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<l>paHx H.M, P4 - 11777 

nepeXOQHOe H3J1Y'I9HHe QJ1H M8l'HHTHOrO 38pHQ8 

BMnonaeao TeopeTH'Iecxoe accnenoaaaae nepexonaoro uany'leHHH Mar

HHTHoro 38pHQ8, 06cy*Q89TCH BOnpoC 0 B03MO~HOCTH cymeCTBOBBHHH 

MarHHTHoro aapsna. BbiCxaabiBBeTcs npenno.-Io~eHHe o ToM, 'ITO oa Mor 6bi 

HM9Tb 3JI9XTpH'IeCKHI1 nHDOJlbHblil MOMeHT, Ha OCHOBe 8H8J10l'HH C H3JIY'I9HH

eM 9J19KTpH'I9CKOl'O 38pSIQ8 1 OCHOBBHHOit H8 CHMMeTpHH yp8BH9HHit MaKCBenna 

OTHOCHT9J1bHO M8l'HHTHblX H 9J19KTpH'I9CKHX 38pHQOB 1 nony'leHbl ljlopMyJibl QJ1SI 

cneKTp8JibHOit HHT9HCHBHOCTH H fiOJIHpH38UHH nepeXOQHOl'O H3Jiy'leHHH M8l'HHT

H0l'O aapsna nns nayx cnyqaea: nepneanHxynspaoro H aaxnoaaoro naneHHH 

qacTHUbi Ha rpaHHUY paanena cpen. 

B cpene c I' • 1 HanyqeaHe HBnHeTcH cymecTBeHHo pensrTHBHCTCKHM 

aljlljleKTOM, npH penHTHBHCTCKHX CKOpOCTHX HHT9HCHBHOCTb H3J1y'leHHH - Toro 

~e nopS!nxa, 'ITO u nns MHoroaapSIQHolt 'IBCTHUbi c Z-68, ao oTnuqaeTcsr noao

poToM fiJIOCKOCTH fiOJIS!pH38UHH H8 90°, npu YllbTpapenHTHBHCTCKHX CKOpOCTHX 

nepexonaoe uany'leHHe pacnpocTpBHSieTcs B o6nacT& peaTreHoBCKHX u raMMa

nyqelt H HMeeT HHT9HCHBHOCTb0 B 68 2 
pa3 6on&myi01 'IBM QJ1H 3JI9KTpH'I9CKOl'O 

aapsna. 

Pa6ora BbinOJIHeHa B nal5oparopuu HeltrpoHHolt ¢H3HKH OHH11. 

npenpHHT 06bCQHRCHHOrO HHCTHTyTa lUICpHbiX HCCJ1CQOB8HHA, ny6Ha 1978 

Frank I.M. P4 - 11777 

Transition Radiation of the Magnetic Charge 

·Theoretical investigation of the transition radiation of a mag
netic charge is carried out similarly to that of an electric charge. 
Formulas obtained for the spectral intensity and polarization were 
analysed for the two cases: perpendicular and inclined incidence 
of a magnetic charge on the boundary surface. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 

Preprint of the Joint lnsti tute for Nucleor Research. Dubna 1978 

© 1978 06'beJlHBeHHbl/l HHCTHl'Yl' HJlepHblJC HCCneJlOBBHH/1 /ly6Ha 

Cpean npo6neM <Pn3HKH aneMeHTapHbiX qacTnu oaaa H3 

cTapeil:nmx, aan6onee HHTepeCHbiX n 3araao'IHbiX - npo-

6neMa B03MO)KHOCTH CYIII9CTBOB8HHSI 'I8CTHUbl C M8I"HHTHbiM 

3apSIAOM, nnn, KaK ee '!acTo H83biB8IOT, MOHononSI DnpaKa. 

HaTepec K aeil: c roaaMn Bo3pacTaeT.n noMnMo 

6onhllloro qncna aKcnepnMeHTan.hHbiX nonbiTOK o6Hapy)Ke

HHSI 'I8CTHUbl C M8I"HHTHbi!Yl 38pSI,l:lOM* H TeopeTH'I9CKHX 

paooT, flOSIBnSIIOTCSI T8K)Ke KHHI"H, flOCBSIIII9HHb19 paCCMO

TpeHHIO CBSI38HHbiX C H9H BOflpOCOB/3,4/ • 

nopa3HTenhH8SI CHMMeTpHSI ypaBH9HHii MaKCBenna 
OTHOCHTenhHO MBI"HHTHbiX H aneKTpH'i9CKHX CHn H3B9CTHa 

CO BpeMeHH B03HHKHOB9HHSI Kn8CCH'I9CKOH aneKTpOAHHa

MHKH. 

