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1. Baenemrn 

.llmi' C0KpameHHSI BpeMeHH npeo6pasosaHHSI aMIInHTY.llbl HMnynbca B ump

p0B0lt K0.ll npH nocTpoeHHH aHanoro-umpposoro npeo6pasosaTenH ( Aun L 06b1'1-

Ho HCII0nbsyeTCSI MeT0.ll nopaspH.llH0I"0 B3BeWHBaHHS1 B, TOlt HnH HH0lt M0.nH

(pHKaUHH. O.nHaKo npHMeHeHHe MeT0.ll0B ;HenHHeltHOI"O K0.llHP0BaHHSI .nnH pewe

HHSI sa.naq CIIeKTpoMeTpHH BCTpeqaeT H3BeCTHbie TPY .llH0CTH, CBH3aHHbie C no

nyqeHHeM y.nosJieTBOpHTenbHOlt .llJ!.,(pcpepeHuHanbHOlt nHHeltH0CTH, oco6eHHO IIpH 

6oi:IbWOM 'IHCne KaHanos. B HaCT0SIIUee i BpeMH H3BeCTH0 HeCK0nbK0 ycneWHbIX 
/12/ 

II0IIb!T0K npeo.noneHHSI STHX Tpy ,llH0CTelt • • 

H aH6onbwee pacnpocTpaHeHHe nony'IHn MeTo.n cTaTHCTH'lecKoro ycpe.n

r , /3/ B HeHHSI IUHpHHbl KaHanoB, npe.nno)KeHHbilt 1 aTTH , ,D;B.HH0M MeTo.ne K0,llH-

pyeTCSI He BX0.llH0lt CHrHan U, a cyMMa .llBYX 'cHrHanoB U + U , r.ne U -He-
' · •O 0 

KHlt HCKyccTBeHHo. reHepHpyeMbI'tt HMrrynbC. 3ToT .norronHHTenbHbilt HMrrynbC 

cpopMHpyeTCSI. UH(ppo-aHanorOBblM rrpeo6pasosaTeneM, UH(ppOBOit 1,(0.ll K0T0poro 

ycTaHaBnHsaeT_CH B COCTOSIHHe· po , C00TBeTCTBYIOIUee U o' BenH'IHHa p~ H3Me

HHeTCSI nocne.noBaTenbH0 ( HnH cnyqaltHO) B Ka)K,ll0M U~Kne K0.llHp~BaHHSI Ha 

.. 1" B .nHarrasoHe O -+ M. ·1-1a Ko.na "IHcna U + U , nonyqaeMoro noche npeo6-o ' . . 
.-, pasosaHHH, Bbl"IHTa,eTCSI K0.ll p O , , B 

Mep KaHana .nnH I-1. nocKOnbKY U H 
! 

pesynbTaTe qero fl0~yqaeTCSI T0'IHbllt ~o

u - He3aBHCHMbie BenH"IHHbI, a HMIIynb-. 
0' ' :,, •, .· ' . ' 

Cb! B o6naCTH,, 6nH3KOlt K, U I K0,!lHpy!OTCSI paanH"IHbIMJ'!. KaHanaMH AUn, ijC!"J0nb'."' 

sy10mero .nm1 ST0lt uenH cpa~TH"leC~H 'M CTaTHC,TH"leCKH pas6pocaHHblX KaHa -

nos, TO cpe.nHHSI WHpHHa KaHana CTaHOBHTCSI,, rrpaKTH'leCKH HeaaBHCHM0lt OT 

Mee Ta K0.llHpoBaHHH .nnH BXO.llHhIX HMrrynbCoB n106ott aMrrnHTy .llhI. 

