
Q:)_ -

0 6 b e A M H e H H bl M 
MHCTMTYT 
RAB PHblX 

MCCnBAOBaHMM 

AYffHa 

Pl 1-92-509 

C.JIHMa, P.B.TToJISIKOBa, <l>.<l>epHaH,1J;ec Ho,1J;apce, 
11.TT.lO)];HH 

3KCTTEPTHA~ Cl1CTEMA 
)].JI~ 11CCJIE)].OBAHl1~ MAfHl1THbIX Cl1CTEM 

HanpaBJJeHo Ha Me)l<AyHaJ)OAHYIO KOH$epeH1.1,H10 
no ycKopuTeJIRM 'IaCTHU., 17-20 MaR 1993 r., CllIA 

1992 



JlHMa C. HAP· Pl 1-92-509 
3KcnepTHaS1 CHCTeMa AJISI HCCJieAOBaHHSI MarHHTHhlX CHCTeM 

8 pa6oTe npeACTaBJieHbl pa3pa6oTKa KOHU.enu,HH H OCHOBHhle Q>yHKU.HH 
3KCnepTHOH CHCTeMbl (CHCTeMbl, OCHOBaHHOH Ha 3HaHHSIX) AJISI HCCJieAOBaHHSI 
MarHHTHblX CHCTeM. nocTaBJieHHaSI 33Aa4a pewaeTCSI C HCnOJib3OBaHHeM pac
npeACJieHHOTO HCKYCCTBeHHOro HHTeJIJleKTa H «KoonepaTHBHhlX» CHCTeM. npeA
CTaBJieHbl npHMCHeHHSI 3KCnepTHOH CHCTeMbl, 

Pa6oTa BblnOJIHeHa 8 Jla6opaTOpHH 8bl4HCJIHTeJihHOH TeXHHKH H aBTO
MaTH33U.HH OHSH1. 

llpcnpHIIT O6i.eAHlletlllOl'O HIICTHTYTa 1t)\ep111,1x HCCJIC)\0llllttHii . )].y611a 1992 

DepeBOA aBTOpoB 

Lima S. et al. Pl 1-92-509 
Expert System for Magnetic Systems Investigations 

The paper deals with development of the conception and main functions of 
the system based on knowledge for magnetic systems investigations. The use of 
distributed artificial intelligence and cooperating systems is discussed. Some 
applications are presented. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

Preprint or the Joint Institute for Nuclear Research. Dubna 1992 



BBe;a;eHMe 

MccJieµ;oBaHIIH MarHIITHbIX CIICTeM B HaCTO.lII.l.\ee BpeM.lI, KaK II 

paHee, npeµ;cTaBJI.lIIOT 6oJibllIOII IIHTepec. 8To aKTYaJibHaH npo6Jie

Ma u nepeµ;mn1 cppoHT uccJieµ;oaam1i'1 coapeMeHHOII HayKn. 

MarHIITHbie ciicTeMbI, T.e. CIICTeMbI, o6panoBaHHbie TOKaMu, 

npucyTCTBYIOT B npupoµ;e Ha caMbIX pa13JIII"9:HbIX _ ypoBH.lIX: aTo II 

MarHIITbl orpOMHbIX ycKopnTeJibHbIX ycTaHOBOK, aTO II aTOMbI, Ha

npnMep, KpncTaJIJIII"<IeCKOII pellleTKII cpeppoMarHeTnKa II, HaKoHe:a;, 

aTO II caMII aJieMeHTapHbie "9:aCTIUJ;bI npu pacCMOTpeHIIII IIX CTpyK

TYPbI, II T.µ;. 

MccJieµ;oBaHIIe COCTO.IIHII.II MarHIITHbIX CIICTeM npeµ;cTaBJI.lieT UH

Tepee npe)Kµ;e Bcero II llOTOMY' "<ITO OHII OllIICbIBaIOTC.lI HeJIIIHeII

HbIMH ypaBHCHII.lIMII, "9:HCJieHHOe pellleHIIe KOTOpbIX CTaJIO BO13MO)K

HbIM JIJillllb C llO.lIBJieHIICM KOMllbIOTepoB. 

Iloµ; KOMllbIOTepHbIM HCCJieµ;oaaHIIeM cpnon-qecKnx .lIBJieHIIII _lilJilil 

CIICTCMbl noµ;panyMeBaeM llOCTpoeHIIe MaTeMaTII"<ICCKofr MO)];CJIII, 

OllIICbIBaIOI.I.\CII .lIBJieHIIe IIJIII CJilCTeMy' cooµ;aHJile "9:IICJICHHoro aJiro

