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H.O.4YIKIHA, 1. B. AHTOHOBA, E. M. COJIOIIIEHKO

CUCTEMHUM MOAYJIb «PE3SUCTEHTHICTb» HEYITKOI EKCIEPTHOI CHCTEMM
MPO®ECIMHUX PU3UKIB

CucreMHuit MOyb «PEe3UCTEHTHICTE» EKCIIEPTHOI CHCTEMH 3 HEHITKUM JIOTIYHUM BUBEJIEHHSM MOOYI0OBAHO 3a Pe3yJIbTaTaMH SIKiICHOTO Ta KiJIbKiCHO-
ro aHani3y npodeciitHuX puU3HKiB CTaHy 3J0pOB’ s pOOOYMX MiAMPUEMCTB XiMiko-(papmarieBTHUHOI ramy3i Xapkosa Ta XapkiBcekoi o6macti. Moayns
«Pe3UCTEHTHICTH» € CKJIAIOBOIO YACTHHOIO HEUITKOI ekcrepTHOi crcteMu «PYU3UK» OliHKK PU3KMKY PO3BUTKY NPOQECIiHO 00YMOBIICHUX 3aXBOPIO-
BaHb. SIKICHHMII aHaNi3 PU3UKIB HAJ[aB MOMIIMBICTh iMeHTU(IKyBATH HANOIIBII BIUTMBOBI HAa CTaH 370POB’si (paKkTOpH PH3UKY. 3anpornoOHOBAHO METOJ
KIJTbKICHOI OLIHKM TMpoeciitHNX pU3NKiB B yMOBax HEMOBHOTH iH(opMarlii Ha OCHOBI aHajli3y KPUBHX OLHKH PE3HCTEHTHOCTI romeocTasy. Meton
Moyke OyTH BUKOPHCTAHH Juisl audepeHLialii piBHiB pU3HKY PO3BUTKY IIMPOKOI0O KOJIa 3aXBOPIOBAHE.

Ku11040Bi cj10Ba: HewiTKa eKCHIEPTHA CUCTEMa, SKICHUIT Ta KUTbKICHUIT aHai3 pusHKY, poQeciitHi pU3HKH, KPUBI PE3UCTEHTHOCTI TOMEOCTa3y.

H.A. YUKHHA, U B. AHTOHOBA, 3. H. CO/IOLIEHKO
CUCTEMHBI MOAYJIb «<PE3UCTEHTHOCTb» HEUETKOM SKCIMEPTHOM CUCTEMBI
MPO®ECCHOHAJIBHBIX PUCKOB

CucTteMHBIit MOyTb «PEe3HUCTEHTHOCTB» SKCIEPTHON CUCTEMBI C HEUETKMM JIOTHYECKUM BBIBOJIOM MOCTPOCH MO Pe3y/IbTaTaM KaueCTBEHHOTO U KOJIH-
YECTBEHHOTO aHalN3a NMpo(eCCHOHANBHBIX PUCKOB COCTOSHUS 3/10pOBbsl pabOUMX NPEINIPUATHH XUMHKO-(hapMalleBTHUECKOil oTpaciu XapbKoBa U
XapbkoBcKoit 06macTi. Moaynb «Pe3UCTeHTHOCTH» SIBIISIETCS COCTABHOM YacThiO HEUETKOi akcmepTHO# cuctembl «PHCK» oneHkn pucka pa3BUTHS
npoeccHOHATFHO 00YCIOBNCHHBIX 3a00neBaHuil. KauecTBeHHBIN aHAM3 PHCKOB Jal BO3MO)KHOCTh MACHTU(GUIMPOBATh (haKTOPBI PUCKA, OKa3bl-
BaloIKe HauOOIbIIEE BIMSHUAE HA COCTOSHHE 30pOBbs. [IpeanokeH METo1 KOJMYECTBEHHOTO aHan3a Npo(eCCHOHANBHEIX PUCKOB B YCIIOBHSX He-
TOJTHOTHI HH(GOPMALIK HAa OCHOBE KPUBBIX OLECHKM PE3UCTEHTHOCTH TOMEOCTa3a. MeTos MOXKeT ObITh MCMONBb30BaH 1 AuddepeHnmanum ypoBHei
pUCKa Pa3sBUTHS MIUPOKOTO Kpyra 3a00eBaHuiA.

KunoueBble ¢/10Ba: HeueTKas SKCNEPTHAs CHCTEMA, KAUECTBEHHBIN 1 KOJMYECTBEHHBIN aHAIM3 PHCKa, MPO(ecCHOHAIBHBIE PHCKU, KPUBBIE pe-
3MCTEHTHOCTH TOMEOCTA3a.

N.A. CHIKINA, I. V. ANTONOVA, E. N. SOLOSHENKO
«RESISTANCE» SYSTEM MODULE OF PROFESSIONAL RISK FUZY EXPERT SYSTEM

The «Resistance» system module of an expert system with a fuzzy logical output is based on the results of the qualitative and quantitative analysis of
the occupational health risks of the chemical and pharmaceutical industries workers in Kharkov and Kharkov region. The «Resistance» module is an
integral part of the «RISK» fuzzy expert system for assessing the risk of developing professionally caused diseases. Qualitative risk analysis made it
possible to identify risk factors that have the greatest impact on the health status. A method is proposed for a quantitative analysis of occupational risks
under conditions of incomplete information on the basis of curves for assessing the resistance of homeostasis. The method can be used to differentiate
risk levels for the development of a wide range of diseases.

Key words: fuzzy expert system, qualitative and quantitative risk analysis, professional risks, homeostasis resistance curves.
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Beryn. Jlani MoHiTOpuHTY [1] cTaHy 310pOB’ st pOOITHHKIB MiAMPHEMCTB XiMiKO-(hapMaLeBTHYHOI POMHUCIIOBOCTI
CBiYaTh PO BUCOKMII PiBeHb 3aXBOPIOBAHOCTI HA anepeodepmamosu Ta HIII wKipsHi 3ax60pio6anHs, MO, Y CBOIO dep-
Iy, MOJKe MPUBECTHU [0 301TbIIEHHS KiIbKOCTI npoghecitino obymosnenux 3axeopiogarns (I103).

