HEPE3OHAHCHOE CMNOHTAHHOE TOPMO3HOE U3NYYEHUE
ANEKTPOHA HA ALOPE B NOJIE ABYX YMEPEHHO CUJIbHbIX
CBETOBbIX BOJIH B HEMUHTEP®EPEHLIMOHHOW OBJIACTHU

C.I. PowynkuH, npod.; O.B. JlbiceHKo, acnl.

CnoHTaHHOe Topmo3Hoe unanydeHne (CTU) npu paccesiHnm anekTpoHa Ha f4pe B Nose niocKom
3NEeKTPOMarHUTHOW BOMHbI M3y4YaeTcs JOCTAaTOMHO AaBHO (CM., Hanpumep, paboTel [1-8]). B nocnegHue
rogbl WHTEpec npuBreKaeT U3y4YeHWe 3reMeHTapHbIX KBAHTOBbIX MPOLIECCOB MNEpPBOro nopsaka no
NMOCTOSAHHOM TOHKOW CTPYKTYPbl B MOME HECKONbKMX nasepHbix nonen [9-11, 13-16], a Takke npoLeccoB
BTOPOro nopsiaka no MOCTOSIHHOM TOHKOW CTPYKTYpbl [12] (paccesiHne anekTpoHa Ha 3nekTpoHe B norse
ABYyX BOMH). MNpn aTOM ObIn OTKPBIT PSS, HOBbIX (OM3NYECKUX 3P EKTOB, Hanpumep, MHTepdepeHLMOHHbIN
3 dhekT B NpoLecce BbIHYXOEHHOTO U3MYyYeHUs 3NEKTPOHa Ha aape B None HeCKoNnbKux BomH [11,13,15]
W CMOHTaHHOE M3ryYeHne Ha KOMBMHaALMOHHbLIX YacToTax 3NEKTPOHOM B NONE HECKONbKNX BOMH [14,16].

B HacTofdLen cTaTbe M3yy4aeTcsa NpoLecc BTOPOro nopsgka no NOCTOAHHOW TOHKOW CTPYKTYpbI -
CMOHTaAHHOE TOPMO3HOE U3MyyYeHWe Mnpu paccesHU 3MeKTpoHa Ha agpe B none ABYX MIOCKMX
3MNEeKTPOMarHUTHbIX BOSH NMPOM3BOJbHBIX MONSAPU3auuin B 0611acT yMEPEHHO CUIbHbLIX UHTEHCUBHOCTEWN.
Mcnonb3yeTca penaTuBMcTCcKas cuctema eanunu: i=A=1.

1 AMIMJIMTYOA CTU
Bbibepem 4-noTeHumMan BHELLHEro nons B BUAE CYMMbl ABYX MMOCKUX 3MEKTPOMAarHMTHbIX BOIH,
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Mocne npocTbix BblkNagok (cMm. [7,11,17]) BblpaxeHue Ans amnnuTygbl MOXHO NpeacTaBuUTb B
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B (5)-(9) k; = oyn = », ¢, n , Ky = oon =0, ¢, n nki=on' =o' ¢n _- 4-umnynbCebl POTOHOB NEPBOW,
BTOPOW BOMHbI U CMOHTaHHOrO POTOHA, P, U P - 4-KBa3UMMMynbChl 3ne|<Tp0Ha 00 1 nocne paccesHus,
a m, - adeKTMBHaAsE Macca 3f1ekTpoHa B nore BosHbI (1):
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BTOPOW BOJH.

B BblpaxeHumn (6) onepatopbl M., onpepensiowme amnauTyay paccesiHus anekTpoHa (ecnm
Obl MPOMEXYTOYHbIN 3NEKTPOH Obin peanbHbiM, CM. [11]) Ha sape B none AByX BOSH, MMEIOT BUA;
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doTOHa 3NeKTPOHOM (ecrn Gbl MPOMEXKYTOUHbIV 3MEKTPOH Obin peanbHbIM, cM. [14]) B none ABYX BOJH,
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B BbipaxeHusx (13)-(14) doyHkuun 1., B,,. n 4-sextop D,,. (Bnepsble BBeAeHHble B paboTe [11], cMm.,
Tarke [13-16]) nmetoT crnegyoLwmn Bug;
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MoaovepkHeM, YTO 3HAYeHMs LenovMcreHHbIX nHaekcos r,r’ B dopmynax (15), (16), (18), a Tarke 4-
UMnMynLcoB P, P, B (15), (16), (18)-(22) paBHbI COOTBETCTBYIOLLUM 3Ha4YeHusM B (13) u (14) (cMm. TekcT

nocne atux popmyn). ®yHkumm L, _;_;» u L., _; onpegensoTcs COOTBETCTBEHHO NapameTpamm nepeo

