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1 • BBE.L\EH~E 

Xopowo M3BCCTHO, 4TO COBpeMeHHaA KBBHTOBaA 3neKTpOAHHaMHKa 
/K3.L\/, HCCMOTpA Ha OTCyTCTBHe BHyTpeHHe~ 3BMKHYTOCTM, npesoc­
XOAHO CornQCYCTCR C pe3ynbTaTaMH MHOr04MCneHHWX 3KCnepHMCHTOB. 
PaC4CTHWM nnnapaTOM K3,L\ RBnRCTCR TeOpHR 803My~eHM~, KOTOpaA 
n03BOnReT npeACTBBHTb BW4HCnAeMy~ senH4HHY f HBKOTOporo 3fleKTpO­
AMHBMH4CCKOro RBnCHHA B BHAe PAAa 

a a 2 a 3 
f 1 + (-) . f 2 + (-) . f 3 + ... , 

rr rr /1/ f = fo t- " 

rAe a:: 1/137- nOCTOAHHBR TOHKOH CTpyi<TYPbl. 

BW4MCneHMR 3flBKTPOAMHaMH4BCKMX 3$$eKTOB B o6naCTM HH3KMX 
3HeprHi1 /aTOMHWe cneKTpW, MarHMTHWe MOMBHTW nenTOHOB H T.A./ 
noi<B3b1Ba~r, 4TO OTHOCHTenbHbli1 BKnaA cnaraeMbiX s /1 I onpeAe.nAeT­
CA rnaBHWM o6paaoM CTeneHb~ napaMeTpa paanomeHHR a/rr. KnacCH4e­

CKHM npMMepoM cKaaaHHoro MomeT c.nymHTb pac4eT aHoManbHoro Mar­
HMTHoro MOMCHTa 3JleKTpOHa, KOTOpbl~ y>Ke BblnOm-JeH /~0 4JleHOB no­
PRAKB (a/rr) 4 BKfl~lHHe.nbHO 111. 

T04Hwe BW4Hc.neHHA s paMKax K3.L\ npHMeHMTenbHO K eaaMMOAei1cr­
BHD 3.neMeHTapHWX 4aCTM~ npM BWCOKHX 3HeprHRX npOBBAeHW noKa 8 

OCHOBHOM AnA nepBWX ABYX 4IleHOB B paanomeHHH /1/. npH 3TOM 6wno 

3dMe4eHO, 4TO C ysenH4CHHeM 3HeprMM a6cO.nDTHOe 3HB4eHMC 3.neKTpo­
MarHHTHWX nonpa80K /3n/ HM3Wero nOpRAKB, TO eCTb 8ei1H4HHa BHAB 

a/rr·if 1/fol, B03pacTaeT H MOmeT AOCTMrBTb ACCRTK08 np04eHTOB. 
Bonpoc 0 TeopeTH4CCKOM M3Y4CHMH 3n 6onee BWCOKHX nopRAKOB 

8 npo~eccax saaMMOAe~cT8~R 3neMeHTapHwx 4aCTH4 u6cymAaeTCA Aa8-
HO /CM., HanpHMep,/2/ /, HO TOJlbKO B HaCTOR~ee BpeMR B CBR3M C 

llPOABMmeHHeM 3KCnepMMeHTa B o6naCTb CBepXBbiCOKHX 3HeprM~ H no-

8WWCHMeM T04HOCTM M3MepeHHi1 Haapena He06XOA~MOCTb ~X ~CCflCAOBa­
HHA. 

nocneA08aTeJlbHbiH pac4eT 3n 8blcw~x no a nopRAKOB conpR>KeH co 
3Ha4HTeJlbHOi1 rpOM03AKOCTb~ M TeXHM4CCKOC1 CI10mHOCTb~ aHBJlMTH4e­
CKMX BWKJlaAOK. npeOAOI1eTb 3TH TPYAHOCTM HeB03MOmHO 6e3 cy~ecT-
8CHHOrO pa38HTMH MeTOAMKH nOA06HWX BW4MCI1CHMC1. 

Oco6wi1 MHTepec npeACTa8JlA~T 3n K npo~eccaM 83BHMOAei1cT8MA 
3JleMeHTapHWX 4aCTM~, H3y4aeMWX 8 HHKI1~3M8HOH nOCTaHOBKe 3Kcne­

pHMeHTa, npH KOTOpO~ paC4eT BKJlBAB B nonpa8Ky OT M3DY4eHMR mecr­
KHX ¢OTOHOB 8 npHH~Mne MOmeT 6~Tb 8WilOJlHeH aHanMTH4eCKM 6e3 MC­
nOI1b30BBHMR KaKHX-.nH60 npM611MmeHM~/3/. BW4MCI1eHHR 30 K MHKfl~3MB-
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H~M Ce4eHMAM He COAepmaT ycnomHeHM~, npMCYTCTBY~~MX npM paC4BTe 

nonpaBOK K 3KCKn~3MBH~M npo~ecCaM M CBR3aHHWX ~ y4eTOM 3KCnepM­

MeHTanbHbtX ycnOBM~. 

B HacToH~e~ pa6oTe CAenaH nepaw~ war a M3y4eHMM 3fl nopHAKa 

a 
2 

K MHKJ1~3MBHbiM npo~eccaM: nony'-teHbl T04Hble $OpM,YJlbl An.R 3[1 

HM3Wero nopHAKa K MHKniD3MBHOMy cneKTpy paCCe.RHMH T04e4HO~ 6ec­

CnMHOBO~ 4aCTM~W Ha KYJlOHOBCKOM ~eHTpe C M3ny4eHMeM W.eCTKOro 

$OTOHa. 3aga4a 06 3[1 K TOpM03HOMy M3ny4eHM~ 4aCTM4bt CO CnMHOM 0 

B KYilOHOBCKOM none COgepmMT MHOrMe Bbl4MCnMTenbHble TPYAHOCTM, 

KOTOpwe B03HMKa~T npM paCCMOTpeHMM 3[1 nop.RgKa a 2 K MHKniD3MBHWM 

ce4eHMHM npo~eCCOB B3aMMOgeACTBMH sap.RmeHHWX 4aCTM~. 0TCYTCTBMe 

CnMHa y paccei-!BaiO~e~Cfl 4aCTI-1~bl H OTAa4M y 4aCTMllbi-MMLUeH!-1 npMBO­

AMT nMWb K ynpo~eHM~ OKOH4aTenbHWX $OpMyn gnR nonpaBOK. 

