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1 JIuckpeTHbIe CUCTEMBI

PacemorpuMm cBolicTBa TUHEHHBIX TUCKPETHBIX MOJENeH, CIYKAINX I OMUCAHUS JTHAC-
KPeTHBIX (KBAHTOBAHHBIX BO BDEMEHH) JMHAMHYECKUX IIPOIECCOB.

OITPEJIEJIEHUE 1.1. lunamuueckum npoueccom (08uscenuem) Ha3veaemces
PAZGUMUE 60 BPEMEHU HEKOMOPO20 Pusuuecko2o asienud. K npoueccam ommocam 06u-
HCEHUA METAHUZMOG, TENNOGHE ACACHUA, IKOHOMULECKUE U IKONOZUNECKUE NPOUECCDL.

[Ipomeccnl MOpozKAAI0T HHMOPMAIIMOHHDIE IIOTOKH, T.€. BTOPHUIHDIE IIPOIIECCHI, HECY e
nHGMOPMAIIMIO O PACCMATPUBAEMOM SIBJIEHUM.

OIIPEAEJIEHUWUE 1.2. Illpouecc, codepotcawyutdl un@opmayuro 0 pa3dsumut AGAEHUA
(nepeusrom npouyecce), Ha3vi6aeMes CuUHALOM.

[Ipu paccMoTpeHuM CHTHAJIA IPUHATO PA3JdYaTh €ro HH(POPMAIMOHHOE COJepKAHNe
(nrdopMAnIHIO O TEPBUYHOM MpoTiecce) u BU3NIECKYIO TPUPOLY COOTBETCTBYIONIETO BTO-
PUYHOTO mporiecca (HOCUTEs).

B pazmunuanbix 00/1acTIX HAYKH HPUHSTHI CBOU ONPEJIEICHUS] U MOAXOAbl K N3YIeHUIO
curnayios. Hanpumep, kubepHeTndeckas TpaKTOBKA 3TOI0 MOHATHUS MIPEJLyCMATPUBAET OT-
Ka3 OT U3YYEHUsT MPUPOJIbI U TEPBUTHOTO TIPOIECCa, W HOcuTe st curHaa. CUTHAT OTOXK-
JIECTBJIAETCS ¢ KOJHYecTBeHHOM uHdopmaimeit 06 u3mMeHeHnn (pU3HIECKUX TEePEMEHHBIX
u3ydaeMoro npoiecca. IIpu 9ToM yIUTBIBAETCS, UTO 110 PA3JIUYHBIM IPUIHHAM peaIbHbBIH
CUT'HAJI HE COJIEPKUT BCell mH(pOPMAIMU O PA3BUTHU SBJIECHUSA, HO MOXKET COJEPzKaTb U
HOCTOPOHHIOIO MH(MOPMAITHIO.

Pazsurre mponecca HENMPEPBLIBHOTO BPEMEHU (HEeNPEPHIBHOIO, HEKBAHTOBAHHOTO
IpOoIecca) XapakTepu3yercs HepeMeHHol (1), TpUHUMAONIel MPOU3BOIbHBIE 3HAYHHSI
U3 YUCJIOBOM obsiacTr X U olpeje/ieHHON| B JIIoOble MOMEHTBI BpeMeHH t > 1.

Pazpurie UCKpPETHOTO (KBAHTOBAHHOIO O YPOBHIO) MPOIECCa XapAKTEePU3YeTCsl 11e-
pemennoii x(t), npunumaomieii ¢rporo dbukcupoBannbie 3nadenus r', i = 0,1,2,... u
orpejieJieHHO B JIF0Oble MOMEHTHI BpeMeHU. B OOJILITUHCTBE Cy4YaeB MOYKHO MOJIOKUTH

r=i-Ai=0,1,2,...,

rme A — mpupalieHne in AUCKpeTa.
K kBaHTOBAHHBIM 1O YPOBHIO MPOIECCAM OTHOCHT:

® peJsieifHbIe TPOIECCHl U JIBOUYHBIE CUTHAJIBI;
® TIPEPBLIBUCTHIE ITPOTECCHl B JIUCKPETHBIX aBTOMATHIECKUX JTMHUSX;

® JIBHJKCHHE ITHEBMATHYECKHX POOOTOB-MAHHUITATOPOB, UMEIOIIMX KOHEYHOE YHCJIO
(DUKCUPOBAHHBIX MOJOYKEHUN B IPOCTPAHCTBE;

® 1polecchl OOHOBJICHUS UH(POPMAIUU B PErUCTPAX.

B Tex ciydasx, Korja 9HCJIO COCTOSHUN 7 JOCTATOYHO BEJIMKO WM IpupameHume A
MaJjI0, KBAHTOBAHUEM TI0 YPOBHIO ITeHEeOPeraior.

PasBurue aquckperHoro mporecca, win Iporecca JUCKPETHOTO BpeMeHH!, XapaKTepu3y-
ercst nepeMeHHoi x(t), MPUHUMAIOIIEN TPOU3BOIbHBIE 3HAYEHHSI U OIPEIeTIeHHON B (DUKCH-
pOBaHHBIE MOMEHTBI BpeMen# t;, riae ¢ = 0, 1,2, .. .. B GoJbIInHCTBE c1y4aeB KBAHTOBAHKE
OCYTIECTBIISETCS ¢ MOCTOSTHHBIM HHTEPBAJIOM KBaHTOBaHUsl (auckpernocru) T', T.e.

t=i-T, i=0,1,2,...

K auckperHbiM mporeccaM Takoro poja OTHOCATCH:



® SKOHOMHIYECKHE MPOIECCH, CBSI3aHHbBIE ¢ KaJeHIapeM (JIHMHAMEUKA KypCa, pocTa IeH,
crajia TPOU3BOJICTBA U T.IL.);

® TPOIECCHl B UG POBBIX BHIYNCIUTENBHBIX yeTpoiicTBax, tae T = 1/f, f — takToBas
qaCTOTa IPOLECCOPa;

® 1IpOIECChl B UG POBBIX CUCTEMAX YIPaB/JAeHUs, B KOTOPBIX JUCKPETHOCTD IO BPEMe-
HU O0YCJIOBJIEHA IMUKJIMICCKHM XapaKTepoM 00paboTKu WHQOPMAIUU B BBIXOJIHOM
peructpe yupasJisionieiit 9BM.

[Tpu gocTaTovHO MaIBIX (MO CPABHEHHIO C JJINTENBHOCTBIO APYTHX IIPOIECCOB) HHTEP-
Bajiax 1 JMCKPETHOCTHIO 1O BpeMEHU NMpeHeOperaioT, 1 KBAHTOBBIN 110 BPeMEHU MPOIECC
OTHOCAT K MPOIeccaM HeIPEePBIBHOTO BPEMEHH.

K nuckpeTHBIM OOBIYHO OTHOCAT TaKue KYCOUYHO-TIOCTOSTHHBIE TTPONECCHl U CUTHAJBI,
KOTOPbIE XapaKTePU3yITcs nepeMeHHoil x(t), ckaukooOpa3Ho usMeHsoleiics B Gukcu-
POBaHHbLIE MOMEHTHI BPEMEHH.

B npanbueitiiem OyjemM paccMaTpuBaTh KBAHTOBAHHE 10 BPEMEHH C TMOCTOSHHBIM HH-
TepBAJIOM (MEPUOJIOM M MHTEPBAJIOM JUCKPETHOCTH) T, Oy/IeM CUYUTATh, 9TO CHIHAJBI
Jquckpernoit cucremsl z(k71') MpeacTABICHB TOCIEIOBATEIBHOCTIME HICATHHBIX UMITYITh-
COB PA3JIMYHON aMILTUTY/IBI, ONPE/ICTICHHBIX B PABHOOTCTOAIIINE MOMEHTHI BpeMenu ¢t = k7.
[Hestoe uncsio k= 0,1, 2, ... na3piBaeTcs AUCKPETHBIM BPEMEHEM, a CaMU aMILIUTY/IHO-
MOJTYTUPOBAHHBIE UMITY/ILCHBIE TIOCJIE/IOBATETLHOCTA — PEHIETYATHIMU (PDYHKIIUAMMU.

C mespio yruporierns 0003HaYeHHI TUCKPeTHBIe CATHAJIBI PACCMAaTPUBAEMOTO TUIIA Ya-
CTO 3aIUCBHIBAIOTCS MPOCTO KaK (hYHKIMA auckpernoro spemenu x(k), T.e.

z(k) 2 z(kT).

1.1 JImcKpeTHbI€ MOJEJM JJUHAMUIECKNX ITPOIECCOB

Onucanue JUCKPETHOTO HPOIEcca MOXKHO IIPEJICTAaBUTh KaK pelleHrne pa3HOCTHOTO ypaB-
Herust. HaubGosiee pacmpocTpaHeHbl pa3sHOCTHBIE YPABHEHUsI N-T'0 MOpsiika (MOIEJH BXOJI-
BBIXOJ[) M CHCTEMBI YPABHEHU{T IepBOro MOps/IKa (MOIETH BXOJ-COCTOSHUE-BBIXOJ), a TaK-
JKe ux oneparopubie opMbl. Jluckpernbie Mojie/n 1100 OTParKaloT JUMHAMUKY peaJibHbIX
KBaHTOBAHHBIX 110 BPEMEHHU MPOIECCOB, JTUOO SIBIASIIOTCS OJHONH 13 (hOPM MPUOJIHZKEHHOTO
OIMCAHUA CHCTEM HeIPepPbIBHOIO BpeMeHH. B mocjegneM ciydae BO3HHKAET HEOOXO/IHU-
MOCTb PACCMOTPEHUs BOIPOCOB KBAHTOBAHHS U METOIOB NPEOOPA30OBAHUS JTHHAMHICCKUX
CHUCTEM K JHUCKPeTHOil bopme, T.e. UX JUCKPETH3AINML.

1.1.1 IlocTpoeHue AMCKPETHBIX MOAed€i

PaBHOCTHBIe YpaBHEHU A, OIIMCHhIBAOIIUE JUHAMUKY CUCTEM JUCKPETHOI'O BpeMeHH, I10J1y-
9AIOTCs B Pe3yJIbTaTe aHAIN3a PeaJbHbIX ((DU3HIeCKUX, SKOHOMUIECKHUX H T.J1.) MPOIECCOB
B Pa3/IMYIHBIE MOMEHTBI HCKPETHOTO BpeMeHu k.

IIpumep 1. PaccMoTpuM CYETYHK, COJEPKAHEE KOTOPOTO B JUCKPETHBIE MOMEHTDI
BpeMenHH k onuchiBaeTcs dbyukimeit x1 (k) ¢ HadaapbabiM 3HadenneM 1(0) = x19. B Moment
k Ha BXOJ CUeTYHKa HOCTYNAeT CUrHAT T2(k), B pe3ysibrare 4ero B HOCIe LY ONHi MOMEHT
AUCKPETHOI'O BpeMeHU kf+ 1 MIPOUCXOUT yBeJInYeHne CoOAePzKaHuA CUeTYNKa Ha BEeJIMIYNHY
9TOrO CHUTHAJIA

r1(k+ 1) = 21(k) + zo(k). (1)
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Puc. 1: Cucrema ckiaa-mMarasma

[Toc/ieiHee BhIpazKeHue SBJISeTCA MOAE/IbIO CUeTYUKA, HPeIcTaBJIeHHoll B hopMe Pa3HOCT-
HOIO ypaBHEHUsl 11€PBOro nopsijika. 3uauenue xq(0) = z19 UrpaeT poJib HAYAIBHOTO YCJI0-
BHA.

Vpasuenne (1)) MmozkHO 3anucaTh B oneparopHoii popme. BeeneM J71g 3Toro onepaTop
capura (YOpexJIeHus) z, AefiCTBYOIHI 0 cxeMe

zx(k) =xz(k+1),

U 110CJI€ 3JIEMEHTAPHBIX 11Pe00pa30BaHUIl 11Oy YUM

rifh) = ! s (). 2)

Omeparop 1/(z — 1) saBasercs mepenarodnoii byHKIMeil TUCKPETHO CHCTEMBI.
Mg IHCKPeTHBIX U JUCKPETHO-HEIIPEPBIBHLIX CHCTEM BBOIUTCS IIOHATHE AMCKPET-
HOW mepematounoit pyukunu. Ilycrs u(k) — BXOJHON TUCKPETHBIH CUTHAJ TAKOH CH-

crembl, a y(k) — eé auckperusiit Berxoguol curnan, k = 0,1,2,. ... Torma nepenarounast
dbyuxmus W (z) Takoii cucTeMbl 3anUCHIBACTCS B BH/IE:
W(z) Y(2)
z) = ——=
U(z)’

rie U(z) u Y(2) — z-upeobpazosanus s curaanos u(k) u y(k) cooTBeTCTBEHHO:

> ulk)z, (3)

U(z) = Z{u(k)}

Y(z) = Z{y(k)}

> k)" (4)

IIpumep 2. Ilpoananusupyem MPOXOXKICHUE OJHOPOTHBIX MPEJIMETOB (TOBAPOB) B
TOProBOil cucTeMe CKaal-Mara3uH, (PyHKIUOHAJIbHAS CXeMa KOTOPOM IIpejcTaBaeHa Ha
puc. Il 3xech z1(k) — ancao ToBapoB B Marasute, (k) — TOBapHI, MOCTYHAIOIIHE CO CKJIa-
na, u(k) — 3akazaHHOE KOJIMIeCTBO TOBapoB, f(k) — 4HCI0 peajn30BaHHBIX TOBApOB, k —
JUCKPETHOE BpeMs B JHsIX. HadaibHoe cocrosiHue cucreMbl (B MOMeHT k = () XapakTepu-
syercs 3unadenusMu x1(0) u 22(0)).

ZLI/IHaMI/IKa TOBapOB B Malra3nHe OIIKUCbIBACTCA PA3HOCTHBIM YpPaBHEHUEM

z1(k +1) = 21(k) + 22(k) — f(k), (5)

B KOTOPOM YHCJIO MPOJAHHBIX efauHul] ToBapa f(k) BRICTYHAaeT B DOJIM BO3MYIIAIOIIETO
Bo3zeiicTBud. Ilosaras, 4To 3agBKa BBIIOJHSETCS CKAAIOM C 3aJIeP:KKOM B OJIWH JeHb,
3aIMUIIeM MOJeJb CKJIaa B BHIE

za(k + 1) = u(k), (6)



k)
xy(k)

u(k) 1 x,(k) = y(k)
-1

L N

Puc. 2: CtpykTypHasi cxema CHCTEMBI CKJIa/I-Mara3mH

rie 3asBKa u(k) Ha Tpebyemoe KOJUIECTBO TOBAPA MI'PAET POJIb YIIPABJSIONIETO BO3Ieli-
crBud. Ecim 3aja4da yipaB/ieHus CTaBUTCd Kak 3a/lada peryjupoBaHus o0bemMa TOBapOB
B MarasuwHe, TO TlepeMeHHas L1 CUUTAETCA BBIXOJIOM CUCTEMBI:

y(k) = z1(k). (7)

Taxum obpazoM, paccMaTpuBaeMasi CHCTEMA OINNUCHIBACTCA YPABHEHHSIMH COCTOSIHUS f
@ 1 ypaBHEHHEM BbIXO/a . PaSHOCTHbIe YpaBHEeHUA COCTOAHHA CBA3BIBAIOT 3HAYCHHA
MEPEMEHHBIX COCTOAHUA T U Lo B MOCJACAYIONIMA MOMEHT AUCKPETHOTO BPEMEHU (C.He;Ly—
oIt ,ZLeHb) k + 1 ¢ nepeMeHHLIMU CUCTEMbI B TEKYIIU{l MOMEHT BpeMeHHu k.

C McIo/Ib30BaHieM OllepaTopa CABHUIA 2 MOJYyUYeHHbIE PA3HOCTHBIEC YpaBHEHUA f(@
MOKHO IPHBECTH K OIepaTOpHOil dopme:

nlk) = (k) F(R)) ©)
) = Sulk), )

YI00HO# JIJTsi HOCTPOEHUS CTPYKTYPHOI cxeMbl (puci2)).
Mosenb JUCKPETHOH CHCTEMBI MOYKET OBITH TAKYKe MpejcTaBaeHa B popMe BXO/I-BHIXO/I.
Jl1a storo ypasrenue () mepenucoiBaeTcd 118 BpeMenn k + 2:

v1(k+2)=x1(k+1)+a2(k+1)— f(k+1). (10)
[Tocsie moacTaHOBKY BbIpazKeHUi @ u (7)), naxoxmm
ylk+2) —ylk+1)=ulk)— f(k+1). (11)

[ToJy 4eHHOE PA3HOCTHOE YyPABHEHUE BTOPOIO LHOPsIKA CBSA3bIBACT 00bEMbI TOBAPOB B MO-
MEHTBI JIUCKPETHOrO BpeMmeHu k + 1 u k 4+ 2 ¢ cOOTBETCTBYIOIIMMU 3HAYCHUSAMU 3aKa3a
u(k) m npomax f(k+1).

s perenns 3a1adu CcTabUIH3AIMU KOJTHIECTBA TOBAPOB B MarasuHe Yy Ha 3aJIaH-
HOM YPOBHE y* = const MOKeT GbITh HCIOIB30BaHa IPOCTEHiIas CTpaTerust YIPaB/IeHHs]
3aKa3aMi — IPOHOPIHOHAIBHBIH ATTOPUTM YIPABICHUST

u(k) — Ke(k), (12)
e

(k) =y —y(k)

— oTkJIoHeHHNE, K — moctosauublil Koaddumuent. ['padukn mpomneccos B TaKoil CUCTeMe IpH
noctostHHOM cripoce f(k) = const npuBeieHBI TPEACTABISIOTCS JUCKPETHBIMU CUTHATIAMUI
(pemeruarbivu byuxmusvn) y(k) = z1(k), xo(k), u(k) u f(k).



[Tponeaypa mpeobpa3oBaHust CHIHAJIA HENPEPHIBHOTO BpeMeHu Z(f) K JUCKPETHOMY
(KBAaHTOBAHHOMY 110 BDEMEHH) BH/Iy Ha3bIBaeTCd KBAHTOBaHUEM. Takas mporejypa oT-
pazkaer Kak peasibHble TPOILECCHl, POXO/Isiiue B u(POBBIX CHCTEMAaX YIpaBJIeHUsl, TaK
M MATEMATHYECKHE OTEPAIINH, UCTIOIB3YONHECs B Pa3IuIHbIX cepax Teopun uudopma-
U H.

B pesysibrarte KBAHTOBaHUS MOJIYy9aeTCsI MMITYJIbCHAsI mocenoBaTeabHocTh x(kT') (pe-
mervaras GyHKIus), Koropag npu t = k7T coBIajiaeT ¢ UCXOJHBIM CHIHATIOM:

z(kT) = x(t)|i=xr,

a B Jpyrue MOMEHTBHI BpeMeHH He ompejesena. [lorepsa nndopmanuyu npu KBaHTOBAHUH
3aBHCHUT OT BeJIMYMHBI NHTepBaja KBAHTOBaHUA 1’ WM 9aCTOTHl KBAHTOBAHUS

2T
W=
Bri6op unTepBasia T’ 00BITHO OCYIIECTBIAETCA U3 COOOpaXKeHUi TeopeTHuIecKoil BO3MOK-
HOCTU BOCCTAHOBJIEHUsI UCXOJHOI'O CHI'HAJIA IO IOJYYEHHON B pe3ysabTaTe KBAHTOBAHMSI
MMILYJIbCHOM 1OCJICOBATEIBHOCTH (JMCKPETHOM BBIGOPKE), 4TO OTPAZKAET COJEPKAHUE U3-
BECTHOI TeopeMbl mpepbiBatust (Teopembl Korenbuukosa-11lennona).

TEOPEMA 1.1. Henpepuiehniti cuenan x(t) mootcno npedecmasums 6 sude unmepnoss-
YUOHH020 PAda:

- T
x(t) = xkAsinc[—t—k:A],
0= 3 ke[ (0 k)
ede sinc(x) = sin(z)/z — Pynryua sinc. Humepsan duckpemusayuu yoosiemeopaem 02pa-
Husweruam 0 < A < # Menosennwie 3nauenus danno2o pada ecmsv JuckpemHoie omceué-
mot cuznana T(kA).

Pacemorpum 3aiady HaxoxK/IeHus: curHana x(t) mo u3BecTHON pererdaroil byHKIUT
x(kT), nomarasi, 9r0 cnekTp curHajga x(t) OrpaHUYeH YACTOTOH Winge. 1OTAA, B COOT-
BETCTBUH C T€OPEMOIi IPEPBIBAHUS, TOUHOE BOCCTAHOBICHNE (DYHKIUN X (t) TEOPETHICCKH
BO3MOXKHO TIPH YCJIOBHH, YTO YaCTOTa KBAHTOBAHHS w 0oJiee deM B 2 pa3a MPeBOCXOIUT
HAUOOMBINYIO TACTOTY Wypaz, & JJIS HHTEPBAIA KBAHTOBAHUS BBITMOTHSIETCS

™

T < (13)

wmaaﬁ
JlaHHOE HepaBeHCTBO IMHUPOKO HCIOIb3yeTcs B 3a/avaxX UAeHTHMDUKAINN JTHHAMAIECKIX
CUCTEM U JUCKPEeTU3Allud HeNpepBIBHBIX Mojeneil. [[puMenenne Teopum npepbiBaHusS B
3a/1a4axX CUHTE3a IMU(POBLIX CUCTEM YIIPABJIECHUS UMEET CBOU OCOOEHHOCTH.

1.1.2 duckpermn3aiugd aBTOHOMHBIX CHCTEM

[Ton, muckpeTu3anueil cucTeMbl IOPAa3yMeBaACTCA TPpeodpa30BaHue HEIIPEPLIBHOMN JIMHA-
MWYECKOW MOJeIN K ANCKPeTHOH (dopme onucanust — ogHOH 13 HoOpM Pa3HOCTHBIX ypaB-
uenuii. [Ipu srom npeamosaraercs, aro B MOMeHTHI ¢ = kT mmnysbcubie curaassl x(kT)
[OJIYYEeHHON JUCKPETHONH MOJEIIH € OIIPEJIeJIeHHON CTelleHbI0 TOYHOCTH IMOBTOPAIOT 3HaUe-
HUsI CUTHAJIOB X () MCXOMHON HENPEePBIBHOM CUCTEMBI.

