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YAK 530.1

dta kHura siBHach nocsienHei paGoTol KpymHoro
¢pannyackoro yuenoro Jleona Bpuaniosna. B Hed on,
HCHOJMb3ys METOALI aHa/iM3a Onepauui, HccledyeT, yTod-
HfIET M NepecMaTpHUBAET OCHORHbLIE TIOJIOXEHHS CIeiH-
anbHOl M obulell TEOPHH OTHOCHTEJLHOCTH DHHITEHHA.

ABTOp nNPHXOAMT K BBHIBOAY, uTO OOy TEOPHIO
OTHOCHTE/LIOCTH CJACAYeT paccMaTpHBaTh TOALKO Kak
HEKOTOpoe npubauKenHe K HeACTBHTEJbHOCTH H UTO
ona Tpefyer CepLe3nOro yTouHeHHs n mepecMorpa. On
aHAMH3HPYCT DAA TCOPETHYECKHX H SKCHCPHMEHTANbHHIX
npo6aem: Kak Ha6/i0JlaThb IPaBHTAUMOHHblE BOJIHBI, Kak
H3MEpPHTb HX YacTOTY H CKOPOCTb, KaKHe NpPUMEHEeHHS
OHHM Moryu 6bl HaATH B (H3WKe, Kak C NOMONIbIO pa-
BHTAaOHOHHOTC &HaJora Jasepa — erpasepa» — yyeHHe
Morsiu Obl yCTanOBHTb, paBHa JIH CKOPOCTb pacnpocTrpa-
HEHHs TPAaBHTALlMOHHLIX BOJIH CKODOCTH CBeTa.

Knnra npencrasisier 60JbLIOH HHTEpeC M Ads Clie-
DHaNUCTOB M I/A IIMPOKOrG Kpyra uuTateseil, HHTepe-
CYIOWIUXCA COBPEMEHHBIMH npo6JieMaMu (U3HKH,

Pedaryua auteparypol no usuxe

Hrp, 2-8-1
61-72
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lMpeanaraemana BHUMaHHIO uuTaTedn KHura Jleoma
DpHANIOSHA BblINA B CBET B OpUrHHaje mocae CMepTH
nuropa, nuaatonterocs ¢GpaHILy3cKOro yueHoro, KOTOpbiil
nice cymectoennnit Bknaa B HU3MKY TBepioro rtesna H
Teopuio HHpopMmannu. OHa, HECOMHCHHO, 3acJayXXHBaeT
IPHCTANBIOrO BHUMaHHusA, nockonbKy J1. Bpuajiwosn noa-
XOJANT K NMPeAMCTy C HOBLIX MO3UILHH, YUHTHLIBAIOMAX 10-
CACANNC ROCTHIKEHUS HAYKH.

10T NOAXOAL NMpeKAe BCErO COCTOHT B TOYHOM aHa-
JIAC OCHOBHBIX NOJOXEHHMI cneluaJbHOR ¥ obulell Teo-
PIH oTHOCHTENbHOCTH Ha 6a3e onpeleleHusa QU3KMKH Kak
ykenepumentannioh naykn. Hu oana dusmueckas Tteo-
P e MOMeT NpeTCHAOBATHL HA TO, YTO ona aaer ab-
COJIOTIO NEPHYI0 KAPTHIY npupoint. Beerna cyuwecrsyior
FPANKIL NPUMEIIMOCTI TCOPHH, BLISIBASICMLIC NP CONO-
CTARNCHINE TEOPIH ¢ SKCHOPUMCHITOM H yTOUIISICMBle NPH
HOCTOSIIONM CPABNCIHN C¢ ¢ HOBLIMH ONLITHLIMH AaHHbLI
mit. Ckasannoe, pasyMmeeTcsi, OTHOCHTCS M K TEOPHH OT-
HOCHTCALIOCTH.

Crneuuanbias TeopHs OTHOCHUTEJILHOCTH, 1O 3aMbICay
OfinmTedina, QOMKHA Ob1a  JIOTHYECKH BLITEKaTb M3
HPHIIHIE TIOCTOSHCTBA CKOPOCTH CBera H  0GOOLIEHHA
NpHIILINTAG OTHOCHTENIBHOCTH (COBpeMeHHas HoJHas ee
HKCHOMAaTHKA (aKTHYECKH BKJIOUAET 3HAYMTEJIbHO GONb-
e NoJOMeHHA). ITa TeOpUs HMeeT Ype3BbIYaiHO y6enH- |
TC/IbHBIE 3KCIEPHMEHTaJbHble NOATBEPXKAEHHS, LOCTaB-
JisieMble AHepHOH (H3HKOM, W NO CYIIECTBY NEXHT B OC-
110Be AAEpHOA 3IHepreTHKH. 3AeChb peyb MOXET HATH
JHUIb 06 YTOUHEHHH OOJaCTH NMPHMEHHMOCTH TEOPHH H
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Gosiee TILATENbHOH MpPOBepPKe IKCMEPHMEHTANbHBIX (aK-
TOB, Ha KOTOPbIX OHa OCHOBLIBaeTCS.

Uro xe kacaercsi obulelt TEOPHH OTHOCHTENbLHOCTH,
TO BONPEKH NOBOJILHO UIHPOKO PaclpoOCTPaHEHHOMY MHe-
HHIO MOTryyee COOPYXe€HHe 3TOH TeOpDHH MNOKOHTCA Ha
CTOJIb IIATKOM 3KCNEPHMEHTANbHOM (YyHIaMeHTe, UTO ee
MOHO OblJIo 6Bl Ha3BaTb KOJIOCCOM HA MNIMHAHHIX HOTax.
B caMom aene, sTOT QyHAaMeHT B Hacrosllee BpeMsi 06-
pa3oBaH BCero JHIIb ABYMS acTPOHOMHUECKHMH HabJiio-
JeHHAMH (cMelleHHe nepureqns MepKkypus H OTKJIOHe-
lHe CBETOBOTO Jyya NpPH NPOXOXKAGHHH OKOJO JHCKa
ConAua) u onHMM HaOJIONeHHEM KPAacHOTO CMeLIeHHS
B nose Gosbliofi Macchl (KOTOpoe MOXKeT GhITb 0GbsicHe-
HO H 6e3 mpHBJeueHusi obieii TeOPHH OTHOCHTEJbHOCTH).
JlenaloTcs TakiKe NONBITKH OGBACHUTL ¢ MOMOLILIO O06-
el TEOPHH OTHOCHTENBLHOCTH TakHe 3G @eKkTH peasaTu-
BHCTCKO# acTpOQH3HKH, KaK PeJHKTOBOE M3JyyeHHe, pas-
Geranne ranaktiaxk (3¢dekr Xa66aa).

[Tonyuaercs napalokcanbHasa kaptHHa. C ofHoil cTO-
poubl, 00Iias TEOPHS OTHOCHTENbHOCTH fBJSIETCS OCHO-
BOW, Ha KOTOpofi pa3paGaTLIBAIOTCA caMbleé TOHKHE Me-
TORKW HCCAEAOBAHHA MHpPa (TOMOJOrHYeCKHe, HHBapHaHT-
HO-IDYNNOBble, Ppacc/AOeHHbIX MHoOroo6pas3uéi u T. n.),
B Hedl MAPHMEHSIOTCA TaKHe H3slIHble aHAJOrHH, Kak
KBaHTOBaHHe [PAaBHTAIlMOHHOIO noJjs, a ¢ ApYyroii — or-
CYTCTBYeT TiLaTeJbHas IKCNepHMeHTaJbHAas NpoBepxa
OCHOBHOH aKCHOMBI 3TOH TeOpHH, OTOXAeCTBAAOULeH
nojie rPpaBHTaUHH € NPOCTPAHCTBEHHO-BPEMEHHHIM KOH-
THHYYMOM, He CYIIeCTBYeT ONHITHHIX H3MepeHHH OCHOB-
HHX BeJMYHH TeOPHH, HanmpHMep SHEPru¥ NOJA TAroTe-
HHuA.

Ecau, nanpuMep, ucTopHueckoe pa3BUTHe KBaHTOBO#
MEXaHHKH TMOKa3blBaeT MOCTENEeHHOEe €e COBEPLIEHCTBO-
BaHHe, «B3pocjeHHe», Bce GoJjibulee MOBHILEHHE ee TOY-
HOCTH 6J1arojlapsi HaKOIJIEHHIO 3KCNEPHMEHTaNbHOrO Ma-
TepHaJa H BKJIOYEHHIO €ro B TEOPHIO, TO oflias TeopHs
OTHOCHTEALHOCTH [0 CHX MOP IerojsieT B KOPOTKHX
IUTAHHINKAX «BYHAEPKHHAA», KOTOPOMY BCe [MO3BOJIEHO
H Jlaxe — OcBOOOXKJeHHE OT JdKCNepHMeHTaAbHOH npo-
BepkH. Jlns MCTHHHOrO (H3HKa Takoe -[OJOMEHHEe He-
TEPOHMO,
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[MosroMy caMeIM «ropsiuuM MecToM» B obmiefl Teo-
PHH OTHOCHTEJNIHOCTH CerofHs fBJsieTcs npobreMa ee
SKCNEepHMEHTaNbHOTO 0GOCHOBaRHuA. DTy npobiemy ara-
KYIOT ¢ ABYX CTOPOH. TeOpeTHKH MNbITAlOTCA YNPOCTHTb
o0IuyI0 TEOPHIO, «JIMHEAPH3YA» HJIH «MAKCBRAIH3IHPYA»
ec no o6pasly TEOPHH SNEKTPOMATHHTHOrO NOJA, € TeM
4TOGNLl YAaJoCh HAfiTH MYTH K PasyMHbIM CXeMaM HOBBIX
SKCNepHMEHTOB no rpaBHTalHH. Cpel# 3KCNePHMEHTATO-
poR B nocjefHHe rOfibl BO3HHK HacTofiLiuii «6ym», cBS-
SalHLIA ¢ JeTEKTHPOBaHHEM TI'PABHTAllMOHHHX BOJH H3
KocMoca (cerofHs 9TH ONBITH CTaBATCA yxe Goaee ueM
B jiccaTKe nabopaTopuil pasHbiX CTpaH).

MMenno B Takux cutTyaumax npuoGperaloT ocobyio
HWeHNOCTL HAZANMS, anajoruuible kuure DBpuamosna.
B nefl xak pas npueyrcTsyer To, UTO UYXKHO CeroiHs
Sl NOCTPOCHHS  TCOPHI TPABHTALNM, — COBPEMEHHBIA
Hoyunuit NoAXoA ¢ HcnoaL3oBatiieM AaHIbIX TeopuH ¢H-
ANMCCKHX HaMepenult M Teopun uHbOpMaUuH.

Tlepnoft HOUTHTENLHOFO BOCXMIEHHS TeHHAAbHOH TH-
noresoft Dftmwreiina 3akonuuncs. Temepb cIHIMEH TH-
MEJALIC [UATH X035HNa B (H3MKE — HAET €r0 BEJHIECTBO
9KCHCPHMOHT, KOTOPOMY TONBKO H [aHO CKasarb, 4To
B 9TO} rMNoOTE3C NAaXORUT NOATBepXKAeHHe B NMpPUpPOJAe, a
NTO CACJYET OTGPOCHTD,

Bpuanosn n cnoeft Kiire BaeT ot nonatHs «HaGJI0-
ABOMLIX®, TOM CAMIIM BLJUSHIUS HA NICPROC MECTO TNOHS-
THH HaMepeitns n mpopmanin, ua Koropuix GopMupyer-
cn reopiut, Henoanayn wanecerinie weencaosanus Bpupx-
Menn, ON HETACTCH NPOSOJIKHTL KPHTHUECKHMH aHaJA3
cneunaabioft 1 obuelt Teopuun orHocuTenbHOCTH. He
CACAYST OHAATL OT 9TOH KHMIM BceoGbeMJIOLIEro aHa-
JHAH NPO/AMETA, OllA JHUWDL MOMLITKA TAKOr0 POAa aHa-
Jdunn, Bonce ne nce soiBoast bBpuaniosHa sBasiores
OKONYATEALULIMI, HO STO MONLITKA YYEHOTO € HOBHIX NO-
SHIUA nopofTH K McencaOoBaHHI0 HaspeBuwell NPoGaeMbl.
B Kunre BreaCHI TOJALKO BONPOCH, OCOGEHHO GAHM3KHe
ABTOPY, W ONYHICHI ¢ MeHee BakHble NMPOGJaeMbl, CTOA-
uHe na nowecrie aAnn, JLMCKyccHOHHas MO COAEPXKAHHMIO,
caexan no dopme xnura BpuaniosHa 3acayxuBaeT BHH-
Ma8HHA WHPOKOIO KPyra NI0feH, MHTEPECYIOMIHXCA Teo-
pueil OTHOCHTEALHOCTH, o
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CpaBHuBast pa3BHTHe KBAaHTOBOH TEODHH H TEOPHH
OTHOCHTEJIbHOCTH, aBTOD AeJlaeT PAJ HHTEPECHHIX BLIBO-
OB, B TOM 4YHCJE OTMeyaeT 3HauYeHHe CBOeoGpa3HOro
cHMMGHO32 TEOPHH H 3KCIEpDHMeHTa B KBaHTOBOH TEOPHH,
BeJIMKOJICNIHOE NOATBEePKAEHHEe chenHabHOR (uacTHOH)
TEOPHH OTHOCHTEJbHOCTH B f1lepHOA (DU3HKe H, K COXKa-
JIEHHIO, COBEpIIGHHO HEJOCTATOYHOE ONBITHOE MOATBEpXK-
JieHue ofittell TeopuH oTHOcHMTeNbHOCTH. OaHAKO, HCXOLA
U3 '3TOTO, aBTOP Je/aeT yepecuyp KaTeropHueckue BLIBO-
ol («O6ias Teopus OTHOCHTENBHOCTH — TMpHMep BeJH-
KOJIeNHOA MaTeMaTHYeCKOR TeOpHH, noc*rpoenuoﬁ Ha nec-
Ke», «KocMOJIOTHA — npHMep HayyHOH (aHTACTHKH»
H T. .). DTH BHIBOJAbH MOXHO GuIO Gbl 06CYXKAATh TO/Ib-
KO NMpPH HAJHUHH TUIATENBHOH apryMeHTauuH aBTopa,
KOTOpas B NaHHOM cayyae orcyrcTByer. Ho npuunna ux
OYeBHJIHA: TIPH CPABHEHHH C KBaHTOBOH TeOpHefl, BbIpOC-
"Ied Ha SKCNEPHMEHTe, KaK Ha JPOXKKax, obuias TeopHs
OTHOCHTE/IBHOCTH MHOTO HPOMTPBIBAET — M HEBOJIbHO 3a-
poxjaeTcsi «4epBb COMHeHmf». OCTaBjsfi KaTeropuu-
HOCTb (POpPMYJHPOBOK HAa COBECTH aBTOPAa, MOXKHO TOBO-
PHTb O TOM, UTO OOUIAf TEOPHsT OTHOCHTEJbHOCTH, Mpen-
cTaBisaa co0ofl BeJHKOJENHYI0 MaTeMaTHYeCKyiO TEOpHIO,
TpebyeT AJia CBOGrO BO3BEILEHHS B PaHT (PH3UYECKON Teo-
pHH ellle NPOBEPKH ONLITOM, IPOBEPKH HA 3BPHCTHYHOCTD,
.0060CHOBaHHS OCHOBHBIX (PH3HUECKHX BEJUUHH M COOTHO-
IIeHUH MeXKY HUMH. |

- Ho naxke B pamkax cnenuajbHOf Teoplm OTHOCH-
_TENLHOCTH MOXKHO YKa3aTbh PAA TMPHHUMINHAJLHBIX COOT-
HOULIEHHH, KOTOphle ellie HEJOCTATOUHO 9KCIEPHMEHTaJb-
HO MOATBEpKAeHH H BMecTe C TeM CYLIeCTBEHHH AJiA
NocTpoeHHs Teopuu rpaputauuu. Tak, Heioton npeanona-
raj, 4T0 CKOPOCTb paclpOCTPaHeHHs TIPaBHTAIHOHHEIX
BO3MYyllleHHH paBHa OGeckOHeyHOCTH. B pamkax cne-
IHaJbHOH TEODHH OTHOCHTENBHOCTH CJAefyeT CYHTaTh,
YTO 3Ta €KOPOCTb He MpeBHIIAET CKOPOCTH cBera. DiH-
wTefH NPEANONOXKH, UYTO OHA PaBHA CKOPOCTH CBeTa, 110
.TIOKa He CYIIeCTBYeT 9KCIepHMEHTANbHRIX AAHHBIX O CKO-
POCTH pPacnpoOCTPaHeHHs TPaBHTALMH W STQT BOMPOC OC-
TaeTc OTKPHITHIM. MiMeeTca menwiii psn Takux npobaem,
elle KAYUHX 3KCIePHMEHTAJAbHOTO pelieHHUs,
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MoxHO 6bl10 OBl AUCKYTHPOBATbH C aBTOPOM MO MOBO-
Ay APYTHX YyTBepXIeHHH, 0CO6eHHO TeX, KOTOphble Ka-
caloTca o6utefl TeOPUH OTHOCHTENBHOCTH. KpHTHKYs 3Ty
TEOPHIO H yKa3blBas Ha Te W/H HHble ec HelOCTAaTKH, He-
siCHble MOHATHA HJM CrnopHble yTBepxAaetdsi (a oOHh
HMEIOTCA B 3TOH TeopuH, TPeOYIOT PasbACHEHHUS, H YHCAO
MX TPH KeJaHHH MOXKHO OblI0 Ot yBeNHUHTb N0 cpas-
HEeHHIO ¢ TeM, YTO HPHUBOAMT aBTOp), DpHIIO’H MHOTAA
PHCKYeT OKa3aTbCfi B INOJOXEeHHH YeJ0BeKa, KOTOpbIi
BMeCTe ¢ BOJOI BHIULIECKHBAeT H3 BAaHHH H pebeHKa; o#
3a6bIBaeT, YTO peub HAET O TEOPHH, KOYOpas Bce. Ke
C BEJHKOJIEIHOH TOYHOCTBIO MNPEACKA3HIBaeT KoJjnyect-
BeHHO HalOgawofaeMmble 3ddekTsl H KOTOpad, NMpasBjaa, eme
Tpe6GyeT 3KCNEPHMEHTAALION NPOBepKU. DTH OYeBHAHLIE
coobpazkenus, HyxHo Aymarb, 6yJAeT UMeTb B BHAY Ji0-
6ofi BAYMUHMBLIA uMTaTesNb. leM HC MeHee DAL OCTPHIX
KPHTHYECKHX 3aMeyaHHH, BbickaspiBaeMblx BpuniaosHow,
neJib3s c6pockth co cueroB. O6ulas TeopHs OTHOCHTEJb-
HOCTH JOJI)KHA JaTbhb Ha HUX OTBET U TeM CAMBiM. 3amn-
THTb CBOE TMPaBO Ha CyLecTBOBaHHe.

Cpean paccmatpuBaemblx Bpunmaiossom ponpocos 3a-
CJ1y2KHB2IOT OCOGOro BHHMAaHHMSA CJSAYIOLLME: TeOpHA OfT-
HOCHTEJNbHOCTH H TOTeHUHaJbHAsl 3HEPrHsl; CKOPOCTh
pacnpocTpaHeHHsl TPABHTALHOHHONO B3aUMOJICHCTBHA H
KBaurosble aroMmuble uackl; sddext [lonnepa B crne-
UHAALIOR TCOPHH oTiocHTeabltoeTi. Tlpn  o6cy:kaeHHH

STHX BOUPOCOBR ABTOP, HCXOAN H3 COBPCMCHHLIX TeXHHYe-
CKIX BOIMOKUOCTCl HaMepeltst, HepecMaTphBactT BLIBO-
JUl CICIHAMLIOR TCOPHH OTHOCHTENbHOCTH, H. TAKOH aHa-

JIH3 4UPC3BBLIYAITNO XapaKTepeH AJi COBPEMEHHO!N (DH3UKH.
Bce ypenuuuBalomlascs TOUHOCTh H3MEPEHHs NPHBOAMT
3a4aCTyl0 K KauyeCTBEHHO HOBHIM BbIBOZAaM. JTO ecTe-
CTBCHHO H HeOOXOXHMO AJA pasBHBaliefica (HHU3HUECKOR
nayku. CkaxeM, BONpPOC AeTEKTHPOBAaHHS TPaBHTALHOH-
HbIX BOJIH, KOTOPHIi NPH TMOJOXHTEJNbHOM pellieHHH
npuBesl Obl K MOJYYEHHIO MPHHUHIHAJBHBIX pe3y/]bTaToB
IJs NOCTPOEHHs1 TeOPHH TrpaBUTALHH, eCTb, N0 Cy-
L1eCTBY, BONPOC TOYHOCTH [AeTEKTHPYIOLIHX YCTPOHCTB.
Tonbko npH onpejeseHHOM KJaacce TOYHOCTH AETEKTOPOB
MOMKHO 3a(PHKCHPOBaTb 4AaCTOTH H H3MEPHThb HHTEHCHB-
HOCTb rpPaBHTAUHOHHHX BoJH. IlouTH Bce cBefeHHRt 06
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SKCHepUMENTANbHON TOYHOCTH, KOTOPHIMH pacnoaaran
4BTOpP, AOCTAaTOYHO COBPEMEHHH, H TOJbKO B HEKOTOPIX
cayyYasx Npy NOATOTOBKe PYCCKOTO H3NAHMS KHUIH NOTpe-
GoBaJoch BBOAHTL OoJiee COBpeMeHHbie AaHHbIe.

MOXHO TO/NBKO NPHCOEAMHUTLCH K 3aAKAIOUUTENbHOM
¢dpase aBTopa kHurH: ¢Hrtak, Tpebyercs rpasepls, rae
NOA STHM HOBHIM TEPMHHOM NOApa3syMeBaeTCsd HEUTO
RHAJOTMYHOE Jasepy AJA NyuyKa rpaBUTOHOB. Pemenue
npo6aeMbl rpaBHTallHH B HEKOTOpoil obsaacTh, ompepne-
#AfeMOfi COBpeMEeHHOH SKCNepUMEHTaJNbHON TEXHHKOM, Ha-
XOIHNTCA HeJaJleko OT Hac, OT Hallero IOKOJeHHs, Mbl
NOJOWIVIK K HeMYy, H clelyeT CcAeNaTh ellle HEeCKONbKO
WaroB B HYXKHOM Hanpasaesuun! MOXHO AyMaTb — 3TO
OTHOCHTCA yXXe K 004acTH HHTYHIHH, — YTO pasrajky
OCHOBHBIX HepellleHHBIX NpoOAeM TeopUH TIPaBUTALHH
NpHHECYT TIpaBHTAalMOHHHE BOJHH, €CJH OHH CYIUecT-
ByloT. 1 exmncTBeHHHE NyTh (H3HUECKOro, a He TOJb-
X0 (GopMaNbHO-MaTeMaTHUECKOr0 H 3a4acTylo CHeKyJs-
THBHOTO, Pa3BHTHS YU€HHA O FPaBHTaLHH NPOXOAHT de-
ye3 1a6OpPaTOPHIO IKCIEPHMEHTATOPA.

Ha stom Tpyanom nyru xnura DBpuamiosna, Hanu-
CaHH4s C KPHTHUECKHX NO3HUHMH, OCOGEHHO MOJe3Ha, TaK
Kax aBTop 6e3 JMUIHEr0 BOCXBAaJECHHUA TEOPHH OTHOCH-
TCILHOCTH NOJIHOCTbIO NPH3HAET ee 3aCAYTH B COBpPeMeH-
noil TeopeTHueckofi ¢HM3MKe W OPAMO CTAaBUT BOMPOCH-
felibHLIE 3HAKH TaM, TAe HX MOXHO NOCTaBHTb.

A. 3, Herpos



Sror Kputudeckud ouepr
0 8e4no passusaroujelics Hayxe
nocesujaerca Mapceasv






[Ipeducarosue asropa

Yro6u COCTAaBHTB Kaxoe-nu6o mpen-
cTaBJIeHHe O MOTOKE rpaBHTAlHOHHOR SHep-
rud, HeoOGXONHMO Npexje BCEro 3Ty SHED-
THIO JIOKaJH30BaThb. DTa CHTyauus Hamno-
MHHAET JiereHfapHOro 3aiila M3 KyJHHap-
Hoit KHHMrH. OxaxkeTcs JM Takoe mpejpcras-
JIeHHe TNOJIe3HBIM, 3aBHCHT OT NOCJIEAYIo-
mux: otkpuiTHR. Ha 5T0T cuer Takxe
HMEeTCs H3BECTHast acTPOHOMHUecKas aHa-
JIOTHS.

Xesucang, 1893 r.

[Mocne Toro kax Obna onyOaHKOBaHa MO MOCTen-
uns KuKra o Hayunofi nconpegenenunoctn (1964 r.), a
CMOP O0ACTICNHD B3LOXIYTH W HPHCTYNHTb K TeM Npo-
OaeMaM, KOTOPLIC Ha BpeMst oTa0mua 8 cropony. Heko-
TOPLIC W3 IHIX HPEJICTABASINGG MIC CTKO ¢ opMyJHpo-
LiIHLIMH, 110 lIePELIeHHLIMH, TOTAa KaK APYTHe mpomoJ-
M OCTABATBbCH JIOBOJAbHO TYMaHHBIMM H TpeboBajd
ThHiaTeqanbnoro 064yMbIBaHAS.

S pewims NpoaHaJM3HPOBATL HEKOTOPLIE MOJOMKEHHA
TeOPIN OTHOCHTEJNBHOCTH [MOJ HOBLIM YIJIOM 3peHHs H
1t 11eCKONIbKO HeoObiuHOM mnaHe. IlyreurecTsBoBaTh BIOJIb
CTOJGOBLIX AOPOr HETPYAIO, CTPAHCTBHE e N0 3a0LIThIM
TPOIHMIKAM MOMKCT NPHBCCTH [a KAKYIO-HHUOYAL HeHu3Be-
CTIYIO  nepuiy, ¢ Kotopofl papyr orkpusacTtcs mneif-
anxe neoBugnosenuoll kpacoro. Ha nporancennn Beeit
lllly'lll()n JLTCALITOCTIT MO WJICKJTIO K II[’D()(‘)JI(,'MHM. BO3-
HNKAIOWMM 11 rpamine o6J3acTh UPAMCHIMOCTH  Teo-
Pitil, K TeM MaJo 113BCCTHLIM 30HaM, Tae OllM FpaHHyar
¢ 00GjlacTsIMM LIPHMEHUMOCTH ApPYrHx Teopuil. Kak omu-
vallde, IaBaeMoe MNepBOM TeopHeH, COOTBETCTBYeT Kap-
THilC, BbiTeKalouwefl u3 BTopoil Teopun? Hampumep, xak
Y MOMOMIM BOJHOBOH H KOPNYCKYJsSpPHOH TeOpHid moJy-
YT CXOJZHBIE H COTJIACYIOH[HEecHd C IKCINEepPUMEHTOM pe-
3yJabTaThi? Korza MoxHO HCNONb30BaTbh reOMETPHUYECKYIO
OIITHKY M KOTJa — BOJIHOBYIO Teopuio cBera? Bosspa-
11adch K TEOPHH OTHOCHTEJBHOCTH, — KOIZKa M KaK OHa
NepexoNHT B KJIACCHUECKYIO MEXaHHKY?

B xaxaoM H3 3THX NPHMEPOB MOXKeT BOSHHKHYTb
JAI00ONbITHAA CHTYyanus: HHOTAA (HO He C/IHIIKOM HacTo)
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OZHO M3 pellleHMil 3aJaud MOXKeT OKas3aTbCA CXOASLLIHM-
¢ pAAOM, NepBbLIil WieH KOTOPOro COOTBETCTBYET nepBoil
teopuu. OueHb 4acTo PSR MOXKeT 0Ka3aThCfl MOJYCXOAS-
IMHMCH, TOTAA €r0 MOXHO HCIOAL30BaTh TOJNBKO A0 Of-
penenernoro unena pana. [Ipu stom om Gyxer pocrartou-
HO XOpOWMM NPUOJHKEHHeM K pelleHHI0, AaBaeMOMY
Epyrofi TeopHell B NorpaHH4HON 06JacTH.



BBENEHHE

lUenHocTs HayyHOR TeOPHH 3aKJIOHAeTCsl B ee CIo-
coGHOCTH npefacKaswiBaTh. B kuure «Hayunas Heonpene-
JieHHoCcTb H HWHopMmauusa» [1] noauepkuBasOCh, 4TO Teo-
pua T paer nmpapuabhble pe3y/abTaThl C oOnpejejeHHOR
MaKCHUMa/bHON# OWHOGKOA e TONbKO B npejenax o6aacTH
ce npuMesumoctd D. He caenyer yausaatbes, ecnn npu
IIONIBITKE NPHMEHUThL TEOPHIO BHE MpejenoB 3TOH o6aacTH
1oJyyaTcs BecbMa OmHGOYHble pe3yabTaTh. Beerpa um-
TCPECHO KCCIeAOBaTh MOTPAHHUHYW 30HY, TAe 06/1acTh.
npuMeHuMocTH Dy teopun T3 NpEMBIKaeT k 0GAACTH IpH-
menumocTd Dy Teopuu Ts. Takoe HccrenoBanHe MoxeT
B KaXJIOH M3 3THX TeOpHH BHIABHTbL HeyeTko cHOPMYJIH-
poBaHHBle MPeLNONONKEHH.

Jlio6asi TeopHsl COMEPIKHT PAR BEAHUHME, KOTOpble
MOJKHO SKCHCPHMCHTANLHO H3MCPATL, W BCAHUMHDLL, KO-
TOPLIC SKCHCPUMCHTANLIO HaGaofath lieab3s. [lepBre
nasuiBaoTen  Habarodaemmmu, Broplie — Henabarodae-
Molmu, Mexay HHUMH He Bcersa 1ealoT 4YeTKOC pasdiu-
e, M MHOTME aBTOpbl, YTBEpPKJAasf, UTO Te HJH HHbe Be-
JHYHHH ABJAAIOTCE HaOAIOLAEMBIMH, HCXONAT NPH 3TOM
113 NPOH3BOJLHBLIX OnpejeseHul, KOTOpPHe He COOTBET-
CTBYIOT HHKaKMM (H3HUECKHM 3KCHePHMEHTaM. D10 Be-
AeT K NPOTHBOPEYHAM H DapajoKCaM, KOTOPHX BO 4TO Obi
TO HH cTago ciaeiyer usberatb. B aToM BOmpoce s mpu-
JepXuBaloch CTPOrofl TOYKH 3PeHHS H INpeanojaraio
(cnepys BpunxkMeny), 4To HEKOTOpasi BeJHYHHA sIBJAsIET-
csi HaGuiofaeMOil TOJNbKO TOrAa, Koria Aas ee HaGJio-
JIleHHAI MOXHO yKa3aThb MeTOA H JaTh NOZAPOoOHOe QmHCca-
HHe 3KCOEPHMEHTAJNbHOH YCTaHOBKH.
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Ecau 3T0 BHINOAHEHO, TO MOXHO TOBOPHTb, YTO TeO-
pua Ty onuceiBaeT B npefenax o6aactH Dy CBA3H Mexuay
HabmonaembiMd Oy, a TakxKe pasfHuHble CBfA3H, BKJIO-
yaoue HeHabaoaaembie Us. DTH AONONHHTENbHblE CBA-
8H MOTyT OhITb HCNOJNBb30OBaHH B TEOPHH, HO OHM He
HMeloT (yHHaMeHTaAbHOrO 3HaueHus. Ha rpanmume o6-
nacrefi Dy u D, cooTHouweHHs Mexny HaGmofaeMbl-
M O; u O J0JXKHB HAXOAHTbCA B TECHOM COOTBET-
CTBHH, HO Mexny HeHaGawomaemsimu Uy m U, coorser-
CTBHSL MOXeT H He ObiTh, OTCYTCTBHE TakOro COOTBET-
CTBMsl, €CJAM OHO OrOBOpeHO, He HMeeT G6GoJbWIOrO
3HaYeHUs.

W speco BpeMst 3ajaTb caMblii Baxkubii  BORPOC:
«B Kakeii- cTenenu Mol moxcem O08epATb HAY4HLILM TeO-
puam?s OTBeT JOJKeH OBITh AOCTATOYHO OCTOPOIKHEIM:
«B BLICOKOIlL, HO He cIMIIKOM BEICOKOM!» Idna Bcex Teo-
puil CYINECTBYIOT OrpaHHUeHHs, BCce OHH <«XOpDOUIH» J0
ONpeie/IcHHON CTeNeHH W B ONpeleNeHHHX TpaHHNAX.
Onu He npexcraBnsior coGofi «npaBay H TOJAbKO MHpaB-
ny..». Bcskasgs Teopusi OCHOBLIBA€TCA Ha TIATENbHO
NPOBeJeHHbIX 3JKCNEPHMEHTaX, OJHAKO HX pe3yJdbTaTHl
MOTYT GbLITH MNOJYUCHLI TOJNBKO «C TOYHOCTHIO AO BO3-
MOXHBEIX OMIMOOK», T. €. OWHOKH 3aKJIOueHH B onpeje-
JIEHHBIX Npejesax, 0O KOTOPLIX MOXKEeT CYAUTb 3IKCIepH-
MeHTaTtop. Bcerza cyuecTByeT BO3MOXHOCTb, YTO B HO-
BOM 3KCIEPHMEHTe BO3HHKHET HOBasl, HeNpeABHIEHHAs
NpHYHHA NOSIBNEHHA OIKOGOK, WIH XKe TO, YTO TeopHsd
BbIBeJieHA CJAMIIKOM JaJIeKOo 3a Mpefens o6nacTy ee NnpH-
MeHHMMOCTH. '

$I xoren 6 Ha MHHYTY OCTaHOBHUTbCH M PaccKasaTb
Taxo#i cayuail. Heckonbko Jer Hasaa s npoesxkasn uepes
mtat Hblo-Mekcuko u o6paTHa BHHMaHHE Ha Ha3BaHHe
oxHOro mpenccrioro ropoika: «Mcruna wau Tlocaencr-
Bus». $I OCTAHOBWICA OKOJO YyKasaTeas U 3ajxymajcs
HaX TeM, O KaKo# «HCTHHe» HAeT peub. Pasymeercs, He
o Hayqnoﬁ HCTHHe, HA MeHs MOBeAJO JbIMOM CTaphiX

aytonade; s OUyTHA AYX HETEPNHMOCTH H TIPEACTABHJ
ceGe, KaK H3/€BajiiCb HaJ HECYaCTHHIMH Ty3eMUAMH-
SIBLITHHKAMH H MYUHJIH «BEIbM>.

-Hayunas HCTHHaZ HHKOrZAa He JOJXKHAa BOCIPHHH-

MaTbcA (aHaTHuHoO, Ji0GOH yueHHH AOMKEeH OHTb roToB
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K TOMY, uTOGbl HCTIPABJATb W AOMNOJHATL CBOH JIOGHMHIE
reopun. B Hayke He cyuiecTByer aGCONIOTHOA HCTHHBL
Onnako A JOMKEH YTOYHHTL, YTO NPH STOM 3MECh HMEIO
B BHAY SKCNEPHMCHTAJLUYI0 1AYKYy. MaTeMmaruka-—38T10
conceM Apyroe eno.

HekoTopuie rpajnnnonine nayku npeactanasior co-
Gofl crpannyio cmecn naGmolenuit B UX HHTepPRpPeTalHH,
ocnonpatonieficss Ha OTIHYHBIX BEOPHAX, HO IKCTPANo-
JHPYeMO# cTONb JaJIeKO 3a Npenesibl YCJOBHA 3KCHepH-
MCIITA, UTO HeBOJbHO HACTOPa’KHBaelllbcs H YAWBJAsSeEllb-
cfl! KaK 4acTO XejaeMoe BBIfaeTcs sa JeHCTBHTeJIbHOe
Il THIATENbHBI aHAJMH3 NMOJAMeHseTcH (paHTA3HPOBAHHEM.
lIpusaTHo paccyxkaate O mpoucxoxneHHd Bceaennodl, Ho
HAJIO MOMHKUTD, YTO TAKHE PACCYKAEHHA — JHIIb YHCTAs
thonrasnn. M Heuero oxmaaTh, YTO UATATedb NOBEPHT
I KAKYI-T160 Mozenb BceeseHHOH, OMHCHIBAIOMIYIO TO JIH
IIC3annbii NepBOB3PHIB, TO JIH PACLIMPEHHA H CXKaTHA
01 —oo o --cc. Bce 3TO caMIIKOM KpPacHBO, UTOOBE
(iiTh MCTHHHBIM, M CJIHIIKOM HeBepoxmo, yTo6H MOBe-
PITL B 3TO.

Paspemnte MHe pacckasaTh elle ORHH c.nyqaﬁ
B GurHocte cTymentoM Ilapmxckoro yHUBEpCHTETH %
nocewan BeaukoJenHsie Jgekuun Ilyankape. B rteuenne
MHOTHX JIET BCe 3TH JeKUHH 3aNnHCHBajl OLMH H3 ero
CTYJICHTOB, H 3aTeM MX Ny6auKoBano usgaresncrso [o-
The-Bunnapa. Jlekuuu sanuennann Bopean, nan [pau,
win Ulasu, wan xaxolt-an6o jppyrofl yMHLTR Monon0# ue-
JOBCK, KOTOPLWHA  BHOCACACTIHN  ¢aM  CTal  H3BECTHLIM
YUCHLIM, .

B 1911 r. Hyankape ne naspauua HMKOro Aast 3ToM
paGoTtel. OH uWTa;n JekuuH no kocmoronuu, Ou  3mai,
TO KOCMOTOHHYECKHEe TEODHH HaJieKH OT JOCTOBEPHOCTH,
M HEOQHOKPATHO NMONYEPKHBAM, YTO TEOPETHUGCKHE TOM-
KOBaHHs, NpejnaraeMble PasiHYHBIMH aBTODaMH, SBHO
He ajeknpaTHel. Mbl TOria me 3HaJaH, OTKyAa Gepercs
tenao, uanydaemoe CousHileM; He NMOHHMaJH, Kak oGpa-
3ylOTCsi 3Be3XH M KaK OHHM yracaior. B mammx sHamnuax
6b110 CAUIIKOM MHOro mpoGenoB. Vnorpa [lyankape He-
OKHJAHHO NPePHBa JEeKUHIO H MOMYAIHBO XOAKJ Meped
nockofi B3ax M BHepeN.  3areM OH MOBOPAuYHBAJICH
K ayIHTOPHH, OTOJNBHTaj ‘B CTODOHY CBOH JIEKUHOHHbIE
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SaMHCKH H FOBOPHJ: «Y MeHS TOJIBKO NTO BO3HHKJA HO-
Basi ujes. [lonpoGyeM, nonpofizer au oHa..» OH usnaran
CBOIO HOBYIO TOYKY 3peHH M HAuHHaJ mHCaTh Ha JOCKe,
onpejliesifisi YHCJAERHble 3HAYEHHS BEJHYHH. 3aTeM JHeaal
BHIBOJ: «DTO He HAMHOro Jyuilie, 4eM B JPYTHX Teo-
pHfiX; B CaMOM Jejie, Mbl 3HaeM CJHINKOM Majo». IJTO
GHA NOCAeAHHH NOMHbIA KYPC JeKUHH Hyauxape, 3a roa
AO €ro HEOXHJIAHHOH CMEepTH.

Bel aymaere, MH Teneph HaXOAHMCSA B‘nyqu}ém no-
JoxeHHH? KOHEYHO, B TeYeHHe NOCACAHHX NATHAECATH
neT MH MHoroe y3saad. Ho Mul Bce euie oueHb RaJeKH
OT NOHMMaHHA KOCMOTOHHH, 3TO HOHMMaHHe NPOAQAIKAET
0CTaBaThCsl MeuToH, BOJHYOIeH H JaJieKoi.

Hexoropuie yHTaTesH MOFYT cKa3aTh: «Mbl JOMXKHBH
BepHTb HEKOTOPHIM XOPOIIO YCTAHOBJCHHHM MNpHUHIHE-
1iaM, HaOopuMep, HPHHIKLOY CHMMETPHU NPOCTPAHCTBA H
BpeMEeHH, IPHHIKAY OTHOCKTEJIbHOCTH H T. A.». Hy uto X,
MOXKHO MOKAa3aTh OTHOCUTEALHOCTL MPUHYUNG OTHOCU- .
TeAbHOCTU! DTOT 3HAMEHMTHH NPHHIMN CHauaja Obia
yCTaHOB/NeH B Kjacchueckofi mexaHuke. OH IacHuT: 3a-
KOHbL MEXQHUKU, CHOPMYAUPOBAHHLIE 8 HeROJBUINCKRON
cucreme OTC4eT@, OCTAIOTCA TOYHO TAKUMU oke, K0eda
dsudcenue paccMaTpuBaeTcs 6 CucTeme oOTcdera, Osu-
Hyuwelica ¢ 3a0aHHOL NOCTOAHHOU cKopocTbio v. UmuTa-
Te b MOXET 3aMeTHTb, YTO 8 CKas3aJ «CHCTeMa OTcue-
Ta», a He <«CHCTeMa KoopiuHaT». Kak Mbl  yBHAHM
B IVI. 4, MeX/Ay 9THMH ONpefleicRHAMH clelyeT AelaThb
NpUHUKNHAIbHOE pa3aKuyue. CHCTeMa KOGPAHHAT — YuC-
TO rFeOMeTpHUecKOe NOHSTHE; OHA He HMeeT Macchl HO
TOH NPOCTOHR HPHUMHEE, YTO B FeOMETPHM ROHSTHE MacChi
He paccMarpuBaercd. CHcremMa orTcuera e JOJXKHa 00-
JajaTh Maccol, npHyeM HeoOGXOAHMO MpeANoJarathb, 4TO
9Ta Macca MHoro GoJsibilie Macchl JIIOGOro ABHIKYHIErocs
OTHOCHTEJIbHO Hee TeJia.

Cocpenorounm Tenepb BHHMaHHe Ha CJOBe «3alaH-
rufi». YTo MBIl moapasyMeBaeM MoJ BbIpaXKeHHeM 3a0an- .
Haa ckopocte? Kro 3ajaer HaM 9TY CKOPOCTb H Kak?
Sl oueHb HacTOPaXKHBAIOCh BCAKHA pas, KOI4& CALIY
CJI0BO «3aflaHHHE®, TOALKO B OMHOM CJAyYae OHO HMeeT
onpeleseHHbIH CMBICA — B YCJOBHH 3aJaud, KOTOPYIO
9K3aMeHaTOp AaeT HeCKOJLKHM GeCnOMOUIHHIM CTyAEH-
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raM. B Takofi CMTyauHM CKOpPOCTb~—— TOYHO 8SajaHHAA
Be/TMUNHA, He coflepaalnas OUIHOOK.

B neficteuTenbHOCTH TaK HHKorja He Owmaer. Ecau a
Ha6Gmonalo 32 HEH3BECTHLIM TeJIOM, ABHXYWMMCH B He-
Ge, TO HUKTO He MOXeT 3adarb MHe €r0 CKOpocTh. Byser
N4 STO 3Be3la HJH <«JeTalouias Tapesika®, — i NOJKeH
LIMEPATL UX CKOPOCTH ¢ MOMOWIBIO SKCIEPUMEeRTaJbHO-
ro ycrpoficrsa. i MOry WCHONGIOBATE OCHTWIOCKHE CHI-
HaJIb, OTpa)KeHHHE OT HeHSBOCTHOIO Tena, H ¥H3Me-
PHATH BpeMs HX BOSBDAUIEHHA, RKOHAEPOBCKOE CMeUIEHHC
u 1. n. ITpoussens sru nsmepenm, a1 Mory Buqncnntb
CKOPOCTb. RTEI

Ho a noaxen yuects H TO, 970 naxe camse mmme
SKCNMepHMEHThl BCerda BHOCAT BO3MYIULeHHe B IBHIKEHHe.
CkopocTb Tesla A0 1HaGAIOACHHA M MOCAe HEro yXe He
G6yner omuHakoBoil. flpu aobom akcnepumenre Tpebyer-
Csi YCTanoBAeHUEe €8A3U Mmex0y HabawdaTerem u Ha-
64r00aemobim 06BEKTOM, U TIOC]E TOTO, KaK HabMiofeHkHe
BHITIONIHEHO M CBSi3b NPeKpaliera, Telo Gyler HaXOAHTL-
csl yXKe B MHOM COCTOSHHHM ABHXeHua. Cerozms 910 X0-
pOlLIO HSBeCTHH (AKT, KOTOPH MOMHO NPOHANIOCTPHU-
poBaTh MHOTHMH RPHEMEpaME H3 KBaHTOBOA TeopUH.
[1pn H3MepeRMH CKOPOCTH Mbl HCHOJIB3YEeM CBETOBHIE CHI-
HaJibl, cojepialllie MHOXecTBO ¢otoHoB. OTpaxanchk,
9TH (POTOHH OTTaJKMBAIOT Ha3al OTpaxawllee TeA0
(3¢ ekt oTRAUH) M HIMCHAKOT €ro CKOPOCTbD.

3adanras cxkOpPOCTL — ITO NPOCTO nA0d Hauleeo O-
obpaxcenun. dta TpauuuHoHnas rpy6as ourn6ka — pe-
3YJbTAT HJJIO3HH, HYTO «OT TOTO, YTO f1 TOJbKO MOCMOT-
pio, HHYEro He CAyuHTCA». B (uH3HKe aeBsATHaALATOro
B€Ka TaKoe NpelNoJiodKeHHe Ka3aJoch camo cofofl pasy-
MEILWUMCS U He MOAJexaluM obcyxaennio. Tenepb Mbl
sHaeM Goabuwie. Cucremvr orcuern, OsuMyujedcs ¢ sa-
0aHHOU NOCTIOAHHOL CKOPOCTLIO, HE CywecTeyer M HH-
KOrja He CyLeCTBOBAJO. Enmcmennoe, © WeM MOXHO
TOBOPHTH, —8TO O TA%ieAoid CHCTeMe OTcyera, o6nagaio-
et croab Bonbmoil Maccol, YT0 BO3MYLIEHHUS, BHOCH-
MHe NPH H3MEpeHHH ee CKOPOCTH, NpeHeGPerKHMO Masisl
Kak MH yBREAMM B II. 5, 9TO yTOUHeHAe NPHBOAHT KO
MHOTHM YCAOXHEHHSM. C'rapuﬁ NPHHUUD OTHOCHTE/b-
HOCTH sBAseTCHs uieanusauuefi. OH mpeactasaseT JHIIb
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npefeJbHbIA Cayyaii, © HeOOXOXHMO c0o6JI0AaTh YPe3Bhi-
YaifHYI0 OCTOPOXKHOCTH IIPH ero NpHUMeHeHHH, HanpHmep,
K ABHXYLHMCA aTOMaM, SJiIeKTPOHAaM, HeATpPoHaM, doTo-
HaM, HeHTPHHO M BCEM 3THM HOBEIM TAHHCTBEHHBHIM «4a-
cTHUaM» (y Hac He HaHLIOCh GoJiee NMOAXOASILIETO CI0BA
IJIsl HX Ha3BaHMA) C OYeHb MaJiol MaccoH. ‘

- Takue e 3aMeuaHHsi MOXHO clenaTb M B OTHOIle-
HHH MHOTHX HeJaBHO BbIABHHYTHIX IIPHHUHMOB, COLEPIKA-
HHX COBEpLIEHHO HCAOCTATOMHbIA aHAJNH3 onpejesieHHH,
HanpHMep, KaK MOXHO0 (aKTHUYECKHM H3MEPHTb «CHMMeT-
PHIO»,

3T0 TOJNBKO HECKOJLKO NMPHMEpPOB TOro, Kak mocTe-
NEeHHO H3MEHSJINCh B3MVISIAB YYEHBbIX H CKOJbKO MNOSIBH-
JIOCb HOBBIX NpoG6JieM, KOTOPbie MNATHAECAT HJIH IIecTb-
RecAT JeT Hasajl He MOl MpeJCKasaTh Haxe reduit DiH-
LiTeHHA,

B nawe Bpema nsoﬁpeTenbx Hesepom‘no TOYHHIE
aTOMHbIe 4aChly OlleHb OTJHYAIOLIMECs] MO CBOMM (H3Hue-
CKMM CBOHCTBaM OT TeX, KOTOpHie MNpejcTaBisaa cebe
diinwrteits. dToT Bonmpoc 6yAeT PpaccMOTPeH - NOAPOGHO
B rJ. 3. YnoMsaHeM 31ecb 06 OJHOH TPYAHOCTH, CBfI3aH-
HOR C onpefeseHHeM MCHCAYHAPOUHBIX eIHMHHL, AJHHH H
BpeMeHH. [Ipu onperenenuy elHHHUbl JJAHHBI HCNOMb-
3yeTcsl JJIHHA BOJIHBI CIEKTPaJbHOW JIMHHH KPHNTOHA-86
NpH CTPOTO ONpeXefieHHbIX YCJI0BHAX (C TOYHOCTBIO
10-8), a enuHuuny BpeMeHH OHpeneJIAIOT, HCHOJb3ys 4a-
CTOTY CHEKTPaJbHOH JIMHHMH Ue3ns (c TouHocThio 107%2).
CnenoBaTebHo, O0HO u TO e Pu3u4eCKOe -ABACHUE —
CHEKTPANLHASL AUHUSA — UCNOAb3YETCS 0 08YX pasaud-
HbLx onpedeaenuti: eOuHuYbl OAunbL U eQUHLYbL BPEMEHU,
a CKOpOCTb CBeTa € OCTaeTCs Heolpele/ieHHOH H BbI-
rASLHT npousBodbHoll. CijepoBajsio Gbl pa3 H HaBceraa
YCTaHOBHTb, YTO CIIEKTPaJibHasi JUIHA JOJMMKHA HCIOJb-
30BaTbCA A5 ONpe/e/ICHHs HJIH YacCTOThbl, WM XK€ IJHHBI
BOJIHbBI, HO He TOTO M Apyrorol

Ilpeanonaraercs, YT0 yNOMsHYThle ONpefeseHHs elH-
HML, JenaloTcs Ha 1OBEPXHOCTH 3eMJH, Tje CyliecrByer
onpenéjieHHoe rpaBHTanHOHHOe mnoje. OO6masn: Teopus
OTHOCHTe/NIbHOCTH DiHuITefiHa NpeiCcKa3biBaeT HEKOTOpOe
H3MeHeHHe eAMHMI| JJIMHBl M BpeMeHH NPH HX H3Mepe-
HHH ‘B 06/1aCTAX C pas/HYHBIM TPABHTALHOHHBIM NOTEH-
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nuasoM. Ona Takke mnpeickasbiBaeT H3MEHEHHE CKO-
pocth cBeta ¢. Mcnoabsysa npunarteit cnocob onpenede-
HHS eIMHML AJIHHbl H BPeMcHH, AOBOJILHO TPYAHO IKCIHe-
PHMEHTaJILHO NPOBEpHThL Takue TNpeacKasanus, 10 co-
cTaB/sieT OueHb CePbC3HYI0 NPo6JeMy METPOJIOTHH,

Lenb Hawe# KHHUTH COCTOMT B TOM, 4TOOB PaccMOT-
perb STOT, a TaKKe M ApPYrue BONPOCH, MOSIBHBUIKECH
nocje TOrO, KaK B HauaJjie Haulero Beka OblaH copMy-
JIMPOBAHBI TEOPHA OTHOCHTEJNbHOCTH H KBaHTOBas TeoO-
pus. B ra. 1 mnl cuenaem HcTopHueckuit 0630p cOGHi-
THH, HOTOpble NpHBEJH K nosABJAeHuio 3THX Teopuii. Ho
cnauana pacCMOTPHM  Pa3BUTHE HayyHbX  TeopHi
poobuie.