HcTopHSI aToro aonpoca H3no)KeHa B KHHre 131 , npnqeM 

aBTOpbl OTM9'I8IOT1 'ITO OAHHMH H3 nepBbiX, KTO OopaTHn

CSI K ero paCCMOTpeHHIO, ObinH o.xeancail:a ( 1883 r.) 

n r.repu ( 1884 r.). Y)Ke Toraa obmo oqeanaao, 'ITO 

H90.LlHH8KOBOCTh CBOil:CTB M8I"HHTHOI"O H 9neKTpH'i9CKOI"O 

noneil: CBSI3aHa ae c caMHMH ypaBHeHHSIMH MaKcaenna, 
8 C TeM, 'ITO B HHX Mbl C'IHT89M nnOTHOCTh M8I"HHTHOI"O 

38pSI,l:l8 Pg H nnoTHOCTh M8I"HHTHOI"O TOK8 j paBHhlMH 

ayniO. Ecnn Mbi nonO)KHM g 

-+ 
div B= 4"Pg 

- rot E .. ..!.. dD + .izL j 
c dt c g 

* B KaqecTae npnMepa colllniOch aa paooTbi 111 n /2/ • 
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TO CHMMeTplUI ypaBHeHHi!: MaKCBenna OTHOCHTenbHO 

MarHHTHbiX H aneKTpHqeCKHX 38pHllOB H nonefi oyaeT 

nonaofi. floaToMy cpaay )Ke B03HHK Bonpoc: noqeMy ae 

aa6mouaroTCH qacTHUbi, aecyume MarHHTHbiH aapHll g ? 
l13BeCTH0 1 HanpHMep, 'ITO eme fl.KropH HCKan MarHHTHbie 

38pHllhl 1 H noHCKH HX oeaycnewHO npOUOn)KBIOTCH llO CHX 

nop. 
KBaHTOBoe paccMoTpeane npo6neMbi MarHHTHoro aapstaa 

npHBeno K O'leHb CyiiieCTBeHHOMY BhlBOllY 0 KB8HTOB8HHH Be

nH'lHHbl MarHHTHoro aapstaa, KOTOpbiii uon)KeH ObiTb paBeH nnu 

KpaTeH g/ e = 68,5. BMecTe c TeM, TeopHH cTonKHynacb 

auecb c TPYllHOCTHMH, KOTOpbie obinH o6cy)KueHbi llnpaKoM 

( OTCIOll8 MOHononb llHp8K8} o M oaenH llHp8K8 B KnacCHKe 

COOTBeTCTByeT, K8K H3BeCTH0 1 oeCKOH9'lHO TOHKHH HHTHHOH 

coneHOHll 1 OllHH KOHeU KOTOporo YXOUHT B oeCKOHe'lHOCTb 1 

a BTOpOH BeUeT ceost KBK MarHHTHbiH 38pSill, flpH 8TOM, Oll

H8K01 B03HHK8eT TpyllHOCTb 1 COCTOSIIII8SI B TOM1 'ITO ne

peceqeHHe C HHTbiO T8KOrO coneHOHll8 llOn)KHO C'lHT8TbCSI 

aeaa6nrouaeMbiM • 

B nocneuaee speMst Obino noKaaaao, 'ITO 

TPYllHOCTH TeopHH nupaKa He SIBnSIIOTCSI npuauunnanhHbl

MH/5/. Ecnu 8TO T8K 1 TO H KB8HTOB8H TeopHSI He npHBO

llHT K npoTHBOpe'lHSIM 1 B peaynbTaTe KOTOpbiX B03MO)K

HOCTb cymecTBOBBHHSI MarHH:rHoro aapstaa MO)KeT DbiTb 

nocTaaneHa nou coMHeaue. 

llHH8MHK8 MarHHTHOrO 38pSill8 B npucyTCTBHH 

aneKTpuqecKHX BeCbMB caoeo6paaaa. B caMOM aene, 
OTCyTCTBYIOT ueHTpanbHbie CHnbi B38HMOlleHCTBHSI Mar

HHTHOrO aapstaa c aneKTpuqecKHM. Ha llBH)KYIIIHHCSI Mar

HHTHbiH 38pstll aeHCTByeT cuna, BenH'lHH8 KOTOpoi!: cpaay 

nonyqaeTcst H3 CHMMeTpuu ypaBHeHHH MaKcaenna: 

- .... g ........ 
F .. gH- -[v,D]. 

c 

npuqeM BTOpOH qneH, O'leBHllH0 1 SIBnsteTCSI 8HBnOrOM 

CHnbi nopeaua 151 • B peaynbTaTe MarHHTHbiH H aneKTpH

qeCKHH 38pstllbl oyayT llBHraTbCSI OTHOCHTenbHO Upyr 

upyra no cnO)KHOH TpaeKTOpHH ( CM,, HanpuMep, /S/) • 

flOCKOnhKY 1 OllH8K0 1 Mbl HH'lero He 3H8eM 0 'lBCTHUe 

C MarHHTHbiM 38pstllOM 1 TO MO)KeM no 8H8nOrHH C aneK-

4 

TpOHOM nonycTHTb 1 'ITO y Hero eCTb CODCTBeHHbiH 

aneKTpH'leCKHH MOMeHT - "aneKTOH", aaanorH'lHhlH 

MarHeToHy Eopa: 

.... gh 
P g"' 2m e ( 2} 

g 

3TO onpeaenHT H HeKOTOpyro UeHTpanbHYIO cuny B38HMO

aefiCTBHSI MBrHHTHOrO 38pS1llB C aneKTpOCTBTH'leCKHM noneM 

aneKTpOH81 TBK )Ke KBK H B3BHMOUeHCTBHe MBrHHTHOrO 

MOMeHTB aneKTpH'leCKOrO 38pstll8 C M8rHHTOCT8TH'leCKHM 

noneM. CneayeT OTMeTHTb1 'ITO B OTnH'lHe OT aneKTpH

qecKoro aapstaa HHnnque aneKTpuqecKoro uunonhHoro 

MOMeHTa 3UeCb - He peaynhTBT HBpyweHHH 'leTHOCTH 1 
KaK aTo acerua npnHHMaeTcst, a ecTeCTBeHHoe cneacTBHe 

ero MoMeHTa KonuqecTBa llBH)KeHnst. 

