Vector properties of the gravitational potential
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The proof of the vector nature of the gravitational potential is
given, according to which the gravitational potential at any point of
the infinite Universe is equal to zero. On the contrary, according to
scalar concepts of gravitational potential, in a stationary Universe,
the gravitational potential is equal to infinity at any point in space.
However, this potential is included in the equation of universal
gravitation, which is clearly vector in nature. The law implicitly
contains not only the acceleration of gravity, a vector quantity, but
also the gravitational potential that forms it, which automatically
receives the status of a vector. <br>

IIpuBeneno JI0Ka3aTeIbCTBO BEKTOPHOU IIPUPOIBI
T'paBUTAlUOHHOTO IOTCHIMAJIA, COTJIACHO KOTOpOI>'I FpaBI/ITaLII/IOHHHﬁ
MOTEHIMAN B JI000M Touke OeckoHeuHOU BceneHHOW paBeH HYIIO.
HaHpOTI/IB, COrjaCHO CKaJIIpHBIM MpEeACTaBJICHUAM (0}
IPAaBUTAllMOHHOM IIOTEHIMaJle, B CTalUMOHapHOW Bcenennoun
FpaBI/ITaI_II/IOHHHﬁ MNOTCHIMAII PAaBCH 6CCKOH6‘-IHOCTI/I, HpI/ILIéM B
mo0oi Touke mpocTpancTBa. OHAKO ATOT MOTEHIIMAT BXOJUT B
YpaBHCHHUEC BCCMHUPHOI'O TATOTCHHSA, HUMCIOLICTO SIBHO BCKTOpHLII\/'I
XapakTep. 3aKOH HESIBHO COJEPXKUT B ce0€ HE TOJIBKO YCKOPEHHE
CBOOOJHOIO MaJIeHHs, BEKTOPHYIO BEIMYMHY, HO M (HOPMHUPYIOLIHii
€ro rpaBUT aHHOHHBIﬁ II0TECHIIUAJI, KOTOpBIﬁ ABTOMAaTHYCCKHN
MOJIY4acT CTAaTyC BEKTOpaA.
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I'paBUTALMOHHBINA MOTEHIMAJ

