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}'AK. 533.l 

3Ta KHllra 5!BllJI3Cb IlOCJiet(Heii pa6oTOi'I Kpym10ro 

4JpamLy3cKoro y'!eHoro J1eona l3pHJIJII03Ha. B ueil on, 
HCHOJ!b3YH MeTO)lbl airnml3a onepauH~!, HCCJie,11,yeT, YTO'I• 
HHeT ll rrepecMaTp1rnaeT OCHOEHbJe IlOJIOJKeHHll cneu:i1· 
3JibHOH ll o6meii TCO\JHH OTHOCHTCJibHOCTH 3l'mwTeiina. 

AsTop np11xoAHT K BbJBOAy, 'ITO 06rn.y10 Teopmo 
OTHOCHT€JlbHOCTH c.1e)J,yeT paccMaTpHBBTb TOJibKO KaK 
HeKOTopoe npH6JimKeHHe K )1,ettCTBHTe.%HOCTH H 'ITO 
ona Tpe6yeT cepbe3Horo yrnqneHHll H nepecMoTpa. On 
aHaJI!i3HpyeT \lHA TeopeTH'leCKHX II 3KCnepuMeHTaJJbHblX 
npo6JieM: KaK na6JIIOA3Tb rpaBHTaUHOHHb!e BOJ!Hbl, KaK 
ll3MepHTb HX '13CTOTY Ii CKOpOCTb, KaKHe rrpHMeHeHJ1ll 
OHH MOrJJH 6hJ H3HTH B qlll3!1Ke, KaK c IlOMOlll.b!O rpa
BHT31.\HOHl!Oro a11aJiora Jia3epa - «rpa3epa» - yqe11bie 
MOfJJH 6b! ycTallOBHTb, pas11a Jlli CKOpOCTb pacnpocTpa
HeHHll rpaBllTaUHOl!HblX B0.111 CKO\JOCTH CBeTa. 

l(m1ra npe)J,cTaBJIHeT 6oJJb!IIOH HHTepec 11 )1,Jlll cne
uua.~11cToB H )lJIH WHpOKOfO Kpyra 'lliTBTeJJett, llHTepe· 
cyJOllJ.HXCll COBpeMeHHblMI! npo6JieMaMI! ¢H3HKH. 

PeoaKu,uR Aureparypbt no <fJusuKe 

HH}J.. 2-3-1 

61-72 



fl peiJUCAOBUe peOal'-TOpa nepeBOOa 

CTpe.rr.JiaraeMaH BHHMaHHJO ~rnTaTemi: KHnra Jieona 

5pnJIJII03Ha BblllIJia B CBeT B opnnrnaJie IlOCJie CMepTH 

aBTOpa, BbI,LJ,aIOmerorn cppaHUY3CKOro yt!eHOro, KOTOpblH 

BHec cymecTBeHHblH BKJia.LI. B cpH3HKY rnep.rr.oro Te.'Ia H 

Teopmo nHcpopMarurn. Ona, HecOMHenno, sacJiy.>1rnsaer 

npncTaJibHOro BHHMaHHH, IlOCKO.TlbKY JI. 5pnJIJI!03H I101l· 

XO.lUIT K npe,nMeTy c HOBbIX Il03HUHH, yqHTbIBalOlllHX no

CJiemme ,Ll,OCTH)KeHH5I HayKH. 

3TOT IlO,Ll,XOll npe)K.rr.e Bcero COCTOHT B TQqHOM aHa· 

JIH3e OCHOBHbIX IIOJIO)KeHHH cneutta.'lbHOH H OOilleH TeO· 

pHH OTHOCHTeJibHOCTH Ha 6ase onpe.rr.eJieHHH cpH3HKH KaK 

::iKcnepnMeHTaJibHOl'i HayKH. Hn o.rr.Ha cpH3nqecKa5I reo

PIIl'f He MO)KeT npeTeH.LI.OBaTb na TO, qro ona .rr.aeT ao

COJI!OTHO sepHy10 KapTHHY npHponbI. Bcer.rr.a cymecrnyior 

rpaHHUbl rrpIIMeHIIMOCTH TeOpHH, BblHBJIHeMblC rrpH cono

CTaBJieHHH TeopHH c 9KcnepHMeHTOM H yroq1rneMbie npu 

flOCTOHHHOM cpaBHeHHH ee c HOBbIMH OIIbITHblMH .rr.aHHbl· 

MH. CKa3aHHOe, pasyMeeTCH, OTHOCHTCH H K Teopnn OT· 

HOCHTeJibHOCTH. 

CneunaJibHaH TeopnH OTHOCHTeJibHOCTH, no saMbICJIY 
9i1HllITefiHa, ,noJI):!rna obIJia Jiortt4ecKn BbITeKaTb H3 

npHHUHTia ITOCTOHHCTBa CKOpOCTH CBeTa H o6o6meHHH 

npnmrnrra OTHOCHTCJibHOCTH ( COBpeMeHHaH IlOJlliaH ee 

aKCHOMaTnKa cpaKrnqecKn BKJIJOqaeT 3Ha qHreJihHO 60J1 b· 

me rroJioJKeHm1). Eha Teopmr nMeer qpessb1qafrno y6e.rr.n· 

TeJibHbJe 9KcrrepttMeHTaJJbHbie 110.ll.TBep)K.rr.eHHH, JJ.OCTaB· 

mieMble 51.LI.epHOH cpH3HKOH, 11 110 cymecrny Jle/KHT B OC· 
HOBe 51.LI.epHoii 3HepreTHKH. 3.ll.CCb pe'lb MO}!{eT H,ll.TI{ 

JJ!llllb 06 yro4HeHHH 06.JiacTH rrpnMeHHMocrn reopHH H 



6 fl peaucA06Ue peaamopa nepeeoaa 

6oJiee Till,aTeJibHOH npoBepKe 3KCIIep11MeHTaJibHbIX cpaK· 
TOB, Ha KOTOpbIX OHa OCHOBhIBaeTCH. 

lho JK:e KacaeTCH o6rn,eii TeOpHH OTHOCHTeJibHOCTH, 
TO BOnpeKH .ll.OBOJibHO urnpOKO pacnpocTpaHeHHOMy MHe· 
mno Moryqee coopym.eHHe 3TOH TeOpHH IlOKOHTCH Ha 
CTOJib rnaTKOM 3I<CnepHMeHTaJibHOM cpyH)laMeHTe, qTo ee 
Mom.Ho 6brJio Obi Ha3BaTb KOJioccoM Ha rJIHHHHbIX Borax. 
B caMoM .n.eJie, 3TOT cpyH.n.aMeHT a HacTo.nrn,ee BpeMH 06· 
pa30BaH Bcero JIHillb .ll.BYMH acTpOHOMHqecKHMH HaOJIIO· 
.n.emrnMH ( cMern,eHne nepuremrn MepKypttH H oTKJIOHe· 
Hl:!e CBeTOBOro Jiyqa npu npoxom.)leHHH OKOJIO )lHCKa 
ComhJ,a) H OJ1.HHM Ha6mo)leHtteM Kpacnoro cMemeHm1 
B noJie 6oJibllIOH MaCCbI (KoTopoe MO:>KeT obITh o@o51cHe· 
cHO H Oe3 IIpHB.nexrettmI OOill,eH TeOpHH OTHOCHTeJibHOCTH) • 
.[leJiaIOTCH TaK2Ke IlOilblTKH .o6'bHCHHTb c IlOMOill,bIO 06-
meif TeOpHH OTHOCHTeJibHOCTl':I TaKHe 3cpcpeKTbI peJifffli· 
BHCTCNoii acrpocpH3HKH, KaK peJIHKTOBOe :HsJiy11eHHe, pas· 
6eraHHe raJiaKTHK (3cpcpeKl' Xa66Jia'). 

DoJiyqaercH napa.n.oKcaJibHaH Kapnrna. C o.n.Hoii ero
poHbI, o6rn,aH reopH.fI OTHOCHTeJibHOCTH 5IBJIHETCH oeHO· 
Boil:, Ha KoTopoPi paspa6arbIBaIOTCH eaMhle romme Me
TOJJ.bI HCCJJe,ll,OBaHHH MH:pa ( TOITOJI<ilrHtieeKHe, HHBapttaHT· 
F.o•rpynrroBhie, paecJioeHHhIX MHomo6pasnii n T. n.), 
B Heil npHMeHflIOTCH TaKHe H3Hlll,Hhle aHaJionrn, KaK 
KBHHTOBaHHe rpaBH1'8llHOHHOro lIOJIH, a c .n.pyrof1 _,OT· 
cyrcTByeT Till,aTeJibHaH :3KenepHMeI-ITaJihHa.H npoBepKa 
OCHOBHOH aKeHOMhl 3TOH TeOpHH, OTOLK,LJ,eCTBJI.HIOllleM 
noJie rpaBHTaIJ,HH c npocTpaHeTBemw-BpeMeHHblM KOH· 
'fHHYYMOM, He cymecTByeT OilbITHblX H3MepeHHI'i OCHOB· 
·HbIX BeJIIDIIIH TeopHH, HanpHMep 9HeprHH IlOJIH rnroTe
mrn. 

Ecm1, HanpnMep, ncTopHqecKoe pa3BHTHe KBaHTOBOH 
MexaHHKH IIOKa3bIBaeT IlOCTeIIeHHOe ee COBeprneHeTBO· 
Bam1e, «BspocJieHHe», Bee 6oJihillee noBhrrneHne ee roq. 
HOCTH 6Jiaro)la_p5I HfiKOnJieHHIO 3KcnepHMeHT8JibHOro Ma· 
-repnaJia H BKJIIOqeHHIO ero B TeopHIO, ro o6ma.H reop1rn 
OTHOCHTeJibROCTH )lO enx nop merOJIHeT B KOpOTKHX 
lliTaHHUIKax «BYH,LJ,epKHH,ll,a», KOTopoMy Bee II03BOJieHO 
H ,LJ,am.e - OCB060JK:,LJ,eHHe OT 3KCIIepHMeHT8JlbHOM npo
BepKH. .[lJIH HCTHHHoro tj>H3HKa T8KOe IlOJIO){{eHHe He
TepnUMO. 



flpeouc11oeue peiJaKropa nepeeooa 7 

Tio9TOMY caMbIM «ropHtrHM MecroM» B o6m.eit Teo· 
PHH OTHOCHTeJibHOCTH cero)l,Hfl 5IBJlf!eTC5l npa6.nei;rn ee· 
9KcnepttMeHTaJibHOro o6ocHoBaHHH. 3Ty rrpo6JieMy aTa· 
Ky10r c ABYX cropoH. Teopenurn rrbrraIDTCH ynpocntT;b 
06ru;y10 Teopmo, «mrneapHayH» HJIU «MaKCBeJlJIH3HPYH» 
ee no o6paauy Teop1rn aJJeKTpoMarnnTHoro 110JU1, c. TeM 
tITOObl y.naJIOCb HaUTH rryTtt K pa3yMHblM cxeMaM HOBbIX 
aKcnepttMeHTOB no rpaBinau.HH. Cpe,DJI 9KcrrnpHMenr,.uo
pos B 110CJie)l.HJie ro,ll.bl B03HHK HaCTOflill;HH «6yM»; CBfl-
3aHHblH c )J.eTeKTHpoBaHlleM rpaBHTaUHOHHblX BOJIH H3. 
KOCMOca (cero)l.Hfl 9TH Oflb!Tbl C.TaBJITC51 yme 6oJiee qeM 
B .nernTKe Jia6oparopufi paanbIX cTpaH). 

l1MeHHO B TaKHX cm:yaumi:x npuo6peTaJOT. oc.06y10 
L~eHHOcTb na.namrn, anaJiorwrnhie KHHre BpHJIJII03Ha. 
B Heil KaK paa· npHcyTcTsyeT To, l!To Hy/KHO cero.zurn 
iurn nocTpoeHHH reop1rn rpaBHTall.HH, - cospeMeHHbIH 
Hayl!HblH IIO.L(XO,U c HCilOJlb30BaIJHeM )l.aHHbIX TeOpHH qrn· 
SHtiec1rnx HaMepeHHii H Teopm1 1rncpop111au.11u. 

Tiepno.u. IlOlJTHTe.JJhHOfO BOCXHI1.l;eHH51 reHHaJihHOH rn· 
noTeaoll 3iiHuneiiHa aaROH11TIJic5l. Tenepb CJibillIHbI TH· 
)KeJihJe warn X0351HHa B cpH3HKe - H,L(eT ero BeJII:l'IeCTBO 
3KCnepV!MeHT, KOTopoMy TOJibKO ll .n.aHo CKa3aTb, 'ITO 
B .:>ro11 rnnoTe3e Haxo.nHT rro.znaep.tK.neHHe B rrpnpo.n.e, a 
lJTO CJie.n.yeT OT6pOCI:!'l'b. 

BpnJIJII0.9H B CBoeii KHHre HJJ.eT OT IIOH5ITIHI «Ha6JIIO· 
.n.aeMbIX», TeM caMblM BbI,Il.BHraH Ha nepnoe MeCTO IIOHH· 
Tirn H3MepeHH5I H mrcpopMalI,Hff, Ha KOTOpb!X cpoprvrnpyeT-
Cfl TeopmI. I1cnoJih3YH H3BecTHbie uccJie.n.onaHHH Bp11;n:m· 
MeHa\ OH HbITaeTC5J' npo)lO.'DKHTb KpHTHl!eCKHH aHaJ1113· 
cnell,HaJlhHOH H oom.efi TeopHH OTHOCHTeJihHOCTH. He 
CJie.ll.yeT O)l{If,l(<:ITb OT 9TOH KHHfH Bceo6beMJIIOru;ero aHa· 
JlH3a npe.n.MeTa, OHa JJHlllb nonbITKa TaKoro po.n.a aHa· 
JIH3a. mmce He ace BblBOJ{bl BpHJIJII09Ha SIBJI5JIOTCH 
OROHllaT·eJibHbIMll\ HO 9TO IlOilbITKa ytieHoro c HOBDIX no-
3HUHH' 110.lI.OHTH K HCCJie)lOBaHHlO Haapeaweil: npo6JieMbl. 
B KHHre BbI.D.eJieHhI TOJibKO BonpochI, oco6eHHo 6Jin3KHe 
aBTOpy, H onynr.eHhI He MeHee Ba:IB:Hbie rrpo6JieMbl, CTOSI
m.He Ha noseCTKe .ll.HSI . .UncKyccnoHHaH no co.nep)J<amuo, 
CBe:IB:aSI no cpopMe KHHra BpHJIJII0.9Ha aacJiy:>KHBaeT BHH· 
M<a.HHH urnpOKOfO Kpyra JIIO,n;eii, HHTepecy10nr.11xcn Teo-
p11eii OTHOCHTeJibHOCTli. - . 

;' 



8 n peiJuc.11oaue peiJa1uopa nepeaoiJa 

CpasmrnaH pa3BHTHe KBaHTOBOH TeopHH H Teop1n1 

OTHOCHTeJihHOCTII, asrop ,LieJiaeT pH,n mnepeCHb!X BblBO· 

,LIOB, B TOM qHCJle OTMetiaeT 3HaqeHHe CBOeo6pa3HOro 

CHM6H03a reopHH H 3KcrrepHMeHTa B KBaHTOBOH TeopHH, 

BeJIHKOJJeTIHOe ITOJl,TBepli{Jl.eHIIe CIIeIUia.'lbl-IOi'.1 ( qa CTHO}l) 

TeopHH OTHOCHTe,'lbHOCTII B 51ll,ep HOH q:nBHKe H, K CO>Ka. 

JJeHIIIO, COBeprneHHO He,ll,OCT8T0 1JHOe ODblTHOe no;noep)l\· 

)1,eHHe o6w.eif Teop1111 OTHOCHTeJibHOCTH. 0.rurnKo, 11cxo.nrr 

us .9TOro, aBTop .n.eJiaeT qepecqyp KaTeropw1ecK11e Bb!BO

J\bl ( «06w.a51 Teop1rn OTHOCHTeJibHOCTH - np11Mep oem!

KOJieITHOH MaTeMaTlilJeCKOH TeOpHH, noCTpOeHHOH Ha nee· 

i.:e», «KOCMOJIOnI51 - npHMep HaytIHOH cpa1nacnrn:H» 

H T. n.). Ehu BbIBOJ!.bJ MOIBHO 6b1JI0 6b1 06cyIB,11,aTb TOJJb· 

KO rrp11 HaJIHlJIIII TW.aTeJlbHOll apryMeHTaUHH aBTOpa, 

KOTopa51 B ,naHHOM cJiyqae orcyTcTeyeT. Ho np11tJ11Ha HX 

OlJeBH.II,Irn: npH cpaBHemrn c KBaHTOBOH Teop11eH:, Bblpoc

rnei1 Ha 3KCITep!lMeHTe, KaK 1rn .UPO)K}KaX, o6n~a5! TeOplrn 

OTHOCJITe.'IbHOCTil MHOro npo11rpbrnaeT - Ii HeBOJlbHO 3a· 

pOIB,LiaeTC51 «qepBb COMileHHH». 0cTaBJl5l5! KaTeropHtr· 

HOCTb cpopMym1pOBOK Ha COBeCTH aeropa, MOX<HO roBO· 

pHTb 0 TOM, lJTO o6w.aH Teoprrn OTHOCHTeJibHOCTH, npe.ll.· 

CTaBJIHH co6oi1 BeJIHKOJierrHyIO MaTel'viaTHlJeCKY!O Teop!HO, 

Tpe6yeT ll,JI51 CBoero eosee,D.emrn B pam qrnsw1ecKol"! Teo

ptt11 ew.e npoBepirn OITb!TOM, npoBepK!! Ha 3BPHCTlll!HQCTb, 

o6ocHOBaHlrn OCHOB!:!hlX cpll3lllJeCKHX se.TJHlJHH II COOTI-IO· 

meHII!'i: Me1K,iW HHMH. 

Ho ,Lia}Ke B paMKax cneunaJibHOfi TeopI-111 OTHOCH· 

TeJibHOCTH M011{HO yKasaTb pHA npHHUHn11aJibHhIX cooT· 

HoUieHHH, KOTOpble ew.e He,ll.OCTaTOl!HO 3KcnepnMeHTaJib· 

HO IlO,ll.TBep)i{,D.eHbI H BMeCTe c TeM cyruecTBeHHbl ,ll.JIH 

nocTpoemrn Teop11H rpamnaurrn. TaK, HbIOTOH npe,LinoJia

raJI, lJTO CKOpOCTb pacnpoCTpaHemrn rpaBHTaUHOHHblX 

B03MyW.eHHH paBHa 6ecKoHelJHOCTH. B paMKax cne

UHaJibHOH TeOpHil OTHOCJ!TeJibHOCTll CJle,LiyeT ClJHTaTb, 

'41'0 ::na CKOpOCTb He npeBbIWaeT CKOpOCTll CBeTa. 9i1H· 
IIJTeHH rrpe.nnoJIO)KI!Jl, lJTO OHa pas1rn CKOpocn1 CBeTa, HO 

IlOKa He cyw.ecreyeT 3Kcrrep11MeHTaJibHblX ,LiaHHbIX 0 CKO· 

pOCTll pacnpocTpaHeHHH rpaBHTaUHH ll aTOT BOnpoc OC· 

TaeTCH OTKpb!TblM. I1MeeTCH ueJib!H pH.LI TaKHX npo6JieM, 

ew.e .n<.n.yw.ttx SKcnep11MeHTa,TJbHOro peUieHHH. 



!lpeoucAoeue peoaKropa nepeaooa 9 

Mom.Ho 6brJio 6hr .nttcKyrnpoBaTb c aBrnpoM no noBo

AY Apyrnx yTBep:IB.Aennii, oco6emw Tex, KOTOpb1e Ka
caroTcH o6meu TeopH11 0Tnoc11Te,11bHOcTH. Kpm1rnyH sTy 

Teopttro H yKa3bIBa5l na Te HJIH HHbJe ee HeJJ:OcTanrn, ne
HCHhie IlOHHTHH HJHl crropnble yrnep)l{,LJ,eHirn (a OHH 

mweJOTCH B 3TOH Teop11H, rpe6yrDT pa3o5ICHCHHH, 11 'IHCJIO 

Hx npH 1KeJiaHHH MO:IKHO 6h1J10 6bl yseJiwrnTb no cpaB

HeHHJO c TeM, lJTO npl!BO.LI.HT aBTOp)' I3pHJIJl!09H HHOf Aa 
pucKyeT OKaaaTbCH B IlOJ!O)l(e!Hm l!eJIOBeKa, IWTOpblH 

BMeCTe c BO,!i.OH BbinJieCKHBaeT 113 uaHHbl H pe6enKa; OH 

3a6hrnaeT, lJTO pellh H)J,eT o Teopmr, KOTopaH nee me 

c BeJ111KOJiem10ii TOlJHOCTbl{) npe,ucKa3blBaeT KOJ!HlJCCT

BeHHO tta6Jim,l.l,aeMbie a¢cpe1<TbI H 1wropaH, npaB.a.a, eu~e 
Tpe6yeT 9KcnepuMeHT3JlbHOH nposepKH. 3TH Ol!eBH,UHhle 

coo6palliemrn:, HYH<HO JJ:yMaTb, 6y,ueT HMeTb B BH.LI.Y JII0-

6oii B.UYMlHIBbIH '-lUTaTeJih. leM nc MeHee pH.LI. ocTpbIX 
npHTHlJeCKHx aaMelJanuii, BbICK23brnaeMblX EpIIJIJII09HOM, 

HeJib35l c6pOCHTb co Cl!eTOB. 06maH TCOplrn OTHOCHTeJib

HOCTll )l.OJ!iKHa .Ll.3Tb Ha HHX OTBeT ll TeM caMblM samn.

THTh CBOe npaBO Ha cymecTBOB!HJHe. 

Cpe,uu paccMaTpHsaeMblX J3pHJI.'Il09HOM sonpocos sa

CJIY1KHB8IOT oco6oro BHHMaHHH cJie,uy10mne: reopm1 oT

nocHTeJJbttocrH H DOTeHl.I.IIaJibHaH 9Hepnrn; CKOpOCTh 

pacnpocTpaHeHH5I rpamnaUllOHHOfO B33HMO,UeHCTB!I5I H 

KBaHTOBhle aTOMHble lJaChI; acpcpeKT no1rnepa R cne
~H3JlbHOH TeopIIH OTHOCHTeJlbHOCTH. CTpn 06cy)!()lemm 

3THX BorrpocoB asrop, l!CXO,l.1,5! H3 COBpeMeHHblX TeXHll'!e

CKHX B03M01KHOCTei"l H3Mepemrn, rrepecMaTp!rnae·r f\b!BO

)J.bl cneu.1rn.7lhHOH reopHH OTHOCHTeJibHOCTH, H TaKOH aHa

JIH3 l!pe3BhllJ3HHO xapaKTepeu ,l.J,JlH cospeMeHHOH cpn3HKH. 
Bee yBeJIHlJHBa10mancH ro<rnocrh H3Mepemrn rrp1rnO.UHT 

3a 1rncryJO K KalJeCTBeHHO HOBblM BbIBO)l.aM. ::ho CCTe

CTBeimo H Heo6XO.LI.11MO .LI.JIH pa3BHB8!0Il(eHCH cpH3HlJCCI<Oil 

uayKH. CKaMeM, sonpoc ,uereKTHpOBaHHH rparrnrauuon

HbIX BOJIH, KOTOpb!H npH ITOJ!OlKHTeJlbHOM pelllCIIHH 

rrp1rneJ1 6b! K ITOJiylJettmo npllHUHIIH3JlbHblX pe3y;1bT3TOH 

JJ,JIH ITOCTpOeHHH reop1rn rpaBHTatl,HH, eCTb, no cy

mecmy, Bonpoc T0'1HOCTH JJ:eTeKTHPYIOill.HX yCTpOHCTB. 

ToJJhKO rrpn onpe.ueJieHHOM KJJacce To1rnocn1 .nereKropoB 
MOif{HO aacpHKCHpOB3Tb tiacTOTbl H 113MCpHTb HI!TeHCHB

HOCTb rpaBHT3ll.l1.0HHbIX BOJll!. CTolJTH DCC CBe)l.e1rna 06 



}Q fl peiJUCJl06Ue pedaKTOpa 11epe600Q 

8KcnepHMeHTaJibHOH TO'IHOCTH, KOTOpb!Mll pacnoJiara.11 
aBTOp, JJ.OCTaTO'lHO COBpeMeHHbl, H TOJlbKO B HeKOTop1;,1x 
cJiytiaHX npH II0,11.fOTOBKe pyccKoro H3,ll.aHHli KHHfH Il0Tpe
t5oBaJIOCb BBOJJ.HTh 6oJiee cospeMeH1u,1e .u.aHHbie. 

MO)l<HO TOJibKO np11coe.uHHHThCH K 33KJrIO<rHTeJ!bHOH 
cllpa3e aBTopa KHHrtt: «I1TaK, Tpe6yeTcH rpasep !», r .11e 
no.n &THM HOBbIM TepMlHIOM noJJ.pasyMeBaeTCH He4TO 
11HaJionPrnoe Jia3epy JJ,JIH ny4Ka rpas11ronos. Pewe1111e 
npo6JieMbI rpaBHTaUHH B HeKOTopoti o6Jiacrn, onpe.ue
.1rneMOH COBpeMeHHOH .9KcnepHMeHT3JlbHOH TeXHli.KOH, Ha· 
J:O,IUiTCfl He,ll.aJieKO OT nae, OT Hawero llOKOJiemrn, Mhl 
ll0,11.0lllJIH K HeMy, H cJie.l(yeT CJleJiaTb eme HeCKOJlbKO 
maroB B HY:>KHOM HanpaBJiemrn! Mo.>KHO AyMaTb - &To 
OTHOCHTCfl y:>Ke K o6Jiacrn HHTYHU.HH, - l!TO pa3ra;u<y 
OCHOBHblX HeperneHHbIX npo6J1eM Teop1m rpaBllTaUIUI 
np1rnecyT rpaBIHaUHOHHhle BOJ!Hbl, ecJIH OHM cymecT· 
lBYIOT. 11 e}lHHCTBeHHblll nyTh tj:JH3HtieCKOfO, a He TOJ!b
JCO ¢opMaJJbHO-MaTeMaTHI-reCKoro H 3a11acry10 cneKyJIH· 
.YHBHOfO, pa3BHTHH ytJeHHH 0 rpaBHT3UH1! npOXO)lllT qe
pes .rra6opaTopmo &KcnepHMeHTaTopa. 

Ha 3TOM TPYJJ:HOM nyTH KHHra BpHJIJIIOSHa, HanH· 
camraH c KpHTH'leCKllX D03HI..IJIH, ocooeHHO IIOJie3Ha, TaK 
J<aK arnop 6e3 JlHUIHero BOCXBaJieHHSI TeOpirn OTHOCH· 
'l'CJlbHOCTH IJO.'IHOCTb!O IIplI3HaeT ee sacJiyrn B cospeMeH· 
)!Ott Teope1'll1-lCCKOll ¢H3HKe H npSIMO CTaBin sonpocR· 
!fUJbHble 3Halrn TaM, r)J,e llX MO/KHO nocTaBlfTb. 

A. 3. flerpo~ 
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I1 peoucAoBue aBropa 

4TOObl cocraBHTb K3KOe-JIHOO npe)I.· 
craBJieHne o noroKe rpasnrau:nonnoii: .snep· 
rHH, HeOOXO)l.HMO npe)l(Jl,e BCefO 3TY 3Hep
rmo JIOKaJIH30BaTb. 3ra c11ryau:m1 narro
MHHaer JiereH)l.apnoro 3aliu:a 113 KyJ111Hap
noii: KHHrn. 0KalliercH JIH raKoe rrpe)l.cran
,1eH11e IlOJie3HbIM, 3aBHCHT OT IlOCJ1e.n:y10-
~HX orKpb1r11f1. Ha .sror cqer rmrnce 
HMeercH H3BeCTHall racrpo110Mw1ecKal! ana
JIOf!lll. 

Xe B !I ca ii .n:. 1893 r. 

CTocJie TOrO K3K 6b!JI3 ony6JIHKOB3Ha MOH IlOCJie,n:

HHH Kmffa 0 HaylIHOH neonpe).leJieHHOCTH ( 1964 r.)' H 

CMOr 06Jierqe1rno B3.Il:OXHYTb H npHCTYilHTb K TeM npo· 

6JieMaM, KOTopb1e na speMH OTJIOJKHJI B crnpoHy. HeKo

TOpb1e H3 HHX npe,z:i:craB.rrnJIHCb MHe LieTKO ccpopMyJ1Hp0· 

B3HHbIMH, 110 11eperne11HblMH, Tor,z:i:a K3K .upyr11e npo,n:OJI· 
:maJIH OCTaB3TbCH /(OBOJibHO TyMaHHblMll 11 rpe6oBaJIH 

TLUaTeJibHOro 06,z:i:yMbIBaHHH. 

5I pern1rn npoaHaJIH3HpOB3Tb HeKOTOpble noJIOJKeHHJI 

TeopHH OTHOCHTeJibHOCTI1 no.u HOBbIM yr JlOM 3peHHi1 H 

B HeCKOJ!bl{Q He06b!'lHOM Wialle. 0yrerneCTBOD3Tb B,[(OJ!b 

CTOJI6oBhIX .n:opor Herpym10, CTpancrn11e JKe no 3a6bITbIM 
TpOnl1HK3M M02KeT nprrnecTH Ha KaKy10-H116y,n:b HeII3Be· 

CTHYI-0 BeplllIIHy, c KOTopofl B,n:pyr OTKpbrnaeTCH ne1'1· 

3a2K neo6bJKHOBe1rnofl KpacOTbI. Ha npoTHJKemrn ncefl( 
HayqnoA ,z:i:eHTeJibHOCTH MeHH BJieKJIO K npo6JieMaM, 803· 

Hl:l~3IOLU11M Ha rpa1mu.e o6JiaCTH npHMeHHMOCTH reo

PliH, K TeM MaJio II3BecTHbIM 3011aM, r,z:i:e OHH rpaHwrar 

c 06JiaCT5!Ml:I npHMe1111Mocr11 .npyrnx Teop1:1i1. KaK onH· 

caHIIe, .nasaeMoe nepnofl Teop11efl, coorBercTByer Kap

nrne, BbITe1rnror.ueii 113 BTopoA Teoprm? Hanp11Mep, KaK 

npII UOMOLUH BOJIHOBOll 11 KOpnycKymipHOH Teop11i'! IIOJiy· 

lIHTb CXOJLHble H cornacymr.uaecH c 3KCnep1IMeHTOM pe· 

3YJibT3TbI? Kor,z:i:a M02KHO ncnOJib30BaTb re0Merp11i1erny10 

onnmy H Kor.na - BOJIIIOBYIO Teop1110 csern? Bosnpa

U(aHch K Teop11H OTHOCHTellbHOCTH, - Kor.na H K3K OHa 

nepexo,n:IIT B KJiaCClll!eCKYIO MeXaHHKy? 

B K32K.Il:OM 113 3THX npIIMepoB MO.tKeT D03HHKHYTb 

JII06orrbITHaH CHTyaI.J.HH: uuor.n:a (no ue CJIHWKOM qacTo) 
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OJ.(HO Ii3 pewerrnii sa.n.a•m MOLKeT OKa3aTbCH CXO.ll.RUI.HM· 
CJI PR.ll.OM, uepBblH l!JJeH KOTOporo COOTBeTCTByer uepsoii 
TeopuH. QqeHh qacro pRA MO.IKeT oKa3aTbC5l noJiycxo.1u1· 
IIUIMCR, Tor.na ero MOJKHO HCIIOJlb30BaTb TOJlbKO JlO on· 
pe,neJieHHOfO qJieHa pH,na. flpH 3TOM OH oy,n:eT .UOCTaToq. 
Ho xopomnM npHoJm)KeHHeM K. pewemuo, .n:asaeMoMy 
,ll.pyroii reopHeii: B norpaHHqHoii: ooJiacrn. 



·.BBEJJ.EHHE 

UeHHOCTb HayqHoii TeopHH 3aKmoqaeTCH B ee cno· 
co6Hocrn npe,n:CKa3bIBaTb. B KHIIre ~I;il:l..Y.~!1!aH_J!~Qill>.<:!4<:!: 
JieHHOCTb H l!tIJRQP_MJW.WL>> [l] no,n:qepKHBaJIOCb, qTo Teo· 
pttH T .iiae:r" npasttnhHhre peayJihTaTbI c onpe.u.eJieHHoif 
.!l'JaKCHMaJibHOH OlllH6Koii e TOJibKO B npe,n:eJiax o6JiaCTH 
ee npttMeHHMOCTH D. He cJie.n.yeT y.U.HBJI.HTbCH, .ec.rm nptt_ 
CIOf!~1'K~ Ilj)HM.eHHTb TeopHIO am~ npM.eJIOB ~roii o6JI_ac.TH 
.noJiy_1,1.aTc51 secbM.a olllli6.Q'll:IbH! .peay~hTaTbI. Bcer.u.a HH· 
TepecHO HCCJie.U.OBaTb norpaHHqHyIO SOHy, r.rr.e o6JiaCTb 
np11MeHHMOCTH D1 Teop1111 T1 npHMbIKaeT K o6Jiacrn np11-
MeHHMOCTH D2 Teopmr T2• TaKoe Hcc.rre.n.oBaHHe MoLKeT 

.B Ka2K.U.OH ll3 3THX TeopHH BblflBllTb HeqeTKO ccpopMyJUI· 
poBaHHhle npe.U.TIOJIOLKeHHH. 

JI106aH TeopHH co.u.eparnT pR.U. BeJIHqHH, KOTOpbie 
MOJI(HO 3KcnepHMeHTaJibHO lISMepHTb, ll BeJIHqllHbl, KO
TOpbie 3KCnepHMeHTaJ!bHO Ha6JIIO.U.aTb HeJib3H. nepBbie 
Ha3blB3IOTC51 Ha6AIOOae,Ubt.MU, BTOpb!e - Het-ta6A10iJae
AtblMU. Me.tK.rr.y HHMH He Bcer.u.a ,n:eJiaIOT qeTKOe paaJIH· 
Lille, H MHorrre aBTOpbI, yTBepm,n:aH, qTo Te HJIH IlHbie Be
.rmq11HbI HBJIHIOTCH Ha6JIIO,!J.aeMb!Mll, llCXO.U.HT npn 3TOM 
H3 npOH3BOJ!bHb!X onpe.n.eJieHilH, KOTOpbie He COOTBeT
CTBYIOT HHKaKHM cpHSHqecKHM 9KCIIep11MeHTaM. 9To Be· 
]leT K npOTHBOpeqHHM H napaJlOKCaM, KOTOpbIX BO '-ITO 6bI 
TO HlI CT8JIO CJie,n:yeT us6eraTb. B 9TOM BOnpoce fl npH· 
.u.ep)K11Ba10cb cTporofl ToqKn spemrn H npeJJ.noJiara10 
( cJie.u.yH Bp11,n:.tKMeHy), !JTO ~-~l!--~-<:_{!_l!~!!J.:la HBJIH~T
CH Ha6J110,n:aeMOH TOJlbKO TOf,!J.8, KOf,!J.8 .llJIH ee Ha6JIIO· 
.u.eiiiifl-·Mollifio· yi<_?~·a.+_I:;-jforo.iCu.n.ai'b ·noJJ.poonoe onH_ci-
HHe "3"KcnepnMeHT8JlbHOH ycTaIIOB~H. . . 
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Ecm1 3TO BbICTOJIHeHo, To Mollrno roBopHTb, tno Teo

pm1 T1 onHcbrnaeT B npe.ue.11ax 06J1acTH Dt CB513H Melli.UY 

Ha6mo.uaeMbIMH Ot, a TaKMe pa3JII1'IHbie CB513H, BKJIIO· 

tJaIOllJJie HeHa6.11IO.naeMbie U1. 3TH .uono.11HHTeJibHbie CB51· 

3H MOryT 6blTb 11CDOJ!b30BaHbl B Teopu11, HO OHl1 He 

ttMeIOT cpyHJI.aMeHTaJibHOro sttatJeH115l. Ha rpaa11ue 06-

.11acTei1 D1 II D2 cooTHOllleH11H Me2KJI.Y Ha6mo.uaeMbI· 

MH 01 11 02 JI.OJDKHbl HaXO,UHTbCR B TeCHOM COOTBeT

CTBHl1, HO Me*JI.Y Hena6.11IO.naeMbIMH U1 11 U2 cooTBeT

CTBHH Mo:tKeT 11 He 6b!Tb. 0TCYTCTB!le TaKoro COOTBeT

CTBHH, eCJIH OHO oroBopeHo, He HMeeT 6oJibllIOf0 

3HalJeHIUI. 

H 3,Uecb BpeMH 3a,11.aTb caMbIH Ba)!{HbIH sonpoc: 

«B IWKOU CTeneftu .Mbl MOJ!CeM iJosepRTb Hay<tflblM rep
p1ufii1"l! OTBeT .uomKeH obiTh-1iOC'TafOW--o--QCTO'Po;Kli'b1M: 

ili Bb!COKOH, HO He CJ!HllIKOM BbJCOKOH!» JlJIH Bcex Teo

pm1 cymecTByIOT orpaHHlJeHHH, Bee .2!H1 .. «xopoum» .no 

Of!.fl~}LeJieHHOH c:erreHH H Ba onpe,UeJ!eHHbIX rpaHH~~X. 
0HH He npe.ucTaBJIHIOT co6oH «npaBJI.Y Il TOJ!bKO npaB

n,y ... ». Bcm~aH Teopirn ocHOBbIBa_eTCH Ha TllJ.aTe.llhHO 

npoBe,UeHHblX 3KcnepHMeHTaX, OJI.Ha KO HX pesyJibTaTbl 

MoryT 6bITb no.11ycreHbl TOJlbKO «C TOlfHOCTb!O JI,9 B0,3· 

Mo:tKHbIX OllJH60K», T. e. Ollll16Kl1 3aKJIIOlfeHbl B onpe.ue

.71eI-IHbIX: 'npe,a:eJiax, o KOTOpbIX MOll<eT cyJI.HTb 3KCnep1:1-

Me1naTop. Bcer.n:a cymecrnyeT B03MOIK.HOCTb, lfTO B HO

noM 3KCI1ep11MeHTe B03HHKHeT HOBaH, HerrpeJI.B!l,ll.eHHaH 

rrp11cr11Ha IT05JBJieHirn Olllll60K, HJIH )!{e TO, lJTO Teoprrn 

BbIBe,ll.eira CJIHllIKOM .rr.a.11eKo sa rrpeJI.eJibI o6JI acTH ee npH· 

MeHHMOCT!I. 

·.sr XOTeJI 6bI Ha MHtIYTY ocTaHOBHTbC5J H paccKa3aTb 

TaKoi1 c.11yqafI. HecKo,1bKO JieT HasaJI. 51 npoe3:m:a.11 qepe3 

IIITaT HbIO-.iVleKC!II<O !I o6paTHJI BHHMaHHe Ha Hassamie 

o;uioro npe,1ecTHoro ropo,11,Ka: «HcTHHa !IJil1 Doc.11e.ucT

BHH». 5I OCTaHOBHJICR OKOJIO yI<a3aTeJI51 H sa.uyMaJICR 

na.n TeM, o KaI<oil «HCTHHe» 11.ueT pecrb. Pa3yMeeTCH, He 

0 Hay<IHOH 11CTHHe; Ha MeH5J flOBe5!JIO ,11.blMOM cTapbIX 

ayTO.nacpe; H Olll.YTHJI ,11,yx HeTepn11MOCTl1 11 npe,UCTaBil.11 

ce6e, I<aK 113,ll,eBaJIHCb Ha.rr. HeclJaCTHblMII Ty3eMuaMH

H3h!lIHHKaMH 11 MY'IHJil1 «BeJI.bM». 

HaylJHaH HCTHHa Hl1KOf,U3 . He ,UOJl)!Ula BOcnp11Hil

Ma'tC°C'H ""4ia·ti:frHiino, 'Jii0ooir·fieifbrn·-:rr.0J15Keii'OblT"b roTos 
_.,,_.,~ I ............_.~,._--..- ~-,,• .. "!'·~·' "'"'-""""'"""""~ .. o; • ..,.,. .._,.,.,,.,.,..,,., __ _ 
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,J\_!.~~Y.1. 1IT06..e.L!ICIJQaBJIHTb H npOOJJHS!Tb CDQH t!JIOOHMWI' \ 
~?PH,~:tr HayKe He. CJ:~~....J!..~!{!!!?J!1.9J) . tl.~'.l'l:H!~-
0JJ:HaKo sf'.tioJrllieH yi:olIHHTb, 1ITO np1-1 9TOM 3)lCCh llMCIO \ 

B BHAY ~mcnep1rn. eHTa.nhHY,IO HaY.,Ky. Ma!eM8THK8 - no l -· 
COBCeM Apyroe .n,eJIO:. \ 

HeKoTopbre TpaAHI.JJ10HHbie HayK11 npe,n.CT8QollftlOT <'0• 
6ott CTpaHHYIO CMecb HaomoAeHHH H lIX 11.!_!.!_~pnpeT&llHH, 
ocll:Oiib.JBaIOLUeHCH !-Ia OTJifFIHbfX 'it!Oplrnx, Ho_ 3KCTpano· 
.rrnpyeMoH cTOJib AaJieRo sa ppe.neJibI yCJioBHH .3KcnepH· 
Mlfl.'J.'.3, 1ITO HeBOJibHO Hacrnpa1KHBaeu1bc51 11 YAHBJHieWb· 
CH: KaK llaCTO lKeJiaeMOe BbI,naeTCH sa AeHCTBHTeJlbHOe 
H TLUaTeJibHbllI aHaJIH3 IIOA!\ieH5IeTCH ¢aHT33HpoBaHHCM. 
flp1rn.TH0 paccy)KJJ:aTb o npoHcxolK.AenHH BceJieHHOH, HO 
HaAO IlOMHHTb, 1ITO TaKHe paccym)lemrn - Jllllllb 1IHCTan 
¢a HTa3HH. I1 He11ero OIB.HA3Tb, lJ.TO qJ1TaTeJib rIOBepliT 
B KaKyIO-JIH60 MOAeJib BceJieHHOH, OrIHCbJBaIOlUYIO TO JlH 
BHesaIJHbIH nepBOB3pb!B, TO m1 pacwHpemrn 11 C.lli:aTHH 
OT -oo AO +oo. B..,se 3TO CJIHWKOM Kl:lqS::HB01 1ITOObl 
6..'2!I!> HCTHHHbIM, 11 CJIHWKOM HeBepo51THO, 11Tq_6?.I JlQ~~ 
pHTb B 3TO. 
"''~Pa1rpeIIIrrTe Mne paccKasaTb er.ue OAHH cJiy11aii. 

B 6bITHOCTh cTyAeHTOM TiapmKCKoro yHHBepc11TeTa H 
nocer.uaJI BeJI11KoJienHb1e JieKUHH DyanKape. B Te11enue 
MHor11x JieT see 3Tl1 JieKu,1111 sam1cbJBaJI o.rurn H3 ero 
CTy,lJ,eHTOB, H 33TeM HX 11y6JIHKOBa.110 I13AaTeJibCTBO fo
Tbe-BHJIJia pa. JleKUH11 sanrrchrnaJirr Eope.TJb, 11J1rr .[lparn, 
HJLH illasrr, HJIII KaKOH-Jll16o Apyroii YMHbIH MOJIO)J,OH lJe
JlOBeK, KOTOpb!H BIJOCJie)lCTBHl1 caM CTaJI 113BeCTHblM 
yIJeHhIM. 

B 1911 r. TiyaHKape He nasHatmJI HHKOro ,nJIH noA 
pa6oTbI. OH 1IHTaJJ JieKun11 no KOCMoronnH. OH s11an, 
lJTO KOCMOfOHHlleCKHe Teoprm )J,aJleJrn OT ,lI.OCTOBepHOCTH, 
H HeO,lI.HOKpaTHO no.u.qepKHBaJI, lJ.TO TeopeTHqecKHe TOJI· 
KOBaHHH, npe.U.JJaraeMbie pa3JIIFIHblM11 aBTOpaMH, ffDllO 
He aa.errnaTHhl. MbI Tor.na ne 3HaJJH, OTKyna 6<'pctcn 
TenJJo, H3Jiy11aeMoe CoJIHU.eM; He noHHMaJJH, K8K 06p1t· 
3YIOTCH 3Be3AhI 11 KaK onn yracaI-OT. B 11amHx :rnnttthlx 
6bI.nO CJIHUIKOM MHOfO npo6eJJOB. J1HOf.ll8 nyaHKltfW Ill'· 
OiKH)J,aHHO npepb!BaJI JieKU.HIO H M0Jll18JIHRO XOJlllJI ll<'PCJl 
)lOcKoii B3aA n snepe.n. 3areM 011 nonopa•rnnaJJcff 
K ay,nHTOpHH, OTO.lI.BHraJI B CTOpo11y CllOll JICKIU10111lble 
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38IlHCKH H rOBOpHJI: «Y MeHH TOJibKO t{TO B03HHKJI8 HO

BaH H;ll;eH. nonpo6yeM, IlO,lil.OH.ll.eT JIH OHa ... » OH H3JI.araJI 
CBOIO HOBYIO TQqKy speHHH H HaqHHaJI IlHC81'b Ha JJ.OCKe, 
onpe.u.eJIHH qncJieHHbfe SHaqeHHH BeJimnm. 3aTeM .neJiaJI 

BbIBO.ll.: «3TO He HaMHOfO JIY'lllie, ~IeM B llpyrnx TeO
pHHX; B C8MOM ,neJie, Mhl 3Ha.eM CJIHWKOM M8Jl0». cho 

ohIJI 11ocJie,nHHH noJIHhIH Ky,Pc JieKum'i: IlyattKape, s.a r0n 
AO ero HeO:IB:H)l.aHHOH CMepTH. 

Bbl .u.yMaeTe, Mhl Teneph Haxo;:r.HMCH B Jiy~uueM no
JIOJKemrn? KoHeirno, B Te'leHHe nocJieJI,HHX m1n1.n.ec11TH 
Jie'f Mhl MHoroe ysHaJIH. Ho Mhl Bee ellJ;e ·O'!eHh . .lI.aJieKH 
OT ,.IlOHHM8HHH KOCMOfOHHH, 9TO IlOHMMrume .upOJJ.OJDKaeT 
q_c:Ta ~fiThCH Mel!TOH, BOJIH,YIOW.efi .H ]laJI·eKo.li. . . 

HeKoTopbie q1<1TaTeJIH MoryT cKasaTh: «Mb! ,aOJI.)KHhI 

BepHTb He1rnTOpblM xopomo ycTaHOBJieHHhIM npHHUH
uaM, HanpHMep, npnHu1<1ny ..CHMMeTp1m np.ocTpaucr11a H 
apeMeHH, nputtunny OTHOCHTeJII>HOCTH H T. JI..>. Hy t,1TO :IB:, 
MO:IB:HO IlOKa3aTb ()THOCUT£/lbH.OCTb npUHlfUtia OTHOCU· 
7'£.ll.brtocru! 3TOT sI:iaMeHiIT!:>iH npirnu11n c1rn·itaJia 6b1JI 

ycraHOBJieH B KJiaccHqecKOH MexaHHKe. OH rnacHT: sa-
{(KOHbt AteXaHUKU, .ccf:JopM.y/lupooanHbLe B HenoiJBUJlCcHOU 

( 

cucre.Me OTCt(,eTa, OCTalOTC/l TOl.(,HO TaKUMU :J!Ce, KOcoa 

osu;Jtee1we p.accMarpueaercR B cucre~te O'l'CJ.J,eTa, Oeu
OIC1JU!et1cfl C saoaHHOU nOCTOJLHH.OU CKOpDC.TblO CJ. Lfana· 
T.eJib MOLKeT 3aMeTJ1Th, l!TO 51 .cKa3aJI «;CHCreM.a OT.cqe

Ta», a He «c11c:rt~Ma KoqpJlHHaT». KaK Mhl yBn,11.11M 
B rJI. 4, MetK.ny 9THMH onpeJleJiemurMH cJI.e.lI.ye:r .ueJiaTb 

npHHUHilHaJibHOe pa3JIH'!He. ,c;ldCTJ~.Ma KQqp,JJ.HH8;I'-: ~rnc
'TO reQMe.TpHtieCKoe IlOHHTHe;· OHa He HMeeT M8CCbl no 
Toti npocToii npHl!HHe, qro a r.eoMe:rpnu NOHHTHe Macchi 
He paccMaTpHsaeTCH. Cnc,TeMa -0:r.P1ew. .2Ke JlQJI:IB:Ha 06-
.na)l.aTh Maccoi'1, npld'l:eM 'tteooxo.n.HMO npe.nnoJI.araTh, tITO 
3Ta Macca MHoro 60.nhrne !>f aCCbI .nro6oro .ll.BU:IB:ymeroca 
OTHOCHTeJibHO Hee Te.Ila. 

Cocpe,LJ,otbqHM reneph nHHMaHHe Ha cJioBe «sa.naH
Hhiii». l.JTO Mb! IlOJlpa3yMeBaeM IlOJl Bblpa:IB:eHHeM 3aOaH
liQfl CKopocTb? KTO 3a.n.aex HaM 3TY cKopOCTh H KaK? 
5I Ollt:'Hb HaCTOpa)KHBaIOCb BC51KHH paa, KQ,f)l.8 CJiblllIY 
CJIOBO «3.a,ll.aHHhIH». TOJibKO B 0,l{ROM cJiyqae OHO HMe.eT 

onpe.neJieHHblH CMhICJI - 13 yc.no,BHH 3a)l.aqn, KOTOpyIO 
SK3aMeHaTop ,11.aeT HeCKOJibKHM 6ecnOMOlll.HbIM CTy,ll,eH-
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TaM. B raKOH CHTyamm CKOpocrr. - TOll!ftO ~a;.n:aHHaH 
BeJtwurna, ne COill.€'jiDKam.asr ounr6oK. 

B .n:ewcTBHTeJibHOCTII ra;K Hm~or){a He 6bfBae1'. Ec;:;Jm H 
ua6mo:zr;mu Sa Hei43BeCTHbIM T'e'JIOM~ )!.BH:m:ym.lfMCfl B H'e· 
6e, TO HHKTO He MO)KeT :miJ'aTb MHe ero CKOpOC'fb, ByJJ.er 
JllI 3TO 3Be3)1.3 IIJIH «JleTa:IOmaJH 1a:pe.rnra>,, -.~. )J,OJDKe'H 
t/3.uepflir&: _we CK!J.:{JOCTb c IIOMOlllbIO 31£CIIepIU.f.~T3JibHO· 
ro ye'ipi!>i1cn11a'. 51 Mory !dCfiOJillaOB3'Fb OIITIDieC:lrnt! CPFf· 

fl<IJlbl, OTpa:>!\eHHbie OT HeH3BeCTHOro TeJI.a, Ii H3M:e· 
plHTfi> Bp€M51 IiIX B03Bpar:aemrn, .lJ;i()>l'fJtepc>BCK.Oe C:'Melll.eHtte 
H T. rr. CTpousae.n.H aru H3MepeHHH, fl Mory Bhl'UfCJIHTb 
CKOpGCTb. 

Ho H· ,lil.OJI1KeFI yttecr& H To, l£TO JI;ame <t,a;~:e To:HKHe 
3Kc1;n~pHMeiiror BCeT.ita BHOC~T B03MyuI.eHire ~ »I:UKeHue. 

C~~J>OCTb Te~~ )l.~ f!a.~:11;IDJJ.eH1'f'.i .Jil., IJ_()C,ll~ .. 1!~1=9' ... Y.~e ... RC .. , 
6y .zi;ef'o.11.InfaKOBOH. IT pu .ll-10_60.M aK.CnepUAteftTe Tpe6ye11· 
c1i · yCTaH.o~ieniie CBR3U Me'JICiJy _, H(lQ;!lJP,OaT.tA-e,M u ..... /:!.Q.: .. -· 
6.1aoi)ae.Mbt.M 06"6eNTO.At, H noc.Jie 'FOfO, KaK HaOJllO,!leHire 
·BNioJi.iielio' ·ri;·cBSis·b· irperqrnme1rn, reJio 6y,nm Haxo.LI.u'rt· 
CH ~.y:>Ke B ITHOM COCTOHHI'IH }1.BH:iKelf:wiiI. CerO.LJ;HH 3TO XO· 
pomo H3'1BeCFH.bIH cpaKT, KO:TOI>bIH MO:lKHO npottJIJJIOCTpH·· 
poBaTb MHOfHMH rrpIIMepaMH H3 KBaHTOBOff reopHH .. 
CTpu H3MepeHHl1 cKopocT11 Mbr HcnoJio3yeM cBeronble cHr· 
HaJibI, co.zr.ep:mam.ne MHO)f{eCTBO cpOTOHOB. Orpa)KaffCb, 
3TM' <f>O'I'QHbl OTT3JIKHB8fOT Ha3a)J. orpa.>Karomee TeJIO 
(s¢cpeKr OT,ZI.a'rn) Ill II3Memnor ero cKopocrh. 

9.£e~e'!i~~~33i~q~°tI§Hni6~~at5>FJ~~;9~illt~i".o. .. i·~~- ~ 
3YJH>1'3T M.JIJJ.I03'H·PI, 41'0 «OT Toro., 'ITO SI TOJibKO HOCMO.T· ' 
pro,.11HRer.Q __ '!,~~m:rc.l:l». 13' qJR3HKe .n:eamHa.ZI;uaroro 
BeKa TaKoe npe.ll;rroJioLKeHae Ka3a'JIOCh caMo co6oii pasy· 
MeIOllJ,HMCH H He no.zi;Jie:mam.HM o6cy2KJJ.eHHIO. Tenepb Mb! 
:rnae'M. ooJI.li.we. ~f.1:_!_'.M~!. __ .C:::!!!,f!!...je?,?Cy~ucR_..£._~a: 1/ 

, qg,/:IJi,Du. .. aa.c:.rn.fJJ:iJJJ);U. ... f.!S9.J2..Qf.!!J.!Q, ~Ji€..~--H . H.~..:i/: 
Kor.zi;a He C):'m.ecraoaaJio. EJJ;rrHCTBeHHoe, o qeM MO:>KHO 

~rcmopHTb,·.::.:..&ro o-TJWiteAatt CllCTeMe OTC'Iera, o6Jia)J.afO· 
m;eR croJib 6oJihllIOH Maccow, q-fo sos.Mym;eHHH, s11ocu
Mhle nptt H3MepeHHH ee ~KopocT~, npeHeope}l{HMo MaJibI. 
KaK Mbl YBlf.llHM B rJJ. 5, no yrol£HeHHe npuBo.z:r.11r KO 
MHOI'HM yc.n:O:>KHeHHSIM. C:_rapb!H rrpHHl(Hn OTHOCMTeJib· 
Boerm: ~rnma:~'f.Cst n.zr.eaJIHsauneu. OH npe.n;craBJicSier JIMWb 
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rrpeJI,eJibHbIH cJiy'laH, H Heo6xo;1.i1Mo co6mo.uaTb 'Ipe3BhI· 
lJaHHYIO OCTOpOlKHOCTb rrpH ero rrpHMeHemrn, HanpHMep, 
K JI.BH:il<YW.HMCfl aTOMaM, '.::lJieKTpoHaM, HeiITpOHaM, <t>oTO· 
i!aM, Heii'rprrno H BCeM '.::lTHM HOBbIM TaHHCTBeHHbIM <<'Ia· 
c111u.aM» (y Hae He HalllJIOCb 6oJiee rro.uxo.u.11w.ero cJioBa 
,D:JIH IIX Ha3BaHllfl) c O'leHb MaJIOH MaCCOH. 

TaKHe )Ke 3aMe'laHirn MO.lKHO C,11,eJiaTb II B OTHOWe· 
mm MHOfHX He.UaBHO BblJI.BHHYTblX rrpHHll,HIIOB, co.u.ep)!(a· 
IUHX COBepIUeHHO He}J.OCTaTOlJHblH aHaJIH3 onpe,11,eJieHHH, 
HaIIpHMep, KaK MO.lKHO <t>aKTH1H!CKH H3MepHTb «Cl!MMeT· 
pH IO». 

3ro TOJibKO HeCKOJibKO rrpHMepOB Toro, KaK IIOCTe
neHHO H3MeHHJIHCb l33rJIHJJ,bl y'leHblX H CKOJibKO IlOHBll· 
JIOCb HOBbIX rrpo6JieM, KOTOpble IlflTb.UeCHT llJlll rneCTb· 
.n:ecHT JieT Ha3aJ:t He Mor npe.ucKasaTb .ua)Ke remi.H: 3li.H
ll1Teirna. 

B Harne speMH nso6pereHbI HesepoHTHO TO'lHbie 
aTOMHbie lJaCbI, 0 11eHb OT.ITlllJ3IOW.IIeCH no CBOIIM <lJII3HlJe
ci<'iI~f CBOilCTBaM OT TeX, KOTOpble npe,!I.CTaBJlflJI ce6e 
9i1HrnTefrn. 3TOT Bonpoc 6yJJ.eT paccMorpen no.n.po6Ho 
B rJI. 3. YrroMHHeM sJJ.ecb 06 OJI.HOH TPY.UHOCTH, CBHSaH· 
noli c orrpeneJiemreM Me)!(JI.ynapo,LJ.HbIX e,rurnHU JI,Jif!HbI tt 

BpeMeHH. fl pH onpe)J.eJieIUiH e,ll.HHHUbl ,!l.JlllHbl llCilOJib· 
3yeTCH ,ll.JIHl!a BOJIHbl cneKTpaJibHOH JlHHHll KpHilTOHa-86 
npH crporo orrpe,a:eJieHHblX yc.'lOBllflX ( c TOlJHOCTblO 
10-8)' a e)l:HHIIU,y BpeMeHH onpe,D;eJIHIOT, llCil0Jlb3Yfl qa
CTOTY crreKTPa.Jll>!:IQll a:ium:.l;l .uesm.1. ( c TOIJHOCTbIO 10-12). 

(CJie.rr.osareJibHO, oiJHo u 'l.12 .... 2.!~.LJi2.U·Illl.'iecKQ~ _fi(J.!t_(!HfA:e -
~~XP.aAb.tw..'il. fJ..lt/-IUfl - UlJlQ:!!J!}l!§!f[l,_q1-.,.~ .. aByx pg?flU'l· 
-~~/f_,qnpefJe:,~~!if!ii.;_1;t{)u11u 4.b~.JL:If!!:!f2t. H ... .§QYJ:!Jl!i~L~PJJM?H.u, 

l 
a CKOpOCTb CBeTa c ocTaeTC5I Heonpe,a:eJieHHOH H Bbl· 
LTUIJI.IIT rrporrsBOJihHOH. CJieJI.oBaJio 6bI pa3 II HascerJI.a 

yg:~HOBHTb, qTo CIIeK::paJi~~~.5.1. JI_H_H1!5I .u.o.rrnrna HCilOJlb· 
30BaThCfl .!I.Jiil orrpe.u.eJIEHIIH Im.II ~~CTOTbI, HJlll 2Ke .!I.JlliHbl 
BO.T!Hbl, HO He Toro II JI.pyroro! 

CTpe.rr.noJiarae1:cH, qro ynoMHHYThie onpe.u.eJieHHH e.n.u
HIIL~ .11.eJiaIOTCH Ha nosepxHOCTH 3eMJIH, rue cyrn.ecrnyeT 
onpe,lleJieHHOe rpaBHTaU.IIOHHOe noJie. 06rn.aH Teopm1 
OTHOCHTeJibHOCTH 3ii:mnTeihia rrpe.!I,CK33bJBaeT HeKOTopoc 
113MeHeHIIe e,llIIHilU .!I.JIHHbI Il BpeMeirn npH HX H3Mepe
H11H 8 o6JiaCTHX c pa3JIHqHb!M rpaBHTaIJ.HOHHblM IIOTeH· 
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11,HaJIOM. 0Ha TaK>Ke npe.ucKa3bIBaeT H3MeHeHHe CKO
poCTH cBeTa c. l1cnOJib3YH npmrnThIH cnoco6 onpe.ueJic
mrn e;urnuu .UJIHHbI tt BpeMeHH, .UOBOJibHO TPY.UHO 3KCIIe
paMeHTaJI&Ho npoeepur& TaKHe npe.n.cKa3aHHH. 3ro co
naBJIHeT oqeHb cephe3HYIO npo6JleMy MeTpOJIOfllH. 

