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llpeo6pa30Bauue ABOUquoro KOAa B ABOuquo-AeCHTHq

HbiH 6biBaeT ueo6XOAUMO rrpu BbiBOAe uudJopMaU.UU U3 cqeT

HbiX H BbJqucnuTenbHbiX ycTpOHCTB, pa6oTaiOIIJ.UX B ABOHq

HOM KOAe, Ha BHelllHUe perucTpupyiOI.QUe H BHJyanbHble 

ycTpOHCTBa. 

Tpe6yeMaH cKopocTb rrpeo6paJosauux orrpeAenxeTcx 

6blcTpoAeiicTBHeM suemuux ycTpoiicTB. Hau6onee pacrrpo

cTpaueHHbiMH THIIaMU BHelllHUX YCTpOHCTB, pa6oTaiOJ.IJ.HX B 

Ae CHTHqHOM KOAe, HBnHIOTCH U.U$porreqa TaiOIIJ.Ue MeXaHH3Mbl 

u paJnuqnbie rrpu6opbi AnH BuJyanbuoro na6nroAeHHH AaHHbiX 

/AHCIIneu/. )J.nH IIHX BIIOnHe AOCTaToqno HMeTb BpeMH 

rrpeo6pa30BUHHH qacna IIOPHAKa 1 MC, qTo II03BOnHeT ocy

I.QeCTBUTb BbiBOA Ha BHelllUee yCTpOHCTBO AO HeCKOnbKHX 

COTeH qacen B CeKYHAY· llpu HCIIOnb30BaHUU AeCHTUqllbiX 

queen AnH AanbHeHlllUX orrepau.uii: B pa3nHqllbJX 3neKTpOIIHbiX 

aBTOMaTaqecKUX YCTpOHCTBaX MO*eT Tpe6oBaTbCH 3Haqa

TenbHO 6onbllla1! CKOpOCTb rrpeo6pa30BaHHH. 

B JaBHCHMOCTu oT ueo6xOAUMOH cKopocTH rrpuMeHHIOTCR 

paJnaqubie crroco6bl rrpeo6paJosauux ABoaqubiX queen B 

ABouquo-AeCHTaqubie/1/. KaK rrpasuno, speMH rrpeo6paJo

sauux T JasucuT OT qucna pa3pHAOB n B rrpeo6paJyeMOM 

ABOHqHOM qacne H OT rrepHOAa cneAOBaHHH BCIIOMOra Tenb

HbiX TaKTOBbiX HMIIynbCOB t, T .e. 

T=f(n,t). 

B ueKoTopblx ycTpoii:cTsax speMH rrpeo6paJosauux T ue 

HBnHeTCR IIOCTORHHbiM, a JaBUCHT OT 3HaqeHUH rrpeo6pa

JyeMOrO ABOuquoro qacna. B TaKHX cnyqagx CKOpOCTb pa-

60Tbl cneAyeT ou.euuBaTb no MaKCHManbHOMY JuaqeuHIO T. 
llepHOA TaKTOBbiX UMIIynbCOB t JaBUCHT OT xapaKTe

pHCTHK IIpuMeH.IIeMblX cqeTHbiX CXeM U B HaCTOHIIJ.ee BpeMR 
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~B uau6onee pacnpocTpaueHHMX u HeAoporux HHTerpanb
HhlX CXeM MO)KeT HMeTb nopBAOK 1 MKCHllH MeHee. /B Aanb
He:ilweM 6yAeM C'IHTaTb, 'ITO OH paBeH 1 ~KC/. 

