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K H8CT09meMy apeMeHH B aneKTpOHHKe CUHHTHnng

UHOHHblX JleTeKTOpOB HMeeTC9 onpeJleneHHblll pa3pb!B 

Me)KJlY 6bICTpOJlei1CTBHeM aneKTpOlIHOll annapaTypbI, naXOJl9-

mIIMC9 Ha ypoane 100 Mfu li Bb!Ille / 1- 3/, li 6bICTpOJlei1-

CTBlieM caMHX CUlillTHnnguHOllllbIX C'IeTqHKOB, Jlng K0T0phIX 

aTa aennqnna HII~e npnMepHo na nop9JlOK. Orpannqenng 

Ha ypoBellb 6bICTpOJlefiCTBH9 HaKnaJlbIBaIOT 'a OCH0BHOM 

cxeMbl TIHTaHII9 q>OTOYMIIO)l{ttTenei1. 

nptt ncnonbsoaaHIIH Jlng TIIITanng <P3Y JlenttTeng ua 

nnueHHb!X pe3ttCT0pax cpeJlH99 qacT0Ta TI0BTopeHH9 HM_

nynbC0B orpaHH'IHBaeTcg aennqnuoi1 cpeJlnero T0Ka JlttHo

JlOB Ha ypOBHe 30 -40% OT TOKa JlenttTeng ( CM. TTpnno

)1{8HHe) I paauoro 06b1quo ..., 2, MA. 
TTpnMeHeHne B JlennTene nennaei1HhlX aneMeHT0B, na

npttMep, KpeMHII8~hlX CTa6nnnTpOHOB, Jlng TIHT8HH9 nocneJl

HIIX JlliHOJl0B Il03B0n9eT Il0Jlll9Tb sarpy3KY Jl0 aenliqHHhl 

cpeJlHero T0Ka JllIH0Jl0B -80% OT TOKa JlennTeng. HeJlO

CT8TK8MH Il0Jl06noi1 CXBMbl DHTaHII9 9Bn9eTC9. neo6xom1-

M0CTb HOJl6opa CTa6IInHTpOHOB Jlng K8)KJlOro M8)KJlHH0Jl

HOro npoMe)l{yTKa, a TaK)l{e HenponopunonanbHOCTb II3Me

neang Meil(JlliH0JlHhIX noTeHUHanoa npII perynnpoaKe uanpg

)1{8Hli9 DIIT8HH9, 'ITO M0il(8T DpliB8CTli K paCq>OKYClipOBKe 

ct>3Y. Han:6onee paJlIIKafbHbIM cpeJlCTBOM 6opb6bI co CJlBH

roM noTeHuiianoB 9Bn9eTC9, KaK H3B8CTHO, DpliM8H8HHe 

OTJlenbHblX HCTO'IHHKOB HaDp9)1{8HH9 Jlng Ka)KJlOro JlHHOJla. 

OJlHaKO npaKTHqecKH sarpyJlHIITenbHa 141 IlOJlTIHTKa CBbIIll7 

3-4 JlHH0JlOB, 'ITO H8Jl0CTaToqHo Jlng BbIC0KHX sarpy3DK ?1 

lliyHTHPOBaHHe 0CTaBilIHXC9 He3a6nOKl{POBaHHbIMH JlHH0JlOB 

aneKTp0nHTHqeCKHMH K0HJleHCaTopaMH 6onbllIOH eMKOCTH/6/ 

HeyJlo6uo C KOHCTPYKTHBHOH T0'IKH 3peHH9 H He pelllaeT 

npo6neMbI B cnyqae HenpepbrnHoi1 sarpy3KH ct>3Y • 

... 
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KpoMe Toro, ecnH Heo6xonHMO nonnHTaTb HeCKOnbKO 
C'IeT'IllKOB, npnxonHTCSI nn6o non6npaTb ¢>3Y C onHHaKO
BbIMH pe)KHMaMH, nn6o CTaBHTb llX B HeonTHManbHbie 

pe)KHMbl IlllTaHHSI. 
llnSI s¢¢eKTHBHOH perncTpaunH CHrHanos c ¢oTOYMHO

)KllTeng Heo6xonnMO o6ecne'IHTh 20-40-KpaTHhlH nHHaMH
qecKHH nHana30H Han noporoM cpa6aThlBaHHSI ¢opMHpOBa

