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IIaparrrrerrhHaH nepe,n:aqa nmj:JopMan;nn c MHoronpoBorroq­
HhIX nponopn;noHaJihHhlX KaMep B H3MepnTeJihHhIH n;eHTP npn 
'iHCJie KaHaJIOB perncTpan;nn nopH,n:Ka HeCKOJihKHX ThlCH'i 
H 6orree Hepan;noHaJihHa, T .K. JIHHHH CBH3H norryqaeTCH BeChMa 
rpoMo3,n:Koii. qT06h1 :noro H36e)KaTh, npnMeHHIOT nocrre,n:o­
Ba TeJihHo-naparrrreJihHYIO nepe,n:aqy KO.D:HPOBaHHOH nmj:JopMa -
D;HH C KaMep. 

B 3TOM crryqae K Ka)K,ll;OH cnrHaJihHOH npoBOJIOKe KaMephI 
,ll;OJI)KeH 6hITh IlO,ll;KJIIO'ieH KaHaJI, BhlilOJIHHIOID;HH crre,n:yIOID;He 
cpyHKD;HH / l, 2,J/: 

a/ ycnrreHne KaMepHoro cnrHarra; 
6/ 3a,n:ep)KKY cnrHarra; 
B/ 3arroMHHaHHe HHqJOpMan;nn co CTpo6npyeMOH 3anHChlO 

H C'iHThIBaHHeM; 
r/ cpopMnpoBaHne nMnyrrhca "EhlcTpoe llJUI". 
JirroK- CXeMa TaKOrO KaHaJia IlpHBe,n:eHa Ha pnc. 1, Bpe -

MeHHhie ,n:narpaMMhI ero pa6oThI - Ha pnc. 2. 
CnrHaJI C aHO,ll;HOH rrpOBOJIOKH nponopn;HOHaJihHOH KaMephI 

no,n:aeTCH Ha ycHJIHTeJih A, BXO.D: KOTOporo 3aID;nID;eH OT 
BO3MO)KHhlX HCKpOBhlX npo6oeB 3aI.D;HTHOH n;enhIO p. C Bbl-· 
xo,n:a ycnrrnTerrH cnrHarr nocTynaeT Ha cxeMy cpopMnpoBaHHH 
nMnyrrhca "EhICTpoe llJill" n JanycKaeT ycTpo:iicTBO 3a,n:ep)K­
KH )];, BhlilOJIHHeMOe 06hI'iHO ITO CXeMe O,ll;HOBH6paTOpa. 
3a,n:ep)KKa cnrHarra Heo6xo,n:nMa ,n:rrH opraHnJan;nn ero coB­
na,n:eHHH co cTpo6oM 3anncn • .Ilocrre,n:Hnii 6hrnaeT 3a,n:ep)KaH 
o6hI'iHO Ha HeCKOJlhKO coTeH HaHOCeKyH,n:. 

qT06hI B npon;ecce BhI,n:ep)KKH O,ll;HOBH6pa Topa HCKJIIO'iHTh 
Ha ero BXO,n:e noMexn, KOTOphie MoryT H3MeHHTh BpeMH 
3a,n:ep)KKH, YCHJIHTeJih Ha 3TO BpeMH 6rroKnpyeTCH .. Ilpn 
coana,n:eHHH Ja,n:ep)KaHHoro HMnyrrhca co cTpo6oM 3anncn 
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Tpnrrep T nepeeopaqneaeTCH H 3anoMnnaeT nn¢opMaunro. 
BhIBO,II; ee npoHCXO,Il;HT qepe3 BOpoTa cqHThIBaHHH no COOT· 
BeTCTBYIOIUeii KOMaH.n;e. Tpnrrep nocne 3TOrO nepe6paChI· 
eaeTCH e HCXO,II;HOe COCTOHHHe HMnyJihCOM "C6poc". 

Ha pnc. 3 npnee,n;ena npnnunnnaJihHaH cxeMa 4-Kananh· 
noro 6noKa perncTpaunn .n;nH nponopunoHaJihHoii KaMeph1. 