-
1 BTOPOW BOJTH M OMWCBIBAKOT MHOTOGOTOHHbIE MPOLECCHI B MOe OAHOM BOMHbI [7,11]:
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OTmeTuMm, 4TO 7 (20) - N3BECTHbIV KBAHTOBbIV NapameTp MHOroPOTOHHOCTM ByHknHa-®eaoposa [18-20],
KBaHTOBblE napameTpbl /A (21) urpaloT CyLEeCTBEHHYIO poNb Ans NWHENHbIX NONsSpUsauuin BOMH K
OonbLUNX 3HEPIUsIX SMEKTPOoHa (ONS UMPKYMSPHbIX MONSpM3auui BOMH, a Takke ANS ANNUATUYECKUX

nonsipmM3aunn, HO B AMMNOMLHOM NPUOMMXEHUN MO B3aMMOAENCTBUIO 3MIEKTPOHA C 3NEeKTPUYECKUMu
nonsimu obenx BonH f; = 0), a a, (22) - KBaHTOBblE VHTEP(EPEHLIMOHHbIE NapameTpbl, onpeensiolme

UHTepdepeHLMOHHbIe 3hdEKTbI B NpOLECCax paccesHUs 3NeKTPOoHa Ha S4pe U CMIOHTaHHOIO U3NydYeHns
doTOHa aneKkTpoHoM B nomne ABYX BoOrH. [MogdvepkHem Takke, 4to B (13), (14) dyHkumm I, (18)
onpeaenstoT MHOrooTOHHbIE NPOLECCHI B NOMe ABYX BOMH W UX AeTanbHbll aHanus gaH B pabote [11].

BeipaxeHusa (4)-(6) ans amnnutyabl CTW anekTpoHa Ha sfape cnpasBennuBbl MpU MPOU3BOSBbHbLIX
3HAYEHNAX WMHTEHCMBHOCTEN M 4YacToT o6enx BOMH W [Ns CKOPOCTEN 3MEeKTPOHOB Vi >> Z/137.

HeTpyaHo nokasaTb , YTO MpW BLIKMOYEHUN OAHOM U3 BOMH (Hanpumep, npu F, =0) (4)-(6) 6yayT
onpegenate amnnutyay CTW anekTpoHa Ha siape B none ogHow BOfHbI [7], a ecnu BbIkNiO4MTL 06e
BOnHbl (F; = F, = 0) - 06bl4Hyt0 MoTTOBCKYt0 amnnutyay CTU anekTpoHa Ha agpe [17].
HeTpygHo nokasatb, 4TO Npu GrM3KMX YacToTax BOSIH MONyYMM XOPOLIO M3yyeHHbIn npouecc CTU
3MeKTpoHa Ha sigpe B Norie NOCKON BOSHbI
[7,8]. NoaTtomy B ganbHenwem 6ygem nonaraTb, YTO YaCTOThbl BOMH HEe BNn3sku:
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Kpome atoro, 6yaem npeagnonaraTb, YTO YacTOTbl BOMH YAOBMNETBOPAIOT YCIOBUAM:
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2 BEPOATHOCTbL CTU B OBNTACTU YMEPEHHO CUINbHLIX MHTEHCMBHOCTEWN
Bynem usyyate CTW anekTpoHa Ha sgpe B HeUHTepgepeHUMOHHOW obnacTtu, T.e. B Takon
KMHemaTuyeckon obnacTtu, roe KBaHTOBble napameTpbl ByHkuHa-®epopoBa He Mamnbl M ABNSAKTCA
OCHOBHbIMW MapameTpaMmuM MHorogoToHHocTn (cMm. [11, 13]). B HeuHTepdepeHumoHHOW obnactu
kBaHToBble napameTpbl (20)-(22) nmetoT cnegyowmnn NopsiaoK BeNUYMHbI:
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- KnacCuyeckui napameTp, OnpedensollmMi UHTerpanbHble XapakTepucTuku npouecca [8,11,13]. B
0obnacT yMepeHHO CUMbHbIX MONen napameTpbl &, << 1, 4YTO AN WHTEHCUBHOCTEW Monew, B
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3aBNCUMOCTU OT SHEPIUN INEKTPOHA, 3KBMBAJIEHTHO ClneaywnM yCrioBUAM!
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B ycnosuax (21) kBaHTOBble napameTpbl [, << i, @4 <<};, W MHOrOQOTOHHblE MPOLECChI, B
OCHOBHOM, OyaOyT onpeaenaTbcs KBaHTOBbIMWM napametpamu ByHkuHa-®epoposBa (I <yq, S<yy).
YuutbiBas, uto loy/E; <& <<1 €& sw,/E; <& <<1, nonyyum, 4to B 06nactm ymepeHHo

