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npH cmaTHH 3neKTPOHHO-HOHHOro KOnb4a B HMnynbCHOM MarHHT
HOM none e KaMepe aAre3aTopa KYTH OHHH AOCTHraeTCR 3HeprHR 
3neKTpOHOB nopRAKa 20 M3B 11( npH TaKHX 3HeprHRX 3Ha4HTenbHaR 
4aCTb CHHXPOTPOHHoro H3ny4eHHR 3neKTpOHOB 3aKn~4eHa B BHAHMOH 
o6nacTH cneKTpa. 

H3MepRR MO~HOCTb H3ny4eHHR, MOmHO onpeAenHTb KOnH4eCTBO 
3neKTPOHOB B KOnb4e, TaK KaK cneKTp H3ny4eHHR OAHOro 3neKTpo
Ha xopowo H3BecTeH /CM. , Hanp. , / 2,3 / /: 

I,\ ~ Ne W,\ , 

I>, - MO~HOCTb H3ny4eHHR KOnb4a; W>, - MO~HOCTb H3ny4eHHR OA-
Horo 3neKTpOHa; Ne - 4Hcno 3neKTpOHOB B KOnb4e . 

.llnR perHCTpa4HH CHHXpOTpOHHOro H3ny4eHHR Hcnonb30BancR ¢OT0-
3neKTpOHHWH yMHOmHTenb ¢3Y-87. CxeMa pacnonomeHHR ¢3Y OTHOCH
TenbHO KaMepw aAre3aTopa noKa3aHa Ha pHc.1. 

B nnocKOCTH, HaXOAR~eHCR Ha paccTo~L-90 CM OT onTH4e
CKOro OKHa, HaXOAHnCR CBeTOBOA /3/ AnHHOH 2 M, KOTOPblH cOeAH
HRnCR C e3y /4/ AnR Toro, 4T06W H36emaTb BnHRHHR pacceRHHWX 
MarHHTHWX noneA. 3KcnepHMeHTW npOBOAHnHCb npH pa3HWX KOnH4ecT
eax 3neKTPOHOB e KOnb4e; nocne cmaTHR KOnb40 pa3mHManocb, H 
3neKTpOHW ewcamHeanHCb Ha CTeHKy KaMepw, npH 3TOM B03HHKa~~HH 
nOTOK y -KeaHTOB 6wn nponop4HOHaneH KOnH4eCTBY 3neKTpOHOB B 
KOnb4e. 3TH H3MepeHHR npOBOAHnHCb no MOHHTOPHOMY e3Y co C4HH
THnnRTOpoM; pemHM pa6oTW e3Y B~6HpancR e o6nacTH nHHeHHOCTH 
no B~XOAHOMY TO Ky npH HanpRmeHHH nHTaHHR u = 1 '7 KB. npH 3TOM 
aMnnHTYAa BWXOAHOrO CHrHana y 6b1na nponop4HOHanbHa 4Hcny 3neKT
pOHOB, KOTOp~e B~camHBanHCb npH pacmaTHH Ha CTeHKH KaMepw. 

Ha PHC.2 npeACTaeneHW oc4HnnorpaMM~ CHrHana c e3Y OT CHHXpo
TpOHHOroCBeTa H TOKa, COOTBeTCTBY~~ero MarHHTHOMy non~ III CTy
ne~H cmaTHR. npoBOAHnCR TaKme KOHTpOnbH~H 3KcnepHMeHT - anepTy
pa ceeTOBOAa nepeKpweanacb 4epHoA 6yMaroA, npH 3TOM Ha npHe~
HHKe B pemHM€ cmaTHR CHrHanoe He 6b1no . .llnR H3MepeHHR 4HCna 
3neKTpOHOB B KOnb4e no CHHXpOTpOHHOMY CBeTy He06XOAHMO T04HOe 
3HaHH€ 3HeprHH 3neKTPOHOB. 3TH H3MepeHHR 6~nH npoBeAeHW CH :
nonb30 BaHHeM y3KOnonoCHWX ¢HnbTPSi)B C nonoc~H nponycKaHHR AA= 
= 100 A, c AnHHaMH eonH OT 4000 A AO 6900 A. CneKTpanbHaR 4ye
c TBHT e nbHOC Tb CHCTeM~ ¢3Y-$HnbTp-ceeTOBOA onpeAenRnacb no r ~b-

¢pa MOBOH naMne CH6-80 : · · - ·--- .,., 
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rAe J(,\i T) - TOK C 4>3Y AJlR AaHHOro 4>1111bTpa C A1111HOH B011Hbl ,\ i; 
P ( •\i T) - MOIJ.IHOCTb 11311y4eHl1R 11aMnbl A11R AaHHOH A1111Hbl B011Hbl; 
11'(~Tr cneKTpa11bHaR 4yBCTBl1Te11bHOCTb Cl1CTeMbl. 

