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The article examines the methodology how to create the
hybrid expert system (ES) to control and optimize the
recipes of the ice-creams and frozen desserts. We have
defined the main tasks of the expert system which consists
of four main blocks. We have offered a common block-
diagram to modify optimal recipes in the system based on
the complex quality indicators of the finished product. We
have studied and analyzed the main mathematical methods
of mathematical apparatus of ES development through the
simplex method which 1s mainly targeted at optimization of
the complex indicators of the finished product quality. We
have conducted the analyses of modern IT expert system
development.

OBI'PYHTYBAHHSA AOUINTbHOCTI CTBOPEHHSA
rIBPUAHOI EKCMNEPTHOI CUCTEMM KOHTPOJIIO
AKOCTI 3BAMOPOXEHMUX NPOAYKTIB AECEPTHOIo

NMPU3HAYEHHA

H.M. bpeyc, JLIO. Manoxa, I'.€. IToaimyk

Hayionanenuii ynisepcumem xap4o6ux mexuonozii

Y cmammi pozensinymo ma 3anponoHoeano memooonoiio CmeopeHHst ciOpuoHor
excnepmuoi cucmemu (EC) xowmpomo i onmumisayii peyenmyp moposusa i
3amopoxcenux oecepmis. Buznaueno ocHOGHI 3a60anHs. Ma po3pooaeHo CmpyKmy-
DY eKcnepmHoi cucmemu, o CKiaoacmscsi 3 YOmupbox OCHOGHUX OI0OKIG. 3anpo-
NOHOBAHO 3a2AbHY OJIOK-CXeMY MOOETIO8AHHS 6 CUCHEMT ONMUMUIbHUX DEeYenmyp
HA OCHOBI KOMWIEKCHO20 NOKA3HUKA SKOCMI 20m0o8020 Npooykm)y. Bueueno 1i
NPOAHAII308GHO  OCHOBHT MAMEMAMUYHT  MemooU pPO3POOKU  MAMEMAMUYHOLO
anapamy EC 3a 00nomo2oio cumniexc-memooy, oe yiiv0oeoio (yHKkyicio ¢ onmu-
MI3ayist KOMIWIEKCHO20 NOKA3HUKA SKOCI 2006020 npooykmy. llpogeoeno anaiz
CY4acHux inghopmayitinux mexnHonoeii po3pooKu exCnepmuux CUCmem.

Kniouoei cnoea: excnepmna cucmema (EC), 6aza oanux, 6aza 3nane, mame-
MAMUYHUTL anapam, 3amopodICeHi NPOOYKMU.
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IH®OPMALITHHI TEXHOJIOI'TT

IHocranoBka npoGaemu. OJHUM 3 HAUOLIBII 3HAUHUX JOCATHEHb INTYYHOTO
IHTENEKTY CTajia PO3po0Ka MOTYKHUX KOMIT FOTEPHHUX CUCTEM, 110 OJIEPKaJId HAa3BY
«EKCMEPTHUX» a00 3aCHOBAHWX HAa «3HAHHAX» CUCTeM. CTpaTeriyuHuii po3BUTOK
XapUOBUX TEXHOJOTIH BUMAarae 3aCTOCYBaHHS IHTENEKTYaJbHUX 1H(OpMaliiHmX
TEXHOJIOT1 Ha OCHOBI €KCIIEPTHUX CUCTEM IS MIABHUINEHHSA €PEeKTHUBHOCTI HAyKO-
BUX JOCHIJKEHb, BIPOBA/LKEHHS iX pe3yJbTaTiB Yy BUPOOHUIITBO Ta IILIECTIPS-
MOBAHOT0 YIPABJIIHHSA SKICTIO TOTOBOT TPOAYKIIIi.

VY HU3BKOTEMITEPATYPHUX TEXHOJOTISAX XapuoBOi MPOMUCIOBOCTI ICHYIOTh MEBH1
npobsieMu 1moaA0 (OPMYBAHHS CKIIQIHUX JUCIEPCHUX CUCTEM MOPO3UBA 1 3aMOPO-
KEHUX JiecepTiB. Taki XapuoBi CUCTEMHU, 3 TOUKU 30PY KOJIOIHOI XIMIi, € BOJHOYAC
MHAMU, EMYJIbCIAMU 1 CyCrieH31AMu. be3nepepBHUM TUCHIEPCIHHUM CEPEIOBUIIEM €
HEBUMOPOXKEHA BOJA, Y fAKIA 3HAXOAATHCS YMCIICHHI AMCIEPCHI YaCTOYKH PI3HOI
MPUPOUM — KUPOBI KYJIbKW, MOBITPSIHI OyJIbOAIKK, KPUCTAIU JIbOAY 1 JIAKTO3H.
Hatiuacriiie Baau KOHCUCTEHITIT O6yMOBJ]IOIOTI>C$I BEITMKUMHM 3a PO3MIpaMH KpHCTa-
JaMH JIbOAY, SIKI CIPOMOXKHI 3pOCTATHCA # yTBOPIOBATH CYUUIbHUHN JIbOIAHUCTHM
kapkac. [loqiOHa Baja KOHCUCTEHII € MPUUMHO (POPMYBaHHS 3aHAIATO TBEPJOI
CTPYKTYPH MPOAYKTY 3 BIIUYTHUMMU T1J YaC CMOXKUBAHHA KPUCTAJIAMU JIbOJY, TOMY
MEPIIOYEPTOBAM 3aBJIAHHAM JJIi TEXHOJIOTIB € TPAKTHMYHE BUPIIIEHHSA BKa3aHOI
MpoOJIEeMH HUITXOM ONTUMI3alli ckiaay peuentyp. OIHUM 13 OCHOBHHMX KPUTEpPIiB
1A BUOOPY PELENTYPHUX KOMIIOHEHTIB Ma€ OyTH 3[aTHICTb 3B sA3yBaTh BOMdY. 3a
HU3bKOrO BMICTY BUIBHOI BOJM TPOILIEC ii KpUCTai3alli miJl 4ac HU3bKOTEMIIepa-
TYpHOro OOpOOJICHHS CyMIIlled BiIOYBATUMETHCS JOBOJI MOMIPHO, 10 i 3a0e3me-
YUTh BUCOKY SIKICTh TOTOBOI ipomyKiii [1—2].

