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Bon poe 0 peniiTHBHCTCKOM npeoflpa30BBHHH MOMBHTB 

MarHHTHOrO liHnOnll, liBH•ymerOCII B cpene, B03HHK O'IBHb liBBHO. 

UoeonoM nn11 3Toro nocny•Hno paccMoTpeHHe HJDY'IBHHII 

BaBHnoea-qepeHKOBB 3DBKTPH'IBCKHX H MarHHTHWX liHnoneA/1/. nnll 

3DBKTpH'IBCKOrO liHnonll nODY'IHDCII peJYDbTBT, BnOnHe 

aHanorH'IHbiA TOMY, 'ITO HMBBT MBCTO liD II H3DY'IBHHII 

3DBKTPH'IBCKOro 3BPIIlla: 3HeprHII H3DY'IBHHII - IYHKQHII KBBliPBTa 

CHHYCB xapaKTepHoro yrna H3DY'IBHHII 9(sin
1

9 = 1-
1 

) • 8 
p• . n" 

OTDH'IHB OT 3TOrO liDII MarHHTHOrO liHDODII, OPHBHTHPOBBHHOrO 

nepneHliHKYDIIpHO HanpaeneHH~ CKOpOCTH, 3HeprHII liOBODbHO 

cno•Hb~ oflpaJOM 3BBHCHT OT nOKB3BTBDII npenOMDBHHII n HOT 9. 

llpH nony'!eHHH 3THX peJynbTaToB HCnODb30BBDHCb IOPMYDbl 

peniiT~BHCTCKOA TpaHCIOpMaQHH MOMBHTOB 3DBKTPH'IBCKHX H 

MarHHTHWX liHnoneA, npH'IBM liOnYCKBDOCb, 'ITO OHH npHMBHHMhl H 

npH liBH•eHHH B cpene c noKaJaTeneM npenoMneHHII n. TaKHM 

o6paJoM, npHHHMBDOCb, 'ITO 3DBKTPH'IBCKHA liHnOnb p', 

liBH.YmHACII CO CKOpOCTb~ (1 vjc, B HenOliBH.HOA CHCTBMB 

KOOPliHHBT HMBBT MOMBHT 

"P = p'-<1->· c "P··~.v~. , (1) 

rne ex r;:;;z, a 
.. 
z, 

HanpaeneH~OA BliODb OCH Z. 

BliHHH'IHbiA BBKTOP CKOPOCTH, 

CneliOBBTBDbHO, KoMnOHBHTa p', nepnBHliHKYDRpHall CKOPOCTH 

(flYliBM C'IHTBTb, 'ITO OHB OpHBHTHPOBaHa no OCH x), OCTBBTCR 

HBH3MBHHOA, a KOMnOHBHTa, HanpaeneHHBII no CKOPOCTH P,, 
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COKpa.aeTCR, KBK aon•Ho 6WT~, 8 ~ pa3, T.e. 

px = p: p=p··~. . . (2) 

KpoMe roro, aonycKanoc~. qro raK .e,KaK 8 88KYYMe,a8H~EHACR 

3neKTpHqecKHA 4HDOn~ HH4YUHpyer M8fHHTHhlA MOMeHT, 8enHqHH8 

KOTQPOf~ 

.. [ .... 1 m = -(1 z
1
p', T.e. mY= -(1· p: . (3) 

AHanorHqHaR CHTYBUHR aon•Ha HMeT~ MeCTO H anR npeo6p83088HHR 

MafHHTKOrO 4HDOnR, HMe~.ero KOMDOHeHTW m• H 
y 

m•· .. 
m =: •' y y m.= m:·~ (4) 

H p = (1 z·m• p = -(l·m' .. [ .... J 
t X y 

(5) 

TaKaR 8enHqHHa HH4YUHP088HHoro JneKTpHqecKoro MOMeHT8, 

Hcnon~308BHHaR 8 pa6ore11/, 8 cnyqae H3nyqeHHR 

Ba8Hno8a-~epeHK08a npH80aHna, K8K Y•e orMeqanoc~. K 

napaaoKcanbHhlM pe3yn~T8T8M. 0HH YCTP8HRnHCb (KaK 8WRCHHnoc~ 

003.e. He DODHOCTbD), ecnH nnnycTHTb QTO RMPCTO ~~~ ~nnw~~ 

6WT~/J/ 

p = -(1· n2 
• m• 

X y (6) 

6wnH coo6pa•eHHR /
4
/, noaKpennR8EHe npa8Hn~Hocr~ (6), Bee •e 

rna8HWM coo6pa.eHHeM 8 non~JY (6) 6wno He060CH088HHOe 

npeanono•eKHe, qro JneMeHrapHL~ aHnon~. coJaa8aeMWA Kpyro8w. 