,naBHO H3BecTHhlM H uau6onee npocThlM cnoco6oM npe-
06J?a3 OBaHHB BBnBeTCB MeTOA nocneAOBaTenhHOrO AOC'Ie
Tafl/, YcTpOHCTBO, OCHOBaHHOe Ha 3TOM cnoco6e, COAep)KHT 
ABa C'leT'IHKa, nepBhlH H3 KOTOphlX C'IHTaeT B ABOH'IHOM, 
a BTOpOH - B ABOH'IHO· AeCBTH'IHOM KOAe. B nepBhlH C'leT'IHK 
napannenhHhlM o6paTHhlM KOAOM 3aHOCHTCB npeo6pa3yeMoe 
'IHCnO, a 3aTeM Ha o6a C'leT'IHKa nOAaeTCB cepHB HMnynhCOB 
OT reuepaTopa, KOTopax JaKaH'IHBaeTCB npu nepenonueuuu 
nepBoro cqeT'IHKa. Bo BTopoM cqeT'IHKe npu 3TOM 6yAeT 
3anucauo 'IHCllO B ABOH'IHO- AeCBTH'IHOM KOAe. BTopo:H C'leT
'IHK MO)KeT 6hlTb HCnOllb30BaH H AllB BhlBOAa HHfl>opMaD;HH 
ua uu!llponeqaTaiOIUHH MexauH3M caMhlM npoCThlM cnoco6oM
MeTOAOM AOC'IeTa, T.e. nyTeM OAHOBpeMeHHOH noAa'IH Ha 
Ka)KAYIO AeKaAy c uu!llponeqaTaroi.Qero MexaHH3Ma cepuu HJ 
10 HMnynhCOB H nOChlllKH CHrHana Ha npHBOA 3neKTpOMar
HHTa COOTBeTCTBYIOID;eH UH!llphl B MOMeHT nepenonHeHHB 
AeKaAhl. 0CHOBHhlM HeAOCTaTKOM TaKoro ycTpOHCTBa BBnB
eTCB 6onhwoe BpeMB npeo6pa3oBauux. TaK, MaKCHManhuoe 
BpeMB npeo6pa30BaHHB nonyqaeTCB paBHhlM 

T = t( tt- l). 
MaKe. 

0TC10Aa TMaKc. = 1 Me y)Ke npu n = 10. CneAoBaTenhHO, 
npu 6onhweM qucne pa3pBAOB ycTpo:HcTBO MO)KeT orpauu
~BaTb CKOpOCTb pa60Thl BHeWHHX YCTpOHCTB. 

Hau6onee 6hlCTPOAeilcTBYIOIUHM BBnBeTCB cnoco6 npBMo
ro ranbBaHH'IecKoro npeo6pa3oBauux/2/, npu KOTopoM Bcer

Aa 

T=t. 

OcuoBHhlM HeAOCTaTKOM 3Toro cnoco6a BBnxeTcB 6onh
woe 'IHCllO He06XOAHMhlX HHTerpanbHblX CXeM, KOTOpoe K 
TOMY )Ke 6hlCTpo pacTeT c yBenuqeuueM qucna pa3pBAOB. 
ll03TOMY yCTpOHCTBa nonyqaJOTCB BeCbMa CllO)I{HhlMH H noKa 
He HaWnH WHPOKOrO npHMeHeHHB. 

B uacTOBI.Qee BpeMB o6hl'IHO ucnonb3YJOT cnoco6hl, 
3aHHMaiOI.QHe npoMe)KyTO'IHOe nOllO)KeHHe Me)KAY ABYMB Bhl· 
weonucaHHhlMH KaK no BpeMeHH npeo6pa3oBaHHB, TaK uno 
cno)KHOCTH ycTpo:HcTBa. B uux npuMeHBIOTCB pa3nH'IHhle 
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MeTOAhl noruqecKoro npeo6pa3oBaHHB ABOH'IHhlX queen B 
ABOH'IHO- AeCBTH'IHbie. 

