3aKOH rpaBUTALIMOHHOI0 O0MEHa
(2pa6umaz4u0HH08 noJje 3J1emMerHmapHblx qacmuu)

Teopeuti I1. [lInenvkos
1. BBenenue

[IponomkaeM aHamu3 CIEACTBHUN, BBITCKAIONIMX M3 PEIICHUN YpaBHECHUS
LeHTpabHOTO 00MeHa (B3aumozeiicTBus) [1]. Cneayrommm, HO HEe TOCIETHIM,
PE3YIbTATOM 3TUX pCH_IeHI/Iﬁ SABIACTCA OTKPBITUC IIPUPOABLI I'PaBUTALIUH.

B Hacrosmee BpemMs TIpaBUTALMOHHOE B3aMMOJICIHCTBUE YaCTUYHO
OIIMCBIBACTCS TEOPHEN BceMUpPHOro TAroTeHus: HeloToHa, a B 00miemM ciaydae —
o01eit Teopueil OTHOCUTENILHOCTH, @ B TaK Ha3bIBA€MOM KBAaHTOBOM IpeAesie —
[IOKa HE3aKOHYEHHON KBAHTOBOI TeOpHUEll rpaBUTALlUU.

Opnako cienyer emé pa3 MOAYEPKHYTh, YTO HU OJHA M3 ITHX TEOpHii,
HaunHasi co BpeMEH HploTOHA, HEe crocoOHa OOBSICHUTH MPHUPOIY T'PABUTALIUH.
Bce oHM cocpenoTodeHBl UMb HAa OMHMCAHUM IKCIIEPUMEHTAIBHBIX (DaKToB,
CBS3aHHBIX C TrpaBuTauued. Hanmomuum, urto mnucan HpoOTOH B CBOEM
koMMmeHTapuu («General Scholium», 1713) ko BTOpPOMY W3IaHUIO CBOWX
«Hauan» («Principia mathematica»): «... 00 cux nop MHe He YOAl0Cb
OOHApYJICUMb NPUYUHY OMUX CBOUCME 2pasumayuu u3 AeNeHutl, u 5 He
8b106ULAI0 HUKAKUX 2UNOME3Y.

Bc€ B mpupojie B3aMMOCBSI3aHO M HaXOJIUTCSl B €CTECTBEHHOW TapMOHUHU.
ITosToMy, eciiu Teopusi BEpHA, TO YKa3aHHAS TaApMOHUSI M B3aUMOCBS3b J10JKHBI
OBITh OTpPa)KEHBI B JAHHOM TEOPUU CIHOCOOHOCTHIO B €€ paMKax OIMCBIBATh
pasnuuHbie (QyHIaMEHTAIbHBIC B3aMMOICHCTBHUS C €IMHON TOYKU 3peHus. Takoe
ONMHCaHWE  JOJDKHO  OBITh  HEMPOTHBOPEYMBBIM,  CIUHCTBCHHBIM U
YHHUBEPCAIBHBIM ISl BCEX BUJIOB (DYHIAMEHTAIbHBIX B3aUMOICHCTBUH.

OILHaKO, KaK HU3BC€CTHO, BCC IIOIIBITKH O(I)I/IHHaJIBHOﬁ (I)I/ISI/IKI/I MMOCTPOUTH
CANHYIO (I)I/ISI/I‘IGCKYIO TCOPUID, HECMOTPA HAa OTPOMHBIC YCHIIMS, OKOHYUIIMCH
Heynaqei/i. B YaCTHOCTH, COBPECMCHHAA (1)I/I3I/IK3. HHKAK HE MOXXET HaWTU CBS3b
MCKAY TI'paBUTAIMOHHBIM B3aPIMO,Z[eI>iCTBPI6M, OITMCBIBAEMBIM 06H1€I>'I TeOpI/IefI
OTHOCHUTCIbHOCTH, U OCTAJIbHBIMH THIIAMH (bYHI[aMeHTaJ'ILHBIX B3aPIMO):[6ﬁCTBHfI
(CI/IJ'ILHLIM, QJICKTPOMAIrHUTHBIM U CJ'IaGLIM), KOTOpBIC COBPEMCHHAs CI)I/IBI/IKa
pa3In4acT B HACTOAICC BPEM:I.

