OPIEHTOBAHI KOMITKOTEPHI CUICTEMMU

@_I_ MPOBJIEMHO | ®YHKLIOHAJIbHO
I
TA MEPEXI

YK 683.519

CPABHUTEJIbHBIN AHAJIN3 Y3®PEKTUBHOCTH HEYETKUX
HEWPOHHBIX CETEM B 3AJIAYAX ITPOT'HO3UPOBAHUS B
3KOHOMUKE U ®PUHAHCOBOM C®EPE

10.11. 3BAHYEHKO, ®. CEBAEE, 10.B. KEJIECTUH

Paccmotpens! Heuetkue Heiiponnsle cetu (HHC) ¢ BeiBomom Mampnanu, Lykamoro
u Cyreno. IIpoBeneHsl cpaBHUTEIbHBIEC IKCIIEpUMEHTaIbHbIE nccnenoBanust HHC ¢
Pa3IMYHBIMH ANITOPUTMAMH BBIBOJIA B 337a4aX MaKPOIKOHOMHYECKOTO MPOTHO3HPO-
BaHus. Onpenenen Hanbosnee 3¢ EeKTUBHBII METO]] HEYETKOTO BBIBOAA JJISI IAHHOTO
KJIacca 3aad.

BBEJAEHUE

B nocnenHue roapl MOSBUIOCH OOJBIIOE KOJIMUYECTBO ITyOJIMKAIUM, IOCBSILEH-
HBIX MCCIIEJOBAHUSIM CUCTEM C HEUETKOW JIOTMKON M HEYETKHX HEWPOHHBIX ceTel
(HHC) B 3amagax ympaBieHUs, allpOKCUMAIINH, KJIacCH(HUKAITIN U pacTio3HaBa-
Hust 00pa3zoB [1-4, 9-12]. IX OCHOBHBIMU JOCTOMHCTBAMHU [0 CPAaBHCHHIO C
00b1kHOBeHHBIMH HHC SBIISFOTCS BO3MOXKHOCTH PabOTHI C HEMOJHBIMH W HEOII-
pelleNIeHHBIMY JJaHHBIMH, & TaK)KE€ BO3MOXKHOCTD Y4€Ta 3HAHUH 3KCIEPTOB B BUAE
HEUYeTKUX NMpeAnkaTHbIX mpaBui BeiBoga Tuna ECJIU-TO. [NosBunuce paboTs! 0
uccinenoanrnto HHC B 3amadax mporao3npoBaHus B SKOHOMUKe. Tak, B [S] mpo-
BeieH aHanu3 HeueTkux koHTposuiepoB (HK) ¢ BeiBogom Mamnanu u Llykamoto
B 3a/la4aX MAaKpOEKOHOMHYECKOI'O IIPOTHO3UPOBAHUS C TPEYTONbHBIMU (DYyHKIIHS-
MH TIpHHAIIeKHOCTH. B padorax [6, 7] uccienosana HHC ANFIS ¢ BeiBomOM
CyreHo B 3ajjauax NporHo3upoBanus. B HacTosmed paboTe MpOBOAUTCS CpaBHH-
tenpHBIN anann3 HHC ¢ paznuanaeiMu anropuTMaMu U QYHKIASIMA TPUHAIIIEK-
HOCTH B 3aj]adyaX MaKpOdIKOHOMHUYECKOTO 1 (hMHAHCOBOTO nporuo3uposanus (OII)
C LeIBI0 oTpeeNieHuss Haubosee aJleKBaTHOTO MeTo/ia sl Kiacca 3a/1a4 MPOTrHO-
3WpOBaHMs, a Takke pazpabareiBaercs anroput™m oOydenuss HK Mammann u Lly-
KamoTo s rayccoBckux DII.

AJIT'OPUTMBI HEYETKOI'O JJOI'MYECKOT'O BBIBOJA

PaccmoTpum cremyroniie HanOoJiee ymoTpeOWUTENbHBIE alTOPUTMBI HEYETKOTO
BBIBOJIA, CUWTAs, JJISI MPOCTOTHI, 4TO 0a3y 3HAHWI OPraHM3YIOT JIBA HEYETKHUX
MpaBwiIa BUJIA:

IT;:ecnu X ectb Ay u y ectb By, T0 Z ecth Cq,

© FO.I1. 3auuenko, ®@. Cesaee, FO.B. Kenecmun, 2006
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IT,:ecnu x ectb Ay u Y ectb B,, T0 Z ectb C,,
rae X U Yy — UMEHa BXOJHBIX IEPEMEHHBIX; Z — UM [IEPEMEHHOHN BBIBOJA;
A, B, Ci, Ay, By, C, — HekoTopble 3aaHHBIE (DYHKIMH MPHUHAUICKHOCTH.
ITpu 5TOM YeTkoe 3HaYEHUE Z; HEOOXOAUMO OIpPEAEIUTh Ha OCHOBE IPHUBE/IECH-

HOI MHQOpPMALIUY U YETKUX 3HAYEHUH Xg U Y.

Aaroputm Mamaanu

B paccmarpuBaemoil cuTyarmu MaTEMaTHYECKH aITOPUTM MOKET OBITh OMHCAaH
CIIEAYIOMNM 00pa3oM:

1. Brenenue HeueTkocTU. HaxonsaTcs cTeneHn MCTUHHOCTH IJIsT TIPETIOCHI-
JIOK KaXKJI0TO MpaBHiIa

A (%o ) Az (%o ) Bi(Xg ) B2 (Xo)-

2. Jlornyeckuii BeIBoJ. HaxoAsITcst yPOBHU «OTCEUCHUS IS IIPEAOCHUIOK
Ka)XJ10ro npaBuiia (¢ ucnoib3zoBanueM onepaunt MUUHUMYM)

ay = A (%) A By (Vo)

ay = Ay (Xo) A B2 (Yo),
rae A 00O03HadeHa omeparys JOTHIECKOro MUHAMyMa (min). 3aTeM HaxoAsaTCs
«yCeYeHHbIe» (QDYHKIIMU TIPUHAJIICKHOCTU

Ci=(a; ACy(2)),
C;y =(az ACy(2)).

