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MeTO.D.HKa H3MepeHHJI HHTCHCHBHOCTH H nonO)I(CHHJI UCHT­

pa TJI)I(CCTH nyl.JKa B yCKOpHTCnJIX 3apJI)I(CHHblX l.JaCTHU C no­

MOIUbiO HH.IJ.YKUHOHHbiX /nHKan/ 3neKTpO.IJ.OB XOpOWO H3BCCT­

Ha /I,', TaKHe npeHMYIUCCTBa, KaK OTCYTCTBHC KOHTaKTa 

.D.aTl.JHKa C nyl.JKOM, npoCTOTa KOHCTpyKUHH, BbiCOKaJil.JYBCT­

BHTCnbHOCTb, HeCnO)I(HOCTb perHCTpupyiOIUeH 3neKTpOHHOH 

annapaTypbi, XOpOWaJI nOMCXOYCTOHl.JHBOCTb no OTHOWCHHIO 

K CHnbHblM MarHHTHblM nonJIM, HC3aBHCHMOCTb H3MepeHHH 

OT 3HeprHH nyl.JKa, BaKyyMa B KaMepe H CIUC PJI.IJ.a napaMCT­

pOB o6ecnel.JHnH WHpOKOC npHMCHCHHe 3THX ycTpOHCTB Ha 

ycTaHOBKaX. 

llocTaHOBKa 3a.IJ.al.JH 0 B03MO)I(HOCTH H3MepeHHJI CC'!CHHJI 

H pacnpe.D.eneHHJI nnoTHOCTH l.JaCTHU no CC'!CHHIO ny'!Ka 

HH.ll.YKUHOHHbiMH 3nCKTpO.IJ.aMH Bbl3BaHa HC06XO.IJ.HMOCTbiO 

npOBC.IJ.CHHJI H3MepeHHH B TCl.JCHHe UHKna YCKOpCHHJI Ha 

BHYTpeuHeM nyl.fKe cuuxpocfJa3oTpoHa OHJU1. 

Hcnonh30BaHHe H3BeCTHbiX H3MepuTene8 npocfJHnJI nyl.JKa 

/pa3nH1.JHoro po.IJ.a naMenhHbiX unu npoBonol.JHbiX ycTpoucTB, 

pa60TaiOIUHX B KOHTaKTe C nyl.JKOM/2-'>/, KaMep BTOpHl.JHOH 

3MHCCHH /u-8/, a TaK)I(e HOHH3aUHOHHbiX npeo6pa30BaTeneH, 

HCnOnb3YIOIUHX JIBneHHe HOHH3aUHH aTOMOB OCTaTOl.JHOrO 

raJa ycKopJieMbiM nyl.JKOM /9-11//, He npe.IJ.CTaBnJinOcb B03-

MO)I(HbiM, B OCHOBHOM, noTOMy, l.JTO pa3Mepbl Cel.JeHHJI aK­

THBHOH l.JaCTH KaMepbl, r.IJ.C MO)I(eT HaXO.IJ.HTbCJI nyl.JOK llpH 

YCKOpeHHH, COCTaBnJIIOT 1500 X 400 MM ~ a H3MepeHHJI 

.D.On)I(Hbl npOH3BO.IJ.HTbCJI C MOMCHTa BKniOl.JeHHJI YCKOpJIIOII.\C­

ro B.l.J. nonJI, KOr.IJ.a nyl.JOK HMCCT 3HeprHIO, npaKTHl.JCCKH 

paBHYIO 3HeprHH HH)I(CKUHH. 
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Co3~auue B yKa3aHHOH o6nacTH paauoMepuoro 3neKT­
puqecKoro unu MarHHTHoro nonB, ueo6xo~HMoro ~nB npa­
BHnbHOH pa6oThl HOHH3aUHOHHOro npeo6pa30BaTenB, npe~­
CTaBnBeT BeCbMa cnmKHYIO 3a~aqy, a TOT lllaKT, qTo Ha­
qanbHaB 3HeprHB nyqKa OTHOCHTenbHO HeBenHKa, 3aCTaBnBeT 
HCKmoqHTb B03MO)KHOCTb B3aHMO~eifcTBHB nocne~Hero C 
Be~eCTBOM ~aTqHKa. 

