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Y ctaTTi 06IpyHTOBAHO BUOIp HEHPOHHHUX Mepex fIK iHCTPYMEHTY
OLIiHKHM BIJIMBY (GaKTOpIiB 30BHILIHBOrO Cepe/OBHUIIA, NPeACTaBIEHO
MeTOJUKY HeHpOMepe)KeBOro MOJeNI0BaHHA [/I1 BUPIilleHHA pi3HO-
MaHITHUX 33/a4 y cdepi ynpaBJiHHS NiJNIPUEMCTBOM i po3po6seHO
MoJieJib HeMpOHHOI Mepexi OLiHKU BIJIMBY GaKTOpiB 30BHILIHBOIO
cepeZloBHILiA HA YCIIIHICTb TOCTAaBOK NPOAYKILil.

Knio4oBi cioBa. ModestosaHHs, HelipoHHA Mepedtcd, 308HIWHE cepedo-
suuje, nocmaska npooyKuyii.

B craTbe 060CHOBaH BbIOOP HEHPOHHBIX CeTel KaK MHCTPYMEHTa
OLleHKH BJIMSHUSA (aKTOPOB BHEIIHeH cpefpl, peAcTaB/JeHa MeTO-
JIMKa HelpoceTeBOr'0 MOJIEJIMPOBAHUSA AJIS1 PelleHHs pa3HOO6Pa3HbIX
3a7a4 B cdepe ynpasseHUs NpPeANpPUATHEM U pa3paboTaHa MoJesb
HeHpOHHOM CeTH OLeHKU BJHSIHUS GAaKTOPOB BHeIIHEN cpefibl HA Y C-
MEeLIHOCTb HOCTABOK MPOAYKIIUH.

KiroueBble cioBa. ModeauposaHue, HelpOHHAsL cemb, BHEWH SIS cpe-
da, nocmagka npodyKyuu.

The choice of neural networks as tool of an estimation of environment
factors influence is proved in article. The neural network technique of
modeling for making decisions on various problems in sphere of
operation of business is presented and the model of a neutron net-
work for estimation of environment factors influence on delivering of
production success is developed.

Keywords. Modeling, neural network, environment, production delivery.

Bceryn

PI3HOMAHITHICTE 1 HECTAOUILHICTE YMOB 30BHIHBOTO CEPEIOBH-
1A MINPHEMCTBA 00YMOBIIIOE 00’ €KTHBHY HEOOXIIHICTh CBO€YACHON,
MIBUJIKOT peakiii CUCTeMU YIpPaBIiHHA Ha 3MiHU 3 MIHIMAILHUMH BU-
Tparamu. /[ mbOTO KEPIBHUITBO IMMOBUHHO HE CTUILKH MaTH y CBOE€-
My PO3MOPsKEHHI iHpopMallifo mpo (HakTopu 30BHINIHEOTO CEpeo-
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BUIIA, CKUIbKM iX KUIBKICHY/SIKICHY OIIHKY Ta BMITH BH3HAYUTH iX
CIUTbHUN BIUIMB HAa OCHOBHI OTIEpalliifHi IPOLECH.

[MpoGlemaMy OIIHKK BIUIMBY 30BHIMIHBOTO CEPENOBHUINA HA ITiIT-
pUEMCTBO 3aiiMaimcsi Taki BueHi, sk: [. Ancodpd [1—2], B. Apxinos
[3], x. benna [4], C. I1. bosioToB [5], A. Boponkosa [6], A. IL. I'pa-
nos [7], IL Hxenctep [8], A. Ctpuxiienn ta A. Tommcon [9], J. Xa-
cci [10], JI. T. Ilemaea [11], T'. HIretinep [12—13] Ta iH. Aje meski
BO)XJIMBI MUTAHHA TP [OMY 3QJHINHIACS HEPO3TIIHYTUMH, SK TO:
3QJIEKHICTh CKJIJAY MHOXHHH (DaKTOPIB 30BHINIHBOTO CEpeIOBHIIA
Bil CYTHOCTI JIOCJII)KyBaHOTO MOKa3HHMKA, BIICYTHICTh YHIBEpCaJIbHO-
IO CKOHOMIKO-MAaTeMaTH4HOIrO HCTPYMCHTApII0 KOPEryBaHHS 3Ha4CH-
Hsl JOCIPKYBAHMX IOKA3HHMKIB i3 ypaxyBaHHSIM MHOXHHH (akTopis
30BHIIIHLOTO CEPEIOBHIIA TOIIO. AKTYalbHICTh O3HAYCHHUX MUTAHb i
HEOOXITHICTh MPOBEIACHHS MOAAIBIIMX JOCIIIHKEHb 3YMOBHIH BHOIp
TEMHU Ta METH JTOCIIKEHHSI.

IlocTaHOBKA 3aBAaHHA

Mertoto cTaTTi € po3poOKa METOJNOJOTIUHUX 3acaj] 1 MPaKTUYHUX
peKoMeHIaliii 13 3a0e3MeUeHHs OIHKU BIUIMBY 30BHINIHBOTO CEPENo-
BUIIA HAa JIUTHHICTH MANPUEMCTBA HA TIATPYHTI Teopii HEHpOHHHX
Mepex. [ bOTO MOCTaBIEHO Taki 3aBIaHHsS: OOTPYHTyBaTd BUOIp
HEWPOHHUX MEPEX SIK IHCTPYMEHTY OIIHKH BIUIMBY (DaKTOpPiB 30BHILL-
HBOTO CEPEAOBHINA; C(HOPMYBATH METOAMKY HEHPOMEpPEKEBOro MO-
JEITIOBAHHS ISl BUPINICHHS PI3HOMAHITHUX 33134 y cdepi ynpasJiiH-
HS TIIIPUEMCTBOM; BHU3HAUYUTH (PAKTOPH 30BHIIIHBOT'O CEPEIOBUINA,
SIKi BIUIMBAIOTh HA YCHINIHICTh MTOCTAaBOK TMPOJYKILi; pO3pOOHUTH MO-
Jlenb HeMPOHHOT MepeXi OIHKH BIUIMBY (akTOpiB 30BHIIIHHOTO Ce-
pEIOBHIA HA YCIIIIHICTh MOCTAaBOK MPOAYKIL Ta MpoBecTH ii ampo-
Gartio.

PesysibTaTH

VY cydacHHX yMOBax €KOHOMIKM YKpaiHH Bce OUIBIN CKIIaTHUMH,
PIBHOMAaHITHUMHU Ta PI3HOCHPSIMOBAHUMH CTalOTh (DIHAHCOBI, €KOHO-
MIYHI, COLUQIbHI, TEXHIYHI, OpraHi3auiiiHi 3B’si3ku. [Ipuckoproerses
TEMII CYCHUILHO-TIOJITHYHHX MPOLECB, 30UIBIIYIOTECS 00CSTH HPOP-
Mmanii. 3a Takux yMOB (byHKmoHyBaHHﬂ HiATNPUEMCTB XapaKTepH3y-
€TbCSI HECTAOUIBHICTIO LUIeH, 0OYMOBIICHOIO HECTAOUIBHICTIO TOIUTY
Ta NMPOMNO3HULIT, MIHIMBICTIO LIIH Ha TOBapH Ta (akropu BI/IpO6HI/IIITBa
3MiHaMH B KOHKYPEHTHOMY CEpPEIOBHIII Ta IHIIMMH MakKpo- i MIKpo-
eKOHOMIYHUMH JIECTA0UTBYIOUNMH YHHHUKAMH.
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Bhacminok Takoi cuTyarii mocrae HuW3Ka 3a1ad, IMOB’sA3aHUX 3 He-
OOXIiIHICTIO HAJAIITYBaHHS CHUCTEM YIPABIIHHS MiANPHEMCTB Ha HOBI
YMOBH TOCIOJIAPIOBAHHS, 30KpEMa: po3p061<a cTpareriic po3BUTKY 1 (yHK-
LIOHYBaHH;! MANPUEMCTB; NEPEXil HA HOBI, OUIbLI epEeKTUBHI METOHM
1 3aco0M ympaBIiHHS HLZ[HpI/IeMCTBaMI/I MOHITOPHHI' CTaHy CErMeHTa
PUHKY HANPHEMCTBA Ta HOTO CTPYKTYpPHHX IIIPO3AUIB 3 ONEpaTHB-
HUM pearyBaHHSM Ha 3MiHH; OIepyBaHH CTPIMKO 3pOCTAalOYUMH 0 0-
csramu 1H(1)opMauu o6p061<a il B peanbHOMYy MaciTabi yacy; atecra-
Lis, MArOTOBKA i NEPEMiAroTOBKa MEPCOHANTY A0 POOOTH B HOBHX
YMOBax Ta iH.