MeTo10 gochiTKeHHs € HAYKOBE 06rpyHTyBaHH;1 JIOLIJIBHOCTI CTBOPEHHS €KC-
MEPTHOI CUCTEMU JJIl YIPABJIIHHS SAKICTIO CKIAJHUMH JUCIEPCHUMHU CHUCTEMaMH,
10 IKMX BITHOCATHCA 30UTI 3aMOPOXKEHI IECEPTH.

Buknaa ocHOBHHX pe3yJibTaTiB J0CTIIKEeHHs. AHaNI3 NPEeIMETHOI 00sacTi
JaB 3MOT'y YITKO BHJILJTUTH 3a7aul €KCIIEPTHOI CUCTEMH JIJIsl ONTUMI3ALi KOMILIEKC-
HOTO TOKa3HUKA SKOCTI OCHOBHUX (DI3WYHMX XapaKTEPHCTHK MOPO3HBA 1 3aMOPO-
xenunx aeceptis. Omke, EC nmoBuHHa BUpILYBaTH TaKi OCHOBHI 3aBAaHHA [3]:

- CTBOPIOBATH PELICNITYPU HOBHMX BHUIIB MOPO3MBA 13 3aJaHUMU CIOXHUBUUMHU
XapaKTEPUCTUKAMU i ONTUMAIbHOK COOIBAPTICTIO;

- popMyBaTH pEKOMEH AL IIOJI0 PEUENTYPHOTO CKJIaTy 3aMOPOKEHOT MPOAYK-
11ii, 1110 BUPOOJIAE€THCA BIAMOBIAHO 10 ynHHUX ctaHaapTiB (ICTY, TV tomo);

- 3a0e3MeuyBaTH ONTHUMAJbHUI CKJIaa 32 OPraHoJENTHYHUMH, (Pi3UKO-XIMIY-
HUMH Ta (PYHKIIOHAJIbHO-TEXHOJIOTTYHUMHU BJIACTUBOCTSAMHU CKJIAAHUX CyMIIIEH 3a
JOTOMOTOK) KOMIUIEKCHOT'O TTOKA3HUKA SIKOCTI;

- aHAJI3yBaTU SIKICTh FOTOBOI MPOAYKIi, BUABJIATA TEXHOJOTTYHI MPOOJAEMHU 1
MPOIOHYBATH HUIAXH X BUPIIICHHS.

Jlns peanizaiiii HUX 3aBAaHb HEOOXITHO BUKOPUCTOBYBATH MAKETH MPUKJIIAIHUX
mporpaM 1 3aco0M MaHIMyJIIOBaHHA 3HAHHAMH, TOMY PpPO3pOOJIIOBaHAa EKCIEepTHA
cucrema Oyne riopuaHoro [3] .

3amnpornoHoBaHa TiOpUAHA E€KCIIepTHA CHUCTeMa (MPOrpaMHUA KOMILJIEKC) Mae
CKJIaJIaTHCA 3 YOTUPHhOX OCHOBHHMX OJIOKIB:

1. bazu Oanux, aka HEOOX1HA IJIsl HAJAHHS MEPBUHHOI 1H(OpMaIii (peuenTypHi
IHTPEMIEHTH Ta X (I3UKO-XIMIYHI 1 (DYHKI[IOHAJIbHO-TEXHOJIOTIYHI BIACTHUBOCTI,
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JOTMOMI>KHI MaTepiain, MOKa3HUKK AKOCTI). Takox 151 6a3a 30epirae npu3HaveH1 Jyist
KOpHUCTYBaua JaHi (1HpopMallil0 TMpo peuenTypHuil Cckiafd, (PI3UKO-XIMIUHI
XAPaKTEPUCTUKH IHIPEAIEHTIB, CTATYC PELUENTYPH).

