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HAepHbiX HCCJieAOBBHHA 
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§1. K t.temblpexMepHor1 rjjopMyllupoeKe cnet~uallbHOr1 
meopuu omHocum~llbHOcmu 

09T8HOBHMCH Ha HeKOTO~hlX OC06eHHOCTHX HHTepnpeTaQHH pe· 

3YJihT8TOB cneQHaJihHOH TeOpHH OTHOCHTeJibHOCTH C TO'-IKH 3peHHH qe· 

ThlpexMepnoro MHpa : MHHKOBCKoro. 
Onpe.IJ.eJIHM .IJ.JIH :noro, KaK o6bi'-IHO, .'-leThipexMepnyiO cKopocTh 

u. 
r 

i 

r)J.e ds- • :meMeHT )J.JIHHbl B 4·MHpe 

4 

ds = v I 
i= l 

2 
dx . • 

r 

B pe3yJihTaTe 6y.IJ.eM HMeTh, B i~acTHOCTH: 

u 
" 

u 
t 

-~_, 

1 

V 1 - v 2/c 2 . 

/1.1/ 

/1.2/ 

/1.3/ 

llpHaneKaH )J.anee cneuHaJibHhie riJopMyn:br npeo6pa3oBaHHH · Jlo· 

peliua.IJ.JIH KOOP.IJ.HHBT, nepenHllieM HX HB OCHOBaHHH /1.2/ H/1.3/ B BH.

)J.e:. 
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f 
} 

·' /' 

, 
X = xu, - ux t' /1.4/ 

u 
t'· = t u X /1.4 '/ ---X 

l c2 

3)1;e.Ch, MO:iKeT 6h1Th,, Ha,li;O OC060 OTMeTHTh, l.JTO, KaK CJie,ll;yeT H3 
I 1.2/ n /1.3/, KOMIIOHeHThl 4-.cKopocTn cBeTa, ot.IeBn.n:no; 6y.n:yT orrpe
.n:enHTbCH 6ecKoHel.JHO 6oJII.WHMn BennqnnaMn. TaKnM o6pa3oM, B paM
Kax ,ll;aHHOrO IIO,li;XO,IJ;a.Mhl B KaKOM~TO CMhiCJie B03Bpall(aeMCH .K raJIH• 
JieeBCKOMy cnyqaro. Oco6enno, ecnn yt.ITeM rrpn 3TOM, "'TO B o6cy:iK- . 
.n:aeMoM rro.n:xo.n:e poJih BpeMenn nrpaeT co6cTBe:Hnoe BpeMH MnnKoB
cKoro r· = s./i c , ciJopMyna rrpeo6pa3oBaHnH KOToporo: 

, 
T ·=· T 

HMeeT, Ol.JeBH,li;HO, BH,ll; ciJopMyJihl IIpeo6pa30BaHHH raJIHJieH. 
'liTO KacaeTCH IIpaBHJia CJIO:iKeH~H · C~OpOCTeH, TO OHO 6y,ll;eT orrpe

,ll;eJIHThCH CJie,ll;yiOII.(HMH Bhlpa:iKeHHHMH: 

, v v u . = u - u 
t ' X X t X 

·U v , v x X u . = u -
t l t c2 

Ot.IeBn.n:no, .n:anee, "'TO B paMKax paccMaTpnBaeMoro rro.n:xo.n:a 
HMIIYJihC, KaK H B KJiaCCHl.JeCKOH ciJH3HKe, 6y,11;eT Bhlpa:iKaThCH IIpOH3Be· 
,ll;eHHeM MaCChi Ha CKOpOCTh: 

v 
p mu 

X 
m 

X X 

..jl-__·v2/c2 

TaKnM o6pa3oM, c TOl.JKH 3pennH t.IeThlpexMepnoro rro.n:xo.n:a Macca /KaK 
H 3JieKTpHt.IeCKHH 3apH,11;/ HBJIHeTCH CKaJIHpOM H He rrpeo6pa3yeTCH rrpn 
rrepexo.n:e K .n:pyroii cncTeMe OTCt.IeTa. , 

II0,11;06Iio 3TOMY, CHJia :MnHKOBCKOrO 6y,11;eT orrpe,ll;eJIHThCH KaK 
IIpOH3Be,ll;eHHe /cKaJIHpa/ MaCChi Ha 4-ycKopenne W i , KOMIIOHeHThl 
~ x H W t KOTOporo 6y,ll;yT ,ll;aBaThCH CJie,ll;yiOII.(HMH Bhlpa:iKeHHHMH: 

4 

' 

i 

r. 