[NosBy it yoOCKOHaNEHHS aBTOMaTU30BaHUX CHCTEM AJIs MAacOBHX OOCTEXeHb HaceNeHHS He MOXKHa pO3MIIsiaTu y
BiZIpMBIi Bix MpomeciB, 0 MOB’s3aHi i3 MPOHUKHEHHSAM KOMIT IOTEPHUX TEXHOJIOTiH B JIiKapchbke MHUCIEHHS. SIKimo Ha
TOYaTKy PO3BUTKY MeOuuHOi KibepHemuKky MOBa MIIIA TIPO CTBOPEHHS eKCnepmHux cucmem ISl OughepenyianvHoi diae-
HOCMUKYU 3aX60PI08AHb 31 CXOXKOI0 CUMIITOMATHKOIO, TO B OCTaHHI POKM BMHMKA€E HEOOXiIHICTb CTBOPEHHS agmomamu-
308aHUX THPOPMAYTTHUX cucmeM-nopaoHuKis aikaps [2].

[ToOynoBa Mopeiel, 10 BUKOPUCTOBYIOTh MipKyBaHHS JIOJAWHH, I 3aCTOCYBaHHA iX y KOMIT FOTEPHUX CHCTeMaXx
SIBJIsIE COO0I0 OJTHY 3 HalBaXKJIMBILIMX HAYKOBO-TEXHIYHUX npobuiem. [Ipu kijgbkicHOMY onuci # moOynoBi Mozeneii 6io-
JIOTIYHUX 00’ €KTIB JAOLIIBHO, @ B Psi/li BUMAAKIB — i HEOOXiIHO, BUKOPHUCTOBYBATH 34ATHICTh JIFOACHKOTO IHTENEKTY NpH-
WMaTH NPaKTUYHO KOPHUCHI pillleHHs B yMOBaX HENOBHOI i HeBU3HaueHoi (HeuiTkol) iHpopmawii aist Toro, mob ageka-
THO BpaxyBaTH cneLudiky Lux o6’ ekTiB. [I0Ty>KHUM iHCTpyMEHTOM CIHiNILHOTO BUPILIEHHs LUX NpobieM € MaTeMaTuy-
HUIi armapart HeviTKOI JIOTiKH, OCHOBH SIKOTO OYJH 3anponoHoBaHi JI. 3ade e B 1965poi [3]. Lle miamToBxHy10 10CTi-
JIHUKIB 10 CTBOpEHHS Hevimkux excnepmuux cucmem (HEC).

Jloriko-NiHrBiCTUYHI METOIM OMICY HEYiTKUX CUCTEM 3aCHOBaHI Ha TOMY, IO MOBEAiHKA HOCIiIKYBaHOT CHCTEMHU
OMUCYETHCSI MPUPOIHOIO MOBOIO (260 GJM3BKOIO 710 MPUPOHOT) B TepMiHaX JIIHIBICTUUHUX 3MiHHUX [4]. BXimHi # Buxi-
JHI TTapaMeTPH CUCTEMH € JIIHTBICTUIHUMH 3MIHHUMH, a SIKICHUIT OMHC MPOLECy 3a1aeThes CYKYMHICTIO HAWMPOCTIINX

MpaBWJl HACTYITHOTO BUIY: Lj . IKII10 Aj , TO B i (j =1, ko) , e ’Aj it B j — HEJiTKi MiIMHOWHH, IO 33/1aHi Ha Je-

KapToBOMY OOYTKY YHIBEpCATbHUX MHOXIH BXi/THUX | BUXiJHUX JIIHTBICTUYHUX 3MiHHUX BiIIOBiTHO.

TpagumiiiHo B aneprojorii 3a1a4a paHHBOI JiarHOCTUKU 3aXBOPIOBAHHS TIOB’ S3aHA 3 aHANI3OM (Pakmopie pusuxy
(DP), KiNbKiCTh SKHX 3@ OCTAHHI POKH CTpiMKO 3pocia. HassHicTh OP i akTopiB CXMILHOCTI 10 Pi3HUX aJlepriuHmX 3a-
XBOPIOBaHb, OLIiHKA PiBHS aAanTaliifHO-KOMIIEHCATOPHUX MOKJIMBOCTEW OpraHi3My Ja€ MOXKJIMBICTH i3 TIEBHUM CTyTIe-
HEeM YNEBHEHOCTI iHAMBIZyaJbHO MPOTHO3YBATH MOKIJIMBICTD PO3BUTKY MpodeciiiHo 00yMOBIEHHX aJleproiepMaTo3iB
[5, 6].

SkicHuit aHaii3 pU3WKIB MPOBOAMTHCA 3a I ineHTUdiKalii pU3HKiB, BUSBIECHHS MOXJIMBUX MPUYMH iX TOSBH,
aHaJi3 rmependavyBaHUX HACHTIOKIB Ta peKOMEHAaLiil no ix ycyHeHHI0. TakuM YWHOM, Yy MpoLeci AKiCHOTO aHajli3y BH-
ABIISIOTCS yCi MOMIIMBI PU3MKH, BIUIUB SKUX Ha LiTboBUil Mpu3Hak X, Mmae Mmicue. KinbKicHUIt aHami3 pU3NKiB Aae

MOXJIBICTh BUSHAYUTH CTYMiHb BIUIMBY ®P Ha po3BUTOK 3aXBOPIOBaHb, IPOBOANTH paHIICYEaHHs ¢akmopis. IcHye Ki-
JibKa MiXO/IB 0 BUIHAYECHHS KpUmMepito KinbkicHoi oyinku pu3uxy (CTATUCTUYHI METOAM, METOJ €KCIEPTHOTO OLiHIO-
BaHH, METOJI aHAJIOTIH Ta iH.).