Bonpoc o caoi!:cTBax qacTHUbi, aecymefi MarHHTHbiH 

38pSill 1 - npeaMeT runoTe3 1 HMeiOIIIHX HnH He HMeiOIIIHX 

TeopeTU'leCKOrO ODOCHOB8HHSio lleHTpanbHOH H Tpeoyromefi 

oTBeTa ocTaeTcst npo6neMa: no'leMy HapywaeTcst npeay

CMOTpeHHast 3BKOH8MH npHpOllbl CHMMeTpHSI ypaBHeHHH 

MaKcB enna? He yMeeM nu Mbi o6aapy)KHTb qacTuuy 

C MBrHHTHbiM ·38pS1llOM1 HnH HMeeTCSI K8KOH-TO lPYHll8MeH

T8nbHbiH npHauun, aanpemaromHfi ee cymecTBoBaHHe? 

KpoMe uanhaefiwero paaBHTHH TeopuH, B nepayro oqepeah, 

cneuyeT npouon)KHTb aKcnepuMeHTanbHhle noHCKH TaKofi 

qacTHUbi. B HHX MO)KHO, oqeauuao, onnpaTbCH aa npeu

CKa3aHnst, BbiTeKaromue H3 ypaBHeHHfi MaKcBenna. B cast-

3M c aTHM aKTyanea aonpoc o6 HanyqeauH BasHnoaa

l.JepeHKOBa Unst 'l8CTHUbl C MBrHHTHbiM 38pSillOM 1 a OCO

oeHHO 0 nepeXOllHOM H3ny'leHHH Unst TBKHX 'l8CTHU, 

Teopust Hany'leHHSI BaBHnoaa-l.JepeHKoaa anst MarHHT

Horo 3apstaa obma paccMoTpeaa aBTopoM aTofi CTBTbH 

B 1952 roay /6/ o 0TMe'leHH8SI B 1958 r, B03MO)KHOCTb 

o6aapy)KeHHSI TaKHX qacTHU, no nepneaauKynstpHoi!:, no 

cpaaaeauro .c HanyqeaneM aneKTpnqecKoro aapstaa, 

nnocKoCTH nonstpuaauuH
171 

H3ny'leHHSI Dbina ucnonhaoaa

aa npH HX 8KCnepHMeHTBnhHbiX nOHCKBX I 11 . 

flepexouaoe Hanyqeaue MarHHTHbiX aapstaoa, aecoMHeH

ao, TBK)Ke npellCTBBnHIOIIIee HHTepec C TO'lKH 3peHHSI 

B03MO)KHOCTH nx o6aapy)KeHHst, obinO aecbMa KpaTKO 
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paCCMOTpeHo o.c.MepremiHOM B 1963 r.f8/. ToT )Ke 

aonpoc o6cy)I{AaeTcSI a KHHre 191 H paooTe/10< KaK 

oTMeqanoch a aTHx pa6oTax1 nepexoAHoe HanyqeHHe pe-

nSITHBHCTcKoii qaCTHUhi B (g/e)2 
oonee HHTeHCHBH01 

qeM aneKTpHqecKoro aapSIABtH npHMepHo TaKoe )Ke 1 KaK 

AnSI MHOr038pSIAHOH qaCTHUbi C Z -68 • 0TClOA8 cneAyeT1 
qTo AeTeKTHpOBBHHe qaCTHU no nepeXOAHOMY HanyqeHHlO 

MO)KeT npOBOAHThCSI C AOCTBTOqHo oonbillOH BepOSITHOCTblO. 

B caSiaH c aTHM aacny)I{HaaeT BHHMaHHSI 6onee noApo6Hoe 

HCcneAOBBHHe TeopHH nepeXOAHOrO HanyqeHHSI MarHHT-

HOrO 38pSIA8o 

nnSI nonyqeHHSI HeOOXOAHMbiX COOTHOilleHHH1 B npHHUHne, 

He TpeoyeTCSI npOBOAHTb pacqeTbi1 AOnOnHHTenhHbie K cy

mecTBylOmeH: TeopHH nepexoAHoro HanyqeHHSI aneKTpH

qecKH aapSI)KeHHhiX qacTHU. PeaynhTBThr MoryT OhiTh no

nyqeHhr cpaay, ecnH, nonbaySICh CHMMeTpHeH: ypaaHeHHH 

MaKcaenna 1 aaMeHHTb e Ha g, aeKTop E - Ha H H ( .p. -
HB p., f • 0AH8KO npH T8KOH 38MeHe nerKO AonycTHTb 

OillHOKY1 CBSI38HHYlO C TeM, qTo B ~OpMynax HanyqeHHSI 

aneKTpHqecKoro aapSIAa a cpeAe (AnSI onTHqecKHX H 6onee 
BhiCOKHX qacToT) oohrqHo nonara10T p. = 1. TioaToMy OHH 