plilTMa II pearrnsan;mo ero B anµ;e KoMnJieKca nporpaMM Ha 8BM 

C BKJIIO"<IeHIIeM CIICTCMbl rpa<pn"<IeCKIIX nporpaMM )];JI.II :a;BeTHOII II 

o6bI"<IHOII oµ;Ho:a;aeTHoi'x a1myamma:a;nn noJiy"<IeHHbIX "<IIICJICHHbIX pe

oyJibTaTOB. C llO.lIBJieHIIeM coapeMeHHbIX KOMllbIOTepoB IIOMeHII

JIOCb caMO llOH.lITIIe, "<ITO O13Ha"9:aeT pellIIITb oaµ;a-qy. B aTO llOH.lITIIe 

axoµ;uT KaK "<IIIcJieHHoe pellleHne HeJIIIHeIIHbIX ypaaHeHIIII, omICbI

aaIOI.I.\IIX .lIBJieHJile IIJIII CJilCTeMy' TaK II BOOMmKHOCTb rpa<pII"<IeCKOro 

IICCJieµ;oBaHII.lI peoyJibTaTOB pellleHII.lI C llIIIpOKIIM IICllOJibl3OBaHIICM 

yµ;o6Horo )];JI.II pa60TbI cepBHCa, HanpIIMep, C llOMOI.l.\blO 6an µ;aHHbIX 

II cne:a;IIaJibHbIX o6oJio"9:eK B BIIµ;e CIICTeM, OCHOBaHHblX Ha 13HaHII.lIX 

- aKcnepTHbIX CIICTeM (1-4]. 
IIpeµ;cTaBJieHHaH B µ;aHHOII pa6oTe KoH:a;en:a;H.11 aKcrrepTHOII cn

cTeMbl ( cncTeMu, ocHoBaHHOII Ha oHaHII.lIX II .lIBJI.lIIOI.l.\eIIc.11 "<IaCTbIO 

aBTOMaTnonpoBaHHoro pa6o-qero MecTa (APM)), 11cnoJibOOBaJiacb 

)];JI.II opraHnoa:a;11II rroMOI.I.\II orrepaTopy ycKopuTeJI.11 B npo:a;ecce nop;

roTOBKII, oarryc1m, HaCTpOIIKII, llOIICKa II ycTpaHeHIIH HencrrpaBHO

CTeII, aKCITJiyaTaiJ;IIII, OCTaHOBKII II npoaep;eHII.lI rrpo<pIIJiaKTII"<ICCKIIX 

pa6oT [5]. 



CoBpeMeHHblH ycxopHTeJib HBJIHeTcn AOCTaTO'<IHO CJIO)KHbIM .nH

)KeHepHbIM coopy)KeHileM, BCJieACTBIIe aToro IIOArOTOBKa KBamupII

D;IlpOBaHHOrO 0KCIIJiyaT~IIOHHOro rrepcOHaJia naHIIMaeT B naBIICII

MOCTil OT KBaJIIlq>IIKa~II crren;IIaJIIICTa OT HeCKOJibKlIX Mecnn;eB AO 

roAa. 

Ilpll opraHHnan;IIII APM orrepaTopa ycKop:nTeJIH rrpeArrorrara

eTcn IICIIOJibOOBaHIIe ceTII pa6o-q:nx cTaHn;nn: (II8BM) c rpacpn'<Ie

CKIIM AIICITJieeM cpeAHero panpemeHIIH, C )KeCTKIIM AIICKOM II C orre

pan;IIOHHOH cncTeMoii: DOS 3.3 11m1 Bblllle. MoUJHOCTb rrpon;eccopa, 

o6'beM rraMHTII II xapaKTepIICTIIKII ceTII naBIICHT OT KOHKpeTHoro 

IIplIMeHeHIIH. 

ABTOpbI paccMaTpIIBaJIII TaK)Ke npHMeHeHIIe panpa6oTaHHon: 

OAeCb KOHD;eIID;IllI aKcnepTHOII cIIcTeMbI, o6'beAIIHHIOUJeii: 6on:bllIOH 

KOMIIJieKC nporpaMM, MOAeJIHpyIOUJIIX pa6oTy Bcero ycKOpIITerrn OT 

HC.TO'<IHHKa '9:aCTlID; AO KOHKpeTHOH cp1mII'9:ecKoii: ycTaHOBKII [6]. EUJe 

OAHIIM nplIMeHeHileM IIOCJIY)KIIJia MarHIITHaJI CIICTeMa (MOAeJib lillIII

MOplI), OillICbIBaIOUJaJI COCTOHHIIe cpeppoMarHeTIIKa COJIIITOHOIIO

A06HbIMII pellleHIIHMII [7, 8]. 

1 IlpHHD;HilbI paopaooTKH APM 

OcHOBHoe HanHa'9:em1e APM ycKopnTeJin - 06ecrre-qem1e pa-

6oTbl OIIepaTopa ycKOpIITeJIH Ha ypoBHe BbICOKOKBaJIIIq>IIIIIIpOBaH

HOrO cnen;IIaJIIICTa. ,I(nn aToro B OCHOBY panpa60TKII 6bIJIII IIOJIO

)KeHbI cJieAYIOIIJIIe npIIHD;IIIIbI: 

• YnpaBJieHHe pa6oToii: APM u ero cBnnnMII c BHellIHIIM MIIpoM 

CIICTeMbI MIIKpo-8BM, KOTopan B rrpIIHn;1me MO)KeT TaK)Ke 

IICITOJibOOBaTbCH lI AJIH pellleHIIH APYrIIx naAa'<I. 

• BonMO)KHOCTII, KOTOpbie APM rrpeAOCTaBrrneT onepaTopy, 

orrpeAeJIHIOTC.lI xapaKTepucTnKaMII pa6o'9:eii cTaHD;IIII ·( work

station), ypoBHeM aBTOMaTIInan;1rn rrpon;eccoB ynpaBrremrn yc

KOpIITeJIJI, IIHTepcpen:caMn Me)KAY HIIMII II MoryT pacllIIIpHTb

CH no Mepe IIX COBepllleHCTBOBaHIIH. 
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• APM AOJI)KeH 06ecne-q1rnaTb Tpu pe)KIIMa pa6oTbI orrepaTopa: 

- ITOA ynpaBJieHIIeM rrporpaMMHOro IlOMOIIJHIIKaj 

- npu IICIIOJibOOBaHIUI rrporpaMMHoro IIOMOIIJHIIKa B Ka'9:e-
CTBe KOHCYJibTaHTa; 

- 6en nporpaMMHoro IIOMOIIJHIIKa. 