OrpanuanMcst pacCMOTPEHHEM aBTOHOMHOM JUHEITHON CHCTeMBbl, sl KOTOPOil CyTie-
CTBYET TOYHOE pelleHue 3aJa4U JUCKPeTU3AIUU.



PaccMmoTpuM Mozieib COCTOSTHUE-BBIXO)T IMHEHHONH CUCTEMbBI YIIPaBJICHUS
2(t) = Au(t), (14)
y(t) = Cu(t), (15)

rie x € R — Bekrop cocrositus, (0) = g, y € R™ — Bekrop Bbixosa. Peienne ypaBHeHust
(14) umeer Bus

z(t) = ey, (16)
Pacemorpum 3nauenust (1) B juckperubie MoMeHTbl BpeMenu. [Ipu ¢ = kT mosyaum
z(kT) = ey, (17)

auput=(k+1)T —
o((k+1)T) = AT gy — AT A g — AT (). (18)

CreoBare/ibHO, IMCKPETHBI aHaI0r ypaBHeHus cocrostaus ((14) nmeer Bug
x((k+1)T) = Agx(kT), (19)
rjie

T? T
Ad:eAT:I+TA+§A2+...+?AJ+... (20)

CooTBeTCTBYOIIEEe YpaBHEHIE BHIXOIA IUCKPETHON CHCTEMbI IOy IaeTcsa IPIMOii mojcTa-
HOBKO# t = kT B Bbipaxenue ((15)):

y(kT) = Cyqx(kT), (21)

rae Cy = C. Takum 06pasom, nosyuena auckpernas cucrema (19), (21]), npoueccsr ko-
TOpPOil B KBAHTOBaHHbIE MOMEHTHI BpeMenu { = kI’ TOYHO COBHAJIAIOT C TPOIECCAMU B
ucxonuoit cucreme (14)—(15). Tak kak perieHusi JUCKPETHOH CHCTEMBI B IIPOMEXKYTOU-
HBbIe MOMEHTHI BpPEMEHH He OMpe/IesIeHBbI, TO KOPPEeKTHBIH MOIX0I K JUCKPETHOH dhopme
IPEYCMATPUBAET BBIOOP JOCTATOYHO MAJOTO MHTepBajaa KBaHToBaHHs 1. Makcumasb-
HO JIONMYCTHMOe 3HadeHne 1 ycTaHABIMBAETCS TeOPeMOil IpepbiBaHus (CM. HEPABEHCTBO
).

DKCIIOHEHIHATbHAS 3aBUCAMOCTH MATPHUIL YPABHEHUN COCTOSHUS HENPEPBIBHON U JTUC-
KPETHOH CHCTEM IMO3BOJISIET CJIeJATh BazKHBIH BBIBOJ O CBSI3H WX COOCTBEHHBIX 3HAYEHHIA,
a 3HAYUT U KOPHEH COOTBETCTBYIOIUX XapaKTePUCTHIECKUX MHOTOWIEHOB. B ¢y ompe-
JIeJIEHEST MATPHUIbl Ay 1 ¢BOHCTBA MATPUYIHON IKCIIOHEHTHI

2= Mfety =Mt i =T n,

3alluIIeM

Ni{Agy = M{e Ty = TN G =T, (22)
YTO MPUBOJIUT K CJIEAVIONEMY 3aKTIOUEHUIO.
CsoiictBo. Kopuu p; xapakrepucruyeckoro Mmuorodiena det(pl — A) menpepbiBHOIL
cucremst (14)—(15) cBasansl ¢ koprsME 2; XapakTepucTHIecKoro Muorowiena det(z] —Ay)
9KBUBAJICHTHON NUCKPETHON CHUCTEMBbI , COOTHOIIICHHUEM

zi=ePii=1n. (23)

3ameuanune. OrobpakeHnue He OJIHO3HAYHO, ¥ B O0IIEM CJIydae HECKOJIbKUM pa3-

JINYHBIM 3HAYEHUSM P; COOTBETCTBYET OJIHO U TO 2Ke 3Ha4YeHue 2;. TeM He MeHee Ipu BRIOOpe

JIOCTATOYHO MAJOTO MHTepBaaa 1, YIOBIETBOPSIONIETO YCJIOBUIM TeOPEMBI TPEPHIBAHUSI,

uMeeT MeCTO B3aUMHO-0JHO3HAYHOE COOTBETCTBUE KOPHEA HellpephIBHOA U 9KBUBAJICHTHON
JUCKPETHON CUCTEM.
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Puc. 3: TIponeccs auckpeTnoii cucteMbl

1.2 Moaean BXOa-BbIXOT,

B obmem ciydae JimHeliHas MOJeIb BXOJ-BBIXO/I OJHOKAHAJIHHONW JIUCKPETHOW CHUCTEMbI
(0O6beKTa yIpaBJIeHNs) MpeJICTaBIeHa PASHOCTHBIM YDaBHEHHEM BHIA:

yk+n) + aylk+n—1)+.. . +a,ylk+1) +ay(k) =
= hulk+n—-1)+...+b,qu(k+ 1) + bu(k), (24)

rie y(k), u(k) — muckpeTHbie curaaabl (perrerdarbie GYHKINH), COOTBETCTBYIONTHE BBIOJI-
HOW U BXOJHO IePEMEHHbIM, G;, b; — Ko3DdurmenTsl (l1apaMeTpbl MOJIEN ), 1 — HOPSIIOK
MOJCJIN. ypaBHeHI/Ie CBA3bIBACT 3HAYCHUA BXOJHLIX CUI'HAJIOB u(k) B pa3/JIMYHbIC MO-
MEHTHI INCKPETHOTO BpeMeHH k, k -+ 1 O 3HAYEHUSIMU BXOJHBIX CUTHAJIOB Y(k) B MOMEHTHI
kkE+n—1 (pnc.. [Ipu sToM npemoaraeTcs, YT0 Hada bHbIE 3HAUEHUS BBIXOIHOI I1e-
pPEMEHHO’

y(0),y(—1),...,y(—n+1)
I/ISBeCTHbI7 a praBJ’IHIOH_[I/Iﬁ CUTHaAJI y,[LOBJ'IeTBOpﬂeT yCJIOBI/IHM

uw(—=1)=...=u(-n+1)=0. (25)

Mogenn (24) moxkno nepenucars B oneparoproii dhopme. [lias 3T0ro BBejieM B PAcCMOT-
peHne omepaTop caBura (yIpekaeHus

z: zylk)=ylk+1)

nu l'IOJIO)KI/IM7 qT0
2 y(k) = y(k+1).

C yderom BBeJeHHBIX 0Oo3Hauenuii ypapuenne (24)) serko mpeobpasyercst K BHIY

a(z)y(k) = b(2)u(k), (26)

IJI€ UCHOJIB3YIOTCSI OIEPATODbI
al(z) = 2" +ar2" N a1z + ap, (27)
b(z) = bi2" '+ by12+ by (28)

Onepatop a(z) Ha3bIBAETCS XaPAKTEPUCTHYECKUM MHOTOYIEHOM cucTeMbl (24)), a
KOMTLTEKCHBIE YUCTa Z;, ¢ = 1, N, ABIFIONIHECT KOPHAMA XapaKTePUCTUIECKOTO YPaBHEHU S

a(z) =0, (29)



Ha3BIBAIOTCS MOJIOCAMU CUCTEMBI.
Kopnu airedbpandeckoro ypaBHeHHS

(2) =0, (30)

T.e. KOMILICKCHBIE 9HCIa 2y, 4 = 1,m, Ha3bIBAIOTCA HYJISMH CHCTEMbI 1)

U3 ypasuenus (26)) srerko maiitu siBuyio c¢Bsa3b nepemennnix y(k) u u(k) B BUze orme-
PaATOPHOTO ypaBHEHUS

y(k) = W(z)u(k), (31)
rjie OlepaTop )
W(z) = (—Z) (32)

Ha3bIBAETCA MEPETATOYHON (pyHKIMEl NUCKPETHON CHCTEeMBI .
Onucanre aBTOHOMHOII AMCKPETHOII CHUCTEMBI JaeTcs OTHODPOJHBIM yDaBHEHUIEM
BH/JIA
yk+n)+aylk+n—-1)+...+ayk)=0 (33)

Wid, B OlepaTopHoil hopMe, — ypaBHEHUEM

a(z)y(k) = 0. (34)

Boswmymatoniee Bozjeiicrue f(k), xapakrepusyroiiee BjUsHIE HA OObEKT yIPAB/IEHUSs
BHEIITHEH Cpe/ibl, PACCMATPUBAETCS KaK JOTMOJHUTENbHBIH BXOAHON curHaj. Toraa JiuHeid-
Has MOJEeJb JUCKPETHON CUCTEMBI IPUMET BUJ,

ylk+n) + aylk+n—1)4+...+a,ylk+1)+ayylk) =
= bhulk+n—1)+...+b,qu(k+ 1)+ byu(k) +
+ dif(k+n—1)+...+d,1f(k+1)+d.f(k), (35)

rjae d; — KoadpUIMeHTH, oIpeesdionue BAUsIHAe Ha IPOIECCH B CUCTEMe BO3MYIICHHS

f(k).

[Tocsie cooTBETCTBYIONMKMX MTPEOOPA30BAHUl MOJIyYaeM OIepPaTOpHYIO (OpMY MOJEeIn
B3):
a(z)y(k) = b(z)u(k) + d(2)f(k), (36)

IJIe MCTIOJIb3YETCs OIEPATOD
d(z) =di2" ' 4.+ dy1p + 2,

u opmy

rje

— mepeiaTouHas HYHKIWS M0 Bo3MyIamemMy Bosaeiicreuio f(k).

Cama dopMma npeacTaBaeHns MOJeNeH BXOA-BBIX0, YKA3LIBACT HPOCTOM MyTh JJId MO-
JIY9eHUSA PEKYPPEHTHOTO PEIIeHNs, T.€. MPOIE/LyPhl HAXOKICHUS TeKymuX 3Havenuit y(k)
110 U3BECTHLIM 3HAYCHUSIM Y U U B PeJAIIECTBYIONMe MOMEHTDI JIUCKPETHOIO BPeMeHu k.



Puc. 4: CTpyKTypHas cXeMa JUCKPETHOH CHCTeMbl (IacTHBI crydail)

1.3 Moaean BXO0a-COCTOSSHUE-BBIXO/

[IpoanajiuzupyeM 4YacTHbINA Cjydail yupaB/isdeMOil JUCKPETHONU CUCTEMbI, OIMChIBAEMO

ypaBHEHUEM
y(k+n)+ay(k+n—1)+ ...+ a,1y(k + 1) + ayy(k) = bu(k). (37)
BBesieM B PACCMOTDEHNE EPEMEHHBIE COCTOSTHUS
ai(k) = y(k),
wa(k) = ylk+1), (38)
(k) = ylk+n-—1)

C Ha4YaJIbHBIMU 3Ha4YCHHUAMHU

21(0) = y(0), #2(0) = y(1),..., a(0) = y(n — 1).

Ucnonn3ys Boipazkenus (37) u (39)), naiizem ypaBHEHHS] COCTOSIHUS — CHCTEMY 1 PA3HOCT-
HBIX yPaBHEHUII IIePBOTO MOPAIKA BHIA

[I)l(k’ + ]_) = I’Q(k’),
zo(k+1) = z3(k), (39)
o (k+1) : —anx1(k) — an_122(k) — ... — ayx, + bu(k).

HpI/I 9TOM YpaBHEHHE BbIXO/Jda MMeEET BUJL

y(k) =z (k). (41)

CTpyKTypHast cXeMa MOJTyIeHHOR MOJeH PUBeIeHa Ha puc o

OHa CTPOUTCsI ¢ UCIOTIB30BAHUEM OTIePATOpPa CIBUTA (3amas3abiBanns) 1/z, CBA3BIBAIOIITIX
JIBa COCETHUX 3HAUYeHUd MepeMeHHOW X 10 TpaBUIy

(k) = %aj‘(/ﬂ L),

Ypasuenus (39)—(41]) npeacrapstior coboii mpocTeiinmmii cyvail MOIe M BXOA-COCTOSIHIE-
BeIxos, (BCB). B Gouee o6mmiem ciaygae mogens BCB ynpasisiemoit auckperHoil cucrems
COJIEPYKUT YPABHEHUS COCTOSIHUS BUJIA,

131<k + 1) = anxl(k) + Cllgxz(k) + ...+ alnxn(k;) -+ bl"LL(k),
xo(k+1) = agxi(k) + agwe(k) + ... + agpzn (k) + bou(k), (42)

ro(k+1) = anzi(k) + apaxe(k) + ... + apnzn (k) + byu(k),

-~



Puc. 5: CrpykrypHag cxeMa JIJUCKPETHON CHCTEMBI

¥ ypaBHEHHe BLIXOJa
y(k) = croq (k) + coxa(k) + . .. + crxn(k), (43)

e a;j, b;, ¢; — HOCTOSIHHbIE WM 3aBHCAIINE OT BpeMeHH KOI(DUIIenTs! (IapamMerpsl).
Mozens ([42)—-([13) cessbisaer Bxox u(k) u Bbixon y(k) 4epes HIpoOMeKyTOUHBIC IEPEMEHHbIE

Jlist npeobpa3oBaHust MOJE/IN K KOMIAKTHON BEKTOPHO-MATPUUIHON (hopme HeoGXo1u-
MO OTIPeIeNIUTh BeKTOD cocrosinus © = {x;} € R", a takxxe marpunsr A = {a;;}, B = {b;}
u C = {¢;}, i = 1,n. Torna ypasuenus 7, ONUCHIBAIONINE MOJICIb BXOI-COCTOAHUE-
BBIXOJT, TPUHAMAIOT BHI:

z(k+1) = Ax(k)+ Bu(k), (44)
y(k) = Calk) (15)

rae 2(0) = zp. CTpyKrypHast cxema MOJeJu NpuBeeHa Ha puc.??.

YpaBHEHHS BXO/I-COCTOAHHE-BBIXO0/] MOXKHO 3aIlicaTh B onepaTopHoii ¢popme. C HOMOIIbIO
omeparopa yupexaenus z, samuieM z(k + 1) = z x(k). Torna u3 ypasuennii (44)) u (45)
HAXOIAM

v = (2 — A)"'Bu, (46)
y = Wi(z)u, (47)

rie
Wi(z) = bz) _ C(zI - A)7'B (48)

— nepearounas GYHKIUS TUCKPETHON cucrembl. HeTpyaHO NoJyuuTh, 9T0
a(z) = det(zI — A)

H, CJI€JI0BATEIBHO, TTOJIOCH CHCTEMBbI 2; (KOPHU XapaKTePUCTHIECKOIO MHOIOWIeHA a(2))COBHAIAI0T
C COOCTBEHHBIMY YNCIAMEI MATPHUITHT A:

ABTOHOMHAZ MOJEJIb JUCKPETHO CUCTeMbl sBJISeTCs YaCTHLIM ciydaeM mojgean BCB
f B OTCYTCTBHE BXOAHBIX BozjeiicTeuit: © = 0. OHa IpuHUMaeT BHI

z(k+1) = Ax(k), (49)

y(k) = Cux(k). (50)



AnasormaabiM ob6pazom mosydatorcs Mojgesn BCB mMHOrokaHa bHBIX CHCTEM, a TaKZKe
MOJIeJTH BO3MYTIEHHBIX JHCKPETHBIX CHCTEM, Ha BXO/IBl KOTOPBIX IMOCTYHAIOT JOTOJHU-
TeJIbHBIE UMITYJIbCHbBIe CUTHAJIBL (BO3MYIIAIOIINE BO3IEHCTBYS ).

B mpocreiinem wacTHOM cydae ypaBHEHHUS COCTOSHUS BO3MYIIEHHONU CHCTEMBI TPHU-
HUMAIOT BU/I

r(k+1) = x9(k),

ro(k+1) = x3(k), (51)
(52)

ok +1) = —apxi(k) — ... — arz, (k) + bu(k) + df (k). (53)

B 6oJtee ob1mem ciiydae Bo3MyIIeHHas JUCKPETHAs CHCTEMa MOXKeT OBITH IPeICTaBIeHa B
BEKTOPHO-MaTPU4YHON (hopMme, cojepzkalieil ypaBHeHHe COCOSTHUS

2(k + 1) = Az(k) + Bu(k) + Df (k) (54)

u ypasuenue Borxoma (45)).

1.4 CsoiicTBa MoeJieii
Pacemorpun nosezenne apronomuoii Mogesn (49)—(B0) u pemenns
w(k) = AFxz, (55)
y(k) = CAFx,. (56)
Ecau nag x(0) = 2* u 066X k > 0 nMeer MecTo TOXKIeCTBO
z(k) = a*,

TO 3HAYEHWE T = T* Ha3BIBACTCSI PaBHOBECHBbIM COCTOdHMEM MJIN IIOJOXKEHMUEM pPaB-
HOBeCHd aBTOHOMHOI CHCTEMBI. O"IGBI/I,ZLHO, YTO B paBHOBECHOM COCTOAdHHU BBLITTOJIHACTCA

2k +1) = z(k) (57)

1, CJIeJI0BATEIHHO,

(I—Az* =0. (58)

[Tpu ycaosum det(l — A) # 0 moiaydaem, 9TO €IHHCTBEHHBIM MOJIOKEHHEM DABHOBECHUSI
cucrembl (49)) siBisieTcst HAYAIO KOODAMHAT MPOCTPAHCTBA cocTosHuit R”) T.e.

a mpu det(/ — A) = 0 cymecTBYIOT HETPUBHATHHBIE MHOKECTBA PABHOBECHBIX COCTOSTHUIT
(UpsIMbI€ U IJIOCKOCTH — HOJIIPOCTPAHCTBA), YAOBJIETBOPSIONINE YPABHEHUIO .

PaproBecHoe cocrosiane © = () aCHMIOTOTHYECKH YCTOWYINBO |, CJe0BaTeNbHo, T(k) —
0 mpu k — 00, ecJiu BBITIOJIHSIETCS

2l = MAY < 1, i =T, (59)

PaccmorpuMm cucremy ¢ HyJIeBBIME 3HAYECHUAMU KOPHEH XapaKTepUCTUYeCKOTO MHOTOUIe-
Ha (MJu COOCTBEHHBIX Ynces MaTpuIpl A):

Z=MAY =0, i=Tm.



B srom caydae maTpuiia A SBJsSeTCs] HUIBIOTEHTHOM (110/] HUJIBIIOTEHTHOI MaTpuIei
Oy1eM MOHUMAaTh MaTpHILy P, Jijig KOTOpOil CYIecTBYET MeJI0e YUCJI0 1 TAKOe, YTO BBIIOJI-
Hsiercs yeaosue P = O, e O — HyJieBasi MATPUIIA) H, CJ0BATENbHO, HANIETCS TeJ10e
qyucao m € 0,n Takoe, ITO

A™ =0, (60)

ZLHH TaKO CUCTEMBI BCeTrJa BBIIIOJIHACTCA
z(n) = A"zq =0, (61)
T.e. IMEeT MEeCTO CJIeJIyIollee IOJI0KEeHHe.

CBOUCTBO 1.1. Ilepexoounii npouecc duckpemuoti cucmemot n-20 nopaoka ¢ Hyse-
BUMU BHAYEHUAMU BCEX NOAIOCO8 Z; CTOOUMCA U3 NPOU3BOALHO20 HAUANLHO20 COCTNOAHUS
x(0) = o & noaostcernuto pasrosecus v = 0 ne Goaee wem 3a N Wa208.

Hepqu/ICﬂeHHbIe ACUMITOTHUYECKHE CBOUCTBA aBTOHOMHBIX MO,Z[eJIeﬁ COCTOdHULA CIIpa-
BeJIJTUBBI TAKzKe JJis BHIXOAHO# nepemennoii y(k) = Cx(k), u ajist ¢cBOGOIHBIX COCTABIIsI-
IOIIKX IIEPEXOIHBIX IPOIECCOB U BO3MYIIEHHBIX JUCKPETHBIX CHCTEM.

Pacemorpum nosegenune moaen BCB — IIPU TIOCTOSHHOM BXOJHOM BO3/€H-
creun u(k) = const u mpoaHAJIN3UPYEM YCTAHOBUBIIHECS COCTABJSIONIAE HEPEXOTHOTO
nporecca x, (k) u y, (k). Bamernm, 9T0 B paccMaTpPUBAEMOM DeKHUMe CHCTeMa nMe-
er pemenue z,(k) = const, 3amumem z,(k + 1) = z,(k). Torna camo ypasBuenue
IPHHUMAET BHJIL,

x, = Az, + Bu. (62)

[Tpu ycaoBuu, aro det(l — A) # 0, anrebpaudeckoe ypasaenue (62) equHcTBeHHBIM 00pa-
30M PA3PEIIMO OTHOCHUTEIBHO Ty,

z, = —(I — A)~'Bu. (63)

[TofcraBiss HalijieHHOE pelleHne B ypaBHeHHe BbIXona (45]), HAXOTUM CTATHIECKYIO Xa-
PAKTEPUCTUKY paccMaTpuBaeMolt JTUCKPETHOW CUCTEMBI:

Yu = _C(I - A>_IBU7

rae, B CUJIy Bblpa2K€HUA ,
C(I—A)"'B=WwW().

Ormerum, 4ro Jyis ACUMITOTHYECKH YCTOYMBON CHCTEMBI, YJI0BJETBOPAIONIEH yCa10-
puo (9), Beerna Bemonnsierca det(l — A) # 0, T.e. yCTAaHOBUBIINECS DELIEHUs €UH-
crBeHHBI. Bostee Toro, nepexoaubie nporecchr (k) u y(k) ¢ Tedennem Bpemernu k Bcerma
CXOJATCS K HAUJICHHBIM BBIIE YCTAHOBUBIIUMCS 3HAUEHUSIM Xy H Uy

1.5 VYmpapiasgeMoCcTb 1 HADJIIOIAEMOCTh

PaccMoTpuM OTHOKaHAIbHBIE JUCKPETHBIE CHCTeMBI (00HeKTHI yIIPABJIEHHS )
z(k+1) = Ax(k)+ bu(k), (64)
y(k) = Cu(k), (65)

rae u(k) — ckassiproe ynpasisitoriee Bosneiictered y(k) — ckaagpHasi BXOTHAS IEPEMEeH-
Hast, k > 0, 2(0) = xq.



