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YIK 533.1

dra Kuura sBUIace nocnejHell paforefi Kpymiaoro
dpanuysckoro yuenoro Jleoma bpuamosHa. B ueit on,
HCHOJIb3Ysl METOAL aHaju3a oniepalui, HCCAeAyeT, YyTOd-
HSeT H MepecMaTPuBAET OCHORHbIE TIONOMKEHUS CHelH-
anbHOB M ofIedl TEOPHHM OTHOCUTENLHOCTH DiHIITeHRHA.

ABTOp npuxogUT K BHIBOAY, UTO OOLIYI0 TeOpHIO
OTHOCHTE/LHOCTH CJAeAYyeT pacCMATPHBaTh TOMAbKO Kak
HEKOTOpOe MpHBAHKEHHe K JACHCTBHTEJbHOCTH H 4TO
oHa TpeGyeT cepbeanoro yrousenus u mnepecmorpa. Ox
aHaJu3npyeT PAA TEOPETHUECKHX H SKCHEPHMEHTAJbHLIX
npo6neM: Kak HaG/oAaTb I'PABUTALMOHHLIE BOJHB, Kak
HM3MEDHTb HX YaCTOTY M CKOPOCTb, KaKHe NpHMeHeHHA
OHHM Morid Obl HafitH B (H3UKE, KaK C TOMOWbIO rpa-
BHTALHOHHOIO @HaJjora Jasepa-— «rpasepa» — yueHbie
Moray GH YCTaHOBHTb, PaBHa JIM CKOPOCTb Pacmpocrpa-
HEHHs TpPaBHTalHUOHHBIX BOJH CKODOCTH CBeTa.

Kunra npeacrasisier GOJBLION HHTEpEC H AJas Crle-
BHAMHCTOB M [AAs LIMPOKOre KPyra UHTaTeNeH, HHTepe+
CYIOILHXCAl COBpPeMeHHBIMH npoljeMaMH (PH3UKH,

Pedaxyusn aureparypot no gusuke
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IIpeducrosue pedaxropa nepesoda

[Mpennaraemas BHMMaHHIO uuTaTend kHura Jleona
Ppunnwosna Bbliiia 3 CBET B OpPUCHHAJe TOCAe CMepPTH
arTOpa, BHaomerocs: (paHIUY3CKOI'O YUEHOro, KOTOpHIl
BHEC CYLIeCTBeHHBIl BKAaj] B (H3UKY TBEpAOro Teda H
Teopuio uHpopmalui. Ona, HECOMHEHHO, 3aciay:KHBaeT
ApUCTAJbHOro BHHMaHus, nockoasky J1. Bpuaaiosn noa-
XOJAHT K NpeAMeTy C HOBBIX NMO3HLHH, YUHTHLIBAIOLIHX NO-
clefHNe NOCTHXKEHHUS! HAYKHU.

DTOT NOJAXOL NpexJe BCEro COCTOUT B TOYHOM aHa-
JIn3e OCHOBHBIX MOJOXKeHufl cneuuaabHOil M obuieil Teo-
pPHHM OTHOCHTeJNBbHOCTH Ha 6a3e onpeaeneHus (H3UKH Kak
3KclepuMeHTanbHod Haykd. Hu oana dusuyeckas teo-
pHft He MOXKET IPeTeHAOBaTh Ha TO, YTO OHA JaeT ab-
COJIIOTHO BEPHYIO KapTHHY npuponn. Bcerga cymecTsyioT
Ipanylbl 1PUMEeHHMOCTH TEOPHH, BHIIBISieMbIC NPH COMNO-
CTaBJEHUH TEOPUH C SKCIIEPHMEHTOM U YyTOUHsieMblie NPH
NOCTOSSHHOM CpPaBHeHHH €e C HOBbIMH ONMBITHBIMH JaHHbI-
mu. CrasaHuoe, pasyMeeTcsi, OTHOCHTCS H K TEODHH OT-
HOCHTeJbHOCTH.

CrenuajbHasi TeOpPHS OTHOCHTEJNBHOCTH, MO 3aMBICAY
Jfinmrefina, noMxKHa Oblla JIOTHYECKH BBITEKATb H3
NPHHIHIA TIOCTOSIHCTBA CKOPOCTH cBeTa ¥ 0606LIeHHA
NPUHUKIA OTHOCHUTENBHOCTH (COBpeMeHHas MoJHas ee
aKCHOMAaTHKa (aKTHYECKH BKJIOYAEeT 3HAUUTEJNbHO 00Jb-
e MOJIOXKEeHHI ). DTa TeOpHs HMeeT YpesBhiYaiiHO ybeau-
TeJibHble 3KCIEepHMEHTaJbHbBlE MOATBEPXKIEHHS, AOCTaB-
JNsieMble fiepHOil QU3NKOA, W MO CYWeEeCTBY NEXKHT B OC-
HOBe silepHOf 5HepreTHkH. 3/JeCb peub MOXKeT HATH
Jniip 00 yTOuHeHHH OGJACTH NPHMEHHMOCTH TEOPHHU H
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Oojee TUIATeNbHO!l MPOBepKe 3KCIEPUMEHTAMbHBIX (pak-
TOB, Ha KOTOPBIX OHa OCHOBLIBACTCH.

Uro ke xacaeTcsi obuliel TeOpUH OTHOCHTEJAbHOCTH,
TO BONpPEKH AOBOJILHO HIIPOKO pPacHpPOCTPaHEeHHOMY MHe-
HUIO MOTyuee COOpyiKeHHe 3TOH TEeODHH IIOKOHTCS Ha
CTOJ/b IHATKOM 3KCHEPHMEHTAJbHOM (pyHIaMEHTe, YTO ee
MOKHO ObLIO Obl HA3BaTb KOJOCCOM Ha IVIMHAHBIX HOrax,
B camowm nene, 10T QyHAAaMeHT B HacTosliee BpeMs 00-
pas0oBag BCero JMIUb JBYM$ acTPOHOMMHECKHMH HaObJI0-
JeHusMH (cMeuleHme nepureauss Mepxypus H OTKJOHe-
HHE CBETOBOrO Jiyya MpH NPOXOXAECHHH OKOJO JHUCKa
ConHna) u oaHuM HaOJIOJeHHeM KpPacHOrO CMelleHus
B nosie GoJBLIOH Macch (Koropoe MoxeT OviTb 0ObsicHe-
HO H ‘6e3 NPUBJIEHEHHs ob6Mlell TeopHH OTHOCHTEABHOCTH).
Henaworca Takxke MONLITKH -O06BACHHTD C TIOMOWLIO 00-
el TeopuH OTHOCHTEJILHOCTH Takue 2 (eKTH pefaTH-
BHCTCKOH acTpodu3nKy, KaKk PeJHKTOBOe U3NyUeHHe, pas-
Oeranue rawaxkTik (3dderr Xabbna).

IMoanyuaercs napagokcanbHas xkaprusa. C onsofi .cro-
poHbl, ofas TeOPHA OTHOCHTEALHOCTH SIBIAETCH OCHO-
BoHl, Ha KOTOPO#H paspabaTelBalOTCs CaMble TOHKHE Me-
TOABl HCCHELOBARKA MUpa (TONOJerHuecKue, HHBAPHAHT-
HO-TDYINOBEIE, PACCAOCHHBLIX MHOTOOOpasuél u T. 1.},
B Hell WPHMEHAIOTCA TaKHe H3sINHbBle AHANOTHH, Kak
KBAHTGBAaHHe TPaBUTALHOHHOTO TNOAA, @ C APYrol —or-
CYTCTBYET THIaTeJqbHas 3KCHepHMEHTaJbHasd NPOBEPKa
OCHOBHOH aKCHOMbBl .3TOH TeODPHH, -OTONKAECTBARWILeH
noJe rpaBHUTalHH C TPOCTPAHCTBEHHO-BPEMEHHLIM KOH-
THHYYMOM, He CYILECTBYeT ONBITHBIX H3MepeHuH .OCHOB-
HBIX BEJHIMHH TEOPHH, HAUPHMEP SHEPTHH TOJs THAroTe-
HH.

Ecau, HanpuMmep, HCTOPHUECKOe PasBHTHE KBAHTOBOH
MexXaHUKH TOKa3blBAeT NOCTENeHHOE €e COBEPIIeHCTBO-
BaHHe, «B3pOCJeHHe», Bece Oosbliee NMOBHILIEHHE €€ TOY-
RocTH Gaarofapsl HAKOIJIEHHIO ‘3KCOEPUMEHTANBHOTO Ma-
TepHaJla H BKJIOUEHHIO €r0 B TEOpHI0, TO 00Ilast TeOpHSA
OTHOCHTENbHOCTH A0 CHX TNOP IMIerojdeT B KOPOTKHX
WITaHUIIKAX «BYHIEPKHHIA®», KOTODOMY BCe TIO3BOJEHO
M Ja)ke — OCBOGOXKIEHHEe OT 3SKCHePHMEeHTaJLHOH [po-
BepkH. [lna ncTHRHOrO ¢QH3HKa TaKoe NOJOMXKEHHe He-
TepnHMO.
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ITosToMy caMBIM «TOPAYHEM MeCTOM» B. ofuiell: Teo-
pUM OTHOCHTENBHOCTH CEFOMHS ABJAsSETCH npofiema ee
KCHEePHMEHTAaNbHOrO OG0CHOBaHUA. DTy npoGaeMy ata-
KYIOT ¢ ABYX CTOPOH. TeOpeTHRH NLITAIOTCH YIPOCTHTH
OGILYI0: TEOPHIO, «JIUHEAPHAYS» WM «MaKCBEIH3UDYS»
ee No- o0pasuy TeOpUM 5AEKTPOMACTHHUTHOTO NOJA, ¢ TeM:
4TOGB YZAJOCh HAlTH NyTH K Pa3yMHBIM CXE€MAaM HOBBHIX
JKCTIEPHMEHTOR: [0 PpaBuTauvi. Cpean 3KCIepUMeHTaTO-
poB B HocnelHHe TOAB BOSHHK. HACTOAIHH «ByM», eBfl-
3aHHbIF C JeTeKTHPOBAHUWEM TPaBHTAIlHOHHLIX BOJH U3
KocMoca (CerciuHfl 3TH. ONLITH CTABATCA yikKe Gojee yeM
B AecATKe jabopaTopuil pasHuX CTpaH)..

HMmenno B Takux curyauudax npuoGperalor oco6yio
ILeHHOCTb H3JAHMSA, aHaJOTHYHble KHHre DpHanwsHa,
B Hefi kak pas NpPHCYTCTBYeT TO, YTO HYMKHO CErofHs
LA%  [OCTPOCHUA TeOPUH TIpPaBHTALMH, — COBREeMeHHbIH
HayyHeH NOAXOJ, C HCNIOAb30BaHHeM JAaHHLIX Teopuu ¢H-
3MYECKHX M3MepeHMil ¥ Teopuu MHQOPMAUUU.

INepnox nowTHTEABHOrO BOCXHILEHHs! reHHaJbHOH TH-
nmotedoli Jfinmtefina saronumics, Temeph CABILINEL TS~
JKeJible IIarH XO03SHHA B (DM3UKe — HJAET er0 BeJHYeCTBO
9KCNIePHMEHT, KOTOPOMY TOJNBKO H JaHO CKa3arh, YTO
B 9TOI THIOTE3e HaxORUT nomaep;meﬂne B npupoje; a
4YTO ClemyeT 0T6p0CH’I‘b

Bpunniosn B cBoell KHHMe HAET OT MOHSTHA <«HaG/IIO-
LaeMBIX», TeM caMbiM BLIABWras HA NEepPBOe MeCTO MOHsA-
THA H3MepeHHA W HHPOPMALHKH, HA KOTOPHIX opMHpYyeT-
cst Teopus. Menmonnays usnectabie Mecaenonanus bBpupxk-
MeHa&, OH HBITaeTCd NPONO/IKHTh KDPUTHUSCKHE aHANNI
cnenuansHo# u ofiell TeopuMm oOTHOCHTeNbHOCTH. He
cTeflyeT OXHAAThH OT 3TOH KHHIM BCeoObeMJIIeHIero: aHa-
Au3a ppeameTa, OHA JMIIb MONBITKA TAaKOTO poOja’ aHa-
Jusza. BoBce He Bce BHIBOAB BpuaiosHa  SBAAIOTCS
OKOHUYATSILHBIMHY, HO. 3TO MOMBITKA YYeHOro C HOBBIX NO-
SUIIMI' TOJOHTH K HCCAeNOBaHUIO HaspeBLiell MpoGaeMbl.
B xuure Bie/ieHBl TOALKO BOMPOCH, OCOGEHHO OAH3KHE
aBTOPY, H ONYIIEHH He MeHee BaKHEle Npo6JeMbl, CTOfA-
Imye @a fnopectke AHA. JluckyccuoHHas MO COAEePKaHHIO,
cBexkas no' Gopme KHUTa Bpmmoaua 3aCNyKHBaeT BHU-
MAHHA IHPOKOrO KPyra JIoAedl, HHTePecyoluxcs Teo-
puell OTHOCHTeJIBHOCTH.
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CpaBuuBasi pa3BHTHE KBAHTOBOH TeOPDHH H TeOpUH
OTHOCHTENbHOCTH, aBTOpP HedaeT PAA HHTEPECHBIX BbHIBO-
0B, B TOM UYHCAe OTMedaeT 3HayeHHe CBOeoOpPasHOro
ciMOH03a TEODHH H JKCHNEpPUMeHTa B KBAHTOBOH TEOPHH,
PEeJMKOJENTHOE NOATBEep:KAeHHe cllenanabHol (uacTHOR)
TEOPHH OTHOCHUTEJNLHOCTH B SIepHOH $H3HKe H, K coxa-
JIEHHIO, COBEpLIeHHO HeJOCTAaTOYHOE ONbITHOC NMOATBepIK-
nende o6iueH TeopHH OTHOCHUTENLHOCTH. (OHAKO, MCXOAd
H3 5TOrO, ABTOP HeJaeT Yepecuyp KaTeropHieckue BbIBO-
Jint («Ofumaa Teopusi OTHOCUTEJBHOCTH — NpHUMEpP BeJu-
KOJIEMHOH MaTeMaTu4ieckod TCOPHUH, NOCTPOEHHOA ha fec-
Ke», «KocMosiorus — npHmMep HayuHolt QaHTAaCTHKEH»
H T. I.)., DTH BHIBOJAB MOXKHO ObI0 6Bl 0OCyK/1aTh TOJb-
KO [MpY HAJUUYHHM THIATeJbHOH apryMeHTaldu asTopa,
KOoTOpas B LaHHOM cJyuae orcyrtcrByer. Ho npuuuna ux
OYeBHIHA: IPH CPABHEHUH C KBAHTOBOH TeOpHell, Bubifoc-
Iedl Ha KCIepPUMEHTE, KaK Ha JpoXKiKax, obujasa Teopust
OTHOCHTEJIBHOCTH MHOTO TpPOHFpPBIBA€T — U HEBOJBHO 3a-
poxpaercs «uepBb comHenuss., OcTaBiaasi KaTeropuu-
HocTh (OPMYJHPOBOK HA COBECTH aBTODa, MOXKHO T'OBO-
pHTb O TOM, 4TO o0mias TEOPHST OTHOCHTEABHOCTH, Mpel-
cTaBassi co60ft BeJHKOJENHYI0 MareMaTHYeCKYiC TEOPHO,
TpebyeT AJs CBOETO BO3BeJeHHA B panr GusHiecKo# Teo-
pHH elle NPOBepKH ONLITOM, [IPOBEPKH HA 3BPHCTHUHOCTD,
000CHOBaHMSl OCHOBHMX (PU3MYECKUX BEJHUYMH MW COOTHO-
(UeHHE MEKIY HHMH.

Ho npaxe B pamkax crenHajJbHOH TEeOPDHH OTHOCH-
TEJAbHOCTH MOXKHO. yKa3aTb pAld HNPHHUHIHAJIbHBIX COOT-
HOlIeHul, KOTOpbie elile HeAOCTATOYHO 3KCHePHMEHTadb-
HO NOATBEPIKAEHBLl H BMeCTe € TeM CYUIeCTBeHHH /s
nocTpoenys Teopuy rpaputauuy. Tax, Hetoron npeamnodaa-
Taj, YTO CKOPOCTb paclpOCTPaHeHHs TpaBHTAUHOHHDLIX
BoaMyIleHUA paBHa GeckoneuHocTH. B pamkax - cne-
IHAJbHOH TeOpPHH OTHOCHTEJBHOCTH CledyeT CUHTaTh,
YTO 3Td CKOPOCTb HE TPEBbIIAeT CKOPOCTH cBeTa. DHH-
nrTefid NPennoJIOKUA, 4TO OHA paBHa CKOPOCTH CBeTa, HO
TOKa He CyLeCcTByeT 3KCNepHMEHTaNbHBIX AAHHBIX O CKO-
POCTH pacnpocTpaHeHus TPaBUTAUMU W 3TOT BONPOC OC-
TaeTcd OTKPLITHIM, MMeeTcs meani psf Takux npob.aen,
elie MAYUIHX 3KCIIEPHMEHTaNIbHOTO pPellleHH .
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MoxkHo 6bL10 6B AHCKYTHPOBATL C aBTOPOM 1O IOBO-
Ay JAPYrHX VyTBepmKAeHUH, 0COOGEHHO TeX, KOTOpLle Ka-
caroTcst ofulell TeOpPHH OTHOCHTEALHOCTH. KpHTuUKya 3Ty
TeOPUIO H yKas3hiBasl Ha Te MJH HHbie ee HeAOCTAaTKH, He-
ACHBIE MOHATHA MJKM CHOpHBIE YyTBepxAeHHa (a OHH
HMEIOTCst B 3TOH Teopuu, TPeGYIOT paswbICHeHHst, H YHCJIO
RX [PU XKeJaHHH MOXKHO ObliO0 Obl yBEJNHUHTH HO Cpas-
HEHHIO C TeM, YTO DPHBOANT aBTOD), Dpuaiiosn uHOrAa
PHCKYeT 0KazaTbcsl B I0JOXEHHH UYesJOBeKa, KOTODbIi
BMecTe C BOJAOIl BHIUIJAECKHBaeT M3 BaHHb U pebeHKa; OH
3a0pIBaeT, UTO peub HIET O TEOPHH, KOTOpas BCe XKe
€ BEGJAMKOJENHOH TOYHOCTBIO NPENCKA3bIBAET KOJHYeCT-
BeHHO HabJWiaeMble >PeKkTel H KOTOpad, npabaa, cule
TpeOyeT IKCIIEPUMeEHTAJIbHO! NPOBEPKH. JTU OUeBHIHbLIE
coobpaskenssi, Hy:XKHO 1yMaTh, GyJeT MMeTb B BUAY JIO-
Gofi BAYMYMBLIII ydATaTeNb. TeM He MeHee PAA OCTPBIX
KPHTHYECKHX 3aMeuaHHll, BblCKashiBaeMbiX DpU/II03HOM,
Hesb3f COPOCUTH cO cueroB. QOlIasg TEOpHA OTHOCHTE/b-
HOCTH [OJKHA [AaTbhb HAa HUX OTBET M TeM CaMbiM 3auiH-
THTb CBOE NDABO HA CYLECTBOBaHUE.

