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Original scientific paper

The problem of formation of the gravitationally-bounded systems of otons (objects
of general relativity) in the Earth’s interior is discussed. The main properties of
such systems under the influence of the Earth’s gravitational field are calculated as
well as in the absence of any external gravitational field. The estimations of the size
of otonic systems, velocity and period of circulation of satellite otons around the
attracting centre, etc. are obtained. The formation conditions and mechanisms for
the gravitationally-bounded otonic systems of a planetary type are examined. The
manifestation peculiarities of bounded otonic systems in the physics of the Earth
are discussed.

1. Bseoenue

Yépnvle muiput [1] u, B Gosee mmporoM cMmbiciae, OTOHBI [2] (uépHure,
Geable W cepble ALIPHI) KAk OOBLEKTHI MPEACKA3bIBAEMbLIE B paMKax oOmei
teopun orHocurenasHocTu (OTO) ABAAIOTCA IpEeAMETOM MHTEHCUBHLIX TEODE-
TUYECKUX U DKCIEPUMEHTAJNLHLIX MCCIEIOBAHUM B aCTPOPU3UKE Y:KE B TEUe-
HUE IOJTOro BpeMeHM. Momeau OCHOBAHHLIC HA NPUBJICUYCHUU TAKUX OOLEK-
TOB HAIJIU IIUPOKOE IIPUMEHEHNE B aCTPOPYUIUKE IJIA OO LACHEHU PA3IAUHLIX
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KOCMUUECKUX ()EHOMEHOB, B OCODEHHOCTHU, T€X, KOTOPLIE CBA3AHLEI C OTPOM-
HeiMu 3Hepropoigeseruaymu  [2,3]. OHAKO, TONLITKA KCIEPUMEHTAILHOTO
HaGJII0 IEHUA B3PBIBOB MUKPO-UYEPHLIX JLIP B KOCMOCE He OBLIM yCIEIMHBIMY [4],
YTO CBA3LIBAIOT C UX YIAJSHHOCTBLIO OT 3emin. CyImecTBOBaHUE e MUKPO-
YSPHLIX OLIp BHYTPU 3€MHOTO MAapa U OMMAKAWIMNX KOCMUUECKUX Ted N0 CUX
IOp OCHApPUBAJOCL M3-33 MAaJOr0 CeYeHUA 3aXBaTa USPHLIX ALIP, 6Jarogaps
YeMy OHU IPOXOIAT CKBO3L 3EMJI0 MOA0OHO HeUTpuHO [5].

B mocmennee BpeMms OLLIM BBLIABUHYTHI apryMEHTLI B IMOJIL3Y CYIIECTBO-
BaHUsI OOJILIIOrO YKCJAa OTOHOB (B OCOBEHHOCTM MUKDPO-UEDHLIX OLIP) BHY-
Tpu 3emun [6] U OPEITOKEHDI PA3IMYHbIE BAPUAHTLI UX SKCIEPUMEHTAILHOTO
obuapy:kenus [7]. Takas mocTaHOBKA BONPOCA MO3BOJSET PEINTL HPOOIEMY
MEXaHU3Ma JIOKAJIU3AIUNA UCTOYHUKOB SHEPIrUM, KOTOPas OCTPO CTOUT KAK B
acTpO(U3MKe BBICOKMX 9Hepruil, Tak u B ¢usuke 3emuu [8] um muamer [9].
Tak, #aas OODLACHEHUS DHEPTETUKU BYJIKAHOB U 3E€MIIETPSICEHUN, O0COOEHHOC-
Tell BpameHus 3emiun (CMeIeHre TOJI0COB, TOAUYUHBIE ¥ CYTOUYHLIE BaPUALN
nepuoma BPAILEHUs), MOAEIUPOBAHUA PA3HOIO poJa aHoMaiuil (rpasura-
[UOHHDBIX, TEIJIOBLIX, JIEKTPOMATCHUTHBIX U T.I.), Oblia NPEMIOKEHA MOLEJD
MUKPO-UEPHBIX ALIP, HaXOAAmuxcs BHyTpu 3emiu [7,10], m paccmorpena
BO3MOKHOCTDL UX DKCIEPUMEHTAJILHOIO OOHAPYKEHUSI Uepe3 NeTEeKTUPOBAHUE
HeATpuHO [7] M perucTpanuio MUHYTHBIX BAPUALUN IPOU3BOAHLIX I'DABUTA-
[UOHHOTO IIOTEHIUANA — OTOHHLIX rpasuuMnynncos (OI'M) [11]. Boum npose-
IEHDI IPEeABAPUTENLHLIE 9KCIEPUMEHTLI IO OOHAPYKEHNIO KPATKOBPEMEHHLIX
Bapuauuii BTOPOU NPOM3BOJHON I'DABUTAIMOHHOT'O IOTEHIMAJIAa HA BapuoOMe-
tpe E-60 [11], pe3ynnTaTbl KOTOPLIX MOKHO KMHTEPIPETUPOBATL IOJIOMKUA-
TeapHo B cMmbicie peructpanuu OI'M. B mannuelimem mianupyercs mpoBe-
eHUE PACIIUPEHHLIX 9KCIEPUMEHTOB C HKCIOJNL30BAHMEM IMIUPOKOTO CIEKTPa
reou3nyeckoil anmaparypnl ¢ neabio perucrpannu OI'M. Ycmemnoe oc-
VIIECTBJICHNE STUX DKCIEPUMEHTOB IO3BOJMIIO OBI MOJNYYUTH HOKA3ATEIbLCTBA
CYIIECTBOBAHUA UYEPHBIX OBIP B IPUPOIE.

