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HccneAo8aHHe AHOAa c nna3MeHH~M KaTOAOM 80 8HewHeM npOAOnb
HOM MarHHTHOM none 6~n0 8bl38aHO He06XOAHMOCTb~ HMeTb $H3H4~
CKOe npeACTa8neHHe 0 8nH~HHH MarHHTHOrO non~ Ha xapaKTepHCTH
KH CaMara AHOAa H 3neKTpOHHOrO ny4Ka npH era H~meK~HH 8 nna3-
MeHHbiH 3neKTpOHonp080A 4epe3 MarHHTHyiO nHH3y, 8 none KOTOpOH 
nonaAaeT H npoMemyTOK MemAY aHOAOM H KaTOAOM. KpoMe TOro, 
3TOT 80npoc npeACTa8n~eT HHTepec 8 C8~3H C npHKnaAH~M npHMe
HeHHeM AHOA08 An~ reHepa~HH CB4 Kone6aHHIII,ycKopeHH~ HOH08HT.n. 

CxeMa 3KcnepHMeHTanbHOH ycTaH08KH npH8eAeHa Ha pHc. 1. ,llHOA 
noMe~eH 8 nOCTO~HHOe npOAOnbHOe MarHHTHOe none, C03Aa8aeMoe 
KOpOTKOH MarHHTHOH nHH30H. TpaHCMHCCHOHH~H aHOA 8blnonHeH H3 
6epHnnHe8oill ¢lonbrH Ton~HHOH 150 MKM. KaTOAHa~ nna3Ma $0PMHpy
eTc~ Ha OCH08e He3a8epweHHOrO pa3PRAa no no8epXHOCTH AH3neKT
pHKa. KaTOA COCTOHT H3 MeTannH4eCKOrO CTepmH~ /2/, AH3neKTpH-
4eCKOH 8CTa8KH /3/ TOn~HHOH 3 MM H3 8HHHnnacTa H MeTannH4eCKOH 
ceTKH /4/ C ~4eHKOH pa3MepOM 1 ,5x1 ,5 MM 2 H AHaMeTpOM np080no-
4eK 0,1 MM. t·1aTepHan MeTannH4ecKoill ceTKH - Hepma8eiO~a~ cTanb. 
,llHOA 3anHT~8aeTC~ OT npOM~WneHHOrO reHepaTopa HMnynbCHOrO Ha
np~meHH~ THna reHepaTopa ApKaAbe8a-MapKca rHH-500 11(Hanp~meHHe 
Ha AHOAe H3Mep~eTC~ 8~COK080nbTH~M AenHTeneM Hanp~meHH~ /B,ll/, 
a 3neKTpOHH~H TOK - ~HnHHAPOM $apaAe~ /5/, ycTaH08neHH~M 3a 
aHOAOM. PacnpeAeneHHe nnoTHOCTH TOKa onpeAen~eTc~ npH noMO~H 
ceK~HOHHpo8aHHoro ~HnHHAPa $apaAe~. CHrHanbl c AaT4HK08 nocTy
naiOT Ha WHPOKOnonOCH~H weCTHny4e80H HaHOCeKYHAH~H perHCTpaTOP 
6IlOP-04. 

,lla8neHHe ocTaT04Horo ra3a 8 AHOAe P.::'J 0 -& Topp. 0TKa4Ka npo-
80AHTC~ napoMacn~H~M arperaTOM BA-0,5 c 8~MopamH8aHHeM napo8 
Macna. BenH4HHa Hanp~meHHOCTH npoAOnbHoro MarHHTHoro non~, ¢Jop
MHpyeMoro nHH3oill, Hz=500+2000 3. MarHHTHa~ nHH3a 3anHT~8aeTc~ 
OT HCT04HHKa noCTO~HHOrO TOKa. 

