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J. 

ITpnMeHeHne noneBbiX TpaaancTopoa B ManomyMSIIIIHX npeaycnnnTenSix 

aaeT B03MomHoCTb nonyqnTb aMnnnTyaaoe paaperueane nyqruee, qeM paape

meane, nonyqaeMoe c npeaycnnnTenSIMH, BbmonHeHHbiMH Ha naMnax, ITpn noc

Tpoeann TpaaancTopao~o npeaycnnnTenSI no KacKoaaoft cxeMe c noneBbiM 

Tp8H3HCTOpOM Ha BXOJle Heo6XOJlHMO OU9HHTb BKnaa lliYMOB 6nnonSipHbiX TpaH-

3HCTOpOB n aneMeHToa, cneayromnx aa noneBbiM TpaaancTopoM B nonHhiH 

lliYM npeaycn~HTeng, B pa6oTe npHBOJlHTCSI pacqeT, KOTOpbiH n03BOnSieT cpaB

HllTb lliYMbl OCHOBHbiX llCTOqHllKOB lliYMOB, cneayiOIIIUX aa noneBbiM TpaH3U

CTOpOM1 C TennOBbiM IIIYMOM npOBOJlSIIIIe~o KaHana noneao~o TpaH3UCTOpa, 

WyMbl 6naonspnoro rpansncropa 

lfeTbipe HeKoppennpoaaHHhiX ncToqanKa myMa 6nnonnpao~o TpaaancTopa 

C JlOCTaTOqHOH TOqHOCTbiO OnHCbiBaiOT e~o lliYMOBbie CBOiicTBa, ecnn K'oa<jl<jln-

UHeHT ycnneHHSI no TOKy TpaH3HCTOpa {3
0 

:. ...!.L>>l If o6paTHbie TOKU Ma-
l§ 

nbi no cpaaHeHniO c aeftcTayromnMn ( I Ko 

Ma TpaH3HCTOpa ·C HCTOqHUKaMH lliyMa ITOKa3aHa Ha 
) • 3KanaaneHTHaSI cxe

pnc. 1 I 1 •21 
1 Ha KOTO

ra poM 6 - o6'beMHoe conpoTnaneane 6aabi, r 
r 6'a = C 6'a = 

=C9Jl + C 93- Jlll<jl<jly3HOHHaSI + 3apSIJlOB8SI 9MKOCTb 9MUTTepa, C 6'K 
1 

r 6,K - eMKOCTb n conpoTnaneane KonneKTOpHo~o nepexoaa, r 
KS 

~ae p. aK - Koa<jl<jlnuneHT o6paTHoii: CBSI3ll no HanpSimeanro Memay KonneK

TOpHbiM n aMnTTepHbiM nepexoaaMn, ST .. ~ - KpyTnaaa TpaaancTopa, 
ra 
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~·"J 

'0- o6paSH8SI CX8Ma 6HIIOnSipHoro TpaH311CTOpa 

lliYMOB. 

K 

Ha 9MIITTepHOM rrepeXO.[{e (Ha BXO.[{e II.I:l881IhHO-

IIIIOTHOCTII IIIyMa lliYMOBb!X I!CTO'IHIIKOB; IIp!!Be.[{eHHb!X Ha 

cneAyiOIIIIIM · o6pasoM: 

I E- crreKTpanhHaSI rrnoTHOCTh ruyMOB TOKa 6ashx, ( 1 ) 

e IK- crreKTpanbHaSI rrno.:nocTh rny'MOB KonneKTopnoro TOKa (2 ),. 

6 
CIIeKTpallbH8SI IIllOTHOCTh TeiillOBbiX lliYMOB 06'heMHOrO 

COIIpOTI!Bll8HIISI 6a3bl, (3). 

OTHb!X IIIYMOB (noBepXHOCTHbie IIIYMbi) 9KCIIep!!M8HT81IhH8SI . 

2 

I r 
~=k 

IIIIOTHOCTII IIIYMOB .[{aeTCSI B BU.[{e: 

y -a 

IE f ( y ""1 , a 1 ), (4) 

COIIpOTIIBlleHIIII Harpy3KII R - narpysKn <<r K:3 , 

4 

I 

l. 

r 6'K 9KBIIBanenTHYIO cxeMy Tpa'nsncTopa MO)KHO yrrpoCTIITh. Yrrpornen-

naSI 9KBIIB8lieHTHaSI CXeMa C IICTO'IHIIK8MII liiYMOB IIpiiBe.[{eHa Ha puc. 2. Ha 

9TOM piiCYHKe npo60Bblll IIIYM KOlilieKTOpHOI'O TOKa IIpi!Be.l:leH K 6ase .TpaH-

6' /{ 

CihC~~ 5r·l159 

3 
Puc. 2. Yrrpornennasr 9KBIIBanenTnasr cxeMa TpaH3MCTopa c HCTO'ilii1KCIMI1 wy Mu.,. 

lliyM KOli1I8KTOpHOI'O TOKa llp8.1:lCT8BlieH B BM.[{e 9KBMB81I8HTHOI'O 

ruyMOBOI'O MCTO'lHMKa H8llpSI)KeHMSI1 BK1IID'l8HHOI'O IIOC1Ie.[{OB8T81IbHO 

c narrpsr)KeHMeM u 
6

, 
9

• 

31!CTO~a II rrpe.l:lCT8BlieH B Bl!.[{e 9KBIIB8lieHTHOI'O_IIIyMOBOI'O IICTO'lHUKa HaiipSI-

)KeHI!SI1 BKlliO'leHHOI'O IIOClle.[{OBaTelihHO C HaiipSI)KeHUeM U 6• 
9

• 8KBMBalieHT-

noe ruyMoBoe corrponmnenne 9TOI'O IICTO'IHIIK8 HaiipS!)K8HIISI MO)KHO onpe.[{elli!Th 

-2 12 
UK T · K 2 

--· ,; 4k T R
9
KT=(--)/ S T • Y'lHTbiBasr, 'ITO 

~ f ~ f 
113 Clie.[{yiOIIIIIX COOTHOIIIeHHH 

S 
e . 

