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METOLO0NOrA OUIHIOBAHHA IHHOBALIMHOIMO PO3BUTKY
3 BUKOPUCTAHHAM HEUPO-HEYITKOIrO MOOENIOBAHHSA

HepHoe B. I'.
Jopoxoe O. B.

B ymoBax rno6anisoBaHOi eKOHOMIKM 3aBOaHHSI KOHTPOJTHO, MOHITOPUHIY, OLIHIOBAHHA PiBHA
iHHOBaALMHOrO PO3BUTKY, MPOrHO3YyBaHHS MOro OMHaMIKM € BaXITMBUMW SIK ONs OKpeMux nignpu-
EMCTB, TaK | TEpUTOPIN 3aranom.

OpHak 3[OifCHEeHHs1 IHHOBALIMHOI €KOHOMIYHOT LiANbHOCTI Ta il OuiHIOBaHHA BigbyBatOTbCA
B YMOBax 3HA4HOI HEBM3HAYEHOCTI, TOMY 3aCTOCYBaHHS iHTeneKTyarlbHUX CUCTEM YXBaneHHs
pilleEHb Ha OCHOBI MaTeMaTUMYHMX Ta KOMM'IOTEPHUX 3acobiB aHanidy HeBU3HAYEHOCTEW CTae
HeobxigHicTio. HoBi MOXNMBOCTI MOAENtOBaHHA HAga€ NOEAHAHHS IHCTPYMEHTapIit0 Teopii HeYiTKix
MHOXWH Ta anapaTy HEeMpOHHMX Mepex, 3abesneveHe MNigTPUMKOK Bi4NOBIQHOMO NPOrpamMHOro
3abesneyeHHs. [nsi BupilweHHs npobremn 3anponoHOBaHO 3aCTOCyBaTU Tak 3BaHi ribpunaHi Henpo-
HeuiTKi cMcTemMu, WO NOEAHYIOTb ENEeMEHTU HEYITKOT JTOTKM Ta HEMPOHHUX MepeXx.

AK iHCTpyMeHTanbHWUA 3acié Ana CTBOPEHHS BiQNOBIAHOI Mogerni Takoli HeMpPO-HEeYITKOI cuc-
TeMu po3rnaHyTo i BUKopuctaHo nigcuctemy ANFIS cepeposuwia mogentoBaHHA Matlab.

Y npoueci mogentoBaHHA po3pobneHo CTpykTypusauito dakTopis, WO BU3HaYalTh pPiBEHb
iHHOBAUMHOro po3BUTKY, HaBeaeHO hopManiaoBaHe BCTAHOBIIEHHS 3aBOaHHS.

Po3pobneHo Ta onvMcaHO apxiTekTypy BiANOBIOHOI CUCTEMW HEYITKOTO BMCHOBKY Yy BUrNSAAi
Herpo-HediTKoi Mepexi ANFIS, saka peanidye cuctemy HediTkoro BUCHOBKY Tuny Sugeno. [loknagHo
nogaHo MocnigoBHICTL pO3pobneHHs Ta KOMN'IOTEpPHOI peanisauii moaeni. HaBegeHo npuknag
NPaKTUYHUX 0BYMCNEHDb 3a PO3pOOIeHO MOAENNIO | MpoaHani3oBaHO OCHOBHI pe3ynbTaTu.

Ha ocHosi nobygoBaHOi Mogeni ouiHeHO BNnMB (PakTopiB Ta YMOB Ha PEWUTMHIOBY OLLHKY
iHHOBALINHOIro PO3BUTKY.

3anponoHoBaHW niaxia A0 BMKOPUCTAHHS HENPO-HEeMiTKOI MOoAeni OUiHBaHHSA iHHOBaUIN-
HOro PO3BUTKY A03BOSISIE NPOrHO3YBaTU PENTUHIOBY OLIHKY B ManbyTHboMy. [locarHyTi pesynbTtatu
NiATBEPANNN MOXINUBICTb NPAKTUYHOrO 3aCTOCYBaHHA Takux Moferen Ans NporHo3yBaHHA NiAcyM-
KOBOI PEUTMHIOBOI OLiHKM iIHHOBaLINHOIO PO3BUTKY.

Knroyosi criosa: HeEMpoO-HeYiTKE MOOEMNOBaHHS, iHHOBAUiMHE NPOrHO3yBaHHS, OLiHIOBaHHSA
iHHOBALLINHOrO PO3BUTKY.

METOAONOIrMA OLUEHKA UHHOBALIMOHHOI'O PA3BUTUA
C UCNOJNIb3OBAHUEM HEUPO-HEYETKOIO MOOENIMPOBAHUA

HepHoe B. I'.
Hopoxoe A. B.

B ycnoBusx rnobanu3aumMm 3KOHOMUKM 3adayu KOHTPONSA, MOHWTOPWUHrA, OLEHKM YPOBHS
MHHOBALIMOHHOIO Pa3BUTUSA, MPOrHO3MPOBAHUS €ro AMHAMMKM BaXkHbl Kak AN OTAEeNbHbIX npea-
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NPUATUIA, TaK U TEPPUTOPUN B LLESTOM.

