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AHHoTauus. B nanHoi paboTe mpeacTaBiieH KpaTKuil 0030p OTKPBITHI B
00J1aCTH TpaBUTAIMH, CACIAaHHBIX B paMKaX HOBOW 00IIeH Teopuu (HU3UKU
— BomHoBoui Mogenu. IlpuBeneHsl apryMeHThl, CBUIETEIBCTBYIOIIME B
[0JIb3y OTKPBITUSA BOJIHOBOM TMPUPOABI MEXaHU3Ma TI'PABUTALMOHHOTO
B3aUMOJICMCTBHA. YKa3aHbl UCTOYHUK TI'PABUTALMOHHBIX BOJIH, NPUPOAA
TOHKO-MAaT€PUATBHOTO NOJSA-IPOCTPAHCTBA, B KOTOPOM PACIPOCTPAHSAIOTCS
I'PABUTALIMOHHBIE BOJIHBI, DJIEMEHTAPHbIC OOMEHHBIEC 3apsijibl, KOTOPHIMHU
OCYILLECTBJISAETCS BOJIHOBOE IPABUTALIMOHHOE B3aUMOAECUCTBUE TEIL.
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2. OTKpBITHS, CBI3aHHBIE C BOJTHOBOM MPUPOION IpaBUTALIMHU
3. 3akiroueHue
CcpUiku



1. BBenenue

SIBNEHUIO TpaBUTALMM MOCBAIIEHO MHOXXECTBO HayuyHbIX paOoT. B Hux
paccMaTpUBAIOTCS Pa3IMUHbIC THUIIOTE3bl MeXAHU3MA SIBJICHUS TPAaBUTAIUU.
N k HacTosieMy BpPEMEHHM HAKOMUJIOCh OrPOMHOE  KOJIMYECTBO
uHpopmanu Ha 3Ty TeMmy. OJHAKO O PACKPBITUM HCTUHHON #1pupooul
epasumayuy Ha OCHOBAaHWU JaHHBIX PaOOT (BKJIIOUas pabOTHI MO OOIIEH
TEOPUU OTHOCUTEIBHOCTH — JOMHUHUPYIOUIEH meopuu ms2eomeHus
COBPEMEHHOU (DM3UKH) HEJIB3s] TOBOPUTH, TaK KaK B HUX HE MPEJICTABICHO
HUKAKUX JIOCTAaTOYHO YOEIUTEIbHBIX JOKA3aTeIbCTB, CBUJICTEIbCTBYIOIIUX
O PpEUIEHUM YKa3aHOW BBINIE MPOOJIEMBbI a TaKXe APYrux Mpoodsem,
CBSI3aHHBIX C TPaBUTALIUECH.

I[J'I}I IMPOBCPKN AJACKBATHOCTH THIIOTCTHYCCKHX TeOpI/Iﬁ rpaBUTAallNN
pCajibHOCTH HCT HCO6XOI[I/IMOCTI/I IMPOBOJAUTD JOITIOJTHUTCIIbHBIC
OKCIICPUMCHTHI. HHpoz[a IMoCTaBrJia AOCTATOYHO TAKUX SKCIICPHUMCHTOB U
C€CThb JaHHBIC.



I'paButaimonubii  3pPexkT MNpUTSHDKEHUST — ITO Mera YpPOBEHb
B3auMoaencTBuii B0 BceneHnou. M mpoBepATh TMIIOTETUYECKUE TEOPUU
OpUPObl TPaBUTAIMU (MPEAJIATAEMBIX MEXAHU3MOB NPUTSKEHUS) HA HX
aZIEKBATHOCTh PEAIBHOCTH HYXKHO, COOTBETCTBEHHO, Ha M€ra YypoBHE. A
MMEHHO, COMOCTaBJISAs JAHHbIE aCTPOHOMHYECKUX HaONIOACHUN (U Tpexe
BCETO HeoOBACHUMble IO CUX T1Op) C JIaHHBIMH, CIEIYIOIMIUMHU U3
TUIIOTETUYECKUX TEOPUH.

B sToM mnaHe npensiarar0o oOpaTUTh BHUMAHHE HA aApTyMEHTHI B MOJIb3Y
OMKpuLIMUsL  BOAHOBOU  NPUpoobl  2pasumayui,  SKCIEPUMEHTAIbHO
noomeepoicoaemMol. Ha MEra YPOBHE CONIACOBAHHOCTHIO TOJYYEHHBIX
NAHHBIX, CIEAYIOIIMX W3 BOJHOBBIX IIPEICTABICHUN aBTOpa O IPUPOJIE
rpaBUTAllUM, C JAHHBIMM ACTPOHOMHUYECKHX HAOIIOJECHHUMN MPAKTUYECKH BO
BCEX pACCMATPUBAEMBIX CIy4dasiX.



HoBoe nocTmkeHrne, COBEPIIEHHOE B MPOLECCE HAYYHOIO ITO3HAHUSA
OPUPOABI, 3aKIIOYAIONICECs B YCMAHOBIEHUU  HEW3BECTHBIX  paHee,
OOBEKTUBHO CYHIECTBYIOIIUX 3AKOHOMEpPHOCMEU, CBOWCTB W  SIBIICHUU
MaTepUaIbHOTO MUpa KBATU(GUIIMPYETCS B HAYKE KaK omkpvimue. PackpbiTue
HeuzgecmHou  pawee  BOJHOBOM  MPUPOJABI  TPABATALMM  OTBEYACT
PUBEICHHOMY BBIIIE onpedeieniuto — MOHITUIO OMKpblmue.

OTKpBITUE B60IHOBOU NPUpOObl epasumayuy CIEIAHO B paMKax HOBOH
obmeit Teopun puznku — BomHoBoi Mojgenu (BM), yHUKaIbHOM TEOPHHU.
VYunkanpHocTh BM 3akmrodaeTcss B TOM, UTO OHA SIBISCTCS eOUHCIMBEHHOU B
(bu3uKe Teoprel, ONUPAIOIIEHCS HA aKCUOMbL OUATEKMUYEeCKOU (hunocopuu u
Ha €€ snoeuxy (a He Ha (OpPMaJBHYIO JIOTHKY, KOTOPON MPUACPKUBAIOTCS B
COBPEMEHHOM (PU3UKE) U HE UCTIONB3YET MOCTYNAThI (BBIAYMKH).