3. Komnozunus. [lpousBogutcs oObenWHEHHWE HAMICHHBIX YCEYEHHBIX
¢ynkuuit ¢ ucnoap3oBanueM oneparu MAKCHUMYM (max, o603HaueHHbIE Aa-
jee V), 4TO MPUBOAUT K IOJYYECHUIO UTOTOBOI'O HEYETKOIO MOJMHOXKECTBA IS
MePEMEHHOM BBIXOAa C PYHKIMEH NPUHAICKHOCTH

1s (2)=C(@)=C{(D) v Cy (D) =l A C, D)V (a2 A Co(D). (1)

4. Ilpusenenue k uetkoctu. IIpoBoauTcs A HAXOKICHUS Z(, HAIPUMED,
IIEHTPOUTHBIM METOIOM.

Aaroputm lykamoro

HcxonmHple NMOCBUIKM Takue K€, KaK M Yy IPEIbIAYLIEro aaropurMa, HO 3/eCh
npeanonaraercs, uto dynkimu C,(z), C,(z) MonoTOHHBIE.

1. BBenmeHne HEYETKOCTH (KaK B aNroputMe MaMaaHm).

2. Heuerxuil BbIBoJ. CHayana HaXOAATCS YPOBHH «OTCEUEHUS» oy U Q)
(xak B anroputMe MamMziaHm), a 3aTeM peLlIEHUMH YpaBHEHU

a1 =Cy(z1) m a; =Cy(z,)

OIpPE/IeIAOTCS YeTKUE 3HAUCHUSA ( Zy U Z, ) JUIS K&KAOTO HCXOHOTO MPaBHIIA.
3. Ompenensercst 4eTKOe 3HAUYCHHE MEPEMCHHOI BBIBOJA (KaK B3BEIICHHOE
cpenHee z; U Zp)

(Xlzl +a222
ZO =

)

(241 +a2
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Aaroputm CyreHo
Cyreno u Takaru ucrnonabp30BaIy HabOp MpaBHII B cledyromeit ¢popme (kKak U pa-
Hee, MPUBE/IEM IIPUMEp ABYX IPaBUI):

I1;:ecou X ectb Ay 1 Y ecTb By, T0 ) =y X+ Dby,

IT,:ecmu X ectb Ay U Y ecTb B,, TO Z, =a,X+Db,y.

Ornmcanune aropurMa

1. BBeneHue HeueTKOCTH (Kak B aropurmMe Mamaanu).

2. Hewerkmit BbBon. Haxomiarcs oy = A(Xg) ABi(Yo), @y =A(Xp) A

AN BZ (yO) U MHANBUAYAJIbHBIC BBIXOABI ITPABUJI
Iy =ayXy +bryp,
22 = a2Xo +b2y0 .
3. OHpeZ[er[eTCH YCTKOC 3HAUYCHUC HepCMCHHOﬁ BbBIXOJZa

_ ol +aply

©)

Zp
al + az

TPAJJMEHTHBINA AJITOPUTM OBYYEHUS HHC C TAYCCOBCKUMH
OYHKIUAMU NPUHAJIEZXKHOCTH

IIpemnoxennsnii B padotax [10,11] anroputm o0yaennss HK Mammann HOCHT dM-
MUPUYECKUH XapakTep, (POpMYJIbI 111 HACTPOWKH MapaMeTpoB (yHKITHIA MPUHAJI-
JIS)KHOCTH TEOPETHUYECKHA HEOOOCHOBAHHKBI. JTO CBA3aHO ¢ TeM, uTo B HK Mampa-
Hu u Ilykamoro wucnosb3yrorcsi TpeyrosibHbie @PII, a mepeceueHue ycroBUA
mpaBui Oepercs B popme min. B pesynbrare nomydaembie @I okaspiBatoTes He-
muddepeHnupyeMbiMUA. B CBs3M C ATHM 11eJ1ecCO000pa3HO CKOHCTPYHPOBATh aHa-
JUTHYECKUN alTOPUTM OOYUYEHHUS, CXOJUMOCTh KOTOPOTO Oblia ObI CTPOrO JI0Ka-
3aHa, U1 9eT0 HeoOXOAMMO TTepeiTH K rayccoBckuM DI i1 yciioBuid 1 IpaBuiL.

Urak, mycts ®II i-ro u -Momyssi, CBI3aHHOTO C IIPaBWIOM R, , onMchIBaeT-
sl BRIpA)KEHUEM

2
1, 06— )
ik (X;) = expq—=*— 2' , 4)
2 Ok
rae a;, Oj — HapaMeTpsl, MoJJIekKalllle HACTPOUKE B Ipolecce 00yueHus, u
®II v, -MOIyIIs UMEIOT AaHAJIOTMYHBIA BUAJ
2
1 (yi —a)
s (y) =expy - SxH
2 o

[Ipu sTOM MIEpecedeHne ycaoBUN IPaBUII 33/1a€TCS B BUIE€ TIPOU3BEICHIS

n L (% —a ,
oy = [ [ (%) = exp _E*% . -
=t Oik
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HomyctuM, uto aedasz3udukanus MPOUCXOTUT MO HNEHTPOUTIHOMY METOIY,
TOTAa OOIIMI BEIXO
Z Zyay
k

k

[IycTe nns ompeneneHus CIEACTBUS MpPaBMJIA HUCIONB3YIOTCS MOHOTOHHBIE
@I, n z,, onpenensercs IMyTeM pelieHus ypaBHeHus (koHTpouiep LlykamoTo)

Cy (z¢) =y, (6)

2
1 @e-a)”

oy

rae Cy (z,)=exp

2
Lze—ay)

oy

Zk Zak + ZInE*O'k.
U (04

o 1
[TepBErit KOpeHB Zy = & —,|2In=* o, HAaXOAHUTCS HA MOHOTOHHO BO3pac-
a

Torna, pemrast ypaBHeHue (6) exp<—— =), HAXOJUM [Ba

KOPHSI:

TAIOIIEM y4acTKe KpuBoi C, (zk) , @ BTOPOH Z,, — Ha MOHOTOHHO YOBIBAOIIEM.
ITycts xpurepuit E(z)== (zy -2 *)2 > min, roe z* — QaxTHyeckuii

BEIXOJ; Zy — Bbixox HK.