I'maBHas mpuunHa mpoBana opUUUAIEHONW (DU3MKM — HECOOTBETCTBHE €&
TEOpHid, BKIOYas OOIIyI0 TEOPUI0 OTHOCHUTENBHOCTH, pealbHOCTH. Bce 3t



TeopHH pa3paboTaHbl B paMKaX HAYYHO HECOCTOATENbHON CTaHaapTHOW MOJeN
(CM). D10 01HO3HAYHBIA BBIBOM, K KOTOPOMY MBI MIPHUIIUTH, W 3Ty TOUKY 3PEHUS
yKe pasJenstoT MHOTHE.

K coxanenuto, CTONKHYBIIUCH C TPYTHOCTSAMH, BEAYIIHE TCOPETHUKU U UX
MOCTIEZIOBATENId HE KENAIOT BHAETh M CIBIIATh O JPYTHX TEOPETHYECKUX
ITOAXO0AaX, BEIXOAAIINX 32 paMKH puBsIdHOW CTangaptHoit Moxenu (CM). Oun
npuBLIKIN K CM 1 00sTCS BBIATH 3a paMK{ €€ KOHIICTIIIHHA, KOTOPHIE TaBHO
pa3BHUBAIOTCA B TEOpeTHUECKOH (pusmke. B pesynbrate rpaBuTamus A0 CHX HOpP
ocTaéTcs B HayKe OJHUM U3 Psijia HEOOBSICHIMBIX SIBJICHUM.

Obpatumcst Kk ocHOBaM. YTO MBI 3HaeM O JIByX KIJIIOUEBBIX
9KCIEPUMEHTAITBHBIX 3aKOHAX: 3aKOHE BCEMHUPHOTO TAroTeHus1 Hetorona (1686),
mm
F=G—12 (D
2
B
u noxoxeMm 1o (opme 3akone Kynona ans B3anMOIEHCTBYIOLIMX TOYEUHBIX
aneKTpudeckux 3apsaoB (1785-1788),
F=k9% 2)
r
B ¢opmyne Hprotona (1) dwncineHHOe 3HaueHHE ¥ Pa3MEPHOCTH
ko3(duuumenrta mnponopuuoHanbHOCTH (, HA3bIBAEMOrO TI'PAaBUTALIMOHHOM

MTOCTOSTHHOM, M3BECTHHI U3 dKcriepuMenTa: G = 6.67384(80) x 107 em?® g’ls’2 .

Koadpdumment npomopunonansHOocTH k& B 3akoHe KymoHa sBusercs
HEU3BECTHOW (DU3MUECKON BEJIUYMHOMN KaK MO MOJYJIO, TaK U MO Pa3MEPHOCTH
(cM. mpenpinymme sekuun). Chepuueckas uzomponHocms 00OUX 3aKOHOB HE
OTpak€Ha B IIPUBEJCHHON BBIIIE MaTeMaTH4YeCKOW 3amucu. boisee TorO,
OTCYTCTBYET TEPMHUH, OTPAKAIOLINH 83aUMOCEA3b Mamepuu U nPOCMpaHcmed.

Wnentnunas (yHKUMOHAIbHAS 3aBHCUMOCTD —  IOJYMHEHHE
IPAaBUTALMOHHOIO U 3JIEKTPOCTATHYECKOTO B3aUMOACHCTBUN 3aKOHY OOpaTHBIX
KBaJpaTOB — IOATBEPXKIAeT, 4To 00a 3aKOHA SIBJISIOTCS YACTHBIMU CIIydasiMH
o01ero 3aKkoHa OOpaTHBIX KBaJIpaToB, OMMCHIBAIOLIET0 00a B3aUMOICHUCTBHS —
3JIEKTPOMATrHUTHOE U FPABUTALIMOHHOE — C €IMHON TOYKH 3peHus [2, 3].

