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l1pn pa3pa60TKe neTeKTOpa nm1 H3Mepe!IHll IIOl!Hb!X 3qlql0KTHBHb!X Ce'!eHnl! B3aHMonel!-

CTBHH nel!TpOHOB C llnpaMH M0TOAOM 11po11ycKamrn B03HHK pgn sanaq, CBll3aHHb!X C OT6o-

poM ueti:TpOHHbIX HMnynbCOB P8AHOTeXHHtieCKllM M9TO.UOM. Cnom:.HOCTh aaaaqn COCTOHJ18 B TOM, 

'ITO CBeTOBOl! Bb!XOA HCllOHh3yeMoro }KHAKOro CUHHTHHHllTOpa AHll 'IaCTl!U H3 peaKUllH 

B10( n, a )Li7 Man, cnenoaaTeHbHO, Mana H aMHHl!Tyna HMIIYHhCOB C a,10na qlOTOYMIIO}KHTeng. 

KpoMe Toro, 3Ha'I11TenhHb1l! ypoaeHh wyMoa <1>8Y c aMrrn11Tynol! Toro x<e 11opllnKa saTpyn

HSieT aaanna. )KecTxoe uanytteane, UMe10mee MecTo B ycnoBHSIX sxcnepHMeHTa, coanaeT Ha 

BbIXone qlOTOYMHO}KHTenel! llMIIYHhCbl 6oHh!HOl! aMHHHTYAhl, KOTOpble MoryT 11eperpyll<aTb 

3J10KTpOHHhI9 CX0Mbl, 

BnoK-cxeMa neTeKTOpa 11pnaeneHa Ha pnc. 1. 

11MHYHhCbl C aHO/::\OB 4-x qlOTOYMHO}KHTenel! qepe3 11penycnmITenn (l1Y) IIOCTyHalOT 

Ha n1111el!ub1e cyMMaTophI ( I 1-,I3 ). C cyMMaTopoa (I 2 IJ n ycnnnTenel! Y4 HMHYHhChI 

11ona10TCH Ha cxeMy COBHaneHl!l! (cc) 1 Bb!XOAl!Ol! cnruan KOTOpol! OTKpb!BBeT HHH9l!Hyl0 cxe

MY rrpo11ycKamrn (CI1). AHan11snpyeMb1e llMHynhChI c cyMMBTopa I1 rrpoxonlIT qepes nncKp11-

MHHaTop C Bb!6paHHb!M OKHOM ti. E ' Ha 1024 -KBH8HhHbll! BpeMeHHOl! auamrnaTop. 

OnHIIM 113 OCHOB!lb!X 3H9M0HTOB 6noK CX9Mbl ycTpOl!CTBa llBHll9TCH CX9M8 coa11aneu11l!. 

l1p11 6.0Hh!HIIX wyMaX qlOTOYMHO}Kl!Tenel! yMeHb!He1111e cnyqal!Hb!X COBHaneunl! 38Bl!Cl!T OT pa3-

pewarowero BpeMeHH CXeMbl coa11aneH11l!. OueHKa !HYMOB llOKa3ana Heo6XOAllMOCTh HC110Hh30-

-9 -8 
BaTb CXeMy c paspe!HBIO!HHM apeMeHe,M, paBHh!M r P ~ 10 -10 ceK. Llng BXOAHblX IIMIIYHh-

COB C aMHHIITynol! B HeCKOHhKO MIIHHIIBOHhT 3TY 3ana'Iy MO}KHO pe!Hl!Th n1160 rrp11Me11eu11eM 

Hll3KOIIOporoBbIX 6hICTpbIX CXeM coana.aeHHH, nn6o HCIIOJ1b30B8Tb )lJlH ycnneHHSI HMIIYJihCOB 

!HH!JOl!.OllOHOCHbJe yc11nnTen11 C epeMeHeM HapacTallllll tH ~ r p I IIPH 6oHb!HOM K03qlqlllllll0H-

Te yc11neHHll (10
4 

-10
3

). Qqee11nHo, 'ITO paspaooTKa Herreperpyx<arowero ycnnn:reng c TBKll

MH napaMeTpBMH npeACT8BJ1H0TCH JJ.OBOJlbHO ~nomaoti:. 