IIpobiema ymmpaBa€eMOCTH CBOJIUTCS K BOIPOCY O CYIIECTBOBAHUU OT'DAHHUYEHHO-
ro ympasidwomero soszeiicrsus u = u(k), k € [0, ky], mepeBoagimero cucremy u3
IIPOU3BOJIBHOTO HAYaJIbHOTO cocTosiHus (0) = x( B NIPOU3BOJIBHYIO TOUYKY HPOCTPAHCTBA
cocrostauit x(ky) = x; 3a KoHeuHOoe BpeMs k. CBOCTBO yIpaBIseMOCTH He 3aBUCHUT OT
BBIXOJIHOMN MEPEMEHHOIT i M I0ITOMY MOXKeT ObITh OLPENENEHO KaK ¢BoiicTBO Mozesn ((64)).

OcCHOBHOI KpUTEPHil yIPABIAEMOCTH JUCKPETHOH CHCTEMBI CBSI3BIBACT MTOJTHYIO YIIPAB-
JI€MOCTh € HeBBIPOZKJIEHHOCTHIO MATPHIIBL YIPABIAEMOCTH

U =[B|AB|...|A"'B]
u JIJIS OJHOKAHAJIBHON cucteMbl (DOPMYJINPYETCS B BUJIE:
det U # 0. (66)

JloKa3aTeapCTBO OCHOBHOTO KPUTEPUS YIIPABIAEMOCTH JIJisl TUCKPETHON CHCTe-
MBI CTPOUTCS Ha Oase ONpeje/ieHus YIPaBIAeMOCTH U MPeJIycCMaTPpUBAET HAXOXKJIEHHE B
SIBHOM BHJIe HUMITYJIbCHOIT TTocsegoBaTebHocTh u(k), obecrnednBaronuii mepeBo CHCTeMbI
(64) B mpousBosbHYIO KOHeuHYIO TOUKY Z(kf) = Xf.

C nomoripio obmieit popmyJast (77) HaifieM 3HaYeHHE BEKTOPA COCTOSIHUS & B MOMEHT
k=n:

z(n) = Ao + A" ' Bu(0) + ... + ABu(n — 2) + Bu(n — 1). (67)

Bribepem ky = n, x(n) = xy u nepennmeM mocae Hee ypaBHEHIE B BH/C
x; = A"z + [B|AB]|...|A" ' B] (68)

u(0)
910 anrebpamveckoe ypaBHEHHE Pa3peNIMMO OTHOCHTEILHO BEKTOPa % TOTAA U TOJBKO

TOT/1a, KOI/Ja MaTpuila yupasasgemoctu U obpaTruma, T.e. BBIIIOJIHSIETCS YCJIOBUE . Ha-
XOJIAM

u(n —1)
u(n “Y -y “Hap — Ax). (69)
u(0)

Takum obpasom, HafijieHa UMIYJIbCHAS ITOCJIEJI0BATEIHLHOCTh, KOTOPasi 3a KOHEUHBIH
oTpe3ok Bpemenu [0, n] mpuBomutr BekTOp cocrosuus x(k) B JII0OYIO 33 JaHHYIO TOUKY X f.
HeobxoauMbIM 1 JOCTATOYHBIM YCJIOBHEM CYIIECTBOBAHUS TAKOH MOCIEI0BATEILHOCTH SIB-
JISIETCST YCJIOBUE , 9TO W JIOKA3BIBaET OCHOBHOM KpuTepuii. Bosee Toro, Ha ocHOBaHNT
BBITIIEN3/I0KEHHOT'O MOYKHO COPMYJITUPOBATH CJIEIyIOIee CBONCTBO.

CBOUCTBO 1.2. Ecau duckpemnas cucmemv, nopadka n nosHoCmvo ynpasaiema,
MO OHG MOKCEM OLIMb NEPEBEJEHA U3 NPOU3BOABHO20 HAYAAbHO20 cocmosnus To € R™ 6
NPOUIBOALHOE KOHEUHOE COCMOANUE T = Tf 34 KOHEuHoe epema k = n.

Herpyano Bujerh, 9T0o 3HAYE€HHE kK = 71 COOTBETCTBYET MUHUMAJHLHOMY BPEMEHU IIe-
PEXOHOT0 TPOIeCca JIUHEHHON JTUCKPETHON CHCTeMbl, NI MUHAMAJIbHOMY YHCJY I1aroB
JUI JIOCTHZKEHUS 3aJaHHOT0 KOHETHOI'O COCTOAHUS T f.

ITpobaema HaAbBIIOAAEMOCTHU OHOKAHAIBHONU TUCKPETHOH CUCTEMBI CBOJIUTCS K BO-
npocy 00 €JIMHCTBEHHOCTH PEelleHus 3a/[a4i BOCCTAHOB/ICHUS BEKTOPA COCTOSHU, T.€. Ha-
XOKIeHus1 BeKTopa (k) B MoMeHT BpeMenu k = 0 10 W3BECTHBIM H3MEDEHHUSIM BBIXOTHON



nepemennoii y = y(k) npu k € [0, kf|, kf > 0 1 n3BeCTHBIM 3HAUEHHSAM BXOIHON ITe€peMeH-
Holi u(k). VI3BecTHO, UTO CBOICTBO HALJIIOJAEMOCTH HE 3aBUCUT OT BXOJHON IepeMeHHON
U ¥ MO3TOMY MOXKeT OBITH OmpejiesieH KaK CBOMCTBO aBTOHOMHON MOJIeH f.

OcuoBHOIT KpuTepuilt HAOII0TAEMOCTH CBA3BIBALT HOTHYIO YIPABIAEMOCTH C HEBBIPOXK-
JIEHHOCTHIO MaTPUIThl HADJII0I2€MOCTH

C
CA
Q= :

CAn—l

1 B paccMaTpUBaeMOM Cjydae pOpMYyJHPYyeTcss B BUIE

det Q # 0. (70)

11 mokazaTesbCTBA OCHOBHOIO KPHUTepPHUsl HAOIIONAEMOCTH HOJIOKUM kf =n — 1 1
HaifijleM HaYaIbHOE COCTOstHUE cucTeMbl To = x(0) 110 1 3aaHHBIM U3MEPEHUAM BbIXOIHOI
nepementoii y(0),y(1),...,y(n—1)). B cuny obiiero Beipazkenns sanuireM GOpMYJIbI
JUIS YKQ3aHHBIX 3HAYEeHuil y:

y(0) = Cuxy,
y(1) = CAx, (71)
yin—1) = CA" 'xg (72)
HUJIM B BEKTOPHOM BUIE
y(0) C
y(1) CA

y(n—1) CA™!
[TonydenHoe anrebpamdeckoe ypaBHEHHE PA3PENIMMO OTHCUTETBHO BEKTOPa Xy TOTIA U
TOJIBKO TOTJIa, KOTJIa MaTpuia () obparuma, T.e. Beimonngercs yeaosue ((70). Haxomum

y(0)
2o =Q! %/F'l) . (74)
y(n—1)

Takum o6pazoM, 10 3aJaHHON UMITYIBCHON mocaemoBareabaoctn y(k) mpu k € [0,n — 1]
HaliIeHO MCKOMOE HadaJIbHOE COCTOsiHME To. HeoOXOAMMBIM M JIOCTATOYHBIM yCJIOBUEM
€IMHCTBEHHOCTH IIOJIYYEHHOI'O 3HaQUeHUud Ty ABJAAdeTCA yCJIOBUE " 9TO U OJOKAa3bIBaCT
OCHOBHO}1 Kputepuil Habomaemoctu. Kpome Toro, MoxkHO chOpMyIHPOBATDH CJIe/IyIoIee
CBOMCTBO, IPUMEHSIONIEEC B 3a/a4axX HaOMoeHus (ONeHUBAHN) AUCKPETHBIX MPOIEC-
COB.

CBOUCTBO 1.3. Eeau duckpemnan cucmema nopadka n noAHoCmbvo Habaodaema,
MO YUCAO NOCAEIOBAMEALHUIT 3HA%EHUT 6bx0dHol nepemennol y(k), neobxodumoe das
onpedeseHusn ee Ha¥aALHO20 COCMOAHUSL T(o PGEHO M.

Hepr,ZLHO TaKZKe IIOKa3aThb, YTO YUCJIO N ABJAACTCA HAMMEHBIITNM /14 BOCCTAHOBJIC-
HUS TTPOU3BOJIBLHOTO coCcTosiHus o € R™.



1.6 YcToYmBOCTH ANCKPETHBIX CUCTEM

Kak n 119 cucTteM HepephIBHOTO BpeMeHH, 110/l YCTOMYNBOCTHIO JIUCKPETHON CHCTEeMBbI
MOHUMAIOT €€ CIIOCOBHOCTH BO3BPAIIATHCS B PABHOBECHOE COCTOsTHUE (HOJIOKEHUE PABHO-
BECHs) MOCJIe OKOHYaHUs JAeficTBus BHEITHUX (GakTOpoB. Tem caMbiM IpeanosaraeTcs, 4To
paccMaTpuBaeTcs CBOOOHOE JBMKEHIE aBTOHOMHON CUCTEMbBI IIPU HEHYJIEBBIX HaYaIbHbIX

yeaosusx y(0),y(—1),...,y(—n+ 1) wmm 2(0) coorBeTcTBEHHO.
ABTOHOMHASI CHCTEMA ONMHACHIBAETCS Y PABHEHUAMH
a(z)y(k) =0 (75)
WIH
z(k+1) = Ax(k), (76)
y(k) = Cux(k), (77)

UMeeT XapaKTePUCTHIECKUT MHOTOY/IEH
a(z) =det(z] — A) = 2" +a12" ' + ... |ay, (78)

" IIOJIIOCBI

Ee paBHOBecHOe cocTOsgHUE /)T MOJIETN npuHUMaeT 3HadeHue y* = 0, a Ui MoIen
(@) - =* =0.

OcHOBHBIE TOHATHS yCTONYUBOCTU JTUHEHHBIX TUCKPETHBIX CHCTEM MPAKTUIECKHU IO
HOCTHIO UJIEHTUYHBI COOTBETCTBYIOIUM TMOHATHSIM HEPEPBIBHBIX CUCTEM. 3/1eCh OIPaHU-
YUMCH PACCMOTPEHUeM CBOICTBa aCUMIITOTUYECKOe YCTORYUBOCTH, KOTOPOE B pacCMaTpu-
BaeMOM CJIydae CBOJUTCA K aTTPAKTUBHOCTH IIOJIOXKEHUNH PaBHOBECHSI.

VCeTodYuBOCTD 1O BHIXOMY (TEXHUYECKAs YCTOUIHBOCTD) OMPEIEISAETCS XaPAKTEPOM
M3MEHEHUsI BBIXOJIHON nepemenHoii y(k), T.e. cBOCTBAMU pelleHuii CUCTeMbl AJIA CO-
OTBETCTBYIOIIEI'0 BBIXO/a CUCTEMbl f: cucmema HA3VIBAEMCA YCMOULUBOoU,
ECAU BHNOAHACTCA

lim y(k) = 0.

k—o0

VCTOHYIBOCTE IO COCTOSHUIO ONpe/IeIaeTcs XapaKTepoM H3MEeHEeHHs BEKTOPa CO-
crostunit 2(k), T.e. cBoficTBamu perennit cucremsr ([76): cucmema (76) nasweaemes yemoi-
wu80t, ECAU GUNOAHACTICA

lim |z(k)| = 0. (79)

k—o00

Kak u B ciiydae HEIpepbIBHBIX CHCTEM, HOHATHS YCTONIUBOCTH 110 BBIXO/IHOU ITepeMeH-
HOU U BEKTOPY COCTOSHUS COBMAJIAIOT MPU YCJIOBUU TOJHON HAOJIIOIaeMOCTH PACCMaTPU-
BaeMOI JUCKPETHON cucTeMbl. /Ijist HEIIOJIHOCTBIO HADJIIOIaeMbIX CHCTEM U3 YCTORIMBOCTH
0 BBIXOJLY, BOODIIE TOBOP, HE CJIEAYET YCTONYNBOCTD IO COCTOSHUIO.

CupaBeyiuB cIeay ot KOPHEBOM KPUTEPHIA.

CBOUCTBO 1.4. /[uckpemHtas nosHOCMHIO HAOA00GEMAA CUCTNEMA UAYU (@f
ACUMNMOMUNECKU YCMOUNUBE M0204 U MOAbKO Mo2da, K0204 6bINOAHAEMNCA
yeaosue

2] = [M{A} < 1, i =T n. (80)



Kpurepnii cBg3bIBaeT MOHATHE ACUMITOTHIECKON YCTORYNBOCTH ¢ pa3MenieHueM Kop-
Hell XapaKTepuCcTUIeCKOI'0 MHOIOYIeHa Ha KOMILJIEKCHOR IIJIOCKOCTHU: PaCIOJIOZKEHHUEBCeX
KOpHell BHYTPU KPyTra eJUHAYCHOTO PAANYCa IKBUBAJIEHTHO aCUMIITOTHYECKOR YyCTONINBO-
ctu cucteMbl. [[03TOMY OKPYKHOCTH €UMHUYHOTO PaJInyca dBJIdeTCs T'PaHuIleil ycToii-
9uBOCTHU. HeTpygHo nokaszarb, 4TO HaJU4YME XOTd Obl OJHOTIO KOpHHA z; = 2* BHE eJu-
HUYHOTO KpyTa, T.e. |2*| > 1, memaer muckpernyio cucremy nHeycroitunBoil. ITosBiaenue
OJHOT'O BEIeCTBEHHOI'0 WU Iapbl JBYX KOMILIEKCHO-COIPAXKEHHBIX KOPDHEe# Ha eJUHU4-
HOU OKPY2KHOCTH |2*| = 1 mpu yCJIOBUM PACTIOIOKEHHsI OCTATBHBIX KOPHE# BHYTPH Ipyra
TOBOPHUT O HEWTpaIbHON ycToiiunBocTu (1o JIAMYHOBY) JAUCKPETHON CHCTEMBI.

2 Metoabl JUCKpPETU3aIu HeIIPEPBLIBHLIX MOeJIei

2.1 Meroxm Ditnepa

Janubiii MeTos mnpejiaraer NpUOINKeHHOE W HanboJIee IPOCTOe DEIeHne 3a1a9u -
KpeTu3anuu Mojeeil JuHamudeckux cucreM. OH ocHOBaH Ha HOPMYyJIax MpUOJHAKEHHOTO
BBIYUCJICHHS TIPOU3BOIHON HempepblBHOH byHKIun (MIH OPUOIUKEHHOTO BLIYUCICHUS
ONpeJIETIEHHOrO WHTErPAIa).

Pacemorpum dyukmmo z(t) B Mamoil OKpeCTHOCTH MPOU3BOJBLHON TOUKH f, a TaKKe
ee suadenns x(t + 1) u x(t —T) B roukax t + T u t — T coorsercrsenno. [isa pac-
dera npon3BogHON z'(t) = dx(t)/dt B TOUKe ¢ MOXKHO BOCHOJB30BATHCS OJHUM U3 JIBYX
BBIPazKeHUI:

dr _ Axz™  2(t+T)—x(t)
At~ At T ’ (81)
dz Az~ z(t—T) — x(t)
— = : 2
dt At T (82)

[Tpu s3Tom npupamenns GyHKmun Ha uaTepsaae T, T.e. Azt u Ax~ Ha3BIBAIOTCS, COOTBET-
CTBeHHO, MPpAMOii m obpaTHOl (BO3BpaTHOIi) pazHOCTIME. Bhipaskenust n
JIAIOT TOYHBIE OMHCAHUSA TPOU3BOAHBIX mpu 1 — 0, a TP JOOBIX KOHEYHBIX 3HAUEHUIX
uHTepBasaa 1’ MPUBOAAT K MOSIBICHUIO MATEMATHIECKHX OIMTUOOK.

MeTtoa Ditnepa mo3BoJisgeT MPOU3BECTU 3aMeHY TPOU3BOIHBIX B Tud depeHInaTbHbIX
YPaBHEHUAX, OMUCHIBAIOININX HEIIPEPHIBHBIE TUHAMUYECKHIE TTPONECCH, HA MPUOIUKEHHBIE
PEKYPPEHTHBIE BRIPAYKEHN, U B PEILYITATE MOy IUTh JUCKPETHBIE OMMUCAHNS TPOIECCOB.

Haitem nuckperHyo Moe/b CHCTEMBI

2'(t) = Az(t) + Bu(t), (83)
y'(t) = Cx(t), (84)

BOCIIOJIL30BABITHACH NMPUOIMKEHHBIM OMUCAHUEM TPOU3BOIHON depe3 MpsAMYI0 Pa3HOCTh.
Ilonaras t = kT, u3 Boipakenus (81)) mosyanm

(1) = (kT + 77:) - x(kzt)’ (85)
M TOJICTABJIAS B (83), naitgem
r((k+1)T) = (I +TA)x(kT)+ TBu(kT). (86)

Beemem oboznauenme
I—i—TA:Ad, TB:Bd, C:Cd

P



U OKOHYaTEJIbHO 3aluiieM AUCKPETHYIO MOJeJ/Ib CUCTEeMbl *Z

2((k+1)T) = Ag(kT)+ Bau(kT), (87)
y(kT) = Cz(kT). (88)

2.2 JIuckpermsanus C MCOOJb30BaAaHUEM MATPUYHON IKCITOHEHTHI

Meton obecriedunBaeT MOTydeHWe TOYHOW JTUCKPETHONU MOjegn OJIOKOB, Ha BXOJ KOTOPBIX
HOCTyIaeT KyCOUYHO-TIOCTOSTHHOE BO3/eicTBHE.

Paccmorpum 00bekT ypaB/ienus — 1 POBO CUCTEMBI ¢ KYCOYHO-ITOCTOSHHBIM
ypasisiiormuM Bo3zeiicteuem u(t). Perenne ypasuerust JIJI HAYaIbHOTO 3HAYEeHNS
x(0) = xp umeer BHJ

t
x(t) = ety —i—/ A=) Bu(r)dr. (89)
0

[Ipu t = KT nonydaum

auput = (k+1)T —
(k+1)T
z(k+1) = ATy 4 / eAHVT=7) Byy(7)dr =
0
kT
= ey + / e " Bu(r)dr +
0
(k+1)T
+ / eAEDT=T) Boy(7)dr. (91)
k

T

[Moacrasiss B (91))n npuHNMas Bo BHIMaHKE mOCTOAHCTBO U(t) Ha nHTepBane kT, (k+
1)T], moay49uM peKyppeHTHOE BbIpayKeHue
(k+1)T
z(k+1) = e Ta(k) +/ ARTIT=T Baru(k). (92)
kT

OkoHYATeIBHO 3amuieM AucKpeTHyio Moaeasb (83)—(84) B Buae pasnoctHoro ypasme-
HUS

z(k+1) = A+dx(k)+ Bau(k), (93)
y(k) = Cax(k), (94)

rne Cqg = C,
T2 Ti .
Ad:eAT:[+TA+§A2+...—|—_—|AJ+...,
! J!

(7 +1)!

T T T »
Bd:/ eATBdr:T(]+§A+§A2+...+ A+ )B.
0 . .

Ob6paruM BHUMaHHEe Ha OTJIMYME BBIpayKeHWil I BbIYUCAeHHa MmaTpun, Ay, By or
HOJIYYeHHBIX MeToI0M Ditnepa. HeTpymaHo BueTh, UTO B MOCAETHEM CIyYae JjIs pacuera



HauansHbie C(t)=(1-s) Y(t)

ycnoeus

t=0
~ Y(t)

Tw TN

S(t)=s Y(t) — 1(t)=S(t) —> A K(t+1)=1(t)

—Y(t+1)=Y (A Y(t+1) «— A Y(t+1)= OAK(t+1)

Puc. 6: Jloruka ¢dyuknuonuposanug Mojaen Xappoaa-/lomapa

MATPHUYHON 3KCIOHEHTH! HCIO/Ib30BaJach NpudauKennaa gpopmyaa el = [ +TA, gem
Obl1a 00yCJIOBJIEHA TIOTPEITHOCTh YKA3aHHOIO MEeTO/Ia.

3ameuanue 1. /[jiss aBTOHOMHON MOJI€/IM COCTOSHUE-BBIXOJI, T.€. JIJMHEHHON! CHCTEMBI,
Ha BXOJ KOTOPOil He MOCTYIaeT BHEITHUX BO3/eificTBUi, mpobiaeMa JIUCKPETU3AINH C TO-
MOTIBIO MATPUIHON IKCIOHEHTHI PEITAETCs ¢ aDCOTIOTHON TOTHOCTHIO.

3ameuanne 2. OObIYHO KPOME BXOIHOIO CUTHAJIA U HA OOBEKT YIPABICHUS OKA3bIBa~
0T BANSHUE BO3MYIIAIONINE BO3/ICHCTBUSA, KOTOPbIE ABJAIOTCI CUTHAJIAMU HEIIPEPBIBHOIO
Bpemenu. [Ipu auckperusanuu BO3MYIIEHHS TOJATAIOTCA KYCOYHO-HENPEPBIBHBIMU, YTO
BBI3BIBAET MOSBIEHNE METOIUIECKUX OIMUOOK.

3 Maremarundyeckumue MoOJeJa YKOHOMUIECKOTO POCTa

3.1 duckpernas mogeab P. Xappoaa—E. lomapa

Mogens Xappoga-Tomapa (Harrod-Domar growth model) — auramudeckast MoJieJib paB-
HOBECHd B yCJIOBHAX HOIHOHK 3aHgaTocTr. COrJIacHO 3TOH MOJENN /I MOAIepKAHA 1I0JI-
HOI 3aHATOCTH COBOKYIHBIN CIIPOC JOIZKEH YBEIMYUBATLCA IIPOIIOPIUAOHAIBLHO YKOHOMHU-
9ecKOMY pocTy. B 9Toii Mogen, TakuM 00pa3oM, HOTIePKUBACTC BasKHOE 3HAYCHIE COBO-
KYIIHOI'O CIPOCa KaK /I 3KOHOMUYECKOI'O POCTA, TaK 1, COOTBETCTBEHHO, J/I JOCTHKEHH I
MMOJTHOI 3aHATOCTH.

