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AHHOTALUA

IMpeamet uccaenoBanus. s nosbimeHus 5QOEKTUBHOCTH pabOTHl HHKEHEPa-KOHCTPYKTOpa TpedyeTcs
HCIIONB30BAaHNUE CHCTEM aBTOMATH3ALMK IIPOCKTUPOBaHUs. B HacTosIee BpeMs cpecTBa aBTOMaTH3HPOBAHHOTO
MPOCKTUPOBAHUS SBJISIOTCS MHOTO(YHKI[MOHAIBHBIMUA U UMCIOT PACUIMPEHHBII MOJIBb30BATEIbCKHN HHTEPEIIC.
B 3aBucnmocTn ot o0bema penraeMoil 3a1a4u M ypOBHS MOATOTOBKU MHXKEHEPY-KOHCTPYKTOPY HEOOXOIMMEI HE BCe
CpEZCTBa CHCTEM aBTOMATH3UPOBAHHOTO IPOSKTUPOBAHMS. B 3TOM citydae cpeicTBOM MOBBIIICHHS IPOH3BOAUTEIEHOCTH
TPyZa MOXKET CIIYXKUTb aJaNTHBHBIA HHTEPEHC, KOTOPBI MOKET HACTPAHBATHCS 110/ KOHKPETHOTO IOJIb30BAaTEIIs
C y4eTOM ero ombitTa U (HU3HOJIOTHYECKUX 0COOCHHOCTEH (CHCTEMHBIN OIBIT, KOMIIBIOTEPHAst TPAMOTHOCTD, OIBIT
paboTHI ¢ MOOOHBIMHU POrPaMMaMH, MALIMHOIIKCh, TAJIBTOHU3M, TTaMATh, MOTOpUKA PyK). MeToa. XapakTepHUCTHKH,
10 KOTOPBIM CHCTEMa OLICHHWBAET MOJIb30BATEIIsl, UMEIOT pa3HbIC CTEIICHNU HEONPEICICHHOCTH, HEOJHO3HAYHOCTH,
BHYTpPEHHEIl POTHBOPEYMBOCTH. J[aHHBIC XapaKTEPUCTHKU TPYAHO GopMannu3yroTcs u oueHb creunduyHsl. s
BBITIOJTHEHHS! OLICHKH I1e1eCO00Pa3HO NCIIONB30BaHIE HHTEIUICKTYaIbHBIX CHCTEM, 0a3UpyIOMIIXCs Ha HEUSTKOH JIOTHKE
W HEYEeTKNX MHOXKecTBax. Haumbonee nmpuemiieMblii B JaHHOM cilydae — MeToJ MamiaHu, B KOTOPOM HCIONB3YyeTCs
MHHHUMaKCHasi KOMITO3HLIMSI HEUSTKUX MHOXKECTB. [IpeioykeHHbI MeXaHH3M BKJIIOYAeT B ce0sl MOCIIeI0BaTeIbHOCTh
neicTBuii: (a33udukanus, HeYeTKUH BBIBOJ, KOMIIO3UIMs, neda33udukanys. OcHOBHBIE pe3ybTarhl. Pazpadorana
NpOrpaMMHasi HHCTPYMEHTalIbHasi CUCTEMa, KOTOpasi 03BossieT (opMUpOBaTh HHTEP(EHCHYIO YacTh MPOrPaMMHOTO
obecrieueHHs C y4eTOM BO3MOKHOCTEH KOHKPETHOTO moiib3oBaTens. [IpakTuyeckasi 3HaYMMocTh. BHepenue
pa3paboTaHHOW MPOrpaMMHON MHCTPYMEHTAJIBHON CHCTEMBI IO3BOJISICT BBHIOPATh HAOOP 3JICMEHTOB MHIMBUIYAIBHO
UL KKJIOTO MH)KEHEpa-KOHCTPYKTOpa M c(hOPMHUPOBATH aIalITUBHBINA POTOTHIT HHTEpdeiica MPUKIIaIHON IPOrpaMMBl.
B sTOM ciydae mosBIsleTCsSl BO3BMOXKHOCTD YITyUIIUTh B3aUMO/ICHCTBHE YeJloBeKa M KOMIIbIOTepa, cieiaTh ero doiee
KOM(pOPTHBIM, YMECHBILINT BPEMsI Ha MTOMCK HEOOXOAUMBIX (DYHKIIHI M KOJTHYECTBO OIIHOOUYHBII ACHCTBHUIA, MOBBICHUTH
KaueCTBO BBIMOJIHEHHON paboThI.
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Abstract

To improve the efficiency of the design engineer, the use of design automation systems is required. Currently, computer-
aided design tools are multifunctional and have an expanded user interface. Depending on the scope of the task to be
solved and the level of training, the design engineer does not need all the means of computer-aided design systems.
In this case, an adaptive interface can serve as a means of increasing labor productivity, which can be customized for
a particular user, taking into account his experience and physiological features (system experience, computer literacy,
experience working with such programs, typing, color blindness, memory, hand motility). The characteristics by which a
user system is evaluated have different degrees of uncertainty, ambiguity, and internal inconsistency. These characteristics
are difficult to formalize and they are very specific. To perform the evaluation, it is advisable to use intelligent systems
based on fuzzy logic and fuzzy sets. The most acceptable in this case is the Mamdani method which uses a minimax
composition of fuzzy sets. The proposed mechanism includes a sequence of actions: fuzzification, fuzzy inference,
composition, defazzification. A software development system has been developed that allows you to form an interface
part of the software taking into account the capabilities of a particular user. The implementation of the developed software
system allows you to select a set of elements individually for each design engineer and form an adaptive prototype of
the application program interface. In this case, it becomes possible to improve the interaction between a person and a
computer, make it more comfortable, reduce the time to search for the necessary functions and the number of erroneous

actions, and improve the quality of the work done.
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BBenenue

[onmp30Barenbeknii mHTEPdEHc — cpencTBo, obdecre-
YHBAIOIIEE B3aMMOIIOHNMAaHHUE YEJIOBEKA M KOMITBIOTEPA.
IToTomMy OueHb Ba)KHO C/IENaTh TaKyIO CBS3b JPYKECTBEH-
HOH Y UHTYUTHUBHO-TIOHSATHOM.

