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® H 3 i r a e c K a j i  p e a j i B H O C T t

r p u r o p im  ByraeHKO1 W alter W egner2

1 . /le ftcT B ne ajienTpoM arnnTnoro nojin na ajieKTpHnecKnii 3apH.fl on p eaejin -  

eTCH cm io n  J lop eim a:

(1 )  F  =  q E  +  q v  X

rne n ep n oe cn araeM oe ne 3aBMCHT o t  c k o p o c th  3apn,fla V , a BTopoe n p o n o p -  

UMOnajibHO en. C  nepBbiM cjiaraeMLiM upnmiTO cii>i3 hinaTb najitm ne 3 /ieK'rpn- 

'jecK oro nojin, a co BTopbiM -  M a riim n o ro . H anpanjienn e a jieKTpnnecKoro  

fl.encTBH.fi nojin npn q  >  0  coBnaflaeT c HanpaBJienneM a jieKTpnnecKon Ha- 

npmłteHHOcTH E  (c nanpaBJieHneM chjiobom Jinnnn ajieKTpnnecKoro nojin b 

TOMKe naxo>KflenMfl 3 a p n fla ). C n jia  M am nTnoro flencTBnn nojin F\j no MOfly- 

jiio paBiia F m  =  \q\vB s in ( 77, B )  n uanpaBJiena nepnenflMKyjiflpno k BeKTopy 

CKopocTH 3 a p n a a  V n BeKTopy MariiHinoM nnflyKunn n ojm  B  no npan n jiy  n p a -  

Boro BMHTa ( p n c .l ) .

B (topM yjie 1 M arnnTnoe flencTBne y cjio sn o  npeflCTanjieHO b BHae Tan Ha- 

3biBaeMoro BeKTopnoro npoMBBeflennn flByx neKTopoB q v  n B , KOTopoe 3ann - 

cbiBaeTcn b nnfle q v  X  B .

E cjih o T H O c n T e j i b n o  M H e p u n a J ib H o n  C H C T e M b i o T C M e T a  b B a n y y M e  H M eiO T C .fi  

o iu iH  tojibko H e n o flB H > K n b ie  a j i e K T p n n e c K H e  3 a p .fi .n b i, o 6 n a p y > K H B a e T C f l  J in iu b  

a j i e K T p M M e c K o e  n o j i e  ( e r o  i i a 3 b i n a io T  a j i e K T p o c T a T p m e c K M \ i) , M a r i i H T i i o e  n o j i e  

o T c y T C T B y e T .  l l p n  iia jiH M H H  o f l n n x  TO JibKO  n o c T o n i i n b i x  t o k o b , n p o T e K a i o m n x  

b n e n o H B M > K H b ix  a J i e n i p n n e c K M  H e H T p a ji b i i b i x  n p o B o f l H H K a x , o 6 n a p y j « M n a e T C B  

jiM iu b  M H C T o e  M a n i H T H o e  n o j i e ,  a j i e K T p n n e c K o e  n o j i e  O T c y T C T B y e T . I l p n  H a -  

j i h h h h  n p o n 3 B o j i b n o  H B M > K y m n x c H  3 a p n f lO B , T a K » c e  n e p e M e m i b i x  t o k o b , n o j i e  

0 K a 3 b iB a .e T c n  h  a j i e K T p n n e c K M M  n  M a r i iH T iib iM  -  a J ie K T p o M a r i iH T H b iM .
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2 .  B o n p o c  0 6  OTHOCHTejibHOCTH 3JieKTpnMecKoro h MarHHTHoro nojieft Te- 

CHO CBH3aH C BOnpOCOM O TOM, KaKHe H3 (J)H3HHeCKHX BeJIHHHH H B  JUHOTC.H HHBa- 

ppianTaMM (ne H3MeHmoTC.fi) npn n ep ex o a e  o t  o.zi.hoh HHepiiHajibHOH CHCTeMbi 

oTCMOTa k apyroH .

I l H m e  6 y a e M  n o j i b 3 0 B a T b C H  K p o M e  H H e p i i H a j i b H O H  C H C T e M b i  I ( 0 x y z )  e m e  H H e p -  

U P ia jib H O M  c M C T e M o i i  I I { 0 '  x '  y '  z ' \  K O T o p a n  a B M » c e T c n  o T H o c H T e j i b H o  C H C T e M b i  

I  B H a n p a B J ie H M M  O C H  X  CO C K O p O C T b I O  V  ( p H C . 2 ) .