He coAep)KaT p. , KoTopoe a cnyqae MarHHTHoro aapSIAa 

cneAyeT 38MeHHTb H8 f. nanee, no 3TOH )Ke npHqHHe 

OOhrqHo npHHMMBlOT KBaApaT noKaaaTenSI npenoMneHHSI 

n2 2(, 0AH8KO ero He H8AO 38MeHSITb H8 p., T.K. B 
2 

B AeHCTBHTenhHOCTH n sf p. H B ~OpMynhi AnSI MBrHHTHOrO 

H aneKTpHq~CKOrO 38pSIAOB n2 BXOAHT OAHH8KOBOo TioaTO

MY Tpe6yeTCSI HecKonhKO 6onee AeTanhHOe paccMoTpeHHe. 

3aAaqy 00 HanyqeHHH ABH)Kymeii:CSI qacTHUhi C 38pSIACM 

e HnH g nerKO CBeCTH K 38Aaqe 00 HanyqeHHH COBO-

KynHOCTH pacnono)KeHHhiX BAOnh ee TpaeKTopHH HenoA

BH)I{Hhrx AHnoneH:, COOTBeTCTBeHHO aneKTpHqecKHX HnH 
MarHHTHhrx111 •121 • CoaAaaaeMbre HMH a aaKyyMe a aon
HoaoH: aoHe aeKTOphi E H it OAHHaKOBhr no aenHqHHe 

H TOnhKO MeHSilOTCSI MeCT8MH npH 38MeHe e H8 g • 

B cpeAe r>HR TaK~e MeHSilOTCSI MeCT8MH 1 HO B OTnHqHe OT 

aaKyyMa BeKTop E 1 aoaoy)K)laeMbiH aneKTpHqecKMM AH

noneM, nponopuHoHaneH p. 1 a ft nponopuHoHaneH ...;--;-;-. 

nnSI MarHMTHOrO AHnOnSI 1 COOTBeTCTBeHH01 H nponop

UHOHanhHO f , a E - W . ( B oooHx cnyqaSix, KaK 

6 

H AOn)KHO OhiTb 1 H ... ...;~ E ). l.JTo KacaeTcSI BeKTopa TioHH

THHra, To AnSI aneKTpHqecKoro AHnonSI oH nponopuHoHaneH 

ll • B AnSI MBrHHTHOrO - f' * · TipHHHMBSI 3TO BO BHHM8HHe
1 

nerKo nonyqHTh cneKTpanhHYlO nnoTHOCTb aHeprHH Hany

qeHHSI BaaHnoaa-qepeHKoaa AnSI MarHMTHoro aapSIAa 

(oTHeCeHHYlO K eAMHHUe nyTH f ) paBHOH IBI 
2 2 1 a w .. ~( <1 - ). aw a f c2 {3 2n2 (3) 

<l>opMyna ( 3) OTnHqaeTCSI OT npHBbiqHOH ~OpMynbi AnSI 

HanyqeHHSI aneKTpHqecKoro aapSIAa aaMeHoH: e Ha g H Ha

nHqHeM Koa~~HUMeHTa f' • AHanorHSI 3Aech, a AeiicTBH

TenhHOCTH, nonH8SI1 T.K. B CpeAe C p. ,I. 1 ~OpMyna AnSI 

H3nyqeHHSI aneKTpMqecKoro 38PSIA8 H8 C8MOM Aene BMeCTO 

f' coAep)KHT Koa<P¢HUHeHT p. 1131
. B cMny cKa38HHoro 

Heo6xoAHMOCTb f' a ( 3) nerKo MO)KeT OhiTh ynymeHa, qTo, 
B qacTHOCTH1 H npOH30illnO B paooTe /9/, 

TiepeXOAHOe H3nyqeHHe AnSI M8rHHTHOrO 38pSIA8 T8K)Ke 

nerKo HaRTH, nonbaySICh aHanorHeH c aneKTpHqecKHM 

38pSIAOM. 0AHH H3 MeTOAOB ero onpeAeneHHSI AnSI 

aneKTpHqecKoro 38pSIA8 OCHOB8H H8 HCnOnh30B8HHH 

TeopeMbi B38HMHOCTH1 npHMeHeHHOH AnSI 9TOH uenH eme 
a paooTe 1121 . 

nnSI MBrHHTHOrO 38pSIA8 MO)KHO noCTynaTb T8KHM )Ke 

00p830M1 noCKOnhKy K MarHHTHbiM AHnOnSIM TeopeMa 

B38HMHOCTH npHMeHHMB /14/ o 0TClOA8 ~OpMyny AnSI 

cneKTpanhHOii nnoTHOCTH nepexoAHoro HanyqeHHSI, HanpH

Mep AnSI MarHHTHoro aapSIAa, ABH)KymerocSI nepneHAHKy

nSipHo rpaHHue paaAena H3 cpeAhi a aaKyyM, HaiiAeM no 

aHanorHH c TeM, qTo HMeeT MecTo AnSI aneKTpHqecKoro 

aapSIAa. HaAo TOnhKO aaMeHHTb e2 H8 g 2 H Koa<P¢HUHeHThi 

<l>peHenSI AnSI OTpa)KeHHOH H npenoMneHHOH BOnHhi r H f 
-+ 

aneKTpHqecKoro BeKTOpa E - HB COOTBeTCTBylOmHe .... 
Koa~HUHeHThi AnSI MarHHTHoro BeKTopa H • TorAa 

