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1. PaccMoTpHM peJISITHBHCTCKHe Bbipa:lKeHHSI JJ.JIH nnoTHOCTH H nnoTHOCTH 

TOKa BepOSITHOCTH B KB8HTOBOft MeXaHHKe: 

-> 

i " -> -> --2 .(tfr*v t/1 -t/Jvt/J*J, 
m1 

(1) 

p _!..!!_(t/1* atfr - t/1 ~*J 
2mc2 at at (2) 

ECJIH JJ.anee Mbl BOCfi0Jlb3yeMCSI <IJopMyJiaMH npeo6paaoaaHHSI nopeaua 

IJ.JlSI KOOpllHH8T1 TO CMO:lKeM fiOJlY"fHTb COOTBeTCTBYIOIUHe <fJOpMyJlbi npeo6pa-

30B8HHSI IJ.JlSI 4-BeKTOpa TOK8 BepOSITHOCTH, KOTOpbie 6yJJ.yT COBfi8Jl8Tb C 8Ha

JlOI'H"fHbiMH <fJopMyJ18MH llJlSI fiJlOTHOCTH aneKTpH"f9CKOI'O 38pROa H TOKa. 

nanee MO:lKeT B03HHKHYTb T8KOA aonpoc: 

A KaK 6yayT npeo6paaoabiBaTbCSI OTMe"feHHbie aenH"fHHbi npH nepexoJJ.e 

K (co6CTBeHHo) HepeJISITHBHCTCKOMy npH6JIH:lK9HHIO? 

nnSI TOI'O "fT06bi OTBeTHTb Ha Hero B COOTB9TCTBHH C noJiy"feHHbiMH pa

/1/ 
Hee peaynbT8T8MH 1 BOCfi0Jlb3yeMCSI HepeJISITHBHCTCKHMH npOCTp8HCTB9HHo-

fi0Jl06Hb!MH npeo6pa30B8HHSIMH: 

X xy 1 -f3ct, y'=y,z'=z, t'= (t- Lx) y
1

, 
c (3) 

l {32 v 
rae YJ = l + T 

' a f3 = - c 
0TKyaa IJ.JlSI <IJopMyJl npeo6pa30B8HHA atjJ I a X H atjJ I a t 6yJJ.eM HMeTb 

_E_L = _l!L_ y - .fi. li!.:._ 
ax ax' J c at, y' (4) 
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~= 
at 

a.p, a.p ' r, _ f3 c ---a;-;-
ax' 

(5) 

EcnH nOACT8BHTb Aanee ~OpMyny (4) H KOMnneKCHO ea conpSI*SHHy~ 

B BbiP8*9HH9 ( 1), TO Mbl nony'IHM, 0'19BHAHO, cneAy~WY~ ~OpMyny: 

i =(i' +f:3cp'}y 1 X X 
(6) 

onpeAensnowy~, eoo6rue roeopst, HeKOTOpbra aaxoa npeo5paaoeaHHSl Jlnst nnoTHoc

TH TOKa BepOSITHOCTH npH nepeXOA9 OT 0/lHOH CHCT9Mbl OTC'I~Ta K /lpyroa B 

aepenstTHBHCTCKOM cnyqae. AaanorH'IHhiM nyTeM Jlnst ~opMynhr npeo6paaoeaHHSI 

nnOTHOCTH eepOSITHOCTH Haa}leM: 

' {3 • ' 
p =P r 1 + c 1 x (6') 

Ha OCHOB8HHH Bbllll9YK838HHOa npOUe/lypbi MO*HO nony'IHTb T8K*9 ~OpMy

nbi npeo6paaoeaHHR AnSI i x H p B ranHneeBCKOM npH6nH*eHHH. 0HH 6yAyT 

onpeAenSITbCSI BbiP8*9HHSIMH: 

i 
X 

i'+f3cp', 
X 

(7) 

p = p (7') 

HeTp'.toao BHileTh, 'ITO nony'leHHhre TBKHM o6paaoM ~opMynhi npeo6paaoeaHHR 

6yJlyT COBna/laTb C COOTBSTCTBY~WHMH npH6nH*9HHbiMH ~OpMynaMH }lnSI nnoT

HOCTea anexTpH'ISCKOrO TOKa H 38pSIJla/2 /. 

