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BBE!lEHHE 
11KpHOH-1

1 1 R811FI€TCR KpHOreHHbiM 3JleKTPOHHO-ny'-leBbiM lt10HHbiM 

\IICTO'-IHI-1K?M· MHoroaapRAHbJe lt10Hbl o6paayJOTc~ e peaynbTaTe AJli-1-

TenbHoro B3S\IIMOAe~CTB\IIFI HOHHOH MHWeHH C ny4KOM HOHI-13\IIPYIO~HX. 

311eKTPOHos. B oceeoM HanpasneHvH1 1-lOHbl ygep>KVIBSIOTC.A n<;neH~I-laJlb

HbiMI-1_ 6apbepSMH, HanaraeMbiMH HS rpSH\4'-IHble CeKL.I\11\.1 06beMS HOHH-

3SU,HVI, B pa,QI-1SilbHOM - 06beMHbiM 3SPRAOM 3J1€KTpOHHOrO ny4Ka. 

3neKTPOHHbiH nOTOK $9PMV1py.eTC.A nyWKOill C nll!pCOBCKOi:\ reat-\eT

pHeill, pacnonomeHH0C1 s MarHH.rHoM none Ha sxoge a·: coneH.OVIA, 

npl4 3TOM_ peSJ1H3yeTCFI MarHlr1THSFI KOMnpeCC\IIFI no nllOIL\SAI-1 3JleKTpOH-

HOrO ny4i<a, _pasHa .A 6. . 
f)ogpo6Ha· npHHU,VIn AeHcTB\IIfl M KOHCTpjKLJ,H.A lt!CTO'-lH\IIKS onlo1CSHbl 

pj l-S(JlaHHSA pa6oTa. nOCBfllL\eHa HCClleAOBSH\1110 ~11_\IIFIH\IIfl Ha 3¢¢eK

T\11BHOCTb B3S\11MOAe0CTB\11R \IIOHHO~ M\IIWeH\11 C ny4KOM \IIOH\11~\IIPYIO~\IIX 

3J]eKTpOHOB Bel1\114\11Hbl MSrH\11THOrO nOJ1fl \11 CTe,heH\11 KOMneHCS~\11\11 

o6beMH~ro- aaPR·A~ 3I1eKTpQ.HHoro _ny4K~ \IIOHSM\11, 
- -

3KCnEPHMEHTAnbHAR YCTAHOBKA 

Cy~ecTeeHHbtX \113MeHeHvt(1 a KOHCTPYK~\1110 ycTaHOBK\11 no cpaeHe

H\1110 C Om1CSHHOi1 8 pa6QTe /3/ BHeceHO He 6btl10. 5bll1\11 npoeeAeHbl 

nOA60p OnT\11M-SJ1bHOrO p€}1{\IIMS pa60Tbl \11CT04H\11KS, KOppeK~\IIFI Mar

H-\11THOro.n011R 8 0611SCT\11 K01111€KTOpa \11 311€KTPOHHO~ nyWK\11 nOCTORH

HbiM\11 MarH\IITSM\11, Y11Y4WeHo cornacoaaH\IIe 3Hepr\11\11 3I1eKTPOHHoro 

ny4KS C HapSCTSIO~\IIM M~rH\IITHbiM .nOJ1€M Ha BXOA€ B C011€H0\11A, 8 pe-

3YJ1bTaTe npOB€A€HHOi-1 pa6.0Tbl 6bl11 AOCT\IIrHyT YPOB€Hb KOMneHca~\11\11 

06b€MHOrO 3SPRAS 311€KTpOHHOrO ny4KS \IIOHSM\11 ~90% np\11 B€11\114\IIHe 

311€KTpOHHOrO TOKS AO 100 MA \11 epeMeHaX \110H\113S~\11\11 6ol1bWe 100 MC, 

J..1CC11eAOBSH\11e 3¢¢eKT\118HOCT\11 \110H\113S~'I·1\II np0BOA\11110Cb C \11Cn011b-

