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~ H H 0 T a U H H 

npHBOLlHTCH aHaJIH3 OCHOBHbiX HCTO'IHHKOB lllyMOB B CHCTeMe nonynpOBOLlHHKOBbiA aeTeKTop

yCHJIHTeJib, Ha OCHOBaHHH KOTOpOI'O BbiBOLlHTCH 3aBHCHMOCTH OnTHMaJibHOA noCTOHHHOA Bp~MeHH 

¢opMHPYIDlliHX ueneA OT napaMeTpOB aeTeKTOpa H BXOLlHOA JiaMnbi yCHJIHTeJibHOI'O TpaKTa. 

0nHCbiBaiQTCH cxeMbl JiaMnOBbiX H TpaH3HCTOpHbiX npeayCHJIHTeneA, Bb!ITOJIHeHHbiX no •3apHLlOOO

'IYBCTBHTeJibHOA CXeMe•. noKa3biBaeTCH, 'ITO noao6Hbie CXeMbl npeaycHJIHTeneA OTJIH'IaiOTCH no

CTOSIHCTBOM BbiXOLlHOI'O CHI'HaJia npH H3MeHeHHH eMKOCTH aeTeKTOpa B cpaBHHTeJibHO lliHpOKHX 

npeaenax, a OTHOllleHHe CHI'HaJia K lliYMY o6paTHO nponopUHOHaJibHO cyMM3pHol! BXO.OHOl! j:!MKOCTH. 

ny'llliHe JI8MnOBbie 38pH.OOBO-'IyBCTBHT9JlbHbie npeaycHJIHTeJIH HMeiOT lliHpHHY JIHHHH wyMa 

OKOJIO 7 KaB npH BXOLlHOA 9MKOCTH 100 n¢ lBXOLl Bb!ITOJIHeH H8 JiaMnax 417A no K8CKO.OHOA 

CXeMe) 1 8 Tp8H3HCTOpHbie npeayCHJIHTeJIH - OKOJIO 30 KaB npH TOll >Ke BXOLlHOl! 9MKOCTH. 

Q630p COCT8BJ19H no M8TepH8J18M 3apy6e>KHOA nepHOLlH'IeCKOA JIHTepaTypbi. 



Bse.ueHHe 

3a nocne.QHHe ro.Qbl B SI.Q9pHOA cpH3HK9 HaWnH WHp0Jt09 DpRM9H8HII8 .Q9T9KTOpb1 3apsUIC&H-

HbiX ~aCTHU . Ha OCHOB9 nonynpOBO.QHHKOBbiX n - p · nepexo.uoa, tSnaro.uaps ax 8b1COXOMY paa-

p8W8HIIIO no 8Hepr11H, E¢nR .QnR raaosolt HOHH38UHOHHOI JtaMepbl Cp9.QHSiil 8H8pi'Hi1 1 T8pi18N8fl 

H8 o6p83088HH9 O.QHOA HOHH3Hp088HHOit napb1 1 COCT88nfi&T - 30 881 8 .Qnil OUHHTHnnRUROHHOI'O 

C~9T~IIK8 • 0,7 .K8B 1 TO .QnR nonynpQBO.QHHKOBOI'O .Q9T9KTOp8 Cp9.Ll·Hilil 8H9pi'BSI, Tepii8N8il H8 

111-14.1 
o6p830B8HH9 0./lHOlt sneKTpOHHO-.QblpO'iriOA napb1 1 COCT88nSI9T nHWb 3,6 8ft Jlnfl Kp8NH11il 

H 2,9 88 .Unfl repM8HHfl 
/6/ 

noMHMO 8b!COKOA pa3pewaiOW9ll CDOCOGHOOTR no 8H9pi'HH 1 rlonynpOBO.QHIIXOBb19 Jl8T8XT0pb1 

. - ~I 
oC5na.aaiOT 8biCOJtOI scpcpeKTHBHOCTbiO p91'HCTp8UHH TSI)K8nbiX 38pSI)K9HHbiX '18CTBU nHH81Ho-

. /8/ 
OTbiO 8 C5onbWOM .QHaD830H8 perHCTpHpyeMbiX 8HeprBI '18dTHU 1 6biOTpbiM 8p9N8H9N H8p80'I'a· 

-9 -8 -9 /S :Z2t 
HHSI· 8biXO.QHbiX HMnynbCOB ( 10 + 10 C9K .QnR xpeNHHil II N8HbW8 10 081t .Qnil repN8HBsa) 

0 

1 
0 /3 4./ 

WHpOKHM .QH8n830HOM pafSO'IHX T&MDepaTyp (.uo +14.0 C .an& ltp9MHHR) 
1 

1 OTHOOHT8nbHO HH3-

KOA '1)'8CTBHT9nbHOCTbiO K )I -cpoHy, H9ltTpOH8M /S/ II N81'HHTHON)' DOnJ0
13

•41 , XOND8XTHOOTbJG 

H npOCTOTOA DHTaHHSI, 

HcTopHR paasHTHR Texaaxa nonynpo80.LlHHKOBbiX .ueTexTopos .uocTaTO'IHO xopowo onMcaHa 

C5 
17/ /8/ 

8 pa OT8X II 1 a MexaHH3N pafSOTbl K8K D089pXHOOTao-C5apbepHbiX .Q8T9XT0p08 1 T81t II .ll114r" 

~ .. /9/.,./11/ 
't'Y3HOHHbiX ODHC8H B pauOTaX , 

PeapewaiOwaR cnoco6aocTb cnexTpoMeTpa c nonynposo.uHHKOBbiM .ueT&JtTopoM onpe.uenlleT"" 

cR cpn)'JST)'8UH91t aMDnHT)' .Llbl HMnynbC8 C .Q9T9KTOpa, ofSycnosneHHOI CTaTHCTHKOI o6p83088HBSI 

'IHCna snexTpOHHO-.QblpO'IHbiX nap, C06CTB9HHbiMH W)'M8MH OT TOK08 yTe~KH I( W)'M8MH RCDOnb-

3)'9MOrO npe.Q)'CHnHT9nR, nocne.QH99 HM99T C)'W9CT89HH09 3H8'19HH9 1 T8K KaK 8MDnHT)'.Q8 BbiXO.Q.-

HOrO HMDynbCa C nonynpOBO.QifHKOBOrO n - p -nepeXOAa OfSbi~HO He npeBbiW89T H9CXOnbXRX 

MHnnHBOnbT 38 C'I9T OTHOCH'le nbHO 60nbWOA C06CTB9HHOA 9MKOCTH .Q9T9XTOp8, 

nosTQMY npHM9H9HH9 B CD9KTpOM9Tpax nonynpOBO.QHHKOBbiX .Q9T9KTOpOB Bbi.QBHr'89T "O&bi

W9HHbl9 Tpe!S088HHSI X HCDOnb3)'9MOM)' ycHnHT9nbHOM)' Tp8KT)' C TO~XH 3p9HHSI )'M9HbW9HBSI ypo8~ 

HS COISCTB9HHbiX W)'M08 H CTa6HnH38UHH BbiXO.QHOrO CHrHana DpB H3M9H9HHB D8p8M9Tp08 C8NOrO 

.Q9T9KTOpa, 

MeTO.LliiX8 HaMepeHHR wyMos 

nonynpOBO.QHHKOBbiA .Q9T9XTOp C n - p -nepeXO.QOM smnR9TCSI HCTO~HHKOM CHr'Hana 8NXOC,.. 

HOrO xapaKT9p8 0 D09TOM)' M9TO,BtHXa onpe.ueneHHSI W)'MOB CHCT9M.bl nonynpOBO.QHHKOBbiA .Q8T&K

TOp - )'CHnHT9nb 8H8norH'IH8 M9TO.QHK9 .QnR CHCT9Mbl IIOHH38UHOHHaR K8M8p8 - )'OHnHT&nb, r.ae 

W)'M )'CHnHT&nR onpe.uenReTCSI 8 9.QHHHU8X 9KBHB8n&HTHOrO Cp9.QH9-X88.Llp8TH'IHOrO W)'NOBOr'O 

38pSI.Q8 Q • HnH B 9.QHHHU8X SKBHBaneHTHbiX 9n9XTpOHOB N • ( Q • xyn • J.,6,lfJ -u 'Ne ) , 

3KBHB8n9HTH.bllt W)'t,.I080it 38pSI.Ll 0 B Cp9.QHe-x&a.Qp8TH'IHbiX KynOH8X 1 9CTb TO KOnJC'I80T80 

38pR.Q8 1 KOTOp09 1 !Sy.Uy~H npHnO>K9HHbiM ItO BXO.Lly ycHnHT&nR (H8 8p9MSI KOpO'l9 Bp8N9HIC H&pa-
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CTSHHSI yCHJIHT9JISI), BOCITpOH3Be.aeT Ha Bb!XO.Ue HMnynbC HanpSI)KeHHSI C 8MITJ1HTy.aoA, p8BH OA Ha5mo

.aaeMOMY Cpe.aHe-Ksa.apaTH'IHOMy WYMOBOMY HanpSI)KeHHIO, 

npH 9TOM, 'IT05bi MO)KHO 5biJ10 Cp8BHHB8Tb Me)K.ay co5oA p83JIH'IHbie YCHJIHTeJIH, Heo5xo.aH- · 

MO yK83biB8Tb BHeWHIOIO eMKOCTb Ha BXO.ae ycHmrTenSI, THIT H aenH'IHHY ITOCTOSIHHbiX apeMeHH 

¢opMHpyrowHx ueneA. 

