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Annomauun’. copmyiuposarvl NONOJNCEHUST HOBOU Meopuu HebeCHOU MeXaHukl, COCMAasIsiowue HAYYHYIO
KOHKYpeHyuto 3aKony ecemuphozo mseomeHusi. Beinonnen amanus pesynvmamos sxcnepumenma Kasenouwa c
YUemom NPUCymcmeusi MaHeeHYUAIbHOU COCMAs/isiioujeli paouaibHO OPUeHMUPO8aHHoU cuivl msaxcecmu. Ilokazano,
YUMo NPUHAMAs 8 Kauecmee OOMUHUPYIOuell SUNOMemu4ecKkas CUla 63auMHO20 NPUMSNCEHUSL MACC YCMYnaem no
3HAYEeHUIO PeanbHO Oelicmeyioujeli MaHeeHYUAIbHOU CoOCmassiowel cuibl msxicecmu ucciedyemoco mena. Coenan
661800, UMO pe3yibmam sKcnepumenma Kasenouwa ne mosicem ciyscums noomeepicoeHuem 3aKkoHa 8CemMuproo
MsA20MEHUsL U He Modicem bblmb UCNONb308aH OJisl 00CMOBEPHOU OYEHKU MACCbl 3emi.

Knwuesvie cnosa: nosass meopusi HeOECHOU MEXAHUKU, 3AKOH G6CEMUPHO20 MS2OMEHUs, Meopusi 2pasumayui,
axcnepumenm Kasenouwa, s¢pup, manzenyuanohas coCmasnsiowdas Culbl Majcecmu.

«Hypotheses non fingo»

Isaac Newton

Beenenne. Teopus B3aMMHOTO IPUTSIKEHUS IBYX MaTepPHAIBHBIX TOUEK, 00IaJar0INX MacCot, OblIa H300peTeHa

u chopmynuposana M. Hetotonom [1]. dopmyna moiyumia 3aTeM CTaTyC 3aKOHa M BOILJIA BO BCE YUYEOHHUKH U

CIpaBOYHMKM 1O (U3MKE C Ha3BaHHEM «3aKOH BCEMHUPHOTO TSTOTCHHUS», IOJPa3yMEBAIONIUM  €ro
(byHIaMeHTanbpHOCTS, puc. 1 [2].
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Puc.l comepXuT WMCUEPIBIBAIONIYI0 WHOOPMALNNIO, MUTIOCTPUPYIONIYI0 COBPEMEHHOE MPEICTABICHUE O
KJIaCCHYeCKOM 3aKOHE BCEMHPHOTO TATOTEHUS. B ToM urcie Ha puc.l mpeacTaBieH THIIOTETHIECKU SKCTIEPHMEHT,
MOKA3bIBAIOIINA (DU3UYECKMH CMBIC TPaBUTALMOHHOM mocTosHHON (G), YHMCIEHHO DPaBHOH CHIIE B3aHMHOIO
MPUTSDKEHUS IBYX €IMHIYHBIX Macc (Mi=My=1 Kr), pa3HECEHHBIX Ha enuHIYHOE pacctosHue (R= 1 m).

J1OTIOTHUTEIBHO MTPOBO3TIIAMIACTCSA, YTO Tella, 00IaaroIIue MacCoi, He TOIBKO UMEIOT CBOWCTBO IPUTITUBATHCS
IPYT K APYTY, HO M KaXXI0€ U3 HUX B OTACIHHOCTH SBILCTCS MICTOYHUKOM NOTEHIIMATHHOTO TPaBUTAIIMOHHOTO TIOJIS.

Bompoc, TpeOyromuii ocBeleHlss B HACTOSIIEH CTaThe, BOZHHMK Ha OCHOBE KOMIUIEKCA JOBOAOB, MPSMO HIIH
KOCBCHHO MPHUBOMALIMX K OTPHUIAHHIO OOIICTIPUHATOrO MONOXKEHHS O B3aMMHOM mpuTskeHnH Mmacc [3-11]. B
pe3ysbTaTe, HMeIoTCsl B HAJWYHH ABE Pa3JIMYHbIe TEOPUH IPABUTALMM, KX 1ast U3 KOTOPBIX JOJDKHA CO/IEPKATh
B CBOEM OCHOBAaHMHM (U3UYECKHH CMBICH, JKCIIEPUMEHTAIBHYIO JIOKa3aTelbHYI0 0a3y, OMNBIT INPAaKTHYECKOTO
NPUMEHEHHUS U OTPaHWYeHHs 00J1acTh MpuMeHeHus. [IpoBeeM aHamu3 CHIIBHBIX U CJIA0BIX CTOPOH ATUX TEOPHI.

PaccMoTpuM cHadana OCHOBaHHUSI M CYIECTBEHHBIE MOMEHTHI, COCTaBIISIOIINE CYyTh HOBOH TeopuH HebecHOI
MeXaHHMKH, HEOTHEMJIEMOI JacThI0 KOTOPOH SBIISIETCS TPABUTAIM. B MPeaIIecTBYIOMIX aBTOPCKIX Ty OIHKAINIX
[3-11] 6putH mOCIIEMOBATENLHO PACCMOTPEHBI M PA3BUTHI aCIEKTHI TEOPHU HEOECHOM MEXaHHMKH, B OCHOBY KOTOPOI
MOJIOXKECHA TEPBOHAYAIFHOCTh E€CTECTBEHHOTO 00pa30BaHUS TIOOANBHBIX MHOTOBOJHOBBIX 3JEKTPOMArHUTHBIX
HHTEepEepEHIINH, YIIPAaBIAIOMUX (HOPMUPOBAHUEM, SBOIIOINCH U IBIKCHAEM HeOeCHBIX Tel. BHagane paccMoTpeH
CIICHapUil JBOJIOIMH BCEIICHHON KaK IIPOCTPAHCTBA, MCXOTHO (OPMHPYEMOTO EIWHBIM BOJHOBBEIM (DPOHTOM
JNEKTPOMArHUTHBIX BONH [4, 5]. Exunblii BONHOBOW (GPOHT MOXKET OBITh MOPOXKICH, HAMPHUMEDP, «OONBIIAM
B3PBIBOM», IIPUHATBIM B HACTOAICC BPEMA KaK 6a3OBaH runotre3a. OH TaKKe MOKET 6I>ITI:. MOPOKACH UCTOYHHUKOM,
SBJISIFOLIMMCST  OOpaTHOW CTOPOHOM «4YEpHOHM JBIPBD», YTO TNOAPa3yMEBAeT IUAJCKTUYHOCTh M BpPEMEHHYIO
NPOTSHKEHHOCTH Tpoliecca. B moboM ciiyuae oH pacrpocTpaHsercss B MPOCTPAHCTBE, 3aII0OTHEHHOM pPa3pexeHHO
TUIa3MOM, UCTIBITHIBAS B €€ CPEie MHOYKECTBEHHbIE TU(PPAKIIMU U OTPAXKEHHS OT TUHAMHYECKH (DOPMHUPYEMBIX I'PaHUIL
¢ OoJiee TIOTHBIMH TUTa3MEHHBIMU CIIOSIMU. B pe3ynbrare oOpa3yeTcs 00beM BCeJICHHOM, 3aMI0THEHHBIH MHOXKECTBOM
B3aMMHO TIEPECEKAIOIINXCS BOJIHOBBIX (DPOHTOB, 0OPa30BaHHBIX CIIEKTPOM KOTEPEHTHO CBS3aHHBIX BOJH, B Tele
KOTOPOTO €CTECTBEHHBIM 00pa30M BO3HHUKAIOT YCTOHUMBEIC HHTEPhEpeHIIMOHHBIe cOOpkH. OCHOBHOM OCOOCHHOCTHIO
c(hOpMHUPOBAHHBIX TPEXMEPHBIX MHOTOBOJHOBBIX HHTEP(EPEHIIMOHHBIX KapTHH ABISICTCS 00pa3oBaHue aHcamMOJIei
JIOKAJTbHBIX (POKYCHPOBOK (JIOKAIMil OyAyIIUX IDTAHET U CIIYTHHKOB), IIEPEMEIIAONINXCS B IPOCTPAHCTBE BMECTE
C ICHTPAIBHON (HOKYCHUPOBKOW (COJHIIEM) IO CIHPATBHBIM TpaeKTOpmsM. B oOmactu (GokycHpoBOK co3maroTcs
yCIOBHSA TSI HAOOpa M yaepKaHUs MOJIEKYISIPHBIX Macc HEOSCHBIX TEINl U3 YaCTHIl HECTPYKTYPHUPOBAHHOM ILTa3MEI,
KOTOpBIE BOBJIEKAIOTCS B JIBMIKEHHUE B IIPOCTPAHCTBE COOOPA3HO C ABMKEHHEM caMHX (oKycHpoBOK. OTHOBPEMEHHO
B oOnacth (OKYCHPOBOK CO3JAlOTCS TOJIS TIPaBUTALMOHHOTO JIaBJICHUS, OOYCJIOBJICHHBIE JIaBJICHUEM
(hoxycupyromuxcs BOJH. J[BIKeHHEe HEOECHBIX Tell, OKPYKEHHBIX TPEXMEPHBIM TI'PaBUTALMOHHBIM JaBICHHEM
MOJO0HO SIBIEHUIO cepuHra Wi Oosiee TOUHO — NPHHYAUTEIFHOMY MEPEeMEIIEHHI0 BHYTPH TI'PaBUTAIIMOHHO-
3aMKHYTBIX Jiokanuid. Takum oOpazom, JOKajibHBIE IepeMeniamonecs B mnpocTpaHcTBe 3D-pokycupoBkw,
¢dopmupyroT Tena maHeT W 3Be3l. COOTBETCTBEHHO, ABMKEHHE HEOECHBIX TeJ MPOUCXOIHUT I0J YHPaBIISIOIIUM
neiicteueM 3D-nmaBneHus (OKYCHPYIOIIUXCS BOJNH M CHJI TPAaBHTAI[IOHHOTO JaBJCHWs, co3gaBaeMoro 3D-
TPaIMeHTOM IUIOTHOCTH 4YacTHI[ TeMHOW Martepuu (d¢dupa), SBIIOMECHCS Cpeood paclpoCTpaHEHUS BOIH.
I'paBuTanus mpu 3TOM SBISETCS HE TOJIBKO MPUYUHOHN, TIOPOKIAIOIISH CHITy TSXKECTH, HO M CO3AAeT YIIPABISIOMINE
BO3ACUCTBHS, (OPMUPYIOIINE OpPOUTANBHBIC IBIDKCHUS IUIAHET, WX BPAIICHHS, YCKOPEHHS W TOPMOXCHHUS IPH
MIPOXOXKIACHAN OpPOUTANBHBIX SKCTPEeMyMOB. M 3TO e€cTh OCHOBaHHWS AN OmNpelclicHus (PU3MYECKOro CMbIca
TPABHTAINM.