CxeMa Bhmonnena na oTeqecTeeHHhIX EGL HHTerpanh· 
HhIX MHKpocxeMax. Bh16op TaKnx cxeM o6ecneqneaeT BhI· 
COKHe epeMeHHhle CBOHCTBa KaHana perncTpaunn npH MH· 
HHMaJihHOH CTOHMOCTH. 

Ka)K,II;hIH Kanan co,n;ep)KHT 2 HHTerpaJihHhie MHKpocxeMhI: 
M 1 - qeThipe ,n;n¢¢epenunanhHhIX npneMHHKa cnrnana, H 
M 2 - qeThipe nornqecKu:x jneMeHTa 2 HJIH-HE. 

Cnrna.JihHhIH ycnnnTeJib co6pan ·na 3 - x ,n;n¢¢epenunanh -
HLIX KacKa,n;ax (Ml~, M lb ' M le ) MHKpocxeMhl Ml. OH HMeeT 
K03¢¢nuneHT YCHJieHHH OKOJI0 2OO.3arunTa YCHJIHTeJIH OT B03 • 
MO)KHhIX HCKpOBhlX npo6oeB B KaMepe ocyruecTBJIHeTCH 
pe3HCTopoM R 1 H ,n;no,n;aMH D 1 H D2 . CTa6HJIH3aUHH pe)KHMa 
ycnnnTeJIH o6ecneqneaeicH uenhIO o6ruen oTpnuaTeJihHon. 
o6paTHoii CBH3H R6 , C 1 • 

Bh1xo,n; ycnnnTenH qepe3 yKopaqnearoruyro uenh C 8 R 12 

coe,n;HHeH co BXO,II;OM O,Il;HOBH6paTopa 3a,n;ep)KKH, BhIIlOJIHeH· 
noro na ,n;n¢¢epenunanhHOM KacKa,n;e M Jd • 

bJIOKHpOBKa YCHJIHTeJIH Ha BpeMH BhI,n;ep)KKll O,II;HOBH6pa -
Topa ocyrueCTBJIHeTCH C nOMOI.UhlO uenn nOJIO)KHTeJihHOH 
o6paTHOH CBH3H R 8 R 9 , coe.n;HHHIOIUen Bhixo,n; o,n;noen6pa­
Topa C HHBepTHPYIOIUHM BXO,Il;OM nocne,n;nero ,n;mp¢epen­
unaJihHOro Ka~Ka,n;a ycnnnTeJIH. 3a cqeT JToro nocne,n;nnii 
KaCKa.n; YCHJIHTeJIH OTCeKaeTCH Ha epeMH 3a,n;ep)KKH. 

,!l,JIH 6hICTporo BOCCTaH0BJieHHH JIHHeiinoro pe)KHMa ycn­
JIHTeJIH nocne 6JIOKHPOBKH nOCTOHHHaH epeMeHH cTa6HJIH• 
3Hpyrorueii OTPHUaTeJihHOH o6paTHOH CBH3H T oc ,n;omKHa 
6hITh HaMHoro 60JihIIIe MaKCHMaJihHOro BpeMeHH 3a,n;ep)KKH 
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r,n;e Ko • K03¢¢nuneHT ycnneHHH YCHJIHTeJIH. 
IlpnMeHeHHe 6JIOKHPOBKH YCHJIHTeJIH n03BOJIHJIO HCKJIIO• 

qnTh OT,II;eJihHhIH aMnJIHTY,II;HhIH ,II;HCKPHMHHaTop, 06h1qno 
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ncnOJih3yeMhIH ,II;JIH pa3BH3KH O,Il;HOBH6paTopa 3a,n;ep)KKH H 

ycHJIHTeJIH / 2, 3/. 
O,n;noen6pa Top co6pan no cxeMe, o6ecneqnearomeii 6hICT • 

poe BOCCTaHOBJieHHe·. OTJIHqHe ero CXeMhl OT HCnOJib3yeMOH 
e pa6oTe hi o6ycnoeneno H3MenenneM nonHpnocTen BhI • 
xo.n;noro H 3anycKaroruero HMnynhcoe n cnoco6a TepMoKoM· 
nencaunn epeMeHii BhI,n;ep)KKH H nopora. 

