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IIIJYIII JIOepHbiX UCCAe006QHUU ,[fy6Ha 

PaUHOHanhHOe HCDOnhJOBaHHe 3BM H KaHana CBH3H 

B npouecce pa6oTw c ycTpoucTBaMH oTo6pa~eHHH HH~op
Mauuu, DOCTpOeHHLIMH Ha 6a3e 3JIT, JaBHCHT OT 3cWleKTHB· 

HOCTH KO,D;HpOBaHH.II HH41opMaUHH. fio3neMeHTHOe KO,D;HpOBa· 

HHe H306pa~eHHH npe,D;CTaBnHeT MaKCHManhHhle B03MO~HO· 
CTH ,D;nH ero DOCTpOeHHH. 0,D;HaKO, KOr,D;a He CaM 3neMeHT, 

a nHWh HeKOTOphle B3 ero COBOKYDHOCTeB, B ,D;anhHeBWeM 

HaJLIBaeMLJe CHMBOnaMB, BMeiOT CMLICnOBOe 3Ha'leHHe, 

D03neMeHTHOe KO,D;HpOBaHHe DpHBO,D;HT K 6onbWBM HeDpOH3-

BO,D;BTenhHLIM JaTpaTaM MaWHHHOrO BpeMeHB H yaenH'IHBaeT 

JarpyJKY KaHana CBHJB 3BM. B 3TOM cnyqae uenecoo6paJ

Ho CHMBOn JaKO,D;HpOBaTb KaK "3neMeHT" H306pa~eHHH. 

Cpe,D;cTaa, KaK nporpaMMHhle, TaK B TeXHH'IeCKHe, noJaonxro

auue paCCMaTpHBaTb CHMBOn KaK "3neMeHT" B306pa~eHHH 

H DO npBCBOeHHOMy KO,D;y ~OpMHpOBaTb ero Ha 3KpaHe 

3JIT, DpBHHTO HaJLJBaTb reHepaTopaMH CHMBOnOB. 

reHepaTOphl CBMBOnOB MOryT 6hlTb "~eCTKHMH", C Ja· 

paHee Ja,D;aHHLIM Ha6opOM CHMBOnOB onpe,D;eneHHOB ~OPMLI, 
B "rH6KBMB", o6ecne'IHBaiO(UHMH nporpaMMHOe BJMeHeHHe 

~OpMLI B Ha6opa CBMBOnOB. fiocne,D;HBe y,D;06HO BCDOnbJOBaTb 

DpB peweHHB npo6neMHLIX Ja,D;a'l, KOr,D;a HeB03MO~HO 3apa· 

Hee onpe,D;enBTh Tpe6yeMLIB Ha6op CHMBOnOB. K TaKBM 

Ja,D;a'laM cne,D;yeT OTHeCTH B Ja,D;a'IH H,D;epHOB CDeKTpOMeT

pBH. 

B ,D;aHHOH pa6oTe paccMaTpuaaroTcH nporpaMMHo-ynpaa

nJieMLJe reHepaTOphl CHMBOnOB, 061UBe DpHHUBDLI DOCTpoe

HHH KOTOphlX JaKniO'IaiOTCJI B cne,D;yiOIUeM: 

1. CBMBOnhi ~OpMHpyiOTCJI Ha OCHOBe TO'Ie'IHOro MHKpO • 

pacTpa. 
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2. IIopJI,IJ,OK cne,IJ,oBaHHJI 3neMeHTOB MHKpopacTpa cTporo 

3a,IJ,aH, 6naro,IJ,apJI 'leMy HX KOOp,IJ,HHaTbl .PopMHPYIOTCJI an

napaTHbiMH cpe,IJ,CTBaMH. 

3. CKOpOCTL 06XO,IJ,a 3ileMeHTOB MHKpopacTpa nepeMeH

HaJI H ,IJ,ilJl 3neMeHTOB, He y'laCTBYIO~HX B .popMe ,IJ,aHHOrO 

CHMBOna, MaKCHManLHO B03MO)K}IaJI. 

4. HH«iiopMaUHJI 0 4lopMe CHMBOna CO,IJ,ep)KHTCJI B KO,IJ,e 

ero OllHCaHHJI, r,IJ,e Ka)K,IJ,OMY 3ileMeHTY MHKpOpacTpa COOT

BeTCTByeT O,IJ,HH pa3pJI,IJ,, onpe,IJ,eilJIIOIUHH llO,IJ,CBeTKY 3ne

MeHTa. 

