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3KCnEP~MEHTAnbHAR YCTAHOBKA 

0CH08Hble J.13MeHeHir!fl, BHeCeHHble 8 YCTSHOBKY no cpaBHeHI-110 C 

KOHCTPYKLtl-1eV!, on~t~caHHolil alt I, aaKI1104aJH1Cb e cne,QYIOW.eM. 6bl!la 

YCIIIIleHa J.130J1RltVIfl Bb1Tflrlo1BSIOW.ero 3JleKTpO,Qa, 3Il6KTpOHHOrO KOilJleK

TOpa, ~r~oHHoH onTHKH ~r~ onTJ.1MJ.131o1posaHa HX reoMeTpHR. npoee,QeHa 
KOppeKU,I"'R MarHHTHOfO nom=! noCT0fiHHb1MI4 MSfHHTSMitl 8 06JlSCTio1 

3JleKTP0HH0fO KOilileKTOpa. C LteilbiO nOBbiWeHHfl 3HeprHH HOHJ.131r!py10-

W.J.1X 3IleKTPOHOB Ha 3JleKTp0HHbl~ KOJlJleKTOp nO,QSBSilCfl nOTeH~..tlrlail 

0 + -7 KB /p~t~c. 1 I. HaKomHellbHaR eMKOCTb C aap.R)I(anacb oT lo1CT04-

HJ.1Ka n~r~TaHHR, co6paHHOro no cxeMe ABYXTaKTHOro npeo6paaoeaTei1R 
nocTORHHOro HanpR~eHHR, 4TO no3BOI1J.1110 nerKo o6ecne4HTb e~co

Koeo.nbTHYIO pa3Bfi3Ky. ,lJ,.nR Ha6.nJO,QeHHR ¢0PMbl \.1 BeJ11.141-1Hbl 3IleKTpOH

HOrO TOKa Ha E}lbiCOKOM nOTeHLIH-ane l-1CnOilb30BaHa 6anaHCHaR CXeMa 

OAHOTaKTHOrO KOMneHCI-1POBaHHOrO npepbiBaTeJlfl Ha OCHOBe ABYX3Mi·H

TepHOrO TPaH31-1CTOpa KT 118A. CxeMa peanH-ayeT K03$¢H-LIH-eHT nepe

Aal..l\.1 10 8/A C 11H-He~1HOCTbiO ""0,5% 8 A\o1ana30He eem11..1H-H TOKOB 

3IleKTPOHHOro nyi..!Ka 0, 025 + 0, 5 A. 3a c1..1eT TOPMO}f(eHH-R 3JleKTpoHoe 

s o6nacTH- KonneKTopa peKynepa~H-fl 3HeprH-H- 3neKTpOHHoro nyi..!Ka 

6b111a AOBeAeHa AO ]0%. 
B pe3yilbTaTe npOBeAeHHOH pa60T~ 6~11 AOCTH-rHyT ypoBeHb cpeA

HeH aa epeMn H-OHH-3aUH-H- KOMneHcq~\.1\.1 o6QeMHoro aapRAa 3IleKTpoH

Horo ny4Ka H-OHaMH- ""90% npH- 3IleKTPOHHOM TOKe AO 100 MA. 

3KcnepH-MeHT~ npOBOAH-IlH-Cb C H-CnOJ1b30BaHH-eM KaTOAOB 311eKT

pOHHOH nywKH- AH-aMeTpoM 0,8 "' 1 MM s A"'ana30He senH-I..IH-H MarHH-T

Horo nonR coneHOH-Aa 7,5 +15 Krc. 
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PHc.I. CxeMa yBenHqeHHH 3HeprHH HOHH3Hpyro~x sneKTpo-
HOB ,IJ;O 12 K3B. 
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3ABHCHMOCTb HHTEHCHBHOCTH HCT04HHKA OT BEJlH4HHbl 
MArHHTHOrO nOJlH 