Ilpu 1poMy e(peKTHUBHICT YNPABIIHHA IMiIMPUEMCTBOM 3abe3me-
YyeThCS 3a PaxXyHOK /il Ta BIUIMBY YMOB ()YHKIIOHYBaHHS MiIIIPUEM-
CTBa, II0 B 3araJJbHOMY BHIAJKy CKJIAIAIOTHCA 3 MIAMHOXXUHH 30B-
HIHIX YMOB ()YHKUIOHYBaHHsl, IHINIOBAaHMX 30BHILIHIM CEpPeLOBH-
meM, 1 MIMHOKMHHM BHYTPIIIHIX YMOB (DyHKLIOHYBaHHS, c(opmoBa-
HUX BHYTpIHIM cepenoBuiieM (puc. 1).

MaremMaTiHyHO CTPYKTypa MHOXXHHH yMOB (DyHKI[IOHYBaHHS MO/ a-
€THCS TAKUM YUHOM:

wt) =WEmw'm}, )

ne W (t) — 3aranbHa MHOKMHA YMOB (DYHKLIOHYBaHHS MiIPHUEMCTBA,;

W & (t) — miIMHOKHHA 30BHIHIX yMOB (DyHKIIOHYBAHHS;

W' (t) — miIMHOXHHA BHYTPIHIX yMOB ()YHKI[IOHYBaHHS.

BHyTpimHe cepemoBHINE MANPUEMCTBA € JDKEPEIOM aKyMYIIO-
BaHHS MOTO pPECYpCHHUX, (PIHAHCOBMX, TEXHIYHUX, KaJPOBUX MO K-
JMUBOCTEH 1 BUKOPUCTOBYEThCA SIK 3aci0 e(EeKTHBHOTO pearyBaHHS
Ha BIUIMBH 30BHINIHHOTO ceperoBuma. lle mae MOXIMBICTH mimm-
PHUEMCTBY ananToBaHO (YHKIIOHYBaTH TPOTITOM TIIEBHOTO MPOMi-
KKY 4Yacy.

[limMHOXWHA BHYTPIMIHIX YMOB (DYHKIIIOHYBaHHS Ma€ HACTYIHY
CTPYKTYpY:

W' (t) = {R(t), M (1), A1)}, @)

ne R(t) — MHOXMHA mapameTpiB BUPOOHUYO-TEXHOJIOTIUHUX 1 pecyp-
CHUX MOXJIUBOCTEH IMiINPHEMCTBA;

M(t) — MapKeTHHIrOBi MOKJIMBOCTI;

A(t) — pesepsu.
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AHaJi3 30BHINIHLOTO CEPEOBHUINA € THCTPYMEHTOM, 3a JOTIOMO-
TOI0 SAKOTO KEPIBHUKH BIACTEXKYIOTh 30BHILIHI CTOCOBHO MiANIPUEMCT-
Ba (pakTOpU 3 METOI0 BU3HAUEHHS MOTEHIIHMX HeOe3IeK i1 cBoeyac-
HOTO BUKOPUCTAHHS HOBUX MOYJIMBOCTEN. BUBUEHHS 30BHIIHBOTO Ce-
pENoBHUIIA TAKOXK JI03BOJISIE€ KEPIBHUITBY BYACHO MPOTHO3YBATH IO s-
By PMHKOBHX 3arpo3, IO BTUIIOIOTHCS y TEBHI mpobiemu abo mpoo-
JIEMHI CUTYyaIlil, TIrOTyBaTH CHTYaIliiHi IJJaHW Ha BHITaJ0K BHHHUK-
HEHHsI Herepen0adeHnx 00CTaBHH, PO3POOUTH CTPATErito, IO JT03BO-
JHUTH JOCSTTH MOCTABJIEHOI METH Ta IMEPETBOPHUTH MOTEHIIiIHI 3arp0O3u
Y MOXJIMBI BUTOJIU.

VY 3B’S3Ky 3 THUM, IO PI3HOMaHITHI MPOOJIEMH IMPOSBISIIOTHCS B
piBHUX cdepax 30BHINMHBOTO OTOYCHHS, 1X JOCHIIKEHHS J03BOJISIE
o/iep KaTH OUTbII TNOBHY iH(popMaIliro npo TeHJICHIII PO3BHTKY 30BHIII-
HBOTO CEpeNOBUINA MANPUEMCTBA, SKi Mepe0yBaloTh y cTaail popmy-
BaHHS.

30BHIIIHE CepeI0BHUIIIE MANPUEMCTBA TOLUIHLHO PEACTABUTH SIK CY -
KYIHICTh JIBOX CAaMOCTIHHHX IICUCTEM: MaKpocepeaoBHIna (cepeno-
BUIIIE HENPSMOTO BIUIMBY) Ta MIKpOCEPEIOBHIIE (CEpeaOBHILE IIp si-
MOTO BIUMBY) (puc. 1).

.K [Mpoxykuist \

3eMia

- Buyrtpimne | Hocayru
Tpynosi pecypeu CEPENOBHILE
NiANPUEMCTBA | JlomaTKoBa MPOXYKIIis

Kamitan
Tudopwmanis Indopmanis ¥
k Mikpocepedosuwje nionpuemcmesa J

Makpocepedosuwe nionpucvicmea

Puc. 1. MHO)1Ha yMOB (DyHKIIIOHYBaHHS MiIMPHEMCTBA

CepeznoBuile HENPsIMOTO BIUIMBY CTBOPIOE 3arajibHi yMOBH (yHK-
IIOHYBaHHS MIINPUEMCTBA Ta, K NPAaBWIO, HE Ma€ CIEHU(PIIHOTO
XapaKkTepy CTOCOBHO OKPEMO pO3TJITHYTOro minmpueMcTBa. OJHaK,
CHJIa 30BHINIHIX 30ypeHh MaKpOCEPEIOBMINA HAa PI3HI MAIPHUEMCTBA
MOJKE€ ICTOTHO PO3PI3HATHUCS, IIO TMOB’s3aHE 3 PO3XO/KECHHAMHU SIK Y
cdepax MIIIBHOCTI CHCTEM, TaK i B IXHbOMY BHYTPIIHBOMY IIOTCH-
IiaJti.
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CtpyKTypa MakpocepeIoBHIa MiIIPUEMCTBA MICTHTh y C001 eKo-
HOMIYHY, IPaBOBY, MHOJITHYHY, COLIAIbHY, TEXHOJOTIYHY CKJIaJOBL
[IpoTte B niTepaTypHUX JKepenax MPEeACTaBICHO OUIbII y3araibHIOIO-
YMid 1 JETAT30BAaHUM OIKC MaKpOCEpEAOBHINA MIANPUEMCTBA, IO
I'PYHTYETHCSI Ha TaKUX TilIOTE3ax:

1. Bci cKJIaJIoBI MakpoCEpeIoBHINA IMIMPUEMCTBA TIEpeOyBaIOTh
y CTaHi B3aemojii, TOOTO 3MiHM B OJHOMY 3 KOMIIOHEHTIB 000-
B’S3KOBO TPHUBOMATH O 3MiHH B IHIIMX KOMIIOHEHTaX MakKpocep e-
nosuia. Tomy iX aHami3 NMOBUHEH NMPOBOIUTUCS KOMIUIEKCHO 3 Bi-
JCTSKEHHSM KOHKPETHHX 3MIH B OKPEMHX CKJIAJO0BHX Makpocepe-
JOBUIIA Ta OIIHKOK 1X BIUIMBY Ha iHOI  KOMIIOHEHTH
MaKpOoCepe0BHUIIA.

2. Cuiia 30ypIol0YMX BIUIMBIB OKPEMHX CKJIAQJIOBUX MaKpOCepeno-
BUIIIA Ha Pi3HI MANpUEMCTBA pi3HA. 30KpeMa, CTYIIHb BIUIUBY MPOS B-
JISIETBCS TO-PI3HOMY 3aJICKHO Bl pO3MIpPY MATIPHEMCTBA, HOTO Taiy-
3€BOi Ta TEPUTOPIATLHOT IPUHAISKHOCTI Tomo. CaMe 3 1Ii€i MpUIHHH
NpY aHai31i MaKpOCepeIOBUIIA BUKOPUCTOBYEThCS HOro roMmoMopdHa
MOJIEb 13 BUAUICHHSM TUIBKM THX TapaMeTpiB, SKi CYTTE€BO BILUIMBA-
I0Th Ha MATPUEMCTBO Ta MOXYTh OYTH 3 OUTBIIIOI0 200 MEHIIOI TOY-
HICTIO BUMIPSHI.

OO0’enHaBIIM BHILIEBKa3aHi KiacH}ikalii po3poOseHO CTPYKTypy
MaKpOCepe0BHUINA MIPUEMCTBA, IO UTFOCTPYETHCS HA PUC. 2.