T = kT I k ' IIOliY'lHM, 'ITO R ( 5) 
9KT 

0,5 1 I sT. 

0THOCHTenbHbiH BKli81! IliYMOB 6uiionHpHOJ:'O Tp8H3HCT0p8 

nnSI onpeneneHHSI OTHOCUTellhHOI'O BKli8A8 B IIIYMbl npe.[{yCI!lii!TeliSI .l:lpO-
. . 

60BOI'O ruyMa KOlilieKTOpHOrO TOKa 6HIIOliSipHOrO TpaH31!CTOpa, KOTOpbill BMeC-

Te C BXO.[{HblM IIOli8BblM TpaH31ICTOpO.M COCT8BliSI8T KaCKO.I:lHYIO rrapy (pllc.3), 

AeriaeTCSI pac'!eT, IIOA06HblH ·paC'leTy 1 KOTOpblH rrpo.[{enan .[{liS! liaMIIOBOH KaC-

KO.[{HOll IIapbl B /3/ . 
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K 

2KJ 

... 

~ 
Puc. 1. 3KBUBaneHTHa51 n- ·o6pa3Ii:a51 ex eM a 6urron51pHoro TpaH311CTopa 

C IICTOqHIIKaMII lilYMOB. 

u 
6

•8 - Haiip51MeHne Ha aMnTTepHOM rrepexoJ:te ( Ha BXOJ:te nJ:teanhHO-

ro TpaH3HCTopa). • 

CrreKipanhHbie rrnoTHOCTU myMa myMOBhiX ncToqHnKoB; rrpnBeJ:teHHhiX Ha 

8KBUBaneHTHOll CXeMe, BbipaMaiOTCR cneJ:tyiOliillM. o6pa30M: 

2 
IE 
~ = 2e I E- crreKTpanhHa51 rrnoTHOCTh rnyMOB TOKa 6a3hi, ( 1 ) 

2 

J.K 
---rr-

{ 

2e IK- crreKTpanbHaR rrnoTHOCTh rny'MOB KonneKTOpHoro TOKa (2 ),. 

-2 

uE =4kT r
6 M 

CIIeKTpanbHaR IInOTHOCTb TeiinOBbiX lilYMOB 06beMHOrO 

corrpoTuBneHH51 6a3bl • ( 3) · 

Lln51 HU3KoqaCTOTHbiX lilYMOB (noBepXHOCTHbie liiYMbi) aKCIIepnMeHTanhHaR 

3aBUCUMOCTb CTieKTpanbHOll nnOTHOCTll liiYMOB ):laeTCR B BHJ:te: 

2 

I r 
--=k 

M 

y 

IE 
-a 

( y . .,_1 ' a 

npn ):lO~TaToqHQ ManoM conpoTnBneHnn HarpyaKH R 

4 

1 ), (4) 

HarpyaKn <<r Ka 

_, 

.. 

, , 

I . 

l 

~--. 

I 
I 
I 

r 6'K 8KBUBaneHTHyiO CXeMy Tpa: 

HaR 8KBUBaneHTHaR CXeMa C llCTQqHl 

8TOM pncyHKe J:tp060Bblll liiYM Konne: 

E' 

-• 
Prrc. 2. YrrpomeHHaR aKBHBaneHTHa51 ex· 

lllyM KonneKTOpHoro TOKa rrpe11 

lilYMOBOI"O HCTOqHnKa Haiip51MeJ 

c Haiip51MeHneM u 
6

, 
8

• 

3HCTO~a ll rrpe):lCTaBneH B BH):le 8KBHI 

MeHUR1 BKniOqeHHOI"O IIOCne):lOBaTenhH 

· Hoe rnyMoBoe corrponmnenne aToro III 

ll3 cne):lyiOIUUX COOTHOlil9HHll 

S - e .. 
T- kT I k , nonyqnM, qTo 

;2 
_..!!:_T~ I. 

~f 

R 
8KT 

0THOCHTenbHbiH BKll811 

Lln51 OIIp~J:teneHHR OTHOCHTenbHO 

6oBoro myMa KonneKTopHoro ToKa 6n 

Te C BXO):{HbiM rroneBbiM TpaH3HCTOpC 

J:te.riaeTCR pacqeT, rroJ:to6Hbiil: ·pacqeTy, 

KOAHOR napbl B 1_3/ 



·. 

