3. IPHHIHUI MAXA

IIpuunnbl, mo xotopslm HbIOTOH Mojaran pasiuuHBIMEH MEXALy CO-
60i1 abCOMIOTHble U OTHOCUTEJbHbIE ABHKEHHS, COCTOST B HAJHYUH
eHTPOOEKHBIX CHJI, HAaNpaBJeHHBIX OT OocH JABHXKeHus, CHsbl 3TH
NpoABJIAIOTCA B Gosbllell WM MeHbllefl Mepe B 3aBUCHUMOCTH OT
BeJHYHHBI aOCO/IOTHOI'O [BMIXKEHHS, HO He 3aBHUCAT OT OTHOCHUTENb-
Horo nBuxeHus. i moiaTBepKIeHHs CBoeji KoHLenuuu HbioToH
npuberaer K noMmoumu 3kcrnepuMeHra. Llenp 3KcnepuMeHTa — BBIsIC-
HeHHe XxapakTepa BpamieHus. LluauHgpuueckuit cocyn mOmBeIIn-
BAlOT Ha JJIMHHON HMTH M BPAlllalOT €ro, MNOKa HUTb He 3aKPYTUTCH.
Cocyn HamoMHSIOT BOXOH M MPUBOIAT B cocTosinue mokos. [lox nei-
CTBHEM MTHOBEHHOH CHJBI COCYH MPHBOISAT B KpPYroBOe IBHUXKEHHE
MPOTHUBONOJIOXKHOTO HaNpaBJeHHs, NMpelNoCTaB/ssi HHUTY PacKpYyuH-
BaTbCs. BHauajse Bo BpallleHHH NMPUHHMAaeT Y4aCTHE TOJBKO COCY,
TaK KakK TPEHHE BOJbl O CTEHKH COCyJa HEeZOCTaTOYHO JJsi TOrO,
4TOGH HEMeNJIeHHO COOOLIMTb BpalleHHe H XKUAKocTH. [ToBepXHOCTD
BOJbI OCTaeTCsl MJOCKOH, Kak W [0 JBHXKeHHs cocyxa. Ho uem cHab-
Hee yBJIeKaeTCsl BOJa BpaIlalOLMMUCH CTEHKaMH, TeM OTJer/iiBee
BHICTYNaer JAeHCTBHe UEHTPOOeXHbIXx cul. Bojna rosumrcs Bsepx IO
CTEHKaM, NOKa €e NOBEPXHOCTb He npuMer ¢opMmy mapaboJionna Bpa-
menusa. M3 mposeneHHoro skcnepumeHTa HbIOTOH 3aKimouaer, 4TO
BHAayaJie, MMPH HanOO/bllleM OTHOCHTENTbHOM ABHKEHHH, BOLa He 00-
HapyKuBaja CIpeMJEHHst YAAJIUTBCI OT OCH.

IIpu yMeHbIIEHHH OTHOCHTEJNBHOrO IBHXKEHHs BOABI CTaJo 3a-
METHO CTpeMJIeHHe ee YAaJuTbCsl OoT ocH. OTHOCHTENbHOE BpallleHHe
CTEHOK COCyJa MO OTHOIIEHHWIO K BOJE He CCONPOBOXKIAETCS HUKaKH-
MH CHJaMH, NeHCTBYIOLIMMH Ha Bony. B sToM ciayuae Korma cama
BOJa TMPHHHMAaeT y4yaCTHe BO BpallleHHH, LEeHTPOGexKHble CHJbI CTa-
HOBSITCH 3aMeTHBHIMH. HbloTOH moJaras, uto ¢akKT CYIIEeCTBOBaHHS
LEHTPOOEXKHBIX CHJl SIBJSIETCS apryMeHTOM B MOJIb3y aGCOJIOTHOIO
IBUXKEHUS.

Jx. Bepkiu, cy0beKTHBHBIA MAeaNuCT, yKe B paHHEH CBoeil
pa6ore «OnbiT HOBOH Teopuu 3peHusi» (1709), kak u B psige Mo3a-
Heilnx paboT, BLHICTYNMUJ NMPOTHB ydeHusi HploToHa o mpocTpancrse
Kak BMeCTHJIMIle BceX mpupoiHbix Tten. Hua Bepkad 3to 6blio
OJHMM M3 3B€HbeB OTKa3za OT OO0BEKTHBHOH peasbHOCTH. B paGote
«De Matu» (1721) emy ymanoch ykasaTb Ha OfHO cJaGoe 3BeHO B
TPAKTOBKE HbIOTOHOBCKOI'O SKCHEpPUMEHTa € BPalAIOUUMCS BELPOM.
Pemaromum B nokasarenbcTBe HpioToHa GBLIO MpeamnosoKeHue, uTo
TOT Ke pe3yJbTaT JOJKeH ObITb MOJYyYeH ¥ B TMYCTOM MPOCTPAHCTBE.
B nmeiicTBHTENbHOCTH BeJpo GHIIO BpAaIAOUIMMCSH, a 3aTeM INTOKOSi-
IHMCST OTHOCHTeNbHO 3eMJd. JBUKeHHe Beapa TONBKO 110 BUHMO-
CTH, a He Ha caMOM JieJie GbIO KPYrOBbIM, TaK Kak MpH 3TOM HEH3-
6eXKHO BKJIOYUaJI0Ch BpallleHHe 3eMJii BOKPYT CBOel OcH, oGpallenue
3emau Bokpyr CosHua u T. 1. Bepkau 3akmiouni, yto sBNEHHS, Ha
KoTopbie cchiaercs HblOTOH, yKaseiBaioT Ha BpalieHHe OTHOCH-
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TeJbHO JApyrux Tes BcesneHnoil. Basupysicb Ha BbICKaA3bIBAHUU
JIx. Bepkiau, P. [Jukke u MHOTHE [Apyrue OLWIKOOYHO IOJaraj, 4To
y Depxnu mMbl BUAMM NpeiBOCXHIIeHHe HAEH OTHOCHTEIbHOCTH.

B noBoe BpeMsi Max mojBepr KpuTuKe psi nosoxeduil Hbioto-
Ha, 0COGEHHO TO M3 HHUX, B KOTOpoM HBIOTOH OCHOBBIBaeTcs Ha pas-
JIMYEHUSIX OTHOCHTENBbHOTO M aOCONIOTHOTO JBHXEHHuA. «Bpany JH,—
nmuier Max,— ecTb HEOGXOAUMOCTb 3aMETHTb 34€Ch, UTO U B NpHUBE-
JIEHHBIX 3Jiech paccyxxaeHusx HploToH u3MeHsieT CBOeMy HaMepeHHIO
HCCE0BAaTh TONbKO P akTudeckoe. O6 aGCOJAIOTHOM MPOCTPAH-
cTBe W aGCOJIOTHOM JABMXKEHHH HHKTO HHMYEro CKasaTb He MOXET,
3TO YHUCTO aOCTpPAKTHBIE BellH, KOTOpPble Ha ONbiTe OGHADYXKEHD!
OBITh He MOTYT. BCce HamIM OCHOBHbIE MPUHUIMIIEI MEXAHUKH TIPECTaB-
JSI0T c00010, KaK 3TO GBLIO yKe MOAPOOHO MOKa3aHO, JaHHble OMbl-
Ta 00 OTHOCHTEJbHBIX MOJIOKEHHSIX M JABMKeHHAX Tea» [29].

Max oTmeuaer, YTO K YTBEPXKJEHHIO, UTo Tejo K M3MeHseT CBOe
HalpaBJieHHe ¥ CKOPOCTb TOJNBKO MOJ AeHCTBHEM apyroro tena K’,
HeJIb3s1 NIPUHATH, ecd HeT Hanuuo apyrux ten A, B, C, oTHOCHTeNbHO
KOTOpPBIX MBI OMpeJe/sieM JBUXKEHHE TeJa.

Max nomyckaeT, 4To JBHXKEHHE ONpeJeseHO Cpeloi, B KOTOPO!
HaxoxuTcss tejo K, HO y Hero 3Tta cpefia Hrpaer He KHHeMaTHue-
CKYI0, a JUHAMHYECKYIO pOJIb.

