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Xots Y CTaTUKU U TUHAMHWKHU MACC U 3apsa10B CCThb
HEKOTOPBIC aHAJIOTUH, HO aHAIIU3 YKCIICPUMEHTATBHBIX
JAHHBIX 1 MHOT'OBCKOBBIX Haﬁ]ﬂo,ﬂeHHﬁ IIOKAa3bIBACT, UTO
AJIEKTPOMArHETH3M U IPaBUTALIMsI HUKAK HE CBS3aHBI,
XOTA HAJIMYHEC U MAaCChI U 3apsaaa sABJIACTCA
(GyHIaMEHTAJIbHBIM CBOWCTBOM JIFO0OO0 YaCTHUIIBI.
[TonbITKa onucanus rpaButanuy, npeanpunsaras 8 OTO,
OKa3aJlach HEYIa4HOM, O YEM CBUJICTEIBCTBYIOT PSiJI
MPUHIUIIHAIBHBIX IMAPaAA0OKCOB, KOTOPBLIC IPOTHBOPEYAT
ee MoCTyJiaTaM, B YaCTHOCTH, TIOCTYJIaTy O CKOPOCTH
panpocTpaHeHus rpaBUTALUN U IIOCTYJIATy O
9KBUBAJICHTHOCTH IPABUTAIIMOHHON M WHEPIIUMOHHOM
MaccC, KOTopas MpoABJIACTCA TOJIBKO B KOJIMYCCTBCHHOM
COBIaJICHUU. [ paBUTAIIMOHHBIC CBOMICTBA MAaCChI U €¢
HHCPLUMUOHHBIC CBOICTBA — 3TO Pa3HbIC BSIIW U MHCPLUA
HUKAaK He CBsA3aHa ¢ rpaBuTaiueil. IHepius He co3gaer
TIOJISI, PACTIOCTPAHSIETCS TOJIBKO Ha JAHHOE TEJO H, B
OTJIMYMH OT TPABUTALINU, HUKAK HE TIepeaeTcs COCETHUM
tenaMm. Takum 006pa3om, BOIPoC 0 GU3NIECKUX OCHOBAX
rpaBUTAIlMU, O BPEMEHU U CTPYKTYpe MPOCTPaHCTBA
OCTACTCA OTKPBITHIM.

1. BBenenue

C 10CTaTOYHBIM OCHOBAHHWEM MOXKHO MPENIONOKUTb, UTO JIH00ast dIeMeHTapHas
yacTulla JOHKHA UMETh Maccy | 3apsil. ITO 3aJI0)KEHO B (PU3UUYECKYIO CYIITHOCTh
MaTepuH (KOTOpasi COCTOUT M3 YACTHIL) M 3TO ABJISIETCS (PyHAaAMEHTATbHBIM.

Torna, ecm yacTuIla UMEET Maccy, HO HE UMEET 3apsi/ia, TO 3TO COCTABHAS
4aCTHUILA, KOTOpasi COCTOUT U3 IBYX YACTHUI] C IPOTUBOIOJIOKHBIMU 3apslaMH U, TAKUM
o0pa3oM, CTAaHOBUTCS KBa3WHEHTpalbHON (Kak HeHTpoH). Ha Takyio 4acTuily BO3MOXKHO
IIPETEHAYET U HEUTPUHO.

Ecnm »xe yacTuiia He UMeeT Macchl, TO 3TO KBa3MYaCTULIA — TO €CTh MOPLMS HEKON
BOJIHBI (Kak ¢poToH win ¢poHoH). Kpome Toro, Takas yacTuua He JOJDKHA UMETh 3apsl.

Hy»xHO 0TMETHTB, YTO IMHAMHUKA U CTATHKA 3apsAJ0B U MacC B IPUHIUIIE
OTJINYAeTCs XOTS M UMeeT HeKoTpoble ananoruu (1). Kpome Toro, 3apsiisl 1 Macchl
BBI3BIBACT IOSIBJICHUE PA3HBIX MOJICH: 3aps/ibl BBI3bIBAIOT MOSBICHNUE TPEX MOJIEH —
ANIEKTPUIECKOT0, MATHUTHOTO U BTOPUYHOT'O JIEKTpHYecKoro ((apaaeeBa), B TO Bpems,



KaK CTaTUYecKas WK ABMKYIIAsICsl Macca BbI3bIBACT MOSBICHHUE TOJIBKO OJHOTO MOJIS -
rpaBuTanimoHHOro. [lpuuem, CBsA3b MEXIAYy I'PaBUTAIMOHHBIM U JEKTPUUECKUMHU MOJISIMU
AKCIIEPUMEHTAJILHO HE OOHApyKeHa.

