OKOHOMHUKA U MATEMATHYECKHUE METO/KBI, 2007, mom 43, Ne 1, c. 27-37

HAPOJTHOXO3ANCTBEHHBIE
INPOBJIEMbI

AHAJIA3 S5KOHOMMNYECKHX HUK/IO0B
C IOMOIIbI0 MATEMATUYECKOU MOJE/IN
MAPKOBCKHUX CIYYAUHBIX ITPOLOECCOB

© 2007 r. A.A. Akaes
(Mocksa)

Bnepsblie fienaeTcs nonbITKa MaTeEMaTHIECKON (hopMaTu3alii TEOPUH JETOBbIX IIUKIIOB n. lym-
nmeTepa C UCIOIb30BAaHIEM MOJEIN MAapKOBCKHUX CIYYalHBIX IPOLECCOB Pa3MHOXKEHUS M TUOEIH.
TTonydeHs! sSBHBIC pellieHWs], ONMCHIBAIONINE UHAMUKY MOIBEMOB U CIIaJJOB 9KOHOMIYECKON aK-
THBHOCTH, BBI3BAaHHBIX TEXHOJIOTHIECKAMU IIOKaMu. [Toka3aHa yCTOYMBOCTb MOJIENIU B YCIOBHSIX
BO3/ICHCTBUS CAYyYaAlHOrO Yucia ClIy4alHbIX MIOKOB npeioxenus. [TocTpoeHbl KpuBble HUKINYE-
CKHX KOJIeOaHNN 9KOHOMUYECKON aKTUBHOCTH.

B 1950-x rogax ObLIM CO3[aHbI U3SIIIHbIE MAaTEMATHUYECKHE MOJEIN HAa OCHOBE B3aNMOJIENCTBUS
MYJIBTUIUIMKATOpPa-aKceJlepaTopa, KOTOPhIE JIETJIM B OCHOBY KEMHCHMAHCKON TEOPUU 9KOHOMUYECKUX
nukinoB (Amnnen, 1963, ra. 6, 7). B tor ke nepuop P. Conoy pa3paboTan HEOKIIACCHYECKYIO MOJIENb
sKOHOMUYecKoro pocra (Solow, 1956), koTopas cTaja OTIPABHON TOYKOH BCEX MOCIEAYIOIINX UCCTe-
JOBaHUIT TOJITOCPOYHOTO 3KOHOMUYECKOTO Pa3BUTHSL.

Opnako yxke K cepeaute 1970-x ronoB KefTHCHaHCKUI OAXOJ K aHATU3Y IEIOBBIX IIUKJIOB OKa3alcs
HEXKM3HECOCOOHBIM, KOTJIa OH CTOJIKHYJICS C HOBBIMU SIBJICHUSIMU B 3KOHOMUKe. Takke BBISBUJIACH
OTPaHMYEHHOCTH MPAKTUIECKOTO MpuMeHeHusT Mofiean CoJloy, 9TO PHUBEIO K MHOTOUUCIEHHBIM TO-
MBITKaM YTOYHHUTH U pacliupuTh cepy ee npumenennd (Tymanosa, lllarac, 2004, . 9, 10).

B 1980-x rogax ®. Kropmmang n 3. [TpeckoTT 310K OCHOBBI HOBOW TEOPUH PEATBHBIX 3KOHOMU-
yeckux nukiaoB (Kydland, Prescott, 1982) myrem 06 beIuHEHNS CTOXAaCTUYECKON IUHAMUYECKON MOAETU
0O0I1IeT0 paBHOBECHS CO CTOXACTHYECKOW Bepcuell Heokiaccuueckodl moaenu pocra Comnoy. [JaHHBII
MOAXO] SIBJISIETCS] AJIbTEPHATHBHBIM KEHHCMAHCKOMY; OH HE aeT, MOJOOHO KJIACCUIECKUM KeHHCHaH-
CKUM TEOpUsIM, SIBHbIX aHAJTUTHUECKUX 3aBUCUMOCTE, ONUCHIBAIOIIUX KOJIeOaH!sI 9KOHOMUYECKOH aK-
TUBHOCTH, ¥ MOXKET ObITh peain30BaH Ha MPAKTHUKE UCKITIOUNTENBHO C UCIOIb30BAHNEM YHCICHHBIX Me-
tonoB. baaropapst Tomy, uro mopens Kropnanga u Ilpeckorra 6osee ajeKBaTHO ONUCHIBAET MPOLECC
LUKJINYECKUX KOJeOaHull B 9KOHOMUKE, OHa cTajla OCHOBHOM! B IOCIEAYIOLEM MaKpPO3KOHOMHUUYECKOM
aHanM3e NyTeM KOMITLIOTEPHOTO MOJICIMPOBaHusl. 3a pa3paGoTKy HOBOTO MOAXO/Ia K YHCIEHHOMY MOjfie-
JMPOBAHMIO LUKJIOB JIEJIOBOY aKTUBHOCTH M MaKpO3KOHOMHUYECKON ArHamMuky Booome P. Kropgnang u
3. IIpeckotT 66UTH yaocTOeHBI HobOeneBckoit mpemun 2004 r. 1o 3KOHOMUKE.

B ToT ke nepuon P. Heabcon n C. YunTep pa3paboTann 3BOITIONAOHHYIO TEOPUIO 9KOHOMIUYECKHUX
u3meHeHu#l (Hemnwbcon, Yunrtep, 2002, ri. 2, 9) 1 HOCTpOUIU SBONIONUOHHBIE MOJIENH JOITOCPOYHOTO
SKOHOMHUYECKOTO pOCTa, OCHOBAHHbIE Ha IIYMIETEPOBCKUX ONMMCAHUAX KOHKYPEHIMN yTeM HUHHOBA-
uii. [maBHOE OTIMYME 3BONMIOUUOHHON TEOPHH OT OPTOAOKCATBHBIX TEOPUil, 6a3uPYIOIIUXCS Ha Kilac-
CHYECKMX KOHIENINAX MaKCUMHU3ali U PaBHOBECUS!, COCTOUT B TOM, UTO B IIEPBOIi B IOJIHOI Mepe y4u-
ThIBAeTCS TOT (PAKT, YTO IIYMIETEPOBCKasl KOHKYPEHINS MPOTEKAET B YCIOBHSIX PO OIKUTEIHHOTO
HEpaBHOBECHSI. DBONIOLMOHHBIC MOJIEIIU CO3JAJIH JIyUIINi 0a3KC A YUCICHHOTO MOJIETMPOBAHNUS 3KO-
HOMMYECKOT'0 POCTa, 0OYCIOBIEHHOI'O TEXHNYECKUM IIPOIPeccoM, 4yeM Heokjaccuueckasi Mmoaens Co-
JIOy ¥ ee yJydllleHHble BapuaHThl. Tak ke, Kak U croxacTudeckue guHamudeckue moaenu Kropmanga
u I1peckoTrTa, OHE TPEOYIOT MOILIHOW KOMIIbIOTEPHON HOAEPKKH.

B nacrosieii pabore BHEPBLIE [JENAETCA MONbITKA MPOBECTH MATEMATUYECKYIO (hOPMaIM3aLUI0
Teopun akoHoMIYeckux nukiaoB U. lymnerepa (lllymnerep, 1982, ra. 6) ¢ ucnonb3oBaHNEM MaTeMa-
TUYECKON MOJIeIM MapKOBCKUX CIIyYyailHbIX IPOLECCOB PA3MHOXKEHUS U TUOENH, YTO 1103BOJISET MOJy-
YUTH B SIBHOM BHJI€ aHAJIIMTHYECKUE 3aBUCUMOCTH, ONMCHIBAIOIINE UKINYECKUE KOJIeOaHusI B 9KOHO-
muke. [locnennue, B CBOIO ouepenb, 00JIEeryaloT H3ydeHne BOIPOCOB KaK KaueCTBEHHOI'O, TaK U KOJIU-
YEeCTBEHHOI'0 aHa/lW3a JUHAMUKY BbINycKa U ee ycroiuuBocTu. Heo6XoauMo OTMETUTh, UTO TEOPHs
nukioB lllymnerepa u cerofgHst octaeTcsl OGHOM U3 HauboJliee NMPUBIIEKATENbHBIX U aIeKBATHO OTpaXa-
IOIIMX MPUPOAY UMKIMYecKnx Konebanui. Luknel y lllymnerepa paccMaTpuBaroTCsl KAK OTKIOHEHUS
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28 AKAEB

OT COCTOSIHUSI PaBHOBECHS, ‘‘KaK Cepbe3Hble HAPYIIEHUS 9KOHOMUYECKOTO KpyroodopoTa, 6€3 KOTo-
PBIX HE ObLIIO ObI BOOOIIE 3KOHOMHAYECKOTO pocTa’.