Cpenn paccMmarpyBaeMblX Dpu/ITIO9HOM BOIPOCOB 3a-
CHAYXKHBAIOT 0cOBOTO BHHMAaHHA CASAYIOUWIHE: TEOpusl Of-
HOCHTEJbHOCTH M TMOTEHUHAJIbHAS 3HEPrus; CKOPOCThb
pacnpocTpanenns TPaBUTALHOHHOTO B3AaHMOIEHCTBAN W
KBAHTOBble AaTOMHble uachl, a¢Q¢ext [Honnepa B cne-
IHaJbLHOH TEOPHM OTHOcHTenbHOCTH. [lpH o6CymaeHuu
3THX BOfIPOGCOB aBTOP, HCXOAS H3 COBDEMEHHbLIX TeXHHYe-
CKHX BO3MOXHOCTeH H3MepeHHs, NepeCMaTpPHBAET RLIBO-
Abl CTEeHuadLHON TeODHH OTHOCHTEJNBHOCTH, M TaxkoH aHa-
JIM3 uUpe3BblUalHO XapaKkTepeH [Ji COBpeMeHHOH (QH3HKH.
Bce ypennmuuparomascs  TOYHOCTb H3MepPeHHS MPUBOAUT
3aYacTyl0 K KAueCTBEHHO HOBBLIM BbIBOAAaM. ITO eCTe-
CTBEHHO ¥ He0OXOLHMO /9 pa3puBawuielicss GH3HUECKOl
Hayku. CkaxeM, BONDPOC AETEKTHPOBAHWs TPaBHTAUHOH-
HpIX BOJIH, KOTODPLIA IIpH MOJOXKHTENbHOM peliieldu
npuBen Obl K MOJYY4eHUIO NPHAUMNUAJILHBIX Pe3y/bTarton
IJA  MOCTPOCHHA TCOPHH [PaBUTALMM, €CTb, 0O Cy-
IIeCTBY, BONPOC TOYHOCTH JAETE€KTHPYIOWHX YCTPOHCTB.
Tonbko npu onpejeneHHOM Kjacce TOYHOCTH AETEKTOPOB
MOMHO 3a(HKCHDOBATb 4YacTOTHl M H3MEPUTL HHTEHCUB-
HOCTh PpaBHTALMOBHBIX Boau., Iloutu Bce cBelemusa o6
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SKCTIepUMEHTAJIBROR TOUHOCTH, KOTOPBIMK pacposaran
aBTOpP, AOCTATOUHO COBPEMEHHDI, B TOALKO B HEKOTOPLIX
€ayyasiX IpH NOJTOTOBKE PYyCCKOTO H3AAHHS KHHTH NOTpe-
$oBaJioCh BBOAHTL GoJee cOBpeMeHHble HaHHBIE.

MOXKHO TOJNBKO NPUCOSAMHHTLCS K 3aKIIOUHTEABHON
$pase aBTOpPA KHHTH: «Hrag, Tpebyerca rpazepl», rae
oA STUM HOBLIM TEPMHHOM [OAPA3yMeBaercsa HeUuTo
&HAJOTHYHOE Jasepy AJIs NydKa PaBHTOHOB. Pelienue
rpoGseMbl FpaBUTALHH B HeKOTOpOfl obnactu, ompele-
AigeMOll COBpPEeMEeHHOH SKCNepHMeHTalbHOM TeXHUKOM, Ha«
XONWTCA HeJZAaAeKOo OT HAc, OT HAauUlero II0KOJeHHS, Mbi
HOJOUIIM K HeMY, U ClAefyeT chenaTb elle HecKOJbKO
WAaros B HYXKHOM HanpaB/ieHru! MoxHO AymMaTb — 3TO
OTHOCHTCA yKe K 06/lacTH HHTYHMIHH, — UTO Pasraiky
OCHOBHLIX HepeHleHHBIX NpoGAEM TeopHH TpaBUTAlLuH
ApWHECYT TpaBUTAlUOHHBIE BOJHH, €clHM OHH CYHIECT-
ByloT. M equHCTBEeHHBI MyTh (PHIHYECKOro, a He TOJb-
Ko (dopMaibHO-MATEMAaTHUECKOrD M 3a4acTylo cleKkyad-
fHBHOTO, Da3BHTHA YUYeHHH O IPaBHTALUM NPOXOIUT ue-
pe3 naGopaTopHio 3KCnepuMeHTaTopa.

Ha stom rtpyauom nmytd kuura DpuaniosHa, Hanu-
€avHaA C KPUTHYECKHX NO3MLHH, ocobeHHO MoJe3Ha, Tak
Kak asTop 0e3 JHUIHEro BOCXBAJIeHUSi TeOPHH OTHOCH-
TCJAbHOCTH NOJHOCTHIO NPHU3HAET ee 3aCJHYyTH B COBPeMeH-
HOH TeopeTHUecKol (H3MKe W NPAMO CTABUT BONPOCH-
gcnbHble 3HAKM TaM, rAe HX MOXHO HOCTaBUTb.

A. 3. Ilerpos



Jror kpuruneckud ouepx
0 se4no passusaroujedcs Hayxe
noceawaerca Mapcesv
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YroSel COCTABHTh Kakoe-JTHG0 Mpef-
CTaBJIGHHE O NIOTOKE PaBUTANHOHHOH 3HEp-
ru, HeoOXOAMMO INpEeXJe BCero 3Ty SHep-
[HIO JIOKaJIH30BaTb. JTa CATyallusa Haro-
MuHaer JCTeHJapHOero saﬁma H3 KyJauHap-
Holt KHUrH, OKaxKkeTcd JIM Takoe NpeacTan-
JIeHHe TOJIE3HBIM, 3aBHCHT OT NOCIEAYIO-
wux otkpeiTuii, Ha sToT cuer Taxxe
HMEeeTCd H3BeCTHAA TacTPOHOMHUUYECKas ana-
JIOTHA.

XeBucaifig 1893 r.

[Tocne Toro xaxk Obuia onyGaHKOBaHa MOs MOCHEH-
HAAsl KHMra O Hayuuofi HeonpeneaenHoctd (1964 r.), s
cMor o06JIeTYeHHO B3JOXHYTb W IPHCTYIHTb K TeM Mpo-
GnemMaM, KOTOpble Ha BpeMs OTJ0XKHA B cTopoHy. Hexo-
TOpble U3 HUX NPEeACTAaBIAJHCH MHe YeTKO cPOpMYJAHpO-
BaHHLIMH, BO HeDEIICHHBIMH, TOTJAa KaKk APYTHe IIPOXOJ-
¥aJdH OCTaBaTbes JOBOJBLHO TyMaHHBIMH H TpeboBajd
TLLATENPHOIO OGIYMEIBAHUA.

Sl pelumn npoaHasu3HpPOBATbL HEKOTOPbie MOJIOXKEHHS
TEOPHH OTHOCHTEJBHOCTH MO/ HOBHIM VIJIOM 2DeHHA U
B HECKOJBKO HeoObluHOM maaue. IlyrewiecTBOoBaTh BHOJb
CTOJNGOBEIX JOPOT HeTPYLHO, CTPAHCTBHE Ke 110 3a0LIThIM
TPONMHHKAM MOXKeT IPHBECTH HAa KaKYlO-HHOY/Ib HeusBe-
CTHYIO BeDIJHHY, C KOTOpPOH BIPYr OTKpHIBaeTrca nefl-
34X HeoObikHOBeHHOH Kpacotrhl. Ha nporsxenuu beefl
HayyHOH AeSITeNBHOCTH MeHS BJEKJ0 K npobseMam, Bo3-
HUKAWIUM Ha rpaHulie o6JacTH OPUMEHHMOCTH Teo-
puHl, K TeM MaJjo H3BECTHLIM 30HaM, /e OHH TPaHUYAT
¢ ofnacTaMH NPHAMEHMMOCTH ApPYTHX Teopuit. Kak omnu-
cande, naBaeMoe INePBOA TeOpHeH, COOTBETCTBYET Kap-
THHe, BbITeKawolied u3 BTopoll Teopuu? Hanpumep, xak
IIPH NOMOULH BOJIHOBOH H KOPIYCKYAsIPHOH TeopHH moay-
YHTb CXOJHble H COTJIaCyloliHecs ¢ SKCNEPUMEHTOM pe-
3yabTaThl? Korga MOXKHO HCHOJAb30BaTh FeOMETPHUECKYIO
ONTHKY H KOria -— BOJIOBYIO Teopuio cBerta? Bosspa-
HlasAch K TEOPHH OTHOCHUTEJNBHOCTH, — KOTJla W KaK OHa
NepexofHT B K/JAACCHYECKYIO MeXaHHKY?

B kaXIOM M3 3THX MNDHUMEPOB MOXET BO3HHKHYTb
JO00NbITHASA CHUTYALHA: HHOTAA (HO He CAHLIKOM 4acTo)
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OMHO U3 pelieHHH 3aZadd MOXKET 0Ka3aTbCd CXOASUIHM-
€. PAZOM, NepBbI WIeH KOTOPOro COOTBETCTBYeT nepBoft
reopuy. OueHb 4ACTO PAA, MOXKET 0Ka3aTbCsl TMOJYCXOAsl-
IMMCY, TOIJa ero MOKHO HCNOMb30BaTh TOJLKO A0 Of-
penenensoro unexa paga. Flpm srom on Gyner nocrartou-
HO XOPOIIMM NPHO/IMKEHHEM K. pelleHHIO, JaBaeMoMy
Jpyroi Teopueil B MorpaHu4yHoOd Q6JaCTH.



‘BBEAEHUE

IleHHoCTh HayuHOH TeOpHM 3aKjlouaercd B ee cIo-
coGHocTu npenckasuiBaTh. B knure «Hayunasa Heonpene-
_JieHHOCTb M _HMHopMauug» [1] moxuepxuBajoch, YTo Teo-
pust T X NpaBHJbHLIE Pe3yJabTaThl ¢ ONpe/e/eHHOM
MaKCHMaJbHOI -OHINGKON € TONbKO B Ipejenax 00JacTd
ee npumenumocti D. He cnefyer yAuBasATbCA, €COM OPH
IOTbITKE NPHUMEHHTh TEOPHIO BHE NpeaeaoB 9T0d 06nacTu
MOJy4aTcs BechbMa OMIHOQUHLIE Pe3yabTaThl. Beerga uH-
TepecHO HCCAELOBATb INOTPAHHYHYIO 30HY, Fle o0JsacTb
npuMenumoctd Dy Teopun Ty npuMblkaer K 06JacTH IpH-
Menumocta Dy Teopun T, Takoe HccieaoBaHHe MOXKeT
B KamxIOM M3 STHX TeOpUH BBHIABHTL HeueTKO chopMyJH-
POBaHHEIE NPENOJIOKEHHS.

JlioGasi Teopusl COJEPKHUT PfI BeJHYUH, KOTOpHIE
MOXKHO 3KCIEepUMEHTalbHO H3MepsATb, W BeJHUHHBI, KO-
TOpble 3KCNepHMeHTalbHO HabaofaTe Heab3s. [lepsole
HasHBalOTCsH Habaro0aemoimu, BTOphHie — Henabarodae-
molmu. Mexly HEMH He BCeria AenaloT 4eTKOe pasiu-
uhde, 1 MHOTHE aBTOPBl, yTBEPIKAAS, UTO Te HMJH MHblE Be-
JIMUKHB SBAAIOTCA HaGMOLAeMbIMH, HUCXOXAT TIPH 3TOM
13 [POH3BOJIBHBIX ONpefeNneHul, KOTOPhe He COOTBET-
CTBVIOT HHKAKUM (U3MYECKUM SKCHepHMeHTaM. 9To Be-
LT K IIPOTHBOPEYHAM H MapajoKkcaM, KOTOPhIX BO YTO Ohl
TO HH CTaJo clefyeT HsberaTb. B aToM Bompoce a npu-
JEepPXKUBAIOCH CTPOrofl TOUKH BpeHHsi W IpeAnoJarain
(cnenys BpumxMeny), 4TO HEKOTOPas BeJHYHHA fBJAET-
csi_HaOJi01aeMoil TOJNBKO TOTAd, Koraa Anst ee Ha6mo-

Hue 9KCHepHMeHTaJIbHOH yCTa HOBKH
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Eciu 3TO BEINOJHEHO, TO MOMKHO TOBODHTb, UTO TE€O-
pus T, onuceiBaeT B mpefenax ofaactd Dy cBA3N MexXAy
HabaogaembiMun Oy, a Takxe pas/uuHble CBSA3H, BKJIWO-
yawine HeHabGnawopaemple Uy, ITH BONOJHHTeAbHbIE CBAl-
3W MOTYT OLITb HCNOJbL30BAHLI B TEOPHH, HO OHH He
¥WMeT (QyHIaMeHTaspHOro 3HaueHua. Ha rpanune o6-
nacrefi Dy u D, cooTHOmIeHWs1 MeXAy HaOJI0jaeMbl-
M O; u Oy IOMKHBI HAXOLWTBCS B 'TeCHOM COOTBET-
CTBMH, HO Mexay HenaGmogaempiMu U; u U coorBeT-
CTBUS MOXKeT B He ObiTh. OTCYTCTBHE TAaKOTO COOTBET-
CTBHSI, €CAM OHO OFOBOpEHO, He HMeeT 00JBUIOTO
3HaYeHHs.

U 3jecb BpeMsa 3anaTh caMBil BaykKHHEI BOMpOC:
puﬂ 75 OTBeT HONWEH BLITh HOCTATOUHO OCTOPOKHLIM:
<B BHICOKOH, HO HE CJMIIKOM BEICOKOi!» Jlis Bcex Teo-
puil CYIIeCTBYIOT OTPaHHYEHHs, BCe OHM «XOPOMH» JIO
OHpCAeNeHHOH CTenend H B ONpe/IENeHHbIX rpaHHLAX.
OBY He NpeACTABAAIT CO00f «IpaBLy M TOJABKO NPaB-
ny..». Bcsikas Teopusi OCHOBBIRAETCA HA TUHLATEALHO
IPOBEJEHHBX 3KCIEPHMEHTaX, OARAKO HX pPe3yJbTaThl
MOTYT OBITb NOMYYEHBl TOJMBKO «C TOYHOCTBIO [0 BO3-
MOXKHBIX OWIKGOK», T. . OLIMGKH 3aKIIOUeHbl B Onpene-
JgedubiX Tipefesax, 0 KOTOPBIX MOMKET CYAHTb 3IKCHEPH-
meuratop. Bcerma cyiuecrByer BO3SMOMXHOCTb, YTO B HO-
BOM SKCHEepHMEHTe BO3HHKHET HOBafd, HelpeABHUAEHHAA
NpUYHHA TOSBJAEHUS OWMOGOK, WAH XKe TO, UTO TeopHs
BbiBeJeHA CAHUIKOM Ja/eKo 3a npeaenast 06aacTa ee NpH-
MEHHMOCTH.

S xoren 6b HAa MHHYTY OCT@HOBHTLCS H PaccKasath
Tako#l cayuail. Heckosbko ner Hasajx a npoeskas uepes
wrat Heio-Mekcuko u o6paThHi BHHMaHHe Ha Ha3BaHHe
onuoro mpegecthoro ropoaka: «Merura uaum Ilocnenct-
Busi». §1 OCTAHOBWJICS OKOJO YyKasaTesss H 3agyMmaJcs
HaJl TeM, 0 KaKo# «HcTHHe» ufieT peub. Pasymeercs, He
0 HAyYHOH MCTHHe; Ha MeHs TOBESJO JABIMOM CTaphix
ayrofade; § OWLYTUA AYX HETEPNUMOCTH H NPENCTaBUI
ceGe, KaK M3JeBaJiich HAJ HeCYaCcTHBIMH Ty3eMUaMH-
SI3LIUHUKAMHE 0 MYYHJIH «BEIbM>,

Hayunas wncTuHa HMKOTAa HE JOJXKHA BOCHpHHH-
MaTbes! (})aHaTnlmo, mo?iou yqeﬂbm TOJIKEH 6bITb TOTOB
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K_TOMy, UTOOB _MCHPABJIAT

1eopuu, B HaVKe He CymecTBYET alcosoTHON HCTHHIL
Onnako § HoMKeH YTOUHHTD, Y4TO TIPH STOM 3/16CH HMEI0
B BHIY 3KCHEPRMEHTAJNbHYIO HAYKY. mremarlina—sr()
COBCEM Apyroe Aeso.

Hekotopeie TPAIMUMOHHEE HAVKYU TPEACTaBARIOT €O-
Goil CTpaHHYI0 cMech HAOMIOACHHA H HX HHTEPNPCTALMHM,
ochoBLiBajomeficss Ha OTJHYHBIX BEOPHAX, HO_IKCTPano-
JHPYEMOH CTOJL JlaJleKO 3a Mpejedbl YCJIOBHE SKCNEepH-
MEHTA, YTO HEBOJLHO HACTOPAXKHBACIWILCH H yAHMBJsiellbs
cd: Kak uacTO KesJaeMOe BpliaeTcd 3a JAeficTBUTeNbHOE
H TIIaTeNbHBIA aHaNu3 TMOZMEHsieTcs] (PaHTASHPOBAHHEM.
TipnatHo paccyxnats o npoucxoxaennu BceneHnofi, HO
HaJ0 NMOMHHTb, YTO TaKHe PacCy:xAeHHs — JULIb YHCTasl
¢anrasusa. 1 Heuero oXuAaTH, UTC UYHTATENL NOBEPUT
B Kakylo-au6o Mozeab BcenmeHnoff, onuchHBamIylo TO JH
BHE3aNHKA NEPBOB3PLIB, TO JM PACLIMPEHHSI U CKATHA
0T —oo J0 -oc. Bce 3To  cauiikoM KpPacuBO, UTOOLI

.
|

GpiTh HMCTHHHBIM, M CJAHLIKCM HEBEepOsITHO, 4TOOBI MOBE-
PHTB B 3TO.

