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Pe3tome: B pobomi 3anpononosano nioxio 0o cmeopenHs 6a3u He4yimKux 3HAHb, WO € YACMUHOIO IHMENeKMYalbHOL
cucmemu Kepy8anHsa CKIAOHUMU AOMIHICIMPAmueHUMU cucmemamu. Bin cknaoaemoca 3 060X OCHOGHUX emanie, a came
emany (opmMysanHa CMpyKmypu ma eman HACMpoSaHHaA napamempis Qyuxyii nanexcHocmi. 3anpononosanuii nioxio
00360151€ NPUCKOPUMY CINGOPEHHA DA3U HeYIMKUX 3HAHb OIS IHMENeKMY albHUX CUCIEM KepyBaHH.
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NEFCLASS, eenemuune npocpamysants, CKIAOHI AOMIHICIMPAMUGHI CUCTIEMU.

1. BCTYN
JlepxaBHI yCTaHOBHM TaKi SIK MiHICTEpCTBa Ta
BigoMcTBa BIJHOCATBCSA bi o) CKJIaJHUX

anminictpatuBHuX cucteM (CAznC). Borm maroTh
PO3BHHEHY i€papXidHy CTPYKTYpY, IO CKJIaAa€ThCS
3 0araThboX MiIPO3MUTIB Ta MiJIETINX YCTAHOB, SIKi,
SK TMpaBWIIO, TeorpadiyHo PO3HECEHI MO BEJHKIiH
tepuropii [1]. [HTeNnekTyansHi cCCTeMHU yIpaBIiHHS
CKJIaJial0oTh ~ OCHOBY  iH(OpMAaIiitHO-aHATITHYHOT
JMISUTBHOCTI Ui 3aJay  YOpPAaBIiHHS — TaKUMU
o0’exTamu, a oOpoOka iHdopMalii € omHiel 3
HaWOLIBII CKIAQAHUX YAaCTHH TIPOIECY YIPABIiHH.
Ile 0OyMOBJICHO BEJIMKOK KUIBKICTIO CKJIaIHUX
iH(OpMaIiTHIX TOTOKIB, IO IUPKYJIIOIOTh B TAKHX
00’ €KTax, BUCOKOIO JUHAMIKOIO 3MiHH IX CTPYKTYpH,
sska OOYMOBJICHA 3aKOHOJABYMMH 3MiHAMH Ta
3MIHAMH KEPIBHUIITBA, HASBHICTIO HAa KOXHOMY
piBHI CcyO’ekTHBHUX  (pakTOpiB, HEOOXiIHICTIO
BpaxyBaHHSI Tipu 0OpoOIli SK KUIBKICHOI Tak 1
sikicHOT iH(opMarii.

Ockinbku iHQOpPMAITisS XapaKTePU3y€ETHCS TUM YU
IHITAM ~ CTYIICHEM HEBU3HAYCHOCTI, HEOOXiTHO
BUKOPHCTOBYBAaTH TaKi MaTeMaTH4YHi METOAH 1
MiAXO0IH, SIK1 BKJIIOYAIOTh 3aco0u JUTS
TIPEACTABIICHHS 1 oOIepyBaHHSA iH(bOpMaIieo 3a
HasIBHOCTI PI3HMX THIIIB HEBH3HAYEHOCT] Y OMMCAaHHI
00’€KTy, a came JIIHI'BICTUYHOI HEBH3HAYEHOCTI Ta
HEOOXiHOCTI BpaxyBaHHS SK KIUIBKICHOI Tak 1
skicHoi iHGopmMariii. Cepex Takmx METOMIB Ta

MiAXO0IB MOXKHA BUAUIMTU TPH BEJHUKi Tpymnu [2, 3,
4] JIOT14HI, MepexeBi Ta €BOJIIOLIITHE
MO/JICITIOBAHHSL.

3 HaBEJICHUX TPHbOX OCHOBHUX THUIIB METOIIB
JUIIE JIOTiYHI Ta MEpeXeBI METOIU MOXYTh
BHKOPHCTOBYBATHCS JUTs TOOYA0BH MoJieni 00poOKu
iHpopManii B ymoBax mnpuramanHux CAnC,
OCKLIBKM METOJU €BOJIIOMIHHOTO MOJIENIOBAHHS HE
MAalOTh BJIACHOI MO/IETIi 3HAHb.

MeTtonu €BONIOLIHHOTO MOJETIOBaHHSA € 3a
CBOEI0 TIPHUPOJIOD ONTHUMI3alliHHUMHU METOJIaMH Ta
MOXYTh BHKOPHUCTOBYBATHCS TIIpH TMOOYAOBI Ta
HACTPOIOBaHHI CTPYKTYpH Mojei [5, 6].

i MoentoBaHHsS IIBUAKOIUIMHHUX JIOKATBHUX
y daci TMpomeciB 3acTOCYBaHHS MaTEeMAaTHYHHUX
METOJIB 1 MOJEINIeH, AKi MOTPeOyIOTh, HABUAHHS IS
BUSIBJICHHS ~ 3aKOHOMipHOCTell  (DyHKIIOHYBaHHS
CHCTEMH HEMOXIHUBO. Y LBOMY BHIIAJIKy OCHOBHUM
crocoboM  GopMyBaHHS ~ MOIeIi B yYMOBax
HEBU3HAYEHOCTI cTae (Qopmarizamisi eKCIepTHUX
3HaHb 1 IPEJICTABIICHb Y BUTIIAAI 0a3 HEUITKMX 3HAHb
(BH3), BUKOPHUCTOBYIOUM METOAM HEUITKOI JIOTIKH.
OcHOBHA inesl TOJIATAE B TOMY, ITIO HACTPOIOIOUH
BH3, moxHa ineHTH(iKyBaTH HENiHIHHI 3a1eKHOCTI
3 HeoOxigHOW TouHicTio. [lepeBaroro mgaHOrO
MIXOMy € TakoX MOXKIWBICTh  ypaxyBaHHSI
HEJETEPMIHOBAHUX BILTUBIB, CTPYKTYPHUX 1 SIKICHUX
3MIH y CKJaJi CHCTEMH B MPOLECi MOICIIOBAHHS.
Takoxx JyXe KOPUCHOK OCOONHBICTIO IIHOTO
MiIXOJY € MOXJIHMBICTh MPENICTABICHHS PE3yJIbTATiB
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MOJICITIOBAaHHS y BiTHOCHO TIPOCTiH 1 HAOUHIH Gopmi,
sika Oyze 3po3yMiJIor0 JItovHI. o HelomiKiB bOTo
MiX0y MOXKHA BIJHECTH HEBIOPSAIKOBAHICTH Ta
HaJJTMIIKOBICTh mouaTkoBoi BH3, ska dopmyerbes
BUXOJISIYM 3 CKCIIEPTHHUX 3HAHb, TA BHACHIIOK IIOTO
BXXKICTh BIAMOBIJCH HA MUTAHHSA ‘“doMy?” 1 “IK?”.
e ycxiagnroe npomec NpuAHATTS PillieHb, 010

HEOOXiTHUX HaIPsIMKIB VIIPaBITIHHSI TUTSI
MOKpAIIeHHS CUTYaLlli.