OpHako ocyuecTBneHne MHHOBALMOHHOW 3KOHOMUYECKOW AeATENbHOCTU U ee OUeHKa npo-
NUCXOOAT B YCIOBUAX 3HAYUTENBHOM HeonpeaeneHHOCTU, NO3TOMY MpUMEHEHWe UHTenneKkTyarb-
HbIX CUCTEM MPUHATUSA PELLUEHNA Ha OCHOBE MaTeMaTUYECKMX N KOMMbIOTEPHBIX CpeacTB 06paboTkm
HeonpeaeneHHOCTeNn CTaHOBUTCA HEOBXO0AMMOCTbI0. HOBble BO3MOXHOCTM MOAENUPOBaHUS Aaet
COeaNHEHNE MHCTPYMEHTapUsS TEOPUM HEYETKNX MHOXECTB 1 annapaTta HEMPOHHbIX ceTen, obecne-
YeHHOEe NMoAAEPKKON COOTBETCTBYIOLLIEro NporpaMMHOro obecneyveHus.

Ona peweHns npobnembl NpeanoXeHo NPUMEHUTb rMbpuaHble HEMpO-HeYeTKne CUCTEMbI,
coyeTalroLuime arneMeHTbl HEYETKON NOMMKU N HENPOHHbLIX ceTel. B kayecTBe MHCTPYMEHTANbHOro
cpeacTtea Ans CO30aHUA COOTBETCTBYIOLLEW MOOENU TakoW HEeMWpOo-He4yeTKoW CUCTEeMbl PacCMOT-
peHa n ucnonb3oBaHa nogcucrema ANFIS cpeabl mogenupoBaHus Matlab.

B npouecce mogenupoBaHusa paspaboTaHa CTpyKTypu3auus ¢pakTopoB, OnpeaensitoLmnx
YpOBEHb MHHOBALMOHHOMO pasBuUTUs, NpMBeaeHa hopManmn3oBaHHasi NOCTaHOBKA 3aJaun.

PaspabotaHa u onucaHa apxuTekTypa COOTBETCTBYIOLLEN CUCTEMbl HEYEeTKOro BbiBOAA
B BuAe Henpo-HedeTkon ceTn ANFIS, koTopasa peanmsyeT CUCTEMY HEYETKOrO BbiIBOAA TMNa Sugeno.
MogpobHO NpeacTaBneHbl NOCneoBaTeNbHOCTbL pa3paboTKM M KOMMBbIOTEPHOW peanu3auum Mogenw.
MpuBeaeH npumep NPakTUYECKMUX BblMUCIIEHMI NO pa3paboTaHHOW MOAENU U NpoaHann3npoBaHbl
OCHOBHbIE pe3ynbTaThl.

Ha ocHoBe NOCTpPOEHHOW MOAENN OLEHEHO BINAHUE (DAKTOPOB M YCIOBUN Ha PEUTUHIOBYHO
OLIEHKY WMHHOBAUMOHHOro passuTuA. [NpennoXXeHHbld NoaxXo4 K MCNofb30BaHMI0 HENPO-HEeYeTKon
MOZENN OLEHKM MHHOBALMOHHOIO PasBUTUS MNO3BONSET MPOrHO3NPOBaTb PEUTUHIOBYH) OLIEHKY
B Oyaywem. lNMonyyeHHble pesynbTaTbl NOATBEPAUNIN BO3MOXHOCTb MPaKTUYECKOro NpUMEHEeHUs
Taknx Mogenen ansa NporHo3MpoBaHNA NTOrOBOM PENTUHIOBOMW OLLEHKN MHHOBALMOHHOIO pPasBUTUA.

Knroueebie criosa: Hempo-He4YeTkoe MoAenupoBaHve, WHHOBALMOHHOE MPOrHO3NpOBaHMeE,
OLeHKa MHHOBALMOHHOIO Pa3BUTHS.
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THE METHODOLOGY OF INNOVATION DEVELOPMENT
EVALUATION USING NEURO-FUZZY MODELING

V. Chernov
O. Dorokhov

In a globalized economy the tasks of the control, monitoring and evaluation of the level
of innovative development, prediction of its dynamics are very important for both individual com-
panies and territories on the whole.

However, the implementation and evaluation of innovative economic activities take place
under the conditions of considerable uncertainty, so the use of intelligent decision support systems
based on mathematical and computer processing of uncertainty becomes a necessity. New
modeling possibilities are provided by the combination of the fuzzy set theory tools and neural
network instruments which is supported by relevant software.

To solve the problem, the use of hybrid neuro-fuzzy systems which combine the elements of
fuzzy logic and neural networks has been proposed. The subsystem ANFIS from the Matlab
simulation environment has been considered and used as a tool for the creation of an appropriate
model of such neuro-fuzzy systems.

The structuring of factors determining the level of innovation has been developed and a for-
malized statement of the problem has been given in the modeling.
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The architecture of the corresponding system of fuzzy inference in the form of a
neuro-fuzzy network ANFIS, which implements the fuzzy inference system Sugeno has been

presented

and described. The sequence of the development and implementation of the computer model has
been presented in detail. An example of practical calculations of the developed model has been

supplied and the main results have been analyzed.

On the basis of the constructed model the impact of factors and conditions on the rating
of innovation development has been estimated. The proposed approach to the use of the neuro-
fuzzy model of innovative development evaluation makes it possible to predict the rating in the
future. The results have confirmed the possibility of practical application of such models to
predicting the total rating of innovative development.