Pa3BMTaR sgecb MeTOAMKa pac4eTOB a npMH~Mne pewaeT M aaAa4y 

0 nenTOHHbiX 3[1 H~13Wero nop.RgKa K MHt<J1~3MBHOMY Ce4eHMIO paAMa~HOH­

HOrO XBOCTa OT AMCKpeTHOro aApOHHOro COCTORHMH B rny60KOHeynpy­
rOM fN -pacceRHMM: 

r + N ... f + y+agpOHbl, /2/ 

B 4aCTHOCTM, OT ynpyroro nMKa: 

f+N-+ f +y+N. 131 

3HaHMe nonpaaoK K npo~eccaM /2/ M /3/ 04eHb aaw.Ho, nocKonbKY 

OHK AaiOT OCHOBHm1 BKJla.Q / 4/ B 3[1 nopHAKa a K M3MepReMOMy Ce4eHI1~ 
rny6oKOHeynpyroro nenTOH-H~KJlOHHOrO B3aMMOAe~CTBMfl. 

HccnegoeaHMe, s~nonHeHHoe s AaHHoA pa6oTe, 6wno MHMliMMpoaaHo 

3KCnepMMeHTOM/&/ no M3y4eHH~ KOMnTOH-3$$eKTa Ha rr-Me30HaX M 

onpeAeJleHHIO MX nOilfiPM3yeMOCTM 8 ~eaK~HH paAHa4MOHHOrO pacce.RHHR 

nMOHOB swcoKoA 3HeprHM Ha RApax 61 · 

TT + Z-> TT + y + Z. /4/ 

C nOMO~biO Ha~geHHWX 3AeCb 104HWX $OpMyJl B pa6oTe171 BW4MCJleHW 

3[1 K Ce4eHMIO np04eCCa /4/, OTBe4aiD~Me YCilOBMRM 3KcnepHMeHTa /o/ 

2. 50PHOBCKOE CE4EHHE H BKflAA flOflRPH3AUHH BAKYYMA 

B HM3WMX no a nopRAKax paAHa4MOHHoe pacce.RHMe /PP/ 6eccnMHo­

soA 4aCTMqw a KynoHOBCKOM none onMcwsaeTcR AHarpaMMaMM, npMse­

AeHHWMH B pa6oTe /?/: AHarpaMMW 1-3 /pMC.l/ OTBe4aiDT pp B 6opHOB­

CKOM npM6JlMW.eHMM, a AHarpaMM~ PMC.2 onpeAeJl.RIOT 3[1 HM3Wero nopRA­
Ka K PP, o6ycnoaneHHwe: 

1/ OAHOneTneBWMM AMarpaMMaMH 1-25 C B~pTyanbHWM $0TOHOM 
/V-eMa~; 
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2/ ABOi:1HbiM TOpM03HbiM V13ny4eHMeM /,[lTH/ - AHarpaMMbl 26"-32 C 
cooTaeTCTBYID~HMM o6MeHHbiMH I R~sKnaA/; 

3/ BKnaAOM nepepa'cce.RHHR - AHarpaMMbl 33-39. 
KpoMe Taro, a 3n HH3wero nopHAKa AaiOT aKnaA AHarpaMMbl nonH­

PH3al..lHH aaKyyMa. 

B Ka4ecTse nRTH HesaaHCHM~X nepeMeHH~x, xapaKTepH3YID~~x 

npoqeCC pacce.RHMH 4aCTHI..l~ Ha HenOABMmHOM ~eHTpe C H3Jly4eHMeM 
OAHOrO $OTOHa, Bbt6epeM * 

E1=P1o; E2==P2o: Y==Q
2=CP 1-P2 ) 2 ; t= q 2 =(Q-k) 2 

....... ... ;t .... 
H </Jk- yron MeW.AY nnOCKOCTHMM MMnynbCOB (p 

1
,p

2
) H (lei, k). 

B 6opHoacKoM npH6nMmeHV1V1 AH$$epeHq~anbHoe ce4eHHe PP To4e4-

Hoi:1 ~KanRpHO~ 4aCTM~W B KynOHOBCKOM none HApa C aTOMH~M HOMepOM 
Z HM8eT BHA 

4Z 2a 3
8

odf'o 
da = -, 

o 21-+ I t 2 
TT p1 

/5/ 

rAe 

o o o 2E2 2E 1 . 2 
S = M M = (--p 1 - --p 

2 
+ 10 

4 
) 

/.l. /.l. i fl. z fl. fl. 

/6( 

4E1~~ _ 4m2(!!__ ~2)2-l, 
ZoZo Zo Zo 

elf' 0 = dp2 
2E 2 

- 0 0 .. 
dk 
-o(E 1 - E 2 -w) 
2w 

_rr_dE dY dt d¢k 
.. 2 ' 

8\p1\ .;;;;- 1 

Zo = -2p2. k, z o = -2p 1. k = Zo- Y t • 

a m- Macca pacceMBaiD~eHCR 4aCTMI..lbl. 

171 

/8/ 

TorAa AnR HHKniD3~BHoro cneKTpa pacce.RHV1H 6eccnMHOaoA 4aCTH4bl 

Ha KynOHOBCKOM 4eHTpe C M3ny4eHHeM meCTKOrO $OTOH~ B HM3WeM no­
PflAKe nony4aeM 

2 2 3 t max 
d ao _ ~ ( ~ s 0 (t) , 
---- ... 2 t2 
dE2dY P1 t min /9/ 

rAe 

t - ( --· z-
max,min - vwy ±w) • /10/ 

a s 0
(t) AaeTcR <t>opMyno~ /3/ H3 pa6oTbl 171 

* 3ABCb HCnOJlb3Y~TCR 0603Ha4eHMR, npHHRTWe 8/?/, 
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nonb3YRCb ~Me~~~M~CR B n~TepaType/S/ $OpMynaM~, O~CWBa~~~M~ 
nonRp~sa4~~ saKyyMa yacT~4aM~ co cn~HaM~ 0 ~ 1/2, AnR aAA~T~s­
Horo BKnaAa e paccMaTp~eaeMoe ce4eH~e ~MeeM 

d2 0,1/2 z2 3 tmaxdt 0 a .,0,1/2 (t) 
avac •= ... : , f 2 s (t) · -;uvac 

dE 2dY P1 tmin t 
/11/ 

rAe 

0 (t + 4rn 2)2 4 4rn 2 
8vac (t) = L (t) -·- -· -·, 

6t m 9 3t 
. /12/ 

8 112 ) 2( 2 () 10 8rn1[1 2L ()] v (t = 
3 

t + 2rnr )L t -·-g·+ - 3 - -·2rnr t • ac me t m r /13/ 

3AeCb 

Lm(t) 
1 v>..m(t) ~ t 

---:ln -· , 
YAm(t) yAm (t) - t 

Am (t) = t(t +4m 2 ), 

a rn r - Macca $epM~oHa. 