2. basu 3Hane — npaBUiia Ipo TEXHOJOTTYH1 OCOOJUBOCTI BUTOTOBJICHHA MOPO-
3UBAa 1 3aMOPOKEHUX JIECEPTIB.

3. Mamemamemamuunoco anapamy, Mo ABJse cOO00K HaOIp cTaHAAPTHUX (200
BJIACHUX ) TPUKJIATHUX MATEMATUUHUX MAKETIB, AK1 JO3BOJISIOTH BUPIIIYBATH ONTH-
Mi3alliifH1 3aaaui.

4. Excnepmnoi cucmemu — MOAYJIIO KOHTPOIO SKOCTI CKJIaay PEeHenTypH 1 ii
TEXHOJIOTTYHOI MPUAATHOCTI. BukopucToBytoun 0a3y 3HaHb, €KCIIEPTHA CUCTEMA
J0TIOMarae BIAKOPEryBaTU PELENTYPY 3 YpaxyBaHHAM YCIX TEXHOJOTTYHHUX BJac-
TUBOCTEH 0AraTOKOMIOHEHTHUX AECEPTHUX CyMillel. SIKIo MOJENOBATH OMNTH-
MaJibHY PEUENTYpy TIIbKHA 3a JOMOMOrOK OJHOr0 MAaTEMaTHUHOrO amapary, 0e3
BUKOPUCTAHHS €KCIEPTHOI CUCTEMH, TO OTPUMaHa pPEUENTypa HaBpsad uu Oyje
NpUAaTHA Ui BUKOPUCTAHHSA, TOMY IO HE OyAyTh BPaxOBaHI YMCJCHHI TEXHO-
JIOT1UHI BJACTUBOCTI JAECEPTHUX CyMilei. TakoX BUKOPUCTAHHS MAaTEMaTUYHOIO
anapaty MOXE HaJaBaTH TEBHY YHIBEPCAIbHICTh PELENTYpaM uEpe3 MOKIUBY
B32€MO3AMIHHICTh OKPEMMX TEXHOJIONYHO aKTUBHUX KOMITOHEHTIB, 1[0 MA€ BEIU-
Ky PaKTUYHY 3HAYUMICTh Y BUPOOHUUMX yMoOBax [3].

Po3pobky EC cnin mounHaTy 3 NpOEKTYBaHHS apXiTEKTypHU AOJATKY (KOXKEH 13
CTPYKTYPHUX OJIOKIB pO3POOJIIETHCS OKPEMO, a TOTIM 3B A3YEThCS B OHY 3arajib-
HY B3a€EMOJIIIOUY CUCTEMY ), TTICIISA YOro po3po0ssieThes 1IHTepeic KoprucTyBaya.

Po3pobneny O0k-cxeMy TiOpHAHOI €KCIIEPTHOI CHCTEMH TPEACTaBJICHO Ha
PUCYHKY. BiAmoBimHO M0 pUCYHKA, OJIOK-CXeMa CKJIaJaeThCs 3 Takol MOCHi-
JIOBHOCTI J1H:

1. baza manmx. O6upaeThcsa 0a3oBa (HOPMAaTHBHA) peLiENTypa JJs ONTHMI3allii.
[1pu IbOMY aBTOMAaTHUUYHO PO3PAXOBYIOTHCS (PI3UKO-XIMIYHI BJIACTUBOCTI TPOAYKTY.

2. KoperyBaHnHs penentypu. 3a1at0ThCsi BUMOTH JI0 TOTOBOTO MPOAYKTY 0o0pa-
HOI peLenTypu:

- BUBHAYAIOTHCA JIOMYyCTHM1 3HAYCHHA 3MIHHU (DI3UKO-XIMIUHHUX XaPaKTEPUCTUK
MPOAYKTY (MIHIMaJbHE 1 MaKCHUMajbHE BIIXWJICHHS 3a BMICTOM IIYKpY, >KHDY,
C3M3, Bosioru, y TOMy 4HCJIl BIIBHOT 1 TOIIO);

- BUBHAYAIOThCS 3aMIHHUKHU OKPEMUX THIPEIIE€HTIB,

- BU3HAYAIOTHCSA BUMOTH (MiHIMaJbHA Ta MaKCHUMaJbHA BEIMUHMHA) IIO/I0 PEIIETI-
TYPHOrO CKJIaay Tpym, MiArpyn ad0 KOHKPETHUX IHTPEIIEHTIB Ta iX 3aMIHHUKIB.
BuMoru 3a1at0TbC KOPUCTYBAUEM (TEXHOJIOIOM) BPYUYHY 200 BUKOPUCTOBYIOTHCS
PEKOMEHAallli €KCTIEPTHOI CUCTEMMU.