[TpuBeném nmanee apryMeHTHI, CBUICTEIBCTBYIOMKE (TI0 MHCHHIO aBTOPA)
B TIOJNB3Y AOEeK8AMHOCHU PEATBHOCTH OTKPBITHS GOJHOB0U TIPHPOJIBI
IPAaBUTAIIMK M, KaK CICJACTBUE, OTKDPBITUSI (DYHOAMEHMANbHOU YACHOMbL
80/IH06020 TPABUTAIIMOHHOTO TIOJS, Ha KOTOPOH OCYIIECTBIISETCS BOJHOBOEC
I'PAaBUTAIIMOHHOE B3aWMOJICHCTBUE YACTHI, a TaKKEe a0eK8amHoCmu
pPCANBbHOCTH Opyeux COMYTCTBYIONUX omxpuimuii. JaHHBIC apTryMEHTHI
NPEJCTABISUINCh paHee B HEKOTOPHIX BHJICOPOJIMKAX Ha KaHaje B YouTube
https://shpenkov.com/yt wu myGnuka-1usx aBTopa Ha 3Ty TEMY.

2. OTKpBITHS, CBA3AHHbIE C BOJJHOBOW NPHPOI0ii TPAaBUTALUH

1. /1o HacTOsINIEero BpeMeHH! ylaJleHHOCTh IiaHeT oT CoyiHua (CpeaHue
paauychl OpPOWT) BBIUMCIACTCA 1O MPOCTOM HMIUpUUYEcKor (dopmyie,
npemiokenHont emé WM. JI. Tummycom 250 ner Hazan, B 1766 1, u
nonysipusupoBanHoi nanee M. 3. boge B ero pabdorax 1772 r. ®opmyna
Ha3bIBaeTcs B ux yecth [IpaBunom Turnmyca — bone (nwim 3akonom boge).

DTO 3HAYUT, YTO CTPOTOrO TEOPETUUECKOTO OOOCHOBAHUS CYIIECTBYIOIIECH
3aKOHOMEPHOCTH B PACIOJIOKEHUU OPOUT IUIAHET M UX CIYTHUKOB JI0 CHX
op HE ObUIO HANJEHO B (PU3HUKE.
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Oo6mas Teopusi otHocuTeabHOoCTH (OTO, obOmienpuHATass B HACTOSIICE
BpeMs TEOpUs TIATOTEHHUs) a TakXkKe HU OJHA W3 IIpejlaracMbIX
aJbTCPHATUBHBIX TEOPUWM TpaBUTAIlMM, HE B COCTOSHUM BBIBECTH U
IpEeIOKUTH POopMyiTy pacdeTa OpOHUT, T. €. PEIIUTh BaXKHEHIIYI0 ITpoOIeMy
actpodusuku. bonee 250 sreT npo1wio «a Bo3 ¥ HBIHE TaM.

Jleno B Tom, uro OTO 310 He dusuyeckas, a abCmMpaKmuo-
mamemamuyeckas Teopus. B €€ OCHOBE JICKUT nocmyiam O TATOTCHUU, KaK
IMPOSIBIICHUM TaK HA3BIBAEMOTO <UCKPUGIEeHUs» TPOCTPAHCTBA-BPEMEHHU.
Maremaruueckast dopmynupoBka OTO onupaercss Ha nocmynupyemvie
ypaBHEHUsS] DWHINTEHHA, CBA3BIBAIOIINE MEXKAY COOOW CBOMCTBA Marepud,
MPUCYTCTBYIOLEN B  UCKPUBIEHHOM TIPOCTPAHCTBE-BPEMEHHU, C €TI0
KPUBU3HOU.

K nacrosimemy Bpemenu OTO pa3Bura 10 TaKOM CTENEHH, UTO CIIOCOOHA
KaK-TO ONHUCATh HEKOTOPbIE W3 HAOJIONACMBIX SIBIICHUW, CBSI3aHHBIC C
TATOTEHUEM.



OpnHako, Kak aOCTpaKTHO-MareMaTH4ecKasi, OMUCHIBAIOIIAS TATOTEHUE Kak
MPOSIBIICHUE 2eomMempuuy IPOCTPAHCTBA-BPEMEHU, HE 3HASI IPUPOY UCHOUHUKA
SHEPTHUM cpasumayuy U ACTUHHOTO MeXaHu3Ma siBieHus rpasutanuu, OTO He
MOJKET PEIIUTh MPOOJIEMY CYIIECTBYIOIIEH 3aKOHOMEPHOCTH B CIIEKTpax opOUT
6 npunyune. IloaToMy (HU3UKU-TEOPETUKHU CTApaIOTCs HE BCIIOMUHATH 00 3TOMU
npoOjeMe, HE HAlOMUHAIOT O HEH, TMONpPOCTy 3aMalyuBalOT €€
CYIIECTBOBAHHUE.

W BOT, HaKOHEN, B paMKax Teopui Bornosou Modenu ynoMsHyTas HaMH
npobjieMa crHekTpa opOuUT Obula BCE-TaKM pelleHa, OPUYEM, JIOTHYECKH
0€3ynpeuHo €CTEeCTBEHHBIM 00pa3zoM. CM.:

https://www.youtube.com/watch?v=V2L eEmSaz1Q.

Cnexkmp PpPaBHOBECHBIX T'PAaBUTALIMOHHBIX BOJHOBbIX 00010YEK YacTHll, a
CJIEIOBATEIIBHO, CIEKTP PABHOBECHbIX OpOUM TUIAHET 3BE3IHBIX CHCTEM U
OpOUT CITyTHUKOB IIJIAHET OMPEAECACTCSA, KaK 0Ka3ajaoCh, IPOCTOU, OMKPbIMOU
B BostHOBOM Monenu, ¢popmyiion

r=~_z )


https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=
https://vk.com/away.php?to=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DV2LeEmSaz1Q&post=373031091_128&cc_key=

rne A, — TPaBUTAMOHHBIN BOIHOBOW PajMyC YaCTHIl, COOTBETCTBYOIIHN
GyHoamenmanvHou Yacmome TPABUTALMOHHOTO BOJIHOBOTO TMOJSA
omkpbimoti B BM, X =c/w

g’
g
Zon — KOpHHM  (DyHKIMI Beccezqﬂ (pemeHusT paauaIbHOM COCTaBIISIONICH
BOJHOBOIO YPaBHCHHUS AY —Ciz aat‘f =0).