B macrosme#l crarbe B paMKax MOJENIM MUKDPO-4€pHUX Anip (nasee Oy-
IEM WCIOJNbL30BATL 0oJjiee OOmMUII TEPMUH — OTOHLI) PACCMOTPEH BOIPOC
O BO3MOKHOCTU CYIIECTBOBAHUS TI'DABUTANUOHHO-CBA3AHHLIX CHUCTEM OTOHOB
(I'CCO) Bayrpu 3emuu. Masbie OTOHDI, JIOKAIU3YIOMUECA B MUKPOCKOINYIEC-
KMX 00bEMax, CO30AI0T TEM HE MEHee IPABUTAIMOHHEIE 5 (EKTH, CDABHUMEIE C
s peKTaMr 0T KOCMUYECKUX TeJs. [109TOMY MOYKHO JOMYCTUTDL CYIIECTBOBAHUE
B 3eMile He TOJLKO OAMHOYHLIX OTOHOB, HO u caMuix pasHpix ['CCO (xpaTHLie
CUCTEMBI, CUCTEMBI IIAHETAPHOIO TUIA, CUCTEMLI TUIIA OTOHHOTO ~'ra3a”’ u
np.). Paccmorpenue takux Moneneit CymeCcTBEHHO PACIIUPSET SBPUCTUUYECKUE
BO3MOKHOCTU OTOHHOU reo¢usmku. B pabore OpOBemeHLI ONEHKU Xapak-
TEPHBIX MAPAMETPOB TAKUX CUCTeM (pasMepLl CUCTEMDI, CKOPOCTL U NEPUOI
obOpalmesusi OTOHOB-CIIY THUKOB BOKPYT MPUTSATUBAIOMIETO IEHTPA, MapaMeTPLI
ABKEHUS] CBA3AHHOM CUCTEMBI IO KPYTOBLIM OPOUTAM BOKDYT LEHTPA 3EeMJIn )
HAXOSIIUXCSA B OJI€ TATOTEHUA 3eMIIN, & TAKKe B OTCYTCTBME BHEITHETO IPaB-
uTanuonHoro noJsi. O6cy:kIar0TCa pa3anynbie BapuanTnl obpaszosanus ['CCO
U UX MOSBJIEHUs B reO(YU3NYECKUX SIBJICHUS.
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2. Ceoboonmne cucmemdv, 0mMoHo8

Paccmorpum kparko xapakrepuctuku ['CCO 06e3 yuéra BAWSHUSA TOJIA
TATOTEHUSA KOCMUYECKOro Tesa. [Ipennosnoxkenue o GOPMUPOBAHUU TAKUX CBO-
OOMHLIX CHUCTEM HOCUT HECKOJILKO MOMIEJLHLIA XapaKTep, MOCKOJLKY OIUHO-
YHBIE YEPHLIE OLIPLI UMEIOT OUYEHbL MAaJIO€ CEeUYEeHMEe 3aXBaTa U BEPOSITHOCTD
“X TPABUATAIMOHHOIO 3aXBaTa APYr OPYTOM B CBOOOZHOM MIPOCTPAHCTBE
HUYTOKHO MaJjla Jaske [OPU HAJIUYAKM OYeHbL OOJILIIOrO UYKCia OTOHOB B
paMKax OTOHHOIO ClieHAapus oOpa30BaHUs YEPHLIX OLIP B Hamel Meraranak-
ture [2,12]. T'opasno 6osee BEPOATHLIM ABIAETCSA 0OPA30BAHUE TAKUX CUCTEM
B KOCMWUYECKUX TeJlaX, B I'PABATAIUOHHLIE MOTEHIUAJILHLIE ~AMDLIT KOTOPLIX
OTOHBLI MOTYT MONAAaTL ¥ HAKAILIMBATLCA, TAK UTO BEPOSITHOCTL IPABUTA-
[MOHHOTO Iepe3axBaTa OTOHOB APYr APYLOM MOMKET YiKe OKa3aThCs IOCTa-
TOYHO OOJILIIOMN.

Hns ouenkn mmanaszona pasmepoB ['CCO miraHeTapHOTO TUMA BLIYKUCIUM
pacCTOAHME Ha KOTOPOM OTOH C Maccoil M co3maéT cuily NpUTSKEHU,
paBHYIO Cuje TSHKECTH Ha 3eMHOU moBepxHOCTH. Torna mMeem

. M 12
Ry = ( 2) Rg (1)
@

rne Mg-macca 3emnu, Rg-skBaTopmanbHbiii pamnyc 3emiuan. Pesynabrarot
pacdéToB BeaumuuHLI [ npuBeneHsl B Tabnune 1 1A pasnugabix Macce Mg
[EHTPAJILHOTO MPUTATUBAOIIEr0 OTOHA. 3MeCh *Ke YKA3aHLI 3HAUEHUsS CKO-
poctu Vy u mepuoma T obpameHus OTOHA-CIyTHuUKa ¢ Maccoit My = 10°
KI' IO KpYyroBoil opbure paauyca R Bokpyr orona ¢ maccoit M§ (My < M),
paccuYnTaHHLIE IO U3BECTHLIM (opmynam [12]

Vo =

(G(Mg; + MO))1/2 )

Ry

Tabanna 1. Cropocrs (V) u nepuon (T§) obpamenus oTOHA-CILYyTHUKA MAC-
coit My = 10° kr mo KpyroBoit opbute pamaycom Rj BOKPYT MPUTATUBAIONIETO
HeHTpa Maccoit M B OTCYTCTBHE BHEIIHETO IDABUTAIMOHHOTO OJIA.

