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3a6e3reqyro'{H 6inrur rBepAy inrerpaqiro : 6i:uec-4oAarKaMr.r lT i cnequ$iqHHMr.l
rexuiqHuuu $yHxqioHanbHltMH MoxrHBocrqMH.

IHxeHepHi o6'erru Soprrayrorrcn ir 4nox cK;raAoBr4x: Qoprr,rra fi $yurcqii, npg rrboMy
AonycKa€rbct rexHiqHpIfi onHc nosHicrlo acoqiarunHux voAelefi. qrci Moxvrb 6vru
rrao4u0ixoraHi asroNaarHqHo, npu :uiHi napauerpin roHcrpyrcuii [2].

forosHa Mera cKJIaAoBofo MoAenroBaHHr florqfa€ B ToMy, rqo6 :po6rarra uo4eli ft
KpecneHHq 6inrru iHrelercryaJlbHHMH AJrr rofo, lqo6 aororuarnqHo MoxHa 6yno ,r"n"pyBarpr
sci Heo6xiAHi slaAH fi nro4ra$iraqil npoercry. flepeearu cruraAoBoro MoAenloBaHHr an.fl
rexHiqHux 4llcqunliu Moxyrb 6yrn nopieHsHi s noryxHicrrc eJreKrpoHHoi ra6nrarri lr.q
{iHaHconHx Saxinqie. ErerrpoHHi ra6nuqi nponoHyrors rpyvHr.rft cnoci6 $opvynaru
S iHaHcony MoAeJrb, BH3Haqaloqu si4Hoc l,rHr.r rrr ix pieHurra n t{ HcraMH.

-flrcqo oAHH 3 napaverpia eviHeHufi, noBHa MoAeJrb vo4uSircyerbc.f, aBroMarHqHo,
BKrtoLIalor{H orpultaHi BAA!4 LaHux rnny rpa$ircin i xpyronux 4iarpau. @iHaHcosa MoAeJrb
naparrlerpia n enercrpoHuifi ra6,ruqi Ao3Bonqe $iHaHconouy erccneproni npoBoAHrH
4oc,ri4xeuH.r "[1o fKU1o...?", 3acHoBaHoro ua pi:Hlrx cqeHapirx.

I-{e 4ae vox,rNsicrs iHxeuepau Sopvynarra iurerexryamHi rexHiqui vo4eri,
no4i6Hi rHM, qKHMu $iHaHconi excnepru crBoprororb SiHaHconi vo4eri n eregpoHHifi
ra6nr'rqi. V qroruly sa'rsrcy e saxrl.Isi po3xoA)KeHHc vix iuNeuepHnnau KoMnoHeHrauu fi
rpaQivHraruru eJIeMeHraMH runy riHifi, rroBepxoHb i 6noris. flepura BDKJTHBa aiAnaiguicrr - qi
rexHiqsi KoMnoHeHrH Moxyrb varH pi:Hi reoMerpuqHi sugu.

Kouuenuir MHo)Kt4HHt4x ou4ia norinuye [poAyKrHBHicrl npoercry, aBroMaryrrHo
reHepylotlH pisni nuAr,r rieT x cavol tuo4eri, ulo aBroMaruqHo vo4ufironaua nicrs sl,riHra
xoHcrpyrcqii. Isrua ni4tvliHHicrl naix rpaQivnuvu ereveHraruu fi iHxeHepHHr'1.r
KoMnoHeHTaMV - Te, ulo ocraHHi MoxyrL, rtaarH y6yaonaHi npanHJra, ulo Bn3Har{a}orr ixnro
reouerpiro il ronolorito, 3acHoBaHi Ha napaverpax npoeKTy. Hanpr,rx.na4, KoJrH KoMrroHeHr
Slauqr :viHeuafi, paaiyc S,laHqr :viurcerscq raxox, rr i qHcro ornopio y HboMy.
KovnoHeHrH Moxyrb uaru oi4uoclHr4 3 iuruuvH KoMnoHeHTaMli raK, qo6, roru ogui
cua4oai suiHeHi, iHuri6yrH vo4rl0ircoaaHi g N.{arcHMiurbHoro silnosilHicrrc.