Keywords: neuro-fuzzy modeling, innovation forecasting, evaluation of innovation development.
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PiBeHb iHHOBaLINHOIrO po3BUTKY, MOro aHania Ta npo-
rHO3yBaHHSA € BaXNMBUMMW CKIafoOBUMW YacTUHaMM B ynpaB-
NiHHI EKOHOMIYHOIO AiANbHICTIO K OKpeMuX NigNPUEMCTB, Tak
i ranysen HapoaHOro rocnofapcTea, perioHis i Teputopin [1 — 4].
Ak BigOMO, Y npoueci 34iINCHEHHST iHHOBALINHOI €KOHOMIYHOI
LiSANbHOCTI MPOLIECU OLiHIOBAHHSA, BUOOPY W yXBaneHHs eKo-
HOMIYHMX pilleHb BiAOYyBalOTLCA B yMOBaX 3HAYHOI CTPYKTYp-
HOI, 4acoBOI Ta iHLOI HEeBM3HAYEHOCTi, TOMY 3aCTOCYyBaHHS
iHTEeNeKkTyanbHNX KOrHITUBHMX CUCTEM NIATPUMKM BiaMNOBIOHWX
yNpaBniHCbKMX pilleHb CTae HarasnibHOK MOTPebOoH, OCKINbKK
HasiBHI Knacu4Hi MeToau OUiHIOBaHHS nepenbadyBaHux pe-
3ynbTaTiB He 3abe3neyvyloTb MPaBUIIbHICTE Ta AOCTOBIPHICTb,
CTalTb HEHaiMHUMKM 32 YMOBM HECTaLiOHApPHOCTI, HecTa-
GinbHOCTI, BIACYTHOCTI 4iTKOI Moaeni AocnifKyBaHOro SBU-
wa [5 - 8].

BoaHoyac cyyacHi nepcrnekTuBHI iIHCTPYMEHTW MPOrHO3y-
BaHHS, HEWpO-HEeYiTKi Mepexi YCnilHO BUABNAIOTL cebe
3a BenuKNx obcsriB HesIBHUX, B3aEMOIMOB'A3aHMX BXiAHUX Oa-
HUX, @ TOMY, BignoBigHO, iX Moxe ByTun 3acTOCOBaHO 1 ANst OLi-
HIOBaHHS PiBHSA iHHOBaLiHOIo po3suTKy [9; 10].

3a3Buuaii, 3a BiACYTHOCTI YiTKOI (3a BXiQHMMUW JAaHUMMU
Ta npaBunaMu yxsaneHHsi pilleHb) eanHOI MaTeMaTU4HOI Mo-
[eni 3agadvi Ta HegoCTaTHIX MonepeHiX 3HaHb HEeWpOo-HediTka
cucTeMa BUKOPUCTOBYE cneumdivHi NiHrBICTUYHI npaBuna,
TOOTO BiAMNOBIAHI BXigHI i BUXiQHI 3MiHHI Mae OyTu onucaHo
NIHrBICTUYHO, a Nofanblue onpauloBaHHA Moaeni, ynpaBniHHSA
Ta aHani3 34iicHeHo 3a 4ONOMOroK HEMPOHHUX MEPEX.

Takum 4YMHOM, 3a JONOMOrOK HEMPO-HEYITKOI CUcTeMu
MOXHa 3MOAEentoBaT! MNEBHUN PEWTUHIOBUIA iHHOBALIMHWUIA
ctatyc. OCHOBHOI NPOGNEMOI0 y nNpoLeci po3pobrneHHs Takoi
Mogaerni € PopMyBaHHSA CUCTEMU KPUTEPITB OLiHIOBaHHS | BCTa-
HOBJEHHSA PEATUHIOBUX HOPM.

Be3nocepeHbOI METOK AOCNIMKEHHS € OOrpyHTY-
BaHHA Ta ONpaLlOBaHHA MNPUHLUMUMOBOI MOXIMBOCTI HeEWpo-
HEYIiTKOro MOAENoBaHHS PiBHA iHHOBALIMHOrO PO3BUTKY, MOrO
OLHIOBaHHSI Ta BUPODNEHHSA NMPaKTMYHOI NOCMiAOBHOCTI 34iM-
CHEHHs1 TaKoro MOAENOBAHHA B Cy4YaCHUX MPOrpaMHuX mnpo-
AyKTax, a came B cuctemi Matlab.

Ha pe’TUHIroBy OLiHKY iHHOBALIHOrO PO3BUTKY PETiOHY
BMNMBAE HM3Ka PakTopiB i yMOB, OLIHIOBaHHA SKMX 3a3Bu4an
3piicHeHo B Ganax i, BiANOBIAHO, MiACYMKOBWUIA PEUTUHT BU-
NNMBae 3 arperoBaHUX BENUYMH BXIOHWX | BUXiAHUX iHHOBa-
LiMHKUX iHOEKCIB.