Hau6onhwee pacnpocTpaueuue nonyqun MeTOA nopaJ
PBAHOro CABHra H noruqecKoro npeo6pa30BaHHB KOAa /3 ~ 7 I . 
Ou JaKnroqaeTCB B TOM, 'ITO npeo6pa3yeMoe qucno nepBo
uaqanhHO 3RHOCHTCB B CABHraiOI.QHH perHCTp npBMblM na
pannenbHbiM KOAOM. 3aTeM 3To qucno nocneAOBaTenhHO, 
HR'IHHRB CO CTapwero pa3pBAR, CABHraeTCB B ycTpOHCTBO 
noruqecKoro npeo6pa3oBauux, KOTopoe cocTOHT H3 nocne
AOBaTenbHO COeAHHeHHbiX TeTpaA, pa6oTaiOID;HX B ABOH'IHO· 
AeCBTH'IHOM KOAe. ,nnx OCyi.QeCTBneHHH npeo6pa30BaHHH 
KR)KAhlH CABHr AOll)KeH COOTBeTCTBOBRTb YMHO)KeHHIO Ha ABR 
uaxoAHIUerocH pauee B TeTpaAe qucna, a ecnu 3TO qucno 
AO, YMHO)KeHHH 6hiJIO > 5 ( >lOnocne YMHO)KeHHH) , TO K HeMy 
npeABapuTenhHO A06aanHeTcH qucno 3 ('ITO 3KBHBaneHTHo 
qucny 6 nocne yMHO)KeHHH). 06o3Ha'IHB qucno, uaxoAHI.QeecH 
B TeTpaAe AO oqepeAHOrO CABHra, - R0 , nocne 3TOrO CABH· 
ra - l1 1 H HMUYllbC nepeuoca B cneAYIOIUYIO TeTpaAy - C , 
anropHTM pa60Tbl ycTpOHCTBa MO)KHO Bbipa3HTb ClleAyiO
ID;HM o6pa30M: 

ecnu R0 _:;4,To R1 = 2R 0 ; C = 0 
ecnu H > 5, TO R

1 
= 2(R + 3)- 16; C = l . o- Q 

JloruKa pa6oThi npeoopa3oBaTenH o6bi'IHO no3BOnHeT 
npOH3BOAHTb YMHO)KeHHe Ha 2 OAHOBpeMeHHO C UOAa'leH 
cneAYIOI.Qero HMUYllbCa CABHra, TRK KaK nocne YMHO)KeHHH 
B nepBOM pa3pHAe Ka)KAOH TeTpaAbl BCerAa 6yAeT 3anucaH 

"0". 
qucno HMUYllhCOB CABHra paBHO 'IHClly npeo6pa3yeMhiX 

ABOH'IHhiX pa3pHAOB. llocne nocneAHero HMnynhca CABHra 
B npeo6pa3oBaTene 6yAeT Janucauo npeo6pa3yeMoe qucno 

B ABOH'IHO·AeCHTH'IHOM KOAe. 
BpeMH npeo6pa3oBaHHH paBuo: 

T = t • 'n, 
T .e. OHO 3HR'IHTellbHO MeHbWe BpeMeHH, orpaHH'IHBRIOID;ero 
pa6oTy BHeWHHX yCTpOHCTB. 0AHaKO TRKHe cxeMhl nonyqaroT
CH AOCTRTO'IHO CllO)I{HblMH H Tpe6yiOT 60llbWOro qucna 3ne
MeHTOB. TaK, AllH uau6onee 3KOHOMH'IHOH H3 uux /7 I ua 
KR)KAYIO AeKRAY 3RTpa'IHBaeTCH 5 KOpnyCOB HHTerpanbHhlX 
cxeM cepuu TT JI. KpoMe Toro, TeTpaAhi, npuMeHHeMbie B 
ycTpOHCTBRX norH'IeCKOrO npeo6pa30BaHHH KOAOB, He MOryT 
pa6oTaTb B cqeTHOM pe)KHMe. llo3TOMY AnH BhiBOAa uu!llop-

5 



MaUHH Ha :u,a4Jpone'laTaiOU.Ufii: MexaHH3M MeTO,IJ.OM ,IJ.OC'IeTa 

HeOfiXO,IJ.HMO HMeTb ,IJ.OfiOJIHHTeJibHi.Je ,IJ.ei<a,IJ.Hble C'leT'IHI<H, 

Ha I<OTOpble CJie,IJ.yeT nepe,IJ.aBaTL napaffileJibHbiM I<O,IJ.OM HH-

4JopMa:U,HIO c ycTpoiicTBa noraqeci<oro npeo6pa3oBaHHJI. 