5. )l.nJI TpaHc.PopMaUHH KO,IJ,a OllHCaHHJI .PopMbi CHMBOna 

B nocne,IJ,OBaTenLHOCTL HMITYilLCOB llO~CBeTKH HCllOilL3yeT

CJI C,IJ,BHrOBbiH perHCTp •. 

FeHepamop cuMeoAoe 6e3 6ytjjepHou naM.RliiU 

linoK-cxeMa reHepaTopa CHMBonoa 6e3 6y.pepHoii na

MJITH npe,IJ,cTaaneHa Ha puc. 1. Ko,IJ,LI onHcaHHJI .PopMbl 

CHMBOilOB xpaHJITCJI B onepaTHBHOH naMJITH 3BM. 

)l.nJI .PopMHpOBaHHJI CHMBOna Ha 3KpaHe KO,IJ, ero OllH

CaHHJI 3aHOCHTCJI B C,IJ,BHrOBbiH perHCTp reHepaTopa CHMBO

ilOB. linoK ynpaBneHHJl orpaHH3yeT aBTOHOMHYIO 3aiTHCL 

CHMBOna Ha 3KpaH 3JIT. CHrHanbl reHepa TOpa TaKTOBbiX 

HMITYilLCOB llOCTynaiOT Ha C,IJ,BHrOBbiH perHCTp H 6noK 

KOOP,IJ,HHaT, Bblpa6aTLIBaiO~ii Koop,IJ,HHaTLI X, Y 3neMeHTOB 

MHKpopaCTpa, npH'IeM BLIXO,IJ,HaJI HH«iiopMaUHJI C,IJ,BHrOBOrO 

perHCTpa HCllOilL3yeTCJl KaK MHKponporpaMMa ynpaBneHHJI 

llO,IJ,CBeTKOH npH ,IJ,HCKpeTHOM o6XO,IJ,e MHKpopaCTpa. 

tl>yHKUHOHanLHaJI cxeMa reHepaTopa c nepeMeHHOii qac

TOToii cne,IJ,OBaHHJl TaKTOBbiX HMITynLCOB llOKa3aHa Ha puc. 2. 
3,IJ,ecL o,IJ,HOBH6paTopLI OBI, OB2, OB3 BMecTe c .PopMH

poaaTenJIMH HMITYilLCOB 4J JIBilJIIOTCJI aKTHBHbiMH ilHHHJIMH 

3a,IJ,ep)KKH C BpeMeHaMH 3a,IJ,ep)KKH Tl , r 2 , r 3 COOTBeT

CTBeHHO. )l.nJI nony'leHHJl TaKTOBOH cepHH He06XO,IJ,HMO Ha 

IIIHHY "pa3perneHHe/3anpeT" no,IJ,aTL pa3perna10~ii noTeH

UHan, a Ha IIIHHY "3anycK" - CTapTOBbiH CHrHan. B cnyqae 

3anHcH Ha 3KpaHe aKTHBHoro /naccHBHoro/ 3neMeHTa MHKpo

pacTpa cTapTOBLiii cHrHan nocTynaeT qepe3 KnanaH KI /K2/ 

Ha OBI /0B2/ H qepe3 BpeMJI r 1 (r 2 ) Bblpa6aTb1BaeTCJI 

nepBbiH HMnynLC TaKTOBOH cepHH. qepe3 BpeMJI r 3 yKa-
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Puc. 1. IiAoK- cxe.Ma zeHepamopa cu.MeoAoe 6e3 6ytjjepHou 
naMJIIIU. 

P ASPEIIIEIII!B/BlllPET 

3All.i'rK r;Tf"l!J 

TAKTOiWi C~l'lill 

Puc. 2. 4JyHKf4UOHaAr.Ha.R cxe.Ma zeHepamopa maKmoer.Jx 
UMny.IZbC06. 