Llopo ctpykTypmsauii ¢aktopis, WO BM3HA4alTb pi-
BEHb iHHOBALUINHOIO PO3BMWTKY, HE NPEeTEeHAYYN Ha NOBHOTY,

pO3rnaHeMo Aesiki 3 HUX i YMOBM, WO MOXYTb BM3Ha4aTu
piBeHb iHHOBALINHOIO PO3BWUTKY MEBHOro nignpvemcrea abo
perioHy. OBMeXeHHs1 KinbKocTi dpakTopiB, obpaHux Ans pos-
rnsgy, CnpuYMHEHe HamaraHHsM CTBOPUTM NPOCTY MOYaTKoBY
Modene nuwe Ans AOBEAEHHSA MNPUHLUMMIOBOI MOXMMBOCTI
Ta JQouinbHOCTI NPONOHOBAHOro Niaxoay.

Cnig po3rnsHyTM Tpu rpynu akTopiB, KOTPi MOXHa
KnacudikyBaTu TakuMm YMHOM, SK HaBedeHo B Tabn. 1.

Tabnuus 1

®dakTOopM iHHOBaLIIMHOIO PO3BUTKY
[The factors of innovation development]

Mo3HayeHHs HasBa Onuc
1 2 3
PerioHanbHoe GaraTcTBO (Npypoa-
HWA, pi3nyHMIA kaniTan abo iHay-
P() IHHOBaUinHWI |cTpianbHa Gasa, NACbKUA Kani-
noteHuian |Tan, diHaHcoBUM Kanitan, disnyHa
iHppacTpykTypa (iHhopmaLiiHo-
KOMYHiKaUiiH1iA kaniTan))
3akiH4yeHHs Tabn. 1
1 2 3
IE(t) IHHOBaUiMHe | IHHOBALjiHa noniTyka, iHHOBaLinHa
cepefoBuLle |KynbTypa
Pe3ynb-
TaTUBHICTb . .
IR . S BuHaxogw, iHHOBaLUi, an i
® iHHOBALiMHOrO axoav, oBawi, Andy3
npouecy

Poarnanemo sektop F = {f,(t ), k = 1, K} doakTopis i ymoB,
LLIO BMMMBAIOTH i BU3HAYaOTb PiBEHb IHHOBALIMHOTO PO3BUTKY
perioHy, To6T0 F = {fk(t )y k=1,K} -1, gel= {Il(t), =1, L}
padiyHO Lo cuTyauito MOXHa 306pas3vT y BUMMSA iepap-
XiYHOro filepesa NoriYHOro BUCHOBKY, HaBe4EeHOro Ha puc. 1.

EnemeHTaMu LIbOro Aepesa € Ha nepLIOMy PiBHi BXia-
Hi 3MiHHiI {fk(t ), k =1, K}, ToB6TO OoKpemi eneMeHTapHi cakTopu
BNNMBY, KOTPi Ha ApPYroMy piBHi 00'€AHYIOTLCS B arperoBaHi
dakTopu BnnuBY, 3okpema ue IP(t) — rpyna nokasHukiB iHHO-
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BaLiMHOro noTeHuiany B MOMeHT 4acy t; IE(t) — rpyna nokas-
HVKIB iHHOBaUiiHOro cepeposuwa, IR(t) — rpyna nokasHwukis
pe3ynbTaTUBHOCTI iHHOBaLiHOro npouecy. HapewTi, Ha Tpe-
TbOMY PiBHi SIK BMXigHa 3MiHHa nepebyBae KiHUeBa Kymyns-

TMBHa OLiHKa pPiBHA IHHOBALMHOrO PO3BUTKY 2. lepapxiuHnin

2

/ 1

IP(t)

ZaaheN

IE(Y)

< /VV\

4

B3aEMO3B'A30K MiXK BXiOHUMW  3MiHHUMK, X
arperoBaHMMM Knacamum i BUXiOQHOK 3MiHHOLO,
iHTerpanbHUM NOKa3HWMKOM (AMB. pUC. 1) MOXHA Takox nogatu
TakuMm opMarnbHUM ChiBBIAHOWEHHAM | = fR(IP(t), IE(Y),

IR(1)).

fu(®) [ | f(0 fi-a(t) fitt)

fk_l(t) fk(t) fk+1(t e fk

Puc. 1. lepapxiuyHe gepeBO NOriYHOro BUCHOBKY
[A hierarchical tree of logical deduction]

Y Takin opmi 3aBAaHHA OLiHIOBAHHS BXiAHUX 3MiHHMX
3a3Bu4an BU3HAYEHO ekcnepTamu i HaBegeHo B YMCNOoBIN abo
BanbHin dopmi, BogHOYac OGIPYHTOBAHO [OOBECTU KOPEKT-
HICTb X BU3Ha4YeHHs1 JOCUMTb 4acTto abo ayxe Baxko, abo
NPOCTO HEMOXMBO. TOMY € AOLIMbHUM ONSA BUPILLEHHS i€l
npobnemun 3actocyBaTu TriOpuaHi HEMpO-HeuiTKi cucTemu,
Yy SIKUX NOEOHYIOTb €NIEMEHTN HEeYiTKOI NOoriku Ta HempOHHUX
Mepex. Y HawoMmy OOCRIMKEHHI K TaKy HeWpo-HeYiTKy cuc-
Temy BMCHOBKY PO3INSAHYTO i BUKopucTaHo nigcucremy ANFIS
cepegoBuwa Matlab.

