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LlnSI cpaa~eanSI paann'IRbiX cxeM ycnnnTenel! 110 aemi'IHHe co6cTaeaaoro npn-

aenea~oro K? axony rnyMa aan6onee yno6aol! emmnnel! rnyMa SIBnSieTCSI cpeJlHe

KBanpaTH'IHOe 'IHCIIO rnyMOBb!X 38pSIJlOB ( N W ) t He 38BHCSIIIlee OT THII8 , HCIIOIIb3Y-

9MOrO neTeKTopa SinepHbiX nany'leHnll. 0JlH8Ko B Sinepuol! aneKTpOHHKe nenbro Oll

peneneHHSI rnyMa SIBnSieTcSI, a KoHe'IHOM peaynhTaTe, o11peneneane ornn6Kn miMe

peanSI aaeprnn perncTpnpyeMol! 'IBCTHI!bi. TioaToMy JliiSI cncTeMbi neTeKTop-ycnnn-
/1/ 

Tenh aenn'lnHy rnyMa yno6aee-Bcero onpenenSITb B ennunuax aaeprnn KBK llon-

uyro lllHpHHY Ha IIOIIOBHHe Bb!COTbl KpHBOi! CII9KTp811bHOrO paCIIpeneneHHSI cjlHKCHpO-

aaaaoro aapSina aa axona ycnnnTeng (~l 

rnyMa ... 

H83b!B89My!O T8KJKe "'lllHpHHOi! IIHHHH 

BaanMOCBSI3b ennanu naMepeHHSI rnyMa MOJKHo llpencTaBnTh cnenyrornnMH Bbipa-

lf{9HHSIMH: 

4l!CIIO lllyMOBblX 38pS!l10B Nw 
Qw/q= UwC 

q 
( 1) 

B cpenHeKB8!1p8TH'IHbiX aneKTpOH8X HIIH aneKTpOHHO-Jlb!pO'IHb!X ( HOHHbiX) napax, 

lllMpHHa IIHHHH lllyMa ~ = a~N 111 
(2) 

B aneKTpOHOBOIIbTaX •. 

- -
3necb Q w -aenn'IHHa rnyMoBoro aapSina B cpenaeKBaJlpaTH'IHbiX Kynoaax, U w 

-19 
Benn'IHH8 lllyMa B CpenHeKB8Jlp8TH'IHb!X BOIIbT8X1 q = 1,6.10 Kyn - 38pS!Jl 

aneKTpoua, c o6maSI. axonHaSI eMKOCTb B cjlapanax, a = 2,36 JliiSI fayCCOBO-

ro pacnpeneneanSI, ~ -cpenaee aHa'leHne aaeprnn, pacxonyeMol! aa o6paaoaanne 

rrapbl. L!nSI KpeMHHeBblX IIOnynpOBO!IHHKOBbiX JleTeKTOpOB 

~81 2,36 • 3,6 N w B,5Nw 
(3)· 

JliiSI repM8HHeBbiX IIOIIyllpOBOJlHHKOBblX JleTeKTOpOB 
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,1. Ge 2,36 • 2,95 N w 7N 
w (4) 

0cHOBHbl9 HCTO'IHHKH WyMa ycnnnTenefi Ha naMIIaX, 6nrronnpHb!X Tpall3HCTO-
. /2-0/ 

pax H rroneBbtX TpaH3HCTOpax aocTa:rO'IHO XOPOWO OllHCaHbl B nHT9PaTVP9 · 

nng CII9KTpOM9TpH'19CKHX H3M9p9HHfi Ha rronyrrpOBOaHHKOBb!X aeTeKTOpax naepHbiX 

H3ny'I9HHfi ~0 BXOaHb!X KaCKaaax rrpeaycHnHTenefi C rrpeaenbHO HH3KHM ypOBHSM 

WyMa MOrfT 6b!Tb ycrreWHO IIPHM9H9Hbl B HaCTOSIW99 BP9MSI TOnhKO naMIIbl H IIO

neBbl9 TpaH3HCTOpbi. 06bi'IHbl9 f?nrronS!pHb19 TpaH3HCTOpbl IIOKa HM9IOT ypOB91lb C06-

CTB9HHOrO wyMa Ha rropnaoK Bb~We. UenbiO HaCTOSIW9li p~60Tbl SIBnneTCSI IIOilbiTKa 

CB9CTH aoBOnhHO cnmKHblfi H rpOM03aKHfi paC'I9T TrpHBeaeliliOrO KO BXOay myMa 

CHCT9Mbl aeTeKTOp-yCHliHT9llb Ha naMIIaX H I!OlleBb!X Tpali3HCTopaX ao ypOBHSI rrpoc-

Tb!X Ta6nnn H HoMorpaMM. x 

nonoJKeliHe o6nerqaeTCSI TeM, .'ITO OCHOBHbie HCTO'IHHKH myMa naMII H rrone

Bb!X TpaH3HCTOpOB OIIHCbiBaiOTCSI rroao6Hb!MH Bblpa)KSHHSIMH: 