Wrak, 11 onucanus JeJI0BOro NUKIIa B KAYECTBE SKOHOMUYECKOM MOJIe I OEPETCS MOJIENb, BBITE-
Karomjas u3 Teopuu aKoHomMudeckux nukiaoB Y. lllymnerepa, KOTOpBIN mosaran, YTO €[UHCTBEHHON
MPUYNHON NMO'bEMA CIY>KAT MacCOBOE MOSIBIICHUE NPENNPUHAMATEIEH, CO3/[at0INX WHHOBAIMOHHYIO
MPOAYKIMIO MyTeM HOBBIX KOMOMHAIINIT UMEIOUIUXCSl PECYPCOB M MMPOU3BOAUTENBHBIX cil. [Ipennpusi-
THS, HA KOTOPBIX MPOU3BOAUTCS HOBasl MPOAYKINS, TaK>Ke MOSIBIISIIOTCS MAacCOBO M, B CBOIO OYEpefb,
MOPOXK/AIOT OOJNBIIYIO MOKYNATENbHYIO CHILY, & TEM CAMBIM W XapaKTEPHbIN I NEPUOJOB NMOAbeMa
POCT LIeH, 3aKylasi 000pyfOBaHuUeE, ChIpbe, IPUBJIEKask pabouyro CHIly, IOBbIIIAs 3apmary u T.1. OHu
KOHKYPHUPYIOT CO CTapbIMU NPEANPUATHAIMH U Ha UX yCIIEX TaKXKe BIUSIET YXyALICHUE NTOJIOKEHNUS CTa-
PBIX IPEAIPHUATHAN, YaCTh KOTOPBIX MPUCIIOCA0INBAETCSI K HOBBIM KOHKYPEHTHBIM YCIOBUSIM, a 9acThb
nepecTaeT NPOU3BOAUTH U MOrHOaeT. ITO 03HAYAET, YTO MAPAIIEIBHO C MACCOBBIM IOSBJICHUEM HO-
BBIX NPEANPHUATHI UAIET MpoLecC OAHKPOTCTBA M T'MOENH CTAaphIX, a TAKKE YACTU HOBBIX NPEATIPUITHII.

IToueMy sKOHOMMKA pa3BUBAETCS HE IINIABHO, a PbIBKaMH, TOYEMY 3a ITOCTYNATEIBLHBIM [JBUKEHUEM
clleyeT BO3BpaTHOE U JIMIIb IIOCJE HErO BHOBb BO30OHOBIISETCS NMOCTYHNATEIbHOE ABUXKEHHE? “OTO
MIPOUCXOAUT UCKIIOYUTEIBHO NOTOMY, — yTBepXKpaaeT lllymnerep, — 4To HOBble KOMOMHAIMN BO3HUKA-
IOT HE Yepe3 paBHbIE IPOMEXKYTKHA BPEMEHM, KaK 3TO CIEJ0BAIO Obl OXKHUAATH COTJIACHO OOIINM IIPHH-
nunam BeposATHOCcTH. Kak npaBuio, HOBble KOMOMHAIMU TOSBIISIOTCS B OOJIBIIOM YyHcie”.

Ecnu B oTpacnu, rge HaunHAETCs IOTBEM U MOSIBIISIIOTCS] HOBbIE NPEANPUHIMATENH, IO BIUSHAEM
UX ycrexa BO3HUKAET JOCTaTOUYHO MHOI'O HOBBIX PEANIPUSTHUI, TO OHH, pab0Tas Ha IIOIHYIO MOIIHOCTD,
CTaHyT MPOMU3BOANTH TAKOE KOJIMUYECTBO MPOAYKIMH, KOTOPOE B PE3yibTaTe MOHUXKEHUS 1IEH U pocTa
u3AepKeK KIaJeT Hauajao OrPaHuIeHHUIO PeIPUHUMATENbCKOM NpUObLTU. C JOCTHKEHUEM 3TOTO PY-
Oexa mepecraeT AefcTBOBAaTh (PAKTOP, CTUMYJIUPYIOLIUI NOABEM, IPOUCXOJUT COKPAILEHUE HHBECTHU-
Ui, ocnabieHue NMPeANpPUHUMATEIBCKON AesITENFHOCTH U KaK CJEICTBHE — MajieHue MPOM3BOJICTBA,
mocJe 4ero Hacrymaet 3actoil. TakuMm o06pa3oMm, NogbeM caM 1o cebe co3gaeT OObEKTUBHYIO CUTYa-
LMI0, KOTOpasi O3Ha4YaeT ero 3aBeplleHue U Hem30eKHO BeleT K Cliafly IPOU3BOJCTBA, a 3aTeM K fe-
MIPECCHH, a Yepe3 Hee — K COCTOSTHUIO BPEMEHHOI'O OTHOCUTENILHOTO PABHOBECHS W OTCYTCTBUSI pa3BU-
Tus. [Ipoueccel, Mpoucxopsiye B MEPUO AEPECCUH, SIBISIIOT CO00H KapTHHY HEYBEPEHHOCTH U Oec-
HNOPSIOYHON aKTHBHOCTH, KOTOpasl XapaKTepHa [Jis IOMCKA COIJIaCOBAaHMS MHTEPECOB, HO yXe Ha
HOBOM ypoBHe. [Ipou3BofcTBO flanblile He COKpalllaeTcs, HO M He pacTeT. OfHaKO TOBAapHbIE U3IHUILIKA
MOCTETIEHHO paccachIBatoTcsl. Kaxkaplil pa3, Korjga npoucxoguT NpuOIMKeHne K COCTOSTHIIO PaBHOBE-
CHS U OTCYTCTBUS Pa3BUTHS, KOTOPOE, €CJIU OHO OTHOCUTEILHO COAJaHCUPOBAHO, MOXET OISITh CTaTh
OTIIPABHOY TOYKOI1 JIJIs1 OCYIIECTBIICHUSI HOBBIX KOMOMHAIIWI M HOBOT'O Pa3BUTHS, B OTAEIBHBIX OTpac-
JSIX HAPOJAHOT'O XO3SIIICTBA MOSBISIIOTCS ““TOUKHU pOCTa” M MPOUCXOANT NMEPEXON K OKuBieHuto. Hopbie
pefIpUHIMATEIN-NHHOBATOPbI CO3[AI0T B 3TUX TOUKAX POCTA HOBBIE NPEAIPUATHS, KOTOPbIE HAUU-
HAIOT BBIMYCK MPUHIUNHAAIBLHO HOBOW NpOoAyKIMK. Tak HauMHaeTCss HOBBIN MMO’bEeM, & BMECTEe C HAM U
HOBBII IEIOBOY IMKJI. DTO OyIeT UMEHHO HOBOE Pa3BUTHUE, B HOBOM OTPACIU 1 B HOBBIX YCIOBUSIX.