3. Ontumizailia (MOJACTIOBAHHS) PEUENTYpU 3MIACHIOETHCA MaTEeMaTUUHUM
anroputMoM. PerienTypa po3paxoByeThCs 3a KPUTEPIEM ONTUMAJIbHOCTI MOKa3HUKA
akocTi (Kopt) roroBoro npoayKTy Ha OCHOBI TUMOBOI PELIENITYPH 1 BUMOT TEXHOJIOTA
3a IHTPEMIEHTHUM CKJIAAOM 1 (P13UKO-XIMIYHUMU MOKA3HUKAMH 32 YMOBH 30€pEKEH-
H MOro CHOXMBYMX BJaCTUBOCTEH. [IpOMOHY€ThCS BUKOPUCTOBYBATH CHMILJIEKC-
METO/, JI€ UILOBOKO (DYHKIIIEKD BUCTYTA€E ONTUMI3ALlis nmokasHuka sikocti (Kopt), a
OOMEKEHHSI BUCYBAKOTh BUMOTH JI0 AKOCTI MPoaykTy. [Ipu 1ibOMy OCTaHHI MOXYTh
3a3HAYaTUCA AK KOPUCTYBAUEM, TaK 1 €KCIIEPTHOK CUCTEMONO, 10 JO3BOJISIE 3HU3UTH
MOXUOKY PO3PaxyHKy B pa3i BUKOPUCTAHHS CEPEAHbOCTATUCTUUHUX 3HAUYCHb MTOKA3-

—— Scientific Works of NUFT 2015. Volume 21, Issue 6 111



IH®OPMALITHHI TEXHOJIOI'TT

HUKIB AKOCTI cMpoBHHU. [li1 yac mpoeKkTyBaHHsA 0a3u JaHUX NepeadaueHO MOMKIIHU-
BICTh BUKOPUCTAHHS (PaKTMUHMX MOKA3HUKIB IHTPEAIEHTIB PEUENTYPH.

ba3a nanux: ba3a 3uann:
o/ .
-peuenTyle 1HrpeL[1€HTI/I Tai -BXOIDKEHHSI KOJKHOTO 1HTrpemierTa, %,

(13UKO-XIMIYHI BJIACTHBOCTI; B3aEMO3aMIHHICTb CHPOBUHH;
-HOPMAaTHBHI peuemypn -0COOIMBOCTI MOKA3HHUKIB SKOCTI

| BH61p 0a30BOi peLenTypH aJsi ONTUMI3AL]

—| Kopexuist peuentypu
|

OnTuMizaiitHIi PO3PaxyHOK PELEnTypu
HAa OCHOB1 OITUMAJIBLHOIO IIOKA3HUKAK SIKOCTL

AHaJII3 IOKa3HUKA
sikocti (Kopt)

OnepatuBHa perenTypa

JlabopaTopHuii aHATI3

AnbTepHaTUBHA perenTypa

Pospaxysatu HOBY
ANbTePHATHBY

OnTuMmasbHa anbTepHATHBHA PENenTypa |

| 3HaueHHs MOKa3HUKa sikocT1 (Kopt) |
Pexomennarii momo BIpOBaIyKeHHs
y BUPOOHHULITBO

Puc. BJiok-cxema Moae/IIOBAHHS ONTHMAJIbLHHX PeNenTyp y riOpuaHii ekcnepTHiil cucTemi

4. 3a 7ONOMOroro EKCTIEPTHOI CHCTEMH TIPOBOITHCS MIEPBUHHUI aHaJ3 pelier-
TYPH OO i TEXHOJIOTTYHOI HpI/II[aTHOCTl (Macosa YACTKA PELIEHTYPHAX KOMITOHEH-
TIB, IX XIMIYHUAN CKJIaJl, BOJIOTO3B’A3YI0Ua 1 CTPYKTYPYrOUa 3/IaTHICTh, ITHOYTBOPIO-
10Ul 1 PEOJIOTIUHI XapaKTEPUCTUKK CyMiiiieit Tomio) ko Oyap-saKkuii 3 mapamerpiB
HE 3a/I0BOJIbHSIE BCTAHOBJICHI BUMOTH, TO 3TiHO 3 pekoMmeHalismu EC npoBoauTts
KOPETyBaHHS OOMEKEHb 1 PO3PaxXyHKY pelenTypu (Tiepexif 10 MyHKTY 2).

5. SIkio po3paxoBaHa peUenTypa BIAMOBIIAE TEXHOJOTTYHUM BUMOTaM, ii 30e-
piratoTh y 0a3l nanux y po3auii «OnepaTuBHI PELIENTYPW» 1 MEPEAAIOTh BUTOTOB-
JICHUH MPOAYKT HA MOAAJbIINI TaOOPaTOPHUMA aHaI3.
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6. JlabGoparopHuii aHani3. Pelentypy nepeBipsiOTh 3a TEXHOJOTTUHOK NPUIAT-
HICTIO, @ MPOAYKT — 3a OPraHOJENTUYHUMH, (PYHKIIIOHATbHUMHU (XapuoBa Ta Olo-
JIOTIYHA I[IHHICTh) Ta (YHKIIOHAJIbHO-TEXHOJOITYHUMU TMOKA3HUKAMH (30UTICTb,
PO3MIp TOBITPIHUX 6ynb6am01< onip TAHEHHIO), a TaKOX 3a 3AaTHICTIO J0 30epi-
raHHA. SIKIO IPOAYKT HE BIJINOBIJA€ BCTAHOBJICHUM BHMOTaM 3a MOKa3HUKaMHU
AKOCTI, TO Ha MIACTaBl MPOBEACHOr0 JJAOOPATOPHOTO aHaI3y PEUEnTypPy KOpEryro-
Tb (IIEPEXIJ OO0 MyHKTY 2).

