
r.H.3op:irn, A.f.3opHH* 

CHMMETPI-P-IHOCTb COOTHOillEHHH 
HEOITPEnEJIEHHOCTH rEH3EHEEPfA 
OTHOCHTEJlbHO PA3MEPHOCTEH 
~H3H~ECKHX H3MEPEHHH 

Hanpasnetto B )l(ypttan «Annales de I' lnstitut Henri Poincare» 

*MocKOBCKHH rocynapcTBeHHblH yttttsepcttTeT 

P2-98-39 



·~ 

BBEL(EHI1E 

CornacHo ,lbfpaKy (Jj: «OtHOCHTeJJDHO HhiHewHeH cHryaUHH s KBaHrosoH 
reopHH non51 cne.nyer OTllaBatb ce6e ortter s TOM, '-ITO oua olJeHL noxo)Ka Ha KBaH­
rosyfO reopHtO JlO feii3eu6epra. Cl>HJHKH Ja6ny)f()laK>tcH, HenpepbiBHO OLITMCL 
p33BHTb clJH3Ht·JeCKHe H,lleH, K KOTOphlM OHH OpHBLIKJIH: 3TO H)leH, 06bi1.JHQ Bblpa­
JKaeMbJe Ha 513LIKe .D.HarpaMM <lleHm .. taHa>>. Ou nonaraer, «lJTO nom-toe .noaepHe K 
nuarpaMMaM <I>eHuMaHa H nonLITKH sse.aeHHa HcKycCTseHHLix npoue.nyp nepeuop­
MHposoK, l.IT06LI o6oihH rpy.UHOCTH, CpO)lHH TOH OWI-16Ke, KOTOpyro COBeplllan» OH 
«8 1924-1925 roJlax, uenn••c• Ja 6opo8CKHe op6HTbi. Ha caMoM Jlene H)"KHa 
M3TeM3THK3 HOBOro THna. Heo6XO.O:HMLI HOBbie ypasHeHH51, KOTOpbie BblprutcanH 6LI 
B33HMO.llCHCTBHe MeJKJly OCHOBHbiMH BeJIHtiHH3MH B <lJH3HKe; He CJle.llyeT ynp51M0 
npw.uep)KHBatbC51 npHBbtlfHbiX u.ueH, ObiT351'Cb Bbtexatb Ha HHX>>. KpoMe aroro, JJ:H­
paKy (2] npeJlCTa8n~eTCH «8eCbMa 8epOHTHbiM, "TO KOI)la-HH6YJlb 8 6yJlyiUeM no-
51BHTC.SI YII)'lfWeHHa51 KBaHT0Ba51 MeXaHHKa, B KOtOpoH 6y.uet CO.Uep)KatbC51 803Bpat 
K npHt.tHHHOCTH H KOTOpru!: Onpaa.uaet TOlfKY 3peHH51 3fiHWTeiiHa. Ho TaKofi 803-
spat K npHt.tHHHOCTH MQ)Ket CtaTb B03MO)KHbiM IIHWb UeHOfi OTKa3a OT KaKOfi­
HH6yJlb ilpyroii <jlyHJlaMeHTaRbHOH IIJleH, KOTOpyiO cefiqac 6e30Il)80poqHo npHHII­
M3IOT. J1 MO)KHQ JIHWb ra,naTb, ~aKrui H.Ue51 .[lOJI)KHa 6biTb npHHeCeHa 8 )Keptsy». 

B pa6ore npo.nenaHa nonbttKa o6o6LUHTb KsaHtoayro MexrumKy a )'Ka3aHHOM 
JJ:HpaKOM HanpaB11eHHH. 

I. 11HEPL(I1AJ!bHNI TEOPW! OTHOCI1TEJTbHOCTI1 
KAK OEOE!l(EHI1E CTO HA MI1KPOMI1P 

CornaCHO 3HHUITeHHy (3], }"lHTbl8rul OCH080nonarai01U)'IO ponb TeOpHH OT­
HOCHTMbHOCTH COBMeCTHO C KBaHTOBOH MeXaHHKOH B <fJopMHpOBaHHH COBpeMeH­
HbiX npe.uctaBJleHHH B <f>H3HKe, cne.uyer HMetb s BH.Uy, \ITO «nocrpoeHHe CTO a 
onpe.ueneHHOM CMbtcne HenorHt.tHo, taK xax: reopiDI Macwra6oa H qacos He cne.ny­
er H3 pewemtH OCHOBHbiX ypaBHeHHii, HeCMOTp51 Ha 3TOMapHyiO Ctp)'Ktypy CaMHX 
MaCWTa6oB H t.taCOB H yq:aCtHe HX B ,[lBH)KeHHH». 00CIIeJtHee npHBO,[lHT «K OTJle-
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nemuo csoHcTB KHHeMaTH'-!eCKHX Macwra6os H tfacos s CTO or scero Mupa ¢u-
3H4eCKHX 51BJTeHHii». 

Bo-nepsoix, .U1151 nocrpoeHu51 CTO nomuxo6Hm1Ch a6comon10 a~:ecrKue Macw­
ra6oJ, orcyrcrsyiDwne s peanoHOM MHpe [4,5]. Bo-sropo1x, aTOMtlhie 1.laCoi, npen­
crasn51tolUHe co6oH cospeMeHHbiH sra.,1ou yacror, ue s:~smuorc51 sfiHwrefmoscKH~HI 
113Ca~m: [4,5], )'CJ10BH51 pa60Tbl KOTOpbiX rpe6ytor WHpOKOii OOJlOCbl 1.l3CTOT, He06· 
XOllHMOti ,UJI51 H3Jlyt!CJ-IH51 KOpOTKHX CHftiaJJ.OB, liT06bi T04HO H3Mep51Th npOMC;.K)'TOK 
speMCHH MCiK.Ll)' HX nOCbiJIKOH H B03BpameHHeM K Ha6mo.aarento {5]. 8-rperhHX, 
ca~m onepaum1 CHHxpomnaUHH ~1acos, sseaeHH3.51: 3HHwreHHoM .UJI51 nocrpoeHH51 
CTO [4]. KaK ycTaHoBneHo [6]. He "Bll"eTc" pen•THBHCTCKH HHsapHaHTIIoii, a ••­
n.Herc51 rarmneH-HHBapHaHTHOH. 

Onepaullil CHHXpOHH33UHH ~.~aces 3HHwreHHa HcnonoJyer ll)'Y C8era 8 na­
npaBJieHHH .Ll8H)f(eHH51 CO CKOpOCThiD, npe8biW3fOllleH CKOpOCTh Csera na OTtlO­
CtfTeJlbH)'lO CKOpOCTb, a B o6patHOM HanpaBJICHHH - CO CKOpOCTblO CBeTa, MCHb­
rnetf Ha 3T)' )f(e OTHOCHTeJlbH)'lO CI<OpOCTb, l.ITO )')Ke C3MO DO ce6e npOTHBOpel.IHT 
«OOCTO.SIHCTB)' CKOpOCTH csera B nycrore», ne)f(all.l,eMy B OCHOBe 3TOH TeOpHH: 

060JHaqHM 

lAB t, t --­A_A_c+v 
IBA _.1J.ft 
--- 2" c-v v 

l-­
c2 

c+v= V1, c-v= V2. 

Toraa (1.1) nepeJanHl!leTc" cne.uyl()lllHM o6paJoM: 

v1v2 r; -tA =I/ -v v 
I+ 2 

B flOJlHOM COOTBeTCTBHH C onpe.aeneHHCM npOMe:>KyrKa BpeMeHH 

8peMeHH fanHne" (6]: 

• , ., v. , ., • • v.. • xx -v tt =xx-v tt, 

(I. I) 

( 1.2) 

(1.3) 

s npocrpaHcrse-

( 1.4) 

8 KOTOpOM npOCTp3HCTBeHHOflOI!06H}'IO rpynny npeo6pa30B3HHH o6paJyi()T npeo6-
pa30BaHH51 

{
*x'=*x-v*r; 

*r '= *r 

C npaBWJOM CJIO)f(eHH51 rpynnOBbiX CKOpocreH 

v"= v+v'. 

z 

( 1.5) 

(1.6) 

a speMeHuno.uo6H)10 rp)'nny npe.ucrasmrtor npeo6pa3osaUH51 

x =x· 

{ 
., . 
*~ * I * t =t --x v 

C npaBHJIOM CJl0)f(eHH51 clJa30BbiX CKOpOCTeii 

V"=~ 
V+ V'. 

(1.7) 

(1.8) 

HanH1.lHe npOH3BOJibHOH )'HHBepcanouoH cKopocrH s nonHOM npocrpaHcrse 
fanHne• ( 1.4) <j:>HJH4eCKH onpa8)!3H0 Cyl!leCTB08aHHeM rpaHH4HbiX CKOpOCTeH J8y­
K3 8 pa3llHliHblX Cpe.aax, npCBbllllCHHe KOTOphiX .Ll.BHX)'ll.(HMC51 TeJIOM B T3KHX Cpe­
)laX o6paJyeT 80J1H080H <jlpOHT 8 BHI!e KOHyca Maxa. 