Criektpbl opOMT, pacuuTaHHble 1Mo ¢opmyie (1) W MoMydeHHBIC 3KCIIe-
PUMEHTAIBHO U3 aCTPOHOMHUYECKUX HAOMIOCHUM, MPE/ICTaBICHBI B TAOIUIIAX

ma https://shpenkov.com/pdf/GravityNature.pdf

VYkazannbii PDF ¢aiin goctynen B MutepHere. TaM ke TpUBEICHBI
Ipyrue JaHHbIE, B TOM 4YHCIIE, 00 HMHBIX OTKpHITUSIX BM, npusenmve B

COBOKYITHOCTH K OTKPBITHUEO IIPUPOJIBI rpaBUTAMK. CM. TaKke
http://shpenkov.com/pdf/DecCode.pdf

Koppensmust Mmexy pe3yibratamu pacuera mo gopmyse (1) v 1aHHBIMU,
MOJIYYEHHBIMUA U3 aCTPOHOMMUYECKUX HAOJIONCHUMN, KaK CIEIyeT U3 aHaJIn3a
NPEACTABICHHBIX B TAOJIMIAX JAHHBIX, BIOJHE YIOBIECTBOPUTEIbHA.
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Takum o00pa3zom ObuLla pasrajaHa TaliHa CYIIECTBYIOIIETO MOPSAKa B
pacIoONIOKEHUU opdOum niaHem HA CTPOTO OINPEIEIICHHBIX CPEIHUX
paccrosinusx oT CoJHIIa U MOpsJIKa B PaCIONIOKEHUU OpOUm CHymMHUKO8 dTUX
IUJIaHET.

[[naHeTbl W WX CHYTHUKHA JBHXKYTCS B TOHKO-MaTepHaIbHOM IIOJIe-
npocTpaHcTBe 3¢upa 1o opbutaMm, cHOPMUPOBABIIUMCS B JHUCKPETHBIX
obmactax crekTpa (1) rpaBUTAllMOHHBIX GONHOBHIX Chepuueckux 00010UeK
YaCTHIl, U3 KOTOPBIX cOCcTOAT COJIHIIE U TJIaHEThI COJIHEUHOW CUCTEMBI.

OO0 5TOM OTKPBITHUM OBUIO JOJIO)KEHO Ha HECKOJbKUX MEXITYHApOIHBIX
KoHepeHIUaX, nocieauit pa3 Ha koudepeniuu B [Ipare B 2019 rony:

https://shpenkov.com/pdf/GravityPrague2019.pdf

10


https://shpenkov.com/pdf/GravityPrague2019.pdf

2. B kauecTBe 04€pPeHOr0 APryMeHTAa B IMOJIb3Y OTKPBLITHS BOJHOBOM
IPUPOJILI TPABUTAIIUN CIIYXKUT CHEAYIONUN (HaKT, OObSICHAEMBII C BOJTHOBBIX
MO3ULMHA, CBA3AHHBI C YaCTOTOW TIPABUTALMOHHOIO BOJHOBOIO MOJIA.
OTtkpbiTast B BonHoBoit Monenu ¢@ynoamenmanvhuas uacmoma BOJIHOBOTO
IPAaBUTALIMOHHOTO I10JIS

o, =9.158150x107"s™ (2)
ONPEAEISAET paAOUAIbHYIO0 8DEMEHHYIO BOIHY-NEPUOO,
T, = 2T 0.686075824x10° s (3)
®

g
Ha opOutre ¢ OIHUM Yy3JIOM YKJIAIbIBAETCA TOJBKO OAHA HONYBOIHA

byHIaMEHTAJIBbHOTO TOHA, MO3TOMY PAOUAIbHOM)Y BpPeMeHHOM) BOITHOBOMY
mepuopy T, COOTBETCTBYCT CIICAyOIIas IO BEIMYUHE dA3UMYMANbHAS
8pemMeHHas BoaHa PyHJaMEHTaIbHOTO TOHA,

T imun = 47T, =8.621483073%10" s (4)

azimuth

Kak BHIHMM, YHCIIEHHOE 3HA4€HHE |,
3BE3IHBIMU CYTKaMH,

Jimuth  TIPAKTHUECKH cosnadaem Co

23 hours 56 min 4 s =8.6164 x10* s (5)
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A3umMmyTanbHas 8peMeHHas 80/IHA MTOBTOPSIET CTPYKTYPY
npocmpancmeenHou 6onxbl (yHIaMEHTaIbHOrO ToHa Ha bopoBckoil opouTe
aroMa Boz10poza (OCHOBHOTO 3yieMeHTa Beenennoi),

A = 4, (6)

[IpuBeieHHBIE COOTHOIICHUS TOKA3BIBAKOT, YTO 3ewm/is HAXOAUTCS B
2APMOHUYECKOU PE30HAHCHOU CBA3U C (QYHOAMEHMANbHOU UYacmomou

IPAaBUTAMOHHOTO BOJTHOBOTO MOJISL (O Me2a YPOBHS BcesleHHOH.

[lomoOHO Kkak anekmpor B aroMe Bojopojga Ha bopoBckoit opOute
(pammycoM F,) HaxOOUTCS B 2APMOHUYECKOU PE30OHAHCHOU CBS3H C
@dyHOamenmanvbHoU Yacmomoti BOJHOBOTO IOJISI aTOMHOIO M CyOaTOMHOTO
ypoBHeM BeenenHnolt o, (Takke oTKkpeiTol B BostHOBOM Monenn).