OllHaKo npe*lle 'leM nepeaTH K paccMoTpeHH~ llpyroro eonpoca, aeno

cpe/lcTeeaao CBSI38HHOro C Y*S 38TpOHyTbiM H Kaca~WerOCSI HHB8pH8HTHOCTH 

ypaeHeHHSI HenpepbiBHOCTH B HepenSITHBHCTCKOM npH6nH*9HHH1 Mbl llOn*Hbl 

o6paTHTb BHHMBHHe Ha cnelly~wee. 

XOTSI HeTpyllHO nOK838Tb 1 'ITO npOH3BOilHbi9 no X H t OT BOnHOBOA 

~YHKUHH )lOn*Hbi 6biTb CBSI38Hbl npH6nH*9HHbiM paBeHCTBOM { CM., HanpH

Mep/11) 

~- _1! ~-ax - c a, 

4 

,, 

:·r. 

I 

' ~
~ 

t 
f 
.. !~s, 
";I 

'"" 

)lng BenH'IHH, OnHCbiB89MbiX Bbipa*eHHSIMH { 1 ) H {2) 1 nOA06HOE 

ix -=.{3cp 

MOlKeT He HMeTb MecTa. nocxonhKy, eoo6we roeops, paaaocTb AI 

BenH'IHH ( p) MOlK9T OK838TbCSI /l0CT8TO'IHO ManoR eenH'IHHOHo Oo:s 

ro roeops, Henb3SI YTB9P*Il8Tb H TO, 'ITO ~OpMynbi npeo6pa30BS 

H p JlOn*Hbi onpellenSITbCSI HM9HHO nony'leHHbiMH BbiWe Bblp~ 

0TB9T H8 llOCTaBneHHbiH BOllpOC MOlKHO nony'IHTb Ha OCHOBaH 

peHHSI ~OpMyn npeo6pa3058HHA )lng npoH3BOAHbiX OT j v H p no 

npHMep, B HepenSITHBHCTCKOM H ranHneeBOM npH6nH*9HHSIX. J:1c1 

~OpMyn (3), {13), (6'), (7) H (7') H pa3pa60T8HHOH paHee np 

nyqeHHSI npH6nH*9HHbiX paBeHCTB /l89T, 'ITO 

~ 
ax 13 

z a P 
a , 

Ho nocneAHee npH6nH'*eHHoe paeeHCTBo, O"'eBH/lHO, npoTHBOpE 

W9MY (TO"'HOMy) paBeHCTBY 

.!L._ = 
ax 

ap 
at 

KOTOpoe Henocpe/lCTBeHHO BbiTeKaeT H3 (HepenSITHBHCTCKOro) yp 

npepbiBHOCTH. 

'tJT06bi yCTpaHHTb OTMe'leHHy~ HenocnellOB8T9JlbHOC,., Mbl 

OTK838TbCSI OT nonyqeHHblX BbiWe ~OpMyn {6 ), {6' ), {7) H {7 

HX COOTBeTCTBSHHO npOCTpaHCTB9HHO-nO)l06HbiMH Bbipa*eHHSIMJ 

; X = ; ; Y, + {3 c p' , 

p ( P, + L ; , ) r, 
C X 

H 

; X = i; 

' {3 • ' 
P =P +-;:-lx 
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JlliSI B9liH'iHH, OnHCbiB89MbiX Bblp8)1{9HHSIMH ( 1 ) H (2) 1 nOJl06HOe paBeHCTBO 

;x -::.f3cp 

MO)I{eT He HMeTb MecTa. ITocKOllbKy, Boo6me roaopSI, paaaocTb JlBYX 6onbWHX 

BenHqHH ( p) M0)1{9T OK838TbCSI JlOCTBTOqHO MBliOH BenHqHHOH, floaTOMy, CTpo

I'O roBopSI, aenb3SI yTBep)I{JlBTb H To, 'iTO <jlopMynbi npeo6paaoBaHHSI JlliSI i x 

H p Jl0li)I{Hbl onpeJleliSITbCSI HM9HHO nOny'ieHHbiMH BbiWe Bblp8)1{9HHSIMH. 