Bonpoc 06 a6co/MIOTHOM ¥ OTHOCHTENbHOM J[BUXKEHHMH B KOHIE
XIX B. nmpuB/ekas K ce6e BAUMaHHUE He TOJbKO HCTOPHUKOB MEXaHUKH
U yueHbIX, 3aHMMAaBIUUXCA AHAJHW30M MNPHUHLMIOB MEeXaHUKH.

b. u Y. ®puniengepb npemsioXKuayd ONBIT AJs AOKA3aTeJbCTBA
OTHOCHUTE/JbHOCTH BpallaTelbHOTO JABHXKEHHS. KpyTuibHble BeChl
pacmojaraloT Ha He CJAHMIIKOM JajeKOM pPacCTOSHUH OT OO0JbINOro
MaxoBoro KkoJieca. PacrosoxeHue HOMKHO OBITh TaKHM, <«4TOOBI
TOYKa MOJBeca MOJBHXKHOH YacTH BecOB (MOJBELIEHHOro CTepIKHS)
npuxopunace 6ojee WIM MeHee TOYHO Ha NPOJOJIXKEHUH OCH Maxo-
BOTO KOJieca; B TaKOM CJyuae, ecjyu MOJABELISHHBIH CTepxkKedb BHA-
yaje He Obl1 mapaJJeseH MJIOCKOCTH Kojeca, TO OH AOJKeH CTpe-
MUTbCS MPUGAU3UTBCA K 3TOMY MOJIOXKEHHIO W, 3HAYUT, JOJIKEH OT-
KJIOHHTbCS CCOTBeTCTBYIOIMM o6pa3oM. M6o Ha Kaxayi MaTepu-
aJbHYI0O YacTHLY, He JeXallylo Ha OCH BpallleHusi, AeHCTByeT
HeHTpobexxHag Cusia, CTPeMsACh yAaJHTb ee OT OCH. JICHO, uTO Ma-
KCHUMaJibHOe YyjaneHue OyAeT MAOCTHTHYTO, KOIZa MOJBENIEHHbIH
CTepXKeHb CTaHeT MapaJJjenbHo Kosecy» [30]. 1o — momaubukauus
onbiTa HbloroHa. KpyTu/ibHble Bechl 3aHHMAlOT B HEM MECTO BOJIbI,
HO B OTJIHYHE OT BOJbI OHM OTMEYAlOT BeCbMa MaJble Cujibl. Macca
MaxoBOTO KoJjleca 3aMeHsieT Maccy cocyzaa. OmbITHl Takoro pona,
pasymeeTcs, SIBHO HEJZOCTAaTOYHBI, BBHAY MaJjofi Macchl MaxOBOTO
KoJeca.

OrnoweHnne fnmrefina kK Maxy nperepneso CJI0XKHYIO 3BOJIO-
muto. B 1913 r. ditnmreiin nucan Maxy: «I'ny6okoyBaxaemblii KoJI-
Jera! BepositTHo, Brl HeaBHO MOAyyHaIH MOIO HOBYIO paGoTy 06 OT-
HOCHTEJNbHOCTH M TPaBHTALHH, KOTOPYIO 51, HAKOHEI, 3aKOHUYMJ IIOCJIe
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OeCKOHEeUHbIX yCHAMH U MYUMTeJbHbix COMHeHHi. B 6ynymiem romy
BO BpeMsl COJIHEYHOTO 3aTMeHUsi OyneT MpOBepeHo, M3THOAIOTCs JH
cseroBble syyd Co/nHLEM, WM, IPYTHMH CJOBaMH, BEDHO JIH OCHOB-
Hoe # (yHZaMeHTaJbHOE [PEANOoJOKeHHe 06 SKBHBAJHTHOCTH
YCKODEHHO! CHCTEeMbI W rpaBuUTalHOHHOro nosst. Eciu ato rtak, To
Bamm BnOXHOBJAsIIOLIME HCCAeJOBaHHST 00 OCHOBAax MEXaHHKH —
BOTIpPEKH HecnpaBednuBoj Kputuke [lmaHka — moJsyuar OGJecTsiiee
nonTsepxkieHue. Torga Heu3GexHBIM cJaefcTBuem Oy1eT TO, YTO
HHepLHsi MPOABJAAETCS] KaK CBOEro poja B3auMOAeHCTBHe Te.l1, BIIOJ-
He B Ayxe Bamreli KpUTHKM HBIOTOHOBCKOrO 3KCIIEDHMEHTa c Bpa-
mamoomumcst cocynoM. IlepBce ciencTBrHe B 3TOM cMbicde Bn Eafi-
nere Ha ctp. 6 3710l paGorh. [lanbile 0ka3anocCh:

1. Ecin ycKopuTb MacCHBHYIO odepuueckylo 060mouky S, TO,
COrJIaCHO TEOpHH, 3aKJIOUEHHOe BHYTPH TeNO [TOJKHO HCNBITATh
YCKOPSIOLULYIO CHY.

2. Ecan Bpamare o6osiouky S BOKPYr OCH, NMpOXOIsIeli uepes
ee 1eHTp (BpalllaTb OTHOCHTENbHO HEMOJBHXKHBIX 3Be3l, T. €. «He-
MOJBUKHOM CHCTEMBI»), TO BHYTPH OOOJIOUKH BO3HMKAET KOPHOJH-
COBO MOJIE, T. €. MPOMCXOAUT YBJIEUEHHe IJIOCKOCTH MasiTHHuKa PYKo
(KOHEYHO, ¢ MPAaKTHYECKH HeM3MEepPHMO MaJoii CKOpocThio...)» [31].

CrnencrBusi, COr1acHO KOTOPHIM Macca mpoGHOro Tesna J0JXKHA
BO3pacTaTb MPX NMPUOIHKEHUH Tesa K CKONJIeHHI0 GOJbIIHX Macc U
ycKopeHue GOJbIIOY MacChl HOJKHO BHI3BaThb ONMHAKOBN HAMpaB-
JIEHHOE yCKOpeHHe Haxojisllerocs BGJH3M MPOOHOro Tesaa, He i10JaY-
yeHbl caMuM Maxom. TpeTbe CcJeACTBHE — YACTHUHOE YBJ/EUYEHHE
MHeplUHaJbHOH CHCTEMbl BpalfalOLIMMHUCS MacCaMi — UMEeTCs JIHIIb
B KauecTBe HaMeKOB B KPUTHKe MaxoM ONBITOB ¢ BpalllaloLIUMCS
COCYyIOM.

B 1914 r. B cratbe «DopMasibHble OCHOBBHI O0lLIeil TEOPHH OTHO-
CUTEJIbHOCTH» DHHIUTEHH PaccMOTpen BOMpOC 06 3KBHBAJIEHTHOCTH
BpallaioluXCsl KOOPAMHATHBIX CHCTEM. KHHeMaTHueckasi 3SKBHBA-
JIEHTHOCTb ABYX CHCTEM KOOPAMHAT He OrpPaHUYEHa CJAy4yaeM, KOTraa
CUCTEMbl [IBMXKYTCSI MPSIMONMHEHHO W PaBHOMEPHO HAPYr OTHOCH-
TesbHo Apyra. OHa UMeeT MECTO U B TOM CJyuae, Korja cHcTeMa Ko-
opauHat K’ paBHOMepHO BpallaeTcsi MO OTHOLIEHHIO K WHEPLHAaJNb-
no#t cucreme K. Cucrempr K m K’ paBHoueHHb. Ha nepBblil B3rasn
MOrJIo KasaTbCsl, YTO 3TH CHCTEMbl HE PAaBHOLEHHBI, MOCKOJbLKY Ha
Macchl, MOKOSILIMEeCsT BO Bpallalolleiics CHCTeMe KOOpAHHAT, Hel-
CTBYIOT LIEHTPOOEXKHbIEe CHJIbl, B TO BPeMsl KAK Ha Macchl, NOKOsILHe-
C OTHOCHTENBHO HHepuuatbHOH cucteMbl K, 3T cuAbl He Hed-
CTBYIOT. DHHIUTeiH oOpalllaeT BHUMaHHe Ha TO, YTO CYLIECTBOBAHHE
paccMaTpuUBaeMbIX LEHTPOOGEXKHBIX CHJ HE CBSI3aHO C [BHXKEHHEM
camoit cucreMbl K. «lleHTpoGexHble CHJBI, KOTOpHE HEHCTBYIOT B
TaKUX YCJIOBHSIX Ha HEKOTOPOe Tesio, GYAYyT OMpenessiTbCsi B TOU-
HOCTH TOH K€ MHPOBOH TOCTOSIHHOH, UTO W JEHCTBHE Ha Hero IoJs
TSIKECTH, TaK YTO Mbl HE HMeeM CpPEeICTB OTJHMUMThL «IIOJe LEeHTpO-
GeXHBIX CHJ» OT IOJs TsIKeCTH» {28, ctp. 328].
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[Tone wmeHTPOGEKHBEIX CHJI MHTEPHPETHPYETCS] KaK IDaBHTALMOH-
HOE [oJie; MpH 3TOM DHHIITeHH CChIAaeTCsl Ha aHAJOTHIHYIO UHTEp-
NpeTalyio B ClEUHaIbHOA TeopHH oTHOocuTesnbHOCTH. IToHmepmoTop-
Hasg cunia, AEeHCTBYIOLLAsi Ha 3JeKTPHYECKYI0 Maccy, ABHKYLIYIOCH
B MarHUTHOM [MOJie, HCTOJKOBBIBaeTCs Kak [AeHCTBHe Ha 3Ty Maccy
9JIEKTPHUYECKOTO [0S, KOTOPOE C TOYKM 3PEHHsi ABHXKYLIEHCsi BMe-
CTe C Hell CHCTEMBbI OTCYeTa IIPHCYTCTBYeT «B MeECTe paononox(eﬂm
3apsjay.