Y Bunagky, WO po3rnagarTb, ANS BUXIAHOI 3MiHHOI |
Ta Knacy BXiOHUX 3MiHHUX F, MOXHa 3agati MiHMBICTUYHI 3MiHHI

Le ={lyv:vy=TV,a=1,Q} ral, :{If(t)j, B tp=1oP=l
J} i3 TepMamu-MHOXMHaMK iX 3HaueHb T = {Ti} i BignosigHi

-

HEYITKi MHOXMHM, LLO BM3HAYaloTb (PYHKUISMU HanexHocTi U,
u €0, 1]
Ona knacy BXiAHWMX 3MIHHWX MiHMBICTUYHI 3HAYeHHSsI

i BiNOBiAHI TM MHOXWHU MOXYTb OyTW, Hanpuknag;
iHHOBaUiMHUIN noTeHuian = [HW3bKWIA, CEPEaHINA, BMUCO-

kmit] =IP(t) =[Ng, Np, Np],
iHHOBaLiMHe cepeoByLLE = [HECTIPUATNIMBE, HEUTParbHe,
cnpustmee] =IE(1) =[Ng, Ng, Ngl,

pes3ynbTaTUBHICTb iHHOBALUIMHOIO npouecy = [3MeH-
LweHa, HeaMiHHa, 36inbwena] =IR(t) =[Nz, Ng, Ngl,

CTYMiHb iHHOBALINHOrO PO3BUTKY perioHy = [He3ado-
BiNbHWIA, 3a00BiNbHWIA, Bucokmin] =1=[N;, N, N1,

ne N, N, N'], ignosigHo, mane, cepenHe i Benuke
3HaYEHHS1 3MiHHMX.

Y3arani 3anexHicTb iHHOBaLiHOrO MOTeHUiany Big
piBHA PO3BWTKY IHHOBALiMHOIO cepefoBuLla, pe3yrbTaTuB-
HOCTi Ta CTyneHs iHHOBAUIMHOro PO3BWUTKY Mae€ HENiHinHWUIA
xapaktep. [1poTe 4acTo BMHMKaOTb CUTYyaLii, KONn HegocTar-
HbO [aHWUX ONA BU3HAYEHHN Liei 3anexHocTi. ToMy B LbOMYy
nocnimpkeHHi nepegbayeHo, Wo MiHrBICTUYHI 3HAYEHHS MOXe
OyTn 3agaHo 3a anropuTmoM Sugeno [11], To6To:

N, =LOW() = AxIP +BxIE + CxIR
N, =MEDIUM () = AxIP +BxIE + CxIR

N, =HEIGHT (I)= AxIP +BxIE + CxIR,
ae A, B, C — KOHCTaHTK NiHINHOro PiBHAHHS.

Y nigcymky, Heditke npasuno (modus ponens) MP®,
j=1,J Gyae mMatyv Takui BUrNsA;

MP® :if IP(t) is N, and IE(t)is N and IR(t) is N, then | is N,(F®)

MP =

MP® :if IP(t) is N;, and IE(t)is N and IR(t) is Ny, then lis N; (F®)

MPY :if IP(t) is N,, and IE(t)is N and IR(t) is N, then I is N, (F?)
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CnctemMy HEYiTKOrO BWCHOBKY MOXHA Noaatu BUCOAAI HEeNPO-HEYiTKOI Mepexi S, fAka
peanisye cucTemMy HeYiTKOro BUCHOBKY SUgeno Ta Mae apxiTekTypy, HaBeAeHY Ha puc. 2.

Puc. 2. ApxiTekTypa Henpo-HeudiTkoi mepexi ANFIS
AnA ouiHIOBaHHSA piBHSA iHHOBALIMHOIo PO3BUTKY perioHy
[Architecture of the neuro-fuzzy ANFIS network
for evaluation of the region's innovative development level]

Mepwurm Wwapom € Bxoau, KOTPi € CTYNEHSIMU HANEXHOCTi BXIOHWX 3HAY€Hb HEYITKMX MHOXMH. Y gpyromy Liapi
nepebyBaroTb HEMPOHU, sIKi OBGUMCIIIOITL PiBEHb ICTUHHOCTI MpaBuna, 3rigHo 3 onepauieto T-HOPMM (HEYITKOrO MHOXEHHS):
u(IP)=min {u_ (IP), u_(IP), u_(IP)}
b (IE) = min {u_ (E), . (IE), u(IE)},

b (IR) = min {1 (R), b, (IR), b (R}

TpeTin wap 3abe3neyvye BUKOHAHHSI HOpPMari3auii piBHIB iCTUHHOCTI 3a chopmynamu:

B, = H(IP) :
" u(P) +u(E) +u(R)’
B, = H(E)
* H(P)+u(IE) + p(IR)’
B. - H(R) _
* p(P)+p(IE) + p(IR)

Y yeTBepTOMY LWapi Mepexi HopMarsi3oBaHi sHaueHHs B,, B,, B; NEPemMHOXYIOTb i3 BiANOBIAHUMM BUXIOHUMU NPaBN-
namu: B, 14, B,la, B5la. Hapewwri, y n'atomy wapi o64mcriioioTh BUXig Mepexi.

