

TakuM 4MHOM, 3pOCTaHHS YHCENFHOCTI HACEJICHHS CTAE OJHIEI0 3
MPUYMH HETIEPEPBHOTO €KOHOMIYHOTO 3pDOCTaHHS B yMOBAaX PiBHOBAry.

[Ipore, 13 301IBIIEHHSAM TEMITY 3pOCTaHHS YNCEIHLHOCT] HACETICHHS
3pocTa€ KyTOBUH KOeQiieHT KPHBOi, IO MPU3BOAUTH 0 3MEHIICHHS
PiBHOBa)XHOTO PiBHS (POHI0030POEHOCTI, OTXKE, IO MAiHHS.

O6uik B Mozeni P. Conoy TeXHIYHOTO (TEXHOJIOTIYHOTO) TIPOTPeECy
BUAO3MIHIOE BUXigHY BUpoOHMUYy (yHKIito. [lepenbauaerbes, mo mae
Mmicue mpauesbepiratroua Gopma TexHosoriuHoro mporpecy. Tomi
BUpOOHNYA (YHKIiS Oye MpeICTaBIeHa K

X=F(K,LE),
ne K — zaranbauii 06csr kamitany; LE — 9ucenbHICTh YMOBHUX OJUHHUIIb
npaiii 3 MOCTIHHOI0 e()EKTUBHICTIO K.

Uum Buma eQeKTUBHICTh Tpalli, TUM OUIbIIe MPOAYKII MOXe
OyTu BUpPOOJIEHO MEBHOIO KUIBKICTIO MpariBHUKIB. [IpomoHyeThes, Mo
TEXHOJIOTIYHUNA  TPOTPEC  3MIMCHIOETBCS  TUIIXOM  3POCTaHHS
e(eKTUBHOCTI Mpali 3 MOCTIHHUM TeMIloM g. 3pocTaHHS eEeKTUBHOCTI
mpami TyT 30iraeTscsi i3 3pOCTaHHSIM YHCENBHOCTI 3aiHATHX. Ko
YHUCENbHICTh 3alHATUX (L) 3pocTae 3 TeMroM 71, a epeKTUBHICTh Mparli
(£) 3poctae 3 Temriom g, To LE Oyzne 3011bI1yBaTUCS 3 TEMIIOM
n+g.
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BxomroueHHsT TeXHIYHOTO (TEXHOJIOTIYHOTO) TIPOTpecy IeIIo
3MIHIOE 1 aHalli3 cTaHy CTidkoi piBHOBark, xo4a XiJi MipKyBaHb
30epiraerbes. SIKIO BU3HAYUTH k' SIK KUIBKICTh KaIliTady B PO3PaxyHKY
Ha OJIMHHUIIIO TIPAITi 3 MOCTIHHOIO €()EeKTHBHICTIO, TO

k'= LS , X' = X ,
LE LE
TOOTO, pe3y/IbTaTH 3POCTaHHS C(PEKTUBHUX OJUHHIIL IPAalll aHAJOTIYHI
JIO 3pOCTaHHS YUCENLHOCTI 3alHATHX (30UTBIICHHS KiTBKOCTI OJUHHUIIb
mpami 3 TMOCTIHHOK e(EeKTUBHICTIO 3HIKYE BEIMYHMHY KaIliTaty, II0
MpUTNaJac Ha OJHY TaKy OIWHUITIO). Y CTaHI CTIHKOi piBHOBarw piBeHb
(GoHg0030poeHoCcTi k BpiBHOBaXky€, 3 OQHOrO OOKY, BIUIMB iHBECTHIIIM,
0 TiABUIIYIOTh (POHA0030pPOEHICTh, a 3 IHINOTO — BIUIMB BHUJATKIB,
poCTy YHMClia 3aHHSATHX Ta TEXHOJOTIYHOTO TPOTPECy, IO 3HWKYIOTh
PIBEHB KaliTainy B po3paxyHKy Ha e(eKTUBHY OJUHHUIIIO TIPAIli:
sf(k"y=(d+n+g)k'".

VY crililkoMy CTaHi TpW HAasSBHOCTI TEXHOIJOTIYHOTO IPOTPEcy
3aranpHuil 00csr kamitany (K) i Bumycky (X) OyayTh pocTH 3 TEMIIOM
(n + g). Ane, Ha BiIMiHY BiJ BHIIQAKY 3POCTaHHS HACEJIEHHS, TEIep

. . CcX
OyayTh pocTd 3 TemrnoM g (GoHI0030poeHicTh (k) 1 BHIMyCK T 3

pO3paxyHKy Ha OJHOTO 3aiHsITOro. OCTaHHE MOXE CIYXKHTH OCHOBOIO
JUTSL TABUINEHHS M00poOyTy HacelieHHs. TeXHOJIOTIYHHMM Tporpec B
mozeni Coyoy — €nMHa yMOBa HETEPEPBHOTO 3pOCTAaHHS PIBHS JKUTTS,
OCKIUTBKH JIUIIIE 32 MOTO HAasSBHOCTI CITOCTEPITa€ThCS CTiHKe 3pOCTaHHS
BUPOOHUIITBA HA AYIIY HaceJeHHS (X).

Takum urHOM, B Mojieni Coioy 3HAWICHO MOSICHEHHS MEXaHi3My
HEMIePEPBHOTO E€KOHOMIYHOTO 3POCTaHHS B PEXHMi pIBHOBAru IpH
MOBHI¥ 3alHATOCTI pecypciB.

Sk BiOMO, B KEHWHCIaHCBKUX MOJCIISIX HOpMa 3a0IIaKCHHS
3ajaBanacsd CGK30TCHHO 1 BHM3HAYaja BEIMYMHY PIBHOBXXHOTO TEMITY
3pocTaHHs noxonay. Y HeoknacwuHiii mozeni P. Conoy mpu Oynb-skii
HOpMi 3a0lIaJKCHHS PUHKOBA CKOHOMIKa MparHe 0 BiAMOBITHOTO

crifikoro piBHs (oHI0030poeHOCTI (K ) i 30amaHCOBAHOrO 3pOCTaHHS,
KOJIM JIOX1JT 1 KaIliTax 3pOCTaloTh 3 TEMIIOM (I + Q).
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Tema 7. Mogenb TPUCEKTOPHOI EKOHOMIKM

ArperoBaHi MoJelli €KOHOMIKH BHUKOPUCTOBYIOTH IJIsi aHaJi3y
OCHOBHHMX TEHJEHIIH pPO3BUTKY €KOHOMIKM TIPOTSAIOM TPHUBAJOIo
mepiomy: I SITH, NECATH, TBATIITH POKIB. Y TaKWX MOJEIIX €KOHOMiKa
ONHCYETHCS 33 JOMOMOTOK HEBEJIMKOI KIJIBKOCTI MOKAa3HWKIB. Y pasi
JOCITIDKEHHSI  TOBFOCTPOKOBUX  TEHICHLIH PO3BUTKY EKOHOMIKU
JeTaxi3yBaTH MOJAEIb He Ma€ OCOOIMBOTO CEHCY, OCKIIBKH JTeTaTi30BaHa
MOJIeIb TyKe CKJIaJHa Yyepe3 MOoTpedy MPOrHO3yBaHHS 3HAYeHb BEJHKOI
KIJIKOCTI ITapaMeTpiB Ha JOBIOCTPOKOBY MEPCIEKTHUBY, 110 HA MPAKTUII
BaXKKO 3I1MCHUTH.

CrpaBami, KOMM WAETHCS MPO OMUC EKOHOMIKM KpaiHU 3
ypaxyBaHHsIM ii Oaratorany3eBoi CTPyKTYpH, JOBOJUTHCS IPOTHO3YBAaTH
MOJJIMBOCTI 3MIHHM TEXHOJOTII BUPOOHHMIITBA Ta BIAMOBIAHI 3MiHH Yy
CIIOXKMBaHHI  cupoBuHH 1 eHeprii. Tomy, Oyayroum  Momeni
JIOBTOCTPOKOBOTO ~aHalli3y, HaMararoTbCs BUKOPHCTOBYBAaTH B HHUX
HIoHaMeHIe BXiaHoi iHpopmarii.

PosrnssHemo onaHy 3 HaAWOUTBII arperoBaHWX MoJENed —
y3aragpHeHHs Moxeni Conoy, a caMe — TPHCEKTOPHY MOJIENb
€KOHOMIKH, B SIKiif BHOKPEMIIIOIOTE:

— HYJIbOBHUH CEKTOP, 110 BUPOOJIsie IpeAMETH Ipalli;

— MepIIANA CEKTOP, B IKOMY CTBOPIOIOTHCS 3aCO0M Tparii;

— IPyTUH CEKTOp, B IKOMY BHPOOJISIOTHCS CIIOKHMBYI TOBapH.

Jlo HynbpOBOrO (MaTepiaJIbHOI0) CEKTOPY BiAHOCATH TaKi raiysi:
IOOYBHY TTPOMHCIIOBICTD, CICKTPOCHEPTETHKY, HadToTIepepoOHY TalTy3b,
METaJyPrilo, IPOMHICIIOBY XiMIiIO TOIIIO.

Jo nepmoro (BUpOOHHYOT0) CEKTOPY — MAalIMHOOYIIBHY Traiys3b,
MeTaI000pOoOKY, TPOMHCIIOBE Oy TiBHHUIITBO.

Jlo napyroro (CIOXXMBYOTO) CEKTOPY — TMEPEepoOKYy CUIBCHKO-
rOCIOAAPCHhKOI  MPOAYKLii, JIeTKy Ta Xap4oBy MPOMHCIOBICTb,
JIepeBO0OPOOKY, TOOYTOBY XiMit0, MACAXKUPCHKUI TPAHCIIOPT, TOPTIBITIO
IpeaMeTaMy CIOXKHUBaHHS, TPOMaCBKUHN 3B SI30K TOLIO.

BupoOHUYI MOMIIMBOCTI KOXXHOTO 13 CEKTOPIB 3aJJalOThCS Y
BUTJISI/I HEOKIIACHYHUX BUPOOHUYNX (DYHKIIH:

Yi:F;(KiDL[')a i:():laza
ne Y, K, L; — Bumyck, ocHOBHI (OHAM Ta KiTBKICTh 3aWHATHX Y
BIJIITOBITHAX CEKTOpax.
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Cran exkoHoMmikm B Mozenmi Cojoy 3amacThCs CHIOTCHHUMH
3MIHHUMH, [0 SIKMX HaleXaTh: Y — BaJOBUil BHYTPILIHIA HPOIYKT
(BBII); C— ¢oun HeBUpoOHHUYOrO criokuBaHHs;, [ — iHBectuiii; L —
KUTBKICTP 3aiiHsTuX; K — horan (kamita).

OxpiM 1BOTO B MOJIENi 3aCTOCOBYIOTHCSA TaKi €K30TeHHI 3MiHHI:
V — piuHuil TeMn npupocty 3aiHATuX (—1 <V < 1); W — yacTKa BHOYIHNX
OpoTAroM poKy BHpoOHMYMX ¢ouaiB (0<pu<1); p-— HopMa
HarpoMapKeHHs (JacTka BanoBux iHBectutiil y BBIL 0 < p <1).

I'padiuny Moaens TpHCEKTOPHOT EKOHOMIKK HaBeJeHO Ha puc. 16.

L
I.u Iﬂ I.]_ I] I.:
v | v | by
> 5 ol 4 i B
Y h

315

Puc. 16. Mopens TpUCEKTOPHOI EKOHOMIKH

TakuM YHHOM, BUKOPHUCTOBYIOYH OCHOBHI IEPEIyMOBH MOJEII
Conoy, MOKHa OTPAMATH TPUCEKTOPHY MOJIETh €KOHOMIKH:

L =L(0)e" (kinbkicTs 3aifHsTHX);

Ly + L; + L, = L (po3mofin THX, XTO ITPAIOE 3a CEKTOPAMHK);
JIUHAMIKa POy KITii:

Y =1y+ 1, + I, (po3noain npoayKIiii mepioro ceKTopy);

Yo = apYy + a;Y; + a>Y> (posmomin mpoaykiiii MatepialbHOTO
CEKTOPY);

e a; — KoeiIlieHTH MOBHUX MaTepiaIbHUX BUTPAT 32 CEKTOPaMHU.

3 BiIHOCHMMH ITOKa3HUKAMHU ISl MOJIE/Ib Ha0yBa€ BUTIISAIY
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2
T8 =1, 8>0
]

2
ni=15=0

i

d, B,

Egﬁ= II}J2 Ak = Aoy, k(D) =Fp, Ry = v+ 1,

(1=t )0 (Hp) = iy B 71 U ) + gy 5 (),
ne 0; = L/L — yacTka 3afiHTUX y BiIIIOBIIHUX CEKTOPaX;
s; =1/Y;— uacTka iHBecTHUI B i-ii CEKTOp y 3arajibHOMY O00Cs3i
IHBECTHIIIH;

¥ K
Jilkg )= L_! =5 I._! .11 — npoxykruBHicTs npaui B i-My cextopi.
1 1

OcTtaHHE PiBHAHHS MOJIEJI MOXHA IOAATH B 1HIIIN (opmi:
(- ro =y + aps,
ne y; = Y/L — IpoayKTUBHICTB i-TO CEKTOPA, TOOTO BUITYCK MPOIYKIIiT
[-rO THITy Ha OJIHOTO 3afHATOrO B eKOHOMI, puaomy y; = 60,f; (k).
B miit Mmozmeni mapameTpu ag, a;, az, Mo, Wi, W €HAOTEHHI, IO
BBAXKAIOTHCA CTAIUMH, a 0o, 01, 0, 59, 51, $2 — HapamMeTpy ynpaBIiHHS.

Tema 8. CToxacTnyiHi Moaeni eKOHOMIYHOI AUHaAMIKK

1. @opmanizayis cmoxacmuyHux OUHAMIYHUX MOOeell.
2. [Ipukiao mynremuniikamuerol cmoxacmu4roi Mooeni OUHAMIKY
¢hinarcosoeo pecypcy.

8.1 dopmarizallis CTOXaCTHIHUX TUHAMIYHUX MOJCIICH

CroxacTuuHa MOJAENIbh CEKOHOMIYHOI CHCTEMH YH IpOIecy
BifoOpaka€ 3B'A3KM MIDK BHMIPDHAMH BEIWYMHAMH  (3aJICKHOCTI
GHIOT€HHMX 3MIHHUX BiJ HW3KHA IHIIUX EHIOT€HHUX 3MIHHUX 1/4HU
€K30T€HHUX 3MIHHUX), MPUYOMY Xoda O HesKi 3 IMX 3B'I3KiB MaloTh
IMOBiIpHICHUH XapakTep i/4n xo4a O JesiKi 3 BEIMYMH € BUNAJKOBUMH.
Cami 3B'13ku  (OPMANI3yIOTBCS SIK PIBHSHHSA, HEPIBHOCTI UM yMOBH
onTuMizamii (yHKOiH eHmoreHHWX 3MiHHUX. CTOXacTH4YHI MOJeNi
CKOHOMIYHO1 JUHAaMiKH BpPaxOBYIOTh BUIIAJKOBICTh T4 HEBU3HAUCHICTH,
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0 TPUTaMaHHI JWHAMIYHHM C€KOHOMIYHHUM TIpOIlecaM Ta CHCTEMaM 1
JTO3BOJISAIOTH OLIbII aJIEKBATHO OMMCATH ICHYIOYl CKJIAJHI SKOHOMIYHI
gaBulia Ta npouecd. I[losBi CTOXacTHYHMX MOJENECH  CIPHSIO
HAarpPOMAaDKCHHS CTATUCTHYHUX JaHWX, [0 JaJl0 JOCIiIHUKaM
MO>KJIUBICTh TIPAIIOBATH HE JIMIIE 3 aOCTPAKTHUMH MOJEISIMU, ajie U 3
peaNbHUMHU THapaMeTpaMu 1 pe3yJbTaTaMH EKOHOMIYHHX TIPOLECIB.
3'aBUIaCh MOKIIMBICTH HE TIJIBKM KOPETyBaTH TEOPETHUUHI MOJei, ane i
BpaxOBYBaTH YMHHUKH, 10 MAIOTh BUIIAJKOBHAN Xapaktep. Y PiBHIHHIX
CTOXAaCTHYHHUX MOJEJCH BICYTHS XKOPCTKa (PYHKIIOHATIbHA 3aJIEKHICTh
MK mapamerpaMu (3MiHHHMH), a00 (QyHKIIOHAJTBHUN 3B'I30K BPaXOBYeE
BUIIAAKOBI MOMII.

BpaxyBaHHSI CTOXaCTHYHHX CKJIaJJOBUX JIO3BOJISIE OTPUMATH HOBI
MO, IO Kpalle BiJoOpaXkar0Th pealbHI SBUINA Ta TNPOIECH B
eKkoHoMimi. Po3rnsHemo, Hampukiam, mepexin Bil (yHKIIOHATHLHOTO
PIBHSIHHS IO CTOXACTHYHOTO Ha MPHUKIAAl MaKpPOSKOHOMIYHOI MOJEIi
HeokJacukiB. JluHamiuHa (YHKIIS CYKYITHOT'O TIOMUTY MAa€ TakKui
BUTJISAI;

Y, =Y, +alA, + cAxf + hM, — hr,,
€ V;,Y,_| — 00cAru CyKyHmHOro IMOMUTY 3a MOTOYHUM Ta MHHYJIHH
MepioH BiMOBIIHO; A, — HE3aJIeXKHHH BiJl pealbHUX JTIOXO/IB ITOMHT Ha

6.]'[31"3., BKJIIOYAIOYN NCPKaBH1 BUTPATH; 77, — TEMI IIPUPOCTY LIH Y

nepion f &, — OuiKyBaHMil TeMNm NpHpPOCTy IH Yy Tepiox I

- M, -M

M, =— =L TEMII TPUPOCTYy TPOIIOBOI Macu, d,C,h —
M,

KoeilieHTH.

B Mopmeni HOBUX KIacHKiB MPHITYCKA€ThCS, IO EKOHOMiYHI
Ccy0'eKTH NpUIMAalOTh pIlIEeHHS HOpPO OOCSITH CYKYHNHOrO MOIUTY Ta
CYKyMHOI TIPOTIO3MWIlii Ha OCHOBI MPOTHO3Y IIiH y BIAMOBIAHOCTI A0
KOHILEMIil palioHANbHUX O4iKyBaHb. B pe3ynbraTi MoAenb crae
CTOXAaCTHYHOIO, OCKINbKM B HiH 3'ABJISE€THCS BUIAIKOBA BEIMYHHA.
CyKymHHH TIOMAT B MOJEII MPEACTABICHUH CTOXaCTHYHOIO TUHAMITHOIO
byHKLIETO:

v = A+ WM, -7)+U,,

ne U, — ctoxacTi4Ha 3MiHHA 3 HYJIbOBHM OYiKYBaHHSIM.
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CroxactuuHi  Mozeni €KOHOMIYHOI ~ OUHAMIKH  4acTo
nepeadadaroTh BUKOPUCTAHHS PETPECITHUX PIBHSHD JUIS MOJIEITIOBAHHS
BIJIIOBIIHUX ~ ©KOHOMIYHUX TpoIeciB. [eHeparis CTOXaCTHYHHUX
perpeciiHuX pIiBHSIHDb 3IIMCHIOETECS HA OCHOBI YacOBUX pAMIB 3a
JIOTIOMOTOI0  KJJaCHYHOTO ~ METOAYy  HAaWMEHIIMX  KBajpaTiB i
ABTOKOpEIALIAHOT (YHKUII mepmoro mOpsSaKy, NOpsd 3 IHIIMMH
BUKOPHUCTOBYIOTHCS JIAaroBi Ta (DiKTHBHI 3MiHHI.

CroxacTuuHi JUHAMI4HI Mozei JOCHUTH BJAJIO
BUKOPUCTOBYIOTHCS JJIsl OMKCY Ta MOJAETIOBaHHS (pPiHAHCOBUX IOTOKIB.
Po3risiHeMO  OCHOBHI  TOJIOKEHHSI CTOXacCTUYHOTO — MOJIENIOBAHHS
(iHAaHCOBHX TIOTOKIB Ha TpHUKIaAi HOeskoi (iHaHCOBOi yCTaHOBH,
HaInpukiaz, 0aHKy.

SIK 30BHIIIHI YMOBH, IIO BIUIMBAIOTH Ha MisSUIBHICTH (hiHAHCOBOI
IHCTUTYLIT (HampukiIax, KOMepIidHOro OaHKy), Tak i TpPOIEecH, o
PO3BHBAIOTLCSA Y caMiii (piHAHCOBIH YCTaHOBI, € pe3yJIbTATOM CKIATHOT 1
HEOJTHO3HAYHOT B3a€MOJIii 0araThb0X YMHHHKIB, TIPUYHH, 3aJICHKHOCTEH,
Oarato 3 fAKAX Ma€ BUNAAKOBY (MMOBIpHICHY) 1/4M HEUiTKY
(posmuBUacTy) mnpupomy. Hacmigkom 1poro € Te, mo poboTa
(iHaHCOBOT yCTAaHOBM 3HAYHOIO MIpOI0 OOTSHIKEHA HEBH3HAYECHICTIO Ta
3YMOBJICHUM HEIO PU3UKOM.

[lotounnii cran 6aHKy (4n iHIIOI (hiHAHCOBOT IHCTUTYIIIT), MOKHA

OIHMCATH 32 JJOMOMOTOI0 BEKTOPA XapakTePHCTHK: X = (X{,...,X, ). Cran
OKPEMOT0 j-TO peCypcy OTOTOKHIOETHCS 3 IETKUM €JIEMEHTOM MHOKHHHU
HEBI'€MHHMX IIHCHHX 4YHCEJ, a CTaH OaHKy 3araJioM MOXXHa IOJaTh
JIETKOI0  TOYKOIO 71-BUMIPHOTO  €BKJIIZOBOTO TIPOCTOPY. MOXyTh
CTBOPIOBATUCSl TAaKOX TIEBHI MOXigHI (BTOPHHHI) XapaKTEPHCTHUKU
y=(,---.¥,), wo € ¢dyHkuiero Bix Bekropa Xx: ¥y = f(x). s
BpaxyBaHHS UYHHHUKA 4Yacy MOTPIOHO 3aJaTh [esiKy MHOXHUHY 7,

eJleMeHTH KoTpoi ¢ € 7 HasuBaroTh MoMeHTamu 4vacy. CrtaH OaHKy
3arajaom — e 3HAYEHHS BEKTOPHOT ¢byHKIiT yacy:

x(t) = (x/(?),...,x,(t)), a TpaekTopis cHCTEeMH {x(t)}ref — nesika

KpHBa (TieprnoBepxHs) B H-BUMipHOMY mpoctopi. /luHamika OGaHKy B
[IJIOMy MOKe OYyTH OITMCaHa 3a JIOIIOMOTOK BEKTOPHOTO PECypCHOTo
noroky X(¢)=(X/(?),...,X,(¢)), AKuil 3amae BEKTOP HIBHIKOCTI 3MiHU

CTaHy JOCHIJKyBaHOTO 00'ekTa B mpocTopi. DopMyeTbca MOAETb, SKa
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TPYHTYETRLCS Ha BiTOOpakeHHI 0aHKY SK CUCTEMH (BEKTOpa) MEPBUHHUX
PECYPCHHX TOTOKIB:

X() = (x(1),....,x,(2)), te(T_,T,).
Yacto BHHUKAaEe HEOOXIAHICTb Yy TEpeXoIi Bil «TOYKOBOTO»
MOJJAHHS JI0 «IHTETPaJbHOTO» OMNKCY MOBOKEHHS j-1 XapaKTepHUCTUKU
Ha TEBHOMY 3aiaHoMy iHTepBani wacy (7_,7, )< (7_,7,). dna uboro

BBOAWTHCA TIOHSTTS CEPENHBOTO 3HAUEHHS XapaKTepuCTUKHA  (F-1

KOMITOHEHTH BEKTOpa CTaHy) Ha iHTepBai (t_,t,):
r+
Xt ,t,)=—— J'x Jt)dt, a Takox  CcepemHBOTO  MOTOKY:
R 4 —_ t7 r_ P
~ X, ()= x,(1) : ,
X /-(t,,t . )= —————'——, [0 BU3HAYA€ CEPE/HIO LIBHJKICTh 3MiHH

t,—t
o0csry j-ro pecypcy 3a inTepsai dacy (7_,7,).

Mopgeni TuHaAMIKH pecypciB, IO IPYHTYIOTHCS Ha HEMEPEPBHOMY
MOJaHHI YacOBHX IHTEpBaNiB, HE IIOBHOIO MipOI0 BiJIOBIIaIOTh
mporecaMm, SKi peati3yroTbcsi Ha mpaktumi. us mepexogy  Bif
HETIEPEPBHOI0 4acy A0 AUCKPETHOIO, 10 a/IeKBATHIIE BPaXOBY€ YMOBHU
TSTBHOCTI (PiHAHCOBO-€KOHOMIYHHMX 1HCTUTYTIB, MOXE BHKOPHCTOBYBa-
TUCSA MoOenb Xikca. 3TIHO 3 1[I0 KOHIICHIIEI CKIHYCHHUH BiIpi30K
acy |[7_,7,], BIPOIOBXK SKOTO CIOCTEPIraeThesi (YHKI[IOHYBaHHS

JOCITIKYBAHOT CHCTEMH, MOAUIAEThCS Ha K piBHUX 4acTuH (BiAPi3KiB Ta
HaMiBIHTEPBaiB) JOBXKUHOIO O :

[t +8), [t +8,t +25),....[t.+(K-1)3,t.],

net_ +Ko=t,.
OTxe, OTPHUMYEMO JHCKPETHHH «EKOHOMIYHHMK» dYac 7, WIO
HaOyBae 3HaueHus 0,1, ..., K, ..., K. I3 BOpoBa/)KEHHSM JUCKPETHOIO

yacy BifOyBaeThcs Qikcailis BiIHOCHO HbOT0O MOMEHTIB BEKTOPIB CTaHY:
x(r)=(x(7),...,x,(r)) Ta  BEKTOpiB  PECypCHHX  MOTOKIB:

X(7)=(x(7),....X,(7)).
Hactynauii Kpok y mporeci BIOCKOHAJCHHS PO3IJIALYBaHOTO

KJIaCy MoOfeNiell — ypaxyBaHHS B HHMX YHHHUKIB HeBU3HaueHOCTi. [lix
BUIIAJIKOBUM (CTOXaCTUYHHUM) MPOLECOM (BHITaIKOBOIO (DYHKIIIEIO YaCy)
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po3yMitoTh (yHKIN0 X(f), KOTpa MOX€ MaTH Ty YH IHIIY KOHKPETHY
peaiizaiiro (TpaekTopiro) 3 AesdKoi (HiKCOBAaHOI MHOXHHU MOXKITUBUX
TPAEKTOPIH.

OTxe, B yMmMOBaxX HEBHU3HAYCHOCTI MOJEIUIIO IUHAMIKH CTaHy
€KOHOMIKM MOXE BHUCTYNATH BCKTOPHHI  BHITAJKOBUN  TPOIIEC

X(t) = (x{(1),...,X,(f)), KokHa KOMIOHEHTa X, (f) SKOro OmHCYye

CTOXAaCTHUYHY JUHAMIKY j-i XapakTepHUCTUKH (pecypcy) EKOHOMIKH.
AHAJIOTIYHO YWHHHUK HEBHU3HAYEHOCTI, HASBHUU Yy CHUCTEMi PECYpPCHUX
MTOTOKIB, MOXKHA OIMHUCATH Y (OpMalli30BAaHOMY BHTJISAII 3a ITOIOMOTOIO
BEKTOPHOT'O BHIIAJKOBOTO MPOIIECY:

X(t) = (X(),....x,(1)), te(IT_.T}).

JocmimKkeHHs, CIPSIMOBaHi Ha 3MICTOBHHUIA aHaJII3
3aKOHOMIpHOCTEH (YHKLIOHYBaHHA OaHKiB, MarOTh CIIUPATHCS Ha JaHi
Ta TIMOTE3H, 0 KOHKPETH3YIOTh THII 1 HapaMeTPH BUNIAJKOBUX BEIUIMH
1 pyHKIIIH.