BuBueHHs cepenoBuia NpsSMOTO BIUIMBY IMIIIPHEMCTBA OPIEHTO-
BaHE Ha CKJIAJOBI 30BHIIIHHOTO CEPEIOBHIIA, 3 SKUMH MiIIPUEMCTBO
nepeOyBae B O6e3mocepeHiid B3a€MOIil, 0 MOKe OYTH MpeICcTaBICHO
y BUTJISIAI KOMIUIEKCY B3A€EMO3AJICKHUAX MACUCTEM: MOKYIIIIB, MMOCTa-
YaIIbHUKIB, KOHKYPEHTIB 1 PHHKY p000Y01 CHH.

AHami3 TOKYIIIB SK KOMIIOHEHTH MIKpOCEPEIOBHINA, B IICPIIY
4epry, Mae CBOIM 3aBHaHHSAM (OPMYBaHHS NMPOQIUIO THX, XTO KY-
My€e TPOAYKIUIO MANPUEMCTBA. BHUBYEHHS MOKYIIIB O3BOJSIE Ke-
PIBHHUITBY MIBHIMTH PO3YMIHHS TOTO, sIKa MPOIYKINS B Haii-
OupIiid Mipi Oyae cupuiiMaTHCs HOKYMIIMH, Ha SIKHA 00csr mpo-
JNaKIB MOKHA DPO3PaxOBYBaTH, HACKUIBKM MO’KHA PO3LIMPUTU KOJIO
MOTEHIIHUX TOKYMLIB, IO OYIKye TMPOAYKT y MailOyTHbOMY,
TOIIO.

AHani3 1ocTavyaJlbHUKIB CIPSMOBAHWKM Ha BHSBJICHHS THX CyO0’ €K-
TIB TOCIOAApIOBaHHs, IO 3a0e3neyars MiJIPUEMCTBO CHUPOBHUHOIO,
HamiBpaOpuKaraMu, €HepreTHYHUMH, iHQopMamiiHuMHu Ta (iHaH-
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COBUMH peCypcamH, Bil SKHX 3aJeXHUTh €()EeKTHBHICTb pOOOTH Mif-

MIPUEMCTBA, COOIBApPTICTh 1 AKICTH BUPOOJICHOT HUM TPOMTYKIIIl.
clabKKMX 1 CHJIIBHMX CTOPIH KOHKYPEHTIB JJii TOT0, MO0 Ha Immimcrta-

e B CTpaTeriyHOMY VIPaBIiHHI Ta CIHPSMOBAaHE HAa BHSIBJICHHS
Bl pe3yibTaTiB aHaI3y (OpMyBaTH CTpaTerito KOHKYpPEHTHOI 00-
pOTHOU.

HEWMPO-HEYITKI TEXHOJIOTIi MO/IEJIIOBAHHS B EKOHOMILY

Puc. 2. CrpykrypacepenoBuiia
HENPSMOTO BIUIMBY Ha MIIIPUEMCTBO
124




OuiHka BJIMBY GaKTOPiB 30BHILIHBOr 0 CEpeJOBUIIA... 0. B. T'onosens

AwHaji3 puHKY po00Y01 CHIIM CIIPSIMOBAHUH HA BUSBIICHHS HOTO 10 -
TEHIIHHNX MOJKJIMBOCTEH y 3a0e3leueHH] MAIpueEMCTBA HEOOXITHU-
MU Kajpamu. BUBUCHHS pUHKY pOOOUOI CHIM MOBUHHE 3/1HCHIOBATH-
sl K 3 IOIJSLY HAsBHOCTI Ha HbOMY KaipiB HEOOXIAHOI creLass-
HOCTI ¥ KBamiikaui, piBHS OCBITH, BIKY, TaK 1 3 HOIVIALY BapTOCTI
po060YOI CHIIN.

Ilpu upoMy Cilif 3a3HaYMTH, 1O MIANPUEMCTBO MOXKE BIUIMBATH HA
XapakTep 1 3MICT B3aEMOJIl 31 CBOIM MIKpPOCEPEIOBHUILEM, TUM CaMUM
aKTUBHO Oepyuyd y4yacTb y (hopMyBaHHI JOJATKOBUX MOMIMBOCTEH 1
3ano0iraroyy NosBi 3arpo3 i mpooiem.

Merton, sIKUii BUKOPUCTOBYIOTh JIJIsl TIATHOCTHUKHU CEPEIOBHIIA TIp sI-
MOTO BIUIMBY MiINPUEMCTBA, MPUHHIATO Ha3UBATU YIPABIIHCHKUM 00-
CTOKEHHsSM. BiH 3acHOBaHHMI Ha KOMIUIGKCHOMY JOCJIDKEHHI pi3-
HUX (YHKIIOHATbHUX 30H 1, 3&JIEKHO Bil IMOCTABICHOTO 3aBIaHHSA,
MOXe OyTH mpocTM abo Outebmn ckimagHuM. OOCTEKEHHS 3a3BHYail
MOJISiTa€ Y BUBYCHHI I SATH (YHKIIIOHATLHUX 30H: MAPKETHHT, bi-
HaHCHU Ta OOJIK, BUPOOHHIITBO, MEPCOHAN, OpraHi3aliiiHa KylbTypa,
IMIIDK MIIIPUEMCTBA. Y3arajJbHEHUM BIUIMB (DakTOpIB MPSMOro Ta
HETIPSIMOTO CEPEIOBHIIA Ha MINMPUEMCTBO TPEACTABICHO Ha puC. 3.

o 3aco0iB, 1m0 33663Heqy10TL e(eKTUBHY PEaKIlilo Ha 3MIHU 30B-
HIIIHBOTO CEPEelOBHIIA, BIIHOCATH TaKy CHCTCMY YNPaBIIHCHKUX 3a-
XOJUiB, SIKY BIPOBA/UKYIOTh Ha MIINPHEMCTBI:

— aHaJIi3 30BHIIIHHOTO CEPEOBHIIIA;

— CBO€YAaCHE BUSBJIEHHS TOTpe0 1 3amMTIB MOTEHIIHHUX TIO-
KYTILIB;

— aHaJIi3 eKOHOMIYHOI KOH IOHKTYpU PHHKY TOBapiB 1 TOCIYT;

— po3poOka Ta pearnizaiis KOHKYPEHTOCIIPOMOXHHX i/l B 001a-
CTi TEXHOJIOTI Ta opraHi3ailii BUpOOHHUIITBA TOBAPIB 1 MOCIYT;

— 3a0e3MnedeHHs] He3UIeKHOCTI MAMPUEMCTBA Bill 3MIHM KOH FOHK-
Typd PUHKY TOBapiB i Mochyr, (pakTopiB BHPOOHHUIITBA 32 PaxyHOK
30BHIIIHBOT THYYKOCTI;

— MIATPUMKA KOHKYPEHTHOTO PIBHA.

TakuM 4MHOM, PI3HOMAHITHICTh T4 HEBU3HAYEHICTH YMOB 30BHIII-
HBOTO Ta BHYTPIIIHROTO CEPEIOBHII OOYMOBIIOE 00’ €EKTUBHY HEOO-
XIIHICTb CBO€YACHOI, MIBHAKOI PEAKIii CHCTEMH YIPABIIHHS II{Ip U-
€MCTBA HAa 3MIHM 3 MiHIMaIbHUMH BUTparamu. [l 0poro Kepis-
HUITBO MOBHHHO HE CTUIbKM MaTH y CBOEMY PO3NOPsKEHHI iHhOp-
MAILi0 PO (AKTOPH 30BHIMHBOTO CEPEIOBHUINA, CKUIbKA iX KUIbKiC-
HC/SIKICHE BHMIDIOBAHHS Ta BMITH OUIHWTH X CHUIHMIT BIUIMB HA OC-
HOBHI OTIepaIliiiHi IpoIecH.
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H

IITINOHOXA 9 BHHYLOIA O W [LI0Ir OHXAL IMLIhAH-0dYd
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PizHOMaHITHMI TIpOSB (haKTOPIB 30BHIMIHHOTO CEpPEIOBHINA MiAIl-
pHEMCTBA MOJKE BUSIBISITUCH SK BapilOBaHHS TOCTaBOK PECYpCIB IO
BITHOIICHHIO JI0 TuIaHy (abo I[OFOBipHI/IX yMOB 13 MmocTayalbHUKaAMU
Ta peani3aropamu), 3MiHa MIHIMAIBHOTO pIBHs 3apoOiTHOI IUIaTH,
CTaBOK IIOJATKIB, IOSBA HOBHX KOHKYPCHTIB Ha PHHKY, ynoz[o6aHH;1
cnokuBaviB Tomo. OnHaK CyMapHO OIIHWTH BIUIMB LIUX Ta 0aratbox
HIIMX YWHHHUKIB € CKJIQIHWM 3aBJaHHSIM, TPYAHOII y BHUKOHAHHI
SIKOTO TOB’ 13aHi 13 TAKUMH NPUYHHAMH:

— BIUTMBOM (aKTOPIB 30BHIIIHLOTO CEPEOBHUINA HA BCi MPOIECU
MIIPHUEMCTBA;

— HEpIBHO3HAYHICTIO NMPOSBY BIUMBY (DaKTOPIiB 30BHIMIHBOTO Ce-
penoBuIIa;

— BU3HAYQJIHHUM BIUTMBOM PE3YJbTYIOUHMX TOKA3HHKIB JISUTHHO C-
Ti MiIIpHUEMCTBA Ha HAOIp €EMEHTIB MHOXXHHH (DAKTOPIB 30BHIIIHEO-
r'0 CepelOBUIIA;

— BIICYTHICTIO YHIBEPCAILHOTO EKOHOMIKO-MaTeMaTHYHOTO iH-
CTPYMEHTApiI0 OIIHKH CWIIy BIUIMBY (haKTOPIB 30BHIIIHHOTO CEpelo-
BUIIA.

