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Abcmpakm: [HOyKmueHi Memoou 0aroms €OUHY MONCIUBICMb 00 OMPUMAHHA MOYHOL
i0enmugbixayii abo npocHO3y PIZHUX CKIAOHUX NpoYecié y BUNAOKY KOPOMKUX abo
3auiymaenux 6xioHux oaumux. Ha iominy 6i0 0edykmuenux memooié MoO0eno8arHs abo
HEUPOHHUX Mepedc, Pe3YIbMmamom € S6HI MameMamuyri Mooeii, OMpUMani 3a 8i0HOCHO
manuil uac. J[ns no2ano-obymMosneHux o00’€kmié 3 BUCOKUM pi6HeM 3a8a0 Kpauji
pe3yibmamu OMmpUMaHi 3a 0ONOMO2010 Memoody KOMNINEeKCY8aHHs aHanoeie. Hetiponni
mepeoci MI'BA 3 akmusHumMu HeupoHamu 3acmoco8yromuvcs 0 Ni08UWeHH MOYHOCHI
bazamvox — ancopummie  MOOeN8aHHs  CKAAOHux  cucmem. Hasedeni  npuxnaou
NPOCHO3VB8AHHS eKOHOMIYHUX CUCMEM 3a PIZHUMU ATI2OPUMMAMU CAMOOP2AHI3aAYi].

1. Beryn

[IpoGnemMu MomentoBaHHS CKJIATHUX CKOHOMIYHHMX CHCTEM B3arajli MOXKYyTh OyTH BHpIIIEHI 3a
JIOTIOMOTOF0 JIETYKTUBHUX JIOT1KO-MaTEMaTHIHUX a00 3a JOMOMOTOI0 1HIYKTUBHHUX MEpPeOOPHUX
MeToaiB. [leayKkTHBHI Ta IMITAIiifHI METOIM MAIOTh NIEPEBArd y BUIIAJKY TIOCUThH MPOCTUX 3a7ad
MOJICITIOBAHHS, KOJHU BijoMa TeOpis 00’€KTy, IO MOACIIOETHCS, 1 TOMY MOJXKJIHBa PO3pOOKa
MOJIeNl BUXOASYH 3 (DI3MUHO-3aCHOBAHUX TPHUHIIUIIIB, 3aCTOCOBYIOUM 3HAHHS JIFOJAWHHU MO0

MpoIIeCiB y 00’ €KTI.

[IpuiinarTs pimeHs y Takux chepax sK aHaII3 MPOIECIB Yy MaKPOCKOHOMIIll, (iHAHCOBOMY
MIPOTHO3YBaHHI, MepeBipil HamiiHOCTI ¢ipM, aHami3 OajaHCy BUMaraloTh 3aco0iB, IO 37aTHI
OTPUMYBATH TOYHI MOJIE1 Ha OCHOBI IPOTHO31B TMpoIieciB. M’k TUM BUHUKAIOTh MPOOJIEMH, 110
MOB’s13aH1 3 BEJIMKUM YHCJIOM 3MIHHHUX, Ty)K€ MaJIOI0 KUIBKICTIO CITOCTEPEKEHb 1 HEBIIOMUMU
IUHAMIYHAMM 3B SI3KaMHA MDK 3MIHHUMH. Taki €KOHOMIYHI O0’€KTH € CKIQIHHMH IIOTraHO-
00yMOBIICHIMH CUCTEMaMH, 110 XapaKTePU3YIOThCS:

¢ HEJOCTAaTHHOIO ampiopHOIO iH(OpMaITi€ro;

¢ BEJHMKOIO KUIBKICTIO TTapaMeTPiB, 10 HE BUMIPIOIOTHCS,

¢ 3alIyMJICHHHMMH 200 KOPOTKMMHU BHOIpKaMu JTaHUX

+ TOraHo-o0yMOBJIEHUMHU 00’ €KTaMU 3 POSMUTHUMHU XapaKTEPUCTUKAMHU.

Taki mpobieMu HE MOXYTh OyTH PO3B’s3aH1 IETyKTUBHUMH JIOTIKO-MAaTEMAaTHIHIUMH METOaMHU
3 JIOCTaTHBOIO TOYHICTIO. Y IbOMY BHIQJKY 3100yTTS 3HAHb 3 JaHHUX, TOOTO 3HAXOJIKCHHS

MOJIe]Ii Ha OCHOBI €KCIEPUMEHTAIBHUX BHUMIPIB Ma€ MEpeBaru y BUMAIKY JOCHTH CKIIAJHUX
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00’ekTiB. Taki 00’€KTH MICTATHh MiHIMAQJIBHE alpioOpHE 3HAHHS a00 HE MalOTh BU3HAYCHOI TEOpii

B3araii. [{e oco6muBo BipHO 17151 00’ €KTIB 3 PO3MUTHMHU XapaKTEPUCTUKAMH.

Ili mpobmemu MOXyTh OyTH BHUpilieHI 3a gomomororo Metony ['pymoBoro BpaxyBanHs
AprymentiB (MI'BA), koTpuii 3HaX0AUTh 3HAHHS PO 00’ €KT OE3MOCEPETHBO 3 BUOIPKH JaHUX.
Ile iHmyKTUBHUI TIepeOOPHUN METOM, KOTPHI Mae mepeBaru JUisi JOCUTh CKIaAHUX 00’ €KTIB, IO
HE MAalTh BHU3HA4YEHOI Teopii, 30KkpemMa g OO0 €KTIB 3 PO3MHUTHMH XapaKTEPUCTHKAMH.
AnroputmMu MI'BA 3HaxonaTh €MHY ONTHUMAJIbHY U1l KOKHOI BUOIPKH MOJIEIb 32 JIOTIOMOTOIO

TOYHOCTHHUM YW OaslaHCHUM KpuTepieMm [1,2] Ha He3anexHIi miaABUOIPII JaHUX.
2. Metoa I'pynoBoro BpaxyBannst Aprymentis (MI'BA)

2.1. BusHayeHHs1

[Tinxiqm MI'BA 3acHoBaHuii Ha mepeOOpi MOJENeH, 10 MOCTYIOBO YCKIAIHIOIOTHCS, 1 iX OIIHITI
M0 30BHINIHHOMY KpUTEpit0 B AKOCTI BXiTHUX 3MIHHHUX MOXYTh OyTH BHUKOpPHCTaHI Oyab-siKi
napamMeTpH, 10 MOKYTh BIUTMBATH Ha Tporiec. KoM toTep caM 3HaXOAUTh CTPYKTYPY MOJIENI Ta
CTYNiHb BIUIMBY IapaMeTpiB Ha BUXIJHY BenuduHy. Kpamow € Ta Monaenb, IO Bele 0

MIHIMQJIBHOTO 3HAYEHHS 30BHIIIHHOTO KPUTEPIIO.

MI'BA po3pobieHuit mjis MOJCIIOBaHHS CKJIQAHUX CHCTEM, MPOTHO3Y, iaeHTu(ikamii Ta
armpokcuMariii  6aratoakTOpHUX  CHCTEM, JIarHOCTUKH, pO3Mi3HaBaHHA 00pa3iB  Ta
KJIacTepu3aiii BHOIPKM JaHWX. AHAQIITUYHO JOBEACHO, IO TUIBKM 3a JOMOMOTOI0 I[bOTO
IHIYKTUBHOTO METOAY CaMOOpTaHi3amii sl HETOYHHUX, 3aIllyMJICHUX a00 KOPOTKHX BHOIpOK
JaHUX MOKe OyTH 3HalJeHa €WHAa ONTUMaibHA HeI3UYHA MOJENb, TOYHICTh MPOTHO3Y SKOI

BHUIIIE Ta CTPYKTYpa MPOCTIIIe HIXK CTPYKTYpa 3BUYAHHOT TOBHOT (h13UIHOT MOJIETI.

3 1967 poky Oyio 3po0iaeHo 6araTo MpakTUIHUX 3aCTOCYBaHb miaxoay MI'BA mo moxentoBaHHs
€KOHOMIYHUX, ()IHAHCOBUX, €KOJIOTIYHUX, MEIMUYHUX Ta BINCHBKOBUX 00’ €KTIB Y BCIX PO3BUHEHHUX
Kkpainax [3]. MeTox MMPOKO 3aCTOCOBYETHCS Y CBITI 3a JOMOMOror pospoosiennx y CIHIA
kommaniero Ward Systems Group, Inc. xomepmiiinoro mporpamuHoro makery ‘NeuroShell2’,
po3pobaenoro AbTech Corp. ‘ModelQuest’, Barron Associates Co. ‘ASPN’, y Himeuuunni
BUKOPHUCTOBYEThCS mporpamMumii 3acid ‘KnowledgeMiner’ po3po6nenuii DeltaDesign Software
Berlin Ta Garato iHmmx, mo po3poOieHi OKpeMUMHU Tpymamu nociiaaukiB. Lli mporpamu
BUKOPHUCTOBYIOTh anroputMu MI'BA niis aHamizy Ta MpOTHO3YBaHHS PI3HUX CKJIAAHUX CHCTEM.

baxxano, mo6 Ha YkpaiHi 11eid MeTO TaKOK IIUPIIe BUKOPHUCTOBYBABCS.

Y eKoHOMIUHIH 00J1acTi, 32 pOKH JTOCHIIPKEHb METOJ] OYJI0 BJIaJ0 3aCTOCOBAHO, HAITPHUKJIIA JI0:

+ Inmentudikamii nponecy i ekoHoMiku BenmukoOpuTanii [1];

+ MopnentoBanHsl eKOHOMiIKM BenmukoOpuTanii s BIJTHOBJICHHS KEPYIOUYMX 3aKOHIB Yy
CHCTEMI;

¢+ Amamizy Ta mepenbaueHHS TIOKAa3HUKIB EKOHOMIYHUX TiporeciB  y  HiMmenpkiid

Hemoxpatuyuniit Pecrry6mitti;



+ IIporno3y ta OIiHKYU TOJOBHUX Aif04unX (aktopiB y ekonomimi CIIA [1];

+ OnTuMizarii 3a clieHapieM ‘SKIO-TO’ Ta HOPMATHBHOTO MPOTHO3YBaHHS Kypcy jaojapa y
nepion [lepcekoi HapTOBOI KpHU3H;

+ Tlporuosysanus ingexcis GipxoBoro puaky y Hero-Mopky;

+ OnruMizanii iHaeKCiB CBITOBOI JUHAMIKH;

¢ OnTumizarii moptdens akuin Ha @pankpypTChKiit O1pxKi;

+ HopmatuBHOTO IpOrHO3yBaHHS MPOIIECIB Y MAKPOEKOHOMIIlI YKpaiHH.

OcranHi po3poOkn MI'BA mpuBenum 10 CTBOPEHHS EKCIIEPTHUX CHCTEM Ha OCHOBI
HOPMAaTHBHOTO MPOTHO3YBAHHS CHCTEM (3a CIieHapieM "SKIIO-TO'") Ta ONTHUMI3allii KepyBaHHS 3a
JIOTIOMOTOF0 QJITOPUTMIB CIIPOIICHOTO JIHIMHOTO MPOTpaMyBaHHS 1 HEUPOMEPEK 3 aKTUBHUMH
HelipoHamu [4]. B Takux HeilpoMepekax OKpeMi alrOpUTMH MOJICTIOBAHHS BUKOPHUCTOBYIOTHCS
K HEUpOHM OararopsaHoi HelpoMmepexi. Lle mae MOXIHMBICTH MABUIIMTH TOYHICTH MPOTHO3Y,
arpoKcUMallii YW po3Mi3HaBaHHSA o00pa3iB  BHUIE MEX, IO JOCATAIOTHCS 3BUYAHHUMU

HEeHpOMepeKaMH 3 MPOCTUMHU HeHpOHaMU 200 3BUYAHUMHU CTATUCTUYHUMHU METOJaMH.