0TB9T Ha llOCT8Bli9HHbiii: BOnpOC MO)I{HO llOliY'iHTb Ha OCHOB8HHH paCCMOT

peHHSI <jlopMyn npeo6pa30E8HJiil: JlliSI llpOH3BOJlHbiX OT j • H p no X H t , HB

npHMep, B HepenSITHBHCTCKOM H ranHneeaoM npH6liH)I{eHHSIX, HcnonbaoaaHHe 

<jlopMyn (3), (6), (6'), (7) H ( 7') H pa3pa6oTaHaoA paaee npoueJlypbi no-

ny'ieHHSI llpH6liH)I{9HHbiX paBeHCTB Jl89T 0 qTo 

5_-
ax 

{32 __ 

Ho nocneaaee npH6liH)I{eHHoe paBeHCTBo, oqeBHJlHO, npoTHBope'iHT cneayiD

meMy ( TO'iHOMY) paBeliCTBY 

.!.1_,._ -
ax 

ap 
- dt 

KOTOpOe HenocpeJlCTBeHHO BhlTeKaeT H3 (HepeliSITHBHCTCKOI'O) ypaBHeHHSI He

npepb!BHOCTH, 

._, T..JT06bl ycTpaHHTb OTMe'ieHHYID HenocneJlOBaTenbHOCTb, Mbl BbiRY)I(Jl9Hbi 

OTK838TbCSI OT nony'ieHHbiX BbiWe <jlopMyn (6), (6'), (7) H (7'), 38M9HHB 

HX COOTB9TCTB9HHO npOCTpaHCTB9HHO-nOJl06HbiMH Bblp8)1{9HHSIMH BHJlB 

H 

; x = ; ; r, + f3 c p' , 

p ( P, + L ; , J r, 
C X 

; X ; ; 

p = p 
f3 ., 

+- fx c 

5 

(8) 

(8') 

(9) 

(9') 



0TMeTHM 3A9Cb1 "'TO IlpHH.ItTHe cpOpMyn Ilpeo6pa30BBHHA (8) 1 (8') 1 (9) H (9') 

IIpHBOAHT K 38MeHe rrpe>KH9I'O rrpu6nH>K9HHOI'O paBeHCTB81 CB.It3b!B810Ill9I'O j" 

H p 1 Ha Bbipa>KeHHe BHAB 

p -:. ...L ; .. 
c 

2. C Y"'~TOM BbiW9H3nO>K9HHOI'O OCTSHOBHMC.It Terrepb Ha IlpOUeAype AOKa-

3aTenbCTBB HHBBpHSHTHOCTH ypaBH9HH.It HeiipephlBHOCTH B Hepen.stTHBHCTCKOM 

IIpH6nH>K9HHH. 

npusnexa.st cpOpMy nbi ( 8) 1 ( 81
) H ( 3) H OT6paChiBB.It 38B9AOMO Manbi9 

(nop.stAKa 13 4
) "'neHbl An.st cpopMyn rrpeo6pa30BBHH.It a p I at H a ; " I a X • 

6yAeM HM9Tb: 

..2...£.... = _j_L (l +l32) + ...JL ~(J +l32) -l3c .2.JL y _ 13 2 ~ , 
at at' c at' ax' 1 ax' 
~ = a;: ( 1 +l3 2) +l3c ap' Y _ _p_ !L(J +l32 J _ 13 2 .!.E.:_ 
ax ax' ax' 1 c at' at' 

0TKyAa Mbl CMO>KeM 3aKniO"'HTb1 "'TO H B HOBOA CHCTeMe OTC"'eTa ( K ') ypaB

HeHHe Herrpepb!BHOCTH 6yAeT HMeTb rrpe>KHHA BRA: 

~ ...E..£..:+ 
at' 

a·, 
I " 

ax' 
=0. 

J1HbiMH CnOBBMH1 yxaaaHHOe ypaBHeHHe YllOBneTBOp.steT Tpe60BBHHIO HHBapH

aHTHOCTH H B Hepen.stTHBHCTCKOM IIpH6nH>KeHHH IlpH ycnOBHH1 "'TO IInOTHOCTb H 

IInOTHOCTb TOKa BepO.ItTHOCTH IIpeo6pa3yiOTC.It IIO cpopMYnaM (8) H (8'), OTnH

"'BIOillHMCS11 HaiipHMep, OT COOTBeTCTBYIOWHX cpopMyn AnSI IInOTHOCTeA anexTpH-

"19CKOI'O 3BpSIA8 H TOKa. 

3. KocHeMC.It Terrepb sorrpocos, CBSI3aHHhiX c o6merrpHHSITbiM orrpeAene-

HHeM IIOHSITH.It IInOTHOCTH BepOSITHOCTH B KBBHTOBOA MeXaHH~e. 

