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YcuneHtte cnrnonon ManoH aMnnHTY.UbI OT J.leTeKTopon HJ!epHbIX H3ny1..Je1n111 HBnHeTcH 

llOBO/lbHO TpyaHofi 38)l8'-!err, ocooeHHO B cneKTpOMeTp11qecK11X 1!3MepeHIIHX, '-!TO ol5ycnoaneH

HO B OCHOBHOM BXO/lHblMII II rnyMOBblMII X8p8KTepllCTIIK8MII npeayCll/ll!Tenerr. no ITOCl!e)lHe

ro apeMeHII Hallnyqurne pe3yllbT8Tb! 0blnll nony'-!eHLI Ha /l8MITOBbIX cxeMax. OobI'-IHbie nnoc-

KOCTHbie Tp8H311CTOpb! ITOKa He MOryT ycnemHo KOHKyp11pOB8Tb B 3TOM CMblC/le C /l8MIT8MII. 

OaHaKO B HaCTOHWee apeMH ITOHBll/lCll IIOBblfi nonynpOBO/lHIIKOBb!If np116op - noneaoi1 /1111oraa 

H83bIB8eMblll T8KJKe K8H8/lbHb!M 111111 yHIIITOllllpllbIMI TpaH311CTOp ( TTT), 00118/la!Ollllll! xapaKTe-· 

PIICTIIK8MII ny'-IWIIX B8KYYMHbIX naMn II )l0CTOIIHCTB8MII O0bl'-!Hb!X Tp81!311CTOPOB, 

BnepBbie TeopHJO noneaoro TpaH3HCTopa npea110JK1111 a 1952 r. IIJ0Kn11
111

, 

aKcnep11MeHTbI 0blnll npoaeaeHbI Ilei!c11 11 PoccoM
121

, 

a rrepBbie 

llonroe BpeMll ITT yaenllnocb Mano BHl!MBHIIH, Ho 3a nocnea1111e roab1 KapT11tta pe3KO 

113MeHll/l8Cb 15naroaapH 3H8'-IIITe/lbHblM ycnexaM, )lOCTllrHyTbIM B npoeKTl!pOB8HIIII II TeXHO/lO

r1111 1tarOTOB/leHllll ITT, KOTOpbre, aepOllTHO, Tenepb 15yayT 11rpaTb B8JKHYIO PO/lb BO MHOIBX 

o15nacTHX paa11oa11eKTpOHIIKII, 

rnaBHb!MII oco15eHHOCTl!MI! HOBb!X np116op0B llB/lH!OTCH BblCOKOe BXO)ll!Oe COIT!)OTIIB/lel!11e, 

xopornaH Bb!COK0'-!8CTOTH8ll xapaKTep11CTIIK8, lll!HeHHOCTb, OTCYTCTBl!e nepeKpecTHOfi MOllYllll -

u1111, H113Klle lllYMbl II OTllll'-!HBll yCTOif'-IIIBOCTb K l!)lepnoMy 113lly'-!eHll!O, 

lloCKOllbKY B OTeqeCTBel!HOif lll!TepaType HeT cneu11anbHb!X pal5oT, ITOCBHllleHHblX ITT, aa

Top B l!BCTO>rll!eM 003ope caenan ITOITb!TKy 0606w11Th pa3p031!eHl!b!If M8Tep11an, onyl51!11KOB8H

Hbli! B nepllO)lll'-!eCKOi! l!IITepaType, B OCl!OBHOM OTHOCllll!IIIfCll K Teop1111 ITT, IICTO'-IHIIK8M my

Ma II npl!IIUIIIT8M ITOCTpoeHl!ll H1!3KOWYMllll!IIX cneKTPOMeTpl!'-!eCKIIX yc11m1Tenei! Ha ITT, npea

H83H8'-!eHHb!X /lllll paooTbl C nonynpoBO/lHl!KOBb!MII aeTeKTopaMI! ll/lepHblX 1!311Y'-!eHl!H, Eonee 

noapo15tto C ITPIIHUl!IT8MI! paoOTb! II Tl!ll8MI! ITT MOJKHO IT03H8KOMl!TbCH B KHl!rax
13

-
51

, a TaK

JKe a CTaTbll/
6•

361
, 

t. !lp11uu11n paooTbl II OCHOBHb!e napaMeTpbl noneBb!X TPBH311CTOp0B 

!loneBb!e Tp8H311CTOpb! OTHOCl!TCll K Knaccy nonynpOBO/lHIIKOBb!X TpllO/lOB, ynpaBl!l!8Mb!X 

noneM, !lo cywecTBY ITT MOlKHO pacCMBTPIIB8Tb K8K ycTpoi!CTBO, coaepJKall!ee TOKOITpoao1w

lllY!0 '-18CTb, ITPOBO)ll!MOCTb KOTOpOH MO/lyn11pyeTCll np11 ITOMOlllll nonepe'-!Horo aneKTPll'-!ecKoro 
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non11, np11Kna)lbtBaeMoro K nonynpoBollHl1KY, ITpoxo)l{)letrne T0Ka e ITT ce51aa110 T0ITbK0 c 

llBl1)1{eH11eM 0CH0BHb!X H0Cl1Tenei\ ( sneKTpoH0B 11n11 /lb!pOK). 

11crronb3Y!OTC51 cne)ly!Orrll!e TepMHHb! nn<1 sneKTpo)loe ITT: HCT0K - sneKTP0ll, c KoTo

poro HOCHTenH 38pSIJl8 nocTyrraIOT B oOnaCTb cpaBHHTenbHO CHnhHbIX 9n9KTpHqeCKHX nonen, 

CTOK - aneKTpoa, t.Iepe3 KOTOpbiti: HOCHTenH BblT9K8IOT, 38TBop - aneKTpo.o: yrrpaBnHIOIIlHti 

rroneM. 

CxeMaTwrncKoe 11ao6pa)l{e1111e rrna1,ap11oro ITT c 

a cxeMa era BKnroqen1u1 - Ha pee. 2. 

ITp116op C0CT0l!T 113 rrnaCTHHKll rronyrrpoe0)lHllK8 

p -KaHanoM np11ee)le110 11a p11c, 1, 

p -Tuna C OMIP{GCKHMH KOHT8KT8MM 

Ha Ka)l{)l0M ee K0Hlle ( llCT0K ll CTOK) ll llBYM<I K0HT8KTaMH n-Tl!IIa Ha ee IIp0Tl!B0II0-

no)l{Hb!X CT0poHax ( aaTeop), ITpll II0Ka3aHH0M IIpllIT0)l{eHHll II0T9HUllanoe Me)l{)ly 11CT0K0M ll 

CT0K0M II0TeqeT TOK Id , o6ycnoaneHHbiit llblpKBMH, rrplPIGM a HanpaaneHIUI OT HCTOKa 

K CT0KY, TaK KaK nonynpoB0)lHllK o6na)laeT C0ilp0THeneHHeM, TO rrpoTeKaHlle T0Ka Bb!30BeT 

rra)le1111e 11arrp<1)1{eHl151 ( Id R ) ll II0Te11u11an CT8H0BHTC51 6onee 0TpllUaTenbHb!M B HaII

paaneHMH K CTOKy. Ho T8K KBK 38TBOpbl C09.IHIH9Hbl C MCTOKOM, TO TOT )KG CBMbifi IIOTGH

Ullan eo3Hl1KHeT 11a n - p -rrepexo/lax 11 6ylleT cMemaTh 11x e 06paT110M 11arrpaaneH1111, 06-

naCTb IIp0CTpaHCTBeHH0ro aapH/la IIp0Hl1KHeT B MaTepHan p --THIIa, pacrnHpHS!Cb II0 Harr-

paBneHl1!0 K CT0KY, TaK KaK B peayn&TaTe 6onbrnero CMe!ll9Hl151 yeenHq11aaeTC51 T0IT!Ill1Ha o6-

naCTl1 IIp0CTpaHCTBeHH0ro 3ap51ll8, B peaynbTaTe, rrpoTeKa1111e T0Ka orpa1111q11aaeTC51 06 • 

naCTb!O KITl1H006pa3HOH <j,opMbl, Ha3b!Ba9M0H KaHanoM, Ecn11 yeen11q11aaTb 11arrp<1)1{eHlle CT0Ka 

Ud , TO KaHan CTaHeT y)l{e 11 corrpoT11Bne1111e ero 6ylleT eoapacTaTb, II0Ka IIpll H8Ilp5!)1{e-

HHH Woo He 11acTyIIIIT M0MeHT, I1p11 K0T0poM o6naCTl1 npocTpaHCTBeHHoro 3ap5!)la C rrpo-

TllB0II0IT0R(Hb!X CT0P0H C0MKHyTC5!, ITocne)ly,omee yaem1qe111rn U d Bbl30B9T nHIIIb Mance 

rrp11pame11He BbIX0llHoro T0Ka Id • TaKl!M o6pa30M, npol!CX0)ll1T 0TCeqKa IIp11pameHH5! 