2. AHAJIOTHMH CTATHKH M TMHAMUKY 3apsi/IOB H MAaCC
Hy»XHO OTMETHTh, YTO CTATHKA M JMHAMHKA 3apsI0B K MacC KMEET HEKOTOPbIC
o0I1IMe YepThI, a TAKXKE U CYIICCTBEHHBIC OTIMYKs (OcHOBaHa Ha MaTepuaie (1)):

e 3apsia MOXKET OBITh JIBYX BHUJIOB — ITOJIOKUTEIBHBIN M OTPHUIATESIIHHBIN.

e Macca MOXeT OBITh TOJIBKO OJTHOTO BHJIa, HAIIPUMED, MTOJIOKUTETbHAS
(oTpuIaTtenpHas BCTpedyaeTcs TOJIbKO y panTacToB). Jlake aHTHMATEPHUS IMEET
MOJIOKUTEIBHYIO Maccy.

e 3aps] KBaHTYETCS] — MUHUMAaJIbHOE 3HAUEHUE 3aps/ia e, a 3aps]l CII0KHBIX CUCTEM,
HaIpuMep, aTOMOB €CTh IPOM3BEICHUE € Ha YUCIIO 3apsHKEHHBIX YacTull (3To 0e3
ydera THIOTe3bl 0 KBapKax ¢ 3apsiioM B 1/3 e).

e Macca kak ¢pu3ndeckas BeJIMUUHA, HE KBAaHTyeTCsS — OHa MOXeT ObITh OT 0 110
Jr000# BEIMYMHBI, MUHUMAIILHOTO 3HAYCHUST MAaCChl HE TOJDKHO OBITh (3TO 03
ydera rumnotessl 0 “bo3one Xurrca”). B To ke Bpems KBaHTyeTCsl Macca
KOMOWHAIMH YacTHI], KaXKas U3 KOTOPBIX UMEET CBOI0 Maccy. DopMalibHO 3TO
BBIMVISLIUT Kak OyJITO Macca KBaHTYETCs..

e HenoaBmkHbI 3apsi CO3/1aET 3-X MEPHOE INEKTPUUECKOE MOJIE,
B3aMMO/ICICTBYIOIIEE C IPYTrUMH 3apsiiaMu. Cria B3auMoJIeiHCTBUSL 00paTHO
MIPONOPLMOHAIbHA PACCTOSHUIO.

e Macca co3naet 3-Xx MepHO€e I'paBUTALlMOHHOE M0JI€, B3aUMO/ICHCTBYIOIIEE C
apyrumu Maccamu. Cuiia B3auMOJEHCTBHS 0OpaTHO MPOMOPIHOHATbHA
PacCCTOSIHUIO.

e CKOpOCTb pacrpoCTpaHEHMsI ANEKTPHUUECKOTO MOJIs (A TaK’Ke€ MAarHUTHOTO, HE
MyTaTh C AIEKTPOMATHUTHOM BOJHOM) HAa MHOTO MOPsAKOB OoJbiie C.

e CKOpPOCTb pacpOCTPaHEHUs IPaBUTALMOHHOIO NOJISl HA MHOT'O IOPSIKOB O0JbIle
C.

L4 QHGKTPI/I‘IGCKOC 11oJie OBIBACT MOJIOKHUTCIBHBIM (COSI[aHHBIM IMOJIOKHUTCIIbHBIM
3ap$m0M) " OTpULATCIbHBIM (COS)IS.HHBIM OTpULATCIIbHBIM 3ap$I,Z[OM). HpI/I‘leM,
PA3HOMMCHHBIC 3apsAAbl IPHUTATUBAIOTCS (‘-IGpCS ux HOJ'ISI), a OTHOUMCHHBIC
OTTAJIKHUBAKOTCH.

L4 FpaBI/ITI/Ip}/IOH_II/IC TCJIa UMCIOT TOJIbKO OJJHOMMCHHBIC IMOJIAA U IPUTATUBAIOTCH
(‘-ICpCS HUX I'PaBUTALITUOHHBIC HOJ'I}I). AntHr paBUTAllUA OTCYTCTBYCT.

e ['paBUTaLlMOHHOE TOJIE — HEOTPAHUYEHHO caMopa3roHstomieecs. Tak Kak
aHTUTpaBUTALMSI OTCYTCTBYET, TO HET CHJIBI, IPETSITCTBYIOLIEH HAKOTIIEHUIO
MAacchl U, COOTBETCTBEHHO, rpaBUTally. EAMHCTBEHHAs cHila, BpEMEHHO
MPEMATCTBYIONIAst IPaBUTALIMU — TO LIEHTpoOexHas cuiia. Ho BcneacTBuu



JMCCUIIAlIMK OHA cllabeeT U BCe, COTIACHO COBPEMEHHBIM 3HAHUAM, TOJDKHO
“CBANIUTHCA B OOIIYIO TPABUTALMOHHYIO SIMY .

DTOro He MPOUCXOIUT C 3apsAJaMH, TaK KaK OJTHOMMEHHBIE 3apsi/ibl
oTTasIkuBaroTcs. [Ipu B3auMoeHCTBIY pa3HOMMEHHBIX 3apsi/I0OB OHU
HEUTpaIM3YIOTCS U, TAKUM 00pa3oM, 3apsi HE HAKAIJIMBAETCS U, B OTJIMYUH OT
I'PaBUTALIMOHHOTO, 3JIEKTPUYECKOE I10JI€ HE MOXKET pACTH OECKOHEUHO.

['paBuTanus — “rymnas cuna”, He MOJBIACTHAS YEJIOBEKY. MI3MEHUTD
IPABUTALMOHHOE I10JI€ CPECTBAMHU, U3BECTHBIMU HayKe, IOKa Helb3s. CBs3b
TpaBUTAIMU C IPYTUMH CHIIAMU U TTOJISIMHA HE HAOIIOaeTCsl.
DNEeKTPOMArHeTH3M yxkKe ceiuac MmoABIacTeH YeJIOBEKY U OUEHb IIUPOKO
WCIIOJIB3YETCS Ha IIPAKTHUKE.