AnSI cneKTpanbHOH nnoTHOCTH H3nyqeHHSI MarHHTHoro 

aapSIAa a HanpaaneHHH () K HopManH K rpaHHue paaAena 

* nnSI npOCTOTbi CqHT8eM f' H p. AeHCTBHTenhHhiMH BenH

qHH8MH1 a none HanyqeHHSI paccMaTpHaaeM a aonHoaoH: 3oHe. 
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(oTaeceaaou K eAHHHUe Tenecaoro yrna) nonyqnM 
(o6osaaqeHHH Te *e, qTo H AnH aneKTpnqecKoro sapHAa, 

H 6yAyT noHCHeHbl HH*e): 

iw..l. 
awaO 

II 1 2 2 
2 , 28 0 II o f -I , g f3 sm I a ~ +a 2 r H - a 3 H n 

4rr2 c (4) 

HsaecTHO, qTo nepexoAHOe nsnyqeane aneKTpnqecKoro 
38pHA8 nonHpH30B8HO T8K 1 qTo aneKTpnqeCKHH BeKTOp 
ne*HT B nnocKOCTH naAeHHH (nnocKOCTh, onpeAenHeMaH 
nyqoM H aopManhro K rpaanue pasAena). B cnyqae 
MarHHTHOrO 38pHA8 B nnOCKOCTH naAeHHH ne*HT MarHHT
Hblll B8KTOp1 8 aneKTpnqeCKHH - nepneHAHKynHpeH K Hell 
( OTCIDAB W ..l. ) , QqeBHAHO TBK*e, qTO Koalf>qmuHeHTbl 
<l>peHenH ~ H f ~· AOn*Hbl 6biTh B3HTbl AnH BOnHhl 
c H B nnocKoCTH naAeHHH, HAymeA na BaKyyMa B cpeAy. 
flpH 9TOM no TeOpeMe B38HMHOCTH 1 KOTOpBSI 3AeCb 
HCnonh3yeTCH 1 H8AO paCCM8TpHB8Tb nyq, HAYWHH H3 Toq
KH Ha6nroAeHHH K TpaeKTOpHH qaCTHUbl 1 cneAOB8TenhH0 1 

yron H86nroAeHHH 8 - 3AeCb yron naAeHHH BOnHhl H3 

BaKyyMB B CpeAy: 
~----,:---

rll,., gcos8-yn2-sin2e 
H p.cos 8+ yn2 - sin~e 

r~ , 2nco~ 
/l cos{) +v n2- sin2 e 

1+r'' '"'f...ril 
H n H 

1- r H "" y n 2-sin2 8 II 
H f 

n COS 8 H 

( 5) 

( 6) 

( 7) 

3TH lf>opMynhi H COOTHOWeHHSI Me*AY HHMH OTnHqaroTCH 
OT K08~HUHeHTOB <l>peHenH AnH aneKTpHqecKOrO BeKTopa 
38MeHOH E HB /l o liTO KaCaeTCSI a0

1 1 a2 H a~ 1 TO 8TO 
TBK H83b!B8eMbie KOa!fJ!f>HUHeHTbl KorepeHTHOCTH /15/ 
Hx aennqHHa AnH qacTHUhi, ABH*ymeucH no HopManH 

K rpaaHue paaAena: 

0 1 
a1"' 1- f3cose ' (8) 

8 

\f 
I 

II 
J 

0 1 
a = -·-~- • 2 1 + f3 cos e 

( 9) 

1 
0 - ' 

a3 - 1- f3 cosO 

1 ( 10) 

1 - f3 y n 2 - sin 2 e 

3AeCh 8'- yron npenoMneHHH 1 COOTBeTCTBYIDWHll B cpeAe 

yrny naAeHHSI 8 
flonh3ySICh lf>opMynaMH (4)-(10) AnH nepeXOAHOrO 

HSnyqeHHH MarHHTHOrO 38pHA8 1 nonyqHM 

aw...l.. 
aw an 

2 2 2 
g2 f3 Sin 8 COS 8 _ X 

= rc- <1 _ f3 2 cos 2e )2 

xl B2(1-n2)+(p.-1)(1-{3 y~-~-) ~~ 
(1-f3yn2 -sin28)(p.cos8+ yn 2 -sin 28) 

( 11) 

/18/ 
<t>opMyna AnH aneKTpnqecKoro aapHAB nonyqHTCH npH 

saMeHe p. Ha E H g - HB e 

aw II -.:!: .. I!. 2 
sin

2 e cos~ X _a_w_a_o __ - rr 2 c ( 1 - f3 2 cos 2 e )2 
( 12) 

I {3 2 (1-n2) +(E -1)(1- {3 y n2 - sin 2 8 ) 12 

X (1- (3yn2 -sin2 e) ( (cosO+ yn2-sin28 ) . 

liTo6hl nonyqHTh !f>opMyny nepexoAHoro nanyqeHHH B 5o
nee npHBbiqHoM ee HanncaHHH (eM,, HanpnMep, !f>opMyny 
(10,1) pa6oThi/17/ nnn (5,7) pa6oThi/16/ ), cneAyeT 