B Jla6opaTopuu JI,IJ.epHbiX npo6neM pa3pa6oTauo ycTpoii:

cTBo npeo6pa30BaHBJI ,IJ.BOH'IHOrO I<O,IJ.a B,IJ.BOH'IHO-,IJ.eCJITH'I

HbiH, KOTOpoe TaiOKe OCHOBaHO Ha MeTO,IJ.e nopa3pJI,D,HOrO 

C,IJ.BHra ,IJ.aHHbiX B ,IJ.ei<a,IJ.bl H Y.D.BOeHHJI ITO OCHOBaHHIO 10 

CO,IJ.ep)I(HMOrO Ka)I(,IJ.OH ,IJ.ei<a,IJ.LI nepe,IJ. oqepe,IJ.HbiM HMITYJibCOM 

c,IJ.BHra. Ho ero anropHTM OTJIH'IaeTCJI oT onucaHHoro ablllle. 

llo CpaBHeHHIO C ITOCJie,IJ.HHM pa3pa6oTaHHOe ycTpOHCTBO 

CO,D,ep)I(HT MeHbWee 'IHCJIO 3JieMeHTOB, a ero BpeMJI npeo6-

pa30BaHHJI xoTJI H HMeeT 6onLwee 3Ha'leHHe, HO He orpaHa

'IHBaeT CKOpOCTH pafiOTbl BHeWHBX YCTpOHCTB. 

CxeMa ,IJ.Byx nepablx ,IJ.eKa,IJ. ycTpoiicTaa npeo6pa3oaa

HHJI I<O,IJ.a B306pa)KeHa Ha pucyHKe. 0CHOBOH ,IJ.eKa,IJ.LI JIBJIJieTCJI 

,IJ.eCJITH'IHbiH C'leT'IHI<, I<OTOpLIH B BHTerpaJibHOM HCITOJIHeHHH 

Ofibi'IHO COCTOHT H3 COe,IJ.HHeHHLIX ITOCJie,IJ.OBaTeJibHO ,IJ.eJIH

TeJIB. Ha 2 H ,IJ.eJIHTeJIB. Ha 5 /HanpaMep, cxeMa 7490/. 

KpoMe TOrO, B COCTaB ,IJ.ei<a,IJ.bl BXO,IJ.JIT ,IJ.Ba TpHrrepa THna 

.lJ., cxeMbi H H HJIH. 
llepe.IJ. Ha'laJioM pa6oTbi ace Tparrepbl ,IJ.eKa,IJ.bl ycTaHaa

JIHBaroTcJI B Hyneaoe cocToJIHHe. llpeo6pa3yeMoe 'IHCJIO 

npJIMbiM napaJIJieJibHbiM I<O,IJ.OM 3aHOCHTCJI B C,IJ.BHraiOIIJ,HH 

perHCTp /Ha 'lepTe)l(e He fiOI<a3aH/, 'IHCJIO pa3pJI,IJ.OB B 1<0-

ropoM paaHo 'IHCJIY pa3pJI,IJ.OB ,IJ.BOH'IHoro I<o,IJ.a. C,IJ.BHr 

npOH3BO,IJ.HTCJI B CTOpOHy CTapWHX pa3pJI,IJ.OB. llocJie HMITYJib

ca C,IJ.BHra HH4JopMa:U,HB., HaXO,IJ.HBWaJICJI B CTapweM pa3pJI,IJ.e 

C.D.BHraroiiJ,ero perucrpa, no,IJ.aeTCJI qepe3 cxeMy HJIH 1 

Ha ,IJ.eJIHTeJib Ha ,IJ.Ba /nepBbiH TpHrrep/ nepaoii: ,IJ.ei<a,IJ.bl. 

llocne Ka)I(,IJ.Oro HMnynLca C.D.BHra /I<poMe nocJie,IJ.Hero/ 

Ha Ka)I(,IJ.yro ,IJ.eKa,IJ.y npeo6pa3oBaTeJIJI I<O,IJ.a no,IJ.aerca cepua 

H3 10 HMITYJibCOB. C ITOMOIIJ,LIO 3TOH cepHH npoHCXO,IJ.HT yM

HO)I(eHHe Ha 2 CO,D,ep)I(HMOrO I<a)I(,IJ.Oro ,IJ.ei<a,IJ.HOrO C'leT'IHI<a. 