Ha ocnoBe [IM [4] Hamm monyueHa oOmas ¢opma BhIIIEYKa3aHHBIX
3aK0HOB (cM. (19a), J1.4), Ha3bIBaeMast yHUBEPCATbHBIM 3AKOHOM YEHMPATIbHO20
00MeHa. ITO CTaJIo BO3MOXKHBIM OJ1arojapsi HAWJCHHBIX OTBETOB Ha CIIEIYIOIUE
BOIIPOCHI:

1) KakoBa npupona Maccel 7 31eMEHTAPHBIX YacTUI?
2) Uto Takoe 3apsij ¢, KaKOBa €ro UCTUHHAS MPUPOJIa U, CIICJ0BATEIHHO,
npaBuiIbHAs pa3MepHocTh? [lpu 3TOM cienyer MOMHHUTh, YTO Pa3MEpPHOCTH,
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BBIpa)KEHHAsI, 0€3 MCKIIIOYCHUS, TOJNBKO IENBIMH CTETCHSIMHA OOBEKTUBHBIX
eanHUIl (cm, g, M S), MOJKET CUMTATHCS MIPABUIILHOM.

3) OT KakuxX mapamMeTpoB 3aBUCUT KOI(GHUIHMEHT NPOMOPLIHOHATILHOCTH
k B 3axone KyioHa, 1 KakoBbI €ro abCOMIOTHOE 3HAUEHUE U Pa3MEPHOCTH?

4) Kak cooTHOCSTCS MeX Ty CO00# mapameTpsl m u g?

Tenepb MbI MOXEM TIOJTYYUTH OTBETHI Ha CIICYIOIIHE BOMIPOCHI. 3aBUCHUT JIH
TpaBUTAITMOHHAS TMOCTOSIHHAsI G OT Kakux-nubo mapamerpoB? Ecmu ma, To oT
Kaknx uMeHHO? KakoBa mprpo1a rpaBUTAIIMOHHBIX TTOJICH?

Bce mponecchl 1 00beKTH BO BeeneHHOM UMEIOT BOTHOBOW Xapakrep. JTo
KacaeTcs MoJIeH JII000H MPUPO/Ibl, BKIItOUYas TpaBuTaiiioHHble. COOTBETCTBEHHO,
(yHIaMeHTAIbHBIC TIApaMETPhl BOJIHOBOTO T'PABUTAI[MOHHOTO TMOJIS JIOJDKHBI
OTIPENEISATHCS 8OIHOBbIMYU PEIICHUAMU U NOOUUHSAMBCS YHUBEPCATLHOMY 3AKOHY
YeHmpanvbHo20 00OMeHa, KOTOPBIA MbI BIICPBbIC Hayald pPacCMaTpUBaTh B
npeapiayien nekuuu. IlepeiaeM K n0poJoIKeHUI0 paCCMOTPEHUS 3TOM TEMBI.

2. (I)yH)_IaMeHTaJIbHaﬂ JacTOoTa rPAaBUTAINUOHHOI0 IOJIA

Takum oOpa3oM, C Yy4YeTOM CBSA3M MEXIY 3apsgoM OOMEHa ¢ W
InpUcoeIUHEeHHOW Maccoit m, g=m ((15), J1.4), ynueepcanvuwii saxom

yeumpanvrozo oomena ((19), J1.4) npuanmaer Buz,
2 mm,

F=o . 3
fund 47'C807'2 ®)

B 53TOM ypaBHEHMHM BCE COCTAaBISIOIIME IIAPAMETPHl HMEKOT CTPOro
OTpeeNEHHbIN (PU3MYECKHH CMBICIT U Pa3MEPHOCTh. A MMEHHO, M| U My —
npuUcoeouHénHble MAacchl B3aNMOJACHCTBYIOIINX YacTUL, Mfnd — OIHA U3 ABYX
CMpo20 ONPedeNéHHbIX YHOAMEHMANbHBIX YaCmom 0OMeHa: Asl aTOMHOTO U

Ccy0aToOMHOr0 YpOBHEH 3TO ®¢; A TPaBUTALHMOHHOTO YPOBHI — .