3agava KibKiCHOI OLiHKK mpodeciiiHoro pu3nky po3BuTky 103 y poOiTHHKIB MiINpHUEMCTB OB’ A3aHa i3 TPyMo-
BOIO XapaKTepPHUCTHUKOIO, [0 BU3HAYA€ MicIie poOOTH Ha MiAMPUEMCTBI 3 HAMOITBIINM pu3rKoM po3BUTKY [103. A ocki-
76ku B ocHOBi HEC ne)HTh NPUHLIMIT OOYHCIEHHS CyMeprno3uLil 6araTboX BIUTMBIB HAa OCTATOUYHHMN pe3yJbTat (komno-
suyiiine npasuno 3ade), To peaiizaiis OTPUMAHKX BUPIIIATBHUX MPABUI HA OCHOBI HEYiTKOrO JIOTIYHOTO BUBEAEHHS J10-
3BOJISIE BPAaxyBaTy CMUIBHUI BIUTUB LJIOTO pAy (GakTopiB y po3B’si3Ky 3aadi NPOrHO3y pu3nKy po3BUTKy [103.

B [7] ormcana HEC ouinku pu3uky po3sutky 1103, mo nobymsoBaHa Ha OCHOBI aHali3y BUABICHUX y pe3yJIbTaTi
JOCITiIKeHb IHIMBiMyallbHUX i rpynoBux @OP.

AHaJii3 ocTaHHIX Aociaigkenb. [TpodeciiiHi anepridyHi 3aXBOPIOBaHHS IIKIPU € OJHI€I0 3 iCTOTHHUX i aKTyaJlbHUX
npo6ieM npodeciiiHoi maToNorii, 0 MOMITHO BIUTMBAIOTh Ha JIIOJIEH, CYCIibCTBO, ekoHOMIKY [8]. ¥V mpodecisx i3 rpy-
I PU3MKY 3aXBOPIOBAHICTh 3HAYHO MEPEBHUIIY€E CEpeHill TOKa3HMK i nocsirae gecsaTkiB moneit Ha 10000mpargorounx
Ha pik. [Ipodeciiini aneprogepmMaTo3 4acTo peLMAMBYIOTH i 3aTHI MPUBOANTH 10 TUMUYACOBOT BTpaTH MpaLe3aaTHOCTI,
CTBOPIOIOYH BUCOKMIA TIpodeciiiHuii, colianbHuii, mcuxoJoriunuii Bruus [9].

OpHUM 3 HaliMepCHeKTUBHIMINX HAMPSMIB Yy MEAMIMHI MparLli € po3podka MeTOI0JIOTii, 0 T03BOJISIE KOMIIEKCHO
OLIiHIOBAaTH i1 MPOrHO3yBaTH MOKa3HUKH 300POB’ s y B3a€MO3B’ 3Ky 3 iHTErpaJlbHUMM MapameTpaMu BUPOOHHYMX (haKTo-
piB i pyHKIIOHATEHUM HAMpPy>KEHHSIM OpraHi3My MpaliBHUKA y BilNOBinbs Ha Tpya0Be HaBaHTaxeHH: [10].

IMpodeciitni wkimmmBocTi (KOHTAKT 3 PEUOBUHAMU XiMiYHOTO ¥ 0i0JOTIYHOTO MOXOKEHHS) € OCHOBHOKO MPUYH-
HOIO0 BUHUKHEHHS npodeciitHo o0ymoBieHnx aneprogaepmarosiB. Kpim toro, icHytors ®P, fKki He € IPUUNHOIO BUHHK-
HEHHs 3aXBOPIOBaHHs, ajie MepeayroTh Woro po3Butky [11]. Jlnst ®P HailGinbin eeKTHUBHOIO € OL[iHKA 1X CMiJbHOIO
BIUIMBY Ha PO3BUTOK 3aXBOPIOBAHH.

Ha erani sxicHoro ananizy ©P [5, 6, 11]0ynu BusiBlieHi K iHAUBiAyanbHi, Tak i rpynosi ®P po3sutky mpodeciii-
HO OOYMOBJIGHUX alleprojiepMaro3iB y poOITHUKIB MiINPUEMCTB XiMiko-hapMalieBTHYHOT npomucioBocTi. KinbkicHuii
aHaJli3 HaJlaB MOXJIMBICTh MopiBHIOBaTH BUsiBieHI OP po3sutky [103 3a cuioro BIUMBY, a 3a pe3yJbTaTaMU HOPiBHAHHA
— pawxKyBaTH. BusiBuioch, mo Haii0inpm BmiMBoBMM Ha po3BHTOK [103 € ®P «Micue pobotm» i3 rpamauisMu
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«[1oB’ s;3ane», «acTkoBO OB’ si3aHe» i «He OB’ si3aHe» Oe3MocepeIHFO 3 KOHTAKTOM 3i MIKiIJTMBAMH PEYOBUHAMH, IO
BHKJTUKAIOTh PO3BUTOK TpodeciitHo 00ymMoBIieHNX aneproaepmartosis. Lle € mpodeciitamii pmsuk pozsutky [103.

JIudepenuianis piBHiB npodeciiiHoro pusuky po3Butky [103 y poOiTHHKIB MPOBOANTHCS 32 pe3yJIbTaTaMU aHaIli3y
IPYNOBHX XapaKTePUCTHK, 110 BU3HAYAIOTh, 30KpPeMa, Miclie POOOTH Ha MiANPHUEMCTBI XiMiko-(apmaLeBTHUHOT rays3i i
0cO0IMBOCTI aHaAMHE3Y, TOOTO MPHUHAJIEKHOCTI 00CTEKYBaHUX POOITHUKIB 10 TIEBHOI TPYIH PU3HUKY.