Ecnau MbI paccmarpuBaeM BOJIHOBBIE (DPOHTHI, NEpEMEINAIOIINEcss B MPOCTPAHCTBE BCEIICHHOW CO CKOPOCTBIO
cBeTa, To obpasyemble UMHU 3D-(hoKyCHpOBKM NPHUHIMIHNAIBHO HE MOTYT MMETh CKOPOCTH BBIIIE WM pPaBHBIC
CKOpocTH cBeTa. [leficTBUTENBHO, U1l 00pa30BaHUs MOJHOIEHHOW M ycToiumBoii 3 D-hokycnpoBkrn HeoOX0anMO
AMETh MHUHUMAJIBHO 3 Pa3HOHAIIPABJIICHHBIX TEPECCKAIOUINXCA BOJHOBBIX q)pOHTa u3 COOTBETCTBYIOIIUX HM
Bcrpeunbix. (IIpu 3TOM HeoOs3aTenbHO TpeOOBaTh MAaTEMAaTHYECKOH OPTOrOHANbHOCTH (POHTOB, JOCTATOUHO
OPTOTOHAILHOCTH MX NMPOEKILUH Ha HalpaBJICHUE JBIDKEHUS TOUKH (okyca.) B Tom ciyuae, korja 1o kakoi-nmm6o
NpUYUHE 2 Tapbl U3 HUX CTAHOBSTCS NMapaJUIeNbHBIMH, WIM OJHA M3 Iap (POHTOB AErpajvpyeT, TO MPOUCXOANUT
pacnaj (OKYyCHPOBKHM WIM IpeoOpa3oBaHHE ee B YepHylo Jblpy. Hammume crabunpHO cymectByrommx 3D-
(hOoKyCHPOBOK, COOPaHHBIX CBETOBBIMH CKOPOCTSMH €CTh OJMH M3 €CTECTBEHHBIX M XOPOIIO M3BECTHBIH HAM CIIOCO0
CYIIECTBOBAHUS MaTEpPHAIILHOCTH HAIIEro MHUPO3JIaHMs, PACHpPOCTPAHSIOMIMICS Ha BCE HW3BECTHBIE MHUKpPO- H
MaKpOOOBEKTHI. 3/1eCh YMECTHO OTMETHTBh, YTO Ja)K€ H30IIPEHHbIE IONBITKH COBPEMEHHBIX MCCIIeloBaTeNeH
pa30rHATH DJIEMEHTApHBIE YaCTHUIlHI (BOJHOBBIE COOPKH) IO CBETOBOM WIIM CBEPXCBETOBOW CKOPOCTH HEM30EKHO
YOHPAOTCS B HENPEOAONMMBIE JHEPreTHYeCKHe 3aTpaThl M B JIy4IIeM Cllydae HPUBOIAT K JIedparMeHTaIuu
N3BCCTHBIX YaCTUIl U K OTKPBITUIO JOCEJIC HCU3BECTHBIX, a B MPECACIBHOM ClIyda€ MOTYT HIPUBECTHU K UX IMOJTHOMY
pacnany ¢ BblZeJIeHHEM cOOpaHHOW B HHX 3Heprud. CKOpOCTh cCBeTa B MOJOOHBIX 3KCIEPUMEHTAX OKa3bIBACTCS
HeMpeoI0JMMON, YTO SIBJISIETCSI OJHUM W3 €CTeCTBEHHBIX OrpaHM4YeHMil, HAKJIaJIblBaeMbIX KaKk Ha CIOCO0
cymecTBoBaHUs 3D-(hoKycHpOBOK, Tak U Ha GOPMUPYEMBIC MU TPABUTAITHOHHO-3aMKHYThIC JIOKAIIHH.

B mnosibp3y yTBep)KAEHHMS HOBOW TEOPUHM MMEETCS DS MPAKTHYECKH 3HAYMMBIX PE3YJbTaToB, PACCMOTPHM HX
MIOCJIE/IOBATEIIBHO.

Bnaronapst 2:1eKTpoIMHAMHYECKOMY TI0/IX0/1y OBLIO MOJIyYEHO PEIleHNnE OJAHOW M3 TJIaBHBIX HEPELICHHbIX 33134
COBPEMCHHOH raJlakTH4€CKOW acCTPOHOMHUH U acTpodu3nky, 0003HAUEHHON KaK «MpodJeMa BpalleHusI raIaKTHK
(galaxy rotation problem) [3]. OxHOBpeMeHHO OBUTH CHOPMYTHUPOBAHBI OTPAHUYCHUS B OONACTH NPHUMEHCHHUS



Kiaccuueckoro Tperbero 3akona Kerutepa u momydeHsl GOpMYITbI, pACIIUPSIONIHE 00JaCTh €ro MpUMeHnMOCTH [ 3].
IIpu otom cam ommupudeckuii Tpermii 3akon Kemiepa o0pen ¢usmuecknid CMBICT KaK —peEIICHHE
JIEKTPOAMHAMHUYCCKON 3aJaud W3IIydeHHWs BTOPHUYHBIX BOJNH. llONydeHHOE peIIeHHe II0Ka3alo COBMIAICHHE
XapakTepa 3aBHCHMOCTEH CKOpPOCTEH MambHUX OOBEKTOB TaJaKTHK TOMY, YTO Ha IIPaKTHKE 3a(QHUKCHPOBAHO
ACTPOHOMHYECKUMH HAOIIOICHISIMH.

Jo cux mop actpoHOMaMH OOHapyKHBAIOTCsI HOBHIC pe3oHaHchl B CoOJHEYHOH cHcTeMe, JOTONHASA YKe
CYIIECTBYIOIIMH CHUCOK [12], mpM O3TOM TIPaKTUYECKH HET BHITHOTO OOBSCHEHHMS HX IPOUCXOXKICHUS.
PaccmarpuBaemasi HOBas Teopusi HEOECHOM MEXaHWKH HM3HAYAIBHO COJEPIKUT MNPEANOCBUIKH CYIIECTBOBAHUS
pe3oHaHcOB. B cuny Toro, 4ro Bce ympasisitoniue Bo3eiicTBusa BHYTpH COTHEUHON CUCTEMBI, paBHO KaK M BO BCEX
JpYrHX CHCTeMax BHYTpW BceneHHOH, co3marorcs MHTEp(EepeHIMsIMA KOTEPEHTHO CBSI3aHHBIX BOJIH, TO OTIAAaeT
BOIPOC NPUYMHHOCTH HaOJII0JaeMBIX pe3oHaHcOB. Pe3oHanckl COIHEUHOM CHCTEMBI €CTh €CTECTBEHHBII pe3ysbpTar
TOrO, YTO BCE JIOKAJIbHBIC IUIAHETHBIE (DOKYCHPOBKH, CITyTHHKOBBIE (DOKYCHPOBKH, BCE OpOUTAJbHBIC KaHAJbI
MOPOXIECHBl OJHHUM M TEM E COCTaBOM KOTEPEHTHO CBS3aHHBIX BOJH, (OPMHUPYIOUNX MHOTOBOJHOBYIO
nHTEephepeHIuo.

