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Cucmemnuil ananis, ynpaeiiHHsa ma iHpopmayitiHi mexHonio2iy
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0. M. HA3APEHKO

IJEHTH®IKAIISA TA TIPOTHO3YBAHHSA CTAHIOHAPHUX CJIABO ®OPMAJII3OBAHUX
IMPOLECIB 3 HEBIZIOMUMH BXOJJAMU

Posrisimaetsbest mpobiema crenudikaiii Ta ineHTrdiKaLii JiHIIHOT cTaliOHAPHOT MOJENi 3 HEBIIOMHMH BXOAaMH. Mo/enoBaHHs HEBiIOMUX BXOZiB
[POBOMTHCS 3iAHO MPHHIMUITY MyJIbTUIUTIKaTOpa. TpaekTopil pyxy BBEICHHX KEpyBaHb PO3KIALAOTHCS HA TPEHIOBY Ta MEPIOANYHY CKIIAIOBI, IO
JI03BOJISIE PO3B’s3aTH AudepeHLiabHi PIBHSIHHA pyXy B sSBHOMY BHIUsimi. Ilapamerpuyna igeHTH]IKamis HEBIZOMHX KOCQIILIEHTIB 3IiHCHIOETHCS
METO/IaMH EKOHOMETPUKH TIPH MEBHHX OOMEXCHHSX Ha EIeMEHTH MarTpuilb. Anpolaljisi moOyJOBaHHX aIrOPUTMIB MPOBOAMTHCS HA PEANbHHUX

CTaTUCTUYHUX JaHUX.

Karouosi ciioBa: cnenudikaris, ineHtrdikaris, THKIIYHAHA poLec, IMITallisl, MPOrHO3yBaHHs, anpodaLlist MOIEIi.

Beryn. [loOymoBa MareMaTHYHHX MoJeneil AwHA-
MIYHHAX TPOIIECiB B TEXHIIli Ta EKOHOMIIli € aKTYaJIbHOIO i
CKIIaMHOI0 TIPOOIeMOr0, e(eKTHBHE pPO3B’SA3aHHS SKOI
CHpSDKEHE 3 TIEBHUMHU TPYAHOLIAMH HE JIMIIE 3B’ SI3aHUMHU
3 MOXJIMBICTIO 3aCTOCYBAaHHS MaTeMAaTHYHUX METO/IB, aje
1 TPUHIMIIOBO THOCEOJOTiyHOTO Xapaktepy [l,2]. Ha
BIZIMIHY BiJl TaKUX NPUPOAHUYMX HAyK sK (i3uKa i Mexa-
HiKa, TEXHIYHIH Ta EKOHOMIYHIH Haylll He BJA€ThCS BCTa-
HOBUTH (yHIAMEHTaJbHI 1 JUHAMIYHI KiJIbKICHI 3aKOHO-
MIPHOCTI, sIKi 3B’SI3yIOTh MiX COOOI0 PI3HOMAHITHI 4YHC-
J0Bi moka3HukH. CKIaMHICTh, IBUAKA MIHJIHUBICTh, MPHU-
CYTHICTh HE (pOpMasi30BaHUX 1 HEBU3HAUCHHUX (DAKTOPIB,
00yYMOBJICHUX 1ppamioHadbHOK TOBEAIHKOIO IOIMHU, —
OCHOBHI TpPWYHMHHU, $Ki 3aBaXKalOTh IMOOYIOBI MaTema-
TUYHUX MOJeNIeH, IO aJeKBAaTHO OMHCYIOTh EBOJIOLIIO
TEXHIYHUX Ta €EKOHOMIYHHUX CHCTEM.

JocnimKeHHs] TEeXHOJIOTIYHNX Ta €KOHOMIYHUX MHpO-
LeciB, sIKi yacto KiacuikyroTh Sk ciabo ¢opmarnizoBaHi,
MOBUHHI, TEpeayciM, CHHpPAaTUCh Ha MOCTIHHMN aHali3
CTaTUCTUYHHUX NaHuX. JJIs1 KOHCTPYIOBAaHHs IMHAMIYHUX
Mozeneit TyT HeoOXiTHO BUPOOWTH NPHHLMIIH, IO CIIH-
paroThCs Ha TEXHIYHI T4 CKOHOMIYHI HAYKHU 1 JO3BOJISIOTH
reHepyBaTH anreOpaiuHi Ta audepeHIianbHi pIBHIHHS,
SKi OJJTHO3HAYHO BH3HAYAIOTh CBOJIOLIIO JOCIIIKYBAHOTO
nporecy [3, 4].