ka11116posKa npoBOA1111acb s pem11Me MOAY1111posaHHoro noTOKa cse
Ta, KOTOpblH C03Aasa11cR spa111a1011111MCR AHCKOM c oTBepcT11eM. HsMe
HRR paCCTORHl1e MelK.AY 11aMnOH 11 A11CKOM, MO>K.HO 113MeHRTb.CBeTOBOH 
noToK. Ha p~c.3 npe/4cTas11eHa aas11c11MoCTb aMn1111TYAb1 c11rHa11a 
C 4>3Y OT BenH4HHbl CB8TOBOro nOTOKa; B11AHO, 4TO 0611aCTb 1111HeHHO
CTl1 A0XOA11T AO 100 MB' 3TO COOTBeTCTBYeT BblXOAHOMY TOKY C 4>3Y 
J a= 2 MA np11 A1111Te11bHOCTl1 11Mny11bca CBeTa r = 2 MC 11 4acTOTe 

nOBTOpeHl1R 50 r4. 
B 113MepeHl1RX C11HXPOTpOHHOrO cseTa Ha ycKop11Te11e AJlR Ka>K.AO

ro 4>1111bTpa C A1111HOH B011Hbl ,\i onpeAe11ReTC.A TOK C 4>3Y Jc (,\i) no 

Joru eg 

-a 

Pnc.l. reoMeTpHH HSMepeHHR CHH~po
TPOHHOI'O CBeTa: _) - 3.TielCTpOHHOe 
lCORbQO; 2 - Al{a~parMa; 3'- CBeTOBOA; 

--j l--500 .. ..: 
10TN tg. 

-l 4 - <I>3Y-87. , -

Pnc.2. Oc4nnnorpaMMbl CHI'HMOB: a 
~opMa TOlCa B III CTyneHH C]KaTHH; 
6 - CHHXPOTPOHHblH cseT c <I>3Y. 
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Pnc.3. 3aBHCHMOCTb aMMHTYAhl 
CHI'Hana c <I>3Y a peJKHMe Kann6-
POBKH H3MepeHHii: OT BeRH'IHHbl 
CBeTOBOI'O IlOTOKa: r = 2 Mc; 
f= 50. I'4. 
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Pnc.4. CneKTpMbHoe pacnpege
neHHe CHHXPOTPOHHOI'O cseTa, 
H3MepeHHOe B peJKHMe CJKaTHH npH 
U=2O KB, R = 3 ,5 CM /a/; sasncn
MoCTb OTHomeHHH nsnytJ:eHHH 
CHHXPOTpOHHOI'O cseTa w6900 

W4100 

OT 3Heprnn 3neKTpOHOB /6/. 
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113BeCTHOH Be1111411He 11'(,\i) HaXOA11TCR cneKTP Cl1HXPOTpOHHO
ro cseTa W ,\1 : 

W = Jc(,\,) 
,\i 11'(,\1) 

Ha p11c.4a np11BeAeHa 3aBl1C11MOCTb W,\i OT AJ111Hbl B011Hbl, 113-
MepeHHaR Ha :III cTyneH11 np11 HanpR>K.eHl111 U= 20 KB, paAl1YC 113-
MepeHl1R R = 3, 5 CM. nocK011b Ky B 3Tl1X 113MepeHl1RX He H3BeCTHO 4HC-
110 311eKTpOHOB, TO AJlR cpasHeHl1R C TeopeTH4eCKl1M pac4eTOM co
nocTaB11ReTCR OTHOWeH11e MOIJ.IHOCTH 11311y4eHl1R Ha ,\ = 6900 A H ,\ = 
= 4100 A. Ha p11c.46 np11BeAeHa sas11cHMOCTb 3TOH se1111411Hbl 

W5900 
OT 3HeprHl1 3IleKTPOHOB y; 3Kcnep11MeHTa11bHOe OTHOwe

~ W 4000 
W5900 

Hl1e ---= 7,5+1 ,5;3TOMY 3Ha4eHl110 COOTBeTCTByeT pe11RTl1Bl1CT-
W4100 -

CKl1H <J)aKTOp 311eKTPOHOB y = 36+ 1 , 0, KOTOPblH COOTBeTCTByeT HanpR-
lK.eHl1IO Ha III cTyneH11 U= 20 KB~-

CneKTP C11HXpOTPOHHOro 11311y4eHHR np11 3TOM paCC411TblBaeTCR no 
4>opMy11e 113 pa60Tbl /~/: 

