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b[lawur ~pqpqwJr puumpmnLm 

b[lawu 1989 

lleHT))&l .. wi HaY'IHO-IGCCAUOSATeA..CKldi otHL'TllO')'Y HH.op111a1u111 
M TeXHHK0-9KOllOllll'IKKHX HCCAe.t,GaaHlll 110 aTOMHoi Hayae 

"TCXHHKC (1lHHHaTOllHM.op111) 1989 r 

BBe.IJ;eime 

B HaCTO.ffil.leH paooTe orm:caHa opra.HHSar.lRff rrporpaMMHoro ooec­

rretremm yrrpa.BJ1effi'Iff, coopa, ROHTPOJIR, HBKOilJieHM H " ON-LINE It 

OOpaOOTRJI! .IJ;JIR BBTOMaTH3HpOBaHHOM Sl<CIIepHMeHTB.JII:.HOfi YCTaHOBRZ 

B HccJie.IJ;OBaJIHHX rro woTopol!t,ll;eHHBJ Ha HYKJIOHaX H R.D;pax. 
' 

8KcrrepIDAeHTaJII:.HaR YCTa.HOBRa COCTOHT Pr3 .ItBYX OCHOBHHX qac-

Tefi: 

- CHCTeMl:l reHepamm. qiopMM:poBaIDIR H MOlmTOPM.POBa.HM rrytma 

.mmeiiHO-IIOJIRpH30BruIHHX !IJOTOHOB. BKJ!BJ'!alOil(eH aJIMa 3HYBJ MmneHI:.. 

rOHHOMeTp H 30-Ra.Ha.JlOHHH rrapHHfi crreRTPOMeTp ( PS - 30) ~ 

- anrrapaTJp!l ,Ii;Jlff perHCTparzym BTOPH'llil:lX "i8CTHU-IlPO.IJ;YRTOB B 

MarHHTHOM (MS) H HefiTpOHHOM (NS ) BpeJWJ-rrpoJieTID:lX crreRTpOMeT­
v' 

pax H '!epeERoBcRoM crreRTPOMeTpe rroJIHoro rrorJiomeH:ruI (cs ) 

(pitc.I). 

8Kcnep1rneHT8JI:oHWI annapaTypa CBH3ru!a c 8BA THTia 11 8JI8KTpo-

HHKa-I2511 qepea rrporpa.Mt.1Ho-yrrpdBJ1HeMble 6J101m KAMAK,paaMell\eHHble 

B qeTblpex Kpel1Tax K~'llAK,pa;ll>iaJII>HO CBH38HHbIX ? 8BM,H y,ll,aJ!eHH_oro 

RpefiTa, CBR3alilioro c OOH'lffilM KpefiTOM rrocpe.D;CTBOM crreIJ,H8JII:.HOro 

KpeHT-ROHTpOJ1Jlepa no OilT03JI8KTpOHHOH JlJiUilll1 CBfI3H (I1 . 

~YHRIJ)<!OHaJll>HO CHCTeMa OOCJIYlltHBaeT T.PH BH8llIHMX acmrx:pOiillHX 
rrpepHBa.HHR: 
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- OT TpHrrepa. COOl:lTR«, o6yCJIOBJleHHHX COB~elll'IRMH Mel!IJIY Mac­

TepHHMRCKI'Ha.718MR MarHHTHoro lll HettTpOHHOrO (-qepeHKOBCKoro) cueK­

TpoMeTpOB, IIOCTYIIJleHHe KOTOpl:lX B CHCTeMY rrpe~o~raeTCH pacnpe­

.n;~eHBHM no 38.KOHY IlyaccoHa, c o~OBHM BpeMeHeM OOCJIYlll'.HBa-

HRH; 
- OT cxeM1:1 napHoro cneRTpoMeTpa.; 

- OT CHCTeMHOrO TepMl'!HB.J1a .JXJl.11 ROHTpoJ!JI H BHSY8Jll!3anIDI xa.-

paKTepHCTHK yCTa.HOBOK, .a Tal<llte .JXJl.11 lll!IBIUUiPO:Bfil":'IHKOHD1t HaOOpa. 