| Mg (xr) | Ry () | V' (w/e) | T5 (o) |

10t 0,852 | 2,843 1,822
10'3 8,252 | 8,990 5,762
10'% 82,52 | 28,43 18,22
10'7 825,2 | 89,90 57,62
10%9 8252 284,3 182,2
10! 82516 | 899,0 576,2
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Ri3 1/2
=21 =———
= () ¥

rae G-TpaBUTAIMOHHAA TIOCTOAHHAA. AHAJM3 TPUBEICHHLIX OIEHOYHLIX pe-
3yJIbTATOB IOKA3BIBACTDL, YTO 3HAYECHUE R{ NI OTOHOB-CIyTHUKOB HEBEJIUKO.
Tax, npu usmenenuu MG ot 101 mo 10%! &r, R} wusmensercs ot 0,825 mo
83516 M. CKOpPOCTL IBIKEHUs OTOHOB-CIIYTHUKOB II0 KPYTOBLIM OpOUTaM
BOKDPYT NPUTATUBAIONIETO MEHTPA TAKKE Maja, 4To 06YCIOBIEHO HEBONLIIUMU
mMaccaMu (0 cpaBHEHUIO ¢ Mg) OPUTATMBAIOMUX OTOHOB. Hampumep, CKO-
pocts mewkenus Vg oTtoma c¢ maccoit My = 10® kr (mpeas3prBHO OTOH) 1O
KpyroBoit opbure BokpyT menrpa ¢ Mg = 10! xr cocraBnser 2,85 m/c, mpu
®TOM IepuoJ o0palleHnsa CIyTHUKa paseH 1 = 1,82 c.

B cBoGomunix I'CCO, rme BHemHee IPaBUTAIMOHHOE IIOJIE HE HAKJIAILI-
BaeT OrPAHMYEHUH HA pa3Mephl CUCTEMbI, OTOHDLI-CITY THUKM MOTYT HAXOIUTLCS
Kak Ha opburax ¢ pammycamu R < R{j, Tak u Ha opburax c R > Rj. Ilpn
9TOM, C yBeJIUUYEHHMEM Paquyca KPYTrOBLIX OpOUT CkOpocTh V' mamaer, a me-
puon obpamenus T; Bozpactaer. Tak, m1a oTOHA-cIyTHUKa ¢ Maccoit 107 kr
CKOPOCTL ¥ Iepuok oOpalleHusa IO KPyroBoil opbure pamumycom R = 100Rj
BOKPYT menTpa ¢ Mg = 10'3 kr 6ynyT cocrasaars 0,9 m/c u 918 ¢ (15,3 mun),
COOTBETCTBEHHO. 3aBUCUMOCTL YCKOPEHUS ¢ IS MOJIEH TACOTEHUSI OTOHOB OT
PacCTOSHUA [0 IIOBEPXHOCTH cepu pamuycoM R MoxkeT OLITL paccunTaHa IO
OOLIYHOM HBLIOTOHOBCKOM (opMmyie gn, = gR* /(R + h).

3. Cucmemv, 0moro8 8 NoAe MAZOMEHUT IeMAU

OmnenuM XapakTepHbIE pPa3Mephl CUCTEMBI OTOHOB IIJIAHETAPHOTO TUIIA
(OTOHLI-CIIy THUKM B MOJI€ HEHTPAJILHOTO IPUTATUBAIOMETO OTOHA ) HAXOAAMEH-
Ci B IOJIe TACOTEHWs] 3eMJM W ABIKYIEHCs IO HEeKOTOpo#l opbure (mis
VIPOIIEHUs OIEHOK OyIeM pacCMaTpUBaTL KPYrOBbLlie OPOUTLI JeKallue B
NJIOCKOCTU SKBATODA U HE BLIXOIAIME 3a NpENesnl 00béMa 3eMin) BOKPYT
3apOJLIIIEBONO OTOHA PACIOJIOKEHHOTO B IEHTPE 3EMJIN.

IIycts mpurAaruBaromuii oTOH ¢ Maccoil M{ ABWKETCA IO KPYTrOBOU IOA-
®KBATOPHOI opbure ¢ pamuycom Ry. Bokpyr Hero mm:kercsi OTOH-CIyTHUK C
Maccoit My. Torma paccrosHure MexIy HPUTATMBAIOMUM OTOHOM-IIEHTPOM U
TOYKOH, TJie CUJILI MPUTSKEHUA STOrO OTOHA U 00béMa 3emMiu (3aKIH0IEHOTO
B chepe pammycom RY u mmeromero maccy Mg ) neficrByromue Ha Maccy Mo,
YPaBHOBEIINBAIOTCSA, COCTABUT

R
()"
Mg

3nec Ry = Ry + Rj,. Benuumsa R; (pamuyc OpOHTLI OTOHA-CIyTHHUKA)
xaparkrepusyer paszmep ['CCO cocrosimeil m3 AByX OTOHOB U ABWLKYIIEHCS

(4)
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Tabauna 2. Pamgmycer kpyroseix opour (R;) oTOHa-cmyTHUKA Maccoi My =
= 10° kr 8 ICCO (M} — Macca HeHTpPaJLHOTO OTOHA) NBUKYyTIeHcs B ToJe
TATOTEHWA 3eMJIU 10 KPYTOBOIl MOASKBATOPHOM opbuTe pammycom It .

Mg (xr) | 10M 10%3 10%° 10%7 1019 10%
Ry (xm) | Ry (M) | Ry (M) | Ry (M) | Ry (M) | Ry (M) | Ry (wm)

6370 0,82 8,25 | 82,49 | 824,9 | 8249 | 82492
6300 0,82 8,24 | 82,37 | 823.7 | 8237 | 82369
6000 0,82 8,21 | 82,11 | 821,1 | 8211 | 82107
5000 0,83 8,29 | 82,87 | 828,7 | 8287 | 82874
3000 0,85 8,49 | 84,85 | 848,5 | 8485 | 84853
1500 1,15 11,5 | 1154 | 1154,1 | 11541 | 115412