T0Ka, T,e. pe3K0e B03paCTllHl19 )lll<p<pepe11u11anbHOro conp0Tl1Bnemrn KaHana. 8TOT peRrnM pa-

.:5oTbl HOCHT H83B8HH9 pemHMa Ha C bl Ille H H sr. EcnH 38TBOp HM99T rronO)l<:H:TenbHOe CMeme-

HIie no 0TH0lli9Hll!O K IICT0KY 11a een11q1111y Ug , TO aennqnna nanennsr HanpH)K9HHH 1 Heo6xo-

)ll!M851 )lIT51 rronyqe111!<1 0TceqK11, 6y)leT MeHbllie, T,K. qacTb 8Toro 11arrp51)1{9Hl151 y)l{e IIpl!no

)l{eHa B Bm:t'e cMeme1111<1, I! HaCbllll9Hl!e T0Ka 6y)leT IIp011CX0lll1Tb C00TBeTCTee11110 rrp11 6onee 

1111aKoM U d 11 ToKe Id CT0Ka, XapaKTep11CTl1Kl1 T0Ka CT0Ka B 3aBl1Cl1M0CTl1 OT H8IIp51)1{e-

111151 CT0Ka, IIp11 11anp51)1{eH1111 aaTeopa B KaqeCTBe 11apaMeTpa, rrp11Be)leHbl Ha p11c. 3, B11)lHO, 

'!TO xapaKT9pl1CT11Kl1 ITT IIO)l06Hhl xapaKTepl1CTl1K8M BaKYYMHb!X IIeHT0)l0B, 

TaK11M o6paaoM, paanHq11e M9)KJlY ITT 11 o6bt'!Hb!M11 T11IIBMl1 TpaH311CTopoe aaKIT!O'!aeTc<1 

B TOM, '!TO B ITT )!Ba Tl1IIa H0Cl1Tenel\ npocTpaHCTBeHH0 pa3)leneHbl ii pa6oTa ero 38BllCllT, 

II0 cymecTBY, OT rrp11cyTCTBl151 T0ITbK0 0CH0BHb!X H0Cl1Tenel\, B ITT TOK rrepeH0CllTC51 Jlpel\<po!V 

OCHOBHhlX HOCMTene-1:i B aneKTpRtJ9CKOM none, B TO BpeMH KaK B IInOCKOCTHblX TOK rrepeHOCHT

C51 llll<p<pya11ei\ ueocH0BHblX HOCl1Tenei\ B o6naCTl1 II0 cymecTBY ceo60llHOll OT sneKTpll'!ecKoro 
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nom1. TaK KBK CK0p0CTb Jlpellc!,a MQ)KeT 6b!Tb HBMH0I'0 vunbwe CK0p0CTI! /lllcl,c!,y31111, TO cneJly

eT O)Kl!Jl8Th, '!TO np11 0/ll!HBKOBbIX reoMeTpi!'16CKl!X p83Mepax ITT CMOI'YT pa60T8Th HB 6onee 

BbIC0KIIX 'IBCTOTBX, ITT M0)K6T pa6oT8Th B JlByx pei1mMax: 

I, ITp11 MB/lhIX Ha11p11lKeH1111x CTOKa, B STOM pe)Kl!Me ITT MO)KHu paccMaTp11aaTh KBK nae• 

CIIBHblll 8/leM6HT - npoBOJllIM0CTh, ynpaB/lll6M8ll Hanpll)K6Hl!eM 38TB0pa. 2. B pe)Kl!Me H8Cbl

me111111 ITT M0)Kl!0 paCCM8Tp11B8Th KBK aKTl!BHblll TexIT0/l!OCHIIK C xapaKTepl!CTIIKBMII ITO)lo6-

HbIMII, KBK y)Ke 6&1/10 YK838H0 BbIII!e, BBKYYMllbIM neHT0/lBM 11/lll 61mo1111pHbIM TpaH31!CT0paM, 

B yc111111Te11h110M pe)KnMe ITT 06&1'1110 pa6oTaeT a 0611acT11 11acb1me111111, nosToMy Kos¢

¢11u11e11T YCll/l6Hl!ll no 11anp5!)K6Hl!IO KBCKBJlB. C 06m11M IICT0K0M MQ)KHQ npe/lCTBBl!Th B Bl!Ae 

Ku= SR 11 ( 1.1) 

S -KPYTlI3Ha xapaKTeplICTl!Ki!.ITT, a RH -conpoTlIB/l6Hl!e 11arpy3KI!, 3KBIIB8/l6HTH8ll 

cxeMa TBKOI'O YCll/llIT6/lhH0I'0 KBCKBAB np11ae11e11a Ha p11c, 4. EcTeCTB61!HO, '!TO B0/lhTBMnep

Hbie xapaKTepl!CTIIKII ITT 38B11Cl!T OT IT/l0TH0CTI! 3ap1111a l!0Cl!T6/lell II OT npoc!,111111 nepexo11a 

38TB0p-K8H8/l, OAH8KO l!MeeTC5! o6mee 

171 
cooT11owe1111e M6)Kl1Y oc110B11b1M11 napaMeTpBMI! ITT 

(a en111111uax IT/l0TH0CTI! 38pl!Jl8) : 

KpyTl!3H8 xapaKTeplICTIIKII: S = aJd 
au. 

BbIX0l1H85! ITp0B0)111M0CTh 

np0B0/ll!M0CTb KaHana 

np11 ud =· o G0 = + [ Q (a) - Q (y. ) ] , 

r.o:e fL -IT0JlBlOKH0CTb HOCHTen';J,i:, 

Q (y ) = J p (y ) d y 
0 

npencTaB/ll!eT co6oll 38pl!Jl OT O 110 y Ha 6/ll!HlIUY 11/llIHbl B 11anpaa11e111rn X 

( 1.2) 

( 1,3) 

( 1.4) 

p(y) 

IT/l0TH0CTb 38p5!118, ITapaMeTpbl np11aene11b1 118 ~JllIHIIUY TonmlIHbl nepexo11a 38TB0p-K8H8/l, 

3TH Bblp8lK6Hllll ITOK83b!B8IOT, '!TO KPYTH3H8 ITT paaHa npoB0AlIM0CTII np5!MOYI'O/lhHOll 

qacTn KaHana, orpanuqennofi Ys , 1!638BHCHM0 OT npoc!,Hllll IT/l0TH0CTH 3ap11na. 

Ha 3THX BbipB>KSHHfi cne.o:yeT T8K1Ke, qTo MBKCHMBnbHOe 3Haqenn:e KpyTH3Hbl Sm , KOTO-

poe Jl0CTl!raeTCll np11 HBCbimeHHH (yd= 3 ) > paBH0 cyMMe KPYTH3Hbl II BblX0AH0il np0B0Jlll-

MOCTH B H9H8CbIIU9HHOfi oGnaCTH H npOB0.0:HMOCTH Kanana IlpH 

( 1,5) 

ITpu pa6oTe a 0611acTH 11acb1meHu11 ( 1111n a611n311 ee) BX0/lH0e corrpoTnanenne ITT coc

TaB11S1eT He MeHee 10 
7 

OM, KPYTll3H8 xapBKT6pHCTHKH 0,2 - 5 Mala, BbIX0/lH0e corrpoTIIB/l6liHe 

5 - 500 K0M, BX0l1H8ll eMK0CTb 5 - 30 rrc!,. OCHOBHb!6 pa6oque napaMeTpbl H6K0T0pbIX 3apy-

6e)KHbIX ITT npnae11e11b1 B Ta611, I, 
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Ta6nnua 

T n n Id Ma s Main Rax OM R KOM 
BbIX 

C ,BX 
mp lg a 

FSP -401 0,25 0,2 - - 4 10-11 

Si , n-xaaan 

2 N 2500 1,5 1,5 1010 75 27 5, 10-11 

Si , p-KaHan 
2,108 2.10-10 2 N 2386 5 2,5 50 40 

Si , p-Kanan 

2, Teol?.n" 

llloKnn noKasan, 'ITO npn pesKOM n•p nepexolle MeJKllY saTnopoM n KananoM, MecT-

m,rll noTennnan IV (x) B o6nacTn npocTpancTnennoro sap<Illa (pnc, I) BbrpaJKaeTc<I pe-

menneM OllHOMepnoro ypannenng Ilyaccona: 

W(x) =qN ~]. 
2K 

rile q -sapSill aneKTpona, 

N -nnOTHOCTb OCHOB!Ib!X HOCHTenell, 

2a -Tom11nna nnacTHHbI nonynponOllHHKa, 

2b(xl-mnpnna nponoll<Imero Kanana, 

K -JJ;H8J19KTpHtteCK8H ITOCTOHHHasr. 

flpn 3a3eMneHHOM llCTOKe H npn pa6oTe B o6nacTH HaCb!WeHlll! ( Us 

b = O. Torlla, cornacno llloKnH: 

W(x) = Woo[ 1- b(x) 1 • 
a 

nnn b/11 =[1-(~ )½ l 
Woo ' 

(2.1) 

0, Ud -U g=l'(,
0

) 

(2. 2) 

31leCb W(x) n b(x) npellcTaBnSIIOT co6oi! MellneHHO Menmom11ecg q>yHKllllll pacCTOSIHIISI 

X llO cToKa. 