3aHHLIH HMnynLc nocTynaeT Ha KnanaHLI KI H K2 ,IJ,nJI .PopMH

poaaHHJI oqepe,IJ,Horo TaKTOBoro HMnynLca. TaKHM o6pa3oM, 

llOCTOJIHHaJI BpeMeHH t l = ( r 1 + r 3 ) onpe,IJ,enJieT CKOpOCTL 

06XO,IJ,a aKTHBHbiX 3ileMeHTOB MHKpopacTpa, a llOCTOJIHHaJI 

BpeMeHH t2 = (r2+ r 3 ) - CKOpOCTL 06XO,IJ,a naCCHBHhiX 

3ileMeHTOB. 

BpeMJI npe,IJ,cTaaneHHJI CHMBona 

3neMeHTaMH paBHO 
t= n(ti-t2)+Nt2, 

C 0 aKTHBHbiMH 

r,IJ,e N - o6~ee KOilH'IeCTBO 3ileMeHTOB B MHKpOpacTpe. 
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llpu nocTpoeHHH reHepaTopa CHMBOJIOB Ha TT>L -cxe

Max r 2 - 0,2 MKCeK, t I orpaHHqHBaeTC11 6biCTpO,D;eHCTBHeM 
HH,li;HKaTopa, H ,li;JI11 HH,li;HKaTopa C 3JieKTpOCTaTHqecKHM 
ynpaaneHHeM nyqa cocTaBJI1IeT 0,5 - 0,7 MKCeK. Cne,D;o
BaTeJILHO, ( t I - t 2) - 0,5 MKCeK, BpeM11 npe,D;CTaBJieHH11 
CHMBOJia Ha 3KpaHe C N = 35, CO cpe,D;HHM KOJIHqecTBOM 
n=17 - MeHee 16 MKCr 

reHepaTOp CHMBOJIOB 6e3 6yi}JepHOH naM1ITH pa3yMHO 
ucnoJib30BaTb B Tex cnyqagx, KOr,D;a onucaHHe MHKpopacT-
pa noMe[l\aeTcg B O,D;HOM MaWHHHOM cnoae. B npoTHBHOM 
cnyqae yaenuquaaeTC11 3arpy3Ka KaHana CB113H H ycno:>K
H1IIOTC11 nporpaMMHoe o6ecneqeHHe H cxeMHa11 peanH3au;ug 
reHepaTopa. 

FeHepamop cuMeoAoe c 6yrjjepHoil naM.R111b10 

liJIOK-CXeMa reHepaTopa CHMBOJIOB C 6yi}JepHOH naM11TbiO 
Ha C,D;BHrOBbiX perHcTpax npHBe,D;eHa Ha puc. 3. Ha3Haqe
HHe reHepaTOpa TaKTOBbiX HMflYJibCOB, 6JIOKOB ynpaBJieHH11 
H KOOp,D;HHa T TO :>Ke, qTo H B CJiyqae reHepa TOpa CHMBOJIOB 
6e3 6yl}lepHoii naM1ITH. liyl}lepHoe 3anoMHHaiOll\ee ycTpoii

CTBO lli3Y I cny:>KHT ,D;JI11 xpaHeHH11 KO,D;OB onucaHH11 l}lopMbl 
CHMBOJIOB, a HX a,D;peca HCflOJib3YIOTC11 npH o6pall\eHHH 
K li3Y KaK KO,ll;bl CHMBOJIOB. 

B HacT01Ill\ee apeMJI noJIBHJIHCb He,D;oporue CTaTuqecKHe 
C flOCJie,D;OBaTeJibHbiM 3aHeCeHHeM HHI}JOpMaD;HH C,li;BHrOBble 
perHcTpbl Ha MOll-cTpyKType. B HHTerpaJILHO:ii cxeMe 
IHCI, CO,D;ep:>Ka[l\eH TaKHe perHCTpbl, npe,D;yCMOTpeHbl 0611\ee 
ynpaBJieHHe 3allHCb10lpeu;HpKyJI11D;HeH HHI}JOpMaD;HH H 0611\HH 
TaKTOBblii xo,D; ,D;JIJI acex perHcTpoa Kopnyca HC, qTo 
3aTpy,D;H1IeT llOCTpOeHHe li3Y C Bb160poqHbiM HCflOJib30Ba
HHeM OT,D;eJibHbiX perHcTpoa HC. 0TCYTCTBHe napannenLHo-
ro 3aHeCeHHJI HHI}JOpMaD;HH B perHCTpbl He JIBJIJieTCJI cepbe3· 
HbiM He,D;OCTaTKOM, TaK KaK nocne nepaoHaqaJILHoro 3anon
HeHHJI li3Y 3aflHCb B Hero npOHCXO,li;HT cpaBHHTeJibHO pe,D;KO: 
TOJibKO npH H3MeHeHHH Ha6opa O,li;HOBpeMeHHO OT06pa:>KaeMbiX 
Ha 3KpaHe CHMBOJIOB. 
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Puc. 3. liAoK- cxeMa zeHepamopa cuMeoAoe c 6yrjjepHoil 
naM.R111b10. 