30BSH\11eM KaTOAOB 311eKTpOHHO~ nyWK\11 A\IISMeTPOM 0,8 MM np\11 Be11\II-

4\IIH€ 311~KTpOHHOrO TOKa le = 60 MA \II KSTOAOB A\IISMeTpOM 1 MM np\11 

I e = 95 MA, 4TO cooTBeTCTeyeT OAHOM \11 ·roM me nnoTHOCT\11 311eKT

POHHOro noTOKa. 3HeprV1.A \110H\113Hpyl01l.\lo1X 311eKTPOHOB 6bi11S paSHa 

E e = 6 K3B. VlaMe~;>eH\IIR npoxoA\1111\11 a A\llanaaoHe Ma rHHTHbiX no11eH 

C011€H0\11AS OT 7,5 AO 15 KfC. np\11 MeHbWHX 8€11\1141o1HSX MarH\IITHOrO 

n011F1 pe3KO B03pSCTaeT noCTyn11eH\11e ¢oHOBbiX \IIOHOB 8 110BYWKy·, 4TO 

CBR3SHO C TOKOOC€ASH\IIeM Ha Tpy6KaX APe~¢a. MaKC\11MSJ1bHSfl Be11\11-

~\11HS nonR onpeAe11rreTcR B03MOM<HOCTRM\11 KPV1oreHHo-MarHV1THO~ C\IIC

TeMbt \11CT04H\11Ka. 
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3KCnEPHMEHTAnbH~E PE3YnbTAT~ 

WccneAoBaHHe 3¢$eKT~SHOCTH ~oH~aa~HH aaKn~4anocb a cneAy~
uteM. 6blm1 CHHTbl Kp"fSble 3801lK)~t-11-1 cneKTPOB 3ap.A;QHOCTeiil HOHOB 
a30Ta npH p83l1H4Hb1X Cpe;Q~HX 3a BpeMR HOHH3S~HH KOMOeHCa~HRX 
3ap.A;Qa 3!1eKTPOHHOrO ny4Ka HOHaM!rl H npH pa3Hb1X 3Ha4eHH.AX sem1·-
4HHbl MarHHTHOro non.A COneHOH;Qa~ KaK H B pa6oTef4~KPHBble CHH
ManHCb B 3aBHCHMOCTH OT KOl1H4eCTBa 3l1eKTPOHOB (qe)• npoWeAWHX 
4epea HOHHYK> MHWeHb. 4To6bl HMeTb B03MOmHOCTb cpaBHHBaTb KpH
Bble 3BOl1f04HH, nOCTpOeHHble npH pa3H~X Ce4eHHRX 3l1eKTpOHHbiX 
ny4KOB, napaMeTp qe B Cl1y4ae pa6oT~ nyWKH C KaTOAOM ;QHaMeT
pOM 1 MM yMHOmal1CR Ha K03~$H~HeHT 0,64, paBHbl~ OTHOWeHHK> Ce4e
HHR aneKTpOHHOrO ny4Ka npH pa60Te nyWKH C KaTOAOM ;QHaMeTpOM 
0,8 MM K Ce4eHH~ ny4Ka npH pafioTe nyWKH C KaTOAOM AHaMeTpoM 
1 MM. 

nn.R Hnn~Tpa4H~ Ha pHC.l npHBeAeH~ 3BO.n~4HH OTHOCHTellbHOrO 
COCTaBa HOHOB a30Ta C P83iiH'4HOi1 ·aap.RAHOCTbiO, Ha4H:HaR C "4eTBep
TOJ:1, a o~eM cneKTpe npH cpeAHeti aa epeMR HOHH3a4J.<tH KOMneHca-
4MH 3neKTpOHHOrO ny~a HOHaMH 35% AnR ~SYX 3Ha4eHHH MarHHT~OrO 
nOilR -co.neHOMAa ·: 1 5 H 12 , 5 Kr C • 

Ha pwc.2 npeACTa-slle-Hbl Te .)f(e aaeHCt.1MOCTH nPH eesu.t~HHe Mar
HHTHoro-nGnR 15 KfC Afi.R TpeX 3Ha4eHHH KOMneHCa4HM 06DeMHOrO 
3apRAa 3neKTPOHHOrO ny4Ka HOHaMH. ~3 npHBeAeHH~~ PHCyHK0B BHA
HO, 4TO CXOPOCTb "3BOI1~4HH cneKTPOB 3apRAHOCTeJ:1 HOHOS CHllbHO 
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PHc. 1 • 3BOJIIO~H cneKTpa 3apHp;_
aocTeH HOHOB asoTa .AJIH paaJIHli
HbiX BeJIHliHH MarHHTHOI"O IIOJIH 
npH 4JHKCHPOBaHHoft KOMIIeHCal(HH 
3apn~a sneKTpOHHoro rryliKa(Qe) 
HOHaMH(Q i)• Qi/Qe=(),35, KaTO.D; 
Iii MM, Ie =95 MA. B = 
= 15 Kfc, - - - B = 15,2 Kfc. 