2.2. Onuc merogy

byno manmpykoBaHo 6arato crtateit, Outbine 20 KHUT Ta MOHOTpadiil Ta 3axuiieHo Ourbme 230
nucepTarii, npucBsiuyeHuX teopii Mertony I'pymoBoro Bpaxysanns AprymentiBe (MI'BA) ta
HOTO 3acTOCYyBaHHIO. Bynu po3poOiieHI MeTOAM MAaTeMaTHYHOI 1HAYKINi IS pO3B’s3aHHS
MOPIBHAHO TpocTux mpodiemM. MI'BA moke posrisgaTucs sK TONATIBIINN PO3BUTOK IIHX
METOMIB JJIsi BUPIIIECHHS OUIBII CKIAIHUX MPaKTUYHUX MpobieM. Bin Bupimye mpoliemy
00poOKM BHOIPOK CIIOCTEPEKEeHb. METOI € OTpUMaHHSI MaTeMaTHYHOT Mojiei 00’ ekTy (3amada
imenTudikamii Ta po3mizHaBaHHS 00pa3iB) YK OMHUCY MPOLECIB, IO BiAOYAYyThCSA I 00’ €KTa y
MailOyTHhOMY (3a7ada mporHo3zyBanHs). MI'BA Bupimrye 3a 10momMoror mporeaypu mnepedopy,

0araToBUMIipHY MPOOJIEMY ONITHMI3aIlil MOJIETI:

g =arg min CR(g), CR(g)=f (P,S,§2,T,V) (D)
gcG

ne: G — MHOXKWHA MOJENeH, o po3risinaTbes, CR — 30BHIMIHIA KpUTEPid SKOCTI MoJem g 3
i€l MHOKHHM; P — KITBbKICTE MHOYKHH 3MIHHHX; S — CKIagHICTh MOOENI; §2 — nucnepcis 3aBajn; T
— yucno TpaHchopmaliii BUOIpKH NaHUX; V' — KUIBKICTh BUAIB pedepeHTHOT ¢yHKuii. s
0a30B0i pedepeHTHOT PYHKIIIT KO)KHA MHOXKHHA 3MIHHUX BIJIOBi/a€ TEBHIM CTPYKTypi Mozem P

= §. 3amava TpaHcPOpPMY€ETHCS 10 OLIBII MPOCTOI OHOBUMIPHOT:
CR(g)=/(S),
komu &= const, T = const Ta ¥’ = const.

B ocHOBI nexuTh mnepebopHa mporeaypa, TOOTO TIOCHIJOBHA NepeBipKa MOJAEICH, IO
BUOUPAIOTHCSI 3 MHOXXHMHU MOJENeH-KaHIUAATIB y BIAMOBIIHOCTI O BUOPAHOTO KpPHUTEPIIO.
binbmicts anroputmie MI'BA BUKOPHUCTOBYIOTH MOJIIHOMIaTbHY 0a3uCHY (QYHKIIIO. 3araibHUNA

3B’SI30K MDK BXIJHUMH Ta BUXIJIHUMH 3MIHHUMH MOXXE OyTH BHPAXKCHHA Y BHUIIISII
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GyHKIIOHATBHOTO psiny Bosbreppa, AUCKPETHUM aHAJIOrOM sKoro € mosiHoMm Koamoroposa-
["a6opa [1]:
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ne X(x,X,,...,X ), ) - BXIZHHII BEKTOp 3MIHHHX;
A(ay,a,,...,a,,) - BEKTOp KOCDII€HTIB 4u Bar.

KomnoneHTaMu BXigHOTO BeKTOpa X MOXKYTh OyTH He3aJeKH1 3MiHH1, PyHKI[IOHANbHI (popMu un
KiHLEBI pi3HUIEBl wieHW. [Hnn HemiHiiHI OasucHi (yHKUii, Hampukmag audepeHiiiHi,
JIOTiCTUYHI, WMOBIPHOCTHI a00 TapMOHINHI TakOXX MOXXyTb OyTH 3acTOCOBaH1 AJIsi MOOYIOBH
Mojeni. MeTos 103BOJIsI€ OJHOYACHO OTPUMATH ONTHUMANBbHY CTPYKTYPY MOJIEINI Ta 3aJEKHICTh

BUXI1IHUX MapaMeTpiB BiJl BUOpaHUX HAHOUIbII 3HAYMMHX BX1THUX MAapaMeTPiB CUCTEMHU.

Teopis MI'BA Bupimrye npo6iemu:
+ JloBroctpokoBoro nporuo3yBanss [3,18];
+ KopotkocTpokoBoro nependaueHHs IpoIEeciB Ta Mo [2];
+ Inentudikarmii Gi3MUIHUX 3aTEKHOCTEH MPU TOYHHUX JAHUX;
+ Anpoxcumanii 6araTo()akTOpHUX MPOIIECIB;
+  Excrpanomnsamii ¢pizuunux noiuis [4];
+ Kunacrepusarii Bubipok ganux [5];
+ PosmizHaBanHs 00pa3iB y BUNaIKax HEMEPEPBHUX Ta TUCKPETHUX 3MIHHUX;
+ JliarHOCTHKH Ta PO3Ii3HaBaHHS MOBIPHOCTHUMH NepeOOPHUMH aIropuTMamu [6];
+ HopmatuBHOro nporao3yBaHHsi BEKTOPHHUX Ipo1iecis [7];
+ be3MonmensHOTO MPOTHO3yBAaHHS 32 JOTIOMOTOI0 KOMIUIEKCYBaHHS aHAJIOTIB [§];

+ Camoopranizariii noaBiifHO-0araTopsAHUX HEHpOMEpexX 3 aKTUBHUMH HelpoHamu [9,10].

V¥ [12] 6yno oTrpuMaHo TeopeTHyHi 3acagu eGekTUBHOCTI MI'BA sik aekBaTHOrO METOay JUIs
noOya0BH poOACTHUX TPOTHO3YIOUMX MOJENeH, IO TOJOBHUM YHHOM BH3HA4YalOThCA
aBTOMATHYHOIO TEHEpali€l0 MoJeNell y 3aJaHoMy Kiacli NUISIXOM MOCTiIOBHOTO BigOopy
HaMKpalmx 3 HUX 3a KPUTEpieM, L0 HESIBHO 3a JOMOMOIOI0 MOy BHOIpKH JaHUX Oepe 10

yBaru piBeHb HEBU3HAYCHOCTI.

Camooprasizaiiiifne MoJenMOBaHHA 0a3yeThCsl Ha CTATHCTUYHUX HABUAIBHUX MeEpexax, M0 €
MepekaMu MaTeMaTUYHUX (PYHKIIIH, K1 3HAXOATh CKJIaJHI HENiHiiHI 3B’ SI3KH Y KOMIAKTHOMY
Ta IIBUAKO BUKOHYBAaHOMY BHIVIAII. Taki Mepexi AUIATh MpoOieMy Ha KepoBaHI YaCTUHH UM
OJOKM 1 MOTIM aBTOMAaTHYHO 3aCTOCOBYIOTH PO3BHHEHI PErpeciiHi METOAM IS BHPIIICHHS

KOXKHOT 3 IUX O1JIBII POCTUX MPOOIIEM.

2.3. Aniroputmun MITBA ta ‘MIBA-nogibHi’ anropurmmn

Heo0xigqHO MiAKPECIUTH PI3HUII0 MK OpHriHanbHUMHU anroputMamu MI'BA ta ‘MI'BA-

nofioaumu’ anroputmamu [11]. Ilepiui nparioroTh, 3HaX0AIYH MiHIMYM 30BHIIIHBOTO KPUTEPIIO
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(puc.1) 1 TakMM YWHOM peali3yl0Th 00 €KTUBHHMI BHUOIp onTUManbHOi Mogmeni. Llelr merton
3aCHOBaHMN Ha I1HIYKTUBHOMY TIJIXOJi: ONTHUMaJbHI MOJETl 3HAXOIATHCS 3a JIOMOMOTOIO
nepebopy MOKIMBHX BaplaHTIB 1 OIIHKH iX 3a 30BHINIHIM KpuTepieM. BiH BHpaxoByeTbcs Ha
OKpeMili dYacTWHI BHOIpKM JaHUX, [0 He Oyna BUKOpUCTAHA IS TOOYAOBH MOJICIICH.
OntumanbHa MOAENb MOXe OyTH BHOpaHa 3a JBOMa KPUTEPISIMU: TEPIIUN BIiIOUpae Kparili
MOJIeNII Ha KOXXHOMY psAl mepebopy Ui CTPYKTYpHOI imeHTHdikarii, a Apyruil 3HaXOJIUTh
ONTUMAIIbHY MoJieNb. [Iporeaypa cenexiii 3ynmiuHsIE€ThCS, KOJU JOCATHYTE MiHIMaJIbHE 3HAYCHHS

KpUTEPIIO.

Hpyri ‘MI'BA-nioniGHI’ anropuTMHU MPAIIOIOTh 32 XapaKTEPUCTUKOIO, 10 MOKHA BUPA3HUTH SIK
‘qUM CKJIQJIHIIIA MOJAETh — THM BOHA ToyHima’. Ile BMMarae BBEICHHS TEBHHUX IMOPOTIB UM
BU3HAYaTH Koe(DimieHTH Bard y (Gopmysi BHYTPIIIHHOTO KPUTEPIIO IS 3HAXOMKCHHS MO
Cy0’€KTUBHUM TUIAXOM. Alle MAilicHI TpoOJeMH dYacTimie MPEeACTaBICHI KOPOTKHUMH abo
3allyMJICHHUMH BUOIpkamu naHux. Ha xamp wmaibke B ycix mporpamax tunmy MIBA
(NeuroShell2, ModelQuest, ASPN) Tta nocmigauipkux poborax y CIIA Ta Anonii

BUKOPHUCTOBYETHCS 1 ACTYKTUBHUHN MIIX1d, SKUW HE € €EeKTUBHUM JIJIs1 TAKOTO BUTY JIAaHUX.

[HayKTUBHUE MiAXiM HE yCyBae €KCIEpTiB 4M 3abupae iX BiJ KOMIT'IOTEpa, CKOpIilIe Aa€ iM
oco0nMBe TOJIOKEHHS. ExcrepTd 3amaloTh KpuUTepid BimOOpYy 3arajibHOro BHAY Ta
IHTEPIPETYIOTh OTpUMaHl Mojendl. BOHM MarTh MOXIJIMBICTH BIUIMBAaTH Ha pPe3yJbTar
MOJICITIOBAHHS MNUIIXOM (OpMYIIIOBaHHS HOBOTO KpuTepiro. Komm’iorep crae 00’ €KTHBHUM
CR A CYIIEIO y HayKOBUX
’ Cylepedkax, SKIIO aHcaMOiIb

KpUTEpIiB  y3TOJDKEHUH  MIXK

eKcrepTaMy, Mo NPUHUMAIOThH
y4acTh y IUCKYCI.
JIroncekuii  €eMEHT  4acTo
3YMOBITIO€ TTOMHJIIKH Ta
HEOOTPYHTOBaHI pIIIICHHS.
OO0’ eKTUBHUI BHOIp
: . OIITUMAIBHOT MoJenl 3a
1 2 3 4 5 6
S E€KCTPEMYMOM XapaKTEPUCTUKU
Y=a0+a1 . .
Hedizwuni mogeni 30BHIIIHBOTO  KPUTEPIIO Y
Y=a0+a1x1+azxz . .
IIOYNX IHITYKTUBHHX
Y=apta;x,tarX;tasx;tasxstasXs+agXe AJIropuTMax 4acTo CYICpPCUUTH
di3zny"a MoAEIb .
OIS Y JOCIIAHHUKA.

, .
Pric.1. 3a1eXxHiCTh MiHIMAJTBHUX 3HAYEHD 30BHIIIIHBOTO OO0’eKTUBHI ITOPUTMH TAIOTE

kputepito CR BiJl CKJIQTHOCTI MoOJiei S pu pi3HOMY MOXJIUBICTh peainizyBaTu
. 2 cy o v .
BHAYCHHI AUCIEpCii 3aBaj &y NaHHX. JIACHUM IITYYHUHN 1HTENIEKT.




2.4. Ocobrnusi pucn merogy

OcHoBHOIO ocoOymmBicTIO anropuTMmiB MI'BA € Te, 1m0 KOJW BUKOPHCTOBYIOTHCS HETEPEPBHI
JlaHl 13 3aBajlaMd, BiH BHOWpA€ SK ONTUMAJbHY CHOPOIICHY Hepizuuny mooenv. TiTbKU IS
TOYHUX YW JUCKPETHUX JAHUX aJITOPUTMHU BHOHMPAIOTH TaK 3BaHy (hi3uyHy mMoOoeib — HAHOIbII

MIPOCTY MOJIENh 3 YCIX HE3MIIEHUX MOJIEIICH.