Mpunyctumo, wWwo HeobXigHO Ha OCHOBI PEWTMHIOBMX OLIHOK 32 MEBHWW Mepiog BW3HAYMTWU iHHOBAUINHWIA iHOEKC
perioHy B HacTynHomy nepiogi. BxigHMMmn gaHumm € Bigomi perdTuHroBi ouiHkv (3a wkanoto Big 0 go 100, ge Ginbwe yncno
BignoBsigae BULLN oujiHLi) iHHOBAaLiHOrO iHOekcy Ha
5 pokis. Ix HaBeaeHo B Tabn. 2. 3po3ymino, WO AN AOCArHEHHA BinbLU HadiiHOro pesynbTaTy, NoTpibHa Benuka Bnbipka,
ane 3asHayeHu obcsr € AocTaTHIM Ans HA0YHOIT AeMOHCTpaLii poboTn moaeni.

Tabnuus 2
BxigHi peMTUHroBi OUiHKK
CKNaAoBMX YaCTUH PiBHSA iHHOBaUiMHOro iHAeKcy
[The input rating estimates
for the components of the innovation index]
OaHi
Nepioay IP(t) IE(t) IR(t) D
1 nepioa 2,13 0,65 1,89 2,34
2 nepiop, 2,40 0,81 2,47 2,84
3 nepiopg, 2,40 0,81 2,47 2,84
4 nepiog 23,50 13,60 28,90 33,00
5 nepiog 26,80 12,30 29,90 34,50
BukoHaHHs 3aBaaHHA cKknagaeTbcs i3 0BOX eTanis.
Ha nepwomy noTpibHO 3AINCHUTN MOAENOBaHHSA 3anexHOCTEN
I = (@ + 1IE + IR [/ 2,1 € o, 100, IP € [0, 35; IE € [0, 15

IP € [0, 30] i3 BUKOPUCTAHHAM CUCTEMU HEYITKOrO BUCHOBKY TNy Sugeno. MoTiM Ha ApyroMy BUKOHYHOTb NPOrHO3YBaHHA 3a
O0MOMOroto ribpnaHoi Hempo-HeyiTkoi Mmepexi ANFIS.
BusHaummo, sk 3agaHo TEPMU-MHOXMHU 3MiHHUX BepbarnbHO-4MCNOBOIO LKanow, HaBegeHow B Tabn. 3.

Tabnuusa 3

TepMu BXigHUX NiHrBiCTUMHUX OLiHOK
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[Terms for input linguistic estimates]

O3HAYEHHHS NinreicTnyHa Yucnose
OLjiHKa 3HayYeHHs
IHHOBALIHUI Husbknin [0; 10; 20]
norexuian Cepennin [15; 20; 30]
- +
=IP(t) =[Np, Nie, Nip Bucokuit [25; 30; 35]
. Hecnpusatnuse [0; 5; 9]
IHHOBaLiHE cepenoBuLLE o 6 8 11]
~ eliTparnbHe ;8
=IE() =[Ng, Ne, Ni °
Cnpusatnuse [10; 12; 15]
. 3MeHLeHa [0; 7; 15]
Pe3ynbTatnBHicTb
_ - - MonepenHs 10; 17; 23
=IR(t) = [N|R1 Nig, NIR] - peA [ .
36inbLieHa [20; 25; 30]
CryniHb HesaposinbHui [0; 25; 45]
iHHOBaLiNHOrO PO3BUTKY 3a00BiNbHM [40; 60; 75]
=I1=[N, N, N Bucokmit [70; 85; 100]

[MocnigoBHICTE NPaKTUYHMX KPOKIB CTBOPEHHS Ta OMpaLtoBaHHsI 3anponoHoBaHOoi Mogeni B cepegosuuli Matlab Taka.
CTBOpEHHs Modeni cnia noyYvMHaTy i3 BBeAeHHA komaHau fuzzy i Bubopy anroputMy HediTkoro BUCHOBKY Fis Tuny Sugeno B
KOMaHOHOMY pAaKY nporpamm (onuii FIS editor
/ New FIS / Sugeno). [ani BUKOHYIOTb AoAaBaHHA (CTBOPEHHST) BXIOHWX i BUXigHUX 3MiHHMX (onuii Edit / Add Variable), To6To
CTBOPIOIOTb MOAENb HEYITKOrO BUCHOBKY, HaBeAeHy Ha puc. 3.

File Edit ‘iew

Fugeno-INNOWVINDEX
(sugeno)

Puc. 3. M'pacpiuHmm intepdpenc FIS Editor
[The graphical user interface of the FIS Editor]

HactynHum KPOKOM € BU3HAYeHHs TEPMiB-MHOXWUH
i OYHKUIT HaneXHoCTi AN BXiAHMX 3MiHHUX (Ha puc. 4 HaBedeHO OAHY 3 HUX) Ta BCTAHOBMEHHS NiHINHOI 3aneXHOCTi Ans
BUXigHOT 3MiHHOT (onuis Edit / Membership functions),
SIK MOKa3aHo Ha puc. 5. - ]
File Edit ‘View
FIS Variables Membership function plo  plat [~ a1
- H-{IP} N(IP) N+(IP)

K .