B ocranne nmecsaTupiuys A BHPIMICHHS CKJIAQJIHUAX 3aBIaHb y TY-
MaHiTapHiii cdepi, COIioNoTi, eKOHOMIIll TOIIO AKTHBHO BHKOPUCTO-
BYIOTb HCHPOHHI Mepexi. PesyinbTaTd 3acTOCyBaHHS HCHPOHHUX Me-
pex y piBHHX cepax ASIBHOCTI T03BOJSIOTE BUAUATH Taki X me-
peBary NOPIBHAHO 3 TPAAULIHUMYE MAaTeMaTHYHUMH METOLAMHU:

— mapanenidsm 00poOku iHopmani — rI00ATBHICTh 3B’ SA3KIB
MDK HeHpOHaMH (0 HaBYaHHS 3B’ S3KHM MDK HEMPOHAMU TOBUIBbHI, ajie
HAaBYaHHS Ha TPUKIANaX (GOpMye CTPYKTYPY MEpEexi Iill KOHKpETHE
3aBJIaHHSA );

— HasBHICTh €IMHOTO Ta €()eKTHBHOTO NMPUHIWITY HAaBUYaHHS HEl-
poMepek — MIHIMI3aIlis eMITIPUYHOT TOMUIIKH METOJIOM i1 3BOPOTHO-
ro MOUMPEHHS MO Mepexi (330BHI 3a/a€ThCS JIMIIE MeTa HaBYaHHS,
T00TO croci0 BH3HAYEHHS MOMMJIKH HAa BHXOJIaX MEPEXKi; aii Mepexa
MOCTYNOBO MOJU(IKye CBOIO KOH(Irypaiio, MIHIMI3YyIOUHM HOMMUJIKY,
BCE Kpallle CIPaBJIAIOUNCH 3 MOKIJACHUM Ha HEl 3aBJaHHIM);

— 3JIaTHICTh HABYATUCS HA MPHKIAJax B THUX BHIAJKaX, KOJIU He-
BYIOM1 3aKOHOMIPHOCTI PO3BUTKY CHUTYyaIlii MPU HEBU3HAUCHIA 3aJeXK-
HOCTI MDK BXI{THUMH Ta BHXI{THUMH JaHUMH, a TaKOXK y BHUIAJKaX He-
MOBHOT, HETOYHOI Ta BHYTPIIHEO CYINEPEWIMBOI BXiIHOT iHOpMaIlii;

— BHCOKa MBHU/KICTh HABYAHHS Ta OTPUMAaHHS PillICHHS;

— HaIIHICT, (YHKIIOHYBaHHS (HAJMIPHICTD 3B’S3KIiB PHBOIHUTH
JI0 TOTO, IO 3HAYEHHS KOXHOI Barm OKPEeMO HE Tpae BUPIMAIHHOL
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POJIi; BUKIIFOUEHHSI 0OMEXKEHOro 4uciia HeWpoHiB a00 0OpUB OKpeMHX
3B’S3KIB HE IO3HAYAETHCSA KPUTUYHHUM YHHOM Ha SKOCTI poOOTH
Mepexi);

— MOXJIMBICTh 3HAXOJWUTH ONTUMAIBHI JJI1 TIEBHOTO iHCTPYMEHTa
napameTrpu Ta OyayBaTH aJEKBAaTHY JJIS 3aJaHOi MHOXKHHU BXITHHX
JAHUX MOJeNb. bimble Toro, HeipoMepexeBi MOJENI 3aTHI aganty-
BaTUCh 1 3MIHIOBATUCH BIANOBITHO A0 CHUTYAIlil, 110 0COOIMBO BAXKITH-
BO B YMOBax HECTaOUTbHOT €KOHOMIUHOT CUTYAIIIl;

— 3JIaTHICTh BUPINIyBaTH HeGOpMali3oBaHi 3aBJaHHS (HEHpoMme-
pexa 37aTHa CaMOCTINHO BI/IpOGHSITI/I JyXKe CKIJIaJHI alropUTMH 00-
poOKH jraHuX, (popManByBam SKi B OUTHIIOCTI BUIAJIKIB €KCIEPTH B
NPEIMETHI 00JIAaCTI CaMOCTIHO He MOXKYTb);

— BIIHOCHA JICUIEBU3HA HEUPOMEPEIKEBUX PO3POOOK;

— HepenporpaMOBachb

Jlo HemoJiKIB HEHPOHHMX MEpeX MOYKHA BITHECTH 1X NMPHUXOBAHUI
xapakTep (YHKIIOHYBaHHS.

Ha1716ij1},111y e(EeKTUBHICTh Yy MOJICTIOBAHHI EKOHOMIKM HEWpOHHI
MepeXi TIOKa3ali B TaKUX cepax: aHa.m3 CII0XKHMBYOTO PUHKY, IPO K-
TYBAaHHs Ta ONTHUMI3aUi MEPEX 3B’A3KY, IPOrHO3YBaHHs 3MIH OipiKo-
BUX IHIEKCIB, yNpaBIHHS I[IHAMH Ta BUPOOHHUIITBOM, JOCIIIKEHHS
(akTOpiB MOMHUTY, OIIHKA MaiiHa, aHAJI3 CTPAXOBUX PU3UKIB, JIATHOC-
THKa (HIHAHCOBOTO CTaHy Ta ﬁMOBipHOCTi OaHKpYTCTBa, aHA3 00’ €K-
TIB IHBECTYBaHHS, OLIHKA CKOHOMIMHOI Oe3neku Tomwo. Cruparodncs
Ha JI0BE/ICHY C(EeKTHBHICTh JIaHOTO IHCTPYMEHTApit0 NPH BHPILICHHI
6araTb0X eKOHOMIYHUX 3aBJaHb MPONOHYEMO OMIHKY BIUIIBY (akTo-
pIB 30BHIIIHBEOTO CepeoBHINa Ha TISTBHICTD MIMPUEMCTBA IPOBO M-
TH 13 3aCTOCYBAHHSIM HEHPOHHUX MEpeK.

[porec HelipoMepexeBOro MOJETIOBAHHS JJIsI BUPIMIEHHS PIi3HO-
MaHITHUX 3a/1a4 YIpaBIiHHSA Ha MTANPUEMCTBI MOYKHA TPEICTABHTH
TaKUM YHHOM:

1. Yirka nmoctaHOBKa 3aBAaHHs, sika cToiTh nepen OIIP, ta dop-
MYJIIOBaHHS 3ajadi, Ky OpHU oMy Tpeba po3B’si3aTu.

2. ®opMyBaHHS MHOKHHH ITOKA3HHKIB.

2.1. Buznauennst kputepiiB kopucHocti iHpopmanii 1 OIIP. Ce-
pea BUMOT JI0 JJaHMX MOYHA BHJIUTMTH TaKi: TOYHICTh iH(OpMaIlii, Bi-
JIIOBIIHICTE IO HNOCTABJEHOI 3a7a4i, JOCTAaTHICTb, CTUCIICTE, 110 BHOTA
iH(popMaIrii.

2.2. ®opmyBaHHs Ha0OpYy MOKA3HMKIB 1 MacHBY iX 3Ha4eHb, SKi
XapakTepu3ylTh CTaH 1 JMHAMIKY 3MIHU 30BHIIIHROTO Ta BHYTPIII-
HBOTO CEPEIOBUILL.
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2.3. Tonepenns 06poOKa AaHUX 3 METOIO 1X amamnTarliii 10 yMOB 3a-
Jagi.

3. HeiipomepesxeBe MOETIOBaHHS.

3.1. Bu3HaueHHsT €KOHOMIYHOT CYTHOCTI BXiTHHMX 1 BUXIIHUX 3MiH-
HUX HEUPOHHOT MEpexi.

3.2. ®opmyBaHHs 0a3u aIbTEPHATUBHUX MOJEICH HEHPOHHUX Me-
pex. Bupimirors Taki iX BHM: TePCENTPOHH, JUHIAHI Mepexi, pajia-
NbHO-0a3KCHI Mepexi, camoopraniBauiiini kaptu Koxonena, mepexi
Enmana, mepexi Xondinia Ta iH.