W(x)=V/8 ( Ug + U llHql) y llCTOKa n 

W(x)=Wd~( ug+ Ullnql - ud) y CTOKa, 

rile Ug n ud - HanpSIJKeHIISI Ha saTBope H CTOKe, COOTBeTCTBeHHO, a u llHql -llHql-

q,ysnoHHbill noTenunan, 

fing llaHnoro HanpgJKeHlrn Ha 3aTnope COCTaBUSIIOIUaSI 3UeKTpH'leCKOro nomr E(x) 

n nanpannemm X onpelleneeTcSI cnellyromnM BbrpaJKenneM: 

E(x)= dW/ dx (2,3) 
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B TOK Hll DLIXO/10 pone11 

r11e 

11 g
0 

=·2a·
0 

a 

Cne11onaTenLuo, 

Wd 

J g(W)dW =~[Wd -W - 2 
L B T 

KpyTH3l!O xapaKTep11cT11K11 ITT 

a BLIXO.llHBH rrpOBOJlllMOCTh 

(2.4) 

l . (2.6) 

(2.6) 

(2.7) 

(2.8) 

ITp11 Ud = 0 , H OK83b1B89TCSI H8llM9HblIIIlM 3Haqe-

11110M \V d , KOTOpoe MOJK0T 6h!Tb nony'<eHo /llIH 11a1111oll B01Ill'<IIHbl ug • B aToM 

cny'<ae Id = 0, S K 0, a 

(2.9) 

Ecnn Wd ➔ Woo , To gd ➔ 0, B nonhT-aMnep11oll xapaKTepHCT11Ke oTMC'<aeTcst 11achI• 

me1111e 11 
IVs ½ 

S = S = g 0 /L [ 1 - ( -- ) l = G0 , 

m Woo 

T,e., KSK OTMe''lanoch BhIIIIe, KpyTil3Ha JlOCTnraeT caoero M8KCHM8nhHO1"'O 3H8lf0HHH, 113 

( 2. 7) n ( 2.8) Henocpe11cTBeHHO BhITeKaeT COOTHOIIIeHHe ( 1,6). Ecnn HllllpHJKeHne Ha CTOKe 

6onee OTpllllaTenbHO, '{(lM Tpe6yeTCH 11m1 HllCbIIlleHUH, TO TOK I d '.npaKTH'<eCKII nepecTaeT 

3OBHC0Tb OT U d ll pemeHHe ll!OKIIB He BbIIIOJ!HHeTCH, 

ITT, BaroTaBIJIIBaeMbie amj,cj,ya11ei!, MoryT HMeTh nnOTHOCTb aapm:ia, KOTopaH pacnpe

)l01IH0TCH no 3KCITOHe1111na1IbHOMy 3OKOHY B/lOIIb x. B 3TOM CJ!J'<ae KpyTJI3Ha H npoBOllll

MOCTh Ka11a11a B o6nacTB 11acwmeH11st 6y11yT HM0Tb JlBHei!Hyro 31lBIICHMOCTb OT 11anp>1lK0HHH 

/8/ 
aaTnopa: 

G O = g 0 / L ( 1 - IV/ IV00 ) (2.10) 
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11, crrelloBaTeIIbHO, BblXO/lHOfi TOK IIMeeT KBanpaTll'IIIYIO 38BI!CIIMOCTb OT Hanp,rn<eIIIIH Ha 31lT-

aope ( H811OMHIIM, '!TO \VS = U g +. U lllltj,): 

2 

ld=ldo(l-Ws/Wco). (2.11) 

narrbHer"rwee pa3B11Tlle Teopll5! ITT Ha BLICOKIIX 'laCTOT8X norry'IIIJia B paooTe BaH llep 

31111a 191 , rile ITT paccMaTp11B8eTC5! KaK 8KTIIB!!bll1 qeTb!pexnoIIIOCHIIK C pacnpellerreHHLIMII na• 

paMeTpaMII. Y-napaMeTpbl orrpelleIIHIIIICb 113 crrellyJOIUIIX ypaa11e1111l!: 

Ai•= Y11 AU, +Y12 AUd 

Ala= Y21"1'1•+· Y22AUa 

2 :x2 [ g ( W,o) AW(x)] = jwpo a 
\'/ ,, 

QQ 

PerneH11e 3TIIX ypaa11e1111l!: 

!',. 'II ( x) 

\'~ 

YI I la j (.u C gg + AW 
2 

; 
2 2 

Y
12

=jwCdg +<u Cdgrd 

y2t °' 1+ j Wfw
0 

s 
Y2 2 •- g +jw Ca +o,

2 
C~• ta• 

2 2a, g 

(2.12) 

(2.13) 

( 2, 14) 

TaKJIM o6p830Mf aKTJIBH8H COCTaBnfIIOIUaH BXO.LlHOti rrpOBOJlHMOCTH gt 1 H3M9HH9TCSI rrpo-

nopunonanhHO KB8.llp8TY qaCTOTbI, IIpI:IqeM IIOK838HO, 'tJTO STO crrpaae.a.nnao B ll1HpOKOM anana-

30H9 l!8CTOT, 

rile 

II 

ITorrHaH BXO/lH8H eMKOCTb 38TBOpa 

C •• cgs+· C dg' 

C gs H Cdg -eMKOCTH 38TBOp-HCTOK JI 38TBOp-CTOK COOTB9TCTB9HHO. 

C gs 
2p, aL f (~ 

Woo 
1 

Woo 

.~), 
IV oo 

C 
= 2p0 a L f ( Wa l'ls ) 

ag --- 2 -- • -- • 
IX,o Woo IV oo 

w 
ITp11 !18Cb!llleHIIII _'_d_ = 1 , a 

l'/oo 

f ( 1, ~ )= 3/2 
1 Woo 

C = 3p0 aL 
gs ----

0 Woo 

[ 1 + ( 
Ws ½ 
~) ], 

[ 1+ 2(~ )!, 
w 

00 

[ 1 + (~) ½ l 
Woo 

[l + 2(~ )½]~ 
Woo 

f(l ~)=0 
2 , w 

00 

C dg
0 

I) 
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(2.15) 

(2.16) 

(2.17) 

(2.18) 

(2.19) 



H3 paccMOTpeHHH 3KBHBa/IeHTHOll uenn 38pHua eMKOCTH n-p nepexoua 'Iepe3 coanpo-

THB1IeH11e KaHana ITT (p11c.· 5) MO)KHO BHUeTb, 'ITO npeuenhHaH qacToTa ITT: 

f = 0 

211 R C•• 

2 
__ l_(~). 

211 2L 2 K 

a BpeM ii nponeTa Hoc11Tenel! BUOIIb KaHana 

2 
L r =· 3 

2 
µ w 00 

3 I~ L
2 

~ . 
0 

Bonee TO'IHO 
/9/ 

f 
O 

paCC'Il!Tb!BBeTCH H3 Bb!pa)KeHJIH : 

f
0 

=· 0,416 We 0 

µ ~ 

B pe)Kl!Me H8ChIIUeHHH. 

Ecnl! µ ,. 2000 cM
2 
/a.ceK, L = 10-2 

CM, TO 

(2.20) 

( 2.21) 

(2.22) 

f 0 = 40 Mru. 

ITpn 6onee ueTanbHOM paccMoTpemm Teoplln ITT Heo6xounMo Y'IHThIBBTb cneuyromee: 

I. BnHHHl!e CHITbHhIX 3UeKTpH'IeCKHX nonel! Ha noUBH)KHOCTb Hoc11Teneil, ITp11 HanpH)KeH• 

HOCTHX 3/I8KTpl!'IeCKoro ITOIIH 

H3MeHHeTCH nponopul!OHB/IbHO 

/2/ 
ITpl!Hl!MBIOT BHU 

E > Ekp noUBH)KHOCTb HOCHTenel! He OCTaeTCH ITOCTOHHHOfi, a 

·½ I IOI 
E • B CBH3H C 3TIIM 3H8'IeHIIH OCHOBl!b!X napaMeTpOB 

SE S • 1,21 ( ~ )½ 
(2.23) Woo 

foE =· fo( Eic. L )½ 
(2.24) 

Woo 

2 • . B o6'heMe nonynpoBOUHl!Ka ITT 3a c'IeT Tennoaol! reHepamm, a TaKl!<e 3a C'IeT re

Hepanl!H Ha noBepXHOCTl! II HH'beKUHH 113 KOHTaKTOB, B03HHK8IOT HeoCHOBHbie HOCHTe/III, Heoc

HOBHbie HOCHTenl! MoryT Bbl3B8Tb 3Cj,q,eKT OTpHUaTeITbHOro conpoTHBneHIIH B uenH 3aTBOpa. 

KpoMe Toro, ITOCKO/IbKY nou uel!cTBl!eM aneKTPH'IeCKoro no1rn HeOCHOBHbie HOCl!Tenn nepeMe

maJOTCR K llCTOKY H ITOKIIUBIOT K8Han, TO nocneUHHll o6euHH8TCH (HBUeHl!e llCTomeHJIH - 3KCKIT!0-

31rn) II era yuenbHOe conpOTHB/IeHl!e yBeUll'Il!BBeTCH. 3To npHBOUHT K yxyumerm!O KpyTH3Hbl 

H 'IBCTOTHblX CBOl!CTB ITT. IToaTOMY ueBbirOUHO np11MeHHTb UITH ITT CUl!llIKOM BhICOKOOMllbll! 

MBTepHan. 

3, ITpn nocTpoeHHH MOIUHhIX ITT npnxounTCH C'Il!TBTbCH c pacceHHl!eM Tenna. Ho uaJKe 

B cpaBHHTenbHO MBIIOMOIUHhIX ITT Heo6xouHMO Bcerua ITOMHl!Tb 06 OTBOUe Tenna, BblUeITHI0-
2 

merocH BHYTPH KaHana aa C'IeT npoTeKaromero ToKa ( Id / G O ) • 

4. EcnH KOHTBKThl 38TBOpa ITOKpbIBBIOT TOUbKO 'IBCTb KaHana, TO cneuyeT Y'IIITblBATb 

BITHHHHe nocneuoaaTenbHOrO conpOTIIB/IeHl!H '· C l!CTOKOBOl! CTOpOHhl KaHana II rd co 

9 



CTOpOHbl CTOKa, CooTB9TCTBYJOl!lal! 3KBl!BaneHTH8ll cxeMa IIOKa3aHa Ha pl!C, 6. Ha116onhmee 

sn1111H11e Ha rrapaMeTpbr ITT OKa3bIBaeT 

KpyTll3Ha yM9HblllaeTCll: 

r • 1 B qacTHOCTH, nerKO TTOK838Th, qTo HCTHHH8H 

S'· s 
1+1. Sm +:rd gd 

8 HCTHHHBH BbIXO.UH8H npOBO.ll.HMOCTb: 

g;-= 
1 + r 8 S m + rd g d 

II Sm · B pelK11Me HaCbIIll9Hllll g d= Q s:;= 
1+:t 8 Sm 

ITp!! HynesoM HaIIplllK9Hl!II CM9l!l9Hl!ll Ha CTOKe g.r G0 = Sm 

g~•=· G~-== 
1+:r. Sm+ rd Sm 

s 

( 2,25) 

( 2.26) 

II 

CneaosaTenhHO, ycnos11e ( 1,5) He coxpaH11eTc·11, ITocneaosaTenhHoe corrpoT11sneHHe He-

ToKa yxyamaeT II qacTOTHbie csol!cTsa ITT: 

r'=r ____!_:!:_r~ 
1 + 's Sm 

3,· i1CTO'l1!11KII IllYMOB B rroneBOM TpaH311CTope 

(2.27) 

B cooTseTcTs1111 c Teop11el! Ba11 11ep 3Hna oc11os11ol! HCTO'IHIIK myMa s ITT - Terrnosol! 