TOKOM, 8 HJnyqeHHH aon•eH 6WT~ 3K8H8aneHTeH aHnon~. 

COCT88neHHOMY H3 48YX pa3HOHMeHHhlX fHDOTerHqecKHX M8fHHTHhlX 

38PR408. neACT8HTen~Ho,anR H30yqeHHR 3neKTpHqecKoro 4HDODR 

nonyqa~rcR oaHHBK08we peJyo~rarw He388HCHMO OT roro, 

paccMaTpH8aercR nH aaH•Y~AcR aHnon~ 8 npeanono•eHHH cnpa8ea

nH80CTH (3) HUH •e onpeaenReTCR K8K pe3YD~T8T HHTeptepeHUHH 

4BYX 48H.YEHXCR, TeCHO C8R38HHLJX,6DH3KO pacnono•eHHhlX P83HOH

MeHHhlX JneKrpHqecKHx JapRao8/
3
/. TeM caMWM 6Lma o6ocHo8aHa 
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II 

... 

"" 

DPHMeHHMOCT~ (3) H anR cpeaw. [cTeCT8eHHO 6LmO paCCMOTpeT~ 

HJnyqeHHe M8fHHTHhlX 38PR408 H COCT88neHHhlX H3 HHX 4HDOneA, 

non~JYRC~ aHanorHeA, rpe6y~~A JaMeHw 80 8cex topMynax 

H8 ,_,, ,_, H8 & , E H8 H H H H8 -E / 3~ 
" 

PeJyn~rar nonyqHncR HHOA, qeM anR 

aHnonR/1
/. fioHHM&HHe roro, qro, 

DPOTH80peqHR, npHmno DOJ•e/!/,/5/. no 

o6wqHoro MarHHTHoro 

803Mo•Ho, Jaec~ Her 

JToro 6Lma caenaHa 

DODWTK8 D04DP88HT~ pe3yn~T8T anR o6wqHoro 4HDOnR,38MeHRR (5) 

Ha (6). XoTR ceAqac COMHeHHA 8 DP88Hn~HOCTH (5)' 

D0-8H4HMOMY, He 803HHK8eT, 6WT~ Mo•er, PBUHOHan~HO 

paCCMOTpeT~, K8K 803HHK8eT JneKTpHqecKHA 4HDOnbHWA MOMeHT 

DPH 48H.eHHH 38MKHYTOf0 KOHTYP8 C JneKTpHqecKHM TOKOM. Jro 

C8eaer Jaaaqy 06 HJnyqeHHH M8fHHTHOrO 4HDOnR K paCCMOTpeHH~ 

CHCTeMW H3 48H.YEHXCR JneKTpHqecKHX 38PR408, 8 KOTOpOA, 

8H4HMO, He cneayeT o•H48T~ qero-nH60 HeO.H48HHOrO, nonycTHM, 

'"IJU nMCICil\..1'1 .lQMI\.ftl 1 .bJil 1\.UftllV UJ.JitMU11 U.llbnuti WuiJMba, 

P83MepoM l I X 
t 

l;, cocra8neHHWA H3 qenJpex npRMODHHeAHLIX 

DP0804HHK08 .§., )2, Q, g ( CM. PHCYHOK). CeqeHHe npo804HHK08 

0603HaqHM u'. ToK, TeKYEHA DO KOHTYPY, pa8eH J'= u'·I', 

rae I'- DnOTHOCT~ TOK8. Bee 3TH 8enHqHHhl YK838Hhl anR CHCTeMW 

KOOP4HH8T K', C8R38HHOA C KOHTYPOM. fipeanono•HM, qyo OHB 

48H.eTCR 8MeCTe C HHM CO CKOPOCT~~ V 8 Hanpa8neHHH OCH z. 