AononHHTenhHO nono*HTh E = n2 . TorAa 

9 



aw 
11 

aw an 
2 2 

e {3 sin2 Ocos2e 

= --;;zc (1- {3 2cos2e ) 2 
X 

x I (n 2-1)(1-{32 - §v~i~ '2 

I 
(1- {3 y' n 2 - sin20) (n2 cos e + y' n 2_ sin2e) 

{ 13) 

06pamaeT BHHMaHHe TO, '{TO <fJopMyna lln51 nepeXO/lHO
ro H3nyqeHHH MarHHTHOro 38pH/l8 He CO/lep*HT B HBHOM 

BH/le f, a COOTBeTCTBeHHO aneKTpHqecKoro 3apH/l8 - p. • 
B cHny aToro HaH6onee ecTeCTBeHHbiH cnyqaif { p. = 1 

H f =11 ) Jl;1H MarHHTHoro H aneKTpHqecKoro aapH/lOB 

npHBOilHT K cymecTBeHHo pa3HbiM peaynhTaTaM. B caMoM 
Ilene, B aToM cnyqae (p. = 1) llnH MarHHTHoro aapH.oa 
H3 { 11) nonyqaeM 

a2 w 
-L- g 2 {36 sin 2e cos2 e 

-aw an ""~ (1- {3 2COS 20)2 X 

X 

(1-flV n2 - sin28){ cos 8+ V n "- sin28) I' { 14) 
n2 -1 

/9/ B TaKoM BH.Oe <f!opMyna npHBe.oeHa B , H aToT pe-
aynbTaT KaaanCH HeO*H.OaHHbiM: npH {32<<1 HHTeHCHBHOCTb 
nepexo.oHoro HanyqeHHH nponopuHoHanbHa He f32 , KaK 

.onH aneKTpHqecKoro aapH.oa {eM. <f!opMynhl 12 HnH 13), 
a {36 

• TaKHM o6paaoM, · npH 11 = 1 nepexo.oHoe HanyqeHHe 
MarHHTHOrO 38pH.Oa - cymeCTBeHHO penHTHBHCTCKHH 
a<P<PeKT. B .oeA:cTBHTenbHOCTH {eM. <f!opMynhr I 1 H 12), 
a.oecb nonHaH aHanorHH c aneKTpHqecKHM aapH.ooM, Ho 

.OBH*ymHMCH B .aeo6brqHoA: cpe.oe, rile f = 1 , a n 2=£ 11 =11. 

B penHTHBHCTCKoA: o6nacTH ({3~1) nepexo.oHoe Hany
qeHHe MarHHTHoro aapH.oa Be/leT ce6H KaK nepexo.oHoe 

H3nyqeHHe MHOr038pH.OHOH 1{8CTHUbl C Z = g/e, HO OTnH

qaeTCH OT Hero nOBOpOTOM nnOCKOCTH nonHpH38UHH Ha 
90° H OTCyTCTBHeM { CMo <fJopMynhi 14 H 13) KOa<fl<PHUHeH-

TB ( 1-{3 2 - {3 y' n2 - sm2e) B qucnuTene. 
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no CHX nop p8CCM8TpHBanOCb HanyqeHHe qaCTHUbi, 
nepeceKaiDmeH: rpaHHUY paa.oena no HopManH. B cnyqae 
KOCOrO nepeceqeHHH aneKTpHqeCKHM 38pH.OOM rpaHHUbl 
paa.oena cpe.o H3nyqeHHe COCTOHT, K8K H3BeCTHO, H3 
llBYX KOMnoHeHT: O.OHOH, nonHpH30B8HHOH B nnOCKOCTH 
nalleHHH W

11 
, H BTOpoii:, KOTOpaH noHBnHeTCH TOnbKO 

npH KOCOM na.oeHHH H HMeeT nonHpH38UHID W....1.. { CM., 
HanpHMep, 16). 3Ta KOMnoHeHTa W -L. B cnyqae aneKTpH
qecKoro 38pH/la HMeeT MeCTO TOnbKO .OnH penHTHBHCTCKOH 

qacTHUbl. npH {32 <<1 OCT8eTCH TOnbKO WIt , npHqeM 
T8KaH *e, KaK H .OnH HOpManbHOrO na.oe~HH CO CKOpOCTbiD 

V =VCOS Z, r.oe COS Z - KOCHHyC yrna Me*.!ly HanpaBne:
H:eM .OBH*8HHH H HOpManbiD /!6,17/. 

nnH MarHHTHOrO 38pH.Oa, Hao6opoT, npH HOpManbHOM 

n8/l8HHH HMeeT MeCTO TOnbKO O.OH8 KOMnOH8HT8 W .l.. , 

OTnHqHaH OT HynH TOnbKO npH penHTHBHCTCKOH CKOpOCTH. 

npH KOCOM na.oeHHH .OOn*HO noHBHTbCH W It ,H B03HHKaeT 
BOnpoc: He 6ylleT nH OHO, T8K *8 K8K .onH aneKTpHqecKO
ro 38pH.08, OTnHl{HO OT HynH H npH {3 << 1? 