3 5/2 2 E 
W,\ = -· --~ (-· -)1 'G(y), 

16rr2 R3 mc2 

rAe A!IR l1HTepecy1011111x Hae AJlHH ,8011H ,\ «,\ c 

'G(y) = (.!L)1/2 y5/2 8 -y 
2 

y = ,\ /,\ • 
C 

,\ = 4,2 R 
C 3 

y 

R - paA11YC K011b4a B MOMeHT 113MepeHl1R B CM; y - pe11RTl1Bl1CTCKHH 
4>aKTOP 311eKTPOHOB B K011b4e; ,\ - AJ111Ha B011Hbl, Ha KOTOpOH nposo
ARTCR 113MepeH11R; w,\ - MOIJ.IHOCTb 11311Y4eHl1R OT OAHOro 311eKTpOHa 
Ha eA11Hl14HblH l1HTepsa11 AI111H BOilH. 

H3MepeHHe 411C11a 311eKTPOHOB no Cl1HXPOTpOHHOMy CBeTy 61,1110 
CAe11aHO AJlR AJ111Hbl B011HblA• 6900 A; 3Ha4eHl1e 411Cna 3neKTpOHOB 
HaXOAl1110Cb no <J)opMyne 

N = -I(,\) 
/2/ 

e w,\ 

rAe l(,\1) - 3Kcnep11MeHTal1bHO H3MepeHHaR MOIJ.IHOCTb H3IlY4eHl1R OT 
scex 311eKTPOHOB B KOI1b4e. HsMepeH11e npoBOA11110Cb no 4>3Y AJlR 
A1111Hbl sonHbl .\ = 6900 A, npeABap11Te11bHO 3TanoHHOH naMnoH CH-6-80 
npOl13BOA1111aCb a6co1110THaR rpaAYHPOBKa 4>3Y A11R 3TOH AJ111Hbl BOilHbl. 
Ka111-16pOBKa npOBOA1111aCb np11 TeMnepaType H11Tl1 T = 2325 K. np11 pac-
4eTe MOIJ.IHOCTl1 naAa10111ero Ha npHeMHYIO n110111aAb CBeTa Y411Tb1Ba11ocb, 
4TO HCT04H11K H3Ily4eHl1R 11MeeT KOCl1HYCOl1Aa11bHYIO Al1arpaMMy Hanpas-
11eHHOCTl1 / 4/, no3TOMY P(,\i T}-MOIJ.IHOCTb, naAalOIJ.laR Ha np11eMHl1K: 

. C /,\ T S ~Q 
P(,\iT) =C1,\~5(e 2 i -1) ((.\iT) 11 
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rAe cl= 3,72· 10-5 
; C2=1,44 rpaA.CM; s11 = 0,052 CM 2 - n110111aAb 

Hany4aTenR; f(,\T) - K03$$H4HeHT Hany4aTeJlbHOH cnoco6HOCTH BOJ1b

$paMa / 5/; !10 - TeneCHblH yron perncTpa41-1H ceeT<\' OT naMnbl !10 = 
= 1 ,68 · 10-5 

• n110111aAb npHeMHHKa Hany4eHHR Sn= 5 · 10 - 2 cM 2. 
npH HaMepeHHH HHTeHCHBHOCTH Hany4eHHR OT 3JleKTPOHOB HaAO 

Y4HTblBaTb, 4TO nonHblH nOTOK Hany4eHHR OT ecex aaHMYTOB nepece
KaeT nno111aAb / 4/ Su =21T L 2az , rAe L - paCCTORHHe OT T04KH 
Hany4eHHR AO np1-1eMHHKa; az - WHPHHa aOHbl Hany4eHHR B ropHaOH
TaJlbHOM HanpaeneHHH. Ha 3Toro nOTOKa B AeTeKTOp nonaAaeT TOJlb~ 
KO 4aCTb. 1-1any4eHHR, KOTOpaR paBHa OTHOWeHHIO n110111aAeH AeTeKTOpa 

s K n110111aAH Hany4eHHR __ n __ 
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Puc.S. 3aBHCHMOCTb yrnoBoro pac
npeAeneHHH CHHXPOTpOHHOro CBeTa 
MH L= 90 CM, U=20 KB, Uy= 
= 2 B, ,\ = 6900 A. 

Puc. 6. 3aBHCHMOCTb aMnnHTYAbl 
CHrHana CHHXPOTpOHHOro CBeTa 
OT OTHOCHTenbHOro qucna 
sneKTpOHOB B KOnbQe B eAHHH
Qax o6paTHOH BbICaAKH. 
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Puc.7. 3aBHCHMOCTb BblXOAa 
CHHXPOTPOHHoro usnyqeHHH, pe
rucTpupyeMoro ~3Y, OT suepruu 
sneKTPOHOB B eAUHHQax HanpH
JKeHHH Ha III CTyIIeHH CJKaTHH, 
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f; 
I 

AnR onpeAeneHHR KOilH4eCTBa 3JleKTPOHOB Ne B KOI1b4e C y4e
TOM BbtwecKaaaHHOro MO>KHO Ha /2/ nony4HTb 

J (,\) 
C 

Ni= J(,\iT) 
S1,1 P(\T? 