I[Ipu moOymoBi Mopmeneld Ui TPOBENEHHS
00pobku  iHdopmarii B CAaC 3 BimHOCHO

MOCTIHHUM CKJIaJIOM YYacHUKIB Ha CepeaHbo- 1
JIOBFOCTPOKOBOMY YacOBOMY IHTEpBaNi 3’SBISETHCS
MOXXJIMBICTh 3aCTOCOBYBATH B SKOCTI BHUXIJHHX
JaHuX Moneni OineIn 00’ €KTHBHY iH(OpMAIlio, a
caMme iHQopMaIlil0 PO cTaH CUCTEMH B mepiofu ii
critikocri [7]. Tomy mogatkoBo 10 copMoBaHOi 3a
JIOTTIOMOTOI0 METOIB HEUITKOT JIOTIKH MOJICII MOKHA
BUKOPDHCTOBYBAaTH  METOIU  Teopii  MITYYHHX
HEHPOHHUX MEPEXK Ta €BOJIOLINHUX O0YHCICHD IS
MPOBENCHHS HacTporoBaHHA. Came maxig mo
CTBOpPEHHS Ta HacTporoBaHHsA bH3 3 BuKopucTaHHIM
METOJ[IB  HEYITKUX  HEHPOHHUX  MEpex  Ta
€BOIOLIHHUX O0YNCIIEHh 3alpOIIOHOBAHO B JaHii
po06oTiI.

2. OCHOBHA YACTUHA

baza HeuiTKMX 3HAaHb € OJHICKD 3 TOJIOBHHUX
CKJIQJIOBUX YaCTUH  IHTEICKTYadbHHX  CHCTEM
ynpasiinas. BoHa nipencraBisie co0orw 00’ €aHAHHS
yactkoBux BH3, KkoxHa 3 SKHX BH3HAYae
3aJICKHICTh PE3YJIBTYOUOT JIIHIBICTUYHOT 3MIHHOT
(JI3) Bixg Bximaux JI3 [8]. B cBoro uepry dacTkoBi
BH3 mpencraBisioTh CO00I0 CYKYHHICTh IPaBHI
Bugy “SKIIO .. TA.. TA .. ABO .. TA .. TA .. ABO

TA TA ., TO ..”. KoxHe Take mNOpaBUIIO
BH3HAYa€ 3alIeKHICTh TepMy pe3ynbTyrouoi JI3 Bix
TepMiB BXigaux JI3.

B 3arampHOMYy BHNanKy pe3yiabTYIOUHX 3MIHHHX

MOXeE Oyt JIEKIIbKA, 110 00yMOBJIEHO
HEOOXITHICTIO PO3TIIIIATH Pi3HI ACTIEKTH TIPOOIEMH.
3 iHmoro ©OOKy s BHU3HAYCHHS  PI3HUX

PE3YABTYIOUMX 3MIHHMX MOXYTh OyTH BUKOpHCTaHi
OJIHAKOBI BXiMHI 3MiHHI abo iX wacTuHa. Tomy
noOymoBa Ta HacTporoBanHs BH3  moBuHHI
MPOBOJUTUCH OJHOYACHO ISl BCix JI3.

[TocranoBka 3amadi MoOyMOBU Ta HACTPOIOBAHHS
BH3 naBenena amxye.

HaHo:

D) {x;|i= I,_V} — MHOXKMHA BXITHUX 3MIHHHX;
2) {X, |i:1,_V} — wMHOXHMHa JI3, mio
BiAMOBiMaI0TE {X; |1= I,_V} ;

3) {X} |i= I,_V,} —TepM-MHOXHHH JI3 3 IMyHKTY
2, e

z=1,Z,,— nomep Tepmy Bximnoi JI3 X, Z, -
3arajbHa KUTBKICTh TepMiB BXimHO1 JI3;
4 Ay, |i=Lv,z=1,Z,;} — muoxuna OH,
1i

BimoBimHUX 10 TepMiB JI3 3 myHKTy 3, 3a SKUMH
Oyzne npoBoauTHUCH (ha33idikamis;

5) {X, [1=LLM,} — MHOXHHA pe3yIbTyHOUHX
JI3;

6) {X5 |z=1Z,} — tepm-muoxuna JI3 3
MyHKTY 5;

7) (XX 1= LR -

o0y 10BU Ta

1
v

BHOIpKa TUTS
HACTPOIOBaHHS, Ie

1 [ N . .
X =<X1,X2,...,X > — 1-it naGip 3Ha4eHb BXigHHX

sminanx, X :<X121,X122,...,X12N> -t Habip
3HAYeHb Pe3ynbTyounx JI3;

8) {(x", X)) |1=1,R )}~ BUOipKa ISt
TECTyBaHHSI

3HalTH:

1) ﬁz = Uf{ﬂ —0a3y HEUiTKUX 3HaHb, IO
1

BH3HAYA€ 3aJIeKHICTD
Bxiguux JI3;

pesyapTyrounx JI3  Bix

i=lLv,z=1,Z.}.

2) Hactpoitn {u,

Jns BupimieHHs i€l 3agadi  3amporioHOBaHO
miaXix g0 moOymoBM Ta HacTporoBaHHs bH3,
CTPYKTypa SKOrO HaBeaeHa Ha puc. 1. BiH
CKIIQIa€ThCSl 3 JBOX OCHOBHUX €TaliB: eTamy
(bopMyBaHHS CTPYKTYpH Ta eTamy HaCcTPOHOBAHHS
napametpiB pyHkii HanexHocTi (OH).