“""Paspemure MHe paccka3aThb eule OAWH - cayudai.
B OwitHOCTR cTymenTOoM Ilapu:KCKOro ynuBepcHTeTa i
noceinast BeJHKOJICNHBle Jekuuu Ilyanxkape. B TeueHne
MHOTHX JieT BCe 2TH JICKIWHW 3alHCHiBaJ OJHH U3 €ro
CTY/IEHTOB, W 3aTeM HX NyGJHKoBaJo usfatenncrBo Io-
the-Buatapa. Jlekuwu sanucwiBanu Bopenb, wnu Ipauw,
unyu llasy, nan xakof-1u60 APyroft yMHBIH MOJOROH Ye-
JIOBEK, KOTODHH BHOC/JEACTBHH CaM CTajJ HW3BECTHHIM
yUeHBIM,

B 1911 r. Tlyankape He HasHauWa HUKOTO AJs 3TOM
paboTth. OH uMTan Jexkium no xKocMoronnd. OH  3Had,
YTO KOCMOTOHMYeCKHe TEeOPHH HaJieKH OT JOCTOBEPHOCTH,
H HEOJHOKPATHO MOJYEPKHBAJ, YTO TEOPETHYECKHC TOA-
KOBaHHA, NpeljaraeMble pasjiduHLIMH aBTOPaMH, ANNO
He ajekBaTHH.. Mbl Torga He 3HanW, oOTKyma Oepetcen
Tem1o, uanyuaemoe CouaHileM; He NOHHMaAH, Kak ofpa-
3yIOTCA SBe3lbl U KaX OHM yracaloT. B nammux amannsx
6bl10 ciMmKoM MHOro mpoGenoB. Muoraa [lyankape ue-
OXMIAHHO NPEPLIBAJ JEKIHUIO H MOMUAJMHBO XOAHA Nepet
OOCKOH B3aJ M Bhepel. 3aTeM OH NOROPAUHBAJCH
K ayJHTOPUH, OTOABHTAJ B CTOPONY CRHOIl JICKUHOHIIbI@
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8alHCKH M TOBODHJ: «Y MeHsl TOJbLKO YTO BO3HHKJAA HO-
past Haes. 1lonpobyem, nogoliger siu oHa..» OH usAaran
CBOKO HOBYIO TOYKY 3PeHHA M HauyMHaJ/J NHCaTh Ha AOCKe,
onpefe/ss UYHCAEHHbIe 3HAUEHHA BeJMUMH. 3aTeM Jeqaal
BHIBOJ: «3JTO He HAMHOrO JydYlle, YeM B APYTHUX Te0-
pHSX; B CaMOM JeJe, Mbl 3HaeM CAULIKOM Majo». ITO
Gblyl mocaeaHull nonubld kypc geknud Ilyanxape, 3a rog
O ero HeO:KHIaHHOH CMepTH,

Bol aymaeTe, Mbl Tenepb HaxoiuMca B JAyHIlIeM TO-
JoxkeHnu? KOHEUHO, B TeuycHHE BOCACTHHX NATHICCATH
JeT MBI MHOroe y3HadH. Ho ME Bce emie O4eHb IafieKH
OT NOHHMAaHHsl KOCMOTOHHH, 3TO NOHMMaHHE HPOAOMKAET
OCTaBaTbCﬂ Meutoell, BosHyomell ¥ AaseKkoi.

[ekoTOpbIE UMTATENH MOTYT CKasaTb: «Mbl AOMLKHBI
BepPUThL HEKOTOPbLIM XOPOMIIQ YCTAHOBACHHBIM HOPUHILH-
HaM, HaOopuMep, IPHHIMIY CHMMETPUH INIPOCTPAHCTBA H
BpeMeHH, IPHHUKAY OTHOCHTeAbHOCTH U T. A.». Hy uro x,
MOXKHO HOKa3aTb OTHOCUTEAbHOCTL NPUHYUNG OTHOCU-
zesbHOCTU! DTOT 3SHAMEHWTHI NPHHHMN CcHAYada Obla
ycTaHOBJIEH B KJaaccuueckoli mexanuxe. On raacur: sa-
KOHbL MEXQHUKU, CHOPMYAUPOBAHHbIE 8 Henod8UNCHON
CUCTEMe OTCHeTa, OCTAIOTCR TOYHO TQKUMU ke, K020a
dBusicenue pAcCMATPUBAETCA 8 Cucreme oOTcyera, 0su-
scyuelics ¢ 3a0anHOb nocTeAnHol ckopocrbie v. Uuta-
TeJIb MOXEeT 3aMEeTHTb, YTO § CKasaJ «cHCTeMa OTCye-
Ta», a He «cucTemMa KoopamHat»., Kak Mbl  yBHAMM
B I/l 4, MeXAy THMH OHpelelicHHAMH CJeAYeT HeNaTb
MPUHIMIKANbHOe pasayuue. CHCTeMa KOOPAMHAT -~ YHC-
TO TeOMETpPHYECKOe IOHSITHE; OHa He HMeeT Macchl Mo
TCH NMpocToH HPHUMHE, YTO B IPCOMETPHH HOHATHE MAaCChl
He paccMarTpHBAETCH. Cucrema orcuera e AOJKHA 00-
AafaTh Maccoll, NpHYeM Heo6XOAUMO MpEANOJararb, UTO
3Ta Macca MHOTG GoJblle MAcCH J060ro ABMXKYILErocs
OTHOCHTE/IbHO Hee TeJa. '

COCpE}IOTO'—IHM Teneph, BHHMaHHe Ha cJIoBe «3alal-
Heli». Uro MBI HOApasyMeBaeM NOJ BLIPaXKeHHEM 3adak-
ras ckopocrs? KTo 3ajgaeT HaM 3Ty CKOPOCTh H Kak?
$l oueHb HACTOPAXKHBAIOCh BCSKHHA pas, KOTJa CALILLY
CJ0BO «3afiaHHbl». TOIbKO B OAHOM CAydYae OHO HMeeT
onpefeseHHbl CMBICA— B YCAOBHM 3aJadH, KOTOPYIO
BK3aMeHATOp [JaeT HECKOJAbKHM OeclIOMOIUHLIM CTYIeH-
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tam. B Taxkoi CHTyan®EH# CROPOCTb — TOMMO SalaHHaA
BENNUHHE, HE COfepKalias omubGoK.

B peficTRuTeNbHOCTH TaK HUKOTAA He Gebaet. Ecau 4
HaGIONa” 32 HEH3BECTHBIM TEJIOM, ABMXYMAMCSE B He-
6e, TO HUKTO He MOKeT 3¢0aTt MHE €ro CKOopoctb. Bymer
AU 3TO 3BE3Ad HJM <«JACTIOLIES TAPENKas, — $_JOJRKeH
UBMEPATH X CKOPACT6 C NOMOMIbIO SKCNEePHMERTAbHO-
r'o. yerponcTea. $l MOry HEHONb3IOBATH ONTHMECKHE CHE-
HaABl, OTpa)ieHHBle OT HEH3BECTHOTO Teda, W H3Me-
PHTE BpeMs HX BO3BpaHieHNs, TOMIEPOBCKOS CMEILEHHE
u 1. 0. ITpousBena st usMepeHus, s MOTY BBIUMCIHTD
CKOPOCTS,

Ho s podxkeH yuecTs M To, YTO LAXKe CaMilé TOHKHe
SKCHePUMEHITHE BCerJa BHOCAT BO3MYUleHHe B ABHIKEHH.
Cxopocts Tena RO HaG/UOJCHNR B TOCAe HEerO YIKE He.
OyIeT opunaKosol. ITpu a06om. ‘aKcnepumente Tpebyer-
¢ ycranoéseniie csasu Mewcay nabaodareser  w, Ha-
Buarodaemoin oM, U [OCAe TOTO, Kak HaGu0 e e
wnomeﬂ ¥ CBA3b npexpameﬂa Teno GymeT HAXOLHTE-
¢l yXKe B HHOM COCTOSAHWM Apmxenua. Ceroams 310 XO-
poIro: U3BEcTHRIL (aKT, KOTOPSHF MOMNKHO NPOHMIIOCTPH-
poBaTh MHOTHMH [pHMepaMu M3 KBAHTOBOH TEODHH.
Ilpn u3amepenuy CKOPOCTH MBI HCHONXB3yeM CBETOBLIE CHF-
HaJbl, cojepxKamue MHOXKecTBO QoromoB. Ortpaxasncs,
5TH ¢OTOHB OTTARKMBAIOT HA3a) OTpakamuice Teao
(sbdekr oTRAUM) B W3MEHAWT ero CKOPOCTh.

Jadannaa_cxopocTs — TG NPOCTO n100 Haute2o 60-
oépao:cehsuﬂ. Dta TpajAHUHORHAS TPy6AH OLIMGKA — pe- M
3yABTAT MJMOSHH, YTO «OT TOr0, YTO § TOMLKO HOCMOQT-
pio, HHYErO HE CHAYUHTICT». B cbusﬂxe AEBATHAXILATOrO
BEKa TdKOe RPEeLNoJoXKeHHe Ka3aaoch caMo co6oi pasy-
MCIOIHUMCH K He NOAJNEKANKM o0CYyXKIeHNI0. Tenepb Mbl
spaeM Gousmre. Cucremer oTcuerq, Gsuxcyuletica ¢ aa-’
.00pH0ll. nOCTOSHHQU. CROPOCTEIO, “HE CIIGELTRYLT -1 HP}-{
KOrja He CyLIECTBOBAJIO. ERHHCTBEHHOE, O 4eM MOXHO
"TOBOPHTH, — 510 0 THMEs0f cucteme orcyera, obnajalo-
mek cTonb 6GOALIIOH MaccoH, YFO BO3MYHICHHS, BHOCH-
Mble pY H3MEPEHHH ee CKOPOCTH, NPeRe6pPEeKHMO MaJlbl.
Kax MBl yBHIMM B F. 5, 3T0 yTOYHeHHe MPUBOAHT KO
MHOTHM YCJOXHEHHSM. C‘T@p"bm NPUHIIMO  OTHOCHTE/b-
HOCTH ABJAAETCA HAeawHn3aune#, OH npelcTaBaseT JHUIb

|
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npenedburii cayyaii, 1 HeoOxoauMo cobJ0naTh YpPE3BHL-
YAHHYIO OCTOPOKHOCTb [IPH er0 NMPUMEHEeHHH, HalpHMep,
K JBHKYIUIUMCH aTOMaM, 3JeXTpPoHaM, HefiTpoHaM, (oTo-
HaMm, HeTPUHO M BceM 3THM HOBBLIM TAHHCTBEHHBIM «ua-
cTulaM» (y Hac He HalLIOCh OOJlee MOAXOAAMIETO CJ10BA
I UX HA3BaHUS) C OUeHb MaJIOR Maccofl.

Takue Xe 3aMeUaHUsT MOXKHO CJefiaTb U B OTHOUIe-
HPM MHOIHX HeJAaBHO BbIABHHYTBLIX NPHHUNNOB, COAEpXKa-
IMHX COBEpLIEHHO HeNOCTATOYHBIN auann3 onpelenaeHnuil,
HalpHMep, KaK MOXKHO (PaKTHURCKH U3MEPHTbL «CHMMeT-
PHIO»,

IDTO TOJNBKO HECKOJbKO NpPHMEpOB TOTO, KakK IocTe-
NEeHHO M3MEeHSIJINCh B3LVIAALI YUeHblX U CKOJIbKO MOfABH-
JIOCh HOBBHIX NpoOseM, KOTOpble NATbAECAT WJH LIeCTb-
JeCsiT JleT Hasal He MOT NpejacKasaTh fake reHuil DiiH-
nitefina.

B name Bpemss wn300peTeHb HEBEPOATHO TOUHBIE
aTOMHBIe Yachl, OueHb OTJHUAIOUIHECS 1O CBOMM dusnue-
CKHM CBOHCTBaM OT TexX, KOTOphle mpeicrasasga cebe
Diinmrelin. Dror Bonpoc OyHeT paccMOTPEeH MNoAPOOHO
B ra. 3. YnoMmsaueM 3Jech 006 OXHOI TPYAHOCTH, CBA3aH-
HO#f ¢ ompejesNeHHeM MEXAYHAPOUHBIX CAMHHL IJHHBI H
BpeMenu. [lpu onpepesieHun eIWHMUBl [JAHHB HCHIOJb-
3yeTcsl AJHHA BOJIHLI CHEKTPaJbHOM JINHWM KpHNTOHA-86
[PH CTPOrO OlpeleNeHHbIX YCJOBHAX (C  TOYHOCTHIO
10-8), a epumuuy BpeMEHH ONPEeNSIOT, UCHOJL3Ys ua-
CTOTY CHIEKTPAaJpHOM JRHUH Le3us. (¢ TounocToio 10712).
CnenoBaTensHo, 00RO 4 TQ.JKe. QPuanteckoe AgaeHue —
CUEKTAAALEL G AU — HENOAB3YLTCS 045 08YX pasaui-

YOLX onpeae/zeﬂuuwgﬁumw;bz OAUHbL 1 eOUHULbE spemeﬁu

A CKOpOCTh CBeTa ¢ OCTA€rTcs HEOIPEeNesieHHOH H Bbl-
IAAAWT NPOH3BOJABHOMN, Cnenoaano Obl pas u Hascerjia
YCTaHOBHTH, YTO CHeKTpaJIbHaH JIAHHSL NO/KHA HCIOJb-
30BaThCA AJIs ONPEee/CHHS HJH 4aCTOTH, MJIM JKe IJUHBL
BOJIHEI, HO He Toro u apyroro!’

Tipennonaraercs, YTo YOOMSIHYThle ONpENENEHHs elu-
HHL AENAlOTCHA HA [OBEPXHOCTH 3€MJIH, e CYIlecTBYyeT
onpeleieHHOe rpaBuTainoHHoe nose. OO6mas rteopus
OTHOCHUTENIBHOCTH DfiHuITeliHa NpeACcKa3biBaeT HeKoTopoe
H3MeHenMe eAMHMI, AJHHH W BDeMeHH NpH HX H3Mepe-
HHUH B 00/1aCTAX ¢ Pa3JHUHBIM PaBHTALHOHHLIM MOTEH-
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nuajsom. OHa TakxKe INpelCKa3biBaeT H3MEHeHHe CKO-
poctu cpera ¢. Mcmosb3ys npunsaTeil cnocob onpenene-
HHS ©eIMHUIL NJUHBL H BPEMEHH, JOBOJIBHO TPYAHO 3KCHe-
PUMEHTAJBHO IIPOBEPHTh TaKue IMpeACKazaHusi. DTO CO-
CTaB/geT OueHb Cepbe3Hyio npofieMy METPOJNOrHM.

esb Hamefl KHUCH COCTOUT B TOM, 4TOOBI PacCcMOT-
peTb ITOT, 4 TAK¥Ke ¥ ADPYrue BONPOCH, NOSBUBIIKECS
focje TOro, KaK B HauaJje Haulero Beka Obin cdopmy-
JHPOBAHBl TeOPHS OTHOCHTEJIBHOCTH Y KBAHTOBAasg TeO-
pusd. B ra. 1 mMbl chenaem ucropuueckuii 0630p colul-
THH, KOTOPHle MPUBeJH K nofiBJedHio »Tux Teopuil. Ho
cHavyajia paccMOTPUM  PasBUTHE  HAYYHBIX  Teopuil
poo61e.

B xuwre [1], ucnonb3ys meroas HayuHo#i uHdpopma-
HDHH, Mbl Jaad Oo6uluil aHaJu3 CMBICIA HAYYHBIX TEOpHH,
2 TaKXKe TNOAYRPKHYAU JUUYHYIO POAbL YYEHOrO. Ero 3aja-
Ya HaYHHACTCA ¢ BHIOOPA AKCHCPMMEHTA, KQTOPHIH MO~
HO GBIIO 6Bl PISOJH/IpoBaTb OT BAUAHHS OKPYIKAIOWEH
cpefibi { HOCTATOUNO [OMIHO, OIHCATb, C TeM UYTOObI MO}K-{
HO OBLIO NMOBTOPHTL €10 B APYIHX Jla6opaTome” 4 1po-
BEPUTH pe3VJbTaThl NEPBBHIX HAGAIOIEHHH. Kpome ‘TOTO,
WCTOMIB3YA. CBOIO TROPYECKYIO (aHTa3HIO, YueHBIH CTpouT
TECPHIO, KoTOpaa Morja Ol HOBHTb CBSI3p MeXKAy
HWWHM “paxg’ TIpn
HOMOIH TaKoH Teopun OH MOKRET™T encxasbmarb HO-
Bble DesyJbTaThl, KOTODPHE ~GyayT TOATBEPIKAEHH HIH
OTIPOBEPTHYTH HOBBHIMK 3KcIepuMeHTaMu. B cayuae ne-
00X0ZMMOCTH TEOPHIO MOXHO OyAeT HCNpapisiTh HJN
CTPOHTB 33aHOBO, 4YTOOB OODBSCHUTD HOBHIE ONBITHLIE
JaHHEBIE,

Hayunoe snanue OCHOBEIBAEICS HA, IMIUDHUECKHX

aydHo
daxTax ¥ HX_TeOPETHIECKON.MHISRIPLIAUYH. DTH ABA
acnexTa NOCTENCHHO CPAcTaloTes, 00pasyst 3aMevaTedb:-
Hullt cuMOu03, paccmarpusasmmiics B [1] (ra. 11T u IV).
Ponb uenobeueckoro BooGpaKeHHsl HPH CO3RAHHH Teo-
pufl Gbl1a THIATENBHO HCCJIEN0BaHA B 3aMeuaTeabHOR
pabore Jlunaces [2]:

«Hayka — 570 urpa, B KOTOPOH Mk NPHRHMaeM,

YTO BEIlH HE COBCeM TaKHe, KaKHMH OHH KaxyTcd,

€ UeNbI0 NOHATh HX CYIIHOCTD NyTeM MBbIUIeHUd, cBOMH-

CTBEeHHOTO HaM Kak JalojaM.. Hayka—s31o wmeton

S st
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KBAHTOBASI TEOPUA
H TEOPHS OTHOCHTEJABHOCTH

§ 1. Ksanrosas reopus

KBanToBasi Teopusi M TeOpPHS OTHOCHTEJLHOCTH BO3-
HUKJH B Hauaje Haulero cronerus. QOGe OHH Tenepb CuH-
TAIOTCS OCHOBOH COBPEMEHHOI'O HayUHOrO MbIUINCHUS, HO
OHH COBEPUIEHHO Pa3JH4YHbl 110 CBOEMY NMOCTPOEHUIO ¥ MO
XapakKTepy HCTOPHYECKOro pasBuTHA. BecbMa HHTEPeCHO
H MOYUHTENbHO CONOCTABUTb STH ABE TEOPHH.