/11/ 
IllYM IIpOBOAlll!l9rO_ Ka11ana, BllllO113M9H91!Hb!M 3<p<p9KTOM Mo11ynl!Ul!II • 3TOT l!CTO'IHIIK myMa 

MOlKeT 6bITh rrpe11cTasne11 re11epaTopoM myMosoro TOKa, BKnJO'l9HHbIM napannenbHo c rrposo

.l:UIMOCThlO KaHana: 

id
2 

= 4 k T s Q ( u ' u d) ~ f • 
m g ' (3.1) 

rae Sm -KPYTll3Ha B o6nacTII 11aCbll!l9Hllll Ami 11a1111oro CM9l!l91111SI Us ' a Q ( u.' Ud) 

-<pyHKUIISI pa6oqel! TO'IKH, o6b!'I1!0 M9Hhrual! 9lll!1!l!Ubl, 

CMeme1111e Ha 3aTsope llO!IlKl!O 6b!Tb BO3MOlK1!O ManbIM, 'IT06b! IIOIIy'll!Tb MaKCIIManbHYJO 

w 
g KPYTll3HY !IO OTl!Olll9HIIJO,·:K /sb1palKe1111e ( 2.7) / 11 s To lKe speM,i ,1:1ocTaT0'1110 6onh-

IllllM, 'IT06b! IIpl!MOl! TOK 3aTsopa 6bm Man no cpas11e1111ro C o6paTHblM TOKOM CTOKa. 3To 

o6bl'{HO YAOBII9TBOpl!eTCll IIPII 11yneBOM IIOT91!Ullane 3aTsopa. ITpl! 3TIIX ycnOBl!SIX K03<p<pllllll9HT 

Q ( U g, Ud) rrpaKTl!'{9CKl! 0,7. 

Terrnoso!l IllYM KaHana MOlK9T 6b!Tb Bbipa>KeH qepe3 3KBl!Bane1!THoe IllYMOBOe corrpOT1!B

ne1111e, BKnJO'l9HHO9 rrocneAOBaTenbHO C 3aTsopoM. 113 ycn0e11>1 

2 
i

2
=-4kT ~£Rm Sm d 

10 
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C yqeTOM (3,1) ll cnenyeT: 

%i 0,7 Ism (3,3) 

CpaBHl!BaH 3TO BbrpaJKeane c ( 2, 7) nn,i oobrqaoro 3Haqean,i IV g = 1/5, Blllll!M, qTo 

3KBl1B8IT9HTHO9 myMOBOS conpoTllBIT9Hl!e npn5nl!3l!T9IThHO paBHO COITpOTl!BITSHl!IO K8Hana no 

nocTOHHHOMY TOKY, 3Ta Teopn,i nony,rnaa Baa nep 3rrnoM H3 MexaaH3Ma paoOThr ITT B ae

aachrmeaaoil o5nacTH, HO KaK ITOK83bIBaJOT 3KCnepHM9HTallhHbl9 pe3yllhT8TbI, BnonHe npH-

ronaa 11 nn,i o5nacTH W00 < \'Id < 2 W 00 , T.e. nnH M anbIX cHraanoa. 

IToMHMO TennoBLIX myMOB npoBOllHlliero KaHana B ITT HMSJOT MSCTO apo5oBbre myMhr 

TOK8 3aTBopa. 3ToT TOK COCTOHT 113 llBYX KOMITOHSHT: 113 KOMITOH9HThI, o5ycnoBneHHOil 

aneKTpOHBMH, JlOCTnra10IIUIMH 38TBop, H H3 JlbipoK, IIOKHJl8lOlllHX 38TBOp, H H3 KOMIIOH8HTbI, 

o5ycnOBIT8HHOil aneKTPOH8MH, ITOKHll8"IOlliHMH 38TBOp, H H3 llblPOK, nor.Trrf'a!Ollll!X ero. Cne

aoBBTenbHO, 8TOT HCTO'IHHK llIYMB M0)K8T 6bITh rrpeacTaaneH wyMOBbIM reHepaTopoM TOKB: 

( 3,4) 

rae J gt -CYMM8 llBYX KOMITOHSHT TOKa 38TBOpa. 

ITocKonbKy 8TH HCTOT-IUHKH IIIyMOB H838BHCHMbI, TO 

:-2 
U.lyMoBoil reaepaTop '•o 

ll 

OTHOCHTCH K uenn 38TBOpa Hera 

:- 2 
1 H8KOppennpoBaHbl, 
•o 

BITl!HHH8 DY/l8T OC0O8H-

HO cymecTB8HHO rrpH 6onhrnnx aenHtJ:HHax rronHoro exonaoro conpoTnBneHHH. 

KaK H B ODbJqHbIX TpaH3l!CTopax H8 Hl!3Kl!X qaCTOTax l!M8IOTCH T8KJK9 I/ f llIYMb1 1 

KOTOPbl8 MoryT Db!Th np8/lCT8BIT8Hbl 3KBllBaneHTHbIM myMOBb!M H8IlpHJK8HH8M 38TBopa: 

(3,5) 

rne A I -nocTOHHH8H myMa, 3TOT myM MOJKST Db!Tb yM8Hblli9H 38 cqeT ynyq!ll8Hl!H Tex-

aonorllll o5pa5oTKll ITOBepxHOCTll nonynpOBO/lHl!Ka, I/ f lliyMhl 5onee 38M9THbl npll HH3-

KHX nonHhIX conpOTHBneHIHIX B uerrH 38TBOpa. Ha BbICOK.HX t{8CTOT8X BnHHHHe TerrnoBbIX my-

MOB B npOBO/lHlli8M K8Hane 6yneT T8KlK8 npoHBITHTbCH ll B U8Rll 38TBopa, 3To OObHCHH8TCH 

cymeCTBOB8Hll8M 9MKOCTHOil CBH311 M8lK/lY npoBOllHllillM K8H8ITOM II 38TBopoM, BcnencTBllll 

aToro aa BbICOKHX qacToTax K 38TBopy 6yneT TBqh myMOBoH TOK, 06Ycno~neHHb1H 8TOi1 

9MKOCTHOil CBH3hl0, 3TII myMhl 5ynyT qaCTl!qHo KOppem1pOB8l!bl C myM8Mll npoBOITHlli8f'O 

Kauana II MOf'YT Db!Th npencT8BIT8Hbl reaepaTopoM TOKa, pacnonoJKSIIHOM M9lKITY 38TBOpOM 

H HCTOKOM, BaH.ll.Y H811Mt.UHI eMKOCTHOti: CBH3H, TBKHM o6pa3oM, B .npo60Bblti: IUYM 38TBOpa 
2 

.tto6aBnHeTCH COCTBBlIHJOIUaH nponopUHOHBllbHBH f B illHpOKOM .llHaITa30He l.JBCTOT, rrpn:t.JeM 

8TB COCT8B11HlOIU8H MQ}K9T 3H8'llHTenbHO rrpeBbilllaTb COCT8Bll5HOlltyJO .ll.P060B0f'O wyMa, onpe

nenHeMyJO (3,4). Cornacuo Bau nep 3nny
1121

, TBKof1 nononnnTeJihHhiil HCTO'!Hl!K myMa 

yno6Ho rrpe.ocTaBlIHTb B BH,08 8KBHBaneHTHOfi illYMOBOti: rrpoaon:HMOCTH, BKlIJOl.J9HHOl1 napan

nenhl!O c BXOITOM ITT: 

II 



2 2 
Dn= Rw w C•• H ( W• ), (3.6) 

r11e II(Wg) = 0,3 - 0,4 rrp11 o5bI'IHbIX cMerneHl!llX. lleilcTa11e 3Toro IICTO'IHl!Ka rnyMoa 3a-

a11c11T OT IIMITel!BHCB BXOl!HOH uerr11. ilnll 38pH/IOBbIX yCIIITl!Tenei\, l!MeIOIUIIX eMKOCTHOl! BXOII

HOlf HMneaaac, rronyqaeM: 

-2 -:-2 2 2 
urn =Iw, llw Cilx 

2 

= 4kT L'if gm 1/w2 c; = 4kT L'if-. 1/3 Rm( Cgs ) , 
bx C 

tx 

T.e. 9KBHBaneHTHOe HartpSI)K9HHe llIYMOB1 He 38BHCHlllee OT qaCTOTbI. 3.oecb 

BXO,ll,H8fl eMKOCTh, BKnIO't18f( 
C •• 

(3.7) 

Ctx o5maH 

TaK11M o5pa3oM, 11eilcTa11e "Haae11eHHoro "rnyMa a uerr11 3aTaopa a 3Bpll/lOBOM yc11n11-

Tene CK83b1B88TCH B B03p8CT8HHH 3KBHBaneHTHOro llIYMOBoro conpoTHBn9HIUt: 