B xunwure [1}, ncnonb3ysn Mertoanl HayuHo#l uHdopMa-
UHH, ML nan o6l anasu3 cMbica Hayulblx Teopui,
8 TAKXC HOMNCPKIYNH Audiylo poab yucnoro. Ero sapa-
wi naudpaercs ¢ BLl0oOpa IKCHCPHMCNTA, KOTOPLIA MOXK-
no Obpyio Ob H30JAMPOBAThL OT BJAHSUIHS  OKPYKalouieil
CPeABI ¥ JOCTATOYHO MOJIHO OMHCATh, C TEM YTOOLI MOX-
110 G110 NOBTOPHTL €ro B APYrHX JabopaTOpHAX H Mpo-
HepHTL pe3ydbTaThl NepBbix HaGalomenuit. Kpome Toro,
HCROJIL3YSE CBOIO TBOPUECKYH (aHTa3HIo, ydeHbli CTPOHT
TCOPHIO, KOTOpas Morjaa Obl YCTaHOBHTb CBA3L MEXAY
NEKOTOPLIM YHCJOM SKClepuMeHTaNbHLIX ¢akros. Ilpu
HOMOIH  TAKON TEOPHH O MOXET NPeACKA3LIBATb HO-
B PENyALTATL, KOTOPWE GyjlyT NOJTBCPKACHB WK
ONponeprHy T HONWMIE SxcnepiMentamy, B cayvae He-

OOXOANMOCTIE  Teopiin  Momno - OyaeT  HCNpanasiTe  HAH
CIPONTE  a01080, 100 oBICHITL  HOBLIC  ONBLITHLIE
hoinne,

Hayuitoe  snanne ocnopbiBaeTcs Ha 3SMOMPHYECKHX

(haxrax M MX TCOpeTHUeCKOH HHTeprpeTanuu. DTH JABa

ACNeKTa 110CTCNEHHO cpacTaloTces, o6pa3ys 3aMeuarelib-

nii cum6uo3, paccmarpusaswniics B (1] (ra. III u IV).

Pouab uenobeyeckoro BooGpa<eHUsl NPH CO3LAHUH TeO-

puil Obla THIATENLHO HCCAENOBAHA B 3aMeyaTenbHOIll
padore Jlunaces [2]:

«Hayka —3T0 wurpa, B KOTOpOHi MBI NpHHHMAaeM,

YTO BELlH HE COBCEM TaKHMe, KAKNMM OHH KaxyTcd,

C LeJbio MOHSTh HX CYUIHOCTb NYTEM MBILWIEHHS, CBO-

CTBEHHOr0 HaM Kak JmioaaM.. Hayka —s310 Meton
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ONMCAHHA, CO3JaHUA # NOHMMaHUA YeNOBEUeCKOro
ORHTA !)».
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Press, New York, 1964. (Pycckufi nepeson: bpussoss JI,, Hg%q-
Hasi HeompefeaeHHOCTb B MHdopMmauns, usf-so «Mup», M, 19663

2. Lindsay R. B., Phys. Today, 20 (12), 23 (1967). )

1) Maprcucyckan tarocodng yuBT, 4P Hayka — STO MeTQl onw-
canusi ODBLEKTUBHO CYWIeCTBYIOWMX Bewmleh 4 aAbxesnh, — flpux. ped.
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KBAHTOBASl TEOPUA
H TEOPHA OTHOCHUTEJIbHOCTH

§’ 1. Ksanrosas reopus

KBaHTOBasi Teopysi W TeopHA OTHOCHTENBLHOCTH BO3-
HHKJM B HavaJe Haulero croierus. OGe oHH Tenmepb c4H-
TAI0TC OCHOBON COBPEMEHHOr0 HayYHOr0 MbILLIEHHS, 30
OHH COBepLUEHHO Pa3JiMYHbl N0 CBOEGMY MOCTPOEHHIO H 10
XapaKTepy HCTOPHYECKOrO pas3BHTHA. BecbMa HHTepecHo
W MOYYHTENbHO CONOCTABHTb 3TH [BE TEOPHH.

Mpbl yxe KpaTKO OGpHCOBalH XOX PAa3BHTHA KBAHIO-
soli teopun ([1], ra. 4). Ona sosumkaa B 1900 r., Koraa
Makc [nank onyGamkopan cpoio mepsyio pabory [2] o
TCOPHH H3AYyUeHHs aGCOJIOTHO YepHOro teja. dta pato-
Ta HayWHaeTC C KJaCCHYECKOrO0 PacCMOTPEHHst 3/IeK-
TPOMarHHTHBIX BOJIH, HO [/l CTaTHCTHYECKOrO aHalHu3a
HEOXHAAHHO MNOTPe6oBa/soCh BBEAEHHE NpeacTaB/aeHHS
0 KBAHTOBAKUU SHepeuu: (GopMyaa Ansi usnydyeHuss ao6-
COMIOTHO ‘ICPHOrO Teda (pPaBHOBECHOe H3JyuelHe) mnpe-
KPaclo coraacyercst ¢ 3KCNCPUMEHTALHLIMH peaydbTa-
TaMH, CCJH KBaAHT 3HEPrHu NPHHATL pPaABHLIM h‘V, T. €.
NIPONOPLHOHAABHLIM YacTOTe H3JyueHHs v, rjie A — mo-
crosnnas [lnauxa. [lepsas uacty paGorhl ocHOBLIB2ETCA
Ha HempepHBHOCTH (ypaBHenms MaxcBenda), HO' B KOH-
Lle ee NOABAAETCH HEYCTPABUMBIG paspsiB. BeNpepHB-
HOCTH. B HTOre nepras NRaBKOBCKAS TEOPHS| RPHBOLUT
K COOTHOIICRHIO

AE = hv,
E=nhv, n=0,1, 2, 3, ... (peane uucaa). (L1)

Ilnank, mo-suauMoMy, ObWl OueHb o6ecnoxoeH Takoll
CTpaHHOH ABOHCTBEHHOCTbIO CBoefit Feopum. OH HAwiTancs
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MNOCTPOHTb €e HHAaue M NMOJYYHJ APYroi pesyabrart (BTO-
pas Teopus):

AE = hv,

E== (n+ ;) hv, n+ T 2 , g , «+. (momynessie qnc(.rlra2);

B cayuae uajnyucnusa a(cosIOTHO YEPHOTO Teja MNPH
OObIYHBIX TEMICPATYPax 3aMeHa UeJBIX yHcesl nojayle-
JblMH HecyulectBeHHa '). OnHako nNpPH O4YeHb HH3KHX
TeMrnepaTypax BTOpasi TeOpUSi TPHUBOAMT K BaXXHOH
ccoGennoctn: dopmyna (1.2) ykasbiBaeT Ha BO3MOX-
HOCTb Hyaesol aHepeuu [;hv. B oGenx Teopusx. Habuaio-
JlaeMble BeJHUYMHBI ObIIH NONOOHBIMH, MOCKOJIbKY HYyJe-
BYIO 3HEpruio (akTHYeCKH HM3MepPHTb MOYTH HEBO3MOX-
HOo. Ilmank Bce e OblI HeyJAOBJETBOPEH CTPAaHHOH
CMecChbl0 HelNpephIBHOCTH H JHCKDETHOCTH, HO OYeHb CKO-
po 6uino nokasano (Ilyankape m DpendectoM), uto Ta-
Kasi JMCKDPETHOCTb 3IHEPrHM COBEpIIeHHO HeoGxoauMa
JJI  MHTeprnpeTallly SKCMEePHMEHTaNbHBIX JaHHBIX MO
HaJyueHHI0 ucpiioro Tena. klHoro sbixosa ne 6butO.

Kouneunoe snauenne nocrosiunoit [lnawka h un ee
¢u3nuecKuii CMbICJ ABHJIUCHL fIPEAMCTOM MHOTHX JHCKYC-
cnfi. Ha nepsom CosibBeeBckoM koHrpecce B bBpioccene
B-1911 r. [3] 3ommepdennn 3amerns, uro h HMmeer pas-
MEPHOCTb MeXaHHueckoro AeHcTBHA, W TPEAJOXKHA Npo-
M3BeCTH KBAaHTOBaHMe MelicTBuA B pafe 3ajzau. Takas
Maes mnpelcraBasgaa GosbilOH . TeopeTHYeCcKHH MHTepec,
HO mpuMepbl, BboiOpaHHble 3oMMepdenbaoM, O6nlin He
.oyeHb yOeautenbHbiMil. OJIAKO HA TOM Xe KOHrpecce
*JlaHXKeBeH 110Ka3aJ, YTO 3oMMepde/bL0BCKOe KBAHTOBA-
HHe B NMPHMEHENINH K HeKOTOPOH 3/IeKTPOHHOH TpaekTo-
PHH DPHBOAMT K KBAaHTY MarHUTHOrO MOMEHTa — ma2He-
Tory. B 1911 r. JlanKeBeH BBIYHCJAUA BEJHYHHY, KOTO-
‘pyl0 Mbl AasbiBaem MarnetoHoM bBopa, oTsuuasinyiocs
OT NPHHATOH HbIHE TOJBKO MHOXHTeJeM 2m BBHAY He-
ONpe/leJIeHHOCTH YHCJIOBOrOo KosdduuHenra B fHUNOTe3e

) 1) Tak Kak mpn 5TOM OCHOBHOE as.nyqeuue npuxou.u’rca Ha smep-
‘THH ¢ 1 3> 1. — [Tpun. peo, .



Keanrosas reopus u 7Teopus OTHOCUTEABHOCTL 25

3ommepdenpra. D10 MOXKHO GHUIO 6B Ha3BaTh 'rpe-rbei'i
(sommepdenbaoBCKOf) KBaHTOROH TeopHei.

YerBeprasi KBanTOBaf TeOpHsi MoOsiBHIACL B uepsou
paGore Bopa, nocpsutcunoit aromy Bonopona [4]. S To-
rza 6ua cryaentom B Miouxeile, U CAYYHIOCh TAK, 470 5t
Kak pa3 naxojuics B paGoueM kabuHeTe 3oMMep(eib-
ha, KOrAa OH TOJYYWI TNOCHEAHHHA BHNYCK KypHaJa
«Philosophical Magazine». Ou 6pocun Ha KypHan
BAPASINL M CKa3asd MHe: «3/iecb HaneyaTaHna BecbMa Bax-
nas pa6ora H. Bopa. Ona craner Bexofi B Teopernue-
ckolt ¢usnke». Bckope mocsie 9TOro, MCIOAB3ys KBAKT
JACHCTBHA, 3oMMepdenabl MOCTPOMI CBGIO NPABAJILHYIO
TCOpHIO GOpoBcKoro atoma. Tak BO3HHKIA «KBAKTOBAH-
ras»  Mexanika  (naras 1o CYETY TeOpHA), MOJYMHB-
mast Guierpoe passurue. Hmeimo 3ommepdensa ykasan
111 BaXKHOCTb Huterpana [ pdqg, nasspacMoro neit-
¢TBHCM. DTO NPOJGXKHIO MYTh COBPCMCHINOI KBAHTOBOI
TCOPHH,

Jlanee Hauasoch HeoGuyafino GypHOe pasBHTHE KBaH- .
Tonoii Mexanuku., OuH 3a APYrMM HavalM HOABJSTHLCA
HonLie, COBEPHIEHHO HEOXHAAaHHble 3KCNePHMEHTasIbHBIE
praydbTaThl, M KaXAbli pa3 oHH TpeGoBalH MOLEPHH-
UIUHH MJIH NepecTpoiike Teopuu. Besex 3a orxpoiruen
cnuna, npuHuuna sanpera [layau, Bonw ne Bpoiias
ICKOpe Moc/eAoBaso O6LCAHIICHHE BOMIOBOR MEeXaHHKH
Illpeaunrepa ¢ marpuunoit  mexaunkoi Bopua — ledi-
seHOepra, OTKPLITHC  HCPCCTANOBOUILIX  COOTHOUIEHHH,
poxctenite reopun sackrpoua Jlupaxa u 1. 4. O6o Beem
2T0M MOXHO HNPOUNTATH B N0C/CJOBATENbHBIX H3AaHHSX
kiirn 3ommepdenbaa [5).

MoxxHo OblJIO OB HACURTATL MHOIO CJeRYIOLIHK oxHa
3a apyrol mMoaudukKaluHi TEOPHH, HO BCEM MM MpPHCYLHE
OJII0 H TO e, O YeM MB! TOBODHJH BO BBEJEHMH: BCICA
33 OTKPHWTHEM HOBLIX IKCNEPHMEHTaJbHbHIX (DaKTOR cJhie-
AyeT mnepecTpoiika TeOPHH; LpPH STOM HabMOZaeMbie
COXPaHMIOTCHA, HO B COMETAHHH C HEKOTOPHIMH HOBLIMH
HeHa6Jl0/laeMbBIMH OHH BeAYT K HOBBIM NpeNCKA3aHHSIM,
32 KOTODHIMH CJIELYIOT HOBBIE SKCTEPHUMEHTH H T. A.
VIMeHHO B 3TOM M COCTOMT TOT 3aMeuaresbHbIA cHMGHO3
TEOPHH H 3KCNEepUMEHTa, KOTOphbii BefeT K Oe3rpasuy-
HOMY POCTY 3HaHHH.
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Onucannulil npouece, N0 HalUleMy MHEHHIO, H: JEXHT
B OCHOBE IJIOZOTBOPHOTO Hay4HOro pasBHTHS. JlioGas
OCTaHOBKA TAKOTG Pa3BHTHI MOXKET CBHIETEALCTBOBATb
0 HaJIMYHH CepBesHOFO CKPHTOTO HPENsTCTBHSA, KOTOpoe
MOXeT - moTpeGoBaTh paspaGoTKH COBEpHIEHHO HOBOR
TEOPETHMECKOH CXeMHRl.

HecoMHeHHO, KBautoBas Teopua G6yleT HHTEHCHBHO
passnBaTbecA H Aanbine. KBanATOBble NpeCTaBIEHHS CTa-
HOBSITCA OCHOBOH A/ MHOTHX obnacteft mayxu. Bompo-
Chl, BLI3bIBABIUHE »KapKWe JHCKYCCHH B TIOAn Moedt
IOHOCTH, TeMePb H3JNaraloTcs Ha MepBLX Re YHHBEPCH-
TEeTCKUX JeKUMusx Ho QGu3nke.

M#Horse MORBITKH CTPOroid JOrHuecKodi aKcHOMaTH3a-
OHUH, PANOBAaBIIHNE TEOPETHKOB KOPOTKCOE Bpedsi, HpPU-
MIIOCh OCTABHTL MH0fl HATHCKOM HOBHX OTKpHTHE. Hupax,
dou Heifiman w Muorme Xpyrue ydeHwle JesraJd BCe BO3-
MOXXHOe, 4TO6H RanpaBETb [OTOK HAay4HbHIX (EKTOB
B XeJaeMoe PYCJO, HO OH CHOBAa M CHOBA BLIXOAHT 32
YCTaHOBJIEHREIE AN Hero npedesnl. Cefimac mE 0XH-
JiaeM TOMIBJIEHHS HOBHIX OJecTAMMAX Hrel, KOTOPHE HO~
8BOJIAT NMOCTPOHTb TEOPHIO «3JIeMEHTAaPHBIX YACTHUY, HJH
«KBAHTOBAHHLIX BOJIH», H STH HJIEH, HECOMHEHHD, MPUBE-
LYT K HOBBIM HEOXHAAHHBIM OTKPBLITHSM.

§ 2. Teopus oTHOCUTEABHOCTU

[lpy BHEMaTENBHOM NOAXONE K 3TOH TEODHH MOMKHO
8aMETHTb, 4TC OHA MO CBOEMY Xapd4KTepy BechbMa OT-
JiHYHZ OT kBamToBofk Teopmu. FIpexpme Bcero cienyer
NPOBeCTH pasrpaHHYeHHe MeXJy <«4acTHOH TeopHedk
OTHOCHTEJNBHOCTH», KaK ee Ha3Baa DifHmTelin, n «oGuleft
Teopuell oTHOCHTendbHOCTH». M3 Hux HanGosee crporof
AIBJIsieTCS NepBasi; OHa OCHOBaHa Ha OTPOMHOM Marephar
de (pHU3NYECKHX M acTPOHOMHUeCKMX HaGulofenuii, 0606-
LIEHHE KOTOPOTO NPHBEJIO K MOHATHIO UHEPUUGALHOR Cl-
CTembL OTC%eT@. DTOT BONPOC OUEHb XOPOHIO RINGHKEN

V 3oMMepdensmoM B Hauale eTO KHWPH NO Mexaumke [6].
{ B kjaccareckof Mexammke ROCTYHpYeTCs CymiecT-
{BOBARHE UHEPUUGALROT CUCTEMbl OTC%eTa — BOOGPE-
KaeMo#t noxosiHecs CTPYKTYpHl, HEHTP ROTOPOf O6BMT-
80 nomemiaerca Ha CoJiHlle, 8 OCH KOOPIHHAT %, 4 H 2
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1anpaBiAIOTCA Ha W3BeCTHHle «HENOABHXHLIE® BEE3JHI
OTHOCHTENBHO TaKOf CHCTeMbl OTcyera cBOGonmBIEe Ma-
TCpHaJbHE® YACTHIUE IPH OTCYTCTBHH BHEIIHHX CHI
JIBUTAIOTCH TPAMONHHEAHO C TOCTOAHHLIMH CKOPOCTIMU.
Jlerko BHZeTh, UTO Mo6as CHCTEMa OTCYeTa, ABHKYINAR-
¢Sl OTHOCHTEJNLHO MepBOH ¢ NOCTOSHHOH! CKOPOCTLIO, OG-
JlaflaeT aHANOTHUHBIMH CBOHCTBaMHM, TaK YTO CYHIECTBYET
1eJioe ceMefiCTBO HHEPUHAJNLHEIX CHCTeM OTcueTa. 3TO H
CCTb NMPUHYUN OTHOCHTEALROCTH 6 KAGCCUSETKONl mexa-
nuxe. o

Hekorophle HeOXHAaHBbie PE3YALTATH, HOAyWeHHLE
(PM3UKaMH BIOCTKENCTBHY, MNPHBENH K 3aKAIOUEHHD,
MTO STOT MNPHHIAN $BASETCH CIPaBeLNEBLIN * Takke
s Bcex sakonoB GH3MKH. Huxakumu dpususeckumu
IKCnepumenTamu He moxer ObbiTe OBHAPYHEHO pPABHO-
Mmeproe  Odsuncenue aaboparopuu (ucnoablyeMoll Kak
CcHeTeMa OoTcdeTa); OZHAKO OHH  MOTYT 06GHapYXHTb
YCKOPCHHOE ABHXKEHHe, HampuMmep BpalleHHe (MasfiTHHK
('yko, ontuyecknii skcnepument Canbaka # T. A.). Be-
NNKOC MHOJXKECTBO 3IKCNEPUMEHTOB B OGHACTH OASKTPO-
MATNCTH3Ma, ONTHKH H B APYrux @fracTaX Pussry noKa-
9810 CHPABEAJIMBOCTD STOTO NPHUHIMARX FACTHOA TWEOPEN
OTHOCHTENBbHOCTH.

Ditmureld BBes MpHAaraTelbHOE «YaCTHasi» B CBA3H
¢ TCM, 4TO BNOCJEACTBHH OH INbLITAACA PACHPOCTPAHHTH
9TOT NpHIMA na Gonec oGiune curyaunn. Oanako B no-
cacpiiee bpemst takoe ofoOuteine (L0 MOABEPrHYTO
KPITHKE YNCHWMKE D PasiaudiLIXx cTpallaX, KoTophie He-
ANOHCHNMO JIPYT OT APYFa HAt MUuoro cnabuix NynKToB
0 npeanonomenisix dfnwreiina ). C tex nop xak DiH-
reiin paspaboTal cBOIO TEOPHIO, NPOH3OMIIO MHOFO CO-
Ouitnii. KBaHTOBasi Teopusi NPOHMKNA BO BCe O6AACTH
(pusnKKM, BK/AIOYas MeXaHHKY ® OATHRY. Hexoropore
NPCANONOKe A DfHmMTefiHa XAaKYTCR BHOJNHE MaAek-
IILIMH, HO B HaCTORIEe BpeMA -OHA CTaAH NpeaMeTom ITH-
CKycCHH M HX clelyeT TIIAaTeAbHO IepecMoTpeTs. B TO
BpeMsl KagK KBaHTOBas Teopuf HOMOLJa OTKPHITE MHOrHe
loBble (HhHSHUECKHe ABJIEHHS, 001asd TeOPHA OTHOCHTe b«

1y Cm,, aanprmep, dox B. A., Teopna npoc:rpxncrsa, BpOMEHH
H mromeans, ., 1985, — ilTpum. pe&
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HOCTH MNOJBEpriach TOJBKO HECKOJbKHM 3KCIEpHMEH-
TaJAbHLIM MpoBepKam i),

IMpumno Bpemsi cHOBa BepHYThCA K «cTapoit moGpofi
TEOPHH OTHOCHTEJNbHOCTH» M ellle pa3 TIIAaTeNbHO ee mpo-
aHaJH3HPOBaTh. Bce (QH3HKH cuuTaiOT, 4YTO CTOAL He-
GosbHIOE YHCJIO SKCMEPHMEHTOB (BCEro JHMIb TPH) —
AeHCTBHTENIbHO CKYAHLIA pe3ysabTar AJS CTOJAb GOJbIIOTO
KOJINYecTBa NPOH3BeAEHHLIX BhiuHcaeHHA. O6mas TeopHa
OTHOCHTENAbHOCTH — GaiecTsAILMiA NpuMep BeJHKOJENHOH
MaTeMaTHYeCKOH TCOPHH, MOCTPOCHHON HA MecKe M BeRy-
meit Ko Bce OoJsibileMy HATPOMOXKAGHHIO MaTeMaTHKH B
KOCMOJIOTHH (THINHYHBIH NpHMep Hayuiol (aHTACTHKH).

Onnako BepHeMCSi K YaCTHOH TEOPHH OTHOCHTEJNIbHO-
ctd, Jlas nosyveHus TpeGyeMoit MHBADHAHTHOCTH 3aKO-
HOB (PM3HKH NPH NPOM3BOJBHEIX JHHEAHBIX Npeobpa3oBa-.
HHSIX CHCTEM. OTCYeTa HeoOXOAMMO OHAO BHIOHSMEHHTb
onmpeJiejieHde TaKHX - npeo6pa3oBaHHfi M BBECTH HOBbIE
npeo6pasoBanus NPOCTPAHCTBEHHBIX H BPEMEHHOH KOOp-
ZuHaT. dT0 OblIO cpenano Mexay 1895 u 1905 rr.
JlopenueMm (cm. [6]). C noMouibio 3SHAMEHHTHX Npeo6paso-
BanHil JlopeHua KOOpAHHATH X, Y, 2 H BpeMa ! MeHAIOTCA
TaK, YTO COXPAHAIOT CKOPOCTb CBeTa ¢ MOCTCsHHOM. Pe-
JATHBHCTCKHH 3aKOH CJIOXEHHSI CKOPOCTeH NOKa3bBaerT,
YTO CKOPOCTb CBeTa € NpefefbHasl, T. ¢. HHKaKHe MarTe-
pHaabHbie 0GbeKTbl He .MOT'YT HMeTb CKOPOCTb, NpeBhl-
I 3IOILYI0 CKOPOCTh CBETa C:

v<e. o (1.3)
DTO NMPUBOJUT K YAHUBUTENLHOMY q)aKTy—- SHeprus Ttena
9KBHBAJIEHTHA €ro Macce: )

E = mc2. (1.4)
O6a coornomwenna (1.3) u (1.4), KoHeuwo, BHAOH3-
MEHAIOT OObLIUHbC 3aKOlBI MCXanHKH, HO 3TH H3MEHEHH$

TAKOBbLI, YTO IIPH CKOPOCTsAX, MHOIO MEHBIIHX ¢, BbINOJ-
HSIIOTCSl 3aKOHbl KJAacCHuUeCKOi MexaHHKH. Irto obecne-

) Tounee — acTPOHOMHUECKHM HaGJIOfEHHAM MO CMEMEHHIO ne-
pureans MepKypHs M OTKJOKEHHIO Jyda csera B ‘nose Conuma. Tak
Ha3HBaeMOe IPaBHTALNOHHOE KPacHOe CMelleHHe He NPOTHBOPEUHT
o6ulell TeopHH OTHOCHTENBHOCTH, HO HE BHITEKAeT HENOCPeJACTBEHHO
u3 Hee. Ecau 6bl ynasoch saperscTpHpoBaTh TPaBHTALHOHHLIE BOJHHI
KOCMHYECKOTO NPOMUCXOXKJeHHs, TO 3TO HBHJIOCh GHl elle OXHHM SKC-
NIEPUMEHTAILHEIM NOATBEPIKACHHEM Ha3BaHHOR- TeOpHH. — [Tpun. ped.
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INBAET MAABHHIA NEpPexol OT TEeOPHH OTHOCHTEJBHOCTH
K KJacCHuecKoi Teopuu (cM. [1]). ‘
Bce npeabinyluMe COOTHOLIEHHS TOUYHO [POBEPEHHl
sKkcliepuMeHTaMH, a dopmyna (1.4) crana aHaMeHHTOR
b CBSI3H C SACPHLIME HpPCBPAIlCHUSIMKH H H300peTenneM
siiepiioft GomOn. «ITepBas» MM «yacTHas» TeOpUA OT-
HOCHUTCABLIOCTH aABAsieTcd QYyHAaMeHTaNAbHEIM OTKPBITHEM.
Oxnako oHa He NaeT OTBeTa Ha MHOTHE BONPOCH,
naibonee Ba)KHbIH H3 KOTOPHIX — npobJjieMa rpaBUTA-
. Heroton CUHTAIl, YTO TArOTeHHE pacnpompa’ﬂﬂerca

wmuuec ele K l‘a,rm.nelo, Ka3aJoch aécypnnmm yxKe
Cro coBpeMcHHBKaM,

Coraacno yeaosnio (1.3), MLl LO/MKHB! TPHHATb, 4TO
CKOPOCTL PACHPOCTPARCHISE TPABKTAIIY MCHbIIE HAM TO
Kpaiueil mepe pasia CKOpOCTH cBeTa ¢

vy <c. (1.5)
SHINTeAH NPeANo0KHI, UTO
Vg=0¢, - (1.8)

. NO-BILIMOMY, Yuenble NPHHAIH 9TO NPeAnoNokeHue
KilK caMOOueBHIHOE.

Onlako ono BOBCe He OYEBHJHO, MOCKONBKY HeT Hu-
KaKUX IKCNEPUMEHTANbHUIX u3mepenutd ckopocTu vg. Mol
ofeyanm s1or nonpoc nora. 3. Mu o rae Gosee  110-
apouo pacemorpim (ra. 4) OTHOCITEALIOCTL TCOPHH OT-
HOCHTEABROCTH, 1A NCM MID YIke  KPATKO  OCTanaBAuBa-
AHCH HO BREACITIIL
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HEKOTOPBIE NMPOBJIEMB, CBSI3AHHBIE
C YACTHOM TEOPHER OTHOCHTEJLHOCTH

§ 1. Teopus otHocutesbHOCTU
U nOTERYUAAbHAA SHepeus

DHAHITEAHOBCKOE COOTHOLIEHHE MeXAY Maccoli H
aﬂepmeﬁ oﬁmeasseemo. ST

E=M¢, @

HO He BCerfa ¢ MOJIHOH ‘SICHOCTbIO onpene.nﬁe'rca poab
NOTEHIHaJbHOH 9Heprun. M THATENLHO Hec/elyeM. BO-
fIpOC M MocTapaeMcsl NMOHATb, KaKHe TPYAHOCTH MPH STOM
Bo3HHKaloT [1—3].

PaccmoTpuMm ¢husuueckoe Tes0, CTpyKTypa KOTOPOTrO
N0 NPeAlOOXEeHHI0 HaM He H3BecTHa; MyCcTb OHO orpa-
HuYEHO H3oaupylouled o06oaouKOf, nperoTBpallaloliei
notepu sHepruu. Teno o6najaer oOnpeleneHHOA SHep-
roeii Eo, u3MepsieMOfi, Halpumep, B CHCTeMe OTCUeTa,
OTHOCHTeNbHO KOTOPO#i TeJIO ' OOKOHTCA. BHYTpeHHAA
3HepraAs Teja MoXer OHITh XMUMHYECKOH, MeXaHHYeCKow,
KHHETHUECKOH MM NOTEHIMAJbLHOM, OHAa MOXKeT Helpe-
PLIBHO TMEPeXOAWTb M3 ONHOrO BHAA B Apyro#i. Mu
yTBepikaaeM, 4to sta sHeprua E, cBfsana ¢ Maccofi no+
Kosi My cooTHowenuem (2.1).

Ecau ¢usuueckoe Temo GyreT ABHraThCfl C IOCTOSH-
HOll CKOpPOCTbIO V, OHO GyZeT HMMeTb HOBYIO MaccCy M
KOTOpO# COOTBeTCTBYIOT 9Heprua E M uMmnyasc p:

;Eo=Moc ’ E=m2,, p==MV, R
M M @2.2)
M= '-

Yeenuuenue Maccu OT 3nauenus Mg %0 M npomxonm
8a CYeT KHHETHUYECKOH Smeprau.
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®usnueckoe TeAO MOKET HBHTATbCA B CTATHYECKOM
HONe CHA H 83 ONPeHe/eHHHI NPOMEXKYTOX BPEMEHH
npHOGPECTH BHEINHION HOTEHIHAAbLHYIO 3Hepruwe /. Bee
CYHTAIOT, UTO TIOJIHAS SHEPTHA OMHCLIBAETCH COOTHOHe-
IHHCM

E o= Mc2 + U, 2.8)

rne U ocraercs nocTORHHEOA, HECMOTPE HA [ABHKeHHE
T¢Ja CO CKOPOCTLIO . ST0 03HAYAET, 470 SCAKAA BAIMONC-
HOCTb CYU{eCTBOBAHUR Y TEAR MACCHL, CEASANNONA € GHEUL
Hell noTeryuasbHol snepaued, RONHOCTLIO UCKAIOVGETTS.
Fean Onl siewnell noTesunabHON YHEPTHH COOTBETLTRO~
najna Macca, TO NOCAeAHASs KAKHM-TO o0pasoM yu4acTBo-
pana OM B ADHMKOHUH BOMAY NepeMelleHHs HHSHUECKOro
Tenm, a TAKOA JnuxyweicA Macce cOOTBeTCTBOBaJa Okl
nekotopan KuHeTHdyeckan sHeprus. K3 cootHoweHusA
(2.31! TaKyi0 BO3MOMHOCTh HUKAK Heab3sl YCMOTPeTb.

akuM o6pa3oM, nOJyyaeTcs CTpaHHas CHTyauHs:
nnyTpennefl noTeHuMaJbHO#l SHEPrHH OTBeyaeT Macca,
n pucmuell — Her.

§ 2. Cmoica noTenyunsoroll anepenu
(1 PeAATUBUCTCKUX TEOPUAX

B xnaccuueckol MexanHke onpepencine NMOHSITHA HO-
TCHRUAALKON NPl NIPAST OUCHb BAaXKHYIO pOJb, H
KON MW NEPEXOAUM K TCOPHM OTIIOCHTENBHOCTH, 3Ta
BOARTIIA OKDALIBACTCR ofHOft 13 HepBLIX B CHHCKe [10-
usnfl, noamexaumx  nepecmotpy.  [lepBonauanbnoe
KJN4CCHYECKOe OMpefiesieHHe COXPaHUTh HEBO3MOIKHO, TaK
KK OHO OCHOBLIBaeTCH Ha «abCOMIOTHOM BPEeMeHHE» H
«(CCKOHEUHOH CKOPOCTH pPAacCHPOCTPAHEHHA» CHTHAJIOB.
Ounpenenecuie MEOIHX APYTHX BEJHUHH A BaKOHOB TIKKE
TpebyeT BepecMOTPa N[O AHARGTHUHLIM MPHUMHAM; K HHM
oTHocATcsl Tperu#i 3akos HbploToua (dedrrsue pasuo
nporuseldedcTouio Ha AIOGOM pacCTOAHHH), MOHSTHE
LEeHTPa Macc H Ap.

Kak MOXHO TOBOPHTb O PaBeHCTBE NefCTBAA H EPO-
THBOAEHCTRHS MEXKAY TAKHMH, HanpuMep, TeaaMH, Kak
Connue m 3eMmis, eciH CHTHaJl OT OLHOTO K APyromy
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pacnpocTpansiercss npHMepHo 8 MuHYT? 3a 8 MuHHYT
3eMas npoiileT 3HAUHTe/NbHOE PAaCCTOSIHHE, H BEJHYHHA
COMIHEYHOTO NpuTAMeHHs usMenutca. Ecau Ha Coanne
NPOHCXOAMT B3DHIB, ero [eficTBHE MNPHXOIUT Ha 3eMJI0
uepes 8 MHHYT, a npoTHBoAelicTBHe npuaer Ha ConHue
uepes 16 munyt! B pesyabTarte nepeonpeiesieHue MOTeH-
IHAJIbHOA SHEPTHH CTAHOBHTCA OCTPOH NpoO6JeMoi.

‘B TeopuH OTHOCHTEABLHOCTH UMEIOTCA H ApPYTHE TPYA-
HOCTH — NPH ONpe/lesleHHH MOMEHTa HUMMyJbCa, MOMEHTA
HHEPUHH H BOOOIE BCEX BENHUHH M 3aKOHOB, CBA3AaHHBIX
¢ spawjaresbHoin 0suncenuem. DTH ONpelle/ieHHS TaKKe
caefyeT TIHIATeNbHO NepecMOTPeTb.

CocpenorounmM mnoka cBoe BHHMaHHe - Ha mnpobaeme
NOTEHUHAJAbHOH 3HepruH. BrIXOX H3 ONHCAHHEIX TPYA-
ROCTeR noJxKeH ObITb, MOTOMY 4TO, KaK Mbl 3HAeM, Teo-
PUa OTHOCUTEALHOCTU NAABHO nepexoBur @ 'Kaaccude-
CKYI0 MEXQHUKY TPH BHINOJHEHHH CJEIYIOUNX YCJAOBH:

a) Bce CKODOCTH MaTepHa/lbHbIX OGBEKTOB U MHOrO

MeEblle CKOPOCTH CBeTa C:

v<e ' (2.4)

(370 ycnoBHE ¢BA32aHO C MCNOJNB30BAHWEM MaJbIX
HOTEHUHANbLHLIX 3HEPTHil);
6) paccTosiHMs r ROJKHLI GLITL CTOJMb MaJBIMH, 4TO-
6Bl MOXHO OblLI0 mpeHe6peub 3anasjiblBaHHeM TNpPH
pacnpocTpaHeHHH CHTHAJIOB:

Lan @)

rle T — XapakTepHbli MPOMEXYTOK BpeMeHH JJist

paccMaTpUBAEMOro JIBMXKEHHf, HamNpHMep ero me-

pHOA.

B sanave saaumopnelictoua 3eman u Cosasua yciaoBue
a) BBIMOJHAETCS TOUTH BCerha (3a HCKJIOUEHHEM 3KCme-
puMenta Maiikenbcona), ycioBue 6) — HerT.

Tenépr Heo6x0AHMMO NOJALICKATh BeJIHYHHY, KOTOpas
sIBUJIach Obl PEJSATHBHUCTCKHM aHAJAOTOM NOTEHIHAIBLHOM
sHeprud. Toraa MOXHO HcC/IeAOBaTh NPOCTPAHCTBEHHOE
pacnpesesieHne 3TOH HOBOM BeJHYMHbBl H COOTBETCTBYIO-
niedt efi MacCH. -
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Ojuako nmpexze HaM NPHAETCA PaccMOTPeTh APYryio
TPYANOCTb, BOSHHKAIOILYIO NPH MepeHeceHHH TpajiulLiAoH-
X MCTOROB KJIAaCCHYECKOH MeXaHHKH B TEODHIO OTHO-
CITeABIOCTH. MHOrMe H3 3THX METOJ0B HeNb3s Pacrnpo-
CIPANUTD HAa TEOPHIO OTHOCHTENBHOCTH, OT HHX TiKKe
1PHUXOJNTCA OTKasaThcd B KBaHTOBOH Teopuu. B knmaccu-
NCCKOI MCXaHHKe ¢ ee AOCOAIOTHOIM BPEMeHeM MOAHO
CHIBKTL H pelmaTh 3aKauu ¢ JiloOHM 4HCIOM YacTdy, (4a-
npumep, My, Ma, ..., Mp), pacnooxKeHHbIX B HEKQTo-
pwil MomeHT a6COJIOTHOIO BpeMeHH [ B TOYKax
fy, 2, ..., I, Tlpemnosaraercs, 4To mnoTeHuHadbias
sieprist U(ry, r2, ..., Tn) ABASETCS HEKOTOPOH yHKIMSH
KOOPAMNAT, W 3ajlaua paccmMaTpHBaeTcd B 3M-MepHOM
npocTpancrTie, JTHM ovelib o6uum cnocobom cdopmy-
JAHPORAHO  OOABIIKHCTBO  TCOPCM  KJacCHUECKOR Mexa-
IHHKN,

TakofA MCTOA HCNPHMCHHUM K 38J104aM  PeNATHBHECT-
kOl Teopuy, TAC KaXjlas vacTHua (¢ KOOPOUHAaTIMH
Yue Jns 2n) B AAHHOA CHCTEMe OTCueTa MMeeT cBoe ¢O0- °
crnennoe wpems fp,. Teopusi OTHOCHTETBHOCTH HCMOJb-
AYOT MCTLIPCXMCPHOC NPOCTPAHCTBO-BPEMS.

Hameuenue onpefeieHuit fBASeTCS OYeHb CEPbe3HBIM
O6CTONTCALCTBOM M NPHBOJAHT KO MHOTHM  CJENCTBHAM.
PacemorpuM, nanpumep, CcHCTeMy [ABYX B3aHMOJefi-
CURYIONHX macTHl,. MoXem M Ml YTBOPIK/LATL, YTO T10-
TEHLUAALIAR SUCPIRA JOKATHIODNIA 1D OAN0R H3 EUX?
Han ee caepyer upnnucars nropofi? Than pacnpeneautb
MenAaYy numi? Lean SHEPENI oToeaacr saced, TO rae
HOMECTIVEL 9Ty MACeY? D1or npmintiadaniigd sonpoc
MUl 1 LOJEIO OBCY LT,

0T BONPoOC MACTO HIHOPUPOBaAAM M 06X0AMJH, MO-
TOMY TO 1IC BO BCCX 3alauax OH KaXeTcsi AOCTaTo4HO
nenum, OLo U3 ABYX B3aUMOAEHCTBYIOIIMX T&J MOMKET
OLITL  MHOrO  TSIXKeJlee BTOPOTO, CJEAOBATE/bHO, OHO
HOWII HCHOABHXHO, HanpuMmep 3eMJs, NPUTATHBAIOMIAN
ntioko Heworona. Coraacro ToyHO cOpMYJIHPOBAHIOMY
HuworonoM TpeTheMy 3aKOHY MeXaHHKH, A6/0KO TaKxKe
nputsrupaer 3emao. Ho MHorwe Teopervku 06 sTOM
3a6bIBAIOT, 3aABJAA, YTO 3eMJs HEMOABHXKHA, 4TO OHA
co3llaeT NOCTOAHHOE RoJe CHA, H A6AOKO ABHIMEETCH
B 3TOM &«3ajgaHHoM» noje. B pesyavraré ons oGbluHO

2 3ax. 1367
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AONYCKalOT, YTO MNOTeHIHAlbHOH 3HEPTHH HEe COOTBeT-
CTBYeT Kakas-nmH60 Macca, H 3aIHCHIBAIOT MOJNHYIO SHep-
THi0 B BuJe cooTHowrenus (2.2). 3T0, 0AHAKO, ABAAETCA
OYEeBHIHLIM YHYLHEHHEM, B CBASH C UeM H NOABJASETCA
HeOGXOAMMOCTb NPOBECTH HACTOMIAA AHANH3.

§ 3. 3nauenue NOKATUA NOAR
8 reopuu JiHwTelra

Bce 3TH Bonpochl TecHO CBfisaHW MexAy coG6o.
B TecHoil B3auMOCBSi3aH MX pacoMaTpPHBaJ cllle Takoi Be-
' IMKME MHcCauTeab, Kak Diumrefin. On sicHO nokasad,

YTO, DOCKQUbKY JeACTBHE Ha PACCTOAHHE 3anpelleHo,
HeOoBXOZMMO ROJHOCTHIQ IIQAATAaThCH TOMBKO Ha JelcT-
RHe, lepeflaBaeMoe MOCTENEHHO B BHAE IOJfA, Pacupo-
CTPAHSIOWATOCA Yepes NPOCTPaHcTBO. BaxHocTh Teopuu
N0As OKOHUATENHHO BLICTYNHJAA Ha nepefHHH nJaaH.
Hnen, nauano koropum nosoxunn Papameit n Maxk-
CBeJJI, MOJNYYHJAHK NOJHOe pa3BHTHE B TEOPHH OTHOCH-
TeJLHOCTH. BBLIO BLIABHHYTO NPELNOJONKEHHE O pealibe
HOM (DH3HUECKOM CYLLeCTBOBAHMM NoJell naxe B TOM
cayvae, KOrja OHM He AeHCTBYIOT Ha JABHXKYILYIOCS “a-
CTHIy M OCTaloTcs He3aMeyeHHbiMH. Takoe npexnoJoxe-
HHEe BBIVIAMAT B 3HauuTeabHO# cTeneHH Meradusuye-
CKHM, HO B PeJATHBHCTCKHMX Ipo6jieMax OHO Mrpaer Jo-
MHHHPYIOLLYIO POJb.

Takum o6pasoM, npolaeMbl O AeHCTBHH # [IPOTHUBO-
DeACTBHH Ha KOHEYHOM pacCPOsiHyd Cojblie He Ccylle-
CTBYeT; 3aKOH paBeHCTBA AeliCTBHA H NPOTHBOAEHCTBHA
nNpHMeHsieTCA JIOKaJdbHO B JioGofi JaHHOA ToOuKe Ipo-
CTPaHCTBa-BpeMeHH C KOOpAHHATaMH X, ¥, 2, .

IToato npunucvlBaeTcs O4EHb CAOKHAR POAL: OHO
MEepPEeHOCHT 3HePruio, HMNYJbC, MaKCBEJNJIOBCKHE HaTsXkKe-
HHA ¥ Np. MH XOTHM TaKXe NOAYEPKHYTb TOT akT, 4TO
cano nose obaadaer maccoli. VIMeHHO STH BOUPOCH MBI
HAMepPeHH PadCCMOTPETh, NOCKOJAbKY MBOI#e TEOPETHKH-
PeNATHBHCTH He HOJIHOCTRIO YHHTHBAKT BCIO. HX BaX-
HOCTb. ,

HauneMm ¢ npocrofi sagaus, JAs KOTOPOH CyIIeCTBYeT
obuwienpuusToe pewenHe. PaccMoTpuM cepy pasmycoMm
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« ¢ maccolt My n siexTpHIecKnM sapagom Q, pacnpere-
JCHHBIM Ha cdepHuEcKolk moBepxHOCTH. B mokosmefics
CHCTCMe OTCYeTa Ha PACCTOAHHH F STOT Sapal CO3kaer
WICKTPHYECKOR HOJE HaNpAXKEeHHOCTbIO

=2, (2.6)

Iric 1% — eIMHUUHBIA BEKTOP B HampaBJeHHH f. DTO JMeK-

TPHUCCKOE TNOJe HMEeT NAOTHOCTL sHepeutt (B CHCTeMe
C1I'C3)

1 . Q ,

393=EIFF=W. (27)
Cornacuo ¢yngamMentaasiomy cootHowenunio (2.1), sto
COOTRETCTRYCT RAOTHOCTU MACCH

1 3
oy | F o 2.8)

Haortnoers ancprun (2.7) um nnotHoctb Macchl  (2.8)
MOXKIIO MPOHHTErpHPOBATL MO BCeMY NPOCTPAHCTBY BO-
Kpyr cpepul pagHycoM @, 4TO JaeT

Q? . @

Evn=x5;, Muy=35-, 2.9
rne  Lhp — nonHas SHeprus  SJICKTPHYECKOro  MoaA,
i M,n — nonuas Mmacca nojs, pacnpeiejeHHbie B Npo-
cipancrse Bokpyr cdepul. Cdepa MoNET HMeTb APYryio

MACCY BHYTPCNHETO HPOHCXOKACHUR My, TaK 4YTO noJHas
Ce MACEn Pan

M, == My + M, . (2.10)

Korpa Mot rimiem 91y (opMyany, Mbl YIHTHBaeM, 4TO CO-
ornowcnue (2.8) ykasbiBaeT Ha OuYeHb BLHICOKYIO KOH*
ILCHTPALMIO Macchl B HemOCpeACTBeHHO# G/mM3OCTH K cihe:
]PINCCKOM TOBePXHOCTH, M NpeAmoJjaraeM, 9T0 3Ta Macca
MIKCT CUHTATbCA (Kaxk nepsoe npubiuscesue) JOKaJn-
jonaHHOH Ha camoi cdiepe.

§ 4. Cayuai dsyx s3aumodeiicTayowux chep

[TpomonmxnuM paccMOTpeHHe 3ajad SJNEKTPOCTATHKH;
KoTophie Gosiee H3BECTHH!, YeM MHOFHE APYrEe NOZOGRHIE
sajjayd, W MOryT OHITh HCHNONbL3OBAHW § KauecTBe

2’
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THOHYHBIX NpHMepoB. B 3ToM maparpade Mbl paccMOTPHM
npoGaemy AByx Tea. IlycTe HMmelorcs aBe cdepnl OfXHHA-
KOBOTO OuYeHb MaJoro pajmyca a ¢ Maccamu nokos M
u My u 3apazamu Q u Q’, KOTOphIe NOKOATCA 8 HeKOTO-
pci cucreme orceera. Paccrosinme MexAy HHMH 06GO3Ha-
unm yepes 7. Ilyctb P (¢ur. 2.1) oGosnauaer TOUKY,

9
7
g
27PN
/’. /// \\:r
//" ‘ \\
rd
MY @ e M)
Q ) ‘ 74

dur. 2.1

B KOTOPOA MBI M3MepsieM HamNpSKeHHOCTb Pe3YJbTHPYIO-
niero jaektpuueckoro noas F, toraa ‘

F=3 0+ 50" @.11)

IT120THOCTD 3Hepeul 3AeKTPUHYECKO20 NOAR B JaHHOM
cayyae onuchiBaerca Gopmyioi

! 1{e ¢ QY
=-—|F =-—-[———- — 222 co » .1
& 81:‘ F 8n|r Tt 2 s6 (@ 2)
rie 6 — yron Mexay BekTopamu r u r’. dopmyaa mns
NJOTHOCTH MacChl NPHHHMACT BHA
B | [@ Q" 520 ]

=== 4= == —cosB|. 13
Pm="0" = et [r" + rt + rn P 2.13)
B sToft sameuaTesbHOA (QopMyne nepBuifl WieH, OueBHA-
HO, TpeACTaBAsieT BKAaj B maccy M, mepBofi uacTHipi,
a BTOpOil — BKJAaj B Maccy M, Bropoii. sacrhubl. Ho

4T0 O3Hauaer Tperuil daeH, codepxcawyuil nepexpectroe
npoussedenue QQ’?
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Yto6bl BHECTH SICHOCTb B 3TOT BONpPOC, PacCMOTPHM
cllayana MHTErpajl OT TPeThero uieHa B popmyse (2.12)
it 0603HaYUM. ero yepes Eg,:

jé’m dv= [ (FF") dv=

=—'4"l,7f( Fet S Pyt S-F)dn,  (219)

A€ X, Y, 2 — KOOPAHHATH TOUYKH P, dt — 3JaeMeHT 'rpe.a;a(
mepHoro o6bema, (F F') ~— CKaJIsipHOe TPOH3BeNEHHE.

Bsenem craTtuueckufi notenuuan V' mna sapspa Q’,
HOPMHPOBAHHLIA C MOMOIIBIO OOLIYHOrO rpaHHYHOrO Yyc-
gopua (V' == 0 na GeckoneqHocTn)

pre=L, (2.15)

r

Hirrerpupys (2.14) no uactam, naxoaum
N 00 1 -
yy=— -;1!; V' (F,+ Fy+ F,) |_°°—|-_4; I v’ (VF)d‘t.
Aaecn ueppeil uaen pased HyJo, a

(VF) = dmpps (2.16)

1AQ pun = MIOTHOCTL BACKTPHUCCKOrO aapaaa Q. Toraa,
NOABPAN, YTO @ & o, NOAYUNEM

SRS (2.17)

CACAORATENLIO, MIL IIMECM CIC/LYI0ILYIO TEOPEMY:

Hoanan snepeus saaumodedcTeus 60 6cem npocTpan-
CIne eCTh GCAUNURA, OOLIUHO HA3LIBACMAR <NOTEHYUANL-
Hoti w(('p.’ueu» Osyx 3apados Q u Q’, NOKOAMUXCA. 8 He-
KoTopoll cucTeme orcuera.

D10 TakKe O3HAuaeT, YTO MOJHAS Macca, OTBEYalo-
nan Tpetbemy uieny B gopmyse (2.12), nponopunoHanb-
I NoTCHIMANbHOMA SHEPrHH OBYX 3apsaioB Q u Q' n q)ax-
THUECKH pacnpe,ue.neﬂa BO BCEM MNpPOCTPAHCTBE:

S . :
Moo =%, (2 13)

roc”
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Jlna mBYX TOueuHbIX 3apaAoB Q ¥ Q’, NOKOSIIKHXCH B He«
KOTOpOft CHUCTeMe OTcueTa, MH MOMeM 3aMeHHTb al-
CTPaKTHOE MaTeMaTHYeCcKOe MOHYTHE MOTEHUKAJbHOR
sHepruu (hU3HYECKOH MOJENbIO, B KOTOPOH 3HEprus pac-
npejejieHa B MPOCTPAHCTBE B COOTBETCTBHH C paclpese-
JIEHHEM HANpPSKEeHHOCTH MoJsl. '

Idanee, eciu MBl XOTHM paccMaTpHBaTth 3ajaqy o JBH-~
JKYIMXCA 3apsifiaX, Mbl JIOJKHbBI C/IefOBaTh MOKOOHOMY
e METOAY H BLIYHCAATH MAOTHOCTb HEPruH noas obeux
B3auMojeficTBylomix vactuu. Yaennl, coaepkamue npo-
ussenenne QQ’, 6yayT HenocpeaCTBEHHO MNPeACTABAATh
SHEpPruio B3aNMOJEHCTBHS NpPH JIOOBX DPAaCCTOAHASAX H
J100bIX CKOPOCTAX. JHeprus, pacnpefeNeHHas B NpO~
CTpaHCTBE B COOTBETCTBHM C pacnpejieleHHeM Hanpsi-
JKEHHOCTH T1OJifi, MpPONOPUAOHAJNBHA  pacHpefeieHHOR
Macce.