[IpoGnemam pa3pabOTKH MOJIH30BATEILCKUX HHTEPPETi-
COB ITOCBSAIIEHO 3HAUYUTEIBHOE KOJTNYECTBO OTCUECTBEHHBIX
1 3apyOeXKHBIX HAYUHBIX TPYAOB, KOTOPBIE UCTIONBL3YIOTCS B
Pa3IMYHBIX MPEIMETHBIX obnacTax [1-5]. [Ipu ux mpoek-
THUPOBAHUU COBPEMEHHBIMU aBTOPAMH IpeJyIaratoTcs pas-
JYHbIe Toaxosl. Yacto npu pazpaboTke nHTepdeiicHon
YaCTH MPOTPAMMHOTO 00ECTICUSHHUS IPUMEHSIOTCST METObI
NCKYCCTBEHHOT'O MHTEIIJICKTA: MOCTPOCHUE aJJallTHBHBIX
nHTep(eficoB HA OCHOBE TEHETHYECKUX aITOPUTMOB [6],
9KCTIEPTHBIE CUCTEMBI, TEOPHH HEYETKUX MHOXKECTB [7-9]
u ap. Bmecte ¢ TeM, ¢ 1enpio o6aerdyeHust paboThl TOJb-
30BaTeNsd ¢ IPOTrPaAaMMHBIM CPEICTBOM, 3aJCHCTBOBAHBI
METO/Ibl CUCTEMHOTO aHaJIN3a, CUHTE3a, A0CTparupoBaHus
U MOCTpOeHUs oHTonorudeckor monenu [10]. Yactp yue-
HBIX TIPU PEIICHUN NMPOOJIEMbl HOCTPOCHHS alallTHBHBIX
TI0JIb30BATEIILCKUX MHTEP(EHCOB MpeuIaraloT UCIoiIb30-
BaHME ITPUHIINIA Pa3/IEICHUs ICKIapaTHBHOTO OITUCAHUS
MaTeMaTHYEeCKUX MOJIENEH U X POLeTypHYIO HHTEpIIpe-
tauuto [11]. Apyrumu aBropaMu NPpUMEHSIOTCS. U3BECTHBIE
MOIEJIN Ka4ecTBa MporpaMMHOro odecrnieuenns [12], taxoke
UCIOIB3YIOTCS MeTadOPUIECKUE MM UANOMATHICCKUE
TIO/IXOABI TIPH CO3/IaHNH WITH YCOBEPILICHCTBOBAHUN NHTEP-
(eiicHOi yacTu mporpaMmmHOro cpeactaa [13].

Taxoke oCyIIeCTBISETCS MPOCKTUPOBAHNE TPOTOTUIIOB
uHTepdeiica ¢ HeAeTEPMUHUPOBAHHBIM KOHEYHBIM aBTO-
MaTtoM [14], u pa3padarhIBarOTCs CIICHUATU3UPOBAHHBIC
cuctemsl [15, 16]. ImeeTcst onbIT HEMOCPECTBEHHOTO
MIPUBJIEUEHNS TOTEHIUAIBHBIX TOJIb30BaTENIe! K CO3JAHUI0
nHTepdelicHol yacTu nporpaMmHoro cpencrtsa [17].

B cucremax aBromarnzanmu mpoekruposanus (CAIIP)
TIOJTb30BATENBCKIH HHTEp(deiic — BaXkHAS YaCTh CHCTEMBI.
Wntepdeiic BXoIUT B COCTaB JIMHIBUCTHUYECKOTO obecrie-
YEHHS U MPEICTABIICH TUAIOTOBBIMHU A3bIKaMu. OIHAKO

(DYHKIIMOHAIBHOCTh CUCTEM HE CTOUT HAa MECTE M IOCTO-
SIHHO paclIupsieT CBOM BO3MOXHOCTH, 3TO B CBOIO OUepe/lb
oTpakaercs Ha uHTepderice noipzoparesns. OH CTAHOBHUTCS
Ooiee CJIO)KHBIM, HCIOHATHBIM JIs1 HOBUYKOB U HC 3p-
TOHOMHYHBIM, @ 9TO CKa3bIBaeTCs HA MPOMU3BOIUTEIBHO-
CTH TpyZa MHXeHepa-KoHcTpyKTopa. [Ipobnema cozpanus
aJIalTUBHBIX UHTEP(PEHCOB Ul NPUKIIAJHBIX TPOTPAMM B
CAIIP Takxe aktyanbHa [2, 18].

B ommume oT cymecTBYIOMNX aHAJIOTOB, Ipeasara-
emast mporpaMMHasi HHcTpyMeHTanbHas cuctema (ITMC)
TI03BOJISIET TIOIOUPATH HE MIA0IOH HEITIKOM, a KayKIbIi KOM-
TIOHEHT IT0JTk30BaTENbCKOTr0 HHTEp(detica (pasmep mpudra,
KHOIIOK, PacCTOSIHUE MEX/ly KHOIKaMH, LIBETOBAs raMMa,
3BYKOBOE COIPOBOX/ICHUE, HAJTMIHE MOACKA30K U KOMaH/I-
HOH cTpoku). Takum oOpasom, madnon nHrepdeiica yHu-
BepCaJieH ISl KaXKJI0r0 M0JIb30BaTells.

ITocTanoBka 3agaun

B nacrostmeii paboTe peaqn30BaHO peleHne mpoOIeMbl
azantanuu MHTepdHericoB K 0COOEHHOCTSIM MOJIb30BaTEIIs
Ha IpUMepe HHKEHEePa-KOHCTPYKTOPa U €0 aBTOMaTH3HPO-
BaHHOTO pabouero Mecta. Pabouee MecTo BKJIFOUaeT B ce0st
MPUKIJIAJAHbIE POTrPAMMBI JUIS TPOEKTUPOBAHHS MAIIUHO-
CTPOMTEINBHBIX M3JCINi. JIJIs peleHuns JaHHOW 3a1auKl BbI-
TIOJTHEHA pa3padoTKa CriennaabHON IPOrPaMMHOI CHCTEMBI
JUISl CO3JJaHusl alalITUBHBIX MIPOTOTHIIOB MHTEP(EHCcCOB Ha
OCHOBE XapaKTEPHUCTHK MOJIb30BATEIS.