Rm= Rm[ 1+1/3(~ /], 
Ctx 

(3.8) 

B cnyqae Ctx '=- c.. ( C BHern = 0), R 
III 

B03pacTaeT Ha 1/3. B Bbllllerrp11ae11eH-

HbIX pacqeTax He Y'IIITblBBITOCh BI1lll!Hll8 rrocne11oaaTenbHblX corrpOTIIBITeHllil ITT '· II rd , 

8KBl!BaneHTH8ll cxeMa ITT C y'leTOM TerrnOBbIX lllYMOB rrocne110BaTenhHbIX corrpOTIIBITe

Hllil rrpoBO/IHIUero KBHana rrp11B81!8H8 Ha pile. 7. lleilCTBl!e 3TIIX corrpOTIIBneH11il rrpOllBITHeT-

C'1 B TOM, 'ITO K03<pcjll!uHeHT Q ( u.' u d) Bb!paJKeHl!ll ( 3.1) CTBHOBIITCH ITO'ITII H8 38BIICHIUIIM 

OT HanpH}K9HHH ~a CTOKe, 8 nonaoe 9KBHBaneHTH09 conpoTHBneHHe rnyMOB 

~· 

PesynhT11py10mee 

= s~ 
?T 

s'. 
Q'{U , Ud) =-~

2 • s''.. (3,9) 

R" ocTaeTcl! 11ocTaTO'IHO MBITbIM. Harrp11Mep, 11m1 ITT a peJK11Me 
lll 

H8Cbllli9HIHI HnH a6nH3H aero rrpH S'. Sm = 1 Ma/a 11 Q(u.,ud)= o,75 

Rm·= 750 OM, 'ITO B 4 pa38 ITY'lllle BHBITOrll'IHOll Benll'll!Hbl 11ml I18MI1, l!MeIOIUIIX TBKYIO 

JKe KpyTll3HY, II 5onee qeM HB rropll/lOK HIIJKe R lll IIITll Tp8H311CTOpllb!X cxeM C BbICOKIIM 

axonHbIM conpoTHBneaneM. 

ITp11 Hll3KIIX TeMrrepaTypax rnyM TOKa YT8'1KII 38TBopa yM8Hhlll8eTcH, T,K. YM8HhlllaeT

CH TOK yTe'IKII, n1rneilHO yMeHblllaeTCl! C TeMrrepaTypoil II Tennoaoll lllYM KBHana, KBK 3TO 

B11/IHO 113 (3.1). O1111aKO rrp11 H113KIIX TeMnepaTypax, Kor11a B KBHane 110111130B8H8 TOITbKO 

'IBCTb /IOHOpOB IIITII 8KU811T0pOB, HB'IIIHBIOT CK83blB8ThCll lllYMbl 38 C'leT <p ITYKTYBUIIII rrnoT

H0CTII HOCl!Tenell B I1pOBOl!l!IU8M KaHane ( "1135bITO'IHb!ll rnyM"). CrreKTpanhHBH ITITOTHOCTb 

3TIIX lllYM0B HB BbIX0/18 ITT/ 
131

: 
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(3.IO) 

rue r 0 - BpeMg penaKcau1111, 
2 

y -rrocTogHHag, orrpeuengeMag 113 < o ti. N ) = y ti. N • 

(3.11) 

BK118U a 8KBl!BaneHTHoe conpoTHBneH11e myMoa np11 HachIIlleHl!l! / Wd = WooJ: 

T.e. R He 38BHCHT OT 
IllO 

q µ Y Woo 
3 k T g., L 

II 

4. Pa3peIII9HH9 CII9KTpoMeTpH'tI9CKHX ycHnHTeneti Ha IIOlI9BbIX TPBH3HCTopax 

(3, 12) 

Pa3pemeH11e crreKTpoMeTp11qecK11x yc11n11Teneil oueH11aaeTcg o5hrqHo rrp11aeueHHoil K 

BXOllY HOPM8IlH3OB8HHOil llO Cl!rHany cpeuHe-KaaupaT11qHoil aen11q11HOil IllyMa
114

-
161

, TTp11 

cpaBHl!TellbHbIX OU9HK8X yc11n11Teneil, ung Toro, qTOObl l!CKnroql!Tb 38Bl!Cl!MOCTb OT Tl!Il8 

ueTeKTopa guepHbIX '<8CTl!U B KaqeCTBe eUl!Hl!Ubl 1!3MepeH11g myMa Ilpl!MeHgeTcg 8KBl!B8Il9HT-

- 2 /17/ 
Hoe q11cno myMOBhIX 3apguoB N Ill , TTpeunonarag BXOUHO11 c11rHan cTyrreHqaToil 

¢opMbl C BpeMeHeM H8p8CT8Hl!g Kopoqe IlOCTOgHHOil BpeMeHI! axoua, O/lHOKp8THO9 RC 

¢opMl!pOB8Hl!e C 'Ii= r ll =· r ( OllTl!M8IlbHO9 OTHOill9Hl!e Cl!rHana K myMy/ 
181

). rrony-

q11M: 

2 r:i2 
2 

=·_e_ [ 4 k TR w--• + 4 A f Ctx + 2 q I• r +· 4k T _r _ ) , , 
q 2 r R g 

(4.1) 

rue e = 2,718, q = 1,59.JO-lg Kyn, 

Bb1pt1>KeH11e a KBaupaTHhIX CK05Kax couep)Kl!T cnaraeMbie TerrnoBoro myMa KaHana, 

I/ f myMa nT. upo5oaoro my Ma BXO/lHOro TOK8 ( cyMMapHblli TOK 38TBOpa II yTeqKI! 

ueTeKTopa) II myMa BXOUHOPO COilpOTl!Bll9Hl!H COOTBeTCTBeHHO. 
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Ecnl! npeHe6peqb 1/f rnyMOM KaHana II rnyMOM BXOll,HOro corrpoTHBneHHSI, TO npH 

ITOCTOHHHOH BpeMeHI! <j,opMl!pOBBHl!H 

T 
OITT 

0,2 / d,x 
s 1. 

nonyql!M MIIHHManbHYJO Ben1Iq1rny npHBeneHHoro IIIYMB 

v' rP 
III 

9 ½ -¼ .-1,1 

= 3,1. 10- CBx(n<j,)s(Ma/B, (MMKa) (cp.KB .:a) 

38Bl!CHIIIYIO TOnbKO OT napaMeTpOB Bb!6paHHOro ITT II neTeKTOpa. 

(4.2) 

(4.3) 

ITpaKTl!qecKI! Benl!ql!HY BKnana IIIYMOB onpenenHJOT 1!3 Benl!ql!Hbl pa3Mb!Tl!H penepHoro 

l!Mnynhca Ha MHoroKaHanbHOM aHanH3BTope ( npennonaran, qTo l!MeeT MecTo rayccoBo pac

npeneneHHe IIIYMOB no aMnnHTyne) B nepecqeTe Ha cpenHJOJO neTeKTl!pyeMyJO 8Hepr1I10. ITon 

TepMIIHOM .IIll!pl!HB nl!HIII! IIlyMa' nonpa3yMeBaeTclJ 1!3MepeHH8lJ nonnag II111pl!H8 HB nonOBl!He 

MBKCl!MyMa Kpl!BOH pacnpeneneHl!ll IIIYMOB ( ITIIJITM). 

ilnll KpeMHII8Bb!X nonynpOBO)lHIIKOBb!X )leTeKTOpOB, l!M8JOIIIIIX cpe/lHJOJO 8Heprl!JO o6pa-

30B8HlllJ :aneKTpOHHO-)lb!poqnou napbl 3,6 8B: 

r)le 

ITIIJITM 2,36.3,6 J N~ 
--=-2-

8,6 V N III 8B. (4.4) 

TaKIIM o6pa30M, cocTaBnlJJOIIIII8 IIlyMa Bblpa>KeHl!lJ ( 4. 1) M0>KHO nepenl!caTb B ( ~) 
2: 

s B Mala, 

- 3 2 

E! = 5,6 • 10° ~ 
S T 

2 
Er 

9 2 
2. 10 Ar Cl,x 

C B mj,, 
BX 

Af 
2 

B B 1 

-2 ~ +: E2, + E' +: FJ!R E = III T • 

E! = 0,16 lgr 

- T 
E2=8~-, 

R R g 
(4.6) 

lg B MMKa, B MKCeK, Rg B MoM. 

ITIIJITM = 2,36 y' Eta • (4.6) 

B 38pl!J'.10Bb!X ycllnl!Ten>JX eMK0CTb )leTeKT0pa Bnll>JeT Ha 0TH0II1e111Ie c11r11ana K IIIYMY, 

IT08T0My )lnll cpaBHl!TenbH0H oueHKI! yKa3bIB8eTcll IT0MIIM0 IlOCT0lJHH0i! BpeMel!I! <j,opMHpoBa-

Hill! TBK>Ke II BH8IIIHHH eMK0CTb ycl!nl!TeJrn. O5brqHo B ITT TOK 38TB0pa l!MeeT nopll)l"0K 

10-10 -10-11 a, noaT OMY OCHOBHbIM HCTO'tJHHKOM lllyMa HBnBeTCSI TennoBOfi myM KaHana 

(<j,nnKKep-IIlyM ne3Haq11Tenen, a IIIYM BXOAHoro conpoTl!BneHl!ll TBK>Ke npe11e6pe>K1IM npl! 