8.2 [puknam MyJIbTHILTIKATUBHOI CTOXAaCTHYHOT MOJIEI1
IMHAMIKH (iHAHCOBOTO PECYPCY

[IpomoHoBaHa Momenh TIPYHTYETHCS Ha  TIMOTE31  IIOAO
MOXJIMBOCTI BIJICTeKEHHST O00CITYy JOCTIDKYBAaHOTO pecypcy uepes
JUCKpPETHI PIBHOBENMKI NPOMIXKH 4acy f. IlozHaummo uepes x; obcsr
pecypcy B MOMEHT 4acy f, a X9 — 00csr y MOYaTKOBUH MOMEHT yacy
(mpumyctumo, o Xg > (). TIpumycTuMo Takok, MI0 mepexin obcsry
pecypcey, SIKHi BU3HAYAETHCS AINCHUM YUCIOM X1 > 0 y MOMEHT yacy f
=1 — 1 no pecypcy obcsrom X, > 0, 110 BiANOBITa€ MOMEHTY 4acy ¢ = 1,
MOKHA OIHMCATH CIIBBIJHOIIEHHAM X; = O;X,_|, A€ ; — HEBII'€MHHI

KOeQILIEHT eIEeMEHTAPHOTO MePeXoay Bim X1 no x,, i =1, ..., n. Tomi

n
Xp = X()HOZ,» :
i=1

VY 4acTKOBOMY BHMAJKy, KOJW BCi KOEQIi€HTH elleMEHTapHUX
nepexoniB € omgHakoBumu (o, =a >0, i=1,...,n), BHKOHyeTbCS
PIBHICTB:

o n _ nlna
Xp = Xo = Xp€ >
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0 BKa3y€ Ha CKCIOHCHIIHHY 3aJeKHICTh 00CATYy pecypcy Bim dacy.
Tomy x, >, skmo o >1 1 x, >0, sxkmo a <1.

SIKIIO 3HAYEHHS CIIOCTEPEXEHb (,..., (Y, IHTEPIPETYBaTH SK

n

peanizanii BUNAJKOBUX BENUYUH (), ..., (X

> TO OTPUMAEMO TaKy

CTOXAaCTUYHY MYJbTUIUIIKATUBHY MOZAENb IUHAMIKH pecypcy 3
JIUCKPETHUM YacoM:

n
n = 'x()Hai >
i=l

1€ X, — BUIAJKOBA BEIMIMHA 00CITY PECYPCY B MOMEHT [ = Al.

HpI/IHyCTI/IMO 11 (0) BCi BI/IH&ILKOBI KOC(l)lL[leHTI/I CIICMCHTAPHUX
nepexozuB € HE3aJC)KHUMH 1 KOXEH 3 HHX Ma€ norapmlequ—

HOpManbHUiT 3akoH posnoxpiny (&, € L,(u;,0; )), et 6,
BIJIIOBIIHO MaTeMaTHYHE CIIOAIBaHHA Ta JHUCIEPCiS JOTHOPMAaIbHO
PO3IOILIEHOT BUIIKOBOT BEJMUHUHH (; :
~ ~ 2
M(ne,)=y;, D(Ina,) = o;
OyHKIIisI TUTBHOCTI PO3MOALTY ﬁ, :

(Inx—p,)*
- )

20/

1
fa(ﬂ—me

2

N s i+—
Maremaruune cniofisanns: n, = M(Q,) = .[ Xy (x)dx=e 2.
0

©
Jpyruii MOMEHT: M(&’,z) = szfa (x)dx = p2Hit20]
0

- Q2 ~2\ ~2 2 _ 2;1,+20',2 2u, +0',2
Hucnepcis: S = D(a )= M(a])—m; =e —-e
3HaiiieMo Tenep (YHKIII0 PO3MOILTY BUIIAIKOBOTO KoedilieHTa

n
al.n = Hai .
i=l
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OdeBuaHO, MO B IIHOMY pa3i KOedilieHTH &Ln TaKoX MaroTh

. o . ~ 2
norapuMiuHO-HOpMaNbHUH 3akoH posnopiny (&, € L,(4,,07)) 3

n n
2 2
napamMeTpaMu [l = Z W, o= ZO',- )
i1 i1
3Bi/ICH JIETKO OTPUMATH BHPA3 I MATEMATHIHOTO CITO [iBAHHS:
n l n 5
>+ 5 Dol

m, = M(&l.n) =e™ =,

Zi e +2i o}
. 52 Y — i=1 =1
ApYTroro Mo4aTkoBOro Momenty: M(ay,)=e
2&/1,4—2&0’,2 2}z,u,+720',2

Q2 - = il
Ta gucnepcii: S;, =e = e A
OTprMaEMO TaKOK BUpa3 /s BUIAAKOBOI BEIMYUHA X, : X, = Xo(, , -

Jlis mporHo3yBaHHS 00CATY pecypcy Ha MOMEHT 4acy ! =71 MOXHa
BUKOPUCTATH MaTeMaTHYHE CIIOIBaHHS /77, BUIAJIKOBOI BEIUYMHHU X, :

ﬁin = M(S{H) = x()M(&l.n) = XoMy , -

TouHICTP TAaKOTO TPOTHO3Y MPHUPOAHO OLIHWUTH 32 JOTOMOTOIO
CepeAHbOKBAIPATUIHOTO BiAXUIICHHS:

Sy =y D(X,) = x()\/D(&l.n) = X0S1n >
SIKE MOYKHA BUKOPHCTATH AJIs MO0y IOBH JOBIPUOTO iHTEpBAIY:
[’%n - J/Snv ’%n + 7Sn] :

om0 MOXIUBUX 3HaYCHb NMPOTHO30BAHOI BEIMYMHH PECypCy B
MOMEHT t=n koediumiear » >0 oOupaerbcs Tak, moO 3abe3meynTH
3aJaHy HMOBIPHICTh IIONAJAHHS 3HA4YeHb BHIIQAKOBOI BEJINYMHHU
pecypcy X, y Bimpisok [m, —)S,,m,+)S,] abo iiMoBipHicTh
o =1—y (pu3WK) TOro, MO BHMIAJKOBA BEIMYMHA X, CATHE 32 MEXKi
BKa3aHOTO BiJ[pi3Ka.

[ToGynoBaHa MyJnbTUIUIIKATHBHA CTOXACTHYHA MOAEIb BH3HAYa€
JIOCTaTHIO TOYHICTh NPOTHO3IB Ha OOMEXEHHl YacoBUIl TEepiox

MPOTHO3YBaHHS, IO XapaKTepU3YEThCs HE3MIHHICTIO YMOB. 3Bijicu
BUIUIMBAE  aKTYaldbHICTh 3afadi I[OJ0 pPO3POOJICHHS  METOIiB
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OTIEPATHBHOTO Ta €PEKTUBHOTO BH3HAYEHHS MOMEHTY 3MiHM YHHHHKIB,
SIKI BIUIMBAIOTh HA JMHAMIKY pecypcy (MOMEHT 3MiHH 3HAYCHb [/ o ).

Bona moxxe OyTu po3B's3aHa i3 BpaxyBaHHSIM PE3yJbTaTiB MOHITOPUHTY
(TOCTIHOTO  BiJICTeX)KyBaHHSA) 3HAYCHh MATEMAaTUYHOTO CIOJIBaHHS

~ v o2 ) S
m; = M(a;) ta mmcmepcii S = D(¢,") BumaakoBux KoedilieHTiB
eleMeHTapHoro mepexoxy ¢, [=1,...,n. Po3B's3aHHs oOmMCcaHOi

3a7a4i  OTPUMAN0 HA3By MOHITOPUHTY CTOXAaCTUYHOI JMHAMIKH
(hiHAaHCOBOTO pecypcy KOMEPINtHOI YCTaHOBH, IO TaKOX HAJCKHTH JI0
KJIACy CTOXaCTHYHUX MOJIENIel EKOHOMIYHOT JIMHAMIKH.

Tema 9. Moaeni ekoHOMiYHUX 3MiH Ta IX aHani3

EBomtontiiina Teopist eKOHOMIYHUX 3MiH Iependadae, 1Mo HasBHI Ta
JIOITYCTUMI TEXHOJIOTil MiJIPUEMCTB, a TaKOX BIANOBIMHI MpaBUiIa
MPUHHATTS PIIIEHb TPAKTYIOTHCSH K BITJOOPAKEHHS «PEKUMIB»
(po3mopsAKiB, 3aBelEHUX MOPSIKIB, PYTHH), SIKi ICTOPUYHO CKJIANKCS Ha
JTAHUH MOMEHT 4Yacy Ta SKAMH KepyIThcs ¢ipMu. 3acTOCOBYBaHi
¢dbipMaMu (MATPUEMCTBAMH) TIPaBHUJIA MPUUHATTS PIIICHb YTBOPIOIOTH
0a3uCHY poOOYy KOHIICTILIIO €BOJIIOLIMHOT TEeOpii.

Po3pi3HAIOTE TPH KJIaCH «PEKUMIBY.

Tepwui NoB'sI3aHMIA 3 THM, 10 POOUTH (ipMa B KOXKHUH MOMEHT
gacy 3a 3aJaHoro NapKy oOJaJHAHHS Ta IHITUX YHHHHUKIB BUPOOHUIITBA,
00CST KOTPUX HEMOXKIHUBO JIETKO 30UIBIIUTH TPOTATOM KOPOTKOTO
tepminy. Lli «pexumu», IO YHOPaBISIIOTh KOPOTKOTEPMiHOBOIO
MTOBEIHKOIO, HA3MBAIOTh «(PYHKITIOHATHPHIMH XapaKTEPUCTHKAMI.

Jlpyeuii — MHOXHMHA «PEXKHMIB» — BH3HAuUa€ CTPATErilo Ta
HEOOXiAHICTh 301IBLICHHS! UM 3MEHLICHHS OCHOBHOI'O Kamitaiy ¢ipMu
Bil OJHOTO Tepiomy OO0 Japyroro. BBaxkaerscs, mio ¢akTU4HA
IHBECTHIIHA  MOBEMIHKA  3OIHCHIOETHCA  3TIJTHO 3 JEIKUM
MPOTHO30BAaHUM 3pa3KOM, IO CYTTEBO BiJPi3HAETHCSA BijJ MEpiogy 10
nepiogy. Sflke came pimeHHS Oyae NPUIHATO, WMOBIPHO, CYTTEBO
3JIC)KUTH BiJl CIIBBIIHOIICHHS MK 00CSITaMH iHBECTHIIIITHOTO IMMPOEKTY 1
pe3yibTaTaMH TOTOYHOI Tocmojapchkoi — misutbHOCTi  Qipmu. B
EBOJIIOLIMHIA Teopii wLEH CHeKTp PpealiCTUYHUX  MOKJIMBOCTEH
BIJIMIOBiae [iama3oHy, B KOTPOMY BapilO€ThCS pPOJb E€JIEMEHTIB
BUMIAJIKOBOCTI 'y Qopmamizamii mporecy HTpUHHATTS iHBECTHIIHHUX
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pimens. [lpaBwiio iHBeCcTyBaHHS HajaIlTOBaHE Ha pPEHTAOETHHICTH
¢bipMu 3 ypaxyBaHHSIM JOMYCTUMOTO CTYTICHS pHU3UKY.

Tpemiii — e «peXUMU», Oisl KOTPUX 3 TUIMHOM Hacy Moaudikye
pi3HI acniekTH (YHKI[IOHATBHUX XapakTeprucTHK (ipM. MaeThcst Ha yBasi
Meperisil TOro, YuM 3aliMaeThesi QipMma, 1 HaBiTh pajuKalbHa 3MiHA
IisutbHOCTI QipMH, 11 MpU3HAYCHHS.

Lli, xepoBaHi «peXUMaMW», TIPOIECH 3MIHH «PEKUMIB»
MOJEIIOIOTECS SIK  «IIOIIYK». TakTWKa TMOIIYKY XapaKTepU3yeThCs
3aJlaHHSAM PO3MOJTy HMOBIpHOCTEH TOro, 1o Oyjae 3HaWIEeHO B
pe3ybTaTi MOUIYKY sIK (YHKLIsSl BiJ HU3KU 3MiHHUX, 5IKi, Y CBOIO YEpry,
MOXYTb OyTH (DYHKIIISIMHU BiZ po3MipiB (ipMH.

l'onmoBHI iHTEpecH €BOIOIIHOI Teopii MOB'A3aHl 3 TUHAMIYHUM
MPOLIECOM, 32 JOTIOMOTOIO SIKOTO CITUIBHO BU3HAYAIOTHCS 3 YaCOM 3pa3Ku
MoBeiHKH (DipM 1 HACTIAKY TaKO1 MOBEIHKH JIJIsl TIEBHOTO PUHKY.

Howyk 1 6i00ip € §BOMa OJHOYACHO HASBHUMH i
B3a€EMOJIFOUMMH KOMITOHEHTaMH €BOJIIOIIITHOTO MpOoIeCy €KOHOMIYHHX
3MmiH. Ilig cinpHUM BIJTMBOM MOIIYKY i BinOopy ¢ipMu pO3BHBaIOTHCS
3 4acoM, OJHOYACHO CHTYaIlisl B Taly3i B KOXHHI mepioq mae B coOi
3apOJIKH CUTYaIlil, IO peai3yeThesl B Hill y HACTYITHOMY TIepio/ii.

Lmoctpamieto  Mozmenmi  €KOHOMIYHMX  3MiH  Moxe OyTu
yacmrkoea Modelb eKOHOMIYHO20 8i0bopy. PosrmsHemo
BiIOIp 3 BOX PI3HUX BHUIIB «PEeKUMiB». OIUH 3 HUX — «TEXHOJOTISH,
KOTpY 3acTOcoBYE€ (hipma. Jpyruif — «paBuio NpUAHATTS pillICHbY, SKE
BU3HAYa€ Koe(ilieHT BUKOPUCTAHH BUPOOHUYMX MOTY>KHOCTEH (piBEHBb
BHITYCKY ).

Maemo gesky (TIIOTETHYHY) Taly3b, sIKa BHITyCKa€ OIHH
OIHOPINHUHA mpoAyKT. Y BciX ¢ipmax rady3i HasBHa ogHa ¥ Ta X
MHOXHMHA  TEXHOJOTIYHMX  aJbTEPHATHUB  (MEPUIMH  «PEXKUM»)
BUPOOHUIITBA  TXHBOTO  TPONYKTY. YCi  MOXJIHMBI  TEXHOJOTIT
XapaKTepPU3YIOThCS TOCTIHHUMH KOC(QII[iEHTaMU BHUTpAT 1 MOCTIHHUM
eekroMm MacmTaby. B ycix TeXHONOTISIX OJJHAKOBUM € CITiBBiAHOIICHHS
BHITYCKY TIPOAYKITii i BAPOOHUUINX MOTYKHOCTEH (OCHOBHOTO KaIliTaly).
Hexaii uist cipoiiieHHs 1€ BiJHOIICHHS JTOPIBHIOBaTUME OJMHUIN. AJie
TEXHOJIOT1] PI3HATHCS MK cOo00I0 3MIHHUMH BUTpatamu. [Ipumyctumo,
10 Y KOXXHHUIH MOMEHT 4acy (ipMa 3aCTOCOBYE JIHIIE OHY TEXHOIOTIIO.

Hpyruii «pexxum», 1m0 HOTO BUKOPHUCTOBYE (ipma, — TPaBUIIO
BUKOPUCTAaHHS BHPOOHHMYMX TMOTYXHOcTeil. Take mpaBWiIo mMoeqHyE

85



CTYIiHb BUKOPHUCTAHHS BUPOOHWUNX TOTYKHOCTEH 3 BiTHOIICHHSM ITiHH
MPOAYKTY J0 3MIHHUX MUTOMUX BUTPAT BUPOOHHIITBA:
P
¢ = 0:[— k.
¢
ne P i ¢ — BiAMOBiAHO IiHA MPOAYKTY 1 3MiHHI THMTOMI BUTPATH
BUPOOHUIITBA, ¢, K — BIANOBINHO BUNYCK 1 Kamitan (BHpOOHHYI
MOTYKHOCTI).
[Mpunyctumo, mo ¢GyHKIis &(-) — HenepepBHa, MOHOTOHHO HE

ClajHa, J0JaTHa 3a JOCTaTHLO BEJNMKHMX 3HAYEHb apryMeHTy Ta
3a/10BOJIbHSIE HepiBHiCTE 0 < (+) < 1.

[IpaBuiI0 BUKOPHUCTAHHS MOTYXXHOCTEH MOKHA IHTEPIPETYBATH SIK
Take, M0 XapaKTepu3ye MOKa3HUK MPUOYTKY Yy BiJCOTKaX IO 3MiHHUX
BUTpaT, AKUH € HEOOXiAHUM IJsi TOro, W00 CTUMYJIOBaTH ¢ipMy
BiJITOBITHUM YMHOM JiSITH 32 PI3HUX PiBHIB BUKOPUCTAHHS BUPOOHUINX
MOTY>KHOCTEM.

[MpunyckaeTbcs rinmore3a, IO YWHHUKH BUPOOHHITBA, SKi
NOCTA4alOThCsl B Taly3b, € aOCONIOTHO JNaCTHMYHUMHM, IIHH BCIX
YUHHUKIB JOJATHI 1 TMOCTIHHI Ha BCHOMY IPOMDKKY Hacy 3MIHCHEHHS
aHamizy. Omke, BCi TeXHONOrii MOXKHa OXapakTepuU3yBaTH i
BIIOPSIIKYBATH 3TiIHO 31 3MiHHUMU TMTOMUMH BUTpaTaMy BUPOOHHIITBA.

3a Oyap-AKOi TEXHOJIOTIi 3araibHi MATOMI BUTPATH BHPOOHHUIITBA
nepeOyBarOTh y OOCPHEHO-IIPONOPIIIMHIA 3aJeKHOCTI Bix piBHA
BUKOPUCTAaHHS BUPOOHWYMX TOTyxHOCTeH. [lpunmyctmo, mo icHye
€IMHA HaWKpamia TEXHOJOTiS i3 3MIHHUMH TNUTOMHMH BHTpaTaMu
BUpoOHHUITBA ¢. CHpaBeUIMBOIO € TiNoTe3a, M0 JKOJIHE IHIIE MPaBUIIO0
HE MOJKE MEePEBAXKUTHU MPABHIIO, BAOKPEMJIICHE TIEBHOIO TEXHOJIOTIEI0:

P
q=0, sakwo—<I;
c

0<g<k, ;mmoﬁzl;
c

q==k, }ZKLL[0£>1.
c

lanysi BimmoBigae crTporo crajHa HenepepBHA (YHKIS MOMHUTY,
AKa BHPaKa€ 3aJICKHICTh LIHW BUPOOJCHOTO MPOAYKTY BiA 3arajbHOrO
o0csary Bumycky. Lls QyHKIiS € BHU3HAYEHOIO ISl BCIX HEBiT'€MHHX
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00csriB BUMTyCKy. IIpHmmycKkaeThes, M0 KONMHM 3araIbHUA 00CST BHITYCKY
rajy3i JOCUTh MajMii, TO JesIKa TEXHOJOris 1 Jeske MPaBUio
BUKOPHCTaHHS BUPOOHMYUX TMOTYXHOCTEH TNPUHECYTh JOJATHHUN
npuOyTOK. SIKIIO X BHUITyCK Talmy3i € IOCHTh BEJIWKHM, TO >KOIHA
CYNEpHO3UIIisl TEXHOJOTI 1 MpaBHJ BUKOPHCTAaHHS TOTY>KHOCTEH He
OyJe MpuOyTKOBOO.

dopmarkHO CHCTEMY MOXKHA OXapakTepu3yBaTh Tak. Hexaif yci
BHPOOHHMYI TIOTYXKHOCTI BHKOPHUCTOBYIOTH Ha (ipMax OIJHAKOBY
TEXHOJIOTII0 1 (DYHKIIOHYIOTh 3TiJIHO 3 OJHAKOBMMHM IPAaBHJIAMH II0J0
BUKOpHCTaHHs noTyxHocTel. Toxi craun aeskoi dipmu i, i =1,.... M
MOKHA OXapaKTepU3yBaTH 3MIHHUMH: C,;, d;;, ki, 1€ C; — 3MiHHI
nmaToMi BHUTpaTH I-i ¢ipmm B mepiom f; a;; — QYHKIS, III0
XapaKTepu3y€e BIUIMB BiAHOIICHHS IIHA MPOAYKTY IO MMHTOMHX BHUTpAT
BUpOOHMITBA i-1 Qipmu B mepion ¢, Kk, — BUPOOHHMYI MOTYKHOCTI I-1
¢ipmu B mepiox ¢. Cran ycix M ¢ipm y mepion ¢ (3aramoM) BU3HAYAE
KOPOTKOTEPMIiHOBY (DYHKIIiFO MIPOMO3ULIT U1 IbOTO mepioay () :

M M
& & (),
q: = 2 49 = it it *
i=1 i=1 Cir
Paszom i3 ¢yukuiero nomury F, = h(qr) BOHa BHM3Hauae P, 1 ¢,
JUTST  KOPOTKOTEPMIiHOBOTO Tiepiofy. Hasemeni Buile NpUMyLICHHS
crocoBHo A(*) Ta a;(*) rapaHTyiOTh, [0 TaKa KOPOTKOTEPMIiHOBA
piBHOBara 3aBxau icHye. [IpuOytox ¢ipmu [ 3a mepiong wacy ¢
JTOPIBHIOE:

Ty =| (B —c)ay L =7 |k,
it
Jie ¥ — KamiTaibHi HOCIyTH.
3po3yMisio, MO KOJHM iCHYE piBHOBara, TO 3a TaKoi pIBHOBAaru
MaKcuMi3alis NOpuOyTKy BHMarae, mo0 yci ¢QyHkmioHyroui ¢ipMu
3aCTOCOBYBQJIM TEXHOJIOTIIO 3 HAWHMKYUMH HUTOMHMH BHUTpPaTaMH.
Tomy, mus Beix ¢ipm, y sikux ¢, >0, ¢ =c, mo6 npubytok OyB

HEBiJ'€MHUM, PIBHOBaXKHA IliHA P" mae OyTH OUIBIIOK, HIX JICSIKE
3ajaHe ¢ . Y 1[bOMY BUTAJKy TPHOYTOK Oye MaKCHMi3yBaTHCS 3TiIHO 3
TaKUM TIPABUJIOM I[0JI0 BU3HAYCHHS OOCSTY BHUIYCKY, KOTpe moTpedye
MTOBHOTO BUKOPHUCTAaHHS BUPOOHHWYMX IMOTYKHOCTEH 32 yMOBH, 1o P =
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P’ . PibnoBaxua uina P mae JIOpiBHIOBATH P =c¢+r, B THIIOMY
BUTIAAKY y (ipMH 3'SBUTBCS CTUMYJ 3MIHUTH Mipy BHKOPHUCTaHHS
MOTYHOCTEH.

[Mpunymenns moa0 GyHKUIl MOMUTY TapaHTy€ iCHYBaHHS TaKOTO
q* ,mo h(q *)=c+r. lle piBHOBa)XHI BUITYCK 1 I[iHK BiMOBIIHO.

PoOuThCs TakoX Take MPHUITYIICHHS IIOAO 1HBECTHINN. SIKIIO y
¢GipM 3 JOAaTHUM OCHOBHHMM KalliTaJloM NPUOYTOK — HYJIBOBHM, TO U
1HBECTHUILI] € HyNbOBUMHU. Po3mmpenHs ¢gipm, 0 BUIy4alOTh TOJATHUN
npuOyTOK, Ma€ WMOBIpHICHHN XapakTep. IMOBIpHICTh 3MEHIIEHHS IS
HUX JOPIBHIOE HYJIEBI. 3 JOMATHOI WMOBIPHICTIO BOHU JIOJIYYalOTh IO
CBOTO MapKy e OAHY MallMHy. B TOH ke 4Yac iCHye HEHyJbOBa
WMOBIPHICTh MIOAO CKOPOYEHHs HasBHUX (ipM, SKi MAOTh BiI€MHHN
nmpuOyToK. BoHu, 6€3yMOBHO, HE PO3MHPIOIOTHCA. DipMU — MOTECHITIHHI
KOHKYPEHTH, KOTpi MalOTh HEHYJIbOBHI MOCTIHHMH KamiTam i JToJaTHY
HMOBIpPHICTh YBIUTH B raiy3b TUIBKM 3 OJHIE€I0 MalIMHOIO, a mapa
«PeXUMIBY», SKI BOHM IUIAHYIOTH BIIPOBaJAUTH Y MPAKTUKY, MOXKE
NPUHECTH M JI0JATHHUIT NpUOyTOK 32 1iHu P .

[loTeHuiliHi KOHKYPEHTH, IO IUIAHYIOTh APy «PEXKHUMIBY», SKi
MPUHECYTh HYJIBOBUH 4M Bia'eMHHI MPUOYTOK, y Taldy3b HE BCTYHAIOTh.
[epeniyeni anpTepHaTHBU (POPMATBHO MOKHA MOJATH TAKHUM YHHOM:

® B icHyroumx ¢ipMax, SKi 3aJUIIATBCS 31 CBOIM KaIliTaJoM:
ko1 = ks
= B icHylouux ¢ipMax, SKi BWIy4YalOTh JTOJAaTHUH MNpPUOYTOK:
ki =k +0
0, sxkwo o <0;
>0, saxuwo =01,

3 UMOBIPHICTIO R
>0, saxuwol<o <A,
0, sxuwo o> A,
® B icHylouHx (pipmax, siKi MalOTh Bia €MHHH TpHUOYTOK (30WUTKH):
k, .y =k, — 0, ne xapakTepUCTUKH PO3MOALTY BHIIAKOBOI BEIMYHHH O
BBaXkaroThes Biomumu (A =k, );

® y MOTEHLIMHWX KOHKYPEHTIB, fKi IUIAaHYIOTh «PEXHMN», KOTpi
NPUHECYTh M jgojaTtHuii nmpubyrtok: Ay = 0 a6o 1, me ui oOmasa
Bunaaku (0 uu 1) MaroTh HEHYJIbOBY HMOBIPHICTH;
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® y TOTCHIIIHHUX KOHKYPEHTIB, SKi IUIAHYIOTH «PEXKUMI», 3a
KOTPHUX BOHH y KPAIlOMy pa3i 3aJIHIIaThCs 31 CBOIM Karmitanom: ky+; = 0.

I'panHto, sika pi3K0 BiIMEKOBYE €BOMIOLINHI MO/ETI EKOHOMIYHUX
3MIH Bif TpagumiiiHuX (OpTOMOKCATBHUX), € Te, 1o ¢ipMaM He
HaB A3y€TbCS 3JaTHICTh OJHOYACHO 1 OJHOMOMEHTHO pPO3TIISIaTH
BEJIMKY KUIBKICTh aJbTEPHATHUBHUX pilieHb. [lomyk MpoBOAUTHCS
HaBMaHHs. OOUPAIOTHCS TaKi TIMOTE3H MO0 MOIIYKY .

= [lo-mepime, pe3yabTaT MOIIYKY 3a YMOBH, IO ¢ipMa Beme Horo
aKTUBHO, BH3HAYAEThCI B TEPMIHAX IMOBIPHICHOTO  PO3MIOJITY
«peKUMIBY, SKi OyayTh 3HalfeHi B MpOLECi MOIIYKY YM Ha IiJACTaBi,
MOJKJIMBO, BXK€ ICHYIOUHX Y (DIPMH «PEKUMIBY.

= [lo-gpyre, Bingarouu nepeBary UM, yKe iCHYIOUHM «peKHMamy,
BU3HAEMO HEHYJBbOBY WMOBIPHICTH TOTO, IO B MpOIEci MOUIyKy Oyne
BifHalineHa Oyab-iKa IHIIA Tapa «TEXHOJOTIS—TIPaBHIIO TMPUHHATTS
pilIeHbY.

= [lo-TpeTe, icHye HEHyNIbOBa HMOBIPHICTH TOTO, 10 (ipmMa He
BiJIIIYKAa€ HOBUX «PEXXMMIBY» 1 TUM CaMHM 3a HEOOXimHOCTI 30epeske cBOi
BXKE ICHYIOU1 «PEKUMMI.