ITop “passuruem” lllymnerep NOHUMAET JUIIb TAKKE U3MEHEHUS XO35IMCTBEHHOIO Kpyroodopora,
KOTOpbIE€ 9KOHOMHKA caMa IIOPOKAAET, T.€. TOJIBKO CIIy4ailHble U3MEHEHNS “IPeJOCTaBIEHHOIO CaMO-
My ce0e”, a He IPUBOJUMOTO B IBUKEHHE UMITYJIbCAMH N3BHE HAPOJHOTO X03sicTBa. OHO NMpefcTaBIIsi-
eT coO0ol U3MEHEHUE TPAeKTOPHH, IO KOTOPOH OCYIIECTBISIETCS KPyrooOOpOT, CMEIIEHUE COCTOSIHUS
PaBHOBECHS], CTUXUITHO BO3HHKIIIEE B 9KOHOMUKE.

Taxkum o6pa3om, B cOOTBETCTBUM cO B3rysifamu lllymnerepa, sKoHOMHUYECKOE pa3BUTHE HOPOXK/A-
€TCsl IPUYMHAMY CIy4YaliHON npupofbl. B 0cHOBe MexaHM3Ma, OOBSICHSAIOLIETO NUKINYECKUE Koneba-
HUSI, TAKXKe JIEKAT BEPOITHOCTHBIN IPUHIMIL HEOXKUJAHHOE IOSBIECHNE “pOeB’ MpefIpUHuMaTe e -
WHHOBATOPOB XOPOLIO OMMCHIBAETCS CTOXAaCTHIECKIMH NOTOKaMu coObITHIL. Panee MHOIO ObIIIO TOKa-
3aHO, 4TO MPOLECC POXKAECHUS, BBIXKUBAHUS U THOEIN HOBOM NONYJIALMY TpeIpuHUMaTesei (mpeanpu-
STHU) MOXKHO paccMaTpHUBaTh KaK ITyacCOHOBCKUY NOTOK coObITHil (Akaev, 2001, ch. 4). [Jonymenus o
MyacCOHOBCKOM XapakTepe MOTOKA COOBITHI Pa3MHOXKEHUSI U THOETN NPEeAUpUATHI IEHHbI TEM, UTO
[O3BOJISIIOT Ha TPAKTUKE IPUMEHUTH MOIIHbINA MaTeMaTHUeCKHUI annapaT MapKOBCKHUX IIPOLECCOB pas-
MHOXEHMS U THOEH K aHaIU3y 9KOHOMUYECKUX [IUKIIOB.

dopmanusyeM onmMcaHHbIE BBILIE MOJENN LUKIOB Konebanuil no lllymnerepy ¢ ucnonp3oBaHueM
MapKOBCKUX IPOLECCOB Pa3MHOXKEHUS U F'HOENU C HEellpepbhIBHLIM BpeMeHeM. IlyaccoHoBckue OTOKHU
COOBITHI, BEAyIINEe K CO3[JaHUIO (IPUPAIEHUSIM) HOBBIX NPeAnpusaTuil, 6ygeM Ha3blBaTh MOTOKaMHU
Pa3MHOKEHUSI, @ HOTOKHU COOBITHIA, BEAYIINE K BBLKUBAHNIO, BDEMEHHOMY YXONly C PhIHKA WM IIpeKpa-
LIEHUIO CYLLIECTBOBAHUS CTaphIX NPEANPUSITUI — TOTOKaMU ruOesu.

JonycTuMm, 4TO MHTEHCHMBHOCTH MOTOKA pa3MHOXeHHs onpepensercss ¢yHkuueit A(t). B kuure
(Akaev, 2001, p. 114) 6110 TOKa3aHO, YTO MHTEHCUBHOCTD IIOTOKA PA3MHOXKEHUST HOBBIX MPEAIPUSITHI
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JOCTATOYHO XOPOULIO OIMUCBLIBACTCA 3aKOHOM 3p— 0.7

JIlaHra BTOPOTO MOPSIAKA: o6l o
-\ 05F —my (), Ag=1, =02
A(t) = Adte o t>0. (1) o

3TO 03HaYaeT, UTO KaxKaoe BTOpoe HOoBoe mpep- 0.3
IpUSTHE BEIKUBAET, aJaITUPYETCS K HOBBIM YCIIO- ()2
BUSIM U CTAaHOBHTCSI KOHKYPEHTOCIOCOOHBIM. 3

0.1
KaKuX COOOpakeHHWil ONpefesIsieTcs] KOHKPETHOe
1 1 1 1 Il L Il L L L L 1 ]
3Ha4YeHHEe Ay? MakcuMasbHas INIOTHOCTL TOSABIE- (| 2 3 4 5 6 7 8 9 10 11 12 13 14 15
HUSI Ha PbIHKE HOBBIX MPEANPUSITHII HACTYMAET B t

-1
* =
MOMEHT BpeMeHH { Ao~ (net). Ecu npunate, Puc. 1. Kpussre 3aBucnMocteit A(t) m my(t).

YTO 3TOT MAKCHMyM JIOCTUTAaeTCcs B NEPBBINA TOf,
Torma Ay = 1.

IlepeiinemM K ycTaHOBJIEHHMIO 3aKOHA paclpefeseHus] U XapaKTepUCTHK ciaydaiHoro nmponecca X(t),
MPEACTABIISIIOIIETO COOO0M YUCI0 OGHOPOAHBIX HHHOBALMOHHBIX (T.€. HOBBIX) IPEAIPUATUH, JEHCTBYIO-
IIUX Ha PhIHKE. B Teopuu MapKOBCKUX CIy4YaiHbIX MPOLECCOB C AUCKPETHBIMUA COCTOSIHUSIMU U HETIpe-
PBIBHBIM BpeMEHEM MpeIoaraeTcs, YTo NePexofbl U3 OAHOIO COCTOSIHUS B IPYroe MPOUCXOAST HOA
BO3/ICHCTBUEM IyaCCOHOBCKUX IMOTOKOB COOBITHI. 11 aHanu3a MapKOBCKHUX CIYYalHbIX IPOLECCOB
Takoro knacca A.H. Konmoropos npepmnoxun cucremy audgepeHnnanbHbIX ypaBHEHUH, KOTOPbIE ce-
TOfHSI U3BECTHBI KakK “‘ypaBHeHUs1 Konmoroposa” (BenTtuens, OBuapos, 2003, ri. 4). 3aMedaTeabHO,
YTO 3TU YPABHEHUS IIO3BOJISIIOT OIPEAEIUTh HE TOIBKO 3aKOH paclpefiesieHus cIyvyaiiHoro npouecca,
HO ¥ €T0 XapaKTEePUCTUKH.

ITyctb A(t) — MFHTEHCUBHOCTH ITyaCCOHOBCKOTO TIOTOKA Pa3MHOXKEHMST HOBBIX MpeANpusiTuil, () — -
TEHCHBHOCTDH ITyaCCOHOBCKOTO NMOTOKA THOeNu MpeAnpusaTHii, Torna auddepeHnuaisHoe ypaBHEeHIE
Koamoroposa anst onpeaenennst (pyHKIUN MaTEMAaTHYECKOro oxkufaHust My(t) ciyvaiiHoro npouecca
X(t) mmeet Bup (Bertuens, OBuapos, 2003, ri. 4):

dm,(t)/dt = A(t) —p(t)m,(t), t>0, 2)

a ob1Iee pereHne JaHHOTO YpaBHEHNUS ONpefelsieTcst o hopMyiie:

~fu(e)de -t [u@rde

m(t) = e° J’)\(T)e" dt + m,(0) |. (3)
0

J1J1st TpOCTOTHI JaJIbHENIIIETrO U3IOKEHNUS TIOTOXKNM (0) = |4, = const (3TO HanboJee YacTO BCTpeYaro-
IIUIACS CTy4Yall B IPaKTHUECKUX MPUIIOKEHNSIX), @ TAKKE YITEM, UYTO IMEET MECTO HyJIeBOe HayalbHOE
ycnosue, T.e. M(0) = 0. Torna (3) npumeT BUxA:

t

my(t) = e [ (1)e " dr. 4)
0

ITopcraBnss B (4) BeipaxkeHue (1) U UHTETpUpysl 3TO BbIpaKeHUE, MOIyYaeM (PyHKINIO, ONUCHIBAIO-
Y0 MAaTEMAaTHIECKOE OXKUIaHNE CITyJaiHOTO mpoiecca X(1) — 4rcio HOBBIX MPEANPUATHH, EHCTBYIO-
LIUX HA PbIHKE B J:000I MOMEHT BpeMmeHH t > O:

m (1) = A/ (o—Ho)) [ =™ = (Ao = po)te ™. 5)
I'pacdpuku pyukumit A(t) 1 my(t) mokazaub! Ha puc. 1.