Jlcuo, qTo nyqoK, ~BHraBCb BHYTPH MeTannuqecKoH 3a-
3eMneuuo8 KaMephl npBMonuue8uoro npoMe)KyTKa, 6y~eT 
HaBO,L(HTb Ha CTeHKaX KaMepbl 3apB~, pacnpe~eneHHe KOTO­
poro HaXO~HTCB B 3aBHCHMOCTH OT pa3Mepoa, lPOPMbl, no­
nO)KeHHB H pacnpe~eneHHB qacTHU a nyqKe. 3To pacnpe~e­
neHHe MO)KHO 3aperHCTpHpOBaTb C llOMO~biO pB~a TOHKHX 
H30nHpOBaHHhlX ~pyr OT ~pyra H OT CTeHOK KaMepbi MeTan­
nuqeCKHX nonOCOK H COOTBeTCTBYIO~eH annapaTypbi. B o6-
~eM cnyqae nonyqeuuaB uulllopMaUHB 6y~eT ueo~uo3uaquo8, 
o~uaKo Tor~a, Kor~a MO)KHO c~enaTb npe~nono)KeHHB nu6o 
o lllopMe nonepequoro ceqeuHB nyqKa, nu6o o pacnpe~ene­
HHH llnOTHOCTH qaCTHU, 3a~aqa KOHKpeTH3HpyeTCB H, TaKHM 
06pa30M, MO)KHO nonyqHTb He~OCTaiO~He ~aHHhle. 

IIpe~noJIO)KHM, qTo nyqoK HMeeT npBMoyroJibHOe ceqe­
HHe c pa3MepaMH 2ax2(na>(3), 6ecKoueqeu H o~uopo~eu 
B uanpaaneHHH z' I puc. 11 H ~auraeTCB Me)K~y ~BYMB 
3a3eMJieHHhlMH MeTaJinuqeCKHMH llOJIOCaMH y = ± b/2 , IIIH­
PHHa KOTOphlx a>> 2a, 

Hcnonb3YB H3BecTuoe Bhlpa)Keuue ~nB noTeuuuana 3a­
PB)Keuuo8 HHTH, pacnono)KeHHOH Me~y ~BYMB 3a3eMJieHHbi­
MH llnOCKOCTBMH /14/: 

ch__::_(x- ~) ·- cos__::_(y - TJ) 
b b 

U= qln 
ch3-(x- ~) + cos_E_(y -TJ) 

b b 
Ill 

r~e q - 3apB~ Ha e~HHHUY ~JIHHbl HHTH; HaH~eM nnOTHOCTb 
3apB~a, HaBO~HMOro 3apB)KeHHOH HHTbiO Ha llOBepXHOCTH 
y = -b/2: 

a 
0 

(x') = 
cos TJ' ch(x'- e) 

ch 2(x'- e>- sin. 2TJ, 
121 
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GO 

~ 
C'\1 

~I 

X' 

a 
Puc. 1. reoMempuR cucmeMbl, npuHRTilaJI a pactlemax. 

I , TT , 7i 
x ~ bx, , v ~ bY, a 

TJ' = .l!.._71 I. 
b 

TaK)KC KOOp~HHaTbl HHTH j:, ---"' -
.!!_ ~ , 
b 

,[l.nB HHTH, pacnono)KeHHOH a ueuTpe (t', TJ '= 0), uop­
MHpoaauuoe pacnpe~eneuue HMeeT npocToH B'H~: 

, a (x ') 1 
a <x) = --- = ------. 

