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I. OHUA.ff XAPAKTErnCTilliA PAEOT!l 

B ~ccepTaURR paapa6oTaH HOB.b!H Mace MeTO~OB H:E,IOTOHOBCKOro THrra 
(R -rrpouecc.bl) ~ pememrn: He~eHID,IX orrepaTopHHX ypaBHeHHit. 3TH Me
TO~ 06.ila~a!OT HeKOTOpofi YHHBepcM:E.HOCT:E.ID. YHHBepc~38UH.ff MeTonoB 
H:E.IDTOHOBCKOrO THITa ~OCTHraeTC.ff rrpRMeHeHHeM rromaroBOH a,n.nHTHBHOll pe-
11~,3auRH*) Hee corJlaCoBaHHeM C IlO~JlOKaJl:E.HOll TeopHeil CXO~MOCTH 
I -I , aHMOrH'IllOH Teopmr cxo~ocTH MeTo~a H:E.moHa, rrocTpoeHHoit 
].B. KaHTOpOBH~eM. Ha OCHOBe rro~~eHHHX TeopeTH~eCKHX pe3y.1l:E.TaTOB B 
nHccepTauHR pa3pa6oTaHH HOBHe ~OpHTMH ~ pemeHH.ff He~HellHHX CHC
TeM ypaBHeHHit, KOTOpHe rrpRMeHRIDTC.ff ~ aBTOM8Tli3aURR RCMenoBaHH.ff 
pa3~lfllHX MaCCOB He.ilRHellHHX aana~ H,IJ;epHOll ~li3HKR. 

AKTYM:E.HOCT:E, rrpo6JleMH. 3~a~a aBTOMaTR3auRR liCMenoBaHR.ff He~
HeilHHX CRCTeM '!HCJleHHHX ypaBHeHHH (H.c.y.) rrpli IlOMOlllH 3BM, CBO,ll;lilllMC.ff 
K HaXol!U(eHHID Bcex RX pemeHHil B 3~aHHOH o6JlaCTli BMecTe c OUeHKaMR OTK
JlOHeHHil rrceBnopemeHRll OT TO'IllHX, ~eTC.ff ¢y~aMeHTaJibHOll 3~a~ett BH
'!HC~TeJU,HOtt MaTeMaTHKR. ,lln.H ee pemeHHR Heo6xo~ TeopeTR~ecKaR H 
a.llropRTMR~ecKM paapa6oTKa yHHBepca.ll:E.HHX MeTonoB pemeHHR H.c.y. Pac
cMaTpRBaeMHe B ~ccepTauRR R-rrpoueccH H:E.IDTOHOBCKOro TRrra 06.ll~aIDT 
CJle~RIIUIMR CBOllCTBaMR yHHBepCM:E.HOCTli: (YI) pacurnpeHRe 06JlaCTli cxo
~MOCTli R B03MOJICHOCT:E, pemeHH.ff H.c.y. C yBe~~eHHHM 'lliCJlOM HeR3BeCT
HHX no cpaBHeHRID C HeperyMpli30BaHHHMR BapHaHTaMR; (Y2) B03MO~HOCT:E, 
IlOCTpOeHH.ff aqiileKTHBHHX rrceBnopemeHHil B C~~ae ITJlOXOfi o6yC.1lOMeHHOCTH, 
H~ BHpOl!U(eHHOCTH rrpoHaBonHofi; (Y3) ycTofii:mBocTL rrocTpoeHHHX rrceBno
pemeHRit:f MMHM KOJle6aHH.ffM BXonmix naHHHX H OllilI6KaM OKpyrJieHH.ff; (Y4) 
CKOpOCT:E, CXOnRMOCTli R -rrpoueccoB'OKOJlO pemeHH.ff (B c~~ae HeBHpOl!U(e
Hli.ff rrpOli3BOnHoil) cpaBHRMOfi co CKOpOCT:E.ID CXO~MOCTli HeperyMpli30BaH
HHX Ba~HaHTOB. 

*) K.Levenberg. Quart. Appl.Math., 2, 1944, 164-168; 
D.Marquart. SIAM J. Appl.Math., 11, 1963, 431-442; 

A.H.TuxoHoB, B.E.T.llacKo. l!IBM H MI>, 5, J 3, 1965, 
463-473 H np. 
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R-rrpoueccu - O,IUill HS RJiaCCOB MeTOAOB,paspa6aTHBaeMHX B HacTO.filllee 
BpeMII, MS! KOTOporo OAHOBpeMeHHO rrpHcynur CBOii:CTBa (YI)-(Y4). OTO ooec
rre'lli~O pemeHHe B OMFIB H.c.y. B ~yx HOBIIX rrooTaHOBRaX: (ill) aBTOMa
THS8URII pememm rroTOKOB o~oTnrrHUX H.c.y.; (Il2) opraHHSaUIDI aBpHCTH
qecKoro HCC~eAOBamm o6paTHUX HeJIHHeii:HHX s~aq c HeyTOTIHeHHOii: MaTeMa-
THqecKOii: MOAe~I,RJ. ,. 

B rrocTaHOBKe (ill) p~meHHe Bcex s~aq rroToKa, BMecTe c s~aHHeM 
Ha~I,HHX rrpHOJIIDKeHHii:, paccMaTpHBaeTCH RaK e,IUlHHH BWlli~Te~HHH rrpo
uecc. IlocTaHOBKa (Il2) OCHOBHBaeTCH Ha un~qecKOM BIDI~neHnn Aeii:cT
BHfi: (.IU)-Hcc~eAOBaHHe BOrrpoca o· cymecTBOBaHllll pemeHHii: rryTeM 'IBC~eH
Horo IlOCTpOeHIDI rrceBnopemeHntt;·(~2)-Hcc~eAOBaHHe HSOJIHpOBaHHOCTH Haii:
AeHHHX rrceBAopemeHHfi BMecTe c ou~HKofi Hac~eACTBeHHHX omn6oK; (,U3)
BHeceHHe KOppeKTllBOB B MaTeMaTlllJeCKyRJ MOAe~ s~a'lli Ha OCHOBe rro~qeH
HHX 'IBC~eHHUX pesy~1,TaTOB H rrpnMeqemm AOilO~TeJThHOH :mrqx>pMaq!ra 0 
s~aqe. ·· · 

PaooT/l-25/, rromJKeHHHe B OCHOBY ~~cepTaum'[, BHllO~HeHH B COOT
BeTCTBHli C rrpoo~eMHo-TeMaTHqecKHM MaHOM HaYTIHO-HCC~eAOBaTe~I,CKIIX 
paOOT OO~e~HeHHOrO HHCTHTyTa ,mepHUX HCMeAOBaHHii:. 

I1cMep;oBaHIDI 1 B~qeHHHe B wccepTarµrn, JIMeRJT · Me.nyllll)lie µeJIH: 
a) IlocTpoeHHe e,IUilloii: rro~~o~Hott Teopnn cxo~ocTH R-rrpo

ueccoB, oXBaTHBalllI!eii: rro~accu R-rrpoueccoB THrra fuRJTOHa-KaHTopo
Bnqa (NK) n raycca..:fuRJToHa (GN). 

6) IlocTpoeHHe rro~~O~HOH TeopHR CXO~OCTH HenpepHBHHX aHa
~oroB R-rrpoueccoB. 

B) BHBon SaKOHOB IlOBeAeIDUI a~TllBHHX pery.JUipnsaTOpOB HS rro~
~OKaJII,HHX TeopeM CXO~OCTH. 

r) Paspa60TKa o6mero ~OpHTMHqecKoro IlOAXOAa aB'l'OMaTH3aullll 
HCMeAOBamm H.c.y. 

A), IlpHMeHeHHe R-rrponeccoB rrpn pemeHHR pa3JIHTIHHX THilOB pe~HHX 
He.im:Heitmlx s~aq H rrpoBepKa RX aifxl>eKTHBHOCTH Ha H3B8CTHIIX TecTOBHX 
rrpHMepax. 

