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B.H. CTpeJl~OB 

IlPEOBPA30BAHHSI rAJJHJIEH 
B KBAIITOBOR MEXAHJ1KE* 

* B nopllllKe ot5cyMaeHHll 



KaK H3BeCTHO, B (HepenRTHBHCTCKOii:) KBaHTOBOll MeXaHHKe cpenHHe 3Ha

qeHHR (npocTpaHCTBeHHhlX) KOOpnHHaT H HMnynhCOB Ha OCHOBaHHH TeopeM 

Spea<jiecTa ( CM,, HanpHMep, Ill) B cao6onHoM cnyqae ynoaneTaopmoT Knac

cHqecKHM ypaBHeHHRM nBHllieHHR xi: 

d x 1 --dt m 
p X t 

2 -
-~= o. 

d t 2 

I1HI,IMH cnoBaMH MOlliHO CK838Th, qTo X , HanpHMep, HI'paeT ponh KnaccH

qeCKOii KoopnHH8Tbl, 

Konb CKOpO o6bJqHbie KnaccHqeCKHe ypaBHeHHR nBHllieHHR HHBapHaHTHbl 

OTHOCHTenhHO npeo6pa30B8HHR ranHneR, TO Mb! BnpaBe nonaraTh, qTo npH 

. nepexone OT onHoii: HHepuHanhHOii: CHCTeMbl OTcqeTa K npyro:li:, nBHMymeii:CR 

OTHOCHTenhHO nepaoii: co CKOpOCThIO v , B paMK8X KB8HTOBOii: MeXaHHKH 

nomKHbl Bb!IlOnHRThCR cnenyromHe paBeHCTBa: 

X X - V l, ( 1 ) 

t , = t . (l ') 

BocnonhaoaaallIHCh nanee BbipaMeHHeM nnR x ( x '), nepenHIIIeM ( 1) B <jiopMe: 

xi Eonee Toro, cymecTByeT OCHOBaHHblH Ha J:t8HHb!X TeopeMaX npei:tenbHb!H 

nepexoi:t OT KB8HTOBOH M9X8HHKH K KnaCCHKe, 
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f lf, '* x'lf, 'dx' = fif,*xlf, d x-v t. (2) 

Y'IIITbIBa_SI CKa3aHJIOe paHee, _He COBCeM 6ecCMb!CneHHO B )laHHOM cny'lae 

3a)laTb cneJlyIOll!IIH BOnpoc: KaK npeo6pa3yIOTCSI CaMH KBaHTOBbie KOOPJlHHaTb! 

npn TaKOM nepeXOJle OT OJlHOH CHCT8Mbl OTC'leTa K Jlpyroi1? 

O6bI'IHb!H OTBeT Ha Hero (cM., HanpnMep, 121 ) rn·acHT, 'ITO KBaHTOBbie 

KOOpJlHHaTbl IlOJl'IHHSl!OTCSI TeM >Ke caMbIM qiopMynaM npeo6pa30BaHHSI fannnesi: 

x'= x-vt, (3) 

t, = t (3') 

1In1I 

dx'=dx-vdt (4) 

dt'= dt (4') 

Jlnsi Jl1I<jJqiepeHu1IanoB, 

naHHb!H Bblllle OTBeT o6ycnoBneH TeMH Tpe6oBaHHSIMH HHBapnaHTHOCTH, 

KOTOpbie npeJl'bSIBnSIIOTCSI KO BC8M ypa~H8HHSIM qJH31IKH II, B 'laCTHOCTII, K KBaH

TOBblM ypaBH8HIISIM, 

HanOMHHM )lnSI nonHOTbI, 'ITO, CKa>KeM, YTB8p)KJl8HHe O TOM, 'ITO ypaB

HeHHe lllpeJlnHrepa 

ait, ih 

at 2m 

a2it, 

ax 2 (5) 

HHBap1IaHTHO OTHOCHTenbHO npeo6pa30BaHIIH fan1Inesi, )lOn>KHO 03Ha'laTb cne)ly!O

ll!ee. TTocne nepexo)la K Jlpyroi1 (rnTpnxoBaHHoi1) CIICTeMe OTC'leTa Ha oc

HOBaHHH qJOpMyn (3) H (3') (n o6paTHbIX HM) H BblT8K8101l!HX H3 HHX pa

BeHCTB: 

lf,(x,t)=lf,(x'+vt', t')=lf,'(x', t'), (6) 
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at at' ax' 

a2 a 2 

ax2 ~2' 

npeo6pa30BaHHOe ypaBHeHHe )l0n)KH0 HM8Tb TOT )1(8 caMb!H BIIJl, 'ITO II IICXOJl

HOe ypaBHeHIIe (5): 

_!_t__~ = ~ as it,, 
at' 2m ax'2 

.nocne TaKoro·He6onblllOro OTCTynneHIISI BepHeMCSI K IlOCTaBneHHOMY .Bon

pocy. 