Hac 6yayr HHTepeco8aT~ pe3YDbT8Thl, KOTOphle aon•Hw 

Ha6n~aarbcR 8 na6oparopHoA cHcreMe KOOP4HH8T K. 0HH 

nonyqa~rcR co8epmeHHO 

IOpMynaMH nopeHUB H 

JneMeHrapHo, ecnH 

xopomo HJBeCTHLIMH 

80CDOn~3088T~CR 

penRTH8HCTCKHMH 

npeo6p83088HHRMH anR DnOTHOCTH TOKB H DnOTHOCTH 38pRaa . 

fiOCKOD~KY, 04H8KO, 8 HX HHTepnpeT8UHH qaCTO 803HHK8~T 

Heaopa3yMeHHR, paCCMOTpHM TY •e Jaaaqy 6onee HarnRaHWM 

CDOC060M, HCDOnb3YR 38KOH COXpaHeHHR 3DeKTpHqecKOfO 38pRaa H 

IOPMYDY cno•eHHR CKOPOCTeA. 
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Caaqana 0 peJYDbT8T8X B CHCTeMe K'. 6y.aeM cqHT8Tb, qTQ 8 

npOBO.IIHHKe CO.IIep•aTCH Heno.IIBH.HLE OTHOCHTeJ!bHO KOHTypa 

OTPHQ&TeJ!bHLE 3DeKTpHqecKHe JapH.IIW C nnOTHOCTb~ p~ H 

paaaoe qHcno n OJIO.HTe Db H LIX JapH.IIOB p' 
+ , .IIBH.YWHXCH co 

CKOPOCTb~ V 1
• T. o., 

I'= p:·v• H 3'= "'·p!·v•, (7) 

npHqeM 8 CHDY paBeHCTBa -p~ ; p' ; p' npOBO.IIHHK He + 

JapH•eH. 

QqeBH.IIHO, qyo MarHHTHWA MOMeHT TaKOrO KOHTypa C TOKOM B 

CHCTeMe KOOPliHHaT K' paaeH 

m'= !..-J'·l'·l' = ~-u'·p'·v'·l •·t' 
c t z c t z (B) 

fiepeA.aeM Tenepb 8 na6opaTOPHY~ CHCTeMy KOOP.IIHHBT K 

CHaqana, 8 OTJ!HqHe OT TOrO, qyo noKaJaHO Ha PHCYHKe, 

.IIOnYCTHM, qTo DJIOCKOCTb KOHTYPB nepneH.IIHKYDHpHa CKOPOCTH H, 

cne.aoaaTenbHO, ero MarHHTHb .. MOMeHT napannenea HDH 

aHTHnapanneneH ocH z. 

HeTPYliHO y6e.IIHTbCH, qyo HJMepeHHb~ 8 HeDO.IIBH•HoA CHCTeMe 

K TOK 8 KOHType paBeH 

Jk=J'·~ .,. •. p'· v•·~. (9) 
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J 

] 

8 caMOM .aene, 

O'k .,. •. ~,p 
p' 

~ 
vk v'"~· 

0Tc~.aa, HanpHMeP .anH yqacTKa ~ cne.ayeT 

Ia= J:t./"k = I', (10) 

K8K TOrO Tpe6yeT peDHTHBHCTCKoe npeo6paJOBBHHe nnOTHOCTH 

TOKa, TeKy.ero nepneH.IIHKYDHPHO CKOPOCTH. 