8 nHHeAHoM ycHnHTene npocTeAwHM nyTeM onpe.aeneHHSI 9KBHsaneHTHoro wyMoaoro 38pS1-

.08 SIBJISieTCSI H3MepeHHe OTHOWeHHSI ITHKOBOI'O CHI'H8J18 OT H3BeCTHOr'O 38pSI.U8, npHJIO)K eHHOr'O KO 

sxo.ay ycHnHTenSI, K cpe.aHe-K~a.apaTH'IHOMY wyMy ·Ha ero Bhixo.ae. 

TaK KSK B aTOM cny'lae OTHOWeHHe CHI'H8J18 K WYMY H8 Bb!XO,Ue yCHJIHTeJISI TO )Ke, 'ITO 

H H8 ero BXO.ae, TO 9KBHB8J19HTHbllt WYMOBOA 38pSI.U MO)KHO onpe.aenHTb H3 COOTHOWeHHSI: 

Qe 
u 

Qo { 1 ) 
uo 

r.ae Q - 9KBHB8J19HTHbiA cpe.aHe-Kaa.apaTH'IHbllt WYMOBOlt 38pSI.a B KynOHSX, OTHeCeHHhiA KO . -
axo.ay ycHnHTenH, U - cpe.aHe-Ksa.apaTH'IHOe HanpSI)KeHHe WYMOB H8 BbiXO.Ue YCHJ1HT9JISI, 

U
0 

- ITHKOBOlt CHI'HSJI,. H3MepeHHhiA Ha Bb!XO,Ue yCHJIHTenSI, Q 
0 

- H3BeCTHbllt 38pSI.U B KYJIOHSX, 

npHJI0)K9HHbllt KO BXO.UY· YCHJIHTenSI, 

Ha pHc. 1 npHse.aeHa 5noK-cxeMa H3MepeHHSI aKBHaaneHTHoro cpe.aHe-Ksa.apaTH'IHOro wy

/13/ 
MOBOI'O 38pS1.08 yCHJlHTeJISI 

3.aec b npe.anonaraeTCSI, 'ITO H3BeCT,; Oe KOJIH'IeCTBO 38pSI.U8 Q O 

3TOT 38pSI.U 9KBHB8Jl9HT9H H8ITpSI)K9HHIO: 

u 
A 

Q 
C + C .a+ C BX n 

npHJIO)KeHo a TO'IKe A. 

{2) 

8 TO )1{9 Bp9Msl B9J1H'IHH8 H8ITpSI)K9HHSI B TO'IK9 A OT reHepaTopa CTyneH'i8TOI'O HanpSI)KeHHSI: 

nocKOJlbKY u 
A 

U' 
A 

TO: 

U' 
A 

Cn 

U r C n + C .a + C ax 

{3) 

Qo=DrCn {4) 

T,e, C ll H C BX He BJIHSIIOT Ha KOJIH'I9CTBO nepeuaaaeMOfO OT r'8HepaTopa 38pSI.U8. 3aMeTHM, 

'ITO B ¢opMyne { 1) OTCYTCTByeT K09cPcPHUH8HT yCHneHHSI yCHJIHTenSI, nepeXO.UHOlt KOHll9HC8TOp 

uon)KeH 5biTb uocTaTO'IHO MSJibiM no cpaaHeHHIO c eMKOCTbiO ueTeKTopa, a C n R r UOJI)KHO 

5h!Tb M9HbWe Bp8M9HH H8p8CT8HHSI JCHJIHTeJISI - yCJIOBHe, Jl8r'KO llOCTH)KHMOe H8 npaKTHK9, 

nHKOBbllt Bb!XOllHOA CHI'H8Jl MO)KeT 5b!Tb H3MepeH OCUHJlJlOCKOITOM, OTK8JIH5pOB8HHbiM CTSH-

uapTHbiM HMnynbCHbiM reHepaTopoM. 

CTporo rosopH, yposeHb BbiXOUHoro wyMa uon)i{eH 5hiTb H3MepeH KsaupaTH'IHbiM sonbT

MeTpoM, OUHSKO npH50pbi STOI'O THIT8 C llOCTSTO'IHO WHpOKOA ITOJIOCOA llOBOJlbHO peUKH B cPH3H-

/14/ 
'leCKHX na6opaTOpHSIX • 8 pa6oTe yKS3biaaeTCSI, 'ITO unH H3MepeHHSI BhiXOllHbiX wyMos ycH-

JIHTenSI B cpeuHe-KB8llp8TH'IHbiX 3H8'1eHHSIX MO)KHO ITOJlb30B8TbCSI 06bi'IHbiMH WHpOKOITOJIOCHbiMH 

Jl8MIT0Bb!MH BOJlbTMeTp8MH, rpaUyHpOBSHHblMH B a¢¢eKTHBHbiX 3H8'1eHHSIX CHHJCOH.U8JlbHOr'O Ha

npSI)K eHHSI, 
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np!i 3TOM B8nH'lHHa Cp8LlH8-KB8Llp8TH'lHLIX WYMOB 6yneT pasHa: 

fj 1,13 uw 3cp 
(5) 

rne U W .3cp- IIOKa3aHH8 BOnbTM8Tpa B 3cjlCjl8KTHDHbiX 3Ha'l8HH51X CHHyCOHLlanbHOrO Hanpst>K8HH51. 

naMnOBbllt BOnbTM8Tp MO>K8T 6biTb 3aM8H8H 06bi'lHbiM MHOrOK8HanbHbiM HMnynbCHbiM aHa-

nH3aTOpOM, npH 3TOM Cp8LlH8-KBaLlp8TH'lH08 Hanpst>K8HH8 WYMOB OnpenensteTC51 KaK CT8HLlapT-

HOe pacnpeneneHHe ( a ) reHep8TOpHoro IIHKa (o6hl'lHO H 3 M8p518TC51 nonHast WHpHH8 H8 nono-

BHH8 M8KCHMyMa, paBH851 2,35 a ) , 

VlCTO'lHHKH WyMOB B CHCT8M8 nonynpOBOLlHHKOBbiH Ll8T8KTOp-yCHnHTe n b 

VlCTO'lHHKH WYMOB B ycH:nHT8nbHOM Tp8KT8 LlOCT8TO'lHO XOpOWO p8CCM'0Tp8Hbl D pa60T8X 

/15/ /12/ 
rwnnecnH: H Bopo6besa 

WyM ycH:ni1Tenst onpenensteTcst rnaBHbiM o6pa30M napaMeTpaMH BXOLlHOH naMnbi, nonocoA 

nponyCK8HH51 ycH:nHTenst H nap8M8Tp8MH BXOLlHOl% U8IIH. 

CpenBHA KBanpaT npo6oBbiX wyMos: 

a 
4kTRw

3
\f 1 

rne R W:3 - 3KBHBaneHTBoe wyMosoe conpoTH:Bn e HH:e naMnbi, !lnst TpHonos R 

SkT --;s- t\ w • 

~
s 

CpeLlHH:A KBanpaT wyMa ceTO'lHoro TOKa (npH nocTaTO'lHO 6onbuiOM conpoTHBnem!H 

yTe'lKH H8 BXOLl8 n8Mllbl 11 npH HanH:'llili BXOLlHOl% 8MKOCTH C); 

cf:lnH:KKep-wyM: 

- 2 
ull 

_ 9._i_g__ !\ w • 

TTW 
2

C 2 

A !l.w 
w 

( 6) 

(7) 

(8) 

-J3 
rne A = 10 3KcnepHMeHT8nbH8st nocTostHHast. CpeLlHH:i\ KsanpaT wyMOB OT sxonHoro conpo -

TH:BneiiHst (npH LlOCT8TO'lHO 60nbWOM COIIpOTH:BnCHilli ): 

~ 2 ( 9) 
R 

llonynpOBOLlHHKOBLI8 LlCT8KTOpbl C n - fl n e peXOLlO ~~ 51DnHIOTC51 LlOfiOnHHTCnbHI>IM IiCTO'I -

HHKOM WyMOB B CHCT8 M8 Ll8T8KTop-y CHnHT8 nb 38 C '18T lj.JnyKTY8UHH TOK8 yTC 'IKII. 

/ 16/ 8 pa60T8 IIO I\d3 8H O , 'ITO YT8'lK8 nepeXOLl8 COLl8p>KHT B OCHOBIIOM LlB C COCTann m OW H e : 

l. ToK yTe'lKH, o6ycnosneHHbiA LlBH>KE!HHeM HeOCIIODIIbiX HOCHTe nei\ '!epc3 o6en ii e iiiii ·IH 

enol% n - p nepexona, nep8M8lll8 HHIO KOTOpL.IX 110T8IIUHanblii•IA 6apbep He 11pE' 1151TCTDyeT ( o6p) 

5 



2. ToK yTe'IKH, o6ycnoaneHHbiR reHepauHeR ocHoaHbiX HOCHTeneR a n - p nepexoae 

(I cMem.). 

o6p 2,75 _e!__ 
T 0 

~

lcMell.l =38 (pUcML_, 
'o 

( 10) 

( 11 ) 

rae p - y aenbHOe conpoTHaneHHe MaTepHana aeTeKTopa ( OM,CM), r - TonmHHa Heo6eaHeH-

Horo CnOSI (eM), T0 - apeMSI )l(lf3HII HeOCHOaHbiX HOCHTenel!. (MKCeK), UCM - ITOTeHUHan CMe

meHHSI aeTeKTopa (a ). 

rae 

illyM yTe'IKII aeTeKTOpa ab!p8)1(8eTCSI <PopMynol!., 8H8norH'IHOi!. C ( 7); 

u; 
a 

·i - CYMM8pHbil!. TOK yTe'IKII aeTeKTOpa. a 

bw ( 12) 

Via npHaeaeHHbiX ¢opMyn aHaHO, 'ITO '18CTOTHbie 38aHCIIMOCTII K8)1(aOrO li3 liCTO'IHIIKOB wy

MOa paanH'IHbi • nocKonbKY <PopMHpyiOmHe uenH ycHnHTenH orpaHH'I~BaiOT ero nonocy qacToT, To 

Bbi'IHCneHHe myMa Ha abixoae ycHnHTenH aKniOqaeT a ce6H HHTerpan N ( w ) G ( w ) B aHana-

aoHe w = 0 . 
.... "" anSI K8)1(aOrO HCTO'IHHK8 WYMOa. 