TexHuqecKaJI peaJIH3aD;HJI li3Y c npoH3BOJibHbiM ,D;OCTy
noM K nro6oMy ero perucTpy ynpo[l\aeTCJI, ecnu crpynnu
poaaTb C,li;BHrOBble perHCTpbl li3Y CJie,D;yiO[l\HM o6pa30M: 
nepable perHCTpbl acex Kopnycoa HC cocTaBJI1IIOT nepayro 
rpynny, BTOpble - BTOpyro H T .,II;. 06[1\ee KOJIHqeCTBO TaKHX 
rpynn paBHO KOJIHqecTBY perucTpoa B O,D;HOM Kopnyce HC. 
Pa3,D;eJieHHe perHcTpoa B rpynne ocyll\eCTBJIJieTcJI no,D;aqe:ii 
TaKTOBbiX HMflYJibCOB JIHWb Ha COOTBeTCTBYIOII\HH Kopnyc 
HC !I/. 

Ha puc. 4 noKa3aH npHMep l}lyHKD;HOHaJILHoii cxeMbl li3Y 
Ha 48 cnoa. OcHoBy li3Y cocTaBJI1IIOT aoceMb HC THna 
Signetics 2519 /2 I . Ha 3TOM :>Ke pucyHKe noKa3aHbl ,D;Ba 
Kopnyca TaKHX HC II,ll 1. HC 2519 co,D;ep:>KHT wecTb 
COpOKapa3pJI,D;HbiX CTaTHqeCKHX C,D;BHrOBbiX perHCTpOB C 
pa3,D;eJibHbiMH nocne,D;oBaTeJILHbiMH axo,D;aMH (I 1 -I 6) H 

BbiXO,D;aMH 101 - 061, o611\HM TaKTOBbiM BXO,D;OM I I 7/ H 
06ll\HM ynpaBJieHHeM 3allHCb10lpeu;HpKyJIJID;Heii HHI}JOpMaD;HH 
II 81. Bxo,D; I 8 B ,D;aHHOM li3Y 3a3eMneH laHyTpeHHHe u;enu 
peu;upKyngu;HH B HC pa3opaaHbii. ,lJ,onycKaeTcJI napannenL
HOe 06'be,D;HHeHHe BXO,D;OB H BbiXO,D;OB perHCTpOB. 

TaKTOBhlii axo,D; nonHOCTbiO COBMeCTHM c TT'L -cxeMa
MH, a COrJiaCOBaHHe C flOCJie,D;HHMH BXO,li;OB H BbiXO,li;OB pe
rHCTpOB BblflOJIHJieTCJI BKJIJOqeHHeM B u;enH CB113eH COrna-
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Puc. 4. ~YHKijUOHUAbHUJI CXeMa .53Y Ha 48 CAOB. 

CYIOIUHX conpoTHBneHHii IHa puc. 4 He noKaJaHwl. MaKcu
ManhHaB qacToTa cne,noBaHHB TaKTOBhlX HMnynhCOB - 3 MF24. 

Bxo.nw perucTpoB, cocTaBnsromux rpynny, o6'be,IJ;HHe
Hhl, aHanorHqHhlM o6pa30M 06'he,IJ;HHeHhl H BhiXO,IJ;hl. 