[Ipu nBUXKEHUM 3apsii CO3AAET MAarHUTHOE I10J1€, B3aUMOJEHCTBYIOLIEE KaK C
3apsijaMH, Tak U C IPyTUMH MarHUTHBIMU NOJISIMU (C UX UCTOYHUKAMH).
[Ipu nBUYKEHUHM MacChl HUKAKKE MOJIsl HE HAOII0Aat0TCS.

[Ipu ycxkopeHnuu 3apsiaa nosiBisieTcst BTopuuHoe ((hapaneeBo) sJIeKTpHUIecKoe
noJjie (B OTJMYMH OT CTATHYECKOTO OHO HAIPABJICHHOE), BEKTOP HAIPSHKEHHOCTH
KOTOPOT'O HAIMPAaBJIEH BJI0JIb BEKTOPA CKOPOCTH U POTUBOIIOJIOKEH EMY 1O
HaIPaBJICHUIO COTJIaCHO pUHLMIA JIeHIIa, 4TO BbI3bIBAET TOPMOKEHUE 3apsiia
Moxoxee Ha uHepuuto. Ha mpoBosiell nOBEpXHOCTH OHO CO3/1a€T BUXPUBBIE
Toku DYKO, a B pacIoOI0KEHHOM PsIOM KOHTYpe HaBoauT dapaneey I/C. Oto
BTOPUYHOE T0JIe ACHCTBYET Ha CBOM 3apsii U TOPMO3UT €ro (KaK HHEPIs).
TopMoxkeHue 3apsa IPOUCXOINUT B CPENE, MUMEHYEMOU «TOHKOM CTPYKTYpOU
supa» WM «TeMHOU 3Heprueit». OHa Kak Obl IPOTUBOJICHCTBYET U3MEHEHHIO
MarHMTHOIO NOJIs. Y CKOpEHHe 3apsaa Kak Obl 3apsikaeT sHeprueil 3Ty cpeay (Kak
IIPYKUHY ), KOTOPasi OTAAET 3Ty YHEPTUIO NIPU TOPMOKEHUHU. BTopuuHoe nosne
TaK)X€ paclpocTpaHsieTcs 3a MpeAesbl 3apsaia U B3aUMOJICHCTBYET C IPYTUMU
3apsaamH.

ITpu yckopenuun maccel HaOII0AaeTCsl MHEpLUs, TOpMO3siias Maccy. Bropuunoe
IpaBUTALlMOHHOE T0JIe, CO3JJaHHOE Pa3TOHSIoLIelcs Maccoil, He Habmoaaercs. To
ecTb, «nojae nHepuun» OTO oTCyTCTBYET M B TOPMOKEHUH MAcChl HE YUacTBYET.
UYro 3a cpesia TOPMO3UT MacCy U BBI3bIBAET IPABUTALINIO, HE U3BECTHO, HO
TopMo3uTh Maccy OTO-mHas «aedopmarus NpocTpaHCTBa» HE MOXKET, TaK Kak
JUISL HE€ COBEPIIEHHO HEIOCTATOYHO KHHETUYECKON IHEPTUH YCKOPEHHOM MacChl
MOTOMY, YTO «JIeopMalus» OCYIIECTBISIETCS TOIBKO OTPOMHBIMHU
TPaBUTHPYIOIIMMH MACCaMH € KOJIOCCATBHOW MOTEHIUAILHOW SHEPTHUEH.
B3anmMopeiicTBre HHEPIIMOHHON MacChl ¢ «TOHKON CTPYKTYpO aupa»,
TOPMO3AIEN YCKOPEHHBIH 3apsil, HE 3aMEUeHO. Y CKOPEHHE UITH 3aMeIJICHHe
Macchl HE BBI3BIBAET HUKAKHX JIEKTPOJANHAMHUYECKUX IPPEKTOB, a TAKKe HUKAK
HE U3MEHSET TPaBUTAIINIO TaHHOTO TeJla, TO €CTh, B OTJIIMYUH OT YCKOPEHHOTO
3apsijia, HUKaK He «3apsiKaeT» 3Ty cpeay (4To, BOOOIIe-TO, IPOTUBOPEUUT
noruke). To ecTh, cpena, B3auMoAelCTBYIONIAs ¢ YCKOPEHHO Maccoi
ABJISIETCH, 10 BUAUMOMY, IPUHIMIIKAIBLHO IPYroi cocTaBJisiiomel d¢upa,



UCCIIEIOBAaTh KOTOPYIO KpaifHE CII0KHO (OTCYTCTBYIOT JJasK€ BO3MOYKHBIC
MOAXO/bI K TAKOMY HCCJICIOBAHUIO).