3aecb N ( w) - '18CTOTH8SI aaaHCHMOCTb HCTO'IHHKa axoaHoro wyMa, G ( w) - '18CTOTH8SI 

X8p8KTepHCTIIK8 ycHnHTenSI, 

Ecn11 ITOCTOSIHHbie apeMeHH oaHHO'IHbiX aH¢cpepeHUHpyiOWel!. II IIHTerpHpyiOI.l.lei! uenel!. ycHnrr

/15/ 
TenS! OaHH8KOabi ( OITTHM8nbHOe 3H8'1eHHe OTHOWeHHSI CHrHana K WYMY ) T u = T a = T , TO 

G 2 TT fr G _ .!:!_!__22 ' 
0 1 + W T 

Go 
1+4TT2f2r2 

CyMMapHbil!. wyM Ha abiXoae ycHnHTenSI: 

iJ2 
w:::::oo 

J 
w=o 

2 -2 -2 -2 
(u, +U~ +U 1 +UR +u 2 )Gdw= a 

-13 ( . G I 1,25kT + 0,5 . 10 + ~ q (lll + 
o S r 4 C 

J + 2kT I l 
Rll 

BbiXOaHoA cHrHan oT ManbiX HMnynbCHbiX aapHaoa paaeH 

~ 
2,73 

_£Q. 
c (C = c a+ Cax) 

( 13) 

( 14) 

0TCIOa8 CpeaHe-Kaaap8TII'IHbil!. ypoaeHb WYM8 H8 abiXOae ycHnHTenSI, p8BHbll!. COOTBeTCTByiO-

ll.leMy BbiXOaHOMY CHrHany OT npHnO)I(eHHOrO 38pHaa Q0 Ha axoae: 

Q-2 = sc2t1,25kT +05·10-13+ , [q(i +inJ +1!.rJl. 
- ' 4C2 ll R 

( 15) 

Ecn11 
-19 

q • 1,6· 10 Kyn, B MMK8o T a MKCeK, R11 a MrOM, !._!_ "'25 Ma, jll H ja 
q 

S a Mala, TO 

Q 2 -u C2 -.,., 2 -j4 • • 6 o-'2 T 2 
= 4•10 __ + 4 •10 C + 3,2•10 T (z 11 + lD)+ 1, •1 - (Kyn) (16) 

s T R ll 
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EcnH npHf1S!Tb, 'ITO cpenHHSI sHeprHH, TepS!eMaSI Ha o6pa3oaaHHe onHoft sneKTpOHHO-Llbipoq
/1/-/4/ 

Hoft napbi, paaHa 3,6 sa nnH KpeMHHSI , To cpenHe-KaanpaTH'IHbift ypoaeHb wyMa Ha axone 
2 

npenycHnHTenH MO)K HO abi pa3HTb a ( Ksa) : 

Q 2. (3,6) 2 

(1,6·10"
1
' 2 ·10

6 

32 - 2 ( )2 5. 10 Q Ksa 
( 17) 

/2/ 
Ha OC1!013'9 cpopMyn (16) H (17),spa6oTe rynbLlHHr8 H raHCeHa npHaeneHa Ta6nHua, 

HnnJOCTpHpyiOW8SI aKnBLl tqyMoa OT pa3nH'IHb!X HCTO'IHHKOa: 

VfcTO'IHHK 

WyMa 

1. .Llpo6oabift wyM naMnbJ 

2. <PmiKKep-wyM naMnbi 

3. ·illyM CeTO'IHOrO TOK8 

5, illyM aXOLlHOrO COnpOTHa

neHHSI 

Ta6nHua 

BXOLlHOft 3KaHa. 

Cp.-Ka.w~M 
(Kyn.) 

3 2·10-
34 i r J . 

I 6•10-32 r 

' R. 

BXOLlHOft 3KaHa. 

Cp,-Ka'2 WyM 
(Ksa) 

2· I0-2 c2 
sr 

2'10-
4

C
2 

0,16 iLlr 

8~ 
R 

C - 06W8SI aXOLlH8SI 
eMKOCTb (ncp); 

j- H iLl a MMK8 

r nOCTOSIHH8SI ape~ 

M~HH cpopMHpOa8HHSI 
( MKCeK) 

R - sKaHa. axonHoe 
conpoTHaneHHe 
(MroM) (RC » r) 

npH abJaOLle abiWenpHaeneHHbJX cpopMyn noaepXHOCTHblft WYM LteTeKTOpa H WyM 9KaHaaneHT"" 

Horo nocnenoaaTenbHoro conpoTHaneHHSI neTeKTOpa He Y'IHTbJaanHcb aaHny HX npeHe6pe)KHMO Ma-

/17/ 
noft aenH'IHHbl , 0Ll1i8K0 1 cnenyeT 38MeTHTb1 'ITO a cnyqae HCnOnb30a8HHSI abiCOKOOMHOrO Ma-

TepHana LlOCT8TO'IHOft TOnWHHbl nocnenoaaTenbHOe COnpOTHaneHHe LteTeKTOpa HMeeT y)Ke cpaaHH-

TenbHO 6onbwyro aenH'IHHy, HanpHMep, Heo6enHeHHbift cnoft 10000 OM,CM KpeMHHSI P-THna 

2 
0,5 MM TOnWHHOft H nnOW8Llb10 I CM HMeeT nocnenoaaTenbHOe conpOTHaneriHe 500 OM, a TO 

apeMSI K8K cpnyKTY8UHOHHbJe WYMbl XOpOWO p8CC'IHT8HHOrO npenycHnHTenSI MOryT 6bJTb a 9KaHaa

neHTe TOnbKO 200 OM, 

Bhl6op axonHoft naMnhl npenycHnHTenH H axonHoro conpoTHaneHHSI 

B npenycHnHTene nnH HOHH38UHOHHOA K8Mepbi aenH'IHHbi ceTO'IHOro TOKa, KPYTH3Hbi xapaK-
/12 15/ 

TepHCTHKH naMnbJ H aXOLlHOrO COnpOTHaneHHSI nonHOCTbiO onpenenSIIOT abi6op aXOLlHOft nBMUbl 
1 

, 

8 cnyqae HCnOnb30a8HHSI nonynpOBOLlHHKOBbJX LteTeKTOpOB npHXOLlHTCSI C'IHT8TbCSI C TOKOM yTe'IKH 

LleTeKTOpa, KOTOpblft MO)KeT 6biTb 3H8'1HTenbHO 6onbWe CeTO'IHOrO TOK8 naMnbJ, 

Vf3BeCTHO, 'ITO c yaenH'IeHHeM ToKa KaTona naMnhl H ee KPYTH3Hhl xapaKTepHCTHKH npo6o

Bbift WyM naMnbi yMeHbW8eTCSI, B TO apeMSI K8K WYM CeTO'IHOro TOK8 B03p8CT8eT, nocKOnbKY 

npH pa6oTe C nonynpOBOLlHHKOBbJMH Ll eTeKTOp8MH CeTO'IHbil! TOK CT8HOaHTCSI MeHee B8)KHOft aenH-

7 



"'HHolt, TO ecTecTaeHHO abi6HpaTb axOllHYIO naMny c 6onbwolt KPYTH3Holt xapaKTepHCTHKH. Xopowo 

H3aeCTHO TaKMe, 'ITO llUSI yMeHbill9HH5j ypoaHSI WYMOa :fCHUHTe nSI abH'OllHO HCliOUb30aaTb a Kaqe-. 

CTae aXOllHOJt naMllbl TpHOll, npH"'eM He06XOllHMO abi6HpaTb TpHOllbl, HMeiOWH e HH3KHit K0:3cpcpH-

UHeHT YCHUeHHSI • ( p.) , TaK KaK a :3TOM cnyqae MOMHO pa6oTaTb npH 6onee HH3KHX aHOllHblX 

HanpSIMeHHSIX, noMHMO yMeHbWeHHSI ypOBHSI WYMOa OT CeTO"'HblX TOKOB, B :3TOM cnyqae, KaK no-

. I 181 
Ka3aiiH KoTTHHH, raTTH, )!(HaHHennH, PoccH • npH HCIIOUb30aaHHH KaCKOllHOlt cxeMbl BKUIO"'e-

HHSI aXOllHbiX naMn, C yMeHbWeHHeM aHOllHOrO HallpSIMeHHSI yMeHbWaeTCSI H aenH"'HHa :3KBHaaneHT~ 

HOrO WYMOBOro COIIpOTHa.f}eHHSI naMIIbl ( npH liOCTOSIHHOM aHOllHOM TOKe) • 

CnenyeT OTMeTHTb, 'ITO ab!6op 6onbwolt KpyTH3 Hbi xapaKTepHCTHKH naMnbi o6bi"'

HO BelleT K llOliOUHHTenbHOit HeCTa6HnbHOCTH K0:3cpcfJHUHeHTa YCHUeHHSI KaCKaaa, l10:3TCMY Mena

T9UbHO abi6HpaTb USMIIbl CO CTa6HUbHblM KaTOllOM. 