He.o6xO.llHMO 0TMeTHTb, 'ITO peanHsauHH .naHH0I"0 np~Hmi:na rrpH ,II0CTpoe:

HHH AUn Ha HeCK0nbK0 Tb!CSl'I KaHanoB rrpHBO.llHT' K cyweCTBeHH0My ycno)K

HeHHIO H yaenH"leHHIO KOnH'leCTBa o6opy.noBaHHH H Tpe6yeT rrpHMeHeHHSI caepx-

T0"IHbIX .neTanelt / 41 
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_B p8MK8X MeTo.oa npeo6pa30B8HHSI BHnKHHCOHa ynytuueHHe 6bICTpO.!leAcr

BHSI npOHCXO,!lHT 38 cqeT yaenHqeHHSI qacTOThl reHepaTopa cepHH H C0OTBeTCTBy

IOUiero yMeHbUieHHSI pa3pewaromero BpeM?HH_ nepBbIX TpHrrepoB a.opecHoro 

cqeTqHica, VfoBeCTHbl A Un, B KOT0pb!X CKOpOCTb npeo6pa30BaHHSI ,!lOCTHraeT 

/5/ 
10 HCeK Ha KaHan • O.oHaKO npsiMoe yaenHqeHHe CKOpOCTH npeo6pa30B8HHSI 

He' SIBnSieTcSI pa.oHK8nbHbIM peweHHeM_ npo6neMbl yMeHbllJeHHSI BpeMeHH rrpeo6pa-

30BaHHSI AUn. TaK, .!lnSI BXO.!lHOrO ycTpOACTBa 8MilnHTY.!lHOro aHanH38TOpa Ha 

8192 K8Hana npH qacTOTe cepHH 100 Mru M8KCHManbHOe BpeMsi npeo6pa30Ba

HHSI paBHO 80 MKCeK, qTo .onsi psi.oa cpH3HqecKHX 9KcnepHM9HTOB ewe_ ,!lOCTa

TOqHo aenHKO. 

8 TO :>Ke BpeMSI MO:lKHO ·38MeTHTb, qTo _B p8MK8X pa3pa60T8HHoro aBTOpa

/6/ 
MH pe:>KHM8 pa60Tbl AUn C KycoqHo-nHHeAHOA WKanoA B03MO:>KeH .opyroA, 

. /7/ 
MeHee :>KeCTKHA nyTb yMeHbWeHHSI BpeMeHH npeo6pa30B8HHSI, 3TOT nyTb B 

HeKOT0p0M CMbICne 9KBHBaneHTeH MeTO.!lY MaKMaroHa-CaHHHa, r-.oe 38IlOMHH8IO

u.mA KOH,!leHcaTOp B 38pSI,!lHOM ycTpoACTBe AUn pa3pSI:>K8eTCSl BHaqane 60nb

WHMH CTyneHbKaMH, a OCTaBW8SICSI qacTb KaHana -. M8nbIMH, 

2. OnucaHue MeTo.aa 

YnpomeHH8Sl cpyHKUHOH8nbH8Sl cxeMa Aun C ManbIM apeMeHeM npeo6pa30-

B8HHSI npHae.oeHa -Ha pHc, 1. B oTnHqHe OT H3BeCTHbIX aapHaHT0B AUTT a .oaHHYID 

cxeMy .oo6aaneHbl TpH HOBbIX aneMeHTa: ,!lHCKpHMHH8TOp (5)' CHHXp0HH3HpyIOll.l99 

ycTpOACTBO (8) H KOMMyTaTop cepHH (8): 

YcTpoAcTBO pa6oTaeT cne.oyIOll.lHM o6pa30M, EMKOCTb C 3apsr:>KaeTcsr, 

KaK 06b1qHo, .!lO aMnnHTy.oHoro 3HaqeHHSI. BXO,!lHoro HMnynbca, a pa3pSI.!l npo

HCXO,!lHT T8K :>Ke, K8K H B pe:>KHMe C KycoqHo-nHHe1!:H01!: ·wKano8 :C nepeKmoqe

HHeM TOK8 pa3psr,na, _ HO B OTnHqHe OT 9TOrO pe:>KHMa B ,!l8HHOM cnyqae pa3-

pSIJ:l acer.i:ta - .oayxcTyneHqaTb1A· H, KpOM13 Toro, o.oHH8KOBhIA .onsr HMnynhcoa 

nro6oa aMnnHTy.!lhI, illHpHHa KaHana _Ha nepaoa cTa.!lHH pa3psr.oa cocTaansreT: 

L\1 

Ha BTOpoi!: CTB.llHH: 

L\ = 2 

'8e 

64 ,KBH 

128 MB 

128 'KBH 

;; 128 MBIKaH ,_ 

=l MBIKaH 

4 

I ,) 

