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B CBJIJH c 3KcnepaMeuTaMa no onpe.neneuu10 Japg.nooo
ro 4>opM«ilaKTopa naoua H3 ynpyroro rre -pacceJIHHJI 3JieKTpo
MarHHTHb•e nonpaBKH K 3TOMY npoueccy Bbi'IHCJIJIJIHCb B pa-
6oTax / 1 • 2 • 3,' , B 3TH X ~,bi'lH9neHHJIX CTPYKTypa nuoua nu6o 
ue y'lHTbiBanacb nonce : 1 ' 2/ nu6o y'lHTbiBanacb ll>euoMeuo
noraqecKa/3 1,B03MO)I(HOCTb 6eJMO.D.eJibHOrO y'leTa CTpyK
Typbi llHOHa B o6JiaCTH He60JiblliHX nepe.naHHbiX HMUYJibCOB 
t(- m;) OCHOBaHa, ao-nepBbiX, Ha TOM, 'ITO B,!J,HarpaMMaX 

THna uJo6pa)l(euuoii ua puc. I /KoTopble .natoT ocuoauoii 
BKJia.ZJ. B Ce'leHHe 7T l' - pacCeJIHHJI B UOpJI.ZJ.Ke II :l B 3TOH 

o6nacTu/ 4>opM4>aKTop nuoua cilaKTOPHJyeTcJI, a oo-oTopblx, 
ua TOM, 'ITO npH t - m 2 .ZJ.OCTaTO'lHO orpaHH'lHTbCJI .ZJ.BYMJI 

7T 

qneuaMH paJJIO)I(eHHJI 4>oPM4>aKTopa a PJI.ll. no t . 
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q, 
:rL --

Puc. I 

' _q,_ !( 

To'lHOCTb TaKoro UO,!J,XO.D.a onpe.nenJieTCJI OTHOCHTeJibHbiM 
BKJia,!J,OM .naarpaMM, B KOTOpbiX cilopMii>aKTOp flHOHa He 
4>aKTOpH3yeTCJI /eM. puc. 2/ H .D.JIJI Bbl'lHCJieHHJI KOTOpbiX, 
ooo6~e rooopJI, ueo6xo.nuMonpaaneKaTb Mo.nenbuble coo6pa
)l(eHHJI. 0Ka3biBaeTCJI, O.D.HaKO, 'ITO npH t- m; BKJia.ZJ. TaKHX 
.naarpaMM Man I- 0,1 oT BKna.na .naarpaMM puc. 1/. 
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Puc. 2 

Coo6pa)KeHHJI no.D.o6Horo po.D.a cJiy)KHJIH ocuoaoii uawero 

pacqeTa ceqeHHJI rr e- pacceJIHHJI .D.O qneuoa nopJI.D.Ka a 3 13 I 
.D.JJJI CepnyxoacKoro 3KcnepsMeHTa I 4 I. BblqscneHH.II noKa-

3aJJH, qTO illeHOMeHOJJOrHqecKHH yqeT CTpyKTypbl DHOHa He 

npHBO.IJ.HT K H3MeHeHHIO 3JJeKTpOMarHHTHOH nonpaBKH no 

cpaaHeHHJO co cnyqaeM ToqeqHoro nHona. 

B CB.II3H c 3KcnepHMeHTaMHno rre-pacce.RHHIODPH 3Hep

rH.IIX na.D.aiDIUHX nHOHOB E 77 = 100-400 T3B, npoBO.D.HMLIX 

a HaCTO.RIUee apeM.II a FN AL , B03HHKaeT ueo6xo.D.HMOCTL 

paCCMOTpeHH.II pa.IJ.HaUHOHHblX nonpaBOK B 06JJaCTH nepe

.D.aHHblX HMnyJJLcoa t ::; /0,4 T3B/ 2 , a KoTopoii 3~eKTbl 
CTPYKTYPLI nsoHa MoryT 6blTL JaMeTHLIMH. 

C 3TOH UeJJLIO Mbl HCllOJJL30BaJJH TI_:lOCTeHWYIO MO.D.eJJL: 

npe.IJ.DOJJO)KHJJH, ao-nepBLIX, qTO OCHOBHOH BKJJa.D. B llHOHHLIH 

illopMillaKTOp .D.aeT p-Me30H, a, BO-BTOpLIX, orpaHHqHJJHCL 

DOJJIOCHLIM npH6JJH)KeHHeM B illoTOH-DHOHHLIX aMDJJHTY.D.aX, 

T.e. cqHTaJJH, qTO 

a 

/ 

:If:/ 

0 r~~~: 
' / ' 'JL :rt/ 'f. 