1. CpeaaeH:BaapaTH'IHOe 3Ha'leune apo6oBoro myMa naMIIbi Hnn Terrnonoro 

WyMa KaHana I!Ol19BOrO TpaH3HCTOpa, OTHec9HH09 KO BXOay, 

-2 u . 
wa 

,fk TR wa t\w/2rr ( 5) 

rae 
M 

Rwa =s (ann naMrr M = 3 - 5, ann I!Ol19Bb!X TpaH3HCTOpOB M =0;5-0,7 

B 3aBHCHMOCTH OT peJKHMa) • 

2. CpeaHeKBaapaTH'IHOe 3Ha'I9HH9 myMa C9TO'IHOrO TOKa naMllbl HnH TOK8 

aaTBopa rroneBoro TpauancTopa 

-2 
Uw 

tlw 
2ql gw2c2 ( 6) 

rae lg B o6weM Clly'lae BKlll0'18eT B ce6H TaK)K9 cyMM8pHblfi TOK yTe'IKH H re-

Hepannn B o6'heMe rronyrrponoaanKoBoro aeTeKTopa (I n ) • a C - cyMMapaaSI 

BXOllHBSI eMKOCTb ycHnHTenSI BM9CT9 C 9MKOCTb!O MOHT8)1{8 H A9T9KTOpa. 
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rae R B o6meM cnyqae rrpeacTaBnHe· 

Hero corrpoTHBneann aeTeKTopa, corrpoT 

B nerrn ceTKH naMIIbi nnn aa:rnopa _TpaH< 

UlyMa OT R Heaua'IHTeneH. 

4. CpenueKBanpaTH'IHoe 3Ha'leHHe 1 

-2 
u 

wr 

06b!'IHO JlliSI naMII 
-13 

A= 10 KYl 

3HCTOpOB C HH3KHM ypOBHeM myMa K08 

TaKHM o6paaoM, SKBHBaneHTuan < 

rrpeaycnnnTeng aa naMrrax n rroneBbiX 1 

BXOllY BbiWeiiepe'IHCneHHbie HCTO'IHHKH 

BHJl9 HS pHCo 1. 

nng HSH6onee paciipOCTpSHeHHOfi 

HOrO IIO KaCKOaHOfi CX9M9 C 9MKOCTHC 

. /8/ 
o6mee Bbipa)KeHne nnSI - R wa : 

Rwa ~(I s 
ca2g 

+ c~ 

rne R r - npoTuBoreuepannouuoe co: 

BOpS), 

R rr - nocnenoBaTellhHoe c1 

C =CD. +CM+.C 0 +C
8

k 

C 1 .. CD.+ CM+Cgk, 

C 0 - eMKOCTh o6paTnoA 1 

nnn I!Ol19BbiX TpaH3HCTOpOB, II .:; 

BennHBhl cnenyiOmue Bblpa)KeHn.sr:. 

R ~- I • 
wa- 2S 

5 



7N 
w (4) • 2,95N w 

ycnnnTenefi aa naMnax, 6nnonSipHbiX Tpallal!cTo
/2-9/ 

TO'IHO xopowo onncaHbl B nnTeoaTvoe 

HB nonynpOBO.[tHHKOBb!X .r:teTeKTOpB.X SI.r:tepHbiX 

ypOBHeM 

H8CTOSIWee BPeMSI TOnbKO naMnbi~H llO

Tp8H3HCTOpb! llOKB. HMeiOT ypoBeHb co6-

Uenbro aacToSimefi P1!16oTbi SIBnSieTcSI nonbiTKa 

pOM03!tKHll pacqeT npnBe.r:teHHoro KO BXO.r:ty myMa 

naMII8X H rroneBbiX TP8H3HCTOpaX llO YPOBHSI npoc-

M, .'ITO OCHOBHbie HCTO'IHHKH WyMa naMn H none-

wyMa naMnbi nnn Tennoaoro 

.rTnnA 1 OTHeceHHOe KO BXO!tY1 

TRli1 8 Aw/27T , (5) 

3 - 5, .r:tnSI noneBb!X Tp8H3HCTOpOB M =0;5-0, 7 

WyMa CeTO'IHOrO TOK8 naMIIbl HITH TOK8 

i\w 
2ql gw2c2 ( 6) 

Ce6SI TB.KJ!<e CyMM8pHblll TOK yTe'IKH H re-

(Inl•a C - cyMMapH8Sl 

C eMKOCTbiO MOHTB.*B. H .r:teTeKTOpa. 