IMocranoBka 3amayi. Ha minnpuemcTBax Ximiko-(hapManeBTHIHOT MPOMHUCIOBOCTI 10 NpodeciiiHnX pusuKiB Bia-
HOCSTb BIUTMB aKTUBHUX XiMIYHUX PEYOBHH, 10 BUKJIMKAIOTh Pi3Hi 3aXBOPIOBAHHS A1epeiUHO20 TeHe3Y.

[Tpn ¢popmyBaHHi BUOIpKH, IO BiIIOBia€ BUIMOTaM NMPOBEAECHHUX JOCIIKEeHb, YaCTHHA AAHUX, K MPABMUIIO, HETIO-
BHUX, He 00poOisack. [IpranHaMy Takoi HEMOBHOTHM JaHWX OynW 3BiIbHEHHS YaCTMHHU POOITHUWKIB 3 MiINpUEMCTBA,
repexij Ha iHIIe Miclie poOOTH Ha JaHOMY TiANPUEMCTBI 3 MeHIINUM npodeciiinum pusukoM. Kpim Toro, He Bci poOiT-
HUMKHU 3BEPTAOTHCS B MEICAHYACTHHY MiANPUEMCTBA, OCOOIMBO i3 MPUBOLY PELMAMBIB 3aXBOPIOBAHHS, 3aiiMalOYMCh ca-
MoJIiKyBaHHAM. ToMy oTpuMaHi paHiie pe3yJIbTaTé He TOBHOIO MipOIO BifoOpakatoTh HasBHY MEPBUHHY iH(pOpMaILlifo.

Buxonsuu i3 1poro, craHaapTHi MapamMeTpuyHi i HemapaMeTpU4Hi CTaTUCTHYHI METOAM HENOCTATHBO e(eKTHBHI
IJ1sL aHalli3y Takoi BUOIpKHM, 110 i BU3HAUa€ HEOOXIIHICTb 3aCTOCYBAaHHA CleLiaIbHUX METOMIB, Y AKUX MOXHa Oyno 0
ypaxyBaTH i BUKOPHUCTOBYBaTH HEMOBHOTY HasBHOI iH(popmaii. J[aHi, mo MicTATh HEMOBHY iH(OPMALil0, HA3UBAIOThH
yenzyposanumu (censored)HailimommpeHimmumMu OMMCOBUMHU METOIAMH TOCIiKSHHS LIEH3yPOBaHUX NaHUX € T00YyHI0Ba
mabnuys doxcumms (Mortality table)i memoo Kannana-Meiiepa (Kaplan-Meier method) [12]To6ynoBa tabmuis 10-
KUTTSA € OJHUM 3 HaMOIIbLI TPAAMLIIMHUX METOMIB JOCIIKEHHS NaHUX MPO BUKUBaHICTh. [104aTKOBO TEPMiH <«BIKHU-
BaHICTh» 3aMO3MYEHUH 3 JEKCHKOHY CTPAaxOBMX KOMIaHil, SKi BUKOPHUCTOBYIOTH WOTO B CTATHCTHYHMX PO3paxyHKax
NP CTpaxyBaHHI KUTTS CBOIX KIIIEHTIB. 3a AOMOMOTrOI0 MEBHOI METOIMKN KOMIMAHis OLiHIOE MOTEHLIHUIA pU3nK JeTa-
JIBHOTO Pe3yNbTaTy (CTPaxoBHMii BUMALoK) abo cepeiHiil yac BUKMBaHHs (BH)KMBAHICTh, 9ac O TOIii) Kili€HTa 3 ypaxy-
BaHHSM CYITyTHIX PU3UKIB, IO ¥ BU3HAYa€e po3Mip iHAMBiIyalbHUX CTpaxOBUX BHecKiB [13].

Tomy akTyanbHOIO € 3aqada po3poOKH MeToxy AudepeHLianii piBHIB pU3UKY Ha OCHOBI AKiCHOI Ta KiJIBKICHOT O1Li-
HKM NpodeciiiHuX pU3UKiB y POOITHUKIB MiINPUEMCTB XiMiko-(hapMaleBTUYHOT Taty3i 32 YMOBU HEMOBHOTH iH(opma-
1ii, a TAaKOX HOTO pealizallis y cucreMHOMY Monydi «Pe3uctenTHicTh» HEC mporHo3y pusuky po3sutky [103.

MartemaTu4Ha MoJeJb. 3TiHO 10 BBEAeHUX Y poboTax [5, 6] mo3HaueHb yci 00CTexeHi podiTHUKY Oy moine-
Hi Ha yoThpy rpynu pusuky: ['P1 («Ti, siki MatoTh B aHAMHe31 ajiepriuHi 3aXBOpIOBaHHsA pi3Hoi eTioforii»), 'P2 («T1i, ski
MaroTh B aHAaMHe31 coMaTHU4Hi 3aXBoproBaHHs»), ['P3 («T1i, siki MatoTh B aHaMHe31 pi3Hi WIKipHi 3aXBOPIOBaHHS Heallepri-
qHOTO reHe3y»), [13 («[IpakTHuHO 310pOBi»).

V naHuX JOCIHiIKEHHSIX MPOBOIMIOCH MMOPIBHAHHS 3axBoptoBaHOCTi Ha [103 y poOiTHHKIB, SIKi TOTPANUIN B IPYITY
pmsuky ['P1 i3 rpyn pusuky ['P2, I'P3 i [13. [Hakme kaxcyuu, Mania Miclle 3ajiaua Mpo BIUTMB HAasBHOCTiI B aHaMHe3i 00-
CTEeXYBaHMX POOITHHKIB Pi3HMX COMAaTHMYHMX 3aXBOPIOBAHb | IIKIPHUX 3aXBOPIOBaHb HEAIEPTiYHOTO IeHe3y Ha 3aXBO-
proBanicTs Ha [103.