Haxoaum npousBogHbIe

oE OE 0z oz «\
a—:——°—"=+(zo—z)K" : (7)
Q, 0y 0z 0Oay Z
ak
k=1

E * [
oE _ 0 0 620 8Zk _ —(Zo _ ) Kak ZIni (8)
80'k 620 82k 80‘k (04
Ha MOHOTOHHO Bo3pacTaromieM ydactke kpuBord OII z, u

aa—E—+(z0 -z )—,/ZIn—
Ok

HA MOHOTOHHO YOBIBAOIIEM.
s BXOOHBIX 4 -MoOnysen
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K
Zy Zak _szak (
K

0E _OE 0% 0o _(\ e Nt (g
day, 01y Oary Oay, 2 oh
2]
k
Yoy
Ly ) Oy — ) Tk 2
oE _E 07y Oay _ (ZO—Z*)ak k=1 k (Xi _aik) (10)

ank _620 8ak ank 2
2o

k
¥ Tornaa TpagveHTHBIA anropuTMm obydeHus HHC Mammanu BBITISIIAT CIICTYTO-
MM 00pazom

a) JUIS BBIXOIHBIX MOAYIIEH

B (D) = 2y (M) — 7o o = ak(n)—azn(zc,—z*)z‘”; EEN
k k

k

0D =00 2 = 1), 002 Zak‘/zm_ (12

0) U1 BXOJHBIX 4 -MOTyJei

ok
ajk (N+1) = ay (n) — rp, day aj (n) —

ak(zkzak _szak)( _ay)

~#n, (20— 27) 2 (13)
(Zak Oik
ok (N+1) = o (n) —
oy (z Za ZZ a) 2
20 22D (g ) w

_7n3(20 _Z*) 3 '
(Zak Oik

TAC Vny Vnyr Vnyo Vg — PasMep mIara.

JIist CXOMUMOCTH METOJIa HEOOXO0IMMO, YTOOBI BBITONHSUTUCH CTaHIAPTHBIC
YCIIOBHS aropuTMa o0ydeHus B ciay4aiiHoii cpene [8, 9]:

a) 7y, >0, n—>oo;

0) Z7nZOO;
n=0

B) i;fﬁ <,
n=0
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SKCIHEPUMEHTAJIBHBIE NCCJIEJOBAHUS HHC B 3AJAYAX
MNPOTHO3UPOBAHUSA B MAKPOOKOHOMUKE
IMocTanoBKa 3a7a4u MPOTHO3MPOBAHUS

IIporHo3upoBaHue MAKPOIKOHOMHYECKUX MOKAa3aTeaeil

Ucxonubie nanHble. MakpOSKOHOMUYECKUE ITOKA3aTell 3KOHOMHKH Y KpaWHbBI
NPUBEIEHBI B BUIE CTATHCTHYECKUX BPEMEHHBIX psAmoB (Tabd. 1).

Tadoauma 1. MakpodKOHOMUYECKHE TTOKA3ATEH Y KPauHBI

Jlara | BBII | OMII | UPIIIT | WIII | MOL{ | POH | M2 1B BK
1 |2358,3] 102,2 | 100,3 | 103,1 | 99,6 | 113,1 | 1502,0 | 840,1 | 73,7
2 |23085| 102,0 | 99,7 | 101,2 | 100,3 | 111,0 | 1522,9 | 846,1 | 84,6
3 |2267,7| 103,7 | 99,9 | 101,1 | 99,2 | 108,1 | 1562,4 | 863,5 | 96,5
4 | 24285 104,3 | 102,2 | 101,2 | 100,7 | 118,0 | 1621,3 | 917,7 | 98,2
5 |25356 | 102,8 | 102,5 | 101,7 | 102,2 | 107,8 | 1686,0 | 977,7 | 118,2
6 |25228| 1044 | 103,1 | 100,5 | 1044 | 1058 | 1751,1 | 1020,7 | 138,6
7 | 29564 | 107,8 | 102,6 | 100,7 | 1054 | 112,3 | 1776,1 | 1019,8 | 142,6
8 |30259| 1034 | 101,7 | 100,1 | 1050 | 109,0 | 1812,5 | 1065,6 | 157,8
9 |30745| 10,55 | 101,2 | 100,4 | 1053 | 106,6 | 1846,6 | 1067,9 | 1655
10 | 28543 | 103,9 | 102,1 | 101,1 | 1053 | 108,5 | 1884,6 | 1078,6 | 158,9
11 |28125| 100,8 | 101,6 | 101,6 | 100,2 | 107,8 | 1930,0 | 1128,9 | 1634
12 29984 | 103,2 | 99,8 | 101,5 | 1057 | 106,9 | 2119,6 | 1232,6 | 262,5
13 | 27256 | 104,9 | 1004 | 102,4 | 1005 | 114,4 | 2026,5 | 1140,1 | 93,8
14 | 28534 (10650 | 101,4 | 101,6 | 1012 | 116,8 | 2108,0 | 1240,7 | 110,3
15 | 28931 | 106,7 | 101,3 | 101,1 | 1033 | 1154 22085 | 1284,5 | 1259
16 | 30142 | 107,1 | 101,4 | 101,0 | 1036 | 109,1 | 2311,2 | 1386,8 | 130,1
17 | 31026 | 1085 | 99,8 | 100,8 | 1039 | 119,7 | 2432,4 | 1505,7 | 158,8
18 |3110,7 | 107,0 | 100,7 | 100,8 | 1039 | 113,8 | 2604,5 | 1534 | 158,8
19 |31924 | 107,1 | 102,2 | 100,7 | 1049 | 112,7 | 26254 | 1510,8 | 181,9
20 |3304,7 | 1055 | 101,4 | 99,6 | 1059 | 109,8 | 26832 | 1500,8 | 185,0
21 | 32058 | 108,0 | 101,4 | 100,3 | 106,9 | 112,6 | 2732,1 | 148455 | 2058