-3
MHOXUTEIb &) — abcomomnast e()uuuua niomuHocmu, €, = 1 gxcm .

DOmom 3axoH aexcum 6 ocroge Llpupoouwr.

3axon ecemupHnoco msazomenuss Hviomoua ABISETCS YaCTHBIM CIydaeMm
3aKoHa HeHTpaibHOro oomeHa (3). OtkpeiThiii HetoToHOM B 1687 TOmMy 3aK0oH
BCEMHUPHOI'0 TATOTCHU, COIJIACHO KOTOpPOMY KaXJasd YacTUlla HNPUTATHUBACT
KaXxAylo APYTYyIO ¢ CUJIoi F, onpeaensieMon BbIpaXkeHUEM
m;m
— 17772
F=6G—=, 4)

r



0 CHX TIOp, KaKk W TPEeXAe, MPEIACTaBICH B CBOEM IEPBOHAYAIHLHOM BHIIE,
MMOCKONBKY ~ (PYHKIIMOHANBHAS 3aBUCHMOCTB, CKPBITAs B 2pASUMAYUOHHOLU
«nocmosinuoi»y G, 10 CHX TIOp HEU3BECTHA COBPEMEHHON (DH3MKeE.

Cnenys oOmieli dopMe 3axoHa yewmpaivHozo obmeHa (B3aUMOJICHCTBHS)
(3) (em. (19a), J1.4), MBI Temepb MOXKEM TPEIACTABUTEL 3AKOH BCEMUPHO2O
mseomenus (4) B ero UCTHHHOU (opme, coriacoBaHHOW ¢ 3akoHOM (3). s
3TOTO0 HEOOXOAWMO pPa3BepHYTh W TEpenucaTh HBIOTOHOBCKYIO (opmyiry (4)
TakuM 00pa3oM, 4TOObI B 3HAMEHATEIE COACPIKAINCH JIBa HEJOCTAIONINX YJICHA-
napameTpa, XapakTepHBIX JJIsi [IEHTPATBLHOTO 0OMEHa, KOTOPhIM, HECOMHEHHO,
SIBIIIETCS] TPABUTAIIMOHHBIN OOMEH (B3aMOIEHCTBUE) MAaTEePHUAIBHBIX 00BEKTOB:

(1) Koaddumment 4mn, BeIpaxaromuid cgepuueckyro U30mMpoOnHOCHb
LIEHTPaJIbHOr0 OOMEHa, KaK 3TO UMeeT MecTo B (3).

(2) AOcomoTHast eIWHWIA TUIOTHOCTH &), BBIPAXKAIOMIAS B3AUMOCEA3L
Mamepuu u npocmparcmea (XapakTepu3yeMyr MepaMH Macchl B 00bEMa), WK
cooepoicanus u popmut [3].

BBoas 3T MHOXHTENH B YHCIWTENb M 3HaMeHATenb (4), Mbl IPUXOAUM K
3aKOHY TSATOTEHUS B BUIE:

m,m
Fay- 2 (5)
4neyr
rae y=4ng,G .

CpaBHUBas Tenepb HEHTPAIbHBIN 00MEH, IPeCTaBIeHHBIN B IBYX (hopmax
(3) u (5), MBI HAXOIUM B3aUMOCBSI3b MEXKIY YHOAMEHMATbHOU YACMOMOU NOJA
00MeHA HA 2PABUMAYUOHHOM YPOBHE Mg U 2PABUMAYUOHHOU nocmoantol G-

O, = /4naOG . (6)

-8 -1 3, .2
3HaueHne KOHCTAHTEI G =6.67384x10" g~ xcm’ xs H3BECTHO U3

SKCMEPHMEHTA, a a6COMOTHAs eIMHHUIIA TUIOTHOCTH &, =1 gxcm™ .