3. DKBHAJIEHTHOCThH FpaBI/ITaHI/IOHHOﬁ n HHepHHOHHOﬁ Macc

Boo6ie-To, kak ObUIO OTMEUEHO BBIIIE, BO3MOKHOE BTOPUUYHOE TPABUTALIMOHHOE
ToJie, CO3/1aBaeMO€ YCKOPEHHON Maccoi, MOXHO ObLJIO OBl IPEIOJIOKUTD MO aHATIOTHU
CO BTOPUYHBIM 3JIEKTPUUYECKUM I10JIEM, CO3/1aBa€MbIM YCKOPEHHBIM 3apsioM. B To ke
BpeMs, B OTO He paznuyaroT 1moJie rpaBUTaIiy 1 “‘noJie naepiuu’”. Takum o0pazom,
cormacao OTO, npu yCKOpeHUH MacChl B COOTBETCTBHUH € “MIOCTYIATOM 00
SKBHUBAJIEHTHOCTH I'PaBUTAIMOHHON M MHEPIIMOHHOM Macc” KakK Obl TOJKHO MOSIBUTHCS
BTOPUYHOE I'PaBUTALMOHHOE 10J€. To ecTh, onATh ke coraacHo joruke OTO,
YCKOpPEHHasi Macca JIOJKHA CO3/1aBaTh I'PAaBUTAIMOHHOE T10J1€, CKIIAIbIBAIOIIEECS C
MOJIEM, CO3/1aBa€MbIM I'PaBUTAIMOHHOK Maccoil. Ho BOT, Kk cokaneHuro, 3To “BTOPUYHOE
IpaBUTAIMOHHOE T0JIe” SKCIIEPUMEHTAILHO HE HA0III01aeTCsl.

Tem He MeHEee, THTEPECHBIM MPEACTABIISIETCS MOMBITKA OOHAPYKEHHE
«BTOPUYHOTO TPABUTAIIMOHHOTO MOJIS» HA OCHOBE aHANM3a JABUKEHUs HeOeCcHBIX Tel. B
JaCTHOCTH, (DOPMAITLHO 3TO MOJIE MOKHO MPEJCTABUTH KaK “NOJIC HHEPIIUU-TPABUTAIINH
HampUMep, CO3IaHHOE LIEHTPOOEIKHOI cuitoii (YCKOpEHHEM NP BpalaTeIbHOM
JBWKEHUN) CITyTHUKA, TPOTUBOJICHCTBYIOIIEE CUJIE TpaBUTalMK 1u1aHeThl. [IpaBna, 3To
HUKAK He CBSI3aHO C MacCcOi CIYTHHKA, B OTJIIMYUH OT TPABUTALIUU, CO3/1aBA€MOI Maccoi,
nanpumep, JIyHBI, Tak Kak Macca He BXOJHUT B ypaBHeHHe yckopeHus a = R . To ecTs,
orsITh ke, cornacHo OTO rpaBuTaliio MOKHO, OyITO Obl, 3aMEHUTH YCKOPEHHBIM
JBIKEHUEM Macchl (“Hukakue onvlmel o c60000HOMY NAOEHUIO Mel 8 ughme He MO2Yym
OMAUYUMb OOHOPOOHOE SPABUMAYUOHHOE NOJIe OM 0OHOPOOHO20 NOJISL CUL UHepYUuU’).
Takum 006pa3om, MHEPLIUS TIPU YCKOPEHUH MACCHI JOJKHA KaK Obl yBEIMUYUBATH MAcCy
TeJa U, COOTBETCBEHHO, TPABUTAIUS M YCKOPEHHE CBOOOAHOTO MAJACHUS Yy 3TOTO Tela
JOJKHBI Bo3pacTu. To ecTh, yCKOpeHHasi Macca 00s13aHa yCUIIMBATh €€ IPaBUTALOHHOE
1oJie, ICUCTBYIOIIee Ha ApyTue Tena (eciu, KOHEYHO, TPaBUTALIMOHHAS U HHEPIIMOHHAS
MAacCCHhI - 3TO OJTHO M TO XK€), a HAMPSHKEHHOCTH 3TOTO JIOMOJHUTEITEHOTO
IPaBUTAIMOHHOTO MOJISl AOJKHA OBITH TPOMOPIIMOHATIFHA YCKOPEHHI0. TakuM 00pazom,
MOXHO OBLIO OBl IPEAMOIOKUTD, YTO MPHU PA3rOHE TeJla €ro TPaBUTAIIMOHHAS Macca Kak
Obl Bo3pacTtaeT. M, omsTh e, €CTu YCKOPHUTH 10 OY€Hb OOJBIINX BETHUUH JaXKe
OTHOCUTEIEHO HEOOJIBIIIOE TEJIO0, TO OHO HAYHET NMPUTATUBATH PACIIONIOKEHHBIE B
OIM30CTH IpyTHUE Tena.

[IpoBenem 31ech HEOOIBLION “MBICIEHHBIA AKCIIEPUMEHT” (TaKue
“3KCIIEPUMEHTHI” OUeHb JTFOOWIT POBOANTH DHHIITEHH). [IpeInonokum, 9To aBa He
OYEHb MACCUBHBIX TeJa JICTAT MapajuieTbHO APYT APYTY U CUJIA UX B3aUMHOTO
MPUTSDKEHUs (TpaBUTAIMs) TpeHeOpeskuMo Malia. HauHeMm uX pa3roHsTh U (COTIacHO
OTO) npu o4eHb OOTBIIIOM YCKOPEHUH “Ha0MIOaTeNh” YBUIET, YTO OHU HAYaln
npuTsIruBathes. 1 uem 6ombiie yckopeHue, TeM O00blie CHila UX MPUTSHKCHUS.