Byno moBeaeHo aHANITUYHO CXOIUMICTh OararopsiaHux anroputmiB MI'BA mo ontumymy [25]
Ta JOBEJCHO, IO CHpoIleHi Hedi3uuHi MOAENI TOYHINI Bif MOBHUX (PI3MUHUX Mopaenen (Iis
HENePEePBHUX Ta 3aMIyMJICHHHMX MaHHWX IS BHPINICHHS MPOOJEM MPOTHO3Y YU alpOKCHMAIlii,
criporieHi mMojeni € Oinbm TounuMu [12]). Tpeba 3a3HaunTH, MO 1€l BUCHOBOK TaKOX Mae
Miciie Tpu BHOOpI MOJENe Ha OCHOBI MakcuMmizamii eHTporii (miaxig Akaike), y MiHIMi3aIii
cepenHbporo pu3ukKy (miaxix Bamuika), y Teopii 3B’S3Ky Ta IHIIMX CY9aCHHX MeEToJaxX. €IuHUM
IUISIXOM OTPUMATH HE(I3MUHI MPOTHO3YIOUI MOJENI € 3aCTOCYBaHHsS IMEPEOOPHUX AITOPHUTMIB
MI'BA. 3MmiHy peryisipHOCTI ONTUMAJIbHOI CTPYKTYpU MPOTHO3YIOUUX MOJENEH y 3aJeKHOCTI
Bl OCHOBHHMX IHJIEKCIB HEBHU3HAYCHOCTI JaHWX (pIBHSA 3aBajJi, JOBXKWHHU BHOOPKH JaHUX,

TJIaHYBaHHS €KCIIEPUMEHTY, KIJTbKOCTI IHPOpMaliifHIX 3MIHHHX ) OyJ10 1ToKa3aHo y [24,25,27].
Oco6mmuBi pucu MI'BA Taxki:

1) 3oBHintHe nonoBHeHHS: Buxomsun 3 podotu C.bipa [13], Tinbku KpuTepiii po3paxoBaHuil Ha

HOBIW HE3AJICKHIN 1HPOpMAaIIil, MOKE TaTH MIHIMYM MepeOOpHOT XapaKTepUCTHKU. sl IIbOTO

BHOIpKa TUTUTHCS HA YACTUHU JUTsl TOOYTIOBU Ta OI[IHKH MOJIEIICH.

2) Bci nuTtaHHA 1010 BHOOPY alrOpUTMy, KPUTEpPito, THUIY Oa3uCHHMX (YHKIH, pO30UTTS
BUOIPKM JTaHWX MArOTh BH3HAYATHUCS 3a JIOMOMOTOIO TMOPIBHSHHS 3HAYECHb KPUTEPIIO - TOH

BapiaHT Kpalui, IKUi BeJe 10 MIHIMAJILHOTO 3HAYCHHS 30BHIIIHHOTO KPUTEPIFO.

3) HomatkoBe BHM3HA4YEHHs MOJedi: Y BHUIIaIKaX, KOJHM BaXXKO MPOBECTH BUOIP ONMTHMAIBHOI

¢bi3uyHOT MOJIeN1 Yepe3 piBeHb 3aBaj UM OCHUIALIT 3aJIeKHOCTI MiHIMyMa KpUTEpito, Mae OyTH
3aCTOCOBAHUN JOJIATKOBUH MUCKpUMIHAIIMHNN KpuTepiit [15]. Bubip roinoBHOro KpuTepiro

Ta 00OMEXKEHb MePeOOPHOI MPOIIEAYPH € OCHOBHOIO €BpUCTHKOI0 Y MI'BA.

4) CBoboaa Bubopy: 3rimHo 3 podororo [[.I'abopa [14], y O6araTopsaaux anroputmax MI'BA 3

OJIHOTO pIBHSI Ha HACTYIHHI Mae mepefaBaTHCs HE OJUH, a KUIbKa KpalluX pe3ysabTaTiB sl

3a0e3nedyeHHs ‘cBoOOaM BUOOPY .

5) Bci anroputmu MaroTh OaraTopsaHy CTPYKTYPY 1 TapajielbHe OOYHMCICHHS MOXe OyTh

3aCTOCOBaHe /Il X peai3artii.

Ha#i6inpm 9acTo BHKOPHUCTOBYIOTBCS KpPUTEpli YOTHPHOX THINIB: TOYHOCTI, IMOTOKEHOCTI,
OamaHcy Ta auHaMidHi. B OCHOBHOMY BHKOPHCTOBYIOTHCS BIJIOMI KpHUTEpii: ‘“3MIHHOTO
KOHTpost0” PRR(s), perynspHocTi AR(s) Ta Oanancy 3MiHHUX BL(s). OmiHka iX e()eKTUBHOCTI
(mocmimKeHHsT 3aBaJIOCTIHKOCTI, ONTUMAJIBLHOCTI Ta aJEKBATHOCTI) 1 iX TOPIBHSAHHA 3 1HIITUMU

KpUTEPISIMH JIeTaTbHO BUKOHAHO y [24,25,26,15].



BigminnicTe anroputmie MI'BA Bin iHIIMX alrOpUTMIB CTPYKTYpPHOI 1IeHTH(IKAIT Ta CENEKITil

Kpamroi perpecii moJsrae y BIaCTUBOCTSIX:

*

BuxopuctanHs 308HiwHb020 Kpumepito, MO 0a3yeTbCs HA TOAUTI BHUOIPKH NaHUX Ta €
aZIcKBaTHUM JI0 3a7a4i MoOyJ0BH TPOTHO3YIOYHMX MOJIEICH, 3a 3MEHIIEHHSM MOTped a0
00’eMy nepBicHOI iH(pOpMAIIiT;

3HaYHO OIIBIIOK PIZHOMAHIMHICMIO 2eHepamopié CMpyKmyp. BUKOPUCTaHHSA SK Y
pEerpeciiHuX aJroOpuTMax NMUIBIXIB MTOBHOTO UM 3MEHIICHOTO TIepe0opy BapiaHTIB CTPYKTYp Ta
3aCTOCYBaHHS OPUTIHAILHUX OaraTopsaHUX ITepaliifHUX MPOIEAY;

binbmum cmynenem asmomamuzayii — TOCTaTHBO JIMIIIE BBECTH TIEPBICHI JIaHI Ta BKa3aTH
30BHINIHIN KPUTEPIi;

ABTOMAaTHYHOIO adanmayieio CKIAAHOCTI ONTUMATBHOT MOJIENI Ta 30BHIMIHIX KPUTEPIiB 10
PiBHs 3aBaj y CHUCTEMI UM TOPYIICHb — €(EeKT 3aBaJOCTIHKOCTI 00yMOBIIIOE POOACTHICTH
MiIX0Y;

3anpoBajyKeHHS! TPUHIUNY HeKiHYesux piuieHb y TPOLEC MOCTYMOBOIO YCKJIaJHEHHS

MOJIEIIEN.

2.5. Cniektp anropurmie MIBA

BupimenHs npakTH4HHX 3amad Ta po3BUTOK Teopli MI'BA mpuBenu 10 po3poOKH IMIHUPOKOTO

CHEKTpa MHporpamMHux anropuTtmiB. KoxeH 3 HUX BIANOBia€ IeSIKMM BHU3HAYEHUM yMOBaM

iXHBOTO 3acTOCyBaHHs [17].

Tabnuusa 1. Cnektp anroputmisa MIMBA.

Anroputmu MI'BA

3MiHHI IlapameTpuyHi Henapamerpuuni

- Kombinatopuuii (COMBI) - O6’extuBHOi Komm totepHoi

- bararopsanuii Itepamiiiamnii (MIA) | Kmacrepuzamii (OKK);

HenepepsHi |- O6’ekTBHOr0 CHCTEMHOTO - ArOpuTM KJlactepusariii
Amnanizy (OCA) "Bkazyrouunii [Tepct" (PF)
- 'apmoniunnii (GA) - KomniexcyBannst Ananorie (AC)

- IBox-piBHeBuit (ARIMAD)

- MynbpTUIUTIKATUBHO-a TN TUBHUM

HuckpetHi Ta |- ['apmoniunoi Penuckperu3zarii - IMOBipHOCTHHIA anropuT™ Ha

OiHapHi ocHoBi baratopsinHoi Teopii

Craructnunux Pimens (MTSD)

AnroputmMu MI'BA pi3HATBECS, TOJJOBHUM YHHOM 32 CITIOCOOOM TeHEpYBaHHS MHOKUHH MO/IEIICH-

KaHJIWJIATIB, IO MiUIATal0Th MepeOdOopoBi 3a 3aJaHUM 30BHINIHIM KpuTepieM. Bubip anroputmy

3aJIeKUTH BiJl TpoOJIEeMH, PiBHS AUCHEPCIi 3aBajl, JOCTAaTHOCTI BUOIPKH JaHMUX Ta BiJl TOTO YH €
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JaHl TUIBKKM HemepepBHUMH. PobGora anroputmiB MI'BA mae mpsmy aHamorito 3 poOOTOIO

CaJliBHMKA TiJ] 9ac cesekiii HoBoi pociunu [11].

OCHOBHI alNrOpUTMH, BKa3zaHi y Tabnuii 1, Oynu po3poOieHi mis HenepepBHUX 3MiHHUX. Cepen
napaMeTpUYHUMH alropuT™MamH [ 1,9] HalO1IbIIT BITOMUMU €:

o OazoBuit Kombinamopruii (COMBI) anroputMm. BiH monsrae y mOBHOMY Y CKOPOYCHOMY
nepebopi MoierneH, 0 MOCTYIMOBO YCKIIAIHIOIOTHCS Ta OLIHII X 32 30BHIIIHIM KpUTEPIEM Ha
OKpeMili YaCTHH1 BUOIPKH JIaHUX;

o bBaecamopsonuii Imepayivinuii  arcopumm (MIA) BUKOPHUCTOBYE Ha KOXHOMY piBHI
nepeboOpHOI  MpoIeAypH OJAHAKOBUM YacCTKOBHM omuc (mpaBmwio iTepamii). Bin wae
BUKOPHUCTOBYBATHUCS JUIsI OOPOOKH BEIMKO1 KUTBKOCTI 3MiHHUX (110 1000).

o amroput™m 06 ’‘ekmuenozco Cucmemnozo Ananizy (OCA). OCHOBHOIO HOTO PHCOIO € Te, IO
BiH TIEpEBips€ HE OKPEMi PIBHSHHA, a CUCTEMH aireOpaiyHuX 4 AUGEpeHIliHHUX pPIBHSIHb,
[0 OTPUMYIOTHCS 3a JIONIOMOTOI0 HEsSBHUX ImabioHiB (0e3 mimpoBoi (ynkiii). IlepeBara
QITOPUTMY B TOMY, IO TOBHIIIE BUKOPUCTOBYETHCS 1HGOpMaIlis 3 BHOIpKM JaHHX Ta
OTPUMYIOTHCS B3a€EMO3B’ I3KH MK 3MIHHUMH.

o Jleox-pienesuti (ARIMAD) anropuT™m Uisl MOJETIOBAHHS JIOBFOCTPOKOBHUX IHKIIYHHX
(Takux AK OIp>KOB1 UM MOTOJIH1) MPOIIECiB. BUKOPUCTOBYIOTHCSI CHCTEMH MOJTITHOMIATBHUX YU
PI3HHUIIEBUX PIBHSAHB A iAeHTU(IKaIIl Mojeleld 3a JBOMA YAaCOBMMHU IIKajJaMHU 1 IMOTIM
BUOMpPAETHCS HAMKpalia mapa MojeNield 3a 3HAYeHHSM 30BHIMIBOTO Kputepito. s 1boro

MOKe OyTH BUKOPUCTAHUHN OY/Ib-SKHI 3 TPUBEICHUX BHUIIE AJITOPUTMIB [23].