Mu yxe KpaTko 00pHCOBaJ¥ XOJ Pa3BHTHS KBaHTO-
Boii Teoprn ([1], ri. 4). Ona Bosuuxaa B 1900 r., xoraa
Maxke [Tnank ony6auxosan cBoio mepsyw pa6oty [2] mo
TEeOpPHH H3JyueHHs aBCOJIOTHO YepHOro Tena. DTa pabo-
T2 HAYHHAETCA C KJAAaCCHYECKOTO PACcCMOTPEHHA  3JIeK-
TPOMATHHTHBIX BOJIH, HO AJisi CTATUCTHUECKOrO aHaJu3a
HEeOXHAaHHO noTpeGoBanoch BBeAEHHe TpPedCTaBACHHA
0 KB8AHTOBaHUW IHepeuu: (popmyJa AJsi H3Ay4HeHHA ab-
cONiOTHO WepHoro Tena (paBHOBecHOe H3nyyclie) npe-
KPacHO COIVIACYEeTCH C 3KCIePHMEHTaJbHLIMH pesy/bTa-
TaMW, €CJIH KBAaHT 3HePrHM NPHHATL paBHLIM hv, T. e.
NPONOPUHOHAJbHEIM 4aCTOTe H3JYyYeHHs v, A€ B — no-
crosinuas [lnauka. IlepBas wacTh paGoThl OCHOBLIBaeTcH
Ha HenpepuBHOCTH (ypaBueHus MakcBeana), HO B KOH-
Le ee MNOABIAAETCA HEYCTPAHUMbIH PasphlB HeNpepbiB-
HOCTH. B HTore mepBas niaHKOBCKAS TEOPHA NPHBOJHMT
K COOTHOILEHHIO

AE = hv,
E=nhv, n=0,1, 2, 3, ... (ueavie uncaa). (l.1)

[lnaHK, mo-BHAMMOMY, ObL1 OueHb 06eCMNOKOeH Tako#
CTPaHHON [BOACTBEHHOCTbIO cBoefl Teopuu. On mbitancs
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fIOCTPONTHL €e MHaue M MOJAYUH] APYrofl pesynbraTt (BTO-
pas Teopus):

AE = hv,
E= (n—l——l—\‘ hv n+—l-:—l— 2 (moJstyuesibie uucsa)
g )W g g '

(1.2)

B cnyuae usayuenyss aGeoJIIOTHO YePHOTO Telda MpPH
OOLIUHBIX TeMilepaTypax 3aMeHa MeJblXx uHCcesa IoJylle-
JHMH HecyulectBerHa '). OnfnHako n0pM OYeHb HHUSKHUX
TeMIoeparypax BTOpast TeOpHS [MPHBOLHT K BaiKHOCi
ccoGenHoctH: Qopmysa (1.2) ykasplBaeT Ha BO3MOXK-
HOCTb Hysesol auepeuu ‘[shv. B obenx Teopusx nabaio-
JlaeMble BeJUUHHBI ObljiM TOROOHBIMH, MOCKOJBKY #yJe-
BYIO 2Hepruio (paxTHUeCKH H3MePHTb MNOYTH HEBO3MOXK-
Ho. Ilnamx Bece Ke OblI HeyJNOBJETBOPEH CTPaHHOM
CMeChbI0 HENnpepuLiBHOCTH H JUCKPETHOCTH, HO OueHb CKO-
po Obl1o mokaszano (Ilyanxkape um DpendecToMm), uto Ta-
Kasi JHCKPETHOCTb 3SHEPI'HH COBEPLIEHHO HEeOOXOAMMAE
U1 MHTepIpEeTaUdH 3KCNepPUMEHTaMbHBIX JAHHBIX 110
H3Jy4eHH10 4YepHOro Tena. klHoro BhixoAa He GbLIO.

Koneunoe snauenue nocrosinHod [Inanka A n ee
(pu3nUeCcKUB CMbICA SIBUJHCH NPEAMETOM MHOTHX HHMCKYyC-
cnfi. Ha nepeom CoJibBeeBcKOM KoHrpecce B Dpioccene
B 1911 r, [3] 3ommepdensa 3aMeTHs, YTo A HMeeT pas-
MEPHOCTb MEXaHHYeCKOTO [eHCTBUS, H MNPEMJOKHI Mpo-
H3BeCTH KBaHTOBAHHe JHeficTBHMA B psje 3ajay. Tagas
Wiesi npelacTaBasga 6o/biloil TeopeTHUeCKHH HHTepec,
HO TNpUMepbl, BBEIOpaHHBIe 30MMepdeabAoM, ObliH He
oyedb yGenutenbHbiMu. OfHAKO HA TOM Xe KOHIpecce
JlaHxeReH MokasaJd, uTO 30MMepgesbloBCKOe KBAHTOBA-
HHE B NPUMEHEHHH K HEKOTOPCH 3JIEeKTPOHHOH TpaekTo-
pHHU NPHBOJAMT K KBAaHTYy MarHHTHOTO MOMeEHTa — uMazHe-
Tory. B 1911 r. JlanKeBeH BBIYMCAWI BeJHUHHY, KOTO-
Pylo MBI Ha3blBaeM MarHeToHoM bopa, OTJHuYaBIIyIOCSt
OT NPHHATOH HblHE TOJBKO MHOXHTeJeM 25 BBUAY He-
OlIPEJeJIeHHOCTH HYHCJI0BOTO KO3(QHUHEeHTa B THNOTE3e

') Tax gak mpu 9TOM OCHOBHOE H3jy4eHHE NPHXOAWTCH HA 3HEp-
a8 ¢ n > |, — [Hpun. peo.
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3omMepdenpaa. Dto MOKHO OblIo Gbl Ha3BaTh TpeTbeﬁ
(soMmepenbIoBCKOH) KBaHTOBOH Teopuefl.

YerBeprass KBaHTOBasi TeOPHs MNOsBH/IACL B nepBeoil
pabore Bopa, nocasinenno#i aromy Bojpopozma (4] §1 To-
raa 6w cryieHTOoM B MIOHXeHe, ¥ CJIYYHJIOCh TakK, UTO §
KaK pa3 HaxOZW/cA B paboueMm KabuHeTe 3oMMepdesb-
Za, KOTAa OH MOJY4YHA T[oCHenHHH BLITyCK KypHaJa
«Philosophical Magazine». Oun 6pocun Ha KypHan
B3MISA H CKa3aJ MHe: «3/eChb HareuaTaHa BecbMa BaX-
Hasi pa6ota H. Bopa. Ona craner Bexoil B TeopeTHue-
ckofl ¢usmxe». Bekope mocie 3TOro, HCNONb3Ysl KBaHT
Aedcteus, 3oMMepdeabl MNOCTPOHA CBOIO NPABUIBLHYIO
TEOPHio GOPOBCKOTO aToMa. Tak BO3HUKNA «KBAHTOBAH-
#ag» Mexanyka (msaTas [0 CYeTy TeOpHs), MNOJVUMB-
mas OwicTpoe paasutne. Mmenno 3ommepdennba yKasan
Ha BaXHOCTb HHTerpana__ [ pdg, wasbiBaemoro peil-
cTBHeM. D10 NPONGKUAG MyTh COBPEMEHHOH KBaHTOBOI!
TeOpHH.

Hanee nauasock HeoGbuafino GypHoe pasBuTHE KBaH-
TOBOH MexaH¥KH. OAHH 32 ADYTUM HadaJH HOSBJSThCS

HOBbLie, COBEpPIIEHHO HGO}KI/',LLQHHI)IG ZKCIIEPHMECHTAJLHBIC
p€3y.ﬂbTaTbI H KaykAblH pa3 OHH Tpe6OBaJ]PI MOJAECPHH-

sallii Wau_HepecTpoiiky _teopuy. Besen 3a oTKpoiTHEM
cnHHa, npuHumna sanpera Ilayau, BoaH pe DBpoitas
BCKOpe Moc/aefioBaso ofbelHHeHHe BOJHOBOH MeXaHHKH

Wpenunrepa c maTpuunolt mexanuxoit Bopna — Tefi- -

3eHOEpra, OTKPLITHE [ePeCTAHOBOUHBIX COOTHOUIeHHI,
poXKaenne Teopuu ajnexktpoHa Jupaka u 1. . OG0 BceM
3TOM MOXHO HPOYMTATHL B M0C/eA0BaTe/NbHLIX H3MAHHAX
kaurn 3omMmepdennna [5].

MozkHO 6blI0 Gbl HACUMTATH MHOIO CAENYIOUHX OJHA
3a pyro#t MoaudUKALKA TEOPHH, HO BCEM HM MPHCYLie
OJIHO H TO K€, O UeM Mbl FOBOPU/IH BO BBENeHHH: BCJe
33 OTKPBITHEM HOBBIX ahcnepumeHTaanux dbakToB cie-
EYET. NepecTPOAKA Teopuu;  RpAITOM-Ha6IIOTa eMBIE
COXPaHAIOTCH, HO B COUCTANNH ¢ HEKOTOPBLIMH HOBBLIMH
HeHA0JI0AaeMbIMH OHH BeJyT K HOBBIM_NpeAcKasaluaM,
3a KOTOPHIMH CJELYIOT HOBble 3KCHepHMeHThi H T. K.

|
|

?
ViMenHQ B 3TOM.H COCTOHT TOT 3aMgiTenb}11,1u CHMGHO3 |
TEOPHH H SKCIEPHMEHTa, KOTOpbIH BeneT K 6e3rpaﬂuq- !

HOMy pOCTy 3Haﬂﬁﬁ”
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Onucanuelifi npouecc, mo HauieMy MHEHHIO, H JEKHT
B OCHOBe IJIOZOTBOPHOrO HayyHOro passBuTHA. Jli06ag
OCTaHOBKA TA4KOTO DPas3BHTHS MOXKET CBHIeTeJbCTBOBATH
0 HaJIUUUU CEePbe3HOro CKPEITOTO MPensiTCTBHA, KOTOpOe
MoxeT mnorpeGoBaTh pa3paGOTKH COBEPIIEHHO HOBoH
TEOPETHUECKOH CXeMBl.

HecomHenno, kBanToBas teopusi OyAeT HHTEHCHBHO
pasBuBaTbcA M jajbiie. KBaHTOBHIE MpeicTaBieHHst CTa-
HOBAITCSA OCHOBOH. JIJIs MHOTHUX obsacTeldl HayKH. Bonpo~
Chl, BHI3bIBABIIHE JKapKHe [MCKYCCHH B TOAH Moel
IOHOCTH, TeNeph H3JaraloTcsl Ha [ePBBIX Ke YHHBEPCH-
TETCKHUX JIEKUHUsX no dpusuke.

‘MHoOrge NONBITKH CTPOTOH JIOTHYECKOH aKCHOMAaTH3a-
_LlUH, paJoBaBllie TEOPETHKOB KOPOTKOE BpeMms, npu-
LIJIOCh OCTABUTh MOJ HAaTHCKOM HOBHIX oTkpuiTuil. Hupak,
“¢on HefiMan u MHOTHe Apyrue yueHble Aesasld BCe BO3-
MOXHOe, yro6bl HampaBUTb NOTOK Hay4yHBHIX (paxkToB
B XKeJlaeMoe Pycso, HO OH CHOBZ M CHOBA BBIXOJHJ 3a
yCTaHOBJeHHbIE Ans Hero npefensl, Cefluac Mbl OXH-
LaeM [OABJEHHS HOBBIX OJecTAMMX. HAEH, KOTOpHIE Io-
8BOJIAT NMOCTPOUTh TEOPHIO «3JeMEHTAPHBIX 4aCTHI», WIH
«KBAHTOBAHHBIX BOMAH®, M 9TH HIeH, HECOMHEHHO, NpUBe-
ZYT K HOBBIM HEOXKHAAHHBIM OTKPLITHSM.

§ 2. Teopus orHocuTesbHOCTU

Ilpu BuuMaTenbHOM IOAXONE K 3TOH TEOPHH MOIKHO
8aMeTHTh, UTO OHa MO CBOEMYy XapakTepy BecbMa oOT-
JM4Ha oT KBaHToBOoH Teopuu. Ilpexze Bcero caenyer
IpOBeCTH pasrpaHHyeHHe MeXKIY <«4HacTHOH Teopuelt
OTHOCHUTEJILHOCTH», KaK ee HasBaja JDUHIITEHH, 0 «o6uei
TeopHell OTHOCHTENBbHOCTH®. H3 HuX HauGosMee cTpOroi
siBJIAeTCA nepBaf; OHA OCHOBaHAa Ha OIPOMHOM MaTepua-
e GU3HUEeCKHX H acTPOHOMHUECKHX HaOmlojpeHwit, 0606-
leHHe KOTOPOTO NPUBENO K NOHATHIO UHEPYUAALHOU Cu=
.CTempL 0TCHera. ITOT BONPOC O4eHb XOpOLIO H3JAOKEH
BOMMep(peJIblIOM B HauaJjJe erc KHUTH Mo Mexanuke [6].

B knaccuyeckoil MexaHHKe NOCTYJAHpPyeTcs CYHIeCT-
BOBaHHE UHEPUUAAbHOL  cucTemol OTCHeTa — BOOOpa-
HaeMoll nokosIueHcs CIPYKTYpbl, HEeHTP KOTOPOH OOBIY-
BHo nomemaercst Ha CoJsiHlle, a OCH KOOpPAMHAT X, Yy ¥ 2
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HAampaBJsAIOTCA HAa H3BECTHbIE <€HENOABHMXHbLIE® 3BE3AN.
OTHOCHTeNIBHO TaKO CHCTEMBI OTCyera cBOGOAHBLIE MA- -
TepHaJbHble YACTHUB TIPH OTCYTCTBHH BHEUIHHX CHA
JBHTalOTCA TPSIMOJHHENHO C TOCTOAHHBIMH CKOPOCTAMIL,
Jlerko BuzmeTb, uto M06asn cHCTeMa OoTCueTa, ABHXKYUlAA-
Cs1 OTHOCHTE/IBHO NMEpBOH C NOCTOSIHHOR CKOPOCTHbIO, 06-
JlajlaeT aHaJIOTHYHBIMH CBOHCTBAaMH, TaK YTO Cyulectsyer
Ile/ioe CeMECTBO HHEePUHANbHBIX CHCTEM OTCYeTa. 310 M
€CTb NPURYUN OTHOCUTEAbHOCTU 8 KAQCCU4ECKOU HEXW:
Huxe,

‘HexoTopbie HeOXHIAHHBIE - PE3YAbTATH, NOJyueHHbI®
¢usuKaMH BIOCJCACTBHH, TPHUBENH K 3aK/JIIOYEHHIO,
49TO STOT INPHHLUMN $BIAETCH CIPAaBEeNJIHBBIM TakKke
INA BCeX 3aKOHOB (DHU3IHKH. Hu;cammu cﬁusuqeclcwuu
_3KCNepUMEHTAMY He MOdce WYHCEHO  PABHO-
Mepuoe " OgudceRiE Aubo] puL (Mcnonbsyemon KaK |
cHcTeMa OcheTa) OZIHAKO OHH MOTYT OOHApYXKHTH
YCKODEHHO® JBHXKeHHWe, Hanpumep Bpawenne (MasTHHK
®yko, onThyecknil skcrnepuMent CaHbsika ¥ T. 1.). Be-
JHKOe MHOXKeCTBO 3KCIEePHMEHTOB B -06/1aCTH 3JEKTPO-
MarHeTu3Ma, ONTHKH H B APYIHX 06AaCTAX cpmsmm noKa-
3aJ10 CUPaBeMVIMBOCTh 3TOTO. MPHHIHIA 4aCTHOH TEOPHH’
OTHOCHTEJILHOCTH.

“TJWHUITeRH BBesl MpHIaraTelbHOE «YacTHAS» B CBA3MN
C TeM, YTO BMOCJACACTBHH OH TBITAJNCH PAaCHpPOCTPAHHTh
STOT MPHHUHN Ha Gosee obylwe cutyauunn. OaHako B no-
CnenHee BpeMs Takoe o6oOiienHe ObIO NOJABEPrHYTO
KPHTHKE YYeHbLIMH B pasfHYHBIX CTpPaHax, KOTOphle He-
3aBHCHMO ApYT OT Apyra HAUIIH MHOTO cJ1aGbiX NYHKTOB
B npeanofoxennax Jinwreiina !). C tex nop kak JiH-
LiTedH paspaboTaj CBOIO TEOPHIO, IPOH3CIIIO MHOTQO CO-
Owrtufi. KBantoBasi TeopHsi HPOHHKIA BO Bce OGAACTM
Gusnky, BKAIOYAs MeXaHMKy H onTuxky. Hekotopnie
npeAnosoxenna OAHIITeHHA KaKyTC BMOJHE HAACK.
HbIMH, HO B HACTOfLee BPEMSI OHH CTaNH NMPEAMETOM JIH-
CKYCCHH H HX cJellyeT TIIATEAbHO NepecMoTpeTh. B TO
BpeMs KakK KBaHTOBasl TEOPHSA NOMOI/a OTKPHTh MIOrHe
HOBble (hHu3uuecKHe fABJIEHHH, O6LIAs TEOPHA OTHOCHTC/b-

) Cm,, HaHpHMep, Pox B. A, Teopml NPOCTPANCTLA, BPEMEHH
H raroreuus, M., 1955, — llpum. ped




28 Trasa 1

HOCTH NOABEPrJach TONLKO HECKOJNBKHM 3KCHEepHMEH-
TaJbHbIM NPOBepKam ).’

IMpumno BpeMsi cHOBa BepHYThCS K «cTapoil xo6poit
TEOPHH OTHOCHTEJBHOCTH» M ellle Pa3 TIIaTedbHO ee Mpo-
aHaausupoBatb. Bce (H3HKM CUHTAIOT, UYTO CTOJb He-
60JIbIIOe UHCJAO SKCIIEPHMEHTOB (BCero JUIlb TPH) —
JEHCTBUTE/NBHO CKYAHBIH PesyabTaT IS CTOJMb OOJBHIOT)
KOJIHYeCTBA NPOH3BeAEeHHbIX Bbluncaennil. Ofuwas Teopus
OTHOCHTEJIbHOCTH — GJlecTsuf  npumep BeJIHKOJIefIHOH
M’é‘TeMa CKQI1, TEOPHH, TIOCFPOCHHON Ha Tlecke M Befy-
nel KO BCe OOJBIIEMY HATPOMOKACHHIO MaTeMaTHKH B
KOGMONIOriK  (THHHUHBIA TifnMep HayuHoft (DAHTACTHRM).