PaccmoTrpenne OCHOBHOTO (DHM3WYECKOTO NPOSIBICHUS WHTep(GEpeHINH B BHAE TOYCYHOH MHOTOBOJHOBOM
(hOKYCHPOBKH AJIEKTPOMArHUTHBIX BOJIH JJa€T OCHOBAHUE JJIS OTIPEIICIICHIS SBICHUS TPAaBUTAUN KaK COBOKYITHOTO
JaBJieHUS (OKYCHPYIOUIMXCS BOJH W BOBJCUCHHBIX B JBIDKEHHE YacTWI] mia3mbl [6]. B Takom ompenenenuu
TPaBUTAIMU TakKe HE MPHUBIEKACTCS MOHATHE MAcChl, a 3aBECHMOCTh COBOKYITHOTO JABJICHHUS (DOKYCHPYIOIIUXCS
BOJIH M (POKYCHPYIOLIETOCs MOTOKA YACTHI] COXPAHAET CBOIO IPONOPIMOHANLHOCT Buaa 1/R?, kak u Habmomaercs
Hamu exeqHeBHO (R — paccrosHue ot 1ieHTpa (oKyca, HampuMep, IeHTpa 3emin). B 3TOM KOHTEKCTE YaCTHUIIBI
TEMHOM MaTepuu HE YYacTBYIOT B JBIDKCHMM, HO B HX Cpele CO3al0TCsA MepeMEIaloIyecs] BO3MYILEHHS U
COOTBETCTBYIOIINE TPAAMEHTHI IIOTHOCTH. OCHOBHAsI (YHKIMS, KOTOPYIO NPH3BaHA UCIOIHATH TEMHAs MaTepus,
JIeKIapupyeTcsl Kak Iepefadya AaBICHUS 3JICKTPOMArHUTHBIX BOJH HEMOCPEACTBEHHO HA sIpa aTOMOB OOBEKTa B
yCIoBHAX cepdUHTa, TO €CTh NMPH CHHXPOHU3AIMH CKOPOCTH (TPaeKTOPHH, BPEMEHH) BONHOBOTO (poHTa (WM
cthopMupoBaHHON (HOKYCHPOBKH) M CAMOTO OOBEKTa. YUUTHIBAsI, YTO OCHOBHASI Macca JIF000Tr0 aToMa, BXOJISIIETO B
COCTaB BEIECTBA, COCPEIOTOUCHA B €r0 SAPE, MOKHO TOBOPUTH O Macce Teja, Kak 0 CyMMapHOW Macce BXOISIINX B
€ro COCTaB HEUTPOHOB M IMPOTOHOB (HYKJIOHOB). B TakoM ciryyae MOHSATHO, 9TO TPaBUTAIIMOHHOE JJABJICHHUE IEHCTBYET
HETIOCPEACTBEHHO Ha HEUTPOHBI M IPOTOHBI ATOMHBIX SIZIEP U TOJIBKO B ATOM CIIydae JaBjeHue TPaHCPOpMUpYeTCH
B CHULY, IPOMOPIOHAJIBHYIO Macce TeJia ¥ Ha3BaHHYIO B COBPEMCHHBIX yUeOHUKaX QU3UKU «CHIIOH TshKecTH». UTo
KacaeTcsl «IMOTOKA YaCTHUI TeMHON MaTepun (3(upa) s HaOI0AaTeNs Ha MOBEPXHOCTH 3eMIIH, TO OH B YCIIOBHSIX
3D-doKycupoBKH COCTOMT M3 MOTOKA IIEHTPOCTPEMHUTEIBHOTO, YACTUYHO PACCESIHHOTo aTMochepoii, U U3 moroka
HEHTPOOEKHOT0, 60JIee CYIECTBEHHO PACCesTHHOro Beel Tommieit 3emmu. [lepeBec moToka EHTPOCTPEMHUTEILHOTO
HaJl IOTOKOM IIEHTPOOEKHBIM ONpeAeIsIeT OCHOBHOM BKJIAJ B CHITY TSKECTH HA TIOBEPXHOCTH 3€MIIH.

Cran BO3MO>KHBIM COBEpPIICHHO HOBBIH B3IJIS HA OCHOBY TOHUMAHHUS SIBJICHUS IPABUTALMM U CONTYTCTBYIOIEMY
€My HOHMMaHHUIO POJIM Macchl. Bhillle yXKe YIOMHHAIOCh, YTO B 00JIaCTH (JOKYCHPOBOK CO3/IAIOTCS YCIIOBUS JIJIs
HaOopa W yaep)kaHUS MOJEKYJSAPHBIX Macc HEOSCHBIX TeJ W3 YaCTHI[ HECTPYKTYPHPOBAHHOHM IUTa3MBI, M TaM K
CO3MIAIOTCS TOJIA TPABUTAIMOHHOTO IABJICHUs, OOYCIIOBIICHHBIC NaBIeHHEM (DOKycHpYIOIMXCs BONH. To ecTs,
BOIIPEKH OBITYIOIIEMY HBIHE MOCTYJATy, YTO Macca cama Io cede SBISACTCS MCTOYHHKOM TPABHTAIIIOHHOTO TOJS,
yTBEpKIaeTcs oOpaTHOE — Macca MOAYMHAETCH TPABHTANMOHHOMY JAABJIEHHIO, OOYCIOBICHHOMY JIaBJICHHUEM
(hOKyCHPYIOIINXCA BOJH U SIBJASIETCS MHAMKATOPOM HAJIMYUSA rpaBuHTamuu. DopMylbl YIOMSHYTOTO BBIIIC
Tpersero 3akoHa Kerurepa, a Takke MepBBI W BTOPOH 3aKOHBI, chOPMYyITHPOBaHHBIE MX aBTOPOM, HE COZIEPIKAT
Mmaccel. Macca oTcyTCTBYeT U B hopMyliax, paciupsonmx obnacts npumeHenus: Tperbero 3akona Kerurepa [3]. B
[7] paccmotpen psia mpuUMepoB TOTO, Kak Macca, Oyaydl W3bsTa W3 o0OnacTé neicTByromux 3D-(hoKyCcHpOBOK,
MepecTaeT MPOSBISATH CBOM OKUAAEMBIEC «TPABUTAIMOHHBIE) CBONCTBA, HO MOJYHHACTCS YCIOBUSAM (HOPMHUPOBAHUS
KOHIIGHTPHUYIECKUX OpOHUTaNnbHBIX KaHajoB [11]. Hanpuwmep, B mosice acTepon10B, HECMOTPSI Ha 3HAYUTEIHHBIE MaCCHI
OTJENBHBIX OOBEKTOB BHYTPH OpPOWTAIBHBIX KaHAJIOB, OHM HE TPOSABISIOT TaM OXHIAEMOH B3aWMHOW CHIIBI
NPUTSDKEHUSI K IPYTUM OOBEKTaM, HO B TO JX€ BpEMs, MX KOHIEHTpamnusl MOJYMHACTCS TPAHWYHBIM YCIOBHSM,
3a71aBaeMbIMU TPABUTAIIMOHHBIMH KOHLEHTPUYECKUMHU JIOKALMSAMH OpOMTAIBHBIX KaHaioB. Ilomy4aercs, 4yTo U B
JAaHHOM Cllydae Macca He siBJsieTcsl HCTOYHHKOM TPaBUTAIMU W (AKTOPOM, BIMSIONIMM Ha paclpelesieHne 1
KOHIIEHTPAIMI0 00BEKTOB. TeM He MeHee, Macca Obula M OCTAETCS MEPWJIOM BCEX MEXaHWYECKUX B3aUMOJICHCTBUH,
MPOSIBIISASA NPUCYIINE €l HHEPLIUOHHBIE CBOMCTBA.

[Hanee, obnanaromue Maccoil HeOecHbIE Tena HaXOAATCsI BHYTPU BOJHOBBIX 3 D-(hokycnpoBok, ucnsitsiBator 3D-
TPaBUTAIIMOHHOE JaBJIeHHE (HOKYCHUPYIOMINXCS BOJIH M MEPEMEIIAIOTCS B MPOCTPAHCTBE COOOPA3HO MEPEMENICHHIO
camux (oKycHUpoBOK. [lepBoe ecTecTBEHHOE JOTMYECKOE CIEICTBHE OT JAaHHOTO YTBEP)KICHHS PACCMOTPHM Ha
nprMepe Hamlell IUTaHeTHl. 3eMJIsL, coBepluas opOuTaIbHOE ABMKEeHHWE BOKpYr CoiHIa, JODKHA HCIBITHIBATH
CTaTUCTHYECKH 3HAYNMOE TTOBBIIIICHHOE IaBJICHUE CO CTOPOHBI, IPOTHBOIIOJIOKHOW HAIIPABICHUIO CBOETO JBUKECHUSI.
Bnaronmaps Ttomy, uto atMmocdepa SBISETCS IMEPBBIM IPOMEXKYTOYHBIM 3BEHOM B Iepefade T'PaBHUTAMOHHOTO
JIaBJICHUS Ha TIOBEPXHOCTh 3eMJIM M OJlarofiapsi CyTOUHOMY BpAIICHUIO 3€MJTH, TAaKOE TIOBBIIIICHHOE JaBJICHHE ObLIO
3aukcupoBaHo B nuamnasone ot 18-00 mo 00-00 wacoB MECTHOrO BpPEMCHHM Ha OCHOBAaHHMU CTATUCTHYCCKH
00paboTaHHBIX MOKa3aHUI aTMOC(EPHOro IaBIEHHs 10 MHOXKECTBY MPHIOISPHBIX CTAI[MOHAPHBIX METEOCTAHLUH
[8]. SBnenue momyunso Ha3BaHHE JaBJeHHE TPABHTAIMOHHOIO OpOUTAIbHOIO cepuura. (Cneqyer 3aMeTUTS,
YTO JUIs TOJOOHOTO MPEAIIOI0KEHHSI He OBUIO M HET OCHOBAHUH B CYILIECTBYIOLIMX paMKax JOTMbI TPaBUTALIUH B BHJIE
B3aUMHOTO TPHUTSDKEHHUsT Macc. boiee TOro, B CyIecTBOBABILEM paHee NPEAINOIOKEHHH CTallMOHApHOro 3¢wupa,