Kaxnoe HOBOe NPOU3BOJCTBEHHOE NPEANPUSATUE BBINYCKAET I €UHUI HHHOBAIIMOHHOU IPOAYK-
nuu. O603HaunM depes Y(1) ciydaftHBIN mpoIiecc, MPeACcTaBISIONIUN cO60i TOTOK HOBOW MPONYKIAA
9TUX NpeanpusiTuil. B o01eM cinydae 3T0 — NOTOK NOTpeOUTENbCKUX O1ar HOBOr'O KadecTBa. bynem no-
Jarath IpU 3TOM, YTO CPEe[HsIsl HHTEHCUBHOCTD BbINTycKa mpolecca Y(t) oquHakoBasi 7Sl BCeX eJUHMUL]
nponecca X(t) u paBHa Ay(t), npuueM orpaHndyeHmii Ha odIee ynciio coctosiauit Y(t) Het. B aToMm ciiydae
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30 AKAEB

6e3yCcoBHAsI MHTEHCUBHOCTH MMOTOKA Pa3MHOXKEHUs onpenesiercs o gopmyie (Benrtiens, OBuapos,
2003, ri. 6.2):

Av(t) = n(t)my(1), (6)

a cyMMapHbIil NOTOK BhImycka Y(t) mpakTudecku yxe npu my(t) > 5 asnsiercst myacconoBckuM. [Tonaras
B (6) N(t) = ny = const u noacrassisa M(t) uz (5), noayvyaem:

M) = nle™ =™ = (o—po)te T, N = No(Ao/ o= ko))" o

ITycTs anee Bech MpOU3BENCHHBIN BBIMTYCK PEAM3yeTCs C THTEHCUBHOCTHIO V (1), KOTOPYIO TaK3Ke MpH-
MEM MOCTOSHHOM V = V,; = Const, YTO XapaKTepu3yeT Mpouecc Kak 3aTyxaromuii. CaeqoBaTebHO, A5
CIIy4aiiHOTO Ipoliecca BbIIyCKa U peanu3alu HoBOH npopayknuu Y(t) Tak>ke clpaBefiyiuBO ypaBHEHHE
Koamoroposa, mogo6Hoe (2), 1 COOTBETCTBYIOIIIEeE pellienne, mogoGHoe (4) ¢ Ay(t), onpenenseMbiM u3
(7). OTo pelieHKE 3aNUIIETCS B BUJIE:

t
T _ _ v [l
m/(t) = ne °‘g[ [+ — ™ — (Ao - pto)Te ] ] =
b 0

3)
gt Agt Ao—Hog). At
"= e ]

— r]|:)\ E (e—pot_e—vot)_Z)\o—Vo—iJ.O
0~ Ho (Ag—Vo)

a8

Ecnu v = Yy mmm Ay =V, To B hopmyiie (8) BOSHUKAIOT HEONIPEEJICHHOCTHU TUIIA Cg]» KOTopeIe ner-

KO paCKpbIBAIOTCS € IOMOLIBIO TpaBUJIa Jlonurans. B ciIy4dae, Kkorga Vg = |y, IMEEM:

(D) = nfte™ -e™) 2o (e -e ™) (82)

a ecnmu Ay =V, TO

L (e ™ _te™ 05\, uo)tze_%t] (86)
Ao—Ho

Ha puc. 2 npepcrasnens! rpaguku pyaknun My(t), sBasroleicss MaTeMaTHIECKAM OXKUJAHUEM BbI-
IyCcKa — peajau3anuy NPpOAyKIUY IPH Pa3INYHbIX 3HAUECHUAX V, T.€. IIPH Pa3IAIHbIX THTEHCHUBHOCTSX
peanuzauuu npopykuuu. HazoseM aTu KpuBble “nHHOBalMOHHbIMU BojaHamiu lllymnerepa”, mocKONbKy
OHHM BKIJIIOYAIOT (ha3bl NOLbEMA, CIIaJla U HEMOCPEACTBEHHO clIefytoT u3 Mofenu lllymnerepa.

IIpepnoxenHas Mopenb ygoOHa QNI H3Y4YCHUS

BIIMSIHUSI PA3NINYHBIX IIIOKOB, NMOCKOJBKY HAeT SB-
HbIC aHAJIMTUYECKUE PEUICHNSI, BOBMYIIECHHBIC B pe-
3yJibTaTe AeNUCTBHS HIOKOBBIX IMIYILCOB. PaccMoT-
15F pUM BIHSIHUE IIOKOB HpemioxkeHms. [y aToro B
¢opmyite (6) TOIOXKAM

m(v) = n|

20 -

10
n(t) = Nol1+€,0(t—1to)], ©)

v T rae Ot — t)) — menpra-yukius Jupaka, 03HaYar0-
. L 1+ "7y [jasi HOSIBIIEHHE B MOMEHT BpeMeHH t = {; mokoBoro
u7= 02 v(?:})g 111213 14 1t5 UMITYJIbCa CO CTOPOHBI MPEAJIOKEeHNUs (HapuMep, B
’ ’ pe3ysbTaTe MTHOBEHHOIO CKauKa II€H); €, — MOCTO-
— A=1p=02,v3=05 SITHHBIN KO3()(PUINEHT, XapaKTEPUIYIOMINN BEININ-
Hy aTtoro umnyibca. [Toacrasnsas N(t) B Buge (9) B
(6), a 3aTeMm, pemas COOTBETCTBYIOIEE ypaBHEHNE
Puc. 2. KpuBble 3aBucHMOCTH My(1). KonMoropoga Tuma (2), MOJIy4YaeM:

-— )\0=1,|J=0.2,V0=1
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[b_“ot_e—vot 2)\0_\)0_“0 —vt Aot )\O—l.lo —Aot
(1) = _ e “—e + ——te "+
mY( ) r]% VO_U-O ()\O—VO)Z ( ) )\O—Vo
(10)
o NN,
+1(t-ty)e [e bolo_ g™t _ (Ao—Ho)tee )\oto] e %

rae 1(t —t)) — enunnyHas pyHKUUS, paBHasa equHuLe npu t = t, u Hyro npu t < t,. ['pacduku Bo3myieH-
HOTO penieHust Moenu My(t) mpepcraBiaeHbl Ha puc. 3. Bo3mylieHHbIe KpUBbIE SICHO IEMOHCTPUPYIOT
CrIIa>KUBAOIIMN 3(ppeKT Mofienu, CBOASIIUI BO3HUKAIOIIIE UMIIYJILChI IPEJIOXKEHNS Ha HET.

MoxkHO TakXKe PacCMOTPETH BIAUSHUE NIOKOBBIX UMITYJILCOB CO CTOPOHLI ITporecca rubenn:
vV = vo[l-g,6(t—tp)].

WMuTtepecHo, 4TO mpu 9TOM NEpBOHAYANIBHOE pelleHue (8) ocTaeTcsd B HEU3MEHHOM BHJIE, T.€. MOJIENb
HE pearupyeT Ha IIOKHU CO CTOPOHBI nporiecca rudenn. Bee 3To cBUAETENBCTBYET 00 YCTONYMBOCTU MO-
[eJM B OTHOIIEHUN SHAOTE€HHBIX IIOKOB KaK CJEICTBHE YCTOMYMBOCTHA MEXAHU3MOB, ONPEEIISIONIIX
LUKInYeckne Konebanus B camoit Teopun lllymnerepa.