3ro ocyiiJ,eCTBJIJieTcJI cne,IJ.yiOIIJ,HM o6pa3oM. CHa'laJia HM

nynLcbl cepuu 'lepe3 cxeMbl H 1 H HJIH 1 nona,IJ.aror Ha 

BXO.D. ,IJ.eJiaTeJIJI Ha 2. Ecnu Tparrep, o6pa3yiOIIJ,Hii: 3TOT 

,IJ.eJIHTeJib, HaXO,IJ.HTCJI B COCTOJIHBH "1 ", TO COOTBeTCTByiO

IIJ,He HMITYJILCbl qepe3 cxeMbl H 2 H HJIH 2 npoxo,IJ.JIT raiOKe 

Ha BXO.D. ,IJ.enureJIJI Ha 5 /2-:-4 rpurrepbl ,IJ.ei<a.D.bl/, r.e. B ,IJ.e

I<a,IJ.e npOH3BO,IJ.HTCJI HOpMaJILHbiH C'leT HMITYJibCOB. lfMITYJibC 
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nepenonHeHHH ,IJ;eKa,IJ;HOrO C'leT'IHKa C BbiXO,IJ;a ,IJ;ellHTenH Ha 5 
nepeBO,IJ;HT TpHrrep T 1 B COCTOHHHe "1", B pe3yllbTaTe qe

ro OCTaBWaHCH 'laCTb cepHH H3 10 HM:nynbCOB nocTynHT 

qepe3 cxeMbl H 3 H HJIH 2 cpa3y Ha BXO,IJ; ,IJ;enuTen!l Ha 5, 
T. e. Ha BTopoii: TpHrrep ,IJ;eKa,D;bi. Cne,IJ;oBa TenbHO, Ka:>K,IJ;blii: 

TaKOH HMnynbC no CBOeMy ,IJ;eHCTBKID 6y,IJ;eT 3KBHBaneHTeH 

,IJ;BYM HMnynhcaM nepaoii: qacTH cepHH. Ecn.a: B pe3ynbTaTe 

,IJ;eHCTBHH 3THX HMnynbCOB C BbiXO,IJ;a ,IJ;ellHTenH Ha 5 eme pa3 

nOCTynHT HMnynbC nepenonHeHHH, TO OH nepeBe,IJ;eT B co

CTOHHHe "1" TpHrrep T 2 /TpHrrep T 1 ocTaHeTCH B co

CTOHHHe "1 "/. 3TO 03Ha'laeT He06XO,!J;HMOCTb nepe,D;a'IH 

e,IJ;HHHUbl Ha BXO,IJ; cne,IJ;yiOI.UeH ,IJ;eKa,D;bl. 
lf,IJ;eH TaKOH nporpaMMbl pa60Tbl COCTOHT B TOM, 'ITO 

nepaoe nepenonHeHHe ,IJ;eKa,IJ;Horo c'leT'IHKa npoucxo,IJ;HT B 

TOT MOMeHT, KOr,IJ;a OT cepHH OCTaeTCH 'IHCllO HMnynbCOB, 

paBHOe Ha'lallbHOMY CO,D;ep:>KHMOMY C'leT'IHKa, a nOCKOJibKY 

OCTaBWHeCH HMnynbCbl no,IJ;alOTCH npHMO Ha BTOpOH TpHrrep 

,IJ;eKa,IJ;hi, TO CO,IJ;ep:>KHMOe C'leT'IHKa Y,IJ;BOHTCH, 'ITO H Tpe-

6yeTCH ,!J;llH npeo6pa30BaHHH KO,IJ;a. 
Ilocne OKOH'IaHHH cepHH O'lepe,D;HOH HMnynbC C,IJ;BHra 

CHOBa 3aHOCHT HH<lJOpMaUHIO H3 CTapwero pa3pH,D;a C,IJ;BHraiO

I.Uero perHcTpa B ,IJ;enuTenb Ha 2 nepaoH: ,IJ;eKa,IJ;bi, a TaK:>Ke 

c6pacbiBaeT a "0" o6a Tpurrepa THna )1. eo acex ,IJ;eKa,IJ;ax. 