KirouoBoro mpo06sieMor0 MareMaTHyHOTO MOEIIO-
BaHHSI Ci1a00 (OpPMai30BaHUX AHHAMIYHUX CHCTEM €
imeHTH]IKaIlis pIBHAHb PYXYy, OCKUIBKHM HA MPAKTHIII BOHH
He cneru(ikoBadi [5, 6]. TyT HeBH3HAYCHUMU € HE JIHIIE
dazoBi koopaumuati K, a # po3mipHicTe N (a3oBoro
npocropy. KpiM Toro, mapamerpu AMHAMI4HOI MOjeni
3a3jajerijib HeBiJjoMi 1 MOBHHEH OYTH PO3pOOJICHUH Bif-
MOBIZHUIT anropuT™ napameTpuyHoi inentudikauii. I[Ipo-
OjeMa MOXE YCKJIAIHIOBATHCS TUM, IO s (ha30BUX
koopauHaT K i s 3aminHMX |, siKi mOAalOThes Ha BXiA
JMUHAMIYHOT CUCTEMHU, BIICYTHS CTATHCTHUYHA 1H(POPMAIIis.
VY mnoniOHMX cUTyalisix MOXKHa BHKOPHCTOBYBaTH 3aMi-
Y04l 3MiHHI (HAIPUKIIAJ, SKIIO HEBIIOMI CTaTUCTHYHI
JaHi Mo (a30BHM KOOpAHMHATAM, ajle BiOMi HaHi IO iX
npupocTam), a BXinHui curHan |(t) Mo)xHa MOZIETIOBAaTH

3a JOTIOMOTOI0 TPUHIUIIIB MYJIbTUILTIKATOpa abo akcene-
paropa [7], 38’s3aBmm Bxig I(t) minifiHOMO 3anMeXHICTIO 3

neskuM  BektopoMm X(t) ado x(t) BimmoBimHo. Sxmio
BiloMa CTaTHCTUYHA iHpOpMAIIis {Xt}, t=LN, T0 X
BHCTYIIA€ y pOJIi BEeKTOpa KepyBaHb 1 3a HOTro JOMOMOTOI0

HaJIAIITOBYIOTh AWHAMIYHY MOJETh Ha BHUCOKI iMiTaIliffHi
BIIACTHBOCTI [8].

VY kepoBaHHX [AWHAMIYHUX CHCTEMaX KOHCTPYIO-
BaHHS 3aKOHY KEpyBaHHS 3MIMCHIOETHCA 32 JOIOMOTOIO
perynsTopa, SKHA TOBHHEH peai30BYBaTH IIPHHIIUI
obepHeHOTO 3B’s13Ky [9, 10]: BekTOp KepyBaHb X y KOX-
HHI MOMEHT 4acy € GyHKIieo (a3oBux koopauHat K Ta
ix moxizamx K.

VY peaJibHUX yMOBaX OKpeMi €JIeMEHTH JHHAMIYHOT
CHCTEMH B3a€MOJIIOTH MiIX COOOI0, MPUUOMY I 3B’SI3KU
BCTaHOBJIIOIOTHCS MPOTATOM TPUBAJIOTO Yacy ii QyHKINO-
HyBaHHs. lle 03Hauae, M0 mapaMeTpu TUQEpeHIaTbHIX
PIBHSHB PYXY 3aJJOBOJIEHSIOTH IIEBHUM CITiBBITHOIICHHSM,
3a3maneriny HeBimoMuM. ToMmy perymsaTop IHHAMIYHOT
CHUCTEMH MOXE CKJIANaTHCh 3 MCEKUIBKOX PETyIIOI0YHX
MPUCTPOIB, KOXKHAN 3 SKHX BIAIMOBiNAE 3a IIEBHY 3MiHHY,
0 XapakTepu3ye JaHy CHCTEMY B IIIOMY, i BiTHOCHO
SKOi € cTarucThdHi naHi. Ha Buxomi perymrorounii mpu-
CTpiii TOBMHEH TeHepyBaTH 4UCIOBY iH(opmanito s
creudiKoBaHUX  CIIBBIJHOLIEHbh MK MNapaMeTpamu
TudepeHIiagbHUX piBHAHb. UMM OifblIe peryrodux
NpUCTpOiB Oy/e BHKOPHCTAHO, TMM MEHIIE CTa€ YUCIIO
CTYICHIB BIIBHOCTI IpH ifeHTH(iKalii HEeBiIOMMX mMapa-
METpIB.