UeJI& Harnett KHHrII cocronr B TOM, qro6bI paccMoT
peTb 3TOT, a TaKH<e H JLpyrne sonpOCbl, Il051BHBUIHeCH 
noCJie Toro, KaK B HaqaJie 1rnrnero BeKa 6wrn ccpopMy· 
JIHpOBaHbl Teop1rn OTHOCHTeJlbHOCTH H KBaHTOBa.H TeO
pH51. B rJJ. 1 Mb! c)],eJiaeM ucropw1ec1mi1 o63op co6&1-
THH, Koropbie npuBeJIH K noHB.'IeHHIO 3THX Teopttii. Ho 
CHaqaJia paccMoTpliM pa3BHTHe uayqHbIX reopttfi 
Boo6iue. 

B KHHre [l], 11cnoJib3YH MeTo.UbI Hay,11rnfi uucpopMa
n,1m, Mb! )],aJJH 06I.UHH aHaJIH3 CMb!C.'Ia Hay•rnbIX Teopttfi, 
a TaK2Ke no)],qep1rnym1 JI!llli:!YIO .PO}lb yl1ettoro. Ero 3a.n.a
~.'! ... . Ha qtt!f.aerc.H c B1;>169pa .~J~c~.a... KQIQJi};lir M()~iis:::. 

~1~eff~1·~~,.n~~f a~~~~~Eii~E~~-0~c~;~~~tiei\i 0~¥~6bi~*!~· _E_Ohl __ """"-·•·.,,,, .. ,..-•• " . .J£k.~"·Q•·~'"'•·w-·-·•·•Ja1i ~·-·····-········· , , ........ j 

:~1>:it;~
0

E~~;;~¥;~-¥e~:~~:.r~~~ij;:R~~~eH:r~~~ 
11cnoJJ~-~-.. coo10. TROP3ecXYJO ... <P.?.J1T?3HIQ.._yqgH&Ifi gpo11T 
TeOJ)fao .. KOTOplla MQ:C~?.. .• Q.!,>1 ycTaHOBHTb CB5J3.b Me)l{.L(y 
HeJ>o:rop.1.1M~lli-\Ieii:Ya:ii'J;ilb1x aKt' . · IJpH 
llOMOI.Utt T8KOH reopirn OH M CJJ.CK83blB8Tb HO
Bb!e pe3yJI&TaTbl, Korophre 6y,!lyr nO.rr.TI3ep)K.L(eH&1 llJIH 
onpoi3eph1yTbl HOBblMH 3KCnepHMeHT3MH. B CJlytJaP. 11e-
06xo.nHMOCTH reopmo MO)!<HO 6y JlCT HCfl paBJJ5JTb HJJH 
C'rpOHTb 33HOBO, qTOObl 06bHCHHTb BOBble Oilb!Tllble 
.naHH&1e. 

~i;ia~~e -~L2.,¥JJJ.ll2.U!.\e~c~!.!l 
~!{.!E H nx. • .:r.eDP.eI.U!l.e.C.~H. 9rn .naa 
acneKra nocteneHHO cpacTal()TC5J, o6pa3yH 3aMe1laTeJJb· 
1-lblH c11M6tto3, paccMaTpHBaBUIHHCH a [l] (rJJ. III H IV). 
Po.n& 'leJioseqec1rnro Boo6paH<emrn npn C03JJ.3HHH Teo
pui'i 6hIJia TIUaTeJibHO llct.iie,ll.OBaHa B 3aMeqaTeJJbHOH 
pa60Te JlttH,n.ceB [2]: 

«HayKa - 3TO Hrpa, B KOTopoii Mb! npHHHMaeM, 
IJ:TO aemH He COBCeM T8KHe, K8KHMH OIIH K8>KYTC5J, 
c ueJiblQ nonf!T& nx cymHoCTb nyTeM Mb1w.1emrn, cBOH· 
crneirnoro HaM KaK moJJ.BM... HayKa - :>To MeTo.U 

.......... ... ...... '"""''"'''-", ... ""''"--,. 
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KBAHTOBA~ TEOPH~ 

H TEOPH~ OTHOCHTE~bHOCTH 

§ 1. KBa1aoeaR reopuR ' 

KBaHTOBaH Teop:irn H Teop1rn OTHOCHTeJibHOC'r,m B03· 
HHKJIH B HalJaJie Hamero CTOJieTJUI. Ooe OHM renepb Ct!H· 
TaIOTCH OCHOBOH COBpeMeHHOro HaytiHoro MbIIUJleHlrn, HO 
OHH COBepmeHHO pa3JUl:lJHbI no CBOeMy IlOCTpOeHHK) Id no 
xapaKTepy ttcToptt11ecKoro pasBHTHH. BecbMa HHTepecHo 
H rroylJHTeJibHO COilOCTaBHTb 9TM JI.Be TeopuH. 

Mbi yJKe KpaTKO o6pHcosaJIH XOJ!. pasBHTIUI KBaHTO· 
soH: TeopHH ([l], rn. 4). Otta B03HHKJia B 1900 r., Kor.Ila 
MaKc CTJiaHK ony6.nHKoBaJI csoro nepByro paooTy [2] no 
TeOpHH H3JiyIJ:eHirn aOCOJIIOTHO tiepHOfO TeJia. 3Ta pa60· 
ra HatrrrnaeTCH c KJiaccHIJ:ecKoro paccMoTpemrn aJieK· 
TpOMarHHTHblX BOJIH, HO )1.JIH CTaTHCTHIJ:eCKOrO aHaJIH38 
He02KH)J;aHHO rrc:npeooBaJIOCb BBe)l.eHHe npe.llCTaBJleHHR 
o KBanroeanuu :mepeuu: ¢opMyJia Jl.JIH H3Jiy11eHHR aCS· 
cOJilb'l'HO tie'pttoro Tena {paBHOBeCHOe H3JIYtICIIHe) npe· 
KpaCHO cornacyeTCfl c 3KCnepHMeHT8JlbHblMH pesyJibT8· 
TaMH, ecJIH KBaHT 3Hepnrn npHHHTb paBHblM hv, T. e. 
nporrOpU.HOHaJibHblM tiaCTOTe H3JIYIJ:eHHH \', rii.e "}z-:::._ IlO· 
CTOHHHaH 0JiaHKa. nepBaH tia;CTb pa60Tbl OCHOBbIBaeTCH 
Ha Herrpepb!BHOCTH (ypaBHeHHH MaKcBeJIJia), HO B KOH· 
ue ee lIOHBJIHeTCH HeycTpaHHMbIH pa3pb!B HenpepblB· 
HOCTH. B HTOre nepBaH IIJiaHKOBCKa51 Teop1rn npHBOJlHT 
I< COOTHOllleHHIO 

/:!.E=hv, 

E = nhv, n = 0, 1, 2, 3, .. • (U,eJible tiHCJia). (1.1) 

CTJiaHK, no·BH.11.HMOMy, obIJI oIJ:eHb o6ecnoKOeH TaKoii 
cTpaHHOii .11.BOiiCTBeHHOCTbIO csoeii TeopHH. OH IlhITaJiea 
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nocTpOHTb ee 1rna'le H no"'lY'lllJJ .npyrm'i pesyJJhTaT (BTO· 

pa.H Teop1rn): 

(rroJJyU.eJibie tJucJia). 

(1.2) 

B cJiy'!ae ll3JJYYeHll5I a6coJIIOTHO qepirnro TeJJa npH 
o6bil!HbIX TeMrrepaTypax 3aMeirn u.eJJhIX q11ceJJ noJ1y1~e
JihIMII Hecyru.ecTBemrn 1). 0)J,HaKo npH oqeHb HH3KIIX 

TeMrrepaTypax BTopa5I TeOpll5I rrpHBOJUIT K Ba)KHOH 

oco6e1rnocnr: cpopMyJJa ( 1.2) y1<a3bIBaeT Ha B03M01!<· 

J-JOCTb nyJLeaou aHepeuu 1/ 2hv. B o6enx Teoprrnx Ha6mo
.uaeMhie BeJIIIqHHhl 6b!JIH no.uo6Hb!MH, I10CKOJJbKY HyJJe

BYIO 3Heprn!O cpaKTHqecKH II3MepIITb no1ITII HeB03MO:tK· 

HO. fJJiaHK Bee )Ke ObIJI Hey.nosJreTBopeH cTpaHHOii 

CMeCblO HerrpepbIBHOCTH lI .LllICKpeTHOCTII, HO O'leHb CKO· 

po 6bl."IO noKasaHO (TiyaHKape II 3peHcpeCTOM)' 'ITO Ta· 
.Ka5I .LlHCKpeTHOCTh sHeprnll coBepwemro aeo6xo,1wMa 

,ll.JIH l1HTeprrpeTau.m1 3KcnepIIMeHTaJibHb!X )J.aHHblX no 

mJiy'leHIIIO '!epHoro TeJia. HHoro Bhrxo.na He 6brJio. 

K0He1rnoe sHa1reHHe nocTOHHHOH fJJiaHKa h H ee 

cpH3II'leCKIIH CMblCJI 5!BlIJIHCb npe.nMeTOM MHOrHX .nncKyc· 

rnii. Ha nepBoM CoJibBeeBCKOM KOHrpecce B BpIOcceJie 
B 1911 r. [3] 30MMepcpeJib,ll, 3aMeTIIJJ, qTO h IIMeeT pa3-

MepHOCTb MeXaHnqecKOfO .neiiCTBHfl, H npe.nJIO:tKlIJI npo

H3BeCTH KBaHTOBamre .nei1cTBllH B pR.ne sa.natJ. TaKaH 

11.ueH npe.ncTaBJIHJia 6oJibwoii TeopeTnqecKnii HHTepec, 

HO npIIMepbI, Bb16paHHhre 3oMMepcpeJib,ll,OM, ObIJIH He 

OlJeHh y6e.nHTeJibHbiMH. 0,11.naKO Ha TOM me KOHrpecce 

J1aHl!<eBeH f!OKa3aJI, lJTO 30MMepcpeJib.ll.OBCKOe KBaHTOBa

HHe B npnMeHeHHH K HeKOTOpoii 3JieKTpOHHOH TpaeKTO· 

p1rn rrpnBO.LJ.HT K KBaHTY MarHHTHOro MOMeHTa - Macl-le
TOHy. B 1911 r. J1aHIBeBeH Bbl'IHCJiliJI BeJIHtJnHy, KOTO· 

py10 MbI Ha3LIBaeM ManreTOHOM Bopa, OTJIMIJaBrny10ca 

OT npMHHTOH Hb!He TOJibKO MHOJ!\HTeJJeM 2:rt BBll)l.Y HC· 

onpe.neJieHHOCTll 'IHCJIOBOfO K03<tJcpHUHCHT3 B rnnoTe3e 

1) TaK KaK np11 9TOM OCHOBHOe 113JtylJeHHe npHXOAllTCll Ha 9HCP· 
r1111 c n ~ 1.-IlpuM. pea. 
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3oMMepcpeJib}la. Eho Mo:IKHO 6b1JI0 6b1 Ha3BaTb TpeThett 
(30MMeptj)eJibJl,OBCKOH) KBaHTOBOH TeOpHeit 

4eTBepTa51 KBaHTOBaH TeopHH Il05!BHJiacb B nepBOH 
pa6ore Eopa, noCB51IUeHHOH aroMy Bonopo,na [4]. SI TO· 
r,ri;a 6b!JI CTyJieHTOM B NiIOHXerre, H CJIY'!HJIOCb TaK, '!TO H 
KaK pa3 HaXOJlHJlCH B pa6o4eM Ka6HHeTe 30MMep¢eJib
.11a, Korna OH no"Ty<JHJI rroc.Te,LI,HHi'.'! BbIITYCK lliYPIIaJia 
«Philosophical Magazine». OH 6pocHJI Ha 1KypHaJI 
B3rJIHJl H cKa3aJI MHe: «3.nech HarrelJaTairn sechMa BalK
HaH pa6ora H. Eopa. 0Ha cTaHeT nexofi s Teopernqe
cKofi cjHI3HKe». BcKope nocJie 3Toro, ttcnoJib3YH KBaHT 
Jlf'HCTBHH, 3oMMepcpeJibJl noCTpOHJI CB().IO npaBHJibHYIO 
reopmo 6oponcKoro aToMa. TaK B03HHKJia «KBGHTOBaH

,.,aH» MexaHHKa (rrnTaH rro cqery Teop1rn), rroJiyqas
LLiaH 6bICTpoe pa3BHTHe. HrvieHHo 3oMMepcpe"ThJl yKa3a.n 
Ha fla/KHOCTb llHTCrpa.IJ..~--J .. .t?E9~-.Ha3bIB~eMOfO }lett: 
CTBHeM. 3To npOJIQ)KHJIO nyTh COBpeMeHHOH I<BaHTOBOH 
TeOpHH. 

,llaJiee HairaJIOCb Heo6b!43HHO 6yp1rne pa3BHTHe KBaH
TOBOH MexaHHKil. 0.nHH 33 npyrHM Ha4aJIH ITOHBJI51TbC51 
HOBbie, COBepmeHHO H~Q2iilill,f!Jil:l!Jle - ;;JKcrrepuMeHTaJIJ:,HhI,e __ 
pe3yJihTaTbl, II Kalli.zibIH pa3 OHH rpe6oBaJIH Mo.nep_!:!_II_-.. 
saii!Tff- 11hu_:jrep.e_crp_oiooLJeOpu.u. Bc.1en sa oTKphITHeM 
cmrna, npHHL(Trna sanpeTa nay.rm, BOJIH .ne Epoi1m1 
BCKope IIOCJIC,ll,OBaJIO o6be}lHH~HHe BOJIHOBOH MexaHHKH 
IJ!pe.nttmepa C MaTpH4HOH MexaHIIKOH oopHa - feff: -
3~p£a, OTKpbITHe nepecTaHoB04Hb1X -c-oornomeHHH. 
po1K.nem1e Teop1rn 3JieKTpoHa JlHpaKa H r . .n. 060 sceM 
3TOM MO/KHO np04HTaTb B IIOCJie,ll.OBaTeJihHb!X H3,ll,3HH51X 
KHHrII 30MMepcpeJib,ll.a [5]. 

MmKHO 6hIJIO 6bl HacqttTaTb MHoro cJienvmrn.ttx o.nHa 
3a i:i.pyroi1 .~:tQ,ll,J1cptt~au,11n Teopttll,"Ho-8ce'M ·HM npIIcyrn.e 
O,ll.HO Il TO Me, 0 t:feM Mb! roJ3o'j5HJitt BO BBe.n;_~mH: BCJ!CJ\ .1 
3a OTKpbITHeM HOBbIX 3KcnepuMeHTaJibHhIX 't'aKTOB cJie- I 
~:Jiep.eo,ifo1Um."::t;~Qf!tt!!:~'' ·,npn··~'~-mrfurromi e'Mllle 
CO.~lllUH!lOTCH, HO B coireTaHim c HeKOTOpblMH HOBblMH 
HeH;;t~{UOi:taeMbIM'ff oiiH Be,ll.yT I{ HOBbIM __ J~_Qei:tcKa3a!ll-lflM, 
3a KOTOpb!MH CJieJlyIOT HOBbie 3K~ijepnMeHTbl--H- ·;;: JJ., r 
l1M.-eH. lLQ.-B..-3TO!vL If ~OCTOHT TOT .9.fl ~~~T..~_.[!h,~lb!H CHM6H03. '• 
reop1m H. 3KCnepHMeHTa, KO.!.QP.bIH ae.u.er K 6e3rpaHIIII· 
Ho My ·rocTy sHaH'iUt'' ... · · - .. -~...... __ ,_ -· · ·· .,,, 
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OnncaHHhlii npou.ecc, no HaUieMy MHeHHJO, H Jie:mnT 
B OCHOBe IlJIOJI.OTBOpHoro HayqHoro pa3BHTHH. Jlro6a11 
OCTaHOBKa TaKoro pa3BHTIIH MO:iKeT CBHJI.eTeJibCTBOBaTb 
0 HaJII1qF1F1 cepbe3HOro CKpblTOfO npemITCTBHH, KOTopoe 
MO)KeT noTpe6oBaTh paspa60TKH COBepUieHHO HOBOti 
'feopeTnqecKoii cxeMbI. 

HecoMHeHHO, KBaHTOBaH TeopnH 6y;:i:eT HHTeHCHBHO 
pasBHBaThCSI FI .n:aJibUie. KnaHTOBhie rrpe;:i:cTaBJieHHSI eta· 
IIOBSITCH OCHOBOH JI.JISI MHOrHX o6JiaCTeii HayKH. Borrpo
Cbl, Bbl3bIB3BIIIIIe :>KapKHe JI.F!CKyccHH B fO)I.bl Moett 
!OHOCTH, Tenepb H3JJara!OTC51 Ha nepBb!X )K:e yHHBepcII· 
JeTCKHX JieKl.l,HSIX IIO cpH3HKe. 

)\1HorHe IIOilbITKH CTporoii JJQfHqecKOH aKCHOMaT.Hsa· 
' UFIH, pa.rr.osaBIIIHe TeopeTHKOB KOpOTKOe apeMSI, npII

lllJJOCb OCT3BHTb 110)1. H3TIICKOM HOBblX OTKpbITF!H. ,UupaK, 
<PoH HeiiMaH H MHorne .npyrne y?JeHbie .neJiaJIH ace sos
MO)K:HOe, qTo6bI HarrpaBIITb llOTOK Hay?JHbIX cpaKTOB 
B )K:eJiaeMoe pycJIO, HO OH CHOBa H CHOBa BblXO,l.J;FIJI sa 
ycTaHOBJieHHhie mm Hero rrpe,neJibI. Ceii:qac MhI oxm· 
.naeM IIQSlBJieHHH 'HOBbIX 6JieCTHJJJ.UX IIJ].eii, KOTOpbie IIO• 
SBOJISIT IIOCTpOIITb Teopmo «SJieMeHTapHbIX qaCTIIl.l,», HJIH 
f<iliBaHT.OBaHHbIX BOJIH:,), H 9TlI HJ].eH, HeCOMHeHHO, np1rne· 
AYT K HOBhIM Heo:>KHJl.aHHhIM ·oTKpbITHSIM. 

§ 2. TeopuR orHocureAbHOCTU 
DpH BHIIMaTeJihHOM IIOJJ.XOJJ,e K 9TOH TeopIIII MO:lKHO 

saMeTIITb, qTO Olla 110 CBOeMy xapaKTepy BeCbMa OT· 
JIIIqHa OT KBaHTosofI TeopIIH. Dpe:>K,lle scero cJie,llyeT 
nponecTII pasrpaHIIqeHIIe Me.m:.n.y «qacTHOH TeopHeii 
OTHOCHTeJibHOCTH», KaK ee Ha3BaJI 3iiHIIITefrn, H «06)11.eii 
TeOpIIeii OTHOCHTeJibHOCTH». Hs HHX HaII60Jiee CTporoii 
j'JBJ15IeTCSl rrepBaSI; OHa OCHOBaHa Ha orpOMHOM MaTep1rn
Jie cpII3IIqecKIIX H acTpOHOMHqecKIIX Ha6mo.u.eHIIH, 0606-
llleHIIe KOTOporo rrpIIBeJIO K IIOHSITIIIO U1i€:pl{UaJlbliOU CU• 

, c_reAf-!lt orcttera. 9TOT Borrpoc oqeHh ~xopomo ·· II3Jio:m:eII 

3oMMepcpeJihJl.OM B uaqaJie ero KHIIrII 110 MexaHHKe [6]. 
B KJiacc11qecKoii MexaHIIKe rrocTym1pyeTcSI cyJJJ.ecT· 

BOBaHIIe UHepl{UaJlbfiOU CUCTeMbl OTC'ieTa - J3906pa
?!<~eMOH llOKOH)J.J.eHC.H crpyKTYPbI, ueHTp KOTOpOH o6bilJ· 
HO f!OMemaeTC5l Ha CoJIHl.l,e, a OCH KOOp)J.HHaT x, !J II z 
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HarrpaBJIHIOTCH Ha H3BeCTHble «Heno,ABH)f(Hble:t see&Jlbl. 
OTHocHTeJibHO rraKoi1 c11cTeMbi · oicqeTa cno6011n&1e · Mn· 
TepttaJibHhie qacTHUhI npH oTcyT.cTBHH aneWHHX cHn 
.zr.smaIOTC.H npHMOJIHHei1Ho c nocr~HIHH~MJI cKopocTRMll. 
J1erno BH,ZI.eTb, lJTO JII06aH CHCTeMa OTClJeTB, Jl8HJKywaR· 
CH OTHOCHTeJibHO nepBOll c ITOCTOHHHO~ CKOpOCTblO, 06· 
Jia.zr.aeT aHaJiorHtIHbIMH csoficTBaMH, TaK lJTO cyiueCTayeT 
ueJioe ceMettCTBO 11Hepu·11aJibHbIX CHCTeM OTCtJeTa. 9.TO " ( 
~_CTb npun4un ornocure.llbHOCTU B K.llaccuttecKotl .Me~ 

,H._UKB. 
·-HeK0Topb1e ueoLirn.zr.attHbie - pesyJihTaTbI, noJiyqeHHble 

<PH3HKaMH BIIOCJie.ncTBllll, npHBeJIH K 3aKJI!OtJeHHIO, 
tJTO STOT rrpHHUHII HBJIHeTCH cnpaae.nmrnbIM raK)!{C 

.zr..11H scex aaKottoB cpH3HKH. l;lY.~C£1iUM,U __ pusuqecKUMU I 
--~i!t:t:ffi~:¢~ai:·1~%~~~t&;~~ ~ {S~ff tff~-~~~~r:~ 
CHCTeMa OTClJeTa); 0)1,HaKO OHH Moryr o6HapyLKHTb 
YCI.<()P.eHHOe .zr.s1uKeHHe, HanpHMep spameHHe (MaHTHHK° 
<I>yKo, omHqecKHfi sKcnepHMeHr CaHhHKa H T. 11.). Be· 
JIHKOe MHO)KeCTBO SKCIIepHMeHTOB B o6JiaCTH SJieKTPO· 
MarHeTH3Ma, OIITHKH H B .zr.pyrnx o6JiaCTHX <fJH3HKH noKa
BaJio cnpaBe.ll.Jil!BOCTb 9TOro npHHU.l!IT;l qaCTHOH Teop1m· 
OTHO-CHTe.i'JhHOCTH. • 
-~HllrTCHH BBeJI rrpHJiaraTeJihHOe _«lJaCTHaH>> B CBH3ff 

c TeM, lJTO BITOCJie,ll.CTBl!H OH ITbITaJICSl pacnpocTpaHHTb 
STOT rrpHHU.HIT Ha 6oJiee 06IJ.llie .. J~!1TY~IJ.HH. 0.zr.ttaKO B no· 
cJie)I.Hee speMH TaKoe o6o6meHHe 6b1.110 110.zr.seprnyro 
KPHTHKe yrreHblMff B pa3JIH1lHbIX crpattax, KOTOpble He· 
aaBHCl!MO .zr.pyr OT .zr.pyra HalllJIH MHOrO cJia6blX rryHKTOB 
B 11pe.zr.110JIO)!{eHHHX 3ttHWTeliHa 1). c Tex rrop KaK 3AH· 
lIITettH paspa6oTaJI CBOIO TeOpH!O, npOH30IllJIO MHOro CO• 
6hrTHil. KsattToBaH TeopHH npoHHKJia Bo see otSnacTH 
<PHsHKH, BKJIIOlJaH MexattHKy II onTHKy. HeKOTOpblt 
npe.nrroJioLKeHHH 3ttHIIITefiHa KaLKyTCH BITOJIHe H8ACJK• 
Hb!MH, HO B HaCTOHIIJ.ee speMSl OHH CTaJJH npeJIMeTOM AH· 
cKyccHli H nx c.11e.zr.yeT nuaTeJihHO nepecMOTpCTb. B. TO 
speMH KaK KBaHTOBaH TeopttH noMorna OTKPWTlt wnorHe 
HOBble _cpH3HtJeCKHe HBJieHirn, o6IIJ.Bff TeopHtl OTHOCHTCJlb· 

1) CM., aanp11Mep, </Jotc B. A.. TropHll npOCTpaucrua, upeMe11H 
11 nir0Te1111l!, M., 1955. - llpuM. ped, 
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H~CTH IlO,ll,BeprJJaCb TOJ!bKO HeCKOJ!bKHM 9KcnepttMeH

T8JlbHbIM npoBepKaM 1). 

CTpttIIIJJO BpeMsi CHOBa BepHyTbCH K «cTapofi _a:o6pofi 

TeOpHH OTHOCHTeJJbHOCTH» H eme pas TIIJ,aTeJJbHO ee npo

aIIaJIH3HpOB8Tb. Bee cptt3HKH CIIHTaIOT, 'ITO cTOJJb He-

6oJibIIIOe IIHCJJO 9Kcnepmv1eHTOB (Bcero JJHIIIb Tptt) -

.neiicTBHTeJJbHO CKYJJ:HbIH pe3YJJbTaT JJ:JJH CTOJJb 6oJJbIIIOro 

KOJJH'leCTBa npOH3BeJJ:eHHb!X Bbl'lHCJJeHHH. 06u~aH Teoprrn 

} 

OTHoc11TeJJbHOcT11 - 6JJecrnm11i1 np11Mep BMHKoJieffiioH: 

J\f!tfi\f.§:i~'.:'!~~K.QA,,JJiQPHH, nQqpg~_!!f!.9.~ ... }!? __ TieCJi©. JI B~y-
1 nr.ett KO BCe 60JJbUieMy HarpOMO:tKJJ:eHHIO MaTeMaTHKl1 B 

KO&l\10Jlort111 (rnniiliHblH. fIPHMep HayIIHO'H <f>aHT8CTHKH). 

0.uHaKO BepHeMCSl K 'l8CTHOH Teop1m OTHOCHTeJJbHO

CTH. Ll,JJSJ noJJyIIeHHSl Tpe6yeMoif HHBapttaHTHOCTH 38KO

HOB cptt311KH rrptt rrpOH3BOJJbUbIX mrneifHblX npeo6pa3o~a
Hlrnx CHCTeM OTC'leTa He06XO,ll,HMO 6bIJJO BH)I.OH3MeHHTb 

o'fipe_a:eJJeirne TaK11x npeo6pasoBaH11i1 H BBecrn HOBbie 

n~Q.!5.Pi! .. q@.aHirn np.ocrp.aBCT.BeHHl>IX- II BpeMeHHOH KOOp
,11,HHaT. 3TO 6b!JJO C,ll,eJJaHO Mem:_a:y 1895 H 1905 rr. 

J'iOp'eHIJ,eM (CM. [6]). c,, IlOMOlll,blO 3!:I8MeHHTbIX rrpeo6pa30-

Ba1mii JlopeHIJ,a KOOp,ll,HHaTbI,,.X, Yi ~ lL,BpeM..aJ.. MeH!!?TCSl 

raK1 ;!!..9 ... s.o_xp.aI:J.f.!.~T--~2P.O£!l> cBeTa c rro.~20_5,l .. !:1.Hon. Pe

.ri.5!.!.1!.~1!~TC!<HH 3aK01:1. C?,!,O~~e.!:'lf~ . CKP,,P~CTeH IIOK83bIBaeT, 
lJTO CKOpO~TJ:> caera c rrpe,ll,eJJbH~.51· T. e .. HHK8Kl!e MaTe

pHaJJbHbie o6beKTbl He Moryr HMeTb C,l{OPOC'I'b, npeBbl
lliaIOIIl,yIO CKOpOCTb CBeTa c·:·.. .. . . ... 

v~c. (1.3) 
3To rrpnBO,lUIT K y)I.HBHTe~My cpaKTY - 9Heprnsi TeJJa 

9KBHBaJJeHTHa ero Macce: 
-·-·-··----~ • ,

4

_ • E = mc2• (1.4) 

06a COOTHOilleH!rn (T3r"H' .(1.4)' KOH ell HO, BH)I.OH3-

MeHSllOT o6hI'lHbie 38KOHbl MexaHHirn, HO 9TH H3MeHeHH51 

raROBbl, 'ITO nptt CKOpOCTSlX, MHOro MCHblllHX C, BblTIOJJ

HSl!OTCSl 3aKOHbl KJJaCCHlJeCKOH MexaHHKH. 3To o6ecne-

1) To•rnee - acTpoHoMwiecKllM Ha6moJJ:eH!ll!M no cMemeH1110 ne
pllreJI!lll MepKYP,llll 11 oTKJIOHeH1110 Jiyqa cseTa s noJie CoJIHU.a. TaK 
H33bJBaeJVIOe rpaB!IT3ll.llOHHOe KpacHoe CMemeHHe He npOTllBOpe4HT 
o6meii Teop1111 OTHOCl!TeJihHOCTH, HO He BbITeKaeT HenocpeJJ:CTBeHHO 
H3 Hee. Ecm1 6h1 yJJ:aJIOCh saperncTpnposaTh rpas11Tau.1101111ble BOJIHbl 
KOCMH!JeCKOrO npoHCXQ)KJJ:eHllll, TO 3TO l!BHJIOCb 6hI eme OJJ:HHM 3KC• 
nep11MellTaJibllblM IJOJJ:TB€P.lKJJ:eH11€M Ha3BaHHOH TeOp!!H. - flpuM.. pea. 
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lJ!1BaeT nJiaBHb!H nepexo,!I. OT reopHH OTllOCHTCJlbllOCTlt 
K KJiacc11tJecKoii Teop1111 (CM. [I]). 

Bee npe,!!.bI.lI.YW.He coornowemrn ro11110 nponC'pCtthl 
9Kcrrep11Me1naMH, a cpopMyJia ( 1.4) crana SllDMCHHTOA / 
B cB.H3ll c F.,!!.epHL>IMH npespaw.emrnMH H HJot\pcrcm1l'M 
H,L!,epHOH 6oM6bl. «f1~BaH» HJIH «lJaCTHafl» reopHH QT· 

.. JI ocHTeJI bH o CT lI 5!BJI fl eT C{l jiylipJ! rvf~j{i:iaeEelK.9..!.fill_ blTHC M. 
0.u.HaKO OHa He JI,aeT OTBeTa Ha l'.rnorn:e BonpOCbl,-. 

Ha1160Jiee BaJKHbIH 113 KOTOpbIX - rrpo6JieMa rp.aeura· 
ium. HbIOTOH c1rnTaJI, lJTO T5IroTeHHe pacrrpocTpaHH~TCSI 
c 6ecKOHelJHOH CKOpOCTblO. 8rn n:peJJ.TIOJIOLK:emre, BOC· 
XOLLHrn.ee ew.e I{ faJittJie!O, Ka3aJIOcb a6cyp.LI.HbIM ymc 
ero co.s.p.eMeHHIIKaM. 

CorJiaCHo ycJIOBHIO ( 1.3), MbI .LI.OJILK:Hbl rrpHHHTb, 'ITO 
crwpocTb pacnpoCTpaHeHHH rpaBttTaUJIII MeHbWe HJIH no 
KpaiiHell Mepe paBHa CKOpOCTH CBeTa c: 

vg<c. (1.5) 
3iiHwTeHH npe,ll.IlO.'IOLK:lIJI, lJTO 

Vg=C, (l.6) 
Ii, IlO-BH.lI.HMOMy, y11eHbie npHHHJIH 3TO npe.lI.IIOJIOLK:eHHe 
KaK caM001IeBH.lI.HOe. 

Qp,H~JSQ OHO .BOBCe He OlJ~Bll.lI.HO, ITOCKOJibKY f;;l?T «,U
IWKUX ~15:,E.nepuMeHTa.!lbHbtX Uf!.Mf!J2.fl!!J:!.li- £15212.f!E!U Vg. Mb1-
~cyiii1M 3'fcrr-'i36YfjrOC-B-f.il. ;j~··JVrbl·••:taKIBe-OoJi'ee TIO-
JJ.p06HO paccMOTplIM (rn. 4) QTHOCHTeJibHOCTb Teop1m OT· 
Ho,c1neJ1bHOCTH, Ha lJeM Mb! yme KpaTKO OCTaHaB'JI1tBa
Jll!Cb BO BBe.lI.emm. 
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HEKOTOPblE TIPOBJIEMbl, CBSl3AHHblE 

C lJACTHOA TEOPHEA OTHOCHTEJibHOCTH 

§ 1. Teopu.!l orHocureAbnocru 
u noren~uaAbHaJl anepeuJl 

3ttH!1ITefiHOBCKOe COOTHO!lieHtte Me)f{.n.y Maccoii If 
&Heprneif o6meH3BecTHo: 

E=Mc2, (2.1) 

HO He Bcer.u.a c no.1Hofi HCHOCTbIO onpe.u.e.nHeTCH po.nb 
noTeHUttaJibHOH sHepnrn. Mhl TllJ.aTeJibHO ttcCJie.u.yeM BO· 
npoc II nocTapaeMCH noHHTh, KaKtte TPYJJ.HOCTH npn STOM 
B03HHK8IOT ( 1-3]. 

PaccMoTpHM ¢u3u11,ec1we TeAO, cTpyKTypa KOToporo 
no npe.u.no.no*eHIIIO HaM He II3BeCTHa; nycTh OHO orpa
HHlleHo II30.nIIpy10mefi 060.nolJKOH, npe.n.oTBpama10meli 
noTepII sHepmII. Te.no 06.na.u.aeT onpe.u.e.neHHoli sHep
rneii: Eo, H3MepHeMoi1, HanpHMep, B cHcTeMe OTClJeTa, 
OTHOCHTeJibHO KOTOpoli Te.no IlOKOHTCH. BHyTpeHHHH 
SHeprIIH Te.na MOJKeT 6hITb XHMHlJeCKOH, MexaHHlJeCKOH, 
KHHeTttlJeCKOH HmI IlOTeHUH8JibHOH; OHa MOJKeT Henpe
pbIBHO nepexo.u.11Tb 113 o.n.Horo an.u.a B .u.pyroii:. MbI 
YTBep*.u.aeM, qTo na sHeprm1 Eo CBH3aHa c Maccoft no
KOH Mo COOTHOIIIeHHeM (2.1). 

Ec.np _<lJtt3HlJecKoe Te.no 6y.n.eT ,n.aHraThCH c nocTOHH· 
HOH cKop_QCThIO v, . OHO 6y.n:eT HMeTb HOBYIO Macey M, 

. ~oropoii: cooTBeTcTBYIOT sHepmH E n HMnyJihc p: 

£ 0 = M0c
2

~ = E = ~c
2

, p = Mv, lf (
2

.
2
) 

(I - v2/c2 )
1
f2 • 

YeeJJH'leHHe MaCCbI OT 3Ha'!emrn Mo .n.o M nponcxo,n.ttT 
sa ClJeT KHHeTH'leCKOH SHeprHH. 
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<l>H3HtieCKOe TeJIO Mo:mer ,llBlff~TbCSI B CTaTHtieCKOM 
no.lie CM.II. M . Sa onpe,D,eJieHHblli . npoMe:>KyTOK. BpeMelUl 
npno6pecTH BHeurn1010 noteHU.MaJibHYIO seeprn10 U. Bee 
ClJHTaIOT, ltTo rmmta.sf ·aaeprmr "OttJfCldT:laeTcH cooTimwe
m1eM 

EnoJ1H=Mc2 + U, (2.3) 