3Haqeane wyMa BXO.r:tHoro conpoTnaneanSI rrpn 

.!!!... 
rrR 

4 

l!iw 
"'2 c2 

(7) 

,, 

I 
'I 
I 

X ·I 

·I 

I 

:I 
' 

B o6meM cnyqae rrpe.r:tcTaBnSieT co6on rrapannenbHoe coennaeane anyTpeii

Hero COIIpOTHBneHHSI JleTeKTOpa, COIIpOTHBneiiHSI CMemeHHSI H COnpOTHBITeHHSI yTe'IKH 

rAe R 

B nerrn ceTKH naMnbi nnn aaTBopa _TpaaancTopa. Ecnn 

WyMa OT R neaHa'lnTenen. 

4. Cpe.r:tHeKBallpaTnqaoe aaaqeane ~nHKKep-wyMa 

-2 
u 

wr 
A~ 

w 

R » .2kT 
ql 

g 

TO BKIT8!t 

( 8) 

-13 2 2 
06b!'IHO .r:tnSI naMn A = 10 Kyn /n<!J 1 8 .r:tnSI COBpeMeHHbiX noneBb!X TpaH-

-15 2 2 
ancTopoB c HH3KHM ypoBHeM wyMa K03~~nnneHT A ~ 10 Kyn In~ • 

TaKHM o6paaoM,3KBHBaneHTHB.SI cxeMa axo.r:tnofi uenn cneKTpoMeTpnqecKoro 

npenycnnHTeml aa naMnax n noneBbiX TpaaancTopax, BKnroqaromaSI npnBe.r:teHHbie KO

Bxony BbiWerrepeqncneHHble HCTO'IHIIKH wyMa, MoJKeT 6biTb npe.r:tcTaBneaa B o6meM 

enne aa pnc. 1. 

nng H81!6onee pacnpoCTpaHeHHOll CXeMbl 38pSI.r:tOBOrO npe.r:tyCIIITI!TenSI, C06paH~ 

HOrO no K8CKO.QHOll CXeMe C eMKOCTHOll OTpHuaTerrbHOll o6paTHOH.CBSI3bi0
1 

C8MOe 
. /8/ . 

o6wee BbipaJKeane .r:tnSI R wa : 

Rwa ~(I s 

c2 . 
ag C .o+<iJ 

+-2-l+Rr·(---) + R c
1 

C n 
C.o)2 
(~ ( 9) 

r.r:te R r - npoTaBoreaepannoaaoe conpoTl!aneane :6 uenn ynpaBnSiromen ceTKH ( aaT

aopa), 

Rn- nocne.r:toBaTenbaoe conpoTnBneane .r:teTeKTopa, 

C = C .ll + C M + CO + C gk + Cag 

C 1 ""I C .ll + C M + Cgk ' 

C0 - eMKOCTb 06paTHOft CBSI3H. 

nng noneBbiX Tp8H3HCTOpOB, B 38BHCHMOCTH OT peJKHMB. pa6oq~l!: TO'IKH, cnpa-

Be.r:tnHBbl cnenyromne BblpaJKeH1UI: .. 
R ~ 1 
ll18- 2S 

+ 3 z Y. 

1 + 2z Y, 

5 
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c 
B 38BllCHMOCTH OT 

npKMep!olhnSI 
c 

!!.!!llli!!! 
c 

qo 

(I + z !~ ) 
c + c gd = co ''r g5 

g ( I + 2 z'' 

s = 
y, 

5 0 0-:-z ) 

BHelltH 

~ 
HMeeTCSI OliTHMal!hHOe 3H8'18HH8 

0-5, 
z =O 34-o.· 

on'I_' ' 

HecMoTpll na cpaBHHT8llhHO npocThie BhipaJKeHHSI ltliSI R H 
wa 

z onT' Ha-

I , TO"lHbift 
g 

pac'I8T lllyMa MOlK8T 6b!Tb IIpOH3B8lt8H TOllbKO IIOCll8 SKCI18pHM8HT8llbHOI'O H3Mepe-

HHSI'STHX rrapaMeTpoB. CpaBHnTerrhHo npocTaSI MeTOJlHKa H3MepeHHSI R H I 
rna g 

/10/ . 
orrncana B pa6oTe • 

CnrHBll H KOMIIOHeHTbl myMa HM8IOT p83llH'IHhlfi CII8KTp8llbHblfi COCTBB H yen-

nnBaiOTCSI ycnnnTeneM rro-pa3HOMy. B crreKTpo~eTpnqecKnx ycnnnTenSIX nnH yBenn

qennll oTnomeHHll cnrnana K myMy rrpnMeHSIIOTCll !f>opMnpyromne nerrn, orpaHH'IHBaro

mne rronocy qacToT cBepxy n cHn3y (nnTerpnpyromne n nn¢!f>epenunpyromne nerro'IKH). 