12



3. baaronapsi BoanoBoii Moaejn pacKkpbiTO COOTHOILIEHHE, KOTOPOE
CKpbIBaeTCsi 3a rpaBUTalMOHHOW moctossHHOW G. M3 BM crnenyert, uto
epAsUMAYUOHHAS NOCMOSHHASL 3ABUCUT OT (HYHOAMEHMANLHOU YACMOmMblL ()
(2), ompenensronieii BOJHOBOE T'PaBUTAIMOHHOE B3aUMOJICHCTBHE DJICMCH-
TAapHBIX YaCcTUIl Ha Mera YpPOBHE C JpyrumMud yactuuamu. Dopmyia

IPaBUTAIMOHHOM MMOCTOSSHHOU UMEET CIEAYIOIIUNA BU/IL:
2

o
G=_09 (7)
4re,
e g,=1gxcm”° — abCOMOTHas EIMHUIA IUIOTHOCTH. JTO OUYEpPEeIHOE

oTKpbITHE BM.

4. T'paBHUTAlHOHHOE BOJIHOBOE B3amMojaeiicTBue, coriacHo BM,
OCYIICCTBIISCTCS  ANEeMEHMAPHLIMU — 2PABUMAYUOHHBIMU — OOMEHHbIMU

3apsaJaMi (I'paBUTOHaAMHU )
prant (rp ) ,, = m,o, 8)

rae M, — npucoeouHénHas Macca HyKJIOHa.

DOTO HEU3BECTHBIM paHee B (U3MKE (YHIAMEHTAIBHBIA (PU3NUYECKUI
napaMeTp, OTKPBITbIA B pamMkax BM, XapakTepuCTUUECKUUN IS 60IHOB020
IPaBUTALMOHHOTO TTOJIS.
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5. Elié oqHuM U3 BaKHEHINNX (KJI4YeBbIX) OTKPBITHI, HAPSIAY C IPYTUMU
OTKpbITUAMU BM, packpbIBarollUM MEXaHU3M BOJHOBOIO TIPAaBUTALIMOHHOIO
B3aUMOJICUCTBUS TEJI, ABISAETCSA OTKPBITUE 3aKOHA 2pasumayuoHHO20 BOIHOBOTIO
oOMeHa (B3aMMOJEHCTBHSI), OCYIIECTBIISIEMOT0 MOCPEACTBOM TI'PABUTAIMOHHBIX
OOMEHHBIX 3apsA10B. OH UMeeT CAeAYIOINI BU/I;

o _.o(Zm)(Zm,)

grav (Dg 47'[80r2 (9)

rne Z,; u Z, — OTHOCHUTEIIbHBIE MAaCChl B3aUMOJICUCTBYIOIMNX OOBEKTOB,
-3
g, =1 gxCM "~ — aGcomoTHAs eANHUIIA IUIOTHOCTH.

CornacHo /IluHamuueckon Monenu SIIEMEHTAPHBIX YAaCTHI[ BOJIHOBBIE
OOOJIOYKM HYKIIOHOB IIyJbCHPYIOT Ha (yHAAMEHTAIBHBIX YaCTOTaX: @,
omnpenensoned uX B3aUMOJCHCTBUE HA aMOMHOM W CYOAMOMHOM YPOBHSX
(BHYTPHATOMHOE M MEXaTOMHOC), U g, ONPEACISIONICH UX B3aUMOJICHCTBUC Ha
Me2a (TPaBUTALIMOHHOM) YPOBHE.

CwM. nokiian Ha MexayHapoaHoi koHdepeniuu B [Ipare B 2019 rony:
https://shpenkov.com/prague.html
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3aKOH epasumayuoHHo20 601H06020 obmena (B3aumopercTBus) tel (9)
OMMUCBHIBAET HA YPOBHE BOIHOB020 2pABUMAYUOHHO20 TIONA BOAHOBOU OOMEH
(B3aMOJICHICTBHE) 2pasumon06-HyKI0HO8, UMEIOIINX MTPUCOCTUHEHHYIO MacCy
M, ¥ OOMEHHBIN (TPaBUTALMOHHBI) 3apsi Opq = MM,

3akoH oOMeHa (9) oTnmyaeTcs, Kak BHAMM, MPUHIUIHAAIBLHO OT 3aKoHA
BceMHpHOTO  TarotreHus  HpioroHa.  OtTpaxas  6onHO8YI0 — Npupooy
B3aMMOACHCTBUS, 3akoH oOMeHa (9) COmep)UT hyHOameHmanvHyo yacmomy
®y TPABUTALMOHHOIO BOJHOBOTO TIOJS, BBI3BIBAEMOIO IYyJIbCHPYHOIIMMU
cheprudeCKIMHU BOJHOBBIMUA 000I0YKaMH YaCTHUI-HYKJIOHOB. A B 3HAMEHATEIb
3akoHa (9) BxomuT (puU3MUECKU MapameTp &, KOTOPHIA Be3ne B BoiaHOBOIA
Mogenu npeacTaBIsieT abconiommyio eOunuyy niomuocmu g, =1g-cm=3.

BosHOBOE B3aMMOJIEMCTBUE OCYIIECTBIACTCA HE B AOCOJIIOTHOW MYCTOTE
(BakyymMe), a B  MOHKO-MamepuaibHOM  TOJIC-TIPOCTPAHCTBE  Adupa,
MPOHMU3BIBAIOIIETO U 3AMTOJHSAIOMIETO BCE KOCMUYECKOE IMTPOCTPAHCTRO.
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Hesnauurenbhas no BennuMHE MOIIHOCTH oOMeHa («cmma» Fy, ) Mexmy
€ IMHUYHBIMU OOMEHHBIMU 3apsaaMu, omnpenensaeMas HU3KOMN
(pyHIaMeHTaIbHOW YACTOTOW MMyNbCalMii ®; UX BOJHOBBIX C(EPUICCKUX
000JIOUEK, a CIEN0BATEIbHO, MPUBOAANIAS K HE3HAYUTEIBHOM IO BEJIMYMHE
SHEPruu  BO30Y)KJAa€MOr0 HMMHM  BOJIHOBOTO  TPaBUTAIIMOHHOTO  TOJIf,
3HAYUTEbHA Ha Me2a YPOsHe.

CyIeCTBEHHAa Ha MEra ypOBHE H3-3a OTPOMHOIO KOJHYECTBA OOMEHHBIX
IPaBUTAIIMOHHBIX  3aps0B, KOTOPHIMH OOJagal0T  B3aHMOACHCTBYIOIIHE
00bekThl (10 MpHONMM3WTEIBHBIM TOACYETOM, B COJHIIE COOCPIKHUTCS
~1.2x10°" HyKJIOHOB, B 3eMJIe IPUMEPHO Ha 6 MOPSIIKOB MEHBIIIE).