HarroMHHM AnSI aTOI'O, "'TO B HepenSITHBHCTCKOM rrpu6nH>KeHHH yxaaaHHaSI 

BenH"'HHa Jl89TC.It H3BeCTHbiM Bblpa>KeHHeM 

6 

P = 11{11 I 2 

npH"'eM IIepeXOA K HeMy OT penSITHBHCTCKOI'O Bblpa>KeHHSI (2) 0( 

/3/ 
C IIOMOillbiO 38M9Hbl ( CM., HaiipHMep, ) 

im c 2 

1{1 = 1{1 exp ( - -- t ) 1 , 

H nocne}lyiOmei'O OT6paCb!BBHH.It nepBOI'O "'neHa B IIpOH3BO, 

_2.i_ 
at 

(~ _ imc 2 1{1 ) 
8 

-lmc2t/lt 

at , 1 

xax Manoi'o no cpaeHeHHIO c ee eTophiM "'neHoM. 

11nu, HHa"'e (eM., HanpuMep/
41 ), rroacTaen.st.st a (2) , 

-,-. _22_ = - E,t{l , at 
nony"'aiOT 

2 E 
P =It{! I-. 

mc
2 

0Txyaa c y"'eToM Toi'o, "'TO E mc
2 + E kin , cneayeT 

Ekln 2 
P =I 1{1 I (J + 

mc2 r 

0T6pachiBaSI Aanee a cpopMyne ( 12) rrocnehHHA "'neH, H rrpHXOlH 

MY Bbipa>KeHHIO (1 0). 

0JJ.Haxo c rrpueeJJ.eHHhiMH BhiWe paccy>KJJ.eHHSIMH BP.Itll nH 

CHTbCSio 

neno B TOM, "'TO ypaBHeHHe llJpeJJ.HHI'epa, KOTOpoe, B KC 

cny>KHT OCHOBOA JJ.nSI rrony"'eHHSI Bb!pa>KeHHSI (1 0), COOTB9TCTB 

BHCTCKOMY rrpu6nH>K9HHI01 OTpa>KaSI CTpyKTypy H3BeCTHOA Rep• 

cpopMynhi JJ.nsr aHepi'HH 

E kin 
~ J 
2m~ 2 

2 
mv 

Ho a paMKax HepenSITHBHCTCKOI'O rrpH6nH>KeHHSI "'neHhi rropSIJJ.Ka 

IOTCSI BO BHHM8HHe, a OT6paChiBaiOTCSI TOnbKO "'neHhi IIOpSIJlKB 

noaTOMY B HepenSITHBHCTCKOM cny"'ae, I'Jle 
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p I r/11 I 2 • ( 10) 

0pH"11:!M IIepeXOil K HeMy OT penSITHBHCTCKOrO Bblp8)1(9HHSI (2) OCYIIl9CTBJISieTCSI 

/3/ 
C IIOMOIIlbiO 38M9Hbl ( CM,, HallpHMep, ) 

. 2 
r/1 = r/1 e xp ( - __!_!!!.5_ t ) 

I h 

H rrocne.c:tyromero oT6paCbiB8HHSI rrepaoro "'JieHa a npoH3BOAHo:lt 

(~ _ imc: 2 r/l ) 
8 

-lmc2t/h 

at , 1 

_j.i_ 
at 

KaK Manoro no cpaaHeHHlO c ee BTOpbiM qneHoM. 

I1nH, HHS"'e (eM,, HaiipHMep/
41 ), IIOACT8B.IISISI B (2) , 

-,-. arf! __ Er/1 , 
a~-

nonyqaroT 

p = lr/1 1
2_E_. 

mc:2 

0TKy.c:ta c y"'l:'!ToM Toro, 'ITO E 

p I r/1 I 2 
( l + .... 