['paBUTalIMOHHBIE B3aWMOJACHCTBUS XapaKTEPU3YIOTCS ABYMS
OCHOBHBIMM IOHSTHSIMA — CUJIOW TPaBUTALIMOHHOIO NMPUTSHKEHUS U
IPAaBUTALMOHHBIM  MOTEHIMAIOM. XOTS oOueguoHo, 4YTO CHJIa
IPaBUTALMOHHOIO NPUTSIKEHUS SBJSIETCS BEKTOPOM, YypaBHEHUE
3aKOHa BCEMUPHOT'O TATOTEHMS, TEM HE MEHEE, 3alKChIBAIOT B BHUJIE
cKkajsipa. B cBf3M ¢ 3TUM OTMETUM OJHO HMHTEPECHOE Hauie
HaOmonenune. Eciu  kakasg-To  BelIMYMHA  Moocem — UMETh
OTpHULATENIbHOE 3HAYEHUE, TO TAKYI0 BEITUUYUHY ONPEACIEHHO MOKHO
CUMTAaThb BEKTOPOM. B 4YacTHOCTH, 3aKOH BCEMHUPHOIO TITOTEHUS
MHOTJa MUIIYT CO 3HAKOM MHUHYC
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[Ipu 3TOM HEpeOKO YTOYHSETCS, YTO 3HAK MUHYC O3Hauaem
nputsbkenue. Jlornuecku 31O Jerko o0bacHMMO. Eciam  macca
HaxoJUTCsS B Hayaje KOOPAMHAT, TO BCE MOJOXKHUTEJIbHbIE BEKTOPHI
HarpaBJiieHbl "Hapyxy'", OT 3TOoro Hauyaina. Ho cuna mpuTskeHus
HalpaBJieHa M3BHE B CTOPOHY Tela, B CTOPOHY Hayaja KOOpAMHAT.
To ecTp, €€ MOKHO pacCMaTpUBaTh KaK OTPHULIATEIBHBIN CKaJAp, TaK
U KaKk BEKTOpP, HalpaBJCHHBIH B CTOPOHY Hadaja kKoopauHaT. Ho
€CJIM 3Ta BEJIMYMHA, CUJIA SBJISETCS BEKTOPOM MO YKAa3aHHOMW BBIIIE
MUHYCOBOM MpHUYMHE, 3allcaTh »3TO MOXHO B CIEAyIOLIEH
BEKTOpHOU (hopme
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3Hak MHHYCa 0T6paCBIBaeM, IMMOCKOJIbKY HaIlpaBJICHUC CUJIbI TCIICPb
OIPECACIIACTCSA BEKTOPOM. HOCKOJ’II)KY B 3aIllMCH IO 3HAKOM BCKTOpa
HUMCIOTCA KOHCTAHTHI, UX MOKHO BBIHCCTHU
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3anuce, Kak BUAMM, npuoOpena Oosee SIBHBIH BEKTOPHBIA BHI.
OpnHako B 3HAMeHaTelle NMPUCYTCTBYET KBaApaT BEKTOpA WIH, IO
MCHBI_I_Ieﬁ Mepe, HpOI/I3BeI[CHI/IC BCKTOpa Ha caMoIro 06651
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N3BecTHBI 1Ba MPOU3BENICHUSI BEKTOPOB: BEKTOPHOE U CKajsipHoe. B
HAaIlIeM CJIy4ae CKaJspHOE MPOU3BEACHUE HEPUMEHUMO, MTOCKOIbKY
€ro pe3yibTaT — CKalsip, TO €CTh, ypaBHEHHE MeEpecTaéT OBITh
BEKTOpPHBIM. HO M BEKTOpHOE NpOU3BE/EHHUE HAC HE yCTpauBaer,
IIOCKOJIBKY B 3TOM Cllyyae HalpaBJICHUE BEKTOpa YK€ HE COBIIAJAET
C HampaBJeHUEM CHUJIbL. BBIXOJ TOIBKO OJIWH: OJAUH U3 OOUHAKOBLIX
COMHOJKUTEJIEH B 3HAMEHATEJIE JIOJKEH MOTEPSITh CTaTyC BEKTOpa
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Ha mepBwlii B3I, 3TO HUYEM HE OOOCHOBAHHBIM MPOU3BON B
3allUCH YpaBHEHHA. B CyIIHOCTH, BEIMYMHOM BEKTOPa MBI MOXKEM
CUMTATh U KBaJpar ckaysipa. Ho moka paccMoTpum Apyroi BapuaHT,
BEYIIMI K MHTEPECHBIM BbIBOAaM. Ilepenuiiem ypaBHeHue emeé pas
C YYETOM pa3/eIeHUs] COMHOXKUTEIEH
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3aMeyaeM, 4YTO JIEBBII COMHOXKUTENIb B IIOCIEIHEM pPABEHCTBE
BBITJISAUT KaK TPAJAULIMOHHBIN IPaBUTALIMOHHBIN oTeHIMan tena M,
HO 3anucaHHbIl B BeKTOpHOH (opme. Hackonbko 3TO ompasnaHo?
[ToueMy He 0003HaYUTH BEKTOPOM BTOPOM, MTPaBblii COMHOKHUTEINb, a
NIEPBbII OCTaBUTH B MpekHEl, He BeKTOpHOI popme? Koneuno, 31o
BO3MOJKHO U JI0 JAHHOTO MOMEHTA HCIIOJIb3YETCS IIOBCEMECTHO, HO B
3TOM Cllydae BeKTOpHas (hjopmMa BTOPOr0 COMHOXKUTENS MTpHOOpeTaeT
BECbMa HesICHYIO GopMy. A BOT BEKTOpHasi popMa ITpaBUTAL[IOHHOTO
MOTEHIMaja NpuoOpeTaeT BeCbMa OCMBICIEHHBIH BHJ C JIAJIEKO
UYIIAMH ITOCIIEACTBUSAMH.

JlenicTBUTENBHO, cuia MIPUTSKEHUS JBYX TeN
MIPONOPIMOHAIBHA MOJYJII0 TaKOIO BEKTOPHOI'O I'PAaBUTALMOHHOIO
[IOTEHIMaja W HAalpaBJIeHa CTPOro IO COCIMHSIOLIEH [Ba Tela
nuHun. MHaye TOBOpsS, HAJIWIO MPU3HAKKM BEKTOpa: BEIWYMHA
(MHa) W HampaBieHue. boiee TOro, eciu MOMEHATh MECTaMu
Macchl, TO OJIYYHM
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TEIephb YK€ 3TO YPaBHEHHUE I'PaBUTALMOHHOIO MOTEHLMANIA Majoro
tena. O4eBUIHO, YTO HAIIPABIEHHUE BEKTOPA, €r0 3HAK B 3TOM ClIydae
MEHSIOTCS Ha IPOTUBOIOJIOXHBIE. TO €CTh, BHOBb MBI II0Jy4aeM