V skux Bumnajakax icHye momryk? ®ipMu MOBHHHI JOCUTH aKTUBHO
3aiMaTucs MOLIYKOM. 3 iHIIOro OOKy, MOUIYK HEe Mae OyTH HACTUIBKH
aKTUBHUM, 100 BiH MIT 3MYyCHTH CHCTEMY BIiMIMTH Bil TOTO CTaHy,
KOTPHii y IPOCTOMY (OpPTOJIOKCATHHOMY) BHIIAIKY OYB OU piBHOBRYKHHM.
[Mpunyckaetbes, mo ¢ipMu, sSKi MAIOTh AOAATHI MOTYXHOCTI, B3araii He
3aliMarOThCs MOLIYKOM, SIKIIO BOHM BUJIy4alOTh HEBiA €eMHUI IpUOYTOK.
[ToTenmiiini KOHKYpPEHTH, IO NpParHyTh YBiATH B Taimy3b (pipmum 3
HYJILOBUMH BUPOOHMYUMH TIOTYKHOCTSIMH), BBaXKalOTHCSl TAKHUMH, IO
nepeOyBaloTh 3aBXKAU Y CTaHi MOLIYKY, ajleé KOJH BXOAATh Y Taly3b, TO
MOBHHHI MaTW Taki «peXUMW», W0 BXE MPOHIUIM TecT Ha
pEHTAOCIbHICTD.

B koHTeKCTI omuMcaHoi MOIEIbHOI KOHIEMMII B €BOJIIOLIHHIN
Teopii eKOHOMIYHHX 3MiH BU3HAUYAIOTh CTATUYHY CEJEKIiiHY piBHOBAry
SIK CHUTYyaIlifo, B SIKIH CTaH yCiX HAsABHUX y Taly3i QipM 3anumraeTscs
HE3MIHHMM, a Tepelik HasBHUX (IipM TakoX HE 3MiHIOETHCS.
[TpunymieHHs MoOAO0 MOUIYKY TapaHTyIOTh, IO PaHO YW Mi3HO sKach i3
¢ipM — SKIIO HE iCHYIOYa, TO MOTEHIIHHUA KOHKYPEHT — BiJllIIyKae
Jeo JINITy TEeXHOJIOTII0 Ta Kpamle TpaBWI0 BHKOPHCTAHHS
BUPOOHMYMX TMOTYKHOCTEH, 100 BHIYYUTH HEBiA €MHHH HpUOYTOK.
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Sxmo 1 mapa «pexuMiBy Oyie 3HaimeHa, a g (ipMa BKe misuia B
rajy3i, TO BOHa PO3IIUPUTHCS, a SKIIO 1€ MOTEHI[IHHUI KOHKYPEHT, TO
BiH yBiiiZie B pUHOK. A 3a I[iHU C +7' 3i CBOIM IHTEPECOM 3aITUIIATHCS
aume ¢GipMH 3 BiIHOCHO KpPAaIIUMH TEXHOJOTIAIMH W TpaBHJIaMHU
NPUAHATTS PillleHb, [0 BUMArae MOBHOTO BUKOPUCTAHHS MOTYXHOCTEH
3a 1i€l iHK; XKoIHa 3 QipM HEe 3MOXKE 3AIMCHUTH HIYOTO KPaIioro.

[Minkpecnumo: sxmo (GipMu AIFOTH 3TiTHO 3 O3HAYEHWMH BHIIE
MpaBUIaMu, IO 320e3MevyoTh MOBHE BHUKOPHCTaHHS TOTYXKHOCTEW 3a
PIBHOBa)XHOI IiHU P*, P'=c +7, TO TpoIleCc MOIIYyKy HE IMOpPYIIyeE
piBHOBaru. He Mae 3Ha4eHHs, SIKy PEaKIil0 BUKIHKAE 1€ MPABUIO 32
IHIIKX WiH. 3a]MIIaeThbcs MUTAHHS: YW IMpHUBEIE Mpolec Biabopy Ao
PIBHOB)XXHOTO CTaHy Tally3b, SKOIO 10 [bOro MHoro He Oymo? 3
TOTYIIIEHb €BOJIOIIHOT TEOPil BUTLIIMBAE, IO MPUBEIC.

«PIBHOBaXHUMI CTaH» — II€ TaKWi CTaH, 3a SIKOTO CYKYITHICTh
noryxHocreit ranysi (k*) mopisuioe Takomy Bumycky g *, mwo A(g *)=
c+r iy Bcix ipM, sKi MarOTh HEBiJ'€MHI MOTYXHOCTI, € HassBHUMHU
NPUAHATHI TpaBUJia BUKOPUCTAHHS MOTYXHOCTEH 1 MPUHHATHI 0OCITH
BUTpaT C. Y pPIBHOBaXHOMY CTaHi IliHA TOPIBHIOE C +7 1 €IUHHUM
BUAOM 3MiH € TIOMYK pPEHTa0eNbHUX «PEXKUMIBY» TOTCHIIHHHUMHU
KOHKYPEHTaMH, a OTKe, TaHy€ CeNeKLilfHa piBHOBAra.

OCKiTbKM MHOXKHMHA «PEXHMIiB» € CKIHUEHHOI, TO TIOCTaE
MUTaHHS — 9¥ MOXe HECKIHYEeHHO 3pocTaTd Kamitai ramysi? He moxe.
3a3HaunMo, 1o st OyAb-sKOi Mapu «pexuMiB» (¢, ¢ ) iCHye AesKui
rpaHUYHHUNA piBeHb moTyXHOCTeW K(c, o), 1O € HaHOLIBIIHIM
3HAYEHHSIM K, 32 SIKOTO MOXYTh OJIHOYACHO BUKOHYBATHCh YMOBH:

P-cyd L-r>0,
C

P=h« r k
c
CporomHi B MeXaxX EBOJIOMIMHOI Teopii EKOHOMIYHHX 3MiH
poOONATBCS ~ JWIIE Tepmi KpPOKH O  po30ymOBH  aJeKBAaTHHX
MaTeMaTHYHUX  MOJeNiel,  SKi, = BUKOPUCTOBYIOYH  CyYacHUU
MaTeMaTHYHUIA amapaT Ta KOMIT IOTEPHI TEXHOJOTii, MOXYTh CTaTH
CYTTEBUM JOPOOKOM y PO3BHTKY €KOHOMIYHOI HAYKH.
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Tema 10. CuHepreTM4yHMM Niaxig y MoaentoBaHHi Ta
aHanisi ekoHOMiYHUX npoueciB

1. OcHogHI nOn0NCEHHS CUHEP2eMUKU SIK HAYKU.
2. Cymb cunepeemuuno2o nioxooy y 00CHi0NHCEHHI COYianIbHO-
EKOHOMIUHUX CUCTHEM.

10.1 OcHOBHI NOJ0XEHHS CHHEPI€THKH K HAYKH

Sk BiZOMO, B OCHOBI CHCTEMHOTO aHA3y JIEKUTH IPUHITAT
CHUCTEMHOCTI, @ B OCHOBI TEOpii camoopraHizamii — IPUHIMIT PO3BUTKY.
OOuaBa NPUHIMIIKM B3a€MOJOINOBHIOIOTH OJWH OJIHOTO 1 HacmpaBni
YTBOPIOIOTH €JTHICTH, IO BiJOOpa)kacThCs B Mi3HAHHI K €IHICTH TEOPIi
caMooprasizarii Ta CHCTEMHUX JTOCITiIKEHb.

Jlo Teopiit camoopranizamnii HajexaTb CHHEPreTHKa, Teopis 3MiH i
Teopis KaTacTpod.

CunepreTrika, OCHOBHI TIOJIOKCHHS $KOi OyJH cOpMyIhOBaHi
npodecopom  Llrytraprcexoro  yuiBepcutery I. XakeHoMm, €
EBPUCTUYHUM METOAOM  JOCTI/KCHHS BIAKPUTHX CHCTEM, IO
CaMOOPIaHi30BYIOTECS, CXWJIBHHX JO KOOIEPAaTHBHOTO €(eKTy, SKHi
CYNPOBOJDKYETECS ~ YTBOPEHHSM  NPOCTOPOBUX,  YacoBHX  abo
(YHKUIOHATBHUX CTPYKTYp; abo, CTHCIO, MPOLECIB camMoopraHizamii
chucTeM pi3HOi mpupoau. BoHa BHHHMKIA y BIANOBIAHL Ha KpH3Y
CTEPEOTHITHOTO, JIHIIHOTO MHCIIEHHS, [0 BUYeprnano cede.

OCHOBHI pHcH JIiHIHTHOTO MUCIICHHS:

" ySBJIGHHS NP0 XaoC SK BHHATKOBO NECTPYKTUBHHH IOYaTOK
CBITY;

PO3TIIS BHIIAJAKOBOCTI SIK IPYTOPSAHOTO, TOOIYHOTO YNHHHKA;
TBEP/UKCHHS, IO CBIT BBAXA€ThCS HE3AJCKHUM Bil MIKpO-
¢aykryamniii (KoJMBaHb) HIDKYUX PIBHIB OyTTS 1 KOCMIYHHX
BILIHBIB;

®  [OMIsA[ Ha HEPIBHOBAXHICTh 1 HECTIHKICTh SIK Ha JOLIKYJbHI
HENPUEMHOCTI, SKi MalOTh OyTH IO/I0JIaHi, OCKLIBKH BUKOHYIOThH
HETaTUBHY PYWHIBHY POJIb;

" JyMKa 0OpO T, IO MPOLECH, sKi BiIOYBAaIOThCS y CBITI, €
00OpOTHMMH B 4aci, mepeadaueHMMU Ha HEOOMEKEHO BEJHKi
MPOMIXKKH dYacy, HE [OIyCKA€ThCS; PO3BHTOK € JIHIAHUM,
MOCTyNaJIbHUM, Oe3albTepHATUBHUM (a AKIIO ANbTEPHATHBH 1 €,
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TO BOHH MOXYTb OYTH TiTbKH BUIAIKOBUMH BiIXWJICHHSIMH Bi
MaricTpanbHOi Tedii, 3amexarb Big Hei 1, BpEITI-pelT,
MOTJIMHAIOTHCS HEH0);

¥ MuHYyJIE€ BHKJIMKAE JIMIIC iICTOPUYHHUNA 1HTEpEC, a TOBEPHEHHS 10

CTaporo, KO BOHO OYyJI0, € AIaJIEKTUIHUM 3pi30M IMONEPETHHOT0

PiBHS i Ma€ HOBY OCHOBY; CBIT 3B’SI3aHH KOPCTKMUMH NPUYUHHO-

HACJiTKOBUMH 3B’sI3KaMU; MPUYHMHHI JIAHIIOTH HOCSTH JIHIHHUN

XapakTep, a HacHiayBaHHS, SKIIO 1 HE TOTOXXHE IPHUYHHI, TO

MPOIOpIlifiHe 10 Hei, TOOTO, YUM OLUIbIIE BKJIAJICHO E€HEprii, TUM

OinpIuM OyJe pe3yibTarT.

Otxe, GakTHIHO WOAETHCS PO MEXaHICTUYHY KapTUHY CBITY i
MEXaHIIU3M SIK METOJ, IO PO3Taja€e CBIT SK TIraHTCHKUA MEXaHi3M, a
OKpeMi 00’€KTH 1 IPOLIECH — SIK JIETali [LOTO MEXaHi3My .

Ha nenpuaatHicTh MeXaHINU3MY SIK YHIBEpCAbHOI MOJEIN CBIiTY
BkazyBamu mie M. Jimpo 1 @. IllemHr, KpUTHKYIOYH WOTO 3
¢inocodpcrkoi ToukH 30py. [IpuporHIUO-HAYKOBa KPUTHKA PO3IIOYANIACS
B XIX cTomiTTi, KOJIM TEpMOAMHAMIKa IOCTABWJIA NHTAaHHI LIOAO
[103a4acOBOI'0 XapaKTepy MEXaHICTUYHOI KapTHHU CBITY, AOBOJSYH, 110
AKOU CBIT OyB TIraHTCHKOK MAIIMHOI, TO BOHA HEMHHYYE IOBHHHA
Oyna © 3ynmMHUTHCS, OCKUIBKU 3amac KOPUCHOI eHeprii paHO YW Mi3HO
OyB Ou BuuepmaHuil. Ane, He AMBISYUCH Ha L€, MEXaHICTHYHA
nmapagurMa 3aIHUIIaEeTbes JOTernep “‘TOYKOK BIUTKY’, YTBOPIOIOYH
LHEHTpaJibHE AP0 HAyKHd B IIOMY, HE TOBOPSYM BXKE MPO OUIBIIICTH
COIIAIbHUX HayK, OCOOJHMBO, MPO €KOHOMIKY, Ki Ie 3HAaXOISAThCS B
MTOBHIH ii (TTapaIuTMu) BIIaIi.

OcoOnMBO HENMPUHHATHUM y MEXaHIIM3MI € PO3TJIsi 00’€KTa SIK
npocToi “cyMH” 4acTHH, 10 HEMUHY4Ye OOMEXY€E IOCITIIKECHHS! PiBHEM
MiJCHCTEM, a IIe € HEeJOCTAaTHIM I mi3HaHHS o00’ekra. Kpim Toro,
CHHEPreTHKa, sIK 1 1HII Teopii caMoopraHizailii, HaMaraeThCsl 3aNIOBHUTH
“Oumi TIAMK”, SIKi 3aMINUB IICHs ce0e MeXaHIilU3M, TOJIOBHAa Cepel
SKMX — NPaKTUYHO IOBHA BiJCYTHICTH y3arajJbHEHb, L0 CTOCYIOTHCS
MMOBEIIHKA BIiIKPUTHX CHCTeM. BHUBYalOYM 3aKOHHW CaMOOpPTaHi3allii,
camoIe30pranizallii Ta caMOBpSIyBaHHS CKJIQJHUX CHCTEM, BOHA Ja€ Te
yHiBepcalbHe 3HaHHS 3aKOHIB camMooprasizauii Ta pO3BHTKY CHCTEM, Y
SIKOMY JTaBHO iCHY€E MOTpeda.

ETuMonoriuHo TepMiH «CHHEpPreTHKa» MOXOOUTh BiJ TPELbKHUX
ciiB «synergeiay, «synergetikos» — Takui, 10 Ji€ CIUIBHO, CIUTLHUM,
CIIpUSHHA, CHiBpoOiTHHITBO. Ha mepmiomy erarmi poO3BUTKY T
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CHHEPTeTHKOI0 PO3YyMUIN Taly3b HAyKOBHX AOCIHIIKEHb, METOI SKHX
OyJio BUSIBJICHHS 3arajibHUX 3aKOHOMIPHOCTEH y Tpoliecax yTBOPEHHS,
CTIMKOCTI Ta pyHHYBaHHS BIOPSAKOBAHMX YaCOBHX 1 IMPOCTOPOBHX
CTPYKTYp y CKIQJAHUX HEPIBHOBAXHHMX CHUCTEMax pI3HOI NPUPOIU:
GBUYHAX, XIMIYHHX, O10JOTIYHUX, COIiaNbHUX TOmo. TyT “cymicHa,
y3roJUKeHa Jis” Moxe OyTH sK HaCIiIKOM camooprasizaiii (B
pe3yNbTaTi pO3BUTKY BJIACHOT HECTIMKOCTI B CHUCTEMi), TaK 1 HACIiIKOM
BHMYIIIEHOI OpTaHi3aIlii 3a paxXyHOK 30BHIITHIX JTii.

VY Hall yac CHHEPreTHKY pO3YMIIOTh SIK HayKy IO MaTeMaTH4yHe
MOJIENIIOBAaHHS TIEPEXOly CHCTEM 3 OAHOTO CTIHKOTO CTaHy B I1HIIHH.
CyKyIHICT 3HaHB PO Xa0C 1 MOPSIOK, MepexXimHi mpouecH, GpaKTaiu i
HeNTIHIHHICTG, SIKI HA3UBAIOTh CHHEPT€TUKOIO, PO3YyMIIOTh 1 SIK TEOpifo, i
K HAaBYaHHS, 1 K HayKy, 1 SIK CBITOTJISI, BUXOASYH 3 PI3HHX 00pasiB,
(akTiB, ysIBIEHb TPO XaocC, MOPSAAOK, KOT€PEHTHICTh, MEPEeXiTHUX i
KOOTIEPATHUBHUX TPOIECIB y TPHPOMi, CYCIJIBLCTBI, TyXOBHOMY CBITI.
Iepenik ime, mo QOPMYIOTh CHHEPIETUKY SIK MapagurMy, MiCTHTh
HEIHIAHICTD, camoopraisarlito, BIIKpUTICTH CHCTEMH, il
HEPIBHOBaYKHICTH TOIIIO.

ICHYIOTH YOTHPH OCHOBHI MIiJXOAU 10 CYTIi MOHSATTS CHHEPTETHUKHU.
Cunepreruka — 1e ...

1) mapagurmMa — cucTtema inei, MPUHIHNIIB, 00pa3iB, ySBIEHB, 3
SIKUX, MOKJIMBO, 3 YaCOM BHpocTe (yHIaMeHTallbHa HayKoBa Teopis abo
3araJlbHOHayKOBa Teopisi, a00 HaBITh CBITOIJIA;

2) psaa HaykoBHX Teopiil (y ¢i3mmi, ximii, Oioximii, Gioxorii,
COITIONIOTIi, TICHXOJIOTii # IHINWX HayKaxX), IMo 00 ’eaHaHi imesMu
HEJIIHIHHOCTI, BIIKPUTOCTI, MEPEXiTHOCTI, HEPIBHOBAXKHOCTI IPOIIECIB,
AK1 BiTOyBalOThCS B CUCTEMAX;

3) 3araspHOHAyKOBA TEOPid (SKa MOKH M0 yCTaTKOBYETHCA), TOOTO
SK Teopis AMCHUIIATUBHUX CTPYKTyp (y posyminHi l. Ilpuroxwuna), a6o
Teopis cucteM (3a I'. XakeHOM), IO CaMOOPraHi3OBYIOThCS, a00 Teopis
NepexiJHUX MPOLECiB, B3a€MOIEPETBOPIOBAHHS Xa0Cy 1 MOPSAKY TOLIO;

4) HOBWI CBITOTJISA, IO JOJAE TMaHYOYe JO IHOTO Yacy B HayIli
MUCIICHHS 31 CTATMMH HE3MIHHUMU MOHITTSAMHE (IUIATOHIBCHKA TPaUIIis)
1 3aTBEp/UKY€ MHUCJICHHS, 3aCHOBaHE HA THX, IO “‘BCTAHOBIIOIOTHCS
MepeXiTHAX, HeCTaOLTRHUX, (PpakTaTbHUX opMax i oOpas3ax.
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I'0;10BHOIO BIIACTUBICTIO CHCTEM, IO BHMBYAKOTHCS, € IIPOLECH
camoopranizaiii. OTe, CHHEPreTHKY MOXKHA TaKOX PO3IIIAJIATH SIK
3arajibHy T€Opil0 caMoOprasizauii B cucTeMax pi3HOi IPUPOIH.

Ocnosne 3a60anusi cuHepeemuKku — 3HAXOIKEHHS 1 JeTanbHE
MOCHIDKEHHST THUX 0a30BHX MOJENEH, SKi MOXXHA OTpUMaTH 3
HAaTUNOBIIMX TNPHUIYIIEHb ITIPO BIACTUBOCTI OKPEMHX €JIEMEHTIB
CHUCTEMH 1 3aKOHHU B3a€EMOLIT MK HAMH.

06 ’ekmu docnidxcensb cunepeemuKky — BIIKPUTI CKIaTHI HEIIHIWHI
CHUCTEMH 13 3BOPOTHHMH 3B’SI3KaMHU. 3pO3yMiJO, TaKi CHUCTEMH
BUBYANHMCA 1 paHime O0e3 BHKOPHUCTaHHS TEpPMiHY ‘‘CHHEpreTka’.
OCHOBHa TPYAHICTh TaKWX MIOCTIIDKEHh — BUHATKOBA CKJIAIHICTh 1
TPOMI3JIKICTE TOYHOTO MATEMAaTUYHOTO OIMUCY, OCOOJIWBO SKIIO B
CUCTEMI IpaIroe 6araTo 3BOPOTHUX 3B S3KiB.

Koomeparis 0aratrox MICUCTEM EAKO1 CUCTEMHU
MIIMOPSAIKOBYETHCS OOHUM 1 THM K€ MPHUHITUIIAM HE3aJICKHO Bif
MPUPOIU MicUCTeM. [li3HaHHS IUX TPUHIUIIB JIO3BOJISE MO-HOBOMY
OigIATH 1 10 TpoONeMH palioHaJbHOTO YHPABIIHHS PO3BHUTKOM
CKJIaJHUX CHCTEM. 3 HOIVISAY CHUHEPIeTHKH HE MOXKHA, HAIIPUKJIal, IpU
VOpaBIiHHI ~ PO3BUTKOM  MNpUPOAHOI abo  comiadbHOI  CHCTEMH
HaB’A3yBaTH HeBIAcTHBi il (opmu opranizanii. BuBumBmm cucremy,
HeoOXiHO 30iNbIIyBaTH HE CHIy YIpPaBIsAO4oi Ail, a 30iIbmIyBaTu
Y3TOKEHICTD JIii 3 BIACHUMHU TCHACHITISIMUA CUCTEMH.

CuHepreTvka sK TEOpisi caMOOpraHizailii BUXOAWUTH 3 TOrO, IO
CKIIATHUM CHCTeMaM (IO TaKHX HaJlekKaTh 1 COIliaTbHO-EKOHOMIYHI
CHCTEMHM) HE MOXKHA HaB s3yBaTH UUIIXWU IX PO3BUTKY, a IIBHUIIIE
HEOOXiHO 3pO3YMITH, SIK CIPUSATH IX BIIACHUM TEHJIEHIIISIM PO3BUTKY, SIK
BUBOJUTH CHCTEMHU HA Wi LUISXH, 3PO3YMITH 3aKOHU CYMICHOTO HTTS
NpUPOAX 1 JIOACTBA, iX KoeBodromii. s CKIAAHUX CHUCTEM ICHYE
JIEKiJIbKa aNbTEPHATUBHUX IUIAXIB PO3BUTKY, BUOIpP SKHUX 3aJE€KUTHh BiJ
pe3yabTaTy OOpOTHOM MPOTHIICKHHX CHI. AKTyalbHUM € HayKOBE
0OI'pyHTYBaHHS [bOTO LUISXY.

[IpuHIIMTIN YaCTHHHUX TEOPIA CHHEPTEeTHUKH:

1. Heninitinicms o03Ha4ae He30€PESIKEHHS aJUTUBHOCTI B TMpolleci
PO3BHUTKY cHcTeM. Byb-sike sBHIIE pO3YMIIOTh SIK MOMEHT €BOJIOLIT, 5K
IIPOLIEC PO3BUTKY.

2. Hecmitixicmv  03Ha4yae He30epexKeHHs  “OJNM3BKOCTI”  CTaHIB
CHUCTeMH B Tpoueci ii eBodromii Ta CYTTEBY 3ale)XXHICTh BiJi 3MiHH
3HAYEHHS CUCTEMOTBIPHUX MTapaMeTpiB.

94



3. Biokpumicms O03Ha4Ya€ BHW3HAHHSA OOMIHY CHCTEMH pPEUYOBHHOIO,
eHepriero, iHGOPMAIIEI0 3 HABKOJIMIIHIM CEPEIOBHUINEM 1, OTXKeE,
BU3HAHHS CUCTEMH SIK TaKoOi, 0 CKJIAJAEThCS 3 CIIEMEHTIB, 3B’SI3aHUX
CTPYKTYPOIO, 1 TAKOT, 1[0 BKJIFOYAETHCS K MiJICUCTEMA, CIIEMEHT B 1HIIE
misie.

4. Ilionopsiokyeannss o3Havae, moO (QYHKIIOHYBaHHS 1 PO3BUTOK
CHUCTEMH BU3HAYAIOTHCS MPOIECaMU B ii MiJCHCTEMax MPU BUHUKHEHHI
iepapxii MacmTabiB gacy. lle mpwHIHI “caMOCTIpOIIEHHS CHCTEMH,
TOOTO 3BeACHHS 11 JUHAMIYHOTO OMHUCY JIO MaJioi KiJIbKOCTI MmapaMeTpiB
MOPSIZIKY .

3MicTOBHIT OJIOK METOIOJIOTIT CHHEPTETHKH MIiCTUTD:

1. llpunyun cmanogrenns, SKAW CTBEPIXKYE, MO TOJOBHA (opma
OyTTa — He Te, IO BXKE € YCTAJCHNUM, a Te, IO TUIbKH PO3BUBAETHCS; HE
CIIOKiH, a pyX; He 3aBepIleHi, BiYHi, CTIHKO-IIiTicHI popmu, a rmepexiHi,
MIPOMIXKHI, TAMYACcOBI yTBOpeHHs. CTaHOBJICHHS BHPAXKAETHCS Uepe3 MBi
CcBOT KpalHOIli — Xaoc 1 MOpsSaoK. Xaoc — OCHOBa CKJIAQJHOCTI,
BUNAIKOBOCTI, TBOPIHHSA-PYHHYBaHHS, KOHCTPYKILIii-AEKOHCTPYKIIi.
[opsinok — ocHOBa MPOCTOTH, HEOOXIAHOCTI, 3aKOHY, KpacH, TapMOHii.

2. Ilpunyun nizuanus O3HAYae Ti3HAHHS (BIOKPHUTTS) OYTTS SK
cTaHoBNeHH. [0 TOro X mapameTpu MOPAOKY BHUKOHYIOTH HOABIHHY
POJIb: MOBIIOMIISIIOTH CHCTEMi, SIK MMOBOAMUTHUCS, 1 HOBOIATH A0 Bimoma
criocTepirava npo Jeno MaKpOCKOMIYHUI CTaH CUCTEMH.

3. Ipunyun y3e00xcenocmi (KOMYHIKQTUBHOCTI, J1aJIOTIYHOCTI), SIKUH
O3Hayae, M0 OyTTS SIK CTAHOBJICHHS (POPMYETBHCS 1 MI3HAETHCS JHIIC B
X0l Jiayiory, KOMYHIKaTHBHOI, TOOPO3WWIMBOI B3aeMOii Cy0’€KTIB 1
BCTaHOBJICHHSI TApMOHIT B pe3yJIbTAaTi iaory.

4. Ilpunyun 6ionogionocmi, MO O3HAYA€ MOKIMBICTh NMEPEXOLy BiJ
JIOCHHEPTeTHYHO1 (KJIACHYHOI, “HEKJIIACHYHOI” 1 “NOCTHEOKIIACHYHOI )
HAayKd A0 CHUHEPreTW4YHOi (K 3 IHTYiTUBHHUX MipKyBaHb, Tak 1 3
(opManbHUX MAapaMeTpiB).

5. Illpunyun 0ooamkogocmi, O O3HAYA€E HE3AJIECHKHICTD 1 TPUHIIATIOBY
JaCTKOBICTh, HETIOBHOTY SIK IOCHUHEPI€TUYHOI'O OMHUCY peanbHOCTi (0e3
CHUHEPTreTHYHOro), TaKk 1 YacTKOBICTb  CHHepreTuyHoro  (0e3
JOCUHEpreTHyHoro). ByTTs € ycTaneHum (MIaToHIBCBKE) 1 TaKuUM, IO
TiIJIbKU CTAHOBUTHCS. ByTTs — 1 Te, ¥ iHIIE.

Ponp cuHepretmkn SK HOBOi HAyKOBOI KapTHHH CBITY 1
METOJIOJIOTIT JOCHIIKCHHSI MPOIIECIB PyXy CHCTEM IIe OUIBII 3pPOCTaE,
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SKIIIO BpPaxOBYBaTH ii CHHTETHYHWH, MO CyTi, Xxapakrep. I'. Xaken
BU3HAYUB 111, SIKI BOHA CTaBUTh Iepell CO00I: TMepeoOTIKEHY
BEIMYE3HOI0 KUIBKICTIO neTajeld  iHdopMamilo Hpo CHCTEMH Pi3HOT
NPUPOAH, IO BUBYAIOTHCS CYyYacHOI HAayKOIO, HEOOXiAHO CTHUCHYTH,
MEPETBOPUBIIA HA HEBEITWKY KIUIBKICTh 3aKOHIB ab0 KOHIIEMIIIH,
OCKIJIbKM, 32 BHCIIOBOM aHrJjiiickkoro kioepueruka 3. bipa, nani
MEPETBOPUIINCS HAa HOBITHIM pi3HOBHJ 3a0pyJHEHHS HABKOJHIITHHOTO
cepeloBHINa — iX HAIIUIIOK TopoawB iH(opmariiiauii romoxn. Ilossy
KOHIICMIII  camoopranizamii  (CHHEPreTHMKH, 30KpeMa)  MO)KHa
PO3TIIAAATH SK HOBHI BayXJIMBHUI €Tal eBOJIOLI HaAyKH, 10 MPUHLIOB 32
Cymepcrerianizamielo i Hece HOBI MOXJIMBOCTI [ialloTy HayK i HOBI
MAXO0/M 10 X BUKJIAJIaHHS.