TenSI. TiocKOnbKY noporn cpa6aTb!BaHHSI COBpeMeHHhIX 
H8HOCeKyHnHhlX ¢opMHpOBaTenen uaxonSITCSI Ha ypoBHe 
~ 50 MB ( 1 MA nMnynhca TOKa ct>3Y), TO 8TO 3Ha'IHT, 

'ITO npn M8KCHManbHOll aarpyaKe, Korna CKBa)KHOCTb 
cnruanos 6nH3Ka K nsyM, cpenHHfi TOK cttruana non)Keff 
6hITh Ha yposue ~ 15 r-.1A, T.e. npBBbIUiaTh TOK nemITeng 

B 7-10 paa. 
Htt)Ke onnchrnaeTCSI cxer-.rn nnTaHHSI ct>3Y (pnc. 1), 

rne o6ecne'!eHo nono6uoe cooTHOUieHtte. 3To nocTHPHyTo 
CO'IeTaHHBM nonnHTKll/3/nocneaHHX AHHOAOB H ncnon~ao

BaHHSI HennueHHhlX sneMeHTOB B npenwnymnx AHHonuwx 
IlpOMe)KyTKaX aennTenSI. CxeMa CBo6onua OT HBAOCTaTKOB 
ycTpOI°ICTB, yIIOMSIHYThIX BhIUie. HanpttMep, B Hell ncnonh-
30BaH TOnhKO onrrH HCTO'IHHK onopuoro uanpSI)KBHHSI non

IlHTKll - U Oil 
Pacnpeneneune noTeuurranos na AHHonax Bhr6pano pas

HoMepHhIM J:I.nH o6ecneqeHttH nau6onbUiero ycttneHHH ¢>3Y. 
ToK,.noTpe6nSieMhlll OT BhlCOKOBOnbTHOPO HCTO'IHHKa IlHTa

H.HSI - En paseu ~2,5 MA (56-KnnooMHhIH nennTenb). 
8 nocnemrnx CeMH npoMe)KyTKaX 'IaCTh 8TOPO TOKa 

( ~ 0,6 MA) .DTBOAHTCSI BO BCilOMOrarenhHblH aennTenb 
nng aanaHHSI IlOTBHUHanoB 6aa, a OCTaBUiaSICSI Benn'IHHa 
cny)KllT pe)KHMHhlM TOKOM TpaHGllCTOpOB cxeMhI. llHHO.llbl 
C 9-ro no 11-ii ·*. IlHTaIOTC5I OT HenttHBHHhlX sneMeHTOB, 
ponb KOTOpbIX Bb!IlOnHSIIOT 8MIITTepHhie IlOBTOpnTenn T i";.-T 

3 
• 

llnSI nonnttTKH 12 rl 4 AHHOAOB TaK)Ke MO)KHO 6binO 6hr 
ncnonb30B8Th COCTaBHhle 8MIITTepHhle IlOBTOpHTenn Ha 
BhICOKOBOnbTHhIX p-n-prpaH3llCTopax cpenuen MOUIHOCTH ** 

* HoMepa mrnonos - anSI ct>3Y-30. 

** Hcnonb30BaHHe COCTaBHhlX 8MHTTepHhlX IlOBTOpHTeneA 
Ha TpaH3HCTOpaX n-p-n THna/7 / HeonpasnaHO ll3-38 IlOBhl
UieHttSI IlOTpe6nHeMOH MOIUHOCTH. 
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Pnc. 1. CxeMa nuraHHSI ct>8Y anH aarpyaoK no 

TpaHancrophr T 1 7T6 - KT605, T77T12- MTil 14. 
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8 Jl8HHOii cxeMe, npuMeHeHbl COCTaBHhle K8CK8Jlhl, r]le 
TpaH3HCTOpoM, o6ecne'1HB8IOIUHM BhIXOJlHOii TOK, cny:>KHT 
BhICOKOBOnhTHhiir n-p-n 'TpaH3HCTOp cpeJlHefi MO:>KHOCTH, a 

p-n-p TpaH3HCTOpbl Manofi MOIUHOCT-H (MTil 14) srnmIIOTCSI 
TOnbKO ynpaanSIIOIUHMH, npu'leM JlnSI IlOBhillleHHs:1 _pa6oqero 
HanpSI:>KeHHSI ucnonhayeTCSI nocneAoaaTenhHOe ux coeAH
Henue. 