HayTIHaH HOBH3Ha H 3Ha~OCTI,'pa60TH. B ~ccepTauHR BrrepBHe pas
pa6oTaHa e~HM TeOpHH rro~~O~HOii: CXO,IUn~OCTH HTepaTHBHHX. R-rrpo
ueccoB HI,RJTOHOBCKoro THila, IlOSBOJIHBIDM C4JOPMYJIHPOBaTI, oomnii: IlPHHUHIT 
aBTopery.JUipHSaUHR/l-4/_ I1CXO,IV:I H3 rro~~OKMI,HOfi TeopHH CXO~OCTH 
BrrepBHe 6mm: IlOCTpoeHH aBTOperyJI/IPHSaUROHHHe <PYHKUHH, OR83aBmneCH 
6o~ee YAa'IIIHMil; rrpH paspa60TKe aMOPHTMOB aBTOMaTH3aum'[ HCc~eAOBaHHH 
H.c.y., qeM <PYHKUIDI; BHBeAeHHHe HS ~ORa~HHX TeopeM CXOAHMOCTH. B 
~ccepTaUHR TaKJKe BrrepBHe paspa6oTaHa rro~~o~HM TeopHH cxo~
MOCTH HerrpepHBHIIX R~npoueccOB TllllOB NK H GN' o6o6mallll!aH H3BeCTHHfi 
nomoA M.R.r<1sypHHa. B qacTHOCTH, rrpH llOMOmH Oo~ee TOTIHHX HHTerpa~I,-
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HUX HepaBeHCTB H3 TeopHR YCTO~OCTH ~ifxl>epeHUR~HllX ypaBHeHHfi B 
cpaBHeHHH C HepaBeHCTBOM I'poeyo~ AOKasaHH YTBep~eHHH O npnMeHliMOC
TH R -npoueccoB TllllOB NK H GN B ~qae BHpo~emm npoH3BOAHOii: B 
pemeHHH. 8TH pesy~TaTH a~orn~ TeopeMe Hema-Mosepa-Ueimepa o 
cymecTBOBaHllll HeHBHOii: WYHKUIDI B Blij)O~eHHOM c~~e. O~aKO OCHOB~ 
Hoe SHaqeHHe Teop:im CXO~OCTH Hel!PePHBHIIX TpaeKTOpHtt Hl,RJTOHOBCKoro 
Tnrra COCTOHT B BIDICHeHHH oomnx CBOHCTB rrpliMeHHeMHX aJO];llTHBHIIX pery
JI.RJ)H38TOPOB H B BHBone oneHOK CKOpocTeii: CXO~OCTH R -TpaeKTOPHfi H 
rrpncoe~HeHHHX K HllM TpaeKTOpHii: HeBHSIGI s~a'lli. IlpH IlOMOmH rrpoeK
TllBHOro MeTona HHTerpa.rr1,HHX MHOroo6pasHfi H.H.Eoro~oBa BrrepBue rro~
qeHo KaqecTBeHHOe OITHcaHHe rroBenemm CTaO~I,HOii: H KPHTHqecKott KOOP
~HaTH R-TpaeKTOpHtt HI,RJTOHOBCKoro THrra. Ha OCHOBe R-rrpoueccOB 
pasp~6oTaH oomnii: a.rrropHTMHtiecKHii: rromon aBToMaTHSaUHR ncc~enoBaHIDI 
H.c.y. rrpH IlOMOlllli 8BM. YHnBepca~HHe CBOHCTBa R-rrpoueccOB Il03BOJIHJIH 
paspa60T8TI, HOB!lti rrpn6JIID1teHHHfi MeTon pemeHHH sa~aq Ha COOCTBeHHHe. 
SHaqew B KBaHTOBOH MeX8HnKe ~ MeTon CTepJKHeBHX crr~afiHOB (M.c.c.) 
/ 13-16 ' rrpH IlOMOlllli KOToporo pemeHH CHHryMpHHe KBa3HilOTeHUR~HHe 
ypaBHeHHH OeCKOHeTIHoro IlOpm:(Ra H3 TeopHH ITO.JUI. 

IlpH IlOMOmH R-rrpoueccoB rro~eH psm HOBHX pesy~1,TaTOB7 OT,OCH
lllliXCH K OCHOBHHM xapaKTepHCTHRaM ,mepHHX CHCTeM H qacTHU/I. - 24 ~ 

IlpaKTHqecKM µeHHOCTI, pa60TH. YHnBe~c~HHe a.rrropHTMH ARP (aB
TOperyJI/IPH30BaHHHH rrponecc THila GN / 3 ,6• /), ARPC (rrpouecc ARP C 
KOMITeHCHPOBaHHoii:·pery.JUipHsaune' / 5, 6,8/), ERP (SKCilOHeHUHaJII,HO pery
JI/IPH30BaHHHtt /p6uecc·THlla GN 2•171), RPBC ( R -rrponecc C Ha~'Illleii: 
rrorrpaBKoW6•8 ) peaJIHsoBaHH B rrporpaMMHofi cHcTeMe REGN, KoTopan c 
1973 r. HaxO~T rrpnMeHeHHe B pasJIHqHHX o6~acTHX COBpeMeHHOH cpH3HKH. 
CncTeMa REGN rrpHMeHHeTCH npe~e Bcero rrpH aBTOMaTH3aullll HcMenoBa
HIDI H.c.y. B IlOCTaHOBKaX (ill) H (Il2). B qacTHOCTH,aJiropHTMH REGN 
6~ HCITO~I,30BaHH MS! perneHIDI BrrepBHe B OIDIB Me~x 3~aq: l) AB
TOM8TH3aUIDI o6pa60TKH ~cKpeTHHX raMMa-crreKTPOB; 2) Orrpene~eHHe Bpe
MeH sace~eHHH p0T8UHOHHIIX COCTOHHHfi penKoser.m~HHX ,mep; 3) BH'IBMe
HHe KO~~eKTHBHHX rrapaMeTpoB H aHeprnii: necpopMHpoBaHHIIX ,mep; 4) Orrpe
Ae~emrn :IDHpHH pacrrana BHCOKOB030y~eHHHX cocTaBHHX ,mep; 5) Orrpene
~eHHe xapaKTepHCTHK MHOrOKpaTHOH liOHH3anHH, B03HHKallll!eii: B HOHHOH 
~oByrnKe rrpn a~eKTpoHHOM ynape; 6) IlpoBeneHHe saBHC.filllero OT aHeprHH 
cpasoBoro aHi.umaa yrrpyroro pacceHHHH srr. -MeSOHOB Ha 4 1/e ; 7) Orrpe
~e~eHne ooae-KoHAeHcaTHofi no6aBKH B cBepxTeKyqeM re~; 8) Orrpene~e-,. 
HHe aaBHCHMOCTeii: xapaKTepHCTHK yrrpyroro pacceHHHH a.Iij)OHOB H MHOJKecT-
BeHHOro po~eHHH qacTnn OT KBaHTOBHX 'llice~ rrpn BHCOKHX H CBepXBHCOKHX 
aHeprHHX; 9) PemeHHe oopaTHOfi 3aAa'lli O crrapnBaHHH B POTanHOHHOfi MO
neJIH HeqeTHHX AecpopMHpoBaHHIIX H.I(ep; IO) OrrpeAe~eHHe OCHOBHHX COCTOH-
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I mrn .. ,orosacTR'IH!IX CHCTCM Ill"' llOMO""' MCTOM ,oRaJn,Ho-MacmTa6Horo npe
o6pa8oBamm. 

KpoMe OIDIB, nporpaMMHM CIICTeMa REGN IIPIIMSHIISTCJI TaIOKe B p.ime 
HaytIHo-IICC~e~oBaTSJll,CKHX llHCTIITyTOB CCCP II B ~yr:rrx CTpaHaX. 

~e,nyKlljlle OCHOBHHS peay~nTaTH lOlCCepTaIUIII BlQ!BIIraroTCR ;gJUI 

8aIIJllTll: 
I. Paapa6oTaHa e~HM TeOpM IIO~~OKMnHOH CXO~MOCTII peryMpII-

8OBaHHHX MSTO~OB Hn!OTOHOBCKOro TIIIIa. QllOPMY~POBaH rrp~IIII aBTopery
~~aarum MeTo~oB HnroTo~oBcKoro T:rrrra. Ha o6mett Teop:rr:rr rro~~oRMnHOH 
CXO~MOCTII rro~qeHO o6OCHOBaHHe pery~II8OBaHHHX MSTO~OB TIITia HI,mo
Ha-KaHTOPOBIIqa, raycca-HI,moHa II MSTO~a RacaTSJII,HllX rnrrep6o~. 8TO 
o6OCHOBaHHe OXBaTUBaeT peryMpII8OBaHHHS npoueccu C pa8HOCHHM:rr arrrr
pOKCllMaIUUIMll rrpoII8BO~HHX, a TaIOKe npoueccu C KOMIISHCIIPOBaHHOH pery
~II8aIUISH. PemeH BOrrpoc O rrpoBepRSMOCTH Ha~~nHHX yc~OBIIH B IIO~
~ORMnHllX TeopeMaX CXO~OCTH. 

2. Paapa6oTaHa II~~ORMnHM TeopM CXO~OCT:rr .tr,JIR: HenpepUBHHX 
peryMp:rraoBaHHHX TpaeRTOpIIii: rrp:rr6JIIDKeH:rrR T:rrrr~ HI,moHa~KaHTopoB:rrqa II 
raycca-HI,moHa. 8Ta TeopM oXBaTHBaeT c~qaft BHPQJK,Il;eHHR orrepaTopa 
f' (x)(MII orrepaTopa f'*(x)f 1 (:i,;)),B TOM q:rrMe :rr·B·pemen:rr:rr. TeopeTH
qecKH o60CHOBaH 8qqJSKT 8aMe~eHHR CROpOCTH TpaeRTOp:rr:rr npII6JIIDKemm 
X ( t) IIPII t -HX) IIO cpaBHSimlO co CROpOCTnro y611BaHHR TpaeKTOPH:rr HS
BR8KH fx(t)-y K HYJIJO B BHpOJK,Il;SHHOM ~qae. 

3. IIo~qeHo o~Ho o6o6meHHe TeopeMU Eoro~oBa o cymecT_BoBaHH:rr 
ycTOHtmBHX HHTerpMnHllX MHoroo6pa8HH, B KOTOPOM paa6:rreHHe CIISKTpa 
~HeftHoro orrepaTopa II8 r~aBHOil:~CTII ~iMJepe~MnHoro ypaBHeHM 
cor~acoBaHO C KOHCTaHTaMH JI:rr~a .tr,1III HS~HSHHOil: qacTII ~iMJepe~Mn
Horo ypaBHSHHR H CTa6MnHOil: KOop~aTll HHTerpam,Horo MHOroo6pa8M. 
IlpH IIOMOmH TeopeMU O cymecTBOBaH:rr:rr HHTerpam,HHX MHOroo6paa:rril: ~aeTCR 
KaqecTBSHHOe OIIHCaHHe CTa6IIJll,HOil: II KpHT:rrqecKoil: ROOP~HaT .tr,JIR: Henpe
PllBHllX R-TpaeKTOpHH THIIa HI,roTOHa-KaHTOPOBH~. 