H a(O) ch(x' - ~·) 
131 

B o6~eM cnyqae, ecnu 3ap11~ nyqKa pacnpe~eneu no 
ueKoTopo8 o6nacTH S(~', TJ ') a nnocKocTH x ·o y 'c noaepx-
HOCTH llJIOTHOCTbiO p(('TJ '), TO 

a ( x ·, ~ ', TJ ') = JJ p ( C, TJ ') a 0 ( x ', ~ ', TJ ') d~' dr1'. 
(S) 

141 

AuaJIH3 noKa3hlBaeT, qTo ~nB nyqKa c (-;/b < 0,25 
pacnpe~eneuue uaae~euuoro 3ap11~a a(x ') oTnuqaeTCB OT 
pacnpe~eneHHB ~nB 6ecKouequo TOHKoro nyqKa ue 6onee qeM 
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ua 5o/o, no3TOMY B ,IJ,anhueH:weM C'IHTaeM TJ '=0. Hccne,IJ,yeM 
/4/ B paMKaX TaKOH MO,IJ,enH: 

s<e, 1,') -nonoca; -~6':::_ 1;'-s._¢', ry'=O. 

,lJ.nJI cnyqaJI paBHOMepHOH llJIOTHOCTH 'laCTH:U p C; '7J ')=p O: 

¢' d~' sh¢' 
a(x') = p

0 
f ----- = 2p 0arctg--. 

-¢' ch(x'- (') chx' 
/5/ 

Ha puc. 2 nocTpoeHhi uopMupoBaHHhle 3aBHCHMOCTH /5/ ,11,nJ1 
pa3JIH'iHhiX 3Ha'ieHHH cp :TaM )l{e nyHKTHpOM npoBe,IJ,eHa KpH­
Ba.SI, KOTopaJI noKa3hiBaeT aMnnHTY,IJ,Y cPYHKUHH pacnpe,11,ene­
HHJI HaBe,IJ,eHHOrO 3apJI,11,a npH KOOp,IJ,HHa Te X~ COOTBeTCTByiO­
~eH KpaiO ny'iKa, T.e. 

_?" ( x') - \ 

a<O) x '=f.' 

= f( ¢ ') = arct!?( th ¢ _1 
arctg( sh ct ') · /6/ 

lliupuua pacnpe,11,eneuuJ1, H3MepeuuaJI ua 3TOM ypoBue, 
fiy,IJ,eT COOTBeTCTBOBaTh nonepe'IHOMY pa3Mepy llY'iKa. 

lf3 BH,IJ,a f(cp ') JICHO, 'iTO llpH ~~, '--> (), f(C, ') --> 1, a npH 
cp'--.oo; f(cp') --> 0,5, npH'ieM, Ha'iHHaJI C ¢ '" 2,1)(~ '·(),B), OT-

KJIOHeHHe f(cp') OT 0,5 MeHhiUe 10o/o. - h -
llycTh Teneph pacnpe,11,eneuue qacTH:U no IUupuue ny'IKa 

oTnuqaeTCJI OT paBHOMepuoro H MO)I{eT fihiTh onucauo, 
uanpHMep, CJie,IJ,yiOII.J;HMH cPYHKI.J;HJIMH: 

P (t') = M (chd.'- chc')n , 
n n ' - /7/ 

nu6o 

P ((') = M ( ch m ¢' - ch m !;') , 
m m /8/ 

r,11,e m, n = 0, 1, 2 ... /B npuu:u;une m, n MoryT fihiTh pa­
:u;uouanhHhiMH; cnyqaif m, n =0 COOTBeTCTByeT paBHOMep­
HOMY pacnpe,IJ,eneuuiO/. 

6 

I 

·l 

as 

0.7 

a6 

us 

Q4 

Q3 

0.2' 0.:.6,756 

0. { 

0 Q3 a6 0,9 1.2 

0.=6 

/ (//~) 
---L- Uo ---------------

X' 1.5 1.8 2.1 2.'1 
1 

Puc. 2. HopMupoeaHHbte pacnpeoeAeHUJI HaeeoeHHozo 3a-
pJIOa npu pa3AU'IHOU wupuHe ny'II(Q. 

Ko34K}IHUHeHThl M m, M n BhlfiHpaiOTCJI H3 ycnoBHJI llOCTO­
JIHCTBa nonuoro 3apJI,IJ,a ua e,IJ,HHH:UY ,IJ,JIHHhi: 

¢' 
q = f p (,;')di;' ~ const. 