6onbIIIIIX Rg ). CnenoaaTenbHo, Anll oueHKI! KaqecTBa ITT, c ToqKI! 3pe111I>J Ml!Hl!Manh-

uoro BKITBJ'.18 IIIYMOB BX0)llroro KBCKBJ'.IB, M0>KeT 6b!Tb B3l!TO 0Tl!Olll8Hlle 

14 



2 
s / c •• • µ Po ( _a_ ) f ( U ) 

~ L •, (4.7) 

KaqecTBO ITT oueH11BaeTcll TaKlKe rpaH11qHofl qacToTofl fo , npll KOTopofl KpyTll3Ha 

xapaKTepllCTIIKII na11aeT Ha I/ y 2 OT cooTBeTCTByromefl Ben11q11HbI Ha nocTOllHHOM TOKe. 

8Kcnep11MeHTanbHO ycTaHOBneHo 
/6/ 

r11e ~ -nOCTOllHHall, aaBIIClll!lall OT ¢opMbl npo¢11nll pacnpe11eneHllll nnoTHOCTII aapll/1a 

Bl10ITb KaHana. Ilnll 011Hopo11Horo pacnpe11eneHllll f!, = 1/3. 

Ha p11c. 8 np11Be)'.1eHa aaBIICIIMOCTb IIIHPIIHbl ITIIHIIII myMa B ¢yHKUIIII OT ITOCTOllHHOfl 

BpeMeHII ¢opM11pOBaHllll npll C BX= 4- n¢, a Ha p11c. 9 - 3aBIICIIMOCTb lllllpllHbl ITIIHIIII 

IllyMa OT Ben11q11Hbl BXO)lHOfl eMKOCTII npll 

¢11pMbI Fairchild /Ill/. 

T )l 1 MKCeK ( ITT T11na FSP -401 

5. ITp11MeHeH11e noneBb!X TpaH311CTopoB B cneKTpoMeTp11qeCKIIX yc11n11TenllX 

CxeMbI yc11n11Tenefl Ha ITT paaB11Ban11cb, B nepByIO oqepenb, no nyTH nocTpoeHll!I 

3ap!1/10Bb!X npe11yc11n11Tenefl 11IT!I nonynpOB011HIIKOBbIX 11eTeKTOpOB. TaKIIM np11MeHeHll!IM 
/6, 19-24/ / 19/ 

ITT nocB!ll!leH uenb1ll p<111 pa6oT • Pa11eKa CKOHCTpy11poBan KaCKO)lHbii! aap<1-

110Bbri! npe11yc11n11Tenb c BXO)lHbIM ITT Tllna FSP 401, HMe10m11M Hll3Klle s II C •• ' II 

nonyq11n IIII!pllHY ITIIHIIII IllyMa npll KOMHaTHOll TeMnepaType 2 K3B nmI s I ,, C BX= 1 n¢, 

1 MKCeK). OH OTMeTHn' qTo B03MOJKHa pa6oTa TaKoro npenyc11n11TemI )lO TeMne

paTypb! - 200°C, 

CM11T
1201 

nan cpaBH11TenbHy10 oueHKY aapS1/10BbIX yc11n11Tenei! Ha naMnax II ITT. 

11cnonb3Y!I ITT T11na 2 N 2498, OH nonyq11n II111p11Hy n11H1111 IllyMa 6,5 K3B nnll S
I 

np11 

C = 25 n¢. 
BX 

/21/ /22/ 
B pa6oTax 11 11ccne110Banc<1 ITT Tl!na 2 N 2500 B KaCKOJlHOM BKn10qeH1111 c 

6HITOnllpHb!M TpaH311CTOpOM. lll!!p11Ha ITIIHl!II IllyMa 6bma 5 K3B II 8,2 K3B COOTBeTCTBeHHO 

11IT!I BHemuen eMKOCTII 10 n¢ np11 1 MKCeK. Il lKOHaccoH
1241 

)lIT!I ITT Tl!ITa 2 .N 2386 

nonyq11n II111p11HY ITIIHIIII IllyMa 5 K3B np11 HeHarpyJKeHHOM BXO)le. 

PaneKon
161 

npennoJKeHa cxeMa aap<1n0Boro npenyc11n11Ten<1 II111p0Koro np11MeHeH11ll 

(1111anaaoH per11cTp11pyeMbIX aHepr11fl 0, 1 - 100 MaB) Ha ITT T11na 2 N 2500 11n11 2 N 2608. 

ITp11 r = 1 MKCeK II1Hp11Ha n11H1111 IllyMa 6bma 3 - 6 K3B + 0, 1 - 0,2 KaB/n¢ nmI S 1 

11eTeKTOpoB, B KaqecTBe np11Mepa cxeMa TaKoro npenyc11n11Ten<1 npnBe11eHa Ha p11c. 10. 
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8 OIITIIM8!IbHOM cnyqae TIIII TTT Bb!Ol!paeTCH B 38BIICIIMOCTII OT eMKOCTII neTeKTOpa. 

EcnlI rrpenrronoJKIITb, qTo 

IIOBIIH (4,5) 

rrpeo6nana,omy,o ponb IIrpaeT TerrnoBoii rnyM KaHana, TO 113 yc-
2 

5,6 .10•3 ( C,s + C_ll) 

s' 
M HCcnenoaaHJHI Ha MHHHMYM, cnenyeT, tITO non>KHO ynoaneTBOpHTbCSI paaeHCTBO cgs::::• en • 

flpaKTIIqeCKII C8M8H HII3K8SI TeMrrepaTypa, IIplI KOTOpoii MoryT paooTaTb TTT - TeM

rrepaTypa lKII/lKOro 830TB ( 77°K). flplI T8KIIX HII3KIIX TeMrrepaTypax H801Il0/laeTCSI yMeHb

rneHIIe BbIXO/lHOro TOKa II KpyTII3Hbl 38 cqeT yMeHbllleHIISI IIO)lBIIlKHOCTII II q11cna neiiCTByI0-

/6/ 0 
llllIX HOCIITeneii. flo naHHbIM PaneKII 9To yMeHbrneH1Ie nn,i KpeM111IeBbIX TTT rrplI 77 K 

COCT8BIIHeT !IplIMepHO 30%. 

Cne.o.oaaTeJlbHO, HM99TCH B03M0>KHOCTb rrpHM9H9HlHI TIT B KOMIIJ19K.Ce C oxna)KJ:la9Mbl-

MH rronynpoBO.[{HHKOBbIMH Jl9T9KTOp8MH, HarrpHMep, JlJlH f3 - ' Y -crreKTpoMeTplIII. B 
HTOre yaennq11aaeTCH OTHOllI9HH9 cn:rHana K IIIYMY, T.K. YM9Hblli89TCR TOK yTeqKH H CHH

JKaeTCSI cyMM8pHaH eMKOCTb Cl!CTeMbl neTeKTOp - TTT, a T8KJKe IIOl!Bm!eTCII B03MOJKHOCTb 

paOOTbl !IplI 6onee OIITIIM81IbHh!X ( 6onee Jl!IIIHHhlX) IIOCTOSIHHblX BpeMeHI! cj,opM1Ip0B8HII!l, 

IleTaIIbHO 11ccnenoBaHbI rrapaMeTpb1 fl7 T11rra 2 N 2500 rrp11 pa3n11qHux TeMrrepaTypax 

/23/ • 
B paooTe BnanoKa • IlaHHhll! TIIII TTT ohm BbiopaH 1m11 11ccnenoBaH11!l aBTopoM 113 no-

BOIIhHO OO!IblllOro Kon11qecTB8 cymeCTBYIOllleii HOMeHKIIBTYPbI He cnyqaJ!Ho. 0Ka38IIOCb, qTo 

cep11iiHhiii TTT TIIrra 2 N 2500 cj,11pMhI Texas Instrum, o6nanaeT ocooeHno HII3KOII Ben11q1IHoii 

1/ f rnyMa. 

OxnalK)leH11e no 78°K Bbl3blB81JO yMeHbllleH11e BblXO/lHOro TOKa ( CTOKa) He 6onee qeM 

Ha 6%. OnHoBpeMeHHO rrpo11aBon11n11cb 11aMepe111111 Ben11q11HhI cj,yHKu1111 Q ( Ug, Ud) 

pall OK8381I8Cb paBHOII 1,4 !Ipll KOMH8THOH TeMrrepaType II 0,84 !IplI 125°K. 

1 KOTO-

3xcrrepHM9HT8JlbHbl9 ll,8HHbl9 IIOK838JlH, 'llTO HM99TCH orrpeaeneHHaR OIITHMBJlbHBSI T9M

rrepaTypa, rrp11 KOTopoii rnyMOBhJe xapaKTep11CTIIKII rronyqaIOTCH Ha11nyqrn11M11, Iln!l 2 N 2500 

T8K8!l OIITIIM8!IbH811 TeMrrepaTypa 125°K. 

Koacj,cj,11u11eHT yc11neH1I!l 110 H81Ip!lJKeHII!O K8CKona C BxonHh!M Tp8H311CTOpOM 2 N 2500 

Id = 1 Ma, 'H = 4 MKCeK) B 38BIICIIMOCTII OT TeMrrepaTyphl Obl!I paBeH: 800 rrp11 

T = 295°K, 1400 rrp11 T = 125°K 11 1100 rrp11 T = 78°K. Ha p11c. 11 rrpencTaBneHbI aaB11-

c11MocT11 IllllpllHhl IIIIHIIII rnyMa KBK cj,yHKUIIII TeMrrepaTypbl II IIOCTO!lHHOii BpeMeHI! cj,opMllpo

B8Hll!l )l!I!l 2 N 2500. ToK CTOKB IIO/l/lepJKHBaIIC!l p8BHhlM 1,2 Ma, a BHellIH!l!l BXO/lH8!l eM-

0 
KOCTb paBH!l!I8Cb 0, TBK qTo C BX = C gg + Cf = 25 rrcj,. Ecn11 rrpn T = 295 K 113-

MepeHHble Bem1q11Hbl fllllflM II OIITllM81IbHOI! IIOCTO!lHHOI! BpeMeHI! cj,opMIIPOB8HII!l Ohl!Ill COOT• 

BeTCTBeHHO 8 KBB 11 2,9 MKCeK ( pacq-eTHbJe 2,3 KBB 11 9, 7 MKCeK), TO rrpn T = 125°K BTII 

Ben11q11Hbl COCT8BII!l!Ill 1,55 KBB II 6 MKCeK (pacqeTHbJe naHHbie 1,16 KBB II 13,2 MKC'eK). 