H3BectHo (cMm. (BenTnens, OBuapos, 2003, ri1. 5.4, 6.2)), 4T0 caM 3aKOH pacipeeeHus CIyIaiiHOTO
mporecca Y(t) Kak Mpyu MOCTOSIHHBIX, TaK U MPHU MEPEMEHHBIX HHTEHCUBHOCTAX Ay(t) 1 V (1) siBrsieTcs 3a-
koHOM [lyaccoHa c nony4yeHHoOI Bbllle (PyHKIKEH MaTeMaTHIecKOro oxunanus, T.e. My(t) = Dy(t); p,=
—Mmy(t)

=[myt)]"e /n!, roe D(t) — mucnepeust; p, = P{Y(t)=n},n=1, ..., K, ... — paxg pacnpenenenusi. [Ipu
mocTaToYHO GousrbiioMm 3HaueHnn My(t) (My(t) > 20) 3akoH pacmpeneneHus ciaydainoro npornecca Y(t)
MOXHO IPHUOIMKEHHO CUATATh HOPMaIbHbIM ¢ MapaMeTpamu My(t) u D(t).

DTO0 00CTOATEIBCTBO MO3BOJISIET JIETKO PACCYNTHIBATh MPOTHO3HBIE OIIEHKN HanboJee BEPOSITHOTO
00beMa BBIIYCKa B HHTEPECYIOLIMI MOMEHT BpeMeHH t = | unu BeposiTHbIA OO'BEM BBIIYCKA B IEPUON
BpeMeHH c t; 1o t, 1 Tak ganee. Hanmpumep, BEpOSATHOCTD MPEBBIICHUS 00'heMa BLITyCKa B MOMEHT BPEMEHI
t = t, 3aganHOro moporoporo 3uaueHust N MoxkeT 6bITh HatieHa 1o hopmyne P{Y(t,) > N} = 0.5 - ®{(N -

0.5t .
- my(t))/ Jmy(t,) }, rae P(X) = (A/ZH)‘ljze dt — dpyukuus Jlamnaca wim “UHTErpa BeposiTHoCTER”
(Bentuens, OBuapos, 2003, ru. 6.3), 0151 KOTOPOH UMEIOTCsl OOLIMPHbIE TAOAULBI YUCICHHBIX 3HAUE-
HUA.
Hcnonp3ys mpaBuiio “Tpex curM”, MOXKHO 3aKJIIOUHMTh, YTO BO3MOKHBIC 3HAUCHUS UWCHA SUHUI]

BBINYCKa MPOAYKIUYU OyIyT HAaXOAUThCs B mpeesax My(t) = 3,/Dy(t) = myt) £ 3,/my(t) . Otcrona BbI-
TEKaeT, YTO IPU MaNbIX 00’beMax IIPOU3BOACTBA U HEJJOCTATOYHOM CIPOCE 9KOHOMUYECKasi KOHBIOHKTYpa
HecTaOWiIbHA U TIOfBEP3KEHA CITyYaiHbIM BO3ACHCTBUSIM (IIOCKOJIbKY AMCIIEPCHS paBHA MaTeMaTHYECKOMY
OXXWJIAHUIO) M TOJIBKO MpPH IMPOKOMACIITAOHOM IPOU3BOJICTBE JIOCTUTAETCSl YCTOMYMBOCTD, MMOCKOJIBKY

13,/my(t) cTaHOBHUTCS OTHOCHTEIHHO MAJIbIM B CPABHEHHMH C MATEMATUYECKIM OKUAAHHEM My(t).

A Tenepp BepHEMCs K INIaBHOMY BOIIPOCY: KaK C IIOMOILBIO JAHHOH MOJEJIN ONUCATh IUKINIECKUE
Kosie6aHus B 3KoHOMHUKe? [17151 3TOro Heo6xoarMo 06pa30BaTh CYNEPHO3UILUIO CyYaiiHbIX MPOIECCOB
pa3mHoxKeHust u rubenu Yi(t — t;), koTopble 1O-
POXIAKOTCS TEXHOJOTMYECKUMU IIIOKaMH B ciy- 15
yafiHble MOMEHTBI BpeMeHH {;:

— mAy(r), g =10
-—- mAy(t), €,=0.5

————— mi/(t)’ €,=0.1
—MN=1Lpu=02,vy=0.5

YO = 3 Yit-t)it-t), an
i=0

rme 1(t — t) — eguanyHag pyakumsa. Hambonee S+
nopiXoAsIIed (PyHKIMEH pacnpeeseHus Ajsl Bbl-
0opa ciyyailHbIX MOMEHTOB BPEMEHU 1j, xapakTe-
PU3YIOLIMX HAYAJIO OYEPEJHOrO0 MHHOBALMOHHO-

1 1 1 1 1 1 1 1 1 1 1 1
O TONTYKA, MOXKET CIyXKHUTh MOKa3aTenabHoe pac- 0 1 2 3 4 5 6 7 8 9 101112131415
npenenenue f(t) = £, t > 0, g koroporo m, =
=1/&, D, = 1/&%. TIpuyeM 3TOT 3aKOH ONUCHIBAET Puc. 3. Kpusbie sapucumocrein My(t) o m, ().
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WHTEpBaJ BpeMeHM 1; MEXKIy ABYMsI cocelHuMU 3HavyeHusimu t;, t; ., ;. Kaxkppriit mponecc Yi(t — t;) numeer
CBOM KOHKPETHBIE MapaMeTpbl A, L, V;, Nj, OOYCIIOBJIEHHbIE XapaKTEePOM TEXHOJOTUIECKUX MHHOBA-
LM, BBI3BABIIMX COOTBETCTBYIOLUI IIUKJI.

J11st mpaKTHIeCKNX MPUIIOKEHNN OT CYNePNO3NIUN CIyIaiiHbIxX (pyHKIui (11) HE0oO6X0qUMO TIepen-
TH K CYIEPIO3UIUU COOTBETCTBYIOIIMX MaTeMaTUUECKUX OXKUAAHUN:

me(t) = 3 mP(t—t)1(t~t).

i
3pech mg() (t — t;) merko nosy4aercst u3 (8). B utore npuxonuM K popMyiie, KOTOpasi OMUCHIBAET KPH-
BYIO IUKJIMYECKUX KOJIeOaHUN B 9KOHOMHUKE:

30

20
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20

15

10

30
25
20
15
10

i (t—t; —v;(t—t;
2L -t _ ity

n )\i
WO s werrys
i-0

_2)\i —Vi—Hi
(\i—v)?

—v;(t—t; A (t—t;
V-t _ Rt

[e

—~ moy(0) ....my ()
— moy() -~ msy(1)
ny (1)

cemyy(f) O
T may (1)

— mgy(?)
—- may(0)
- my (1)

T
\S
3
%)
~
—~
=

1" v

5 10 15 20 25

t

30 35

Puc. 4. a) xpuBasi genoBbIX TUKIOB (T, = 7); 6) KpuBast
nenoBbIX 1uKI0B (T, = 10); 6) KpuBasi 1eNOBBIX IUK-
108 (T, =95).

OKOHOMUKA N MATEMATUYECKHNE METO]IbI

A —
I +3—(t-t)

Vi—Hi -
(12)

Hi gt

[
VRL(t-t).
|

Ha puc. 4a npepcrasiena xkpusas Mg (1), mosmy-

YeHHas MyTeM CYNepHO3UIUN YeThIpeX NHHOBA-
nuoHHbIX BosH llyMrneTepa ¢ MOCTOSTHHBIM WH-
TepBaJIOM BpeMeHH MeKIy HUMU 1 ,= 7 jeT. [lan-
Hasg KpuBag HANOMUHAET XapaKTepHOe [l
UKIINYECKUX KOJeOaHN BOTHOOOpa3HOe JIBHKE-
Hue OOIIEeTo BhIMYCKa, HTOCTOSTHHO MMOBTOPSIOIIIEE-
Cs W HEPEryJsIpHOE Hake MPH TMOCTOSHHOM [,
Wrak, mukandeckue KojieOGaHus B TaHHOM MOJIEIH
BO3HMKAIOT KaK €CTECTBEHHOE CIIEJICTBHE CyIep-
TTO3WINN WHHOBANMOHHGBIX BoH lllymnerepa.