Mcm,1ra11HS1 cxeMbl npOBOJlHnHCh C !pOTOyMHO:>KHTeneM 
cJ>3Y-30. llnSI renepamrn caeToacnhrllleK c qacToToii 
nonropemrn no 100 Mfu ucnonbaoaanuch 6hICTphre cae
Tomwn1,I / 11 ,9! llnuTenbHOCTb Bh!XOnHhlX HMilynbCOB no 

ocHona1111m 61,ma -10 HC. Ha puc. 2 npuaeneHhI H3MepeH
Hhie 3llBIICIIMOCTH aMnnHTynhI HMnynhCOB TOKa cJ>3Y OT 

~H,1n., ':/cp. 
MO MQ tHMn. ~·8NC 

6 

60 r-a.&.----::-+--.f----!--_J__ _ _J 

En=2.6K8 
A 

/,0 I -- I ,< I l 
c.lu,6 

•· 

20 14Q/YYL II I I _ _I 1 

20 t,O 60 80 · 100 F', Hrq 

Puc. 2. 3aBHCHMOCTh 8MilnHTYAhl HMnynhCOB TOKa cJ>3Y-30 
( cnnOllIHhie mrHIIII) II BenH'lllHhl cpenHero TOKa aHona 
{nyHKTHpHhie nnmrn) OT 'laCTOThI noaTopeHHSI cHrHanoe, 
npn pa3RJI'1HblX HanpSI:>KeHJISIX IlHT8HHSI, nnSI 56-KJinOOMHoro 
nenu·TenSI c KpeMHHeBhIMll cTa6nnnTpoHaMH a Tpex nocnen
HHX npoMe:>KyTKax. 
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'laCTOTbl IlOBTOpeHHSI B HenpepbIBHOM pe:>KttMe, npn IlHTa
HIIII cJ>3Y OT 56-K1rnooMHOro nenuTenSI C KpeMIIIIeBbIMH 
cTa6unuTpoHaMH a rpex nocnenHHX npoMe:>KyTKax. Ha 
pnc. 3 npHBeJleHhl Te :>Ke xapaKTeplICTHKH nnSI OilHCbIBaeMoii 
cxeMhl. KaK BHAIIM, oHa o6ecne'1neaeT B 5-10 paa 6onh
ll1He 'laCTOTbl IlOBTOpeHHSI HMnynhCOB, T,K. cnoco6Ha non
Jlep)KHBaTh IlOTemrnanbI AIIHOAOB JlnSI BhIXOAHhIX CllrHanoB 
cJ>3Y aMnn11Tynofi 1-1,5 B (Ha 50 OM) annoTh no qac- · 
TOThI 100 Mfu. CxeMa noaaon.s1eT nponopunoHanhno naMe
HSII'h BCe Me:>KnlIHOAHhle HanpSI:>KeHHSI npn perynHpOnKe 
BhlCOKOBOnbTHoro IICI'O'lHHKa ITIIT8HHSI B npenenax 300-
400 B, 'ITO o6ecne'1HBaeT II3MeHeIme aMnnHTym,I BbIXon110-
ro curnana He MeHee 'leM e 7 paa. B cuny aToro nc
I'O'IHHK onopHoro Hanpm1<eH1ISI nonnttTKll MOX(eT 61,1Tb 
o6mnM nnSI BCeX <l>3Y e ycTaHOBKe, u nnSI Ka:>Knoro !pOTO
YMHO)I(HTenSI BhI6paHO OITTIIManbHOe HarrpSI:>KeHHe llllTllllllSI. 