8 CB513H C TCM, liTO CHCTeMbl OTCI.fera BCer,aa HaXO)JjiTC51 B cpe.LI.e, «flOCT051HCTBO 
CKOpOCTH CBera» B CMbiCRe «3HHlUTefiHOBCKOH CHHXp011H33UHH \13COB» 

c -c rpynnosoe- ¢a3osoe ( 1.9) 

BepHO TOJlhKO Ha CBeTOSOM KOHyce B OTJ1H4HC OT )'CJIOBH51 )'HHBepcanbHOCTH 

vV=v'V', ( 1.1 0) 

non}"4eHHOro s paMKax o6o6uteHH51 CTO Ha MHKpOMHp s coornercrsHH c KOpny­
cKyn•pH0-80J1H08biM I!Y3J1H3MOM )le opOHJI" (7), KOTOpb!H, HCflOJlLJY" CB"JL rpyn­
nOBOH H cf>aJOBOH CKOpocreH 

vV=c2• (I. II) 

rae 

d W/ dk = v ( 1.12) 

H 

wjk=V, ( 1.13) 

flOJlytiWI .LlOK333TeJibCTBa BOllHOBbiX CBOiiCTB 3JlCKTpOH3 flOMHMO KOpO)'CK)'1151pHbiX, 
HCXO)Jjl H3 fHflOTC3bl 0 cnpa8e.IVIHBOCTH paBCHCTBa 

2 hv=m0c, 

K3K JV151 HeflO.[l8HXH0fO, T3K H ,llJHI .LI.BHX)'lUCfOC51 Ha6mo.aareJI.SI (8). 

(1.14) 

flpH 0606l!leHHH flOJ1Y4eHL1 npeo6pa3083HU. JlopeHU3 6eJ CKOpOCTH C8eTa 8 
coorsercrsHH c Bblso.noM nyaHKape H MHHKOBCKoro o e.aHHcrse npocrpaHCT8a­
speMCHH H KopnycKyn.s~pHo-sonHosbiM .LI.YaJIH3MOM ne EpoHn.s~: 

3 



x' 

t' 

x- vt 

-Y 1-( 
I t-- t v· 

-)I_;_· 
v 

(!.15) 

)lse napa\feTpH3auHH T3KOfi rpynnbl allCKB3THbl COOTBCTCTBCHHO np3BH11Y CJ1Q)KC­
HH51 rpynnoBhiX CKopocreH 

H <jJa30BbiX 

v"= v+v' 

l+L v 

I + _l'_ 

( 1.16) 

V''=~ I I . 
-+-v V' (1.17) 

06o6meHHoe npocrpaHCTso-speMSI MmtKoscKoro c ycnosHeM yrtHsepcanhHOCTH 
(J.JO) o6nanaeT llBYM>I rpynnaMH H30MeTpHH: 

ds = dx 'f -./vV dt, ( 1.18) 

di = dx2 - vV dt 2. ( 1.19) 

flpocrpaHCTseHHO-BpeMCHHhie Bpamemrn ( 1.19) HHBapH3HTHbl OTHOCHTCllbHO npe­
o6pa30B3HHH (1.15), a npOCTpaHCTBeHHO·BpeMetiHble CllBHrH ( 1.18) - OTHOCH· 
renbHO npeo6pa3osaHHH 

x' x =F vt 

I+~· - v 
( 1.20) I qo-x v 

(I= 

I+~· - v 

o6paJyiOlUHX nonrpynny rpynnbi nyaHKape C napaMeTpH33UHeH (!.16) H (1.17), 
liTO s cosoKynHocru s raKOM o6o6meHHOM npocrpaucrse·speMeHH npespamaer 
enHHCTBO npocrpaHcrsa-speMeHH HJ nonyneKllapauHH s peannHocrn [9}. 

B raKoM npocrpaHcrse-speMeHH see ¢H3Hl.JCCKHe JaKattbt 6y.nyr uusapHaHr­
Hhi B COrnaCHH C OflbiTOM OTHOCHTCflbHO C)lBHrOB 80 speMeHH, nepeHOCa B npOCT­
paHCTBC, spaweHHSI B npocrpaHcrse-speMeHH H npeo6pa30BatiHH .nsH)Ketma, coc-

4 

T3&151fOlUHX CO.Uep~aHHe rpynnhi nyam'-ape. noMHMO :nora B TUKO~I HpOCTp2.HCT­
BC-BpCMCfBf 6y.UCT HHBapHaHnlbiM H npOT51;KCfHihlti npOCTp3HCTBCHl!O-BpC~ICt!HOti 
npouecc (x

11
, tn; xm, tm) [6]: 

I I 

-
(.-;t''=' -~v='t,'=-) (xm- vtm) (tn- V x,) (tm- V _rm) 

· vV · =x x - vVt t . _ ,-------;;- _ ~ _ ~ _ ,-----;:- 11 m 11 m 
'11-f; \11-f; \11-f; '11-f; 

(!.21) 

B peJyflhtare spe:o.te~mnono6nbie Koop.uuuathJ cs~naHbl c <f>aJosoif CKopoctbtO, 
a npoctpaHCTBCHHOriOLt06HbiC - C rpynnosoii. TaKOC pa31lCJ1CHUC COOTBCTCTByCT 
nmoreJe .ne EpoHns:~ o KOpnycKyn.s~puo-sonHOB&JX csoHcrsax 3llC~teurapubiX 1.1a­
CTHU [8]. !1, KaK cnenyeT HJ (1.18) H (1.19), C>ttlxpomnauu• "acos no <jJaJe non>K· 
Ha o.nuospeMeHuo conposoJK.natbC51 npocrpaHcrseuuort Koop.rumantoii npHBH3Koii 
npocrpat!CTBCHtiO-BpeMCHtiOrQ C06i>ITHH, tfTO B COrllaCHH KaK C CLIHHCTBOM npOCT­
paHCTBa-spe~teHH, raK u c rpe6osamteM npuuumm nonomnnenouocru Eopa. Ca­
Ma npoue.nypa pen51ntBHCTCKH HHsapuaunwH JOcrupoBKH npocrpaucrseuuo-spe­
MeHHblX HHTepBa10B B HHCpUHaJlbHhiX CHCTC;\JaX OTC4eTa C 11011)'\JetuteM npeo6pa-
30B3tiHH JlopeHua pa3pa6oTaua B pa6oTax [6,10]. 

B o6o6weHHOM npoCTpaucTBe-speMeHH MHHKOBcKoro ( 1.18), ( 1.19) c ycno­
sueM yuusepcanbHOCTH ( 1.1 0) c yqeroM (I. I 1) CHHMaerc51 npontsope4ue Me)K.JY 
reH30paMH :mepnut-HMnynnca MuttKOBCKOro u A6para~ta [9]. TaK, s cpene c no­
KaJareneM npeilO~meHHH ll, no MHHKOBCKOMy, CB513h Me)KllY HMnym,COM H 311ep­
ll-!eH <jloTOHa JanaeTc" cjJopMynoii 

P (M) = nE I c, ( 1.22) 

a no A6para\ly -

p (A)= Elnc. ( 1.23) 

TaK KaK illlSI cporoua, raKIKe o6JtrutatOll.lero KopnycKyilHpHo-somtosoiMH cso~icr­
sa~w. rpynnosM cKopocr& Ha cseroso!.t Konyce nomKua 6b1Tb pasHa ¢a3osoii, ro 
npOHJBenemie llBYX CKOpoCTeH HJ COOTHOWellHii ( 1.22) H ( 1.23) 

(c I n)(nc) = c2 (1.24) 

o.nH03HUlJHO yKa3bisaer, comacuo ( 1.1 I), lJTO re1130p MHHKOBCKoro conepiKHT 
rpynnosy10. CKOpOCTb cf>OTOHa B Cp~lte, a TCH30p A6paraMa - era <Pa30BYIO CKO­
pOCTb, eCJIH 

n ~ I. (1.25) 

TaKHM o6pa30M, Ka)KllbiH H3 TCH30pOB COOTBeTCTByeT np051BJ1CHHIO OJ.lHOfO H3 
CBOifCTB Q:loroua: KOpnyCKY1151pHOrO HJIH BOJltiOBOro. Toma HMnyJI&C ¢oTOIIU, Yl!a­
crsytOuiero s KOMnrouoscKo·M pacce5HIUH ua 3JieKrpouax, onutttaerc51 OT m.myJJo­
ca nH<jlparHpyiOwero <jJoToHa cornacuo ( 1.22) H ( 1.23). 
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... -- --~---_......~_.___, 

Kpo~te 3Toro. cywecrsyer JanpeT Ha BC51KYto reopHto rpaBHTJUHH s paMKa.x 

CTO, TaK KaK, comacuo paauoaCTpOHOMHYecntM .ItaUHbiM, ua6ntoaaerc51 JaBHCH­

MOCTb CKOpOCTH CBeTa OT rpaBHT3lUiOHHOfO OOTeHLmaJJa BOnpeKH «riOCT051UCTBy 

cKopocrH cseTa» [II}. B cnyqae o6o6wenH51 CTO na MuKpm.ntp s coorseTcrsmt 

c KOpnycKynS~pHo-somtosbJM nya.mnMOM .a.e EpoHmt ycnosne ymiBepcanbHOCTH 

MOIKeT BblriOJ1H51TbC51 H B CJ1YtJ3e TaKOii 33BHCHM0CTH ( 12}. 

CneaosarenbltO, s peanbHOM MHpe qacTHblM o6paJoM MOIKHO rosopHTb TOJlbKO 

0 «OOCT051HCTBe Ksanpara CKOpOCTli CBeTa>> (6). 

4T06bl H363BHTbC51 OT HeOnpe.LieneHHOCTH B OTO)K.LJ.eCTBJleHHH t1>HKCHp088HHO­

ro napaMeTpa B o6o6wetHJbiX npeo6pa30B3HH51X nopeHua U3-Ja YCJ10BH51 ymtsep­

C8.:1bHOCTH, 8 (9} npH8e.LleHbl y6e.[lHTeJlbHble apryMeHTbl, \.ITO K3K C)W.eCTBOBJHHe 

rpaHHliHOH. CKOpOCTJ.i .[lJ151 3ByKa 8 cpe.a.e npe.LlCT8BJ151eT co6oH. cne.nCTBHe CBOHCTB 

ca,.wH cpe.Ubl, raK H orpaHHYeHHe Ha cKopoCTb csera s nycTore 51BJl51eTC51 xapaK­

repHCTHKOH npOCTpaHCTsa-speMeHH, OOTOMY !..ITO Jl)"-1 CSeTa 065138H HJXO.[lHTbC51 B 

3TOM )Ke npocrpaHcrse-speMeuw, ecnw OHO peanbHO, a He s «nycTOTe>> HJ-3a ee 

t1>HJHI..IeCKOH 6ecco.nep)KaTeJlbHOCTH K3K nomtTH51. 