nosToMy rrpn pac'leTax rrpnBenennoro KO Bxony myMa neo6xonnMo y'IHThiBaTb Kos!f>

¢nuneHT rrepenaqn uerrel!:, orpaHH'IHBaromnx nonocy qacToT'ycnnnTenll, KaK JJ.llll KoMrro-

neaT myMa, TaK n JJ.llll cnrnarra. Ecrrn 

uenel!: JJ.l!SI 3ananaol!: ¢opMhi cnraarra, a 

P -Kos!f>¢nnneHT rrepena'IH ¢opMnpyromnx 

U (cu) 
lllBX 

cyMMapHbifi rrpnBeJJ.eHHhlfi 

KO BXOJJ.Y wyM, TO 

u 
ill 

P • U (w) 
WBX, 

( 10) 

STO cpeJJ.HeKB8JJ.paTH'IH8SI Bel!H'IHH8 IlpHBeneHHOI'O KO BXOltY H HOpM8l!H30BaHHOI'O 

no cnrnarry myMa, KOTopall n 6yneT ¢nrypnpoBaTh B nanhnel!:mnx pac'leTax. 

KoscjxiJnunenT nepena'ln ycnnnTerrll, nMeromero n nnTerpnpyromnx n m 

nn4xjlepenunpyromnx RC -nenel!:, 

K(w) 
UBhiX(W) (C..l'T Jl )m 

11 Bx<w) 0+W2 TH2 )nf2 0+~2 T ~ ),;,/2 

6 

I 

II 
I 

'1 

"~ i 

KaJK.l:thifi HCTO'IHHK myMa naeT Hi 
.. :. 

BKrran: 

U2 
(w) = ij: 

WBh!X : 1 

-2 
Uw BX(w) f 
. O 0+W: 

Koa¢¢nnneHT nepena'IH JlliSI_CHrE 

MOJKHO Bbl'IHCl!HTb 1 ll0llh3YSICh onepaTI 

K ( p) = UBhiX (p 

UBX (p) 

UBX(p) 
UBX 

p 

Ha OCHOB8HHH BbillierrpnBelteHHbl; 

KO BXOJlY HOpMal!H30BaHHble liO CHI'Ha 

nnll ycnnnTerrhHoro TpaKTa, nMeromer 
,J ~ 

3Ha'leHHSIMH IIOCTOSIHHOfi BpeMeHH 

aomennSI cnraana K myMy): 

Nwu 
2,7 ( k TRwa 

2r 

rn 

Nw o37(kTH~a C 21 ° ___ c_,_ 
8r 

N w
12

= 4,35(~a 8r •·· 

Nw =77(k~Rwa 22 • • . 
16r 

7 



(I + z Y, ) 
c:£0 11 

- ( 1 + 2 ~··f 

z y, ) ' 

onTnManhaoe aHa'leane z onT' aa-

R n 
wa 

TO"iHblt!: Bb!pSlKeHHSI llnSI Ig 

TonbKO nocne sKcnepnMeHTanhHOro naMepe-

rrpoCTS£1 MeTO.QHKS H3MepeHHH R ma H -Ig 

pa3nH'IHbifi cneKTpanbHblfi COCTSB H yen-

ycnnnTenSIX nnSI yaenn-

n nn¢¢epeanHpyromHe neno'!Kn). 

myMa Heo6XO.QIIMO Y'IHTbiBSTb KOscp

no~ocy 'ISCTOT'ycHnHTenH, KSK .r:tnH KOMITO

p -Koscfl¢nnneaT nepena'ln !jlopMnpyromnx 

U ( w l - cyMMapHbifi npnaeneHHbllt 
IIIBX ' 

• U (ru l 
WBX, 

( 10) 

KO BXO.Qy H HOpManH30B8HHOrO 

B .r:tanbHefilllHX pac'leTax. 

n naTerpnpyromnx n m 

(cdr .r:t )m 

(I 2 2 )n/2 (1 2 2 )m/2 
_ +W Tlf +~ T JJ. -

·"' . I 

'I 

:· 

)· 
, 
'j 

Ka>Kltblfi HCTO'IHHK myMa .QaeT HS Bb!XO.Qe ycnnnTenSI COOTBeTCTBeHHO CBOt!: 

BKna.r:t: 

-2 -2 2' 
U (w) 

WBbiX 
U (6J)K (w)dw = 

W BX 

-2 
Uwax<wl J 
' 0 

(wr JJ. )m 
------~~~~~----~-n~~ dw 
(I + w 2 r: )n/,2 ( I + w 2 r ~ )m/2· 

• 
Koa<l$nnneHT nepe.r:ta'ln .r:tnSI _cnrHana, nMeromero cpopMy CKS'IKa noTeHilnana, 

MOlKHO Bbl'IHCnHTb 1 IIOnh3Y£1Cb onepaTOpHbiM MeTO.QOM: 

K(p) = UBbiX(p) 
= ( I ) n- • ( P r JJ. )m 

UBX (p) I + pr H I+prJJ. 