'JHMn. j :/cp. 
HQ HQ tHMn. ~ 81-n: 
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Puc. 3. 3aBHCIIMOCTh aMnnuTyAhl HMnynhCOB TOKa cJ>3Y-30 
(cnnollIHhle nuann) JI aentt'lHHhl cpenHero TOKa aHona 
(nyHKTHpHhle nHHHII) OT '18CTOThl IlOBI'OpeHHSI curaanoa, 
npu paanU'lHhIX HanpSI:>KeHHSIX IlJIT8HJISI, nn.s1 OilJICbIBaeMOH 
CXeMhI. 
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MaKClfManbHO B03MO:>KHOe HarrpgmeHn:e IllfT8HlfH <t>3Y 
c J::taHHOii cxeMoii cocTaBnHeT 2 ,6 KB ( 150 B Ha rrpoMe

myToK)' OHO orpaHn:'IeHO rrpeaenbHO )lOilyCTlfMbIM Harrpg

meHn:eM n:crronb30B8HHbIX p-n-p TpaH31fCTOpoa. flpn: ycTa

HOBKe narrpH:>K0HlfH rrn:TaHlfH nn:me 2 ,2 KB COOTBeTCT ayro

IlllfM o6paaoM (pn:c. 4) rroHn:)KaeTCH aenn:tJH:Ha orropHoro 

narrpgmeHH:H, C TeM, 'IT06bI ua6emaTb H8CbIIUeHHH TpaH3HC

TOpa T3 . ITpeaenbHhie T·oKn: JlHHOJlOB, aaaaeMhie cxeMoii, 

orpaHH:'IHBaIOTCH MOIUHOCTbIO pacceHHliH TpaH3H:CTOpa T4 
B rrpH:HUH:Ile, rrpH: ¢n:Kc"poaaHHOM 3HatJeHlflf nanpH:>KeHlfH 

11H:TaHHH:*' OHR MoryT 6bITb yaenH:'I0HbI, O)lHaKO 8TO 

En,KB 2,6 

8 

Z,4 

2,2 

2,0 

(I 

400 t,50 SOD Uon,8 
Pn:c. 4. rpaHHUbl )lOilYCTlfMblX aenn:'IlfH HanpgmeHH:H BbI

COKOBOnbTHOI'O lfCTO'IHHKa IllfT8HliH - Err ang 3a)l8HHOI'O 

onopHOI'O HailpH:>KeHHH IlO)lillfTKlf - u on . 

* nng cnn:menn: g MOIUHOCTlf, pacceH:BaeMOH T 4, aenH:'IlfHa 

U on ang aaaannoro Err , aonmna Bb16rrpaTbCH y nn:mneii 

rpanttUbI arranaaona, aaaaaaeMoro prrc. 4. 

BPHA nrr )lOilyCTlIMO C TO'IKlI apeHlIH MOIUHOCTlI, paccerr

B80MOH <1>3Y. KOTopag B OillICbIBaeMOM pemrrMe COCTaB

nHeT AnH anoAa - 2 BT. 

B' CXeMe- lIMeeTCH aamrrTa, · Il03BOnHIOIU8H BKnIO'IaTb 
' lI BbIKnIO'I8Tb BbICOKOBOnbTHOe H onopnoe HanpgmeHlfH 

IlHT8HlfH B nporraaonbHOM rropHAKe. flpn: '•_ManbIX aarpy3K_ax 

cxeMa MomeT 61,1Tb acrronbaoaana 6ea rrcTO'IHiIKa onopirn

ro nanpHmenrrH. 

B aaKnroqenrre 8BTOpbl C'IlIT8IOT CBOlIM )lOnroM rro6naro

Jl8plITb n.C.Eoiiuoay aa TeXHlI'IeC KYIO IlOMOillb. 

flpunomenue 

HeTpyano oueHIITb aaaucrrMOCTb aMnnrrTyJlhI Bb1xoaHoro 

HMilynbCa qJOTOYMHO:>KIITeng - I If OT 'IaCTOTbl IlOBTOpeHIIH 

curnanoa-f ang n1-1neiiHoro pasnoMepnoro_ AenrrTenH. 