HanpHMep, nycrb nporou .llBH)KeTC51 co CKopocTbfO O,Sc OTUOCHTeJlbHO <PH3H­

l.lecKoH CHCTeMbl OTCI.IeTa, a ero BHpTyaJJbHbiH fJUOOH BbiJleTaeT CO CKOpOCTbiO 2c 

- HHKTO He JanpetHT s none 51D.epttoro Japs:~na JlBHraTbC51 rmooHy c raKoH cKopo­

Cl'bfO 6eJ Hapymemt51 cooTHOUietmst HeonpeneneHHOCTH feii3eu6epra (11HWb TOJlb­

KO /::,.I 6yLteT B .LISa paJa MeHbWe). Teena nepeHOCHa51 CKOpOCTb fntOOHa OTHO­

CHTeJlbUO CHCTeMbl OTCYeTa 

, 0,5c + 2c 
v = 

I 
O,Sc · 2c 

+ 2 
c 

1,25c ( 1.26) 

6yJleT npeBbiWOTb CKOpOCTb CBeTa, TOK KOK COMa cpopMyna ( 1.26) He HMeeT 3KCTpe­

MyMa no OTHOweuww K v 11
• Oua pa6orae-r npasHflbHO, ecnH HaJJO)t(HTb ycnosHe Ha 

v. v'::; c. ( 1.27) 

no3TOMY B (9) 0606JUell pen51THBHCTCKHH npHHUHO OTHOCI-tTeJlbliOCTH B cne­

.llYtOWeH. <f>opMe; HeJ88HCHMOCTb cilH3HtieCKHX 3aKOHOB OT nepexo.na 8 .llpy£)'10 

CHCTeMy OTCI.IeTa o6ycJlOBJleHa YHHBepCailbHOCTbfO OrpaHHlleHH51 Ha OTHOCHTeRb­

HYfO CKOpOCTb TaKHX CHCTeM, HaJIQ)t(eHttOfO CBOHCTBa.MH M8CWTa60B H qacos, T8K 

K8K TOflbKO COBOKYOHOCTb HX COCT3Bfl51eT npocrpaHCTBeHHO-BpeMeHHyK> peanb­

UOCTb. 

TaKoe o6o6meHHe noJsonHno nonyqHTb see, !..ITO HJnO)KeHo BbiWe, KaK l.laCT­

uocTL, a TaK)t(e Ha npHMepe 3<f>¢eKTa .ll.onnepa ycrauosHTb uosoe HJMepeHHe c 

pa"3MepBOCTbfO pa,nHaH 6naroaap51 BBeLteHHfO ewe OJIHOH OTHOCHTeJlbHOCTH -

OTliOCHTeflbiiOCTH «C6Jlt.·DKeHHSI» H «YLtaJleHHSI» CHCTeM OTCI.IeTa no OTHOWeHHIO 

11pyr K upyry [9,12]: 

6 

p 

k 

• 

A A 
p + V( 

--J I - v2, 
y­
o 

A V A 

k+-k 
Yo 

"1/ I - v: 
Yo 

A V A 
r+-p 

y2 
0 

--J I - v22 

Yo 

• 
p 

• 
k 

• 

v v 

P - vr 

"1/ I - i2 
yo 

v v v 
k --k 

Yo 

"1/ i 
l-­

y2 
0 

v v v 

- y2 p 
0 

~' i .'J 1--z 
Yo 

( 1.28) 

f)le p, k, t nO)l06Hbl KOOpJlHHaTaM narpaHlKO. 

0rHOCHTeJlbHO T8KHX npeo6pa.3088HHH 6y.neT HHBapHaHTeH HHepUHaJlbHbifi 

npocrpaHCTBeHHO-SpeMeHHOH HHTepsan 

• • • 2 • 
di=dp2 +dk2 + Y0dt 2, (1.29) 

fLte V0 - CKOpOCTb Te4eHH51 8peMCHH COr113CHO 06o6UleHlUO npHHUHna OTHOCH­

TeJibHOCTH. 

• 
TpeThe H3MepeHHe k nonyqeHo cneuyiO!llHM o6pa:JOM. KaK H3BeCTHO, npeo6-

p03osaHHH nopeHua B CTO Ha npHMepe s<jlcpeKTa )lonnepa HCKJIIOqaiOT Bb!)leneH­

HOCTb O.llHOH H3 CHCTeM OTCI.IeTa no OTHOllleHHIO K .npyroi\ H3-3a 33BHCHMOCTH 

T3K0f0 scpcpeKT3 TOJlbKO OT HX OTHOCHTeJlbHOfl CKOpOCHI. Ho O)lHOBpeMeHHO C 

3THM npeo6pa30BaHHSI nopCHUa, B npHHUHne, He 3anpeLUalOT ycTaHOBJICHH51 a6co­

fl!OTHOCTH c6nHlKeHHH H yuaneHHH HX no OTHOWeHHIO )lpyr K Jlpyry. flpH c6nH­

)I(eHHH H3MepaeMa51 ~.~acTora npesblwaer aranOHHyw T.Jacrory, a npH yJianeHHH, Ha­

o6opor, 3TaJJOHH3.SI qacrora scer.na npesbtWaer H3MepseMyro, ecnH s KroK.UoH HJ 

T3KHX CHCTeM OOMelUeHbl HL(CHTHI.IHbiC SH6parOpb1 H 1.J3CTOT0Mepbt. 

HecMoTp51 Ha nornttHOCTb rru<oro Bbtso.na s paMKax CTO, oH Hax.O.UHTC51: s 

npOTH80peqHH C peai1bHOCTb10, TaK KaK K0f.ll3, HanpHMep, ttaCTOTOMep YJla.TISleTCSI 

OT BH6paropa BLlOJlb 3eMHOf0 3KBaTOpa, OH npH 3TOM O.llHOBpeMeHHO c6nmKaeTC51 

C BH6paTOpOM B TOM )t(e HanpaBJICHHH H C T3KOH ::Ke CKOpOCTbiO. Cne.llOBaTCJibHO, 

c6nH::Kemte H y.uaneHHe sH6paropa H qacroroMepa He a6comoTHb1, a scer.ua OTHO­

CHTenbHbi sonpeKH BbiBOJly, KOTopblii MOlKHO cuenaTb s paMI>ax CTO [9]. 

TIOCJlC.[lHee H8XO.llHTC51 B OOJlHOM COOTBeTCTBHH C JlOOJlCpOBCKHM OTHOlllCHHCM 

1.18CTOT )l.nSI O.[lHOii H TOH )KC BOIIHbl, npHXO.llSIWeii OT 0JlH6ro HCTOttHHKa C npo-
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THBOriOJIO)KHbiX CTOpOH B OllHY peanbHYIO TOY:KY B Ltpyrofi CHCTe~te OTCttCTU. CaMa 

00 Ce6e HHsapHUHTHOCTb cpa3bl riJIOCKOfi BOJIHbf C COXpaHCHHCM ee 4UCT0Thl 01'110-

CHTCJibHO npeo6pa30BUHHii ( 1.28) yrsep)f(llUCT TaKyiO )KC 3KBHBaJICHTHOCTb HanpaB­

neHHH: npOCtpaHCTBCHHO-BpCMCHHbiX CllBHfOB, liTO U rpynna nyauKape B pC[151-

THBHCTCKOH KHHeMaTHKe [ 13]. 
«J1CKpHBJieHHOCTb» HHCpUHallbHQfO npoctpaHCTBa-speMCHU ( 1.28) H3-33 Ua­

RHllH5l B HeM OTHOCHTCJibHOCTH «C6JlmKeHH51>> H «YllaTICUH51», KOTOpa51 MO)f(CT 

6~:t!Tb, ecnw paccMaTpHBaTb ee c noJHUHH OTO. peJyJibTaTOM cooTBeTCTBH51 HHep­

UHMbHoro npOCTpaHCTBa-speMeHH ( 1.28) C HHTepBMOM ( 1.29) OOJliO OOCTO.HHOfO 

rpaBHT3UHOHHOfO YCK0pCHH5l. 

YcTaHOBHM paJMepHOCTb HOBoro HJMepeHH5l k. HaHneM .neHcTsHe .an.s~ Ma­

TepHMbHOil (M.) TQqKH, HHBapHaHTHOC OTHOCHTeJlbHO npeo6pa3osaHl1H ( 1.28). 
True KaK, comacHo fayccy. MO)KHO npe.ncTaBHTb 

(d;J2; di = u;, ( 1.30) 

• 
rJle L - cp)'HKuw. JlarpaHJKa, 

* 2 * 4r2 dk * * fl!!1:.. =<!E. dp + _Q- dk + V
0
2dt, 

* * 2 * dt dt 1C dt 

( 1.31) 

fJle MHOlKHTeJlb (4lafrc2
) CB"'aH C KOHKpeTHOH OKpylKHOCTbiO. EcnH M. TOqKa 6y­

.UCT H3XO.LlHTbC5l 8 DOTCHUHa.JlbHOM none, TO ee H3MCHCHHC LteikTBH51 npH B33UMO­

.nei1CTBHH 

• (d;)2 as • as • as • dS= =-dp +-dk+-dt. ( 1.32) 
* * * * dt ilp ilk ilt 

TorJla H3 cpasHeHH" (1.32) c ( 1.31) MOJKHO nonyqHTb cwcTeMy ypasHeHHil 

as;ap=dp/d;; as;ak=(4r~;rc2)dk!d;; as;a;= vg. ( 1.33) 

OrTHCbiB3101UYIO H3MCHCHHe HMflYIIbCa M. TOlJKH, ee MOMeHTU H 3HCpfHH npH B33H­
MO;::teii:CTBHH. 