Janusle B3aTH U3 caiita ['ockomcrata Ykpanusr [WwWw.ukrstat.gov.ua].

BBII — nomunanssii BBIT (MitH rpH);

OIIIT — o6wpeM mpoMBITIIIEHHON TPOAYKIUH (% K COOTBETCTBYIOIIEMY TIe-
PpHOIY NpeabIIyLIero rojaa);

UPIIIT — uuAekc peanbHOM MpoMBIIIICHHONW mpoxykiuu (% K COOTBETCT-
BYIOIIEMY MEPHOJY IIPEIBIIYIIETO ro/1a).

UIIL — unaexc noTpeduTensckux 1eH (% K COOTBETCTBYIOIIEMY MEPHOILY
NpPEABIAYILETO roja);

PJIH — peanbubie moxonsl HaceneHus (% K COOTBETCTBYIOLIEMY MEPUOIY
MPEABIAYIIETO TOA);

M2 — arperat M2 (MJIH TpH);

b — nenexxnas 6a3a (MJIH I'pH);
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BK — Bcero kpenuTsl, BKIIOYash KPeOUThl B MHOCTPAHHOW BaiioTe (MITH
TpH).

HOIL] — uHIEeKC ONTOBBIX IICH.

CraBurcs 3agada IPOrHO3UPOBAHUS CIACAYIOIUX MaKPOIKOHOMUYECKUX I10-
kazareneil: UIIL], BBII u OIIIl no u3BeCTHBIM MaKpO3KOHOMHYECKHUM IOKa3aTe-
M. Ilpy 3ToM HEoO0XOIMMO HCCIENOBaTh Pa3IMUHbBIE AITOPUTMBI HEYETKOTO
BbIBojIa — Mawmnanu, Llykamoro n CyreHo ¢ pa3nugHbIMH (PYHKIHAMA TMPUHAI-
JIEKHOCTH HEYETKUX MHOXKECTB.

s moctpoeHust 6a3pl MpaBUJl HEOOXOAMMO ONpPENEIUTh 3HAYMMBIE TIepe-
MEHHBIE U UX Jaru. B KauecTBe CTENEHU B3aUMOCBSI3M MEXIY BXOJIHBIMH IEpe-
MEHHBIMH Xq, X5, ..., X,, U BBIXOJHOH mepeMeHHO#l Y wucmonb3yeTcs Kodphu-
UEHT KOppesiuuu R, M0 3HaYEHHIO KOTOPOTO OTOMPAIUCh CYIIECTBECHHBIC
MepEMEHHBIE.

ITposenem uccrnenoBanus 3G HeKTHBHOCTH MPOTHO3UPOBAHUS M CPABHHUM pe-
3yJIBTaThl, MOJIYYEHHBIE C HOMOIIbIO CIEIYIOUIMX HEYETKUX HEHPOHHBIX KOH-
tposepos (HHK):

e IlykamoTO Cc TMHEHHBIMH QYHKUIUSIMH IPUHAIEKHOCTH,

e [lykamMOTO C MOHOTOHHBIMU (PYHKIUSIMU TPUHAJICKHOCTH,

o Mawmyanu ¢ QyHKIUSIMA TPUHAUICKHOCTH TayCCOBCKOM (HOPMBI,

o u HeliponHas cetb ANFIS.

B Tabi1. 2 mpuBeneHbl CpaBHUTENIBHBIC PE3YIbTAThl IPOTHO3UPOBAHUS TIOKa-
3arens UIIL], nomy4yeHHbIE pa3HBIMU METOJAaMH HEUETKOTO JJOTHYECKOTO BBIBOAA,
a COOTBETCTBYIOIIHNE TpapHKK MPOTHO3HBIX 3HAUCHHUN U PealbHbIX JaHHBIX — Ha
puc. 1.

Taoaumuna 2. Pesynsrarsl nporaozuposanus UL paznuaHbsIMu anropuTMamMu

HHK Iyxamoro ¢ | HHK ykamoro ¢ | HHK Mampaanu ¢
muHenHoi @I1 | moHOoTOHHOI DII |rayccoBckumu OI1

Peampaoe] Cerb ANFIS
3HAYEHUE

Ipornos | Ommbka | [TporHos | Ommodka | [Ipornos | Ommodka | [Ipornos | Ommnodka
1015 | 101,28 | 0,22 | 101,32 | 0,18 | 101,32 | 0,18 | 101,34 | 0,16
102,4 | 101,69 | 0,71 | 102,15 | 0,25 | 102,16 | 0,24 | 102,34 | 0,06
1016 | 101,43 | 0,17 | 101,28 | 0,32 | 101,30 | 0,30 | 101,48 | 0,12
101,1 | 101,54 | 0,44 | 100,86 | 0,24 | 100,89 | 0,21 | 101,07 | 0,03
101,0 | 100,92 | 0,08 | 100,70 | 0,30 | 100,71 | 0,29 | 100,94 | 0,06
100,8 | 100,73 | 0,07 | 100,65 0,15 | 100,65 | 0,15 | 100,70 | 0,10
100,8 | 99,83 0,97 | 100,13 | 0,67 | 100,24 | 0,56 | 100,73 | 0,07
100,7 | 99,88 0,82 | 100,22 | 048 | 100,22 | 0,44 | 100,65 | 0,05
99,6 98,86 0,74 99,09 0,51 99,13 0,47 99,44 0,16
100,3 | 99,54 0,76 99,78 0,52 99,80 0,50 | 100,18 | 0,12
CKO: 0,3524 CKO: 0,1577 CKO: 0,1309 CKO: 0,0930

