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. , ' PanBIITIIe mreM~HTHOII 6ru:3bl, B "iacTHO:cTn; nbJIBll~Ime' MHKpocxeM AD;Ii' na- . 
, ·. panrreti:H~ro. Tlm~' ( TaK' Hat3blBaeMblX q;lIIJIII-,--AD;II). H 6blCTpbIX cxeM naMllTII·. c 

npo113~0~blI~M µ;ocTynoM U03BOlll~llll npoBoµ;IITb CJIO)KHblH aHaJIHO co6blTIIH, oa-
' per11cTpnpoBaii;11bl~ B cneKTpOMeT!)aX 3a,Bpe1fll ~.10~ He,' 'ITO _cp~HH\fO C Bpe;,, 

·. ·MeHeM Bhlpa6oTKII TpurrepHoro CIIrHana.1-ro ypoBHH, n<)Jly"!aeMoro OT .-rpaµ;Ii:- \' 
·J110HHOH 6~CTf>OH ener{TpoHIIKII (c;_eMb~ C(?Bn~µ;eH~H n T.g.). TaK~H ~iioHepcKoii 

', .• ' I pa6oToii '6blJI npm~eccop [1., 2]; n'otlBOlIHK>~HH i1µ;e11Tnqni~npoBaTb "!aCTHQbl Ha 
2 OCHOBe' µ;ByMep1mrn ~HaJIIIna no TaKIIM:rra:paMeTp~, KaK BpeMH npomiTa Il Bhlµ;e: 
' JieHHall IJHepr:11:a c_ TO'IHOCTblO 3..'.:.5%, 8Ta TO'IHOCTb onpeµ;enHeTCJI KaK TO'IHC)CTblO 

IICIIOJibt3Y.eMblX npeo6panoBaTelleH ·aHanoroBblX BeJIIl'IllH (oapHµ;, BpeMH) B ):IBOil'I
HbIH 'Kciµ;; TaK II eMKOCTblO 3afro;nrnaro~l'IX Y~TpOHCTB, IlCIIOllb:JyeMblX; µ;= OT6opa. : 

,·' Ilpo~pecc, ;OCTiirHY;bIH B nocn~µ;IIee 'BpeMH. ~ ~6~acT~ cooµ;aHIIJI q>ll9III_-_ 
.· AD;II/ noOB~lIJieT · norr0ii~Tb p~t3peIIIeHH~ JIY'!We: 0,5% (8 ,' 6nT) n µ;a)Ke 0,1 % · 
' (10 6l'!T ), a yBenn<ieHiie CTene;1111 IIHTerp~~Im Il IlOHBlleHHe 6blCTpo~eHCTIIYIO~IlX 
: :fam:>MIIHaIO~l'IX ycTpOHCTB eMKOCTblO '215 6nT co BpeMeHeM gocTyna OT ii:ecKOllb". 
'. KIIX iiaHC>ce~y~µ; go HeCKOlibKIIX µ;ecJITKOB HaHOCe~yHg not3BOIDIIO; CTpOl'ITb Ta6-
llll'IHbie ycTpC>H~TBa µ;ByM;pHoro 'oT6opa co6bITIIH C TO'IHOCTblO 0,5%.' OgHaKO 

: µ;JIH 'oT6opa _co6blTIIH no 6om,IIIeMy 'Il'ICJIY napaMeTpOB CTaHµ;apTHblM q6panoM, 
:<iTo, HfillblBaeTCJI_ ''B,no6", Tpe6yeTCH IICilOJibtlOBafrirn oanm.~IIHci.ro~ux ydTpOHCTB . 
cn11uiKoM 6on:bIIIOH eMKOCTII (6011ee 218 '-': 221).• .TaKII~ 3Y, Bo-nepBhlx, cnumKC>M .. · . 

. ~~poru; a· BO-BTOpbIX, IIMeIOT ~II3KOe 6blCTpo)'.(eiicTBII~.. •,· .. ' . . , ": ' . ;. 