f,ll.e u OCTaeTCfl IlOCTOflHHOH, eecMOTp51 Ha ,ll.BH:>KeHHC 

Te.Ila co CKOpOCTblOV. 3:.ro~ b3HatiaeT, ll!.!!.~8.~~.'S<!!J l!P.~!!:PJ!!.• '1 
t!2.2fb .£Y~Ui~f.!!!!2'!E.!;!!f.!L!L!.£.lla .... ~.££b~i.El!!f:~at:u-io.~.c .. f!~eui· 

~~~n~~f~~~iii~*~~cfi/!~~ffm.i1i~.11§~~p~'tiin u{g~f~~ftgi"f 
BaJia Macca, TO IIOCJie,!l;Hflfl KaKHM-TO o6pa30M yqacTBo
BaJia 6bl B ,ll.BH:>KeHMH BBMJlY nepeMemeHHfl .<PH3HtieCKOfO 
Te.Ila, a TaKOH ,ll.BH:lli.YllleHCH Macce COOTBeTCTBOBaJia 6bl 
HeKOTopaH KHHeTHtieCKaH SHeprm1. J13 COOTHOIIIeHHSI 
(2.3) TaKyIO B03MOiKHOCTb HHKaK HeJib3H ycMorpeTb. 

TaKHM o6pasoM, noJIJ'..;aercH crpaHHaH . cHryau.Hn: ( 

!Iii~~~H:;f ~~~~~~H.~Jlb~?~H·.s~~[r~1~~:~-·?ia~q~e1 ··riacca, 
""" ~~~ .. ""'" ,,__ 

§ 2. CMbtCA noreHT.{UaAbflOU aHepzuu 

8 peARTUBUCTCKUX reopURX 

B K.11accHtiecKott MexaHHKe onpe,1J.e.11eHHe noHHTHH no
TeH tftJa.llbHOU :mepeuu HrpaeT OtieHb Ba>KHYIO pOJib, H 
KOr,ll.a Mb! nepeXO,ll.HM K TeopHH OTHOCHTCJibHOCTH, 9Ta 
BeJitttnrna oKashrnaercsi o.neoi\ 113 nepBbIX B cnHcKe no
HHTIIii, IlO.ll.JieiKalll.HX nepeCMOTpy. OepBOHatiaJibHOC 
KJlaCCHtICCKOe onpe,ll.eJieHIIe coxpaHHTb HeB03MOiKHO, TaK 
l\aK OHO OCHOBb!BaCTCSI Ha «q6COJIIOTHOM apeMeHH» H 
«6eCKOHetIHOH CKOpOCTH pacnpocrpaHeHIIH» CHrHaJIOB. 
OrrpeJ.1:eJieHHe MHornx .n;pyrnx BeJIH1IHH H SaKOHOB TaKw:e 
Tpe6yer nepecMoTpa no aHaJIOrHtIHblM npwmeaM; K HHM 
ornocHT~H TperIIii saKOH Hb10T0Ha (f!eucTeue paeno, 
npOTUBOiJeuCTBUIO Ha JII060M paccTOflHHH)' IlOHSITHe 
Uettrpa Mace H JJ.p. .. --·· .. . . . . .. - . 

· KaK MO:lli.HO roaopHTb o paaeHCTBe .n;eucrBHH H npo
THBo;i:eiicTBHH MemJJ.y TaKHMH, nanpttMep, TeJiaMH, KaK 
CoJIHU.e H 3eMJIH, ecJIH CHrHaJI OT O,ll.Horo K ,ll.pyroMy 
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pacnpocTpaHHeTCH npHMepHo 8 MHHyT? 3a 8 MHHyT 
3eMJIH npoi:i.ueT 3Ha qnTeJibHOe paccTOmme, H BeJrnqmrn 
COJIHeqHoro npnn11Kemrn naMeHHTC5J. EcJrn Ha CoJIHUe 
npOHCXO,L(llT B3pb!B, ero .ueHCTBlle npHXO,ll.llT Ha 3eM.TJ!O 
L!epea 8 MirnyT, a nponrno.ueiicTBHe npHJI.eT Ha CoJIHUe 
l!epea 16 M1rnyT! B peayJibTaTe nepeonpe.ucJieHHe noTen
unaJihHOH 9HcprHH CTBHOBHTCH OCTpOH npo6JieMOH. 

B TeopHH OTHOCHTeJibHOCTH HMeIOTCH H .upyrne Tpy.u
HOCTY! - npn orrpe,n:eJiemrn ,MOMeHTa HMrry.rrbca, ,_J\10MeHTa 
HHepum1 H BooCrn,e Bcex BeJilll!HH H saKOHOB, CB5ISaHHbIX 

:<:5-=?Jij;Lii¥Jxe..a.bJibML oau:J1CeHue1n. 3rn onpe)leJieHHH TaK2Ke 
cJie.uyeT TW:aTeJibHO nepecMOTpeTb. 

CocpeJI.OTOl!HM noKa cnoe BHHMBHHe na npo6JieMe 
TIOTeHI~HaJibHOH 9Heprnn. BbIXO,ll, H3 OTIHCaHHbIX Tpy.u

> HOcTeH )lOJI:JKeH 6b!Tb, TIOTOMY l!TO, r<aK MbI aHaeM, TJ/O
f. f!.UH. .O'[H()_r;:·u·.T·e. AbNOCTU n.aaBHO nepexoauT 8 K/laCCUt{,~
\. .cKy10 .MBX(lflUKY npn Bbll10JIHeHHll CJie.uy10mnx ycJIOBHll: 

a) nee CKOpOCTll MaTepnallbHblX o6'beKTOB v MHoro 
Menbme cKopocn1 cBeTa c: 

v~c (2.4) 

( 9TO ycJIOBHe CBH38IIO c HCI10Jlb30Bal!HeM M3Jlb!X 
TIOTeHI~HaJJbHblX 9Heprni1); 

6) paccTOHHHH r )lOJI2KHbI ObITb CTOJib MaJibIMH, l!TO· 
Obi MOIKHO 6bIJIO npene6peqb sana3JI.hIBaHHeM npn 
pacnpocTpaHeHHH cHrHaJioB: 

(2.5) 

r.u.e 't - xapaKTepHblH npOMeR<YTOK BpeMeHll ,UJl5! 
paccMaTpnBa eMoro )lBHMeHH51, HanpllMep ero ne
pno.n. 

B sa.ual!e BsanMo)l.eHcTBHH 3eMJIH H CoJIHU.a ycJIOBHe 
a) BbIITO.'IH5IeTC5! JIOl!TH Bcer.ua (sa HCKJIIOtieHHeM E>Kcne
pnMeHrn Mai1KeJ1bCOHa), ycJionne 6) - HeT. 

Terrepb Heo6xo,L1.ll.MO rrO.UbICKaTb BeJTHl!HHy, KOTopaH 
fll3ll,'J8Cb 6b! peJIHTHBHCTCKHM aHaJIOfOM TIOTeHU.HaJlbHOH 
:mepnrn. Tor.n.a MOHUIO ncrne.uonaTb npocTpaHcTBeHHOe 
p;1cnpe,L1.eJieHHe 9TOH HOBOH BeJinqHHbl H COOTBeTCTByIO
lllC:'H eii Ma CC bl. 
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0.n.HaKo npeM.n.e HaM npH.n.eTCH paccM<rrpcTb .upyry10 
TPY.D.HOCTb, Bo3HHKaroruyro npH nepeuccc111111 Tpa.nHUHOH
HbIX MeTO,ll,OB KJiaccnqecKOH MeXaHHKH D TCOpHIO OTHO· 
CHTeJibHOCTH. M1-10rne H3 3THX MeTO.n.oa IICJib3H pac11po
CTpaHHTb Ha TeOpHJO OTHOCHTeJibHOCTH, OT HHX Ta Kil<e 
npttxo.nnTcH OTKa3aTbCH B KBaHTOBOH TeopttH. B KJiaccH· 
rrecKoH: MexaHnKe c ee a6cOAIOTHbt.M epe.MeHeM Mo>1<110 
C'I'aBHTb H pelll3Tb 3a,11.a11H c Jll06b!M qHCJIOM qaCTHl~ (Ha
npnMep, Mi, M2 , ••• , Mn), pacnoJJOJKeHHbIX B HeKOTO· 
pbill MOMeHT a6cOJIIOTHOro BpeMeHH t B TQqKax 
ri. r2, ••• , rn. Dpe,11.noJJaraeTCSI, 'ITO noTeHI..t;HaJibHaSI 
<:rnepnrn u (ri, r2, .•. , fn) SIBJrneTCSI HeKOTOpoft cpyHKUHert 
KOOp)J.HHaT, H 33)J.aqa paccMaTpHBaeTCSI B 3n-MepHOM 
npocrpaHCTBe. 3rnM oqeHb o6runM cnoco6oM ccpopMy
.1mpoBaHo 60Jibll1HHCTBO TeopeM KJiaCCH'leCKOH Mexa
HHKH. 

TaKoli MeTOJI. HenPHMeHHM K 3a)J.a11aM peJ!SITHBHCJ'· 
CKOH TeOPJ!!k.J.D.e Ka:tK,lI.aH 11acrnu.a •. ( c Koop,11.HHaTaMH 

x n, Yn• Zn) B i~iilicrft. s:irqeMt! "~'Tfiiefa ~~~~@:I.:S.!3.,Q~. <;9.~-
cTBeHHOe speMSI ln. TeopHH OTllQCHTCJibHOCTH Hcno.Jib· 

S'ye~~~~~~~g~g:ii~~~ij~~~.~~~~0i;J}f~~~Hb cepbe3H~M 
o6cT051TeJibCTBOM H npHBO)l,HT KO MHOrHM CJie)J,CTBHSIM. 
PaccMOTpttM, HanpttMep, cncTeMy ,11.syx B3aHMo.neA
crnyJOIUHX 11acTHU.. MoMeM JIH MbI yTBep:>1<,11.aTb, t1To no· 
TCHU.IIaJlbH851 3Heprm1 JIOK8JIH30BaHa Ha O.!UIOH H3 HHX?. 
l1.11tt ee cJJe.n.yeT npttnttcarb BTopoii? HnH pacnpcJl.(.'JIHTLi 
MeLKJJ,Y HHMH? EcJIH 3H.ep2uu OTOC'iaer .Macca, TO rite 
110MeCTHTb 3TY Maccy7 ·3TOT npHHUHDHaJiblll>IH aonpoc 
Mbl H ,UOJ])KHbl o6cy,nHTb. 

3ToT sonpoc 11acTo nrnopttposam1 H 06xo,11.HJIH, no
TOMY 'ITO He BO Bcex 3a.n.aqax OH K81!\eTCS1 )l,OCTaTO'IHO 
SICHblM. 0.n.Ho H3 ,11.syx B38HMO,ll.eih;rnyioruttx Te.II MO>l<CT 
6bITb MHOfO TmKeJiee BTOporo, CJIC,11.0,Ba.TeJlblW. OHO 
noqrn HenO,Zl,Bff>KHO, lj8IlPJ.lM~.P 3eMJI51, rrpHrnrHDalOIUaSI 

Sl~Jl{)K..2. tl.1:;>ro:r91.g1. CornaCHo To'1no ccpopMyJrnponaHHOMY 
HbJOTOHOM TpeTheMy 3aKouy MexaHHKH~ ... H.9JioKO TaK.>Ke 
npnrnrnsaeT 3eMJIIO. Ho MHorne TeopeTHI<H 06 9TOM 
3a6bIB8lOT, 3851BJ15151, 'ITO 3eMJI51 HClIO)lilll)l<lla, 'ITO OHa 
co3.n.aeT IlOCTOSIHHOe IlOJJe CHJI, H 516JIOKO )lBH:tKCTCSI 
13 no111 «3aJJ.aHHOM» noJie. B pe3yJihTaTc oHH 06hi11Ho 

2 3aK. 1357 
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)J.onyc1rnIOT, 4TO noTeHJ.J,HaJibHOH 3Hepnrn He COOTBeT
CTByeT KaKaH-JIII60 Macca, H 3anHCblB8lOT nOJJHyIO 3Hep
nno B BHJJ.e COOTHOLIIeHHH (2.2). 3ro, O.U.HaKO, HBJIHeTCH 
04eBHJJ.HblM ynym.eHHeM, B CBH3H c lleM H noHBJHieTCH 
Heo6xo,a;HMOCTb npoBeCTH HaCTOHlll,liH aHaJIH3. 

'§ 3. 3HatteHue nOHJlTUJl nO.JlJl 
B reopuu 3t1Hutrei1Ha 

Bee 3TH sonpochI Tecuo CBH38HhI Mem.zty co6o1f. 
B reCHoii B3aHMOCBH3H ttx paccMaTpHBaJI em.e TaKOH ne· 
JIHKHH MhJCJIHTeJih, KaK 3frnrnreiiH. OH HCHO nmrnsaJI, 
lJTO, IlOCKOJlbKY /J,eHCTBHe Ha pacCT05IHI1H aarrpem.eHO, 
neo6XOJJ.HMO IlOJIHOCThIO IlOJiaraTbCff TOJibKO Ha .zteiicT
Ime, nepe,n:asaeMoe nocreneHHO s s11.ue noJIH, pacnpo
CTpaumom.erocri 4epes npoCTpaHcTBO. Ba)!rnOcTb reopm1 
TIOJIH OKOH4aTeJibHO BbICTymIJia Ha nepe)lHHH nJiaH. 
11n.eH, Irn4aJIO KOTOpb!M f!OJIO/KHJUI <DapaJJ.eH 11 1vlaK· 
cneJI.JI, no.TJylJHJIH IlOJIHOe pa3BHTHe B Teop1rn OTHOCI1-
TU!.bIIOCTII. DbIJIO Bbl/l:BHHYTO npe,.'l.TIOJIO>Keirne o peaJih
HOM cpH3Hl!CCKOM cyrnccTBODamrn IlOJICH JJ.a:me B TOM 
cJJyLJac, KOr,Ila OIIH 11c ;~ci\cniy10T 1rn ,n:nmi<:yw.y1oc>1 tJa
cuiuy II oc1a10Tcn ne3aMC'ICIIllLIMil. Ta1we npc;uroJIO}I(e
m1e Bb[fJUI,IlHT D 3H3 1IHTeJJbHOii crencm1 MCTacpH3l1'iC
CKHM, HO B peJIHTHBHCTCKHX npo6JieMax OHO mpaeT ,no
MHHHpyIOIII.YIO poJib. 

TaKHM o6pa30M, 11po6J1eMti1 o ,ll.etrcrnmr n rrponrno
.z;.elicTBHH Ha KOHeqHoM paccromnrn 6oJJbllle ne cym.e· 
crnyer; saKOH pasencTBa ,n:eiicrnHH M nponmoneiicn:nrn 

. npHMemierrn JioKaJibHO B mooo?i .uam10r1 To4Ke npo
~·CTpaucrBa-s1wi\IeHH c 1<0op.Luma raivm x, y, z, t. 

{10.ll/O npunucblOOCTCfl 0 1Wl-lb C./lOJiC/IQfl fJOJLb: OHO 
nepe11oc11r 3Heprmo, HMHYJJbC, 11ia1{CDCJJ.JJOBc1rne naTmKe· 
IUIH H np. Mbl XOTl!l\1 TalOI(C IIO!L'IqJKrrytb TOT <{laKT, '!TO 

/dJJ.'YJJLJW.ie o6Aaoaer Macco11. llr.1crmo ::irn nonpocbJ Mbt 

1rnMepeHhl paccMorperh, nocKo.1b1{y 1m10rne reopenllrn
peJJHTHBHCTbI He noJJHOCTbIO y1rnrbrna10T scio nx sa2K-
llOCTb. 

l-IalJP.eM c npoc1oti 3arc11rn, ,n.1R Koroporr cynlecrnye1' 
ooIHl lip mm roe pernorne. PacoIOTIHIM ccpepy paJJ.nycoM 
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a c Maccott Mo H aJieKTPHtiecKHM aapsiJJ.OM Q, pacnpeAe· 
JleHHhIM Ha ccpepttqecKott noBepxHocrH. B noKosiutelk" 
CHCTeMe orcqera Ha paccT05IHHH r 9TOT sapRJJ. C03Jl8CT 
SJieKTpuqeCKOe IlOJie HanpmKeHHOCTblO 

F - -2.. ro (2.6) - ,2 ' 
r,ll.e r 0 - e,nJmMqHhitt BeKTop B HanpaBJJeHHH r. 3ro sneK· 
TprrqecKoe IIOJie HMeeT flAOTHOCTb &HepeUU (a CHCTCMe 
CfC3) 

l Q2 
!:<" --!F12--CD9JI- 8 - 8 4 • n; nr (2.7) 

Cornactto cpyH,ll,aMeHtaJibHOMY cooTHomemno (2.1), no 
COOTBeTCTByeT fl/tOTflOCTU AtaCCbl 

I Q2 
Pm= Bnc2 I F 1

2 = S:rtc2r4 • (2.8) 

DJIOTHOCTh aHeprnII (2.7) H IlJIOTHOCTh MacchI (2.8) 
MOJKHO npoIIHTerpHpOBaTb no BCeMy npocTpaHcTBy BO· 
Kpyr c¢epb1 pa,n.HycoM a, qTQ ,ll,aer 

Q2 Q2 
E,m = 2a, M9 JI = 2ac2 , (2.9) 

rJI.e Ban - rroJIHaH aHeprHH aJie1npnt1ecKoro noJin, 
a M;iJI - noJIHaH Macca rroJIH, pacnpe,ll,eJieHHbie B npo· 

·CTpaHCTBe BOKpyr c¢epbI. C¢epa MOJKeT HMeTb .npyryio 
Macey BHYTPeHHero nporrcx02K,ll.eHHH Mo, raK qro no.rrnan 
ee Macca paaHa 

(2.10) 

Kor,ll.a MbI nmneM aTy cpopMyJJy, MbI yqmhrnaeM, lJTO co· \ 
OTHOilleHHe (2.8) yKa3hIBaeT Ha O'leHb BbICOKYIO KOH· 
ueHTpaumo Macchi a Henocpe,ll,cTBeHHOH oJIH30CTH K c<t>e· 
pw1ecKoi1 nonepxnocr11, H rrpe,11.110.JiaraeM, qro ara Maccn ' 
M02I{eT ClIHTaTbC5l (1\aK nepaoe npu6AUJJCeHue) JlOK8JlH· 
30BaHHOH Ha caMOH ccpepe. • 

§ 4. CAyttaii aeyx 83GUMoiJeiicTBYIOW,UX c</Jcp 

Dpo11.omKIIM paccMorpeHHe sa1J.a•1 !MeKrpocrar11K11, 
KOTOpbie OOJiee H3BCCTHbI, lleM MHOrHe JlpyrHC llOJt06111>1e 
sa,n:atr11, II MoryT ObITh HcnOJib3ooaHLI o Ka'leCToe 

2* 



THmPIHhIX npHMepoB. B STOM naparpa<t>e MbI paccMoTplIM 
npo6JieMy .ll.BYX TeJI. DycTh HMeIOTCSI ,nBe ccpepbI O)l.HHa· 
Kosoro oqeHb MaJioro pa.n.ttyca a c MaccaMH noK05l Mo 
n M~ 11 3apsi.n.aMH Q H Q', KOTOpb1e noKOJlTCR e netwro
µou cucre.Me orc'lera. PaccTOSIHHe Me:tK.n.y HHMH o6o3Ha-
1mM qepe3 ro. DycTb P (cpHr. 2.1) o6o3HaqaeT ToqKy, 

f!J 
\'Y"" 
>""' •,/'p\ 

. / \ 
r ,,,""' \ r' ,,,,,, \ 

,,,,""' \ ,,,,-" \ 
""' \ M' Mo.-:=----------------------------~ o 

Q ~ v 
<l>ttr. 2.1. 

B KOTopoH: Mb! H3MepHeM HanpH:>KeHHOCTh 
w.ero sJieKTpHqecKoro noJIH F, wr.11.a 

pe3yJibTHpyIO-

F = .9. r0 + !£ r'0• 
rs r'a (2.11) 

flAOTflOCTb anepzuu aAeKTPU'leCKOZO nO./lfl 8 .n.aHHOM 
CJiyqae OilHCbIBaeTCH lf>opMyJioii 

. t t [ Q2 Q'2 QQ' ] 
ICsJI =-I F 12 = -

8 
-

4 
+ -,-1 + 2 ~cos 0 , 

Bn; n: r r r r 
(2.12) 

rti;e 0 - yroJI Me:>K.D.Y BeKTOpaMH r H r'. <f>opMyJia .!I.JIH 
IlJJOTHOCTH MaCCbI npHHHMaeT BH.!l. 

{ff I [ Q2 Q'2 Q Q' ] 
Pm=___.!!!... = -- -- + -. + 2- -;,COS e . 

c2 8n:c2 r4 r' ,2 r 
(2.13) 

. 
B 9Toii 3aMeqaTeJibHOH qiopMyJie nepBbIH qJieH, oqeai:m
HO, npe.u.cTaBJIHeT BKJia.n. B Macey Mo rrepsoii qacTHU.bI, 
a BTopoii - BKJiati; B Macey M~ BTopoH: qacTHU.bI. ·Ho 
11,ro 03Hattaer rperuu tt.lleH, coiJep:.>JCaUfuu nepeKpecrnoe 
npou3eeae1-£Ue QQ'? 
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lho6h! BHeCTII HCHOCTb B 3TOT nonpoc, fJ<ICCMOTpHM 
CHa11aJia rrHTerpaJI or TpeTbero tJJieHa n ¢opMyne (2.12) 
H o6o3Hal!HM ero tJ.epe3 Eaa: 

00 

EB3 = J [!) B3 d-r: = 4~ I (FF') d't' = 
-oo 

(2.14) 

rne x, y, z - Koop,l!JIHaTbI TOtJKH P, d-r: - .9JieMeHT Tpex· 
MepHoro o6beMa, (FF') - cKam1pHoe npoH3Be,ll.eHlie. 

BaeneM cTaTHl!ecKni1 noreHunaJI V' ,ll.JHI sapsu.a Q', 
HOpMHpOBaHHbIH 'c IlOMOIUbIO o6bJqHoro rpaHHqHoro yc
JIOBIIH ( V' = 0 Ha 6ecK0He1rnocrH): 

(2.15) 

l1HTerp11pysi (2.14) no qacTSIM, HaXO,ll.HM 

£ 93 = - 4~ V' (Fx + Fy+ F2)1'.'.'.'.00 + 4
1
n JV' (VF) di'. 

3.nech nepBbiii. 11JieH paBeH Hymo, a 

(VF) = 4np3 n• (2.16) 

r.ue PaJI - nJIOTHOCTb 3JieKrpttqecKoro aapsr.a.a Q. Tor4a, 
noJiaraH, qro a ~ r 0 , nonyqaeM 

Q'Q Ea3 = V'Q =-. (2.17) 'o 
CJienoBaTeJibHo, MbI HMeeM cJieny10my10 TeopeMy: 

i]2.-t!l!/!1L ~-11;,~p2u!!:d~.sau~po~fl1;.r..tJUJl BQ~J!P~~ npocrpaH· t\ 
~1:f ae:ip2z:t~~6~~·-ia~~a"o~ -~ai!1q:~f!/d/l};~~;;~a~:: 
1wropou cu,creMe orc'lera. 

3TO TaK)Ke 03Ha<laeT, qro noJIHaH Macca, oreeqaio· 
maH TpeTbeMy \lJieHy B ¢opMyJie (2.12)' nponO.JHJ,HOH8Jlb• 
Ha IIOTeHUHaJibHOH 3Hepnrn JlBYX sapSI,ll.OB Q H Q' H ct>aK
THqecKH pacnpe,ll.eJieHa ao BCeM npocTpattcTee: 

QQ' 
MnoT=--2 • 

foC 
(2.18) 
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,llJIH ABYX ToqeqHb!X sapH.11,0B Q H Q', CTOKOHU.UIXCH B He· 
KOTOpofi CHCTeMe OTcqeTa, Mbl MO)!(eM 33 MeHHTh a6-

CTp3KTHoe MaTeMaTHqecKoe noHHTHe nOTCHUH3JlhHOH 

·.:rnepnrn qrn:seqecKOH Moae.'lb10, B KOTOpoii ::i11epnrn pac

npe.neJie.Ha B npocTpaHcTBe B COOTBCTCTBHII c pacnpe.ne

JieHHCM Harrp5lmeHHOCTH nOJUI. 
,llaJiee, eCJl!I Mbl XOH!M paccMaTpHB3Tb sa.n,aqy 0 )],BH· 

:tKYWJIXCH 33pHJJ:8X, Mbl )],OJDKHbl CJICJJ,OB3Th DOJJ,06HOMY 

}Ke MCTOJJ,Y II BbllJHC"151Tb nJIOTHOCTb 3HeprIIH noJrn o6eIIX 

B33IIMO)],CHCTBY!OU!HX qacTIIU. 4.JieHbl, co.nep:tK3U]Jie npo

ll313eJJ,em1e QQ', 6yAyr Henocpeacrneirno rrpe.ncTaBlIHTh 

3Heprmo !333HMO)],eikTBIIH npn JIIOOblX paccTOHHHHX II 

JJI06bIX CKopocrnx. 311eprm1, pacnpeJJ.t'JieH11a51 B rrpo· 

CTpaHCTBe D COOTBeTCTBHH c pacnpe,QCJJCIIHCM nanp51-
lliCtff!OCTH I10JIH, rrponopUHOH8Jlblla pucnpeJJ,eJleHilOH 

Macce. 

PaccMorpHM, HanpHMep, sapatiy o .ruiyx 3apnJJ:ax, KO

rJJ.a nepBblll 113 HHX Q' TIO!WI1TC5l B llCIWTOpoi! CllCTeri;e 

OTClJCTa, a BTOpOfl .Umrn::eTC5l CO ClWj)OCTb!O V. noJie 33· 
pHJJ.3 Q' - 3TO CT3TWJCCKOe TIO.TIC, H3Tifl5l/l{Cl!I-lOCTb I<O· 

Toporo f' onpe.neJJHCTC51 no c[1opr.1y.ne (2 6), rnr,ri.::1 r«H 
nanpmr<elllIOCTb nom-1 F JJ,nliiI\) :ncrorn 2:1 n11na Q on!1c;,1-
nacrcH xopomo 1!3DCCTIIL!MH pc.rrr:rll!:r:nc1:r;r.m (jrnpuy-
JJ3MH (CM., IIJ.n~.HMCp, f LJ]}. " 

Tor11,a D 3TOII CilCl\113.Ilhl-IOl! CIICTCl'.'2 OTC'i'.c"Ca E2:'.".!:Cl 

Bb1lJHCJIHTb TIJIOTHOCTb SHeprHH B32VI\'IO,n,2firTr.nH s:~r;:-: ... 
,[!,OB Q H Q' (•!JleI-Ibl, co,ii:epE2:UUW !1'.JOIT3DC'-'7.C'H!Ie QQ'), 
a TaKne COOTBeTCTByromyro IlliOTI:OCTb w::cCLI. 

§ 5. I'iJe !vl02,1Q 6bt 6MTri JIO!C('/'!!30'.'at.Ul !'.CCCC!, 

COOTBeTCTBljfOU{GJl norer:,qu:.!Jl{)/Wlt 9/ICfJ.?Ull? 

PaccMoTpllM 33,'1.<Jtiy, n i;cnopoi'r et1 n0Jll!5F8TCIT yc.no
mrn (2.4) II (2.5)' H ~;bl MO/l\C'fJ l 1;;3op!!Tb 0 IlOTC!TlJ:H3J1b

llOH :inepnrn. 
Macca, cooTnercrBy101nan noTerm11anhHof1 3Hepnrn, 

~aKTUlJeCKH pacnpncrpaueua eo nceM rrpocrpancTBe KaK 
J\E'll<Jl.Y 3apruurnrn Q 11 Q', raK 11 BOKpyr HHX. Onnarrn 
ccm1 r.:u 60J1ee BB1JMaTe,1suo paccMoTpllM cpopMyJ1y 
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. (2.13)' TO 3aMeTHM, lJTO rrepeKpeCTIIbiti 'IJICII ( OITHCbIBaIO

lll.IIll B38HMO.ZI.eHCTBHe) 

Pm. a3 = QQ' cos 0 
4:n:c2r 2r'2 (2.19) 

CTaHOBHTCH OlJ€Hb 60Jibll.IHM Ha sapmKeHHblX ccpepII'IC· 

CKHX noaepXHOCTHX, Irnr.na r =a llJIH r' = a. 3To y1rn· 

3bIBaeT Ha KOHUefITpaumo Macchi B6Jll13H sapH.ZI.OB H Ila 

sHatJHTeJihHoe yMeHhlliemre ITJIOTHOCTH MacchI c yaeJIH'-le· 

HHeM paCCTOHHllH. 3Ta KOHUCHTpau115l, O,Tl,H3KO, He CTOJlb 

Bemma, KaK B cpopMyJie (2.8)' OHa l13MeHHeTC51 nponop· 
UIIOHaJibHO r-2 , a He r-4• TeM He MeHee Mb! MO)!{eM BBe· 

CTII nepaoe npn6mnKeHrre no.no6Ho TOMy, KaK 3TO .neJJa

JIOCh B § 3, H yrnepn<.naTb: 0.11.Jl ccpep OOUHGKOBblX 
paouycoa a ~ ro a nepsoM npu6.11.uJ1CeHuu Macey, 
COOTBeTCTBYIOU{YIO norel-lt~Ua.11.bHOU 3Hepzuu, MOJICHO C'iU· 
TaTb .11.0KG.11.U30BaHHOU Ha B3aUJ.Woeii.cTBYIOU{UX aapRoax 
Q u Q' u pacnpeoe.11.emwii. hte'71Coy HUMU nopoarty. Mb! 
rreperr1IWeM COOTHOillCHIIe (2.10) .Zl.JIH ITOJ!Hb!X Mace CJie

.ZI.YIOIIJ.HM o6pa30M: 

QQ' l 
Mg= Mo + MsJI + 2roc2 ' i 

I M' I' QQ' J Mg= o +A- s.~ + -2 2 • 
foC 

(2.20) 

Pacnpe.neJieHne, .nanaeMoe cjiopMyJioii (2.19), non
HOCTbIO CIIMMeTpH'll!O OTllOCl!TCJ!bl!O r If r', II 3TO 011pa11-

JI.bIBaeT «paBHOpacnpe.neJJelIHC» MaCCbI, eCJIH lJaCTHl.J.LI 

IIMeIOT O.ZI.IIH8KOBbie pa3Mepbl H cpopMy. 

CTOIIT, o.nHaKo, o6cy.nHTh HeKoropb1e rro.npo6nocTH 

( cpHr. 2.2). Ifa cpopMyJibI (2.19) BH.ll.HO, lJTO Ha 60Jibm11x 

pacCTOHHHHX TIJIOTHOCTb M3CCbI (H 3Hepnrn) np1rnGpe· 

raeT orrpe.neJieHHbii'! snaK, Kor.na 8 MaJio II cos 0 panc11 

ITOlJTH C,l:UffIHU.e. 5y.neT Jl!I Ha 60.1Jbll11IX pacCT05JlllHIX 

snaK Mrrnyc HJJH rrmoc, saBIICIIT OT sHaKa rrp0Hs1w.nernrn 

QQ', II 31IaK 6y.neT TaKHM )Ke, KaK B cjJopMyJie (2.18). 
0.nHaKo CJie.nyeT saMeTIITb, lJTO ITJIOTHOCTb Pm, na B cpop-

1\lYJIC (2.19) paBirn Hymo Ha ccpepe C .n:HaMerpoM, pas

HbIM paCCT05lHH!O MC)!{JI.Y sapH)!{CHHhlMII '-13CTHU3MH Q II 

Q', B TO'IK3X KOTOpOH Mb! IIMeeM 0 = n/2, COS 0 = 0. 
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BttyTpH ccpepbI C IlJIOTHOCTb Pm, 83 HMeeT npornBonoJioJK~ 
HbIH 3HaK. 

TaK HJIH HHaqe, IlJIOTHOCTb Pm, 83 MOJKeT rrMeTb o6a 
3HaKa, H Macca, COOTBeTCTBYIOUI.aH IlOTeHurraJibHOH 3Hep
rrrrr (KaK H CaMa ilOTeHQHaJibHaH 3HeprnH), MO:>KeT 6bITb 

IlOJIOJKHTeJibHOH HJIH OTprruaTeJibHOH. 

I cos8 >G 

I 
Hct ccpepe C 

c fl=H/2 
I cos 8=0 
I 
I 

Q 
ro I cos9<0 

Q' @, 
l 
l 
I 
I 

<l> Hr. 2.2. 

HoBbie MaccbI, BblqHcJieHHble no <PopMyJiaM (2.20) 
.lf.JHI IlOKOHlll.HXCH qacTHU, ,lJ.OJI}KHbl 6b1Tb xopournM nep~ 
Bb!M nptt6JIH)KeHHeM, ecJIH O,ll.Ha H3 qacTHU ,lJ.BH.>KeTCH c 
MaJIOH CKOpOCTb!O v, TaK qTO nonpaBKH 6y.rr.yT TOJ!bKO 

nopsi.rr.Ka v 2/c2• 

§ 6. C.1tyi1at1 M1w2ux B3auMoiJet1cTBYIOU{ux 

3apRiJ08 Ha MaAblX paCCTORflURX 

u npu MaAblX c1wpOCTRX 

MbI paccMoTpeJirr c HeKOTOpbIMH no.npo6HocrnMrr cJiy
qafi .lf.BYX B3aHMO,lJ.eHCTBY!Olll.HX 3JleKTprrqecKHX sapH.lJ.OB 
Q H Q'. CToJiyqeHHbie pesyJibTaTbl MO:>KHO o6o6UI.HTb Ha 
cJiyqali .n.rrnoJIH, KBa.n.pynoJISI HJIH MYJihTHTIOJIH, BsarrMo
.n.elicTBy10w:rrx c ToqeqHbIM 3JieKTprrqecKHM sapH.lJ.OM. 

PaccMoTpHM, nanprrMep, mecTKYIO noKOHlll.YIOCH 
CTPYKTypy, 06pasoBaHHy10 HeKOTOpbIM qHcJIOM sapH.lJ.OB 
Q', Q", ... ' QCn) H B3aHMO,lJ.eHCTBYIOlll.YIO co CB060,ll.HbIM 
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sapH.ll.OM Q. 3TOT CJiy11afl: MO)KeT COOTBeTCTBOBaTb, 
HarrpriMep, KpHCTaJIJrnlleCKOH pemeTKe, B KOTopofl: .ll.BH" 
/KeTCH CB060.ll.HblH 3.'IeKTpOH. flpeJLIIOJiaraeTCH, 11TO sapH
Abl Q', Q", ... ' Q<n) HMeIOT OAHHaKOBbie paJLHYCbl a, 
3JieKTpH11eCKH B3aHMO.ll.elkTBYIOT Me)KJLY co6ofl:, H 3Hep
rm1 3TOro B3aHMO.ll.eHCTBHH COCTaBJIHeT 11acTb IIOJIHOfl 
.9Heprrrrr (H MaCCbI) rrx )KeCTKOH CTPYKTYPbI. Cso60.ll.Hbifl: 
sapH.ll. Q (TaK>K:e paJLHYCOM a) B3aHMO.ll.eHCTByeT c Ka
:>K.JLb!M H3 3apH.ll.OB QUJ, H IIOJIOBHHa COOTBeTCTByrow:ei'I 
MaCCbI B38HMOJLeHCTBHH JIOK8JIH3yeTCH Ha Q, TOrJLa KaK 
BTopaH rroJios1rna - Ha Ka.iKJLOM us sapH.ll.OB QW. Haso
BeM u IIOTeHII.HaJibHOH 3Heprrrefl: BCeX .9THX B3aHMOJLefl:
CTBHH: 

n 
u = ~ QQ(/). 

/=I 'J 
(2.21) 

Macca cso6oJLHOro sapHJLa Q, ssaHMOJLefl:cTByromero 
co CTPYKTypofl:, cTaHOBHTCH paBHofl: 

u 
MQ = M0 + M!IJI + 2c2 • (2.22) 

B TO .iKe speMH 11MeeTcH ,n:onoJJHHTeJibHaH Macca U/2c2 H 
Ha JKecTKofl: CTPYKType. 3TO ecTb npHMoe o6o6meHHe 
$Op My JI (2.20). 

flpeJLilOJIO.iKHM Tenepb, 11TO sapHJL Q ABH.iKeTCH c Ma
JIOll cKopoCTbIO v. Tor.n:a Bb1pa.iKeH11e JLJIH noJIHofl: aHep
rHH 11acTHUhl Q 11 CTPYKTypbr [s oTJm1111e OT ee,nw11HHhl, 
.ll.aBaeMOH cpopMyJJOH (2.3)] HMeeT BHJJ. 

E _ Mo+Ma .. +U/2c1 c2 +..!..u 
noJIH - (I - v2/c2)'1• 2 • (2.23) 

<l>opMyJiy (2.23) MO.iKHO nepen11caTb B HeCKOJrbKO 
HHOM BH.U.e: 

E - Mo + Ma,. c2 + U + !!_ [ I - t] (2 24) 
noJiu - (I - vZ/cZ)'I• 2 (I - v2/o2)'1• ' • 

floCJie.ll.HHH 11JieH B KBaJLpaTHbIX CKOOKaX eCTb HOBblif 
11JieH, COOTBeTCTBYIOW:HH Hamett TeOpHH, KaK Henocpe.n.
CTBeHHO BH.11.HO H3 cpasHeHHH cpopMyJI (2.24). (2.3) H 
(2.10). B 6oJJbllIHHCTBe npaKTH11ecKHX cJJy11aes OH 
OCTaeTCH MaJiblM H <t>opMyJia 3HHWTeirna (2.3) HBJIHeTCH 
xopOllIHM npHOJIHiKeHHeM. 
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Hama HOBa5l rrorrpasKa Morna 6h! cTaTh saMeTHOH 
TOJibKO npu 6oJihlllllX 3HaqeHttHX cKopocTH v u noTeH• 
uuaJihHOii sHeprnu U, HO (KaK yme OTMeqaJioch B § 4) 
npn 60JiblllllX CKOpOCTflX v Tpe6yeTCH cneuIIaJibHOe 
paccMOTpeHne. B cooTBeTCTBHH co 3HaKOM U 3Ta no· 
npaBKa MO:lKeT 6h!Tb IIOJIO:lKilTeJibHOH HJlll OTpnua
TeJihHOil. Dpn noM aHaJIH3e ueo6xonnMo ncerna ocTepe· 
raTbCH IlCilOJib30BaHIIH TaK Ha3hIBaeMbIX IlOTeHU.HaJIOB, 
KOTOpble o6biqHo onpe,ZI.eJIHIOTCH c roqHOCTh!O .no rrpOH3-

. BOJihHOH IlOCTOHHHOH (HJIH cpyHKUIIH) Il Henocpe,II.CTBeHHO 
Be,ll.yT K Tpy,II.HOCTHM, CB513aHHh!M c «KaJrn6poBKOH» no
TeHUirnJIOB. 

0 pe,ll.IIOJIO.>KeH!re, qTQ HOBaH Macca pacrrpe,ll.eJieHa 
rJJaBHb!M o6pa30M B 3JleKTpllqecKOM noJie BO BCeM rrpo

' cTpaHCTBe, y.rr.osJieTBopHeT rpe6osaHilHM, rrpe,II.bHBJIHe• 
' MbIM Ka!{ !{ npeo6pa30B3HllHM JiopeHua, TaI< ll K caMOMY 

sJieKTpOMarHHTHOMY rroJI10. Ynpom.eHHa51 MO,ll.eJih, B KO• 
Topofr ,ll.OITOJIHHTeJibHaH Macca JIOI<aJIH30BaHa Ha qacTH
ue, .rr.om1rna paccMaTprrBaThCH TOJihKO I<aK npH6Jirr:iKeHrre, 
Il03BOJ1.HIOI.Uee H3M ycTaHOBHTb COOTBeTCTBHe c KJiaCCH• 
11ecKHMH sa.rr.aqaMH. 

'§ 7. CAyttau HeoDuHaKOBbtx ttacTUl{. 
PoAb </JopMbt itacTUl{ 

B § 4-6 MhI npe.nnoJiaram1, qTo see ssanMoneikrny10-
lll.Ile qacTIII.\hI npencraBJIHIOT co6oif ccpepbr pa.rr.nycoM a, 
H STO Her10cpe.rr.crneHHo npuseJio K «pasHopacrrpeJJ.eJie
HHIO» ,ll.OTIOJIHHTeJibHOH MaCCbl Mem.rr.y ,II.ByMH B3aHMO,ll.eH
CTBYIOlll.IlMil tiacrnuaMH [yCJIOBile (2.20) ]. 

. PaccMoTpHM Tenepb 6oJiee CJIOmHy10 sa.naqy o .nsyx 
ueo,ll.nHaKOBhIX qacTnuax. Henocpe.rr.cTBeHHO BH,II.Ho, 'ITO 
sap.H,ll.hl Q JI Q' ITOHBJIH!OTC5! TOJibKO B BH,ll.e HX npOH3Be• 
p,emrn QQ'. C11MMeTpm1 TIOJIH ssanMo.rr.eifcTBIIH no-npe.>K• 
JieMy He sannc11r OT pasmrqHH sap.H.ll.OB Q H Q'. BeJiwm
HhI Mace M n M', rro-BH,ll.HMoMy, TaK:>Ke He 11rpa10T HH· 
KaKOH poJIH ( O,ll.H3KO II03:lKe Mbl em.e B03Bp3THMC5I K 
llTOMY MOMeHTY). PacnpeneJieHHe TIOJIH IIOJIHOCThlO CHM· 
MeTplltIHO OTHOCHTeJibHO TIOJIO)KeHHSl sapH,II.OB, HO zpa
HUtlfibte ycJtoauH sanHC5IT oT paouycoa ccjJep a u a'., 
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B uaweM npe,n.LrJJ.yrn.eM attaJIH3e MbI Tpe6osaJIH BblilOJI .. 
HeHHH ycJIOBHH 

a=a' ~ r0• (2.25) 

EcJIH IB.e a =I= a', To BCfl CHMMeTpHfl uapywaeTcfl. 
B TO me npeMH Macchi M H M' 6yJJ.yT pa3JIH4Hbl, rro

CKOJihKY pa3JIH4Hbl 3Jie1npH4eCKHe )lo6asK11 B HHX. Dpe)l• 
rroJIOIB.HM, uarrp11Mep, l!TO a > a'. Cornacuo cpopMyJie 
(2.9), MbI rroJiyqaeM 

a> a', (2.26) 

DocKOJihKY o6JiaCTb HHterpuposamrn Hec11MMeTptt4Ha, 
Mb! He MO)KeM C1!HT3Tb, l!TO JJ.OTIOJIHHTeJibH35l Macca, CBH· 
sairnaH c nOTemmaJihH01'J: 3Heprnerr, pacrrpe,11.eJIHeTcfl Me· 
)KJJ.Y tiaCTllll.3MH rroposuy. DoJJe cJJa6ee BOKpyr 43CTHU.bI 
pa,n11ycoM a c MeHbWei1 Maccoli M. KpoMe Toro, 3TOH 
43CTHU.e CJieJJ.yeT npHI1HCb!B3Tb !1 MeHbWYIO Macey, o6-
YCJIOB,1CHHYIO nsaHMOJJ.eJ'J:CTBHeM, BCJieJJ.CTBHe qero BMeCTo 
cjJOPMYJJ (2.20) Mb! HMeeM 

M < QQ' , M' 
B3 -2 2 <'...._ B3• roe 

(2.27) 

00Jib3Yf!Cb qrnr. 2.2, paccMOTPHM 33HOBO aHaJIH3 ¢op• 
MYJibl (2.19). CTJIOTHOCTb Macchi 0 T04HO panna Pm, n3/c2 H 
1rneeT pasJrnl!Hbie sHaKH B pasHhIX o6Jiacrnx rrpocTpaH• 
crna. .':ho nprrnO.ll.HT I< noHBJiemuo rpas1nau11omwro 
DOJIH, COOTBeTCTBYIOU~ero rpamnau.110I1HOMY MYJibTHI10JllO 
(a He rnqetrnoii l\tacce). TaK11e ycJIOBHH MoryT npHnecnt 
K rpan11TaIJ,HOHHOMY noteHu.ttaJiy Te1rnopHoro xapaKTepa, 
no1~00H0My no.nytreHHOMY 3limIJTeil:HoM HJIH ,[LnKKe. Ecm1 
RMCCTO c¢epw1ec1rnx Mhl paccMaTpHBaeM sapmKeHHble 
1!aCHIUb! lll!OH ¢opMLI, TO CHMMeTpHH rpamru. IlOJIHOCTblO 
1rnpymaetcH, H npe.nno,11o)Ke1rne o pamwpacnpe.n.e.JJemrn 
MaCCbl, oGycnoBJ1eHHOH BSaHMO,!I,elICTBlH~M, CT3HOBllTCSI 
nenep11bJJ11. 

Paccl\WlpHM, Hanp11Mep, cJiyl!ali, Kor.na o.n.11a ccpepR• 
trecrrnn qacn1u,a llaXOAIHC51 8/iYTPU 33KpblTOl'0 MeTaJIJIH• 
lJCCKOfO Hl.lJ.HKa. 51 UUIJ{ MO}!<HO coe,D.Hl!HTb c re11epaTOpOM 
BaH-JJ.e-fpaacpa H no.n.JI.ep}!<Jrnath n 11cM ni,1co1rnii noTCH• 
u.1rnJI V. Dp11 3TOM B03HmrneT uechMa pcaJILnafl npoo.neMa, 
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CBH33HHa5l c TeM, 4TO Macca, COOTBeTCTBYIOW:aH 3Heprm1 
B33J1MO,ll.ei'icTBJ15l, MQ)KeT OKa3aTbC5l BO MHOro pa3 60Jib· 
me Macchi noKoH qacTJJUbI. llm1 9JieKTpoHa 

m0c2 = 500 000 aB. 

0.UHaKO MO)J<HO B35ITb 

V = lOMB, Tor.zr.a U0 = 20m0c2
• 

9TO y)Ke He 6yJJ.eT M3JJOH nonpaBKOH. 0.ZJ.HaKo B TaKOM 
CJiyqae noJJyqaeTCH noJIHaH aCHMMeTpHH. 

0yCTb BH3'laJJe HlUHK 6y,ll.eT nyCTb!M, HO CHapy)Jrn BO• 
Kpyr Hero pacnpe.ueJieH 60JJblllOH 33pH,ll. H HMeeTCH CJ1Jlb· 
Hoe 9JieKTpH'leCKoe noJJe. Macca, pacnpe.ueJJeHHaH a 
.STOM IlOJie, npOCTO .uo6aBHTCH K HCXO,ll.HOH Macce HlUHKa. 

Bse.ueM renepb B HlUHK O.UHH 9JJeKTpoH. OoJJe aJieK· 
TpoHa 6y.ueT e.UHHCTBeHHb!M noJieM BHYTPH HIUHKa. TaM 
HeT ITOJJH, o6ycJJOBJJeHHoro B3311MO.lJ.eHCTBl1eM 3apHJI.OB, 
a cJJe.uoaareJJbHO, Her 11 aHeprnH asa11Mo.ueiicTBHH. OoJJe 
BoKpyr 9JieKTpona TaKOe me, KaK H BOKpyr CB060JJ.HOro 
.SJieKrpoHa B aaKyyMe, H 9JieKTpH'IecKaH Macca 9JJeKrpo
Ha He H3MeHHeTcH. Ha BHyTpeHHeH nosepxHOCTH HlUHKa 
B03HJ1KaeT nosepXHOCTHaH IlJIOTHOCTb sapH,ll.a, nptt4eM 
IlOJJHb!H HHJJ.YUHpoBaHHblH sapsi.n TO'IHO paBeH J1 npOTHBO· 
noJJo)KeH sapH.UY aJieKTpoHa. B csoIO o'Iepe.ub sapH.ll., pac
npe.neJJeHHbltt Ha BHyrpeHHeM rrosepXHOCTH, rrpHBO.UHT K 
IlOSIBJJeHHIO npOTHBOilOJJO)KHOro sapH,ll.a TaKOH JKe Be.n11~ 
'lHHbI, pacnpe,ll.eJJeHHoro Ha BHerrrneil nosepxHOCTH 511UH· 
Ka. 00CKOJ!bKY BHeWHee TIOJJe yseJIH'IHJIOCb, yseJJH411· 
BaIOTCH ero 9HeprHH H Macca. Her HHKaKoro coMHetrnH, 
"ITO B 9TOM CJiyqae BC51 Macca, o6ycJJOB.1!eHHa51 B3311MO· 
.nei'icrsneM, JJOKa.n11sosaHa Ha HlUHKe, 11 npaKTUt-tec1rn Her 
H11KaRHX H3MeHeHl1H MaCCbl 9JJeKTpOHa, HaXOJJ.HIUerocH 
BHyTpH. CJiy'laH, Kor.na BCH .nonoJJH11TeJibHaH Macca, co
OTBeTCTBYIOIUaH JIOTeHuHaJibHOH 9Hepr1111, cocpeJJ.OTO'JeHa 
Ha 9JJeRTPO.ll.aX 11 np116ope, a Macca 9JieKrpoHa ocraercH 
nensMeHHOH, npe.ucrnaJJHIOT co6oM: pea.1tbflbte ::JKcnepu
MeHTa.llbflbte curyau,uu; np11 9TOM 11Meer Mecro noJJHaH 
BCHMMeTpHH. Op11 T3K11X ycJJOBJ15IX COOTHO!lleHl1e (2.3) 
cnpaBe)l.JJJ1BO, HO 9TOT pesyJJbTaT He 5IBJJHeTCH O'leBHJJ.· 
Hb!M H He MO)l{eT 6bITb o6IUHM. 3To TaK)Ke :noKa3h!BaeT, 
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tITO rrpe)l,!IOJIOJR:eHrre 0 JIOKaJIH30BaHHbJX Maccax - BeCb
Ma rpy6oe rrprr6mi:)KeHHe. Mo5I 6ece.n.a c .IJ.rrKKe O'IeHb 
IlOMOrna BHeceHHIO 5ICHOCTH B 3TOT Borrpoc. 

§ 8. 0606U{e1-tuR. KsaHTOBbte npo6Ae.Mbl 

CJie.n.yeT 6bITb ocTOpOJR:HbIM B CBH3H c TPY.ll.HOCTbIO 
onpe.n.eJieHHH noTem.1_rraJibHOH 9Heprrrrr rr nosa6onnbcH 
0 TOM, tIT06bJ He CM€llIHBaTb ee c TaK Ha3hIBaeMhIMH rro
TeHIUiaJiaMH (3JieKTpll'IecKHM HJIH BeKTOpHbIM)' o6wmo 
HCilOJih3YeMblMH B 3.TJeKTpo.n.rrHaMHKe. 3TH noTeHurraJibI 
npe.ncTaBJI5IIOT 4-BeKTOp H MOryT 3aBHCeTb OT KOOp.ll.HHaT 
x, y, z H BpeMeHH t. 0HH onpe,n;eJI5IJOTC5I c TOtIHOCTblO )1,0 

npoH3BOJibHOH ¢YHKUHH H He HMeIOT Henocpe.n.cTBeHHOro 
¢H3H'IeCKoro CMblCJia. <l>tt3H'IeCKHH CMbICJI HMeIOT TOJlbKO 
HX rrpoH3BO,Il.Hhie, rrpe.n.cTaBJI5IIOIUHe KOMilOHeHTbl HaI1p5I
}KeHHOCTeH 3JieKTpoMarnttTHoro noJIH. Bhl.110 6hI 6ec
Cl\!bICJieHHO CB5I3bIBaTb IIOJIHYIO 3HeprrrID CHCTeMbl c 
4-BeKTopoM noTeHurraJioB. Xopolllo rrsBeCTHO, tITO rrcrroJib-
30BaHrre BeKTOpHbIX IlOTeHUHaJIOB ae.n.eT K npo6JieMe 
«KaJirr6pOBO'IHOH lrnBapuaHTHOCTH» H MHOrHM .n:pyrnM 
38TPY.ll.HeHH5IM. 

B npe.ll.hI.ll.YlUHX naparpa¢ax npe.n.noJiaraJioCh, tITO MhI 
paCCM3TpHBaeM CTaTUt-teCKYIO saoat{y (B HeKOTOpOH npe
HMyIUeCTBeHHOH CHCTeMe OTC"!eTa)' nprrtieM noTeHUH8Jib
HYIO 3Heprrr10 Ha 6ecKoHetIHO 60.IIhllIHX paccrosrnrrHx 
MOJR:HO 6bIJio ctirrTaTh paBHOH Hymo n raKrrM ot:ipaaoM 
HCKJIIO'IHTb JJ.a>Ke npOH3BOJibHbie ITOCTOHHHble. Harna no
TeHurraJibHaH 3HeprrrH 6bIJia ¢>YHKUHeH TOJlbKO Koop.nrr
HaT x, y, z H He saanceJia OT BpeMeHH t, onpe.neJIHeMoro 
B nperrMyruecraeHHOH CHCTeMe OTCtJeTa. 

KBaHTOBhie npo6JieMbI paccMarpnaaJIHCb JhM6oM, 
BeTe, lllanHrepoM n .npyrnMII, II pesyJihTaTbI nx npnae
JJ.eHbI B KHHre IllBrrHrepa «KBaHTOBaH 3JieKTP0.ll.HH8MH
Ka» [5]. MeTO.l{, KOTOpbIH onrr rrcnoJih30aaJIH, npHBO.l{IIT 
K BBe)l,eHHIO nonpaBOK .ll.JIH 3aTpaBOtIHbIX Mace 118CTHU II 
nashrnaercH «rrepeHopMrrpoBKOH Macchr». OH npnBO.l{HT 
K OTJIHtIHhIM tittcJieHHhIM pe3yJihTaraM. KaaHTOBble 3¢
cpeKrhr BKJIIOtiaror 3.lleKrpocraTHtieCKYIO IIOTeHl.(Ha.llbHYIO 
3Heprmo H ace Bll)J.bl CITHHOBblX ::ict>l\leKTOB. 
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HacTosu.urrfi aHaJJrrs noKa3blsaeT, IITO nepenopMupoB-
1w MaCCbl He06XO.lI.IIMa He TOJibKO B KBaHTOBOH Teop1m, 
HO }l.OJllKHa 6hITb BBe}l.eHa II B Teopmo OTHOCHTeJihHOCTH, 
lJTO 6hIJIO coseprueHHO ynyrn.eHO Il3 BH.ll.Y ee OCHOBono~ 
JIO}KHIIKaMII. 3oMMepcpeJih}l. II .[LrrpaK He yqHThJBaJIH &TOT 
MOMeHT, II03TOMY HX cpopMyJihl Heo6xo.zurMo Tlll,aTeJihHO 
nepecMoTpeTh. 

§ 9. ll po6;zeJvtbl, B03Hwca10U{ue Ha crbtKe 
KAaccuqecKoa u peARTUBUCTCKQQ MexaHUKU 

CTpo6JieMa, KOTopyIO Mhl o6cym.u.aJIH, HBJIHeTCH TH• 
nwIHhIM np11MepoM rpy.11.Hocreii, B03HHI<aIOLU.HX Ha CThJKe 
.u.syx paaJiuqHhIX reopeTuqec1rnx MO.lI.eJieil. 06w.ee pac· 
CMOTpemre raKrrx npo6JieM 6hIJIO c.u.eJiaHo B [6] (rn. III
V). BMecTe c reM 3Ta npo6JieMa npe.n.crasJl51er oco6L1i1 
HHTepec, IlOCKOJihKY HeKOTOphle H3 npucyw.ux eil oco6eH
HOCTeif, IlO·BH.ZUIMOMy, 6b!JIH ynyLU.eHhI Il3 BlI.ll.Y OCHOBO· 
IlOJIO.iKHHKaMH TeopttH OTHOCHT€JibHOCTII. 

CTepexoJI. or KJiaccnqecKofr MexaHHKH K reoprru OTHO~ 
CHTeJibHOCTH MOR<HO paccMarpusaTh c .U.BYX ToqeK spe
HHH. 

a) CquTaercH oqearr.U.HhIM, qTo peARTUBucrcKaR Me
xanuKa aomirna nepexo,ll.HTh B KAaccuttecr<:y10 .MexaHuKy, 
ecJIH CKOpOcTb cseTa c 6hIJia 6bl 6eCKOHeqHOH. LI.mi pe
JIHTHBHCTCI{OH MexaHI!KH tJaCTIIU 3TO MOIKeT 6b!Tb MaTe
MaTuqecKH sepHo, HO cpuauqecKH TaKtte paccym.11.emrn 
HenpaBHJihHhI. Mb1 ern.e MOR<eM noJIOR<IITh c ~ oo B Me
xaHHKe, HO HH B KOeM cJiyqae He B .9JieKTpO,UlIH8MIIKe. 
¢H3HK (He38BHCHMO OT Toro, 3KcnepHMeHT8TOp OH HJIH 
TeopeTHK) He MO:JICeT U3MeHUTb CKOpOCTb CBera c, KOTO
paH HBJUieTCH cpy11)J.aMe1naJibHOH cj:JH3HlleCKOH ITOCTOHH~ 
HOH. EcJI11 MbI B 3TOM naparpacj:Je H rosopHJJH o «Mexa
mme», TO HMeJIH B BH)~y TOJihKO «CHCTeMy qacnm» •. 
B 3TOM nJJaHe MOIBHO paccMaTpHB3Th sanaqH o nBmKe
HHH aTOMOB H MOJieKyJI, HO He aa.11.aqu 0 pacnpocTpaHe
HHH BOJIH B CITJIOll!HOH cpene. 

6) ¢H3HK MO>KeT HCCJJCAOBaTb CBOHCTBa MeXaHnqe
CKHX CHCTeM qacTHil TOJlbKO B cJiyqae, eCJIH HX pa3Mepbl 
H CKOpocrn M3Jlbl [¢opMyJJbl (2.4) lI (2.5)]. B TaKHX CH
CTeMax 3ana3AliB3HHH npH pacrrpocrpaHeHHH CHrHaJJOB 
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MoryT 6b!Tb HaCTOJlbKO MaJJbl, qTo HMM MO)KHO npeHe-
6pet.Ib )J.3}Ke npH KOHeqHoH BeJIH1'..JHHe CKOpOCTH CBeTa c. 

YcJJOBHH a) H 6) cpaKTHt.IecKtt npHBO.ll.HT K secbMa 
pa3JJH1'..!HbIM cJie)J.CTBHHM. PaccMoTpHM, HarrpttMep, cooT
noruem1e Me:m:.LI.y Maccoii H 9Heprneii (E - aa,L1.amraH se
JIH'lHHa): E 

M=-2. c 
l1cnoJJb3Y51 ycJJOBHe a), noJiyqaeM 

M - oo npH c - oo. 

(2.28) 

B cJJyqae }Ke Bb!IlOJJHeHHH ycJJOBHH 6) Macca oCTaeTcH 
KOHe'-!HOH. 

YCJJOBHe a) MO}KeT YAOBJJeTBopHTh MareMarnKa, Ko
roporo mnepecyeT TOJJbKO MexaHttKa qacT1u1., HO cptt3HK 
He MmKeT npHHHTb ero HH npH KaKHX o6CT051TeJlbCTBax. 

y CJIOBHe 6) HMeeT peaJJbHb!H cpH3HqecKHll CM bl CJ! H 
o6JJa)J.aeT ew.e OJJJIHM cepbe3HbIM rrpeHMyw.ecTBOM. Ono 
COClTBeTCTByer HH3KHM qacTOT3M " H, CJie.nosaTeJibHO, 
otieHb MaJibIM KBanraM hv. Kor.LI.a 9HeprnH cncTeMbI E 
Bemma no cpasnemuo c hv, MbI cpaKTH'leCKH noJiytiae111 
1rnaccw1ecKy10 Mexam1Ky, r.n.e HH KBaHTOBhie, HH pemnH
BHCTCKHe acpepeKTbl He 111oryT Mrparb cepbe3HOH pOJIH. 

Onpe.11.eJieHHe noretll{Ua!lbfiou :mepzuu B K.ri:acc11qe
c1w1'1 Mexamme ocHonano Ha npe.urroJ!OJKemm, qro npH 
pacnpocTpanemrn JIID6h!X c1trHaJros 3ana3.UhIB3HH51 npe-
11e6peilmMo MaJibI. TaKoe npe.11.rroJimKe1rne cornacyerrn 
IrnK c ycJIOBHeM a), TaK rr 6). B peJixrnn11crcKoii Mexa
HrrKe 331133)J.b!B3HHH MOfYT OI\a33TbCH 60JiblllllMH H KJJac
CHlfeCKOe orrpe.LI.eJieirne CT3HOBHTCH HCllpHMC!IHMblM. 3ra 
rpy,1urocTh npeo.n.oJienaercH [¢op111yJJhl (2.4) H (2.5)] .u.o
I<a3aTeJibCTBOM, trro BTY 9Heprmo CJ1e,1J,yer yJKe paccMar
p1rnaTb He KaK «IlOTe1rn,HaJibHYIO», a rrnK BilOJil-Ie peaJib
Hy10, KOTopy10 MOl!\HO Jlerno 06Hapy.11rnTb B ITOJie D3{lll

f;W.LJ,ei'tcrnymw.ux 11acrHu. 3rn JlOKa3aTeJibCTDO oi,r_rro 
ll,alW tI,Ji51 C.llylfafl 3JICKTpH1ICC!\OfO IIOJJ5l, 110 Ol!O, O<Je
DHJUIO, npnMeHHJ\!O H K 60JiblllHHCTBY .n:pyrnx noJJeii . 

.Llnoi'tcrne1mocTh, 0 KOTOpO{f CBH,ll.CTCJlbCTBYIOT yc.~o
nrrn a) H 6) ::noro naparpaqJa, na caMOM )leJJe MHoro 
rny61Ke, 'ICM 1rnmerCH na nepnuifi B3rJJ>rJl. MI>1 cpaK1nqe
c1rn .nomKHhI paccMaTp1rnaTh iJBe pa3AUtJliute o6Jtacru 
cne4uaJtb1wu reopuu onwcuTeJtv1wcru; 
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a) PeARrusucrcKy10 MexaHuKy cucreMbt 1wcru4, s 
Koropou coornouw-we .ue'J/Coy .uaccou u anepzueu (2.1) 
UCflO/lb3YeTCR TO/lblW OAR KUfieTU<tecKOU aHepcuu, TOr,IJ,a 

RaK IIoTeHuIIaJibHoii ::rneprnII aoo6me He oTaeqaeT Macca. 

B rrp1rnomeHIIHX 3TOH Teopuu 60JihlllIIHCTBO aBTOpoB IIC

noJih3YIOT «38.IJ.8HHbie CK8JIHpHhlH H BeKTOpHbIH IIOTeH

UII8JlbI V H A», He yTo'lHHH HX onpe.IJ.e.neH11i1. Mbr pac

CMOTpeJIH COOTBeTCTBYIOill.He npo6JieMbI B § 8. 
6) Pe1tRruaucrcKy10 a1teKrpoauna.MuKy. 3.II.ecb MbI 

HMeeM ropas.IJ.o 6oJiee IIcllepIIhIBa10mee H3JIO)KeHtte, Tma

TeJihHo paspa6oTaHHOe .3ttHrnTerrHOM II .II.PYrHMH y'leHbI

MH. CooTHorueHIIe Me)K.IJ.Y Maccoif II 3Heprneii (2.1) IIpII

MeHsieTcSI )l.JIH JII06hIX Bll.Il.OB 3HeprnH, II ace ypaaHeHIIH 

cornacyIOTCH c KOHe'lHOH BeJIHlJIIHOH CKOpOCTII CBeTa c. 
TaK HashraaeMaH MexaHHtJecKaSI IIOTeHUIIaJihHaSI 3HeprIIH 

BXO)l.IIT B 3HeprIIIO 3JieKTPHtJeCKoro IIOJIH, pacnpe)l.eJieH

HYIO BO BCeM npoCTpaHcTBe BOKpyr 3JieKTpH'-IeCKIIX sapSI
)J.oa. 3Toro .Il.OCT8TOlJHO .Il.JIH Toro, lJT06hI eii OTBetiaJia 

Macca, HO TeopIISI Hwrero He roaopIIT HaM o TOM, r.IJ.e 

JJOK8JJII30BaHa 3T8 Macca. 

HeIIs6elliHbIM SIBJISieTCH H erue O,ll,HH aonpoc: a K.nac

CIItJecKoii MeXaHIIKe Macca acer.II.a noJIOlliIITeJihHa, 3Hep
rHSI me (KaK TOJJbKO OIIpe.IJ.eJieH HyJieBOH ee ypoBeHb) 

MOJKeT 6hITb I<aK IIOJIO)!{IITeJJhHOM, T8K Il OTpIIU8TeJihHOH. 

B KJiaccuqecKoif MexaHIIKe Bb16op HyJieaoro ypoBHH 
.9Hepr11H He HMeeT 60JibillOro 3HatJeHH5I, HO B TeOpHH OT· 

HOCHTeJibHOCTH HrpaeT aa}J<HYIO pOJib IIMelIHO a6COJIIOT

H8H aeJIIItJHHa &HeprnH. T ;rnoe yTotiHem1e coaeprneHHO 

He06XO.UHMO .UJIH COOTHOlllemrn Melli.IJ.Y Maccoif H 3Hep
rneii (2.1). Mbr JJ.OJI:t!rnhI ll,onycrrnTh B03MO)!{HOCTb cyme

CTaoaaHHSI orpul{aTe/lbHblX .Mace, COOTaeTCTBYIOULIIX OT· 

pmi:wreJJhHbIM 3HeprttHM. 
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fPABHTAUH~ H TEOPH~ OTHOCHTEnbHOCTH. 

ATOMHbIE qACbl 

§ 1. KaK pacnpocrpa1-tJieTcfl 
ipaeura4uo1-tFtoe saau.MoiJeucreue? 

Borrpoc o TOM, KaK pacrrpocTpamreTC51 rpaBHTauHOH· 
Hoe B3aHMo.neil:CTstte, Mb! Y*e no.nHHMaJJH B KOHue rJJ. I, 
r.ne OTMeqaJJOCb, qro B HaCTOsuuee BpemI HeCOMHeHHbIM 
MO)KHO cqttraTb J!Hlllb 0.11.HO: rpaBHTaUHOHHble B03MYII.l.e
Hlrn ,ll.OJDKHbl pacnpocTpaHHTbCH co CKOpOCTbIO, He npe
BblIIJaIOII.1.eif CKOpOCTH CBeTa c: 

Vg~C. (3.1) 

8frnrnTeil:H )Ke npttHHJJ 6e3 KilKHX-JJi160 3KcnepttMeHTaJJb
Hh!X JJ.OKa3aTeJ!bCTB, qTo 

·vg=C. (3.2) 

8To npe.nnoJJO)KeHtte rpe6yeT noHcHeHHH. 
8il:HUITeHH xoreJJ CBeCTH BCIO <)>H3HKY K lJHCTOA reo

MeTpHH; OH IIOJJaraJJ, qro I!O,ll.XO,ll.fflll.HM o6pa30M HCKpHB
JJeHHb!H npocTpaHCTBeHHo-apeMeHHOH MHP .naJJ 6bl aoa
MO)KHOCTh o6'bHCHHTb Bee Q:lH3HlJeCKHe 33KOHbl, H3lJHH351 
OT 3JJeKTpoMarHeTH3Ma H KOHtJaH rpasttTauHeil:. OH co-
3HareJJhHO nocrasttJJ nepe.n co6oU: raKyIO ueJJb H pa6o
raJJ Hal.{ ee ocyUJ.eCTBJJeHHeM B retJeHHe noJJOBHHbl csoeii 
)KH3HH . .[lJJH ,ll.OCTH:tKeHHJI 3TOH ueJJH .3il:HUITeHH He MOr 
BBeCTH B CBoeU: reopHH ,II.Be pa3J!HlJHble CKopocnI Vg H c. 

Ho 3ra ueJJh ne 6hIJJa .nocrttrnyra. 3i'rnrnrei'rn cyMeJJ 
6JJecr.HUJ.e CB.H33Tb HeeBKJJH,ll.OBY reoMeTpmo c reopHeii 
T.HfOTeHH.51, O,ll.HaKO IlOCTpOHTb eaunyto TeOputO nOAfl eMy 
TaK H He y.naJJOCb. MHorne nonh!TKH raKoro nocTpoeHHH 
He yaeHqaJJHCb ycneXOM TO JIH B CHJIY He,nocraTOlJ
HOH 06UJ.HOCTH, TO JIH., nao6opor, B c1rny l!peaMepHOK 