TaKoe HJMeHeHHe .neikTBH5l M. TOttKH, KaK nen<o BH.UeTh, HHBapuaHTHO onto­

CHTCllbHO npeo6p330BaHHif 

8 

A A v ' v p +\'I • p -(vI v,)l E 
p= 

..J ,_i_ p=~ 
7 I--v- 7 

0 vo-

A 
A v v 

k+(v/V )k , f -(1·jV0)! 
k= 0 . f= . 

..J,_,.z. ..J I- ,.2 . ( 1.34) 
7 v2 v-

0 0 

v v 
A 7 A 
t+(v/VQ")P • E - ''P 

..J I _i_ 
; E= 

-) ,,2 
I--

y2 y2 
0 0 

• 7 
TaKa51 HHBUpHatiTHOCTb (dst COOTBeTCTBYCT rpeM 33KOHUM COXpUHCHIISI: ll~l-

nynbCU, MOMCHra H :~meprHH. CJie.nosareJibliO, rperbe lnMepettue k HMeer pa3Mep­
HOCTb p3J1HUII HJ-33 CB.s:I3H C 33KOHOM C0XpUHCtHI51 MOMCHTU. 

,ll..ru1 onpenenemwcnt s nurepnperawm non~eHHbiX peJyiiDraros onpe.uenm.1 
MarepHtO KaK OfrhCKTHBHYlO pCa.JibfiOCTh, npe.UCTUB!UUOlUYK'l r-.ntp KOJlUllCCTBCHHhl!l.l 
npOSIBJICHHCM CBOHX CBO~iCTB B pa311Hl.JIIhiX 4Jop!-.taX H ua6JliOLlUCMYlO 110 U3MCIIC­

HHIO TaKOfO npo•sneiiH. ( 12). 
Cornacuo .naHHOMY J.aecb onpenenemuo Marepml, pewetm.s:~ cucreMhl ypas­

ueuHH ( 1.33) H 6ynyr ua6monaeMhiMU, raK KaK npencrasmuor co6oii HJMeneuue 
ee KOmP.JCCTBCtHIOrO rlpOHBJICIHHI. 3nal.f~IT. TUKHC H3MCHCHJISI HMUYilhCU, MOMCliTU 
H 3Hepnm cocrasmuor coorsercrseHHO MCpbi UJMepeumt mrrepsa.rws nmWhi, yrna 
H speMCHH UJ-33 npHIIfUlflC)f\ttOCTH K pa3JlHtUihiM CHCTeMaM OTClfCTa. HaupnMep. 
H3MCpetnte OLUIOBpeMCliHO H3MCliCIIH51 3UCpnfH MUTepuanhiiOrt TOlfKH It llttTCpBaTia 
BpCMCHH, 33 KOTOpOC npOH30WIIO 3TO U3MCHCmte B lt!!CpWtaflhiiO~I npoctpilHCTBC­
BpCMCHH C HfiTCpBaJJOM ( 1.29), CBO.UHTC51 K HU6JlfO!lCHHfO HJMCHCI!IHI Oll!IOI'O Jill Wb 

A A A V V V 
HJMepemHI H3-3a npnlla.Llf1C)KttOCTU (p, k, t) H (p , I , E) K paJJIII'IIIhiM cucreMaM 
oTctteTa. H s 3TOM CMbiCJle CTO s npocrpaucrse-speMemt MmtKOBCKoro csomiTC}I 
K .UBYM H3MCpCtni51M, cnpoeuupOBUHtlbiM t!U 4-0pTOfOIIaJibllblii 6U311C. 

TaKHM o6pa30M, nponenamwe o6o6weuue 11 ecrh o6o6wemte CTO ua MIIK­
pOMHp, s Kotopm .. t cywecTsyeT JanpeT na o.nuospeMennoe HJMepenue KUHOIBI­
ttecKH COOp51)KCIIHhiX !lHHUMHliCCKHX nepeMCIIIIhiX. J.1 CCJllf B KBaJrrosoii MCXUHIIKC 
OTcyrcrsyeT Jan peT tta o.nuospeMenuoe JI3Mepemte M H 6t 113-Ja orcyrcrswt one­
paTopa speMCHH - CCTb TOJibKO OOlHIM311HC IIC06XOJ.111MO<..IU T3KOIU JaupeTa, TO 
B HtiCpUU<UlhHOM npOCTpUHCTBC-BpeMemt ( 1.34) HJ-Ja OTIIOCUTeJihiiOCTII «C6JIIDKC-
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IIWI» H <<yLlarJCtuiH>> CHCTC~f OTC4CTa ~1ea.:..:ry C060~i UllhiC B01MOIKIJOCTH H3~tepCHH~i 

HpOCTO OTC)'TCTBYIOT. 

2. OnEPAUH5! CHMMETPH3AUHH COOTHOWEHHH 
HEOnPEllEJIEHHOCTH 

EcnH B KJ1aCCifliCCKOH ¢nnHKC npu H1Y4CHHH SIBJ1CIIHii M3KpOCKOmt4CCKOro 

MaCWTa6a MOIKHO )'l-ICCTh B01JICHCTBHC, CBH3aHH0C C H1MCpCHUCM, H3-3a pa3LICJIC­

IIHH npocrpaHCTBCHHOnono6uhiX ( 1.5) H spe~temmoao6HhiX (I. 7) !UHtaMH4CCKHX 

nepC~ICWlhiX Ha .USC riOJ:tfp)'Oilhl rpynnhl rarJHJIC51 B upOCTpaHCTBC-BpCMCHH ( 1.4), 
TO 8 KBafiTOBOft MCX3HHKC H3-3a KOpnyCK)'JlSipHO-BOJlllOBOii npHpO.Ubl CBCTa H MHK­

p043CHIU ~13TCpm1 T3KHC nepeMCHHhiC ( 1.15) o6pa3yJOT CiHHICTBO npOCTpaHCTBa­

BpCMCHH (I. I 8), ( 1.19) s uuepuua.1hHOM npocrpaucTBe-speMCHH c J.H!TepsMO~t 

( 1.29). no3TOMY H3MCpCHH51 KB3HT0Bh!X 3cfJcfJeKTOB scer.na Orpa!!WICilhl COOTHO­

llJCHWI~HI HCOnpe;J.CJICHHOCHI reiheu6epra (2.1)-(2.3) C )'4CTOM cfJH3~14CCKHX CO­

OTHOWetiHH Ue DpOHflH (2.4) H nnaHKa-3iiHWTeiiHa (2.5): 

I ~ ~ 
Ll.ptl.p~2ft; (2.1) p=1ik; (2.4) 

I 
Ll./p Ll. 0 >- 1i· -2 . 

I 
Ll. ELl. t > - ll· -2 . 

(2.2) 

(2.3) E = fl w. (2.5) 

B MHKpo.o..tupe cornacuo npHHUHny .nonomnnenhHOCTH Eopa MHKpoo6DeKT npoSIB­

,,Sier ce651 BO B3aH~fO.UCikTBHH C KJI3CCH4CCKHM npu6opOM, H3 pacC,\10TpCHHSI KO­

TOpOrO Bh!BOJISITCSI CBOH'CTB3 MHKpOOfuCKTa, a npCJlCKaJaHHSI TCOpHH cflopMHpYlOT­

CSI K3K Q)f(H.[(aCMh!C pC3)'Jlf>TaThl BJam.to.aeikTBH51 B BHLtC KBa,upara a\HIJlHT)'Jlhl 

rT!lOTHOCTH BCpO.SiTHOCTH HJH1 pewemiH ypaBtJClUISI reii3Ctl6epra 

du 
ih -= uH-Hu dt • (2.6) 

HJJH peweuus:~ aHbTepuarusHoro ypasueuus:~ Wpe.UHHrepa 

ift ~= Hw or .,.. (2.7) 

r.ae H BhJCTynaeT y;Ke s pomt oneparopa s rHJJh6eprosoM Q:>aJosoM npocrpaHCTBe, 

a \j/-<jJyuKuu• see rna HopMHposaua - npHpoaa uenaer BbJ6op [I 4]. 
YcTaHOBJieHO [ 10), 'HO KHHCMaHIKY 3J1eKTpOHa B CB5!'33HHOM COCTOSIH'HH 6e'3 

npO<.:TpaHCTBCHHOS-1 TpaCKTOpHH, a TOJ1hKO C Q:>a30BOH (2.7), COCTaBJJSICT BpCMCHH­

fl01t061!M rpynna 11BH>KCHH51 fa.HHJICSI (1.7), a H3Mepemt.s~ JlHHaMH4eCKHX nepeMCH­

HLJX upmnsOl.UfTCH s npocrpaucrsetmonono6Hh1X Koopnuuarax fanHJJe.s~ s cooT­

HCT<.:TBHH C 11pUIIUHriOM ,UOflOJIHHTCJThHOCTH Dopa, H rJ03TOM)' pa6oTaiOT COOTHO-

10 

i 
1 
I 

i 

r • 

WCHH51 HCOnpeneneHHOCTH, raK KaK KaHOHH4CCKH COOp51>K:CHHhiMH nepeMCHHhi~IH 

B npOCTpaHCTBC-BpCMCHH (1.4) MOryr 6h1Th TOJlhKO nap1.1 COOTBCTCTBCHHO npOCT­

paHCTBCHH000Jl06t!hiX H BpCMCHHOO.U06Hl.IX nepCMCHHhiX. 