Puc. 3. 

HHLIMH CJJOBaMH, 6LIJJ BLiqHCJJeH BKJJa.D. B pa.D.HaUHOHHYIO DO

npaBKY CJJe.D.YIOIUHX .D.HarpaMM: 
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e e 

Puc. 4. 

e e 
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{j[. .'iL I ~ .7L -oJ 

Puc. 5. 

qTO KacaeTCJI OCTaJILHblX .D.HarpaMM, .IJ.aiO~HX BKJia.D. 

B 3JieKTpOMarHHTHYIO nonpaBKY DOPJI.D.Ka a , TO, DOCKQJILKY 

B HHX DHOHHblH illopMillaKTOp illaKTOpH3yeTCJI, HX BLI'IHCJieHHe 

He oTJIH~aeTCJI QT cnyqaJI ToqeqHoro nHoHa. 0Taeqa~~e 

3THM .D.HarpaMMaM illopMyJibl MO)KHO HaHTH B pa6oTe ; 
1 

I . 
0TMeTHM, qTo MO.D.eJIL, BKJIIOqaJO~aJI .D.HarpaMMLI pUC. 4 

H 5, T. e. TaKHe .D.HarpaMMbl, r .D.e illoTOH B3aHMO.D.eHCTByeT 

C 77-Me30HOM TOJILKO qepe3 nocpe.IJ.CTBO BeKTOpHOrO Me30-

Ha, JIBJIJieTCJI nepeHOpMHpyeMOB, nOCKOJILKY B Heii, no cpaa

HeHBIO C nepeHOpMHpyeMOH CKaJIJipHOH 3JieKTPO.D.HHaMHKOH, 

npOHCXO.D.HT CJie.D.yiOU(aJI MO.IJ.HiliHKaUHJiiliOTOHHOrO nponara TO

pa· 
. 8 8 k k m 2 

~ _, ~- ( 8 AI + A 11 ) V 
k2 k2 .~ m2 m2+k2 

v v 
a noae.D.eHHe "Mo.D.HiliHUHPOBaHHoro" nponaraTopa npH k -> oo a 
TaKoe )Ke, KaK H o6LlqHoro. 

IlpH BLlqHCJieHHH HCDOJIL30BaJIHCL Te )Ke npHeMbl, qTo 

H a pa6oTe I 1 I . BKJia.D. a pa.D.HaUHOHHYJO nonpaBKY, o6ycnoa

JieHHLIH .D.HarpaMMaMH puc. 4, OKa3aJICJI paBHLIM 
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o = o + o + _t_ o + o P, 
4 J K m2 J J 

I l/ 

a BKna~ ~uarpaMM puc. S 
o

5
=o +OP. 

77 77 /2/ 

3~eCL l;J , o K ~aiOTCJI cjlopMynaMB /C.ll/, /A.45/ pa-
60TLI I I I ' , 

2 it2m 77 r+1 
0 c~ 2 ------ p n -·-- - 2 

77 t·r r-1 ' /3/ 

r~e r cc ( C + 4m ~~ t)J/ 2. 3TH nonpaBKB COOTBCTCTBYIOT BKna-
~y TO'Ie'lnoro nuoua, a ( tIm r; ) o J , o ~ B oJP ~o-
DOnHBTenLHLie nonpaBKB, B03HBKaiOIUHe B BCDOnLJyeMOB 
Mo~enu. )l.nR o ~ H f)~ MLI nonyqunu cne~yromue BLipa-
>KeHBJI: 

o ~ = -2 ( 1 + ~)tIp· q '( 
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+ 
m p t + m p 

m2 + 2p· q')l + 
77 --- I 

To 
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p 0 
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+p·q'[8{p·q')

2
+(2m:-t){m 2

77
+2p·q')I-I + 

To 

+p·q[8(p·q)2 +{2m 2-t)(m 2 -2p·q)l2+p·Q [(t+at! 2)GI+tG
2

], 
p 77 T 2T TT 

0 0 

/4/ 

op= _!_21{2Q2q·q'-m4)Rl+{1+ 4q·2q')(Q2+ 2m2)R2+ 
TT Q P m p 

p 

4q 'Q 2 l m 4 m 2 
+ • q l'n ~ + [Q 2- _p_ (Q 2+ 2m 2) H'n__e_ + 

t • r r - 1 4m4 77 m2 
7T 7T 
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l 