Takox BigoMI MapaMETPUYHI aJTOPUTMH, IO 3aCTOCOBYIOTH CEJEKI0 JAu(EpeHIIHHUMH,
TapMOHIYHMMHM YHM TapMOHIYHO-€KCTIOHCHIIIMHUMHU  QYHKIIAMH Ta MyYJIbTHUILTIKATUBHO-
aJJTUTUBHUN aJITOPUTM, B SIKOMY TE€CTYIOTHCSI TIOJIIHOMIalIbHI MOJIEJIi, OTPUMaHi 3a JIONOMOTOIO
B3ATTs Jorapudmy BiJl 10OYyTKY 3HaYeHb BX1THUX 3MiHHEX [18,19]. Pe3ynpTaTn mapameTpuaHux
anroputMiB MI'BA nokasanu, 1mo BOHH MOXYTh OyTH ayXe €hEeKTUBHUMH JJISI MOJCITIOBAHHS
00’€KTIB 3 HEBUIIAJJKOBUMH XapAaKTEPUCTUKAMU, TAKUX K EKOHOMIYHI UM 1HXKEHEPHI CUCTEMHU. Y
BUIMAJIKaX KOJIM MOJEIIOBAHHSA MICTUTh OO0 €KTH 3 PO3MHTHMHU XapaKTEPUCTHUKAMH, OUIBII
e(heKTUBHO BUKOPUCTOBYBATH HemapameTpuuHi anroputMu MI'BA, y saxux ¢yHKIIOHATBHI
MOJIeli 3aMiHEeH1 Ha BHOIpKY NaHUX PO3/IJICHY Ha IHTEPBAJIM YW KiacTepu. Taki aaropuTMu
MOBHICTIO BUPINIYIOTH MpoOJeMy yCYHEHHS 3MIIIEHHs OILIHOK KoedimieHTiB. Hemapamerpruuni

AJITOPUTMHU HACTYIIHI:

— Anroputmu 06 'exmusnoi’ Komn tomepnoi Knacmepuszayii (OCC) ta "Pointing Finger" (PF),
[0 OIMEpPYITh 3 MapaMHu OJM3bKO PO3MIMIEHUX TOYOK [5]. BiH 3HaXOauTh ONTHUMAIIbHY
GI3UYHY KJIacTepH3allilo sika € HalOUIbIl MOCTiiHOI Ha OaraThox migBuOipkax maHux. lle
JIOCSTAETHCSI TTOOYAOBOIO JBOX 1€pApXIYHUX JACPEB KIACTEpH3allii Ta OIIHKOIO 3a KPHUTEPIEM

6amancy [20];

— Anroput™m Komnnexcysanns Ananocie (AC), BUKOPHCTOBYE MHOXHHY aHAJIOTIB 3aMiCTh

Mojelnel uu Kiaactepu3aiii [8]. Bin pekoMeHayeThCs sl HAaOUIBII 3alTyMJIICHHUX JTaHUX.
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— AunroputM, mo OasyeTbcsi Ha bacamopsoniu Teopii Cmamucmuunux Piwens [6]. Bin
BUKOPHUCTOBYETHCS JIJI PO3II3HABAHHS Ta MPOTHO3Y MPOIECIB 32 OIHAPHUMH JTAHUMH Ta IS

KOHTPOJTIO BATITHOCTI JJAHUX, 100 MEPEBIPKH MOKIUBUX MTOMHUJIOK €KCIIEPTIB Y HHX.

OcranHi po3poOku MI'BA mnpuBenu 10 CTBOpeHHS HEHpoMepex 3 aKTHBHUMHM HEHMpOHAMH, B
AKX pealli3oBaHa IMOABIHHO-0AraTopsiiHa CTPYKTypa: HEUPOHHU 3 0araTopsiIHOI CTPYKTYPORO
00’eqHan1 y 6aratopsinHy Mepexy. Heliponamu € O6araropsiiai anroputMu. Lle nae MOxIHMBICTh
ONTUMI3yBaTH MHOXXHHY BX1IHMX TapaMeTpiB Ha KO)KHOMY PiBHI, TOKA TOYHICTH 301JTbITY€ETHCS.
TouHICTh AJTOPUTMIB MPOTHO3Y, AMPOKCHMAIli YM PO3Mi3HaBaHHA 00pa3iB MOXe OyTH Ipu
oMy CyTT€eBO 30umbmieHa [9,10,34]. B nboMy Hampsmi, 1o BigmoBigae ii Jr0CbKOI HEPBOBOI
CHUCTEMH, 3B’A3KH MDK KUIbKOMa HEWpOHAMHU HE IMOCTIHHI, a 3MIHIOIOTHCS 3QJIEKHO Bl CaMHX
HelpoHiB. Taki akTHBHI HEMPOHW MOXYTh 1] YaC CaMOOPTaHI3aI[iiHOTO MPOIECy OIIHIOBATH,
SK1 3B’s3KM TOTPIOHO MiHIMI3yBaTH, 3TiAHO 3 3aJaHOI0 IUILOBOIO (YHKIIEIO HeWpoHa. Taka
HeWpoMeperka, 10 ONMUCaHa HIDKYE, PO3MIIAAETHCS AK 3aciO IS MIABUIICHHS TOYHOCTI 3a7ad

MITYYHOTO 1HTEJIEKTY Ta Yacy yIepeKeHHs 3a JOTIOMOTOI0 PO3IMIUPEHHS 00J1acTi perpecii.

AnroputMu MI'BA MOXyTh OyTH TakoX 3aCTOCOBaHI K aJTOPUTMU MIATPUMKH TPUHHATTS
pIllIEHb Y eKCIEPTHUX cUcTeMax. BoHM Oymnu 3acTOCOBaHI HEMIOJABHO JJIs BUPIIIEHHS TPOOIeM
HOPMATHBHOTO MPOTHO3YBaHHS (3a CIIEHApIEM “SKIO-TO”) MpU BUPOOJIEHHI CIIeHapiiB 3MiH MpHU
KpPHU30BOMY CTaHI EKOHOMIKM Ta ONTHMAaJIbHOTO KepyBaHHS OararoakTOPHUMH IIOTaHO-
00ymMOBIIeHUMHU 00’€kTaMu. barato 00’€KTiB y MaKpOEKOHOMIIll, €KOJorii, BUPOOHUIITBI Ta
IHIMUX 00JIACTAX MOXYTh OYTH OIMCaHI 3 JOCTAaTHBHOIO TOYHICTIO 3a JTIOTIOMOTOI CTaTHYHHUX
anreOpaiyHuX abo PI3HUIIEBUX PIBHSHD, KI MOXYTh OyTH TpaHc(opMOBaHi y 3a1adi JIHIHHOTO
mporpamMyBaHHS 3a JIOIIOMOTOIO JiiHeapisamii HemHIHHUX dieHiB. AnroputMu MIBA
BUKOPHUCTOBYIOTBCS I OIIHKK Jedmslii  BUXITHUX 3MIHHUX BiI iX pedepeHTHHX
onTUMaNbHUX 3Ha4YeHb [7,21]. Anroputm Cnpowenozco Jlinitinoeo Ilpoepamysanus (SLP) moxe
OyTH BUKOPUCTaHMH Ui CTBOPEHHS EKCHEPTHUX KOMII IOTEPHUX pPaJHUKIB, HOPMAaTUBHOTO
MIPOTHO3YBAHHS Ta ONTHUMI3allii KEPYBaHHs ycepeIHEHUMH 3MiHHUMH. Baxknusuit mpuxiag [10]
Jla€ TPOTHO3 e€(EeKTIB EKCHEePUMEHTY. AJNTOPUTM BHpINIye JBI MpoOJIEeMHU: TiIpPaxoOBYeE
pe3yabTaTH 33JaHOTO EKCIIEPUMEHTY Ta BU3HAYa€ MapaMeTpH, sIKi MaloTh JOCSITTH HEOOX1THHUX
ONTUMAJIBHUX 3HAYCHb. TaKWM YMHOM, peaii3allis eKCIePUMEHTIB 4acTO MOKe OyTH 3aMiHEHA

KOMIT IOTEPHUMHU €KCTIEPUMEHTAMH.

SAx Oymno 3a3HadeHo, po3msIHyTI anroputMu MI'BA Oynu po3poOieHi miisg HEnmepepBHHUX
3miHHUX. Ha mpakTutii, mporte, BUOIpKa 4acTo BKJIIOYAE 3MiHHI, JUCKPETU30BaHI Ha Maje YUCIIO
piBHIB abo B3arami OiHapHi. [[7s pO3MIMPEHHS MOXIWBOCTEH aIrOpUTMIB BHKOPHUCTOBYBATH
JTMCKPETU30BaH1 un OiHApHI 3MiHHI OYB po3pobiieHnit anroput™ I apmorniunoi Peduckpemusayii
[22].

[adopmartiss mpo piBeHb aucrepcii 3aBaj; KOpUCHA JUIsi BUOOpPY aJE€KBATHOTO aJTOPUTMY Ta
CKOpPOUYCHHsI 4Yacy oOumcieHb. [Ipm Manmx gucmepcisx 3aBajy MOXYTb OYTH BUKOPHUCTaHI

HaBuaiabHI Mepexxi MI'BA, 1o 6a3ytoThCcsi Ha 3BHYafHOMY pPeTrpeciiHOMY aHalli31 3aCTOCOBYIOUH
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BHYTPIIIHIK KpuTepid. JJis 3HAYHOTO pIBHS IIyMy PEKOMEHIYIOThcs ainroputvMu MIBA 3
30BHINIHIM KPUTEPiEM. A NJI1 BUCOKOTO PIBHS IIyMy MAarOTh BUKOPHUCTOBYBATHCS aJTOPUTMU

OCC abo xoMIUIeKCyBaHHS aHAJOTIB [§].
2.5.1. KomoinaTopuuii anroputm MI'BA (COMBI)

brok-cxema anroputMmy HaBeneHa Ha puc.2. BxigHa BuOipka qaHuX siBise CO00r0 TaOJHUIIO SKa
MicTUTh N PiBHIB (TOYOK) CIIOCTEPEKEHb MHOKMHU 3 M 3MiHHUX. Bubipka moinserscsa Ha ABi
gacTuHU. [Ipubau3HO 1BI TpPETi TOYOK BIAHOCATHCS 0 HaBYAIbHOI MiABUOIpKH N4, a oaHA
TPETUHA TOYOK, IO 3ATUIIUIUCSA (TaKUM YMHOM - KOXKHA TPETS TOYKA) 3 TAKOKO K Bapialli€ro
dbopmyroTh miepeBipouny miaBuOipky Np. [lepen po30UTTAM TOUKH PaHKYIOTHCS 3a 3HAYCHHSIM
Bapiamii. HaBwambHa BuOIpKa BHKOPHCTOBYETHCS JUIsl OJEpPXKAHHSA OIIHOK KO€(DIIHECHTIB
MOJIIHOMA, a TIePEBIPOYHA MMiIBUOOPKA BUKOPHCTOBYETHCS ISl BUOOPY CTPYKTYPH ONTHMAIBHOL

MO/, JUTSl SIKOT 30BHINIHIN KPpUTEPii peryasapHOCTi AR(s) mpuiiMae HaMEHII1 3HAYCHHS.

1 X N ) )
AR(S):_Z(JH_)’I'(B)) — min (2)
Ny i
abo Kpalle 3aCTOCOBYBAaTH KpUTEpiil mepeKkpecTHOro KoHTpouto (cross-validation) PRR(s) (BiH
Oepe 1m0 yBarum BclO iHQoOpMaIlilo 3 BHOIpKM JaHWX Ta MOXe OyTH MmijpaxoBaHui Oe3

nepepaxyBaHHs MaTPUI AJIS KOXKHOI IEepeBIPOYHOT TOUKH):

N
PRR(S):NLZ[yi—yi(B)]2—>min, N,=N-1, N, =L
1

Jlis TecTyBaHHS MOl HA BIAMOBIAHICTH 3a KpUTepieM OanmaHCy BXiJgHA BHOIpKa JaHHUX
noainsgeTscsi Ha 1Bl vacTuHH. Kputepiii Bumarae BuOopy Mojeni, sfka Oyzae HalOUIbII
0JTHaKOBOIO 000x miaBuOipkax. Kpurepiit Oanancy Oyne 3HaXOAUTH €IUHY ONTUMANBHY (Pi3HUHY
MOJIENIb TUTBKU SIKIIO BXiJHAa BUOipKa 3amrymieHa. Jist oTpuMaHHs Ta1Kkoil nepeOopHoi KpUBOi
(puc. 1), sAxa 103BOJIsI€ BU3HAYUTHU MPABUIIO 3YIMUHKH NEpeOOPHOI MpOIeaypH, MOBHUM MOIIYK
NPOBOJIUTHCS HA Tpymax MoAeNed oaHakoBoi ckianHocTi. Hampukman, mepuiuii piBeHb MOXe
BUKOPUCTOBYBATH iH(OpMaLiI0 3 KOXKHOi OJHOi KOJOHKM BUOIPKM JAaHHUX TaKUM YMHOM IO

MOBHUH TOUTYK BEIETHCS CEpell BCIX MOXIIMBUX MOJIEICH BUIY:
y =aq,+ax,, i=12,...M. (3)
HeniniiiHi wieHn MOXyTh OyTH BpaxoBaHi SK HOBI BXigHI 3MiHHI y BuOipui mganux. Buxinna

3MiHHA BH3HAUYAEThCS Harepe] ekcriepuMenTaropoM. Ha HactynmHoMy piBHI nepeOuparoThest BCi

MOJIeTi BUAY:

y=aytax, +ax;,j=12,.M 4)

Mogerni OIIHIOIOTBCS Ha BIJIMOBIIHICTH 32 KPUTEPIEM 1 TaK Aajli, HOKH 3HAYECHHS KPUTEPIIO

SMCHIIYETHCA.
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Puc. 2. Kowmb6inaropauit anroputm MI'BA

1 — BubipKka aHux;

2 — psiau YCKIIaTHEHHS YaCTKOBHUX OTIHCIB;

3 — ¢hopMH YaCTKOBHX OIIHCIB;
4 — BuOip oNTUMATBLHUX MOJICTIEH;

min

Buxigaa

MOJEIb
—

5 — MoaTKOBE BU3HAYEHHS MOJIEII 3a JUCKPUMIHAIIITHUM KPUTEPIEM.