[ocTranoBka 3amayi. PosrnsaeMo cramioHapHy au-
HAMIiYHYy MOJIeTIb 3 HeBijoMuM BxoaoM |(t) Burisay

k@) +Ak@)=1(), telt,, t;], k() =k.. (1)

Jlana mMozenb HIMPOKO BHUKOPUCTOBYETHCS B Makpo-
€KOHOMIYHUX JIOCHIKCHHSIX 1 OMHCYE 1HBECTHIIHHUI
PO3BUTOK MakpoeKoHOMiuHOT cuctemu [11].

Hepimomuit Bxim I(t) momamo 3rigHO NpPUHIKIY
MyJbTUILTIKaTopa [7]:

1(t) = Rx(t), @

NpUYOMY Ha eJleMeHTH MaTpuui R HakmamaroTbes oOme-
JKCHHS-HEPIBHOCTI:

>0, r,<0, j#i, 0<r=>r<Lij=1n (3)
i=1

IIpn Bukonanui (3)
Q=R™ [12].

Bubip ¢azosux xoopauHat K Ta KepyBaHb X 3arie-
XKWUTh BiJ METH AOCIHIPKEHHS Ta OCOOJNMBOCTE TaHOTO

icHye oOepHEHa MaTpHIsd
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mporecy. Ilpumyckaemo, mo crenudika CTaTUCTHIHOT
iHpopMaii Taka, o BigoMi naHi {x‘}, {nl}, t=1LN, ne
n =k, —k.,.
PO3TISLIATH 3aMilyI0Yi

3amicth (asoBux koopaumHaT K Gymemo
3MiHHI Y 1 BHUKOPHCTOBYBaTH
CTATUCTHAYHI JaHl { t}. Maemo (Bextop K, 3a3mamerins
HEBIIOMUIT)

t
kt:yt+k0'ytzznj' 4)
j=1

3ajava nojsirae y cnenudikanii pazoBUX KOOpJUHAT
k, i BiznoBizuux kepysaub X; (i=1,n), BusHaueHHi
pPO3MIpHOCTI N (a30BOTO MPOCTOPY Ta OILiHIOBAaHHI
HeBiomux koedimientiB momem (1), (2). Ockinbku
METOIO JOCTIKEHHS € IPOrHO3YBaHHs MaiOyTHIX CTaHIiB
cUCTeMHU, TO ifeHTHQIKaliI0 HEBIJOMHUX IapameTpiB
A Ky, R Gymemo npoBoauTH uepe3 mpusMy imitarifHux
Ta MPOTHO3HMX BIACTHUBOCTEH (Ha30BHX KOOpAMHAT i
KepyBaHb. [ paHNYHI 3HaUEHHS TU(EpEHITiaTbHIX PIBHIHD
(1) 3py4HO 3a7OBONBHATH B MOMEHT 9Yacy, IIO CIiIye 3a
nepiongom igentudikamii. [loxmagemo t.=N+1 | Tomi
Bigpizok [1, N] Oymemo HasuBaTu TNEpPiOJOM 1IEHTH-
¢ikawii, a Bigpizox [t.,t; ] — mepiogom mporHosyBaHHsI.