MarH~THOe none coneHOH,Qa cny~~T ,QnR nonepe~Horo orpaH~r~4e
HHR 3neKTpOHHOrO ny4K8 Ill KOMnpeCCHH erO nO nno~a,QH. 0HO T8K~e 
BnHReT Ha H8KOnneHHe B 05DeMe H0HH38~HH OC~HnnHpy~~~~~X 3neKT
pOH081 ysenH4HBa~~~~~X eMKOCTb HOHHO~ nOBYWKH. Ha pHC. 2a npH
Be,QeHa 38BHCJ.1MOCTb M8KCIIIM8JlbHOi1 Be11H41r!Hbl BbiBe,QeHHOrO 38pR,Qa 

HOHOB a30T8 1113 J10BYWKH nocne lQQ MHJlJlHCeKyH,Q HOHH38~HH OT ae
J1H4HH~ M8rHHTHOrO nOJlR. KpHB8R 1 CHRT8 npH pa60Te 3JleKTpOHHOH 
nyWKH C ,QHaMeTpOM K8TO,Qa 1 MM H BenH4HHe 3JleKTPOHHOrO TOK8 
95 MA, KpHaaR 2 - c ,QHaMeTpoM KaTo,Qa 0,8 MM npH 3neKTPOHHOM 
TOKe 60 MA /nllOTHOCTb 3JleKTpOHHOrO nOTOKa B OfiOHX C11Y48RX O,QH
H8KOBa/. Ha pHC. 26 noKa3aHa 38BHCHMOCTb 38PRA8 HOHOB 830T8, 
BbiBO,QHMOrO H3 nosyWKH, OT BpeMeHH HOHH3a~HH AnR pa3nH4H~X se

nH4HH MarHHTHbiX noneH /KpHB~e 1 ,2,3/. EcnH BBO,QHTb B IlOBYWKy 

Mai1eHbKHi1 HOHHbiH 3apR,Q, nopRAKa HeCKOnbKHX npo~eHTOB OT 06DeM

HOrO 36PRA6 3neKTpOHHOro ny4Ka, T~ noTepH HOHOB OTCYTCTBY~T 

BO BCeM AHana30He eenH4HH MarHHTHOrO nonR /KpHBa.R 4/. HOHHbiH 
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PHc.Z. BnHHHHe BenH~HHhl MarHHTHOro nonn Ha HHTeHCHBHOCTh 
HCToqHHKa. a/ I - I =95 MA, KaTOA rJ 1MM; 2 -I =60 MA, 
KaTOA <I 0,8 MM; 6/ I =95 MA, KaToA 0 I MM; I - B 
=15 Krc; 2- B =12,5 Krc; 3- B =7,5 Krc; 4- gnn Bcero 
AHanasoaa MarHHTHhlX rroneH. 
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PHc.3. IToCTyrrneHHe HOHOB B no
BymKY rrpH pa3nHqHhlX flOTOKaX 
rasa (P) HS HaTeKaTenn 
(P6>P5> ••• >Pt ). 



3aPRA, BbiB0AiriMbli1 lrl3 110BYWKirl, paCTeT BO BpeMR H0Hir!Sa4lrllrl nponop-

4HOHa1lbHO yeen~r~~eHirl~ cpeAHero sapRAa ~r~oHoe e o6~eM cneKTpe. 

8 H8481le lri0Hir!S84lrllrl, nocne M8KCHM81lbHO BOSMO~HOrO 8BOA8 HOHOB, 

Ha6ntoAaeTCR YBe1llrl4eHirle lriOHHOro sapRAa., BbiBOAiriMOro IriS IlOBYWKirl. 

