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Geophysical manifestations of otons (objects of general relativity) are discussed. 
Values of energy and flow of neutrino from a microblack hole which can supply 
energetics of volcanos are specified. The energy of catastrophic volcano explosions 
is pointed out to coincide in the order of value with the energy of exploding black 
holes. The question is put about registration of high energy neutrino from explo­
ding black holes by means of deep-water detectors. Short-time variations of gravi­
tational potential derivatives (otonic graviimpulses) are described which are pro­
duced by fastmoving otons in the Earth. Expressions for oton mass are obtained 
through measurable physical quantities. The question of otonic graviimpulses 
registration is analysed. 

OBIUAf.[ TBOPIDI OTHOCHTBJibHOCTH H ct>H3HKA 3EMJIH 
AJIBKCAH,zn> Il. TPO<l'HMBHKO 

AcmpOHOMUtUICKaA C,KflUA MUHCKOZO omoeAeHUA Bceco10SHOZO acmpoHO.Mo-zeodBSUtUICKOlO o6u,ecm6a, 
MUHCK-12, a60HeMeHmH&1u Au,u,c Ne 7, 220012, CCCP 

06cy>K,qaIOTCR reoq,H3HtleCI<He IIp08BJieHWI OTOHOB ( OO'l,e.KTOB oo�eii TeopHH 
OTHOCHTeJIDHOCTll) . YTOtlHeH&I SHaqemm 3HeprHH H IlOTOKa HeATpHHO OT MHKpo-
11epHoii: �Ip:&I, KOTOpaJI MO>Ke'r o6ecne'CIH'l'L 3HepreTHKy BYJJKBIIOB. OrMeqaercs:, 
11TO 3Hepnm KaTacrpocpuqecKHX B3P&IBOB BYJJKaHOB no nopR,qKy BeJIIAHHI>I 
coBna:a;ae-r c aueprueii B3p1>maI01QHXCH 11epm,xx J:t&Ip. IlocraBJieH Bonpoc o perH­
crp� HeHTpHHO Bl>ICOKHX 3Heprmi OT B3pLmaIO�CH qepm,IX ,ttl>Ip rnyooKO­
BO�IMH ,tte'l'eKTOpaMH HeitrpHHO. Ormcam,1 l<paTK0BpeMemu,1e BaPHaltHH npo­
HSBO.r(Hl,IX rpamrr�oHHoro UOT�aJia ( OTOHH:&Ie rpmmmmym,c:&1), npO,tlyllH­
pyeM&Ie 61>ICTpO,ttBl0l<ymHMHCH B 3eMJie OTOHaMH. Ilonyqem,1 BLipa>Kemm ,ttIDI 
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Mace OTOHOB qepe3 perHCTpHpyeM&Ie cpHSH'CleCKHe Be.JIH'IHH&I. IIpoaHaJIH3HpOBaH 
Bonpoc peraCTp� OTOHHLIX rpaBmmIIyJI&COB. 

1 .  BseiJeHue 

TeopenAeCKHe 06'.heKThI o6�eii TeOpHH OTHOCHTeJII,HOCTH (OTO) - OTOH&I 
(qepH&Ie, 6eJILie H cepLie ,ttLipbI) 0 HalllJU[ WHpOKOe npHMeHeHHe B aCTpocpH3HKe 
,ttJIH 06'.hHCHeHIUI p8.3Jmt1HLIX KOCMHtieCKHX cpeHOMeHOB H, B oco6eHHOCTH, Tex, 
KOTOpLie CBH3a.H&I C orpO.l'ttHLIMH 3HeprOB1>I,I:teJieHWIMH2 ' 3 ) . I1po6JieMa HCTOqJtH­
KOB 3Heprau CTOHT OCTpo He TOJI&KO B acrpocpH3HKe BLICOKHX 3Heprmi, HO H B 
cpHSHKe IIJiaHeT4) H 3eMJIH 5 > . IlpH'C!eM npo6JieMa COCTOHT He B KOJIH'CleCTBe 3Bep­
nm, a B MeXaml3MBX ee JIOKa.JIH3� B OTHOCHTeJir,HO He60JI&IIIHX 06'.hel\tax. 3TOT 
BOilpOC oco6eHHO OCTpO CTOHT B npo6JieMe 3HepreTHKH ByJIKaHOB H 3eMJierpgce­
HHH6>.  