u 
U (p) = BX ; u = p. u 

BX p BbiX max BX 

Ha ocHoBaHnn BbiiilenpnaeneHHbiX BbrpalKeHHlt oblnn ~acc'IHTaHbl npnneneHHhle 

Ko axo.r:ty aopMannaoBaHHbie no cnraany lllYMbi B cpenaeKBanpaTn'IHhlX aneKTpoaax 

nnSI ycnnnTenhHoro TpaKTa, nMeromero !jlopMHpyromne 

3H8'19HH£1Mli IIOCTOHHHOlt BpeMeliH rH "' T JJ. = i 

R C - uenn C OllHHSKOBblMJf 

(onTnManhHhlfi cnyqafi nnH oT-

HOIIl9HHSI cnraana K lllYMY): 

Nwu 
k TR C

2 
Ig r A . C

2 ~ 2,7 ( wa • _ + __ +..k.IL__ +-. __ ) 
2 T q 2 4 q 2 q2 R 2 q2 ( 11) 

( 12) 

,- 2 2 

(
kTRwa C 31 r 3kTr A C )~ Nw = 3,7 --- • __ + ~ + ___ + __ • ---::-2 

21 Sr q2 I6q Sq2R 4 q 

- _ 4 35 ( 3kTRw~ £ ~ +.K!:.!_ +.A_ • ~ )y. 
NIII12- ' Br q2 + I6q 8q2R 4 q 2 ' (13) 

- k T _llur C
2 

I r k T r A C 
2 

!i 
N =77( - 8 ·-+:_g_;__+---+-·--l 

III 22 ' I6r q2 32q2 I6q2R I2 q2 - ( 14) 

7 



3nech rrepBbtll tiHneKc ooo3iJ:aqaeT qncno HHTerpn~yromnx nerren, a BTopoll - .JinljJ

Ijlepeaunpyromnx, c n I g BKnroqaiOT B ceon uapaMeTpbt aaemaeii axon non ne-

un. 

Y'IHTbtBaH TOIIhKO npoooBhtii myM H myM ljlmoKTyaunn I 
g n. I .CI n npnan-

MaH.OTH01II9HH9 CllrRana K myMy JliiSI cnyqag OJIBOKpaTROrO HHTerpnpoBaRHSI H oa
HOKpaTHOrO nnt\>ljlep~RIIllpOBaRHH ' Y t t = 1, nerKO IIOKa3aTh 1 'ITO JliiH JIByKpaTRoro 

HHTe-r;pnpoBaRHSI H OJlHO.KpaTHOrO JIHijlljlepeHUHpOBaHHSI y2 I = 1,14, JliiSI OJlHOKpaT

HOrd HHTerpHpOBaHHH H JIByKpaTHOrO,JIHijlljlepeHUHpOBaHHSI Y12 = 0,94, JliiH JlBY

KpaTHoro HHTerpHpOBaHHSI ll JIByKpaTHOrO JlHijlljlepeHUHpOBaHHSI Y 22 = 1, 0TCIOJl8 

annno, 'ITO ecnn neT orpaHH'IeHnll na apeMennoe pa3pemenne, BbtroJIHee paooTaTb 

a peJKnMe ljlopMnpoBaHHH c JIBYMH HHTerpnpyromnMH ueno'lKaMH H onnoft nntf>ljlepeJI:>o-

. unpyromen. 

0IITHMaiibHbi9 3Ba'I9HHSI IIOCTOSIHHOll BpeMeHH ljlopMHpOBaHH!l 1 IIpH KOTopoll npn

aeneHHblll myM MHHHManeH ( paaencTBo BKnana npoooaoro myMa n myMa oT ljlmoK-
-2 - 2 -2 

Tyaunn ToKa I g 
n Terrnoaoro myMa axoJinoro. conpnanennn U rna= U rng + U rnR): 

• QltT·u-
C( Rrna )% 

20I g + I/R 
( 115) 

10IIT 21 '" O,S8r OUT It' 
( 1&-) 

TOUT til • 1•73 tOUT It 
(l66) 

rouT 22 .. 'onT u 
(15s) 

a cOoTbeTCTBY!01IIlle 3lU!'IeJUUI MH.J[lUd8nloHOrO myMa: 

NI,llmln tt 
'" 1,06 ol0 9 C IS. R t/• (20 I +I/R)

1
/', rna g (16) 

N lllmln 21 0,97N Wnln 11 
( 16a) 

N rnmln 12 I,l3Nrnmlnu 
(166) 

8 

:·l 
::!· 

L 
! 
~ 

!, 
I. 

l. 
~~ 

') 
.l 

·,I 

'l 
'~ 
1 
:1 

/
., 
!(1 

t 
~~ 

·l 
.f) 

~) 

1: 

I 
l 
l 
I 
I 

N 
wmfl 

Ha OCHOBaHHH BbipSJK9HHl1 ( 11 

cocTaanena TaonHua 1 KOMIIOHe~T u 

TH'IHbiX 9II9KTpOHaX ( sneKTPOliHO-nbiJ 

HHII myMa ( B KSB) JlnH KpeMHH9Bbl 

CHCT9Mbl Jl9T9KTOp 

na 20% MeHbme. 

ycnnnTenb, IIJn 

·. 