H 3  HblOTOHOBCKOH MeXaHHKH H3BeCTHO, HTO npM HepejUITHBHCTKHX CKO- 

pocTHX (T .e . CKopocTHX 3HaHHTejibiio MeHbuiHX CKopocTH CBeTa b BaKyyMe: 

«  <C C =  3  ■ 1 0 8 ™ ) cwjia HUBapnaiiTHa. 3 t o  03HanaeT: H3Mepmi H enoTopyio  

CMJiy HenoaBMJKHbiMH npnSopaM H  b cwcTeMe I I  Ha6jno,a.aTeJib o6napy>KHT to  

* e  caM oe 3HaMei-iHe, h to  h a p y ro ił iia6jno,ziaTejib c nenojiBHJKHbiMH npM6opaMM  

B  CHCTeMe / .  CBOHCTBO MHBapMaHTHOCTM KaeaeTCH Bcex CMJI, B TOM MHCJie H 

cmjim Jlop eim a (n o jm o n !).

MarHHTHaB HimyKiiHn B  b o6biHiibix jia6opaT opnbix ycJioBHnx 3KcnepnMeHTa 

npaKTMHecKM ne H3MeHfleTCfl npn nepexo,ne M3 CHCTeMbi /  b CHCTeMy I I .  I lp n -  

MeM 3/iecb s t o  KaK onbiTHbiM (J)aKT. T eo p e ra n ec K o e  H3yneHHe B on p oca  noKa3bi- 

BaeT, h to  ManiMTHaH HimyKiiHn nojiynaeT  3aMeTiioe H3MeHeHHe Jinrnb b c jiy -  

H a n x ,  Kor;ia libinojinmoTCH oaHOBpeMeHHO UBa ycjioBMH:

1 )  C K O p O C T b  H H e p iiH a jib H O H  C H C T eM bi I I  HOJBHKHa S b IT b  6JIH 3KO H  K C K O pO C T H  

C B e T a

M

2) 3 J ie K T p H H e c K a B  n a n p n > K e H H O C T b  n o j m  o n e i i b  B e jiH K a  -  n o p H U K a  c o T e n  

MHJIJIHOHOB B O JIbT  Tła M e T p .

OTBJieKancb o t  3Thx yiiHKajibHbix ycjioBHii, 6yneM  cHHTaTb B  onHHaKOBbiMH 

b o6eH x cHCTeMax / h II.

B (JiopMyjiy JIopeHua b x o h h t em e 3a.pHii q. 3ap.fi.zi - HHBapnaHT, oh o/ihh  

H  T O T  >Ke npn Bcex C K O p O C T fIX , B TO M  HHCJie H peJIHTHBHCTCKHX, 6jIH3KHX K 

c k o p o c th  CBeTa. OcTaBmHecB b O opM yjie J lo p eim a  UBe BejiHHHHbi -  cnopocTb  

3a p n a a  V h 3JieKTpHHecKa.fi naripii>KeHHOCTb E  HHBapHamaMH He h b jijiiotch . B 
OTIIOmeHHH C K O PO C TH  3T0 OHeBHUIIO: eCJIH  C K O p O C T b  3 a p H J ia  B C H C T e M e  I  p a B H a  

V , t o  b CHCTeMe I I  corjia cn o  h k iotoh ob ck oh  MexaHHKe npn HepejiHTHBHCTCKHx 

CKopocTfix (?) C  U ) ona paBiia V — S.  IToaTOMy b CHCTeMe I I  cn jia  JIopeHua

(2) F '  =  q E '  +  q ( v  — V )  X  B
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ripnpaBHMBaH npaBbie nacTH (1 )  h (2 )  h  coKpam an na ę , naxo^MM

( 3 )  E '  — E  +  V  x  B

3 t o  3aKon n peo6pa30B annB  (npaBMJio M3MeHeiiMfl) ajieKTpHnecKOH HanpH>f<eH- 

HOCTH nojlfl H3 CHCTeMbi /  B CHCTeMy I I  : B CHCTeMe I I  3JieKTpHHeCKaH Ha- 

npn*eHHOCTb nojiyn aeT  neKTopnoe npH pam enne V  X  B ,  KOTopoe no M oayjno  

paBiio V B  sin(?7, B )  h iianpaBJieHO riepneimHKyjiHpHO k V  h B .