4. TeopeT:rrqecKH H MropHTMHqecKH paapa6oTaH MSTO~ CTel)JKHeBUX 
CMaHHOB .tr,1III rrp:rr6JIIDKeHHOro pemeHHR 8a~aq Ha cp6cTBSHHl18 8HaqeH:rrR .r(Hg)

~epe~MnHHX ypaBHSHHil:. 8TOT MSTO~ rrpHMeHeH K CHHry~HHM KBa8llIIO
Te~am,HHM ypaBHSHHRM 6eCKOHeqHoro IIOPH.I{Ra. C IIOMOmhID MSTO~a CTep~
HSBllX CMaftHoB II aBToperyMplI8OBaHHOro MSTO~a T:rrrra raycca-HI,roTOHa 
pemeHU peMTIIBHCTCKHe 06paTH11e aa~aq:rr .tr,JIR:> CM8aHHllX COCTORHIIil: KBapK
aHTHRBapKOBHX c- H b-c:rrcTeM H ycTaHOMSH peMTHBHCTCKHil: 8qqJSKT 
.tr,1III CHCTSMll H8 c-RBapKOB. 

5. Ha OCHOBe peaym,TaTOB, rro~qeHHHX H8 IIO~~ORaJll,HOH TeopHII 
CXO~MOCTII HTSPaJUiOHHllX MSTO~OB HnIDTOHOBCKoro TIIIIa, paapa6oTaHH YHH-
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Bepcam,HHe MrOpHTMll ~ pemeHHR He~HeHHHX CHCTeM ypaBHSHHil: (aBTO
peryMpH8OBaHHl18 rrpoueccu, R-npoueccu c sRcrroHe~am,Ho y6uBamtHM!i 
pery~n8aTopaMH, R-rrpoueccu C KOMIISHCHPOBaHHOH pery~naamreil:). 
8TH ~opHTMll peMH8OBaHH B rrporpaMMHoil:'c:rrcTeMe REGU. Ha ee OCHOBe 
rrpe~o~eH IIO~XO~ 3BPHCTHqecKoro HCC~e~oBamm He~HeilHHX 8~aq C He
YTO"IHSHHOH MaTSMaTRtISCKOH MO~SJII,J'.l. IIpoiie~eno'cpaBHSHRe MropHTMOB CHC
TSMll REGN C a~OpHTMaMH ~ymx 8BTOpOB, C llCTIOJII,8OBaHHSM R8BSCTHHX 
TeCTOBUX 8a~aq.·CpaBHeHHe IIOKa8UBaeT,''ITO OCHOBHO8 rrpe:rrMymeCTBO Mro
PIITMOB REGN COCTOIIT B paBHOMepHOM npoRMeHD CBOHCTB yHHBepca~n
HOCTH (YI)-(Y4) no rrapaMeTpaM MropIITMOB. 

6. CncTeMa REGN npHMeHeHa aBTOpoM .tr,JIR: peme'HRII c~e;a;yRII1HX rrpHR
~~HHX 8~¥a;: aBTOMaTH8arutll o6pa60TKH ~cicpeTHHX r~a-crreKTPOB aTOM
HUX .imep' 7 ; o6paTHM 8~a'Ja crrapHBaHHR B poTOpHOH Mo~e~ .tr,1III He
qeTHUX ~e~p~oBaHHHX stil;ep'I8/; onpe~eie:ime 6oae-RoH.IteHcaTa B cBepx
TeeyqeM re~ I/; saBHCRm:rrii OT s~eprnn ~asoBHii aHMH3 ynpyroro pac
ceRHHR !1{:t:- -M83OHOB Ha 'I fl.e / 20 ; 3aBHCHNlO7Tn IIOi.UX ceqeHHi1 a~po
HOB npn BUCOKHX 3HeprMX OT RBaHTOBHX qnce~ 22•24 ; aBTOMa'J,'H38UHR 
q:rrc~eHHOrO OIJRS'e~eHHR rrapaMeTpOB llllipORll:X aTMO~epHllX ~BHeil: KOCMH
qecRliX ~qenfG3 ; orrne~e~eH:ii:e rrapaMeTpoB MaI'HHTHOH CHCT8Mll .tr,JIR:·CO8~a
mm o~opo~oro rroJii/I9/; npoeKTIIpOila:ime KOHH'l8CKHX lI I'RIIO~UX 
rrpocTpaHCTBeHHllX nepe~a'I c_o cIIHpam,mn,m sy6:&JIMH .tr,JIR: ncrro~n30BaHHR B 
MamllHOCTpdeH:rr:rr. 

Anpo6amtJI pa6oTii. Pesym,TaTu, Bome.nmne B ,nRccepTauHJ'.l, ~oKJia
~MHCl> Ha ceM:rrHapax no Bll'III~TeJri,Holl: MaTeMaTHRe JIBTA (OIDIB), B 
HHCTHTyTe .imepHUX nccie~OB8HHH B CBepKe (BapmaBa), B H:reJJJIOHCKOM ymr
BepCHTeTe (KpaKoB), B MHCTHTyTe Buimc~Ten1ti>tt Ma.TeMaTirim npn Ko
rrenrareHCKOii IIOJmT8XHHKe; Ha M8lK,Il;Jff8PO~ ROHq)epeHI~WIX IIO rrporpaM
MHpOBaHHll R MaT8M8.Tll'I8CKHM MilTOMM pemeimi=I: !pl!SHtiecKHX 3~8.'l (·,Ify6Ha, 
1969 r.; 1973 r.), IIO peaKTOpHOK cpHSIIKe (Bapma.Ba, 1968 r.; Bap:aa, 
1976 r.), rro MaJioqacTH"IHHM s~aqaM B cpR3HKe smpa ,:e: a~eMeiITapmu: 
qaci-im (KBe6eK, !974 r.), no ipnsne Bucoiati sHepmil: (Jioc-AJraMoc, 
I975 r.), rio cpRsll'ie KocMHqecronc ~qeft (Knbi-o, i979 r.), rro :e:6rrom,
soBaHID> 313M THIIa ill ()Tyorta, 1982 r.); mi 'tJ'etiBep~oM :i<onrpecce Mexa
HHKOB HPE, {BapHa, i98I r.) n Ha o6nieJia60pa.TopHWC ceM:ii:iiapax JiffiI, JlTil> 

R JIBTA B OIDIH. 
IIydJrirnau;mr. 0cHCH3HO·e co~epmmie ,Icifo'6epTar6m OTpiiieiio B 25 riye!

~KaUIDIX B BlI,J:{0 coo6otemrlt 6fum n cTaTeil: B JKYPHa.7!8.X nM n ~. fur~~ 
yp., E3°N, fl@, J. Radional. Chem. :a·J,. of Comput. Phys. 

061:,eM.paelOTH • .linccepTarutll COCTORT R3 npe~cJIOBIDI, qeTupex r~aB, 
qeTHpex rrporpaMMHux rrpMoxemiil: :rr saKJ!l'.Re~. B Heii ~orrasaHo 40 YTBepi:-
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~e:mrfi H npe~cTaBJieHO I9 'IBCJI8HHHX npRMepoB. OcHOBHOli T8RCT ~ccepTa
mm COCTaBJI.HeT 284 MalllliHOJIHCHUe CTpamrrn,, OHa CO~epnT TaIOKe 86 CTpa
·~ nporpaMMHoro TeRcTa, 33 Ta6.mmu, I3 6JioR-cxeM; 3 pncymm n 6u6-
JIHorpa~:mo H3 I?2 HalIMeHOBa:mrfi. 

II. CO)lEPJllA}IBE ,llHCCEPI'AI.UIB 

B rJiaBe I "IlOJiyJIORaJII,HaJI CXO~MOCTI, MeTO~OB HLlOT(?HOBCROrO THna" 
~aHU OCHOBHUe onpe~eJieHIDI, lICilOJII,3yeMUe B ~ccepTamm, H ll3JIOX8Ha 
e~HaJI TeopIDI cxo~MOCTH R-npoueccoB. §I.I RMeeT xapaKTep o6mero 
BBe~eHIDI.B HeM ~aeTCJI nocTaHOBRa pemeHIDI HeJIHHefiHoro onepaTopHoro 
ypaBHeHIDI . 

F ;c == tf(:;c.J (J x-ij)+ ax= o < I) 

.npn noMomn R-npouecca/5,8 ,ID/ . 
Xo, :,~l<t-1 = X.1<-zJ;.c(A1d·~kT 1 F~K) 

D t:> (A'" ) ~ . K./o< <: oo 'JC I< E 'f I 'tk E JI, K , n. = 0, 1, ... ,, - J 

(2) 

r~ef: D:1r;;E1 ➔R1S E.t,.,!fr~J:Rf➔ Ry:,!/t:3 ,cr,: D.; ➔ R'f' - s~aHHHe 
onepaTopu, a J~ E,i; !f(~) - TaKofi Jlll_HeilHufi orrepaTop, "ITO (I) paspemnMo 
B D,1 ; Vi - BunyKJiasr OTKpUTaJI o6JiacTL; E1 , E.2, .• , E 3 - B-npocTpaH
CTBa; onepaTop Cl'. -peryJIRpnsaTop sa~a"III, H A1< , "t1< : Di~Rlf' , ~ : 
V.f ➔ q, ( 3 Vi< -1 E ~E1))- sa~aHHUe orpa:mr"!eHHUe JIHHeilHue onepaTopu. 