3akon oOMeHa (9) omuChIBaeT Kak npumsoicenue, TaK U OMMAIKUeaHue, a
TaKK€ MPOMEKYTOUHBIE COCTOSIHHMSI B 3aBUCHUMOCTH OT pasHocmu a3
(pyHDameHTaspHOW  YAacTOTBI ~ KoneOaHwWil  (Myabcaluil) @y HYKIOHOB
B3aUMO/ICVCTBYIOIIUX TEJ, KOTOPYIO MOKHO CO37aTh BHEIIHUM BO3/ICHCTBUEM.
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MexaHu3M rpaBUTAlMOHHOIO B3aMMOACUCTBUS AHAJIOTUYEH TOMY, KOTOPbII
UMEET MECTO, B YaCTHOCTHU, B 2UOpOOUHAMUKe B Ciaydae cghep U UUIHHIPOB,
nYIbCupyrowux Ha YacTOT€ ® B JKHUJAKOCTH. ODTO SBJICHHE PACCMOTPEHO
noapo6Ho B. beépkHecoM B mukie jekiui, caenaHHeix uM B 1905 romy B
Konym6uiickom yrusepcutere Hpio Mopka (CIIA). Jlekuuu omyOIMKOBaHE B
1906 roxy [V. F. K. Bjerknes, Fields of Force, Columbia University Press, NY,
136 p., 1906], mocrymuel s ckauumBanumsg B MuTepHere. McciiemoBaHus
brépkHeca mokazanu, 4TO nyabcupyrowue B KUIKOH cpene 6 gaze chepsl
UCTIBITBIBAIOT npumsidicerue Ipyr K APyry.

Hrroton B xommenTapuu (General Scholium, 1713 r.) ko 2-ii pemaxmuu
ceoux Hauan (Principia) Hanumcan, «/Ipuuuny smux ceoiicme mseomenusi s 00
CUX NOp He MO2 6bleeCmU U3 SGINEHUU, cUnome3 dice s He UMbIULISIO
(hypotheses non fingo)». Kak Buaum, 3aragounas ais HeioToHa B €ro Bpems, U
OCTaBaBIIAsICSI TAKOBOM MJiA €ro rocliienoBareneid Ha npotsbkeHun oomee 300
JeT 70 HAIlUX JTHEH, npuuuna TITOTCHHUs HAKOHEI OblIa packpuima Onarofaps
HOBOM 0011el Teopun pusznku — BonHoBor Mogenu, koTopasi IpUIep>KUBACTCS
HOBOM mapaaurmel Gu3nku. Cw.

https://www.youtube.com/watch?v=DyrO0LtIpC8.
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https://www.youtube.com/watch?v=DyrO0LtIpC8

ITo onpenenenuto (cormacHo BM) senenue epasumayuu — 310 pe30HaHCHBIN
801H0601 0OMeH (B3aUMOJICMCTBHUE) BCEX JIEMEHTAPHBIX Yacmuy, U3 KOTOPHIX
COCTOSIT BCE TeJla, OCYIIECTBISIEMBI Ha MPEACIbHO HHU3KOW COOCTBEHHOM
OCHOBHOU wacmome nyibcayuu Mg, npucyujell KaxJa0i 4acTuue.

Wrak, rpaBuTamuss HUMEET  BOJHOBYKO  mnpupony. Hcmounuxamu
IPABUTALIMOHHBIX BOJH SBJISAKOTCA Yacmuybl MATEPUU, KOTOPBIE, COIJIACHO
JHunamudeckoit  Mogenu, MNpeACTaBISIIOT COOOM  suxpesvle  8OIHOBbIE
MHUKPOOOpA30BaAHUA.

C momenma GopMupoBaHUS U3 3PUpa YaCTHUIIbI KOJICOMIOTCS (nyibcupyrom)
HAa CTPOTO ONPEACIEHHBIX YacTOTaX, B TOM YHUCIE€ HAa OTKphITOW B BM
(pyHDaMeHTa bHOW YacToTe @, KOTOpas SIBISCTCS OJHOM W3 Xapakre-
PHUCTHYECKMX 4YacTOT MyJibCalluid Bcex yacTull Bo BceneHnHoil. Konebanus Ha
4acTOTE Oy CUHXPOHUSUPOBAHbL NO hase C KOTCOAHUIMHU BCCX APYTUX YACTHIL B
KOCMOCE. AHAJIOTUYHO, KaK HallpuMeEpP, CUHXPOHU3UPOBAHO MO (paze BpalieHue
TEHEPATOPOB BCEX AJIICKTPOCTAHIMNN €AUHOU IHEPTETUYECKON CUCTEMBI.
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Takum o6pazom (cMm. (9)), B €CTECTBEHHOM COCTOSIHUU aTOMBI IIEPBOIO
Tena (00bekTa) Maccoi Z;M, W aroMbl BTOPOTO Telia (HampuMep, MIaHEThI)
maccor Z,M, NyJIbCUPYIOT HA TOU K€ caMOM (PyHIaMEHTAIbHOW YaCTOTE ()
¢aze ¥ IOATOMY UCHIBITBIBAIOT Hpumsidcenue Apyr K Ipyry.

gB

Jlis peanu3anuu 3¢¢deKTa OTTaNKuBaHUS (anmucpasumayuu) HYXKHO,
€CTECTBEHHO, COBUHYMb ¢ha3y MyJbCALMI HA YaCTOTE My aTOMOB OOBCKTA Ha
NPOMUBONONOJNCHYIO TIO OTHOIICHHIO K (ha3e MyNbCHUPYIOIMIMX Ha TOM JKe
4aCcTOTE aTOMOB IIJIAHETHI.