nepeXO.!lHOe H3nyqeHHe MarHHTHOrO 3apH.08 .OnH KOCO
ro na.oeHHH nerKo onpe.oenHTb no aHanorHH c HanyqeHHeM 

aneKTpHqecKoro aapH.oa. BocnonhayeMCH .onH aToro 
/16/ u 

<fJopMynaMH,~npHBeJleHHbiMH B , C 38MeHOH f Ha g , 

p. Ha f H E Ha II • 
no-npe*HeMy 6y.oeM Cl{HTaTb, '{TO Ha6niD.08HHe 

npOH3BO.!lHTCH no.o yrnoM 0 K HOpManH K rpaHHUe paa
.oena { OCb Z, HanpaBneHH8H H3 cpe.Obl B BaKyyM) • npHMeM 
nnoCKOCTb, onpe.oenHeMyiD Z H HanpaBneHHeM 0, 3a 
nnOCKOCTb X ,z { T.o., X ne*HT B nnoCKOCTH paa.oena) • 

HanpaBneHHe .OBH*eHHH qacTHUbi cqHTaeM npoH3BOnbHbiM 
H o6paayiDmHM C OCHMH yrnhi, KOCHHYCbl KOTOpbiX COS z, 

cosx , cosy. Torlla 

a:W.L 2 21 -a an = g
4 
~- sin Ocos Z (a 

1 
+a r II _ a l_f It ) _ 

wu rrc 2H 3nH ( 15) 

11 y'n
2
-sin

2
e 112 

-COS0COSX(a1-at~ -a3fH nf'n<>/1 I ' 
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a2w 1 
~ 

g2 {3 2 2 I .l. ~2 =---cos y at +~r - a 3f . 
4rr2c H H 

B sTOM cnyqae KostJ><Pnun:eHTbi a nMelOT Bllll * 

1 1 
a-------= 

t-1-{3cos(V,R} 1-(3(coszcostl+cosx sinO) 

1 1 
a2= 

1-(3 cos (v,Rr) 1 + {3 (cos zcos 0-cos xsintl) 

1 1 a 
3 ........ 

1- (3ncos(v,Rr) 1-(3(coszyn2-sin20+cosxsintl) 

........ 
3necb (v,R) - yron Me~y HaiTpaaneHneM CKopocTH 

( 16) 

( 17) 

ll ny'IOM ll3 TO'IKH TpaeKTOpllll 1 6nH3KOR K rpaHHUe 1 

B TO'IKY Ha6n10JleHHH A ( nyq R o6pa3yeT c HopManblO ........ ~ 

yron e ) ; ( v R r) - yron Me)I{Jly CKOpOCTblO II ny'IOM H.r. 
KoTophlA ITocne oTpa)KBHHH oT rpaHHUhl pa3nena IToiTanaeT 

B TO'IKY A ; ll (vR!) - yron Me)KJlY CKOpOCTblO Ii ny'IOM Rr 
a cpene, KoTopbiA ITocne ITpenoMneHHH IToiTanaeT B TO'IKY A. 

B qacTHOM cnyqae, Korna qacTnua JlBH)KeTCH ITO 

HOpMann K rpaHnue cpellbi, cosz =1 H cosx =Cosy=O, 
ypaaHeHHH (17) ITepexoJlHT B (8)-(10). HeTpynHo 

y6enHTbCH, 'ITO ITpH 8TOM W 11 =0 n W J. coBITanaeT c ( 4)-+ 
B ( 16) BXOJlHT Kos¢¢nuneH"l'bi <t>peHenH nnH BeKTopa H, 
HaiTpaaneHHoro ITepiTeHJlHKynHpHo ITnocKOCTH ITaneHHH. 

0HH paBHbl 

rl. 
H 

f cos 0- y n2 - sin2 e 
f cos e + y n2 - sin-ro 

( 18) 

* ITpn cpaBHeHHH ¢opMyn (15)~(17) c pa6oToA 1 t6/ 

cnenyeT HMeTb B BllllY, 'ITO 3}leCb li3MeHeHbl o603H8'leHHB: 
HOpManb K ITOBepxHOCTll p83Jlena - He OCb X 1 a OCb z H1 

KpOMe Toro, COSZ=COS<b ,COSX=COSX ll COSy=COSt/1. 
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2f cos e fl. 
H 

f cos tl+yn2- sin2 e 
1 l 

( 19) 

1+r =f . 
H H 

ITpn HepenHTHBHCTCKHX CKopocTHX at =a 2 =a 3 = 1 . 
KaK BHilHO H3 ( 19) , IT pH sTOM aenn'IHHa, cToHIUaH IT Oil 
3H8KOM KB8Jlp8T MOJlynB B <!JopMyne ( 16) 1 o6pamaeTCH 
B Hynh. TaKHM o6paaoM, W11 3aBenoMo pacTeT c yae
nn'!eHHeM cKopocTH 6biCTpee, '!eM v2 • To )Ke caMoe 
HMeeT MeCTO ll JlnH W .l. B ( 15) 1 ecnH ITpHHHTb BO 
BHHMaHne (7) H ITono)KHTb B HeM 11= 1. YpaBHeHHB ( 15) 
n ( 16) MoryT 6biTb nccnenoBaHhi 6onee neTanbHo, KaK 
sTo n 6binO cnenaHo JlnH sneKTpnqecKoro 3apHna ( cM. 1 
HaiTpHMep, 16) 1 HO }lnH MarHHTHOrO 3apHJl8 1 ITO KpaAHeA 
Mepe cefiqac, sTo BPHil nn: paunoHanbHO. 