' B §I.I o6cyl!U(aeTCR Borrpoc O BO3MOXHOCTH npnMeHeHIDI IIOJiyJIORaJII,
HHX TeopeM CXO~MOCTH ~ o6ocHOBaHHR R...:npoueccoB n ~aeTCR o6maR 
nocTaHOBKa o HaROIIJie:mrn omn6oR rrpn pemeHnn B03MYm8HHofi·s~a'lli 

p X.;:. 'f{?i!J(fx. -ff)+ Ol.:JC = 0 , (I•) 

BO3MYmeHHUM rrpoueccoM · 

x., = ~ .. ., ~l<H = x-1< -v-,JXI< + il<r1{ff..: +-tl" J, 
~ "' uJ/7 ~ (2•) 
~K G Of. J "ti<. (:, ,ft,(frlc.) J I(= 0, 1 _, ... , k ,I(_, 

r~e .1,:-- H8BR3Ka ypaBH8HHR (A-1d-'~1,c.)trl<- 1(5(K,l.1 ~~") =-F xk ll A1<: 
= A-,d-".4K • F X1<. == FX1<.t-J'I(' J~ = J"tf'K.(f x.-.~j)+<}l((J/~-d°:f), !fl<= 
= 'hc+-i'/'1,1;., l~ = fx1< f<1"f~, f ::::j+'t:J, i:'k = 'ti.:+-J°"t1<, • · 

qT06H IIPIIB8CTH OCHOBHYJO TeopeMY O IlOJiyJIOKaJII,HOfi CXO~OCTH rrpo-
ueccoB (2) n (2•), C~PMYJIIIpyeM HeKOTOpue YCJIOBHR. . .. 

ECJIII cymecTBYJOT B_emecTBeHHUe WHRIUm t1<{1,rL) ,'o,tr{ ~ Oo 

i =-1,!,. • co CBOHCTBOM 0~ ti Cf1,rJ,.){, ti (F_,*.)ti.') rrpn ti~ Ff . a 
TaIOKe t:.3 Cf J , o t t.:: oo TaRHe, "ITO rrpn s~aHHUX nocTORHHUX ,P:J:-1 
n N ::]!:. o ~ B·cex· K-= 0 , 1, ... , k" BlmoJIHeHH HepaBeHcTBa 
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\I 

[( 
] 

I 

\/ 

J 

/j:l;l(+f -X.J<lf ~ t:1 (5K,1fK.}.f'1< J 

. ,p 
J'KH ' l:.2. ct~ 1.f'1<.J.A 1 

l/"C."zrl<.- 1 11 ~ Nt3Cf1<JC1<.P1e, 

(3) 

(4) 

(5) 

r~e f K = lfv1< (,h+t,~.Y1/J, .f K = /IF~// , To 6y~eM roBopnTL, "!To OTHo
cnTeJII,HO npouecca (2) :sunoJIHeHa rnrroTesa ff1 • 

ECJIH ~ Bcex x_ , x"' f D1 BunoJIHeHo HepaBeHcTBo 

. /{A (;e)(t.rex)r 1 - A0,::. 11}(if(:t!!)r 1 II£. M ,,~-2!*/I, H =C.0"1S(, 

TO 6y~eM roBOPHTI,, "ITO OTHOCHTe~LHO npouecca (2) BUilOJIHeHa rIIIIOTesa 
lfJ... • 
. OTHOCHT8JILHO rrpouecca ( 2) C I{ If= 00 H npouecca ( 2•) C ~HKCH

poBaHHHM K~~2, npe~IIOJiaraeTCR BUIIOJIHeHHe YCJIOBHfi: 

(ft) ( Ha"!aJII,HQ8 YCJIOlllI8) Xo H "Co y~oBJieTBOp.!IIOT HepaBeHCT-
BaM 

! 0 < r ) ¥c, .( 1 ) "'~ 1 ' J3 +- J,I ¥o ~ 1 ( r- = CDnd ) , 

r~e . · !1. 

Jr==kcr-; fo)Jo -P-\ 1Po -=(2,Mf.,CJ,P.,Jt- '/"t¥qcfo¥o.fo, Y = c1-~Jc)A--loJ(.,; 

(t!1,) MR Bcex I< =0,1,..,, J<,¥ orrepaTOPH "Cl( H 2.lic IIO~'lliH8HH He
paBeHCTBY /("r:1<-tdf"k:: -"c/£~-1 /f f ll"l:.1< ui,Z 1 1( i 

(e3) S (x1,rr) ~ D1; a-: -l1 c~,,Po)J,Jo/(-1-J>-PJ ; 
( t.q) ~ Bcex K =c.,,1, •.• ,i<•-1 BO3MYmeHIDI J' Ak y~oBJieTBopmoT HePaBeH-

'X ;? ""' K-f CTBy l..()1clcf"A-1<.J/(.1. r~e WI( =zr,-...(,',4-'-6<>)t:.1<(/.) • el<.:c,p"+-f'+ .. ,-+,p rrpn . 
l{_=.--f,L1 ,.. II f 0 ::/ • 

B §I.2 ~OKa3aHa c~e~Rl!1a!I OCHOBHaR IIOJiy~OKaJILHaR 

TeopeMa I.2.I. IlyCTI, MR R-rrpo~eccoB (2) n (2') B npe~OJIO~e
HHII BHITOJIHHMOCTH rHIIOT83U H1 , ff-2. BHITOJIH8HH yc~OBM (C1) - (C.3) 

c ·o~HHMII H TeMII xe <fJYHKUIIRMII t:i , i =.- 1,:z.., 3 H IlOCTORHHHMH f,./ , ,P ~ 
/vi U r- , IIycTL TaIOKe BUIIOJIH8HO YCJIOBHe (C,,) , Tor.na: I) R-rrpouecc 

(2) CXO,Izy!TCJI, 6:mx,: :::xoo€ S(xo<T) H Xoo Y~OBJI8TBOpR8T (I); 
., - k~t><> 

2) cnpaBe,n;mBH oueHKH 

r~e 

lI 

II ~1< - ~oo II ~ ;;r.., c " ) J< -1 • ..... vo , - '"""'. ,, , 

I "' . ,..,. ,,.,.,Il-
l :JCf;11-Xo0ll !:'.;1!;,,(.f.)+-0([1' 'K ::,£,3, ... , 

. " 
X.1< =t1Ch.f,,)J.f1<C.f.J/(!-J,P) 

e ~ _ k~
1 w"'(J.e"GioJu>J(.I/J"A,<1!+114,cJr+uA1:U) 

I<" - L. 
K=o 1- l.VJ< l/o,41.:,IJ 
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EcJIH cymecTByeT BemecTBeHHM WYHKUIDI ·b1lr) , o~f-'~ Ta-
RM, 'ITO {){,,¼(t)~t:l{(f~) npH r,t", e-t"-t11t"(f)=O H 

U'l':1t:.U == t11(,h.J, K-=-0,-1 ,... TO, corJ1acHo olptiieJieHHIO H3 pa6oT/31, 
npouecc (2) - aBTopery.mIPJ130BaH. 

TeopeMa I.2.I TI03BOJIJieT TIOCTpOHTI, KOHKpeTHHe aBTOperyJIJipR3a
UHOHHHe <PYHKUHH tlf . B §I.2 ;n;oKaaaHa cJie;n;ylallM, oXBaTHBalallM 6oJiee 
o 6I11Hfi CJIYttafi, 

JleMMa I.2.3. BunoJIHeHHe ,IT,JIJI Bcex K==o,1,,.,, k.., JIIO<loro H3 He-
paBeHcTB 

11-c" v-K -1 11 f: f [(tu v.~-, /11 If Ni::;CJ,'1.f,Ji - M" l',,;_·
4 u J, cs> 

u "ttll ~f.I(uA-1c.N2+'fNt3lhJJK/itzr""·111Jt -11A-"11], (9) 

J/V-i1/I ~ Nt::3(J11:)J~ /(u't1t.lJ(J1"Citll+UA-"IJ)) (IO) 

BH3HBaeT BHTIOJIHeHHe HepaBeHCTBa (5) rnnoTe3H H1 • 
B KatteCTBe t11(fk} 6epeTCR npaBaJI ttaCTI, HepaBeHCTBa (9). Bu6-

paHHHe TaKHM o6pa30M aBToperyJIJipR3aTOPH o6Jia;n;aIOT PR.IJ:OM npeRMYI11eCTB 
nepe;n; aBTOperyJIJipH3aTopaMH, BHBe;n;eHHHMR H3 JIORaJibHHX TeopeM CXO;n;H-
MOCTH *). · . 