IOCTAaTOYHO OCMBICIIEHHOE cooTHOoIIeHHne. KcTaTh, MOYKHO 3aMETHTD,
YTO 3aIMCh JIJI TPABUTAMOHHOTO MMOTCHIIMAJIA B HECKOJIBKO HHOM
Buje Obuta OBl OoJiee HArJISIHA:
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3anuch rpaBUTAIMOHHOTO OTEHIINANIA, JIEBOIO COMHOKHUTEIS
B (Qopme BEeKTOpa Mpuaaio Obl YpaBHEHHUIO OoJiee OIpenenEHHBIN
CMBICI. A MMEHHO: BEIWYMHA CHJILI B TOYKE HaXO0XIACHUA MaJioro,
TaK Ha3bIBAEMOT'0 MPOOHOrO Tejia PaBHA MPOU3BEIACHUIO €T0 MAacChl
Ha 3HaueHue noreHmana. Ho sta ¢popma 3anmcu yxe "3anara" — 3to

YCKOPCHUC CBO6OI[H01"O nagenus. Eciu COKpATUThb YPAaBHCHUS HA 3TY
Majllyr0o, BHCIIHIOKO MAacCCy, MOJIY4HUM COOTHOUICHUEC
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Tenepb MOXXHO 3aMETHTb, IOYEMY Mbl He UCHONb308ANU B
KauecTBE BEKTOpa OOpaTHYIO BEIUYMHY KBaJpaTa pacCTOSHUS.
BbeccriopHo, 9TO BEKTOpOM B BbIpakeHUH (3) MOXKET OBITH TOJIBKO
BEJIMYMHA B CKOOKax, JIEBbII COMHOXXWTEJb, MOCKOJBbKY Macca
ONPEACIEHHO BEIMYMHA HE BEKTOpPHAsA. OTO BBIPAXKEHUE SIBIISIETCS
OIHOM M3 3anmuced 3akoHa HproToHa — cuila paBHa IPOU3BEIAECHUIO
Macchl Ha yckopeHue. To ects, B 3ToM BbIpakeHUH (3) BeKTOpHas
BEJIMYMHA B CKOOKaX sIBJISIETCSl yCKOpeHueM. B Hamiem cimydae 3To
BIIOJIHE ONpeAeNEHHOe YCKOPEHHE — YCKOpeHHe CBOOOJHOTO
najieHust Ha Teno (maaHery) maccoit M.

Ecnu cokpatuth BeipaxkeHue (3) Ha maccy M, TO MOIYYUM
WHBEPCHYIO 3amuch 3akoHa HeroToHa (4). Kak Buamm, yckopeHue
CBOOOJHOIO MaJieHHs] HE 3aBUCHUT OT MaccChl majarouiero tena. B
3TOM BBbIp@KCHHUU (4) MBI TaK)Ke MOXKEM BBIHECTH 3a BEKTOPHBIC
CKOOKHU CKaJIIpHbIE BETUYNHBI.
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JlBa mpaBbIX KpallHMX COMHOXHUTENS MoHcOecmeeHtbl 0
BEKTOpHOro "3BaHUsA". 3/1eCh Y HaC HET HUKAKOTO BHIOOpA, Kakoh M3
HUX BEKTOP — BEKTOPOM MOXXET OBITh TOJBKO OJAMH M3 ATHX JIBYX
TOXJECTBEHHBIX BEIWYMH. BmecTe ¢ Tem, OTMETHUM, YTO CpeIHUM



coMHOXuTeab (6) cam mo cebe WMeeT OBOJBHO TyMaHHBIN
BEKTOPHBIN CMBICH
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Beeném HOBBIH TepMMH — OJM30CTh 1O aHAJIOTMHM C
TEPMUHAMU 3JIEKTPOTEXHUKH — CONPOTHBIEHHE U IPOBOJUMOCTD,
SBJIIOLIMMUCS B3aUMHO 00OpaTHbIMU BearuunHaMHu. COOTBETCTBEHHO,
B 3aKOHE TPAaBUTAI[MM TAaKUMHU B3aUMHO OOpAaTHBIMU BEIWYHMHAMHU
MO’KHO CUUTaTh YIalIEHHOCTb U OJIM30CTb.