I[Ipu omiHeHWX 3HAYCHHAX HEBIIOMHX TapaMmeTpiB
po3B’s30k 3amadi Komri (1) mo3Boisie mepeBipATH imita-
LiifHI BJIACTUBOCTI MOJAEJBHUX TPAEKTOPIH HA MPOMIKKY

[1, t*) 1 BCTAaHOBIIIOBAaTH MPOTHO3HI BJIACTUBOCTI Ha BiApi-
3ky [t.,t; ]. Hosxuna N nepiony inenrudikanii nmosuHHa

OyTH IOCTaTHBO BEJHKON, 00 Ha HBOMY CTabimi3yBa-
JIMCh B3AEMO3B’SI3KM MK eJIEMCHTaMH cHCTeMH. [l
JaHOTO JIOCHIJKEHHS BaXXKJIMBO, OO NOBXHHA YaCOBHX
psdiB 3amoBoNbHsIa HepiBHicTh |>55. CramioHapHicTh
MOJeIi XapaKTepH3YIOTh BHCOKOIO SIKICTIO alpOKCHMALl,
nporHo3dyBaHHs Ta pobGacrtHictio [5, 8]. Ilpu BukoHani
YMOBH CTaIliOHAPHOCTI, OI[IHEHY Ha MepioAi ineHTudikamii
[1, N] minitiny mozens (1) MOKHA TIEPEHOCUTH Ha TIEPioj
nporrosysanns [t.,t; ] 3a ymosu t, —t. << N B cuny

iHepIiitHOCTI qUHAaMiYHOT cucTemu [13].

Metoa po3B’si3aHHs 3aaadi. Y BUIAIKy CTalliOHA-
pHEX ciabo ¢GopMalli3oBaHUX TMPOLECIB TEHACHIIIO PO3-
BUTKY JMHAMIYHOT CHCTEMH OYJE€MO XapaKTephu3yBaTH
JMHIAHAM TPEHIIOM, a KOJMBAIBHUH IpoIec OyaeMo OIu-
CyBaTH 3a JIOMOMOIO0 po3kiany B psa Oyp’e BiAxuieHb
CTAaTUCTHUYHUX JAHUX BIJHOCHO BIJAIOBITHOIO TPEHIY
[10]. Tomi Tpaexropii kepyBanp X(f) 3Haligemo micis
OIIiHIOBaHHS PETPeciiiHOT MoJei

n-1
X, —X=b(t—{)+ ) (a, cos o,t + b, sinw,t)+v,, )
k=1

t=LN, o, =2nk/N,
ne w, — uacrora K-i rapmownikm; a,, b, — BeKTOpH
HeBiOMUX Koe(ilieHTIB po3kiany B o0pi3aHuil psin
Dyp’e; v, — BEKTOp BUMAIKOBUX 30ypeHsb. IIpu BKkazaHUX

3HAYCHHAX YacCTOT BEKTOP CEpeAHIX 3HAYCHb 3aJIMIIKIB
JIOPIBHIOE HYJTIO (\7:0 .

Busnauenss nepiogy T KonMBaHb JaHOI CHCTEMH i
BCTaHOBJICHHS YacTOT i3 criekTpa (5), Ha SKi HaJaIToBaHi
TapMOHIYHI XBWII, OyAeMO 3MIACHIOBATH 3a JIOTIOMOTOIO
perynsatopa, 1o o0uuciaioe cymapHe 3HadeHHs X(t)

KEpyBaHb. ).IJ'IH ObOr'o CKJIaga€TbCsa perpeciﬁHa MOACIb

n-1
X, —X=b(t—£)+)_(a,cosw,t +b,sinw,t)+v,,
k=1
o \ (6)
t=LN, x()=D x,(0),
i=1

i 3a gomomororo kputepiro CteiofeHTa [14] BUAUIAIOTHCS
3Ha4ymi rapmoHiku [10].