B 1914 r. d#HwWITeAH paccMaTpuBaJ, JNHIIb KayeCTBEHH?, 3Ha-
YyeHHe pacCIIMPEHHOro MPHHLHUIA OTHOCHTENBHOCTH, PAaCIpOCTPaHEeH-
HOTO Ha paBHOMEPHO BpalllaTejibHOe [BIKeHHe. KouduecTBeHHO
Takas 3ajaua elle He Oblla pellleHa. Jls pellenust 3anaiu o Bpa-
Iaomuxcs Maccax CyIIeCTBEHHYIO pOJib chirpana pa6oTa DHRIITE -
Ha 1916 r., nmocslieHHass NPHOJNNKEHHOMY HHTETPHUPOBAHHIO ypaB-
HeHu#l mons. Ha ee ocHoBe mnpoBefeHb HCCNENOBAHHUST THUPDHHTA

VpaBHeHHS] NBUXKEHHS NMPUHAMAIOT BUL

oM e

%,
3a 3a

B 1918 r. Tuppuur u JleHse mokasaJjii, UTO €CJIM B PeJISATHBUCT-
CKO#i TEOpHHM TSATOTEHHS, KaK U B HBIOTOHOBCKOH, 'DaBUTALMOHHOE
110J1e MOKOSILIErocs mapa TakKoe ke, Kak Mojie MaTepHalbHOH TOYKH,
TO 3TO He MMeeT MeCTa B cjlyuyae Bpallamoilerocs mapa. B paGore
«O BnusSHUM COGCTBEHHOrO BpallleHHsl LEHTPaNbHOIO Teja Ha IBH-
JKeHue miaHer U JIYHB Mo TeopHu TIpaBUTAUWM JDHHIUTEHHa» [32]
OHHM BBIYHCJHMJH BO3MYLIeHHs OpGHT miaHeT u JIyHbB M HamIu HX
oueHb MasibiMu, Kak W B mpenbiayuiedi paborTe, HO ¢ HEKOTOPBIMH
H3MEHEHHsIMH, OblJiM BBIYHC/IEHBl Zuv, 3aTeM YCTaHOBJIEHB ypaBHe-
HUS JBUXKEHHS, BBIYHCJIEHBI BO3MYILIEHHS, BHI3BAHHbBIE COOCTBEHHBIM
BpallleHHEM IIeHTPAJbHOTO Tesa, U MPOU3BENeHbl YHCJIEHHBHIE pacue-
Thl. Bo3mymienuss okasanuch BecbMa MaJjieiMH. B paGore «OcHOBH
o6iell TeOpuH OTHOCHTesbHOCTH» B 1916 r, DfiHmTEN aHaMU3UpyeT
OCHOBAHHf, NMONCKA3LIBAIOL[HE PACIIUPEHHE MOCTYJaTa OTHOCHTEJb-
Hocti. OH OTMeuaer, YTO KJIACCHUYECKOH MeXaHHKE W B He MeHbIleH
CTeNeH! CHenHaJbHOH TEOPHH OTHOCHTEIBHOCTH IIPUCYLL HEKOTODHIH
TEOPETHKO-MO3HABATENbHBIH HEJOCTATOK, KOTOPHIH, MoXKaJjy#, Brep-
Bble Obls sICHO oTMeuen . Maxom» [26, ctp. 455].

DHHIITENH MOSICHSIET 3TO HA mpuMepe. J[Ba XHAKHUX Teja OJHHA-
KOBOH BEJHUMHBl M ‘OJMHAKOBOIO COCTAaBa HAxXOoJsITcsi B MNPOCTpaH-
CTBe Ha CTOJb GOJIBLIIOM pAacCTOSIHHH APYr OT Apyra M OT APYTHX
Macc, YTO HPUHUMAIOTCSI BO BHHMAaHHe JIMIIb T'PAaBUTALXOHHBIE CHJIbI
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B3aMMOJIeficTBUS yacTefl omHoro u toro xe Tena. Kaxpaa macca,
paccMarpuBaeMass HabJiojaTesNeM, MOKOALIMMCS  OTHOCUTENbHO
JIpyroil Maccel, BpalllaeTcsi BOKPYT JIMHHUH, COENMHSIOLIEHl MAacCHI,
C MOCTOSIHHOH YTJIOBO# ckopocTbio. OTHOCHTENIbHOE IBUMKEHHEe 06eHX
Macc MOXKHO yCTaHOBHTb. [loBepxHOCTH 0GoHX Tean S; u Sy usMepe-
HBEl C [MOMOILBIO MOKOSILINXCSE OTHOCHTEJIbHO 3THX TesJ MacuTaboB.
Oxkasanoch, 4TO IMOBEPXHOCThL S; mpelcraBiaser coboit cdepy, a mo-
BEPXHOCTb Sy — 3JIJIMICOMJ BpalleHHs,

«Mexannka HpioToHa He naer yZOBJIETBOPHUTENBHOrO OTBETa Ha
atot Bornpoc. OHa roBOpHUT cienyiollee. 3aKOHBl MEXaHUKH CIIpaBe[-
JIUBBI JIJ151 MPOCTpaHCTBA R;, OTHOCHTENbHO KOTOPOro Teso S; Haxo-
IMTCS B NMOKOE, HO HeCnpaBeMJMBH s mpocTpaHcTBa Ry, oTHOCH-
TEJbHO KOTOPOTO HaXOmuTC B mokoe Teno Sy OQHAKO ranujieeBo
NMpPOCTPaHCTBO R; (¥ ABHXKEHHE MO OTHOIUEHHIO K HEMY), KOTOpOe
NPH 3TOM BBOXHUTCS, ABJsieTcs QM KTHBHO NMPUUMHOHA, a He Ha-
6ntonaembiM ¢dakroM. Takum o06pa3oM, fICHO, UTO MeXaHHKa Hbio-
TOHA B paccMaTpHBaeMOM CJyuae YAOBJETBOpsieT TPeOOBAHHIO TIPHU-
YHHHO"TH HE M0 CYLIeCTBY, HO JHIIb KaXyliuMcs 06pasoM, Bo3jaaras
OTBETCTBEHHOCTb 3a HaGJl0JaeMoe Pa3JHYHOe MOBeNeHHe Teq S; U
S; Ha (GUKTHBHYIO NPHYHHY — IpocTpancTBo R;» [26, crtp. 455].
B 1921 r. B mupoko H3BecTHOH pacore «CyLIHOCTh TEOPHH OTHOCH-
TEJbHOCTH» DHUHIITEHH paccMaTpuBaeT TpU 3¢ eKTa, KOTOPHIX MOXK-
HO 0XHaTh, ecu npuHUMn Maxa cnpaBennus. [lepBriii ahdekT:

«VHepuust Tesa NOJXKHA BO3pacTaTb MO Mepe CKOIVIEHHsI Beco-
MBIX Macc BOJIH3U HEro».

Ilost loKasateJbeTBa OMHINTEHH oépamaeTca K YPaBHEHHIO JBKEHHS

d2x dx de

” —
+T ds ds =0 (1)

U K BBIpAXKECHHAM

x S Ty (Xos Yoy 20, t—1) av,, @

Twv =95

ds = 1/'g_44dz=(1 'f“)dz

74 — BEJIMUHHA NEpBOro nopsiika ManoctH. Bo Bropom crnaraemom ypas-
HeHust (1) 0CTaB/SHOT JIMIIB W/IEHBI, JIMHEHHBIE M0 CKOPOCTH. Y paBHEHHE
(1) cnepsa npeo6GpasoBHIBAIOT K BHLY:

r

dx dx, dx, [
744) :|=_FM a8 1_;_1‘&) 1
dl[(+ dl " dlk'z ’ (1a)
a (2) —B YKa3aHHOM NpPHO/IIKEHHH

T11 Ta2 Tazs = Ta - S P (2a)

dx

ct—de0
i® ds
740—_?8 ’ TGB _01

17



rjie W, @ U — TOJBLKO NpOCTpaHCTBeHHble HHICKCH. B ypaBHenuu (la)
3aMeHSTIOT l—!—%‘-‘- Ha 1, a—Thg Ha [O‘uﬁ]i

[M]=_m1gﬁﬁ_wm [a4]=1 M Myq
B 2 ox, ox, L B

]
B
U3 ypaBHenusi (la) DfiHuTeiiH nomyyaer:

d - =, o
—dl—[(H- 0)v] =grad o + 3 + [rot ¥, o],

azigﬂh
8n r
o %o gy, @)
) S dl .
2 r

U3 ypaBHeHusi (3) Diiuiurefin mesaer BBIBOA O NPABHJILHOCTH
nepBOoro npennoJioxkeHusi. «MHepTHass wmacca MNPOTOPUMOHAABHA

I+ 6u nosToMy Bo3pacraer 1o Mepe NPHUOJHKEHHsI BECOMBIX Mace
K HameMy «npo6HoMy Teay» [28, cTp. 77].

DiHWTEelH mosaraJj, 4to 3TOT 3(QQeKT YUHTHIBAETCH anmnaparTom
TEOPHH OTHOCHUTEJNBHOCTH. DTO YTBEPKIeHHE KPUTHYECKH DacCMOT-
pea Bpanc {33]. P, Iukke nucas, uto gopma ypasHenu#, KOTOPbIMH
onepupoBas DHHIUTEHH, CBsi3aHA C OMNpeJleJIeHHOl CHCTEMO KOOp-
JIHMHAT.

