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CHHXPOTPOHHOe H3ny4eHHe B KOnbUeBblX YCKOPHTenRx 3neKTPOHOB 
n03BOnReT nony4aTb pa3H006pa3HY~ HH¢opMaUH~ 06 YCKOpReMWX 
3neKTPOHHWX ny4Kax. C ero noMO~b~ MOmHO H3MepRTb TOK 3neKTpo
HOB B KOnbue, reoMeTpH4eCKHe H 3HepreTH4eCKHe napaMeTpW 3neKT
pOHHWX Koneu, He BW3WBaR KaKHx-nH60 HCKama~~HX B03AeACTBHA Ha 
YCKOpReMble 4aCTHUbl. AnR H3MepeHHR TOKa 3neKTPOHOB uenecoo6pa3-
HO HCnonb30BaTb AnHHHOBOnHOBY~ 4aCTb cneKTpa CHHXpOTPOHHOro 
H3ny4eHHR. AnR CHHXPOTPOHHOro H3ny4eHHR B KOMnpeccope yCKOpH
TenR 3neKTPOHHblX Koneu 011.Rl1 111 3Ta 4aCTb cneKTpa npHXOAHTCR 
Ha HH¢paKpacHy~ o6nacTb. no3TOMY pa3pa60TaHa MeTOAHKa H3Me
peHHR 4HCna 3neKTPOHOB no CHHXPOTPOHHOMy H3ny4eHH~ B 11K-o6nac
TH, npoaepKa ee npoaeAeHa Ha CHHxpoTpoHe nl1.R¢ 121 • 

CneKTpanbHOe pacnpeAeneHHe MO~HOCTH CHHXPOTPOHHOro H3ny4e
HHR HMeeT BHA 131 
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3AeCb e - 3aPRA 3n,KTpOHa; C - CKOPOCTb CBeTa; y=E/mc 2 /E H 
m - 3HeprnR H Mace a 3neKTPOHa/; ~ .. >..cf A, Ac= 4rrR;i3y3 ; R -
paAHYC op6HTW 3neKTPOHa /CM/; K 5/ 3 ((') - ¢YHKUHR MaKAOHanbAa. 

113 /1/ MOmHO oueHHTb MO~HOCTb / 4~ H3ny4aeMy~ a6nH3H MaKcH
MyMa KPH BOA cneKTpanbHoro pacnpeAeneHHR / AnR A - Ac /2): 

W--B_T __ 
MKM 3nH t 

H Ha AnHHax BOnH, npeawwa~~HX KPHTH4eCKY~ A> Ac 

/2/ 

/3/ 

113 /2/ H /3/ BHAHO, 4TO OWH6Ka B~4HcneHHR MO~HOCTH CHHXPOTPOH
Horo H3ny4eHHR, CBR3aHHaR C HeT04HOCTb~ 3HaHHR 3HeprHH H 
paAHyca 3neKTPOHOB, BO BTOPOM cny4ae 3Ha4HTenbHO MeHbWe, 4eM 
npH H3MepeHHH a6nH3H nHKa cneKTpanbHoro pacnpeAeneHHR! ~w 1/w 1 = 
= 7~y/y + at.R/R, TOrAa KaK ~w,jw 2 -~R/R .3To o6cTORTenbCTBO H on
peAenReT uenecoo6pa3HOCTb Hcnonb30BaHHR AnR H3MepeHHR TOKa 
3neKTPOHOB B KOnbue o6naCTH AnHH BOnH A:! AC. 
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Mo~HOCTb H3ny4eHHR OAHOro 3neKTPOHa onpeAenReTCR ¢opMynoA 

W=4,6•10-l6 .y4 .R-2 BT. 

EcnH nonHaR MO~HOCTb H3ny4eHHR W KOnbqa nponopqHOHanbHa 4HCny 
N 3neKTPOHOB B HeM, TO H3MepeHHe ee noasonReT onpeAenHTb 4HC
no 3neKTPOHOB N=W/w. nonHaR MO~HOCTb CHHXPOTpOHHOro H3ny4eHHR 
paCC4HTb1BaeTCR H3 3KcnepHMeHTanbHblX AaHHblX: 