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o6W.HOCTH, BBOJLHBIUeH MH02KeCTBO HeH3BeCTHb!X npOH3-

BO.llbHb!X ycJIOBHH. TaK HJIH HHaCJe, HO OKa3aJIOCb HeB03· 

MO)l{HblM o6be)1,HHHTb 3TY reoMeTpHCJeCKYIO Teopmo c 

3JICKTpO.ll.HHaMHKOH. 
B HaCTOHW.ee npeMH oCJeHb HeMHorne <f;tt3HKH nepHT 

B B03MOmHoCTh nocrpoeHHH TaKoil e.11.11Hoi1 Teop1rn. EcJIH 
OTKa3aTbC5l OT Mb!CJIH 0 ee cyw.ecTBOBaHHH, TO HeT HH

K3KHX OCHOBaHHH C'!HTaTh cnpaBe.ILJIHBblM COOTHOilleHHe 

,(3.2)' H norm 3KCnepHMeHThl He .11.a.11.yT .11.0JirO:tK)l.aHI-IOfO 
OTBeTa, CJie,[l.yeT ITOJiaraTbCH J!Hlllb Ha HepaBeHCTBO (3.1). 

L(aIOT JIH 3KcneprrMeHTbl K3KOH·Jrn6o OTBeT Ha 3TOT 

Bonpoc? K co)KaJieHmo, Mb! Bhrnym.11.eHbI npHMO cKa3aTh: 

«HeT, He ,[l.aIOT». 
0JLHaKo em:e xy;Ke TO, 'ITO, KaK renepb l13Becnro, B 

nycTOM npocTpattcrne, JJ,a)l{e B conepll!eHHOM BaKyyMe, 

Bee BHJlhI JLpyrnx BOJIH (BOJIHhI JJ,e Bpoi1JIH HJIH lllpe.11.1111-
repa) pacrrpocrpaHHfOTCH co ncenosMoJKHbIMH c1wpocrn

MH. Mb! HMeeM He npocTO 011.HY CKOpOCTb c, HO IlOlJTII 

6ecKoHetJ:Hoe MIImKecrno B03M01'KHhrx cKopocTef1. KaI< 
MO)KHO JLOf3JL8TbCH, KaKaH 113 3THX CKOpOCTei1 HBJrneTCH 
CKOpOCThIO pacnpocrpaHeHHH rpaBHTaUHOHHOfO B33HMO

.neifcTBirn? Cyw.ecrnyer MHoro B03MO)Irnocrei1. 

a) Mbr MOiI\eM c•rnTaTb, 'ITO rpan11rau11orrnbre B03MY· 

m.eamr pacnpoCTpa11mOTC5l D BlIJLe JJ.efICTDl!TeJibHblX BOJJH 

co c1mpocTb10 Vg ~ c rrpH yc.10mm (flanJiac, .neeepi,e), 
'ITO 3Ta CKOpOCTb ,[J.OCTaTO'lHO BeJIIma, lJT06hI ne BHOCH· 

JIHCb B03Myw.eHHH B H30JJIO.LI.aeMLie JLBH)KeHirn He6ecHLIX 
TCJI COJJHetmoi1 CHCTeMbI. .3n1 )J.BmKeHHH Bbl'IHCJI5lJIHCb 

Jl,JTH crrnpocrefl: Og =co, Ii CJIHlllKOM M8JIOe BIUJ.LlCIIIW 

ciwpocTH Vg MOfJIO 6bl sHaLJIITeJihHO BHJLOH3Me1mTh B3aH

MO)l.ettcTBHe Me)H:.n.y nJJaHeTaMH. 

6) B MeCTo .rr.etknmreJibHLIX BO.llH MbI MmKeM HMeTb 

rpaBHT8UHOHHble B03Myruemrn, «paCTCK8IOlll,HeCH» co

f JJaCHO ypaeHenuro ou(jJ(f>!J3llU. YpasaeHHH JJ.JJH pacnpo

npattcmrn: rerr.rra HJIH .n.u<jJCjJya1m co.rr.epnrnT nepnhre npo
H3BOJLIIhie ITO BpeMeHII iJjiJt BMeCTO BTOpblX npOH3BO.ll.llhlX 

iJ2/ot2 B BOJIHOBhIX ypam1emrnx. H3Becrno, 1no B TaKHX 

ypaBHCHHHX B HalJaJih!IblII MOMeHT ,l.l.OrrycrrnroTCH OlJeHb 

BhlCOKHe (.ZJ.3£Ke 6ecKOHelJIIhie) CKOjJOCTH. 3TO, KOHe'!HO, 

CJie.nyer HcnpaBHTb c YLJCTOM yc.TIOBHH reop1rn OTHOCH· 

TCJibHOCTH. Ho DMecTe c TeM, ITO·BHJJ.ffMOMy, rpy.zuro HC-
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KJHOl!HTb B03M01KHOCTb IlpHMeHemrn ypaaHeHHH ,ll,mpcpy3m1 
.!I.JIH OilHCaHHH pacnpocTpaHeHHH rpaBHTaUHOHHOro IlOJIH. 

a) MoJKHO .ll.aJKe Cl!HTarh, l!TO rpaBHTaUIIOHHhJe ao3-
MymeHIIH pacnpocTpaHHIOTCH B BII,ll.e BOAH iJe EJpOUAJl 

UAu lllpeou1tzepa! HIIorKy,ll.a He cJie,ll,yer, l!TO rpaa11ra
UIIOHHhie BOJIHbI He MOryr npe,ll,CTaBJIHTb co6oii '¢-BOJIHbI 
KBaHTOBOH MeXaHIIKII. K.aJK,lI.aH qacr11ua HMeer CBOIO 
'¢-BOJIHY II 6Jiaro.rr.apH H3JIIIl!IIIO MaCCbI HBJIHeTCH HCTOl!
HHKOM rpaBIJTaU,IIOHHbIX BOJIH; TOr,ll.a IlOl!eMy He npe.rr.no
JIOJKHTb, l!TO '¢-BO.nHbl nepe.rr.a10r rpaBIITaUHOHHbie B03-
.ll.eHCTBH5I? TaKoe npe,ll,no.no:IB:eHHe MO:IB:er noKa3aTbCH 
crpaHHbIM, HO IlOCKO.nbKY Mbl coaeprneHHO HIJl!ero He 
SHaeM 0 rpaBIITaUHOHHbIX BO.nHax, TO or6paCbIBaTb era 
He c.ne.rr.yer. 

r) KpoMe roro, MO:IB:Ho npe.nno.noJKHTh, l!TO BMecro 
BOJIH HcnycKaIOTCH «rpaBIJTOHhI» c HeH3BeCTHblMH CKO· 
pOCTHMH Vg! 

Bo3MO:IB:HO, l!To ::=>rrnrnreliH npaa, II H .nIIl!HO CKJIOHeH 
,11.yMaTh, l!TO OH c.rr.e.naJI npaBHJlbHblH Bb16op, HO y Hae 
Her 3KcnepIIMeHTa.nhHbJX ,n:oKa3aTe.nhcTB. CTpornJio no.n
CTOJieTIIH c rex nop, KaK 3iimnrei'rn c¢opMyJIBpoaaJI 
caoe npe.rr.no.no:IB:eHHe, ue.nbIX nHThJI.eCHT .ner, a retieHHe 
KOTOpbIX MHOrJie 3KCnepIIMeHraropbl ynopHo pa6oTa.nIJ 
H3Jl. 3TOH npo6.neMOH, HO OHII He CMOr.nH ocymecTBIITb 
HHKaKoro 3KCnepuMeHT3JlbHOro H3MepeHHH 3TOH CKopo
CTH. TaKoe no.noJKe1rne He MOJKer He BhJ3hrnarh 6ecno
Koilcrsa. 

§ 2. TR2oiertue 
u 06U{afl reopwz OTl-lOCUTe.ttbflOCTU 

Kor.!I.a ,lI,e.no RacaercH o6meii reopIIII OTHOCIITeJibHO
crII, cJie,ll.yer Y'-IIITbIBaTb HOBbJe TPY.ll.HOCTII, TaK KaK 3Kc
nepHMenra.nbHOe o6oCHoBaHHe 3TOH reopHH .!I.aJie1<0 ne 
HCHO, BpHJJ.)KMeH [1] n11caJJ: «3HHrnreiin npH nocrpoemm 
o6iueii TeopHH OTHOCHTeJJbHOCTH He cyMeJI BOCil0Jlb30-
BaTbC5I Tel\rn ypoKaMH, KOTOpble OH caM >Ke HaM npeno
,lI,aJI, II TOH npon11uareJihHOCThIO, KOropy10 OH Ha M npo· 
.ueMOHCTpHpoBaJJ B caoef1 cneuIIaJJbHOH reopHH OTHOCH
TeJibHOCTH», 
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BnepBbie 3ttHUITei'rn [2] npHMemw aHaJIH3 orrepau,tti'l 
B ero 3HaMeHliTblX paccy)K,lleHH5:1X, pa3b5:1CH5:1IOlUliX 3Ha

qeHHe H3MepeHHH ll.JIHHbl u BpeMeHH B ABYX CHCTeMax 
OTcqeTa, ,llBH)KYlUHXC5:1 Oll.Ha OTHOCUTeJibHO ,llpyroii: c rro

CT05:1HHOH CKOpOCTbIO. 3To 5:1BHJIOCb OCHOBOH cneu,HaJibHOH 

Teopun OTHOCHTeJibHOCTH. Ho KOr,lla OH npHCTYIIliJI K co-

3,ll8HHIO o6mei1 TeOpHH OTHOCHTeJibHOCTH, TO y)Ke He npH

,llep:>KHBaJICH IIOA06Horo MeTOll.a, a IlbITaJ1C5:1 yra,llaTb, 
KaK npHMeHHTb npHHQHI1 OTHOCHTeJihHOCTH K 33KOH8M 

T5:1fOTeHH5:1 H noJiyqHTb KOHeqHyIO Bem1qHHY ,llJIH CKopo

CTH pacnpocTpaHemrn rpaBHTaQHOHHbIX CHJI. CHaqaJia 

.9ttHUITeHH HCI10Jlb30BaJI HeCKOJibKO npHMepoB H3 aHaJIH-

3a onepau,rri'l c u,eJibIO BBeCTH npe,llcTasJieHHe 06 aKsusa
/leHTfWCTU rpaBHT3QHOHHOro ITOJI.fl H IIOJI.fl ycKopeHH5:1, 
HO 3aTeM OH IIOCTpOHJI oqeHb rpOM03JI.KYIO MaTeMarnqe

CKYIO cTpyRTypy, KoropaH BbIXO,llHJia ,lI.aJieKo 3a npeJI.eJibI 
npaKTliqeCKliX IIOTpe6HOCTeJJ cpH3HKH. 3KcneprrMeHT3Jib• 

HbIX )Ke JI.OKa3aTeJibCTB 3Ta TeopH5:1 IJMeeT oqeHb MaJIO. 

flOJI.06Hbie saMeqaHH5:1 Mb! BCTpeqaeM y )lHKKe [3]. 
QqeHb TPYAHO cocTaBHTh qeTKOe npeACTaBJiemi:e o TOH 

pOJIH, KOTOpyIO rrrpaIOT npOH3BOJibHhie «CHCTeMbl OTC'le

Ta», «:>KeCTKHe JIHHeHKH» HJIH «Hll,eHTH'lHbie qachI». 

B CBSl3H c 3THM Mbl CHOBa o6pamaeM BHHMaHHe Ha Hallie 

corJiacne c BpmV1<MeHOM (fl), cTp. 319), qeif aHaJIH3 

MO)KHO HCIIOJlb30BaTb KaK nporpaMMY )l.JISI npe)l.CTOHIIJ,e

ro ttccJie.n;osaHHSI. MyqHreJibHasr H noJIHa.R nepeoueHKa 

3)1.eCb COBepweHHO Heo6xo.n;HMa. 

§ 3. AroMHbte 'tacbt, 
KOTOpbtX He .MOZ npeiJauiJeTb 3CiftUlTeiift 

HatrneM c OJI.Haro oqeBHJI.HOro CJia6oro nyHKTa: He

noJIHOTbI onpeJI,eJieHHSI uoea/lbflbtX 11,acoa. TaKoe onpeJI,e• 

JieHHe 6bIJIO HeB03M02KHblM B Ha'laJie CTOJieTHH, JI.O Toro, 

KaK ObIJIH OTKpbl'fbI KBaHTOBaSI Teop11S1 11 aToM Bopa. 

y Hae Tenepb eCTh onpe,lI.eJieHHe, OCHOBaHHOe Ha BTopoM 

IIOCTyJiaTe Bopa [4]: 
f).E = hv. (3.3) 

CoorHorneHHe (3.3) CBH3hrnaeT qacToTy v (rrsMepeHHYIO 

B CHCTeMe OTcqeTa, B KOTopott IIOKOIITCSI aToM) c 3Hep-
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rneii nepexo,!J,a /':;.£ Me)K.ny ypoBHHMH aroMa E. 3anmueM 
TYT m:e IT COOTHOilleHrre Mem.uy MaccoA H 311eprrreA: 

(3.4) 

TaKHM o6pa30M, 3Hepnrn, Macca H qacToTa - o.utta <J>H· 
311qecKa5! CYill.HOCTb l). 0pe)lIIOJ18faeTC51, qTo H)leaJibHble 
qaCbl HMeIOT CTa6HJibHYIO qaCTOTY v, B KaqeCTBe HCToq
HHKa KOTOpofl: Mb! BbI6rrpaeM (B COOTBeTCTBHH c Mem.n.y
napo.n.Hb!MH cornarneHHHMH) na1160Jiee ycTofl:tmsyio 
aTOMHYIO CTpyRrypy, KaKa51 TOJlbKO HaM H3BeCTHa H3 

3KCTiepHMeHT8, - aTOM Ue3H51. 0pH 3TOM BbI6HpaeTCff 
oco6a51 crreKTp8JibH8H· JIHHH51 H OlleHb Till.8TeJibHO orrpe· 
neJIHIOTCH ycJIOBHH na6mo.n.en11H. TaKrre T.JacbI B cyrn.Ho· 
CHI rrpe.n.craBJIHIOT co6ofl: 3TaJWH •WCTOTbl . 

.IlJJH noJiyqemrn cy6rapMOHHK 6oJiee HH3KOH qacTOTbl 
MO:>KHO HCilOJib30B8Tb MeTO.ll.bl .ueJieHH51 qacTOTbI. 3ro .n.o
CTHraeTCH npn IlOMOill.H YCHJIHTeJieH, B KOTOpbIX HCIIOJlb-
3YlOTCH JI83epbl, CB5133HHble c HemrneHHblMH yctpOHCTBa
MH. PoJib aJieKrpoHHhIX npH6opoB, ocymecTBJIHIOW.HX 
yMHO)Kettrre H .n.eJJeHHe qacTOTbI, rro.no6Ha poJJH 3y6qa

roro KOJieca B MexaHHT.JeCKHX '-lacax. TaKHe rexHHt:ieCKHe 
yCTpoikTBa cttaqaJia 6bIJIH nocrpoettw .UJIH HH3KHX qa
cror H HCTIOJlb30BaJJHCb .ll.JIH cpaBHeHHH HH3KHX qactoT 
MeXaH11qecKHX npH6opoB c BblCOKHMH T.J8CTOT8MH KOJ1e6-
JI!Olll.HXCH Ilbe309JieKTPHT.J.eCKHX KpHCTaJIJIOB. 3areM 6blJJO 
on<pb!TO, qro HH3K0118CTOTHblH BH6patop MO>KeT ynpae
JIHTbCH KBapueBblM OCUHJIJJHTOpOM, KOJJe6morn.HMCSI Ha 
qaCTOTe O'leHb BblCOKOH rapMOHHKH MeXaHHT.JCCKOro BH6· 
paropa. C Ksapuenoro ocUHJIJIHTopa aror Mero.u nocre· 
neHHO pacnpocrpaHHJ1H Ha 6oJiee BblCOKHe t:iaCTOTbl -
cna'!aJia na .uaJieKy10 11HcppaKpacny10 o6nacrh, 38TeM na 
o6Jiacrb BH.ll.HMhrx tiacror H, HaKOHeI.I., Ha Ha'laJio ynbtpa
cpnoJJerosoii 06JJacr11. 

0QlHUH8JlbHO C006IUaJJOCb, 'ITO TO'lHOCTb UC3HeBbIX 
qacoB )lOCTHraer 10-11 , T. e. HX ourn6Ka COCTaBJJHeT 0.ll.HY 

1) Jly•une CK333Tb, BO H36e}K3HHe KpHBOTOnKOB: CBll33HHble Me
.lKJlY C060il l}>H3H'leCKHe CYlllHOCTH, - fl puM. peiJ, 
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ceKyH,D.Y aa TPH CTOJlenrn, HO, IlO-BH,ll.HMOMy, 3TY TOll· 
HOCTb MO)!{HO yseJIIIllHTb ,l1.0 10-13 ( oum6Ka B OJI.HY MIIJI. 

JIIICeKyH.UY aa CTOJJerne). 
BoJiee BhICoKaH TOllHOCTh noJiy'laeTCH np11 ncrroJILao

BaHHII =>¢¢eKTa Mecc6ay:ipa, 1<0rJJ,a aTOM B KpHCTaJIJie 
11cnycKaeT y-JiyllII. Ta1wi1 naJioH qacTOTbI ncnoJibaosaJI
c11 OayHAOM B ero 33MellaTeJibHbIX .3KCnepHMeHTaX, Bbl• 
IlOJIHeHHblX B fapBap,l1.e ( 1959-1965 rr.) BMeCTe CO 
CHaH,l1.epoM H .D.PYrIIMH COTpy.rurnKaMH [5]. ATOM, TIOKOH
lll.HHCH B M3CCHBHOM KpHCTaJIJie, Mor IIcnycrrnTb y-JIYllH 
c OTHOCHTeJibHblM IIOCTOHHCTBOM '!aCTOTbl no KpafrneH 
Mepe 10-16• 0,ZI.H3KO B HaCTOHlll.ee BpeMH eme HeJib3H CBH
saTb 9TO HBJieHHe c aTOMHblMH qacaMH, pa60TaIOlll.HMH 
Ha OrITHlleCI\HX lJaCTOTaX, TaK KaK Mb! noKa He 3HaeM, 
KaK ITOCTpOHTb Jiasepbl H npeo6pasoBaTeJIH ,ZI.JIH ll3CTOT, 
Ha 4HHa51 c YJibTpaqmoJieToBoii o6JiaCTH H KOH'!aH y-JJy
'!aMH. Monrno HaneHThCH, '!TO B 6JimKaiiweM 6y,11,yrn.eM 
Texmir1ec1rne yconepmeHCTBOBamrn nosBOJIHT noCTpOHTh 
Mecc6ayapOBCIWe tlQCbl C TOtt/-lOCTblO XOda ,l1.0 1 Q-16 

(OIIIH6Ka B OJJ:HY l\fHI\poceKyHAY 33 CTOJierne). 
3alleM f1ayn,ny IlOH31l.06HJJCH 9T3JIOH ll3CTOTbl CTOJ!h 

neBeporrnrofi ro 1rnocrn? On xoreJI nponepurb o;mo ll3 
npe,11,c1rnsa1ml1 9i'JH111TcfllIOBCl\Oii o6w.eii TeopHH OTHOCH
TeJJhHOCTH, TBK H33b!BJeMoe rpaBHTBUI!OlIHOe Hpac110e 
CMern.em1e. 3TOT 9cj)cpeKT 6bJ.11 npoBepen c TOllHOCTb!O Jl,0 
1 % ,ll.JIH orreHb M3JlblX pa3HOCreil rpaBHT3UHOHHOfO no
TN!lL113Jia, OTBellalDil!.I!X pa3HOCTH BblCOT BCero 22 M (Hall, 
seivmoi'i noBepxHoCTb!O). TaK011 ycnex 6h!JI BocrrpHHSIT, 
KaK saMe<IaTeJibHoe no,11,rnep)K,IJ.eH11e Teop1m 3rmuneiiHa. 
Mb1 o6cyJJ.HM .3TOT 3lj:JqJeKT nos/Ee H noEa:rKeM, llTO eMy 
Mm1rno ;unb ,n.pyroe 06bHCHe1rne. f1pe,r:1,c1waa1me 6bIJlO 
conepruem-10 npam1.Tib1JhtM, 110 ero MmK110 mnepnpen1po
B3Tb HHal!e. 3¢tpeKT Mecc6ay::ipa TaJrn<e npe.LLcraBJrneT 
c0Goi'1 tH:'.1JlllmJ1ennbll.'i np11Mcp nLinoJI11emrn Tpe6oBaHHH, 
IWTOphH.1 OOb!lJHO npeueGper a10T: llT06bi CHCTeMa OTClleTa 
npH BLinOJll-H:'HHll cjrnaw1ec1mx 3KcnepHMetITOB naxoD.11-
Jiacb n no1<0e, OHa JJ.OJrnrna 6bITb oqenb MaCCHBHOtt. 3ToT 
B3)KHb1fJ nonpoc paCCM3Tj)HB&eTCH B rJI. 4. 

Bctpe'!a1ow.a51c51 B 1<at1ecrne11HbIX paccy:IB;:i:emrnx 
3i'Irnurerrna H Mmmonc1rnro npeMeHHaH nepeMeHHa51 
l!MCCT 111JOH3BOJlbHble orrpe.n;e.11emrn B pa3JIHlJHbIX ycJio-
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BIIHX. Mb1 2Ke onpe.z:r.eJrneM CMbICJI aToMHbIX qacoa KaK 

qacoa, tt3Mepmomnx co6cTBennoe apeMa a Jia6opaTopnn, 

B KOTOpoiI OHU noKOJlTCR. 

§ 4. A ro.Mrtbte t[QCbl - rte aurttuTeUHOBCKUe ttaCbt 

BoJJblllOe snaqeHIIe onpe.z:r.eJJettmi aToMHbIX qacoa 

o6ycJJOBJleHO He TOJlbKO HX ¢aHTaCTII4eCKOH TOqHOCTb!O 

(caMOH BblCOKOH, KaJ\351 Kor.na-JJH6o 6bIJJa ,Ll,OCTHrHyTa 

B cpH3IIKe)' HO TaK.IKe H TeM, 4TO OHII JJ.a!OT B03MO)KHOCTb 

ycTaHOBHTb CB5J3b Mem)ly Teoptteii OTHOCIIT€JibHOCTH II 

1rnaHTOBOii Teopueii. TaKoe orrpeJJ.eJieHHe HBJJReTC5J ¢usu
qecKou OCHOBOU )J,JIH Jl!06oro 3H8JIII3a IIOBe)J,eHII5I qacoB 

IIpII JJJ06bIX B03MOiKHblX B03MymeHII5JX. 3i1HUJTe1rn Ilb!· 

TaJIC5J yra)J,aTb, KaK XOJJ. qacos 33Il!ICHT OT rpaBHT3UIIOH· 

Horo rroTeHunaJJa. Mb1 iKe nMeeM aosMOJKHOCTb paccMaT

pIIBaTb 3TOT aorrpoc, IICXO.LI.51 II3 06lll.IIX 33KOHOB KB3HTO· 
aoii TeopIIII. 

Ope)l<.LI.e acero OTMeTIIM, 4TO aTOMHbie qachI nosao

JJHIOT oqeHh T04HO orrpe.rr.eJJIITh oiJHy onpeoe/leHny10 qa
crnry. 0HII rrpe.ncTaBJimoT co6oiI araAofl qacTOTbt. B pa· 

6oTax 3iimrneiina, no npe)J.IIOJJO)l<eHmo, HCIIOJJb3YIOTCH 

IICTOqHHKH qpe3BbJqailHO KOpOTKHX cnrHaJJOB, H qacbl 

T04HO ll3MepH!OT npoMemyrKH BpeMeHn Me)KJl.Y lIX ITO· 

Cb!JlKOH lI B03IlpamenIIeM K na6JJIO)J.3TeJJIO. 0.LI.HHM CJlO· 
BOM, qacbt .9uNutT8UHa JlBJl.fllOTC.fl 3/leMeHTOM paoapHOU 
cucreMbl, lI Il03TOMY ycJJOBH5J, Heo6XOJJ.lIMbie .ll.J15J lIX pa-

60Tbl, BeChMa OTJIH4Hbl OT ycJIOBHH pa60Tbl 3TaJlOHa qa

CTOTbl. Xoporno II3BecTHo, qTo .LI.JUI H3JJyt1eHIIH oqenb 
IWpOTKHX HM[IYJibCOB Heo6XOJJ,HMO HCI10Jib30BaTb .oqeHb 

IllIIpOKY!O IlOJlOCY qacTOT, a He rrpOCTO OJl.HY qacTOTy. 
y CJJOBII5J, Heo6XO)]JIMbie ):LJJ5J T04HOfO lI3JJyqemrn ,n:aHHO

ro HMIIYJihca, ropas.rr.o crpo)Ke II 3HatrnreJibHO cJioi1rnee, 

4eM ycJioBHH .11.JIH DO)l)lepnrnHHH onpeJJ.eJJeHHoii qacTOTbl 
3TaJIOHa. 

BepHeMCSI Terreph cHoBa K paccJYIOTpeHmo 1rnaHTOBhIX 
II peJJHTIIBIICTCKHX ycJioBIIli (3.3) n (3.4), rrpe,n:cranJJmo

lllIIX co6ofl cjJyHoa.MeHTa//.bf-lYIO OCflOBY acex </Ju3Uf.J.eCKUX 
NayK. MbI He 6epeMrn o6o5JCHHTb CMhICJJ 3TIIX coorHo

meHIIH. OH .ll.JJH nae MaJio ITOHHTeH. Htt OJJ.Ha TeopIIa (rro 

KpaJ:rnei'I Mepe B HaCT05Illl.ee BpeMH) He B COCTOHHHH 
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06b.HCHHTb HaM, noqeMy 3TH COOTHOWeHH.H HMeHHO TaKHe 
H KaK HX MO)f{HO IlOH.HTb. 3TH TO.IK.ll.eCTBa: 

3HeprHH =Mace a= qacToTa 

hv 
,I ~ 

E = Mc2 

(3.5) 

c roqHQCTblO .ll.0 .lI.BYX KOHCTaHT c H h - HTOf acex aaKO .. 
HOB cpH3HKH, H HX HeB03MO}KHO BbIBeCTH HH H3 0.ll.HOH 
cymeCTBYIOIUeli B HaCTOSIIUee apeM.H TeOpHH HJIH MO,ll.em:1. 
9To He peayJibTaT, a HCXO,ll.Hblll nyHKT Hawero MblWJie .. 
HH.H. CMbICJI noii <<TpOHUbI» ace eme HaXO.ll.HTCH a rJiy-
6oKoii Taiiue. 

B caoeii anaMeHHTOH pa6oTe, noCBHIUeHHOH aToMy 
BO.ll.OPO.ll.a, Bop [4] c,ll.eJiaJI ,ll.Ba cpyH.lI.aMeHraJibHblX npe.lI.
noJio}KeHHH: 

l) ccpopMym1poaaJI HeCKOJibKO ycJIOBHH, onpe,ll.eJIHIO
lUHX ycTOHqHBbie 3HeprerttqecKHe ypoBHH; 

2) ccpopMyJIHpoaaJI nocTyJiaT (3.3) JJ,JIH tiacTOThI v, 
HcnycKaeMOH HJIH norJiomaeMOH npu nepexo,ll.e ato
Ma H3 O,ll.HOfO 3HepreTH'leCKOf0 COCTOHHHSI B ,ll.pyroe. 

9ror aropoli nocTyJiat Bopa BhI.lI.ep>KaJI ace 6ypu, 
CBSl38HHble c OTKpb!THHMH B <Ptt3HKe 3a IlOCJie,ll.HHe 55 JieT. 
He CTOHT CHOBa ITOJJ,BO,ll.HTb HTOr 9TOMY HeBepoHTHOMY 
nepHoJJ,y HCTOpHH HayKH, qffTaTeJIIO MO>KHO JIHlllb peKO
MeH,ll.OBaTb npoqecTb saMeqaTeJihHYIO CTaThIO BaiicKon .. 
<Pa [6]. CToJJ,qepKHeM, qTO 6opoacKoe ycJioBtte 1) .lI.JIH 
ycTOHlIHBbIX 9HeprerHqecKHX ypoaHeii · c Toro apeMeHH, 
KaK OHO OhlJIO ccpopMyJIHpOB8HO, BH,ll.OH3MeHHJIOCb COTHH 
pas, H ero Bee eme He06XO,ll.HMO ITOlJTH Ka>K,ll.bIH fO.lI. npH
cnoca6JIHBaTb K HOBbIM 9KcnepHMeHTaJibHb1M OTKpbI
TH.HM. 0.u:HaKo ace <PYH.U:aMeHTaJibHble 38KOHbI, Haii.11.eH
Hble ,ll.O H8CTOHIUero apeMeHH, COOTBeTCTBYIOT CJie,ll.yIO .. 
IUHM npaBHJiaM: 

l) YcTOiiqHBbie 9HeprerHqecKHe cocTOHHHH cyme
CTBYIOT Ha Bcex HepapxHqeCKHX ypoBHHX MaTepHH, 
xorn KpHTeprrii ycToii11HaocTH MO)KeT H3MeH.HTbCH, 
a C8MH COCTOS!Hij.H MOfYT HMeTb ~etta,seqHyIO npo
.U:OJI)KHTeJibHOCTb. 
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2) YcJIOBrre Bopa (3.3) scer.n:a .n:aeT qacTOTY rrcny
cKaeMoro HJIH norJiorn:ael\rnro H3JiytieHHH. 

YcJIOBHe l) HBJIHeTCH nacTOJihKO sa/KHhIM, l!TO HaM 
CJie.n:yeT o6cy.n.HTh ero cpa3y Il npOUHTHpOBaTb HeKOTO
pbie BhI,ll.epmKrr H3 CTaThH Bai1cKorrcpa. OH HanoMrrHaeT 
HaM o cyrn.ecrnoBaHrr11 Tpex pa3,agJioB cneKTpocKomrn: 

I. ATOMHaH HJIH MOJieKyJIHpHaH cneKTpocKonrrSI c 
o6JiaCThlO qacTOT BilJIOTh ,ll.O tJaCTOT peHTreHOB
CKilX Jiyqei'f (raK Ha3hIBaeMaS1 3JieKTpOHHaS1 
cneKTpOCKOilllH). 

II. 5l.n.epHa51 cneKTpocKonrrSI, BKJI10tia10rn:a51 y-Jiy'-m H 
pa,11.rroaKTilBHOCTh. 

III. CneKrpocKonrrH pe3oHaHCHhix (HJIH so36ymJJ.eH
HhIX) qacrrru, OTKph!Th!X c IlOMOW:hIO MOW:Hh!X 
ycKOpttreJiett IlJIH B KOCMHtJeCKHX .nyqax. 

Bo Bcex 3THX pa3,11.eJiax cneKTpocKonHH HMeer JJ.eJio 
C CHCTeMaMH CTaOHJihHhIX 3HepreTH'IeCKHX ypOBHeii. ne
peXOJJ. c O,lJ.HOro ypoBHH Ha D,pyroi1 MOIK.eT COOTBeTCTBO
saTb rrcnycKaHHIO 0,11.HOH qaCTiiUhl I) c IlOJIHOH 3Heprneii 
!lE (3Hepnrn noK051 Moc2 nmoc KttHeTHtJecKaH 3Heprnsi) 
JIHOO Il3JiyqeHHIO ¢oTOHOB IlJIIl HettTpHHO c Hy.nesoH: Mac
COH IIOKOSI. 

CTpOHJIJIIOCTpHpyeM 3Tll yrnep)K,ll.eHHH C IlOMOW:hlO He
CKOJihKHX mrnrpaMM, 3aHMCTBOBaHHhlX Il3 3aMetJaTe.nh
HOH cTaThH BalicKorrcpa. Ha cpttr. 3.1 H3o6pa)KeHhI 3Hep
reTHtJeCKHe ypoBHII HaTpm1: aTOMHhie ( c.nesa) H si.n.epHb1e 
( cnpasa). nopa3IITeJibHO li no cyrn:ecrny HeO>KHJJ.aHHO 
TO, 'ITO B o6oHx c.nyqasix cyrn:ecrBy10r Y3KHe 3Heprerrr11e
CKHe ypoBHH H qTo nepexoJJ. c o.n.Horo 3HepreruqecKoro 
ypoBHH Ha .n.pyroii JJ,aer xapaKreprrcrIIqecKy10 qacrory 
aTOMa. 3.neKTpOHHhie COCTOHHHH BhI'IIIC.neHhl B O,ll.H03JICK
TPOHHOM nprr6.nrrm:emrn KBaHTOBOH TeOpIIH, H.ll.epHb!C co
CTOHHIIH - nyTeM KBaHTOBaHIIH 3HeprnII CHCTeMhl npo
TOHa H HettTpoHa BHYTPH 51.n.pa (3ro npe.n.cras.nffeT aHa
tJHTeJihHO 60.nee rpy.n.tty10 reopeTHtJecKyIO aaJJ.atJy). TeM 
He Mettee Mhl no.nyqaeM COBOKYilHOCTII .ll.IlCKpeTHhIX 3Hep
reTHl!eCKIIX yposHeii cxo.n.ttoro xapaKrepa. 3ro cne.n.yer 

1) 11JIH HeCKOJibKHX (aanpHMep, pe30H3HCHb1X) qacTHU.. - llpuM. 
pea. 
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IlO)llfepKHYTh B CBH3H c H8IllHM aHaJIH30M 8TOMHbIX 

,tf&COB. 
HacKOJihKO aeo6hllfafrno ueHHa 1rn¢opMar.urn, KoTo~ 

py10 sa1rn10tiaIOT B ce6e TaKtte }1.J:iarpaMMhI, M02KHO BH~ 
}J.eTb HS qrnr. 3.2, r}I.e rrpeJI.crasJJeHhI si.uepHbre aaepreTH~ 
lJeCKIIe ypoBHII H30TOI18 6opa sB 10 II II306pa.m:eH p5I}I. 
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<I> Ht'. 3. 1. .UnarpaMMbl aTOMHblX fl SIJJ,epHb!X ypoBHei'i: HaTpHH 
HMeIOT CXOJJ,Hblfl xapaKTep. 
AToMHLie ypoBHH (cJJesa) npe11cTasJJeHbl na )IRarpaMMe n SJJeKTPOHBOJJbT3X, 
a l!)lepHb!C ypoaHH (cnpasa)- s e.1m11linax, a 105 pa3 6oJJbillHX. 

nepeXO)lOB (60.Jibllie TPH.llU8TII)' COOTBeTCTBYIOW.IlX H3JIY-
lleHIIIO KB8HTOB BbICOKilX 3HeprnfI. . 

B ,ll;OIIOJIHeime K 3THM )l,HarpaMMaM, OTHOCHlil,IIMCH K 

aTOMHOH crreKTpOCKOIIIlH (aJie1npoHHbie COCT05IHII5I) Il 

SJII,epHOH crreKTpOCKOITHH (HJI.epHbie COCT05IH!UI)' Ha 
qrnr. 3.3 II306pa2KeHa THDIIlJHa5I }1.I!8rpaMMa B036y2K}J.eH

HbIX COCT05IHHH JJ,JI5! tJaCTHU Bb!COKHX 3HeprnfI, C03}1.aBae

MbIX c IIOMOlil,hlO MOlil,HhIX ycKopnTeJieH. 3JJ,eCb CHOBa 

BH.llHhI tJeTKHe 3HepreTH1'.fec1me ypoBHH H MHOfOlJHCJieH
Hhie 3KCIIepnMeHT8JibHO Ha6JIIO.ll,aeMhie rrepeXO.llhI. cha 

cxeMa rrpe.ucTasm1eT co6oii saMe11aTeJibHhIH: rrp1IMep 

KB'11ITOBOJJ Kllaccmp1mau11u, HO B HaCT05Ilil,ee BpeMH Mhl 
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Cl'> Hr. 3.2. Ha E:HarpaMMe rrn;ep· 
HbIX ypo1meil 6opa 5BIO [6] no· 
Ka38Hbl OCHOmJble nepE'XOll.b! 
(BepTHK8JJbHble Jll!Hlf!!), nptt KO· 
TOpb!X ttcnycKaIOTCSJ raMMa• 
KBaHTbl . 
DepBa>I urr<1>pa cnpasa B03Jre KM«Jloro 
ypomrii 06031ia'laeT cmm, CJIC,'\YIOtUHI! 
CI!M!l()JI ( + HJill -)- 'leTllOCT!>, !lTO· 
pan uwppa - ll30Torrrrqecrmil cmrn /. 
Bemr4:unbt, B35IThie n cKo6KH, e 1:u;e 
TOl{HQ ne ycTanoB.TJCHhI. 3aWTPHXO
naHl!b!MH noJiocaMu on1cqc11bl wupo-
1rne ypOBHH, 
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<I> If r. 3.3. D:HarpaMMa 6apHOHHbJX 
ypoBHeii HYKJIOHOB (P, N) H pa3JIHtt
Hb!X HX B036YM.ll:eHHh!X COCTOHHHIT 

[6]. 
CocTOllHHll pacrrpei\eJJeHbl no cToJJ6I\aM 
COOTBCTCTBeHHO HX M)7JlbTHTIJ1eTH0CTH " 
cTpattHoCTll. CHMllOJIOM I 06oa1rn'leH 1130-
Ton1:It1ecKHit COHH; My.libTHIIJieTHOCTb paB"' 
Ha 21 +I. CTpaHHOCTb - cneu,11qrnqecKall 
Ksa11TOBa>1 xapaKTepncTnKa. OcttOBHOMy 
COCTOSIHHIO Ha )lHarpaMMe OTaeqaeT 3Hep
rHll 0,938 f;iB, pasna>1 Macce noKOll npo· 
TOH a. lJacJJa CJJeBa OT ypOBHll YK33bIB3!0T 
cmm H qeTHOCTh (+ HJJli -). CttMBOJlhl 
crrpasa o6o3HaqaIOT cocToim11>1. HeKoro· 
pble rrepexoi\hI c ncnycKaFrneM ITHOHOB 
ITOK833ffbf cn.norrHlbfMH JJHHlf.HMlf. Ilepexo
itbl c R3JiytieHHeM ¢>0TOHOB He IlOK333Hbl; 
OHH o6hlqao cosna)(a!OT c rrepeXoAaMH. 
lIPH KDTOPblX 11cnycKaIOTCll 11el\Tp3JlbHbie 
nHoabl. Ill'rpmwsbtMH JIHHHHMH o6o3Haqe
HbI nepeXOi\bl, BbI3B3HHhie CJI36bIM B33H
MO.IleiicTBHeM, c HCilyCK3HHeM nap Jien-ro
HOB IJJIH MIOOHOB. I1epexo,nbl B03MO>KHbl 
tt3 mo6oro q~11etta o,naoro MYJihTHrUieTa 
s J1106or1 OJieH )(pyroro; J\Jill rrpocTOTbl no· 

ll:l Ka3a8 TOJlbKO 01\HH T3KOH nepeXOJ\ n.rn 
C::: K3lKl\Dlt rraphl cocTOllHHli. Macchi nuoHOB 
~ n KaottoB noKa3aHbl cnpaaa. CocTo51HIUI 
~- B OKTeTe H J.\eKYITJieTe o6JJallaIOT onpe

)(eJJe!iHOl\ BHyTpeHttell CHMMeTpnel\ • 
.[LJ!ll KalK)\Oro IlOK333HHOro Ha AHarpaM· 
Me 6apHOHHOro COCT()}'JHIUI HMeeTCH attTH-
6apH0l!HOe COCTOllHl!e; T3KIIM 06pa20M, 
cymeCTayn attaJIOrl!<rnall cxeMa yposnefi 
aHTn6apHoaos. 
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He pacnoJiaraeM KaKoH-JIH6o aaKOH4eHHoft Teoptteft, 060-

HCH.momeft cymecrnosaHHe TaKHX yposHeft. 3a 6oJiee 

I10Ap06HOH HH~OpMaurreA no STOMY Bonpocy Mbl OTCbl
JiaeM 'IHTaTeJIH K CTaTbe [6]. 

113 CKasaHHOro MO)!{HO CAeJiaTb BblBOA: H8JIH11He tteT

KUX OUCKpeTHblX aHepceTUtteCKUX ypoBHeii - STO o6mee 

npaBHJIO AJIH 8TOMHb!X HJIH HAepHb!X COCTOHHHH H Jl.8>KC 

AJIH COCTOHHHH 3JieMeHTapHblX 11aCTHU. 06oHCHeHHe STHX 

3HepreTH1IeCKHX ypoBHeii H HX TeopeTH'leCKaH HHTepnpe

Tau1rn IlOKa 'ITO He HBJIHIOTCH 3aKOH1IeHHblMH. 

§ 5. TottHocrb u HaaeJICHOCTb aroMHbtX ttacoB 

AToMHhIX 11acoB, B KOTOpbIX HCIIOJib3YCTCH scpcpeKT 

Mecc6ayspa, KaK y:>Ke cKasaHo, noKa 'ITO He cymeCTByeT. 

Ho OHH B KOHe'IHOM C'leTe 6yAyT C03AaHbl B noroHe 3a 
see 60.TJee BhICOKOH TO'IHOCTbIO. 

AToMHhie 11ach1, B KOTopwx HCilOJih3YIOTCH Ha1160Jiee 

IlO)l,XOAHlll.He cneKTpa.!JbHbie JIHHHH OilTH'leCKOfO AHana-
30Ha, I103BOJIHIOT IlOJIY4HTb TO'IHOCTb He xy>Ke 10-12-

10-13. Eho oaHa11aeT, 'ITO HX orrm6Ka MeHhllie OAHOH 

MHJIJIHCeKyHAbl B CTOJieTHe. 

I1cnoJib3YH scpcpeKT Mecc6ay3pa, I1ayHA npo.QBHHYJI· 
CSl HaMHOfO naJibIIIe - B ero OilbITe orrrn:6KH 6blJIH MeHb

rne, 'leM 10-16, T. e. COCTaBJIHJIH .QOJIH MHKpoceKyHJJ.bl B 
CTOJieTHe. lfro6b! IlOCTpOHTb 'laChl, B KOTOpblx HCilOJib

ayIOTCH 3TH 11peasb111aftHo yaKHe JIHHHH, cneitoeano 6bl 
npeoJI:OJieTb MHoro TeXH1111ecKHX TPYJJ.HOcTeA. Bo-nepeblx, 

cJie.nosaJio 6h1 paapa6oTaTb u.en1>1i1 psi.u: yMHO>KHTeneA H 
JJ.eJIHTeJieif 118CTOTbl, OXB8TblB8IOll.l,HX o6JiaCTb OT OI1TH-

1ICCKHX H no 11aCTOT v-Jiyqefl. Bo-BTOpbIX, I10Tpe6oB8JICSI 

6&1 ueJiblM pH.II. Jiasepoe H HeJIHHeMHb!X OilTH'ICCKHX npH-

6opoB, KOTop&1e noKa eme MoryT pa6oTaTb He .u:anee, tJeM 

B YJibTpacpttoJieTosoif o6JiacTH. By.neM Ha,nesiT&csi, 4TO 

paapa60TKa TaKHX ycTpOMCTB 6y.u:eT ocymecTBJieHa B He 
O'leHb .QaJieKOM 6y.u:ymeM. 3TO I103BOJIHJIO 6bl H8M Bbl

IlOJIHHTb MHOro Ba)!{Hb!X 3KCnepHMeHTOB H onpe.u:ene1rno 

CKa3aTb, KaK 011eHHBaTb Teopmo OTHOCHTeJibHOCTH. 

Cymecrny10m11e B .HacTOHlll.ee epeMsi 11ac1>1, ocHoBaH

Hbte Ha OilTH'leCKHX 11acTOTaX, y>Ke JJ.810T 3aMe4aTeJibHYIO 

T04HOCTb. PaccMoTpHM, HanpHMep, HeK0Topb1e aa.u:a11a 
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pa.n,HoacTpoHOMim (qmr. 3.4). BbIJ10 o6Hapy>KeHo, qro 
I'H,ll.pOKCHJlhHbie pa)I.HKaJlbl (OH) B )I,aJieKOM KOCMOCe 
HcnycKaior H3JiytJeHHe c tJacToroii oKo.110 1665 Mru,. 3ro 
npoHCXOJUIT npH BeCbMa crpaHHhlX o6cTOHTeJJbCTBaX, 

~ \ Pa8uouanyl/eHue \~ 
:..,1 t1tt1 OH-ucmo'IHuKoa ~ 
~ J 

J ~ 

Bl./ 

TI4 04 

MamumHaa 
.fl(!/{{l{Q 

MamumHaR 
/IE!Hma 

J1Hmep¢epeHl(UQHHblD flO.llQCb/ 

<I> Hr. 3.4. Pall.HOHHTepcpepoMeTp c 60J1h· 
moil )l.JIHHOH 6a3bI COCTOHT H3 i:tBYX pai:tHO• 
TeJieCKOIIOB, OTCT051Ll\HX il.pyr OT .n.pyra 
na TbIC51t!H KHJIOA!eTpOB, 
3anHCH CHrHaJlOB aa MarHHTHblX JleHTax, CHHXPO< 
lIH3HpoBaHHbie c IlOMOrn;blO 3TOMHblX qacoa, 
cpaBHHBa!OTCll na BblqHCJlHTE!JlbHOil M8WHHe 
c l.\eJlb!O o6napyl!<eHHll HUTepciiepeHIJJIOHHblX no
JIOC f3), 

otJeHb osa.n,atJHBaIOIIT.HX acrpoHOMOB. TaKoe nsJiytJemre nc
xo.nHT H3 HeKorophIX 06.11acreii (soH H II), pacno.1101KeH
HbIX B6JJH3l:I otteHh ropHttlIX 3Be3.n,, B KOTOpbIX BO.Uopo.u 
IlOlJTH IlOJlHOCThIO l:IOHl:l3HpoBaH. 3TH 30Hhl pacnOJIOIB:eHbl 
B6JIIISH SKBaropa ra.11aKT!1KII. B cne1<Tpax nornoruemrn 
H HcnycKaHHH (OH) 1IMe1orcH tJeThipe JJHHIIII, o6ycJioB· 
JieHHhJe csepxroHKIIM pacruenJiemreM spamaTeJihHhIX 
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ypoBHeH. J1106onb!THO, lJTO OTHOCHTeJibHb!e IIHTeHCIIBHO

CTII 3TIIX l!eTblpex JIIIHIIH He cornacyIOTCH c npe,ZJ.CKa3a

HHHMH KBaHTOBOH TeopIIII • .Uo11J1eponrnoe CMern.eHHe no

Ka3bIBaeT, lJTO (OH)-rpynnbl )l.BH>KYTCSI K ue1npy I'aJiaK· 
TIIKII co CKOpOCTblO OKOJIO 40 KM/ceK, TOfJla KaK aTOMbl 

BOJJ.OPOJJ.a JJ.BIUKYTCH B npOTHBOilOJIO.>KHOM HanpaBJiemrn 
co cKopocTblO oKoJio 50 KM/ce1<. Pa3MepbI II3Jiyqa1om11x 

o6Jiacrei1 uacrOJibKO M8JibI, lJTO Tpe6yerrn npIIMeHe1rne 
l!HTepcpepoMeTpa c OlJeHb 60Jib!IIOH 6a30H, COCTOHlUero 

H3 JJ.BYX paJJ.HOTeJieCKODOB, pacnoJIO/KeHHbIX na pacCTOH

mm MHornx TbICHlJ KIIJIOMerpon (OT KaJIII¢opmm JJ.O 
Hopnernn). MemJJ.y HIIMII 11eB03MOJKHO ycraHOBHTb 11e

nocpeJJ.CTBeHHy10 Cl3H3b, HO HMII MO/KHO Y!JP8BJIHTb II IIX 

pa6ory CIIHXpOHII3Hp0!38Tb c DOMOllJ.b!O JJ.BYX aTOMHblX 
qacoB. Ll,JIH 06Hapy1KeHIIH IIHTepcpepeI-IUIIOHI-Ib!X KapTHH 

33DHCH npoH3BOJJ.HTCH Ha M3rHHTHYlO Jie~ny, a 3aTeM 
cpaBHHB3lOTCH c DOMOlUblO Bbll!IICJIHTeJibHOfI MallIIIHbl. 

Ehor 3Kcnep11MeHT HBJrneTCH BbIJJ.8IOlUHMCH JJ.OCTIIJKeHIIeM 
II CBlIJJ.eTeJibCTByer 0 He06hJliaI1HOH HaJJ.el!rnOCTII aroM

HbIX 1IaCOB. 
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0 KPAffHE HE06XOJJ.HMOM PA3JIHllEHHH 

MATEMATHllECKHX CHCTEM KOOPJJ.HHAT 

H cf>H3HllEC.l(HX CMCTEM OTCllETA 

§ 1. BeeoeHue. MrteHUR Eopa u llyamwpe 

3KcnepttMeHTaJJbHaH HayKa HaqttHaJJacb c KJJaccttqe

CKOtt Mexamrnn. Ham cnoco6 MbillIJJeHHH H Hanrn onpe
ll,eJJeHttH ll,O CJlX nop B 3HaqttTeJlbHOH Mepe OCHOBb!BaIOT

CH Ha MexaHttKe; Mb! ucnoJJb3YeM ee H3bIJ:< .n.m1 onucaHHH 

pe3yJJbTaTOB HallIHX 3KcnepttMeHTOB, flOCKOJlbKY Bee 3TH 

3KCnepttMeHTbl Bblfl0JJHHIOTC51 c IlOMOIUbIO MaKpOCKOilH

qecKllX npu6opoB. 
DpirneJJ.eM 3)1.CCb ol!eHb HCHO Bbipa:>KeHHble MbICJJH 

Bopa [I] no )J,aHHOMy Bonpocy: 

«fJJaBHOe COCTOHT B npH3HaHllH Toro, qTo OilH

caHHe 3KcnepttMeHTaJlbHbIX ycTaHOBOK, a TaKa<e pe-

3YJJbT3TOB Ha6JIIOJJ.eHHM JJ.OJJ:>KHO 6bITb Bb!pa:>KeHO Ha 
06b11rnoM qrn3uqecKOM H3bIKe, JJ:Jrn KOToporo xapaK

TepHa nuaTeJJbHOCTb onpe.n:eJJettttii:. 3ro - npocTaH 
JJOrHqecKaH He06XO,ll.HMOCTb, IlOCKO.llhKY CJJOBO «3KC

nepnMeHT» 03HaqaeT JJHlllh HeKoTopyro npoue.n:ypy, 

0 KOTOpOH Mb! MOllieM C006lll.HTb .upyrnM, qTQ Mbl 

C)J.eJJaJlll H qTQ Mb! noJJyqHJJH B pe3yJibTaTe». 

3KcnepHMeHTaJibHbie ycTaHOBKH H3fOTOBJI5IIOTCH H3 

npol!HbIX u :>KecTKttx MaTepHaJIOB H .uocTaTOlJHO MaccHB· 

HbJ, 6Jiaro.napH lJeMy HX flOJJO)l{eHHe H CKOpOCTb MO)J{HO 

onpe.n:eJJHTb BnOJIHe KJiaccttlJecKtt, He YllHTbIBaH npttHU.H

na Heonpe.n:eJieHHOCTH Bopa ll refl3eH6epra. 

B .upyrnx pa6oTax Bop [2] OlleHb xopomo pa3nHCHHeT 

xo.u MbICJieH, 6Jiaroll,apH KOTOpblM OH npttrneJJ K H,UeHM 

ccooTBeTCTBHH» H «JJ.OllOJIHHTeJibHOCTH». MbI He 6yJJ.eM 

nepecKa3bIBaTb 3TH KJiaccBqecKHe paccy:>KJJ.eHHSI, o.n:HaKo J 
xo•eTCH a HBHOM ""'° BblAeJJHTb CJJeAyJOmee yreepJKAe-

1 
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HHe Bopa: J!HHeHKH, HCIIOJlb3yeMbie HaMH ,lLJHI H3MepeHHH 

paccT05IHHH, H qachI, c IIOMOIUbIO I<OTOpbIX Mb! H3MepHeM 

BpeM5l, .[lOJDKHbl HMeTb 60JiblllYIO Macey ,UJIH Toro, qTo6bI 

He HX CBOHCTBax He orpam:aJiaCb KBaHTOBOMexaHHtiecKaH 

ueonpe.neJieHHOCTb. 

3TOT cymecTBeHHbIH MOMeHT 6b!JI ynyruen H3 Btt,ny oc
HOBOIIOJIO.IB:HHKOM KJiacc11qecKOH MexaHHKII II He yqTe!I 

3ttHillTeHHOM B ero Teop1rn OTHOCHTeJibHOCTH; ueo6xo

.n11Mo 3aHOBO II TIUaTeJibHO HCCJie,noBaTb CJie,UCTBHH 3TO

ro IlOJIO.IB:eHIIH B npIIMeHeHHII K ynOMHHYTblM Teopl!HM. 

B 0.[lHOH H3 CBOIIX «KpacHb!X KHHm:eqeK», cnpase,nJIH

BO cq11TaeMblX BbI,ZLaIOIUHMHCH, flyaHKape [3] CJie.ny10ru1rn 

o6pa30M BbICKa3bIBaeTCH 06 OCHOBaX MexaHHKH: 

«AHrJIHqa'He 1rnyqa10T MexaHHKY KaK 3KcnepH

MeHTaJibHYIO HayKy. Ha KOHTHHeHTe ee scer.na pac

cMaTpHBaIOT KaK 6oJiee HJIH Mettee anpHOPHYIO II 

.ne.nyKTIIBHYIO 1rnyKy. He CTOHT H fOBOpHTb 0 TOM, 
qTo anrJI11qane npaBhI. .. 

c .npyroli CTOpOHbl, ecJIH npHHU:Hilbl MexaHHKH He 

HMeJIH ,npyroro HCTOqHHKa, KpoMe .3Kcnep11MeHTa, TO 

OHH, CJie,ll.OBaTeJibHO, HBJIHIOTCfl JIHlllb npH6JIH.IB:eH
HblMH H BpeMeHHb!MH. 

HoBbie 3KcnepnMeHTbI Moryr O,ll.Ha)K,ll.bI BhIHY.ll.IlTb 

Hae H3MeHHTb HJIH .nmKe OT6pocHTb !IX». 

flyaHKape HaCT3HBaeT Ha TOM, qTo yqeHblH .ll.OJDKC!I 

OCHOBbIBaTbCH He Ha npOH3BOJibHblX orrpe.neJieHHHX, a Ha 

HeKOTOpblX cornameHHf!X, npe,ll.CTaBJIHIO!llHX co6oA HTOI' 

3MIIHpHqecKHX cpaKTOB; Oil yTBep)K,QaeT: 

«CofJiallleHHH -Aa; rrpoH3BOJibHbie cornarnc-

mrn - HeT. 0HH CTaJIH 6b! npo113BO.TJbHb!MH, ecJIII 61.1 

Mb! ynycTHJIH H3 BH.llY 9Kcnep11MeHTbl, KOTOpbie np11-

BeJIII OCHOBaTeJieH HayKH K HX npIIHHTHIO». 

Ha rarwu m:e TOqKc apeHH5l CTOHT 3oMMepcpeJih.ll. (4]. 
BcrrnMHIIM npeAocrepe:meHIIe, Koropoe .neJiaIOT no no

BOAY nyTeH paaBHTH5l HayKII, H OTpm.1.aTeJibHOe OTHOUie-

1me K aKCIIOMaM HJIH nocTyJiaTaM, Bbl,ll.BHHYTblM anpHopu. 

MeTOA JIOrMKH, cocTo.si:m:Hli B nocTyJrnpoaaHhH 

aKCHOM, COBeprneHHO qy)KA 3KCnepHMeHT3JlbHOH nayKe. 

0Ha IICXOJJ,HT H3 peayJibT3TOB OilblTa, KOTOpbie Mo:lKHO 

3 3aK. 1357 
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KO){H<j)HU.HpOBBTb (B03MO)!{HO, c HCKOTOpOH JI.OJiefI npOI13· 
BOJia) c ueJiblO qiopMyJIHpOBKH pa6otlJ1X nmoTe3j 9TH 
rttnOTC3bl, B CJiyqae HCOOXOJI.llMOCTH, MOryT BIIJI.Oll3Me
HSl'fbCSI B COOTBeTCTBHH c JI.aHHblMH 9KcnepHMeHTOB. 

B JI1060M cJiy1rne aepa D ux 11eorpaHH'leHHyIO HC1'·HH· 
HOCTb 6wJia 6bt KpaAHe 11anaHofi. Ehn runore3bI (Ha3bI· 
BaeMLte «SaKoHaMH» HJIH JI.a.>Ke «npHHII.HilaMH») npHMe
HHMIJI TOJibKO a onpe,lleJieHHblX npe)l.eJJax, B onpe,1I.eJien
t10A oOJiaCTH; JI.aJibHeiiurne 9KcnepHMeHT.bl BbUlBJl.HIOT 
rpaHHUbl noii o6naCTH (CM. [5], q. I). 

§ 2. KAaccu11,ecKa11 eeoMeTpUR, KUHe.AW'lUKa. 
KAaccuitecKa!l ounaMUKa 

Hanomem1e KJiacc11qecKoii MexaHHKH npHHHTO Ha1m
HaTb co CTaTUKU, KOTOpaH npe,11.CTaBJIHeT co6oii BCTBb 
reoMeTpHH. 3.11.ecb CllJibl paccMaTpHBaIOTCH KaK BeKTOpbl 
H orcyTCTByIOT IlOHHTHH MaCCbI H .IJ.BlUKeHm1; CTanrna 
HMeeT MHOfOllllCJICHHbie npHMeHeHHH npH CTpOHTCJibCTBe 
MOCTOB H B apXHTCKType. 3a HeIO CJle,ll,yeT KMHCMaTHKa, 
n KOTopoii reoMeTpHqecKHe IlOHHTHH o6'beJI.lIH51IOTC.H c no
HSITHeM apeMeHH, npOH3BO){llTCH n3yqeHHe TpaeKTOpnii H 
OTIHC8HHe ){BH)KeHHR (6ea BC.HKHX IlOTiblTOK npe,1I:CK83bl· 
naTb sru ABn:>KeHHH). 

B KHHeMaTHKe ucnoJib3YIOTC.H 06b111Hb1e a6crpaKll.HH 
K.118CCH'ICCKOH reoMeTpHH: TOlJKH, He HMeIOllJ.llC pa3Me· 
poa, 6eCKOHCllHO TOHKHe KpllBhie, liIOBepxH0CTij, He HMeIQ
lllHe TOJllllHHbI, H T. JI.. CoeAHHem1e reoMeTpm1 H apeMe-
1111 n03BOJISleT BeCTH onpe.11.enemrn CKOpOCTeH, ycKopeHHH, 
ll3Me11Cfl1Ul CHCTeM KOop.mmaT H Ap. 

B oc11one Knaccw1ecKoA MexaHHKH Jie)KHT rHnoreaa 
06 «a6coJIIOTHOM» apeMeHH. B peJIHTHBHCTCKOH KHHeMa· 
THKe BMeCTO Hero nno.n.HT OTHOCHTeJibHbie apeMeHa. 

06paTllM BHHMBHHe 118 0.llHH BB)!{Hb!H MOMeHT: KHHe· 
M8THKa He HMeeT .n.ena c IlOHHTHHMH M8CCbl HJIM CHJlbl. 
Macchi H CHJihI no.HBJIHIOTCH TOJI&Ko a .n.MHaMHKe. 

3aKOH.bl AHHaMHKH aocxo){.HT K HhIOToHy. l\paTKoe, 
HO rny6oKoe o6cymAeHHe 9THX 33KOHOB MO)KHO naiirn 
n «MexamIKe» A. 3oMMepcpeJib.II.a [4]. 

BcnoMHHM rpH npHHUHna .QHHBMHKH; 
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11
; PalifHOMepHoe n npmAomrnetinoe J1.BHLK:e1me B OT· 

cyTCTBHe KaKnx-m160 BHellJHHX CHJI. 
2. H3MeHeHne KoJinirecTBa )1.BHm:emrn (nJin HMUYJih· 

ca) rro.n: .n:eiiCTBHeM BHeWHeii CHJJbI f: 

p=mv, p=f. 
3. PaseHcTBO .n:encTBIHI n rrpoTuBo.11.ewcTBHff. 
TpeTHH npumum Hepe;ll.KO npHBO,ZIJIT TOJf!hKO· )1.Jin To

ro, lJT06bT rrpH3HaTb ero Ha CJIOBax, IlOCJie qero OH HFHO
p.11pyeTCH. 

oanux 3aKOli06 OBU{)l(eHUJl He.n:ocTaTOtfHO JI.JUI IlOJJ· 
HOro onpe.!I;eJiemrn: rpaeKTClpHH Ma.TepIHrJlbH0H T04KM. 
)J;JIH Toro lJT06hI )1.0CTH% IlOJIHOThl, cJie.nyeT 38,l1.8Tb 
(HJTH, JIYtJllie CKa3aTh, U3.Mepuro) Ha1laA'bHbte YCAOBU.R. 
MaTeMaTIIK nptt 06cyJK,11,eHHH npHRUHnon i:urnaMMl<H 
oobr4HO ynycKaeT H3 &MAY nor MOMeHT. Mb! y>1<e noll· 
qepKtrna.rm B [5] (rJI. VI n VII), 4To: 

a) 3aKOHbl .UBH)KeHHH o6paTHMbl, OHFI HHBBpHaHTHbl 
ITO OTHOIIIemno K o6palll.eHHIO 3HaKa BpeMeHH; 

6) HaIJaJibHbie ycJIOBHfl HeoopaTHMbf, noTOMY 'lTO 
npH HHBepCMII BpeMeHH H3MeHHeTCH 3HaK CKO· 
pDCTH. 

CJieJJ.OBaTeJibHo, anaAuruttec1'afl .M.exanwca B 4eAO.M 
neo6 paruMa. 

§ 3. CucTe.Mbt orcttera 
e KAaccuttecKou .MexaHuKe 

)].aBaihe 3aTpoHeM .n.eJIHKaTHbIH B©npoc, yKa3aHHblit 
B aarJiaBHH. 06bllJHO Ha 3TY TeMy roBOpHT HeMHoro. 
BoJibIIIHHCTBo aBTopoa npHHHMaIOT reoMeTpH'IeCKHe 11 
KHHeMaT!l'leCKHe onpe.n.eJieHHH, 3aKJIID1.IfflOUJ,He B ce6e 
HepeaJIHCTH'IJ'eCHiYIO HJJ.e3JIH38IJJIIO, Ji Henocpe.n:cTBeHHO 
nepexo.n.HT K pa3JIH'l!HbIM npHeMJieMbIM npeo6pa3oaa-
1mHM: IlOKomuei'icH cm::TeMe oce~I, paBHO.MepHO Jl,BH>l<Y· 
liUellCH CHCTeMe OCeH H paCCMaTpHB31QT npHMUHH OTHOCH• 
'l'CJlbHOCTH B KJiaCCHlJeCKOH HJIH. pe.TrHTHBHCTCKOH Mexa-

~ .HHKe (cM., HanpHMep, [41). B xo.n.e 9Toro o6cy)KJJ.eHHH 
iJtrHOpHpyIOT TpeTHH 33KOH HblOTOHa; KpOMe Toro, aaobI-r·:: TaIOKe 0 H8"8RbHblX YCROBHHX, 
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PaccMoTpHM sror Bonpoc 6oJiee no.n.po6Ho. llmi 3a • 
nycKa KaKoro-JIH6o cttapHJJ.a rpe6yercH MalllHHa- Karn· 
11yJibTa, pyX<he l!Jill nyurna. 3ra Mawmrn CBH3aHa c CH· 
cTcMoii orc11era. Malll1111a HCllbtTbIBaer or.n.a11y, nonoMy 
CHCTeMa OTC•leTa, lie HMCIOl.U8H M8CCbl (HJJ.eaJI reoMeT
pon), ynercna CibI npo11b! HaM 11<e HYX<Ha r-rerro.n.BHX<HaH 
11 ycroii•mnafl cucrcMa orc11era, JJ.Jlfl tJero ee Heo6xo.11JI· 
Mo 11a.l\<'JIHTb 6ecKOH.ettHou .M.accoii. TaKHM o6pasoM, MbI 
11pnxo11HM K BblBO.!I.Y, l!TO nonoX<eHHH Bopa, npHBeJJ.eH· 
llble o § 1, HMelOT sHatJe1me .naX<e JJ.JIH, KJiaccw1ecKoli Me
xaHHKH l). 

OpH o6cyX<JJ.eHHH KJiaccHtJecKoro npHHU.Hrra OTHOCH· 
TeJibHOCTH cpaBHHBaror .n:Be cHcTeMbI orcrrera S1 H S2, 
llMelOlll.l'le OTHOCHTeJibHYIO CKOpOCTb v. HatJaJlbHaH CKO· 
pOCTb CHap51..na OTHOCHTeJibHO 9THX CHCTeM OTClJeTa paB-
118 COOTBeTCTBeHHO V1 H (v1 - v) = V2. 06e CHCTeMbl 
O'fC11eTa HCilbITbIB3fOT B MOMeHT sanycKa OT)I.atJy, HO 
pa3JIH11HYIO. DJI8fOJJ.apH 9TOMY OTHOCHTeJibH8H CKOpOCTb 
CHCTeM OTClleTa, HMe!Olll.HX KOHe11Hb!e MaCCbl, H3MeHHTCH, 
11 npoTHBHOM cJiy1iae 6y.n:er HapyweH rrp1rnrurn OTHOCH· 
TeJibHOCTH. BMecro ::ianycKaIOmeli MaWHHbI MOX<Ho pac
cMarpHaarh paKery; B 3TOM rnytrae 33)],alla CT8HOBHTCfl 
UOJJec CJIO.iKHOH, TaK KaK Haw «CHap51.JJ.» pac111.e1IJrneTCfl 
Ha JlBC lJaCTH, pa3JICTal0111.HeCH B npOTHBOIIO,llO)!{Hbie CTO· 
pOHbl. 

Tenepb c.n.eJiaeM cJ1e.n.y10111.rrli lllar . .IVlbt npe.n.noJ1aram1 
HaJm11rre .n:ayx crrcreM orcqera S1 rr S2, HMeromux «sa-
11.am1y10» OTHOCHTeJibHYIO CKOpOCTb v. 0.n.naKO BCTIOM
HHM, 'ITO II npol.(ecce HaytJHOfO HCCJie.n.oaamrn HHlITO He 
AMACTCfl «38.D.aHHbIM», Bee aoA'JICHO 6btTb U3MepeH.O. He
KOTOpl.tC DCJIHllHffbl MoryT 6bITb 38).l.8Hbl TOJibKO B sa.na
'IC, aaoae.Motl Y'IHTCJICM Ha 9K3aMeHe. KaK )!{e cpaKTHlJe
CKH MOX<llO 113.MepUTb CKOpOCTb v? B nepaoli CHCTeMe 
orc'lera S1 MW o6opy.n.yeM tf>tt3HtJecKyro JiaoopaTopnro H 

1) B stoM paccy>KAeHHII, 1Jto6bl MO)!{HO OhJ.TIO rrpnMeHnth Tpe
THA 33KOH Hh!OTOH3, rrpeAIIOJiaraeTCH, 'ITO M3IIHIH3 CBH33Ha c CH· 
CTeMOA OTC'leTa, B KOTOpoii OHa IlOKOHTCH. Ho MO)!{HQ B3HTb BTopy10 
C'HCTeMy OTCIJeTa, HeIIOABH)!{HYIO OTHOCHTeJibHO nepBoii, XOTll 1:1 He CBll· 
:ia1rny10 c 11e10 MexaHH'leCKH. TorAa Hli'lero Tparn1JecKoro ne npo-
11:ioilAeT: ara nocJie.QHlla cucreMa otc'leta He «yJieTHT npO'lb». -
nouM. vea. 
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nochIJiaeM KaKHe-Htt6yJJ.b cnrnaJihI (HanpttMep, 011Tttt1e
CKHe) B cTOpoHy CHCTeMbI Sz. 3aTeM H3MepHeM BpeMH 
33JJ:ep:tKKH CHrHaJia HJIH JJ:OIIJiepOBCKHH CJJ:Bllf tI3CTOTbl Ii 