11
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Jlnst oOMexxeHHs yacy 00UrCIeHb HEMIOJaBHO OyJIO 3alpoIOHOBAHO Tij] Yac TIOBHOTO mepedopy
Mojielield paHTyBaTH 3MIHHI y BIJIMOBIIHOCTI JI0 3HA4eHb KPHUTEPIIO MICHS JESIKOTO Yacy
obuncneHp abo KiIbKOX piBHIB iteparltii. [ToTiM mporeaypa moBHOTO mepedopy MPOIOBKYETHCS
JUIsl BAOPAaHOT MHOKMHM KpPAIlUX 3MIHHHUX, TTOKA MIHIMAQJIbHE 3HAYEHHS 30BHINTHBOTO KPUTEPIIO
He Oyne 3Haiinene. lle mae MOXIIMBICTD 3a/1aBaTH 3HAYHO O1IBITY KUIBKICTh 3MIHHMX Ha BXOJII Ta

30epertu epeKTUBHI 3MIHHI MK PIBHSAMH JIJIS1 3HAXOHKCHHS ONITUMAIBHOT MOJIEII.
2.5.2. bararopsauuii Iteparusuuii anropurm (MIA)

Sx 1 y Komb6inatopuomy anroputmi MI'BA BuxinHa 3MiHHA TTOBUHHA OyTH BH3HAYCHA HaIepes
€KCIIepTOM, 1110 BIJAMOBiTa€ BUKOPUCTAHHIO TaK 3BaHUX SIBHUX IabmoHiB (puc.3). Ha koxxHOMY

psni, BUOipKa TaHWX PO3MUPIOEThCS Ha F 3MIHHMX, sKi BUpaxyBaHl 3a F kpammmu moaensMu

(puc.3).

Y baratopsmHoMy ITepaTMBHOMY anrOpuUTMI TMPABUIO ITEparlii 3aJUIIAETHCS HE3MIHHHM 3
OJIHOTO psiiy 10 HacTymHoro [16,25]. SIk moka3ano Ha Puc.3, Ha mepmomMy psiai mepeduparoThes
MOJIeNli, SKi MOKHAa OTpHMAaTH Mo iHQopMalii, sKa MICTUTbCA Yy OyAb-SKUX JBOX KOJIOHKax
3MiHHMX. Ha apyromy psiali — y 4OTHPbOX KOJOHKaX, Ha TPETbOMY — Y OYyIb-SIKHX BOCHMHU
KoJoHKax 1 T.A. IlpaBumo 3ynmuHKU Take X, Sk y KoMOiHaTopHOMY anropuTMi: ONTHMAaibHI

MOJIeJTi KO’KHOTO Psily BUOUPAIOTHCS TI0 MiHIMYMY 30BHIIIHBOT'O KPUTEPIIO.
2.5.3. Aroputm O6’ekTuBHOr0 CricreMHoro AnaJjisy (OSA)

VY nuckpeTHii MateMatuill maboHOM Ha3MBAETHCS rpad), M0 MOKa3ye, AKi 3amMi3HiIl apryMeHTH
BUKOPUCTOBYIOTBhCS Il CKJIaJaHHS YMOBHHX 1 HOpMalbHUX piBHSAHBb [ayca. Iloctymose
YCKJIQJHCHHSI CTPYKTYPH MOJIeJIeH-KaHIUaTIiB BIAMOBITAE YCKJIAJHCHHIO ITa0JIOHIB, SIBHI 1
HesBHI (opMH SKHX MoKa3aHi Ha puc.3. [Ipu BUKOpUCTaHHI HEIBHUX I1a0JIOHIB, TOYMHAIOYH 3
JIPYroro psay mnepedopy 1 naji, TOBOJAUTHCS BUPINIYBATH CUCTEMY PIBHSHB 1 OIIIHIOBATH MOJCIb
3a CHCTEMHHMM KpHTepieM. BiH sBIsie cO00I0 3ropTKY KPUTEPIiB, pO3paxoBaHy ISl PIBHSIHB, 110

CUHTE3YIOTh JIaHy CUCTEMY:

syst

1
CR,, = E\/CRf +CR?+..+CR? —> min, 5)

i€ S - KUIBKICTh PIBHSIHB Y CUCTEMI.

Cxema anroputmy OSA nokasana Ha puc.5. OCHOBHa 0COOJIMBICTh aJrOPUTMY IHOJISTAE B TOMY,
10 BUKOPUCTOBYIOTHCS HESBHI HIA0JIOHM, a ONTHUMajlbHAa MOJETbh 3HAXOAWUTHCS Y BHUIJIANI
cucteMu anreOpaiyHuX abo pi3HUIEBUX piBHSAHB. llepeBara anropuTMy nosArae B 30UIbIICHHI
qucaa perpecopiB i, OTXKe, y OLIbII MOBHOMY BHUKOPUCTaHHI iHQOpMaIii, M0 MICTUTBCA Yy
BUOIPIl JaHWX, & HEJOJNIK TOB'S3aHUI 13 30UIBIICHHAM O0CSATY OOYHCIIEHb, HEOOXITHUX IS
BUPILICHHS] CUCTEMH PIBHSHB, a TAKOXK 13 301IbIIEHHAM 00CATY mepedopy MOXKIMBUX MOJeNeii-

KaHUIaTIB.



13

HEHHEHE

Puc.3. OTpumaHHs yMOBHUX PIBHSHb y BUOIpILII JaHHUX

1 2 3 ... M
1
2
. i j X
k-3.
k-2
E
k
, 1 2 2 2
CR s = E\/CRI +CR; +..+CRy
N
i
I — | Xig) =ao Taxigntaxigz | —[CR 5
i ]
Lj Xig) =0 T aXigpt a2y |~ [CR 5
- + Clgx]'(k)‘i— a4xj(k_1)+ asXk-2) CR
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Puc. 4. Anroputm O6’extuBHOr0 Cuctemuoro Ananizy (OSA)
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Jlnst 3MeHIeHHs 00csaTy iepedopy y BUll 0OMEXKEHHS 3aCTOCOBYEThCSI TOUHOCTHUH JOTIOMDKHUMA
kputepid. Ilpm yTBOpEeHHI CHCTEM pIBHSHb, BHKIIOYAIOTHCS 3 PO3TJISAY PIBHSHHS,
II0 TTOTaHO MPOTHO3YIOTh, IS SIKUX TOYHOCTHHUH Kpumepitl éapiayii npo2Ho3y MEHIIE OTUHHIII:

Ziv(yl' _)}\i)

57 = - — — min, (6)
Zl (yl _.)7)

ne ¥, - bakTH4He 3HaUeHHs BUX1IHUH 3MIHHOI;

2

¥, - - 3HAUCHHS BUXIHOI 3MiHHOI, PO3pax0BaHe MO OLIHIOBAHI MOJIEII;

y - 1i cepeiHe 3HAUCHHS.

Lleit kpuTepiii pekOMeHAyeThCS B JiTeparypi Ui OIIHKH YCIIXy ampokcuMarii abo
nporuosysanns [16]. Tipu 67 < 0.5 - pesynbTaté MojemoBaHHs A00pi; mpu 0.5 < 5 < 0.8 -

pe3ynbTaTH MOJETIOBAHHS 3aJ0BUIBbHI; MPHU é‘f > 1.0 - MozmemroBaHHS HE BIAIOCId, MOJIENb

MPUHOCUTH JIe31H(POpMAITitO.

2.6. CamoopraHi3zayisi HerpoMepex 3 aKTUBHUMU HEeHPOHaMN

Helipomepexxki  mpu3HAYAIOTBCA s BUPIMICHHS  KOHKPETHHX  3adad  iAeHTuikarii
(ampokcumartii) 3ajekHocTel, po3mi3HaBaHHA 00pa3iB 1 CUTyaliid ab0 MPOTrHO3Y BHIIAIKOBHX
IpoIeciB 1 MOBTOPIOBAaHMX NOAINH 3a iH(poOpMali€o, MO0 MICTUTbCA y BHOIpHI JaHUX

CTIIOCTEpPEXXEHHS 00'€KTa JOCIIPKEHHS a00 KepyBaHHS.

CyuacHuli CTaH KOMIT IOTEPHUX TEXHOJIOTiH 00yMOBHMB HOBUI HAIIPSIMOK y HEHPOHHUX Mepekax,
II0 MiJBUIIYE TOYHICTh KJIACHYHUX JITOPUTMIB MOJETIOBaHHS. Taki CKJIagHI CUCTEMH MOXYTb
BUpINIYBAaTH CKJIagHI Tpobiemu. IcHye MoXnuBicTh 3acTocyBaHHs anroputmiB MI'BA sk
aKTUBHUX HEUPOHIB, Jie TPOIIeCH caMooprasizauii 100pe BUB4eHi. MaTeMaTHYHO JI0BEIEHO, 110
TUTBKH 32 IIUM METOJIOM CaMOOpraHi3alii /Ui KOPOTKHX, HETOYHHUX a00 3allyMJICHHUX JaHUX
MoXke OyTu 3HalJeHa onTHMaibHa He(pi3MyHa MOJETb, TOYHICTh SKOI BHIIE Ta CTPYKTypa
IpocTile, HDK CTPYKTypa 3BHYaiHOI MOBHOI (i3W4yHOI Mojenmi. Y HeHpoMmepexi 3 TaKUMHU
HEHpOHaMU MU OTPUMAEMO TOJBINHO-OaraTopsaHy CTPYKTYpY: caMi HEHpoHH OaraTopsamHi i
BOHM OO0 €HYIOTHCS y 3arajbHy MAaTpHII0 OaraTopsiiHuM yuHOM. AjroputmMu MIBA €
NPUKIAJaMU CKJIQJHUX aKTUBHUX HEHPOHIB TOMY, III0 BOHHM BHOMPAIOTh €(EKTHUBHI BXOIU Ta
BIZIMOBIHI KOe(ilieHTH caMOCTiiHO y mporeci camoopranizanii. [Ipobiema cTpyKkTypu 3B’ A3KiB

y HelipoMepeski BUPILIYETCSA JOCUTH MTPOCTO.

Koxxen HeWpoH sBisie COOOI0 €IeMEHTapHYy CHCTeMY, L0 BUpimlye Ty X 3aaady. O0'eqHaHHA
OUTBIIOCTI HEWPOHIB y MEpexXy Mae Ha METi IMiJBUIICHHS TOYHOCTI BHpIIICHHS 3a1avi 3a

paxyHOK OiIbIII TOBHOTO BUKOPUCTAHHS BX1AHOT iH(pOpMAaLii.

Sk 3a3Hayanocs BHWINE, Yy SIKOCTI AaKTUBHUX HEWPOHIB MOXYTh OyTH TakoXX BHUKOPHCTaHI
pI3HOMaHITHI pO3Mi3HaBaJIbHI CUCTEMH 1, 30KpeMa, ABopsAaHi nepuentponun ®. Pozenbnarra [5]

— TaKi HelpoMepei BUPIIIYIOTh 337a4y pO3i3HAaBaHHS.
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He Tinpkm anroputMu MI'BA, ane Garato IHIIWX aJrOpUTMIB MOJEIIOBAHHS MOXYTh OyTH

BUKOPHUCTAHI SIK aKTHBHI HEHPOHH. Ix TouHicTh MOKE OyTH TiBUIIIEHA JBOMA CIIOCO0AMMU:

— Ha BUXOJIl KO)KHOTO alITOpPUTMY (aKTHBHOTO HEWPOHY) T€HEPYETHCS HOBA 3MIHHA, SIKa MOJXKE

OyTH BUKOpHCTaHa K HOBUH ()aKTOp Ha HACTYITHUX PsAAaxX HEUPOMEPEKi,

— MHOXHWHa (aKkToOpiB MOXKe OyTH ONTHMI30BaHa Ha KOXKHOMY piBHI. Bci dakTopu, BKIOUa0un
HOBI 3T€HEpPOBaHI, MOXYTh OyTH paHroBaHI 3a iX €(EKTHUBHICTIO 1 HAWOUIBII e(eKTHUBHI
MOXYTh OyTH BHKOPHCTAaHI SK BXOIW MJis HACTYITHUX PSJIIB HEUPOHIB. Y 3BHYANHUX
OJTHOPSITHUX HEeHpoMepekax MHOXKHMHA BXITHUX (DaKTOpiB MOXKe OyTH BUOpaHa TUTHKUA OIWH

pas.