B TOM lite naparpa~e ,Il;OKa3aHa TeopeMa I.2.2 0 TIOJIYJIOKaJ!bHOll 
cxo,n;RMocTR npouecca (2), noHHMaeMoro KaK peryJIJipnaoBaHHHfi no xo;n;y BH
TIOJIHemm. TeopeMa I.2.2 OTJIHttaeTCR OT TeopeMH I.2.I 6oJiee npOCTHMH 
yCJIOBHRMH. B Hefi rHTIOTeaa fl1 aaMeHeHa rnnoTeaofi ll{ , B ROTOpoii 
npe;n;noJiaraeTCR cymecTBOBaHHe ~YHimllll f.1 H P./. ; y;n;oBJieTBOPRJallRX He
paBeHCTBa.i ( 3) R (4), a YCJIOBHR (e,) H ({!,J aaMeHeHH COOTBeTCTBeHHO 
ycJIOBHRMH: (C!/) -HatJaJII,HHe 3Hff'leHHR ~.. H 'to y;n;oBJieTBOpRIOT HepaBeH-

/ 
CTBY J, < ,f ; ( <!ii) - onepaTOPH "t.1c H zrj{ BH6RpaIOTCR TaR, 'ITO ,IT,JIJI Bcex 
K=o,1,... BHTIOJIHeHO HepaBeHCTBO tK<'r' . 

B §I.3 npHBe;n;eHH c.ne;n;cTBHR TeopeM I.2.I H I.2.2 o R-npo-
. I 

ueccax THna NK , TIOJIYtiaeMHe Ha (2) npH aaMeHax: (NK1 ) A"= F (~J; 

(IIB:2) A-Ii.=: / 111~).ff;c,.)f .f 11(~}(/-e,._-g ), '11<.= :f't:t'!,,J B rrpe;n;noJIOllteHHH, 'ITO E1 
R E .t - H -npocTpaHCTBa H E3 ': E1 ; (NK3) (CJIY'lall R -rrpouecca 
rnrra Ka~TeJinHHX rnnep6oJI) ,h == F '(x"J , Vi.: = I Ei - i S 1< , s i,; =: 

=[(F'~">t-tir1F'/xl}(F'2kt'rAUF~-h rrpe;n;rroJiollteHRH, 'ITO E3c:E.2,= E-, • 
CJryttait (NK1) co;n;eplltHT B cede o61l'IHHit R -rrpouecc THTia NK /I/: 

AK = !'(~),'PK= I 1::, , ir ... ::: IE 1 ( f 3 == E!l. ~ E 1 ) • 3;n;ec1, lite npHBe;n;eHo cJie;n;-
CTBRe TeopeMH I.2.I ,IT,JIJI R-rrpoueccOB TRTia NK c paaHOCTHOH arrnpOKCH-

*J K.M.Brown, J.E.Dennia, Numer. Math., 18, 1972, 289-297. 
B.B.EpMaKOB, H.H.Ka.miTRRH. lKBM RMI>, 2I, Ji2, 1981, 491-497 H ;n;p. 
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MaUHeii npOR3BO;n;HOfi. ll3JIO%eH TalOlte BlflmCJIHTeJII,HHU no~xo;n; npoBepReMOCTH 
HatJ:aJibHOrO YCJIOBHR ( e,) , KOTOpHfi CBO;n;HTCR K HaXO~eHRIO IIOJIOlm're JII,

HHX KOpHeH Ky6llttecKoro ypaBHeHHR. 

B §I.4 npHBe;n;eHH c.ne;n;cTBHR TeopeM I.2.I ll I.2.2 o R-npouec
cax THTia GN , IIOJIY'laeMHe H3 (2) IIPH _aaMeHax: (GN1) A-1< = .Pt~;.ft~J+ 
+a/(~) , 1h_==f

1
"(~1c.J , if":: IE, , "cK=E1<TE

1
,EK.=~'tfHNif-'t'~ 

r;n;e t',-;=UA-1cll , #=eo(Co-tt'o)/Jl •Co~O •'v~1 (Coli 
q,_ - TIOCTORHHHe) B npe;n;rroJIOJKeHHH, 'ITO E1 , E2, - H -rrpocTpaHCTBa H 
E;;: E1 ~ (GN2) - KaK B CJIY'lae (GN1) C TOH paaHHUefi, 'ITO 'i'k. = 

= [I E1-E1<(f1'r.X«Jf ~)+ei,'(:e.:J+£k.IE)°] ~(R-npouecc c KOMIIeHcHpoBaHHoft 
pyryJIJipH3aUHeit) • .I(aJiee B STOM rraparpawe·OTMetteHH ,Il;OCTaTOtJHHe yc.n:OBHR, 
o6ecnetJRBaJCll1lle R-npoueccaM THIIa GN KBa;n;paTHtJeCKyIO CROPOCTI, CXO;n;H-
MOCTll ( T. e. B oueHKaX ( &) H ( ?) p =-2- ) H npHBe;n;eHO CJie;n;cTBHe Teope-
MH I.2.I ,IT,JIJI R-npouecca (GN1) c pa3HOCTHOU arrnpORCHMaUHe~ rrpona
BO,Il;HOU. 

B aaKJIIOtJRTeJII,HOM rraparpa~e rJiaBH I npHBe;n;eH o6aop HOBHX R;n;epHo
~aRttecRRx peayJII.T8TOB, IIOJIY'leHHHX aBTOpOM H ;n;pyrHMH aBTOpaMH IIpH IIO
MOIIIH R-npou;eccoB. KaR npaBMo, IIOJIY'leHHe STHX peayJII,TaToB o6ecrre~irno 
HaJIRtJReM B R -rrpoueccax cBoftcTB (YI)-(Y4). 

TJiaBa II "HenpepHBHHe aHaJiorn" co;n;eplltHT o6ocHoBamm rrpHMeHemm 
HenpepHBHHX R-TpaeKTOpHfi npH6JIHJKemm HLIDTOHOBcRoro THrra /?,II/. 05-
HOBHoe MeCTO y;n;eJieHo CXO;n;HMOCTH npH t ➔ 00 R-,-npouecca THIIa NK /II 

:: = -(.Jf?e)f"C(;;,c) )~1{fx-j J, :X:.tt0 ) ='Xo:, i:J:i <. oO ~ 'C(_'JC)(: Jl(:f~J} (II) 

H R-rrpouecca THrra GN /IO/ ....,, 
a:Je = -(f'~,ft~J+'r(_~J Y-1-f~~f_.f :t:-i:i}, xlio}=Xo, '({ji:) f Jl<-fb~fl~J) (I2) ~t d , 

K pemeHHIO ypaBHeHHR 

./::,c ==:i,/ i E Rf, :f: S(z.,y)C F1 ➔ RJ Cfi, (I3) 

r;n;e B cJIYitie npou;ecca (II) E1 H E!l.. - 8 -npocTpaHCTBa, a B CJIYtiae 
rrpouecca (I2) E1 H EL - H -rrpocTpaHCTBa. 

IlpR HeBupO~eIOOI rrpmrnBO,Il;HOfi f 1 (x) B §2.I ,Il;OKaSaHO o6o6meHHe 
TeopeM!l M.K.TclBypI!Ha o HenpepHBHOM aHaJiore MeTo;n;a fum.oHa', a RMeHHo: 

· TeopeMa 2.I .I~- /II/ IIycTn B ~epe S(:r..,J'). B~oJIHeHH cooTHO-,-
meHHR 

pc~> = 11~0:l:f kJ+ 'l:(:Jt:Jr 1 11 ~ e < -1 

ll(.f'c~J+'!!~JF 1 II ~,y-, 
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1.... p -
r.ne J'>.f'o:::.1-[ l/-t--X:o-';111 , c n r- - IIOCTOJIHlille. Tor.na : I) R-
rrponecc (II) HMeeT pemeHHe xd.)c s (xo,.f'o) ,IJ,1IJI Bcex t (;: [co,co) • cy-
mecTByeT 6- ~d:J =r..,fSCr..,f.Jn Xoo y,noBJieTBopsreT ypaBHeHHJO (13); 
2) ,IJ,IDI Bcex t~-t0 cnpaBe,n.nnBH onemm 

t<- -<1-et.t-t.,) 
JI .f :rdJ -[j If f:J<ltJ ,tfxcM-:re,o II~ h: J-<ltJ, JI.,{;, =ll /~-jll e , . (16) 

)laJJee ,nOKa311BaeTCR, 'ITO npn HaJill'llill XOTR 611 o,nHOH TO'lRll BllPOlli,ll;eHHR 
rrpon3BO,nHoil f • (x) B S (r.. ,P J yCJroBne (14) HeBllIIOJIHllMO ,IJ,IDI JI106O:ii 
HOPMll B rrpocTpaHCTBe orrepaTopoB Jl.<E1) ll TaKllM o6pa3OM TeopeMa 2.I.I 
HenpHMeHllMa B BllPOlli,ll;eHHOM CJIY~ae., O,nHaKO, npllMe:HRJI 6o~ee TO~lle llH
Terpam,H11e HepaBeHCTBa npn oneHKe · .)l;)IllHll TpaeKTOpllll J':(t.)-X.. 1 ~ f C: oo 
npnXO,nllM K 3aMeHe YCJIOBllR (14) 6o~ee O6111llM yc~OBlleM, lf B KOHe~OM c~e
Te K cnpaBe,nJillBOH B BllPOJK,I(eHHOM c~~ae TeopeMe_CXO,nllMOCTH: 

TeopeMa 2.I.2. /I~/ IIycTI> rrponecc (II) o6~a.naeT pemeHHeM 

X(t;}C S(xo,f) ,IJ,1IJI Bcex t > -f:::o TaKllM, ~TO Ha HeM BllIIO~Helill 
COOTHOmeHHR e,·,,.,,,,a, = 00 ' 'J,00e-'1-(S.Jc4 ~a<oo ,U(:f''1<!>tt(.>e)Y-1111:r-, 

of..-. 00 t 1!.. . .· 

r.ne q,d.J=d-t:o-~ pcsJcts 1 J'>.fo·=r-Q,/J.f-:e.-8 (/. Tor.na I) CY111ecTByeT 
t!im'Jt!<:e)=De..oE S(Z>,.f'o) n .Too y,noBJieTBOpReT (13); 2) ,IJ,IDI Bcex i->-f!I, 

r.ne t."> to - .nocTaTO~O 6o~maR IIOCTOJIHHM; TaKaR, ~TO f/,lt:J > 0 rrpn 
t > t:11 , crrpa.Be,n.nnBa oneHKa 1 

0 -- . - '1-(r:J 
·" ;,- x:ll,, - j 11 ~ 11 .f-:ico -:J II e . . (I?) 