[Npouiec BuaiNeHHS 3HAYYIIUX TAPMOHIYHHMX XBHJIb,
XapaKTepHUX VIS JaHOi IUHAMIYHOI CHCTEMH, IPOBOIIMO
CYMICHO 3 BH3HA4YCHHSAM Iepiogy konuBaHb 1. Jlis
BCTAHOBJICHHS. ONTHUMaJbHOro 3HaueHHs N BpaxoByeMO
MOBE/IHKY JIOCHI/DKYBaHOI CHUCTEMHM 11033 II€PioJIoM
inentudikamii [1, N]. i 1p0ro BUKOPUCTOBYEMO BiIOMY
CTaTHCTHYHY iH(OpMalilo BIZHOCHO X, IO IeEpeaye
MoMeHTy ;. 3HauyeHHs {; (moyaTok mepiosy ineHTH-
¢ikauii) Ham 3a3paneriap HeBimome. Skmo N BuOpane
TaKHM, 110 MOJIENIbHA TPAEKTOPIsl KOJIMBAaHb

u(t) =>(a,cos o, t+b,sinm,t) )

npu t <0 3MIHIOETHCS B HAIPSIMKY CTATUCTUYHUX JAHUX
u(t=0, -1,...), To noxmamaemo N = T.

SIkmo 3a  JI0MOMOTOK0  eKCTparoJisilii Haszax, MU
BCTaHOBHWJIM T1€Pi0J] KOJIMBaHb, TO TUM CaMHUM BU3HA4YE€HO
onTuMansHui niepiof ineHtudikauii [1, N]. Bkazana mpo-
1eypa JT03BOJISE BUAUIATH N — | 3HAYYIIMX TAPMOHIK, 1110
PO3MOBCIOIKYIOTECS Y aHIil CUCTeMI i, OTXKe, BU3HAUCHA
ONITUMAJbHA PO3MIpHICTE N (azoBoro npocropy. Crenu-
¢ikamiss KOMIIOHEHT BEKTOpa KepyBaHb X IPOBOIUTHCS
npu 3amaHoMy 3HadeHHi N. Ilpu momini MHOXWHH X Ha
HIIMHOXUHHU X, X,,..., X, J0OMBAa€EMOCH, 1100 BIIACTHBI
iM rapMOHIYHI KOJMBaHHS HaJallTOBYBAJIUCh Ha YaCTOTH
i3 cektpa (5).

Hexaii BexTop KepyBaHb X(t) mopiBHIOE

A — a1 A
x(t)=X+b(t-t)+ Z(ékcosu)kt +b,sinw,t). (8)
=

VY Bumanky (8) MOXHA OTPUMATH PO3B’SI30K CUCTEMU
mudepeHmansHuX  piBHAHL (1) y SBHOMY BUTIISN.
IMomuoxuMo piHsinEs (1) Ha €™ i mpoinTerpyemo iioro
BiJl 3a1aHOTO 3HAYCHHs t. 70 MOMeHTY 4acy {:

je“ (k(z) + Ak (r))dt = je“ Rx(t) dr.

te te

[Ticns nesKux nepeTBOPEHb OACPKYEMO

t
k() =e” k. + Re ™ [ x(x) dr. )
t.

VY Bunaznxky (8) interpan B (9) nopiBHIOE
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je“x(r)dr et (10)

ne f(t) — igoma BekTOp-PyHKILsI pH 3a1aHOMY PO3KIaIi
(8) BexTopa X(t).
Toni po3B’s30k (9) mpuiitMae BATIIST

k(t) = Rf(t). (11)

Tenep 3amaya 3BOAUTHCS 10 OLIHIOBAHHS HEBiTOMUX
Marpumi R 1 mapametpa A . [Tpu npakTHYHUX AOCIHTIIKEH-
HSAX Ha CJIEMCHTH MAaTpulli R HaKJIagaroThCs OOMEKEHHS
Burisny (3). Tomy inenrudikanis moaeni (1) crpsbxena 3
JESIKUMH TPYIHOUIAMH.

Brenemo y po3risin peryisTop, Kl y qaHiid poOoTi
Oyzne ckimajaTHCS 3 JBOX PETYIIOIOUHX IIPUCTPOIB, SIKi
KOHTPOJIIOIOTh 3MIHM CyMapHMX 3Hadenp Yy 1 f .
Perpeciiini piBHSIHHS, $IKI BIiJIIOBIAIOTh BKa3aHOMY
peryisiTopy, HacTymHi (N, , W, — BUIIaAKOBI BiAXUICHHS):