Bropo#t adpdekTt: «Teso qoMKHO HCOBITHIBATH YCKOPSIOLLYIO CHJY,
Korna GJusJiexkallldie MacChl YCKOPSIIOTCS; 3Ta CuJa [0 HajpasJie-
HHIO J0JKHA COBNanaTh ¢ HanpaBJeHHeM yCcKOopeHus» [28, ctp. 77].
HarisinHO 3T0 MOXHO TpeiCTaBHThb, €CJH TeJO NOMENIEHO BHYTPb
maccuBHON cepnl. Cdepa nogBepraercss BHe3aNMHOMYy VCKOPEHHIO.
YckopeHue 3TO nogo6HO YCKOpeHHI0 BcesieHHON OTHOCHTENbHO pac-
cmaTtpuBaeMmoro rtena. Ha teno nosxHa peficTBOBaTh CHia HHEPLMH,
KaK cJjenctBhe npuHuuna Maxa {34, crp. 223—224].

diHmTelin HA OCHOBe YypaBHeHHs (3) nHcal: «Yckopsirouwuecs
Macchl 0Ka3blBAlOT HHAYKUHOHHOE NeHCTBHE Ha MpoGHOe TeIo B
HampaBJeHHH YCKOPEHHs, YTO ONHChbiBaeTcsi ujeHom 0% /0l» [28,
crp. 77].

Tpernit abdexT: «Bpawgaoouieecs nojoe Teao N0MKHO CO31aBaTh
BHYTpU ce6si NoJie KOPUOJHUCOBBIX CHJI», CTPEMsILLEECS] OTKJOHHTD
JNBHXKYIIHECs Tejla B HanpaBJeHUH BpallleHHs, a TakxkKe co3/LaBaTh
pajnanbHOe noJie HeHTPOOeXKHbIX chI» [28, cTp. 76].

P. Jluxkke nNOSICHAIET 3TO IOJIOXKEHHe cJaenylouum nyreM. Bpa-
1meHue 1noJoft chepuueckor O0O6OJNOUKHM COOTBETCTBYET B HEKO-
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TOPOM CMBIC/Ie BpalleHHI0O BcesleHHOH OTHOCHTENBHO «HEMOXBHK-
HOl» cucteMbl KoopauHaT. C Touku 3peHHsi npuHuuna Maxa 3To
9KBHUBAJIEHTHO BpAallleHHI0 KOODAHHATHOH CHCTEMBl OTHOCHTEJb-
Ho HenonBmxkHOM Bcenennoét. Tuppunr u Tuppunr u Jlense
paccMoTpesd noapo6HO 3ToT 3P dexT. AToT 3dpdeKT BCAEACTBHE Ma-
JIOCTH NOCTOSIHHOH % HeJIb3si HAGJMI0NAaTh HA ONBITE, HO DHAHIITEHH 10-
Jgaraj, uto oH cyuiectByer. «CyliecTBoBaHHe 3THX 3(QeKToB sB-
JISIeTCsl CUJIbHBIM apryMEHTOM B MOJb3y Huelt Maxa 06 OTHOCHTENb-
HOCTH BCeX HHepUHanbHblXx Bo3aelicTBHH. IlocjenoBaTe/bHO NpPOBO-
51 3Ty TOUKY 3PEHHsT N0 KOHIA, MBI [JOJKHBI OXKHAATh, YTO BCH
HHEpUHsI, T. €. BCE M0Je Zyy, ONpeJeNsieTcss B epByl0 ouepelb pac-
npefeseHueM MaTepud BO BceseHHOH, a He T'PaHHYHBIMH YCJIO-
BHSIMH Ha GeckoHeuHocTH» (28, cTp. 77]. B nanabpHefiileM MHOTHE
UccyeqoBaTeqd 06paTH/IM OCHOBHOe BHUMAaHHe Ha DOJIb FPAHHYHBIX
YCJIOBHH.

B 1921 r. B peun B KoposesckoMm Kosemxke (JloHmoH) IiiH-
IITeHH RHOBb yKa3blBaeT Ha CBOe COIJ1acHe ¢ HEKOTOPBIMH aclekTa-
MM MaXOBCKOH TPaxkTOBKH wuHepiuu. OTMeTHB, uTO OOLlasi TEOPHsI
OTHOCHTEJILHOCTH 00513aHAa CBOHUM CYILIECTBOBAHHEM TMPeXIe BCEro
ONBITHOMY (haxkTy UHCJIEHHOTO pAaBEHCTBA MHEPTHOH M TsKeJOH
Macchl, KOTOPOTO HeJb3si GblI0O HHTEPIIPETHPOBAThL B Mpejenax KJaac-
CHYECKOH MexXaHuKH, JDNHIUTEHH yKa3blBaeT Ha BTOpYyi0 TPHYHHY,
CnocoGCTBOBABUIYIO CO3JaHUI0 OOLLell TEOPDHH OTHOCHTENIhHOCTH.
PaccMaTpuBas JBHUXKEHHE C OMUCATENbHOH TOUKM 3PEHHS, MBI JGJK-
HBl OTMETHUTb, UTO OHO CYLIECTBYeT JHIUb KaK OTHOCHT2JbHOe JBH-
eHHe NPEIMETOB IO OTHOIIEHWI0 apyr K Apyry. ¥ Heiortona xe
BBeqeHO (H3HYeCKOe NPOCTPAHCTBO, MO OTHOLIEHHIO K KOTCPOMY
CYyIL1ecTBYeT yCKOpeHHe.

«XoTst,— nuiler DUHIITEHH,— 3TO CNENHAaJbHO BBEJEHHOe NOHS-
THe aGCOJIOTHOTO MPOCTPAHCTBA JIOMHYECKH KOPPEKTHO, OHO TeM He
MeHee Ka)ieTCsi HeynOBJeTBOpHTeNbHBIM. [ToaTroMy dpHer Max nbl-
TaJicsi H3MEHUTh YDaBHEHUsSI MEXAHHKH TakK, YTOOBI MHEPLHsT Tea CBO-
JIUJach K NBHXKEHHIO HX He [0 OTHOIIEHHIO K ab6COJNIOTHOMY IpO-
CTPAHCTBY, a MO OTHOLIEHHIO K COBOKYMHOCTH BCE€X OCTAJbHBIX BeCO-
Mbeix Tes. [Ipu cyuectBoBaBIIeM TOraa ypOBHe 3HAHMH IMONBITKA
Maxa Gwla 3aBegoMo oOpeuena na Heypauy. OmHako MOCTAaHOBKA
npo6JeMbl mpejacTaBasieTcst BriosHe pasymuoli. C ocoGol cumoll atH
pacCyKjeHus1 3ByuaT B OOLeH TeOpUH OTHOCHTEJIBHOCTH, TaK Kax B
nmocaenHel QusnHyeckre CBOHCTBA NMPOCTPAHCTBA ONPENENsIIOTCs Be-
comoil marepueir» [28, crp. 111].

ditnmiTeliH mosaraert, yTo npo6JgeMa MOXeT GbITb peleHa B 006-
medl TEOPUH OTHOCHTEJILHOCTH, JIHIIb UCXONSI W3 IPeNcTaBJIEHHS
0 MPOCTDAHCTBEHHO 3aMKHYTOM MHpe. DTa YBEpPeHHOCTh JUHIITeHHa
B CYLIeCTBOBAHHM 3aMKHYTOTO MHpa B AaJjibHeHIeM CHJIBHO TOKO-
snebanace.

B 1922 r. B cratbe «3ameuanue k paGore Ppanua Cesern
«K xocmoJsiorHueckoil cHcTeMe»» JHHINTeAH onsith o6pamiaercs

173



K npunuuny Maxa. Cenern (Selety, Franz) oGcyann Bompoc o BO3-
MOXHOCTH GeckoHeuHO# BcesneHHO#l, B KOTOPOH He HMeeT MecTa
napanoxc 3eenurepa. B asrtolt Mmonenu BcesenHoll Her OeCKOHEYHO
GOJIBIINX TPAAUEHTOB MOTEHIHAJIOB, a CPeIHHE CKOPOCTH 3Be3L
MaJel. 'anakTukn oOpa3yior CHCTeMBl. B KaXayio cleayoliyio CTy-
MEeHb CHCTEMBI MpeAblAyLIed BXOAAT KaK COCTaBHbIE YaCTH.

Bospaxasi mpotuB B3rasinoB Cenern, DUHIITeHH YKa3HIBaeT,
4TO B «MOJIEKYJ/ISIDHOM HEpPapXHUeCKOM MHpEe» TaK XK€, KaK U B «OCT-
POBHOM MHpe», He BBHIMOJHSETCs MOCTysnatr Maxa, «corjacHo KOTO-
pPOMY HHepLHsi OTAEJBHOrO TeJa NOJXKHA GbITh 0OyCJOBJEHa COBO-
KYTTHOCTBIO BC€X OCTAJbHLIX Tel B TOM XK€ CMBHICJE, B KaKOM 3TO
OTHOCHMTCSl K TpaBHTaUWH. Tpyaido NOHAThb, Kakum o6Gpasom Ce-
JeTH cyMmes Obl YCTPAHHTHL 3TOT HENOCTATOK CBOEH CHCTEMBI. JTOT
HeJ10CTaTOK YyCyrybJsiercst TeM, 4To B OOLIedl TEOPHH OTHOCHTEJb-
HOCTH, Jake He KacasiCb KOCMOJIOTHUECKHX MpoGJjieM, MOXKHO MO-
KasaTb, UTO TeJa BeayT cebsi B mepBoM NPHUOJMKEHHHM Tak, Kak
3TOro cJegyer OXHAATbh B COOTBETCTBMH C Hueed Maxa..»
[28, crp. 113].