PaccMoTpuM, HanpuMep, 3azavy o ABYX 3apsajax, Ko-
raa nepsblfi H3 HHX Q' MOKOHTCA B HEKOTOPOH cHcTeMe
orcueTa, a BTOPOR IABIXKeTcH cO cKopocteio v. [loae 3a-
paia Q' — 3TO CTaTHYECKOe MoJie, HANPAMEHHOCTb KO-
toporo F/ onpenensercs no dopmyne (2.6), Toraa Kax
Hanpspkenocts nosiss F aBuxkylerocs sapaga Q omucs-
BaeTcsi XOPOLIO H3BECTHBIMH DEAATHBHUCTCKUMH opmy-
aamu (cM., Hanpumep, [4]).

Torna B 3Tof cneuuanbHOl CHCTEME OTCHCTA MOKHO
BHYHCJIHTh HJIOTHOCTb SHEPI'HMH B3aHMojeficTBUA 3aps-
noB Q u Q' (unenbl, conepxainue npousseserne QQ’),
a TakXe COOTBETCTBYIOIRYIO MJIOTHOCTh MacCHl.

§ 5. 'de mozaa 661 6oiTe A0KaAAU30BAHA Macca,
COOTBETCTRYOWAR NOTEHYUAAbHOU dnepeuu?

Paccmorpum 3ajauy, B KOTOPO BBLIMONHAIOTCS YCJO+
pus (2.4) n (2.5), 1 ML MOXKeM TOBOPHTb O MOTEHIIHAJb-
HO& sHerUN.

Macca, cooTBETCTBYWOIIAA NOTEHUHANLHON SHEPIHH,
(aKTHYECKH pacHpocTpaHeHa BO BCEM NPOCTPAHETBE Kak:
Mexay 3apagaMi Q u Q’, Tak u BOKpyr HuX. Oanako
ecid Mbl GoJsiee BHUMATeJbHO paccMOTPUM dopmyay
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(2.13), T0 3aMeTHM, YTO NepeKPecTHbIN UNeH (OMHCHIBAIO-
U B3aUMOJeHCTBUE)
QQ s 0

= = (0
pm. B3 43“‘3'9,,:3

@.19)

CTAHOBHTCA OYeHb GOJBLIMM Ha 3apsXKEHHBIX cdepuye-
CKHX MOBEPXHOCTHAX, KOrja r ==a uid ¥ = a. 910 yKa-
3bIBaeT Ha KOHLEHTPalUMIO Macchl BOJIH3H 3apijoB W Ha
3HAYHTE/bHOE YMEHbIUEHHE NJOTHOCTH Macchl ¢ yBeJnde-
IIHeM PacCTORHHA. DTa KOHUEHTpPalHs, OJHAKO, He CTOJIb
BeJHKa, Kak B ¢opmyne (2.8), oHa uaMenserTca nponop-«
LHOHAAbHO r2, a He r%, TeM He MeHee MH MOXKeM. BBe-
CTH nepBoe mpubamKkenue nogo6GHO TOMY, KaK 3TO0 Jesa-
gocb B § 3, um yrBepxnarb: 041 cpep oduHaKO8bLY
paduycos a <&Kro 8 nepsom npubAudICeHuLl MACCY,
COOTBETCTBYIOULYIO NOTEHYUANLHOU HepeuU, MONCHO CHu-
TAT6 NOKAAU30BARHOU Ha 83aumoldelicTsyowjux 3apsdax
Q u Q' u pacnpedesennoil mexdy Humu noposHy. Mu
nepenuuieM coorHomenne (2.10) ans noanblx Mace cJie-
Jlylouum obpasom: o :

My= Mo+ Mo+ 22, |

, , , QQ’ (2.20)

M= M5+ Mys + grr-
Pacnpepenenne, pantemoe  qopmyaofi (2.19), moa-
HOCTHIO CHMMETPHNNO OTHOCHTCALIO F 1) f,, i 2T0 onpas-
JALIBACT  «PUBIOPACHPEACACHICS  MACCHL, ¢CT 1ACTHID!

IMCIOT OIHITAKOBLIC pasMepbl # QopMY.

Crour, oaunako, o6CyIUTb HEKOTOpHE NOXPOGHOCTH
(tpur. 2.2). U3 dopmyant (2.19) BuaHO, uTO HA GOIBLUHY
PACCTOSIHUAX IVIOTHOCTB Maccel (M 3Hepruu) npHoOpe-
TacT ONMPEACACHHNN 3HaAK, kKorza 0 MaJjo u ¢os O pareH
nouTH eiuHHuEe. Byner nu Ha GOJNBIWIAX PaACCTOAHHAX
311aK MHHYC MJHM NJIOC, 3aBHCAT OT 3HAKA NPOH3BENeHHS
QQ’, u 3maK Gyzer TakuMm Xe, Kak B ¢dopmyne (2.18).
OnHako caenyer 3aMeTUTb, YTO IJIOTHOCTb Om, s B OP-
myse (2.19) pasHa Hyaio Ha chepe C nuamMeTpOM, pds-
IIbIM PacCTOSHHIO MEXJAY SapsiKeHHHMH yacTHmaMu Q u
Q’, B TOuKax KOTOpofi MHl HMeeM 0= z/2, cos 0 =0.
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BryTpu cdepbl C nJIOTHOCTb Py, ps HMEET NPOTHBOMOJIONK~
HBIA 3HaK.

Tak uauM uHave, MIOTHOCTb Pm, ps MOXET HMeTb oba
8HaKa, H Macca, COOTBETCTBYIOLLAs MOTEHHANbHON 3Hep-
rud (KaK u caMa NOTeHUHaJbHAsi SHEPrHsa), MOXKeT ObiTh
NOJIOXKHTENIbHOH MM OTPHIATebHOH.

- Hosnie Mmacchl, Boiuucnennsie no ¢opmynam (2.20)
JJisi MOKOAIIMXCA YacTHL, AOJXKHH ObITb XODOLIMM mep-
BbIM NPHOJHMKEHHEM, €CJH OfHA M3 YaCTHI ABHXKETCH C
MaJIOH CKOpPOCTBbIO U, TAK 4TO NOnpaBKu OYAYT TOJBKO
nopsiaka v?fc?, . ’

§ 6. Cayuaidl muoeux s3aumodelicrayroujux
3apado8 HA MAALLX PACCTOARUAX
U npU MANBIX CKOPOCTAX

Mbl paccMoTpeau ¢ HEKOTOPEIMH NOAPOGHOCTSAMH CJIY-
Yyail ABYX B3aHMOAEHCTBYIOLIHX SJIEKTPHUECKHX 3apanoB
Q u Q. lMonyueHHne pe3ysabTaThl MOXHO OGOGUIHTL H3
cayuafl AMNons, KBaApYNoJisi WJIH  MYJIbTHIOJA, B3auMO-
AEACTBYIOUIHX C TOYEUHbIM SJIEKTPUUECKHM 3apANOM.

PaccmorpuMm, HanmpHMep, KeCcTKYI0 - MOKOSALLYIOCS
CTPYKTYpY, 06pa3oBaHHYI0 HEKQTOPHLIM 4HC/IOM 3apsijoB
Q, Q”, ..., Q™ u p3auMOREACTBYOLLYI0 CO CBOGOLHEIM .
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sapsgom Q. DToT cayuail MOXeT COOTBETCTBOBATH,
uanpuMep, KPHCTAVIHYECKOH pelleTKe, B KOTOPOH JBH-
ikercsl cBoGoaHmt saektpoH. [1peanonaraercs, uro 3aps-
awt Q7 QY ..., Q™ uMelOT oAMHAKOBblE PalHycH a,
9JIEKTPHUECKH Baanmoneuc'rsyxm MexAy coGo#, H 3Hep-
I'HSI 3TOrO B3aHMOMEHCTBUS COCTaBJSE€T YacTb MOJHOMN
vileprHH (M Macchl) HX JKecTKOH cTpyKTyphl. CBOGQAHBII
sapan Q (Takxe paiMycoM a) B3aHMOREHCTBYeT C Ka-
MABM H3 3apsioB QU), W NONOBHEA COOTBETCTBYIOMIEH
Macchl B3aMMOAeHCTBHs JIOKaJH3yercss Ha Q, morjza kak
nTopasi MOJIOBHHA — Ha KaxJAoM H3 3apsamos Q). Haso-
nem U no1‘emma.nbnoﬁ sHepruefi Bcex 3THX B3aHMoxei-
CTBHIi:

U= -1 QQ(I)

7 ’ a kK Iy (2.21)

i=l
Macca cBoboanoro sapsana Q, s3aiMofefcTByOUIEro
€O CTPYKTYPOR, CTAHOBHTCA paBHOH

U
MQ =M+ M,, + 502 ¢ (2'22)

BB To e BpeMs HMeeTCH NOMONHHTENbHAs Macca Uf2c¢2 w
Ha KecTKOH crpyx'rype. 10 ecThb npsmoe 0606menue
(popmya (2.20). -

Ipeanosioxum Tenepb, 4TO sapun Q nsuxercs ¢ ma-
Joft ckopocThio v. Torna BupaMcHue AN NOAIIOH SHep-
IHH YacTHUB Q u CcTpyKTypw [B oT/HUHE OT BenWuuHbI,
AasaeMoft hopmyaofi (2.3)] nmeet Bua

. Mo+ Mo+ U2¢0 5 | |
Eyomu= . (= :,/cg)% 4+ ‘5“ U. (2.23)

dopmyny (2.23) MOKHO mNepenucaTh B HeECKOJBKO
1HHOM BHOE: : - : - R

P Mot Mea o U 1

Fuom = T gayotyh® +UF 2-[(1-»*/«:’)‘7'; : 1]‘ @28
[Nocnepnui wnaeH B KBaJApaTHbIX CKOOKax ecTb HOBLi
uJeH, COOTBETCTBYIOILUMA Hauled TEOpHH, Kak Hemnocpen-
CTBEHHO BHAHO H3 cpaBHenus ¢opmya (2.24), (2.3) ®
(2.10). B OGoabmuHCTBE NPAKTHUECKHX CfiytaeB OH
OCTaeTci MajnlM ¥ HopMyaa Sﬁmmeana (2.3) ume'rca
XODOWIHM NPHOMHIKEHHEM. -
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Haua HoBas nonpaBka Mmorjga OW CTaTb 3aMeTHOH
TOMLKO NpH GOJbHIAX SHAYEHHAX CKOPOCTH U W HOTEH«
uuanbHoi sHeprum U, Ho (Kax yxe ormeuanoch B § 4)
TpH GONLIIMX CKOPOCTSX U Tpebyercs cChelualbHO®
pacemorpenre. B coorBerctBhE co. 3HakomM U sta no-
IIpaBKa MOXKeT OHTb [OJNIOXKHTENAbHOH HJIH OTPHHA-
reasnoft. [Ipn sToM aHasH3e 1e06XOJHMO BCEria ocTepes
raTbCsi HCMOJNb3OBAHHHA TaK Ha3biBaeMblX [10TEHIHAJOB,
KoTOophie OGBIMHO ONpeAessioTcss C TOYHOCTBIO A0 NPOH3-
BOJILHOM NOCTOSHIION (MY QYHKIIHHM) H HEeNOCpeICTBeHHQ
BeAYT K TPYAHOCTSIM, CBASAHHHWM C <«KAJAHOpOBKO#» no-
TEHIKaJIOB.

[lpennonoxenue, 4To HOBasi Macca pachpejeneHa
TJ1aBHBIM 06pa3oM B 5/IeKTPUYECKOM MOJE BO BCeM IIpO-
CTpPaHCTBE, YAOBAETBOPsieT TPeGOBAHMAM, NpeLbsBJsie«
MBIM KaK K npeobpasoBaHusM JIopeHla, TaK H K caMOMy
SJIEKTPOMArHUTHOMY MNOJIIO. YTNpOlleHHas MOAeNb, B KO+
TOpOfi JOMOJIHHTEJNbHAs MAacca JIOKa/ju3oBaHa Ha 4acTH-
e, AOJKHA paccMaTpPUBAThCS TOJNLKO KaK NpUO/IHKEHue,
NI03BOJISIIOllEe 1AM YCTallOBUTb COOTBETCTBHE C KJIACCH+
YecKHMH 3a/lauaMil.

§ 7. Cayuall HeoOuHaKoBLIX wacTuy.
Pors dopmor wacruy

B § 4—6 M npepmonarann, NTO BCe B3aHMOAEHACTBYIO-
_ NlMe 4acTHLE NPEACTABAAIOT coGoh cdepn panuycom g,
M 3TO HENMOCPEACTBEHHO MNpPHBENO K <«paBHOpacmpenesne-
HHIO» NOMNOJHHUTEILHON MacChl MeXAYy ABYMS B3auMoned-
CTBYIOLIMMH yacTHUaMu [ycnoBue (2.20)].

Paccmorpum Temepb GoJiee CIOXKHYIO 3ajauy O ABYX
Heo/lMHaKoBbIX uacTHuax, HemocpelcTBeHHO BHIHO, YTO
~sapsaanl Q v Q' NOABAAIOTCS TOJALKO B BHJAE HX IPOH3Be~
fennsa QQ’. CiMMmeTpHs NMOJs B3aHMOJAEACTBHA MO-NPEXK-
' HEMY He 3aBHCHT OT pas3auuusa 3apafoB Q u Q’. Beanun-
HH Macc M u M/, no-syauMOMy, Takxe He HrpaioT HH-
Kakoi ponn (OXHAKO MO3XKe MHl ellle BO3BpaTHMCH K
STOMY MOMeHTY). Pacnpenesente mojss MOJNHOCTLIO CHM-
METPHYHO OTHOCHTEJBHO [MOJIOXKEHHS 8apsjoB, HO 2pd-
Hu4Hble YCA08US BaBUCAT OT paduycos cpep a u a’.
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N raweM npeinAyuieM aHaaude Ml TpebOBa/lH BHOOE+
HeIHA YCAOBHS

a=a <rp (2.25%

liciin e a 5= a’, To BcA CUMMETPHUA HapyluaeTcs.

B 10 xe Bpemst maccol M u M’ 6yayt pasanddu, 0o-
CKOJIbKY PasAHYHBI 3JieKTpHUecKHe J003BKkHu B HuX. Ilpen-
NOJIOXKHM, Hanopumep, uto a > a’. Coraacio Qopmyne
(2.9), Mb! HOAy4aeM

a>d,  Mau< Mm 2.26)

1lockoibKy 06/1aCTb WHTErpHPOBAHHS HECHMMETpHIHA,
Mbl He MOXKEM CYMTaThb, UTO JOMOJHHTE/IbHAs Macca, CBs-
JaHHaf C NMOTEHUHaAbHOM SHeprHel, pacnpepesserca me-
KAy uactuuamu noposuy. ITose cnrabee BOKpYr YacTHUBI
paguycoM a ¢ MmeHbwed maccos M. Kpome Toro, stoit
JacTULE CjedyeT NPHUNHMCHIBaTh H Melbliylo Maccy, oG-
YCJIOBAEHHYIO B3aMMOJEACTBHEM, BCIEICTBME YErQ BMECTO
(popmya (2.20) Mb umeeM

Mas < 2%, < M. @.27).

[Moan3ysick ¢ur. 2.2, paccMOTPHM 3aHOBO aHaa13 Gop-
myasl (2.19). Iltorocts Maccu,g’ TOYHO DABHA Pm, 8a/C2 H
IMeeT pas/iMuHble 3HAKH B PasHuLiX 06JacTAX NpoCTpaH=
¢1Ba, 3TO NPHBOAHT K MNOABAEHHIO TPaBUTAIIMOHHOIO
110J15, COOTBETCTBYIOULErO rPaBHTAUHOHHOMY MY/JbTHIOJIO
(a ne Toucunoft Macce). Takie ycaoRHs MOTYT NPHBECTH
K FPAaBUTAIIMOIIHOMY NOTEHLHAJY TEH30PHOrO Xapakrepa,
1nogo6HomMy noayvensomy DitHuTelinoM wiau Jukke. Ecan.
BMeCTO C(epHYecCKHX Mhbl pPacCMaTPUBIEM 3apAXeHHDIG
YaCTHUH HHOH (OPMH, TO CHMMEIPHA rpaRHil NOJIOCTHIO;
llapymaercsi, H DPeANOACKEHHE O PaBHOPACHP oMILeHHR
Macchl, OOYCAOBAEHHOE B3aHMOAeHCTBACM, CTAHOBHTCS
lenepHbIM,

Paccmorpas, Hanpumep, cayuali, Koraa ojHa cpepus
Yeckas YacTHHa BAXOLHTCS SHYTPU 3AKPHTOTO METAaNJIk<
YCCKOTO sil@ka, SHIMK MOXHO COSAHHHTb C TeHepaToOpOM
Bau-ae-Tpaadra n nopaepxusath B HeM BLICOKHH HOTEH.
uuan V. Ilpu srom BoamuKaer BechMa peasbHas npoGaema,
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CBA3aHHaa € TeM, YTO Macca, COOTBETCTBYIOLLas 3HEPIruH
B3aHMOAEIHCTBHS, MOXeT OKas3aTbCsl BO MHOTO pas 6041b-
Hie Macchl MokKos yactuubl. Odan SJIEKTpOHA

mgyc? = 500 000 sB.
OnHako MOXHO B35iTb . ‘
V=10MB, torna Ug,= 20myc2

dto yxe He Gyaer majofi nonpabkoit. OAHAKO B TaKOM
cJyuyae fnoJsyuyaerca nojiHas aCHMMETpHA.

ITycTp BHauane AwHK GYAET NYCThIM, HO CHAPYXH Bo-
KpYr Hero pacnpeiene GONbIIOH 33apsifi H HMEETCH CHJIb-
Hoe aJeKkTpHuecKoe mojde. Macca, pacnpejaenenHas s
3TOM NoJie, NPOCTO A06aBHTCA K HCXOAHOA Macce silIlHKa.

BBeneM Tenepsh B smuK oAuH 3aekTpoH. Tlone siek-
Tpoua GyAeT eIMHCTBEHHHM mojeM BHYTDH' SIHIHKA. Tam
HeT noJs, o6yCJAOBAEHHOTO B3aHMOINEHCTBHEM 3apsloB,
a cnefoBaTesqbHO, HET W 3HEPruH B3auMojeiicTBus. [lone
BOKPYT 3/]IeKTPOHA TaKoe e, KaK H BOKPYr CBOGOZHOro
9JIEKTPOHA B BAKYYMe, H 3JIEKTPHYECKAs Macca 3JeKTpo-
na He uameHstercst. Ha BHyTpeHHell mMOBepXHOCTH AIMMKA
BO3HHMKaeT MOBEPXHOCTHAA MJOTHOCTb 3apsja, MpHYEM
DOJIHbIH HHAYIHPOBaHHLIA 3apAZi TOUHO PaBeH H NMpPOTHBO-
NOJIOXKEH 3apsaly 3JeKTpoHa. B cBoio ouepenb 3apsn, pac-
npeleneHHb HA BHYTPEHHEH NOBEPXHOCTH, MPUBOIHMT K
HOSIBJIEHHIO NPOTUBONG/IOXKHOrO 3apaja TakoH ke Beau-
YHHbI, PacHpee/]eHHOrO. HA BHEIIHeHl NMOBEPXHOCTH fAlu-
Ka. l'IocKoany BHELHEE TOJIEe YBEJHWYHAOCH, YBENHYH-
BaIOTCH ero sHeprus u Macca. Her HHKAKoro comsenus,
YTo B 3TOM CJyuae BCH Macca, o6ycJoBJeHHasi B3aHMO-
JAeNCTBHEM, JIOKANH30BaHa Ha flUMKeE, U NPAKTUYeCKU HeT
HHKAKHX H3MEHEeHHR MacChl 3J1eKTPOHA, HaxoAsllerocs
BHyTpH. Coryua, Koria Bcsl JONMOJIHMTE/bHAsE Macca, co-
OTBETCTBYIOUlAA MNOTEHUHaNbHOR SHEPruH, COCPEAOTOUEHA
Ha sJaeKTpojax u npubope, a Macca 3JEKTPOHA OCTaeTcsi
HEM3MEHHOM, NpeACTaBAfIOT cOB0f peasbHble 3Kcnepu-
MeHTaAbHble CuTyayuu; NPy STOM HMEET MECTO.:IIOJHasf
acumMerpus. IIpn Takux ycnoBHsiX cooTHomenue (2.3)
CApaBeJJIHBO, HO 3TOT pesyjabraT He. ABJSETCS OUeBHI-
HWIM H He MOXeT GbiTb OGIIHM. DTO TaKKe JOKA3blBaeT,
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Hi0 NPCANONOXKEHHE O JIOKAJH30BAHHLIX MacCax — BeCh-
mu 1py6Goe npubamxenue. Mos Gecena ¢ JImkke oueHb
1IOMOIIa BHECEHHIO ICHOCTH B 3TOT BONPOC.

§ 8. O6obujenusn. Keanrosoie npobaenol

Cuenyer OBITh OCTOPOXKHBIM B CBSI3H C TPYZHOCTBIO
ONpPCICACHHS NOTEeHUHANLHOA SHEPr#A H N03a6OTHTbCA
© TOM, 4TOObl HE CMEIIHBATDH €€ C TaK Ha3hBAaeMLIMH NO-
TeliHanaMy (3JIeKTPHYECKHM MM BEKTODHEIM), OOGbIYHO
HCHOAL3YeMBIMH B 3JIEKTPORHHAMHKE. DTH MOTeHIHaJIb
IPCACTaBASIOT 4-BEKTOP ¥ MOTYT 3aBHCETh OT KOOpAHHAT
X, ¥, 2 n spemenn £, Ouu onpelensioTcs ¢ TOYHOCTHIO 0
HPOKABOABLIONR GYyNKIUN W 11le RMEIOT HenocpeAcTBEHHOrO
pranneckoro cmbicas, GHANUECKHA CMBICA HMCIOT TOJILKO
X NPOH3BOJILIC, NPCACTABASIONHE KOMIOHEHTH HAnps-
IKCHHOCTEH aneKTpoMaruumtHoro noasi. Busio 6H  6Gec-
CMLICICHHO CBfI3bIBATh IMOJHYI 3HEPIHIO CHCTEMBl ¢
4 BCKTOPOM NOTeHUHKa0B. XOpOLIO H3BECTHO, YTC HMCHOMAb-
J0BAlIHE BEKTOPHBIX MOTEHIMANOB BeleT K npobieme
«KaIHOPOBOYHOH HMHBAPDHAHTHOCTH® H MHOTHM JPYIHM
SATPYAHEHUSAM.

B npeamaymux naparpagax npeanoaarasoch, YTO Mbl
[PACCMATPHBAEM cTaTu4eckyio 3adady (B HeKOTOpoOH mpe-
IIMYLIECTBEHHOH CHCTEME OTCYeTa), NpuyeM NOTEHIHaJib-
iylo 3Hepruio Ha OGeckoneyno GoOJbLIMX PaCCTOSHHUSX
MOXHO OblJIO CYHTATh PABHOM HYJNI0 M TAKHM o6pasom
HCKJIOUHTh Jl)Ke IPOH3BoJALNBIE NocTosnHue, Hauwa no-
TCHUHANbHASR 3Hcprys Ovijia QyHKUHeR TOABKO KOOpAH-
4T X, Y, 2 U He 3aBHCeJa OT BPeMeHH f, onpeme.nnemoro
1 IPEUMYIIeCTBEHHOMH CHCTEME OTCYeTa.

KBanToBele npo6aeMbl paccmaTpuBaiuch JIamGou,
ete, lllBuHrepoM u APyruMH, W pe3yAbTATH KX NpPUBE-
Jcnsl B knure I[lIBuHrepa «KsaHToBasi. 3/1eKTpOAHHAMH-
ka» [5]. Metoa, KOTOpHfi OHH HCIOJb3OBA/H, TPHBOAHMT
K BBel€HHIO NMONMPAaBOK /A 3aTPAaBOYHHX MacC YacTHI H
11a3bIBAETCA «N€PEHOPMHPOBKOR Macchi». OH MpHBOAHT
K OTJIHYHHIM YHACJEHHHIM pesysbraTaM. KBaHTOBHE S(*
(heKTH BKJIOYAIOT /AEKTPOCTATHUECKYIO HOTEHKHAILHYIO
31ePruio U BCE BHAL CHHOBLIX 5Q(€KTOB. = -
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/ Hacrosmuii aHanu3 NOKa3biBAET, YTO NEpPEHOPMUPO8-

! Ka maccol HeoOXONMMA He TOJALKO B KBAHTOBOH TEOpHH,
HO NO/KHA OBITh BBEHEHa H B TEOPHIO OTHOCHTE/NbLHOCTH,
uyTO GBHIJIO COBEpLIEHHO YNyWEHO M3 BHIAY €€ OCHOBOIO-+
JioXKHUKaMu. 3oMMmepdenna u Jlupak He yYHTHIBAaAH ITOT
MOMEHT, NO3TOMY HX (HOPMYJIEl HEOGXOLUMO TIATENbHO
nepecMOTPETS.

§ 9. [Tpobaemol, BO3HUKAIOUWUE HA CTbLKE
KAQCCUMECKOU U PeAATUBUCTCKOU MEXAHUKU

[TIpoGaema, KoTOpyiO Mb! oécyx(,u.anu, ABJASIETCH TH«
NUYHLIM NPUMEPOM TPYAHOCTEH, BO3HHKAIOUIUX HA CThIKE
JIBYX pas/iHuHbIX TeopeTHuecKHX Mofeseil. Ob6uiee pac-
CMOTpeHHe TakuX npobaem Gblio caenano B [6] (ra. 11—
V)..Bmecte ¢ TeM 3Ta mpoGaema npeACTaBaser 0COOLIH
HHTEPEC, MOCKOJIbKY HEKOTOphie M3 NMPUCYILHX el 0CoGeH-
HOCTe#l, Mo-BHAUMOMY, OblIM YIyLeHbl H3 BHJY OCHOBO-
NONOXHHKAMH TEOPHY OTHOCHTEJLHOCTH.

[Tepexon OT KJacCHYeCKOH MeXaHHKH X TEOPHH OTHO-»
CUTENLHOCTH MOXHO paccMaTpHBaTh € ABYX TO4YeK 3pe-
HuA.

a) CuMTaeTcsi OUCBHJILM, YTO PeAATUBUCTCKAS Me-
XArUKa AOMKHA NEPexolHTb B KAACCUHECKYIO MeXaHuKy,
ec/y CKOpPOCTb cBeTa ¢ Oblia Obl GeckoHeunoit. Jas pe«
JISITHBHCTCKOM MeXaHHUKH 4YaCTHL 3TO MOXeT OblThb MaTe-
MaTHYeCKH BEpHO, HO (DH3MYECKH TaKHe pacCyXJeHUS
HenpaBH/IbHEL, Mbl elile MOXeM MOJOXKHTb C-—> 00 B Me-
XaHHKe, HO HH B KOeM cJyuae He B 3JeKTPONMHaMHKe.
®u3uk (HE3aBHCHMO OT TOTO, SKCHEPHMEHTATOP OH HJH
TEODETHK) He MOXCeT USMEHUTb CKOPOCTb CB8eTA C, KOTO-
pas siBasercst (GynaamentanbHoil (HH3NYECKON TNOCTOSH=
Hoit. Ecaiu Mbl B 3TOM naparpade M roBOpuJu 0 «Mexa-
HHKe», TO HMMeAM B BHAY TOJBKO «CHCTEMY YaCTHH».
B sTOM miaHe MOXHO paccMaTpUBaTb 3aJayH O JBHXKe-
HHH ATOMOB M MOJEKyl, HO He 3ajai O pacmpocTpae-
HHH BOJIH B CILIOIIHOH cpeJe.

.6) DuH3NK MOXKeT. HCCASAOBATb CBOHCTBA. MexaHHue-
CKHMX CHCTEM YacCTHI TOJAbKO B CAy4ae, eclii HX pasMephnl
u ckopoctu Maaul [hopmyan (2.4) n.(2.5)] B Takux cu-
cTeMax 3anasfibiBaHHA NPH PaCHPOCTPaHEHHH CHMTHAJOB
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MOI'YyT ObLITh HACTOJNBKO Majibl, YTO HMH MOXKHO MpeHe-
Opedn paxke NPH KOHEYHOH BesIHYMHE CKOPOCTH CBera ..

Ycaosusi a) H 6) (akTHuecKM NpPHBOAAT K BeCbMa
pasiniHBIM CAeACTBHAM. PaccMoTpuM, Hanpumep, coer-
nouicHue MeXARy Maccol M 9Heprueﬁ (E — 3apanmnan Be-

JHHa):
E = Mc?, M =7,:-. (2.28)
lenonb3ys yenobue a), neJgydaeM
- M-»o00 mpu c-»oo.

BB caydae xe BHINONHEHHS YCAOBHS G) Macca OCTaeTest
KOlleYHOH,

YcnoBue a) MoXeT YAOBJETBOPHTH MaTeMaTHKa, KO-
TOPOro MHTEpecyeT TOJNIbKO MEeXaHHKAa 4acTHll, HO (H34K
11 MOXET NPHHATb ero HU NPH KaKUX O6CTOSITENIbCTBEX.

Yenonne 6) umeer peanbHblfi pU3HueCKHit CMBICA M
o6najaer eule OAHHM cepbe3ublM npeumyutectsoM. CHO
COOTBETCTBYeT HHM3KHM 4YacTOTaM v H, CJAELOBaTE/bIO,
onenb MaaeiM KBantam hv. Korpa sueprus cucremsi E
nedliKa N0 CPaBHEHHIO ¢ Av, MH (DaKTHYECKH NOJyyaeM
KJIACCHYECKYIO MeXaHHKY, I'le HH KBaHTOBbie, HE PeJATH-
micrckue 9¢¢peKTol He MOTYT HIPaTh CePbe3HON POIM.

OnpenenieHHe NOTEHYUQALHOU IHepauu B KJaccuie-
CKOH MeXaHHKe OCHOBAaHO Ha IPEINOJIOXKEHHH, YTO NDH
pacipocTpaHeHHH JMOOLIX CHMHAJIOB 3anasibiBaHHs npe-
neGpexxumMo Maabl, Takoe npeanosoxenue corJacyercs
Kak c¢ ycuoBHeM a), Tak M 6). B peasituncrckoit mexa-
IIIKe 3anasAbiBaHKA MOTYT OKasaTbcs GO/IbLIIHMHA H KJac-
cHYecKoe onpejlesieHHe CTAHOBUTCA HENPHMCHHMbLIM. DTa
TPYAHOCTb npeojonenaercs [popmyan (2.4) u (2.5)] no-
Ka3aTeNbCTBOM, YTO 3TY SHEPrul0 C/EAYET y»Ke paccmat-
puBaTh He KaK «NOTCHUHAJNbHYIO», 3 KaK B BHOJHE Emﬁ
11y10,_KOTOPYIO MOXHO JIErKO. OGHApYKHTb B NO/€ B3aH-
MOJIEHCTRYIOIMX UACTHI. DTO JOKA3aTeNbCTBO G0
JlaHo AJs caydas 3%EéKTPHUECKOro moss, HO OHO, oue:
BHIHO, IPUMEHHMO H K GOABIIMHCTBY APYrex nojefi.

Il BoiicTBEHHOCTb, O KOTOPOH CBHAETEJbCTBYIOT YC/10-
Bua a) W 6) storo naparpada, Ha CaMOM JeJie MEOTO
rny6xke, yeM KaXKeTcs Ha NepBH# B3rasA. Mu daxkriue-
CKH JOMKHBI pacCMaTpHBaTh 48e paspudnsie OOACCTW
cneyuasvroll TeOpUK OTHOCUTEALHOCTU:
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a) PeaaTusucTckyro mexanuxy CcucTemol 4acruy, 8
KOTOPOU cooTHOWweHue mexncdy maccold u snepaueti (2.1)
UCNOAL3YETCA TOAbKO 04 KUHETU4ecKoll anepauu, TOrAa
KaK NMOTEHUHAaJAbHON 2Heprud BooOllle He OTBeYaeT Macca.
B npunoxenusax sTof Teopun 60JbUIHHCTBO aBTOPOB HC-
NOJb3YIOT «3ajlaHHble CKaJApHbA M BEKTODHBIH NOTEH-
nuaianl V u A», e yTouHAs HX onpeneaenuii. Mm pac-
CMOTpeJIH COOTBETCTBYIOULHe npobaembl B § 8.

6) PeaaTusucTckylo 3AeKTpoOuHamuky. 31ecb Mul
nuMeeM ropasno 6oJce HCUepNLIBAIOLLCC H3JNOXKEHUE, TIlA-
TeJibHO paspaboraHHOe DHHIWITEHHOM W APYTHMH YUeHbI:
mu. CooTHOLIEHHe MEXAY Maccod u sHeprueit (2.1) mpu-
MeHseTcst JJsi JIOGhIX BUIOB SHEPrHH, U BCE YpaBHEHMS -
COIJIacyIOTCHl ¢ KOHEHUHON BeJMYMHOH CKODOCTH CBeTra C.
Tax HaspiBaeMasi MeXaHHYecKas NOTeHHHAJNbHAs SHEPrHs
BXOAHT B SHEPTUIO 3JEKTPHUYECKOro IOJA, pacrnpeselied-
HY10 BO BCeM MPOCTPaHCTBE BOKPYT anempnqecxnx 3aps-
IoB. DTOro JOCTaTOMHO JJig TOro, uUtobnl efl orBeyaJa
Macca, HO TeOpusl Huiero He rOBOPHT Ham O TOM, rhe
JIOKaNH30BaHa 3Ta Macca, - ¢

Hen36exxnbiM aBasieTcs1 M ellle OJHH BONPOC: B Kaac-
CHYECKO/I MexalliKe Macca BCerjia NoJIOKHTeNbHA, dHep-
rusi e (Kak TONBKO omnpejienen HYJeBol ee ypOBeHb)
MOXKeT GbITb KaK NONOXUTCALHON, TaAK H OTpHLATENbHOM.
B kuaaccuueckoli MexaHuKke BLIGOD HYJNEBOrO YpPOBHSA
SHepTMH He uMeeT GOJIBIIOrO 3HayeHHs, HO B TEOPHH OT-
HOCHTEJIbHOCTH HIpaeT. BaXcHYIO POJb MMEHHO abcCoJoT-
Has BeqMuYHHa 9Heprud. Takoe yTOuHEHMe COBEpIIEHHO
HEOOXONMMO IJIsi COOTHOLUEHHS MEXAY Maccol H 3Hep«
rhefi (2.1). Mpl gOMKHB JONYCKaTh BO3MOKHOCTb Cyie-
CTBOBAaHHA OTPUYATEAbHbLX MACC, COOTBETCTBYIOUIUX OT-
pHUATENBLHLIM SHCPTHAM,
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I'PABUTALLUS U TEOPHUS OTHOCHTEJIbHOCTH.
ATOMHBIE YACBHI

§ 1. Kak pacnpoctpansercs -
*pasuTayUonHoe ~esatmoﬁeﬁcmue?

Bonpoc o ToM, Kak pacnpocTpaHfercsi rpaBHTAMHOH-
10e B3auMoJieficTBHe, MH YK€ MOAHHMaJH B KOHIe r. 1,
rie OTMEYaJoch, YTO B HacTosllee BpeMs HECOMHEHHHIM
MOXXHO CYMTAaTh JHIbL ORHO: IPaBHTALHOHHLIE BO3MYyille-
1Sl HOJKHBI PacnpoCTPaHSTLCS CO CKOPOCThIO, He mpe-
Bumaxomeﬁ cxopoc'm cBeTa C:

o ve<e. . R

ditnmTeliH e NpuHAA Ges’ KaKHX- Jmﬁo axcnepnmema.nb-
HBIX JIOKa3aTeJbCTB, 4T0

vg=c. (3.2)

Aro npexnnoJoxerne TpeGycT NOSCHCHHS.

SfniuTeAH XOTCA CBECTH BCIO (PHIIKY K UHCTOR reo-
METPHH; Ol NONATAN, WTO NOAXOANNIHM 06PA30M HCK]HB-
JIEHHBI/I MPOCTPANCTBCHNO-BPEMCHIION MHP Jlast Obl BO3-
MOMHOCTL OO'LACHUTL BCE (PH3HUCCKHE 34KONLI, HaUMHag
OT 3JeKTpOoMarseTuaMa M KoHuas rpasurtaunei. OH co-
3HaTeNbHO NMOCTaBWJ Nepen coboit Takyio uesib u pabo-
TaJl HaJ ee OCYHIECTBJIEHAEM B TeUeHHe NMOJIOBUHH CBOER
xusHK. JJs JOCTHXEHHA 3TOA Nesm DfinmTefin He MOr
BBECTH B CBoefi TEOpHH JBE pasJyMYHHE CKOPOCTH Ug H C.

Ho sta ueab He ‘6uina nocturayra. DAHWTEHH cymen
GaecTslle CBA33aTh HEEBKJMJOBY FEOMETPHIO C Tcopued
TATOTEHHUS], ONHAKO NOCTPOHTb eOUHYI0 TEOPUIO NOASL eMy
TaK H He ynajoch. MHOTHe MONBITKH TAaKOro IOCTPOEHHS
He YBeHYaJHCh ycnexom TO nu B CHIY HENOCTATOY-
HOH O6IHOCTH, TO JH, HaeGOPOT, B- CHNY upe3MepHoi
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OOIHOCTH, BBOJMBLIEH MHOXECTBO HEHM3BECTHLIX MpOHU3-
BOAbHBX ycaoBuM. Tak win uHaue, HO 0KAa3aJ0Ch HEBO3-
MOXHHIM OOBEIMHHTb 3Ty TIeOMeTPHYECKYI0 TEOPHIO C
3/1€KTPOAHHAMHKOM. ' , ;

B Hacrosiuee BpeMs OYeHb HeMHOrHe GU3HKH BepsAT
B BO3MOXHOCTb NMOCTPOEHHS! TaKOH eAuHofl Teopuu. Ecau
OTKa3aTbCsi OT MBICJIH O ee CYIIeCTBOBAHHH, TO HeT HH-
KaKHX OCHOBaHM/ CYMTAThb CNpPaBeLJIHBBIM COOTHOLIEHHE
(3.2), 1 noxa 3xcnepuMeHTH He JAaAYT AOJrOXAaHHOTO
OTBETa, CJIe/lyeT NoJaraThesi JKlib Ha HepapercTBO (3.1).

JlaoT Au 3KCIepuMeHTH KaKoi-nn60 OTBET Ha 3TOT
Bonpoc? K coxaneHuio, Mbl BLIHYX/I€Hbl NPAMO CKa3aThb:
«Her, He paor».

OnHako euie xyxe TO, YTO, KaK Tenepb H3BECTHO, B
NyCTOM HPOCTPAHCTBE, JaKe B COBEPLICHHOM BaKyyMe,
BCe BEABL APYrix BoJH (BoaHu ne Bpoiura uau IIpemun-
repa) PacnpoCTPaHAITICA CO BCEBO3MOXKHWIMH CKOpOCTHA-
mu, Mbl HMeeM He NPOCTO OJAHY CKOPOCTHb ¢, HO NOYTH
6ecKOHEYHOEe MHOMKECTBO BO3MOXHBIX cKopocreir. Kak
MOXHO 10rajaTbCsl, KaKas H3 STUX CKOPOCTeH sfBASAETCS
CKOPOCTBIO PacnpocTpaleHHss rpaBHTALHOHHOTO B3aHMO-
JeficrBua? CyluecTpyet MHOrO BO3MOXHOCTeH. ,

a) Mbl MOXKEM CHHTATb, YTO FPABHTALHOHHLIE BO3MY-
WeHUs PacnPOCTPAHAIOTCA B BHAE AeHCTBUTENbHBIX BOJH
€O CKOpPOCTBIO Ug << ¢ npu ychaoBuu (Jlannac, Jlesepbe),
YTO 3Ta CKOPOCTh JOCTATOYHO BeJIHKA, YTOOb He BHOCH-
JiCb BO3MYIIEHHA B HaGJaiojaeMbie ABUXKeHHs HeOecHbIX
Tell COJIHEUHOR CHCTEMH. DTH ABHXKEHHS BHIYHMCISIHCh
LISl CKQpocTelt Ug== 00, M COHLIKOM MaJjoe SHauYeHHE
CKOPOCTH Uy MOTJIO Obi 3HAUMTEJbHO BHAOH3IMEHUTb B3aH~
MOJieliCTBRE MEXIY NJIaHeTaMH. ’ '

6) BmecTo nefCTBMTENLHEIX BOJH MBI MOXEM HMEThb
rpaBUTAlMONNLIE BO3MYLUEHMs, «pacTeKalouiMecs» Co-«
IJ1aCHO ypasHeHuto dudysuu. YpapHeHHs AJs pacnpo-
cTpaHeHus Temja uau Auddysuu colepxar HepBbe OPo-
¥3BOJIHKIE NO BpeMenu 0/df BMeCTO BTOPHIX MPOAH3BOAHBIX
0%/0f* B BoNHOBHX ypaBHeHusiX. MsBecTHO, 4TO B Takux
YPaBHEHHAX B HayalbHHIE MOMEHT JONYCKAIOTCS OYeHb.
BLICOKHe (Aa)<e GeckoOHeuHHE) CKOpOCTH. 3TO, KOHEYHO,
C/eRyeT MCOPABHTh C YYETOM YCJAOBHH TEOPUH OTHOCH-
TesibHOCTH, Ho BMecre ¢ TeM, HO-BHAHMOMY, TPYAHRO HC-
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KAIOUIUTD BQ3MOKHOCTD MPUMEHEHHA ypatHenus gud Oy svn
ANS OMHCAHAS PAcNPOCTPAHEHHA rPaBHTaLHOHHOTO NONSL.

B) MoXHO paxe CYMTaTh, YTO rpaBiT2UHOHHKIE BO3-
MYIUEHHS PacHpOCTPaHATCA B BHAe 6044 Oe bpodan
uau llpedunzepal Huotkyna He cieayet, 4TO rpasura-
UHOHHEIE BOJIHH H€ MOTYT NPEeACTaBIAT> COGON -BOJHEL
KBaHTOBOH MexaHHKM. KaXpnas uacTina uMeeT CBOIO
P-BOJHY H Gaarofiaps HaJWYMIO Macchl SIBASIETCA HECTOY-
HUKOM TI'DaBHTaIHOHHHIX BOJIH; TOIJa MOYEMy He Ipeano-
N0XKHTb, 4TO Y-BOJHH HepexaloT TPaBiITALHOHHLIE BO3-
nefictBusa? Takoe npeanosoxeHHe MOELT NOKA3ATHCSA
CTPaHHBIM, HO MOCKOJNBKY MH COBEPHEHHO HWYEro He
SHa€M O rPaBUTAUHOHHBIX BOJIHAX, TO OTGpPACHIBATH €ro
He caenyer.

r) Kpome Ttoro, MOXHO MPEANONOXKTh, YTO EMECTO
BOJIH HCNYCKAIOTCH «TPABUTOHLI® ¢ HCH3BCCTHEIME CKO-
POCTAMH Vgl

BoamoxHo, uto DiHwiTediH Npas, U 51 AHYHO CEAOHEH
AyMaTh, YTO OH cJiena/j NpaBHJbHLIA BnIGOp, HO Y Hac
HeT IKCUepHMEHTAJbHbIX JoKasaTtenbctB. [lpowusae nods-
CTOMETHs C Tex nop, Kak OfHmrefis chopMysiupoBan
CBO€ TpeAno/oXKeHHe, NeALX NATBACCIT AeT, B TeueHHe
KOTOPHIX - MHOTHE SKCNEPHMEHTaTopH yNOpHO pabtoTtasn
Hajg 3To# NpPOGAEMO#H, HO OHH He CMOTIM OCYUIECTBUTH
HHKAKOr0 3KCHNEepHMEeHTaJbHOTO H3MEepeHHA 3TOM CKOPO-
cti. Takoe nosokenue He MOXET HC BM3LIBATH Gecro-
Ko#icTBa. .

§ 2. Tazorenue
u obujan Teopus OTHOCUTEAbHOCTU

Koraa neno kacaercs olmielt Teoprr OTHOCHTe/BHO-
CTH, CEAYET YUHTHIBATH HOBHE TPYAHOCTH, TAK KAK JKC-
nepHMeHTaJbHOe OOOCHOBaHHE 3TOH TEOPHH HAJEKO He
sicHo. Bpumxmen [1] nucan: «DinmTeln npy MOCIPOSHUN
ofuwell TEOPHH OTHOCHTEJNBLHOCTH HE CyMesl BOCIO.Lb3O-
BaTbCAd TEMH YPOKaMH, KOTOphIE OH CiM K€ HaM Ipelno-
Aan, W TOA MPOHHNATENBLHOCTHIO, KOTOPYIO OH HaM Mpo-
JeMOHCTPHPOBAJ B CBOEA CHENUAMLHOH TEOPHH -OTHOCH-
TEJLHOCTHY, '
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BnepBble DiiHwiTeiin [2] npuMenus aHanu3 onepauuit
B €ro 3HaMEeHHTHIX DacCyX/JeHHAX, PasbACHAIOLIMX 3Ha-
YyeHHe H3MEepEeHHs NJMHbl M BpPeMeHH B IBYX CHCTeMax
oTcyera, JBHXKYHIHXCH OfHA OTHOCHTENbHO APYrofi ¢ no-
CTOSIHHOM CKOPOCTbIO. STO SIBUJIOCh OCHOBOH CIELHaJbHOM
TEOPHH OTHOCHTEJbHOCTH. HO KOrZa OH NpHCTYNHA K €O-
31aHHI0 O0ILei TeOPUH OTHOCHTEJbHOCTH, TO YiKe He HpH-
JepKHBAJCA MOAOOGHOrO MeTona, a mNbiTajcs yraaarth,
KaK NPHMEHHUTb TNMPHHUHI OTHOCHTEJNBHOCTM K 3aKOHaM
TATOTEHHS M MOJIYUYHTb KOHEUHYIO BEJHYHHY M CKOpO-
CTH pacnpocTpaHeHHss rpaBHTalHOHHHIX cH/I. CHavana
DiiHwTeAH HCHOJNb30BaJ HECKOJNbKO NPHMEPOB U3 aHAJH-
3a onepapuii C LeJbI0 BBECTH NpeACTaBJeHne 06 IKsusa-
, AeHTHOCTY TPAaBHTAUMOHHOIO NOJSA H TNOJS YCKOPEHHS,
HO 3aTeM OH NOCTPOMJ OYeHb rPOMO3JKYI0 MaTeMaTuue-
' CKYIO CTPYKTYPY, KOTOpasi BHIXOAMJIA 1aJIeKO 3a Npefesanl
 IPaKTHYECKHX TNoTpe6HOCcTel (QUIHKH. DKCHepHMEHTalb-
 HHX e JOKa3aTeJbCTB 3Ta TEOPHA HMeeT OYeHb MaJjio.
TMonoGuele saMeuanuss Mbl BcTpedaeM y Hukke [3].

. OyeHb TPYAHO COCTABHThL YETKOE NpeACTABJCHUE O TOH
POJIH, KOTOPYIO HIpalOT NPOH3BOJBHBIE KCHCTEMHl OTCYe-
Ta», «KECTKHE JIHHEHKM» MHAM <«HIEHTHYHBIE YacHi».
B cBa3u ¢ 3THM MBI CHOBa ofpalllaeM BHHMaHHe Ha Haue
cornacue ¢ Bpumxmesom ([1], crp. 319), uefi ananus
MOXKHO HCINOJIb30BaTh KaK MporpamMMy IJ/s NpeacTosiiile-
FO McclefoBaHHA. MyuHTeNIbH3st M NOJHAsA NepeoleHKa
3/lecbh COBepIIeHHO HeoGXxoxHMa.

§ 3. Atomnuie uacel,
KOTOpbLX He Moz npedsuders JiHwTelR

Haunem ¢ osHoro oueBHaHOro cna6oro nyHKTa: He-
MOJIHOTH OmpefeneHns udearsnoix wacos. Takoe onpege-
JeHHe GblJIO HEBO3MOXHBIM B HauaJsie CTOJIETHS, A0 TOrO,
Kak OblIH OTKpHITHI KBaHTOBas TeopHs H atom bopa.
¥ Hac Tenepb ecTb ONpejieseHHe, OCHOBaHHOe Ha BTOpOM
nocryJjare 'Bopa [4]:

AE == h‘V. . . (3'3)

CooTtHowienue (3.3) cBssHBaeT. 4acroTy. v (M3MepeHHYIO
B CHCTE€Me OTCYeTa, B KOTOPOH NOKOHTCS aTPM) C 3Hep-
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Pieh nepesona AE mexay yposHamu atoma E. 3anmuueM
1yl e i COOTHOLIEHHE MeXAY Maccoif U sHepraed:

AE = A (mc?). (3-4)'

Tuxknm o6pasom, sHeprus, Macca W yacrota — onHa -
1nneckasa cymHocts '), [pennonaraercs, yTo naeajdbHble
niachl HMEIOT CTAOHALHYIO acTOTy v, B KauecTBe HCTOY-
1MKa KoTropo#i MH BHOGHpaeM (B COOTBETCTBHH C MEKAY-
HAPOAHBIMH  cOTJalleHHsMH) HauboJdee YCTOHYHBYIO
{ITOMHYIO CTPYKTYPY, KaKad TOJbKO HaM H3BECTHa H3
9KCIIepUMEHTa, — aroM uesusa. [Ipn srom Boi6upaercs
ocofasg cnekTpajbHas JUHHA W OYeHb TIIATENbHO ONpe-
Jeasiotes ycaopus nabaioacuus. Takde uachl B CyWHO-
CTH NPEACTaBARfIOT cOG0fl 3TAAOH HACTOTOL.

Hasa nonyuenus cy6rapMonuk Gosice HH3KOH ©MAacTOThl
MOXKHO MCHOJIb30BaTh MeTOAbl JCJEeHHS 4acTOTLl. TO AO-
CTUraeTcsi NpH TIOMOLIH YCHJAHTeNeH, B KOTOPHIX HCIOJb-
3YIOTCH Jia3ephl, CBA3aHHbE C HeJHHEHHbIMH YCTpORCTBA-
MU, Posb 5JeKTPOHHBIX TPHOOPOB, OCYUIECTBISIOLIMX
yMHOXXEHHe M JeJeHHe YacToTh, nogobHa posa 3y6ua-
TOro Kojieca B MeXaHHYeCKHX qacax. TaKHe TeXHHYECKHe
ycrpoficTBa cHavaja OblJIH DNOCTPOEHH! AAs HU3KHX 4a-
(TOT H HCIOJb30OBaJHCh AJIS CPABHEHUA HH3KHX YacTOT
MeXaHHYECKHX NPHOGOPOB € BHICOKHMH vacroTamMu KoJeb-
JIIOIIHXCH NbE303/MEKTPHUCCKHX KpHCTaanoB. 3a1eM Gblo
OTKPHITO, YTO HM3KOMACTOTHULIT BHOpPATOP MOXer ynpas-
JSITBCA KBAPHUEBLIM OCHHISTOPOM, KoneGJaIoUIMMcsS Ha
HaCTOTEe OYeHb BLICOKOW apMOHMKH MCXAHHYECKOro BUG-
patopa. C KBapueBoro OCHHJIISTOPA STOT METOJZ HOCTE-
1IeHHO pAacNpOCTPAHHAN HA GoJiee BHICOKHE YACTOTH —.
cHavaJja Ha jgaJjekyio uH¢pakpacHyio o6nactb, 3aTeM Ha
061acTb BHAHMBIX, qac'ror H, HAKOHEll, Ha, uaqa.no ynbrpa-4
¢noneroBoft 06aaCcTH. .. .