Cnenmyer  mpusHaTh, 4YTO  Gekmop  ONHM30CTH  WIIH,
TOKJECTBEHHO, 0OpaTHOIN BEIMUYMHBI YAAIEHHOCTH B ypaBHEeHUU (6)
caMm 1o cebe MMeeT BeCbMa TYMAaHHbI, HEONpeAeNEHHBIH CMBICIH.
Opnako, B ypaBHEHUH uMeeTcs '"CBOOONHBIN", CKaJspHBII
COMHOXXMTENb, JieBbli. KoHe4yHo, Kyna ero IoMecTUTb, Kak
roBOpuTCs, neno BKyca. OjiHako, 3aMeyaeM HEKOTOPOE€ CXOJCTBO
ypaBHenus (6) u ypaBuenus (3). Ecnu B ypaBHeHuu (3) Mbl BBIHECEM
32 BEKTOPHbIE CKOOKHM OJIHY M3 TOXKIECTBEHHBIX BEJIWYMH —
ONMM30CTel, UTO onpedenénHo SBISETCS PAa3yMHBIM, U COKpAaTHUM Ha
Maccy M, TO HOJY4YUM TOT € pe3yibTaT, 4TO U IPU BHECEHHUU B
BEKTOPHBIC CKOOKH ypaBHEeHUs (6) aTol ckanspHo# Beanurnabl GM
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[Tony4aeTcsi, 4TO BbIlIe B BbIpaKeHHH (4) BEKTOPOM MBI
cnpagednueo TPU3HANIN BEIHYHMHY, COAEPXKALIYI0 3TO MAaCCHBHOE
TEJO, MOCKOJIbKY BBIBEJIIM MBI €r0 M3 BbIpakeHHUs (3), B KOTOPOM
BCKTOpHOi/JI BEJINYMHON B CKOOKax OJHO3HAYHO U OYCBUIHO SABJISICTCA
BEJIMYMHA, TAK)KE COZeprKallas 3Ty MacCy — YCKOpeHHe CBOOOIHOTO
najgeHust . Takum oOpa3om, BIOJHE JIOTHYHO M Jaxke OecCropHO
Npu3HaTh, 4YTO BenuunHa (7), YCKOpEHHE CBOOOJHOTO IaJCHUS
ABJICTCA BEKTOPOM — Yy He€ ecThb M BeIWYMHA U HaIlrpaBJICHUC.
Crnenyer mpu3HaTh, YTO MbI JOKa3bIBaeM, MpUYEM BecbMa
CKpYyMynE€3HO, MO CYTH, JOBOJBHO OYEBHAHOE OOCTOSTEIBCTBO:
YCKOpEeHHE CBOOOJHOrO MaJlaHus sBIseTCsl BEKTOpoM. OJHAKO 3TO
OOCTOSITENILCTBO HMMEET OOJbIIOE 3HAYEHWE: TI'PaBUTAIMOHHBIN
MOTEHIMAJ MOKHO TPAKTOBAaTh 4epe3 3TO YCKOpEeHHE. A HMMEHHO:
BEJINYMHA YCKOPEHHS CBOOOTHOTO MaJieHHUs B JAHHOW TOYKE paBHA
MNPOU3BCACHUIO TI'PAaBUTAIIMOHHOTO TIIOTCHIMAJIA HPUTATUBAIOIICTO
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Tena B JTOM Touke Ha e€ Onuzocms K 3TOMY Teny. biuzocts,
HAIllOMHUM, 3TO 00paTHas BEIMYMHA yJAIEHHOCTH, TO €CTh
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CnenmoBarenbHo, 310 BeIpaxkenue (8), kak u (1) Takke
0eCCIOpPHO SIBISIETCS BEPHBIM — BEKTOPAMHU B HUX SIBISIFOTCS JICBBIC
cOMHOXUTeNH. TakuMm 00pazoM, Mbl CUMTAaEM JOKa3aHHBIM U CTPOTO
00OCHOBaHHBIM YTBEPXKJIEHHE, UYTO 2PABUMAYUOHHBIL NOMEHYUA
ABNAEMCA B6EKMOPHOU 6enuyuHol. B CBA3M € 3TUM OTMETHM elié
OJHO O4YEHb BAXHOE CIEACTBUE U3 BEKTOPHOH  (opMbI
I'PaBUTALMOHHOIO IOTEHIIAIA:
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WHTEerpupoBaHue 3TOT0 6eKMOpPHO20 YPABHEHUs Oadice TIO
BCEMY OeckoHeuHOoM) TPOCTpAaHCTBY BceneHHoili naér HyneBoe
3HadyeHue. [Hade roBops: rpaBUTALMOHHBIM NOTEHIMAI OT 6Ce20
BellecTBa BceenleHHOM B KaKIOW TOYKE IPOCTPAHCTBA PAaBEH HYJIIO
TOYHO TaK >XK€, KaK U OT KOHEYHOH CQepuvecKr CUMMETPHYHON
00J1aCTH OKPYXKAIOIIEro MpOoCTPaHCTBa. B cymHocTH 3T0 04eBHIHO U
0e3 BbIUMCIIEHUH, Oe3 WHTerpupoBaHus. [[is 3amaHHON TOYKH B
OeCKOHEeUHOU cmayuonapnoli N30TPONHON BceneHHoN g no6oi
YAQIEHHOW TOYKHM BCErJa HaWAETCA apyras TouKa, CAMMETPUYHAS €11
U CO3Jarouiasi TaKOW K€ IO BEIIMYUHE, HO NPOTHUBOIOJIOXKHBIA 10
HaIlpaBJICHUIO BEKTOpP TPAaBUTALIMOHHOIO NOTEHIMANA, CBOJSIIHAN
CyMMapHbIl MOTEHLMAI K HYIIO. B TakoM BUAE I'paBUTALMOHHBIN
MapaJioKC, Kak BUANM, TepPSIET CBOM NIEPBOHAYAIBHBIN CMBICIL.