Kpim BigmiHHOCTEH, y cuHepreTku (M IHIMX Teopid
camooprasizaiii) Ta CHCTEMHHUX [OCIHiPKEHb € ¥ CIIUJIbHE. ix
00’€IHYIOTh  MPHUHITAIIA ~ CHCTEMHOCTI, pO3BHTKY, i30MOpdi3My,
tunoJioris cucteM. CuHepreTuka yBiOpasia B ce0Oe BCI 3HAUyIIi Jyis
JOCHIDKEHHS MPOLIECiB caMOOprasizanii TeOpeTHYHI Ta METOAOJIOTiUH1
BUCHOBKH CHCTEMHHUX JOCIIKEHb.

10.2 CyTh CHHEPTEeTHYHOTO MiAXOAY Y JOCTIIKEHHI
CcoLlaJIbHO-€EKOHOMIYHHX CUCTEM

OpHuM 13 HaAMOLIBII TEPCHEKTUBHUX HANPSAMKIB JOCIKEHHS
€KOHOMIYHUX CHCTEM € 3aCTOCYBaHHS METOIIIB 1 MiAXOMIB CHHEPTETHKH,
o OypXJIMBO PO3BUBAIOTHCS OCTAHHIM 4YacoM. TEpMiH «CHHEPTETHKa
aKIIEHTY€E YBary Ha y32000/CeHOCMI, 63Ae€MOO0il YACMUH CUCmeMu Y
npoyeci ymeopenus il cmpykmypu sk €0unozo yinoeo. IIpuHITUTIOBAM
IUISl CUHEPIETHKU € HeNiHIUHICMb, HepiGHOBANCHICMb, CKIAOHICHb
JTOCITIPKyBAHUX SIBUIIL.

CuHepreTrika BUBYAa€ CKJIATHI CHUCTEMH, $Ki MICTITh Oarato
MiZCHCTEM PI3HOI MPUPOAM, MAlOYH HA METI BUSBUTH, B SKHAU CIIOCIO
B3a€EMOJIiSl TAKUX MIJCUCTEM MPUBOIUTH JO BUHUKHEHHS HOBUX CTIMKHX
MPOCTOPOBHX, YACOBUX YU IIPOCTOPOBO-YACOBUX CTPYKTYP a00 PEKUMIB
(YHKITIOHYBaHHS, a TaKOX [OCHTIDKYE XapaKTepHi MacmTadwm i
HIBUJKOCTI TepeximHux mporeciB. CHHEpPreTHKa akIeHTYe yBary Ha
SIBUINAX, 10 BUHUKAIOTH 3aBASKM CIUIBHIA 1ii KiTbKOX (0araThox)
YUHHUKIB, KOXXHUH 3 AKX OKPEMO IO IIHOTO SIBUINA HE MPU3BOIUTE.
CHHepreTuKy 4acTo BM3HA4YaIOTh SK HAYKy Mpo camoopraHizamiro. [lix
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camoopeaHizayielo Ppo3yMiloTb MHUMOBLUIBHE, CIIOHTaHHE CaMOYCKJIal-
HeHHA (opmu (y 3aragpHIIOMY BUMAAKy — CTPYKTYPH CHCTEMH Ta
3aKoHIB 11 (YHKLIOHYBaHHS) YHACHIiJOK MOBUIFHOI Ta IUIABHOI 3MiHU il
napameTpiB. IHIIMMH cllOBaMH, caMoOOpraHizaliss — L€ YTBOPEHHS
BIIOPAIKOBAHUX CTPYKTYp i3 xaocy. OTxe, CHHEpreTHKa fABIs€ COO0I0
HOBY Yy3arajbHIOBaJbHY HayKy, IO BHBYa€ OCHOBHi 3aKOHHU
camooprasizauii CKJIaJHHX CHCTEM.

Y cHHepreTHii akIeHT pPOOMTHCSA Ha MPHHITUIAX ITO0YIOBH,
opranizanii, po3BUTKY Ta CaMOYCKJIaJJHEHHSI CUCTEM 1 ixHill eBomromii. 3
MOTJISIAYy CUHEPIeTUKU MPOLECH Y BIAKPUTHX HEPIBHOBAKHUX CHCTEMAax
XapaKTepPU3yIOTHCS MPUHITUIIOBOIO HETIHIHHICTIO, HASBHICTIO 3BOPOTHUX
3B'SI3KiB, 1[0 3yMOBIIIO€ TOSBY SKICHO HOBUX MOXJIMBOCTEH 3MIMCHEHHS
Kepylo4oro BIUIMBY Ha cucteMmy. Came cunepecemukxa MOXE CTaTH
aJeKBaTHUM IHCTPYMEHTOM [UIi aHaji3y CKIaJHUX JAWHAMIYHHX
MIPOIIECIB, IO BiAOYBAIOTHCS B CYyYaCHOMY CYCITUIBCTBI T4 EKOHOMIIT.

JIo OCHOBHHMX TOHSTH CHHEPreTHKH HaleXaTh MOHATTS
cmpykmypu, xaocy, egonoyili, oucunamuseHoi
cucmemu, Ou8HO20 ampakmopa, @Gpaxmanie TOLIO.
[HITMM BaKITMBUM TIOHSTTSIM y CHHEPTETHIIl € TOUKH OidypKamii — Takuit
CTaH CUCTEMH, KOJH BiIHOCHO HE3HAYHi 3MiHU MapaMeTpiB cUCTeMHU abo
30BHIMIHIX (AaKTOPIiB MOXYTHh MPHUBECTH IO 3HAYHUX SKICHHX 3MiH Y
TTOBEIHIII CUCTEMH, 11 CTaHi, TpaekTopii abo ii CTPyKTypi.

Jlo OCHOBHMX MaTeMaTHMYHHX METOMIB  JOCIIIKEHHS B
CHUHEPIeTHII HAJECKUTh TEOPis TMHAMIYHHUX CUCTEM, KA IPYHTYEThCS Ha
SKICHIH Teopii AWQEpeHIIaIbHUX  PIBHAHL. 3-TIOMDK CyYacHHX
HaNPSIMKIB JOCIIJPKEHb Y paMKaX CHHEPreTHKH Ta HEJNIHIHHOT JHHAMIKA
MOYKHa BUOKPEMHTH TaKi:

1. Po3pobOka MeTomiB OMHCYBaHHS ICTOTHO HEPIBHOBKHUX
MIPOIIECIB HA OCHOBI CTATUCTUYHOI (hi3UKH.

2. JluHaMmika BIJKPUTHX CHUCTEM, IO BUBYAE CTaIliOHAPHI CTaHW,
TOOTO CTaHW, IO 30epiraroTh CTIMKICTh Yy IMEBHOMY [iama3oHi
3MIiHHU 30BHIIIHIX BIUIMBIB, JOCIIIXYE YMOBH CaMOOpTaHi3aIlii —
BUHHUKHCHHS BIIOPSIKOBAHUX CTPYKTYD i3 HEBIOPSIKOBAHUX.

3. JocmimkeHHS  SAKICHOI TOBENIHKM  PO3B'A3KIB  HENiHIHHHX
mudepeHIliaTbHUX  piBHSAHB, 10 BHU3HAYAIOTh JaleKi BiX
pIBHOBaru CTaHW 3aJICKHO BiJ 3MiHM BXiZHHX mapameTpis. Llei
HanpsIMOK BUBYA€E Teopisi KatacTpod.
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Jocmimauky, aHamizyroun (GyHKIIOHYBaHHSI MaKPOSKOHOMIKH,
€KOHOMIKH PETiOHYy, CEKTOpa, rally3i Y IiJIIPUEMCTBA ¥ HaMararo4uch
ypaxyBaTH YHWCIICHHI YMHHHKH Ta B3a€MO3B'A3KH, YacTO 3MyLICHi
OynyBaTn MaTeMaTH4YHI MOJENi (CHCTEMH) BEIWKOI PO3MIpHOCTI, IO
MICTATh JecATKA a00 W COTHI MapaMeTpiB 1 piBHSAHb. AHATITUIHUN
aHaJIi3 TAKKX MOJIEJIeN JOBOJI CKIaIHUH 1 CTAHOBUTH OKpEMY MpOoOIIeMYy,
a depe3 Le iX BaXKO 3aCTOCOBYBAaTH Ha MPAaKTHII Ta IHTEPHIPETYBAaTH
OTpHUMaHi pe3yIbTaTH.

[Ipore icHye cmoci0 peaykiii BiMOBIIHUX CHUCTEM JI0 CHUCTEM
PIBHSHD 3HAYHO MEHIIOI PO3MIPHOCTI, 3aBISKH YOMY BJIAETHCS MOJATH
SIKICHUH ommic 00'€KTa 3a JOITOMOTOI0 KITbKOX MTU(MEPEHITIHHNX PIBHSIHD.
Ines mporo merony moisrae B TOMY, IO KOJNU HJIETHCS MPO OIHC
OUHAMIKA CHCTEeMH, He Bci i mapamerpu (abo mpouecH, SKi BOHHU
XapaKTepu3yTh) MAalOTh OJHAKOBI 4acoBi macmTabu 3miHd. Jleski
mapamMeTpu cTaHy (IIBHAKI 3MiHHI) MOKHA BHUpPAa3UTH dUYepe3 1HIII
(MOBLIBHI 3MIHHI) — TaK 3BaHI napamempu nopsoKy, y pe3yiabTari 4oro
KIUJIBKICTh HE3aJIe)KHUX 3MIHHUX 3MEHIIYETHCS.

[Tapametpu mopsiaKy I NPUHLUI MiANOPAIKYBAaHHS HaJeXaTb 1O
yrciaa  HaWOTelr  (yHIaMEHTANbHHX  TOHSATH CHHEPTreTHKH. 3
€KOHOMIYHOTO MOTJISAY MPUHIUII TiAMOPSAKYBaHHS 03HAUa€, 10 MOKHA
3HaWTH HEBENWKY KIUIBKICTh 3MIHHMX (MOXIMBO, arperoBaHUX,
MIEPETBOPECHUX TOINO), SKi BU3HAYAIOTH JWHAMIKY BCi€l €KOHOMIUHOI
CHUCTEMH B OKOJI1 0COOJIHMBOT TOUKH, a PelITa 3MIHHUX 3aJICKUTh Bifl HUX.

B exonowmili, sIK 1 B iHIMUX CKIIQJHUAX CHCTEMaX, iICHYIOTh BIIACHI
napaMeTpu IMOpSAAKY. Y MOMEHTH 3aroCTpPEeHHs HEPIBHOBaru 3poCTae
HECTIHKICTh caMe WX TapaMeTpiB, i miJ iXHiM 0e3rmocepeHiM BILTUBOM
BiOyBa€eThCsl MPOLIEC YTBOPEHHS HOBUX CTPYKTYD, (DOPMYETbCS HOBE
MOBO/KCHHSI CJIEMEHTIB CHUCTEMH. XapakTepHUM M IapaMeTpiB
MOPAAKY € Te, IO MICHI BUXOAY CHUCTEMH 31 CTaHy piBHOBaru BOHU
BiJTHOBJIIOIOTHCS MOBUIBHIILE, HIX 1HII TApaMETPH CUCTEMH.

3 ommsgy Ha OaraTOrpaHHICTh BIACTUBOCTEH  COLiaNbHO-
€KOHOMIYHUX CHCTEM MOYKHA TMPHUIYCTHTH HASBHICTH IIJIOTO CIEKTpa
napameTpiB HOpsiIKy. BOHHW, Hampukiaa, MOXYTh XapakTepH3yBaTH
BIJHOCHHU BJIAacHOCTi, (OpMH KOOpAWHAWii EKOHOMIYHMX areHTiB,
MpomopIii BiATBOpeHHS, (DYHKIIOHANBHI 3B'I3KM B E€KOHOMIIl TOIIO.
KinpkicHI XapakTepHCTHKHM TMapaMeTpiB Ta iXHIM CKJIaJ MOXYTh
3MIHIOBATHCh Ha PI3HUX CTaAifgX EBOJIIOLIl CHCTEMH, NPHUOMY
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BH3HAYCHHS ITUX TapaMeTpiB TOTpeOye aHamizy 3aKOHOMIpHOCTEH
MOBOJIXKEHHSI EKOHOMIYHOT CHCTEMH TPOTATOM TPHUBAJIOTO Yacy.

CyuacHa eKOHOMika $K CKJIaJHA CHCTEMa PO3BUBAETHCS
HEPIBHOMIPHO, 1 MpHUTaMaHHI K PEXUMH CTIHKOTO (YHKIIOHYBaHHS,
Tak 1 peXUMH XaoTHyHOi nuHamikd. OCTaHHIM YacoM EKOHOMICTH
HaMararoThCsl IHTEPIPETYBATH XaOTHYHI SBUILA B €KOHOMIIIl B TepMiHax
JETEPMIHOBAHUX CHCTEM, Cepel] SKUX IIHPOKO BHKOPHUCTOBYIOTHCS
IACKpeTHI BimoOpaxkeHHS. Tak, HANPUKIIad, JIOTICTUYHE BiIOOpaKEHHS
Ta ¥Woro moaudikaiii 3aBAsSKH TXHIM YHIBEPCAJbHHUM BJIACTHBOCTSM i
30aTHOCTI OMMCYBATH MPOLECH 3 JOBOJI CKIAIHOI0 TUHAMIKOIO HIMPOKO
BUKOPHCTOBYIOThCSI B TMOOYZOBI Mozenell €KOHOMIYHOi IWHAMIKH Ha
MakKpo- 1 MIKpOpiBHi, 30KpeMa, ISl JOCITIHKCHHS TUHAMIKH 3pOCTaHHS
MaJIuX MiAMPUEMCTB; B MO afanTauii pipMu B pUHKOBUX YMOBaX AJIs
ommcy 11 cTpaTerii; mnms  pO3TIAAY TPOLECIB  I[IHOYTBOPEHHS B
MMaByTUHOMOIOHI Moemi ¢hipMu TOIIIO.

AHajoriuHi Mojeni MoKHAa TOOyAyBaTH IS 1HBECTHUIIHHOI
MUHAMIKK: 13 3POCTaHHAM IHBECTHUIIH EKOHOMiKa HAOIMKAETHCA [0
IHBECTHIIITHOTO Oap'epy — Jjar MiX IHHOBaIiAMH Ta iX peai3ami€io
3MEHINy€eThCsl. [Ipr 1bOMY 3MEHINYEThCS MOXKJIMBICTH amnpoOyBaHHS
anbTepHAaTHB 1 3pocTae 3arajbHa HeBH3HadeHicTb. OpieHTalis Ha
MOTOYHY KOH'IOHKTYpPY Bele [0 YTBOPEHHS HAUIMIIKY KaliTaiy,
3HIDKEHHSI TEeMITB BHUPOOHMIITBA Ta TMPOAYKTHBHOCTI, IO MOXeE
MpPU3BECTH [0 1HBECTUIINHOI KpU3M Ha pUHKax Kamitamy. Jlorictuune
BiTOOpa)KEHHS MOXXHAa TaKOXX BHUKOPUCTOBYBAaTM B JIOCIHIDKECHHI
KPUTHYHUX PEKHUMIB Ta XaoCy Ha (POHTOBUX i BAIFOTHUX PHHKAX.

[Iporecu, sKi OMUCYIOThCS HABITh MPOCTHUMHU HENTIHIMHUMHU
MOJENSIMHM, TpH JCSIKHX 3HAYCHHSX IapaMmeTpiB MaroTh XaOTHUYHE
MOBO/KCHHS, SIKE 3[A€TbCS BUIAIKOBUM 1 MOXE IIOMMIIKOBO
MTOSICHIOBATHCS JII€I0 HEBpaxOBaHWX a00 BUMAAKOBUX (DakTopiB. Ae 8
0emepMiHO8AHUX HENIHIUHUX MOOENAX XA0C NOPOOAUCYEMBCA Came
HeniHitiHicmio. 3 THOTO BUILUIMBAE, IO MiJ{ 4ac MoOymOBH Mojenen
€KOHOMIYHOi ~ JAWHAMIKM BBEICHHS TEOPETUYHO OOIPYHTOBAaHUX
HENHIMHUX 3aJIe)KHOCTEH TOpsAA 13 BUKOPHCTAaHHSM BHUIAJKOBHX
3MIHHMX Ja€ 3MOTY YCHIIIHO MOSCHIOBAaTH Pi3HOMAHITHI €KOHOMIiuHi
¢daykTyarii.

VY  comianbHO-€KOHOMIYHMX CHCTEMax NapaMeTpu YIpaBIiHHS
TeHEPYIOThCS CaMOI0 CHCTEMOIO, a TAKOX HaKIJIQJaloThCs Ha Hel 330BHI i
BXE MICI LBOr0 IOYMHAIOTH YMHUTH HA Hel 3BOPOTHHH BIUIMB,
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MPU3BOIIIN IO HECTIMKOCTI Ta GuykTyamii. IS eKOHOMIKH IIe Mae
MPUHIMIIOBE 3HAYCHHS, OCKUIBKM PO3LIMPIOETHCS KOJO SIBUII, IO
BBOAUTh Yy [il0 MeXaHi3MU camoopranizauii. Lle MoxyTs OyTH
30BHIITHPOEKOHOMIYHI ~YMHHHUKH (BIUIMB HA EKOHOMIKY  iHIIHX
CYCHUTPHUX MIJCUCTEM) 1 BHYTPIIIHI YWHHUKH, 30KpeMa 3pOCTAaHHS
JepkaBHOro Oopry, 3Ha4yHUi AeiluT AepKaBHOTO OIOMXKETy, BHUCOKI
TeMIU 1HQIALIT, HAIBUCOKI CTaBKU MOAATKIB, SKi, JOCATAIOYH MEBHUX
KPUTHYHUX 3HAYEHBb, MOKYTh CIIPUIMHUTH HE3BOPOTHI 3MIHHA B CUCTEMI.
Sk mapaMeTpu yNpaBIiHHS MOXHa PO3IJSIaTH TakoX 3aco0u i
IHCTPYMEHTH €KOHOMIUHOI MOJITHKH ((iCKabHOI, TPOIIOBO-KPEIUTHOT,
MHTHOI TOIIO).

CymHuicmo cunepeemuuno2o nioxody 10 e(eKTUBHOIO yIpaBIiHHS
CHUCTEMaMHM TOJATae B TOMY, IO BiH Opi€HTOBaHWN Ha BJIACHI 3aKOHU
eBoomii Ta camoopranizamii cucremu. IIpomecn camoopranizamii B
cUCTeMaX — BHUHUKHEHHS II€BHHX IIPOCTOPOBHMX, 4YacOBHX a0bo
(YHKIIOHATBHUX CTPYKTYp 0e3 crenudivyHOro BIUIMBY Ha CHCTEMY 3
00Ky 30BHILIHBOTO CEpelOBHIIA, TOOTO BHHHUKHEHHS ab0 3pOCTaHHS
BIIOPSIAKOBAHOCTI i3 Xaocy. 3 TOYKH 30py CHHEPIeTUKU PO3BUTOK
E€KOHOMIYHHMX CUCTEM BiZIOyBaeThCsl y MBOX (OpMax — EBOIIOIINHIN Ta
peBomoniliHii (cTpruOKOmOAiIOHIi).

B cuHepreruui BBa)XKaeThCs, IO BH3HAYAJIBHOIO YMOBOIO JUIS
3a0e3MeUeHHs] ONTHMAIBLHOTO TOBO/DKEHHS CKJIAJHUX EKOHOMIYHHX
CHUCTEM € caMe HasBHICTb HEPIBHOBOXHHX CTaHIB Ta TPOLECIB
camoopranizanii. HepiBHoBara nae 3Mory 3iliCHIOBATH BUIbHUI BUOip
BapiaHTa MOJAJBLIOTO PO3BUTKY 3 IJIONO0 CHEKTpa MOXKIMBHX
HanpsMKiB. SIKIIO pPIBHOBAXHHA CTaH € HEOOXIJHOI YMOBOK s
CTalliOHAPHOTO iCHYBaHHS EKOHOMIYHHMX CHUCTEM, TO HEPIBHOBAXHUHI
CTaH sBISIE COO0I0 MOMEHT IEPEXOY 10 SIKICHO HOBOTO CTaHy, B SIKOMY
€KOHOMIYHa CHCTeMa MOXe 300yTH OiJIbIIl BUCOKHI PIBEHb OpraHizarii
Ta MPOAYKTUBHOCTI.

Tinpku TOMI, KOJM €KOHOMIYHA CHCTEMa BTpadae (PyHKIIOHAIbHY
CTIAKICTh, BUHUKAIOTh CAMOOPTaHi3aIiifHI mporiec GopMyBaHHS HOBUX
e(eKTUBHUX CTPYKTYp. B HOBHX yMoBax ()yHKIIOHYBaHHS €KOHOMidHA
cUCTeMa NPOXOAMTH CBOi PIBHOB&KHI CTaHU SIK HMPOMDKHI €Tamu Ha
TPAEKTOPISIX HEPIBHOBAXKHOI camoopranizaiii. [geTscs mpo Te, mo B
nepiogn HecTalOlIbHOCTI MOXYTh CIIOHTAHHO BHUHHKATH MapajiesbHi
HeQOpMaibHI CTPYKTYpH, HalPUKIAA BiANPalbOBaHI CXEMH YXWUJICHHS
BiJl TMOAATKIB, CHpSAMYyBaHHS (IHAHCOBMX TOTOKIB B OQIIOPHI 30HH,
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HeIIaTe )kl TMocTadaabHUKaM, OapTepHI CXeMH pPO3paxyHKiB, BUILIATH
3apoO0ITHOI IJIaTHI «YOPHOI0» TOTIBKOK TOIIO. 32 MEBHUX YMOB BOHU
MOXYTh OYTH JOCHUTH CTIHKUMH, IIO CBIIYUTHh MPO CTUXIHHHNA BUXIJI
CHCTEMH Ha HE ONTHMaJbHYy IIOJO0 EKOHOMIYHOI eQeKTUBHOCTI
TPAEKTOPIIO PO3BUTKY.

3 morysiLy CHHEpreTMKHM HeeeKTHBHE YIPaBIiHHA COLialIbHO-
€KOHOMIYHUMH CHUCTEeMaMH TIOJISiTa€ B HaB'SI3yBaHHI CHUCTEMi TaKOTO
MMOBO/DKEHHSA, fKe 1 He BllacTUBE. 3TiMHO 13 CHHEPTreTUIHOIO
KOHIICTIIi€t0 OUThIl eEeKTUBHUM OyJe TaK 3BaHE «M'SKe» yIpaBIiHHS
(Ha BigMIiHY Bifl «KOPCTKOTO», MPOrpamMHOro). M'sxe ynpaeninna —
1€ YIPaBIIiHHSA 32 TOTIOMOTOI) HE3HAYHUX, ajie HaJEeKHUX PE30HAHCHHUX
BIUTMBIB, SIKI MAIOTh BIJNIOBIJATH BJIIACHUM BHYTPIIIHIM TEHACHITISIM
PO3BHUTKY cucTeMH. ['0JI0BHa MeTa TaKoro ympaBlliHHS MOJSTAE B TOMY,
mo0 3aBAJKA HE3HAYHOMY PE30HAHCHOMY BIUIMBY «IIAIITOBXHYTH
CHCTEMY» NI0 OJHOTO i3 i1 BIACHUX CIPHUATINBUX IIIAXIB PO3BUTKY.
CBo€yacHi PE30HAHCHI BIUIMBH MOXYTh BHSBHTH 3HAuyHi, MOTYXXHi
BHYTPILIHI pe3epBU CUCTEMHU.

TakuM YWMHOM, CYTHICTH CHHEPIreTHYHOTO MIAXOAY IO
e(EKTUBHOTO VYNPAaBIIHHSI CHCTEMOIO TIIOJISITa€ B TOMY, IO BiH
OpIEHTOBAaHWH HE Ha 30BHIIIHI BJIACTHBOCTI, HE Ha LI Ta CHOJIBaHHS
cy0'ekTa ympaBIiHCHKOI [iSUTBHOCTI, a Ha BHYTPIIIHI BJIACTUBOCTI
CHCTeMH, ii BJIACHI 3aKOHM €BOJIOINII Ta camoopraHizarmii. Ilpu mpomy
yBara TPUAUIIETBCS TOTOHKEHOCTI  YNPaBIIHCHKOTO  BIUIMBY 13
BIIACHMMH TSHIICHIISIMU TUHAMiKu cucTeMu. CHHEPTeTUYHUN TiAXia 10
VIpaBIiHHSA OpIEHTOBAaHWM Ha Ti3HAHHSI 3aKOHOMIPHOCTEH camoi
CHUCTEMHM Ta MpOoIeciB ii camoopraizaiiii. He3HauHwuii, aje moroKeHun
pEe30HAHCHUH BIUIMB B TOUYKax Oidypkaiii Mo>ke IpU3BECTH 10 CYTTEBUX
3MiH y TPaeKkTopii pyxy (IMOBOKEHH1) CHCTEMHU.

CyyacHMll MEHEDKMEHT BHMAara€ iHTETPOBAaHOTO, CHUCTEMHOI'O
MiAXOAY [0 PO3IJsiAy EKOHOMIYHOI CHCTEMH SIK  CyKYMHOCTI
B32€MOTIOB'SI3aHUX EIIEMEHTIB, 110 OPIEHTOBaHI Ha JOCSATHEHHS DPi3HUX
IMiJIel 32 YMOBU 3MiH Y 30BHIITHBOMY CEPEIOBHII, a YIPaBIiHCHKI
pilIeHHS MaroTh BPaxOBYBAaTH CHUCTEMHHUH (CHHEPTeTHYHHWH) eqQeKT,
3yMOBJICHUH HasBHICTIO Y CHCTEMHM SKICHO HOBHX BJIACTUBOCTEH, SKi
BIJICYTHI y 11 CKITaHOBUX (€MEpPHKEHTHICTIO) [4].
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Jlabopamopna poooma 1.
CraTMCcTU4HI MeTOAM aHani3y eKOHOMIYHOI ANHAMIKK

OcHoBHI BigomMocTi

P50 ounamixu moenHye B cobi Ba psiAM JaHUX — MOMEHTH YH
mepionn 9acy i piBHI O3HAKW UM MMOKa3HUKA. 3aKOHOMipHA 3MiHa PiBHIB
psny — Le TeHAEHIIsl JuHaMiKU. BigxuneHHs piBHIB B OKpEMi MOMEHTH
BiJl TEHJACHLII — II€ KOJMBAaHHA O3HAKH. TEHICHLIS BU3HAYAETHCS
JOBFOCTPOKOBUMH IPUYHMHAMHM, KOJIMBAaHHSI — KOPOTKOCTPOKOBHMHU 200
OUKTIYHAMH YUHHUKAMH. PiBHSHHS, IO amnpokcuMye (QakTH4HYy
TEHICHIIII0 TUHAMIKY, HA3UBAETHCS MPEHOOM.

1106 ommcatn muHAMIYHUHN psia, TpeOa BUSHAYNTH MTOKA3HUKH, 1110
XapaKkTepu3yloTh aOCOJIOTHI i BIJJHOCHI 3MiHH DIiBHIB, PIBHOMIPHICTh
[UX 3MiH, a TAKOK BU3HAUYUTH HOPMY 1 mapaMeTpu TpeHa.

Abconromuna 3mina pieusi (mpupict a00 CKOPOYEHHs) — 1€ PI3HUIIL
MDK pIBHEM 3BITHOTO MOMEHTY 1 piBHEM IIONEPEAHHOTO MOMEHTY
(JTaHIIOTOBUH TMOKA3HUK) a00 PI3HMI MK PIBHEM 3BiTHOTO MOMEHTY i
piBHEM 06a30BOro MOMEHTY (0a3UCHUM MOKA3HHUK).

Ipuckopennsi abcontommnoi 3miny — 1€ PI3HALL MiXK aOCOIIOTHOIO
3MIHOIO Ha JaHWH MOMEHT 1 aOCOJIIOTHOK 3MIHOI Ha MOIMepeaHIn
MOMEHT.

Bionocna 3mina pigus — eIl 3MiHH (TeMI POCTY a0o criafgy) — 1e
BiTHOIIIEHHSI PIBHSA 3BITHOTO MOMEHTY IO pPIBHS TMOIMEPEeIHBOro abo
0a30BOr0 MOMEHTY.