Opra.HHsanIDI nporpaMMHoro o6ecrre"leHHH 

Tax KaK npep!lBa.HH.l'I IIOCTYIIaIDT B CHCTeMY B CJIY~HHe MOMeHTH 

BpeMeHH lll acmrxpoHHO, Il00TOMY ~ RX OOCJIYlltlllBlllllJjl COS~llTCH co­

OTileTCTBYD!lRe rrapaJJ.lleJr&HHe rrpoueccl:l [2]. 
3a,1taqa CBO~TCH K COS,na.HRE Tpex BH;ItOB BSa.RMO.n;ettcTBYonIDC 

rrpon;eccoB .JXJl.11 OOCJIYlltlllBa.HH.l'I YK838HHSX HCTO~HKOB rrpepl:l~ no 

~JieJtVmtett cxeMe: 

Po~TeJibC~ npon;ecc PROCMAIN ocymecTBJ11IeT: 

- mnm:e:an:e:sarum Hal:Ja.JlbHHX SHa"lem nepeMeHHHX lll BHXO]tHOrO 

Iiaft~; 

- rrpe,ItBB.pKTeJI:&HHe ycTa.HOBO"!HHe lll o6CJIYlll'.HBaD!IHe onepanim, 

CMSaJIHHe c RpelTa.MR KAMAK; 
- mmIJ;HHpoBaHHe napa.lI.718Jll>HHX npon;eccoB PROCPS 30 H PROCMS 

- nepexo.n: Ha olltH,ll;aHHe BmneyKasa.HHHx npepHBalil'rli; 

- aHHynlllpO:BaHllle yCJIOBJll:tt B03HHRHOB8HHH napaJIJle.llbHHX npon;ec-

COB; 

- saBepma'l!ll{ee o6CJIYlll'.HBaHllle qrul:Jta co6HTd. 

Ilpon;ecc PROCPS 30 HBJIH0TCH HH{f>opMaUHOHHO-HesaBHCHMHM rrpon;ec-
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COM no OTHOmeHlflO K PROCMS • BOSJil'lX8.eT B CJIY"!a.fiHHe MOM8H'.:.'H Bpe­

MeHH :e: ocymecTBJIHeT: 

- C~Tl:lBaHHe co.n;epl!UIMHX C"l6T'll!KOB rrapHoro cneKTpOMeTpa H 

HX 381Ill:Cb B BHXO]tHOtt qal1JI COOl:lTfrl1; 

- KOHTpOJll) t - cneKTpa lll' IIPH HeOOXO,nHMOCTPI' yrrpaBJleHirn 

ClllCTeMOft napHoro cneKTPOMeTpa. 

Beeb npon;ecc PROCPS 30 Bl:lIIOJIHR:eTCH B CBOeM KPlllTK'!eCKOM mr­

TepBMe [2] • 

3anpOCl:l Ha El/lSya.im:saD;HD qepes CHCT8MHllll TepMHHM nepeXBa1~ 

Ba.IOTCH R OOCJIYl!l'.HBa.IYI'CH one pa TOJ.:laMliI HSl:lKa PASCAL -I. 

c yqeTOM pea.llbHl:lX BpeMeH o6pa60TRPI lll lllHT8HCID3HOCTeM IIOCTYil­

JieHIDI co6HTE1i n;eJiecooopasao B npouecce PROCMS opramrno:aan 

o-qepeM co6HTIDi, IIO'AJlelltBlqHx o6pa.6oTKe. .1I.Jm aToro .Heo6xo~10, 

"ITOOl:l nponecc PROCMS Bl:lilOJlIDIJICH B ~yx COCTOHHIDIX: 

- B KPliITH1!8CKOM COCTOiiHID'!, r.n;e o6ecne-qmiaeTCH ra.paHTHpOBaH­

HOe saHece:mre IlOCTynal!lllRX COO!:lT:filt B qattJ1 liI 3aHeCeHHe C06l:lT:fil1 B 

oqepe,n;b; 

- B HeKplllTH'IeCKOM COCTOiiHIIlI, r.n:e ocymecTBJIHeTCH o6pa60TRa 

TeKYmero COOHTIDI. 