-rb' n,m 

Pacnpe,11,eneuue HaBe,IJ,euuoro Ha cTeHKY 3apJI,IJ,a 6y,11,eT HMeTh 
cne,IJ,yiO~HH BH,IJ,: 
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n+ 1 
a (x', ¢')coM (cp') L k (¢')1 (x', ¢') 

n n p = 1 pn p 
/9/ 

H, COOTBeTCTBeHHO, 

r.D.e 

m+l 
ar,/x',¢') = Mm{¢') L kprn(d;')lp(x',0'), 

p = l 
/10/ 

¢' ch p-l e'd;' /11/ 
IP (x', ¢') = _J, ~x'-e'-) , 

cp '= _7!_ u. - nonyrnupuua nyqKa B e,lJ,HHHUax h/ rr. Ilocne uu-
b 

TerpupoBaHHB: Bhlpa)l(eHHB: )J,JIB: clJyHKI.{HH /9/, /10/ npH 

n = 1~2 u m =2. /m =1 coana,lJ,aeT c r1 =1/. 

8 

1. n, m = 1: 

ch¢' 
a ( x ~ ¢ ') = p l 2 sh 2 f [2 t 

sh¢' 2r~-,chx' shx'
1 

ch(x'+¢'). 
.arc g--- 'f' ------ n ], 

chx' ch¢' ch<V ch(x~¢') 

/12/ 

2. n = 2: 

, , t:h cp ' sh x' sh¢ ' 
a ( x , cp ) = p -----!2( 1 - ----) arctg-- + 

n2 
48

h 4 £__ ch ¢' ch x' 
2 

+ 2 ch x _:__ [ sh cp _: _ 2 cp, ~~ + sh x' ln ch ( x + ¢ ') ] l ; 
ch cp' ch cp ' ch ¢ ' ch cp ' ch ( x' + cp' ) 

/13/ 

3. m = 2: 

a(x',¢')=p 
2

cth 2¢'[2<1+ sh
2
x' )arctg~h¢' -2sh¢'chx']. 

m ch 2¢' ch x' ch 2¢' 

/14/ 

I 
I 

i 
I 
·~ 
i 

I • 

Ha puc. 3 · nocTpoeuw uopMupoBaHHbie 3aBHCHMOCTH /5/, 
/12:-14/ )J,JIB: cp '/rr = 1 ,25, TaM )l(e llOKa3aH BH)J, COOTBeTCT-

(i(x') 
vo 

<O 

0.9 

0,8 

0,7 

0,6 
qC\l 

0.5~ 
~8 

Q4 I 

Q3 

Q6 
Of 

0.2 X' 
6 

1,6 Zlf 2.7 

01.1) 3 tD(/J 

0( '-'J4,4) 

Puc. 3. HopMupoeaHHbte pacnpeiJeAeHUJI HaeeiJeHHozo 3a­
pROa npu pa3AU'lHOU nAOIIIHOCIIIU '4QC1/1Uf4 no UlUpUHe nytlKQ. 
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ayiOll.{HX «l>YHKUHH pacnpe,IJ,eneHH.Il qacTHU B nyqKe /Bblpa:>Ke­
HH.Il /7/, /8/ ,II,ll.ll n,m =0,1,2/. H3 pHCYHKa BH,IJ,HO, 'ITO B 
3aBHCHMOCTH OT xapaKTepa pacnpe,IJ,eneHB.Il 'laCTBU B ny'IKe 
aMnnuTy,IJ,a «l>YHKUHH pacnpe,IJ,eneHB.Il HaBe,IJ,eHHoro 3ap.ll,IJ,a, 
COOTBeTCTBYIOll.{a.ll KOOp,II,BHaTe Kpa.ll ny'IKa, nonyqaeTC.Il B 
Ka:>K,IJ,OM cnyqae pa3HOH, O,IJ,HaKO 3$$eKTBBHa.ll WBpBHa ny'IKa 
2a 'lcjHjl , T.e. nonepe'IHbiH pa3Mep, B npe,IJ,enax KOToporo 
cocpe,IJ,oTo'leHo 90o/o 3ap.11,IJ,a ny'IKa, onpe,IJ,en.lleTC.Il O.IJ.H03Ha'I­
HO He 3aBHCHMO OT KOHKpeTHOrO BH,IJ,a $yHKUBB pacnpe,IJ,ene­
HH.Il 'laCTHU B ny'IKe. llpB 3TOM Ha,IJ,O npH,IJ,ep:>KHBaTbC.Il cne­