,

Yy, —y=r (f(t)—f)+ht, t=1LN

_ K o (12)
fO-f=ad(y,-y)+w, t=1LN,
NpUYOMY Ha  TapaMeTpu  MOJeNell  PeryJoryux
MPUCTPOIB HAKIIAAAIOTHCS OOMEKECHHI-HEPIBHOCTI
A>0, >0, r>0. (13)

SAxumo orpumani MHK-ominku A, g if,To HacTyn-

HUM KpOKOM € OLiHIOBaHHS Matpuii R, mo d¢irypye
B (11). CxiragaeMo perpeciiiHy MOIenhb

y, —y=R(f(t)-f)+h, t=1N, (14)

ne Bektop-yukuis f(t) Busnauaerscst 3 (10) 3a ymoBw,
110 Bektop kepysanb X(t) inenTudikoBanuii 3rigHo (8).

OruintoBaHHa perpeciitHoi moxeni (14) HeoOXimHO
MPOBOJWTH TIpU OOMEKEHHSX Ha eJleMEHTH Matpuii R,
o BATLIMBAIOTH 3 (3) 1 (12), (13):

D=0 >G5 =1, >0, <0, j =i, i, j=1,n.(15)
i=1 i=1

[pakTuuna peanizauis aaropurmy. AnpoOais
no0yI0BaHOI MOJIelTi MPOBOAMIACS Ha 0a3i CTAaTUCTUYHUX
JIAaHUX MaKpOeKOHOMI4HOro po3BuUTKy Ppanuii 3a 1956—
2011 pp. [15]. ¥ skocti koopauHat (pa3oBOro BekTopa Yy
BUOMpAITUCS TPUPOCTH OCHOBHUX (DOHIB (CTATUCTHYHI
naHi — Gross fixed capital formation), a koopauHatamu
BEKTOpa KEepyBaHb X — BUIYCKH CEKTOPIB (CTATHCTHYHI
nani — Value added). YncensHuii ekCriepUMEHT BCTAHOBHUB
onTHManbHe 3HaueHHs 00’emy BubGipku N = 50, mpu
mpoMy 1960-2009 pp. — mepion imenTmdikamii, 2010—
2011 pp. — mepion mporHo3yBaHHA. BcTaHOBIEHO, IO IPU
piBHI 3Hauymocti o=0,005 i YuCcITy CTymHeHiB BiNBHOCTI
I=N-2n exonomimi @paHiii BIACTUBI YOTHPU 3HAUYIII
rapmoniku (k=1, 2, 3, 6): xeuns KonmpateeBa (k=1),
xBuns Kyswens (k=3), xpuns XKyrmspa (k=6) [16], a
TAKOX TPOSIBIILE ceOe XBHISA 3 MEPioJoM, MO JAOPiIBHIOE
nonoBuHi mepiony xBumi KonapatseBa (K=2). Orxe,
MaKpoeKOHOMIYHy cuctemy PpaHuii HeoOXiqHO IUTUTH
Ha II’ATh CEKTOPIB 1 HAJAIITYBAHHS CEKTOPiB-KaHIUIATIB
Ha BKa3aHI TapMOHIYHI KOJMBaHHSA IPHBEIO O TAaKOTO
ONTHMAJIBHOTO TOALTY eKoHOMiku PpaHuii Ha CEKTOpH:
MPOMHUCIIOBICTh Ta cinbecbke TrocmomapctBo (Industry;
Agriculture); OyniBaunTBo Ta TpancmopT (Construction;
Transport); ¢inancoBuii cextop i Hepyxomicts (Finance;
Real estate); xomymikamii Ta Hayka (Communication;
Science); cdepa mocnyr (Service Industries).

OmuintoBanHga Mojeni (8) nmano HaAcTyIHI 3HAYeHHsI
KOC(iIieHTIB aeTepMiHaIii R? TPEH/IIB, HABKOJIO SIKUX
BiIOyBarOThCS KonmuBaHHs (Tabi. 1).

Ta6mmist 1 — KoedimienTn aetepmiHaliii TpeH/IiB

Ne cexTopa 1 2

4 5 Y

R? 0,5231 0,8548

0,8993

0,8220 0,8756 0,8021

AHaii3 Tabn. | moka3sye, 0 KOJMBAaHHS BHITYCKiB
HaBKOJIO BIJIOBIAHUX TPEHIIB € BimuyTHUMH. YacTku

JIUCTIEpCid TapMOHIK y 3araibHid Jucmepcii KoJMBaHb
HaBeeHI B Ta0I. 2.