Ecnu ysenuunTh UHTEpBaJl BDEMEHU MEXKy UH-
HOBALMOHHBIMH TOJTYKaMH, BbI3bIBAIOLIMMU IO/ b-
€M, TO IUKJINYECKHE KOIeOaHust CTaHOBATCS OoJiee
penbedubME (puc. 40, T, = 10 set), nogbeMbl u
crajpl — 0ojee rIyOOKUMY, U IPOUCXONUT Mafe-
HIHE I0JITOCPOYHBIX TEMIIOB POCTA BBIITyCKa.

Ecnu npefenbHO yMEHBIINTH HHTEPBATl BpeMe-
HU MEXJy MHHOBAIIMOHHBIMH TOJTYKaMHu (o 4—
5 neT), TO moiay4aeM LUKIWYECKUEe KOeOaHusl ¢
HEe3HAUUTEJIbHON aMIUIUTyRoll (Ha puc. 46 T, =
=5ger). [IpuyeM TeMn JOJATOCPOYHOTO pOCTa
PE3KO yBENMYMBACTCS, & CaM POCT CTAHOBUTCS
6onee paBHOMepHbIM. OTCIOa HampalInBaeTcs
BBIBOJ] O TOM, YTO 9KOHOMIYECKas HOJIUTHKA FOCy-
JapcTBa IOJIKHA ObITH HallpaBlIeHa HA MAKCUMaJIb-
HO€ GIIaronpusITCTBOBAHKNE PA3BUTHUIO PEANIPHHU-
MaTelbCTBa, MAaJbIX U CPEAHUX NPEANPHUITHI,
BOCHPUMMYMBBIX K TPAKTUYECKOH peann3aniu
TEXHOJIOTUYECKUX HOBIIIECTB M MHHOBAIIWI.

KpuBasi foarocpoyHoro ycToiumBOoro pa3Bu-
THSI, TPEJICTaBJICHHAs Ha puc.48, HATTOMUHAET -
HaMI/IKy QKOHOMHUYECCKOTO paBBI/ITI/IH KI/ITaH B IIO-
cnegaue 25-30 neT, rAe MPOUCXOAWIa Hempe-
pbIBHAsi MHHOBAI[MOHHAS IESITETLHOCTh BO BCEX
chepax ku3HM OOIIECTBAa M uyepe3 Kaxkable 4—
5 meT HauMHANACh UIMPOKOMACIITaOHAasT TEXHO-
JIOTHYecKasi MOJICPHU3AaIUsT OYEPETHON 6a30BOM
Ne 1
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OTpacyy Uy rpynisl oTpacineil 3KoHoMuku. [Toqo6HbII nponecc 6b11 Ha3BaH “3¢eKToM cKopocT” .
Ero cyTs cocTonT B TOM, 94TO MPH YCKOPEHUN TEXHUYECKOTO MPOrpecca, a Tak:Ke N3MEHEHHI B OTpac-
JIeBO CTPYKType IPOU3BOJCTBA M OpraHU3alil 3KOHOMMKHU BO3HUKaeT 3((EKT JOITOBPEMEHHOIO
pocta. IMeHHO aTHM “a¢ppekT ckopocTn” OTIANYAETCs OT XOPOILIO M3BECTHOrO “apdexTa YpoBHS ',
O]l KOTOPBIM MMOHMMAETCS POCT OT BIIOKEHWSI MHBECTULM TPY HEM3MEHHBIX YCIOBUSAX TEXHOIOTAYE-
CKOrO IIporpecca 1 CTpyKTyphl Tpou3BofcTBa. Ho 3ToT adppekT umeeT, Kak IpaBuio, KpaTKOBPEMEH-
HBIi XapaKTep 1 OKa3bIBaeT BIMSIHUE HENPOJOILKUTENBbHOE BpeMsl. TakuM o6pa3om, A1l fOIATOBPEMEH-
HOTO 3KOHOMHYECKOTO pOCTa OTHENHHON CTpPaHbI TIIABHYIO POJb UTPAroT “3(pdeKThl cKopocTh’ .
“¥Y cTOMUYUBBIA POCT KUTANCKON 3KOHOMUKY, — UIIeT Xy AHbYaH, — B T€UEHHUE JJINTEIBHOIO BPEMEHH
nocne Havana pegopM Kak pa3 o0bscHseTcs "apdexramu ckopoct” (Xy Anbuas, 2005, c. 34-57).

JI7ns BBIAETIEHUS N ONMCAHNsl KPUBOW TPEHAA, XapaKTEPU3YIOLIETO JOITOCPOYHbIl 9KOHOMUYECKUI
pOCT, BO3bMEM NPOU3BOAICTBeHHYIO (pyHKIMIO K0o66a—][lyrinaca B mpocTeiiieM Buje:

a, 1-a a a
Y=KL °, O<a<l wmm y-=YL=(K/IL) =k, (13)
rae K — 3aTparsl Kanmrana, L — 3aTpaThl Tpyaa, O — 3JJaCTHYHOCTH BBINYCKa IO KanuTany, K — kanura-
JIOBOOPY>KEHHOCTH OTHOT'O pa0OTHHKA, Y — IPOU3BOAUTEIBHOCTE OJHOTO PaOOTHHUKA.
YpaBHEHUE UHBECTUIHI, XapaKTEPU3YOLIee TOI0BOE U3MEHEHUE KalUuTajla, IPUMET BUJ;

dk/dt = i(t) —ok(t), (14)
rae i(t) = [(t)/L — aBmKeHre MHBECTHUIMIA B pacyeTe Ha OJHOrO pabOTHUKA, O — HOPMa BBIOBITHS Kamu-
Tana, a peuieHue ypapaenus (14) —

t

k(t) = e™ J'i(T)e&dT+k(0) . (15)
0

IMonarasi, YT0 MHBECTUIIMU PACTYT 10 JIMHEHHOMY 3aKOHY i(t) = ij + Vi, mofcTaBMM JJaHHOE BhIpasKCHUE
B (15) n, npouHTErpUpPOBAB, MOTYYaEM:

K(t) = \ét+%ao—\—g+[ko—%ao—§%}e_&. (16)

ITockonbky B Mopenu lllymnerepa peus upet 0 Npou3BOACTBEHHBIX MHBECTULMSIX B HOBbIE NPEANPUSI-
THSI, MOXKHO nosiarathb Ky = 0. IIpumeM JONOTHUTENBHO, UTO i = Y/d. [Ipn 3TUX yCIOBHUSX MOTyYaeM U3
(16) u (13):

K(t) = yt/8; y = (y/8)%" = A%, A = (y/3)". (17)

ITocnennee BbIpaskeHue u ecTh (PyHKIMS, ONKCHIBAIOIIAS] KPUBYIO TPEHAA.
Omnpepensist nocTosiHEBIE TapaMeTpbl A O B (17) MeTOIOM HAaMMEHBIINX KBAJIPAaTOB M UCXOMIS U3 KpUTe-

pust Jﬁ (Y —y)’dt=min, rge ¥ = my, u3 (12), mosyvaem Jyisi pPACCMOTPEHHbIX BbIllEe cnyyaes T, =35, 7 u 10

JeT clefyrolmue 3HaueHus Au O:

a) T,,=5 net; A, =4.45; a, =0.57;

6) T,=7 net; A, =5.18; a, = 0.38;

B) Ty=10 neT; A; =5.19; a5 = 0.25.