00 00 

W = u-0, f w(>.)cL\/S, f d>.). w (>.)cL\, /4/ 
0 0 

rAe u - senH4HHa CHrHana ¢oTonpHeMHHKa B sonbTax, nponopqHo-
HanbHaR HHTeHCHBHOCTH H3ny4eHHRj O - reoMeTpH4eCKHH ¢aKTOp, 
onpeAem'1eMblH reoMeTpHeA onblTa H yrnOBblM pacnpeAeneHHeM CHH
XPOTPOHHoro Hany4eHHR; £(A) - oTHOCHTenbHaR cneKTpanbHaR 4ys
CTBHTenbHOCTb H S - HHTerpanbHaR 4YBCTBHTenbHOCTb /senH4HHa 
cHrHana B sonbTax Ha eAHHHQY naAa~~eA MO~HOCTH/ ¢oTonpHeMHH
Ka, npH onpeAeneHHH HHTerpanbHOH .4YBCTBHTenbHOCTH ¢oTonpHeM
HHKa Hcnonb30BanOCb Tennosoe H3ny4eHHe. HaMepeHHR npOH3BOAH
nHCb B WHPOKOM cneKTpanbHOM AHanaaoHe, COBnaAa~~eM B 3Ha4H
TenbHOH Mepe CO cneKTpOM CHHXpOTPOHHOrO H3ny4eHHR 3neKTPOHOB, 
Cy~eCTBeHHO, 4TO cneKTpanbHOe pacnpeAeneHHe CHHXPOHHOrO H3-
ny4eHHR '6nH3KO K nnaHKOBCKOMY pacnpeAeneHH~ H3ny4eHHR 4epHoro 
Tena. 8 Ka4eCTBe Tennosoro HCT04HHKa 6blna Hcnonb30BaHa CBeTo
H3MepHTenbHaR naMna CHPW 6-100 C neHT04HblM H3ny4aTeneM H3 
sonb¢paMa. Pac4eT cneKTpanbHblX xapaKTepHCTHK Tennosoro HCT04-
HHKa np6H3BOAHnCR no AaHHblM o6'Hany4aTenbHOH cn6co6HOCTH 
BOnb¢paMa, ony6nHKOBaHHblM B 15 ,61 • ,OnR Hnn~cTpaqHH nOA06HR 
cneKTPOB CHHXPOTPOHHOro H T~nnosoro-Hany4eHHH Ha PHC, 1 npH
BeAeHbl B OTHOCHTenbHblX eAHHHqax cneKTp CHHXpOTpOHHOro H3ny-
4eHHR 3neKTPOHOB C 3HeprHeH 41 M3B H cneKTP Tennosoro H3ny-
4eHHR eonb¢paMa npH T =2680 K /B o6oHx cny4aRx ,\ m::: 1 MKM/. 
6nH3KOe COOTBeTCTBHe cneKTPOB TennOBOrO H CHHXpOTpOHHOrO H3-
ny4eHHH n03BOnReT npoBOAHTb KanH6poBKH ¢oTonpHeMHHKa Ha 
cTeHAe c TennoBblM H3ny4aTeneM c T04HOCTb~ 3%. AnnapaTypa 
MOmeT o6ecne4HTb H3MepeHHe 4Hcna 3neKTpOHOB c T04HOCTb~ 5%, 
onpeAenReMOH B OCHOBHOM T04HOCTb~ KanH6pOBKH ¢oTonpHeMHHKa 
H T04HOCTb~ H3MepeHHR 3HeprHH H paAHYCa op6HTbl 3neKTPOHOB, 

AnnapaTypa, C03AaHHaR AnR H3MepeHHR no CHHXPOTPOHHOMY H3-
ny4eHH~ TOKa 3neKTPOHOB KOnbqa B KOMnpeccope KonneKTHBHOro 
ycKopHTenR OHRH 11~ 6blna nposepeHa Ha CHHXPOTPOHe nHR¢ 12~ noa
sonR~~eM nyTeM H3MeHeHHR 3HeprHH 3neKTPOHOB nony4aTbcneKTpanb
Hble ~apaKTePHCTHKH CHHXPOTpOHHOro H3ny4eHHR, nOA06Hble xa
paKTepHCTHKaM H3ny4eHHR Koneq KOMnpeccopa,Ha pHC. 2 npHBeAeHbl 
paCC4HTaHHble cneKTPbl CHHXPOTPOHHOro H3ny4eHHR AnR Tpex 3Ha4e
HHH 3HeprHH 3neKTPOHOB /paAHYC op6HTbl paBeH 30 CM/, 

HaMepeHHe MarHHTOTOPM03HOro H3ny4eHHR npOH3BOAHnOCb CBeTo-
4YBCTBHTenbHblM ¢oTonpHeMHHKOM, COCTOR~HM H3 KpeMHHeBoro ¢OTO-
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PHC. I • CneKTpaJibHbJe xapaKTepHC
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PHC. 2. CneKTpaJibHble xapaKTepHc

THKH CHHXpOTpOHHOro H3ny<IeHHH 

sneKTpOHOB ,o;.rrn pasnHtJHblX 3Hep

rHH. 