1-st and 2-nd level
LV, learning sample,

Fuzzy KnowledgeBase
Similarity Simplification

v
Bottom Part KB Formation

: z
g (NEFCLASS)

3
KB Formation by Using
Genetic Programming
ey e ————— -
MF Parameters Adaptation
(NEFCLASS)

Result KB

Puc. 1 — ETanu no0y10Bu Ta HACTPOIOBAHHS
BH3.

Etan ¢opmyBaHHA CTPYKTYpU HPOBOAUTHCS
OKpeMO i1 KOXHOro TepMmy koxknoi JI3. lle
00yMOBIICHO THM, IO IIeH eTal € HEe3aJSKHUM UL
kKoxxHoro tepmy. YactkoBa BH3 B mipomy Bumazaky
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Oyme oTpmMaHa SK OO ’€IHAHHS BCIX TPaBUI IS
BH3Ha4YeHHA KoxxHoro Tepmy JI3. A 3aransna BH3
Oyze oTpuMaHa SK pe3yJbTar o00’€THaHHS BCiX
yacTkoBux bH3.

Etan ¢dopmyBaHHS CTPYKTypH B CBOKO 4eEpry
BUKOHYETHCS B TPU KPOKH.

Ilepmmii kpok TomsArae B CHOPOIICHHI 3a
MOAIOHICTIO MHOXKHH TEPMiB, IO BiINOBITAIOTH
BXIJHUM JHTBiCTHUHUM 3MiHHUM [9]. is mporo
BHKOPHCTOBYETHCS Mipa moioHoCTi (1).

S(A.B) = |AnB| |
ne A,B — HediTki MHOXHHH, || — TOTYXXHICTh

MHOKHHH.
Y BUNAAKy KOJIM Mipa MEePEBHUIIYE 3aJaHUH TOPIT
6 €[0,1] moxiOHi HedyiTKi MHOXHUHU 00’ €IHYFOTHCSL.

3MUTTS  3MEHIIy€e KIIBKICTh PI3HUX  HEYITKHX
MHOXHH, 10 BiamoBimatorb Tepmam JI3 i
BUKOPHCTOBYIOTbCS Tpu ToOyaoBi BH3, i Tum
caMyM, MiABHUINYIOTH MPO30OPICTh MpPHU PO3B’sI3aHHI
3amaui kiacudikarmii. Komu Bci Tepmu ommiei JI3
MalOTh TakKi HEYITKI MHOKWHH, SKI BiAIOBIiZarOThH
yHIBepcaJbHIH MHOXHWHI, a00 KOMH  3JIUTTA
OPU3BOAUTE [0 TOro, WO TepM-MHOXxHHA JI3
MICTHTD JIMIIIC OJWH TepM, TO Taki JI3 BHAAIAIOTHCS

3 pO3TIIANy.

Ha napyromy kpoii NpOBOAMTBCS CTBOPEHHS
moyatkoBoi crpyktypu BH3. Ils mpomenypa
BUKOHYETHCSL 32 JIOTIOMOTOI0 aJTOPHUTMIB, IO

0a3yl0Tbcs Ha METOJaX Ta AIrOpUTMax MoOyIoBH

HeuiTkoi HeiipoHHOi Mepesxxi NEFCLASS [10, 11].
Jns  BukopuctaHHsA 1Hx anroputmiB  BH3

NPEACTaBIAETbCA Yy  BHNIAAL  YOTHUPUIIAPOBOI

HEYiTKOi HeHpOHHOT Mepexi (puc. 2).

Puc. 2 —HeuiTka HelipoHHA Mepe:ka, 10 BiAnoBigae
yacTtkosiit BH3.

CTpyKkTypa Mepexi BH3HAYA€ThCS HACTYIMHHM
YHHOM:

[Map 1 — BxXimHI HEeHpoHW, IO BIANOBITAIOTH
BXOJIaM 00’ €KTY;

[Map 2 — HelpoHM MEpPHIOr0 CXOBAaHOTO INApY,
IO BiJIMIOBiIalOTh T€PMaM, SIKi BHKOPUCTOBYIOTHCS B
gacTkoBid bH3, Ta Hanmexars 10 TepM-MHOXHH JI3
MEPIIOTO PiBHS;

[lap 3 — HEWpOHHU IPYroro CXOBAaHOTO IIAPY, SKi
BH3HAYAIOTh MiHIMallbHE 3HAYEHHS cepe]] 3HAYEHb,
10 0 HUX HaIIHIIIIN;

Ilap 4 — HelpoHW BHUXITZHOTO IHApy, fKi
BU3HAYAIOTh  MaKCHMajbHE  3HA4YSHHS  cepell
3Ha4YeHb, IO 10 HUX HaINIIIIH.

Bara 3B’s13KiB Mi)k HEHpOHAMH PiBHIB 33aJa€ThCS:

OJIMHUIICIO — Bara Mik HelpoHamu 1-ro ta 2-r0
TIapiB;

(GYHKIISIME  HaJEKHOCTI BXOLY O HEYITKOTO
TEpMy — Bara Mik HelpoHamu 2-10 i 3-ro mapy;

OJIMHUIICI0 — Bara MK HelpoHamu 3-T0 Ta 4-TO
arapy.

Bynemo posrisigaté o0uuclieHHS pe3ybTyHuol
3MIHHOI 3a JaHUMH BHMIpPY BXiJHHUX 3MIHHHX SIK
MOCIIIOBHY ~ TPOIeAypy B  OararomapoBux
HelpoMepekax, Jie BXi/IHI CHTHAJIM MTOIIHPIOIOTHCS B
npsimomy HampsiMKy (feedforward), ame sikmo mircHi
3HAUCHHS BUXOIIB BIIPI3HIIOTHCSA Bin OaKaHUX, TO
MOMUJIKA TTOIIMPIOETHCS Y 3BOPOTHOMY HAIPSMKY 3
YpaxyBaHHSM BEIIMYHMH, pPO3PAXOBAHUX IiJ dac
MPSIMOTO XOJY.