B 1923 r. B noxnane «OcHOBHBIe HeH U MPOOGJEMBl TEOPHH OTHO-
CUTEJIbHOCTH» DHUHIITEHH yKasbiBaeT, uto yxke HbioTon oco3nan He-
YIOBJIETBOPUTEIBHOCTL 3aKOKA MHEPIHUH TeM, UTO B HEM HeT ykasa-
HUMSI Ha peasbHYI0 NPHUYMHY (HU3UUECKOrO BhIJEJIEHUs] COCTOSITHHH
JIBUXKEHUs1 HHePUHAJIBHBIX CHCTEM MO CPABHEHWIO CO BCEMH JAPYTHMH
COCTOSIHMSIMH JBHXEHHsl. «B To BpeMss Kak 3a rpaBdTalHOHHBIE -
CBOHCTBA MaTepiaJbHOH TOYKH OTBETCTBEHHBIMH CUHMTAIOTCT HA-
6/i01aeMble MaTepHaJbHbBle Tesa, 1Jisi MHEPUHOHHBIX CBOHCTB Mare-
pHaJbHON TOUKHM yKa3blBa€TCsl He Kakas-u0o MaTepuasbHasd MpH-
uypHa, a QuxkTUBHAs (aGCOJIOTHOe MNPOCTPAHCTBO, UAH MHepiHaJb-
HbIfl adup). DTo XOTS 1 He SIBJSIETCS JOTHYECKH HENOMYCTAMBIM, HO
OCTaBJISIET YYBCTBO HeynOBJeTBOpeHHOCTH. [To aTo#t mpuinHe . Max
TpeGoBaJ BHAOHM3MeHEHUs: 3aKOHA HHEPLHH B TOM CMBICJIE, UTO HHEp-
UHIO CJe0BaJNI0 Gbl IIOHUMAT. XaK COMNPOTHBJEHHE TeNn YCKOPEHH!IO
MO OTHOWUIEHHIO N PYT K APYTY, a He N0 OTHOIIEHHIO K <IpO-
crtpaHcTBy». [Ipy Takom NMOHMMaHWM Cjenyer OXHIaTh, 4TO YCKO-
peHHble Tesla ONMHAKOBO YCKOpsiOlle NeHCTBYIOT Ha [pyrue Tesa
(ycxoputenbHas uHAyKuusi)» [28, crp. 126—127].

O6mas Teopusi OTHOCHTENbHOCTH, YCTPaHsIIOIasi PasrpaHUuueHHe
Mexny 3pQeKkTaMu TATOTEHHUS M WHEPUUH ellle GoJsiee MOAKPEILIsieT
Tpe6oBaHHe MaTePHaJbHON NMPHUHUHBI MHEPUHH. «B moan3y TpeboBa-
Hust Maxa,— mulller najee ODHHIITEHH,— rOBOPUT ellle W TO, 4TO,
COIVIAaCHO YpaBHEHHWSIM MOJSI TATOTEHWs, YCKOPHTEJNbHasi HHAYKIHS
JefICTBUTENBHO CYLIECTBYET XOTsl M SIBJISIETCSI CTOJb caalbiM dddex-
TOM, YTO BO3MOXHOCTb HENPSIMOTO OGHAPYXKEHHS C MOMOILBIO Me-
XaHHYeCKHX OMBITOB HCKJOueHa» [28, ctp. 156]. B 3Toii paGote
DiiumTefiH 0OfHOBPEMEHHO BHOCHT U KPUTHUECKHH MOMEHT B OTHOIIE-
Huu npuHuuna Maxa. Jlis selmoJiHenus: mocrynara Maxa B ypaBHe-
HUSI MOJIsI NPUXOAUTCST BBOAUThH UJIeH, He OCHOBAHHBIA Ha OIBITHBIX
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JNaHHBIX M 'He OOGYCJIOBJEHHbIA JIOTHUECKH OCTaJbHBIMH YJI€HAMHU
ypaBHenui noJsi.

B 1924 r. D#iHmTein Brickasadcsi 6osee KaTeropuyeCKd B OTHO-
mennn Maxa., «Mpbl BUIMM,— MuleT JHHIITENRH,— uTO IJs1 HbioTo-
Ha «MPOCTPAHCTBO» ObUIO YeM-TO (U3UUECKH peasNbHbIM. DTO ACHO
nouuMaJs Max, KoTopbiit nepBbiM focie Hbiorona nonsepr ray6oxo-
MYy aHaJu3y OCHOBaHHsi MexaHukH. OH mbiTajcsi u3bexarp TUNOTE-
36l 06 «3upe MeXaHHKH», CBOAS HHEPUHIO K HeMOCPeACTBEHHOMY
B3aMMOJEHCTBHIO paccMaTpUBaeMoOil Macchl CO BCeMM OCTaJbHbIMH
maccamu BcesenHo#t. XoTsi 3Ta Mpes JOTHYECKH H BO3MOXKHA, HO
B HAIUK [HM OHA Kax TeOpHsi B3aMMOJEHCTBUs YxKe He MOXKeT pac-
cMaTpuBaThCst Bcepbe3d. MexaHuueckuit 3up, HasBaHHbIH Hbioro-
HOM «aGCOJIIOTHBIM MPOCTPAHCTBOMY», JOJKEH OCTaBaThbCsl JJIsI Hac
(busnyecku peanbHbIM» [28, cTp. 156].

Kpuruueckoe OTHOLIeHHe X MpUHIUNY Maxa ycuausaoch mocje
1924 r. Ha npoTsiKeHun MHOTHX JeT DHHUITEHH He IOJBEpTaer ero
nagabHefimemy ananusy. B 1933 r. B crathe «HexoTopble 3ameyanns
0 BO3HMKHOBEHHH OOLIeH TEOPHH OTHOCHTEJbHOCTH» DNHIITEHH TH-
caJi, yTo K Hayasay ero paGoT Haj co3nanuem OO6IlLeH TEOPHUU OTHOCH-
TeJbHOCTH Obljia M3BecTHa Mbicib Maxa, 4TO MHEpIHsi eCTh COMpo-
THBJIEHHE He CTOJBKO YCKOPEHHIO caMOMy Mo cebe, CKOJBKO yCcKOpe-
HHUIO IO OTHOLIeHHIO K Maccam BceseHnHo#t. XoTst 3Ta MBICJAb U Kasa-
Jach eMy MpHBJeKaTelbHOM, OHA HC MpeaJarasga HHKaKoH MmpHemJe-
MOl OcHOBH Assi HOBOH Teopuu. B 1949 r. B «Tnopuecxoit aBToGHO-
rpaduu» DiHuITelH He KPUTHKyer Maxa, moBecTBOBaTeNbHO H3JaA-
raer ero Mjied M IMOKa3blBaeT HECOBMECTHMOCTh HX ¢ AYXOM TEOPHH
noasi. «Ilo MHenuio Maxa, B NeHCTBUTENLHO PAlMOHAJbHOH TEOPHU
MHEPTHOCTh JOJI)KHA, MOLOGHO APYIMM HBIOTOHOBCKHM CHJaM, IpO-
HCXOJHUTb CT B3aMMOJEHCTBHSI MacC. TO MHEHHe §1 NOJToe BpeMs
CUMTaJ B MpHHIMIEe NpaBUIbHBIM. OHO HeABHBIM 06pasom Npemno-
Jaraet, 0JHaKo, 4yTO TEOPHSl, HA KOTOPO BCe OCHOBAHO, [0JXKHA
MPHHANJIEXKATb TOMY Ke 00lIeMy THMY, Kak M HbIOTOHOBA, OCHOBHHI-
MH MOHSITHSIMH B HeH MOJIXKIBI CAYKHTh MAacChl ¥ B3aHMOJEHCTBUR
MeXJAy HUMH. MeXJly Tem HeTpyJHO BHJETh, 4TO TaKas MOMKITKA
pellleHUs] He BSXKeTCsl ¢ AyXOM Teopuu moss» {321.