Tabmus 2 — KoediuienTH nerepMiHarii rapMoHiKk

Ne cexropa k=1 k=2 k=3 k=6 >
1 0,9523 0,0179 0,0205 0,0020 0,9926
2 0,6319 0,2883 0,0486 0,0072 0,9760
3 0,7604 0,1792 0,0385 0,0035 0,9815
4 0,8661 0,0911 0,0220 0,0045 0,9836
5 0,8174 0,1632 0,0061 0,0017 0,9882
Y 0,8082 0,1596 0,0186 0,0046 0,9909

Sk 6aunmo, xBuiIs KoHapaTheBa BHOCHTH OCHOBHHM
BKJaJ B KOJHMBaHHA BCiX cekTopiB. Jlpyra XBuis
0co0IMBO NPOSABIISIE cede y TPETbOMY 1 I’ ITOMY CEKTOpax,
a xswisa KysHeus — y m’stomy. Bronang xeuni Xyrisipa e
MCHIIIUM Y TIOPIBHSHHI 3 IHIIMMH XBWJISIMH, alie BiH €
3HAYYIINUM Y (GYHKLISIX KOJIMBAHb BUITYCKIiB.

CyMmapHuii BKJIaJl TApMOHIK B JUCIEPCil0 KOJIHMBAHb
craHoBuTh Bix 97,60% (2-i cekrop) mo 99,26% (1-i
cektop). Tomy perpeciiiHi MoJieli KOJMBaHb MAIOTh SIKICHI
aNPOKCHMAIlIHI  BIACTHBOCTI 1 MOXHA OYiKyBaTH
3HAYYIIOTO BKIAQAYy B JHCIepcii BUMYyCKiB. SKicTh
MOJICIBHUX TPAEKTOPiH BUIYCKIB OIIHIOETHCS B TA0I. 3.
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Tabnuist 3 — SIKiCTh MOZIEIBHUX TPAEKTOPIH BUITYCKIiB

Ne cexkropa 1 2 3 4 5 >
R? 0,9992 | 09991 | 0,9989 | 0,9989 | 0,9995 | 0,9992
Ha puc.l mpuBenmeni rpadiku MoOAenbHHX KPHBHX  BIAMOBiZHE 3HaueHHS y  modaTkoBomy 1960 p.).

BaJOBMX BHUIYCKiB ekoHoMikum B miomy (BBII) Tta ix
KonrBaHb. TyT ToukaMu 300pakeHi CTATHCTHYHI NaHi, a
CYLITBHOI  JIHI€I0 TpaekTopii pyxy (Bci mgaHi
0e3p0o3MipHi IUISIXOM JIiJIEHHs PO3PaxyHKOBUX 3HAYECHb Ha

2 x(r) i

[opiBHSHHS TPOTHO3HUX 3HAYCHb 3 PEATbHHUMHU JAHUMH
(mBi ocrannmi Toukw, mo Bigmosimarots 2010 i 2011 pp.)
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mozedi (8).
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Puc. 1 — Mopenshi kpusi BBII Ta BinnoBigaux komuBans 3a 1960—2011 pp.

HacTtymHuM KpOKOM € OLIHIOBaHHS perpeciiiHux
piBHAHD (12), AKi BiINOBIZAIOTH TMEPHIOMY 1 JPYTOMY
perymotounM nipuctpossMm. MHK-o1iHKN HeBimoMux Koe-
(IIieHTIB TOPIBHIOIOTH:

=0,0177, f, =0,2083, , =0,2281, f, =0,3390,
=0,3552, F, =0,2508, G, =4,8017, G, =4,3843,
G, =2,9494, §, =2,8151, G, =3,9867 .