500 1,93 19,3 | 192,8 | 1928,1 | 19281 | 192813

IO KPYroBO#l opbure BOKpPYT meHTpa 3emun. [IOCKOJLKY paccMaTpuBaeMble
OpOUTLI ABJIAIOTCA KPYTOBLIMU, TO BIUSAHUE MaCC 3EMJIM, BHEIIHUX MO OT-
HOmeHWIO K chepam ¢ pamuycamu Rg + Ry > R > R}, MOKHO HE YUMTLI-
BaTh. Kpome TOro, 3mech mpeHeOperasoch HCKaKEHMEM KPYTOBOW OPOUTEHI
OTOHA-CIIYTHUKA, BLI3LIBACMLIM ACHCTBUEM HENEHTPAJNLHLIX CUJ, KOTOPLIE
00yCJIIOBIIEHBI BIAUSHUEM MACC 3EeMJIIN JISKAIIUX MO CPEepOt C TEKYIMUM 3HAYE-
HIEM Paanyca-BEKTOPA OTOHA-CIIYTHUKA. Pe3yabTaThl PACYETOB BEIUYMHBI R
IpY pa3/WYHLIX 3HAUYEHUAX napamerpos M) u Ry npusenennt B Tabiune
2. Ilpm pacuére macc Mg yunmThIBaJach HEPABHOMEPHOCTL DaCIpeeIeHUs
IUIOTHOCTU 3€MJIM, YTO IIO3BOJAET IOJNYYUTHL OO0JIee€ pPeaJibHbIE PEe3YJIbTATEHI
B OTJMYMe OT MOHAedu OmHOpomHoit 3emmu. s pacuéToB Oblia BbI-
6paHa MOZEIL CIOUCTO-HEOAHOPOIHON (B paauaibHOM HANDPABICHUN) 3eMIu
BRJIIOUAIOIAS MATL obsacrell ¢ pasnauuno#l niaoraoctoio [13]. Takasa momenn
Haubosiee ONM3KA K PEABLHBIM MeO(PU3NYECKUM AHHBIM.

W3 amagusa DOJNYYEHHUX peE3yJaLTATOB ciaenyer, uro pasmep ['CCO
BO3pacTaeT C IMepexonoM Ha Oojee riaybokme opOutTni. 3Havenus R, COB-
IaJaloT C mapaMerpamMu Rf cBobonHO# cucTteMu 0TOHOB 13 Tabmunnl 1 TOILKO
IJis OpPOUT CBA3AHHLIX CHUCTEM, JIEKAIMUX OJIU3KO K IIOBEPXHOCTU 3EMIIN.
PeannHLie ke pasMepLl CBA3aHHOW CUCTEMBI OTOHOB cocraBisaoT (mus M§ ot
10 mo 102! Kr) B cpexseM on 1 1o 10° M moist opbOur, Jeskamux Ha rIyOMHAX
1o 5-10% M or moBepxmoctu 3emimu. HazoséMm yenosro takue 'CCO makpo-
cucremamu. V3 Tabmaumner 2 Taxie BUIHO, 4TO CUCTEeMB pa3MmepoM 100Rj u
6osee (r.e. mpu R > R;) peaubHO cyumecrBoBarh He moryr, T.k. ' CCO B
5TOM CJIydae OKA3LIBAETCS HEYCTOWUYMBONM M BO3MOKEH Iepe3axBaT OTOHOB-
CIIyTHUKOB BHYTPEHHUMMU MaccamMu 3eMiau. B 1mesoM, BOKPYT IEHTPaJILHOIO
OTOHA MOKET OOpAImATLCSA MAOCTATOYHO OGOJBLIIOE YKCIO OTOHOB-CIIY THUKOB,
JeKAImUX Ha BHyTpeHHuX opburax ¢ R < Ry m mBmxymuxcsa ¢ HeOOIbIINMU
crkopocTsaMu. Takas cucTreMa HAIOMUHAET OOLIUHYIO IIAHETAPHYIO CUCTEMY
tuna Cosueunoii. Hamuume GOBLIIOrO YMciia OTOHOB-CIIY THUKOB HA BHYTDEH-
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Tabmuma 3. Cropocts (V) n nepuon (1) obpamenus I'CCO mmazeraprOro
tuna (Macca menTpadbHoro otona — 10 kr) mo kpyrosoit momsrBaTOpPHOI
opbure pamuyca R BOkpyr mexrpa 3emmu (Mg — macca 3eMiu, orpaHAYn-
BaeMad cepoit pammyca Rf. A = Rg — RY,.

| A () | Ry () | Mg (o) [ Vg (/) | Tz (c) |

8,4 ] 6370 [5,96:10%* | 7,90-103 | 5062 (84,37 mmn)
78,4 | 6300 | 5,8510% | 7,87-10% | 5027 (83,78 mun)
378,4 | 6000 | 5,34-10%* | 7,70-10% | 4891 (81,52 mun)
1378,4 | 5000 | 3,64-10%4 | 6,97-103 | 4507 (75,12 mun)
( )

( )

( )

3378.,4 3000 1,25-10%* | 5,27-10° | 3578 (59,63 Mun
4878.,4 1500 1,69-10%% | 2,74-10% | 3433 (57,22 mun

5878,4 500 | 6,75-102 | 0,95-10% | 3309 (55,15 mun

HUX OpbuTax OyAeT MPUBOAUTDL K MEPUOAAUECKUM U3MEHEHUAM UX MapaMeTpPOB
13-3a B3aMMHOTO BJIWSHUA CIYTHUKOB IPYT HA APYTa.