TipHMep p a c 'I e T a 

Pacc'IHTaTb ypo:aeHb_myMa en< 

UOII9BbiM TpaH3HCTOpOM Ra BXOJle .. UJ: 

aaHH!l, Tnu ljlopMHpoaaHHSI - JIByKpa• 

unpoBanne na RC i:o ueuax. 

TiapaMeTpbl nerexTopa: c 
Jl 

TiapaMeTpbi noneaoro Tpananc 

Cgs +Cgd ':' ·2,6+2,4=6 uljl, 

TipH Co = 1 u<P n eM,.; 

g + I "'0125 na, R 
Jl 1IIi 

B COOTB9TCTBHH C BbipalK9HII9M ('16 

ronT
21 

= 0,58·20· 

Tionh3ynch Taonnuen 1, naxonuM: 

N wa = 0,5~ 

Nrng 126 

Nrn R = 890 

Nwr 3,7 

9 



o6oaaaqaeT qiicno IIHTerpii~yromiix uenefi, a BTopofi - ~II~-

I g BKnroqaiDT B ce6SI napilMeTpbl BHemaefi BXO~HOH ue-

~po60BbiH lliYM H lliYM ~nroKTyauufi I 
g H I a II npiiHU-

myMy ~USI cnyqag O~HOKpaTHOrO HHTerpHpOBaHIISI U OJ'l

• y 11 = 1, nerxo ·noxa3aTh, qTo ~nSI ~ByKpaTnoro 

0~aoxpaTnoro ~u~~epenuupoaaHIISI y21 = 1,14, ~nSI o~aoxpaT-

ABYKPaTaoro,An~epeauupoaanuSI Y 12 = 0,94, AllSI ~By
-,J 

U AByKpaTHOrO ~H~~epeHUIIpOBaHIISI Y 
22 

= 1, 0TCIDAa 

BbtrOAHee pa6oTaTb 

UHTerpupyromnMu ueno~aMH H OAHolt J'lPitP4>epe~r>o-

UOCTOSIHHOH BpeMeHH ~OpMHpOB8HUSI 1 npn KOTopofi npu

( paBeHcTBO BKnaAa Apo6oaoro rnyMa II myMa oT ~mox-
-2 - 2 ·- 2 

II Tennoaoro myMa axo~noro conpuaneHIISI U wa"' U wg + U wa l: 

, __ 
(UtT·tt • 

C( Rwa l~ 
20 I g + 1/R 

ron'i-.21 • O,Sifr onT It , 

'onTt2• 1•73 ronT 11 

'onT 2 ~ • rouT 11 

MJUIJIMan.t.aoro myMa: 

ll 
'" 1 06 ·10 

9 
C li R I/ 4 

( 20 I 1/R )
1
/ 

4 

' wa g + ' 

N Wmtn
2

1 0,97 N !llnln II 

N Wmlnl2 1,13 Nw mln
1 1 

8 

( 115) 

(IS.) 

( 166) 

(l5s) 

(16) 

( 16a) 

( 166) 

l ., 

I 

! 
!; " 

l 
I 
J 
I 

il 
·' .11 

1. 

li 
.II 

• 

'l 'I• 

.. 
J .

. -I 
• 
\ .. 

.l} 

N 
W mfn22 

N 
wmtn It (16a) 

/3/ 
Ha OCHOBaHHII Bb!paJKeHnfi ( 11 - 16) H pacqeTOB 0 npoBeAeHHblX liyKyAOfi 0 

cocTaaneaa Ta6n1Iua 1 KOMnoae~T npnae~eaaoro BXOAHoro myMa B cpe~neKBaApa

THi£HhtX 9neKTpOHaX ( 9neKTp01JHO-AhlpOqHhiX nap) II Ta6nnua 2 ·aaaqeunfi lliHPHHhl• UH

HHH lllyMa ( B K9B) AnSI KpeMHHeBbiX AeTeKTOpOB OT paanHqHblX HCTOqHHKOB lllyMa 

CIICTeMbl AeTeKTOp - YCHUHTenb, liJnpHHa UHHHH myMa llllSI repMaHHeBb!X lleTeKTOpOB 

ua 20% MeHhme, 

ITpnMep p a c q e T a 

PaccqnTaTb ypoBeHb myMa cncTeMbl Ge -Li AeTeKTop - npeAycunnTenh c 

noneBblM TpaH3HCTOpOM Ha BXOJle npn OilTHMailbHOH ilOCTOSIHHOH BpeMeHH ~OpMHpO

BaHHSI, Tnn ~opMupoBaHHSI - .nByKpaTnoe HHTerpupoaaaue, o.nnoxpaTnoe .nn~epen-

uuposanue na RC ~ uemtx, 

ITapaMeTpbl mnexTopa: c = 12 n~, -10 = 2,10 a. 
A A 

ITapaMeTpbi noneBoro TpanancTopa: S = 2,2 Mala, 

Cgs +Cgd ':" 2,6+2,4=5 n~, 
-15 2 2 

A = 10 xyn In~ , 

ITpn C 0 = 1 n~ n eM 2 n~ C = 20 n~. 