• OcHoBy npIIKJiaAHoro nporpaMMHoro o6ecne'9:eHII.lI cocTaBrr.lI

IOT IIHTeJIJieKTYaJibHble nporpaMMHble IlOMOIIJHIIKII, o6ecrre

'1IIBaIOIIJIIe BbIIIOJIHeH11e yKanaHHbIX Bbillle <PYHKD;IIH Ha BbICO
KOM npocpeccuoHaJibHOM ypOBHe. 

• 06UJeHue orrepaTopa c APM A01I)KHO B OCHOBHOM rrpounBo

AIITbCJI C IlOMOIIJbIO "MeHro" II CIICTeMbI pacnpeAeJieHHbIX OKOH, 

aJieKTpOHHbIX Ta6rrun; IIJIII APYrIIX BCilOMOraTeJibHbIX cpeACTB, 

BKJII0'9:aJI BOOMO)KHOCTII rpaq>II'9:eCKlIX IICCJieAOBaHIIli. 

• IIorrbOOBaTeJib c IlOMOIIJbIO CIICTeMHOro rrporpm,IMHoro o6ec

ne'9:eHirn AOJI)I(eH IIMeTb BOOMO)I(HOCTh KOMIIJieKTOBaTb Hy)I(

HOe eMy rrporpaMMHoe o6ecrre'9:eHIIe APM. 

• B COOTBeTCTBIIII c pe)I(IIMaMII pa6oT n HanHa'<IeHneM APM 

era IlOJibOOBaTeJIII AeJIJITC.lI Ha CJieAYIOIIJIIe TpII rpyrrnhI: pan

pa60T'9:IIK, peAaKTop II orrepaTop. Ka)I(AbIH TIIn rrorrbnoBa

TeJIJI IIMeeT CBOII aTpu6yThI AOCTyna K CIICTeMe, He Il03B01IH

IOUJIIe eMy BhIHTII na naAaHHbie rrpeAeJibI AeIICTBIIH. 

CxeMa npon;ecca peweHH.H 

npOOJieMbl 

C T0'1KII npeHII.lI MeTOAOB pelllemrn, naAa'1a 6bIJia nocTaBJieHa KaK 

npo6JieMa, xapaKTepunyIOUJaJIC.lI HeT0'9:HO II HeITOJIHO orrpeAeJieHHbI

MII AaHHbIMII C IICIIOJibOOBaHJieM aBpIICTlI'9:eCKlIX OHaHIIH AJI.ll onpe

AeJieHII.lI nHa'9:eHillI '9:aCTII nepeMeHHbIX MOAeJIJI II ee rrocJieAYIOUJero 
pellleHJI.lI . 
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CTpyKTypa ::m;a;a"III ;a;onycKaeT paa611em1e ucxo;a;Hoi'r na;a;a"III Ha 

no;a;na;a;a"III, Ka:lK;a;yro II3 KOTOpbIX MO)KHO penrnTb OTHOCIITeJibHO He

naBIICIIMO OT ;a;pyrIIx, HO no;a;na;a;a"III MoryT B3aIIMo;a;eii:cTBOBaTb, B 

penynhTaTe "<Jero pewem1e o;a;Hoii no;a;na;a;a"III 6y;a;eT naBIICeTh OT 

peweHIIH ocTaJihHhIX. ,D;mr ee pean1man;IIII noTpe6oBanocb uccne;a;o

BaTb II con;a;aTb IIHTerpIIpOBaHHYIO 0KcnepTHYIO CIICTeMy, 6aaupy-

10~y10cH Ha nHaHIIHX II B3aIIMOCBH3II c peJIHD;IIOHHoii CYB.I(. 

,I(aHHble ucnonhnyroTCH BMecTe c noJib30BaTeJibCKOH o6paTHOH 

CBH3bl0 ;D;JIH o6ecne"<JeHIIH Mo;a;enIIpoBaHIIH II BHeCeHIIH II3MeHeHIIH 

B peweHIIe. McnoJibOyeTCH MHOroypoBHeBaJI cxeMa npHHHTIIH pe

WeHIIH. CpaBHeHIIe BapuaHTOB pewemrn na;a;a"I II no;a;na;a;a"I Bhmon

HHeTCH C IlOMO~blO Mo;a;enII npIIHHTlIH peweHIIH C IICilOJibOOBaHIIeM 

Ka"<JeCTBeHHOH Mo;a;enII, KOToprui OIUICbIBaeT pe)KIIM CIICTeMbI. 

BnoK --' cxeMa npon;ecca BKJIIO"IaeT cne;a;yro~ue ocHOBHbie aTanhI: 

1. onpe;a;enem1e IICXO;D;HbIX ;a;aHHbIX, BKJIIO"Ia5I on;eHKII "<JaCTII Im 

HIIX, eCJIII Heo6xo;a;IIMO, HanpIIMep, IICXO;D;H 113 ;a;aHHbIX II3Me

peHIIH, · 

2. Mo;a;enupoBaHIIe paanu"!HhIX BaprmHTOB pewemrn, 

3. Bbl_60p OilTIIMaJibHOro BapIIaHTa II 

4. npoBepKa peweHIIH. 