7. Sximo penenrtypa Tpoiia JadopaTopHUN aHalli3, TEXHOJOT 3aTBEPXKYE i 1
nepenae B 6a3zy JaHUX y pO3AUT «AJITEPHATUBHI PELIEOTYPHY.

8. [lynkTH 2...1 NOBTOPIOKOTH CTIJIbKU Pa3iB, CKUIbKKA NOTPIOHO JJIs1 OTPUMAaHHA
aJbTEPHATUBHOTO CKJIAy 0OpaHOi pelienTypy B MyHKTI 1.

9. OnTumajbHy aJlbTEPHATUBHY peELENTypy 30epiratoTh y 0a3l JaHuUX 1 B
MONANBIIOMY PEKOMEHAYIOTh A0 BIPOBAIKEHHS Y BUPOOHUIITBO [4—S5].

[HCTpyMeHTanbHUM cnocid po3poOKK €KCIIEPTHUX CUCTEM — 1€ MOBa Mporpa-
MYBaHHS, 1[0 BUKOPUCTOBY€EThHCS 1HXKEHEPOM Y BUPOOHUUIN MpakTuill abo mporpa-
MICTOM JJiA MOOYJAOBH €KCIEPTHOI CUCTeMH. [lel 1HCTpYMEHT BIJIPI3HAETHCS BIJ
3BHYAHHUX MOB MPOrpaMyBaHHA THM, IO 3a0e3meuye 3pydHi CIOCOOU MPEICTaB-
JICHHS CKJIATHUX BUCOKOPIBHEBUX MOHSTh.

3a cBOIM MPHU3HAYCHHSAM 1 (PYHKIIIOHATBHUM MOXJIMBOCTSM 1HCTPYMEHTAJbHI
MPOrpaMu, IO 3aCTOCOBYIOTHCA Ui MPOEKTYBAHHS E€KCIEPTHUX CHUCTEM, MOXKHA
MOJIJIUTU HA YOTUPH JOCUTh BEIIMKI KaTeropii [6].

Oo6ononxu excnepmuux cucmem. CHCTEMH I[HOTO THITy CTBOPIOIOTHCS, SK
MPaBUJIO, HA OCHOBI OYAb-AKOi €KCIEPTHOT CUCTEMH, 10 JOCUTh J0OPE 3apEKOMEH-
ayBasia ceOe Ha mpakTuill. [li1 yac cTBOpeHHS OOOJIOHKH 13 CHCTEMU-IIPOTOTHUITY
BUIAJIAIOTHCA KOMITOHEHTH, 3aHaJITO cneun(bqul Tt 00acTi ii 663H00€peI[HI>OFO
3aCTOCYBaHHS, 1 3aJMINAIOTGCA TUIBKM Ti, SIKI HE MArOTh BY3bKOI CIeliaji3arii.
[Mpuknaaom moxe ciyxxkutu cuctema EMYCIN, cTBopeHa Ha OCHOB1 J1IOCTaTHBO
Bigomoi cuctemu MYCIN. ¥V EMYCIN 306epexenuii iHTepnperatop, a BCl 0a30B1
CTPYKTYPH JaHUX — 1€ TaOuIll 3HaHb 1 MOB’SI3aH1 3 HUMHW MEXaHI3MU 1HJEKCAlIli.
O000HKa TONOBHEHA CHELIAJIbHOK MOBOIO, SIKa MOJIMIIY€E YATAOENbHICTh MPOT-
paM, 1 3acobamMu TMIATPUMKH O10110TEKH THUIIOBUX BMIAJKIB 1 BUCHOBKIB, BUKOHA-
HOIO 32 HUMU €KCIEPTHO CUCTEMOIO.

Moesu npocpamyeanis eucoxoeo pigns. MOBU MpOrpaMyBaHHs BHCOKOTO PiBHS
MOXKYTh OyTH e(peKTHBHMM 3aco00M IMIBHAKOIO CTBOPEHHS MPOTOTHINB €KC-
MEPTHUX CHCTEM, BOHHU JO3BOJISIIOTH 3a0€3MEUUTH THYUKICTh MPOLIECY PO3POOKH,
MIHIMI3a1[li MaTepiaJbHUX BUTPAT 1 TEPMIHIB BUKOHAHHA MPOEKTY. [HCTpyMeHTaIb-
HI 3aCO0H I1i€i KaTeropii mo30aBsiOTh pO3POOHUKA HEOOX1THOCTI 3arIuOIIOBATHCA
B JIeTajl peaii3aillii CUCTEMH, TaKi SIK COCOOM €(PEKTUBHOrO PO3MOALLY MaM ATI,
HU3KOPIBHEBI MPOLIEAYPHU AOCTYIY A0 AAHUX 1 MAHIMYJIOBAHHA HUMHU. SIK MPaBUJIO,
CEpEIOBUIIE PO3POOKH TaKMX MOB J03BOJISIE MOEAHYBATH BCTABKY, 3MIHY 1 TECTY-
BaHHA (DParMEHTIB MPOrPaAMHOTO KOAY.