Llpyrol! HyTh - l!C110Hh30B8Hlle nnll ycnneHl!ll llMIIYHhCOB CTaHnapTHb!X naoopaTOpHb!X 

yc11nnTenel! 6e3 oco6bIX Tpe60B8Hlll! K co6CTBeHHOMY npe"eHI! HapaCTBHllll HX (0,1 -0,4}MKCeK. 

8 3TOM cnyqae Ha cxeMy coerraneHlll! HaKHB/lhIBBeTCll ycnoa11e: 3,j,,j,eKTIIBHOCTh cxeMbl He aon

)KHB M9HHTbC51 B 60J1blll0M naanasoue BXOilHbIX HMilYJibCOB, TaKaH cxeMa coananeunH C paspe, 

!HBIO!HHM epeMeHeM 15 HCeK 6hma rrpHMeHeHa a aeTeKTope IIeiiTpOHOD. 

l1pl1HUHll paoOTbl CXeMbl COCTOHT B cneayro!HHM. Ecnll Ha axon ,j,opM11pyrowero ycTpoi!

CTBa CX0Mbl coananeHnif IIOCTyrralOT lIMIIYJihCbl C 60JibllIJ1M nepenHHM (ppoHTOM, TO MOM0HT 
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cpa6aTb!B8HIHI ycTpoi!CTBa npll mo6oM nopore 38Bl!CHT OT 8MITnllTY/lbl 3Tl!X l!>.mynhCOB 

(pnc, 2). nax<e npu Bb!COKOJI 'IYBCTBl!TenbHOCTI! CX9Mbl apeM9HHOli paa6poc nexmT B npe-

11enax rrepe/lH9I'O <j,poHTa l!MIIynhCOB, 0TCIO/l8 Bll/lHO, 'ITO paapemaromee apeM>I CX9Mbl COBIIa

/l9HHli /lJHI 100% a<j,q,eKTHBHOCTll HBXO/ll!TCll B IIpl!MOll 38BHCIIMOCTH C apeMeHeM HapacTaHH>I 

HMIIynbca, 3TOT apeMeHHOll pa36poc MOlK9T 6b!Tb CKOMII9HCnpoaaH, ecnn ncnonb30B8Tb cxe

MY <j,op"'mpyromer-o ycTpoliCTBa, IIOpOI' cpa6aTb!B8Hll>I KOTOpoi! ll3M9Hll9TCll rrporropIIHOHanbHO 

BXO/lHOi! aMrrm1Ty11e
141

• 

ITycTb .nnH MHHHMBnhH0ro BX0J].H0ro HMIIynbca u MllH IIOpOI' cpa6aTb!B8Hllll <j,opMH-

pyromell CX9Mbl paaeH U Cp (pHC, 2), neI'KO IIOK838Th, 'ITO KOMII9HCBUHH Bp9M9HHOI'O pa3-

6poca 11mr ""rrynbca c aMrrnnTy11oll l_T MOlK9T 6b!Tb /lOCTllI'HyTa rrpn rropor-e cpa6aTb!Ba-

HHH CX8Mbl .UJHI 9T0ro lIMrtynbca. paBH0M 

I 
Ucp " Ucp + 

Ucp 

U~P• 

UK 

UK D -U X U - U Cp 
!'villH 

EnoK-CXeMa II IIpHHUHIIHanbHBSI CXeMa IIOK838Hbl HB pu:c. 3 M 4. BxonaoH UMIIynhC 

c aMrrnnTy11oll U qepea KaTO/lHhrll rroaTopnTenb Kn U\) rro11aeTc>1 na ceTKY naMIIbI n
2 

IIOpOI'OBOI'O ycnnnTeng TTY II 0/lHOBpeMeHHO qepe3 KOMII911CllpOBaHHb!li 11ennTenb D n cMema-

romne /lHO/lbI D 
1 

D
2 

- 11a <j,opMHpoaaTenb IIheaecTana <PCT ( eMKOCTb C), AMrrnnTyaa 11M

rrynbca Ha ceTKe n
11 

11MeeT aennq1111y U .. kU-Uc:p (p11c, 2), r-11e k - orrpe11en11eTC>1 

11en11TeneM D ' a ucp - /lll0/l8Mll D1 ll D2 • 3Ta B9nil'Il!Ha HarrpmKeHIIH 38IIOMHH89TC>! 