To ectb, MaHUIYNIHpysI CABUTOM (pa3 Mbl MOXKEM YIPABISATh GEIUUUHOU
(abCOMIOTHBIM 3HAYEHUEM «CHIBD) Fypo ) TPABUTAIIMOHHOTO B3aUMOIEHCTBYS
OOBEKTa C TPABUTAUMOHHBIM IIOJIEM IUIAHETBI W Hanpasienuem BEKTOpa
«CHJIIBI».
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6. B pamkax BoanoBoii Mojeiu BbisiBJIeHA ellé 0JlHA 3aKOHOMEPHOCTb,
cymectByromas B [Ipupoge. A uMeHHO, OOHApyK€Ha TapMOHHUYECKAs CBS3b
MEXJy CIEKTPOM 3HAUCHUN (PyHOAMEHMAanbHbIX GU3UUeCKUX NOCMOSHHBIX, B
TOM YUCJE, DYHOAMEHMAIbHOU YACMOMOU TPAaBUTAIIMOHHOTO BOJHOBOIO MOJIA
®q, U Gynoamenmanshovim llepuooom-Keanmom Jlecstuanoro koma BeenenHoi
A, oTKpBITHIM B BM:

A=2rlge=2.728752708... (10)

DOTO HEU3BECTHBIM paHee B (PU3MKE OYEHb BAXHBIM (PyHIAMEHTAJIbHBIN
(bu3uYecKuii mapaMmeTp, ¢ KOTOPbIM COIIACYIOTCSl BCE IIPOIiecChl BO BeeneHHOM.

PeanbHOCTh packppiToi B BM ynoMsHYTOW BBILIE TaPMOHUYECKOU CBS3U
MOKa3aHa Ha KOHKPETHBIX MpUMepax, B YaCTHOCTH, B KHHUTe aBTopa [George
Shpenkov, Some words about fundamental problems of physics, LAP
LAMBERT Academic Publishing, 2012] (English and Russian versions); cm.
https://shpenkov.com/pdf/FundPhysProb.pdf
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[myOuHa rapMOHUYECKOM CBSA3U OIPEAEISETCS] CTENEHBIO OTKIOHEHUS
KApOUHAbHLIX YWCIICHHBIX 3HAUEHUH paccMarpuBaeMbIX (yHIaMEHTaIbHBIX
QuzuuecKkux NOCMOSHHLIX OT YHUCJICHHBIX 3HAUCHUH OMKalux K HUM
BEJIMYMH, KPATHBIX (DYHOAMEHMAILHOMY NePUOOy-K8AHN) .

BennunHa OTKJIOHEHHS CBHACTEIBCTBYET O CTEIEHH COITIACOBAHHOCTH
(pe3oHaHCca) C abCconomHbiM NepuoooM-keanmom JlecaTHIHOTO Koja
BcenenHoit mep uzmepernuss MmaTepuu, IPOCTPAHCTBA U BPEMEHHU, TMPHUHITHIX
Ha 3emJie, a CJea0BaTelIbHO, TOBOPUT O CTEIEHU MOYHOCMU YUCICHHBIX
3HAUCHUN MPHUHITHIX 3eMJISHAMU B (DU3UKE (PYHOAMEHMANbHLIX DUIUYECKUX
NOCMOSIHHbIX.

Cnexkmp abconromuvix mep (MX KapAWHAIBHBIX YHCICHHBIX 3HAUCHUH),
orpeaeseMblii  QyHIaMeHTaIbHbIM TiepuogoM-kBaHToM (10) Jlecsatuanoro
Kkoga DBceneHHOW, TapMOHU3UMPOBAHHBIA C  IIOCJIEIHUM, BbIPAKAECTCS
dbopmyiion

M =2“x3 x5"A (11)

rae K, |, m — MHOXeCTBO HebIX uncen Z={..,~2,-1 0,1 2,..}
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st cpaBHEHUS C abcontomubiM (PyHIAMEHTAIBHBIM TEPUOIOM-KBAHTOM
HEOOXOIMMO M JOCTATOYHO YYMTHIBATh JIsi BCEX IMApaMETPOB TOJBKO HX
KapouHavHoule (a0CONIOTHBIE) YUCICHHbBIC 3HAUCHUS. JleCITUYHBIN MOPSIIOK,
3aBUCAIIMNA OT KOHKPETHBIX PAa3MEPHOCTEN E€IVWHUIl W3MEPEHHS, HE HUMEET
3HAYEHHS B 3TOM CIIyYae.

YmioBas yactora 00paTHO MPONOPIHOHANIBHA Iepuoay, ®=2n/T. Otcroza,
aAOCONIOMHbBLU BOTHOBOU (DYHOAMEHMAILHOU NEPUOO-KEAHM YIII0BON YaCTOTHI
B decamuunom 0a3rce paBeH

o, =" 1 _ L = 2.302585093 (12)
A lge 0.434294481

dyHIaMeHTallbHAs I'paBUTAIIMOHHAs 4acTOTa oOMeHa (B3aMMOICUCTBUS)
AJIEMEHTAPHBIX YaCTUL] OINPENENsAeTCs, Kak cienyeT u3 BonHoBor Mopenu,
CJIEAYIOIIUM PaBEHCTBOM,

o, =+/4ne,G =9.158150..-10“ s (13)

g

e G =6.67430(15)x10°%g™"-cm®-s® — TpaBUTAIMOHHAS IOCTOSHHAS (110
nanupiM CODATA Ha 2020 1), ¢, =1¢g .cm~ — abcoToTHAS SAMHUIA THIOT-
HOCTH.
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CreneHb AOCTOBCPHOCTHU YHUCIICHHOI'O 3HAYCHUA epaeumaquHHoﬁ yacmomasl
(Dg, KaKk BUIAUM, 3aBUCHUT OT moOo4YHoOcmu, C KaKoM OKCIICPUMCHTAJIBHO
OonpecaACICHO YNCJIICHHOC 3HAYCHHUC epaeumauMOHHOﬁ nocmosunou G.