. . . ,B pa6oTe [3] 6hIJI npeµ;Jio,K~H 'cnocb6 KacKa):IHpriB~Hirn '3-y g;H j'B~JHI'IC~HH 
'I~CJia napaMeTpo~ Ta6JIII'IHOro o'T6op~:~ Ilpn:'peanII3a~Hll TaKoro MeToµ;a ~Ta~ • . 

I HOBIITCH yµ;o6HblM 'BblgeJIII~h Moµ;y~II npeo6panoBaHIDI B 'oTµ;eJibHY~ rpyimy, a •. , 
'•. Moµ;ynu'oT6opa ·-:: ii µ;py~ykl. Torµ;a norry"!aCTCH ru6Kaii 'YHMBepcanbHaJI CllCTeMa '. 
,·, -., - . I ' .•. .' •. ,\ : _' ', ' ·l' '' !' ' '· • • I ,/ ,•\ '' ' f' ' 

MHororrapaMeTpM'IeCKoro ·oT6opa. B · OaBMCMMOCTM OT Toro, no KaKIIM napaMeT-. 
:paM_IIpOIIOBOµ;IITCH 10T6op co6bI'I'.IIH, 6yµ;yT npiIM~HHT~CJl 6i.i:cTpble npeo6paooBa-' 

.,. i T_eJIII 131!-P~A-QIIq>pa} BpeMJI-QMq>pa/ I~ µ;~., a 13~0,M~~al{)~Ue ycTpOHC;Ba, Mo:ryT' . 
. ,6hITh panHblX TrinoB II Kacimµ;npoBaTbCH' B cooTBeTcTBUII c,, :.mCJioM napaMeT
poil M arrrop~,i,MOM ·oT6opaf ,I(irn TaKOH c:'ucTeMbl ~ 6blrr p~pa60T8.H y~miepcanb- ; . 

, ,'· ~,,' ,, -- ; • , . : • • ,, ·' I : ·"u , , " - u -. . . ·-., 

Hblll npeo6panoBaTeJib BeJIII'IMHbl oapHµ;a B µ;BOM'IHblII Kog, KOTOpbIII _Mo:ll{eT 6b!Tb 
,. ; '" ' ' ' i ',, ' ' ' ' / \ ' ' ' 

'ncnOJibl30BaH II KaK npeo6panoBaTeJib BpeMH-KOµ;. '.' I 

,' (h-pyK~YPHclJI c~eMa -,npeo6p~oBaT~~ npuBe+ieHa H~ P1tC.l. Ero p&ioTa. 
OCHOBaHa Ha npeo6pat30BaHHM Mt3MepHetmro oapHga MJIM BpeMeHHOro IIHTepBana 
; ' ·; : . ' , .· . . ; . , ':• , . . . ·.. . . . . , I \· 
B BeJIM'IM~Y HanpH)KeHID,I,Ha KOHµ;eHcaTope .c, KOTopoe OaTeM lil3MepHeTCJI C no-
'·•· I · '• · , . . : . · •.· · . : , · ,. • · .. 
MO~bro q>naIII-AD;II. IfoMepHeM~H IIMriyn:&c nogaeTCH Hencicpeµ;cTBeHHo Ha_ aHa-
noro:sbIH BXO):I_ npeo6paooBaTeir.ii:. ~airn.g-;-aMIIJIIITyµ;a, a: 'curHan BOP OT A _:: "!e
p~o npeo6paooBaT~JII, ypoBHeH NIM-ECL no~;ynaeT' Ha,~q<>TBeTCTBJK>~IlH BXOi:1 c 

npeo6panoBaTeJIJI · II, KpoMe · TOfO,' CBOHM oaµ;HHM :q>pOHTOM oanycKaeT oµ;HOBM6-
' pa~opbl OBL ii:, OB2, "npeµ;HanHa"!eHHble µ;nH oagep)KKM qirHana c;po6HpOBaHHH 