IlpH Ta.Kott opraHHsa.rnur ClllCTeMl:l "ON - LINE" o6pa60TKH CHTya­

UID'I npo6~eMaTl/l'illa IIPR BOSHRKHOBeHHl/l ,Il;O"!epHJiIX npon;eccoB, TRna 

PROCMS B CaMOM npouecce PROCMS • Tpy]tHOCTb saKJll!JllaeTCH B 

apzpo.n;e B98.lllMO,n;ettcTI1HH Mel!IJIY ,n;o"lepH.HMliI rrpon;eccaMR, a Taruite c 

apon;eccoM PROCMAIN 

0~ lll3 CIIOCOOOB OprruIHSa.D;JiIJiI 38RJlD"laeTCH B OOecneqeHml'. CJie­

!TYD!lRX B03MOlltHOCTett (3] : 

- E38.lllMOlllCKJIIO'IeHHe IIPR o6pruqeHm>I K pas.n;eJIJ'IeMHM ,n;a.HIDlM qepe3 

KPlllTH'IeCKl/le HHTepB~:r1H; 
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- cruncpoHPiaruum ~oqepHHx npoueccoa npz ITOMOUIH ce.Ma.qK>poB; 

-paapemeJUie TYIIHKOB!:i'X CHTY~, nocpe~cTBOM MexrumsMa OTKa-

aoB, B CRyqa0 KOHKypeHLU1Z ~oqepHHX rrpo~eCCOB 38 pa3Me~eHZeM 

oqepe~aoro co6h!THfl B oqepe;zu,. 
QqeBHJUIO, qTo ec.JIB rrpouecc PROCMS opraJm:aOBaTb KB.R Heaa-

BKCHMlilt' T. e. ~eJIBKOM ero BKJIIO'IMTb B TeJIO KPHT~ecxoro HHTepBa. 

JI.a, TO BHIDerrepe'lliCJieHBHe rrpo6JieMH HCqeaa!lT, o,IUiaKo, Ta.Kali npo­

~e.n.ypa MOJKeT rrpHBeCTH K cymecTBeHHHM IlOTepJIM C06HT~. 

Bxo~ B xpHTHqecKHl1: HHTepBaJI ocymecTBJI.R:eTCH no npepHBa.IDra> OT 

TpHrrepa COOHT~ Ha BHCmeM npzopHT0THOM ypoBHe rrpoueccopa.II1::t 

aToM ocymecTBJ!ffeTCH: 

- 3anpeT npepHBa.IIKtl: OT ~yrzx HCTOqHHKOB; 

- cHIDiteHHe npHOPHTeTa npoueccopa; 

- qTeHHe HHI!>OpMaUHH, COCT8BJtfI10lll0fi C06HTl'.!e H aatmc:& B ifia.ttJI; 

- paaMemeHHe C06HTIDI B oqepe~ K o6pa6oTite H IlO~OTOBKa 

CCHJIKH Ha HOBHfi 6ywep; 

- paapemeHHe npep:1Ba.IIKtl: OT HCTOqffHJ<OB. 

B HeKpHTHtiecxoM yqacTKe ocymecTBJlfflOTCH: 

- JIH60 rrpo~OJllK0HHe o6pa60TKH co6HTHR:, rrpz BHITOJIH0HHH KOTO­

poro rrpoH30lllJIO npepHBaHHe • .1I.nH TaKOi! CHHXPOHH3ar(IDI HCilOJlb3yeT­

CJI ceMaiflop SPROC 

-JIH6o BH6op HOBoro co6HTHR za ottepe,Il,R, ec.JIB aHB.qemrn ~oITT:­

Horo ceMaiflopa QNILI..-FA~SE; 

- JIH60 BHXO~ B po~TeJI:&c~ nponecc PROCMAIN ' ec.JIB 3Hatte­

ime ceMaqK>pa QNILL=TRUE 

CeMaqK>p SPROC OTBeTCTBeHeH aa HOpMaJI:&Hlitt BOSBpaT H3 npo­

.uecca PROCMS :a PROCMAIN ' a ceMaiflop QNILL aa HOPMaJI:&HYD o6pa-

60TKY ottepe,Il,R C06HT~-
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Ilpouecc PROCMS C'IMTaeTCH aa:sepmeHBHM, xor'Aa 38.BepmeHH 

Bee ero ~oqepmrn rrpoueccu, HJIH JKe ~yrIDJJH CJIOBaMH, xor'Aa saxaJ:I­

qH13aeTCH o6pa6oTKa Bcett ottepe,Il,R. 