~ wcci 
/3/ 

rAe Jc(,\i) - aMnllHTYAa CHrHana npH perHCTpa4HH CHHXPOTPOHHOro 
CBeTa; J(,\iT)- aMnllHTYAa CHrHana npH KanH6poBKe. 

,llnR onpeAeneHHR nno111aAH, Ha KOTOPYIO npHXOAHTCR CHHXPOTPOH
HOe Hany4eHHe B Z -HanpaeneHHH ,c noMOlllblO $OTOnnacTHHKH npoHa
BOAHilOCb HaMepeHHe yrnoBOH WHPHHbl Hany4eHHR. PacnpeAeneHHe 
HHTeHCHBHOCTH Hany4eHHR HaXOAHilOCb no CTaHAaPTHOH MeTOAHKe/5/. 

,n 
Ha YPOBHe 0,5 HHTeHCHBHOCTH WHPHHa Hao6pa>KeHHR AilR OTHOCHTenb-
HOro 4Hcna 3JleKTpOHOB B eAHHH4ax o6paTHOH BblCaAKH u y = 1 , 5 B 
paeHa a s:l ,2 cM, L=90 CM /pHc,5/. 

z ---noACTaBJlRR 3TH AaHHble e $opMyny: J 0 (,\ 1) -=100 MB, J(,\1·'11=5 MB, 
P(,\T)=S.10-2 BT/CM, sH .. 1356 cM2,Sn= 5.10-2 CM2AJ1R y=36, R = 
3,5 CM, W,\i = 0,9· 10-7 BT/CM, nony4aeM aHa4eHHe Ne =4,8.1011 
Ha 100 MB.cHrHana C ~3Y, KOTOpOMY COOTBeTCTByeT aHa4eHHe OTHO
CHTeJlbHOro 4HCJ1a 3JleKTPOHOB B KOI1b4e no o6paTHOH BblCaAKe Uy= 
= 1 ,5 B. Ha 1 B CHrHana o6paTHOH BblCaAKH npHXOAHTCR a.2· 1011 
3JleKTPOHOB. 6blllH npoBeAeHbl KOppenHpOBaHHble HaMepeHHR aMnllHTYAbl 
CHHXPOTPOHHOro CBeTa H o6paTHOH BblCaAKH Uy , KOTOpble npHBeAeHbl 
Ha pHc.6. Ha 3THX AaHHblX BHAHO, 4TO 4HCJ10 3JleKTPOHOB 8 KOJ1b4e 
H c~ o6paTHOH BblCaAKH CBRaaHbl IlHHeHHOH aaBHCHMOCTblO, 6b111a 
TaK>Ke onpeAeneHa .aaBHCHMOCTb BblXOAa CHHXpotpOHHOro CBeTa OT 
3HeprHH 3JleKTPOHOB /pHc.7/, KOTOpaR eapbHpoeanacb npH HaMeHe
HHH aapRAHOro HanpRlK~Ha III CTyneHH C>KaTHR. 

T04HOCTb onpeAeneHHR 4HCJ1a 3JleKTPOHOB B KOJ1b4e o6ycnoeneHa 
peaKOH aaBHCHMOCTblO BblXOAa CHHXpOTpOHHoro Hany4eHHR OT 3HeprHH 
H npH T04HOCTH onpeAeneHHff•.3HeprnH l1 y /y ,,,2, 7% COCTaenReT 27%. 
0wH6Ka, CBRaaHHaR C KanH6poBKOH no 3TallOHHOH naMne Ha-aa HeT04-
HOCTH onpeAeneHHR TeMnepaTypbl, COCTaBnReT 15%, TaK 4TO cyMMap
HaR ow.H6Ka HaMepeHHR 4HCJ1a 3JleKTpOHOB COCTaBnReT 40%. MaKc1-1-
MaI1bHOe HaMepeHHOe KOilH4eCTBO 3JleKTpOHOB B KOJ1b4e, COOTBeTcT
ey10111ee o6paTHOH Bb1caAKe UY= 20 B, cocTaeHnoN =16,6+2,7/· 1012. 

e -

Bb1pa>KaeM rny6oKylO 6narOAapHOCTb B.A.CBHPHAOBY aa o6CY>KAeHHe 
peaynbTaTOB, a TaK>Ke A.n.Ko6aeey, npeAOCTaBHBWeMy AilR KanH6po
BOK 06paa4oey10 eonb$paMoey10 naMny. 
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