-10 -14 
ToK yTeqKII 38TBOpa CHlllK81JC!l C 2,3.10 no 10 a. flpll IICIIO!Ib30B8HIIII /lBOiiHoro 
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IIHTerp11poBamrn w11p11Ha n11H1111 wyMa np11 T = 125°K cocTaBn:rna 1,4 KsB, a 

3,2 MKCeK. Iln,i nonHOThI KapT11HhI Ha p11c. 12 npnBe11eHhI GaB11c11MOCT11 IT!lJITM 

11n,i 2 N 2500 npn r ~ l MKCeK, 

r 
OilT 

f(r
0

, C ) 
BX 

HeKoTopoe OTnll•-!lle 3KCil9p11M9HTanhl!hIX 11aHHhIX OT pac'!eTHhIX MOlKHO o6'hSICHIITb 

TeM, '!TO B par:'!eTe HS Y'IIITbIBanc,i wyM TOKa 3aTBOpa. 

TaKIIM o6pa3oM, npll OilTl!ManbHOM oxnalK/19IIIIII noneBoro TpaH3IICTopa, 3apSI/10BbI9 

npe11ycnn11Ten11 Ha HllX cTaHOBSITCSI cpaBHllMhlMll C ny'!WllMII naMTIOBhIMll, Ha pnc, 13 npn-
57 

B9/l9H y cneKTp C O , Cl!S!Tblll C Kp9MHll9BOro nonynpoBO/ll!llKOBOro /19T9KTOpa 3a-

Pll /lOBbIM npeaycnnnTeneM C BXO/lHbIM Tpa1!3llCTOpOM 2 N 2500, B1111Ho, '!TO nony'leHHOe pa3-

peweHne paBHO 2,9 K3B (npll T = 125°K), B TO Bp9MSI KaK TWaTenbHO CKOl!CTpy11poBal!Hblll 

naMTIOBhill 3apl!/l0Bhlll npe11ycnnnTenb llM99T 2 K3B
1251

• Ha pnc. 14 11m1 HarnSI/IHOCTII npn

B9/l9l!bl cpaBHHTenbHhie xapaKTepncTHKll IT!lJITM = f. C BX) 11m1 Hpe11ycnn11Tenell Ha naM

nax, 6nnonSipHbIX TpaH3llCTOpax ll noneBbIX TpaH3llCTopax. 

B HaCTOSIW99 Bp9MSI pS!/l aMepl!KaHCKllX cjmpM Bh!IlYCKaeT cepllll!!bie npeaycnnllT9nll 

11n,i nonynpOBO/lHHKOBbIX /l9T9KTOpOB C ncnonh30Bal!H9M BO BXO/lHhIX KacKa11ax ITT. TaK, Ha-

npnMep, <pnpMa Cosmic Radiation Labs. BhmycxaeT 3aPllllOBhili ycnnnTenb .Tnna PA610, a 

<j,npMa 0RTEK - Tnna 104, nMeJOwne ypoBeHb wyMa npn C BX = 10 Il<p 8,3 K9B ll 7,5K3B 

/26/ 
COOTBeTCTBeHHO 

ITOMllMO 3apll/l0Bh!X ycnnl!Teneli, ITT MoryT ycnewHO ncnonh30BaTbCH B cxeMax Hll3KO

WYMllWHX ycnn11Teneli HanplllK9l!llSI Ha l!ll3KHX ll Cp9/l!!HX '!aCTOTax, B ycnn11Ten,ix C 6onbWHM 

BXO/ll!h!M conpoTHBn9Hll9M ( llHTerpaTOpbr)' BKnJO'laH BXO/ll!OI1 ITT no cxeMe C o6WHM HCTO

KOM, ll B Ka'19CTB9 npeo6pa3oBaTeneli C Hll3KllM ypOBl!9M, 

ITT HaxoaHT rrp11MeHeHH9 H B KaqeCTBe II8CCHBHbIX 3neMeHTOB, HarrpHMep, B aHanoro

BblX YMHO>KHTen>1x
161

' KaK ynpaenSieMblll sneMSHT o6paTHOll CBH311 ( llnll /lllCTaHUIIOHHO!I pe

ryn11pOBKII Kos¢¢nu11eHTa yc11nen11H B ycnnnTen>1x). 

B Ka'!9CTB9 cpaBH9l!IISI Ha pnc. 15 np11ee11ena 38131lCIIMOCTb cpe11He-KeanpaTH'll!OrO 

HallpS!lK9l!llSI WYMOB naMllOBOI"O 1!113KOWYMHWero yc1rn11TenH 0RNL Q - 2112 -1
1261 

II 

yc11n11Ten,i C BXO)lHhlM ITT Tlllla 2 N 238B
1221 

OT een11'll!Hbl BXO/lHOro COllpOTl!Bnemrn np11 

nonoce nponycKal!l!H 1 Mru ll 

npaKTH'ISCKH coena11a10T, ITpn R g 

16 t.:KB Cp, KB, 

C BX = 15 ll<p, Blllll!O, 'ITO llpll Rg > 10 KOM KpllBbl9 

10 KOM BXOilHOt'I npHB9.09HHbII1: llIYM paBIIHnCH 

6. npoMblll!neHHbI9 p83pa60TIOJ IIOneBbIX Tp8H3HCTOpoB 

TTocne nepaoro yHttnonHpnoro TpaH3MCTopa illoKnH 6bino npuMeaeno MHoro TexHono

rH'-I9CKHX nptteMOB nnH ll3rOTOBJI9HHH npOMbIWneHHbIX THIIOB rroneBblX Tp8H3HCTopoa. 
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Tpy/lHOCTH B T9XH0norHH H3r0T0BneHHlI TBKHX npHoopoB 3aKnroqaroTClI B TOM, q~o Ka

Hanbl y nT aon>KHbl 0b!Tb o6naCTllMH c Bb!C0KHM yaenbHb!M conp0THBneHneM a ll0CTaToqHo 

T0HK0M cnoe. OaHaKO ycrrexH B o6nacTH rronyrrp0B0/lHHK0B0il T9XH0norHH IT03B0nHnH C03-

aaTb cepH!O nT C BIT0nHe yaoaneTB0PHTenbHb!MH xapaKT9PHCTHKaMH, 

/28/ 
B 1958 r, TeaHepoM obma peannaoaaHa uHmrnapnqecKall xrncTpyKUHlI TTT ( TeK11e-

• /29/ 
TpoH)' a B 1960 r. IT0HBHnCll K0nbU9B0H aapnaHT nT (anKaTpoH) ' CX9M8TH'l9CKH H30-

6pa>KeHHb!ll Ha pnc, 16, Oco6eHHOCTbIO anKaTpoHa HBnHeTcH Hannqne •reTnepToro 9neKTpoaa 

-rrpecTpHKT0pa, K0T0pbili ocymecTBnlleT rrpeaaapnTenbH0e cy>Kemie ( rrpecTpHKUll!o) KaHana 

aa C'leT pacrnnpeHHll aorronHnTenbHoro n·p rrepexoaa, TaKHM o6pa30M, 1106aanerrne rrpe-

CTpHKT0pa IT03B0nHeT H309>K8Tb TPYIIH0CTeli, CBll3aHHblX C rrorry'l8HH8M 0'18Hb T0HK0li rrnao

THHKH HCXOJ:lHoro MaTepHana. KpoMe Toro, npecTpHKTOp M0)K9T cny)KHTb nono'nHHTenbHhIM 

yrrpaBnHJOllIHM aneKTponoM. K llOCTOHHCTBaM anKaTpona OTHOCHTCH T8K)Ke 3H8tJHTenbHO 6onb

Ill8H pacceHB89M8H MOlllHOCTb H 6onee BbICOKBH rpaHHtJH8H qacTOTa. 