Bee nponeccu opraruraoBa.HH B BH.D;e npoue.n.yp JISHKa PASCAL-1 

6ea qK>pMaJI:&HHX rrapaMeTpOB H HMel!JT BH.D;' 

(*~T - *) (*)M. - *) 

PROCEDURE PROCMS; 
BEGIN 
SAVREG; 

<• TeJio npouecca *) 
RESREGI 
(*f/(C RTI *) 
END 

a B3a.HMOHCKJIIO'IeHHe B KPHTH'!eCKHX HHTepBaJiax o6ecnettHBaeTCJ'i 

MaCKHPOBKOfi COOTBeTCTByiaqmc npepH:sa.HHti [3] . 

IlpH opra.HHsarum ottepe,I!,R co6HT~ B ycJioBWix orpa.HHtte.HHH ee 

~ 9CT:& orraceHHe IlOJiytteHIDI TYITHKOBHX CHTY~. KOr,wl MecTa 

B Ottepe,I!,R yxe sarroJIHeHH, HO B CHCT0MY llOCTynaeT HOBOe CO(ti'?He. 

HaMH 6HJI BH6pa.H MeTO~ npe'AOTBpaI!leHHR: TYITHKOB, KOTOplli! OCHO­

BaH Ha ~ecxott opraHHaawm ottepe,Il,R [3] , H 3aKJil!RaeTCH B 

0TK83e OT o6pa60TKZ IlOCRe~ero Heo6pa60T8HHOro B oqepe~ C06H­

THfl npz neperroJIHeHHz oqepe~. 

Ta.KaH opraimsanwr rrporpaMMH 06ocHOBHBaeTc.1I TeM, ttTo: 

- ,n:JllIHa ottepe,I!,R 6epeTCH 6oJI:&me, tteM pactteTHoe cpe,nHee xoJIH­

ttecTBO C06HT~ B CTaqKOHapHofi CHCTeMe c Y'AOBJieTBOpHTeJI:&Hott Be­

po.IITHOCT:&!l OTKa3a o6pa60TKH; 

- IlOJiytteH!lHe Bee C06HTHR IlOJIHOCTb!l perzcTpHpOBa.HH B qafiJie 

C06Hntit; 

- .Itl1R KOHTpoJJJI xapaxTepHCTHK H IIapaMeTpOB axcnepm~eHTa He-
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06J'I38Te.Jll>HO ru.~eT:& 100 % o6pa60TaHHHX C06l:lTIDi. 

JJ.nH OilTHMa.JibHOro KCilOJlbSOBa.HRfl orrepaTHBHOtt rraMS:ITK 3Bl'A K 

oueHKH IlOTepn COO!:lTID!: rrpK HCilOJlbSOBB.HHK O'Iepe.n;H co6l:lTID!: KOHe'I­

HOit MIDill :srumo 3H8.Tl> Ta.KHe xapa.KTepHCTKKH, K8.K oim.,na.eMali cpe.n;­

HJ'IJ'I ,n:JUIHa O'Iepe.n;H H pacrrpe,n;eJieHHe BeporrTHOcTett CJIY'Ia!Hott BeJm­

'lliHH, orrpe.n;eJllinuett ~ o'Iepe.n;H B CHCTeMe. 