ilpupameHue TOKa "'epe3 rroneBofi TpaH3HCTop, Bbi3BaHHoe rrpHno)KeHJreM 

K 3aTBOpy HaiipSI)KeHHSI U 3 1 paBHO: 

jnT ( U 
3 

u c c'ac 

};C 
s 

ITT 

u 
0 

R lnT 

(6) 

rAe UC - Haiip51)KeHHe CTOKa, C 3 c- eMKOCTb · 3aTBOp..:CTOK IIOneBoro TpaH
..-4 

3HCTOpa, C3H- eMKOCTb 3aTBOp-HCTOK IIoneBoro TpaH3HCTOpa 

}; c = c3c + C 3H + C BHelllHSI51 • 

B TO )Ke BpeM51 

uc = i nT R BX.T. 
(7) 

rAe R =r +(1-a ) 
BX.T. 3 0 

r6 - BXOAHOe COIIpOTHBneHHe TpaH3HCTOpa, 

BKniO"'eHHoro rro cxeMe c o6mefi 6a3ofi. !13 (6) H (7) cneAyeT, "'TO 

U3 S IIT 
i nT= 

R Bx.f. 3C R Bx.T. 
1 + SliT+---

}; C RlnT 

J13MeHeHHe TOKa KonneKTOpa OHIIOnHpHOrO TpaH3HCTopa, BbiSBaHHOe TeiinOBbiM 

lllYMOM KaHana rroneBoro Tp8H3HCT?pa, IIpHBeAeHHbiM K er'O 3aTBOpy, paBHO: 

i = 
K.n.T.K. 

a UIIT.K. S liT 

- c 
~ BX.T. 3 C S nT + 

1 + 
RBX.T. 

R III!' 

(8) 

rAe U - cpeAHee KBaApaTH"'HOe 3H8"'eHHe Haiip51)KeHH51 lllyMa KaHana 
IIT.K. , -

rroneBoro TpaH3HCTopa. (lllyM IIpHBeAeH K 3aTBopy). CooTBeTCTBeHHo, H3MeHe-

Hue Ha1IpSI)KeHU51 B KonneKTOpe 

I 
a u s R 

IIT.K. liT K 

RBX.T c3c 
1 + 

};C S IIT 

a u S R' 
IIT.K. TIT. K (9) 

uK.IIT.K:' R 8 x.T ~c R Bx.T. 
1 + SIIT+ R 

}; C IIIT 

~· 

6 

i 

'I 
I 
\ 

"! 

I 
... .,.. J 

·j 
I 

I 

I 
·l 

., 
I. 

. HailAeM Bhipa)KeHue AnSI rrpupameHU51 HaiipH» 

Bbi3BaHHOe APOOOB.b!M lllYMOM KOnneKTOpHor 

ycuneHH51 IIO H81Ip51)KeHUIO OT 083bl K KOnneKTo: 

rro cxeMe Ha puc. 3. CorrpoTuBneHue z 3 

rrapannenbHOMY BKniO"'eHuro R IIIT c 
U· 

U&---

.---
__ L£ 
·-r-

3Qm/JOP ! 
I 
I 

• I 

==':::( 
I 
I ,_ __ 

Puc• 3. BxoAHOiJ: KaCKOA n 

R 1 "'-21 
liT 

zs 
}; C + J.! II1 

Kos¢qmu·neHT ycnneHH51 rro Harrpsr)KeHniO Tpl 

a· R~ 
K u =-

r6(1-a +(r3+zs) 
rs 

7 



·. 

TOKa tiepe3 rroneBOll TpaH31ICTOp, Bbi3BaHHOe IIp!InmKeH!IeM 

U 3 , paBHO: 

U CC
1

3C 

~c 
s 

TIT 

u 
0 

R lnT 

(6) 

H!Ie cToKa, C 3 c- eMKOCTb saTBOp-cToK rroneBoPo TpaH-
. ~ 

eMKOCTb 3aTBOp-!ICTOK rroneBOPO TpaH31ICTOpa 

~ C = C SC + C 3ll + C BHell!HSISI • 

. uc i R 
n T BX.T. 

( 7 >" "' 

1-a 0 ) r5 - BXOAHoe corrpoTnBneHne TpaH31ICTopa, 

eMe c o6ll!eil: 6asoil:. I1s (6) II (7) cneAyeT, 'ITO 

U3 S IIT 
i nT= 

R Bx.-P. sc R BX.T. 
1 + SrrT+---

~ C RlnT 

KOnneKTOpa 6!IIIOnSipHOPO TpaH31ICTOpa, BbiSBaHHOe TeiinOBbiM 

OPO TpaH31ICT<)pa, IIp!IBeAeHHbiM K er'O 3aTBOpy, paBHO: 

a UIIToKo S liT 
(8) i 

K.n.T.K. R C 1l 
BXoTo 3C S BXoTo 

1 + nT +----...-

KBaApaTII'IHOe 3HatieH!Ie HaiipSIMeHHSI lllyMa KaHana 

• (Ill YM rrp!IBeAeH K saTBopy). CooTBeTCTBeHHo, !I3MeHe

B KonneKTope 

I 
a u s R 

K IIT.K. liT K (9) 
-R--. "' 

RBx.T esc s BX.T. 
1 + 

R tnT 
~ C liT 

6 

;. 

i 

I 
I 

j 

It, 

~l i I 
l 

l 
"I 

f 

1 

. HaitAeM BhipaMeH!Ie AnSI rrp!Ipall!eHnSI HarrpSIMeHIISI B KonneKTope TpaHsncTopa, 

Bbi3BaHHOe Ap060Bb!M IIIYMOM KOnneK"TopHOPO TOKa, OrrpeAennM Koa!fJtfmuneHT 

ycnneHIISI IIO HaiipSIMeHIIIO OT 6a3bl K KOnneKTopy AnSI TpaH31ICTopa, BKniO'IeHHOPO 

rro cxeMe Ha pnc. 3. CorrpoTIIBneHne z 3. B aMnTTepe TpaJ!3HCTopa paBHO 

rrapannenbHOMY BKniO'IeHIIIO R lilT 

~- c 
II 

Csc S TIT 

u~ 

Pnc.; 3. BxoAHOil: KaCKOA rrpeAycnnnTenSI. 