KapaunaiapHoe yucio (xuy) Beamuunbl (13) mpuMepHO YeETBIPEXKPaTHO
BEJIMYMHE a0COIOTHOTO KBaHTa (pyHIaMEHTaIbHOU YacTOTHI M,
1
o, (k1) = 22 @, = 22— =9.210340372 (14)

Ige
TouHoCTh WM3MEpeHU B (Qu3MKE TpaBUTAIIMOHHOW MoOcTOositHHONM G Ha Hec-

KOJIBKO TTOPSIIKOB HUKE TOYHOCTH HM3MEPEHHUH Npyrux (QyHIaMEHTaTIbHBIX
Gu3nUeCKUX MOCTOSHHBIX. [103TOMY TOYHOE YHCIIEHHOE 3HaYCHUE BeTUIUHBI G
noka HeuszBecTHO. PekomenioBanHoe CODATA k npuMeHeHHIo B Pu3Mke, mpu-
BEJICHHOC BHINIC €€ 3HAYCHHE, MTO-BUIMMOMY, MEHBIIIE HCTHHHOTO, YTO CIEAYyEeT
U3 CpPaBHCHMS KapAMHAIbHBIX YHUCICHHBIX 3HaueHui paBeHCTB (13) u (14).

AOCOIIOTHOE COBHNAJCHUE KAPOUHANbHO2O YHUCIA 3HAYCHUS @yHOAMEH-
MAIbHOU YACcmMomsl TPABUTAIMOHHOTO BOJHOBOIO MOJIs, PACUUTHIBAEMOM IIO
dopmyire (13), ¢ YETBHIPEXKPATHBIM 3HAUYCHHEM AOCONIOMHO20 BOIHOBO2O
@pyHOaMeHmaIbHO20 KeaHma YIJIOBOM 4YacTOThl B JIECATUYHOM Oasuce Oyner
MMETh MECTO MPH 3HAYCHUH G =6.750586336x10° g~ -cm® -5
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7. Jecarmunbiii kox A=2mlge=2.728752708... (10) «padoraer» Kak
KAMEPTOH, 3aal0Mi PUTM, KOTOPOMY NOAYMHEHBI BCE IMPOIECCHI BO
Bcenennon, kak MarepruanbHbIC, TaK U WJICAIBHBIC, B )KUBOU U ““HEKUBOU

IIPUPOJIE.
JIOMAHUPYIOIIEN CHCTEMOM CUMCIICHUS HAa 3eMJIE SBJISICTCSA JCCATUYHAS.
BoO3HUKHOBEHME 3TON CUCTEMBI HE OBLIO CITy4ailHBIM.

Kak BersicHMIOCH, JlecaTuuHbld Koa BceleHHONW JIE)KUT B OCHOBE
KOCMHYECKHX IPOIIECCOB M OMNpEACisieT YCTOMYMBOCTh KOJIEOATEIBLHOIO
(BOJTHOBOI'0) JBMKEHMS B 3BE3AHBIX CHCTEMax, B YaCTHOCTH, 3€MJIA B
CosHeuHOM cUCTEME U cUCTeMBI 3eMitsi-JIyHa.

Ecnu 3a equHHUIly BpEMEHH B3STh OJIHM CYTKH, TO TepUOi OOpaleHus
JIynasl Bokpyr 3emin 27.3 CYTOK JIECATHUKpPATeH a0COIIOTHOMY BPEMEHHOMY
nepuoay aecarudHoro 6asuca, 10A.
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A BpeMeHHOM BOJIHOBOM paoduyc opoumsi JIyHbI,

.
Rppogn = Ear”;'\"o"” ” ~ 4.34 days (15)

HECATUKpATCH abconomuomy epemennomy pamuycy Ige=0.43429448...

30€Ch < Iepun Moon > = 384.467 kkm  —  cpemHee  pacCTOSHHE — MEXITy
neHTpamMu 3eMiii 1 JIyHbl, v =1.023 kmx st — CpeaHss CKOPOCThb

nBuxenus JIlyHel o opoure.

Ecnm ke 3a emuHuiy BpeMeHH B3aTh 10 3eMHBIX CYTOK, TO II€PHOJ
oOpalicHHUsT HM BpEMEHHOM paamyc opouthl JIyHBI OyayT paBHBI,
COOTBETCTBEHHO, unciaeHHbIM 3HaueHusM A (10) u lge.

Takum oOpa3oM, MOXHO KOHCTAaTUpPOBaThb, 4YTO cucTeMa 3emisi-JIyHa
HaXOJUTCSl 6 pe30HaHce ¢ NnepuooomM-keanmom JI€CATUYHOrO KoJIa
BcenenHnoit, a  ciegoBareiibHO,  HAXOOUTCA 68  pe3oHaHce  C
pyHoamenmanbHoU 4acmomoi TPABUTAIIMOHHOTO BOJHOBOTO MO Mg, U
II03TOMY TaKasi CUCTEMA YCTOMYMBA.
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BpeMenHasi CKOpOCTb COOCTBEHHOTO BpPEMEHHOIO BOJHOBOIO IIOJIA
3emMiIM, COOTBETCTBYIOIAs 3BE3IHBIM CyTkaMm, 23 yaca 56 muHyT 4
CEKYHIbI, PaBHA Ogyy = 7.2939x107° s7",

Otcrona cienyer, YTo 8peMeHHas paoudibHas BOJIIHA BPAICHUS 3€MIIU
BOKpPYT' COOCTBEHHOM OCH KpaTHa MOJOBHUHE (DyHIAMEHTAJIbLHOIO MepHoja-
KBaHTa, 27'A , UJACAJIBHOIO MO AECITUYHOTO YMCIOBOro Oa3uca!

R earth = b 137x10ts (16)

(DEarth
qaCTOTa BpaH_[eHI/IH 3CMJII/I BOprr COJIHI_IEL TAaKXXC HaXOJIUTCA B

TrapMOHHUH ¢ a0COIOTHBIM nieproaoM-kBaHToM A (10):
1 1

v=—=—"~274x10"% days™ (17)
T 365.26
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3. 3akJloueHue

[IpencraBieHHble B JTaHHOW pabOTe apryMEHThI JAlOT BCE OCHOBAHUS
yTBEpXkKJaTh, 4YTO B JCHCTBUTEIBHOCTH pEIIEHAa HaKOHEIl HW3BeYHas
KJItoueBasi mpobiaeMa Pu3uKH.

A MMEHHO, pacKphITa npupooa epasumayuOHH020 83auUMO0etUcmaus Tell,
KOTOpasi 0Ka3anach 80JHOBOU.