OuenuM Tenepb CKOPOCTDL U MEPUOA OOPAIIEHUST TAKOW CBA3aHHON CUCTEMBI
OTOHOB (WM, UTO TO K€ caMoOe, MEeHTPAILHOrO OTOHA ¢ Maccoit M) mo kpy-
FOBO¥ MO I9KBATOPHON OpOMUTE BOKPYT 3aPOILINIEBONO OTOHA, PACIOJIOKEHHOTO
B menrpe 3emum. IIpeanmonommm, uro macca Mg obbéma 3emiun, Ha-
XOIAMErocsa Noa chepoit pagmycoM R;"B, cocpemoToueHa B LeHTpe 3emuu (B
HEE TakKKe BXOIUT U MACCA 3aPOMILIIIEBOIO OTOHA PACIOJOKEHHOIO B IEH-
tpe 3emuoro mapa). 'CCO ¢ mpurarusaromum nearpom My (Mg < M)
MBUZKETCA TO KPyroBoit opbute ¢ pamumycom RE. PesyanTaTol pacuéToB CKO-
poctu V7 m mepmona obpamenmsa Tj cucCTeMBl IO Takoit opbuTe mpuBe-
meunl B Tabaume 3 [ pa3ivUHLIX 3HAYECHUNR Rje. Kak Bumuo u3 Tabi-
ULl 3HAYEHUA KPYTOBLIX CKOPOCTEN OKAa3LIBAIOTCS OJIU3KUMU K MEPBOM KOC-
vugeckoit (7,912 - 10% m/c), mpuyém ¢ yMEHLITEHMEM paayca OPOUTEI CKO-
poCThL M mepuon obpamenus yMmenbmmaiorcsa. Tak mpu camxenuu RE ¢ 6370
1o 500 kM, Vg ymenpmaerca c¢ 7,9 - 103 mo 0,95 - 10° m/c, a T§ — ¢ 5062 ¢
(84,37 mun) mo 3309 c (55,15 mun). Ilpm pacuére My Opamack Mozmesnb
CIIOVCTO-HEONHOPOIHOM (B paauallbHOM HAIPABJIEHUN) IIOTHOCTH 3eMin [13],
[IOSTOMY TEPUOALI OOpAIEHUS CUCTEMBI CBA3AHHLIX OTOHOB BOKDYL IEHTPA
3eMiu O PAa3JIUYHBLIM OPOUTAM Pa3IUYaIOTCH, B TO BPeMsa KaK B MOIEIU
OMHOPOMHOW 3eMJIM ¢ MIOTHOCTLIO 0g = 5,5 - 103 ®r/m3 mepuon oGpamenus
0ToHOB Maccoii 1o 102! kr mo opburaM ¢ paamycaMmu RZ > 10 M mpakTUUecKn
omuuaroB (T.k. My < Mg) u pasen 5066 c (84,43 mumH).
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4. Yeaosus Gopmuposanus 2pasumayuonHo-Ccea3aHHLT
cucmem 0moro8

B mpenpiaymux pasmenax OLLIM NPUBEAEHLI ONEHKU HEKOTOPLIX U3 Mapa-
MeTpoB, xapakrepusyomux ['CCO, cymecTBOBaHTE KOTOPBIX BO3MOKHO BHY-
TPU KOCMUYECKAX TEJ PA3IUUYHON IPUPOILI, B YACTHOCTHA 3emMin. Bo3Hukaer
BONIPOC, KAKUE BCE-KE€ HEOOXOAMMLI yCJIOBUA IJiA OOpA30BAHUS TAKUX yC-
TORUUBLIX cucTeM?

TeopeTndyeckr BO3MOMKHO IPEMJIOKUTL HECKOJILKO BAPUAHTOB BO3HUKHO-
Berusa ['CCO. IlepBuit BapmaHT — 9TO NOmanaHue yKe CHOPMUPOBAHHON
I'CCO Buyrpn 3emnu B mporecce eé obpaszoBanus. T.K. CUMUTAETCs, UYTO
3emissz obpasoBajiach 3a CUET aKKpenuu IJaHeTe3mMatiell Ha 7’ 3apoani’
ITporoszemun [14], a camu miuaHeTe3VMay, KAk CJIEAyeT U3 OTOHHOIO CIie-
Hapus, Takke 0O0pa30BaJIMCL 3a CUET AKKPEIWU BEmEecTBa Ha OTOHLI, TO
MOJKHO MIPEANOJIOKNTL, YTO B IJIAHETE3UMAJISAX yike Moryu HaxoauTnes ['CCO.
Kpowme Toro, eciu pacMaTpuUBaTL MOIENL OCHUIIUPYIOmel Beemennoii, To e
cllelyeT MCKIIYATL BO3MOKHOCTL obOpaszoBamusa ['CCO mHa cramum c:kaTus
BemecTBa B »m0xy ~Boapmoro xpycra”. Torma, ecrecTBeHHLIM 00pa3om
chpopmmposanusie B paze cratus I'CCO, B ¢pase pacmupernus Beesnennoit ysxe
MOI'YT IIOIAAATL B KOCMUYECKHUE Tesa B Ipoluecce ux popmuposanus (aubo 3a-
XBATLIBATLCS [MOJISIMUA TATOTEHUs TeJI B MOMEHT UX IPOJIETA).

Bropoi#t Bo3smoxkubiii Bapuant ¢opmupoBanus ['CCO 3akmovaercs B
mepe3axBaTe 3€MHLIMU OTOHAMU [APYT Apyra Ha CBOM BHENIHWE OPOUTHI.
OpnHako, Kak BUOHO w3 Tabuuinl 3, OTOHLI ABIKYTCS IO OpOMUTAM BOKDPYT
[EHTPa 3eMJIN C MOBOJILHO OOJILIIMMU CKOPOCTAMU, TPUDIKAIOIMUMUCS 10
BeJIUUYMHE K IEePBOM KocMudeckoil. B To ke Bpemsa ckopocTu obpamieHus
OTOHOB-CIIyTHUKOB 10 opburam ¢ R > R} (TaGmuna 1) Mainl U COCTABIAIOT
OT HECKOJILKMX EIVHUIl IO NECATKOB METPOB B CEKyHIy. Torma OYeBUIHO,
YTO I'DABUTAIMOHHLINA 3aXBAT HA TakWe OPOUTHI B JAHHOM CJIydae HE MMEeT
MecTa, T.K. OTOHLI OyAyT ’HTPOCKAKUBATL APYT MUMO Apyra C OOJILIMUMU
cropoctsamu. OnHAKO IPU 9TOM BO3HUKAET BONIPOC, MOTYT JIX 3€MHLIE OTOHDI
Iepe3axBaTLIBATL APYT APYyTra Ha opOuTHl ¢ pasuycamu R < R;? OnenunMm to
paccrosHue