Ha OCHOBe 3THX Ha6JIIO)J,eHHH BbltIHCJIHeM CKOpOCTb v. 
B npoIIIJIOM BeKe CtIIITaJIII caMo co6oii pa3yMeIOlll.IIMCH, 
liTo TaKoro poJJ:a H3MepeHHH MOJKHO BbIIIOJJHHTh, He H3· 
MeHHH cocroHHIIii JJ:BHJKymnxcH cncreM. KaK renepb H3-
Becrno, KBaHT hv HMeeT Macey hv/c2 H HI1rnyJihc hv/c. 
CttcTeMa S1 HCIIbITbIBaer OTJJ.a'ly nptt HcnycKaHHH <PoTo
Ha, a cttcreMa S2 - OTJJ:atiy npII cTOJIKHOBeHHH c 3THM 
cporoHoM H nptt nocJieJJ:yromeM ero orpa.1Kemm B o6par
HOM HanpaBJieHHH. 

KorJJ:a <f>oron B03BpmuaeTCH K CHCTeMe S1 H CTaJIKll
BaercH c Hei1, OH CHOBa BHOCIIT B03MymenHe B cocrommc 
ee )1.BmKeHH51. 003TOMY B rrpouecce Il3Mepemrn CKOpOCTb 
v CllCTeMbl S2 OTHOCIITeJihHO CIICTeMhl s. ll3MCf!ffeTC51, 
eCJill TOJihKO Macchi M1 11 Mz 06e11x CHCTeM 11e 6yJJ.yT 
OlJCHb BCJIIlKil; npaKTiltICCKJJ )l<e )1.0CT3TOlfHQ ClJilT3Tb, tITO 
OHH BO MHOro pa3 60JJbllle M3CCbl hv/c2 cf>OTOHOA, ytia
CTBYiOIUHX B H3Mepemnt. 

CToJiytieHHble Bb!BO)J.bl ¢aKTH1!eCKH 51BJI5JIOTC51 BCCbM3 
lJaCTHhIM cJiytiaeM COOTHOIIICHllH aeonpeJJ:eJICHHOCTil Bo
pa - feiiaea6epra H 06111.ero noJJOfKCHHH, rnacmuero, 
lJTO BCHKOC 3KCIIepHMCHT3JlbHOe H3Mepea11e 03H3lJ3CT He
Koropoe B03MY111.em1e. Jlpyrotl acneKT 3THX npo6JJeM 6y
.ner paccMorpea B rn. 5 np11 o6cym;i.eHHH 3cp¢eKTa Jlon
JJepa. 

I1raK, BbIIIOJIHe1rne npllHUHIIa OTHOCilTCJlbHOCTH D ero 
06bFIHOH cpopMyJI11pOBKe rpe6yer, lIT06bJ CHCTeMbl orcqe
Ta 6bJJill OtieHb M3CCHBHb!MH. 

I1ccJieJJ:yeM renepb JJ:pyryro poJih, Koropyro urpaer 
rpeTHH rrpHHUHII JJ:HH3MHKH. CTyCTb JJ:3HO HeI<OTOpoe CH· 
JIOBoe rroJie n uaiiJJ:eH ero noTeuunaJI [4]. CnJia saJJ:aHa 
·K3K cpyHKll,HH KOOp,!I.HH3T X, y, Z H OilHCbIB3eT OeUCTBtte 
Ha cnapH.n. A K l!eMy np11JJoIBetto nporueooeucreue? 
OtieBHJI.HO, K cncreMe orctJeTa OXYZ. 9ra cncTeMa Jl.OJI· 
Jlma OCTaBaTbC51 B IIOKOe, CJIC)J.OBaTeJibHO, ee Macca Jl.OJI
>KHa 6bITh 6ecKoHetrnoii I 

He no.nqepKHYB 3Toro ocnoBHoro cpaKTa c noJiHof1 
HCHOCTbIO, 3oMMepcpeJib)1. [4] cpasy ·. nepeXOJl.HT K pac
CMOTpeHmo rpaBHTall,HOHHOro IIOJIH 3eMJIIl, npuqeM 
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3eMJHI O"lIHTBeTCJI HeITOJI.BinKHOfI H H.eBpautaIOmeii.cSI; 
s.u.ecb 3eMJ1H :KaK µas n HrpaeT poJib TOH caMoii. npaK
THtJeCKH 6ec1maetJHO .60Jlhlll0ll MaCCbl, 0 •KOTopoii Mbl 
TOJI:bKO J.ITO rtlBOp,IlJIH. 

Tio;nne;neM HTorH. ·CncTeMa oTcireTa .nu B Koei1 mepe 
He rrpe.n.crnsm1eT co6oii KBKY,IO-Jm6o H.neam"HYJO neoMeT
PHtJecKyIO KOHCTPYKII.HIO; 3TO HeKoTopaH MaccHBHaH Jia· 
60.paTOPHH, c.n.eJiaHHaH H3 TBepJI.bIX TeJI, HMerouurx or
poMHYIO Macey - 3H8tJHTeJihHO 60JibllIYIO, IIeM MaCCbl 
TeJI, JJ.BmKem1e I<OTOpbIX ttsyqaeTcH. EcJIH Macca CHCTe· 
Mbl OTCIJeTa 6y,neT He;nonaTOtJHO BeJIHKa, TO .Olia He 6y
lI,eT BIIOJIHe yc'fOii:'!IIBOii: - B Heil: IIOHBHTCfl sqnp.eKTbl THIIa 
npHJIHBOB .H OTJIHBOB 11 JierKO 6y.n.eT saMeTeH 9cpcpeKT 
.nei'ICTBHH li rrpOTHBO.U.eHCTBHH. 

MoryT cKasa:rb, '!TO MbI oTKpbmaeM Jlyuy. HHKOHM 
o6pasoM! MbI oT:Kph!RaeM TOJibKO TOT cpaKT, tJTO .HMb3» 
«Jlytty» Hr•HapHpOBBTb B OJI.HOH tJBCTII paccyJK,lleHHH H 
CTporo yIIHTbIBaTb ·B .n,:pyroH:. 

l1cITQJib'30Ba·H·He ycKopeHHblX CHCTeM OTCtJeTa ycrum
Baer HaIIIy apryMearnumo. KaK cJieJJ.yeT noHMMaTb cn
CTeMy OTCtJeTa S2, pasnoMeptto e.p·aiua10my10c.H .oTnocn
TeJJbHO tteno..11.smKHoii cttcreM.bl S1? 1ho6hI npHJI.aTb rn
creMe S2 cprrsntJec1nd'! CMbICJJ, cJie.11.yerr rrpe.11.cT«l"BHTb ee 
a BH.ne O'IeHh TH:>Kenoro H 06J1a.na10ml'!ro 60JiblllOfi JIH:ep
u.ueii MaxoBHKa, Hecymero Ha ce6e o'!eHb .n:errrnx ua6mo
J.T.aTeJIH H ero ,nBH:lKYIII.Hern npn6opbI. EcJIH 3TO ycJIORHe 
He 6y.11.e'f Bb!IlOJIHeHO, TO JIIo6oe CMeIII,eHHe HeKOTOpoii 
MaCCbl m BO spalII,aIOIII,e:iiCH CHCTeMe OTC'l!eTa H3MeHHT 
MOMeHT HHepnm1 3TOH Cl!CTeMbI Fl UOBJietJeT aa:MeTHOe 
H3MeHeHHe ee yrnosoii cKopocTB ro. MaxoBHK AOJDKeH 
HMeTb 6eCKOHelJHQ OOJibWOH MOMePIT HHepn1m - TOJibKO 
B 3TOM CJIVtJae Mbl MO>KeM cqmaTb, tITO .BeJIHtJHHa '(i) oc
TaeTCJI IlO.CTOHHHOH npH npoH3BOJlbHblX nepeMememrnx 
BaOJIIO,ll,aTeJIH H ero npH6opoB. lleiicTBHe (Ha JI.BHLKY· 
nmecH rrpn6opbl) paBHO rrpOTHBO,ZJ.eHCTBHIO (Ha Bpama10-
lll.YIOC5! CHCTeMy oTctJeTa). BmnrnHeM np:0THBOJJ.e1ilcTBHH 
·MOJKHO npeHe.6petib TOJlbKO Tor,na, Kor.n.a Macca CHCT8MbI 
OTC'leTa 6ecKOHe'IH8. 

STH yc.noBHH c us6b1TKOM peaJIH3YIOTCH .n.~:rn Jia6opa· 
Topnii, pacnoJIOJKeHHbIX Ha 3eMJie. Cnryau1rn B ycKopeH
aoH: CHCTeMe OTCILeTa rrpILOJJ:H31iTeJibHO TaK~HI JKe, KaK 
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B rpamnau:noHHOM rroJie. TmKeJibie TeJia, Haoimo;u.,aeMhie 
c 3eMJIH, HaXOJUITCfl B rpaBHT8U:HOHHOM !10;1'.m, K )1.eH
CTBlfI0 KOToporo ,no6aBJIHIOTC51 TainKe s¢¢e1CTbl, CBH3aH
Hbie c Bparn.ett'rleM . .Ll·eii:cTBRe Ha H6JIOKO• HoIOTOINl HJIH 
Ha HaIII CHap5rJ1. paBHO upoTHBO,UemcTBHIO, npHJIO:meH
ff(i)'MY K 3eMJie. 

§ 4. JI. eucreue u nporueooeucTBue 
6 reopuu OTHOCUTeAbHOCTU 

B KJrnccnqecKoii MexaHHKe npe.u.rroJiaraeTCH, qTo 
Bee BbIIIIeynoM51HYThie B-03;ZJ:ett<:TBH51 pacnpocTpaHHIOTCH 
MrHOBeHHo Ha JIIo6oe paccTOHHHe. B Teop1m OTHOCH-
11eJihHOCTH Tpe6yeTC5I, qTQObI CKOpOCTb rrepeJJ.aqn B3aH
MO.UeHCTBHH 6b1Jia 6b1 MeHbille H.Irn paBHa CKopocTu 
caera; c. 

3,n:.ecb HaM CJie,nyeT 6b!Tb oqeHb BHHMaTeJibHbIMHI Do
BH,IUIMOMy, p:asyMno rrpe.nrroJI02KHTb, qTQ pacrrpocTpaHe· 
1-me rpaBHT3U:HOHOro IIOJlfl B BaKyyMe IIQJ1.qHmieTC51 
HeI<oTopoMy ace06meMy ymrnepcam,noMy saI<ony. A KaK 
cJie,nyeT rrpe.ncraBJI5ITh ce6e pacrrp0cTpaHem1e rro.irn 
YCKOpeHH5I,. OOYCJIOBJieHHOTO aparu:eRH.eM?• ::ha rrpOOJieMa 
CBH3aHa r JiaBHbIM o6pa30M c ynpynrn:ll CBOHCTBaMH 
MaxaBFIKa. Kor.na MbL rrpHKJia.n:BrnaeM K ocn MaxoBHKa 
napy cnJI, JKeJia5l nprrnecTH ero B .nanJKeHne, TO 3TH 
CHJibI BbI3hlBaIDT B rrepByIO otJepeJJ.h yrrpyry10 .neqlOpMa
U:HIO Marrepnami; FIS KOToporo c;neJiaH MaxOBHK. BH:atJ:aJie 
3-Ta JJ..eqmpMaII;H51 CKOHU:eHTpIIpOBaHa B OKpeCTHOCTH OCH 
M'aXOBHKa, a: 3aT.eM pacnpocTpaH51eTC51 ITO HarrpaBJieHHIO 
K ero· rrepn$epun. no~an,n:nMOl'vr:y, HeT mrnaKHX pasyM
HbIX OCHOB3HHH HJIHi onpaB,ll;aHH51 J1.JI5l TOYO, qTOQbl cqH• 
TaTb MexaHH3M pacnpocTpaHeHHfl IIOJlfl ycKopeHHfl, 06yc
JIOB.1emrnro apameHHeM, yHnaepcaJibHbIM, KaK B cJiyqae 
rpaBnTau,noHHoro no;rn s. BaKyyMe. CKopocTbIO sToro 
npou.ecca- HBJIHe11c5! cKopocTh pacnpocTpaHeHHH ynpyrnx 
BOJIH, KOTopaH 3Haq11TeJibHO· MeHbUie c. BpffJJ. JIH HMeeT 
CMbICJl roaopHTb 0 K3KHX-mf60 OCHX opameH1f51 s· sa
KyyMe. Heii:TpaJibHOe KOCMH'IeCKoe TeJio He «'lyBcTsyeT» 
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npaw.emrn HH 3eMJrn, HH CoJIHua, HH y.uaJieHHhIX 3Bes.n 1). 

nnaneThI He «omyw.aJOT» BpauLemu1 CoJIHua. 
B OCHOBY CBOeii o6meii TeOpHH OTHOCHTe.1hHOCTH 

3ttHIUTeHH noJIO)KHJI npUHlfUn 3K6UBaAeHTHOCTU: rpaBH

TBl~HOHHOe no.Tie 11 no.Tie ycrwpeHHH, o6ycJIOBJieHHOe Bpa

meHHeM CHCTeMbl KOOp.UHHaT, HMe!OT O.UHY H TY )Ke npH

po.uy. 3TO nOJIO)KeHHe, no-BH.UHMOMy, He.1Jb351 C4HTaTb 

o6ornonaHHbIM. Mem.uy JJ.BYMH ynoMHHYTbIMH HBJieHHH

MH eCTb MHOfO o6mero, HO IIMe!OTOl I1 cyw.ecTBeHHhie 

paaJIIF!HH. 

C.11.n1-ir, nponcxo.11.HlUHH BHYTPH 3eMJIH, BbI3hIBaeT no

flBJieHHe yrrpyrnx BOJIH, KOTOpbie pacnpoCTpaHH!OTCH no 
HarrpaB.TJeIJHIO K noBepXHOCTH IIJiaHeTbl H BOcnpHHH

MaJOTC51 Harvill KaK 3eMJieTpHCeHlie. no 9TOfO MOMeHTa 

npouecc CXO,Ll.eH c TeM, 4TO rrpOHCXO,Ll.HT npH np1rne)J.eHHH 

B ,ABHJKeHHe MaXOBHKa. 

Ho no eme He Bee. CMemeHHH 11rncc BHYTPH 3eMJIII 

Bbl3bIBaIOT TaKJi\.e rpaBHTatLIIOHHbie BOJ!Hhl, pacnpocTpa

HH!Olll,HeC51 B npoCTpaHCTBe BO Bee CTOpOHhl OT Haweii 

n.1aHeTbl. )leiicTBHe ynoMHHYTOrO B03Mylll.eHH51 MO}KeT 

cKasaTbCH Ha ncex TeJiax H rJJianeTax, ,Ll.31Ke cH.TJhHO 

yJJ.aJieHHb!X. 

3TO .naJihHO.!lettCTBHe 011pe.11.eJ15IeTC5I HeKOTopof1 yrtu
oepcaAbHOii nocTORHHOii (110CTOHHH01'1 HhJOTOHa), KOTO

paH He HrpaeT J-IHKaKoii pom1 BO BpamaIOlll.HXCH CHCTe
Max OTC'leTa. Dpunu,un 9KBHBaJieHTHOCTH - B TOM nu.ue, 

B K3KOM OH 6bIJI ccpopMyJiupoBaH 3ttHIUTeHHOM npH co-

3.UaHHH ero Teop1111 - He noJiyqaeT no.11..nep)KKH H .naJiee, 

npu o6cy.>K.neHHH .11.eiicTBHTeJibnoii pon11 KpHBH3Hbl Bce

nc11Hoii. 009TOMy B03HHKaeT eCTecTBeHHblll BOnpoc: )l.eH· 

CTDHTCJ!bl!O JIH 9KllHBaJieHTHOCTb 51BJI51eTC51 <l>YH.!laMeH

TaJIMlblM CBOHCTBOM H He npe.ncTaBJIHeT JIH npHHUHII 

9KBHB3Jlel!THOCTH HeKOTOPYIO 9KCTpanom11.i:1110 .naJieKO sa 

npe.11.eJihl 3KcnepuMeHTaJlbHbIX <PaKTOB? 

1) Ceii:qac BHOBh craJm paccMaTpHBaThCSI crap we H.!1.eH Maxa, 
Kaca10mueca npo11cxO>K.ll.emrn nouar11a Macchi. 9rtt ll.!1.eH see eme 
oqeah HellCHbI 11 ne no.ll.TBep>K.!1.eHhl aKcnep11MeuroM. Mb! oroaopn.rn, 
'lTO TeJIO l!B.ureTCfl «Heii:rpaJibHb!M», nOTOMY qro npu BpameHHIJ 3a
p1rnceHHblX TeJI rum MarHIITOB B03HHKalOT .ll.3Jlbl!O.ll.eHCTBYIOLUHe 3!ICK· 
rpo111arHHTHb1e nom1. 
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3HHllITeHH yTBep1K,n:aJI, lJTO CKOpOCTb rpaBHTaU,HOH

HbIX BOJIH paBHa CKOpOCTil CBeTa c. 0,n:HaKO 3a ITOCJie,n:

Hlle 50 JieT 3TOMY npe,n:nOJIO}KCHHIO He 6hIJIO Hali,n:eIJO 

HU oiJnoeo 3KcnepuMeHTaAbHOi?O nOJI.TBep1K.LJ:eHHH. Kro 
suaeT, MmKeT 6bITb rpaB11TaU,IlOHHoe noJ1e pacnpocTpa

HHeTCH co CKOpOCTblO, 3Ha4HTeJibHO MeHbUieH C, I1Jlll .n.a

.m:e paCTeKaeTCH no.n:o6HO .n:mpcpy3HOHHbIM ttJIIl TenJIOBbIM 

IIOTOKaM (cM. rJI. 3) ! 
4To KacaeTCH pacnpocTpaHeHttH .n:elicTBilH n npoTH

Bo,n:elicTBttH, 3iiHllITettH cTaJI Ha npttHa,n:JieJKamy10 ct>a
pa,n:e10 T04KY 3pemrn peaAbHOeo cyUtieCTBOBaHUfl noAeii. 
CToJie, pacnpOCTpaH>I!Olll,CeCH 4epe3 nycTOe rrpOCTpaHCTBO 

HJIIl qepe3 Belll,eCTBO, COCTOilT Il3 BOJIH, IlMe!Olll,IlX KOHe'l

HY!O CKOpOCTh; 3TH BOJIHbl MOJKHO xapaKTeptt30BaTb, 

KpoMe IlOJieBbIX BCJIIl4IlH, TaK:>Ke qeTb!pexMepHbIM TeI-130· 

poM BTOporo paHra, KOTOpbltt OilllCbIBaeT OK33bIBae.MblC 

,n:eii:cTBIIe Il npOTilBO.LJ:CHCTBile Il nepe.u.a lJY IlX OT T04Kll 

K T04Ke. 3i'IHUITefm no cyl.IJ,CCTBY ycraHOBHJI BaJKHOCTJ. 

paseHCTBa Me}K.llY .9THMH JIOKaJibHblMil .n.eHCTBilHMil 11 

npoTHBO.LJ:eHCTBilHMil, HMe!Olll,IlMil CBOHM KOHe4HblM pc-

3YJibT3TOM pacnpocTpaHeHtte B33IlMO,n:ei'ICTBi'IH Ha HeKO

TOpoe paccTOHI-rne. B 3TOM CMhICJie, rosopHT OH, TpeTlltt 
saKoH HhIOTOHa noJIHOCThIO co6mo.n:aeTCH. 

TaK Jill 3To? I1 .n:o KaKHX nop 6y.rr.yT pacnpocTpa

HHTbCH ynoM.srnyThre .n:elicTBttH? He MOJKeT JKe nx pac

npoCTpaHeHtte ,n:JIIlThCH Heonpe,n:eJieHHO .rr.oJiro! MbI npe.n:

cTaBJIHeM ce6e KapTimy pacnpocTpaHemrn TaK: BOJIHhl, 

Hcnym:eHHbie OJl.HHM MaTepttaJihHblM TeJIOM, npepbIBaIOT 

CBOH nyTh Ha ,n:pyrnx TeJiax, OTpaJKa!OTCfl OT HllX H T. ,n:. 

H T. n. - Il, HaKOHeu,, BCe OHH llC4e3aIOT Ha 6eCKOHC4HO

CTil. 3.n.ecb CHOBa CJie,n:yeT IlOCTaBHTb Borrpoc: HaJIH4IlC 

KaKHX BOJIH HYJKHO npe.rr.noJiaraTh Ha 6ecKoHe4uocn1? 

B caMOM ,n:eJie, Ha KaJK.rr.ofr rpaHttu,e, ,n:aJKe ecJIH oHa Ha· 

XOJI.HTCH B 6eCKOHe11HOCTil, )J.OJI.IKHbl 6bITb 3a,n:aHbl HeKO· 

TOphle rpaHH4Hble ycJIOBilH. 0.rr.HaKo TaKHe rpaHH4Hhle 

ycJIOBHH HH pa3y eme He 6bIJIH ycraHOBJieHbl. 

JleBH·4HBHTa [6] H .rr.pyrne aBTOpbl Bb!OHpaIOT pacxo

ASllll,IleCH BOJIHhI ( orBeqa10m11e 3ana3.llhIBa10mm.1 no;reH

U:HaJiaM)' KOTOpble y.n.aJIHIOTCH OT CBOero HCTOllHHKa Il 
. YHOCHT CBH3aHHbie c HHMH HeLKeJiaTeJibHble npOTHBO)J.ett

-' CTBHH. 9ttHllITeHH, I1mpeJib,ll H f oct>MaH [7], aao6opor, 
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lfCCIOJlb3YlOT CTOR'!He BOJIHbl ( cynepn03.HQHJ01 onepe);!{aJO
lll.HX H 3ana3.LI.bIBaIOU.\HX BOJIH)' CJie.LI.ODaTeJibHO, soo6pa
>KalOT orpol\rnoe 3ep1rn.r10 Ha 6ecKOHetrnocn1. C TaKoiil rn
noTC30M Tpy.n;Ho cornaCMTbCH • 

.Ll.aHHbIR sonpoc CJie.n;yeT BbHICHHTb AO KOHl(a H HaM
Tll TaKHe rpaHH'IHbie ycJIOBim, c KOTOpbIMH corJiaCHTCH 

BCSIKMH cpH3HK. 
tJrn MO.>KHO npeJI.nOJIO.>KHTb Ha not ctieT? Dpo6JieMa 

nooe.11.eHHH rpaBHTaUHOHHbIX BOJIH HanOMirnaeT npo6Jie
Mbl, B03HHKaIOIJJJie npH paccMOTfleHllH CBeTOBbIX n:mI KOp
nycKyJIHpHbIX BOJIH. ll10 1rncae1'CH CBeTa, TO Cl.fHnHOT, 
'ITO OH Hcqe3aeT Ha 6ecKOHe1!HblX paccTOHHNHX OT HCTOll
HUKa H pacnpOCTpaHSieTC51 B BH.IT.e sanasabtBatoU~UX BOJ/.H 
(CM. [5], rn. VI). MbI He HMeeM HHKaKHX OCHOBamfi:i CllH· 
TaTb, llTO BOJlHbI MOI:YT sepHyTbC5I H3 6ecKOHe'lHOCTH. 
AC'rpoHOMbI erue se BcTpetiaJIHcb c tieM-To TaK11M, llTO 
aacTasHJio ObI npe.n.noJIOMHTb HaJilI'lHe ReKoero 3epKaJia 
Ha 6ecKoHetiHOCTH. Kor.LI.a pe'l!b rr,neT o rpaBHTaUHOHHb!X 
BOJIHaX, IlO·BHJl.Hl\fOMy, oy.n.er pa:3yMHhfM (Mb! He fOBO· 
pHM «060CHOBaHHbIM») l!lpeJI.CTaBHTb ce6e aHaJior111rny10 
CHryaU.HIO. Tor.n.a cJie,n_osaJio 6hl BhI6paTb pememrn 
runa rex, KOTOPhf"e npe.n:JIO)KHJI JlesH-4HBHTa, a He re, 'ITO 
npe.ll.JIOJKeHbl 3fI:m11TeRHOM. .Ll.aJiee, HaM CJie.LI.OBaJIO 6bl 
c•rnTaTb, llTO CRJIOI ,neHCTBHH H rrpOTHBO,II;eikTl'Hf51 MOryT 
HClle3aTb Ha 6ecKoHelJHOCTH. CMbICJJ rpeTbero 3aKOHa 
HhlOTOHa, raKofi 51CHbIH B aHaJIHTll'IecKoH' MexaHHKe, )l.e· 
JiaeTCH COBCeM HeHCHbIM B reopHH OTHOCHT€JlbHOCTH! Cn
Tyau.m1 eIUe 6oJiee ycJIO}KHHeTCH BBH.Uy HeJIIIHeHHOCTH 
rpaBHTaUHOHHblX BOJIH; BITpOlleM, Ha 60JiblllHX paccTOH· 
HHRX OT ffCTOllHHKa 3'I'H BOJIHbl CTaHOBJfTC5i o~eHb CJia6bI· 
MH H JIHHeAHOCTb nocreneHHO B0CCTaHaBmJBaeT'Cfl. 

BHA BOJIHOBl>IX peweaui% Ha 6e<:KOHe'lHOCTH HMeeT 
60JibWOe 3HalleHHe AJIH <j>H3Rl\3 H AJIH HH:>KeHepa. l1MeeT 
m1 MeCTO pacnpocrpaHeHHe rpaBHTaUHOHHOro H3Jiy'IeHH51 
sooorue? Mo11rno JIH Ha,ll.eRTbC.R Ha HCilOJib30B8'HHe rpa· 
BHTaUHOHHblX BOJIH 3MHWTeHHa AJISI nepe.n;aqn CHrHaJIOB? 
KaKoBa cKopocTh pacnpocTpaHeHlrn 3TIIX BOJIH? MorJIH 
6bl 3TH cnoco6bI nepe.n:aqn HmpopMaro~n KOHKypHposaTb 
c nepe.LI.atie:ii nocpeACTBOM SJieKTpOMarHHTHblX BOJIH -
paJJ.HO (HbIHe CTOJlb neperpy>KeHHoro)? 3tH H !IUIOFHe 

JJ.pyrne sonpo.cb1 2KJJ.YT OTBeTa. 
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§ 5, MaTe.AWTUttec1we CUCTeMbl IWOpOUl-taT 

UAU c/JU3UtteCKUe CUCTeMbl OTCtteTa 

BepHeMCJI K HatiaJiy Harnett .ll.HCKyccHH. B zeoMerpuu 
IVlH B KIIHeMaTHKe HCIIOJib3YIOT uiJeaAU3Up08aHHbte CU

CTeMbl 1wopauHaT, KOTopbie, no npe.n.noJio)KeHmo, 6ecKo
HetIHo JKecTKHe H ne HMeIOT Macchr. B caMOM .n.eJie, 
HeJib3H fOBOpHTb 0 Macce rraKOH CHCTeMbl KOOp,rnrnaT, no
TOMY qTo 3TO IlOHflTHe BBO,ll.HTCfl Il03JR:e, TOJibKO B ¢u3U

ttecKou MeXaHUKe H B ,IIJIH3MHKe. CTepeXO,UH K yrrol\rnHy
TblM TeopmIM (KaK 6bIJIO IIOKa3aHO BbIUJe)' Mb! BcTpe
lJaeMCH c <PnsHqecKHMH CHCTeMaMH orcqera, KOTOpbie 
,UOJI)KHbI 6b!Tb B COCTOHHHH raCMTb JIJ06b1e nponrno.ueii

CTBHH, He np11xo,n51 npH 3TOM B ,ZI.BHllieHHe. HaM rrp11xo
.llHTCH npHHIIM3Tb, q10 TaKaH CHCTeMa orcqera HMeeT 

6ecKmretrny10 Macey. 1ho6b1 yrrpoqHTb ynoM~myroe pas
JIHqHe, MbI npe.zvraraeM ooa pa3AUtJHbtX fta3BaHUfl: 

CUCTe.ttbt KOOpouHaT - Ji<eCTKHe, He HMe!OT MaCChl, 
.paccMaTpHB3IOTCJI B reoMeTpHH; 

cucreMt:it orcttera - 6ecKOHeqnaH Macca, paccMarptt
aa10rcJ1 B .llJIHaMHKe. 

Do,nqep1rneM, 11To npHHHTOe HaMH onpe,ll,eJiem1e Mac
CHBHblX CHCTeM OTC'leTa IIOJIHOCTblO COrJiacyeTCH c BbI6o

poM tJacoB, ocHoBaHHhIX Ha 3cpcpeKTe Meccoayspa, nsJiy-
1rn10m11e 3JieMeHTbl KOTOpb!X :iKeCTKO «BMOHTHpOB3Hbl» 
B MaCCHBHblH KpHCTaJIJI. 

DpH qreHffH pa6oT 3ifnwTe.H11a Herpy.a:Ho saMeTttTb, 
qTo OH He ,UeJiaeT yKa3aHHOf0 HaMH pa3JIHqirn H npH

IlHCbIBaeT CHCTeMaM KOOp,UHHaT, He HMeIOIUHM MaCCbI, 
CBOHCTBa, KOTOpbIMH o6Jia,ll,aJOT TOJibKO TH.IKeJihie CHCTe
MbI OTCtieTa. 0,nHaKO cHaqaJia o6paTHM BHHM3Hlle Ha 

HeKOTOpoe npe,UlJYBCTBHe IlOHHTHE CUCTe.M orc11era, KO
Topoe MO:iKHO Ha:i1TH B 3THX >Ke pa6ornx. B § 2 pa6oTw 
[8] 3i'rnwreiiB IIHIIIeT: 

«Dycrh ,nBe <PHsHqecKHe CHCTeMbI Te.n S1 H Sz, 
CHa6JKeHHbie H3MepHTeJibHblMH npH6opaMH .•. » 

3i1HirITeHH He Tpe6yeT, tIT06bl Macchi 9THX Ma
TepttaJibHblX CHCTeM 6bIJIH C>t.IeHb ae.JIHKM; Q,ll.HaKO OH 
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llOHHMaeT, lJTO He,!I.OCTaTOlJHO OJI.HOll H,!I.eaJIH3HpOBaHHOil 

CHCTeML>I KOOpJI.HHaT H lJTO CJie)lyeT rrpe)lCTaBHTb ce6e 

1rnKy10-To MaTepHaJibHYIO CHCTeMy B BH)le H3MepHTeJJb· 

i1of1 Jia6opaTOp1m. 
B 6oJiee no3JI.Heti pa6oTe, co)lep:/lrnrueti ocHOBbI 06· 

J.UeH TeopHH OTHOCHTeJibHOCTH, 3HHllJTeliH [9] HJI.eT ,!I.aJJb· 

we, 3a6bJBaH 06 .3THX rrpeJlOCTOpo:/lrnocTHX H JI.eJia5l pHJI. 

y JlHilHTeJibllbJX yTBepfKJI.eHIIH. B § 2 ou roBopIIT: 

«fpaBHTaUHOHHOe IIOJie MOfKHO «C03,!I.aTb» npo· 

CTblM H3MeHeHHeM KOOp)lHHaTHOll CHCTeMbl». 

B § 3 MbI HaxoJI.HM: 
«06IUHe 3aKOHbl rrpHpOJlbl JlOJI)!Ulbl 6bITb Bblpa· 

)KeHbl ypaBHCHHHMH, cnpaBe)lJIHBblMH BO Bcex Koop· 

JI.HHaTHblX CHCTeMax, T. e. 3TH ypaBHeHHH )lOJI)KHbI 

Ob!Tb KOBapnaHTHblMH OTHOCHTeJibHO JIIOOblX nOJI.CTa· 

llOBOK (061.UeKOBapHaHTHblMII) ». 

Oo H3llleMy MHCHH!O, B KOHUe .3TOfO TIOCJie,ZI.Hero npe,!I.· 

JIO)KCHIUI CJIC,11,0BaJIO 6bl oco6o OTMeTHTb 110)l.CT3HOBKH, 

HMeIOIUHe cpH3HlJeCKHH CMblCJI H COOTBeTCTBYIOIUHe </JaK· 
TuctecKou onepa4uu B c.MbtCAe EpuiJ;J!CMena. I1MeHHO 

" .3TOM rryHKTe MbI pacxo,11,HMCH c 3HHWTeHHOM. 

B TOM *e § 3 OH ITI:IllieT: 

«B 061.Ueil TeOpHH OTHOCHTCJibHOCTI:l npoC'rpaH· 
CTBeHHble H BpeMeHHLie BCJilflU!Hbl He MoryT 6b!Tb 

onpe,ZI.eJieHbl TaK, 'lT06bl pa3HOCTH npoCTpaHCTBeH· 

Hb!X KOOp,11,HHaT MOfJIH 6b!Tb H3MepeHbl Henocpe.n.· 

l'TlleJIHO e)lHHHlJHblM MaCllITa6oM, a pa3HOCTH Bpe· 

MCllllbJX - nocpeJI.CTBOM CTaHJJ,apTHbIX 'laCOB». 

0'1e11b pHcKona 1111oe yTBep)KJI.CHHe, npoTHBopel!aJ.Uee 

JllOOblM, OCHOBaHHblM ua pe3yJibTaTaX .3KcnepHMeHTOB Ha· 

Y'!HblM npeJI.cTaBJieHHHM. CJieJI.oBaJio 6b1 cKa3aTb o TOM, 

KaK Bb!ITOJIHHTb ynoMHHYTOe H3MepeHHe. I1HalJe CJIOBa 

<npocTpaHCTBO» H «BpeMH» TepmoT BCHKllH cpH3H'leCKHH 

cMblCJI. ITo3)Ke Mb! BepHeMCH K .3TOMY npHHUHITHaJihHOMY 

SaTpy.n.HeHHIO. 
06IUUe CHCTeMbl KOOpJI.HHaT, BBe,!I.eHHble 8ttHll1Tei\~ 

llOM, CTaJJH HaCTOJlbKO rronyJIHpHbl, lJTO noJiylJHJJH )l,a:lKe 
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Ha3BaHIIe «MOJIJIIOCKH 3i1HIUTefrna» 1). 0.n:HaKO MOJKeT JIH 
cpH3HK pa6oTaTb B TaKHX Heonpe.n:eJieHHbIX ycJIOBirnx? 
Bb1JI0 6h1 2KeCTOKO _cHa6.rr.nTb ero HCKJIIoqnTeJibHO pean
HOBbIMH JIHHeil:KaMH H HenpaBHJ!bHO ll.ll:Yill.HMH qacaMHI 

HaKoHeu:, B § 4 MhI qnTaeM: 

«CornacHO o6ru.ei'I TeopHH OTHOCHTe.'lbHOCTH, rpa
BUTaIJ:IIOHHble CHJibl IIrpaIOT UCKJIIOqIITeJibHYIO pOJib 
rro cpaaHe1u110 c ocTaJ1bHbIMH cIIJiaMII, oco6eHHO 
3JieKTpOMarmITHblMII; 10 cpyHKU:HH. g,n, rrpe.n:ctaB
JIH!Oill.IIX rpamITaU:IIOHHOe rroJie, orrpe.n:eJIH!OT B TO }Ke 
Bpel\rn MeTpIII!eCKHe CBOHCTBa qeTblpexMepHoro npo
CTpaHCTBa» . 

.9i1Hlllterrn rrpeno.n:HocIIT 3TO yTBep>KJI.eHHe KaK caoil
crno npttpo,nb1, Mb! >Ke cKopee 6bI Ha3BaJJII ero nocryAa· 
TO.iU 3UHlUTeUHa. Ott BO qTo 6b! TO HH CTaJIO crpeMHTCH 
CBeCTH rpaBHTau.mo K reoMeTpHH nyTeM 3aMeHbl Hb!OTO· 
HOBCKoro rpaBIITaU.HOHHOro IIOTelIUHaJJa TeH30pHbIM no
T€HUIIaJIOM BTOporo pattra, ocym.ecTBJIHlOill.HM COBMeCT· 
HOe OIIHCairne rpaBIITaU.HH II rcoMeTp1rn; 3TO Jl,OCTHraeTCH 
HCHOM IIOHBJICHIIH nponaCTII Me>KJI.Y rpasrnau:neii H 
3JieKTpoMarHeTH3MOM. UIITHpyeMaH ctaTLH =-- reHIIaJih
HaH MaTeMaTIIqecKaH pa6oTa, o.n:t1a1w aonpoc o ee npu
MeHeHHII K cpH3IIqeCKOH peaJihHOCTH OCTaeTCH OTKpb!TbIM. 

§ 6. fl peanoJlo'J/CeHUe <Po1w 

Mo>KHO nonhITaTbCH coxpaHHTb TeopernqecKyJO cxeMy 
.3i1Hll1TeHHa, KOTopa51 Bee em.e Ka>KeTC51 IIpIIBJieKareJib
HOH, 110 ror.n:a 11eo6xo.11.IIMO yroqHJITb onpe.n:eJiemm II ycTa
HOBHTh orpam1~1eHIIH na ycJJOBH5l ee npuMeHHMOCTH. 

KpoMe Toro, KaK 6b1JI0 y>Ke noKa3aHo, reop1rn SiiH· 
WTeiitta cTpaaaer qpe3Mepnoii o6u~ttoctbIO. CaM 9811· 
UlTeHH OTMeTHJI, l!TO npocrpancTBO H BpeMH He MoryT 

l) «MOJIJllOCKll OTC'!eTa» - He11<:eCTKlle Te.~a OTC'lera, KOTOpb!e 
111oryT ABllfaTbCH npoH3BOJibHblM o6pa30M KaK ueJJOe, H3MeHl!ll npH 
3TOM <t>op111y. Otta 06Jia.a;a10T 'lacaMn, HILYIUHMH Heperymiptto, npH
'JeM OAHOBpeMeHHO BOCilpllHllMaeMble noKasamrn 'IBCOB, HBXO,ltl!fUllX• 
CH B coceJJ;mrx TO'!Kax. OTJllI'IBIOTCH 6ecKOHe<mo MBJIO. (CM. !::HiH· 
iureuH A., Co6paHHe aay'!Hb!X Tpynos, T. I, crp. 580, M., 1965.) -
HpuM. peiJ. 
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0b1Tb O.D.H03Ha 1rno nocTaBJ1eHbl B COOTBeTCTBHe C: pe3yJih· 
TBTBMH H3Mepeum'l. TaKoe yrnepM.D.eHJJe He MOmeT y;no
BJJeTBOpHTb HH O.D.HOfQ cpH3HKa. 

Pae.cMcrrp:HM Teneph saMe:'la:re.JlbHYIO KHttry [10] Bbl· 
.11.a10meroCH pyccKoro yqeHoro B. A. <l>~Ka. B sTofi. KHH· 
re coJI,epiKHTCH aHaJIH3 HJI.eil 3ttHIIl:rei1na n noc:rpoemie 
Teopnn OTHOCHTeJibHOCTH npOBO,ll.HTCH c oqeHb opnrn· 
H8JlbHOH ToqKn speHHH. <l>oKy yJJ,aJIOCh nOJIY'HITb npaK· 
TH'iecKoe peweHHe MHornx sa rpyt1.Herrni1. Ott C'IHTaeT, 
,l!TO nepa3yMHO OCTaBJIHTh reopmo OTHOCHTeJibHOCTH noA· 
HOCTblO 0614eu, KUK aeAaA 3t1iuuret1H; Han6oJiee mne
peCHblH noJiyl!eHHbIH HM pesyJibTaT COCTOHT B. TOM,. tITO 
npttHHTHe HeKOTOpblX npOCTb!X cornallleHHH npHBO.D.HT 
K 3HatIHTeJibHOMY ynpomeHHIO MaTeMaTHtieCKOH crpyKTY· 
pbI Teopnu. B TO :>Ke Bpel\rn <I>oK npe.D.JIOJKHJI SHa.1m· 
TeJibHO 6oJiee coBepII1enny10 qmswi:ecKy10 BHTepnp.era· 
UHIO Teopnn. On or6pacbmaeT He 1IMe10mnfi cpnsntieCKO· 
ro CMblCJia npOH3BOJI B Bb!6ope CHCTeM KoopmmaT H Bbl• 
6HpaeT H3 HX 11HCJIC!, no ero MHemno, HaH60Jiee ITO.D.XO• 
Jl:Hlll.He CHCTeMbI; OHH onpe;ll.e.TJeHbl ycJIOBHSIMH 

(4.1) 

rJI,e ra - CBepHyTblM CHMBOJI I\.pHCTOcpcpeJISI, Ii Ha3hl• 
BalOTCH rapMOHHlfeCKHMli KOOp,ll.l:IHaTaMH. 3TH tieTbipe 
JlOCTOJIHHTeJibHbIX ycJIOBH5I IlOJIHOCThIO onpe,neJIHIOT «npe· 
l!Mylll.eCTBeHHYIO» CJICTeMy OTcqeTa, B KOTOpofi ypaBHe· 
1rne pacrrpocTpaHeHirn BOJIHbI HMeeT o6hilfHhIH BII.U. (6ea 
.nonoJIHHTeJTbHbIX lfJieHOB): 

0\1>= 0. (4.2) 

3To He tITO HIIOe, KaK ypaBHeHHe pacnpocTpaHeHml 1:130• 
TponHOiil BOJTHbl, B KOTOpOM c HrpaeT pOJib YHHBepca.!Ib• 
noti nocTOHHHOH. 

TeopttH, pa3BIITaH <l>oKoM, Tpe6yeT Tlll.aTeJibHoro HSY· 
i;emrn. Ero cxeMa, 6e3ycJioBHO, RBJIReTCR 6JieCTRUJ.eft, OJl.
HaKo He HCHO, npHBO,ll.HT Jill OHa K e)J.HHCTBeHHOMY B03· 
MO:lKHOMY perueHHIO. <l>oK BbI6HpaeT orrpe.n.eJieHHbIM KJiacc 
CHCTeM OTClfeTa, B KOTOpb!X pellleHHe HMeeT rrpocTOH 
BHJJ., OJI,HaKO, MO:/KeT 6b1Tb, ecTh JLpyrtte KJiaCCbl CHCTeM, 
KOTOpble TaK:/Ke CJie.n.yeT npHHHTb BO BHHMaHHe H cpas .. 
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HHTh c reMH, KOTOpb1e 6bIJIH paccMoTpeHbI <l>oKOM. He
o6xo,ZJJIMo TaK)Ke .U.OKa3aTb, lJTO npOH3Be.U.eHHblll <t>OKOM 
OT6op «npettMyrn.ecTBCHHblX» CIICTCM OTcqera OTBelJaeT 
peaJibHblM ycJIOBHHM ::>KcnepHMeHTa, oco6eHHO B CBH3H 
c COBpeMeHHblM onpe.u.eJieHHeM lJaCOB (CM. rJI. 3) H BBH· 
lJ,y pomI, KOTopy10 ttrpaeT Macca B cptt3HlJCCKHX CHCTe
Max OTC'lCTa (cM. BbllllC B 3TOH rJiaBe) 1). 

§ 7, 3aiJaq,a lllBapl{tuUAbiJa 

Tpy.U.HOCTII TeopHH OTHOCHTCJlbHOCTH 6y.u.eT no.Jie3HO 
paccMOTpeTh Ha npHMepe HCKOTOpb!X KOHKpeTHbIX aa
.U.alJ. PaccMotpIIM cHa11aJia CTHTHlfecKoe c¢eptt11eCKH 
CHMMetpwrnoe noJie noKosim.eficsi qacTHU:bI [11). HcnOJib· 
ayH Koop.n.ttttaTbI x 1, x 2, x3 II x~ = ct, noJiyiiaeM peweHHe 
ill BapU:IllHJib.U.a 

ds2 = (dx1)2 + (dx2)2 + (dx3)2 + 
+ 2

m [x1 dx1 + x 2 dx2 + x3 dx3]
2 

-r 2 (r - 2m) 

- ( 1 - 2;n) (dx4)2, (4.3) 

r.11.e ,2 = (xt)2 + (x2)2+ (x3)2, m = GM/c2-TaK tta3bI· 
aaeMasi «npHBe:n;emrnst» Macca, M - Macca ttacTHUi.I, 
G - rpaattTaU.HOHHaH nocTOHHHarr. 

flpH 3HatfeHIHI r, paBHOM rpaBHTaU.HOHHOMY pa.u.Hycy 

r0 =2m, (4;4) 

pellleHHe lllBa PU.IllHJib.U.a HMeeT CHHfYJI5IpHocTh. 
Cpaay cJie.u.yeT aaMeTHTb, lJTO nyreM npeo6paaoBaHHH 

Koop,ll.HHaT MO>KHO nonytJHTb .u.pyrne perneHHH 2). Ha
npttMep, MO)KHO HCKJIIOlJHTb lJCTBeproe CJiaraeMoe B 

1) Ha JIH'IHbIX oece)J; pe)J;aKTOpa c B. A. Cl>OKOM Ha STY Te·My 
CJieAyeT, 'ITO OH, pasyMeercH, c caMoro Ha'laJia HMeJI B BRAY JKeJia
TeJihHOCTh peweHllH 9TllX BonpocoB. 3TO pewea11e He HBJillCTCll Tp11-
B1!8JlbHblM. - fl pUM, peiJ. 

2) Jlyqwe cKaaaTh: TO me pewea11e B Apyrol\ Koop.u.11aaTaoft 
CllCTCMe. - ll pUM. peiJ, 



tf>Of)MyJJe (4.3); Tor.u.a noJiy1111M 11sorponHoe npocrpan
crno c MCTpHKOH 

ds2 = ( 1 + ;; r [(dx1) 2 + (dx2
)
2 + (dx3)2] -

- [I - m/2r 12 (dx4)2, 
_I+ m/2r ... 

(4.5) 

3ro 110Boe perneHHe repHeT CMbICJI npH sHa'lemm r, paB-
110M 

(4.6) 

Ha 6ecKOHe11HocTH o6a perneHHH se.u.yr ce65l o.zurnaKOBo. 
KaKoe H3 HHX cne.u.yer conocTaBJIHTb c 3KcnepHMeH

TOM? CJie.u.yeT JIM KoopmrnaThI x1, x2, x 3, ct HCTOJIKOBbI
BaTh, IlOJib3Y5lCb MeTpHKOH ( 4.3) lfJIH MCTpHKOH ( 4.5)? 
Bonpoc ocraerrn orKpbITbIM. 3ro .u.a.tKe ern.e xym:e, 11eM 
CCJIH MOMHO 6bIJIO 6bI coseplllliTb mo6yJO 3aMeHy KOOp
.lUtHaT H IlOJIYllIITb 6ecKOHCl!HOe MHOJKCCTBO pernem1i1! 
McTO.U.bI 3ii:mrne:ihrn HBJI5lJOTC5l cJIIIIlIKOM 06rn.11MII II He 
Jl.[tfOT K8KOrO-JIII6o orrpe.u.eJieHHOro OTBeTa. <l>oK Clll!Taer, 
'ITO ycJIOBHe ( 4.1) Bbl,ll.CJI5lCT CIICTeMy OTCIJeTa, COOTBeT
C'ruy1ow.y10 peaJibHhIM ycJ10BH5lM Ha6mo.u.eHII5l. On rroJiy
•iaeT TpeTbe pellleHIIe 

ds2 = r + m dr2 + (r + m)2 (d92 + sin2 e dcp2) -r-m 

9rn Ml'TPllKa TCpHeT CMbICJI npH 

r0 =m. (4.8) 

Cpa1rne1rne cpopMyn (4.3), (4.5) H (4.7) HCHO noKa-
3blBaeT, K KaKHM Tpy.u.nocrnM npHBOAHT csepxo606u~e
m1e 3iimnreiina. Mom er B03HHKHYTh aonpoc: a HBJIHeTcH 
JJH pernem1e ( 4.7) HaH6onee no.u.xo,ll.51Ill.IIM? KaKIIM o6pa-
30M MO)l{HO nposepHTb, 'ITO 3TO pellleHIIe .u.eflCTB11TCJibHO 
COOTBCTCTByeT H3MepeHH51M ,ll.Jll!Hbl II BpeMeHH, npOH3Be
Jl.E.'HHblM B rpaBHTa~HOHHOM none B IlOKOHill.CHCH Jia60-
p:nopm1? BhIBO.ll.hI TaKoro poAa He Moryr 6bITb rroJJy
•1c11b1 H3 MaTeMaTHllCCKHX coo6pa.1Ke1rni1, OHM rpe6y10T 
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TlUaTeJibHOro aHaJIH3a cpaKTH4eCKHX ycJIOBHH 9Kcnepu

MeHTa 1). 

CT0,11,06Hhri1 ,11,eTaJibHbIH anaJIH3 onepauuii, cornaCHo 

EpH,ll)KMeHy, KpaiiHe Heo6xo.n,HM; on, no-BH,ll,HMoMy, ,no 

cux nop He 6hlJI npo,11,eJiaH. PaccMoTpeHae noJiy4eHHhlX 

BblllIC cpopMyJI HaBO,/U1T Ha Mb!CJib, 'ITO rpopMyJia (4.3) 
HMeeT rpOM03,!l.KHH BH,!l. H 4TO l10!1hlTKH ee cpH3H4CCKOH 

HHTepnpeTaUHH BpH.n, JIH OKaJK.yTCH ycnernHblMH. Mb! OT

opacbIBaeM H cpopMyJiy ( 4.5), BJICKYIUYIO JIOKaJibHYIO 

l'i30TpOilHIO npocrpaHCTBa, H cpopMyJiy ( 4.7)' KOTOpaH 
xapaKTepnsyeTcH JIOKaJibHOii H30Tponrreii npouecca pac

npocTpaHeHHH BOJIH. cPaKTH4eCKH B03HimaeT O'lCHb Tpy,n

HaH CHTyaUHH. K: C4aCTbIO, Ha npaKTHKe ,!l.JIH rpaBHTa

UlIOHHOfO pa,11,nyca ro rroJiyqaeTCH nesepOHTHO MaJIOC 

snaqeHrre, TaK 4TO H3JI01KeHHbie BbIIlle «KaTacTpocpuqe

CKHe» Bb!BO,!l.bl cnpaBe.UJIHBbl TOJibKO Ha 04CHb MaJiblX 

paccTOHHHHX H npaKTH4eCKH He Ha6JIIO,!l.aeMbl. 

K: 9roii npo6JieMe MbI eme sepHeMCH B rn. 7 H pac
cMorpHM ee sa11oso c HHOH T04KH speHHH. 

§ 8. Cpaa1-teHue 1wauroaou reopuu 
u ~opuuornorn~AbHo~ro 

B caMoM Ha4aJie XX BeKa B cpH3HKY BOllIJlH .use 
cpyn.uaMenraJibHbie Teop11n: KBaHTOBaH TeoprrH CTJia1rna H 

Teopm1 OTHOC11TeJibHOCTH 3iimureiiHa. C rex nop npo

UIJIO 6oJiee rnecTH,!l.eCHTH JieT H Mbl HMeeM B03MO)!{HOCTb 

cpaBHHTb nx BJIHHHHe Ha Hay4Hoe MbIWJienue. KaaHTO

BGfl TeOpUfl - 9TO TeopHH cpyH,!l.aMeHTaJibHaH, HO llOCTO

HHHO H3MCHHIOUlaHCH; KBaHTOBOMeXaHH4eCKHe rrpe,11,craB

JieHHH HCKYCHO pa3B!fBaIOTCH H ll04TH KaJK,!l.b!H ro,n 

rrp11cnoca6JIHBaIOTCH K o6oHCHCHHIO Bee HOBbIX H HOBbIX 

9Kcnep11MeHTaJibHhIX cpaKTOB. Mmrrno nac4HTaTb no 

MeHbllleH Mepe COTHIO nocJie,!l.OBaTeJibHblX Ba pHaHTOB 

1) ::ha npo6JJeMa Bbl,n:eJJeHHH «npHBl'IJ!ffHpOBaHHblX» CHCTCM KO· 
op,UHHaT .neHCTBHTCJ!bHO B03HHKaeT B o6~elf TeOpHH OTHOCHTCJ!bHO· 
CTH H Henocpe.n:CTBCHHO npHBO.D:HT K sa,n:aqe cjJH3H'ICCKOH HHTepnpe
TaUHH CHCTeM KOOp.D:HHaT. (CM. fl erpoa A. 3., CoepeMeHHOe COCTOlI· 
HHe yqenHH o rpaBHTall,HH, ITpenpnHT HT<l>-71-lM, l\HeB, 1971.) -
flpuM. pea. · 
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Kna111onoft TeopnH. TeopuR OTHocuTeAbNOCTU 6hrJia no
crpoe11a 3HHllJTeHHOM KaK JIOfHl!eCKH )!{eCTKaH TeOpHH. 
n pH 9TOM CIIeUH8JibH8H TeOpHH OTHOCHTeJibHOCTH HMeJia 
orpOMHblH ycrrex, OCOOeHHO ee COOTHOI11em1e Me>KJJ.y MDC
COH H 9Heprnett. ll'TO KacaeTCH OOlll,eH Teopnn OTHOCH
TCJiblIOCTH, TO Ha nepBblX nopax Ka3aJIOCb, l!TO OHa 
rTOJJ.TBepJKJJ.aerrn TpeMH pa3JIIll!HbfMII 9KCIIepIIMeHT8MII, 
OJI.H81<0 pe3yJibT3Tbl nepnbIX .rr:nyx H3XOJI,HTCH IIOCTOHHHO 
noJl OOJihllIHM coMHettHeM, a rpernli (KpaCHoe cMeru.ettne) 
noJiyttHJI otieHb xopomee IIOJI.TBep1Knem1e B tte.n:anHo BhI
rroJIHeHHbIX 9KcrrepnMeHTaX, HO ero. MOJI{HO o6nHCHilTb 
c IIOMOlll,bIO 3H8tIHTeJibHO OOJiee npoCTOH Teop1rn (CM. 
rn. 6). CJie.n:onareJibHO, MhI BhIHY*JJ:eHhI nocTannTb no
npoc T8K: OOJU8H Teop1rn OTHOC!fTe,'lbHOCTil BeJIHKO,'leIIH8 
KaK MaTeMaTntteCKOe TBOpem1e, 0Jl.H3'KO K8KOBO ee OTHO
UlCHHe K $H3HtteCKOM pea,'lbHOCTii? 

B ocHone reopnn nrroTemrn, Ha3bIBaeMoii o6m.eii reo
pneii OTHOCHTeJibHOCTil (ct>oK OTMetJaeT, tITO 9TO Hey.n:aq
HOe H nno,n:m:nee n aa6Jiy:>K.n:em1e Ha3namre), Jie>KttT rn
nore3a, tITO rpanttrauHmmoe noJie pacnpocTpaHReTcH co 
CI<OpOCTblO CBeTa c. l\aK IlOK33bIB3IOT rmaTeJibHhie ua
OJIIOJJ:CHHH Be6epa [12), HHLJero no.rr:o6Horo He Haomo.n:a
Jtoch, XOTH IlOJIHOCTbIO IICKJllOl!HTb B03MO>KHOCTb rpaBH· 
Ta UlfOHHbIX BOJIH HeJib3H 1). 

npH JJ:3~'1hHeifmeM paCCMOTpeHHH 9TOrO BOIIpoca H3· 
Jl.O OTMCTHTb, tITO ~HHIIITeHH npu C03JJ:8HHH oomefi TeO· 
pttH OTHOCHTeJlbHOCTH IIOCTaBHJI ueJibIO cne.u.eHHe rpann· 
T8UIIII H 9JieKrpoMarHeTM3Ma K reoMerpIIH rrpocrpaHCTBa
npeMeHH. 0TCIOJJ:8, 01:JeBHJJ:HO, ecTeCTBeHHO npe.n:rroJIO· 
>KllTb, t!TO K8K 9JieKTpoMarHHTHOe, TaK H rpaBHT3UHOH· 
HOC ll3aHMO.U.eHCTBHH .U.OJI>KHbl HMeTb OJJ:HY If TY JKe OKO· 
pOCTb pacnpocTpaHeHHH c. 3iimIITeHHY y.u.aJIOCb BKJUO· 
1.!HTb rpaBHT8UHIO B cxeMy tieTblpexMepHOH reoMeTpHH, 
0.llH3KO B npHMeHeHHH K 9JieKTpoMarHeTH3MY T8KOH Me
TO.ll He IIMeJI ycnexa. Mo>KHO noeropHTh sonpoc, sa.u.aH· 
HbIH n nairaJie rJI. 3. KaKHM o6pa3oM pacnpocrpam1ercH 

I) KaK 0.11.HY ns ocHOBHbIX TeHAeHumi ·s cospeMeHHoii rpasrrTa· 
nHH Hy:H<HO OTMeTf!Tb pa3Bf!Tfle 9KCilepHMeHT3JlbHblX flCCJie)lOB8HHH 
(rnaBHblM o6pa30M no D,eTeKTMpoBaHHIO rpaBHTaUHOHHb!X BOJIH) B 
paa11blx CTpa11ax. - llpuM. pea, 
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rpaBHTaUUOHHOe rrm1e: B BHAI! BOJIH co. CK'OpOCTblO. Vg ~ c 
Hi!IH: cornacao. ypa1rnenmo .nncpcpy3HH? Ha aTOT cqeT neT 
HliKaKHX 3KCITepHMeHTaJibHblX .naHHbIX, H sonpmr ocraer
Cfl OTKpbITbIM. 

3KcnepnMeHTaJJbHoe «nO.ll.TBepM.ll.eHHe» o6mefl Teo
p1rn OTHOCIITeJibHOCTII COCTaBJHIIOT: 

I. Ha6JIIO.ll.aeMoe no npeM51 3aTMennii OTKJIOHenne Jiy
lfefi csern, rrpoxo.Ll511UHX soJluaH CoJIHn.a. Ehn aKcrrepH
MeHTbI HBJl51IOTCH Ol!eHb HeToqHblMH: IIH,ll.UBH,Ll.yaJibHaH 
omn6Ka .n:ocrnraeT 100%, a cpe.nmrn·- 30%. TeopHH 
aTOro acpcpeKTa He HBJIH€TC51 ney513BHMOH, IlOCKOJlbKY 
npe.n:noJiaraeT nam1qIIe a6cwmoTno:ro naKyyMa BOJIH3H 
CoJrnua, Tor.na KaK MOiKHO na6J:no.n:aTh oqenb MOIUHble 
11ssep:IB:emrn semecTBa u H3Jiy11eRH5! H3 CoJIHIJ,a. 

2. CMemenIIe rrepttreJIIHI MepKyp1rn. Cornacne. c Teo
pHeii, ITO·Bll)J.HMOMy, xopornee, o.nnaKO, KaK IlOKa3aJJ 
nuKKe (13], OHO 5IBJ151eTCH B 3Ha1U!TeJlbHOH Mepe CJIY· 
qaHHbIM. 

3. Kpacnoe cMementte cneKTpaJJbHhlX JIHHHH s rpasu
TaUHOHHOM IIOJie. Pe3yJJbT8Tbl 3KcrrepHMeHTOB nayH.lla 
cornacy10TC5I c reopueii c roqnocTbIO .n.o I%, omrnKo, uc
rroJib3YH 3HaIIeHHe Macchi hv/c2 KBaHTa hv, c. IlOMOIUbIO 
OlleHb npOCTbIX paccy:m:)J.eHHH MOiKHO IIOJJyqnTb TOT )Ke 
pe3yJihTaT. 

Bbmo.n.: neT HHKaKnx 3KcrrepnMeHTaJihHbIX cpaKTOB, 
1IO,ll,TBep:IB:.n:a10mHx rpoM03.ll.KYIO B MaTeMaTHlleCKOM OT
HOillemm Teopmo 3ttHlllTefrna 1). Bee, 'l'TO c}l.eJiano no
cJie 3finrnretina, npe.n:cTaBJI5Ier MaTeMan111ecKH cJio:IB:
Hhie o6o6memrn, ,ll.OIIOJIHeHHH IMH Bll,ll.OH3MeHeHHH, 
He nMeromue aKcnepHMeHTaJihHoro rroJI.TBep2KJI.eHHH. Ha
yqHaH cpanTacnrna. B o6JiacTH KOCMOJiornn - !no, OT
&poseHHO rDBOpH, OlleHb HHTepecHaH, HO fHIIOTeTHIIeCKaH 
B€1Uh. 

1) 31'0 He coBceM TaK. Haomo.n:aeMhiii s¢<j:ieKT cMemettttll nepH
reJIHH MepKypnH, c xopol!lHM coBna.n:eHneM, 3a$HKCHpoeaa KaK 
,... 43" sa CTOJieTne. 0TKJioaemie Jiyqa cBern B rroJie Co.'IHua rrpn 
rrepBblX Haomo.n:eHHHX HMeJIO .rr,eiiCTBHTeJibHO iJ.OBOJibHO «pa3Mb!TblH» 
pesyJihTaT, HO nocJie.QHHe Haomo.rr,eHHH (1968-1970 rr.) n.aioT ra
paHTHIO, qTO Ol!lHoKa He npeBbll!laeT 40/o. IJTo KacaeTcll sipcjJeKrn 
«KpacHoro CMemeHHll», TO OH .rr,eiiCTBHTeJihHO He BblTCKaeT H3 061ueii 
TeOpHH OTHOCHTeJihHOCTH, HO H He npOTHBOpeqHT eil. - fl pUM. peo. 
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B o6lll.eM, Heooxo.nttMOCTb paccMotpeHmi: ttcKpHBJieH
Horo npocTpaHCTBeHHO-BpeMeHHOfO Mttpa elll.e He )J.OKa-
3<lHa; cptt3ll1IeCKOe 3Haqeime OOlll.efi TeopttH OTHOCHTeJib
llOCTl-1 noKa oqeHb HeHCHO t). 
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3<1><1>EKT )l.OilJlEPA B CilEUWAJlbHOA 

TEOPHH OTHOCHTEJlbHOCTH 

§ 1. II epeol{eHKa ocHOBHbtX nocryAaroa 

B npe.ll.hI.ll.YW:IIX rnaBax MbI npoaHa.rII13Hponam1 pa3· 
.'IIIqHble 3KCnepIIMeHTaJibHble cpaKTbl, ll 3TO np1rneJIO Hae 
K IIOJIHOH nepeou,er-IKe MHOrHX OCHOBHblX IIOCTyJiaTOB reo· 
peTIIqecKoH cpII3HKH. B rn. 3 MbI no.n.qepKHYJIH cpyH.u.a
MeHTaJibHoe 3HaqeHHe 3cpcpeKTa Mecc6ay3pa H aTOMHbIX 
qacoB - 3TlIX 3KcnepHMeJnaJibHbIX 11.0CTIUKeHHH, KOTOpbIX 
3ttHllJTeHH He Mor npe,ll.BJi,ll.eTb H KOTOpble Il03BOJIHIOT 
HaM B HaCT05Imee BpeMH ,naTb oqeHb TOlfHQe 3M1rnpw1e
CKOe (H KBaHToso-Teope1nqecKoe) onpe.neJieHIIe udeaAb
HbtX 'iacoa. 3To cospeMeHHoe onpe.n.eJie1rne qacon ,noJI
)KHO npe,nllleCTBOBaTb BCHKOMY aHaJIH3Y cpaKTJ1liecKOH 
poJIII H,neaJ!bHbIX 1.J:acon. CKa3aHnoe BhIIIIe npe,ncTaBJIHeT 
co6oi1 He rrpOCTO npe,Ll.ITOJIOJKeH.He, a HBJIHeTCH JIOfllqe
CKHM BbIBO.ZI.OM H3 onepau,HoHaJibHoro MeTo,na BpHJUK
MeHa IIJIH, JIYlJ:Ille CKa3aTb, CJie,Zl.CTBHeM Tpa.n:HIJ.HOHHOro 
MeTO)l.a 3KcnepHMeHTaJibHOH HayKH, 6J!aro.n.apH KOTOpoMy 
COBpeMe1ma51 HayKa ,ll.OCTIIrJia BeJIIIlJ:aHllJHX ycnexos H 
yrsep.n.IIJIOCb ecTecTB03HaHHe B npoTHBOilOJIOJKHOCTh Me
Ta cpH3IIKe. 

AHaJIII3 B aroM narrpasJieHIIH 6bIJI npose.n.eH B rn. 4, 
r.n:e 6bIJI paccMorpeH p51.ll. KJiaccnqecKHX npo6JieM Teope
THqecKol'f MexaHHKH ll B pe3yJibTaTe 6hIJla ycTaHOBJieHa 
He06XO,Zl.HMOCTb lJeTKOfO pa3JilllJ:ll51 reoMeTpHII II cpII3HKH, 
He cJie,lI.yeT cMeIUHBaTb reoMeTpHl!eCKHe cHcTeMbI Koop· 
AHH8T II 4JH3lllJeCKHe CHCTeMbl OTCqeTa. noHHTHe ,waCCbl 
'IYJKAO reoMeTpttll H He M02KeT 6b!Tb onpe.n.eJICHO 6e3 06· 
pameHH51 K cpH3HqeCKHM aKcnepmweHTaM. <l>H3HlJ:eCKHe 
CHCTeMhl OTCl!eTa HMeIOT peaJibHhlll CMblCJI cpaK'IH'Ie

CKH cymecTByIOlll.HX qnrn11qecK11x Jia6oparnpui1, T. e. 
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npeJICT3DJI51IOT co6oii LKeCTKHe H MaCCHBHbie ycraHOBKH, 

06opy.11.osa1tHble pasJinqHoii H3MepHreJibHOii armapaTy

poii. 
3TH o6w.ne IIOJIOLKeHHH IIOJIHOCTbIO cornacy10TC5l c on~ 

pe.11.eJierrneM aTOMHbIX HJIH Mecc6ayaposcKHX qacos, c.11.e

JiaHHbIM B [JI. 4. 0TJIHl!HTeJibHOH qeprol! Mecc6ay3pon

CKHX qacon 51BJIHeTC51 HCIIOJib30BaHHe aTOMa, IIOMeIIJ,eH· 

11oro B MaCCHBHyro KpHCT8JIJIHl!eCKyIO peweTKy, KOTopafl 

caMa IIOKOHTCH OTHOCHTeJibHO OlleHb MaCCHBHOH cpH3Hl!e· 

CKOH CHCTeMbl OTCl!eTa. 
Hawa TOl!Ka 3pemrn, 0.11.HaKo, Haxo.11.nTCH B npoTnno

peimH c npe.11.noJIOLKeHHHMH, c.11.eJiaHHb!MH 3iiHruTeiiHOM, 

Kor.ua OH IIbITaJICH CBeCTll cpH3HKy K reoMeTplm H noJia

raJI, l!TO TaKOe cne.neHHe B03MOMHO Ha OCHOBe pHMaHO· 

Boii reoMeTp1rn. 3aMbICeJI 3iiHIIITei'rna, xorn n Ol!eHb 6JIH· 

30K K .11.eiiCTBHTeJibHOH cpH3HKe, HaXO)l.HTCH B rrponrnope

lJHH c onpe.neJieHHeM peaJibHbIX aTOMHblX ll8COB, H He 

CJie.11.yeT 380bIBaT"b, 'ITO 3TH 'l8Cbl npe.ncTaBJIRIOT co6oil 
HaH6oJiee 3aMel!aTeJibHbIH H3MepHTeJibHbitt rrpn6op n qrn-
3HKe, TOtIHOCTb KOToporo )1.-0CTHraeT 10-13 y aTOMHblX 1Ja· 

COB HJIH 10-16 y 6y.nyw.11x Mecc6ay3pOBCKHX lJaCOB. 

Crreu.naJibBafl TeopnH OTHOCHTeJibHOCTH 3iiHIIITeiiua 

npe.11.craBJrneT co6oii BbIJJ.arow.eecH .n.ocTmKeHne; tJTO >Ke 
KacaeTCH TaK H83bIBaeMoii o6w.eii TeOpHH OTHOCIITeJibHO· 

CTH, TO Mb! YBHJl.HM, l!TO ee MOLKHO paccMaTpIIBaTb TOJib· 

KO KaK HeKOTOpoe npHOJil-DKemre, H OHO, HeCOMHeHHO, ny· 

>K.naeTCH B TIIJ,aTeJibHOM rrepecMOTpe. 

§ 2. n po6AeMa oraat{,U OAR QT0/1108 

Paccr.10TpHM llCKHH aTOM II npIIMeM, l!TO on noKourcR 
OTHOCIITeJibHO JJ.8HHOH CHCTeMbl OTCl!eTa. TiycTb aTOM 

MMeeT KaKIIe-To 3HepreTHt1ecKIIe yponHH £ 1 H E2 n MO· 

MeT H3JIYtJ8Tb KBaHThl hvo, r.ne Vo - HeB03Myru.eHHOe 

SHal!eHne qacTOTbI, onpe.nem1eMoe ycJionneM Bopa 

E1 - E2 = hv0• (5.1) 

npHBJietJeM TaK.IKe COOTHOIIIeHHSI MeLKJJ.Y M8CCOH II 3Hep

rHeH: 

(5.2) 