8 pe3ynbTaTe o6pa60TKH CHHXPOHH~X OC~HnnorpaMM HMnynbC08 
HanpAmeHH~ H 3neKTPOHHoro TOKa nocTpoeHa 80nbTaMnepHa~ xapaKTe
pHCTHKa /BAX/ AHOAa /pHc.2/ npH $HKCHp08aHH~X 3Ha4eHH~X Hanp~
meHHOCTH MarHHTHoro nO'iiR"Ha ocH H 8 cepeAHHe nHH3bl. AHanH3 
3KCnepHMeHTanbH~X rpa¢JHK08 nOKa3~8aeT, 4TO npH He6onbWHX Y 
I y- penATH8HCTCKHH ¢laKTOP, y= 1 + U/510, rAe U - Hanp~meHHe Ha 
AHOAe /KB// MarHHTHoe none no380n~eT y8enH4HTb 8enH4HHY 3neKT
POHHoro TOKa 6naroAaP~ ero $OKYCHPYIO~eMy AeHCT8HIO. npH 
y8enH4eHHH •y poeT 3neKTpOHHOrO TOKa He3Ha4HTeneH, 8 TO 8pe
MA KaK 6e3 MarHHTHoro non~ TOK npH y8enH4eHHH y pacTeT no 3K
cnoHeHTe. 

B pa6oTe 1 21nony4eHa ¢JopMyna An~ onpeAeneHH~ nnoTHOCTH 3neKT
poHHoro TOKa AHOAa, noMe~eHHOrO 80 8HeWHee npOAOnbHOe MarHHTHOe 
none: 
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PHc.I. CxeMa 3KcnepHMeHTanbHOH 
ycTaHoBKH: I - aHoA; 2 - MeTan
nHqecKHH CTep~eHb; 3 - AH3fleKT
pHqecKaH BCTaBKa; 4 - MeTannH
qeCKaH CeTKa; 5 - QHflHHAP ~a
paAeH; 6 - MarHHTHaH flHHaa; 
7 - OCQHnnorpa«l>; B,[( - BbiCOKO
OMHbiH AenHTenb HallpH~eHHH. 

rAe d - aasop MelKAY aHOAOM 
~ KaTOAOMj e,m - 3ap~A, Mac
ca 3IleKTpoHa; Hz - eHewHee 
MarH~THOe none; H4>- co6cT
BeHHoe a3~MyTaJlbHOe MarH~T-
HOe none 3JleKTpoHHoro ny4Ka. 
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PHc. 2. BonbT3.MJ:epHaH xapaKTepH
CTHKa AHOAa npH 3a3ope Me~y 
aHOAOM H KaTOAOM I CM H nno~a
AH KaToAa 7 cM 2: o- H z=O 3; 
•- Hz = 500 3; • - Hz = I 000 3; 
o- H z = 2000 3. 

R.p~ cpaeHeH~~ 3Kcnep~MeHTaJlbHbiX 3Ha4eH~H j
8 

c pac4eTHbiM~ 

B~AHO ~X pa3Jl~4~e. 3TO CB~3aHO C TeM, 4TO ~OpMyJla /1/ BbiBOA~
IlaCb Ail~ A~OAa, Y KOTOpOrO KaTOA ~MeeT HeorpaH~4eHHY~ 3M~CC~oH
HY~ cnoco6HOCTb. B ~ccneAyeMoM cny4ae 3M~cc~OHHa~ cnoco6HOCTb 
KaTOAa orpaHH4eHa nilOTHOCTb~ 3JleKTPOHOB B nna3Me ~ ~X TeMnepa
Typoi1. 

3M~CC~OHHa~ ~OpMyJla nna3MeHHOrO A~OAa np~ OTCYTCTB~H SHew
Hero MarH~THoro non~ np~BeAeHa e /31: 

00 

j 8 =ertep fvz f(vz)dvz, 
-.j2viTi; 

/2/ 

rAe n~ - nnoTHOCTb 3JleKTPOHOB nnasM~; W,m - noTeH~HailbHa~ 
3Hepr~~ H Macca 3JleKTPOHa; Vz - COCTaBJl~~~a~ CKOPOCTH 3JleKT
pOHOB B npOAOilbHOM HanpaBJleH~~; f(Vz} - ~YHK~H~ pacnpeAeneHH~ 