Odunuansao cooﬁma.nocxa, 4T0 TOYHOCTb UE3HEBHX
yacos pocturaer 10-!1, 1. e. HX omwu6Ka COCTaBJIsIeT OQHY

'
g

1) Jlyume ckasats, Bo usbexcanue xpuno'rom(oa' caasamme Me-
xay coGoft duanveckue ¢yuinoctn. — I[Ipum. ped.
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CEKYHAY 3a TPH CTOJIETHR, HO, NO-BUIHMOMY, 3Ty TOY<
HOCTb MOXHO yBeqHunuTh Ao 10713 (omuGKa B OAHY M-
JIHCEKYHNY 32 CTOJIETHE).

Bosiee BLICOKasi TOYHOCTb MOJIYHaeTCsi NPH HCIOAb3O-
Banuu sdodexra Mecc6Gayspa, Korsa aToM B KpHCTaJje
HCIycKaeT y-Jy4d. Takofi 3TajIOH 4acTOTH HCIOJb30OBAN-
ca Ilayrnom B ero saMewareslbHbIX SKCIIEDHMEHTaX, Bhi-
noaHeHHwx B [apeapne (1959—1965 rr.) Bmecre co
CHaiinepoM M ApPYrMMH cOTpyAHHKaMH [5]. ATom, mokos-
INMACS B MacCHBHOM KDHCTaJjJje, MOr HCNYCKaTh y-Jy4H
C OTHOCHTeJbHbIM MNOCTOSHCTBOM 4YacTOTH MO KpaiHei
mepe 10-16, Oxsaxo B HacTosilee BpeMs ellle Hesqb3s CBA-
3aTh 3TO siB/leHHE C ATOMHHMH 4YacaMH, paboTaloHMK
Ha ONTHYECKHX YacTOTaX, TAK KaK MH NOK3 He 3HAeM,
KaK DOCTPOHTh JlazepH H npeoGpasoBaTean AJis 4acToT,
HauyuHasg c yJabTpaduoaerosoit obaacTy H KoHuas y-ay-
gamu. MoxXHO HafiesThCs, 9TO B OaHXafeMm Gynyliem
TeXHHYeCKHe YCOBEPINEHCTBOBAHHSA NO3BOAAT MOCTPOHTh
Meccbaysposckue wacvk ¢ TOwHOCTor0 xo00a no 10716
(own6Ka B OAHY MHKPOCEKYHAY 3a CTOJIETHE).

3auem Ilayuay nonanoOuics 3TajOH 9aCTOTH CTOAB
HeBeposiTHOM ToyHocTH? OH XOTen NPOBEPHTH OJHO H3
npejackasaHuil s#HwmreRHoBCKOA oOuleft TeOpHH OTHOCH-
TeJbHOCTH, TaK HasblBaeMoe IpaBHTAaLHOHHOE KpacHoe
cMmenienne, 1ot sddexT Gbl1 NpoBepeH ¢ TOYHOCTHIO A0
1% nns oueHb MaJIBIX PasHOCTEeH rPaBUTAalHOHHOrO TMO-
TeHIHaJa, OTBEYAIONIBX PASHOCTH BHICOT BCero 22 M (Haj
3eMHOH noBepxHocTbio). Tako#i ycnex GHJI BOCHDHHAT,
KaK 3aMeuaTejsHOe NOATBepPXACHHE TeopHM DfnmTedina.
Mu o6cyaum aToT adupexT mosxke H NOKAKEM, YTO eMy
MOXHO JAaTb Apyroe oObsichenue. [lpelckasanue 6mlI0
COBEpILEHHO NMPaBHJbHLIM, HO €ro MOXHO HHTEpPIPeTHPO-
BaTh uHauve. DPpdekt Meccbayspa Takxke NpeacTaBjsieT
co6oil BeNHKOJIENMHbIA PEMEp BHINOJHEeHHA TpeGoBaHHSA,
KOTOPHIM OGLIMHO NpeHeGperaioT: YToOH cHCTEMa OTcuera
NpH BLINOJHEHHH (PU3HUECKUX 3SKCNEPHMEHTOB HAXONH-<
Jaach B nokoe, oHa XoaXHa GHTb OYEHb. MACCHBHOH. DTOT
BaXXHbli BONIPOC paccMaTpHBaercs B I 4.

Berpeualomasics B KaueCTBEHHBIX  PACCYXAEHHAX'
DfinwmTeiiHa W MUHKOBCKOrQ BpeMEHHas MNepeMeHHast
uMeeT NPOH3BOJIbEbIE ONPENE]CHUR B PAIRHUBLIX yCAO~
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nimx. Mul Ke omnpejenseM CMbiC/ aTOMHbEX 4acoB Kak
MRCON, H3MEPSIOMUX COOCTBEHHOe 8pems B abopaTopuy,
I KOTOPOH OHU NOKOATCA.

§ 4. Aromuele waceL— He iHWTeIHOBCKUE HaCtL

[oablioe 3HayeHHe oOnpeleleHHss ATOMHLIX 1acoB
00y CJI0BJACHO HE TOJAbKO MX (AHTACTHYECKOH TOUHOCTBIO
(camMoil BBICOKOH, Kakasi Koria-aubo Oml1a JOCTHTHYTa
1 pu3HKe), HO TaKKe H TeM, YTO OHH AJFOT BOIMOMHOCTH
YCTAaHOBHTb CBfi3b MEXAY TeOpHed OTHOCHTEAILHOCTH M
KBaHTOBON Teopueil. Takoe ompeje/enye sB/deTcCst Pu3u-
4eckod ocHosol kA Mmoboro aHa/nu3a rnosejeHnsl 1acoB
NpH Jio6LIX BO3MOXKHbIX BO3MYLIEHHAX. DHHWTEHH M-
TaJICs YrajaTth, KK X0 UacOB 32BHCHT OT T'PaBHTAaLLHON-
HOro noTtexiMasa. Mul xe HMCCM BO3MOXKHOCTh PaccHar-
PHBATb 3TOT BONPOC, UCXOASI M3 OOLLIX 34KOHOL KBAHTO-
BOH1 TEOPHH.

[Tpexxae Bcero OTMETHM, UTO aTOMHbe Yachl N03BO-
JSIIOT OYeHb TOYHO OMNpEJENHTb 00KY 0npedeseHrylo ua-
crory. Oum npeictaBasioT coboit srason wacroros. B pa-
Gotax OJfiHmTe#iHa, HO HPEANOJOXKEHHO, HCIOAb3YNTCA
HCTOYHHKM 4Ype3BHYAHHO KOPOTKHX (HTHAJOB, H Yachl
TOYHO H3MEPAIOT APOMEXYTKH BPEMEHH Mexay X Io-
CLIIKON K BO3BpaumieHHeM K HaGmoparemo., Onuum cJo-
BOM, 4actl JdHwTelHa ABAAIOTCA SAeMenTOM DadapHod
CUcTeMbl, H MO3TOMY YCJOBHS, HEOOXOLMMLIE Q51 HX pa-
0OTbl, BECbMa OTJIHUIILI OT yc/a0BHH paGorLl 3TAJ0NE Ya-
cToThl. XOpOINO H3BECTHO, YTO JJISi H3JIYUCHHS CUEeHb
KOPOTKHX HMMIYJbcOB HeoOXOAHMO MCIONb30BATb CUEHb
HIHPOKYIO MOJOCY YacTOT, a He NPOCTC OXHY 4Yacrory.
Ycnosusi, Heo6XonuMble A TOYHOrO H3MydeHHs AaHHO-
ro UMNYyJbca, rOPasfio CTPOXKe H SHAYHICNBHO CJOXHee,
UCM YCJIOBHS AMS NOJAJEDPIKAHHA ONpeXeleHHOH YacroThi
yrasona. o

BepneMes Termepb CHOBa K pacCMOTPEHHIO KBaHTOBDLIX
n peasttuBucTekux ycaosuii (3.3) u (3.4), npeacraeasio-
HHX cO00H (YHOAMEHTANLHYIO OCHOBY 6Cex (pu3uxecKux
ntayk. Mo He GepeMcs OOBACHHTb CMBICA STHX CODTHO-
neuit. OH ana Hac Majo noHsted. Ha oHa Teopus (no
kpafuleli Mepe B HacTosIee BpeMs) HE B COCTOSIHHH
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OOBACHATD HAM, [IOUEMY S5TH COOTHOILIEHHS1 HMEHHO TakKHe
H KaK MX MOXXHO MOHATb. DTH TOKJECTBA:

SHEPrus = Macca == vuacToTa

/"\ 69
E = Mc?

C TOUHOCTHIO O ABYX KOHCTAHT ¢ H /1 — HTOT BCEX 3aKO-
HOB (PH3MKH, H UX HEBO3MOXXHO BBLIBECTH HH H3 OJHOM
CyLIeCTBYIOIleH B HacTOslllee BPEMsi TEOPHH HJIH MOAEJH.
Sr10 He pe3yJsbTaT, @ HCXOAHBLIA MYHKT HAllero MhblIJe-
Hus. CMBIC/ 3TOH <«TPOHLbLI» BCe ellle HaXOAHTCH B TIay-
6okoit Tafine.

B cBoeft snameHuTOft pa6oTe, NOCBAIIEHHON aTOMY
Bonopona, Bop {4] cnenan asa ¢pyHaameHTasBHBIX npen-
NOJIOXKEHHS:

1) copmyaupoBan HecKOJNbKO YC/OBHM, onpene.umo~

IHX YycTOHYHBbie SHepreTHYeCKHe YDOBHH;

2) coopmynupoBaa nocryaar (3.3) mas yactotH v,
HcnyckaeMoft uaM morJoulaeMoft npu nepexoae arto-
Ma H3 OJIHOTO 3HEPreTHYeCKOro COCTORHHSA B ApYroe.

Sror BTopoii moctynat Bopa Beizepxan Bce O6ypH,
CBfI3aHHbIE C OTKPHITHAMH B (DH3HKe 32 mocjaefHue 55 JeT.
He crouT CHOBa NOABOAMTbL HTOr ITOMY HEBEPOATHOMY
NepHoOAy HCTOPHH HAYKH, YHTATENIO MOXHO JIHIIL peKo-
MEHJI0BaTh NPOYECTh - 3aMedaTe]bHyI0 cTaThio Baifickon-
¢a [6). INoxuepknem, uto GopoBcKoe YCJIOBHe 1) aas
YCTOHUMBHIX 3HepreTHYeCKHX ypoBHel & TOro BpEMEHH,
Kak OHO 6bl10 cOpMYNHPOBAHO, BHAOH3MEHRJIOCh COTHH
pas, u ero Bce eule He0O6GXOAHMO AOYTH KaXKJAbli rOf MpH-
cnoca6/uBaTbh K HOBBIM 3KCNEPHMEHTANbHHIM OTKPHI-
TuaM. OaHako Bce ¢yHAaMeHTa/lbHble 3aKOHBI, HaiJeH-
Hbe /0 HaCTOfILero BPEMeHH, COOTBETCTBYIOT c.nenyxo-
‘MM TIPaBHIaM:

1) YcrofiuuBbie SHepreTHuecKHe COCTOSHHSA - cyme-

CTBYIOT Ha BCEX HepapXH4YeCKHX YPOBHSIX MaTepHH,

XOTH KPHTepHA YCTOMYHBOCTH MOXKeT H3MEHATHCS,

4 CaMM COCTOSIRHS MOTYT. HMETh HeH3BECTHYIO npo-

' AOJKHTENbHOCTD.
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2) Yeaonwne Bopa (3.3) scerpa paer wactory ucny-
CIHRHCMOTO HAH TIOMIOULACMOTO HA3JYYEHHS.,
Yeaowne 1) asasieres HACTONLKO BANCHLIM, YTO HaM

vaepyer o6ey/IMTh ero cpasy H HPOUNTHPOBATL HEKOTO-
pe nujepikkn u3 cratbi Baickonda. On nanomuiaert
NHM O CYIIECTBOBAHHH TPeX Pas3iesioB CIEKTPOCKOMHH:

I. AtomMuas uan MOJNEKyJsipHAs CNeKTPOCKONHs ¢
00J1aCTbl0 YAaCTOT BIVIOTH RO YaCTOT pPeHTreHon-
cKMX Jiyuei (Tak HasbiBaeMad 3JeKTPOHHas
CHIEKTPOCKONKA) .

I1. Slnepras cnekTpocKonus, BK/IOUAIOMmAst Y-JIY4H H
PaaHOaKTHBHOCTb.

11I. CneKTpOCKONHA PEe3OHAHCHHLIX (WIH BO3OYXKMeH-
HBIX) YaCTHIL, OTKPHITHIX € TIOMOUbIO MOIUHBIX
YCKOpHTEJIeR MM B KOCMMYECKHX Iyuax.

Bo Bcex 3THX pasfieax CHEKTPOCKONHS HMEET JeJ10
¢ clicTeMaMH CTaOHJBHHIX 3HepreTHuyecknx yposHeft. Ile-
PeX0j C OJHOro ypoBHSI Ha APYrofi MOXeT COOTBETCTBO-
naTh HCHYCKAaHHIO OAHOM vyacTHUH !) C nMoJHOM 3Hepraeh
Al: (3ueprus nokoss Moc® miOC KHHETHUECKad 3Heprusi)
00 u3ayueHHio (GOTOHOB HJH HEHTPHHO C HYJIEBOR Mac-
COl TOKOS..

l'lponnmompnpyem 5TH YTBepKAEHHA ¢ NMOMOILLIO He-
CKOJBKHMX AHarpaMM, 3aUMCTBOBAHHBLIX H3 3aMeuaTtefib-
noit cratbk Baiickondga. Ha ¢ur. 3.1 usoGpaxens suep-
reTHYECKHe l%pomm HATPHUA: aTOMHbLIC (csieBa) u sAepHble
(cnpasa). Ilopasuteabo W no CyulecTBY HEOMXKHAAHHO
TO, YTO B OBOHX CAYHANX CYHMICCTBYIOT Y3KHE SHCpreTHue-
CKHe YPOBHH W NTO ICPCXOJ € OJUOrQ 3HCPreTHUeCKOro
YPOBHS Ha JpYrofi naer XapakTepHCTHYeCKYID YaCTOTY
NToMa, DIeKTPOHHLIE COCTOSHHSA BLIYHCACHH B OXHO3JEK-
TPOHHOM NPHONUXKEHHH KBAHTOBOR TEOpHH, AJEpHHIE CO-
CTOAHHSL — NMYyTEM KBAHTOBAaHHA SHEPTHH CHCTEMH -NIPO:
TOWA N HeITpOHA BHYTPH fAApa (9TO mpejcTaBJfer SHa-
unrennno Gosee TPYAHYIO TeOpETHUECKYW 3anauy). Tem
He Melee Mbl OJIy4aeM COBOKYMHOCTH THCKPETHBIX SHep-
POTHUCCKIX YPOBHe#l CXOQHOPO Xapaktepa. To clexyer

- S = e—emm—

') Unn weckonbkux (HanpHMep, pesoHAHCHHX) wacram, — ITpus.
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NOXYEPKHYTb B CBSI3H C HAaMKM aHaJM30M aTOMHBIX
4acos.

Hackonbko HeoGHuafiHo HeHma HHOpMAaUHs, KOTO=
pYIO 3aKAIOYal0T B cefe TakHe AHATPAMMEl, MOXXHO BHe
AeTb u3 ¢ur. 3.2, rie NpeACTaBJEHH SACPHHE SHEPreTH«
YecKHe YpoBHH H3oTonma Gopa B u usoGpamen pan

|

TR RRth -;-]»

Jvepem (28)
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|

|

m i

R

|

o
NEXMPONHYI® Aosprvre
COCMORHLUA HAMPUA COCIMORKHUA HAMpUR

®uvr. 3.1. JHuarpamMn AaTOMHHX H SIACPHHX YpoBHeRl HaTpusa
HMEIOT CXOXHHHA Xapakrep. .

ArtoMrne ypoBHH (caeBa) npefncTasjeRN HA JRETPAMME B SJCKTPORBOABLTAX,
a fjepHLIe YPOBHH cnpasd) — B eaunuuax, B 10° pas Gosbmux.

nepexonoB (6oablie TPHALATH), COOTBETCTBYIOMINX H3JY-~
YeHHI0 KBaHTOB BLICOKHX SHEprHh.

B ponosienne x 9TUM jAuarpaMmaM, OTHOCAIIMMCS K
aTOMUOI1 CHEKTPOCKONMHU (3ME€KTPOHHbIE COCTOSIHHA) H
SIIEPHON  CTMCKTPOCKONHM  (silepHBIE COCTOSHHA), Ha
¢ur. 3.3 nsobpaxkeHa THMHYHAs AHarpaMMma Bo3OyXJIeH-
HBIX COCTOSIHHI ]ISl YacCTHI, BHICOKHX SHEprui, cosjapae-
MHX C NOMOIIBI0 MOIMHBIX YCKOpHTeJeH. 3Jech CHOBa
BUIHBI YeTKHE JHEPreTHYecKHe YPOBHH H MHOTOUHCJEH=
Hble 3KCNepUMeHTanbHO HabuiojaeMble nepexoibl. Jrta
cxeMa mnpejcraBasier coboff 3aMeyaTesbHBLIH - HpHMeEp
KBAaHTOBOH KJaccH(HKalHUH, HO B HacTosllee BpeMs MH
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®ur. 3.2. Ha nuarpamme anep-
HEX yposHelt Gopa zB'9 [6] no-
KasaHbl OCHOBHHE  NepeXoiH
(BepTHRAJIBHHE AWHEE), NpH KO-
TOPHX HCHYCKAIOTCA  raMma-
KBAHTHL

TlepBas undpa cnpasa sosse Kaxaoro
yposHs 0603HaYaeT ClKH, CAeAyiOIKE
caMBon (+ HJH =) —WeTHOCTb, BTO-
gasl undpa — nsotonnvecknft cnmn /.

eNHYHNL, B3AThe B CKOOKH, euge
TOYHO HE YCTAHOBJEHH, 3aWTPHXO-
BANHBIMH NOJOCAMH OTMEYCHW LIHPO-
KHe yDOBHH,
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e paciivnutneM KakoN-1H00 sakonyeniol Teopuen, 06b-
#gelirionen  cyliecTuonnine Taknx ypopheit. 3a GoJgee
AoApoAnol wiopmaithed o sToMy Bonpocy MH OTCHI-
Jmej»‘ HHTALeIN e cERTbe [0)

Ha cHaanIOrg MUBID CAGARTH BUBOL NRAINHC veT-
hire etttk aHepeeTuyechix ypoaued - - yro obuiee
HPABIAO JEE RTOMNIRX 0 UL pImx. cocrosinfi uojlaxe
AR Coc1onNHA saeMmenapiax vacruil, O6bsicHenue sTHX
RUBPIATHYNECKUX Yponiiell i X TeOpeTHYeCKast HHTepnpe-
FTAUNA HOKA UTO e MBISNOTCST 3aKOHYEHHbIMH.

§ 8. Tounocrs u nadedxcrocTs atomubix 4acos

AromMinix uacoB, B KOTOPHX HCHOJb3yeTcs 3(dekT
Mece6ayspa, Kak yxe cKa3aHo, OK2 YTO He CyLIECTBYeT.
Ho onn v xoneunoM cuere GyAyT cO3AaHH B NMOroHe 3a
pre Gostee BEICOKOH TOYHOCTBIO,

Aromuble yackl, B KOTOPHX HCIOJbL3YIOTCA HanGosee
HOAXO/SLIKE CTeKTpaJibHHe JIHHMM ONTHYECKOro AHama-
AOW, 1103BOJISIOT MOJYYHTh TOYHOCTH He Xyxe 10-12—
10 ', Jto o3Hauaer, YyTO HX OMHOKA MeHbie ORHOM
MIJIJIIICEKYHB! B CTOJIETHE.

Hcnonb3ys sadpopekt Meccbayspa, [Tayun npomsuny-
¢ HAMHOTO JaJibllie — B €r0 ONbITe OWHOKH OLlIK MeHb-
e, wem 10716, 1, e. cocTaBaAANM ROAH MHKPOCEKYHAB B
crojerde, UTo6bl NOCTPOHTBL “achl, B KOTOPLIX UCNONB-
AYIOTCA 3TH upeannualiHo YIKHC JHHHH, cAenoBano OH
1PEO0JEeT MHOTO TCXHHUCCKHX TpYy/iHOcTed. Bo-nepBulx,
cacpoBano Gul paspaborarb Hedbll psiji yMHOXKUTENCH U
JuauTenell vAacToTLl, OXBATLIBAIOWHX 001aCTb OT ONTH-
NCCKHX M 10 4acToT y-ayyefi. Bo-Bropmix, norpeGoBancs
6Ll 1eAblf PSAL J1a3ePOB M HeJMHHEHHLIX ONTHYECKHX MPH-
GopoB, KOTOPbie NMOKA ellle MOryT EaGo‘raTs He JlaJjiee, 4eM
n yantpaguonerosot obsacrtd. Bynem HamesTbes, 4TO
piiapabGoTKa TaKHX YCTPOHACTB OyZeT OCyllecTB/ieHa B He
ouenh Jlasekom OGyayiiem. DTo no3BoJiHA0 GH HaM Bbi-
HOJNHTL MHOPO Ba)KHHIX SKCIIEPUMEHTOB W ONpeJe/NeHHO
CKi3aTh, KaK OLEHHBATb TEOPHIO OTHOCHTEIBHOCTH.

CyulecTBylolie B HacTOsillee BpeMa YacH, OCHOBaH-
Nie 118 ONTHYECKHX YaCTOTaX, yXKe AaloT 3aMeqaTelbHyIo
rounocth, PaccMoTpHM, HanmpuMep, HEKOTOpbie 3ajJaud
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paauoactpoHomun (dur. 3.4). Bwo obnapyxeno, 4To
raApoKcuabHbie paaukaan (OH) B jxanekom xoemoce
HCNYCKAIOT H3JAydefHe: ¢ sacreToft: ekono 1666 MI'u. dro
NPOMCXOLUT NPH BecbMa CTPaHHHX O6CTOATENbCTBAX,

L ) 7 7,
7 U STTY et e i
g-:‘-l/)\‘ %-ucmawu«ac - :

Yugy) Macrumias
Jerma NOppensmo, nerma

=

Hrmepghepenyuonnsie nanocs!

dur. 3.4. Panuonntephepomerp ¢ Goab-

mod aiuHo# 643K COCTOHT H3 ABYX panHo-
" TENECKONOB, OTCTOAIIAX IHPYr OT APYFa:

Ha' THCANH KHJIOMETPOB.. ' :

* ABAACH CHTHEVIOB HA MATHHTHHIX JEHTHX, CHRXpO:
HH3HPOBAHHLIE C NOMOIILI0O AaTOMHHIX 4acos,
CPaBHUBAIOTCA HA  BLIYHCAHTEALHOR  MauHHe
c l(eJ‘l‘;vllo o6HAPYIKCHIRA HUTepdepeIuioniinX no:
Jao¢ [3].

oueHb 03a/1aUHBAIOLINX aCTPOHOMOB. Takoe H3JIyYeHHe HC=
XOAMT M3, HeKOTOPHX o6nactel (sou H II), pacnonoxken-
HbeIx BOAH3M OuYeHb rOpAuUX 3Be3l, B KOTOPHX BOXOPOA
NIOYTH MOJHOCTHIO HOHHSHPOBAH. DTH 30HH PACIOJOKEHE!
B6usu skBaropa ['anakTukd. B cnexrpax norsoumenus
n ucnyckanuss (OH) umeroTcs deThipe AHAWH, 06YCJ0B~
JIeHHbIe CBEGPXTOHKMM. pacuienjieRHeM BpanlaTe/bHbIX
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yponieh. JhoBomario, 4o OTHOCHTEbHble HHTEHCHBHO-
ETH STHK deThpeX JHIKA e coraacyioTcd ¢ HMPencKasa-
HunMi kpaltopof reopun. JonnepoBckoe cMelleHue Mo-
naampaer, e (Ol1) rpynnsl g8usKyTes K Ledrpy anak-
THHN 0 eKopoeTin oxkoao 40 KM/ceK, TOTIAa Kak aToMbl
BONOPOAE ARKY 11 B TIPOTHBOTIONOMHOM HANpaBJeHHH
eHERNPOeThIo oxosno 50 KMJ/cek. PaaMepbl M3syuapownx
afsactel nacroanko Majiel, 9TO TpebyeTcs npUMeHeHHe
HWHrepepomMerpa ¢ ovelb Goabloit 6asofi, cocTofllero
i3 AWYX PAJIHOTEJIECKONOB, PAacloJIOXKEHHBIX Ha pPaccTos-
MK Minorux  Theas xuaoMerpos (ot Kaawgopmuu Ro
Hopnerin). Mexay HHMH HEBOSMOXHO YCTAHOBHTH e~
BOCPCJCTHEHHYIO CBS3b, HO UMH MOXKHO YOPaBASTb H HX
paGury CHHXPOEHM3UPOBATH C HOMOIILIO JBYX AaTOMHBLIX
wacon. Ins obHapyxenus mHTepbepeHIHOHHHX KapTHH
sanncH NpousBOAATCS Ha MAarHUTHYIO JIEHTY, a 3aTeMm
CpABHIBAIOTCE. € JIOMOULBIO BBIUHCIHTENIBHON MaUIMHH.
“roT 3KCIepHMEHT SRASETCA BHIAOLIMMCS JOCTHXKEHHEM
W CBHETeNbCTBYET O HeoObiuafiHOH HaJAEXKHOCTH AaTOM-
14X YacoB.
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O KPAMHE HEOBXOOHMMOM PA3JIHYEHUH
MATEMATHYECKHX CHCTEM KOOPIAHHAT
H ®PU3HYECKHX CHCTEM OTCYETA

§ 1. Beedenue. Mnenusn bopa u Ilyankape

chncpnMemanbﬂan HayKa HAYHHAJNACH C KJacCHYé-
ckoit Mexanukd. Ham croco6 MbillJieHHss M Hallu onpe-
IleNleNHst 10 CHX NOpP B 3HAUHTENLHOM Mepe OCHOBHBaIOT-
Cfi Ha MEeXaHHKe; Mbl HCHOJb3YeM e¢ SSHK ANf onucaHus
pesyabTATOB HAMWHX sxcnepnmeﬁms nockosibky Bce 3TH
3KCTIEPHMEHTH BEINOJHSIOTCA € MOMOIUBIO MaKPOCKOIIH~
YeCKHX npHOOpOB.:

IMpuBenem 3mech OuYeHb $CHO BHPaKEHHHE MBICJH
Bopa [1] no naunomy sonpocy:

«['asnoe cocToUT B NPH3NAHHU TOTO, YTO OHM-
calHe 3KCNCPHMCHTA/bMLIX YCTAaHOBOK, a Takxe pe-
3yJbTaTOB HaOalofeHHH AOMKHO OLITh BbIpaX{eHO Ha
OGBIUAOM (HHU3HUECKOM s3bIKe, AJIs _koToporo Xapax-
TePHA -TIATENBHOCTb ONpefesieHuid. D10 — npocras
JIOTHYECKas- HeOBXORHMOCTD, HOCKOAbKY CAOBO «3KC-

©. NEpHMEHT» O03HAYaeT :JIHIlb "HEKOTOPYIO  MPOUEAYDY,
, 0 KOTOpOil ‘MH  MOMeM COOGUIHTL APYTHM, 416 MbE
- chlenann H uT6 Mb nonyqnﬁm B pesynb'rare». s

Ds\cnepnmemammme YCTAHODBKH H3rOTOBJSIOTCS M3
" NPOULBIX M XCCTKHX MaTCPHANOB H JIOCTATOUHO MacCHB-
Hbl, GNaroAapst "CMy HX MOJOXKEHHE W CKOPOCTb MOXHO
onpefensiTh BNOJHE KJAACCHYECKH, He YYHThIBAasi NPHHLH-
" ma neonpepnenentoctn bopa u IeiizenGepra.

B npyrux pa6orax Bop [2] ouens xopomo pasbacaser
XOA4 Mbicjiefi, Giarofapsi KOTOPHIM OH DpPHIIENA K HAEAM
€COOTBETCTBHA® H <«IONOJHHTeNbHOCTH®. MH He Gyaem
mepecKkasblBaTh 3TH KJAACCHYECKHE PacCyXHeHHSA, ORHAKO
X04eTcs B SIBHOM BHJe BHAGNHTb Clelyiomee yTBepHue-
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wie hopa: NHHEAKH, UCONb3yeMble HAMH AJISl H3MEPeHHUS
pHecronunii, B yacel, ¢ NOMOIIBIO KOTOPHX MBI H3MepHeM
Apes, JOJKHBL HMeTh 6OJBIIYIO MacCy AJA TOrO, 4TOObl
HB 1K cnolicTBaX He OTpaxKajacb KBaHTOBOMEeXaHHYecKas
NEOTIPENLeNCHEOCTD.

&T0T ¢yULCCTBCHHDIA MOMEHT Gblal ymylleH M3 BHAY OC-
HOBONDJOIKHIIKOM KJAaCCHYECKOH MeXaHUKH M He yurten
AfiwrelnoM B ero TeOPHH OTHOCHTEJBHOCTH; He06XO0-
AHMO 8R10BO M TLATENBHO HCCAEA0BaTh CAEICTBHA STO-
FO NONONEHHHt B NPUMEHCHHH K YNOMSIHYTHIM TEOpHAM:

B oanof M3 CHOMX «KpaciblX KHHXeYeK», CIPABEMJIH-
WO eHNTRACMBX Buistaiowmncs, Tyankape [3] caenyomum
NipanoM BECKABMBAETER 00 OCHIOBAX MEXaHHKH:

fANEARNANE HAYWAIOT MEXANMKY KaK 9KcrepH-
MeHTAAWIYIO Hayny, 11a KONTHHeHTe ee nceraa pac-
CMATPHBAIOT KaK  Oojee MAR  Melee anpiopuylo i
Aepykrunnyio Hayky. He cronr n ronopurs o rtowm,
UTO RHEAKHYANE NPADLL,.

C apyrolh eroponnt, cean npHILANLL MEXAHAKH He
HMOJE APYTOIO 1CTONITHKS, KDOME 3KCTIepHMeHTa, To
OUR, CACJLOBATCALIO, SBIAIOTCSA JHMIb NPHGHAHNKEH-
HBIMIL L BPEMCHHBIMHU, -

Honble sKCepUMEHTH MOryT OZHAXKAbI BbIHYAUTH
I1C M3MEHHTD MK JAa)ke OTGPOCHTDH HX».

Ilyankape HacraupaeT i1a TOM, WTO YUCHUWH JOJIKeH
OCIIOBLIBATLCA HE HA HPOMIBOJILHLIX ONPCACJIEHHSX, a Ha
NEKOTOPLIX COTJIAIUCHHSIX, NPC/ICTABASIIONUX cOGOA uTOr
IMIMPHUECKHX (DAKTOB; 01 yToePMRAACT:

«Coranamenus — na; NpPOU3BOJbHBIE  COrJalIe-
st — Her. OHM cTanH Gbl NPOH3BOJBHBIMH, €CaH Gbi
Mbl YIIYCTHJIM H3 BHAY 3KCNEPHMEHTHI, KOTOPhi¢ NpH-
BeJIH OCHOBATeJIeH HAYKH K MX NPHHATHION. ‘

Ha rakoit ke Touke spenus crour 3ommepdensn [4).
Benomuum npefocrepexkerne, KOTOpoe AeAAlOT MO TO-
BOJly 1yTCH PasBHTHS HayKH, H OTPHLATEJbHOE OTHOLIE-
IIHC K AKCHOMaM HJIH NOCTYJaTaM, BHABHHYTEHIM anpHOPH.
Merox  JOTMKH, COCTOAIHA B  [OCTYJIMPOBAHEH
#KCHOM, COBEPIIEHHO YYXI 3KCIeDHMEHTAJILHON Hayke.
OHA HCXOMHT M3 Pe3y/bTAaTOB ONbiTA, KOTOPbIE MOMCHO

3 dan. W67
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MPOBATh {(BOIMOXHO, C HEeKOTOPOK KDJel Npows-
Bona) ¢ ueabio (hopMyAUpOBEH paboMHX THNOTE3; aTH
THIOTE3b], B CAy®ae :HEOGXOMUMOCTH, MOPYT BHIOHIME-
HSITECA B :COOTHETCTBHM .C AHHMMR SHCAEPHMEHTOB.

B moGom ciyuae Bepa B HX HEOrPARNYEHHYIO HCFHH:
HoCTd Ghita ‘6n mpaitie mausmofi. DTw IMNOTedLl (HAa3H-
paeMbie «IAKOHAMED HJIH faKe SIPNHENTIAMES) Fpimee-
HAMB 'TOALKO B OMIPEACNCHHHX RpeReAax, B OUPERENEH-
nol oGnacth; pnanbHefilune SHCNCPRMEKTH Bmammm
rpaduus 3toft obaacty (oM. [B), u. 1).

)

[

§ 2. Kauceudsexkan seomMeTpun, KuHeMaTuLa.
Knacouuecxan dunamura -

‘M3n0KeHAe KAACCHIECKON MEXZHMKH TPHHATO Haud-

HaTh CO CTATUKW, KOTOpas HpencraBaseT coBbol BeTsb
TEOMETPHH. ‘3AeCh CHAB PACCMATPHBAIOTCA KaK BeKTOPH
H OTCYTCTBYIOT NOHATHA MAaCCH H JBHXEHHS; CTaTHKa
¥MeeT MHOTOUHCHEeHHHE NPHMEHEeHBS NPH CTPOHTE/NbCTBE
MOCTOB H B apXHTeKType. 3a Hel0 CJeRyeT KHHeMaTHKa,
B KOTOpofi reoMeTpHYecKHe NOHATHA OGbeNHHSIOTCSA € NO-
HATHEM BpeMeHH, POH3BOAHTCA H3yueHHe TPaeKTOPHH H
onucaHHe ABHKeRWH (Ge3 BCAKHX NMOMLITOK NpPeNCKasbl-
BaTh 9TH JABHXEHHST).
- .B xuHeMatHKe HCHOALIVIOTCH ofmuHble AGCTPAHIHH
KEACCHUECKOR FeoMETpHIl:  TOUKH, HE NMEIIyRe pase-
ped, GRCKOHERHO TORKNE -MPHRLIE, HOBEPEHOCTH, HE HMBK-
IHe TOMIHHH, B /. A. GOsfAnHeHHe PEOMEIPHY B BpeMe-
HH NO3BOJINET BECTH ONpefiesieHHs CKOPOCTeH, YCKOpeHHi,
H3MEHEHUs CHCTEM KOODHHHAT B JD.

‘B ocHOBe ‘kitaccHuecKOl MeXaHMKH JIGKHT THNOTe3a
06 «a6conoTHOM» BpemenH. B peasTuBHCTCKOM KuHeMa-
THKE BMeCTO HEro BBOANT OTHOCHTENbHbIE BpEeMeHa.

O6painM BHUMAHHE HA ONHH BaXKHLIH MOMEHN: EHHe-

MATHKA He HMeeT Jejla C HOHAPHANE MACCH WM CRALL.
Maegi 4 i ROSBAHOTCH TOALKO B ARBAMUKE. ‘

.3aMOHM AHURMHKH BOCNORAT K HugoTony. Kmm
HO -ray6okoe 0OCyXNeHHe DPHX SaKOHOB .MOMHO - uaﬁm
B «Mexanuke» A. Somaepdennsa 4]

‘BenosmusM TPH NPHEAAIG AHHAMUKYL

0.“
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. Rassencpnoe B OpAMUAHKEAWOE RBSUNEREE: B OT-
m 'KAHAX-A460 BHEOMIHK 00 ,
: KOJMIMYeCTBZ ABHIKGHRAA: (RS IDFHEAL-
ca) mrneﬁcmuem pRemssl. canw fx ,
p=mv, p=£

3: PasencrBo. NalicTRHY: B. NP GRBONEH OTB#HR,

Tperuf: npEEREAT HEPEAKO NENRAAUT YOALKOD: AWE TO-
no, urobu mmsiammm c:mx,mmro:mm
pupyezos:

Odnux saxonos Oauatcenus ﬂenocra'roqno ,nu m
HOTC OIPEREACHES( TPRORTOPHA. MASCFPMANWION! TOUKH.
Oas vore  wrobuil ADCTENDL: EONBOTM;. CHERT" SRNATL
(Hay; Jayunler CKaBaTH, WIMEUTEH) NAKGAGHDIC LYCAOBNA.
MareMaTnK 7npH OOGCYXIEeRHH MNPHHUHNOB: RIMIAMHKH
06:MHO ynycKaeT M3 BHAY STOr MOMEHT. Mul ywe nox-
uwepkuBadsm Bi[5] (rm: VI u ViI), yre:

a) 3aNCEL| KBMME6HUS OGPATHMBL, OHH HHBEDHAHTHLI

HO: OTHUMAH G B 00paIIeHHIO  SHAKE. BPEMOHA;

6)' Hauamuande YONOBHS HEOODATHNG, . HOTOMY. W70

FIPHI RHECRCHS npmm ammm BHOK uo-
POCTH. :

CieADBRTe/THE0) mmumw Mexennxa 6 umow

rneoGparumn: ,

§ 3. Cuvoremus orcuera
8 Kauccuseckol mexamuxe

Dasafite 3aTpoHeM [MelTMKATHHH BOnpQE, yKazaHnul
B 3anuaBHM. ‘OGHMHO' Ba. 3TY TEMY JOBOPAT MEMEOTO.
Bo/LmAHCTRG: aBTOPON HPRHUMNIGT: TROMETpETIeCKUE H
KHHEMaTRReCKUR - ONpeiesemis; . SaNmoraniMte: B ¢obe
HepeaJHCTHYEUK)Io! ‘RACAMUSINUD, W HOBOCPRACTBERHO
epexXofAT K Ppa3/HYHEIM NpHeMJeMbM NpeoSpasoBa-
HHAM: DOKOALLGHCS. CHCTeMe OCel, HaBHOMAPHO HBUXY-
uiefCA: CROTEME: OCLH:. H' DACCMATPHBRIOT FPHENHIT OTHOOH-
TE/IbHOCTH B KABCCHUOCRGH YINH PENATHBHOTCKOR MeXa- .
nuke (cMm:, wanpumep, [4]). B' xome srore ofcyxnenus
HFHOPHPYIOT TRETAR 3akou: HLIOTOHS; KpOMe TOFO, aaﬁu:-
BAIOT TaKXKe O HAYa/bHHIX YCAOBHAX, - .

s'
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Paccmorpum aToT Bompoc Gosee moapoGHo. Ias 3a-
IycKa Kakoro-nu6o cHapsia Tpe6yeTcsa MallHMHA — Karta-
NyJbTa, PyXbe WIH MyIIKa. DTa MalIHHA CBA33aHA C CH-
cTeMoi oTcyeTa. MamIMHa HCHBITHIBaeT OTAauy, MOITOMY
CHCTEMa OTcyeTa, He HMeEWOIIasi Macchl (Maeal reomer-
poB), yiaerena 6w npoun! Ham ke HyXHa HenoaBHXKHast
U ycrofiuMBasi CHCTeMa OTCYeTa, AJs Uero ee HeoOXOHM-
MO HafenuTtb Oeckoneunol maccod. Takum oGpasom, Mul
HPUXOAHM K BLIBOAY, UTO nojoxeHus Bopa, nmpusejen-
Hble B § 1, MMeIOT 3HaueHHE Jlaxe A5, KI1acCHUYeCKOH Me-
XaHuku ).

. Ilpn oOcyxAeHHH KJAacCUYEeCKOro MNMPHHUHUNA OTHOCH-
TEJbHOCTH CPABHHBAIOT [BE CHCTEeMBI oTcueta S; H' Sy,
HMeIOLIHe OTHOCHTEJbHYI0 cKopocTh v. Hauanbras cko-
POCTh CHApsla OTHOCHTEJNBEO 3THX CHCTEM OTcCYeTa pas-
Ha COOTBETCTBEHHO ¥y H (V1 — v) == vy, O6e cHCTeMM
OTCYeTa MCHLITHIBAIOT B MOMEHT 3alycKa OTAauy, HO
pasauynyio. Bnarozapsi 3TOMy OTHOCHTeJNbHas CKOPOCTb
CHCTEM OTCYeTa, HMEIOIIHX KOHeuHble MacChl, U3MEHUTCH, -
B NPOTHBHOM cjyyae GylneT HapyllleH NPHHLHKI OTHOCH-
TenblOCTH. BMecTo ’anyckalolelf MaliMHbBI MOXKHO pac-
CMaTpHBaTb paKeTy; B 3TOM CJayyae 3ajaya CTaHOBHTCH
Gosice CMOXHOM, TaK KaK HAll «CHAPSA» pacliemisiercd
‘Ha JBe YaCTH, pasjieTaiollHecss B MPOTHBONOJOXKHbLE CTO-
; POHBL.
" Tenepb caenaem CIeAYIOMHHA mar. Mul npeanojarain
HaJHYBE JIBYX CHCTeM oTcyeta Sy B S, HMeOIIHX «3a-
AaHHYIO» OTHOCHTE/bHYIO CKOPOCTb v. OXHaKO BCTIOM-
HHM, Y4TO B NpoLiecce HAYYHOIO HCCACHOBAHHSI HHUTO He
SABJsSieTCA «3aJlaHHBIM», 8ce 00AxHO Goire usamepeno. He-
KOTOpbie BEJHUHHBI MOTYT ObLITh 3aJaHBl TOJBKO B 3aja-
ye, dagaemoti yunteneM Ha 3k3amene, Kak xe dakruue-
CKH MOXHO WH3MepuTvb cKkopocTe v? B mneppoil cucreme
orcueta S; Mbl oBopyayem ¢uaHyeckylo jabopaTOpHIO- H

'} B 3TOM pacCyXjeHHH, 9TOOH MOXHO GuiI0 NPHMEHHTb Tpe-
Tthik sakon HbioToHa, npeimosiaraercs, YT0 MalTHHA CBASaHa ¢ CH-
cremoil orcuera, B KOTOPO# OHa NMOKOHTCHA.. Ho MOXHO B3ATh BTOPYIO
CHCTEeMY OTCYeTa, HEMOABHKHEYIO OTHOCHTE/bHO NEPBOfi, XOTA U HE CBf-
SallHYI0 C Hel0 MeXaHHWYeCKH. Torja HHYero TParuveckoro He mNpo-
usohfer: STa MOCAELHAA CHCTEMa OTCYETa HE <YJIETHT MpPOYLY, =
Mpum. ped, e e SRR
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nocLlaeM Kakue-HHGYIb CHrHaAb (HanpHMep, OnTHYe-
¢KHC) B CTOPOHY cHCTeMH S; 3aTeM H3MepsieM BpeMs
NIICPXKKH CHTHajla HJH HOINIEDOBCKHH CABHMT YacTOTH H
Il OCHOBe 9THX HalO/IoJeHHH BHIYHCJISAEM CKOPOCTH D.

I} npourioM Beke CUHMTaNAH caMoO COO60H pasyMelolUMcCH,
'ITO TAaKOTO POJa H3MEPEHHsI MOXKHO BHIIONHATh, He H3-
MCHSST COCTOSIHHI ABMXKyUMXcs cHcTeM. Kak Temepp u3-
KCCTHO, KBAHT hv HWMeeT Maccy Av/c2 B uMmoyanc hv/e.
CuctemMa S; HCnbITHIBaeT OTAAYY NPH HCHYCKaHHH $OTO-
la, a cHcTeMa Sz — OTAauy NpH  CTOJIKHOBEHHH C STHM -
(oTOHOM H npH noc.ne,nyxomeM ero OTpa)KeHna B ob’pa'r-
I10M HanpaBJIeHHH.

Koraa ¢oron Bosspamaercss k cHcteMe Sy H CTAIKH-
BaeTcsl ¢ HeH, OH CHOBA BHOCHT BO3MylleHHe B COCTOfIHHE
ce nBHxKeHus. [TosTomy B npouecce H3MepeHHs CKOPOCTb
v cHcTeMBl Sp OTHOCHTENLHO CHCTCMBI Sy H3Mensiercs,
ccad TOMBKO Macchl My u Mz oGenx cucreM ue 6yayr
OYeHb BeJIHKH; NPaKTHYECKH Xe NOCTATOYHO CUHTATb, YTO
OllE BO MHOro pas GoJblie Macchl Av/ct ¢0'ronos, yna-

CTBYIOIIMX B M3MepeHHHU.

[ToayuenHble BHIBOABI (PakTHYECKH SABARIOTCA BECHMA
YaCTHBIM CJIyyaeM COOTHOLIeHWH HeompeaeleHHOCTH bBo-
pa — I'efisenGepra u o6IIero MNONOXKEeHMs, raacsllero,
TO BCAKOe SKCIIePHMEHTa/bHOe H3MepeHHe 03HayaeT He-
KOTOpoe Bo3MyuleHue. [Ipyroit acnekT 3THX npoGneMm 6y-
JICT PaccMOTPeH B IM. 5 npu o6cyX1eHuH s(bcbema Ilon-.
Jepa.

MTak; BhInoJiHEHHe MPHHUMNA OTHOCHTENbHOCTH B €ro
o0biuHO% (PopMyJaHPOBKe TpebyeT, uTOGH CHCTEMBbI OTCUe-
Ta ObUIH OYeHb MAaCCUBHBIMH. o

I/Icc.nenyem Tenepb APYTY0 POilb, xoropyxo Hrpaer.
TpeTHii NpHHUMN AHHaMHKH. [IycTs AaHO HeKoTOpoe CH-
JoBoe noJe M HafiieH ero nortenuuan [4). Cuaa sanama
KaK GYHKHHSA KOOPAMHAT X, Y, 2 H ONHChIBaeT delcTsue
na cHapsA. A K ueMy TpPHIOXEHO nporugodedicreue?
OueBujHo, K cHcreMe orcdeta OXYZ. drta cucrema poJ-
KHa OCTaBATLCA B MOKOE, CEJOBATEABEO, e Macca A0
)Ha GHTb GeckoHeyHO! -

He nomuepkHyB 3TOro OCHOBHOrO (pakra ¢ no;moﬁ
nenoetelo, 3oMmepdennn [4]. cpasy nepexomut X pac-
CMOTPCNHIO  TPABHTAUMOHHOTO TMOJA 3eMJH, -HpHYEM
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3eMam! CYNTASTCN HENORBINKHOM: Ht HeRpawH]EIMBALRy:
SEECE 3emIa’ KeX DRStK HEpaesr DDA TOH¢ CaMDt IHpems -
TRueckn Gecucuenuol. Gonsuneld; mmbts 0!+ KOTOPDH MBI
TOJBKO  UTRD! FOBORRIRY .
Hepseaane azorn:. Cuoresm CRRmETa W D mﬁsmpez
He NPRCTIBRRET cOG0N KaK yIcHIM G0V Fll CANSH YU DEM &%

$eCKIYW? KORCTP YKIUVID) 5T0") HRKOTODA 7 METTYINDR 1 309+

PATOPHS; CAESAMIAN W3 TBEPAKIK' T, HMETOLIURN 0P
POMEYIO. Maecyi— SHAMHTENLI® GOVBUTYIO; YeM MATOBL!
TEX, ABHIKeHHE KATOPuiX: Hayuaercs: Bom Mmacca: cHcTes
MBI 07CueTa . GyeT” HeOTTAROUHA  BENURA, TO) OHay HB- Gye-
JleT BIOJiHE YCTOHUHBON — B Hell MOABATCH I¢NPOICTEL THRAN
DPAVIEBOBE W+ OPINBOBS 1 JIEFRO: Gyyer 3amereHi sﬂnbbxr
peficTBESCH N [PTHBONRICTBAN

- MovyT CRA3aTH: YT MBD m‘!qmmmc Jynys. Hmma
o&pasom Ml OTKPHBREM TOABKOT TOUT PAKT, UTOL HEWEBS!
«JIyRY» « ArBD{MMEOBATH: B OAHOA uACTR" paccysanennii’ &
CTPBrG ) yWrPE BRI, BSIPYT O .

Hcmons3oBanme YCKOPRHEDIX < CHCTEM” OTCHETA! yenm
BaeT Hamy apryMentauuio. Kak caeayer nmoHWMaTe: CHR-
CTeMy OTcueTR: Sy, PaDHOMEPHO BPANLAOULYIOCH’ OTROCH-
TeNBHO . HeMOABMAK oM . cHerematl. Sy? - Urolul - npuamTs: cre
creme. Sz puaHyecKml. CMLIQN,. CNRAYCTS NPSRCTREHT L OBl
B+BH ® :0YEHD TIHREAOR0: H 0603 13 1010eT0” 6oab a0l 1 o
el IMAXDBHK a2 HECYHRerc: Hi: CebB. OUeHb:JIePKRR Ha Guiss-
JIATEA A8 HA 080D A mRy nmecs< npufophi. Ecnse srou yeaosme:
He Oyfmer BHINOJIHEHO, TO Ji00oe CMellieHHe HEeKOTOPwdH:
MAcCH /MmO HOi BFAITHIONIGHDA: CHETCMS: ORVERY HOMENHUT
MONERY " BHEPINRHL 9Pol CHREDONE! ' H NDBRONET” SABNGTRORS
H3MEeHeHHe €e YIJO0BOA CKOPDUTRH ci. N¥aXouwse Josrent
HMETH GECRUNEYHD GOWBLIRDH | MOM CHT HNED NIN — TOXBKO
B STOM CITYSI@et MBI MOMEM | CUHTATE, ITO BRUIMHUEE (3 OCE-
TRRTCS. NOCTOAHHOM! MPR: NPOHSBONBHBIXS NP eV CHPIRK:
HBGOIATEns: W ero. npu6epos. . JiedicTriwe (ua: NBEWY- -
mmeen - npuCLPLI) . paBRO. IPOTABOAHETBIO (maamm
INyIICSS. CHETEM ¥~ OTcaeTay: Banwamen:

MOESHO e@mmmmmma mcm
mcqera eCKOHeUHa.

D7er yTIGBHE ¢ RSOHTEDM pmmymmnm .uaotpar
TOpMH,..D aCIONMRER AN Ha SkMiR:. CTYENN.B VOKOPRIH-
Bedly CHCTEME.. aTcuerac NP HENMBWTEsLHG: TAKAN Joey  Kaw?
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B TpIERTAEReHN EBjc. Tuekemde wexa, . HeOnwgaemise
¢ 3eMJH, BEESEATCA /B : RPEBHRANHOMMON HFloWe, 1K Kefi-
‘CTBHIO FXOTOpanro no6GaBanioton TaKxe: sfpdextH, cxBasan-
Hhie ;c Bpameiwen. [leficTsie a 116.80%0 Hbonansa e
‘M8 HAE CCRAPAL ~PasHO RPOTHBORAHCTBAIO, EPMAOMEH-
BOMYIK. Jemae.