3.3. ®opMyBaHHS apXITEKTypu HEHPOHHHMX MEpEX, IMiJ YUM PO3Y-
MIIOTh BIJOMOCTI TpPO CTPYKTYypHI €IEeMEHTH MepexXi Ta B3ae-
MO3B’SI3KM MDK HUMH, TOOTO IH(OPMALIIO IPO: YKCIIO WapiB B Mepe-
Ki; KUIbKICTh HEHpOHIB Y KOKHOMY mapi; HasBHICTH 200 B],ZlcyTHICTL
3CyBIB; BHJ (YHKL aKTHBaLii B KOXKHOMY IIapi; _Xapaktep 3’ €HAHHSI
mapiB Mk co0or0 (MpsSAMHA 3B’ 30K, 3BOPOTHUH 3B’ 530K, 3 JIHIIMU
3aTpuMKd abo Ge3 Hux). Ha upomy erari Takox NPOBOJMTHCS iHILlia-
n13au1;1 HEHPOHHOT MEpEexi, TOOTO 3aAIOTHCS MOYATKOBI 3HAYCHHS
Bar 3B’43KiB, BUJ 1 HapaMeTpu (QyHKIIN aKTUBALlii Ta 3CyBU y CyMaTo-
pax HEHpPOHIB.

3.4. TlinroToBKa JaHUX — KOJIYBaHHS Ta MEPETBOPEHHS BIINOBII-
HOTO MAacuBYy MOKa3HHKIB. Ilin KoayBaHHAM pO3yMI€ThCSl TpOLEC Te-
PETBOPEHHS NEPBUHHMX JNaHUX JIO BUIY, 3PYYHOTO JUI HABYAHHS Me-
PeXi; NePETBOPCHHS — MAHIIlyJIIOBAHHS NIEPBUHHUMH JaHUMH abo iX
KOJOBaHMUMH €KBiBaJieHTaMu. HaliOUibIl BayKIMBUMH 3aBIaHHAMH, SIKi
HEOOXITHO BUPINIUTH HA JJAHOMY €Talli €:

— xiacudikaisi TUMY JIaHuX (JUCKPETHI, HElepepBHi, KaTeropi-
aNbHi);

— BUJQJCHHS «BHUKHIIB», TOOTO 3HAYEHB, IO 3HAXOASATHCS A,
HDK 3a7jaHe YUCJIO CTaHAAPTHHUX BIIXWJIEHb BiJ CEpelHbOro (3a Kpu-
Tepi copTyBaHHS 4acTo OepyTh 3HaYEHHS 2,5);

— 3HWKEHHSA PO3MIPHOCTI, TOOTO 3MEHINCHHS KUIHKOCTI BXOJIB
1 BUXOJIIB MEpEXi, 10 JO3BOJIIE BUKOPHUCTOBYBATH MEHIILY KUTBKICTb
JaHUX, 3a0e3meuyroun HpI/II/IHSITHI/II/I piBeHb CKJIa,Z[HOCTl mepeski (oc-
HOBHAMM METOJaMM peaniBauii € aHaii3 KOBaplaI_III/IHOI MaTpu-
11, aHaji3 eHTPOMii, METoIU aHaT3y i€papxiii 1 TOJIOBHUX KOMIIO-
HEHT);

— INKaJTyBaHHS JaHWX, KOJM BXIiAHI JaHi MEPETBOPIOIOTHCA Bij-
MOBIIHO JI0 Jliana3oHy BUXTHMX 3Ha4YeHb (PyHKIN akTHBaIli HEHpo-
HIB BUXITHOTO mmapy (OCHOBI METOAM — JIiHIHE, HETIHIAHE, «M SKEe»
(softmax) mkayyBaHHs).
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3.5. HanamryBanHs HEHpOHHOI Mepexi — Le mpouec mindopy
(migroHku) mapamerpiB (Bar i 3MillleHb) MaTeMaTUYHOI MOJENI T0CTi-
JUKYBAHOTO TIPOTIECY, IO PEABYETHCS HEHPOHHOKO MEPEKEI0 TaKuM
YUHOM, 11100 Ha OCHOBI BXIHOTO BEKTOpa 13 3aJlaHMM CTYIEHEM TOY-
HOCTI OTPUMYBABCSI PO3PaXyHOK Pe3yJAbTYIOUOi 3MIHHOI. 31iHCHIOETh-
CsA 3a JOTIOMOTOIO CICIIaIbHUX ITOPUTMIB HABYAHHS 13 BUHUTENIEM
(3BOPOTHOTO MOIIMPEHHSI OMMWIIKH, TpaBmia Xe00a, nenbpTa-IpaBua,
y3aralbHEHOTO JebTa-TPaBWiia, KOHKYPEHTHOTO Ta CTOXaCTHYHOTO
HaBYaHHs, TEHETUYHHX aNrOpuTMIiB TOmmIo). HaBuanHs 0e3 BuUWTENA
3aCTOCOBYETHCS JJII TOLIYKY B3a€EMO3AIEKHOCTEH y BEKTOpax BXif-
HHX JaHHUX, KOJX a00 He BiIOMI 3HAYEHHs BUXIAHOI 3MIHHOIT, a00 BOHA
B3araji He iCHye (3a TaKUM MPHUHIMIIOM, 30KpeMa, 3JIHCHIOEThCS Kila-
cTepu3alis JOCIIKYBaHUX 00’ €KTIB Yy HEHPOHHHX Mepexax, IIo ca-
MOOPTaHBBYIOTHCS).

Hocute BaxkmBuM 1t HaBuanHs IIIHM e nuranHs npo Te, Ha-
CKUIbKM TIOTY)KHOIO Mae OyTH HaBYalbHa MHOXHWHA. BigmorimHo 10
OJIHOTO 3 E€BPUCTHYHHX IPABHJI KUIbKICTh HAaBUATbHUX BEKTOPIB (TIpH
HaBYaHHI 6e3 BUMTEI), Iap BEKTOPIB (an/I HABYaHHI 3 BYUUTEIIEM) 110~
BHHHO Oyt B 10 pasis Guiblie yncna 38°s3KkiB y Mepexi. [Ipn nupomy
Tpeba BpaxOBYBAaTH CKIAHICTh PO3B’SA3yBaHOI 3ajadi: SKIIO Bimo0-
paKEHHA BXII-BHUXI[ TIMOTETHYHO JiHiiHE (HEMIHIHE), TO TOTYX-
HICTh HABYAILHOT MHOXXHUHHU MO OyTH MEHIO0 (OUTLIIOI0).

3.6. IlpoBeneHHs YMUCIOBHX EKCIEPUMEHTIB Ta OLIHKA €()eKTHB-
HOCTI HAJAIITYBaHHS HEHPOHHHUX MEpEX IULIXOM IepeBIpKH MOJei
Ha TOYHICTP BUKOHAHHS IMOCTaBJICHO1 3a1avi. JlJisl IbOro BUKOPHUCTO-
BYIOTh KpHUTEpii SKOCTI HaBYaHHS/(DYHKI MOMUIOK (Cyma KBaapaTiB
BUIXWJIEHb, CEepeIHbOKBaJpaTuyHa MOXMOKa, KOMOIHOBaHa MOXMOKa,
cepenHs a0CONMOTHA TTOXHOKa).

3.7. Bubip xoHirypaiii HeHpOHHOI Mepexi, sika JIO3BOJNUTh Hal-
OUTBIII YCHIITHO PO3B’s3yBaTH MOCTABJICHY 3aaudy.

4. Po3B’s30K TOCTaBIEHOI 3ajadi Ta TEXHIKO-€KOHOMIYHA iHTep-
npeTaisis OTPUMaHUX Pe3yJIbTaTiB.

5. Po3poOka ympaBmiHCBKHX PEKOMEHJalii i3 OTpUMaHuUX B pe-
3yJbTaTi MOJAETIOBAHHS PO3B’SA3KIB 1 PillICHb.

[ToOynoBy Ta aHaniz Mojenell HEMPOHHUX MEPEX NOUUIbHO 3.iiic-
HIOBAaTH 32 JIOIIOMOTOI0 CYYacHHUX IIaKeTiB MpOoTpam, SIKi peai3yioTh
BitmoBigHI TexHosorii. Cepen HMX MOXKHa BuaumMTH Taki: Neuro
offlce NeuroSolution, NeuroShell, STATISTICA Neural Networks ta
HII Z[JI;I OLIHKA BIUIMBY (akTopiB 30BHIIHEOTO CEPELOBHIIA Ha
onepaLuHHy TISUTBHICTh MIAMPHEMCTBA HEOOXITHO MPOBECTH KOHCT-
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PYIOBaHHS HEMPOHHUX MEPEX 1 JOCIIKEHHS 1X e(eKTUBHOCTI B O1-
HOMY 13 3a3HaYeHHMX BHWIIE NpOTpaMHUX makeTiB. Ha mouarkoBo-
My eTami BCTaHOBJIOETHCS MHOKMHA BXITHMX 1 BUXIIHUX 3MIHHHX
(puc. 4).