\ . . . ' , .. . I . ' . . . . , ' . 
ct>_A~II Ha BpeMH nepexoµ;Horo npo~ecca B IIOMepIIT~JI~HOM KOHgeHcaTope C. Ilo 
OKOH'IaHIIII MMnynhca'BOPOTA HanpH)KeHue Ha KOHµ;eHCaTope C IIOMepHeTCH M ' 
; ~·'.>/ ·J .. ~ '. ,. 1 'I, '\ ' , i·.: ·_, ~ . : • 1 . • ~ • . ,•• .. ' -,,.· • t 'I. 
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µ;aHHhle c <l>Ail;If (8· :ma"!a~II~ pa3p.Hp;OB u paupHµ; neperiOJIHeHII5!) "Iepe::3 6y
<f>epHblll KaCKaµ; B ypoinrnx ECI, BbIB<>gHTrn Ha nepeµ;moro naHem~ 6n,oKa, a no 

K~M~µ;e NA.(0/l)F(O) MoryT 6bITb 'c"II!TaHbl'no M:arucTpane KAMAK Oµ;Ho~ 
BII6paTop OB3 3aµ;ep,1nrnaeT BbIXOgHOII CTpo6upylOU(IIII CIIrHan Ha BpeMH imMepe
'Hirn B'<l>Ail;II. B, cny"!ae Ir.JMepe1nrn BpeMeHHbIX UHT~pBMOB IIMrryn~c BOPOTA 

Bbipa6aTbl~aeTrn Tj>HrrepoM Dl, yrrpaBnieMbl~~ CUrH~aMH; CT APT ',II' CT01I, . 
a attanoroBblll BX0A '."Iepe::3 ,, TOK0::3ap;alOU(IiII pen;icTop noµ;K~lO"!aeTC5I K, CTa6mm- ' 

mipOBa~HOMY UCTO"IHIIKY orropHoro HanpmKeHIUI. 8TOT )Ke IICTO"IIIIIK JIBU5IeTC5I 

oriopHbIM II µ;nH <l>Ail;II. . . , : . . 
' / ' : . C ,, , .. , ," , , , .\• ' .' ·, ' . , ·, ',, '' 

· .. , Ynpoll(eHHaJI npIIHUUnIIanbHrur cxeMa Moµ;yni. np1rneµ;eHa Ha puc.2. CIIrHan 
,C ~Hanoro~oro Bxoµ;a "Iepe:j pe:mcTop Rl (47 O1i)rroµ;aeTC5I Henocpeµ;CTBeHH0 Ha·, 

' ;-'BXO~ npeo6pa::3,0BaTen5I ,3ap51µ;-..-aMnmITY7ia ADl, Bhm~nHeHHoro·B 'BIIµ;eicnenIIa-
' ', mfrmpoBaHHOll m6pIIp;HOll MIIKpoc:xeMhl Kf0l-IITl [4]. II;enb R3.::.c1, ~nyknT 

' '. • ' • ' .:.. • .\ • , > • : ,· \' • , 

· µ;nH BblcoKo"!acToTHon KoppeKUIIII, a µ;uop;hl VDl II VD2 - ·µ;nK':Jall(IIThl ·Bxoµ;a 

OT neperpy::3KII; ToK"nhegecTana" (oKo,noO;ii MA)aaµ;aeT<::~pt;::3IICTOp~M-R4; noµ;-
' KllIO"IeHHbIM "Iepe::3 noµ;<eipoe"!Hblll _pemIC'J'.OP K IICTC>"IHIIKY cmopHoro , H&lp5I)Ke~ /·_ ' 

' HII~-, 2 n: B pe)KIIMe II3MepeHIIH 3apHµ;a cnrHan BOPOTA IlOCTynaeT Ha l3XOµ; 
' . ' .'' ' i ,, ,, ' ',' ' ,' ' ' 