§ 4. Hedcreue u nporusodedcrsue
6 Teypulu OTHQCUTEABHOUTU ;

B ®mnaccrueckoll ‘mexammke -EpegmOAraercs, YTO
JBCE BHIIEYNOMARYTbIE BO3NEHCTBUS " PACHPOCTPANAIOTCH
MTHOBEHHO Ha J060e paccTosHue, TEOPHH OTHOCH-
TeNbHOCTH Tpe@Gyeres, wrobbl CKOPOCTh HepeRavH B3aH-
‘MOAeHCTBHA ARma 6bl MeHHIE JTH PaBHa CNOPOCTH
cBera €. - - T

.G eabineN "GAeAYeT GHTH /Q#enb BaNMaTesbHEEMA] ITho-
' BEENMOMY, /P asyNHE0 :RPCMTORGRTD, - SIT0  pacnpectpame-
HHe TPaBHTaLHOHOTO MNOJsA B BakyyMe MQESHMRRETCA
‘REKOTOPEoTY JeecbuteMy - Y EEBODOMANROMY -8aKORY. A KaK
CNGRYET 'OPONCTABRATS .cele PACHPOCRPAHEHHE -NOMs
yexepeRis, 106y0neBIeRIHOr0 Bpalteinen? :3ra npobiema
CBASANA ‘NIABEHM O6pEAOM C YNPYr#MH CBORCTBEMM
Maxommka. rKorna MLl IPHKAAAIMBAGM K. OCH MaxoBHKa
DAY . QHJI, :Wenass NPUBECTH €F0 B [BIHMKEeHHEe, TO OTH
CHAbI BKSHBAIOT | B NEPBYIO -OMepelb YNpyrylo JAepopma-
RHIO MATEPHARA,- HS. KOTOPONO CAEJaH MaxoBHK.: Bravane
-I1A NCHOPMENNA (CKOHREHTPHPOBANA B OKRCCTHOLEH :0eH
MAROBHKA, 18 PATEM ; PACREOCHRANRCTON 110 ST DABRCHKIO
X ene naopndenay. 1§ lo-BRARMeMY, HeT \BHERMUX [ PAIYM-
HbIX OCHOBAaHAR WM TORPABAGHHA LR TOEQ, “ATAOH cewH-
TaTb MEXaHH3M PACHPOCTPAHEHHS NOJAA YCKOpeHHs, 06yc-
JIOBICHHOTO BpamieHHeM, YHHBEPCAJbHHM, Kak B “Clyuae
FPABRTIARHOHEORO .04 B .Bakyyme. CKQPOCTHIO 3TOTO
: BPOMRCOA MBENRETOS FEKORACTD /P FCRPOCTRRMOHUS -YIPYEHX
“BOJIH, “KOTOP & ~ SHATHTEAYHO vmensiie -C. ‘Bpag wav sumeer
CMDbICT *T@BQPHIL O 'KARHX-MG0 “ocAX Bpauenud B.8a-
kyyme. FélitpasipHOoe KOCMHAYECKOE TeJIO.He - SYWBCIRYLT>
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Bpawenns HH 3eman, uu ConHIA, HH yAajeHHbIX 3Be34 ).
Flaanets He «omymaior» Bpamenus Conauua.

B ocuoBy cBoeil ofmiefi TeOPHUH OTHOCHTEJNbHOCTH
DitHiuTeliH MOMOXKHA NPUHYUR 3KBUBANEHTHOCTU: TPaBu-
TalMOHHOE MOJIe H 1QJie YCKOPEHHs, 0GyC/IOB/IeHHOe Bpa-
NIEHHEM  CHCTEeME KOOlePIHaT, HMEIOT ORHY H TY Xe NpH-
poAy.” D10 -RONOXKEHHe, NO-BHAMMOMY, He/lb3sl CYHUTATh
060CHOBaHHLIM. MeXAy ABYMS YNOMSHYTHIMH SIBJCHHA-
MH eCTb MIIOro oGUulero, HO HMEIOTCS M CYlIecTBeHHble
pasanuus.

CaBur, npouCXoAsSiLIUH BHYTPH 3€MJH, Bbl3biBaeT MO-
fiB/IeHHe YNPYTHX BOJH, KOTOPble PAcHpOCTPaHsAIOTCS MO
HanpapB/eHHI0O K IMOBEPXHOCTH IJIaHeThl M BOCNPHHH-
MaloTcsl HaMM Kak 3eMJjerpsicenve. Jlo 3TOro MOMeHTa
MPoLece CXOJeH C TeM, YTO NPOHCXOJHT NPH NpHBEACHHH
B IBHXKEHHe MaXOBUKA.

Ho 310 eme He Bce. CMeileHHs1 Macc BHYTPH 3eman
BBI3BIBAIOT TaK)Ke TFPaBUTALlHOHHbIE BOJIHbLI, pacnpocTpa-
HslOUWHecs B NPOCTPAHCTBE BO DBCe CTOPOHbI OT Halled
naaietol. JleficTRie ynomsinyToro BO3MYILEHHS MOXKeT
CKa3aTbCA lla BCCX  TeNax HooIvianerax, Aaxe CHIbHO
yZAaJleHHbIX.

310 NanbHOAEHCTBHE ONPCAGNNACTCS HEKOTOPOM YyHuU-
8epCasbHOll NOCTOAHHOIL (nocroaunou Hyiorona), koto-
i past He Hrpaer. anxaxoﬁ OJIJ_BO, BpallaloOMMXCA CHCTe-
Max oTCieTa. I1pHHIWIT SKBHBAJIEHTHOCTH — B TOM BHAE,
B KakoM OH Obli cHopMyJaHpoBaH DHIUTeHHOM NpHu co-
SAAHHMH €ro TeOPHH —- He TOJyuaeT NOJANEPKKH H Jajnee,
1py OGCYMACHHH ACHCTBHTENbHON POAHM KpuUBHM3HH Bce-
aieHHolt. TTo3TOMy BO3HHMKaeT ecTecTBeHHBl Bompoc: Aefi-
CTBHTGJLHO JIH 3KBHBAJEHTHOCTb fABJAETCH (QyHIAaMeH-
TaJibHbIM CBOACTBOM M 1le NpeACTaBjseT AW MPHHIHUN
SKBUBAJICHTHOCTH HEKOTOPYIO 3KCTPaNoOJALHIO JaJjieko 3a
npenesbl 3KCNepUMEeHTaNbHEIX (PaKTOB?

1]

1) Cefinac BHOBL Cramu paccumpnsarbca cTapue uien Maxa,
Kacaioliinecsi NPOACXOMIEHHS NOHATHA MACCH. ODTH WJen "Bece éime
OueHb HEACHH M He TOATBEPKAECHH IKCTepHMenToM. Mul -orosopuiy,
MTO TeNO ABJAETCA «HeATPAJbHBHIMP, MOTOMY HTO;MNPH BpaleHuu 3a-
DRKEHHBIX Tell MAH MATHHTOB BOSHHKAIOT RanbronefcTBYyIOWNE , 9nex~
'YPOMAriuTHHE MO/,
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DfiHmTeHH yTBepXKJAad, YTO CKOPOCTb IPABHTALHOH-
HHIX BOJIH paBHa ckopoctu cBera ¢. OjHako 3a mocaes-
HHe 50 Jler 3TOMY nNpeAnoJoxeHui0 He OblI0 HaHIEHO
HU O00HO20 3KCNEepUMEHTAAbHO20 TOATBepXIeHHA. Krto
8HaeT, MOxeT GbITb rPaBHTALHOHHOE IOJE PacnpocTpa-
HSIETCH CO CKOPOCTbIO, 3HAUUTENBHO Melbluei ¢, MK Ja-
XKe pacrekaercs noA06HO Au(PY3UOHHBIM WM TCMIOBBIM
norokam (cM. ria. 3)!

Yro xacaercsi paclipocTpaHeHHs AelCTBHA H TPOTH-
BOZeHCTBHS, DiHIITeHiH cTanl Ha NpHHajjdexatnylo Pa-

afiel0 TOUYKY 3PEHHS PeasbH0e20 .CYulecTe08anus nosei.
oJle, pacnpocTpaHsomeecs Y€pes Nycroe IPOCTPaHCTBO

-

HJIM Yepe3 BeliecTBO, COCTOHT H3 BOJIH, HMEIOLIHMX KOHeY-

HYI0 CKOPOCTb; 3TH BOJHBI MOXHO XapaKTepH30BaTb,
KpQMe NOJIeRRIX BEJHYHH, TaKXKe YeTbipeXMepPHbIM TE€H30-
pOM BTOpOTrO_paHra, KOTOPhHIH OMHCHIBAET OKa3LIBAEMbLIC
ACHCTEHE M NPOTHBOAEACTBME H Mepefauy HX OT TOYKH
K TOYKE, OWHWITEHH NO CYLECTBY YCTaHOBH/ BAXHOCTL
PaBEHCTBZ MeXIY 3THMH - JIOKAJIbHBIMH [EHCTBUSMH H
NPOTHBOAEACTBHSIMH, HMEIOIIHMH CBOMM KOHEWHHIM pe-
3yJbTATOM paclHpoCTpaHeHHe B3aHMONEHCTBHY Ha HeKo-
TOpoe paccTosinde. B 3TOM cMhicjie, TOBOPHT OH, TPeTHl
sakoH HrloTona noanocteio cobuaiomaercs.

Tak nu sro? WU go xakux nop OyAyT pacmpocrpa-
HATbCA ynoMsHyThle neficTBua? He moxer xe ux pac-
DpOCTPaHeHHe AJHMTbCA Heonpecaenuo Joaro! Mel mpes-
¢cTaBisgeM cefe KapTHHY paclpocTpaHeHHs TaK: BOJIHHL,
HMCNyLIEHHbIe OAHHM MaTePHaJbHbIM TeJOM, NpPephBaIOT
CBOH NyTb Ha APYrHX TeJax, OTPaKaloTCs OT HHX H T. L.

B T. .— 4, HAKOHell, BC€ OHH HCYe3alOT Ha 6eCKOHEYHO-

CTH. 3Iech CHOBa CJeAyeT NOCTAaBHTb BOMPOC: .HAJHWUHE
KAKHX BOAH HYXHO Npeanojaratb Ha GeCKOHEYHOCTH?

. B.camom aene, Ha Kaxjo#i rpaHule, Jaxe ecaH OHA Ha-
- XORHTCA B GeCKOHEYHOCTH, JOJIKHBI GhiTh 3aAaHH. HEKO-

TOphie rpaHHuHne ycioBusi. OfHaKO Takde TPaHHYHbIE
YCOBHA HH pasy elie He ObIH yCTaHOBJIEHBI.
.JleBu-Husura [6] u Apyrue aBTOpHI BHIOHPAIOT pacxo-

JAfumecs BOJHBI (OTBeYalOUlHe 3aMas/bIBAIOIIUM MOTeH-
.I[MayIaM), KOTOPhHIe - YAAJISIOTEsA . OT - CBOer0 HCTOYHHKA H

‘YHOCSIT CBSi3aHHble € HHMH HexKeJaTeJbHbe NPOTHBOJIEH-
creus, Dfmmredn, Undeasn # lodman [7], nHaobopor,
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8. ICTORRHE (BOJHLI » (CHISRMOINRI N0 ONePex alo-
UREX ' H 3@ ASARBAJOLRHX T » J0REI0B S REALHO, ‘BooGpa-
ACAI0T OrpOMLOe: Be[IKAAO Ha mmm C raKoii -
TIOTE30H "DPYINIED 'CODAA (HELOS.

Jlanmni BODROC CCRORYET BESIEHTD (K0 MeAHa ¥ Haii-
W SaNME DPRENENEE TWORODHSL, ¢ KOTCRLIMH : COT/ELOUTCH
BORRAH pHENK.

Uto MOKHO mMpeAnoNoxHuTL Ha 3ror cuer? TlpeGaesta
NOBEHACHHS | TPaBHTABONHLX BOWH HANOMHHAaeT Dpobie-
‘MBl, BOSHBKZIOLLUE RPH PACCMOTPEHHH 'CBETOBHIX :HIH KOP-
WYBKYJRPREX BOGH. ‘HTo «kacaercs OBETa, TO CYHTAIOT,
P50 ‘OH; UENEBAET  HA I0ECHOH KX | PACCTOABHAX OT HCTOU-
HBKa :H:PECAPACTRANNETON B: anezamsamamptx aoaH
- (oae. 4, spa. MY)... M e i MEeM BHKBE®X ACHOBARHE (CYH-
PATL, KTO GBOIMIK SMOTYT BEPHYTNGA 33 MBeCKONeEHOCTH.
ACTponeodl Jeule ie BOTPREARACH C YLMITO TTARNN, 'YTO
-PECTARKAOC . bl TIPRATIIICIKFEL THadHIHE 'HEKOEro SepKana
Ha “GecmpHpruOCT. [(OMLA Jpevb BAET O MPaBATALHOHHLIX
BOWHAX, TOBHINMAMY, OyeT pasyMBuM (Mbl Gic ‘TOBO-
PHM "«0G@CHOBaNHLHM®) ApeACTaBHTb cebe .aHaJOTHYHYIO
curyaumnio, Torna :caesoBano G6Gbl BHGPATh pelileHns
THIA TeX,.KOTOpble Mpelowkiia Jleru-Uusuta, a He e, MTO
npeanoxenbl ditnwrekHom. [lanee, Ham caenoBaxso -Gl
, CUHAPETD, Q0 CHALI WediCTBAA ‘W IPOTHBOAGHCTBHSA MOTYT
-HewesaTh /Ha: HGecKonewHOCTH. ‘CMbICA TpeTHero 8aKoHa
- HsioTowa, 'vaxof soBEl /B AHAANTHYECKON MaXaHuKe, J1e-
-ISETCH DOBCEM : HeACHEIM B TeQPRH oTHoCHreabHOCTR CX-
TYANMA. e GiIce YCAOMHATICA -BBHAY . HEAHHEAROCTH
TPRBHLAIHORELIX BOAK, BUpaved, Ba (GOALMHX Tpacenos-
HEAX 0T ROTOWH BRE ™A SOEBL 'CFAHDBATCH ‘DULHE CTabl-
MH -H AHHERHOCTL NOCTENEeHHO -BOCCTABABINBACTCA.

‘Bup BonHOBHX peuwlennf Ha GeCKOHEUHOCTH HMeeT
Gonblloe SHaveHHe AN HH3HKA W LAA HHxKeHepa. Mmeer
‘JiH 'MeCTO PacnpoCTPAHEKHe I'DaBHTANHOHHOIO HITYNEHHM
‘poatme? MOXHO AM HAAEATbCA vBa  HCNMILSOUBAHHE :FPA-
BHTallHOHHKX :BoMH. DBHIITEHRA ) AJI0 JEe Felasin - CHNE IR
Kanopa exgpoCes (PRCIPOCTRAREH NS STEX :8axu?  Morau
6Bl TH voro0eKin meprezn o [ENQOPMBRHIY  KOBKY PEPORATD
T fepefavell TOOPOACTBOM SHGKTROMANEHFRLX BOVIH —
‘pango (HuHe CROIS Wpymaroj‘? S'm ‘i MHOrhe
APYTUCLBONPOCH JAYT 0TBETA, = . .
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§ 5. Maremaravecxue: cucremol- KOOPOURAT:
uru usutecKwe CUCTEMbL OTCHETT

Bepnemcs Kk nHauany Hawed Auckyccun. B eeoserpua:
nmt B" KMHEMAaTHKe HCNOMb3YIOT udéaanauposammoie’ Clu-
cTemsl KOOPAUHAT, KOTOPLiE, N0 NPEATIONKEHAIo, 6eCKO-
HEYRO' XECTKME H He WMeloT Maccel. B camom nede,
HeJlb35l TOBOPUTb O Macee TaKofi CHCTeM 'KOODAKAAT, MO~
TOMY 4TO STO IOHATHE BBOAHMTCH MO3XKe, TOJNLKO B (u3u-
serkod” mexumuke ‘w. - mumamnke: Flépexons k ymoMsiHy-
THIM Teopmam (kdk' GEnTo" Moxasamo- Bumre), M&- BeTpe-
yaeMcsl ¢ (UIHYECKHMH CHCTEMAMW OTCHETS . KOTOphie
Aonmnet GHITE B’ COCTOSHMR IECHTS TOBLR KPOTHBOACH-
CTBHY, H¢ NPWXOAS TP STOM B ABwxewue: Hawm mpuxo-
HLATCA  NPHHUMATB, YTO TaKan CHCTEMa OTCYETa AMeeT
Gécroreunyio’ maccy. YtoGu ynpounts ynomamyToe pas-
Jmtme, Mbl npejJiaraeM d8a pasiuanbx HA3BAHUA

aumm HOOPAUNGT — HRCTKHL; HES HUMEIOF uar:cu.
POCCMATPURTIOTC” B TEOMETDHE; . .

CUSTEI omwrw»ﬁccmmm W ;pawmmw-
BARRTCS: By ABMAMEKE.

Ilonqepxueu, uTO npnnmoehmakampanmnm Mmac-
CHBHBIX CHCTEM OTCYETa MOJHOCTBIO COracyerca ¢ Bbi6O-
poM uaces, ecHoRadubix Ha IddexTe. Meccbayapa, usny-
YaionlHe SACMEHTbl KOTOPHIX KECTKO «BMOUTHPORAHLI»
B-MaeCHRBEbIL KPUETAL.

- Hpw yreHus pabor Jittwreliia HeTRY/AH0. 3aMETHTD,
Y20 OHr HE: JRAART YKA3aHHOrQ HaMi Pa3Januls U TpPH-
MUCHIBART. CHCTEMaM- KOOPAMHAT, He. HMRIOLdM. MACChi,
CBOficTBA, KOTOPBIMH 06/1alalOT TOJNBKO TsXeJible CHCTe-
M QTRYTA: kO CHaNAdd, OOPATHMN BHHMAUE HA
n&mm BPRAIYBCTBES. TIONATHS: CUCTAM OECUETG, Kar

.MOMEHG -RAUTH B 9¥HX e pabovak. B §.2 patoru
[8} a&tm'r»eﬁmnnmeir

' d’lgcrs KBe ¢usuwmeckue cacreMbl Tewr S u- Sy
CH&O')KEH‘HHG nsmepmensnmm‘npwﬁ'opmw >

- Dfumuvelr ue Tpebyer, rofhl - Macen. o Ma-
TEPRAIBGHSIX'. CACTEM OBIN  QUeNb BeAMKM, . OHWAKO . O
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TIOHHMAaeT, YTO HeJNOCTaTOYHO OJHONH HAeaNH3HPOBAHHOM
CHCTEMbl KOODAMHAT H YTO CJeAdyeT MNpeAcTanHTh cebe
KaKylo-TO MaTepHa/IbHYI0 CHCTEMY B BHle H3MepHTesb-
Holl nabopaTopuu.

B Gosee mosanefi pabote, conepxaileli OCHOBH 06-
1iefl TEOPHH OTHOCHTENbHOCTH, DitHwTelin [9] uaer panb-
e, 3a6biBasi 06 3THX NPENOCTOPOXHOCTAX H Aesast PaA
YAHBHTENbHBIX yTBepxJAeHuid. B § 2 on rosopur:

«['paBuTaunonHOe NOJC MOXINO «CO34aTb» npo-
CTHIM M3MeHeHHeM KOOPAHWHATHOH CHCTEMbI».

B § 3 Mbl HaxonuM:

«O6ue 3aKOHBI NMPUPOAB AONKHBI ObiTb BhIpa-
JKeHHl ypaBHEHHSIMH, CIpaBelJMBHIMH BO BCEX KOOP-
JHHATHBIX CHCTEMaX, T.e. 9TH YPaBHEHHA HOJIKHBI
OHTh KOBapHAHTHBIMH OTHOCHTEJIBHO JIIOOLIX MOACTA-
HOBOK (OG6LieKOBapHAHTHHIMH) ».

Ilo HamweMy MHeHHIO, B KOHIIE 3TOrO NOCJAEAHEro npen-
JNoXKenust cacaosano Gnl 0co60 OTMETHTb NMOACTAHOBKH,
nMeroue (GU3HUCCKIHT CMLICT H COOTBETCTBYIOHE hak-
Tudeckoi onepayuy 8 cmoicae bpudoucmena, Vimenno
B 5TOM NYHKTE Mbl PACXOAMMCs ¢ Dfinureiom.

B Tom xe § 3 on nuumer:

«B oGmefi TeopHH. OTHOCHTENbHOCTH MNPOCTpPaH-
CTBeHHble H BpeMeHHLIe BEJHYHHB He MOT'YT ObiTh
onpejeseHbl TaK, 4TOGLl PasHOCTH MPOCTPAHCTBEH-
HBIX KOOPAHHAT MOIJIK OHITh M3MepeHb HemnocpeX-
' CTBEHHO eAMHHMYHBLIM MacmtaboM, a Pa3HOCTH Bpe-
}s ,99 ‘A MeHHBIX — [OCPE/ICTBOM CTaH/JapTHLIX 4YacoB.

9

\% OueHb pHCKOBanHOe yTBepKicHHe, NPOTHBOpeyallee
106b1M, OCHOBaHHbIM Ha pe3yJ/bTaTax SKCNEePHMEHTOB Ha-
| yunniM npeacraBnennsaMm. CiaenoBano Gbl cKasaTh O TOM,
1 KaK BHINOJHHTH YNOMsHYyTOe H3MepeHHe. MHaue cioBa
| «NpOCTP3HCTBO» H «BPEMs» TePAIOT BCAKHM QuaHuecknit
\ cmbica. Tlosxe Mbi BEPHEMCS K 9TOMY NPHHELANKANLHOMY
8aTPYAHEHRIO.
OGupe cHcTeMbl KOODAWHAT, BBeJEHHble DHHIITEN-
HOM, CTa/JH HacCTOJbKO MOMYJAPHH, YTO NONYYHIH Jaxe
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Ha3BaHHe «MOJLTIOCKH DiiHwuTeliHa» 1). Onnako Moxer JH

¢usnk paboTaTh B TAKHX HeOlpefeJieHHBIX YCJOBHUAX?

bouio Obl XeCcTOKO CHaGAMTh ero HCKJIYHTEJIBHO pPE3H-

HOBBIMH JIHHeAKaMH H HeNmpaBH/IbHO HAYUHMH vacaMmul
Haxonern, B § 4 Mul unracm:

«Corgacto o6uieft TeoOpuH OTHOCHTE/bHOCTH, I'pa-
BUTALUOHHLIE CHJbl MLPAIOT HCKJIIOUHTENbHYID DPOJD
1O CPaBHEHHIO C OCTANBHBIMH CHJIaMH, OCOGEHHO
snexTpoMarsutapMu; 10 Gynkuu#t gor, npeacras-
JAIOIIAX FPaBHTALHOHHOE [0J1€, OTPEAeNAIOT B TO XKe
BpeMsi MeTpHUECKHe CBOHCTBA YEeTHIPEXMEPHOro MpPo-
CTpaHCTBa». ' ‘ '

DiHIWTe#H NMPENnoAHOCHT 3TO YTBEpXKAeHHe KaK CBOfi-
CTBO NPHPOJHI, Mbl XKe CKOpee Gbl Ha3BaJH €ro nOCTYAd-
oM Jdnwrelina. O BO 4TO 6Ll TO HH CTAJ0 CTPEMHTCA
CBECTH TPaBHTALMIO K reOMeTPUH MyTCM 3aMeHbl HbIOTO-
HOBCKOTO IPaBHTAILOHHOTO MOTEHLHa/Ja TEH3OPHHIM I0-
TEHIHAJIOM ' BTOPOI'0 PaHra, OCyLLeCTB/ASIOLHM COBMeCT-
HOe OMMCaHHe 'PaBUTALMH U TeOMETPHH; 3TO HOCTHIaeTcs
LeHO! TMNOsABJEHH IPOHACTH MeXJAy TrpasHTanved H

snekTpoMarHetaMom. Llutupyemas crarba——reﬂnanb-y
Haf MarTeMaTHueckas pafora, OXHAKO BONPOC O ee NpH- *

MEHEHHH K (‘)HSH'-IQCKOI.;I peaJbHOCTH OCTACTCA OTKPBITHIM.

§ 6. IlIpednoroscenue Doka

MOXKHO MONLITATLCSI COXPAHUTb TEOPETHUYECKYIO CXeMYy
DftHwTellHA, KOTOpasi BCE ClLE KAXKCTCHA MpPHBJEKATENb-
HOH, HO TOrAa HeoOXOLHMO yTOUHHTD ONlpeAeleHHs H ycra-
HOBHTb OIDaHHYEHHsS HAa YCJIOBHS ee NPHMEHHMOCTH.

- Kpome Toro, kax GblIO yxKe NoOKaszano, Teopus Dfin-
miTefiHa cTpajaer upesmepHoli o6muocTeio. Cam Ditm-
wTellH OTMETHJ, YTO NPOCTPAHCTRO H BPeMSA HE MOryT

1) «MoJlockd OTCueTa» — HeXKeCTKHe Tesla OTCueTa, KOTOph@
MOTYT HBHTaTbCA TNPOH3BOJLHEIM 0GPa3oM KaK llenoe, H3MeHAS INpe
atoM ¢opmy. OHH 06nanaioT YacaMH, HRAYIIHMHK HeperyJsipHO, NpH~
ueM OJHOBPEMEHHO BOCTPHHHMAaeMbie TOKA3aHHS YacOB, HaXOMANHX~!
€ B COCE/HHX TOUYKaX, OTiH4aloTCA GeckoneuHo Mano. (Cu. Jdn-J
wredn A., Cobpanne Hayumslx Tpynos, T. 1, crp. 580, M., 1965.) —

-
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OniT 3AUHO [LOCTABALHL B COGTBRTCTRANS C. Pesyflb-
rarama- usmeperni: Tamoe yThepuEsente: He' MoXXeT YO~
BACTBOPUTL HH. QRROTO (reBHaL. :

Paccvorpmy Teneps: samenareabmyio sunry (16} Boi-
Jalolerocs pycckoro yuernasa B: A.-Moxa: B sroit kun-
re COASPKHTCA amHANH3. Hiel AHmTEAHA W NRCTPOEHHE
TEOpHH . OTHOCHTENILHOCTH NPOBOAHMTCS C OYEHb. ORHIH-
#Hansuofi ToukH 3peHHs, POKY yAajoCh NOAYMUTH Mpak-
THYECKOE pelleHHe MHorux satpyunenufl. Ob cunTaer,
YTO HepasyMHO OCTABNTL TEOPHIO OTHOCHTENLHOCTH noA-
HOCTbI0 06well, kax Oeaas.Jlnwirelin, naubonee HHTe-
pecHHR moviydeHHBIA HM pe3yJbTaT COCTOHT B TOM, 4YTO
NpUHATHE ‘HEKOTOPHIX MNPOCTHIX COrJalieHWA NPHUBOAHT
K SHAUNTEIDUANY YRPOMIQHNIO: MAaveMaTHICCKOM: CTPYKTY-
Pt Teopm: B: 1o xXe Bpems: Dok NPRAAGKES SHIMH-
TenpHo. GoAee- COBEPHMERIEYIO HSHYCCKYIO: HNTEPIPOTA«
uH©o: Teopun: OH 1 0T6pacuBaer. He MMelomudl- (H3HUECKO-
FO CMUIC/IA. DPOHIBGI: B: BOODE: CHCTEM KOOPAMHAT H Bble
Oupaer M3 BX YHe]a, No ero MHEHWIO, HanGojee NOAXO~
RAUWHE CHCTEMb; OHN OllpejleNCHbl YCAOBHAMH

" .= 0, (4.1)

rie I'*— cepuyThifi cumsoa Kpucrobdenn, u Haswl-
BalOTC# rapMOHHYECKHMH KOOpAMHaTaMH. 3TH ueThipe
HOMOMHUTE/IbHBIX YCJAOBHS MOJHOCTBIO ONpefedsioT «mpe-
HAMYILECTBEHHYIO» CHCTEMY  OTCUeTa; B KOTOpOof ypabBmes
HHEe PACNpPOCTPAHEHHA BOJHMB, HMeeT OOLIYHBIA Bul (Oe3
JAONOJHATENbHLIX 4AEHOB):

i

O%=0. | 1
AT0 He YTO HHOe, KUK ypaBHeHHE PacnpocTPpaHEeHHs H30-
JZPOTHON BOJHLL B KOTOPOM C HIPAaeT DONb YHHBEPCalbs

HO# NOCTOsIMHOM.

Teopus, passuras ®@okom, TpebyeT TILaTeNbHOLQ H3Ys.
yenausa. Ero cxema, GesycnoBHo, asaseTcs GaecTsines, 04+
\HaKO.-He: ACHS,- IDKBOAMT AM- OHE: K- SAUNCTBCHEOMY BO3-
MOXHOMY: penremio. $ox Bubnp aeT onpeaeacHAR IaACC
CHCTEM OTCYETA, B KOTOPMX peHreHNe HMeeT ITPOCTOll
BHJ,. QAHAKO, MOXKeT GLiTh, eCTb JAPYrHe KAACCH CHCTEM,
KOTOphle TaKXe CJelyeT NPHAATb BO BHHMaHHE:H CPaB
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HATH C TEMH, -KOTopbie GbiaH paceMorpend Horou. He-
06X0AHMO TaKxKe A0KA3aTh, YTO NpoHlDeAenuwEit PoKOM
OTGOp «NPeHMYILECTBCHHBIX® CHCTEM OTCYeTa OTBedaer
peaslbHbIM YCMOBHAM 'SKCTIEPHMENTE, 0CAOLMNO 8 CBISH
C coBpeMeHHbIM ofnpesaeacHieM yacoB (cM.ra. 3) u BBH-
IRY JPOJIH, KOTOPYIO HrpacT Macca B (pU3HYeCKHX CHCTe-
Max orcyera (CM. Bhile B 5ToH raase) ¥),

§ 7. 3adaua weapuwaﬂbaa

TTPyAHOCTH TEOPHH OTHOCHW&JLHOCTH Oyjler noJie3Ho
paccMOTpeThb Ha MNPHMEPe HEKOTOPHIX KOHKPeTHLX sa-
'Ray, - PacCMOTPHM -CHauaRa ~CTaTHIECKOE c‘ermecxu
cAMMeEYpHYNOe none noxowmehen wacTrms FH]. ‘Hemonn-
‘sys xoopAuHATHl X!, X%, x% u xb = cf, nonywaem peilenue
isapummansna

At (P G (Y
e gy b A e P
—{1—T e, | «s)

rae r2= (x1)2 4 (x2)24- (x%)2, m = GM/c? —rax Ha3H-

BaeMas «NpHBEXEHBAR> Macca, M-— Macca NacRNA,

G — rpaBHTalLlHOHHAN MOCTOSAHHAS. ~
Tlpu :auauenun r, paBHOM rpaBHTalHOHHOMY pagHyCy

ro=2m, ¢44)

pewenye lIBapumnabia AMeeT CHHIYJAAPHOCTD,

G PasY CAEKYET. SAMETHTS, U00 EYReh MPAGPNEA0RIHHS
KOCRIIAT 'NOMHO HOAYWYh BpyFHe .peiteiid ?), . Ha-
TPHMEP, MOMHO FCKMOWIN: VONMMDTOC DEAR4eNOc B

) ‘Mo ‘swmamix Gegox -peraxyopa c (B, A, Mewom na 1y remy
CRERYET, UTO: Y, -DITYMREINN, C.0AMODO MRAGRAR NMQA B PHEY JESNS-
TEEbHOCED PLINGHEA STHX BONPOCOS. JE0-PeiloRde -Ae AMIMCLA THH-
BHAMBHEM, — I pus. ped.

#) Ayawe ctxasats: ro ‘Hte “pewrexme '8 Apyron “XoopuuaTHof
cucreme, — TFpin, ped,
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¢dopmyse (4.3); Torma mMOJSyuHM H3OTPOMHOC NPOCTPaH-
CTBO C METPHKOH

dst = (1 + 55 ) [(dx'Y + (dx?? + (@xF] —
— [T ey | (4.5)

DTo HOBOe pellieHHe TePSeT CMbICA NPH 3HaUeHWH r, paB-
HOM

ro=-1%. (4.6)

Ha GeckoHeuHOocTH 06a pelieHHs BeAyT ce6a OJHHAKOBO.

Kakoe H3 HHX cjlefiyeT CONOCTaBJATbL C IKCIEPHMEH-
tom? Chaexyer Ju koopAuHath xi, x%, x3, c¢f HCTOJKOBHI-
'BaTh, MOJb3Yysicb MeTpukoit (4.3) uau merpukoit (4.5)?
Bonpoc ocraercsi OTKPHITHIM. DTO [axKe elle XyXKe, 4eM
€CJIH MOXXHO GblI0 6Bl COBEPIIHTH JIOGYI0 3aMeHy KOOp-
OWHAT W TOJYYHTh OGecKOHeYHOe MHOXKECTBO peuleHuill
Meroan DitHwTeilHa ABASIOTCS CAMUIKOM OGIMMH H He
IaloT Kakoro-jin6o onpeacsciiioro oreera. ®ox cuuraer,
yTo ycaoBHe (4.1) BolacaseT cHCTeMy OTcuera, COOTBET-
CTBYIOIYIO peajbHbIM ycjaouHaM HaGmojcuus, OH nouay-
YaeT TPeThbe pelleHHe

ds? =%g. dr? + (r + m)y (d6? + sin? 0 dg?) —

—2I=2 e, (@4.7)

r+m
DTa MeTpHKA TepsieT CMBICA NPH

ro==nt. (4.8)

Cpasuenue ¢gopmyn (4.3), (4.5) u (4.7) sacHo noka-
3LIBA€T, K KAKHM TPYAHOCTAM NPHBOAUT cBepxobolie-
Hue DfiHmTeliHa. MoXeT BOSHHKHYTb BONIPOC: a fABASETCA
Jan pemenue (4.7) naubosee noxxoxsmum? Kakum oGpa-
30M MOXKHO IIPOBEPHTH, YTO 3TO pelleHHe AEfiCTBHTEJNBHO
COOTBETCTBYET H3MEPEeHHAM JIJMHB H BpeMeHH, IpOU3Be-
JNeHHHIM B TPaBHTALMOHHOM TNoJjie B Nokosawefica nabo-
patopuu? BhiBombl Takoro poaa He MOTYT ObITb MNOJIy-
yeHnl M3 MaTeMaTHUYeCKHX coo0pa)xeHHH, OHM Tpe6yioT
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TILAaTeJIbHOrO aHaNu3a (aKTHYECKUX YCJNOBHH 3KCNepH-
MeHTa 1),

[lonoGumiit meranbHbil ananus onepauusl, cCorJacHo
Bpumxmeny, Kpafiile neoGXoliM; o, Nno-BHAHMOMY, AQ
CHX nmop He O6LII NpoIcJaH. Paccmmpcune Mo yueHHBIX
Boiie GOPMYJ HABOJHT HA Mblcab, uTo ¢opmyaa (4.3)
HMeeT TDOMO3JKHH BHA H uTO NONbLITKH ec (H3HUeCKOH
HHTEPNPETaUKH BPSL JH OKAXYTCA YCHeWHbiMH. Mbl OT-
6paceiBaeM H ¢Qopmyay (4.5), BiAeKymyio 10XajbHYIO
H30TPONHI0 TNPOCTpaHcTBa, H (Qopmyay (4.7), kotopas
XapakTepu3yeTcsl JIOKaJbHOH H30TpoOnMell npounecca pac-
npocrpaHenus BoAH. PakTHYEeCKM BO3HMKAeT OYeHb TPYA-
Hasa cutyauns. K cyacTblo, Ha TpaKkTHKe IJA T'PaBHTa-
LHOHHOTO pajuyca ro TNOJYYaeTcs HEeBepOSITHO Maloe
3HaueHHMe, TaK UTO HM3JOXeHHble Bbllle «KaTacTpodHuye-
CKHe» BHIBOAbl CNpaBelJMBbl TONLKO Ha OUeHb MaJbIX
PacCTOSHUAX M NPaKTHYECKH He HabaloLaeMbl.

K sroii mpobseme Mbl ellle BepHeMcs B . 7 U pac-
CMOTPHM €e 3aHOBO C HHOM TOUKH 3peHHd.

§ 8. Cpasnenue KeanTos0l Teopuu
UL Teopuu OTHOCUTEAbHOCTU

B camom Hauane XX Beka B ¢H3HKY BOWLIH JBe
dyHraMeHTa bHble TEOPHH: KBalToBas Teopus IliaHka u
TEOPUSl OTHOCHTeMbHOCTH DiHwTellna. C Tex mop mpo-
10 6ojiee WICCTHACCATH JeT U Mbl MMeeM BO3MOXHOCTBb
CPaBHHTb HX BJIHSIHMC Ila HayuHoc MblunieHue. KeawnTto-
6as reopus — 3TO Tcopus (yHAaMmenTalbHas, HO NOCTO-
SIHHO H3MeHSIoLIasca; KBaHTOBOMEXaHHYeCKHe NpPEACTaB-
NleHHA HCKYCHO pA3BHBAIOTCH K I@OUYTH . KaXJAui# roj
NpHCNOCaONBAIOTCA K OOBACHEHHIO BCe HOBHX M HOBHIX
SKCIepHMEeHTalbHbIX (akroB. MoKHO HacuuTaTh NO
MeHBbILeH Mepe COTHIO MNOC/eJOBaTeJbHHX BapHAaHTOB

1) Bra npoﬁ.neua BHIZIEJIEHHS] «[IPHBMIETHPOBAHHBIX» CHCTEM KO-
OpAMHAT NEeHCTBHTENbHO BO3HHKAaeT B O6uIefl TEOPHH OTHOCHUTENBHO-
CTH H HeNOCPE[CTBEHHO NPHUBOAHT K Safiade (U3HYECKOH HHTEpTIpE-
tauun cucreM Koopauuar. (Cm. [Terpos A. 3., CospeMenHOe COCTOR-

HHE YYeHHS O TPaBHTalHH, ﬂpenpnnfr HT®-71- lM, Knea, 1971.) —
IIpunm. ped,
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xeanToBOR Teopuu. Teopusn ‘orsocurersrocTu Guira RO-
CTPoeHa DHHLITEAHOM KaK JIOTHYECKH »KeCTKas 'TEeOPHS.
Tipn sToM cnenuansH&s TeOpHA OTHOCHTE/NLROCTH MMesa
OrpOMHBIH ycnex, 0COGeHNO €€ eCOTHUMEHHE :MeMAY Mac-
coli u sHeprreR. Hro xacaercn oOGmeN  Peopuy OTHOCH-
TENBHOCTH, TO Ha MEPBHX MOPAX K®AFAJNOCL, UTO OHA
TOATBEPIKAACTC TPEMA PASIHUHHIMU SHCNEPAMCHPIWH,
OXHZKO PE3yAbTATH MEepBHIX ABYX HAXOAATEH - OCTOAEHO
nof GONbIMIHM COMHeHHeM, a TPCTHlt (KpacHoe cmentemme)
NONYYH] OYeHb XOopollee NMOATREPKACHHE B HERABMO Bbi-
FOJIHEHHBIX SKCIEPHMEHTaX, HO €ro MOMRO OOBLACHHTDH
¢ NMOMOINbIO 3HaUHTEALNO €Godee NPOCTON TeOpHU (CM.
1. 6). CstepoBarestip, WHi -BMHYACEEHB NMOCTABHTDL 'BO-
IIPOC TaK: OGHIAN ‘TCOPNA - OTHOOHTEY LROCTH “Be/IMKOJIeTHA
KaK MaTeMaYIICCROe THOPENHE, “OENAKO - “KAWOBO-€¢ VTHO-
weme X QHINIECKOR Peanswocrn?

B 0CHOBe ‘Yeopwu "PAROTEHM, Jlmmaaemﬁ dﬁm@ﬂ Teo-
prell orTHoenTemyHeeTH - {(POK oTMesaeT, 4TO 9TO Neynlau-
HOe H BBOJsillee B 3a0NyMACAHE HA3BaHHE), NISKHT FH-
10Te3a, UTO rPaBHTAIHONHOE [0JIe PacCNpOCTpaHsAeTca €O
cKopocThio cBeta ¢. Kak nokasbiBaloT TulaTeslbHble Ha-
6nonennn BeGepa |12), unvero nagoGrore we waGnicma-
JIOCh, XOTfl MOMHOCTbIO WCKAIOUMTH BOSMOMHOCTH FPaBH-
'rau;nonaux BOJIH Hesb3s '),

- P manaeimweM PACCMOTPEHNH STOrO BORPOCA Ha-
‘1o O’FMe'PH'Pb, wro ‘DiNEIvefin KPR COSAGREH ofuefi Teo-
PHH OTHOCHTENRHOCTH TIOCTABHT: HANN0 'CBORERNE - PPEBR-
“TANRH H-IEK TPOMATHETHIM A /K PEOMERDUH TROCTPANCTEA -
‘ppemens. (Oreone, ouerwamo, eCYSCTRONHO - NPERACND-
Wb, YTO K2K SHEKTPOMATEBAMIOL, 'TakK ‘N TPEBHTMINOH-
Hee BIZNMOZEACTBRA AGMMHH HMETb GUHY H ‘TY e 'CRo-
pocTb pacnpocTpaHenun . DfinurrefiHy yaanoch BKAI0-
YRTH TPABATALHIO B CXEMY YETHIPEXMEPHON reOMeTRMH,
OflHAKO B HPHMEHEHHH K SAEKTPOMArHETHIWY TaxQH Me-

“POJi He HMesl ycHeXa. MOWKHO TIOSPOPETH BONDOC, SURM-

BHA B Hapaje ra. 3. Kakum o6pasoM pacnpocTpassercs

S

1) Kax ozWy 'HS OCNOBHHX ' Tensermifi b ‘cospemsunoll rpaswes-
RNN HYMHO OTPMETHTh DASBHTNE -SKCHOPHMEMTSALMMX 'RCCNCAQDANHA
~{raaBAMM 06paloM TIO - RETEKTHPOABAIO TPIDRTIONHLX BOIH) B
pasubx crpanax, — ITpus: ped, : : e
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FPSSMTEATHO e FOGRE: T, BHAE. BOXE COUCRUPACTERY 1 g. < € ‘
e COTa e Ypsoseorrme. anddyeme? Ha svor ceer: Her |

FEROETIG YSC BEPAIe HTANGHLIX KaHEBIX, § BORPO: DCTART>
CSl OTKPHITHIM.

dKcnepUMeHTaNbHOE <«NOATBepXKAeHHe» ofwiedi Teo-
PHH OTHOCHTENbHOCTH COCTABJSAIOT:

1. Ha6naionaemoe Bo BpeMsl 3aTMeHHA OTK/IOHEHHE JY-
~edl cpeTa, MpoXosMIEK- BGAusw Coamita. TR SKCIepH-
MEHTH, SBJASAIOTCA OYeHb HEeTOYHBLIMH:, HHANBHAYAJIbHas
amutixa gorevsaer YO0%,. &, cperuss— 30%. Teopus
310r0 shdeKTa: He SBAMETICH: HeyaaBAMOR, [HOCKOALKY
NPAATONATABT. PaRHENEe: aGROANTEDFY. BRKYYHRA. BEFHIH
‘Conmna, TOTAA KAK MOXKHOG 'HaGiwAaTh Ouers MONIHHE
K3IBE[LKEHHUS. BelecTBa ¥ HadyveHns . ms-ComHua.

2. Cmeumenue nepureana Mepkypus. Coraacse ¢ Teo-
pHeil, No-BHANMOMY, XOpOulee, OAHAKO, Kak MMoKa3aj
Duxke [13], oo sBaserca B suauuTeabHoft Mepe cay-
yafmis, . .

3. Kpacioe: caemiieHBe. CieXTpadbibiX AHHIA B rpaBn-
TaHeNNOM. none. Pesynstar: sxcrepmventon Flayuja
COT/IALYIOTCR *C ‘Teopheft- ¢ ToyHOCTH™ ;M0 1%, 0waxe;: e-
NOJb3ys 3HAUEHHe. MACCH. hv/€¥ KBamTa. hv,, C..NOMOIIbIO
oYedh NPOCTLIK PacCYALHHE. MOMEHO MOVIYMTE, TOT XKe
peayasTart:

BbIBOA: HET HHKaKHX SKCIEPUMEHTAdbHHX (aKTOB, -

NOATBEPKAAIOUIHX TPOMO3AKYI0 B MaTeMaTHYECKOM OT-
HOMieHHH TeopH Dhuwreitia!). Bce, uTo crenano no-
che  DfniuTelina, NpeACTaBAfieT MaTeMAaTHHMECKHW CJIOK-
Hble 0600uieHHs, HONONHEHHA HJAH BUIOM3MEHEHHH,
He MMeloluHe JKCNepHMeHTalbHOoro moAtrBepxaenns. Ha-
ysHas. ¢aHracTHKa B 00JACTH KOCMOJIOTHH — 310, . OT-
KPOBEHHO FQBOPS, OUCH: HETCPLCHAS; HO TREONSTHYICEKAN

[. B c. : . . : .

.30 se~eoadeu TEK. Haomnaem s@Qexr* CHCIIEHAA NepH-
reaust Mepxypus; ¢ XOpPOmIHM COBRAfieHWEN, SadHNCHpOBAm Kax
~ 43" ga cromerne. OTkioHenHe ayya cseta B none Co/nsua mpH
nepehix HaGMIOMEHHAX HMeNO AEACTBHTENbHO KOBOJBHO «Pa3MLITHIE»
pe3yiibTaT, HO NOCAeAHHE HaGmoAeHHA 02’1968—-1970 fT.) naoT ra-
panTHIO, yT0 omuGKa He npesnmaer 4%. Yro kacaerca addexra
«KPacHOTO CMeINEeHHS», TO OB AERCTBETENBRO He BuTekaer HS.obuteh
TeODHH OTHOCHTENbHOCTH, HO H He nporHBOpeunt eh — [Tpum. ped,
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B o6uemM, HeO6XOAHMOCTb PACCMOTPEHHSt HCKPHBJICH-

HOrO MPOCTPAHCTBEHHO-BPEMEHHOTO MMpa elle He JOKa-
3aHa, ¢Quauyeckoe 3HaueHue obuie# TeOPHH OTHOCHTENb-
HOCTH TIOKa OY€Hb HEACHO1).

/ Jluteparypa

L
2.

goifg N., Max Plank Festschrift, Berlin, 1958, S. 169, oco6exHo
L 171,

Bohr N., Atomic Physics and lluman Knowledge, Wiley, New
York, 1958, p. 67. (Pyccku#t nepenop: Bop H., Atomnas ¢dusuka
M yejioBeueckoe nosuaxue, M., 1961, crp. 115.)

. Poincaré H., La Science et I'hypothése, Paris, 1902, p. 110,
. Sommerfeld A., Mechanics, Vol. 1, New York, 1952. (Pycckui

nepeBon: 3ommeppensd A., Mexanmka, M., 1947.)

. Brillouin L., Scientific Uncertainty, and Information, New

- York, 1964. (Pycckunit mepeson: Bpusarosn JI., Hayunas neompe-

10.
11.
12.

13. Dicke R. H., Phys. Today, 20 (1), 55 (1967).

ReNleHHOCTb B HHGOpMannd, #3f-80 «Mup», 1966.) :

. Levi-Civita, Amer. Journ. Math., 59, (1937).
. Einstein A., Infield L., Hoffmann B., Ann. Math., 39, 65 (1938).

(Cm., B wactHocTH, obCcyxnenwe Ha cTp. 66, 67 u npocroit npu-
Mep B } 3 ¢ ero pemennem (3.18). . Pycckuit nepesox: JIdn-
wrein A., Co6panue HayuHbiX TPyZoB, T. 2, M., 1966, crp. 450.)

. Einstein A., The Principle of Relativity, New York, 1923; Ann.

Phys., 35, 898 (1911). (Pyccknit nepesoa: Jinwredin A., Cobpa-
HHe HayuHbix Tpyaos, T. 1, M., 1965, crp. 165.) :

. Einstein A., Ann. Phys.,, 49, 769 (1916). (Pyccknit nepeBox:

Sdnwreidn A., Cobpanue Hayuublx Tpyaon, T. 1,
crp. 452.

<]I>9%x5 B. A., Teopns mnpocTpaHCTBa, BpeMeHM M TAroreHus, M.,
Pauli W., Theory of Relativity, Oxford, 1958, p. 166. (Pyccknit

nepeson: Ilaysu B., Teopus orHocHTenpHocTH, M.~-J1.,, 1947.)
eber J., Phys. Rev. Lett., 18, 498 (1967). ‘ .

2] ]

) Henb3s corsacHThCsi ¢ KaTeropuMuHOCTBIO 9Toro BhiBoma. [la,

SKCNepHMeHTa/lbHasi OCHOBa HemocTaToyHa. Ho Bce e sBa acTpoOHQs
MHUECKHX HaG/JIoNeHHs OODBACHAIOTCA TeOPHell I'PaBHTALUM eCTeCTBEH-
HO H C BEJHKOJENHOA TOYHOCTHIO, a MPHJIOXKEHHS K acTpoHarke H
KOCMOJIOTHH JalOT BO3MOXKHOCTb JieJIaTb HOBHIE BLIBOAM, KOTODHIE,
OyaeM HajeaTtbcs, ZONYCTAT nposepky onurtoM. Taxmm ofpasow,
OKOHYATE/bHLIM cyabelt 6yaer skcuepuMent., — I1pun. ped.



3®GEKT NOINJIEPA B CNNELHKHAJNbBHON
TEOPHH OTHOCHTEJIbHOCTH

§ 1. ITepeoyerka oCHOBHOLX NOCTYAQTOB

B npepmpymux riaBax Mbl NpoaHaaH3HPOBAJH pas-
JIHYHBIE SKCTIePHMEHTaJbHble (aKThl, H 3TO NPHUBEJIO Hac
K MOJIHOM nepeoleHKe MHOTHX OCHOBHLIX NOCTY/A8TOR T€O-
pernyeckofit ¢usuku. B ra. 3 M nopuepxnyan ¢ynuia-
MeHTaJIbHOe 3HaueHHe adpdekra Meccbayspa U aTOMIbIX
4aCcOB — ITHX SKCHEPHMEHTAJNbHBIX LOCTHXKCHHH, KOTOPLIX
JfinmrTefiH He MOr NPeIBHAETb W KOTOPLie INO3BOJRIOT
HaM B HacTofllee BpeMs AaTh OYeHb TOYHOE SMMHpHUeE-
cKoe (H KBaHTOBO-TEOPETHYECKOE) OmpejesieHue udeass-
HbIX 4aco8. DTO COBDeMeHHOe ONpejesieHHe 4acoB J0J-
JKHO MNpeAuecTBOBaTh BCAKOMY aHanu3y (GakTHueCKOH
ponn HAeanabHHIX uacoB. CKasaHHOe Bbillie NpejcTashasieT
coGofi He MPOCTO MPEAMOJIOKEHHE, a ABJSIeTCS JIOTHue-
CKHM BBLIBOJOM H3 oOnepailioHa/bioro mcroaa bpuax-
MeHa WJH, Jyulle cKasaTh, CACACTBHEM TPaAHLLHOHHOTO
MeTOa 3KCHepHUMCHTANBION HayKH, 6raroaapsi KOTOPOMY
COBpeMeHHasl Hayka JIOCTHIJA BEJHUAIINX YCHEXOB H
YTBEPAHJIOCh €CTeCTBO3HANHC B NPOTHBONOMOXKHOCTD Me-
'raqmsuxe.