Ab6comomnuii npupicm A 1okasye, Ha CKiIbKH OJWHUIIb BIACHOTO
BUMIpY piBeHb psdy V; Ounbimii (+) i MEeHIIUWH (-) 3a piBeHb, B3SATUH 32
0a3y nopiBHAHHSA (V;.; 9 )p):

JTaHIIOTOBU#M A=Y~V 1, 6azoBuit A=yi-y.

Temn (koeghiyicum) 3pocmanHs TIOKa3ye, Y CKUIbKH pa3iB OIMH

piBeHB psALy ORI 32 1HIITHI:
naHmorosuit K;=y/vi., 6azoswuii K;=y:/yy

Temn npupocmy TIOKa3ye€, Ha CKUIBKM IIPOLICHTIB 3HAYEHHA J;
OimpIme (+) 9yu MeHie (-) 3a piBeHb, akuit mpuitHATOo 32 100 %.

AbcomoTHe 3Ha4eHHS 1% TIPUPOCTY OOUHUCITIOETHCS K YacTKa Bill
JieHHsT aOCONIOTHOTO MPHUPOCTY Ha TEeMI NPUPOCTy, TOOTO Bara
BIJTHOCHOTO MPHUPOCTY € HE IO iHIIe, IK COTa YacTHHA PiBHS, B3STOTO 32
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0a3y MOpiBHIHHSL.

Cepeonvopiunuii.  abcomomuuti  npupicm — 1€  CEPEIHE
apuMeTUYHEe3 JIAHIIOTOBUX a0COIIOTHUX PUPOCTIB.

Cepeonvopiunuti memn 3pocmanHs BU3HAYAIOTH 32 (OPMYIIO0
CEpEeIHbOTO TEOMETPHYHOTO

Ilpuckopenns (cnoginonenns)  3pocmauHa — OOUMCIIOIOTH
3iCTaBIEHHIM OIHOWMEHHHX XapaKTEpPHUCTHUK MIBUAKOCTI 3pOCTaHHS,

HANpUKJIaz, abCOMOTHUX NPUPOCTiB: O, = A, — A, .

3nayends &,<( CBiIUUTH MPO CIOBUILHEHHS 3pOCTaHHA. Temm
CHOBUIBHEHHS aOCOIOTHOI IIBHUAKOCTI OOYHCIIOIOTH BiJTHOIIEHHSIM
a0COIOTHHUX TPUPOCTIB.

Ipuckopenns (cnoginvhents) i0HOCHOT WBUOKOCMI BU3HATAETHCS
AK 4acTKa BiJ| AIJICHHS CEpelHBOPIYHMX TEMITiB 3pOCTaHHs. JlimbHUKOM
BUCTYTA€ OUTHIININ 32 3HAYCHHSIM MapaMeTp.

Inoexcu — 1e TOKAa3HUKW 3MiH, IO Ha BiAMIHY BiJ I1HIIUX
MOKA3HUKIB (JUHAMIYHUX 1 KOPENSIIHHHUX) JTO3BOJSIOTH BHMIipIOBATH
3MiHY CKJIaJHHX, arpETOBAHUX PO3MIpiB, HE OMMMCAHUX aHAIITHYHO.

Ianexc moxe OyTH 3BEEHUM, SKIIO MOPIBHIOIOTHCS y3aralbHEeH1
po3Mipu (03HaKM abo0 TIOKa3HUKH), ab0 IHIWBIAyaJIbHUM, SKIIO
MOPIBHIOKOTHCS BJIACHI PO3MIpH.

Cucremi o3HAaK BiANOBiZae cucTeMa iHAEKCIB. Tak, HANPHUKIA],
CHCTEeMi O3HAaK W = ¢p , A€ ¢ — 00'eM MpoJaxiB, p — IiHa TOBapy, W —
BUTOPT BiJl MPOJAXiB, BIANOBIA€ CUCTEMa Yy3arajJbHCHHX 1HJICKCIB
1,=1,*1,.

Inmekcu  MO3BONSIOTH TAaKOXK —aHANI3yBaTH 3MiHY CEpEIHIX
po3MipiB o3Hak. Hampukian, MoxkHa aHali3yBaTH 3MiHY CEpEIHBOI IT0
perioHax IiHU B 3BITHUH Tepio]] y MOPiBHSAHHI 3 0a30BUM TEpioJOM MpH
¢ikcoBaHOMY 200 3MiHHOMY CKJIaJli peajli3oBaHuX TOBaPiB.

[auBiyansHi iHIEKCH OOYHCIIOIOTH OKPEMO IJIsi KOXHOI TPpyIu
TOBapiB. [HAMBILyanbHUI {HIEKC WiH §,=Pp /Py, AHAIOTIYHO BH3HAYAIOThH
iHAMBIAyaspHi iHAEKCH (i3HIHOTO 00CSTY I;=q /0.
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IaguBiqyambHI  IHOAEKCH TOBapoOOOPOTY  pPO3pPaxoOBYIOTH  3a
_ P4

Podo
3aranpHUN 1HAEKC TOBAapOOOOPOTY B LUJIOMY OOYHCIIOIOTH 32

_ 2 _2.pd
Zpo% Zpoch
3aralbHUH iHAEKC ¢i3uyHOro 00cATy peamizaimii OOYHCIIOITH 32
_ ZP()CA

ZP{JCIO '

CrcreMa B3a€MO3aNIeKHUX iHIEKCIB MaTume BUTIsiA 1y, =1, *1, .

AOCOMIOTHUI  TPHPICT OOYUCIIOITH  SK  PI3HUIIO MK
YHCEILHUKOM 1 3HAMEHHUKOM BIIIIOBIAHUX 1HIEKCIB.

AOGCOMOTHHI IPUPICT TOBApOOOOPOTY B LIIOMY CTAHOBUTH!

qu = ZPﬂl - ZP()% )

3a pPaxyHOK YMHHHUKIB!

A, =D P =, Pty » A, =D podi = D, Pod -

IHopsinox BMKOHAHHS Ja0opaTopHOI podoTH

opmyuoto 7,

dopmynoro 1, , saranbHuil iHpexkc win [,

dopmyaoro /,

BukopucTtoByroun OAMH 13 MakKeTiB NPUKIAAHAX [POrpam
KoMm'foTepHoi mMaremaTuku (taOmmunmii mpomecop Excel, MathCAD,
Maple 4u iH.) BU3HAYUTH CTATHCTHYHI XapaKTEPHUCTUKU AMHAMIKH IS
MOKA3HMKIB, 3HAUEHHs AKUX HaBeaeHi y HonaTtky 1:

1) 6a30Bi i JaHITIOTOBI XapaKTEPUCTUKH JWHAMIKA: aOCONIOTHI
MPUPOCTH, TEMIH 3POCTaHHS 1 MPHUPOCTY, aOCOMOTHI 3Ha4YeHHs 1%
PUPOCTY;

2) cepeaHBOPIYHI TEMITH 3pOCTaHHS 1 a0COIOTHI PUPOCTH;

3) koedimieHT TPUCKOPEHHS (CIIOBUTLHEHHS) 3DOCTAHHS;

4) iHAUBIAyaNIbHI 1 3araJibHI THICKCH.

3aBaaHHs I CAMOCTIiHHOT po0oTH

Po3pobuTty anropuT™ Ta MporpaMHe 3acTOCYBaHHS, IO peati3ye
00YHCIIeHHS! OCHOBHUX CTATHCTUYHUX XapPAKTEPUCTHK TUHAMIKH.
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Jlabopamopua poooma 2.

ExoHOMeTpuUHi (KkopensuinHo-perpecinHi) metoau
aHanisy eKoHOMIYHOI ANHaMIKK

OcHoBHI BigomocTi

PiBHstHHA NiHIMHOT 6araTodakTopHOi perpecii Mae BUTIISAA:
y=pxi+ Prxy 4o+ frx +u,
ne f;,(i=1,2, ..., k)— perpeciiini koedimientu,
U — BIAXUJICHHS,
y — perpecann (3aexHa 3MiHHa),
X1, ..., Xk — perpecopu (He3anexKHi 3MiHHi).
Perpecop x; BUKOPHCTOBY€EThCS i yHI(IKALIT MOAEII 1 3aBXIU
TIOPIBHIOE OJTMHUIIL.
3MiHHi X 1y — pe3yJIbTaTu CIOCTEePEKEeHb, TOOTO IX iHAMBIAYyalbHI
3HaveHHs (peaizallii) MOKHA BUMIpSTH B MOMeHTH Yacy ¢t = 1, ..., T.
Jlnst Toro, 1006 OIIHUTH TapaMeTpu MOJEII ﬁ, , He0OX1IHO MaTH

T 3naueHp KOXHOTO perpecopa X i I 3Ha4YeHb perpecaHma y y
BiIMOBiMHI MOMEHTH dYacy. llpW 1pOMy JOBXKWHA AWHAMIYHHX DSIiB
CIOCTEepEKEHb MOBHHHA OYTH OLTBIIOIO 32 KUTBKICTh PErpecopiB, TOOTO
T>k.

[ToxmOka (BiAXWICHHS) PIBHSIHHS IS /-TO MEPIOAY JOPIBHIOE

U =y, =y,

JIe V; — 3HAYCHHS perpecanjy, o CIOCTEePIiraeThes;
= — OLHKA Y TP 3HalACHUX 3HAUYCHHSIX OL[IHOK Koe(iLlieHTiB ,B, .

Y
3a Tteopemoro l'aycca—MapkoBa 3 ycixX OIiHIOBadiB (DYHKITis
OIIIHIOBaHHs OJTHOKPOKOBHUM METO/OM HaiiMeHIux kBazaparie (MHK)
JUTSI TIHIHHOT MOJIeI € HaAWKpaIo (QyHKITIEIO OIiHIOBAHHS.
OCHOBHI NepeyMOBH, PU BUKOHAHHI AKHUX IUIs PO3PAaxyHKy /3,

MO’KHa BUKOPUCTATH OJHOKpOoKoBuit meron MHK:

a) MaremaTHuHe OYiKyBaHHS BiIXHWJIEHHS JOpiBHIOE Hyr0 M(u)
=0.

b) BiacyTHiil CHIBHUH CTATUCTUYHHIA B3a€MO3B'SI30K YMHHUKIB
(MyJTBTHKOJIIHEAPHICTB ).
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¢) BimcyTHsS cuiapHa 3aJEKHICTP MDK BIIXHJICHHSAMH, IO
BITHOCSATBHCS J0 PI3HHUX MEPI0JIiB (ABTOKOPEIALLs).

d) Hucmepcis BigxwieHb y pi3Hi Nepioau mocTiliHa (BiacyTHS
TeTepPOCKETaCTHIHICTB).

Y wmarpuuHOMy BHUIIIAI  ¢dopmysia OOYMCIEHHS  OIIHOK
perpeciiinix xoeginientis 32 MHK 6yze Takoto:

B=(XX)" X5,
1€ [J — BEKTOp OLIIHOK MapaMeTpiB PiBHAHHS perpecii,
X — MaTpuIsg 3HaU€Hb YHHHUKIB X, 110 CIIOCTEPITalOThCS,
X' — TpancrioHoBaHa MaTpPHUIA 10 X,
¥ — BEKTOp 3HAUEHb 3AJIEKHOI 3MIHHOI }, 110 CIIOCTEPIraeThes,
(X'X)! — o6epuena matpus.

Bekrop y i marpuis X pa3om yTBOPIOIOTH MATpPHIO HaHHX D
posmipuictio Tx (k +1).

Jlns OOYHMCIIEHHS OITIHOK perpeciiHuX KOedIIlieHTIB 3py9HO
BUKOPHCTOBYBATH cTaTHCTHuHY (yHKIi0 «JIMHEUH» TaGmuunoro
npouecopa Excel, mo no3Bosisie pospaxyBaTtu OaraTo mapamMmeTpiB
perpeciitioi Mozeri. 3ayBaxumo, o ¢pyukuis « TMHENH» peanizosana
SIK OTIepAaIlisi 3 MACHBaMH 1 MOTPeOye BUIUICHHS BIIOBIAHOTO Jialta30Hy
KOMIpOK mepen il BUKOPUCTAHHSM Ta HATUCHECHHS KOMOiHAIli KiaBiln
Ctrl + Shift + Enter HanIpuKiHII.

Pesymbratn  dynxuii «JIMHEWMH» npu k = 4 posmimeni B
komipkax Excel y Takomy nopsaky:

B, B $ B
Oy, Op, Gy, 7
R? 6—}. . -

F (T-k) i i
Sres Sren : :
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ne [}, — OUiHKHM perpeciiHux KoedilieHTis,

o 5 — OLIHKH  CEPeIHBOKBAJPATHYHHX  MOXHOOK  PErpeciiiHuX
KoeiIli€HTIB,

O, — Cepe/IHbOKBAIPATUYHE Bi/IXUIICHHS PETrPECaHly V),

R? — KoeQillieHT neTepMiHailii,

F — xpurepiit ®imepa,

T — gucno cnocTepexeHb,

Sreg 1 Srest — perpeciiina i 3aIuIKoBa aucrepcii.

Jlnst OOYHMCIEHHsS OLIHOK J, perpecamiay ) 3a yci Imepioau
CIIOCTepEeXKEHh ~ MOXKHA ~ BUKOPHCTATH  CTAaTHCTHYHY  (DyHKIIiIO
«TEHJAEHIW», o Takok peanizoBaHa SK ONEparlis 3 MAaCHBAMH:

a) BUJIUIMTY Jiana30H KOMipOK, HEOOXiTHUI IS pO3MIIIICHHS BCiX
T 3HaueHs ), ;

6) Buxmukatd  ¢yskmiro  «TEHAEHLUWS»  (kxareropis
CTaTUCTUYHUX (YHKIIN) 1 BBeCcTH 4 1 mapaMeTpu: KOOPIWHATH BCIX
BiJOMUX 3HAY€Hb pE3yJbTYIOUOTO TOKa3HUKA J; KOOPAWUHATH BCIX
BIJIOMHX 3Ha4YeHb perpecopis X (Marpuis X); KOOPIHHATH BCiX 3HAYECHD
perpecopiB X, 1Uist SIKUX Tpeba po3paxyBaTH BEJIUYHHH ) (3HOBY MaTPHIIS
X 4n 3amaHi 3HAYCHHS YHMHHHUKIB); JIOTIYHY KOHCTAHTY, IO JOPIBHIOE
Hymo. Hatucnytn xom6inaniro knasim Ctrl + Shift + Enter.

[y BU3HAUEHHS CTATUCTHYHOI HaIiHHOCTI OKpeMHUX Koe]ilieHTiB
perpecii BUKOpPHCTOBYeThCs Kpurepiii CrtbiomeHTa (f-kpurtepiit). s
KOXKHOTO YHHHHKA X; PO3PAXOBYEMO KPHUTEPIH f;:

i
g

ne o 5, — CEPEIHBOKBA/PATHIHA noxubka KoedimienTa f;.

7

SIkmo |t > ty, TO TpuUiiMaeThCs Tinoresa Mpo Te, IO OLiHKA
koedimienta f; 3 Biporimuictio (1 — ) craructruno HaxiiiHa (a0 — He
IOTIYCTHMa BIpOTiMHICTh TOXWOKH, SKa 3aTA€ThCS TOCHTIITHUKOM, IO
crBoproe mozenb; 3a3suyail o = 0,05). B Excel s BusHadeHHS f,
BukopuctoByersest GpyHkitist «KCTBIOAPACIIOBP(a, T- k)».

Jlist mepeBipkd pIBHSHHS B LIOMY PO3PaxOBYIOTh 3Ha4eHHS [
kputepito dimepa i MOPIBHIOIOTH HOro 3 KpUTHYHUM. Skmio F > Fj,, TO
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3 Biporimaictio (1 — o) npuiiMaeTscs TrimoTe3a MPO CTATHCTHYHY
HaJIMHICTh PIBHSHHSA B IJIOMY, I1HaKIIe — CJiJ 30UTBIIUTH YHUCIO
cniocreperxxeb. B Excel 3HaueHHst [, BU3HAa4YaeThCs 3a JIOMOMOTOIO
¢yukuii «<FPACIIOBP(a, T- k, k—1)».

. . . )
Jocnimnty MyJIbTUKOTIHEApHICTh MOXXKHA 3 JOIOMOTOI0 Y
-kpurepiro @appapa—I nobdepa:

7r=- T—l—é(2k+7) Indet(M)

ne det(M) — Bu3HAaYHUK KOpEJAIiiHOT MaTpuili M, eneMeHTaMu SKOi €
koedinientn kopemsuii 7 (0 < | 7 | < 1), KOXeH 3 SKUX XapaKTepHu3ye
CTaTHCTHYHUI B3a€MO3B'SI30K YNHHHUKIB X; 1 X;.

Jns  pospaxynky — koedimienta kopemsmii B EXCEL
BUKOPUCTOBYIOTH (hyHKLi10 « KOPPEJI(x;; X))».

3Ha4YeHHs KpPUTEPito ;(2 HOPIBHIOETHCS 3 TAOJIMYHUM IPU
1/2 — k(k — 1) crymensx cBoGomu i piBHi 3Hauyymocti . SIKIo
(akTUYHE 3HAYEHHSI KPUTEPil0 BUIIE 3a TAOIWYHE, TO B MOJEI iCHYye
MYJIbTHKOIHEAPHICTb.

[Tpu BUsBIECHHI MYJIbTHUKOJiIHEAPHOCTI HEoOXimHO B Marpuii M
3HAUTH HaiOinpmIl KoedilieHTH Kopessiuii 7; 1 3aMiHMTH BiANOBimHI
mapd YMHHUKIB  X; X; HOBHMMH, TOOTO, HE3B'SI3aHUMH a0o
MAaJIOIOB'I3aHUMHA YMHHUKAMH. [liciasg 3aMiHM YWHHUKIB HEOOX1ZHO
3HOBY BHKOHATH iaTHOCTHUKY MYJIbTHKOIIHEAPHOCTI.

Jns mepeBipkM Ha aBTOKOPEIALII0 TMOTPIOHO po3paxyBaTu
3HaYEHHsI KpUTEPito d:

4 2
Z(”r —U )
_1=2
d= T
th,z
=1

Bin Moxe mnpwuiimarn 3HaueHHs 3 npomikky [0, 4]. Skmo
BIIXHWJICHHS U; — BHITAJKOBI HOPMaJbHO-PO3MOIIJICHI BEIMYWHHU, a HE
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ABTOKOPEJIbOBaHI, TO 3HaYeHHS d ~ 2; pU NOAaTHIN aBTOKOpesuii d <
2, nipu Big'emuiit — d > 2.

@DakTUyHI 3HAYCHHS KPUTEPIIO IOPIBHIOIOTHCS 3 KPUTHIHUMH
(TabJIMYHUMM) 32 YHCIIa CIIOCTEPEXKEHb 1 1 YrCia He3aIeKHNX 3MIHHHUX
k nns subpanoro pisus 3Hauymocti o = 0,05. TaGnuuni 3HAYEHHS
MaIOTh HIKHIO MEKY d,, 1 BEpXHIO d.

Skmio d < d,, , TO BiIXueHHs MalOTh aBTOKOPEIALi0. K10
d > d,, To npuiiMaeThCs rimoTe3a mpo BiACyTHICTH aBTOKOpessii. Konn
d, < d < d;, TO KOHKpPETHUX BHCHOBKIB 3pOOUTH HE MOXKHA: HEOOXiTHO
JTajIi IPOBOAUTH MOCIIIKEHHS IS OUTBIITOT KITBKOCTI CIIOCTEPEKECHb.

3a HasBHOCTI aBTOKOpenslii Tpeda TOOyAyBaTH MAaTPHIIIO
neperBopenns 1Y, enementamu skoi € (yHkuii koedimienTa aBTO-
KOpEJIALIiT, | OOYKMCITUTH MIEPETBOPEHY MATPHIIIO BXiqHUX JaHux D*,

2
l1-p~ 000
7A_]=p 1 000
- * A =.pA
00 —pl 0 D ={T"-y:T"-X}
5’,_/ e
00 0 1 y* X >
ne p=1-d/2.
Jo neperBopenoi marpuiii D * moxkua 3acrocoByBatn MHK.
Marpuis MoYaTKOBUX HaHUX X COPTYETHCS 3a 30UIBIIECHHIM
3HaYeHb YHMHHWKA, BiJl SKOTO 3aJIEKHUTh JUCIEPCiS BIAXWICHHS, i
posminsgeTrbcs Ha gBi  wactumm: 1; i T.. B ommiit uwacTuHi
KOHIIGHTPYIOTBCS JaHi 3 MEHIIMM 3HAYCHHSAM JOUCIepcii BiIXWJICHb, B

IpyTid — 3 OuTeImUM. {7 KOXKHOI 9aCTHHH OOYHMCIIOETHCS IHCIICPCis
BIIXUJIEHD:

T1 72 5
2
E u; E Uy
2 _ -l 2 _ =N+l
Oy = > Yu2 T
T—k T, —k

Oo6uncroeTses KpuTepiit F' K BigHOIIEHHS OLIBIIOI AUCIIEpCii 10
MEHIIIOT:
2
F = 02 5 -
Oyl
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3HajifieHe 3HAYEHHS KPHUTEPit0 F IMOPIBHIOETHCS 3 KPUTHYHHM
3HayeHHAM F,. Skmo F > F,, Te TeTepoCKeNacTHYHICTh iCHYE i
HEOOXIiZHO TepeTBOpUTH MaTpuifo X 3a JOMOMOrOI0  MATPHIl

nepersopenns 1%
Jlo neperBopenoi Matpuni D * moxna 3acrocoByBatn MHK.

/ 0 00

O-IIl

0 / 00
Uu,

0 0 / 0
Gz/l

0 0 o%
) pr=art .yt

V' x
_ |2 R
ne G, =+0u1 5,0, =02 -

Jlis MOpiBHANIBHOTO aHallizy BIUIMBY YMHHHKIB Ha BEIUYHHY Y

-~ H _
I'y'p =

BUKOPHCTOBYIOThCS CTaHIApTH30BaHi KoedimieHTn perpecii [ i

Koe(irieHTH enacTHYHOCTI & . UnM OinbIINM € abCONIOTHE 3HAYCHHS
S . . .
A, TUM CUIIBHIIIE BIUIMBA€ YMHHUK X; HA ). [Ipu 301IbIICHH] YHHHUKA

X; Ha 1% IOKa3HMK ) 3MIHIOETHCS HA &; BIJICOTKIB.

N Oy
,8/ :ﬂ/ - )
o,
},
X
gj :IBT]a
y

S . ..
ae [ — craHgapTH30BaHUi KoedilieHT,
O — Cepe/IHbOKBAJIPATHYHE BIAXUICHHS perpecopa X;,
&; — KOeiIIe€HT eTaCTUIHOCTI,

1

X;,Y — cepelHi 3HAUCHHSI.
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IMopsigok BUKOHAHHS JIa0OPATOPHOI Ppo0oTH

1. Mnst mepesipku nepeaymoBd M(u) = 0 gocuTh BU3HAYMTH, YK
nopiBHtoe ( cepefHe 3HAYeHHA BIOXWJICHHS U 3a ycCi Tepioad
CIIOCTEPEIKEHb.

2. 3nilicHUTH BifOip YMHHKKIB. UrM Oiblllec YNHHUKIB BKIIIOUYEHI
B DIBHSHHS perpecii, THM aJeKBaTHIIIOK JO TOYaTKOBHX JaHUX €
Mojenb. [Ipote, 31 30UIBIICHHSM YUCIIA BPaXOBAaHUX YUHHUKIB POCTYTh
BUTpaTH Ha 30ip i 00pOOKY CTATUCTHKH 32 IIUMU YMHHUKAMH. ToMy aJst
BKIIFOUEHHS B MOJENb CIiJ BiAOWpaTH TUTPKA BaXKJIMBI YMHHHUKH 32
TaKOIO MOCTIIOBHICTIO:

a) BKITIOUHMTH y PiBHSAHHS perpecop X; = 1 i sik perpecopu X, i X3 —
JIBA SIBHO i1CTOTHUX YNHHHUKH 3 YOTHPHOX 33JaHUX;

0) i3 YMHHMKIB, IO 3aJHILMIUCS, BiAiOpaTH TOW YWHHHK, AJIS
SIKOTO MAaKCHMAJIBHUM € CKOperoBaHuii KoedilieHT nerepminariii Tefna:

R} =1-(1-R? r=r
T—k

3. BukonaTu nepeBipKy CTaTHUCTHIHOI HAIIHHOCTI MOJIENI:

a) BU3HAYUTH CTATHCTUYHY HAaIilHICTh OKpeMHUX KOe(illieHTiB
perpecii 3a kputepiem CTbIOJIEHTa (SKIIO X0Y OJUH KOoeilieHT perpecii
CTaTUCTUYHO HE HAMIWHWUH, TO Ciifg 30UIBIIUTH YHCIO IEpiomiB
CrocTepexeHb, T00TO urcio 71);

0) mepeBipUTH PIBHSHHS B JIOMY 3a Kputepiem Dimrepa.

4. llepeBipuTH Ha MYJBTUKONIHEAPHICTH 32 JOTIOMOTOIO ;(2
-KpHUTEPIO.

5. BukoHaTu mepeBipKy Ha aBTOKOPEJAIiI0 1, 32 HEOOXITHOCTI,
pO3paxyBaTu MEePeTBOPEHY MATPHLIO BXiTHUX JaHHX.

6. [lepeBipuTH Ha reTePOCKETACTHIHICTb.

7. BUKOHATH TOPIBHSIIBHHN aHaji3 BIUIMBY YHHHHKIB IUIIXOM
0o0YMCIIeHHS] CTaHJApTH30BaHUX KoedilieHTiB perpecii i KoeQilieHTiB
€JTaCTUYHOCTI.

3aBaaHHs I CAMOCTIiiHOT po6oTH

Po3pobutu anroputM Ta mporpaMHe 3aCTOCYBaHHS, IO pealizye
KOpEJSIiitHO-perpeciiiii METOIN aHaTi3y eKOHOMIYHHX TTOKA3HHKIB.
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Jlabopamopua poooma 3.

MporHo3yBaHHA €KOHOMiYHMX MOKa3HMKIB Ha OCHOBI
TpeHAoBUX Mogenen eKOHOMIYHOI AUHAMIKKU

OcHoBHI BigomocTi

B exoHOMIYHMX [OOCHI[UKEHHSX YacTO BHHHMKAE 3ajada
BCTaHOBJICHHSI 3B'S13KYy (aHANMITUYHOI 3aJIE)KHOCTI) MK TOKa3HUKaMHU, SIKi
MO3HAYMMO 3MiHHUMH X 1 Y. Lle 3B'130k Moxe OyTH (yHKLIOHATBHUM
a00 cToxaCTHYHUM (KopessauinHuMm). CmoxacmuyHuil 36'a30K 1okasye
3aJEeKHICTh  MDK  BHINQJAKOBUMH  (OTpUMaHMMU B pe3yJbTaTi
CIOCTEpPEXKEHb YW  CKCIECPUMEHTIB) BEIMYMHAMH, SIKI MOXYTh
mepeOyBaTH IMiJl BIUIMBOM IHINIWX BENMWYMH. Hampukmanm, 3anexHICTh
BEJIMYMHU CTOKY BOJM B piumi ()) Bif cepeaHboI000BOI TeMIepaTrypu
MTOBITPS (X), 3AJIEKHICTh KOHIIEHTpPAIil 10HIB BAYKKAX METAJIIB Y CTIUHIH
Boli () BiJ MPOAYKTUBHOCTI OYMCHHX CHOPY[H (X) TOIIO. 3a3BHYaid,
3HAa4YeHH: MMOKA3HUKIB X 1 ) 3aMUCYIOTh Y BUTJISIII TaOJHIIi:

IToka3HHK X IToka3HUK y
x1 yi
x2 y2
xXn yn

SIKmo Ha KOOpAMHATHIM IJIOMIMHI BiIKJIACTH TOYKH (Xi Vi), TO
OTPUMAEMO HOJI€ PO3Ciloéannsa BenuunH X 1 y. HabmmkeHHs TaOIMuHIX
JaHUX  (QYHKIIOHAIBHOK  3AJEXKHICTIO Y= f(X)  Ha3UBAETHCA

AnpoKcUMayicro Oanux.

Tabmuuyauii  mpouecop Excel wmae xopomi 3acobu s
CTaTHCTUYHOI 0OpOOKH JaHWX Pi3HUMH MeTonaMu. Po3risHeMo oiuH i3
aJTOPUTMIB JOCIIHKSHHS 3B'SI3KY MK IBOMa 3MiHHUMH, TTOOYIOBH JTiHIT
TpPEeHAy, ULI0 alpoKCUMYE eKCIEpUMEHTAIbHI JaHi 1 J03BOJIIE
MIPOTHO3YBATH 3HAYEHHS ) [UIS 3aJaHOT0 3HAYEHHS] YUHHUKA X.