cunbHbiX nonen (28) amnnutyna CTU (5)-(14) cywecTBeHHO ynpowiaeTtcs. Tak BblpaxeHus ans 4
umnynscoB (7)-(9) n amnnutyg (13)-(14) npumyT cneayowuin Bua;
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N3 (29) BngHO, 4TO B 06NACTM YMEPEHHO CUJIbHbLIX MOJiIel Pe30HaHChbl, CBS3aHHblE C BbIXOAOM
yHKUMM TprHaA MPOMEXYTOYHOIO 3MEKTPOHA B Morie BOSH Ha MaccoBylo 060MoYKy, He BO3HUKAT (

o’ #0, @? #0), T.e. HTepBan noneii (28) onpeaenseT Takke HEPE3OHAHCHYI0 06NacTb.
Tak Kak apryMmeHTbl pyHKUMiA 1. ¢ B (30) He 3aBUCAT OT MHAEKCOB CYMMUPOBAHMS, TO aMMNUTYaY

(6) ¢ yyetom (30) MOXHO nerko MPOCYMMWMpPOBaTb MO BCEM 3HAYEHUAM LIEeMOYUCHEHHbIX WHAEKCOB
I’ & s'.OkoH4atenbHo amnnutyga CTU (5)-(6) npumMeT crneayowmin BUA;:

SlS = IlS N S*, (31)
roe S, - amnnutyaa CTW anektpoHa Ha aape 6e3 BHelwHero nons [17], a dyHkumn I,; onpegensiorca
BblpaxkeHMeM (18), B aprymeHTax kotopbix (19)- (22) cnegyeT nonoxuts P, = P;, P = Pr, T.€.

V12 =712 @f'pi: Bro = P2 pi: a. = o, . pi: (32)

YuutbiBag Bug amnnutygsl (31), napumansHoe avddepeHumansHoe ceveHne CTU anekTpoHa
Ha siape B none ABYX BOJIH MOy4aeTcsi MTHOBEHHO

doj = |I|3|2 -do, (33)

3pecb do, - auddepeHumnansHoe cevenme CTU anekTpoHa Ha sgpe 6e3 BHelwwHero nons [17].

M3 (33) BnaHO, 4To B 0Bnactn ymepeHHO cunbHbIX nonen (28) cedeHune CTU anekTpoHa Ha sgpe
chakTOpU3yeTcs Ha Npou3BefeHNe BEPOSITHOCTU U3ny4veHus (nornoweHns) | - oToHOB NepBO BOSHBI,
S- POTOHOB BTOPOW BOMHbl Ha ceveHne CTW anekTpoHa Ha sigpe 6e3 BHELUHEro nonsi, T.e. NPoLecchl
M3Ny4eHUs1 CMOHTaHHOro (poToHa M M3nyyeHus (NornoLleHnst) hoTOHOB 06eux BOMH NpU TOPMOXEHUU
anNeKTpoHa Ha sape NPOUCXOAAT He3aBuMCUMO Apyr oT Apyra. MNapumansHoe ceveHune (33) MOXHO Nerko
NpPOCYMMUPOBAThL MO BCEM BO3MOXHbIM NpoLEeccaM MOrfoLeHns U n3nyvyeHus poToHoB o6eunx BonH. B
pesynbTaTte MoMy4YMM OXMAAEMbIA pe3ynbTaT, 4YTO MONHOe ceyeHue coBnagaeT c¢ cedeHnem CTU
3NeKTpoHa Ha sape 6e3 BHeLUHero nons, T.e. B pe3ynbTate CyMMUPOBaHUs BCE CYLLECTBEHHO KBAHTOBbIE
BKMagpl, Kak 1 B Crydae oHOM BOSHbI [7], NOMHOCTBIO KOMMEHCUPYOTCS

do = i idoqs =do, (34)
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SUMMARY

Spontaneous Bremsstrahlung of an electron theoretically is investigated at scattering on the nucleus in a field two moderately force of
electromagnetic waves in noninterference of area. The amplitude and differential cross section of investigated process is obtained. Is shown,
that in area moderately force of fields a partial cross section factories on a product of probability of a radiation (absorption) of photons of both

waves, which is determined by universal function | |s» On a cross section of a spontaneous bremsstrahlung of an electron on the nucleus without
an exterior field.
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