,, 

MoMeHT nepeKnroqeHHSI TOKa paapsr.oa ,qJ,HKCHpyeTCSI ,!lHCKpHMHHBTOpOM 

Hanpsr:>KeHHsr, nopor KOTOporo paaeH "' 2 tJ. 1 • nocne · cpa6aTbIB8HHSI .!lHCKpH

MHHaTopa CHHXpOHH3HpyIOll.lee ycTpOACTBO nponycKaeT eme .!lB8 HMnynbCa cepHH 

H TOnbKO BTOpbIM HMnynbCOM nepeKnroqaeT TOK paapsr.oa H KOMMyTaTOp cepHH, 

no.oo6Hoe TexHHqecKoe peweHHe Il03BOnSieT, ao-nepBbIX, qeTKO CHHXpOHH3Hpo

B8Tb MOMeHTbl nepeKnroqeHHSI pa3pSI,!lHOro ycTpOACTBa H KOMMyTaTopa cepHH C 

HMnynhC8MH reHepaTopa cepHH H, BO-BTOpbIX, ycTpaHHTb BmtsrHHe HecTa6Hnb

HOCTH nopora ,!lHCKpHMHH8Topa, npH 9TOM ,!lHCKpHMHH8TOp BbIIlOnHSieT no cy

meCTBY noruqecKHe,. a He aHanoroBbie · cpyHKUHll, Ha nepaoM yqacTKe paapsr.oa 

'<? WHpHHOA KaHana 111 pa6oTaeT a.opecHbIA cqeTqHK 9 ( 8 6HT)' Ha BTOpOM 

yqaCTKe cepHSI perHCTpHpyeTCSI B cqeTqHKe 10 (7 6HT), npHqeM B03MO)KeH nepe

HOC H3 10-ro B 9-bIA, nocne.oHee o6CTOSITenbCTBO .!lOBOnbHO cymecTBeHHO, T8K 

KaK npH cpa6aTbIB8HHH .!lHCKpHMHH8TOpa ( cneaa HnH cnpaaa OT rpaHHUbI KaHa

na) i:msr HMnynhCOB O.!lHOA H TOA :>Ke 8MilnHTY.!lbI MO:>KeT B03HHKHYTb Heonpe

-.oeneHHOCTb B O.!lHH KaHan /j.1 1 T,e. OCT-aaweecH HanpH:>KeHHe HB. eMKOCTH 

MO:lKeT 6bITb paBHO, HanpHMep, nHuO O ,5 /':;. 1 ' nH6o 1,5 /':;. 1 • B cxeMe C nepe

HOCOM 9TB Heonpe.oeneHHOCTb ycTp8HHeT·csr. 

MoMeHT OKOHqaHHSI npeo6paaOB8HHSI onpe.oenHeTCSI no MOMeHTY BKnroqe

HHSI o6paTHOA CBH3H B aapSI,!lHOM ycTpOACTBe, A.opecHhIA cqeTqHK cpyHKUHOH8nb

HO BbIIlOnHeH e,!lHHbIM 6noKOM C .!lBYMH BXO,!l8MH Ha 1-a H 8-a paapSI,!lbl, Ta

KHM o6paaoM, B cqeTqHKe Henocpe.acTBeHHo peanuayeTCH onepauuH: 

n 
O 

;,, n 1 64 + n 2 J r.oe n 1 n2 - COCTOSIHHSI cqeTqHKOB 9 H 10, 

n O - Ko.a aHanHaupyeMoro .curaana. npu cKopocTH npeo6paaoaaHHH 

0,1 MKCeK/KaH l qacTOT8 cepHH 10 Mru) M8KCHMBnbHOe BpeMSI npeo6paaoaa

HHH AUn COCTBBnSieT (84 + 128).0,} ~ 20 MKCeK, T,e, B 40 paa MeHbWe, 

qeM .onsr AUn 06b1qHoro THna, HMeromero TaKoe :>Ke 6hICTpo.oeAcTBHe 01:.oenb

HhIX yanoB, no ToqHOCTH npeo6paaoBaHHSI 9TH AUn 9KBHBBneHTHbI, CTa6HnH

aa~HSI 'Hynsr' H K09cpcpHuHeHT8 ycuneHHSI Il0,!l06Horo AUn MO:lK9T BbIIlOnHSITbCSI 