1. TloOymyBaTu mose po3citoBaHHS MOKa3HUKIB X 1)

(BcraBka ~ Jlnarpamma ~ Toueunas)

2. Jlo6aButu miHito TpeHay (Amarpamma ~ Jlo6aBUTH JIMHHUIO

TpeHaa, BUOpaTH TUN JIiHIT TPEH Y, KOPUCTYIOUUCH PO3MIIICHHIM

TOYOK Ha TOJI PO3CiIIOBaHHS 1 BpPaxoBYIOUM KoeQilieHT
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JOCTOBIpHOCTI ampokcumarii R°, B 3akmagui Ilapamerpbl
00OB'SI3KOBO CITiJi BCTAHOBUTH TMPATOPIll HOKA3bIBANb YPAGHEHUE
Ha ouazpamme 1 nomecmumev HA  OUASPAMMY  BEIUYUHY
docmogepHocmu annpoxcumayuu (R™2)).

. 2 . .
Ipumimxa. 3Ha9eHns R~ MicTUTHCS B Mexkax Bin 0 g0 1; R?=1 O3HAYae,
IO JiHiS TpPeHAY a0CONIOTHO TOYHO ampOKCHMYE 3B'SI30K, TOOTO Mix
BeTMYMHAMH X, V ICHye (GYHKI[IOHaTbHA 3anexHicTh. J[loOporo

. 2
BBAKAETHCA anpokcuMariis, skmo 0,9 < R-<1.

3. OOuucnuTH TPOTHO3HE 3HAYCHHS, KOPHUCTYIOYHCHh PIBHSAHHSIM
JHIT TpeH Y.

4. Jlatu OuLIHKY NOpOoTHO3Yy (AHAJAU3 AaHHBIX ~ OnmcarteJbHasi
CTATUCTHKA).

Iopsinox BUKOHAHHSA Ja00opaTOpPHOI podoTH

Jns manux i3 Jlonatky 2 3acobamu tabmuuHoro mponecopa Excel
moOyayBaTH TOJe pO3CiIOBaHHS TOKAa3HHWKIB, BUOpATH IIHIIO TPEHIY,
OOYHMCINUTH TPOTHO3HE 3HAYEHHS, KOPHUCTYIOYHCHh PIBHAHHSAM JIiHI{
TPEHAy Ta AaTH OL[iHKY MPOTHO3Y.

3aBaaHHs Il caMOCTilHOT podoTH

Po3pobutu anroputM Ta mporpaMHe 3aCTOCYBaHHS, IO peallizye
MPOTHO3YBaHHS EKOHOMIYHUX TIOKa3HWKIB Ha OCHOBI TPEHIIOBHUX
MoJeel EKOHOMIYHOI JUHAMIKH.

Jabopamopna poooma 4.
MobyaoBa niHinHOI TpuranyseBoi mogeni JleoHTbeBa

OcHoBHi BizoMocTi

JliniiiHa Mixrany3eBa IuHaMi4Ha MOJIeNb JICOHThEBA Ma€e BUTIISIL:
dX(t
X(t)=A4AX(t)+B ()+C(t),
ne X (1) =[x;(#)] — BexTop-cTOBIENH OOCATIB BAUPOOHUIITBA;

dx(r) [ dx, (1)
dt | dt

— BEKTOP-CTOBIIEIh A0COFOTHUX MPUPOCTIB BUPOOHUIITBA;
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C(t) — BeKTOpP-CTOBIEIb CIOXWBaHHS (pa3oM i3 HEBUPOOHHYIUM
HAarpOMaKEHHSIM);

A={q, J } — Marpuis Koeil[ieHTiB MPAMHUX MaTepialbHUX BUTPAT;

B={b;} - wmarpuus koeQiuieHTiB KamiTAaTOMICTKOCTI NPUPOCTIB
BUPOOHMITBA (BUTPATH BHPOOHMYOTO HATPOMAKEHHS HA OJMHHMIIO
NPUPOCTY BiAMOBIAHKMX BUAIB npoaykii) (7, j € {1,...,n}).

3amicTh  “3He0cOONEHMX” Tamy3ed, MpeACTaBICHUX TUIBKU
MOPSAIKOBUMH HOMEpPaMH, BUIUIMAMO Taly3i, [0 BHKOHYIOTH OCOOJHWBI
(GhyHKITII B TIpOIIECi BIATBOPCHHS.

[MominuMo Bce BHUPOOHHMIITBO Ha TPU Tainy3i: BUPOOHHIITBO
3HapAOb mpaui (ranysb 1), BApOOHMLTBO HpeAMETIiB mpaui (ramysb 2),
BAPOOHHIITBO TpEAMETIB CcHOXHBaHHS (Tamy3s 3). B pesynbrarti
OTPHUMYEMO TpPHUTANy3€BY CHCTEMY, SIKY MOXHa JOCHI/DKyBaTh 3a
JOMIOMOTOI0 MKTally3eBOi AMHAMiuHOI Mozeni JIeoHTheBa.

VY 3a3HaveHid Tpuramys3eBill cucTemi JuIe Tamy3b | 3IiHCHIOE
KamiTaJlbHI BKJIAJICHHS, Taly3b 2 3abe3nedye TUIBKH TPOMiXKHE
CIIOKUBaHHS, a BeCh (DOH/| CIIOXKUBAHHS 3a0e31euye rainyssb 3.

3amuimemMo CHUCTEMYy pIBHAHB, 3BaKaloud Ha (YHKLIOHAJIbHE
NpU3HAYCHHS MPOIYKIiT TPHOX ray3eit:

dx dx dx,
x1(2) = ay (1) + ayyx, (2) + a3x5(2) + bu?tl"‘ by, d_t2+ 13 dtj

X (8) = ay X, (1) + ayx, (1) + ay3x5(7)
x3(1) = c(?)

ITincTaBuBIIN Xo(7) 1 X3(¢) y mepiie PpiBHSHHS, OTPHMAEMO
nudepeHIliiHe PiBHSIHHS TaKOTO BUTIISAY:

~dx dc
~ l ~ ~
xi(t)=ax()+b—-+gic(t)+ g —,
dt dt
- a,a ~ b,a

e @ =ay + PLINy b =b,+ 1291

—dy —dy
~ _ djpdys ~ _ byyay;
g =a3+t——, & =b;+——.

l_azz l_azz
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TexHONOTIYHUI TEMIT IPUPOCTY, AKHH JocsaraeTbes npu C(1)=0,

. - l-a
JOpiBHIOE A = ———.

Ipu c(t) = cye™ Tpaexropis X\(¢) Mae BUTIIAL:
g +1rg, )y ) i g +7r2,)C
x, (1) = (xl(()) _&itrgr)ey — gz)N” je”' + (81 178)¢ — &2 )NO e
l—a-rb l—a-rb
30kpema, Tpu cTajaoMy piBHi criokuBaHHs (#=()) OTpUMyEMO:
g.C i giC
x (1) =| 3 (0) — SLL | 4 B1%0
l-a 1-a
TOOTO TEMIT TPUPOCTY BHUPOOHMIITBA 3HAPSAIAL Tpari AyKe IMBHIKO

OpsIMY€ 10 BETUYUHA A .
[Ipomopriitine  3pocTaHHA  BCiX  Tamy3edl  BHUpOOHHWIITBA

(1 :5)3(;(0) - £1%
bx;(0)+ g,¢

x,(1)=x,(0)e”" (i=1,2.3) icuye npu 7, =

bOMY O£r0</i.

[opsiok BUKOHAHHS J1A00PATOPHOI po0OTH

1. 3a momomororo TabmmuHOro mpormecopa Excel (MathCAD,
Maple uu iH.) po3paxyBaTH Ta MoOyayBaTH TpaexTopii Xi(?), X»(t) i
X3(t) st 3aiaHuX MaTpuils koedimieHtis 4 i B.

2. Jocminuty po3paxoBaHy TPUTATY3E€BY TUHAMIYHY MOJIENH IPH
CTaJIOMY PiBHI CIIO)KMBaHHSI.

3. OOYHUCIIUTH TEMIU MPUPOCTY BUPOOHHUIITBA 1 CIIOKUBAHHS MPU
MPOTIOPIIITHOMY 3POCTaHHI Ta MOXKIIUBI CITIBBiTHOIIIEHHS MI>K HAMH.

3aBaaHHs 1 CaMOCTIiiiHOT po6oTH

Po3poOuTn anroput™ Ta mporpaMHe 3aCTOCYBaHHs, IO peaji3ye
YUCJIOBE 3HAXO/DKEHHS pO3B's3KiB  3amaui  Komri  mis  cuctemu
IuQepeHiiHIX PIBHSAHB, KA OMKCY€E TPUTATY3eBY MoJeNb JICOHThERA, i
Oyaye rpadik (TpaeKkTopiio) PO3BUTKY.
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Jlabopamopua poooma 5.

NMobynoBa HeniHiMHOI Mogeni JleoHTLEBA Ta AOCNIAXKEHHA
TPa€EKTOpPil EKOHOMIYHOrO PO3BUTKY

OcHoBHI BigomocTi

Sk Bigomo, auHaMiuHa MoJeiab JICOHThEBA € JIeTalli30BAHOIO
MOJEIUTIO 3pPOCTaHHS BaJloBOTO cycmiibHOro mpoxykry (BCID) i
HarioHansHOTO Aoxony (HJI). B ocHOBI Momemi NeXHTh MPHITYIICHHS
PO B3aEMO3B'SI30K MiK HakomuueHHsM 1 mpupoctom BCIL Ileit
B32€EMO3B'S30K Pealli3y€eThCs 32 JOIMIOMOIOI0 MATPHUIIl KaIliTaJIOMICTKOCTI
npupocTiB  BUpoOHuITBa. Kpim Toro, mnependadaeTscsi MHTTEBICTh
MIEPETBOPEHHS KAIlTaJOBKIAJeHh Yy TPHUPICT OCHOBHUX (OHIIB Ta
MUTTEBICTh Bigmaui nux (OHIIB B 0OCsArM BUpPOOHMITBA (1110, B3arai,
HENpaBWIbHO). Yac BBaXaeThCsd HEMEPEPBHUM, MO  JO3BOJISIE
3aCTOCYBaHHS AU(EpEHIITHIX PiBHSHB.

Buxopucrosyroun B3aemo3's130k Mixk BCIT Ta H/I:

Xy =(E-A'Y@),

ne Bektop Y(¢) xapaktepusye ramyseBy ctpyktypy HJI, omepkano
piBHSHHS Mogeni JleonTreBa momo HJ:

no:mE—Aﬁ4%Q+cm,

ne B(E—A)" - MaTpuils KoeillieHTiB MOBHOI MPUPOCTHOI KarliTaio-
MICTKOCTi, TOOTO TOBHUX BHUTPAT BUPOOHMYOIO HArpOMajDKCHHS Ha
OJIMHUYHI  TIPUPOCTH  EJIEMEHTIB  HAIlIOHAJLHOTO  JIOXOAY, IO
BUKOPHCTOBYETHCS.

Jlns 3'scyBaHHA MOXKJIMBOCTEH CHUCTEMH CIIiJ TOCTIIUTH MOJEIH
JUTSI PI3HUX TPAEKTOPIN CHOKUBAHHS.

Heo0OxigHO BH3HAYUTH TEXHOJIOTIYHI MOXKJIHMBOCTI CHUCTEMH, SIKi
BU3HAYaroThCss MatpuisiMid 4 i B. Jlns nporo moknamgaroun C(z) = 0,
3HAXOJUMO:
1dY(2)

dt

lle cucrema niHIHHUX OJHOPIZHMX AU(PEPEHLIMHUX PIBHIHD

MIEPIIIOTO TOPAIKY 3 MOCTIHHUMHU KoedillieHTaMu. 3araabHUil pO3B'SI30K

Y(¢)= B(E - A)
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i€l CHCTEMHU BIANOBIAHO A0 Teopii AU(EPCHITIANBHUX PIBHAHb MAae
BUIJIS:
1

n —t
Y()=YdKe"
i=l

Jie §; — BJIaCHI YMCJIa MaTPHIll TOBHOTO MPUPOCTY KaIliTAIOMICTKOCTI;
K, — BinnoBiHi iM BacHi BEKTOPH;

d; — xoebiuienTH, sKi BH3HAYAKOTHCA 3 I[OYATKOBOI  YMOBH

n
Y(0)=>dK,.
i=1
Tpaexropist, mo Buxoauth 3 Y(0), € KOMOIHAIIEIO EKCIIOHEHT 3
pizHMMHU Temramu nipupocty (1/s;). B 3aransHOMy BUIagKy po3BUTOK 3a
tpaektopicto Y()=Y,ek , To6To 3 enuHMM 118 BCiX Talysel TEMIIOM,
HEMOXIIMBHH, a BiIOYBa€TbCs 3 MOCTIHHUMU CTPYKTYpHHUMHU 3MiHAMH.
OpHak iCHYe TI€BHA CXOXICTb MiXK PO3B'SI3KOM MaKpPOEKOHOMIYHOI
MOJIEJi, arperoBaHoi 10 OJHOTO MMOKAa3HUKA, T PO3B'SI3KOM CTPYKTYpHOT
Mozemi. Ll cxoxicTh 0OyMOBJIEHA HAsSBHICTIO B MaTpHIll Koe]iIieHTiB
MOBHOT'O TPHPOCTY KaIiTaIOMICTKOCTI BiacHoro uucia ®pobeniyca-
ITeppoHa.
Hexait Tenep ek30TeHHO 3a7aHa TPAEKTOPISA CIIOKUBAHHS
C(t) = Cpe'. Y upoMy BHUMAJIKy PO3B'SI30K CHCTEMH € CYMOIO 3arajbHOrO
PO3B'SI3Ky OTHOPIAHOI CHCTEMH Ta YaCTKOBOTO PO3B'SI3KY HEOTHOPITHOT 1
Ma€ BUTJIISII;
1

n ~t
Y(t)=Y d,Ke" +(E-rB(E-A)")"Cpe"
i=1
ne Koe(ilieHTH d; BA3HAYal0THCS Ha OCHOBI 3 MOYATKOBOT YMOBH:

n
Y(0)=>dK,+(E-rB(E-A)")"C,.
i=1
IMopsiiok BUKOHAHHS JIa0OPATOPHOI po6oTH

Hexaii ekoHOMIKa CKJIaaeThcs 3 BOX Taily3ei, MpU4IoMy Bimomi
MaTpuii ~ OpsAMHX ~ MmarepianbHux — Butpar  (A),  mpHpOCTy
KariTaaoMicTkocTi (B) 1 mowyarkoBoro crany cucreMu. HeoGXigHO
MO0y IyBaTH TPAEKTOPII0 PO3BUTKY CHUCTEMH 3 HYJIHOBUM CIOKHBAHHSIM
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1 HEHYJILOBUM CIIOKHBAaHHSAM, aye i3 cTamM TemroM. [IpoimrocTpyeMo
aNTOPHUTM pO3B'sI3yBaHHS 3a/a4i Ha TakoMy npuknami [12, C. 25-317]:

(0.1 0.1] (0,8 0.9} [50} [25}
A= . B= . XO=_ | ro=|].
02 03 05 04 50 15
C(0)= 10 - =0.1

( )_ 10 > r=u.l.

1. IlepeBipka AOMyCTUMOCTI TPAEKTOPII.
[TizcTaBUBIIM MOYATKOBI JaHi y TpaekTopito mojeni JleoHTheBa

X(1) = AX(1)+ BXW

+C(t), OTpUMaEMO CHCTEMH PIiBHSHb JUIs

BUIIAJIKIB HYJILOBOTO i HEHYJIbOBOT'O CIIO)KHBAHHS BiJIIIOBIIHO:

50=0.1~50+O.1-50+O.8%+0.9%,
dt dt
50:0.2-50+0.3-50+0.5&+0.4&,
t dt
50:0.1-50+0.1-50+0.8&+0A9dX—2+10,
dt dt
SO:O.2~50+0.3~50+O.5%+0.4&+10.
dt dt
Wy [y,
dt dt
dX, 0 dx,
Posp's3yroun ix, orpumaemo | 4 i | 4¢  Biamosizso.

TakuMm gwHOM, M1 000X BHUMAAKIB yMOBa OMYCTHMOCTI
TPa€eKTOPii BUKOHYETHCSI.

2. Po3paxyHOK Marpuili TIOBHHX MaTepialbHUX BHTpaT

S=(E-A)".

JIJist HAIoro MPHKJIay OTPUMAEMO S = (

1.143 0.164
0.328 1.475)
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3. 3HaXOMKEHHS MAaTpPHIl TOBHOTO MPHUPOCTY KaIiTaJTOMICTKOCTI
B=B-S.

~ (1213 1459
Otpumaemo B = .
0.705 0.672

4. 3HaXOJKCHHS BJIACHMUX YHCEJI MATPHIIl I[OBHOTO MPHPOCTY
KaIlTaJIOMICTKOCTI:

N 1213-2 1459
‘B—iE’z ‘

0.705  0.672—1
3Bigcu MaeMo KBagpaTHe piBHfIHHHZ
22 -18851-0214=0,
2y =1.992
Ar=—0.107"

OcCKifbKM BJIACHI 4YMCIIa MAOTh PI3HI 3HAKH, TO TPAEKTOPISA €
Oy CTUMOI0. [10Ka3HUKYM TeMITiB 3pOCTaHHS JIOPiBHIOIOTh:

| 1
0502, py = 9346,

1 2

KOpEHi SKOTO {

5. 3Haxo/KeHHs BIacHUX BekTopiB: B- K =A4-K .
. . Kll .
JUisi 3HaXOMKCHHSI CIEMEHTIB BIACHUX BEKTOpiB K| = i

K2l

K

12 . : .

K, = (K , L0 Bi/IMOBIIAIOTh BIACHUM uHcIaM 4 i A,, oTpuMaemo
22

JIBi CHCTEMH DPiBHSHB:

(1.213 1.459)(&1}:1.192.[1{“}
0.705 0.672) | K, K,
(1.213 1.459)(1{12]:_0.107.[1(12)
0.705 0.672) Ky, K,

. Ky 1 _ K, 1
Ix posB's3kn: K| = = iK,= = .
K5 0.533 K5, —-0.904
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6. 3HaxomKkeHHs KoeilieHTis d;.
n

Jlns mynwsosoro crnoxusanus — Y (0)= Zd,K,- , 3BIIKH Maemo
i=1

25 = dl + dz

15=0.533d, -0.904d,

iii poss'ssok d} =26.162, d, =-1.162.

Y  BumazKy HEHYJbOBOTO  CIOXKMBaHHA 32  (HOpMYyJIOIO

TaKy CUCTEMY: {

n
Y(0)= Zd,K, +(E - I’B)ACO OTPHMAEMO CHCTEMY:
i=1
15=10.533d,-0.904d, +11.73

iii po3sszok d, =9.17, d, =2.05.

7. IlobynoBa ocTaTOYHOT TPAEKTOPil PO3BUTKY CUCTEMHU.
BukopucTtoByrouu 00UUCIIEH] TOKa3HUKH, OTPUMAEMO TPAEKTOPIIO
PO3BUTKY CHCTEMH Yy BUIAIKY HYJIHOBOTO CIIOKHUBAHHS:

Yi(f) = 26.162e"50% —1.162¢%34¢
Yy(t) = 26.162-0.533 - e"3% _ 1 162-(0.904) - &*34
abo Y, (1)= 13.944¢0302 41 05003461

[Tpu HEHyILOBOMY CIOKMBaHHI TPAEKTOPist HAOyAe BUTIISALY:

V(1) =26.162e""% —1.162¢”" +13.33¢""
Yy (t) =13.944€"% +1.05¢”* +11.73¢"

3aBaaHHs ISl caMOCTiiHOI podoTH

Po3poOutn anroput™ Ta mporpaMHe 3aCTOCYBaHHsI, IO peaji3ye
YHCIIOBE OOYMCIICHHS TPA€KTOPiil PO3BUTKY CHUCTEMH Uil HYJIBOBOTO i
HEHYJIbOBOI'O CIHOXHMBAHHA 3 BHUKOPHCTaHHAM JUHAMIYHOI Mozeni
JleoHTBEBA TS ABOTATY3€BOT €EKOHOMIKH.
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Jlabopamopna poooma 6.

JocnipxeHHs1 AMHAMiYHOT eKOHOMIYHOI CMCTeMM 3a
aonomoror mogeni Xappoga-flomapa

Iopsiniok BUKOHAHHS J1A00PATOPHOI podoTH

BuxopuctoByroun MoAelb €KOHOMIYHOTO 3pOCTaHHS Xappona-
ay .
Homapa Y (1) =C(t)+ VE + 1(t), ne Y(¢) — nunamika noxoxy, C(f) —

cnoxuBauns, [(f) — imBecTHiii, V — KOe]IlliEHT MPUPOCTHOI
KaIliTaJoOMICTKOCTI, TOCiNTH qruHaMiky Y(f) Ta moOGyayBaTtu TpaekTopii
PO3BHTKY CUCTEMH.

1. Jocmimuru munamiky Y(2), sxmo croxusanus C(f) = cY
(c= const), a imBecruii I(¢) = Iy = const.

2. 3HaliTH MaKCUMAaJlbHO MOXJIMBHUI TEMI IPUPOCTY NOXOAY AJIs
€KOHOMIKH, B SIKid Koe(ili€eHT MPUPOCTHOI KamiTaJOMiCTKOCTI V =4.
OO0uncnuTy Yepe3 CKIIbKH POKIB y Lill eKOHOMILI MOIBOITHCS OXI.

3. Hexaii y momemi Xappoma-Jlomapa BiICyTHE CITOKWBaHHS,
KoeQiIi€EHT TPUPOCTHOI KaImiTaJOMICTKOCTI 3aJ€KUTh BiJ dacy:

v(t)=v(0)e™ , v (0) — koedimieHT y moyaTKoBHiT MOMEHT dacy, A >0
. BusHaunTt Mexy (rpaHuiio) JOXoay.
4. B mopmem Xappoma-Jlomapa CITOKWBaHHSI 3pOCTa€ 3 TEMIIOM,

IO JOPIBHIOE TEXHOJOTIYHOMY TeMIly Tpupocty ( % ), HOpMa

C . . . .
CIIOKUBAHHS 720.8, Koe(il[ieHT MPUPOCTHOI KaIiTalIOMICTKOCTI V

=4. Bu3HauNUTHU:
1)ipoMi>KOK Yacy, MPOTSITOM SIKOTO J0XiJ] OyJie 3pOCTaTH;
2)MOMEHT 4acy, KOJIM JIOXiJl BIAJAE J0 HYJIs;
3)MakcuManbHE 3HAYEHHS [OXOJY, SIKIIO CIIOXKMBaHHSI B
nouarkoBuit Moment yacy C(0) =400.

3aBaaHHs 11 CAMOCTIHHOT po0oTH

Po3pobuTtu anropuT™ Ta mporpaMHe 3acTOCYBaHHS, IO peati3ye
oOuncineHHs: 1 moOyAOBY TPaeKTOpid AMHAMIKM JOXOILY 3a MOJEIUIIO
Xappona-Zlomapa.
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Jlabopamopua poooma 7.

NMobypnoBa ha3zoBMX NOPTPETIB i AOCNIAKEHHS NOBeAIHKN
ANHaMiYHMUX cUCcTeM AN ABOX 3MiHHMX

OcHoBHI BigomocTi

Anroputm no0y10Bu (a30BOro MOPTPETa IMHAMIYHOT CHCTEMH

, ) X'=ax+by
JaHo quHaMi4Hy CUCTEMY JJIsl IBOX 3MIHHHX: ,
V' =cx+dy
1. Bu3HauuUTH TOJNOXKEHHS pPIBHOBard, pO3B’s3aBIIM CHCTEMY
ax+by=0
cx+dy=0
2. 3HaliTh BNacHI 3HA4YCHHS MATPHII CHUCTEMH 3 pPIBHSIHHS
2
A =0A+A=0
3. BUW3HAYWATH THN TOYKHM PIBHOBArdW i 3poOWUTH BHUCHOBOK IIPO ii
CTIHKICTB.

4. 3HaliT pIBHSHHS TOJIOBHMX 130KIiH 1 moOynmyBatu ix Ha
(hazoBiit IOMMHI.

5.  SIkmio monoeHHsS piBHOBArd € CijyioM abo By3J0M, TO 3HAUTH
Ti (a30oBi TpaekTopii, sAKi JexKaTh HAa NPSAMHX, IO MPOXOAATH
yepe3 TOUKY PiBHOBArH.

6. IloOymyBatm a3oBi TpaekTOpii.

7. Bu3HauuTH HaAOpPSAMOK pyxXy 1o (a3oBHX TPAEKTOPIsX,
MOMITHBIITY HOTO CTPIKaMK Ha ()a30BOMY TOPTPETI.

Ton0BHI 130KITIHA

BepTukajabHa i30KJIiHA — CYKYMHICTH TOYOK ()a30BO1 IUIONIUHH,
y SKUX ZOTHYHA 10 (a3oBoi TpaekTOpii mapajenbHa BepTUKAIbHIN OCI.
Ockinbku B 1ux Toukax x'(¢) = 0, T0o piBHAHHS BEPTUKAIBHOI 130KIiHA
mae Bursin ax + by = 0.

lopuszontansna i30KJIiHA — CYKYIHICTH TOYOK  (a3oBoi
IUIOIMMWHU, y SKAX JOTHYHA 10 (a30oBoi TpaekTopii mapaneiabHa
ropu3oHTaigbHid oci. Ockinbku B 1mx Toukax y'(f) = 0, To piBHSHHS
TOPHM30HTAJIBHOI 130KIiHN Mae BUIsA cx + dy = 0.

Touka piBHOBarn Ha ()a30Bii TUIOMIMHI — L€ TOYKAa MEPETUHY
TOJIOBHHX 130KJIiH.
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OcobmmBocTi (ha3zoBUX TPAECKTOPIH

SIKIIO MOJIOKEHHST PIBHOBArM € CifjioM a0o BY3JIOM, TO ICHYIOTh
¢da3oBi TpaekTopii, AKi JeXaTh Ha NPSIMHX, IO MPOXOIATH 4Yepe3
MOYaTOK KOOpAWHAT. PIBHSAHHS TakMX TNPSMUX MOXHA BIAUIYKaTH Yy

: . d +d
BUMIIAL Y = kx. SIKIIO mijicTaBUTH el BUpas y & _xray , TO 1Js
dx ax+by
+ dk
BU3HAYEHHA k OTpMaeMo: k = CW a6o bk* + (a-—d)k—c=0.
a—+

Skmo k; # k, 1T TOUKHM PiBHOBAru — Cimyo, To mpsMi y = kix,
¥ = kox — HasuBaroThcs cemapaTpucami, a iHmn (a3oBi TpaekTopii —
rimepOoJH, A SIKMX CeNapaTpUCH € ACUMIITOTAMH.

Sxkmo k; #k, 1 THD ToukM piBHOBarMm — By301, TO (a30Bi
TpaekTopii — mpsimi ¥ = kX, ¥ = kox , a inmi ¢as3oBi TpaekTopii —
mapaboJIH, sIKi JOTUKAIOTHCS B ITOYATKY KOOPAWHAT J0 OAHIET 3 HUX.

Slkmo ky = k,= k i Tun TOUKHM piBHOBArH — BUPODKEHHUIA BY307,
TO (pazoBa TpaekTopis — mpsmMa Y = kx, a iHmn (a3oBi TpaekTopii —
napaboutu, IKi JOTHKAIOTHCS B MIOYATKY KOOPIWHAT JIO HEl.

SKmo monokeHHsI piBHOBAardm — LEHTP, TO (a3oBi TpaekTopii €
eJTIIICaMH.

SIkmo mosyokeHHsS piBHOBarum — (OKyc, TO (a3oBi TpaekTopii €
CIipaJIsIMHU.

Ipuxnagn nodynoBu (pa30BUX NOPTPETIB ITMHAMIYHAX CHCTEM

X'=-2x-2y
1). IloOynyBatu pazoBuii HOPTPET CUCTEMH < .
V' ==x4+2y
. -2x-2y=0
1.1. 3HaiiieMo TOUYKHU piBHOBAru CUCTEMU .
-x+2y=0

Cuctema uniHiiiHa, oTxe, oco0ImBa TOYka OjHA. i
koopaunaru (0, 0).
-2 =2
-1 2
Hetepminant A=-4-2=-6, cinix 6 =-2+2=0. Xapakrepu-
CTUYHE PiBHAHHS 2 -6=0. 3Bigcu A = «/6, A = —«/6.