llpHBO,IJ; Ji3Y BKniOqaeT ,IJ;flB Ka:>K,IJ;OrO KOpnyca We 2519 
,IJ;eUIH~paTop ero HOMepa, BhlllOllHBIOIUHH H ponh KnanaHa 
TaKTOBOH cepHH IHa puc. 4 noKaJaH ,newu~paTop ,D;K1 
a,npeca nepBoro Kopnycal, H .nns Ka>K,noil rpynnhl perucT
poB cxeMy ynpaBneHHB IHa puc. 4 noKaJaHa cxeMa ynpaB
neHHB nepBOH rpynno:H: H ,nanhHeHWHe CChlflKH OTHOCBTCB 
K 3TOH CXeMel, KOTOpaB CO,IJ;ep:>KHT ,neWH~paTOp HOMepa 
rpynnhl I,D;r1l, KnanaH pa3peweHHB JanuculpeuupKynsuuu 
HH~OpMaUHH B rpynne 111, KnanaH peUHPKYllBUHH 121, 
KnanaH Janucu HH~opMaUHH 131, cxeMy "WJIW" I 41 
,IJ;flB BhiXO,IJ;HhiX CHrHanOB KnanaHOB peUHPKYllBUHH H JallHCH, 
HHBepTop 151 BhiXO,IJ;HOrO CHrHana perHCTpOB rpyllllhl H 
KnanaH cqHThiBaHHB HH~opMaUHH 161. BhiXO,IJ;Hhle curHanhl 
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c KnanaHoB cquTwBaHHB Bcex noruqecKHX rpynn nocTyna
IOT Ha cxeMy "Wn.H" IBI. 

06IUHMH ,IJ;flB JiJY CHrHanaMH BBllBIOTCB: TaKTOBaB cepHB 
lnocTynaeT Ha Bxo.nw I 4 ,nemu~paTopoB HOMepa Kopnyca 

He 2519 I, "pe>KHM pa6oTw" lnocTynaeT Ha BXO,IJ;hl I 2 

KnanaHOB pa3pemeHHB JallHCHipeUHPKYllBUHH HH~OpMaUHH 
B rpynnel, "HH~OpMaUHB ,IJ;flB JallHCH B Ji3Y" lnocTynaeT 
Ha Bxo,nw I 2 KnanaHOB Janucu HH~opMauuul, "HH~opMaUHB, 
cquTwBaeMaB HJ Ji3Y" lnocTynaeT c Bwxo,na cxeMhl Bl. 

B Ji3Y JanucwBaJOTCB 40-paJpB,nHwe cnoBa: 39 paJ
ps,noB BBflBIOTCB HH~OpMaUHOHHhlMH, a CTapWHH BCer,na 
co,nep>KHT noruqecKHH Hynh, qTo o6ecnequBaeT nono:>Ku-

TenhHhlH llOTeHUHan Ha BhlXO,IJ;e perHCTpOB. 3TO H ll03-

BOnBeT, UpH yCflOBHH HanHqHB B TaKTOBOH cepHH npH Ka:>K
,IJ;OM o6paiUeHHH K Ji3Y copoKa HMllYllhCOB, ~YHKUHIO "WJIW" 
,IJ;flB BhlXO,IJ;HhlX CHrHaflOB perHCTpOB BhlllOflHHTh npOCThlM 
o6'be,nuHeHHeM ux BhiXo,noB. Bw6opKa onpe,neneHHoro pe
rHCTpa JiJY ocy(UeCTBnBeTCB C llOMOIUhiO pa3,IJ;eflhHOH ,ne-

WH~paUHH HOMepa KOpnyca We 2519 H HOMepa rpynnhl: 

B UieCTHpa3pB,IJ;HOM KO,IJ;e a,npeca TpH 6HTa onpe,nenBIOT 
HOMep KOpnyca H TpH - HOMep rpyllllhl. 