· ADl Henocpeµ;cTBeHHO "Iepe::3 cxeMy' "MJIM" - D3 '(K500JIM102), :a B pe)KIIMe 
. I;:JMepemrn BpeMeHHhl~ HHTepBanoB a;<>T cIIr~an m,i:pa6~TbIBa~TCH c ~OMOU(hlO ' 

D:-c~pnrr~poB Dl (K500TM13i}: ··.·. · · .. · · . :· '. , · · ', ' '.'. , . •· .. '' 

' ' . ; IlpII p;;,60T~ C CII_rHanaMII BOPOTA 9on~llIOll ~nIITenbHOCTH (HeCKOlibKO co-,' 

, TeH HaHOCeKyHµ;) II::3MepIITeJibHbIII K~>Hµ;emiaTop C2 (130 n<l>)::3ap5I)KaeTC5I TOKOM 
. "nhegecT~.mi." Ha ~aMeTHYIO Ben~"IIIii:y; ·"I;o\yiuecTBeHHO ·c~Kpall(a~T.'AIIHaMn~ < 

' ' ,·. • ' • • • ' • ' ' • ' • - • " ~ ' - , ' ' ' ' ' ' '\ f 

'"IeCKIIll p;IIaila:JOH npII6opaJ .I(nH_ ycTpaH~HII5I :3T01'0 <f>aKTopa, T .e. ·µ;nH pacwIIpeHirn I 

:µ;IIaria:Jcma' BpeMeH 'IIHTerpIIpoBaH!f5I ', BX~p;HbIX ', CIIrHanoB, B_ cxeMe 'npeµ;ycMOTpeH 

T,DKOBhlll Knro"!YT3; YT4, KOTopbIH BO BpeMH cIIrHana BOPOTA cia6IInII::3npo
BaIIHhIM TOKOM I,= In~e11ecT~a panpJI)KaeTKOHp;eHCaTop C2 Ha BeJIII"IIIHy; paBHY~ 
iJapHp;y'oTTOKa "nbep;ecTarra".· ,,,,.; , ,'· ,•,,, ,·, . ' :; , .·· ', 
" ' ' ,1 '' '' ' ' ·.. ' ' ' ' ' ' ' ' 

, ' 3ap5Ip;·II::3MepIITCllbHOrO KOHp;eHCaTopa'C2 ocyll(eCTBU5IeTC5I OT ypoBH5I Hart~; 
J)5I)KeHIIJI +5 B, :Ja)J;aBaeMO~O C n0Mom1,10 µ;enIITenH R7 - 'Rs; µ;o +3 B. II~cK~nbKy 

p;IIana:J0H BXop;HhIX HanpmKeHHn <I>A~II ( AD9002. [l>] ) OT 0 µ;o -2 B, TO cIIrHan 
. ' ! ' \ ' ' - ' . . ' ' ' ' . ' . ·', ~ 

c KoHµ;eHcaTopa C2 nepeµ;aeTCH :Eia aHanoroBblll Bxoµ; <l>AII;II "Iepe::3 6blcTphln IIH~ 
,,•.BepTIIpyroll(llll cµ;BoeHHblll IIHCTpyMeHTarrb~lI ycIInIITenb A2{AD830[5]), corna~ 
· cy10ll(Ull ypoBHII irnnp5I)KCHII5I Ha KoHp;eHC~Tope II Ha Bxoµ;e <l>AII;II. 
, , . , I ' , , • ' 

·I:-
.I(BoII"IHhIH Koµ;, cooTBeTCTBYlOU(IIII II:JMepeHHoMy· cIIrHany, _BhIBOp;IITC5I Ha, 

nepegHIOIO naHerib B 6IInon5IpH0M BIIµ;ec Il0M~~bIO MIIKpOCX~M K500JIM101 JIII6o 
Ha MarIIcTpanb KAMAK. II~ OKOH"IaHIIH ~:JMepeHIIH TpaH:JIICTopoM VT2 npoII::3• 