R 1 "'2C 
liT ( 10) za 

~ C + /1 ITT C 3C 

Koa¢¢nu·neHT ycnneHnSI rro HarrpSIMeHniO TpaHsncTopa paBeH_: . 
a R K a Ri 

"' - R tnT~ C K u=-
r6 ( 1-a +(r 8+za) 

ra + 
~C + /lrrTC 3C 

7 



l13MeHeHIIe . H8lipSDKeHHSI B KonneKTOpe' Tp_8H3llCTOpa, Bbi3B8HHOe npo50BbiM 

lliYMOM KOnneKTOpHoro TOKa,eCTh: 

U K.K.T. 

a u KT, R, K 

~c R lnT 

r + ~ C + 11 nTC 3C 

(11) 

rne u K,T;- cpennee KBanpaTH'IHoe 3Ha'IeHne narrpSI)KeHHSI ruyMa KonneKTop
..,J 

Horo TOKa TpaH3HCTopa (ruyM lipnBeneH K 6a3e TpaH3HCTopa). Benn'IHHa 

ti K.nT.K. 
OTHOllieHHSI 

U K.K.T. 
liOK83b!BaeT0 BO CKOnhKO pa3 K8H8nhHbill ruyM 

lioneBoro TpaH3HcTopa lipeBocxonnT npo5oBbiH ruyM KonneKTOpHoro ToKa 

5nrronSI~Horo TpaHsncTopa 

ll Kefi!'•K• 

U K.K,T, 

C3c 

~c 

r +RinT • ~C + 11 liT C 3C a 

1/SrrT+[r s+(1-a)r5 1 esc 

~c 

. ( 12) 
U K,T, 

0THOIIIeHHe 
~c 

05b!'IHO He IIpeBbilliaeT l/3, Ecnn TOK SMllTTepa TpaH-

3HCTOpa He MeHee 0,5 Ma (- rs = 50 OM) 0 TO B 3HaMeHaTene 'lneHOM 

Cac 
[r

8
+(1-a) .r5 1 

~c 
MOMHO rrpeHe6pe'Ih no cpaBHeHnJO c 1 IS liT na)Ke 

nnSI S liT liOpSinKa 4-5 MaiBonhT (1/ SliT= 250-200 oM). B qncnnTene 

'IneHoM r8 MO)KHO IIpeHe6pe'Ih, ecnn I > 0,5 Ma ( r < 50 oM). 
8 - 9 

0KOH'IaTenhHO HMeeM 

U K.nT.K. UliT,K, (13) 

U K.K.T. 
Cac 

--+---
11 liT ~ C 

K.T. 
u 

Ecnn 11 liT"' 40-50, TO nnSI c BHelliHero = 2-3 ( C 3 c + C 3 u) 

U K.nT.K. ii' ~c 
llT.K. 

- (14) 
u K.K.T. ii K.T. C 3C 

8 

r 
. !~ ,, 

,, 
;~ ,, 

~I, 
'I 

I 
\. 
" :I 
·\~.; 

l 

\. ., 
i 
I 
l; 
;\'; 

1\ 
rJ p/ ,rl .,, 
) 
{. 

J 
)\, 

l, 
'll ' . 

. '1-, I, 
! i •' 

I 

'! ., 
f ,_ 

'i 

TaK KaK 

-2 

u liT,K, = 4 k T 
M 

R s.nT~K. 

a 
2 

u 
K.T. 4k.T l!·s.K,T,- 1 

~f 

TO 

U K.ITT..K • = y R s,nT.K. 

U K.K.T. 
R . 

a.K.T. 

rne 

R a.nT.K.s:s 0,7 /S /4/ 
liT 

a 

R. = 0,5 I S 
9.K.T. T 

Ecnu pac'IeT, lionoeHbiH BbillielipnBeneHHoMy, rrpo1 

ruyMoB pacrrpeneneHHoro corrpoTHBneHIISI 5a3bi r 

UK,liT,K, 

. jj K.K.T. .. 

R y a.nT.K. 

Ra.K.T;r 5 

HarrpnMep, ecnn R s.rrT.K, 230 OM ( SliT 3N 

9 



KOnneKTOpe Tp.aH3IICTOpa, Bbi3B8HH09 Ap060BbiM 

1 
ecTh: 

a u KT. R, K 

~c R lnT 

r + ~ C + J1 IJTC 3C 

( 11) 

TII'lH09 3H8'l9HII9 HaiTpR~9HIIR illyMa KonneKTOp
~ . 

npnBeaeH K 6ase TpaH3IICTopa). Benii'liiHa 

BO CKOnbKO pas KaHanbHbiH illYM 

CXOAIIT Ap060BbiH illyM KOnneKTOpHoro TOKa 

~c 

~C + J1 ITT C 3C 

r a+( 1-a ) r 6 ] 
esc 

~c 

UITT,K, ,( 12) 

U K.T. 

ue rrpeBbrruaeT 113. Ecnn ToK aMIITTepa TpaH-

=·50 OM) 0 TO B 3H8M9HaTene 'ln9HOM 

npeHe6pe'lb no cpaBH9HIIIO c 1 IS ITT aa~e 

BonbT (1/ S ITT= 250-200 oM). B 'liiCniiTene 

ecnn I~ > 0,5 Ma ( r < 50 oM). 
"' - 8 

Csc 
-+---

ll ITT ~ C 

unT.K. 

u 
K.T. 

c BH9illHero = 2-3 ( C GC + C Gil) 

U ITT,K, ~c 

ii K.T. C 3C 

8 

( 13) 

( 14) 

.).' 