3Ta TeopeMa OXBaTHBaeT Tpy,nHllH c~~aif, Kor.na pemeHHe Xoo ypaBHemm 
(13) SIBJIJieTCR To~o:ii BllPOlli,ll;emm rrpon3BO,nHoil !'ex). IIpnMepoM TOMY c~
JmT 3a,na~a o pemeHlfll ypaBHeHHR c.os:c~-1,f 6~~t.:1r Hf1 ocHoBe nponec
ca (II) rrpn. i 0 =1 n t(_,eJ=f-Sitz~ • 11MeeM: :ie.tt:J=a..,r.c:ecs ~ ➔ ~, 

· 1+-t t-+i,o 
r-=4 , f""e-f/1.SJJn ::if. ~..,=-5' H OUeHKa (17) BliIIO~HReTCR C paBeHCTBOM. 

~ ~ L ' 

IlpHBe.neM ,nBa c~e,nCTBllR TeopeMll 2.1.2., B KOTOpliX TO'IJRll Bllpox
,neHHR npoH3BO,nHOH He RBJlJlllTCR pemeHHRMll (13) •. 

CJreACTBHe 2.I.I. /II/ IIycTI> 3a,na~a (II) HMeeT pemeHHe, 

xc-1:.JE S(Xc,f) )t]III JID6oro t·> f:o , TaKoe, 'ITO Ha neM BllIIO~HeHo 
KaK n~paBeHCTBO (15), TaK n yc~oBHe 

J... ;tH•o . , 
(18) . ?" . J'C.S J ol.s ~ E <.1 , 

'-0 -t ' ~ 
r,ne J' > ,J>. = 1~ eE'ollf~-i I/ , a- £ - IIOCTORHHaR. Tor.na BllIIO~eH!l 

yTBe~eHHe I) TeopeMH 2.1.I. H yTBe~eHHe 2) TeopeMH 2.I.I. rrpn 

.,uclJ == eE ' 0 llf~-jU e -C1-€X..t-to). 

IO 

,J 

'I [ 
\, 

l 
·i 
i 
I 

_\t, 

' ·I i 

i ~, 
~1 

C~eACTBHe 2.I.2. /II/ IlycTI> aa,na~ (II) HMeeT pemeHHe 

:ed;;)C S'(t.JJ' l ,IJ,IDI ~oro t > to , TaKoe, ~To ':>=cfoJ -
npaBO-H30JmpOBaHHaR TO~ BllPOlli,ll;eHHR H CYIIleCTByeT BHYTPeHHHH eycoK 
BllPOlli,ll;eHHR {:Klt;J/{;.,<f:1{;.t{,,bi.,_<.00], a OCTaJII,Hlle ~acTlf TpaeKTOp:im 
{~cl:}/to <.-td1J H { Xt:tJ/if_t< oo_} JIBJUIJOTCR HeBHPOJK.neiIHHMH 
eycKaMll. IlycTI>, TaroKe, Ha x(t) , z t,.t (.OO .BllIIO~CR HepaBeHCTBa 
(15) n (18), IIPR Lo> ft,-"t, n .f >.fo . Tor.na crrpaBe,nJillBO YTBeplli,ll;eHlle 
CJre,ncTBllR 2.I.I. 

IIpnBe,neHHOe HIDKe CJre~CTB:l'Ie, TeopeMH 2.I.2 llMeeT MeCTO B c~~ae 
BllPOlli,ll;eHllR Ilpo:l'I3BO,nHOH B pemeHlfll (I3) :l'I B TO xe BpeMR co.neplllliT oneHey 
CKOpOCTH CXO,nllMOCTll TpaeKTOpllll rrponecca (II). 

C~eACTBHe 2.I.3. /II/ IlycTI> 3a,na~a (II) llMeeT pemeHHe 
XCi) C: S(~, J' } ,IJ,1IJI JII06Oro • t > -f:0 , rrpe,ne~OM. KOTOporo ( ec-
~ CYIIleCTByeT) RilJI.IIeTCR H3O~poBaHHaR TO~ BllPOlK.I(eHHR, a JII06aR ~aCTI> 
TpaeKTOpllll {,elf} /to~t ~tt.1 (,IJ,IDI ~oro qJHKCRPOBaHHOro /:2, €f-t-o,vo)) 
RBJUieTCR HeBllPOlli,ll;eHH!lM KYCKOM. IlyCTI, TaroKe Ha 'Xl-i) , t.,~ i ~ 00 Bll
IIO~HeHO KaK HepaBeHCTBO (15), TaK n HepaBeHCTBO 

p(xc/;~~ d...t /(ot,t-lfo), . 

r.ne ol~1 , J,~£. - ne~11e 'Ill:CJra, Tarore,. ~To J,>!lol ny>J0 -==-ri}:~e1!-f:x;,-i/l. 
Tor.na crrpaBe,IJ;7IHBO yTBepl!t,I(eHHe I) TeopeMH 2.1.2, a TaIOKe yTBeplli,ll;eHHe: 
2 • ) ,IJ,IDI Bcex t ~ t 0 crrpaBe,n.nnBH oueHrorfo 

p - /clt:o+J,)-
// ':f" Xlt;)-i II ~ 11:f-:ico-~ 11~~+.I> ,,,__ (19) 

k 
J · ~ (ol"tof~) cl -1 

ft 'X(t)-Xoo/{ - fo rolt-+ s; (20) 

Onemrn (19) n ( 20) noKa3HBaIOT xapaKTepHoe 3aMeMeHHe y6uBamrn K HYJTIO 
npn t -+ o0 TpaeKTop:im R -rrpouecca (II) rro cpaBHeHHIO c TpaeKTopne:ii 
Heru:t3KH f::ie~-i B c~-qae BlipOlli,ll;eHHR rrpoH3BO,nHOH :f 1c~) B pemeHlfll 

~"" ypaBHeHJUI (13). OTM8THM, ~TO ,nOKa3aTe~I>CTBO c~e,ncTBHH 2.I.2 
H 2.I.3 B_Hrro.irneHO B rrpe,nrro~oxeHlfll, ~TO E!J..,= E1 n · E,'- fl- rrpo~TpaHCT-
BO. 

Jtan1,rne, B §2.l, ,noKa3HBaI!lTCR YTBeplli,ll;eHHR O Herrpep!lBHOM R -
rrponecce GN, aHa.rrorn~ue yTBeplli,ll;eHHRM 2.I.I n 2.1.2 n ycTaHaBJilIBa
eTCR ycTowruBocTI> t~ -rrceB,noperneHH:ii /IO/, rrocTpoeHlillX c IIOMOIIII>IO Me
To,noB (II) n (12), K KO~e6aHHRM BXO,nHHX .naHHllX. B §2.I TaroKe npllBO
,nllTCR pery.IDipH3OBaHHHH BapnaHT Me,To,na Bapllanlfll rrapaMeTpa, paccMaTpH
BaeMoro Ha IIO~OC:l'I [ o, "°) , KOTOP.liH acHMIITOTH~ecKH rrpeBpamaeTCR B 
HerrpepHBHHH R-npouecc Tnrra NK 7?/,a TaroKe ,nBal!t,I(ll pery.IDipH3OBaHHllH 
nponecc / 9 ,IO/ .. . 
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~t ::- -( A t{t fE. )I J-1((.A-+~ T) 'r.-~) 7 X(1 J =Xo; 1{.t~Do (2I) 

( o( , £ :> 0 - IIOCTOJIHHlle) , 
,n:JUI pememm BllpOl!r,JJ;8HHOli JillHe:ihroft CllCT8Ml,I 

- - R T AX ==- ~ 1 d t A 1 A- =A , A~ 0 • 

noKa3llBaeTCH/IO/, ~TO ,n:JUI ~ro6oro X., npouecc 
ROMY pemeHHIO ypaBHemm ( 2I' ) . 