3. OAHOnETnEB~E AHArPAMM~ 

np~ y4eTe A~arpaMM v-sKnaAa He06XOA~MO npose~TH nporpaMMY 
nepeHOpMHPOBOK Ha OAHOneTneBOM ypOBHe, KOTOpaR OCyl!leCTBnRnaCb 
HaM~ nocpeACTBOM BBeAeH~R narpaHm~aHa KOHTp4neHOB. HHTerpanbl 
no 4-~MnynbCY B~pTyanbHOrO $OTOHa k' BW4~CnRn~Cb MeTOAOM pas­
MepHO~ perynRp~sa4~~ 191 • Pac4eT V -sKnaAa BblnonHRnCR c .nQMO~b~ 
c~cTeMbl aHan~T~4ecK~x npeo6pa.sosaH11~ SCHOONSCHIP1 1°(Bbl4~cneHHR 

' ' . 
npo~OA~n~cb no cneAY~~e~ cxeMe. 

CHa4ana Ha 3BM HaxoA~TcR csepTKa 

rAe 

4 

S ~ = Re (M ~ • V ~ ). 

V L = J< _.!_[~p' 
IL uzv11L 

0 1 

E 1 , 
- -P21L 

Zo v2 

/14/ 

E Pt'.(pi-·2k) (p -k') + 
2 1 1L 
Zo vl wl 

E 1p'.(p' + 2k) 2E -·w' 2E -w' 
+ 2 2 (p - k-") + 1 (p -k') + 2 .(p - k') -

2 IL'' 1 1L . 2 1L 
ZOv2w2 v1w1 y2w2 

Jl~ 

~ 

.. 

p'.p' E -w' E 1-w' E 2 • E 
_1_2_( 2 (p - k') + (p - k') ) + --p' - ---Lp•. + 

v V W 1 IL W 2 IL z- 1/L z 2/L 
1 2 1 I 2 QWl 0 w2 

E 1-w, , E 2 E 1 
--p +2(-p +-P ) -
v w 1/L - 2 1IL ' 2 2/L 

1 1 E2-w' 
+ i81L4 (-·+-) + -- P21L + 

wl w2 v2w1 

E 2(p1-2k) 2 
1 2 Zo 2 o ·/15/ 

E1 (p2 + 2k) 2 2E 2-w' 2E 
1
-w' 

-2 plll 
ZOwl 

2 p21L + - p 1/L -· ·p21L -
Zow 2 Za wl ZOw2 

(E 1-w')Pi·{P2+2k) 2E 2-w' 
+ p21L + - p 1/L -· 

.Zov 1w2 Zov2 

(E 2-w ')P2· (Pi -2k) 
-· - plll 

Zov2w1 
2E 1-w' 
---p21L 

Zov 1 

i ., P1· P 2 ] 
-·-u 4 > 

2 IL v v 
1 2 

- MaTp~4HW~ 3neMeHT OAHOneTneBWX AHarpaMM, 

J [A] = -1- f d 
4
k '· A 

i172 

(2y, 17) 
4 d 4k, . J . A • 

-i. (217) 4 

u =k'2, v1,2 =(P1,2-·k')2+m2, w1=(P1-·k-k")2+m2, 

( k k ')2 2 , 2 k' , - k, w2=P2+- +m • P1,2= P1,2- ,w= a·· 

/16/ 

tl7/ 

AnR YCTpaHeH~R ynbTpa¢~oneTOBbiX pacXOA~MOCTer:i K s~ A06asnR.eT­
CR BKnaA KOHTp4neHOB 

S c = Re (M 0 • V c ) 
V 1L IL ' 

rAe 

c o 2 7 E2 E1 
V = 2(P -·P)M -2m (3P --)(-p 1 + -· P

2 
). 

1L IR fl. 2 z2 fl. z2 1-' 
0 0 

3AeCb 

-1 
P = P ={n -4) 

IR 
+ ..!. y + ln __!!!._ · 

2 Tf2Vi7 

/18/ 

/19/ 

- T~n~4Hble non~CHble YneHbl, oTBe4a~~~e ynbTpa$~oneTOBbiM ~ ~H<)>pa­
KpacHwM paCXOA~MOCTRM np~ pa3MepHOCTH npOCTpaHCTBa-speMeH~ 0=4 
/y - KOHCTaHTa 3~nepa, Tf - np0~3BOnbHW~ napaMeTp pa3MepHOCT~ 
MaCCbl, ~HAeKc IR o6osHa4aeT ~H<i>paKpacHy~ np~POAY sKnaAa/. 

npe~My~eCTBO B BW4~CneH~~ CHa4ana CBepTK~ /14/, a 3aTeM ~H­
Terp~posaH~R no d4k' 3aKn~4aeTCR B TOM, 4TO Ha 3TOM nyT~ MOmHO 
noH~3~Tb paHr TeH30pOB, COCTaBneHHWX ~3 ~MnynbCa k' ~ BXOAR~~X 

5 
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8 ~HTerpan~ /16/, AO BTOpOrO nopHgKa ~ nonHOCTb~ ~a6aB~TbCH OT 
4peas~4aAHo rpoM03AK~x TeHaopH~X ~HTerpanos Gonee s~coK~x no­
PHAKOB. AeAcTB~TenbHO, s 4~cn~Tem=tx cnaraeMbtX, BXOAHIJ.I~X 'a I 14/, 
o6paay~TCR CKanRpH~e npo~3BegeH~H, B KOTOp~X np~cyTCTByeT k'. 
C noMOIJ.Ib~ TO>KgeCTBeHHbtX npeo6paaosaH~A 3T~ cKamlpHbte npo\.taee-
.qeHI-1H MO>KHO Bblpa3vtTt:, 4epe3 Il~HeAHble KOMfi~Hall~~ U , V 1 , V2 , 

w
1 

~ w2 , BXOAHU4~X a aHaMeHaTem1 cnaraeMbtX /14/. TeM caMbiM 
MO>KHO A06~TbCH yMeHbWeHvtR CTeneH~ k' B 4vtCI1KTen'Hx. 