H anpH M ep, ecjin V  =  1 0 ^ r , B  =  0 , 1 T ji  (b to  .aoBOJibno cHJibnoe MaraHT- 

noe n o jie ), t o  b c jiy n a e , Koryta B  HanpaBJieHO riapajijiejibiio o ch  Y , aoGaBKa 

k Hanpn>KeHnocTH E ,  npe.ncTaBJi.fieMa.fi BeKTopoM V  X B ,  nanpaBJiena n ap aji- 

Jiejibno k o ch  Z  h no M o;iyjno paBna V B  =  1 0 - 0 .1  =  1 ( "~ ) -  T an yio  noSaBKy  

jierao  o6napy>KHTb b aKcnepHMeiiTe.

ToMiian ijiopMyjia juih Jiio6bix CKopocTen (paayMeeTCH, MeHbuiHX c k o p o c th  

CBeTa) h KaKHX y ro n n o  anaMeiiHH E  h B  BbiBonHTC.fi b Teopnn oTiiocHTejibnocTH:

( 4 )  g , =  E  +  V , S

■f i
K o rn a  orpanHnenHH na c k o p o c th  h nonn ch u tw , nyitcno cHHTaTbc.fi c B 0 3 M 0 *-  

H O C T b io  yKa3aiiHbix Bbiuie yHHKajibHbix cjiynaeB , h Torna cnenyeT nonb30BaTbc.fi 

to h iio h  (JiopMyjioH Taione h hjih B '  :

( 5 )

f i f i
C jie^oB aT ejibn o, b nepnoM npnójiHJKeHHH (n oT opoe o x n a T b i B a e T  (jiaKTHHecKH

B c e  o S b m H b i e  c j i y n a n )  n p n  n e p e x o n e  I  ------- > I I  M a r iiH T H a .fi H n n yK U H H  n e  H 3 M e -

HneTCfi. B  oco6b ix  cjiyH anx ( V  ~  C, E  ~  1 0 8 ^ -)  ee H3MenenHe b nepBOM 

npnSjiHiKenHH panno:

( 6 )  B '  w  B  -  \ v  x  B .
c 2

(3naMeHHe panHKana b (5 )  npn6jiH>Kenno B3HT0 paBHUM 1 ). ZlanHM npnM ep- 

Hyio onenny H3MeHeHH.fi HnnyKUHH. IlycTb CKopocTb chctcm m  I I  panna V  =  

lO 4 ^ ,  aneKTpHHecKa.fi nanpnfKeiniocTb E  =  1 0 s ^ .

C o r jia c n o  (6 )  no6aBKa ( S e p e M  cn y n a n  Korna E  n ap an n en b n o  o ch  1 )  panna
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C j i e a o n a T e j i b n o ,  ,na>Ke n p n  C K o p o c T / i x ,  c p a B H H M b ix  c  k o c m m m c c k h m m , h  6 o J ib i i i o H  

3 J ie K T p n M e c K o i i  H a n p jn K e iiH O C T H , H 3 M e H e iiH e  M a r H H T i io i i  H H A yK iiH H  o K a jK e T c n  

c y m e c T B e n n b i M  b  n p o i je H T H O M  O T H O iiieH H H  t o j i b k o  b  n o c T a T O H i i o  c j i a 6 b i x  M a -  

rH M T H b ix  n o j i H X .  H a n p H M e p ,  e c j i n  B  =  1 0 ~ 3 T j i  , t o  n o 6 a B K a  6 y .n e T  c o -  

C T a B J iB T b  n e  6 o j i b m e  1 %  ( H y n o i o  y n e c T b ,  h t o  b  ( } ) o p M y j i e  ( 6 )  c j i o * ;e H H e  BeK- 
T o p H o e ) .  C w J ib H b ie  » c e  M a n iH T H b ie  n o j m  n p a K T H H e c K H  H e  M 3 M eH H ioT C H  n a > K e  

h  b  o c o 6 b i x  c j i y H a n x .  I l p n  o 6 b iH H b ix  c k o p o c t h x ,  H a n p H M e p ,  V =  1 0 ^ ,  m 

E  =  1 0 8 ~  H o 6 a B K a  b  ( 6 )  c o c T a B J i i i e T  y * e  TO JibK O  1 0  8 T ji  ; 3 t o  0 3 H a n a e T ,  

h t o  h  b  3 n a H W T e jib H O  6 o j i e e  C H J ib iio M  n o j i e  n a n p f l> K e H H o c T b io  E  ~  l O 1 1 ^ - ,  h o -  