PaccMOTpuM MOIE/ID, TOCTPOCHHYIO HA CJACAYIONIMX IIOCTYJIATAX.

1. PaccmaTpuBaeTcs OTHOCEKTOPHAS 3aKPBITask SKOHOMHKA 0e3 TOCyIapCTBa.
2. K sajgorerasiM oTHOCATCS (pakTOpbl mHBecTHINN [ 1 mpupocTa kanutaga AK.

3. K sk3orennbim dakropaM— § = const —HopMa cbeperkeHusi 1 0 = const — cpejHsisi
IPOU3BOUTEIBHOCTH KamuTasaa (HayuHo-rexuaudeckuii mporpecc (HTTI) orcyrersy-
er).

4. ChepezkeHust CUYMTAIOTCA PABHBIME WHBECTUIMSAM, a WHBECTHIMU PABHBI MPUPOCTY
KanuTajga B caenytomuii mepuox spemenn (I = AK).

5. Mogesb pyHKIMOHUPYET B COOTBETCTBUU C YIKOHOMHUYECKON JIOTUKOMN, MPe/ICTABICH-
HOil Ha puclf]

31ech

e Y (t) — obbeM BhIycKa B 10/ ;



S(t) — chepexkenus: B 10/ t;

I(t) — maBecTunuM B O 1;

AK(t+ 1) — npupocr karmrtana B rox t + 1;

AY (t + 1) — mpupoct Bbimycka B 1of, t + 1;

Y(t+1) - obbem Boitycka B 1o t + 1;

(t) — norpebienue B rog t.

[TpousBoacTBO (IIpeUIOZKEHIe) MOXKHO BBIPA3UTH CJIEYIOMIM 00PA30OM:

S(t) = sY(b); (95)
I(t) = S(t); (96)
AK(t+1) = I(b): (97)
AY(t+1) = oAK(t+1). (98)
113 (95)—(98) nmeem
AY(t+1
AY (L +1) = osY () - % — os. (99)
3aech 0 = ﬁli((iﬁ)) — MYJIBTUILIAKATOP. JI0CI0BHOE 3HAYEHUE MYJbLTHILTAKATOPA O3Ha-

JaeT «MHOXKUTeby. CyTh 3hderTa MyIpbTUIINKATOPA OTHOCUTEIBHO IIPOTecca HAKOILTe-
HUS COCTOUT B TOM, YTO yBeJUUeHNE WHBECTHUINI TPUBOIUT K YBEJTUIEHUIO TEMIIOB POCTa
HAIMOHAJIHLHOTO JIOXOJIA, MPUYEeM Ha BEJTUIUHY OOJIBIIYIO YeM MePBOHAYAIBHBIN POCT WH-
BECTUIHNA.

Bripaskenue @ = 1 = % HA3bIBAIOT aKceJIepaTopoM. CynHOCTH aKceaepaTopa

o (t+1)

U ero MpsIMasi CBA3b C MYJIBTHILITIKATOPOM COCTOUT B CJIEIYIOIIEM: TePBUIHbIE WHBECTH-
IIUU ¥ UX MYJIbTUITHKAIHOHHBIHN 3 deKT BeIyT K pocTy 3aHATOCTH, YBEJTHIEHHIO TOXOI0B
HaceJeHUs U BO3PACTAHWIO CIIPOCa Ha MOTpeOuTeIbcKrue ToBaphl. [1s onpenesenns mac-
mTadoB aKCeJePAIMHE HUCIOIL3YIOT MEPY aKCe/JIePATUBHOIO BO3/EHCTBUS M3MEHEHHS I10-
TPEOUTETHCKOTO CIIPOCa Ha MHBECTUIMOHHBIH cripoc. Takoit Mepoil ciryzKut Koadgduiuent
aKCeJIePAINH, WK TPOCTO aKCeIepaTop.

Takum 0Opa3oM, TeMI IPUPOCTa 0O0beMa MpeIIOKEHU B MOJeTN Xappo/ia MOCTOSHeH
U paBeH MPOM3BEJIEHNIO HOPMBI cOepeyKeHns Ha CPETHION MPON3BOAUTETLHOCTD KATTUTAIA
(MyJIBTHILTHKATOD) WJIM YACTHOMY HOPMBI COEPEIKEHNsS U aKCeaepaTopa.

OrneHnM, KaKuM JIOJZKHBI OBITH TEMITBI IIPUPOCTA TOTPEOIeHUS] 1 MHBECTUTINH B MO/~
Jin, 9TOOBI POCT TIPeII0KeHUsT OBLT PABHOBECHBIM W YCTOWIUBBIM.

Moieip jononHseTcsa coorHomenneMm Keiincas:
Y(t) = S(t) + C(t), (100)

rae C(t) — morpebsenne. TTokazkem, 4emy m0JIKeH OBITH PABEH TEMIT TIPHPOCTA CIIPOCA TPU

orosnennn ycuaosuit (95)—(98), (100).

N3 ypasuenus (100) mosygaem:
S(t) = Y(t) — C(t). (101)

Ucnonssys ypasuenus (93)-(98) n (101)), momywaen:
AY(t+1)=0(Y(t)—C(t)) = saY(t). (102)



Nz MOJTY YaeM:
Ct) =Y (t)(1 —s).

AHAJIOrHYIHO TOJIyYIaeM:
Ct+1)=Y({t+1)(1—s).

Borarem u3 ((104)) soipazkenne (103) u nomyunm:
AC(t+1)=AY(t+1)(1—s).
[Toxesnum o6e uacru ypasuenus (105]) na C(t) momyunm:

AC(H+1)  (1—s)AY(E+1)  (1—s)AY(t+1)  AY(t+1)

cw C(t) RO R
13 u AMeEeM:
Clt+)-CW) _ (V(t+ ) —I(t+1) - V() —I(t) _ AY - AL _

C(t) Y(t) - 1(t) Y(t) - 1(t)
[Toce mpeobpa3oBaHuii MOy IaeM:

Al
Al =0sl(t) - ——= =o0s.

T(t)
CienoBaresbHO :

AY(t+1) AC(t+1) AI{t+1)
yeg ol 1)

= 0S.

(103)

(104)

(105)

(106)

(107)

(108)

(109)

Taxum oOpa3oM, ycTONYNBLIT PABHOBECHBIN POCT SKOHOMHUKH ITPU TIOJTHOM HCIIO/Ib30BAHUH
KaluTaa B MOJIe/ TN Xappoa 00ecreunBaeTcs TOr/a, KOT/Ia TeMITbl PUPOCTa TPeI0xKe-

HUd, TOTpeOIeHUsT ¥ MHBECTHUIUN COBIAJIAIOT ¥ PABHbBI US.

IIpu 3TOM KOHOMHKA pacTeT IO IKCIOHEHTe ¢ MoKa3aTesaeM cTerneHn ost. Poiab rocy-
JIapCTBa COCTOUT B CO3JIAHUU YCJIOBUIl I 0OECTIeUeHUus] PABHOBECUS MKy CIHPOCOM 1
pe/IJIOYKEHHEeM, PAaBEHCTBA WHBECTHUINN u cOepexkeHuil U obecrnevenus MOJHOI0 UCIOIb-

30BaHUA I/IHBeCTI/H_[I/IIU/I JJId HapalluBaHUA KalldTaJla.

IIonbITKHM IPOTHO3UPOBATH SKOHOMUIECKUH POCT Ha OCHOBE MOJIean Xapponaa-/loMmapa
OKa3aJInCch HeyaadHbiMH. VlcciegoBaresn MPUILIA K BBIBOMLY, YTO MOJEIb HE 00bACHSET

OCHOBHBIX JeTepMHUHaHT POCTa.

3.2 Iuckpernas mogeab P.Comoy-T.CBana

Momens nmocTpoeHa Ha CJAEAVIONIAX TOCTYIaTax:

1. PaccmarpuBaeTcs OTHONPOIYKTOBAas 3aKPbITas SKOHOMUKA 0€3 rocyJapcTBa.

2. Abcrparupyrorcs:

® OT WH/IMBU/IYAJBHBIX TPENOUYTEHUI JJOMAIITHUX XO3SIUCTB;
® OT HaJIWYUSA PA3HBIX MPOU3BOASIINX CEKTOPOB B IKOHOMUKE;

® OT CYyIIeCTBOBaHMA B 9KOHOMUKE B3aIMO3aBUCHAMOCTEIA.



3. B skonomuke mmeercss GOJIBIIIOE YHCIO0 OAMHAKOBBIX PENpPEe3eHTATHBHBIX JOMOXO-
34fCTB, T.€. CIIPOC W IPEJIOKEHHE TPYJIA MOT'YT ObIThH IIPEJICTABICHbI HA IIPUMepe
e IMTHCTBEHHOTO J0oMOoX03diicTBa. /loMOx034iicTBa BIaI€I0T BCeM HAJUIHBIM TPYIOM
7 KalMTaJI0M U TMOJTHOCTBIO X MOCTABISIOT Ha PHIHOK. [Ipn 3TOM mMeeT MecTo 1MoJI-
Hasd 3aHATOCTb.

4. B 3KoHOMHKE UMeeTCsI O9eHb OOJIBIIOE YUCJIO OMUHAKOBBIX PEIPe3eHTATUBHBIX (DUPM,
T.e. Bce (bUpMBI XapaKTepHU3YIOTCS OJHONH M TOoil ke HEeOKJIACCUYEeCKO MpPOU3BOI-
creennoit dynknueit (I1P):

rae Y (t) — moxos (KOHEUHBIH IPOU3BEIeHHBII POIYKT) B epuo/, t; K (1) — kanura
B 9KOHOMUKe B mepuof t; L(t) — Tpyx B sKoHOMHUKe B mepuon t; A(t) — TexHoso-
IUsl B 9KOHOMHKE B 1epuoj ¢ (OHa HAXOAUTCA B CBOOOIHOM JOCTYIIE, T.e SIBJSETCSI
HEKOHKYDEHTHbIM U He UCKJIIOYaeMbIM 0JIAroM).

5. CpoiicTBa HeokJaccudeckoii II®. [1D gpigerca nBaxkiapl auddepeHnupyemoit
no K u L n ynoB/eTBOpseT HepaBeHCTBAM:

OF(K, L, A) OF(K, L, A)
FK(K,L,A):a—K>O, FL(K,L,A):T>O,
O2F(K. L, A OPF(K.L, A
FKK(K,L,A)E%<O, FLL(K,L,A)E%<O,

F(0,L,A) = F(K,0,A) =0  F(co,L,A) = F(K, 00, A) = .

[1D obsrajiaer nocTosinHON OTHa4eil 0T MaciITada, T.e. siBJASIeTCs JIMHEHHO OJIHOPO/I-
HOM:

F(yK,L,A) =~F(K,L,A).
6. Duporenubie PaKTOPHI:

Y (t) — moxon (KOHEUHBIH MPOAYKT) B TEPUOT t;
e (C(t) — norpebiienue B mepuos t;

S(t) — coeperkenmne B epuo/, t;
e [(t) — mHBecTHIMU B TIEPUOJ L;
e K(t) — kamwmras B nepuof t;
e AK(t+ 1) — upupocr kauurajia B nepuoj, t + 1;
e K(t+ 1) — kamuran B mepuof t + 1;
e L(t) — Hacesenue B nepuon t;

e L(t+ 1) — nacenenue B mepuof ¢t + 1.
7. Dk30reHHBIE (DAKTOPHI:

e s = const — HOpMa cHeperKeHus;
e 0 = const — HOpMa BBIOBITHA KAlUTAJA;
® 1 = const — TeMII POCTa HACEJICHUT;

e K, — kanutaJ B nepuos t = 0;



e [, — nHaceyierue B nepuoj t = 0;

o F(K(t),L(t), A(t)) — meokmaccuueckas [1D.

OcHoBHBIE YpaBHEHUS U JIOTHKA JABHKEHHSA SKOHOMHUKHU JIjIsi 0A30BOr0 0OBEMHOIO Ba-
puanTa mozen Cosoy-CBaHa MOZKET OBITH TIPEJICTAB/IEH CJIEAYIONNMA Y PABHEHUSIMI.

1. O6bem BBIIMyCKa (HAIIMOHAJIBHOTO J0X0/a) B JTI060i Mepro/I INCKPETHOTO BPEMEHH
t onpejesisieTcss ypaBHEHHEM:

Y(t) = F(K(t), L(t), A(t)). (110)

2. doxon, 1oyzkeH ObITh paBeH cyMMe cOoeperkenuii u norpebienust (ypasuenue Keiin-
ca):
Y(t)=C(t) + S(t), (111)

rae C(t) — morpebsenne B mepuof t; S(t) — cOepekenust B nepuo/ t.
Coepeskennst (pOPMUPYIOTCS JTOMAITHUMH XO3SHCTBAMH B SKOHOMEKE KaK HEKOTODast
IOCTOAHHAA JI0JI § J0X0/a (HOpMa cOepekeHust s = const), TOrJa UMeeM:

S(t) = sY(t). (112)
IloTpebrenne u3 u Oy/ieT TOT/Ia PaBHO:
Cty=Y@#)—S{t)=Y () —sY(t) = (1 —s)Y(t). (113)

S.C‘II/ITaeTCH, 9TO BCE C6epe}KeHI/IH NAYT HA MHBECTUIIN B KallUTAaJI:
S(t) = sY () = I(t) = sF(K(t), L(t), A(t)). (114)

4. aBecTnum B NMepUoj| t TPATATCAd HA BOCCTAHOBJIEHHE KAIHUTAJIA, KOTOPBIA U3-
HOCHJICSI 38 9TOT Tepuoj, (KamuTajg TepsieT CBOW cTouMocTh ¢ TtemmoMm 0 € (0;1), T e.
3a nepuon t 6ymer morepsuo 0K (t)) kanuTana) n Ha TpHOOPETEHHE HOBOIO KAITHTATIA HA
nepuon t + 1.

CrietoBaTeIbHO, UMEEM:

I(t) = AK(t+1)+0K(t), (115)
K(t+1) = K(t)+AK(t+1). (116)

N3 u OJIy YaeM:
AK(t+1)=1(t) — 0K (t) = sF(K(t), L(t), A(t)) — 6 K(t). (117)

[Moacrasisis (117) B (L16]), mosyuaem ocHOBHOE ypaBHEHUE JIBUZKEHMsI KALMTAJIA B MOJEJIN

Cosoy-Cpana:
K({t+1)=sF(K(t),L(t),A(t)) + (1 —0)K(t). (118)

5. Tpyxn (HacejeHue) B MOJEIH CUUTACTCS PACTYIIHM C HOCTOSTHHBIM TEMIIOM 72

L(t+1)=L(t)+nL(t) = (1 +n)L(t), (119)
L(t) = (1 +n)"'L(0) = L(0)e™. (120)

6. JIloruka jaBu>keHus 3KOHOMUKU 110 CoJIOy B AUCKPETHOM BPEMEHU MPEICTAB-
JeHa HA puc[i|



C(t)=Y(1)-S(t)=(1-s) Y(t)
Mexopmbie

AaHHble Y(t)=C(t)+S(t)

{®,s,n,K0,LO } \

L

| Y(t)=F(K(€),L(t)AR) =B S(t)=s Y(t)=Inv(t)=SF(K(t),L(t).A(t))
t=0

I A K(t+1)=Inv(t)- 5K(t)

K(t+1)= K(t)+ AK(t+1)=

LU= Lt = F(K(t),L(t), A+ (1- B )K(t)

Puc. 7: Jloruka ¢dpyuknuonuposanus moiean Conoy-Cpana

PaccMoTpuM yaenbHBINA BapHaHT MOJEJN, B KOTOPOM PACCMATPHBAIOTCS COOTBET-
CTBYKOIIIHUE S5KOHOMHNYIECKHUE BEJIUYNHBI IPDHUBEACHHBIC K OAHOMY pa6OTHI/IKy.
Paznemum o6e yacru ypasuenus (110) wa L(t) u moaydum:

% =F (%, 1,A(t)> win y(t) = f(k(t)), (121)

o y= % — JIOXOJ, Ha JIYITYy HACEJIEHUd T.€. TPOU3BOANTEIBHOCTD TPYIA;

_ K@) .
o k= I() ~ KATHTATOBOOPYKEHHOCTD;

e A(t) = 1 — TeXHOIOTMYECKHIl MTPOTPECC OTCYTCTBYET.

Anasornuno u3 (112) (113) u (114) nmeem:

st = sy(t), (122)
o) = (1=s)y), (123)
ino(t) = sy(t) = s - f(k(1)), (124)

e
o s* — cOepexKeHHe HA JIyLly HACEJICHHS;
e ¢(t) — morpebJieHre HA JIYTITy HACEJIEHMUS;
e (nv(l) — MHBECTUIINH HA JYIIY HACETEHUSL.

U3 ypasuennii (114) u (115) nmeewm:
AKiq 5F<Kt7 Lt) K,

L, = L — (5Z.
Tax kak ARy = WAL= 46— K7 UL — op (1) = s f(K), noayuaex:
% = sJ (k) = ok. (125)
Haiimem
poldo KL-LUK K KL K ke

dt L Ly LiLy L Ly et

~ A



c(t)=y(t)-s(t)=(1-s) y(t)
WexoaHbie
AakHHBIe y(t)=c(t)+s(t)
{5,s.n,k0}
S YWERKY) P s(t)=s y(y) =inv(t)=s f(k(t)

t=0
Ak(t+1)=inv(t)- (D +n)k(t)

P k(t+1)= k(t) +A k(t+1)=
- =s f(k{)}+ (1- (5+n)) kit)

Puc. 8: Jloruka dyaknuornposanus mojean Comoy-CbaHa

CJIJIOBATEIHHO:
K/
= K+ kn, (126)
Ly
3 (125)u ((126) nmeem:
K =sf(k)— (n+9d)k. (127)
Pasnocrubiit anasor ypasuenust (127)) umeer Bu:
Akt+1 = Sf(k't) — (n + (S)kt (128)
Torma nmeem:
kt+1 - ]Ct + Akt_;,_l - Sf(]{?t) + (1 - (n + 5))kt (129)

4. Jloruka nuzkenusi SKOHOMUKY 110 COJI0Y B y/I€/IbHOM BapUAHTE U JUCKPETHOM BPEMEHHU
IpesCcTaBIeHa HAa PHC Q)
[Iposenem ananus momaesnu Cooy.

3.2.1 CramuoHapHOE COCTOAHUE SKOHOMUKH

[® f(k;), onpenensomas o6beM BHITyCKa Ha aylry Haceaenus y(t) B o060 MOMEHT
BpEeMEHH t, SBJIAeTCd MOHOTOHHO BO3pacTamomeil (pyHKIUel 0T KalnTaJI0BOOPYKeHHOCTH
k;, T.e. mMeeM:

df d*f
oo>%20mmw<0. (130)

Caenosarensno, 0 < f(k;) < b= const upu 0 < k(t) < oco. To ectp

k(t) = 0 f(k(t)) — 01 sf(k(t)) — 0,

k(t) — oo f(k(t)) — bu sf(k(t)) — sb, (131)
k(t) — 0 %—n)ouk(t)—mn %—m. (132)
(133)

Hunavuka dyaknun k(t) 3aBECHT OT COOTHOIICHUST TUHAMUK KAIUTAIA U HACEJEHNU,
ecJIM KAIUTAJ pacTeT ObICTpee Haceaenus, To k(t) Bo3pacTaer; mpu 0OpaTHOM COOTHOTIIE-
HUHU — magaeT. MoXKHO OKa3aTh, YTO CYIIECTBYET TaKOe COCTOSHUE, K KOTOPOMY CTPEMUTCS
9KOHOMEKA, Te k(t) = const = k*, To ectb k' = 0. B 3170M cocTOsTHIE TeMII pOCTa BBIITYC-
Ka, MOTPeOJIEHNsT W KAINTaJ a PABHBI TEMITY POCTa Hace/eHus. Takoe COCTOSHNE SKOHOMU-
KU Ha3bIBAaeTCd CTAIlMOHAPHBIM, TOoYKa k* — ctammounapHoii. HaiijieM cranuonapHyio
TOUYKY U3 YCJIOBHUL:

sf(k")

(n+9)

0=sf(k*) — (n+0)k* — k* = (134)
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Puc. 9: Jloruka ¢pyaxnuoruposanus moaean Conoy-Cpana

CramroHapHyIo TOYKY MOXKHO HAaWTH U IpadudecKu (pnc.@ Ha pHC.@] IpeJICTABJIEHBI:

o dyukrus f(k) — 0ObeM BBIIYCKA HA YTy HACETCHUS,
o dbyukmus sf(k) — obbeMm cOeperkeHuit Ha JIyITy HACEJTCHU,

o dyukmus (n+4d)k, xapakTepu3yoiias 06beM HHBECTUIHI Ha JIyTITy HACeTeHusT HeoO-
XOJMMBIX /15 0OeCIiedeHus MOCTOAHCTBA KAIUTATOBOOPYKEHHOCTH.

Touka nepeceuenus sf(k) u (n + §)k npeacrasisier coboii cramuonapuyio Touky k*. B
unrepsane (0; k*| sf(k) > (n + )k, r.e. uHBecTUIINI B SKOHOMHKE OOJIBINE, YeM ITO
HEOOXOUMO JJist 0BeCHeYeH s HOCTOSTHCTBA, KAIIUTAIOBOODY ZKEHHOCTH.

Paccmorpum skonomuky B Touke k' € (0,k*] m k' < k*. B s10it TOUKe Beqmunna
sf(k')— (n+0)k’ npencrapisier coboii YIMCTHIE MHBECTHITNN HA JIYTITy HACEJEHHUS, KOTODHIE
YBEJIMIMBAIOT KATUTATIOBOOPYKEHHOCTD, a Beauunna f(k') — s f (k') xapakrepusyer oobem
norpeGiieHnst Ha Jyuly HaceldeHus. B cranmmonapuoit Touke k*, sf(k*) — (n + §)k* = 0
T.e UHCTHIe WHBECTUINHM DABHBI HYJIO, a 00beM morpebienns pasen f(k*) — sf(k*) =
f(E*) — (n+0)k*.