.IJ.YIOIUeH nocne,IJ,OBaTenbHOCTH: 
1. H3Mep.lleM wupHHY 2t1 pacnpe,IJ,eneHH.Il Ha ypoaHe 0,5. 
2. Haxo,IJ,HM OTHOWeHHe u/b. Ecnu u/b :_:: 0,9, TO no­

nyquaweec.ll 3Ha'leHHe 2tt C TO'IHOCTbiO He Xy:>Ke 10o/o COOT­

BeTCTByeT 2u lijl<jl , ecnH u/h ·· 0,9, TO, llOllb3Y.IICb /6/, 
He06XO,II,HMO Bbl'IHCllHTb COOTBeTCTBYIOll.{YIO nonpaBKY. 

CpaBHHBa.ll 3KcnepuMeHTanbHble ,IJ,aHHble c Ta6nuuaMu, 
COCTaBneHHblMH ,IJ,ll.ll a(x',cf.,')/a(O,~~') Ha OCHOBaHHH /5/, 
/4/, /12-;-14/, MO:>KHO c,IJ,enaTb 3aKniO'IeHue o xapaKTepe 
pacnpe,IJ,eneHH.Il qacTHU no wupuHe ny'IKa. To'IHOCTb 3TOH 
onepauuu MO:>KeT 6biTb noBbiWeHa, ecnu aaecTH B paccMoT­
peHue pauuoHanbHbie n, m B Bblpa:>KeHH.IIX /7 I, /8/. 

0TMeTBM TaK:>Ke, 'ITO BH,II, $yHKUHH pacnpe,IJ,eneHH.Il Ha­
Be,IJ,eHHOrO 3ap.ll,II,a 6y,IJ,eT MeH.IITbC.Il npH CMell.{eHHH llY'IKa 
OTHOCHTeJlbHO BepTHKallbHOH OCH. 3Ty OWH6Ky MO:>KHO npaK­
TH'IeCKH HCKJliO'IBTb /no KpaHHeH Mepe ,IJ,ll.ll y/b:!; 0,2/, 
ecnH H3Mep.11Tb pacnpe,IJ,eneHHe a( X') O,IJ,HOBpeMeHHO C HH:>KHeH 
B BepxHeH nnaCTHH H pe3yJlbTaTbl CYMMHpOBaTb. 

HTaK, noKa3aHa B03MO:>KHOCTb HCllOllb30BaHH.Il HH,IJ,yK­
UHOHHbiX 3JleKTpO,II,OB ,IJ,ll.ll H3MepeHH.Il 3$«l>eKTHBHbiX pa3Me­
pOB Ce'leHB.Il ny'IKa B TOM CJlyqae, KOr,IJ,a MO:>KHO C,IJ,enaTb 
$H3H'IeCKB onpaB,IJ,aHHbie npe,IJ,nono:>KeHH.Il o $opMe ero ce­
'leHH.Il. H3MepuTeJ1bHOe ycTpoucTBO, annapaTypa u pe3ynb­
TaTbl 3KCnepBMeHTa onucaHbl BO BTOpOH 'laCTH ny6JlHKaUBB. 

B 3aKJ1IO'IeHue aBTOpbi Bbipa:>KaiOT npB3HaTenbHOCTb 
Jl.ll.3HHOBbeBy 3a HHTepec K pa6oTe, 10.)1..1ie3HOrHX H 
A. r .li OH'I- OcMonoacKoMy - 3a none 3Hble o6cy:>K,IJ,eHH.Il. 
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