6 a B K a  3 T a  H e 6 y n e T  npeBbimaTb 1%. B  o 6 b iM H b ix  j i a 6 o p a T o p H b i x  y c j i o B H H X  H a -  

n p n > K eH H O C T b  T a K o r o  n o p H H K a  n a j ł c e  H e  B C T p e H a e T C H  ( T a K a n  m n a  H ecK O J ib K O  n o -  

p jiH K O B  6 o j i b i u e  H a n p jO K e H H O c T b  n o c T H r a e T c n  TO JibK O  H a  o p 6 H T a x  a J ie ic r p o H O B  

b  a T O M a x ) .

3 .  B b i r n e  6biJ iM  M c n o j i b 3 0 B a i ib i  B e K T o p H b ie  o 6 o 3 H a H e H H f l ;  n p M  JK eJiaH H H  h x  

m o jk h o  M 3 6 e > K a T b . IT oK a > K eM , H a n p H M e p ,  K aK  B b iB e c T H  h  K a n  n p e n c T a B H T b  ® o p -  

M y j i b i ,  B b ip a J K a io m n e  n p e o 6 p a 3 0 B a i i H e  (3).
I l y c T b  b  n p o c T p a n c T B e  c y m e c T B y e T  n p o H 3 B O J ib H o e  a j i e K T p o M a r H H T i i o e  n o j i e  

( o h o  M OJKeT 6 b I T b  H H 3M eH fIIO IIIH M CH  BO B p e M e i in )  H B H eM  H BH JKeTCH  3 J ie K T p O H .

B  t o m  T O M K e, m e  b  n a m ib iM  M O M e n T  H a x o H H T c n  a  j i e K T p o n ,  a  j i e K T p H H e c K y io  n a -  

n p n jK e H H O c T b  o 6 o 3 H a H H M  b  C H C T eM e / n e p e 3  E (E x, E y, E z), a  b  C H C T e M e  I I  
n e p e 3  E>(E'x,E'y,E'z) ; M a rH M T H a n  H ibayK U H H  b C H C T eM e I  B ( B X, B y, Bz), } a  

B C H C T e M e  I I  B'{B'x,B'y,B'z).
P a c c M O T p H M  c j i y n a n ,  K o r y ja  C K o p o c T b  3 J i e K T p o n a  b  p a c c M a T p H B a e M b i n  m o -  

M e iiT  b  C H C T eM e I I  p a B H a  n y j i i o  ( s t o  n p e ^ a n o j i o K e H H e  H e  c y m e c T B e H H o ,  o h o  

TO JibK O  y n p o m a e T  B biH H C Jien H .fi, K O T o p b ie  m o > k h o  n p o B e c T H  h  n p n  c k o p o c t h ,  

OTJIHHHOH OT H y J I t f ) . B  C H C T eM e / / ,  T ^ e  C K O p O C T b  S J ie K T p O H a  B ^ a H H b li f  M O - 

m c h t  p a B n a  n y j i i o ,  n a  s j i e K T p o n  .a e n c T B y e T  TO JibK O  3  j ie K T p H H e c K a H  c n j i a

cE { ĉEx  ̂cEy^ cEz'))

M a r H H T H a n  c n j i a  O T c y T C T B y e T ; npoeKUHH nojm oH  CH Jibi p a B H b i :

(7) F'x =  eE'„ K  =  eE 'vK =  ‘ K

B b ip a 3 H M  3 T y  C H Jiy  B C H C T eM e / .  T.K . C K o p o c T b  3 J ie K T p O H a  O T H O C H T ejIbH O  CH

C T e M b i I I  b  n a H H b iH  M O M eH T  p a B H a  H y j n o ,  a  c a M a  C H C T e M a  I I  H BHJKeTC.fi c o  c k o -  

p O C T b lO  V  O T H O C H T ejIbH O  C H C T eM bi / ,  C K O p O C T b  B J ie K T p O H a  O T H O C H T ejIbH O  CH

C T e M b i /  p a B n a  V  h  H a n p a B J i e n a  n a p a j u i e j i b i i o  o c h  A ^ . I I o a T O M y  H a  a j i e K T p o H  b
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CHCTeMe I  aeiłcTByeT h aneKTpHHecKaH cnjia  eE'{eE x , eEy , eEz), h MarriHT- 