)J.ruI 3TOH ueJIH BOCilOJll>SyeMCJ'I anrrapaTOM TeOpHH CHCTeM Macco-

BOro 06C.71Yl!UIE8.HWI (CMO) K aa,n:a~ rrpe,n;CTaBHM K8.K CMO THrra 

M/D /I [4] • KOTOpa!'I orrpe.n;eJUleTC.II CJl~.D:YD!lHMH aJieMeHTaMH: 

I. Bxo,n;HOH ITOTOK -_ Tpe60B8.HHJ'I IlOCTYIIa~T c.nyqa!HHM o6pa30M,a 

HX ~C.110 B rrpoMellcy'TKe BpeMeHH ( 0' t ) HMeeT rryaccOHC,:ECKOe 
-.At ( .Ai)11 

pacrrpe,n;e.neHHe BepOJ'ITHOCTe:lt e --1 - 11 = O, 1, 21 •.. t :i> 0 n. 

2. MexaIDISM 06CJIYlltHB8.HHR - HMeeTCH O,Il;HO 06CJIYlltHBamiee ycTpo:a­

CTBO (npoueccop 3BM), H 06cJiy11tHBaHHe Be,n;eTCH B Te'IeHH:e 

ITOCTOmiHOro BpeMeHH 'T" 

3. Ji.HCL\HII1!RH8 01rnpe;IU11 onpe~e.JIH6TCH npldHL\HilOM "nepBblll 

npHrneJI-nePBlilM o6cJI.VlUIBae!l'CH"• 

IlycTI. Q ( t )-~C.110 Tpe6o:sa.m.rtt' HaXO,WilllIDCCH B CHCTeMe B 

MOMeHT BpeMelll! t . B Q. ( t ) 6y.n;yT BXO,Il;HT:&' KaK 06C.71YllUmaeMH:e 

Ta.I< H OlltH,Il;8.nqHe OOCJIYlltHBaHWI B .n;aHHHtt MOMeHT Tpe60BaHIDI. 

BeporrTHOCTH Pn(i):::: P(Q(1:)=n) .n;am pacnpe,n;eJieIDie ,n:JllIHl:l O'Ie­

pe.n;H B CHCTeMe B JlllOO:lt ,ItB.Jnmi1 MOMeHT BpeMeHH t . 

rro orrpe,n;eJieHH!) CHCTeMa MOllteT BO:ltTH B CTB.W'[OHa.pHl:ltt pelKHM, 

ecJllI CYil19CTByeT rrpe.n;e.11 fi.m Pn ( t) ::. Pn 
t-oo 

H ecJlli ~ npe.n;eJll>Horo pacrrpe.n;eJieHHfl BepMTHOCTett cpe,n;Hee aHa. -..., 
'!eHKe E ( n) = L_ n · Pn 

n=1 

OKaSHBaeTCH KOH9'tll!HM. 
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3Ha'Iemm Pn orrpe,n;eJU110T CTauHOHapHHe pacrrpe,n;eJiemm BepOJ'IT­

HocTett ~ O'Iepe,n;H, Heo6xo.u;HMHM YCJlOBHeM cymecTBOBa.HIDI KOTOpYX 

HBJL!I9TCH yCJlOBHe ~ < 1 ' r.n;e f :.AT ecn RO:$I>HUH9HT :a:a.rpy3KH 

CJ/ICT9Ml:l. 

n-1< )n-1<-t I' n n-1< "I'[ ( t<.f) (l<,P ]· 
Pc,=f-J'i P,=(1-f)(e-t); ... ;Prt=(1-J>)Et(- f) e (n-K)! + (n-1<-1)! (I) 

Cpe,Il;HHII ,n:JllIHa O'Iepe,n;H B CHCTeMe onpe,n;eJIHeTCJ'I HS <f?oPMYJll:l 

IlOJia'IeKa-Xm!'Cll!HB. H paBHO 

f 2 

E(n) = f + 2( 1-_p) . (2) 

IlpH zcnoJll>so:srumH o'l!epe.n;H co6HTH:lt ,n:JllIHO:lt L , BeponTHOCTI> oT­

Ka.Sa onpe,n;eJlIIITCJ'I WOPMyJlO:lt 

L 

P. OTI< = 1 - L p 
L i :0 t ' 

(3) 

IlpH Bl:lmeHSJlo~eHHott oprallll'.saumt ITO HaROIIJieHKff KOHTPOJUI H 

"ON-LINE". o!5pa60TK!t1 co6l:lTIDi ID891DTCH ,n;Ba BH,JJ,a IIOTepl> C061:lTID!:: 

noTepIII COOHTIDi, KOTOpHe IlPIII Ha.KOIIJ19HIIIH He sa.HeCeHl:l B <Iatt~-co6l:l· 

TH:lt, K IlOTepR COOl:lTIDi, KOTOpl:le He Yl!aCTBYIDT . B o6pa60TRe. 