Ha BMK0CTH H o6pa30BBHHhlii TBKHM o6pa30M "IIb9A9CTan" no.naeTCH Ha ceTKY naMIIhl (J13). 

no6aaneHHblli K IIOCTOHHIIOMY rropor-y u cp "IIb9/l9CTan" 06ecrreq11aaeT MOM9HT cpa6aTb!Ba

HllH ( tl ) rropOI'OBOI'O ycTpollCTDa 119 38Bl!CS!ll!llli OT a,,·rrnl!TY/lbl DXO/lHOI'O l!>.mynhCa, CTopo

I'OBb!i! ycnnHTenh nY co6pan 11a na,.max 6)i<9CT n 6)l;t In n HMeeT Manoe apeM>1 rrnpacTamrn 

npn pe3KOM rropOI'OBOM a<j,ct,eKTe, l1n11yKTllBHOCTb ll 9MKOCTb B ano11ax naMn YM9Hblll89T rrepe

X0.UHbie npouecCbl ycHnHTenH. TionO)l(HT9llbHbiit 1O.mynhC C BMIIllHTY.OOH 2,8 B II0CTyrraeT Ha 

6bICTpbii! TpllI'I'ep illMllTTa Till, lIMIIym,c C KOTOpOI'O OTKpb!Bll8T naMIIY n
12 

, EMKOCTb C 

6bICTpo pa3p>!>l(89TCSI, 3Tl!M /lOCTllI'aeTCH 6bICTpo11elicTDII8 CX9Mbl, C<j,opMllpOB8HHblll HMIIynbC 

t -9 
c ano11a Till IIMeeT aMrrn11Ty11y 3,2 a II H = 15•10 ceK, 

3newenT oT6opa (30) coarra11en11f1 m,monHeH Ha Mo11nq,111mpoaa1moi! cxe'°e Pocc11 c cjiop

M11py10m11M Ka6eneM T11rra PK-50 ( Zo"' 150 oM). Ha naMny 11
9 

30 nocTynaeT 11Mnynbc c 

aHanoruqHofI ¢op:r-.n1py10meH uenn BToporo KaHana coarrap.enuf1. KacKa.n na naMne c BTop1P-1noll 

8MIICC1Ief1 (n10> cny,imT CTa61111bHb!M /lllCKpllMl!HaTopOM coana11arom11x m.,nynbCOB II OJ1110Bpe

M8HHO yc11nnTeneM, l1cnonbaoaaHlle naM11b1 6B1TT, 111,•eromefl 6onhmyro KpyT11any a pa6oqeii 

TO't.!Ke H Manyro npOXOJlHYIO 9MKOCTb,1103BOn5IeT 3IID 111Vi."8nbHO ynyqumTh n11cKplI:t,.,!HH8IUIIO He.!. 

coarranaro IUHX HMTIYJlbCOB. Y CT8HOBK8 nopora JllICKpur .. :Hnau1n1 rrpoII3B0JJ.lITCH IIOT8HUHOM8Tpor\ 

B uerrn nepaoH ceTKII nar,,,.:nhI. 

4 



HacTpol!Ka u npoaepKa cxeMbl npoaonunach oT HMrrynhcoa HaHoceKyHnHoro reHepaTopa 

ll q>OTOYMHO)KHTenel! THila ¢>3Y-44 C HCIIOnb30BaHHeM na5opaTOpHbIX ycHnHT<Jnel! C BpeMeHeM 

HapacTaHHH t H =0,3 MKCeK, ,lluana30H BXOUHbIX aMnnuTyn cxeMbl coananenul! - 0-120 B. 