B skocti ¢yHkuiin HanexxHocti TepmiB JI3, 1o
BiJINIOBIIalOTh ~ HEeHpoHam 2-ro 1mapy OyayTh
BUKOPHCTOBYBATHCS [ing:ieiil HAJIe)KHOCTI
TpuKyTHOTO BHIY (2), fAKi € YyHiBepcaabHUM
anpokcumaTopom [12]:

1R —[0,1]
X—a

b ﬂbﬁ
— X €[a,b)
c—X
c—b
0, x ¢[a,c].

z

Koxen meiipon 3-ro mapy TA] (j=1,Mj,

z=1,K,, ) ta noB’s3ani 3 HUM HEHPOHH APYroro
mapy MOXKHA PO3TJISAATH SK PATOK KOH IOHKIIIT
yacTKOBOI HeuiTKol b3 11 BU3HAUYeHHS 3aI€KHOCTI
JI3, 1o
BU3HAYa€ Z-U TepM Ii€i 3MIHHOI, Ta TepenucarTu y
Buriisaai npasui “SAKIIO.., TO..” HacTymHUM YUHOM

)

pesymsrytouoi JI3 X, Bim BXimHHX
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SKIIO (qul = Xjo )TA(XI% = X )
) 3)
TA(quS - Xk;gs) TO X, =X,

me q, — HoMep BximHoi JI3, S LS, S=85,

Homep JI3 y j-my mpasumi (j=1Mj ) mus
(z=1,K,,)

BU3HAUCHHS Z-TO TEpMy
pe3yabTyrouoi JI3.

Tpetiii KpoK € KiHLIEBUM B erami (OopMyBaHHA
ctpyktypu BH3. Jlna oTpumanHsS pe3ylbTyr0uoi
CTPYKTYpH BHKOPHUCTOBYIOTHCA METOT!
rereTnyHoro nporpamysanus (I'TI), mo BXoaaTs 1o
CKJIaly BHU3HAYEHOI paHilie OUIbII MIUPOKOI TPYIH
METO/IiB €BOJIFOLIHHOTO MOIETIOBAHHS.

Ilin wac I'Tl xoxHa 3 YacTHH ™MOOYJOBaHOL
HEHpOHHOI Mepexi Oyae po3MIAAaTUCS SIK IeMEHT
ITOYaTKOBOTO HAOOPY JaHMX.

T'TI onepye MHOKMHOIO MPaBWI JIJIsl BUSHAUCHHS
tepmy JI3. 1li mpaBuna mMmomaroTbes Yy BHIVIAAL
CTPYKTYp IaHMX — XpomocoM. Habip xpomocom
Ha3WBAETHCSA TOMYJIAMmis. Tomai KOXKEH eIeMEHT
MOMYJISILII  MPEACTABISE€ HEYITKY MOJCHIb  JJIs
BH3HAUYCHHS TEpMy Ta MOXe OYyTH TMOJaHWUH ¥y
Burisiai rpagy “TA/ABO”.

XpoMOCOMH  OLIHIOIOTbCS 32  JIOIIOMOTOFO
(GyHKIT  BiANOBITHOCTI Ha  30aTHICTH X
pO3B’sI3yBaTH po0iiemy, TOOTO BipHO

knacugikyBaru. s QyHKIis BKIOUae BCi yMOBH,
SIK1 BUCYBAIOTBCSL IO PO3B’SA3KY MpoOiIeMu, TOOTO 110
BH3 Tepmy. Pesymprar ormiHOBaHHS, TOOTO Ti
XPOMOCOMH IO 3aJIMILIMIINCSA, BUKOPHUCTOBYIOTHCS B
nporeci (pOpMyBaHHS HOBOI MHOXXHUHHU MOJKJIMBHX
pO3B’s3KiB, HOBOi momyssanii. Bubip BignmoBigHUX
XPOMOCOM Ha3WMBAa€TbCs cenekiiero. [lim wac mel
BUOMPAIOTHCS XPOMOCOMH 13 HAMBHIIOK (DYHKITIEO
BIJITOBIAHOCTI.

Hns (hopmyBaHHS HOBHX XpOMOCOM
BUKOPUCTOBYIOTECSI ~ Omepalii CXpellyBaHHS Ta
MyTalii, SKi 3aCTOCOBYIOTbCA IO XPOMOCOM OJIHi€l
momyssimii. 1li omeparii MoauikyloTh CTPYKTYpY
HEYiTKOI Moeri.

B nawniit poGOTi MPOMOHYETHCS BUKOPUCTOBYBATH
JIBa BUJM OTIepalliil CXpellyBaHHs Ta MyTallii, a came
Ha piBHi By31a ABO Ta piBHi By3na TA.

CxpelryBanHs 3a0e3neuye 0OMiH iH(popMaIli€ro
MK ~ XpOMOCOMaMH Ta  3aCTOCOBYETBCS IO
BUMAJKOBO OOpaHOi Hapd XpOMOCOM 3 IOTOYHOL

HOMyJIsLii 3 HMOBIPHICTIO P, .

Ormepartisi cXpelryBaHHS, IO 3MIMCHIOETHCS Ha
piBHi By3na ABO npu3BomuTh 10 00MiHY OJHHM 200
nexinpkoma By3mamu TA (puc. 3). Ilig wac wei

00MparoThCs JBI BHUITAIKOBI TOYKH B XPOMOCOMaX-
npenkax A i b. Biaciueni wactuHu 3 000X MpeaKiB
00’€THYIOTHCSI T2 CTBOPIOETHCS HAIAJIOK.

P f

@ |

Puc. 3 — Onepanis cxpeuryBaHHs Ha piBHI BX0aiB
By3i1a ABO.

yacTuHa 1

yacTuHa |

€

Jpyra onepariisi cXpelryBaHHs 3IHCHIOETBCS Ha
piBHi BxoxiB By3ia TA. B mpoMy Bumaaky mpoiiec
00MiHy OOMEXYyeThcs JHWINEe BXoAamu By3ma TA
(puc. 4), TOOTO MHOXHHA BXOIIB 3 BHIAIKOBO
obpanoro By3na TA 3amilmaeTbcs MHOXHHOIO
BXOJIIB 3 BUMAAKOBO oOpaHoro By3na TA iHIIOTO
CJIEMEHTY TTOIYJIAIIIT.

npenok b

qac @
“,

HaIla0K

Puc. 4 — Onepanis cxpeuryBaHHs Ha piBHI BX0aiB
By3aa TA.

BukopucToByIOUM JIBa MEXaHI3MHU CXPEUlyBaHHS
BHOCSITHCS 3MiHH Pi3HOTO PiBHS B NIPOLIEC CTBOPEHHS
HamankiB. CiiJy BiIMITUTH, IO TO CBOIH MPHPOII
I'Tl B KOXKHOMY HOBOMY BHIMAJKy CTBOPIOE pi3Hi
HaIaIK¥ I OTHUX ¥ THX caMuX mpenkiB. Lle moxe
OyTH KOPUCHHMM B TPOIIEC] MOIIYKY ONTUMAIbHOTO

pimieHHs.