Pac.2. KpHBNe sBoniO~H cneKTpa 
sapR~HOCTeH HOHOB a30Ta AJIH 
pagrrHqHhlx saaqeHHH KoMneaca
l(HH 3apH~a 3JieKTpOHHOI"0 nyqKa 
HOHaMH IIPH ~HKCHPOBaHHOH ae
JIHqHHe MaraaTnoro rron.a. B = 

15 Krc, KaTo,o; ~ 1 MM, Ie = 
95 MA,- Q 1/Qe = 0,11; 
- - G1 /G• =0,35; -· -Q;IQ. = 
0,68. 



3aa~C~T OT BeJ1~4~H~ MarH~THOrO nOflR ~ CTeneH~ KOMneHCa~HH 06DeM

HOrO 3BPRAa 3fleKTPOHHOrO ny4Ka ~HaMH. nyTeM cpasHeH~R nOcTpoeH

HbiX 3BOfliO~HH' C 3BOfliO~HeH, nonyl.leH-HOH npH pa60Te nyWKH C KBTQ

AOM AHBMeTPOM 0,8 MM, aenH4HHe MBrHHTHOrO OOflR 12,5 KfC H cpeA

He~ KOMneHCa~HH aa apeMR HOHH3a~HH 27%, 6~111-1 OOCTpOeH~ rpa$HKH 

3BBHCHMOCTH 3$¢eKTHBHOCTH HOHH3B~HH OT BeJ1H4HH~ KOMneHCB~HH H 

MBrHHTHOfO nonR, Ja 3$¢eKTHBHOCTb HOHH3a~HH 6paJ10Cb 3Ha4eHHe 

Q e ~. 8 OTHOCVJTeflbHbiX €AHHH~ax, PBBHOe qeH rAe napaMeTpbl 
q. • 

Q eH H Qe COOTBeTCTByiOT OAHHaKOBOMY cneKTPY B cpaBHHBaeMbiX 

3BOJ110~HRX, QeH OTHOCHTCR K 3BOJ110~HH, C KOTOpoH npOHCXOAHT 

cpasHeHHe. 4To6~ H36e~aTb norpeWHOCTH, CBR3aHHOH C B03MO*H~ 

npHCYTCTBHeM $OHOBbiX HOHOB reJlHR, cpaBHHBaeMble SeflH4HHbl 6pa

J1HC.b a T04Kax, rAe A011R RAeP a cneKTpe He npe-sblwana 5%. 3To 

OC06eHHO Sa~HO AJlR 3BOJ110LJ,Hi1, OOJ1y4eHHbiX npW -Mal1biX KOMneHCa4HRX 

06DeMHOfO 3apRAa 311eKTPOHHOrO ny4Ka MOHaMH. 

Ha pHc.3 npHeeAeH~ rpa~HKH aaBHCHMOCTH a~eKTHBHOCTH HOHH

aa1.41o1H O'TK'Ot•meHCal.lHH 06DeMHOro 3aPR-Aa 3JleKTp0HHOrO 0Y4Ka HOHa

MH A11R pa3JlH4HbiX BeJ1H4HH MBrHHTHOrO nOJlR COJleHOHAB npH pa6oTe 

aneKTpOHHoH nywKH c paaHbiMH KaTo_.qaMH. PMc. 4 HnnocT.pHpyeT aa

BHCHMOCTb 3~$eKTHBHOCTH MOHH3aU,KM OT 9eJ1H4HHY _MarHHTKOrO nonR 

npH -paa.n~'4Hb1X cpeAfi-HX 38 apeMR I-10HH38ltHH KOMI'IeHCB14,HRX o6DeMH0-

10 aapRAa aneKT_poHHoro ny4Ka HOHaM~. Ma npHBeAeHHhiX rpacSH1KOB 

B'MAHO, \.ITO BeDH'-IHHa MdrHHTHOrO nonR OKB3bi-B8eT CHllbHOe :BilHRHHe 

Ha 3¢$eKTHBHOCTb ~0HH3a~~H. 3TO rosOpHT 0 TOM, '-ITO HOHW BO 

BpeMR BBOAB B flOBYWKy H 9 npo1.4eCCe HOHH3~~H He npK06peTa~T 

a 

Pac.3, 3aBHCHMOCTb 3~eKTHBHOCTH HOHH3~HH OT CTeneHH 

KOMTieHca~HH 3apn~a 9neKTpoHHoro nyqKa HOHaMH AUR pa3-

HhlX AHaMeTpOB 9neKTpOHHoro noTOKa 

ro nonn. I - B = 7,5 Krc; 2 - B 
- 15 Krc. a- KaToA P0,8 MM, Ie = 

"1,0 MM, I.= 95 MA. 