Kak MOXHO yBUIETh U3 IPUBEACHHBIX PE3YIbTATOB, BCE TPH HEYETKUX KOH-
TpoJiepa OTIIMYHO CHPABHINCH C TIOCTAaBICHHON 3a1aueii. HanmydmmMm okazancs
KoHTpoJuiep Mamaanu ¢ rayccoBckumu OI1.

Ero cpemnexBaapaTtudeckoe oTKIOHEeHHE cocTaBisieT Bcero 0,0930. [anpmre
MO KauecTBY HPOrHO3a HAET KoHTposwiep LlykamMoTo, mpuueM MOHOTOHHBIE
¢hyHKUMM npuHAIIeXKHOCTH (Oosee o0 BApHAHT) NAIOT HEMHOTO JIyYIIUH pe-
3yJibTatT, yeM JuHeiHble. Ho B mienmom ux mporHo3s! odens 6mm3ku (CKO paBas-
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totrcst coorBeTcTBeHHO 0,1309 1 0,1577). OT0 maeT OCHOBaHUS AOMYCTUTH, YTO
nonoop Oosee yaauHOro BUAA (PYHKIIMU TPHUHAIJICKHOCTH JTACT BO3MOXHOCTh
YIIYYIIUTh PE3yIbTaThl IPOTHO3a.

103 ~

peanbHble
/ [aHHble

102 % \
v I~
z- \%\ ’\\ — — —ceTb ANFIS
101 =~ —

----- HHK Llykamoto

100 C NuHeHon O
AN
99 A\ — - — -HHK LlykamoTo
C MOHOTOHHOW
on
98 — - - —HHK MampaaHu
C rayCCcoBCKOM
97 — o
1 2 3 4 5 6 7 8 9 10
Puc. 1

U, nakoHew, yxe Ha OCIeIHEM MecTe (TIPH CPaBHUTENBHO OOJBIIOM OTCTa-
BaHWM) MMEEM pe3yNbTaThl, MOIydeHHBIE ¢ moMombio cered ANFIS (cpemme-
KBajJpaTuieckoe OTkIOHeHWe paBHsercs 0,3524). Takue pesynprarei HHC
ANFIS 0OBACHSIOTCS T€M, YTO B HEH HE HACTPAMBAIOTCS MapaMeTpbl (QyHKIMN
BBIXO/IOB TIPaBHII.

IIporno3upoBanne B puHaHCOBOM chepe

st mpoBepKH MOTYYEHHBIX BBHIBOJIOB MPOBEACHBI AKCIIEPUMEHTAEHBIE HCCIIEO0-
BaHUs pa3nuyHbiXx kiaccoB HHC B 3amauax mporHozupoBaHus (YUHAHCOBOTO
priaka. BeiOpan peiHok akuuit OAO «Jlykoin», TomymeHHbIX K Topram Ha (oH-
noBoii ouprke «Poccuiickas Toprosasi cuctema» (PTC), co3nanHoil B cepenuHe
1995 r. ¢ nenbio 00beTUHEHUS PA3PO3HEHHBIX PErMOHANBHBIX PHIHKOB B €AMHBIN
OpPraHU30BaHHBIA PBIHOK LEeHHbIX Oymar Poccun. PTC — oOwmenpusHaHHBIN
HEHTP [EHOOO0pa30BaHUs 10 LIEHHBIM OyMmaraM HIMPOKOTO Kpyra sMuTeHToB. K
toprosiie B PTC momymeno okono 270 meHHbIX Oymar, B ToM uncie 43 obmura-
muu. Ha cpounom peiake oOpamaercs 9 GpprouepcHBIX U S ONIMOHHBIX KOHTPaK-
ToB. B MH(pOpManMOHHBIX cucTeMax MpejcTaBiieHa WHpopMaius o0 mHbopMma-
TUBHBIX KOTHpOBKax nopsaka 750 akiuit u 500 Bexceneil pocCUHCKUX KOMITaHHU.

IIpoBeneHs! 3KCIEPUMEHTHI 1T0 MPOTHO3UPOBAaHMIO KypcoB akiuii Ha PTC ¢
UCIIOJIb30BAHUEM Pa3padOTaHHOTO MPOTrPaMMHOIO MPOAYKTa AJISI TPEX ajro-
putMmoB. [l 00ydeHus] mpUMeHsIach BHIOOpKA M3 267 eKeJIHEBHBIX 3HAUYCHHN
nokazareneii kypco akuumii OAO «Jlykoin» 3a mepuox c 01.04.2005 mo
30.12.2005 1.

B xoze TecTupoBaHuUs 3KCIIEPUMEHTAIBHO YCTAHOBJICHO, YTO Hanboee ofl-
TUMAaJIbHBIM SIBIISIETCS UCIIOJIb30BAaHUE TPEX TEPMOB M IISATH MPaBUI OOyUEHHUS,
TaK Kak IOpU TakUX Mapamerpax Mbl uMeeM MuHuManbHylo CKO n Hanmenbliee
BpeMst o0ydeHust. O0ydyenue napamerpoB OI1 mponsBoaMIOCh rPaAMEHTHBIM Me-
TOMIOM ¢ miarom ooyuenus 0,04.

[IpoBeneHs! cneayromue SKCIEePUMEHTHI.
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1. Ucnonb3oBanne HK Mamaanu mpu nporHo3upoBaHUH KypCOB aKIHi.