Lz 3amava po3p’s3yBajach y Ba etand. Ha nepuioMy etami MpoBOAMIOCH MOPiBHAHHA AMHaMiku mposBiB [103 y
pobitHuKiB i3 rpyn pusuky [13 ta 06’ eqnanoi rpynu 'P2,3. Ha apyromy erarmi aHajioriuHe MOPIBHSIHHS MPOBOAMIOCH
1ot rpyn pusuky ['P2 i T'P3.

FE) o
1
0.0 4
——T1
08 - e "2
0.7 1
0.6 T T T T T T v T ' -

1 2 3 4 35 6 T & 9 10  Luac
Puc. 1 —Kpusi ouinku f(t) pesucrenrsocti romeocrasy: [, —no rpymi Q,; [, —no rpyni Q.

VBemeMo B po3rsin OOMOMiKHY (GyHKUi0 [(t), mo BH3Hauae B KOXKHMNA MOMEHT 4yacy t WMOBIpHICTH TOrO, LIO
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103 e He BUABUTHCS TO MOMEHTY 4acy t, ToOTO BpaxoByIOThes TiIbKM nepBuHHI nposiBu [103 y pobitHukiB. Ha3se-
MO 11 ()YHKLi€IO pe3UCTEHTHOCTI TOMeocTa3y, 110 XapaKTepu3ye OMpHICTb OpraHi3My npodeciitHuM IIKiAIUBOCTAM.
st cykynaocTi Q BuUMipHOCTI N 3HaYeHHS QyHKLIT pe3UCTEHTHOCTI TOMeOCTa3y OOUNCIIOETHCS y TaKHiA CTIoCio:

rt)=t 1<t<s,
n

Je N, — KiIbKiCTh poOITHUKIB, ki He Manu nposBi [103 o momenty t poboTu Ha maHOMY minnpueMcTsi; t =1 Bigno-
Bila€ MOYATKy poOOTH HA TAHOMY MIAMPUEMCTBI; S — HAWOUTBIIMIA cTaxk POOOTH, TPU SKOMY BIiepie OyJo BUSIBICHO
I103. Hisikoro iHmoro cnoco0y ouiHku r(t) He icHye.

J1 DOCATHEHHs METU JaHUX JOCIiKeHb po3rsaanucs ABi BuOipku Q; i Q, i3 yciel cykynmHoCTi JaHUX Q, Ta-
kuM oM, mo Q; UQ, =Q . Tlpu usomy y Bubipky Q BBiliiuiu obcTexeni pobiTHUKM 3 rpynu pusuky ['P2,3,a B
Q, —3 rpynu pusuxy I13. V sxocti Bubipku Q 6yna oGpaHa BiNOBiaHA YacTHHA a3y TAHUX OGCTEKEHHS POOITHUKIB

Ta CIIyKO0BLIB (hapMaLeBTHIHOI (ipmMu «310poB’ 1», o chopmoBaHa 3a pesynbratamu HIIP [14], y skiit 6panu yyacTb
cniBpobiTHUKHM XapkiBcbkoro HJII Jlepmaronorii it Beneposorii Ta HTY «XITI».
ITo koxHiii chopmoBaHiii Bubipui Q; it Q, 6Gyan oTpumani OLiHKK QYHKLT pe3ucTeHTHOCTI romMeoctasy [ (t) i

fo(t) :
fi(7) = f, O, OO,

m

e f,=1-—, i =]7 , 1ST<S; | =]TZ; M —uucno pobiTHUKIB 3 MepBUHHUME MposBamu 103, wmwo 3’ sBunucs 1o

MOMEHTY t =i; r, —3arajbHa KilbKicTb POOITHHKIB Ha MiANPUEMCTBI 0 MOMeHTY t =i; S — Haiibinbmmii crax pobo-
TH, IPH sIKOMY Briepire 0yio BusisieHo [103. IIpy oMy B 9HCIIO I, He BXOAATH POOITHUKH, Unif cTax podotn S<i.

Pesynbratu o6uncieHb mpejacTaBieHi Ha puc. 1y Burnsai kpuBux Iy i [, OLIHKKM pe3UCTEHTHOCTI romeocTasy
fj (t). j =12, sigmoBimaux mo rpym obcrexennx Q; i Q,. Ommcana mporemypa Ha3suBaeThCS MeTonoM Karmana —

Meiiepa [12] i 3acTOCOBY€ETHCS MPH aHai31 BUKUBAHOCTI i OOYA0BI KPUBHX JTOKUTTS.
3a HassBHUMH faHUMH KpuBi [, i [, maroTe HaiOinbn MoBHY owiHKy f(t) pesucTeHTHOCTI romMeocrasy. OuiHka

TOYHOCTI HaOJMKeHHs1 OyJia po3paxoBaHa 3a ¢popmynoro [ pingyoa [12]. HasBHICTh Takol OLIHKK 03BOJISIE BU3HAYATH
noBipui intepBanu st f(t) B MOMeHT vacy t .

KinbkicHa ouiHka npodeciiiHoro pusuky Oyna npoBejieHa 3a pe3yIbTaTaMU MOPiBHAHHA kpuBUX [ i [, i3 3acTo-
CYBaHHSIM HenapamempuyHozo noepancogozo kpumepiio [12]. Hynbosa rimotesa H, momsdrama B ToMy, o B 060X Tpy-
nax Q; i Q, pe3suCTeHTHICTh TOMEOCTa3y € 0JHAKOBOIO.

OHi€ero 3 BUMOT JIOTPaHTOBOTO KpHTepito € Te, mo ¢yHkuil ry(t) it r,(t) mos’s3ani Mixk coboto cHiBBiIHOIIEHHM
r(t) =[r,(t)]? . Ockinbku cnisBinnomenns ry(t) =[r,(t)]?, wo nos’s3ye piui npodeciiinoro pusuky, BiAMOBiAHO 10
JIOTPAHTOBOTO KPUTEPit0 MA€ MicIle TIPH KOXKHOMY 1, TO TapaMeTp & MOXKHA OIiHUTH K

= In(r(S)) ,
In(r(S))
me 1,(S) i r,(S) —pesucTeHTHICTS TOMeocTa3y B rpymax Q; i Q, 1o KiHIIT criocTepekeHHs —MOMEHTy Jacy t = S.