'liTo KacaeTCH rrm 
,li;YT COCTaBJIHTh 

k. = j!c F.!c· . r r 

p' 
c 

r,11;e. -p*- IIJIOTHOCTh .Ja); 
cnJihi Jlopeilua 6y.n:eM H~ 

e F . 'K -- 'lc ulc,· i - C r 

T.e., uarrpnMep, 
... e ... ... 
K = -( Eu 

' c . t 
+ [u, 

· 0TMeTHM TaK:iK_e, ' 
Ta cnJihi 6y.n:eT orrpe.n:eJ 
MHHKOBCKOrO na 3Jl€!Mei 

dA 

§2. 06 uneapr 

1. KaK nJBecTno 
rrpe,n;cTaBJIHeT co6oro. OJ 
HOf'O Teli30pa 3-ro paHI 
phlii . BeKTOP i e Ha yKa 
,IJ;OJI:iKHbl IIOJIYl.JHTh TaK:iKC 

IIycTh, B qacTnoc· 
CTH 3JieKTpHt.IeCKOrO TC 
j f Ha Vi jlc IIOJIYl.JHTb I 

Mhi, narronMep, ,n;oJI:iKUhl 
. no/ 'lla elL v~a~ ~,n;ecb e ~: 
CHMMeTpHl.JHhiH IIO BCe:t. 
qaeT rrepexo,n; K anTE 
3JieKTPHl.JeCKOro TOKa, 



/1.4/ 

/1.4/ 

ITh, 'ITO, I<aK CJie)J;yeT H3 

t, O'leBH)J;HO; 6y)J;yT orrpe

TaKHM o6pa3oM, B paM

B03Bpa~aeMcH K ranu

rrpH 3TOM, 'ITO B o6cyJK· . 

rBeHHOe BpeMH MHHKOB

ITOporo: 

IH raJIHJieH. 

TeH, TO OHO 6y)J;eT OIIpe-

MaTpHBaeMoro IIO)J;XO)J;a 

T Bhipa)KaTbCH IIpOH3Be· 

·c2 

oro IIO)J;XO)J;a Macca /KaK 

[ He rrpeo6pa3yeTCH IIPH 

')J;eT orrpe,!l;eJIHThCH KaK 

HHe W i , KOMIIOHeHThl 

y'IO~HMH Bhipa)KeHHHMH: 

w 
" 

uxui' 

"liTO KacaeTCH IIJIOTHOCTH CHJihl JlopeHI~a, TO ee KOMIIOHeUThl 6y-

,!I;YT C.OCTaBJIHTh 

r)J;e. p*- IIJIOTHOCTh, 3apH,!I;a B e)J;HHHI~e 4-o6'heMa, TOr)J;a KaK )J;JIH CaMOH 

CHJihi Jlopeitua 6y)J;eM HMeTh 

'K. = .::.·f.L UL, 
I C I~< "' 

T .e., uarrpHMep, 
.... e -+ _._. 

K = -(Eu + [uH]) .. 
c . t 

0TMeTHM TaK)Ke, 'ITO B paMKaX paCCMaTpHBaeMOrO IIO)J;XO)J;apa6o

Ta CHJihl 6y)J;eT orrpe,!l;eJIHThCH IIpOH3Be)J;eHHeM 4- OH KOMIIOHeHThl CHJihl 

MHHKOBCKOro Ha 3JieMeHT )J;JIHHhl B 4-MHpe ds 

dA = F ds 
4 

§2. 06 UHeapuaH1/lHOC11lU 3/leKmpu'leCKOZO 3apJIOa 

1. KaK H3BeCTHO, B 4-rrpocTpaHCTBe o6'heM rrapannenerrurre)J;a 

rrpe,!I;CTaBJIHeT C060IO O)J;Hy H3 KOMIIOHeHT. IIOJIHOCTLIO aHTHCHMMetpuq

HOrO Teu3opa 3-ro_paura (Vi/lt.)· Ilo3TOMy, ecJIH Mhi YMHO)KHM HeKoTo

phiH BeKTOp. j e. Ha yKa3aHHhiH TeH30p, TO B ·pe3yJihTaTe,: O'lt!BH,!I;HO, 

)J;oJI)KHLI rroJiy'IHTh TaK)Ke 'feu3op ·ue HH)Ke 2- ro paura. · 

IIycTh, B 'qacTHOCTH, j e rrpe,!I;CTaBJIHeT co6oio 4-BeKTOP IIJIOTHO

CTH 3JieKTpH'IeCKOrO TOKa. Tor)J;a ,!I;JIH TOro, 'IT06hi IIOCJie YMHO)KeHHH 

j e Ha Vi jlr. IIOJIY'IHTL CKaJIHPHYJO BeJIH'IHHY - 3JieKTpH'IeCKHH 3apH,!I;, 

Mhl, HaiiOHMep, )J;OJI)K!):~IT)J;0!14.HOJKHTb yKa3aHHOe IIpOH3Be,!l;eHHe /cKaJIHp

HO/,Ha el1vra·3)J;eCb eiLVTU - e)J;HHH'IHhiH4-TeH30p 4-ro paura,aHTH

CHMMeTpH'IHhiH ITO BCeM HH)J;eKCaM. 11HhiMH CJIOBaMH; 3TOT war 03Ha

qaeT rrepeXO)J; K . aHTHCHMMeTpH'IHOMy. TeH30py ( / 11 v r ) IIJIOTHOCTH 

3JieKTpH'IeCKOro TOKa, )J;yaJILHOMY ie , HJIH BBe)J;eHHe )J;yaJihHOrO·)J;O• 
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)~ 

', 
~ ... 

. :< 

n·onHeHHH ,(V a) :K· TeH3opy o6'heMa~ npe.IJ;c;:TaBnHromerci co6oro·:B~~'top, 
· Hop:ManLHLiii no. oiirorneHHJO K :meMeHTY o6'beMa uno ·a.6comonioii· :Benu- · 
'IHHe paBHhiH o6'heMy J:roro JneMeHTa. . 