Ho Ha Ka:lK;D;OM 0Tane BBo;a;a ;a;aHHbIX IIJIII npe;a;BapIITeJibHbIX pe-

3YJibTaTOB IlOJib30B8:TeJib IIMeeT B03MO)KHOCTb, HanpIIMep, o6HO

BJIHTb 0TII ;a;aHHble, no.cnaTb nanpoc cIIcTeMe o npe;a;naraeMoM p"e

weHIIII IIJIII npocTO OCTaHOBIITb npon;ecc. 

IlocKOJibKY 6oJibWOe "IIICJIO pewemu':i: ;a;omKHO npIIHIIMaTbCH B 

peanbHOM MaCwTa6e BpeMeHII, TO ;a;on:lKeH pa6oTaTb C"IeT"IIIK Bpe

MeHII, nocne cpa6aTbIBaHIIH KOToporo cLBTOMaTII"'-IeCKU npuHIIMa

eTCH peweHIIe. 
~:hcnnyaTaD;IIH ycKopIITeJIH Tpe6yeT BbicoKoii KBanmpIIKaD;IIII II 

OilbITa, IlOCKOJibKY onepaTop ;D;OJI)KeH pa6oTaTb C 60JibWIIM o6'b

eMOM IIHq>opMaD;IIII, nocTynaro~eii: Im paaJIII"IHbIX TIIIlOB CIICTeM. 

Hanp11Mep, II3 Mo;a;yneii cIIcTeMbI KOHTpOJIH onm6oK, aBapIIHHhIX 

coo6~eHIIH Im CIICTeM ycKOpIITeJIH, CIIrHaJIOB n CTaTyca caMoro 
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npon;ecca n T.;a;. 3arpynKa onepaTopa BO BpeMH pa6oTbI Henpephr

BHO pacTeT, T.K. IlOCTOHHHO B03HIIKaIOT KaK HOBble axcnnyaTaD;II

OHHble pe:lKIIMbI, TaK II HOBbie Tpe6oBaHirn K onepaTopy, KOTOpbie 

TaK:lKe IlOCTOHHHO pacTyT. OnepaTop ;a;on:n<eH CKoop;a;nmrpoBaTb II 

IICilOJibOOBaTb cpe;a;cTBa, KOTOpbie no;a;;a;ep:lKIIBaIOT ero B npon;ecce 

npIIHHTIIH peweHIIH II Il03BOJIHIO~IIe on;eHIITb IlOJIO:n<eHIIe II IlOMO"Ib 

npIIHHTb a;a;eKBaTHble peweHIIH. 

AHamm na;a;a"I, BbIIlOJIHHeMbIX onepaTopoM, IlOKa:JbIBaeT, "ITO 

0TII na;a;a"III II}.felOT paaJIII"IHble ypOBHII Heo6xo;a;uMOH "aKcnepTimbI" 

BO BpeMH axcnnyaTaD;lIII ycxoprITeJIH, KOTOpbie MO)KHO OillICbIBaTb 

KaK: 

• axcnnyaTan;uH c HOpMaJibHbIMII ycJIOBIIHMlI. 3;a;ecb OCHOBHbIMII 

na;a;a'-ra:r..m onepaTopoB HBJIHIOTCH MOHIITOpIIpoBaHIIe ( "Monito

ring", T .e. KOHTpom1poBam1e n ynpa.Bnemre) pa6oTbI u ncnpa

BJieHne napa.MeTpOB, ecmr ocy~eCTBJIHJIIICb HeKOTOpbre ImMe

HeHirn, a TaK)Ke OilTIIMII3a.D;IIH 0KCnJiya.Tan;rm II MO;D;IIq>IID;IIpO

BaHIIe pe.lKIIMa pa60TbI ycKopnTeJIH B 3a.BIICIIMOCT1I OT Tpe6o

BaHIIII noJih30BaTene11, TaKIIX Ka.K, HanpuMep unMeHeHne IIH

TeHCIIBHOCTII ny<-rKa (" beam intensity"). 

• BhICOKIIll ypoBeHh cIIrHana own6KII ("break down"), T.e. aKc

TpeMaJibHbie ycJIOBIIH, KOTOpbie IlOHBIIJIHCb B.peoyJibTaTe, Ha

npIIMep, HenpaBIIJibHOil 0KcnnyaTan;uu, IlOJIOMKII o6opy;a;oBa

HIIH II T.;a;. TaKIIe own6KII ;a;omKHbI 6bITb ;a;uarHOCTIIpOBaHbI. 

Ilpn 0TOM B OCHOBHOM Heo6xo;a;IIMO up;eHTIIq>nn;npoBaTb ow116-

KY {KoHn;enTyaJihHbill ypoBeHh), HO He o6HnaTeJihHO peKoMeH

;a;oBaTb KaK ee ucnpaBIITb IIJIII ycTpaHIITb . 

• HIIOKIIiI ypoBeHh cnrHana own6Ku ("break down"). 