MIPEUMYIIECTBEHHO TIIOBBIIICHHOE aTMOC(epHOe [aBICHHE CJIEeN0Baj0 OBl OXHAATH CO CTOPOHBI BCTPEYHOM
HaIpaBJICHUIO JABIKCHHS 3emin.) Taroke OBUIO OMMCAaHO W IONYyYCHO NOATBEP)KICHHE HAIWYHS SIBICHUS
rpaBuTAlMOHHON poramuu [8, 9] Kak NpUYMHBI BpalleHUS 3eMJIM BOKPYI CBOeil ocu. ([laHHOE U CIENyIOIIEe
SIBIICHHUSA SBJISFOTCS HOBBIMH W MX OIMCAHHWE MOTJIO BO3HHUKHYTH TOJNBKO OJaromaps pa3BUTHIO U3yUSHHS ACIICKTOB
HOBOIl Teopmm HeOecHOW MexaHuku.) CIEAyOIMHA IMar B HKCCIEAOBAHWH TPAaBUTANHMOHHBIX YHPABIITIOIINX
BO3JICHCTBHI CBsI3aH ¢ (DaKTOM, YTO MIPH MPOXOXKICHUN yIaCTKa OPOUTHI OT TOUKH aersi K TOUKE MEPUTEITHS 3eMIIS
UCTIBITHIBACT YCKOPCHHE, a TpPU IBIDKCHUHM OT Tepurenus K adenuro — TopMokeHue. OXHIAeMBIA XapakTep
VIPABJISIONUX BO3JCHCTBUH, (POPMUPYIONINX TUHAMHKY OPOUTAIBLHOTO IBHKEHHS, ObLI TOJATBEPIKICH TAKXKE Ha
OCHOBAHUH CTATHCTUYCCKHA 00PaOOTAHHBIX MHOTOJICTHHX MMOKA3aHUAX CTAMOHAPHBIX MeTeocTaHmmi [10]. Oxunaet
CBOC CTpPOro¢ TMOATBEPXKACHUC HAIMYHMC SIBIICHHS TAJaKTHYECKOTO TIPAaBUTANMOHHOTO cepduHra,
obecrnieunBaromiero aBrxeHre COMHEUHON CHCTEMBI 110 rajlakTHYecKol opoute. B HacTosiee BpeMst ero HajIu4ueM,
MPEAIOaraloiM MMOBBIIIEHHOE MMOCTOSHHOE JIaBJICHHE CO CTOPOHBI K0XKHOT'O MOJI0ca 3eMiH, 00bsIcHseTCs Aperd
MaTEPUKOBHIX IUIUT B CTOPOHY CEBEPHOTO IONYIIAPUS W COOTBETCTBYIOIIMH IHCOANAHC CYIIM M BOABI MEKIY
CEBEPHBIM M I0KHBIM MoJyIapusm [8].

B neiicTBUTENBEHOCTH, JIOTMYECKash MOCJEIOBATEILHOCTh MPEANOJIOKEHHH W HAWICHHBIX IOITBEPKACHUN
3aKIIFOYaeTCs B TOM, 4TO JBIDKeHHWe Ten B CoimHeuHOH cucTeMe (a Takke B JIPYTHUX CHCTEMaX M TalaKTHKaX)
MIPOMCXOINUT TOJ YIPAaBIIOMNAM JEHCTBHEM MHOTOBOJHOBEIX HMHTepdepeHunii. B meHTpansHOW M B JIOKATHHBIX
TOYKaX HWHTEPPEPCHINOHHBIX (OKYCHPOBOK (M MOPOXKIAECMON TpaBUTAMH) NPOWCXOIWT KOHICHTPAUHUSI H
HaKOIUIEHHWe BellecTBa, oOnanatomiero maccoid. COOTBETCTBEHHO, Macca, HUCXOJHO HE SIBJISACH HCTOYHHUKOM
rpaBUTallu, SABJISACTCA MOJHOLICHHBIM €€ HHIAUKATOPOM. ITonsiTHO TaK¥XKE, YTO POCT IUTAHETAPHBIX U COJIHCUYHBIX MaccC
HE MOXKET IPOUCXOJUTh OECKOHEUHO JI0JIT0, PAHO WJIM MO3JHO BKIIFOYATCSl YPAaBHOBELIMBAIOIINE U IECTPYKTUBHbIC
mpoueccel. Ho B mepuojpl OTHOCHUTENBHON CTaOWMIBHOCTH, COBMAJAIONICH C KU3HEHHBIM IIMKJIOM OTIENbHOM
YeJIOBEYECKO LIMBUIM3aLUK, HaOM0aeTcs, Kak Obl OYeBH/IHAS CBS3b: TaM, IJie Macca — TaM I'PaBUTALUS, U YeM
Oompmie Macca, TeM Ooinblie TpaBUTAlUsA. [IpHHATBIA 32 OCHOBY NPHYHHHO-CJIEICTBEHHBIH JIOTHYECKHI
nepeBepTHIII B TAKOH CBS3W celyac WTpaeT 30 ITYyTKY C acTPOHOMaMHU, Ipeuiaras MO HW3BECTHBIM 3aKOHAM
Kemnepa n HproToHa paccanTaTh Macchl yIaIeHHBIX 00BEKTOB BILIOTH JI0 TaJIAKTHK U YePHBIX IbIp. MiHOT A, TpaB/a,
BO3HHUKAIOT TPYIHOpa3pelImMble MpoOIeMbl Tuma «galaxy rotation problem» u mpuxoguTcs BOBIEKaTh B 000pOT
00BSICHEHNI HEM3BECTHBIE MAaCCHl HEM3BECTHO KaK paclpe/IeIeHHON HeM3BeIaHHOH TEMHON MaTepuu. AHAIOTHYHBIC
poOJIEMBI BO3HUKAIOT U Oy IyT BO3HUKATH B IPAKTUIECKON KOCMOHABTHKE B 0KAIAHUN HAIMIHS TPaBUTAIINY BOIH3H
HECKOTOPLIX MAaCCHUBHBIX aCTCPOUIOB, 6J1y>1<)1a101111/1x MO0 MHEPUHUHU B IMOUCKAX CHHXPOHH3AIUU C 30HOH HeﬁCTBHﬂ
Kakoil-nmu0o rpaBUTaIIMOHHON (okycupoBku. Emie Oosee HempuATHBIE NPOOJIEMbI MOTYT MMETh MECTO TaM, IZie
BO3HHUKJIa HOBasA rpaBUTAllMOHHAA (I)OKyCI/IpOBKa, HO IMOKa OTCYTCTBYIOT ABHBIC IIPU3HAKU €€ HAJTUYUA.

Wrak, BbIme ObIM CcOOpPaHBl OCHOBHBIE MOCBHUIBI, (hOPMHUPYIOUIHE (DU3MUECKUH CMBICT, NPaKTHYECKH
HaOoziaemMasi okasaTtenibHasi 0as3a, OorpaHH4YeHusi B 00JacTH NPUMEHEHUs] HOBOW TEOpUH HEOECHOW MEXaHWKH W
TEOPHH TPAaBUTALINH KaK €€ HEOThEMIIEMOH YacTH.