CrnenoBarenbHO, U3 (6) cienyeT, 4YTO (QVHOAMEHMANbHASL 4aACOmA
B0JIHOB020 2PABUMAYUOHHO2O NOJIsL PABHA

o, =9.15783527x107" 57! (7)

BonHoBOe 1oOj€ 3TOH uacTOTbl OTBEYAET 3a ePAGUMAYUOHHBIL OOMEH
(63aumodeticmeue)  DNEMEHTApHBIX  YacTHI[ ¥, COOTBETCTBEHHO, 34
TPaBUTAIIMOHHBIN 00MEH Bcex 00BeKTOB Bo Beenennoit. U B wacTHOCTH, YacToTa
wg (7) ompenenser yHOpAJOYCHHOE pAacIloOJOXEHHWE OpOUT TIaHeT W X
crryTHUKOB B COTHEUHOM CHCTEME U T. .
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3. ®yHjaaMeHTAJbLHbIH IPABUTAIIMOHHBIN BOJIHOBOM pajnyc

3Has g U 1oJaragd, 4To IrpaBUTAllMOHHOC B33HMOH€ﬁCTBHC OTHOCHUTCA K

ypoBHIO, The Oa3mcHasi CKOpocTb ¢ =2.99792458 x 10" cmxs™", maxomnm

60IHOBOU 2PAGUMAYUOHHBIT PAOUYC FTTEMEHTAPHBIX YaCTHUIL:
c
r, =k, =—=3.27361706x10" cm ~ 327.4 Mkm (8)
®
g
Ha nameit 3emine Mbl HaxoOuMCA BHYTPU TMTAHTCKOM TpaBUTAMOHHOU
BOJIHBI M TTIO3TOMY BOCIIPHHHUMA€M T'PABUTALIMOHHOE I0JI€ KaK CTallMOHApHOE, a
HE Kak BOJIHOBOE. 3BE3NHBIE CHCTEMBI — 3TO cepudeckue OOBEKTHI
METanpoCcTPaHCTBA — aTOMbl Meramupa. X BOJHOBBIE O0OJIOUKH, HMEIOIIUE

IPaBUTALMOHHBIA pamuyc r, ~327.4 Mkm, ONPEAENAIOT NPOCTPAHCTBEHHYIO

TPaHUIly, Pa3leNsIONIyI0 KojleOaTenbHble U BOTHOBBIE OONACTH C(HEPHUECKOTO
MOJIA-IIPOCTPAHCTBA 3BE3.

BoHOBOI I'paBUTAIMOHHBIM PagUyC OMNPEACISeT, TaKuM 00pasom,
BOJIHOBYIO T'PaBUTAIIMOHHYIO c(epy ¢ MEepexoJHOH BOIHOBOW 30HOM, KOTOpas
pasmensier  cepuvecKkoe  MPOCTPAHCTBO-TIOJNE  YAacTUIBI Ha  ONMKHIONO
KojeOaTeibHy0 00J1acTh (007acTh 0Oa3uca) W AAJBHIOW BOJHOBYIO 00J1acTh
(obmacTh HaICTPOUKH).

Ecnn gwactumel 0o0pa3yroT KocMuueckne OOBEKTHI, HAMpUMeEpP 3BE3IBI, TO
00JacTh TpaBUTAMOHHOTO paauyca (8) (Kak mepexomHas 30HA, pa3JeNsromas
0a3uc M HAICTPOMKY MOJS 3BE3N) JOJDKHA XapaKTepU30BaThCS PAIOM KOJEIl-
obonouek. B CoxHeuHOW cuUCTeMe OHH TMPEACTaBJICHBI KOJbIAMH acTEPOUIOB
Bokpyr CoIlHIla, TPUMBIKAIONUMH K 00OJIOYKE TpaBUTAIMOHHOTO paauyca. B
3TOW O00JIACTH KPYIHBIE IUTAaHETHI CYIIECTBOBaTH HE MOTYT, TIOCKOJBKY
repexo/iHasi 30Ha Obllla MECTOM HauboJiee MHTEHCHBHOTO JBIKEHUS B IIPOIIECCe
(hopmupoBanust COTHEYHON CUCTEMBI.