Ipu upoMmy, sikio @ =1, To kpusi ouiHok f(t) i f,(t) criBmagaroTh, MmO PIBHOCKIBHO BiACYTHOCTI BiAMiHHOCTEH
y piBHSX MpodecitHiX pU3KKiB; AKI0 & <1, To piBeHb 3aXBOPIOBAHOCTI Ha NpodeciiiHo 00yMOBIIeHi anepronepmMaro3u
BHILE B Ipymi obcTexennx Q,, a 3HaueHHs (QyHKUIl pe3ucteHTHOCTI fi(t) Hkde, i HaBmakw, AKimo a >1, To piBeHb
3aXBOPIOBAHOCTI BHIIE B TPy o0cTexeHnx Q,, Ta, BIAMOBIIHO, 3HaUeHHS QYHKIIT pe3nCTEeHTHOCTI I, (t) Himkue.

Sk nokazanu oG4YMCIIEHHS, CTaHAAPTHE BiIXUIEHHS BUOIPKOBOrO PO3MOAiNY CKNano Z,s, =1,981E, mo 6Ginblue 3a
KPUTHYHE 3HAYEHHs 1 PiBHs 3Havywocti P <0,05 y BUNaKy HOPMAILHOTO PO3NOJILY, sike CTaHOBUTH Z, =1,96.
Tomy rinotesa H npo BiaCyTHICTb BiIMiHHOCTe pe3UCTeHTHOCTI roMeocTasy B rpymax Q; i Q, Bigxunserscs. Kpim
TOTO, 3HaUeHHA Mapamerpa @ = 0,797 nae MOXKIUBICTH 3pOOWTH BIHCHOBOK TIPO T€, IO PiBeHb PE3UCTEHTHOCTI Mpode-

ciliHUM pu3MKaM BULe B rpymi oocTexeHux Q,.
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Puc. 2 —/lunamika napameTpy pe3uCTEHTHOCTI O .

HaBenena Buine oliHKa mapaMeTpy @ € OJHI€IO 3 MOKJIMBHX, IO po3paxoBaHa 3a ymoBH t =S. Tomy ans otpu-
MaHHS I0JaTKOBOI iHopMallii 6yJ10 po3mITHYTO IMHAMIKY LIbOTO MapaMeTpa 3a Bech Yac crocTepexeHHs (puc. 2).

Bizyanbuuit anani3 puc. 2 1ae MOKIMBICTb 3pOOUTH TaKi BACHOBKH:

1) mapameTp pe3UCTEHTHOCTI @ 3pocTae Ui POOITHUKIB MianpremMcTs 3i ctaskeM 1 — 7pokiB;

2) mapaMeTp Pe3UCTEHTHOCTI ( MPAKTUYHO He 3MiHIOETHCS AJIA POOITHHKIB MiANPUEMCTB 3i cTaxkem 7 — 15pokiB.

3a aHaJIOTIYHOIO cXeMoro Oyii mpoanaiizoBaHi rpymnu pusuky ['P2 i 'P3. OnHak no HasBHiit 6a3i maHnux BiAMiHHO-
CTi B KpUBUX OL[iHKM PE3UCTEHTHOCTI BUSBJICHI He OYIIH.

Pe3yabTaTn po6oTn nporpamu. Pe3ynbraty nmpoBeIeHNX NOCIIIKEHb NA0Th MOXKJIMBICTh BUKOPUCTOBYBAaTH Me-
TOJ KiJIbKicHOT ok npodeciiinnx pusukiB y HEC «Pusuk» [7] y skocTi BixnoBinHOT migcucTeMu «Pe3UCTEHTHICTh.
Hexait nnist onucy MHOKMHU |, IO CKIIANA€ThCs 3 N 00’ €KTiB, BUKOPUCTOBYEThCS K O3HaK (BUABJICHUX (paKTODIB

pU3HKY): {Xl, Xy, Xk} . KoxxHomy 06’ €kTy 3 MHOXKHHM () BilMoBilae Aeske 3HAUCHHs LinboBOi 03Haku X, . O3Ha-
K X (i = ﬂ() BUMIpsHI B TOPAAKOBiit a00 HoMiHanbHil mkanax. L{inboBa o3Haka X, Mae K, rpamauiif, To6To Haby-
Bae K, pi3HuX 3HaueHs. [l BCix rpajawiit o3Hak X; (i = @) Oynu moOynoBaHi QyHKLIT HANEXKHOCTI ur (X;) Bximuot
03HaKu X; HEUiTKOMY TepMy Xijp.

Ha ocHOBi pe3ynbTatiB momepeaHix JocTimKkeHb OyB CHHTe30BaHM Habip K, mpasmi Bumy:

L; s AKILO (X, = XN O (X, =X O ... O (X, =X}") (sarowo w,)

ABO (X = X/%) O (X, =X?) O ... O (X, = X/?) (3Barowo w,,)

ABO (X, = X)) O (X, =x") 0. 0 (X, =x") G Baroro @y, ),

TO Xy = X{,
ne L; — Bupiwanbhe npasuno 3 HomepoM j (] =1,_k0); Xijp — rpajauis BXigHoi 3MiHHOT X; B mpaBuili 3 HOMEPOM
ip (i :].,_ko, p :rqj); Qj — KUIBKICTb MPaBWJI, Y SKUX BHXIX X, OLIHIOETHCS TEPMOM XJ; O - cumeon omepariii
t — HOpMU (JIOTiYHOTO «i»).