1131 Ill 1101 
B pa6oTax <PepwTeltHa , 4eltca , BnaHKeHwHna H np. peKoMeHayeTcSI a Kaqe-

"'eCTBe axon Holt naMnbi anSI cneKTpoMeTpoa Ha nonynpoaoaHHKOabiX neTeKTopax TpHOJJ 417 A 

(5842) ( u. =- 100 a; 1~ =to Ma; S "" 16 Mala; i,- 2·10-
9
a), E83 F (6689), E88CC 

( 6922) H MeHee noporolt aapHaHT nocnenHelt 6 D J 8 ( ECC88). E83 F peKoMeHayeTcH anSI pa-

60Tbl C HH3KOeMKOCTHbiMH lleTeKTOpaMH, 

Ta6UHUa 1 MOMeT 6b!Tb HCliOUb30aaHa llUSI abi6opa aXOllHOrO COllpOTHaneHHH. 06bi"'HO CTpe

MSITCSI abi6HpaTb aXOllHOe COllpOTHaneHHB llOCTaTO"'HO 60UbWHM, 'IT06bi BKUall WYMOa OT :3TOrO 

COllpOTHBUeHHSI 6hln MHHHManbHhlM, 

Bbi6op onTHManbHOlt nocTOSIHHolt apeMeHH <PopMapyiOWHX uenelt 

npH abiaOlle cpopMyn llUSI HCTO'IHHKOB WYMOB B Ta6nHue 1 rynbllHHr H raHCe H npeanona

ranH, 'ITO ycnnHTenb HMeeT npoCTbie R C uenu cpopMHpoaaHHSI, r u = r ll = r onT ,,a apeMSI co-

6HpaHHSI HOCHTeneJt a aeTeKTOpe MHOrO MeHbWe liOCTOSIHHOJl apeMeHH ycHUHTenSI. TaK KaK llpo-

6oab!lt WyM o6p8THO nponopUHOH8UeH T , a OCT8UbHble KOMliOHeHTbl WYMOa npHMO nponop·uuo-

H8UbHbl T) TO llOUMHO cyWeCTBOaaTb OIITHM8UbHOe 3H8'leHHe liOCTOSIHHO~ BpeMeHa cpOpMHpyiO-

illHX ueneJt (r ) llUSI MaKCHMaUbHOrO OTHOWeHHSI CHrHana K WyMy. 
OIIT 

nocKOUbKY a CHCTeMe nonynpoaOllHHKOabilt aeTeKTop-yCHUHTenb npeo6naaaiOWYIO pOUb 

urpa10T npo6oBbilt wyM naMnbi H wyM yTe"'KH aeTeKTopa, To: 

T OliT 
0,35 c 

.,; sill 

(18) 

YfCnOnb3ySI T OliT, MOMHO liOllC"'HTaTb OliTHMaUbHbllt cpeaHe-KaaapaTH'IHblit WyM. npeHe6pe-

12/ 
raSI cpnHKKep-wyMOM H WyMaMH OT BXOllHOrO COllpOTHBUeHHSI H CeTO"'HOrO TOKa, liOUY"'HM 

HUH 

HanpnMep, ecnH 

- 2 
u 

- 2 u 

S ~ 16 Mala, 

4. 10-2 c 2 

~ 
OliT 

0,11 c. !~ v s . 
(19) 

C=- 80 ncp, ill "'50 MMKa, ( llHaMeTp neTeKTopa 1 CM), 
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r •1 MKCeK, 
on-r 

2 . 
.. 15 K:aa , a nonHaSI wHpHHa nHHHa wyMa aa nonoaHHe- BbiCOTbi 9,5 K:aa. 

r 06bl'iHO 119)KHT B npe)lenax 0,1 - 2 MKCeK B 3aBHCHMOCTH OT napaMeTpOB CHC'I"eMbl .L19T9KTOp~ 
onT 

)"C"H11HTe1lb, 

/19/ B pa6oTe AMcena , r.ae ucnonb3oaancSI npe.aycHnHTenb Ha naMnax 6AK5, 6bmo HaA.aeHo 

r ODT • 0,3 MKC9K .Ll11SI Kp9MHHSI n -THna C p ,. 30- 100 OM,CM H rOOT'" 1 18' MKC9K .Ll11S1 KpeMHHSI 

p-THna c p •2000 OM ,CM , TaM * e 6bm c.aenaH Bbiao.a, 'ITO qeM BbiWe conpoTHBneHHe nepexo

.aa, TeM 6onbWe OOTHMS1lbHaSI no"CTOSIHHaSI BpeMeHH ¢opMHpOBaHii:SI. 3TO XOpOWO COOTB9TCTByeT 

¢opMyne ( 19). 

/2/ 
Puc. 2, B3SITbiA H3 pa6oTbi , Harnst.aHo ann!OcTpapyeT aaaHCHMOCTb aena'IHHbi wyMa oT 

DOCTOSIHHOA Bp9M9HH yCH11HT911S1 npH pa311H'IHb!X napaMeTpax ,lleTeKTOpa. J..1CD01lb3YSI ( 19) H ¢op-

Myltbl .Ll11S1 napaMeTpOB nonynpOBO.LlHHKObOrO .aeTeKTopa, nony'IHM: 

;2 [_A_]~ 0,7 c liz "' 2,2 ·10 4 A ( Kaa J 
2 (20) (p UcMJ + 

r
0

S ( p f.kM~ ~ 

A - nnorua.a b 2 
rlle .Ll9T9KTOpa B CM t Cba BXO.LlHast 9MKOCTb1 6ea yqeTa .Ll9T91tTOpHOA, 0TCIO.Ll8 

BH.LlHO, 'ITO .Ll01l)KH0 6biTb ODTHMSilbHOe Hanp3t)f{eHHe CMeiUeHHSI .Ll9TeKTOpa ( B 3aBHCHMOCTH OT 

OTHOWeHHSI CHrHana K WYMY): 

U CM ODT 
10' A 

p c :. 
/3/ 

( b ) 
(21) 

PHC, 3, B3S1TbiA H3 pa60Tbl Ll.HaHenu H BaATxe.aa 1 HlllliOCTpHpyeT 3aBHCHMOCTb paapewe-

HHSI cneKTpOM9Tpa OT Hanpst)K9HHS1 CM9IU9HHS1 .aeTeKTOpa. AHanorH'IHbl9 HCC119.LlOBaHHS1 DpOH3B0-

/20/ 
.LlHilHCb ¢pH.LlllaH.LlOM 

EcnH DO.LlCTSBHTb ¢opMyny ( 21) B ( 20), TO nony'IHM HaHny'IWHe ycnOBHSI, KOTOplJ!e MOryT 

6b!Tb .LlOCTHrHyTbl .Ll11SI ,naHHOrO DOilyDpOBO.LlHHKOBOrO MaTepHana H naMnbi: 

ji2 
min 250 ·A y c, ( K:aa ) 2 

r S 
(22) 

2 
HanpHMep 1 .anSI .A =0 1 8 eM 1 p ~ 1500 oM.CM 1 r0 •580 MKC9K 1 S = 16 Mala, Cax"'25 ncp 1 

U 
-2 2 

HM99M CM,ODT. ~614B 1 U wttJIII ~11 14 :3B (nonHaSI wHpHHa Ha nonyabtCOTe 7,8 K:aa), 

i .Ll -72 MMKa, C .Ll ,.35 n¢, r ODT =-0,62 MKC9K. 

1131 
¢epWT9ltH HCC119.LlOBan aaBHCHMOCTb ypOBHSI WyMa· OT B911H'IHHbl KaTO.LlHOrO TOKa BXO.Ll' 

HOlt naMObl npH pa311H'IHbiX DOCTOSIHHbiX apeMeHH ¢opMHpOBSHHS1, 

PeaynhTaTbi Hccne.aoaaHHSI noKaaaHbi Ha pHc. 4. 

/13/ 
Ha pHc. 5 npHae.aeHbi rHcTorpaMMbi ¢epwTeAHa , HnniOCTPHPYIOIUHe .aeAcTaHe cno)K-

HbiX ¢opMHpy!OIUHX ueneA HS OTHOW9HHe CHrHan K WYMY .Ll11S1 CHCT9Mbl .aeTeKTOp-yCHilHT91lb, 

J..1CXO.LlS1 H3 BeltH'IHHbl TOKS yTe'IKH .aeTeKTOpa H MSKCHMSilbHOA CKOpOCTH C'19Ta cneKTpo

MeTpa, no :3THM rHCTOrpaMMSM MO)KHO Bb16paTb HS.Lllle)KSIUHA BH.Ll ¢opMHpOBSHHS1, 

CxeMbi npe.aycHnHTeneA 

TeopHSI CX9M HH3KOWYMSIIUHX npe.ayCH11HTeneA 1 npe,llHS3HS'I9HHbiX .Ll11S1 HOHH38UHOHiibiX KSMEP 

/12,15,18/ 
.LlOCTSTO'IHa xopowo paapa6oTaHa 
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np11 pa6oTe C nonynpOBO.LlHIIKOBb!MII .LleTeKTOpaMH HMeJOTCSI .LlBB <i:JaKTOpa, KOTOpb!e Heo6xo-

.LlHMo Y'IIIThiBBTb npH nocTpoeHI!H cxeMbi ycl!nHTenbHoro TpaKTa. 