•opMyna (9) cpaJy •e onpe.aenHeT aenHqHHY MarHHTHoro 

MOMeHT8 B cnyqae, KOr.aa OH napanneneH CKOPOCTH. fiOCKOJ!bKY B 

3TOM cnyqae t,= 1: 
HeHJMeHHOA, a TOK 

H l
2
= t;, TO nnomallb KOHTypa OCTaeTCH 

COrnaCHO (9) COKpamaeTCH B ~ 

paJ, no3TOMY m = m'·~ . . . K8K H .aon•ao 6Lrrb cornacao 

topMyne (4). 

topMyna (9) CYJIIeCTBeHHa .anH .aanbHeAwer o. 06paTHMCH 

Tenepb K paccMOTpeHH~ 6onee cno•aoro cnyqaH, a HMeHHO: Kor.aa 

KOHTYP C TOKOM ne•HT B nnOCKOCTH (x,z). 6y.aeM cqHTaTb, qTo 

yqacTOK KOHTypa A HanpaaneH no OCH X, a ~ no OCH Z, 

T.e. napanneneH cKopocTH. HanpaaneHHe TOKa Ha Ka•.aoM HJ 

yqacTKOB KOHTypa Ha PHCYHKe YK83aHO CTpenKaMH. MarHHTHb~ 

MOMeHT m', paBHb~ (B), B 3TOM cnyqae nepneH.IIHKYDHpeH 

DJIOCKOCTH qepTe•a, T.e. HanpaaneH DO OCH Y B OTpHQaTenbHY~ 

CTOPOHY: 

11 = -m • = - ~- J • · t • · l .. y c t 2 
(Ba) 

fiOCKOJ!bKY OTpeJOK A OpHeHTHPOBBH napannenbHO OCH X, TO 

TOK, TeKYWHA np HeMy, paB.eH (9), a DJIOTHOCTb TOKa- (10). 

Qnpe.aenHM nnOTHOCTb TOKa Ha OTpeJKe ~: 

Ib = -Id = I, . 

Mo•Ho O~liBTb, qyo nnOTHOCTb TOKB, KOTOPY~ nepeHOCHT 

nono•HTeDbHwe 3BPH.IIW, paBHB 

5 



v•+v 
p.·v.=p.· v'"v (11) 

1+ --
c" 

3necb V+ onpenenHeTCH H3 IOPMYDW cno•eHHH CKOPOCTeA, a P+ 

JapaHee He HJBeCTHO H He oOHJaTenbHO coananaeT c P+'· 

flpH 3TOM OTpHUaTenbHhE JapHnW naH•YTCH TODbKO BMeCTe C 

nposonHHKOM. Hx DDOTHOCTb B CHDY COKpa.eHHH KOopnHHaTW Z 

pasHa P = __ P_' 

- f1+p" ' 
a CKOPOCTb nsH•eHHH v. 0KOH'faTeDbHO 

DDOTHOCTb TOKB HB OTpeJKe R pasHa 

v'+v 
Ib = p +. 1 +vI . v 

• c 

p'·v 

.r;;:;;z 
(12) 

8 CHCTeMe K pa3HOCTb BeDH'fHH P+ H P_ Ha yqacTKe b MO.eT 

!ibiTb He 

JapHna 

paBHOH HYniD, H B03HHKHeT 

p' 
- p = p+- r--. 

p = P+ - i 1-p-

H30WTO'fHBH DDOTHOCTb 

(13) 

iopManbHO Mbl HMeeM DPBBO npencTaBHTb BeDH'fHHY (12) B BHne 

nBYX KOMDOHeHT: onHy,paBHY~ TOKY, KOTOpWA B CHCTeMe K MO.eT 

paCCMBTPHBaTbCH KaK UHPKYDHPY~~A BHYTPH npoaonHHKa no 

JaMKHYTOMY KOHTYPY ( 0003Ha'fHM DDOTHOCTb ero Ha OTpeJKe R 

KaK Ik ), H BTOPY~. KOTOpaH nepeHOCHTCH H30hiTO'fHh~ 38pHnoM 

BMecTe c nposonHHKOM. Torna 

Ik= Ib- p+·v + p_·v (14) 

BenH'fHHY Ik HeTpynHO onpenenHTb. 8 CaMOM nene, H3 JaKOHa 

coxpaHeHHH JapHna cnenyeT, 'fTO TOK, TeKy~A 

OTpeJKa R. non•eH 

<eM. (9) ), T. e paaeH Jk 

0WTb paaeH TOKY 

H3 (9). fl03TOMY 

1 ,----. 
I = J ·- = i 1-P- ·p'·v' k k C7 , 

Ha 

BHYTPH 

oTpeJKe .ll 

(15) 

T.K nnR· R .,. = "''· floncTaanHH 3TY 
p' 