TTpu nopore cpa5aTbIBaHH!I B 3,5 B cxe .. ,a 06ecneq1rnaeT KOMneHcanmo apeMeIrnoro cnaura 

MOMeHTa cpa5aTbIBaHIIH nnn aMnnuryn B nnana3one 6-115 B, 3aancHMOCTh cnanra nepenne

ro q>pOHTa BblXOnHoro HMIIYilbCa Tplirrepa lllMHTTa OT aMnnnTynhl IIOKa3aHa Ha pnc. 5. Bpe

Me11Ha!I 3anep)!(Ka HMIIYilbCOB T 3 B TpaKTaX KaHanoB q>OpMllpOBaHH!I oneHIIBanacb no Kpl!Bb!M 

~anep)KaHHblX coananeHHll npn II3MepeHHII OT HMnynhCOB c reHepaTopa B nuana3oHe aMnn11-

Tyn 10-100 B (puc. 6 ). T 3 He npeBbllllaeT 15 HC8K npu onuHaKOBbIX aMIIIlHTynax Bxona B 

o5onx KaHanax, H He 5onee 10 HCeK nplI u BXl =50 B ll H3M8HeHllll IIMIIYilbCOB 

OT 10 no 100 B, 

Uax2 

Kp11BaH pa3pernaromero BpeMe!IB CHHManHCb OT 2-x ll 4-x q>OTOYMHO)KHTenel! THila 

¢>3Y-44, np11 l!<HUKOCTHOM CilllHTHnnHTOpe II y -IICTO'lHHKe Zn- 65 ( BepXHHH 'laCTb cxe-

Mb! Ha pnc, 7). nony'leHHbl8 Kp11Bb18 pasperneHHH CX8Mbl COBnaneHH!I np11 pasnH'lHOH nn11He 

q,opM11py10rnero Ka5eng B aneMeHTe oT5opa noKaSaHbl 11a p11c, 8, 9, 3arpysKa onHoro KaHana 

c/c OT nononHHTenbHOrO IICTO'lHHKa C IIHTeHCIIBHOCTblO N = 1,7 X 10
5 

1 /ceK He ll3MeHnna 

paspernaromee apeMH (Kp11aa11 II 

Ha p11c, 10, 

p11c, 9), 3arpyao'!HaH xapaKTepHCTHKa cxeMbl npuaeneHa 

On11caHHall cxeMa coananeHHH 11cnonb30Banacb B neTeKTOpe Hei!TpOHOB, 

KoHTel!11ep C )KIIUKOCTllblM. CilllllTHnnnTopoM, 06nana10rn11l! Bb!COKOH aq,q,eKTHBHOCTblO 

perucTpan1111 Hei!TpOHOB, HMen nnomanb 1500 CM
2 

ll TOillllllHY 20 MM/l /. Ha Topne KOHTel!

Hepa ycTa!IOBileH!ll 4 q>OTOYMHO)KIITenn THna ¢>3Y-44 C n11aMeTpOM q>OTOKaTona 150 MM, 

B Ka'leCTBe ycun11Tenel! HMnynhCOB ¢>3Y B3!1Tbl na5opaTopHbre yc11n11Ten11 THna Y-4
121

, 

l1ne11TH'lHOCTb xapaKTepHCTHK q>OTOYMHO)KHTenel! non5upanaCb 3KCnep11MeHTanbHO no KOMilTO

HOBCKOMY cneKTpy Zn-
65

• CyMMapHblll cneKTp OT 4-x <1>3Y. BKill0'18HIIbIX 'lepes 

l 1 , noKasaH Ha pac, 11, 

AMnnHTYUHblH cneKTP IIMnynbCOB OT TennOBblX H8HTpOHOB npuaeneH Ha puc. 12, 11c

TO'lHHKOM TennOBbIX Hel!TpOHOB cny,rrnn ( Po + Be ) HCTO'IHIIK, nOM8lll8HHb!l! B napaq>IIHOBblH 

Kyo CO CBIIHilOBOH Sal!llITOi! TOill!lllHOH 5 CM-,_ TT11Ky TennOBbIX H8HTpOHOB Coo-~B8TCTBY8T cyM

MapHag aMnn11TyAa IIMnynhca q>OTOYMHOl!(IITenel! paB!laH 37,5 MB, lllyMhl q>OTOyMHO)KHTenel!, 

113MepeHHbl8 Ha YPOBll8 nopora cpa5aTb!BaHII!I CX8Mbl coananeHHil ( 'ITO COOTBeTCTByeT ypoBHIO 

no y -KBaHTaM zn
65 

4,3 xaa) np11aene11h1 B Taonune HH)Ke, 

<ll3Y N, 1,14xto
5 

1/30 (ceK) 