JloCBiMUEHMI TIPOTPaMICT, 3aCTOCOBYIOUH JIJIsl IPOCKTYBAHHSA €KCIIEPTHUX CHCTEM
MOBH BHCOKOIO PiBHS, OTpUMY€ HadaraTo Ouiblily CBOOOAY J1H, HIXK MPU BUKOPHUC-
TaHH1 000J0HKHA. OCOOJIMBO 11€ CTOCYEThCS MPOrpaMyBaHHS MPOLICAYP YIPaBIiHHA
1 00pOOKHM HEBM3HAYEHOCTI.

BuainsroTe Kijibka BUIB MOB ITPOrpaMyBaHHS BUCOKOT'O PiBHA [6]:
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1. MoBa nporpamyBanHs OPS5 — moBa onucy npoaykuiiHux npaBuit Jls
11€i MOBU XapaKTEPHUI MOPIBHAHO MPOCTHI CUHTAKCUC 1 MEXaHI3M aKTWBI3allli
npaBui. Y HbOMY BUKOPHUCTOBYIOThCS Pi3HI BEPCIi rete-aaropurMa JUid onTuMizaiii
MPONECIB Y3roKEHHA (PakTiB 3 mpaBwiamMu. [laHuid aaroput™ no30aBJisie MalluHy
JIOTIYHOIO0 BHMCHOBKA HEOOXIAHOCTI MOTOMKYBAaTH (PAKTH 3 KOKHUM MPABUJIOM.
Takoxx npu BukopuctanHi OPS5 BHHUKaIOTh TPYAHOLI MPH peaiizallii ASIKUX
THUIIB CTPYKTYP YNPABJIIHHA XOJOM BUKOHaHHA. Hampukian, 10 HUX MOXKHA BiA-
HECTH PEKYPCHBHI Ta ITEpalliiHl [IUKIIM, OCKUJIbKA BOHU BUMArarOTh CEPHO3HOTO
YCKJIQIHEHHS OMHUCY Tpoiiecy oOpoOku mpapuil. Po3poOHuku MoB, nmoaioaux OPS,
3aBXKIM 3MYIIEHI IIYKATA KOMITPOMIC MK HAOYHICTIO 3aCO0IB MOBH MpOrpamy-
BaHHA ¥ €()EKTUBHICTIO BUKOHAHHA MPOrpaMHOro koay. HalOuibin paitioHa bHUMA
HUIAX TOAOJaHHS HEMOJIKIB MpOrpaMyBaHHs NPOAYKUIHHUX MPaBUJ MOJNATae B
00’ €THaHHI iX 3 THIIMMHU NapaUurMaMu NporpaMyBaHHS.

2. O0’exTHO-OpieHTOBaHI MOBH — 1i¢ MoBH (Object Pascal, C ++, Java Toimo),
noOy/1I0BaHI Ha MPUHIIMIIAX 00’ €KTHO-OPIEHTOBAHOT'O MporpaMyBaHHA. B naHuit yac
11 OOYAOBU €KCIEPTHUX CUCTEM BHUKOPUCTOBYIOTH JaHI MOBU HE B UMCTOMY BHI-
Js71, a cydacHl cucremu po3poOku aonatkiB — RAD (Rapid Application Deve-
lopment) 1 IDE (Integrated Development Environment) cucremu: Delphi (Object
Pascal), Visual Studio (C ++, Basic , C #, ] #), Eclipse (Java, Python) 1 Torro.