·. 3.IJ;eCb cne,IJ;yeT OTMeTHTb, HanpHMep, 'ITO ecnH paCCMaTpHBaTh 
· nnOTHI)CTb JneKTpH'IeCKOrO TOKa KaK TeH30p 3-ro. paHra, TO ,D;nH BTO· 
poii napbl ypaBHeiruii MaKCBenna Ha,IJ;O Hcnonb30BaTh Bbipa:>KeHHe BH,IJ;8;: 

. , ,. 
aF* aF:* aF* 

p.v: VT TJl. 
= I iL VT . +' + 

ax ax . ax v 
. T ll 

/2.1/ 

r,IJ;e F~v. - TeH3op, ,IJ;yanLHLIH TeH3opy JneKTpoMarHHTHoro nonH · F r~ • 
. · · .PaccMOTPHM Teneph .lbopMynLI npeo6pa3oaaHHH .IJ;nH KOMnoHeHT 

TeH3opa o61ieMa, KOTOPLie · 6y.IJ;yT onpe.IJ;enHThCH cne,IJ;yromu:Mu Bhipame-
.HHJIMH: 

·vi23 - f3 c ·v423 
; v,. 

123 yl-{32 

V'- = V 
124. 124 

v '. 
423 

·v·.· 
134 

{3 
V - -·V 

423 c 123 

..jl- {3 
2 

vl34 /2.2/ 

· Bao~H ,IJ;a~ee J,neMe;IT o6'beMa !1V;'1 It B co6cTBeHHoii cucieMe 
.OTC'IeTa, r,IJ;e I 1· = I i =I 3 = 0 , Haii.IJ;eM, 'ITO 3apH.IJ;, 3aKnroqeHHLiii 
B .JneMeHTe. o6'beMa !1 V' ·= !1 x' hy' !1 i '·, 6y.IJ;eT onpe,IJ;enHThCH Bbipame
HHeM: 

!1Q =. r- !1 V'. =.J ... !1 V'- = · '·!1 V'-
. 123 123 ~c I 4 4 P ' 

.· /2;3/ 

6 

.. 

l 

ITo 'Ha6JIIO,IJ;e_HHHM. I 
'IHHa 6_y.IJ;e·i onpe,D;eniiTLc 

SQ =l123 !1'Vl23 -J~ 
"' ~ . 

QTCJO,IJ;a, C. yqeTOM .TOr 
'IHTb, _'ITO B 'o6meM cnyq; 

··T'.e. 3ap11,n, Haxo.D:Hmuii'cJ 
. HOro' 06'beMa, C. TO'IKH . 
1 
C'leTa 6y,IJ;eT. onpe,D;enHTb 

· .2~ llony'leHHbie pe3) 
cKa:>KeM,npupaccMoTpeE 
B0nOKH C TOKOM /eM.~ I 
TeMe_ OTC'IeTa K 3ap11,D; i 
pacnonomeHHaH B,IJ;Onh 01 
HOCTH OTpHJia TenhHbiX 
npoaonoKH' O.IJ:HHaKOBhi, r 

a 



"'•"'' 

.Jnoll.lero co6oro· BeK1'op, 

H no a.6conronioii· ~enH- · ' 

J ecnH paccMaTpHBaTb 
-ro. paHra, TO ,I(IT.!I BTO
>BaTb BbipameHHe BH,I(~: 

, . 12.11 

MarHHTHoronon.H Fr~ 
OBaHH.!I ,I(IT.!I KOMllOHeHT 
1 cne.I(yJOII.lHMH Bbipame-

12.21 

3 C06CTBeHHOH CHCTeMe 
o 3ap.H.I(, 3aKnroqeuHhtii 
onpe.I(en.HTbC.H Bbipame-

i 
·I 
-~ 

I 
i 

. ·I 
! 

.• t. 

l 

llo 'Ha6mo.I(e.HH.!IM, H3 ,I(pyroii CHCTeMbl OTcqe'ni. •yKa3aHHa.H BenH-
qHHa 6y.I(eT onpe.I(en.HTLCH KaK · · · · '· · · 

. /2.41 

QTCJO,I(a, C yqeTOM TOrO, qTO J 
123

.('). V 123 = ·p/1'V, Mbl MO)KeM 3aKmo

qHTb, qTo B o6meM cnyqae . 

12.51·. 

·T.e. 3ap.H.I(, H~XO.I(.HmHHC.HBHYTPHHeKOTOpOr03ITeMeHTanpocTpaHCT~e~
HOr<) o6'beMa, c ToqKH 3peHHH Ha6nro.I(aTeneii H3 pa3Hbtx cucTeM ·oT- · 

; cqeTa 6y.I(eT. onpe,I(eiT.HTbC.!I pa3HbiMH BenHqHHaMH. . . 

. ,',, 

. 2. llonyqeHHbie pe3ynhTaThi cHHMaJOT TPY.I(HOCTH, B03HHKaJOII.lHe, 
cKameM, npH paccMoTpeHHH 3a.I(aqH B3aHMO.I(~iicTBHH 3ap~.I(a q (-J H npo
sonoKH c TOKOM I eM.; HanpHMep, pa6oTy III I. B 3TOH 3a.I(aqe B cHc
TeMe oTcqeia K 3ap.H.I( .I(BHmeTC.H co cKopocThiO v" = v , a nposonoKa, 
pacnonomeHHa.H B,I(OITb OCH OX,noKOHTC.!I /eM. pHCYHOKI. llpHqeM nnot.- · .. 