Ilopor 3anycKa O,II;HOBH6paT~pa 3a,n;aeTCH pe3HCTOPOM 

R 23 H paeen: 

U t "' U R23 

/). ij Bb!X. 

K' 
+ U D3' 

r.n;e U R23 - nanpH)Kenne Ha pe3HCTope R 23, !).UBbIX - aM· 
nJIHTy.n;a HMnyJihCa Ha BhIXO,II;e O,Il;HOBH6paTopa, K ,_ ycnneHHe 
o,n;nnoqnoro ,n;n¢¢epenuuan1.noro KacKa.n;a B nnnenHOM pe -
)KHMe, U - npHMOe na,n;enne na ,n;no,n;e. D . 

D3 3 
"BpeMH BhI,n;ep)KKH 0,II;HOBH6paTopa 3a,n;aeTCH. uenhIO 

R 
14

, C 4 • Onpe,n;eJIHTh ero y,n;o6no H3 ycnoBHH 3apH.n;a eMKOCTH 

C 4 HeH3MeHHhIM TOKOM: 

C 4 [ !). UBbIX ( 1 - : ,) - u t ] 

t "' D EcM - En+ 0,51). UBbIX. , 
. +lax 

R 14 

, . 

r.n;e l'sx. • cpe,n;HHH 3a epeMH BhI,n;ep)KKH TOK HeHHBep­
THpyroruero exo,n;a . .nn¢¢epenunanhHoro KaCKa.n;a, E CM - no­
Tenunan nneepTnpyroruero exo,n;a eo epeMH BhI,n;ep)KKH, 
En - HanpH)KeHHe nHTaHHH MHKpocxeMbI / En = - 5 B/. 

,!l,nH cnyqaH, Kor,n;a 

(E - En ) 
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Ilpn C 4 = 150 mp, R 14 = 33 KOM B HameM cnyqae HMeeM 

t D'" 300 HCeK. 

Pe3HCTOP R 14 nOJJ.KJIIOqaeTCH K HCToqHHKY nnTaHHH qepe3 

KOHTaKT pa3'beMa, qTo )J.aeT B03MO)KHOCTh, H3MeHHH noTeH­

unan 3Toro KOHTaKTa OTHOCHTeJibHO - 5 B, npOH3BOJJ.HTh 

JJ.HCTaHUHOHHYIO peryJIHPOBKY 3a)J.ep)KKH /cM. pHC. 6/. 
,[(JIH. yMeHhllleHHH BpeMeHH BOCCTaHOa'JieHHH 0J].HOBH6pa~ 

Topa pa3p.HJJ. eMKOCTH C 4 nocne BhIJ].ep)KKH oCylI.leCTBJIHeTCH 

qepe3 JJ.HOJJ. D 3 • Bt;.JHqHHa BpeMeHH BOCCTaHOBJieHHH, npn 

KOTopon BTopon HMnynhc naphI yKopoqeH Ha lo/o no cpaB­

HeHHIO C nepBhIM npn C 4 = 150 mp, COCTaBJIHeT OKOJIO 

50 HCeK /cM. pnc. 5/. 
<l>opMnpoBaHne HMnynbca "EhlcTpoe HJU1" ocylI.leCTBJIH­

eTc.ir BeHTHJieM M 2a /2 HJIH-HE/. ,[(JIHTeJihHOCTh BhIXOJJ.­

Horo HMnyJibCa onpe)J.eJI.HeTCH uenhIO R 13 C 7 II COCTaBJI.HeT 

20 HCeK. 

11Mnynhc 3anI1cI1 qiopMilpyeTc.ir JJ.IlqJqiepeHUHPYIOllleH uenhIO 

C 6 R 17 ~ 
BopoTa 3anI1CII BhlilOJIHeHhl Ha BeHTIIJie M 2b· 3anOMIIHaIO-; 

lllIIH TpI1rrep co6paH Ha BeHTIIJIHX M 2 c II M 2 d. 