B npunnune, stot a¢gdext, npeackazanupiii OTO, BeI3pIBaromnii Kak Obl
M3MEHEHUE TPaBUTAIMOHHOMN MacChl TeJla MPU €ro YCKOPEHUHH (€CIId OH, KOHEYHO,
CYIIIECTBYET), MOKHO OBLJIO ObI OOHAPYKUTH Y TUTAHETHOW CHCTEMBI C MAaCCUBHBIM
CIYTHUKOM, Harpumep, y 3emuu u JIyHsl. B aTom cimydae y JIyHsl gomkHa Kak Obl
BO3pacTaTh rpaBUTaIus (M, COOTBETCTBEHHO, TPaBUTAIMOHHAS Macca) 3a CYET
LEHTPOOSIKHOTO YCKOPEHHUS (3TO JKe YCKOpeHHass Maccal) U 3To TOHKHO ObLTO OBl BOUTH



B (hopmyity 3akoHa BeceMupHOro TAroreHus ais AaHHO# mapsel. U 3T0, KOHEYHO ke, He
MOTJIO OBITh HE3aMEUYEHHBIM 3a BpeMsl (MHOTOBEKOBOE) HAOJIIOICHUS 32 JBUKEHUEM
JlyHbI.

MosxHo oueHuTh 171 JIyHbl 3TO “Bo3pacTaHue rpaBUTALIMOHHON MaccChl”.
LenTpobexxHoe yckopenue Ha opoute JIyHbI 3a cHeT BpaliaTeIbHOTO JBUKCHUS

cocraiser 2.7x107° m/cex2. YckopeHne cBOGOIHOTO TaeHHUs HAa TOBEPXHOCTHU JTyHBI
coctaBisieT 1.62 M/cex2. Takum oOpazom rpaBuTaiimoHHas Macca JIyHbI Kak Obl JOJIKHA
obuta yBennuuThes Ha 0.17% 3a cyer neHTpoOekHoro yckopenus. Kpome Toro, Tak xKak
HeOecHbIE TeJla IBUXKYTCS 10 SJUTUIITUYECKUM TPACKTPOUSIM, TO UX LIEGHTPOOESKHOE
YCKOpPEHUE MEHSIETCS U, COOTBETCTBCHHO JOJKHA MEHSTHCS UX “dd(heKTHBHAS
rpaBUTAllMOHHAs Macca’.

Ho 310 HE 3aMeueHO, UTO CBUACTEILCTBYET 00 OTCYTCTBUU CBSI3U MEXKITY
rpaBUTallMEd U YCKOpeHHeM Macchl. To ecTh, ¢ KakiuM Obl YCKOPEHUEM HE pa3rOHsUIN
Maccy, €€ rpaBUTAlMOHHOE TI0JIe HE MEHSETCA U, OISTh Ke, YCKopeHue (Teperpyska) mpu
pasroHe pacrocTpaHsIeTcsl TOJbKO Ha JAaHHYIO MacCy M HE BBIXOAMT 3a €€ Ipe/Ieibl B BUC
rpaBuTauu. M BeIICYIOMSHYTBIC J1BAa PAa3rOHIEMBIX TeJa MPUTATUBATHCS HE OYIyT.
Iosryuyaeresi, 4TO rPABUTALIMOHHBbIE CBOWCTBA Macchl M ee HHEPIMOHHbIE CBOWCTBA
—3TO0 pa3Hble BellH.

U, BooOI111€-TO, COBEPIIIEHHO OYEBUIHO, YTO CHIJION MHEPIIUH MOXHO TOJIBKO
HMMUTHPOBATH TPABUTALIUIO U TOJISI HHEPIMH, KaK TAKOBOTO, HE CYIIECTBYET. B ToM ke
nudTe HHEPIUS TOJIbKO KOMIIEHCUPYET T'PaBUTAIUIO, IPUYEM 3Ta KOMIICHCALIUS
WHJIMBHUIyaTbHA IJIs1 KOKJIOTO TeJla U HE BBIXOJIUT 32 €T0 MPE/Eibl U HE yCHIMNBACT
rpaBUTALMOHHOE TIOJIE JAHHOTO TeTa.

4. HexoTopble NapaJoKChl TPABUTALMHU

Bo “Bropoii wactu” sitHireHoBoit TO - B OTO, npeanosnaraercs (rojocioBHO),
YTO TpaBUTALUS SABJISETCS “UCKA)KEHUEM METPUKU ITPOCTPAHCTBA”, XOTS, UTO TaKOe
IIPOCTPAHCTBO M YTO TaM HaXOAMTHCS U 4TO 3TO 3a cTpykTypa, OTO He pasbscHseT.
3n1ech He0OXOJUMO OTMETUTD, YTO OO0JIBIIIOE KOJIMUYECTBO “TIapaiokCcoB” (HECTHIKOBOK
TEOPUH C IKCIIEPUMEHTOM) CBUAETEILCTBYIOT O IPUHLIUIINAIBHON HENPABUIBHOCTU
koHuenmuu u nocrynatoB OTO (Bnpoyem, Tak xe, kak y CTO (4)).

B gacTHOCTH, H3BECTHO, UTO I'PAaBUTALMS B IEHTPE HEOECHBIX TEJ MOJIHOCTHIO
CKOMIIEHCHpOBaHa (TaM HEBECOMOCT).