Onnako BepHeMcs K YacTHOM TEOpPHH OTHOCHTENbHO-
ctd. [na noayyenus TpeGyeMOfi WHBAPHAHTHOCTH 3aKO-
HOB (DH3MKH NPH NPOU3BOJILHBIX JIHHEHHBIX NpeobpasoBa-
HHSIX CHCTEM OTCueTa HeOoOXOAUMO Obiio BUAOH3MEHHTDH
ofipefie/leHHe TaKHX TNpeoGpas3oBaHMii M BBECTH HOBhIE
npeofpasopanud, IPOCTPAHCTBEHHBIX-U -BPeMeHHOH Koop-
nuHaT, 10 OblIO chenano Mexay 1895 wu 1905 rr.
JIopeHueM (cm. [6]). C nomonkl0 3HAMEHUTHIX npeobpaso-
Banuil Jlopenna KOOPAHHATHL X, Y, 2 H.BpeMs_t MEHSI0TCA
14K, 4TO_COXDAHSAIT CKOPOCTh CBETa ¢ QCTOAHHON. Pe-
JIﬁTHBHCTCKHH 3aKOH CJIOMCHHA CKOPOCTe# MOKa3bIBAET,
YT CKOPOCTb CBeTa ¢ Tpefe/ibHas, T. e..HHKaKHe Mare-
puasibhble OOGBLEKTH He MOTYT HMMETb CKOPOCTb, TpeBLi-
IIAKOMLYI0 CKOPOCTh CBETa i

v <{C. : (1.3)
W SN
DTO NPHBOXUT K YAHBHTEJIbHOMY (aKTy — SHEPrHs Tena
SKBHBAJICHTHA €r0 Macce.
E = mc?. (1.4)
0O6a cootHomenns (I3) 1 (1.4), KoHeuHo, BHIOHM3-
MEHSIIOT OOBIUHbIE 3aKOHBl MeXaHHKH, HO 3TH H3MeHeHMA
TAaKOBbl, YTO IIPU CKOPOCTSX, MHOIQ MEHBLIMX €, BBHIMOJ-
HAIOTCA 3aKOHBl KJacCHuecKod MexaHHKH. 1o obecle-

1) Tounee — acTpOHOMMYECKHM HalJl0JeHHAM NO CMELIEHHI0 ne-
purennsi MepkypHa H OTKJOHeHHIo Jyua csera B note Coanua. Tax
HasbiBaeMOe TIPABUTALMOHHOE KpacHOe CMellleHHe He NPOTHBOPEUHT
obueli TEOpHH OTHOCHTENIBHOCTH, HO He BHITEKAeT HENOCPEACTBEHHO
u3 uee. Ecau 6B yiajiock 3aperucTpHpOBaTh TPABHTALHOHHBIE BOJHBI
KOCMHMYECKOro IPOHCXOKAEHHS, TO 3TO SIBUJIOCH Obl eile ONHHM 3KC-
nepUMenTalbHBIM NOATBEPKACHHEN Ha3BaHHOH Teopun. — [lpum. ped.
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ypBaeT IMJIABHBII MEePexo] OT TEOPHH OTHOCHTECALHOCTH
K KJaaccHueckoil Teopuu (cm. [1]).
Bce mpenbiayuive COOTHOLIEHHS TOYHO nponcpehnl

sxcnepuMentamu, a dopmyaa (1.4) crana suamenuntoh /

B CBA3H C $JAeDPHLIMH NPERPALICHHSAMH H H306pETCINCM
silepHod OGomObl. «llepBasiy H/m «yacTHasi» TeOpHA_ QT+
.JIOCHTeABHOCTH ABJASeTCA (QYHAAMEHTAIEHEIM OTKPLITHCM,

Onxnako oHa He [aeT OTBeTa HA MHOTHE BOUPOCH,

HauboJjiee BaKHBIH H3 KOTOPBIX — Ipo0jeMa rpaBHTa-
uyu. HproTon cumrtan, yTo TArOTeHHEe pacnpoCTpaHsAeTcs
¢ OGeCKOHEUHOH CKOPOCTbIO. JTO ApPelnoJioXKeHHe, BOC-
xonautee eule xk amuiero, Kasanoch aGCypAHBIM YXKe
€ro coBpeMeHHHKaM. o

Cornacuo yeqosuio (1.3), MBl JOJIKHBl IPHHSITH, 4YTO
CKOPOCTb PacnpocTPaHEHHA TPABHUTAllUHd MeHblUe HJAH NO
Kpailnell Mepe paBHa CKOPOCTH CBeTa C:

U KO (1.5)
2iHmTedH NPERION0XKHI, YTO
Ug=2¢, (1.6)

4, no-puIuMomy, yqubfé NPHHAAKW 3TO NIPeAlOJOKCHHE
Kak caMOOUYeBHIHOE.

OpHaKQ OHO BOBCE HE QYEBHIHO, NIOCKOJIBKY HEL LU

KQKUX 3KCRepUMEHTAAbHOLY U3MeDeHull CKOpOCTU Ug MB
00CyIUM 3TOT BOHPOC B Tul. 4. MBI 1aKiKe OOJiee MO~
ApoGHo paccMOTpHM (IJ1. 4) OTHOCHTEJIBLHOCTb TEOPHH OT-
HOCHTE/IbHOCTH, HAa UeM MBI YK€ KpPaTKO OCTaHAaBJHBa-
JINCh BO BBEIEHHII
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HEKOTOPBIE NPOBJIEMBI, CBSI3AHHBIE
C YACTHOM TEOPHEN OTHOCHTEJIbHOCTH

§ 1. Teopus orHocuresbHOCTU
U NOTEHYUAAbHAR dHepeus

DHAHWTE/IHOBCKOE COOTHOUIEHHE MeXAy Maccol H
bHepruell 06IIeH3BECTHO:!

E = Mc?, ‘ 2.1)

HO He Bcerjla ¢ MOJHOH SICHOCTBIO oOnpedensercs podib
NOTeHUHa/bHOH SHepruu. Mpl TiHiaTenbHO HCcledyeM BO-
fIpoc ¥ nocrapaeMcs NOHATb, KAKHe TPYLHOCTH NPH 3TOM
BO3HHKaIOT [1—3].

Paccmorpum ¢husuueckoe rteao, CTpyKTypa KOTOPOTO
N0 NpeANOJdOKEeHHI0 HaM He H3BeCTHa; NMyCTb OHO Orpa-
HHYEeHO H3oaupyioueli o6Gojoukoil, npegoTspauiamoleit
notepu sHepruu. Teno o6najgaer onpefeneHHOH 5Hep-
rueft E,, n3mepseMoli, HampuMmep, B CHCTEeMe OTCUeTa,
OTHOCHTE/JBHO KOTOpOfi TeJO TOKOHTCA. BHYTpeHHAA
HEprusi TeJa MOXKeT ObITh XHMHYECKOH, MeXaHHueCKof,
KHHETHUECKOH HJIH MOTEHIHAJIbHON, OHA MOXeT Hempe-
PHIBHO MNepexoxuTh H3 OZHOro BHAa B Apyrofl. Mu
yTBepKaaeM, uTo s1a sHeprus E, casana ¢ maccofi mo-
Kos My cootHomennem (2.1).

Ecnp ¢usuueckoe Teso Gyser ABHraThCA C MOCTOSH-
HO# cxopocn:}o v, oHO Oymer MMeTh HOByK Maccy M,

: KOTOpOI/I COOTBETCTBYIOT 3HEPrufa En HMIOYJALC P:
EG=M002, E—-Mcz, p =MV, ]
M, i (2.2)

(1 ~ v2/c2)'h

Ypenuuenne maccel oT 3HaueHus My mo M npoucxomut
8a CueT KHHETHUECKOH SHEPruu.
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®usuuecKoe TeN0 MOXKET JABHIATbCA B CTATHYECKOM
fiofle CHI M 3a onpe,u.eneﬂnbm NPOMEXYTOK BpEeMEHH
NpHOGPECTH BHEIIHIOI NOTEHUHANbHYIO SHEPruio U Bcee
CUMTAIOT, UTO TIOMHAS “SHepras "OMHCHIBAETCA COOTHOLIE-
HHEM

Eoma == Mc2 + U, (2.3)

rae U ocraerca HOCTOHHHOH, HECMOTPA Ha IIBPI}KGHHC
TeJla co CKOpOCTbIO v, STO O3nauaer, 410 8CAKAA 8 BMODIC-
3

!;ngu‘& TER{UarbHOU anepeueu nO./tHOCTblO UCKAIOHOETCH,
Ecan 6bl BHelIHeH NMOTEHLHANBbHON SHePriH COOTBETCTBO-
BaJa Macca, TO MOCJAeNHsAsT KaKUM-TO o6pa3oM YuacTBo-
Bana OH B JBHXKeHHH BBUAY NepeMellleHHA (GH3UIECKOrO
Tesla, a TaKo# IBHKYIleHcsi Macce COOTBETCTBOBasla Obl
HEKOTOpas KHHeTHuecKas aHeprua. Ms cooTHOmeHust
(2.3) Takymo BO3MOXHOCTb HUKAK HeJb3s YCMOTDETb.
Takum _06pasoM, mnoJiydaeTcsi CTpaHHasi CHTyauus:

BHyTQEHHeH HOTeHILI/IaJleOH 3 ép[‘PIPI OTBE'{aeT Macca,
E’I‘ PSR

§ 2. Cmorcn noTeHyuasbHoU 3Hepauu
8 pPenaATUBUCTCKUX TEoOpUaXx

B knaccuueckolt MexaHuKe OTpefesicHHe MOHATHS NO-
TEHYUQAbHOU 3Hepeul WTPaeT OYeHb BaXKHYI0 POJb, H
KOrjla Mbl MepexoiHM K TeOPHH OTHOCHTCJNbHOCTH, 3Ta
BeJINYMHA OKa3blBAeTCsi OAHONH M3 fepBLHIX B CNHCKe MNO-
HATHH, nomnexamux nepecmorpy. [IlepBoHauasabHoe
KJacCcHueckoe onpefleieHHe COXPaHHTb HEBO3MOXKHO, TaK
KaK OHO OCHOBBbIBAeTCA HA «3a0COJMIOTHOM BPEMEeHH» H
«BeCKOHEYHOH CKOPOCTH pacnpoCTPaHEHHs» CHTHAJOB.
Onpenenesue MHOTMX APYTHX BeJHYHH M 3aKOHOB TaKxKe
TpebyeT nepecMOTpa MO aHAJIOTHYHEIM NPHYHHAM; K HHM
OTHOCATCS TpeTudl 8akoH HbloToHa (dedcreue pasuo
npoTusodedicréuio na 1i06oM paccn‘osxmm) HOHATHE
LeHTpa Macc H Ap.

Kak MOXHO rOBOPHTb O paBeHCTBe AEHCTBHA H mpo-
THBOJCHCTBHS MeXJIy TaKHMH, HalpHMep, TelaMH, Kak
ConHue u 3eMas, eC/H CHTHa/J OT OAHOTO K JAPYromy
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pacnpocrtpansiercs npuMepHo 8 MuHYT? 3a 8 MHHYT
3emad npoiieT 3HAUHTEJbHOE PACCTOSIHHE, H BeJHUHHA
COMHEUHOTO npHTsxenus uaMmenutcst. Ecan na Connne
IIPOHCXOLHT B3DPBIB, €T0 JelicTBHe NPHXOAHT HA 3eMJio
uepe3s 8 MUHYT, a NpoTHBoAeHcTBHe npuzier Ha Couanue
yepes 16 muuyt! B pesyabrare mepeonpefcieHue norei-
LEaJbHOH IHCPTHM CTAHOBHUTCA OCTPOH NpoOaeMOii.

B TeopuM OTHOCHTEJBHOCTU MMeIOTCA M ADYyrde TPYA-
HOCTH — INIPH ONpefeJCHHH MOMEHTa HMIYJbca, MOMEHTa
MHepluu 1 BooOlie Beex BeJIMUUH U 3aKOHOB, CBS3AHHBIX

.C_BPALATLAbHNM. OsuNceHHeM. DTH ONPe/le/IcHHs TaKxKe
CIellyer TIATeJNbHO HepecMOTpPeTb,

Cocpenorounm 1OKa CBOe BHHMaHHe Ha mnpoGieme
noTeHuHanbHoM 3Heprun. Bhixox H3 oOnMUCaHHBIX TPYA-
HOCTel JoJKeH OLiTh, NOTOMY UYTO, KaK ME 3HaeM, TeO-
pus_ QTHOCUTEAbHOCTU TAABHO Nepexodur 6 Kaaccuwe-
CKYIO Mexaﬂurcy IPY BBHITOJIHEHUH CAENYIOUHX YCJIOBHI:

a) Bce CKOPOCTH MaTepHaJbHHX OGBEKTOB. U MHOI0

MeHBIIe CKOPOCTH CBeTa C!

v L ¢ (2.4)

(370 ycnoBne CBsI3aHO ¢ HMCNOJb30BaHHEM MAaJibiX
NOTEHUHAJbHEIX 3HEPTHil);
6) paccrosdHHA r NOJNKHB! ObLITb CTOJb MaJbIMH, 4TO-
O6bl MOXKHO ObI1IO mpeHe6peub 3anasAbiBaHHEM IIpH
pacnpocTpaHeHHHN CHPHAJOB!

s, (2.5)

rie T — XapaKkTepHbii TNPOMEXYTOK BpeMeHH nJa

paccMaTpUBAEeMOro JBMIKEHHs, HanpHMep ero nme-

puOZ.

B sagaue Bsawmogeficteusa 3emau u CoaHua ycjloBue
a) BBIUIOJHfETCA MOYTH Bceraa (3a HCKJAIOUEHHEM 3Kcme-
puMenTa Malikeabcona), ycJaoBHe 6) — Her.

Tenepp HeoOxonUMO NOABICKATH BEJHUUHY, KOTOpas
ABUAACH OBl PENSTUBHCTCKMM aHAJOroM [OTEHUHAJbHON
sgepruy. Toraa MOMXHO McC/IeLoBaTb NPOCTPAHCTBEHHOE
pacnpenesiesve 5TOH HOBOH BEeNIHYHHBI M COOTBETCTBYIO-
uelt eff Macchl.
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OpHako npexie HaM NMPHAETCH PACCMOTPCTb APYrylo
TPYRHOCTb, BO3HHKZIOLIYIO NIDH NepeHecelnt TpaIHLHOH-
HbIX METOJOB KJIACCHUeCKOH MEeXaHHKH B TCOPHIO OTHO-
CHTEJbHOCTH. MHOTHe H3 3THX METOAOB HC/b3si PacCHpo-
CTPAHHTb HA TEOPHIO OTHOCHTENBHOCTH, OT HHX TaKiKe
NPUXOJAUTCA OTKAa3aTbC B KBAHTOBOH Teopuu. B kaaccu-
YeCKOH MeXaHUKE C ee aOCOMOTHOIM GPEMEHEM MOXKHO
CTaBUTb U pellaTb 3aJau¥ ¢ JioOBIM YHCJIOM 4acTHI, (Ha-
npumep, My, M,, ..., M;), pacuosoxKeHHBIX B HEKOTO-
pbli  MOMEHT abCOJIOTHOIO BpeMeHH § B Toukax
Ty, T2, ..., Fp. llpenmonaraercs, uTO mOTeHUHAJbHas
sHeprus U(ry, rz, ..., I'y) 9BASETCS HEKOTOPOH (YHKIMef
KOODIMHAT, W 3ajlauia paccMaTpHBaeTcsi B 3n-MepHOM
npocrtpancree. JTHM OYeHb O6IMHM cnoco6oM chopMy-
JUpPOBAaHO OGOJIBIINHCTBO TeOpPeM KJAaCCHYeCKOH Mexa-
HHKH.

Takoli MeTol HenpyMeHHM K 3ajauaMm peIATHBHCT-
CKOM TeOPHH, Ilie Kaxjias uacTHua (C KOOpAMHATaMH
Xn, Yn, 2n) B LAHHOW CACTEME GTCUeTa WMeer cBoe OG-
CTBEHHOE BpeMs fn. Teopus "OTHOCHTeNHHOCTH HCNOJb-
SYT HETHPERMEPNOoe NIPOCTPAHCTBO-BpeMs. .

ViaMenenue onpefeneHuil aBAsérci ouenb cepbe3HbiM
0GCTOSATEILCTBOM W HPHBOJUT KO MHOTHM C/EACTBHSAM.
PaccmoTpuM, HampHMep, CHCTeMYy ABYX B3anMopgeit-
CTBYIOIUX YacTHU. MoxKeM N MBI yTBepXIaThb, UTO MO-
TCHILHaJ/IbHASl 3HEPrus JIOKAaJN30BaKa Ha OAHOH H3 HHX?,
HNan ee caeayer npunucats Bropoit? HMau pacnpepenntn
mexny HumH? Ecnu smepeuu oreewaer macca, to rae
OMECTUTb 3Ty Maccy? DTOT NPHHUHNHAAbHBLIH BOApOC
MBl U TOJKHBI OGCYZHTB.

DTOT BONPOC YaCTO UTFHOPUPOBAH M OGXOJHAHM, NO-
TOMY 4YTO He BO BCeX 3aJZauax OH KaKercs OOCTATOYHO
scHpIM. OZHO M3 IBYX B3aHMOAEH(TBYIOLUHX TeJ MOXCT
GpITb  MHOTO. TsXKeJiee BTOPOTO, CJEA0BATEAbRO, OHO
NOYTH HEMOABHXHO, HanpuMmep 3emjs, NPHTATHBAIOMas
s16;10k0 Hplotona. Cornacno To4HO cPOPMYAHPOBAHHOMY
HEi0TOHOM TpeTbeMy 3aKOHY MeXaHHKH, s0J0KO TaKke
npurarusaer 3emao. Ho Muorue Teopernku o6 3TOM
3a6pIBAIOT, 3aaABJss, 4TO 3emJs HeNOABHIKHA, UTO OHA
CO3/a€T TOCTOAHHOE TNoJie CculI, H AONOKO ABHKeTcS
B 3TOM «3afiaHHOM» moJje. B peayabrate oOHM OObIUHO

9 3ag. 1357
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AONYCKAalOT, HTO HOTeHNHAJbHON 3SHEPTHH HE COOTBeT-
CTBYET KaKasi-TH60 Macca, H 3anHCHLIBAIOT NOJHYIO Hep-
Tuio B Bufe cootHomenus (2.2). IT10, OAHAKO, SABASETCS
OuYEBHIHBLIM YNyUleHHeM, B CBSI3H C 4eM W TMOsABJAseTcH
HeoOXOTHMOCTb NPOBECTH HACTOAUIMHA aHaMH3.

§ 3. 3HaueHue nOHATUS NOAS
8 reopuu JbnwTelRA

Bce 3TH BOnpOCH TeCHO CBA3aHH MexXAy cofofl.
B TecHol B3amMOCBA3H HX paccMaTpHBaJ euie Takodl Be-
JHUKHE MbICAHTeNb, Kak J#HwTefin. On scHO nokasad,
YTO, NOCKOJIBKY JefiCTBHe Ha pacCTOSHEHM 3anpeulieHo,
} BeoGXOAMMO TOJNHOCTBIO NHOJAraTbCfl TOMBKO Ha JeHCT-
EHe, nepejaBaeMoe NOCTENEHHO B BHAE TOJfA, PAacHpo-
CTpAHSMIONUIErocs uepes IPOCTPAHCTBO. BaxHOCTh TeopHH
\ IO OKOHYATENbHO BBICTYIN/IA HA NepefHunil wjaam.
Vinen, nauano kortopuM nodgoxunan Papazed n Maxk-
CBEJJ, TOJYUYMIH TIONHOS pasBuTHe B TEOPUW OTHOCH-
TCALIOCTH. DLI0 BHABHHYTO IpPEINOJONKEHHE O pealb-
HOM (U3MUMCCKOM CYUICCTBOBANNHM NoJicli gaxe B TOM
chaydae, KOrja oHy He ACICTBYIOT Ha ARMIKYWYIOCA ua-
CTHIY M 0CTaloTcs nesamcucuipiMi. Taxoe npegmodtoxe-
HMle BHIMVIAAMT B 3HAUHTCILHON cTenenn MetadHsuue-
CKHM, HO B peJATUBHCTCKHX npodjeMax OHO Hrpaer AO-
MHEHHPYIOILYIO POJb.

Takum oGpasom, npodjembl 0 ACHCTEHH H OPOTHEO-
{[eficTBHH Ha KOHEUHOM paccTOanup Gojplle He cCyule-
| CTBYET; 3aKOH paBeHCTEa AeficTBHS B NpOTHROAEHCTBUN
| IpHMeHAeTCsl JIOKaNLHO B JI00oH JaHHO# Touke npoO-
yCTPAHCTBA-BPEMEHH ¢ KOOPAHHATAMH X, U, 2, L.