Teneps oOpatuMmcs Kk 3aKOHY BCEMHPHOrO TATOTEeHHsl. ETo TPOWCXOXKIEHHE BBITEKATIO M3 PacCMOTPECHUS
MeXaHUKH Ipoliecca BpalleHus] HeOECHBIX TEJI MaJIOW MacChl BOKPYT TeJ OOJBIION MacChl. Bormpoc BO3HMKAN BIIOJTHE
3aKOHOMEPHBIH, - €CII MBI BUINM YCTOWYMBOE BpaIICHHUE Tella Malloi Macchl (Harmpumep, JIyHBI BOKpYT 3eMiTH), TO
OHO JIOJDKHO WCTIBITHIBATh JCHCTBHE HEHTPOOESKHOW CHIIBI, KOTOPOE, B CBOIO OUYEpPEAh JOJDKHO OBITh YPaBHOBEIICHO
JIEHCTBHEM HEKOH IICHTPOCTPEMUTEIBHON CHIIBL. B pe3yipraTe poAniIoch MPEnoOKEHHE O CYIIESCTBOBAHUM CHJI
MPUTSHKSHUS MEXIY JTFOOBIMH TelaMH, 00JIaIaloIIIMHA MAaCCOH, KOTOPOE B pe3ylibTaTe ObIIIO0 0POPMIICHO KaK 3aKOH
BCEMHUPHOTO TiroTenus (puc.l). PaccMoTpum ero neiicTBrie NPUMEHUTENBHO K OMMCAHUIO JEHCTBHSI CHIIBI TSKECTH
Ha TIOBEPXHOCTHU 3eman. B cooTBETCTBHH ¢ 3aKOHOM BCEMUPHOTO TATOTCHHUSA, MOAYJb CHUJIbI T'PaBUTAHUOHHOTO
npuTsbkeHus F, nmeficTByromel Ha MaTepuanbHYI0 TOYKY HA TOBEPXHOCTH AaCTPOHOMHYECKOTO OOBEKTa CO
cepryecKd CHMMETPUYHBIM PacIpeieIEHHEM MACChI [0 00BEMY, ONPEEseTCss COOTHOLIEHHEM [ 1]:

F=GMm/R?,

rae G — rpaBuTanMOHHAs MOCTOsIHHAsA, M — Macca acTpoHOMUYecKoro Tena (3emim), M — Macca MaTepHaIbHOMI
Touku (poOHOTO Tena), R — paccTosHUe 10 HeHTpa Macchl. CortacHO paccMaTpUBaeMOW HOBOW TEOpHH HEOCCHOM
MEXaHUKH CHJIa TSHKECTH TaKXKe COXPAHSET MPOMOPIHMOHAIBHOCTh Macce MPOOHOTO Tena M M 00paTHYHo
MPOTIOPIMOHAIBHOCTE KBAaJPaTy PacCTOSHUS IO TOYKH Pokyca R:

F~m/R?

CnenyeT OTMETUTH OJHY OYCBUIAHYIO JICTAJIb - BEKTOP CUJIbI TAXKCCTU B obonx ClIydasaXx HalpasJICH IO paauyc-
BEKTOPY K «IIEHTPY MacChl», COBIIAAIONIEMY B JAHHOM CIIydae ¢ TOukoi okyca. [lanee mepeiaemM K MOJETUPOBAHUIO
SKCIEPHUMEHTA, IOKa3bIBAIOIICTO (PM3UYECKHIl CMBICI TPaBUTAIMOHHON mocTosiHHOM G (Puc.l1) B 3eMHBIX
a00pATOPHBIX YCIOBUSAX. MOJAEIMPOBAHUE SKCICPUMCHTA B 3EMHBIX YCJIOBUSAX HUMEET ABOsSKHUN cMbici. [lepsas
NPUYMHA — MPAKTHYCCKH HEBO3MOXKHO IPEICTaBHTh, & TEM 0OJee HaWTH HWACANBHBIC YCIOBHS s IMOJOOHOTO
9KCIIEPUMEHTA, KOTOPbIE 0 YMOJYAHUIO MPEIINOJIaraloT HM3MEPEHUE B3aUMOJICHCTBHUSL NIBYX €IMHUYHBIX MAacc
M30JIUPOBAHHO OT BCEX BO3MOXKHBIX IOCTOPOHHUX BO3/ICHCTBUI. BTOpast mpuunHa — Hanbosiee OIM3KKIe K UAeaTbHBIM
YCIIOBHSIM JKCIIEPHMEHTa MOKHO B HACTOSIIECE BPEMs CO3[aTh TOJIBKO B XOPOIIO OCHAIICHHBIX JIAOOPATOPHSIX C



pacdyeToM, SKpaHUPOBKON WJIM KOMIIEHCALIUEW BCEX MBICIMMBIX BO3JECHCTBUM, HE UMEIOLIMX OTHOLICHHS K LIEIH
JKCIepuMenTa. Jlamee paccCMOTPUM OOHO OOCTOSITEIBCTBO, CBA3aHHOE C ONMBITAMH IO OOHApPYKEHHIO B3aMMHOTO
MPUTSDKEHUS, KOTOPOE MOXKHO Ha3BaTh KPUTHYECKH HEYUYTeHHbIM, B TOM YHCIIE B B 3HAMEHUTOM OIbITe KaBenanmma
[13]. PaccmoTpum pric.2, HILTIOCTPUPYOIIHIA TIOCTAHOBKY SKCIIEPUMEHTA TIO OTIPEACIICHUI0 YMCIICHHOTO 3HAYCHUS
TPABUTAIIMOHHOW TIOCTOSSHHOH B 3E€MHBIX JIA0OpaTOPHBIX YyCIOBUAX. Ha ropusonTampHOW tutockoctu I1-IT
YCTaHOBJICHHI 2 TeJla eAMHUIHON Macchl M1=M2=IKz Ha PaCCTOSIHUU 1M APYT OT Opyra CHMMETPUYIHO OTHOCHTEIEHO
Beptukanu B-B x minockoctu I1-11, BOCCTaHOBICHHOW B TOUKE KACAHUS IIOCKOCTH C YCIOBHOM MOBEPXHOCTHIO ChHEephI
3emiu (Touka C). Cuna Tspkectu Fr, meficTByromas Kaxaoe U3 Tel, HampaBJieHa K IeHTpy Macc (Touke (okyca) u
OHa MOXeET OBITh MPEJCTABICHA BEKTOPHON CYMMON CHIIBI, IEPIICHANUKYJIIPHON IIOCKOCTH Frr v TaHreHIMANBHOM
cwibl F1 (F2), HanpaBieHHOW K TOYKE KaCaHUs IIOCKOCTH C MOBEPXHOCTHIO chepbl 3emin. [Ipu 3TOM BHIHO, YTO
cuitel F1 1 F2 paBHBI MO MOITYJTIO M HANIPaBIICHBI HABCTPEYY APYT Ipyry. He coctariser 60abIIOrO TPy/Ia ONIEHUTH UX
3HAYCHHUE, 3HAS BEJIMYMHY YCKOPEHHS CBOOOJHOTO MaJicHUs Y OBEpXHOCTH 3emuu g= 9,80665 m-c™2 [14] u pamuyc
3emnu R= 6,371 *10° m [15].

F1=F>=1k2*9,80665 m*c 2*0,5m/6,371 *10°m=0,77%10°H; (1)

B

T2Fy | Fz M2

Puc.2. HJZJI}OCmpCZZ;Mﬂ oKCcnepumernma no onpec)eﬂeHu}o YUCTIeHHO20 3HAYEeHUA 2paeumauu0HHOﬁ NOCMOSIHHOU.

B pesyiabrare pacuera (1) monydeHo 3HaueHue cuit F1 v F2 «IpuTsDKEHUS» ABYX €AMHUYHBIX MAacC IPYT K APYTY,
IPEBHIIAIONIEe YUCIEHHOE 3HAUEHHWE I'PAaBUTALMOHHOM mocTosHHONW G Gonmee yem B 10* pas. Ilomyuaercs, yro
HBIOTOHOBCKas cuiia nputspkenus F (Puc.1), o0s3aHHast ObITh YHCICHHO paBHOW G, HUYTOXKHO MaJia B CPDAaBHEHHH C
cunamu F1 u F2, peadbHO BO3HMKAIOMIMMU Ha TUIOCKOCTH JIA0OPATOPHOTO JKCIepuMeHTa. W3 pesynmbprara pacdera
CJICZIYIOT HECKOJBKO BBIBOJIOB, BOIIPOCOB U CJICACTBUM. [IepBbIii BBIBOM, - JJIs IPUOIIDKEHUS K TUIIOTETHYCCKOMY
JKCIICPUMEHTY I10 MOJIYYCHHIO YHCICHHOTO 3Ha4YeHUs G, paBHOrO CHUIIC B3aUMHOTO MPHUTSKCHUS JBYX CIUHUYHBIX
Macc 1o puc.l, ciaenoBano Obl BBIIONHATH ero He Ha rtockoctu I1-11, a Ha nabopaTOpPHON MOBEPXHOCTH B BUJC
CEKTOpa BBIMYKJIONH MOBepXHOCTH chepbl pagmyca R. BTopoil BEIBOI — B CHIIy TOTO, YTO CHJIA TSDKECTH HUMEET
paMaIbHYI0 HAMpPaBJICHHOCTh K IIGHTPY 3eMiH, J00as JaGopaTopHasi WAeadbHasli IUIOCKAas TOBEPXHOCTh
TIPEJICTABJISIET U3 CceGsl B 3eMHBIX YCJOBHSIX NMOTEHIMAIbHYI) TPAaBUTAIIMOHHYIO siMy ¢ 1eHTpoM C B Touke
nepecedenusi miockoctu II-I1 ¢ Beptukansio B-B, He3aBUCHMO OT TOTO, MPEJACTABISEM JIM Mbl HHTEPECHI