TSK :>Ke, KBK H B AUn c KycoqHo-nHHeAHoA wKanoa. 
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9• Om1cam1e npHCTaBKH K Aun Ha 8192 KaHana 

Ha pHc. 2 npHBeneHa npHHUHilHMbH8SI cxeMa IlpHcTaBKH nnsi yMeHbIIJe

HHSI BpeMeHH npeo6pa30B8HHSI paHee pa3pa60TaHHOI"O 8BTOpaMH BXOLlHOI"O ycr 

/8/ .. 
poll:CTBa Ha 8192 KaHana • B Ka'leCTBe OCHOBHOI"O aneMeHTa y3nOB npHCTaB-

KH BhI6paH KnIO'l THna .. TYHHenbHbill: L1HOL1-TpaH3HCTOp' C ynpaaneHHeM nH60 
.. /9/ 

no 6a3e 1 nH6o no aMHTTepy TpaH3HCTopa • 

.llHC:KpHMHHaTOp HanpSI:>KeHirn BhIIIOnHeH Ha TYHHenbHOM L1HOL1e T:lls ·c 

nocneJlyIOuteii: qJopMHpOBKOii: CHI"Hana Ha JlHCpqiepeHUHanbHOM KaCKaJle (Ta, T7, Ts)• 

MoMeHT nepexona K MeHbIIJeMy TOKY pa3psi11a <pHKCHpyeTcSI nocne 3anycKa 

TpHrrepa (5) cna.ooM HMrrynbca LlHCKpHMHHaTopa. Kn10q T 
3

, T_ll 2 , , yrrpaBnsie

Mhill: TpHrrepoM ( 5) I rrporrycKaeT L1Ba HMIIynbca cepHH Ha TpHrrep ( 4)' KOTO

pbill:: nocne rrepec'leTa c6pacbIBaeT TpHrrep (5 J B nepaoHaqanbHoe COCTOSIHHe 

H OllHOBpeMeHHO 3arrycKaeT TpHrrep (6). nocnenHHll: co6GTBeHHO H BhIIIOnHSieT 

cpyHitUHH yrrpaaneHHSI KOMMyTaTopoM cepHH ( 3) H qepe3 T lOBhIKnIO'laeT 6onb-

IIJHll:: TOK pa3psi11a, OCTaBnSISI pa3pSILl eMKOCTH MeHbllIHM TOKOM. 3arrycK TpHrre

pa ( 6) cpa3upoBaH c HaqanoM anpecHoll:: cepHH. 

4.O6cy)K.ll9HH9 peaynbT8T0B 

l13MepHTenbHhie xapaKTepHCTHKH pa3pa60TaHHOI"O _ycTpOll:CTBa rrpoBepsinHC~ 

C IlOMOll{bIO reHepaTopa nnHell:Ho·-MeHSII0ll{!3ll:CSI aMIIIIHTy LlbI HMnynbCOB, reHepa-

TQpa c, pTyTHbIM pene, a TaK:>Ke neTeKTopa sinepHOI"O H3IIy'leHHSI. 

OcHoBHoe BHHMaHne y".oensinocb nccne110BaHn10 t1mpqiepenunanbHOii: Henn

Hell:HocTn, pe3ynbTaTbI H3MepeHHSI KOTOpoll: Ha OllHOM H3 Y'l8.CTKOB llIKanbI Aun 

rrpencTaaneHhI_ Ha pnc. 3.1 n 3.2; Ecnu IIJnpnHa 6onbIIJHX KaHanoB ycTaHoBneHa 

MeHbllle, '!9M llIHp~Ha 64 ManhIX KaHanoB, T.e. /'i. I <lii/'i. 
2 

, B _n3MepsieMoM 6en_oM 

Cil9KTpe IlOSIBmIIOTCSI npoBanbI (pHc. 3.1), B o6paTHOM cny11ae npn /'i. > 64/'i. 
· I 2 

6y11yT Ha6n10.oaTbCSI nepeKpbITHSI. KaK rrpoBanhI, TaK H rrepeKph!THSI MoryT 6hITb 

cae.oeHbl K MHHHMYMY perynHp0BK0ll: T0KOB pa3psi11a. HeTO'lHOCTb cornacoBaHHSI 

9THX TOKOB, a TaK:>Ke BIIHSIHHe rrepexo.OHb!X rrpouecC0B IIpH rrepeKnIO'leHHH 6onb

lIJ91"0 T0Ka ( M9HbIIJHll: TOK He KOMMYTHpyeTCSI) 1 He II03B0IIHIIH nony'lHTb B 11aH

HOM ycTp0ll:CTBe LlHcpcpepeHuHanbHyIO HennHell:HOCTb ny'lllle 10 · +- 20% ( pHc.3.2). 