Myrariss, 3  iHmoro  0OOKy,  TapaHTye
Ypi3HOMaHITHEHHS, SIKE HEOOXIIHO VIS
EBOJIIOLIIOHYBaHHA. BoHa  3acTocoByeThCcs 3
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iMoBipHicTIO P, . B mpoueci myramii Oynyerbes
HOBa XpPOMOCOMa BHECEHHSM HEBEJIUKUX 3MiH B
CTPYKTYpYy XpomocoMu-nipeska. Lle Bce mpu3BoauTh
JO CTBOPCHHSA HOBOI TMOMyINAIil Ta Mpolec
MOBTOPIOETHCS 3HOBY.

B nawniit poOoTi po3risiaeThCs 1Ba THITA MYTallii.
B nepmiomy Bumaaky MyTawmis BigOyBaeTbcs Ha
piBai By3ma ABO (puc.5), B apyroMmy, Ha piBHI

By3na TA (puc. 6).

e,

Hana0K

POk

Puc. 5 — Myrauis Ha piBHi By3aa TA.

fiy

HHHD H®

TIPEIOK

G
3

@
@@@@ @

HaIaTI0K

Puc. 6 — Myrauis Ha piBHi By31a ABO.

B kiHIII KOXHOI €MOXH MPOXOJUTh CEICKIlisA
XpOMOCOM, SKa TIOJIATa€ B OIIHIOBaHHI  3a
nomomororo Qyukuii BimmosigHocti Fit  Fun (2)

XpOMOCOM Ha 37aTHICTb IX pO3B’sA3yBaTu mpodiemy,
T0OTO BipHO KiacudikyBaru, Ta (opMyBaHHI HOBOI
TOITY JISIIII.

Zep

pel
L’

(g, (P)Zaat, =1)

abo (,ule (p)<aTat,=0)
"0, (i, (PzaTat,=0)
abo (/“xg, (p)<aTat,=1)

Fit Fun =

)

e |L| — TOTYXHiCTh MHOXMHA L, o — 3amanuii

TIOPIT, MIPH JOCATHEHHI SIKOTO MO>KHA TOBOPUTH, IO
JaHUH BEKTOP HAJISKUTH KJacy.

Bci omepartii mOBTOPIOIOTHCS 0 THX ITip, TIOKH HE
Oyne mocarHyTa yMoBa 3akiH4eHHS (3).

1-Fit Fun<e 3)

e & —Topir, TpW JOCATHEHHI
TOBOPUTH, IO  OTPUMaHa  YacTKOBa
3a7I0BOJIbHSIE BUMOTaM.

Baxmusum xpokom B ITl € dopmyBaHHS
nomyssimii. Bei  xpomocomu, IO BiANOBIIAKOThH
HEUYiTKUM MOJENSM TEeHEPYIOTbCS BHIAAKOBO 3
oOMEeXeHHAM Ha Te, Mo By3on TA He Moxe
MOENHYBATH JBa TEPMH OJHIET JTHTBICTHYHOT
3MiHHOI. Take came OOMEKCHHs HaKJIAJaeTbcsl Ha
chopMOBaHi 3a JONOMOTOIO omeparii MyTarii
Hamagku. B sSKoCTI reHiB, TOOTO YacTHH 3 SKUX
(hOpPMYIOTHCS XPOMOCOMH MOYATKOBOI MOMYJIAIT Ta
AKI BHKOPHCTOBYIOTBCS MiA Yac omepauii MyTarii
00WparoThCs MpaBWiIa Ta iX OKpeMi 4acTWHU 3 0asu
3HaHb C(OPMOBAHOI 3a JIOMOMOTO PO3IIISHYTHX
BUIIIE aJITOPUTMIB.

[Ticns mpoBeneHHA (OpMYyBaHHS CTPYKTYPH
MIPOBOJUTELCS HacTporoBaHHS mapamerpiB OH. s
nporo, cQopMoBaHi JJIsi BU3HAUCHHS KOXKHOTO
tepmy rpapu  TA/ABO 00’emHYIOTBCS TaKkuM
9UHOM, MO0 OTPUMATH HEYITKY HEUPOHY MEpeKy
(puc.2).

[Ticns pOro MPOBOJUTHCS €Tall HACTPOIOBAHHS
napaMeTpiB (QYHKIIT HAJEKHOCTI, SKWUH IONIATaE B
BHKOPHCTaHHI aITOPUTMIB HAaBYAHHSI, IO 0a3yIOTHCS
Ha ajropuTMax HaBYaHHA HEYITKOI HEHpPOHHOI
mepexxi NEFCLASS [11], ne B sSKOCTI KpuTepito
3aKiHYCHHS  OOWMpAaEeThCS  BIICOTOK HE  BipHO
knacu(ikoBaHUX 3pa3KiB.

OTpuMaHa KiHIIEBa HediTKa HEWpOHHa Mepexa
3aMACYEThCS Yy BHUIISAI HAOOpY HEUITKUX IPaBHI:
“JKINO .. TA..TA..ABO .. TA..TA..ABO .. TA
.. TA .., TO ...”, axi i ckiamaroTh yacTkosl BH3.

Pesynprytoua BH3 Oyne orpuMaHa sik pe3ynbraTt
00’eqHanHs yacTkoBux bH3.

SKOI'0 MOXHa
BbH3

3. EKCMNNEPUMEHTAIJIbHI PE3YJIbTATU

3anponoHOBaHWH MiAXix Oylo 3aCTOCOBAHO JUIS
¢dopmyBanns BH3  iHTenekryanpHOT  cHCTEMH
ynpaniHHs Aepxkasroincnekii (JAl) ans ominku
pI3HHX aCIMEKTIB IMOJO0 CTaHy aBapidHOCTI Ta
3JI0YMHHOCTI Ha Ioporax YKpaiHH.