KaK H3B0CTHo/lO(K08¢¢1-1u1IeHT ycrrneH1IH°K8:>K)lOI'O AIIHO)la 

CBH38H rrpOCTbIM COOTHOilleHlieM C yCKOpHIOilllIM M0:>K)llIHO)l

HblM HarrpHmeH1IeM ._ u ·:: 
K. =a•U, 

I 
(ITl) 

rAe a - Koa¢¢1-1uuenT nporropu1-10HanbHOCTH. Cneaonarenb
no, rronHblH irna¢.¢ttilHeHT ycuneHIIH <1>3Y a IICXOAHOM co

CTOHHHII: 
n 

Ko= an • Uo . ' (IT2) 

I')le n - qucno AIIHOJlOB, Uo - HarrpHmeHrre Ha OAHOM 3B9He 

AenrrTenH ( OAHOM rrpoMemyTKe) rrpu Hynesoii aarpyaKe. 

Ha HatJanbHOM y'IaCTKe OCHOBHOH BKnaa B aaBlIClIMOCTb 

In: OT 'IaCTOTbl IlOBTopeHIIH )laeT CHII:>K0HIIe HarrpHmeHlIH 

Ha rrpoMemyTKe rrocne)lHlill AIIHOA-aHO)l H COOTBeTCTBeH

noe eMy B03paCT8Hlie Me:>K)lHHOAHbIX IlOTenurranoa /5/. 0Hrr 

rrpOlICXOAHT B OCHOBHOM aa cqeT rrpoTeKaHHH cpeAHero 

TOKa anoaa -lcp no corrpoTrraneHIIIO AennTeng R
0 

B rrpoMe:>KyTKe rrocneAHHll JllIHOA-aHOA. C yqeTOM 8TOI'O 

MO:>KHO 38IllIC8Tb 

K0 Icp·Ron lcp 
K (0=-;;u-•<Uo +--) :: Ko•(l+ -I-), 

uo n o 
(IT3) 

rne I O - Ha'Ian&Hhul: TOK AenrrTenH. 
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Puc. 5. fpatpHK 3aBHCHMOCTH H3MeHeHH9 K08¢¢HUHeHTa 
ycuneHHSI <1>3Y-30, nmi: HMnynbCOB paanH'IHOH al\rnnHTy-
JlhI, OT aenH'IHHhI ycKopmomero HarrpmKeHHSI npoMe)KyTKa 

nocnenHHH JlHHOJl-aHOJl, TToTeHUHanbl Ha Me)KJlHHOJlHb!X 
npoMe)KyTKaX nonnep)KHBanHCb HeH3MeHHblMH. 

l13MepeHHSI IIOK83bIBaIOT ( puc. 5) J 'ITO ecnu' B <pOTOyM
HO)KHTene CHH)KaTb aenH'lHHY YCKOpSIIOmero HaIIpSI)KeHHSI Ha 
yqacTKe nocnenHHH JlHHOA-aHOA, OCTaBnSISI Bee Me)KAH
H0AHhie IIOTeHUHanhI HeH3MeHHb!MH, TO aMIInHTyna BbIXOA
HOf'O HMIIynbca coxpaHSieTCSI IIOCTOSIHHOH AO HeK0TOporo 
noporoaoro 3Ha<JeHHSI HanpmKeHHSI ua npoMe)KyTKe - Un , 
paauoro nnSI <1>3Y-30 50-70 B, a aaTeM Ha'IHHaeT CHH
)KaThCSI, noCTH)KeHHe aenH'IHHbl Un MO)KHO C'IHTaTh rpa
HHUefi AOIIYCTHMOH aarpy3KH <1>3Y J TOf'Aa 

(I cp ) rp = I o - Un / R o = Io - I n ; . 

anecb In - rpaHH'IHhIH TOK nenuTenSI. 

10 

(n4) 

nnSI <1>3Y-30 IIpH 56-KHJlOOMHOM AenHTene rronyqaeM 
In = I, I MA. Ko8¢QHUHeHT )'CHJteHHSI <1>3Y Ha rpam1-q-
aofi '18CTOTe JlHHefiHOf'O neJIHTeJlH 

K = K
O 

• (2- I · /I
O 

) , 
rp n (n5 > 

a rpaHH'IHaSI 'laCT0Ta 

f = (I -I )/1 . t 
rp o n 11 11 , , (n6) 

rne tu- 8¢¢eKTHBHaSI AnHTenhHOCTh HMIIynbca C Bb!XO
na ¢oToyMHO)KHTeJlSI. 
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