l(mI 00'.hHCHeHHH 3HepreTHKH ByJIKaHOB H ,ttpyrHX reocpH3JAeCKHX cpeHO?tte­
HOB 6LIJIO npe,ttJIO>KeHo HCilOJIL30BaTh MO,tte.JIL AmKpO-llepHhIX ,ttLip 7 • S) . B 3TOit 
MO,tteJIH npo6JieMa JIOKaJIH3� 3HeprHH Jierao pemaeTCH, T .  K .  HCTO'CIHHK 3Hep­
rHH (MlllCpo-qepm,xe ,ttLipLI) HBJIHeTCH TO'Cle'C{HE,I.l'tt - »rop.sNeit TOllKOit<< . IIOTOK 
aeiiTpHHO OT qepm,IX ,ttLip o6Jia,ttaeT yHHKaJI&HLIM CIIeKTpOM ( OH COCTOHT H3 pan­
HOMO�IX IIOTOKOB meCTH THIIOB HeHTJ)HHO, C O,ttHHaKOBOH 3Heprait) H OH MO>KeT 
61,m, aaperHCTpHpOBaH conpeMeHHoit annaparypoit 7> .

B ,ttaHHoii crane npo,ttoJDKeHLt HCCJie,ztoBaHWI reocpH3Ht1eCKHX npoHBJiemm 
OTOHOB. Kat1eCTBeHHO o6�eH xapaKTep �lDKeHHH OTOHOB B rpaBHTaJU{OHHOM 
none 3eMJIH, ,tt8HhI O:Qemm 6JJIDKaitnmx K 3eMHOii noBepXHOCTH KpaTHLIX op6HT 
OTOHOB, HX pa.z:tHYCLI H nepHO,llLI. YTOllHeHLI auaqeHHH 3HeprHH H nOTOKa ueii­
TpHHO OT MHKpo-qepuoit ,ttLipLI, KOTOpaH MO>KeT 06ecnet1HTI, 3HepreTHKy BYJIKa­
HOB. IIpoamtJIH3MpOBaHa B03MO>KHOCTL 00'.hHCHeHHH KaTaCTpOcpHlleCKHX B3pI>m0B 
BYJIKBHOB B3pLmaMH qepHoIX ,ttLip. 0IIHCaH npHMepHI>IH C:Qeuapmi H3MeHeHHH 
3HeprHH H nOTOKa HeHTpHHO OT B3pLmal:QIOHXCH qepHoIX ,ttLip . IloCTaBJieH B0np0C 
0 ua6mo,tteHHH B3pI>mOB qepHLIX ,ttLip, HaXO,ttmr(HXCH B rey6HHax 3eMJIH, no BCIIJie­
CKY ueitTpmto BLICOKHX 3Hepmit, KOTOpLie MOryT peraCTpHpOBaTLCH rJIY6oKO­
B0,ttHI,IMH ,tteTeKTOpaMH HeiiTpHHO. Onncau1>1 KpaTKOBpeMeHHLie BapHa:QHH npOH3-
B0,ttHI,IX rpanHTa:QHOHHOro nore�aJia (OTOHHLie rpaBHmmyJI&CLI), npo�pye­
MLie �B>KyIQHMHCH B 3eMJie OTOHaMH • .D;aHLI BLipa>Kemm ,ttJIH paa.JIHllHLIX npo­
H3BO,ttHLIX rpaBHTa:QHOHHOro IIOTeH:QHaJia, npo,tty:QHpyeM&IX OTOHaMH; O:QeHeHO 
BpeMH OTOHHLIX rpaBHHMnYJII,COB. IlOJIYlle!ll,I BLipa>KeHHH ,t{JIH Mace OTOHOB (Mo), 
B ·KOTOpLie BXO,I(HT Ha6mo,ttaeMLie cpH31NeCKHe BeJIHtmHl,I (nepBLie u BTOpLie 
npoH3BO.ttm>te rpaBHTa:QHoHHoro noTe�a, :speMH uaMe&eHHH ua onpe.ztenea­
HYIO BeJIIAHHY 8MIIJIHTy,lthl OTOHHoro rpaBmwrryJII,ca, 3HeprHH HeitTpHHo) . 06-
cy>K,tteu Bonpoc O perHCTpa� OTOHHLIX rpaBHHMIIyJI&COB COBpeAteHHLIMH rpaBH­
MerpH'CleCKHMH npu6opaMH (rpaBHMeTpaMH H BapHOMeTpaMH) . 