HOCTH OTPHUaTeiTbHbiX H nonomHT~ITbHblX 3ap.H.I(OB P- ·. H P+ BHY~PH 
npoBonoKH O.I(HHaKOBhi, no3TOMY cyMMapHa.H nnoTHOCTh p=O , i.e. B o6-

aJ 

7 
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~enpHHHTOM CMbiCJie npoBOJI<?Ka He 3apH>KeHa, T .K. p'V=~ .. ToK :rinoTHo
CTH. -j x·= j~-)' npOTeKaiOU{HH no npOBOJIOKe, C03,!l;aeT MarHHTHOe UOJie, 
a pe3yJILTaTe qero Ha .ll:BH>KYlllHHCH 3apH.n; .n;eiicT:ByeT cHna, Hanpaaneii-
HaH K npOBO,!l;HHKY */. . . 

CorJiaCHO npHHnHny OTHOCHTeJibHOCTH, yKa3aHHaH CHJia ,!l;OJI>KHa 
.n;eiicTBOBaTb Ha 3apH.n; :H B Toii CHCTeMe OTCl.JeTa (K~), r.n;e-3apH.n; noKo- . 
HTCH /H j (7 = 0 /, a npoaonoKa .ll:BH>KeTCH co -cKopoCTbiD -v: ~o KOJih 
cKopo B K -·cHCTeMe 3apH.n; noKOHTCH, ro CHJia, .n;eiicTBYIOUlaH Ha He
ro, ,!l;OJI>KHa HOCHTb 3JieKTPH1.JeCKHH xapaKTep. TaKHM a"6pa.30M, .Mbl 
npHXO.ll:HM K onpe.n;eneHHoii TPY.ll:HOCTH: a pe3yJILT£tTe .tiaii>KeHHH H3Me
HHJICH 3apH,!l; npOBOJIOKH /B 06ll{enpHHHTOM CMbiCJie/. IJpOBOJIOKa 3apH-
:a<aeTCH nOJIO>KHTeJibHO. 

nerKO BH,!l;eTh, O,!l;HaKO, l.JTO C TOl.JKH 3peHHH npoae.n;eHHOrO Bbiiiie 
paccMoTpeHHH /H, B qacTHOCTH, /2.4/ I HHKaKoii · TPY.ll:HOCTH HeT, no~. 
CKOJILKY H B K' - CHCTeMe 3apH.n; · npoaoJIOKH 

'· Q · 'V' · (+)v'·~ =· "P . . - I . 
4 1 ' 

/2.6/ 

. . ~ 

KaK noKa3aHO B IlpHJIO>KeHHH, TO>Ke paBeH HYJIIO. 

3. B 3aKJII01.JeHHe. OCTaHOBHMCH Ha O,!l;HOH HHTerpaJibHOH TeopeMe 
:me:KTpo:~.mrHeTH3Ma, Henocpe.n;cTaeimo CBH3aHHoii c npe.n;LI.ll:YlllHM pac-
CMOTpeHHeM. 1 1 

. 28 ' . 
· · ITo TeopeMe CToKca /eM., HanpHMep, ·· /6y.n;eM HMeTb 

r F* dV 
· 

1 p.v p.v 
V(2) 

r.n;e 

rot F* 
/l V T 

1 =-: 
3 

aF* 

r rot , p.vr 
v (3) 

aF* 

. F* dV 
p.vr 

~-+ VT 
aF* rp. 

ax 
T ax 

+ 

ll 
ax v 

BocnoJih30BaBIIIHCh .n;anee ypaaHeHHHMH MaKcaenna /2.1/, npH.n;eM 
K cne.n;yroll{eii HHTerpaJibHOii TeopeMe 

*! . 
IIycTh ,!l;JIH onpe.n;eneHHOCTH Ha6nro.n;eHHe rtpoHcxo.n;HT a MOMeHT 

apeMeHH, Kor.n;a HOpMaJib, npoxo.n;Hll{aH qepe3 npo6HLIH 3apH.n;, nepece
. KaeT Cepe,!J;HHY npOBO,!l;HHKa. 

8 

l 
·J)-· 

K 

r.''f'* 
v ( 2) ll v 

dV. = 
p.v 

3.n;ecb a npaaoii qacTH 
TeMe OTCl.JeTa 6y.n;eT, 0' 
pH.n;, 3aKJII01.JeHHLiii BHYT 

Q = f J dV 
• 123 . v (3) 

B T<? >Ke. apeMH oqeaH.n;I 
TeMbl OTCl.JeTa B yKa3all 
noHeHTbl nJIOTHOCTH 3Jie 

§3. 06 3/leKTJ 

. IJpH paCCMOTpeHH 
H . HMnyJibC :meKTpOMarJ 
HOH HHepnHaJibHOH CHC1 
HO, OnHpaTbCH Ha TeH3( 
nonH; a TaK>Ke Ha 4-: 
a§2 TeH3opy o6'beMa V 

1. llCKJIIOl.JHTeJibH 
·:meMeHT npocTpaHCTBe 
JJieKTPOHa o6pa3yeTCH 
Horo BH.n;a: 