Ha ocnose ucnons3oBanns HK Mamaanu ¢ TpeyroasHBIMU U TayCCOBCKHMH
OII ObIM TONYUYEHBI PE3yNbTaThl MpOrHO3upoBaHus Kypca akuuii OAO «Jly-
KOT», IpUBECHHBIE B Ta0JI. 3, a BEJINUMHA OTKIIOHEHHS — Ha PUC. 2.

Taoauwma 3. Pesynsrate! mpornosza HK Mammanu s ®II Naycca

Jlara Peanbnoe 3Ha- | [Ipornosupyemoe OTKIOHCHIE Ksanpar
YeHHe 3HAYCHUE OTKJIOHEHUS
01.12.2005 58,10 58,23 0,13 0,0169
02.12.2005 58,70 58,54 0,16 0,0256
05.12.2005 59,40 59,14 0,26 0,0676
06.12.2005 59,00 59,11 0,11 0,0121
07.12.2005 59,85 59,97 0,12 0,0144
08.12.2005 59,60 59,416 0,184 0,033856
09.12.2005 59,90 60,12 0,22 0,0484
12.12.2005 60,65 60,50 0,15 0,0225
13.12.2005 60,65 60,54 0,11 0,0121
14.12.2005 61,15 61,32 0,17 0,0289
15.12.2005 60,25 60,10 0,15 0,0225
16.12.2005 61,00 61,20 0,20 0,040
19.12.2005 61,01 61,24 0,23 0,0529
20.12.2005 60,70 60,54 0,16 0,0256
CKO0O=0,17389
0,3
0,25 A
0.2 /\ A /\\
oss A\
0,1 e
0,05
0
,1960 ,190(0 ,190(0 ,1/0& ,1/0& ,]960 ,]/0063
AN SO RN AN RN SN ¢
QN‘ 0<o‘ 0/\‘ Qq. \(}). @. @.

Puc. 2

Tenepb mpousBeaeM MPOrHO3UpOBaHKE TP Hcnoib3oBaHuun HK Mamnanu
[t Tpeyronbroi OIT (tabi. 4. u puc. 3).

Kak mokazan nepBbIii SKCIIEPUMEHT, JYUIINM OKazalicsi KOHTposuiep Mam-
nanu ¢ rayccoBckumu @I (CKO nHa mpoBepouHo# BEIOOpKE U3 14 Touek cocTas-
nsiet Beero 0,17389, oTHOCHTENbHAs cpeaHss omubka — 3,02%).

2. Jlanee mpoBeJeHBI 3KCIIEPUMEHTHI 110 MPOTHO3WPOBAHUIO C HCIOJIb30Ba-
HueMm HK IlykamoTo ¢ TpeyronbHbIMH 1 rayccoBcKkUMH DI1. Pe3ynasTaTel mporyo-
3a HK Lyxamoto ans @Il T'aycca mpuBenensl B TaOm. 4, a Ans TpEyroibHOW
®II — B Tabm. 5.
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Taoamma 4. Pesynprats! npornosa HK Ilykamoto nns ®@II INaycca

o | e Toonoumenesoruneme | Ko
01.12.2005 58,10 58,37 0,27 0,0729
02.12.2005 58,70 58,47 0,23 0,0529
05.12.2005 59,40 59,10 0,30 0,0900
06.12.2005 59,00 59,25 0,25 0,0625
07.12.2005 59,85 60,19 0,34 0,1156
08.12.2005 59,60 59,37 0,23 0,0529
09.12.2005 59,90 60,27 0,37 0,1369
12.12.2005 60,65 60,48 0,17 0,0289
13.12.2005 60,65 60,42 0,23 0,0529
14.12.2005 61,15 61,4 0,25 0,0625
15.12.2005 60,25 60,06 0,19 0,0361
16.12.2005 61,00 61,22 0,22 0,0484
19.12.2005 61,01 61,28 0,27 0,0729
20.12.2005 60,70 60,48 0,22 0,0484

CKO0=0,25285

Taoamma 5. Pesynpratsl nporno3a HK Ilykamoro mis tpeyronasaoit OI1

Jla I
01.12.2005 58,10 58,48 0,38 0,1444
02.12.2005 58,70 58,37 0,33 0,1089
05.12.2005 59,40 59,05 0,35 0,1225
06.12.2005 59,00 59,27 0,27 0,0729
07.12.2005 59,85 60,23 0,38 0,1444
08.12.2005 59,60 59,23 0,37 0,1369
09.12.2005 59,90 60,32 0,42 0,1764
12.12.2005 60,65 60,40 0,25 0,0625
13.12.2005 60,65 60,28 0,37 0,1369
14.12.2005 61,15 61,42 0,27 0,0729
15.12.2005 60,25 59,97 0,28 0,0784
16.12.2005 61,00 61,27 0,27 0,0729
19.12.2005 61,01 61,34 0,33 0,1089
20.12.2005 60,70 60,38 0,32 0,1024

CKO=0,33166

CpaBaenne ommOok mporHo3uposanus aist HK Ilykamoro ¢ TpeyroasHO#H 1
rayccoBckoi @I mokaszansl Ha puc. 3.

Kak mokasan BTOpOH SKCIIEPHMEHT, JTy4IliuM Oka3zaycs kKoHtpoiuiep llyka-
MoTo ¢ rayccoBckoit @I1 (CKO nHa mpoBepouyHOU BEIOOPKE U3 14 TOUEK COCTaBIISI-
et Bcero 0,25285, a cpemHsist OTHOCHTENBHAS OIIHOKA IIpOrHo3a — 6,67%).
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[aycca

TpeyronbHas

laycca
TpeyronbHas

3. B cnenyroieM skcriepuMenTe npopoauinck uccieaosanuss HHC ¢ BbiBo-
noMm Cyreno. Pe3ynbpTaThl mporaosupoBanus ¢ ucnoiaszoBanuem HK Cyreno ans
rayccoBckoit ®@II mpuBeneHs! B Ta0II. 6, a I TPEYrodbHON — B TabII. 7.