Ecnu B KaKoH:-nu6o ,IJ;eKa,IJ;e TpHrrep T 2 Haxo,IJ;HnCH B co

CTOHHHH "1", TO HMnynbC C,!J;BHra npoii:,IJ;eT TaK:>Ke qepe3 

cxeMy H 4, a pe3ynbTaTe qero 3anuweTcH "1" a ,IJ;enuTenb 

Ha 2 /nepBbiH Tpurrep/ cne,IJ;yromeH: ,IJ;eKa,IJ;bi. TaKHM o6pa-

30M, nocne npuxo,IJ;a nocne,IJ;Hero HMnynbca C,IJ;BHra B ,IJ;eKa,IJ;

HbiX C'leT'IHKaX 6y,IJ;eT 3anHCaHO npeo6pa30BaHHOe 'IHCllO B 

,IJ;BOH'IHO-,IJ;eCHTH'IHOM KO,IJ;e. 
,lJ,nH BbiBO,IJ;a npeo6pa30BaHHOH HH<lJOpMaUHH Ha UH<lJpone

'laTalOI.UHH MeXaHH3M HCnOllb3YlOTCH Te :>Ke ,IJ;eKa,IJ;bl 6e3 

BCHKHX nepeKlllO'IeHHH. 10 HMnynbCOB ,IJ;OC'IeTa C UH<lJpo

ne'laTaiOmero MexaHH3Ma no,IJ;aiOTCH no TOH :>Ke WHHe, 'ITO 

H cepHH H3 10 HMnynbCOB B npouecce npeo6pa30BaHHH, 

a nOCbinKa CHrHallOB Ha npHBO,!J; 3lleKTpOMarHHTa COOTBeT

CTBYIOI.Ueii UH<lJpbl npOH3BO,IJ;HTCH B MOMeHT nepexo,IJ;a B co

CTOHHHe "1" TpHrrepa T 1. 
BcH cxeMa nonyqaeTCH ,IJ;OCTaTO'IHO npocToii. ,ll,nH Ka:>K

,IJ;oii: ,IJ;eKa,D;bl Heo6xo,IJ;HMO acero 3,5 Kopnyca HHTerpanb

HbiX cxeM cepHH TTJI. 
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IIocKonbKY ,IJ;nH npeo6pa3oBaHHH Ka:>K,IJ;oro ,IJ;BOH'IHoro 

pa3pH,D;a~ KpoMe HMnynhca C,IJ;BHra, Tpe6yeTCH eme cepHH 
H3 10 HMnynbCOB, TO o6mee BpeMH npeo6pa30BaHHH 6y,IJ;eT 

paBHO: 

T=lltn, 
H3 3Toii tlJopMynbl cne,IJ;yeT, 'ITO apeMH npeo6pa3oBaHHH 

B onucaHHOM ycTpoii:cTBe 6y,IJ;eT B 11 pa3 6onbwe, '!eM 

B 06bi'IHbiX ycTpOHCTBaX C norH'IeCKHM npeo6pa30BaHHeM 

KO,IJ;OB, HO Ha MHOrO nopH,D;KOB MeHbWe, 'leM B ycTpOHCTBaX 

c nocne,IJ;OBaTenbHbiM ,IJ;OC'IeToM. IIonyqaeMoe apeMH npe

,o6pa3oBaHHH He C,IJ;ep:>KHBaeT CKOpOCTH pa60TbiUH4Jponeqa-

TaiOI.Uero MexaHH3Ma unH npu6opa ,IJ;nH BH3yanbHoro Ha6nro

,IJ;eHHH ,IJ;aHHbiX npaKTH'IeCKH llpH lll060M 'IHCne npeo6pa3ye

MbiX pa3pH,D;OB, TaK KaK T = 1 MC 6y,IJ;eT TOllbKO npu n = 90. 

ABTOpbl 6naro,D;apHbl B. T. CH,IJ;opoay 3a none 3HLie o6cy:>K

,IJ;eHHH. 
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