3TO MOmHO 06DRCH1r1Tb H8KOn1leHirleM 31leKTpOHOB lri0HiriS84lrllrl B MeCTe 

noTeH41r181lbHOro 6apbepa, HanaraeMoro Ha APeH<J>oeble Tpy6Kirl a 

MecTe BBOA8, 4TO nP·IriBOAHT K nOHiriX<eHiriiO ero BeJ1lrl41r1Hbl. Bo epeMR 

lriOHir!Sa41r1H nOTeH4H81lbHbli1 6apbep nepeHOCiriTCR B o6naCTb C 5o

nee BhiCOKHM eaKyyMOM 1r1 3¢lQ>eKTiriBHoCTb era ao3pacTaeT. Mo>KHO 

nOBbiCiriTb BeJ11r14lriHY BBOAHMOro B JlOByWKY 38PRA8 lriOHOB nyTeM yee-

1llrl4eHHR noToKa ra3a ~r~s HaTeKaTenR. Ha p~r~c. 3 np~r~aeAeHbJ aae~r~c~r~

MOCTirl 3aPRA8 lr!OHOB aSOT8, BBOAir!MbiX B IlOByWKy, AilR paSJ11r14HbiX 

noTOKoa rasa lrl3 HaTeKaTenR, oT apeMeHirl BBOAa. Kp~r~eaR 6 cooT

eeTcTayeT MaKCir!MallbHOMY nOTOKy, KpHBaR 1 - MlriHiriM8J1bHOMy. npH 

nOTOKe rasa lrl3 HaTeKaTellR, npeBbiW8to~eM noTOK,C00TBeTCTBYIO~Irli1 

KplriBOH 4, TPYAHO o6ecne41r!Tb B8KYYMHY~ paSBRSKY MeCT8 BBOA8 

C 06DeMOM H0Hiri384HH. no3TOMy ace lriSMepeHHR npOBOAHillriCb C no

TOKOM, COOTBeTCTBYIO~HM KPHBO~ 4. 

3ABHCHt10CTb HHTEHCHBHOCTH HCT04HHKA 
OT BEnH4HHbl 3nEKTPOHHOrO TOKA 

C POCTOM BeJ1H4HHbl 31leKTpOHHOrO TOKa YBe1llri4HBa·eTCR eMKOCTb 

HOHHOH IlOBYWKH, COKpa~aeTCR epeMR HOHH3841r1H, He06XOAHMOe 

A11R nony4eH~r~R Tpe6yeMoro napaMeTpa j r /npo~r~sseAeH~r~e nnOTHOCTH 

3.neKTPOHHoro noToKa Ha epeMR HOH1r1384HH/. Ho np~r~ eenH4HHe 31leKT

POHHOro TOKa 601lbWe 100 MA pe3KO yMeHbW8eTCR M8KCiriM81lbHO pea-

11H3yeMaR BeJ1H4HH8 KOMneHC841r1H HOH8MH o6~eMHOrO 38PRA8 31leKTPOH-
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Puc.4. BnHHHHe BenHqHHN 3neKTpOHHoro TOKa aa HHTeHCHB

HOCTb HCTQqHHKa npH ~HKCHpOBaHHOM napaMeTpe j r= 

=7,7·10 19 CM-2• 
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PHC. 5 ~ ·BJIHRHHe BeJIHt!HHbl 3JieKTP0HHOro TO

Ka ITY'£Ka Ha OTHOCHTeJibHbii':f: COCTaB :Rgep 

yrnepoga B o5~eM crreKTpe npH ~HKCHposaH
HOM rrapaMeTpe j r =7, 7. I 019 eM -2 H pa3-
HNX B€nHt!HHaX KOMITeHCaQHH 06~eMHOf'O ga
pRga 3JieKTpOHHOro nyt,~Ka HOHaMH, 

Q i 
I - ~ =0,3; 2 - MaKcHManbHO B03MO~HaH 

KOMIIeHCaiJ;HJI, 

Q, 

a, 
PHC. 6, BbiBO,[.( HOHOB H3 nosym
KH BO BpeMH crraga 3JieKTpoH
HOf'O HMITYJibCa, Ill Mill (I'll) 