BuxifHO0 3MIHHOIO @ HEHpOHHOI Mepexi (BIIMOBIIHO 10 pHC. 4)
MOJKYTh BUCTYIATH Taki MOKa3HUKU: pO3Mip MPUOYTKY Bii Omnepariii-
HO1 IIi}IJIBHOCTi BeIMYMHA 30MTKIB, 00CsT BI/Ip06HI/IIITBa HpO,HYKHﬁ
cepeni BUTDATH Marepiailis Ha BI/IpOGHI/ILITBO NpOAyKLi, BiITyCKHA
LiHa NPOAYKLi, AMOBIPHICTE 5e330MTKOBOI JisIbHOCTI, eheKTHBHICTD
pekiaMu, o0csr momuTy Ta 0araTo IHIMX KOHOMIYHHUX ITOKA3HHKIB
OTIepAIIiifHOT JISITBHOCTI

:

M

"~

LRI A R R

~

515

Puc. 4. opmanpHa cxema ITYYHOT HEHPOHHOI MEpeKi
JUTS OIIHKHY BILTUBY (DaKTOPIB 30BHITHHOTO CEPEIOBHIIA
Ha ollepaliiHy ASUTBHICTS MIIITPUEMCTBA
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Bubip kiHIIEBOTO NMOKa3HHKa/BUXIIHOT 3MIHHOI HEMPOHHOT Mepexi
00ymoBIIO€ Hablp BXITHUX 3MIHHMX. TOMY y3araJbHEHO iX MO’KHa
MPEICTABUTH TaK:

P :{ } p=15 — MHOXHHA (aKTOPIB NPSIMOIr0 BIUIMBY 30BHIII-
HBOTO CEPE/IOBHING, [I¢ HIDKHIA IHACKC p = | XapakTepusye BIUIMB
q)aKToplB HINIHOBAaHUN TOCTAadYaTbHUKAMH, p = 2 — TpOQCIUTKaMH,
p = 3 — cnoxuBayamu, p = 4 — KOHKYpPEHTaMH, p = 5 — neprkaBHH-
MU opraHaMn'

Py, P = =15, Jp =1J, J, — MHOXMHA (AKTOPIB MPAMOTO BILIMBY 30B-

HIIIHHOTO cepez[om/lma HAWHIKYOTO PIBHA i€papxXii;

J, — KUIbKiCTh (haKTOPiB IPSIMOTO BIUIMBY 30BHIlIHBOTO CEPENO-
BUIIIA HAWHWKYOTO PIBHA iepapxii y p-iii Tpymi (HakTopiB BEpXHHOTO
piBHS,

K= {Kk } k=15 — MHOkWHHa (HaKTOPIB HEMPSIMOTO BIJIMBY 30BHIIII-
HBOTO CEPEIOBUINA, JIe HIKHIM iHaeke K = 1 xapakrepu3sye BIUHB (ak-
TOPIB, HINIHOBAHUH MDKHAPOJHHMH MOIIIMU, K = 2 — 3MIHOIO CTaHy
E€KOHOMIKH, K = 3 — COIliabHO-KyIbTYpHHUM PO3BUTKOM, K= 4 — 1101~
THYHAMH 00cTaBHHAaMH, K = 5 — HayKOBO-TEXHIYHUM IIPOTPECOM;

Ky -k =15,i, =11, — MHOXHHA HaKTOPIB HENPSMOTO BILIMBY 30B-

HIIIHBOTO CEPEAOBHIIA HAWHIKYOTO PIBHS iepapxii;

I, — KUIbKICTh (DaKTOPIB HEMPSMOTO BIUIMBY 30BHIIIHBOTO CEpeNo-
BUII[A HANHIKYOTO piBHS iepapxil y K-iii rpymi ¢akTtopiB BepXHBOTO
pIBHS;

Z,,1 =110 — mty4yHi HEHPOHH TEPIIOTO HIAPY;

S — mTy4HHi HEWPOH BHUXITHOTO IIApy MEPEKi.

Hanpukiaz, SIKIO a IHTEPIPETYEThCS SIK MMOBIPHICTH «BAAnoi»
NOCTABKU NPOAYKLi (B MOBHOMY 00Cs3i TOYHO B CTPOK), TO Halip
BXIIHUX 3MIHHUX IOJA€THCS TaK:

P = f(Pll, Ps, Pl3) ne P11 — 1iHa Ha MOCTaBKy 3amMyacTdH IS
TPaHCMOPTHUX 3ac00iB; P12 — HiHa Ha HaQTOMPOAYKTH; P13 — CTpO-
K{ TIOCTaBOK HCOGX]}IHI/IX PO3XITHUX MarepiaiB 1 TOHOBJICHHS OCHO-
BHHX 3aC00iB BUPOOHUIITBA;

P, = f(P,, Pzz), ne P»1 — 3apo0iTHa M1aTHs 00CIyrOBYHOUYOTO Tep-
coHaiy; P» — yMOBHU Ipailj;

P, = f(Py,Py, Py, Py ), e Pa1 — Bug i rabapuTi BaHTaxy; Pz —
CTPOKH TOCTaBOK BaHTaXy MOKYMISM; P33 — BIICTaHb 1 CKIQIHICTh
MapmpyTy; P34 — TONUT Ha MPOIYKIIiFO;
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P,=f (P41, P, P43), ne Ps — mOmUT Ha MPOIYKII0 KOHKYPEHTIB;
P2 — KOHKYPEHTOCTIPOMOKHICTb IIIIPUEMCTBA; P43 — LIIHYM HA aHa-
JIOTTYHUN BHJI IPOJYKITii Y KOHKYPEHTIB;

P, = f(P5l, P52), ne Ps; — OpPCTKICTh MUTHOTO 3aKOHOJABCTBA;, Ps; —
MOJATKOBE HABAHTAXKECHHS Ha JaHWN BHJ| OTICPAITili;

K, = f(Kll, Klz), K11 — mbkHapoaHa mojitndHa cutyauist; K —
HernepeadadeHi MbKHAPOTHI 10T ;

K, = f(Ky, Ky, Ky), me K21 — 3Mina piBas uin; K — Temnu iH-
¢mamii; K23 — 3pocTtanHs GakTHUHOT 3ap00OiTHOT TUIATH;

K, = f(Ky,Ks,), me K31 — ocobucTi sxocti npamiBaukis; Kz —
JIOPOHI YMOBH.

Crin 3a3HaYMTH, MO KOXKEH SKICHUHA (haKTOp OIIHIOBABCS T'PYIIOIO
eKCIIePTIB MIANPUEMCTBA 3a I ATHOAILHOIO IIKaIo, n¢ 1 — crmadka
CHJIa BIUTURY, 2 — TOMIpHA CWJIA BIUTUBY, 3 — CEPEHS CWIA BILTUBY,
4 — BenuKa Cuia BIUIMBY, 5 — JyX€E BEJIMKA CUJIA BILTUBY.

ExcriepuMeHTaIbHe JOCIHKCHHS a[IeKBaTHOCTI M00OY10BaHOT HEH-
poMepekeBoi Mojeni 3iilicHioBaioch Ha ctatuctuili BAT «IIpob6io-
tak». Ha ocHoBi nanux 3a 100 ocTaHHIX NEpeBE3CHb LBOTO AT U-
€MCTBa PO3PaxoOByBaJlaCh WMOBIPHICTh BAANOi MOCTaBKH. [Ipu mbomy
BCTaHOBJICHO, 110 3a JaHUMU IOTIEPEHIX TMepeBe3eHb PE3yIbTaTH MO-
CTaBOK MOKHA KiIacH(DIKyBaTH HACTYIMHHM YHHOM:. JOCTaBKa paHille
CTPOKY B TIOBHOMY 00CS3i, JIOCTaBKa y CTPOK Y IIOBHOMY 00Cs3i, 10 C-
TaBKa 13 3ali3HEHHAM y IIOBHOMY 00Cs3i, JOCTaBKa B CTPOK Y HEIO B-
HOMY 00Cs31 Ta JI0CTaBKa 13 3almi3HEHHSIM Yy HermoBHOMY o0cs3i. Vmo-
BipHICTH BAanmoi mocTaBku mpoavkiii BAT «IIpobGiotuk» nms kox-
HOTO 3 IT’aTH KiaciB 3a nanumu 100 ocTaHHIX TepeBe3eHb NPUBEICHA
B Tabm. 1.