B npunnune, cornacio OTO npoduine yckopeHust cBOO0AHOTO NMajeHus g,
BBI3BAHHOTI'O TpaBUTAIMEN, JOHKEH COOTBETCTBOBATh MPOPIIIIO “UCKAKEHUS METPUKH
npoctpaHcTBa”. TakuM 00pazom, “UCKaKeHUE METPUKH ITPOCTPAHCTBA” BHYTPH
IPaBUTHPYIOIETO TeJIa UMEET BECbMa CTPaHHbBIN BUJ — YTO-TO BPOJE BOPOHKH (pHc. 1), B
LIEHTPE KOTOPOH “NCKAKEHUE METPUKH™ MOJHOCTHIO CKOMIIEHCHPOBAHO.
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Janee, ecnu B “depHOM JbIpe” €CTh MACCUBHOE TEJI0, KOTOPOE U CO3aeT
TPaBUTALMIO “dePHOU JIBIPHI”, TO OJIMKE K HEHTPY “ABIPHI” TPaBUTALMS KOMIECHCUPYETCS
U TOSIBJIIETCSA “BHYTPEHHUI TOPU30HT COOBITUI (CM. pUC. 2), T1e IEHCTBYIOT OOBIYHBIE
3aKoHbI. TO ecTh, TaM MOSBISETCS HEKHUil Oapbep MEXy IByMS “TOPU30HTAMU
COOBITHUI”, Uepe3 KOTOPBIA HE MOKET MPONTH HU 3apsijl, HU T'paBUTALUS.
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Hanee npoananusupyem noctyupoanHyro OTO ckopocThs pactpocTpaHeHuUst
rpaButaiuy, pasayio C (4).

K OTO sror noctynat “no HacneactBy’ mepemien oT CTO (y DiinimTelina Bee,
BKJIFOUas IM0JIsl, pacnpoctpansercs: co ckopoctbio C u He 6oibie(5)). U aTo HecMoTps Ha
(GbyHIaMeHTalbHbIE CBUIETEILCTBA TOTO, YUTO OHA HA MHOTO MOPSAKOB npeBbimaeT C.

3T0, B YaCTHOCTH, OBUIO YCTaHOBIIEHO eIl JIariacoM Ha OCHOBaHUH U3MEPEHUN
nBuKeHust JIyHbl, cOrflacHO KOTOpOMY CKOPOCTh TpaBUTalK npeBbiaeT C, Kak



MUHUMYM, B 7 MHJUTHOHOB pa3. Jlesno B TOM, YTO eciiu Obl CKOPOCTh I'paBUTAIMH ObLIa
paBHa C, TO 3TO OBI U COILIO, HO TOJBKO B TOM ClTy4ae, €clid Obl OpOUTHI OBLIH CTPOTO
KkpyroBeie. Ho Bce opOuThI ammuntiudeckue (mapaboindeckue), Ha KOTOPbIX PU
JBUKEHHUHU TEJa PACCTOSHUE MEX]Ly TPABUTHPYIOIIUMH 00bEKTAMU MEHSETCS, U €CIIH
CKOpPOCTH rpaBuTanuu paBHa C, TO rpaBUTALIMIOHHOE BO3MYIICHHUE JOUIET /10 TE C
3aJIepKKOM, YTO JOIDKHO OBLIO OBbI MPUBECTH K CTPAHHBIM (P PEeKTaM U He MOTJIO OBITH
HE3aMEUYCHHbIM.

HenaBHo amepukanckuii actpoHoM ToM Ban @naHaepH npoaHaau3upoBail
MOCIICACTBHS TPABUTALIMOHHOM abeppaliiu Jisl IIaHeThl 3eMJIs, IPU YCIOBHUH, YTO
CKOpPOCTb IpaBUTALIMM paBHA CKOPOCTHU cBeTa. B pe3ynbTaTte aHanu3a noiay4ymioch, YTO
ecyiu Ob1 oHa ObL1a paBHa C, TO 3emiis Obl Bpallianach 110 pacKpy4rBaOIIEHCs CIIUPATIN U
paauyc ee opouTsl 3a 1200 net momkeH ObLT OBl yIBOUTCS, YETO, €CTECTBEHHO, HE
npousonuio. B pesynbrare 3TOro aHaiusa noixy4uioch, YTO CKOPOCTh TPaBUTAIIUH
noJpKHa TipeBbimath C Ha BoceMb nopsakoB V > 1x 10%C.

Kpowme Toro, ypaBHeHHsI HEOECHOWM MEXaHUKU OCHOBaHbI HA MTHOBEHHOM
neictBun: “Bcesa nebecnas mexanuxa, moyHenuulas u3 Hayk, ONUpaemcst 6 C80UX
pacuemax Ha cmamuydeckue gopmynvl. Imu hopmynsl cognaoarom ¢ OUHAMULECKUMU
MONILKO 8 MOM Cydae, eciiu CKOPOCHb PACHPOCMPAHEHUs 83AUMOOCUCMBUsL PABHA
beckoneunocmu. Takum o6pazom, u ecob Onvim HeOECHOU MeXaHUKU NoOmeepicoaem
mom ¢akm, Ymo CKOpoCms pacnpocmpanerus 2pasumayul MHO20 8bluie CKOpoCmu
ceemay.