Kpusslie TpeHpia, onucbiBaeMble IPOU3BOACTBEHHON (pyHKIME (17) Ipu aHHbIX 3HAaUEHUSIX IapaMeT-
poB A1 O, IpefcTaBieHbl Ha puc. 4 (a, 6, 6). HaGmogaetcst coriacoBanue MexKy KpUBbIMU HUKJINYECKUX
KoneOaHuil 1 TpeHAOM. TakuM o6pa3oM, MOoNy4aeT NOATBEPKACHNIE IMMPOKO N3BECTHAS THIIOTE3A O TOM,
YTO IMKJIbI — 3TO KOJieOaHuUsl, IPOUCXOMSIINE BOKPYT TPEHAOBOH TPaeKTOPUU 9KOHOMUYECKOTO POCTAa,
IIPUYEM OHU IIPOHUCXOAAT HE3aBUCUMO OT IOCIENHEr0. 3aMedaTellbHO, YTO KpHUBasi TPEH/Ia, KaK U Ipef-
[0JIarajgoch, OMUCHIBAETCSl OOBIYHON NPOU3BOACTBEHHOM (pyHKumel Kodba—[yrmaca.

BepHreMcs K Bonpocy 00 yCTOMYNBOCTH MOJIENH M PACCMOTPUM OOIIUH CiIy4Yail BO3MYIIAIOLIETO BIIU-
SIHUSI CEPUU CIyYalHbIX IIOKOB NPENIOKEHN, IIOCKOJIbKY Upe3BbIYailHO Ba>KHO SIBIISIETCS CTAOMIIb-
HOCTB pocTa. [loxonsl 6eJHBIX FOpa3fo YyBCTBUTEIbHEE K IUKIMYHBIM SIBICHUSM U KpU3UCcaM, OCOOEH-
HO IIOTOMY, YTO OeJjHble He paclojiaratoT J0CTaTOUYHbIMH COEPEKEHUSIME, KOTOPbIE II03BOIUIINU Obl BbI-
POBHSTBH NOTPEONIEHNE B TPyAHble Nepuofbl. [103ToOMy cTaOMIIBHBIE TEMIIbI POCTa MPENCTABISIOTCS
0oJee NpeANnOYTUTENbHBIMYI IO CPABHEHUIO C POCTOM, KOTOPBIA UMEET “pBaHblil”’ pUTM, KOTTIa POCT He-
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crabuneH u HCYCTOI';I‘-II/IB. HpeI[HpI/IHTI/ISI B HOIIO6HI)IX CUTyanusax ObIBAIOT MAJIO PacnoJIOKEHBI K NHBE-
CTUIUSM U pa3BUTUIO ITPOU3BOJACTBA.

BanuieM BO3MYIIEHHOE peleHne mofeau My (1) (10) B ynporueHHom Bupe:

—Vo(t—to)

my(t) = my(t) + L(t—to)No€qoMyoe ; (18)

e My = (Ag/(Ag— uo))z[e_uoto _e M- p.o)'[Oe_)\oto ]. 3aech epBbIil YeH COBMAIaeT C OCHOBHBIM He-
BO3MYIIEHHBIM pellleHreM MofenH (8), a JOMOIHNATENbHBI BTOPON YJIeH, OMMChIBAIOIINI BKIa/ II0Ka
MPENJIOKEHUST B CYMMAPHBIN BBIMYCK, YOBIBAET C 3KCMOHEHIMAIBHON CKOPOCTBIO, UTO XapaKTepUu3yeT
YCTOMYUBOCTH MOJIEIIHU [10 OTHOLICHHIO K €IMHUYHBIM IOKOBBIM BO3[eicTBAAM. HeoO0X0quMO BbISICHUTD,
KakK OOCTOWT JIeJIO B OOIIIeM cilydae, KOTfIa UMeeT MECTO CepHsl CIyYalHbIX IIOKOBBIX BO3[IECTBUII.

HJI?I HaJIBHefIHIeI‘O aHajin3a pacCMOTPUM BJIMSIHAC IIOKaA IMPEJIOKEHUS, BO3HUKIIETO B CHy‘IaﬁHLIﬁ
MOMCHT BpEMCHN ti' BOSMYH_ICHHOG peuieHne MoJe/JIi MO2KHO IO aHAJIOTnA € (18) 3anmcaTb B BUJIC:

— —Vo(t—t;)
me, () = my(t) + 1(t—t;))neeimye .
Pasymeetcs, €, MOXKeT ObITh KaK MOJIOXKUTENBHOM, TAK U OTPULATENLHON BEINYUHOM, T.€. IIOK MPEJ-
JIOKEHHSI MOXKET OBITh KaK MOJIOKUTEIBHBIM, TaK U OTPALATEIBHBIM, & CAMOE IJIaBHOE — CIIyYallHbIM
10 BeJuvnHe. BBeeM cnyyvalinyro Benuuuny €, = M. [Tonoxum, uto €,; — ciayvaiiHas BEJIMYUHA,
MMeEIOIIas 3aJJaHHbIE YUCIIOBbIE XapAKTEPUCTUKMU:

M[éqi] = mé; D[éni] = Dé' (20)
HanGonee mogxopsmmm 3aKOHOM pacnipefie/IeHust ISl CIIyYalHOM BEJTMYUHBI €,; MOKHO CYHTATh CMeE-

meHHbIi 3akoH Jlamnaca: f(y) = 0.50 e—w\y—me\

=2/y?. CregoBatensHo, M, = mmy; D, = 2m’ /Y2

ITonoxwum, aTo K MOMeHTY BpeMern t > 0 mpon301uIO ciayJdaitHOe Yncio (Z) MIOKOB MPEIIOKEeHNS,
pacnpenieneHHoe 1o 3akoHy Ilyaccona ¢ mapameTrpom Xt. Torga Bbipaxkenue (9) myisi ”HTEHCUBHOCTHU
BBINYCKA KaXXAOTO MPEANPUATHS 3aMAIIETCS B BUJE!

(19)

C MAaTEMATUYECKUM OXHUJaHUEM M. U HHCHCpCHefI Da =

z
n(t) = nol 1+ anié(t—ti) , t>t>0. (21)
i=1
ITopcraBus (21) B (6), monyyaeMm BbIpaskeHHUE I MHTEHCUBHOCTH CYMMAapHOTO TTOTOKA BBIMYCKa MPO-
nykuuu A (1), KOTopoe, B CBOIO 0U€PEib, MOJICTABISIEM B COOTBETCTBYIOIIEE pellleHre ypaBHenus Kon-

MOTrOpOBa, NoJo0HOoE (4), U, HHTErPUPYS €ro, MOJYIaeM:

z
v = Volt—t)
Y(t) = my(t) + noz 1(t-t)Ee . (22)
i=1
W3BecTHO, 4TO MyacCOHOBCKMI MOTOK cOObITHI HAa nHTEepBae (0, t) MOXKHO € TOCTATOYHON TOYHOCTBIO
NpeCcTaBUTh KaK COBOKYIMHOCTh TOUEK Ha 9TOM MHTepBajie, KoopauHata Kaxkmoit 6; [ (0, t) pacnpene-
JIeHa paBHOMEPHO B 3TOM MHTEpBaJje U He 3aBUCUT OT KOOPJIMHAT APYTUX To4YeK. B cBs3U ¢ 3TUM BbIpa-
KeHue (22) MOKHO 3amucaTh B CAEAYIOLIEM BUJIE, ONyCKasl eAUHUYHbIC (DYHKIUU:

z
C o vp(t=8)
Y(t) = my(t) +nod Ee T (23)
i=1
3peck: t> 0, 0 <6 < t. Cnyyaiinbie Bennuunbl Z, 0; 1 € B3aMMHO He3aBuCcUMBI. Ecu BBecTH 0603Ha-

—Vo(t—6; o(t—6;)

deHus X; = €,;€ - XiiXap, Tie X = € 1 Xy = e’ , Toraa (23) mpumeT HanboJIee MPOCTON BH:

z

(1) = m()+noy X, (24)
i=1

e X ¥ Xj — B3aMMHO HE3aBUCHMBI.
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YucnoBble XapaKTEPUCTUKU CYMMbI CITYYafHOTO YHCIIa OUHAKOBO pacipe/e/eHHbIX U HEKOPpEeu-
POBaHHBIX (B3aUMHO HE3aBUCHMBIX) CIYUAWHBIX CIATAEMBIX X; ONMPENEINSIFOTCS POCTHLIMU (hOpMyTIaMu
(Bentuens, OBuapos, 2003, ra. 8.5):