[Mpunuun Maxa, Kak Mbl 3HaeM, HMEET HECKOJIbKO acClIeKTOB, He-
aJleKBaTHHIX APYr Apyry. B nepsonauanbHOil cBOeH (hopMe MPUHIMM
CBOIMJICS K YTBEPXK/EHHIO, UTO MOHATHE KYCKOPEHHEe» JIMIIEHO (hH3H-
YeCKOro CMbIC/Ia, €CcJM Mbl He YKashiBaeM MaTepHalJibHOro 06beKTa,
OTHOCHTEJIbHO KOTOPOTO OHO MPOHCXOAUT U 4YTO pachpeieseHde mac-
ChI-HEPTHMH BO RC€M IIPOCTPAHCTBE OlpefensieT COGOH HHepTHhIE
CBOHCTBA. Yuaaep npuberan K npunuuny Maxa JJis MOJydyeHHs He-
06XONMMBbIX /ISl ypaBHEHUH mosiss DAHIITeHHA TPAHUIHBIX YCJICBHH.
STo NPUBOJAUIC K MOAMDHUKALUUK HE YpaBHeHW§ moss DiHIUTeHAHaA,
a camoro mpuHuuna Maxa. «[Ipunuun Maxa, — numer k. Yua-
Jep,— a TakXe ufiies PumMaHa o TOM, YTO reoMeTpHsi MPOCTPAHCTBA
COOTBETCTBYET (pM3HKE H MIpaeT B Hell CyIeCTBEHHYIO POJIb, 3TO [Ba
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rJy6OKHX PYyC/ia MBICIH, KOTOpHe DHHIITEH I 06'beIHHHUI C TOMOILBIO
CBOEro MOIIHOro MPHHIUMA 3KBHBAJEHTHOCTH, MOJYYHB B DPE3VJIbTA-
Te reOMETpUUYECKOe ONMHCAHHE TATOTEHHS] U [BHIKEHHS.

..B Xoje cBoux HccjenoBaHMi DHUHIITEHH MPUHSI, 4TO TDAaBHUTa-
st cama fBJSETCS TeM B3auMOJeHCTBHeM, Gyarofaps KOTOPOMY
(cormacHo Maxy) oZMH OGBEKT BJHSIET HAa MHePTHBIE CBOHCTBA JpY-
roro» [36, ctp. 469]. IIpnoGperaer 3HaueHHe palMalMOHHASl 4acCTb
B3aUMOJeHCTBHS, MPONOPHHOHANbHAS YCKODEHHIO, CTaTHYecKas xKe
KOMITOHEHTA TPaBHTALMOHHON CHJB, OOPATHO HPONOPLHOHAJILHAS
KBaApaTy PacCTOSIHHS, HeCyllecTBeHHa. DTO MPUBOJAHT K HOROW (bop-
MYJHPOBKe MNpuHIHUNa Maxa, coriacHo KOTOPOii TeOMeTpHst Mpo-
CTPaHCTBA — BPEMEHH M HHEPTHBIE CBOHCTBaA J1I060# GeCKOHEYHO Ma-
n0H npoGHOM YacTHLBI ONMpeNe/slOTCs pacnpe/eseHHeV 3HEPruH H
MOTOKOM 3HEPTHH cpa3y BO BCeM MPOCTpAIICTBE.

Yuanep npuBomuT TpeTbio (GOPMYJHPOBKY NpuHHIHMNa Maxa.
ITpunuun Maxa ecTb NPUHUHUN O0TOOPA, OH yKa3biBaeT Ha I'paHUYHBIE
YCJIOBHSI, MO3BOJSIOLIE OTOPOCUTh (DU3HUECKH HellpHeMJIMMbIE pellle-
HYMS ypaBHeHHH DiHmTeliHa.

B coorBercTBHH ¢ 3TOH (HOPMYJHUPOBKOH CpaBHHBAIOTCS TpaHHUY-
Hble YCJIOBHSI B 3JI€KTPOCTaTHKE M B TeOpPHH TAroreHusi. [loapo6GHO
aHaJHM3UPYyeTCs Psl BOMPOCOB, CBSI3aHHHIX C TPeTbed (HOPMYJHPOB-
KOH MpHHIKMA Maxa (acUMNTOTHYECKH MJIOCKasi TEOMETPHUS KakK Ipe-
AeNbHBIf CTyuali 3aMKHYTOrO MPOCTPAHCTBA M JPYTHe).

Yuutep BbUIBHTAeT psifl BO3PaXKeHWH NpoTHB mpuHuHMna Maxa:

1. TIpHHUMNHANBHO HEBEPHO BHIpaXKaThb pellieHHe gy, B BHIE JHHEHHOH
CYnepnosuLy BO3AEHCTBUH, OOYCJIOBJIEHHBIX DPa3/JMYHBIMH O0OJIACTSIMH MPO-
CTPaHCTBA, TIOCKOJBKY YpaBHEHUsI NOJs DAHIITeiHA HeJHHEeHHBI.

2. ViaveHeHHe METPUKH B JIOKAJBHO JIOPEHIIOBOH CHCTEME, BBI3BAHHOE
M3MeHEHHEM IMOJIHOrO TEeH30pa HEprHH-UMITyJbca-HaTskeHud 87y, umeeT
BUL: Myy = Guv — Guvs B = 2" - hyv, Guv ¥ Zuv — KOMIIOHEHTHI HOBOH
U CTapod METDUK,

6T,,.,
hp,v ; g;.nh _ 8TIZG | v laon dBx.

c4, r

1
BennunHa ke — B 6ecnopﬂaquo HCKPHUBJIEHHOM IIPOCTPAHCTBE HE MOXET
r

ObITb JOCTATOYHO ONpeleNeHHOR BeTHYHHOM.

3. CnoxHO cyIuTh O mpelelbHOM BKjaje Ty, B HHEPTHBIE CBOM-
CTBA, IIOCKOJbKY CHCTEMa MOIJIa HaxOAUTbCS B TO BpeMsl B 0COGOM
COCTOSTHHH.

4. Vmeer 1 cMbICT TOBOPHTb O TOM, YTO FE€OMETDHSI ONpPENEeNseTCs
pacrnpesie/leHHeM MacChl — SHEPrHH H MOTOKOM 3HEpPTHH, HOO IOCKOIbKY
He 3a/laHa TeOMETpHs, HeJIb3sl CyIHTb O TOM, TJle HaXOAMTCsS OJHA Macca
WIH paclpeleseHde Macc.

5. «CrouT /M HapywlaTh JIOTHYECKYIO KPAacOTy TEOPHH OTHOCHTEb-
HOCTH, INpHMeIUMBass K Hell TaKylo HeOlpellelleHHYI0 H MaTeMaTHYeCKH
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neodopMJIeHHYIO Belllb, Kak nmpuHuun Maxa? K uemy Bce 3T MO-
NBITKH BbIPA3UTb Ha TOYHOM f3blKe XX BeKa OOTpemnaHHyl0 HIAEI0
XIX cTomerusi, KOTOpylo mnopa BbIGPOCHTH pa3 M HaBceraa» [36,
crp. 471].

BBIABHHYTH U Apyrue KpUTHYECKHE MOTHBH B OTHOLIEHWH IpHH-
uuna Maxa. MHorue aBTOpBI JeTasJbHO paccMaTPHUBAIH KOCMOJIOTH-
YecKuil acrnekT npuHiuna Maxa. [Heo6xonumMo OTMETUTD, YTO METOHU-
4ecKOe H3JI0XKeHHe TEOPHH OTHOCHTENbHOCTH Ha NMPOTSXKEHHH MOYTH
50 siet He GBLJIO CBSI3aHO C H3JIOXKeHHem npHHUMNa Maxa. B nocnen-
HHE TOJbl MOSIBHJCS PSA paboT, TPAKTYIOLMX BONPOCH aHH30TPONHUH
HHEPTHOH Macchl.

ITockosbKy, corsacHo npunuuny Maxa, HHepTHash macca .J1I060ro
Tesla onpejensiercs: Bcedl marepuei BC BceseHHOH, MOXHO 0XKHIAATh,
4YTO HEpaBHOMEpHOe paclnpejesiieHde Macc B [ajakTHKe NOJKHO TPH-
BECTH K HEKOTOPOH aHHU30TPONHM HHepTHOH Macchl. B 1958 r. Kokko-
v 1 Cannutep NpoOBeJH aHa/lH3 BO3MOXHOCTEH 3KCHEPUMEHTaJb-
HOro NoaTBepKjaeHus atoro sdpdekra [37]. [To ux pacueram, oTHO-
ureHue Am/m (Am — u3MeHeHHe MacChl BCJIEeICTBHE AHU30TPOIHH)
JOMIXKHO ObITh mopsinka 10—7—10-1L

Jlns onpenesieHusl TAKOH BeJMYUHBI MOXKHO BOCMOJIB30BATHCSA 3(]-
tekTom 3eemaHna, addexktom Meccbayepa, silepHBIM MarHUTHBIM
pPEe30HaHCOM.

[Mpencrasasiercst uHTepecHbIM 3ameuanne B. JI. 'musGypra {38],
uTO TEeOpeTHYeCKU BONpOC HeoOXoAMMO pelaTb B paMkKax oOie#
TEOPUH OTHOCHTEJIbHOCTH, XoTsi [Iukke [34, cTp. 224] ytBepxnaer,
yTO 3/ech 3(D(PEKT aHU30TPONHUH OTCYTCTBYET.