HOrO ny4KS. Ha pHC. 4a npHBeAeHa 3aB~C~MOCTb MSKCHMSDbHOrO 
3ap~Aa, B~BOAHMOrO H3 nOBYWKH, OT eenH4HH~ 3neKTPOHHOro TOKS 
np111 $HKCHPOBSHHOi1 Bei1H4HHe j i =7, 7 · 10 19 CM - 2, Ha pHC. 46 - T<3 
me 3SBHCHMOCTb B e~HHH4SX KOMneHca~HH o6ceMHOrO aapRAa 3neKT
POHHOrO ny4Ka HOHSMH, l13MepeHIIIR 6biJU1 npoBeAeHbl npH pa6oTe 
3neKTPOHH0~ nyWK~ C KaTOAOM A~aMeTpOM 1 MM ~ 3HeprHH ~OHH3H
py}Oll),I-1X 3lleKTPOHOB ""1 0 K3B, B JlOBYWKy BBOAHllHCb HOHbl yrnepOAS, 
BJlHRHHe aem·14Y!Hbl 3IleKTPOHHOfO TOKS Ha 3¢l¢eKTHBHOCTb B3SV!MQ
AeVicTBJ.1.A ~OHHO~ MHWeHH C 3J1eKTPOHHbiM nOTOKOM OTpamaeT PHC. 5, 
KpHBSR 1 nOKS3biBSeT 3S8J.1C~MOCTb OTHOCHTeJ1bHOro COCTasa fiAep 
yrnepoAa s o6~eM cneKTpe 3SPRAHOCTe~ npH cpe,qHe~ 3a speMR 
HOHH3S~HH KOMneHCS4HH 06ceMHOro 3SPRAS 3neKTp0HHOrO ny4Ka HO
HSMH"" 0,3, KPHBSR 2- npH MSKCHMaJlbHm1 KOMneHCS4HH. 06e KpHBble 
6bi11H CHRTbl npH ¢HKCHpOBSHHOM napaMeTpe j r =7, 7 .1 0 19 CM -2, 

npOV13BOAI-1TeilbHOCTb I-1CT0'-IHI-1Ka 3SBHCHT H OT 3¢Ml>eKTHBHOCTI-1 Bbi
BOAS HOHOB H3 JlOBYWKH. noTepH J.10H08 HS 3J1eKTPOHHOC1 H I-10HHOC1 
OnTHKe npeHe6pe>K~MO MSilbl, J.iOHbl, yXOARLI.\He HS 3J1eKTpOHHbiC1 KOil
IleKTOp, He perHCTPHPYIDTC.A, TSK KaK BeJlHLIHHS HOHHOrO CHrHalla 
MeHbWe WYMOB 3J1eKTPOHHOrO TOKa. YxOA HOHOB Ha 3lleKTPOHHbli1 KOJ1-
neKTOp MO»<eT 6b1Tb Bbi3BaH HeCHMMeTpH4HOCTbiO BbiXOAS 3J1eKTpOHHO
ro ny4KS 1-13 MSfHHTHOrO nOilR BCJ1eACTB~e HeTOLIHOC1 IDCTHPOBKH 
3J1€KTPOHHO-OnTH4eCKOC1 CHCTeMbl OTHOCHTellbHO MarHHTHOH OCH ~ HC
Ka>KeHHeM MSfHVITHOfO nOJ1R 8 o6naCTH 3lleKTpOHHOrO KOillleKTOpa • 
.Q.n.R J.1CCileAOBSHJ.1R BJlHRHHR Se!lH4HHbl 3!1eKTpOHHOro TOKa HS noTePH 
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Bb!BOA ~OHOB npo~3BOA~ncR Ha cna.Qe 3neKTpOHHoro ~Mnynbca nocne 