Puc. 4. ®yHKLUiA HaneXHOCTi 3MiHHOI |P
B Membership Function Editor
[The membership function of the variable IP
in the Membership Function Editor]
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Membership Fu =
File Edit View
FIS Variables Membership function piots plot |

HEIGHT-HIPHEHR
@ 1 MEDIUN=P+E+R
i LOW-=P+E+R

Puc. 5. YcTaHOBNEHHSA NiHiNHOI 3aneXHOCTi
"BxogaiB" i "Buxony" B Membership Function Editor
[Setting the linear relationship between the
"inputs" and "output" in the Membership Function Editor]

Cnig, 3ayBaxuTu, o niHiHa 3anexHicTb Mae BUMAS
I = (P + IE) + IR) / 2, a B nporpami 3agaHo 1i y Burnagi | =P + IR + IE, Tox BignoBigHI KOHCTAHTW MiHIAHOIO PIBHSAHHS
6yayTb ctaHosutK (1; 0,5; 0,5; 0,5). MNopanbLue 3agaBaHHA HeviTKol 6a3n 3HaHb Sugeno HaBeAeHo Ha puc. 6.

File Edit ‘iew Options

1.1t (P is N-(IPY) and (E i= M-(EY) and (IR iz N-{IR)) then {1 is LOW-=IP+E+R) (1)

(IE i N+IE)) and (IR iz MORY) then (1 i HEIGHT-=IP+IE+IR) (0.7)
6. 1t (P i MOIFY) and (IE is N-(E)) and (R s M-R)) then (] is LOW-IP+E+IR) (0.7)

Puc. 6. Basa HeuiTkux npaBun y Rule Editor
[The base of fuzzy rules in the Rule Editor]
3aBepLuye nepLunii eTan MoAeNoBaHHS BidyarnisaLis HediTkoro BUCHOBKY (onuis View / Rules), HaBegeHa Ha puc. 7.

AN B = G e FAN |
2| A [ 1A 1A |
s~ ] | | A |
A | | L1 |
IR R | L1 |
o | A WA EE
o 35 o 15 o 3D465|5:E55|16

furszsis | fo | et | riant] go. | _ue |

;
1

Puc. 7. Bizyani3auisi HewiTkoro BUCHOBKY Sugeno
[Visualization of the Sugeno fuzzy inference]
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Ak MoxHa nNobayuTu 3 HaBEeOEeHOro Ha PUC. 7 CKPIHLLIOTY, AKLUIO iHHOBALLINHWA NOTEHLan HN3bKWN
(IP=Njp=17,5) Ta iHHOBaUjNHe cepefgosuLLe HecnpuATnmee (IEENg=17,5)
i pesynbTaTMBHICTb 3anuwmnnacst HeamiHHOW (IR = Njg = 15), To CTyniHb iIHHOBALIINHOTO PO3BUTKY HE330BINBHUN

(=N, =25,3).

Ha pgpyromy eTani MogentoBaHHsi 3acoGamy HEMPOHHUX Mepex 3AiNCHEHO reHepyBaHHs Ta
HaBYaHHs1 HeYiTKoi cuctemu Tuny Sugeno. [ina uboro BukopuctaHo pegaktop ANFIS cepenosuiia Matlab.

Helpo-HeuiTka Mogenb iHHOBaUinHOro iHaekcy 6yae cknagatucs i3 Tpbox BXigHMX 3MmiHHMX IC(), IE(L), IR(t) Ta Bu-
XiAHOI 3MiHHOI Z I. CnoyaTky HeoOXigHO 3aBaHTaXUTW AaHi Ans HaBdaHHS mepexi B pepaktopi ANFIS (onuii Matlab /
anfisedit / Load Data), sik noka3aHo Ha puc. 8.

o
»

LoadUst | Uiear Uste] | | _Generste s ||| CiranMowe | || lestiow |

Puc. 8. Pepgaktop ANFIS
nicnsa 3aBaHTaXeHHA AaHUX ANsi HABYaHHA Mepexi
[ANFIS Editor after loading data for the network training]
[ani 3aiicHeHo reHepyBaHHSA CTPYKTYpWU cucTemm HediTkoro BucHoBky FIS (onuis Generate FIS), pesynbTart Bidyani-
3auii Akoi (onuist Structure) 3o06paxeHo Ha puc. 9.

Puc. 9. CTpykTypa 3reHepoBaHOI CUCTEMU HEYITKOrO BUCHOBKY
[The structure of the generated fuzzy inference system]

HactynHnmmn kpokamm € HaB4aHHA Mepexi (onuis Train now) Ta nepeBipka aaekBaTHOCTI Liei MoZeni, BikHO i pe3ynbTaTu
SIKOi HaBegeHo Ha puc. 10.
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=no-INNOVINDEX-END

File Edit ‘iew

T e

| TH—

(E—

_Train Mow | [ | Test Mow |
1 1.52863e-006
2 1.91205e-006

AINFIS training completed at epoch 2.

Puc. 10. 3anexHicTb KinbKOCTi UMKNiB
i NOMUNOK y npoueci HaBYaHHA Mepexi
[The dependence between the number

of cycles and errors during network training]

Y pesynbTaTi HaBYaHHA Mepexi BU3Ha4YeHO HOBi, CKOPEroBaHi 3Ha4YeHHs BXiAHUX MNIHrBICTUYHUX 3MIHHUX, HAaBEAEHNX
Ha puc. 11 Ta reHepoBaHux FIS-pegakTopom. Y nigcymKy, Ha BXOAi CMCTEMW BEKTOp 3HayeHb fopisHioe [14,5; 7,13; 15,9], a
Ha BUXOAi peMTUHroBa OLiHKa JopiBHIoE 18,4.