B oneitax Bentpana u Po6unsona [39] v I'apeess, Kemnepa u JIu
[40] sdbdekT 3eemana ucciaenoBascs METOAOM 3JMEKTPGHHOTO Mapa-
MarHUTHOro pes3oHaHca. VMccienosaHHuio NOABEprajduCh aTOMbI KHC-
JIOpOZla B OCHOBHOM COCTOSIHUH 3P3 M XJOpa B OCHOBHOM COCTOSIHHH
2Ps,,. Tak Kak Ha pa3HbIX MOLYPOBHAX HaNpaBjieHHE IBUKEHHS
3JIEKTPOHA B aTOMe OTHOCHTEJIbHO BHEIIHEro MarduTHOTO ITOJISI pas-
JIMYHO, TO B cJyyae 3aBUCHMOCTH MAacChl OT HAlpaBJIEHHS SHEPTHA
nmepexoja MeXAy NOAYPOBHSIMU Tak:Ke OyneT 3aBHCETh OT aHU30TPO-
UK MAacchl.

Am 7
AE = ——TP,
m
rae ' — cpenHsAsi KUHeTHYeCKasl HEPrUsl JEKTpPoHa, a P — HekoTo-
PHi KO3(pPHUHUEHT, onpefensieMblii CIIHHOM M OpHUEHTALHEeHl MAarHuT-
HOrO MoJisi OTHOCHTEJNDLHO LeHTpa rajakTuku. Ecnu, Hanpumep, B 0T-
CYTCTBHH aHM3OTPONHUHU COCTOSIHUIO Ps/, cooTBETCTByeT onHa 3eema-
HOBCKasl JIMHHS, TO aHU3OTPOMHS MPHBOAUT K 06DA30BaHHUIO TpPHILIe-
Ta WM, ecal 3pGheKT CAHIIKOM caab, K YIHPEHHIO JTHHUH
4 Am =
AW = s T

m
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HccnenoBanace 3aBHCHMOCTb 4acTOTHl 3€€MaHOBCKOTO Iepexona
OT OTHOCHTEJIbHOH OPHEHTAlLlMM MArHUTHOTO IOJISl U HalpaBsJeHHs Ha
ueHTp ranaktiku. B onbitax Kyma u Xeiosa {41] B kauecrse 3Taso-
Ha YaCTOTHl NPUMEHSAJCA 3TAJOH C NYYKOM aTOMOB Le3Hst THIA «aTo-
MHXPOH», paboTalOIMi Ha Nepexofie, He NOJBEPKEHHOM HHKaKOMY
BJMSIHMIO aHH30TPOIMH Macchl. B mpefenax omHOOK H3MepeHH[ He
OblI0 06HAPYKeHO HUKAKOrO U3MEeHEHHS YaCTOThl 3€eMaHOBCKOTO Ie-
pexonxa. Jlns KOJMYECTBEHHBIX OLEHOK BEepXHEro INpemesna BO3MOXK-
HOTO 3HauyeHus Am/m HeoOXOZUMO C/JesnaTb ONpee/eHHble MPEeNno-
JIOXXEHHS. DJIEKTPOHHYIO CHCTEMY XJIOpa MOXKHO paccMaTpHBaTh KakK
JBIPKY, ABHXKYILYIOCS B KYJOHOBCKOM moJe siipa M 3/J1eKTPoHOB. Tor-
7a, M0 HaHHBIM onbiTa, Am/m<<10-19,

Pendopn u Xeio3 [42] HaGmogany H3MeHeHHE PA3HOCTH 3HEPTHH
JBYX 3€eMaHOBCKHX IIePEeXOf0B y KHCJOpojaa B cocTosinuu 3P, mpu
TAaKOM HanpaBJIEHHH Ha [EHTP FaJlaKTHKH, KOTAA BJMsSHHE aHH30TPO-
UK MacChl TOJIXKHO ObITh MAaKCUMaJsbHBIM. M3 HX HaHHBIX TakkKe cJe-
nyet, uto Am/m<C10-10,

¥ Benrpana u Pob6unsona u 'apeess, Kemnepa u JIu B KauecTBe
9TaJIOHa YacTOThl NPUMEHSVIUCh TEHepaTopbl, CTAGUIH3UPOBAHHBIE
kBapueM. CymecTBOBaJO OmaceHHe, 4TO HX YacroTa cama HO.-
BepKeHa BJIHSIHHIO aHH30TPONHM Macchl. JcceH [43] HecaenoBan no-
CTOSIHCTBO YaCTOTHl FeHepaTopa, CPaBHUBAsS ee C YaCTOTOH YNOMSIHY-
TOTO 3TajJOHa «4TOMHXPOH» C lle3HeBbIM Ny4YkoM. XOTSl B TEUEHHE
CYTOK OpHEHTallMsi KPHCTasja MEHSeTCS OTHOCHTENbHO HampaBiie-
HUS HA LEHTp TaJaKTHKH, HHKAKOTO H3MEHEeHHs YacTOThl OGHa-
PYKeHO He OblJIO, IpHYeM BEpXHHH Npexes IJjs A /m/m cocTaBisn
10-°.

BhicoKast YyBCTBHTEJIbHOCTh ONBLITOB Ha OCHOBE NapaMarHUTHOI'O
pe3oHaHca o6ycJIOBJIeHa TeM, YTO HaGI0NAIOTCsl 3eeMaHOBCKUE Nepe-
XOJbl C BBICOKHM paspelleHHeM IO 3HEPTHH, a PAa3HOCTb 3€E€MaHOB-
CKHX YpOBHEl HAMHOTO MeHbllIe NOJIHON 3HEPIHH CBS3H 3JEKTPOHOB,
TOrJa KaK aHH30TPONHSI MacChl MPHUBOAUT K 3HAUUTEJIbHOMY H3MEHe-
HHIO KHHETHYECKOH 3Hepruu 3/nekTpoHa. [TosTomy cTaHOBHTCS BO3-
MOXKHBIM 3KCIIEPHMEHTAJbHO BBLIIBUTb JlaXKe BecbMa MaJyl0 OTHOCH-
TEJIbHYI0 aHH30TPOIIMIO MAacChl.

Kokkonn u Cannutep {44] o6paTuni BHUMaHHE Ha TO, YTO €Ll
G6JibllIasi YYBCTBUTENBHOCTb B ONpefeseHHH 3 (peKToB, CBA3aHHBIX C
aHM30TPONHMEN HHEPUUH, JOCTHKHMA IPH HCCIELOBAHUH SHepreTHye-
CKHX YPOBHE#l fiIpa, TaK KaK KHHeTHYecKasl SHepTHsi HyKJIOHa INpH-
mepHo B 10® pas GoJbllle, yuem y 3J€KTpOHa B aTome. B uyacTHocTH,
BLICOKOE paspellieHHe N0 3Hepruu MoxeT obecneuuTb 3ddekr Mecc-
Gayepa, MOCKOJIbKY C €ro NOMOLIbI0 MOXKeT OBITb IOJyYyeHa OYeHb
y3Kas JauHHsi y-uaiydenusi (10-5—10—2 s6). Heo6xonumo cpaBHHTB
dbopmy suHui nepexona B Fe¥, y koToporo pesoHaHcHOe HOIJIOLLE-
Hue y-ayuell ¢ sHeprueil 14 Ksg XopowIo H3yyeHO, NPH ORMHAKOBOMH
OpPHEHTAllMX ATOMHBIX CITHHOB H3J/yyaTe/]ss H NOMJIOTHTENsi H H3Me-
HEeHHMs] HX PAClOJIOXKEHHs OTHOCHTENbHO HANpaBJieHHs K LEHTPY ra-
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nakTiuku. PopMmysia CABHra ypoBHefi OCTaercsi NpexIiel, HO Tenepb
nepexol, €cJd HCXOAHUTb M3 000J0YeyHOH Mojenu sifpa, 06YCJOB-
JIeH [BHMXKEHHMeM HYKJOHA, a He anekTpoHa. Eciu npeneGperats mar-
HHUTHBIM MOMEHTOM OCHOBHOI'O COCTOSIHHSI MO CPaBHEHHIO C MAarHHUT-
HbIM. MOMEHTOM BO30YXIEHHOTO COCTOSHHS, y KOTOPOTO MOJHBIA
MOMeHT 3/2, To HaOMIOKaeMblll CIEKTP GYIET COCTOSAThH M3 LEHTPaJb-
HOH JINHHH C TpeMsI CUMMETPHUYHBIMH PaBHOOTCTOSIIMMHU CIYTHUKAMH.
[Ipn Ha/MUUMU aHU30TPONHM MAacCChl, B 3TOM cJyuyae MepBbIil CIyTHHK
pacuienJsiercs, o6pa3ysl CUMMETPHUYHBIH TPHUIJIET, a BTOPOH — CHM-
MeTpHUYHBIA Hy6JeT. OcTajbHble JUHHH OCTAIOTCH NMpOCThIMH. Ecau
JK€ MarHUTHbIE NOJISI H3J1ydaTessi U NOTJIOTUTE/Sl NepneHAUKYJspHBI,
TO IJIaBHAasl JIMHHS TaKxkKe JaeT CHMMETPHUHbIH Ay6ser. MakcuMasb-
HbIA 30 GeKT [O/XKeH NOJYyYHUTbCsS, KOTLAa MarHUTHBIE NOJIsS mapas-
JIEIbHB WM TNEepHeHAUKYJSpHbH HaNpaBJ/eHHI0 K IEeHTPY raJjak-
THKH.