flpOBC.UCM onepaUHIO CHMMCTpH3aUHH COOTHOWeHHif Heonpe,llCJTCHHOCTH 

( J. 1), (2.2), (2.3) OTHOCHTeflbHO pa3MepHOCTei1 <jJH3H4eCKHX HJMepeHHH ( 1.34), 
LtOMHOiKHB JlCBhiC H npaBhiC 4aCTH HCpaseHCTB Ha 21t H BBC.U51 KOMflTOHOBCKYIO 

LlJlHHY BOJlHDI 3JleKTpOHa A.
0 

B ( 1.1 ), nepHO.[[ UHKllHYCCKOH 43CTOThl 3JlCKTpOHa t
0 

B 

( J.3) H 21t B ( 1.2): 

I (21t) 1 Ll.p(21ttl.p)~2/i )..0. )..0; ->21t )..0 =21tk; (2.8) 

1 ( 27t ) 1 Ll.f (21t Ll. 0) >-I! l- 21t· ->21t- = 21t K' p - 2 21t • 21t • (2.9) 

Ll. £(21t t.r) ~ 2 li - r
0

; ->21t - = 21t v. I ( 21t ) 1 
to to 

(2.10) 

8 pC3)'JTI.TaTe H3-3a pasHonpaBH.sl COOTHOWCHHH HeOnpe.neneHHOCTH MeJK.!ly co6oH 

(2.8)-(2.1 0) cneuyer npHJHar•: KaK «yrnosoe 4Hcno» nouo6Ho sonHosoMy " qa­
crore, TaK H HaJIHYHe cfJH3H4CCKOH p33MepHOCTH pa,nHaH B COOTHOllleHHH (2.9) 
flO.Ll06HO pa3MCpHOCTSIM .[(JlHHhl II BpCMCHH COOTBeTCTBCHHO B COOTHOWCHH.siX (2.8) 
H (2.10). TaKHM o6pa30M, onepaUHH CHMMeTpH3auHH nepeBOilHT COOTHOWeHHR 
HeOnpeJieneHHOCTH B HHepUHaJlbHOe npOCTpaHCTBO-BpeMR ( 1.34). 

ECJJH nepeH:nf K CTpOroMy paBCHCTB)' B COOTHOWCHHSIX HCOnpe.LleJICHHOCTH 

(2.8)-(2.10): 

(2. I 1) A v A I * 
21t Ll. Po= Po: ~ PoPo = 2 (hkr) >..o ~ Po; h ko; (2.14) 

(2.12) 
A V A } * 

21ttl. 0
0 

= 0
0

; ~ 1
0
0

0 
= 

2 
(h K

0
) 27t ~ 10 = h K0; (2.15) 

(2.13) 
A v A } * 

21ttl. r0 = r
0; ~ E0t0 = 

2 
(h v 

0) r0 ~ £ 0 = h v 0• (2.16) 

<jJopMymJ (2.14)" (2.16) c nocroHHHoii h s npeacrasneHHH TinaHKa, a He s npeu­
crasneHHH ,UupaKa, onpas,naHHOM 8 cfla10BOM OpOCTpaHCTBe, 3KCOepHMCHTartbHO 

nposepeHhl HMCHHO B npe.nctaBJJCHHH flnaHKa, COCTaBJJ.SIIOT cfJH3HlJCCKOC CO.LlCp­

lK3HHe KopnycKynRpHo-sonuosoii npHpOJibl 3neKrpoua ue Epoiin•. Toraa (2.15) 
HC YTO HHOC KaK KBaHTOBO-MCXaHH4CCKHfl B011lJOK - TOT _CaMLIH Q:>H3HlJeCKHH 

06DCKT, Op051Bfl51t0IUHH ce651 B KOpnycKyn.s~pHOH HJTH BOJJHOBOfi cfJopMe 80 B3aHMO­

Ltei-iCTBHH C KJlaCCH4CCKHM npH60pOM 8 00J1HOM COOTBCTCTBHH C OpHHUHOOM .0:0-

00JIHHTCflbHOCTH Eopa. 

II 



Cne)loBaTenbHO, COOTHOWeHH• (2.14)-(2.16) onpellen•IOT HHepmtanbllble 
npOCTpaHCTBCHHO-BpeMCHHble pa3MCpb1 T3KOfO KBaHTOBO-MeXamtlfCCKOrD BOJlttKa, 

a COOTHOLUCHHSf HCOOpCLJ:CJJCHHOCTH COCTaBJlHIOT q:nl3Hl·ICCKOC CO.Uep:+::amte 3TOM­

HMX M3CWta6os H l.JaCOB B KB3HTOBOii MCX3HHKC H yctaHaBmtS3lOT rpaHH'-IHYIO 

06JTaCTh, 00 OTHOUICHHlO K KOTOpOii MOryi' CYlllCCTBOB3Th K.JlaCCWICCKHC HBJ1CHH51. 

TaKHM o6pa30M, s HHepuHanhHOM npocrpaHcrse-speMeHH ( 1.34) c HHtepsa­

noM (1.29) CT8HOB.sJTC51 pa3JJHtHfMhl Me)!(,[(y co6oH: COCTO>lHHe ::meMCHTapuoro HHCp­

lUiaJlbHOfO npoctpaHCTBCHHO-BpCMCHHOfO C06btTH51 (HaOpHMep, 3JICKTpOHa) H CB51-

33HHOC COCT051HHC HHCpUHaJlbHhiX npoctpaHCTBCHHO-BpCMCHHbiX C06b!THfi (COCT0-

51HHC semecrsa - rsep.noro rena) s coorsercrsHH c onhttoM: MaKpocsoHcrsa 

rsepnoro rena He aneKB3THbt MHKpOXapaKTepHCrHK3M 3nCMCHT3pHbiX 06beKTOB, 

HanpHMCp, 3neKTpOHOB, CB513b!B3KHUHX MCJKllY C060H arOMbl B rsepnoe reno. 3TO 

Bbtpa><eHO B paBHOnpaBHH npeo6pa:JOBaHHH JlopeHUa (0Jl) ( 1.15) C HHTepoanaMH 
(1.18) H (1.19) C npeo6pa30BaHH.MH fanHne• (Or) (1.5), (1.7) C HHTepBanOM (1.4) 

B T3KOM 06061UCHHOM npocrpaHCTBe-speMCHH MHHKOBCKOro H3-33 HCB03MOJKHO­

CTH nepeiiTH OT OJ! K or npH ycnOBHH yHHBepcanbUOCTH (1.10) [6], TaK KaK 

lim (vV)--> const 
'->0 
v .... ~ 

(2.17) 

nepeso.uur see )'KUJUHHbie Bbtllle npeo6pa30BUHHS s npeo6paJosaHH51 EsKJJH.Ua [7]: 

{ :::::: (2.18) 

Tor.ua co.uep::t::aHHe KJiaccHlJeCKHX 33KOHOB .U8H)KeHH51 8 pa3110::t::eHHH pen.$1rHBH­

CTCKHX 33KOHOB B p51.U TeHnopa C8H.UCrCJJbCT8yer HC 0 0pH6J1HJKCHHOM HX xapaK­

tepe, a YK33b183CT H3 803MO::KH0Crb H1IH )lll3CTHC MHKp006bCKT08, HJ KOTOpbiX 

COCTOHT TBCp.uoe Te110, 8 ero BHCWHCM nepeMClUCHHH 8MCCTC C TBep.UbiM TeJIOM 

OOMHMO 8HyrpeHHHX .U8H)f(CHHH B C3MOM TeJie COrJ13CH0 OCTaJlbHbiM l.f11CH3M pa3-

J10)KCHH51. no3TOMY B HHCpUHaJlbHOM npOCTp3HCTBe-BpeMeHH .U0J1)f(Hbl cyweCr80-

83Tb 33KOHb1 npeBpaiUCHH51 1 H3HpHMCp, MCX3HHl.ICCKOH $1t1Cpn1H B 311eKrpOMUfHHT­

HYIO H T.ll. (6). 
4T06bi npHBCCTH B COOT8CTCT8HC C KBUHTOBOH MCXUHHKOH HeKOMMyrHpyKHl.IJiC 

KaHOHHqeCKH conp•><eHHbie )lHHaMHqeCKHe nepeMeHHbte (2.!! )-(2.13), Tpe6yeT­
C51 8 06H3UTCnbHOM nopH)lKC 330HC3Tb HX B 8H.UC BCKTOpHbiX np01138C.UCHHH, l.frO 

eCTCCTBCHHO 8 3TOM CJ1yt-~ae: 

[
A v ] I 
Po· Po ~2ha1..; (2.19) 

[

A v ] j 
eo. Io ~2haK: (2.20) 

[
A v l j 
to· Eo ~2hat. (2.21) 
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8eKTOpHa5i 3UOHCb COOTtiOWCHW:I (2.2!) onpas.[IUHU C)'1llCCTBOBUHHeM BCKTopa 

Y~IOB3 llt151 OHOTIIOCTH MCXUmfiiCCKOii 3Hepn!H U BCKTOpa no.iTUf!ra LVHI OJ10T­

HOCTH 3J1CKTpOMUrmtrHOH ::mepnm, a TUKJ.KC npHCytCTBHCM 8 tep~10lUIH3~HIKC 

«CTpenbJ speMemt» or npownoro K 6y.ayweMy, uaK11UilbiBUIOWdi Janper ua pea­

mnaumo «nepneryyMa M06une» sroporo po.na. TaKru~ Jamtch 6yner cymecrsemwii 

B .JlaJTbHCfi:WCM pU3BHTHH npO.llCJ13Ht!OfO 0606WeHWI KBUHTOBOH MCXUfHIKII npH 

CH.$1HtH BblpO:+i:.llCIIH.$1 C COCT0.$1HHH TCpMOlUIHU~Hit!CCKHX pUBHOBCCHbiX KBUHTOBO­

MCXUHHt!CCKHX CB5133f!Hb!X CHCTCM B BHllC JIUCpWiUJlbfiO-npOCTpaucrseHHO-Bpe­

MCHHbiX crpyKryp C KOUCl.fHbl~l speMe!leM JKHJHH B paMKUX «ropSIYCH Bceneuuoii» 

faMosa. 