Paszpaborannas [1MC nMeeT BO3MOKHOCTh CO3aHUS
poToTHIAa HHTepdeiica, afanTHPOBAaHHOTO IO XapaKTe-
puctuku nonp3oBatens. [IMC peanm3oBana B Tpu JTarma:
OIICHKA XapaKTePUCTHK ITOJIb30BATENs; peaIi3alis moI-
060pa KOMITIOHEHTOB HHTEp(delica; IPUMEHEHUE MOI00paH-
HOTO Habopa KOMIOHEHTOB K MHTep(deiicy MpuKiIaaHOHi
MPOTPaMMBI.

J1J1st HarIsTHOCTH NIpe/ICTaBIICHHs! IBHKEHUS MH(pOpMa-
IIUOHHBIX TOTOKOB TpH mpoektuposanuu IIMC nocrpoena
notokoBast Moziesib Data Flow Diagram (DFD) ¢ momorsio
Case-cpencTBa aBTOMAaTH3UPOBAHHOTO MTPOCKTUPOBAHHS
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baza naHHBIX MPOrpaMMHOM HHCTPYMEHTAIBHOH CHCTEMBI

PamxupoBanHbie Pesynprar [IpaBuina Pesynprar
XapaKTePUCTUKH OLICHKH U HEYETKHUE nozgbopa
1 UX KOMITIOHEHTHI XapaKTepPUCTUK BBICKa3bIBAaHHS KOMITOHEHTOB
I i vl oy l !
ba3za npasun ( )
CTpyKTypa 5KCIIEPTHOM CHCTEMBI [Iporpammnas Ia6aoH
MHCTPYMEHTAJIbHAs unTepbeiica
Skenept KommioHeHTHI nHTEpdetica cHcTeMa CO3IaHUs PaspaGorunk
1 aJlanTHBHBIX
HeueTxue npasuiaa OuenoyHble
- MOJTF30BATENILCKAX
- o MaTepHabl
uHTepdencon
OneHnBaeMbIe
XapaKTePUCTUKI \_ J
MOJIB30BATEIS )
IIpororun XapakTepucTHKu
uHTepdelica TOJIb30BaTEs
y
Ilons3oBarens

Puc. 1. JIpmxenne HHPOPMALIOHHBIX IIOTOKOB ITPU paboTe IMPOrpaMMHOI HHCTPYMEHTAIBHON CHCTEMBI

Fig. 1. The movement of information flows during the operation of the software development system

BP-win. Ha puc. 1 npencrasnena cxema DFD ¢ Toukn
3pEHNUS IPOTPAMMHOM CHCTEMBI.

WuTtepdeiicHas gacTs mporpaMMHOTO o0ecTIeueHHs
c(hopMUpOBaHa HA OCHOBE OLIEHKU XapaKTEPUCTUK I10JIb-
3o0Batend. [ Kak0oro mojap30BaTelsl MOA00paHbl KOM-
NOHEeHTH! nHTepdeiica: pazmep mpudra, pazmep KHOIIOK,
paccTosiHie MEX/y KHOIIKaMH, [IBETOBAsi rTaMMa, HaJIu4IHe
KOMaHJHOM CTPOKH, HaJIU4HUE 3ByKOBOTO CONPOBOK/IE-
HUSI M HAJTMYHME To/icKa3oK. [Tocie orieHkn XxapakTeprucTHK
TI0JIb30BATEIISl PE3YNBTAThl COXPAHAIOTCS B 0a3e JaHHBIX
MIPOTPAMMHON CHCTEMBI.

s npoBenieHust TeCTUpoBaHus nosb3oareneil B [IMC
pa3paboTUYNKOM BHOCATCS KOHTPOJIBHO-H3MEPHUTEIbHBIC
Marepuabl, HalpaBJIeHHbIC HAa TUarHOCTHKY c(hOpMHPO-
BAaHHOCTHU KaXJIOH €T0 XapaKTePUCTUKH.

IIpu nmoxdope KOMIOHEHTOB MHTEpdetica o onpee-
JICHHOTO TMOJ30BAaTeNs UCMOIB30BAH METOM AKCIIEPTHOTO
olileHMBaHus1. J1J1st TOro Ha HAYaJIbHOM 3Tare paboThl IKC-
nept Gpopmupyer 6asy MmpaBuil Ha OCHOBE IIPOTYKIIMOHHOM
MOJIeJIN 3HAHUH.

B xone pa6ots! [TMC BeInogHEeHO CpaBHEHHE PE3yIlb-
TaTOB OLIEHKH XapaKTEPUCTHK ITOJI30BATEIIS C TIPaBHIAMHU
HEUYETKON SKCIIEPTHOM CHCTEMBI, KOTOPast SABJISETCS SIAPOM
MIPOrpaMMHOTO cpeacTBa. B nrore ¢opmupyercs Habop
KOMITIOHEHTOB HHTep(eiica 1 TeHepupyeTcs NPOTOTHIT HH-
Tepdeiica, KOTOPHIIf COOTBETCTBYET JaHHOMY IOJIB30Ba-
TEIIO.

JlexoMmo3uIuss KOHTEKCTHOW JUarpaMMmbl MpeacTaB-
JIeHa Ha puc. 2.

IIporecc pa3paboTku MPOrpaMMHOIO CpeiCTBa BKITIO-
yaeT B ce0st BoceMb dTarnoB (puc. 2). Ha HauansHOM dTane
(dopmupyeTcst 1 coXpaHsieTcsl TUIToBast HHpopMarysi. 3aTeM
(dopmupyeTcs 6a3a OlIEHOUHBIX MaTepHajIoB, 10 KOTOPBIM

OyzeT MpOM3BOIUTHCS OLICHKA XapaKTEPUCTHK MOJIb30Ba-
TEIIsL.

OxcnepT GOpMUPYET CTPYKTYPY IKCIEPTHON CHCTe-
MBI, CO371aBasi JTMHIBUCTHYECKHE NIEPEMEHHBIC U TEPMBI.
BXO}IHBIC TNEPEMEHHBIC — OLCHUBACMbBIC XapaKTCPUCTUKH
MOJIb30BAaTEJIs, 8 BHIXOIHBIC — KOMITOHEHTHI HHTEpdeiica,
Ha OCHOBE KOTOPBIX OyJeT (popMHUPOBATHCS TPOTOTHII ITPHU-
KJIaTHOM MPOrpamMMBl.