JanuM, mo 30epiratoThcsi, OyJI0O MOCTaBJICHO Y
BIJIIIOBIIHICTH TaKl JIHTBICTUYHI 3MIHHI:

X,, — ximpkicts ATII; X,, — KUIBKiCTh 3aruOInX;
X,; — KUIbKiCTh TIOpaHeHuX; X, — Kimbkicts JTII

3 BUHHM BOJI{B y HETBEpe30MYy CTaHi; X — BCHOTO

BUSIBIIEHO TOPYIIEHb MPaBHI IOPOKHBOTO PYXY,

JOMYIICHUX BOXISIMH; X, KEpyBaHHS Y
HeTBepesoMy  craHi; X, MePEBUILICHHS
WBHAKOCTI; X g npaBuwi1  o0rony; X,
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CTBOpeHHs aBapiiinoi curyauii; X, IIpaBuUIl

nepei3ny mepexpects; X, 3apeecTpoBaHO

BHKpaJIeHb TPAHCIOPTHHUX 3aco0iB; X, — 3 uhcna
3apeeCTPOBAHMX B IIOTOYHOMY POI PO3KPHTO; X, 3

— BCBHOTO PO3IIYKaHO TPAaHCIIOPTHUX 3aco0iB; X,

— HCBHKOHAaHHA HiHIOXOZ[aMI/I mpaBuJl TOPOXKHBOTO

pyxy.
B BH3 6ymo BuaiieHO JiHTBICTHYHI 3MiHHI, IO €

pe3ynbTyIounMH, a came X,, — curyauis mo JTII,
X,, — cuTyalis HO MOPYIIEHHAM HpaBui, X,

CHUTYaIlis, I[0JI0 BUKPAJCHb TPAHCIIOPTHHUX 3aCO0IB.

Jlns OIIHKKM 3HAYeHb BXIAHUX JIHIBICTHYHHX
3MIHHUX OYIIEeMO BHKOPHUCTOBYBATH €IMHY IIKAITY
skicaux TepmiB: H — Huzpkuii, C — cepenniii, B —
BuCOKuH. CIiJl BIIMITUTH, 10 KOXKEH 3 IIHX TSPMIB
MIPENICTABISIE  HEYITKy MHOXHHY, 3aJaHy 3a
JIOTIOMOTOF0 (DYHKIIIT HAJIGKHOCTI, SIKa B 3araJiILHOMY
BUMAJIKy pi3HA JAJS OAHAKOBHX TEPMIB PI3HUX
JIIHIBICTHYHHUX 3MIHHHX.

Jost OILIIHKH 3HaYEHb PE3YIBTYIOUNX
JIHTBICTUYHUX 3MIHHHMX, TOOTO CTaH CHUTyalii o
PI3HUX HaIpsIMKaX BUKOPHCTOBYIOTH €IAMHY INKATY
sakicaux TepmiB: JI — mobpuii, BC — BHIIE
cepenuboro, C — cepenniit, HC — HIDKYE CEPETHBOTO,
I1 — moranwuii.

HeoOximHO TakoX MiAKpeCIuTH, IO diarna3oH
3HaUYCHb OJHAKOBHX BXIMHWX 3MIHHHUX Oyne
pi3HUTHCS A7 pI3HUX  perioHiB. 3  METor
BHKOPHCTaHHS OJJHAKOBHX Mojeleli Oylio mpuitHaTe
pIIEHHS TPOBOAWUTH TIOTIEPEAHIO OOPOOKYy IHX
3MIHHMX, SIKa IOJIATA€ B MHOKEHHI Ha BiIITOBIIHMI
JUIS  KOXHOI 3MIHHOI Ta KOXHOTIO PETiOHY
Koe(illi€eHT, TakWd IO B pe3yNibTaTi 3HAYCHHS
BX1HOI 3MIHHOI JIEXKUTH B Aiana3oui Big 0 mo 1.

Bynu 3anpomoHoBaHi  HACTymHiI  OYaTKOBI
(hyHKIT HaNEXHOCTI JUIA HEYITKMX MHOXHH, IO
BIAMOBIIalOTh TEepMaM JTHTBICTHYHUX 3MIHHHUX
nepuIoro piBHA (4).

B saxocti BUXigHMX  3pa3KiB, Ha  SKHX
MIPOBOIUTIACH mooyoBa, HaCTPOIOBaHHS i
TeCTyBaHHs Oyyna B3dra iH(OpMaIisS 00

aBapiliHOCTI Ta 3JI0YMHHOCTI MO AOporax YKpaiHu
JUIS TPbOX pETiOHAJIBHHUX IIEHTPIB 3a OIWH piK.
Ockinbku B 0a3i MiCTUTBCS iHPOPMAITISI IO THKHSIM,
To Habip mictuB 156 3paskiB. s HaBuaHHA OyIO
oOpano 117 3pa3kiB, a s TectyBaHHs 39.

1-2-x, x€[0;0,5],

A)=10  100.5, @

2-x, x€[00,5),
Heo(x)=32-2-%, x€[0,5]1],

0, x ¢[0;1].

2-x-1, x€[0,5:1],
MOI=100 g5

PosrnsHemo (GopMyBaHHS Ta HACTPOIOBaHHS
0a3y 3HaHb I BU3HAUYEHHS JIIHIBICTUYHOI 3MIHHOL
npyroro piBHs Ha npukiaai BH3, sxa BusHauae

3HAYeHHS Pe3yJbTYyI04Oi JIHTBICTUYHOI 3MIiHHOI
[13 . 2

X,, “Curyauis mo JTII”.
OcCKilbKH ~ BUTTISIL ~ TMOYATKOBUX  (DyHKIIN

HaJIe)XHOCTI OyB 3amanuii 3a popmyior (4), a mopir
0 =0,7, To Ha mepuoMy Kpoui He OyJI0 BHECEHO

HISIKMX 3MiH B MHOXXHMHY JI3 Ta X TepMiB.

Ha npyromy xpoui 0yio copmoBano 30 npasui.
B pesynbraTi TectyBaHHS Ha HaBYANBHINA BHOIpIl
Oyno BipHo xmacudikoBano 100 %, a mnpm
BUKOPUCTaHHI BHOIpKM [JIsI TECTyBaHHS BIpHO
kiacugikoBano 95% (37 3paskiB).

JlomaTkoBe HaBYaHHS 3a JOIIOMOTOI0 aJrOPUTMIB
no0ynoeu mepexxi NEFCLASS, 1o npoBoauiocs Ha
BCili BUOIipwi, MpuBeno A0 GOpMyBaHHS LIE OJHOTO
npasmia. Ilicns nporo TectyBaHHS Ha BCiil BHOIpIT
Jlano pesynbrar BipHOI kiacudikamii ansa Bcix 156
3pasKiB.