Tor)la 

[Po· Po)-[ Po· Po]~ha,: (2.22) 

[eo· io]-[lo. eo]~ha,: (2.23) 

[ ~o· E0 ]-[ E0• ~o]~ha1 . (2.24) 

B pe3y11Hate MO)f(HQ 80C0011b3083TbC.$1 ypasHeUHCM reihen6epra (2.6) .anSI no-

v 

11)1lJCHH.$1 rpaaywpoBKH l.IUC08, Yl.fHTbi83.SI npwuaane)KHOCTb £
0 

(2.24) K Ksatnoso-

MexaHul.fecKoMy BOJIYKy: 

in df ~[~ 
dt • E0 ]-[ E0• ~]~ha1 : --> 

A 

{! ~ -21t i a, 
dt 

(2.25) 

0rCyrCTBHC rpa,uyHpOBKH l.f3C08 8 C.UHHCTBC C fpU.UyHpOBKO~i MUCWT360B, IIJilplt­

MCp, 8 CTO [4], KaK ycrauo8neuo [9,6}. cocta8JIHet npHlHfHY «penHrH8HcrcKoro 

napaaoKca l.faco8». 

3. OPI1CYTCTBI1E B U11KJlOI1nAJlbHOM PEWEHI111 YPABHEHI15! 
3HJIEPA KBAHTOBO-MEXAHI1YECKOfO BOflYKA 

fpa,nynpOBKY l.f3COB (2.25) 8 CLlHHCTBe C rp<lJl)1tpOBKOH. MUCWTU60B COllep:+:HT 

peweuHe ypa8HCHH51 3H.nepa s sapnauuonnoH. Ja.LJ.atte, nocrasneuuoii comacuo 

0606ll(emuo npHtiUHna Maxa .UJHI YCT3UOBJ1CtJHH COOT8CTCTBIIH MCJ.KilY llt1CpU11Cii It 

OOJICM rpa8HT3Uit0Hf!Of0 YCKOpeHH51 8 HHepUH3JlhHOM npocrpUUCTBC-BpeMCIIU 

( 1.34) C HIITCp8anOM ( 1.29) C UCJibfO 0011)1'-ICfHlH ClllfiiOn rpa,uynpOBKU MUCWra6oB 
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u lJacos: HHepUH51 BbJ3saua BOJ.il.eHctsHeM ycpeLweuHoro rp3s~nam10m10ro nortH, 

HHLIYWiposauuoro Merarart3KTHKOfi, Ha M. TOl.!KY npu ee LlBI·DKetmu 33 KpatttaH­

wee speM51 113-33 noctosu-!ctsa Tel.!emt51 TaKara speMemi H coxpaHemtSJ cun yK3-

J3HHOro BOJ.!leikTBH51 [ 12]. TaKM noct3HOBK3 Ja.aaYH ycTatmBHHsaeT onuoJHal.Juoe 

COOTBeTCTBHe Me;KLIY llBHIKeHHeM M. T04KH 3a Kp3TY3iiwee speM51 B rpaBHTa­

UHOHHOM fiOJle Metara.naKTHKH H H3Mepet!HeM BpeMeHH B HHepUHaJTbliOM npOCT­

paHCTBe-spe>teHH ( 1.34). KsaHToso-MexaHHqecKHH sonqoK (2.15) c J!BYM" ¢op­

MaMH (2.14), (2.16) ¢H3HqeCK0fO npo•snet!H" B peanbHOM MHpe COJ!eplKHTC" B 

peWeHHH ypasueHH51 3finepa B BHLie npOHJBO.IDJlUefO Kpyra UHKJlOH.llbl, nO KOTO­

poH LIBHJKeTC51 M. TOl.JK3 B peJyJJbTaTe )'\{3CTH51 B JlBYX JlBH)KeHWIX 8 HUepUHaflhHOM 

npoctpaHCTBe-speMeHH (1.34): noctynarenhHOM 1-1 spawarenhHOM. EcnH npHH51Th 

(2.15), TOfJla cfJHJHYeCKHe xap3KTepHCTHKH TaKOfO pewemt51 a,ueKB3THbl K83HTO­

Bh!M xapaKTepHCTHKaM 3neKtpoHa. EcnH HCKlliDl.JHTh uo8oe HJMepeHHe k, nos:~s­

neHHe KOIOpOfO 06513at!O 803.UeikTBHfO MetaranaKTHKH HaM. TOl.JKy, TOM. T04Ka 

C08MCCTHTC51 C UCHTpOM HHepUliH o6pa3yfOlUCf0 Kpyra UHK.JlOH.llhl 33 BpCM}I 2rti 

(2.25) H npespaTHTC" no qf!CJ!)' CTeneHeii CB060J!bl B KBaHTOB)'IO TOqK)' B pen.­

TH8UCTCKOH reopm1 ..UHpaKa llfl}l c8o6onHoro 3JJeKtpoua [15}. YcraHoBJJeHo, liTO 

MOMeHT seKTOpa OJJOTHOCTH 3Hepn1H COCT3BJ151eT cfJHJHlfeCKOe CO.aepJKaHHe K3K 

3JleKTpW·JCCKOro 33p51Jl3, IlOJJytJefiHOfO C llBYM.II npOTHBOilOJlQ)KflhiMH 3H3KaMH, TaK 

H rpasHrauuouuoro c OllHHM 3H3KOM. Apl)1oteHT3MH s nonbJY npHH51TH}I nOH51TH51 

seKTOpa MOMenta nnoniOCTH 3Hepnm 

Qo =fro, Eol (3.1) 

CJlY)f(HT K3K nepeHOC 3Hepn1H M. TOlJKH npH Bp3WCHHH B COOTBeTCTBHH C BeKTO­

pOM Y~wsa .llfl.ll nnOTHOCTH MexaHHlfCCKoH 3HeprHH, raK H C}'lUecrsosaHHe seKropa 

noHTHHfa LlJ151 Ilf10THOCTH 3!1eKTpOMafHHTHOi1 3HeprHH 8 3JleKTpO.UHHaMHKC (12). 

npOTHBOnOJJQ)KHLie 3HaKH 3JleKTpHlJCCKOfO 3ap51ll3 COJlep~aTC51 COOTBeTCTBCHHO B 

JepKanbJihiX UHK.JlOH.UaJlhHhiX peweHH.HX LlJ151 M. TOI.IeK. XapaKrepHCTHKH 3neKT­

pon-noJHTpouHoH naphl B BHlle .osyx CBli33HHhiX B33HMOiteHCTBHeM 3CpKaJThHhiX 

UHKJTOHilaJlhHhiX petuetiHH COOTBeTCTB)'lOT KB3HTOBhiM xapaKTCpHCTHKaM, IlOJl)llJa­

eMbiM c nOMOlUbJO pen•THBHCTCKoro ypasHeHH• .QHpaKa [12,15]. OTnHqHe 3aKnJO­

l.Jeno B 3Heprmt OCHOBHOfO COCTOliHH51 nOJHTpOHH.II: peweHHe ypasHCHH}I 3Hnepa 

6eJ yt~eTa nyraUHH, 06513aTCJ1hHO npHCyrCTBytOlUeii npH B33HMOlleHCT8HH, COitep­

JKHT nonpa8KY 8 CCJlhMOH JttaK nocne 3an51TOi1 B OTJ1H4He OT nonpaBKH .[J.HpaKa 8 

.neC}IThlH B aHaJlOfHl.JHOii CHTyaUHH H HHTepnpentpyeMoH KaK pe3ynbTaT B33HMO­

.neHCTBH51 C n03HTpOHHhiM B3KYYMOM [ 12,15 ), TeOpH.II cyweCT80B3HH51 KOTOporo 

JlOfHlfeCKH npOTH80pel.IHB3 [J4). nonHhlii M3fHHTHhlfi MOMeHT 6e3 Y'"JCTa HyrauHH 

JlftSJ CB513aHHoro 3neKtpona s no3Htpomm paseH MarHeTOHY Eopa, a .llf151 cso6oit­

uoro cocT051HH51 s .nsa paJa 6onhwe MarneToua Eopa, raK )f(e KaK H MarHeTOH 

AHpaKa [ 12, 15]. 113 peweHH" ypasHeHH• 3iinepa cneJJyeT 3aKOH KynoHa H 3aKOH 

HLlOTOHa Llf151 COOTBCTCTByiDlUHX 3ap51.UOB, CO.Uep)f(au.tHXCa B UHK.JlOH.llaJlbHOM pe­

WeiiHH [ 12]. B OTnHqHe OT ToqeqHoro peweHH• AHpaKa, coJieplKawero pacxo-

14 

~ 

.• 

" K 
d~ 

A 

2rri.-Y t 
()2 'l "" 
" -; ~ +K1< 

2 .. " . 8'' 2. 'Z = s~ +(2-;rn- ) 

A 

'5 

PHc. I . .UBa JepKanbHbiX UHKJIOJ.Wa'lbHbiX peweHHa ypaBHeHHa 3H.nepa s HHepuHanb­
A A A 