'I ,, ,. 
'· i\ vI 

!' 
i ,, 
1 

t 
J
\ r 

1~ 

Q 
f) 

. ~: ' t 
\'1 

• $\ 

t 
L 

! ~~~ 
~ ~ 

lf,l 
. t 

I 
~ I; 

'j 
I' 
; 
I 

TaK KaK 

-a 
U nT.K. = 4kT R a.nT.K. ' (15) 

M 

a 

u 
K.T. 

4 k T ~ s.K.T, , ( 16) 
M 

TO 

U K.nT..K. 

Ra.K.T. esc 

~ c "' v ( 17) 
U K.K.T. 

rae 

R s.nT.K."' 0,7 1 s 14/ ITT 
( 18) 

a 

RS,K,T, = 0,5 Is T ( 19) 

Ecnn pac'leT, noaoeHbiH Bbiill9ITpiiB91l9HHOMy, npoB9CTll c y'leTOM TennOBbiX 

myMoB pacnpeaeneHHoro conpoTnBneHnn 6asbr r 6 , To 

UK,ITT,K, ----
ii K.K.T. 

R V s.nT.K. 

Ra.K.T;r 6 

~c 
( 20) 

esc 

HarrpnMep, ecnn R a.nT.K. 230 OM ( SITT 3Ma • BOnbT-1) 1 8MIITT9pHbiH 

9 



TOK Tp8H3RCTOpa 
9 

1 Ma 'R.a,K,T, 

TRBneHRe 6a3bl paBHO 100 OM 0 a 
!.C 

Cac 

13 oM), pacrrpeAeneHHoe corrpo-

3, TO 

U K.IIT.K. "" 4,3 
U K.K.T. 

CneAoBaTenbHo, rnyM KonneKTopHoro TOKa n rnyM pacrrpeAeneHHoro co

rrpoTnBneHRH 6~3bl TpaH3RCTOpa COCTaBnHIDT He3Ha~nTenbHYID A06aBKY K Ka

HanhHOMY rnyMy rroneBoro TpaHGRCTopa, rrapaMeTpbi KoToporo 6nn3Kll K rrapa-
..-1 

¥eTpaM rroneBbiX TpaH3HcTopoB, o6bi~Ho rrpHMeHneMbiX B rrpenycuniiTemix. Cne-. 

nyeT TaK:lKe oTMeTRTh, ~To rnyM pacrrpeneneHHoro corrpoTIIBneHim 6a3bi naeT 

3Ha~HT9nbHO . 60nbllillll BKnaA B A05aBO~Hblll lliYMo ~eM rnyM KonneKTOpHoro TOKa 

TpaHGRCTopa. TaK KaK 5a3a 5nrromipHoro TpaH3RCTopa KaCKOAHOfi rrapbi GaGeM

neHa ITO rrepeMeHHOMY TOKYo a BXOAHOe corrpOTRBneHne TpaH3RCTOpa 3Ha'IRT9nb-

HO 6onbrne corrponmneHnH r 
6 

1 
T~ rnyMOBOH RCTO~HRK TOKa 6a3bl MO:lKHO 

.rrpeACTaBRTb B BRAe RCTO~HRKa lliyMOBoro HarrpH:lKeHRH 1 BKnroqeHHOrO Me:lKAY 

6aaou n aeMneu, nnn KoToporo 

2· 

u E,T,E. 

M 

2 

2e I E r 6 
( 21) 

OKBRBaneHTHOe rnyMOBOe.co~pOTRBneHRe 9TOrO liCTO'IHRKa rnyMOB MO:lKHO HaU

TH II3 COOTHOllieHIIH 

OTKyAa cnenyeT0 ~TO 

U2
E,T,E 

4k T 
Af 

R 9,T,E'; 2e I E 
2 

r6 

-5 2 
R roM]= 2 10 IE (MKa] r5 [ oM] 

a.T.6 
( 22) 

Ecnn rrpenrrono:lKR'rh, 'ITO IE = 10 MKa II r 5 == 100 OM 1 TO R 9 ,T,J5 2OM, 

OTRM TRITOM lliYMOB MO:lKHO rrpeHe6pe'ib B OTn!I'!Re OT Ap050BOrO lliyMa KonneK

TOpHOrO TOKa II lliyMa COITpOTRBneHRH 6a3bl TpaH3liCTOp13,, 

Bee BbirnerrpiiBeneHHbie pacqeTbi cnenaHbi nnn cpenHero AIIarraaoaa qac

TOT II RX MO:lKHO C'iiiTaTb crrpaBeAnRBbiMR 1 ecnii 5IIITOnHpHblll TpaH3IICTOp IIMeeT 

10 

Tf3 < T - <P· rne TtP fiOCTOHHHag BpeMeHn 

HOM .ycnnnTene, 

EnrronnpHbiil TpaHGIICTop non:lKeH 6biTb i 

ITOTOMY ~TO rrpiiHHTOe Bbipa:lKeHne AnH lliYMOB T 

neneHnn) crrpaBennnBo nnn ~acToT f< 
{a 

' \/{JO'""= 
neHIIH TpaH3IICTopa rro TOKY~ Hy:lKHo OTMeTRTh, 

pa H905XOAUM~ C'iJITaTbCH II C Hll3KO'i8CTOTHbiM 

qaCTOTHbiX TpaH3JICTOpOB HU3KO'!aCTOTHblll lliYM 

TenbHhiX ~acToT, HarrpiiMep, IT416 nMeeT 6enbli 

TonbKO c 0,5 Mru/5/. 