HĆLH. npOeKUMM ManiHTHOM CHWILI JIopHeija, K3.K IieTpy^HO y6e>!IHTŁCfl, p a B IT b l 

0 , —e V B z,e V B y 1 . n o jm a n  cn jia  J lopen n a, aeMCTByiomaH Ha ajieKTpoH b 

CHCTeMe / ,  HMeeT npoeKUHH:

( 8 )  Fx — eEx Fy =  eEy -  eV B z Fz =  eEz +  eV B y

y H H T b lB a H , HTO n p H  H epeJIH T H B H C T C K H X  C K O pO C T H X  C H Jia  H e H 3 M eH H eT C H , n p n -  

p a B H H B a e M  n p o e K U H H  c h j i  c o r n a c n o  ( 7 )  h  ( 8 )  h  c o K p a m a e M  3 a T e M  n a  3 a p n ,a  e ;  

n o J i y n a e M :

(9) E'X =  EX E'y =  Ey -  V B Z E'z =  Ez +  V B y

3 t h  O o p M y j i b i  p a B H o c M J ib H b i o a h o m  B e K T o p n o H  O o p M y j i e  (3); h x  m o > k h o  p a c -  

c M a T p H B a T b  K aK  p e 3 y j i b T a T  n p o e K T H p o b a i iH H  (3) n a  o c h  K o o p m - m a T  .

4 .  FIoaBeaeM HTor. Ha aoH>KymHHCH b a jieKTpoMarHHTHOM n ojie  3apfl,n q 
^reHCTByeT cn jia  J lopenua:
B CHCTeMe /

(10) F  =  qE +  q V x B

rne v -  CKopocTb 3a p n a a  OTHOCHTejIbHO CHCTeMbi / ;

B CHCTeMe I I

( 11) F' =  qE' +  q V ’ X B\

i\ a e  v' -  C K o p o c T b  3 a p n .u a  O T H O C H T ejIbH O  C H C T eM bi o T c n e T a  II] E, B - a j i e K T p n -  

H e c K a a  H a n p n > K e H H O C T b  h M a r a H T i i a n  H H n y im H H  n o j i n  b C H C T eM e / ,  E ' , B' - b

CHCTeMe II.
4>opMyjia J lopeim a B e p i i a  npn J i io 6 b i x  3HaHeiiHHX bxo^huihx b n e e  B ejiH H H H  b 

jhoGoh H H e p iiH a jib H O H  C H C T eM e O T c n e T a .  O n u a K O  H y n m o  p a 3 J iH H a T b  .im a  cn y - 
H a n : 1 )  C K O P O C T H  H ep eJ IH T H B H C T C K H e H 2 )  C K O PO CTH  peJIH T H B H C T C K H e.

B  c j i y n a e  H e p e jiH T H B H C T C K H X  C K o p o c T e n  m o * h o  c  S o j i b i n o H  T o n n o c T b i o

cHHTaTb, h t o  F'  =  F ,  B'  =  B, v' =  v — V  a E' =  E  +  V  x B.  n PH

*H a  3apiiii, /iBHiKymHHCfi co cnopocTbio i7(0, 0) b n ojie B ( B x ,  B y ,  B z )
^eiicTByeT cn jia  J lo p eim a, cocTaBUHiomne KOTopon no ochm  bm h h cjih io tch  no  
oSm eM y npaBHJiy, ctJiopMyjiHpoBaiiHOMy b H anajie CTaTbH.
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3 a M e H e  C H C T e M b i O T c n e T a  b  b t o m  n e p B O M  C J i y n a e  H e H 3 M e H H b iM H  o c T a i o T c .f i :  n o -  

j m a f l  c m i a  J I o p e H u a ,  M a r H H T H a w  H H .uyKU H .fi u  B e jm u H H a  a j i e K T p H n e c K o r o  3 a -  

p f l H a .  I4 3 M e H flio T C .fi: C K o p o c T b  3 a p f l u a  m 3 J ie K T p H H e c K a .il  H a n p fl» c e H H O C T b  n o j i f l .  

O u n a K O ,  x o t a  K a » t u o e  b  o T n e J ib H O C T H  c j i a r a e M o e  O o p M y j i b i  J l o p e n u a  h  H 3 M e -  

H fle T C fl , h o  c y M M a p n o e  n e n c T B H e  a j i e K T p o M a n i H T  H o r o  n o j i f l  n a  H B H JK yiU H H C fl  

3 a p f l / t  o c T a e T C f l  H e H 3 M e H H b iM .