CTOPOHHHUKOB 3aKOHA BCEMHPHOTO TATOTSHHS WM IPUHSIT HOBYIO TeOpHIo HeOecHOH Mexanuku. 13 sToro cnemyer,
YTO OIMHOYHAS Macca, HalpruMep, M1, B OTCYTCTBHE BTOPOH MACCHI ¥ IIPH TPEHUH HAMHOTO MEHBIIIEM CHITHI F1 BoizeT
W3 CBOETO MEPBOHAYAIBHOTO TOJOKEHHUSI B PEXKHUM 3aTyXarollero KojiedaTelpHOro ABIKeHHA Ha mtockoctu I1-11,
MoJ00HO KoJeOaHMIO MasTHHUKA, A0 TEX MOp, MOKa He 3aliMeT YCTOMYMBOE IOJIOKEHUE Ha «IHE)» TPaBUTAIIMOHHON
saMbl, B Touke C. BBIBOI N3 pacCMOTPEHHOTO MOICITHPOBAHUS SKCIICPUMEHTA IO OTIPEIEICHUI0 (PH3MIECKOTO CMBICTIa
TPABUTAINIMOHHON MOCTOSHHOM 1O puc.l mocTtaTodHOo MpocToit. UYTOoOBl yOeIUThCS B BEPHOCTH 3aKOHAa BCEMHUPHOTO
TATOTCHUS, HEOOXOUMO TIOKa3aTh, YTO JBE CAMHUYHBIC cepuueckue mMacchl (1Kr), HAXOAAIIMECS HA CIUHHUYHOM
paccrostanu (1M) Ha BRIMYKIIOH cdepe paauyca R (pamuyc 3emin), OyayT HE TOIBKO YACPKUBATHCS OT CKATHIBAHUS,
HO OYIyT NPUTITUBATBCS CUIIOH B3aUMHOTO NPHUTSIKCHHS, YHCICHHO paBHON G. B OTKPBITHIX HMCTOYHHKAX O
MOJJOOHOM 3KCIIEPUMEHTE JI0 CHX MOP HE YIIOMHHAIOCH.

YMecTHO OyaeT cka3aTh, YTO HAJMYKAC TAHTCHIMANBHBIX CHII, NEHCTBYIOIIMX HABCTPEYy IPYr APYry Ha
TUTOCKOCTH, KaK IMOKa3aHO Ha PHC.2, HAM IMPEKPACHO JEMOHCTPHPYET OOBIYHBIN CTPOUTEIBHBINA YPOBEHB, TIC
[EHTpPaJbHOE TOJOXKEHHE MY3bIpbKa BO3AyXa B TPYOKEe C JKHAKOCTHIO JAeT OTHO3HAYHYIO HWHIWKAIIMIO €ro
TOPM30HTAIFHOTO TOJI0KEHHUS.

Jlanee rmaBHBIA BOMPOC: YTO MOTYT O3HAYATh Pe3yJIbTaThl ONbITOB KaBeHAMIIA 1 €ro oclieoBaTesel, eCiiu npu
MPOBEICHNH DJKCIIEPUMEHTOB HMH HE OBUIM YYTeHBI 3(QEKTh, CONPOBOXKIAIOMINE paJHAIBHBIH XapakTep
HAIIPaBJICHHOCTH CWIBI TspKecTn? U 31mech HacTaim MOMEHT Oojiee BHIMATEIHFHO PaCCMOTPETh dKCIIEpUMEHT [ eHpH
Kasenmuma [13].

OxcnepumenT IDenpn KaBenamma sBisieTcss B HACTOAIIEE BPEMsI OCHOBHBIM OJKCIIEPUMEHTAIBLHBIM
MOATBEPXKICHUEM 3aKOHA BCEMUPHOT'O TATOTEHHs. PacCMOTpHUM CXeMy M METOJIUKY 3KcrepumenTa [16], puc.3.
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Puc.3. Cxema sxcnepumenma I'. Kasenouwa.

I'enpu KaBengui, HauuHas CBOIO CEpUI0 HKCIEPUMEHTOB, HUYYTh HE COMHEBAJCi B BEPHOCTH 3aKoHa
BCeMHpHOTO TAroTeHus. OH 1aBai IpsAMON pacueT CHIIBI, BOSHUKAIONIEH MEXIY TOUCYHBIMH HIIH MIapooOpa3HBIMH
TelIaMu, 00IaTafoIUMH MacCOi. Macchl TeI MOTJIM OBITh PA3HBIMH M HANIPAIITUBAJICS SKCIEPUMEHT-TIOJ00UE: eCITi
TOYHO M3MEPHUTH CHITy IPUTSDKEHHUS ABYX M3BECTHBIX MACC, TO TIO M3BECTHON CHJIEC TSDKECTH OJHOHM M3 HHUX, MOXKHO
BBIYHUCITUTHh Maccy 3emiid. FIMEHHO Tak, ero Iefiblo ObLTIO BBIYMCICHHE CPEAHEH MIOTHOCTH M Macchl 3emud. Jliis
3TOTO IPEATIONAraioch H3MEPUTH B3aMMHOE IIPUTSHKECHUE ABYX Iap OOJBIINX W MaJIbIX CBHHIIOBBIX IIapoB (puc.3) ¢
MOMOIIIFI0 YYBCTBHUTEJIFHOTO TOPHU30HTAIHHOTO KPYTHWJIBHOTO MAasSTHHKA. bompimme mapel ObUIM YCTaHOBIEHBI
JUaMeTpanbHO MPOTUBOINOJIOKHO JPYT APYry M HMEIHM BO3MOXKHOCTb CHHXPOHHO MEHSTh CBOE€ MOJO0XEHUE
OTHOCHTEJIFHO MallbIX IapoB. Majble miapsl ObUTM 3aKpeIUieHbl Ha KOHIAX JKECTKOTO0 TOPH30HTAJIBHO
PAacIoI0KEHHOTO CTeP KHS, MacCcOoi KOTOPOro MOKHO ObUIO TIpeHeOpedb B CpaBHEHUH ¢ Maccoi mapos. CepeauHa
CTEpPKHS COEAMHANACh C BEPXHEH YacThlO0 3KCIEPUMEHTAIbHOM KOHCTPYKIMU C IOMOINBIO TOHKOM ympyroi
METaJUIN4eCKOH CTpyHbI. BaXKHO OTMETHUTH, UTO paBHBIN BEC MaJIbIX MacC U LEHTPAIbHOE KPEIUIEHHE METaNINYEeCKOM
CTPYHBI K TOPH30HTAJIHHOMY CTEP)KHIO TapaHTHPOBAJIO BPALICHWE MAasSTHHKA HUCKIIOUHUTENHFHO B TOPH3OHTAIBHOU
TUTOCKOCTH. DKCIEPUMEHTAIbHAS KOHCTPYKIUS U €€ 3JIeMEHTHI TIIATEeIFHO BRIPAaBHUBAIINCH 10 TOPU30HTAIIH ¥ IMeJTa
3alIUTy MOYTH OT BCEX MBICIMMBIX BHEIIHHUX BIUSHHUN. B Xone skcnepumenTta OoJbIIHe MIapbl TPHOIMKAINCH K
MaJlbIM IapaM, HaXOJSIIMMCS B COCTOSIHUHM IIOKOS, IO TOTO ITOJIOXKCHHS, KOTJa HAYWHAJIOCh BUAVMOE IBHKCHUE
MalbIX IIapOB B HampaBleHWH K OonpmmM. IlomoxkeHue OONBIIMX MIApOB (PUKCHPOBATOCH, TPH ITOM
TOPHU3OHTAIIBHBIM KPYTHIBHBIH MasTHUK HAdMHAJI COBEPIIATh KoJeOaHMS. DKCIIEPUMEHTATOP HM3MEPSII IEPHO.
KoJieOaHWH ¥, BBIMOJHSS PACYETHI, MOJOOHBIE TEM, YTO MPHUMEHSUINCH JUIS BEPTHUKAJIBHOTO MaTeMaTH4eCKOTO
MasiTHUKA, MMEJI BO3MOKHOCTh BBIYMCINTBH CHIIY NMPUTSDKEHUS. 3Has Macchl OONBIIMX M MaJbIX IIapOB M yNpyTue



CBOMCTBA METAINTMYECKOH CTPYHBI W, OTPEACIIUB TEPUON KOJCOAHWH, MOXKHO BBIYMCIUTL CHJIY TPaBUTAIIMOHHOTO
TIPUTSDKEHUS MAJIOTO Iapa U3BECTHON MacChl CO CTOPOHBI OOJIBIIOTO ITapa U3BECTHOM MAcChl M CPaBHUTH €€ ¢ CHITOM
MPUTSDKEHUST TAKOTO JKe Mayoro mapa K 3emie. B pesynprare, 3emis MoxkeT OBITh ommcaHa kKak B N pas Oonee
MacCHBHas1, 9eM OOJIBIIOH map.