Bo-nepsbiX, B OTHoweHIIII Bbi6opa nocTOHHHoll a.peMeHH .aH¢¢ep e aul!posaHIIH. EcnH B HOHHaa

UifOHHbiX KBMepax ll0CTOSIHH8SI BpeMeHH .LlH<i:JcpepeHUifpOB8HIISI nHMHTifpOB8Ha BpeMeHeM ane.KTpOHHOI'O 

C061fp8HHSI B K8Mepax, TO B nonynpOBO.LlHHKOBb!X .aeTeKTOpax BpeMH C061fp8HHSI HOCHTenelt HBCTORb" 

-8 -9 /3 22/) 
KO Mano (.anSI KpeMHHSI T H < J0 CeK, .LlnH r epM8Hif SI r H < 10 CeK ' , 'ITO B03M0)!(H0 

lfCITOnb30B8HHe nOCTOSIHHOlt BpeMeHH .Lllf<i:J<i:JepeHUifpOBBHIISI KOpoqe 100 HCeK. 

Bo-sTOpbiX, eMKOCTb n - p nepexo.u a nonynpoBO.LlHifKOBoro .aeTeKTopa ropaa.uo 6onbwe 

eMKOCTif K8Mepbl If 1 'ITO OC06eHHO B8)!(H0 0 9T8 eMKOCTb nponopUifOH8nbH8 pa6oqeJt nnOWB.LlH .LleTeK ... 

TOpa H 06p8THO nponopUHOH8nbH8 KOpHIO KBB.Llp8THOMy OT n p HnO)!(eHHOI'O noTeHUIIBna CMeweHIISI: 

c 3,3 • 10 4 A (p VcM)-y, (n¢) 

T.e. SIBnSieTCSI senii'IHHOll nepeMeHHOl!. 

Benll'llfHB Clfi'Hana, Bbipa6aTbiBaeMaH .aeTeKTopoM, ecTb 

uc _Q_ 
c 

44 E c (Ms) 

(23) 

(24) 

r.ue E - aHeprRSI , TepneMaH H.aepHoll qacTRue l! B .ueTeKTope (Mas), C - cyMMBpHaSI eMKOCTb 

LieTeKTOpa, BXO.LlHOlt n8Mllbl 1:1 MOHT8)!(8 ( n<i:J). 

EcTeC TBeHH0 1 ll09TOMY, nOCTpOIITb CXeMy npeL!yCIIm!TenSI T8K, 'IT06bi Bb!XO.LlHOlt Clfi'HBn He 

38BIICen OT 113MeHeHifSI eMKOCTII .LleT eKTOpa, 8 onpe.aenS1RCSI T OllbKO Bellll'llfHOlt Bhlp868ThlB8eMOI'O 

.aeTeKTOpOM 38pH.Ll8 (38BifCIIT TOllbKO OT 9Hepi'Iflf pei"IfCTpllpyeMhlX '18CTifU). 

noaTOMy B H8CTOS1 LUee BpeMSI .LlllSI nonynpOBO.LlHifKOBb!X .LlBTeKTOpOB H8LUllll WlfpOKOe pac

npOCTp8HeH!fe CXBM hl rrpenyCHlllfTenel!i llOCTpOeHHhle no TBK H83hlB88MOl! •aa pSIL!OBO-'lyBCTBifTenb

HOll cxeMe • (plfC . 6). 8 T8KOll CXBMe eMKOCTb .a e TBKTOp8 OXB8'18H8 OTplfU8TenbHOH o6p8THOll 

CBSI 3 b!O qepea KOH.LlBHC8TOp MBnol! eMKOCTI! Co. npll KoCo >> c I r.ue J(o - Koa¢¢11UI!eHT 

ycHneHHSI p830MKHYT OH neTnll o6p8THOH CBSI3H 1 CIII'HBll H8 Bb!XO.Ll e npe.ayCIIlliiTenSI U BbiX. = CQ 
0 

npa KTI!'leCKif He 38BHCIIT OT BMKOCTH .Ll e TBKTOpa. Ha OTH OWBHHe CHI'Hana K WYMY npHMeHeH!fe 

/15/ 
o6paTHoll CBSI3~KoHe'IH0 1 He CK83hlsaeTcSI • DnSI o6ecneqeHifH cTa6HnbHOCTH KOHLieHcaTop 

.LlOll)!(eH 6biTb C HyneBb!M TeMnepaTypHblM KO a<i:J<i:JHUHeHTOM, 

I 181 
KoTTHHH, raTTII, :>!<118HHenllll II P occll 6bmll, sepOS!THO, nepBbiMII, KTO np113Han .LlOCTOIIH-

CTBO a Toro BII.Ll8 npe .uyc11n11Tenell. 3aTeM cxeMa aapH.uosoro npe.aycHnlfTenH llcnonb3osanacb 

/23/ /24/ /8, 10/ /1/ 
Kennll rynb.LliiHI'OM ' 6118HKeHWIIllOM ' 4eltcoM II .Llpyi'IfMII. 

/13/ / 1/ 
~ pa6oTax <PepwTeltHa 11 4eltca noKaaaHo, 'ITO nocTpoeHIIe sxo.ua npe.uycHnHTens 

no K8CKO.LlHO ft C XeMe .Ll8~T onpe.aeneHHbllt Bb!HI' p b!W KBK nO yMeHblileHIIJO WYMOB, TBK II C TO'IKII 

3pBHII SI ysenll'leHIISI Koa<i:J<i:JIIUHeHT8 yc11neHHS1 B neTne 06paTHOll CBSI 3 11 C MlfHIIMBllbHbiMII <i:JaaOBblMII 

IICK8)!(BH1151MH, 

TeopHSI 11 pacqeT KaCKO.LlHhlX cxeM .uocTaTO'IHO nonHo 113liO)!(eHhl 

COHIIHB/21/ 

B KHIII"e no)!(HIIKOB8 II 

nocKOnbKY 'IYBCTBIITenbHOCTb aapHL!OBOI'O 

UBblX 

npe.uyc11n11TenH 

1 

onpe.aenHeTCSI OTHOWeHIIeM 

Q 
-- ) 

co 
(25) 
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TO nnH Toro, 'IT06bi HMeTb abiCOKYIO 'lyacTBHTenbHOCTb, Heo6xonHMO yMeHbWaTb Co • YMeHbwe-

HHe aenH'iHHbl KOHneHCaTopa o6paTHOl! CBSI3H Co 

Ta ycaneHHH a neTne o6paTHoll caH3H. KpoMe Toro, yMeHbWeHHe BenH'IHHbi Co Heo6xonHMO 

nnH TOro, 'IT06b! aKnan WJMOa nocneny!OWHX KaCKanoa JCHlllfTeliSI 6bi11 npeHe6pe)I(HMO Ma1lbiM. 

n .+../ 13/. npaKTH'IeCKH nliH a -cneKTpOMeTpoa KOHneHCaTop Co non)l(eH 6biTb He 6onbwe 5 '+' 

CnenyeT OTMeTIITb 1 'ITO OTHOWeHHe CHrHana K WJMY nnH OnHCbiBaeMb!X CXeM npenyCH11HTe-

1lel! o6paTHO nponopUHOHa1lbHO CJMMapHOll BXOnHOl! eMKOCTH (C) • 

.LlnH yaena'!eHHSI cTa6HnbHOCTH cxeM )l(enaTenbHO npHMeHSITb B HHX conpoTHBneHHSI c Haa

-6 
KHM TeMnepaTypHbiM KOs<jl<jJHuHeHTOM ("' 25•10 1/ oC) • 

B '6 rr /1/ .+...+.. pa OTe ,ellca npHBOnSITCSI nsa MeTona nony'leHHSI KOS'+''+'HUH e HTa JCH1leHHSI a pa3oM-

KHJTOl! neTne o6paTHOl! CaSI3H 6onee 1000 npH nocTaTO'IHO Ma1IOM BpeMeHH HapacTaHHSI. 

OnHH H3 sapHaHToa npenycHnHTenSI noKaaaH Ha pHc. 7. BxonHol! KaCKan abmonaeH no Kac

KonHoll cxeMe Ha naMnax WE417A. AHonHbill TOK 9 Ma, S =14 MaiB, a ceTO'IHbil! TOK MeHbwe 

0 ,01 MK8, flaMna 404A pa6oTaeT B Ka'!eCTBe neHTOnHOrO JCHliHTenSI, TaK KaK Bepxaee HaPpy3oq

HOe conpOTHaneHHe KaCKOnHOl! CXeMbl H SKpaHHaSI CeTKa 404A oxaa'!eHa o6paTHOl! CaSI3biO no nHTa-

HHIO C Bb!XOna KaTona. 