Crenyromuii 3Tamn — OIleHKa XapaKTEePUCTHK I0JIb30-
BaTeJIsl, IPH KOTOPOM TPeOyeTCs BBIOPATh XapaKTEPUCTHKY
1 OLICHHTb €€ C OMOLIBIO Pa3paOOTaHHBIX OLCHOYHBIX Ma-
TepuanoB. OCHOBHOM 3Tal — 110A00P KOMIIOHEHTOB HHTEP-
(etica, ryie 3arpyKaroTcs pe3yJIbTaThl OLICHKH [10JIb30BATEIIS
1 0a3a mpaBmII HEYETKOM IKCIIEPTHOI crcTeMBI. B xoze pabo-
TBI 9KCIIEPTHOW CHCTEMBI BBIYUCIIACTCS TTOAXOASAIIII HabOp
KOMIIOHEHTOB HHTepdeiica U1 KOHKPETHOTO TT0Ib30BATES.

Ha 3akitounTenbHOM dTare MPOUCXOJUT HEMoCpe/-
CTBEHHOE CO3/IaHNe ITPOTOTHIIA aJAlITHBHOTO HHTEpderica
MPUKIIaAHOW POrPaMMBI, KOTOPBIH MPE0CTaBISETCS IS
pa6otel B cucreme CAIIP.

MaremaTnueckasi MoJeJib IKCIIEPTHOI CUCTeMbI

HHcTpyMeHTOM 7151 OTIpeieieHUs] KOMITOHEHTOB MHTEP-
(etica B [TUC ciayxur Heyetkas DC. OCHOBHBIC BXOTHbBIC
JlaHHbIE — CBEJICHUS O MoJib3oBarene. /[aHHble xapak-
TEpU3YIOTCS PA3JIMYHON CTETEHBIO HEONPEIEeIEHHOCTH,
HEOJIHO3HAYHOCTH, BHYTPEHHEH MPOTHUBOPEUYNBOCTHIO,
HEMOJIHOTOM, a TaKXe MPeICTaBISAI0T KOJTMUECTBEHHbIE U
KaueCTBEHHbIE OLIEHKH MapameTpos [19].

Tak Kak TaHHBIC SBISAIOTCS TPYAHO (POPMaTH30BAHHEI-
MU H CHEIUPUICCKAMHU, TO TIPH BBIOOPE METOJa UCKYC-
CTBEHHOTO MHTEIIIEKTA HCIOJIh30BaHA MHTEIUICKTYaIbHAS
cucreMa, 6a3upyromiasics Ha HEYSTKOH JTOTUKE M HEUSTKUX
MHOKECTBaX.
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Puc. 2. JlekoMno3uiiys KOHTEKCTHOHN TMarpamMmal.

B/l — 6a3a ganubix; DBM — snekTpoHHO-BhIYHCINTEIbHAS MalnHa; DC — 3KCIepTHast CHCTeMa

Fig. 2. Context diagram decomposition

BJ1 — database; DBM — electronic computer; 9C — expert system

W3 ananmza HeueTKoro nmoHATHsI «CHCTEMHBIN OIIBIT
O0pLT0 chopMUpoBaHO 0a30BOE TEPM-MHOKECTBO, CO-
CTOAIIEE M3 TPEX HEUETKUX NMEepeMeHHBbIX: «Hu3kuii»,
«Cpenuanii» n «Bpicoknii», 1 ycTaHOBIIEHA 0071acTh pac-
cyxnennii B Buae X = [0; 100] (6amnoB). [Janee Oputa mo-
cTpoeHa (PyHKIHS MPUHAIUISKHOCTH IS KaXKJOTO JIMHIBU-
CTUYECKOro TepMa 13 6a30BOro TepM-MHOKecTBa 7.

CymiecTByeT OOJbIIIOE KOJINYECTBO CTaHIapTHBIX (hopM
KPHBBIX JUISl 33/1aHUsT (PyHKIMH TpHHAUISKHOCTH. CaMbIMU
pacnpoCTpaHEeHHBIMH CUUTAIOTCS: TPEYTOJIbHASL, TPAIleLIeH-
JlalibHasi ¥ TayccoBa (DYHKIMH MTPUHAIC)KHOCTH.

CoBokymHOCTh (DYHKIUI MPUHAIUICKHOCTH JUIS KaXK-
JI0ro TepMa U3 6a30BOro TepM-MHOXecTBa 7' 00BIYHO H30-
OpaxxaeTcs Ha oqHOM rpaduke. [IpuMep JTMHTBUCTHYECKOH
niepeMeHHO «CHCTEeMHBIH OIBIT)» MPEACTABIEH Ha PHC. 3 B
BUJIE TPANeUeBUIHON (PyHKIUHN MPUHAICKHOCTH.

HaunbGonee pacmpocTpaHeHHBIH CIOCOO JTIOTHYECKOTO
BBIBOZIa B HEUETKUX CHCTEMax — MEXaHM3M MamaHu.
MexaHuszm HCIIOJBb3YyECT MUHUMAKCHYIO KOMIIO3UIIUIO HE-

\ / Bricokuii
\ / Cpennuit
\ / — Huskuit

\ g
\ /

0 40 80

3Ha4eHUs JTMHTBUCTHYCCKON TIEPEeMEHHOM
«CHCTEeMHBIN OIBITY, OaI

=
[ere}

3HaueHne PyHKIHU
NPUHAJIEKHOCTH
=
N

Puc. 3. I'paduku GyHKUNH TPUHAIISKHOCTH 3HAYCHUIH
JIUHTBUCTUYECKOH NepeMeHHON « CHCTEMHBIH OTBIT»

Fig. 3. Graphs of the values belonging functions
of the linguistic variable “System experience”

YETKAX MHOKECTB U BKITFOYACT B ce0s1 ITOCIICIOBATEIIHHOCTh
nericTuit [19].

Dasz3ugukayus WIN TPUBEIEHNE K HEUYESTKOCTH.
OrmnpenenstoTcss CTENeHN UCTHHHOCTH, T. €. 3HAYCHUS
(hYHKIIIH TPUHAICKHOCTH IS JICBBIX YacTeH KaXJI0ro
npaBmia (MIPEANOCHUIOK UK aHTeleneHToB). Jyist 6a3sl
MPaBUJI C 71 TIPaBUJIAMH 0003HAYUM CTENIEHH UCTHHHOCTH
Kak A (xp), i=1.m, k=1.n.