<ll3Y N, 2 2,10 X 10
5 

1/30 (ceK) 

<ll3Y N, 3 6,27x10
4 

1/30 (ceK) 

<1>3Y N, 4 1,33 X 10
5 

1/30 (ceK) 
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TTollC'lllTBH!!Oe HO q,opMyne n a2r N' N'"lucno cnyqal!HbIX COBHaaem1ll Hpu 2r =57xlO'beK 
p p 

paBl!O (4,3:!:_0,4) HMnlceK ' 'ITO COOTBeTCTByeT 3KCnepHMeHTBllbHb!M pe3yHbTaTaM, KOI'll8 

B omrn ll3 KaHallOB BK!IJO'lel!a l!IIHHH 311/lep,KKll T =0,7 MKCeK ( n3=4,8:!:_0,1 11/ceK). 

11CHO!lb3YH B Ka'!eCTBe HCTO'IIIHKa 11ei\TpOHOB Hl>lllYllbCllb!i! peaKTOp Ob!CTpb!X 11el!TpOIIOB 

011s:111
151

, Mb! CIIH!IH KPl!BYIO !!pO!!YCKHIIHH cepe6pa !!pH !!poneTHOll 6a3e nellTpOHOB 

1000 MeTpOB (pile. 13), 

B 38Kl!JO'lel!He aBTOpb! 6naroaapHT IO.C. f!3BH!IKOI'O II r.11. 3a611HKIIH8 311 Ue!IHble 31l'1e

qemrn Hp11 o6cyn,aemm pa6oTbI. 
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PHc, I. BnoK-cxe~:a ueTeKTopa, 

a 

TTY - 11peuycH1rnTenb, ~ - cy,.:r.rnTop, 
Y-4 - ycHnHTenb, CIC - cxe,.,a cosrraaeHHil, 

Cf1 - CXeMa 11pOl1YCKBHHii, D - /lliCKpHMl!HaTOp, 
rrc - rrepecqeTHBH cxeMa, BA - BpeMel!HOil 
aHanuaaTop, 

V 

"tff 
I VK 

I \ 

---- - - -- - ',j_ 

Pnc, 2. CxeMa speMeHHOil I<oppeKUHH, 

Puc. 3, BnoK-cxeMa CIC, 
Y -ycHnnTenb, KTI- KaTonHbiti: nonTopHTenb, fl3 - nnIIIHI 

3aaep)J<Kn, TTY - noporOBbIJ! ycHJlnTenb, Till - Tpn:rrep 
llhAnTTa, ct>IT - (flopMIIposaTenb ITbe.necTana, Ll - .nennTenb, 
<ll- <j,opMnposaTenb, 30 - ane,.:eHT oT6opa, BK - BbIXO/lHOti 
KBCKB.ll. 
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C/Co8nai1. 

5 ,__.....,__..__,__.,_____._ _ _,___,__...,____.,_...___._....___. __ _ 
10 20 30 40 50 60 ?0 80 90 100 110 120 /:SO 

U6'x (6) 

P11c. 5. 38BIICIIMOCTb MOM9HTa cpa6aTblB8Hll5! Till OT a,mn11Tyah1 
axonuoro HMnynhca. 
f- re11epaTop H8HOC9KYHAHh!X 11,;nynbCOB, l1 - HHTerp11pyI0-
1Il85! uenh, Y -yc11n11Tenh, 0- ocunnnorpaq,. 

N fr.t-
1100<> 

1"100 

v,x, =108 

vex2=508 

-:20 -ID O 10 20 JO 40 

Puc. 6. Kp11BaS1 3aaep>1rnHHhIX cosrraae1111ll. 
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P11c. 9, Kp11Ba>1 paapeme111111 (an1111a Ka6en11 3,5 r,:), 

I 
ID ,,,, ii' 

P11c, 10, Kp11sa>1 aarpyaoq11oil cnoco6HocT11 cxer.:hr, 
IICTO'!Hl1K-Zn 65 ' R- paCCTOl1Hll9 OT 

HCTOtJHHKa B CM. 
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