Ha ocHoBi 6a3u HewiTknx npasun L (] = 1,_k0) Oyna orpumana mooens Mamoani (Mamdani) [4]HediTkoro Jori-

YHOTrO BUBEJIEHHs AJI1 NPOTHO3Y pU3MKy po3BUTKY [103.
OCKiTbKM Ha eTari aHajli3y HasBHHUX JaHWX He OyJin BUSBIIEHI BIIMIHHOCTI B piBHSX MpodeciiiHoro pu3uky B rpy-
nax ['P2 i 'P3, To Hanani BoHu Oynu 06’ eqnaHi B ogHy rpyny ['P2,3.'pynam pusuky I'P1, T'P2,3i [13 y HEC «Pu3uk»

BilMOBINAIOTh HACTYMHI rpafauii UinboBoi o3Hakn X, = «PiBeHb pU3UKy po3BUTKY [103»: Xél) = «BuCokuii puU3MK

po3Butky [103», Xéz) = «IlixBumennit pu3uk po3Butky [103», Xc(>3) = «Hesucokuii puzuk po3BUTKy [103».
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CrpykrypHa cxema nonosHeHoi HEC ouinku pusnky po3sutky [103 HaBeneHa Ha puc. 3.
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Puc. 3 —CrpykrypHa cxema nonosHeHoi HEC oninku pusuxy pozsurky 1103.

Omucana B [7] HEC «Pu3nk» J0MOBHEHA B MOJYJIi HEYiTKOTO JIOTIYHOTO BUBEJCHHS MiACHCTEMOIO «Pe3UCTEeHT-
HicTe». lns BrimodenHs 1o HEC migcucremu «Pe3ncTeHTHICTE» Oyiia BBeJeHa A0JAaTKOBa 03HaKa «Pe3nCTEeHTHICTH» i3
rpaganismu «Husbpka», «Bucoka».

VY npoueci cTpykTypHOi igeHTUdikanil Moaeni cucreMu AJisl KOXKHOI 3MiHHOI X (i :ﬂ) Oyno 3amaHe 11 iM’,
TepM-MHOXKUHY (rpanauii) T;, BignosigHi yHiBepcansHi MHOXHHE U, .

IMpuitMemo mo3HaueHH: X; = «Micue pobotm»: T; = {«IloB’s3aHe», dacTkoBO MOB’ s13aHe», «He TOB’ A3aHE»},
U, 0[0,1]; X, = «AnamHe3». T, = {«Anepriuni 3axBoproBaHH"», «Pi3Hi cOMaTUYHi 3aXBOPIOBAHHI», {IpakTHIHO
3poposa monuHa»}, U, O[1,3]; X3 = «PesucrentHicts»: Ty = {«Husbka», Bucoka»}, U5 0[0,1]; X, = «Pisens pe-
sucteHTHOCTI»: T, = {«Hu3bknii», Bucoxnii»}, U, 0[0,1]. Tna uinboBoi o3Haku: X, = «PiBeHb PU3NKY PO3BHUTKY
I03»: T, = {«Bucoxwuit pm3ux po3surky [103», linsumennii pu3uk po3BuTKy [103», «HeBrucoknii pu3nK po3BUTKY
T103»}, U, 0[0,1].

Hwxue HaBeneHi BiqNOBiqHI BUpiIabHI TIPaBUIa B MOAYJIi HeUiTKOTO JorigHoro BuBeaeHHS HEC «Pm3uk»:
SIKIIO (X, = «loB’s3aHe») (3 Baroto 0,8) ABO (X, = «Pi3Hi comatnuHi 3axBopioBaHHs») (3 Baroto 0,7), TO

(X3 = «Husbka»).
SKHIO (X, = «YactrkoBo moB' s3aHe») (3 Baroto 0,8) ABO ( X, = «IpakTnuHO 310poBa MoanHa») (3 Baroto 0,8),
TO ( X5 = «Bucoxka»).
SIKIO ( X, = «Hwusbknii») (3 Baroro 0,6), TO (X,
SIKHIO ( X, = «Bucoxkuit») (3 Baroto 0,6), TO ( X, = «HeBucoknii pm3uk po3Butky [103»).

«TigpuineHuit pusuk po3Butky I103»).

3MicT HaBeJeHUX BUPIlIaJbHUX MPABKJ MOJATAE B HACTYTHOMY.

Sxmo y obcTexxeHOro poOiTHUKA B aHaMHE31 MPUCYTHI AKi-HeOy/b COMAaTHUYHI 3axXxBOpIOBaHHA abo Micie poboTh
OB’ si3aHe 0e31mocepeHbo i3 MpoecitHUMU IIKIATMBOCTAMHE, TO, BIAMOBIAHO 10 BBEAEHOI BHIIE TEPMIHOJIOTIT, omip-
HicTb 10 [103 y HbOTO HU3bKA, a pU3UK po3BUTKY 1103 ninBuIeHNI.
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Sxmo y oOctexxeHOro podiTHMKA Micue poOOTH YacTKOBO MOB’s3aHe i3 MpodeciiiHUMM MIKiUIMBOCTSIMU a0 B
aHaMHe3i BincyTHi Oyap-siki mWKipHi a00 coMaTH4HI 3aXBOPIOBaHH!A, TO omipHicTh 10 [103 y HBOTrO BHCOKA, @ PU3UK PO3-
BUTKY [103 HeBUCOKHIA.

3rimHo 3 MexaHi3MOM MaMiaHi HewiTKke BUBEJEHHS B €KCIIEPTHIlM CHCTeMIi 3MiMCHIOEThCS Y Takuii croci6 [4]:

1. Ha erani dasudikauii BU3HAYAIOTBECA CTyNeEHi iCTUHHOCTI, TOOTO 3HaueHHs QyHKkuil Hanexuocti P (X;)

(i = ﬂ, i=1ky .p= rqj ) JJTs1 JTiBOT YaCTHUHU MpaBHia L; (1o ckmagaeThes 3 jp MiAMpaBHi).