0THOCJITeJibHbiiJ: BKJI8J1 I1IYMOB COI1po: 

K8CKOJ18 H TOK8 683bl Tp8_H3HCTOpa, CJieJ1j 

l1aMeHeHJie HarrpH:lKeHJIH B KOlTJieKTOpe 6n 

BaHH09 TerrnOBbiM lliyMOM KaHana,·· :XPIIB9A9HHbiM 

Topa · ( 9) .. 
2 

U K.IIT.K. 

2 - 2 2 
= a U . S 

·IIT.K. II' 

lliyM corrpoTJIBneHIIH HarpyaKII B KonneKTope 

u 
2 

= 4k T R Af 
R H 

H 

0THOllieHIIe rnyMOBb!X HarrpH:lKeHIIH, rrpiiBeAeHHI 

TpaH3IICTopa 

nnn c y~eToM ( 18) 

ll 2 

K.IIT.K. 
-2 
U RH 

2 

2 2 
= a S rrTR 9,ITT 

U K,f!T,K, 

-2 
~. 0,7 SITT R H 

u 
R H 
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1 Ma ( R a,K,T, 
~c 

13 oM), pacrrpeneneuuoe corrpo-

3, TO 

C3C 

U K,I!T,Ko "'4,3 
U KeKeT• 

ToKa n rnyM pacrrpeneneuuoro co-

COCT8Bn5IIOT He3H8'IIITenhHYIO no6aBKY K Ka

TpaH3IICTOpa, rrapaMeTpbl KOTOpOI'O 5nii3Kll K 
,,l 

rrapa

Cne-. , o5hi'IHO rrpnMeHSieMhiX B rrpeJlycnnnTenSix. 

rnyM pacrrpeJleneuuoro corrpoTIIBneHIISI 5a3hi naeT 

B Jl058BO'IHhlll lliyM, 'leM rnyM KOnJieKTOpHOI'O TOKB. 

5UIIOJIS!pHOI'O Tp8H311CTopa KaCKOJlHOH rraphl 3a3eM

a BXOJlHOe COI!pOTllBJieHlle TpaH3llCTopa 3Ha'IHTeJib-

r 5 
, T~ rnyMOBOH llCTO'IHllK TOK8 5a3bl MOlKHO 

lliYMOBOI'O narrpSilKeHllSI 0 BKniOfJ:eHHOI'O MelKJlY 

~ 

u E.T.E. 

M 

2 

2e I E r 5 
( 21) 

e .CO..f!pOTllBJieHHe 8TO!'O llCTO'IHllKa lliYMOB MOlKHO Hall-

-2 
u E,T,E 

4k T R a,T,E':' 2e I E 
2 

r5 

-5 2 
10 IE (MKa] r5 [ oM] 

( 22) 

IE = 10 MKa n r
5 

= 100 oM, To R 8 ,T,B'2oM. 

npeHe5peqh B OTJ!ll'llle OT Jlp050BOI'O rnyMa KOJIJ!CK

COITpOTllBJieHIISI 5a3bl TpaH3llCTopa, 

HHhie pacqeThi c)lena~hi JlJISI cpeJlHero )lnana3oHa qac-:

cnpaBeJlniiBhiMH, eCJill 5lliTOJIS!pHbiH TpaH3llCTOp llMCCT 

10 

Tf3~Trpo rne rep - IIOCTOS!HHaSI BpeMeHH ··uerre:i1 clJopMllpOBaHHS! B OCHOB-

noM ycnnnTene. 

EnrronHpHhiH TpaH3HCTOp nonlKeH 5biTh JlOCTaTo'IHO BhiCOKO'laCTOTHhiM, 

I!OTOMY 'ITO. I!pllHS!TOe Bb!palKeHHe JlJ!Sl lliYMOB TOKa 5a3bl ( lliYMhl TOKOpacrrpe-
. {a 

)leJieHHS!) crrpaBCJlJillBO JlnSI 'laCTOT f< , rne f3 
0 

- KoartJrtJnuneHT yen-

. \/{TO . 
neHllS! TpaH3llCTOpa ITO TOKY, HylKHO OTMeTllTh, 'ITO I!pll Bb!5ope TpaH3llCTO-

pa He05XOJlllMO C'IIITaThCS! ll C Hll3KO'laCTOTHhiM lliYMOM 0 TaK KaK JlJ!SI ~h!COKO

qaCTOTHhiX TpaH3llCTOpOB Hll3KO'laCTOTHh!H lliYM paCI!pOCTpaHSieTCS! JlO 3Ha'III

TeJibHhiX qacToT, HarrpnMep, I1416 nMeeT 5enhiH cneKTp, na'lnHaSI rrpaKTH'leCKll 

TonhKO c 0,5 Mru/5/, ' 

0THOCHTeJibHblli BKJiaa lliYMOB COIIpOTHBJieHHH Harpy3KH 

KacKoaa H TOKa 6a3bi TpaH3HCTopa, cJieayromero 3a KacKoaoM 

I13MeHeHHe Hai!pSilKeHIIS! B KOJ!HCKTOpe 5nrronSipHOI'O TpaH3llCTOpa, Bbi3-

BaHHOe Tei!JIOBhiM lliYMOM KaHana, I!pllBC)lCHHhiM K 3aTBOpy I!OJ!CBOI'O TpaH3llC-

Top a ( 9),. 
2 

U K.IIT.K. = a 
2 - 2 

U I!T,K, 
s 2 

ITT 
R 2 M. 