1.2. 3maiimemMo BIacHI 3HAYEHHS MATPHIIL
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1.3. Bwum3wauumMo THO TOYKH  pIBHOBAru: KOpeHi
XapaKTepUCTUYHOTO PIBHSHHS JMJilcHI 1 pI3HUX 3HaKiB, OTXKe,
Ma€MO THII TOYKH “cimio”’.

1.4. 3naiinemMo piBHSAHHS TOJOBHUX 130KJiH:

— BeprukanbHa (3MiHa X He BimOyBaerbca, To6TO0 X =0):
x+y=0abo y=-x;

— Topu3OHTaNbHa (3MiHa Y He BimOyBaeThcsa, To6To V' =0):

—x+2y=0 abo y=é.
1.5. 3uaiizemo Ti (a3oBi TpaekTOpii, AKi JIC)KATh HA MPIMHX, 1110
NPOXO/ATh Uepe3 TOUKY piBHOBaru (cemaparpucu cimia). lllykaemo ix y

142k ~2+46
—-2+2k’ 2
k =022, ky =-222.0mxke, ¥, =022x, y, =-2.22x.

Bynyemo ronoBHi i30kiiHu Ta (a3oBi TpaekTopii (puc. 1, a).

—2k> -4k +1=0, k5=

BUDIL Y = KX: Kk =

K N EU
N . "%\x\\
5 A M
i} SN
N - NS §
5 =TT AN ===
Tk L4 —— .-r/-r /'. ") ""*-\...:..‘.".—ﬁ,.-o-,_.-/?_
4= X A }!;’;:ﬁ-d A
EB=Zus ARz ANy P i
.--F‘:‘_._-" \*\% - ~1 1 ___,.--—""F"-'—-\h_‘ \;{f Ir/
.'F"'L‘ i =~ =+ .y ™ ‘l"n: o £
H, A -
58 i
K o S R '\ B
a) 0)

Puc. 1. 'onoBHi i30kninu Ta $pa3oBi Tpackropii (a); dpazoBuit
noprtper cucremu (0)

1.6. Bu3HauumMo HampsMOK PyXy B3IOBK (ha30BHX TPAEKTOPIH.
JUsist bOr0 BU3HAYMMO 3HAK MOXiAHOI )’ B Toukax Ha oci x. [lpu y = 0

MaeMo y'|y:O =—x<0 mpu x > 0. Lle o3Ha4ae, WO PyX B3IOBK

($a30BUX TpPAEKTOPIH, SIKI MEPETHHAIOTH JOJAaTHY YACTHHY OCi X,
BinOyBaeThCs 3ropH BHU3 (puc. 1, 0).
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X'=—4x+2y
2). lloO6ymyBaTu (ha3oBHil HOPTPET CUCTEMHU .

4

Y =x+3y
. . —4x+2y=0

2.1. 3HaliieMo TOYKHU PIBHOBAru CUCTEMHU .

x+3y=0

Koopaunatu ocob6nuoi Touku (0, 0).

2.2. 3aiigeMo BJacHI 3HA4YeHHS MATPHUI CHCTEMH.
XapakTepucTnuHe piBHSHHA Mae Burmax: A —7A+10=0.
3Bigcu 4 =2, 4, =5.

2.3. Bu3HauynMoO THII TOYKH PiBHOBAru: KOpeHI XapaKTepH-
CTUYHOTO PiBHSHHS MIWCHI 1 mMOJaTHI, TOMy Ma€eMO “HECTIHKUH
By301”.

2.4. 3HalineMo piBHSAHHS TOJOBHUX 130KJIH:

—Beprukanbha (X' =0): y=-2x;

— ropusontaieHa (V' =0): y = —% .

2.5. 3HaitneMo Ti $pa30Bi TPAEKTOPIi, AKi JIekKaTh HA MPIMHX,
[0 IPOXOJSTH Yepe3 TOUKY PIBHOBATH: ) = —2X, V) =—X.

AJe niis BUMAAKYy By3Jja TUIBKH OJHA 13 3HAWICHUX MPAMUX
Oyne Hanexatu 10 ¢a3zoBoro moprtpera. Lle Ta 3 Hux, 1O
BIJIIIOBiJla€ MEHIIOMY i3 BJIAacHUX 3Ha4yeHb (ToOTO, A =2).
BcraHoBuTH, siKa caMe, MOKHA PO3B'SI3aBIIM MATPUYHE PIBHSIHHS

4 2 2 0)|x

A-AE)X = 0: -
( / 1 3 0 2)\y

=0. Orxe, dazoBor €
opsiMa y, = —X.

2.6. Hampsmok pyxy B3A0BX (a3oBUX TpaeKkTOpil OAHO-
3HaYHO BH3HAYAETHCS HECTIHKICTIO TOYOK piBHOBaru (puc. 2).

X'=—x-4y
3). [loOynyBaTtn (hazoBHii HOPTPET CUCTEMH < .
y=4x-2y
_ —-x—-4y=0
3.1. 3HaiineMo TOUKH pIBHOBATU CUCTEMU .
4x-2y=0

Koopaunatu ocob6nuBoi Touku (0, 0).
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3.2. 3aiimeMo  BIacHI  3HAYCHHSI  MaTPHIl  CHCTEMH.

. 2
Xapakrepuctuune piBHsHHS Ma€e BurisiL: A~ — 34+ 18 = 0. Maemo nsa
KOMILIEKCHO-CIIPSDKEHI KOPEHi, /1ificHa YaCTHHA SKUX JOPIBHIOE -3.

'\\\ L]
\ N
J z | - o S ,
- |I _."l /.-""’-’ P e H\‘\\
) II | ':/ o "i\\ .\\
I' X |;‘q—-\ j . =
i il I | \
et \'\ i T L ] |
T N ~\'\-\. L:? 7 i |
= | A ' |
ch --FFF' ""\-\__\__"'_‘_'__,"-f r II
\ ", ;’I
e %,
P K‘“m__ T __/*'/
o
Puc. 2. ®a3oBuii nopTper cucremu 2 Puc. 3. ®a3oBuii nopTper cucremu 3
3.3. Busnaunmo THI TOYKH piBHOBaru: KOpeHi

XapaKTePUCTUYHOIO DIBHSAHHSA KOMIUIEKCHI 3 Bif’€MHOIO [IiHCHOIO
YaCTHHOIO, TOMY Ma€MO THI — “‘CTiHKuid (hoKyc”.
3.4. 3nHaiiieMo piBHSHHS FOJIOBHHUX 130KITIH:

—BeprukanpHa (X' =0): y = _%;

—ropusonransia (Y =0): y=2x.

3.5. Ockigpku THI 0COONMHMBOI TOYKHM — (HOKyc, TO (pa3oBi
TPAEKTOPIi € CripaIsIMH.
3.6. BusHaumMoO HampsIMOK ‘‘3aKpydyBaHHA~ ~cmipadi — 3a

TOJIMHHMKOBOK CTPIIIKOI0 4M TPOTU. JIs 1BOTO BU3HAYMMO 3HAK
noxiguoi ' B Toukax oci x. [Ipu y = 0 maemo y"y_o =4x>0 npu

x > 0. Orxe, OpAMHATA TOYKH, IO MEPETHHAE OJATHY BiCh X, 3pOCTae.
Lle o3nHavae, mO pyx B3IOBXK (Aa30BHX TPAEKTOPIH, SIKi MEPETHHAIOTH
IIOJAaTHY YacTUHY OCi X, BimOyBaeThCs 3HU3Y Bropy, TOOTO PyX IIO
cripani iie IpoTH TOAMHHUKOBOI cTpinku (puc. 3) [21].

3aBaaHHs I caMOCTiliHOT podoTH

Po3pobutu mporpaMHe 3acTOCYBaHHS, IO pEali3y€e ajaropuTM
moOymoBU $a30BOTO MOPTPETa AUHAMIYHOT CHCTEMH /ISl IBOX 3MIHHHX.

126



Jlabopamopua poooma 8.

JocnigxeHHa guHaMikm cucTemMum Ta NPOrHo3yBaHHS i
napameTpiB Ha OCHOBi mopeni Conoy

Mera i 3amaui saGoparopHoi podoTu. OCHOBHOIO METOIO
mabopaTopHOi POOOTH € 3aKpilICHHS CTYJACHTAMH TEOPETHYHOTO
MaTepiaidy, IIOB’S3aHOTO 3 JOCHIDKCHHSAM Ta aHalli30M JUHAMIKU
TOCIIOAAPCHKOI CHUCTEMH; OBOJIOJIHHS METOJHMKOIO MOOYIOBH MOJENeH
MWHAMIKH CHCTEMH Ha OCHOBI BHpoOHWYOi GyHKIII Ta (QopmMyBaHHS
MIPOTHO31B [TOKA3HHUKIB [isSJIBHOCTI CUCTEMH Ha OCHOBI Mojieii Coloy.

Sk iHAWBigyanbHEe 3aBJaHHS CTYJEHTH OTPUMYIOTH BXiAHI JaHi
JUTSL IPOBEACHHS CaMOCTIHHOTO MociikeHHs, HaBeaeHi B Jomatky 3. Y
3aBJJaHHS BXOJSTh pEalbHI CTATUCTHYHI JIaHI MPO POOOTY BEIHMKOT
TOCIOAApPChKOI CHUCTEMH 3a TpHUBAIUM NpoMiXKOK dacy. CTyIeHT
MOBHHEH MpOaHali3yBaTH pPOOOTYy rocmogapchkoi cucTeMu i
moOyIyBaTH MPOTHO3M JWHAMIKA OCHOBHHX ITOKa3HHUKIB 11 MiSUTBHOCTI.
Jlnst po3B'sI3yBaHHS KX 3a/1a4 HOMY MTOTPIOHO:

®  BUSBUTH TEHJACHIIi ¥ OCOONHMBOCTI NWHAMIKHM TOCTOAApPCHKOI
CHUCTEMU;

= o0yHcAMTH HEOOXigHI mapamerpu 1 chopMyBaTH BUPOOHUTY
(bYHKLIIO CHCTEMU;
pO3paxyBaTh XapaKTEpPUCTHKHU BUPOOHNYOT (hyHKIIIT;
MPOBECTH MOJENIOBAaHHS JWHAMIKA CHCTEeMH Ha OCHOBI
BUPOOHNYOT PyHKIIIT;

= chopMyBaTH MPOTHO3M MOKA3HUKIB MiSTBHOCTI CHUCTEMH Ha
ocHoBi mogeni Conoy;

" pPO3MJIAHYTH “30JI0TE MPABHIO HarpoMmakeHHs Mojuen Cosoy.

Mertonu Ta 3aco0m  gocaimxenHs. Ilpm  mocmimxeHHi
€KOHOMIYHOI CHCTEMH 3aCTOCOBYIOTHCSI METOIM aHaJli3y 4acOBHX PSAiB,
METOAM TNOOYJOBM W aHamizy BHPOOHMYMX (QYHKIIA TOCIOAapCHKOT
CHUCTEMH, METOIU MOJENIOBaHHS IMHAMIKM CHUCTeMH. Po3paxyHKOBHUM
3acobomM Moxe Oytn MS Excel um iHma cuctemMa KOMIT'IOTEpHOI
mareMmatuku (MathCAD, Maple Torno).

Bxigni mami nomani y BUIIAAI YOTUPHOX YaCOBUX PAIIB, IO
MICTATh peaJbHi PiYHI 3HAYEHHS TMOKAa3HHKIB BETUKOI TOCHOAAPCHKOI
CHCTEMH, a caMe: BaJOBHUIl NPONYKT Yy INOTOYHUX IliHAX, BaJOBUH
OpoAyKT y (IKCOBaHUX IfiHAaX; KamiTal y (IKCOBaHMX IIIHAX 1
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YUCENBHICTH MPAITIOI0UHX.

Y Jonmatky 3 HaBeACHO AMHAMIYHI PSIA OCHOBHHX MaKpPOEKO-
HOMIYHUX TIOKa3HHKIB 3a 26-piuHuil nepioa po3sutky (1960-1985 pp.)
MPOBITHUX TPOMUCIOBO PO3BHHYTHX KpaiH cBity. Ilomani BXimHi
CTaTHCTUYHI Martepiasii po3paxoBaHi 3a weroxposorielo Cucremu
HarioHanbHux paxyHkiB (CHP) OOH. Jlani HaBeieHi B arperoBaHii
CTaHIapTHIA Tamy3eBill kimacu@ikamii BHIIB €KOHOMIYHOI MisUTBHOCTI
(ISIC).

CTtpykTypa 1adopaTopHoi po6oTH

1. BBeeHHs BXiAHUX AaHUX.

2. IloOymoBa MOXiMHWUX YacOBUX PsMAiB. 3a YOTUPMa BXiITHUMHU
psanaMu MOTPiOHO OTPUMATH IIE IUSATh MOXITHUX YacOBHX pSJiB: 3
MOKa3HUKaMu  (poHI0030poeHOCTI, (OHIOBiANAYI, NPOIYKTUBHOCTI
mpami, 3 0a30BUMHU 1 IJIAaHIIOTOBUMH ITOKAa3HWKAM{ 3MIiHHM PIBHS IIiH.
Hanani B anaimizi 6epyTh y4acTh ycCi I€B’ATh PSIiB.

3. OtpumaHHs psAiB aOCOMIOTHUX 1 BigHOCHUX mpupoctiB. Lli
pAAN [O3BOJSIOTH YTOUHUTH Hajadi THI TPEHAA 1 BUKOPHUCTOBYIOTHCS
6e3mocepeHbO IS aHAITI3Y AiSUTBHOCTI TOCIOIAPCHKOI CHCTEMHU.

4. 3rnaJpkyBaHHS PSAAIB METOJIOM KOB3HOTO CEpEelHBOTO IPH
pi3HMX  BapiaHTax @apaMmeTpiB  3MVIAIKYBaHHS.  AHaNi3yIOThCA
PO30DKHOCTI MK psIaMU 1 pe3ybTaTaMH IXHBOTO 3TJ1aJ[KyBaHHSI.

5. AmpoxcuMariis psAaiB METOJAOM EKCIIOHCHIIIMHOTO 3TIaKy-
BaHHsI P PI3HUX BapiaHTaxX MapaMeTpiB 3TIIaKyBaHHS. AHATI3yIOTHCS
PO30DKHOCTI MK psAaMu 1 pe3yiapTaTaMH iXHBOTO EKCIHOHEHLIHHOTO
3riapKyBaHHs. Ha ocHOBI boro MeToay (pOpMYIOTHCS KOPOTKOCTPOKOBI
MPOTHO3HU 32 KOKHUM 3 PSIIIB.

6. HopmyBanus TpenniB. Ha ocHOBI mpoBeneHOro aHamizy aus
KOXXHOTO 3 JIEB’SITH DPAJIB BHOMPAIOTHCA JIiHIT TpeHOy. Bu3HadaroThcs
mapaMeTpu TPEHIIB, aHaNI3yIOThCS PO3ODLKHOCTI MDK psgaMu i
BUSIBJICHUMH TPEHIAMH. ByqylO0ThCS TPEHAOBI MPOTHO3H, BU3HAYAIOTHCS
JTOBIpYi TpaHMIli TPOTHO3IB.

7. ®opmyBanHs BUpoOHWYOI ¢yHKIII. Ha oCHOBI WacoBUX psmiB
JUHAMIKMA BaJIOBOTO MPOAYKTY, BUTpAT KalliTally 1 TPYIOBHX pecypciB
MPOBOJMUTHCS PO3PaxXyHOK MapaMeTpiB BUpoOHMUOi ¢yHKmii 0e3 i 3
ypaxyBaHHSIM TeXHi4HOro mporpecy. [IpoBoOuTbCS OLIHKA OCHOBHHUX
XapaKkTepUCTUK BUPOOHNYOT (yHKIIT: epeKTHBHOCTI mpani ¥ KamiTany,
TpaHMYHOT HOPMH 3aMilIeHHs. 3a JOTIOMOT0I0 MO0y J0BaHOI BUPOOHUYOT
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¢byHKIii  GOPMYIOTBCSI TPOTHO3W 3a OCHOBHMMH TOKa3HUKaMH
TSTIBHOCTI TOCTIONAPCHKOT CUCTEMH.

8. IloOyznoBa i gocmipkeHHsI MOAel TnHaMiki. BUKOpUCTOBYI0OUN
napaMeTpu BHPOOHWYOT (QYHKIIl, OyIyeThCcs MOJENb EKOHOMIYHOi
muaamikd  Conoy. Ha ocHOBI OTpMMaHOi KOMIT IOTEpHOI MOJIEIi
MPOBOJATBCS PO3PaxXyHKH [UIs PI3HUX BapiaHTiB MOJITHKH HOPMH
HarpoMaJ>KeHHSI.

Iopsiiok BHKOHAHHS JIA00PATOPHOI pOo0OTH

1. Beéedenwnss 6xionux Oauux i 00epi’CcaHHs NOXIOHUX psOi6.
[ToTpiOHO BBECTH B TAONMIFO YaCcOBI PSAM, IO BiAMOBITAIOTh BXITHUM
JaHUM CBOTO 3aBlJaHHA. TaOnuusd NOBHHHA MICTUTH 3arajbHHUN
3arojIOBOK 13 Ha3BOIO KpaiHW W Taiy3i, IO JMOCHIIKYIOThCS. Y JIBOMY
CTOBIIIII BKa3ylOTHCS nepioan (poku). Y HACTYIMHOMY CTOBIIII BBOASTHCS
BXimHi naHi. Spnuk apkymra kauru Excel nazBaru JlaHi.

3a JaHUMH YOTHPHOX BBEACHUX PAMIIB HEOOXITHO IMOOYIyBaTH
M'STh ~ HOBHX  YacoOBUX  psiB, IO BH3HAYAIOTh ITOKA3HUKHU
¢donn0030poenHocTi, HoHIOBIAAAYI, TPOAYKTUBHOCTI mpaui i 0a30Bi Ta
JIAHITFOTOBI TTOKAa3HUKH 3MIiHHM DPIiBHS IiH Y PO3TIISTHYTIH TOCHOJApCHKIii
cuctemi. BinmoBigHi m’sSTh CTOBMIIB Tpeba PO3MICTUTH NPaBOPYY Bill
TaOJIUI BXITHUX JaHUX.

3a BciMa OTpPHMaHHMH psAJaMH JaHUX IOOyIQyBaTH Tpadikd.
I'padikm posramryBati Ha TOMY XK apkyml, oGOpMHUTH HEOOXiTHUMHU
3aroJIOBKaMH Ta JiereHAaMH i BiipopMaTyBaTH.

2. Ilobyoosa psaodie npupocmie. s KOXXHOTO 3 AEB'ATH PsIiB
po3paxyBaTH psaau aOCONIOTHUX 1 BimHOCHWX mpupoctiB. Lli psmu
HaBEeCTH Ha JIBOX apkymax: AOc. mpupoctd i BimH. mpupoctu. Ha mux
JKe apkymax mnoOynyBaTd 1 BiggopmaTyBaTH JiarpaMu 3 psaaMu
npupoctiB.  Paaum  mpupocTiB BUKOPHCTOBYIOTBCS — Hajami — AJs
0e3MmocepeTHLOTO  aHaNli3y IMOKAa3HWKIB JUHAMIKH  TOCIOAapChKOL
CUCTEMH 1 AJ1sl BHOOPY THITY TPEHAA.

3. 3enaoacysamms  psaoie  MemooomM  KOB3HO20  CEPeOHbOZO.
Pospaxynku 1 miarpamm OymyroThcsi Ha OKpemMoMmy apkymm Kop3H.
CepeJHe.

IMpu 3rmamxyBaHHI MOXXHa BUKopHcTOoBYyBaTH (yHKIito Excel
CP3HAUY. 3rnamxyBaHHs JO3BOJISE€ BUSBUTH OCHOBHUI XapakTep psay,
BU3HAYUTH  OCHOBHI  3aKOHOMIPHOCTI  JMHAMIKHM  IIOKa3HHUKIB
rOCIOAaPCHKO1 CUCTEMHU.
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bazoro 3rmamkyBaHHS MOke OyTH oOpaHe HemapHe Yucio. Yum
OinbIor0 € 6aza, THM, Y 3arajJbHOMY BHUIAJKY, CHIBHIIINM Oyae epeKT
srnamKyBaHHs. CTyIeHTOBI HOTPiOHO camMoMmy BHOpaTu 0a3y, HaHOIIbII
OpUHHATHY U1 mojajiblioro asamizy. /[l 1mporo HeoOXigHO
MEPEerisIHyTH Pe3yIbTaTH MPH Pi3HUX 0a3zax 3riIaJpKyBaHHS 1 BUOpaTH
TaKy BeJIMUMHY 0a3u, 10 30epirae XxapakTepHi pUCH TUHAMIYHOTO DALY,
ane Jf03BoJisie abcTparyBaTHCs BiJA BHUIAOKOBOI CKJIAQAOBOI pALdY.
MOo>KITMBO, IS Pi3HUX PAAIB HEOOXIAHO OyIe BUKOPHUCTATH 0a3u pi3HOI
BEeIMYMHU. B 3aranbHOMYy  BHIQJKy  PEKOMEHIY€Tbcs  0aza
3rJIaJ[)KyBaHHs, 110 JIOPiBHIOE 3 1 7.

Kpim 3riamkeHoro psgy, KOpUCHO pO3paxyBaTH PsIU 3aJIMIIKIB-
pO30DKHOCTEH MDK BXITHUM 1 3TIIADKCHUM PSIOM. P 3aiuimkiB
JIO3BOJISE OL[IHUTH SIKICTh TIPOBEJCHOTO 3TJIaKyBaHHSI.

B omHOMYy BiKHI miarpamu ciif BimoOpasuTu rpadik 3a maHUMHU
BXIIHOTO PAIy Pa3oM 3 Pe3yibTaTaMu HOro 3IiaJUKyBaHHS IIPH PI3HUX
0azax.

4.  Anpoxcumayis ~ padie  memooom EeKCNOHeHYIUHO20
32na0xcysanns. Po3paxyHku ¥ miarpamMu OyIyrOThCS Ha OKPEMOMY
apkymn Excr. 3rnajkyBaHHs.

[TapameTp 3rnamKyBaHHS MoXKe OyTH 0OpaHHMi y MPOMiXKKY Bizg 0
1o 1. YuMm Onmk4oro € BeMYMHA IMapaMeTpa 3riajKyBaHHs a0 0, THM
CHITBHIIINM OyJe eeKT 3riIa/KyBaHHs. Benmuuanau, 1o peKOMEeHIyI0Th-
cs1, 3a3BHYAif, Jexath y mpoMixky Big 0,1 mo 0,3.

B oanomy BikHI giarpamu motpiOHO BimoOpaxatu rpadik
BXITHOTO pSIy pa3oM 3 pe3yiabTaTaMH HOro  eKCIIOHEHITIHHOTO
3IIIaKYBaHHS TIPH JBOX 3HAYCHHSX Iapamerpa.

ATNpPOKCHMALIII0 METOJIOM €KCIIOHEHIIMHOTO 3riiaKyBaHHs BapTO
MPOBECTH Ul KOXKHOIO 3 JeB’sTu psaxiB. Taka oOpoOka psany nmae
MOJJIMBICTh BHSBUTH TEHIEHIIT y QopMi, TIpUAATHIH i TOOYI0BU
KOPOTKOCTPOKOBOTO TIPOTHO3Y .

5. @opmyeanus mpenodig. Po3paxyHku i miarpamMu OyAyHOThCS Ha
OKpeMoMy apkyi [Ipoznosu.

JInst KOX)KHOTO 3 JICB’STH PAIIB NMPOBOAMTHCS aHAJI3 TCHICHINH 1
no0yJ0Ba MPOTHO3Y NUIAXOM BHSBICHHS aHAIITHYHOTO TpeHxay. s
KOXKHOTO DSy TOTPIOHO BWBECTH UYOTHPH BapiaHTH JiHII TpeHAY
(;miHIAHY, cTemeHeBy, JorapudMidHy, €KCIOHEHLIWHY) 3 PIBHAHHIM 1
KoedinieHToM fetepMiHaliii (koedimientom anpokcumaiiii) R2. Bubpartu
HAWOUTBII IPUHHATHUN THT TPEHIY 1 32 WOTO PIBHSHHAM pPO3PaxyBaTH
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MPOTHO3 Ha 5 mepioniB Bmepen. Pe3yiapTaTH BHBECTH Ha miarpamy 3
BXIIHUM PSIOM Tak, 100 JIHIA BXIJAHUX JaHUX 1 JIiHIS MPOrHO3Y
BIJPI3HSIMCA 332 KONbOPOM. TakuM YMHOM, Ha apKyIlli MOBHHHI OyTH
nmoOymoBaHi 9 giarpam i3 MPOrHO3aMHU.

6. @opmysanns eupodbnuuoi ¢ynxyii. Po3paxyHkun BHpOOHHUOT
¢yHskuii (B®) npoBonsThcs Ha OKpeMOMy apKy1ii 3 Ha3Boio BO.

BupoOuuya ¢yHKIiS BHU3HAYAE 3ANEKHICTh BHITYCKY MPOIYKIIT
BiJI BUTpPAT BUPOOHWUINX YHHHUKIB — TPYAOBHX 1 KalliTAIBHUX PECYpPCiB.
Y nabopatopHiii poOOTI BHU3HAYAIOTHCS MapaMeTpu cTerneHeBoi B,
T00TO yHkuii Tuny Kob66a-yrnaca. Takuii po3paxyHOK MPOBOIUTHCS
Ha OCHOBI BH3HAYCHHS I1apaMETpiB perpecii 3alle)xHOl 3MIHHOT —
Banoswmii mpoayktr y (pikcoBaHMX MiHaX — Ha JABI HE3aJE)KHI 3MIiHHI:
YucenpHocTi npantorounx i Kamitan y ¢ikcoBaHux miHax.

Bupobuuua dynkiis Ko66a-/lyrinaca mae Burmsm:

Y=A:K*ILF

Jnst BusHauenHst ii mapametpiB A4, @, f 3aCTOCOBYIOTHCS
perpeciiiHi METOIH.

Pazom 3 popmyBaHHSIM 3BUUalHOT BUPOOHUYOT QPYHKIIT Ha il ke
CTOPIHLI CJiJ BHU3HAYUTH MapaMeTpu BHPOOHHMYOI (yHKWIl 3
ypaxyBaHHSIM BIUIMBY TEXHI4HOro mporpecy. TexHiyHMH mporpec
BpaxOBY€ThCA B MOJEII B aBTOHOMHIN (opMmi y BHITISAI MHOKHHKA
ursny €Y . Takum umHOM, BUpoOHHMYa (ynkuis Ko66a-Iyrnaca 3
ypaxyBaHHSIM TEXHIYHOT'O TIPOTPECY Ma€ BUTIISIL:

Y=A.K¢Lf.e"

Jlns mpoBemeHHS HEOOXiMHMX PO3paxyHKIB BapTo cPopMyBaTH
HOBY 3MiHHY, IIO Biamosinae yacy f. [ToTiM 3BepHYTHCS [0 MPOLELypH
Perpecis 1 mpoBecTn 0O0UYMCIIEHHS, 0 OXOIIIOIOTh HOBUI HaTypajIbHUN
psAn SK OAHY 3 HE3aJIeKHHX 3MIHHUX. B pesyneraTi Oyme orpuMana
BupoOHn4a ¢Qynkuiss Kob66a-yrmaca 3 ypaxyBaHHSIM TEXHIYHOTO
nporpecy. Ii mapameTpu BifpisHAIOTECA Bin napamerpis BD, oTpumanux
0e3 ypaxyBaHHS TEXHITHOTO TIPOTPeCy.

Buxopasiun 3 KOHKpETHUX 3HAYEHb TIapaMeTpiB Ui ABOX BapiaHTIB
B®, Bapro oOumcnutu nBa Bapiantu mporHody BBII y minax
KOHKPETHOTO POKY Ha 5 mepiofis Brepen. Takuii po3paxyHOK HEOOXiTHO
npoBectd Ha apkymi [Iporaosu. Sk mani unnnwmkiB (Kamitan 1 [pams)
JUIT MallOyTHIX TepiofiB BapTO BHKOPUCTATH IX TPEHIOBI NMPOTHO3HI
3HAYEHHS.
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Pesynmpratn BUBecTM Ha Ty mdiarpamy, 1€ BXKE € paHime
noOynoBanuit mporno3 BBII y ¢ikcoBanux miHax. Takum dYuHOM, y
JAaHOMY BIKHI JiarpamMu psA, IO MICTUTh BXigHI JaHi, Oyxe
MPOJOBKEHUH TPhOMa BapiaHTaAMH TPOTHO3Y: BIiAMOBIAHO IO TPEeHIY i
JI0 TBOX BapiaHTiB BUPOOHMUOT PyHKIII].