Heuemxuii 6b1600. OTIpeniessiioTcsl ypPOBHU «OTCEUSHUSD»
JULSL JIEBOM 4acTU KaXKAOro U3 mpaBuil: o; = min,(A4;(x;)),
M HaXOJSTCS «yCeUeHHbIe» (PyHKIIMU NMPUHAICKHOCTH:
B*(y) = minj(a;, B,(y)).

Komnosuyus wim oObeqUHCHUE MOTYyYCHHBIX yCe-
4eHHBIX (QyHKIUH. Mcnonb3yeTcs MakcCHUMalbHas KOM-
MO3UIMS HEUETKUX MHOXECTB: W(y) = max,(B;*(y)), rae
W(y) — QyHKIHSA TPUHAUICKHOCTH HTOTOBOTO HEYETKOTO
MHOKECTBA.

Jepazsupurayus wnu npusenenne Kk yerkoctu. Cyie-
CTBYET HECKOJIbKO METO/I0B aeda3z3udukanuu. Hampumep,
HEHTPOUIHBIA METOM UM METOJ] cpeaHero neHtpa [19].

C y4eroM BBEJCHHBIX MMOHATUI MOCTPOEHA HEYeTKas
MO/IeJIb, OCHOBAaHHAsl HA OMHAPHOM HEYETKOM OTHOIIEe-
HUH S, KOTOpasi CTPOUTCS Ha JByX OA3MCHBIX MHOXKECTBAX
XunY.

X = {x1{z1}, xo{z5}, x3{z3}, ..., x7{z7} } onuceiBaeT
MHO)KECTBO KOMITOHEHT HHTepeiica, TAe z — MHOXKECTBO,
XapaKkTepu3yromiee KaxIoe X.

Y= {yi{ki}, »2tka}, y3iks}, ..., y7iks} ) — mHOKecTBO
XapaKTEPUCTHK TTOJIH30BATENs, T7Ie K — MHOXKECTBO, XapaK-
TepU3yIoIee KaKI0e ).

DneMeHThl YHUBEPCYMOB UMEIOT CJICIYIONINHI conep-
JKaTebHBIN CMBICI:
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1) x; — uBeroBas ramMma (z; — 4epHo-0enbli, z, — He-
CKOJIBKO LIBETOB, z3 — JII00OBIC L[BETA), X, — pa3Mep
mpudra (z; — KpynHblil, z, — CpenHuid, z3 — Mell-
Kuif), x3 — pa3Mep KHOIOK (z; — KPYyIHbIE, Z, — CPel-
HUE, Z3 — MEJKHE), X, — PaCCTOSHHE MEXIY KHOII-
KaMmHy (z; — Oounblioe, z, — cpelHee, z3 — Malloe),
X5 — 3BYKOBOE COIIPOBOXJIEHHE (2| — HAJIMYUE, Z) —
OTCYTCTBUE), X5 — HAINYHUE MOACKA30K (z; — HaJIWIHE,
Zy — OTCYTCTBHE), X7 — HaJU4IMe KOMAHAHON CTPOKU
(z; — Hanuuue, z, — OTCYTCTBHUE).

2) y; — CHUCTeMHbIH ombIT (k; — BBICOKUH, k, — cpexn-
HUH, k3 — HU3KHI), ) — KOMIIBIOTEPHAs TPAMOTHOCTD
(ky — BBICOKA, ky — cpeaHss, k3 — HU3KadA), y3 —
OIBIT PabOTHI ¢ TOTOOHBIMU IIporpaMMami (k; — BBICO-
Kuil, k, — cpennuit, k3 — HU3KUiL), 4, — MAIIUHOIKICH
(ky — BbIcoKas, ky, — cpennss, ky — HU3Kas), y5s —
JansTonusM (k; — ecTb, ky — HET), Y4 — MOTOpHKA
PYyK (k] — BbICOKas, ky — cpenHss, k3 — HU3Kas), Yy —
namaTh (k; — BBICOKas, ky — cpennss, ky — HHU3Kas).
BXOIHBIMH ZaHHBIMHU SIBIAIOTCS XapaKTEPHUCTUKHU

MI0JIb30BATENIEH, KOTOPBIE 3a/1al0TCsI TMHTBUCTHUECKUMHU

nepeMeHHbIMH. B Tabn. 1 mpeacTaBieHbl BCe BXOTHBIE

JINHTBUCTUUYECKUE NepeMeHHble. IS KaXKJ0l XapakTe-

PHUCTHKH ONPEJEICHO MHOXKECTBO, KOTOPOE M3MEepSeTcs

B Oaytax. [[ns oOpa3oBaHUs HOBBIX TEPMOB HCIIOJIb30-

BaHBI MPOIEYpPbl: CHHTAKTUYECKasl, IIPEICTABIAIONIas

coboii torndeckyto cesazky AND (M), n cemanTnyeckas —

min(pA(x). pB(x)).
Ha npumepe NUHIrBUCTUYECKOH MEepeMEHHOU

«CHCTEMHBIH OITBIT» OMHMCAHO MPUCBOCHNE 3HAYCHUH Tep-

MOB U NoCTpoeHHe TpaduKoB GyHKIUH MPUHAICKHOCTH
HEeYeTKOro MHO)kecTBa (puc. 3). J{mst ocTanbHBIX BXOIHBIX
JIMHTBUCTUYECKUX NIEPEMEHHBIX TPOU3BEACHA aHAIOTHYHAS
npouesypa.

Jamee no0aBIeHBI THHTBUCTHYCSCKUE TIEPEMCHHBIC BBI-
XOIHBIX MaHHBIX. OHU TpencTaBieHk B Ta0m. 2. Jlns ka-
JKIOM XapaKTEPUCTUKH ONPEAEICHO MHOKECTBO U3 Pa3HbIX
€AVHULL U3MEPEHUSL.

Jlyist paboThl MEXaHU3Ma HEYETKOro BbIBOJA CHOPMHU-
POBaHBI MPOAYKIMOHHBIE paBuia. @parment 6a3bl mpa-
BWJI TIpescTaBieH B Tabn. 3. [IpuBeneno popmupoBaHus
MpaBuJl JJ1s1 TUHIBUCTUYECKON nepeMeHHo# «llBeToBas
ramMMay, AJIsl OCTaJIbHBIX EpPEeMEHHBIX: «PazMep KHOMOKY,
«Paccrostnue mMexny KHonkammu», «Pasmep mpudray,
«3ByKoBO€ conpoBoxaeHuey, «Ilogckaskuy, «Komannnas
CTPOKa» TePM-MHOXeCTBa C(HOPMUPOBAHBI AHAIIOTHYHO.