B ocHOBI1 KoHIIENIIIT 00’ €KTHO-OPIEHTOBAHOTO MPOrpaMyBaHHS JICKUTh MOHATTS
00’€KTa, TOOTO MEBHOI CYTHOCTI Yy BIPTYaJbHOMY MPOCTOPI, IO 3HAXOJIUTHCA Y
BIJIMOBITHOMY CTaHI, Ma€ 3aJlaHl 3HAYEHHS BJIACTUBOCTEN (aTpuOyTIB) Ta onepamii
HaJl HUMH (METO/IB). 3a JOMOMOI'0I0 MOBH 00’ €KTHO-OPIEHTOBAHOTO MPOrpaMyBa-
HHS CTBOPIOETHCS Mporpama JJjisi OpraHizallii 3HaHb Yy TEPMIHAX JEKIApaTUBHOTO
MPEACTaBACHHS 00’ €KTIB MPEAMETHOI obsacTi. Bei nii, moB’s3aHi 3 NPOLEAYPHUMU
O0COOJIMBOCTSIMM BUPIIIEHHS TPOOJEM, PO3HOALISIOTECA MK LIMMHA 00’ €KTaMU, K1
MarOTh BJACHI MpoLEaypu (METOAM) 1 MOXKYTh CHUIKYBATHCS OJMH 3 OIHUM 3a
JOMOMOrol0 1HTep(ElCiB Tepeaadl MoBiAOMIIEHb. JIo 1€ OMHOrO KOPHUCHOTO
aCneKTy 00 €KTHO-OPIEHTOBAHOTO TMPOrpaMyBaHHSA BITHOCUTBCA MOXKJIUBICTb
IHTerpallli CHMBOJIbHUX OOUMCIIEHb B OMepalliiine cepeloBUIIE, AKi 0a3yloThCa Ha
3acobax rpadiuHoro iHTepdeticy. OCHaAIIEHHA EKCIEPTHOI CHCTEMH IIUMH
3aco0aMu J103BOJISIE KOPUCTYBAUEB1 Kpallle YABUTH MPOLIECH, 1O BIAOYBAIOTHCS B
cuctemi. OCHOBHA MPUYMHA CKJIAAHOCTI BUKOPUCTAHHA 00’ €KTHO-OPIEHTOBAHOTO
CTHUJIIO y TMporpaMmyBaHHI €KCIEPTHHUX CHCTEM IIOJiira€ B Opradisailii CriB-
BITHOIIEHHSI TIPOrPpaMHUX 00 €KTIB 3 aOCTPAKTHUMHU TOHATTAMHU 1 KaTEropisiMu
npeaMeTHoi obnacti. ToOTO B €KCHEPTHUX CHCTEMax 00’ €KTHU MOBUHHI MPEICTaB-
7Ty (pakTy 1 1in, Habopu TpaBua ado OKPEMI TIMOTE3H, a HE MOJESNI €IEeMEHTIB
PEAJIIBHOTO CBITY, SIK y KJIACUUYHUX 3aBAaHHAX. 3BAKAIOUM HA 1I€, CXEMH BI00pa-
’KEHHSI 1IMX MOHAThH 1 KaTeropiii Ha mporpaMHi 00 €KTH, a TaKOX MOBITOMJICHHS,
AKUMU BOHH OOMIHIOKOThCS, IOBUHHI OyTH PETENHHO MPOYMaHi.

3. MoBH JIOTIYHOrO pOrpaMyBaHHs. THIIOBa MOBA JIOTTYHOTO MPOrpaMyBaHHA €KC-
neptHux cucteM — PROLOG, sik cepenopuine po3poOKu BUKOPUCTOBYIOTh IDE —
Visual Prolog. /lana moBa Hama€e Taki MOXJIHUBOCTI:

- BOynosanuii y PROLOG pexxum yripaBiiHHS OpuOIU3HO BiJMOBIAAE CTPATErti
3BOPOTHOTO JIOTTYHOT O BUCHOBKY;
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- iHeKcoBaHy 0a3y AaHux ¢pa3 MoBu PROLOG MoxkHa BUKOPUCTOBYBATH JJId
MPEICTABACHHS TIPABUI;

- PEKYpCUBHI CTPYKTYpHU JaHux (rpadu 1 AepeBa) MOXKHA OpraHi3OBYBaTH 3a
aomnomororo ¢ppas mosu PROLOG:;

- YHIBEpCAJIbHUI MexaHI13M cmiBcTaBjeHHa MoBM PROLOG no3Bossie BUKO-
HYBAaTH 31CTaBJICHHA JAaHUX 1 IIAOJIOHIB, 10 BKIIOYAIOTh 3MI1HHI;

- MoBHI 3aco0u PROLOG paroth 3MOry mporpamicty po3poONiATH BJIACHHUM
MEXaHi3M 00pOOKH HEBU3HAUCHOCTI.

OpHak NpakTHKa 3aCTOCYBAaHHS 1J1ed JIOTTYHOTO MPOTrpaMyBaHHS B €KCIIEPTHUX
CHUCTEMax He m030aBjIcHa HEAOMIKIB. Tak, CHHTAKCHYHI 1 CECMaHTHYHI OOMCKCHHSI B
crangaptHux Bepciix PROLOG ne Oynmm moponani Hi B cuctemax MECHO 1
PLANNER, Hi B IHIIMX CUCTEMAaX, 3aCHOBAHUX HA aHAJIOTTYHIN 11€0JI0ri [6].

Cepeoosuye npocpamyeéants, wo niOmpumye Kinvka napaouem. 3acodu wiei
KaTeropli BKIIOUYAKOTh KUJIbKA MPOrpaMHUX MOAYJIIB, IO JA03BOJISIE KOPUCTYBAUYEB1
KOMOIHYBaTH B TPOLECT PO3POOKH EKCHEPTHOI CHCTEMH PI3HI CTWJl Tporpa-
MyBaHHA. Cepen TaKuMX MPOEKTIB OHIEIO 3 Tepmmx Oylia AOCHiaHa Mporpama
LOOP, ska normyckaia BUKOPUCTAHHS JBOX THWIB MOAAHHS 3HaHb — THX, IO
0a3yl0ThCs HA CUCTEMI TTPABUJL, 1 00’ €KTHO-OpleHTOBaHUX. Ha OCHOBI 11i€i apxiTeK-
Typu B Apyrii nonoBuHi 1980-x pokiB Oysio po3p00JIEHO AEKUIbKAa KOMEPLIHHUX
MPOrpaMHUX MPOAYKTIB, 3 AKMX HaOLIb1I Bimomoro crajna KEE, KnowledgeCraft 1
ART. 1li mporpaMu HaJarOTh y PO3NOPSAIKEHHS KBa()IKOBAHOIO KOPUCTYyBaua
oe3mu omi# 1 ana po3spodok KAPPA 1 CLIPS, saki ctanu CBOEpIAHMMH CTaH-
naptamu. OJHAK 3aCBOITH 11l MOBM IIPOrpamicTaM Ba)Kue€ 3a MOBH, IO OMKCaHI B
nonepeAHii kareropii [6].