OTmeTuM HEOOJIBIIYI0 YCIOBHOCTh B HAIIMX (OPMAaxX 3alucu
BEKTOpa TpPaBUTALlMOHHOTO ImoTeHnuana. Ilockonbky omepanus
JEJICHUS CKaldpa Ha BEKTOP HE OIPE/elIeHa, IPaBUIIBHEE BEKTOPHOE
ypaBHEHHE TOTEHIMaja 3aluchiBaTh O€3 yKa3zaHus yIaJEHHOCTH
(61M30CTH) KaK CaMOCTOSITENIbHO BEKTOpa, a pacCMaTpUBasl €ro Kak
CKaJISIPHYIO BEJIMUMHY B COCTaBe COOCTBEHHO BEKTOpa MOTEHIIMANA
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Xa060/10BCKHIl TPABUTALMOHHBIN MOTEHIMAJ

Hamm BeIknagku cienansl Wi craioHapHoi Beenennon. B
pacmupsoniericss BceneHHOW Ha TpaBUTALMOHHBIA MOTEHIUMAT



TOYKM BJIMSET Macca mojibKo BUAUMOM 4acTh BceaeHHOM, TO €CTh,
raJlakTUKH U Jpyrue OOBEKThI, HAXOMAIIuecs B Tpeenax cdepbl
Xab0ma. Bc€, wuro gampme rpaHunbl  cepbl, HHUKAKOTO
IPaBUTALMOHHOTO BIUSHUS Ha yeHmp cepbl Xab01a He 0Ka3bIBAIOT,
MMOCKOJIbKY CKOPOCTh WX YIAJICHUs MPEBBIIIAET CKOPOCTh CBETA M,
COOTBETCTBEHHO, CKOPOCTh PAaCIpOCTPAHEHUS T'PABUTALIMOHHOTO
MIPUTSIKECHUS.

O4eBUIHO, YTO peYb MOXET HUATH TOJIBKO 00 ycrnosHom
IPaBUTAIlMOHHOM TIOTEHIIMAJIE B TOYke Ha cdepe XaObna,
(dbopMUpYEeMBbIM BCEM BEIIECTBOM BHYTpHU 3TOH cepbl. Pacuér stoii
BEJIMYMHBI, BUIUMO, HE MPEICTaBISET 0COOOr0 TpPyAa, MOCKOIBKY
W3BECTHBI M CpEeAHss IUIOTHOCTh BellecTBa BceneHHOMl u paaumyc
cheppr Xab06ma. XoTS peallbHOTO, MEXaHUYECKOTO yAJICHHS
ralakTUK HEeT, BUAMMO, BCE-TAaKM CIEAYeT VYUUTHIBAaTh U
penaTUBHCTCKIE YPPEKTH — POCT MACCHl 00BEKTOB, YOAIAIOUWUXCSL C
CyOCBETOBBIMU CKOPOCTSIMH, YTO HECKOJIBKO YCIIOXKHSET PacU&Thl.
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