H BenHqHH MarHHTH0-

12,5 Kfc; 3- B= 
60 MA; 6 - KaToA 
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PHc.4. 3aBHCHMOCTb 3~eKTHBHOCTH 
HOHH3aUHH OT BeJIH'liHHhl Mai'HHTHOI'O IIO
JUI MH pa3HhJX AHaMeTpoB 3JieKTPOHHhiX 
IIY'liKOB H CTeiTeHH KOMIIeHCaUHH 3apR~a 
3JieKTpOHHOI'O rryqKa HOHaMH, - - -
KaTo~ 0 1 MM, Ie = 95 MA; -- KaTo~ 
¢0,8 MM, Ie = 6Q MA; I H 1'- Qj/Qe= 
= 0, I ; 2 H 2 '- Qi /Q e = 0, 2; 3 H 3 ' -
.Qi/Q e = 0,3. 

3aMeTHOH paA~aJlbHOi1 3Hepr~~ ~ no3TOMY BcerAa HaXOA~TC~ Ha AHe 
nOTeH~~ailbHOi:1 RMbl, C03AaBaeMOi:1 o6oeMHbiM 3ap~AOM 3JleKTpOHHoro 
ny'-!Ka. 6onee c·L-11lbHOe Bn~~H~e Ha a¢¢eKTJ.1BHOCTb ~OH~3a~..t~~ oKa-
3bJeaeT SeJ1J.14J.1Ha KOMneHCa~l-11-1 06beMHOrO 3ap~Aa 3JleKTp0HHOrO ny_'-1-. 
Ka ~OHaMI-1, HeO>KI-IAaHHbiM ~BJl.Ael-c.A TO, LITO 8 o6naCTL-1 MaJlbiX 3Ha-
4eHJ.1~ KOMneHca~J.1J.1 3aBJ.1CJ.1MOCTb CTaH08!-1TCfl. 6onee Cl11lbHOi1. 3T0,1 

BJ.1AMM0, CBfl3aHo c 6onbweH nnoTHOCTbto' aneKTPOHHorO rioToKa e I 

~e-HTpe n)i4Ka 1 XoTfl np~ ~·cnonb3yeMoi1 CMCTeMe ¢opM1-1poBaHJ.1R aneKT_:... 
POHHOrO no·TdKa n.flOTHOCTb AOfl>KHa 6bi,Tb BbiWe Ha rPaHI-1-~e nyi..!Ki3, 
noebiWeHHYIO MJlOTHOCT b 3Jlei<'TpOHOB I-10HJ.13a~l-1i-1 B 1.4eHTpe ny4Ka ,.;1Q}f{
HO 06bRCHI-1T.b Ham141-1eM nyhbCa1.4t--~H aneKT'poHHorb noToKa 1 aMnn~Ty
Aa KOTOpbtX, npJ.1 J.1CnOJlb3yeMbiX nilOTHOCTRX 3JleKTPOHOB J.1 AVIana3o
HaX MarH-~T-Hb!X noneH, Hanp'aeneHa sHyTp'b nyi..!Ka15(.B ripo1.4e.cce ·,..,o-
HJ.13a~~,V1 J.10Hbl CKaMJ1"1BaiOTC.A 8 u,eHTpe a·n·eKTpoHHoro nyi..!Ka·, '1-1 l..leM 
MeHbwe· CYMMaPHbiH 3aPRA J.10HOB, TeM MeHbwe paA·~yc MOHHOti M1-1weH1-1 
~ CJ.1JlbHee B!lJ.1.AHJ.1e nynbCal.41-1i1 3JleKTPOHHOro nOTOKa, npi-1BOAfllJ.II-1X i< 
YBEI11-1LieHJ.110 3¢¢eKTt-1BHOi1 nilOTHOCTI-1 I-10HL-13~PYIOlJ.II-1X 3JleKTPOHOB 1 npo
XOARlJ.II-1X 1..1epe3 1-10HHYIO MJ.1WeHb. 

B 3aK!ll04eHI-1e asTop C4t-1TaeT cBOt-1M AO!lrOM Bblpa3~Tb 6naroAap·
HOCTb E • .Q.,QOH1.4Y 3a PYKOBOACTBO pa6oToi1, A.ltl.ni-1KI-1HY 3a PRA no.
!le3HbiX o6cy}f{AeHI-1i1. 
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