BopoTa cqIIThIBaHIIH co6paHhl Ha TpaH3IICTOpe 'l~, YnpaB­

JieHile cqI1ThIBaHI1eM ocylI.leCTBJIHeTc.ir Ha ypoBHHX E CL no 

6a3e TpaH3IICTOpa. BhIBOJJ. IIHqJOpMaUIIII npOil3BOJJ.IITCH no 

cxeMe OTKpbIToro Konne1-:Topa JJ.JIH ocyll(eCTBJieHIIH onepauI1I1 

HJIH Ha HHqJOpMaUIIOHHOH IllHHe. IlpII 3TOM OJJ.HOBpeMeHHO 

TpaHCJIIIPYIOTCH ypomm EC!, --• TTL, qTo ynpolI.laeT cxeMy 

cqHThIBaHIIH, T.K. J].aeT B03MO)KHOCTh OTKa3aThCH OT cneun­

aJihHOro TpaHCJIHTOpa YPOBHeH, npIIMeHeHHOro, HanpIIMep, 
B /3/. 

HanpH)KeHHe CMelI.leHirn JJ.JIH YCIIJIIITeJIH qiopMIII)OBaTeJIH 

"EhICTpoe HJIH" H 0J].HOBil6paTopa no)J.aeTCH OT 3MIITTepHoro 

noBTOpIITeJIH Ha TpaH3IICTOpe T 3 · TeMnepaTypHaJI KOMneH­

cauIIH nopora cpa6aThIBaHHH II BpeMemi , 3aJJ.ep)KKII npo-

H3BOJJ.IITCH TepMope3IICTOpOM R 22 

KaHaJI HMeeT MHHIIMaJibHhlH nopor perIICTpaUIIII, npnBe -

.U,eHHhIH KO BXO.U.Y,OKOJIO 1 MKa. BXOJJ.HOe conpoTIIBJieHile 

HMeeT BeJIIlqIIHY 600-700 OM /c yqeTOM 3alI.IHTHOro pe-

3IICTopa R 1 = 100 OM/. ,[(JIH CHH)KeHHH BeJinqnHhl BXOJJ.HOro 

conpOTIIBJieHIIH Ha nopHJJ.OK /ecJIH IICTOqHHK CilrHaJia HMeeT 

60JihliIYIO BhIXOJJ.HYIO eM_KOCTh HJIH Tpe6yeTCH coe)J.I1HeHI1e 
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KaMepb! co BXOJJ.OM 6noKa 0Tpe3KOM Ka6en.ir/ BMeCTO J].IIOJ].a 

D 2 ycTaHaBJIHBaeTCH TpaH3HCTOP T 1 /pnc. 3 - nyHKTHPIU>IH 

TpeyroJibHHK B BepxHeM JieBOM yrny/. Tpe6yeMoe BXOJJ.HOe 

conpOTIIBJieHne 06ecneqI1aaeTCH COOTBeTCTBYIOlllIIM no.u.-

6opoM pe3ncTopoa R 1 , R 2 , R 3 • 

,[(JIH nIITaHHH 6JIOKa perIICTpaunn Tpe6yeTCH OJJ.IIH nc­

TOqHnK - 5 B. IloTpe6n.ireMblH TOK - 380 Ma /Ha 4 KaHana/. 

Ha pIIC. 4 7 8 npe)J.CTaDJieHhl pe3yJihTaTbl HCnhITaHHH 

6noKa perncTpaunn c noMOlllhIO IIMHTaTopa IIMnynhCOB npo­

nopunoHaJihHOii KaMephl. llMIITaTop reHepilpoaan oTpnua­

TeJihHhie TOKOBhie HMnyJihChl c qipOHTOM 15 HCeK II BpeMeH­

HOH KOHCTaHTOH cna.u.a 100 HCeK. 