.(21') 

(21) CXO,nliTCR K HOpMaJTh-

B §2.2 r~aBll IT ncnoJThsyeTcR TeopeMa H.H.Eoro~ro6oBa 06 ycTofi1m
BllX llHTerpaJThHUX MHOroo6pa3HRX ,ItJlJI OOOCHOBamm HenpepUBHoro R-IIpO
uecca (II) KaK MeTo~ pememm ypaBHeHHR (I3) n KaK cpe~cTBO ncc~e~oBa
HM era ycTO:fi1mBOCTll. B Ha'!:Me §2.2 I!pnBO,nliTCR.06o6!1leHHe TeopeMU Eoro
JilOOOBa, B KOTopoM pas6neHne cneKTpa JillHe:ihroro onepaTopa A r~aBHOft 
l!aCTll ,nnqqiepeHUHaJThHOro ypaBHeHHR cor~acoBaHO C KOHCTaHTaMH .IImmrmJ;a 
.n:mI HeJillHe:ihroft 'IaCTlI ,nnqqiepeHUHaJThHOro ypaBHeHHR ll CTa6HJThHOli KOOp,nn
HaTll llHTerpaJThHoro MHOroo6pa3M, B C~'Iae, KOr~a 1:2,-a l:-1 ll E1 - ft -
npocTpaHcTBO,, no~l!eHo Me,n;yIC111ee Me~cTBHe Teopew Eoro~oBa: npe~e~ 
Xoo c,c..,) npouecca (II) y~oMeTBopReT P~ -npeo6pasoBaHHOMY ypaBHemno 
P2..(Xo)(!~-fi) =-0, a np:ir BllIIO~eHRH yc~oBHR P-1C~)(f~-j} :::o npe~e~ 

z.., Cx..J y~oMeTBOpReT :ircxo~OMY, ypaBHeHHIO (I3). 3~eci, 'P-1(~) :a P2.(:r..) 

- npoeKTOPll Ha llHBap:iraHTHlle no,nnpocTpaHCTBa onepaTopa A, COOTB8TCTBYIO
IllH8 CIIeKTPMl>HllM MH0'1t8CTBaM G;,(A) H Of.CA) ( v(,4)= o:j(A )UG'i,CA-J) ' Ta
KRe, 'ITO CY!ll8CTByeT 'IRMO c{>o co ,CBOHCTBOM: /.Res l<.l IIPll S E-°-i{A) lI 

Res <-oC. rrp:ir s f <t1.CM • 
B r~aBe ill .naeTCR OOOCHOBaHRe MeTo~a CT8plltH8BllX c~:ih!OB H IIPHBO

MTCR pesy~l>TaTll era IIpHMeHeHM B HeKOTOPllX IIpRMllX lI o6paTHllX si.na1ax 
KBaHTOBOli MexaHHKR. H.n:eR MeTo,na CT8pJKH8BllX cn~a:ihroB c~e,D;y!{JllaR 131: 
,U,,m nocTpoeHHR npH6JIIDKeHHoro pemeHHR(2,'I) E Z x Fp(),(J cHcTeMU · 

41 o{,>' cf l 1;
1
fLy(-c,2) dx:.., + u(~,i.)] 'j(:ie,c)=o (~€X=~,~J/atZ{lH,c1c]2< 22 ) 

l j ("r.1'/~12)) ='('-b ( ~ .. = CL>1'1;i E G,, =fr-oi, 'r<'o•::J, /"-0 f:o ), (23) 

r~e Ilpll sa,naHHHX ,ii ll 11 , TaKHx, q!_o i~ 11 ~ii~oo, lI IIPlI sa,naHHOli qiyi-m
UHH - CTepJKeHI, pemeHHR ,P(~.,~) E c-n,1cp) c P=X><Z, lICIIO~I,3yeTCR 
MHOJK8CTBO · 

F p(X) ;:; f S~(:tJ p(x, 2) / Si.(~) E- ~,v < X) J (24) 
BM8CTO MHOJKeCTBa 

F p,-n (X) = f ~f?eJ pcx, zJ / lf<?el E- CJ47 
( X) J . (25) 

B (22) npe,nno~araeTcR, 'ITO a,.,, tl tt!0 dCP). B (23) npe,nno~araeTCH, 'lTo 
'd ('l:,:J) : Zx C'"11( P)➔ G-o - orpaHH'leHHllli Be111ecTB8HHllli 4>YHKUHOHa~ TaROH, 
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1 

'lTO rrpn saMeHe :J.-:=!"':f* ( r:eG -ir-tt,r-K 1,'J 11Ee"'• 1 C P J ) oH BsaHMHo 
o,nHOSHa'lHO npeo6pasyeT G Ha G~ • B (24) S~:c) - HaTypMl>Hllli napa-

6oJill'lecKHft cn~aftH, a s ,V -MHOJKeCTBO napa60Jill'l8CKllX cMa:ihroB, lIHTep-
no~py!{JlllIX WYHKUHH ':ffX) · HS ( 25) • 

3 .,//-:'I -.H- (..M} 
BBe,neM oelosHa'leHM: ·7' =Uj:X:l f';j+Da9 (..Y=1,'L,3)., 

~) ~ . DJ ::: 2- (Cl.,J Xj f-Qi,jJ Pi+ Xj ~-+ 9-:, Xj o4.j + d.3j , 

D(iJ r, .• 1'J + ,,,/ . ../_ vm . ../ .. 
J := -fJ Ii :J! i '-4/ + cui.j I i =: ""'I I 

cl1; = f [ia.p(~,z)dµ v]f(X7i11 I 
O V:1 e:( X I ;IC: Zj 

4; = ~ [f., a..,~7IJ J 11:-1 ] pc~ aJ j / . ., 
o v.::2., • ~ ~= :,'1 

[ 

1)1 ,.., d J.J-2., J t:. ,.., l / 
d3j = f '£'J r'Q"-1) q,.,(.7e,,l:) d;)t!1-'-'l f~;,~)) . X.="l!!j I 

r.ne .· 
lXi,.JJ = c:iy(Xj 1 2), Uj ;:;f.((~•• 2) 1 fJ = pc-::rj, i), 

_ 1(.f).1C1.J _ 1(2.) J(1} f • _ ,1(1) _ 11 -5:;14,J - .<J.1(3) 
A - ·n.1 n.1. n,1 1t.L , J - ·11..J "- {n.J -t- x.J n1 , 

- I - - - - I • :r .... -x.. 1/>.~l-f ,ct x.,zX11-,"C.u-11 =r"'-,Xj=>rj_
1
+n.,g=t,3, ... ,JJ,li= tV J "J 

· ceTKa cMa:ihra S1.(?(..)., 

{xi I~= ~ff, x..r= x.t:, Xj =(~ +~+1)!£,i:::1..,3, .. ,, N-1 J - HHTepnoMUHOH

HM ceTKa, a °'fef+J!'{'el +J,'-jlif;f:l:jfXf+1) - napaelo~ cMa:ihra. 
Ilapa6o~'l8CKllli lIHTepIIOMUHOHHllli cMa:ihr st(~) . onpe,ne~eHHllli 

paBeHCTBaMH : 4-f . (2J i:1 
«~ =: ifi'[s,:+2.r.:ctt1 -2. 2.(.l:-ol:._1)3eJ-4i-J-i!J-ot{1 + .z..~:-rilf-1)~7], 
J . tj . iJ J- . 1,1 .::3 'lJ d o ~=3 . 

* ' -If J.;. /. 11 ol, K ) -Ji1 =- J>,f - g_ 2- ,ot.;, - rl-( ~~ ' 
d V=9.. 

r,::' = 1 :; 1_ . (olt -J.;_1) X;,'L , j = 3,4 • •. , , N-1 ; 
3 · "'.'"'Jl. . ,· (26) 
¥ /1 Ul:J 1C3) I (J)IC!l.)JVJ\ P..' fl {J) 10)_ J &J.1. CJJJ, //J 

o(.
1 

=1.(1-1 -nt. - n1 nL ~ , .y1 = \n~ 111 tz., ni, / , 

"' ./I c{j ~1+1 -l' ~- II ~. • 
, faa=.PJ+-i ,~J =r-i-t1 ]i1=1:,.v-1, 

"Y r-1 = ,, ' 

Ha3UBaeM 6a3HCHllM cMa:ihrOM, 
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B §3.I .!{0Ka3HBaeTCR OCHOBHM TeopeMa O CYIJ.18CTBOBamrn npR6JIIDKeH
HUX cIIJiaiiHcro-cTep.lKHeBux pemeHRii s~a'Ill (22), (23) (pea.Jlli3~RR M.c .• c. 
B BapRaHTe nocTpOeHRR 6a3RCHoro cIIJiaiiHa),· a RMeHHo: 

TeopeMa 3.1.1./l3/ IlyCTb .!{JUI .mo6oro i! R3 3a.I{aHHOro'no.I{IrnTep
BaJia z*c z BWOJIHeHU HepaBeHCTBa 

a -:/:0 , tjt=t> (j=3,4, .. ,.,/l-1). (27) 

Torna: 1) pemeHRe 3a,!{atrn (22), (23) CYIJ.18CTByeT Torna R TOJibKO TOr,!{a, 
Korna ypaBHeHRe 

<i.!c2:1/it,f}c~) + i;caJJ..<:}c2J +r-;c2Jl,,i> li> =O (28) 

RMeeT Ha RHTepBaJie Zif BemecTB8HHHe KOpHR; 2) ecJIR ~*~Z"" - 3~aH
HHii BemecTB8HHHii KopeHb ypaBHeHRR (28), TO COOTBeTCTBY!WlaR 8MY co6cT
BeHHM WYHRIUIR BupaJKaeTCR paBeHcTBOM 

f C x:,, ~*) = CJ-r_f (2*, S{<xJf<,c,2-¥))'r'c, sf (?e> f&e,2,11) . . 