O11HaKo 9Ta H9IIHH9ll:HOCTb M0:>K9T 6b!Tb CHH:>KeHa 110 IIpHeMneMoll: B9IIH'lHHbI B 
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1 ~ 2% npHMeHeHHeM KaKoro-nH60 H3 crroco6oB CT8THCTH'leCKOI"O pa3paBHHBa

HHSI KaHanoB. 

Ha puc. 33 IIOK838H oµHH H3 yqacTKOB crreKTpa, rrony'leHHOI"O OT .oeTeK

TOpa sinepHOI"O H3ny11eHHS1. 

C noMOll{bIO reHepaTopa TO'lHOll: aMIInHTYLlhI H3MepsinOCb ylllnpeHne nn

HHH reHepaTopa B pa3nH'lHhIX TO'lKax IIJK8IlbI AUn (pHC. 3.4). 

. npoaeneHHOe HCcnenoBaHHe xapaKTepHCTHK pa3pa60TaHHOI"O ycTpOll:CTBa 

rr0Ka3ano, 'ITO orrncaHHhill: BhIIIJe cnoco6 yMeHbIIJeHHSI apeMeHn rrpeo6pa3oaa

HHS1 AUn C 60IIbllIHM 'lHCIIOM K8HanoB MO:>KeT 6bITb C ycnexOM HCIIOilb30BaH 

npn C03LlaHHH no1106HhIX npH6opoB. 
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PHc, 1, 6110K-cxeMa AUn C Ma/lblM BpeMeHeM 11peo6paaoBaHHll, • 1 - 3ap11Ll

Hoe ycTpOi!CTBO, 2 - cornacoBaTe/lb HMlleLlaHca, 3 - cpopMHpOBa
Te/lb HHTepBana paap11Lla, 4 - . reHepaTop cepHH, 5 - LlHCKpHMHHSTOP. 

HSllpl!>!(eHHll, 6 - CHHXpOHH3Hpy101Uee ycTpOi!CTBO, 7 -. paapl!LlHOe 
ycTpOi!CTBO, 8 - KOMMyTSTOp cepHH, 9-10 - .anpeCHbie C'l1!T'lHKH, 

COOTBeTCTBeHHO weCTb H ceMb 6HT, 
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PHc, 2. CxeMa 11pHCT8BKH Ll/!H yMeHbWeHHH apeMeHH 11peo6paaoBaHHH Aun 
Ha 8192 KaHana. 1 - CHHXpOHH3Hpy101Uee ycTpollCTBO, 2 - LlHCKpH
MHHaTop HallpSl)KeHHll, 3 - KOMMyTaTop cepHH, 4,5,6 - TpHrrepbI, 

7 - BXOLl KOLlOBOii cepHH, 8-cllrHa/l aarrycKa, 9-BbIXO/l Ha pa3pllllHOe 

ycTpoi!CTBO, 10, 11 - BblXOLl cepHH Ha aLlpeCHblll C'leT'lHK, 12 - BXOLl 
OT cor11acoBaTe1111 HMrrenaHcoa, 13 - CHrHan c6poca, 
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Pac. 3. 1) l,,f3Mepeu11e_ .nm:pcpep~HUHanbHOll HemrnellHOCTII np11 ~ I< 64 ~ 2; 

2) TO )Ke Dpll Bb!p8BHeHHbIX TOK8X pa3p11na, 3) cneKTp OT HCTO'!Hl!Ka 

Hany'!eH1111, 4) H3M_epeHHe p83Mb!THII /IIIHIIH renepaTopa TO'!HOil BMnnH

TY.!lbl B paanH'!HblX TO'!K£\X WKBnbI, 
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