0TpHUaTe1lbHaSI o6paTHaSI CBSI3b no nOCTOSIHHOMJ TOKJ CTa6H11H3HpyeT pa60'!Hl! TOK axon

HOI! naMnbi. HaKan naMn npoHaBonHTCSI nocTOSIHHbiM TOKOM. 

BpeMSI HapacTaHHSI a paaoMKHyTol! neTne o6paTHoll CBSI3H oKono 2 MKCeK. KoHneHcaTop 

C
1 

C11J)I{IfT nnSI JCTpaHeHHSI Bbi6poca Ha BbiXOnHOM HMny1lbCe. 

B K8'!ecTae sxonHbiX .'JJlaMn xopowo pa6oTaiOT TaK)I(e Amperex 5842 H CBS 7721 • 

JlpyraSI CXeM8 npenyCHliHTeJISI Ha pHC. 8 HCn01lb3yeT nsol!Ky C nnHHHbiM XBOCTOM B Kaqe

CTBe BTOporo JCH11HTe1lbHOrO KaCKana. TaKaSI CXeMa TaK)I(e JCTOli'IHBa Ha Bb!COKHX '!aCTOTaX, 

3necb HCn01lb3J.IOTCSI TpHOnbi RCA 7586 Nwvrstor • KacKonHwl! KacKan HMeeT aHon-

Hbil! TOK 7Ma, S =9 Mala, a CeTO'!Hbill TOK MeHbWe 0,01 MKa, 

EMKOCTH naMn 7586 HH3KHe, a MHKpO<jJOHHbll! s<jl<jleKT HX r opaano MeHbWe, '!eM y 417 A. 

8peMSI HapaCTaHHSI B pa30MKHJTOl! neTne vupaTHOl! CaSI3H OK0110 3 MKCeK, 

Ha pHC. 9 TIOKa3aHO pacnOliO)I(eHHe OCHOBHbiX neTanel! H 9KpaHHpOBKa nJiSI CXeMbl pHC.8, 

3eM11SIHaSI WHHa coenHHSieTCSI C WaCCH B onHOl! TO 'IKe ( Ha 9KpaHe), 

Ha pHc. 10 npencTasneHa aaBHCHMOCTb senH'IHHbi wyMa npenycHnHTenell OT BHewHel! eM

KOCTH Ha BXone nnSI pa311H'IHhlX BeliH'IHH TIOCTOSIHHhlX BpeMeHH nH<jl<jlepeHUHpOB8HHSI H HHTerpapo

BaHHSI. Hynb Ha WKane BHewael! eMKOCTH BKniO'!aeT B ce6SI eMKOCTb coenHHHTellbHOrO Ka6enSI H 

BXOnHyiO eMKOCTb npenyCHliHTe liSI, 

V!3 npHBeneHHOrO rpa<jJHKa BHnH0 1 'ITO nnH CXeMbl pHC. 7 OnTHMalibHOe COOTHOWeHHe CHr

Hana K WJMY noCTHr8110Cb npH ;·u = 1 n = 1 MKCeK. 8 Ka'!eCTBe OCHOBHOrO JCHliHTeliSI HCn01lb30Ban

CSI c TaHnapTHbil! ycHnHTenb T MC-A L 4A c 256-KaHanbHbiM aHanHaaTopoM. 

/10/ 
i3 pa6oTe BnaaKeHwana Hcnonb30BancSI npenycHnHTenb THna Q- 2069-3 ( pHc. 11). Bxon 

sToro npenycHnHTenSI T8K)I(e BbinOnHeH no KacKonHol! cxeMe Ha naMnax 417 A ( 5842) H 6922 
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C o6paTHOA Ca513b~ llO llHTaHH~, 'ITO ll03BOnHeT llOahlCHTb ycHneHHe a neTne o6paTHOA Ca513H. 

KOH,lleHCaTOp o6paTHOA Ca513H Co =-5 ncp. 0nTHManbHOe COOTHOllleHHe CHI'Hana K lllYMY .llOCTH-

ranocb npH .llayx RC HHTerpHpy~lllHX H O.llHOA RC .llHcpcpepeHUHpy~!lleA uengx C llOCTOHHHbi-

MH apeMeHH paaHhiMH 1 MKceK. Bmpag RC .llHcpcpepeHuHpyro!llaH uenb c r .ll = 25 MKCeK o6ecne-

'IHaaeT 6hiCTpoe aOCCTaHOaneHHe K HyneaoA nHHHH H yMeHblllaeT HH3KO'IaCTOTHbie lllYMhl H MHKpO

cpOHHhiA acpcpeKT. 

3aaHCHMOCTb lllYMOa 8TOI'O npe.llyCHnHTeng OT aHelllHeA eMKOCTH Ha aXO.lle npe.llCTaaneHa 

Ha pHc. 12. TaM *e npH·ae.lleHa aHanorH'IHaH 3aaHCHMOCTb npH npHMeHeHHH aa axo.lle naMllhi 

E83 F • .Hcao aH.llHO npeHMy!lleCTao axO.llHhiX naMn c 6onblllOA KPYTH3HoA xapaKTepHCTHKH. O.ll-

HaKO npHMeHeHHe n8Mll C O'leHb 6onblllOA KpyTH3HOA (aanpHMep, 437A, S =40 Mala) Tpe6yeT 

aae,lleHHH ,lleMTicpHpy~!llero COllpOTHaneHHH a Uellb ynpaanH~UleA CeTKH .llnH npe,llOTapa!lleHHH 

napa3HTHOA reHepauHH. EcTecTaeHHO, aae,lleHHe TaKoro conpoTHaneHHH npHaO.llHT K yaenH'IeHH~ 

8KaHaaneHTHOI'O lllYMOaOI'O COllpOTHaneHHH naMllbl ( R llla)• 

IIOI 
DpeAcp onHcwaaeMoro B ycHnHTenbHoro TpaKTa .llnH nocToHHHoro BXO.llHoro 3apH.lla, 

8KBHBaneHTHoro 5,5 MaB a - qacTHU, 6hrn MeHbllle 300 aB B qac. AHanorH'IHaH 
121 

ycHnHTenH OllHCbiBaeTCH B pa6oTe rynb.llHHI'a H raHCeHa (pHC. I3 ). 

cxeMa npe.ll-

I III 
B pa6oTe MHnnepa, 6payHa, DoHoBaHa H MaKHHTOllla yKa3hiBaeTcH, 'ITO npH npHMe-

HeHHH 6biCTpb!X npe,llyCHnHTeneA ( T ~ 20 HCeK) H KOpOTKHX cpOpMHpy~mHX UellHX y .llanOCb 
H 

H368BHTbC51 OT 60llblllOA o6naCTH lllYMOB ,lleTeKTOpa ( T.K. lllYM ,lleTeKTopa nponopUHOHaneH f-a , 

r.lle a !!! 1 ). B aToM cnyqae B03MO)KHO HonyqeHHe lllHpHHbi nHHHH lllyMa - 20 Kaa .lla*e OT 

,lleTeKTopoB, HMe~lllHX TOK yTe'IKH I MKa. 

TpaH3HCTOpHhre npe.llyCHnHTenH 

npHBneKaTenbHOA 3a.lla'leA ,llnH aneKTpOHHKH HBnHeTCH COe.llHHeHHe nonynpOBO.llHHKOabiX 

,lleTeKTopoB Ha ocHoae n - p -nepexo.llOB c Tp8H3HCTOpHhiM npe.llycHnHTeneM. B aTOM cnyqae 

3Ha'IHTenbHO yMeHblllaiOTCH ra6apHTbl a -cneKTpOMe Tpa, yBenH'IHB8eTC51 HaL(e)KHOCTb, llOMexo-

3alllHUleHHOCTb H aKOHOMH'IHOCTb cxeMhi. K co*aneHH~, TpaH3HCTOpHbre npe.llycHnHTenH B aa

CTOH!llee BpeMH HMeJOT C06CTaeHHbiA ypoBeHb lllYMOB a 6-8 p83 abillle naMllOabiX npe.llyCHnHTe

neA ( lllHpHHa nHHHH lllyMa He MeHbllle I- 5 Kaa npH C 8 x S 20 ncp). Ho npH cpaaHHTenbHO 6onb

llloA eMKOCTH ,lleTeKTOpa ( C 2: I000 ncp) npHMeHHMOCTb TpaH3HCTOpHbiX H naMllOBbiX npeaycH-

nHTeneA paBHoueHHa. 

illyM TpaH3HCTOpa COCTOHT 113 cneay~UlHX COCTaBnH~lllHX: 

- 2 
I. illyM BXOL\Horo conpoTHBneHHH ( i 

11 
) , 

2. Dpo6oBhiA lllYM aMHTTepHoro TOKa ( i: ) , 
3. illyM cpnyKTyauHA 6a30aoro TOKa ( r; ) . 

Ha116onee cy!lleCTBeHeH BKnaa lllYMOB OT cpnyKTyauHA 6a3oaoro TOKa. EcnH, HanpHMep, 

cpaBHHTb n8MllOBhiA K8CKaL( C TpaH3HCTOpHbiM, TO .llnH 4I7 A MHHHMYM lllyM8 llpH T = IO MKCeK 
-10 

HMeeT MecTo npH I a =3,5 Ma, r,lle S =3,5 Mala H i 11 =3,5 • 10 a, a anH 2 N 1279 a 