·A~. I a'· , o, o, o I , 
I X 

B'.· 
I 

KOTOpbie onpe.n;eJIHIOTCH 

·A ' 1 ( ·; . ' . . ) B ' ·=--a· -a.. · 
i •' 2 ,.. i . ... i . ' .. i 



T.I<. p'V~o. Toi<nnoTHo
oJ,n:aeT MarHHTHoe none,_ 
~TByeT cuna,HanpaaneH-

yi<aJaHHaH cuna .n:ori~Ha 
:Ta (K ~), r,n:e · JapH,n: IIOI<O- . 
) 'CI<OpOCTblO -v: :t.Jo I<Onb 
iJa,, ,n:eHCTBYIOI.QaH Ha He
:p ... Tai<HM o6pa.JOM, Mbi . ' ' ' . 
'nhTaTe ,ljail:~eHHH H3Me· 
,icne/. llpoaonoi<a JapH-

HHH npoae,n:eHHoro BbiWe 
I<oii TPY.D:HOCTH neT, no~ 

/2.6/ 

0 ... 

i HHTerpanbHOH TeopeMe 
moii c npe,n:LI.D:">:l.QHM pac-

f; . . . . ' 
~·f6y,n:eM HMeTb 

<caenna /2.1/, npu,n:eM 

! rtpOHCXO.D:HT B MOMt!HT 
ripo6HbiH JapH,n:, nepece-

~-

J -· . ' 

' 

(''f'* 
v ( 2) p. v 

1 
· f ·I dV 3 · p.vr p. v r . 
v (3) 

3,n:eCb B npaBOH qaCTH CTOHT BenHqHHa, I<OTOpaH B C06CTBeHHOH CHC
TeMe oTcqeTa 6y.n;eT, oqeaH,n:Ho, onpe.nenHTh co6oiO 3nei<Tpuqeci<HH Ja
pH,n:, Jai<niOqeHHbiH BHYTPH o6'beMa V .(3).: 

Q = f I dV 
- . 123 123 v (3) . 

r pdxdydz. 

B TO ~e. BpeMH oqeBH.D:HO, qTo C TOqJ<H, 3peHHH Hei<OTOpOH ,n:pyroii CHC
TeMbl OTcqeTa B yi<aJaHHylO BenHqHHy 6y,n;yT .n;aBa TL BI<na.n: H HHbie I< OM-
IIOHeHThl IInOTHOCTH 3nei<TpuqeCI<OrOTOI<a . 

§3. 06 3/zeKmpoMazHumHoii Macce 3/zeKmpona 

llpH paCCMOTpeHHH BOIIpoca 0 .TOM, I<ai< npeo6paJyeTCH 3HeprHH 
H HMIIynbc 3nei<TpoMarHHTHoro nonH 3nei<TpoHa /npu nepexo.n:e oT o.n:- . 
HOH HHepu:uanhHOH CHCTeMbl OTCqeTa I< ,Upyroii /Mbl 6y.n:eM, I<ai< o6biq
HO, onupaTbCH Ha TeHJop T; .1: 3HeprHH-HMnynbca 3nei<TpoMarHHTHoro 
nonH; a Tai<~e · Ha 4-aei<Top o6'beMa Ve ,_.n:yanbHbiii: paccM9TpeHHOMY · 
a§2 TeHJopy o6'beMa V.. . "qr . 

1. Hci<niOqHTenhHO ,n:nH npocTOTbi 6y.n:eM nonaraTb .n:a!Iee, qTo 
3neMeHT IIpOCTpaHCTBeHHOrO 06'beMa B C06CTBeHHOH CHCTeMe (K~) 
3nei<TpOHa o6pa3yeTCH TpeMH 4-Bei<TopaMH 'A" .. , B~- u' c~. cneu:uanb-

. '. ' I . Horo au.n:a: 

A;- I a'x ,0,0,0 I, B~-lo,b;·,o,ol.C'r IO,O·,ciO I, /3.V 

I<OTOpbie OIIpe,n:enHIOTCH C IIOMOI.QblO cne.n:yiOI.QHX Bbipa~eHHH: 

A ~ 1 ·; . , . B ~ 1 . b , b 1 · · = - ·( a - - a . · ) , - = - ( - - ~- ) C' ( c' c' ) ; 2 c+i "'"i -; 2 c+i .... ; ·~··=T .. .;··- .... i · 
/3.2/ 
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llpH 3TOM BeKTOphl a;· ~,'{ H c '£· xapaK~epH3YIOTCH KOMnpHeHTaMH: 

, , . _1· , : , . 1 , ' , . , 1 , 
a .(a ·., o, 0,- a · I, b.· lo. b ·, O, -·b · I, c ·.I 0,0, c ·,- c · I , ·/3 3/-. 
~ j X C :C ~ I . y C y -+ I . % . C z· • ' 

. ' ·1 . 1 1 ' 
a'. l-a'. ,0,0,- a'. I, b'. lo,-b'. ,o,-b'-1, c'-lo,O,-c' ,-i:'. l:/3.4/ 
<- I x c :c .,.i y c y <-I z . c z 

H; ~llHCbiBaiOT C060IO npouecc pacnpoCTpaHeHHH CHrHana CO CKOpOCTblO 
"c." B~<?nL npocTpaHCTBeHHbiX BeKTOpOB a'_x ,. b i. _H <i Ty,na (+ j : H 
o6paTHO (<-}, , B CBH3H C lfeM 4JopMynLI /3 .. 2/ MOryT paCCMaTpHBaTbCH 

. KaK onpe.nenenu11 . cooTBeTcTBYIOIUHX .n.Jiuu, 6a3HPYIOIUilecn, ci<ameM, 
Ha MeTo.,ne H3MepeHHH paCCTOHHilii C llOMOIUblO pa,nuonoKaUHH */. 