I 

2. 
mp 2 2 2 2 Q 2 1 1 - r 

+ [--( Q +2m ) (2m -m )-4m 2---] -rn-J + 
4m 4 " " P " 2 r 1 + r 

TT p p 

+ 
Q 2 (m~+ an;) 

2m 2 I' 
77 

r~e 

T =2(4p·qp·q'-m;t), 
0 

Q=q+q', r p = ( 1 - 4m~lm ~) Il2 

I = 
I 

r~e 

2 2 
I dx mp Px 
I --{2rn --- + fn 1-1 
0 p 2 m2 + t m 2 

X p p 

p =(p-q')x+q', 
X 

1 1 - r x 
-fnl--1) 
rx 1+rx 

r ={1+4p2lm2)II2 
X X p 

12 = II ( q , _, - q) ; 

1 
J = I dx m2 +p·q' 1-s 

( 77 rn ___ x + 
1 s 1 + s 

X X 0 m 4 (m 2 + 2p·q')+ 4{p·q')2t 
p TT X 

, tx , 2p·q' 
+ p . q en - + 2p · q rn I --I) 

m2 m2 
77 p 

r~e 

t x = m ~ + tx ( 1 - x) , 

s =(1-4m 2tlm 4 )· 
X TTX p ' 

/5/ 
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J2 ~ J 1( q'-+- q); 

l-2m 2 1rn 2 1-s 1 1 t X 

G 1 = f dx l -- U'n - + 
q2 m2 

::__pfn x 1 
s 1 + s 

r.IJ,e 

r.IJ,e 

0 X TT X X 

4 
2 ( ) 2 2 rn p 1- x + mrrx l, 

------f'n 
t(l-x)-rn 2 x2 {1- x) (t+ rn 2 ) 

p TT 

q=(q-q')x+q'; 
X 

G G( 2 2). 
2= 1 mrr-+ me ' 

1 I 
R = -2 J 

1 . 0 

2 
qx 1 

~{en[ -2·: 
2 mp qx 

1 1-zX I 

-Pnl---.). 
Zx ·1+zx· 

R2= J ~ ( 1 + _l_fu ~~~i) 
o z; 2zx 1+Zx 

zx = ( 1 + 4q!/rn~) 1/2 

4»opMynbl /4/ H /5/ nonyqeHbl B ynLTpapenJITHBHCTCKOM 

npu6niDKeHHH t, m; , \m7r+p·q'l, (m~- p·q) rn~ . 
B :noM >Ke npu6niDKeHHH 6blnH Bbl'IHCneHbl u O.IJ.HOKpa THble 

HHTerpanbl, BXO)J,H~e B /4/, /5/. Pe3ynLTaT HHTerpupo

BaHHH Bblpa>KaeTCH qepe3 llJyHKUHH CneHca, HO oKa3blBaeTCH 

qpe3Bbl'laBHO rpoM03.IJ.KHM. ITo 3TOB npH'IHHe Mbl ae npuBo

.IJ.HM ero 3.IJ,eCL, a orpaHH'IHBaeMCH o6cy>K.IJ,eHHeM qucneHHblX 

pe3ynLTaToB. OTMeTHM, 'ITO B npu6nu>KeHHH rn ~ "> t/4 , 
rn;. HHTerpanbl B /4/ u /5/ Bbl'IHCnHIOTCH TpHBHanLHO, 

o.IJ,HaKo TaKoe npu6nu>KeHue, pa3yMHoe Ha nepBbiB B3rnH.IJ. 

8 

npH t ·:S 4rn;, He npHBO.IJ,HT K He06XO)J,HMOB TO'IHOCTHH3-3a 

CHnLHOrO OTHOCHTenLHOrO COKpa~eHBH pa3nB'IHblX qneHOB. 

Ha puc. 7 npuBe.IJ,eHbl rpallJuKH llJyHKUHB orr, f 1 = o J + o K' 