. N * . .
2. Jlns mOTOYHMX BXIiJHUX 3HaueHb Xg = ( X Xy )(k) 3a MIHIMAKCHUM METOJOM BU3HAYAETHCS 3HAYEHHS

(yHKLIT HAJIeKHOCTI, 10 BiATIOBia€ CTYTIEHIO ICTUHHOCTI LiJIbOBOT O3HAKH, TOOTO YHCIIO
(%Y = POYYY i =1k
Ho(X)= O (wp L um(X)), j=1ko,
ip
p=1,q; i=1,k
ae (00 —omnepauist S—Hopmu (t — HOpMH).
3. Ha erani nedasucdikauii BU3HaYa€eThCs UiTKe 3HAUEHHS LiNbOBOI 03HaKU X, BiMOBifHE 10 BXiZHOTO BEKTOpa

Xo = ( X! Xs;.0; )(k ) . Y 1aHuX NOCHiUKEHHAX 11 3HAUSHHS BU3HAYAEThCA 32 METOAOM LIEHTpY Barw.

TakvM 4MHOM, Ha OCHOBi MOOYHOBaHMX (PyHKIIiN HAJIE)KHOCTI, BiINOBIAHUX N0 (akTopiB pu3mKy, i chopMoBaHMX
Ha MiJCTaBi BUSABJICHUX 3aKOHOMIPHOCTE!M MpaBMJI HEYITKOTO JIOTYHOrO BHBelNEeHHs B makeTi FUzzylLogic cepenoBuiia
MATLAB, 6ymna peanizoBana moaerns HEC nporHo3y pusuky po3sutky [103.

IepcnekTHBH MoOAANBIINX JOC/TiAKeHb. Pe3ynbTaTi MPOBEAEHUX AOCIIKEHb MOXYTb OyTH BUKOPWCTaHI IS
AKICHOT Ta KiJIbKICHOT OLIIHKM PU3UKY PO3BUTKY IIMPOKOTO KOJIa 3aXBOPIOBaHb Y MaLli€HTIB 3 OOTSKEHUM aHaMHE30M.

BucnoBku. [IpoBeneHuii y naHiii cTaTTi METOA SAKiCHOTO Ta KiJIbKICHOTO aHali3y piBHIB pu3nKy po3BuTky [103 Ha
OCHOBI aHalli3y KpUBUX PE3UCTEHTHOCTI romeocta3y OyB pealli3oBaHMil y BUMNIAI MiacUCTEMU «PE3UCTEHTHICTE» Y MO-
IyJi HEYiTKOTO JoriyHoro BUBeneHHs icHytouoi HEC «Pusuk». Lle nae MOXIJIMBICTE BUKOPHCTOBYBATH PE3yIbTaTH PoO-
6ot HEC y sikocTi pexomenpauiii i3 3axoniB npodinaxruku [103 npu nposeaeHHI Npo}igakTHUHUX OTJIAMIB HA ITiAM-
PHMEMCTBI, a TAKOK NPH YKJIaAaHHI MEINYHOrO CTPAaXOBOTO MOJiCY Ha BUPOOHMUTBI 31 IIKiAIMBUMHU YMOBAaMH TpaLli.
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VK 539.3
E.T. AHIOTHH, A. B. BOPOIIAH, IT. A. EFTOPOB

HECTALIMOHAPHBIE KOJIEBAHUA MEMBPAH U IJIACTUH
B ®OPME INTPAMOYT OJIBHOI'O PABHOBEJAPEHHOI'O TPEYT'OJIBHUKA

PaccmarpuBaetcst HecTalMOHapHOE 1e(hOPMUPOBAHIE MEXaHUYECKUX 00BEKTOB (MEMOpPaH ¥ MIACTHH) UMEIOIINX (hOPMY MPSAMOYTOIBHOTO paBHOOE -
pEeHHOro TpeyroibHUKA. {1 pemenns 3a1a4n UCronb3yeTcs noaxox, npemiokeHnsiii [Hx. B. Ctperrom (opaom Paneem) B MoHorpadun «Teopust
3ByKa» U ucronb3oBanHblil C. 1. TuMolneHko B 3aaue 0 cTaTHYeCKOM Ie()OPMHUPOBAHUY TPEYTOIbHOM IUIACTUHBI. YKa3aHHBIN MOJXO0/ COCTOUT B
JIOTIONHEHNH TPEYroJbHON TIACTUHBI BTOPOi (MACHTHYHOW WMCXOJHOM) [0 MOJHOTO KBajpara M PELICHHWH 3aia4yd JUls KBaJpaTHOW MemOpa-
HBI/TUTIACTHHBI, K KOTOPOI KpOME BO3MYINAIOIIEl CHIIbI TIPUKJIAIBIBACTCS IOMONHUTEIBHAS HAarpy3Ka IpOTHBOIONOKHOTO 3Haka. TakuM oOpasom, pe-
LIEHUE 3aJa4U CBOJUTCA K HCCIIEA0BAaHUIO KOJleOaHU KBAJpaTHOH MEMOpPaHbl, 3aKPEIUIEHHOM 110 KOHTYPY, WM KBaJAPaTHOH M30TPONHON ILIACTUHBI
cpeziHelt ToMuuHbl (Tuna TUMOIIEHKO), UMeroIeli IapHUpHOe onupanue. [IpuBeAeHb! PUMEPhl PAcYeTOB ISl TPEYTOIbHOM MEMOPAHBI M TIACTHHBI
CpE/HEN TOJIINHBI, KOTOPbIE JEMOHCTPUPYIOT A(QPEKTHBHOCTE MPEI0KEHHOT0 IT0IX0/1a MPH PEMIECHUH 3a/1a4 HECTALOHAPHOTO 1e(hOPMHUPOBAHHIS.

KumoueBsle ¢/10Ba: TpeyronpHas MeMOpaHa, I1acTHHA CPeIHEN TOIMHBI, HECTALMOHAPHOE HArpyXeHue, opMa NpIMOYyrojbHOro paBHOOE -
PEHHOTO TPEYTONBHIKA, TIPOTHO.
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