H 

llJyM COITpOTllBneHIIS! Harpy3KII B KOnneKTOpe TpaH3llCTopa 

2 . 
u = 4k T R M 

R H 
H 

0THOllieHne IIIyMOBhlX Hai!pS!lKCHllH, I!pllBeneHHhiX K KOJIJieKTOpy 5IIIIOJIS!pHOI'O 

TpaH3llCTOpa 

uz 
K.IIT.K. 

-2 
U RH 

II Jill C y'leTOM ( 18) 

2 

U K,ITT,K, 

-2 
ll 

R 
H 

2 2 

a S IITR 8,ITT,~ H ' 
( 23) 

0,7 s ITT R H 
( 24) 
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TaKoii l'Ke KpnTepnii nmr Bbi6opa · R H 
/6/ 

npHBOAHTCH B pa6oT~ .. l..fMeH ( 24) 1 

MOl'KHO Bb!6paTb RH ecnH 3a.QaTbCR OTHOlli9HlleM 

AOBOnhCTBOB8ThCH OTHOlli9Hll9M 
. u 

2 
K.liT.K. :o10, TO R > 

::!;! . H 
URH 

u2 . 
K.nT.K.. Ecnn 
~ 
UR!i 

14 • HimpnMep, 

8 ITT 

AnH liOneBO~O Tp8H3llCTOpa C KpyTH3HOfi 5 Ma• BOnhT-1 R~ 3 KOMo 
~ . 

lllyM 'ToKa 6aabi TpaH3HCTopa, cnenyromero aa 6nlionsrpHbiM TpaHancTopoM 

KaC.Kona, MOl'KHO npencTaBHTh B mi:ne HCTO"lHHKa myMoBoro TOKa, KOTOpbifi 

neiicTByeT Mel'Klly 6aaoii sToro TpaHaHcTopa n aeMneii~·KBanpaT cpenHero 

KBanpaTH"lHOrO 3Ha"!eHHH HalipHl'K9HllH 1 KOTopoe C03AaeT 3TOT HCTO"'HHK TOKa 

B KOnneKTOpe Tp8H3HCTOpa K8CKOA8• 

~ 
u K.T.E• 

CnenoBaTenhHo, oTuomeune 

-------------2 . 
U K.liT.K. 

2 
u K.T.E' 

Y"lHTbiBaH ( 15) n ( 18), lionyqaeM: 

2 

U K.liT.Ko 

2 
u K.T.E' 

36 

2 
2e IE• R H 6. f. 

a2 2 S 2 R 2 
U liT.K. liT H 

2eiE,R~ M 

SliT [ Ma/Bonhorl 

IE,[f.\a] 

l'lf 

( 25) 

HalipHMep, nnsr SnT 2,'5 Ma• BOnhT-} ll TOKa· 6a3bl TpaH3llCTOpa 1 cneAyJO-

2'"" . 
U K.nT.K. 18 • Yxynme-mero aa KaCKOAOM IE "' 5 M~a , oTHomeune --rr- . 
l1 K.T.E' 

Hlle paapemeHHH lipll yBenn"leHHll BXOAHOii eMKOCTll1 KOTopoe HMeeT M9CTO 

B lipenycnnnTensrx, olipenensreTCH Be eMu HCTO"lHIIKaMu myM a, KOTOpbie BKnJO

qeHbi He liapannenhHO BXOAHOii eMKOCTll· lipenyciinHTensr. 0CHOBHbiM HCTO"!Hll

KOM myMa TaKOrO THITa B lioneBOM TpaH3llCTope HBnHeTCH TelinOBOfi myM 

KaHana. £loliOnHHTenhHbiii BKnaA B myMbl1 KOTOpblii BHOCHTCH :aneMeHTaMH 

cxeMbi lipenycnnnTenH, cnenyromnMH aa lioneBb!M TpauancTopoM, lip~BOAliT K 

K 6onee pe3KOMY yxynmeHII~ paapemeHUH lipii yBenn"leHUll BXOAHOii 9MKO

CTllo l..faMepHH 3aBHCHMOCTh paapellieHHH lipenycnnnTensr OT BXOAHOii eMKOCTU 

II, cpaBHliB8H ee C TeopeTU"leCKOii aaBUCHMOCThJ0 1 KOTOpy!O IIMen 6bi lipeny-

12 

cunnTenh, ecnu 6bi ennHCTBeHHbiM ncTO"lE 

pannenbHO C BXOllHOii eMKOCThJ01 6biJ:! KaHa 

( npu ycnOBUII1 'ITO- HII3KO"laCTOTHbiM myM 

MOl'KHO lipeHe6pe"!b), MOl'KHO OUeHHTh BKna.Q 

BbiM TpaHancTopoM, B lionHbiii myM lip'eny· 

Ebm co6paH lipenycnnnTenh fro KacKc 

TOpOM H8 BXO.Qe. TioneBOii Tp8H3liCTOp MMe. 

pbiM TpaH3HCTOpOM KaCKOAHOll napbi cnyl'K 

nycunnTenH lipn oaHoKpaTHOM HHTerpnpoBa 

BaHHH c r "' 1o-6 ceK yxy~manoch c Kc 

TII"!eCKaH Bemi"lHHa Kos<flcpnuneHTa, xapaKTe 

lip!I yBenn"leHHH BXOllHOll eMKOCTH lipH yqe• 

noneBoro TpaH31ICTOp8 C KpyTH3HOii 2,5 M< 

CneaoBaTenbHo, nolionHHTenhHbiii myM, BHoc 

lliiiMH 38 liOneBbiM TpaH3UCTOpOM 1 He lipe: 

noBoro myMa KaHana lioneBoro TpaH3HCTO 

J1 H. T e p 8 

1. H.R.Bilger. Nucl. Instr. Meth. 4( 

2. H. C/J. C/JeaoToB. OcHOBbi qJHSHKII rronyiipoB 

3. A.E.Jl)f(Hnnecrm. CnrH8n, myM n p83pe 

1964 r. 