· C ylfeToM BLimecKaJannoro .nm1 Ko:MnonenT TenJopa o6'heMa B 
paccMaTpHBae~oM cnylfae 6y,neM HMeTL: 

V'. · =·a'. b'. c' 
123 " . y % 

/3.5a/ 

**/ 
V'. = V'.. = V'. = ·0 . j3.5G/ 

423 143 124 

· BocnonLJOBaBiuucL .nanee 4JopMynaMH npeo6paJoBanun, o6pa Til hi.· 

MH /2.2/, H nepexo.tin K 4-BeKTopy o6'heMa, nonylfHM 

v = V'. y 
• 4 4 

v = V' = 0, v = V'. = 0, /3.6/ .. 2 2 3 3 

v = (3 V'. y 
t 1 

r.ne y = ( 1 - (3 2 )-~ 

*icne.ny~·T oTMeTHTL J,necL, · q-fo na6nro.na1-enL H3 HeKoTopoii 
,npyroii cucTeMLI oTclfeTa K , cne.nniUHii, uanpuMep; Ja npoue.nypoii H3·· 
MepeHHH ,nnHHbl OTpe3Ka a~. C llOMOIUblO CBOHX 'laCOB, Haii,neT, .'ITO 
COOTBeTCTBYIOIUaH BenHlfHHa /KOTOPYIO Bnonne pa3l~fHO Ha3BaTL. ,nnH· 
HOH .nannoro OTpe3Ka B .l(BHmeHHH/ A X= a'x I y 1 - {3 • . . 

. ··~_**IlK nocne.nueMy peJynL;aTy, ~-aK 6y,neT •no~;~~no uume, Mo>lllio 
npHHTH TaKme Ha OCHOBaHHH ycnOBHH c4JepHlfeCKOii CHMMeTpHH 3neKTpO· 
Ha. 
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-· ·-

'!.' 

··: 

•• • • 1, 

i. 

·t 

.; 
t· 

'j 

.. 
' 

,1'' 

~ 

ii, 

j,· 

I 

._,, 

2.''PaccM(>TpHM. 1" 

.:JneKTpoMarHHTHoro non . "'. - ' ' . : 

·, ·r·r,_·a·v··· l ·= . . .. 44 4' •. 

'G' . i T' d I . =· -·( f . 
" c . ll 

i 
G, · · ·r· a· . = -:-:r r. . , 

~ c .. · .21 

c'. ,;· ..!._ rr r'- d 
% c. .. ;Jl 

-+ . 3,necb MLI y.:mu, '11 

H = O, a no3TOMY :KoMnoHe 
. UpuBneKaH .nan e. e.. ; 

'E' J _;, .B'-2 =· E'-2 = 
X' ",.Y Z 

BMeCTe C ~pci6oBaHHeM 
'ITO 

. ' . 1 . , 2 , - -· ·r E . dV . + -6 . I 1 

l 1. " .. .• . . . 2 3 f E'· dV'; _ 1 
. 1 -. 6 

. 1 .E, 2 d. V' . ·. 1. 
T'J .· ,· + 3 

. OTKy,na .s nonnoM cornac 

dV'. = dV'. = dfl . 1 ·.. 2 

flo na6nro,neHHHM 
* ·~' 

.MarnuTnoro nonn::JneK"I 
BbipameHHHMH: 

l =.- f 'T : d v +' 
. 44 ·' 4 

'.. n~ 



JYIOTCH KOMllOlleHTaMH: 
l· 

':. 

/3.3/·· 

l , ·1 ·., I I 
0,0,-:-e% '7c ~ · .3.4/ 

CHrHana CO CKOpOCTLIO 
b'- H C~- Ty.z:ta (+i H y . % 

roryT paccMaTpimaTLCH 
L3HPYIO~HeCH, ci<ameM;
>a.z:tHonoKaUHH */ . 
eHT TeH3opa o6~eMa B 

/3.5a/ 

./3.56/ 

o6pa30BaHHH, o6paTHLI; 
IY'-IHM 

/3.6/ .. 

IIO.z:ta TenL H3 HeKOTOpOH 
rMep,· 3a npoue.z:typoii H3,. 
OHX '-laCOB, Haii.z:teT, _'-ITO 
e pa3r};mo Ha3BaTL. _.z:tJIH~ 

1-{3_·_·,' • 
_lfiOKa3aHO. HHme, MO)KHO 
:KOH CHMMeTpHH :meKT.pO • 

' .~. 

. i 

/ ""•" 

2;' PaCCMOTpHM TenepL- BLipam~HHH .z:tnH: :meprHH H HMnynL~ll; _·· 
. 3neKTpOMarHHTHOrO. nonH llOKOH~erOCH 3neKTpOHa: .... . . 