KoHTpOJib II aKcnnyaTan;1rn yc1mpnTeJIH- 0TO 0'-IeHb CJIO)KHaJI co

BOKYilHOCTl> na;a;a"I, B KOTopoii 0TII na;a;a'-III ;D;OJI)KHbI 6bITb "<JeTKO 

onpe;a;eneHbI, IIp;eHTIIq>IID;IIpOBaHbI. 8TII na;a;a"III MoryT naBIICeTb 

;a;pyr OT ;a;pyra. PenynbTaThI o;a;Hor'i rm HUX MoryT 6bITb Heo6xo

;D;IIMhIMII ;D;JIH OCTaJibHbIX. MHorue na;a;a"III BbIIlOJIHHIOTCH C o;a;:rrna

KOBbIMII n;eJIHMII, HO C paaHbIMII no;a;xo;a;aMII npemrn .. TaKoiI KJiacc 
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3ap;a'l MO)KeT pewaTCSI C IICIIOJib3OBaHIIeM pacnpeµ;eneHHoro IICKyc

CTBeHHoro IIHTenneKTa (Distributed Artificial Intelligence). 

I.J;enu aKcnnyaTaq1m u KOHTponSI ycKopuTemr MO)KHO µ;ocTuraTb, 

ecm1 uµ;eHTmpuqupoBaHHble noµ;3aµ;a'lII ( npocMoTp aBapni'mHoro 

coo61.1,\eHIISI II peKOMeaµ;aq1rn 06 ycTpaHemrn aBapu11, µ;ocTyna K 

o6opyµ;oBaHmo, OIITIIM1maq11u, ynpaBnemrn B MHoroypoBHeB011 cxe

Ma npIIHSITIISI pewemrn, µ;uarHocTnKa ny'lKa (beam diagnosis) 11 µ;11-

araocTIIK.a cucTeMbl KOHTponSI ( control system diagnosis)) Bblnon

HSIIOTCSI B KOOIIepaqIIII µ;pyr C µ;pyroM, ucxoµ;H 113 peKOMeaµ;yeMbIX 

(reference) 3Ha'leHIIlI napaMeTpoB. 

IlapaMeTpbI TaKoi'1 Koonepaq1m ( cooperational features) BKnIO-
u u 

'laIOT aHaJill3 COCTOSIHIISI B µ;aHHbllI MOMeHT O)J;HOlI 113 3ap;a'l, CTa-

Tyca B p;aHHhIH MOMeHT p;pyrux 3aµ;a'l, a Ta101~e Toro, KaK B3aIIMO

p;e:iicTBIIe Me)Kp;y HIIMII OKa3bIBaeT BmrnHHe Ha KOHTpOnb. 

IIocKOJihKY onepaTop O)J;HOBpeMeHHO nMeeT BO3MO)KHOCTII pa6o

TaTb C orpaHII'leHbIM Ha6opoM cpep;CTB, TO Heo6xop;IIMO IICIIO1l:b3O

BaTb " cooperating systems" [9] c p;py:iKeCTBeHHbIM IIHTep<peIICOM. 

8Ta apxuTeKTypa ycneWHO IICilO1l:h3yeTCSI B 3apy6e:iKHbIX yc1mp11-

TenbHbIX qeHTpax µ;n:SI aHaJIOril'lHbIX qene11 [10..:.13]. 

3 CTpyKTypa npHKrraµ;Horo nporpaMM

Horo ooecne"C.J:eHH.S: APM 

CTpyKTypa npnKnaµ;Horo nporpaMMHoro o6ecne'leHrrn APM one

paTopa ycKOpIITenSI, IIO3BO1l:SIIOl.l,\ero peammoBaTb yKanaHHbie npIIH

qIIIIbl, noKanaHa Ha pnc. 1. IIporpaMMHoe o6ecneT.J:eHIIe APM one

paTopa COCTbllT ll3 cnep;yIOl.l,\IIX OCHOBHbIX arreMeHTOB: 

• IIHTenrreKTYaJibHOI'O KOMilbIOTepHoro IlOMOl.l,\HIIKa µ;rrH ycKopu

Ten:Sij 

• o6y'laIOl.l,\eH II npoBepSIIOl.l,\e:ii cncTeMbI µ;nSI nop;rOTOBKII one

paTopa ycKopuTenSI; 

• IIHTenrreKTYaJibHOI'O KOMilbIOTepHOI'O IIOMOl.l,\HIIKa onepaTopa 

ycKop11Tem1; 
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• p;IIarHocTII'lecKoi'1 aKcnepTHoi'1 cncTeMbij 

• 6anbI aKcnnyaTaqIIOHHblX p;aHHbIX, BK!IIO'laf! nporpaMMY nrra

HllpoBamrn npocpunaKTII'lecKux pa6oT; 

• o6crry)KIIBaIOl.l,\llX II BCIIOMOI'aTe!IbHbIX nporpaMM 061.1,\ero Ha-

3Ha'leHirn, CBSI3e11 11 npoqep;ypHOII noMOl.l.\ll. 

KoMilhIOTepHbIH noMOI.I.\HlIK, npoeKTnpyeMbIII Ha ocHoBe pac

CMOTpeHaoir KOHqenq1111 APM yc1mp11TerrSI, xapaKTep113yeTCSI B nep

BYIO o-qepep;b pa6oTo:ii c npoqeccaM11, onepupyroll,\IIMII CIIMBorraMu, 

aBpllCTII'leCKIIM IIOIICKOM pewea1rn 3ap;a'lll, npocTOTOll o6HOB1Ie

HIISI, BO3MO)KHOCTblO II3MeHeHIISI II pacwupeHIIH. Ero IICIIO1l:b3OBa

Hlle IIO3BO1IIIT nony'lIITb B 6orrbWIIHCTBe cny-qaeB BepoSITHOCTHO 

npaBII1l:bHble ( aBpIICTII'leCKlle) OTBeTbl. Torp;a Mb! MmKeM CKanaTb, 

'lTO CIICTeMa SIBrrSieTCSI norre3HbIM BCIIOMoraTe!IbHbIM umI KOHcynb

TaTUBHbIM cpep;cTBOM nonh30BaTerre:ii APM ycKopuTerrSI. 