Haui, 3a mormomororo mMetoxis Ta anroputMis ['T1,
MPOBOIMIOCE (DOPMYBaHHS BIAMOBITHUX YaCTHH
BH3 nns Bu3HadeHHS KOXHOTO TepMmy JI3, sxe
pPO3MIIIHYTO Ha NpuKiIagi pesynsrytodoi JI3
“Curyartis o JTII”.

Po3mip mouaTtkoBoi momynsiii gopiBHioBaB 20
XpOMOCOM JJIsI KOXXHOTO TEpPMy Ta CKIaJaBcs 3
npaBwi, mo Oymu chopMOBaHI Ha MOMEPEIHHOMY
KpoIIi Ta iX ckiagoBux dacTuH. bymo nmposexeno 200
itepauiii  (emox). Ilopir o nopiearoBaB 0,5, a
€=0,01.

Hwx4ye posrisiHyTa moOynmoBa i 4acTHHM JUIS
tepmy “Tlorano”.

Buxonsaun 3 chopmoBanoi gactkoBoi BH3, ska
cKirajganacs 3 5 mpaBWI 3 CYMapHOI KiJIbKICTIO
tepmiB 20 OyB TipoBemeHWHE eranm (OpMyBaHHS
CTPYKTypu 3a momomororo wmeroniB I'Tl. Poswmip
MOYaTKoBOi momysinii  ckiagaB 20  XpoMocom,
KIJIBKICTh iTepaniii Oyna 3amaHa B po3wmipi 200. B
pe3ynbTaTi Oyna oTpumana 0a3a 3HaHb, MIO
CKJIaJa€ThCsl 3 3 MpaBWI 3 CYMapHOKO KiJIBKICTIO
TepMiB 4.

[Ticnst mpoBeneHHS popMyBaHHS CTPYKTYpH OyII0
MPOBEICHO MTOJATKOBE TECTyBaHHSI Ha BCIA BHOIpII
(156 3paskiB), sxe gano 100% BipHUX pe3ybTATIB.

Bim3Haunmo, 1o micis 3acTOCYBAaHHS METOJIB
TeHEeTHYHOTO  mporpamyBaHHs bBH3  cyrreBa
CHPOCTHIIACS JIUIIE JJISl BUMAJKY KOJH JIIHTBICTHYHA
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3MminHa X,, mpuitMae 3HaueHHs 1 (moraHo).

[Micns  mpoemeHHst — eramy  (opMmyBaHHS
CTpyKTypHu 3a nomomororo [Tl 3arambHa KiJbKiCTBb
mpaunn B BH3 mopiBHSHO 3 TOYaTKOBOIO
3MeHmmiIack B 1,4 pa3w, a cyMmMapHa KUIBKICTh
TepMiB B 2,3 pa3u.

ETtanm HacTporoBaHHS mapaMeTpiB AN JaHOTO
BHITAIKy HE TPOBOIWBCS, OCKiUTbkM bBH3 maBana
BipHE pillleHHs IS BCi€1 HaBYAIBbHOI BUOIPKH.

4. BUCHOBKMU

3anpornoHoBaHuii B po0OTI  MmiAXig — Jae
MOJKJIUBICTh ICTOTHO 3MEHIIMTU CyO’€KTUBHICTDH 1
CyHIEepEWINBICTh SKCTICPTHUX OITiHOK pu
(dopMyBaHHI 0a3M HEYITKMX 3HaHb. BHacmiIoK
LBOTO MOJIMIIYETHCS SIKICTh Ta MPO30PICTh PillIeHHS
3a7a4 00poOKHu iHdopMmamii B CKJIQTHUX
aIMIHICTPAaTHBHUX CHCTEMAaX.

Takuii migxig Takok MOXKHA 3aCTOCOBYBATH SIK
JUIs  BHUpINICHHS  33a7a4  OI[iHKK  CTaHy B
PI3HOMAaHITHHX OpTaHi3alliiHUX CTPYKTypax, TakK I
Uit 00poOku iHpopMaiii B Cyry0o TEXHIYHHX
cUcTeMax, TaKHX SIK iHpopMaLiitHo-
TEJIEKOMYHIKAIlIiHI ~ Mepexi 14], snmepna
€HepreTHKa TOMIO.

[13,
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Haykosux pobim.

Haykosi iHmepecu: po3nodineHi iHopmayitiHi
cucmewM, HmMesekmyarsbHi cucmem  nidmpuMKU
apudHamms  piweHb, cucmemu  8upobHuymea
moegapHOI podyKuji.

TepHogol Makcum
KOpitioeuy. B 2002 poui
3aKkiHyue HauioHanbHUl mex-
HIYHUU yHigepcumem YKpaiHu
“Kuiecbkuti nonimexHiyHul iHc-
mumym” ma ompumas Kearli-
ikauito Mazicmpa npuknadHoi
Mamemamuku 3a creujarnb-
x Hicmio iHghopmamuka. B 2007
poui 3axucmue kaHOUdamcbKy
ducepmauiio 3a crieujanbHicmo “Aemomamu308aHi
cucmemu yripassiiHHS | npoepecusHi iHgbopmauitiHi
mexHoroeii”. 3apa3 obitimae nocady doyeHma
kagpedpu IHpopmauiltiHo-meneKoMyHikauitHux me-
pex IHecmumymy menekomyHikauiiHux cucmem
HauioHanbHo20 mexHiYHOo20 yHieepcumemy Ykpai-
Hu “Kuiecbkul nonimexHiyHut iHcmumym”. Mae
6r1u3sbko 30 Haykosux pobim.
Haykosi iHmepecu: iHmMenekmyarnsHi cucmemu
nidmpumKku  nputiHAmMmsi  piweHb, mobile  grid,
pervasive computing.

LImoepiHa OneHa
CepeiieHa. B 2007 poui
3aKiH4urna HauioHanbHul

mexHiyHuli yHigepcumem Yk-
paiHu  “Kuiecbkuli  nosnimex-
'y = &= HIYHUU iHCmumym” ma ompu-
Mana Keanigikauito iHXeHep
MameMamuKk 3a creujarsb-
Hicmio “TlpuknadHa Mamema-
muka”. 3apa3 npauroe acuc-
meHmom Kaghedpu IHopma-
UitHo-mernekoMyHikauidHux  mepex IHcmumymy
merneKkoMyHikayitiHux cucmem HauioHanbH020 mex-
HiYHO20 YHigepcumemy YkpaiHu “Kuiscbkul mnorsi-
mexHiYHul iHcmumym”.