8 peaynbTaTe TaKvtX npeo6paaoeaH~A MO>KHO nony4~Tb s~pameHvte 
AIJR 8 t, B KOTOpOM np~cyTCTByeT OAH03Ha4HbiA Ha6op OAHOneTneSbiX 
11HTerpanos: a HeM HeT vtHTerpanos, coAep>Ka114."'X Ksa.qpaTK4Hbte 
YI1bTpa$vtOneTOBbte paC><OA~MOCT~, a 11H$paKpacHaR paCXOA11MOCTb co­
cpegOT04eHa a ~AHOM eA11HCTBeHHOM KHTerpane J[ 1 ]. Peaynbra-

uv1 v 2 

Tbl Bbi411CneH11A 3TI1X 11HTerpanos npi1BeAeH~ s npvtnomeHI-111 A. 
Aanee c noMOU4biD ra6n114~ OAHOneTneBbiX 11HTerpanos e~pameHI1e 

AI1H s~ npeo6paaoBbtBanocb l;ia 3BM nocpeACTBOM nOACTaHOBOK: 
nOAbiHTerpai1bHaH $yHKL!11J1 => peaynb TaT ~HTerpl1pOBaHI1R. np11 3TOM 

- nocne np11se.qeH~R noA06HbtX 4neHoB s CYM.Me Sv= 8~+ S ~ coKpaTI1I1~Cb 
BC,e YI1bTpa¢110JleTOBble paCXOA11MOCTI1, a vtH$paKpacHaH. paCXOAI1MOCTb 

noKan11aosanacb a 4aCTI1 Sv 

S~ = (2PIR - y H-1-l). s 0 
e aIR . s 0 

m uvi'v 2 v 
/20/ 

rAe 

Y 2ry 
1 

2ry 
___!!!_[«l'l(--) - «l'l(--)] 
-~· r + 1 r -1 

aiR -=-J ,p -
V 0 IR 

/21/ 
v m y y 

3AeCb 

1 fy+ 1 
Lm = -:=:=ln-·, 

..; >..m ry -1 
Jo = 2(YmLm- 1), 

>.. m = Y(Y + 4m 2 ) , ry = (1 + 4m 2jY) 1/2, 

ym = y +2m2 • 

«l'l(x) =- jt-1 ln\1-t\dt, 
0 

nocneAHee - <I>YHKL111R CneHca. 
Aiu:i KOHe';IHOA ·4acrl-1 S ~ nony4eHo cneAYtOUiee Bblpa>Ke['i~e: 

sF= 1 ~E'[E ( ~ ._',t)'- E l + E '(fy- 2 -·3) + (E 1 ruY ,.-YEZ) f~t-
V z 1 r · 2 ~- t ... 

0 

6 

2 s T 4ru 2E 2 
- (Y m +2m Ez) .J +,E{uYz · J -·(1 +--(E1 + E2 K') +-~-(EcE 2K)-

rZ z 
0 0 /22/ 

2E2 (E 
1 

+w)Jf 

Zo 

- 2 s ~ 2 s 
-2E 2 ruK(l +r).J1 +2E 1 K(E 2Ymz-rE 1).J3 + 

2f',... 2 -r ~2 s v 
+2E

1
[E

1
(1+-Y )+E2 (---Y )](J 2'-J 1 )-r 2 mz r r mz 

2 ~ ] v v v 
- 2Ym [El (1 -·-;) + E 2Y mz (E 1 · J 3 + E 2 · J4) + y m Zo' J 5 + 

2 T T 2 T -
+ 2Y m (E 1 • J 4 + 2E 1 E2 . J 5 + E 2 • J 6 )l + IE 1 ...... - E 2 , Z 0 +--> - z0 I , 

rAe 

E = E1E2 1 
z ·--z0 4 ' 

Ym 
K -·, 

Zo 
K = 

Ym 

Zo 

yz =_l-1 z . 
0 

r = Zo 
m2 

Ymz = 1 + i( • 

f= 
Zo 

m2 

a ocranbH~e o6oaHa4eHvtH nOHCHR~TcH s npvtnomeHvtvt A. 
CooTseTcTBeHHO paa6vteHvt10 S v= S ~ + S.J' st<na.q OAHoneT neBbtx 

paMM B VIHKJ1103VIBH~~ cneKTp pp npegcrasnHeTCH B BVIAe 

rAe 

d2av ct2aiR d2aF _____ v_+ v 
dE2dY· dE2dY dE 2dY 

ct2aiR v --= 
dE

2
dY 

ct 2av 
dE 2dY 

ct2ao a IR 
. -Bv 

dE dY 11 
2 

2 4 tmax 217 dA. 
~. r dt_ r _'~'_k_ s~ 
217 2p 21 t t 2 0 ..;w:: 

. min Y 

g1-1ar-

/23/ 

/24/ 

/25/ 

l-13 /24/ BVIAHO·, 4TO B 4aCTvt Ce4eHI1J1 V -BKJlaAa, co.qep>Ka114eA 
VIH¢paKpacHytO paCXOAVIMOCTb, $aKTOpl13jeTCH Ce4eHvte pp B 60pHOBCKOM 
npvt6Jlvt>KeHI1VI. TaKytO >Ke CTPYKTypy 11MeeT VI 11H$paKpacHO paCXOARU4aJ1CJ1 
4aCTb Ce4eHvtR R-BKilaAa, KOTOpaH B CYMMe ~ ct2u~RjdE 2 dY 6ygeT 
CB060AHa OT paCXOgVIMOCTVI. 

~ 
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4. ABORHOE TOPM03HOE ~3flY4EH~E 

npl-1 Bbi41-1CileHHI-1 R- BKilaAa B 3n K 1-1HKI11031-1BHOMY cneKTpy /9/ He-

06XOAHMO npoHHTerpHposaTb ce4eHHe AT~ no nOilHOMY $aaosoMy o6oe­
MY ABYX $OTOHOB, nOCI<OilbKY Ce4eHHe /9/ OTBe4aeT I-13MepeHHIO B 
KOHe4HOM COCTORHI-11-1 XapaKTepHCTHK TOilbKO pacceRHHO~ 4aCTI-1~bl. npl-1 

3TOM OCHOBHO~ 3aAa4e~ RBilReTCR B~AeJleH~e HH$paKpaCHO paCXOAR~e~­
CR 4acT1-1 ce4eHHR AT~. nocneAHee npoBOAHilOCb M~TOAOM, npeAnomeH­
HbiM a pa6oTe 131• Pac4eT R-sKnaAa TaKme BblnOilHRilCR c noMo~bl0 1 

CHCTeM~ aHaJlHTH4eCKI-1X npeo6pa30BaHH~. 
¢aaosoe npocTpaHCTBO AT~ Mbl napaMeTpHaosanH cneAYIO~HM o6pa-

aoM: 

dp2 dk 1 dk2 2 
df' = --·-- --8(E -·E -w -w ) = df'0 dV di' 2 2E 2w 2rJ) 1 2 1 2 y • 

2 1 2 

/26/ 

rAe 

v2 =-k2 =-(kt + k2)2 • /27/ 

dk1 dk2 4 1 1 
di' 

2
y = -- --8 (k- k 1-k 2 ) =-<ill R= -dcoseR d<i>R , 

2w1 ~2 8 8 
/28/ 

yr-!!bl OR 1-1 <i>R <?_npeAeilRIOT OpHeHTa~l-110 ~MnyilbCOB y-KBaHTOB k 1 
1-1 k

2 
B CHCTeMe k=O. np~ 3TOM HH$paKpacHaR paCXOAHMOCTb R-BKilaAa 

cocpeAOT04eHa B rHnepnilOCKOCTI-1 V2 =0. napaMeTpH3a~~R /26/ CHM­

MeTpi-14Ha no nepeMeHHbiM o6o1-1x $OTOHOB, no3TOMY oHa 04eHb YA06Ha 
npl-1 B~41-1CJleHHI-1 R-BKilaAa C T04KI-1 apeH~R y4eTa TOmAeCTBeHHOCTI-1. 