AHnasn3 ‘B 9TOM HanpaBjeHHH Obl1 MpoBeleH B . 4,
rae Guisi PacCMOTPeH PAX K/IaCCHUECKHX TpOGaeM Teope-
THUECKOH MeXaHHMKH M B pesyabTaTe GblJIa yCTaHOBJEHa
HeOGXOAUMOCTb YETKOTO Pas/HyHfA TEOMETPHH . H (H3HKH.
He-cmenyet cMéliiBaTs reoMeTpHYECKHE CHCTEMB KOOP-
JMBAT M (PU3HUECKHe CHCTeMH oTcuera. [IoHfiTHe Macco
yy>KJ0 FeOMETPHH H He MOXeT ObiTb onpeleneHo Ges 06-
pamienus K (H3HYeCKHM ISKcHepHMeHTaM. ®u3HueckHe
CHCTEMHl OTCYeTa MMEIOT peaJIbHbifi CMBICA (paKTHue-
CKH CYHLeCTBYIOWIHX ¢u3nYecKux JaGopaTopHii, T. e.
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NPeACTaB/sIOT COGOH XKECTKHe M MacCHBHble YCTaHOBKH,
oﬁopynoaanm posxueRodi peEepwrsemmEod ' anuEpETyY

po#

St O6IIHe MOJIOK EANSFITRETTIES GO IRCWAOTCR ¢ 0N~
pelleieHHeM aTOMHBIX MAH MeccOayspOBCKHX uacoB, che-
JaHHBIM B ra. 4. OtauunTesbHON ueptofi Mecc6ayspos-
CKAX 9YacoB $IBJAE€TCS HCNOJNb30BaHHEe aTOMa, MOMeIlleH-
HOr0 B MaCCHBHYIO KPHCTAMJHYeCKYyI0 pelleTKy, KoTopas
caMa MOKOHTCS OTHOCHTeNIbHO Ouelib MacCHBHON (pH3uue-
CKOH CHCTEMbl OTCYera.

! Hawa Touka: 3penia; OMEIRD) HAXOIHRCS B IRATHAO--
| peyuH ¢ NpeANOJOXKEeHHAMH, CHeNAHHBIMH DHHWTEAHOM, .
 KOTES OW: HUMAVICHS CBOCTN (MIRNY! K [OMPeTRRW: B NOVIa-
| TaAy WIS TANRES CBOMORTT BUSIGIRINS G CEWONE" D HMAND-
1 Bo¥ reomergrny Jdmsioes- Oiiimiveikte; xovwmronens: Sow--
[ SOK: K IeAbrenTansioil dhemke, HaROIRTONT I OTHBCPT -
UAW ' OMPEIRYCHNeN: Pea/HINNI aTOMABR! UNCOB) ' HEe:
CNIEAyET SHCBAYE, Y0 / SPIP YATH  NPEACTABANIOT" CoGof -
2 HanGovree: 3a edaTRRFHMIK ravepTeAbHEN npuGop: B (e
- 3HKE; TOWHOCTY KOTOpore' [oeTaraeT 109 y: avommnis wa~
. o8B uan 10H® y. Gyayiux: weecOayspopeKn® UREOB: - °
j Crneunmrbran TeopHR' OTMOCHTEABHOCTH Ofmurreifim:
npezierasimer coGofii BHIAOUICRCH LOCTHRECHHE, YTO JKe
KacaeTen TR HIsnpaemoll! oGinell  Teopri OTHOCHTENBHD- -
CTEE TO MHMYRIAHHN, 4T¢’ e MONMHAO PRECMaTPEBATE TOVE-

KOUH@N| HeHOTOpoe Fpuéimmeenwes FOHCS: HECOMIONHO, HY*
HpeeTC stmrmmm

§ 2. Mhabaana. md&w,dma.mm& /

PaccMaTpuM Hekuil aTOM. K NpPUMeM, YTO. QH MOKQUACA
OTHOCHTeNIbHO JaHHOH cucTeMbl. orcuera. [IycTh aToM.
HMMERT. KaKHe-TO 3uepreTudeckue yppBHE E; u. Ey n Mo
JKET HIAYHATb. KBAHTH. Ave, IAE. Vo — HEBOIMYIULHHOR .
SHaUeHHE. UACTATH,. OnpeelseMOe  YLIOBHEM. Eﬁga.

B —EBj=tw. - EW
Ilpmmw TaKwe mmmmm uutcdl W 3neps

Ei=Med B M 62



Ippexr Jonaepa 6 4aCTHOU TeOpuu OTHOCUTEASNORIS &7

rae M; 1 Mz — no/iHIEE ‘MIRACOH ATOMA { NITEISNRE ' ¥ TCY
noKosi Ajpa U T. A.) B COCTOSHHAIX C SHeprHeRl coorBert-
<18enH0 E, HeE,. H3 coorHowenus (5.2) caeayer Takike,
4r0 BeaHuHHbB Mivy B Rzv; ABAKIOTCA BMOYJALCAMA,
Tenmepp Mbl npusuiBaeM Kk octopoxuocTH. [TycTb no-
KOMBIUHACA aToM nepelues ¢ ypoBHs E; Ha ypopems £
H HenycTHa ¢oTon hv. drtoT oToy, coraacHo DAnwTeh-
Hy, YHOCHT MMNyJabC hv/c; cllefoBaTenbHo, aToM (¢ Mac-
coit M;) HCHBITHIBaeT OTAayy H mpHOOpeTaeT HEKOTOPYIO

h i o
— =Mp=E g =0Ep [=;<1). 63

H_B_pe3yJibTaTe OTAA4H aTOM NpHoGpeTaeT KHHETHUYECKYIO
3HEPTHI0

Eon= 5 Myt = £, = LB, (5.4)

S'ra BeJIHUMHA JO/IKHA BXOAHTb B YPaBHEHHE ‘cOXpane-
"H¥S *3wepTAN; "cooTRomenne (5.1 rTemeps crenyet s Me-
BUTL CXCXYIOITAN vansou‘- :

By B, 69

“Fflesv —NOBaA YWCTOTA, BOSMYHICHHEA B PEIYALTATE OT-
“AauH.

DTOT KAaocHYeCKHN Pe3yNbTaT ABAREICH TOABKO Hep-
BblM NpHOGNHMKeHHeM, CHPE&BEIANBHM JHIIbL NMPH v & C.
Hcnonbays pensaTHBHCTCKYIO MeXauuKy, MOXKHO NOJYUHTb
GoJlee TOUHOe Bbipa)XeHHe, NpH 3toM Gopmyas (5.3) H
(5. 4) c.nenve’r 3aMEHHTL CHIELyIOUHME:

Iw_ Ea IRLE
T A=

Hfaasmm ypnﬁemm (5.6) moayuaem
-—.ﬂ“——«gg b’ ———&: — -ﬂg
(g ~iw, mm === a5 7)

IR

45.6)
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D10 ypaBHeHHe HETPYAHO DPELIHThb:

1*Ezs‘z =0’ l_-iF: L+ 5.8)

OTKYyZAA

Eun=E3[(1 + &% — 1] = hv — &,

Ecnu B ouenb Masio, 3T0 COOTHOLIEHHE NepeXoAHuT B dop-
myay (5.5). B arom cayuae

Ey>»hv, okl, BLI. (5.9)

Oco60 oTMeTHM TO 06GCTOATENLCTBO, UTO (pakrHUecKas ua-
CTOTa v OTJAHYAeTCs OT «YacTOThl H3JydYeHHs MOKOsMmie-
rocs aToMa» Ha npeHeGpPeXXHMO Manayio BEJHUYHHY TOJNBKO
B TOM CJyuyae, KOTAa 5Heprusi aroma E; 3HayHTeNbHO
Sonblie hv.

Ias Toro uyrto6el CHCTeMa OTCUeTa MOKOMIACh, OHA
JNODKHA HMeTb GOJILILYIO 3HEPTHIO NOKOS, CAefOoBaTeNlb-
HO — GosblIYI0 Maccy. DTO THIOHYHBI MpHMep o6mero
NOJIOXKEHHs, yCTaHOBJeHHoro B ria. 4. Kpome Toro, stor
BBIBOJ, COTJIaCyeTCsl C 3KCNEePHMeHTaJbHbIMH AaHHBIMH,
clenys KOTOPHIM BHIGpatH Lesuii (cambifi TsxKennfi M3
IIeJIOYHBIX METaJlJI0oB) AJsA HCMNOJb30BaHHA B CTaHAAPT-
HbIX aCTPDOHOMHMYECKHX Yacax HJH HCIOJb30BaJiH Mecc-
6ay3poBCKOe H3JyueHHe B ommiTax Ilayupa. -

- § 3. Fppexr ,llonneba

Tumatenbunilt ananus sdpdekra onnepa npusoaut

K aHaJOrMuHbIM BbiBojaM. Halue mn3noxeHHe OCHOBaHO

Ha paGore llpenmunrepa [1]; ™Mbl Takke HCIO/IL30BAJIH
aosonbl 3omMepdenbaa [2].

Ilyctb atom, Haxomamufics B COCTOSIRHH ¢ sneprueit

- E4, umes’B Touke O CKOPOCTH Ui, COCTABJAIOHLYIO Yroai 04

c ocbio Ox, ucrmyckaer KBaHT hv B Hampasiennn ocu Ox

(¢ur. 5.1), mocne yero mpuoGperaer smegrmo E3 n cxo-

POCTb Uz, HaNpaBJeHRYIO TOX yriioM Bz 3anHueM ypas-

‘HeHHsi COXPaHEHHs SHEPTHH H COXPAHEHHA NPOEKLMHA HM-
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nysabca Ha ock Ox u Oy:

E, . E, ___UL —
(l_s‘%‘)'i;;= (l—ﬁ%)ll’ + hv (ﬁl_ P ’ { l’ 2)» (5.10)

E, vy cos0, E, vy cos 0y

hv
(l — ﬂ'f)l/, 02 = (l — ﬂg)'—ll: ot + —0- ’ (5.l l)

E, v, sin®, E, v, sin 6,
-8 & . (- & = G2
Kom6unnpys ypasuenns (5.10) u (5.11), noayuaeu

‘(‘l‘:gé?)'-—/,‘ (c—vcos6)= -(T:%_)T (¢ —vyc086,). (5.13)

BBesem o6o3snayenns

n=FhEE (=12,

i

w J— v; sin 0; (i= 1 2) (5.14)
1 (02 _ vf)'/' ’ .

W3 ypasuenuii (5.12) u (5.13) noayuum
Egy=Ey=0, Eppy=Egp,=y, (5.1
I&e o H Y — NOCTOsHHbIe. Jlanee, yUHTLIBASK TOXK/LECTBO

1 2c@
(02 - U?)/z = -l_-l-—m (5.16)

H Hcnoabsys dopmyant (5.15), nepenuuieM cOOTHOLIeHHE
(5.10) B BHIe

14 of +¥7 14 g2+
| =§!;(Ef+us+v"’)'—-§%(534jaz+v’)= -
=g B 17
Orcioga 5

wv=EfB g py=Lopy, @19



0 FTewsa's

rae Eg = (Ei+ Ez)/2 — cpennee -apsipuermieoxoe £ ‘H
E;, a vo— HeBO3MYNIeHHOE 3HaueHHe YaCTOTH [hopmyia
{6.1)]. Mu XOTEHM epasENTL TmORYMemHudl "peSyAbLTAT
C KAGCCUMECKUM peAsTusucTckum s@ipexron Jlonasepa
(yn), COGTBETCIBRGIIHM BPOHIBOJINAWE . 8KOPOCTH Uo:

—qgeoi
Vo=f—(a'4‘%§/7°'\’o ®oVp- : (5.19)

3xecy ucnronbsoBannl oGosiaveHus ' [(5.14). Oranuue
nawero peayavrara. (5.18) or dopmyan Honaepa (5.19)

y| Eefvs

o

D yr 5.1,

BBLI3BAHO TCM, 'TO MLI.HMECM JIe/10 .C -ABYMSA Y, POBHAMH
sueprun Ey u Lp, ABYMSI CKOPOCTHMH Uy H U; H JABYMS
syrBaMHu 0; H=Qy, TOFZA .KaK B KaaccMyecxoirdopmyse co-
REPKHTCA TOOBKO OfHA sHeprHs Eo, 0OHa CKOPOCTb Uy H
oxun yroai 8o "Kaaccuuerryro~gopmyay Honasepa (5.19)
MOJHO pacCMaTpPHBa®h TOJbKO KakK. nepeoe npubaudice-
Hue npH CNefyIONHuX YyOIOBHAX! :

Y™ Pml, O mBe~8, EimEys B

Sm YCJ/IOBHS, OYEBHIHO, O3HAUYAIOT, “yro HMEYELC oRRaw
ouenb MaJja. Otcona

52 » /W, ‘(5"20)

YTO CHOBA LIPUBOAHT K ycioBuio (5.9).
<I>opmy.m, NONy4eHHbBIC Ha “UCHOBE MEXaHRKH SCNellH-
albHOA TEOPHH OTHOCHTEbHOCTH, CNIpaBeIHBE, TONBKO
B.SOM Caydae, KOrAa NMOJHAs SHEPTHA ATGMAL CoHauNee/Ib-
HO GoJbliie H3MEHEHHs SHEPTHH NPH KBAaHTOBOM fepexo-
Ae. DT0 B TOYHOCTH COBHajaer C TeM, YTO Mbl 5yCTRHO-

JBMIH B ra. 3 ¢u3uuecmﬂ cumena orcue:ra doaxcHa
“Obtro OUeHb MACCUBHOR. : :
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§ 4 AnemnusksanTos0o: Ipdenra fonnepa

PagemarpuM 32 1080 9KCNSPRMEHT, .CXM A TS KN A5+
Opaxcenunili: ve: Our: 541 Y HeC. HMEIOTCR: NAHIA ! HEmys
JiemKH A CHeTeMA 0TCTeT s O Xy N HAGNOXATEND . (HAW PEX -
THCTPHPYloumsil: npsfop), pacnonomenusLl e HEKDTOPOM!
paccTosHU B NOJOXHTENbHOM HanpasJjeHuH ocH Ox.
Hccnenyerca nanyueHne aToMa, HaxXOASILIEroCs B COCTOS-
KA C 3Hepruell E; U JBHXYHRNODECOCCHDPOITIIOON, HA ¢
NPARJENHON TOA YIVIOM B K OCH . QX;, KIBSCTHSy A
TOro, YTO H3JyueHHe BHI3bIBaeTCs NEpPexojoM aToMa Ha
npyrofi ypomeus sweprme 5;. Temomw ofpasemw, Rauasib-
IO TaNIDIe! Oy W

By By vy, & (8521):

Moone. nsayueunn artoM. npMOBPLTUET LRYFYI0. CKOPPCTD.
Vn fg)y OANAKO.9TH. CKOPOCTH NQUOCPCACTDOILIO. lie. Ha-
Anyiaeren. [laGaiofaercs. vacTora v Haayueuus, uemys-

ensoro naoab .osy. Jx,, 10 ce CPABHKBAIOT.C MACTOTOR . voa

HaJyHeHus, KoTopoe 6bL1o. Gbl. HCNYILEHO. MOKOSIEMCH.

ATOMOM.

h’Vo = E[ - E2- . (5'22;"}

Comocrasasn: gopmyny (F18)° ¢ Popmyaame- (6715)

11 (571%); nonyuaem BEIpmKenvie In% HBRHTOBOPD (e
v Jlomaepa:

VY. e 2a o 2¢ -
v By Ly Eo(U F..’le',i
2. o= vy cos Op,

L 26’1 ww | -—-
- Py by [Il»i-l?x,/l:‘,]s @ =" (5.23)

SITO OKOHUATEAbLHOE BblPpaXKE€HHe 32NMATCAHO B TAKOM BH-
Jie, UTO COAEPHT JIMING HAYANbHEIE™ JAHALIE" H TACTOTH
vy (nepo3amymieHnypo) u v (HaGinofaemyio);

CpapuuBas (5.23); ¢ diopmygpof® (5.197, mm- kracen--
neckoro aqihexra Jlomaepa,  MBL 3TMESAEN; UTO” BhpaxKe-
nie (5.23) comepsKHT AONOJHHTRARHBIY MHOXUTENDb

P i) <P .24y
DT0T MHOHTETTRAGINIDN | oo E e Biy w10 coRTRED -
crnyer ofumemyy sppherwrys o, PaCIOIPH HOMY
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B KoHue § 3. IIpu ymenbuienun xe E; 9TOT MHOXKHTENb
ctpeMuTcss K 2. 3HaueHHe 2 gocturaercs npu E; =0,
YTO O3Hayaer NOJHBEIA pacnaj aTtomMa Ha ABa ¢oToHa,
OJIHH H3 KOTOPHIX HA6JI0JaeTCs HAMH H JBHXKETCA BAOJb
ocu Ox, a Apyroft yaansercsi CO CKOPOCTpIO Uz == ¢ B Ha-
NpaBJeHHH, COCTABJAIOUIEM C 3TOH OChio yroa 0,.

§ 5. Tounas gopmyasuposka
NPUHYUNG OTHOCUTEAbHOCTU

B rn. 1 M o6pHcoBanu 3BOJIOLHIO NPUHUHNA OTHO-
cutenbHoctH. OHa HauyHHAJIachb B PaMKax KJacCHYeCKOH
MeXaHHKH, KOrja OblJjlo OGHapyKeHO, YTO BCe 3aKOHH
IBHKEHHS HMeIOT OXMHAKOBMH BHA Kak B cHCTeMe Of-
cueTa, Haxojsilelics B COCTOAHHH MOKOS, TaK H B CHCTE-
Me, HBHXKYyIeficA ¢ AaHHOHK NOCTOSIHHON CKOPOCTBIO 0.

4 9THM NepBbIM WaroM (ero 3HayeHHe nogvepxusas [ly-
aHKape) IMOCJeNOBaN BTOPOi — OTKPLITHE TOro o6cros-
TeJbCTBA, UTO OTIOCHTEJbIOE MOCTyNaTesbHOe ABHKEHHE
Heab3si OGHAPYMKITL TAKMKC C NMOMOIULIO 3/JeKTPOMarHuT-
HBbIX Mpoleccor.

31edb ¢ caMoro Hauasaa CJacAyeT scuo chopMmyaupo-
BaTb B3aTpyAHeHHe, KOTOpoe, NO-BHANMOMY, 60abluun-
CT80M QBTOPO8 He Nnpurumasoct 60 srumanue. OHO BHI-
TeKaeT W3 aHa/u3a, NPOAeNaHHOro B I 4. .

J10 Mbl umeem 8 6uldYy, 2080pA O CUCTEME OTCHETA, -
OJsusicyuelics ¢ 0aHHOU NOCTOAHHOLU CKOPOCTLIO U OTHOCU«.
TeAbHO HEKOTOpOl noKoswedcs cucremvt orcyera?

Bbipaxenus Takoro pojia He HMeIOT CMbICHA, €CHH
TOJbKO Ka)Jas cHcTeMa oTcyeTa (MOKOSLIAfcA M JABH-
Kywasnca) ne obsanaet Maccoil, anauutenbHo Goabiueit
Macc BceX H3yuwaembix oGbekrtos. BeccmbicnenHo roso-
puTh 0 «aaHHON» ckopoctu. Koraa acTpoHoM 3aMedaer
B. He6Ge HOBHIM NBUIKYUIHHACS OGDBEKT, OH ellle He 3HAET ero
ckopoctd. st TOoro utoOHl usMmepuTs 3Ty CKOPOCTb, OR
JOJIKeH BHIIPIHHTL HEKOTOpHie 3KcnmepuMeHTH. OH Mo-
JKeT HalpaBHUTb B CTOPOHY HeH3BECTHOTO o0beKTa NMOTOK
KaKHX-JTHO0 YacTHL, KOTOpbie OTPasaTca OT obbekTa H
BepHyTcsl 06paTHO, a 3aTeM H3MEPHTh BPeMeHHEle HHTep-
BAJIE MeXJY HMMyJbcaMH. YroGhi He BOSMYINATh CIHHI~
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KOM CHJIBHO COCTOSIHME ABHXYyLlerocs o0bexra, OH Bhibe-
per caMble JIeTKHe H3BEeCTHble YaCTHUb — CBETOBble KBaH-
TH, ¢horonel. OnHako (GOTOHLI TOXKEe HMEIOT Maccy; npH
M3JIYyYEHHM OHHM NepellaloT HEKOTOPLIK HMINyJbCc OTAAUH
«TNOKOSMIEHCA» CHCTCME OTCUETa, a NPH OTPAXKEHHH cO06-
HI1aI0T NMPOTHBONOOMHLIH HMIYJIbC «PaBHOMEPHO ABHXKY-
wedca» cucreMe orcuera. COCTOSIHHE PaBHOMEPHOTO OT-
HOCHTEJIbHOTO [BMIKEHHS IIOJBEpraeTcsi BO3MYLIEHHIO;
lalle OMNpeRe/eHHe OTHOCHTENbHOA CKOPOCTH Tepser
cMbIc/1. 31eck MBI B HOBOH cHTyauuu oOHapyKuBaeM Xo-
poLIO H3BECTHOE NMPaBHJO: 8CAKUL IKCNepuMeHT O3HAa4aeT
ouamyuenue, BoamylleHHeM MOXHO npeHeGpeub TOJbLKO
B TOM cJayvae, Koraa maccul of0ewx cucteM OveHb BefH-
KH, no Muoro pas Goauwe macchi GoTonon.

Mu ciosn nerpernanch ¢ nupoGacMofl HeTHUIIOrO On-
pedesenun uauneckold cucremol orcueTa, KOTopas yxe
pacematpunanacy 8 ra, 4, § 3. Pacemorpenne Wpeanu-
repom sddexra HLomnepa (eMm. § 4) npusosur x tolt ke
npoGaeme. Ecnn manyuaomu#t atom HMeeT HeGOJbIIYIO
nauaJbhyio anepruio Ey, a KoneuHas sHeprus E, Oyner
SHauuTeabHO MeHbluie Ej;, TO MHOXHTedb (5.24) Oynmer
YHMCTIO OT/IHYAThCA OT 1. DTOT MHOXKHTEJ b KaK pa3s H
onucoiBaeT 3pdekTn oTgaun U TOT GaKT, UTO H3JydYeHHe
KBaHTa HAv BbHI3HIBaeT H3MeHeHHe CKOPOCTH (U2 7%= Uy).
CKopocTb CHCTEeMBI OTCUeTa, ChA3aHHON ¢ aToMoM, He 6y-
JCT COXPAHHTDL NOCTORIIIOC 3HAMCHHE,

[Monsrue cHeTeM OTCUETH, NOKOSUIHXCA WAH JABHXKY-
HMXCH C HOCTOSINION CKOPOCTLIO, NpejcTanaster cobolt
udeaausayuio, CUPABCUIHBYIO TOJALKO AJ OUCHL MaCcCHB-
HbIX CHCTCM.

B npexHue BpeMeHa HIeajiM3alUsi TAKOTO poxa He
ooi3biBajia coMHeHuil. Torna Bce cunutamy, 410 ecau «6po-
CHTb B3TAAA» Ha ABMXKYIHHACH OGDBEKT, TO COCTOAHHE €F0
JBHKEHHSI He H3MeHHTCA. Mbl 3HaeM, YTO 5Ta Npeano-
coIka OBiIa JIOXKHOA M He MOXKeT GBITH NPHHATA HEIHE,

B xome Hamero aHaiu3a MK HCHOJAb30BAJH OTKPbI-
Tble DAHIITEHHOM C8eT08ble KBAHTbL, HIK (hoTOHbL. NIMeH-
110 3a 3TO OTKPHITHe (B86udY ybeduTesbHO20 IKCNEpUMEH-
TaAbHO20 OoKasareabcrsa ¢H3HUeCKOH peanbHOCTH o+
ToHOB) DRHmTeHiHy Ownia npacyxjeHa HoGeaeBckas
npemus. Qauako cam- DAHWTEHH BCErHA. OTHOCHACH
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HMIyJbcaMu., ¥ Hac e — APyTHe 4achl, KOTOpbie HCMy-
CKaloT He HMMNYJbCH, a HempepbiBHHIE Koneb6anus ¢QuK-
CHpOBaHHON uacToTH. Mbi npencrasisieM cefe MOIeNhb
YacoB COBCeM HMHaye, ueM DiiHmrelid; npu stoM 3ddekr
Ilonnel;_;a BBIZIBHraercs Ha nepBhil mjaH, a npeo6pa3oBa-
HHs JIopeHIla OKa3BIBAalOTCA YHCTO MaTeMaTHYECKHM
npremMoM. Ham uHTepec mepemelniaetcss OT MaTeMaTHye-:
cKHX $OpMYNHPOBOK B cTOpOHY ¢usnueckux daxros. Ta-
Kas TOUKa 3peHHs NOLKPeNJAeTca TeM, UTO CUCTeMbl OT-
cuera 00axHLL OblTb MACCUBKLIMU W YTO HeJb3s T'OBO-
PHTb O NPOU3BOJLHOM YCKOPEHHM WM 3aMeAJIeHHH HX.
Bynem npexacraBasaTh ceGe NOKosiuylocs J1abopaTOpHIO
B BULE 2K€Je3HOLOPOXKHOH CTaHLMH, a ABHXKYULYIOCS CH-
CTeMy OTCUeTa — B BHJE TAKEJNOro foesfa. JTa MOJeNb
103BOJISET- HOJYYHTh XOpollee NpeAcTaBAeHHE O TOM, UTO
Opou30iifieT B CJyyae HOCTOSHHOA CKOPOCTH; OAHAKO Mbi
Hu4ezo He 3Haem U He G0aXcHbL 2a0aTb O TOM, 4TO Gyder
npoucxodurs npu YcKopeHHom OsuxceHuu wacog. Iekapr
n306pen yynecHbi MeTOH, BBelAs CUCTembl KOOPOUHAT,
HO 3TOT MCTOX fBJAeTCA BeCbMa HCKYCCTBEHHbBIM, IO-
CKOJILKY MNpcjnonaraeT Ha/JlHuHe HayajJa KOOpAMHAT H
Haua/la OTCUCTa BPEMEHH, 4 MLl HE pacrnojaraem ompe-
mejaeHuaMu 3THX nouatuik. CacposartenbHo, Bce HHTepe-
cyloll¥e RHac pe3y/bTaThl HE AOJKHbI 3aBHCETb OT BbIGO-
pa Takoro Hayaja. [loka Mbl TOBOpPHM O cHcTeMax KoOop-
OMHAT, Mbl JIOJXKHBl NPUHSATD NPUHYUN UHBAPUAHTHOCTU
no oTHoweHuio Kk 8vl6opy Havasa orcuera. CMHICA HMEIOT
TOJABKO PACCTOAHUS MeNCOY TOUKAMU W UHTEepBaAb. spe-
Menu. BripBuras Ha nepsoe mectro sd¢dekr domaepa, Mot
Ha6eraeM BceX 3THX H3JHUIHHX YCJAOXKHeHMA. IJghert
Honaepa cooTBeTCTBYyeT peanbHBIM (QyHAaMEHTAJIbHEM
HaOJI0AeHHAM.

§ 7. Hosbui nodxod k cneyuasbrol
Teopul. OTHOCUTEAbHOCTU

) _ _
Bce aprophl, numymue O TEOPHH OTHOCHTEJBHOCTH,
C/IeLyIOT OXHOM H TOH Ke cxeMe:
onbT MajikeancoHa — npeoGpasoBauus
Jlopenna — reopust ditnmreitna. (5.25)
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-Jlsurasicb o aTol nmpamolt aopore, mpenoxasareab ymy-
CKaeT BO3MOXHOCTb PAacCMOTPeNHsl NMpeaMeTa € APYrHuX
BaXKHBIX TOYEK 3PCHHH, KOTOpPLIE MOXHO OGHApYKHTh,
€Cc/1¥ HeTOPOMJIKBO MATH HIILIM NyTEM.

M3 uncna  MuorouHcaeHHbIX  KCHCPHMEHTANbHBIX
NoATBepXKAeHHH cneunanbHofi TeOpHH OTHOCHTENLHOCTH
MOXKHO BbIGpaTh Te, KOTOpble HMelOT Hauboabliee 3Haye-
HHe, 1 HMCNOJb30BAaTb MX B KauecTBe HMCXOLHOTO NMYHKTA.
Mmb 6yneM cieloBaTbhb N0 TaKOMY MYTH:

COOTHOLIEHHE MeXIy MacCcoft u

SHEepruel — aTOMHbBIE Yach —

— apdexr Honaepa — npeoGpasoBarue
Jlopenua'). (5.25")

Tpu Buinoancnuu nocacfuero mara Ttpefyercs ocobas
eunoreaa, Koropyio sicio cpopmyauposan dAUINTCAH H
KOTOPYIO COBPEMCHIIbIC ABTOPLI 0GLIMHO NPONMYCKAloOT, Kak
GyATO OHA fIBAACTCA OUCBHANON; OLHAaKO 3TO He TakK, H
Bonpoc TpedGyeT CnenHanbLIOro pacCMOTPEHHS.

Coornouigline Mexay Maccol W dHepruefi, noATBep-
MJNCMOC, B YACTHOCTH, HaJMuMeM aTOMHBIX 60MO, onu-
CLIBACTCA CACAYIOWUMHE HOpMyTamMHu:

E = Mc?,

A‘ll
M=y 62)

p—Mv
B cayvae uacthi ¢ Maccolt nokost My man popmynamu
E=hv=Mc, p=1’5”- (6.3)

B cayuae (GOTOHOB c HyaeBofi Macco#t nokost. IlefictsHe
aTOMHBIX YacoB, PacCMOTPEHHbIX B Ti. 3, OCHOBAaHO Ha

1) 3pecy’ aBTop (akTHUeCKH, H 3TO He NPOTHBONOKA3aHO, MH-
Taercs TepefiTH K MOCTPOEHHIO 'AKCHOMATHKE CHEUHAJbHOA TEOpHH
OTHOCHTEJIBLHOCTH, B KOTOPO# OCHOBHHIE MOJIOXKE€HHS GepyTcs HS ONH-
Ta, CBA3aHHOrO ¢ KBaHTOBOW MexaHuKo#l, Toraa MOKHO roBopHTb 00
AKCHOMATHKE PEJATHBHCTCKOA KBAHTOBOA MEXaHMKH B pacIHIBpeH-
HOM CMHICAE ~— 38faue, 10 CHX NOp He pelneHHol, — [Tpum. ped.

4 3ax. 1357
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BTOPOM KBaHTOBOM ycloBnd Bopa (v -— nepuon Koneﬁa-
Luit)

AE=hv, T=-. 6.1)

DTHX COOTHOIMEHHH, eCcH AOMOJHHTH HX 3aKOHAMH CO-
XPaHEHHA SHEPTHH W MMNYJbCa, BNOJHE AOCTATOYHO. AAA
pacuera sa¢pdekra Honsaepa (§ 3,4). AToMHbie gachl OA-
HO3HAUHO OMPCAENRIOT HACTOTY Vo B CHCTEME OTCUETa, OT-
HOCHTE/ILHO KOTOPOH TH vacul naxoastces B nokoe. Cao-
BO «IIOKO{1» NOAPA3yMcBacT, YTO MACChl YacoB U CHCTEMbI
orcucta ouenb senukn (§ 5, 6).

[Mpu HaGAIONEHHH U3 HEKOTOPOH MAaCCHBHOH ABHXKY-
ueficss CHCTEMBI OTCYUeTa 4Yachl MSJAYYaloT Ha 4acroTe v,
KOTOpasi 3aBHCHT OT yriia HabmoaeHus 0 [cM. dopmyay
(5.23)). Tyctb vo ¥ 7p—'98CTOTa A MEPHON H3JYUCHHSA
B noKosuiefics cHcTeMe OTCYeTa, v H T — 4acToTa H He-
pHoa, HaOiionaeMble B ABHXKYLIEHCS CHCTEMe OTCYeTa
noxa yraom 9, torma dopmyna (5.23) npuobperaer BHA

T __ % ==‘c—mcosO,

wTN T = (5.26)

nockonbKy T == 1/v, T0 19 = 1/vo. [lo cux nop mul B TOU-
HOCTH cliefioBasH pacuery s¢derra donaepa.

Tenepy mosyunm gopmyavi Jloperya; ¢ 3Tof Leabio
BCIIOMHHM HMCTOPHIO 3TOro ‘Bompoca. JlopeHu paccyxnas
HCXOAA H3 6pe3ynu'ra'roa onbiTa MafikeabcoHa, B KOTOPOM
He MOT HaG/ioaaThesi noanudl addekr Honaepa. B onw-
Te MafikesbcoHa NMyYOK ¢BeTa ABHraaca HO HEKOTOPOMY
NyTH B npaMoM KW o6paTHOM HampaBJ/leHHsX, mpoberas,
TakuM o6pasoM, 3aMKuyTufi kouryp. OTciona BbiTexaer,
410 CKOPOCTb Uy BXOAMT B (JOPMYJibl ABaXAbl: OAHH pa3s
€O 3HAaKOM IaIoc, Apyrofi pas co 3HakoM MuHyc. Ma#-
KeJbCOH, CJIe0BaTeJbHO, MOr HabmoAaTth Jgub Shdexr
CpefHero 3HaueHHa ckopoctefi vy M —uy. Brrumcass
3TO cpejHee H noAcTaBaAss B ¢popmyay (5.26), nonyiaem
BHIpAXKeHHe, He COZepKailee WIEHA Uy COS Oy

T

R Rl
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a 3TO He uTO HMHOe, KAaK npeo6pasoBaHue BpeMEHH MO
dopmyne Jlopenua.

Hoc, ucmoan3ys ycranoeky Maiikenbcona, noayuia
pesyJabTaTsl, KOTOPbic NPHOAH3NTENLNO B & pa3 TOuHee
peayabratoB Muanepa. B woBmx onutax Taynca u co-
TpyAHHKOB [4] ucmonb3oBanauch dsa masepa, ucnyckas-
e nyuku ay4qeld 8 08YyX npoTUBONOAONMCHLIX HANPAG.1e~
Huax. OpHeHTaluMs YCTARHOBKH OTHOCHTENbHO Hampas.e-
HHA JBHXEHHf 3eMAR MOIIA MEHATLCA;, C TOMOILLIO
storo npubopa SHAR NOAyYeHS PesyALTATH, 00 TOYHOCTH
3 50 pa3 npesocxoasimue pesyasratel Floca. Mcneansys
COBpeMeHHHe JAa3ephl, MOXHO AOCTHUb enle GoJiee BBHICO-
KOW TOYHOCTH.

§ 8. Mpeobpasosanus Jopenya

Jlaa nonyueuus npeoGpasosapuil Jlopenna neobxo-
MO UPON3BECTH YCPelHeHHe MO ABYM NPOTHBONOJIOK-
NMM HANPABICHMAM PacOpOCTPAHEHHA MyyKa cBera. Ta-
KM 06pu3OM, CKOPOCTb CBeTa H3MepAercs AJA CHTHAJ0B,
pactpocTpansiontiXea Tyaa H o0paTHO Ha HEKoTopoe
PACCTONING,  9TO JIOTHUECKH BHITEKaeT H3 M0J0XKens
Aluurrellitg, 4ro NEBOAMOXHO YCTAHOBHTL coBRajelin:
HOKRAAMNA MHCON MENLY ABYMA YILWICIIIIANE  TOUKAMIL
TOANKO RPOCTPORCTRAHO- APeNenIBe COMBUICTA TMeIOT
PuangeckitB cMmea 0o Moryr nabmonarees. Sinuerelin,
HuMe  TOr,  Hpeanoaaian HAAKNNe  CuMMerpr npo-
CEPANCTEO B AOKOMRPRCN CHOTOME OTCHCTI, 1 TAKXKE ClI-
CraMe oTeneTa, HAXQDIIEelicH B COCTONIHI PABIOMCPHOTO
DK, =~ BOCKONbKY TaKoe JBHXeliHe Heslb3s oOHa-
pyxnTL nyrem Ra6aoofenyi, coeNlaHHBIX B CaMoOf ABH-
Mmylleica cHucTeMe OTcyera. '

ITy CHTyalUMIo MOXHO fICHO M NoJpo6HO pasobpaTh
Wi cJCAyIOleM XOpowo M3BecTHoM npmMepe. lIpeanono-
HIM, 4T0 HOKOAWAACK CUCTeMa OTcYeTa TpelacTaBJsierT
COOOH JNHHHYIO XKeJe3HOAOPOIKHYIO CTaHUHIO, TAHYLLYIO-
Cf BROJb JOCTATOYHO MJIMHHOTO YyuyacTKa nyrefl. [Jsu-
MYWYIOCa CUCTemy OTCHETA TIPEACTABHM B BHIE TANXeNO-
ro noesga, ABMXKyueroca 1o nyraM. CraHuua cHab-
MCHA HEeNOABHKHLIMH YaCaMH, PACNOJOKEHEHMH Ha BCEM

4.
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NPOTAMKEHNH NyTefi; MPeANoOJaraercs, YTo STH 4achl CHH-
XPOHH3HPOBAHbl MOCPEACTBOM CHTHAJOB, NMOCAAHIILIX TyAa:
u o6paTHO OT leHTpaabHhIX yacoB craHuud. Cunraercs,
YTO B NMOKOsIIEHACH CHCTEMe OTCYUeTa STH CHUTHAJL pachpo-
CTPAHSAIOTCA CO CKOpOCThbIO €. Kaxani#l Baron noesja Tak-
e o60OpyROBaH 4acaMH, KOTOPble CHHXPOHH3HPOBAHHI
C LHEeHTPAJLHBIMH YacaMH, HaXONALIMMHUCA Ha JIOKOMOTH-
Be. To ecTb B noesfie TakxKe HCMOJb3YIOTCA MOCHLIaeMble
Tyaa B 06paTHO CHruaanl, dsuxyuueca no npednoroxce-
HUIO B KaXAOM HalpaBACHHH CO CKOPOCTHIO C OTHOCU-
TEABHO noe3da. DTo npeanojoxende (MOAUCPKHYTOE
JiinwiTeiHOM) BbITeKaeT H3 TOrO OGCTOATENLCTBA, YTO
HHUKAaKOH SKCMepHMEHT, BBLINOJHEHHHH B moesje, He MO-. -
3B0JIseT OOHApYXHTb ABHXKeHHe [O03Ja ¢ NOCTOSHHOH
ckopocTblo. CTaHIHA H NOe3/i NOJHOCTbIO PaBHONPABHH,
Haua/ibHHK CTaHUMH 3aMedyaeT NMOKasaHHs 4acoB B pas-
JIHUHBIX NPOXOAfIIHX MHMO HEro BaroHax M oGHapyXu- .
B2eT, uUTO STH 4aCh HAYT Mel/leHHee; 3TO OGCTOSITENb-
CTBO OG6YCJIOBJIEHO CIOCOGOM cnuxponnsauun 4acoB B
noe3ie. Ty iKe KapTHHY HabalofaeT MaUIMHHCT Moe3fa, .
cMoTpAILKil 1na uacel, ycTaHoBacHnbie na craHuud. ObGe . .
KapTHHL! B3AHMHO CHMMETPHUNLL,

Hawu BbIBOAB NOJHOCTBIO COINIACYIOTCS C BLIBOAAMH
CnenuanbHO# TEOPUH OTHOCHTENBHOCTH, XOTH M MNOJYyue-
Hbl B pe3yJbTaTe MNOAXORA C COBEPUIEHHO HOBOH TOUKHY -
3peHH.

CaiefyeT NoAYepKHYTh OYeHb BAXKHYIO poJib 3dHwreld-
HOBCKO20 NPAsuAa CunxpoHusayuu 4acos v GpakTHICCKOR
CHHXPOHHM3aHH 4acoB [0 3TOMY NPAaBHIY B KaxXKIoil. CH-
cTeMe OTcueTa. DTO NPasuso ABASETCA NPOU3BOALHLIM U
daxce meragpusuueckum. Ero Hesb3s f0Ka3aTb HAM ONpPO-
BeprHyTh 9KCIIEPHMEHTAJbO; OHO YTBepXKAaeT, UTO CHr-
1aJbl, pacCNPOCTPAHAIOULMECS C BOCTOKA Ha 3anaf H ¢ 3a-
nafa Ha BOCTOK, HMCIOT paBHble CKOPOCTH, TOrja Kak
onbiT MalikenbcoHa MO3BOJIAET H3MEPHUTh TOJILKO CpelHed
apHpMeTHYeCKOe 3THX HABYX ckopocTredl. OueBHAHO, uTO
MBI HMeeM 3A€Ch JIeIo C HEOXXKHIAHHOW M. HenpoBepse-
Mol runore3ofi. Ham ananns npoGaeMul B HEJOM C HC<
nosb3oBanueM spdexra onnepa noxasuBaer, yTo Aeit-
CTBHTeNbHble (H3HYecKHe (PakTH He RAIOT NMPAMOro MOA-
TBEPXKAEHHA THIOTe3bl DHHWTeliHa; B T0O Xe Dpems 9Ta.
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I'uroTe3a Heo6xoAKMa AR BbiBoAa nipeoGpasosaHui Jlo-
peuua.

ansanusa Jlopenya npedcrasaator coboll maremaruveckoe
cpedcTeo u HeHaba10daemol, oun oYL NOJC3HL, 110 AGHO
He umeror usuneckoco cmvicaa. Anajorpuno snemeur
Jaunu ds® Minkosckoro clacAycT paccMaTpuBaTh KiaK
OUeHb MHTEpPECHOE BhipaKeHHe, HO CTOJIb Xe JIMIEHHOe
(hnsnueckoro cMmuicaa. B o0GoMX cayyasix npaBHUA0 CHH-
XAPONH3aUHH HeOOXOAHMMO H He J0Ka3aHO, XOTH H HE MO-
»eT GbiTh OnpoBepruyrot).

§ 9. [Mapadoxc 6iusneyos

[To noeoay stofi knaccHueckoit npobJieMbl MOKHO LH-
CKYTHPOBaTb 10 GecKoneynocTH (CM., B uacTHOCTH, cGop-
urk crareit [5]). Opun GausHew cnokofino cuauT nao0Ma,
n touke O. JIpyro#t Muntcs ¢ 60bUIOA CKOPOCTLIO K yAa-
acnnoft Touke A, a 3areM cpasy Bo3Bpaulaercs o6paTHO}

KOrfa OH BCTpeyaercs ¢ 6paToM, TO OKasblBaercs, YTQ™
1lyTCIIECTBEHHNK 3aMETHO MOJIOKE CBOero GpaTa, OCTaBs

werocst AoMa. dta 6acHA HMeeT MOpaJb, OLHAKO 0CTABHM
¢¢ B nokoe u obcynum ¢axtH. ITposeneM rpaduueckui
#411a/1u3, NPUHUMAsN JJISL IPOCTOTHl KOHKPETHbIE UUCJOBbIe
siavenusi; nycts v == 0,6 ¢, Torna

o? h
(l ‘—-zy) “0.8.
JIOI'IJIQPOBCKHG MUOXKHTC/H COOTBCTCTBCHIO PaBHbI

c—u\h 1
K=({F3) =7 wa oym maa, G28)
ll . . .
K= ({{—:) '=2 wa nym obpatso.

Paccrosinne OA npumem paBHbIM 6 CBETOBLIM ropaM.

') ns ompefeseHHOr0 M OYeHb WIMPOKOrO Kpyra sbjeHufi npe-
o6GpasoBanus JlopeHua, GeccnopHO, aAeKBAaTHH NEACTBHTEABLHOCTH.
Moxer OGbiTh, HanGosnee CYIECTBEHHBIM SBJSANOCH Gl yTOUHEHHE

06/1aCTH DPUMEHHMOCTH 3THX mpeo6pasoBannii. HUnrepsan ds? Mun-

KOBCKOT0, KAK W3BECTHO, HEIIOXO HHTEPNPeTHPYeTcd Kak «Co6ul-
‘THe», — [1pum. ped,

BoiBoziibl iiHIITEAHA CHPABCANHBLI, OAHAKO npeolpas

U
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ha ¢ur. 5.2 no och alcuuce OTAMKCNO PUCCTOAHHE
X (B CBETOBLIX TOAax), N0 OCH OpAHHAT — npems f, [lo-

oxamuuilcs rabrodarens (wec—sce apewn)
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Qur. 52

noXenHe NeHHBOro GJH3Hena, OCTABLIErocs AOMa, 130-
GpaxkeHO TOYKaMH Ha BePTHKAJbHOM OCH; TaM Xe yka3a-
Ho ero co6cTBenHoe BpeMs. LITpnxoBne annuy o6o3na-
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Y410T CHUTHaJB, OTHPas/iseMblc NyTteulecTBylomiuM OGJaH3-
1:cLlOM 4epe3 KaxKJnle ABa rojaa (Mo ero coGCTBEHHMM 4a-
cam). Ero myremectsre Tyia sanumaet 8 Jer, 3aTeM OH
[l0BOpauMBaer H BO3Bpainaercs Aomoil uepes 16 ner (no
CBOHM 4acaM); BCTPCTHBUIHCL CO CBOHM JCHHBHM 6pa-«
TOM, OH OGHapyXXHMBaeT, UTO 4achl 1IOCJAEIHEr0 MOKA3bl-
patotT 20 ser! Curnajsl, oTnpas/ieiHble NyTeUIeCTBCHHH-
KoM uepes 2, 4, 6, 8, 10, 12, 14, 16 nokanbHbIX JeT, ero
(paT, OCTABIUHACH A0Ma, MOIYYAET COOTBETCTBEHHO ue-
pes 4, 8, 12, 16, 17, 18, 19, 20 ner. Popmyna Dfnwireina
JlaeT abcoJioTHoe 3HAaYeHHe IIONHOA pasHOCTH BpeMeH
(20—16=4}; onunako noKosixerocs OJsu3HeNa Heab3A
CNYTaTh € €r0 MyTeLIeCTBYIOILHM GpaTOM, NOCKOAbKY CHI-
nanasl, 0603HAYEHHbIC LITPHXOBLIMH JHHHAMH, HCIBITbI.
BaloT JOnMepoBCcKHit casur. Koueuno, nyreurecrsemik,
KPOMe TOrO, HCILITBIBAET GOJLUIOE YCKOPCHHE B MOMCHT,
Korga on pocruraer Toukn A. OfHAKO HPHMep MOXKIIO
H3MEHHTb TakKHM O0Gpa3oM, 4TO yCKopeldil He Oyaer; AAA
9TOTO HYXXHO PaccMOTpeTh Tpex OAH3HEUOB, OANH H3 KO-
TOPBIX OCTaeTcd noMa, ApYyrofl yJjeraer mpoub M 60Jib-
e He BO3BpalllaeTcs, TPeTHH HABHXKETCS B NPOTHBONO-
fuqunom HaNpaBJeHNH U BCTPEUAETCA CO BTOPHM B TOY-
Ke

3aech Bompoc o0 yckopeHHH 6osbille He BO3fIHKaeT.
limeer MecTO caedyiowas cutyauusa: nepnufl u propoi
GpaTbsl CBCPSIOT CBOM uack na crapre 8 Touke O; BTO-
PCA ¥ TPCTHI CPABIHMBAIOT LIOKAIAHHS 14COB, BCTPEUanch
s Touke A; TPeTHH# 1 HCPBLIA CPABHKBAIOT NOKAIAUHA Ha-
coB foMa, B Touke B.

Tenepb cTanoBuTCs ACHON aCHMMCTPHS MCXKAY [1OKOSt-
igMcs  OAM3HENOM H ero OpaTbfMH, [ABHXKYUIMMHCA
I I POTHBONOJIOXKHBLIX HaNpaBJeHHAX.

dopmyaa Jlopenita DpaBIIbHO ONHCHIBAET KoHeuHbI
pe3yabTaT, MOTOMY UTO MH YYHTLIBaeM 06a HanpaBAeHus
lBuxkeHHs (TyZAa H o6paTHO); Ha caMoM Aenae npobaeMa
CJI0XKHee, KaK MOKasblBaeT pacCMOTPeHHe BJIHAHMHA -
(ekra Jlomjiepa Ha CHTHaJIEL, HCOYIIEHHLE [1yTEWECTBYIO-
uiuM G6ausnenoM. Ecau npnsieub Tperbero G/au3Hena, 10O
OMHCaHHe $BJEHHA CTAHOBHTCA MNPOILE, TNOCKOJbKY BO-
npoc 06 YCKOpPeHHH He BO3HHKaeT, H BCA npoGiema CBO-
AHTCA K CPaBHEHMIO MOKA3aHHA Pa3NTHYHEIX 4acOB B OXHOA
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H TOM Xe TOYKe, T. €. K ONlepalHH, HMelOlWeA AeHCTBH-
TeNbHbIH (GU3HUECKHA CMBICI.

B uTore Ham aHanu3 NPHBOJAHT K pesyJbTaTaM, noJj-
HOCTBIO COrJIacyloluMcs cO CnelHaJbHOH TeopHell OTHO-
CHTeJIbHOCTH JHHIITeHHA, XOTA OH H OCHOBAH Ha lienpH-
BLIYHBIX HCXONHBIX MOJIOXKEHHAX; MOAYEPKHEM JHLIb TO
YCJIOBHE, UTO nY4OK c8eTa Joaxcen npoxodursv Kascobii
Y4acrox ceoezo nyru 8 060uUxX HANPABAEHUAX — TOJbLKO
B TaKOM cjyuae MOXNO H30exaTh AETaJbHOrO paccMorT-
penns spdexra donnepa n Hcnonab3onaTth JHUbL Npeo6-
pasosanusa Jlopenua. Baxnoe sHauenne umMeeT Takxe no-
JIOXKEHHE, UTO CUCTeMbl OTC4era O0AdHHbL GbiTb maccua-
rownu (ra. 4). Otciona, No-BHAHMOMY, CjelyeT, 4TO MpH
IpHMeHeHHH NPHHIHNOB TEOPHH OTHOCHTEJIbHOCTH K OUeHb
JIETKHM 4acCTHILAM cllefiyeT OXKHAaTh HenpuaTHOCTel. Jleii-
CTBHTEJBHO, B 3TOM CJydae MOXeT BO3HHKHYTh Heo6xo-
IHUMOCTb GoJiee TOYHOFO PAacCMOTPeHHS, KaK 3TO OKasa-
Jgock B cayuyae sddexra Jlonaepa. Tem He MeHee crenu-
aJbHafl TeOPHsl OTHOCHTENbHOCTH fIBJSETCHA BblAAIOLIMMCH
noctuxKennem ODiHWITeliHa, a 3HAMEHHTOE COOTHOLUEHHE
MeXJY Maccoil n 3nepruci siBasercd GyHAaMEHTAJAbHbIM
sl GH3HKI B LCAOM.
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OTHOCHTEJIbLHOCTb U FPABHUTALLUA

§ 1. Taiina epasurayuu

CrennajibHyl0 TEOPHIO OTHOCHTENIBHOCTH ClEIdYeT CO-
rJacoBaTe ¢ Teopuefi taroreHus. HbloToH cuutada, uro
cuJia THAMECTH MNepefaercss MrHoseHHo Ha Jio6oe pac-
CTOSIHHE, — NPEANONOoXKelilie, KOTOpoe YXe B ero BpeMs
Ka3aJIoCb OYeHb PHCKOBAHHbLIM: KaK MOMXHO TpPelCTaBHTb
ceGe BO3AEHCTBHUSA, PacnpocTpaHsmoluecs 6e3 3afepiKKH
Ha ¢aHracTuyeckue paccTosinug Bo Bcenennoi? DiH-
ITedH NPEANOJNOXKUJI, YTO CKOPOCTb paclpocTpaHeHHs

rPaBHTAllMOHHOTO B3aHMOJEHCTBHA paBHa CKODOCTH
cBeTa:

v,=¢, 6.1)

HO, KaK Mbl yXXe OTMeuaan B ra. 3, MOXIO YTBepXaaTb
JHUIb TO, YTO CKOPOCTh Uy MCHbIllE WM paBna ¢. B ca-
MOM Aede Y/AHBHTCABIO, 4TO Mbl JIO CHX 1IOP lIHYEro sKc-
TIEPHMEHTAJLIO 11C 3HAEM O PACHPOCTPAHCHHH NOAS TSro-
TEHHS, HeCMOTPsl Ha 6OAbLIOE MHCAO MCKYCHLIX 3KClepH-
MEHTOB, BLINOJIHEHHBIX B 3TOM CTOJIETHH!