7. Hobyoosa i oocnidocennuss modeni Ounamixu. Ha ocHOBI
napaMeTpiB  BUpOOHWYOi (yHKII OyIyeThCs MOJeNb EKOHOMIYHOi
IUHaMIKH. 3a OCHOBY B3sita Momenh Coioy, mo 3B’sA3y€ AUHAMIKY
HaIllOHAJILHOTO TPOJYKTY, TMpami W KamiTaly dYepe3 BUPOOHUTY
¢yHKLi0. Y KOMIT IOTEPHOMY BapiaHTI MOXKHA MPOBECTH MOJIEIIOBAHHS
MIPH YUCIIEHHUX NPUITYIIEHHIX U HEOTHOPIAHOT BUPOOHNYOI (hyHKITIT 3
ypaxyBaHHSIM TEXHIYHOTO Tporpecy 1 3 pI3HUMH BapiaHTaMH
€KOHOMIYHOT MOJIITHKH. [MobynoBa Mojen H MOTaIbIIe
EKCIIEpUMEHTYBAaHHS 3 HEI0 BapTO NPOBECTH HAa OKPEMOMY apKylli 3
Ha3BOI0 Mogerns.

3pa3ok JUisi OJHOTO 3 BapiaHTIB 3 JIIHIMHOK 3MIHOK HOPMHU
HarpoMaJUKeHHS HaBeACHO y aozaTtky 3. Tam Takox momaHo rpadiku
IUHAMIKH OCHOBHHX IIOKa3HHMKIB, OTPHMaHi 3a pe3yJbTaTaMu
MPOBEIECHNX TA0JIUYHUX PO3PAXYHKIB.

[nmmii  BapianT, SKuil TOTPIOHO PO3TISAHYTH, — MOZAETb 3
€KCIIOHEHIITHOIO TOJITHKO0 3MiHH HOPMHU HarpoMajpkeHHs. HeoOxigHo
BHSIBUTH OCHOBHI pPO30DKHOCTI MDK MOIEISIMH 3 JIHIHHOIO Ta
€KCIOHEHIIHHOO NMOJITHKaMU HOPMH HarpoMaJKeHHSI.

Jis peamizanii Mozeni BapTo OpraHi3yBaTH Ha apKyi OJOK
KOMIpOK 13 BXiTHUMHU TaHUMU IJIs Mozemi. Jlami HeoOXimHo o0y yBaTH
TaONUII0, PANKM $[KOI BiANOBiAalOTh dYacy (Hampukianm, 12 pokis
MPOTHO3Y AWHAMIKH) 1 MPOTHO30BAaHMM OOCsTaM BHUPOOHHWITBA, QOHIY
HarpoMajpkeHHs, (OHIY CHOXHBAaHHS, Kamitalmy, [paimi, HOpMi
HarpoMapKeHHS 1 HOpMi criokuBaHHA. Komipku Tabnuili BapTo 3B’sA3aTn
OJIHY 3 OJIHOIO 1 3 KOMIpKaMH BXiJIHUX JIJaHUX BiJIIIOBIHO JIO MOJIEII.

s Mmozmeni 6e3 TeXHIYHOro Mporpecy MOKHa BUKOPUCTATH Ty XK
TaOJIHITIO, TIOKJIABIIY B Hi BEMYMHY TeMITy Tporpecy piBHOO 0. Ilpu
BOMY, 3BHYAHO, MOTPIOHO BBECTH YHCEJbHI 3HAYCHHS IapaMeTpiB
BUpoOHMYOI (QyHKIIl, po3paxoBaHi 0e3 ypaxyBaHHS TEXHIYHOTO
mporpecy.

[MoGynyBatu rpadiku:

* 33 MEpPIIMMHU IT’AThMA pPsAKaMH TaOJMWIl, MO0 BigOoOPaXKarTh
3MIHHI MOJIEJII;
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* 33 OCTaHHIMH YOTHpPMAa pAIKAMH TaONUIll, IO OXOILTIOIOTH
HaBayKJIMBIII JOAATKOBI XapaKTEePUCTUKN THHAMIKH.

3a OTPUMaHOI0 KOMIT FOTEPHOI0 MOJEIIII0 HEOOXiHO MPOBECTH
PO3paxyHKH ISl Pi3HWX BapiaHTIiB TMOJITHKKA HOPMH HarpoMa/DKEHHS,
0 peaji3yloTh TEBHI 3aBHaHHSI IMOJAO0 OCTAaHHBOTO TMEPioxy
MOJICITIOBAHHS:

* MaKCHMIi3allif0 BUIYCKY TIPOAYKIIii;

* MaKCHMIi3aIlito MPOyKTUBHOCTI TIparli;

* MaKCHMIi3allilo Bijlaui Kamramny;

* MAKCUMI3allil0 CEPeAHbOLYILIOBOTO CIIOKHBAHHS.

HactynHuil eran — po3rian “30J0TOro npaBuiia HATPOMAIKEHHS
mozeni Conoy, 3a SKMM MOXKHa MAaKCHMI3yBaTH CEpEIHbOAYIIOBE
CIIOKMBaHHSI.

Jnst poro moTpiOHO PO3MICTUTH HA HOBIM CTOPIHII 3 HA3BOIO
Hopwma HarpomMamkeHHs 1Bi TaOJHIN, SKi BimoOpaxaroTs Moaens Coioy
3 ypaxyBaHHAM TEXHIYHOTO Tporpecy. ['OpH3OHT MpOrHO3y Mojenei
BCTAHOBUTU 25 pPOKiB. 3 omsiqy Ha Te, L0 PO3MNIAAATUMETHCS
CTaI[lOHAPHUH PEXHUM MOJITUKH HOPMH HAarpOMa/DKEHHS, TO BEIHMYHHA
3MiHM HOPMH HarpoMaKEHHsI KOKHOTO POKy /4 nopisHroe 0.

Jns mepmoi Moxeni po3paxyBaTh 3a jgomomororo [lomryky
po3B’si3Ky Excel HOpMYy HarpoMapkKeHHS, BEIMYHHA SIKOT MaKCHUMI3ye€e
CEpeHBOIYIIOBE CIIOKUBAaHHA B TPETHOMY IPOTHO3HOMY IEPioji.
3HaiiieHe 3HaUYCHHS BUKOPUCTOBYBATH Y BCIX mepiogax mporHosy. s
JpYyTroi MOoJzelNi po3paxyBaTH HOPMY HAarpoOMa/DKEHHs, BEIHMYHHA SKOT
MaKCHMI3y€ CEpeHBOMYIIOBE CIOXKHBAHHS B 25-My TPOTHO3HOMY
nepioni. IloTpiOHO BHEBHUTHCA, IO HAHOUIBIIE CEpeIHBOIYLIOBE
CIIO)KMBAHHS B JOBrOTEPMIHOBHX IMEpIOJax IOCSTA€TbCS TOMI, KOJIU
HOpMa HarpoMajpKCHHs TOPIBHIOE €TaCTHYHOCTI BHITYCKY 3a (hoHAaAMH
(1 AeIKUX BapiaHTiB MOTPIOHO B3STH OIIBIINHA MIEPIONT).

B omHomy BikHI giarpamMu moOyayBaTH Tpadikd TUHAMIKA
CepeTHhOIYIIIOBOTO CHOXKMBaHHSA B 000X Bumaakax. llepeBiputu TOM
¢dakT, 10 BHUrpall y TOTOYHOMY CIIOXKHBAaHHI IEPETBOPIOETHCS Ha
nporpam y Haiommk4ii nepcnektusi [18].

3aBaaHHs I caMOCTiiiHOI podoTH

Po3pobuTH anroput™M Ta MporpaMHe 3aCTOCYBaHHSI, IO peaizye
noOyJ 0By MOJAENI JWHAMIKA TOCHOJApChKOI CHCTEMU Ha OCHOBI
BUpOOHNYOT (yHKIII 1 AOCHiMKEHHS CHCTEMHM Ta HPOTHO3YBaHHA il
nmapameTpiB Ha ocHOBI Mozeni Conoy.
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Oopartok 1

BapianT 1.
Howmep (3aomamxenns,tuc| Joxomau, |Bumarkwy, Honatkosi | bopr,
ponvHU . TPH. THC. TPH. | THC. IPH. JIOXOAH, - THC.
THC. TPH. | TpH.
1 2 20 15 2,31 4
2 3 25 20 4,67 6
3 4 30 20 6,17 4
4 3 35 25 8,7 8
5 5 40 30 10,7 7
6 9 60 35 13,5 0
7 12 90 40 16,2 9
8 21 120 40 18,3 15
9 22 130 50 21,2 3
10 30 130 40 22,7 0
BapianT 2.
Cno>xuBaHHsA . Jloxin Ha nymry|  Llina PiBenn
Pix Ha JIyIry Hina sa HaCeJIeHHS 32 | 3aMiHHUKIB [iH(IAIi,
HaCeJICHHS, KT L xr, rpH. pik, pH.  Bal kr,rpH.| %
1 5,46 3,53 978 4,67 23
2 5,73 3,64 1091 6,17 26
3 5,58 3,75 1121 8,7 34
4 5,87 3,71 1171 10,7 28
5 5,12 3,74 1201 13,5 37
6 5,80 3,92 1332 16,2 37
7 5,90 4,05 1350 18,3 25
8 6,1 4,0 1370 21,2 26
9 6,2 4,1 1350 22,7 31
10 6,5 4,4 1380 25,1 33
BapianT 3
CnoxxuBaHHSA | .. Hoxigna qymry|  Llina PiBenn
Pix Ha JIyIIy ima 3a 1 HaceJeHHs, |3aMiHHHKIB [iHGIATIIT,
HAaCeJICHHS, KT K TPH- TpH. 3al kr,pH.| %
1 57,04 0,62 978 6,17 23
2 52,85 0,62 1091 8,7 26
3 53,60 0,63 1121 10,7 34
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4 55,37 0,64 1171 13,5 28
5 55,33 0,65 1332 16,2 37
6 55,54 0,65 1332 18,3 37
7 56,01 0,65 1337 21,2 25
8 56,20 0,67 1335 22,7 26
9 56,30 0,68 1340 25,1 31
10 56,35 0,69 1345 26,1 33
BapianrT 4.
Bupobuuurso . Toxix va nymryll{ina 3amin-| PiBeHb
Pix Ha AyITy Hina 3a HaceJeHHs, | HUKIB 3a 1 |[iH(maii,
1 kr, rpH. N
HACEJICHHS, KT TpH. KT, TPH. %o
1 15,06 16,20 1450,00 8,7 23
2 16,25 17,15 1475,00 10,7 26
3 16,75 17,77 1500,50 13,5 34
4 17,50 19,01 1510,75 16,2 28
5 18,10 19,50 1500,75 18,3 37
6 18,76 20,10 1527,30 21,2 37
7 19,42 20,90 1590,00 22,7 25
8 19,85 21,25 1620,00 25,1 26
9 20,0 22,22 1660,00 26,1 31
10 21,1 23,3 1610,00 27,5 33
BapianT 5.
Crio>xrBaHHS . Toxix va nymryll{ina 3amin-| PiBeHs
Pix Ha AyITy Hina 3a HaceJeHHs | HUKIB 3a 1 [iHdmsii,.
1 kr. rpH. o
HACEIEHHS, KT I'PH. KT, TPH. %o
1 6,37 2,81 750 10,7 23
2 6,49 2,87 834 13,5 26
3 6,11 2,93 836 16,2 34
4 6,95 2,71 862 18,3 28
5 6,27 2,91 892 21,2 37
6 7,01 2,99 934 22,7 37
7 7,03 3,00 934 25,1 25
8 7,15 3,01 936 26,1 26
9 7,20 3,4 940 27,5 31
10 7,30 3,5 930 29,9 33
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Bapianr 6.

Micsunawnit Yucno BupoOuuui . PiBenp
Micss |moxia, MIIH.|poOOYuX JHIB| 3aTparH, (i 3anaTH’iH(bnsmi'i,
Lo THUC. TPH. o
TpH. y Micsli | MIIH. TpH. %
1 3,40 20 2,64 13,5 3
2 2,70 18 2,54 16,2 6
3 3,30 21 2,71 18,3 4
4 3,37 22 2,82 21,2 8
5 341 19 2,84 22,7 7
6 3,52 22 2,73 25,1 7
7 3,12 22 2,85 26,1 5
8 3,01 22 2,70 27,5 6
9 3,45 22 2,95 29,9 1
10 3,47 20 2,96 32,1 3
Bapiant 7.
Bupo6uunrso|Llina 3a| Hdoxin Ha gyury Lina PiBenn
Pik| Ha mymy 1 kr, |HaceneHH: 3a piK,|[3amMiHHUKIB 3a 1 [iH(IsLI],
HACEJICHHS, KI| TpH. IpH. KT, TPH. %
1 80 0,25 80,33 4,67 23
2 65 0,55 89,60 6,17 26
3 78 0,60 95,80 8,7 34
4 55 0,83 102,50 10,7 28
5 75 0,85 101,65 13,5 37
6 95 0,80 115,37 16,2 37
7 97 0,75 114,45 18,3 25
8 86 0,71 121,50 21,2 26
9 81 0,70 120,69 22,7 31
10 100 0,95 130,50 25,1 33
BapianT 8.
Crio>xvBaHHS . Hoxin va gymry |  Llina PiBenn
Pix Ha yImry Hina 3a HaCEJICHHS 3 | 3aMiHHUKIB [IH(IAIT,
1 kr, pH. .
HAaCeJICHHS, KT PIK, TPH. 3al kr,pH.] %
1 4,51 6,51 34,5 8,691 23
2 5,02 6,11 38,0 10,5 26
3 4,81 7,15 36,3 10,52 34
4 4,34 7,28 34,7 11,68 28
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5 4,22 7,96 33,9 13,77 37
6 4,19 8,05 31,2 13,7 37
7 4,13 8,15 32,8 14,43 25
8 4,20 8,20 33,0 14,07 26
9 4,30 8,40 33,4 16,46 31
10 4,23 8,23 33,1 15,02 33
BapianT 9.
Pik |CnoxuBanns| Llina3za |Jloxix Ha qynry Hina PiBenn
Ha ayury | 1 Kr, TpH, |HaceJIeHHs, TPH.| 3aMiHHUKIB | iH(IAIIT,
HACEJICHHS, 3a 1 xr, rpH. %
KT
1 18,8 6,51 1700 10,50 23
2 17,0 6,11 1750 10,52 26
3 16,5 7,15 2001 11,68 34
4 15,9 7,28 2127 13,77 28
5 14,7 7,96 2254 13,70 37
6 14,1 8,05 2200 14,43 37
7 14,0 8,15 2270 14,07 25
8 13,3 8,20 2280 16,46 26
9 13,1 8,40 2290 15,02 31
10 12,4 8,23 2300 15,27 33
Bapianr 10.
. . | BupoOHm4i [ammi PiBenp
. Hoxin, ma | BupoOHuui .
Pik i, romi, (v 2) 3aTparty, MJIH| 3aTpatH, | iU,
’ TpH. THUC. TPH. %
1 28,70 2500 20,75 18,75 23
2 34,20 2850 24,41 21,14 26
3 34,96 2850 24,32 23,37 34
4 35,20 3000 25,30 27,45 28
5 33,50 3000 27,85 27,13 37
6 37,62 3330 29,55 29,61 37
7 38,95 3500 29,88 32,52 25
8 40,00 3500 31,80 31,8 26
9 42,1 3600 32,60 35,18 31
10 43,3 3700 33,0 37,07 33
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Oopartok 2

BapianT 1
3anaua 1 3amaua 2 3amaua 3
BMiCT CobiBapTicTh 1 U_[BIfIJ_IKOI[iSI KigbkicTs
cipku y|kBt1/rog.enexrpo-| | odicHOoro Kypc
Byrimni| eneprii Ha TEC | | Eko Trade- JIPYKOBAHHX Hara UAH/USD
(xr/T) (xom./kBT) Xerox o
7,9 9,81 100 55000 12.10.2009| 8§,1900
6,7 8,75 250 61000 13.10.2009| 8,1900
6,5 8,55 400 65000 14.10.2009| 8,1902
5,5 6,89 500 66000 15.10.2009| 8,1906
5,6 7,42 900 71000 16.10.2009| 8,1907
5,7 6,25 1200 73000 19.10.2009| 8§,2000
4,6 5,64 1500 74000 20.10.2009| 8,2000
4.8 4,93 1700 75000 21.10.2009| 8,210
4,0 ? 2000 76000 22.10.2009 ?
2500 ?
3amaya 4.
Pik 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
HpubyTor | 156 12100 | 2500 | 2300 | 3500 | 4500 | 4900 | 5900 | 2
(THC.TpH.)
Bapianr 2
3amaya 1 3amaga 2 3amaya 3
Bwmicr | CobGiBapricTs 1 MBunkomist| ... .
cipku y|kBt/roa.enextpo-| | odicHoro Kipicrs Kypc
pyrimmi| eneprii Ha TEC | |Eko Trade- FIPYKOBaHHX Jlata UAH/EVR
(xr/T) (xom./kBT) Xerox Ko
6,2 10,05 100 57000 12.10.2009| 12,4221
6,9 11,71 250 63000 13.10.2009| 12,4222
6,8 12,35 400 67000 14.10.2009| 12,4225
6 8,05 500 69000 15.10.2009| 12,4230
5,3 7,65 900 73000 16.10.2009| 12,4230
5 6,02 1200 75000 19.10.2009| 12,4242
5,7 7,61 1500 77000 20.10.2009| 12,4255
5,2 5,55 1700 78000 21.10.2009| 12,4250
4 ? 2000 79000 22.10.2009 ?
2500 ?
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3agaua 4.

Pik 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
[TpubyTox | 1400 | 2100 | 3800 | 3100 | 3800 | 4000 | 5100 | 5200 | ?
BapianT 3
3agaua 1 3agaua 2 3agada 3
Bwuict | CobGiBapricTs 1 IBuaxomist Kifnii
cipku y |kBt1/roa.einekrpo-| | odicHoro VIBKICTR Kypc
Byrimi| eneprii Ha TEC | | Eko Trade- JIPYKOBAHHX Hlara UAH/RUB
(xr/T) (xon./xBT) Xerox KOTH
8 10,01 100 34000 12.10.2009| 2,5700
6,6 8,72 250 38000 13.10.2009| 2,5705
6,4 8,48 400 40000 14.10.2009| 2,5700
6,1 7,76 500 41000 15.10.2009| 2,5690
5,3 7,54 900 44000 16.10.2009| 2,5685
5 6,26 1200 45000 19.10.2009| 2,5660
4,8 5,89 1500 46000 20.10.2009| 2,5600
4.5 4,49 1700 46000 21.10.2009| 2,5600
4 ? 2000 47000 22.10.2009 ?
2500 ?
3amaya 4
Pik 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
MpubyTox | 6400 | 4800 | 4200 | 4200 | 3700 | 3800 | 3000 | 2900 | ?
Bapiant 4
3amayga 1 3amaga 2 3amayga 3
Bwmicr | CobGiBapricTs 1 Isuakonmis| ... .
cipku y|kBt/ron.enexrpo-| | odicHoro Kinbkicts Kypc
Byrimii| eneprii Ha TEC | | Eko Trade- JIPYKOBAHHX Hlata UAH/USD
(xr/T) (xom./kBT) Xerox romm
8,2 9,98 100 64000 11.01.2010] 7,5600
6,4 7,73 250 72000 12.01.2010| 7,5800
6,3 8,26 400 76000 13.01.2010{ 7,5900
6,2 7,81 500 78000 14.01.2010{ 7,5900
5,6 6,32 900 83000 15.01.2010| 7,5950
5,9 6,15 1200 85000 18.01.2010] 7,6500
5,5 5,76 1500 87000 19.01.2010| 7,6700
4,8 4,58 1700 88000 20.01.2010{ 7,7000
4,0 ? 2000 90000 22.01.2010 ?
2500 ?
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Oopartok 3

Cmamucmuynl dand exosoniynol dixterocmi kpatuu (CLLA )

Cinbcbke rocnogapcTen MpowmucnosleTs

Paku

BEM,
MIpg. gon.
MApg. Bon.

Haniran-1972 p.,

Laz
-1
(£
n
n
n
3
(55
3
-4
>
253

AT 4 10400

[y
I
ta3
i
=
n
P
]
e
s
-1
=
o
ta3
=
2
I
3
I

5
]
o
33
[
[5H)
5]
e
[
[
(=]
i
-4
.
ey
&
Lad
(&

e
s
i
[y
Tz
=
i
n
>
g
e
s
=
i
I
3
s W
3
-
e
1=
e
=1
o A T Y
Laz
I+
s

1364 1470 46 582 2080 8833 | 13341 804
1288 225 1504 4470 274 6e77 | 2700 | 5177
238 1544 4085 2485 7313 20022 | 5548
1267 228 1583 383 803 2552 T64,1 20T | 558
235 1628 3802 52 278 5 TeE5 | a4z | S8R
26,3 363 615 28400 B8y | ome4 | 8102
170 272 1712 351 B4E 2026 CEER < E O
1871 283 1768 350 675 31,1 8825 | 21261 53,1
1872 334 353 3425 9102 | 21728 | 6454
1873 1873 3572 3845 423 | zmm | Tz
1874 523 1887 873 4127 220 | emaz
wrs | =g 2008 3508 70, 4444 | wi0p | 242 | edsp
1876 2078 345 67 4 5062 | 1383 | 2z | eses

a3
o
Py
i
[=1]
(&1
(5]
n
-4
(5]
e
»
-1
-4
[
Laz
[
-1
-4
[az
[
£

a3
L
-a
&
1]
5]
(5]
o
n
>
£H
%
BN
-4
[
-4
a3
-4

3 35 703 783 24328
37 3518 B2 4 B4 8 24381
w2 | 814 3571 B34 BEE 4 22742
983 | 684 3541 e126 | 13007 | 22331
e | B2 3452 787 | 10130 | 13m0 | 23451
wEE | 47 3338 B2 | 10420 | 13882 | 23304

140




socmi kpaluu (CLHA)

LATRE

eroHoMivyal o

{ dand

i

Cramucmie

O8poinieansHa npoMKEnNoBicTs

“ Lt Bd i

“d pgGIL - UEE

444

"Lt "L
‘whedyy

20700
18884

U o L

“d i1~ UBLINEY

b ]

4417
4800
4724

frsl

-t “bd i
‘uag

1447

&g

2E3

=]
n
£E1

OoByexa npommacnosicTs

U o L

“d om61 - LD

FET

5]

5]

&£

"Ltk "L
‘whedyy

EaT7

Ea
a4

U o L

“d Zi161- UBLIUEY

[T5]
€
5]

24

€
[15]
an

1344

-t “bd i
‘uad

L]

[15]
€1
]

1444

n
(=]
€1

Poku

€

€

&

€
€1
n

19348

141




Cmamucmuyri danl exomoniynol diniesocmi kpaluy (CLLLA )
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Cmamucmuuni dani exoromiuyol dirassocmi kpatuu (CLHITA)
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Cmamucmuuni danl exonomiunol diiisuocmi kpaivu (CLHA)

Enpofumaa chepa Hegupobrmua chepa
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Cmamucmuynd dani exosomiyyol diRiesocmi kpaiky (Beiuxodpumaria)

OoByexa npoMncnoBleTe 08 pofinBansKa npoMKMENoBIETS
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Cmamucmuund danl exonovivyol diaiesocmi kpalny (Beiuwodpumania)

Ewepretmka, ras, soga

Eyalsumutes

on | 8| B8 g5 | 85 o3| BE ) 41 88
@ g 52 =g = 2 @ g g = £ = 2

2 | z2 " | B% 2| g2 " | §%

0622 35 3 308 1415 45 044

45, 386 32 E43 48 &4

4810 385 334 GE6 48 132

50,1 05 35 785 52 718 28

53 410 358 2 006 5) 8 1243

(06 55,8 4 356 £154 g4 8 1238

o7e & 431 4, 2248 &8 883 326

867 143 84,0 43 427 2373 15 822 irs
30 67,3 42 453 2560 82 807 14,12

69,8 05 477 2704 86 140

am 71,8 38 438 2 556 8.0 653 374
a7 a3 75 am 513 3,285 34 1324 196
720 76,7 356 4022 96 1422

429 T8 344 4 8591 10 1455

a74 347 5,118 3,05
1875 &0 353 6,08 6,298 236
278 | 3 802 383 B4 1175 3 586 12,18
a7 084 81,5 348 6,04 50 12,15
1378 4453 81,8 34 &.08 9 524 1287
are 4738 82, 34z g4t 22 13,06
823 353 123 617 234

82,7 350 123 1526 0

&3 336 i4 3

845 &2 726 124 78

5.5 313 6,20 126 1217

87,5 0z 753 30 1232

147




Cmamucmuund dani exodomivnol digissocmi kpaluy (Beturvodpumarnia)
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Cmamucmuynl dani exoroniviol ditasnocmi kpaivy (Betuwodpumanis)

Bupobikmya chepa Heewnpobumsa chepa
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Cmamucmuni dani exonomiyyol diaisrocmi xpalu (Anowia)
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Cmamucmuysi dani exonomiygol daiesocmi kpalky (Anonis)
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Cmamucmuyni daul exornovivkol diaissocmi kpalvy houia)

TpakenopT T4 38'"30K Topriens
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Cimamucmuuni dani exoxomivkol digtenocmi kpaluy (Fnowia)
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Vzazarbnena moders Conoy 3 MiHiIHOW0O HOPMOIO HAKONUYEHHSA

Y3araneHena mogens Conoy

BuxigHi gaxi mogeni

Yi= AKeLiPert AK:=8t - pK:i| Se=st Y HapamT;:;ﬁl:ES:l:::: Gyt Temnun Nouatkogi oBcArk nT::f::a
Yiz Cib & ALi=a-L | si=sosht MacwrabHui E|:|ar,'ruq- Ena_r.'ruu- Temn Auor.'_nm- Tpyaosi Kani n Hax::::uun
i T HHOMHMK :::i::a:; no Incl::l;ui nporpecy n:il::la;y pecypen | | TP | TS o ht
Ka So-novarmon] sani 10#24 i uga R T s:.;o 1?0 u?znu U.EE
[OvHamika OCHOBHUX NOKa3HWKIB Moaeni
Mokasnuku 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 | 1997
BupoBhuuTse, Y 88,02 92,63 9840 105,30 113,32 122,46 132,11 144,09 | 15659 | 170,25 | 185,08 | 201,10
DOHA HAKONWYEHHA, St 17,60 20,38 2362 27,38 N 36,74 42,47 48,99 56,37 6469 | 74,03 | B446
®oHa cnoxueanns, Cy 70,41 72,25 74,78 7792 81,59 85,72 90,25 95,10 10022 | 105,55 | 111,05 116,64
Kanitan, K 66,00 70,40 76,70 84,98 95,36 108,02 123,15 140,99 | 16178 | 185,80 | 213,33 | 244,70
Mpaus, Lt 1,70 1.68 1,66 1,64 1,62 1,60 158 1,56 154 1,52 150 1,48
Hopma HakonW4eHHs, s 0,20 022 0,24 0,26 0,28 0,30 032 0,34 0,36 0,38 040 0,42
Hopma cnowmBaHHs, C: 0.80 0.78 0.76 0.74 0,72 0,70 0.68 0.66 0.64 0,62 0,60 0.58
®oHpooabpoenicTs npauy, KIL 38,82 41,94 4627 51,91 58,99 67.67 78,12 90,57 10524 | 122,40 | 142,31 | 165,30
MpogykTweHicTs npaui, Y/L 51,77 55,18 59,36 64,32 70,10 76,71 84,19 92,56 10187 | 112,15 | 123,46 | 135,85
Binpoava kanitany. Y/K 1.33 132 1,28 1,24 1,19 1.13 1.08 1.02 0.97 0.92 0.87 0.82
Hc:pgi”b“ﬂ“””“ COKMBAH- | 41,42 43,04 45,11 47,60 5047 5370 5725 | 6109 | 6519 | 6953 | 74,08 | 7879
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