On~weM Tenepb cxeMy pac4eTa R-sKnaAa. CHa4ana Ha 3BM B~4H~-

I1ReTCR CBepTKa 

s R = MJLI' M j!V 
/29/ 

rAe 

2E 1 1 1 2E2 . 1 , 
M p.v = --[-p 21! (p 2 + k l)v + --P2v (p 2+ k2) p.] + ---[-P1p.(p1-'k1)v+ z u 1 u2 z w1 

1 2(E 1-w2 ) 2(E 1-w1) 
+ WP1v(p1- k2)14<] - P2i!Plv -· p1p. P 2V + 

2 u1w2 u2w1 
/30/ 

. P1v P2v . Ptu P2,, E 1 E2 
+ 18 (- -·--) + 18 (-=- -·--==-) + 8 (-· -·-) 

P.4 W U v4 W U j!V Z Z 
2 2 1 1 

8 

- MaTpH4Hbl~ 3IleMeHT .qHarp,aMM AT~; 

Z=-!~..·k+V 2 
"¥ 2 ' 

- 2 2 z = -:2p1. k -· v = z - y t - v • 

u 1,2 = - 2P2. k1,2. w1.2 = -2p1 · k 1,2 • 

3aTeM CTPOHTCR 

SIR = SIR + 'S IR = (F IR + F IR ) • S V 
R 1 2 1 2 ' 

rAe 

S IR = lim S = F IR • S V 
1,2 k O R 1,2 

IR 
F1,2 = 

1,2-+ 

(£L,_. !..L) 2 

u1.2 w1.2 

ym 2 1 1 --·-·m (-· + --), u w 0 2 w 2 
1,2 1,2 1,2 1,2 

gV 4E 1E 2 t 2 2 E1 E., 2 
+ (V - 4m )(-·-·-::;l") -1 , zz z z 

1-1 HaXOAHTCR pa3HOCTb 

S~ = SR -·SdR' 

KOTOpaR yme KOHe4Ha npl-1 k 1 -+ 0 1-1111-1 k 2 -+ 0 •. 

/31/ 

/32/ 

/33/ 

/34/ 

/35/ 

136/ 

/37/ 

Aanee BblpameHH~ /37/ HHTerpHpyeTCR no df'2y nocpeAcT13oM Ta6-
Ill-1~~ R-HHTerpanos: 

JR[A] "'~ Jdf' ·A =-
1-Jdll ·A, 

77 2Y 477 R 
138! 

KOTopaR npHBeAeHa B np~nomeHI-11-1 6. nocne nOACTaHOBKI-1 B /37/ pe-

3YilbTaTOB Bbi41-1CileH~~ 3TI-1X HHTerpallOB 6billl-1 J'IBHO COKpa~eHbl OCHOB­
Hble oco6eHHOCTI-1 BI Tl-'lna 1/V 2• Bee 3TH oriepa~H~ BblnOilHRilHCb 
aHallHTI-14eCKI-1 Ha 3BM. 

0KOH4aTellbH~~ pe3yllbTaT TaKoro HHTerpHpOBaHHR St MOmHO npeA­

CTaBHTb B CileAYIO~eM BHAe: 

1 R F 3 E1 E2 2 w E2 E1E2 4m2 
-J [S ] = {-{-·-·-) + [E (- + -)- --(1 + -·+ 
4 R 4 z z 2 z u z u 

2 2 2m2 E 2 2 E E Y + V 2 
+ V -2m)+ ..::::....::.12 (1 + 2m )] L 2 + [-U(tm + (Y rn + v2)(1 + rn ~ )) + z z ' u z 

2 
EY rn EYrn YrnEm R D y rn R D 2 

+-(Ern+ -)]L I -·--J [--]- -(J (--] + 
2u 4W u u 1W2 2uw u 1w2 

9 



R D2 w 2 EE1tm 2 R 1 1 
+J [ --] - -L ) -· (m J [--] -· --) + 

W 2 m 2 2-
U 1 1 2V Z U 1 W2 V Z 

2E t 
+ 1 m (m2'JR [-D-~ -·~) + J..m2E2 [m2 JR[-1-] _. 

z u2w 2v 2 z 4 u2w2 
1 2 1 2 

-· _1_(_1_ + -b-)J -·m2E [m2JR[_D_] - ....QL(J_. __ 1_)] + /39/ 
v 2 z 2 z2 u~w 2 2v 2 z 2 z2 

1 2 

2 [ 2 R[ D2 w2 1 1 2E1 Y m [ E m + m m J --] - --(- + ~)] + -- -· 
U2W2 4V 2 Z 2 z2 Z U 

1 2 

E 2 Y mY t ' E 1 Ern E 1 R D w -(1 + --)- -]L + Y (-- -)(J [--l- -L )I+ 
Z UW 2Z rn rn U Z U 1 W 1 V 2 m 

+IE1--E 2 ,Z .-.-zi. 

rAe 

D = .l(w
2 

-w
1 

), 
2 

E = E + E E _ E 2m
2
E 1 

1 2 ' - - -----''-rn 2 Z 

2 - 2 u = u 
1 

+ u 
2 

= z - v . w = w 1 + w2 = z + v , 

a OCTanbH~e o603Ha~eHHR npHBOARTCR B npMnO*eHMH 6. , 
~HTerpHpOBaHHe BbiAeneHHOi1 MH<tJpaKpacHO paCXOARU1ei1CR ~aCTH S~R 

no df' 2y H dcp k npOBOAHTCR TpMBHanbHO: 

J R[S IR J 
R 

2 -J sv 
v_2 o 

1 27T d¢k s v = s (t, v 2 ) • -- r -
2rr 0 V w y 

fi+,O/ 

3AeCb 

set, v 2
) 