[Ipu camoopranizaiiii HeiipoMepexi mepedopoBi MiIITal0Th, Y MEPITy Yepry, KUIbKICTh PSIiB
HEHPOHIB 1 MHOXHHA BXITHUX 1 BHUXIIHUX 3MIHHUX KOXXHOTO HeWpoHa. MiHIMyM
JTUCKPUMIHYIOUOTO KpHUTEpil0 Tmojae iHdopmaliio mpo Te, IS SKUX 3MIHHUX JOIIHHO
noOyayBaTH HEHPOMEPEXKY 1 CKITTBKH PSAIIB HEUPOHIB BApTO BUKOPUCTOBYBATH. Y TaKHil Ccroci0
TEeopis caMmoopraHizailii HeipoMmepexeil OaraTo B 4OMy aHaJOTi4Ha Teopii camoopraHizarii

KOKHOTO aKTUBHOT'O HEHPOHa.

Taki HEeHpPOHU MaIOTh MOXJIMBICTD II1]] Yac MepeOOPHOTrO MPOIIECY OIIHIOBATH SK1 BXI1JIHI 3MIHHI
noTpiOHI, 111 MiHIMI3aIl JaHoT 00 €KTHUBHOT (PYHKIIIT HEWpPOHY. AKTUBHI HEHPOHHU TPOBOIATH
Te€HEepPYBaHHs HOBHX O3HAK 0COOJMBOTO THUITY (BUXO/IB HEHPOHIB MOMIEPEIHBOTO PIBHS) Ta BIIOIP
e(heKTUBHOI MHOXMHHM O3HaK Ta BHOIp e€peKTHBHOI MHOXHHHU (AKTOPIB HA KOXHOMY psIi
HelipoHiB. KoxxeH pin HelpoHiB aie moaioHo no GinsTpy KanmMana: BuxigHa MHOKHWHA (GaKkTOPiB
MOBTOPIOE MHOXHHY BXiIHHUX (akTopiB, ame 3 ¢QuibTpamicro 3aBaa. BuxigHi 3MiHHI
MOTIEPETHBOTO PIBHS € Ayke €(PEKTUBHUMHU JOJATKOBHMH BXITHUMH O3HAKaMH I HEHPOHIB
HacTymHOro piBHA. KiTbKiCTh HEHPOHIB Ha KO)KHOMY PiBHI JOPIBHIOE KUIBKOCT1 3MIHHUX Yy JaHIN

eKCTIepUMEHTAIIbHIN BUOIPIT JaHUX.

[Ipuknan CTpyKTypH alropuTMmy HaBeneHHH Ha puc.S. [lomupeHHs BUOIPKHM HA KOXHOMY PsIi
B1I0YBA€THCS, B OCHOBHOMY, 32 JOTIOMOTOI0 BKJIFOUEHHS 10 HEl BUXITHUX 3MIHHHUX KOXKHOTO
MONEPEIHBOTO Ay HeWpoHiB. KpiM TOTro, pEeKOMEHIYETHCS TMEpPEBIPUTH, IO 3HAYCHHIO
KPUTEPII0, PO3MIUPEHHS 32 IOTIOMOTOI0 TPOCTUX HEIHIMHHUX MEPETBOPEHB BXiAHUX 3MiHHMX. Ha
BHOIpKax TMoOKa3aHa ¢GopMa IHUCKPETHOrO Ia0JIOHY, BHKOPHUCTOBYBAHOTO [IJIi MPOTHO3Y IO
Kom6inaropHomy anroputmy MI'BA. 30kpema, npu BpaxyBaHHI JIBOX 3ami3HEHb (T=2), mepIIui

mabJIOH BIJMIOBIIa€ HACTYITHOMY ITOBHOMY PI13HUIIEBOMY PIBHSHHIO:
X (k) = a0t aiXyk-1) T a2Xok-2) T ... T AgX4k-1) T A9X4(k-2)

is HelipoMepexi BU3HAUNTD, SIK1 3 3alPONIOHOBAHUX apTyMEHTIB BapTO BPaxyBaTH 1 JTI03BOJIUTH

BU3HAYUTH OIIIHKUA KOEPIIIEHTIB 3B'SA3KY.

CnouaTky OyAyeThCs TIEPIINI Psii HEUPOHIB HEHpOMEPEKi 1, THM CaMUM, 3’ SICOBYEThCS TOYHICTh
MPOTHO3Y yCiX 3MIHHUX, HANMpUKIa], 3a JOMOMOIoI IMojiHoMmiansHOTo KombGiHaTopHOTO

anroputMmy MI'BA. I1pu 11boMy BUKOPHUCTOBYETHCS TUCKPETHUH 11a0JIOH, 1110 BPAXOBYE 3aImi3HLII
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3HAYCHHsI YCIX 3MIHHUX Ha OJWH a0o0 JBa Kpokw Hazan. [oTiM HapoOmIyeThCs IPYruil, TPETiil i
T.J. A7 HEUPOMEPEXKi, BIAMOBITHO IO PHUC.S, NOTH, MOKH 1€ MOKpAIIYE MPOTHO3 YH 3MEHIIYE

3HAYEHHsI 30BHINTHBOTO KPUTEPIIO.

3aJIe)KHICTh OCHOBHOTO KPHUTEPII0 TOYHOCTI IS 3aJaHOi 3MIHHOI Bl HOMepa psany Oymemo
Ha3WBaTH TEepeOOPHOI0 XapaKTEPUCTUKOIW Helpomepexi. Llg xapakrepuctrka momiOHa
nepebopHiii xapaktepuctuii anroputMiB MI'BA. Jlns Toro, mo0 oTpuMartu TjIaBHY U
OJTHOMOJIAJIbHY TEepeOOpPHY XapaKTEPUCTHUKY, OCTAHHS PO3PAXOBYETHCS ISl OUTBIIOCTI PAJNKIB
BUOIDKM a pe3yJbTaTH yCEPEAHIOITHCA. TeopeTHyHo 11 mepebopHa XapaKTEepPUCTHKA

JIOCJTIJDKEHA JUTsl MAaTeMaTHYHOTO OYiKyBaHHS KpHUTepiro [7].

a) COMBI b) OSA
X1X2X3X4 X]X2X3X4
k-2 k-2
SR, S
k k e
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(11| (12| [13] |14]
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L4 * ® A g \g ——@
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Puc. 5. Cxema nepmux ABOX psAAiB HEHpoMepexKi 3 aKTUBHUMHU HEHPOHAMH.
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VY 3amexHOCTI Bijl MOCTaBJIEHOI 3a7a4i 3aCTOCOBYEThCSA TOM abo iHImME mabdiaon (puc.S). Ilpu
armpokcuMarii mabJIoH HE MICTHTh 3alli3HITUX apryMEHTIB, a IPH IMPOTHO31 - BPaXOBYETHCS
KUTbKA 3aIli3HEHb. Y MEepIIOMY BHUIIAJKY YTBOPIOIOTHCS OJHOMOMEHTHI PIBHSHHSA, a B IPYTOMY -

PI3HUIIEBI.

KosxHuii psig HeipoMepeki MICTUTh HEHPOHH, BUXI1JIHI BEJIMYMHHU SKUX BIAMOBIIAIOTH KOXKHIHN 3
3aJIaHUX 3MIHHHX: TIEPIINNA HEHPOH MEpIIui 3MIHHUMA, APYruid HEUPOH - APYTidl 3MIHHINA 1 T.1.
KoxHuii cToBIElb CKJIAAa€ThCA 3 HEHMPOHIB, BUXIJHI BEIMYUHH SIKUX BIJIMOBIIAIOTH OJHIN 13
3MiHHUX. [lo 4Yep3i 3 KOXKHOI CTOBIIS BHUOMPAETHCS OJWH HEUPOH IO MIHIMYMY KPHUTEPIIO
Bapialii: 13 MEepIIoro CTOBMII HEUPOHIB, Y SKWX BHUXIJHOI BEIWYMHOIO € TIepIiia 3MiHHA,
BUOUPAETHCA HEHUPOH 13 KpallduM pPe3yJbTaToM, 13 JAPYroi CTOBMIS HEHPOHIB 13 BUXITHOIO
BEJMYMHOIO, 10 BIATOBIAAE APYTiM 3MiHHIA, - OAWMH HEWpPOH 1 T A. Takuii BUOIp OJHO3HAYHO

BHU3HAYA€E KIJTBKICTh PSIIB I KOKHOI 3MIHHOT 1, THM CaMHUM, CTPYKTYpPY HEUpOMEPEKi.

3. Ilpukaaam 3actocyBanb Hanpamy MI'BA

Kpim 3acrocyBanp komepiiiinux mnporpam MI'BA, uepe3 yHIBEpCaIbHICTh LBOTO MiAXOIY
BEJIMKE YMCIIO 3aCTOCYBaHb OyJI0 3p00JIEHO y ayKe pi3HHX oOmacTsx. bararo 3 HUX omucaHo y
yKpaiHCbKOMY KypHami ‘ABTromaTuka’ (abo y HOro MOBHOMY aMEpPHUKAHCHKOMY TIEpeKiIai
"Journal of Automation and Information Sciences"). OcHoBHi 3acTocyBanHs MI'BA Bkit04ar0Th
JIOCJIIJDKEHHS Y €KOHOMIYHHMX CHCTeMax (TpHWBEACHI BWIIE), aHAI3 Ta MPOTHO3 EKOJIOTTYHHX
cucteM (MporHo3 HAPTOBUX TMOJIB, CTOKY pIYOK, aHaJi3 CTaHy 10HOC(EpH Ta BpOXKaI0),
30BHIIIHBOTO  CEPENOBUINA, MEAUYHIN JiarHOCTHIN, JAeMorpadiyHOMYy MPOTHO3YBaHHI,
nepea0avyeHHI0 TOTOAM Ta KiIiMaTy, €KOHOMETPUYHOMY aHaji3i, ONTHMI3alii IOKa3HUKIB
BUPOOHMIITBA, TUTAHYBaHHsS (I3MYHHX EKCIEPUMEHTIB, MaTepialo3HaBCTBI, 0araTOCEHCOPHIN
00poO1i curHamiB, OararomporecopHid o0poOmi iHdopmarlii, TMOTOYHIM JIarHOCTHIII,
aKyCTUYHOMY, CEHMCMIYHOMY aHali31 Ta IMHUPOKO BUKOPHUCTOBYBAIHUCS Y BIMCHKOBHX CHCTEMax
(pamapHi, iHGpavepBOHi, aKYCTUYHI Ta CYITyTHUKOBI CHCTEMHU, CHCTEMHU HaBEJICHHS PaKET).

3.1. fJoBrocTpokoBe nporHo3yBaHHs XapaKTepHUCTUK Dip)KOBOro pPUHKY
nogsiiHo-bararopsgHnmm Hevipomepexamvun MIBA.

Bamtora, Mi>kHapoJHUI PHHOK I[IHHHX IarepiB, oneparlii Ha MepBUHHOMY Ta BTOPUHHOMY PUHKY
TParOTh 3pOCTAIOUy pOJIb JJIs 1HBECTOPIB. 3BUYAHHO BHUKOPHUCTOBYETHCS TOPT(HENTb, 10
CKIIAJIa€ThCs 3 Habopy KOHTpakTiB. [loBepHEHHS aKTHUBIB Mae OyTH CIPOTHO30BaHE Ta
KOHTPOJILOBAHE CHUCTEMOIO IPOTHO3YBAaHHS/KOHTpON0. KOHTpONb pH3MKY Yepe3 CHUCTeMY
KOHTpPOJIIO/Tiepe10aueHHsT MMOBEPHEHHS OKPEMHUX 1HBECTHIIH BCepeanHl mopTdens HarOuIbI

nmoAiOHO 3a0€3medyIoTh IeH mporiec.