+ I = 0,25 na, . R 
g A ma 

-3 00 6/2,2,10 =270 OM, 

B COOTBeTCTBHH C BhipaJKeHHeM ('15a): 

Ig 
. -10 

0,5,10 a, 

ronT 21 0,58 • 20 olO- 12 y 270 
20 • 0,25 ·• 10-9 + 10-9 0,85 M!I:CeK, 

ITonbaySicb Ta6n1Inefi 1, naxo.nnM: 

Nwa 0,52. 20y~ 
0,85 

184 9 

NWg 121). y2,5 • 0,85 = 184 9 

Nw R = 890 y Jl..JlE ~ 26 9 1000 . 
(R = 1 roM); 

Nwr 3,7 • 10-2 • 20 0,74 9 

g 



0TCIOI18 ITOnHaR I1!HpHH8 nHHIIII lllyMa CIICTeMbl neTeKTOp ycnniiTenb 

fl. Ge -2 _2._2 -2 
7yN + Nw +Num+ Nwr wa g 

Eea neTeKTopa rnnpnaa niiHIIH rnyMa yciiniiTenR 

-_,.I 

C HaKnOHOM 

K 

./270 N wa = 0,52 • 8 v-- = 74 8 
0,85 

iiiwg 126 y0,05 • 0,85 = 26 8 

fi.Ge = 0,6 K8B 

Nlll R 

/I.Ge 
a 

c 7 .Q,S2y ~:.~S = 0,065 K8B/rrcp. 

= 1,8 K8B. 

26 a . · 

Hcrronb30B8Hil~ rpa~IIqecKHX MeTOI10B orrpeneneHHR OITTHM8ITbHOll: ITOCTOHHHOll: BpeMe

Hil ~OpMHpOB8HHH II OCHOBHbiX HCTOqHilKOB lllyMa CHCTeMbl neTeKTOp - ycnnnTenb 

IT03BOnHeT CBeCTII no MHHIIMyMa ace pacqeTbl. Ha OCHOB8HHH Bb!lllerrpiiBe)leHHblX 

pacqeTHbiX BbipaJKeHnll: ( 11 -16) II aerrocpencTBeaao Ta6n. 2 6bmn cocTaaneHbl 

HOMOrp8MMbl niTH rpa~IIqecKOt'O onpeneneHHH OITTIIMBnbHOlf ITOCTOSIHHOH BpeMeHII 

~OpMilpOB8HllSI 1 MHHIIM8ITbHOft lliHpHHbl nHHHH myMa II BKITana lllyMOB OT OCHOBHb!X 

HCTQqHHKOB IIlyMa CHCTeMbl nonyrrpOBOllHHKOBbiH neTeKTOp - ycHnHTeiTb B 38BHCHMOC

TH oT rrapaMeTpoB neTeKTopa, axonaoll naMIIhi nnn TpaJ:!ancTopa nnR qeTbipex annoB 

RC ~OpMHpOB8HHR, 

npnMep llOIIb30B8HilH HOMOrpaMM8MII 

OnpeneiiUTb OITTIIMBi!bHYIO IIOCTORHHyiO BpeMeHU ~OP,MilpOB8HllR 
ronT11" 

MllHHMBITbHYIO lllllpllHy ITHHllll lliYM8 II lllllpHHy IIHHHil lliYM8 OT OCUOBHbiX llCTOqHII

KOB, ecnll CllCTeMa KpeMHileBbllf rronyrrpOBOllHHKOBbiH: neTeKTOp-naMIIOBhllf !IpenycH-

nnTenb nMeeT cnenyrornae napaMeTphi: 

c = 10 n~; 

R 500 OM; 
rna 

1 + 1 = 2 7 aa· g n ' , 

R = 470 MroM. 

10 

.. 

Ha HoMorpaMMI» 1 onpenenHeM 

Ha· HoMorpaMMbl 2 onpenerrReM 

Ha HoMorpaMMbl 3 onpenenneM 

·st 
fl. R = 0 1 3 K8B, 

nonaaH mnpnaa rrHimn myMa c. yqeT' 

fl. 81 a V 1,5 

C H8KITOHOM q,t5 K8B/n~. 

.J. 

1. B.r. EpoaqeHKO, IO.ll. Monqaaoa 

2. A.B. llJKnnnecnn, Cnrrum, rnyM ll 

Bon c anrn., AToMIIanaT, 19, 

3. M. Tsucuda; IRE Trans., NS-9, N 4, 69,, 1! 

4, H.R. Bilger. Nucl. lnstrum., v. 40, N 1, 54, 1 

5, Van d;r Ziel A .. Proc. lEE, 50, N 8, 1808, 1! 