HOM npocrpaHcrse-apeMeHH (p, k, t) 

.UHMOCTH, B CilY'lae peWeHHa 3Hnepa cfJH3Hl.leCKOe co.nep)f(aHHe 3flCKTpOHa COCTas­

JI.IIeT nepHO.llH4eCKHH HHepUHaJlhHO-npOCTp3HCT8CHHO-speMCHHOH npouecc, Xa­

paKTepHCTHKH KOTOpOrO 3,LleKB3THhl KBaHT08hJM xapaKTepHCTHKaM 3J1CKTpOHa 6e3 

pacXOJ!HMOCTeH (12,15). 
npw·JHH3 HC1.JC3HOBeHHSI paCXOJlHMOCTeii 81..JllHa Ha p11C.l, Ha :KOTOpOM B HHCp-

A A A 

UHanbHOM npocTpaHCTBe-speMeHH (p, k, 1) C eJ!HHOH rpaJJ)'HpOBKOH MaCWTa6os H 

qacos (2.25) H306palKeHbl J!Ba 3epKanbHbiX no OTHOWeHHIO J!pyr K J!p)'ry UHKnOH­

J!anbHbiX peWeHH" ypaBHeHH• 3finepa C npHH.THeM (2.15) 8 COOTBeTCTBHH C Tpe-

6osanHCM npHHUHna nayJII..J, B3aHMOLleiiCTBYIDIUHX no 33KOHY 

_fi_ 
F- Jil . (3.2) 

fpaayHpOBKa (2.25) 3KBHSaneHTHa J!BHlKeHHIO npOH3BOJI"lUero Kpyra UHKnOHJ!bl C 

PaJJH)'COM i. TorJia C yqeTOM (3.1) H KBaHTOBOH TOqKH B TeOpHH .QHpaKa, KOTOpa. 

CO,aep)f(HT MarepHaJThHYlO TOlJKy, C08MeiUeHHYlO C UeHtpOM HHepUHH 

mero Kpyra UHKJTOHllhi 3a speM.II 2tti, s CHCTeMe uenrpa Mace 

F Q2 ----- F =st._ . 
AV AV 2 

4[ pp + k k + (21t11 - 0 l l-+O 4i 2 

Op0113BO.Lt.ll-

(3.3) 

8 Cfl)'llae B03MO)f(H0f0 nepexo.na O,llHOfO Kpyra B COCT051HHC .opyroro ( CJ1H51HHe 

Kpyros), "TO npOHCXOJ!HT 6e3 HapyweHH" npHHUHna ITaynH- cyMMa cnHHOB nep-
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PHc.2. rap1>10Hl-r-IecKHe KOOpnHHaTbl, conep)f(awMeC51 B l.lliKJ10l-Ul3;lbHOM peWCHHH ypasuemul 

3H.'1epa 

A A 

neH.!U1KY1151pH1>1X nflOCKOCTH (k, t) nocne CJlO)I(eHI-UI CT3HOBHTC51 ueflOliHCJleHHOi-1:, 

CHJ13 B33HMO.aei-1:CTBH51 33p51Ll0B C YlJeTOM pa,!Uiyca i npOH3BO.Il51Wero Kpyra Met151eT 

3ttaK: 

_ri_ (3.4) F= ., 
4em 

rae 
rei . 2 e =l . 

(3.5) 

TaK KaK s pen51THBHCTCKOH TeopHH ,!l.HpaKa Jlll51 cso6o.nHoro 3JleKtpoHa [ 15] ypas­

ueHHe L{Bl·liKemUI KB3HTOBOH TOlJKH. 33nHC3HO 6e3 ~eTa ero CTpyKTypbl, B 3TOi-1: 

TeOpHH K3)1(Ll0MY npOCTp3HCTBeHHO-speMeHHOMY C06MTHID COOTBeTCTB)"eT nepe­

MeHHilll +. 
Z=e-'oo. (3.6) 

B cn)'llae rpasuTaUHOHHoro 833HMO.aeHcTBH51 CMena JHaKa s (3.3) otJeBHJH!a. Top­

MO)KeHHe 8 cnyqae 3JleKTpOMarHHTHOrO 833MMO.UeHcTBI-151 npnBO.ilHT, K3K HJBeCTHO, 

K aHHl-1fHJ151UHl-1. B peJynhTaTe MO:+eHo BhtcKaJaT~> npennoJIO)KeHHe, -liTO ytteT uy-
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PHc.3. lfeTblpe B03MO;i<Hh!X nonapHO 3CpKalbHbiX UHK.ilOHll.<l..lbHbiX IlBU)f(C!IH~ MaTC· 

pH3JlbHOii TO'-lKH B UHCpUH3.>1bHOM npocrpaHCTBC·BpeMCtHI 

T3llHH B peweHH51X ypasHeHH51 3Hnepa CHHMeT llBYKpan!Oe BhlpmKlleHHe riO 

f=J±f C ypOBHeil 2SI/Z H 2Pl/Z B aTOMe BOIIOpOIIa (16]. 

803M0)f(H0CTh OnHC3HH51 p33Jll.ilJHI>JX <fJI1JHtleCKHX CBOHCTB MUKpOnpoueCCOB 

npe,aCTaBJieHa H3 pHC.2, Ha KOTOpOM Jt,eMOHCTpHpytoTC~ p3311114Hble rapMOHHlJeC­

KHe KoopJtHuaTM c TOliHOCThiO no o6o6weHn~>JX npeo6pa3osamtH nopeuua s rep­

MHnax ¢>oKa [ 17]. conep)KaWHXC51 s UHKJIOI1.naflhnOM peweun11 ypasueHHst 3Hnepa 

[ 12]. Co.nep)f(aHHe TaKoro Ha6opa rapMOHHllecKHX KoopnnuaT c TOliHOCTbJO .no 

o6o6menu~>Jx npeo6paJosaHHH JlopeHua s lUtKnon.nanhHOM pewemm s uuepuu­

aJlhHOM npoctpaHCTBe-spe~teHM ( L34) c ntnepsanoM ( 1.29) suocur He TOJibKO Ma­

TeMaTH'-leCKyw npOCTOTy, HO t1 tl03BOJ151eT p33J1Hl.J:3Tb BHeWHIOIO 11 BHyrpel!l-11010 

Ja.ua4H. BtteWH5151 Jauaqa 113)11-taeT .LlBH)KenHe J-mepuHanMihiX npoctpaHctseuno­

speMeHHbiX C06l>ITHH, a BHyrpeHII51st - JlBH)f(et!He BllytpH CHCTeMhl CB513UIIllbiX 

Me)f(_ay co6oH C06hiTHi-1: C )11-teTOM spaweHI151 C3MOH CHCTeMbl B UeJlOM. TaKaH COB­

MeCTH351 nocrauosKa Janaq cornactto yKa3aHI110 ¢>oKa [ 17] cs51Jana c sonpocoM o 

Bbl6ope CHCTeMbl OTClJeT3 Tl-tna KonepHHK3. 

UHKllOH.UanhHOe pewet~He ypasHeHH51 3Hnepa onHChJsaeT tJeThipe BOJMO:.KIIhiX 

.ll8H)KeHH51 MaTepHaJlhHOi-1: TOI..J:KH - K3)1(.ll0e B OT.[leJll>HOCTH 8 nOJIHOM COOTBeT­

CTBMH C npHHU11nOM naym-1 (pHc.3), KOTOpble 3epK3JlbHbl TOJihKO 11011Upt!O 1-13-33 

OTHOCHTeJihHOCTH «sepX-HH3», npucyrCTBYtolUefi B J-lllepUHaJlhHOM UpOCTpUHCT­

se-speMeHH H3-3a HaJ111lll151 rpethero cf>HJH'-leCKoro H3MepetHt51 c paJMepnocthKl pa­

.llHaH [9,12,17]. TaKHe .nsu)l(eHI151 M. T04KH, ec1111 npoauamn11posarh ux BOJIIIOBbJe 

$)'l1KU11H [ 12 ], 0K33bJB3eTCst, 3aJlQ)f(etlbl 8 '-leTblpexp511lHMX MaTpiiUUX Ll.HpaKa [ l 5] 
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8 pa~tKaX 3a.LI3tfH OlliiOfO TeJia ( 14] 00.il06HO 1IByXp5HlflhiM MaTpliUaM 0aymt, KOTO­
phte 8B0lUIT 8 TeOpWO 1183 BOJ~IO::KifhiX COCTOS:UHf$1' CIHIH3 3;1eKTp0t!a. 4T06ht nepe­
Kph!Th nepeXOllhl 3.'IeKTpOU3 UJ COCTQ5HIH51 C OOJIO::KHTeJihtiOH 3t!eprueif B COCTO.SI­
fHle C OTpJ.tUaTeJihtfOH 3HepmeH nOll B!BI51.HJ.teM 3JleKTpOMarHHTHOf0 JJOJ151 8 CJJytlae 
H3XO:.+::.ileHH51 ero 8 HeM, JlupaK 88eJJ «nOJ~ITpOHHhtH 83KYYM», T.e. clJHKTH8flhlif 
«OOJUihlif ua6op» 3JieKTpOH08 B C0CT051HH51.X C OTpHUaTeJihHOH 3Hepn1eH, 00Hpa-
51Ch Ha npHt11U1n naynH H 8 K3KOM-TO CMhiCJie 0606Wa51 flOH.SITHe 33flOJIHeutiOH 
060JIOYKH aTOMa, OTpHUaTeflhHh!H 33p51ll KOTOpOH HeifTpamnyeTC51 OOJIO>t<HTeflh­
HhiM 3ap51.UOM aToMHoro SI.Upa. Cornacuo ¢laKy, npm.teneuHe nownmr «nonuoro 
Ha6opa» K TeOpHH noJHTpouo8 He 518mreTCH norHYeCKH 6eJynpe4HhiM. Bo-nep8hlX, 
Hcxo.auoe npe.acTa8neuHe o «HeHTpamno8atntOM nOIIHOM Ha6ope» 51.BJJ51eTCSI Hecjm­
JWJecKHM HJ-33 OTCyrCTBH51 clJH3Hl.feCKOH npH4Htlhl Hef..iTp3mf33UHH T3K0f0 Ha6opa 
OllHOHMeHHO 33p51)KeHHhiX '-13CTHU. 80-8T0pb1X, C3MO OOH51THe «OO!IHOfO Ha6opa 
COCT051HHft» J.IMeeT M3TeMaTH4eCKHif CMbiCJJ TOJJhKO TOr.Ua, KOrll3 3TH COCT051.HH51 
llHCKpeTHhi. B cny1.1ae .IKe cnnowuoro cneKTpa OTJJH4HTh «IlOJJHhiH Ha6op» OT «He­
nonHOfO» He803MOIKHO H HCXO.UHOe flOHSITHe TeOpHH «003HTpOHHOrO 83KYYM3» 
JIHWaeTCSI MaTeM3TH'-IeCKOf0 CMbiCJI3 ( 14, C.374 ]. 