Hoao npunucoisaercs odenv €a0%CHas poOAb: QHO
NEePCHOCHT IHEPTHIO, HMIYALC, MAaKCDCAJORCKHE HaTaiKe-
HES M np. MBl XOTHM Taxke NOMUCPKHYTH TOT QaKT, uTo
Layo nose obaadaer maccod. Hwenno a1d BOOPOCH Mbl
RAMEpCHb PacCMOTPETh, NOCKOJLKY MHOTHE TEOPETHKH-
PensITUBHCTLI He MNOJHOCTBIO YUHTHIBAIOT BCH HMX BaX-
HOCTD,

Haunem ¢ npocrofl 3araun, Aa8 KOTOpPof cymiecrayer
oOulelipunsaToe pemienne. PaceMmoTpuM cepy papuycom
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a ¢ maccoit My u snekTpuduecKHUM 3apsaoM Q, pacnpenec-
JIeHHEIM Ha cdepHyeckoll MoBepXHOCTH. B nokosuleficn
CHCTEME OTCYEeTA HA PAacCTOAHHH r 9TOT SapAR co3aaer
3JICKTPHYECKOE NOoJe HalPAXKECHHOCTHIO

F=-31, (2.6)

rae r® — eAMHUYHEI BEKTOP B HaNpaBJEHHH . DTO 9JcK-
TPHUECKOe MoJe HMeeT MAOTHOCTt axepeut (B cuUcTeMe
Crca)

1 Q2
= e

Eon= 8x [F{ 8art * 2.7)
Cornacuo ¢yHzaMeHTaabHOMY cooTHowenuio (2.1), ato
COOTBETCTBYET NAOTHOCTL MACCHL

l 2
om =i | F P = . @.8)

TlnotHocts 3Hepruu (2.7) M mjaoTHOCTE Maccel (2.8)
MOXKHO NPOHHTErPUpOBATH MO BCeMY INPOCTPAHCTBY BO-
KpYyr cgeprl pajHycoM a, 4To JaeT
Q2 QZ

E9n="2?1‘9 My, = a0 ! (2.9
rne [Epp — moanad sHeprus  3JCKTPHUSCKOTO 0O,
a M;; — nonuasi Macca nossi, pacnpejeseHHble B MPo-
.cTpanctBe BOKpyr cepnl. Cohepa MoKeT MMeTb APYTylo
Maccy BHYTPeHHero NnpoucxoxAeHus Mo, TaK 4TO nosnas
ee Macca paBHa

My =My + M,y (2.10)

Koraa mel numem 3ty GopMyay, MBl YYHTEIBAEM, YTO CO-
oTHOWeHHe (2.8) yxasbiBaeT Ha OUYEHb BBHICOKYIO KOH-
UEHTPAIHIO Macchl B HEMOCPEACTBeHHOR GIU30CTH K Cde-
PHYECKOIl NOBEPXHOCTH, U MpejloJiaraeM, uyTo 3Ta Macca
MOXKET cuMTaThesl (Kax nepgoe npubiuxnceHue) JoKany-
30B4HHOH Ha caMmofl cdepe.

§ 4. Cayuadi dsyx szaumodeticreyrowyux cep

Ilpomon:kuM paccMOTpeHHE 3a4ay SACKTPOCTATHKM,
KOTOphie G0Jlee U3BECTHH, YeM MHOTHE ApPYyrHe 1oxolinie
Sajjaufl, WU MOryT OBITb HCHOJb3OBAHL B KauecTBe

2*
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THIHYHBIX OpHMepoB, B aTom maparpade Mui pacemoTpum
npobJaemy ABYX Tea. Ilycth uMmelorcs aBe ceprl oguHa-
KOBOIO OYEHb Majoro pajhyca a ¢ MaccaMu noxos My
n M, n 3apagamMu Q u Q’, KOTopbie NOKOATCA 8 HEeKOoTOo-
poi cucreme orcuera. PaccTosinne MexAy HUMU 0603Ha-
unm yepes 7. Ilyctes P (¢pur. 2.1) oGo3nauaer TOUKy,

[
7
S
.o\
\/// F \\
" \
-~ \
e \
-~ \n o,
M) @ e Mo
Q o &
Gur, 2.1

B KOTOPOil Mbl M3MepsieM HaNpsiXKeHHOCTb Pe3yJIbTHPYIO-
piero anexkrpuyeckoro noas F, Toraa

F=2 0+ %" @11

ITaoTHOCTO 3Hepeuu 3AeKTPUYECKO20 NOARA B JaHHOM
cayyae onHcbiBaerca (GopmyJioi

_lipp_ 1[99 50 ]
gm_—sant_Bn[r4+r,4+2 X cosH (2.12)

rie 0 — yron Mexnay Bektopamu f u r'. PopMmyna mas
IVIOTHOCTH MaccChl npnmmaer BHA

pm=§ézl_=__‘__[‘?’+ +2° coseJ (2.13)

B sroit 3ameuarenbHOf Q)opMy.ne flepBbIl 4J/ieH, O4eBH[-
RO, MPEACTABJISIET BKIAL B Maccy M, nepBo#l ‘yacTHIH,
a BTOpOH — BKJIAL B MacCy Mg sropofi wactumst. 'Ho
4TO O3HQUQeT Tperuli useH, codepocalyull nepexpecrroe
npoussedenue QQ?
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UroOBl BHECTH SICHOCTH B 3ITOT BOMPOC, PACCMOTPHM
cHauajia MHTerpaj OT TPeThero yjneHa B ¢gopMyae (2.12)
H ofo38auuM ero uepes Ey,:

[Ewmdi=p [ FF)do=

1 av’ av’ av’

Tle X, Y, 2 — KOOPAMHATH TOUKW P, dt — 3JIeMeHT Tpex-
meproro o6bema, (F F') — ckansapHoe npousseneHue.

BeeneM cratuueckuft nmoreHuuan V’ mng sapapa Q’,
HOPMMPOBAHHBIY € NOMOWIbI0O OGHLIYHOIO TPAHHUYHOTO YC-
aosua (V' = 0 Ha GeckoHeuHoCTH) !

v =9, (2.15)

r

Wnrerpupya (2.14) no uacram, HaxoRum
B ‘ 7 00 l
By — = V' (Fx+ Fy+ F) 2+ j V' (VF) dr.
3jech nepeLIi WieH paBeH HYAIO, &

(VF) = 4np,, (2.16)

e pox— MJIOTHOCTH 3JeKTpHueckoro sapsfa Q. Toraa,
noJsiaras, uto a K ro, mojgydyaeM

En=v"Q =22, (2.17)

CienoBaTelbHO, MbI UMeEM CJENYIOIYIO TEOpeMY:
Hopnas snepeus s3aumoleiicTeus 60, 6CeM NPOCTPan-
> UG, 0BbIuH HasblBLleMa}l noreuqua/w-
Hod aftepeueu» deyx sapados Q u Q norco WUxca @ He-
KoTOpOL cucTeme oTcywera. -

‘1o Takxke O3HayYaer, YTO TOJHAs Macca, OTBedalo-
mas TpeTbeMy usieny B dopmyse (2.12), nponopunonanb-
Ha NOTEeHNHaJbHON SHEpruy ABYX 3apsaioB Q u Q' u dax-
THYECKH pacnpe,uenena BO BCEM NPOCTPaHCTBE:

Mo, =2C (2.18)

roc? "
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Haa apyx TodeyHwlX 3apsafoB Q u Q’, noxosUIuXCcH B He-
KOTOPOH CHCTeMe OTcUeTa, Mbl MOXeM 3aMeHHTh al-
CTPaKTHOE MareMaTHyecKoe TMOHSITHE TOTCHUHAJABLHON
'9HEPTHH (PH3HYECKOH MOJe]bl0o, B KOTODOH sueprusa pac-
‘mnpelejeHa B NPOCTPAHCTBE B COOTBETCTBHH € pacrpee-
_JIeHHeM HalpKeHHOCTH 101,

Hanee, ecas MBl XOTUM paccMaTpUBaTh 3ajauy O ABH-
KYULMXCS] 3apsiiaX, Mbl JIOJIKHBL CACA0BaTh NMOLOOHOMY
JKe METOAY U BLIUHCAATh MJIOTHOCTB 3HEprun nosaa obenx
B3auMoJelicTBYIOmNX vacTul. HaeHnl, cofepxamue npo-
usBelenne QQ, GYAyT HENOCPEACTBEHHO NPEACTABIATH
Heprulo B3aUMOACHCTBHSE TNIpH JIOOHIX PACCTOSTHHAX WU
JIOOBIX CKOPOCTAX. Jueprud, pacnpepeneHuas B TpoO-
CTpaHCTBe B COOTBETCTBHHM C pacnpeienelineM Hanpsd-
JKEHHOCTH TNOJf, I[PONOPHHOHAAbIA  pacnpeAesieHuol
macce.

PacceMotpum, HanpuMep, 3a12Uy O ABYX 3apsjax, Ko-
raa nepseiil M3 HUX Q' moxomTes B H“KOTO})Oi’l CHCTEMS
oTcyeTa, a BTOPOI ABRMWIKETCH co cropoctbio v. [lose za-
psaa Q’—-aTo CTATHYECKOE [0Je, HAMPSIMENHOCTh KO-
Toporo F’ onpespenserca no dopnynie (2’ €), Torpna rax

Hanpsekemiocts noaa F arimymerocs zanana Q omucut-
BACTCH XOPOHIO HM3BCCTHLIMHI DCASTHRUCTCHREMU  (PORI
Jami (cM., nanpuncp, [4]).

Toraga B 2Tofl cHennatbLHON CHETOMZ OTCH2TA MOW(I
BHUHCAHTL INIOTHOCTh SHEPTHH B3anMOneH
o Q v QF (unewsl, copepIKAalIMEe MDCH3RCH
a TaKme COOTBETCTBYIOWIYIO IGOTHOCTD 1ME

§ 5. I'de moeaa 6ur GoiTs roncrnz02an0 10CCA,
COOTBETCTBYIOUQL NOTEIUMANCHOI dHep2UU?

Paccmorpnm 3anauy, b Kompof’r DLUIONFOTCA YCiR0-
pua (2.4) u (2.5), 0 MBI MOXCHM [OBOPHTE O NOTENIHAND-
nofi areprud.

Macca COOTBETCTBYIOM AN NOTSHIHAABHOR 3HEpruy,
AKTHYSCKA DACHPOCTRAHEHa BO BCEM NpOCTpaNCTse Kak
moxny sapanzmu Q u Q. Tak m Boxpyr Hux. Oanaxo
ccan ML Gojiee BHHMATEILI0 paccMoTpuM  (opMyay
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(2.13), To 3aMeTHM, UTO MEPEKPECTHLIN ujicH (ONHCHIBalO-
LKA B3aUMOREHCTRBUE)

Om, 50 = 71;1%?27 cos B 2.19)

CTAHOBHTCS OueHb GOJBIINM HA 3apAxKeHHEIX cdepuuc-
CKHX TOBEPXHOCTAX, KOrja r==a uJH r’ = a. 70 yKa-
3bIBaET Ha KOHLEHTPALMWIO Macchi BOJW3HM 3apsAfioB M Ha
3HAYUTENbHOE YMeHblIeHHEe IIOTHOCTH MAacchl ¢ YBeauye-
HHEM pacCTOfHHA. DTa KOHUEHTpauusd, 0JHaKo, HE CTOMb
BeNuka, Kak B ¢opmysae (2.8), ona usmensierest npomnop-
LUOHAJIbHO r~2, a He r~%, TeM He MeHee MBI MOXKEM BBe-
CcTU nepBoe NpubjuKeHHe NOLOGHO TOMY, Kak 3TO jaeja-
Jaocb B § 3, u yTBepxkmath: 04 chep 0O0UHAKOBLIY
paduycos a Kry 6 nepsom npubausicerun  maccy,
COOTBETCTEYIOW YO NOTEHUUAALHOU dHeP2UL, MOXCHO CHul-
TATb NOKAAUB0BAHHOU Ha 83aumoldedcTsyrowuyx 3apadax
Q u Q' u pacnpederennoi mexndy Humu noposHy. Mol
nepenuuieM cootHourenue (2.10) aJs MOJMHBIX Mace cJje-
AyomuM o6pasom:
My=My + Mo+ 22

]
rec? ' |

2 T (2.20)
MO‘!“AIan + 2r cz . l

Pacnpenenenue, pasaemoe ¢opmyaoit (2.19), non-
HOCTBIO CHMMETPHYIIO OTHOCHTCALHO £ H r/, H 3TO onpas-
IBIBAET <«paBHOpacupejeseline» MacChi, €CJAH YACTHILLI
UMeIoT OJHHAKOBHIE pasMephl H (opMmy.

Crout, onHaro, OGCYANUTb HEKOTOphle NOAPOGHOCTH
(pur. 2.2). Us dopmyaw (2.19) BuaHO, yTO Ha GOAbUIEX
paccTosdHuAX TMJIOTHOCTHE Macchl (¥ 3Hepruu) npuoGpe-
TaeT ONpeJe/]eHHBH 3Hak, Korja 0 maJsto u cos 0 pasen
NOYTH eAuHHue. Dyaer nu Ha GOJBIWIMX PACCTOSHIISIX
3HAaK MHUHYC WJIM TJIOC, 32BUCUT OT 3HaKa NPOH3BC/ICHIS
QQ’, u 3Hak Oyner Takum XKe, kKak B dopmyae (2.18).
Oxnaxo crelyeT 3aMeTHTb, YTO MJIOTHOCTb P, na B HOp-
myqae (2.19) pasma uyaio Ha chepe C auamMeTpoMm, pas-
HBIM PacCTOSIHUIO MEXKAY 34psKEHHBIMH vacTuuamu Q u
Q’, B TOYKax KOTOpOil Mhbl umeem 0 = m/2, cos 6 = 0.
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Baytpu cheprt C NIOTHOCTb P, 53 HMEET MPOTHBONOJONK~
HBIH 3HAK.

Tak uan uHaue, MJIOTHOCTb Pm, ss MOXKET HMeTb 00a
3HaKa, B Macca, COOTBETCTBYIOLas MOTeHIIHAJAbHON 3Hep-
rHH (KaKk H caMa NOTEHUHaJbHasl SHEPrus), MOXKeT ObITh
IIOJIOXKHTEJbHON HJIM OTPHLATEJNLHOMH.

' cos >0

Ha cgpgpe ©
Pl 9=/f/2
cos8=0

Q'

dur. 2.2

HoBsie Maccel, BHYHc/eHHBle NO ¢opmynam (2.20)
A5 TIOKOSILIMXCS YaCTHI, AOJKHB ObITh XODOMIMM Mep-
BbIM NpHO/HMXKEHHEM, €CAH OLHA H3 HaCTHL, JBHIKETCH C
MaJof CKODOCTBIO U, TaK 4YTO NORPaBKH OYAyT TOJbKO
nopsinka v?/c?,

§ 6. Cayuaii mnocux s3aumodelicTayrouyux
3apA008 HA MAALLX PACCTOARUAX
U NPU MANbLX CKOPOCTAX

Mbl paccMoTpeas ¢ HeKOTOPLIMU NOJAPOGHOCTAMHU CJIy-~
yafl JBYX B3aHMOZAEHCTBYIOLUIMX 3JeKTPUYECKHX 3apsloB
Q n Q. INosyueHnsle pe3ysnbTaThl MOXKHO 00OGLIMTL Ha
cayyall AunoJs, KBaAPYNOJs HJIH MYJbTHIOJNS, B3aHMO-
ACHCTBYIOLUIHX € TOUEUYHBLIM 3JIEKTPHYECKUM 3apsioM.

Paccmotpum, HBanpuMep, JKecTKYI0 IOKOSIIIYIOCS
CTPYKTYPY, 06pa3sOBaHHYI0 HEKOTOPBIM YHCJIOM 3apsfoB
Q, Q”, ..., Q™ u B3auMOAEHCTBYIOULYIO CO CBOGOAHBIM
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sapsgoM Q. OITOT cayuali MOMeT COOTBETCTBOBATb,
HanpHMep, KDHCTaJJH4YecKOH pellleTKe, B KOTOpOH [IBH-
*Kerca cBOOOAHBIN dJaexTpoH. [Ipeanonaraercs, yro 3aps-
st Q, Q7, ..., Q™ uMelOT ONMHAKOBbIE paaMychl a,
3JeKTPHYECKH BsaHMolleﬁchyIOT Mexay co0o#fi, u 3Hep-
THsl STOTO B3aMMOJEHCTBHSL COCTaBJfeT YacTh IIOJHON
3Heprud (M Macchl) HX XKecTKOH cTpykrypel. CBOGORHBL
sapan Q (Taxke paAMycoM @) B3aHMOJEHCTBYeT C Ka-
XKABIM H3 3apafoB QU), M MONOBHHA COOTBeTCTBYIOUIGl
Macchl B3anMOJeHCTBHS JOKaausyerca Ha Q, Toraa kaxk
BTOpas NOJIOBHHA — Ha KaxkXAoM H3 3apsafos QU, Haso-
Bem U noTeHuuanbHOH 3Hepruefl BceX 3THX B3aHMOJeil-
CTBHUIL:

°y 00D

uv=Y ij? . a<rg @.21)
I=l

Macca cBo6oaunoro sapsina Q, B3auMoJeficTBYIOIIErO
€O CTPYKTYDO#, CTAHOBHTCS paBHOH

U
MQ=M0+ Msn +—2‘E§-. (222)

B To ke BpeMsi HMeeTcs JIONO/HHTeNbHAs Macca Ul2¢? u
Ha KecTKoh crpymype. 910 ectb mnpsiMoe obGoGleHue
dopmya (2.20).