6noK perncTpauI1I1 ncnhIThrnanc.ir TaK)Ke c nponopuno -

HaJibHOH KaMepon pa3MepoM 150 X 150 MM, CilrHaJihHhIH 

3JieK'rpo.u. KOTOPOH HaMO!aH C maroM 3 MM npOBO.U,OM .U,Ila -

MeTpOM 20 MKM. 

IlpHMeHHJiaCh ra30BaH CMeCb Ar + 20% CO2+ 3% C2H pn. 
B KaqecTBe HCTOqHIIKa H3JiyqeHHH HCnOJih30BaJICH 90 Sr • 

Ha pnc. 9 npIIBe.U,eHa 3aBIICIIMOCTh 3qJqJeKTHBHOCTH pe -

rHCTpaunn OT BeJinqnHhl Hanp.ir)KeHHH, npIIJIO)KeHHOro K KaMe -

pe. llinpnHa nnaro 3qiqieKTIIBHOCTH npn 3TOM nonyqeHa He 

MeHee 500 B /" 14o/o OT cpeJJ.Hero Hanp.ir)KeHHH Ha KaMepe/. 

OJIOK perncTpaUHII BhlilOJIHeH Ha nJiaTe Il3 JJ.BYCTOpOH­

Hero qJOJibrilpOBaHHOro CTeKJIOTeKCTOJIIITa pa3MepaMH 120 X 

X 130 MM 2 . 

BHelllHHH BH.U, 6110Ka noKa3aH Ha pnc. 10. 
B 3aKmoqeHHe aBTOp cqnraeT CBOHM npHHTHhIM JJ.OJirOM 

no611~ro.u,apHTh lO. B. 3aHeBcKoro 3a none 3Hhie o6cy)KJJ.eHHH, 

B .,[(.IlemexoHOBa 3a noMOlllh B HCnhIT..lHHH 6JIOKa Ha KaMepe, 

M.H.Mnxaiinony H A.E.MocKoBcKoro 3a pa3pa60TKY MoH­

Ta)KHOH nnaThl, H.C.EaM6ypoaa 3a yqacrne B H3MepeHHH 

xapaKTepHCTHK 6110Ka. 
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Pnc. 2. BpeMeHHhie .nnarpaMMhl pa60Thl KaHana. 
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PHc. 6. PerynHpono 1maH xapaKTepHCTHKa 3a,nep)KKH. 

% f u. Ir ,-
tDo Iro 

1 
140 

IT 
lro = f,{£n} 

120 
tD 
tD

0
: f 2 { £n} 

100 

80 

-4,4 -4,(i -4,8 .-5,0 -5,2 -5,4 -5,6 E0 ,g 

PHc. 7. OTHOCHTenbHhie 3aBHCHMOCTH npHBe,neHHOro KO 
Bxo,ny nopora (l rll T ) H 3a,nep)KKH ( t O It O ) OT HanpH)KeHHH 
IlHTaHIIH. O O 

II 



Ir tj) 
,14110 Mell( 

315 

1,2 
310 

1,0 I - · Ir =fz (to/ 
305 -0.8 

0,b l .L 

LL.20 25 

i°C 

30 35 40 45 50 

CE 

Pnc. · 8. 3aBHCHMOCTh npnBe,D;eHHOrO I<O BXO.D:Y nopora 
( J y) H 3a,nep)KI<H (t 

0
) OT 01<py)Ka10~eii TeMnepaTyphI. 

E,% 

(00 

90 

so 

10 

I 
foJ: /f,z +20%, CO2 +3% C2 115 0H 

/1,uaMerl' QHOdHblX HllTeJ: 20 ,t,fKM 

Wqr HRMomKll : 3 MM 

~f I I I I I I 

~o 3,2 .3,4 J,6 3,8 1t,o E 1<G . , 
_Pnc. 9. 3aBHCHMOCTh 3~~eI<THBHOCTH perncTpa~HH OT Ha­
npH)KeHmI, npnno)KeHHoro I< 1<aMepe. 

12 

Pnc. 10. BHeurnnii BH,n 4-I<aHam,Horo 6no1<a perncTpa~nn. 
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