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r.ne M1 11 M2 - noJIHbIC Maccbl aToMa (BKJIIoqan Macey 

110K05! 5!JJ.pa H T • .a,.) B COCT05!HH5!X c 3Heprneii COOTBCT· 

CTBeHirn £1 H £2. I1s COOTHOUICHH5! (5.2) CJie.nyeT TaK.>Ke, 

qTo sem1q11HbI M1v1 H M2v2 5!BJI51IOTC51 HMCTYJibCaMH. 
Tenepb Mb! rrpH3hIBaeM K OCTOpo.IB.HOCTH. nycTb no

KOHBUIHHC51 aTOM nepemeJI c ypoBH5! E1 Ha ypoBeHb E2 
H ucnycTHJI cpoTOH hv. 9TOT ¢oTOH, COrJiaCHO 9i1HUITeii

Hy, YHOCHT lIMilYJibC hv/c; CJie.U,OBaTeJibHO, aTOM (c Mac

coii M2) 11cnb1TbIBaeT oT.a,aqy H nptto6peTaeT HeKoTOpy10 

CKopocTb v. Bsuny coxpaHeHH5! HMnyJihca HMeeM 

(5.3) 

H B pesyJibTaTe OTJI.aq11 aTOM np1106peTaeT KllHCTHqeCKy10 
3Heprmo 

E - I M v2. - E v2 - I E A2 
KHll - Z 2 -· 2 2c2 -2 2t' ' (5.4) 

9rn BeJittqrrna .a,OJI.lliHa BXOAHTb B ypanneHHe coxpaHe

mrn 3Heprmi; COOTHOllICHHe ( 5.1) Tenepb CJie.n:yeT H3Me

HBTb cJie.n:y10mnM o6pasoM: 

E1 - E2 = hv + ; £~2 • (5.5) 

r.n.e v - HOBaH qaCTOTa, B03MymeHHaH B pe3yJibTaTe OT· 
.na1rn. 

9TOT KJiaccuqecKHH pesyJibTaT HBJUICTCH TOJ!bKO nep

Bb!M npH6JIII.llieHHeM, cnpaBe,lI.'JIHBbIM Jllllllb nptt v «: c. 
:VIcno.Tib3Y5! peJI5!TllBllCTCKYIO MeXaHIIKy, MO)KHO noJiyqIITb 

6oJiee TQqHoe Bb!pa.llieHIIe; npH 3TOM cpopMyJibl (5.3) H 
(5.4) CJieJJ.yeT saMeHHTb c.ne.n.yIOlll.IlMH: 

(5.6) 

ffa tnoporo ypaBHeHH5! (5.6) rro.nyqaeM 

{1- fl:i.)'11 = - hv, lI Jill 
~· hv ----a 

(l-~~)'/a - E2 - • (5.7) 



88 I'Aaaa 5 

3To ypaaueHtte Herpy.ll.HO permnh: 

OTKyJJ.a 

~2 -a2 
1-~2 - I 

15.8) 

EcnH ~ o4eHb MaJJo, STo cooTHOIIreHtte nepexo.zu1r a ipop· 
Myny (5.5). B STOM cJiyqae 

(5.9) 

Oco6o OTMenrM TO o6cTOHTeJJbCTBo, 4TO cpaKTH4eCKaSI qa
CTOTa v OTJIH4aeTCH OT «4aCTOTbl H3JJy4eHHS! IIOKOS!lll.e
rocH aTOMa» Ha npeHe6pe:lKHMO MaJJyio BeJIH4HHY TOJJbKO 
B TOM cJiy4ae, Kor.na ::iHeprnH aroMa E2 3Ha4HTeJihHO 
6oJihllie hv. 

Jl.JIH Toro llT06bI CHCTeMa OTC4eTa IIOKOHJiaCh, OHa 
JlOJl)l<Ha HMeTb 00,TJblllYIO 3Heprn!O IlOKOH, CJie,ll.OBaTenb
HO - 60JibliIYIO Macey. 3TO THIIH4Hblll npnMep Q6lll.ero 
nOJIO)KeHHH, ycTaHOBJieHHOrO B rJI. 4. K.poMe Toro, 3TOT 
BblBO.ll. cornacyeTCH c 3KcnepnMeHTaJibHb!MH .n.aHHbIMH, 
CJie.n.ysi KOTOpbIM BbI6paJIH 11.e3nli ( caMb!H THLKeJibitt H3 
menoqHblX MeTaJIJIOB) ,ll.JIH HCIIOJib30BaHHH B cTaH,ll.apT
HbIX acrpOHOMH4eCKHX qacax HJIH HCIIOJib30BaJIH Mecc-
6ay::ipoBCKOe H3JIY4enne B OIIbITax DayH,ll.a. 

§ 3. 3</J</JeKT P.onAepa 

Tm.aTCJJbllblH n HaJittJ ::icpcpeKTa .llorrnepa rrpttao.n.tt·r 
K attanon11rnb1M DbIBOJJ.a M. Hawe H3JiomeHHe ocHOBaHo 
ua pa6oTe Wpe1.1.1mrepa [l]; MbI TaK)l{e HcnoJib30BanH 
,ll.OBO.!J.bl 3oMMepQ>eJibJJ.a [2]. 

DycTb aTOM, HaXOJ.UIIUHi%CSI B COCTOHHHH c .9Heprneil 
E., HMeH B T04Ke 0 CKOpOCTb Vt. COCTaBJIH!OlUYIO yroJI 01 
c ocbIO Ox, ttcnycKaeT KBaHT hv B HanpaBJieHHH ocH Ox 
( <tinr. 5.1), rrocne qero rrpuo6peTaeT .9Heprn10 £2 H cKo
pocTb v2, nanpaaJieHny10 noJJ. yrnoM 82. 3amm1eM ypaa
HCHHff coxpaHeHHSI .9HeprHH II coxpaHeHHH npoeKUHH HM· 
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nyJihca Ha ocH Ox 11 Oy: 

E1 = £2 + hv 
(I - f!I)'/2 ( 1 - fl~)'!• 

E1 Vi cos 01 - E2 V2 cos 82 + !!i.. 
{I -13i)'i2 c2 - (1 -fl~)'/• c2 c ' (5.11) 

E1 v 1 sin 91 £ 2 v2 sin 92 

(1 - flf)'/, c2 = (1 -f!§)'I• c2 
(5.12) 

KoM6HHHpyH ypaBHeHirn ( 5.10) H ( 5.11), noJiyqaeM 

( E\)'f (c - Vi cos 81) = ( E2zy1 (c - Vz cos 82). (5.13) 
1 - fl1 2 1 - fl2 ' 

Bse~eM ooosHaqeHttH 

C - Vi COS9i 

<[!, = ( 2 2)'/, c -vi 

Vi sin 01 
'iii = (c2 - vI)'I• 

(i = l, 2), 

(i=l, 2). 

113 ypaBHeHHH (5.12) li (5.13) noJiyqnM 

I (5.14) 

t5.15) 

r.u.e a li 'Y - IlOCTOHHHbie. ,UaJiee, yquThIBaH TO)K)J.eCTBO 

(c2 _ vz)'f, = ~'P_1 _ 
I 1 +<rI + $f (5.16) 

H liCilOJib3YH cpopMyJibI (5.15)' nepenurneM COOTHOilleHue 
(5.10) B BH)J.e 

2 2 2 2 
h - E I + <r1 + $1 E I + <r2 + ¢2 = 

'\} - l 2!])1 - 2 2qi2 

l ( 2 2 2) I ( 2+ 2 2) = 2a E 1 +a + '\' - 2a E2 a + v = 
1 ( 2 2) = 2a E1 -E2. (5.17) 

0TCIO,ll.a 

(5.18) 
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r.ne Eo = (£1 + £2)/2 - cpe.nHee apmpMernqecKoe £ 1 H 
E2, a vo - HeB03Mym.eHHOe 3Ha'-!eHMe qacTOTbI [<PopMyJia 
(5.1) }. Mb1 xoTMM cpaBHMTh rroJiytJeHHhitt peayJihTaT 
c KAaCCUttec1w.M peAflTUBUCTCKU.M a<fJ</JeKTO.M JJ.onAepa 
(VD)' COOTBeTCTBYIOlll.MM rrpOM3BOJibHOM cKopocnI Vo: 

c - Vo cos So 
"o = ( 2 2)'1 "o = Cjlo"o· (5.19) c - Vo a 

3J.J,eCb MCfIOJib30BaHbl 0003Ha'leHM5I (5.14). 0TJIM'l1Ie 
ttawero peayJihTaTa (5.18) OT qiopMyJihI ,LI.orrJiepa (5.19) 

cf> ff r. 5.1. 

Bhl3BaHO TeM, 'ITO Mbl HMeeM )J.eJIO c JI.BYM5I ypoBH.HMH 
9Hcprnn E1 II £2, JI.BYMfl cKopocTflMH V1 n v2 n JI.BYMfl 
yrJiaMII Eh H fh. Tor.n.a KaK B KJiaccMtJecKoii qiopMyJie co
JI.ep)f{HTCH TOJihKO OJJ.Ha 3Heprn5I £ 0, OJI.Ha cKopocrh Vo H 
O.ZI.IIH yroJI Oo. KAaccuttecKy10 <jJop.MyAy P.onAepa ( 5.19) 
MOiKHO paccMarpHBaTh TOJibKO KaK nepBOe npu6.ttu:J/Ce• 
Hue rrpII CJJeJI.yIOID.IIX ycJIOBII5IX: 

V1 ~ v~ """ Vo, el """ 82 """ 80, E1 """ E2 """ Eo· 
3nt yrnorurn, 011cnnn.110, oaua 11a1or, tJTO IIMITYJihC or.naim 
O'lt'llh MaJt. 0TCIOJta 

(5.20) 

llTO CHODa rrpHBOJJ.HT K ycJJOBIHO (5.9). 
<t>opMyJJLI, fIOJIY'leHHhle na OCHOBe MeXaHHKH crreu.11-

aJibllOH TeopHH OTHOCHTeJibHOCTH, crrpaBe)l.JllIBbl TOJibKO 
B TOM cJiyqae, KOf)J.a fIOJIHafl 3Heprn5I aTOMa 3Ha'IHTeJib· 
110 60Jihllle H3MeHeHirn 3HeprHH rrpll KBaHTOBOM rrepexo
Jl.C. 3TO B TO'IHOCTH COBrra.naeT c TeM, 'ITO Mb! ycraHO· 
l.IHJIH B rJI. 3: </Ju3utteCl\:afl CUCT€.!l'ta OTCttera 00/l:JICHa 
t1b1Tb O'iC/-lb MaCCUBl-WU. 
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§ 4. AHa.llU3 KBaHToBoeo acpcpeKTa JionAepa 

PaccMoTpHM 3aHoao 3KcnepHMeHT, cxeMaTttqecKH H30· 
opa)KeHHblH Ha qrnr. 5.1. Y Hae HMeIOTCH ,naHHaH HenO· 
n.smKHaH cttcTeMa oTctieTa Oxy n Haomo.n.aTeJib (HJIH pe
rIICTp11py10mHfi npHoOp)' pacnoJIOJKeHHblH Ha HeKOTOpOM 
paccroHHHH B noJIO:>KHTeJihHOM HanpaBJiemrn OCH Ox. 
I1ccJie.ll.yerCH H3JiyqeHHe aroMa, HaxoJI.mu.eroCH B cocTOH· 
mm c 3Heprnefi £ 1 H JI.BHJKymerorn co cKopocTbIO v.1. Ha
npaBJieHHoii: noJI. yrJioM 01 K ocH Ox; H3BeCTHo, KpoMe 
roro, qro H3Jiyqemre BhI3bmaercH rrepexo,z:wM aroMa Ha 
.upyroti ypoBeHb 3HeprHH £ 2. TaKHM o6pa30M, HatiaJih· 
HbJe ,11.aHHbie cyrh 

E1, E2, V1, 01. (5.21) 
DocJie H3JiyIIeHHfI aroM rrptto6peraeT .npyry10 cKopocTh 
( v2, 02), o.nHa1rn 3Ta cKopocTb nenocpe.u.crsemm He Ha· 
omo.naeTCH. Haomo.u.aeTCH qacTOTa \' H3JiyqeHHH, Hcny
n~eHHOro B..QOJib ocH Ox, H ee cpaamrnaIOT c tiacToToii: vo 
H3Jiyqemrn, Koropoe 6bIJio Ohl HcnymeHo noKOHIUHMCH 
a TO MOM: 

hv0 = E1 - E2• ,(5.22) 
CorrocTaBJIHH qiopMyJiy (5.18) c ipopMyJiaMH (5.15) 

H (5.14)' IIOJiyqaeM Bbipa}KeHHe ..QJHI KBaHTOBOro a<P<PeK· 
Ta ,UorrJiepa: 

v0 2a 2a 
v= E1+E2 =£1 (1+£2/Ei) = 

2cp1 [ 2 ] C - V1 COS 01 

= I+ E2/E1 = I+ E2/E1 (c2 
- vi)'I• • 

(5.23) 

3TO OKOHtiaTeJibHOe Bblpa}Kem1e 3BilHCaHO B TaKOM BH· 
.ne, tITO co.nep}KHT JIHllib HaqaJibHhie .naHHble H qacTOTbl 
Vo (HeB03MymeHHYIO) H v (HaOJIIOJI,aeMyIO). 

CpaBHHBa.SI (5.23) c cpopMyJioii: (5.19) .ll.JIR KJiacCH· 
tiecKoro 3ipcpeKTa ,Uorrnepa, MbI 3aMeqaeM, qTO Bbipame
liHe ( 5.23) co.nep)KHT .nonoJIHHTeJibHb!H MHO)KHTeJib 

1 ~ (I+ ~a/Ei ) ~ 2. (5.24) 

3TOT MHO)KJITeJlh OJIH30K K I, ecJIH E2 ~ E1, 'tlTO coorner
crnyeT 06b1qH0My 3cpcpeKTy ,UonJTepa, paccMorpeHHOMy 



92 I'Aaaa 5 

B KOHI..Le § 3. DpH yMeHbUienm-1 me E2 3TOT MHOJKHTeJih 
cTpeMHTCH K 2. 3natJemrn 2 ,ll.ocrnraeTCfl npH E2 = 0, 
lJTO 03HatJaeT IlOJJHblfI pacna,ll. aTOMa Ba ,ll.Ba ¢oTona, 
O.LUIH H3 KOTOpb!X HaOJJIO)J.aeTCH HaMH H )J.BH1KeTCH B)J.OJ!b 

oc11 Ox, a ,ll.pyroii y)J.aJI5IeTc5I co cKopocTbJO v2 = c B na
npaaJieHHH, COCTaBJIHIOllI.eM c 3TOH OCblO yroJI 02. 

§ 5. Toti.HaR c/Jop.MyAupoBKa 
npuH4una OTHOCUTeAbfiOCTU 

B rJI. l Mb! o6pttcosaJJtt saomou1110 np11numrn OTHO
CHTeJibHOCTH. Ona Ha'!miaJiacb a paMKax KJiaccn'lecKoii 
.MexaHnKH, Kor)J.a 6bJJio o6napyIB.eHo, lJTO ace saKOHbI 
.D.BIDKemrn HMCIOT 0)1.HHaKOBb!H BHJl. KaK B CHCTeMe OT
CtJeTa, HaXOJl.5IllI.eHC5I B COCTOHH!1H IIOKOH, TaK H B CMCTe

Me, ,.!J:Bll2KY1II.ellc5l c )J.aIJHOH IIOCT05IHHOIT CKOpOCTb!O v. 
3a 9TliM nepBbIM UiafOM (ero 3Ha'IeHlie IIOJJ:l!epKHBaJl Dy
a~IKape) nocJie)J.OBaJI BTopoii - OTKpbITHe TOfO OOCTOH
TeJibCTBa, 'ITO OTHOCHTeJibHOe IIOCTyrraTeJihHOe )J.Bli2KeHIIe 
HeJib3H o6napyJKHTb TaK)KC c IIOMOlll.b!O SJieKTpOMarmIT
HblX npou.eccos. 

3)1.ecb c caMoro Ha 1iaJia cJie)J.yeT HCHO c¢opMyJittpo
BaTb sarpy,ll.HeHHe, KOTopoe, no-BH)J.HMOMy, 60AbUlUH
CT80.M aeropoe ne npuntv,taAOCb BO BHUN,anue. Ono Bbl· 

TeKaeT H3 attaJlH3a, npo,ll.e.nannoro a rJI. 4. 
lfro Mb£ u.MeeA-t B euoy, eoaopR o cucre,we orcflera. 

06UJICYUlieUCR C OGHHOU nOCTORHHOU C!WpOCTb!O V OTHOCU· 
TeJtbHO neKoropoii noKORUliel1c5i cucre.Mb£ orctfera? 

l3b1pa2KeHHH TaKoro po,ll.a He ttMeIOT CMbICJia, ecJIH 
TOJibKO Ka)I<}J.aH CHCTeMa OTCt!eTa (IIOK05I1II.a5IC5l ll ,!I.BH
)Kylll.aHcH) He o6JiaJ.I.aeT Maccoi'I, sna 1mTeJibno 6oJibrneii 
Mace Bcex H3y'laCMb!X o6oeKTOB. !3eCCMblCJieHHO fOBO

pHTb o «Jl.aHHOH» cKopocTH. Kor J.I.a acTpOHOM aaMe'!aeT 
B ne6e HOBhlii )J.BHIB.YllI.HiicH OO'beKT, ou eme ne 3HaeT ero 
CKopOCTH. .lLJI5I TOfO 'ITOObl U3MepUTb ary CKOpOCTb, OH 
J.l.OJI)KeH BbIITOJIHHTb neKoropb1e sKcnepnMeHThI. On Mo, 
:X<eT nanpaBHTb B CTOpony HeH3BeCTH0fO o6oeKTa ITOTOK 
Kal(liX-JlliOO lJaCTHI..L, I<OTOpble 0Tpa3HTC.H OT o6oeKTa H 

BepHyTCH o6paTHO, a saTeM H3MepHTb BpeMeHHble HHTep
IHlJibl Me)K,n:y HMITYJibcaMH. 4to6hr He sosMymaTh cmun-
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KOM CHJibHO COCT05IHHe JJ.BHIB:yll.l,erocH o6'heKTa, OH BbI6e

peT caMh!e JierKHe H3BeCTHhle qacTHU.bl - cBeTOBble KBaH

Tbl, </JOTOHbl. 0.rr,HaKO cpOTOHbl TO)Ke HMeIOT Macey; rrpH 

lf3JiyqeHHH OHll rrepe,11.aIOT neKOTOpb!H HMilYJibC OT.rr,aqH 

«IIOKOHn~eii:cm> CHCTeMe oTcqeTa, a rrpH OTpa*emm coo6-

maioT rrpoTHBorroJimKHbrii: HMrryJ1bc «paBHOMepno JJ.BHm:y

meiirn» cHcTeMe OTc11eTa. CocTOHHHe pasnoMepHoro OT· 

HOCIITeJibHOro ,11.BmKeHirn ITO)J.BepraeTC5I B03MY!.ll.eHiiIO; 

Harne orrpe,11.eJieHHe OTHOCHTeJJbHOH CKOpOCTH TepHeT 
CMblCJJ. 3,11.ecb Mb! B HOBOH CHTyau.m1 o6Hapy)KJIBaeM XO· 

porno H3BeCTHOe rrpaBHJIO: 8CflKUt1 3KcnepuMeHT 03HattaeT 
B03A-tyU{eHue. Bo3111ym,em1eM MO)KHO rrpeHe6pe% TOJihKO 

B TOM CJiyqae, Kor.rr,a MaCCbl 06e11x CHCTeM oqeHb BeJIH· 

KH, BO MHOro pa3 60.llbllle i\iaCCbl cpOTOHOB. 

Mb! CHOBa BCTpeTHJIHCb c npo6JJeMOH HCTHHHoro on
peoeJtel-lUfl </JU3UtteCKOU CUCTeMbt OTCttera, KOTOpa5I y>Ke 

paccMaTpHBaJJaCh B rn. 4, § 3. PaccMOTpeHHe lllpe.rr,1rn

repoM :oicpcpeKTa .UorrJiepa (CM. § 4) npHBOJJ.HT K TOH >Ke 

npo6JieMe. EcJJH H3Jtyqa10mm'i aTOM HMeeT He60JiblllYIO 

Ha'IaJlbHYJO :oiHeprmo Et. a KOHeqHaH 3HeprnH E2 6yJJ.eT 

3Haq11reJibHO MeHblile Ei. TO MHOiKHTeJJb (5.24) 6y.rr,eT 

3aMeTHO OTJII1qaTbC5l OT I. 9TOT MHO)KHTeJib KaK pa3 H 

OilHCbIBaeT :oicpcpeKTbl OT.rr,aqJI H TOT cpaKT, qro H3JiyqeHHe 

KBaHTa hv Bbl3bIBaeT H3MeHeHHe CKOpOCTH ( V2 =/:: V1). 

CKopocTb CHCTeMbl OTClJeTa, CBH3aHHOH c aTOMOM, He oy

JJ.eT coxpamITb ITOCT05IHHOe 3HaqeHHe. 

TioHHTHe CHCTeM orcqeTa, IlOK05llli,HXC5I HJJH )J.BH.>Ky

lli,HXCH c IlOCTOHHIIOH CKOpOCTb!O, rrpe,11.CTaBJI5leT co6oii 

Udea/lU3Ql{UIO, cnpaBe.rr,mrny10 TOJibKO JJ.JIH oqeHb MaCCHB

HblX CllCTeM. 
B npe)lrnne npeM etia ttJJ.eaJIII3aU.IIH TaKoro poJJ.a He 

Bhl3bIBaJia coMHeHnil. TorJJ.a see cqnTaJin, qTo ecJIH «6po

CHTh B3fJI5IJJ.» Ha JJ.Bll)KYill.llllCH OO'beKT, TO COCTOHHHe ero 
ABH:/KeHHH He H3MeHHTC5l. MbI 3HaeM, qTo 3Ta npe.nno

ChIJIKa 6hIJia JIO:/KHOH H He MO:/KeT 6bITb rrpttHHTa HblH&. 

B xo.ne Harnero aHaJIH3a MbI HcnoJih3oBaJIH OTKPhl· 
Thie 9HHI11TeHHOM CBeTOBbte KBQHTbt, HJIH </JOTOHbl. 11.MeH

HO sa no ompblTHe (eeuoy y6eoure/lbHoeo aKcnepuMeH
Ta.AbHoeo ooKa3areAbCTBa qrn3nqecKoii peaJibHOCTH <Po· 

TOHOB) 3ttHI11TeiiHy 6bIJia rrpHcyJKJJ.eHa Ho6enescKaH 

npeMHH. 0.nHaKO caM 3iiHI11Tei'm scer.na OTHOCHJICff 
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K c}:>OTOHaM 6oJice npoxJiaJI.HO, 'leM K JllOOllMOH llM TeopmI 
OTHOCHTeJibHOCTH. JlJHI Hero OTKpbITHe c}:>OTOHOB ObIJIO 
no6o'!HbIM pesyJibTaTOM, ne2IrnBlllHM BHe o6nacTH ero oc
HOBHbIX HHTepecos; 3i1HlllTefiH BcerJI.a OCTaBaJirn Bep· 
Hb!M cnoco6y OilHCaHHH c ITOMOllI.blO ,ll;FlcpcpepeHUHaJibHblX 
ypasnem1fi s cnJIOlllHofi cpeJI.e. Paspb1BbI HenpephrnHocTH 
H KBaHTbl Ka3aJIHCb eMy HeecTeCTBeHHbIMH. 0JI.HaKo 
HMeHHO 6naroJI.apH KBaHTOBbIM ycJJoBHaM H cpoToHaM, 
K HallleMy BeJIHKOMY YJI.HBJieHHIO, Mbl OTKpbIJIH cpyHJI.a· 
MeHTaJlbHble 3aKOHbl cpH3HKH ll npmmm K COBpeMeHHOMY 
onpeJI.eJieHHIO 'laCOBI 

§ 6. Ka1<. Beayr ce6R a6u:J1CyU1iUecR 'WCbt? 

Bee, 'lTO ObIJIO cKasano Bbillie o JJ.BH*YIUeMCH aToMe, 
<f>aKTH'leCKH MO)l{HO IlOBTOPHTb 110 OTHOIIIeHHIO K ti.BM• 
*YW.HMCH qacaM, IlOCKOJibKY cospeMeHIIble qachI rrpe}{· 
CTaBJIHIOT co6ofi He '-ITO HHOe, KaK Jia3epHyIO CHCTeMy, 
HacTpOeHHYIO Ha orrpeJI.eJie1rny10 qaCTOTy. 3fiHIIITeiiH He 
Mor npeJI.BHJI.eTb 9TO 9KCnepHMeHTaJibHOe onpeJI.eJieHHe 
11.n.eaJibHbIX qacos; OH He Mor TaK)l{e rrpeJI.cTaBHTb ce6e, 
KaKHMH 'laCbl 6yJI.yT Ka3aTbC5I JI.BH)J{YIUeMycH HaOJIIO)l.a
TeJIJO HJIH KaK 6y11yT BbirJIH,UeTb Jl.BH)l{YIUHeCH 'laCbl np11 
HaOJIIOJI.€Hl!H H3 IlOKOHIUeikH CHCT€Mbl OTC'leTa. 

1.JacbI rrpeJI.cTaBJIHJOT co6ofi np1:16op, H3JJY'laIOIUHH Ha 
onpeJI.eJieHHOH qacTOTe Vo (B CHCTeMe OTC'leTa, OTHOCH· 
TeJibHO KOTOpofi 3TOT np1:16op IlOKOHTCH). 1.Jacbl - 3TO He 
tITO 1rnoe, KaK H3JiyqeHHe co CTaHJI.apTHOH qacTOTOit 
EcJIH OHH JJ:BH*YTCH c HeKOTopofi nocTOHHHofi cKopocThJO 
v. TO J\IO)l<HO HaOJIIOJI.aTb ueJiblH cneKTP l.JaCTOT, 3aBHCH· 
lllHX OT uanpaBJieHHH CKOpOCTH v; 9TH qacTOTbl OilHCbl· 
Ba!OTCH HallleH cpopMyJIOH (5.23) JI.Jiff K8llH.T080eO a<fJ· 

</JeKTa /l.onAepa. 
3HHI11T€HH fOBOpHJI He 0 COBOKYilHOCTH 8onA.epOBCKUX 

ctaCTOT, a 06 H3MeHeHHH MaCllITa6a speMeHH, l!TO npH· 
BeJIO ·K BCeB03MO)l{HblM rrapaJI.OKCaM. 

H,n:eaJibHhre qacbI ( ocHoBaHHhie, HanpnMep, Ha 3cp· 
<PeKTe Mecc6ayspa) JI.OJI)l{HbI OhITb O'leHb MaccHBHbIMH, 
l.JTOObI MO)l{HO OblJIO He Y'IHTblBaTb nonpasoK, cs~rnaHHblX 
c OTHOllleHneM E2/E1; snpoqeM, a cJiytiae Heo6xo.rr.HMOCTH 

&TH nonpasKH HeTPYJI.HO aaeC'rn. HHTepecHo OTMeTHTb, 
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t./TO 8i'!mnrei'IH y.11.eJIHJI MHOro BHHMaHHfl MHOiKHTeJUo 
-( 1 - 132) ''•, HO B cyrn.Hocrn npette6per «He1rnrepec11oli» 
Jl.JIH Hero crpyKrypoi'I BbipaiKeHHH .ll.JIH acpcpeKra J].onJie· 

·pa B ueJioM. 11 B caMOM .11.eJie, aror 9cpcpeKT npe.n.craa
Jrner co6oii HelJTO n.eJJoe, '!TO HeJib3H pas,ll,eJIHTb Ha qa
CTH. 4eM OO'bflCHHTb TaKOH XO.ll. MbJCJiei'I 8HHilITei'IHa? 
OH HCXO.ll.HJI ns rrpeo6pasoBaHHH JlopeHI.la; o6bl'mo 9TH 
rrpeo6pasoBaHHH paccMaTpHBaI-OT B O,ZI.HOM npOCTOM CJJY• 
qae, KoropbIH Mb! 6y.n.eM 06cyiK.n.arh a§ 7. 11s npeo6pa
aoaattni'I Jlopettua BbITeKaeT coKpameHHe .ll.JIHHbI B.ll.OJib 
ocn Ox 1I attaJiorH'!Hoe coKparn.eHlle speMeHII. 

11cxo.n.H 1I3 npeo6pasoBaHHH JlopeHua, 3i'lmIITei'IH [3] 
paCClJIITaJI 9cpcpeKT J].onJJepa ,II,JIH CKOpOCTH, HanpaBJieH
HOH no.n. yrnoM, 1I IlOJIYlJIIJI cpopMyJJy (5.19). 0.n.HaKO HC· 
noJJb30BaHHbie npn 9TOM paccy.>K.ZI.emrn o MacwTa6e ape
MeHn 1I U3MepeirnH ,II,JJHH 6bIJIII OCHOBaHbl Ha <PopMyJJax 
JlopeHua, B KOTOpbIX TaKaH «HaKJIOHHaH> CKOpOCTb He 
paccMarp1rnaJiacb. 

KpoMe roro, HMeer Mecrn JirooonbITHOe cTe'leHHe 06· 
CTOHTCJibCTB, OTMe'leHHOe llJpe)l.HHrepoM [l]. Jl.JIH TOfO 
lJT06bi IlOJIYlJHTh MeTO,II,OM § 3 npaBHJlbHYIO cpopMyJiy ,ll.Jlfl 
9cpcpeKTa J].onJiepa, cJie.11.yer yqecTb HMIIYJibC <t>oToHa, 
B npOTHBHOM CJiy'laeM Mbl npn.11.eM K e)I.HHCTBeHHOMY 
ypaBHeHHIO (5.10)' OilHCbIBaIOrn.eMy TOJJbKO O,Il,HH 9cp<PeKT, 
CBH3aHHhIH c MHOiKHTeJieM ( 1 - 132) 'I•. A 9TO COOTBeT· 
crnyer HesaKOHHOMY ynpomeHHlO, no.n.o6HOMY TOMy, KO· 
Topoe c.11.eJiaJI 3flmnrei'IH. 

B npouecce o6cy)KJI:eHHH 9cpcpeKTa J].onJiepa Mbl HC
noJih30BaJJH TPH OCHOBHble <PopMyJibl (5.10)- (5.12) I 
B KOTOpb!X cpttrypttposaJI MHO.>KHTeJib ( 1 - f32) ''•. OilHCbl• 
BaIOIUHH cyu.r.ecTBOBaHHe KIIHeTHIJeCKOH 9HeprnH B Ha· 
1rnJILHOM H KOHe'IHOM cocTOHHHHX. PactieT B ueJJoM OhIJI 
OCHOBaH TOJibKO Ha KBaHTOBOM ycJIOBHH (5.1)' Ha COOT· 
HOllleHHH (5.2) Me.>K.n.y Maccoi'I n sneprneii 1I na saKO· 
Hax coxpaHeHHH 9HeprnH H HMilYJibCa. 

CymecTBennoii oco6ennocThIO HBJJHeTCH TO, 'ITO Mt.I 
.n.omKHhI llcnoJJbsosaTb ry HJIH ttny10 A-t0oeAb itacoe, KO· 

TOpaR CU/lbHO OT /lUttaeTCR OT MO,II,eJIH, no.n:paayMeBaB· 
lllettcH 3i'lnllITeiittoM. On MbICJJHJJ qachl B sn.11.e pa.rr.ap
HOH ycTaHOBKH, ncnycKa10mei'I Koponrne ltMTIYJihCbI H 
H3M~pmom.ei'I npoMeiKyTKH BpeMeHH 111eiK,n:y TaKHMlf 
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HMilYJibe8MH. y Hae LKe - .11.pyrne lJ8Cbl, KOTOpble Hcny
CK8IOT He HMnyJihehr, a HenpepbIBHbie KoJie6aHH5I cpHK
CHpoeaHHOH qacTOTbI. Mbr npe.zr.cTaBJI5leM ce6e M0.11.eJib 

'WCOB eoaeeM HHaqe, tieM 3i'IHIIITeHH; IlpH 9TOM 3cpcpeKT 
.UorrJiepa BbI.11.BHraeTcH Ha rrepBbIH rrJiaH, a npeo6pa30Ba
HHH J1opem.r.a OKa3bIBaIOTCH lIHCTO MaTeMan1qecKHM 
npHeMoM. HaIII HHTepec rrepeMeIIIaeTrn OT MaTeMaTH1le
CKHX cpopMyJIHpoaoK a eropoHy cpH3H'leCKHX cpaKTOB. Ta
KaH TOtIKa 3peHHH IlO.ll.KpeITJI5IeTCH TeM, 'lTO CUCTeMbl OT

c1tera dOA[)!Cftbl 6btTb MQCCUBftbtll'lU H qro HeJib3H roBO
PllTb o rrpOH3BOJibHOM ycKopeHttH HJIII 3aMe,1I,JieHHII HX. 
By.11.eM rrpe.11.cTaBJIHTb ce6e rr0Komuy10c51 Jia6opaTop1110 
B BH.D,e :m:eJie3H0.11.0pOLKHOH CTaHUHH, a .ll.BHMYIIIYIOC5I CH
CTeMy orc'-!eTa - B BH,ll.e rn:m:eJioro noe3.zr.a. 3ra M0.11.eJib 
JI03BOJI5IeT IlOJIYIIIITb xopoIIIee npe,ZJ.CTaBJieHHe 0 TOM, lfTO 
npOH30H.U.eT B CJiyqae IlOCTOHHHOH CKOPOCTH; OJ.J,HaKO Mbl 

HUIJ.eeo He 3HaeM u He iJoAJICHbt eadaTb o roAt, 11ro 6yiJer 

npoucxoiJurb npu ycKopeHHOM iJeuJ1CeHuu 1J.acoe. )leKapr 
H306peJI qy.zr.ecHblH MeT0.11., BBe.11.H CUCTe.iitbl KOOpduHaT, 

HO 3TOT MeT0.11. 5IBJIHeTCH BeCbMa HCKYCCTBeHHbIM, no
CKOJ!bKY rrpe.11.rroJiaraer HaJIHlJHe HalfaJia KOOp.11.HHaT H 
11atiaJia orcqera apeMeHH, a Mb! He pacnoJiaraeM onpe
JJ.CJICHHHMH srttx noHHTHH. CJie.11.oaaTeJibHO, ace HHrepe
cyIOII!He Hae pe3yJihTaTbl He JJ.OJIJKHbl 3aBHCeTb OT Bb160-
pa TaKoro HalJaJia. lloKa Mb! rOBOpHM 0 CHCTeMax KOOp
Jl.HHaT, Mb! .11.0JIMHbl npHH5ITh npUHlfUn UHBapuaHTHOCTU 

llO OTHOUteftUIO K 8bt6opy ftQIJ.QAQ OTClieTQ. CMbICJI HMeIOT 
TOJI"bKO paCCTOflftUfl Ate[)!CiJy TOttKQMU H UHTepeaAbt epe

Ateftu. BbIJJ.BHraH Ha nepaoe Mecro scpcpeKT [LorIJiepa, Mbl 
H36eraeM Bcex 3THX H3JIHIIIHHX ycJIOLKHeHHH. 3efJl/JeKT 

P.onA.epa COOTBeTcTByeT peaJibHbIM cpyu.zr.aMeHT3JlhHblM 
Ha6n10.11.eHHHM. 

§ 7. HoBblU nooxoo K cnel{UQ.llbHOU 
reopuu OTHOCUTe.llbHOCTU 

Bee aBropbr, nHIIIYIIIHe o reopirn OTHOCHTeJibnocTII, 
CJJe,n;y10r o,n;HOH n roif 2Ke cxeMe: 

OilblT MaiiKeJibCOHa - npeo6pa3oaamrn 

JiopeHua - Teoprrn 811HwTeihrn. (5.25) 
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nmiraHCb TIO 3TOH npHMOH )J.Opore, npeno)J.aBaTeJib yny
CKaeT B03MO:iKHOCTh paccMoTpemrn npe.n.MeTa c .n.pyrnx 
Ba:tKHblX TOIJeK 3pemrn, KOTOpble MO:iKHO o6Hapy:iKHTb, 
ecJIH HeToponJIHBO H)J.TH IlHbIM nyTeM. 

}fa IJHCJia MHOfOIJilCJieHHb!X 3KcnepHMeHT3JibHblX 
no.n.rnep:iKJJ.eHHiI cneuuaJibHoiI Teop1rn oTHocuTeJibHOCTH 
MOLKHO BbI6paTb Te, KOTOpbie Hl\!leIOT HaH60JibIIJee 3HaIJe
HHe, H HCIIOJib30BaTb HX B KaIJeCTBe HCXO,Z:UiOfO rryHKTa. 

Mbr 6y.n.eM rne.n.oBaTb no TaKoMy nyTn: 

COOTHOIIJeHHe Me:tK_uy MaccoiI ll 

3HeprueiI - aTOMHbie IJaCbI -

- 3cpcpeKT JJ.onJiepa - npeo6paaoBaH11e 

JlopeHua 1). (5.25') 

Dpn BhIIIOJIHeHHH nocJie_unero IIJara Tpe6yeTCH oco6aR 
wnme3a, KOTopyro HCHO ccpopMyJittpoBaJI 3liHlllTCllH H 
KOTopyIO COBpeMeHHb!e aBTOpbl o6hllIHO nponycKaIOT, KaK 
6yJJ.TO OHa RBJIReTcH 0 1leBHJJ,HOH; OJI.HaKO 3TO He TaK, H 
norrpoc Tpe6yeT cneuuaJibnoro paccMoTpeHH5I. 

CooTHOlile1111e Me:iKJJ.Y MaccoiI H 3HeprueiI, rroJJ.TBep
:tK.naeMoe, B qacTHOCTH, HaJIHIJHCM aTOMHbIX 6oM6, OIIH

CbIBaeTC5I CJie.LI,yIOllLHMH cpopMyJiaMII: 

E=Mc
2

, I 
M= Mo 

(! _ v2/c2)'1• ' (5.2') 

p=Mv 

B c"1y11ae 1rncTHUbI c MaccoiI TIOKOH Mo IIJIH ¢opMyJiaMH 

E=hv=Mc2 , 
hv 

p=c 
(5.3') 

B CJ1y11ae cpOTOHOB c HyJieBOll MaccoiI TIOKOH. JJ.eiicTBHe 
aTOMHbIX qacoB, paccMOTpeHHbIX B rJI. 3, OCHOBaHO Ha 

1) 3.n:ecb aBTOp ¢aKTl!'leCKI!, I! STO He npoTl!BOilOK333HO, Ilbl· 
Taerrn nepef!Tn K nocrpoeHHJO aKcnoMaTnKn cne~naJJhHOH Teopnn 
OTHOCHTeJJbHOCTH, B KOTOpoii OCHOBHbie no.i!OiKeHHH 6epyTCH H3 Oilb!· 
Ta, CBH33HHOro c KB3HTOBOii MexaHl!KOll. Tor.n:a MOiKHO rOBOpHTb 06 
aKCl!OMaTIIKe peJJHTHBHCTCKOH KB3HTOB0ll MexaHHKH B pacnmpeH
HOM cMblcJJe - 3a,n:aqe, .n:o cnx nop He pemeH11oii. - fl puM. pea, 

4 3aK. 1357 
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1nopoM KBaHTODOM ycJIOBHH Bopa (T - nepHO,l.{ KOJie6a

HHH) 

6.E= hv, l T=-. y 
(5.1 ') 

.3TIL'\ COOTHOlUeHJJH, ecm1 ,ll.OilOJIHHTb HX 3aKOHaMH CO· 

xpal!CHHH 3I!epnrn H HMnyJI&ca, BflOJIHe ).l.OCTaroqHo .!I.JUI 
pac 11cra 9c{Ht>eKTa JlonJiepa (§ 3, 4). AroMHbie qacbI OJI.· 
110'.lllcl'IHO onpe.nemIIOT qacTOTY 'Vo B CHCTeMe orcqera, OT· 
1:ocmeJJbHO KoTopoii :>TH qacbl naxo.nHTC5I B noKoe. CJio· 
l\(l «IIOKOH» no.u.pa3yMeBaeT, 1ITO Macchi qacoB H CHCTCMbl 

OTC 1ICTa O'lCHb BCJllfKH (§ 5, 6). 
Upn na6JIIO)l.CHI1H H3 HCKOTOpOH MaCCHBHOH .ll.BI12Ky· 

ll~CHCH CHCTCMbl OTC'leTa ll3Cbl ll3JiyqaJOT Ha '13CTOTe v, 
F.Cnopa5l 33BHCHT OT yr.irn Ha6.rIIO.U.CHHH f) [cM. cpopMyJiy 
(5.23)]. CTycrb vo II To - 'lacTora H nepHO.JJ. H3JiyIJenmI 
H noKOHill.CHCH CHCTCMe OTCT.J.era, v H 't - T.J.aCTOTa II ne
pllO/l,, Ha6JIKl,a:aeMbCe B )I.BIDKyrn.eiic5I c11creMe orcqera 
n0.u yrJIOM 81; Tor.na cpopMyJia (5.23) np1106peraer BHA 

(5.26) 

IIOCKO.TJbKY 't = 1/v, TO 'to= 1/vo. Jlo CHX nop l\lbl B TOl{· 
11ocT11 cJie.U.OBaJIH pacllery scpcpeKTa .IlonJiepa. 

Tenepb noJiy1mM ¢op;.ty.llbl JI opeH.u,a; c ::iroii ueJihJO 
BCITOMHIIM ncTopmo sroro Bonpoca. Jlopem.1. paccyn{.11.aJI 
HCXO.IJ;H H3 pesyJibT3TOB OilblTa MaHKC.'IbCOHa, B KOropoM 
m· Mor Ha6mo.naTbCH nom1&n'1 scpcpeKT .Ilonnepa. B onbI· 
re M.afiKe.ribCOHa nyT.J.oK csera .nsnrancH no HCKOTopoMy 
uyn1 13 npHMOM II o6paTHOM HanpaBJieHIIHX, npo6eraH, 
ra KIIM o6pa3oM, 3aMKHYTbIH KOHTyp. OrcIO.u.a BbITeKaer, 
1-110 CKopocTb Vi BXO.U.IIT B ¢opMyJihI JJ.BaH<,ZJ.hI: 0)1.IIH pa3 
co 3Ha1rnM nJI10c, .upyroi1 pa3 co 3HaKoM MIIHyc. Mai1-
Ke.rJbCOH, cJie,a:oBaTeJibHO, Mor ua6mo.uar& JIHlilb scpcpeKT 
cpeJLHero auaqemrn cKopocren +v1 n -v1. Bbl'U!CJIH5l 
3'IO cpe.uuee H no.ucTa BJIHH B cpopMyJiy ( 5.26), noJiyirneM 
BblpaMeHHe, He COJlepH<arn.ee 1Werrn Vi COS 01: 

( :o tp = ( ~ tp = ( c2 ~ v~)'1• ' (5.27) 
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a 3TO ue 4TO nHoe, KaK npeo6pa3oaam1e apeMem1 no 
'1JopMyJie Jlopem.I.a. 

Yloc, rrcrro.1h3YH ycrnHOBKY MafmeJJbCOHa, noJiyirn,1 
pe3yJJbTaTbl, KOTOpble npH6JIII3HTeJ!bHO B 5 pa3 TO'!Hee 
pe3yJibTaTOB MHJIJiepa. B HOBbIX orrbrrax Taynca H co
TPY.UHHKOB [4] HC!l0Jlb30B3JIHCb aea J.ta3epa, ucnycKa8-
wue ny1uw Ay•ieu e iJeyx nporueono,io'J/CHbtX HanpaeAe
HU>IX. OpneHTail,HH ycTaHOBKH OTHOCHTeJibHO HanpanJIC
HH51 .iLBinKemrn 3eMJIH MOrJia MCHHTbCH; c IlOMOJll.blO 
3Toro nptt6opa 6bIJIH IlOJiylfeHbf pe3yJibT8TbI, no TOlfHOCTll 
B 50 pa3 npesocxo.rrJilll.He pe3yJibTaTbI Yloca. l1cno.r1hsyn 
COBpCMCHHblC Jiasepbl, MO)KHO JI.OCTlll.lb CJll.C 6oJiee BbICO
KOII T0 1IHOCTH. 

§ 8. llpeo6pa30BWlUR JlopeH4a 

J]/rn noJJyiiemrn npeo6pa30Ba1111ii Jlopenna neo6xo· 
auMo npousnecTH ycpe.rr.nennc no nnyM npOTHBonono)K· 
HhIM HanpaBJieHH51M pacnpocrpaueum1 rry'IKa cBera. Ta· 
KHM o6pa30M, CKOpOCTb CBCTa l!3MCp5!CTC5! ,!J,.n51 CHflla,101-\, 

- pacnpocTpanmoU.I.HXCH. ry,IJ,a n o6parno na neKornpoe 
paccTOJIHHe; 3TO JIOfH1!eCKH BbITeKaer H3 I!0.'10)KCHli51 
3ttHlllTCHHa, qTQ HCB03M02KHO ycTaHOBHTh COBna.nenne 
noKa3aHHf! qacoB MC.iK,ll,y .UByMH y.na.'leHHbIMH TO<!KaMH. 
ToJJhirn npoc1pa1icTBeHHo-epe,w.e1iHble cosna.neHHH UMe10 r 
cpH3HqecK!Ill CMblCJl H Moryr na6JIIO,ll3TbCH. 3HHIIITCHll, 
KpoMe Toro, rrpe.unoJiaraJI HaJlH'me cuA-t.ue1puu npo· 
CTpa!iCTBa B lIOK051lll.CllC51 CHCTeMe 0TC4eTa, a TaK)KC CH· 

CTCMC OTCqeTa, HaXCJt5HI.J.CHCH B COCTOHHHII paBHOMepuoro 
,UBmKeHJrn, - IlOCJWJibKY TaKoe ,UBH)KCHHe HCJ!b351 o6Ha
pynrnth nyTeM ua6JIJO.[LeHIIH, c.neJiaHHblX B caMOH Jl.!311· 
)KyIUeHCH CHCTCMe OTCl!CTa. 

3Ty CHTyaumo Mo2Eno ncno Il no.upo6no paso6pan 
na cJie,IJ,yromeM xopomo H3BecTHOM npnMcpe. I1pe,!l.nOJio
)tll!M, 1iTO flO!WJlllJiQJlCJl cucreMa OTCtteTa npe,UCTaB.iflCT 

co6of1 J!JlHIIHYIO :H~C.'JC3HO,!l,Op021-rny10 CTaHIJ.HIO, nrnymy10· 
CR B.ll_OJlb JI:OCTaTOlJHO ll,JJHHHOI'O yl!aCTKa nyreii. /J.BU

aicyuw10cR CUCTeMy OTC 1teTQ npe.n.cTaBHM n BHJI.C Tfl)KCJIO· 
ro rroes.na, ,IJ,BHJKylll.erorn rro nyrnM. CTaHIJ.HH cna6-
X<ena HClIO,UB!UKHblMH liaCaMII, pacllO.TJQ)!{CHHblMH Ha BCe;\J 

4* 
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nponDKeHHH rryTeiI; npe.n:noJiaraeTC5!, 4TO 3TH qacbl CHH
XpOHH3HpoBaHbl rrocpe,n:CTBOM CHrnaJIOB, rrocJiaHHb!X Ty,na 
11 o6paTHO OT uenTpaJibHblX qacos cTaHUHH. C4HTaeTcH, 
4TO B nOKOHlll.eHCH CHCTeMe OTC4eTa 3TH cnrnaJibl pacnpo
CTpaHHIOTC5I co cKopocThIO c. Ka1K,nh11'1 saroH rroe3,na TaK
.>Ke o6opy JJ:OBaH qacaMH, KOTOpbie cm-1xpOHl1311pOBaHbI 
c ueHTpaJibHb!MH qacaMH, HaXO.LlHlll.HMHCH Ha JIOKOMOTH
Be. To ecTb B rroe3,ne TaK1Ke ncrroJih3VIOTC5I noch1JiaeMb1e 
Ty,na n o6paTHO cnrnaJibl, oeuJtcyU{uecJl no npeonoAoJ1Ce

Hu10 B KaM.LlOM HarrpaBJieHHH co CKOpOCTblO c OTIWCU

T€Jlb!W noesda. 3To rrpe.n:rroJI01KeH11e (rroN1epKHyToe 
3ii:HJIJTeHHOM) Bb!TeKaeT H3 Toro o6CT05ITeJibCTBa, 4TO 
HHKaKoii: 3KCrrepnMeHT, BblflOJIHeHHhlll B rroe3,ne, He ITO· 
3LJOJI5IeT o6Ha pyMIITh .n:snMenne rro3,na c rrocTOHHHoii: 
cKopocTbIO. CTattu1rn n rroe3,n noJIHOCThIO paBHorrpaBHhl. 
~(aqaJibHHK CT3HUHH 3aMeqaeT rroKa33HH5I qacOB B pa3-
JllllJHb!X rrpoxo.n:munx MHMO Hero BaroHax n o6HapyRm· 
naeT, 4TO .9TH lJaChI H.LlYT Me,nJieHHee; 3TO o6cTOHTeJib
CTBO o6yc.rIOBJieHO cnoco6oM CHHXpOHH3aUHH qacoB B 
noe3,ne. Ty Me KapTHHY 1rn6JI10,naeT Marn1rnncT noe3,na, 
C~lOTPSilll.lill Ha 1I8Cbl, ycTaHOBJieHHbie Ha CT8HU.HH. 06e 
1rnpT1!11bl B3aHMHO CHMMeTpn•JHbl. 

Hamn 11Lrno.n:L1 110JI1IOCTb10 cornacy10TCSI c BbIBO)J.aMn 
l'l!CllHaJibHOH Teop1m OTHOCHTeJibHOCTH, XOTH H noJiyqe
l!bl n pe3yJILTaTe rro.n:xo.n:a c cosepwerrno nosoti ToqKn 
spe1mH. 

CJie,nyeT rro,nqepKHYTh oqenb BaMHYIO poJib at1Hutret1-

f1Gac1wco npaBU.lla ctmXpOHU3alfUU ttaCOB H cpaKTH4eCKOH 
nrnxponnsaunn qacoB no 3TOMY npaBH.TIY B Ka)K,ll,OH CH· 
CTeMe OTC1IeTa. 3To npaBUJlO Jl8JlJWTCJl npOU360JlbHblAt u 
f)aJ1Ce Awra¢uaui1ecKt1A1. Ero neJib3H .noKasaTL HJIII orrpo
rieprnyTL a1<cnep11Me11TaJib1Io; 01-10 yTBepM.naeT, 4TO cnr
HaJILI, pacnpoCTpam11om11ecH c BocToKa 11a sana)J. H c sa
rra)l.a Ha BOCTOK, HMeJOT paBHble CKOpOCTli, Torna K8K 
onbIT Maii:1<eJibCOHa nosnomieT H3MepttTb TOJihKO cpem1ee 
apmpMeTII4eCKOe 3Tl!X .n:syx CKopocTeli. QqeBH,LlHO, 4TO 
Mb! nMeeM s.n:ecb .n:eJIO c HeOMH,na1-11-1oii n nerrponepHe
Moli nmoTesoli. Harn attaJins npo6JieMbI B 11,eJIOM c nc
noJib30BaHneM :>cpcpeKTa JlonJiepa noKashrnaeT, 4TO .n:efi
CTBHTeJihHble cpH3H4eCKHe cpaKTbI He .n:aIOT np5IMOro no.n:
TBepm.n:eHH5I rHIIOTe3bl 3ii:HilITeHHa; B TO )KC BpeM5I 3T.C\ 



31jJc/Je"r JionAepa e t/acrHoli reopuu ornoc1.ueAbHOcru IOI 

rHI10Te3a He06XO,LI.HMa ,LI.JUI Bb!BO,LI.a rrpeo6pa3oBaHHH Jlo

peHua. 
BhIBO,LI.hI 9iimmeiiHa cnpaBe,LI.JIHBhI; O,LI.HaKo npeo6pa

soeaHUfl JI opeHt{a npeocraBAfllOT co6ou MaTeMaTuitec1we 
cpeoCT80 u HeHa6A10oaeMbt; OHH O'leHb IlOJie3Hhl, HO fl8HO 
He uMelOT ¢usuqec1ww cJvtbtCAa. AHaJIOrH'IHO 3JieMeH1' 

,LI.JIHHbl ds2 MHHKOBCKOfO CJie,LI.yeT paccMaTpHB3Tb KaK 

O'leHh HHTepecHOe Bb!pa2KeHHe, HO CTOJib :/Ke JIHIIIeHHOe 

4>n:3H1IeCKoro cMbicJia. B o6onx cJiy'laHx npaBHJIO CHH· 

xpoHH33UHH Heo6xo,LI.HMO H He ,LI.OK333HO, XOTH H He MO· 

meT 6hITb orrpoBeprnyrn 1). 

§ .9. fl apaiJoKc 6.llUSHetfOB 

no TIOBO,LI.y 3TOH KJiaCCH'leCKOH rrpo6.11eMLI MO/l<IIO ,LI.H· 
cKyTHpoBaTb .LI.O 6ecKOHe1IHOCTH ( cM., B iiacTHOCTH, c6op

HHK CTaTeiI [5]). 0,LI.HH 6JIH3Heu CIIOKOHHO CH.LI.HT ,LI.OM a, 

B TOlJKe 0. )lpyroli M'IHTCH c 60JibllIOH CKOpOCTbIO K y.LI.a

Jie1rnoii TO'IKe A, a 3aTeM cpa3y B03Bparn.aeTcH o6paTHO~ 
KOr,LI.a OH BCTpe11aeTC5l c 6paTOM, TO OK33bIBaeTCH, tITO 

nyremecrBeHHHK 3aMeTHO MOJIO:/Ke CBOero 6para, OCTaB

rnerocH ,Ll.OMa. 9Ta 6aCH5l HMeeT MOpaJib, O,LI.HaKO OCTaBHM 

ee B IlOKOe H 06Cy,LI.HM ci>aKTbI. npoBC,LI.eM rpacpHtieCI<Hif 
aHaJIH3, rrpHHHMaH ,LI.JI5l rrpOCTOTbl KOHKpeTHble llHCJIOBble 

3Ha11eHH5I; rrycrb v = 0,6 c, ror.n:a 

( 1 - ~: t = 0,8. 

)lorIJiepOBCKHe MHO/KHTeJIH COOTBeTCTBCHHO paBHbl 

}'? -- ( c - v )'!2 = __!_ ll \ Ha nyTH Ty,LI.a, 
~ c+v 2 l 

( (5.28) 
K = ( c + v )

112 

= 2 ua nyTH o6paTno. J 
+ c-v 

PaccTOHHHe OA npHMeM paBHbIM 6 cBeToBbIM ro.rr.aM. 

1) ,ZJ,.151 onpe.n:ene1rnoro n O'Ienb nmpoKoro Kpyra 11B.1cnnii npe
o6pasoBamrn Jlopem~a. 6cccnopno, a.n:eKBaTHbl .n:ei'rcTBHTeJibHOCTH. 
MmKeT 6h!Tb, nan6oJiee cymecrneHHbIM 5IB.u1J1och 6u1 YTO'IHCHHe 
o6nacTH npnMeHHMOCTH STHX npeo6pasoaa1rnii. YIInepaaJJ ds2 Mmr
KOBCKoro, KaK H3BeCTHO, uen.wxo 1111repnpcn1pycTC5! K3K «C06bl
THe». - fl pUlA. peo, 
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Ha qrnr. 5.2 no ocn a6cuucc OTJJo'>I<eno paccT05lHHe 
x (B CBeTOBblX ro.n:ax), no OCH op.nHHaT- apeMH t. Ilo-

"' 17 
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<f> II r. 5.2. 

J102Ke1rne .11emrnoro uJIH3Heua, ocTaBrnerocH noMa, 1130-
6pa;.Keno To1rnal\m na BepnIKa.1bnoi1 ocu; TaM 11\C y1.;:a3a-

1Jo ero co6CTBem10e Bpe~rn. lllTpllXOBb!C .JHIHIHI 0003Ha-



31jJ¢eKT Jioruepa 8 'iaCT110a reopuu 01Hocurejtv1wcru 103 

IJ.aIOT CHrnaJibl, OT!lpaBJUieMble nyTellleCTBYIOlll.Hl\1 6.nH3· 
11eu,011.1 qepe3 I<a>K,ZJJ~Ie .nsa ro.na (no ero coocTBeHJibIM 'la· 
caM). Ero rryTemecTBHe Ty)l.a saHHMaeT 8 JieT, 3aTeM OH 
flOBopaqttsaeT H B03BpaIII.aeTCH ,ll.OMOll tiepe3 16 JICT (no 
CBOHM qacaM); BCTpeTHBillHCb co CBOHM JieHHBb!M 6pa· 
TOM, on 061rnpy:HnrnaeT, 'ITO qacbI nocJie.nnero rroKashI· 
sa JOT 20 .rreT! CHrnaJibI, oTnpaBJieHHhle rryTeuiecTBemrn
KOM qepes 2, 4, 6, 8, 10, 12, 14, 16 JIOKaJlbHhIX JieT, ero 
6paT, OCTaB!llHHCH .noMa, IIOJiyiraeT COOTBeTcTBeHHO 4C· 
pes 4, 8, 12, 16, 17, 18, 19, 20 JieT. <l>opMyJia 3i'rnunei-'rna, 
~HlCT a6coJIIOTHOe 3Ha4eHHe Il0J1HOH pa3HOCTH BpeMCH 
(20-16=4); OJUJaKO IIOKomu.eroCH . 6JUI3Heu,a HCJlb3H 
cnyraTb c ero rryTerneCTBYIOliIHM 6paTOM, ITOCI<OJlbKY Cl1f· 

liaJlbl, o603Hal!eHIIb!e llITPHXOBh!MH JIHHlUIMH, HCilb!Tbl· 
sa10T ll.OI1JleposcKIU~I c.nsur. Ko11e 1rno, nyremeCTne1111uK, 
KpOMe Toro, HCilb!TblBaer 6o.1JbIUOe yCKope1rne B MOMCHT, 
Kor11a OH .nocniraer TOtIKH A. 0.n:uaKo 11pnMep MO)!OIO 
H3MCIU!Tb TaIUIM o6pa30M, l!TO ycKopeHIIH llC Oy)].eT; JJ.Jlf{ 

:;roro nyJKHO paccMoTperb rpex 6JIH3Heu.oB, o.n:HH H3 KO· 
•ropbrx ocraeTCH .n:o11rn, .n:pyroli yJieTaeT rrpOlfb H 6oJib· 
we IIe B03Bpall1aerrn, Tpen1i1 .n:smKeTCH B nponmorro· 
JIO.IKHOM nanpan.1JeHHH ll BCTpe1rneTCH co BTOpblM B TO'!· 
Ke A. 

3JLecb aonpoc 06 yCKopemrn 60.11brue ne B03HHKaer. 
HMeeT MCCTO CJie.n:yIOlilafl curyau,m1: rrepBblH H BTOpOH 
6paTbfl cnepHIOT CBOH l!acbl Ha crapre B TOqKe O; BTO· 
pon II Tperni1 cpaBHHB3IOT TIOKa3aTIHH qacoB, BCTpe'la51Cb 
B TO'!Ke A; rpen1ii H nepnb1i'1 cpammnaIOT noKaaaHHH tra· 
coB .n:oMa, n TOtIKe B. 

Tenepb cra110BHTCH HCHOH acnMMerp1rn MeJK.ny noKOH· 
liIHMCfl 6JIH3HCU.OM H ero 6paTb51Mli, JJ:BHIKYliIIIMHCfl 
B npOTllBOI10.1JO)l{HblX nanpaB.1CHH51X. 

<PopMyJia Jlopenu,a rrpaBHJibHO OIIHCbIBaeT KOHC'lHblll 
pesyJ1hTaT, noTOMY 'ITO MbI yqHTbrnaeM o6a nanpaBJieHHH 
,1)rnJKemrn (ry.na H o6parHo); Ha caMoM .neJie npo6JieMa 
c.10JKHee, Ka K rroKa3hIBaer paccMorpem1e BJIUHHHH 3cp· 
cpeKTa Llo11J1epa Ha cHnJaJibI, ncrrylileHHbie nyrewecrsyro· 
11\II~I 6JIIIs1ieuoM. Ecm1 rrp1rn.1e'lb Tperhero 6JII13neua, ro 
ormcaHIIe HB.'ICH!Ul CT a HOBHTC51 npOlile, flOCKOJI bKY BO
npoc 06 yc1mpe1rnII 11e B03HHKaeT, H BCH npo6Jier-.rn cno
.nnTrn K cpanHenmo noKaaa1rnC1 pa3.IHPIHbIX LiaCOB n o.nnofI 
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H TOH Me TO'IKe, T. e. K onepaurrn, HMeIOuteiI .n:eiICTBH

TeJlbHblH cj:JH3HqecKHH CMblCJl. 

B HTore Harn aHa,Titt3 npttBOJJ.HT K pe3yJILTaTaM, noJI

HOCTbJO cornacyJOutllMCfl co cneUH3J1bHOH Teopneii OTHO

Cl!TeJlbHOCTll 3ih1wrei'1lla, XOTH OH H OCHOBaH Ha Henp11-
llLJqHbIX HCXOJJ.llblX llOJ10)1{CllHHX; no.n:11epKHeM Jlllillb TO 

YCJIO!lHC, wro fllj'IOK ceera ao.,i:J/Celi npOXOOUTb KGJICOblU 

y•taCTOK CROCCO nyru 8 o6oux HanpaeAeHU.RX - TO.llbKO 

" TaKOM CJiy•iae MOMHO 1136exrnTb .n:eTaJlbHOrO paCCMOT
pcIJHH 3<pcj:Je1na )lonJiepa 11 rrcnoJib30BaTh JIHillh npeo6-

pa3oDaHllH Jiopenu.a. BaLKHoe 3Haqem1e nMeeT TaKJKe no
JJOiKeuue, qro cucre.Mbl OTCtf.era OOA:J!Cf-lbl 6btTb MGCCUB-

1-i-bl.MU (rn. 4). 0Tc10.n:a, no-BH.ZJ:HMOMy, cJie~er, qro rrprr 

nprrMeHemrn np11HU.HI10B reopu11 OTHOCHTeJlbHOCTII K oqeHb 

.71erKHM 11acruu.aM CJie.n:yeT OJK1!.ZJ:3Tb HenpHHTHOCTeiI. )leii

CTBHTeJlbHO, B 3TOM c.TJylJae MOJI{eT B03Hl1KHYTb Heo6xo

Jll!MOCTb 6oJiee TQqHoro paccMorpeHHH, K3K 3TO OKa3a

JIOCb B cJiylJae 3cj:JcpeKra )lonJiepa. TeM He MeHee cneu.11-

aJibHaH Teopn5I OTHOCHTeJibHOCTll 5IBJ15IeTC5I Bbl.U310Ill.11MC51 
J(OCTlIJI{eHHeM 3HHII1Tel'rna, a 3H3MeHl!TOe COOTHOUieHne 

MeM.n:y Maccoii lI 3Heprneii 5IBJ15IeTC5I cj:JyH.UaMeHTaJlbHblM 
.l{J15I cj:JH3HKH B Il,eJlOM. 
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OTHOCHTEJibHOCTb H fPABUTAl.l,IHI 

§ 1. TauHa ipaeurat{uu 

CrreuHaJJbHYIO TeopHIO OTHOCHTeJJbHOCTH CJJe.nyeT CO· 
rJJacoBaTh c TeopHeii: THroreHHH. Hb!OTOH C'lHTa.1, 'ITO 

CHJJa THllieCTII rrepe.rr.aeTCH MrHOBeHHO Ha JJI06oe pac· 

CTOHHHe, - rrpe,llJIOJJO)KeHHe, KOTopoe yme B era BpeMH 
KasaJIOCb O'leHb pHCKOBaHHbIM: KaK MO)KHO rrpe.rr.cTaBHTb 

ce6e Bos.rr.eii:crn1rn, pacrrpocrpaHHIOlUHeCH 6ea aa.lI,eplliKH 

na <iJaHTaCTH'leCKHe paccTOHHHH so BceJJeHnoil? 3iIH
uJTeii:H rrpe.ll,ITOJIO)KHJJ, 'ITO CKOpOCTb pacrrpoCTpaHeHHH 

rpaBHTaUHOHHOro B3aHMO)J,eii:cTBHH paBHa CKOpOCTH 

CBeTa: 

Vg=C, (6.1) 

HO, KaK Mbl yllie OTMeIJaJIH B rJI. 3, MO)KHO YTBep.IB:,ll.aTb 

JIHillb TO, 'ITO CKOpOCTb Vg MeHbIIIe HJllI paBHa c. B ca

MOM )J,eJie y.lI,HBIITeJibHO, 'ITO Mbl )1,0 CIIX rrop HH'lero 3KC

rrepHMeHTaJibHO He anaeM o pacrrpocrpaHeHHH ITOJIH THrO• 

TeHHH, necMOTPSI na 60JiblllOe 'llICJIO lICKYCHbIX 3Kcnepn
MeHTOB, Bb!IlOJIHeHHblX B 3TOM CTOJieTHH! 

MbI BhIHYlliJI.eHbI noJiaratbCH Ha HeCKOJihKO rrpocThIX 

Ha6JIIO)l,eHHll, nepBbIM H3 KOTOpb!X HBJIHeTCH 3aKOH fa• 

JIHJieH: B rrycTOTe Bee TeJia Il~)J,aIOT c 0)1,HHaKOBblM ycKO• 

peHHeM. 3rnern rrposepHJI 3TOT aaKOH c 60JibillOH Toq

HOCTblO, II ero HaHJIY'lllllIM o6pa30M MO.lli:HO Bbipa3HTb B 

BH)l,e COOTHOilleHIIH 

(6.2) 

fpaBHTaUHOHHaSI Macca BCer)J,a paBHa HHepTHOH Macce. 

3ro yTsep.IB:,ll.eHHe MO.>KHO ccpopMy.rmpoBaTb HHaqe: e 

OKpecTHOCTII )J,aHHOH TOIJKII npoc.."rpaHCTBa-BpeMeHII 
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rpamnauHOHHOe IIOJie MOR<HO HMIITIIpOBaTb mrn CKOM· 
HCHCHpoBaTb noJieM ycKopemrn. ::ho u eCTb TO, 'ITO 3fm
UJTCIIH Ha3BaJI «IIpHHUHI10M 3KBIIBaJJeIJTHOCTli». 

I1n.eu 3i'rnmreirna 06 3KBHBaJieHTHOCTH xopomo H3· 
uectHhl 1). J1yqruee paccMotpe1111e atoro soIIpoca, IIO ua
ureMy MHelll!IO, npmrnJJ.JJe)!<HT <l>oKy [l], HCXOJJ.HBUleMy 
1u cooT11omeHHi'I ( 5.2). Pa3n5JCHemrn, cn.e.rranuhre B KHH
re ¢01<:1' lll!JlHIOTCH n.eiICTBHTCJlbHO y6eJJ.HTeJlbHb!MH H 

Moryr 61>1Tb peKOMell)I.OBaHhl 1IHTaTCJl!O ( oco6eHHO BBC
Jl.Ctnle a rn. V-VII). <l>oK noJI.qepKHnaeT HeCKo,1bKO 
0 1reHb BaJK.HblX MOMelITOB: 

a) HeJJ.ocrarnqno II3Y'IaTb npoctpanctBo H speMH 
J10KaJ1bHO, B 6ecKoue1rno MaJihIX o6Jiacrax, roquo raK 1Ke 

l\aK B KJiaCctILJeCKOH 111examme HCJJ.OCTaTOLJI10 ccpopMy
JIHpoaaTb .r10Ka.1IhHb1e ypaBHemrn JJ.BH&emrn. Heo6xoAH
MO TaKJKe aa.11.ath rpaHHLJHbie ycJ10BHH (IIJIII Ha'laJ1bHbie 
ycJIOBHH B KJiaccHqec1mi1 MexaHnKe), 1rnalle 3aJJ.aLJa He 
6yJJ.eT IlOJIHOCTb!O onpe,ll,eJieHHOH. J101rn.'IbHbie H rpaH!ilJ
Hble ycJIOBHH CJIOJKHbIM o6pa30M B3aIIMOCBH3aHbI; )l.a)!<e 
11:or!la rpanaua 6ecKoHel!Ho YJJ.aJiena, rpaHH'-!Hhie ycJio
BHH coaepl.IleHHO Heo6XOJJ.HMbl II acer,rr,a AO.'U!Ulbl yqu