-......:, 

- ' ,. ,.':·' / I ; . ' ' ',, '' •. ' - ' .•.' ' 

Bop;IITC5I pa::3pHµ; KOHp;eHcaTopa C2. BpeMH pa::3pHµ;a :Jaµ;aeTCH op;HOBII6paTopoM, 
OB5, a npn c6poce c· nep~µ;H~II n~em1 IInII no KAMAK...: OB4. ' 

, ·, Oco6eHHo~ThIO ncnonh:JY~Mon MIIKpocxe;,m <I> Ail;II HBnHeTrn. To, ~To µ;aH~ : 
Hble Ha'ero ~bIXOp;ax no5IBll5IlOTCJI C 3°aµ;~p)KI(Oii B, 1 TaKT; IloaT0MY mi 1 ~mm II::3Me~-

pemrn Tpe6yeTC5I 2 nocne~6BaTehb~bIX CTpq61tpylOU(IIX. CIIrHana. OHHBblpa6aTbl~ 
" ' ' ·,' I ':· " '' ' ' ' ' • ' ' ' ! ; ·, ''. { I' ' ' ; ' ;' ,y :, I ,, 

' 

·, 
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' BaIOTC.H cxeM0H "ucKJIIO'UITeJibHOe IIJIII" - D5 (K500JIIll07), )l;ucpcpepe~~pyro
LL(eii nepeguuii 11 :Ja~H:i1ii cppoaT nM~yrrhca, Bhlpa66TauHoro og:iiomi:6paTopoM OB2 
(8 H~). 3agep,KKa :JTIIX cnrHan:OB Ha: BpeM.H, Heo6jcc}guMOe p;JIH nep~ga~UI CUrHarra C 
KOHgeHcaiopa C2 u'a Bxog All;Il ( OKOJIO 15_ HC ), ocymecTBJI.HeTcir c IIOMOLL(bIO O~HO
BU6paTopa OBl, KOTOpbIH:JanycKaeTC.H:JagHIIM<ppoHTOM cnrHarra BOPOTA. Bee. 
ogHOBU6paT~pbl_ BblIIOJIHeHbI Ha OCHOB~ n.:..TpurrepoB (K500TM131) ~ IIOCTp0EIHhl 
no Tpagun;uoHHOH cxeMe c ''caMoc6p~COM" '. . , . . . . . . 1 · . . ' 

' . > B Te~eHII~ Bcero ~peMeirn· rrp~o6p~oBaH~ - ~KOJIQ 50 HC - Ha .BblXoge-

fcxeMbl D6 Bhlpa6aThIBa'.e-rc.H cnrirarr' BUSY.: ll;ucppoBoii Kog All;Il cTp~6upyeTc.H 
, JIU60 :JagHI~M <ppOHT~M. :lTOI'O curu'arra, JIII6o CIIeIJ;IiaJibHO Bblpa6oTaH~M CIIrHa'.:. 
; rroM CTPOB BhIX (Ha cxeMe He rroKa:JaH). · · · · , ~• 

,, . ' ' ,, ;•. '. ' - , ,•·-

;.. 

· KpaTKue: xap~Tep~cTIIKII 

.. IIOJI.HpHOCTb 
:c,----.,__, ·, I 

; guana:JoH cII_ruarroB · 
uuTerparrbHaJI uerruueiiuocTh 

.Pa:Jpeweuue 

Biog BOPOTA: 
·_, " , \ 

'' IIMnegauc 

ypoBHII .\ 
· grru;eJihH9CTh 

uMnegauc 
ypoBHU 

• i • 

grruTeJihHOCTb 
,..._ t •-. .• • ' I _J 

BpeMeuuoe pa:JpeI1Ieunti .. 
/ . ' . 

BpeMH'.npeo6pa:JOBaHII:H 

KoMaHghl KAMAK: 
. • > 

,.N*:A(0) *F(~) 

fl~ A(l) *F(0).' 