18Q MC BpeMeH~ ~OHI-138~~~ np~ 3Hepr~~ ~OHM3Mpy~~MX 3[1eKTpOHOB 

"" 10 K36, Bei1Y14~He TOKa 3.T'JeKTpOHHOrO nyi..IKS 80 speMR ~OHH3a-

~MM 75 MA ~ MSKC~MSflbHOM BBOAe ~OHOB yrnepOAS 8 noeywKy. 3neKT

POHHaR nywKa pa60Tana C KSTOAOM A~SMeTpOM 0,8 MM. Ha pHC. 6 
np~Be,QeHbl KpMBble ~3MeHeHMR HOHHOrO 3apR.QS, Bb!Be.QeHHOrO H3 

fiOBYWKH,H 3aPRAa 3fleKTpOHHOrO ny4Ka B 06~eMe HOH~3S~YIH OT spe

MeHH cna.Qa 3IleKTpOHHOro HMnynbCS. J.1oHHb!l7t 3apR.Q, BblBe,QeHHblH H3 

noeywK~, eoapacTaeT npH yMeHbWeHHH 3neKTPOHHOro TOKa AO 42 MA 

H Aa}l(e npeBb\WaeT o6beMHbtl-1 3apR.Q 3fleKTpOHHOro ny4Ka. npH 3TOM 

Cpe.QHAfl 3Spfi.QHOCTb HOHOB B o6~eM cneKTpe HeCKOflbKO yMeHbWSeT

Cfl. 3TO 03Hai..ISeT, \..ITO 8 nepey~ Ol..lepe.Qb TepR\OTCfl ltlOHbl, 6onee 

YASfi€HHble OT l.leHTpa ny1..1Ka H HSXO.Qfi~HeCfl SHe ero. 

PA60TA HCT04HHKA B PE~HME OC~HnnHUHH 
3DEKTPOHOB HOHH3AUHH 

Bo epeMR pa6oTb1 ~CT04HitlKa c ManblMH sen~I..IYIHSMH 3neKTPOHHoro 

TOKa ~OHb\, Bb!BO.QJ.1Mble \.13 fi0BYWKY1, 3HSI..IHTeilbHO npeBOCXO.QfiT nO 

sap RAY 3IleKTPOHHb1H nyi..IOK /p1o1c. 7 I. 3To roeop~T o Hani-14HYI a o6oe

Me HOHH38U.~H 06naKa 0CU,J.1Illllo1PYIOU\HX 3J1eKTp0HOB, KOTOpbte fiBflfi\OT

Cfl 3IleKTpOHSMH HOH~3SU,HH, o6pa30BSHHb\MH B o6nacn1 BBOAS ~ 

3neKTPOHHoro KonneKTOpa. B cny1..1ae 6onbworo noToKa ra3a H3 Ha

TeKaTenR reHepaLJ,J.1A OC~HJlflHPYIO~HX 3neKTpOHOB B03MOmHa C HCnOnb-

3088HHeM pa3pR,Qa neHHHra. noTOK pa604ero rasa C03ASeT ycnOBHe 

.QnR B03HHKHOBeHHfl B Tpy6Kax APeH¢a, pacnOJlO>KeHHbiX B HapacTa\0-

~eM MSrHHTHOM none, YCTOi14HBOrO pa3pR,Qa. Pa3pR.Q HHHU,HHpyeTCR 

pe3KHM H3MeHeHMeM noTeHl.IHana Tpy6KH APeH¢a HOHHOH HilH sneKT

POHHOH OnTHKH H HMnyflbCOM 3I1eKTpOHHOrO TOKa, nocne 1..1ero HaKan 

KaTOAa npeKpaU\aeTCR. Ha pHc. Sa npHse.QeHa 3SBHCHMOCTb HOHHOro 

3apfi.QS, BbiBO.QHMOrO ~3 .nOBYWKI-1, OT speMeHH H0HH38li,HM, nonylleH

HSR B 3TOM pe>KHMe, Pa60LIHM ra30M 6b!Il MeTaH, 1-1 8 IlOBYWKY BBO

AHI11-1Cb HOHbl yrnepo,qa. nyHKTHpHOI-1 DHHHei:1 nOKa3aHO nocTynneHMe 

a. 