Bot Takoit sKkciepuMeHT 1ail OCHOBAHMS ISl BBIYUCIICHUS CpeIHEH TUIOTHOCTH 3eMiH u ee Macchl M. Crycts
HEKOTOPOE BpeMs, OJiarogaps 3TOMY e SKCICPHUMEHTY W €My MOAOOHBIM, Oblla BBeAcHA B 000POT (PU3MUCCKHX
KOHCTaHT TpaBHTAI[MOHHAs MOCTOsiHHAss G. A mociie CKpelIMBaHUS SMIMPHUUYECKUX 3aKkoHOB Kemepa ¢ 3akoHamwu
HproToHa B yYeOHUKHU M CHPABOYHHKH (DU3UKH M ACTPOHOMHH OBLIH BBEIICHBI MaCCOBBIC XapaKTCPUCTUKU ILIAHET,
cnyTHHKOB, COJHIIA, TAJIAKTUK M Ja)Xe YepHBIX AbIp. [10ABMIACH BO3MOXKHOCTH BBIYHCIICHUS MapaMeTPOB OpOUT
IUTAHET, KOMHUYECKUX CKOPOCTEH U MHOTO-MHOTO Y€ro Pa3HOro U MHTEPECHOTO C OJHUM HEOOIBIIUM HIOAHCOM — BO
BCEX PACUETHBIX (hOPMYIIax MPSMO WIIH OMTOCPEIOBAHHO MTPUCYTCTBYET HOBAs KBa3U-KOHCTAHTA B BH/IE IIPOU3BEACHUS
G*M. Ho camoe rnaBHOe, - Omaromapsi skcrepuMeHTy KaBeHauia CTOPOHHUKM 3aKOHA BCEMHPHOTO TATOTCHUS
COYJIH €T0 «IKCIIEPUMEHTAIBHBIM MOITBEPKIACHUEMY, KOTOPOE IO 3TOTO MOMEHTA OTCYTCTBOBAJIO.

Ha camowm nene, mabopaTopHasi ycTaHOBKa, UCTIONb3yeMas KaBenauiem, Obljia XOPOIIO 3alIUIIeHa OT BIMSHHUS
BO3IYITHBIX TIOTOKOB, BO3ICHCTBUS TEIUIA U CBETA, HO NMPHHIMITHAIBHO HE MOTJIA SKPaHUPOBATh TAHTCHITHABLHBIC
COCTaBIIIONINE CHJ TSDKECTH, JCHCTBYIONIME HAa MacChl B TOPU3OHTAILHOW IUIOCKOCTH. Ilepen Hadaiom
JKCIIEPUMEHTA BBIOUPAJICS MOMEHT COCTOSIHHS ITOKOS (PaBHOBECHS) KPYTHIHHOT'O MasTHHKA, OOJIBITUE CTATHYSCKUE
Macchl M pa3Menianich Ha MaKCHUMalTbHOM yIaJIeHHH OT MallbIX Macc M, puc.4.

m

m

Puc.4. Cocmosnue noxos KpymunbHuix 8ecos.

B 9TOM ITOJIOXKCHHUH TAaHICHIMAJIBbHBIC CHUJIBI, }leﬁCTBy}OIHHe BCTpeqHO Ha MajbIC MacCChI, ypaBHOBeIHI/IBa}OTCﬂ
COHpOTI/IBHeHI/ICM CTep)KHS[. BOHBLHI/IG MacCcCHhI, 6y21y‘[1/l paCHOHO)I(eHHBIMI/I paBHOleaJ'[eHHO OT TOYKH C 1 HAXOIsCh B
3a(1)I/IKCI/IpOBaHHOM COCTOSIHHUHM Ha JIMHWH, HepHeH}IHKyﬂﬂpHOﬁ ocHu CTep)KHﬂ, CHOCO6CTByIOT COCTOSSHUIO ITIOKOA
KpYTHWIBHBIX BecoB. COOTBETCTBEHHO, YCIOBHas TOYKa mMoBepxXHOCTH chepbl 3emmu C ompenensercss HEeHTPOM
MOJ(BECa TOPU3OHTANLHOTO CTepXkHs. Jlajee HAaYMHAIOCh MEXaHHYECKOE IEepEeMEIICHUE OOJBIIMX MacC IIo
OKpPY>KHOCTH, ¥ OHM CHHXPOHHO MNPHOIIKATUCh K MajbIM IIapaM C pPa3HBIX CTOPOH JO TOTO MOMEHTa, KOTJa
HAYMHAJIOCH BCTPEYHOE JBIKCHHE MaibIX IapoB. [locie 3Toro Oonpiive mapsl (GUKCHPOBATUCH, W HAYWHAIIOCH
HaOJIO/ICHUE 3a KOJICOATEIBHBIM IBHKCHUEM KPYTIUIBHOTO MasTHHUKA. [IpHYNHON Havana IBHIKCHUS MAJIbIX [IapOB
CUMTAJIOCh JICWCTBHE CHJI MO 3aKOHY O B3aMMHOM MPUTSKEHUH ABYX Macc. OmHaKo, Kak MOKa3all MOJCIbHBII
3KCHepI/IMeHT (pI/IC.z), ChJIa THUIIOTCTHUYCCKOIro B3aHMMHOTIO l'IpI/ITSDKeHI/IH }lByX FOpI/I3OHTa.]'IBHO pa3HeC€HHBIX
CANHHUYHBIX MAaCcC B 104 pa3 MCHBIIC, YEM )IeﬁCTBPIe TAHTCHIIUAJIBbHBIX COCTABJIAOIINX pazmanLHo HaHpaBHeHHBIX CHII
TsokecTH. OIIEHUM COOTHOIIEHWE CHUJ JIJIi KOHKPETHOTO JKCIEepHUMEHTa, pHUC.3, UCTONbB3ys ¢GopMyrny 3akoHa
BCEMHUPHOTO TAroTeHus. COTJacHO M3BECTHBHIM TaHHBIM Macca MaJlbIX IIapoB cocTaBisiiza M=0.73 kr, Macca O0JbIIHX
mrapoB paBHa M=158 kr, a paccTosiHHE, HA KOTOPOM PErHCTPHUPOBAIOCH HAYAO IBHKCHUS MAJbIX IIAPOB PABHO
r=0.229 m [13].

Fc=0.73k2*158k2%6.67*10  m?k2 7c 2/ 0.229 m? =1.467*107H; (2)

(Hamo ormetuth, B (2) AJsl BBIUKCICHHS UCIIOJF30BAaHO 3HAUCHHE TPABHTAIIMOHHON mocrosiHHOM G=6.67*10-
11m*kr~'c™, koTOpast ObLIa OMpedeNicHA MMEHHO IO pe3yjbTaraM JaHHOTrO 3KCIepuMeHTa.) UToObl OLEHHTH



BEJIMYMHY TaHTECHIIMAJIbHOM COCTABIIAIONICH CHJIBI TSXKECTH, JACHCTBYIOIIEH Ha Mallble IIaphl M0 HAIpPaBJICHUIO K
OoNBIIMM IIapaM, HaJO0 MMETh B BHIY, YTO B BO3HUKHOBEHUH TaHTCHIMAIBHBIX CHJ MEXKIY OONBIINMHU U MalbIMU
IrapamMu MMeeT MecTo 00pa30BaHHE JIOKAIBHBIX TOYEK «moBepxHOCTH chepsl 3emmm» Ci u C;, OTHOCHTENBHO
KOTOPBIX MOT'YT OBITh PACCUHTAHBI 3TH CHIIBI, PHC.5.
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Puc.5. Bzaumnoe nonooicenue nap uapoe K MomMernny Hadajia O0BUINCCHUSL MAIBIX uapoe 6 HanpaejleHuu K bobUM wapam.

Onwupasich Ha CyIIECTBYIOIIUI ONBIT TPAJUIIMOHHOMN IPaBUMETPUH TIOBEPXHOCTH 3eMJIH, a TAaKXKe Ha Pe3yIbTaThl
TpaBUTAIIMOHHOM ToMorpaduu [9], morudno OymeT mpeanoiokuTh, uto Touku C1 u Cz OyayT B OOJbBIICH CTeleHH
OTIPEEIATHCSI N3MEHUBILIMMCSI TTOJIOXKEHHEM OOJIBIINX Macc. B moboM ciyuae, CyImecTBeHHBIM SBISIETCS TOT (axT,
YTO JIOKAJIbHBIE TAHT€HIIMAIBHBIE CHIIBI, AEHCTBYIONIME Ha Majble MIapbl, OyAyT HanpaBieHBl B CTOPOHY Touek Ci n
Co. Paccunrtaem JeHCTBYIOLIYIO TaHI€HLMAJIBHYIO CUJIY B NpeAnonoxeHuu, 4ro Touku Ci; m C2 coBmazarwTr c
HEHTPaMH OOJIBIINX [IapOB!

Fr=0.73k2%9.80665 m-c *0.229m/6.371 *10°m=2.573*10"H; (3)

CpaBHMBass pe3ynpTaThl pacdeToB (2) u (3), BHOHO, YTO TaHTeHOMaNbHAs cwuia (3) MpeBbIMIAeT CHITY,
paccunTaHHYyIO 10 3aKOHY BCEeMHUPHOTO TSATOTEHHUS Beero B 1.75 pasa. [IpakTudecku, 0 MOPAAKY BETHYHH, UX MOXKHO
CYNUTATh OJMHAKOBBIMH U COOTBETCTBYIOIIUMHM CHIIE ITPOTHBOACHCTBHS, BO3HUKAIOIIEH B CTPYHE MPH OTKIOHEHHU
TOPU30HTAILHOTO MAsATHUKA OT PaBHOBECHOI'O HEBO3MYILIEHHOTO COCTOAHUS. M BOT C 3TOr0 MOMEHTa HAaUMHAIOTCS
HeyuYTeHHBbIE ITpo0iIeMBbl 3KcneprMenTa Kasenaunma.