AHOAa H ycHnHTenR B OAHO
KOpnyCHOM HHTerpanbHOM HC
nonHeHHH, cnoco6HblM pa6o
TaTb B HenocpeACTBeHHOH 
6nH30CTH OT 3neKTPOHHoro 
KOnbqa CHHXpOTpOHa B ycno
BHRX BblCOKHX 3neKTPOMar
HHTHblX noMex. TaKHe ¢oTo
npHeMHHKH B cny4ae perHcT
paqHH CHHXPOTPOHHOrO H3ny-

MKM 4eHHR HMe~T PRA npeHMy~eCTB 
no cpaBHeHH~ C npHMeHRBWH
MHCR paHee ¢0T03neKTPOHHbl
MH yMHO)t(HTenRMH /¢3Y/. YcTy
naR ¢3Y a 4yBCTBHTenbHOCTH, 
¢oTonpHeMHHK HMeeT 6onee 
WHpoKHH AHHaMH4eCKHH AHana-
30H H WHPOKononocHOCTb cneK
TpanbHOH xapaKTepHCTHK~ 
/0,4-1,1 MKM/, Manble paa
Mepbl ¢oTonpHeMHHKa, He4yB
CTBHTenbHOCTb K BHewHeMy 
MarHHTHOMy non~, HH3KOBOnbT
HblH HCT04HHK n11TaHHR /10 B/ 
ynpo~a~T npo6neMy KOMnOHOB~ 
KH npH6opa. CneKTpanbHaR 
xapaKTepHCTHKa ¢oTonpHeM
HHKa, "13MepeHHaR B OTHOCH
TenbHblX eAHHHqax, npeACTaB
JleHa Ha PHC. 3. 

PeaynbTaTbl H3MepeHHR yr
nosoro pacnpeAeneHHR HHTeH
CHBHOCTH CHHXPOTPOHHOro 1,13-
ny4eHHR AnR 3neKTPOHOB C 
3HeprHeA 59 M3B OTHOCHTenbHO 
op6HTanbHOH nnocKOCTH YCKO
PHTenR npeACTaBneHbl Ha 
PHC. 4. lliHpHHa KPHBOH Ha 
nonyBblCOTe COCTaB11ReT 
7 MPaA, 

PeaynbTaTbl "1,3MepeHHR B 
nnoCKOCTH op6HTbl YCKOPHTe/lR 
BenH4HHbl CHrHana ¢0TOnpHeM
HHKa, ycpeAHeHHble no MHOrHM 
HMnynbCaM YCKOPHTenR, BMec
Te C COOTBeTCTBY~~HMH 3Ha-
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4eHl1HMl1 nonHOH MO~HOCTH CHH
xpoTpOHHoro H3ny4eHHH, pac
C4HTaHHWMH no ¢opMyne /4/, 
npeACTaBneHw e Ta6n11~e. 
3AeCb me npHBeAeHW BW411c
neHHWe MO~HOCTH H3ny4eHl1H 
OAHOro 3neKTpOHa 11 paCC4H
TaHHble no AaHHblM Ta6.n11~bl 
cpeAHHe HHTeHCHBHOCTH 

AMKM 3neKTPOHOB Ha op611Te Cl1H
xpOTPOHa BMeCTe C ow116KaM11 
H3MepeHl1H. 

~.CneKTpa.nbHaH xapaKTepHCTH
Ka lpOTOilpHeMHHKa. 

KpoMe ~3MepeHHH TOKa 
3neKTPOHHOro KOnb~a no 
CHHXPOTPOHHOMY H3fly4eHl1IO, 
~Hcno 3neKTpoH6B Ha 6p6HT~ 
CHHXPOTPOHa H3MepHnOCb no 

cyMMapHOH 3HeprHH TOpM03Horo H3ny4eHl1H 3neKTPOHOB, o6paay~ero-
CH npH npoxomFeHHH., HX 4epe3 MeAHYIO MHWeHb. 3Hepr11H TOpM03HOro 
H3ny4eHl1H 113MepHnacb KBaHTOMeTpoM. PaBHOMepHOCTb H OAHOKpaT
HOC1b npoxomAeHHH 3neKTpOHOB 4epe3 MHWeHb o6ecne~HBanacb 
11 aa6paCblBaTeneM11 