4E E (t -V 2/2) 1 1 E
2

1=l E
2
R 1 

12m (--·---)+(V2_ 4m2)(-1~-+-2"""_z)--
2 - .,., s12 -s12 -· 

yt + V yCz V'-'z Cz Cz vwy 

/41/ 
B! = E 1w+ Y/2; Bz=-·Bz(E 1 ..... -E 2), B , 8 o y2 1 

z= z+ ·Bz, 
/42/ 

0 2 1 4 ... 2 1 - ->2 • -Cz = C z+ 2V Cz + V . p 1 , Cz= Yp 1 + tEy• Cz =Cz (E 1 ,__.. -E2), E y=2E 1E 2-Ym' 

a B~ H c~ onpeAeiUliOTCf! <t>opMynaMH /4/ H3 pa60Tbl/7/. 
B cooTBeTCTBHH ~ npeAcTaeneHHeM SR= S~+SJ BKnaA ATH B HHKnt0-

3MBHOe ce4eHHe PP onpeAenf!eTCR BblpameHHeM 

10 

.I 

,( 

t~· 
~~ 

;!~ 

' 

i 

u 
f 

• 

~ 

\> 

;l 
) 

I 

~ 
i 

d2 d2 IR d2 F aR aR aR 
-~= :+ ·, 
dE lflY dE 2dY dJ<t2 dY 

rAe 

d2 IR 2 4 tmax dt 
aR Z a . I ----=--- 2 

dE 2dY rrp~ tmin t 

v2 
m dV2 2 I --Jo .S(t, v ) . 

0 y2 

t 
d2aK z2a4 max 

---""'-. = _2_;;'2_ I 
dE 2dY 4rr P 1 tmin 

2!.. 
t 2 

vffi 2rr d¢k J R[s ~ J, 
I dV2 I ywy 
0 

a 

2 --v m = 2 y Wy t - Y - t. 

BblnonHflf! e /44/ TOmAeCTBeHHble npeo6paaoeaHHR, HMeeM 

rAe 

' 

I t max IR 
d

2
aRR _ z2a4 I _I!!_[J .s {t)+ s0(t)oR (t)], 

dE dY 
2 

--- ... 2 t2 0 D 
rrp 1 tmln 

v,2 
m 2 

S
0 

(t) = { dV
2 

[S(t, V 2) - S 
0

(t)] , 
0 v 

v2 v2 
8 IR (t) = t dV2 J = _1_. (dV2 Idf' , 4F IR. 

R 
0 

V 2 0 2rr 0 2y 1,2 

/43/ 

/44/ 

/45/ 

/46/ 

/47/ 

/48/ 

/49/ 

1-iHTerpan /48/ Bbi4HCnf!eTCf! HenocpeACTBeHHO, H peaynbTaT HMeeT 

BHA 

2E E (Y + t ' 2m 2E B 
0 

S (t) ;, { 1 2 m m' (L + L ) - 2E (E - --D) L + 
D y D D1 1 2 CO Dl 

E2V 2 d t 4 2c1 2B 1 z d 1 /50/ 
+ ~[_.Y.(1+ m z)- 4m z] + E2(_1_- _1_)[~(~ + 4m~-

.I em Dv c 0 c 0 1 . 'C m . 'Co Dv P21 Vz z z Vz Vz 
B1 8m2 B 0 

- _z ·- Z]}- IE ....... -E l. 
p2 co 1 2 

1 z 11 

tl 
I 

L 

• • 



3AeCb 

2 o -Yt -a·-· 
1 Vm(VCz+VCz )+Yt(VCz+VCzffi) -Yt 

-.-.-~n I -·1, Cz > 0, 
._;c-Yi V2(.jC 0 -._;cs-._Vt)+Y (.jC0+· 1Cm) -

z m z z t zVz 

Ln= 
1 v-d"Yt[v 2._; COcc l_y i)2)+(C o_c1y )(.JC o_..; em)] 

/51/ 

--arcsin-- z m z z t 1 z. z t z ----1 

v-c-Y~ t (-1\T) IY t<v! + Yt')l 

1 1 v:b 1 em 
LD1 = -=ln-(1 + --1!l..:L + V -2..) ..;co 2 co co • 

z z z 

-Y 
,Cz ~0, 

/52/ 

d = p2 B 1 -·E B 1 ::2 2 2 .... 2 .... 2 2 Dv = 2p 1 (Y(Y -3E 
1
E

2 
+m )+2~ wy1+t(p

1
p

2 
-Ey), v 1 z y z • 

em =C I 2=v2 z z V m 
-Yt c I C 

= z v~-Y z - t 

/53/ 

np~ Bbi4~CneH~~ vtHTerpana /49/ vtCnOJlb3yeM npvteMbl pa6oTbl /a/. 

nocne AOBOJlbHO rpOM03AKV1X BbiKJlaAOK HaXOAitiM 

rAe 

12 

m v~ 1 1 l+/31 1 l+/32 
8R (t)=J0 (P +ln-)+-(-ln--+-ln---}+S<ll(E ,E ,Y),/54/ 

IR Zmw 2 /3 1 1-/3 1 f3 
2 

1-/32 1 2 

Ym 1-/32 (t-tl) (t- ta) 4 i+ 1 1 2 
S (E , E , Y) = -lln--ln . + l (-1) S. (2 8 .. ln (t-t.)+ 

<1l 1 2 2V'A m 1+/32 (t -tr)(t- t4) i,j= 1 J IJ /5S/ 

t -·tj t= tu 
+ (1- 8 .. )[ln(t.- t. )ln(t-t ) -<ll(--)])l 

lJ 1 J 1 ti-t 1 t=tr 

s j = (1, 1, -1, -1), 
.... .... 1 

t u = 2(1 p 1 1-·lp2 1), tf = Tfi(2E 2w- Y), 
2 

. -Y± .J'Am + 2w, fl1,2 
Y±.J'Am_2w, t3,4 = E +IP21 

.... I 2 E -IP2 2 

I P1,2 I .. 
t 1,2 

E 1,2 

/56/ 

/ 

.I 

,. 

r 
1: .. 

ll 
~I. 

;1 
.J 
( 

1 

If 
[l 

~ .. 