B HuepuHanhHOM npocTpaucT8e-8peMeHH «lfaCTHUhi» H «3HTH'-IaCTHUhl» 
«pO>Kll3fOTC51» H «)'HHY.TO.IK3fOTCSf>> 8 peJyJihT3Te 833HMO.UeifcT8H51 Me.IK.UY C060if, a 
«TOfiK3.51 CTPYKTypa» wx KsaHTOBb!X xapaKTepHCTHK o6ycnosJJeHa 833HMo.aeHCT8H­
eM c ycpe.aHeHHhiM rpa8HTaUHOHHhiM noneM, HH.UYUHposaHHbiM MeTaranaKTHKOH, 
npe.UCT3BJ151fOW.HM H3 Ce6sr Ca\fOCT051TenbHOe B33HMO.UeiJCT8He C M. TOl.fKOif, fl0-
CT051HH351 KOTOporo 33BSI3aHa C (X TOHKOH CTp)'KTYPhi peJUITHBHCTCKHM COOTHO­
weuHeM MC;tlly flOJIHOH 3Heprneif H «3Heprneii nOK051», HMOYflbCOM H MOMCHTOM 
M. T04KH npH UHKnOHllaJibHOM llBH>KeHHH ( J 2). 

Hanwme acHMMeTpHH Me)K)ly «8ew.ecT80M» H «attTHsew.ecTBOM» s HHepuw­
a!lbiiOM npocrpaHcrse-speMeiiH ( !.34) c mnepsanoM ( !.29) CBH3aHo c o6na.rtaHHeM 
HM t.JeTtiOCTbfO, co.aep)KameH o.uuospeMeHHO TpH onepauHH CHMMeTpHH CPT-HH-
8apHaHTHOCTH, KOTOpOe CTaJJO BOJMO;t<HbiM OOCJle YCT3HOBJJeHHSI clJH3HY.eCK0fO C0-
.UCp>te3fiHSI Jap51..aa (3.1). Oo3TOMY JepKanbHOe llBH>KeHHe M. TOt.JKH MO)f(CT «pO)f(­
.aaThC.SI» TOJJbKO s nape s npouecce npespaiUeuHH, perynwpyeMhiX JaKoHaMH co­
xpaueHH51, KOTOph!e CO.Uep)K3TCSf 8 T3KOM HHepUHMbHOM npOCTp3HCT8e-speMeHH C 
TpeMH <jJH3H4eCKHMH H3MepeHHHMH ( 12]. 

B peJyllDTaTe, K3K H npe.acKa.JaHo .QHpaKoM [2], s paMKax yKa3aHHOro HM 
0606WCfHI51 K83HTOB0ii MCX3HHKH C UeJlbfO OOJJytleHH51 ypasneHHii ,UBH.IKeHHSI 8 
cfJH'lHKe BhiCOKHX 3HeprHif ( 18], O.!lHO HJ cj>)'Hll3MCHTaJJbflhiX OOHSfTHif - TeOpH51 
«ri03~1Tp0HH0f0 83KYYM3» - 0K3JaJJOCb He80CTpe6083HHbiM, T3K K3K B ypasHeHHe 
JlHpaKa HM JaJJO>KeHhl 803MQ)KHhJe COCTOSJHHSI llfl51 lJeTbtpeX nonapHO JepKaJJhHhiX 
C06i>ITHif 8 p3MK3X 3a.D.34H 0.£(H0f0 Tena (OTCfO.Il3 npOTHBOpel.fH80CTh) 00Jl06HO 
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.asyxyposHesoH reop~lH reHJeH6epra, B KOTOpoii, OJlltaKO, CB.SI3biBUIOTC51 KBUUTOBbJe 
xapaKTepHCTHKH .UByx BOJMOIKHhiX COCTOSJHH~i .UJ15l OlliiOrO 3JieKTpOUU B aTOMe B 
BH.Ue .UByxpRUHbJX MUTpHU, nepeXOllhl MeA<.ay KOTOpb!MH Ha6.1f0ll3CMLI. Bee 3TO CO­
macyeTC51 c 3UMel.faHue~t ct>oKa no aapecy peml.THBHCTCKOii Teopmt .U.upaKa: nosts­
.nemte «IIOMHMO emma BTopon suyrpeHHeii CTeneuu cso60llbt 3JieKTpmw» «tie 
MQ)KeT 6b1Tb HCTOJlKOBUHO B paMK3X 3a.n.3l.fH OllHOrO Tena: TUKOe TOJIKOBUW!e npo­
THBOpeYHJJO 6bi QCH0B3~1 K83HTOBOH MeXatiHKU}>, tlCCMOTpSI «H3 cf>opMU.rlbHYfO 803-
MOIKHOCTb OOCTaHOBKU 3MUYH Olll!Oro TeJia (3JJCKTpotiU) B Ja.nat!liOM BHeWHe~t 
3neKTpoMarHHTHOM no.ne, cornacyKJwefica c Tpe6osamteM Teopuu OTHOCHTe.'Ib­
HOCTH» ( 14, C.291,373j. 

B HTore, KpUTHttecKHe JaMettanust 3HuwTeiiua [3} u !lupaKa [ 1,2,181 no au­
pecy C06CTBeHHhiX cjJyH.U3MeHTa.rlbllbiX rHnOTe3, o6pa3yi011U1X COBMeCTHO C clJyu.na­
MeHTMbtiOfi rHnoTeJoii .ae EpoHnsr cospeMeHHOe cjJHJU4eCKOe npe.acTaBJletnte o 
MHKpo~mpe, yKa3htBaiOT ua uey.uosneTsopemiOCTb MaTeMaTHYeCKHMU oclJopM­
neHH51MH 3THX fHOOTe3 H OC06emt0 OyNIMH HX JlaJlbHeffwero pa3BUTH51. 
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3opnH r.H., 3op11H A.r. 
CHMMCTpU4HOCTb COOTHOlllCHHii HeOnpe.aeneHHOCTH reibeH6epra 
OTHOCHTCJlbHO p33MCpHOCTCii cfJH3HtJCCKHX H3MepeHHJ1 

?2-98-39 

Y CTaHOBllCHO, '-:ITO CHMMCTpH3083HHbiC COOTHOlllCHHSI HCOnpe.aeneHHOCTH C0-
,aep%3T KBaHT0BO-MCX3HH\fCCKHii BOJ1Y:OK B K31.JCCTBC cfJH3JiliCCKOfO 06DCKT3 C 
KopnycKyJI.HpHO-BOJlHOBbiMH CBOfiCTB3~Ui .ne 6pofiJI5:1, npHCYfCTBHC KOTOporo HCB03-
MO::KHO ycraHOBHTb, OCT3B351Cb 8 pa~fK3X CHCTCMbl fiOHSITHii cf>aJOBOfO npocrpaHCTB3 
KB3HTOBOif MCX3HHKH. TIOilyt-ICH3 M3TCM3THtiCCKasl cpopMyliHpOBKa npHHUHna ,UO­

nOJUHHCJibHOCTH Dopa. 06ocHosaHo, '-ITO perneHHe ypasHemm .llBmKeHHSI KB3HTO­
so-MexaHwiecKoro BOJlt.JKa B o6o6weHHOM npocrpaHCTBe-speMeHH MHHKOBCKOro Ha 
MHKpOMHp C aTOMapHOIMH MaCIDTa6a~m H f.laC3MH, KOTOpble CnettyEOT H3 peweHW1 
ypaRHeHHH feii3eH6epra OOClle CHMMeTpH3aUHH COOTHOllleHHH: Heonpe.aeJieHHOCTH, 
He CO.UepJKHT paCXOJlHMOCTeH no Macce H .:meKTpH'·IeCKOMY 3apH.Uy. 

Pa6oTa BhinOnHeHa s Jla6opaTOpHH •JlepHb!X npo6neM 0115111. 
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It is established that symmetry uncertainty relations contain a quantum 
mechanical top as a physical object with particle-wave properties of de Broglie, the 
presence of which was impossible to determine in the frame of the system of phase 
space conceptions in quantum mechanics. A mathematical formulation of the Bohr 
complementarity principle is obtained. It is substantiated that the solution of the 
equation of motion of the quantum mechanical top in the generalized Minkowski 
space-time on the microcosm with atomic scales and clock, which are followed from 
solutions of the Heisenberg equation after uncertainty relations symmetrization, do 
not contain divergences to ma'is and electric charge. 

The investigation has been performed at the Laboratory of Nuclear Problems, 
JINR. 
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