DPHHHMaH 80 BHHMaHHe, 'fTO p_= .r;;:;;z' 
BeDH'fHHY B (14) H 

H3 ( 12) npnY'fHM 

6 

p = 1 + · ( 1+v·v' .r;;:;;z yl • pI (16) 

H 
p'"v' 

Ib• .r;;:;;z 
1 . I'. (17) 

3TO HJBecTHaH penHTHBHCTCKaH IOPMYna npeoOpaJOBBHHH senH'fHHW 

DDOTHOCTH TOKa I', TeKy~rO 8 naH•YJReACH CHCTeMe B 

Hanpa8DeHHH CKOPOCTH, 8 I , Ha0n~naeMWA B aenonaH•aoA 

CHCTeMe KoopnHHaT. flpHaeneHHOe 3SeCb paCCMOTpeHHe TODbKO 

Hnn~rpaQHH, 8 KaKOA-TO Mepe DOHCHH~.aH 3TO npeo0paJOBaHHe. 

HJ CKaJBHHoro cpa3y •e cnenyeT H aenH'fHHa DDOTHOCTH 

DP080BHHKa 8 HenonaH.aOA CHCTeMe. flODb3YHCb (16), nnH 

H3 (13) HMeeM 

1 v·v' 
P = p+- P_• · [1+ -

2 
-1) ·p'. .r;;:;;z c 

JapHna 

p 

(18) 

flpHHHMBR 80 8HHMaHHe (7), DODY'fHM H3BeCTHY~ penHTHBHCTCKY~ 

IOPMYDY! 

.r;;:;;z 
(19) 

IOPMYDW (9) H (19) cpaJY D03BODH~T HBATH 3DeKTpH'feCKHA 

BHDODbHYA MOMeHT TOKa H ero MarHHTHWA MOMeHT. KonH'feCTBO 

JapHna ~ HB OTpeJKe R DODY'fHM, YMHO.HB (19) Ha Ce'feHHe 

DP080BHHK8 "'= .,., Hero BDHHY .r;;:;l'-t;. T.o., 

~- Y.._. C7 I . I I . l I 
c• z 

(20) 

Ha OTpe3Ke g KODH'feCTBO JapHSOB non•Ho OWTb TaKHM •e, HO 

HMeTb oOpaTHWA 3HaK. PaCCTOHHHe Me•ny R H g paBHO l I 
l • 

EcnH l I (( • 
l I 

l • TO ~ · l
1
' - 3TO 3DeKTPH'feCKHA 

~ HanpaaneHHYA no'ocH x. OH. paaeH (eM. (8) H (Sa)) 

p = p·!·J'·l '·l' = p·m'= -p·m' 
x c ' z v' 

nHDODb, 

(21) 

'fTO COBDanaeT C (5), flOCKODbKY JapHn ~ CBH38H C naH•eHHeM 

DPOBOnHHKB C TOKOM B HanpasneHHH CKOPOCTH, TO HeT HHKaKHX 

OCHOBaHHA C'fHTaTb, 'fTO B cpene MO.eT 0WTb HHa'fe. qT00W 

OKOH'faTeDbHO yOenHTbCH B 3TOM, DOCMOTPHM, KaKOA MBrHHTHYA 
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MOMeHT COJllaeT liHDOnb P, HJ (21). Cor naCHO (3) OK liOnlteH 

6Lrrb paBeH m(p) = -p• · m'. 
y 

(22) 

JTO, OliHaKO, TOnbKO qacTb MOMeHTa, KOTOpaR CBRJaHa C 

JapRnaMH, liBHitYmHMHCR BMecTe c npoBOliHHKOM. KpoMe Toro, 

HMeeTCR TOK Jk' 6erymHA no KOHTYPY, H paBHb~ (9), YqHTLmaR, 

qyo nnomanb KOHTypa pasHa ~· t: · t;, HJ (9) nonyqHM 

MarHHTHb~ MOMeHT JTOfO TOKa: 

m(k) = (1-P') · ! · t•·t• · u'·p' · v' = -(1-P') · m'.(23) c 1 2 y 

T.o., nonHh~ MarHHTHb~ MOMeHT, HHliYUHPOBaHHb~ JaMKHYTb~ 

TOKOM B nnOCKOCTH , COBnana~mHA C HanpaBneHHeM liBHiteHHR, 

paBeH ( CM. (22) H (23)) 

m = m· (p) + m· (k) m'. (24) 