Tabnuys 1
MMOBIPHOCTI BJAJIOI IOCTABKH MPOAYKIUI BAT «ITPOBIOTHUK»
Ne knacy ExoHoMmiyHa iHTeprpeTaris Kkiacy VimogipricTs
1 JlocTaBKa B3 3alBHEHHSIM Y HETTOBHOMY 00Cs131 0,03
2 JlocTaBka B CTPOK y HETOBHOMY 00CsI31 0,02
3 JlocTaBka paHillie CTPOKY B IIOBHOMY 00CsI3i 0,02
4 JlocraBka BB 3aIBHEHHSIM y TOBHOMY 00Cs31 0,42
5 JlocTaBka y CTpOK y TOBHOMY 00Cs31 0,51
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Knacudikamiss ehekTUBHOCTI MOCTABOK 3AICHIOBATUMETLCS IIUIS-
XOM PO3PaxXyYHKY HaJKHOCTI 10 OJHOTO 13 KJaciB AUCKPEeTHOI (hyHK-
il eMOIPUYHOTO 3aKOHY PO3MOJUTy MMOBIPHOCTI BIANOi MOCTaBKH
npoaykuii BAT «IIpoGioTuky», mo Ovaverbes Ha ocHOBI Tadm. 1. [ns
noOyoBH JUCKPETHOT (YHKII eMITPUYHOTO 3aKOHY PO3MOJALTYy 3a
JAHUMU B TaOJ. | BH3HAYEHO KyMYJIATHBHY WMOBIPHICTH MOCTaBOK
(Tabin. 2). BinmoBinHO 10 OTpUMAaHMX PE3YNbTATIB: AKIIO PO3paxoBa-
Ha WMOBIPHICTh YCHIIIHOCTI MOCTaBOK Ma€ 3HaueHHs B iHTepBaii [0;
0,03] Toai mocTaBKy BimHOCATH 70 1-TO Kiacy, TOOTO IHTEPIPETYIOTh
AK JOCTAaBKY 13 3alli3HEHHSIM y HENOBHOMY 00cs3i (1uB. Tabmd. 1); sx-
10 BCTAHOBJICHO, IO WMOBIPHICTh YCHIIIHOI MOCTaBKU CTAHOBUTHME
3HayeHHs1 Outbie 0,03 ta menme/mopiBaIOe 0,05, TO TIOCTaBKY BiTHO-
CSITh JI0 2-TO KJIacy 1 Tak Jadi.

5 ) Tabnuys 2
KYMYJSITUBHA HMOBIPHICTh TTOCTABOK TPOJIYKIII BAT «ITPOBIOTHK»
Ne knacy MMOBIpHICTs MOCTABKH 33aHOrO KITacy KymynsmiBHa HMOBIpHICTH
1 0,03 0,03
2 0,02 0,05
3 0,02 0,07
4 0,42 0,49
5 0,51 1

I'vadbiune npencraBiaeHHsT TAOIMYHOTO 3aKOHY PO3MOJUTY HMOBIp-
HOCTI Branoi moctaBku mponykmi BAT «IlpoGioTuk» HaBemeHO Ha
puc. 5.

OTxe, 3aBIaHHAM HEHPOHHOI MepeKi CTa€ pO3B’ sI3aHH 3a/1a4i per -
pecii, METOIO SIKOT € pO3paxyHOK 3a 3HAYEHHSIMH BXIIHMX MOKAa3HUKIB
3HAYEHHS YKCIOBOI BHXIIHOI 3MIHHOI, III0 BH3HA4YaTHME HAIEKHICTDH
JIO OJTHOTO 3 KJIaCiB JUCKPETHOI (YHKII eMIIPUYIHOTO 3aKOHY PO3I0-
oty HMmoBipHOCTI Baanoi moctaBku mpoaykuii BAT «IlpoGioTuk».
HasBHa KUTBKICTE cTaTUCTHYHOT iHMopMmartil mpo aistasHicTs BAT «IIpo-
0I0OTHK» BHUSBWIACH MEHIIOIO 3a HEOOXITHUNA 00cAr At e(PeKTHUBHOTO
HAaCTPOIOBAHHSA HEWPOHHOT Mepexi. Tomy, 00 3MEHIIUTA PO3MIp-
HICTh HEHPOHHOI MEpeXi, TOOTO 3MEHIIUTH KUIbKICTh BXOMIB MEpexi,
BUKOPHUCTAHO METOJl aHali3y iepapXid. Y pe3yibTaTi 3acTOCYBaHHS
JIaHOTO MeToay JuIs (hakTopiB HAMHMKYOTO PIBHS i€papxii MOKa3HUKIB
BAT «IIpo6ioTuk» 6yno oTpumMaHo BUCHOBOK, 110 Jmire 10 3 HUX g0-
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CTaTHBO JIJIsI OIIHKA HMOBIPHOCTI BIaJOi MOCTAaBKH MPOMYKIIi: Pii;
P12; Pty Pa1; P32y K11y Ki2; Koty K22, K1

_ 3HAYEHHS
imMoBipHOCTI
1 -

0,91
0,81
0,71

0,61
051 |-
0,51
/7
041

0,37
0,21 f-emmeeme =
0,27

knac 1 knac2 knac3  knac4  knac s

Puc. 5. luckperHa QyHKIIiA EeMITIPHYHOTO 3aKOHY
posnoaity iMoBipHOCTI MocTaBok npoaykii BAT «IIpoGioTnx»

KouncTpyioBanHs Ta aHami3 aaeKBaTHOCTI HEHPOHHHX MEPEX JO-
ubibHO nposoautu y STATISTICA Neural Networks, 1mo € noryxsaum
1 MBUAKUAM IHCTPYMEHTOM, B OCHOBY SIKOTO TIOKJIAJICHO CyYacHi TeX-
HOJIOTIl Ta KW Mae BUCOKI p000Yi XapaKTEPUCTHKH.

Jnst minGopy HalOUIBII BIIMOBIAHOT 3a apXITEKTYpOIO Ta XapakTe-
puctkamu Heliponnoi Mepexi B makeri STATISTICA Neural Net-
works mouiibHO BuUKOpHcTatd Maiictep pimensas 3agau (Intelligent
Problem Solver). Jaauii MOayiIs 003BOJIIE B aBTOMAaTUYHOMY DEXKUMI
BM3HAYUTU BXIAHI IMOKA3HUKH, JOCIIIMTA Oararo MOJENel, MPOBECTH
iX HaBYaHHS, IIPOTECTYBATH 34 PIBHOMAHITHUMU METOIHMKAMH Ta 00-
paru Haiikpamy 3 Hux. KpiM ToT0, OYIb-IKY HEHPOHHY MEPEKY MOXK-
Ha peIaryBaTd HUIIXOM 3MIHH apXITEKTYpH MeEpPEeXi, KUILKOCTI JaTeHT-
HUX mapiB, (QyHKIHA akTWBaIlii, 3aCTOCYBaHHsS PI3HMX METOIiB HaB-
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YaHHs, 3MIHA MacHBY Ha4yaJbHOI BHUOIPKHM JaHHX, TOOTO ICHYE MO K-
JMBICTH MAOOPY Mojenell HEWPOHHUX MEpeX B IHTEPAKTHUBHOMY
peXUMI.

3asmannsa perpecii B makeri STATISTICA Neural Networks moxxna
BHUPIIIyBaTH 3a JOIOMOTOI0 HEHPOHHUX MEPEXK HACTYITHUX THIIIB:
OararommapoBuii mepcentpoH (puc. 6), pamianpHO-0asvcHa GYHKII
(puc. 7), y3araibHEHO-perpeciiiHa Mepeka (puc. 8) 1 JiHiiiHA Mepexa
(puc. 9). IIpu oMy HaHi 3a yciMa 3MIHHUMU ITOBHHHI MaTH CTaHJap-
THHI YUCTIOBHUH (HE HOMIHAJIBHUN) THIL.

Puc. 7. ApxitekTypa pamiabHO-0a3uCHOT P YHKITI
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Puc. 8. ApxitekTypa y3araabHeHO-perpeciiiHoT Hell pOHHOI Mepexi

Puc. 9. ApxirekTypa JIiHiiHHOT HEHPOHHOT MEpPEXKi

3 MeTOr AOCTIKEHHS e(DEKTHBHOCTI 3a3HAUYEHUX BHUIIE HEHpOMe-
pexesux Monene v makeri STATISTICA Neural Networks mosxna
MEPErasaHyTH 1X MOPIBHAJIBHI XapaKTEPUCTHKH, IO MPEACTABISIOTHCS
B rpadhiyHOMY BHUIIISIAI (HAIPUKIAA, SK KPHUBI BIIT'YKY JEKUIBKOX MO-
nenei Ha ogHoMy rpadiky) adbo tabamuno. Ha puc. 10 npeacrasieHo
MNPOAYKTUBHICTE 1 3BITHM NPO BEIWYMHY MOMMIOK. OTKe, HAHOIIbII
aJ€eKBaTHOIO JII1 BHPIIEHHS ITOCTABJIEHOIO 3aBJaHHS BUSABHJIACH i-
HiliHa HelpoHHa Mepexa 3 10 Bxomamu 1 1 BuxomoM, sika Hajami i 0y-
Jle BUKOPHUCTOBYBATHCh B OIIIHIOBAaHHI WMOBIPHOCTI BJANOT MMOCTaBKU
Ha OCHOBI ()aKTOPIB 30BHINIHHOTO CEPETOBHIIA.
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TTPOH3BOAHTENEROCTE Konmp. Tecr. Owmbka | KokTponeHas
obyy. NPOUIBOJMTENLHOCTE | MPOM3BOAHTENEHOCT:  obyuewuA |  owmka | owmbka
11| OPHC 10:10-90-2-1:1 0,011628 0446106 1137928 0,096801 1729792 3141942
PBE® 10:10-9-1:1 0,790317 0444134 0704829  6,579347 1365848 4,571653
TMiweitvan 10:10-1:1 0,989227 0,957696 1,001134  0,097002 0075149 0,109032
M 10:10-12-4-1:1 0,263807 0,710549 0813621 0,062770 0,057024) 0,066905
TiHelinan 9:9-1:1 0,892975 0426491 1070242 0212146 0034017 0,084877
I