I 

nPHnOli<EHHE 

I 
A. 0AHOneTneswe vtHTerpanw 

3AeCb Mbl npvtBOAVIM pe3yJlbTaTbl Bbi4VICJleH~i1 B pa3MepHOi1 perynfl­

pvt3al.\vt~ ~HTerpanos /16/, KOTOpble 6b1Jlvt vtcnonb30BaHbl npvt pac4eTe 

V -sKnaga: 

1 
J(--] = -2P +2 -£· , 

vlv2 Y 

1 J [--] =· -2P + 2, 
uv 2 

1 
J [--] = - 2P + 2 -· f , 

UW2 

1 
J [--] =- 2P, 

v2w2 

J [-1-] = -·2P + 2 - f , 
t 

vl w2 

k·' 
J [-a-] 

UV 2 
=(-P+ ~)p2a, 

k~ 1 ' 
J [--J = <-P +-- n (p + k) , 

uw2 2 2 a 

k' 
J [-a-] = -.P(2p2 + k)a , 

v2w2 

ka 1 J[---] =(-P +1--·£ )(p +P +k) 
v w 2 t 1 2 a' 

1 2 

1 1 2r y 2r y 
J[ ]""2Lm·PIR +-==[<ll(-)-·<ll( )], 

uvlv2 -'>.. ry+1 ry-1 
V m 

J[-1-.J = - 1-[<ll(1 + r) -·11(1)] = J~ , 
uv2 w2 Z 0 

J[-1 -] = 1 [D(x
1
)+D(x 2 )-D(O)] 

uvl w2 .Jd 
= J s 2 • 

1 1 ev 2 et 2 s 
J[ 1 = -[(-) -·(-) ] = J 

v1 y 2 w2 2Yt ry rt 

/A.l/ 

/A.2/ 

/A. 3/ 

/A.4/ 

/A.5/ 

/A.6/ 

/A. 7/ 

/A.8/ 

/A.9/ 

/A.lO/ 

/A.ll/ 

/A.l2/ 

/A. l3/ 

13 

; I 

tl 



k'a , k 
J[ ]=J~·P -J·a· uv w [. 2a e 

2 2 

/A.14/ 

k~ v v 
J [ 1 = J 1 • P ta + J 2 • .q a ' uv 1w2 

/A. 15/ 

k' . 
J [ a ] = J s. p2a + e Yt • Q a + J v k a ' 

vl v2 w2 
/A.16/ 

k'k' 1 T S 
J[ a (3 ] "'-(-2P+2-f~+Y,J )8a{3 +J 'Pta P1{3-· 

v 1v 2w2 4 

s s 3 v 
-(J -fy,)(p1aQ{3+Qap1{3) +(J -2£Yt)QaQ{3+J (P1akf3+kaP1(3)-

/A.17/ 
V1T 1 1 V T -(J + -·J )(Qak/3 + kaQ{3) +-[1--ft+ Y(J + J )]kak {3• 

2 yt 2 

J[ k~ ] v v 'J v --- =J·P +J ·P + .q uv v w 3 1a 4 2a 5 a 
1 2 2 

/A.18/ 

k~k{3 1 S V T T 
J[ ] =-(J -Zo·J5)BaQ+J4.P1aP{3+J5(plpQ+P PQ)+ uv V w 2 ~--' 1 a 21--' 2a 11--' 

1 2 2 -
/A.19/ 

T T T T 
+ J 6 ' P 2a p 2{3 + J 7 · (p 1a q {3 + q a p 1{3 ) + J 8 (p 2a q {3 + q a p 2/3 ) + J 9 q a q {3 • 

/ 

B np~BeAeHHwx'$opMynax 

.i4 

f = r ln ry+ 1 y y -~·, f 
ry -1 t 

r t + 1 1 
= r ln-- f = -(e -f ) 

t ' Yt y Y t ' 
r ,- 1 t 

/A.20/ 

f=~ 
r + 1 

rt =(1 + 4m2/t)ll2 
' /A.21/ 

X g- 1 Xg X 4 - 1 X 4 D(x) = q>(--) - qJ(--) - qJ(--) +ell(--), 
X 3- X "Xg - X X 

4 
- X X 

4 
- X 

/A.22/ 

1 1 - 2 PA 
x

1
,2 ='2(1±r,), x

3
,
4
=-;-(t+ z 0 ±Vd), d=(t+Z 0) +4rrn, /A. 231 

s 1 Jd=J +-£ 
" 1 Zo ' 

J f = _1_ (f - 2 + 2m2 J f ) ' 
Zo 

Jv = 2:_(2- ft +Y(J 8 -2£Yt)], 
Y, 

/A.24/ 

/A.25/ 

. . . 
., 

~ 

J ,. 
~ 

I J 
~ ... 

' 

1/ 

v 1 s . 
J 1 =d(Z0(t+ Z 0)J 2 -{t-Z0)£ +2t£t], 

• 

J: =;(2m2 (£+ z0 .J~) + (t + z0 )(f-£t)], 

v 1 s s s s 
Ja =-<-Co·J +C1.J1+c2.J2-'Ca·Ja) • 

I!J. 

v 1 s s s s 
J4 =x-<c4.J -·cli.Jl-d·J2 +Ce·Js), 

/A.26/ 

/A.27/ 

/A.28/ 

/A.29/ 

J-: = l.(Y(Zo + Zo )J 8 -·(YZO + 2m
2
Yt). J~- c6. J~ +Am' J:], /A. 30/ 

I!J. 

~ 2 2 - r 2 
I!J.=2(YZ

0
z

0
-m Yt)' C 0 =YZ 0 +tZ 0 ,C 1 =Z 0(Y-Z 0)+2mYt' 

C
2 

=ZZ
0 

+t(Y+ 4m2 ), C
8

=Y(Y -Z
0

)+2m2(Y+t), C4 =YZ0 +tZ0, /A.31/ 

C
6 

= Z
0 

(Y- z
0

) + 2m2Yt, C6 = Y(t+ Z 0)+ 2m
2

(Y + t) , 

8 
m2t 2 · 2 ry + r t r y + r t r y - r t 

J = ln--" L + --[q>( )-ell( ) +ell( .) -
3 yz 2 m . 1-:;:- r Y + 1 r Y- 1 r y + 1 

0 ~ m /A.32/ 
r y-·r t 1 r y- 1 1 r y+ 1 

- q>( ) + -ell(-)- _qJ(--)l, 
ry-1 2 ry+1 2 ry-l 

JT = _.!._(1- Yfy -·2m2 J 5 ), y t 
t 

/A.33/ 

nocKOnbKY B B~pameH~e AnH V-sKnaAa ~HTerpan /A.19/ BXOAHT 
n~Wb C a= {3 = 4, a q

4 
-=0 /pacceRHHe Ha lleHTpe/., TO HaM AOCTaT04HO 

3HaTb HBHbiH B~A TOnbKO J r , J ~. ~ ·J ~ : 

J~ • ~(·-Co (fYt +.Jv)-Cs(Lm+ zo J:)- d(Js -ZOJ~) -·Ct'Ji+.C2·J;'l, 

/A.34/ 

J '{ - l..[c, (fy, + Jv)+ c 6 (L~ + z 0.J;) +C2 (J 
8
- z0.J:) + C5·Ji- d·J ;'1, 

I!J. /A.35/ 

JeT • .l{-0 '(en +J ")+Co (Lm + zo .J~)-C6 (Je+ 1£) -c2.Js + Zod .J:l' 
6 /A.36/" 

rAe Ci -d(z 0 .. -Z 0 ). 