B u p y r o M  C J iy n a e ,  n p H  p e jiflT H B H C T C K H X  C K o p o c T f l x ,  B c e  B b irJ iflH H T  H H a n e .  

H 3 M e H f l io T c f l  n e  t o j i b k o  O T u e j ib i ib i e  c J i a r a e M b ie  c h j i m  J l o p e i m a ,  h o  h  c y M M a p -  

H o e  u e M C T B w e  a  j ie K T p o M a r H H T H o r o  n o j i f l  u a  3 a p n u -  H 3 M e H n e T C .f i  T a K * e  M a r H H T - 

Ha.fl M iiuyK U H H  n o j i f l  m e r o  a j i e K T p u H e c K a f l  H a n p fD K e H iio c T b  ( ( J jo p M y j ib i  ( 4 ) , ( 5 ) ) .  

H e M 3 M e H H o ii  o c x a e T C .f i  TOJibKO B e jiH H H H a  3 J ie K T p H H e c  K o r o  3 a p n u a .

B  u o n o j i H e H w e  o t m c t h m ,  h t o  n p n  J iio 6 b ix  C K o p o c T f l x  c o x p a H .f ie T C .fi  c T p y K T y p a  

(J fo p M y jib i  J I o p e H u a .

B c e  s t o  0 3 n a n a e T ,  h t o  a j i e K T p H H e c K a n  n a n p iD K e H H O C T b  u  M a n iH T H a .f i  h h -  

u y K U H H  o T H O C H T e jib iib i : b  p a 3 H b ix  H H e p u n a j ib H b ix  c n c T e M a x  h x  3 H a n e H H fl  b o -  

o 6 m e  p a 3 JiM HHbi. E o j i e e  t o t o ,  c a M O  c y m e c T B O B a H u e  3 J ie K T p H H e c K o r o  u  M a -  

n i M T H o r o  n o j i f l  O T H O C M T e jib iio ! y 6 e u n M C f l ,  h t o  s t o  B e p H o  u a » c e  n p n  H e p e j i f l -  

T H B H C T C K H X  C K O p O C T flX .

I l y c T b  b  C H C T eM e O T c n e T a  /  c y m e c T B y e T  a j i e K T p H n e c K o e  n o j i e  E ( 0 ,  E y , 0 )  h  

M a n iH T H o e  n o j i e  £ ( 0 , 0 ,  £ 2 )  - o 6 a  o / i H o p o / n i b i e ,  c T a u n o H a p i i b i e  ( p h c . 3 ) .  B  

C H C T eM e I I  M a n iH T H o e  n o j i e  S y n e T  n p a K T H H e c K H  T aK H M  * e .  O n H a K O  a j i e K T p n -  

n e c K o e  n o n ę  c o r J i a c n o  ( 9 )  n p y r o e :  E'y =  Ey — VB~ ( b  s t o m  m o > k h o  y 6 e u H T b c n  

h  n e r i o c p e u c T B e H H O ,  i i a n n c a B  c n a n a j i a  C H Jiy J I o p e H u a ,  n e n c T B y i o m y i o  H a  H e n o -  

U B H fK H biił b  C H C T eM e I I  3 a p f l u ,  a  3 a x e M  c o K p a i H B  p a B e n c T B o  H a  q). I I o c T a B H M  

B o n p o c :  H e j ib 3 f l  j i h  n o n o S p a T b  C K o p o c T b  V T a K , h t o S m  O K a 3 a J io c b  E'y =  0 .  

O t b c t  o H e B H u e n :  e c j i n  E'y =  E y —  V Bz , t o  H a x o n H M :

<12> v  =  %  =

T . k . h o j u k h o  6 b iT b  V <  C, t o  H a c T O f lm u H  c j i y n a i i  p e a j i H 3 y e T C f l ,  K o r n a  Ey <
cBz.

B b i n o j : e c J iH  b  C H C T eM e O T c n e T a  /  c y m e c T B y e T  3 J ie K T p H H e c K o e  n o j i e  £ - ( 0 ,  Ey, 0 )  

h  M a n i H T H o e  n o j i e  £ ( 0 , 0 ,  Bz) h  e c j i u  n p n  s t o m  Ey <  c £ 2 , t o  b  C H C T eM e 

O T c n e T a  I I  , K O T O p a fl  H BM JKeTCfl CO C K O pO C T bIO  ( 1 2 ) ,  H a 6 J U O U a e T C fl OUHO TOJIbKO 

M a n i H T H o e  n o j i e .