Hanee, ecnu eciiu CKOPOCTh pacpOCTpaHeHus rpaBuTanuu pasia C, To 'y
“dqepHBIX JIbIp” HE MOXET ObITh HU I'PABUTAIIMU, HU UHEPLIUH, HU 3apsi/ia — BCE UCUYE3aET
3a “TOPU30HTOM COOBITHI” M HUKAK HE MPOSsBIIETCs CHApY)H (2). “UepHas apipa”
MOJKET IIPOTJIOTUTH BCIO BCENEHHYI0 ¥ 9TO HUKAK HE NO4yBCTBYeTCs. O4EBUAHO, UTO Y
“4qepHBIX JIbIp” HE MOXET ObITh IPABUTHPYIOIIEH “Macchl B MUJUTMOHBI COJTHEUHBIX U
oHa (coriacHo OTO) nomKHA PEACTaBIATh COOOH My3bIph, BOKPYT KOTOPOTO HUYETO HE
MO3KeT Bpamathscsi. KpoMe Toro, actpopusnkam U3BECTHBI TaK Ha3bIBa€Mble
HEWTPOHHBIE 3BE3/IbI», Y KOTOPBIX IPaBUTALMS TAK «CIUIIOIINIIA» aTOMBI, YTO 3BE37a
MPEJICTaBISET COOOH TUIOTHO YITAKOBAHHBIN ITUPOT» U3 MPOTOHOB U AJICKTPOHOB, B
pe3yJbTaTe 4ero 3TU 3Be3/bl BEAYT ce0s Kak OJJMH OrpOMHBIN HEUTpoH. U 310, 1o Beeit
BUJUMOCTH, SIBJISIETCSI CAaMbIM IIJIOTHBIM COCTOSIHMEM BellecTBa. Toraa KakoBa ke
JI0JKHA OBITh TUNIOTHOCTD BEIIECTBA BHYTPU «4YepHBIX IbIp»? TaM ke «ynmakoBaHbD»
«MWJUTHOHBI cOMHEUHBIX Macce»! Kyna Bes oHa nenach?

Kpowme Toro, corimacio OTO ko3¢ ¢uipieHT B popmysie OTKIOHEHUS JTyya BOIU3H
MacCHBHOIO TeJia paBeH 4, B TO BpeMs, KaK 10 KOPIyCKYJIIpHONH TEOPUH, OCHOBAHHOM Ha
HeOecHOU MeXaHHKe, STOT K03 (UIHEeHT paBeH 2. Tak Kak Mo “UCKPUBIECHHBIM
rpaBUTALIMEN T€OAE3UUECKUM JIMHUSM  JIBUKETCS HE TOJBKO JIyd CBETA, HO U
MaTepualbHBIE TN, TO BRIXOAMT, YTO HY>KHO MEHSTh BCIO HEOECHYIO MEXaHUKY (3).

Kpome Toro, Tak kak cBsA3p npocTpaHcTBa U BpeMeHHu npunuia B OTO u3
npuHIHnuanbHo omubdounoit CTO (5), To u Bonpoc, 4To Takoe BpeMs U MPOCTPAHCTBO
1 KaKOBa UX CTPYKTYpa, OCTAE€TCS OTKPBITHIM.

Taxum 00pa3oM, BOIIPOC O TpaBUTALIMH, BPEMEHHU U CTPYKTYpE MPOCTPAHCTBA,
OTISITH K€, OCTAETCS OTKPBITHIM.



BrlmieckazanHoe COBEPIIEHHO OUYE€BUIHO, HO PEJISITUBUCTHI 3TOTO KakK Obl HE
3ameydaroT. OHM KUBYT (M HEILJIOXO0) B “‘mapajuiesibHoN peanbHocTU”, T1€ Bee 1o CTO u
OTO.

U B 3akmtouenue HykHO OTMETUTh, 4To OTO coBepilieHHO He yTriuTapHa. To
ecTb, hopmynsl OTO coBepiieHHO HE TPUMEHUMBI Ha MMPAKTUKE U BBIXOJUT, UTO OHU
HUKOMY He HYXHBI. OHH, B OTJIMYUU OT (hOPMYIT AIEKTPOMArHeTU3Ma, COBEPIIICHHO HE
JAI0T BO3MOKHOCTH KaK-TO BJIMATH Ha IpaBUTALUIO. ENMHCTBEHHOE UX PUMEHEHHE, ITO
MOANUTHIBaHKUE (PaHTa3uK acTPO(U3UKOB, ONEPUPYIOIINX B MEKTATAKTUYECKUX
MacmTabax. CoorBeTcTBeHHO, ecTh 1M OTO wmim ee HeT, 3TOro HUKTO HE 3aMETHT.