4. E.B.C/JerfmnoB. noneBblB Tp8H3HCTOpbi. j 

HBHIIB B CIIBKTpOMBTpli'IBCKIIX yCIIlliiTem 

Tepn8naM). llperrpHHT OUHH 1897, 

5. B. <P. <PoKHJIB. nonyiipOBO!!HIIKOBbiB IIpll 

cTaTefl rroa peaaKunefl H .A.<PeaoTo 

6. B.P8aex8. lloneBbie rp8H3IICTopbi B 38, 

UncTIITYT P8tz)f(ep8 EocKoBil'l8. 38rpet 

BBHCKOH H8UIIOH8llbHOii n860p8TOp1III. 

.PyKOITHCb ITOCTynnna 

23 MaR ~~ 
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opa · RH 
. /6/ ( ) 

npnBOI:UITCSI B pa6oT~ • I1MeH 24 , 

il 2K.nT.K. E 
::1! • cnn 
UR.!i 

OTHOIIIeHHeM 

14 
--- • HanpnMep, 

S ITT 

· U 
2 

K.rrT.Ko -10 TO R > 
~ - ' H 
URH 

5 Ma ... BOnbT-1 RH} 3 KOM. 

cTopa, cnenyromero 3a 6nnonSipHbiM TpaH3ItCTopoM 

B sline HCTO'lHHKa IIIyMOBoro TOKa 1 KOTOpbiH 

TpaH3ncTopa n 3eMneu."KsanpaT cpenHero 

KOTOpOe C03naeT 9TOT HCTO'IHHK TOKa 

2 
2e IE• R H /';.f. 

a2 U 2 ITT.K~ 2ITTR ~ /';. f 

2e IE,R ~ M 

36 
S nT [ Ma/sonh~ (25) 

IE' [!-'a ] 

Ma• BOnbT-1 li TOKa· 6a3hl TpaH3liCTOpa, cnenyro-

7" K.nT.K. ,. 18 • Yxyaiiie---rr- . 
Ll K.T.E' 

M~a , OTHOIIIeHHe 

'leimn BXOllHOll eMKOCTH 1 KOTOpoe HMeeT MeCTO 

ReTCH BCeMl! liCTO'lHl!KaMH IIIyM a, KOTOpbie BKnJO

rrpenycHnliTenSI. OcHOBHhiM liCTO'lHli

rroneBoM TpaH3liCTope SIBnSieTCSI Tennosoil myM 

BKnan B IIIyMbi1 KOTOpblll BHOCliTCSI aneMeHTaMH 

Mil 3a rroneBbiM, TpaH31ICTOpOM 1 rrp~BOllllT K 

paapeiiieHJISI rrpu yBenn'leHUU BXOllHOll eMKO-

paapellieHliH rrpenycunuTenSI OT BXOllHOll eMKOCTli 

-.,~.;;_,._ 3aBUCUMOCT~J0 1 KOTopyro liMen 6bi rrp~ny-

c 
cunnTenh 1 ecnH 6bl enHHCTBeHHbiM liCTO'lHHKOM IIIyMa 1 BKnJO'leHHbiM He rra

pannenbHO C BXOllHOll eMKOCTbJ01 6bi~ KaHanbllblll IIIYM rroneBoro TpaH3HCTOpa 

( npu ycnOBHH1 'ITO- HH3KO'IaCTOTHbiM IIIYMOM 8TOrO noneBoro TpaHSHCTOpa 

·MO:lKHO npeHe6pe'lb), MO:lKHO oueHliTb BKnan aneMeHTOB, cnenyromux sa none

BhiM TpaHSHCTOpOM 1 B ITOnHblll IIIYM rrpenycHmiTenSI. 

Ehm co6paH npenyclinHTenb no KacKonHoii: cxeMe c noneBbiM TpaHsnc

TopoM Ha Bxone. DoneBoii: TpaH3liCTOp liMen KpyTH3HY 2,5 Ma• BOnbT-l. BTo

pbiM TpaHSliCTopoM KacKonHoii: napbi cny:lKHn D416. PaspeiiietiHe aToro npe

nyclinnTenSI llpli OllHOKpaTHOM IIHTerpHpOBaHlili li OllHOKpaTHOM llH<p~epeHUlipO

BaHHli c T = w-6 ceK yxy~IIIanocb c K09~~uuneHTOM 0,12 KaB/rr~ • Teope

TH'leCKaSI senH'lliHa Koa~~uuneHTa, xapaKTepusyromero yxyniiieHne paapeiiieHHSI 

npu ysenu'leHnn sxonHoii: eMKOCTli npn y'leTe TonhKO Terrnosoro IIIyMa KaHana 

rronesoro TpaH3liCTopa C KpyTU3HOll 2,5 Ma• BOnbT-1, paBHa 0,107 K9B• rrtjl-1. 

CnenoBaTenbHo, norronHliTenbHhiH wyM, BHocuMbiH aneMeHTaMn cxeMbi, cnenyro

IIlliMli sa rroneBbiM TpaHslicTopoM, He rrpeBbiiiian B HaweM cny'lae 12% Terr

nosoro IIIyMa KaHana nonesoro TpaHsliCTopa. 
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