Mkl BHIHYX/I€HB TO0JIaraTbCss Ha HECKOJNBKO HMPOCTHIX
HaGJIIoeHuA, NepBHM H3 KOTODHX fABJAsiercsd 3aKoH I'a-
JHJIess: B NYCTOTe BCe Teja NajaloT C OXHHAKOBEIM YCKO-
peHueM. DTBell NPOBEPHJ 3TOT 3aKOH C OGOJbLIOA TOY-
HOCTBIO, H €r0 HauJyuyliuM o6pa3oM MOXKHO BHIPA3HTHL B
BHJIe COOTHOIIEHHSA

Mg = M,,. (6.2)
I'paButanuonHas macca BCeria paBHa MHepPTHOM Macce.

DTo yTBEpKAEHHE MOXHO CGhOpMYJIHPOBAThH HHaue: B
OKPECTHOCTH  [JAHHOH TOYKH HPOCTPAHCTBA-BPEMEHH
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rpaBUTALMOHHOE NOJIE MOXHO HUMHTHPOBATb MJH CKOM-
NEHCHPOBATh NOJEM YCKOpeHHR. DTO H €CTh TO, YTO IfiH-
ITefiH HA3BaJ &MOPUHLHNOM SKBHBAJIEHTHOCTHY,

HMnen Divwmtefina 06 9KBHBAJEHTHOCTH XODPOLIO H3-
BecTHH '), Jlyulnee paccMOTpeHHe 3TOTO BONpPOCA, MO Ha-
lweMy MHeHHIO, npHHaanexxur Poky [1], ucxoxusiemy
u3 cooTHomeHu#t (5.2). PasbsicHeHus, clelaHHbIE B KHHU-
re ®oka, ABAAIOTCH [eliCTBUTENbHO YOeAHTENAbHBIMH H
MOTYT ObITb pCKOMEHAOBAHLI uHTaTeno (ocoGeHHO BBe-
neune n 1. V—VII). dox noguepxnBacr HECKOIbKO
OYeHb BaXCHLIX MOMEHTOB:

a) HepocratouHo u3yuyaTb NPOCTPAHCTBO H BpeMs
JI0KaJbHO, B GECKOHEYHO MajhX 06/acTaX, TOYHO TaK Ke
KaK B KJIaCCHYECKOH# MeXaHHKe HeAoCTaTouHO cdopMmy-
JIIPOBATh JOKaJbHhie ypaBHeHus ABHxkenns. HeoGxonmu-
MO TaKXe 3aJaTh TPEHHYHBE YCAOBHR (HJHM Haua/jbHbie
YC/IOBHA B KJaccHYeCKOH MeXaHHKe), MHaue 3ajavya He
OyneT MOJIHOCTbIO onpeleieHHONH. JIoKaabHble W rpaHuy-
Hble YCIOBHS CJI0M(HbIM OOpa3oM B3aMMOCBA3aHBI; Aaxe
korpa rpaHdua GecKOHeYyHO yaajeHa, rpaHHYHBIE YCJ/IO-
BHSI COBEPLICHHO HCOOXOJHMBI W BCETAa AOMKHBL YUM-
ThIBATLCA.

6) dfHwTElH noaarag, YTo HeT HeOGXOAIMOCTH 8 8bi-
Gope Kaxux-aub60 npeumyuiecT8eHHbLY CUCTEM KOOPOUHAT,
a 9TO NIPHBEJIO K -BECbMa BE}’JIOBJI&TBOPHTGJIbHOl\dy cBepX-
060G61eRHIO.

Ecau npocTpaHCTBO i Bpems onﬂoponau Ha Gecko<
HEYHOCTH, TO MOXHO BBECTH NPEUMYLYECTEEHHYIO CHCTEMY
KOODAHHAT (ONpeaejenHyi0 C TOTHOCTLIO A0 HnpeoGpaso-
BaHuit JlopeHua), koropymw Dok HasbiBaeT. c¥CTEMOU zap-:
MoHuueckux xoopounar, Takue KOOpAHHATH XapaKkTepu-
3YIOTCA YCNOBHAAMH, COACPMXAUIUMH UeThipe CBEPHYTHX

') HyxHo OTMeTHTb, 4TO OHH fBIO HENOCTATOUHH AJA JAEAYK-
THBHOrO HOCTPOEHHS TEOPHH C(PABHTALHH, KaK STO OHLUIO 3aAyMano
SfinmrefinoM. Micxons M3 MpHHUHMNA SKBHBAJEHTHOCTH B €ro mnepso-
HadaJbHOM NOHHMAaHHH, HeJb3A BBECTH DPHMAaHOBY T[EOMETDRID AAR
onHcarHs nojisi rpasuranud. [Tojromy B mocnennee BpeMA psAA &BTO-
pOB BHIHYXKJAEHH BBOAMTH PACIIMPEHHOE TOAKOBAHHE STOrO NPHHIHNA,
CBA3aHHOE yXKe He C HHePUMA/bHOR CHCTEMOA KOGDAEEAT, & C H3Me-
HeHHeM g_;mauoaoﬁ CBA3HOCTH NPOCTPAHCTBEHHO-BPEMEHHOTO KOHTH-
nyyua. 0 upueu nosuenu HCTOAKOBAHHA HoHgTwl He cnacaer

noJoNenus, — lTpun. ped, . N
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cumBona  Kpucropdensn, Koropwe nprpaBHHBAIOTCH
HYaI0: A

= g™y =0. (6.3)

YeaoBus (6.3) He BBOAAT HHKAKMX CYIECTBEHIILIX
OFPAHHYEHHI 1d pelienHe, HO OIH YMCHLLWIAIOT Heonpejie-
JeHHOCTb. DTOT MOMEHT Bnepsble 6bla ormeuen ae Jlou-
aspoM [2] n Jlanuomenm [3]. Mu yxe ccblianich na ®oka
(ra. 4, § 6) u oTMevaan, uto Aas QHsHYECKOro oGocHO-
BaHus TAKOro BHIOOpa NpeHMyINECTBEHHOR CHCTEMB KO-
OpPAMHAT ClekoBano Gbl 10Ka3aThb, 9TO KOOPAMHATH X, Y, 2
H {, onpeaenesHble TakMM 06pa3oM, COOTBETCTBYIOT
BeTHYMHAM, PAaKTHUCCKH H3MCpHEMbIM B (H3HYCCKOR na-
Gopartopun. POKOBCKOC MATEMATHICCKOE ROKA3aTCALLTBO
STOTO CYUIEeCTBEHHOrO YnpolueHis siBJseTcs BecbMa -
TEepPEeCHBIM, HO HEOOGXO0OUMO eule nOKA3arsy, 4Te eco nped-
110A0MCEHUE COBMECTUMO C POALIO MACCULL 8 CUCTeME OT-
ceera:. (ra1. 4) ¥ COBpPeMEHHHM ONpejleeHlieM LesHeBblX
vacoB (ra. 3) BJam ¢ 4acTOTHHM 3TasioHoM Mecchayapa.

Ilpu coBpemeHHO!i HeompeAesNIEHHOCTH B OTHOLIEHHH
9KCNEPHMEHTA/IbHBIX 8aKOHOB TAFOTEHHA "MHE ~ CKJIOHHbI
CKOpee 10BEepATb POKOBCKOR TPAKTOBKE TEOPHH, 4EM SiHH-
1ITEeHHOBCKOH 0oO6me#i Teopuu OTHOCHTENBHOCTH, KOTOpas
KaxeTcs CAMIIKOM o6Lied W CAMIIKOM Aajekofi ot ¢w-
3HYecKof peanbnocTh!),

Mul nosanoctbio corsach ¢ PokoM B TOM, 4TO HEBO3-
MOXHO Pa3bnTb 9Ty Sajady na JABe OTAGJNbHLIC MACTH,
KaK 910 o6LIYllo AesaloT MaTeMaTHKH. Her cosepuicnno
HUKaKUX OCHOBANN AAsl TOro, YTOOLl OTACABLIO PUCCMaT-
PUBAaTh JIOKaJbHble YCJAOBHA (ypaBHEHHA ABHXKEHUS WIH
BOTHOBHE YpPaBHEHHS1) W YyXKe BO BTOPYIO Ouepeab —

1) Moxno yrayGuTs S$TOT amAJNS, ecAH OTONTH OT MONENH
3BESXHOrO 'pacmpenesienns MaTepun. TOria, eciM TeOpRR TPIBHTALHK
DiinwTedHa HMeeT 3apepmienHyio QopMy, To BooOule He Bceraa Ha
NpocTpaHCTBeHHOR GecKOHEYHOCTH HpPOCTPaHCTBO-BpeMs Oyaer nJao-
ckAM (MakcHManbso oxitopoxnnM) {Terpos A. 3., Hosue Metonu
B ofmed Teophn oTHocmrenbHocTH, § 65, M., 1966]. Bosuukaer aje-
TEPHATWBA: WIH BPOCTPAHCTBRHHO-BPEMEHHMOH KOHTHHYYM MAaKCH-
MaJbHO OfHOpozen Ha GECKOHCWYHOCTH ¥ TOTAa Teophs Olmwmrefina
He 3JaBeplileHa, TaK KaK chnefiyer orGpOCHTL HeJbe KNacCH pélneHHR
ypaBseHufi moJs, RNA Xe CYIIECTBYIOT NOAR TArOTEHAN, IeOMETPHA
KOTOPHX HHFAC He CTPEMHTCS K NAOCKOB reomerpu. -~ ITpux. peé;\
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rpaHHYHble YCJOBHA (MM HauajbHble YCJOBHf), KOTO-
phle, KaK Npeano/araercs, «3afaioTcs» NPOH3BOJABHO AJiA
Kaxjaoii 3agaud. Huuero Heab3ss CUHTaTh OUYEBHAHBIM
HJIH [IPOM3BOJIBHO 33aaBaTb CKOJb YFOAHO JOJTO B 3KC-
NepUMeHTaJbHON HayKe,

B caeayomux naparpadax mb HaMepeHbl 060CHO-
BaTh HalllH pPacCyXIEHHSA, HCNONb3Ys ONpeaeseHHe aToM-
HbIX YacoB (BTOpOfi noctyaart Bopa) u cyuiectBoBaHue
ypoBHefi 3HEPrHi HA BCEX MCPAPXHUCCKHX CTYNEHAX Ma-
Tepun. OTcyTeTBHE IKCMEPHMCHTAJLHLIX AanlbiX (10 pac-
NPOCTPAaHEHHIO [0S TArOTEHUA BLIHYXKJACT HAC ABHIaTh-
csi B TEMHOTe, Ha ollynb, H Mb OyleM cTapaTbCs MNO-
CTOSIHHO NpOBEPATb HAllK BLIBOJAbLI, CONOCTaBAAS HX
C 3KCNEepHMEHTOM.

Mnul He XOTHM Je/laTb HHKaKMX MPOH3BOJBHLIX AONy-
(leHHA OTHOCHTE/IbHO PacnpOCTPaHEHHS IPaBHTALHOHHO«
ro MOJIi W OTPAHHUHMCA CTAYUOHAPHbIM caydaeM. Mul
MPOKONKAEM CYHTATh NMPOCTPAHCTBO EBKAHAOBBIM H XO«
THM PacCMOTPeTb MOBeJeHHe aTOMHBIX 4acoB B CTaTHuUe-
CKOM I'DaBHTallIIOHHOM noJe.

Tak xe kak n npu paccmorpeunn sdpderra Jonaepa
B r'A. 3, Mbl NOJAYEPKHEM Ty YPC3BLIUA[IIO BAXKHYIO POJb,
KOTOPYIO Hrpaer ¢OoToH,

§ 2. Hoeanrbnble aTomHble
uaru meccbaysposckue 4acol u epaeumuuounoe
KpacHoe cmetyerue

PaccMoTpuM onpenesieHHe HAeaJbHBIX 4acoB H MPoO-
6/eMy TrpaBHTALlMOHHOTO KPaCHOrO CMEUEHHS, HCIOJb=
8ysl HCKJIOMHTEAbHO NMOHATHR, CBA3allible ¢ MOCTAHOBKON
9KCNepUMElNTa, H METOALl aHa/in3a onepauuil.

IMycth nokosieeca cepuueckoe teio macce M co-
3laeT rpaBHTALHOHHBI/i MoTeHnHan V Ha paccrosiHHu r
(puc. 6.1)..2T1oT nmoTEeHUMAN paBeH HYJI0 Ha GecKoHey-
HOCTH H HMEeT OTpHUaTe]bHOe 3HaueHHe V, Ha noBepx-
HOCTH Cdepnl paauyca r == a, rie HaXOAHUTCH SKCIepH-
MeHTa/nbHasa noKosuasics aa6oparopus. Mui cpaBHHBaeM
aTOMHble 4acChl, HaXORALHeCs Ha GECKOHEYHOCTH (noTeH-
IMaJ U HaNnpPsKeHHOCTb MOJS pPaBHB HYMIO), C TaKUMH
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Me yacaMH, MOKOSIHMHCA B Touke A, B KOTOpO#l rpaBu-
TAlHOHHBIA noTeHunan pasen V,, a cuna pasua fo!
v '
Va.<0, fo=— m—&‘%, (6.4)
rne m— macca atoma. Maccusuasn chepa maccnt M cay-

)KHT B KauecTBe NOKosilefics CHCTEMBI OTCYeTa, BTouke A
KOTOPOH MBI MOXKEM NOCTPOUTb HEMOABHKHYIO Jaboparo-

Qur. 6’.lv.

puio. Bce ycaosus, tpe6GosaBuigecs 8 ra. 4, BLInoJa-
HSIOTCA,

[pu HyaesoMm uorenunane u uyJaenoft CKOpoCTy aTom
umeer ABa suepreruuccknx yponin Ejo u Ego, pasnocrs
KOTOPBIX JACT HACTOTY HAJyuCHns:

E — E20 == h'\’o= m|02 — fn202 6 5)

I My W Mg— MAcCh aToMa B OGOHX COCTOSHHAX. [po-

CleUM Tenepb 33 ATOMOM (B COCTOSIHHH 1), mafgaonum

13 GeCKOHEUHOCTH Ha MOBEPXHOCTb cephi paauyca a, Ha

KOTOPYIO OH TONAajiaeT co CKOPOCThIO U;. 3aKOH COXpaHe-
HuSA sﬂepmu Tpe6yeT, 4TOGH BHINOJHAJIOCH PABEHCTBO

Ew=Eis+ m1Va+ mlvl-—-Ela. - (6.6)

OTKyZa

Vatgoi=0, (6.7




1t0 Fagea 6

NOCKOJIbKY Macca f; B TOYKe C IPaBHTAUHONHLIM NOTeH-~
nnanoM V., npHoGpeTaetT OTpHUATENbHYIO NOTEHNHANb-
HY10 5Hepruio m;V,, KOTOpas TOYHO KOMINEHCHpYeT KHHe-
THYECKYIO 3HEpruIo,

Ananoruyso

B E2°= E2a H U=, (6.8)
M3 pasencts (6.7) n (6.8) Mul BuauM, uto dHEpreTHUe-
CKHE YpOBHI PN cBOGOANOM Najeiii He H3IMCHSIOTCH.

Ho 370 eue e jaet HaM N01H020 NPCJICTAB/ICHHS O Ya-
CTOTC HCHIYCKACMOIO H3Jyuenisi: Mhbl 3HaeM TOJbKO a6-
COJIIOTHYIO BEJHYHHY CKODOCTH U, Hanpasienue se 310l
ckopocTu HeussectHo, OHO 3aBHCHT OT KOHKPeTIOro pac-
npejesieHns NOJsE H OT TPACKTOPHH aroMa, a HampasJe-
HHE CKODOCTH OYeHb BaXKHO A/ BeJuuunbl 3ddexra
Honanepa. '

CoBepuieHHO HeOGXOAMMO OCTAHOSUTL nadaroujue
4acvt i NPUBECTU UX 8 COCTOAHUE NOKOA B laluell HCXOA-
HOl cHCTeMe OTCYETa; Yach JOJ:KHB CHOBA 1IMETb HYJje-
BYIO CKOPOCTb B 3TOfl CHCTeMe, a 3TO 3HAYHT, YTO OHH
JOMKHBL OBITL OCTAlIOBJCHLI W TPOUHO 3aKpelVieHH B
MmaccuBHOfl cucteMe oTtcuera (naGopatopus B Touke AJ,
a 3areM JOJKHH MOC/AaThb CHHXPOMIbIC cHrianbl GUKCH-
pPOBaHHOH YacToTH no BceM HanpasieninsaM  (3GdekT
Jonaepa oTCyTCTBYLT).

Uro6nl NMPHBECTH 9achl B COCTOSIHHE TOKOS, He BHOCH
BOSMYILEHHl, HaM CJeAYeT WCNoAb3oBaTh' dpyeod: sud
cusvt (HaOpHMEp, YUPYryio CHAY), KOTOpas CKOMIEHCH-
pyer cuabl rpaBHTanHH. Mbl hPAKTHYECKH NOMEUL3EM Yachi
Ha CTOJ, YNpyrue peakuuyu B JedopMalud KOTOPOTO
YAEPKHBAIOT HX B COCTOSIHMH NOKOSA, HECMOTPS HA X BeC.

Ha ¢ur. 6.1 Mb npeano/soXuis, 4TO KOMNEHCHPYIO-
e CHALI 3aDHCAT OT noTeHuuana V, Bo BpeMsa Bcero
npouecca ABHXCHHS YacOB H YTO MOAHBIA NOTEHHHAA

, Vi=V+V,=¢ 6.9

oueHb MaJl, B pe3yJabTaTe 4ero CKOPOCTh ABHXKEHHS 4acoB
v Takxke upespBuuafino Maxa. ‘B. vouke A norednman
YMEHbIL2eTCS TOYHO [0 HYJs, H 9acH MNPHXONAT B CO-
croanue nokos. llltpuxoso#t ‘kxpusofi Ha ¢ur. 6.1 noxka-
'8aH XoJ NoJHoro novednuaia Vi B touke A oH pe3xo
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BO3pacTaeT: NpeAnosaraercs, YTo 4achl He MOFYT Mpo-
BHKHYTb BHYTPb céepll.

Sro mexneHHOe ABHXKeHHe He MeHAeT 3HepreTHYeCKHX
yposHe#t Ey u E, n wacrora v ocTaeTcss HEH3MeHHOH AAf
MecTROro mnokosuierocs nabaonartens. Tak npoucxomut
B ciayuae spdexra Mecc6ayspa, Korga ynpyrie cuabl o
KPHCTaAAHYeCcKoll peuleTKe yAepKHBAIOT aTOM B COCTOS-
HHUH TIOKOSl 1 YDAaBHOBELIHBAIOT CHJIL TpaBHTaLN. Yipy-
rue CHibl B 3ppeKre Meccbayspa racsit HMAOYJbC OTAAYH
hv/c, oGycitoBeHEKR HCUyCKaHHeM KBAHTOR HIIYYCHHS.

Atom, noxoamuiics B8 Touke A, ucnyckaet GoTon Avy,
HAEHTHYHHRI  POTOHY, HCIYCKaeMOMY TaKHM e aTOMOM,
noKosimuMea Ha OeckoneyHocTn [dopmyna (6.5)]. l'lpu
Habmoaenuu 51oro oroHa Ha 66CKOHCYHOM PacCTORIHH,
B TOYKe B, MOXHO 3aMeTHTb, YTO OH «HEUYBCTBHTEICH»
K YNPYrHM CHJaM, XO0Td Macca ¢oTtona p B COCTOMNMH
JIBHXKEHHS Jle/1aeT €T0 «YYBCTBHTCJLHBLIM» K FPABHTAILH-
OHHOMY HOJIO:

pe’ == hv. (6.10)

Ilaurancr. B rpaBHTalMOHHOM moue or A fo B, ¢oton
TepsieT SHEPTHIO H MacCy, a €ro 4acToTa yMeHbiiaercs.
MycTs npu nepeMeulenny dr > 0 UsMeHeHHe NOTEHUHANA
dV > 0; Torna

d(hv) = — pdV = =23 av
HJH

4 A (6.11)

rae Mbl noJiaraem c=const, HCCMOTpﬂ Ha wu3MelicHue
CHJIBE THXKECTH.

Mu MoxeM HpUHATH, YTO' B GOILUIRHCTBE paKTHye-
CKHX CAy4YaeB YBeVIWYEHHE NOTeHIHana or A no B ns-
Jaserca Majofl BeAVUYKHON, H 3anHCaThb:

D=2, V.<O. (6.12)

Yacrora ¢oroHa yMeHnbilaercs (KpacHoe CMelleHHE), H

dopuyan (6.11) uan (6.12) coorBercTByIOT Npenckasa-
Huio DfiminTediHa, MH COUAH HeOGXOAHMLIM OCTaHOBHTDH-
Cs Ha BCEM TOM NOAPo6HO, OCOGEHHO Ha BOTPOCE O POIH
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ynpyrux cua B sddexre Mecc6ayspa, noTtomy uto 60/b-
HWIKHCTBO aBTOPOB ONYCKAIOT TOT WM HHOH MOMEHT, Ya<
CTO JOCTHrasl NMPABHJLHOTO pe3yJbTaTa NyTeM Hexocra-
TOYHO apryMEHTHPOBAHHBIX pacCyxJeHuH.

3ameuaTeNbHON OCOGEHHOCTBIO SBJSETCS TO, YTO AO-
KaabHas 4acTOTA, UBSMEPEHHAA 8034e NOKOAUUXCS ATOM-
HbIX 4QC08, NOCTOAHHA U He 3ABUCUT OT A0KAALHOZ0 2pa-
BUTAYUOHHO20 noTexyuasa. Bce HallH 4Yachl, ecjH 3a
HHMH HaOJI04a8Tb B MeCTe HX PacnoJiOXeHHs, OCTanTcd
TOYHO CHHXPOUNLIMH M «HEYYBCTBHTC/AbHBIMH® K MeCT=
noMy notenuuany V, Ho yacrora, uaMepsieMasi Ha pac-
CTOSIHMM, 3aBHCHT OT MOTeHNnuWana V H He 3aBHCHT- OT
JAPYTHX BHAOB NOTEHUHAJbHOH 3HEPTHH.

IToguepkneM, uTO HeCTaTHYECKHE TIpPaBUTALMOHHBIE
NoJIs HeJb3s OMHCaTh noTeHuHanoM V, u, Takum ob6pasom,
BONPOC MX BAMAHHY Ha XOX ATOMHBIX YacOB OCTa€eTes

* OTKPHITHIM.

Bce ckazaHHOe OTHOCHTCA U K (OTOHAM HJIH rPaBUTO-
HaM Av, KOTOpble He 3apsKeHbl M pearhpyioT TOJbKO Ha
H3MEHEHHS FPAaBUTALHOHHOrO NOTEHUHaNa, 3aMeTHM, 4TO
nepBOHAuaJblbLIl aHaAu3 3TOro Bonpoca DNHIUTEHHOM,
KOTOpHIli paccMaTpusan cBo6OAHO Najalollde vace, He
yuutbiBasi npo6ieMbl npuBeleHHss MX B COCTOSIHHE MO-
KOSl, SIBJISIETCS HEMOJIHBbIM.

§ 3. Ob6vacHenua epasuTAyUONKO20
KPACHO20 CHMeljeHus

Oxcnepumentsl Ilaynna u CHafinepa [4], ucmosnb3o-
paBmux 3¢gdekt Mecc6ayspa, OOLIYHO paccMaTPHBAIHCE
KaK NOATBepXKAeHHe npeackasaHua dinwre#na. O6mbsac-
HeHHe XKe, AaHIoe B lipelbiAylleM naparpade, BecbMa
oTaHyHo oT Teopun DiiHwreiiHa, IlockoabKy sToT Bompoc-
oueHb Ba)eH, YeTKO CHOPMYJHPYeM pasjiHyHs:

a) Mul no/b30BaJIHCh €BKAMIOBEIM NPOCTPAHCTBOM H
KBAaHTOBHIMH YacaMH, TOYHO COOTBETCTBYIOIHMHM 9SKCHe-
puMeRTanbHOMY npuGopy. Ilaynaa. Mu noxasans, uTo
TakHe 4achl AENaloT JIOKaJbHOE OMNpejesieHHe BpPeMeHH
-HEe3aBHCHMHIM OT IpaBHTAlHOHHOrO TNOTeHUHana, Gonee
nofpoGuuiii ananua (§ 4) mokaxker, 4To BAUAHHE 2pasu-
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TAYUOHHO20 NOAR JOMKHO ObIThb JHIIb OYeHb He3HAYH-
TeNbHHIM. [IpH TakoM paccCMOTPeHHH CYLIEeCTBEHHBLIM
OblJI0 MpeanoJioXKeHHe O BLIAEJEHHON CHCTeMe OTcYeTa,
NOKOALLEACE OTHOCHTC/ILIIO MAacCHUBHOTO Tesa, CO3[aK-
Iero HOCTOSIHHOE TPaBHTALHONNOC NOAC, H TO YCJOBHE,
YTO Mhl BCerfa JOJIKHLI MCNOJNL30BATb UACHLl, NOKOAWUe-
€5 B 3TOM NOCTOSIHHOM noJsie. MaccHBHOe TeJs0, K KOTOPo-
MY DpHKpenJeHa Hama jabopaTopusi, ONpenessio nauy
NPeUMYLECTBEHRYID UHEPYUAALHYIO CHCTEMY KOODAMHAT.
W B 3Tofi cucreme orcuera gce 4acvt Gvlau AOKAALHO
TOYHO ' CUHXPOHHLIMIL, KaKuM Obl HU OHLJI T'DABHTaIHOH-
HBIAl OTEHLHAaJ,

B rtagoii Monenu 4acrora usmenserca npu OsuiceHuu
¢OTOHa B rpaBHTallHOHIOM noje. MOXHO YAHBUTBCH Ta-
KOMY 3aKJIOYeHHI0 H cnpocHtb: «Kakum obpasom 370
MOKET DPOHCXOAHTL?» OTKPOBCHIO NPU3HACMCS, YTO M
He 3HaeM, Kak 3T0 OOBACHUTh. ¥ Hac HCT MOJICJH st
TaKoro s¢¢exra. OH npsaMo BhiTekacr 3 (popmyau Bopa
(6.3),: XKOTOpY10 HHKOMY He Y/Janoch e€lue «JOTMYHO»
O00BACHATS. Mbl BHIHYX€Hb NIPUHATH 3TO KaK COBEpIIEH«
HO HEMOHATHHIA 3KCNEePHMEHTANbHBIA (QaKT, KOTOPHIH, OX-
HaKo, NOJATBEPKIaeTcs OrpPOMHBIM KOJHYECTBOM 3KCIe-
pHMEeHTaNbHLIX HabJoAeHHi.

6) DfiHwTefiH HCHOJbL30BaJ HIAea/bHble Yachl leonpe-
JleNIEHHOH CTPYKTYPH M NBITAJACH pPaccMaTpHBaTh HX NO-
BeJleHNe B T'PAaBHTAIMONHOM 1oJe. DTO He CACUYCT NMpPH-
HUMaTh Kak KpuTHKY Dfhumrefina: na py6exe aByx cro-
JleTHA HHYero He OLMIO IMIBCCTHO O TUM, KAK HOCTPOHTL
ujeaabHble Uachl KM KaK ouu JoazKubl Gunig Gur ceGsi
BECTH.

Ho B cBSI3W C 3TUM OKa3bBIBAeTCsi JOBOJBHO TPYIHLIM
NOHATh 3UHIUTEHHOBCKOE PAcCMOTpeHHe 3TOro Bompoca
{5, 6] u aryuie Bcero ortocAaTh YHTATENSA. K 3THM Pynaa-
MeHTaJbHEIM paGoram. B Gosee pansedr pa6ore [7] mu
HaXONHM NPEBOCXOJAHBIN M 3aKOHUEHHHH aHaAu3 3 dek-
ta Ilonnepa B cneumasbHOM TEOPHUH OTHOCHTENbLHOCTH,
NOKasHBaOUIKHM, KaK 9aCTOTa H3JYyYeHHs 3aBHCHT OT yIJ1a
¢ MeXIy CKOPOCTBIO HCTOYHHKA U H HanpaBjeHHeM Ha-~
6nroneHus. ’ A

B pa6ore. 1911 r. [5] Dfumrein paccmaTpuBaeT CIy-
4ali NOCTOSHHOIO BEPTHKAJbHOTO NOJs TpABHTALNH U

5 3ax. 1357



114 Traoa 6 -

NPEeANno/Naraer, YTo aTa CHTYaus JoJxHa OLITb 3Kx8uea-
AEHTHQ APYrofi — ABHIKEHMIO € NOCTORHHLIM BePTHKAlb«w
HBIM yCKOpeHueM. YCJOBHS JLEA TAKOTO NPUHUHNA 3KBH<
BaJIeHTHOCTM HHKOTAA #He $bl/M TOMHO COPMYAHPOBaHbE
9 fIOABEPraNBECh CHALHOHA KPHTHKE €O LTOPOHbBI MHOrMX
aBTOPOB (CM., Banpumep, {1]). B 1911 r. Dfinwmredn uc«
CAeAoBas 3aj4avyy O 4Yacax, HaYHHAIOWHMX BEPIHKAJLHO
nanatb M3 COCTOAHUA NOKOS C NMOCTOSHHLIM YCKOpeHHeM
v; npofina paccrosHue H, oHn npuoGpeTaioT CKOPOCTh U,
OTH yachl HCNYCKAIOT H3JYUeHHe YacTOTH v, KOTOpoe He-
NOABHKHOMY HalOaloaarenio kaxerca (Gnarozaps 3¢-
¢dekry lonjepa) uMelowuM 4acToTy

v=v(l+2)=v (1 + 1), R

3necy Dinmrekn mcnomssyer Gopmyny Honnepa mpr
¢ = 0, nonaraa Takum 06pasoM, 4TO ABHIKEHHE OCTAETCH
BePTHKANbHLIM M YTO H3JyweHue Hab/10]aeTcs M3 TOUKH,
rie nepBoOHaYyaJbHO HAXOAUNMCH Najalomue yacol. OH He
paccMaTpuBaer cayuail Kocoro aomaep-apdekra, Koraa
YacTOTa MCMYCK4eMOro ManyueHus Habmopaerca noxp yr-
noM ¢ 7= 0.

Bce paccyxaenue Ha camom aene Hesichoe. ITpoun«
TaliTe, HanpuMep, caeaywooumui a6san ([6], ctp. 106—107,
cM. Takxe pycckm# mepeson [5], erp. 172) n mocrapaii-
TeCh MOHATh, KAKHE YaCH UMEIOT OAMHAKOBYIO KOHCTPYK-<
LIHIO # KaKHe HeT: ‘

«[Ann u3Mepenwsl BpEMeHH B TOUKe, HMemluel
OTHOCHTEJIbHO Hayaja KOOpAMHAT IpaBUTALUGHHBIA
notenuuan @, Mbl JAOJKHbl MCMOJAb30OBaTh YAaCHl, KO+
TOpble, OyAYYH NOMeHIeHb B HavyaJo KOOpAHUAT,
uayr B (1 4 @/c?) pas MeanerHee, yeM uacel, HC+
nonb3yeMble AJsi H3MEpeHUsi BpeMeHH B Hauaje Ko-
opaHHAT».

D710 BECLMA CTPAHHO: YTGGH HNOCTPOHTS WaCH B A&00«
PaTOpHH, HaM HENOCTATOWRO MIMEDHTh JAOKAWLHYIO Ha«
NpsAXKEeHHOCTb ['PaBUTALHOHHOIO NMOJA B Ja0OpaTOPHH, HO
HYXRHO TakKe SHATh PacnpenencHHe STO# HANPAKEHHO+
CTH B0 BCEM NIPOCTPAHCTBE, BILIDTH KO GECKOHEMHBIX pacs
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crosanl, rie @ =0, yTo6bl BLIYUCAHTHL MECTHHIH ROTeH-
uuan @ B jraGepaTopunl

Cpast MeXAy nepeMeHHON { B ypaBHeHusx DitHmiTed-
Ha W BpEMeHeM, H3MepsieMbIM B Haulux nabopaTopH#Ax,
Kaneko He icha. MoxeT BO3HHKHYTDL BOMPOC: MOYEMY Mb
BHLXEJIAIH HMEHHO STOT BecbMa YaCTHbIM cayual BepTH-
KaJbHOTO JBHMeHHA? MoxHo B3ath Apyrofi npumep:
deuscerue aTOMHbIX 4aco8 no aasuntuyeckold opbure 8o-
Kkpye Coanya. Macea cByTHHEA MOXKeT GbTh GOMBUION MO
CPEBHEHMIO ¢ MACCOf: MCHYCKAeMBIX WAH# NOTJOR{aeMbIX
tdoronoB. K TOMY & TPAEKTOPHA OCTAETCs HEM3MEHHOH,

Va
} hy
Hepueenud. Hanpaanexsue
Awenuis  wadmwderun
Y

, . dur. 6.2
. e

Korja: Macta CnyTRUKA H3MeHsIeTCH, MOCKOJIbKY OH JBH-
XeTcs B «moJe ycKopenus», B adesuu cnyTHMK Haxo-
nutcs paseko ot CouHma, TaK YTO TPABHTANMOHHBIA MO-
TeHOHAT Maj M Majkas CKOPOCTb U, WNepNeHIHKYJAspHa
papuycy 7, (¢ur: 6.2). B nepuresnuu noTeHuuan M cKo-
POCTB BeMWKH. DHEPTHSA NPH ABIKCIIK COXpansceTes, Tak
uTO HAauM snegreTwwcuue yponun E, n Ej ocralores He-
H3MEHHLIMH. BuiGupas oucih BLITSNYTLIT AMMNIC, MBI
MoXeM CABHHYTL aedtft Tak AANCKO, KAK MLl XOTHM, It
B Npejese COYTHHK Hauler ABUratLes 1o napabonc; cie-
IOBATeJbHO, Y Hac €CTb YBCPEINOCTb, YTO 3iCPrervue-
CKHe YDPOBHH OCTAaHYTCA Te€MH Xe H Ha O€CKOHEYHOCTH:
Eio u Eg. Uto6nl uckMiounTh 3¢dekr Jlonaepa, mMul Mo-
xeM BHBIGPATE KBaHT fiv, KOTOPBIA W3JIyyaercs BAOME pa-
JUyca, Ce0BaTeNbHO, NEPIeHAUKYJISPHO CKOPOCTH, H
C YBEPEHHOCTBIO YTBepXKAATh, YTO H3Nywaemulit ¢oTon
HMeeT DOCTOSTHHYIO YacToTY:

hv = hvg (6.14)

HE8ABHCHMO OT BEJHUHHBI FPABHTAUHOHHOTO NOTEHIHANS.
3TO MOANOCTLIO COTJIACYETFCH € TEM, YTO ME [OBOPUIA
pasuee:- Bmecro Ttoro urobsl HaOMOAATE 33 ROKGAMUMUCR

5*
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yacaMH, Mh HabJ0/aeM 3Jech 3a 4aCaMH, HaXOAALHMH-
cfl B TeYeHHEe KOPOTKOTO NpPOMEXKYTKa BpPeMeHH Ha Heus-
mennom paccroanuu or Coanya. B oboux cayuasx mnomay-
yaercss OAMH H TOT XKe pe3yJbTar.

OfHuiTeliH npuillesl K BHIBOAY 0 HepOXOAUMOCTH BBe-
CTH MOHSATHE HCKPHBJEHHOTO NPOCTPAHCTBA-BPEMEHH, KO-
TOopoe OLLJIO IOJIOXKEHO B OCHOBY ero ofuefi TeopHu OT-
HOCHTEIbHOCTH. MBl He BHAMM HeOGXOJHMOCTH [Jisk
BBEIEHHSI TAKOH KPHBH3HL! 'eThipeXMepHOro MHpa, mo-
TOMY YTO KBaHTOBLIC YCJIOBHSI Jal0T HaM APYrof OTBeT.
3ty cutyauuio cuie GoJblle YCAOXKIMIH HEKOTOPHIE TEO=
pCTHKH, HCIOJB30BaBIIHE KAaK KPHBU3HY HpPOCTPaHCTBA,
TaK M KBAHTOBYIO TEOPHIO — CMellleHHe, Belyllee K Ges-
HaJeXXHOHA NMyTaHUIe.

TonpoGyem moaBecTH HTOr. MH HCNONb3YEM ATOMHbLE
4acot, CBOACTBA KOTOPHIX ONPEAENSIOTCH 3aKOHAMH KBaH-+
TOBOfi MexaHHKH. KaK pesysbrar Mbl NO/IKHE NPEaNoNo-
XKHUTb, YTO HAUIL 4QCb. NOKOATCA 8 HEKOTOPOU UHEepYUALb-
HOU cucTeme OTC4eT@ HE3aBHCUMO OT TOrO, CYIUeCTByeT
FPaBHTAllHOHHOE TNOJeE WA HeT. DTH Yace MOryT (Kak
MLl YBHAHM B § 4) GLITb NOABEpIKEeHH BO3[AEHCTBUIO MOJS
TArOTEHHUsl, HO OHH HEUYBCTRHUTENBHBI®» K I'PAaBHTALHOH<
HoMy notenuuaay. Bce noxosiutiecsi yacol B Haueli HHep-
nHaJbHOH cucTeMe oTcyeta OyAYT LaBaTh OAHY H TY Xe
4acTOTYy HE€3aBHCHMO OT HAJIHUHMSi WM OTCYTCTBHS rpa-
BHTaIHOHHOTO MNOTeHuMaJja. [paBHTaLMOHHOE KpacHoe
cMelleRHe 0GYCJIOB/IEHO TOJMLKO ABHIKEHUEM cpo-roaon

§ 4. BosmookcHOCTS
€2pasu-cneKTpasbHozo appexkras

Hs ckasanuoro B § 2, 3 caenyer, uTo B CTaTHUECKOM
clyyae BO3MOXHO H3MeHEHHe YacTOTH, o6yc.nos.uenuoe
rpaBUTALHOHHLIM NOTEHIHAJIOM.

BecbMa CTpaHHBIM MOXKET NOKasaTbCH TaKke TO, UTO
He obHapyxeHO HHuero momoGHoro sddexTam 3eemaHa
nan llItapka, B KOTOPHIX 4acTOTa H3JYYeHHS 3aBHCHUT He
OT NOTEHYUAAQ, & OT HANPANEHHOCTU NOAR. DTO NPOCTO
03HayaeT, YTO TaKHe 3(PPeKTH ULHOPUPOBAAUCL U HA HUX
He obpaujaru 8HUMAHUR, HO OHH NOJIXKHBI CYILECTBOBATH.
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Mmul He XOTHM paccMaTpHBaTh 3Ty npo6JjieMy B npHMeHe-
HHH K y-Jy4aM, TNOCKOJIbKY MeXaHH3M HCIYCKAHHS STHX
Jayyelt 06yCJIOBJIEH BHYTPHSACPHLIMH MpoOlLeccaMi U TOY-
HO He H3BecTeH. Mbl Bo3bMeM Jpyroil cayuail ¥ paccMmoT-
PHM aToMHbie 4actl, W3ayuaiollie ONTHYCCKYIO YACTOTY
vo. KpacHoe cMeleline, BRI3BAHHOE I'PABHTALHONHBLIM TIO-
TEHLHAJAOM, Mo-npexcHemy paercss ¢opmyaoh (6.12), u
MBI MOXeM MCAO0Jb30BaTh TeopHio 3¢dekra llrapka B
onTuyeckoM auanasoHe. [Ipumem, uro cuJjbl, pelcTBYIO-
IlHe Ha aTOM H YJepXKHBAIOIHe ero B MOKOe B KpHCTad-
JIHYEeCKOf pemieTke, NeficCTBYIOT JIHIIb HA AApPO 3TOrO aro-
Ma, HO He Ha OKPYXalollHe ero 3JeKTPOHbl. DToH ympo-
UIEHHOM - MOZIeJIBIO BocrnoNb3oBasics DBpuaniosn [8] ans
JlOKa3aTeJbcTBa M3MEHeHHs YacTOT, BLI3BAHHOrO TNOJEeM
rpaBHTaLMH.

DJIeKTPOHBI, OKpYyKaloliHe (hUKCHpOBaNioe A/Apo, Bee
)K€ «YYBCTBYIOT» JIOKaJbHOE I'PAaBUTALUOHHOC nNoJe fq
[dopmyna (6.4)], koTopoe meficTBYeT ¢ paBHLIMM M na-
pajuieflbHO HANpPaBJEHHLIMH CHJAaMH Ha KaXXIblf 3JeK-
TPOH TOUHO TAaK JKe, Kak AeHCTBOBaJo O NOCTOSHHOE
3JIeKTpHYECKoe fnoJe fo:

efe=—m' 22 =, (6.16)

rie e U m’ — SJAEKTPHUCCKNUH 3apsil U Macca 3JEKTPOHa,
H 3TH CHJILl NOJIKHLI NPHBCCTH K HOABAEHHIO OYEeHb Cna-
6oro «wrapk-nonoGioro» myanrunsera, flopsaaok penn-
UUHBI MYJAbLTHMJACTHOIO paculeniaetius B 3ToM ciayuac pa-
BeH

Av, = Selerh _ __ 137 _3n¢la_ (6.16)

8nm'Ze? 4am’Zc *

rae Ze — 3apsi AApa, n— Lejaoe yHcao, he/2ne? = 137.

Hcnoabayem Tenepb ¢opmyny (6.15) m pacemorpum
cCHTyauuio, UMeiowyo Mecto B Touke A (¢wur. 6.1), rae
aTOM HaXONMTCA HA PACCTOSIHUH @ OT HeHTpa rlpm‘mKe-
uus O Macenl M:

| fo=fo=—2G0, ©.17)
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rae G—rpanmaumnm HDOCFOHHES, Cnenosamuuo,

3n GM
Ay —--137 c A (6.181)
nas «rpann—cnexrpa.nworo» rapx-sppexra.
ConocraBiM 510 HOBOE paclyelVieHHe, Bhi3BaHHOE TPa-~
BUTAOMOHHEIMH CHJIAMH, C KPaCHLIM CMeLieHNeM, CO8Aa-
BaeMbiM TIPaBUTAHOHHEIM TNOTeHHHakoM fhopmyna

(6.12)]:

aM dvpen Vg GM
Ve=—= ——=m=—7z. (69
HOPSHLKH STHUX BEJIHYHH MQKHO JIETKO CPABHHTH:
Avg And v
Sper = 137 Tz ‘(6‘2(1)

rxe & = ¢/v— gauHa Bonn. TaknM 06pasoM, «rpams-
CHeKTpanbubHI» dPpert Ang — nopsaka 137 (Afr), Torxa
KaK peJISTHBHCTCKOE KpacHOe.CMelleHHe — NOPANLKA SVpesra
Ero MoxHO Obl10 Gbl HAGAIOAATh JIMIIL HA OYEHb MAaJihiX
pPaccTosIUAX OT HeHTpa NMPUTAXKeHHUsT Mmaccet M.

Haw kpatkufi ananua nokasuipaer, uto npsiMeie 3¢-
(EKTH 2paBUTAYUOHNO20 TIOJRA JIOJKIE  CYLLECTBOBAT,
HO HX NpaKTHuYecKoe HabusioneHue CBA3aHO ¢ GOMBUIHMHU
TpynHocTsaMu. M Teopusa DiHmTeliHa, U KBAHTOBas TeO-
pisl ATOMa WFHODHPOBAJH STH SABACHESA, IOITOMY DKCIe+
PHEMEHTANBHAS NPOBEPKA HMX HMeAa Obl Conbilioe SHa«
yedue,
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FTPABHETATHRECKASN' MPOBJIEMA
B CAYRAE COEPHYECKON CHMMETPHIW

§ 1. Hoswui nodxod k crapoti npobaeme:

B ra. 4, § 7 Mbl paccMaTpHBaJK 3HAMCHHTYIO 3ajayqy
[Tsapunmmiasaa B pamkax Teopun dAnmTefina. Mol 10/xK-
HBl OTMETHTB, YTO STy 3ajauy oGbiuno GopMyaHpYIOT He-
CKOJILKO CTPAaHHBLIM CIOCOGOM: PACCMATPUBAIOT CJAyvail
«NOKOsAelics TOUueyHOH Macchl» W HIMYT penlenne, obJaa-
naiomee edepuueckoii cHMMeTpHell B NMpoCTpancTBe H He
3aBHCAHIER OT BpeMer#l. DTO HHUEr0 He TOBOPHT O 2pa-
HudHbLX yeaoeuax. Jlanee, NpH TAKOM pacCMOTPEHHH
NpeAnosraraercs, YTo Ha GOJILIIUX PaCCTOAHHAX METPHUE-
CKM#l TEH30p HOJIXKEH COOTBETCTBOBATH e6xAud08Y nycTo-
MY NPOCTPAHCT8Y, OTPeNenas TaKHM 06paA30M I'paHHuHbe
yC/JIOBHS HA GECKOHEYHOCTH, HO HHKaKHe KOHKpeTHhe yc-
JIOBUSI IJII MAaJIbIX PAcCTOSTHHA OT MCTOMIIMKA He 3a/1al0T-
ca. TTonnas dopmynuponka s3aanuu pomKna copepacarh
B ceGe ycaoBHa na manoft chepe paanyca a, BrJouaio-
el ucrounuk (Koropulil smaseres ocobolt Toukoifi). Mpu
IIBAPUIINAIBIOBCKOM PACCMOTPEHHI 3HAUCHHE Fy Ne 3a-
llaeTcsl, a BeJHYHHY <«TOUCHIONH MAacChi» DBBOAAT TOJDLKO
B KOHUE BBIYHCJEHMS, YTOOBl MOJYYMTb MOTCHUMAM, H3-
MeHgiomuAca Ha GONIPUTAX PACCTOSHAMAX 7 Kak Gm/r, Tae
G — rpaBHTaUMOHHAA NOCTOSIHHAsA. JTO OJHA H3' [IPHUHH
TOro, noueMy B pemnenun UIBapmmuabaa ocraercs -Tak
MHOTO HeompeseaeHHocreli. [Ipm Hamem paccMorpenuu
Mbl YBHAMM, YTO WIBapUINMJbIOBCKAas Macca m paBHa
CyMMe MacChl IEHTPaJhHOH TOYKM M Macchl, pacnpene-
JIeHHOH B moJe. ‘ '

Mu GyneM MCXOAHTb H3 KJIaCCHYECKOH 3agaud rpa-
BHTAUUOHHOTO MNOJS1 BOKPYr "cdepnl HAaHRDA MacCh H
JaHHOIO pajipyca; 3aTeM Mbl PACCMOTPHM BOIPOC O TOM,
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KaK 3TO pelleHHe HYXHO BHAOH3MEHHTb, 4TOObl YUYecTb
poJib pacnpeeseHHss Macchl B NPOCTPaHCTBe BOKPYT 3TOH
cepbl ¢ NAOTHOCTHIO, OTBeyaloleH MJIOTHOCTH 3SHEPTHH
IpaBHTALHOHHOTO NOJA (B CHAY COOTHOLIGHHSI MeXAy
Maccoil u Hepruef).

310 HOMKHO HaTb pa3yMHOoe oGOGIIeHHEe KJacCHUe-
CKOr0 pelleHHs, B KOTOPOM MOXHO OyaerT NpaBHIbLHO
NOHATb (PH3MUECKHH CMBIC/ BCEX BeJHYHH. YpaBHEHHS
JfHIITEAHA NPH 3ITOM HE HCNOAL3YIOTCH.

§ 2. Cpasrenue epagucTaTuky ¢ 34eKTPOCTATUKOL

B craTtuuecko#i 3azaue co coepHuecKOH CHMMeTpHel
Mbl cpasy JKe 3aMedaeM, 9TO MOXHO ONYCTHTb NepeMmeH-
Hyi0 {, KOTOpasi He HrpaeT HHKakoR poau. B cuay cka-
SaHHOrO B Ty, 6 MBl MOXeM MOJb30BaTbCA npeumyuye-
CTBeHHOU CucTeMOl OTCYeTa, HauaJio KOOPAHHAT KOTOPOH
NMOKOUTCA B LeHTpe cepuueckod Macchl; B 5TOH cucTeMe
oTcyeTa BCe aTOMHBIE Yachl COXPaHAIOT MOJHYI0 CHHXPOH-
HOCTb, H MLI HMCeM MOBCIOAY eduxoe onpejeleHHe Bpe-
MCHH. DTO HC SIBJSICTCSI NMOMEXOH 1/ H3BeCTHOTO rpapH-
TALHOHHOTO KpPAaCHOTrO CMeiuelHsi (pacCMOTPEHHOTO B
ra. 6), mporcxoAsiliero B pesdyJ/brare ABHX¢HHS (OTOHOB
Macch hv/c? B rpaBUTallHOHHOM MoOJe.