G(Mg + Mo)

R =
Va2

(5)

3necr My — Maca OTOHA-CIIyTHHKA, 3aXBaTLIBAEMOIO OTOHOM Maccout M| Ha
Kpyrosyio opbuty paaumycom R*, VI — cKOPOCTL MBWKEHMsS OTOHA-CILy THUKA
II0 KPYTOBO# OASKBATOPHOM opOuTe pamuyca R} BOKPYT meHTpa 3eMmin (Bek-
TOp CKOPOCTU Vg MOJKEH COBNANATL C BEKTOPOM CKOpOCTH V™ B TOUKe KpPy-
roBOU OpOUTLI, rJe NPOUCXOAUT TPABUTAIMOHHBIA 3aXBAT OTOHA-CILYy THUKA).
Pesyabrarer pacuéros Beanund R* u T* (mepuon ob6palmenus) IpeacTaBIeHbl
B Tabmue 4 mna My = 10 xr, Vg = V* = 7,876 - 10° m/c (Rf = 6300 kM)
¥ pa3iandHLIX 3HauveHnit M. OKa3bIBaeTCsA, UTO 3aXBAT OTOHOB-CILy THUKOB Ha
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Tabauna 4. Cropocts (V*) u nepuon (T*) obpamenus 0TOHA-CILYy THUKA MAC-
coit My = 10° kr mo kpyroBoit opbute pamryca R* BOKPYT IEHTPA IPUTAAKCHUS
¢ Maccoil Mj B IpaBUTAIMOHHO-CBA3AHHON MUKpOcHCcTeMe OTOHOB (Ry — rpas-
WTALMOHHLIA paauyc oToHa Maccoir My).

| Mg () | Ry (w) | R () [V (/o) | T (c) |

101t 1,48.10716 | 1,08-1077 | 7,876-10° | 8,6-10~ 11
1013 1,48.10~* | 1,08-107° | 7,876-10° | 8,6-10~°
1015 1,48-10~'2 | 1,08-1073 | 7,876-10% | 8,6-10~ "
107 1,48.10-10 | 1,08-10~' | 7,876-10° | 8,6-107°
109 1,48-10°% | 1,08-10' | 7,876-10° | 8,6-1073

Takux GONLIINX CKOPOCTSX BO3MOXEH HA opbmTnl ¢ pamuycamu ot 1077 mo
10! M mpu Macce mernTpa 3axBara 101 kr < Mg < 10 xr.

TakuMm oOpaszoM, B JAHHOUW CUTyaIuu OOpPa3yIOTCA y:Ke MUKPOCUCTEMDI
I'PABUATAIMOHHO-CBA3AHHLIX OTOHOB pa3MepoM mpubmausurennao or 1077 mo
10! M. B rTakoii cucTeme OTOH-CIlyTHUE IBIKETCA IO OpOUTE C OCPOMHOI
CKOPOCTLIO M OUEeHL MaJbLiM mepuogoMm obpamenms 1% (~ 107 — 1073 c).
Ilns cpaBHeHus: MOpsAAKa BeauuuH B Tabuuie 4 yKa3aHL 3HAYEHUs TPABUTA-
LMOHHOIO pamuyca Ry U NEeHTPaJbHOrO NPUTATUBAIOIErO OTOHA € MacCCOoi
M. Pazauna mesxny R; u R* cocraBiaseT OKOJIO HEBATU MOPSAIOKOB, TaK UTO
Ha TAKUX PACCTOAHUAX OT cdepnl IIBaprmmiabna MOXKHO CIUTATH, YTO CUIIA
NPUTKEHUS EHTPAJILHOTO OTOHA M3MEHAETCS II0 HLIOTOHOBCKOMY 3aKOHY.
O1eHnTL BEPOSATHOCTL OOpPA30BAHUS TAKUX MUKPOCUCTEM B 3eMile JOBOJLHO
3aTPYIHUTEIBHO, TOCKOJBKY OCTAETCS HEOIPEAeJIEHHBIM BOIIPOC O KOJIMYECTBE
oToHOB B 3emie [6] (KoTopoe MOMKeT KONeBATLCA B 3aBUCUMOCTYU OT MX MACCLI
or 1 no 10%°) m mmorHocTM pacmupenenenus ux opburt. T.k. obmacTn 3ax-
BaTa OTOHAMU ADPYT Apyra Ha opburol pamuycom R* (Tabauna 4) rpaifime
MaJia, TO IJs 0oJiee MM MeHee BEPOSATHOIO 00Pa30BaHUsA MUKPOCUCTEM, IIJIOT-
HOCTDL UX PaCIpeNeseHrs B HEKOTOPOM OTDAHUYEHHOM O00LEMe 3eMiu MOJLKHA
ObITL 3HAUYMTELHOW. MOMKHO Takke yTBEpP:KAATH, UTO OTOHBI, OPOUTHI KOTO-
pBIX JekaT OJMm:Ke K IEHTPY 3eMJIM, UMEIOT OOJLIIYI0 BEePOsSITHOCTL 06pa-
30BaHUsA CBA3AHHLIX CUCTEM, T.K. C YMEHLIIEHUEM PaIuyca OpPOUTLI 4acToTa
uX OJM3KOro MpOJIETa OTHOCUTENLHO IPYT ApYyra OymeT BLIIE IMPU MPOYUX
PABHBIX YCJIOBUAX.