Taoauuma 6. Pesymprater mporuosza HK Cyreno ms @I Naycca

Tata PeanbHOE IIpornosupye- OTKIOHCHHE Ksampar

3HAYEHUE MO€ 3HaUY€HHUE OTKJIOHEHUS
01.12.2005 58,10 58,42 0,32 0,1024
02.12.2005 58,70 58,34 0,36 0,1296
05.12.2005 59,40 59,02 0,38 0,1444
06.12.2005 59,00 59,29 0,29 0,0841
07.12.2005 59,85 60,24 0,39 0,1521
08.12.2005 59,60 59,29 0,31 0,0961
09.12.2005 59,90 60,30 0,40 0,1600
12.12.2005 60,65 60,41 0,24 0,0576
13.12.2005 60,65 60,40 0,25 0,0625
14.12.2005 61,15 61,43 0,28 0,0784
15.12.2005 60,25 60,04 0,21 0,0441
16.12.2005 61,00 61,25 0,25 0,0625
19.12.2005 61,01 61,31 0,30 0,0900
20.12.2005 60,70 60,40 0,30 0,0900

CKO0=0,31097
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Taoaunma 7. Pesymprate mporuosa HK Cyreno mis tpeyronpHon OI1

Jan | e | e | Omeonee
01.12.2005 58,10 58,50 0,40 0,1600
02.12.2005 58,70 58,31 0,39 0,1521
05.12.2005 59,40 59,01 0,39 0,1521
06.12.2005 59,00 59,33 0,33 0,1089
07.12.2005 59,85 60,30 0,45 0,2025
08.12.2005 59,60 59,16 0,44 0,1936
09.12.2005 59,90 60,39 0,49 0,2401
12.12.2005 60,65 60,31 0,34 0,1156
13.12.2005 60,65 60,38 0,27 0,0729
14.12.2005 61,15 61,49 0,34 0,1156
15.12.2005 60,25 59,94 0,31 0,0961
16.12.2005 61,00 61,30 0,30 0,0900
19.12.2005 61,01 61,37 0,36 0,1296
20.12.2005 60,70 60,32 0,38 0,1444

CKO=0,37545

CpaBuenne ommbok nporHosuposanus s HK Cyreno ¢ tpeyronsHOW u
raycCOBCKOW ()YHKUMSIMH MPUHAJIEKHOCTH NIOKa3aHO Ha puc. 4.

Tpernii sKCIepUMEHT MOKa3aj, YTO JIy4LIMM sBisgeTcsl KoHTposuiep CyreHo
¢ rayccockumu ®OIT (HHC ANFIS), kax u B 1Byx mpeapiaynmx ciaydasx (CKO
Ha POBEpOYHOIi BEIOOpKe U3 14 Toyek 0,31097).

4. CpaBHUTEbHBIA aHAU3 PE3YJILTATOB NMPOTHO3UPOBAHUS KYypCOB aKLMWi
PasHbBIMU METOAAMU.

Janee ObLIM MPOBENEHBI CPaBHUTEIbHBIC HCCIEAOBaHUS dPPEKTHBHOCTH
MIPOrHO3HMPOBaHuUs ¢ ucnons3oBanueM cieayrommx HHK u HHC:

e Mawmpanu c rayccoBckumu OI1,

e [Ilykamoto c rayccoBckumu DII,

e (CyreHo c rayccoBckumu DI,

e Mampaanu ¢ TpeyronbHeIMH DI,

e Ilykamoto c TpeyroabHbsiMu PDII,

e Cyreno c TpeyroasHbIMU DI,

e u HeliponHas cetb ANFIS.

B 1abn. 8 u9 npuBeneHbl CpaBHUTEIBHBIE PE3yJIbTAaThl MPOTHO3UPOBAHUS
kypca akimid OAO «JIykoin», momy4eHHble pa3HBIMA METOJaMH HEYETKOTO JIO-
THYECKOTO0 BBIBO/A (pa3Mep npoBepouHoii BeIOOpkH 10 ToUek).

Ha puc. 5 nokazans! pe3ynbsTarsl nmporao3uposanus st HK Mamuanu, Ly-
kamoto u Cyreno, s rayccoBckux @I u HHC ANFIS, a na puc. 6 — st Tpe-
yroasHoU DII.

Kak neMOHCTpUpYIOT NpHUBEICHHBIE Pe3yIbTaThl B TAOIUIAX, HAWIYULINM,
XOTS U C HEOOJBIITUM OTPBIBOM, OKAa3aJiCs KOHTPOJUIep MaMaaHu ¢ rayCcCOBCKOM
®II. Ero CKO cocrasnser Bcero 0,16804. /lanpiie mo kauecTBy MpoOrHO3a HIET
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koHTpoiep Llykamoro, mpuuem rayccoBckue ®PII naroT HEeMHOTro TydIIUd
pe3yabTaT, 4eM TpeyroiabHble. HOo B II€JIOM HX TPOTHO3BI OYCHBL OJIM3KH
(CK0O=0,26981 u CKO=0,28598, cOOTBETCTBEHHO).