IloTepH COO!:lT:irlt nepBoro BH,IJ;a o6yCJlOBJleH!:l ~aCTOTOtt HX IlOCTY­

IIJ19IDUI III BpeMeHeM HX OOCJIYlKHBaHIDI B KPHTH'19CKOM Y'!fB.CTKe Ha 

BHcmeM npzopRTeTHOM ypoBHe rrporpiMMH. Y'tlKTl:lBaH, ~To xapaxTe­

pHcTmm MHoronpoBoJio'IHl:lx nponopr(HOHa.Jll>HHX KaMep(MI1K)orpa.mrtnma-
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KJT no.llllJleHHe 6o.nee 'ieM O,!(Horo coc5l:lTIDI B O,W!OM "IIJieBKe", a Bpe­

MH Oc5CJiylltH1laH:Z.ff O,!(Horo COc5l:lTHH B KPHTH'i6CKOM y-qacTKe nporpaMM!:l 

Mem,me BpeMeHHcro HHTepBa.11a MelK,IlY coce,JVmMH "nJieBKaMH",BWicrur­

eTcH, 'iTO IlOTepH rrepBoro BH,Il;a orpaJm'ieH!:l anrrapaTHO,H rrpH 'i8CTO· 

Te nocTyllJieHIDI coc5HTlitt Mem,me 'ieM IO coc5/c rrpoueHT TB.1UIX rro­

Tepb He npeB!:llilaeT 20 %. 
IToTepH coc5HT.IIB BToporo BH,Il;a oc5yCJIOBJ16HH BHc50poM O'iepenn CO· 

c5HTHii Orpalilft!eHHOH ~JIHHH • .lI.ru! OITTHMaJU,HOro orrpe~eJieHHH ~ 

o~epe.IJ.H Ba.lKHO 3HaTb cpe'AHee BpeMR: oc5pa6oTKH O'AHoro coc5HT:IDI T , 
Il03BOJIHBl!lee BXOlK,Il;emrn CHCTeMbl B CTauHOHapHHi:t pelRHM. Be.J:llflmHY 

T Tpy,Wio ouemi:Tb, TaK KBR oHa CHJlbHO 3aBHCHT OT aKcrrepHMeH­

Ta.Ju.Hl:lx ~TOPOB H CO'A8Pllta.H:WI o6pac5oTKH. Hazc5oJiee cymepTBeHH!:lM 

cpe.IJ.H HllX HBJIHeTM y'ieT MH0llt6CTB8HHOCTH cpa6aTHBa.HmI Ka1i!,Il;O~ 

MIIK , rrpH OT6ope H BOCCTa.HOBJieHHH TpeKoB i:ra.cTHu. .lI.ru! oueHKllI 

BeJ!H'mH!:l T rrpHMeHeHo cTaTHCTH'IeCKoe MO'AeJIHpoBa.mre rrpon;ecca 
' 

ITOCTyllJieHHH COOHTKH H HX oc5pac50TKa. Il0.71Y'ieHH!:le pe3yJlbT8TH Y'iH-

THBa!OTCH npH BHc5ope OITTHMaJI:bHOro a.JII'OPHTMa. cliYHKn:HOHHPOBB.HWI 

nporpaMMH "ON-LINE" o6pa60TKH, rrpli'ieM .ztmiuJa o-qepe.IJ.H, oc5ecne'ili­

Ba.BX!IWI .ztaHHYID BepoHTHOCTb OTKa.3a C06l:lTHH, onpe'AeJIHeTCH H3 cIJop­

MYJIH (-3), HTepaTHBHO Bl:ltraCMH ee 3Ha'imm:e, Ha1llU!BH c L = E (n) 
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