Jlooamkoei mooyni. 3aco0u 11€1 KaTeropii ABJIAIOTh COOOK0 aBTOHOMH1 MPOrpaMHI
MOJYJIl, MPU3HAYEH] i BUKOHAHHA COEUM(IYHUX 3aB/laHb B paMKax oOOpaHoi
apXITEKTYpU CUCTEMU BUPILICHHS TIPOOJIEM.

Omxe, AN onTUMI3AIIli PELENTYPHOrO CKiIaay 0araTOKOMIOHEHTHHX XapyOBHX
CHUCTEM 3 YypaxyBaHHAM YChOTO KOMILIEKCY iX ITOKa3HHKIB SIKOCTI JAOIIJIBHO
3aCTOCOBYBATH ICHYIOU1 €KCIIEPTHI CUCTEMHM ab0 pO3pOOIOBATH HOBI BIAIIOBIAHO
70 TEXHOJOTTYHUX OTPE0 BUPOOHUIITBA KOHKPETHUX TPYIT XapuOBUX MPOAYKTIB.

BucHoBKku

Amnam3 iH$opMmallii Mpo iICHYIOYl €KCIEPTHI CUCTEMH JT03BOJISIE 3pOOMTH BUCHOBOK
PO MOXIIMBICT iX 3aCTOCYBaHHA I BUPIIICHHA KOHKPETHUX CHEM(IUHUX
MIPUKJIATHUX 3aBAaHb. POPMYBaHHS CKJIaHUX AUCIEPCHUX CUCTEM HAa OCHOBI OaraTo-
KOMITIOHEHTHHUX CyMillell noTpedye BCEOIYHOrO CHCTEMHOrO aHallizy Ta KEPYBaHHS,
110 MOXKE OyTH BUPIIICHE JIMIIIE 32 BpaXyBaHHsI BCI€i 1epapxii B3a€EMOIOB’ I3aHUX TEX-
HOJIOTIYHUX YAHHUKIB. PO3po0Ka yHiBepCaJIbHOI TIOPUAHOI €KCIEPTHOI CUCTEMHU, CIIPO-
MOYKHOI BUPIIINTHU CKJIa H1 TEXHOJIOTTYHI 3aBJIaHHSA, € aKTyaJbHOIO Ta CBOEUYACHOIO.
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OBOCHOBAHME LENECOOBPA3HOCTM CO3QAHMUA
rMEPUOHOMU 3KCNEPTHOU CUCTEMbI KOHTPORNA
KAYECTBA 3AMOPOXEHHbLIX NPOAYKTOB
AECEPTHOIO HA3HAYEHMA

H.M. bpeyc, JL.FO. Manoxa, I'.E. IToanuryk
Hayuonanenwiii ynusepcumem nuiyesvlx mexHon02ull

B cmamve paccmompena u npeonodicena memooonocus CO30aHUs SUOPUOHOT
axcnepmuoii cucmemvl (IC) KOHMPONs U ONMUMUSAYUL PEYENINYD MOPOACEHO20 U
3amopoxcenHbix oecepmos. Onpeoenernvl OCHO8HbIE 3a0a4U DKCNEPMHOL CUCHEMDL,
Dpaspadomana cmpykmypa 3KCHePmHOL CUCIEMbL, KOMOPAsl COCMOUM U3 4emuipex
0CcHOBHBIX O10K06. [Ipednodcena oouwas O10K-cxema MOOETUPOBANUS. ONMUMATbHBIX
peyenmyp 6 Cucmeme Hd OCHOGe KOMNIIEKCHO20 NOKA3AMETsl Kayecmed cOmo6020
npooykma. H3yuenvl 1 NpOaHATUSUPOBAHbI OCHOBHBIE MAMEMAMUYECKUE MEMOObl
paspadomxu mamemamuyeckoeo annapama FEC ¢ nomowsio cumniekc-uemood, 2oe
yenesoli (hyHKyueli GblICmynaem ONMUMU3AYUsE KOMWIEKCHO20 NOKA3AMETSE KA4eCmad
20mo6o20 npooykma. Ilpoeeoen ananus cospemeHHvlx UHpOPMAYUOHHBIX MEXHOO-
euti pazpadomKU S5KCNEPIMHbIX CUCHIEM.

Knioueewie cnosa: sxcnepmuas cucmema (3C), 6aza oannvix, 6a3a sHAHUt, mame-
MamuyecKuti annapam, 3amopodIceHvle NPOOYKMbl.

116 ——— Hayxosi npayi HYXT 2015. Tom 21, No 6