2 

0 o 10 lfJ 50 ~D 5(} 60 Tf! &0 ut,.t) 

B IlOByWKY HOHOB /B OTCYTCTBHe 

HX BBO.Qa/, KOTOp~e RBilfi~TCR 

8 OCHOBHOM HOHaMH yrnepO,Qa. 

Ha pHc.86 noKa3aHa 3son~~MR 

80 BpeMeHH OTHOCHTe!lbHOro co

CTSBS HOHOB yrnepo,Qa pa3HbiX sa

pR.QHOCTeH e o6~eM cneKTPe A.nR 

PHC.7. Pa0oTa HCTOqHHKa TIPH Be

nHqHHe 3neKTpOHHOro TOKa nyqKa 

33 MA H 3HeprHH 3neKTpOHOB HOHH-

3a~HH 6 K3B. 
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3TOrO pemHMa. ~aHHaR 3BOn~~HR COOTBeTCTByeT nnOTHOCTH o6naKa 
oc~~nn~py~~Hx 3neKTPOHOB ~ 7 A/cM 2 npH 3¢$eKTHBHOM ero AHaMeT
pe=ol MM. 

Cyw,eCTBeHHbiM HeAOCT8TKOM 3TOrO pe>Kio1Ma RBnReTCR HH3KSfl nlloT
HOCTb 311eKTpOHHOro 06naKa. 

Ha pJ.IIc. 9 npHa·eAeHa aaBJ.IICJ.IIMOCTb J.IIOHHoro aapRAa, BbiBeAeHHo
ro J.ll3 noeywKJ.II, oT epeMeHJ.II J.IIOHJ.II3a4HJ.II e pe~J.IIMe, KOrAa reHepa4J.IIR 
OC4HnnJ.IIPY~W.HX 3IleKTpOHOB npO'BOAJ.IIllBCb 3IleKTpOHHblM ny4KOM B 
o6naCTJ.II AOnOnHJ.IITenbHOH HOHHOH noeyWKJ.II, pacnono>KeHHOH B Hapac
Ta~w,eM MarHHTHOM none nepeA MeCTOM BBOAB. 0C4J.IIIlnHpy~~He 3neKT
pOHbl J.IIMeilJ.II B o6"'beMe J.IIOH\11364J.IIH 3HeprJ.II~ .., 2, 5 K38. 

npHMeHeH~e 3Toro pe>KJ.IIMB He npJ.IIeeno K aaMeTHOMy YXYAWeHJ.II~ 
cneKTpa 3apRAHOCTeH HOHOB yrnepOAa. CneAyeT OTMeTHTb, \.ITO 
nOnbiTKH yeenH4HTb 06"'beMHblH aapRA OC4J.IInnHpy~~HX 3IleKTpOHOB 3a 
C\.leT 311eKTp0HOB npRMOro ny4K~, OTpa>KeHHblX H3 06naCTH KonneK
TOpa, npHBOART K YXYAWeHH~ pe>KJ.~~Ma pa60Tbl HCT04HHKa. 

B aaKllKNeHHe aeTOP BblpamaeT rny6oKy~ 6naroAapHOCTb E.~. ~oH
U.Y aa pyKOBOACTBO pa6oToH J.ll none3Hble o6cy>KAeHHR, A.J.1.nJ.IIKHHY, 
A.n.Cycnoey, n.K.~>KaKynoey, B.B.CailbHHKOBY aa noMOW.b B pa6oTe. 
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PHc.8. Pa6oTa HCTo~HHKa B pe~Me oc~R~H HOHH3Hpyro
JWIX 9neKTPOHOB. 

' tJ l ~II U Ill ltJ(J 110 I'ID "D Ill iffl 

PHc.9. Pa6oTa HCToqHHKa c Ha
KonneHHeM OC~Hpyro~X 9neKT
pOHOB B o6~eMe HOHH3a~ npH 
BenHqHHe TOKa 9neKTpOHHOro n~
Ka 105 MA. 
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