KounoHenrHo-opieHrosaHi cacreuu ua6araro 6irsru ruyurci, Hix cucreuu, trci
Bl'IKopl4croByrorb ycraHosreHHfi $opvar Safiny. Kopncrynaui He crpuvyrorbcq o6'erravu,
ni4rpr'rnaynaHi cllcreMoto, ane Mou(yrb crBoploBaru Hosi rcovnoHeHru fi cnilrgo
BHKOpHCTOByBaTH qi rcovnoHeHrn : iHuuvu o6'exraMH KoHclpyKropcbKoro [poeKry.
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BnegeHue
3aAaqu ynpaBneHr4r, peuraeMbre c HcnoJrb3oBaHHeM KoHeqHbrx aBroMaroB [1], [2],

Moryr 6srrs pearr43oBaHbr npnMeHeHnervr pexoH$HryplrpyeMsrx ycrpoftcrn [3]. B [4], [5]
rrpeAnolreHa apxnTeKrypa KoMno3urHoro MoAynq - cHcreMbr, ocHoBaHHoft Ha TIpI,IMeHeHHH

AuHaMr4qecrcr,r percou$HrypupyeMsrx ycrpoficrs. KoNanognruufi MoAynb 3ro aAanrHBHat
annaparHas clrcreMa, npo3paqHo HsMeHsnulac cBolo BHyrpeHHIolo crpyKrypy [4], [5].
Oanoft As o6lacrefi ero npuMeHeHuq, .qBrcerct pearn3auu.fl qr,r$poaslx ycrpoficrn
yrrpaBneHHe l4l. flporpa.rHocru noAcHcreM KoMno3HrHoro MoAyJIt r,ns BHelrrHero
oKpy)KeHHq rpe6yer cneuu$uqecKnx anfopurMoB ynpaBneHne Hr4wvr [4], [5], [6]. Oanofi ras
npo6lev, sosHuxarcuefi npu rrpoeKTHpoBaHHH cucreM, Hc[onBy[orrIHX rcovnogpltHrtfi
MoAynb utu 6azupyrouluxcr Ha ero apxHreKrype, Koropbre npHMeHtlorcfl Ant peann3autt
quQposslx ycrpoficrn y[paBJreHHs, flBilsercs HenocroqHcrBo BpeMeHH BbInoJIHeHL4s 3anpoca
Ha nu6oprcy KoMaHAbr [5]. B AaHHofi crarbe paccMorpeH oAHH H3 cnoco6os peuteuua orofi
npo6lerr,ru, nyreM npHMeHeHHr npeABapnreJrbHofo K3r.xHpoBaHr.rq. B [6] npearo)KeH p.qA

ApyrHX c noco6on, Koropbre q Brrlorcr rrpeAMeroM Aar sHe fi ruux HccreAoB anuit.

l. Tunsr [peABapuTeJrbHoro K3urupoBaHHq
flpe4napurenbHoe rcrxHpoBaHHe N$ peroHSurypHpyeMbIX ycrpoficro MoxHo

pa3AeJrHTb Ha ABa THna:

L uHKJTK)3HBHoe KSurHpoBaHHe npeArronaraeT Hailultwe y

percoHSurypupyeMoro ycrpoficrea BcrpoeHHoro MexaHH3Ma rcuhpoBaHnr xoHQurypaguit,
xoropsrfi no3BoJuer coKparr.rrb BpeMr percon$rarypa\vr4. B oOutev cryqae, rarcofi MexaHH3M
npeAnonaraer rrpeABapr,rreJrbHoe K3uHpoBaHHe o)KHAaeMofi rcoHQurypar\Ltu c [ocneAylou-(I4M
yMeHbtlreHHeM BpeMeHH percoH$urypauHu 3a cqer coKpaqeHHs BpeMeHH qreHHt

roH$nrypaquH. ,{aHuuft BHA K3urr4poBaHHq qBrrercr nonltrrcofi npou:no4nrelefi (s
qacrHocrH, Lattice) KoMneHcHpoBarb BeTHLIHHy BpeMeHH percoH$urypalrHH, nyreM
napannenbHofo qreHur AaHHbtx nocneAyroqeft roH$urypauun H3 BHeulHefi nav.srt4 eo
BHyrpeHHloro raMqrb ycrpoficrua u pa6orsr rercyutefi rouQurypaqrau. HHrc*ogHenoe
KgrxHpoBaHHe Mo)r(er rapaHTxpoBarb npaBunbHocrb nsr6opa nocneAyloueft rcoH$urypaL\Hu
ToJrbKo B roM cJryqae, eclu llo6ar rcoH$urypauHq coAepxHT He 6olee oAHofi yHurcarsHofi
cBr3H co BceMH HHbTMH rcoHQHrypa\HflMvt:

Ya e A -+ yHuKarybHbtx _ceaseu(a,A@ a) =l , ( 1 )

rAe A - MHolrecrBo Bcex rcoHSr.rrypaqufi. B nporHBHoM cnyqae npaBHJlbHocrb
nsr6opa HocHr BepoqrHocrHrtft xaparrep.