TO'IKe c S =3;5 MaiB I K = 100 MKa, a I 6 = 1 MKa, T.e. B 3000 pa3 Bhillle ceTO'IHoro TOKa naM

llhi. 
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Teop e TH'IeCKiil! aHanH3 HH3KOWYMHWHX cxeM TpaH3HCTOpHbiX rrpenycHnHTenel! naH a pa6o-

/26/ 
Te 3MMepa • DnH auanH3a 3apHnoaoro rrpenycHnHTenH rrpHMeHHMa 3KBHBaneHTH8H cxeMa 

pHc. 14, Ha KOTopol! eMKOCTb MHnnepa g m R H C K H LlHcpcpy3HOHHaH 9MKOCTb t .Q I r 
3 

o6'h9LlH

H9Hbi B OLlHy: 

r' I r 
3 

a Ll91l.CTBH9M r 66• Ha rrepeaaqy 3apHna npeHe6perae TcH, R H << r K:3" DnH 1 a> 

3HOHH851 9MKOCTb 06bl'IHO·. rrpeo6naaaeT H IIOCTOSIHH8SI Bp9M9HH BXOLla 6yaeT pasHa: 

EcnH 

rae 

T 
u 'n 

r 1 r' r __§_a __ _ 
BX r 

3 
1 

1 TO BbiXOLlHOl!. TOK LlnH 3apSILla 

Qgm _:_~g 
c ----c---

(3a a gm r:::-;; 

- a 

Q Ha axone: 

{3Q 

a 

'a 

(26) 

(27) 

B cj:JopMyne ( 27) {3 cna6o 3aBHCHT oT 1 
3 

, noaToMy TaK)!{e cna6o 38BHCHT oT ·1 
3 

H BbiXOLlHOl!. TOK ic 

DnH I 3 < 1 M8 LlHcpcpy3HOHHaSI 9MKOCTb CTaHOBHTCSI M9HbW9 BXOLlHOl!. CBX H r BX a 

Torna 

0,37 a Q 
c 

r 3 C BX (28) 

Ha pHc. 15 rrpencTaaneHbi 3KcrrepHMeHTanbHbie pe3ynbTaTbi c = I ( I 3 ) 

CTOpOB 2 N 1279 • DnH aHanH3a wyMoB 3MMep IIOnb30BanCH 3KBHBaneHTHOl!. CX9MOl!. 

pHC. 16, H8 KOTOpOl!. rrpeHe6peraeTCSI Ll9l!.CTBH9M C 6'a Ha BXOLlHOl! 3apHL1 1 8 WYM 0 '18CTOT-

HOlt 3aBHCHMOCTblO /-a rrpeLliiOnaraeTCSI ManbiM 38 C'19T IIpHM9H9HHSI KOpOTKHX cpopMHpyiOWHX 

uenel!.. 

B aTOM cnyqae cpenHe-KeanpaTH'IHhil!. wyM OT axonHoro corrpoTHBneHHH 6yneT paaeH: 

(29) 

(c r) 
.,-

ax'6'a+ 

a Cp9LlHel!.-KBaLlpaTH'IHbil!. WYM 6a3bl H 3MHTTepa: 

(30) 

npH C BX r 6g » T H 

k T ~ ~ ( ~-~~§~~ ( 31) 
2 T T 

rrpH C BX r 6'3 << T 

13 



EcnH I 8 <. 1 Ma, TO r 8 << r 66• H r BX < r 

MH 

i l 
n 

1 - a Mano), 

UOl!Y'lHM OTHOWeH!Ie Clii'HBl!B K wyMy: 

:- l "';" l 
J I c c = 
~ . l . l "';" l 
zw 111 + 16+1:3 

~-~-LL=-~-L!. s 
4r 

l l 
2 {3 Q 

= 
kTr({3l/Rg + 

1 npeHe6peraSI BHyTpeHHHMH WyMa-

(32) 

~s.,!!_&§...'LJ (33) 

(1-a)r 

ToK 6a3hi o6hi'lHO orpanH'lliBae Tc5l senH'lliHOl!: Rg , TOrLla nepsoe 3Ha'leHHe B CK06Kax npeoo-

naLlaeT 11 

KOTOpOe He 38BHCIIT OT 18 

B cnyqae 6onbwol!: eenli'lHHhi Rg 

• :J 
J., 
~ 
iw 

2 Q 2 
Rg ---

k T r 

-;:I 
, npeo6naLlaeT wyM J 

6 
+ 

K WYMY CTBHOBHTCSI o6paTHO nponopU!iOH8l!bHhlM f :3 (noKa gill 

(34) 

;-:I 
I :3 H OTHOWeHHe CHI'HBl!8 

nponopuHoHanbHa 1 ) . 
.:3 

HaHnyqwee oTnoweHHe ClirHana K mvMy o6hi'lHO LlOCTHraeTCSI npH 1 
8 

< /26/ 
0,1 Ma • Tor· 

Ll8 C r 
6

. 
BX :3 

< r H 

':"l 
!...L ... , 
Jw 

2Q'E-l 

' r_ 
k TC bx ( RgCb~ 

+ r.a+t!i6) 
r 

(35) 

B a Tol!: cpopMyne 3HaMeHaTel!b xapaKTepli3yeT co6ol!: wyMhi BXOLlHOro conpOTHBl!eHHSI H 

:3MiiTTepa, a T8K KBK 
• l 
J., I{ 

• 2 I Jill 11pon o pU!iOH8:JbHbl :3 , TO !IX OTHOWeHHe He 38BiiCiiT OT 1:3 

(pHC, (5), 

DnH Toro, 'lT06hi MO)!{HO 6hil!O npeHe6pe'lb myMaMH oT BXOLlHOro conpOTiiBl!eHHSI1 Heo6xo-

LlliMO HepaBeHCTBO: 

Rg >> r'(ra+ r66') C!x 
'ITO npaKTH'leCKii 6weaeT qacTo neswnonHiiMO. Bo3p8CT8HHe BXOLlHOl!: eMKOCTH npHBOLlHT K yxyLl

weHHIO OTHOWeHiiSI Clii'H8l!B K WYMY (p!iC, 17), 

/26/ B pa6oTe onlicwsaeTcSI n eC KOl!bKO cxeM TpBH31iCTOpHwx npeLlyCiil!HTenel!: Lll!SI nonynpo-

BOLlHHKOBhiX LleTeKTopos c n - p -nepexoLlBMH. Ha p11c, 18 np!~BeLleHa cxeMa 3BpS!LlOBoro npeLl

ycHnHTenSI, BolllOl!HeHHOI'O no KBCKOLlHO/% CXeMe HB BblCOKO'lBCTOTHblX TpBH3HCTOpax 2 N /279. 

0THOWeHHe Clii'HBl!8 K lllyMy Lll!fl K8CKOLlHOI! CXeMbl npliMepHO T8KOe )!{e 1 KBK I{ Lll!SI :3MHTTep

HOI'O nosTop!~TenSI, DnSI o6bi'lHoro yclinHTenbHoro KacKaLla c 6onbWHM yc11neHHeM BXOLlH8SI eM-

KOCTb 3H8'lliTel!bHO B03p8CT8eT 38 C'leT eMKOCTii ~lil!l!epa. HanpHMep, Lll!SI CK =2ncp, RH""IOKoM 

I{ 1 
:3 

1 
=0,1 Ma eMKOCTb ~~~nnepa C = gm RHCK =80 ncp Lll!SI 2N1279 • B KaCKOLlHOl!: cxeMe 

eMKOCTb ~~~nnepa MO)!{eT 6biTb yMeHbwena LlO Ck • TaK K8K o6bi'lHO eenH'lliHa wyMoB 3HB'lli-

T e l!bHO M e Hbllle 3BBiiCiiT OT BXOLlHOI! eMKOCTii 1 'leM yCHl!HB8eMwl!: BXOLlHOl!: Clii'HBl! 1 TO KBCKOLlH8SI 

/13/ 
CXeMa llO'lTH BCerLlB yBel!H'lHBBeT OTHOWeHHe Clii'HBl!B K WyMy 
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3MHTTepHbiA nosTopHTen& npHMeHSieTCB Ha sxo.ae npe.aycHnHTeng 'lame scero .anB ManoeM

KOCTHbiX .aeTeKTOpOB, HanpHMep, .ang HOHH3aUHOHHbiX KaMep. Cpe.aHe-Ksa.apaTH'IHbllt ypOBeHb 

WyMa .anSI cxeMbl pHC. 18 COCTaBnBeT OT 1 .UO 5 KaB npH 

Ha pHc •. 19 npHBe.aeHbl CXeMbl yCHnHTenell: C o6paTHOJl CBSI3bl0 no HanpH>KeHH10 1 KOTGfti.Je 

xopowo CTbiKJIIOTCB co cxeMoA pRe. 18 TaKHe c-xeMbi HMeJOT .aocTaTO'IHO 6on&woe sxo.aHoe co

npoTHsneHHe H Manoe BhiXO.UHOe ( RBbiX . < 100 OM ) npH XOpoweA TepMOCTa6HnbHOCTH. 