Mo:kuo paccMmorperh u Tperuii BapuanT obpasoBanusa ['CCO, koTopuii
COCTOWT B 3aXBAT€ 36MHLIMU OTOHAMM BHENTHMX OTOHOB, BJIETAIOMUX B 3EMIIIO
C HEKOTOPOU CckopocThio. OMHAKO IMPU STOM MJisA 3aXBaTa OTOHA-CIIYTHUKA HA
BHEINHIOIO opbutry pammycoMm R > Rj (ecMm. Tabaumy 1) HEe0OX0 MO, YTOOLI
€ro CKOpOCTL Ipu mpoaére 3emuu cocrasisiaa uHe Gomee 900 m/c. B mpo-
TUBHOM CJIy4Yae 3aXBaT OTOHA-CIIYTHUKA HayKe IIPU COBIAIEHUUM BEKTOPA €ro
CKOPOCTHU C BEKTOPOM CKOPOCTHU B MEPUIEHTPE PEATLHON SIIUMNTUYIECCKON Op-
Gurol, HeBO3MOKeH. IIpu 3axBare :xe Ha opbutnl ¢ R < R (cm. Tabaumy 4)
CKOPOCTDL BHEIIHErO OTOHA MOMKET COCTABJATL MOPAAKA MEPBOM KOCMUYECKO,
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4TO SIBISIETCA OoJsiee peadbHbIM ycaoBueM. OmHAKO TAaKO BapUaHT TaKkKe
UMEeT ONPENeJSHHYIO OrPAaHWYEHHOCTL, COCTOSILYI0 B TOM, YTO ODJIACTL 3a-
XBaTa OTOHA-CIYTHUKA LNEHTPOM NPUTSEeHUA ¢ Maccoit or 102 mo 102! xr
BecbMa HesHauuTenbHa (cM. Tabaumy 4) m nmpeHeGpeRUMO Maja MO CPaB-
HEHMIO ¢ 00BbEMoM 3eMHOro mapa. IlosTomy naske mpu Haauduy OOJLIIOTO
uncira otoroB (= 10?) B 3emie, BEPOATHOCTDL MONAIAHNA BHEITHETO OTOHA TIPU
nposiére 3eMau B O0JIACTL TPUTAKEHUSA TAKOTO JIOKAJLHOIO IEHTpa U o6pa-
szoBarusa ['CCO kpaiiHe MaJia, XOTA U OTJIMYHA OT HyJs. B mpuHiune, eciau
y4ecTh 0o0mee BpeMs CYNECTBOBAHUS 3€MJIM, TO BEPOATHOCTL OOpa3OBaHUS
KaK MaKpO-, TAK M MUKPOCKUCTEM I'DABUTAIUOHHO-CBI3AHHBIX OTOHOB 3a 9TOT
Ieproa MOKET OBITHL yyKe 3aMEeTHOM.

PestoMupyst n3noskeHHoOe BBIMIE MOYKHO CKa3aTh, UTO HanbOJIee BEePOATHBIM
sBAsAeTCs anbo nonaganue yxke chopmupoBasubix I'CCO 060oux TUIOB BHYTPD
3emiuu, mub0 06pazoBaHMEe MUKPOCUCTEM B 3eMile 3a CUET Imepe3axBaTa OTOH-
amMu Opyr gpyra. B memoMm, He3aBUCUMO OT KOHKPETHBIX YCJIOBUi 0Gpaso-
Banus ['CCO HeAL3sT UCKIIOUUTL (AKT CYMECTBOBAHUS KAK MaKPO- U MUKPO-
CHCTEM C PACCUATAHHLIMU BLIMIE HapaMeTrpaMu. I[lo CBOUM MPOABIECHUAM
Bce paccmorpenusie Tunsl ['CCO (3a UCKIIOUEHMEM CHUCTEM C PaaUyCOM
OpOUTHI OTOHA-CIIyTHUKA TOPAAKa 1 KM u 0oJiee, Tae MOMKHO pa3NeiuTh
IefiCTBUE LEHTPA 1 OTOHOB-CILyTHUKOB) HE OYAYT OTIMYATLCS OT OAUHOYHBIX
0ToHOB. OTOHLI-CIIyTHUKM OyAyT BHOCUTL JIUIIL JONOJHUTEJLHLIA BKIAIL B
CYMMAPHYI0 SHEPreTUKY CUCTEMDLI. B3pLIB OJHOTO U3 OTOHOB CUCTEMLI HE
03HAYAET IPEKPAILleHUs NeMCTBUSA CUCTEMLI B LEJIOM (eCIM PAacCMaTPUBATD,
manpumep, ['CCO, obecrneunBaromyo ByJIKAHUUECKYIO IEATEJLHOCTL B OIIpe-
MEJIEHHOM palioHe), T.K. OyAyT IPOAOILKATL BLIACIATL SHEPTUIO APYTUE OTOHLI
cucteMbl. B apyrom ciydae, eciiu SHEPTETUKA BYJIKAHUUECKOU NEATEIHLHOCTHU
HE COOTBETCTBYET 9HEPTOBLLICIEHUSIM OIMHOYHOTIO OTOHA, TO TAKUE SHEPrOBLI-
JIeJIeHusI Bceraa MoykHO nmpunucaTh pevicrsuto ['CCO.