6. T.L. Emmer. IRE Trans., NS-9, N 3, 305, 

7. T.V. Blalo~u. IEEE Trans., NS-11, N 3, 36 

8. I.L. Blankenship. IEEE Trans,·NS-11, N 3, 

.9. F .S. Goulding. Semiconductor Det~ctors for l 
Berkeley. · · 

10. E.B. Cl>e~llrroa, !I. Kyt,troP. flpe1 

11. E.B. Cl>e~anoa. Kaat~nnaTcxasi n 

Pyxonn 

11 



Jt 

ruyMa CHCT9Mbl ,((9T9KTOp ycnnnTen& 

-2 -2· -2 -2 
7 · 1 N + Nw +Nll!R + Nwr v wa • 1,8 KSB, 

Ha nnanu rnyMa ycnnnTenH 

N' = o,52. 8 v..E!L = 74 s 
wa 0,85 

N IIIg = 126 yo,o5 • o,85 = 26 s NIII R 26 s :.,.~ 

L'iGe = 0,6 K8B 

7•0,52y 27;!
5 

= 0,065 K8B/rrcp, 
0,,, 

. · 

M9TO,((OB orrpeneneHHH OIITHManbHOH IIOCTOHHHOH BpeMe-

HCTO'lHHKOB rnyMa CHCT9Mbl ,((9T9KTOP - YCHnHT9nb 

BC9 paC'l9Tbl. Ha OCHOBaHHH Bbllll9npnBe)leHHbiX 

( 11-16) H H9IIOCp9ACTB9HHO Ta6n, 2 6bmH COCTaBneHbl 

onpeneneHHH OIITHManbHOH IIOCTOHHHOH Bp9M9HH 

lliHpHHbl ni!Hl!l! lllyMa l! BKnana lliYMOB OT OCHOBHbiX 

rronynpOBOAHl!KOBhlH ll9T9KTOp - ycnnl!T9nb B 38Bl!Cl!MOC

BXO,((HOH naMIIbl l!nl! Tp8~3l!CTOpa AnH 'l9Tb!pex BIIAOB 

HOMorpaMM8Ml! 

. IIOCTOHHHyiO Bp9M9Hl! cpop,Ml!pOB8HI!H 
TOIIT11 4 

rnyMa oT ocuoBHhiX l!CTO'lHH

nonynpoBonrri!KOBbiil neTeKTop-naMIIOBhifi rrpenycn-

10 

H3 HoMorpaMM~ I onpenensreM T ,• 1 MR;CeK, 
QIITtt 

H3 rroMorpaMMhl 2 onpenensreM L'iSI 
min • 2,2 K9B.· 

H3 HoMorpaMMbl 3 onpenenneM L'iSI = 
a 

1,5 K9B1 
L'iSI = 1,5 KSB1 g 

~SI 
R = 0,3 K9B. 

Ilonnan mnpnna nnHHn rnyMa c. y'leToM R 

~ Sl - y 1,5 
2 

+ 1,5 
2 

+ 0,3
2 

., '2,2 KSB 

C HaKnOHOM q,t5 K9B/n~. 

n ll T e p a T V p a 

1. B.r. EpoB'l9HKO, IO.Ll. Mon'laHOB. nTs, Ng 4, 5( 1964) • 

2. A.B. Llllmnnecnn, Cnrnan, rnyM n pa3pamaroruaSI crroco6nocTb ycnnnTenen. Ilepe-

Bon C aHrn., ATOMH3,((ST, 1964, 

3. M. Tsucuda. IRE Trans., NS-9, N 4, 69, 1962 • 

4. H.R. Bilger. Nucl. lnstrum., v. 40, N 1, 54, 1966. 

5, Van d~r Ziel A .. Proc. lEE, 50, N 8, 1808, 1962. 

6. T.L. Emmer. IRE Trans., NS-9, N 3, 305, 1962 .. 

7. T.V. Blalo~u. IEEE Trans., NS-11, N 3, 365~ 1!164 

8. I.L. Blankenship. IEEE Trans,·NS-11, N 3, 373, 1964 

,9. F.S. Goulding. Semiconductor Detectors lor Nuclear Spectrometry, July 30, 1965, UCRL-Hi231, 
Berkeley. · 

10. E.B. cl>ecpnnoB, n. KyJ>.tntP. IlpenpnHT OHHH, 2110, Lly6Ha, 1965. 

11. E.B. cl>ecpnnoe. KannnAaTcKasi: nnccepTaiUIH, OHRH, Lly6na, 1965 • 

Pyxonnc& fiOCTYIIl!n8 B H3,((8T9nbCKHfi OTnen 
5 SIHBap!I 1~67 r. 
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