Bimomo, mo ms OUIBIIOCTI €KOHOMIYHUX 3aCTOCYBaHb, T.i. KepyBaHHS ()IHAHCOBOTO PHU3HKY,
HEHPOHHI MepeXl MalTh MO3UTHUBHUM pe3ynbTaT TUlbku y 70-80%. 3a 10mOMOrorw HOBOTO
HanpsiMy, MojBiliHO-Oaratopsanuux mepex MI'BA BiH moxe Oytu mokpamienuit Ha 5-10%.
TouHICTh IPOrHO3Y AJII KOPOTKUX Ta JIyXKe 3allyMJICHHHMX JaHUX MOokpauryerbes Ha 10-50% y

MOPIBHSHHI 13 CTAaTUCTUYHUMHU METOJIaMHU Ta HEUpPOMEPEKaMH, OCOOIHMBO ISl CTOXACTHYHHUX
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nporeciB [30,31]. Ha ocHOBI m00pe MpOTHO30BaHOTO KEPyBaHHS MOKPAIIYIOTHCS PE3yJIbTaTH

MOBTOPHOT'O KEPYBAaHHS.

[Tpuknan mepenbavyeHHss akTUBHOCTI Hpro-ilopkchkoi Oipxki OyB posrisHytTH ¥y [9]. Y
HaBEJICHOMY TPUKIIAJI mepeadadanucs 7 iHaekciB O0ipskoBoro puHky (Dax, Dow Jones, F.A.Z.,
Dollar ta iH111) Ha OCHOBI CIIOCTEPEXKEHB 3a Tepioa Bijx 22 mroToro a0 14 depsHs, 1995 y pizHi
ciM mepiofiB. 3HaUEHHS 1HIEKCIB CHJIBLHO 3MIHIOBAIHCS y Iiei mepiod. Sk iHpopmaiiitHa 6aza
BUKOPHUCTOBYBAJIKCS 3alli3HEHHS N0 35 AHIB BKIIOYHO. Takok OylM BUKOPHUCTaHI HE TUIBKH
JiHIMHI 0a30B1 (QYHKIIIT 1711 ONMKCY MPOIIECiB, a TaKoX HemiHiNHI. [ToTpidHO Oyio 3MoeIoBaTH
Ta 3MPOTHO3YBATH 7 YaCOBUX PSAJIB HE OKPEMO SK PSIJIU, a K MEPEXi 3 CHIIbHUMH B3a€MOIISIMH
MDK BXIIHUMH Ta BUXITHUMH 3MIHHUMHU. TaOmuig 3 mokasye TOYHICTh MPOTHO3IB JJIA BCIX
3MIHHHX (CepeiHIo MOXHOKY y %). SIKk BUAHO, BUKOPUCTOBYIOUHM JaHi 3a 76 THIB poOoTH OipxKi
nmoOyaoBaHU MPOTHO3 Ha 35 NHIB BHEpen 3 CepeAHbOI0 MOXHOKOI Ha 10 crocTepexeHHSIX
0.760%.

Tabnuus 2. MNepioan cnoctepexeHb Ta NPOrHoasy.

Iepioan Ilepioan 710BrocTpoKoBOro Mopeanb IIporuos
CNOCTEPeKEHb MPOTHO3Y

Makc. Cepenns

Ilepiox no JuiB ITouaTox Kinenp JHiB | 3ami3HeH- nmoxuoka

HHS MAD [%]

a | bepesens, 17 18 | Bbepeszenn,20 | bepesens, 31 10 5 0.985 %
b | bepesens, 31 28 KsiTens,3 Ksitens, 18 10 10 2.055 %
c Ksitens, 18 38 Ksitens, 19 Tpasens, 3 10 15 0.809 %
d Ksitens, 28 46 Tpasens, 2 Tpasens, 15 10 20 1.642 %
e | Tpasensp, 15 56 | Tpasenn, 16 | Tpasens, 30 10 26 1.217 %
f | Tpasenn, 30 66 | Tpasenb, 31 | Yepsens,l4 10 30 1.206 %
g | Yepsens, 14 76 | Yepsens, 16 | Uepsens, 29 10 35 0.760 %

BuxopucToByoun pe3ynbTaTe TeHepallii Mojenel (Ha mepimomy psli HelpoMepeki) MOKIUBO
MIJBUIIATA TOYHICTh HAa JAPYroMy psi TeHepallii MoJenei, Je BUKOPHUCTOBYIOTHCS BHUXOIU
MOTIEPETHROTO JUIsI  TeHepamii Mojeled onTHUMaibHOI ckiamHocti. [Ipomemypa Moxke
MOBTOPIOBATUCS MTOKH MIABUITYETHCS TOYHICTh MOAeNel. Tabnuis 5 moka3zye oTpuMaHi MOXHOKH
moneneit (MAPE [%]) ta moxubky nporuozy (MAD [%]) Honapy, Dax, F.A.Z., Dow Jones Ta
CepelHl 3HAYEeHHS BCIX CEMH I1HJEKCIB OTpUMaHI Ha TPhOX pIBHAX. TaOmuisl mokasye 1o
MOBTOPHE 3aCTOCYBaHHS caMoOOpTraHizailii Mojeneld gae OiIbII TOYHY ampOKCHMAII0, IO
00yMOBITIOE Kpallli MpOrHO3HW Ha ApyromMy pssai. Ha TpeTboMy psii Mozieni nepeyckiaagHeHi, ToMy

MOXHOKa IPOTHO3Y 3POCTaE
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Table 3: baratopsgHe 3acTocyBaHHSA HenmpomMepex (moaessb f).

MAPE [%] MAD [%]
Psn 1 2 3 1 2 3
Jonap 0.68 0.51 0.11 2.32 2.17 11.67
Dax 0.35 0.24 0.10 2.20 1.24 5.21
F.A.Z. 0.22 0.23 0.03 1.54 1.27 2.32
Dow Jones 0.27 0.16 0.06 2.15 0.84 4.84
Cepeone 0.267 0.184 0.051 1.43 0.98 3.67

Jns crBopenHst Heiipomepexxk MI'BA moTpiGHO 3HAUHO MEHIIE CHJI HIX Y HEMPOHHUX Mepexax,
ne apxiTekTypa mae Oyt BHOpaHa HUIIXOM cHpoO Ta HeBaad. TiTbKM aJanTHUBHUMA CHHTE3
CTPYKTYpH HEeHpOMepeki JO3BOJISIE aBTOMATHYHY TeHEPAIil0 MOJIET ONTHMAIBbHOT CKIaTHOCTI 1
TOMY POOMTH MOXIIMBUM 3aCTOCYBaHHA Yy 00JacTax, fKi MOTpeOyiOTh MOBTOPIOBaHI uepes3
KOPOTKHI MPOMIXKOK 4acy PIilIEHHS Ta MPOTHO3M (MOHITOPHHI CKJIaJHUX CHUCTEM 3 OaraTbma

KEPOBAHUMH 3MIHHUMH).

3.2. 3acrocyBaHHSs1 caMoopraHi3ayiiHoro Moges1roBaHHs 4715
NPOrHo3yBaHHs MoprTghesis akyi.

by 3amanmii nmoprdens akuiii 7 ¢pipm (DAX, MICROSOFT, IBM, SAP, SIEMENS, VEBA,
VIAG) Ta neHHi IiHK 3aKpUTTA Ha mepioai 15 TuxHIB (6.9.1996 - 13.12.1996). 111 Bubipka He
Oyna Hamepen oOpoOsieHa Ui MOKJIMBOCTI 3aCTOCYBaHHS JIBOX AJTOPHTMIB CaMOOpraHizarii

MOJCIICH.
3.2.1. lunamivHe MPOTrHO3yBaHHSI.

OcHOBOIO I IPOTHO3Y Oy LIOJICHHI JaHi, SKi PEeNpe3eHTyBaIN LIOJCHHY CEPEIHIO BapTICTh
aKTUBY, BHpaxyBaHOro mion siTHUIi. Llg ocHoBa naHux ckiaganmacs 3 7 3MIHHMX Ta 15
crioctepekeHb. [Ipu 3amaHHI JBO-THXKHEBOI CHCTEMHOI AMHAMIKK JJIs BCiX 7 3MIHHHX Oyla
ABTOMATUYHO CTBOPIOETHCS CUCTeMa JIHIHHUX piBHAHB (20 BXimHWX/7 BUXITHUX 3MiHHHX). [1in
Yyac MOJETIOBAaHHS BUOIpKa HESBHO Ta JMHAMIYHO NITMTHCS Ha Pi3HI HaBYAIBHI Ta MEepeBIpOYHI
niABUOIPKY JJIi YHUKHEHHS NepeyckiagHeHHs mozaeneil. Otpumani Moneni Oyiau BUKOPUCTaHI
JUIS TIPOTHO3Y CEPeAHbOTO HACTYMHOrO THKHA. Komu OyB y HassBHOCTI MOBHUM MacUB AiMCHUX
JAHUX TPOTHO30BAHOTO THJKHSA, OyB pO3paxoBaHE CEpeiHE A NIHCHUX TH)KHEBUX NaHHUX Ta
BUpaxyBaHa BiJIOBiHA MoxuOKa mporHo3y. Hapemri, Takox Oyiau CTBOPEHI MOJENI TaKUM e
YUHOM $IK ONKCAHO BUINE BKJIIOYAIOYM TaKOXX HOBUIl BEKTOp CIIOCTEpekeHb. Taka oOpoOka
noBToproBanacs 12 pasis (16.12.96-7.03.97) peanizoByrouu i JUHAMIYHE MOJCIIOBAHHS i OJTHO-

THKHEBe nepenbaueHHs. [Iporuo3ni noxuOku nokaszani y tadmui 1.



Tabnuus 4. Noxmbka nporHo3y [%] npu AMHaMiYHOMY NPOrHO3yBaHHI

TvokHi DAX MS IBM SAP  SIEME  VEBA  VIAG %Em St Dev.
NS
20.12.1996 0,27 0,44 1,68 9,56 3,16 0,79 1,45 248 327
27.12.1996 0,03 1,09 1,57 1,13 0,04 0,43 2,38 095 0,66
3.1.1997 0,78 1,58 517 5,24 0,57 2,51 1,25 244 1,99
10.1.1997 0,84 2,82 5,46 5,54 5,05 2,79 3,92 377 1,74
17.1.1997 2,08 6,26 5,18 5,02 3,72 3,78 7,75 4,83 1,85
24.1.1997 0,28 10,54 1,66 3,88 4,67 4,13 1,39 379 339
31.1.1997 1,99 1,86 4,74 3,86 1,63 3,55 2,48 287 1,18
7.2.1997 2,34 4,87 0,99 6,35 3,94 0,83 3,16 321 202
14.2.1997 2,38 5,15 3,51 12,91 2,16 2,99 541 493 374
21.2.1997 1,37 3,69 4,69 3,63 6,16 1,06 0,30 299 2,14
28.2.1997 0,09 6,13 3,45 5,62 1,23 2,76 6,47 3,68 249
7.3.1997 1,23 2,79 0,94 5,69 0,81 1,70 4,39 2571 1,89
%Ermr 1,14 394 325 570 276 228 336 3,21 1,42
StDev. 091 3,03 1,80 333 1,99 1,39 224 1,18

3.2.2. IIporno3s 3a yomomoromw aaropurmy KommiexkcyBanus Anasoris.
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Jns Tiel x BUOIpKH ISl IPOTHO31B OyB 3acTocoBaHuii anroputM KomruiekcyBaHHsS AHalOTiB.

Yepes Te 110 1el aAropuT™ MoTpedye AOBIIMX YaCOBHUX PsIIiB ICHHI IIIHHU 3aKPUTTS OYJIM TaKOX

TYT BUKOpHUCTaHi. KoMIekcyBaHHs AHaJIOTiB OyJI0 3aCTOCOBaHE OJHOYACHO JJIS BCiX 3MIHHUX

JUIs BinOOpy HalO1IbII MONIOHNX 00pa3iB NaHUX, iX MPOTHO3M OYyJIM aBTOMAaTUYHO 3KOMOIHOBaHi

BukopuctoByroun MI'BA. Takum unHOM, KOXeH mopTdens OyB CIpOrHO30BaHUI Ha 5 NHIB

BIIEpPE]I, TIOCHIJOBHO PO3TJISIAl0YH BCl IMOCTYIAI0Y1 IIACHI LIHU 3aKPUTTS JUIS TOUIYKY 00pasiB.

3HOBY, IMHAMIYHE MMPOTHO3YBaHHA 0YJI0 BUKOPHCTAHE IS S-ICHHOTO OKPEMOTO IPOTHO3Y.