lp 

ll 
I 

1t 
I 



5. R -MHTerpaJlbl 
/ 

3AeCb npMBeAeH~ pe3yJlbTaT~ B~4V1CJleHV1~ V1HTerpaJlOB /38/, KOTO­
p~e BCTpe4a~TCR npM paccMoTpeHMM BKJlaAa ATH: 

R 1 
J [-~ = L 

D1 2 • 

R 1 2 
J [-~ = -L 

D W V2 m ' 
1 1 

J R[_D_] = ..!e...L +-1-(2<1> L -till L 1 - <I>2 L 2) • 
u w v2 m 20 m 

1 1 

R D 2 w2 1 2 <1>2 
J [--] = --L + -Hw<I> + V (-·-,2g)] Lm 

D 1 W 1 2V 2 m ·a G 

-{H 1 + DF1 )L 1 -'(H 2 + WF2 )L 2 +HI, 

JR{_l_] = L I' 
D1 W2 

R D 1 
J [--] = -(<I>rLr -<I>lL1 +<l>2L2) • 

D 1w2 2G 

R D 2 1 1 2 J [-] = -·I-.-(<I>I +,\I h) + H 1L
1 

+ H
2

L 2 _,H] , 
D 1w2 G 4G 

R 1 1 Ur 
J. [--]=-(--,+WI Lr)' 

Df\\12 >..r m2 V 2 

R D 1 <I>r2 
·1 [--] = -(22 -<I>u LI) • 
~W2 2.\r m v 

R 1 2 Wf+Df 2' 
J [-]=-( +WID 1L 1 +V GLv), 

D2w 2 >.. 2 2m2v2 
1 2 I 

/6.1/ 

/6.2/ 

/6.3/ 

/6.4/ 

/6.5/ 

/6.6/ 

/6.7/ 

/6.8/ 

/6.9/ 

/6.10/ 

R D 1 Ur tiJr2 -Wr <I>u 2 " 
J [--] = -(------+(WI<l>I2 -·UI<l>ll)LI + 2V <l>ILV], 

Diw: 2,\~ m
2

V
2 /6.11/ 

2 <I>2 +<1>2 
JR[_D_~ = _1_( 11 I2 --><I> <I> L + v2eL ) • 

uiwi 2.\~ 2m2v 2 11 12 r v 
/6.12/ 

B npMBeAeHHbiX Q>opMynax 

w + vfi -· w -v >.. 1 
/6.13/ 

1 D +..; ,\2 
L = --ln '• 2 -

..;>..2 D -v.>. 2 
16 

L = -
1-ln 

1 -· ..; ,\1 

,! . 

I, 
j 

. ! 
\( 

~ j 
~ 

'I , . 
J 

. J 

'l 

!". 

. .I 

T1 
; 
" 

LI =· !_ ln v r +v_~i. 
v>..I VI-v>..r 

2 2 2 >.. 1 = W -4m V , 

2 4 4 
,\I =·VI- 4m V , 

Lv=VIL 1 -2, 

' D2 2 2 " 2 =· - 4m V , 

2 
V 1 =WD-V ·Ym, 

<I> =·Amw - E 1 Dy-E 2Wy , 

<I> 1 "" E 1 8+ wWy-·E 2>..1' cl> 2 =-E 2 8 + wDy-·E 1 >..2, 

Wy = YmW _,2m2 D, Dy = Ym'D _,2m2 W, 

0 = WD _, 2V 2Y , - m 
2(W2 2 2 G = Y m WD _,m + U ) -· V ,\ m , 

<I> I = E 1 D I - E 2 WI + m 2 (o (W 2 - D 2) ' 

1 
WI =~(8W+.\ 1D), 

1 
D 1 =-(8U+>.. 2W), 

2 

/5.14/ 

/6.15/ 

/6.16/ 

/6.17 I 

/6.18/ 

/6. 19/ 

/5.20/ 

/6.21/ 

/6.22/' 

<I> 11 = wWI _,2V 2(E 
1 
V

1 
+2m2 V2 E 2), <I>12 = wDI- 2V ~(E 2VI +2m

2
V ~1 ), 
/6.23/ 

wi = w
2

D -·V
2

Wy, Di = u
2

w - v
2

D Y' /6.24/ 

g ~ E 1E 2 Y _,m 2 w 2 ->..m/4, /6.25/ 

h .. w2>..m -2w(E 2 Wy+ E 1Dy)- 2E 1E 2 8+ G+Ef>..1 +Ei>..2 , /6.26/ 

o • -w9 [Vrn WD + m2 (W 2 + D 2 ) -·V 2>..m] + 2w(E 2Wi + E 1D{) 

/6.27/ 
It I! 2 2 2 -·4V [E 1E 2V1 +nrD (E 1+E2 )] -·>.. 1 , 

¢11 ella a a h 
H .. -+-0(~+~+--), /6.28/ 

2a >q ,\11 2a 

}.7: 



H1= ~LS. 
.\ 1 

<Ill 11>1 . ' 
2G 

H2= ~. + _!j!_li! 
.\2 2G ' 

.\ h 
Fl = G 1+ .:..:..1.:.. • 

2G ' 
F2=G + ~h 

2 2G ' 

G 
1 

= E 1 (L)W - >. 1/4 -·m2(L)2_.v2 E ~, 

'G2 = E2 (L)U - >.2/ 4- m2(L) 2 - V2Eff. 
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AxyHp;oB A.A., Bap.o;Hn ,1:1.10. 
06 3Jiei<TpoMai'HHTHbiX nonpanKax nopap;Ka a 2 
K HHKJIID3HBHb~ npo~eccaM 

P2-82-650 

IIonytteUbi TOttHbie <PopMymi p;na 3JieKTpoMai'HH'rHbiX nonpanoK 
K HHKJIID3HDHOMY cneKTPY pacceHHHll TOttettHOH 6eCCITHHOBOH ttaCTHup! 
Ha KYJIOHOBCI<OM LJ,eHTpe C H3JiytteHHeM JKeCTKOI'O <iJOTOHa, 

Pa6oTa DblllOJIHeHa B ITa6opaTOPHH TeopeTHttecKOH <l!H3HKH ..OIDUI. 

npenp~HT 06beAHHeHHOro HHCT~TyTa RAePH~X HccneAOBaHHH. AY6Ha 1982 

Akhundov A.A., Bardin D.Yu. 
On the a2 Order Electromagnetic Corrections 
to Inclusive Processes 

P2-82-650 

The exact formulae for electromagnetic corrections to 
inclusive spectrum for scattering in a Coulomb field of spin­
tess particle with the emission of a bard photon are d€rived. 

The investigation has be€n performed at the Laboratory 
of Theoretical Physics, JINR. 
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