llpe,nnonO:>KHM, qTo He06XO,IJ;HMO JallHCaTh HH~OpMaUHJO B 
nepBhlH perHCTP nepBoro KOpnyca we 2519. B 3TOM cnyqae 
JiJY pa6oTaeT B pe>KHMe JaUHCH HH~OpMaUHH H Ha WHHe 
"Pe>KHM pa60Thl" - CHrHan noruqecKOH e,IJ;HHHUhl l"e,IJ;HHHq
HhlH" curHanl. TaK KaK a,npecyeTCB nepBaB rpynna perucT
poB Ji3Y, TO Ha BhlXO,IJ;e ,neWH~paTopa ,IJ;t 1 "e,nHHHqHhiH" 
curHan H KnanaH Janucu 131 OTKphlT, KnanaH peuupKyns
UHH 121 JaKphlT lnpephlBaeTCB uenh peUHPKYllBUHH HH~op
MaUHH ,IJ;llB perHCTpOB nepBOH rpynnwl. )J;nB OCTanhHhiX 
rpynn KnanaHw Janucu JaKphlThl, a KnanaHhl peuupKynBUHH 
OTKphlThl Ja cqeT "HyneBhlX" BhlXO,IJ;HhiX CHrHallOB ,neWH~pa
TOpOB HOMepa rpynnhl. epe,nu KnanaHoB- .newu~paTopoB 
HOMepa KOpnyca OTKphlT llHWh )J;Kl. ene,noBaTenhHO, C no
CTynneHHeM TaKTOBOH cepHH 6y,neT ocymeCTBllBThCB JallHCh 
HH~OpMaUHH B nepBhiH perHCTp nepBoro KOpnyca We 2519 
C O,IJ;HOBpeMeHHOH peUHPKYllBUHeH HH~OpMaUHH B OCTaflhHhiX 
ero perucTpax. 
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B pe)I(]IMe C'IHTLIBaHHJI HHiilopMau;HH, uanpHMep, c nepso

ro perHcTpa nepsoro Kopnyca HC 2519, KnanaHLI peu;Hp

KyJIJID;HH 6y,D;yT OTKpLITLI ,!J;JIJI BCeX rpynn perHCTpOB li3Y 
3a C'leT "uynesoro" cHrHana ua IUBHe "Pe)I(]IM pa6oTLI". 

0.D;HaKO KJianaH C'IHTbiBaHHJI OTKpLIT TOJI:bKO ,!J;JIJI nepBOH 

rpynnbl /"e,IJ;HHH'IHLIM" BLIXO,!J;HLIM CHrHaJIOM ~r 1/, a TaK

ToBaJI cepHJI nocTynaeT TOJihKO ua nepBLiii Kopnyc, 'leM 

H o6ecne'IHBaeTCJI C'IHTbiBaHHe He06XO,!J;HMOH HHiiiOpMaD;HH 

C O,!J;HOBpeMeHHOH peu;HpKyJIJID;Heii BO BCeX perHCTpax ,IJ;aH-

HOrO Kopnyca HC 2519. · 

reuepaTop TaKTOBLIX HMDYJI:bCOB I puc. 2 B pe)I(]IMe 

3aOHCH BLipa6aTb1BaeT cepHIO C DOCTOJIHHLIM nepHO,!J;OM 

T = t 2 • B pe)I(HMe C'IHTLIBaHHJI nepHo,IJ; cne.D;oBaHHJI TaK

TOBbiX HMDYJI:bCOB 3aBHCHT OT THOa C'IHTbiBaeMoro H3 li3Y 
3JieMeHTa MHKpopacTpa. 

BpeMJI npe,IJ;cTasneHHJI CHMBona ua 3Kpaue 3JIT onpe

,IJ;eJIJieTcJI Toii )l(e lllopMynoii, 'ITO H B cnyqae reuepaTopa 

CHMBOJIOB 6e3 6y4lepHOH naMJITH H ,!J;JIJI n = 17, N = 35, 

t I =0,7 MKCeK, t 2 = 0,4 MKCeK, MeHee 20 MKCeK. 
~JIJI llOCTpOeHHJI li3Y MO)I(HO HCDOJI:b30BaT:b H 3KOHOMH

'Ie"CKH BblrO,D;Hble ,!J;HHaMH'IeCKHe C,!J;BHrOBLie perHCTpLI. IlpH 

3TOM ycJIO)I(HJieTCJI TeXHH'IecKaJI peaJIH3aD;HJI H3- 3a ueo6-

XO,!J;HMOCTH HenpepbiBHOH peu;HpKyJIJID;HH HHiiiOpMaD;HH. Ilo

BH,!J;HMOMy, TaKHe perHCTpbl 6onee Y.D;06HO HCDOJI:b30BaT:b 

DpH DOCTpOeHHH li3Y eMKOCT:biO B ,IJ;HCDJieHHLIH 4laiiJI B aBTO

HOMHLIX pacTpOBbiX HH,!J;HKaTopax /3/. 

B 3aKJIJO'IeHHe aBTOPLI Bblpa)l(aiOT 6naro,IJ;apHOCTh 

B.~.ffiH6aesy 3a none3Hble o6cy)I(,!J;eHHJI. 
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