Takum oOpaszom, BeITekaromui u3 M 3akon yewmpanvHoco obmena Ha
YPOBHE I'PaBUTALMOHHBIX TOJIEH NPEICTAaBISETCS B BUIE:
2 _Imnt,

F=o > 9

¢ dne,r
rie g — QyHOAMEHmMAanbHas 4acmoma 2pasumaytiOHHO20 NOis OOMeHa —
HEW3BECTHBIH 70 CHUX TOp (YHAaMEHTaIbHBIM MapaMeTp TPaBHTAIIHOHHOTO
HOJISL; mi U My — NpucoeOuHeHHvle MAccbl JBYX YaCTHIl, HAXOMIIMXCS Ha



paccTosHMM 7 OpYyr OT Apyra; &,=lgxcm” — abcomommnas edunuya
NJIOMHOCMYU MATEPUH.

W3 cpaBHeHus ABYX ypaBHEHHil: TEOPETHUYECKOTO, BBIBEIAEHHOro u3 JM
(9), ¥ HBIOTOHOBCKOTO, KCIIEPUMEHTAIBHOTO (4), KOTOphle 00a OTHOCATCS K
OTHOMY M TOMY € SBJICHHIO, CIEIYyeT, YTO TPaBUTALIMOHHASI «IIOCTOSHHAs»

OIMpeACIACTCd CICAYIONIUM PAaBCHCTBOM!

(,02

G=—= 10
4re, (10

CrnenyeT MOMYEpKHYTH, YTO CYIIECTBOBAHHE I'PAaBUTAIIMIOHHONW YaCTOTHI (g
W TPaBUTALIMOHHOTO BOJIHOBOTO pajuyca Ag, Hapsay ¢ (GyHIaMEHTaIbHOM
4acTOTOH (M. W BOJHOBBIM PAJNYyCOM A, CyOaTOMHOTO YpPOBHS 3J€MEHTapHBIX
YaCTHII, TOKAa3bIBaeT HEPA3PBIBHYIO CBA3b MUKPO- U METao0bEeKTOB BeeneHHoi B
enuHoM Komiuiekce beckoneuno Maioro m beckonmeuno bomsmmoro, kak
COCYIIECTBYIOIIUX MOJISPHBIX MPOTHBOIOIOKHOCTEH TUAIEKTUIECKON JIOTHUKH,
Ja u Her.

4. YHUBepCAJbHbII 3aKOH HEHTPAJIBHOT0 00MeHa

Heiitpons!l sBnstorTcss 0a30BBIMM  YaCTHLIAMH AaTOMHBIX CHUCTEM (Kak
OCHOBHBIE €IMHUILIBI MACChI). | pagumayuonuwviil 3apa0 HelumpoHa paBeH

q, =m,o, =1,533870877x10 g xs™' (11)
rae m, =1.674927351x107* g .

Hei#TpoH 0IHOBpEMEHHO SIBISIETCS (PYHOAMEHMATbHLIM KEAHMOM MACCHl 1
@dyHOaMEHMATbHBIM 2PABUMOHOM C TPABUTALIMOHHBIM 3apsiioM 0OMeHa ¢g.

Yuueepcanvnoui  3axon  yewmpanvHozo o0bmena  (B3aMMOJEUCTBUS),
BEITeKarommid u3 JIM, MOXHO 3armucaTh B CIEIYIOIIEM BUJIE:

zm)(Zm
F:(’O?ﬁmd( )( 2) (12)
' 4neg,r
rme z W Z — OTHOCUTEIbHBIE MAacChl B3aWMOJICUCTBYIOLIUX YaCTHII,

g, =1gx cm™ — aBCONMOTHAS MHALA UTOTHOCTH, 711 — MPUCOSANHEHHAS Macca
B3aI/IMO,Z[eI\/’ICTBy10HII/Ix SJICMCHTAPHLIX YaCTHIL, 3JICKTPOHOB HUJIN HeﬁTpOHOB.