CnenosaTenbHO, MafHHl>Hb~ MOMeHT, nepneHliHKYnRpHb~ 

HanpasneHH~ CKOPOCTH, B caMOM nene OliHHaKOB KaK B liBHJtymeACR 

CHCTeMe KOOPliHHaT K', TaK H B na6opaTOPHOA K. BHliHO TaKite, 

qyo JneKTpHqecKHA liHDOnbHb~ MOMeHT (21) H MarHHTHb~ (24), 

ecnH yqecTb (22) H (23), OliHOJHaqHo CBRJaHbl MeltliY C060A. 

flOCKOnbKY llnR liBHiteHHR JneKTpHqecKOfO liHDOnR B cpene 

npaBHnbHO (3) , TO HenbJR liOllYCTHTb, qyo llnR MarHHTHOfO 

liHDOnR HYitHO BMeCTO (5) DOnbJOBaTbCR (6), B JTOM cnyqae (24) 

( cosnana~mee c ( 4) l oKaJanocb 61:.1 HapymeHHL~. CnenosaTenbHO, 

B cpene cnenyeT HcnonbJOBaTb Te Jte topMynhl npeo6paJoBaHHA 

liHDOnbHbiX MOMeHTOB , ·qyo H B BaKYYMe. 
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cl>paHK li.M. 
PenHTHBHCTCKoe npeo6pasoBaHHe MOMeHTa 
MarHHTHoro AHnonH 

P4-88-634 

PHA neT 06CyEAanCH Bonpoc 0 TOM, KaKOH 3neKTpH~eCKHH 
AHUOnbHMH MOMeHT AOnieH B03HHKaTb y MarHHTHOrO AHUOnH npH 
ero AB~eHHH B cpeAe. CeH~ac npHHHTO cqHTaTb, ~To H B cpe
Ae AnH CBH3H MarHHTHOrO MOMeHTa C 3neKTpH~eCKHM npHrOAHa 
Ta ~e penHTHBHCTCKaH ~opMyna, ~To H npH AB~eHHH MarHHTHo
ro AHUOnH B BaKYMe. llononHHTenbHhlM AOBOAOM B nonb3Y 3TOrO 
Cn~T COAep~a~eeCH B 3TOH pa6oTe paCCMOTpeHHe ABH~~erOCH 
B BaKyYMe 3aMKHyToro KOHTypa C TOKOM. B npeAenbHOM cnyqae 
OH 3KBHBaneHTeH AB~~eMyCH MarHHTHOMY AHnon~. ConocTaBne
HHe nonyqeHHbJX pe3ynbTaTOB C H3BeCTHbJMH AnH 3neKTpHqeCKO
ro AHUOnH UOKa3hlBaeT, qTO H npH HanHqHH cpeAhl HeT OCHOBa
HHH MeHHTb penHTHBHCTCKHe ~OPMYnbi npeo6pa3oBaHHH. 

Pa6oTa BbmonHeHa B J1a6opaTOPHH HeHTPOHHOH ~H3HKH OIDI.H. 

Coo6lQeHae 061teJUIHeHHoro HHCTHT)'T& ll,llepHhiX accne.llOBIUIHA . .Uy6aa 1988 

Frank I.M. P4-88-634 
Relativistic Transformations for the 
Moment of the Magnetic Dipole 

For several years the question was urtder discussion of 
an electric dipole moment acquired by a magnetic dipole 
moving in a medium. Now it is accepted that for the rela
tion between the magnetic and electric moment in a medium 
the same relativistic formula as for a magnetic dipole mo
ving in a vacuum can be used. Consideration undertaken in 
this paper of a closed current loop moving in a vacuum 
contains an additional argument in favor of the above 
statement. In the limit case this loop is equivalent to a 
moving magnetic dipole. The comparison of the obtained re
sults with the known data concerning the electric dipole 
has shown that in the case of medium there are no reasons 
whatsoever to change relativistic transformation formulas. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1988 