TaK)Ke MO)KHO npnMeHIITb panpa60TaHay10 3µ;ecb KOHqenquro 

aKcnepTHoi'r cncTeMhl p;rrSI. 06'bep;1rn1rn 6~rrhworo KOMnneKca npo

rpaMM, Mop;em1pyIOl.l,\llX pa6oTy Bcero ycKopIITe!IfI OT IICTO'lHIIKa 

'laCTIIq µ;o KOHKpeTHoii: <pII3II'lecKoii: ycTaHOBKII [6]. B Ka'leCTBe 

KOHKpeTHOI'O np11Mepa llCIIO1Ib3OBaHlrn Hawei'r :3KCIIepTHOH CllCTeMbl 

paccMOTpIIM npoqecc npoeKTUpOBaHIISI MO)J;ll<pIIKaq1111 cneKTpOMe

TpII'leCKOI'O MaI'HUTa C!I - 40. B :3TOM crryqae :3KCIIepTHaf! Cll

CTeMa O6ecne'l1rnaeT aBTOMaTimaq1110 pa6oTbl IIO1Ib3OBaTenSI Ha 

OCHOBHbIX aTanax npoqecca npoeKTIIpOBaHirn II IIpIIHSITIISI pewe

Hirn, TaKIIX KaK: 

1. nop;rOTOBKa BXOp;HbIX p;aHHbIXj 

2. HaKonrrem1e II xpaaeaue 11H<popMaq1111, Tpe6y101.1,\eIIcSI B npo-

qecce MOp;en:IIpOBaHmI II npIIHSITirn peweHIISij 

3. MOp;enIIpOBaHIIe panHblX BapuaHTOB MaI'HIITaj 

4. Bbl6op OIITIIMaJibHoro BapIIaHTa; 

5. IIpOBepKa :reweHIISI. 
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• B npoqecce npoeKTIIpoBaHiur Mogmp1IKa~1rn cneKTpoMeTpII~e-

cKoro MarHIITa, KOTOpruI npegcTaBmieT COBOKYilHOCTb B::JaIIMOCBH

::JaHHbIX panJIII~HhIX TexHII~eCKIIX II nporpaMMHbIX cpegcTB, Heo6-

XOAIIM KOMnpoMIICC Me2Kgy TaKIIMII cpaKTopaMII, KaK yny~weHIIe Te

XHII~eCKIIX II 0KCnJiyaTaqIIOHHbIX xapaKTepIICTIIK, COKpa~eHIIe IIX 

CTOIIMOCTII II OAHOBpeMeHHO IlOBbIWeHIIe Tpe6oBaHIIII K 0KCnJiyaTa

qIIOHHbIM xapaKTepIICTIIKaM, Heo6xogIIMbIM AJIH 0KCnepIIMCHTOB Ha 

ycTaHOBKe 8KG9:APM [14] . 

4 06w;as: cTpyKTypa 0KcnepTHOH 

CHCTeMbl 

llHTeJIJieKTYaJibHble KOMilbIOTepHbie IlOMO~HIIKII panpa6aTbI

BaIOTCH B ocHOBHOM Ha 6ane nycTOH aKcnepTHOH CIICTeMhI, rpacp11-

~ecKoiI nogcIICTeMbI II Bt3aIIMOCBH3bIO C 6anaMII gaHHbIX. 

06~8.H CTPYKTypa 0KcnepTHbIX CIICTeM, Ha 6ane KOTOpbIX pan

pa6aTbIBaeTC.H npIIKJiagHoe nporpaMMHoe o6'bHCHeHIIe APM one

paTopa MIIKpOTpOHa IlOKanaHa Ha pIIC. 2. 

8KcnepTH8.H CIICTeMa - 0TO KOMilbIOTepHM nporpaMMa, IICilOJib-

3YIO~ruI 0KCnepTHble 3HaHIIH AJIH o6ecne~eHIIH BbICOKoacpcpeKTIIBHO

ro peweHIIH na;a;a~ B ynKoi'r npegMeTHOH o6nacTn. TaKire nporpaMMhI, 

KaK npaBIIJIO, npe;a;cTaBJI.HIOT 3HaHIIH B CIIMBOJibHOM BIige, IICCJie

;a;yroT II o6'b.HCHHIOT JIOrIIKY CBOIIX paccy2Kgem1i'1 II npegHa3Ha~eHbI 

;a;JIH Tex npegMeTHbIX o6JiaCTeH, B KOTOpbIX JIIO;a;HM gmI ;a;ocTIDKeHIIH 

MaCTepCTBa Heo6xo;a;IIMO rogbI cne~IIaJibHOro o6y~eHIIH II npl;l,K

TIIKII. 

Bana 3HaHIIH, HanpIIMep, Morna 6bl cocTOHTh II3 rrpamm Tima 

IF-THEN-ELSE c ( IIJIII 6en) KoacpcpIIqueHTaMII yBepeHHOCTII umr 

Bepo.HTHOCTII. 