A
fy

[pu 3aganomy A 06uHCITIOEMO IHTerpa, o Qiry-
pytots B (10), i 3HAXOAMMO HEBIIOMY BEKTOP-(PYHKIIiIO
f(t) . Jani ouinroemo mojens (14) npu odmexennsix (15) i
JIOZIATKOBUX OOMEXKEHHSX Ha JliarOHaJIbHI eJIEMEHTH Mart-
pumi R (BummuBaroTh 3 hi3MIHOI CyTHOCTI 3a/1a4i):

03+0,6¥ <r; <06+03fr,,

VY ta6in. 4 npuseneni MHK-ominku enementis R.

Tabmuns 4 — MHK-ominku enemeHTiB MaTpuili R

0,4409 —0,0032 —0,0142 —0,0092 —0,0169
—0,1298 0,5638 —0,0138 —0,1986 —-0,1183
—0,0035 —0,0808 0,5428 —0,1144 —0,0967
—0,0177 —0,0414 —0,1688 0,6819 —0,0971
—0,0817 —0,2103 —0,0069 —0,0044 0,5798

Po3pobineHuii anroput™ 103BOJISIE OMIIHUTH HEB1IOMI
3Ha4eHHS OCHOBHHX (QoHAIB (OD) y MoYaTKOBHIA MOMEHT
yacy (4). Lli 3HaueHHs J03BOJISAIOTh BiJHOBUTH HEBIIOMi

T ko

60
i(7)

t
0 10 20 0 [ 50 60

crartuctiyHi nani mo O®. Kpim Toro, 3rinHo mozaeni (2)
MO>KHA BIJHOBJIIOBATH CTAaTHCTHYHI JaHI ITO 1HBECTHIIISM.
TpaexTopii OD Ta iHBeCTHUIIII HaBeICH] HA pHC. 2.

1
u, (1)

2
u, (1)

Puc. 2 — MogenbHi Tpaekropii O®D, iHBeCTHIIIN Ta BIAMOBIMHIX KOTUBaHb
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Ha puc. 2 Toukamu 300pakeHi CTaTUCTUYHI JaHi, a
CYLITBHOIO JiHI€I0 TpaeKTOpii pyxXy (Bci maHi 6e3po3mipHi
IUITXOM JIUIEHHS Ha 3Ha4eHHs y modatkoBoMy 1960 p.).

AHaji3 IMITaI[ifHUX Ta TMPOTHO3HUX BIACTHBOCTEH
MOJIETIbHUX KPUBHMX BKa3y€ Ha IX aJleKBAaTHICTh CTaTHUCTH-
YHUM JaHHM.

BucHoBkH. Y paHiii poOOTi 3alIpONOHOBAHO ajro-
PUTM ITapaMeTpUYHOI iJeHTH]IKaLil cTaliOHApHOI TUHA-
MIYHOi MOJeNi 3 HEBIOMHM BXOJOM. Tpaekropii pyxy
KEepyBaHb MOJEIIOIOTHCS 332 JJONOMOTOI0 PO3KJIaJIaHHs Ha
TPEHJOBY Ta TMEpiOAWYHY CKIaJOBi, IO JO3BOJIIE
po3B’sa3aTu nudepeHIianbHl PIBHAHHA PYyXy B SBHOMY
BUTIIAAI. Ampobarisi moOyIOBaHUX aJTOPUTMIB IPOBOIH-
Jach HA CTATUCTUYHMX IAHUX pealbHOI MaKpOEKOHOMIY-
HOi MuHaAMIKU. BusBieHi 3Ha9ymIi TapMOHIYHI XBWII, Xa-
pakTepHi Jis jgaHoi cuctemMu. Ha mapamerpm Mojemi
HaKJIQIaIUCsl 0OMEKEHHS-HEPIBHOCTI, 110 BUILIMBAIOTH 3
¢bizuuHOi cyTHOCTI 3anaui. Lle 1o3Bonmino orpuMaru KpuBi
(ha30BUX KOOpIMHAT, KEpyBaHb i HEBIJIOMOIO BXO.Y, SKi
MaroTh BUCOKOSIKICHI IMITalliiiHI Ta NMPOTHO3HI BJIAaCTHBO-
CTi, IO CBIYUTH MPO aJCKBATHICTH 3aMPOIIOHOBAHOI MO-
JeJTi CTATUCTUYHHUM JaHHM.
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