Kpome Toro, 3a OTO, TouHee 3a ee “MOATBEPKACHUSIMU, TTHETCS JJIMHHBIN
XBOCT MOJITACOBOK U OTKPOBEHHOT0 OOMaHa, HaUMHAs C “U3MEpPEHHI OTKJIOHEHUS JIyda
cBera rpasuTanuedt CoiHIa”, MpOBEIECHHBIX “BEIMKUM aCTPOHOMOM™ DJJMHITOHOM B
1919-m roay (3). Tam OH OTKPOBEHHO ChaTbCUDUIIMPOBAT PE3YIbTATHI H3MEPECHUIA.
Jlanee nonum pazHble MIATUPO U KOMEUKUHBI ¢ PAAHOU3MEPEHUSIMU 3aT1a3]/IbIBAHUS
paauonyda y ConHIa, KOTOpbIE, KOHEYHO XK€, C BbICOYaIel TOYHOCTHIO “TIOATBEPIIIIN
OTO” (npu MpoxX0oxKACHUHN paguocUrHaia yepe3 kopony CoHia HaOJII0Aar0TCS
HCKa)KEHUS U epebou CBS3U, TaK YTO JOCTOBEPHO MPOBECTU YKA3aHHBIE U3MEPEHUS
HEBO3MOJKHO). 3aTeM IUTH acTPO(U3UKH, OTKPOBCHHO TIOJTOHSBIIUE PE3YIIbTATHI
Habmoaenuit noa OTO. [Tocnennum “meneBpom’ SBISETCSA “perucTpaIus
rpaBUTAIMOHHBIX BOH ™ ycTaHoBkou LIGO, koTopas npu moapoOHOM aHaIm3e
OKa3bIBaeTCs TUOO MIAPIATAHCTBOM, JTUOO OTKPOBEHHBIM OOMaHOM C KOPBICTHBIMU
uensmu (7).

BuiBOABI

Taxum oOpa3om, XOTs y CTATUKU U IMHAMUKH Macc U 3apsJI0B €CTb HEKOTOPhIE
aHAJIOTHH, HO aHAJIU3 SKCIIEPUMEHTAJIbHBIX TaHHBIX U MHOTOBEKOBBIX HAOIIOCHUN
MTOKAa3bIBAET, YTO AIEKTPOMArHETU3M U IpaBUTAIMS (K COXKAJIEHUIO) HUKAK HE CBS3aHbI,
XOTS HAJIMYUE U MacChl U 3apsijia sBiseTcs: pyHAaMeHTaIbHBIM CBOMCTBOM JIFOOOM
YacTULIbl. DKBUBAJIEHTHOCTh T'PAaBUTAIIMOHHON U HHEPLIMOHHOM Macc MpPOsBISAETCS
TOJIBKO B KOJIMYECTBEHHOM COBIIA/ICHNN. | paBUTAIIMOHHBIE CBOMCTBA MACChI U €€
MHEPLMOHHBIE CBOICTBA — 3TO pa3HbIE BEIIM U MHEPLMS HUKAK HE CBSA3aHa C
rpaBuTanuei. lHepuus He co3qaeT Mo, paclocTpaHsIeTCsl TOJIbKO Ha JaHHOE TEJIO U, B
OTJIMYMHU OT FPABUTALINU, HUKAK HE TIEpEaeTcs COCETHUM TeJlaM.

OCHOBHO# BBIBOJI TAKOB: COBpEMEHHasl (pr3HKa COBEpIIEHHO HUYErO He 3HAET U
3HATh HE X04eT 00 OCHOBOMOJATAIOIINX CBOMCTBAX MIPOCTPAHCTBA, HAIIPUMED, UTO TAaKOE
— IIPOCTPAHCTBO U KaKOBA CTPYKTYpa CPeNbl €€ 3anoiHstonieil. biarogaps B3aopHbIM
xumepam - CTO u OTO, MuHUMYM Ha CTOJIETHE OBLIO 3aKPHITO (A IMUHUCTPATUBHO)
UCCIIeIOBAaHKE CPEIbl, UMEHYEeMOM 3¢upoM. 3a 3TO OTAeNnbHOE criacu6o AnsoepTy
HarieMy OWHIITEeHHY (“TIBITIIMBOMY TPOEUHHKY C 3aJIHEH MapThl”) U €ro COIIEMEHHUKAM
- IIOCTIeI0BATENSIM, HAIIMOHAJIbHO-OPUEHTUPOBAHHBIM (PU3MKAM-TEOPETUKAM, TAKUM, KaK
MUHKOBCKHE, Ho(de-PppaHKru-TaMMbI-MEHENIbIITaAMMbI-THHCOYPIH-3€JIbJOBUYHN-
JIAHJIaBBI C MPOYMMH JU(IIUIIAMU — [IApJIaTaHbl, JOTMaTUKU- HAYETYHKHU, KOTOPbIE
cBenu Bero aekTpoauHamMuky K CTO (6)) u koTopsie 3a “30 HyJHHBIX CpeOPEHHUKOB”
cnanu GU3MKY UX “HAIMOHANIBHON uaee” — uM Ttoraa (B Havane 1900-x) ans
CaMOYTBEPKACHUS U MPOJBIKEHUS UX “‘remedTa’” ObLI KpailHe HY>KEH “HallMOHaJIbHBIN
reHUi” 1 “TeHnasbHas HalMOHAJIbHAS HayKa . AHAJOTMYHO IPOMU30IIIIO U B UCKYCCTBE;



9TO OTACJIbHaA TEMa, HEC UMCIOIIass OTHOIICHUSA K TEMC HaHHOﬁ CTaTbU, HO CUTYyallusA
OYCHb I10XO0XKa.
B pE3YIbTATEC UMEECM, TO, UTO UMECEM.
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