. , 
f 

'G'_· 
X 

"( T'- 'd'V':_ , 
' 44 4 

_!_,(f T'- dV'- + J T'- dV'- + ( T'-.d'V'- ), 
c Jl 1 12 2 . ' . 13 3 . 

i 
G'. -·( (T'- d V'. t ( T'- dV'- + ( T' d V'-), 

jl c . 21 1 ' 22 2 . 23 3 

G'-= _!_((T'- dV'. + (T'- dV~-+ (T' dV'.). 
z c ' :31 1 . . 32 2 . . 33 3 

/3.7a/ · 

/3.76/ 

/3.7a/ 

/3.7r/ 

-+ 3.z:teCL MLI y'-lnH, '-ITO .z:tnH llOKOHJUerOCH 3apH.z:ta MarHHTHO~ non·e 
H = o, a no3TOMY :KoMnoHeHTLI T~-4 ,;, o . 

. TipHBneKaH .z:tanee ycnOBHe cclJepH'-IeCKOH CHMMeTpHH 

'E'~ ;, E'-2 =· E;~ = _l_ E'~· ; - ' 
. X . . Y % 3 . . ... 

BMeCTe C Tpe6oBaHHeM paBeHCTBa HY,niO HMnynLCa G 6y.z:teM HMeT~·, 

· · · ~ J,E'-
2 av;- + ; . r E'- 2 av;- + .;- JE'-

2 

av;- = o, 

·; 1 .2 1 ,2dV'. 1 'E'-2dV'-.. · • ( E'· dV'. - - ( E · · +- f .. 3- 1 6. 2 3 3 

... 
' . 

0 ' 

1 f E' 2 ~V'. + _!_. f E'2 
d V'- -

6
1 

_( E'~ dV' = 0,. T ·. 1 3 - 2 3 

.. OTKy.z:ta B nonHOM COrnaCHH C /3.56/ HeMe.z:tneHHO.nony'IHM: 

d V'- = d'W. = d V' . . . 1 . 2 3 . . 

ITo Ha6mo,z:teHHHM H3 K • CHCTeMLI 3HeprHH H HMnynLc 3neKTpo
:MarHHTHoro non11 :3ne.KTpoHa /c y'-leToM /3.6/ I 6y.z:tyT onpe.z:tenHT:LcH 
BLipameHHHMH! 

f =: J T 44 ~ V 4 +'· f T 4 i d Vl 
.. .: /3.8a/ 

II 

- < ' 



•/ 

.. 

G 
X 

{ 
-((T dV +(T dV) c 14 4. . 11 1 /3.86/ 

fiOCKOJibKY )J.BHiKeHHe npOHCXO)J.HT B)J.OJlb OCH OX ,)J.pyrHe KOMllOHeHTbl 

HMllYJibca· 6y.n.yT paBHbl HyJIIO H B K - CHCTeMe. 

BocnorrhJOBaBII1HCh .n.arree HJBecTHhiMH 4JopMyrraMH npeo6paJo

BaHHH .D.JIH KOMnoHeHT TeHJopa 3HeprHH-HMnyrrhca Tik : 

T 2 T' 2 T' =.y ( . - {3 . ) ' 
44 44 ll 

T = T = i~y 2 (1''·- T'. ) , 
41 l4 ll ·44 

T = 2 
( T' - t:1. 

2 T' ) 
ll y ll fJ 44 

H npHBJieKaH CHOBa /3.6/, nerKO HaH)J.eM, 'I{TO 

( = y £, 

G 
{3 , 
-·y( 
c 

/3.9/. 

/3.96/ 

QqeBH)J.HO, 'I{TO llOJiy'l{eHHhie TaKHM o6pa30M 4JopMyJihl /3.9/ CO

OTBeTCTBYIOT o6bi'I{HbiM peJIHTHBHCTCKHM 4JopMyJiaM npeo6paJOBaHHH 

)J.JIH 3HeprHH H HMllYJihCa 'l{aCTHUbl H OTJIH'I{aiOTCH OT o6meHJBeCTHbiX. 

BhipameHHH /eM., HanpHMep,h 6/, a TaKme hi /: 

{32 
(,= y('(l +3), 

G 
X 

4 {3 
J''c'Y~ 

/3.10/ 

12 

i 
1 
1 
l 

t· 

r 

.. 
I 

Korrh cKopo ripoa~ 

H.biH, xapaKTep, TO, C 

/3.10/ I yTaepm~eHHe 
6hiTb · npmmcaHa M:ex< 

o6ocHoBaHHhlM; B CBHJ 

CHJI - "HanpHiKeHHH fly 

aaeMoit npo6rreMhi. 

Ilocrre.n.yroiiJ;ee pa 

CTOTbi, 'I{TO nonepe'I{HbiE 

~omHo npeHe6peqh, .~ 
npo6Horo JapH.n.a q: · 

HTaK, nycTh Ha.c 

Haxom.n.eHHH npo6Horo 

B 3TOT MOMeHT Ha JapJ 

rre, ucnyiiJ;eHHOe Jap.s:.n.a 

KOHUOB npOBO)J.HHKa B l. 