M[Z xi} = M[ZIM[X] = m,my;

i=1

my = M[X|] = M[XiIM[X;]; (25)

z
D[Z xi} = miD, +m,Dy.

i=1

Bbruncisisi MaTeMaTinaeckoe oxmianue Y (t) mo ¢opmyite (24) c momompio (25), momydaem:

_VO(t _e\)

MIY(t)] = my(t) +neM[Z]M[E,]M[e ]. (26)

ITockomnbKy cnyuaiiHas BenuurHa Z MMEET IyacCOHOBCKOE pacrtipefiesienue ¢ mapamerpom Xt, ro M[Z] =
=Xt aM[E,; ] = m; (cm. (20)). Boiiie Gb110 yKa3zaHo, 4To 0, paBHOMepHO pacnpepeneHa B untepsaie (0, t),
OTCIONIa CNEeIYeT, YTO

t

M[e—vo(t—ei)] - %IG_VO(t_Si)dei - (l—e_VOt)/VOt.
0

ITopcTaBisisi KOHKpETHBIE BBIPAKEHUS 7151 OTACIbHBIX MATEeMaTUYECKNX OXuannil B (26), moirydaem
OKOHYATEIbHOE BBhIPaKEHNE JIJIT MaTeEMaTHIeCKOro oxxkufganus Y (1):

me(t) = my(t) + (NoX/Vo)me(1—€ ™). 27)

Brisenem popmyny piisg pucnepeu, npuMensis (25) K cnydaiitnoidl pyskuun (24):

VA
DLY(1)] = nSD[Z éme_v(’“_e"} = N3{M[Z] Dlgye """ +
i=1 (28)

+D[Z)(MIeye ™ "'} = nixt{Dlege ™ + (MIewe ™ DY

3pmeck yureno, uto M[Z] = D[Z] = xt. [lucniepcust mpon3BeieHNs IBYX HE3aBUCUMBbIX CITyIallHbIX BEIIH-
yuH X; 1 X, BeIpaxaeTcs popmynoit DX, X,] = D,D, + D, mg +D, mi (cMm. (Bentuens, OBuapos, 2003,
c. 249)). CornacHo fa"Hou popmyse, npeodpasyeM (28) K ciaefyromeMy BUAy:

Vo(t—6;) —Vo(t—6;)

DIY(1)] =next{D:D[e ] + Dy (M[e vo(t—6;)

1)°+meo[e M + miMe M) . (29)

—Vo(t—6)) o , .
Jlnst Borumciiennst D[e ® ] Bocnonb3yemcs IMPOKO MPUMEHIEMOi (pOPMYJIOi, BBIPaXKaIOIIEN JHC-
NEPCHIO CIYYalHON BEJIMYMHBI X; Uepe3 ee BTOPON Ha4YalIbHbI MOMEHT:

D[X,] = M[X]] —(M[X4])?,

OTCroja nmoJiydacm:

~2v,(t-6))

Dle "™ = mie™ ]~ (m[e™ )", (30)

ITopcraBnss (30) B (29) u cokpanjas nogoOHbIe WIEHBI, IOAYYa€M OKOHYATEIbHOE BhIPAXKEHUE JJIs1
AHUCIIEPCHH:

—2V,t

D, = noX(De + mi)(1—e " *)/2v,. 31)
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Bo3MoXHBII AMana3oH CyMMapHOTO BBIITYCKA, B CIydae CepUH CAyYalHbIX HIIOKOB MPEAI0XKEHUS, MOX-
HO HailTH MO NPABUIY “TpeX CUrm’:

1— e—vot 1— e—2v0t
mg(t) £ 30, = my(t) + r]OXméV—O +3ng [(Ds + mg)XZ—vo' (32)

PaccMoTpuM nipefienbHOE MTOBEICHNE BHITTyCKa Y (@) mpu t —» o, T.e. MOBEJIEHNE YNCIIOBBIX XapaKTepH-
ctuk (27) m (31):

NoX

2
_ S+ me).
ZVO(DE m;g)

No .
—xm;; limDg(t) =
VOX & tlal Y(t)

tIimm?(t) =

Kpome Toro, MoxkHO noKa3aTh, YTO KOpPpeJsUOHHasl (PyHKIMS Npu t —»= 00 Takke ecTh (PYHKIMS
CABUTA MEXJy apTyMEHTaMH, T.€. (DYHKIMS OHOTO aprymMeHTa. [TocKolbKy MaTeMaTHiecKoe OXKHpa-

HU€E U AUCIepCusi MOCTOSHHBI, ciay4yaiHblil npouecc Y (t) mpu t —= o OyeT cTanuoHapHBIM U 3ProOfiu-
yecknM. CrefoBaTelIbHO, MOJIEJIb YCTOMUYNBA U B OOILEM Cily4yae, T.€. B OTHOLIEHNH CIIy4ailHOTO YKcia
CIIy4YalHbIX IIIOKOB IPEIIOXKEHUSI.

Wrak, a7t crabunn3anuu BeINYCKa, A1 yMEHBIIEHUS Arana3oHa pa3opoca (haKTHYECKUX 3HaUEHU
BbINycKa (32) He06XOAMMO IPHUHATE BCe MEPhI II0 MUHUMU3alMu Kak aucnepeun Dg, Tak u maTemaru-
YECKOTr0 OXKHUIaHUSI M; BO3MOKHBIX LIOKOB IPEMIOXKEHNS, T.€. YTOObI OHM OOpanjaid B MUHUMYM BTO-
PO HaYaNbHbIA MOMEHT:

a, = D, +m —» min.

ITockoabKy GONBIIMHCTBO MIOKOB MPEIJIOKEHNST BOSHUKAET BCIIECTBUE IIEHOBBIX BCINIECKOB, HEOO-
XOMMO, TPEXJIEe BCEro, XKECTKO KOHTPOIUPOBATH MHMIANNIO. [ yCTONYMBOTO 3KOHOMUYECKOTO
pa3BUTHS HEOOXOAMMa HU3Kas NHGIANUS U CTa0WIbHAS BaIIOTa.

Hacenenune npeanoynTaeT BUAETh CTAOWIBHBIN, a HE CKaUKOOOPa3HbI pOCT CBOMX IOXOMOB, AaKe
B TOM CJIy4ae, €Clii B KOHEUHOM CUETe CPETHUI POCT OYAET HECKOIBLKO OOJIBIIUM IO CPABHEHUIO C TEM,
KaKUM OH MOT Obl ObITh IIPU CKAYKOOOpa3HOM nogbeMe. [109ToMy aKOHOMHYECKasl MOJATHKA TPaBU-
TEJIbCTBA OJIXKHA ObITh HallpaBJIeHa Ha TO, YTOObI 00eCIEYUTh CTAa0OUIbHbIA U YCTONYMBBIA 9KOHOMU-
YECKUM IO bEM.

B 3zakirouenmne oTMETHM, YTO YCTAHOBJIEHUE CBSI3EH MapaMeTPOB U3JIOXKEHHOMN BBIIIIE CTOXaCTHYE-
CKOI1 TMHAMIYECKON MOJIENIH C MPUBBIYHBIMHA ITApaMETPaMH, XapaKTEPU3YIOIIMMHA TOTOKY WHBECTHIIUT,
noTpedeHns, 3apaboTHON MIIATHI U T.1II., SIBJSIETCS OTAEIbHON M CAaMOCTOSATEILHON 3agaver.
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Analysis of Economic Cycles Using the Mathematical Model
of the Flow of Random Events

A. A. Akayev

The first attempt to give mathematic interpretation to the theory of business cycles was made by
Y. Schumpeter using Markov’s model of random processes related to reproduction and death. Evident
solutions were received, as they describe the dynamics of development and recession of economic ac-
tivities caused by technological shocks. The model’s stability was shown when a random number of ca-
sual shocks influenced the proposal. Curves of cyclic variations of economic activities were built.
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