.. pacce11BaTeneM H3 anlOMHHHH TOn~HHOH O '5 MM' 
pacnonomeHHWM' nepeA MHW~HblO Ha a3HMyTe 45° H paA11YCe, KOTo
PblH Ha 1 MM 6onbwe paA11YCa MHWeHH /R =280 MM/. PasMep pac
ce11BaTenH no paAHYCY - 1 MM. PaaMep MeAHOH Ml1WeHH - paAHaTo
pa ~ 3x15xl MM 3• 3HeprHH,3neKTPOHOB E=59 M3B. npH 3TOH ~Hep
r11H 3neKTPOHOB KBaHTOMeTp 11 saxeaTb1Ban11 90% 11HTeHCHBHOCTH 
ny4Ka TOpM03HOrO 113ny4eHHH, 4TO 6wno onpeAeneHO Ha OCHOBaHHl1 
11aMepeHHH npocTpaHcTBeHHoro pacnpeAeneH11H TOPM03Horo ·11any4e
HHH MeTOAOM ttaee,qeHHOH aKTHBHOCTH. HaMepeHHOe no TOPM03HOMY 
H3ny4eHHIO cpeAHee 411Cno 3neKTPOHOB B OAHOM HMnynbce ycKop11-
TenH oKasanocb paBHblM N =/2, 6.:t,O, 7 /. 10 8 1 /HMn. OcHOBHOH BKnaA 

Ta6nm.1,a 

E M3B u MB w BT w BT N 1/HMil. 

59 1, 65 2,'2~. w-2 9,1.10-11 /2,5±,0,5/ • 10 8 

51 I 1 ,43 .10-2 5,1• 10-11 I 2, 8±,0, 5 I. 1 o 8 

50 0,9 1,36·10-2 4, 7 • 10-11 /2,9±,0,5/· 10 8 

45 ,0,65 1, 27, 10-:--2 3, 1. 10-11 /4, 1'!:_0, 7 I -108 

41 0,3 8,. 1, ·1 0 .;.::3 2 1'3.10-1i , I 3, 8'!:_0, 7 t · 10 
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B ow116Ky BHOCHT HeonpeAeneH
HOCTH, CBH3aHHWe C noTepHMl1 
3neKTPOHOB Ha aa6paCblBalO~ei1 
MHWeHH /KorAa 4acTb 3neKTPOHOB, 
pacceHBWHXCH Ha 6onbWOH yron, 
ew6weaeT H3 npo~ec~a ycKope
HHH, He nonae Ha MHWeHb-pa
AHaTop/, H c HeKoTopoH ee
poHTHOCTblO 6onee_4eM OAHO
:KpaTHOro npoxomAeH11H 3neKTpo
HOB 4epe3 Ml1WeHb-paAHa'Top /np11 
OAHOKpaTHOM npoxomAeHl-111 non
HOH TOn~HHW MHWeHH-paAHaTopa 
3neKTPOH ew6weaeT 1,13 ycKope
HHH H He Mamer BTOPH4HO no
nacTb Ha MHWeHb, OAHaKO B03-
MOmHO B HeKOTOPOH AOne cny4aeB 
nonaAaHHe 3neKTPOHa Ha KpaH 

C 

.0 
t; 
jiO 
:s: c:, 

i 
~ 
:s:5 

-40 -20 0 20 40" 60 9 Hpa,Q 

Ml1WeHl1 MeHbWeH TOn~HHbl, 4TO 
PHc.4. ll3MepeHHOe yrnoBde pac- npHBOAHT K yeenH4eHl1IO cpeAHeH 
npeAeneHHe CHHXpOTpOHHOPO H3- :An11HW' npo6era 3neKTPOHa B M11-
n;nieHHH. weH11-paA11aTope/ •. 

KaK BHAHO, peaynbTaTW He-
aaBHCHMWX H3MepeHHH 4HCna 

3neKTPOHOB Ha op611Te no TOPM03HOMY H3nyyeHl1IO .H CHHXPOTPOHHO
MY H3ny4eHHIO coenaAalOT C T04HOCTblO 25% H' cneAOB.aTenbHO, a6-
conlOTHaH 4YBCTBl1TenbHOCT~ <!>OTOl1pHeMHl1Ka, onpeAeneHHc3H Ha 
CTeHAe C TennOBblM H3ny4aTeneM, cornacyeTCH C Bbl4HCneHHOH ,no 
AaHHblM H3MepeH11H Ha CHHXPOTpOHe JlHH<I>. 

ABTOPW BwpamalOT rny6oKylO np113HaTenbHOCTb H.H.4epHOBy aa 
COAeHCTBHe pa6oTe. 
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