TblllaTbCH. 

I)) 3HHl.Ilterm IIOJiaraJI, l!TO Her HeOOXOJI.HMOCTH 8 6bl-

6ope IWKUX-AU6o npeUMljU{CCTBCflliblX cucre,lt KOOpOU/iaT, 
a 31'0 npnaeJio K BCCbMa HCYJJ.OBJieTBop1:ITeJibHOMY csepx-
0606rn.em110. 

EcJIH npocrpaucrno H ape11rn o.rr.nopoJI.HbI Ha 6ecKo-
11eq11ocru, TO MOJKHO BBeCT!i npeU.Mljll{eCTBeflflljlO CHCTeMy 
l\OOPJJ.HHaT (onpeJJ,eJieHHYIO c TO'-!HOCTb!O )1.0 npeo6pa30· 
BaJillH Jlopeuua)' KOTOpyro <l>oK H33h!BaeT CUCTeMOU zap
MOHU'lCC/WX Koop<lwiar. TaKue KoopmrnaTbl xapaKTepH-
3y10rca ycJIOBH51Mll, co,ri.cpmarn.1111t11 l!etbipe caepuytbIX 

1) Hyl1rno ont('TJJTb, '!TO om1 HCJ110 11c,ll,ocrnro'IHLI ,ll,.1H ,ll,e)lyK
nrnHoro nocrpoemrn reop1m rpan11ra1um, KUK 'lTO 61>uro sa!l.yMaao 
3ihmnei1HOM. Hcxo,ru1 ll3 np1munna 3KBHBaJieHTHocr11 n ero nepso
na1lailbHOM nonHMamm, ue.1b3ll Bnecr11 p!!Manony reoMerpmo AMI 
onnca111rn nom1 rparnrraurm. Ilo::iroMy B noc,1e,ll,nee npeMll pHA anro
pon BLmylKii,enLI BBO!l:llTb pacurnpe1rnoe 10Jllrnna1rne 3roro npmrmma, 
CBH3amroe ylKe ne c m1epuna.%Hoii crrcreMof1 Koopmmar, a c Il3Me-
11e11neM pnMarrosoii CBH3HOCTH npocrpancwemm-speMenn6ro KOHTll· 
11yy1.1a. Ho nprreM 11oii,Mc11b1 ttcro,1Konaurr11 noHHTHii He cnacaer 
110.101KeHHll. - If puM. pea, 



CHMBOJJa 

nymo: 

0THOCUTeAbHOCT/; u epaiJuraqu!I I07 

KpncTOcpcpem1, KOTOpb1e npnpanmrnamrci-1 

(6.3) 

YcJJomrn (G.3) He BBO,ZJJJT IIHKaKHX cymecTBeHHbIX 

orpanw1em1ii Ha pell!em1e, HO 01m yMeHbma10T HeonpeJJ.e

.rieHHOCTb. 3TOT MOMCHT BnepBb!e Ob!JI OTMelJeH JJ.e )J,oH

JJ.3pOM [2] 11 JlaHuorneM [3]. Mw yJI<e cchIJJaJinch Ha <l>oKa 

(rn. 4, § 6) H OTMellaJJH, 'ITO )I.Jiff cjrnattt1ecKoro OOOCHO

B3HHH TaKoro Bb160pa npeHMymecTBeHHOH CHCTeMhl KO

opJJ.HHaT c.1e.QoBaJ10 obi .lI.OKa3aTb, llTO KoopmrnaTbI x, y, z 
H t, onpene.rreHHble TaKHM o6pa30M, COOTBeTCTBYIOT 
BC,1HlJHHaM, cpaKTHttCCKII H3Mep5!CMblM B cpn3HlJCCKOH JJa

oopaTOpHH. <l>OKOBCI\Oe M3TCl'viaTlftICCKOC .IJ.OKa3aTeJibCTBO 

3Toro cymecrnemrnro ynpomeHHH HBJJHeTCH aechMa HH
Tepecnhrn, HO 1-1eo6xoou.Mo eU{e n01wsar1J, tt.ro eco nped
rw1w:J1ce1-11te C06MecTUM.O c pO.AblO M.aCCbt 8 CllCTeMe OT

CtleTa ( rn. 4) H coBpeMeHHbIM onpe):(e,1emreM ueaneab1x 

tJacon (rn. 3) HJJH c qactoTHbIM 3TaJIOHOM Mecc6ay3pa. 

Dpn coBpeMeHH0!1 neonpeJJ,e.rreHHOCTH n oTnomemrn 
3KcnepHMeHT3JibHblX 33!\0HOB T5ffOTeHH51 Mhl CirnOHilbl 

CKopee JJ.OBepHTb <polrnBCKOll TpaKTOBKe Teopmr, 'ICM 3ii11-
uneiiHOBCI\Oii 06iue!1 Teopml OTIIOCilTC:JbHOCTH, l\OTOpcH! 
K31KeTC5l c:IHlllKOM 06iue!1 H L'llilIJKOM .n:a.1ermf1 OT cjrn-

3HlJeCKOl1 peaJihHOCTH I). 

Mb! noJ1HOCTLIO corJJacHhl c <l>oKOM B TOM, <no HeB03-
MmKuo paa6HTh ny aa)laIIy 1rn JJ.Be OTJJ.e.TJbHhle l!aCTH, 

KaK no o6h!'rno .neJJaIOT MaTeMaTHKIL Her coBepwermo 

IUIKarrnx OCllOB3HHH ,r(.7JH TOfO, l!TOOLI OT,Ll,eJihHO paccMaT

pHB3Tb JIOI{aJlbHb!e ycJIOBHH (ypaBHeHH51 Jl,BH/l\eHHH H.l!l 

BOJIHOBb!e ypaBF1emrn) H y:>Ke BO BTopy10 oriepeJJ.b -

1) 1'fo;1rno yrnyuHTb $TOT anaml3, ecmt OTOilTB OT MOAe:111 
3BC3llHOro pacnpeACJJemrn Marcprm. Torlla, ccJJH reoprrn. rpaBHrauJrn 
9i!Hll!Teirna !lMeeT 3anepIUe1rny10 ¢iopMy, TO Boo6me ue nccrAa ua 
rrpocTpaHCTllCHIIoi1 6ecK01ie'IHOCTH npocTpnHcTBo-npeMH 6yAcT n.10-
CKHM (MaKCHMa.'JbHO OAHOpo;1:i1bIM) [Ilerpoa A. 3., lloB1>1e MeTOJlhI 
B 06mei1 Teop1111 ornocuTeJibHOCTH, § 65, M., 1966]. Bo3ll!IKaet a.'Jb
tepHanrna: !l.rn npoctpaHCTBCHHO·BpeMe1rn6ii KOl!Tl!llYYM MaKCH
Mac1b!IO OAJ!OpO;'l,CII II:l 6ecKOllC'IHOCTll II TOrJl.a TCOpllll 9fllllIITei'rna 
ue 3aucpmc1rn, TaI\ KaK cJieAyeT oT6poC!lTb ue.1ue K.1Jacci.1 pemem1~1 
ypannem1f1 no.1r1, 11:m i1<e C)H.tecTny10T 110.111 rnroTemrn, reoMeTpm1 
KOTOpw; l!HfAC ue CTpeM!1TCR K n.1oc1<0ii reoMeTpHu. - flpu.M. peiJ. 
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rpaml'-JHb!e ycJIOBH5l (HJ!H HaIIaJibHble ycJIOBHH)' KOTO· 
pb1e, KaK rrpe,LJJIOJiaraeTCH, «3a.LJ,a!OTC5l» rrpOH3BOJibHO .UJI5l 

Ka)l{.uol1 3a,Ua1IH. Hnqero He.'lb3H CIIHTaTb OIIeBH.UHb!M 

HJill llp0113BOJibHO 3a.LJ,aBaTb CKOJib yro.LJ,HO .UOJifO B .9KC· 

rrepHMeHTaJibHOH HayKe. 
B cJie.uy10ru.nx rraparpacpax Mb! HaMepettbl o6octto

aaTb uaurn paccy)l{.ueHHH, ncrroJib3YH orrpe.ueJJeHne aToM

Hb!X qacoB (aTopoit rroCTyJiaT Bopa) n cyru.ecTBoaattne 

ypoaHeiI 3Heprnu Ha acex nepapxnIIeCKllX CTyTiemrx Ma· 
Tep11H. 0TCYTCTBHe .9KCTiepHMeHTaJ!bHblX .uaHHbIX TIO pac· 

TipoCTpaHeHHIO llOJl5l T5lf0T€H!l5l BbIHY)l{.LJ,aeT Hae .ll,BlffaTb· 

C5l B TeMHOTe, Ha Olll.YTib, H Mbl 6y.ueM CTapaTbCH TIO· 

CTOHHHO npoBep5ITb Hanrn Bb!BO.Ubl, COTIOCTaBJI5l5l HX 

c 3KCTiep11MeHTOM. 
Mb1 He XOTllM .ueJiaTb mma1mx TIPOH3B0.1IbHblX .uoTiy

rn.eHHH OTHOCHTeJibHO pacrrpoCTpaHeHH5l rpaBnTaunoHHO· 

ro rroJJH n orpau11IIHMCH cTatfUDH.apH.btM cJiyIIaeM. Mb! 

npo.uoJIJK.aeM CIIHTaTb rrpocTpaHCTBO eBKJIH.ll,OBbIM ll XO· 

THM paccMOTpeTb llOBe.LJ,eHHe aTOMHbIX IIaCOB B CTaT11IIe

CKOM rpamnaUHOHHOM llOJie. 

TaK )Ke KaK 11 rrpu paccM0TpeH1111 :icpcpeKTa D:orrJiepa 

B rJJ. 3, MbI 110.u11epKHeM TY IIpe3BbilJaiIHo aaMHYJO poJih, 

KOTOpy10 urpaeT cpOTOH. 

§ 2. HiJeaAbHbLe aroMHbte 
UAU Mecc6ayapoBCKUe ttaCbl u cpaBUTal{UOflflOe 
Kpacnoe cMeU{eHue 

PaccMOTpHM orrpe.rr:eJ1e1rne u.ueaJJbHbIX qacoB u rrpo-

6JJeMy rpaB!IT3U!lOHHOro KpaCHOfO CMeru.emrn, IlCTIOJib· 
3Y5l IICKJII01IHTeJ!bHO llOH5ITH5l, CB5l3aHHb!e c llOCTaHOBKOH 

.9KcrrepHMeHTa, II MeTOJlbI aHaJinsa orrepauu.H:. 

DycTb rro1rnHru.eecH c<lJepnqecKoe TeJJo MaCChl M co· 

a.uaeT rpaBHT3UllOHHblH llOTeHu11aJI v Ha paCCTOHHilll r 
(p11c. 6.1). 3TOT rroTeHunaJJ paaeH HYJIJO Ha 6ecKoHeII

HOcTH 11 HMeeT OTp11uaTeJ1bHOe 3HaIIeHue Va Ha rroaepx· 

HOCTil ccpepb! pa.u11yca r = a, r.ue HaXOJlllTC5l .9KCIIepH· 

MeHraJibHaH rroKoHru.aHCH J1a6opatopHH. Mb! cpaaHHBaeM 

8TOMHble II8Cbl, H8XO.U5llll.Ilec5l Ha 6ecKOHeIIHOCTH (rroreH· 

uttaJJ u Harrp5I)l{eHHOCTb ITOJJ.51 paBHbl uyJI10), c TaKHMH 
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>Ke <rncaMH, rroKOHW:HMHCH B ToqKe A, B KOTopoiI rpaaH
T3UHOHHbIH rroTeHUHaJI paBen Va, a CHJia paBHa fa: 

Va< 0, f ava 
a=-maa, (6.4/ 

rne m - Macca aToMa . .MaccnBHaH ccpepa Maccbr M cJiy
:lKHT B KaqecTBe rroKoHrn:eilcH cucTeMbI oTcqeTa, B roqKe A 
KOTopo:H Mb! MOJKeM rroctpOHTb HeITO,lI.BHl'l<HYIO Jia6oparo-

V I V 

<l> Hr. 6.1. 

pmo. Bee yc.10BHH, tpe6oaammrecH a rn. 4, Bbl!10JI
H5IIOTCH. 

Dpn HyJieBoM rroreHunaJie 11 HyJieBo:H cKopocrn atoM 
HMeeT ,lI.Ba 3HeprernqecKnx ypoBHH E1o 11 E2o, pa3HOCTh 
KOTOpbIX .11.aeT lJaCTOTY H3JiyLJeHHH: 

E 10 - E 20 = hv0 = m 1c
2 

- m2c2, (6.5) 

r.11.e m1 H m2 - M3CCbl aTOMa B o60HX COCTOHHHHX. Dpo
CJ1e,ll.HM Terrepb 33 aTOMO.M (B COCTOHHHH 1), rra,lI.a!OUJ.HM 
H3 6ecKoHeqHocTH ua rr0Bepx11ocrh ccpepbI pa,ll.uyca a, ua 
KotopyIO on rrorra.11.aeT co cKopocTbIO v1. 3aKOH coxpaue
HHH 3Hepnm Tpe6yeT, qTQ6bI Bbll10JIHHJIOCb paBeHCTBO 

I 2 
E10 = E1a + m1Va + -zm1v1 = E1a, (6.6) 

orny.11.a 

(6.7) 
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noCKOJibl{Y 11iacca m1 B TQlJKC c rpaBHTaIJ,HOI!Hb!M ilOTeH

IJ,HaJIOM Va npno6peraeT oTpnuaTeJibHJ'IO noTenuna.'Ib

uyIO 3Heprn!O m1 Va. IWTopaH TOllJlO KoMnencHpyeT Kmre

TH'IecKy10 3HeprnIO. 
AnaJ1orutrno 

(6.8) 

lb paneucrn (6. 7) H (6.8) Mb! BHJJJ1M, 1no :=rnepreTw1r

c1me ypon1111 11p11 CB060,ll,IIOM IH!AC!llll! He 113MCH.H!OTC5L 
Ho 3TO <.'IJ.I.e 11e ;:i.aeT HaM no,vwio npe;J.cTan,1emrn o ti:i

CTOTe llCn)'CJo\aCMOfO H3.'lYlJCH!Ul: Mb! 3HaeM TOJlbKO 30-
COJIIOTHYIO DCJHJllllJIY CKOpOCTI! V1' 1-tanpaDACHUe "1Ce 3TOll 

c1wpocru HeuJaecTHO. Ono san11CHT OT KOI!Kpenrnro pac

npe.ne.11emrn nom1 H OT Tpae1<Topm1 aTOMa, a uanpan.·w
HHe CKOpOCTH Ol!CHb B3)KHO llJHI ne:JHLIJl!Ibl ::icpcpe1q·a 

!LOJrnepa. 
ConeprueHHO neo6XO,ll,HMO OCTali06UTb naoa1ou~11c 

rtacbt U npUBCCTU UX 6 COCTOflHUe nOIWR B Hamett HCXOJJ,

IIOH CHCTeMe OTCl!eTa; qacbJ JJ.OmKHbl CHOBa l!MCTb H)'JlC

BYIO CKOpOCTb B 3TOl! CHCTeMe, a 3TO 3HalJHT, lJTO 01111 

.nomrrnLI 6bJTh OCT3HOBJICHbI II npOlllIO 33RpenJJCHbl B 

Macc1rn11oi'1 rncTeMe oTclleTa (Jia6opaTop1151 B TOliKe A), 
a 3aTeM Jl.OMKilLI TIOCJI3Th c1rnxpoHHhle crrrnaJlbl Q:lHKCH

ponam10i'1 11aCTOTbI no aceM 11anpan.1e1rnHM (3cplpe1n 

.UonJiep a OTcyrcrnyer). 
4To6b! npHBCCTII LiaCbl B COCTOHHHC TIOKOH, He BHOC51 

B03MYIJJ.CHI1H, HaM CJICJJ.YCT HCTIO.TJb30BaTb iJpycou BUcJ 

CllJlbl (1rnnpnMep, ynpyryro CHJ1Y)' KOTOpan CKOMTIE'HC!l

PYCT CJJJlbI rpamITarurn. MbI cpaKTHl!eCKH nmtew,aeM 11acb1 

na CTO.'J, ynpyrne peaKUHH H ,ll,ecpopMaUHH KOTOporo 

y.nepiKHB3IOT !IX B COCTOH!UIH TIOKOH, I!CCMOTpSI Ha HX Bee. 
Ha qrnr. 6.1 lllhI npeJJ.no.1Q)KfWH, tno KOMnencnpy10-

mtte C11.1bl san11csiT OT n0Te11111ia.1 a Vs BO speMH ncero 

npouccca .nnmKemrn ttacou H •no 110,1111Litt noreHuua,1 

(6.9) 

QL!Cllb MaJ1, B pesy.ribTaTc l!CfO CKOpOCTb /l.Bll;+;eHHH l!aCOB 

v TaKJKe tipe3Bb1qafiuo MaJia. B TO'!Ke A rroTeHuna,1 

yMeHblllaeTcsi TO'lHO .no HYJI51, H l!UCbI npHxo;u1T B co

cromrne TIOK05l. lllTpnXOBOll Ep!IBOH IHI tjmr. 6.1 ilOl\a-

3aH xoJ.I. noJIHoro norenuna.'la Vt. B ro 11Ke A OH pe3Eo 
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.B03pactaet: npeJJ,no.1araetcH, rno 11acL1 He Moryt npo

. HHKHYTb BHytpb ccpepbl. 
:3to Me,il,Jiemroe JI.BHiKeHtte He Mem1eT 311epret1111ec1rnx 

yposHeii E 1 II E2, H qacrota v ocraeTCH IIeH3MeHHOH JJ.Jrn 
MecTHoro noKoHmerocH Ha6JI10,u.aTem1. TaK nponcxo.n.nt 

.B c.1yqae 3cp¢eKTa Mecc6ay3pa, Koni;a ynpyrne CHJibI a 
KpHCTaJIJIH'IeCI<OfJ pemerKe y,u.ep}K!IBa!OT aTOM B COCTOH
HHH no1<0H H ypaBuoneurnnaIOT Cl!.'Ibl rpan11Tau1m. Ynpy
rne CHJibI B .:iq,cpeKre Meccoay.:ipa rarnt HMIIYJibC OT;J.al!H 
hv/ c, o6ycJIOBJieHHbIH HCIIYCKaHHeM KBaHTOB H3Jiyqemrn. 

AroM, noKoHmHiiCH a T04Ke A, ucnyc1rner cporoH hv0, 

HJ1.€HTH4Hb!H cporony, HcrrycKaeMOMY TaKHM /Ke aTOMOM, 
n0Km1mmv1c51 Ha 6ec1wne4Hocrn [cpopMyJrn (6.5) ]. Opn 
Ha6JIIOJl,€Hl-!H :noro cpotoHa Ha 6ecKOH€1lllOM paccTOllHHH, 
B roime B, MO/KHO saMeTHTh, qro OH «HellYDCTBHTeJieH» 
K yrrpyrnM CHJJaM, XOTH Macca cpOTOHa ~l - B COCTOSUIHll 
Jl.BH/KeHHH 11.eJiaeT ero <<'IYBCTBHTe.'lbllbIM» I{ rpaBHTaUH-
OHHOMY rro.r:r10: 

~LC2 = hv. (6.10) 

llrrnrMICh B rpaBHTaI.U10HHOM no.11e OT A no B, cporoH 
repner 3Heprmo u Macey, a ero qacrora yMeHL11iaercH. 
OycTh npu nepeMememrn dr > 0 usMeuemre norenuuaJia 
dV > O; rorD,a 

hv 
d (hv) = - µ dV = --2 dV c 

dv dV 
v-=-7. (6.11) 

rne Mb! no.11araeM c = const, HecMotpH Ha H3MeHe1-me 
CHJibl rsnKeCTH. 

Mb! MO>KeM npmIHTb, IITO B 6oJJbillifHCTBe 
CKHX cJiyqaen yneJI11qeHHe noreHUHaJia or A 
.rrneTC51 Ma.TIOH BeJIHl!HHOH, H sanucarb: 

dv Va V O -:y=7. a< . 

npaKTHLie
.n.o B srn-

(6.12) 

4acrorn ¢OToua YMCHhrnaeTcH (Kpacuoe CJ\!CI.J.(CHHe), H 
qiopMyJibl (6.11) HJIH (6.12) COOTBeTCTBYIOT 11pe.11.CI<a3a
HHIO :3iIHil!Tef!Ha. Mb! C01IJIH 11eo6XO,lJ.llMblM OCTaHOBHTb
C51 Ha nceM .3TOM nonpo6uo, oco6emw Ha nonpoce o po.11H 
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ynpyrnx CHJI B :.HpcpeKTe Mecc6ay:.ipa, noroMy 'ITO 60Jib
lliHHCTBO asropoB onycKaIOT TOT HJIH HI-IOH MOMCHT, lJa
CTO AOCTHraH npaBHJibHoro pe3yJibTaTa nyreM He,u.ocra
TO'IHO apryMell.TllpOBaHl!blX paccym,u.eHHH. 

3aMellare.'lbHOll oco6eHHOCTb!O 5IBJUieTCH TO, 'ITO .llO

/W.llbftafl qacrora, U3Mepemta5l 803.ie no1wHU{UXCR aroM

HbtX 11,acOB, nocTOflftfta u He 3a6UCUT OT .llOKa/lbflOZO zpa-

8UTat{UOHHOZO noreH4ua.1ta. Bee Harrrn lfacbI, ecJIH sa 
llHMM Ha6mo.n.arb B Mecre HX pacIIOJIO:tr<eHH5I, OCTaIOTCH 
TO'IHO ClH!XpOHHbIMII M «HellyBCTBIITeJibHblMH» K Mecr
HOMY nore11u11aJiy V, HO qacTora, M3MepHeMaH na pac
CTOHHHH, aaBHCHT OT IIOTeHU,l!aJ1a v H He 3aBHCHT OT 
JI.pyrnx BH)l.OB noreHU,HaJihHOtt 3Hepnrn. 

Do,u.11epKHeM, 'ITO HecraTHl!eCKHe rpaBHTau:rrnHHbie 
TIOJIH HeJib3H OIHIC3Tb TIOTeHUHaJIOM V, H, TaKHM o6pa30M, 
BOnpoc !IX BJI!IHHHH Ha XO)l. aTOMHb!X qacoB OCTaeTCH 
OTKpbITbIM. 

Bee CKa3aHHOe OTHOC!ITCH II K cporoHaM lIJllI rpaBHTO
HaM hv, KOTOpb!e He aapmKeHbl II pearnpy!OT TOJibKO Ha 
H3MCHeHII5I rpaBHTall,HOiilloro ITOTCHUHaJia. 3aMeTHM, 1lTO 

nepsoHa'laJibHhrii aHaJIH3 :>Toro sorrpoca 3ii:muTeii:HoM, 
KOTOpblH paccM aTp1rnaJI CB06o.rr.Ho na,u.aIOIUHC 1laChI, He 
yirnThIBa.fl npo6JieMhI np1me.n.emrn 11x B cocromme rro
J<OH, 5IBJI5IeTC5I nerrOJIHbIM. 

§ 3. 06'bflCHeHUJl 2paBUTattUOHH020 

KpaCHOZO OtCll{CliUfl 

3KcnepnMeHThl DayH,u.a H CHan,u.epa [4], ncrroJib30-
sasurnx :.icpcpeKT Mecc6ay:>pa, o6bJ'lHO paccMarpttBaJIHCb 
K8K TIO)I,TBep)l{.lI,CHI-Ie npe.lI,CI<a3aHH51 3fmunei'ma. 06b.HC
HCHHe }Ke, .n:amme B npeJJ.bJJJ.Ylll.eM naparpa<fle, BecbMa 
OTJUilJHO OT TeOpHH dHHll!Teihra. CTOCKOJ!bKY 3TOT BOIIpOC 
OtieHb BaTh'.eH, qeTKO ccpopMyJilipyeM pa3JI!Il!Hfl: 

a) MbI noJib3oBaJIHCb eBKJIH.ll:OBbIM npocTpattcTBOM H 
trnaHTOBblMH 'IaCaMH, TOl!HO COOTBeTCTBYIOlll.lIMH 3KCIIe
pMMeHT8JlbHOMY npu6opy CTayHJ:i:a. .MbI )l;OK338JIH, 'ITO 
TaKtte qachI Jl.eJiaIOT JIOJrn,'IbHOe orrpeJl.eJiem1e BpeMeHH 
He3aBHCHMbIM oT rpamnau,noHHoro rroTeHJ..\HaJia, 6oJiee 
no.n:po6Hblii: aHamrn (§ 4) noKa}KeT, tITO smrnrrne 2pa8u-
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Tat{UOflftOeO tiO.ilfl ,z:t:OJD:KHO 6bITb Jllllllb 01IeHb He3Ha1IH

TeJibHbIM. CTpn Ta:KOM pacCMOTpemrn cymecTBeHHbIM 

6bIJIO npe,11,nOJIO)!{eHHe 0 BbI,11,eJleHHOH CHCTeMe OTClJeTa' 

llOK05Imei1c.H OTHOCHTeJJbHO MaCCHBHOfO TeJia, cos.n:a10-

mero nocTo.HHHoe rpamnaurromrne noJie, rr ro yc.lloBrre, 
'ITO Mbl scer.n:a J(OJI.IB:Hbl lICllOJib30BaTb ttaCbl, nOKOflU{Ue

C5l B 3TOM nocTOHHHOM noJie. MaccHBHoe TeJio, K KoTopo

My npm<penJieHa Hall!a Jia6opaTopIIH, onpe.n:emIJio Hawy 

npeuMyt.11eCTBeHHY10 UHep4ua;lbHy10 Cl!CTeMy KOop,n:1rnaT. 
11 B 3TOH CUCTeMe OTClleTQ Bee ttaCbl 6bl.ilU .ilOKa.!lbHO 

TO'lflO CUHXpOHl-lblMll, K3KIIM 6bl HH 6bIJI rpaBHTaUHOH

HblH IlOTeHUH3JI. 
B TaI<oli Mo,n:eJIH ttacrora U3MeHfleTCfl npu oeuJ1ce1uw 

cpoToHa B rpaB1uanJ10HHOM no,'Je. Mo.tKHO Y.ll.HBHThCa rn

KoMy 33KJII-01IeHrIIO H cnpOCHTb: «KaKHM o6pa30M 3TO 

MO)!{eT npOHCXO,l!.H'rb?» 0TKpOBeHHO npH3HaeMC5I, lITO Mbl 
He 3HaeM, KaK 3TO o6b5ICHHTb. y Hae HeT MOJ(eJIH J(JI51 

TaKoro acpcpeKTa. OH np5IMO BbITeKaeT II3 cpopMyJihI Bopa 

( 6.3)' KOTOpyro HlIKOMY He y ,l!.aJIOCb eme «JIOfll'IHO» 

o6b5ICHIITb. MbI BbIHY.lKJi:eHbI npHH51Th 3TO I<aK coBeprneH .. 

HO HeilOHHTHbllI 3KcnepuMeHTaJibHbli'! cpaKT, KOTOpbIH, o.n:

HaKo, IlO,II,TBep)!{,ll.aeTC5I orpOMHb!M KO,'III'IeCTBOM 3Kcne

pHMeHTaJihHh!X Ha6JIIO)l.eHIIH. 

6) 3ifHrntei'rn ucnoJib30BaJI H.n:eaJibHhie tJacbr Heonpe

.n:eJieHHoi'i cTpyKTYPbI H IIbITaJJcH paccMaTpHBaTb HX no

Be.11,eHHe B rpaBHTaUHOHHOM IIOJie. 3To He CJie.n:yeT I!pH

HHMaTb KaK KpHTHKY 3i'muneH:Ha: Ha py6e.tKe .UBYX CTO

JleTHH HH1Iero He 6bIJIO H3BeCTHO 0 TOM, KaK IIOCTpOHTb 
H,UeaJibHbie qacbI HJIH KaK OHH ,n:oJI.lKHbI ObIJlH Obi ce65l 

BeCTH. 
. Ho B CB5I3H c 3THM oKa3hIBaeTCH ,n:osoJibHO TPY.UHbJM 

IlOH2Tb 3HHillTeHHOBCKOe pacCMOTpeHHe 3TOf0 Bonpoca 
[5, 6] H Jiyqwe BCero OTOCJlaTb qHTaTemI K 3THM cpyH.11.a

MeHTaJihHb!M pa6oTaM. B 6oJiee paHHef1 pa6oTe [7] Mb! 

HaXO,z:t:HM npesocxo,n:Hb!H II saKOH'IeHHblH anaJIH3 9ipcpeK
Ta JlonJiepa B cneuHaJibHOi'! TeopHH OTHOCHTeJibHOCTH, 

IlOK33bIBaromHi'i, KaK 1IaCTOTa H3JiyqeHHH 3aBHCHT OT yrna 

qi Melli.UY CKOpOCTbIO HCTOlIHHKa v H HanpaBJieHHeM Ha· 

6JIIOJJ,eHHH. 
B pa6oTe I 9 I l r. [5] 3H:HrnTeilH paccMaTpHaaeT cJiy

qau IIOCT05lHHOro sepTHKaJibHOfO IlOJifl rpaBHT811,HII H 

5 3aK. 1357 
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npeJJ.IIOJJaraet, qTo 9Ta CHTyaum1 .ll.OJDKHa 6bITb EJKBUBa

AeHnta JJ.pyroii - ABIUKe1uno c IlOCTOHHHblM BepTHKaJib~ 
HWM ycKopenaeM. YCJIOBl:IJI JJ.JIH TaKoro rrprrnu.Hna aKBII• 
BaJieHTHOCTM HHKOr.n.a He ObIJIH TOllHO ccpopMyJIHpOBaHbI 
11 IIOJJ.BepraJIHCb CIIJihHOH KpHTHKe co CTOpOHbl MHOrnX 
aatopos (.cM., naup1iMep1 [l]). B 1911 r. 3iinuneim HC• 
cJie.rtoBaJI aaJJ.aqy o 11acax, natJHHaIOlIJ.IIX sepTHKaJibHO 
naJJ.8Tb H3 COCTOHHIIH IlOKOH c IIOCTOHHHblM ycKopenrreM 
v; rrpOHJJ.H pacCT05IHJie H, OHM np1106petaIOT CKOpOCTb v. 
3tu llachl rrcnycKaIOT rraJiyqenrre qacTOTbI v, KoTopoe ne
noJJ.BH)KHOMY na6JI10JJ.aTeJI10 KaLKeTC5I (6JiaroJJ.ap5I scp
q>eKTY .LlorrJiepa) UMeIOlIJ.IIM qacTOTY 

v' = v ( 1 + : ) = v (I + ~~ ) . ~6.13) 

3.!I.eCh 9ftmmeiin ncnOJih3yeT cpopMyJiy .Llon;nepa npn 
cp = 0, noJiaraSI TaKHM o6paaoM, llTO JJ.BHllieHne ocTaetcH 
septnKaJibHhIM n qTO rraJiyqem1e na6Jiro.n.aetrn rra ToqKrr, 
r.a.e nepaoHallaJibHO ttaxo.rr.HJIHCh na.n.aromHe qacbr. Ott He 
paccMatpnaaeT cJiyqail Kocoro JJ.OIIJiep-scpcpet<Ta, KorJJ.a 
11acro1a Hcrryc1<aeMoro naJiyqemrn Ha6mo,n;aeTCH no.rr. yr
JIOM cp :#= 0. 

Bee paccy>1<JJ.e1rne Ha caMOM JJ.eJie HeHCHOe. npollH
rarrre, 11anpuMep, cJie.n.yrolIJ.HH at53au (f6], ctp. 106-107, 
cM. TaK>Ke pyccKHfi nepeao.rr. [5], ctp. 172) H noctapafl
tech nonHTb, KaKne qacbI l!MeIOT OJJ.HHaKosyro KOHCTPYK• 
umo 11 KaKrre net: 

«.ll.JIH 113MepeHl!51 BpeMeHl! B TOllKe, 11MeIOlIJ.eH 
OTHOCHTeJlhHO HallaJia KOOpJJ.HHaT rpaBHT811.lIOHHblH 
IIOTeHUHaJI Cl), Mbl JJ.OJI>KHhl l!CIIOJlb30BaTb ll8Cbl, KO• 
TOpbie, 6y.a.yqH noMelIJ.eHbI a uaqaJio rrnopJJ.HHaT, 
II.LI.YT B ( l + <n/c2) paa Me.rr.JieHHee, qeM qacbI, HC• 
110Jlb3YeMble )J.JISI H3Mepemrn BpeMeHl! B HallaJie KO
OpJJ.IIHaT». 

Eho BeChMa CTpaHHO: llT06bI nocTpOHTb qacbl B naoo .. 
p.aTOPIIH, naM He,n:ocTaTOllHO H3MepHTb JIOKaJibHYIO Ha .. 
npS1>1<eHHOCTb rpaBHTaU.HOHHOrO IIOJIH B Jia6opatopIIH, HO 
nyxrno taK>Ke BllaTb pacnpe,n:e.neHue 3Toii eanpHmenHo~ 
CTH '80 aceM upacTpaHCTBe, RIIJIOTb Jl.0 6eCKOHe1lHl>lX pac .. 
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CTOHHHH, r.rr.e c:D = 0, lJTOObl BhllJHCJIHTb MeCTHbltt IIOTeH
UHaJI II> B Jia6opaTOpHHl 

CBH3h Me:m.rr.y nepeMeHHOH t a ypaaHeHHHX 3i1HII1Tel!
Ha ll BpeMeHeM, H3MepHeMbIM B Hanrnx Jia6opaTOpHHX, 
JJ,aJieKo He HCHa. Mo:meT aosHHKHYTh aorrpoc: rrotieMy MhI 
BhI,ZJ_eJIIIJIH HMeHHO 9TOT BeChMa qacTHhlH CJiyllai1 aepn1-
Ka.TJhHOro .n;mnKeHHH? Mo:mHo B3HTb .rr.pyroti rrpIIMep: 
osuJJCeHue aro.MHbtX ttacoe no 8.llAUnTU'iecKou op6ure ao
Kp!JB Co.1ZH4a. Macca cnyrnttKa MOfKeT 6BITh 6oJiblllOH no 
cpaauettmo c Maccoii ttcnycKaeMbIX HJIH rrornomaeMb1x 
¢oToHoB. K TOMY :me TpaeKTOPIIH ocTaeTCfl HeHsMeHHoti·, 

fiepueeJTuit 

<fl Hr. 6.2. 

hi! 
Hanpao.neHue 
HGOlllOill?HUR 

KOfJJ.8 Macca cnyTHHKa H3MeH5IeTCH, IIOCKOJibKY OH ll.BII
)KeTCH B «IIOJie ycKopemrn». B a¢emrn crryTHHK ttaxo
AIITCH .n;aJieKo or CoJIHua, TaK lJTO rpaaIITaUIIOHHhIH no
teHuIIaJI M8JI H MaJiaH CKOpOCTb Va neprreH,LUIKYJIHpHa 
pa)l,Hycy ra (qmr. 6.2). B nepttremrn rroTeHUIIaJJ H cKo
pocTh BeJJIIKII. 3HeprHH ripII JJ.B!IlKeHIIH coxpaHHeTC51, TaK 
lJTO HaIIIII 3HeprenrrrecKHe ypoam1 E1 H E2 ocTaIOTCfl He-
11sMeHHhIMH. 8bI6IIpaH olleHh BhITHHYThitt 9JIJIIIIIC, Mhl 
Mo:llieM CJJ.BIIHYTb a¢eJJHH TaK .n;aJJeKo, K8K Mbl XOTHM, H 
B npe.n;eJJe crryTHHK HatJHeT .n;attraThCH no napa6oJJe; cJJe
.n;oaaTeJJbHo, y ttac ecTb yaepeHHOCTh, trTo :>HepreTIIlJe
CKIIe ypoBHII OCT8HYTC51 TeMII :me II Ha 6ecKOHelJHOCTII: 
E10 II E2o. l.f106b1 IICKJIEOlJHTh acpcpeKT ,U01rnepa, MhI MO· 
)KeM BhI6paTb KB8HT hv, KOTOpbill II3JiytraeTCH B.I:i:OJib pa
Attyca, CJie,D;OBaTeJihHO, nepneHJ1.IIKYJI5IpHO CKOpOCTH, II 
c yaepeHHOCTblO yTBep:m.rr.aTb, lJTO II3JiyllaeMblft cf>OTOll 
IIMeeT IIOCT051IIHYIO qacTory: 

hv = hv0 (6.14) 

HesaBHCIIMO OT BeJIHlJIIHbl rpaBrIT8U.HOHHOfO ITOTeHUH8Jia. 
3To rroJIHOCTh!O cornacyeTCH c TeM, I/To MbI roaopu.nu 

paHee. BMecTO Toro lJTOOhI Ha6J110.lI..3Tb sa noKOJUtfUMUM 

5* 
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11acaMII, Mb! Ha6mo.11.aeM s.11.ecb 3a qacaMH, HaXOJJ.HIIJ.HMil· 

CH B Te4eHHe KOpOTKOro rrpoMe.IKyTK3 BpeMeHH Ha HeU3-

J.teHHO.M paccTOflHUU OT CoAHlfa. B o6oux cJiyqa51x rroJiy· 
•1aeTCH OJJ.HH II TOT )Ke pesyJibTaT. 

3irnuITeirn rrpmueJI K BblBOJJ.Y 0 Heo6XOJJ.IlMOCTII BBe· 

CTH !10H5ITIIe IlCKPIIB.HeHHOro npocTpaHCTBa-BpeMeHH, KO· 

TOpoe 6b!JIO IIOJI02KeHo B OCHOBY ero o6meii TeOpllll OT~ 
11ocnTeJibHOCTII. Mbr He BHJJ.IIM Heo6XOJJ.IIMOCTH JJ.JIH 

BBeJJ.eHHH TaKoiI KPIIBH3HbI qeTbrpexMepHoro MHpa, rro· 

TOMY qro KBaHTOBhre YCJIOBIIH .11.a10T HaM .11.pyroli OTBeT.· 
::hy cnTyaumo eu~e 6oJibllle ycJIO.IKHHJlll HeKoTopbre Teo• 

pen!Kll, HCIIOJib30BaBillIIe KaK KpHBII3HY npocrpaHCTBa, 

TaK II KB3HTOBYIO Teopmo - CMellleHHe, Be,II.ymee K 6es~ 
na.n.e.IKHOH rryTaHHUe. 

CTonpo6yeM rroJJ,secTH IITor. Mbr HCIIOJib3yeM aTOMHbte 
1/aCbl, CBOHCTBa KOTOpbIX orrpe.n.eJIH!OTCH 33KOH3Mll KBaH• 

TOBOH MexaHIIKH. I\aK pesyJihTaT MbI JJ,OJI)KHbI npeJJ,IIoJio· 
/KIITb, qTo Hatuu t-taCbl IWKOflTCJl 8 HeKOTOpou UHep4uaAb

HOU CUCTeJrte OTCtteTa He3aBHCHMO OT Toro, cymecrsyeT 

rpaBIIT3UHOHHOe ITOJie HJIH HeT. 3Tll qacbI MoryT (KaK 

M LI y1rn.n.IIM B § 4) 6bITb TIOJJ,Bep)KeHbl B03.U.eHCTBHIO IlOJIH 

THl"OTCllHH, 110 OHH «HeqyBCTBIITeJibHbI» K rpaBHT3UHOH• 

110My noTc11u11aJiy. Bee IIOKOHIIJ.HecH qacbI B nallleli HHep· 

llltllJibllOA CllCTCMe OTC4eTa 6y.n.yT ,11.aBaTb OJJ.HY II TY :>Ke 
11aCTOTY llC33BHCHMO OT H3Jillqll5I llJIIl 0TCYTCTBil5I rpa

UHTaUllOllHOrO IlOTeHIIHaJia. fpaBHT3IIIIOHHOe Kp8CHOe 

CMCIIJ.eHHe o6ycJIOBJieHO TOJibKO .ll.BH)KeHHeM cpOTOHOB. 

§ 4. Bos.MoJICHOCTb 
«cpaeu-cneKTpa.llbHozo acpcpeKra» 

lfa CKa3aHHOro B § 2, 3 CJie,II.yeT, qTo B CT3TIIqeCKOM 

CJiyqae B03MO)KH0 113MeHeH11e qacTOTbl, o6ycJIOBJieHHOe 

rpaBIIT3UIIOHHbIM IIOTeHUII3JIOM. 

BechMa cTpaHHbIM Mo:>KeT rroKasaTbCH TaK>Ke TO, 'ITO 

ne 06napy1KeHo HH'Iero no.n.o6noro 3¢¢eKTaM 3eeMana 
IIJIII lllTapKa, B KOTOpbIX qacToTa H3Jiyqemrn 33BIICHT HB 

OT noTBHlfUaAa, a OT HanpRJICeHHOCTU llO/lfl. 3TO rrpocTO 

03HaqaeT, 'ITO T3Klle 3cpcpeKTbI UcHopupoBaAUCb u Ha HUX 

H8 o6paU{a/lu BHUMaHUJl, HO OHH .11.0JI:>KHbl cymecTBOBaTb. 
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MbI He XOTHM paccMaTp11BaTh 3TY npo6JieMy B npHMeHe

HHH K V-JiyqaM, IIOCKOJihKY MeX3HH3M HCTIYCKaHirn 3THX 

Jiyqe:fi o6yc.noBJJeH BHYTPMH,11.epHbIMH npoueccaMH 11 Toq

Ho He 11sBecTeH. Mb1 B03bMeM ,11.pyro:fi cJJria:fi H paccMOT

PHM aroMHbte <tacbt, 11sJiyqa10mne onTHqecKyIO qacToTy 

v 0. Kpactwe CMew,eHHe, BhI3BaHHoe rpaB11Ta1u10HHhIM no

TeHunaJJoM, rro-rrpexrneMy .n:aeTCH ¢opMyJJoi'! (6.12), H 

Mb! MOJKeM HCilOJib30BaTb Teopmo 3cpcpeKTa IllTapKa B 

ODTfiqeCIWM JJ.HaIIa30He. fl p11MeM, t/TO CHJibI, ,a:eMCTBYIO· 

lUHe Ha aTOM II y.11.epJKIIBaJOI.U!Ie ero B IlOKOe B KpHCTaJI

JIHqeCKOH perneTKe, .11.e:ficTByJOT JIHIUb Ha 51,Upo 3TOrO arn

Ma, HO He Ha OKpyx<aIOlll,He ero 3JieKTPOHbl. 3rni'I ynpo

memrnli Mo.neJihIO aocnoJJhsoaaJirn BpIIJJJII03H [8] .UJI51 

JJ,oKasare.TJbCTBa Il3MeHeHII5I qaCTOT, Bbl3BaHHOro IlOJJeM 

rpaBIITaurrn. 

3JieKTPOHhI, OKpyJKaJOI.UHe q:nrncnpoBaHHOe 51.ll.pO, Bee 
}Ke «qyBCTBYIOT» JIOKaJJbHOe rpaBIITaIIHOHHOe ITOJie fa 
[cpopMyJia (6.4) ], KOTopoe .nettCTByeT c paBHhlMH I1 na
paJIJieJibHO HanpaBJieHHblMH CIIJiaMH Ha KaJK,IJ,hlM 3JieK

TpOH ToqHo TaK me, KaK .ueiiCTBOB3JIO 6bI IIOCTOHHHoe 

3JJeKTpIIqecKOe DOJie f e: 

f ' av a f e e= -m aa = a• (6.15) 

r.ne e H m' - 3JieKTpttqecKHM sapHJJ. H Macca 3JieKTpona, 
H 3TII CHJibl .UOJI:tKHbl npHBeCTII K IlOHBJieHHIO oqeHh CJia-

6oro «ll!TapK-no)J,o6ttoro» MYJihTHnJieTa. DopH,11.oK BeJIII

lJHHhI MYJihTHITJieTnoro pacmenJienm1 B 3TOM CJiyqae pa

Beu 

/l.v = 3efenh = 137 3nefa 
e 8nhn'Ze2 4nm'Zc ' (6.16) 

r,Ue le - sapHJJ. H,11.pa, n - ueJJoe qHcJJo, hc/2ne2 = 137. 
l1cnoJih3YeM Terreph cpopMyJiy (6.15) n paccMoTpHM 

CIITY aUIIIO, IIMe1omy10 MecTO B TOl!Ke A ( qrnr. 6.1), r.11.e 

aTOM HaXO)l.IlTCH ua paCCTOHHHH a OT ue11Tpa rrpIITS!}Ke

HHH 0 Macchi M: 

f f m'GM 
ee= a=---,-, r (6.17) 
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r.rr.e G - rpaanTamrnttHaH IIOCTOHHHa51. CJie.n.oaaTeJihHo, 

Av = -137 ~ GM (6.18) 
g 411:Zc r2 

JJ.JIH «rpaan-cneKTpaJihHOro» unapK-3cpcpeKTa. 
CouocTaanM 3TO Honoe pacru.erlJieHne, Bhl3BaHHoe rpa

euraunoHHhIMH CHJiaMH, c KpaCHbIM CMeru.ettHeM, C03.lJ.a
eaeMhlM rpaBMTall,HOHHblM llOTeHII,HaJIOM lcpopMyJia 
(6.12)]: 

GM v =--g r , 
6vpeJI Vg GM 
-'ll-=7=- rc2 ·' 

00pHJl.KM 3TMX BeJrnqHH MO/KHO JierKO cpaBHHTb: 

(6.19) 

!J.vg = 137 an~ (6 20) 
f>vpen 4nZr ' · 

ue 1-. = c/v - .UJIBHa BOJIHhl. TaKHM o6pa30M, «rpaau .. 
cneKrpaJihHhitt» :;iqicpeKT Avg- nopH;lI.Ka 137 ('Mr), ror,n:a 
KaK peJIHTHBHCTCKOe KpacHoecMeru.eHHe - nopH;:i:Ka 6vpeJI< 
Ero MOJKHO 6b1JI0 6hr Ha6mo,n:arh JIHlllh Ha oqeHb MaJibIX 
paccTOHHHHX or ueHTpa npttrnJKeHHH Macchi M. 

Ham KpaTKHH attaJIH3 noKa3bIBaer, qro npHMhie 3yJ .. 
¢cl<Tbl 2paeura4tt0H.HOW IIOJIH .lJ.OJI/KHbI cyru.ecTBOBaTh, 
110 HX npaKrHqecKoe 1rn6mo.a:eHHe CBH38HO c 6oJihlllIIMH 
Tpy.11.11ocTHMH. J1 TeopHH 3i1HlllTeirna, n KBaHTOBaH reo· 
pHH aToMa urnopttpoBaJIII 3TH HBJieHHH, nonoMy 3Kcne .. 
pttMetJTaJihHaH npoBepKa nx nMeJia 6b1 6oJibll!Oe 3Ha .. 
qeuue. 

Jhnepuypa 

I. <PoK B. A., Teopm1 rrpoctpauctsa, BpeMem1 H Tllroteum1, M., 
1955. 

2. de Dander T., La gravitique Einsteinienne, Paris, 1921. 
3. Lanczos C., Phys. Zs., 23, 537 ( 1922). 
4. Pound R. V., Snider R. l., Phys. Rev., 140, 788 (1965). 
5. Einstein A., Ann. Phys. 35, 898 ( 1911). (PyccKHfi rrepeBO,!l.: 3CtH· 

iuretiH A., Co6pamie HayqubIX tpyii:oa, T. I, ctp. 165, M., 1965.) 
6. Einstein A., Principle of Relativity, New York, 1924. 
7. Einstein A., Ann. Phys., 17, 891 (1905). (PyccKHfi rrepeBoii:: Bun· 

iuretiH A., Co6pauHe Hayquhlx tpyii:os, T. I, M., 1965, cTp. 7.) 
8. Brillouin L., Proc. Natl. Acad. Sci. USA, 67, 1529 (1967). 



7 

TPAIHICTATlf'IECKAST TIP06JIEMA 

B CJU'IJAE CcJJEPH11ECKOff CHMMETPHH 

§I. HoBblU noaxoa K crapou npo6Ae.Me 

B rn. 4, § 7 Mbl paccMaTpirnaJIH sHaMeHHTyIO sa.n.a11y 
I.IlBapullIHJih.ll.a B paMKax TeopHH 3iiHllITei1Ha. Mb! )J.OJI)I{· 
Hbl OTMeTHTb, lJTO 3TY sa.n.a11y o6bI1IHO cpopMymipyIOT He· 
CKOJibKO CTpaHHblM crroco6oM: paccMaTpHBaIOT cJiytJaH 
«TIOK05I1lJ,eHCH TOllelJHOH MaCCbl» H Hill.YT pellieHHe, o6Jia· 
.n,a1omee ccpepH1IeCKOH CHMMeTpHeH B npoCTpaHcTBe Il He 
3aBHCH1lJ,ee OT BpeMeHH. 310 HIItJero He roBOpHT 0 epa
HUlf,HblX yc.1WBUftX. )laJiee, nprr TaKOM paCCMOTpeHHH 
npe.nnoJJaraeTCH, llTO Ha 60JibllIIIX paCCT051HII5IX MeTpH11e
CKHii TeH30p .ll.OJI)KeH COOTBeTCTBOBaTb eBK/lUiJoay nycro
:Aty npocrpaHcray, onpe.nemI.H raKHM o6pasoM rpaHiltJHbJe 
ycJIOBilfl Ha 6ecKOHe1rnocTH, HO HHKaKHe KOHKpeTHbie ye· 
JIOBHH .ll.JIH M3Jlb!X paCCTOHHIIH OT HCTOllHHKa He sa.n,aIOT· 
CH. DoJJHaH cpopMyJJ11posKa sa.n.atrn )J.OJDKHa co.n,ep1IrnTb 
B ce6e ycJIOBIIll Ha MaJIOH ccpepe paJI.Hyca a, BKJII01ia10· 

1lJ,eH HCT01IHHK (KOTOpbIH HBJilleTCfl oco6ott T01IKOH). np11 
IUBaprmmJih.ll.OBCKOM pacc1110Tpemrn 3Ha11emie ro He sa
.naeTCH, a BeJIIIlJHHY «T01Ie1IHOH MaCCbl» BBOJi:f!T TOJlbKO 
n KOHU.e BbIIIHCJieHIIH, llT06bI IIOJIYIIIITb IIOTeHu.HaJJ, Il3· 
MeHHIOJ.I:(HHCfl Ha 6oJibllIHX paccTOHHHRX r KaK Gm/r, r.ne 
G - rpaBHTaU.IIOHHaf! rrocTOf!HHafl. 3ro o.n,Ha 113 np1111rr11 
Toro, no11eMy B pemeHIIH illBap1l,IIIII.'lb,ll.a OCTaCTCH T31{ 
MHOfO Heonpe,n:eJJeHHOCTCH. flpn H8lllCM pacCMOT[JCllHH 
MbI yBH.ll.HM, IITO lllBapn.IIIHJibJI.OBcKafl Macca m panua 
cyMMe MaCCbl uenrpaJibHOH TOlJKH ll MaCCbl, pacnpe.11.e
JieHHOH B IlOJie. 

Mb1 6y.n,eM 11cxo.n.HTb Ha KJiacc1111ecKoi1 3a.na IIlf rpa
Bnrau11onHoro IIOJI51 BOKpyr ccpepbl .ll.3HHOH M3CCbl H 
Jl,3HHOfO pa.nnyca; sareM MbJ paCCMOTpHM aonpoc 0 TOM, 
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KaK 3TO peweHne HY)KHO BHJI.OH3Memnh, qTOObI yqecTb 

pOJib pacnpeJI.eJiemrn l\IaCCbl B npocTpaHCTBe BOKpyr 3TOH 
npepbl c IIJIOTHOCTbIO, OTBeqa10w.eil IIJIOTHOCTH 3Hepnrn 

rpaBHT3U:HOHHOfO IIOJIH (B CHJIY COOTHOIIIeHHH l\1e2KJI.Y 

M3CC0ll H 3Heprneil). 

3ro .n:omrrno ,n:aTb pa3yMHoe 0606w.e1rne KJiaccwze
CKoro peIIIeHHH, B KOTOpOM MO)!{HO 6yJI.eT npaBHJibHO 

noHHTb cptt3HtfeCKHH CMbICJI ncex BeJIHtfHfI. YpaBHeHHH 

3l'rnwTel'rna npH 3TOM He HCIIOJib3YIOTCH. 

'§ 2. CpaBHeHue zpaBucraruKu c a.!leKrpocraruKou 

B cTaTHqecKoiI 33JI.aqe co ccpepttt1ecKoi1 CHMMeTpHeH 

Mbl cpa3y )Ke 33MeqaeM, tfTO MO)!{HO onyCTHTb nepeMeH

HYIO t, KOTopaH He nrpaeT HHKaKoii poJIH. B cnJiy cKa-

3aHHoro B f.11. 6 Mbl M02KeM IIOJlb30B3TbCH npeuMyUJ,e
CTBemwu CUCTeMOU OTCt/,eTa, H3tf3JIO KOOpJI.HHaT KOTOpoi1 

IIOKOHTCH B ueHTpe ccj:>epHtreCKOH Maccbl; B 3TOH CHCTeMe 

OTCtfeTa Bee aTOMHble qaCbl coxpaHHIOT IIOJIHyIO CHHXpOH

IIOCTb, H Mbl HMeeM ITOBCIOJJ.Y eowwe orrpe,LI.eJieHHe Bpe
MCHH. 3To He HBJHJeTCH IIOMexoiI )J.JIH H3BeCTHOro rpaB11-

1·a1u101rnoro KpaCHOro CMelLl.eHH51 (paCCMOTpeHHOro B 

r.1. G), npo11cxoJJ.HW.ero B pe3yJibTaTe JI.BHlliemrn cj:>OTOHOB 
Maccbl /zv/c2 I) rpaBHTaUHOHHOM IIOJie. 

Mbl Mo:>KeM Tenepb cpaBHHTb aHaJIOrtttfHhie 33JI.3tfH 

TCOpHH rnroTeHHH H 3JieKTpOCT3THKH. 3To 6bIJIO CJI.eJiaHO 

I>pttJIJII03HoM H JiroKa [1] H MaHreiiMepoM [2]. B o6oHx 

CJIYtf3HX Mb! HCXO)J.HJIH H3 CHJI, H3MeHHIOW.HXCH c paccTOH

llHeM nponopu.110HaJihHO r-2. Mb! HMeeM CJieJJ.yIOW.He 3a

KOHbI: 

a) 33KOH KyJioHa JI.JIH 3ap11.11:os Q1 11 Q2 H JI.H3JieKTpH
qecKoil IIOCT051HHOH e: 

(7. l) 

6) 3aKOH HhIOTOHa .U.JIH Mace M1 H M2 H rpaBnTa

UHOHHOH IIOCTOHHHOH G: 

a = 6,66 . 1 o-a e.u. ere. (7 .2) 
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3.u.ecb r<> - e)J.HHH'lHbIH BeKTOp B HanpaBJleHHH r. 06e 

. <t>opMyJlbl (7.1) II (7.2) OY.U.YT TO}K.!J.eCTBemibl, eCJlH IlO· 

JIO>KHTb 
l 

e:=- 0 =-L5· 101• (7.3) 

Hb!oTOHOBcKoe npHT5l)Kem1e coOTBeTcTByeT 60.JiblllOH 

oTpnuaTeJlbHOii .UH3JleKTpHtiecKoii nocTOHHHOii. Mb1 He-

I 

!!;;{) 
f f, + 

Jf 

fl!o c 1'1 . -
J;:C 

TV~C 
}}-~· ~

. 

- -Jlz 

<I>ttr. 7.l. 

0.ll.HOKpanw rOBOpHJJH 0 Heo6XO.ll.HMOCTH Il0Jlb30BaTbCR 

KaK ITOJIOLKHTeJlbHblMH, TaK H OTpnuaTeJib!lblMH MaccaMH, 

IlOCKOJlbKY Mb! MO>KeM HMeTb KaK IlOJIO>KHTeJI&Hble, TaK ff 

OTpHUaTeJlbHbie 3Heprmt, a COOTHOUICHHe Me}KJJ.Y Maccoii 
1:1 3Hepnieii ,ll,OJl>KHO coxpaHHTbCH HeH3MeHHLIM: 

E=Mc2
• (7.4) 
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Jl.Jrn K8fK.ll:Oll qacTJH~bl HMeeTc.H Jllllllb O,l(MH K03<jlcpm.J,HeHT 
M; 3TOT K03cpqmnneHT nrpaer cBoID po.nh B Bbilllenpmie
.n:eHHOM COOTHOllleHHM, a TaKfKe BO BTOpOM 3aKOHe 
Hbroroua: 

f=Mv, (7.5) 

rne v- ycKopem1e. Ha qrnr. 7.1 rroKa3aHhI sHaKH cn:.nw 

f M ycKopemrn v B pa3HbIX CJ1yqa5lx JI.BYX 111acc M1 n M2, 
B3aHMOJI.ettCTBYIOUJ.IIX JI.pyr C ,11.pyrOM. 

<PHr. 7.l IlOKa3b!BaeT, KaK CHJibHO «MaccoBaH IJJia3-
Ma» OTJirrqaJiach Obi OT E)JleKTpw1ecKon IlJJa3MhI; npHTH
JK:eHHH rr oT'raJIKHBaHHH npirneJin 6hr K pasHLIM BH)J.aM 
«cMeCH>> B oooux cJiy11aHX. 3aMeTHM, 'ITO ycKopeHHe O.ll.H

HaKoBo KaK ,ZI.JIH noJIOMHTe.nbHbIX, TaK H .ll.JIH OTPHIJ.a
TeJihHbIX ,nBmKylll.HXCH o6oeKTOB B corJiaCHM c KJiaccH
qecKHl\1 ITOHHTHeM «ITOJUI yCKopeH!151». 

§ 3. HeKoropbte Ba:JtCHbte cpop.My.flbt 
aAerapocrarww 

BblIIHllleM 11ccKOJibI<O KJiaccw1ecKHx cpopMyJI, KOTOpb1e 
Ml>I MOil\CM HCilOJib30DaTb Ka!{ )1,Jl51 3JieKTpocranmu, TaK 

H AJI5I rpaBHCT3THKH: 

F=-VV, 

D=eF, 

VD =4np0, 

(7.6) 

(7.7) 
(7.8) 

r.n:e V - craTHIJ:eCKHH noreHu,naJI, F- HanpmKeHHOCTb 
TIOJIH, D - HH.ll.yKl:J;nH, po - TIJIOTHOCTb MaCChI HJIH TIJIOT

HOCTb 3JieKTpH'leCKOT'O sa p514a. fJJIOTHOCTb 3HeprnH flOJI5l 

.n:aeTCH COOTHOllleHHeM 

I fC=-(FD) 8n 

HJIH, npH ycJIOBHH, qTo e = const, 

eF2 D2 

fC= Bn = 8ns' 

(7.9) 

(7.10) 
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PaccMoTpHM Tenepb TOlle'IHhiH 3apHJ.I. Q (HJrn roqeq
HYIO Macey M). B 3TOM cJiyqae 

F = __g__ r 0 
er2 ' 

V=_g_. 
er (7 .11) 

<I>opMyJia JJ.Jl5! IlJIOTHOCTH 3HeprnH 3JICKTPOCTaTHlJe
CKOro IlOJIH (7.9) y:m:e IlCIJOJib30BaJiaCb B rJI. 2, r JlC 6hlJIO 

IlOK838HO, l!TO o6neMHblH HHTerpaJI OT 3TOH IlJIOTllOCTH 
JJ.8eT KJI8CCHl!eCKYIO IlOTeHUH8JibHYIO 3HeprnIO. p 331111lta 
Me:m:JJ.y 3JieKTpOCT8THKOH ll rpaBHCTaTHKOH 33KJIIOl\3eTCSI 
B TOM, l!TO TO'leqHJ:>IH 3apHJJ. Q MOJKeT cyruecTBOB3Tb Ha 
caMoM JJ.ene, TOrJJ.a KaK TO'le'IHaH Macca M npaKTll'IC
CKH HeB03MOMHa. l(a:m:J.J;aH 111acca M oKpyMeHa aTMoccpe
po1i pacnpeiJeAeHHOU MaCCbt, IlJIOTHOCTb KOTOpoii COOTBeT

CTByer IlJIOTHOCTfl 3Heprufl IIOJIH [cpopMyJihl (7.4) fl (7.9)]. 
CToKaLKeM CHaqaJia, K3K Jl.OilOJIHflTb H HCilpaBHTb cpop

MYJibl (7.11), KOrJJ.a Macey HeJih3H 6onee cIIuTaTh 6ecKo
Hetrno Manoii. MbI He 6y.n;eM KacaTbCH Ronpoca o TOM, 'ITO 

MOJKeT npoucxo.n;HTh BHYTPH ccpepbl pa.n.uyca a; aTa 
BHyTpeHH5HI 3a,D.alla npe,D.cTaBJifleT caMOCTOHTeJibHblH HH
Tepec. lhaK, Mb! BbI6upaeM Jl.JIH paccMoTpeHHH c<fJepUtie
cKy10 o6oAottKy nnn ny3hiph 111accoii M0• Ecnn Macca Mo 
paa1-to.Mepno pacnpeiJeAeHa no ccpepe, TO none BHYTPH 
o6ono'IKH OTCYTCTByeT. Cne.n.oBaTeJihHO, BHYTPH o6onoq
KH OTCYTCTBYIOT KaKne-m160 nonpaBKH K o6b!'IHOH TeO
pHH. BHe o6oJJol!KH KaK nepBoe npu6JIHJKemre MoryT nc
IIOJib30BaTbCH COOTHOUieHHH (7.11). c yqeTOM COOTHOUie
Hll51 Me)K,D.y Maccoii fl 3Heprneli (7.4) OHil ,Zl,3IOT IlJIOT
HOCTb 3Hepruu Il IlJIOTHOCTb MaCCbl oUg [cpopMyJibl (7.9) H 

(7.10)]: 
1 1'12 

fff = BJt (FD)= -G Sn;4 =oUgt2 npu r;;;;:a. (7.12) 

TaKHM o6pa3oM, BOKpyr o6onoqKif M0 pa.n.uyca a Mbl 
o6Ha pym1rnae111 aTMoc¢epy orpuuaTe.llbHOH MaccL1. 3ra 
arMoc¢epa, oKpy1KaioIIi:aH M0, ace;;iJa oTpUt{aTeAbJta, Ka
KHM Obi HH Ohl.JI 3HaK MaCCbI Mo. no.rniaH Macca Mg, pac
upe)l.eJieH!-Ia51 B noJie, noJiy1rnercH npHMbIM HHTerpnpoea
HH,eM no BCeMy npocTpaHCTBy: 

GM~ 
Mg= -

2
ac2. (7.13) 
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3Ta tj)opMyJia COOTBeTCTBYeT <PopMyJie ,ll.JIH 3JieKTpOMar

HHTHOCI MaCCbI 3JieKTpOHa H .naeT QlteJ-tb MaAy!O OTHOCH

TeJibHYIO rrorrpanKy, Kor.na I GMo/2c2a I MaJio. Macca Mo 
Morna 6hl 6bITb H3MepeHa TOJibKO rrpn6opa11rn, pa3Me

meHHbIMH oqe11b 6JIH3KO K o6oJIO'lKe. Ha 60.Tiburnx pac

CTOHHHHX r Mbl H3MepHeM II0J1HY!O Macey 

Mt=Mo+Mg+ ... =A1o(l - (2;~10 + ... ),I 2G~01~1. 
ca ; c a 

(7.14) 

B cJiytiae, ecJIH I GMo/2c2a I OKaJKeTrn 6oJibII1HM, Mb! .1:i.o.r1-

:lKHbI paccMaTpHBaTb rrpH6JIIDKem1e 6oJiee Bb!COKOro IIO· 

pn.nKa. Cpa3y )I<e o6paTHM BHHM3HHe Ha J-teAuHeiiHblU 
xapaKrep rpaBHCTaTHKH H HaJintrne acuM.uerpuu .Me'JICiJy 
nOAOCl/CUTeAb/-lbl.MU u OTpu11areAbflbLUU Macca,uu. 

§ 4. llo.ll1we zpaaucraruiwctwe no.Ile c ytteroM 
OKpya1eafOU{eZO pacnpeoe,ieHUfl n.llOTHOCTU JrtaCCbl 

Mb1 MOllieM Jierno ctj)opMy,rnponaTb tj)yn,naMeHTaJib

Hbie aaKOHbl rpaBHCT8THKH. Hcxo,nH H3 cpopMyJI ,ll.JIH 

nJIOTHOCTH 3Heprntt H IIJIOTHOCTH M8CCbl (7.3), (7.4) H 
(7.10), HMeeM 

an2 
6Ug= - Snc2 , (7.15) 

a KOM6HHHPYH (7.15) c (7.8), IIOJIYlJaeM 

1 G 
VD=4:rt6Ug=- 2 gD2

, rAe g=-c2-. (7.16) 

3TO H eCTb H8Ill </JyHaa,ueHTaJlbHblU He/lUHeUflblU sa
KOH cpa6UCTaTUKll. I1CIIOJ!b3yeM Tenepb name ycJIOBHe 

)J,JIH CJiytJaH ccpepw1ecKOll CHMMeTpmI, npe,I(IlOJiaraH, lJTO 

D B,llOJib pa,n11yca pan110 Dr: 
Id (2) 1 2 72 Tr r Dr = -2 gDr. (7 .17) 

Mb! aaMe'laeM, lJTO Be.11H'lHHa r2Dr paBHa noJIHOH Macce 

Mr BHYTPH cQ:lepbl pa,D.Hyca r [CM. Q:iopMyny (7.11) ]: 

M, = r 2D,. (7 .18) 
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HcrroJih3YH npnBe.ueHHYIO Macey mr, KOTopaH 6b!Jia orrpe· 
.11.eJie1ia B (4.3): 

G m,=-2 M,=gM,=gr2D,, c 

MU rroJiyqaeM ypaBHCHHe 

HHTerpnpoBauue .uaeT 

I I I 
m,=-2'+ 2a' 

(7.19) 

(7.W) 

(7.21) 

r.ue a - ITOCT05!HHa5! HHTerpupoBaHHH; CJie.UOBaTeJibHO, 

2ra 2a 
m, = r - a ' D, = r (r - a) • 

Ha 60JihllIHX paccTOHHHSix MhI noJiyqaeM HhIOTOHOBCKoe 
IIOJie .ll.Jl5! IIOJIHOH MaCCbl mt (Macca o6oJioqKH mo IIJilOC 
noJieBaSI Mace a m1) : 

mt= m0 + mf = 2a, r ~ a, 

HO (7.21) .uaeT 

2aa mt 
mo= a - a = I - (mtf2a) ' (7.22) 

9TO eCTh TOquoe pellleHHe, B TO BpeMH KaK Hallie ypaB· 
Heuue (7.14) .uaBaJio TOJihKO nepaoe npu6Aw1certue: 

mo= I - (m0/2a) ' (7.14') 

Cornacno TOtIHoii: <PopMyJie (7.22), cym.ecrnyer CHHry· 
JISlpHOCTb IlpH 

a =.!!!J... 2 . (7.23) 

DoJJ.po6uee &TOT pe3yJihTaT, coorsercray1ou{HH ycJIOBHHM 
epaBUTlll{UOl-tHOeo KOA.llanca, Mbl pa36epcM B CJie)ly10w.eM 
naparpaqie. 
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§ 5. A·HaAU3 pe3yAbTaTOB 

npeJK,LJ,e qeM IIpHCTYIHITb K o6cy.tK,LJ,eHHIO pe3yJibTaTOB 
3TOH rJiaBhl, Mb! ,IJ,OJI.IKHbl c.n:eJiaTb OJI.HO Ba:l:lrnoe 3aMeqa-

1rne. Macca, pacnpeoe/lel-tHafl 8 noAe, ecezoa OTpUlfaTe/lb
Ha, IIOCKOJibKY rpaBHTaI.IJUI COOTBeTCTByeT orpm.1,aTeJib-

I , 
I 

' I 
' I ' / 

' I Ill ,.'!(---
/,," : ' 

-- I ' 

4a 