DOToro ®W  CleAOBajO  OXHWJATh, TIOCKOJbKY  COITIaCyeTcsi ¢
NpeACTaBICHUEM AUATEKTHUYECKON DriiocoPuu o 601HOB0U npupode BCETOo
cymero BO BcelleHHO, B TOM 4YHCJIE TOHKO-MAaT€pUAJIbHBIX IOJIECH-
IPOCTPAHCTB.

CormnacHo auanexkruuecko unocodpuu Bcé Bo BceneHHON Ha Bcex ee
YPOBHSIX, BKJIOYas MHUKPO U MeEra, HaxOIUTCSI B HeENpepbl8HOM
KonebamenvbHo-601H060M JIBUXKeHUU. VI Bc€ BO BcelleHHOW MNOABEPKEHO
3aKOHY pHUTMa. JTO HE TMOJIBEpraroiieecss COMHEHHUIO (yHIaMEHTalIbHOE
CBOMCTBO OKPY>KaloIllero HacC MUpa.
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OTKpbITa QyHOAMEHManbHAs Yacmoma BOJHOBOTO 2pasumayuoHH020
nojst gacTuil (2), Ha KOTOPOH MPOUCXOTUT UX TPaBUTAIMOHHBIA BOJTHOBOM
oOMeH (B3aUMOZIEMCTBUE) C APYTUMHU YACTUIIAMH.

OTKpBIT  cnekmp  PABHOBECHBIX  TPABUTALMOHHBIX  BOJHOBbLIX
chepuueckux obonouex dactuil (1), a cieaoBaTeNbHO, CIICKTP PABHOBECHBIX
opbum TUIaHET 3BE3HBIX CHUCTEM M OpPOUT CHYTHUKOB IUIaHeT. Jpyrumu
CJIOBaMH, OTKpbITa (¢dopMmyla 3aKOHOMepHOCmU, CIEAyd KOTOPOM
Gopmupyromces opobumsl TUIAHET U UX CITyTHUKOB B 3BE3/THBIX CUCTEMAX.

Pasragana, TakuM oOpa3oM, TailHa W3BECTHOTO U3 aCTPOHOMHYECKHUX
HAOJIIOICHUI TOpsAJiIka B PACIHOJIOXKEHUM OpoOum niaHem Ha CTPOTO
ONpPENECICHHBIX CcpeaHux pacctosHusx or ComHna wW  Topsaka B
PACIIOJNIOKEHUH OpOUN CHYMHUKOS ITUX TIJIAHET.

OTKpBITa 3aBHCHUMOCTh TpaBHTAIlMOHHONH moctossHHOW G (7) oT

q)YHI[aMCHTaJ'IBHOI?I 9aCTOThI BOJIHOBOTO I'PABUTAITMOHHOTO IT10JIA (Dg.
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OTKpBITBI  OleMeHmapHvle  cpasumayuoHubvle  0OMeHHble  3aAPSIbI
(rpaBuTOHBI) (8), IMOCPEACTBOM KOTOPBIX OCYIIECTBIIICTCS BOJHOBOE
I'pPaBUTAIIMOHHOE B3aUMOJICHCTBUE YACTHII,

OTKpBIT 3aKoH epasumayuoOHH020 BOJTHOBOTO OOMEHA (B3aMMOICHCTBUS)
(9). Ilocnemumii oTIMYaeTCAd MPUHIMIMAILHO W 10 (opMe H 10
COIEPKAHUIO OT 3axkoHa ecemupHozco msacomenus Hviomona. 3akoH
IPABUTAIIMOHHOTO BOJIHOBOTO OOMEHA SBJISIETCA YAaCTHBIM  CIy4aeM
Vuusepcanonoco 3axona obmena, oTkpbiToro B BM, oTpaxkaromiero,
COMIACHO AaKCHUOME JHaJEKTUYEeCKON (uiaocoduu, BOJHOBYIO MPUPOIY
CTPOEHHUS U IOBEACHUS BCETO CYIIEro BO BCEIEHHOM.,

brmaromapss BM oTKpbITa TapMOHHUYECKAs CBA3b (DYHOAMEHMAIbHOU
yacmomsl BOJTHOBOTO TPAaBUTALIMOHHOTO MOJIA (KapAUHAIBHOTO YHCIEHHOTO
3HAUE€HUSA), KaK U JPYyrux (PyHIaMEHTAIbHBIX (PU3MYECKHX MapaMeTpoOB-
NOCTOSIHHBIX, CO  CHeKmpoMm  aOCOMOMHbIX — Mep,  ONPEHEHIEMbIX
dyHmameHTaabHbIM  nieprogoM-kBaHToM  (10)  JlecatuuHOro  Koma
Bcenennou, Takxe OTKpbITHIM B BM.
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M3 BONMHOBOW MPUPOABI TPaBUTALUMU CIEAYyeT, 4yTO cucrtembl ConHe-
3emutsi, 3emuisi-JIyHa, Kak M BpallleHHE 3eMJId BOKPYr COOCTBEHHOH OCH,
HaXOMSITCSI B pe30HaHCe ¢ (QYHAAMEHTAIBHON YaCTOTOM g, KOTOPasi B CBOIO
ouepenb (kKak W J0Oble (PyHIaMEeHTalbHbIC TOCTOSHHBIC) HAXOAMUTCS B
PE30HAHCE C MEPUOAOM-KBAHTOM A JlecaTuyHOro Kojaa BeeneHHou, o3ToOMY
3TU CUCTEMBbI YCTONYUBHI.

Urtak, serenue cpasumayuu — 3TO PE3OHAHCHBIN B0IHOB0U 0OMEH
(B3aUMOJICHCTBUE) AIIEMEHTAPHBIX Yacmuy, W3 KOTOPBIX COCTOSIT BCE TEla,
OCYIIECTBISIEMBII B TOHKO-MaT€pUAIBLHOM MOJIE-MPOCTPAHCTBE 3dupa,
BO30YXKJIAEMOM NYIbCAYUAMU BONIHOBLIX Cchepuueckux 000/104eK 4YacTUll Ha
MpeebHO HU3KOW COOCTBEHHOM OCHOBHOM uacmome ®g, npucyujeu Kaxaon
YacTHIIE.

CchLIKH

https://shpenkov.com
https://shpenkov.com/yt

29.12.2023
https://shpenkov.com/pdf/GravityDiscovery.pdf
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