Haykosi iHmepecu: mobile grid, distributed
systems, pervasive computing.
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1. INTRODUCTION

State institutions such as different ministries and
departments belong to complex administrative
systems (CAS). Such systems have hierarchical
structure and consist of many departments and
subordinate organizations. Information-analytical
activity in CAS is based on intellectual systems. The
information processing is one of the most difficult
part of such activity [1], because information has
uncertainty. Consequently it’s necessary to use such
mathematical methods and algorithms which can
represent and operate the data with different types of
uncertainty in description of object. There are three
big groups of such methods [2, 3, 4]: logical
methods, network methods and evolutional
modeling. But only two first groups of these
methods can be used for the model for information
processing designing, because evolutional modeling
methods have no own knowledge model. But
evolutional modeling methods can be used as a part
of knowledgebase designing process for the model
structure optimization [5, 6].

The approach for fuzzy knowledgebase designing
is proposed in the paper.

2. MAIN PART

Fuzzy knowledgebase is the one of the main part
of intellectual systems. It is represented as union of
partial fuzzy knowledgebases, each of which defines
the dependence between the output linguistic
variable (LV) and input linguistic variables [8].

The partial fuzzy knowledgebase is the set of
rules of type: “IF .. AND .. AND .. ALSO .. AND ..
AND .. ALSO .. AND .. AND .., THEN ..”. Each of
these rules defines dependence between output
linguistic variable term and input variables terms.

In general case, the several output variables are
determined by fuzzy knowledgebase. Each of these
variables identifies the different aspects of the
knowledge domain.

The problem definition of fuzzy knowledgebase
construction and adjustment is described below.

Given:

1) {x; |i :1,_\/} — the set of input variables;

2) {X, li=1,v} - the set of LVs, which
corresponds to {X; |i =1v};

3) {X;; |i:1,_v,}, y4 :1,71i —the set of terms of
LVs from point 2;

4 {u, li=lv,z=1Z,} - the set of
membership functions, which corresponds to LV's

terms from point 3. These functions are used in
fuzzyfication process;

5) {X,; |[i=1,M,} — the set of output LVs;

6) {X51z2=12,} - the set of terms of LVs
from point 5;

A XE) 1=L Rgyq -
construction and adjustment,

where X' :<x'l,x'2,...,x

data samples for

|
v

> — |-th sample of
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input variables values,

X'2=<X'21,X'22,...,X'2N> — I-th sample of
output LVs values;

8) {(x',X})|1=1,R . }- samples for testing

Find out:
1) R, =| JR, - fuzzy knowledgebase, which
|

defines the dependence between output LVs and
input LVs;
2) To adjust the membership

parameters {ﬂxz. | :1,_\/, z=17,}.

functions

The structure of approach for solving fuzzy
knowledgebase  construction and  adjustment
problem is proposed on fig.1. It consists of two
phases: structure construction and membership
function’s parameters adjustment phases.

Structure construction phase are made separately
for each output linguistic variable term because this
phase is independent for each term. The partial fuzzy
knowledgebase could be obtained as union of all
rules for each linguistic variable term. The whole
fuzzy knowledgebase will be the result of all partial
fuzzy knowledgebases union.

Structure construction phase is made in three
steps.

The first step is the similarity simplification of
input linguistic variables sets of terms [9]. It is made
by using of similarity measure Eq. 1

Fuzzy sets are united when the measure exceed
preset threshold & <[0,1]. The union decrease

amount of different fuzzy sets which are correspond
to linguistic variables terms and wused in
knowledgebase  construction.  Such  approach
increases the transparency during classification task
solving.

The second step is the construction of fuzzy
knowledgebase initial structure. It is made by using
of fuzzy neural network NEFCLASS building based
algorithms [10, 11]. Fuzzy knowledgebase is
presented as four-layer fuzzy neural network (fig. 2).

Each of the part of build neural network will
consider as an element of initial set of chromosome
during genetic programming methods using.

The third step is the result structure construction.
The genetic programming methods are used for the
result structure obtaining. These methods are the
part of evolutional modeling methods.

There are two operation used: crossover (fig. 3,
fig. 4) and mutation (fig. 5, fig. 6), each of which
also divides into two types: OR-level and AND-
level.

During each successive generation, the
proportion of the existing population is selected to

breed a new generation. Individual solutions are
selected by using fitness function Fit _ Fun Eq. 2.

This generational process is repeated until a
termination condition has been reached Eq.3.

After that the membership function’s parameters
adjustment phase is made by using of fuzzy neural
networks NEFCLASS learning algorithms [11].

The obtained fuzzy neural network is written
down in the form of fuzzy rules: “IF .. AND .. AND
.. ALSO .. AND .. AND .. ALSO .. AND .. AND ..,
THEN .”, which are the partial fuzzy
knowledgebases.

The result fuzzy knowledgebase is obtained as
union of partition fuzzy knowledgebases.

3. EXPERIMENTAL RESULTS

Proposed approach was used for Ukrainian State
Motor Vehicle Inspectorate intellectual information
system fuzzy knowledgebase designing, which is
used for estimation of accident rate and criminality.

The information about accident rate and
criminality from three cities during the year was
used as data samples.

The information periodicity is one week, so the
number of all samples was 156. There were chosen
117 samples for creation and adjustment, and 39
samples for testing. Initial membership functions
were determined by Eq. 4.

The construction of the fuzzy knowledgebase
part to determine the linguistic variable *“Situation
on traffic accident” is described in the following.

At the first step the threshold © was set 0.7.
Because of this there were no changes in the set
linguistic variables terms.

There were constructed 31 rules at the second
step. After that genetic programming methods were
used to construct the partial fuzzy knowledgebases.
The using of these methods allowed to decrease
initial number of rules, which were obtained after
second step, in 1.4 times and general number of
terms in 2.3 times.

4. CONCLUSIONS

The proposed approach can decrease subjectivity
and inconsistency of expert evaluations during fuzzy
knowledgebase designing. That is why the data
processing quality and transparency in complex
administrative systems increase.

Such approach can also be used for solving
information  estimation  tasks in  different
organizations and in technical systems like
information-telecommunication networks [13, 14],
nuclear power engineering and so on.
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