'N / A(o) * F(9)'.z; c 
'. ' l - • 

\.'\ 

,,--50 OM ,I 

- 0Tpun;aTeJibHall 
-·256 nKrr 
-'05% ,/ ' . 
-8 611T 

-50 OM,: 

-NIM 
' '-- ue Meuee 5 uc. 

..:.50 OM 
-'NIM 

<, 

- He Mt;Hee 3 uc ... 
. _: ~o ri:c npu lIIKarrelO HC 
-· 100 rrc npu IIIK_arre 20 uc 

/ 

,\' 

:._ 50 He ( c ~oMeHTa oKo~-qauU.H 

curuarra; :SOPOT A UJIU IIOCTynrreHU.H 

- >~ 

curirni:a CTOil) ·. , _,._, . 

I '. ·. ~ •• 

.:..: ."ITeHUe gauHbIX C 1-ro Kauaira no 
lIIUHaM: RI-Rs; R9 --';nepenorrHeHirn 

- "ITeHH~ gaHHhIX co 2-ro Kauarra no 
· lIIUHaM RI ..:.Rs, R9 ~ neperroJIHeHue 

. , .. ' ,.. " . ~ \ 

:- c6poc 

5 !i 

/ 

•,/ 
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' ., . . . ') ' . ' .. .·. . ' . '. ,. 

. . B oaxmo~em1e a:i3Topb1 c~IITaIOT CBQIIM .. npIIHTHhIM µ;onroM Bblpai:mTb 6na- .: 
,· . roµ;apHOCTh MaHh~KOBY _ILK. oa KO~cyn~T~IDI u.·n106eo~6" npegocTaBneHHbie ' 

~II6pIIµ;Hhle MIIKpocxeMhI, a Kym1Hriy II.A. :._ oa noiieom,ie o6cy)I{µ;eH~~- .. 
' .. ''. ,, • : ., '. . .. "' .. · •.. , ,., ..... '» ,· 

• . . I 

. JlHTepaTypa·. . ,·• 
I • , ': ·• •• , { .' " . \ • :. , . ·, , . · •. • •. • / , 

[l]·KynIIHIPdLA., Toneµ;o P. IIT8 NQ61988r. cT'p: 85. 

·3 . 

~ ' • ' ' • ' , •• • • • - • ' • • "· • • <' ·: - ' ' • 

'[2] ;,I(eHIICOB ,I(.C/, Epoll!IIH q:B., K)'n~H~•dl.A:;Il µ;p. IIT8 ],lQ5 1989/cTp.)3'i., 

. [~] ·,I(.II.M~~~eB,··a.o.ox~HO~~ A.irra~~·e~o~.· c·o~6;e~IIe'. oiurn: B2~1-95~2, .· 
1' . : ,I(y6Ha,' 1995.; . •. I . . . . . ' . " ,, 

:\ 

' ' •. : I ' ' ' ' l ' ' . ' I ' • ' 

[4] Bac~maAOe c:r:, ,I(oo;e:iixo,)0.10:,, MaHb.!IKOB II,K, <Peµ;op'IeHKO/C.H. 'Th6-, , 
pll~Hall IlHTerpanhHall cxeMp, npeo6panoBaHirn: oapsrµ;a BO· BpeMCHROR IIHTep~ 

•. Ba.JJ: µ;mi 'nocTpO~HH.~ MHOI'OKaHMbHblX '~Hanoro-~mppoB~X npeo6paooBaTe~ 
neiI. OiIJUI 13-80~514, ,I(y6Ha '1980 r;, IIT8 N~l 1982,r. CTp; 102. , 1 

, . , - . , . ·• • . ' , . ~.- . . ' I , . . • '. 

[5] Anal6gDevices'. 1994 DESiG~~ir:/REF~REN,~E M~~UAL: ' 
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PyKon11Cb nocTynl!JJa B l!~aTeJl~CKIIH O'f):leJI 
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