B rrocnearree apeMH xapaKT9pHb!M /Wll H3r0T0Bn8HHll nT HBnll8TCll ncrronb30B81!He 

rrnaaapHo-annTaKcHanbHOfi TexHonornn, TexHonorHH HBIIb1ne:rnu1 nneHoK, .umPq:>yaHn H3 ra3o

aoil ¢aab1, MeToaoa rraccnaaunn n ¢oTonnTorpa¢nn, 

<l>np M0i! R C A paapa6oTaH H0Bblli nT C H30ITHp0B8HHb!M 3aTB0p0M, C0'l9T8IO!lllli! B 

ce6e Hanrryqrnne CB0liCTBB TpaH3HCT0p0B H BBKYYMHb!X naMrr, BMeCTO CM8l!l8HH0ro B o(ip,n

H0M rrarrpanneHHH n-p rrepexoaa aaecb ncrronbayeTcH CTpyKTypa MeTannooKCH/lHbili cnoli 
/30,31/ 

- rronyrrp0B0/lHHK ( Mon) • TaKall CTPYKTypa IT03B0nHeT yrrpaBnllTb rroaepxH0CTHb!MH 

3apHt:t8MH Ha nonynpOBO.[lHHKOBOH rronno)KKe. 8 OTnIPUie OT n -p rrepexoaa aTa CTPYKTY-

pa M01f{9T 6bITb HCITOnb30B8H8 KBK B pe:>K.HMe 06oraI1IeHHH, TaK H B pe>KHMe o6enHeHIUI H0-

/32/ 
CHTenHMH 38pHLI8 o6naCTH B rroaepxH0CTH0M cnoe rronyrrp0B0L!HIIK8 , B H8CT0H!ll88 Bpe-

MH npOMbillneHHbI9 TIT H3rOTBBnHB8IOTCH Ha 6a3e Kp9MHIHI._ TBK KBK OHM 06na.ua10T nytIUJH

MH CBOHCTBBMII, '19M naroTaBnHeMbl8 paHbllie rrpn6opb! Ha 6aae repMBHIISl/
33

; 

Cep11liHhlli BhmycK TTT ocaoeH B CWA ¢11pMaMn Texas lnstummt, RCA, Fairchild, National 

Semiconductors, Siliconix, Crystalonix, Amelco, Motorola, Genera! Electric,Tung•Sol, 

a K0nll'18CTB0 THIT0B TTT rrp8Bbllli88T 60
1341

, 

3aKnroqenne 

TeopeTH1.J:8CKHe pacqeTbl H 8Kcnep11MeHTanbHbie pe3yJlhT8Tbl TTOK83b1B8IOT, 1-!TO HMelO

llIHeCH TTT MoryT ObITb HCIIOnb30B8HbI B cneKTpOM9TpHqeCKHX TpaKT8X B KB'l!eCTBe HH3KO

llIYMfllUHX 3apHJlOBbIX npe.nycHnHTeneit H BXOllHblX KBCKanax ycHnHTeneti Hanp5UK9HHH. XapaK

TepHCTHKH lllYMOB H aenHqHHB BXOllHOro conpoTHBneI-IHH ne)KaT Ha ypOBHe nyqmHx naMITO

BbIX cxeM, coxpaHHH K81.J:9CTBa, npHCYIIIHe o6biqlJblM 61uronsrp1-IbIM TpaH3HCTOpaM - M8Jlbl9 

ra6apHTbl, HII3KOe noTpe6neHHe MOllIHOCTH, BbICOKYlO .uonroBelJHOCTb. 
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3KcnepHM9HT8JibHbl9 ll8HHbl9 ITOK83blB8IOT He TOJibKO B03MO>KHOCTb, HO H nenecoo5pa3-
o . 

HOCTb paoOTbl ITT nplI cpaBHHT9JibHO HII3KHX T9MllepaTypax ( BITJIOTb no 78 K). '!TO ocooeH-

Ho np1IaneKaTeJihHo nnH y -cneKTpOM9Tp1IH HB nonynpoBOllHIIKOBbIX aeTeKTopax. 

AMepMKaHCKHMH y'leHbIMH ohrnlI npoaeneHbI 1IccnenoBaHHH ITT Ha pannauHOHHyro cTol\/-
3 4 

KOCTb, KaK noKa3anlI HCITb1TaH1IH, ITT MoryT paooTaTb np1I ao3ax oonr~eHHH a 10 - 10 pa3 

OOITbIIJHX, '19M nonycKaeMb!O IT03bl o5ny'l9HIIH ITJIH OObl'IHblX OHITOJIHPHbIX Tp8H3HCTOpoB
1351
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PyKOilHCb nocTynHna B H3ilaTenbCKHA oTnen 
21 HOH6pH 1964 r, 

npo!ou~igub KaHtM 
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PH c, 1.· CxeMaTHqecKoe H3o6paJKeHHe nnaHapHoro noneaoro TpaH3HCTopa c r -KaHanot4 
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p H c. 2. CxeMa BKnIOt.J:€HHfl rroneBoro Tp6H8HCTopa C r. -KaHanoM. 

Id. 
(Ma) 

6 

~ 

4 

j 

2 

/'ltlW(,1/1 
OT(eY/rU I .__ ________ _ u9 =0 

Ug = t0,4-6 

v~ = +o,ac 
Vg = t 1,28 

u~ = + 1,B 6 

--F--t---~---1:--"""t'"----+----+----Ud.. 
-2 -4, -6 -s -Jo -/J {G) 

P II c. 3, CTaTH'!eCKHe xapaKTepHcTmrn noneBoru TpattaucTopa. 
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3 C 

t ~~s f C~•

11 

q?su, ~Rds f Cds[RH i} 
u 

P II c, 4. 3KB11BaneuTua11 cxeMa yc11n11Tenbuoro KacKana ua rroneBoM TpaH311CTope. 

3 C 

u, 
R. 

a) M ~ 
P II c. 5, 3KB11Bane11Tua11 nenb 3ap11na eMKOCTH n-p nepexona noneaoro Tpau3HCTopa, 
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p II C, 6. SKBIIBaneHTHBlI cxeMa noneaoro Tp8H311CTOpa C y'leTOM nocnenoBaTenhHblX 

conpoTHBneHH~ CTOKa II IICTOKa. 

p ll C, 7, 3KBHBaneHTHalI cxeMa noneaoro TpaH3l!CTopa C IICTO'IHl!KBMII lllyMa, 
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.f:rT 
Vtvw 

(MIICTpDH) 
c,-id/ 

280 

(~O 

84-

56 

FJ'P 40/ 
S:q2 1'1o/t; -'J ;Jc7•I~ 

{'8x=4-ntp 
Rg • 10 g OM Rw "'Jft.Q(J 011. 

.f!/ = ~95./c7·1'!l 

~8 ':-----t---+-----t--1---+--+--+-++------~.----.-........ -+-o-
-i iO 100 1:' 

P II c. 8. 

nwnN. 
(K9C) 

50 
+a 
30 

zo 

/0 

!" 
4-
.! 

2 

l"tK'Cetr. 
3aancHMOCTb cpenHe-KaanpaTnqHoro rnyMa rrorreaoro TpaH3HCTopa FSP -4Ul 
<pHpMbl Fairchild OT ITOCTOSIHHOii apeMeHH <j,opMHp0B8HHSI ( C BX= 4 rr<j,). 

100 

PSP 4ol 
$: q2 Mo/( 

I3 ;;- 10-11ct 

Ri = /01uH 

1: == 1 rurceK 

I '---+--4-~--1---.L...--'--...........,----4--C'Cx 
I c0 /0 IIJ(J ( nq:,J 

P H c. 9. 3aBHCHMOCTh llIHpHHbl nHHHH rnyMa OT BenHYHHbI BXO.[lHOH eMKOCTH .nnH noneao-

ro Tp8H3HCTopa F SP - 401 B 3ap11/l0B0M ycHITHTerre. 
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p I< c. 

2,!/2500 
(2/./2608) 

b/75811 

10. CxeMa aapllAOBOf'O ycHnHTeng C noneBb!M TpaH3HCTOpOM Ha BXOAe ( cxeMa Pa-

11eKH). 

nwnM 
1<9C 

3AR $t 

s 
4-

3 

2 

1 

qz 

2#2500 
Cw=O 

-

2 5 10 'l: 
MKCeK. 

P n c. 11. 3aBMCHMOCTh urnpHHbl nHHMH rnyMa OT TeMnepaTypb! H ITOCTOl!HHOH apeMeHH 

cjlopMHpOBaHHll nnll noneaor-o TpaH3HCTOpa 2 11 2500. 
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nwnN 
k,G 

at,,S, 

7 
6 
s 
4-

3 

2 

/ 

asouHoe 
UHre2pupoCa1iue 

2N2500 
I'/ ~ 
/ '(.: 1MKCel( 

1.,,5 2D 30 4o so 100 Csx 
nq, 

p II c, 12. 3aBIICIIMOCTb nrnplIHbl ITIIHIIII lllyMa OT TeMnepaTypbl II BX011HOI! eMKOCTII nmt 

3apHl10BOrO yc1In1ITenH Ha noneBOM TpaH31ICTOpe 2N2500. 

p II C, 13, 

tv 
· 5·/02 

/Q2 

5'(J 

IO 

3 

l22K!J8 

~2K1G 

--~ c/7 
T=IIS°K 

l36K98 

.- . .. 

feHefarop 

~91r;I 

SlJ 90 ido no N9kaHa110 
57 

Y cneKTP c. , nony,teHHb!I! C KpeMHIIeBb!M nonynpOB011HIIKOBblM ne-

TeKTOpOM Ha 3apH/10B0M YCIIITIITene C noneBh!M TpaH31ICTOpOM 2 N 2500 ( no 

naHHhIM EnanoKa), 
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nJJJnM 
(Ka8) 
[8.n11St 

50 

ao 

20 

lo 

0 40 60 &JC'GK 
(ncpJ 

p II c. 14. CpaBHIITenI,Hble 38BIICIIMO CTII lllllpHHbl nHHHH wyMa OT BXO!IHOI! eMKOCTH 

!Im! 6unom,pHblX Tp8H3HCTOPOB, noneBblX Tp8H3HCTOpOB, H BBKYYMHblX 

naMn B cxeMax aapH!IOBbIX yc1m11Tenel!. 

,lo 

.50 

20 nr 

I 
J/<1Mn(1 

(o 

---
(0 

p II Co 15. 

3aBHCIIMOCTb wyMa naMITOBoro ycun11Teng ORNL Q -2112-1 H ycunnTeng HanpHJKeHIIH 

Ha noneBOM Tp8H3HCTope 2 N 2388 OT aemf'!IIHbl BXOl!Horo conpOTHDneHHH npH nonoce 
nponycKaHHH I Mrru H CBX = 15 n¢. 
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u C 

KOHO.Jl 

OrJ'eaHeµµa~ oo.11acrb 

P H c, 16, CxeMaTnqecKoe nsoopalKeHne anKaTpoHa H cxeMa ero BKmoqeHH<I, 