naJibille B §3.I .I{OK83!ffiaeTCR TeopeMa O CXO.I{RMOCTR M.C.C. /l3/, B 
KOTOpoii rrpR npe.I{!!,.OJIO~eHRR o cymecTBOBaHRR npR6JIIDKeHHOro pemeHRR 
(i, ~) c Z x Fp (X) R Totnroro pemeHM(°2,~) cZXfp,11CX) sanatrn 
( 22) , ( 23) yTBep~aeTCR CXO.I{RMOCTh npn6meHHOro pemeHM IC TO'!HHM 
npn N ➔ ,:,0 co cKopocnro 0(1/'). · 

B CJiyqae HeBWOJIHeHRR .(27) (RJIR HaJIR'IlIR 6JIRsocTR K HyJIIO HeKo
Tqpux R3 sHaqeHRii '1 RJIR T;j ) peaJIRsarum M.c.c. B BapRaHTe rrocTpoe
HM 6a3RCHoro CIIJiaiiHa HeB03MO.lKHa (RJIR HeycTO,..IHBa). B 3TOM c;ryqae 
M.C~C. CBO~TCR K IlpRMOMY pemeHRIO H.c.y. /l3 OTHOCllT8JIJ,HO H8R3B8CT
HHX'ol1,<>L3, ... , ol,v-t..;:lN' 1 J31 R ~1 C IlOCJI8~!WlllM onpe.I{eJieHReM H8R3-
B8CTHUX Ji,>"id=i,3,,.,,N) R3 (26) • .llim pemeHRR sToi1: H.c.y. npRMe
HJIIOl'CR R-npoueccu. 

B KaqecTBe npRMepoB rrpHM8H8HRR M.c.c. B BapHaHTe 6a3HCHoro 
CIIJiaiiHa B §3.1 pemaIOTCR KBa3RilOT8HUHaJihHUe ypaBH8HRR 6ecKOHeqHoro no
~Ka (2-ro H 4- ro IlO~KOB B TepMRHaX ~ -onep~), BB8.!{8HHUX 
B.r.Ka,m,nneBCKHM. B §3.1 M.c.c. npRMeHeH K ypaBHeHRRM 2-ro IlOPMKa 
- ypaBHeHRR llipe~Hrepa R KBa3HilOT8HUllaJibHOrO ypaBH8HllR M.T.TonopoBa 
~ CBR3aHHHX COCTOJIHHH. 

B §3.2 ,!{aHO ormcaHRe aJirOPRTMa trncJieHHOH peaJIR3aURH M.c.c. B 
BapnaHTe nocTpoeHRR 6asHcHoro cIIJiaiiHa ~ pemeHRR yno:VHYTHX ypaBHe
HRii 6ecKoHe'!Horo H HRsmero no~B.H3 TeopRR rroJIR /l 4 • AJrropHTM 
HMeeT ~e oco6eHHOCTH: H~e.lKHOCTJ, onpe.I{eJieHM KOpHeii ypaBHeHRR (28) 
B EHTepBaJie z~ rapaHTRpyeTCR npHMeHeHHeM npouecca ARP nocJie 
JIOKaJIE3~ pemeHRii; ouemca OTKJioHeHRii ii-1 t , m,vc Jiu-,iJ-joc,'iJ/ 

X li3 TeopeMR CXO~OCTE M.c.c. HCilOJib3yeTCR ~ BH'IlICJieHRR OmH60K npH-
6JIID1teHHOro pemeHRR ( g 1 j ( x/i) ) . AJrropHTM peaJIR30BaH B cTaHnapT
Hoii nporpaMMe SPSOL • 
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B §3.3 nocTaBJieHa o6paTHM s~aqa ~ orrpeneJieHHR Maccu ,m TR
~eJiux KBapKOB H KOHCTaHTH CBR3H J.. Ha OCHOBe 3KcnepHM8HTaJIJ,Hl,IX Mace 
B B8KTOpHHX M830Hax, KOTOpHe HHTepnpeTHPYIOTCR KaK CM3aHHHe COCTOR
HRR KBapK-aHTHKBapKOBUX CHCT8M. B c;ryqae C-KBapKOB ycTaHOBJI8HO 
npeHMYIJ.leCTBO peJIRTHBHCTCKOH IlOCTaHOBKH nepen ruraccnqecKoii. PeJUITH
BliCTCKaR Macca c-KBapKa me Ha 4% 6oJihme ruraccnqecKoii, a peJIRTH
BHCTCKM KOHCTaHTa 7-c.- Ha 16% M8HbllJ8 KJiacc:rrqecKOH. 

I'JiaBa lY "AJrropliTMH ~R aBTOMaTH3aURH HCCJie.I{OBaHHR H.c.y." co
nepnT ITOJIHOe ormcaHHe aJirOpHTMOB ARP, ARPC, ERP H RPBC , OCHOBaH
HUe Ha R-npouecaax THna · GN H noJIHoe ormcaHne nporpaMMHofi cHcTeMH 
REGN / 6, 25/, B KOTopoii OHR peaJIRsoBaHu. CncTeMa REGN cocTaBJieHa HS 
Tpex OCHOBHHX nonnporpaMM: RGN , COMP H SILC , B RGN peaJIH30BaHH 
a;rropHTMH ARP' ARPC, ERP, RPBC H HeKOTOpue RX MO.IlHWHKaUR:rr. Ilon
nporpaMMH COMP H SILC HCilOJib3yIOT RGN RaR 6as:rrcHyIO :rr peaJI:rrsyroT 
qacTHHe c;ryqaH R-npoueccoB T:rrrra GU , HJIR HeROTOpue :rrx KO~ffi03HURH. 
COJ.[P rrpenHasHaqeHa ~ pemeHHR n.c.y. B o6meM c;ryqae. B COMP pea-
JIH30BaH OCHOBHOH KOMil03llUllOHHHH aJiropHTM, conepJKamllii H8CJ{OJJJ,KO llTe
paURii RPBC C IlOCJJ8~J.WlllM BHIIOJIH8Hll8M AIU' (HJIR AHPC ) , YrrpaBJieHRe 
€ 0 aJirOpllTMa ARP (CM. CJJytian ( GN 1) )HaXOnllTCR C IlOMO[]jJ,IO BllIIOJJH811-

HhlX llTepaURii rrpouecca RPBC. IlonrrporpaMMa :3ILC rrpe.I{ttasuaqeHa ~ 
IIOCTpoeHHR . o6o6meHHOro HOPMaJIJ,Horo pemeHRR JIHH8HIIUX CHCT8M ypaBH8HllM 
c IIpRMoyroJJbHhlMll M3TpllUaM11 Ha OCHOBe aJiropRTMa ARP. 

OnllCaHll8 COCTaBHoro aJJropHTMa CHCT8Mhl REGN Mero cpyHKUROHHpo
BaH:rre rrpll pemeHHH pa3J;HqttUX Tll!IOB H.c.y. B8.!{8TCR C IIOMOIIlblO IlOMTllR 
O MaRpoorrepaUHH, OCHOBaHHOro Ha o6meii ll.!{88 o H8JIRJl8HHOM OT06p~8Hllll. 
Ilpll 3a,!{aHllll yrrpaBJJ8HllH MaKpoorrepaURH (q}ICJIOBHe rrapaMeTphl COCTaBHOro 
aJJJ;'OpH

0

TMa REGN) . llCIIOJJJ,3yeTCR IIPllHUllil yMaJJtrn:BaHHR, CaMR IIO.I{IIporpaM
MH RGN. COMP }I SILC paccMaTpllBaIOTCR KaK MaKpoonepaURll, l1x rrpllMeHe
Hlle K ROHRpe;HHM H.c.y. RBJJReTcR peaJIHsaUReii KOHKpeTnoii MaKpoorrepa
URll, Ta1,o'e OIIHcaHll8 COCTaBHOro aJirOpHTMa REG!/ H ero WYHKUROHRPOBa
HllR npllBeJJo· 1, paspa6oTKe o6mero aJJropnr.1:rrqecKoro _nonxona ~ aBTo
MaTnsauHH llCCJI8.I{OBaHRR.H.c.y. 

B ROHUe lY rJiaBH rrpoBe.I{eHO cpaBHeHRe a;rropRTMOB CllCTeMH REGN 
Me~ 90:6?ii ll c aJiropllTMaMR npyrnx _aBTopoB Ha o6merrpRMTHX TecTOBUX 
sa.I{aqax. 

B npHJI0~8HHll A npe.I{CTaBJieH TeKCT CHCT8MH REGU Ha <I>OPTPAHe. 
IlpHJIOE8Hll8 E. CO.I{ep~T T8CTOBYIO rrporpaMMY EXAI.IP , CJIY.lKalllYIO ~ npo
BepKH pa60TH IIO.I{IlpOrpaMM RGII II COMP, B IIpH.7IOX8HRR B .I{aHa T8CTOBM 
rrporpaMMa DEGL, rrpn IIOMOl!lH ROTOpoii llJIJIIOCTpHpyeTCR pa6oTa rronrrpor
paMMH SILC. HaKOH8U, B IIpllJJ0~8HRH I' rrpe.I{cTaBJieHa nporpaMMa COMP.AR, 
CJIYJKalllM ~ cpaBH8HHR aJiropHTMOB CHCT8MH REGN C 8JII'OpllTMaMll npyrnx 
aBTOpOB, 
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