JlokazkeM CyLIECTBOBAHME CTAIMOHAPHON TOYKM. PaccMOTpUM TOYKY B OKDeCT-
HOCTHU Hadajia KoopguHat k, = 0+ ¢ = €, rye € > 0 1moJioKuTe/ IbHasg OECKOHEYHO MaJiast
BesmuuHa, Torma sf(k,) = s- e% ue(n+9) u3 1) MIMeeM g—}; > (n+4), cremoBaTeabHo:

sf(kn) > kn(n + 0).

PaccMoTpum TOUKY B OKPECTHOCTH KOHIA KOOpAuHAT kj = ki 4+ € = 00 — € + € TorjIA U3
1) sf(ky) = sf(k@%—se% = sb+se% i ki(n+d)+e(n+0) us 1) MMeeM % < (n+9)

u sb < ky(n + ), caeposarenso:

Sf(]{?k) < k:k(n + 5)



Taxum obpazom, Tak kKak dyrknus f(k(t)) B uarepsase (0, 50) MOHOTOHHO BO3DACTAET,

SBJISCTCA [VIAJKOM, HenpepeiBHOil 1 yaoBaerBopser yeaosusM (130) u (131) u k(n + ) —
JIMHEHHO pacTyiast GYHKIMs, TO B 9TOM HHTEPBaJe 003aTeIbHO BBIOIHSICTCS YCIOBHE:

sFOR") = k*(n + 6). (135)

OTO 3KBUBAJICHTHO CyIieCTBOBaHHIO CTaL[I/IOHapHOfI TOYKH.

3.2.2 3oJ0TO€ MPaBUJIO HAKOILJIEHUS KaIlNTaja

13 (134) Bugmo, 9TO CTAIMOHAPHOE COCTOSIHHE YKOHOMHUKH 3aBUCAT OT HOPMBI COEPesKeHUST
S, & CJIJOBATEIbHO, OT HOPMbI COEPEKEeHUST 3aBUCHT U MOTPEDJICHHEe HA YLy HACEJCHUSI
B cTanmoHapHoii Touke. Kak uameHnsiercst craruoHapHoe norpedjeHne Ha, JAyIy HaceIeHus
pU U3MEHEHUU HOPMBI cOeperKennss U KaKoBa HOpMa cOepekeHus, KOTopas MaKCHMU3HU-
pyer cramuonapuoe norpebiaenue. 13 (123) numeem:

c(k*(s)) = f(k"(s)) — sf(k"(s)). (136)
Uz AMEEeM:
c(k*(s)) = f(K"(s)) = k*(s)(n +9). (137)

TOI‘,ZL& yciaoBue MaKCHUMyMa HOTpe6JIeHI/IH nmMeeT BHUI:

el () _ dLF(°(s) — K () +0)] _ AR () () o d ()

ds

ds ds dk ds
(138)

CramuonapHasi KalluTaJI0BOOPYKeHHOCTD MoJiydaeMas u3 ypasuenus (|138) nasniBaer-
csl KalluTaJI0BOOPY XKEHHOCTbHIO, COOTBETCTBYIONIEH 30/10TOMY TIpaBujly u obo3navaercs k9
df (k)

= (n+9). (139)

Vpasrenne (139) onpegensionee cTanioHapHyio KaluTATOBOOPYKEHHOCTH MAKCHMI-
3UPYIONIYIO CTAIOHAPHOE MOTpebIeHne HA3hIBACTCS 30I0THIM MPABIJIOM HAKOILICHIS Ka-
nmuTtata. 13 i AMeeM HOPMY cOeperKeHnd, 00eCIednBaIoNLyi0 MaKCHMAIbHOE
norpebeHre Ha IVIIY HACEICHUS:

k9 (n +9)
f(k9).

Bennunaa MaKCHMaJIBHOTO CTAaIlMOHAPHOT'O HOTpe6H€HI/IH onpenesideTcd U3 ypaBHeHUAd:

sSUf(KY) =k (n+9) > s = (140)

& = f(k9) — (n + 0)KY. (141)

IIpousmocTpupyeM 30/10T0€ HPABUIO HAKOILIeHUs Kanurasia rpadbudecku (puc. [10).
KanutaoBoopyKeHHOCTh B CTAIIMOHAPHOM COCTOSTHUH KOHOMUKH kY COOTBETCTBYET 30-
JIOTOMY LPaBUJly, TaK KaK Olpeje/isieTcd HOpMOil cOepexkenusi s?, Koropas 3a/aeT Mak-
CHMAaJIbHOE CTAIMOHAPHOE oTpeb/ieHne Ha Ayily HacegeHus cf. YMeHblenne HopMbl coe-
pexkenns s2 < s u ee yBeamdenue s\ > s9 yMeHbIIAIOT CTAIMOHAPHOE TOTpebieHue Ha,
NIy HacejdeHnusd, T.e. ¢2 < ¢/ u ¢! < ¢f. Ilpu 9ToM yros HaK/IOHA KacaTelbHON K (hbyHKIIH
soinycka f(k) B Touke kY paBen n + J, ITO 9KBHBAJICHTHO YCJIOBHIO .

IIpu mepexofe 5KOHOMHUKH U3 CTAIHOHAPHOTO COCTOAHMS ¢ HOPMO# cOepezkennsd ¢ s' x
CTAlMOHAPHOMY COCTOSIHUIO ¢ HOpMOfi 89 (s! > s9) yBesmuuBaercss cOOTBETCTBEHHO CTa-
npoHapHOe TIoTpebIenne Ha Iylly Haceslenus ¢ yposasa ¢! o yposaa ¢?. Ho nporecc aTor

N P—

df (k*(s))

(n+9).



Puc. 10: 3o/10T0€ TPABUIO HAKOILIEHUST KATINTAJIA

Cd

Y

Puc. 11: TTepexos SKOHOMUKHI W3 CTAIMOHAPHOTO COCTOSHUS ¢ HOPMOil cOoepexkenns ¢ s! x
CTAalMOHAPHOMY COCTOSHUIO ¢ HOPMO# 7



Puc. 12: Ilepexos, 5KOHOMUKHI U3 CTAIlMOHAPHOTO COCTOSHNS ¢ HOPMO# cOepeskeHns ¢ 52 K
CTAIMOHAPHOMY COCTOSTHUIO C HOpMOii s7

He OJHOMOMEHTHBIH, a umeer cieayomuii g (puclll]). To ecrs sKkoHOMEKA, HMEIOMIAs
HOMY cOepexkeHus OoJibine deM s? cheperaer CJAUIIKOM MHOTO M paclpejieseHue pecypcoB
B 9TOM CJIyYae SBISIETCS JUHAMUAYIECKYN HEeIPDEKTUBHBIM.

Ecam nopMa cOepeskeHns B 9KOHOMHUKE $2 I MEHbIIe 9eM 7, TO YBeJIUB ee 10 YPOBHS
$9, MBI YBeJTMINBACM CTAIMOHAPHYIO KAINTATOBOOPYKEHHOCTD ¢ ypoBHSA k2 10 yposHs kY,
HO B LepeXOIHbL Lepuos norpebiienne Ha Iyury macesienus ocraercs nuxe ¢ (pucll2).
HeBo3M0O:KHO OJHO3HAYHO ONpeaeauTh 3P(PEKTUBHO PACIPEIEISIOTCS PEeCYpPChl WIH HET,
IOTOMY YTO HEIb3sl OIEHUTh, BaXKHee TEKyIlee COCTOSHUE WIH OyIyIee.

3.2.3 DKOoHOMHUYECKHH POCT: JOJTOCPOUYHASA ANHAMUKA U IIE€PEXOIHbIN epPuosa

B cranmumoHapHOM COCTOAHUM KANUTAJIOBOOPYZKEHHOCTH MOCTOSHHA, CJIEI0BATEIbHO, I10-
CTOSTHHA W MPOU3BOIUTEJIHLHOCTH TPy/a. TakuM 00pa3oM, JIOJTOCPOUYHBIH POCT BBITYCKA
HE 3aBHCHUT OT YK30I€HHBIX IapaMeTpOB HOPMBI cOepekeHus U HOPMbI aMOPTH3AIUU, &
3aBUCHT TOJIBKO OT TEMIIOB pocTa HacejaeHus. OJHAKO 9TH K30I€HHDbIE MapaMeTphl BJIU-
dI0T Ha MPOW3BOIUTEIbHOCTh TPY/A B MEePEXOAHBIN Tepuo/ TP JBUKeHUH SKOHOMHUKN K
CTAIMOHAPHOMY COCTOSHUIO.

Paccmorpum, gem onpejesnsiercs TeMil pocTa KalluTaJI0BOOPYZKEHHOCTH Ha paBHOBEC-
HoO#t TpaekTopuu. [logenmum obe yacTu ypaBHeHUs Ha k moJiyduMm ypaBHEHUe JuHa-
MHUKH TeMIIa POcTa KalluTaJIOBOOPYKEHHOCTH:

/
E:M—(n—l—é). (142)
k k
N30b6pa3znM AuHAMUKY SKOHOMHKH B Mojen CoJioy, OMUCHIBAEMYIO YDABHEHHEM

rpacuyaeckn (puc. . Kak Buano # gapgercd yobiBawonieit pyukiueit k. Paccrosnue

k /
110 BEPTUKAJIU MEXKJLY # U N+ 0 SIBJISETCS TEMIOM POCTa, KAIMUTAJIOBOOPY ZKEHHOCTH %
k'/

B TOUKe Ilepecedenns (B cTalUOHADPHON Touke k*) T = 0. CeBa OT cTalHOHAPHON TOYKH
K K

% > 0, a cnpasa - < 0. /lunamuka TeMna pocTa HPOM3BOJAUTEIHHOCTH TPY/IA AHAJOTHY-
Ha JIMHAMUKE TEeMIIa POCTa KalluTaJa0BoOpykeHHOCTH. [Ipoanddepennupyem ypaBHeHne



sf(k ik

Kk =0
(&+n)

k* K

Puc. 13: /lnraMuka skoHOMUKH B Mogesn Coyioy

(121)) nmeem:

dy _ df dk I
o = g Y = f'k". (143)

Pazgenmum obe vactu ypasuenus (143|) na y u moaydaunm:

/ / !/ / /
VL _RE K
y [k k
Ananu3upys cTalmonapHoe COCTOSIHIE, MOYKHO C/IeIaTh CAeAYIONee 3aKII0UeHNe, 9TO CTa-

7 3

IIIOHAPHOE COCTOSHNE 3aBUCHT OT HOPMBI cOepeyKeHnsd, HOPMbl aMOPTHU3AIUU U TEMIIA PO-
CTa HaceJIeHus.

N3menenune HOpMBI cOepekeHusd. [Ipu MOBHIIIEHUN HOPMBI COEPEXKEHHST C S1 0
sy kpusag sf(k) cMemaerca BBepx u craluoHapHas Touka nepemeriaerca uz k' B k%
T.€. CTALIOHAPHAS KAIUTATIOBOOPY- *KeHHOCTH Bospacraer (puc[l4). Kak sugno us pucll3
IIPH POCTE HOPMBI COEPEYKEHUsT TeMIT POCTA, KATTUTAJIOBOOPY KEHHOCTH CKAYKOM BO3PACTAET
U CTAHOBHUTCS BBINIE TEMIA POCTA HACEJEHUs, HO MO MePe POCTa KAIUTAJIOBOOPYKEHHO-
CTH TEMII ee POCTa MOCTENECHHO CHUZKACTCA M TOUKe mepecedenns (n + 0) u sof(k), a k?
CTAHOBUTCA PABHOI HYJIIO.

Takum 00pa3om, B JOJITOCPOYHOIN MEPCIEKTHBE MOBBIIIEHHE HOPMBI COEDEKEHUs He
BJINAET Ha TeMIIbl POCTa KAaIIUTaJOBOOPYZKEHHOCTHU U BBINTYCKa, HO BJIUAET Ha TEMIIbI pOCTa
B IIPOIECCe JIBUZKEHHUS K HOBOMY CTAIIMOHAPHOMY COCTOSHUIO.

N3menenune TemMmnoB pocTta HacegeHus.lIpu MOBBIIIEHUH TEMIIOB POCTA HACEICHUS
C M1 JIO No CTAIMOHAPHAA KAIIUTAJIOBOOPY2KEHHOCTh YMEHBIIAeTC s C k' 10 k‘z, a TeMIIbl ee
pPOCTa CKAYKOM YMEHBIAIOTCS 10 HEKOTOPOT'O OTPHUIATEIBHOTO 3HAYEHU . IKOHOMHUKA Ha-
YUHACT ABUTATHCA TaK, YTO KallUTaJOBOOPYZKEHHOCTH HaAYUMHACT IIaJaTh, a TEMII €€ pOCTa
YBEJTHIUBATHC. DTO MPOUCXOIUT /IO TeX MOP IOKa He OyaeT JOCTUTHYTa HOBas CTAIHO-
HapHas ToYKa k2, 37eCh TeMI POCTa KAIIUTAJI0BOOPYKEeHHOCTH CTAHOBUTCS PABHLIM HYJIIO
(puc[15). Ananornunyo IuHAMEKY JeMOHCTPHPYET H NPOU3BOAUTEILHOCTD TPYAA.

ECﬂI/I nuMeeTrcd rpyl1ia Crpal ¢ OAUHAKOBBIMH HOPpMaMH C6epe}KeHHH 1 aMOpTHU3alun
KalluTaJia, TEMIIOM POCTa HaCeJeHUd U OJNMHAKOBBIMU TEXHOJIOTUAMMN, TO OHU UMEIOT OJHY
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Puc. 14: TloBbitienre HOPMBbI cOEpEKEHUST
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Puc. 15: 3menenune TeMIioB pocta HacejaeHus



U Ty K€ CTAl[MOHAPHYIO KAITUTAJIOBOOPYXKEHHOCTh. [Ipu 3TOM KaxKjaas u3 CTpaH MOXKET
IMeTDh Pa3JIMyHble TeKyIlue 3HadeHus KamuTajgopoopyzxkenHoctu. Corsnacno mojaean Co-
JIOY, 9eM JAJIbIle OTCTOUT TEeKYyIue 3HAUeHNe KAIUTAJI0BOOPYKEHHOCTH OT CTAIlHOHAPHO-
ro, TeM 0oJiee BBICOKHE TEMIIBI ee pocTa OyayT HadIoaaThes. Cie10BaTeIbHO, OTCTAIOIIHE
CTpaHbl Oy/IyT JOTOHSITH HEPEJIOBBIE, T.€ JIOJ2KHA UMETh MeCTO aDCOJIFOTHAA KOHBEPIeHITHSI.

Tem He MeHee, HA TTPAKTHUKE TOrO He HAOIIOIAETCSA, TaK KaK Pa3Hble CTPAHbI HMEOT
pasHble HOPMBI COepe:KeHns M aMOPTH3aI[ii, TEMIIbBI POCTa HACEJIeHHs W TeXHOJOTHH, a
3HAYUT U Pa3HbIe CTAIlMOHAPHBIE TOYKHU. [Ipym 9TOM, Te cTpaHbI TeKyIue 3HAYCHHE KAIIM-
TaJI0BOOPYKEHHOCTH KOTOPBIX JAJbBIIE OTCTAET OT UX CTAIMOHAPHBIX 3HAYEHUH, TOJIKHBI
pa3BUBATLCA 6I>I(3Tp€e7 T.c. UMeeT MeCTO OTHOCHUTEC/IbHaAd KOHBEPI'€eHI M.

3.2.4 Mogesns Conoy c¢ TpymocGeperamwmum TexuudeckuM nporpeccom (AL-
MO/I€eJIb )

Jlo cux mop B MOJIEIM TEXHOJIOTUs CUYATAIACh HEM3MEHHOM, cJeI0BaTe/bHO, KaluTaso-
BOOPY2KEHHOCTHh U ITPOM3BOJIUTEILHOCTD TPYIAa B JOJITOCPOYHOM MEPCIEKTUBE TAaKXKe SIB-
JIAIOTCS HEU3MEHHBIMHU, ITO MPOTHBOPEYUT SKOHOMUYECKHM peasusaM. [las Toro, 4TobbI
ydaecTb TOT (pakT, uro Texuojoruu noj Bauguuem HTII nocrosnno mensiorcs, Heobxo-
aumo yanteiBaTh Biausaue HTII B momesn. YdaecTh 3TO BJIMSHAE MOYKHO Pa3HBIMU CIIO-
cobamu, 9To TpuBOAUT K pasubiM TurnaMm HTII: melirpaabubiii, KanuragocOeperaiommii u
TPYI0COeperalomuii.

Heitrpaapusrit HTII no3songer mponsBecTw TPOAYKIIAIO TPH MEHBITUX 3aTpaTax
KalluTaja u Tpy/a:

Y = F(K,L, A) = AF(K, L). (145)

Kanunranoc6eperatormmit HTII ysenunduBaeT BBITYCK 3a cUeT MOBBITIIEHUS 3P PeK-
TUBHOCTHU UCHOJIL30BAHUS KAIIUTAJIA:

Y = F(K,L,A) = F(AK, L). (146)

Tpynoc6eperarormuit HTII yBenuauBaeT BBIIYCK 3a cueT HOBBIIEHUsS b deKTuB-
HOCTH HCIOJIb30BAHUS TPYIA:

Y = F(K,L,A) = F(K, AL). (147)

Ecau cuntare HTII uMmeeT mOCTOSHHBIA TeMII POCTA:
dA
— /A= 148
/A=9, (148)

TO TOJILKO Tpynocoeperatomuit HTTI obecrieunBaer cyniecTBOBAHNE CTAITMOHAPHOTO COCTO-
AHUA 39KOHOMUKHU.
3anuireM ycJoBHe paBHOBecud ¢ yueToM Tpyaocbeperatomero HTTI:

dK
% + O'Kt = SF(Kt, At, Lt) (149)

[Tepeuninem ycaosue ((149) st onuoro acbdexruBnoro paboruuka:

% i UKt _ SF(Kt,At,Lt) _ SF Kt
AtLt AtLt AtLt AtLt ’

1). (150)



K _ Y
AL, YA = Zr,-

Benem obosnauenusa ky = Torma momyuaem:

d( D ) dK AT _ ARAL _ T RdA  dK dL dA
dkA o AtLt . %AL_Kd("d‘ltL) o dt AL AK dt LK dt o dt B ﬂ K dt K

a — dt (AL)? B (AL)? T AL L AL AAL
dK g [dL A K
- Ea(Fd)-Eeen w
Otcrona
K dka
E = E%—kA(nng), (152)
noactasisst (152) B (150) mosyqgaem:
dk
d—: + kA(’fL + g) + O'/{ZA = Sf(]{?A)
CJlenoBaTe/IbHO UMEEM:
dk
d_tA =sf(ka) —ka(n+o+g). (153)

Ypapuenne (|153)) onuchiBaeT HaKOIUIEHWE KAMUTATA HPU HAJIUYUE TPYI0COEPETAIONIero

HTTII. Cranmmonapuoe cocrosinue npu KOTOPOM dg—t‘“ = () onpejiesigercs u3 yCaoBUsd:

sf(ky) =ky(n+ o0+ g). (154)

B crampmorapHOM COCTOSTHUU KAIIUTA HA OJHOIO 3(hdEeKTUBHOrO paboTHUKA k4 1IOCTO-
siHeH, cJefoBaTeabHo, Y4 = f(ka) u ¢4 = (1 — s)ya TOXKe MOCTOSTHHBI. A Tak Kak

k
kA:Z%k:AkA,

TO KallUTATOBOOPY ZKEHHOCTD, TPOU3BOANTEILHOCTD TPY/IA Y U MOTpeOIeHNE C B CTAITMOHAD-
HOM cOCTOSHUU J0KHBI pacTu ¢ Temiom g HTII. IIpu sToMm 3anac kamuraua K u ypoBeHb
BBIIYCKA Y B CTAIMOHAPHOM COCTOSHHUHU PACTYT ¢ TeMnoMm (n + ¢). Hopma cBepexenus,
HOPMa aMOPTHU3AIUN U TPOU3BOACTBEHHAs (DYHKIIMS BAUSIIOT TOJIBKO Ha TPAEKTOPHUIO IIe-
pexojia K CTallMOHAPHOMY COCTOSIHMIO, HO HE BJIMSIOT Ha TEMIIbI POCTA B CTAIlMOHAPHOM
COCTOAHUUN.

Taxum obpazom, TeMI pocTa SKOHOMHUKHU BBIIYCK Ha JIYIIYy HaceJeHus NP IIOJHOR
3aHATOCTH B Mojesn CoJsioy moaHOCThIo omnpeaensercs TemioMm pocta HTII. Ho u3 sToit
MOJIEJIA OCTAETCd MOJTHOCTHIO HEMOHATHBIM, YeM ompeersercsa Temn camoro HTITI.



4 Mogenn MOTEeHINAJILHOTO BBIITyCKa JIJIsi OCHOBHBIX (POH-
J10B

4.1 IloHATNA OCHOBHOIO KAINTAJIA M OCHOBHBIX (DOHJIOB

[TonsiTe OCHOBHOIO KaluTaJja BO3HUKJIO B IPAKTUKE TOCyAapCcTBeHHON craructuku PO
B CBS3M C IIEPEXOJIOM K PBIHOYHON SKOHOMHUKE W BHEJIPEHUEM CUCTEMbI HAITMOHAJIHHOIO
CYETOBOJICTBA.

OcHoBHble (GDOHABI (OCHOBHON KAIUTAJ) — 9TO YaCTh HAIMOHAJIBHOIO GOTATCTBA, CO-
3/IaHHas B MPOIlecce MPOU3BOJICTBA, KOTOpasd JJINTEIbHOE BPpeMs HEOJHOKPATHO WU TO-
CTOSIHHO HCIIOJIb3YETCd B HEM3MEHHOI HATypaJibHO-BEIIECTBEHHONH (DOpME B IKOHOMUKE U
HOCTENEHHO ITePEHOCUT CBOIO CTOMMOCTH Ha CO3/IaBaeMble MPOJIYKTH U YCIYTH.

B npaxTuke ydera K oCHOBHBIM (POHJIAM OTHOCIT MaTepuabHble U HEMaTepUATbHbIE
00BEKTHI CO CPOKOM CJIY2KOBI HE MeHee TO/Ia U CTOMMOCTBIO BBITIIE ONpe/IeIeHHOW BeTnYn-
HbI, YCTAHOBJIEHHON B 3aBUCUMOCTH OT YPOBHS IeH Ha MPOJIYKIINIO KAMUTATIOCO3IAI0TITIX
orpacJeit.