3JleKTpOHOB no CKOpOCT~M. CocTaBJl~~~y~ CKOpOCT~ Vz onpeAeil~M 

H3 B~palKeH~~ /1/: 
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1 % Hz 
vz = c(l- -) . ----w- ' /3/ 

y 2 (H2 +H~ 
rAe C - CKOPOCTb CBeTa.z 

An~ nnaaMeHHoro A~OAa, KaK cneAyeT ~3 pa6oT~/3/, KaTOAHa~ 
nna3Ma B TepMOA~HaM~4eCKOM OTHOWeH~~ BeAeT Ce6~ KaK ~AeanbH~H 
raa H 3neKTPOH~ noA4HH~~Tc~ cTaTHCT~Ke MaKceenna-6onb~MaHa. 

noACTaBJl~~ B /2/ Vz, ~yHK~~~ pacnpeAeileH~~~enna-60Jlb~
MaHa f(vz) ~ npoH3BeA~ ~HTerp~poeaHHe, npH ..j2W /m .. o nony-
4aeM 3M~CC~OHHY~ ~OpMyny nna3MeHHOro AHOAa, noMe~eHHoro BO 
BHeWHee npOAOnbHOe none: 

. . Hz·C(l-1/y~% kTep ~ 
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P- KOH~eHTpa~H~ ~ TeMnepaTypa nnaaMeHH~x 3JleKTpoHOB. 

npH H3MepeHHbiX 3Ha4eHH~X /1/ KOH~eHTpa~HH 3JleKTpOHHrn:1 KOMnO
HeHT~ n ep -1 0 12cM-s, TeMnepaType T ep- 1400 K ~ eemt4HHe Mar
HHTHoro non~ Hz = 500 +2000 3 nony4aeM cpaBHHM~e c 3Kcnep~MeH
TailbHbiM~ 3Ha4eH~~ nnoTHOCTH ToKa -100 +300 A/cM 2 , 

M~KPOCTPYKTypa 3neKTPOHHoro ny4Ka onpeAen~eTc~ o6pa6oTKOH 
OC~~IlilOrpaMM C CeK~~OH~pOBaHHOrO ~Hil~HApa QapaAe~ H3 9 KOnneK
TOPOB AHaMeTpOM 5 MM, nepeA KOTOPbiM yCTaHaBJliA.BaeTC~ nornOTHTeJlb 
3neKTPOHOB C KOiln~M~py~~~MH OTBepCT~~M~. KonnHMHpy~~~e OTBep
CT~~ pacnonara~Tc~ Ha OAHOH oc~ c KonneKTopaM~. A~aMeTp~ Kon
IlHM~py~~~x OTBepCT~H COCTaBJl~~T 0,5; 1; 2 H 3 MM. H3MepeH~~ 

npoeeAeH~ Ha paccTo~H~~ 1 CM oT aHOAa. B peaynbTaTe aHan~aa 
nony4eHHbiX 3Kcnep~MeHTanbHbiX AaHH~x ycTaHoeneHO, 4TO oc~~nno
rpaMMbl TOKOB C KOJlneKTOpOB ~Me~T ~OPMY, nOA06Hy~ ~OpMe ~Mnynb
ca TOKa 3JleKTpOHOB C ~~nHHApa Cl>apaAe~. ~IlYKTya~HH aMnJlHTYAbl 
TOKa OT ~Mnynbca K ~MnyJlbCY COCTaBn~~T 20%. np~ YMeHbWeH~~ 
A~aMeTpa KOnil~MHPY~~~X OTBepCT~H AO -1 MM ~IlYKTya~~H aMnJlHTy
A~ TOKa B03pacTa~T AO 35% np~ Hz2800 3. npH CH~T~~ MarH~T
HOro non~ OHH yMeHbWa~TC~ AO 20%. 3TO 03Ha4aeT, 4TO KaTOAHa~ 
'nJla3Ma OAHOPOAHa no CBOeH nnOTHOCTH Ha MaCWTa6HOM YPOBHe -1 MM, 
4TO n04T~ COOTBeTCTByeT pa3Mepy ~4eHKH MeTani1~4eCKOH CeTK~ 
nnaaMeHHoro KaTOAa. npH ero ~3MeHeHH~ MacwTa6H~H ypoeeHb TaK
lKe H3MeH~eTC~ H, KaK noKa3biBa~T 3KCnep~MeHT~, COOTBeTCTByeT 
pa3Mepy ~4eHKH CeTK~. H3 3Toro MOlKHO CAeJlaTb B~BOA, 4TO HanH-
4He MeTailnH4eCKOH ceTKH BJlH~eT Ha OAHOPOAHOCTb 3IleKTPOHHOrO 
ny4Ka H 4eM MeHbWe pa3Mep ~4eHKH 3TOH CeTKH, TeM MeHbWe Macw
Ta6H~~ pa3Mep HeOAHOPOAHOCTH nJlOTHOCTH TOKa. 