~~~-q7a~-=-~~::---~~mLo~~mo 

OmpuqameJ1bf!/J1e 
MaCCbl 

/ 
/ 

/ II 
/ 

cf> Hr. 7.2. 

JIOH ,ll.H3JieKTpHl!eCKOH IIOCTOHHHOH [cpopMyJia (7.3)]. CJie
JJ.OBaTeJibHO, 

(7.24) 

r.n:e mr - noJieBaH Macca. I1cnoJih3YH ypam1ett11e (7.22), 
Mb! IIOJiyl!aeM 

(7.25) 

Macca o6oJiol!KH m0 H IIOJIHaH Macca mi Bcer.n:a HMeIOT 
O,lJ,HHaKOBble SHaKI:I. <P11r. 7.2 .naeT !1afJIH,ll.HOe npe.n:CTaB

JieHHe 0 COOTHOlI.leHHH Me)K.n:y mo 11 mi; KprrnaH npe.n:cTaB

JUieT co6oi% paBH060LIHYIO nmepooJiy; cpH31I1IeCKI:Ill CMblCJ1 
HMeIOT TOJihKO CJJe.n:yromI:Ie o6JI.acru: o6JiaCTb I c mo> 
·> 0 H mt >_ 0 - IIOJIO)KHTeJibHbie MaCCbI; o6JiaCTb 11 
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c mo< 0 H mi< 0- OTpttuaTeJihHhle Macchi, a o6JiaCTb 
III c mo< 0 H mt> 0 cptt3HqecKoro CMbICJia He nMeeT. 

CTopa:lliaeT HaJIH'IHe pe3KOH acHMMeTptttt MemJJ:y rro
JIOmHTeJibHbIMH H OTPHUaTeJibHbIMH MaccaMH. B cJiyiiae 
nOAO:JICUTeAbHblX Mace Mb! BHJ1.HM, 'ITO ITOJUJaH rrp1rne,IXeH
Hall Macca mt ue MO.>KeT rrpeBbIUJaTb 2a: 

mt~ 2a rrpH m 0 -> oo. (7.26a) 

:'.ho OI151Tb Bblpa.>KaeT ycJIOBHe (7.23). 
B CJiyqae OTpU!faTeAbHblX Mace Mb! HMeeM COBCeM 

HHYIO CHTyaUHIO: 

m1 ~ - oo, m0 ~ -2a. (7.266) 

9rn cTpaHHhie orpam1qeum1 TpeoyIOT 6oJiee rny6oKoro 
auaJIH3a. 

BepHeMCH Terrepb K ycJIOBHIO (7.23), ,IXaIOllJ,eMy KpH
TJiqecKoe COOTHOIIIeHHe Me.>KJJ:Y Maccoii mt H paJJ.HYCOM 
o6oJiotmn a. CTpn paBeHCTBe paauyca a noAOBUHe noAHOU 
Maccbt m1 (Macca ueHTpaJibHOii o6oJioqKH ITJIIOC Macca, 
pacrrpeJJ:eJieHHasi: B 0Kpyma10meM rroJie) B03HHKaeT rpa
mnauttoHHbIH KOJIJiarrc. Mb! MO.>KeM cpaBHHTb :nor pe-
3YJibTaT c TeM, \ITO TIOJiytJ:eH B reop1m 8ii1-mneima, - OH 
rrpHBOJ1.HJICH B rJI. 4 [cpopMyJibl ( 4.3) - ( 4.8) ]. 9irnunefrn 
He paccMarp1rnaJI pacrrpeJJ:eJieHmI MaCCbI Me.>KJJ:Y ueHT
paJibHbIM TeJIOM H ITOJieM, a ero Macca m COOTBeTCTByeT 
nameii m1. 

KpoMe Toro, 9iinrnreiiu He yKa3bIBaJI, Karrnii nm KO· 
opmrnaT CJieJJ:yeT BblOHpaTb, H cqHTaJI TaKOe ITOJIO}Keime 
YJJ:OBJiernopuTeJibHbIM. Mb! rro,IXqepKHYJIH ueo6xOJJ:HMOCTb 
npOH3BeCTH raKOll BbIOOp rrpe.>K,IXe, 'leM JJ:eJiaTb KaKHe-JIH-
60 TIOITblTKH 9KCrrepnMeHTaJibHOll rrpoBepKH, JI rrpe,IXITOJIO
:>.KHJIH, 'ITO rrpocrpaHCTBO H30TpOI1HO H eBKJIHJ1.0BO. 9ro co
OTBeTcTByer cpopMyJiaM ( 4.5) II ( 4.6)' B KOTOpblX Mbl 
TaK.>Ke ITOJiytJHJIH, 'ITO KpHTHtJeCKHll paJJ.nyc paneH 1/2m. 
HaJittuo rroJinoe cooTBeTCTBHe Me.>KJJ:Y uarnHM aJieMeH
ra pHbIM pacCMOTpemieM H 9llHIIITeHHOBCKHM perne1meM 
J1.JIH eBKJIHJ1.0Ba rrpocrpaHcTBa. 

CTpaKTH'leCKnii auaJIH3 pe3yJibTaroa 9TOH rnaBbI OT· 
aeqaer Ha Borrpoc, sarpouyrb1ii n rJI. 4, u permneJibllO ua
BOJ1.HT na Mb!CJ!h, LITO H30TpOmIOe eBKJIHJ1.0BO rrpocTpaH
CTBO c rrepeMeHHOll CKOpOCTblO CBCTa rrpeJJ:CTaBJI.SIJIO 6bl 
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Mo.n_eJib, Han6oJiee oJIH3KYIO K .3KcrrepnMeHTaJibHbIM <jrn-

3HqecKHM ycJIOBHHM. 
<l>OKOBCKaH npem\1yIJJ,eCTBe1rnaH CHCTeMa OTCl!eTa 

l<PopMyJihI (4.7) u (4.8)] He cornacyeTC5l c HallIHM qm-
3uqecKHM pacCMOTpeHHeM. 

JIHTepaTypa 

I. Brillouin L., Lucas R., Journ. Phys. Radium, 27, 229 (1%6). 
2. Mannheimer M., Ann. de Phys., 1, 189 (1966), 
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3AMEllAH H51 H fiP EJJ.JIO)l(EH IHI 

§ 1. C.MblCA cneKrpaAbHOU AUHUU 

Bonpoc o cyrn.HOCTH cneKTpaJibHOtt JIHHilH cTaBHJicH 
1rncTo, n Ha Hero .rr.aBamr pa3JIHqHbie OTBeThl. Cnei<TpaJib

HaH mrn1rn onpe.rr.emleT ,ll.JIHHY BOJIHbl B OTITHKe, H Ha npo
TmKeHHH MHOrHX JieT Bee MeTO,ll.bl ee Ha6JIIO,ll.emrn 6bWil 

OCHOBaHbl Ha HCTIOJib30BaHHil 5IBJieHH5I HHTep<jlepeHUHil. 

B yqe6HttKax onTHKil roBopn.,111 o «qacToTe» Il npnBOAHJIH 

pncyHKH B o6paTHb!X caHTilMeTpax (BBil.ll.Y Heorrpe.rr.eJieH

HOCTYI cKopocTH cBeTa c). KaK MbI BHAeJIH B rn. 3, B Ha

CTOHlll.ee BpeM5I cneKTpaJibHbie JIHHilil IlCIIOJlb3YIOTC51 TaK

Me ,ll.JI51 onpe.rr.eJieHil51 <jlaKTnqecKOH 1IaCTOTbl B o6paTHblX 

CeKyH,n;ax; BO BBe.rr.emrn Mbl IIO,!l;'lepKHYJIII, 'ITO 3TO npIIBO

.D:HT K BecbMa Heonpe.rr.eJieHHOii c11Tyau1rn. Ocp11u11aJibHaH 

e.nmrnua .Il,JllIHbl OCHOBaHa Ha IICTIOJib30BaHHII cneKTpaJib

HOH JIIIHIIH KpIInToHa-86, a emurn:uy speMeHn onpe.rr.e

JIHIOT, ncnoJib3YH cneKTpaJibHYIO JIHHHIO ue3Il5I. CJie.rr.osa
TeJibHO, ecJIIl Mbl 3aXOTilM Il3MepHTb CKOpOCTb CBeTa c, 
Mbl ,nomKHbl Bbl'!IlCJIHTb OTHOilleHile 'l3CTOT (IlJIIl ,UJIIlH 

BOJIH) cneKTpaJibHblX JIIlHHH KpHIITOHa 1I ue3HH! c Hayq

HOH TO'!Kll 3peHil5I 3TO CTp a HHO 11 HeJIOfllqHo. 
p accM aTpIIBa5I rp aBilTaUilOHHOe Kp aCHoe CMelll.elllle 

(r.1. 6), Mb! ClJHTaJill h II c KOHCTaHTaMH. 0.rr.HaKO MHorne 

aBTOpbl noJiaraIOT, CJie,ny51 3liHrnTeiiHy, 'ITO B JII060M cTa
TH'leCKOM rpaBHTaUHOHHOM IIOJie, ,UJI5I KOTOporo MO)l{HO 

BBE'CTH rpaBHTaUHOHHblH IIOTeHimaJI, CKOpOCTh CBCTa c 
aas11cHT OT noTeHunaJia. YMecr110 3a,11.arh aonpoc: CBH3a

Ho .nJI KpaCHOe CMeIIJ,eHIIe c yBeJIIlllelH!eM ,11.JIHHbl BOJIHbl 

(npil IJOCT05IHHOH lJaCTOTe)' IIJIIl ero CJie)l.yeT HCTOJIKOBhl
B3Tb KaK yMeHbillCHI1e lJaCTOTbJ? 

B rn. 6 noJiylleHHbie HaMH pe3yJihTaTbI Mb! 1111repnpe

THpona.n11 c TO'!Kll apeHHH )J.CllCTBHTCJlbHOro H3MeHeHHSI 
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1Jacrorb1 H HallIJIH, qro :ny ro1my 3peHHH TPYJJ.HO o6bHC· 
llHTb 4JH3H1IeCKH. 3tta1mreJihHO J1er11e 6bIJIO 6bI IIOHHTh 
H3MeHemie CKOpOCTH CBera c, Bbl3B3HHOe H3MeHem1eM 
JJ.JIHHhl BOJIHbl 'A npH IIOCTOHHHOH qacrore v. 

B HacroHmee BpeMH sro yTBepJKJJ.eHHe JJ.OKasaHo 
9KcnepHMeHTaJibHO lllanupo [l] B pHJJ.e 6JieCTHillHX Ha· 
6JJIOJJ.eHHH, r,ll.e HCIIOJib30BaJICH ysKOHanpaBJieHHblll Jia· 
aepHbtH nyqoK cBera, Koropb1tt OTpaJKaJic51 or MepKyp1rn 
H Ha o6parHOM nyn1 K 3eMJJe npoxomIJI oqeHb 6JIH3KO 
K CoJ11111,y. CKopoCTb Jiyqa OKOJio CoJIH11,a obIJia Mem.me; 
oTqermmo MOJKHO 6bIJIO Ha6JIIO.ll.aTb saJJ.epRmy nyqa Ha 
125 MHKpoceKyHJJ.. 3TOT 9KCnepHMeln c IlOJIHOH HCHOCTblO 
yKa3bIBaer Ha TO, qro CKOpOCTb CBeTa B OKpecTHOCTH 
CoJIHUa MeHbllle, 'leM BJJ.aJIH OT ttero. 

B CB513H c 9THMH npo6JieMat.rn CJieJJ.yer BCIIOMHHTb 
011eHb HHTepecRyro pa6ory JlroKa [2], B Koropoif paccMaT
p1rnaerc5!, KaKHe qrnsn11ecKHe sqicpeKThI Moryr Ha6JIIO· 
,naTbC51 IIpH H3MeHemrn rpaBHTaII.HOHHOfO IIOTeHI.J.H3JUl. 
J110Ka BbICKa3.bIBaeT OtJeHb HHTepecHyIO nmoTe3y, lJTO OT· 
Homemie h/c2 OCT8eTC51 fWCTOR!ilibMt, II STO BJietJ:eT 33 CO· 
6of! nocroHHCTBO OTHOWeHH51 Macchi K 11acrore. 3ra rn
norcaa HMeer TO BaR<HOe JJ.OCTOHHCTBO, llTO B CJiy11ae ee 
npmuiTHH Ham aHaJIH3 sKcnepHMeHToB HayHJJ.a (cM. 
r n. 6, § 2) ocraerc.R 6ea H3MeHeHHH. 

§ 2. 06U{aR reopuR epaBUTGl{UU u onblT 

3asepU1HB C03)].aHHe CBOeH o6ru.eii :reopHH OTHOCH· 
TeJibl!OCTH, 3fmIIITefrn npe.ncKa3a.'l pH,n scp¢eKTOB, KO· 
TOpble MOJKHO 6bIJIO Ha,Ue51TbC51 nponepHTb Ha OIIbJTe. 
C rex nop OhIJIO 3arpaLJeHO MHoro rpy.na H IlOJJYlJeHo 
011eHb MaJio npaKTH'leCKHX pesyJihT8TOB. Ope}l{.n.e Bcern 
CJie.ll,yer yKa33Tb co BCett 5.ICHOCTb!O Ha TO, l.JTO TaKoro po
JI.a scpcpeKTbl He 51BJI5IIOTCJI cne11,Hcpw1ecKMMH TOJibKO .D:JIH 
reopm1 3f!ttmTetina; ucno.1tb3YR cooTnoweHue .Me;JFCoy 
JIWCCOU u &Hepeueu, .MO:JICHO no.1tyt/.UTb aHa.llOi!Ut/.libte pe

SYA bTaTbt npn6nH3HTeJibHO Toro m:e nop51,nKa Ben.1111HHhI. 
HanpHMep, 3iinlllreiiH npe.ncKa3bIBaer OTK.1toneHue 

Ay11a cBera, npoxo,nHru.ero OKOJI0 nosepxHOCTH CoJrnua; 
OJ1H81{0 TOT }Ke pe3y.IIhTaT MO}l{HO IlOJIY'lHTb,,. paccMarpH· 
DilH Jiyll cae;r.a K8'K IlOTOK cpoT:OHOJ3 c sneprneli hv H Mac· 



coli hv/c2. PasJ1IfqHe JIHillb B qHcJieHHOM Ko3cpqnm.HeHre: 
pesyJihrar 9iimnreiiHa B JI.Ba pasa rrpeBbllllaer BeJIHtr1rny, 
110JiyqeHHYIO rryreM paccMorpeHHSI cpOTOHOB. 9KcrrepH
MeHraJibHble AaHHbie B 3roii o6JiacrH oqenb 6eJI.Hbr H 
HMeIOr norpelllHOCTb JI.O 100%; 110JI.p06HbIH anaJIH3 cra
pbIX pesy.TibTaTOB MOJKHO HaHTll B KHHre llla3H [3J; HOBbie 
aKcrrepnMeHTbI He JIYqllle 1). EecrrpHcrpacrnoe paccMor
peHHe 3TllX 3KCIIepHMeHTOB 110Ka3bIBaer, qro 3AeCb cym.c
CTBeHHyIO poJib HrpaIOT MHOfOq!lcJieHHbie IIpHqirnbl, 
BbI3bIBa10m.He HcKa2KeHIIe peayJibTaros; HaH6oJiee sepoHr
Hoii H3BeCTIIOH HaM rrpHtnUIOH SIBJ15IIOTC5I ryp6yJieHTHbie 
rroroKH B coirnetrnoli arMoccpepe. OIJbITbI llla1rnpo .[I], ne
COMHeHHO, 6oJiee HaJI.elKHbl, qeM Ha6mo.rr.emre OTKJIOHe
mrn Jiyqeif csern. 

0o.n.qepKHeM TaK)~. BQ.3M.02KHOe BJill5IHHe COJUlettHOCO 

eerpa, 06pa3y10m.eroc51 B pesyJibTare IIpespam.emrn npn
MepHo JI.eC5ITll MHJIJillOHOB TOHH sem.ecrBa B ceKyH.UY 
B &Heprmo asJiy'leHHHl 

CMewpwe nepuce.!lU.!l Mep11.gpwi (43" sa croJierHe) 
H83bIB8Jill 6JieCT5IIIl.HM llOJI.TBep2KJI.eHHeM npeJI.CKasamrn· 
reoprrn - 42",6; 0,11.HaKO C0111JieMC5I Ha llla3H [3], KOTO
p·bJH HameJI pHJI. Apyrnx npMMepos B com1e'!HOH cHcreMe, 
Kor.rr.a IIpe.n:cKasaHHSI 8iittrnreii1rn 11por1rnopeqar Ol1bITy. 
Tpy.rr.Ho nosepHTb scepbes B cosna,1I.em1e c roirnocrbIO AO 
JJ.oJieii ceKyHAhl B cJiyqae MepKypHH, KOrJI.a B .n.pyrMx 
CJiyLJaHX reoprrn IIpHBO.ll.IIT K OIJlH60LJHOMy HJIH ,ll.aLKe 
llMeIOm.eMy 11pOTllBOl10JIO)KHblH 3HaK peay.1brary . .Uasaii
re 6y.n.eM o6beKTHBHbIMH H npnsnaeM, qro Moryr cym.e
crnosarh II JI.pyrne Hell3BeCTHble CJIQ)KHble 11pHqllHbl 3TO
ro HBJiemrn. Bb1qrrcJieHIIH lliasH OTHOCHTCH K CMem.em110 
nepnreJIIIH qerbrpex n.JJ'.aHer 11 necKOJibKIIX cnyrHIIKOB, 
06pama10lll.IIXCH BOKpyr IIJianer (HanpHMep, K Jlyne). 
BhlLJHCJiemrn oLJenb rpy.LI.Hbl, H03TOMY onrn6KH no Kpaif
Heii Mepe B 5" sa CTOJieTIIe, DO-BIIAlIMOMY, HeII36ex<Hbl. 
TeopIIH 9~mnreiiHa rrpeJJ.cKa3bIBaer 1/6 or IICTIIH11oro 
sHaqeHIIH cMem.eHHH nepHreJIHSI .11.JIH Mapca H npaKTII4e
cKn HYJib JI.JIH BeHepbI. .Uo6aBHM K 3TOMy, •ITO c11momc11-
HOCTb CoJrnua, orKpbnasi .Ll.HKKe, BbI3bIBaer D03MYlll.C:'HIIH, 

1) ITocJJe.o:m1e pa15oTbl a11tepnKaHCKHX yqcuwx, no·llllAllMOMy, 
Il03BOJIH!OT rapallTHpOll3Tb TO'lllOCTb OKOJIO 4%. - llpu.i1. pea. 
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KOTOpble Haaepmma CBOJJ.HT Ha HeT COfJiaCHe TeOpHH c 
9KcnepttMeHTOM JI.JIH MepKypHH. 3TOT aonpoc HeJib3H c<m
TaTb OKQHqaTeJibHO perneHHb!M I). 

§ 3. llepeot{eHKa Bpu8JtCMeHoJrt 
Teopuu OTHOCUTeAbHOCTU 

Ha co.n.ep*aHHe naHHoii KHHrH CHJibHO nonJIHHJIH 
HJJ.eH Bpu.n.>KMeHa H nonqepKHBaeMaH HM tteo6xoJI.HMOcTb 
nocroHHHoro cooTHeceHHH TeopHH c onbITOM. Ero TO<nrn 
apeHH51 COBnanaeT c TQqKoii apeHH51 aBTOpa' HaCTOHIIJ:eH 
KHHrH, a TaK>Ke HaXO.ll.HTCH B IIOJIHOM corJiaCHH c Tpanrr· 
U.HOHHblMH B3fJIHJl.3Mll 60JibllIOH llIKOJlbl cppami;y3CKHX 
ecrecrB0Hcrrb1Tare.nefi, oco6eHHO BepTJio {4], Kroprr [5) rr 
M. BpHJIJII03Ha [6]. 

HaM cJienyeT paccMoTpeTb conep)KaHrre H npHBeCTH 
HeKOTOpbie II.HTaTbI H3 IIOCJie,lI.HeH KHHrH BpHJI.)KMeHa ,[7], 
ony6JIHKoBaHHOH rrocJie era 6esapeMeHHOH CMepn1. B HCH 
COJJ.ep)KHTCH rronpo6Hb!H KprrrrrqecKHH 3H3JIH3 TeopHH OT· 
HOCHTeJibHOCTII c TQqKif 3peHHH, «a36yqHoiI ,ll.JIH IICKyIIIeH
Horo qeJioBeKa». Mbr tteonttoKpaTHO 6yJI.eM HMeTb B03· 
MO>KHOCTb y6e.n.rrTbCH, qro attaJIH3 BpIIJI.)KMeHa oqeHb 
6JJH30K K HaUieMy; Mb! CMeeM ,n,yMaTb, qTQ naHHYIO KHHry 
MO>KHO paccMaTpHB3Tb KaK pa3BHTIIe IIJI.eH H Mero.LI.OB 
BpH,ll.:>KMeHa. 

nJI51 «y.n.o6CTBa» Bpli,ll.)f{MeH HaqmrneT B rrepBOH rJia
Be c ypaBHeHHH JiopeHua rr c caMoro ttaqaJia Bb1pa*aeT 
y6emneHHe B TOM, tJTO ¢opMy.JJbI JiopeHu.a rrpencraBJIHIOT 
co6oii He 6oJiee, qeM «pa6oqHi1 HHCTpyMeHr» Teoprrn or
HocHreJibHOCTH. Mb! corJiaCHbI c TaKoii xapaKTepHCTHKOH 
u IlbITaJIHCb nposecrH qerKoe paa;rnque Memny HaUieii u 
o6r.u:enpHHHTOH TOqKaMH apeHHH, BBe,lI.51 cneu.11aJibHblH rro
cryJiaT C II.eJib!O ycTpaHeHWil 3cpcpeKTa nonJiepa B nep
BOM nopHJI.Ke H coxpaHemrn 3cpcpeKTOB TOJibKO BTOporo 
nopH.n.Ka (CM. rJI. 5). 

1) Ha6JIIo,n.eHHH .[(HKKe [Phys. Rev. Lett., 18, N2 9, 13 ( 1967) J, 
K peayJibTaTy KOTOpblX OH caM OTHOCHJICH ,ll.OCTaT01rno OCTOPOlKHO, 
MoryT o6'hHCHHTb caMoe 6oJibWee 8-20% cMemeHHH rrepHreJia» Mep
xypHR. - llpUM. peo. 
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Bptt,U.mMeH oqeHh HCHo paccMaTprrnaeT npo6JieMhI, 

CB5l33HHhJe c ycTaHOBKOH H cm1xpoHH38U.HeH qacoB. J1MeH 

B BH,Uy rny6oKHH KpttTttl!eCKHH a11aJIH3 PeiixeH6axa [8], 
HHTepecno OTMeTHTh, KaK Bptt,U)!{Mell sarn.mu.aeT CT8pbIH 
npOCTOH MeTO,U pa3Mern.eHHH l[8COB nyTeM TpaHCDOpTH

poBKH 3THX lJ.8COB H3 0,UHoro MeCTa B ,Upyroe. 011 IlOKa-

3h!BaeT, K8K MO:X<HO KOppeKTHO onpe,UeJIHTh 3TOT MeTO)l, 

lJ.T06bI OH 6hIJ1 B IlOJlllOM cornac1rn c paccy)l{,UeHHHMH 

9iim1nei1Ha H PeiixeH6axa. 

06paTHM T8KJ«:e BHHM8HHe Ha TY OCTOpOi«:HOCTb, c 
KOTOpOH BpH,U)KMeH roBOpHT 0 raJitt,1eeBblX CHCTeMax 

OTClJ.eTa ((7), CTp. 78-79): 

«f amrneeBa CHCTeMa OTCl!eTa npe,UC'f3BJISJeT co-

6oi1 iKeCTKHH <Ptt3HIJ.eCKHH KapKac, c KOTOpblM MO)K

HO CB5133Tb KOOp,UMH8THYID CHCTeMy .... CocTaBHb!e l!a

CTH KapKaca He IIO,ll,Bep1KeHbI BHyTpemmM rrnnpmKe

HHHM ..•• ECJIH OH CBH3hIB8eTCH c lJ.8CTIIU.ef1 (HaXO,IIJI

rn.eikH B ero ttaIJ.aJie), TO oo.1tJ1cHa 6btTb a fWJtUttuu 

HeKoropafl Macca, nrpa10rn.a51 poJib HaqaJia KapKa

ca .••• JLorrycTHM, Mhl XOTHM HCilOJib30B8Tb 3TOT Kap

K8C B KaIIecriie CHCTeMbI TOIIeK npHJIO)!{eHH51 pa3JIH'l

Hb!X CHJI, KOTOpbIMH MbI HaMepeBaeMCH ,UeikTBOB8Tb 

Ha pa3JIHl!Hbie l!8CTHU.bI c u.eJibIO C006I11.HTh HM K8-

KOe-JIH6o 38,UaHHOe COCTOHHHe )lBH)KeHHH; ror;.i:a, 
OtteBUOHO, Mbl 00./tJ/Cflbl COe.ltaTb KaptWC J/CeCTKU.M. U 

MUCCUBflbUt. CJIOBO «M8CCHBHbIH» 03H8IIaeT: BO MHO· 
ro pas TH)KeJiee, IJ.eM mo6aH H3 lJ.8CTHU., KOTOpblC 

Moryr BCTYIIaTb BO B38HMO,ll,eikTBHe c 3eMJieH, 

c TOl!HOCTbIO ,ll,O He60JiblllHX nonpaBOK». 

YTBep)K,UeHne Bpu.um:Mena IIOJIHOCTbIO cornacyeTCH c 
TO•IKOH speHHH, H3JIOJKeHHOH B rJI. 4 ,1J.8HHOH KHHrH. 

B 6pow10pe Bpu,n.JKMeHa MHoro HpKnx Meer; Ka1K,n.hIH 

tPH3HK TIOJIYIIHT 60Jibll10e H8CJI81K,1J.eHHe, l[l!T851 ee H pa3· 

6Y1pa51 npe,ll,JIO}KeHHH aBropa. J13 lJHCJia Ml!OrHX 6JieCT51· 

IUHX tt,n,eti OTMenIM OJlHy, QlleHb 3a6aa11y10 (crp. 159, 
160). Bptt.UiKMeH cpaBmrnaer 9JieKrpoiu111aM11Ky c ee 
KOHCTaflTOU c -- CKOpOCTblO caera H KJI8CCli'IeCKYIO Me

xaHHKY «CB060,UllblX» JIBHa<yrn.11xcn MarepnaJlbllblX TO'leK, 
KOTOpble OTHOCHTeJJbHO HeKOTOpoi't raJ!HJieeeoii CHCTeMbl 

OTC 1Iera HMCl-OT iJaHHYIO nOCTOJlHHYIO CKOpOCTb ti B mo6ou 



134 I',taBa 8 

MoMeHT speMem1. Me.1K.uy HHMH mvreeT MeCTo rropaanTeJib· 
Ha.fl aHaJionrn! OH HHTepecyeTC.H, Morno 6hr JIH aTo cxo.u

CTBO 6hITb rny6oKHM, MO:iKHO JIH ,ll.Jlfl UHepTl-lblX Mace 
HaUTU ypaBfle/iUfl, no8o6Hble ypaBfleHUfl.At 3AeKTpOMae

HUTJ-lOeO noAfl. OH .uonycKaeT B03MO.IKHOCTh Toro, tITO 
eCTh p.H,ll. cpH3HlleCKHX acpcpeKTOB, KOTOpble ,ll.O CllX rrop He 
no.u.uasaJIHCh o6ua pyLKeHHIO. .Ilmi 01111camrn aJieKTpo
MarHHTHoro rrOJJ.H Tpe6yeTC.H HaJIHllHe .usyx seKTopos E u 
H; ecm1 rrpe.unoJIOLKHTh, llTo HHepuHaJihHhIH seKTOp E 
COOTBeTCTByeT rpaBHTaUHH, TO KaKoe 3HatieHIIe )J.OJILKHO 
6b1JI0 6b1 HMeTb nuepuHaJibHoe noJie H? 

BpH.UJKMeH He s.uaeTC.H B rro.n.po6HOCTH; onHaKo, He
CMOTp.H Ha ero o6IIJ,eH3BeCTHYIO OCTOpOLKHOCTb, OH He 
6oHTC.H BhICKa3bIBaTh rro.uot5J-Iy10 cpaHTaCTHtiecKyIO rnrro
Tesy. 2ha rnrrOTeaa sacJiyLKHBaeT BHHMaTeJibHOro nayqe
HH.H. CKa3aHHOe 3)1.eCb M02KeT CJIY.lKHTb BBe.II.eHIIeM B HC· 

CJie)J.OBaHHfl K.apcTya, H3JI02KeHHbie B CJie.n.y10I1.1,eM napa
rpacpe. 

§ 4. I'paBUTal{UOHflble BOAflbl 
u npe81wAoJ1ceflUR Kapcrya 

K.apcTya {9] 11cxo.rr.nT Ha aHaJIHaa BpHJIJIIOana H Jl10Ka 
(10], KOTophIH 6hIJI H3JIO:iKeH B rn. 7. MbI no.uIIepKHBaJIH 
rropa3HTeJihHYIO anaJiormo MeLK.uy aJieKTpOCTaTHKOH H 
ypaBHeHHflMH, OIIHChIBaIOIIJ,HMH CTaTHlleCKOe rpaBHTa
U.HOHHOe IIOJie F (rpaBHCTaTHKa). c ueJibIO paccMOTpe
HHfl necTaT1I1:recK11x npo6JieM KapcTya sso.rr.nT aropoe 
cpaBUTal{UOflflOe noAe, H33bJBaeMoe epaBUTal{UOflflbLH 

BuxpeM O; rrpe.rr.noJiaraeTCfl, llTO MelK.n.y 3THMH .UBYM5I 
IIOJI.HMH ycTaHaBJIHBaeTCfl CBH3b c !10MOIIJ,bl0 ypam1eHHtt, 
nono6HbIX ypasnenHHM MaKcseJI.11a, 11 OHH pacnpocTpa
HflKlTCfl co CKOpOCTblO CBeTa c. 

KaK HssecTno, ypasHeHHH MaKcseJIJia co.uepm:aT .use 
KOHCTaHTbI: .unaJieKTpiiIIeCKYIO IlOCT05IHHYIO 8 Ii MarHHT
HyIO BOCIIpHHMIJHBOCTb µ, CBH3aHHhie COOTHOllierrneM 

cµc 2 = l, (8.1) 

H3 KOTOporo MOX\HO onpe.rr.eJIHTb Cl<OpOCTh c pacnpocTpa
HelUUI Bo.Jlli. 



no aHaJiorirn KapcTya BBOJ.l.llT ABe rpaBliTall.I10HHhie 
KOHCTaHThl 8g li µg. Jl.JI5I Bg 6epeTC5I TO :me. 3Hal!eHire, l!TO 
ri a ypaBHemrn (7.1): 

I 
eg=-cr· (8.2) 

r.ue G - Hh!OTOHOBCKa5I rpaanrau,HoHHa5I nocT05IHHa5I. 
Orc10.ua BhITeKaer, l!TO cJie.uyer B3HTh 

G 
µg= - (:2, (8.3) 

l!T06hl BblllOJIHHJIOCh COOTHOilleHIIe (8.1). <l>aKTIIl!eCKH 
KapcTya HCTIOJih3yer .upyry10 cH:cteMy e.umrnu;, l!TO npn
BO.UIIT K aaMeHe G Ha 4ny; KpoMe Toro, Harne rpaBttTa
ll.HOHHOe noJie F OH o6oaHal!aeT nocpe.ucTBOM G. 3ann
ChIBa5I ypaaHe1rn5I MaKcBeJIJia .UJIH rpamnau;m1, Kapcrya 
IlOJiyl!aer CllCTeMy 

rotF=- <JQ. at • 
VF=-Gpg, 

I ap G l 
rot Q =caTt-7Jg, ~ 

VQ=O, j 
(8.4) 

r.ue pg - IlJIOTHOCTh MaCChl, Jg - rpaBHTaIJ,HOHHh!H TOK, 
g _ rpaBHTaIJ,HOHHhlH BHXpb. 

3aTeM KapcTya paccMarprrnaeT aoa~om:Hy10 poJih 
rpam1TaU.ttOHHoro BHXp5I B npo6JieMe yc'IO!Il!liBOcTH apa
maioill,HXCH Mace II o6cy)K.uaer pH.n npo6JieM KocMoro
HHH. 

Paccl\rnTpilM CHOBa HeJIIIHefmy10 aa.uaqy, 06cyll<.UaB
my10cH B rJI. 7; Mb! o6Hapy)KHBaeM, l!TO ypaBHeHHe pac
npocrpaHeHH5I BOJIH HMeeT aHaJIOflll!Hhle oco6eHHOCTH. 
CTJIOTHOCTb 3HeprHH IIOJI5I COCTOIIT II3 .UBYX cJiaraeMhIX, 
O.UHO !13 KOTOpbIX nponopu;noHaJihHO IF I 2 f cp. c qiopMy
Jiofr (7.10)], a .upyroe-101 2. CTJIOTHOCTH 3HeprttII oTBe
qaer IIJIOTHOCTh .UOilOJIHHTeJihHhIX Mace, T. e. LlOTIOJIHH
teJibHOe cJiaraeMoe 

I I F 12 + c2 I Q 12 

PJJ.on = Gc2 8rt ' (8.5) 

II MhI, taKIIM o6pa30M, npHX0.11.liM K HeJIIIlleihfblM ypaa
HeHirnM pacnpocrpaHenm1 rpaB11Tau;1m. Kai< OTMClJaJIOch 
B rJI. 7, cJiaraeMoe p11on acer.u.a onHchmaer orpnu;areJih· 
Hyro nJIOTHOCth Mace. PaaanrHe reop1rn Kapcrya OTKpbI
aaeT mnpoKoe TIOJIC .ll.JI5I AaJibHCHWHX HCCJlC.ll.OBaHHH. lJ:To 
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Ta1we rpaBHTaU.HOHHb!H BHXpb H KaKyIO pOJib OH MO)KeT 

nrparh? KaK 11 np11 KaKHX o6cT05IreJibCTBax ero MO)KHO 
1rn6mon.arh? 3.u.ecb Mb! OTMeTHM TOJibKO, qro :=na HOBaH 

.11HHH5I HCCJie.U.OBaHH5I, B03MOJKHO, He oqeHb .u.aJieKa OT 

OIIHCaHHH c IIOMOII.I.b!O ypaBHeHHH .3iiHIIITeHHa .UJI5I pac

npocrpaHeHH5I rpaBHTaU.HH, TaK KaK HeKOTOpb!M aBropaM 

y)Ke y.rr.aJIOCb IIpHBeCTH ypaBHeHHH .3iiHIIITeiiHa K BH.LJ.y, 

no.no6HoMy ¢opMyJiaM (8.4). lfarareJIB, )KeJia10mero no-

3HaKOMHThCH c )J,aJibHeHIIIHM pa3BHTHeM TeopHH, Mhl 

OTChIJiaeM K pa6oraM Kapcrya. 

YKaJKeM renepb, qro no.no611e rpaB11rau.110HHh1x ypas

HeHHii Kapcrya 11 ypaBHeHHH 3JieKTpo.11.11naMHK11 MaKc

seJIJia rrpHBOJJ.HT K pHJJ.Y JII06orrhrTHbIX rrpep;cKasaH11ii:: 

BOJ!Hhl 06011x THIIOB nonepeqHbl H pacnpocrpaHHIOTCH c 

OJJ.HOH H TOH )Ke CKOpOCTb!O c; 3TO o6cTOHTeJihCTBO .LI.OJI)K· 

HO cnoco6CTBOBaTb CHJihHOMY B3aHMO.U.eHCTBHIO, ecJIH OHO 

0006111.e B03MO)KHO; O.U.HaKO B03MO)KHOCTb B3aHMO.LJ.eii

CTBHH HeMeJJ.J1eHHO CTaHOBHTCH flCHOii 113 CJie.ny10mux 

paccpK.11.eHHif. CTJIOTHOCTh 3Hepnm 3JieKrpoMarmITHoro 

IIOJIH, cornacuo KJiacc11qecKoii ¢opMyJie, paBHa 

(8.6) 

r.n.c E H H o6o3Hal!a!Or coorBeTCTBeuuo 3JieKrp11qecKoe 11 
MarHHTHOe IlOJIH. 3ra nAOTHOCTb 3AeKTPOMaZHUTHOU 

3Hepzuu ~3M OTBeqaer IlOJIO)KHTeJibHOH IlJIOTHOCTH Mac

Chi PaM, JJ;orr, Koropy10 CJie.u.yer .rr.o6aBHTh K orp1111.arem~Hoii 
OJIOTHOCTH pJJ;orr (8.5), a 9TO cyMMapHoe pacrrpe.u.eJieHHe 
Mace npH JII060M Tune 9JieKTpOMarHHTHOfO IlOJIH nopo

>K.naeT HOBOe rpaB11rau.110HHoe noJie. TaKHM o6pa30M, Mhl 

IIOJIYllHJIH oqeHb HCHOe yKa3aHHe Ha npocryIO CBfl3b MC)K

/J..Y 9JieKTpOMarneTH3MOM H rpaBHTaU.Heii; 3Ta npo6JieMa 
ocraeTCH OTKpbITOH .11.Jlfl .u.aJibHeiiwero HCCJie.U.OBaHHH I). 

I) 11.n.ell «M8KCBeJIJIH38UHH» ypaBHeHHtt IIOJ!ll rpaBllTaUIUI O'IeHb 
ctapa. nepBblM e!O 38HllM8JIC!I caM MaKCBeJIJI [MaiccBeAA JI.. K., 
1136p. coq, rro 1eoptt11 :>JieKtpoMarn11tHoro rro.rrn, M., 1954]. llp11 pa3-
BllTHH TaKOtt teop1111 ero 03a.n.aIJHJia onpe.n.eJieHHO otpttuateJibHall 
suepru!! noJIH, noqeMy OH H npeKpat11JI e10 3aHHMaTbCll JlaJ1ee. MolK
HO yKa3aTb ooJiee .n.ecHTKa pa6ot B :>TOM HarrpaBJie1rnn H cpe.n.11 n11x 
aa noCJJe.n.H11e ro.n.h1: fl erpoB A. 3., .UAH, 190, 305 ( 1970); Dehnen, 
Ann. der Phys., 7, B. 13, H. 3-4 (1964); Burghardt R., Acta Phys. 
Austr., 32, 272-281 (1970). - /lpuM. peo. . 



YJKe rrocJie HarrIIcamrn paccMoTpeHHbIX s.uecb pa6oT 

KapcTya o6Hapy1KIIJI y XeBIIcaii.n.a [11] BechMa Heo6br

tJHOe 3aMetJaHIIe, B KOTOpOM OH rrpe.uJiaraeT OITilCbI

B3Tb rpaBHTaumo rrocpe.ncTBOM CllCTeMbl ypaBHeHHH, 

OIJ:eHb ITOXQ)KllX Ha ypaBHeHirn 9JieKTPO.UHHa MIIKII M.aK

CBeJIJia II Ha tj:JopMyJihI KapcTya. XeBncaii.u rroKashrnaeT, 

'ITO B 9Tl1 ypaBHeHII51 .uomKHO BXO.UllTb BTopoe ITOJie, rro

.no6Hoe MafHIITHOMY rromo; 9TO He 'ITO mrne, KaK BlIXpb 

KapcTya Q. KaJKeTCH CTpaHHbIM, 'ITO TaKaH BaJKHaH pa-

6oTa OCTaJiaCb He3al\1etJeHHOtt Ha rrpOT51JKeHIIII MHOrHX JieT; 

OJJ.HaKo tJIITaTeJIIo cJie.uyeT BCITOMHHTh, LJTO XeB11caii.u 

6bIJI uerrpll3HaHHbIM rermaJibHblM tj:JII311KOM, ITOKilHYTblM 

nceMH, KpoMe HeMHOrrrx rrpe.uarrnbrx .n:pysei'!. 

§ 5. Tpe6yncR 2pa3ep! 

M.b1 rro.uxoJJ.11M K Konuy uawero oqepKa. OocJie 06-

cy}K,Uemrn MHOrllX npo6JieM, KaK TeopeT11qecKIIX, TaK lI 

9KcrrepHMeHTaJibHbIX, Mb! rrplIXO.UlIM K CJie.n:yrom:eMy Bbl

BO,Uy: TO, qero He Mor COBepllllITb reHiltt 3ttHlllTettHa, 

Bp51JJ: Jil1 CMO}KeT .UOCTIIqb KTO-Jill6o 113 COBpeMeHHblX yqe

HbIX, .n:a>Ke CTOJlb }I\e reHIJaJlbHblH. c HaLiaJia 9TOro BeKa 

Mbl HaKOITII.7111 orpoMHOe KOJI11qecTBO 3Hamn'.i; MHOrlle II3 

HalllIIX OTKpblTiltt IIMeJIII 9KcrrepHMeHTaJibHYIO ITOLIBy, a 
TeopIIH MO}KeT pa3BIIBaTbCH T0,7JbKO ua rrpoqHQH OCHOBe 

oiMrrIIpIIqecKIIX .n.aHHbIX. Kor.ua Mb! paccMaTpHBaeM rpa

n11rnumo, ee npnpo.uy II ee pacnpocTpaneHne, MbI .uoJIJK
HhI qecTHO rrpII3HaTb, 'ITO nporpecc B 9TOtt o6JiaCTII rroqTlf 

OTCYTCTBOBaJI. M.bl 3HaeM cefiqac He HaMHOro 60Jibllle, 

qeM CTO JieT Hasa.n:, «IlOTOMY qTo Il3MepHeMbie 9tj:Jtj:JeKTbl 

Kpaii:He nesnaqnTeJibHhI». OocKOJihKY MbI He MO)f\eM H3-

MeHIITb IIX nop51.UOK BeJIIIqIIHbl, TO e.n:IIHCTBeHHOe, l!TO Mb! 
MOJKeM C,UeJiaTb, -- 91'0 II3MeHIITb Hawy 9KCrrep11Me11TaJib

HYIO MeTo.n:11Ky. 
Pa.rr.II0Texn11Ka Haxo.u11Jiacb Ha MepTBOH TO'IKe .rr.o Tex 

nop, IIOKa .Ue <l>opecT He II306peJI ycIIJIIITeJibHYIO JJaMny; 

pa3BIITIIe OilTIIKII rrpOIICXO.UIIJIO Me,UJieHHO .n:o Tex nop, 
rroKa Tayuc 1) He IIso6peJI MaJepbI 11 KacTJJep He 

1) Totrnee, A. M. Ilpoxopos, H. r. Bacos H 4. TayHc, noJiyqHB
WHe BTpoeM sa 9To OTKpbITHe Ho6eJiescKyto npeMHIO. - fl puM. peiJ. 
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cKoHcrpynposaJI JiaaepbI. K.oMy cym:,n:eHo B HaUie speMH 

IIOCTpOHTb epa3ep, MOilJ,HblH yc11JUneJib rpaBHT3UHOHHblX 

BOJIH? Kor,n:a Haum 3Kcrrep11MeHTaJihHhie cpe,n:cTBa cTa

HYT B MHJIJIHOH pa3 6oJiee MOW.HbIMlI, qeM Ce!OJ(HH, TO
r.n:a Mbl 6y,n:eM B COCTOHHHH Ha6JIIOJ1.3Tb rpaswraUHOHHbie 

BOJIHbI, ll3MepRTb HX 'l8CTOTy, CKOpOCTb, HCCJie,n:DB3Tb 

cnoco6 HX pacnpocTpaHeHHH. 

Mb1 yaHaeM, HBJIHIOTCH JIH 3TH soJIHhI rrpo,n:oJibHhIMH 

(KaK 3BYKOBWe BOJIHbl B raaax)' HJIH rrorrepeqHbIMII (no
JI.06HO 3JieKTpOM3rHl!THbIM), lI.'llI CMeUiaHHbIMH, TeH30p
HblMl! BOJIHaMl!. MHorne cp1I3HK1I C'lHTaJin nx npo

Jl.OJibHhIMl!; HanpOTHB, XeBl!caii.n:, BplI.UIB:MeH n KapcTya 
rrpe,n:noJiaraJIH, qTo OHH 51BJIRJOTC51 nonepe'lHbIMH, KaK 

eJieKTpoMarnHTHhie BOJIHhI. Mb! J1.0JITh'.HhI 6bITh B cocToH

HHII ,n:aTh oTBeT no KpaiiHeii Mepe Ha 3TOT aonpoc! 

c IIOMOilJ,bIO rpaaepa Mb! CMOiKeM ycTaHOBHTb, ,n:eii

CTBHTeJibHO Jll! CKOpOCTb rpaBlIT8UlIOHHbIX BOJIH paBHa 

cKopocTH cseTa. EcJIH oKam:eTCH, 'ITO rpaBl!TaUl!OHHbie 
BOJIHbI pacnpocrpaHHIOTCH co CKOpOCTbIO, MeHblllefi c, TO 

CJie.nyeT OIB:HJ1.3Tb IIOHBJieHlIH epaBUTalfUOHHblX yaapHblX 
BOAH npH J1.BHIB:emrn 'l3CTHU co CKOpOCTHMH, 6JIH3Kl!MH K 
c, a TaKHX qacTlIU MHoro. Mom:Ho 6blJIO 6bI pellll!Tb pH.n 

BaIB:HbIX npo6JieM, OTKpblJIOCb 6b! MHOro HOBblX nyTeii. 

J1306peTCHHe rpaaepa OTI<pb!JIO 6hI 60JihllIYIO rnasy B 

QJH3l!Ke; HH>KeHepbl CMOfJil! 6bJ C03J1.3Tb Ha ero OCHOBe 
.uam:e rpaBl!TauuoHHhie nepe.naTql!KH H rrpneMHHKH, cno
co6Hbie KOHKyptt:posaTb c pa.nl!o! OH HBlIJICH 6bl HeaaMe

HHMhIM cpe.LLCTBOM HayqHoro HCCJie,n:OB3HlI51, 11TaK, Tpe

oyeTCH epa3ep! 
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