Tabnuuga 5. MNMoxmbka nporHody [%] npu KomnnekcyBaHHi AHarnoris

(D DAX MS IBM SAP  SIEMENS  VEBA VIAG BEm StDev.
20.12.1996 1,75 4,03 1,02 0,56 2,25 3,74 3,96 47 145
27.12.1996 0,74 3,67 6,31 5,54 1,18 0,64 1,50 280 237

3.1.1997 0,93 0,14 1,81 9,98 3,17 1,19 0,09 247 348
10.1.1997 0,95 0,01 7,51 14,00 3,80 3,89 5,68 512 4,69
17.1.1997 0,90 0,23 3,34 9,86 2,86 1,72 7,18 373 353
24.1.1997 0,15 6,14 0,21 4,47 1,47 3,08 0,15 224 239
31.1.1997 0,71 1,33 2,19 0,08 0,66 2,09 4,15 1,60 1,36
7.2.1997 2,35 0,83 1,21 10,25 5,56 0,43 7,55 4,03 382
14.2.1997 1,74 4,08 2,83 5,84 2,11 1,81 2,48 299 1,49
21.2.1997 0,34 8,74 3,60 3,84 4,61 2,35 0,44 342 287
28.2.1997 1,07 5,20 0,05 4,47 1,54 1,72 477 269 207
7.3.1997 2,22 1,61 3,86 4,56 0,75 0,25 3,36 237 1,62

%Em 1,15 3,00 283 6,12 250 1,91 344 299 1,57
StDev. 0,69 294 233 451 1,55 1,20 283 1,02
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Jlnst OpiBHSIHHS Ta 4epe3 OCOOJIMBOCTI CHHTE3y Oylio po3paxoBaHE IMOTHIKHEBE CEpeHE Ha
OCHOBI M0 JACHHUX TmepeadadeHb. Tabmuid 2 moKasye MOXHOKHM TPOTHO3YBaHHS MU
KowmmekcyBanni Ananori, a Tabnuis 3 mokasye pe3yiabTaTtu cCuHTe3y (cepenne) J[nnaMmigHoro
nporHo3yBaHHs Ta KomruiekcyBaHHS aHanoriB. BaJIMBUM TOKpamlaHHS € 3MEHIICHHS SK

MPOIICHTHOI MOXUOKH TaK 1 TOXUOKHM CTaHAAPTHOTO BIIXUJICHHS ISl pe3y/IbTaTiB CUHTE3Y.

Tabnuuga 6. Moxmbka nporHo3dy [%] nicns cnHTesy

WEEK DAX MS IBM SAPVZ. SIEMEN VEBA VIAG %Ermr StDev.
S

20.12.1996 1,01 2,24 1,35 4,50 2,70 2,26 1,26 219 1,20
27.12.1996 0,38 2,38 2,37 2,20 0,61 0,54 1,94 1,49 093
3.1.1997 0,08 0,86 3,49 2,37 1,87 1,85 0,58 1,59 1,17
10.1.1997 0,89 1,41 6,48 9,77 4,42 3,34 4,80 445 3,05
17.1.1997 1,49 3,24 4,26 7,44 3,29 2,75 147 428 232
24.1.1997 0,21 8,34 0,93 0,29 3,07 3,61 0,62 244 294
31.1.1997 1,35 1,60 3,47 1,89 0,49 2,82 0,84 1,78 1,06
7.2.1997 2,35 2,02 0,11 8,30 4,75 0,63 5,36 336 292
14.2.1997 2,06 4,62 3,17 3,53 0,03 2,40 1,47 247 1,49
21.2.1997 0,85 6,21 0,54 3,74 5,39 0,64 0,07 249 257
28.2.1997 0,49 5,67 1,75 5,05 0,16 2,24 5,62 299 240
7.3.1997 1,72 0,59 1,46 513 0,03 0,98 3,88 1,97 1,85
%Erm 1,07 326 245 452 223 2,01 282 262 1,08

StDev. 076 240 1,96 310 1,88 1,14 251 1,05

TakuMm 4MHOM, TIOKa3aHe BUPILICHHS MPOTHO3HOTO KEePyBaHHSA MOPT(ETbHOI TOProBOi CHCTEMH.
Jlsis OTpUMaHHS TOYHUX MPOTHO31B OyJIM 3aCTOCOBAHI JIBAa AJITOPUTMHU CaMOOpraHizauii Mozenei
JUTSL IGHHUX Ta TW)KHEBHX JaHUX HJs JUHAMIYHOTO MojentoBaHHsA. OkpeMo Oynu OIliHEHI
pe3ynbTaTH Ha MHOXHI CHHTE30BaHHMX IMPOrHO3iB. [lokazaHo, 110 CHHTE30BaHI pe3yabTaTd B
cepeiHbOMY OiIbII TOYHI Ta OuIbII cTami. Takoxk, caMmoopraHizalliiiHe MOJIeTIOBaHHA MOXe OyTH

BXJIUBUM IS MOJICITIOBAHHS JJ1s1 0OOpOOKH PO3ZMUTUX TOPTOBUX CUTHAIIB.

3.3. llporHo3yBaHHS1 MOKa3HUKIB YKpaiHCbKOI MaKpOeKoOHOMIKU

OcHOBOIO AJIs1 MPOTHO3Y OyNu NaHi BUKIaAeHi y [35] Ta odiniiitni nani Mincrary Ykpainu. s
noOyZ0BU TPOHO3YIOUMX MOJENed BUKOPHUCTOBYBAJIUCH PiduHI Ta KBapTalbHI 3HA4YeHHA §2
MaKpOEKOHOMIYHUX Ta JeMorpadidHuX MOKa3HUKIB 3 1992 poky siki MOTIM MaTH BIUIMB Ha
nocmimkyBai Qakropu. Ilim wac poboTu Oynu aBTOMATUYHO BUIICHI MHOXHWHH HaWOUIBII

e(eKTUBHUX 3MIHHUX, SKI BIUTMBAIOTh HA MPOLIEC.
3.3.1. IIpukiag AOBrocTpOKOBOIo0 MOKPOKOBOro nporuosy BBII

3actocoByloun onucanuii Buile Kom6inaropuuii asroputm MI'BA 6yB oTpumanuii
MMOKPOKOBUI MPOTHO3 g peanmbHoro BBII Ha kinenb 1997 BukopucroByiouu gaHi /10
1996 poxky. [lmag xoxsoro ksBaprany 1997 poky Oyam TOCTIZOBHO pO3paxoBaHi
MPOTHO3YI0Yi MOjiesi, SKi BUKOPUCTOBYBAJIM 3Hal/IeHI NMPOTHO3HI JaHi /i TOOYI0BU

HOBUX gaHuX. Takok OyJ0 MPOBEIEHO ONTUMI3aIliio KiJbKOCTi 3ali3HIOUYNX apTyMEHTIB
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Ta TPOBEIEHO PO3MIUPEHHS BXiAHOT BUOIPKM HeJiHIHHUMU DYHKIIAMU 3MiHHUX /IS
MiHimMi3amii moxu6km mporrody. Takmm umuoM, 3 82 3MmiHHUX A peanbHoro BBII

6y aBTOMATUYHO BW/IiJIeHi HACTYTHI Hal6iabI eeKTUBHI 3MiHHI:

x1 - Peanmpumii BBII (inmexc 1990=100);

X9 - 3pocTaHHs rpoIoBoi 6asu y % Bix BBII,

X3 - AYKIIIOHHUIT Kypc B cepeanbomy 3a nepiog (rpu. /$);

x4 - Hedbnstop BBII (1990=1);

X5 - BasioBa mpoayKIisi cisibebKorocmnogapchbkoro supoouuirsa (MiH.$);
Xg - IHjexc cepeauboi npogykrusHocti mpami (1992=100);

X7 - Bespo6itHi (Tuc.4ou.);

Xg - Yactka 6e3po6iTHUX Bij 3arajabHOi po6ouoi cuim (%);

Xg - Ingexc onroBux uin (odiniitauii, 1990=1);

X0 - I'pommosi goxoau nacenenss (MJIH.TPH.);

X1 - Kpeauropcbka 3a6oprosaticts, Bijo6paskena Ha Gajancax (MJIH.TPH.);
X1o - IMIopT 3arasbHuii 3a JaHUMU IJIaTiKHOTO Gastancy (MJIH.I0JI.).

Ak KBajpaTU4Hi 3MiHHi:

X3 - BaJioBa mpozyKiis CiIbChbKOrocnoaapcbkoro supoouunrsa (Man.$);
X14 - IHIeKC TpOMUCIOBOT TOAYKILIT;

X15 - Bignomenusa nin y mpomuciaosocti o ICIT (1990=100);

X16 - 3MiHA YaCTKU 3apILiaTh y 3arajbHuX goxogax, (%);

X7 - HacTKa 3a01aKeHb Y 3araJbHOMY I'pOHIOBOMY Joxo#i. (%);

X(g - MakTuunuii Koedinuent pesepsysanus, (%);

X19 - Peambuuii roriBrkoBuii o6Minnuii kype (rpu. /$, 06.1992=100);

Xa0 - HapomxyBanicts Hacenenss (Ha 10000 goi.).
OTtpuMaHa IpOrHO3yr04Ya MOAEIIb!
Yk = 1.083 + 1.859X1(k_1) - 1.682X6(k_1)— 1.035X20(k_1) + 0.429X1(k_2) + 0.295X1(k_3)+ 0.424X13(k_3)

(3HauenHs kputepito CR=0.00024, xBagpatmuna moxubka MSE= 0.13, kputepiii Bapiarmii
npono3y 6=0.162);

[TocnioBHO 3acTOCOBaHA 10 KBapTaJbHUX IaHUX IPOTHO3YIOYAa MOJENb MOXe OYyTH TaKoX
noOyJ0BaHa Ha PIYHHMX JaHUX Ta MOOYIOBaHI MPOTHO3M HA KiJIbKAa POKIB BIIEpe] JUIs 1HIIMX

MOKa3HUKIB. ABTOpU BUCIOBIIOIOTH MosKy neHpy UEPLAC 3a nanaHi gaHi.
3.3.2. JIOBrocTpoKOBHi MPOrHO3 MapOeKOHOMIYHHX NapaMeTpiB.

BukopucroBytoun piuni gani 10 1996 noOynoBaHo NMPOrHO3YIOUY MOJENb JUIsL 3MIHH PEabHOTO

BBII na nouarok 1997 poky:
Yk = -0.304 - 0.455X24(k_1) - 0.660X57(k_1) + 0.606X77(k_1) + 0~522X78(k-1) - 0.051X79(k_1)
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BukopucToByroun Bei HasiBHI JJaH1 OTPUMAHO ISl MPOTHO3Y 3MiHU peasibHoro BBII Ha kinernp

1997 poky oTpuMaHO MOJIEIb

yk =0.753 - 0.210X11(k_1) - O.740X22(k_1) + O.764X32(k_1) +0.1 13X41(k_1) + 0.474X44(k_1) +
+0.285x770.1)  (MSE=5.7¢"; CR=6.8¢"'%)

Hns wmei, 3mina peansHoro BBII ma xinens 1997 poky cranoButh -0.3 % (10 BiAMOBIAHOTO

Mepioly MUHYJIOTO POKY, HAKOITUYEHA)
Jlnst mporHo3y piBHS peadbHUX JO0XO0/IB Ha KiHelb 1997 poKy oTpUMaHO MOJEIb
vk =-0.216 - 0.375x300-1) T 0.208x33-1) + 0.3 18X49(k-1) T 0.177X540-1) - 0.117X57(1-1)
(MSE=9.7¢"'%; CR=3.1¢™%

Otpumano 1m0 peaybHi goxoau OyayTh ckiagatu 31.17 (mapa.moct pyomiB 1990 p.), 3miHa 10
nonepeaHboro 1997 poky +2.94%.

3.3.3. OnTumizanisi ynpap/iiHHS eKOHOMIKOI0 Ta HOPMATHBHeE NPOTrHO3YBaHHS
noJiapa y nepioa Ilepcbkoi HadpTOBOI KpU3HU
VY pob6ori [7] BupimeHno npobieMy omtumizamii ympasiiaHsS MakpoekoHoMiku CIIA y mepion
ITepcrkoi kpu3u. 3a crieHapieM “SKIIO-TO” 3HANACHO SKe KepyBaHHS Ta sKi 3MIHU y IapaMeTpax
MaioTh OyTH BUKOHaHI JJisl IPUBEAEHHS Kypcy Jlojlapa JI0 MONEpeIHbOro PiBHs. 3aCTOCYBaHHS
anroputMmy Cropomennoro JliniitHoro IlporpamyBanHs 3 3actocyBaHHsM Hanpsmy MI'BA mae

J00p1 MePCIEKTHRBY TIPH TOCTIPKEHHI MAaKPOCKOHOMIKH Y KpaiHH.
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