f 2 = t / ffi t 0 J , f 3 = 0 TT + 0 ~ + 0 ~ B 3aBHCHMOCTB OT 

3Hepruil 3neKTpoHa OT.IJ,a'IB E' npu E rr= 100, 200, 300 

H 400 T3B. KaK BH.IJ.HO, ocHOBHOB BKna.IJ, .IJ,aiOT llJyHKUHH 

f 
1 

H f 
2 

H B npaKTH'IeCKHX Bbl'IHCneHHHX MO>KHO npeHe6pe'lb 

BKna.IJ,OM llJYHKJJ,HH f 
3 

• JaMeTHM, 'ITO f 3 "' 0 f, llOCKOnLKY 

oP "' _ o 
TT TT 

TaKHM o6pa30M, B OTnH'IHe OT llpH6nH>KeHHH TO'feq

HOrO llHOHa, B paCCMOTpeHHOB MO.IJ,enH B03HHKaeT pac

Tyli.J,HB C yBenH'IeHHeM t .IJ,OllOnHHTenLHblB qneH f 2 , 

o6ycnoBneHHLIB .IJ,HarpaMMaMH puc. 4,. a BKna.IJ, .IJ,HarpaMM 

puc. 5 cTaHOBHTCH ManLIM. KaK BH.IJ.HO, lilYHKUHH f 2(t) 6nu3Ka 

K oTT ( t) , ll03TOMY Bbi'IHCneHHaH 3.IJ,eCL 3neKTpOMarHHTHaR 

nonpaBKa npaKTH'IeCKH He OTnH'IaeTCH OT "TO'Ie'IHOB". 

06cy.IJ,HM B 3aKnJO'IeHHe npe.IJ,enbl npHMeHHMOCTH nony

qeHHblX Bblpa>KeHHii. KaK HeTPY.IJ.HO BH.IJ.eTL, npuBe.IJ,eHHble 

llJopMynbl HecnpaBe.IJ,nHBbl npu Err;::: E rr = m~/2me "'580 T3B. 
3TO He 03Ha'laeT, O.IJ,HaKO, 'ITO paCCMOTpeHHaR MO.IJ,e_llb He

npHMeHHMa npu TaKHX 3Heprusx. llpocTo npu Err> Err no

npaBKH o ~ u o ~ .IJ,On>KHbl 6b1TL Bblpa>KeHbl qepe 3 .IJ,pyrue 

ll!YHKUHH. To'IHOCTL >Ke MO.IJ,enu onpe.IJ,enseTCR TeM, B xaxoii 

CTeneHH p -Me30H .IJ,OMHHHpyeT B llHOHHOM llJopMilJaKTOpe 

npH nJ06blX t H TeM, B KaKOU Mepe MO>KHO orpaHH'IHTbCR 

llOniOCHblM llpH6niDKeHHeM B llJOTOH-nHOHHblX aMllnHTy.IJ,aX. 

AHanH3 3KcnepuMeHTanLHblX .IJ,aHHblX, npoBe.IJ,eHHblii B pa6o

Te /5/ , llOKa3an, 'ITO p -Me30HHblB llOniOC )J,OMHHHpyeT 

B llJopMilJaKTope nuoHa B wupoKoil o6nacTH nepe.IJ,aHHblX HM

nynLcoB. BKna.IJ, cne.IJ,yiO~Hx qneHOB B pa3no>KeHHH aMnnuTy

.IJ.bl, H306pa>KeHHOM CHMBOnH'IeCKH Ha puc. 3, MO>KHO OJJ,eHHTL, 

ucnonL3YR .IJ,HarpaMMY 

e e 

wj) w 
1(, 9L 

Puc. 6. 

9 



I. 

. 5 

o~ -- I -Jt&. 

-.5 

f(r3B) 
----~----~~----~----~ 380 

10 
80 280 180 Puc.7 

BepxHeH rpaHHD;eii: OTHOWeHH.II BKna,na :HOB ,D:HarpaMMLI K 
Y'IHTblBaeMLIM B HaWeM pac'leTe cny)f(HT BellH'IHHa g 2 t /2/. 

prry_ 
Ecnu ,nn.11 KOHCTaHTbl g I? 

77 
y pacna,na p __, rr y npHHBTb 

TeopeTH'IecKoe 3Ha'leHHe /6/ g prry "'- 0,73 F3B -I, TO 
BKna.n ,nHarpaMM THna puc. 6 6y,neT npHMepHo paaeH 0,1 o4 
npu E 

77 
= 200 F3B H 0,2 o 4 npH E

77 
= 400 F3B, T .e.- f 3 -

BenH'IHHbl, KOTOpOH MO)f(HO npeHe6pe'lb . 
.6naro,napHM C.M . .6uneHbKOro, C.)J.y6HH'IKY' r .B.MH

uenbMaxepa H )J..B.lliupKoaa 3a o6cy)f(,neHHB pe3ynbTaToa, 
a TaK)f(e II.JI.lliKonbHHKOBa, npHHHMaawero yqacTHe aHa
qanbHOH CTa,D:HH pa60Tbl . 
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