Eciau fis opHeHTalMd MarHUTHBIX MOJIeH He NPHHATBL Mephl
M OHH PacloJIOXEeHbl XaOTHYECKH, TO aHH30TPONHA NPHUBOILHUT TOJBKO
K YUIHPEHUIO JUHUHA. AHa/NH3 pe3yJbTaTOB OMBITOB MO MeccOayepoB-
cKoMmy cmelleHuio, Hanpumep [laynna u Pe6Gku, mo3BossieT cunTats,
410 YIIHpeHHe He mpeBbiiaer 10-8 38.

I'pynna lllepBuna [45] mpoBepsina, 06ycJOB/IE€HO JIH YIIHpEHHE
[IEHTPaJIbHOH JINHHHU NIPH XaOTHUYECKOM pacIlOJIOXKEHHH siflep HU3Jjyya-
TeJIs U NOrJIOTUTENS rajnakruueckumu addekramu. C 3Tol 1eJbIo U3-
Mepsijiach NIMpHHA Mecc6ayepoOBCKOH JHMHHH KaK IPH XaOTHUYECKOM
pacnoJioXKeHuH JAOMEHOB, TaK H B MarHHTHOM ioJie, KOTfa aTomap-
Hble MarHUTHBIE TI0JIS1 B H3JlyyaTesie U NOTJIOTHTENe ObLIN IapaJJelb-
Hbl. Bo BTOpOM ciyyae rajakTHueckoe CMellleHHe YDOBHeH B 060OHX
obpasnax AOJXKHO OblIO ObITb ONUHAKOBBIM H YIIHpEHHE, 00YCJ/IOB-
JICHHOE aHM30TponHeil Macc, HOJXKHO OblI0 HCue3HYyTh. HabGniome-
HM{, TPOBOJMBILMECS B TeUeHHE CYTOK, He BBISIBUJH 3HAUHUTEJIbHOH
pasHulbl Mexay oboumu cayyasmu. OZHAKO NPH TaKOM METOHLE JIO-
CTOBEDHOCTh MHAHHBIX OTPAaHUYMBAJIACh TeM OOCTOSTEJLCTBOM, UTO
XOTsl MOMEHB OblJM NapaJJesbHbl, HalpaBJeHHsi BHYTPEHHHX Mar-
HUTHBIX TOJIeH filep MOTJH ObITh PAa3JMYHBIMHU, a CJEJOBaTEJbHO,
aHU30TPONMSL Macc MOIJia BCe-TaKH BbI3BAaThb HEKOTOpOe YIIHPEeHHe.
Tem He MeHee 3Ta mepBasi CepHUsl ONBITOB BIOJIHE OMNpENEJEHHO IO-
Kasaja, 4To OCHOBHAsl 4YacTb HONOJHHUTENbHOr0 YIUHPEHHS He CBS-
3aHa ¢ 3h(eKToM aHH30TPOMHH.

Bo BTOpO#l cepuu ONMbITOB HOIJIOTUTENb NOMELIAJICH B MAarHHTHOE
noJjie, OpHEHTHPOBAHHOE IO HANpaBJEHHIO ceBep —Ior, a H3Jyua-
TeJIb — B MarHUTHOE ToJie, HapaBJeHHoe NOX yriom 45° K ropH3oH-
ty. [losToMy B TeueHHe 3BEe3JHOTO JHS, 32 KOTOPBIH LEHTP TrajaKTH-
KH JleJlaeT OAMH IOJHBIH 060pPOT BOKPYT JIMHHH, MapaJlieIbHOH 3eM-
HOH OCHM, ODHEHTalHsi MArHUTHBLIX TOJIel OTHOCHTENBHO Halpabiie-
HHSl Ha LIEHTp TaJlakTHKH MEHSIeTCss U pa3HHIla CMEIleHHi YpOBHeil
BCJEJICTBHE aHU3OTPONUH HHEPUHUH JOJKHA TaKXKe MEHSIThCH,
NpoXoJs uepe3 MaKCUMyM M MHHHMyM. OmbIThl, MPOBOJUBLIHECS] B
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reyenne 10 mHed, mpuBenn K BEIBORLY, uto npu E=14,4 k38 AE/E<
<<10-13, ITo Benmnuune AE/E MOXKHO ONEHHTb M Am/m, HO TOJBLKO
IpHU ONpeJeJeHHblX IMPENNOJNOXKEHHAX O KHHETHYECKOH 3SHEPTHH H

ko3 dunuente P. Eciu npuusith, yTo B HaHHOM ciayuae 1 =10 Mas
u P=1/5, to Am/m<<5-10-18,

Ho npunsATble mpeanosioxkeHHss HE COBCEM TOYHBI, IIOCKOJIbKY sl
anep Fe®?, ucnosnbsyemoro B onbitax ¢ adpdekrom MeccGayepa, 06o-
JI0Y€YyHass MOJeNb JaeT He COoBCeM IpaBHJbHBEIE pe3ysabTaThl. Kpome
TOTO, MaJloe BpeMsl KHU3HU sifiep B BO3OYKIEHHOM COCTOSIHMH [JaeT
CpPaBHUTENIEHO GOJbIIYIO HEOoNpefeNeHHOCTh B ONpefeJeHHH YacToThHI.
[Tostomy, no Xbio3y [46], myume ycJOBHSI OCYLIECTBJISIIOTCS NPH
OObIYHOM fIflepHOM MATHUTHOM pe3oHaHce. Xblo3, Po6uH30oH u bes-
TPaH NPOBOJHJH IKCIEPHUMEHT C SIAepHbIM MAarHUTHHIM DPE30HAHCOM
Ha Li7, nas siipa KoToporo o6o/oueyHast MOJeab JaeT GoJsiee Halex-
Hble Pe3yJIbTaThl.

B marHuTHOM nosie Li7 umeer yeTbipe paBHOOTCTOSIUIMX HPH OT-
CYTCTBUH AHHM30TPOIIMH 3IHEPreTHYEeCKHX YPOBHS, a CJELOBATEeJNbHO,
JIMIIb OJHY pe30HaHCHYIO uacroty. [Iox BAHsSIHHEM 4aHHU30TPONHHU LOJ-
XeH Jaub0 NMOABUTbCS TPUIVIET PE30HAHCHBIX JHUHHUH, JAHO0 LOJKHO
nHabJjiofaTtbcsl ymupenue JuHUH. PakTHuecKH Habj10/ajach JHIIb
OlHa JIUHUS WHUpHHON 1,2 ey, o6ycJOBJIEHHAsT OTYACTH HEOXLHOPOI-
HOCTbIO MAarHUTHOTO IIOJIsl, @ OTYACTH BPEMEHeM TeIJIOBOH pesakca-
I[H, CBA3aHHBIM C MAarHHTHBIM HHUNOJIbHBIM B3aHMOJEHCTBUEM Si/ep
Li” mexny co6oil, mpuyem B TeyeHHe 3BE3[HOTO /HS IIHDHHA MeEHs-

Jdacp mano. [Ipunumasa T=10 Mas, aBTOpHl OLIEHH/M BEpXHUH Tpe-
JieJl aHM30TPONHH U3 CBOMX OmbITOB Am/m<10-22,

Hakouen, [dpusep {47], uccaenys npeuneccuio sagep Li” B maruur-
HOM moJjie 3eMJIH, YCTAHOBUJ BepXHUH npenen 5- 1023,

[Ipn Teoperwueckoii HHTEpPIpETAlHH BCeHl ONHCAHHOH TPYNIHI
OTBITOB CTAJIKUBAIOTCS PasjiduHbie TOYKM 3peHusi. B pamkax mpen-
craBjenuit Kokkonu u Cannurepa MOXHO CYMTaTh, YTO HUKAKOH aHHU-
30TPONIMH Maccel He cyuiecTByeT. Ha Toit ke ocHoBe BeGep [48] pac-
CMaTpHBaeT NpOBEeLeHHble ONBITH KaK CHJbHOE NOATBEpXKIEHHE CO-
BpeMeHHOH (opMyaHPOBKH oOlIefi TEOPUH OTHOCHTENBHOCTH H
OoTpHLAHUsA NpHHuUNA Maxa B ero cusbHoM Bapuanre. Ilo JlHKKe
[49], aHusoTpomus, BhITEKalollas U3 NpHHIKUNA Maxa, 1efCTBHTE/b-
HO CYLIeCTBYET, HO OHA He Hab.l0oaeMa BBHUJY TOTO, UTO BCe NOJS U
YaCTHIILI NOJBEPrHYTHI efi B paBHOj cTenmeHd. K atomy Xe cBOISATCS
U Bo3paxenus dnureiina [50], cunratomero, 4To y4eT aHH30TPOIHH
B YJieHe NOTEHIMaJbHOH SHEPrHH HOJIHOCTHIO JHKBHAHUPYET HalJlo-
naemble 3¢ (eKTh.

4. SHHIITEWH O IPOCTPAHCTBE H BPEMEHHA

B 1905 r. DitHmTefiH ony6aHKOBa CBOIO NEPBYIO H OCHOBHYIO pafo-
Ty N[O CHE[HaJbHOH TEOPHH OTHOCHTENbHOCTH, KOPEHHbIM 00pa3oM
BUIOM3MEHUBIIYIO FOCIIOACTBOBABLINE B KJIACCHYECKOH (DH3HKe Npel-
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