Puc. 10. Anani3 eeKTHBHOCTI HEHPOMEPEKEBUX MOIEJICH PI3SHUX THIIIB
B nnakeTi STATISTICA Neural Networks

Jmst mporuosyBanHa pe3viasTariB 10 aapTepHATHBHHX IIOCTABOK
npoaykuii cmiBpobOiTHukamMu Bimainy jgorictuku BAT «IIpoOGioTux»
OIlIHEHO BIIMB (haKTOPIB 30BHIIMIHEOTO cepenoBuma (tadm. 3). 3a-
BJIaHHS TOJIATaE y BiMOOpP1 HaWKpalmuX BapiaHTIB MOCTABOK 3 TOYKH
30py €(PEeKTHBHOCTI KIHIIEBOTO PE3YJIbTaTy.

Tabnuys 3
BXIJTHI JAHI 1JIs1 MOJETIOBAHHSA
®dakrtopu
PPMEY N 1 2| 3| 4 | 5| 6| 7| 8| 9|10
Ne noctaBku

Py 3 5 4 3 4 2 1 1 2 4
Py, 4 | 4|23 3|33 |1]|2]2
Py 5 1 4 2 3 4 5 1 3 1
Py 5 3 2 1 4 3 1 2 5 1
P, 3 4 2 2 2 4 5 3 3 3
Ky 2 3 1 1 1 5 2 3 1 1
Ky, 3 4 5 3 4 1 5 5 4 5
Ky 2 1 1 1 5 1 3 3 4 3
K5 5 5 4 3 4 5 4 1 1 4
Ky 4 5 5 3 4 4 2 4 4 3

Buxopucrtosyroun nooynosany B nakeri STATISTICA Neural Net-
works miHiliHy HEMpOHHY MOJEIL OYJI0 OTPUMAHO IIPOTHO3HI 3HAYEH-
HS WMOBIpHOCTI Branoi moctaBku npoaykiii BAT «IIpoGiotux» s
Bcix 10 BUMajaKiB, siKi 3BefieHO y Tab. 4.
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Tabnuys 4
PO3PAXOBAHI MUMOBIPHOCTI YCHIHIIHOCTI IMOCTABOK
Ne mocTaBkn Bﬂl;hﬂvg;ﬂggi;g}(ﬂ Pe3ynbrar edexTMBHOCTI NOCTABOK

1 0,510611 JlocTaBka y CTpPOK y TOBHOMY 00CsI3i
2 0,877459 JlocTaBka y CTPOK Y ITOBHOMY 00Cs131
3 0,387722 JlocTaBka 3 3ali3BHEHHSIM y TOBHOMY 00Cs31
4 0,306768 JlocraBka i3 3aIIBHEHHSM y TOBHOMY 00Cs3i
5 0,523213 JocTaBka y CTPOK y ITOBHOMY 00cs131
6 0,763301 JlocTaBka y CTPOK Y TOBHOMY 00Cs3i
7 0,424715 JocraBka 3 3alBHEHHSIM Y IOBHOMY 00Cs31
8 0,34175 JlocTaBka i3 3ali3BHEHHSIM y TTOBHOMY 00CsI31
9 0,427609 JlocraBka i3 3aIIBHEHHSM y TOBHOMY 00CsI31
10 0,394507 JlocraBka 3 3alBHEHHSM y TOBHOMY 00CsI31

Knacugikamiro epeKTHBHOCTI TOCTAaBOK (IMB. CTOBIUHK 3 Tabi. 4)
MIPOBEJICHO Ha OCHOBI PO3PAaXOBaHMX WMOBIPDHOCTEH (IIMB. CTOBIMYHK 2
Tabj1. 4) NUIIXOM BHU3HAYEHHS HAJIEKHOCTI iX 3HAYEHHS 10 OJHOIO 13
KJIaciB JUCKPETHOI (YHKI eMITIpPHYHOTO 3aKOHY PO3MOALTy HMOBIp-
HOCTI Baayiol moctaBku npoaykiii BAT «IIpoGioTuk», 1o HaBEACHO Y
Tabm. 2.

OTxe, BiAMOBIMHO 710 TabJ1. 4 3HAYEHHS MPOTHO30BaHOT HMOBIPHOC -
Ti yenimmHocTi moctaBku Ne 1 BAT «IIpo6iotuk» ctanoButs 0,51, 1mo
n03BoJIsiE BimHecTH i 10 5-ro Kiacy «JlocTaBka y cTpOK y MOBHOMY
06cs31» (muB. puc. 5). [ToctaBka Ne 7 (nuB. Tabi. 3), 3HaYCHHS UMOBIp-
HOCTI YCIIIIHOCTI K01 cTaHoBUTHh 0,42, BITHOCHUTHCS 10 4-TO Kiacy
«JlocTaBka 13 3ami3HEHHSAM Y MOBHOMY 00cs31» (nuB. puc. 5). Hampuk-
Jaj, SKIIO B pe3yiabTaTi BUKOPUCTAHHA MOOYHOBaHOI HEHMpOHHOI Me-
pexi Oyno O BCTaHOBJIEHO, IO JiesKa IMOCTaBKAa Mae WMOBIPHICTB yC-
mixy 0,2, To i1 6110 6 BigHeceHo 1Mo kimacy 1 «JlocTaBka i3 3ami3HEH-
HSIM YV HETIOBHOMY 00Cs131» (IUB. pucC. 5).

3a pe3ynabTaramMu PO3PaxVHKIB Ta MpoBeneHoi kinacudikarii (auB.
1abi. 4) moctaBku Ne 1, 2, 5, 6 OyayTh 34iCHEH]I Y CTPOK 1 B IIOBHOMY
00cs31, TOOTO MOKHa PEKOMEHAYBAaTH YKJIAJaHHS KOHTPAKTy 13 ja-
HUMH 3aMOBHHKaMH.
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BucHoBKH

VY cydacHHX yMmMoOBax HecTaOUTbHOI €KOHOMIYHOT CHTYyaIlii BayKITH-
BOTO 3HAYCHHS HaOyBae e()eKTHBHE yNPABIIHHS IMIANPUEMCTBOM, He-
O0OXIZHO0 yMOBOIO 4OT0 € BUKOPHCTAHHs CyqacHOTO 1HCprMeHTapuo
aHaI3y Ta MOJCIIOBAHHS, ¢ HEHPOHHI MEpexi 3aiiMaloTh OJHE 3
NPOBITHUX MICIb.

Jns OpUAHATTA 0OTpYHTOBaHUX YHpaBJIiHCBKI/IX pillleHs Ha TifA-
MPUEMCTBI 3 ypaxyBaHHAM BIUIMBY (DaKTOPIB 30BHIIHBOIO CEPEO-
BHILA 3aNPONOHOBAHO METOJMKY ajanTauii Ta HABYAHHS KOMIUICKCY
HEWpOHHUX Mepex. Ha 0CHOBI c(hopMOBaHHMX TEOPETHYHUX 3acaj po-
3po0IJIeHO HepoMepeKeBy MOJIENb OIHKK WMOBIPHOCTI BJAJIOl TOC-
TaBKH, sIKa BPAaxoOBYeE Taki ()aKTOpH 30BHIIIHBOTO CEPENOBHUIIA, SIK Ii-
HU Ha 3aM4acTUHM, I[IHM Ha HAPTONPOIYKTH, 3apOOITHY IUIaTy
CIIBPOOITHHKIB, BHJl Ta TadapUTH BaHTaXy, CTPOKU TOCTAaBOK BaHTa-
Ky, piB€Hb IliH, piBeHb 1HQUIAII Ta 0COOUCTI AKOCTI MPAIBHUKIB TO-
o, Ta J03BOJISIE 06Hpam THX KOHTPArcHTIB, CIIBPOOITHUUTBO 3
SKAMH Mae HalMCHIIMH puskK. JlaHuil IHCTPYMEHT MPE/ACTaBIsiE 3Ha-
YHY MPAKTHYHY WIHHICTH AN HIANPHEMCTB PIBHUX raiysed i Hanps-
MIB JiSTTBHOCTI, (DYHKIIOHYBAaHHS SIKUX BKJIIOYAE TIEPEBE3CHHS.
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