B cocTtaB MmaTepmaJIbHBIX OCHOBHBIX (POHIOB BKJ/IIOYAIOT: 3/IaHU, COOPYZKEHHUS,
MaITUHbBI 1 000pY/I0BaHKUe, U3MEPUTEIbHBIE U PETYIUPYIONHe NPUOOPHI U YCTPOWCTBA, KU-
JIATITA, BBIYUCIUTEJBHYIO TEXHUKY U OPI'TeXHUKY, TPAHCIOPTHBIE CPeJICTBA, NHCTPYMEHT,
HPOU3BOJICTBEHHBIH U XO34WCTBEHHBIM HHBEHTAPH, pADOUNMA, TPOJLYKTHUBHBIA U IJIeMEHHOM
CKOT, MHOTOJIETHUE HACAXKJICHUS W MPOYUE BUILI MATEPUATHLHBIX OCHOBHBIX (DOHJIOB.

K memaTepunajgbHBIM OCHOBHBIM (DOHIAM (HEMATEPHAJILHBIM AKTHBAM) OTHOCSIT:
KOMITBIOTEPHOE ITPOrpaMMHOe obecriederne, 6a3bl JJAHHBIX, OPUTHHAIbLHBIEC TPOU3BEICHUS
pPa3BJIeKaTeIbHOIO YKaHPa, JIUTEPATYPhl U UCKYCCTBA, HAYKOEMKHUe ITPOMBIILIeHHbIE TeX-
HOJIOTWHW, TTPOYNe HeMaTepHaJIbHble OCHOBHBIE (DOHJIBI, KOTOPBIE ABJIAIOTCI OObeKTaMU WH-
TeJUIEKTYAJIbHOM COOCTBEHHOCTH U UCIOIb30BAHNE KOTOPBIX OTPAHIMYEHO YCTAHOBICHHBIMU
JIJISE HUX [PaBaMU BJIaJICHUSI.

Mo Bumam ocuoBubie douapl (OD) nensiTcst Ha CAeLyIONIHe TPYIIIbI:

® 3TAHN;
® COOPYZKEHUS;
e MamuHbl 1 000y I0BaHUE;

® TPAHCHOPTHBIE CPEJICTBA.

Mamunbl, 060py/I0BaHue U TPAHCIOPTHBIE CPEICTBA 00Pa3yIoT aKTUBHYIO dacTh O,
T.H. HIPOU3BO/ICTBEHHBIE MOIIHOCTH.

Jlnst onmcanust OCHOBHBIX (DOH/IOB UCHOJIB3YETCS MHOZKECTBO XapPAKTEePUCTUK, KAZKTAsl
13 KOTOPBIX UTPaeT crenuuIecKyo pojib B pacieTe SKOHOMUIECKOTO POCTA.

B nmanwmeiinem Oyaem ucnob30BaTh ciepytonme xapakrepuctuku Od.

OIIPEIEJIEHUE 4.1. Iloanas nepe8oHa4AAbHASA CTNOUMOCTD — IMO CIMOUMOCND
OCHOBHHLT (POHO08 8 UEHAT, YHYUMBIBUIOULUTCA NPU UL NOCMAHOBKE HG OAAGHC.

OIIPEAEJIEHUE 4.2. Ocmamounasa nepsonauasvbHas cmoumocmsd ODP — smo
NEPBOHAMANLHAL CNOUMOCTND 0CHOBHBIL HOHI0E 3a 8VIMEMOM U3HOCK HaA damy onpedese-
HUA.

OIIPEAEJIEHUME 4.3. BoccmanosumeavHas cmoumocmsd OD — smo pacuemmvie
3ampamaol Ha 80CCO30AGHUE 8 COBPEMEHHBIT YCAOBUAL UL MOUHOT KONUU C UCTIOAB30BAHUEM
AHANO2UNHBLT MAMEPUAAOE U COLPAHEHUEM BCET IKCNAYAMAUUOHHBLL NAPAMEMPOS.



OIMPEOIEJIEHUE 4.4. Ocmamounas eoccmanosumenvras cmoumocms OP —
MO CMOUMOCTND OCHOBHBLL HOoHA06, He nepenecennas na cozdasaemoiti npodykm. Onpe-
deaaemes no peaysvmamanm nepeouenku OD Kar pasnuya mexHcdy noanot 60CCmMaro6U-
meavHoti cmoumocmvro ODP m denescnoti oueHKoTl USHOWEHHOCNU UHBEHMAPHBLT 00BekK-
mos no darrviM OYT2asmePCro20 y4ema.

OITPEAOEJIEHUE 4.5. Baaancosas cmoumocmsd OD — 5mo cmoumocms 0CHOBHBLL
POoHA06 HA MOMEHM NOCTNAMOBKU HA YYEm 6 DYL2asmepckom basance. Imo cMeuaHas
OUEHKA, M.K. 4ACMb 00B6EKMO8 YUCAUMCA HG OAGAGHCAT N0 B0CCTMAHOSUMEALHOT CTMOU-
MOCMU Ha MOMeEHM nocaedneti nepeouenku, a O@, ssedernvie nocie JaHH020 MOMEHMG,
YUMBLBAIOMCA NO NEPBOHAUANDHOT CINOUMOCTAL.

OITPEAOEJITEHUE 4.6. Texywas cmoumocmsb OP — 3mo cmoumocms 0CHOBHHIL
Pondos Ha Mexkyuuti MOMEHM BPEMEHU € YUEMOM 08UNCEHUL OCHOBHBLL HoHI0E6.

OCHOBHBIMU TIOKa3aTeIIMHI, XapaKTePU3YIONIIMHI JBHZKEHUE OCHOBHBIX (DOHJIOB, TBJIIs-
I0TCd ocTynaerne u BoiobiTHe OD.

Hocmynaenue O@ BKIIOUaeT HOHIALI, TPUHATHIE HA DATAHC TPEITPUATUS B PE3YIb-
TaTe

e 1puobpeTeHns, COOPYKEHUS WU M3TOTOBJICHUS;
® BHCCCHUS YUPECIUTENAMH B CUET UX BKJAJOB B YCTaBHBIH KAIMTAJI,
® TOJIYYeHUs TI0 JOTOBOPY JAaPEHHS U B MHBIX CJAydasX 0e3BO3ME3THOTO IOy YeHUs;

® JIPYIUX MOCTYIIJICHUN.

N3 obuieit cymMMbl OCTYIUBIIUX (POHJIOB BbIAEJISIOT BBEJICHHBIE B OTYETHOM 11€PHUO/I€ HObI-
Be OD.

Bubvimue O®@ MoxKeT TPOUCXOJAUTH B PE3YJIbTAaTe WX MPOJAXKU, CIUCAHUS B CJIydae
UX MOPAJbHOIO WK (PU3MIECKOIO U3HOCA, [Iepe/ladd B BUJIE BKJIaJa B YCTABHBIA KAITHTAJT
JIPYTUX OpraHu3aluil, JUKBHIAIMKA IIPH aBapHUsX, HepeJadn 110 JOIOBOpaM JIapeHusd, Iie-
peJadn B Ka3Hy M 110 ApYruM TpuyaunaM. 13 obimero o6bemMa BHIOBITHS BBLISASIIOT JAHHBIE
0 JUKBUAUPOBAHHBIX 3a rox Od.

Nunexcer pusungeckoro oobwema OD nokasbiBaoT poct obbema OP B comocraBn-
MBIX TieHax. Onenkn ¢pusndeckux oobeMoB OD, 1.e. 06bEMOB, H3MEPEHHBIX B COIIOCTABU-
MBIX IeHaX, HeOOXOIUMBI U JIJIsI COM3MepeHus 00beMa H TuHAMUKE (DOHIOB ¢ (DU3HIECKHUM
00beMOM ¥ JTMHAMHUKON TPOAYKIHH, 8 TaKKe ¢ APYTUMU (paKTOpaMU MPOU3BOICTBA.

Mexkay npoxaykinumeit u O® cymecTByOT npsMbie u 0OpATHBIE CBSI3H, MPOAYKIUSA 1
ee pacrpejesieHue gaBagiOTCd UCTOYHMKAMU WHBECTUIUN B OCHOBHBIE oAbl [loaTomy
cooTBeTcTByIomue 1eMeHTsl BBII 1072KHBI OBITH TOXK/IE€CTBEHHBI 3JIEMEHTaM BOCIIPOU3-
BojCTBa (pusmdeckoro oobema OD. ToabKo B TAKOM CJIydae UMEIOT CTPOTUil ¢MBIC] (OH-
J00TAa4a, (POHIOBOOPYKEHHOCTD U APyTUe MoKa3aTesu, cBa3biBaoinne oobeMm O ¢ dhak-
TOpaMH IIPOU3BOACTBA U BbIIIYCKOM HPOAYKIHWH.

OITPEJIEJIEHUE 4.7. Cmenens (kospduyuenm) usnoca — omuoweHue Hakon-
AEHHO020 K onpedenenHol 0ame U3HOCa UMENUULCA OCHOBHHT HOHO08 (PasHULDL UL NOoA-
HOT YyuemHol u 0cmamoyHot 6araHco60l CMOUMOCINY) K NOAROT Y4emHOT CMoUMOCmU
IMULT 0CHOBHBLL hordos Ha my oce damy 6 NPouEeHMAL.

OIIPEAEJIEHUE 4.8. H3noc O® — smo wacmuyunas uiu noanas ympama O no-
MPedumMenvekuT ce0lcms U CMOUMOCIY 8 NPOUECCE IKCNAYAMALUY nod eoadelicmeuem
CUA NPUPOOL U BCACICTNBUE METHUNECKO20 NPOPECCA.



N3Hoc BbIpazkaeTcsd Kak B yYallleHWH OJOMOK, CHUYKEHUU BBINYCKA, TaK U B TMOJHOM
dakTaeckoM BbIxoie u3 crpod OP. HopMbl 1 MeTOIbI HAUUCICHUS H3HOCA OIPEIETAI0TCS
HOPAJIKOM OYXTaJITePCKOro, HAJIOTOBOI'O U CTATUCTHIECKOI'O yUeTa.

OITPEAEJTEHUE 4.9. Hopmamushsili cpok cayrHchbvl — cpox Guauveckozo u mo-
pasvrozo usrnoca O@.

B Tedenune HOpMATUBHOIO CPOKA IKCILIyaTAIUU JIOJZKHBI ObITH IOJIHOCTHIO BO3MEIIle-
Hbl (hIHAHCOBBIE pecypchl, maBecTupoBanubie B OD. Tlo ncrevernn HOPMATHBHOTO CPOKA
CJyKOBl HAYMCJICHHE aMOPTHU3aIluu Tpekpaiiaercs. [Ipekpalienne HAYUC/IEHUS aMOPTHU-
3alliH TI0 UCTeYeHNH HOPMAaTUBHOTO CPOKA CIYKObI He O3HAYaeT aBTOMATHYECKOTO ITpe-
KpAIeHUs SKCILTyaTAIlMK TOJHOCTHIO aMOpTU3UpoBaHHOrO 00 bekTa OP. Hamporus, dak-
TUYECKUI CPOK IKCIIyaTallud OCHOBHBIX (DOHJIOB MOYKET 3HAYUTE/IbHO HPEBbIIIATH HOD-
MAaTHUBHBI.

4.2 Mogean OCHOBHOI'O KaIlUTaJa

HpI/I MOJeJIMPOBaHUN OCHOBHOI'O KallUTaJla Ba*KHEUIIUMHA ABJISTIOTCS cijaeayromue HpO6JI€—
MbBI: OIIUCaHHe 3allaCa KalluTaJla 1 OIIMCaHue ABUZKECHUA KalluTaJla.

Konnenmun 3amnaca kanuTaJjaa. B Heok/jiaccuieckoil Teopun paccMaTpuBalOTCs TPU
KOHIENUN 3alaca KalaTaJa:

e KanuTaJl Kak (OHJ KU3HEHHO HeOOXOIMMBIX OJ1ar;
® KalluTaJl KaK Ha60p KOJIMYIECTB IeTepoOreHHbIX KalluTAJIbHbIX 6ﬂaF;

® KalluTaJl KaK CTOUMOCTHAA BEJINYHUHA.

«KosmraecTBo kanmurasay K, 10CTYITHONO 9KOHOMHUKE B HAYaJ/1€ HPOU3BOACTBEHHOTO 11e-
pHOIa, MOYKET ObITh 33aHO B CTOUMOCTHBIX BEJINUNHAX, IPEJICTABISIONNX OMPEIeIeHHOE
KOJIMYECTBO BXOJSIIIX B HETO TOBAPOB.

CTOpPOHHUKYU KOHIEHIUHA KAIUTAJIa «Kak (PoHda Hcusnento Heodbrodumuls baaey cTpe-
MUJIECH BBIPAZKATH 3aI1aC KAUTAJIA B 9KOHOMUKE B TEPMUHAX MOTPeOUTENbCKUX Gaar (Ha-
IIPUMED, Yepes3 3epHO, ¥Keae30 U T.1.). [Ipu 3TOM KamuTaa paccMaTpUBAJICS KaK JOMOJIHe-
HUE K TPUPOJHBIM (haKToOpaM HPOU3BOACTBA — TPYILY H 3€MJ€E, UCIOJb3YEMBIM B TEUYEHHE
ePHOoIa MPOU3BOACTBA MEPBOHAYAIBHBIX PACXOJ0B HA YCJYIH JAaHHBIX (DAKTOPOB 10 MO-
MEHTa BBIIIYCKA HOTPEOUTENTLCKUX OJ1ar.

DTO MOHATHE COOTBETCTBYET TOUKE 3PEHUsl, UTO KAITUTAJ IIPOUCXOIUT OT HHBECTHPOBA-
HHUs IIPOILIBIX cOepeKeHuil, KOTOpble B CBOIO OUYepeb IOApa3yMeBalOT BO3JepKaHUe OT
norpedserns. OQHAKO HEMPEOMOJUMbI TPYAHOCTH, CBI3AHHBIE C MOUCKAMH (DU3HYECKOM
Mephl peajibHOTO KaluTajla B TepMUHaX (DOH/1a KU3HEHHO HeoOXoanMbix Os1ar. Kamuraa B
HATYPAJTBLHOM U3MEPEHWN He SIBJISETCS HE3aBHCUMBIM OT MEePEMEHHBIX, JIJIA OMpeIeIeHUS
KOTOPBIX OH, B T.4. U IIpeHa3Haden. Hanpumep, npu u3MeHeHUH CTAaBKH IIPOIEHTA OOBIIHO
OYIAYT U3MEHATHCSI U OTHOCHTE/IbHBIE IIEHBI U, COOTBETCTBEHHO, TaKxKe OVIYT M3MEHITHCS
HPOIOPIUHU TOTPEOUTEIbCKIX OJIar, 4epe3 KOTOPhIE BhIPAXKAETCS KAITUTAJ.

CTOpOHHUKHN KOHIEIITHH KATTUTAIA «KaK 6EKMOPI 2eMEPO2EHHBIT KGNUMAAOHULT OA02>
CYNTAIOT, YTO 3alac KamuTala B KOHOMHUKE 3aJlaH B TePMHUHAX KOJHYECTBa CIenndu-
YeCKHX KaluTalbHBIX OJiar. IIpumuemM, BeKTOpoM KamuTabHBIX OJIar MOXKeT OBITH 11000t
BEKTOP, HE3aBUCUMBIIl OT OCTAJBHBIX ITapaMeTpoB Mojenn. Hopma ducToit mpudbLIn i-ro
KalluTajbHOIro OJ1ara r; paBHa:

™ — hi P

T T .:1727"'717
T 2 i



rae m; — 1eHa ycayru; P; — 1mena ¢-ro KanurtaabHoro 6Jara; h; — 3ajaHHasi HOPMa, aMOPTH-
3allHH.

[Io Banbpacy HeoOX0aMO, 4TOOBI IPU PABHOBECHH HOPMa YHCTOTO JI0X0j1a OBLIa OJIH-
HAKOBOM [T BCeX KAOUTAJbHBIX OJ1ar, T.e.

rje r — obIass HopMa, YUCTOr0 JI0X0/1a.
Kpowme Toro, B COOTBETCTBHE € «3aKOHOM H3I€P:KEK IPOM3BOICTBAY PABHOBECHAS IEHA
Ha TTPOM3BOJICTBO KalMTAJIbHOTO Oj1ara ¢ k; paBHa IleHe KalnTaJbHOro OJrara:

k=P, i=12...,1

Torma B paBHOBecHU

T — hik;
r= ,1=1,2,...1
k;
Orcrona ¢cTOMMOCTD -I0 KAIIATAJABHOIO OJrara:
Uy
ki = ———.
T; + hZ

OHaKO HET MPUYHH MOJIATaTh, 9TO TPHU MPOU3BOJIHHO 33 IAHHOM BEKTOPE COOCTBEHHO
KaMUTATBHBIX OJar TpeOOBaHUSA €IMHOM HOPMBI YHCTOrO JI0X0Ja U CODJIIO/IeHNEe DABEHCTBA
MeZKTy ITEeHOM TPOJAazKW U 3aTPATAMU Ha TPOU3BOICTBO /IS BCEX KAMUTATBHBIX OJ1ar MOTYT
ObITH OJIHOBPEMEHHO Y/I0BJIETBOPEHDI.

B pamkak Tperbeil KOHIEHIMU KAalUTaIa <«KaK CMoumMocmuol sesuvunvly pusnde-
CKUIl COCTaB KalMTaJIa SIBJASIETCS YaCTIO PABHOBECHOI'O PEIEHUS 33/Ia9l CTOUMOCTH U Pac-
npejesieHnsd, a He 3a/[a9H MONCKA OTIETbHBIX €r0 COCTABISIONINX. JTO T.H. KOHIEMIU
arperupoBaHHOTO KamuTasa. lIpwm 3ToM moaxoje KamuTaa paccMaTpUBaeTcs HapaBHE C
PBIHKAMHU TPY/Ia U 3eMJIN.

Mogenb akonomuaeckoro pocra P. Cooy Ga3upyercs Ha HEOKIACCHIECKON KOHIIEITITHT
arperupoBaHHOIO KaIllMTaJ a U 3aKoHe yObiBatomieil orgadn. [[ocKOJIbKY SKOHOMUYECKHT
pPOCT TpedyeT pacTyIIUX KaTUTAJIbHBIX 3aTPaT, & BO3MOXKHOCTH HCIOJTH30BAHUS JTOTIOTHU-
TeJIbHOU pabodeil CUIBI OTPAHNINBAIOTCS POCTOM CTABKH 3apabOTHOI TLIaTHI, yOBIBAIOIIIAS
OT/Iava KAIMUTAIa B MOJETN KOMIEHCUPYETCS TOBBIIIEHNEM HOPMBI HAKOILIEHUS, HEOOXO-
JUMO JIJIs1 yCTORYIMBON TpaeKTopuu pocra. [Ipu 5ToM BbIIyCK Ha pabGoTHHKA (IPOM3BOIN-
TeJIbHOCTH TPY/IA) PACCMATPUBACTCSA HCKIIOYUTENIBHO KakK (DYHKIHST TTPOH3BOANTETbHOCTI
KalluTaJa.

[TockonpKy KamuTaJ B OTJIWYHE OT TPYJA COBEPIIEHHO HEOJHOPOJEH B (DU3WIECKOM
CMBICJIe, arPETHPOBATH €ro I BBEJIEHUS B MOJETb MOYKHO JIUIIb B CTOUMOCTHOM (opMme,
HpUYEeM CTOMMOCTH KAIIUTAJA CJIEJIYET ONPE/IesdaTh HE3aBUCUMO OT IEHbl HA €ro yCJIyTH,
T.€. HOPMbI TPUOBLIH.

4.2.1 Mogenu ABUY>KEeHUsI OCHOBHOTO KanuTtajaa (OCHOBHBIX (DOH/IOB)

HauboJsiee nonysisipaasi MoJie/Ib JIBUKEHUsI OCHOBHOI'O KallUTaJia, UCIOJIb3yeMasi B 00Jib-
IMMHAHCTBE IMTOCTKEHHCHAHCKNX W HEOKJIACCUYICCKUX MOJICJICH, MMeeT CJICHAYIONNNA BU/T:

—d§£t> = Kl (t)—Kout(t); (155)
Kin(t) = I(t) = sY(b); (156)
Kou(t) = BK(t); (157)
Y(t) = F(K,X,t), (158)

y p—



Bsoa kanuTana

Texywui 3anac
xanurana

Puc. 16: Mogenn aBuxKeHnd OCHOBHOTO KAIHTAJIA

rae K(t) — Tekymmil 3amac OCHOBHOTO KallUTaIa KaK CTOMMOCTHAS BeJHIHHA (pecypc);
K;n(t) — BBog Kammrana B pesyisrare nuasecrunuii I(t) 8 OK; K, (t) — BoIObITHE OCHOB-
HOTO Kamurasa; [ — HopMma BbIObITHS; Y (f) — TeKiuil BBIIYCK; F' — IPOM3BOACTBEHHAL
dyurius; X — apyrue pakTopsI.

IIpu 3TOM KammuTan paccMaTpUBaeTCst KAK TOMOTeHHBIH (baKkTop, IpeebHBIH IPOIYKT
KOTOPOT'O PaBeH IPUOBLIN:

oY
—p = 159
rje p — IeHa €IAHUIBI TOBapPa.

B auckpernom Bpemenu Mozennb (155)—(158) Gymer BHINIAACTD CIICAYIONHM 06PA30M:

Kivh = Ki+ K — K out;
Ki,m = I; = sY};
Ki,out = [BK;

Y, = F(K;, X)),

rae ¢ — HOMep Toza.

B kareropusx cucremuoil aunamuku . Qoppecrepa moxens (155)—(157) spasercs
MOZIeTIBIO M3MeHeHnsl 3anaca (puc. [L6).