MexaHII3M BhIBoga (inference engine) - aTo Ta ~acTh aKcrrepTHOH 

cucTeMhI, B KoTopoiI co;a;ep)KaTcH o6~ue 3HaHirn o cxeMe ynpaBJie

HIIH npoqeccoM peweHIIH naga~. 

MogyJih o6'b.HCHeHirn ( explanation facility) o6'b.HCH.HeT, KaKIIM 

o6panoM 6bIJIII noJiy~eHbl peweHIIH II o6ocHOBhIBaeT geHCTBIIH, rrpeg

npIIHHTble AJIH ux nony~eHIIH. Bnarogap.H aToMy BO BpeMH aKc-
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nnyaTa~IIII 0KCnepTHOII CIICTCMbI IlOJib30BaTeJib MO)KCT Il03HaKO

MlITbCH C npaBIIJiaMII, CB.H3aHHhIMII C BonpocaMII CIICTeMbl II C TeM, 

KaKne npamma 6hlmI BhIIlOJIHeHhI. MogyJih npuo6peTeH1rn 3HaHI1i'1 

Il03BOJIHeT panpa6oT~IIKY 0KcnepTHOII ClICTeMbI ImMeHHTh, BKJIIO

~a Tb IIJIII IICKJIIO~aTb npamma 113 6anbl 3HaHIIH, a TaK2Ke MeH.HTb 

nx nopHgoK. 

CnegyeT OTMCTIITb ~TO, ecmI Heo6xogIIMO B npoqecce BhIIIOJIHe

HIIH HCKOTOpbIX npaBIIJI, 0KCnepTHaH CIICTeMa Bbl3bIBaeT CBH3aHHble 

BhI~IICJIIITeJihHhie nporpaMMhI, CYB,II; IIJIII rpacpu~ecKue CIICTeMhI, 

a 3aTeM IICilOilb3YeT norry~eHHble IIMII penyrrhTaTbl. 

Mogyrrh B03Bpa~eHirn npegHanHa~eH grrH o6ecne~emrn I1HTep

cpe11ca aKcnepTHoii cIIcTeMhI c norrh3oBa-rerreM. 

Panpa6oTKa aKcnep-rHoii cncTeMhI cocTOIIT un nHTII CIIJihHO Bna

IIMo;a;ei'1cTByro~11x II nepeKphrnaro~nxcH aTanoB: I1;a;eHTI1cp1uaqm1, 

KoHqenTyan1maqI11I, cpopMannnaqmr, pean:I1naq1m II TecTirpoBaHirn. 

3aKJIIOqeHHe 

B gaHHOII pa6oTe Mhl npoaHan:1mnpoBan:I1 ncnorrh30BaHIIe ap

XIITCKTYPhI CIICTeMbI grrH 0KCnrryaTa~IIII ycKOpIITCJIH, OCHOBaHHOII 

Ha geKoMnonIIqIIII naga~ onepaTopa B panmr~HhIX ycrromrnx II Ha 

rrp1rnq1max IIX KoonepaqI1I1 ( cooperating agents) grr.H KOM6nm1p0Ba

HIIH oT;a;eJihHhIX pacnpe;a;erreHHhIX nogcIIcTeM pewemrn npo6rreMhI, 

KOTOpbie pa6oTaIOT Ha OCHOBC 06~ei'1 ~emr. 

llcnOJib30BaHIIC KOMilbIOTepHoro IlOMO~HIIKa, KOTOpbiii IIHTe

rp11pyeT IIJIII o6'begIIH.HeT. CIICTCMhI, OCHOBaHHbIC Ha 3HaHirnx, 

CYB,II;, rpacpII~ecKIIH pegaKTop II gpyrI1e BcnoMoraTeJihHhle cpeg

CTBa, Il03BOITHeT C03gaTb ;a;py)KeCTBCHHbIII IIHTepcpeuc C IlOilb30-

BaTeJieM. APM ycKop11TeJIH coKpa~aeT BpeMH nogroTOBKII nepco

HaJia, o6rrer~aeT pa6oTy II 3Ha~IITeJibHO YMCHbWaeT BepOHTHOCTb 

owII6oK onepaTopa B rrpoqecce aKcnrryaTa~mr. 

OcHOBHbIC npIIHqIIIIhI, pacCMOTpCHHbie B pa6oTe, 6bIJIII IICilOITb-

30BaHbl ;a;nH panpa6oTKII APM ycKopuTerrH MT-25 JiffP OHJIH 

[5], ;a;JIH rrpoeKTIIpOBaHirn ?..IOgIIcpIIKa~nii cneKTpOMCTpII~ecKoro Ma

rHIITa CII-40 [14] II nccnegoBamrn MarHIITHoi'r c11cTeMhI {MogeJih 

llwnMop11), OnIICbIBaIO~e1'i: COCTOHHIIC cpeppoMarHCTIIKa COJIIITOHO-

rrogo6HbIMII peweHIIHMII [7, 8]. 
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II 
f V 

peµ;cTaBJieHHaJI oµ;ecb KOHD;eITu;mr :lKCITepTHOII CIICTeMbI pac-
CMaTplrnarracb TaK)Ke 11 µ;1rn ITpnMeHemrn: Ha ycKopI1Tem1x JIB8 II 
JUIII OIUllI, Y-70 ll<I>B8 (IlpoTBIIHO) II Ha ycKopnTene IIHCTII
TyTa 1Iµ;epHbie IICCileµ;oBaHirn: (raBaHa, Ky6a). 