Habmonenne mnepuona KoieOaHWH TOPH3OHTAIBHOTO MAsTHHKA W IIOCIEAYIOIIMI pacdeT, SBILFOLIMIACS
KJIFOYEBBIM MOMEHTOM JKCIIEPUMEHTA, ObUI OPUEHTUPOBAH Ha JICHCTBUE CHJIBI B3AMMHOTO NPHUTSDKEHHS OOIBIION U
masioii Maccel 1o opmyiie Herotona Fe~Mm/r2, rie I — paccTosiHue Mex Ly IIEHTPaMH Macc, TOT/Ia KaK B HaIleM
ciydae AeiicTByroLIas TaHreHuMa bHas cuiia Fr~md, rae d — paccrosHre MeXIy LIEHTPOM MAacChl MAJoro Iapa
toukoir Ci (Cz). [la, B HamieM ciydae, Kak yKa3bIBJIOCH BbIIIe, mosioskeHrue Touek Ci; u Cz M, COOTBETCTBEHHO,
paccrosiaue d, TOXe 3aBHCHT OT MAacchl OOJBIIMX MIApOB M, HO COBCceM IpyruM oOpa3oM. Takke MMEeT MECTO
COBEPIIICHHO WHAS 3aBUCHMOCTH CHJIBI, OTKJIOHSIOIIEH MasTHUK, OT paccTostaus d u .

B pesynpTare nMeeM mpsMyr0 ¥ OECKOMIPOMHUCCHYIO KOHKYPEHITHIO MEXIY CHIION Fr, mMeromeld o4eBHTHBINH
(busrueckuii cMbICT U cuiiol Fg, He mMeBIIel 10 ATOrO SKCIIEpUMEHTa HUYEro, KpOMe aBTOpUTETa aBTopa. Tem He
MEHee, COXpaHssi OOBEKTHBHOCTb, IIONBITAEMCS CPAaBHUTH MEHCTBYIONIME CHJIBI Ha MOMEHT HCIIOJIHEHUS
SKCHEPUMEHTA.
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Puc.6. Jleticmsyrowue cunvi 6 axcnepumernme Kasenouwa.

Ha puc.6 n3o0paskeHbl CHITBI, ASHCTBYIOIINE B 9KCIIEPUMEHTE, Ha HEM IOJIOXKEHHE [IEHTpa MaIoro mapa X=0 cM,
neHTp Gompmroro mapa X=C;=22.9 cm. CoriacHO ONHCAHHIO 3KCICPUMEHTA, TaKOE€ MOJOKCHHE COOTBETCTBYET
Havyally JBW)KEHHS Majoro miapa B CTOpoHy Oomeimoro. Takxe Ha puc.6 m3oOpakeHbl Fr — TaHreHummambpHas
COCTaBJISIOINAS CHIIbI TSKECTH, IEHCTBYIOIIAs Ha Mallbii map B cropony Touku C1=22.9 cMm; Fe — cuiia OpuTsKEHHS,
JEWCTBYIOIAsl HAa Majblii Iap M MpUBsA3aHHAs K LEHTpy Oompmioro mapa; Fs - Bo3Bpamiaromas cuia,
MIPOTUBOAEHCTBYIOIIAsE CKPYUYHBAaHHUIO CTPYHBI HOJBeca; Touka O — COOTBETCTBYET paBeHCTBY cmil Fs= Fr nnu, kak
anbTepHATUBHBIN BapuaHT, Fs= Fe. Hamo cka3ath, 4To BEIOOP NPHUBSI3KU CHIIBI FG BBI3BAJ ONpeeNIeHHbIE BOIPOCHI,
TpeOytone pasbsicHeHndd. CormacHo Qopmyne 3akoHa BCEMUPHOTO TATOTEHHUS, BO3HUKAKOT 2 BCTPEYHO
HarnpaBieHHble CIiIbl, puc.l. OmgHa U3 HUX MpHBs3aHA K IIEHTPY Macchl M1 M HampaBlieHa K IIEHTPY Macchl Mz, a
BTOpasi, paBHas MEPBOIi, MPHUBs3aHA K LIEHTPY MAcCchl M2 M HAIIPaBJIeHa K IEHTPY MAcchl Mi, IPU 3TOM 00€ CHIIBI
00paTHO MPONOPLHMOHANBHBI 2, C APYroif CTOPOHBI, €CITH TPAKTOBATh MX KaK «B3aMMHOE MPUTSKEHHE, TO HCTOUHHMK
CHJIBI, IOPO’KAAEMBI, HapUMep, Maccoi 3eMIIN JIOJKEeH IeHCTBOBATh Ha IPOOHOE TEJIO M IOJDKEH OBITh MPUBS3aH K
LEHTPY Macchl 3eMJIH, M, IPOTHBOIIOJIOKHO, UICTOUYHHK CHIIBI, COCPEIOTOYEHHBIH B IIEHTPE MACCHI MPOOHOTO Teja
JOJDKEH OBITh MPUBS3aH K LEHTPY Macchl mpoOHoro Tenma. Mcxons u3 AaHHBIX cooOpaxenuit cuna Fe (puc.6),
«IPUTATUBAIONIAS» MaTyl0 Maccy M Kk 6ompmIoit Macce M, mpuBs3aHa K cBOEMy HCTOYHHKY — OOJIBIION Macce.

B wurore Bcex moctpoeHuit (puc.6), MOXKHO BHAETH, YTO BCE JICHCTBYIOIINE HACTOSIINE U THIIOTCTHYECKUE CHIIBI
JUTA HaTTIAHOCTH OTHIOCTHPOBAHBI KaK paBHbIE APYT Apyry B Touke O. M3 puc.6 BugHO, uto cuna Fe> Fs neBee Touku
O, u, KaK Mpeanojarajoch B SKCIEpUMEHTE BO BpeMmeHa KaBeHpuia, ciocoOHa BBI3BAThH JBIDKEHHE MAsTHUKA B
cropony touku O. OpnHako, U3 puc.6 Takxke BUAHO, 4TO Jeee Touku O Fr> Fe> Fs u 310 MeHseT nmpuopureT
JeHCTBYIOIUX cWiI. B pe3ynbraTe, MMeeM pe3ynbTaT, KOTOPBHIA HCKIIOYaeT M3 MPUOPHUTETa ICHCTBYIOUINX CHII
runoTteTndeckyio cuiny Fe. K atomy BeBonmy mobasnsercs ¢ukcammsa ¢akra Fs> Fe> Fr cnpasa ot Touku O, 9t0
3aKpEeIUIseT BBIBOJ, IPUBEICHHBIN BBILIE.

Bompoc  (we)npumennmoctn popmynel Hetotona Fe=GMm/r> B jpaHHOM 3KcrnepuMeHTe 000pavYMBaeTCs
MHOXXECTBOM HocyeAcTBUH. [lepBoe M3 HHMX — BONPOC O (U3HUECKOM CMbICIe (HOPMYJIBI M 00 OCHOBaHHMSX €€
IpUMEHUMOCTU. BTOpoIl Bompoc — 0 BEPHOCTH CYLIECTBYIOLIETO PAcyeTa MACChl U CPEIHEH IIIOTHOCTH 3eMIIH, HY U,
pasyMeeTcs, BCeX OCTalIbHBIX IUIAHET, 3BE3/1, TAJIAKTUK U YEPHBIX AbIp. 1 caMoe rmaBHOE, B CHITy U3J105KEHHOTO BBIIIIE,
skcnepuMedT KaBeHanma, MHOTO pa3 HOBTOPEHHBIN U MOATBEPKACHHBIN, HE MOKET CIY/KUTh JOKA3aTEIbCTBOM
(daxTa B3aMMHOro NpuTsKeHUs Macc. bonee BepHBIM, WK Jake €IMHCTBEHHO BO3MOJKHBIM, IPEICTABIIACTCS
YTBEpKICHHUE, YTO dKCIIepUMEHT KaBeHauia moaTBepai BO3MOKHOCTh PErHCTPAIlNH JSHCTBUS TaHTCHIMAIbHBIX
COCTABISIIONINX CHJI TSDKECTH UIS TeJ, HAXOMAIIMXCS Ha WACATBHOM IJIOCKOW moBepxHOCTH. M B 3TOM cMEICTe
mproOpeTaeT COBEPIICHHO UHYIO OKPACKy TOT ()aKT, YTO MOIYYCHHOE pacueTHOE 3HAUYEHHE PeanbHO JeHCTBYIOMEH
TaHTEHIMAJIBHON cribl Fr 0ka3anoch MpakTHYECKH PaBHBIM W3MEPEHHOMY 3HAUECHHUIO «IIPHUTSHKEHUS» ABYX Macc B
skcnepuMenTe Kasernuma. B pesynbraTe MOKHO BHIETh, YTO TEOPHUSI BCEMHUPHOTO TATOTEHHS OyAET BBIHY)KICHA
MCKaTh WINM M300peTaTbh OCHOBAHUS CBOETO HAYYHOTO IPOTHBOCTOSHUS, MJIM IEPEHIET 10 MpaBy M3)KMBILIETO CBOE
BpeMs 3HaHUs B Pa3psj JOCTIDKEHUH U Ka3yCOB HAyYHOHW UCTOPHUU.
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