B nocrkeiitncnanckux Mojesisix mHBeCTHINH, yBeanduBaioiiue o0obem OD, dbunancu-
PYIOTCS 3a cUeT cOeperkeHuit, peICTaBAgoNuX co00it (PUKCHPOBAHHYIO JOJI0 BAJOBOi
JiobaBsieHHOl cTrouMmocTH. IIpu sToM cunTaercs, 94To cOepekeHuss HHBECTUPYIOTCA MOJTHO-
CTBIO:

[=5=sY, (160)

e S — cymma cOeperkenunit, s — HOpMa COeperKeHUsI.
Mozkno paccMorpeTs 1 60J1ee CA0KHYI0 MOJEb HHBECTHIIMOHHOTO TPOIECCa, COTJIACHO
KOTOPOit TpancdopMaInsg BhITTyCKa B MHBECTHIINN TIPEICTABIAETCS CJIeLY MM 00pa30M:

I = (n1 - ng - n3)Y: = sY;, (161)

rje I; — "HBECTHIINH B OCHOBHOII KAIlMTAJ B MEpUOJe t; Ny — A0 BaJOBBIX cOeperKeHmil B
BBII; ny — moJist BajioBbIX HaKOIJIEHUIT B BaJIOBBIX COEDEIKEHUSIX; N3 — J0JIsI WHBECTUILHIT
B OCHOBHOI KallMTaJl B HAKOILJIEHWUSX; Y; — BBINYCK B Iepuoje t; s — TeKyIas HOPMa
HHBECTUIIMNA B OCHOBHOI KaIlUTAJI.



Hopwma BoibbiTus 3 B ypasaenun ([157)) 00bI9HO TPAKTyeTCs KAK HOPMa aMOPH3AIUN

5= i, (162)

1o
rae Ty — TpOaOAKUATEHFHOCTh KU3HN BHOBb BBOJINMOTO KallUTAJIbHOTO OJjara.

Hecmorps Ha TO, 9T0 110/100HAs TPAKTOBKA BHIOBITHS OCHOBHOI'O KAIIUTAJIa MAaTeMaTH-
JecKH TPOCTa, ¢ IKOHOMHYIECKOH TOUYKHM 3peHusI OHA He COBceM KoppekKTHa. B JacTHOCTH,
OHAa He YUTHIBAET MPOTEHT, HAKATIUBAIONIHICS Ha aMOPTU3ANMOHHBIE OTYUCTIEHUI ¢ MO-
MEHTa MOCTYIJIEHHSI KANTaJIbHOrO OJ1ara B POU3BO/ICTBO U JI0 ero 3amenbl. MOKHO pac-
CMOTDETH T.H. «AMOPTHU3AINIO0 BCJIEJACTBHE HCIAPeHUs > (MIH «aMOPTU3AINIO0 BCJIEICTBHE
PaJIMOAKTHBHOTO pacnaiay ). AMopTusalis Mo 00HOr0 BUIa PACCIUTHIBACTC O (DopMyIIe

A=(B+r)-P (163)

rae P — meHa HOBOro KamHUTa bHOTO OJ1ara; 7 — HOpMa IPHOBLIH.

Tem He Menee, B MOJieJIM BbIObITUS KAIIUTAJIA HOPMY BBIOBITHSI 3 HEJIb3s OTOXK-
JIECTBJIATH ¢ HOPMO# aMOPTH3AIIAN, TOCKOJIBKY B 3TOI MOIE/N BeTUINHA TEKYIIETrO 3amaca
kanuTaga K He paBHA €ro MepBOHAYAIBHONW CTOMMOCTH.

Paccemotpum 6oJtee coxkuyio Mozesb BeiobiTHg O@, npemiokennyio H. OJreneBbiM:

Koua(t) = B (1) — u(t) - K(t), (164)

rae u(t) > 0 — Temm JeMOHTazKa 000PYIOBAHUSI.
ITocieHee caaraeMoe YUUTBIBAaeT CIUCAHEE CTOUMOCTH JIeMOHTHPOBAHHOM MOITHOCTH.
B mozemn P. Conoy mozens asurxkennst ocnosroro kanurana (155)—(157) maercs B
nepecyere Ha OJHOIO 3aHATOrO IIyTeM BBeJeHHs I10Ka3aTesd <«KalUTaJ0BOOPYKEeHHOCTH

TpyJday:

rae L — YUCJIEHHOCTDH 3aHATHIX.
MO,ZLGJIB HpI/IpOCTa OCHOBHOTI'O KalluTaJla 3aIllUChIBa€TCAd CﬂeﬂyIO]l[I/IM 06pa30M:

Ak =s-F(k)— (n+8) -k (166)

riae F(k) — upousBojcrBenHast (DYHKIUS; 1 — TEMIl POCTa YUCJIEHHOCTU Hace/eHust; 3 —
HOpMa BbI6bITI/IH KaliuTaJla.

B momenun P. Comoy paccMmarpuBaioTcs [Ba BHIA TEXHHYECKOTO IIPOTPECCa: TPYIO-
cbeperarommuiit 1 Kanuraaocoeperatomuii. Kaxapiit Bug HTII Mmogenupyercs MuoxKuTe ieM
IIPH COOTBETCTBYIOIIEM pecypce B Mojies Boimycka (158]):

Y = F(e"K,e"L), (167)

rje a — temn Kanurtanaocoeperatomero HTII; b — temn tpynocbeperatomero HTTI.
C ydaerom pazsmunbix BugoB HTII momess ((167]) mpeobpasyercs B cieayionuit Bu:

Ak:s-F(/@)—(n+ﬁ+b+a-1f&), (168)

rje « — KOO UIUEHT JTACTHIHOCTH 3aMEeIIeHud TPYIA KAITUTAJIOM.
Kanuran u tpyn B mogenn P. Costoy cauTaiorcst OJIHOCTHIO B3aAHMO3aMEHAEMBIMUT; Ka-
MUATAJT TTPEJICTABIISIETCSA B BU/Ie ILIACTUYHON OTHOPOIHON MaCChl, KOTOPasi MOYKeT CBOOOIHO
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Puc. 17: Mogenun dbyHKIUN T0KUTU: a— IPAMOYToJbHas, 0 — JuHeiinasg, B — runepboiu-
qecKast

HPUCIIOCADIUBATHCA 101 JITOObIe MoTpebHOoCTH. OIHAKO MHOTHE SKOHOMHCTBI CIIPABE/IJTHBO
OIICHUJIU 3Ty KOHIENIINIO KaK HepeaJucTu4dnyio. Kamnuras mo ¢cBoeMy BelmecTBEHHOMY CO-
CTaBy HEOIHOPOJEH, B OCOOEHHOCTU B COBPEMEHHBIX YCJIOBHSX OMEPTBJIEHUS THTAHTCKUX
KallMTaJ/JI0B B HAKOILIEHHBIX CPEJICTBAX IIPOU3BOJACTBA, U HEe 00J1a/1aeT CBOHCTBaAME I'MOKOT0
MPHUCIIOCOOJIEHNST K OBICTPO MEHSIONeHCcs PhIHOYHON KOHBIOHKTYpe. Marmuubl, 060py10-
BaHue, TEXHOJOIMYECKUe JIMHUH, ChIPbe HACTOJBKO CHEeNUMUUIHBI B KaXKJIOM CJaydae, 9To
YHOTPEOUTH UX COOTBETCTBEHHO JIPYIUM HYKJAM MPAKTHICCKU OKA3bIBaeTCs MO0 HEBO3-
MOXKHBIM, JIN0O KpaitHe 3aTpyIHUTEIbHBIM.

OrMmernMm elne OJuH CyIIeCTBEHHBII HEeJI0CTATOK MOIE/IN —. B Heit Hukax He
VUIUTBIBaeTCs Bo3pacTHada cTpyKrypa O®, KoTopas CyIecTBeHHO BJINAET W Ha BHIMYCK,
1 Ha BHIOBITHE KamuTaja. Hampumep, 11 IBYX OAWHAKOBBHIX CTAHKOB, MMEIOIINX OJHY W
TY K€ HOPMaTHBHYIO ITPOU3BOAUTEIBHOCTD, HO PA3HYIO OCTATOYHYIO CTOUMOCTD B CBSI3H C
pa3HbIM Bo3pacToM, 1o mozenu P. Cosoy OyneM uMeTh pasHblii BHIIYCK. Takum obpasom,
OTCYTCTBUE B MOJIEJN BO3PACTHON CTPYKTYPbHI HE MO3BOJISIET YUUTHIBATH U3HOC KallUTaJla,
OT BEeJIMYUHBI KOTOPOTO 3aBHCUT WHTEHCHBHOCTH €ro BHIOBITHs (3. B 3ToM cMmbicae KO3(D-
dunuenT [ 10JKeH ObITH TepeMEeHHO BeJTHINHOI:

e ccsi BBOJ Kamuraja mnpesbimaer ero Beiobitue (AK > 0), TO KannTag MOJIOAEET
(cpeauuit BO3pacT yMEHBIIACTCH) U [ JOJIZKEH MaJaTh;

e ccom BBIOBITHE Kaluraia npesbiiraer ero Boj (AK < 0), ro kamurasua crapeed u 3
JOJIKEH BO3PACTATD.

4.2.2 Mogenu, y9uThIBawOIIIE BO3PACTHYIO CTPYKTYPY

Paccvorpum Mozenn, 1mMo3BOJISIONINE YINTHIBATH CPOK CJIYKOBI U pacipejiesieHne OCHOB-
HBIX (GOHIOB MO Bo3pacTaM. Jljig ocHOBHBIX (DOHJIOB CTOMMOCTBIO [;, BBEJEHHBIX B 1-M
rojly, TeKyIasi CTOUMOCTD OIIpeiessieTcs 1Mo caeayiornieit (hopmylre:

Kz(t) = S(tvda ’7)127 (169)

riae S(t,d,~y) — GyHKIHS TOKUTHSI, HOKA3BIBAIOINIAS BEPOSITHOCTD «HEBBIOBITUST> JTAHHBIX
O® B moment Bpemenu t; d — cpegnee Bpems kuzan OP; v — mapamerp KOHKPETHOM
PYHKITNN TOKUTHUS.

Ha puc. [17| npuBeiens npumepnbl (DyHKINAN JTOKUTHA.



Texkymias croumocts OP ¢ yuerom panee BBejeHHBIX OD paccaInTHIBAETCS MO CJIETY-
omieit popmy.ie:

t
Ks(t) = E S(t—i+1,d,v)I;, (170)
i=to
rjie typ — roj, Ha4yuHasg ¢ KOTOPOr'0 YYUTHIBAIUCH 3HAYEHUS BBOJIOB.
B cBoto ouepennb, BLIObITHE OCHOBHBIX (DOHIOB BBIYHCASCTCS CJICAYIONIIM 00Pa3oM:

Fout(t) = Kx(t + 1) — Kx(t) + I(2). (171)

4.3 MogenupoBaHe TOTEHINAJbLHBIX XapaKTEPUCTUK OCHOBHBIX
dborI0B

st onucaHus MOTEHIIHAJBHBIX Bo3MOxKHOCTel OP ceKTopa IKOHOMHUKHU OyIeM HCIIOJb-
30BaTh JIBE XapaKTePUCTUKU:

o t
1. moreHnmanbHLIH BbIIYCK cekTopa mo OD (VE);

2. TpOM3BOACTBEHHBI MoTeHmuan (uam Koporko — notennuan) OD (PY).

Kak 0bLj10 0T™Meu€eHO Bbillle MOTEHIINAJIBHBIN BBIILYCK CEKTOPA 110 OCHOBHBIM (DOHIaM
V[?Ot MMOKA3bIBAET BO3MOYKHBIN BBIIYCK CEKTOPA 3a T'OJ[ IPU HOPMATHUBHOI 3arpy3Ke MOIII-
HOCTEH ¥ COBEPITIEHHOM OpPraHu3aluu TPOU3BOJICTBA U TIPU YCJIOBUH, YTO JIPYTHE PECYPCHI
UMEIOTCS B HEOTPAHMYEHHOM KOJHYECTBE, T.€. HE SBJAIOTCS JUMUTHPYIOMIUMH (haKTo-
pamu. IIpousBoacreennbiit norernuan OO PY nokasbiBaeT cyMMapHii BBIIYCK IIPO-
JIYKIIUU, KOTOPBIH MoxkeT ObiTh nosydenn3 3tux Od 3a nepuoj BpeMeHn, HAYUHAs C Ce-
PO/THSITITHETO MOMeHTa (o) W J0 MOMeHTa WX HOJHOro u3Hoca (tg + 1) mpu ux MOTHOR
3arpy3Ke B T€UEHHE BCETI0 CPOKa WX IKCILIyaTaluu 0€3 peaHuMUPYIOIINX BO3J/IEHCTBUI 1
JIONOJTHUTE/IbHBIX UHBECTUIIN, T.€.

To

P =Y VEb). (172)

t=to

B ciy4asx, Korja B KadecTBe BBIIIyCKa pacCMaTpHBAeTCs J1I00aBJICHHAsd CTOUMOCTD Y,
OyIeM HCIIOIb30BATH CJIeAYIONHe 0003HaAYeHIS /I IIOTeHIUAIbHBIX XapakTepucTuK Od:

pot Y
yre pY.

Obosznauum yepes ty, ta, ..., t;, ... MOMEHTH BBoJA B jeiictBrue OD 3a cueT HHBECTHITUI
HPOILTBIX MepHoa0B. Torma m3MeHeHne MOTEHIHAJILHOTO BhITycka Mo Od B 3THX TOUKaX
MOZKHO TIPEJCTABUTH B BAJE CACAYIONEH PeKypPPEeHTHON 3alnCH:

VI?Ot(ti-‘rl) = VI];Ot(ti) + AVIZ(n(tH‘l) - AVI?Ut(tD ti+1)7 = 07 17 2a SRR (173)

rje AV}'(”(tHl) — npupocT noreHuagbHOro Bhiycka O® B MoMmeHT Bpemenu t; 11 B pe-
3ysabrare BBojga HOBHIX O® 3a cueT MHBECTHINH MPOILILIX IEPHOI0B; AVI?“t(ti,tiH) -
najiene moTeHnua bHoro Beinycka O@ B unrepsase (t;,t;11) 3a cueT U3HOCA.

KanuTas BBIOBIBaeT, HEPEeHOCS CBOK CTOMMOCTBH HA BBIILYCKAE€MBIIO ITPOLYKIHIO. s
UCCIeIOBAHUS TIPOIECCOB BBOJA B BHIOBITHA OP BBegeM B paccMoTpenne K03 duiiueHT



Kanurajionepenadn k., Mo KOTOPHIM MTOHUMAIOTCA 3aTPATHl KAITUTAJIa, TePeHOCHMbIe Ha,
eJIMHUILY BBIITYCKAEMOU POy KITUHU:

Ko

ke = 5>
Py

(174)

rie PY — CTOMMOCTb BBIIYIIEHHONH HMPOJYKIMH Ha JAHHLIX OCHOBHBIX (DOHIAX 3a BeCh
HepUoJ, UX KU3HM — ¢ MOMEHTa BBOJA B SKCILIYATAIMIO JIO UX IIOJHOIO m3HOca; Ky —
nepBoHavaIbHasg cTOUMOCTH OD.

Kosadpdunuent xkanurasonepeadn nMeeT CXOHBIII ¢MbICI ¢ KodhduinueHraMu Mmare-
PUAJBHBIX U TPYAOBBIX 3aTPAT, KOTOPbIE PACCYNTHIBAIOTCI HA €IUHUILY MTPOILYKITUN.

He cienyer nyrarh ganublii KodddumueHT ¢ HOpMOit aMOPTU3AIIET, KOTOPas IO CMbIC-
JIy TaKzKe oTpazkaeT rneperoc croumoctu O@ Ha TOTOBYIO MPOYKIIHIO, HO PACCUUTBIBACTCS
B MPOIIEHTAX K MEePBOHAYATIBHON (BOCCTAHOBUTEIBHON) CTOMMOCTH OOBEKTA aMOPTHIUPY-
€MOT'0 UMYIIECTBA U HE 3aBUCUT OT BBIIYCKA IPOLYKIIUH.

Breennbiit KoadHumeHT KanuTaaonepeadn TakzKe OTIUIAeTCS OT TTHPOKO UCIIOb-
3yeMOro B HEOKJIACCUIECKUX U MOCTKEITHCUAHCKUX MOJIEIAX HOHATUA «KAITUTAJTOEMKOCTD ».
KanuraimoeMKOCTh IOKa3bIBaeT 00LeM OCHOBHOI'O KaIllUTaJ Ia, HEOOXOIMMOTO JI/Isi BBIITYC-
Ka MPOIYKIUH, TOBAPOB, YCAYT CTOUMOCTBIO B 1 JIEHeXKHYIO eIuHUIy. KamuTaJsoeMKOCThb
JIJIsT KOHKPETHOI'O OTYETHOTO 0J1a onpeessercs myrem gestenns croumoctn OP ua oobem
HPOAYKIIMU B JEHEKHOM BbIPAayKEHUH, BBIMYCKAEMON 324 OJIMH I'0Ji Ha 3TUX (DOHIAX:

Y (175)
V

Hampuwmep, eciin cronmocts O® npeanpusitus cocrapisier 10 M. pyd. U B 1011 OHO BbI-
MyCKAeT MPOLYKIINID CTOUMOCTHIO B 2 MJIH.PYD., TO KAMTAJI0EMKOCTh MPOJIYKIINA PaBHA
k =10/2 =5, 1.e. 5 py6aeii ocHOBHOTO KanuTaga Ha 1 py0Jib BBITYCKAEMOii TTPOJIYKITH.

B orsnmume ot xkoaddunmenta Kannrajgonepegadn, KaluTaJI0eMKOCTh TOKa3bI-
BaeT He MepeHeCeHHbIN Ha TTPOIYKINIO KAauTa, a8 YIaCTBYIONWH B ee mpon3BojcTBe. [Ipu
9TOM He SICHBI 3aTpaThl (BHIOBITHE) KAIMTAIA, CBSI3aHHbIE ¢ eJnHunell npoayKiuu. Kamu-
TAJT0EMKOCTh ABJISETCA KAUEBBIM MAPAMETPOM B TOCTKEHHCUAHCKAX MOJEITX IKOHOMU-
9eCKOTO POCTa, HAPUMEDP, B Mozen Xappoja-/lomapa 3Ta BeIndnHA MPUCYTCTBYET IO
Ha3BaHUEM «KaIUTaIbHBIN Koy durmenTs. [IpaBna, B KadecTBe BBIYCKA B STHX MOJIETIX
paccMaTpuBaeTcs 1o0aBIeHHAs CTOUMOCTb.

Kosddunuent kanuragonepesaun mno3sosiger oneHuth oobem OD Ak,,;, BHIObLIBAIO-

IAX B IPOIECCEe TPON3BOJACTBA V' e uHUI] TPOLYKITAH:
Akour = kV. (176)

B eBponeiickoii jimTepaType MNpoIece KaluTaJI0Nepeadn OMHUCHIBACTCH €Ie ¢ MOMO-
MIBIO T.H. ”HT€HCUBHOCTH nmoTpebiaenus kanutana (MITK), mox koropoii mornmaercst
4acTb JI00ABJICHHON CTOMMOCTH, KOTOPYIO HEOOXOIUMO MHBECTHPOBATH B OCHOBHOM Kallu-
TaJa JJId BO3MEIIECHHSI €r0 BBIOBITHS C IIeJIbI0 ODECIIeUeHHsI ITPOCTOrO BOCIPOM3BOJICTBA.
Takum obpazom, VIIK — 5T0 BoccTaHOBHTEIbHBIE 3aTPAThl KAIIUTAIA, IPUXOIAIIAECS Ha
euHuIly J100aB/JIEHHONU CTOUMOCTH.

Mexay koadpduimerom kamuranaonepegadn u UK cymecTByeT oueBuiHas CBSI3b:

io(V = M) =k, (177)

rje i, — UK, V' — BayioBoit Bbinyck, M — mpoMexKyTo4HOe TOTpedIeHue.



4.3.1 Jduunavmmka UIIK B momenn P. Cosoy

B mozgenu P. Cosoy maTeHCcHBHOCTHh norpebienus kanurana (UIIK) mas npousso-
MO IPOJTYKITNY PaBHA!

ie = kin/y, (178)

rje ki, — npuObITHE KanmuTajga B NepecyeTe Ha OJIHOr0 padouero; k — KamuTaj, TPUXO/Is-
muiics Ha ofgHOro pabodero, y = F(k) — BBILYCK Ha OJHOTO pabovero.

Cor1acHO MOJIe/IN BBIOBITHS KamUTaIa kin =0 - k.

[Tockonbky y = k%, To gia UIIK 6yaem umers:

i. = pEC, (179)

rae k coriacHo MOJeJI JUHaMHUKH KalluTaJla, ABJIACTCA pelleHrueM CJJACAYIONIEro ypaBHe-
HHUA:

dk
— = sk® — Bk. 1
= sk — (180)

B obmem cryaae pemntenne ypasuenus ((180) nmeer ciemytormuit Bug aist a # 0 u a # 1:

Bta? 1/(1—a)
k(1) = (<k<o>1—a _/B) et s/ﬁ) |

B camom pacupocrpanernnom ciaydae a = 0, 5. [Ipu Takom 3HadeHnn mapamerpa Oyaem
uMeTh caeayiomniee pemrerue ypapaenus (180)):

k(t) = (VRO — 5/8) -« % +5/5) . (181)

g storo cnydas UK paBra:

io(t) = B ((VR(O0) = 5/8) - % +5/8). (182)
B naganpublii MomenT Bpemennu npu t = 0 HIIK mpomoprmonasien 3amacy Kamurasa:
i.(0) = B/k(0).
IIpu t — oo UIIK mponopruona ed 3amacy Kamurasa:
ie(00) = s.

13 pasencrBa i.(0) = i.(00) MOXKHO OmpeeJuTh 3HadeHue s, npu Kotopom WITK
CTabWIbLHA: 9TO YCAOBUE IIPOCTOrO BOCIPOU3BOICTBA:

s = B/ k(0).

Taknm obpazom, B mogen P. Cosoy m1060e n3MeHeHne BBIITYCKA Y BeleT K M3MEeHEeHHIO
UHTEHCUBHOCTH NMOTpeOIeHus KanuTaaa, 6oJee TOro, STO U3MEHEeHNe 3aBUCUAT OT HAYAThb-
Horo 3anaca Karnrana (182). CienoBaresbHO, MOKHO CeIATH BBIBOJ O GECCMBICIEHHOCTH
n3mepenus VK B orpacisgx SKOHOMHUKH.
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Puc. 18: Mogens npupocra noreHuajabHoro soimycka O

4.3.2 OneHKa OpPUPOCTA NOTEHINAIBHOTO Bbimycka O®

JIg ONEHKH BEJHYUHBI TIPUPOCTA TTOTEHMUATBLHOTO Bhimycka OD AV? 3a cuer uupecTn-
Uil IperaraeTcst caeayomas MOIeb.