File Edit Wiew Options

input! = 14.5

1 e ]
2 ]
3 =) ]
4 [ ]
3 ]
6 [ ]
]
]
]
]
]

7 [
8 [
9 [
10 [~
11 [~
213 268 0.65

M4.47 71251591

PONRRNARY &

Puc. 11. I'pacbiuHui iHTepdenc nepernsay npasvn 3areHepPoBaHOI CUCTEMM HEYiTKOro BUBoay
[The graphical user interface for viewing the rules
of the generated fuzzy inference system]

BignosigHuii coparmeHT ckoperoBaHoi 6a3n HeYiTKMX NpaBun Ta KiHLEBY NOBEPXHI HEYITKOrO BUCHOBKY HaBEOEHO,
BignoBigHo, Ha puc. 12 Ta 13.
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=]
File Edit ‘iew Options ]

3. If (input] s i1 mil) and Cinput2 is in2mtl) and (input3 is in3mf3) then (output is outd mf3) (10
4 If (ihput! i i1 mi1) and (nput2 is ih2mt2) and (input3 is in3m) then (output is out! mfd) (1)
5. If (input] is in mi1) and Cinput2 is in2mf2) and (input3 is in3mf2) then (output is out! mfS) (10
6. If (input! iz in1mf1) and (input2 is in2mi2) and (input3 iz in3mf3) then (output is out mfE) (1)

intmf1 in2mf1

Puc. 12. ®parmeHT 6a3u He4viTKUX NpaBun
[A fragment of the fuzzy rules base]

File Edit View Options

inpLtt H
T

[hiahd Nkl 15.9]

Puc. 13. BuxiaHa noBepxHs HEYiTKOro BUCHOBKY
[The output surface of the fuzzy inference]

OuyeBunaHO, WO nornvbneHa nepesipka 3anponoHoBaHOi Mogeni notpebye 3HayHO GinbLioro obcsry AaHux Ta no-
AanbLumx oB4YMCoBanbHUX EKCePUMEHTIB i3 HanaromKyBaHHAM CUCTEMM HEYITKOrO BUCHOBKY Ha NepLuoMy eTani MOAeNtoBaHHs
Ta CTBOPIOBAHOI HEMPOHHOI Mepexi Ha ApyroMmy. TM He MEHLL, NepeBipka aAekBaTHOCTI Moaeni (BUKOHaHa 3a CrpoLLEHO
CXEeMOH0 LLIOAO afeKBaTHOCTI peakuii Mogeni Ha 3MiHy BXiOHWX 3MiHHUX) nokasana, Lo NOniNWeHHst BXiAHUX 3HadeHb: fismat =
= readfis ('Sugeno-INNOVINDEX-END"); out = evalfis ([17,5; 7,5; 15], fismat) wono nonepegHLOro npuknagy npueeno
[0 NONIMNWEHHSA PENTUHIOBOI OLiHKM A0 out = 22,43,

Taknum YnMHOM, Ha OCHOBI MoByaoBaHOI MOAErNi MOXHa OOCUTb OMepaTUBHO Ta OGI'PYHTOBAHO OUIHWTW BNMMB psay
akTopiB Ta YMOB Ha PEWTUHIOBY OL}iHKY iHHOBALIiMHOrO po3BUTKY. 3anponoHOBaHUIA Miaxig A0 BUKOPUCTAHHSA HEMPO-HEYIT-
KOi MoZeni Ans BM3HAYEHHS PENTUHIOBOI OLHKM iHHOBALUINHOMO pO3BWUTKY AO3BOMSE, Makuyyn AMHaMiKy OLIHOK Y MEeBHOMY
NPOMIXKYy Yacy, nepenbavatv PeMTUHIOBY OLLHKY Ha AESKUA MOMEHT Y ManbyTHboMY. [JocsarHyTi pesynbTaTtv gatoTb niactaBy
rOBOPUTM NPO MOXIMBICTb MPAKTUYHOrO 3aCTOCYBaHHSA BIAMNOBIOHWMX MoAernew AnA NPOrHO3yBaHHSA NiOCYMKOBOI PENTUHIOBOI
OLiHKM IHHOBALIMHOrO po3BUTKY. Y nmogarnbluMxX OOCHIAXKEHHSIX 3ansiaHoBaHO 30iNbLUMTU KiNbKICTb (hakTopiB BMMMBY, MOMin-
LUMTY iX CTPYKTYPOBAHICTb Ta 3arny4uT 0 HaBYaHHS HEMPOHHOI Mepexxi AocTaTHi 06Ccarv gaHux, y3sTi 3 HadiHUX CTaTUCTWY-
HUx mxepen. MNepenbadeHo Takoxk NEpPEBipKy afeKBaTHOCTI MoAene Ta camoro Nigxody 40 MOAEMOBAHHSA Ha Pi3HUX TUNax
06'eKTiB MOAENOBaHHS: NiANPUEMCTBAX, PerioHanbHMX, TEPUTOPIANbHUX YTBOPEHHSIX.
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