3TOM, Q'l{eBH)J.HO, 'I{TO B 

'V 
4 

v 
x -·x = n n 

t -· t = 0 n n 

B ocnorrh 3 oaaai:uuc 

'I{TO no Ha6JIIO)J.eHHHM H: 

.D.YT onpe)J.eJIHTbCH · Bblp< 

L 
0. . . J 

X~ 
n 

t' 
n 
n 

~ 2 +' {3 c [ .:.:":"( 

yl· 

1 . 2 l 
__ ,_, h +(-;. 

. c. v . ~ 

..jl-, 



'.• 

/3.86/' 

0 X ,,D;pyrue I<oMnoHeHTLI 

popMynaMH npeo6pa3o
.ca Tile : 

/3.9/ 

. /3.96/ 

JOM <l>opMynLI /3.9/ co~ 
~ynaM npeo6pa3oaaHHH 
TCH OT 06ll{eH3BeCTHhiX 
. /: 

/3.10/ 

,· 

I 

l 

KonL ci<opo Iipoae,D;euuoe BhiWe paccMoTpeuue HOCHT .J<oaapuaur
H.LIH, xapai<Tep, TO, CI<a)l(eM, 06bPiHOe /OCHOBaHHOe Ha $opMynax 
/3.10/ I yTBeP*.D:eHue o TOM, qTo :mei<Tpouy o6H3aTenLHO ,D;On*Ha 
6LITL_ · npunucaua 'Mexauuqeci<aH HHepTHaH Macca, H~nh3H cqH:TaTL 
o60CHOBaHHbiM. B CBH3H C 3THM BOnpoc 0 BBe,D;eHHH He3nei<TpHqeci<HX 
cun - "uanpH)I(eHHii IIyaui<ape" oi<a3LIBaeTCH 3a paMI<aMH paccMaTpH
aaeMoii npo6neMhi. 

JlpU/IOJICeUUe 

IIocne,D;yiOll{ee paccMoTpeuue MLI npoae,D;eM, nonaraH ,D;nH npo
CTOTLI, qTO nonepeqHbie pa3Mephl npOBO,ll;HHI<a ,ll;OCTaToqao ManLI H HMH 
MO)I(HO npeue6peqb, CI<a)l(eM, no cpaBHeHHIO C paCCTOHHHeM (h) ,ll;O 
npo6uoro 3apH,D;a q . 

liTai<, nyCTb Ha.6niO,D;eHHe B K - CHCTeMe npoH.3BO,ll;HTCH B TOqJ<e 
HaXO)I(,ll;eHHH npo6Horo 3apH,D;a C I<OOp,D;HHa TaMH t=O , X= 0 , y = h 
B 3TOT MOMeHT ua 3apH.D: q 6y,D;eT ,D;eiicTBOBa Tb 3nei<TpoMaJ:"HHTJIOe no-
ne, ucnyll{eHHOe 3apH,D;aMH neaoro ( x = -L0 !2) H npanoro ( x. = L0 I 2) 

. 1 2 Lo 2 Yz 
I<OHIJ;OB npOBO,ll;HHI<a B MOMeHTbl BpeMeHII t =--[h +(-) ) , IJpu' 

n,n c 2 

3TOM, oqeBH,ll;HO, qTO B paCCMaTpHBaeMOM ·cnyqae 

V x -x = L 
4 n n o' 

v t-t =0· 
1 n n 

BocnonL3oaaainucL ,D;anee npeo6pa:waaunHMH Jlopeun;a, uaii,D;eM, 
qTo no Ha6niO,D;eHHHM H3 K' ·• CHCTeMbl, COOTBeTCTBYIOll{lle BenuqUHbl 6y-

X~ 
n 

t' 
n 
n 

1 2 Lo 2 {3 Lo 
--·..jh + (-) +'-(--} 

c 2 c + 2 

..j1- /3 2 
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'· 
.. · OTKy,D;a 6y,D;eM HMeTh, 'ITO 

, , = V, ·- x - xn . - n 
4 

f3Lo 
V'. = 2 
1 c ..jl- {3. 

Lo 

..jl-{32 

IlpuaneKaH l'enepb «<JopMyJihi npeo6pa3oBaHHH ,D;nH nnoTHOCTeii 

. 3apH~OB H TOKa */: 

, ' 2 ' 
p . = p ..jl - {3 , . 

P_, , 
p +. v ]::(i"1 

., ., {3cp_ 
I ' = I · = ~ ---==:::::;;::: 

+' ..j:J- {32 

~ ,D;eHCTBHTenhHO npu,D;eM K «<JopMyne /2.6/: 

'V'- I''.V'. = O, 2 p ' 4. 1 {3 

r,D;e , , + ·p'· = - p 
p . = ·p + . - -v 1 ;_ {3 2 

Cne,D;yeT OTMeTHTb, 'ITO B TeX cnytJaHX, KOr',D;a B MOMeHT Ha6nro·. 

,D;eHHH B K- CHCTeMe HOpManh, npoxo,D;Hil\aH qepe3 npo6HbiH JapJl,D;, 

6y,D;eT nepeceKaTb ITPOBO,li;HHK He B cpe,D;HeH TO'IKe, 3apH,D; npoBO,li;HHKa 

6y,D;eT onpe,D;enHTbCH BenH'IHHOH 

Q =· -·i v "' 0. -· 1 • 

*I· K ., 
BLIBO,D;H 'HX, Mbi y'InH, 'ITO B - CHCTeMe ·p + = -·p _, , a 1 ..: = 0 . 

;'•, 
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