[Tycts BHOBBL puobperertabie OD cTONMOCTHIO | UMEIOT CJIEIYIONIIE XaPaKTePUCTHKH
IpU HOPMATUBHOM HCIIOJIb30BAHUN (pI/IC.I

® HOPMATHUBHBIN CPOK CJIy:KOBI DOHIOB (TEXHUYIECKOE BPEMST YKU3HH €TUHUIBI OCHOB-
noro kamurasna) 1y (rer);

® JIMHAMHKa ITOTEHIUAJIBbHOI'O BbIIIYCKa.

Z[I/IHaMI/IKa TOTEHINAJIHLHOT'O BbIHyCKa OIINCBhIBAaCTCA BblIpazK€HHeM
AV(t) = AVySk(b), (183)

rie AV — IpEPOCT TOTEHIMAIBHOIO BHIITYCKa, KOTOPBI 0becevdnBaeT BHOBb MproOpeTeH-
upie OD B HAUAMBHBINR MOMEHT; Sk (t) — «MOJIEh TOKUTHS» €TUHUIIBI OCHOBHBIX (DOHIOB,
10 aHAJIOI'MU C MOJeJIsIMU, HpejacTas/ieHHbIME Ha puc[l7] HO B orimune oT ITUX MOjesteit
HCTIOJb30BaHa «TpalenenjaabHasy MOJeb (pI/IC..

[lorenuaJbubil 06 bEeM TPOAYKIAHA, KOTOPBIA MOXKHO HOJIYYUTH ¢ J0obaBieHHBIX OP
0 MX IMOJHOTO HU3HOCA PaBEH:

Py = bAVTy, (184)

rje b — Ko puimenT, yauThiBaONUi 11a/IeHHe MOTEeHIIMAJbHOIO BBIITYCKA 3a CYeT CTape-
ausg O,
B wacTHOCTH, IpH JIMHEAHOM IIaJIEHHU IIOTEHIHAIa OT BO3PACTA:
1—a

b= 1
= (185)

rae a — KO3CbeI/H_[I/IeHT MOHMNZKEHNA IMTOTEeHIUAJIBbHOI'O BBIITYCKa B KOHILE CPOKa Cﬂy)K6bI.
Nznoc O® B Takoit mojenu OyaeT Mmogo0eH U3HOCY YIOJBHOTO KapaH/alla, IepeHo-
cstero ¢Boit rpudenb Ha Gymary. IIpu 9ToM MeHsieTcst JyInHa KapaHjama (OCTaBIInics
CPOK CJIY2KOBI JI0 TIOJIHOTO W3HOCA); TOJIMHA JUHUU MEHSIETCS B 3aBUCUMOCTH OT KO-
CI)I/I]_[I/IGHTa IIOHUZKEHUA IMTOTEeHIUAJILHOI'O BBIIIYCKa .
CorslacHo Mojenn, n3obpazkernoii Ha pucll8] BesmunHa npupocra MOTEHIUAIBHOTO
Boirycka O® 3a cueT WHBECTHUIUI paBHA:

1 I a—1

a_
AV() = AV, (1 ¢ = | £ 186
(*) o\t T T (186)




Jlns iByX KpaiiHuX ciaydaeB «@PYHKIUU JoKUTUA»: ¢ = 0 1 @ = 1, COOTBETCTBEHHO,
MOJIYIUM:

I t
=0: = 1 —-=: 1
a=0:  AV() = ;72 ) (187)
I
=1: A = . 1
a Vi = (188)

[TostyueHnnble COOTHOIIEHUS MO3BOJILIOT CAEJAATH CJAEYIONUI BBIBOJ: NOMEHUUAALHDIT
npupocm 20006020 8LINYCKE NPOJYKUUY 3a cuem unsecmuyul 6 ODP npamo nponopyuoHa-
AEH BEAUNUNE IMUL UHBECMUYULT U 00pamHO NPONopuuoHaLer Koapduryuenmy xanuma-
aonepedavu 0aa 8unYcKaemot npodykuuy u cpoky cayocbv, ssodumvr O@P. Yem dombie
cpok cayxk0bel O®, Tem Ha OOJIbIIEE YUCIO JIET PACTATHBACTCS MEPEHOC KAITMTAJIA, Ha IIPO-
aykiuio. COBOKYNHBINR npupoct npojaykiuu P B pesysbrare uasectunuii [ pacupejesisi-
ercsa wHa T ster. Takum 06pazom, nHBECTUPYs B «A0/r0cpodHbiey O, MBI B 3HAYUTETHHOMN
Mepe BKJIaIbIBaeM B Oy/IyIiue MOKOIeHns . Ecin Mbl XOTHM OBICTPOI OT/Ia9l OT WHBECTHU-
Ui, TO MOMKHBI WHBeCTUPOBATH B OD ¢ BBICOKOI CKOPOCTHIO aMOPTHU3AIMHA U HU3KOM
KAIUTAJIONepeJadeid.

Ecau Bocmonb3oBaThes ompejeenneM HOPMbI aMOPTH3AIMY B cOOTBeTCTBUU ¢ Hato-
TOBBIM KOJEKCOM:

Ng = TO%,

T0 Bhipazkenue ([188)) MOXKHO mepernucaTh CJeyoIuM 00pa3oM:

AV (t) = 122,
ke
AHaIM3UpPyst 9T0 BBIPAXKEHUE, MOKHO CJEJIATh CJCAYIONUN BBIBOI: 68 CAYYaE, K020a HOp-
ma amopmusaryut 6600umovly OD@ pasha koapduyuenmy Kanumanronepedayuu 0an 6vinyc-
Kaemoti npodyKuuL, NoOMeHyuaALHuG 8uinyck Ha 6600umbiy O wucieHno paser NoaHol
CIOUMOCTY IMUL HOHI0E.

4.3.3 IlorennuanpHasg xapakTepuctuka O®P

s omenku AV, mageHus TOTeHIHAJIbHOrO Bhiycka Od 3a cdeT H3HOCA BBEIEM B pac-
cmorpenune norennuaabuyio xapakrepucruky O® (TIX OD) vP = fi (1), noKa3bIBAIOIILY 0
HOTEeHINAIbHBIN BBHIYCK, KOTOPBIH obecreunyin Obi cymectBoBanne O® B Teuenue ¢ jger
(t = 0,t,t9,...,Tp) IpH UX MOJTHON 3arpy3Ke € YUETOM CJOKHBINETOCS PACIIPEIETeHUsT
ocTaBIerocd cpoka cayzKopr OD 10 MOJHOrO M3HOCA U IIPH OTCYTCTBHH OIPAHUYEHU 10
JapyruM dakTopaM, 6€3 peaHuMHUPYIONUX BO3ICHCTBHI U JTONOJHUTEILHBIX HHBECTHUIUN
(pI/Ic.. Broaa nmonarue 11X, MBI paccMaTpuBaeM TpPOM3BOJACTBEeHHBINH moTeHIHAT OD
KaK HeoTpabOTaHHBIl pecypc oTpacau (IKOHOMHUKHU) B JOJTOCTPOYHOM IIEPUOE. XapakK-
TEPUCTUKA CTPOUTCA A0 HaCTOAIILEIro MOMEHTa BPpEMEHU t.

B navanpubiit moment t = 0 npu 3ajeiicrBoBanun Bcex O@ MOTEHIMAIBHBIN BBIIIYCK
paser VP'(0) = fr(0). Yepes Bpemsa t = t; B pesyabrare BoiObITHS OD U IPH OTCYT-
CTBUHU BBOJA B jeficTBre HOBBIX O®P MOTEHNUAJBHBIN BBITYCK YMEHBIITUTCS HA BEJIUUHHY
Vout(t1) m cocrasur Benmunny VP(ty) = fi(t;). Auanormano auga t = to,...,Ty. [pn
t =Ty B pesyabrare nmoaHOrO BeIOBITHST O MOTEHNINATBHBIN BBIITYCK CTAHETPABEH HYJIIO:

VoL (Ty) = 0.
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Puc. 19: [Ipumep norennuaabuoi xapakrepuctuku O

MoTeHuManeHeIn BbINyCk

A

Jx(T) -nxoo

y P!

OcCTaTOoNHbI# CPOK CnyxBbl T
O NONHOTO U3HOCa

Puc. 20: K nocrpoenuio norennaabHoi xapakrepuctuku OP

Jlnsg nmoctparun gusndeckoro cmbicsia [IX O® u noaxona K ee MOCTPOEHHUIO BOC-
noJib3yemcd cjaeayionmMm mpumMepoM. [lycth nHekoropas aBuakommanus umeer N camo-
JIETOB M KazkJplil i-biif camoser (i = 1,2,..., N) xapakrepusyercs cjeaytorieii mapoi
nmapaMeTpoB:

e I — ocTaBIIHiiCsI CPOK CJIYKOBI 0 MOJHOTO U3HOCA;

e U, — 10/10B0i1 00bEeM 11epeBO30B (BBIMYCKA) MPU YCJOBUM HOPMAJIbHO SKCILIyaTAIuI

(puc20).

Ha pucynke kaxkmoii equHuite o60pyIoBaHusl COOTBETCTBYET IPSIMOYTOJIbHHK CO CTO-
pouamvu T; u V. YHnopsjjouuB 3TU NpAMOYTOJbLHAKH 10 yOBIBAHUIO 1; M MOJOKHUB UX JIPYT
Ha apyra, noayanm [1X O® apumakomnanun — fx(7T'), HOKa3bIBAIOIIYIO, Kak OyIeT n3Me-
HATHCsI BBIILYCK TP 1M0JHO# 3arpy3ke O® u orcyrerBun waBecTunuii (ciaydait a = 1). Ha
pucynke Vo = fx(0) — moTeHNMUATBHBIN BLIMYCK B TEKyIuit MoMeHt, Ty — HOJHBIH CPOK
cayx0bl. [Lmomans moa [1X O® uucienHo paBHA HOTEHIHAILHOMY 00BHEMY HEPEBO30K
PY., KOTOpBIit MOTEHIHUAIBLHO JOCTUAKNM Ha JAHHOM TapKe CaMOJIeTOB 32 BCE OCTaBIIee-
C BpeMsl SKCIIyaTallil DM YCJIOBHU HODMATHBHOH 3arpysku. [lokazaTenb P} MOXKHO
rpakToBarh Kak norennuasns O®. [Lromans KpuBoJuHEHHOTO TpeyroabHuKa Vi o AT, xa-
pakTepusyeT Tekymuii nznoc O,

Teneps BoisicanM, kak u3mensiercs [1X O® fi(T) npu BHIOBITHE U BBOJE KAIHTAJIA.

[Iycths B MoMeHT BpeMenu t; umenach [1X OD fl(?. [IycTh aBmakoMmanus mpopabdboTasa
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Puc. 21: samenenne noreHnua bHOil XapakTepucTuku Tpu BuIObITHN u BBoge Od

U HOJIHOM 3arpy3Ke HEKOTOPBIN 1epuojl BpeMeHH [t;;t;41] 1 B KOHIE 9TOro 1nepuoiabbi-
qu BeegeHbl O® crouMocThio [x 3a cUeT WHBECTHIWI TPOILIOro mepuoga. [Ipu moaHoi
zarpy3ke O® 3a Bpemsa AT; = t;,1 —t; mpon30iiieT BHIOBITHE KATNTA/IA, YUCJIEHHO PABHOE
wiomaau 11X O® ma unrepsaie [t;t;11] (pucl2l)). IIpu sTom norennuabublii BbIIYCK
yIajieT Ha BeJTUIUHY

AVigout(ts, tis1) = [12(0) — [ (AT;). (189)

['pacbuuecku BoIObITHE KallUTA/Ia PABHOCU/ILHO LEPEMEIIEHUIO OCU OPJMHAT B ILJIOCKOCTH
I[MTX O® na Besmmumay AT Bupaso.

BBeseM B paccMOTpeHHe apaMeTp p, XapaKTepH3YIOIHii 3arpy3Ky (CTerneHb UCIob-
3oBamus) OD:
(t) = M
e

Ecaun 3arpyska O® nenosnast (p < 1), 10 Tedenne Bpemenu B mockocru [IX O
3aMe IJISeTCs 10 OTHOIIEHNI0 K aCTPOHOMUYECKOMY BPEMEHHU B p Pas:

(190)

AT, = (t+i+1—t)p. (191)

ITpu mpoctoe obopynoBanus (p = 0) BHIOBITHS KAWTAIA HE MPOUCXOJUT, T.€. BPEMsI
gt O® kak 661 ocTanaBuBaercd. M HaodbopoT, mpu padore 0bopyaoBaHus B IBe U OoJiee
cMenbl (p > 1) Bpemst jyist OP yeKOpsieTesl ¥ OHU M3HAIMBAIOTCSI PaHEe HOPMATHBHOTO
CPOKa CJIyzKOBbI.

Bennuawna majenunst mOTeHNHATHLHOTO BHITYCKa 3aBucuT oT KpyTu3ubl [1X O®. Yem
bosibiie u3noc OP@, tem Kpyde [IX u Tem 3HaUnTE/bHEE HAJICHUE MOTEHITHAJIA 34
OJIMH U TOT K€ OTPE30K BPEMEHHU.

BBoa ocHoBHOro KamuTaJjia B MOMEHT BPeMeHH t;,q 3a CUeT WHBECTHIIWI TPOILIBIX
nepuojoB [ MPUBEJET, COTJIACHO , K POCTY HOTEHIMAIbHOIO BBIILYCKA HA BEJIUYUHY

AViin(tis,) = W (192)
et 0
rie T, — 3agep:xkka Beoga OD (BpeMeHHOI Jiar).

['pacdbuyueckn BBOI OCHOBHOI'O KAIIMTAJIa SKBUBAJEHTEH MEepPEMeEIIeHnIo OCH abCIuce B
miockoctu 11X O® ua senuuky AV" srus (oM. pI/IC.. [Ipu 3TOM OCH OpJAMHAT CABUTA-
ercsa Ha Besmmanay AT; BIpaBo 3a CU€T BHIOBITHS KAMTAIA 33 9TOT nmepuos. B pesyabrare



Puc. 22: Ilporuos norennmabHOro Bbiiycka 1o masecrunusM B OD: t1,to, ..., t;, ... —
MOMeHTHI BBoga O®

nosyunmM HoBywo IIX OD fgﬂ)(T) B HOBOII cucTeMe Koopaunar V HDQEHDTEHD) iy e

FEUT) = FAT + AT) + AV (ti4). (193)
W ToroBulii IpUpOCT MOTEHINAILHOTO BHIIYCKa depe3 BpeMs AT, Oyaer paBeH
AVE tig1) = AV (tion) — AVt tig) =

T (tiy1 — Ta) i i
S WO - ). (194
Boipaxenns ([189)—(194) npencrasasor coboitaranbr agsropurMa pacdera JUHAMUKE
norenrmaabaoro suimycka O (194) B 3aBucumoctu ot BeibbiTHA OD U HHBECTUIHOHHBIX
YCUJIUA:

fl(fi) —  (caBur ocu opaunar BupBo Ha AT; = (t;11 — t;)p;
Ig(t—Ty)
krTo

) — fur

CIBUI' OCH a0CIMCC BHU3 HA K

[Tpeuraraemplii 110/1X0/1 IIO3BOJISIET IO CIIEHAPHO 3a/1aBAEMbIM KalTUTAIbHBIM BJIOYKEHU-
saM B O® Ha ropu30HTE MPOTHO3UPOBAHUS

Ix = Ix(ti—Ty), i=0,1,2, ... (195)

IPOTHO3UPOBATH TUHAMUKY TOTEHIHAILHOTO Bhitycka O® na ToM ropusomte (puc{22)).

4.3.4 Omnpenesienue HeOOXOAMMOIT HOPMBI HAKOIJIEHUA

[IpejcraBiasger unTepec 3ajada OlpeJe/IeHrsT HOPMbl HAaKOILIEHHS S, 0DeclevuBatoliei
yCTORUNBLIH pYo-blii SKOHOMUYECKHH TPUPOCT. 321849y MOXKHO PEIUTD W ¢ MOMOIILIO Pac-
CMOTPEHHBIX BBIIIE MOﬂeJ’Ieﬁ.

ITpeanonoxum, 1o OP paboratoT pu MOMHOH 3arpy3ke, T.e. V (t) = VP (t) nua t €
[0; T]. I mycth BospacTHast crpykTypa O® 3a1aeTcsi MOTEHITHAIBHON XapaKTepUCTHKOI,
umeroreit smueitnbiii Bug (50%-b1it n3HoC):

fr(T) = V§" (1= T/Ty), (196)

9TO COOTBETCTBYET MPOCTOMY Bocnpou3Boactry Od.



ITycTs 3a Bpemst AT = 1 rox 3a cuer npupocta O®P mpousornte1 TPUPOCT BHITYCKA HA

q%, T.e. t t
CVRAT) V(D)
q_WT«))_l—WT@_l (197)

Cornacno (173) ans VP(1) MOKHO 3aIMCAT:
VPU1) = VP + AVi(1) — AV, (1). (198)

Ha ocrosanunn ((188) Beimyck Bo3pacrtaer 3a cuer maBectunuii B OD Ha Besmmaunny

Ik(1)
AV, (1) = K2 199
- (199
rie Ix (1) — uusectunun B OD 3a Bpema AT = 1.
HyCTb Sy — HOPpMa HaKOILJICHHA 110 OTHOIIEHUIO K BBIIIYCKY V
Torna
AV, (1) = sV (200)
n - keT() .
Cormacuo (189) u (196)), Beimyck ymaser 3a cuer BoibbiTHg OD Ha Besmanmy
AVour(1) = fx(0) = fr (1) = V7 = V§*' (1 = 1/T) = Vg [ Ty. (201)

C yuerom (200) u (201)) Berpazkenne (198) MOXKHO TepenucaTh CJIeLyIONM 06PA3OM:

Sy 1
VPl = VP (1 - —. 202
( ) 0 ( + keTO T[]) ( )
IMoacrasmsia (202) B (197), Gynem umers:
Sy 1

= - —. 203
=TT (203)

Pemmag ypasuenune (203)) oTHOCHTETBHO Sy, MOTYIHM:
sy = (1+ qTp)ke. (204)

@opwmyna (204) BbIBemeHA B IPEAIIOI0KEHUH, 9TO TPYIOBBIE PECYPCHI U 0OOPOTHBIE
doH/IbI UMEIOTCH B HEOOXOJIMMOM KOJIMYECTBE, T.€. He ABJILMIOTCH JUMUTUDPYIOMUMEU (haK-
ropamu. CorytacHo 31oit hopMyJie, yCTORINUBBIN SKOHOMUYIECKHH POCT TPEOYET CYIIeCTBEeH-
HBIX WHBECTHUIINN.

Hampumep, miga exeroanoro mpupocra B 5% (q=0,05) B orpacau ¢ Ty = 20 Jer u
mznocom O@ 50% Tpebyerca Hopma Hakomwienud sy = 2k,, T.e. apoinoi NITK.

JLJ1st HOPpMbI HAKOILJIEHUS Sy, PACCYUTAHHOM 110 OTHOIIEHUIO K JI00aBJIEHHON CTOUMOCTH
Y, anajorudaabiM 0OpPa3zoM MOZKHO MOJYYHUTH CJAEYIONIee OTHOIICHHUE:

sy = (14 qTo)ic, (205)

KOTOpO€ yCTaHaBJIUBaECT CBA3b HOPMBI HAaKOIIJICHUA C MHTEHCUBHOCTBHIO HOTp€6JI€HI/IH ocC-
HOBHOI'O KaIlUTaJaa .

Cdhopmynupyem Baxkueiinree coiictso 11X O®, crpaBe IuBOCTh KOTOPOTO HECJOXKHO
JIOKA3aTh: Npu Npocmom eocnpouseodcmee (sy = k. uau Sy = i.) NOMeHUUANLHAAL Ta-
paxmepucmura OD cmpemumes k aunelinot, a usnoc — k 50% nesasucumo om ucroOHbvLT
yeaosudl. TIporwumocTpupyemM 3To CBOHCTBO (pnc.. Paccemorpum Tpu corydast:

R



v __Wavoc < 50%
] NG N

Puc. 23: JTunamuka [1X O® npu mpocToM BOCIPOU3BOICTBE

1. maugaubublii uznoc O menbie 50%:
2. navasbublii nznoc O® Gosbie 50%;
3. maugaapublii n3noc O®@ pasen 50%.

[Ipeamonox)um, 4T0 MOTEHIIMAT OCHOBHLIX (DOH/OB B HAYAJIBHLI MOMEHT OJMHAKOB JIJId
BCeX cJIy4aeB u paseH Fy. VI3 reomerpudeckux cooOpaKeHuit mpu paBeHcBe IIOMaIet mo,t
[IX O® bynem nmers:

Vi< Vs < V.

IIpu npocrom BocupomzsoacrBe morerrmans OD F, He u3dMeHsIeTCs, HO M3MEHSIETCS
koHdpuryanug [I1X OP B 3aBUCHUMOCTH OT BEJIUYIUHBI cTapTOBOIrO u3noca Od.

B cayuae (1) moTeHNUANbHBIR BBIIYCK OyIeT PACTH ¢ BEJUIHHBI V) 0 BEJIAYHHBI
Vo = 2Ry /Ty. B cayuae (2) Tekymmuii TOTeHIUATBHBINA BBITYCK OyIeT HaJIaTh ¢ BeJTHYNHBI
V5 1o Bestmunnbt V. Takum obpasom, st OAHON U TO# »Ke HOPMbI HAKOILJIEHUS Sy = K, B
epBOM cjydae OyjeM Hab/I101aTh POCT MOTEHIIHAJIBLHOIO BHIIIyCKa B TedeHne Bpemenu 1,
a BO BTOpOM ciydae — mazenne. B ciydae (3) TIX O® GymerBocipon3BoauTh cama cebs.
Yepes untepsan spemenu 1y Bee [IX O® OyayT umeTh OJHY U TY Ke (hopMy (pHC..F).

-~
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