3HepreTH4eCKHH cneKTp 3JleKTpOHHOrO ny4Ka H3Mep~eTC~ cneKTpo
MeTpOM C 4aCTH4H~M norno~eHHeM 3JleKTpOHOB B aJl~MHHHeBOH Ci>OJlbre 
TOn~HHOH 50 MKM. nonaAa~HH H npOWeAWHH 4epe3 Ci>OilbrY TOKH H3-
Mep~~TCR HHTerpHpy~~HMH noRcaMH PoroecKoro. Ha pHc.3 npHBeAe
H~ rHcTorpaMM~ 3HepreTH4ecKoro cneKTpa 3JleKTpoHHoro ny4Ka,CI>Op-
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Ml1pyeMoro e A110Ae np11 Hz = 0 11 Hz = 1000 3. BI1AHO, 4TO np11 Hz= 
= 1000 3 xapaKTep 3HepreTI14ecKoro cneKTpa oTnl14eH OT cneKTpa 
np11Hz=O e o6nacTI1 H113K03HepreTI14H~x 3neKTPOHOB. Ecn11 cpaBHI1Tb 
!I>YHK~I110 E(t) 3HepreTI14ecKoro cneKTpa c <J>opMoii 11Mnynbca ycKo
pRIO~ero HanpR~eHI1R, TO BI1AHO, 4TO HI13K03HepreTI14H~e 3neKTPOH~ 

noRBDRIOTCR Ha 3aAHeM <I>POHTe /pi1C. 4/. npl1 Hz= 0 <I>YHK~I1R E(t) 
3HepreTI14eCKOrO cneKTpa nonHOCTbiO noBTOpReT !J>OpMy 11Mnynbca 
yCKOpRIO~ero HanpR~eHI1R. 
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PHc.3. 3HepreTHqecKHH crreKTP 
3JieKTpOHHoro rryqKa: -- - H z = 

= 0 3; -·- -Hz= 1000 3. 
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PHc.4. <l>opMa HMrryJibCa ycKopnro
lllero HarrpmKeHHH ua AJiO,LJ,e /KpH
BaH I I H !l>yHKUHH E(t) 3Hepre
THqecKoro crreKTpa 3JieKTPOHHO
ro rryqKa /KpHBaH 2/. 

TaKI1M o6pa3oM, MO~Ho CAenaTb cneAYIOIIII1e B~BOA~= 

- MarH11THOe npOAODbHOe none BDI1ReT Ha xapaKTep BODbTaMnepHOH 
xapaKTepi1CTI1K11 AI10Aa: np11 yeenl14eH1111 HanpR~eHHOCTI1 nonR 11 yc
KopRIOlllero HanpR~eHI1R Ha AI10Ae poeT TOKa yMeHbWaeTCR; 

- nony4eHO B~pa~eH11e ADR onpeAeneHI1R nnoTHOCTI1 3neKTPOHHO
ro TOKa, !J>OPMI1pyeMOrO A110AOM np11 HaDI141111 BHeWHero npOAODbHOro 
MarH11THoro nonR; 

- c yeenl14eHI1eM MarH11THoro nonR H > 800 3 np11 n11Ta10~11x z -
HanpR~eHI1RX Ha AI10Ae 150-250 KB <J>nyKTya~l111 nnoTHOCTI1 TOKa co-
CTaBnRIOT 35% Ha MaCWTa6HOM ypOBHe, npi1MepHO COOTBeTCTBYIOllleM 
pa3Mepy R4eHKI1 MeTaDDI14eCKOH CeTK11 nna3MeHHOro KaTOAa. 

B aaKDI04eHI1e aeTop e~pa~aeT 6naroAapHocTb H.6.Py611Hy 11 
K.B.XoAaTaeey aa none3H~e o6cy~AeHI1R 11 11HTepec K AaHHOH pa6oTe. 
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