Cruenyer yka3aTh Takke Ha BO3MOKHOCTL CYIIECTBOBAHWS CHUCTEM OTOHOB

HE CBA3AHHBLIX HEMOCPEICTBEHHO MEKIy COOOM, HO MBUKYIMUXCS IO OJIU3KO-

PACIIOIOKEHHBIM OPOUTAM BOKPYT HEHTPa 3€MJINU U 9yTh CMEMEHHBIM OTHOCHU-

TeNBHO APYT Apyra no ¢aze. Ilepuon obpamenus mo sTuM opburaM B Ipene-

JIaX HEKOTOPOTO CJI0s (KOTOPLI MOMKHO CUMTATL OAHOPOIHBLIM) ¥ BCEX OTOHOB

rpynnst 0y AeT IPpUMEPHO OAMHAKOB, IOSTOMY TaKas IpyImna Oymer oO6pa3oBLI-
)

BATh OTOHHBIA ~ PO’ , ABKYIIUICS IO HEKOTOPOU obmieit ” ycpenuéuuoin” op-
bure.
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5. Bwsoown

Ananuz ycnoBuit popmuposanus u xapakrepucturk ['CCO npusen & cie-
IOYIOIIUM BBLIBOIAM:

1) Bosmoskuo cymectsopanne 18yx Tunos I'CCO (MaxpocucTeMLl 1 MUKDO-
cucTeMBl) B 3eMue.

2) MakpocucTeMbl OTOHOB XapakTepusytoTcs pazmepamu or 1071 mo 106 w,
HEOOJIbLIMIUMU CKOPOCTSMU OOpPAIIEeHNs OTOHOB-CIyTHUKOB IO KPYTOBBIM Op-
buram. PeanpHble pasmepnl MAKpOCUCTEMDLI B 3€MJie MOTYT OLITL OI€HEHDLI
UCXOMs M3 MAHHLIX O MacCaX BCEX OTOHOB CHCTEMLI M paauyca OpOuTLI
CBSI3aHHOW CUTEMBI OTHOCUTEJILHO IEHTPA 3EMJIU.

3) MukpocucTeMLl OTOHOB XapakTepusytoTcsa pasmepamu ot 1077 1o 10! w,
OYEHD DOJILIMUMU CKOPOCTAMU (IPUOIMKAIOIUMUCA K TIEPBOY KOCMUYECKON ) U
MAaJILIMU IIEPUOIAMU OOPAIIEHUA OTOHOB-CIYTHUKOB BOKPYT IPUTATUBAIOMIETO
IIEHTPA.

4) Ycaosus popmuposanus ['CCO B 3emse BrmodarwT B cebs Tpu OC-
HOBHBIE CXEMBIL: MONANAHNE yiKe COOPMUPOBAHHOM CUCTEMBI B 3E€MIIO, 3aXBAT
BHEIIHUX OTOHOB U I€PEe3aXBAT 3€MHBLIMU OTOHAMU APYT Apyra (XapaKTepHO
IULST MUKPOCHCTEM ).

5) TCCO B 3emie marT CyMMapHBIA BKJIAL B OOILYI0 SHEPIETUKY Te0pu3-
MYECKUX IPOLECCOB (BYJIKAHMYECKAS NEATEILHOCTDL U T.I.).

B 3arimoueHne AaBTOPLI BLIPAKAIOT CBOIO OJArOAapHOCTL Hpod. .
Xproumy (A. Hewish), npod. A. Camamy (A. Salam), npod. k. A. Yunepy
(J. A. Wheeler) u npod. A. ITensuacy (A. Penzias) 3a unrepec, IposBIIeHHLIA
K mpobJieMe CyImecTBOBAHUA YEPHLIX JALIP B KOCMUYECKUX Tejax.
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I'PABUTAIIMOHHO-CBA3AHHBIE CUCTEMBI OTOHOB B ®PUSUKE
S3EMJIN

AJIEKCAHIP II. TPOPMMEHKO, OJIET" JI. APTEMEHEKO

Acmpornomuneckas cexyus Munckozo omoesenus acmporHomo-2€00€3uteckozo
obwecmea, Muwnck-12, abonemenmund suux M 7, 220112, Geaapycoy

YK 530.12

OGcyskmaercs npobiaeMa 00pa3oBaHUA T'DABUTANMOHHO-CBA3AHHBIX CUCTEM
0TOHOB (001LEKTOB O0IEl TeOpUU OTHOCUTEILHOCTH) BHYTpU 3emin. IIpose-
JIeH PacuéT XapaKTEPUCTUK TAKUX CUCTEM KaK B TDaBUTANMOHHOM IOJE 3eMIIH,
TaK M B OTCYTCTBUE BHEIIHErO [DABUTAIMOHHOIO moJis. llosydeHBl OmeHKHM
pa3Mepa CHCTeM, CKOPDOCTU U NePUOIa OOPAINEeHNs OTOHOB-CILy THUKOB BOKPYT
IPUTATUBAIONMIETO I[EHTPa U APYTHUX NapaMeTpPoB. PaccMOTpEHBI MEXaHU3MBI
U yCJIOBUA (POPMUPOBAHUA I'DABUTAINOHHO-CBA3AHHLIX CUCTEM OTOHOB ILJIaHEe-
rapHOoro tuma. O6CykIa0TCa 0COOEHHOCTH IPOSIBIEHUS CBONCTB CBS3AHHLIX
OTOHHLIX CHCTEM B (U3MKe 3eMIIH.
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GRAVITACIJSKI VEZANI SISTEMI OTONA U FIZICI ZEMLJE

ALEKSANDER P. TROFIMENKO i OLEG L. ARTEMENKO

Astronomical Section of Minsk Department of Astronomical-Geodesical Society,
Minsk-12, Abonent Box No 7, 220012, Byelorussia

UDK 530.12

Originalni znanstveni rad

Razmotren je problem stvaranja gravitacijski vezanih sistema otona u unutrasnjosti
Zemlje. Osnovna svojstva tih sistema izra¢unata su pod utjecajem gravitacijskog
polja Zemlje i izvan gravitacijskog djelovanja. Dobivene su ocjene veli¢ine oton-
skih sistema, brzine i perioda kruzenja otonskih satelita oko privla¢nog centra itd.
Ispitani su uvjeti formiranja i mehanizmi gravitacijski vezanih otonskih sistema pla-
netarnog oblika. Razmatrane su osobitosti vezanih otonskih sistema u fizici Zemlje.
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