Tlpeanosoxum Tenepsb, 4To 3apajg Q ABHKeTCs C Ma-
Jo#t cKopocteio v. Toraa BelpaxeHHe AJs NOJHOH 3Hep-
rud vactuubl @ W CTPYKTYpH [B OT/IHUHE OT BeIHUMHLI,
JdaBaeMmoit dopmysof (2.3)] umeer Bun

— Mo+ Moa+U/2¢8 5, | 1
Enonﬂ — (1— 02/62)‘/' ¢ + ‘2_ U. (223)
dopmyay (2.23) MoxkHO mnepenucaTh B HECKOJBKO
HHOM BHJE:
Mo 4 My U 1
Epom= —t Mon o2y —[—————-— 1], @24
1104 (l _ 02/02)1/, + + 9 (1 _ UZ/OZ)A/’ ( )
IMocneann#t unen B KBaApaTHHIX CKOGKaX eCTb HOBbI
YieH, COOTBETCTBYIOUIUI HameHl TeopHH, Kak Hemnocpen-
CTBEHHO BHIHO M3 cpaBHeHus dopmyn (2.24), (2.3) u
(2.10). B OGonbliHHCTBE NPAKTHYECKHX CAyYaeB OH
octaeTcss MasablM M Qopmynaa DéHwTeliHa (2.3) ABIACTCH
XOpOWIMM NpHOMHIKEHHEM.
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Hama HOBas monpaska Mordaa Obl cTaTh 3aMeTHOR
TOJNBKO Npu COMbLINX 3HAUEHUSX CKOPOCTH ¥ H IIOTEH-
muanbuoit sHeprun U, Ho (Kak yXe orMmeusanoch B § 4)
npu GOJBIIHX CKOPOCTAX U Tpefyercs CHelHaNbHOE
paccmorpenue. - B coorBerctBun co 3Hakom U 3ra no-
npaBka MoOXeT OHTb NOJOXKHTeJBHOX HAW OTpHUA-
TeasHol, Ilpn aTOM anann3e HeoOXOLUMO BCerja ocTepe-
raTbCs HCMOJb3OBAHHUS TaK HasbiBaeMblX NOTEHLMAJOB,
KOTOpble OGBIYHO OTMPEREASIOTCS € TOYHOCTBIO JO NpOH3-

" BOJIBHOM NOCTOSIHHON (M/iH QYHKIMU) ¥ HENOCPeACTBEHHO

BEeIYT K TPYAHOCTAM, CBS3aHHBEIM C <«KaJHOPOBKO{» HO-

~ TEHIHAJIOB,

INpenmosoxeHne, 9To HOBag Macca pacnpeleseHa

" rnaBHBIM 006pa3oM B 3JEKTPHUECKOM [OJe BO BCEM Mpo-

ICTpaHCTBe, YAOBJAECTBOPAET Tpe6OBaHI/IHM, peabsaBJsiC

MBIM KaK K npeo6pa3oBanusiM JIopeHUa, Tak 4 K caMOMy
5JIeKTPOMAarHUTHOMY NOJIO. YNPOIeHHAass MOAeNb, B KO-
TOpOl JONOJNHHTeNbHAsd Macca JIOKaJIH30BaHA HA YacTH-
ne, 10JKHA PAacCMaTPUBATLCS TOJNBKO Kak NpuO/IHKEHHE,
TIO3BOJIAIONIEE HAM YCTAHOBHTb COOTBETCTBHE € KJaCCH~
YeCKHMH 3aJauaMu.

§ 7. Cayuail HeoOuHAKOBLIX 4aCTUY,.
Poabv ¢popmot wacruy

B § 4—6 wMb! npenmnosaarant, 9r0 BCe B3aHMOJelCTBYIO-
mue 4YacTHUBl MpeACTaBAAIOT co6oil cdeprt paguycom a,
M 3TO HeIOCpPEeICTBEHHO NpHBEJNO K <«PaBHOpacnpejene-
HUIO®» JIOTIOJHHTENbHOM MAaCcChl MeXAY ABYMS B3auMonel-
CTBYIOIMMH yactuuaMu [ycnosue (2.20)].

PaccmorpuM Tenmepp Goslee CI0XHYIO 3a%ady O ABYX
MeoJuHAKOBHIX wactuuax. HemocpeacTBenHo BHAHO, YTO
gapaas Q u Q' mosBJAIOTCH TOJBKO B BHIE HX TIPOH3BeE-
genns QQ’. CuMMmeTpusa mnoJsst B3aHMOAEHCTBHA NO-TIPex-
HeMY HE 3aBHCHT OT pasquuus 3apagoB Q # Q. Beanun-
HH Mace M u M/, no-BUAMMOMY, TaKXKe HE HIPaIOT HH-
Kakoi posd (ODHAKO MO3XKe MBI €Ile BO3BpATHMCA K
®TOMY MoMeHTY). Pacnpenenenne 10/s MOJHOCTLIO CHM-
METDHYHO OTHOCHUTEJbHO TMOJOYKEeHHsi 3apsjoB, HO epa-
Huunble ycaosus sapdcar ot paduycos cpep a u a’,
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B wawem npeabiayuieM aHaJju3e Mbl TpeGoBaJIH BBIOJ
HEeHHs yCJIOBHA

a=a <Kr, (2.25)

Ecan xe a %= @', TO BCSl CHMMETPHsi HapyuaeTcs.

B 1o ke Bpemsa macenl M u M’ 6ynyT pasauuHsl, Mo-
CKOJIBKY pasJsiuulbl 31ekTpuyeckne nobaexu B Hux, [Ipex-
NOJIOXKHM, Hanpumep, uto a > a’. CornacHo QopMmyie
(2.9), mpl monyuaem

a>a, My, < Mis. (2.26)

IlockoabKky 064aCTb HHTErpHpOBAHHA HECHMMETPHURA,
Mbl HE MOXKEM CUUTATh, UTO QOTOCJHHTENbHAs Macca, CBs-
3afHas ¢ NOTeHLHAaJbHOH SHepruel, pacrnpenensieTcs Me-
XY vactuiaMmu nopoeuy. Ilose cnabee BOXPYr uacTHLibl
paguycoM a c MeHbluefl Mmaccoit M. Kpome Toro, stoit
yacTUIe CJaelyeT IPHIHCBIBATL K MeHbIIYIO Maccy, 06-
VCJAOBJIEHHYIO B3aHMOJelICTBHEM, BCISICTBHE Yero BMeCTO
GopMya (2.20) MB umeeM

QQ sy
Mz < '2‘7;‘0‘2“ << Mpgs. (227)

[Tonbzysch ¢Gur. 2.2, paccMOTPUM 323HOBO aHaJU3 HOp+
mMyan (2.19). IluorHOCTE Macch & TOUHO PABHA Om, ps/C? K
uMEET pas/jMuHbie 3HAKH B PasHbX 00JacTsiXx MpPOCTPaH+
CTBA. DTO IPHBOAHT K MOSIBJIEHHIO TI'PaBUTALUHOHHOIO
n0Jist, COOTBETCTBYIOHIEro IpaBUTALHONHOMY MYJbTHIIONIO
(a ne Toueunoit mMacce). Takue YCJOBHSI MOTYT NPHBECTH
K TPABHTALHOHHOMY MOTEHIHANY TEH3OPHOTO Xapakrepa,
nojloGHOMY noayvyensomy diumreiinom uag duxke. Ecnn
BMCCTO C(EpHYeCKHX Mbl paccMarpuBaeM sapsxeHHbie
yacTHUL! HHOR GOPMEL, TO CHMMETPHSA I'DAHHL NOJHOCThIO
Hapyliaercd, H IpeANOJiOKEHHe O paBHOpacnpejeseHun
Macchl, oOVCAGBACHNON B3aUMOASHCTBUEM, CTAaHOBUTCH
HEBEPHBIM.

Paccnorpum, nanpumep, ciyuail, xoraa ojfna cdepu-
YeCKas 4acTHIld HAXOAUTCS 8HYTPU 3AKPLITOTO METal/u-
4eCKOro AluHkKa. JluiiK MOMKHO COSfHHHTb C FEHCPATOPOM
Bau-ne-I'paaha u nopaepxuBath o HCM BLICOKHH NOTCH<
uuaa V. I1pu 910M BO3HHAKAET BeCcbMa peadbliad npobaema,
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CBsi3aHHasg C TeM, YTO Macca, COOTBETCTBYIIOLUAs 3HePriu
B3aUMOJEHCTBUS, MOXKeT 0Ka3aTbCs BO MHOTO pas 60J1b-
e Macchl NOKosl yacTuusl. as 3JieKTpOHA

mgc? = 500000 3B.

Onsaxko MOXHO B3ATh
V=10MB, rtorra U,= 20mc>

dr1o yxe He Oyner magon monpaBKofl. OnHAKO B TaKoM
ciayuae noJyvaercs foJjiHag aCHMMeETpHs.

[Tycth BHauane AUMK OyAeT MyCThIM, HO CHAPYXH BO-
Kpyr Hero pacnpeje/eH 60JbIIOk 3apAJ U HMEETCS CHIlb-
HOe 3JiIeKTpHyeckoe mnone, Macca, pacnpefejeHHas B
5TOM IoJie, npocTo A06ABHTCA K MCXOAHOH Macce AlUKa.,

BeeneMm Tenepb B SIUHK OAMH 3JjeKTpoH. [lose agex-
TpoHa OyJeT elHHCTBEHHBIM MOJEM BHYTpH Awnka. Tam
HeT noJs, 00yCJ0BJEHHOTO B3auMozelcTBHEM 3apsiioB,
a cJe0BaTe/IbHO, HET H SHepruu B3amMmoneicTsus. Iloae
BOKDYT 3JIEKTPOHA TaKOe Xe, KaK H BOKPYr cBoBOAHOrO
3/]eKTpoHa B BaKyyMe, H 3/JeKTpHUECKAsl Macca 3JeKTpo-
Ha He maMeHsercda. Ha BHyTpeHHell nmoBepxHOCTH HllMKa
BO3HHKAaeT MOBEPXHOCTHARA TMJIOTHOCTb 3apsja, NpuueM
TIOJIHBI HHAYUMPOBAHHLIN 3apAf TOYHO PaBeH K NPOTHBO-
TIOJIOXKEH 3apsny 3JeKTpoHa. B cBoio ouepenb 3apsn, pac-
npenesieHHbl Ha BHYTpeHHefl NMOBEPXHOCTH, MPHUBOAHT K
TIOSABJIEHHIO NPOTHBONOJIOXNKHOIO 3apsiia TaKoH XKe BefH-
YyHbI, paclpefeseHHOTO Ha BHEUIHEH MOBEPXHOCTH fLlH-
ka. IlocKoJbKy BHelIHee NOJe YBeJWYHJOCh, YBEJIHUYU=
BaIOTCS €ro 3HEprusg M Macca. HeT HMKaKoro cCOMHeHHS,
Y70 B 3TOM CJaydae BCs Macca, o6ycjoBleHHas B3aHMO-
JefiCTBHEM, JOKa/M30BAHA Ha SILIUKe, U APAKTUYECKIU HET
HHKaKHX H3MeHeHHH Macchl 3JeKTpOHa, HaXoAALlerocs
BHyTpu. Cayuau, Korxa Bcsi ROIOJHUTEJIbHAs Mmacca, co-
OTBETCTBYIOIAg MOTEHIHAJbHOH 3HEPTHH, COCPENOTOYEHA
Ha 3JekTpoaax u npubope, a Macca 3JEKTpPOHA OCTaeTcCs
Hen3MeHHOH, NpeACTaBAsIOT COOOR peassHsie 3IKCnepu-
MeHTaAbHble CUTYyayuu;, TPU 2TOM HMMeeT MeCTO MNOJIHaf
acumMmerpus. Ilpy Takux yCJOBHSX COOTHOlleHHe (2.3)
CNparef/IuBO, HO 5TOT PE3YJAbTaT He #ABJAAETCH OYEBHI-
HEIM B He MOXeT ObiThb OGIMUM. ITO TaKXKe NOKa3blBaeT,
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YTO IIPEAMOJIONKEHHE O JIOKaJH30BAHHHX Maccax — BeCh-
Ma rpy6oe npubmmkenue. Mos Gecema c¢ [lukke ouenb
[IOMOr/1a BHECEHHIO SICHOCTH B 3TOT BOHpOC.

§ 8. O6obuerusn. Kearnrosole npobiemot

Caenyer ObITb OCTODOMKHBIM B CBSA3H C TPYLHOCTDHIO
ONpe/esieHHs NOTEHIHMANBLHON SHEpruM M no3aboTHTbCS
0 TOM, 4TOGBl HE CMELIHBATh ee C TaK Ha3bIBAeMBIMH MO-
TeHIYagaMH (3/eKTPHYECKHM WM BEKTOPHHIM), OGBIYHO
HCNOJIb3YeMBIMH B 3JKTPOJUHHAMHKE. 3TH TMOTEHUHAJLI
NpeACTaBaAOT 4-BEKTOP U MOTYT 3aBHCETb OT KOOPAMHAT
X, y, 2 ¥ BpeMenu {. OHH ompelesAIOTCsS € TOYHOCTHIO A0
NPOU3BOJBLHON (DYHKIHHU U HE MMEIOT HEMOCPeICTBEHHOro
tusnyeckoro cMuicaa. PusHUecKul CMBICA UMEIOT TOJLKO
HX NPOM3BOJHEIE, NPEACTABAAIOLINE KOMIOHEHTHl HaNps-
JKeHHOCTell 3JeKTPOMAarHutTHOro noJd, DBouio 6w Gec-
CMBIC/IEHHO CBsI3bIBaTh NOJIHYIO 3HEPTHI0 CHCTEMBl C
4-BeKTOPOM NMOTeHLHAJ0B. XOPOIO H3BECTHO, YTO HCIOJb-
30BaHHe BEKTOPHBLIX IOTEHIUHANOB BeleT K npodieme
«KaJHODOBOYHOH HHBAPHAHTHOCTH®» H MHOTHM JDPYTHM
3aTpPYLHEHUAM.

B npennlaymux naparpadax npeano/iaranoch, 4To Mbl
paccmaTpuBaeM crarudecKyro 3ada4yy (B HEKOTOPOH mpe-
UMYILeCTBEHHO} CHCTEMe OTcueTa), NPHYEM NOTEHUHANhb-
HYI0 3Hepruio Ha OeckoHeyHO OGOJBLIHX PpacCCTORHUAX
MOXHO OBLIO cHUMTaTh PaBHOH HYJK W TaKUM o6pa3om
HCKJIOUHTh JlaXKe NPOH3BOJIbHEIE NOCTOsIHHBe, Hama no-
TeHIMaAbHas >Heprus Obita (QYHKIHEH TOJNLKO KOOPAH-
HaT X, Y, 2 H He 3aBHCeJa OT BPEMeHH £, ONpeJesieMOro
B NPEHMYUIECTBEHHON CHCTEME OTCYeTa,

KBanToBeie mpob6iembl paccMmaTpuBadunck JIaMGow,
Bere, IlIBunrepom u ApyruMmu, ¥ pe3yJbTaThl MX NpUBe-
neust B knure lIBunrepa «KsanToBas 3/jeKTpoxMHaMH-
Ka» [5]. Mertox, KOTOpBIi OHH HCIOJNL30BAJH, MPHBOAHT
K BBEJIEHHIO MOMpPAaBOK /i 3aTPaBOYHEIX MAacc HaCTHH H
Ha3bIBaeTC <«NEPEHOPMHUPOBKOA Macchi», OH NpUBOLUT
K OTJMYHBIM YHCJCHHBIM  pesyibratam. Ksantosnie >¢-
(eKTH BKAOYAIOT 3JeKTPOCTATHYECKYIO NOTEHLHAJLHYIO
SHEPrHIO H BCEe BHABI CIHHOBHIX 3¢ ¢eKTOB.
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Hacrosmu# aHanna noKasuBaeT, 4TO NEPEHOPMUPO8-
Ko Maccbt HeoGX0AMMa He TOJBKO B KBAaHTOBOH TeOpHH,
HO IOJ>KHa OBITH BBENEHZ H B TEOPHIO OTHOCHTEIbHOCTH,
YyTo ObIJIO COBEpINEHHO YNYIIEHO H3 BHAY €€ OCHOBQNO-
JOXHAKaMH. 3oMmMepdenbs U Jupak He YUUTHIBAAH STOT
MOMEHT, NMO03TOMY HX GOPMYJE HEOGXOHUMO TIRATeabHO
1IepecMOTpETh.

§ 9. [Ipobaemot, osruKArOWUE HA CTOIKE
KAQCCUMECKOT U PeAATUBUCTCKOL MeXQHUKU

[TpoGaema, koTopylo Mbl oOcyKAajH, ABJISETCH TH+
MHYHLIM TPUMEpPOM TPYAHOCTEH, BOSHHKAIOUIHX HA CTHIKE
IBYX Da3lHYHBIX TeopeTuueckux Mogeseir. Obuiee pac-
cMOTpeHHe TaKkuX npobaem 6bli10 caenano B [6] (ra. 11—
V). Bmecte ¢ TeM 312 npobiema npeAcTaB/isieT OCOOLIfi
HHTEpeC, MOCKOMbKY HEKOTOpPHIE H3 HPUCYIHUX ell ocofeH-
HOCTefl, TO-BHAUMOMY, OblH yNyIIEHH K3 BUIY OCHOBO-
HOJIOKHHKAMH TEOPHU OTHOCHTETLHOCTH.

Ilepexon 0T K/acCCHUECKOH MEXaHHKH K TEODHH OTHO-
CHTEJBHOCTH MOMKHO pPaccMaTpHBaTh C ABYX TOYeK spe-
HUA.

a) Cuuraercss OYEBHAHBIM, UTO PEAATUBUCTCKAA Me-
XaHuxa JOJKHA NEePEeXONUTh B KAACCUUECKYIO MeXaHuxy,
€Cc/lu CKOPOCTH cBeTa ¢ Obla On OeckoHewnofl, [as pe-
JATHBHCTCKOH MEXaHHKM YaCTHI TO MOXeT ObITb Marte-
MaTHYeCKH BepHO, HO (DH3UYECKH TaKHe pacCyKAeHUS
HenpaBHJIbHBEL Mbl ellle MOXeM TOJOXHTb €— 00 B Me-
XaHuKe, HO HH B KOeM cJyyae He B 3JEKTPOJMHAMUKE.
®u3pk (He3aBUCHMO OT TOTO, 3KCIEPUMEHTATOP OH WIH
TEOPETHK) He MONCEeT U3MEHUTb CKOPOCTb C8eTa ¢, KOTO-
pad gBagercd (yniaMeHTaNbHON (GU3MUYECKON TOCTORH~
Ho#i. Ecim Ml B aTOM maparpade U roBOPHJIH O «Mexa-
HHKE», TO HMeJu B BHAY TOJbKO «CHCTEMY 4YacTHI».
B 5TOM miaHe MOXHO pacCMAaTpUBAThL 3a4aud O JBHXKeE-
HHUH aTOMOB U MOJIEKYJ, HO He 3ajiaud O pacrpocrpaHe-
HIH BOJIH B CILIOWIHON cpene.

6) DH3UK MOXKET HCCACHOBAThH CBOMCTBA MeXaHHue-
CKHX CHCTEM YaCTHII TOJBKO B cJydae, €Clu UX pasMephi
B ckopoctd Magw [hopmyast (2.4) u (2.5)]. B takux cu-
CTeMax 3amasfblBaHHA NPH PacHpPOCTPAHEHHMU CUTHAJIOB
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MoryT OBITb HACTOJILKO MaJbl, YTO HMH MOXHO IpEeHe-
Opeub faxke Npu KOHEYHOH BeJHYHHEe CKODOCTH CBeTa C.

YcaoBus a) m 6) (aKTHYECKH NPHUBOAAT K BechbMa
pasiuuHbiM ciaeactsusiM. PaccmorpuM, HanmpuMep, cCooOT-
HOIIEHHE MeXAy Maccoft u sHeprueit (E — 3agannas se-
JIHYHHA) E
E = Mc?, M=—. (2.28)
Hcnonpays ycnoBue a), noxydaem

M—>o0 npu ¢— oo.

B cayuae ke BBIIOJIHeHHS ycaoBua 6) Macca ocraercs
KOHEUHOM.

Yca0BHe a) MOXKeT YAOBJETBOPHTb MaTeMaTHKa, KO-
TOPOrO HHTEPEecyerT TOJbKO MeXaHuKa 4acTul, HO (HU3UK
He MOJMKET NPHHSATb €ro HU IPH KaKuX 00CTOATeNbCTBAX.