Ha pHC. 20 npe.acTasneHa cxeMa npe.aycHnHTenB c BhiCOKHM BXO.UHhiM conpo-

/26/ 
THBneHHeM 3.aeCb npHMeHeH 9MHTTepHblft nOBTOpHTenb C o6paTHOA CBB3bl0 no nHTaHHIO H 

ycHnHTenb C OTpHUaTenbHOl!: o6paTHOl!: CBB3bl0 no HanpSI.>KeHHIO. CxeMa HMeeT BXO.UHOe conpOTHB

neHHe 10 MI'OM npH BXO.UHOl!: eMKOCTH 2 ncp H cpe.aHe-Ksa.apaTH'IHhiA ypOBeHb WyMa OT 1 .UO 

5 Kas. 

Phil co 

Ha pHc. 21 npHse.aeHa ewe o.aHa cxeMa 3apB.aosoro npe.aycHnHTenB Ha TpaH3HCTopax 

/1/ 
2N393 1 OnHCaHHaSI B pa6oTe 4el!:ca • 

TpaH3HCTOpbl B K8CKO.UHOM BKnJO'ieHHH OT06paHbl C (3 > 200 H / < 10 MKa 
- KO-

.anSI nony'leHHSI sxo.aHoro conpoTHsneHHSI He MeHee 2 ~roM. BepxHBSI qaCTb Harpy30'iHOI'O 

COnpOTHBneHHSI KaCKa.aa OXBa'ieHa o6paTHOJl CBSI3bl0 no nHTaHHIO C 6a3bl T
3

, 6naro.aapg 'leMy 

ycHneHHe B pa30MKHYTOA neTne o6paTHOlt CBSI3H 6onee 500. 

3aBHCHMOCTb lUHpHHbl nHHHH WyMa OT BenH'iHHbl BHelUHel!: BXO.UHOit eMKOCTH .anSI · pa3nH'I

HbiX noCTOSIHHbiX BpeMeHH cpOpMHpy!OlllHX uenel!: npHBe.aeHa Ha pHC. 22. no3.UHee CXeMa, 

127 I 
npe.ano>KeHHaSI 4el!:COM, 6bina HCnOnb30BaHa B pa6oTe Kaseg .anSI a C'leT'IHKa C HH3KHM 

ypOBHeM cpOHa. 3TOT ycHmiTenb .aasan OTHOlUeHHe CHI'Hana K WYMY 20 .UnB 5 ~9B a -'laCTHU 

2 
Ha .aeTeKTope c pa6o'!elt nnowa.a&JO 6 CM ( p =2500 oM.CM, KpeMHHl!: n -THna) npH r = 

.a 

2,5 MKCeK. EcnH BXO.U ycHnHTenSI BbiUOnHHTb no 06bl'iHOl!: CXeMe (pH C. 19 ), TO OTHOWeHHe CllTH8" 

na K wyMy cTaHOBHTCSI paBHbiM nHWb 4. 

npH nOCTpOeHHH 6biCTpOI'O Tp8H3HCTOpHOI'O ycHnHTenSI, 6e3 ycnOBHSI nonyqeHHSI MHHHMan&-

/28/ 3 
HOI'O ypOBHSI WyMOB, MO>KHO UpHMeHHTb CXeMy, npe.ano>KeHHYIO B pa6oTe , HMeJOUlYIO K=3·10 

H r
8 

:S 0,15 MKCeK (pHC. 23). 3.aecb npHMeHeHa OTpHUaTenbH8H o6paTHaH CBH3b nO HanpSI>Ke

HHIO, a HH3KaSI BenH'iliHa COnpOTHBileHHSI B 6a3e BXO.UHOI'O Tp8H3HCTOpa COBMeCTHO C R
3 
~2,2 KOM 

CTa6HnH3HpyeT pa60'IYIO TO'IKY nocne.aHei'O, 'iTO nOBbJWaeT TepMOCTa6HnbHOCTb CXeMbl. 8xO.UHbie 

TpaH3HCTOpbl .anSI yMeHblUeHHSI ypOBHH WyMa pa60T810T C HH3KHMH 6a30BbiMH H KOnneKTOpHbiMH 

TOK8MH. 

3 a K n 10 q e H H e 

JaHCeH H Jynb.UHHI' 
129•21 

nOKa3anH, 'iTO HMeeTCSI OnTHManbHble nOCTOHHHaSI BpeMeHH ycH

naTenSI H H8npH>KeHHe CMelUeHHSI .anSI nonynpOBO.UHHKOBOI'O .aeTeKTOpa, npH KOTOpblX MHHHMan&

Hhll!: ypOBeHb WyMa He 38BHCHT OT y.aenbHOI'O COnpOTHBneHHSI nonynpOBO.UHHKOBOI'O MaTepHana. 

HaHny'iWHe pe3yn&TaTbl pa60Thl CHCTeMbl .aeTeKTop-ycHnHTenb 3aBHCSIT TOnbKO OT nnowa

LlH .aeTeKTOpa, BXOLlHOit eMKOCTH '1pe.aycHnHTenSI, BpeMeHH >KH3HH HeOCHOBHbiX HOCHTenel!: B nony-

npOBOLlHHKe H OT KpyTH3Hbl xapaKTepHCTHKH BXO.UHOl!: naMnbl npe.ayCHnHTenSI. 

Pa3pa6oTaHHbie B HBCTOSIWee speMSI cxeMbi naMnoabiX npe.aycHilHTenel!: .anSI nonynposo.anR-

KOBbiX .aeTeKTOpOB n03BOilHIOT nOCTpOHTb a -cneKTpOMeTpbl C Bb!COKHM 3HepreTH'ieCKHM pa3-

/7/ 
peweHHeM. HanpHMep, B pa6oTe ~aAepa nony'leHo pa3peweHHe 16 Kas .anSI 6,04 ~3B a 

'i8CTHU, a B pa'6oTax BnaHKeHwHna- 15 Kas (A 2 1 cM
2

)
181 

H 13,5 Kas (A =0,25 cM
2 

)
1101 

LlilSI 5,8 ~9B a -qacTHU. 
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YIMeJOmHeCSI cxeMbi TpaHaHcTopHbiX npe.aycHnHTenelt Mano npHrO.llHbi .llJlSI a -cneKTpoMeT-
/26,1/ 

pOB C BbiCOKHM paapeweHH8M H3-38 Cp8BHHT8JlbHO 60JlbWOr'O ypOBHSI C06CTBeHHblX wy-

MOB, O.aHaKo, npH eMKOCTSIX .aeTeKTopa 6onee 1000 ncp ( .aeTeKTOpbi c 6onbwolt pa6o'lelt nno

ma.llb!O) Tp8H3HCTOpHbl8 npe.ayCHnHT8JlH MOr'yT C ycneXOM KOHKypHpOBBTb C JlBMnOBblMH, 

/13/ ¢epwTel1H OTM8'18eT 1 'ITO .anSI nOCTpOeHHSI HH3KOWYMSilllHX CX8M Tp8H3HCTOpHbiX npe.a-

yCHJlHTeJielt, npHr'O.llHblX .anSI HCnOnb30B8HHSI B a -cneKTpOM8Tp8X C HH3K08MKOCTHblMH ll8T8K

TOp8MH1 Heo6XO.llHMbl Tp8H3HCTOpbl C K09cpcpHUHeHTOM ycHneHHSI no TOKy {3 ~ 1000. 
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PHc. l. EnoK-cxeMa H3MepeHHSI aKBHsaneHTHoro cpe.aHe
Ksa.apaTH"'Horo wyMosoro aaps:~.aa npe.aycHnHTens:~. 

C 0- nepeXO.llHOA KOH.lleHC8TOp ManoA eMKOCTH 0 

C.a- eMKOCTb .aeTeKTopa H coe.aHHHTenbHoro Ka6ens:~, 

C 8x - sxo.aaas:~ eMKOCTb npe.aycHnHTens:~, 

U r - aMnnHTy .a a reHepaTopa cTyneH"'8Tor<;> Hanps:~)KeHHSI. 

s 

2 

:1. 

$:16--/& 
Rox%s"'~o"' 
£a= 2 ·I0-9a 

- C:I,.Onq> 
--- C=80ntp 

PHc. 2. 3asHCHMOCTb senH"'HHbi wyMa cncTeMbi .aeTeKTop
ycHnHTenb OT UOCTOSIHHOA speMeHH ycHnHTeng anSI 
paanH"'HbiX napaMeTpos .aeTeKTopa ( U w - nonaas:~ 
WHpHH8 nHUHH WyMa H8 nonOBHHe M8KCHMyMa). 

A KpeM"uu n-muna 
(Ka&) .f'~ JOOO 011·<,.., L d~ 

S=0,2c,.,z iaey J'll 
/ 

/ 
/ 

/ 
/ 0,10 

/ 
/ 

so / 
/ 

/ 
/ o,o~ 

25 

oL-------s~------~~o~------,~5~----~a~o~~M 

PHc. 3. 3asHCHMOCTb pa3peweHHSI a -cneKTpoMeTpa OT 
H8UpSI)KeHHSI CMeWeHHSI H8 .aeTeKTOpe. 
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PHc. 4. 3aBHCHMOCTb ypoBHSI wyMa oT senH'iHHbi KaToaHoro ToKa 
BXOLlHOR naMIThl LlnSI paanH'iHhlX ITOCTOSIHHhlX BpeMeHH 
cpopMHpOB8HHSI. 

(0 

(0 
)qM, 

l1 

lq?8 
lq?l 

]o,68 

Dp~ 

)l,41 

tfoGbiU W!JM 9: ~ i ""''"If. 
n~2i 

nu =Ill 
l£72 

lt. 88 

2,0J l 
r~o moKa 

,.---- - · - - J 

2'i:'s/RC =8 .f\_ l/,06 na= 1 

" ,/'\__ 
11.4-8 
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