DKcHepTHas cucTeMa MO3BOJIMIA MONIYYUTh pEelIeHHe
Ha OCHOBE OITMCAHHBIX TPaBWII 0a3bl 3HAHUT.

IIpoekTHpoOBaHMe IPOrPaMMHOI
HHCTPYMEHTAJIbHOM CHCTeMBbI

Jis Busyanmsamnuu padotsl [IMC ucrnons3oBana aua-
rpaMMma BapHaHTOB MCIOJIb30BAHMS — BU3yallbHast MOJIEIb,
OTpaXKaromiasi CuenU(HUKAIIIO TIPOrPAMMHOTO CPEACTBA C
TOYKH 3pEHUS e¢ PYHKIIMOHAIBHOCTH (puC. 4).

PaboTars ¢ mporpaMMHOM CHCTEMOM MOTYT 3KCIIEpPT
U TI0JIb30BAaTENb, KOTOPBIE BXOIAT B CHCTEMY C Pa3HBIMU
mpaBamu foctyna. [lis mosnb3oBarens HogOupaeTcs: nH-
tepdetic.

Tabnuya 1. BXOnHbIC TUHIBUCTHYECKHUE TICPEMEHHbBIS

Table 1. Input linguistic variables

HasBanue Tepm-muoxecTBO (7) MHuoxecTB0-001acTh (X), 6aruibl

CHCTEMHBIH OTBIT Bricokuit 65-100
Cpennuit 35-70

Huskuit 045
KomriblorepHast rpaMOTHOCTD Bricoxuit 70-100
Cpennuit 35-75

Husknit 0-40
OmnsbIT paboTHI ¢ MOZOOHBIMH IIPOrpaMMaMi Ectp 50-100
Yactuuno 25-60

Her 0-30
MammHonuch Beictpo 75-150
Hopwmansrao 30-80

MeieHHo 0-40

JlansToHN3M Ectb 0-1

Her 0,9-2
Mortopuka pyk Bricokas 65-100
Cpennss 30-70

Huskas 0-35
[NamsTe OTnmyHast 75-100
YMmepenHnas 40-80

IInoxas 045
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Ta@zuua 2. BI)IXOZ[HLIG JIMHI'BUCTHYCCKHUE IIEPEMEHHBIC

Table 2. Output linguistic variables

Ha3Banue, eauHuna u3MepeHus Tepm-muoxectBo (7) MHosxecTBo-001acTh (X)
Pasmep mpudra, nukcen Kpynusrii 14-18
Cpennuit 11-15
Menxkuii 8-12
Pasmep xHOTIOK, KO3 dUIIIEHT Kpymabrit 2-4
Cpennuit 1,5-2,5
Menkuit 0-2
PaccrostHue MeXIy KHOITKaMH, KO3 hHIHEeHT Bonboe 2-4
Cpennee 1,5-2,5
Marnoe 0-2
L{BeroBas ramma, K03(hGHULHEHT YepHo-Oenblit 0-1,5
Hecxkombko 11BeTOB 1,4-2,5
JIroObIe 11BETA 2,44
3ByKOBOE COMPOBOXKICHHE, KOI(DDUIIHEHT Hanuune 0,85-2
OrcyTrcTBUE 0-0,9
Hanunuue noackasok, Kodphuunent Hannune 0,852
OtcyTcTBHE 0-0,9
Hanune koMaHaHOHM CTPOKH, KOd()UIUESHT Hannune 0,852
OTtcyTcTBHE 0-0,9
Tabnuya 3. HeyeTkne MpoTyKIIMOHHBIE TIPaBHIIa
Table 3. Fuzzy production rules
BXozHast IMHIBUCTHYECKAs [IEPEMEHHAs
Ecmu VYenosue TO Tepm-MHOXECTBO
IIBeToBas ramma
Eciu J =Ectp TO YepHo-6ebrii
Ecnu JI=Her U CO = Huzkuit TO JIroObie 1iBeTa
Ecian J=Her U CO = CpenHnuit TO Heckonpko 1IBETOB
Ecmu J1 = Her U CO = Bricokwuii TO Heckomnbko 11BeTOB

[Mpumeuanne: /I — nansroHn3M; CO — CHCTEMHBIH ONBIT

DKCTepT 3aHUMAETCsl HACTPOUKOHN SKCIIEPTHOM CHCTe-
MbI. B HacTpoiiky BXoasT: (hOpMUpPOBAHUE CTPYKTYPbI; AJIsI
Ka)KJJOM BXOJTHOI IepeMEeHHOH 1o100p OIIEHOYHOTI0 MaTe-
puaa; co3aanue 0a3bl PaBHJI U TECTUPOBAHUE CO3/IaHHON
9KCIIEPTHOM CUCTEMBI C BO3MOXKHOCTBIO TTOJIpOoOHOIT Tpac-
CHPOBKH PacueToB.

[Tonb3oBaTens mociie aBTOPU3ALUU MOXKET OLEHUTD
CBOM XapaKTEPUCTHUKH € TOMOIIIBIO OLIEHOYHOT'O MaTepHana,
Ha3HAYEHHOTO 3KCTIEPTOM, U MIPUCTYIUTH K ()OPMHUPOBAHHUIO
JIUYHOTO aIalTUBHOTO HHTEp(delica MpUKITaIHON Iporpam-
MBI, KOTOPBIH mipenocTaBmsercs st padbotsr B CATIP.

B npoexrHoit yactu [TMC MOXHO BBIIEIUTH TPH dTaIla.
Ha nepBoM — pou3BOIHUTCS OLIEHKA XapaKTEPUCTHUK MOJIb-
3oBarenst. Ha BTopoM — He3aBHCHMO OT BBIOOpa YCIOBHUS
(hopMHpOBaHHS TIPOTOTHIIA (CO3aTh HOBBIN UM 3aMEHUTH
CTapblil MPOTOTHII), IPOUCXOJUT MOAOOP KOMIOHCHTOB
nHTepdeiica. Ha TperbeM — Ha 0CHOBE CHOPMHUPOBAHHOTO
Habopa KOMIIOHEHTOB CO3/1a€TCsl IPOTOTHII aJIalITUBHOTO
nHTepdelica npuKIagHoil nporpaMmbl. Kakapli U3 3THX

9TAIoB HETIOCPEACTBEHHO B3aNMOJICHCTBYET ¢ 0a30ii JaH-
HBIX IIPOIPaMMHOM CUCTEMBI.