Taoaunma 8. CpaBHenue koHTposUiepoB ¢ rayccoBckuMu PIT u ANFIS

Peansioe | Cems ANFIS | 000 (ROt | raycconcrot 1T ¢ ayecosokat 011
SHatiere IIporuo3| Ommodka ([Iporuos| Ommoxka [[Tporros| Ommbka | [TporHo3 | Ommbka
58,10 58,62 | 0,52 58,23 | 0,130 | 58,37 | 0,27 58,42 | 0,32
58,70 58,23 | 0,47 58,54 | 0,160 | 58,47 | 0,23 58,34 | 0,36
59,40 59,00 | 0,40 59,14 | 0,260 | 59,10 | 0,30 59,02 | 0,38
59,00 59,57 | 0,57 59,11 | 0,110 | 59,25 | 0,25 59,29 | 0,29
59,85 60,51 | 0,66 59,97 | 0,120 | 60,19 | 0,34 60,24 | 0,39
59,60 59,02 | 0,58 59,416| 0,184 | 59,37 | 0,23 59,29 | 0,31
59,90 60,66 | 0,76 60,12 | 0,220 | 60,27 | 0,37 60,30 | 0,40
60,65 60,04 | 0,61 60,50 | 0,150 | 60,48 | 0,17 60,41 | 0,24
60,65 60,07 | 0,58 60,54 | 0,110 | 60,42 | 0,23 60,40 | 0,25
61,15 61,78 | 0,63 61,32 | 0,170 | 61,40 | 0,25 61,43 | 0,28

CKO: 0,58576 CKO: 0,16804 CKO: 0,26981 CKO: 0,32668

Taoaumuma 9. CpaBHeHHEe KOHTPOJUIEpOB ¢ TpeyroiabHbiMu DIT u ANFIS

Peansnos | Cern ANFIS | (/00 RO | raycconevoft O | rayecoscson T
3HaYCHHE

IIporuo3| Omubka | [Iporrno3 | Ommuodka [ [Iporro3 | Ommuodka | [Tporros | Ommbka
58,10 58,62 | 0,52 58,410| 0,310 | 58,48 | 0,38 58,50 | 0,40
58,70 58,23 | 0,47 58,460 | 0,240 | 58,37 | 0,33 58,31 | 0,39
59,40 59,00 | 0,40 59,110| 0,290 | 59,05 | 0,35 59,01 | 0,39
59,00 59,57 | 0,57 59,150 | 0,150 | 59,27 | 0,27 59,33 | 0,33
59,85 60,51 | 0,66 60,100 | 0,250 | 60,23 | 0,38 60,30 | 0,45
59,60 59,02 | 0,58 59,313 | 0,287 | 59,23 | 0,37 59,16 | 0,44
59,90 60,66 | 0,76 60,220 | 0,320 | 60,32 | 0,42 60,39 | 0,49
60,65 60,04 | 0,61 60,450 0,200 | 60,40 | 0,25 60,31 | 0,34
60,65 60,07 | 0,58 60,310 0,340 | 60,28 | 0,37 60,38 | 0,27
61,15 61,78 | 0,63 61,390 0,240 | 61,42 | 0,27 61,49 | 0,34
CKO: 0, 58576 CKO: 0,26847 CKO: 0,28598 CKO: 0,38902

OTO AaeT OCHOBaHHWE JOIMYCTHTh, YTO MOoAOOp emie OoJjiee yHayHOro BHAA
GYHKIMH TPHHAIIEKHOCTH JaCT BO3MOXKHOCTD €IIe OOJbIIe YITyYIIUTh Pe3yiib-
TaTHI MPOT'HO3A.

U, nakonen, yxe Ha TOCJIEAHEM MecTe (CO CPaBHHUTEIHFHO OOJBIIMM OTCTa-
BaHWEM) HAXOIATCS pe3ynbTaThl, moidydeHHble ¢ momombio HHC ANFIS
(CKO=0,58576).
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real
58 w
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Puc. 5
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real
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Puc. 6
BBIBO/IbI

1. PaccMOTpeHBI HEUETKHE HEHPOHHBIE CETH C JIOTHYECKUM BBIBOJAOM Mam-
nanu, Ilykamoto u CyreHo.

2. Onucan anroput™ o0yuenuss HHC ¢ ¢pyHKunsiMu npuHaaie:;KHOCTH rayc-
COBCKOT0 BHJa ¢ BEIBOJOM Mamaanu u Llykamorto.

3. IlpoBeneHb! HKCTIIEPUMEHTAIBHBIC UCCIEIOBAHNS NPUMEHEHUSI HEYETKHX
HelipoceTell B 3aa4yax MPOTHO3UPOBAHHUS MAKPOIKOHOMUYECKUX U (PMHAHCOBBIX
mokasaresel ¥ BBIIOJIHEH aHaIi3 UX 3 (HEKTUBHOCTH.

4. CpaBHHUTENBHBIN aHAJIN3 TOYHOCTH MPOTHO3ZUPOBAHUS C UCIOIB30BAHIEM
HHC Mawmpanu, [lykamoro, Cyreno nu ANFIS mokazan, 4ro Hammydmmmm Jyist
MIPOTHO3UPOBAHUS SKOHOMHYECKHX U (PMHAHCOBBIX XapakTepucTuk siBisercss HK
Mawmpanu c rayccoBckoi @I, a nanxynmeir — HHC ANFIS, napameTps! xoto-
poii cymiecTBeHHO Xyxe B cpaBHeHnn ¢ HK Mamaanu, Ilykamoro u Cyreno. Ta-
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KO# pe3ynbTaT MOKHO 00BsicHUTH TeM, uro B HHC ANFIS mapamerps! BbIx0a-
HBIX (YHKUMI 3a[aI0TCsI allpuoOpH, HE HACTPAMBAIOTCS B Mpolecce oOydeHHs, U
3TO — HEJIOCTaTK JaHHON HEHpPOCEeTH.

5. [IpoBeneHHBIC DKCIICPUMEHTAIBHBIC HCCIICIOBAHUS ITOKa3aJIM OOJIBIITHE

IIOTCHIIMAJIBHBIC BO3MOXHOCTH HHC u MMOATBCPpAUIIN UX 3(1)(1)CKTI/IBHOCTL B 3a1a-
Jax MaKpO3KOHOMUYCCKOro 1 (I)I/IHaHCOBOFO IMPOrHO3UPOBAHUA.
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