3akon Ky]lOH(l B3aHMOH6ﬁCTBHH TOYUCYHBIX 3apsAJ0B U 3AKOH 6CEMUPHO2CO
mseomenuss Holomona SBISIIOTCS YaCTHBIMU ClIy4dasiMi 3TOro yHUBEPCAJIBLHOI'O
3aKOHa. (DaKTI/ILICCKI/I, CJICAYIOIHNEC YPABHCHUS



_p (zm)@m)

Fe Ame (13)
nu
2 (zm,)(Zm,)
F, =} 2200 (14)

2
4dne,r
OIMKCHIBAIOT COOTBETCTBEHHO OOMEHHOE B3aUMOJICHCTBHE Ha YPOBHE BOJIHOBOTO
«anekmpureckozo» mons (13) Ha 0OCHOBE 3JICKTPOHA C PUCOCTUHEHHON Maccon

m. 1 OOMEHHBIM («9eKmpuieckum») 3apsaoM e =m, o, (3akon Kyiona); u

00MeH-B3aUMOJICIICTBIE HA YPOBHE TPAaBUTAIIMOHHOTO BOJHOBOTO 1o (14) Ha
OCHOBE TPaBUTOHA-HYKIIOHA C TPUCOSAMHEHHOW Maccoil m, W OOMEHHOMU

MOIIHOCTBIO (TPaBUTALOHHBIM 3apsiioM) ¢, =M, ®, (3akon Hetomoua).

5. 'paBUTalIMOHHAS YACTOTA U BPeMeHHbIEe MapaMeTphbl 3eMJIH

Takum ob6pazom, u3 JAM HCXOOUT MHOTO HHTEpecHOTro. Paccmorpum
clenyromui (akT, KOTOPBIA CBS3aH C OTKPBITHEM IPUPOABI I'PAaBUTALUH H
HEM3BECTHBIM paHee (yHIAMEHTAJbHBIM IapamMeTpoM, XapaKTepU3YIOLINM
TpaBUTALMOHHbIC MOJIs, PyHIAMEHTATBHON YacTOTOH (.

I'paBuTanIIOHHAs YaCTOTA Mg OTIPENCTSET PAOUANLHYIO BPEMEHHYIO GOIHY-
nepuoo T,

2
T, =" = 0.686099402x10" 5 (15)

(Dg

Asumymanvuas — epemeHHas  60IHA  YHOAmMeHmaibHo2o moua 1.,

COOTBETCTBYIOIIAsl 3TOMY TIEPHO/TY, PABHA:
T, =4nT, =8.62177937x10% s (16)

3Ta BCJIIMYMHA HpaKTI/IIIeCKI/I COBIIaAa€T C 3CMHBIMHU CYTKaMI/I, paBHI)IMI/I
24y = 8.640x10%s

Bpemennaa eonna T. TOBTOPSIET CTPYKTYPY HPOCHMPAHCHIBEHHOU BOJIHbl
(byHIaMEHTAJIbHOTO TOHAa Ha OOPOBCKOH opbute, A =477, U aHAIOTHYHYIO
CTPYKTYpY a3UMyTaJbHOHN (IOTEPEeUHOi) 3JIEKTPOHHOM BOJHBI OCHOBHOTO TOHA,
A,=4mr, (the re — Ppagdyc  IEKTPOHA,  OIpeAeisieMbli  ero
XapaKTePUCTUYCCKON BOJIHOBON 000JIOUKOH).

CaenosarensHo, ¢ yu€toM (15) u (16), epasumayuonnyio «nocmosauuyo» G
(10) MO>XHO IIPEACTABUTH TAKXKE CIEAYIOINM 00pa3oM:
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T2
17,
BrimenpuBeeHHBIE COOTHOIIEHUS MMOKA3BIBAIOT, YTO 3eMJIS HAXOIUTCS B
PC30HAHCHON TapMOHUYECKOH CBS3M C (yHIaMEHTAIbHOW T'PaBHTAIMOHHOM

G

(17)

4acToTON M,. [I0m0OHO TOMY, Kak 3J1eKTpOH Ha OOPOBCKOM opOHUTE HAXOAHUTCS B
FapMOHHMYECKOW  pPE30HAHCHOW CBS3W € (DyHJAaMEHTAJILHOW  YacTOTOM
Ccy0aTOMHOTO M aTOMHOTO YPOBHEH ..