IIpakTHyeckas peaju3zauusi NporpaMMHOi
HHCTPYMEHTAJbHOH CHCTEMBI

Ilepen Tem xak moap30BaTeNb OyIeT ToIOupaTh KOMIIO-
HEHTBI HHTepdelica, SKCIEPT CO3/1aeT CTPYKTYPY SKCIIEpPT-
HOW cucTeMsl (puc. 5). BeiOpaB myHKT MEHIO «DKCIIEPT»,
3a/1al0TCSl TMHIBUCTUYECKHE IEpeMEHHbIE U TepMblI [20].

Jlanee sKcriepT MOXKET MPHUCTYIHUTH K (YOPMHUPOBAHUIO
6a3sbl ipaBu (puc. 6).

[Tocne popmupoBaHus CTPYKTYphI U cO3/1aHuUsT Oa3bl
MPaBWJI IPOBOJIUTCSI TECTUPOBAHUE YKCIIEPTHOM CHCTEMBI
(puc. 7). Oxcneprt, BbIOpaB myHKT MeHI0 «[logbop kommo-
HEHTOBY», MO)KET YCTAaHOBUTH BXO/IHBIC 3HaYeHMs. HaxaB Ha
kHOTIKY «Paccunrarsy, [IMC BeiBeneT pe3ynsrar mondopa
KOMITOHEHTOB MHTep(elica B KaueCTBEHHBIX U KOJINYe-
CTBEHHBIX 3HaueHMsX. [logpoOHbBIE pacdeTsl, BBITIOIHSE-
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Coznanue \ / DopmHpoBaHnE

6a3bl TIpaBHIT CTPYKTYpbI
9KCIIEPTHOH CHCTEMBI OKCIIEPTHOM CHCTEMBI

Q Oxcnepr O

TectupoBanue Pa6ora

9KCIIEPTHOH C OIICHOYHBIMH
CUCTEMBI i MaTrepuaiIaMu

ABTopuzanus Bxon
paB JOCTyma B CHCTEMY

SO

Ouenka WNuunumnposanue npoiecca
XapaKTEePUCTHK moadopa KOMIIOHEHTOB
nHTepdeiica

HOJIB30BaTeJIB

Puc. 4. lnarpamma BapuaHTOB UCIIOIb30BAHUS

Fig. 4. Diagram of use cases

MBI€ IKCIIEPTHOM CUCTEMOM, MOXKHO IPOCMOTPETh, HaXKaB
Ha COOTBETCTBYIOIIYIO KHOIKY U COXPaHHUThH B (haili (1o
JKCITAHHIO).

ITpu Bxone B [TMC monw3oBarento TpebyeTcs ole-
HUTh CBOU XapaKTEPHCTUKU C IMOMOIIBIO Pa3IUUYHBIX
BHJIOB AMAarHOCTUKH. Hampumep, 1 OLEHKH KadecTBa
«KomrbroTepHas rpaMOTHOCTBY MONB30BATENIO MPEIara-
€TCsl IPOUTH TECTUPOBAHUE.

ITocie OLIEHKM XapaKTEPUCTHK ITOJIb30BATENb MOKET
nepeiiTu Kk nmogbopy KOMIIOHEHTOB UHTepdelica u co3Ja-
HUIO aJJallTUPOBAHHOTO MPOTOTHUIIA, BBIOPAB IyHKT MEHIO
«ITonbop xommoHeHToB uHTEepdeiicay. s atoro Tpe-
Oyercst BEIOpaTh peXXUM CO3/1aHHs TIPOTOTHIIA U YBHUJIETh
CO3/IaHHBIN aJanTHPOBAHHBII NPOTOTHN MHTEpdelica pu-
KJITHOW TIporpaMMeI (puc. 8).

B npuBenenoM npumepe (M0JIb30BaTEh HEOBITHBIN)
MOTy4€eH NPOTOTHIL, KOTOPBII COCTOUT U3 CAEAYIOIIUX KOM-
MIOHEHTOB: pa3Mep IpUQTa — CPEIHUIA; pasMep KHOIIOK —
CpEHNI; PACCTOSHUE MEXAY KHONKAMH — OOJbIIOE;
LBETOBAsl FaMMa — HECKOJIBKO L[BETOB; HAJTMYHUE IOACKA-
30K — €CTb; HAJIMYHE 3BYKOBOI'O COIPOBOKICHUS — ECTb,
HaIU4Yue KOMaHAHOM CTpoku — HeT. IIpoBenenHoe 103a-
OMIINTH TECTUPOBAHUE MOATBEPIMIO aJallTHPOBAHHOCTH
nHTEepEiiCHOI YacT NMPOrpaMMHOrO 00ecredyeHus JUIst
OIpeJIeIEHHON ayIuTOPUHU TONb30BaTeNeH.

& Crpyxiypa 3C

[06aBuUTb NepeMeHHyto V3MeHUTb NepeMeHHyto

BxoAHble IMHrBUCTHYECKMNE NepeMeHHble (XapaKTepucTUKM Nnosib3oBaTens)

HasBanue Kp. HazBaHue MuH. 3HaueHune Makc. =* HasgaHue Kp. HasBaHue ®DyHKuus npuHap)
!, CUCTEMHBIN OMbIT co 0.0 1100.0 1 Bbicokuit B TpaneuuvesnaHas:65
2 KoMrbloTepHasi rpaMOTHOCTb Kr 0.0 100.0 2 Cpearuit  C TpaneuvieBuaHas:35
3/0nbIT paboTbl ¢ NoAo6HbIMKM NporpaMmamu OPMM 0.0 100.0 3| Huskwit H TpaneuvieBuaHas:0 1
‘}I MalumHonuch Mmn 0.0 : 150.0 _>Jj ! o

YaanuTb nepemMeHHyio

BbixonHble NMHrBUCTMYECKMe NepeMeHHble (KoMnoHeHTbl HTepdeiica)

= o X

Tepmbl (Pa3HOBUAHOCTM XapaKTEPUCTMKM)