B ITocnenHne roJlbi ace 6onbrnee 3Ha'!eHne ITpno6pe
TaeT nciTonb30B8HHe ITepexonHoro n:3ny'leHHH peHTre-
HOBCKOrO Jlli8IT830H8 '!8CTOT 1 Jln.H KOTOpOrO 

2 
2 Wp 

n = 1 - --:-1f" . 
w 

ITpH'IeM w 2 >>w2 = 4rrNe
2 

P m 
( 20) 

ITocKonbKY n 2 o'leHb 6mi3Ko K ennHnue, ITpenoMneHneM 
ll OTpB)KeHHeM BOnH H8 rpaHHUe paanena MO)KHO ITpe

He6pe'Ib1 n Torna ITepexonHoe n3ny'!eHna HafineM H3 (4), 
ITono)KHB B HeM r=O n fln=l. TaKHM o6pa30M1 ITepexon
Hoe H3ny'!eHne oiTpenennT B ITepay10 oqepenh pa3HOCTb 
at ll a3 . ,UnH ManbiX yrnoB 1 ITpll KOTOpblX OHO HMeeT 

MeCT01 MO)KHO ITOnO)KHTb 

ao = e2 

t 1-{3+2 

0-a3-
1 

1~ 02 
1-(3+2:7+2 

( 21) 

( 22) 

Hany'leHne 6yneT cymecTBeHHbiM B o6nacTH qacToT, rne 
0 0 1 w2 e2 

a3 «a t• T.e. 9 -lL »1- {3 +-. 
... w 2 2 
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TaK KaK 

(1- f3 ) _ ..!..::.f3_:_ = 1_ ( m c 2 ) 2 
2 2 w 

W - llOJIH8H aaeprHH '-I8CTHUbl) H OllTHM8llbH8SI BeJIH
e 2 1 mc2 2 

'-IHH8 - = - ( -) , TO 
2 2 w 

1 (1)2 1 if:_ 2 2 
- __IL > - ....:.:lL_ = (WC.:::. ) • 
2 w2- 2 w2 W 

rp 
06naCTb '-I8CTOT nepeXOAHOro H3Jiy'-IeHHSI llpH B03p8CT8HHH 
aHeprHH qaCTHUbl W pacTeT nponopUHOH8llbHO W 
H COOTBeTCTB8HHO nponopUHOH8llbHO yaenHqHaaeTCSI 
aaeprHH n8p8xoaaoro nsnyqeHHH. M hi nonyqaeM, KaK 
H cneaoaano O)I{HABTb, TOT :lKe p83yJibTaT, qTo H AJIH 
aneKTpnqecKoro sapHaa, HMeiOUl8ro penHTHBHCTCKYIO 
CKOpOCTb, 

Pe3IOMHpyH ace cKa3aHH08 o6 nsny'I8HHH MarHHTHoro 
38pHA8 1 MOlKHO OTM8THTb CJieAyiOIUee. 

Hsnyqeane Baannoaa-qepeHKoaa no HHTeHcHBHOCTH 
aKBHBaJieHTHO H3Jiy'l:eHHIO '18CTHUbl C Z e npH Z =68. 
Oao nMeeT HHYIO nonHpH38UHIO, qeM AJIH aneKTpH'IecKoro 
sapRAB (nnocKocTb nonHpnsaunn noaepayTa aa 90°), 
npH aTOM HHTeHCHBHOCTb ero nponopUHOH8llbH8 f Cp8Abl, 

D8pexoaaoe nsnyqeaHe MarHRTHoro sapRAa npH 
/l = 1 - cyiU8CTB8HHO penHTHBHCTCKHH a<P<PeKT, Dpn f3, 
6JIH3KHX K eAHHHUe, ero HHTeHCHBHOCTb Toro )1{8 nopHAK8 1 

K8K MHOr038pHAHOH '18CTHUbl C Z =68, HO HMeeT, K8K 
y)l{e OTM8'-Ianocb, HHYIO nonRpHsauHIO. DpH ynbTpapenR
THBHCTCKHX CKOpOCTSIX nepeXOAHOe H3Jiy'l:eHHe pacnpocTpa
HSieTCH B o6naCTb peHTreHOBCKHX H raMMa-nyqeii: H HMeeT 
Ty )l{e rpaHH'IHYIO aaeprHIO 4JoTOHOB 1 K8K H AJIH aneKTpH-

qecKoro 38pHA8 C T8M )1{8 W 
2

, H HHTeHCHBHOCTb1 B 68 2 

me 
pa3 60JibiiiYIO ( llOJISipH38UHSI HH8SI 1 '!:eM AJIH aneKTpH-
qeCKOrO 38pSIA8). 

AaTop 6naroaapea B.D.3penoay sa o6cy~eane 
npo6neMbi 1 KOTOpoe CTHMyJIHpOB8JIO BblllOJIHeHHe 3TOfl: 
pa6oTbi. 
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