2. SKcKJtrc3r.rBHoe KSurupoBaHrre npeAnonaraer HcnoJlb3oBaHae HecKoJIbKHX
peroHSuryplrpyeMbrx ycrpoficrn, KDKAoe H3 Koropbrx coAep)KHT paHee noAroroBJleHHyro
rcoH$urypaquro. OHguqecKaq peron$urypar\t4r ycrpoficra BbrnoJlHsercfl npeABapureJlbHo,
napaJrJrenbHo c pa6orofi rercyuefi rcoHSnrypaqHn, no3roMy B MoMeHr loruqecroil
percoH$r.rrypaqr4u rrpor4cxoAur roJrbKo nepeAaqa y[paBneHuq or oAHoro ycrpofrcrBa K

ApyroMy. 3Kcx.nrorueHoe K3ul4poBaHHe rapaHrupyer rrpaBHnbHocrr nst6opa nocle4ynulefi
xoH$urypauHH ToJlbKo B roM cJryqae, ecrr4 KorHqecrBo 3KcKJIIo3HBHblx ycrpofrcra panuo

MaKcr4MaJrbHoMy KoJruqecrBy yHilKaJrbHbrx csssefi nro6ofi roHQuryparlun co BceMH HHsIMH
roH$urypaqHqMu c yqeroM oAHoro ycrpoficrna, Koropoe coAepxur ary rcoHQurypauulo:

Y a e A -+ yHuKarbHbtx _crtseu(a, A I a) <= 1g , (2)
fAe A - MHo)KecrBo ucex roHSurypagui't, a N- KoJIHqecrBo gKcKJIto3HBHbIX

ycrpoftcrn 6es yvera ycrpoficrna, Ha KoropoM BbrnorHqercq reKyulas ceKr\As. B nporunHona
cryr{ae ilpaBunbHocrs ou6opa HocHr BeposrHocrnrtfi xapaxrep.
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[IpearrayulecrBaMH r,rHKJrro3HBHoro K3lxHpoBaHut qBrtlorct H143Kaq croHMocrb,
rlpocToTa I4cnoJIb3oBaHHr; HeAOCTaTKaMH - CIOXHOCTb AOCTHXeHHI rapaHTHpOeaHUOfi
npaBuJlbHocru nu6opa 3a MoAu$rarcaquH H AeKoMno3u\uvt HcxogHofi 3aqavl, HaJrHr{He
BpeMeHH percoHQrarypalq:l.vt, AalKe B cnyqae yAaqHoro KstxHpoBaHHq.

ilpeuvryulecrBaMu 3KcK;rlo3r,rBHoro KgrxHpoBaHr4r qBrqrorcr Bo3MoxHocrb

AocrD(eHHt rapaHTupoeaHHofi [paBHJrbHocru ssr6opa, 3aMeHa BpeMeHH percoH$HryparIHH
BpeMeHeM nepeKrror{eHHt; HeAocrarKaMH BbrcoKar croHMocrb, Heo6xo4nuocrs
peaJl H3arlr4r.r Ao noJr HHTeI tHo il noAc H creM br y npaBne H Hr nepe KrroqeH He M.

Crouuocrs gKcKJrro3HBHofo K3lxHpoBaHHs 3HaqHTeJIbHo npeBHuaer croHMocrb
t4HKJTIO3HBHOfO K3urHpOBaHHt.

2. Crpyrcrypa 6.noxa percouQurypHpyeMbrx ycrpoficrn, roAAeprcrrBarcrqux
pa3H[,Ie THIIbr IIpeABapnTeJrbHofo K3urHpoBaHr.rq

flpunteHeuue npeABapHreJrbHoro K3lxHpoBaHHr rpe6yer ucnorb3oBaHHq
AorronHureJrbHblx noAcHcreM (pHc. I ).

MeHe4xep xouQurypaqufi - 3ro rroAcHcreMa npeABapureJrbHoro aHaJrH3a, nsr6opxl,r
H pa3BeprblBaHur, MHoxecrBa rconQrarypaqufi, no4,rexauHx KsrxHpoBaHnrc. 3ra noAcucreMa
o6ecne.{I4saer ynpaBneHHe K3[uHpoBaHHeM, B qacrHocrH, orBeqaer 3a onpeAeneHHe
Hau6oree noAxoAquleit ynn K3urHpoBaHHc rcoH$urypaquu (vltu roHSr.rrypaquft).
OnpegeneHlae rcoHfnryparyuit [peAHa3HaqeHHbrx Anr K3rxHpoBaHHr rrpoHcxoAHr Ha ocHoBe
aHarvga anropHTMa u ou6opa rapaHTupoBaHHoro AJrw BeposrHocrHoro MHox(ecrBa
roHQnrypaqrail. .{na ycrpoficro, noAAepxuBa}ouIHx npeABapureJrbHoe Kgttrl4poBaHHe, Moxer
BbInoJIHtrbct KaK noMeuleHHe nsr6paHuoil r<oHSuryparluu B K3ur ycrpoftcrea, raK v
pexoH$urypal\ufr caMoro ycrpoficrna (n cnyLrae HcnoJrb3oBaHr.ir 6olee qeM oAHofo
ycrpoficraa). flpu K3rxupoBaHura 4oofiHux 3aBHcHMbrx nepexoAoB B r4Hrurro3l.rBHsrfi rcgul
Mor(er noMelrlarbcr rcoH$HrypaL\He, coorBercrByroqaq MeHee BepoqrHoMy nepexoAy, a
caMo ycrpoficrao percoHSr.rrypHpyercr Lns rcoHfiurypaqnu, coorBercrByloqefi 6olee
BepoqrHoMy nepexoAy.