YcnoBue 6) uMeer peanbHBI (QU3WYECKHI CMBICA H
of/1alaeT ellie OJHHM cephe3HhIM npeuMyuiecteoM. OHO
COOTBETCTBYET HH3KUM 4acToTaM v M, CJelLOBaTeJbHO,
OyeHb MaJbiM KBaHTtaM Av. Korna sueprus cucreMsl £
BeJHKA [0 CPaBHEHHIO C Av, MBI (QAKTHUECKH NOJyYaeM
KiaccuqecKylo MeXaHukKy, Tie HH KBaHTOBLe, HH DPeATH-
pucTCKHE 3((dEKTHl He MOTYT HIPATh CEPLE3HOA POJIH.

Onpenenenne rOTeNyUAALAOL 3Hepeuy B KaaccHye-
CKOIl MCXaHHKE OCHOBAHO HA INPELHOJICKEHHH, YTO INpH
pacnpocTpaHeHuy JIOGLIX CHICHAJOB 3aNa3jfbiBaHusa mpe-
nebpemuMo Manbl. Takoe mNpeAnoJoxkeHHe COraacyercs
KaK ¢ ycJoBueM a), Tak u 6). B pensTuBHcTCKONl Mexa-
HEKe 3ana3JbIBAHHSA MOFYT OKasaTbcsl OOJbIIHMH H Kaac-
cHYeCKOe onpejeseHHe CTaHOBHTCH HCIPUMEHHMbLIM, DTa
TpyAuoCTh npeofonesaercs [Gpopmyan (2.4) u (2.5)] no-
KazartesbCTBOM, YTO 3TY SHEprHIO CaeAyeT yxke paccMar-
pHBATH HE KaK «NOTCHIHAJbHYIO», a KaK BIOJHe peaJb-
HYI0, KOTOPYI0O MOJKHO Jerko 06HapyxHTh B HOJe B3aH-
MOZEHCTBYIOIHX YacTHI. 3TO JA0KAa3aTeabCcTRo  OLlio
Nauo pJaf Caydast 3AeKTPUUECKOro noas, HO OHO, ode-
BHAHO, NPUMEHHUMO H K OOJLUIMHCTBY APYFHX NoJei.

JBolicTREHIOCTb, 0 KOTOPOH CBMAETJALCTBYIOT YCI0-
A a) um 6) sToro naparpada, Ha caMOM JicJae MHOIO
rAyOKe, YeM KadKeTcst Ha nepsblil Barasl. Mul dgakthue-
CKHM JOJKHBI PacCMarpunath 0s8e pasiuyHvie 004QCTU
CReyLasbHol Teopul OTHOCUTCADHOLTI;
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a) PeafArusucTcKyro MEXaHuKy cucTemor 4actuy, 8
KOTOPOLl CoOTHOWenue mexcdy maccoil u anepeueid (2.1)
UCNOABBYETCA TOALKOG OAR8 KUHETuueckoil aHepauu, TOTAA
KaK MOTEHIHaJbHON 3Hepruu BOOOLE He OTBeuaeT macca.
B npumoxeHusix 570# T€0pHH OOJBIIHHCTBO aBTOPOB HC-
NOJAB3YIOT «3aJldHHBIE CKaMfApHBIA H BEKTOPHBI IMOTeH-
uuansl V u A», He yTOuHfIs uX onpeznenaeHuit, Mul pac-
CMOTPENIH COOTBETCTBYIOLIHE npobiembl B § 8.

6) Peaatusucrckyro JrexTpoduramuxy. 3Aecb Mbl
pMeeM ropasfo GoJiee MCUEDPNBIBAOLIEE H3J0XKEeHHe, TIa-
TeJibHO paspaGoraHuoe JAHIITEHHOM H APYPHMH YHEHbI-
mu. CooTHouIeHne MeXAYy Maccoit u sHeprueir (2.1) npu-
MeHsIeTCs 117 JIOOBX BHAOB SHEPTHH, H BCE YDaBHEHHSA
COFJIACYIOTCSi C KOHEYHOH BeJHUYHWHOH CKOPOCTH CBeTa C.
Tax HasbipaeMass MeXaHHUECKasl NOTEHINANbHAS YHEPrUs
BXOJHT B SHEPIHI0 JEKTPHYECKOro MoJs, paclnpefeaeH-
HYIO BO BCEM NPOCTPAHCTBE BOKPYT 3JeKTPHUYECKUX 3apd-
JOB. 3TOro JA0CTaTOYHO AJs Toro, 4rolnbli-efl OTBeuaJsa
Macca, HO TeOpHsl HHUYerc He TFOBODHT HaM O TOM, Tie
JIOKau30BaHa 3Ta Macca.

Hens6exxHblM 4BJAAETCA W €Iie OJHH BONPOC: B KJAac-
CHYECKOH MeXaHHKe Macca BCErja MNOJOXKHTeNbHa, 3Hep-
rus Ke (KaK TOMbKO OMNpejelieH HYJEBOH ee YPOBEHb)
MOXeT ObITh KaK NOJOXHTeNbHOH, TaK U OTPHLATENbHOM.
B kaaccuueckolt MexaHHKe BLIOODP HYJ/JIEBOrO YDOBHS
sHEprun He HMeeT GOJBHIOrO 3HAYEHHS, HO B TEOPHU OT-
HOCUTeJbHOCTH HTPAET BAaXKHYIO- POJb HMEHHO abGCoT-
nas BeJUYHHA 3HeprTuH. Takoe YTOUHEHHe COBEpIUEHHO
HeoOXOANMMO ISl COOTHOIEHHS MEXAY MAacCOoll M 3Hep-
rielt (2.1). Mpt ROTKHBI ZOTMYCKaTh BO3MOXKHOCTL CYIHe-
CTBOBAHHUSl OTPULATEAbHOIX MACC, COOTBETCTBYIOUIHX OT-
pUHaTENbHBIM SHEPTHAM.
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TPABUTAUUSA U TEOPUSA OTHOCHUTEJLHOCTH.
ATOMHBIE YACHI

§ 1. Kak pacnpocrpansercs
2pasuTayuoOrHoe 83aumodeticreue?

Bompoc 0 TOM, Kak pacnpocTpaHsiercsi PpaBHTALUOH~
HOe B3aWMOJAeHCTBHE, Mbl YKe MOJHUMAaJIH B KOHNeE T 1,
rie OTMedaJsoch, YTO B HACTOsiEE BpeMsd HECOMHEHHBIM
MOXKHO CUMTaTh JIMIIb OJHO: I'PaBUTAIIHOHHBIE BO3MYile-
HHMA JOJIKHBl PacHpoOCTPaHATbLCH €O CKOPOCTbIO, He Tpe-
BHIIIAIONIEH CKOPOCTH CBETA C:

v, <c. (3.1)

DiHTENH XKe NPUHAJ 6e3 KaKux-au60 SKCIIePUMEHTAaJb-
HBIX JIOKa3aTeJNbCTB, YTO ’

V== | 3.2)

ITO NpeanosoXeHue TpedyeT NoscHeHus,

DlinmTelfH XoTesl CBeCTH BClO (U3HKY K YHCTON reo-
MeTpHUH; OH MoJaraJl, 4T0 NOAXOASIIHM 00pa3oM HCKpHUB-
JIEHHBI TIPOCTPaHCTBEHHO-BPEeMeHHOH MHp jaan Obl BO3-
MOXKHOCTb OOBSICHHTHL Bce (hU3HuecKHe 3aKOHbl, HAuHHag
OT 3JIEKTPOMarHeTu3Ma M KoHuasi rpasutauneit. OH co-
3HaTeJbHO INOCTaBUa nepefl cobol Takyw Helb u pabo-
TaJ HaJ ee OCYUIeCTBJEHHEM B TeUeHHe MOJOBHHBI CBOef
xu3en. g pocTmxenus 3TOH Heaum DHHMITEHH He MOT
BBECTH B CBOell TeopuH ZABe pasJiHuHbBIE CKOPOCTH ¥y U C.

Ho 3T1a nens me 6b1a AOCTHrHYTA. DHHIITEHH CyMen
O6snecTslle CBA3aTh HEEBKJHMJIOBY TEeOMETPHIO C TeopHel
TATOTEHNUA, ORHAKO TOCTPOUTDL eOUHYIO TEOPUIO NOASL eMy
TaK ¥ He ynajoch. MHOTHE TONBITKH TAaKOr0 NMOCTPOEHHSA
He yBeHYaJHCh YCHEXOM TO JH B CHJAY HEIOCTaTOY-
HOHl OOHIHOCTH, TO AM, HA060POT, B CHAY UPE3IMEPHOH



50 Trasa 3

OOUIHOCTH, BBOJMBIIEH MHOXKECTBO HEH3BECTHDLIX IDOH3-
BOJIbHBIX ycsoBuifi. Tak MM HHAYe, HO OKa3asoch HeBO3-
MOMKHBIM OOBEIUHUTb 3Ty TeOMEeTPUYECKYI0 TEeOpHIO C
3JIeKTPOLHHAMUKOM.

B Hacrosiiee BpeMs O4YeHb HeMHOrue (GH3HKH Bepm'
B BO3MOXHOCTb HOCTPOeHUA Tako# enuuofl TeopuM. Ecau
OTKa3aTbCsl OT MBICAM O €€ CYILeCTBOBAHMH, TO HeT HU-
KaKHX OCHOBAHHH CUHTATh CIPABeMJHBLIM COOTHGIIEHHE
(3.2}, u moxa 3sKcnepHMeHTH He HAAYT JAOJIOXIAaHHOrO
oTBETa, CelyeT NMOJarathCs JHUIbL Ha HepaBeHncTso (3.1).

[aoT 1y sKCOepHMeHTH Kakofi-Mubo OTBeT Ha 3TOT
Boripoc? K coxaneHuio, Mbl BEIHYXK/eHb NPAMO CKa3arTh:
«Her, e pawor».

OpHaKO eUle XyXKe TO, YTO, KaK Telmepb H3BECTHO, B
IyCTOM MPOCTPAHCTBE, AAXE B COBEPIIeHHOM BAaKyyMe,
BCe BUJBI APYrUX BOAH (BosHH fe bpofins uian lpenun-
repa) pacHpocTpaHsioTcs CO BCEBOIMOKHBIMH CKOPOCTH-:
MH, MHB HMMeeM He IIPOCTO OAHY CKOPOCTb C¢; HO IOYTH
6ecKoHEUHOe MIHOKECTBO BO3MOXMHBIX cKopocrefl. Kax
MOXKHO [IOrajgathCs, Kakasi H3 3THX CKOpPOCTefl aBafercd
CKOPOCTBIO PaclpoCTpaHeHHus rpaBHTalHOHHOTO B3aHMO-
neficreua? CylLlecTByeT MHOTO BO3MOXKHOCTEH.

a) Mpl mMoxeM cuuTaTh, YTO TpABHTALHOHIEIE BO3MY-
IIEHHST PacnpoCTpausilorcs B BHJAE AeliCTBHTEJIbHBIX BOJII
€O CKOPOCTBIO Ug =< ¢ npH yciosuu (Jlamnnac, Jlesepse),
YTO 3Ta CKOPOCTh JAOCTATOYHO BeJHKa, YTOGB! lle BHOCH-
JiMch BO3MYIIEHHS B HaOJawoaacMble NBHIKeHHS HeOecHbiX
Tes CONHEUHOH CHCTEMBI, DTH ABIXKEHUS BBIYHCIAIHCD
JUls CKOpPOCTeH Ug == co, W CJAHIIKGM MaJjoe sHaycuue
CKOPOCTH Ug MOTJIO 63l 3HAUHTENLHO BHAOH3MEHHTH B3al-
MOZIeHCTBIE MEXKAY MJaHeTaMHu.

6) DBnecro peficTBHTENBHLIX BOJH MBI MOXKeM HMETh
TPaBUTALHOHHBIE BO3MYILENHs, «PacTEKAIOWHECT» CO-
IHaCHO YypasHenuro Oudrysuu. YpaBHenus AJsi Pacrpo-
CTpaHeHdA Tenyia uid andy3nn coaepiKaT nepshle npo-
H3BOJHBIE TIO BpeMenu 0/0f BMecTO BTOPbLIX MPOH3BORNbIX
0?/0¢? B BosHOBHIX ypapHeHusx. [3BecTHO, 4TO B TaKHX
YpaBHEHHAX B HayagbHBli MOMEHT [OIYCKalOTCA OYeHb
BLicOKHE (Jaxke OECKOHeuHble) CKOPOCTH. IJTO, KOHEUYHO,
cjeflyer MCOpPaBHTh ¢ YYETOM YCJOBUH TEODPHH OTHOCH-
TeapHocTH. Ho sMmecte ¢ TeM, NO-BHAHMOMY, TPYRHO HC-
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KJAIOYHTL BO3MOXKHOCTD IpUMEHEHHs ypaBHeHus auddysun
I/ OTNHCaHUsl PacnpOCTPaHEeHUs FPaBUTALHOHHOrO HOJsL.

B) MoOXKHO faxe CUMTaTh, UTO IPaBUTALUHOHHLIE BO3-
MYIWIEHHA paclpoCTPAHAOTCS B BHAe 804H Oe bpoilias
uru lipeduncepa! HuoTkyna He cjaeiyer, YyTo rpaBuTa-
IMOHHBlE BOJIHBI HE MOTYT NPEACTaBJAATH cOGO -BOJHEI
KBAaHTOBOM MeXaHMKu. Kaxjaad wacTHua uMeeT CBOIO
Y-BOJIHY W 6Jarofaps HaJdWYHI0 MacChl fBASETCS HCTOY-
HHKOM IpaBUTALHOHHBEIX BOJIH; TOrJa NMOYeMy He Hpexrno-
JO0KHTb, YTO -BOJIHBEI MepelaloT TpaBHTALUOHHBIE BO3-
neficteua? Takoe npeAnofioNeHUEe MOXET MOKa3aThes
CTPaHHBIM, HO TNOCKOJbKY MBI COBEPHIEHHO HHYEro He
3HaeM O TPaBUTAILHOHHBEIX BOJIHAX, TO OTGPAcHIBATBL €ro
He caedyer.

r) KpoMe TOro, MOXHO NpEANOJONKHUTb, YTO BMECTO
BOJIH HCIYCKAIOTC <«TPABUTOHBI» ¢ HEH3BECTHBIMH CKO-
POCTSIMH Uyl

BosMoxKHO, yTo DiHWTEHH NpaBs, U § JUYHO CKJIOHEH
AyMmaTth, UTO OH clefaJ NpaBHJABHBIAL BHIGOpP, HO Y HAC
HeT 3KCIepHMEHTaJbHBEIX JoKazatejberB, [Ipouwto mod-
CTOJIETHSl € TeX  Nop, Kak Oinumreiin chopMyanposan
CBO€ MPEeATOJOKEHHe, LeJbIX NATHAECAT JeT, B TeUeHHE
KOTOPHIX MHOTHE SKCIIEPHMEHTATOPHl YNOPHO palboTaju
Haj aTofl npobseMoil, HO OHM HE CMOTJIM OCYINECTBHTDb
HUKaKOro 3KCTePHMEHTAJbHOTO H3MepeHHst 3TOH CKopo-
crd. Taxkoe moJOKeHHEe He MOXET He BHI3bIBaTh 6Gecro-
KoHcTBa,

§ 2. Tazorenue
u 0bujas Teopus OTHOCUTEALHOCTU

Korzxa gmesno xacaercs oOulell TEOPHH OTHOCHTENLHO-
CTH, CJACNYET YUUTHBATL HOBHE TPYAHOCTH, TAK KaK 3KC-
nepuMenTasbioe o6QCHOBaHME 3TOH TEOPUH JaJjeKo He
scHo. Bpumaxksen [1] nucan: «iHIITeiH NpH NOCTPOEHHH
o0Iefl TEOpPHH OTHOCUTEALHOCTH HE CyMea BOCHOJb30-
BaTbCs TEMH YPOKaMH, KOTODHIE OH CaM K€ HaM mperno-
LaJj, U TOH NMPOHUIATENbHOCTBIO, KOTOPYIO OH HAaM Tpo-
JeMOHCTPHPOBAJ B CBOEH ClenuajbHOH TEeOpHU OTHOCH-
TEALHOCTH®,
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Buepeble DfiHmiTedid [2] npumenua aHanus onepauuit
B €ro 3HAMEHMTHIX pacCyXkAeHHAX, PAa3bACHAWIIHUX 3Ha-
YyeHHe W3MepeHus JJIMHB M BpPeMeHH B JABYX cHCTeMaXx
oTcuera, ABUXKYIUHXCH OJHA OTHOCUTENBHO APYrod ¢ mo-
CTOSIHHOM CKOPOCTHIO. DTO SBUJIOCh OCHOBOH creliManbHOM
TEOPUH OTHOCHTENLHOCTU. Ho Korfla OH NPHCTYNHI K CO-
3AanHui0 o0uiell TEODHH OTHOCHTENBHOCTH, TO ViKe He IpH-
JlepXKHBAJICH TOAOOHOTO MeTOna, a MNBITajcH yranarh,
KaK TNPUMEHUTL TIPUHHHUE OTHOCHTENBHOCTH K 3aKOHAM
TATOTEHHMS W MOJNYYHTH KOHEUHYI0 BEJHYHHY JJIS CKOpO-
CTH pacrnpocTpaHeHus TrpaBUTanvoHHHIX cuia. Cuauana
DhniuTeid HCIOAb30BaJ HECKOJBKO TPHUMEPOB U3 aHAJNH-
3a onepaiidil ¢ eJbI0 BBECTH TpeAcTasaeHne ob axsusa-
AEHTHOCTU TPABUTAUHOHHOIO MOJSA H I0Js YCKOpeHus,
HO 3aTeM OH IOCTPOUJ OYeHb IPOMO3AKYI0 MaTteMaTHue-
CKYIO CTPYKTYPY, KOTOPAsi BEIXOAMJIA JAJEKO 33 Npeesst
npakTHYecKux mnotrpebHocTell (H3HKH. DKcHepraMeHTalb-
HBIX 3Xe JI0Ka3aTeJbCTB 3Ta TEOpHS HMeeT OyeHb MaJo.
INono6ubie 3amevanust Mbl BCTpeyaeM y Jlukke [3]).

OueHb TPYAHO COCTABUTH HETKOE IpPEICTaBJIEHHE O TOH
poJin, KOTOPYIO HIDAIOT NPOH3BOJIbHBIE «CHCTEMHl OTCUe-
Ta», «KECTKHEe JIHHEHKH» WIH <«HICHTUYHLIE Tachi».
B cBs3u ¢ 3TUM MBI cHOBa obpalllaeM BHMMaHHe Ha Halle
cornacue ¢ Bpunxmenom ([1), crp. 319), uelt anamus
MOXXHO HCNOJIB30BaTh KaK NMPOrpamMMmy g npeacTosiie-
ro HcciaefOBaHHA. MyunTesbHas M No/HAs NEePEOLEHKA
37€Ch COBEpIIEHHO HEOOXOMHMA.

§ 8. Aromnote wacol,
KOTOpb