3 t O T  B bIB O U  O C T a e T C fl n p a B H J Ib H b IM  H n p H  p e jI flT H B H C T C K H X  C K O p O C T flX  (u O C T a -  

t o h h o  B o c n o j i b 3 0 B a x b C f l  ( J f o p M y j i o i i  ( 4 ) ) .



3jieKTpoMarnMTHoe nojie. 81

PaccMOTpMM .apyroH B 0 3 M 0 >KHbiH cjiyMaii. IlycT b b  C H C T e M e  /  cym ecTByeT  

Kan h  p a H b i u e  ajieKTpMMecKoe n ojie 5 ( 0 , Ey, 0) n MarHHTiioe nojie 5 ( 0 , 0 , Bz). 
C o rjia c n o  (5 ) :

B z -  h V E
B' = y

EbLHCHHM, C KaKOM CKOpOCTbK) V  ^OJI>KHa ABMraTbCiI CHCTeMa //, MTO6bl B Heil 
oTcyTCTBOBajio MarHHTHoe no^e. YcjioBHe B'z =  0 03iiaMaeT:

Bz -  i V E y  =  0,

o T K y / i a :

( 1 3 )  w  =  c ( ^ )
Ły

IIoCKOJIbKy V  <  C,  TO aOJI>KHO 6blTb c B z <  Ey.
—ł

Bbibo,zi : ecjiH b cncTeMe /  cymecTByeT 3jieKTpuMecKoe nojie -£*(0, E y , 0 ) w Ma- 

niMTHoe nojie 5 ( 0 , 0 ,  5 , )  M, eCJIH npn 3T0M cBz <  Ey , TO B CHCTeMe / / ,  KO- 

Topan ^BM»teTCfl co cKopocTbio (13) naSjiio^aeTCB ofliio TOJibKO ajieKTpwMecKoe 
nojie (pu c.4 ).

3 ^ e c b  c caM oro HaMajia 6bijia Mcnojib30BaHa TOMnan cftopMyjia .hjih B'z\ 
n03TOM}' M 3T0T BTOpOH BbIBOa OTHOCMTCB K JIIoSblM CKOpOCTBM, BKJIIOMaB p e -  

JTHTMBHCTCKMe.

M 3  3THx npMMepoB b h ^h o , mto b npnpo,zie HeT MHCTO 9 jieKTpuMecKoro n o -  

JI.H, KOTOpOe COXpaiIflJIOCb 6bl B 9T0M CBOeM KaMeCTBe BO Bcex MHepUMaJIbHbIX 

cncTeM ax OTCMeTa. HeT anajiornMiio m mmcto ManiMTHoro nojin. 4>M3MMecKoił 

peajibnocTbio BBJiBeTCfl 9JieKTpoMarHMTHoe nojie, 3JieKTpHMecKMe m ManiHT- 

Hble aeMCTBHH KOTOpOTO paajlMMHbl B pa3JIMMHbIX MHepUHajlbHbIX CHCTeMaX 

OTCMeTa.

B 3aKJiioMeHwe npMBeaeM ^Ba npMMepa.

IIpMMep 1 . B coBpeMeiiHbix (J)M3HMecKMx jia 6o p aT op m jx  no Mccjie^oBannio  

3JieMenTapHbix MacTHU Mcnojib3yioTCH oMenb cnjibnbie nojin, nn/iyKnnn k o to -  

pbix panna aecHTKaM tmchm  r a y c c  n 6ojibine (ean u n n a CM M arnnTnon mh- 

aynuMM -  Tecjia: 1 T ji  =  10'* T c ) . npeanoJio»cnM , mto b CMCTeMe /  cym e-  

CTByeT cnjibHoe M arnnTiioe n ojie , nnflyKUHn KOToporo Bz =  1 T ji  h cJiaSoe 

3JieKTpMMecKoe nojie c HanpB»teHHOCTbio E y =  1 0 B / m .
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B cHCTeMe I I  Ha6jno,aaeTCJi to jiłk o  o,hho MarHHTHoe nojie m corjiacHO (1 2 )  

CKopocTb CMCTeMbi I I  paBna:

F 1 D
v =  c(— — V =  3 • 108    =  I0(m/C).

cBz 3 • 108 • 1 v 1 ’

MH/iyKUhh M a r H H T H o r o  n o j i H  b C H C T eM e I I  c o r j i a c H O  (13) ( c  yneTOM, m t o  

\ E y =  v Bz) p a B n a :

B' =  B t \ 1 -
v2
c 2

1 0 2 1 

1 ~  (3 • 108)2 ~  1 _  2 • 9 - 1014 ~  1 (Tjl)

M a r H H T H o e  n o j i e  b C H C T eM e I I  b p a c c M a T p M B a e M O M  c j i y n a e  n o M r a  H e O T JiH H a- 

eT C H  o t  n o j i H  b C H C T eM e / ,  T o r a a  K a n  3 J ie K T p H H e c K o e  n o j i e  n o j m o c T b i o  O T c y T -  

c T B y e T .

IIpHMep 2 . B 3JieKTpoTexiiHKe, b ycKopHTeJiHX 3JieMeHTapHbix nacTHH, npn  

BbicoKOBOjibTHbix pa3p fm ax h  n p . BCTpenaioTCH HanpB3«eHHOCTH nojieił b He- 

CKOJIbKO MMJIJTHOHOB BOJlbT Iia MeTp. B aTOMaX Ha Op6MTaX 3 JieKTpOHOB ( m o -

aejib  B o p a ) iianpn>KeHHocTb 3HaHHTeJibHo Sojibm e: E  =  1011 — /O17 B/ m.  
E m e na necKOJibKO nop.n,aKOB ona Bbiuie na noBepxnocTH TH5«ejibix Jmep ( ~

/O22 B/m) .
r i y c T b  b  C H C T eM e /  H M eeT C H  c H J ib H o e  3  j i e K T p H H e c K o e  n o j i e  H a n p n > K e H H O - 

c t h  Ey =  /O9 B / m  h  c j i a 6 o e  M a n i n T i i o e  n o j i e ,  H iiziyK H H H  K O T o p o r o  Bz —
/O-4 Tji.
C n op ocT b  CHCTeMbi I I ,  b  KOTopoił 6y.neT o6napy>KeHo o h h o  TOJibKO ajieKTpn- 

necK oe nojie , paBiia:

c2Bz 10-4 o.o q m
(3 • 10 ) =  9 • 10 (— )

Ey 103

K an bhjm m , CKopocTb C H C T eM bi I I  K O C M H H e cK a n . Hanpfi>KeHHOCTb 3JieKTpHHe-

c k o t o  n o j i f l b CHCTeMe I I  corjiacHO (4 )  (c  yneTOM vE y =  c Bz) paBHa:

K  =  Ą  =  > o V ' - 0 2 * lo9< £ ) .

T.e. ona npaKTHHecKH Tanan >tce, Kaa b  CHCTeMe I .

IIojTBJieHHe h j i h  HCHe3iioBeHHe KaKoro-JinSo H3 HByx noJien - ajieKTpHMecKoro
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HJIH M a rH H T H O ro  -  C BH 3aH O  C B b lS o p O M  C H C T eM bi O T C H e T a . O a H a K O , eCJIH  9 J ie K T p O - 

M a r H M T H o e  n o j i e  n e p e M e H H o e  b o  B p e M e H H  m n p o c T p a n c T B e ,  t o  HMKaKMM B b i-  

6 o p O M  C H C T eM bi O T C M eT a  H e jIb 3 H  nO JIH O C T blO  H 3 6a B H T C .fi o t  o n H o r o  H 3 h h x  b  

K o n e H H O M  0 6 'b e M e  , t . k .  b  n p n p o a e  n e  c y m e c T B y e T  M e i i m o m e r o c H  b o  B p e M e H H  

h h c t o  a j i e K T p H H e c K o r o  h j i h  m h c t o  M a r H H T i io r o  n o j i n .  E c j i h  n o j i e  n e p e M e H H o e ,

B a a H H O H  T O H K e H a 6  JIK>.aeHH.H M O * H O  H 3 6 a B H T b C B  O T JIIOSOTO H 3 A B y X  B e K T O p O B  

E  h j i h  B  n y T e M  n e p e x o j i a  b  j i B H » c y m y i o c f i  c n c T e M y ,  o a i i a K o  j in u i b  b  .aa H H b iH  

M O M d lT  B p e M e H H .
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