{ucner.repa rcouQnrypaqufi - 3ro noAcHcreMa nocr aHa.nHra, nlr6opa rpe6yevoro
3KcruIlo3nBHoro K3r.xa urH nsr6oprcu u rcou$urypar\Al4 r,rHKJrro3HBHoro K3[ra. 3ra no4cucreua
o6ecneqHsaer nrt6op peroHSnrypupyeMoro ycrpoficrna, Koropoe coAeplKrzr noAxoArrlyro
rcoH$urypaqulo, IIJIH 3arrycK rBHoro ur4KJra roH$urypHpoBaHnr, B cryqae, ecJ.ru HH oAHH H3
3KcKJrlo3HBHbrx HJrH HHKJrro3HBHux rcgurefi He coAepxuT ft routfnrypat\uw.

Karunpoaure

PeroHSurypaunr

PexonQnrypauur

Puc. l. Crpyrcrypa 6rorca peroH$lrnypHpyeMbtx ycrpoficrn

3. Onpegerenue BpeMeHu BbrnoJrHeHrrq 3aAaqn
flycrr cpeAHee BpeMs peroH$urypa\vL4 oAHoro ycrpoficrea cocraBrcer P, cpe4Hee

BpeMq perconQurypa\uvt oAHoro ycrpoftcrna nocJre HHKJrro3HBHoro K3r.xHpoBaHHq n ,
cpeAHee BpeMq AHcnerqepusar1:ar H nepeKnrcqeHuq 3KcKJ.rro3HBHoro ycrpoficrga 3, cpelHee
BpeMq BbrnoJlHeHHr o4Hoil rcouQrarypaqrara B , onpeAenrer cpeAHee KoruqecrBo
rcoH$uryparyui,t R .

TorAa BpeMr BbrrroJrHeHHg 3aAall,6es HcnoJrb3oBaHHr npeABapHTeJrbHoro
K3rXr4poBaHHr COCTaBHT:

1 0 0



8o6,4" "  =  K*  B+ (1 {  - l ) *P .  (3 )

Bpevr BbInoJIHeHHs 3a1aqv, c HcnoJrb3oBaHHeM npeABapHTeJrbHoro K3rxHpoBaHHt
cocTaBuT:

Bon, ,uu  =  R *  B  +  (K  -v  - l ) *P  *V,  *  I ' l  +Y r *? , (4)

r4e V - Korur{ecrBo yAaqHbIX HcnoJrb3osaHuit rc3urefi, yu - KoJrr,rqecrBo yAaqHbrx

ucnorBosaHufi HHKJI[o3HBHbIX rc3urefi, V 3 KorHqecrBo yAaqHbrx HcnortgosaHHft

3KcKJIro3HBHux xeurefi, TaK qro V = V ,, +V., .

3arc.nroqenue
flpuveHeHue npeABapHTeJIbHoro K3rxHpoBaHHr rroBbrrraer crouMocrb KoHeqHoro

peueHl4q B 3aBuct4MocrH or runa K3urHpoBaHHs n rpe6onauufi rc rapaHTupoBaHHro BpeMeHH
BbrrroJrHeHHr 3arrpoca Ha au6opxy KoMaHAbl, Ho yryrtll laer xapaKTepHcrHKH
peroH$urypupyevofi cHcreMbt. B qacrHocrH npH HcrroJrb3oBaHHH 3KcKJrlo3HBHoro
TecTHpoBaHI4s C nOIHbIM nOKpbrTHeM MO)KHO fapaHTHpOBaTb OTKJIOHeHHe BpeMeHH
BbInoJIHeHHe 3allpoca ua arr6oprcy KoMaHAbr He 6o,.ree qeM Ha {urcuponaHHuil npouexyroK,
ueo6xo4l,tttlrtfi Nrs nepeKrror{eHHr 3KcKJrro3HBHbrx ycrpoficrs, roropsrft onpeAeneerct
BpeMeHeM oTKJIHKa rcou6uuaquoHHofi lorlrqecrcofi cxeMbr, peanu3yloqefi qacrs $yHrcqrar
AHcnerqepa xoHQurypaqrafi .
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