6a3a 3HaHHA 
6a3a 31tcnny-
aTaUHOHHUX 
·.11aHHUX 
apXHB 
06111ero 
onuTa 
yqe6Hue 
cpe.11cTBa 

non1,3osaTem, 

BHelllHHe CBII3H 
npHo6peTeHHUe 3HaHHll H .11aHHUe 
npHo6peTeHHUe TeXHOnorHH 
npoue.11ypHoe ynpasneHHe 

npoue.11ypHaR 
OOMOl!lb 
HHTenne1tTy-

APM an&Hue ,...._ onepaTopa - OOMOl!lHHltH 
06yqa10111He 
cpe.11cTBa 
rpaqJH'!ec1tHe 
cpe.11cTBa 

BHyTpeHHHe CBII3H 
pa60'!He CBII3H 
npoue.11ypHue CBR3H 

PHC. ·1 

Mo.11yn1, 
06'bllCHe

HHll 

Mo.11yn1, 
B03B pame

HHR 

PHC. 2 

10. 

MexaHH3M 
BUBO.!la 

Pa6o'!He 
MecTa: 

- ODHCaHHe 
3a.11a'IH 

- COCTOIIHHe 
3a.11a'IH 

-
CY6.ll 
rpaq1H'lec1tHe 
CHCTeMU H 
pe.11anop 
cpe.11cTBa 
.11nR co3.11a-
HHII HHTen-
ne1tTyanbHUX 
CHCTeM 
06cny:11Hsa10-
mHe H Beno-
MoraTen&HUe 
nporpaMMH 

6a3a 
3HaHHA 
npasHna 
q,anu 

Mo.11yn& 
npHo6peTe
HHR 3HaHHA 

31tcnepT 

JlHTepaTypa 

1. New Computing Techniques in Physics Research. DU CNRS, 
Paris, 1990. Proc. of First International Workshop on Soft
ware Engeniring, Artifical Intelligence and Expert Systems for 
High Energy Physics. Lion (France), March 19-24, 1990. 

2. He1foop K. KaK ITOCTpoUTb cBoIO aKcITepTHYIO cucTeMy. M., 
8HeproaTOM1mµ;aT, 1991. 

3. YoTepMaH ,II;. PyKoBoµ;cTBo ITO aKcr:repTHbIM cucTeMaM. M., 
Mup, 1989. 

4. IlocTpoem1e 8KcITepTHbIX cncTeM / Iloµ; peµ;. <I>.Xef1ec-PoT, 
,II;.YoTepMaH, ,II;.JieHaT./. M., Mup, 1987. 

5. B.r. IfaaHOB, <I>. <l>epHaHµ;ec Hoµ;apce, A.r. BenoB, X. 3y
HIIra, ABTOMaTIIOIIpoBaHHOe pa6o<Jee MeCTO OITepaTopa MII
KpOTpOHa MT-25. - Coo6~eHIIe 0115£11 Pl0-91-302, ,Il;y6Ha. 

6. ll.II.I0µ;1rn. CnMBOilbHbre BbI<JIIcneHII1I Ha 8BM µ;111I oaµ;a<J µ;u
HaMIIKII ITY'IKOB oapmKeHHbIX <JacTuu;. B Tpyµ;ax Me)KnyHa
poµ;Hof1 lllKOilbI p;Il1I MOilOp;bIX y<JeHbIX ITO ITpo6neMaM ycKOpU
Tene{I oap1I)KeHHbIX <JacTnu; (0115£11, 0KT1I6pb 1988), 0115£11 
,Il;9-89-801, ,Il;y6Ha, 1989, c.191-203. 

7. C. JI:m,rn, B.r.MaxaHbKOB. Coo6~em1e 0115£11 P-4-92-415, 

,Il;y6Ha 1992. 

8. C. JinMa, 0. IlalllaeB. Coo6~eHIIe 0115£11 P-4-92-418, ,Il;y6Ha 

1992. 

9. ARCHON - Architecture for cooperating heterogeneous On
line Systems Status Report. In ESPRIT Conference Weeek 
1990 and Technical Report No.9 (ESPRIT - Project 2256 AR
CHON), 1990 

11 



10. Lee M., Clearwater S. GOLD: Integration of Model-Based 
Control Systems with Artifical Intelligence and Workstations. 
Preprint SLAC-PUB-4396, August 1987. 

11. Lee M. Model-Based Expert System for Linac Computer Con
trols. Preprint SLAC-PUB-4724, September 1988. 

12. Malandain E. Application of a Diagnostic Expert System in 
the Accelerator Domain. Preprint CERN/PS 89-52 (OP), 
September 1989. 

13. Schultz D., Brown P. The Development of an Expert System 
to Tune a Beam Line.· NIM. A293(1990) p.486-490, Elsevier 
Science Publishers B.V. 

14. E.II.)KH;a;KoB lI ;a;p. MaTeMaT1I~ecKoe Mo;a;errupoBaHne HeKo
TOpbIX MO;D;II<p1IKa~m1 cneKTpoMeTpn~ecrmro MarmITa CII-40. 
Coo6~eHIIe OIUIII Pll-92-490, ,Il;y6Ha, 1992. 

PyKOilHCb nOCTynRlla B H3AaTC.llbCKHH OTAeJI 

7 AeKa6pst 1992 roAa. 

12 