E 
2..!.!! 
mc:2 

mc:
2 + E kin , cne.c:tyeT 

(11) 

(12) 

0T6paCbiB8SI aanee B !j>OpMy ne ( 12) nocneilHHil: "1./IeH, H IIpHXOilSIT K H3B9CTHO

My Bblp8)1(9HHIO (1 0), 

OaaaKo c npHseaeHHhiMH Bhiille paccy)KaeHHSIMH BPSIIl nH MO)KHO corna

CHTbCSI • 

.Qeno B TOM, 'ITO ypaBHeHHe llJpellHHrepa, KOTOpoe, B KOHe"'HOM C"'eTe1 

Cny)KHT OCHOBOil: ll.IISI nony"'eHHSI Bblp8)1(9HHSI ( 10) 1 COOTBeTCTByeT Hepe.IISITH

BHCTCKOMY IIpH6JIH)KeHHl01 OTpa)KaSJ CTpyKTypy H3B9CTHOil: HepeJISITHBHCTCKOil: 

!j>OpMy.llb! ll.IISI 8HeprHH 

E kin 
-.-£!_ _ _ l 

2m - 2 
2 

mv 

H o B paMKax HepenSJTHBHCTCKoro rrpH6JIH)KeHHSI "'neHhi rropSIIlKa {3 2 
IIPHHHMa

IOTCSI BO BHHM8HHe, a OT6paCbiB810TCSI TOJlbKO "1.119Hbl IIOpS1JlK8 {3 4 H M9Hbllle. 

OoaTOMY B HepenSITHBHCTCKOM cny"'ae, rae 
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"'" 

E = me 2 ( 1 + } f3 2 ) 

BTOpOH 'IneH B tlJopM)' ne (12) He MO:lKeT 6b!Tb OT6pomeH1 p8BHO K8K He MO:lKeT 

6biTb oT6poweH H nepBbiH •mea a tlJopMyne ( 11). A sTo osaaqaeT, 'ITO H • B 

HepenSITHBHCTCKOM npu6nH:lKeHHH Mbl AOn:lKHbl ilOnb30B8TbCSI penSITHBHCTCKHM 

npu6nH:lKeHHeM AnSI nnoTHOCTH aepoSITHOCTH (2). 
nocneAHee yTaep:lKAeHHe rtOAKpennSieTcSI TeM tlJaKToM, 'ITO ucnonbsoaaaue 

Bbipa)l{eHHSI (10) npHBOilHT K cnellYIOilieH tlJopMyne npeo6pa30B8HHSI llnSI nnoTHOC

TH BepOSITHOCTH: 

p :.p 

KOTOpSSI1 O'leBHAH01 OTnH'l8eTCSI A8)1{e OT COOTBeTCTBYIOWefi ranuneeBCKOH tlJop

M)'nbi (9'). TaKoe rwno)l{eHHe, ecTecTaeHHo, a~nb3SI C'lHTaTb YllOBneTaopHTenb-

Hb!Mo 

C Apyroii. CTOp0Hbi1 cpasy )l{e B03HHK810T TpyAHOCTH1 CBSI38HHbie C AO

K838TenbCTBOM HHB8pH8HTHOCTH ypaaHeHHSI Henpepb!BHOCTH B HepenSITHBHCTCKOM 

npu6nH)I{eHHH. Deii.CTBHTenbHO, B 3TOM cnyqae nocne nepexoAa K Apyroii. cuc-

TeMe OTC'l~Ta 6yAeM HMeTb: 

i4L- + 
at' 

a;; 
ax' 

ap' 
+ f3 c --a;:- y J 

f3 a; ; - (1 + f3 2 J 
;:- at' 

0 . 

~TPYAHO llOK838Tb1 'ITO B nocneAHeM Bblp8)1{eHHH 'leTaepTbiH 'lneH cpaBHHM 1 

no nopSIAKY aenH'lHHbi C ABYMSI nepBbiMH 1 TOrAa K8K TpeTHH Man. A 3TO 03H8-

'l8eT1 'ITO HCnOnb30B8HHe tlJopMynhi (10) AnSI nnOTHOCTH aepOSITHOCTH npOTHBO

pe'lHT Tpe60B8HHIO HHB8pH8HTHOCTH ypaBHeHHSI HenpepbiBHOCTH B HepenSITHBHCT

CKOM npn6nu)l{eHHH. TaKHM o6pa30M1 ecnH Mbl XOTHM COXp8HHTb B cone YK8-

38HHOe Tpe60B8HHe1 Mbl BbiHY)I{AeHb! OTK838 TbCSI OT tlJopMynbi ( 10) o 

n11Teparypa 
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4. H. MorT, 11. CaenAoa.BonaoaaSI MeXBHHKa 11 ee npi!Meaeane. Han. "HayKa", 
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