Takum o0Opa3zom, 3eMys MPUHIUITUAIBHO OTIUYACTCS OT APYTUX IUIAHET,
MOJI0OHO TOMY, KaK aTOM BOJIOPOJia OTJIMYACTCS OT BCEX OCTAIBHBIX 3JICMECHTOB
Tabmuibl  MeHJeneeBa, 3aHMMas o0co00€ MeCTO B IPOCTPaHCTBE-IOJIE
CotHeYHOM CHCTEMBI, a BO3MOXKHO, 1 BO BceM Kocmoce!

6. 3akiIrouenune

IIpomomkass  mociIenOBAaTENbHOE  PAacCMOTPEHHME  BCEX  CIEACTBUM,
BBITEKAOIMX U3 JIM, MBI IPUIIUIM K CJIEYIOLIEMY INIABHOMY BBIBOJY.

I'paButanuonnele monst — 3T0, MO CYTH, 60aHO8ble noiA. Bee Tak
Ha3bIBaEMbIC DJIEMEHTApHBIC YacTHUIIbl, CYIIECCTBYIOIINME B INPHPOJE, SBISACH
JUHAMUYECKUMHU IIyJIbCUPYIOIIUMHI MHUKPOOOBEKTAMH, CO3JA0T

rpaBUTAllMOHHOC II0JIC.

3axkon  ecemupnozo  msaecomenus  Hviomona u  3axon  Kynoma
B3aWMOJICHCTBUSI TOUYEYHBIX 3apSHKEHHBIX YaCTHUIl SIBISIFOTCS — YACHHbIMU
cyuasmu YHueepcanbHoeo 3aKoHa YeHmpaibHo20 0OMeHa.

DJeMeHTapHble YacTHULBl 00JaJal0T BOJHOBBIM TPABUTALIMOHHBIM I10JIEM

i . 4 -l
KpailHe HHU3KOM 4Yactotel , =9.15783527x10™" s, KoTOpast sBIseTCS
@dynoamenmanvroti  wacmomoil WX  oOMeHa  (B3aMMOJEWCTBUS)  Ha
2pasumMayuOHHOM ypoeHe. I'paBuTanimoHHOM BOJTHOBOM panuyc,
COOTBETCTBYIOIMI ITOH 4aCTOTE, paBeH r, ~327.4 Mkm .

I'pasumayuonnan «nocmosnuas» G npeacraBugeT coboil (uznveckyro
BEIMYMHY, (YHKIMOHAJIBHO 3aBUCSINYI0 OT (yHJAMEHTATbHOH YacTOTHI (.

. 2
Haiinennas 3aBucuMocTh umeet Bua: G = o, / 4me, .

AsumymanvHas — epemeHHas  80AHA  (pyHOamemmainvHo2o mona T,
orpenensemMas GyHIaMEHTATbHON TPaBUTAIMOHHON YaCTOTOW (g, TPAKTHUYECKH
COBIAAAET C MIPOJIOJDKUTEIBHOCTBIO 3EMHBIX CYTOK.



Bce momydeHHble NaHHBIE, BKIIOYas YIOMSHYTBIE 3€Ch, MOATBEP)KIAIOT,
YTO HAllla IUIAHETa 3eM/isl HaAXOOUMCs @ PEe30OHAHCHOU 2apMOHUYECKOU CBA3U C
(dbyHIaMEeHTaIbHOH IPaBUTAUOHHON YaCTOTOH (.

Takum  obpazomM, MBI MOXEM OKOHYATEIBHO  3aKIIOYUTh, YTO
2pasumMayUorHHoe 83aumooeticmaue TeJ TPEACTaBIseT co00il pe3yabmupyrouuti
B0IHOBOL 0OMeEH 8cex dNleMeHMAaPHbIX Yacmuy, COCTABIIMIONINX Tela, KaKaas nu3
KOTOPBIX KOJEONeTcs Ha 53TOM dYpe3BhIYalHO HU3KOH (yHIaMEeHTaTbHOU
4acToTe.
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