Mb MoOXeM TeNepb CPABHHTE aHAJIOTHYHHE 3aJaud
TCOPHH TATOTEHHs H BJEKTPOCTATHKH. DTO GHJIO CAENaHO
Bpunnosnom u Jlioka [1] u Manrefimepom [2]. B o6oux
c/lydasix Mbl HCXOAHJIH M3 CHJI, H3MEHSIOUHUXCSH C PaccTos-
HHEM NpONOpUHOHAAbHO r~2. Mbl HMeeM cjlefyloliue 3a-
KOHBbI:

a) aakon Kysnona pas sapsanoB Q, v Qp ¥ AN3NEKTPH-
yeCcKOl NOCTOSHHON e:

=20 | @.1)

. .) . . . .. .
* 6) 3akon Hbiotona ans macc M; mu M; u rpaBura-
nuoHHo#t mocrosuHofi G:

t=— QMM 0 G—666-10"" ex CIC. (7.2)

r’
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3nech r'— exuHUYHLIA BekTOp B Hampasjenuu . OGe

dopmyanl (7.1) u (7.2) OGyayr ToXAeCTBEHHLI, €CJH MO-
JIOXKHTb '

e-=--5-=—l,5-107. (7.3)

HbioTOHOBCKOE  NPHUTSIXKEHHE COOTBETCTBYET  (GOJMbLIOK
OTPHLIATE/IbHON AHIIEKTPHUECKOH NOCTOSIHHOA. Mbl He-

M ls wg

- ALE f -
% 7 ‘
%

B

-

e

4
C £
* -
n 2
Y/ .
4]
v
5 C /.
% -+ 2
o 7

®ur. 7.1,

OAHOKPAaTHO TOBOPHJH O HeOoGXOHMOCTH MOJIb30BAaTbCS
KaK NOJIOXKHTEJbHbIMH, TaK H OTpHUATEJbHBIMH MacCaMHu,
NOCKOJIbKY Mbl MOXXEM HMETb KaK NOJIOXHTeJbHbIE, TaK H
OTpHUATE/NbHbIE 3HEPTrHH, a COOTHOLLUCHHE MEXILy maccoft
H auepmeﬁ AOMKHO COXpaHATbCS HEH3MEHHBIM:

"E=Me. (7.49)
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Hna KaxAOH YacTHIB HMEeTcs JHIb OAHH KO3 QHIHEHT
M; sror koadh¢umHenT Erpaer CBOIO PGAb B BblllleNpHBE-
JEHHOM COOTHOMIEHHH, a TaKXe BO BTOPOM 3aKOHe
HbioTona: '

f= My, (7.5)

rae y— ycxopenue. Ha ¢ur. 7.1 noxazansl 3Haxn CHAH
f u yckopenust y B pasHblX caydyanx AByX Macc My u My,
B3aHMOJENCTBYIOLINX APYT C APYrOM.

®ur. 7.1 nokasuiBaeT, KaK CHJbHO «MaccoBas Iaas-
Ma» oTJaMuasach Obl OT 3JEeKTPHUECKOH IIa3Mbl, NPHTH-
JKCHHSI M OTTaJKHBAaHHA NpHBeaH Obl K PasHbIM BHIAM
«CMeCH» B 0060HX Cayuyasx. 3aMeTHM, YTO YCKOpDeHHe Ofiu-
HAaKOBO Kak IJis IOJOXKHTEJbHHX, TaK M [Jsi OTpHUA-
TeNbHLIX ABHXYLUIHXCA OOBEKTOB B COIMIaCHH C KJacCH-
. YeCKHM MOHATHEM <«IOJISI YCKODEHHS».

§ 3. Hexoropote sasicrbie (opmyabl
9/eKTPOCTATUKU

BruinuiueM HeCKONBLKO KAACCHUCCKHX q)OpMle, KOTOpLIC
MBI MOXKeM HCIOJb30BAaTb KakK AJA JICKTPOCTATHKH, TaK
U AJs TPaBUCFATHKH:

=—VV, (7.6)
D =¢F, . (7.7)
VD =4xnp,, . (1.8

rie V —craruueckufi norenuna’n, F-— HanpsikeHHOCTb
nons, D — HHAYKUMSA, po— MIOTHOCTH MacChl HJAW MNJOT-
HOCTL SJCKTpHueckoro sapsiaa. [lnoTHocTb 3Heprun noas
RaeTca COOTIOLIEHHEM

1 :
& =g~ (FD} ‘ (7.9)

?
HJIH, OPH YCJIOBHE, 4TO & == consi,

_eF* I?
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- Paccmotpum Tenepb Toueunnlft 3apan Q (unu Toueu-

Hylo maccy M). B atom cnyuae .
p=2r, F=2n v=2 @
®DopMyna A8 NJIOTHOCTH SICPTHH JIEKTPOCTaTHue-
ckoro nojs (7.9) yxe ucnosnsoBanachk B ri. 2, rae Gua0
[I0Ka3aHO, YTO OOBbEMHHIHI MHTErpaj OT 3TOH [MJIOTHOCTH
JaeT KJacCHYECKYI0 HOTeHIHaJbHYI0 sHepruio. Pasnuua
MeKIY 3JMeKTPOCTATHKOH H rpaBHCTAaTHKOH 3ak/iouaercs
B TOM, YTO TOueuHblli 3apsin Q MoMer CylleCTBOBATh Ha
caMoM Jede, TOTHAa KaK ToYeyHas Macca M mpakruye-
CKH HeBo3MoOxkHa. Kaxaaa macca M okpyxeHa armocde-
poii pacnpedesennod maccol, IIOTHOCTL KOTOPOH COOTBET-
CTBYET IJIOTHOCTH SHepruu noas [popmyas (7.4) u (7.9)}
IlokaxeMm cHauana, KaK AONOJINHTb H HCMPAaBHTL (op-
myabi (7.11), korza maccy Henb3s Gosee cuHTaTh (CCKO-
1eYHo MaJjoi. Mbl He GyfeM KacaThCsi BOIIPOCA O TOM, YTO
MOXKeT NPOHCXOAHTbL BHYTPH cdepnl paauyca a; 372
BHYTPeHHAR 3adavya NpeJCTaB/seT CaMOCTOSITeAbHLIN HH-
tepec. Mtak, Mbl BHIGHpaeM 1/ paccMOTpeHHs cghepute-
CKyto 060404Ky uiu nysuips Maccoli My Ecnu macca Mo
pasnomepno pacnpedesena no cdepe, To none BHYTPH
o6osoukn orcyrcTByer. CaenoBaTenbHo, BHyTpH obojody-
KH OTCYTCTBYIOT KaKHe-JHO0 mnonpaBky K oluiunofi teo-
pun. Bre o6onoukK Kak nepsoe npuGJHKelne MOTYT He-
nons3opatnest cootnowennst (7.11). C yuerom coornotne-
HUSL Mexay Maccol M suepruelt (7.4) oum pawT nJor-
HOCTb SHEPTHH H NJIOTHOCTL Macchl Uy [popmyan (7.9) u

(7.10)]:

: M5 2 7.12)

& =3z (FD)=—Cog =g mpn r=a. (.

Takum oGpasoM, BOXpyr obosaocukn M, pamuyca @ MH
ofHapyXHBaeM aTMOC(epy OTpHUATEJbHOH Macchl. Jra
atmocepa, okpyxawmas My, 8ceeda orpuyaresvra, Ka-
KuM 6bl HH Obl1 3HaK Macce M. [Tonnas macca M, pac-
npeaesedEas B N0, NOAYYaeTCH NPAMEM HHTErpHpOsa-
HHEM @ BCEMY APOCTPaRCTBY: :
M}
== (7.13)
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dra (opmysa cooTBeTCTBYeT (opMyJie A1 3JeKTpOMar-
HHUTHOH MacChl 3JIEKTPOHA M JaeT O4eHb MAAY/O OTHOCH-
TeNbHyl0 monpaeky, Koraa |GMof2¢2a| mano. Macca M,
Morsia Obl ObITH H3MepeHa TOJABKO npubopamH, pasme-
LIEHHBIMH OueHb 6J1HM3Ko K oGonouxe. Ha Goabwux pac-
CTOSIHHSX 7 MB H3MepsieM NOJHYIO Maccy

My= Mot M4 .. =My (1 — 3o ) | Ol

2c%a

<l

(7.14)

B cayuae, ecan | GMo/2c%a| okaxercsi 60MbIIHM, Mbl KOJ-
XHbl pPaccMaTpHBaTb NPHOJHXKeHHe Gojiee BEHICOKOTO IO-
paaka. Cpasy e o6paTHM BHHMaHHMe Ha HeAsunelnoul
XapaKrep TPaBHCTATHKH ¥ HAJHYHE QCUMMETPUL Meolcay
NOAOICUTEALHOLML U OTPULATEALHOIMU MACCAMU,

c%a

§ 4. IToanoe epasucraTudecKoe nose ¢ Y4eTom
OKpyxcaroujezo pacnpedelenus NAOTHOCTU MACCoL

Mb moxem Jserko chopmyanpoBats (GyHAaMeHTAMb-
Hble 3aKOHBl TpaBHCcTaTHKH. Hcxoas mn3 dopMmyn pas
MJIOTHOCTH SHEPTHH H NJOTHOCTH Maccw (7.3), (7.4) n
(7.10), umeem

Uy=— 22 (7.15)

8nc? ?

a Kouﬁnnnpya (7. 15) ¢ (7.8), noayuaem
' VD =dn@=—4gD% rthe g=-—. (7.16)

OTo ¥ ecThb Hall PYHOAMEHTAAbHOIE HeauHeiHol 3a-
Kon epasucratuxu. Hicnonb3yem Tenepb Hallle ycJOBHe
Aas cayuas cdepuucckoil CHMMCTPHH, Nnpeinonaras, u4to
D. Bpoap paznyca paBno D,:

| ‘

72 dr (I'2Dr)—- gDr (7.17)
Mbl 3ameqaeM, 4YTO BeJIMYHHA r,,D, paBHa MOJIHOH Macce
M, Brytpu chepul pasuyca r [cm. dopmyny (7:.11)]:

aMm, 1 . M?
S =—sg, M=rD. (1.8
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Icnonb3ya npusefeHHYO Maccy M., Koropasi Obljia onpe-
nenena B (4.3):

m,.=-§—M,=gM,=gszn (7'19)
MBI NOJy4YaeM ypaBHEHHE
dm, m ¢
= = (7:20)

HHTerpupoBsanne jpaer
1

1 1
mg = W-l--ﬂ' (7'21)

rae o — NOCTOsIHHAas HHTCrPHUPOBaHHA; CaeA0BaTeJNbHO,
2ra,

— 2a
Mmr=T_g D'=r2r—a)'

Ha 604pmiEX paccTOAHHAX Mbl NMOJYUYAEM HBIOTOHOBCKO®
noJje AJs MOJHOM Maccel m; (Macca o6OJIOYKHM My ILTIOC
nojiepas mMacca my):

my=my + m; = 2aq, r>a,
no (7.21) naer

2aa ny
a—a 1= (my/2a) *

my== (7.22)
D10 ecTb TOYHOE peliieHHe, B TO BPCMs KaK lauie ypap-
nenne (7.14) naaa.uo TOJNBKO nepsoe npubauicenue:

mg
my== m-a- (7.[4’)
CoraacHo 'roqﬂoﬁ q)opmy.ne (7.22), cywecrByer CHHry-
JISIPHOCTH TpH

a=Tt, (7.23)
[Monpo6uee 3TOT pe3yJibTaT, COOTBETCTBYIOIHA YCIOBHAM.

2PABUTAYUOHHOZO KOAAANCA, MBI pa36epeM B CJIeAylOWeM
naparpade.
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§ 5. Anaaus peayserarce

[Tpex e yeM NPHCTYNHTb K OGCYXKAEHHIO PE3yJbTaTOB
9TOH ry1aBbl, Mbl ROJXKHHE CALAATH OJHO BaXKHOe 3aMeua-
Hue. Macca, pacnpedesennasn 8 noae, ecezda orpuyaress-
Ha, NOCKOJNDbKY I'PaBHTalldsl COOTBETCTBYET OTPHLATENb-

Qur. 7.2,

HOM Ru3JeKTpHuecKoil moctosnHolM [popmyaa (7.3)]. Cie-
ROBATE/bHO,

my — my=m; < 0, (7.24)
rae mj; — noJjesas macca. Mcnoae3ys ypaxmeﬁne (7.22),
MBI [IOJTyuaeM

my — = —%’;ﬁi, T. . myny, > 0. (7.25)

Macca 060JIOUKH My K TIOAHAST Macca M; BCerja HMeIoT
eoanHakoBble 3HakH. ®@ur. 7.2 gaer HarAsAHOe NpeACTaB-
JIeHHE O COOTHOLIEHHH MEXIY Mo ¥ M;; KpPHBas NpeAcTas-
ageT co6oii paBroGOURYI0 FHNEpGOTY; GHINTECKHNE CMBICT
BMEIOT TOJBKO CRexywmHe. obnacty: obracts I ¢ my >
>0 1 m; > 0— noJoxHUTeJIbHBE Macchl; 06aactb Ik
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€ my<< 0 u m; < 0— oTpHILATe/IbHEE MaccH, a 061acTb
IIT ¢ mey<<O0 u my >0 Pusnueckoro cmbicia Re HMEET.

Hopaxaer Hanuuue pe3KOfi aCHMMETPHH MeXKAY IO-
AOXKATEABHLIME H OTPHUATCAbHLIMA Maccamu. B cayuae
NOAOHCUTEAbHOIX MACC Mbl BHAHM, UTO MONHAS NMpPHBEJEH-
Has mMacca m; He MOXeT NpeBbIaThL 2a:

m,<<2a npH mgy—> oo, (7.26a)

310 onATL Boipaxaer ycaosue (7.23).
B cayuae orpagurarbRox’ MATC MEH HMEEM COBCEM
HHYIO CHTYaIIHIO:

my—»—oco, my=—2a. (7.266)

DTH cTpaHHbie orpaHHuYeHHs TpeGyioT Gonce ray6okoro
aHaJu3a.

BepHaemcs Tenepb K ycaosuio (7.23), paloitemy Kpu-
THYECKOe COOTHOLIEHHE MeXJAy Macco# m; H paaHycoM
oGosiouku a. Ilpu paBencrBe paduyca a noaosune noanod
maccot my (Macca LeHTpanbHOR OO0OMQUKH mJalOC Macca,
pacnpefiesleHHasi B OKpyXalollleM NoJe) BO3HHKaeT rpa-
BUTAIlMOHHEIA KoJsianc. Mbl MOXeM CpPaBHHTb 3TOT pe-
3y/AbTaT C TEM, YTO NOJYyueH B TeOpHH DHHmTefiHA, — OH
npuBoauacs B r1. 4 [popmynnt (4.3) — (4.8)] Dinmredn
Ile paccMaTpHBAaJ pacnpeleNeHHS MACChl MEXAY UEeHT-
paJbHEIM TeJIOM H NOJAEM, 8 ero Macca /M COOTBETCTBYCT
nameft m,.

Kpome Toro, Dftnwreltu ne ykasusan, kakoft tin Ko-
OpAMHAT CJeAyeT Bu6uK/;nb, H CUMTAJ TAKOC NOJOXKCNNE
YAOBJIETBOPHTENbHEIM. MHB nOAUYEpKHYAH 11COBXOLHMOCTD
NPOH3BECTH TaKOf BHIGOp mpexje, ueM Jenathb Kakue-aH-
60 NONLITKH SKCNEPHMEHTANbLHON MPOBEPKH, H NpPeLnoso-
XHJIH, 9TO MPOCTPAHCTBO H3OTPONHO H E€BKANAOBO. ITO CO-
orBerctByer ¢dopmyaam (4.5) m (4.6), B KoTOpHX MHI
Takke MOJNYYMJIH, YTO KPUTHUECKHMHl pamuyc paseH '/om.
Haauno nonnoe cOOTBeTCTBHE MeXAy HAUIEM 3JeMeH-
TapHHIM PAaCCMOTPEHHeM H SHHIITEAHOBCKHM pelieHHeM
JUI. €BKJHJOBA NPOCTPAHCTBA.

IpakTHuecKuil aHalu3 pe3y/LTaTOB 3TOM TJIaBH OT-
BeuaeT Ha BONPOC, 3aTPOHYTHIA B IVI. 4, H pellHTebHO HA-
BOAMT HA MBIC/b, YTO H30TPOIHOE eBKJIHIOBO NpPOCTPaH-
CTBO C NEPEMEeHHOH CKOPOCTbIO CBeTa NpeACTaBAsNo Owl
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Mojenb, HauGosee GAM3KYI0 K IKCIEPHMEHTAJbHBIM (H-

3HYECKHM YCJIOBHAM.
dokoBcKkas npenumyluecTseinasa CHCTEMa oOTcUeTa

[dopmynn (4.7) u (4.8)] He cornacyercs ¢ HawuM ¢H-
BHYECKHM PacCCMOTPEHHEM. :

Jiuteparypa

1. Brillouin L., Lucas R., Journ. Phys. Radium, 27, 229 (1466).
2. Mannheimer M., Ann. de Phys., 1, 189 (1966),



3AMEYAHHSA U NPEAJIO)XEHHSA

§ 1. Cmbica cnexrparorold aunuu

Bonpoc o CyIHOCTH CMeKTpaJbHOH JHHAW CTaBHJCSH
4acTo, ¥ Ha Hero AaBajH pa3nuuHule orBerbl. Cnexkrpaik-
Had JIMHHUA onpejeJsier AJHIlY BOJHEI B ONTHKE, U Ha npo-
TSAXKEHHH MHOTHX JieT Bce MCTOAN ee nabaiofctus Onuiu
OCHOBaHbl Ha HCMNOJIL30BANMH AIBACHHA HITCPEpeHIIN.
B yue6HHKAaX ONTHKH FOBOPHJ/IM O «UACTOTE® H MPHROAKIH
PHCYHKH B OGPATHBIX CaHTHMeTpax (BBHAY HCOMpPCLEJEH-
HOCTH CKOpOCTH cBeta ¢). Kak Ml BHfesn B ra. 3, B #a-
crosiilee BpeMsl CIeKTpaJblble JIHHHM HCIOJb3YIOTCA TaK-
JXe A onpefesieHHs (paKTHUECKOH 4acTOThl B 06paTHBIX
CeKyHJaX; BO BBEJleHHH MH NOAYECPKHYIH, YTO STO MPHUBO-
IUT K BecbMa HeonpeneneHHoR cutyaunu. Oduunanbias
€AMHHIA JJHHB OCHOBaHA Ha HCNOJAb30BAHWH CNEKTpanb-
HO#l JmHMHM kpunTona-86, a enmuMIly Bpemenu onpeme-
JISI0T, MCNOMb3YyA CNEKTPaNbLUYIo aunidio neans. Caenosa-
TeJbHO, €CJAH Mbl 3aXOTHM HMIMCPHUTL CKOPOCTL CBCTa ¢,
MBI JOJIKHBl BBIUHCIHTH OTHOUICHHC HACTOT (MAH JUIHN
BOJIH) CHEKTPaJbHLIX anini kpuntona u nesusnl C nayu-
HOM TOUKH 3PEHHSI 3TO CTPAHHO H HEJOrHUHO.

-PaccmaTtpuBas rpaBHTallMOHHOE KpacHoe CMelleHHe
‘(ra. 6), Mui cuuTaan h U ¢ XoHctantamu. OHaKO MHOrHe
aBTOPH TOJIATAIOT, CHlefAys DARmTEHRY, uTO B AIO6OM (Ta-
THYECKOM T'DABHTALHOHHOM TNoOJe, AJdf KOTOPOro MOXHO
BBECTH IPaBHTAaUHOHHLIA NOTEHIHaJ], CKOPOCTh CBeTa C
SaBHCHT OT NOTEHIHala. YMeCTHO 3alaTh BONPOC: CBs3a-
HO JIM KpacHOe CMellleHHe C yBeJHYEeHHEM NINHB BOAHBI
(npn NOCTOSIHHON uyacToTe), MJIU ero ClelyeT HCTOJNKOBH-
BaThb KaK yMeHblleHHe 4acTOTH?

B ra. 6 nonyuenHHe HaMH Pe3yJbTaThl MH HHTEpIpe-
THPOBAJH C TOYKH 3peHHA AeHCTBHTE/LHOTO H3MEHEHHS
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YaCTOTHl M HAILIM, YTO 3Ty TOUKY 3pEHHSI TPYAHO 0OBsC-
HUTh (H3NUeCKH. 3HAUHTEALHO Jerde 6bin0 6Bl MOHATH
M3MeHeHHe CKODOCTH CBeTa ¢, BHI3BaHHOEe H3MEHEHHEM
IJVHBE BOJIHBl A NIPH NMOCTOsSIHHOMA wacToTe v.

B Hacrosilee BpeMsi 5TO YTBepiXKAEHHe JAOKa3aHO
skcniepuMenTanbHo Illanmupo [l] B psane Gmectaumux Ha-
6a0AeHN#l, TAe HCNOJbL30BAaJICA Y3KOHANpPAaBJEHHHIH Jia-
3epHBIl MyYOK CBeTa, KOTOpbiil oTpaxajcs or Mepkypus
B Ha OGpaTHOM MyTH K 3eMae NPOXOAWA OueHb OJIH3KO
k Connuy. Ckopoctb ayua okono Cosnua 6bina MeHbLIe;
OTUCTJIHMBO MOXHO Obl10 HabJIoNaTh 3afEPKKY Jyya Ha
125 MHKpOCEKYHA. DTOT SKCNIEPHMEHT ¢ NOJHOM SCHOCTHIO
yEa3nBaeT Ha TO, YTO CKOPOCTb c©BeTa B OKPEeCTHOCTH
Connna Mensitte, 9eM BRa/d® OT Hero. :

B cBasH ¢ 9THMit mpoGaeMaMH CAEAyeT BCHOMHHTS
ouendb mHrepecrylo pabory Hioka [2], B xoropofi paccmar+
puBaeTcs, XakHe H3HYecKHe S(pdexTH Moryr Rabuio-
JaTbC TPH H3MeHEHWH TI'PaBHTAHHOHHOTO NOTeHLHaja.
JI0Ka BHICKa3biBAET OUSHb HHTEPECHYIO THIIOTE3Y, YTO OT-
HOIUeHHe Afc? O0CTaeTCs NOCTOAHKBIM, H 3TO BJEUCT 34 CO-
0Ooft NOCTORANCTBO OTHOLIEHHSI MacCH K yacroTe. Jra TH-
[oTe3a MMCET TO BaXcHOe JOCTOMHCTBO, YTO B Clyuae ee
NpHHATHA Hall aHaau3 skcnepumentoB [laynma (cm.
ra. -6, § 2) ocraerca Ges u3MeHelnil,

§ 2. O6uian Teopusn epasurayuu u ONsIT

3aBepiiuB co3gamme cBoefi oOmel 7TeopuH OTHOCH--
TerbHOCTH, OfiHiTefil npeickasan pag PdekTon, KO-
TOpPHE MOXHO Obli0 HaAeaTbCA HPOBEPHTh HA ORHTE.
C Ttex nop 6blI0 3aTpaueHO MHON® TpPyAa H HOJAYHEHO
OueHb MaJO NPAaKTHYECKHX pe3yabTaToB. [Ipexae Bcero
cnelyeT ykasaTtb CO Bcell ACHOCTLIO Ha TO, YTO TaKOro po-
na S(I)(l)eKTbl e fBJSAIOTCA CHEILHQ)PI‘-ICCKHMH TOJABKO AJis
TeOpHH JHHINTEMHA; UCNOALIYR COOTHOWEHUE MeucOy
maccol w’ sHepetiell, MOMKO NOAYHUTH AHAAD2UYHGWE De-
8YyA6TATH NPUGIHSHTENHHO TOIO JKe NOPAAKA BeAHIHHEL

Hanpnnep, Jfumreii npencxasHBaer OTKAGHEHUE
Ay4a ceera, MpoXoAsllero okoAo mnosepxiocTn CosHua;
OAHAKO TOT XKe pe3ydbTaT MOXKHO fIOJYUYHTh, PACCMATPH-
8as Jy4 CBeTa Kak mOTOK OTOHOB C SHeprHeH Av H mac-
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coit hv/c?. Pasnuune JHIEb B UHCJIEHHOM KoshHUHEHTe:
peayabrar SfHIMTeHa B ABA pa3a NpeBblIiaeT BeJUYHHY,
MOJYUEHHYI0 NyTeM PpACCMOTPeHHs (OTOHOB. DkcnepH-
MeHTaJIbHble JaHHBIe -B 3TOH 006/acTH OueHb OelHbI H
uMetoT norpemnocts A0 100%; moppo6ubiil ananus cra-
PBIX Pe3yJbTaTOB MOXKHO HaiTH B KHure Lllasu [3]; nosble
SKCIepHMeHTH He Jayuiie!). BecmpucrtpactHoe paccMot-
peHHe 3THX 3KCIEePUMEHTOB NOKa3bIBAeT, YTO 3/LeCh Cylie-
CTBEHHYI0 pOJb MIrpaloT MHOFOUHCJEHHbie FPHYHHDL,
BLI3HIBAIOIIKE HCKAXKERWe pesyanratos; HanGoJee BepoaT-
HO# - H3BECTHOM HaM NPRAYHHON fABAAIOTCH TYpOyJAeHTHbie
IOTOKH B coaHeuHol atMoctepe. OnuiTh [lanupo [1], re-
COMHeHHO, 6osee HaleXHbl, 4YcM HaGJIONCHHE OTK/IOHC-
HHS Jyuedl cBeta.

[TonuepkHeM TaKME BOIMOMHOC BJHSIHC COAKEUHO20
geTpa, GPa3yIoILerocsi B Pe3yJLTATC BPCBpauteHist npu-
MEpPRO JAECATH MHJJIHOHOB TOHH BCLICCTBA B CCKYHAY
B SHEPryi0 HanyseHHa!

Cuergerue nepuzesus Meprypusa (43" 3a cronerue)
HA3HBAAM GJVIECTAILIMM MNOIATBEPXKIEHUEM MpeAcKasaHus
Teopun — 42”,6; ommako couuieMmcs Ha lllasm [3], xoro-
pHIli Halles psJx APYTHX NMPHEMEPOB B COJNHEYHON CHCTEME,
KOTla HpeACKasaHua OiHImTeliHA NPOTHBOPEHAT OMHITY.
TpynHo meBepHTb BCepbe3 B COBNaJeHHe C TOMHOCTBIO A0
HoJielt CeKyHIBI B cayyae Mepkypus, koria B APYrHX
CAy4asix TeopHs MNPHBOANT K OMNGOMIOMY HJIH Jaxe
HMelolIeMy NMPOTHBOMNONOXHLIA 3Hak pe3dyavraty. Jlapaii-
Te GyAeM OGBEKTHBHBIMH H IPH3HAEM, UTO MOCYyT Cylilc-
CTBOBATH H IPYTHe HEH3BECTHbIE CJAOXIILIE NPHUHNLI 3TO-
ro seieHusi. Briuncaenus a3y otiiocaTen K cMmeluciinigo
[epHreJUa 4HeThpeX MIaHET H HECKOJIbKHX CIYTHHKOB,
OoGpEIMEIONIKXCE BOKPYT NJaHer (Hanpumep, K JlyHe).
BruncleBRS OweHb TPYAHH, BO3TOMY GIMHOKH HO Kpai-
Heit Mepe B 57 3a crosieTve, NO-BHIUMOMY, BEH3GEXKHBI.
Teopuwsi DfinmiTellHa NpeACKasbiBaeT s OT WCTHHHOTO
3HayeHMs CMellleHHs1 NepHresus Ajas Mapea u mpaxkTHue-
cKkH HyJb nasi Benepwl. [Jo6aBHM K 3TOMY, 4TO CILTIOLIEH-
Hoctb CoJiHua, OTKpHITas JIHKKe, BhI3LIBAaeT BO3MYLIEHHH,

1) Hocaennne paGoTH BMEpPHMKIACKEX YUCHWX, NO-BHAHMOMY,
NI03BOJISIOT - TAPAHTHPOBATh  TOYHOCTb OKONO 4 Y= Hpmm. - ped.
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KOTOpHe HaBepHsiKa CBOJAT Ha HET COIJlacHe TeOpHH C
9KCNepHUMEHTOM JJIsi MepKypHs. DTOT BONPOC Hesib3si CUH-
TaTb OKOHYAaTeJbHO pelIeHHbIM ').

§ 8. Ilepeoyenka Bpudxcmerom
TEOpUlU OTHOCUTEAbHOCTU

Ha copmepxanue naHHOM KHHTH CHJBHO TOBJHSJIH
naed Bpuaxmena M noaucpkHBaemas UM HeoGXOAHMOCTDb
MOCTOSAHHOTO COOTHECEHMsi TeopHH c ombiToM. Ero Touka
SpeHHsl COBNAJAET C TOUKOH 3peHHs aBTOpa HacTosauied
KHHTH, @ TaKXKe HaXOAUTCA B IOJHOM COIVIACHH C TPajiH-
[MOHHBIMH B3IMAIfiJlaMH  GOJIbLION IMIKOJB (PpaHLy3CKHX
ecrecTBoHcnbiTaTenel, ocobenno Beprao [4], Kiopu [5] u
M. Bpuamosna [6]. ‘ . _

Ham crnenyer paccMOTpeTb cofepKanHe H HNPHBECTH
HEKOTOphIe IIUTATH H3 NocJennedi kHurn Bpuaxkwmena [7],
_ony6aHKOBaHHO# moc/e ero GeaBpeMeHHO# cMepTH. B neit
COIEPKUTCA NMOAPOGHLIH KPHTHUECKHH aHAJIH3 TEOPHH OT-
HOCHTEJIbHOCTH C TOYKH 3peHMS, «a30yuHOH AJSI HCKYLIeH-
HOro uejoBeka». Mul HEOQHOKpAaTHO OyAeM HMeTb BO3-
MOXCHOCTb yGeNHTbCsl, UTO aHaJH3 Dpumxmena ouens
6AM30K K HalleMy; Mbl CMeéeM AYMaTb, YTO AAHHYIO KHHTY
MOXHO pacCMaTpHBAThb KaK Pa3BHTHe HAeHl H MeTOJOB
BpupxMena. :

Ias «yno6crBay BpHixmeHn nHaynHaeT B NepBOA rJia-
Be ¢ ypaBHeHuil Jlopenlla H ¢ caMOro Haualla BHIpaxKaer
y6exieHHe B TOM, 4T0 (hopMyuint JIopenua npeacrapasior
co6oii He GoJee, yeM «pabouHil MHCTPYMEHT» TEODHH -OT-
HOCHTEJIBbHOCTH. MBI COrMIacHBI C TAKOH XapaxkTepHCTHKOR
M NBITANHCh MPOBECTH HeTKOe pa3jHuHe MeXNy Halued H
o6LIEeNpPHHATON TOUKaMl 3pCHHS, BBEJS CNelHalbHbli [o-
cTyJaT ¢ ueabio ycrpaHenks 3ddexra onmepa B nep-
BOM TNOpSiAKe M COXpaHeHHs 3((EKTOB TOJALKO BTOPOro
nopsiaka (cM. ri. 5).

?

1) Ha6monenns Huxxe [Phys. Rev. Lett, 18, Ne 9, 13 (1967)],
K De3yJbTATY KOTOPHX OH CaM OTHOCHJCH [OCTaTOYNG OCTOPOXKHO,
MOTYT OGBSCHHTL caMoe Gosbiree 8-—20% cMemnenus neprienus Mep-

kypsa. — lpux, ped. .
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BpuixkMen oueHb $ICHO paccMaTpHBaer HpoGJeMbl,
CBA3aHHHIE C YCTAHOBKOH W CHHXpOHH3auHelt uacoB. Umesq
B BHAY rayGoku#l kpHTHueckHii aHann3 Pefixen6axa [8],
HHTEPECHO OTMETHTBb, KaK DpummMen 3auiuuiaeT crapbiit
NPOCTON MeToJ pa3MelllelHst UacoB IyTeM TpPalCNOpTH-
POBKH 3THX 4acoB M3 oanoro Mecta B apyroe. O moka-
3LIBAaeT, KaK MOXHO KODPEKTHO OMpeldeNHTh 3TOT METOZ,
9TOGH OH Obl1 B IOJHOM COMJIaCHH C PAacCyXJeHHsiMH
dfnwrefina n Pefixen6axa.

OGpaTuM TakxXe BHHMAaHHE Ha Ty OCTOPOXKHOCTH, C
KoTopofi DBpHIKMeH TrOBOPHT O TajBjeeBblX CHCTEMAax
OTCYeTa v([7i cTp. 78—79): ‘

«[annneeBa cucTeMa OTCYeTa NPEACTaBasieT CO-
Ooft xecTKHA (PH3HUecKHii KapKac, C KOTOPLIM MOXK-
HO CBSI3aTh KOOPAHHATHYIO cHCTeMY.... Cocrannbic ua-
CTH KapKaca He MOABEPXKEHBI BHYTPCHIIHM HaAlpPsiKe-
HuaM.... Ecau od cBssuiBaetcs ¢ uacTuuei (naxops-
mefics B ero Hauyajae), To 0oaxcHa ObiTo 8 HAAUUUU
HEKOTOpas macca, Wrpaiomlasi pojib Hayaja Kapka-
ca.... JlonycTuM, Mbl XOTHM MCIIOJB30BaTh 3TOT Kap--—
Kac B KauecTBe CHCTEMbl TOYEK NPHJIOKEHHS PasiHy-
HbIX CHJI, KOTOPHIMH MBI HaMepeBaeMcsl JefiCTBOBaThb
Ha pasjiHYHbie YaCTHIH C IeJbl0 COOGILHTL HM Ka-
Koe-1H60 3azaHHOE COCTOsIHHE ABMXKeHHs; TOraa,
04e8UOHO, MLI GOMIKHOLL CACAATL KAPKAC HCCCTKUM U
maccusHoim, CnoBo «MaccHBiLIfi» 03nAMACT: BO MIO-
ro pas TaxeJncc, uem JioGasi M3 4acTHu, KoTopule
MOTYT BCTYMaTb BO B3auMojciicrnie ¢ 3eMich,
C TOYHOCTBIO 10 HeGONLLIHX HOHPABOKS,

YTBepxaeHue BpuakmeHa NOJIHOCTBIO COIVIacyeTcs ¢
TOUKOH 3peHHs, H3JIOKEHHOH B V. 4 NaHHOH KHHUIH.

B 6pomope BpHmRMena MHOrO SIPKHX MECT; KaXkKAblil
(GusHK noay4yuT Gosblioe HAcAAXKAEHHE, YHTAs ‘ee H pas-
6upas npepjoxenus apropa. VI3 uucsa MHorux 6naecrs-
mux uped oTMeTHM ORHY, oueHb 3abGaBHyio (ctp. 159,
160). BpnaxxMeH CpaBHHBAeT 3JIEKTPOAMHAMHKY C ee
KOHCTAHTOU ¢ — CKOPOCTbI0 €6eT@ W KJACCHYECKYI0 Me-
XaHHKKY «CBOGOJHBIX® ABHKYHIMXCSH MaTepHaJbHHX TOYEK,
KOTOPH€ OTHOCHTE/bHO HEKOTOPO#l TajH/eeBofi CHCTeMb
OTCYETa HMEIOT JAHHYIO NOCTOAHKYIO CKOPOCTL U B A106ofl



— e

134 Tagsa 8 -

MOMEHT BpeMeHH. Mexx/ly HUMH HMEET MeCTO I10pasuTellb-
Rasi apanorual OH HHTepecyercs, MOIJIO OBl Jd 3TO CXOA-
CcTBO OLIThb TayGOKHUM, MOXKHO JH JAS UHEPTHbIX Macc
HalTu YypasHenusn, nodobHbIE YPABHERUAM 34eKTpomaz-
HutHo20 noas. O JoNycKaeT BO3MOMKHOCTb TOTO, HTO
ecTh psk (usnueckux addexros, KOTOpHE KO CHX fIOP He
NOANaBanuch OCHapyxeHHI0. Jlas onucaBus 3JeKTPO-
MarHeTHOrO noas tpefyercs HaJuuue ABYX BeKTOPoB E .
H; ecan npeanonoxuth, uTO HHepuHasabHH BekTop E
COOTBETCTBYET FPaBHTALlHM, TO Kakoe 3HaueHHe AOJIXKHO
6nio Gbl ¥MMeTb MHepuHaabHoe nose H?

BpunxkMen He BAaercs B NOAPOOHOCTH; ONHAKO, He-
CMOTpSI Ha ero OOGHIEH3BECTHYIO OCTOPOXHOCTb, OH He
GonTcA BHICKa3biBaTh NOAOGHYI0 (haHTACTHUECKYylQ THIO-
Te3y. DTa rHTIOTe3a 3aCAYKHBAeT BHHMAaTeNLHOTO H3yue-
nusa. CrasanmoOe 3fleCh MOXKET CAYXKUTH BBeCHHEM B HC-
c.uegosannn Kapcrya, H370XKeHREe B CJACLYIOUEM Trapa-
rpate. o

§ 4. I'pasurayuorHble 80AHbL
u npeodnoaoxcenus Kapcrya

Kapcrya [9 ncxonur u3 ananusa Bpuanosna u Jlioka
[10], xoTopri#t GeLt H3MOXeH B ri. 7. MH noxuepkuBaaH
rOpasHTENbHYI0 aHAJOTHIO MeXAY SJEKTPOCTATHKOH H
YPaBHEHHSIMH, ONMCHBAKIIAMH CTaTHUECKOEe TPaBHTa-
nuonnoe mone F (rpaemcratuka). C mexnsio paccMorpe-
BHAs HecTaTHyecknx npoGiem Kapcerya sBogur  870poe
2pPasuTayUoOHROEe noAe, HA3BIBaEMOE 2paBUTAYUOHHbIM
euxpem R, ApeAnoNaraercs, YTO MeXIy STHMH EBYMf
NONSIMH YCTaHaB/JHMBaeTC CBA3b C NOMOILbIO YPaBHEHHH,
nono6ubiX ypabHenHsiy MakcBeana, H OHH pacnpocrpa-
HSIOTCS CO CKOPOCTbIO CBETA C.

Kaxk usBecTHO, ypaBHeHHs MakcBeaxa cofepxar Ape
KONCTAHTH: BHJEKTPHUECKYI0 ROCTOAHHYI0 8 H MAarHMr-
Hyl0 BOCHPHUMUHBOCTb |, CBE3aHHLIE COOTHOIHEHHEM

epet=1, 8.1y

HS KOTOPON0 MOMHO ONPeJSINTS CKOPOCTH £ pacnpocrpa-
HEHHS BORH. C - ~
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Mo amanormm Kapcrya BBOAMT ABe IpaBHTaHHOHHHIE
KOHCTaHTh 84 H jg Jnsa e4 Gepercss TO XKe 3HauEHHE, YTO
u B ypastesun (7.1):

1

8‘= —?, (8.2)

rae G — HBIOTOHOBCKA® TPaBUTALlHOHHAS NOCTOAHHAA.
Offciofa BBITEKAET, YTO CMeNyeT B3AThb

G
Pg= — ’c'i- v (8'3)

qr0o0GH  BHIIOJHAAOCH cooTHomieHne (8.1). Paktuuecku
Kapcrya Hcnoub3yer ApPYrylo CHCTeMY €QMHHL, YTO MNPH-
BOAMT K 3aMeHe G Ha 4my;, KpoMe TOro, Hawe rpaBHTa-
uuoynoe Boie F oH oGosnauaer nocpencrsom G. 3anu-
chiBasi ‘ypabuennsi MakcBesna gas rpasutaini, Kaperya
noJy4aeT -CHCTeMY

a0 _19F @
rotF=—5r,  rotf=ggr—wle | g4

rie pg— IVIOTHOCTb Macchl, Jg — rPaBHTALHOHHBIA TOK,
Q — rpaBHTalHOHHEIl BHXPb. .

3atem Kapcrya paccmarpHBaer BO3MOXHYIO pOJib
rpaBHTAMORHOTO: BEXPA B NPoGiieMe YCTOHYHBOCTH Bpa-
IAIOWHUXCA Macc H o6cyxaaer pad npobieM KOcMOro-
HHH.

PaccMoTpUM cHOBa HeqHnciiHylo 3aaauy, ofcCy»KAaaB-
IWyKCcsE B T, 7; Mb o6HapyxXHBaeM, UTO ypaBHeHHe pac-
[IPOCTPAHEHHA BORH A HMEET aHaJoruunble 0CoOGCHIOCTH.
[MnoTuocTh SHEpTHM HOMR COCTOMT H3 ABYX CJAraeMblx,
ORHO B3 KOTOpHXx npenopusosaabHo |F|? [cp. ¢ dpopmy-
a0l (7.10)}, a apyroe — | Q|2 IliorsocTd 3nepruu OTBe-
yaer NAOTHOCTb AOROAHHTEIbLHHIX MAace, T. €. JOMOJHH-
TeJIbHOE cjlaraemMoe

1 Ii-cjQp
Paon = G2 L¥| 'Z,‘ L ’ (8.5)

U MH, TaKHM 06pa3oM, IPHXOANM K HeJHHefHbIM ypas-
HeHHSIM pacnpocTpaHeHus rpasaranun. Kax ormeuanocs
B Iil. 7, ciaraeMoe ppon BCErZa OMHCHIBAET OTPHIATEJb-
HYIQ HAOTHQCTL Macc. Passurue teopuu Kaperya orTkphi-
BaeT LINPOKOe MoJie IJif AaJbHeRIIEX HCCHSRGBaHRNA. YTo
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TaKoe rpaBHUTAUHOHHHH BHXPb M KaKyio POJIb OH MOXeT
urpatb? Kak ¥ npu KakHx OGCTOSATENbCTBAX €ro MOXHO
Ha6aoaaTb? 3Kech MBl OTMETHM TOJBKO, YTO 3Ta HOBas
JIHHHA HCC/IeAOBAHHSl, BO3MOXKHO, He OuYeHb Jajeka OT
ONKCaHHA C NMOMOINbI0 ypaBHeHHH DfiHmTefiHa AJs pac-
IPOCTPaHEHHs IPABHTALMH, TaK KaK HEKOTOPHIM aBTOpaM
yXKe yZaJoch NPUBECTH YpaBHeHMsi DiiHwTefiHa K BHAY,
nopo6HomMy dopmyaam (8.4). Unratens, xenaoiero mno-
3HaKOMHTBCA C JajbHEHUIHM pa3sBHTHEM TEOPHH, MUl
orchilaeM K paboram Kaperya.

Ykaxkem Tenmepb, 4TO NoA0OGHe rpaBUTALHOHHBIX ypaB-
nenuit Kaperya H ypaBHeHHH 3JeKTpoAMHaMHKH Makc-
Be/VIa NPHBOAHT K PSAY JIOGOMHTHHIX NpeAcKasaHHi:
BOJIHBI OOOHMX THIIOB IIONEPEYHH H PAaCHPOCTPAHAIOTCS C
onHOM M TOM e CKOPOCTBIO €; 3TO OOCTOATENBCTBO JOJXK-
HO cnoco6CTBOBATH CHIbHOMY B3aHMOJEACTBHIO, €CAH OHO
‘BoOGIe .BOSMOXKHO; OfHAaKO BO3MOXKHOCTb B3aHMOJeH-
CTBHSl HEMEJJIeHHO CTAHOBHTCSI SICHON M3 CJeIYIOIHX
paccyxpenufi. [INOTHOCTD SHEPIMH 3/I€KTPOMATHHTHOrO
10J1s, COMVIaCHO KJIaCCHYECKOh dopmyue, paBHa

B’ 2
Eo="S0 + = o, xon® 8.6)

rae E u H 0603HaualoT cOOTBETCTBEHHO 3/IeKTPHUECKOEe H
MarHuaTHOe noJiA. DTa AAOTHOCTb 3AEKTPOMASHUTHOU
sHepeutt &pw OTBEUAET MOJOXKHTEJbHOA IJIOTHOCTH Mac-
CH Pan, non, KOTOPYIO CJIeAyeT NOGAaBHTb K OTPHIATEJNbHON
IVIOTHOCTH pron (8.5), a aTo cymmapHoe pacnpenenenue
mMacc npy JHo6oM THNE SJIEKTPOMATHHTHOIO MOJS IOPO-
XJaeT HOBOe IFPaBHTAIHOHKOe noJje. TakuM 06pasoM, Mut
NOJIyYHJIH OYeHb SICHOE YKasaHHe Ha IPOCTYIO CBA3b MeX-
Ay 3JIeKTPOMArHeTH3MOM M rpaBHTaluefl; sTa mpoGiema
ocTaeTcsl OTKPHITOR AAfl RanbHefiulero HccnefoBaHHdl).

1) Hpes «MakcBeNM3aUHH» YDaBHEHHA NOJA [PaBHTALHMH ouem,
crapa.’ Ilepsbi e sanuManca cam Makcsenn [Maxceean 1. K.,
HN36p. cou. no teopHH snaekTpoMarnutHoro noas, M. 1954]. IIpm pas-
BHTHH TAKOA TEODHH €ro 03afauHia onpene.neuuo OTpHIATENBHAN
SHEprHs .NOJA, moueMy OH H UPEKpaTHA el SaHHMAThes Janee. Mox-
HO yKa3aTb 6oJee AeCATKA PaGOT B S5TOM HANpPABJEHHW H CPEAH HHX
3a tiocnenuue roast: lerpos A. 3., HAH, 190, 305 (1970); Dehnen,
Ann, der Phys,, 7, B. .13, H. 3—4 (1964) Burghardt R Acta Phys.
Austr., 32, 972281 (1970). — [pun; ped.. .
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¥xe nocje HanmuMcaHWs PacCMOTPEHHLIX 31eCb PpaGoT
Kapcrya obnapyxun y Xesucaiina [11] Becbma HeoOHl-
YHOEe BaMeyaHHe, B KOTOPOM OH TNpejJsaraerT ONHCHI-|
BaTh TpaBHTAUMI0 TNOCPEACTBOM CHCTeMbl YpaBHEHHH, |
OyeHb MOXOXHX Ha YpaBHEHHS SJEKTpPOAMHAMUKH Mak-'
csesuia U Ha (opmyanl Kapcrya. Xepucaita nokasvinaer,
YTO B 3TH ypaBHEHHS JOJ)KHO BXOLHTb BTOpOE Mmoje, fo-
Ao6GHOe MarHMTHOMY MOJIO; 3TO HE YTO MHOE, KaK BHXpb -
Kapcrya Q. Kaxercs cTpaHHBIM, YTO TaKas BaXKHad pa-
6oTa ocTanach He3aMeueHHOH Ha NPOTAKEHHH MHOTHX JIET;
OJHAKO YHMTATeNIO ClleAyeT BCHOMHHTb, 4TO XeBucaipg
OblJl HeNPH3HAHHBIM TEHHAJbHBIM (PU3UKOM, NMOKHHYTHIM
BCEMH, KpOMe HEMHOTHX NpefaHHBIX ApYy3el.

§ 5. Tpebyercsa epasep!

Mub moaxoauM K KoHuy Hawero oucpka. [locae o6-
CYXKJEHHSi MHOT'HX NpoG6JeM, KaK TeOpPeTHUCCKHX, TaK H
SKCHepAMEHTAJIbHBIX, MBI NPHXOAHM K CJEAYIOLleMYy Bbi-
BOAY: TO, Y€ro He MOr COBEpIUUTb reHMil DliHuTeiiHa,
BPSZ JIH CMOXKET AOCTHYb KTO-AHGO M3 COBPEMEHHBIX yue-
HBIX, JlaXKe CTOJb e reHHaJbHHfl. C Hauasna 3TOTO Beka
Mbl HAKOIHJH OTPOMHOE KOJIHUECTBO 3HAHHI;, MHOTHe H3
HALUIHX OTKPHITHH MMeNH 3KCNepHMEHTANbHYIO mnouBy, a
TEOPHS MOXET Pa3BMBATLCA TONLKO HAa NPOMINOH OCHOBE
oMIHpHYecKHX Aanunx. Korna mwl paccmatrpupacm rpa-
BHTALMUIO, ee NPHUPOLY H cC pAcnpocTpaHcline, Mbl LOJK-
Hbl YECTHO MPH3HATH, YTO NPOrpecc B 910/ 06AACTH NOUTH
orcyTcTBoBaJ. Mbl 3HaeM ceifuac ne namioro GoJblue,
ueM CTO JieT Ha3aj, «lOTOMY UYTO H3MmepsieMbic 3(pdheKTbl
Kpafiine HeaHauMTeJNbHHI». [TOCKONLKY MBI He MOXeM H3-
MEHHMTb HX MOPANOK BeJNHYHHH, TO €IHHCTBEHHOE, YTO MbI
MOXEM CHeNaTh, — 3TO H3MeHHTb HAIy SKCIepHUMEHTalb-
HYI0O METOAHKY. ‘

PaguoTexHrka HaxoiuJach Ha MepTBOA TOUKe O TeX
nop, noka Je ®opect He H306pes YCHAHTENBHYIO JaMny;
pa3BHTHe ONTHKH ‘NPOHCXOAHJO MEIJEHHO A0 Tex INop,
noka Taync!) He mnsobpen Masepst u Kacraep He

) Touanee, A. M. Ipoxopos, H.-T'.'Bacos u Y. Taymuc, nonyuus-
wwne BTpoeM 3a 9To oTKpuitHe HoGenenckyio npemuto, — Hpusm. ped.
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CKOHCTPYHpOBaJ Jadephl.. KoMy cyaximeno B. Halle BpeMs
NOCTPOUTh 2pa3ep, MOUIHHEE YCU/MTeNL M'PaBHTAHOHABIX
BoaH? Korja. Haila IHCNepHMENTAJSHLEE CpefcTBa €Ta-
HYT B MAXJIUOH: pag Gojiee’ MOMNIHBIMH, YeM CERTOIHS, TO-
raa ML Gyaes: B. COGTOSHWY: HAOMONATE I'PABUTALYGHHBIG
BOJIHLI, H3MEPATH HX UACTOTY, GKOPOCTE, HCCAEHDBATH
€noCob MX. pacEpocTPaHeHNN.

Mur y3ndeMm, SBIAIOTCA. JIH 3TH BOJIHEI NPOJOJIEHEIMA
(kak 3BYKOBHe BOJIHBI' B I'a3ax), WJH MOMepeyHeiMu (Mo~
BOGHO 3/JIeKTPOMATHUTIILIM), WJIH CMCLIZHHLIMH, TEH30p-
HbIMH BoJiaMH. Muorue OM3HKH CUHTAJIM HX OPO-
AOJbHBIMY; Hanportus, XeBucaiy, Bpupxmen u Kaperya
NpeAnoJarajy, 4YTO OHH SBASHOTCS NONEPeYHBIMM, KakK
'9JIEKTPOMArHHTHbIe BOJIHbl. MBI JOMXKHBI GHITH B COCTOSA-
|HMH HaTh OTBeT MO KpaiHeH Mepe.Ha 3TOT Bompock
' C noMoMmpio rpasepa Mbl CMOXEM YCTaHOBHTb, Aeil-
CTBUTEJILHO . JIE CKDPOCTH PPaBUTAUHOHHHIX. BOAH PaBHA
CKOpOCTH. cBeTa: Ec/y oKaHercH, 4To IDaBHTAlUOHHBIE
BOJIHH PAaCHPOETPAHSHOTCHA' CO CKOPOCTHIO, MeHbilleil ¢, TO
CJleyeT OXKHAATh NOSBICHHS 3PABUTAUUOHHLIX YOaproix
604H NPH IBHXEHUH UACTHI CO CKOPOCTAMH, GIH3KUMH K
C, a TaKMX 4acTHL MHOro. MOXHO OblI0 Gbi PElIHTh PAX
BaXHHIX Npo6JeM, OTKPbIIOCh Obl MHOTO HOBHIX MyTel.
Hso6perenne rpasepa OTKpbLIO Gbi GOJbIIYIO TJaBy B
tuanke; HHMKeHeps CMOrJM Obl CO3JATh HAa ero OCHOBe
Ja)ke TPaBHTANHOHHBIE NEPESATYUKH: B NPHEeMHUKH, Cno-
cabuue KOHKYpupoBaTh ¢ pamno! Ou: sasuics Gl Hesame-
HAMLIM: CPeJCTBOM HAYUHOTO: HocleloBann#. Hrax, Tpe-
6yeres. epasep!
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