C uenb!O 0TBeTa Ha Hero Mb! npoBepHM, BbmOnHsi:eTCSI nH paB~HCTBO 

( 1) npn ycnOBIIII, 'ITO KBaHTOBble KOOPJllIHaTbl IlO)l'IIIHSl!OTCSI npeo6pa30BaHIISIM 

fannnesi: xt. nocne IlO)lCTaHOBKII (3) II (4) (c y'leT0M (6)) B neBy!O 'laCTb 

Bblpa)K8HHSI (2) 6yJleM HMe:r-b: 

flf,*(x-vt)lf, dt=O 

1Inn 

V = 
fif,*xlf, dt 

flf,*tlf,dt 

(7) 

(7': 

TTony'leHHbie B peaynbTaTe paBeHCTBa BpSIJl n1I HMeIOT CMbICn • .llenc 

B TOM, 'ITO, BO-nepBbIX, Boo6me He 0'18Hb SICeH qJII31I'l8CKIIH CMbICn BXO)lSlll!H> 

B HIIX HHTerpanoB no BP8M8HH, Bo-BTOpbIX, paCCMaTpHBaeMoe ypaBHeHHe (7: 

)lnSI 1/J 3aBIICIIT OT HeKOTopoi1 qJIIKTIIBHOH )lnSI JlaHHOH CIICTeMbl OTC'leTa (rJlE 

onpe)leneHa 1/J -qJYHKUIISI) senlI'IIIHbl V - OTHOCIIT8nbHOH CKOpOCTII JlBII)K8HIIl 

JlBYX CIICTeM OTC'leTa, TaKIIM o6pa30M, OK83bIBaeTCSI B03MO)l(Hb!M H3 BII)ll 

if, -qiyHKUIIII 011pe)len1ITb Ben1I'IIIHY V ( C IlOMOll!b!O ypaBHeHIISI (7')). OT01 

peaynbTaT, KOHe'IHO, cne)lyeT C'IHTaTb a6cypJlHb!M, 

~ . ' 

qTO KacaeTCB paBeHCTB (1•) H {3•), TO HX npOCTO cnenyeT C'IHT8Tb aHa-
noraMH IIOTOMY, 'ITO CMbICn BpeMeHH B KBaHTOBOfi MeXaHHKe He. M8HB8TCB 

no cpaBHeHHIO C KnaCCHKOfi. 
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3aMeTHM 3JleCb, 'ITO Jla:m:e 6onee nocneJloBaTenbHbiil: war - npHane'le

HHe aepenSITHBHCTCKHX npeo6pa30B8HHil: KOOpJlHHaT 131 : 

v2 
X '= ( X-V l) (I+ ---

2 
), , 

'2 C , 

He MeHSieT cyTH BblBO)lOB. 

2 

t '.= t ( 1 + _v __ .) -
2c 2 

y 

c2 
X 

KaK ycTpaHHTb o6Hapy:m:eHHbie npoTHBope'IIrn? ITo-BHJlHMOMY, HMeIOTCSI 

TOnbKO JlBe B03MO)KHOCTH: HnH OTKa3aTbCSI OT ~OpMyn npeo6pa30BaHHil: (3) 

H ( 3') )lnSI KBaHTOBhIX KOOPJlHHaT, a,cne)lOBa TenbHO, H OT Tpe6oBaHH SI liHBa

pHaHTHOCTH, KOTOpoe, KaK H3BeCTHO, npe)l'bSIBnSieTCSI KO BCeM KBaHTOBblM 

ypaBHeHHSIM, mm .OTKa3aTbCSI OT ~OpMynbI (2)' KOTopaSI B KOHe'IHOM C'leTe 

SIBnSieTCSI cne)lCTBHeM cnpaBe)lnHBOCTH TeopeM 3peH~ecTa. 
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