[o6aBuTb TepM| V3MeHUTb TEpM  YAanuTb TepM

TepMbi (Pa3HOBMAHOCTH KOMMOHEHTA)

6‘35vxosoe COMpDOBOXAEHWE 3C 0.0 | 2.0

[lo6aBuTb nepemMeHHyto | V3MEHUTb NepeMeHHyo

Hassanue Kp. H MuH. 3 Makec. 3
3|PaccrosiHue Mexay KHorkamm PMK 0.0 4.0
4/LiBeToBas raMma ur 0.0 4.0
5 KomaHaHas cTpoka KC 0.0 2.0

YAanuTb nepeMeHHyto

e Hassanue Kp. HasBaHue
1 Hanmue JOA
J 2 OtcyTcTeue HET

DYHKUMS NMPUHAANEXE
TpeyronbHasn:0.85 1 2
TpeyronbHas:0 0.1 0.9

f‘ | — 2l
[o6aBuTb TepM | U3MeHUTb TepM | YaanuTtb TepM

Puc. 5. CTpykTypa 3KCIEpTHON CHCTEMbI

Fig. 5. Structure of the expert system

] basa npaswn 3C

basa npasun

Ecnn Ycnosune T0 3akiloueHne
Pl ecowm | CO=BuKr=H | 710 PK=C
5; ecnm CO=Cu Kr=C T0  PK=C
6 ecm CO=H n Kr=B T0 PK=C
7 ecm CO=B un Kr=B T0  PK=M
BxofiHble NepeMeHHble
CucTeMHbIi onbiT(CO) Bbicokwii(B)

KomnbtoTepHas rpamoTHocTb(KI) Huskas(H)

OnbIT paboTbl ¢ Nogo6HEIMU nporpammamMu(OPIM) -
MatumnHonueb (M) -

MamsaTb(M) -

eacn namnal MY =

[Jlo6aeuTb npasuno M3mMeHnUTb npaBuio

- o X

=l

1

>

BbixoAHble NepeMeHHble

~ Pasmep wpudra(PLL) - ~
% Pa3mep kHomok(PK)  Cpeanuid(C) ~
> PaccrosiHue Mexay kHonkamu(PMK) - 7
> LigeToBas ramma(Lll) - >
~ KomangHas ctpoka(KC) - =

e 3BykoBoe conpoBoxaeHue(3C) - M <

Ypanutb npasuno OuncTUTL

Puc. 6. baza npaBuI1 3KCIEPTHOM CHCTEMbI

Fig. 6. The base of the rules of the expert system
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® | MeToa Mamaanu - 1w X
Xapak'repuc‘rmm nosnb3oBarens
CHUCTEMHbII OMbIT 40.65
KoMmnbloTepHas rpaMOTHOCTb 60.45
OnbIT paboTbl ¢ NoAo6HbIMKU NporpaMmamu 20.3

MalumHonucs 34.0
MamaTb 29.14
[anbToHW3M 1.0
MoTopuka pyk 7.0

TeHepauvs AaHHbIX
| Paccuvtats |

K, s

Tbl UHTEPP
Pasmep wpudTa: Cpeanuii (14.02)
Pa3mep kHomok: CpeaHuii (2.34)
PaccTosiHie Mexay kHonkamu: bonbiuoe (3.0)
LiBeToBas ramma: Heckonbko LgeToB (2.58)
KomaHnaHas ctpoka: Otcytcreue (0.84)
3ByKoBOe conpoBoxaeHue: Hannuue (1.43)
Moackasku: Hanuuve (1.43)

MoapobHblit oTHeT

Puc. 7. TectupoBaHue 3KCIEPTHON CHCTEMBbI

Fig. 7. Expert system testing

OO0cy:xaeHne pe3yJibTaToB

Pa3zpaborana [IMC, koTopasi yuuThIBaeT XapakTe-
PUCTHKH M BO3MOXHOCTH MoJb30Batens. Jis mogbopa
KOMITOHEHTOB HHTep(eiica Mo Ompeie]IeHHOTO MOIb30-
BaTeJsl UCIOJIB30BaH METOM AKCIEPTHOTO OILCHUBAHHUSL.
CdopmupoBana 6a3a mpaBuUi HA OCHOBE MPOMYKIIMOHHOM
MOJIeNH 3HaHU. BhIMOMHEHA OllEeHKA PEe3yJIbTaTOB MOJY-
YEHHBIX XapaKTEPUCTHK MOJIb30BATENISI U [IPABUIT SKCIIEPT-
HOU cuctembl. B pesyibrare co3aan HabOp KOMIIOHEHTOB
uHTepdeiica U creHepupoBaH MPOTOTUM uHTepdeiica, KoTo-
PBIii COOTBETCTBYET KOHKPETHOMY MOJIb30BATEIIO.

Tak Kak XapakTepUCTHKH IOJIb30BATEIsl UMEIOT pas-
JIMYHbBIE CTENCHN HEOMPE/ICNIEHHOCTH, HEOHO3HAYHOCTH,
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BHYTPEHHIOIO POTUBOPEUUBOCTD U JP., U SIBIISIFOTCS TPY/I-
HO (hOpMaATM30BAHHBIMH U ClIEIU(DUYECKUMU, TO LieJie-
C000pa3HO UCIIOJIb30BaTh UHTEJUICKTYa bHbIE CUCTEMBI,
0aszupyronecs Ha HEYETKOH JIOTHKE W HEYETKUX MHOXKe-
crBax. HanboJee npremiieMbIM B JaHHOM CITydae SIBIISIETCS
MeTox MamMaaHu.

3akiaouenune

Brenpenue pazpaboTaHHON SKCIIEPTHON CUCTEMBI MO~
3BOJIUT MPOCTO MOI00paTh HAOOP 3JIEMEHTOB UHTEpdeiica
MOJT KajKJ0r0 HHIKEHEPa-KOHCTPYKTOpa U ¢hOPMHUPOBATH
aJanTUBHBIN MPOTOTUI HHTEep(elica MPUKIATHON TPO-
rpammbl. JIaHHBII pe3ynbTaT yIydliuT aBTOMATH3UPO-
BaHHOE pabouee MECTO CIEIUAaIKNCTa, a B3aUMO/ICHCTRIE
YeJIOBeKa M KOMIIBIOTEpa CTaHeT Oosiee KOMPOPTHBIM U
IPrOHOMUYHBIM.
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