2. OmoHbl s 2eo�Ke 

IIpe>K,tte, lleM o6cy>K,ttaTI, npo6JieMy OTOHOB B reocpH3HKe, He06XO,t{HMO OT­
BeTHTL, no Kpaii:Hei;t Mepe, aa ,ttBa BOIIpoca. Bo-nepBhIX, Ha,ttO Bl>IHCHHTh, KaK 
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MOryT o6pa30BLmaTI,CH OTOHLI MaJlLIX Mace (Mo � M@', Mo < Me) ? Bo-BTOpbIX, 
Hy>KHO OTBeTHTL Ha BOnpoc : KSKHM o6pa30M OTOHbl MOryT OKaaaTI,CH B 3eMJie? 
Kouetmo, OTBeTH'rl> UOJIHO Ha 3TH BOnpOCbI B CTaTLe HeJII,3H H HH>KecKa3aHHOe 
oaaaqaer JIBlllL np�a.m,uyro B03MO>KHOCTL OTBeTOB Ha 3TH BOnpOCLI. 

Orser Ha nepBLni: aonpoc 6:&IJI cl>aKTHqeCKH .r.taH B 1964-1965 rr. B pa6oTax 
H. ,U. HoBmcosa H IO. HeeMaua, BhI.z:tBHHYBIIIHX H,ttero >>aa,ttep>KaBIIIHXCH a.rtep<(9 >,
y KOTOpLIX MaCCLI MOryT 6:&ITL MeHLme MaCCbI CoJIHqa mm ,tta>Ke MaCCbI 3eMJIH.
XoTH 3Ta H,tteH 6:&IJia nepBOHaqaJILHO BLI,ttBHHyTa .r.tJIH noCTpoemm MO.r.teJIH aHTH­
KOJIJiancapOB (6eJlLIX ,l.t&Ip), HO BCKOpe 61,mo UOHHTO, llTO, eCJIH >)3a,ttep>K8BWHCCH 
Jl):tpa« cpaay He B3PLma10TCH, TO qepes KOpOTKOe BpeAUI OHH rpaBHT�OHHO 
CaM03BMLIK8IOTCH H o6pa3yroT qepHble ,qI,IpLI. BLIJIO OC03HaHO, trrO H,ttCH >)3a,ttep­
>K8BIIIHXCH H;rtep<< co,ttep>KHT B ce6e BTopoii BapHaHT o6paaoBaHHH qepm,1x ,ttLIP 1 0 > .
TaKBM o6paaoM, OTOHaMH MaJILIX Mace MoryT 6:&ITL OCKOJIKH (peJIHKTLI) BoJIL­
moro aapLIBa. 3TH OTOBI,I 6LIJIH HaaBaHLI nepBffqHI,IMH (peJIHI<TOB1>IMH). TaK
KaK nepBHtlHhle OTOHLI o6paayroTCH Ha HaqaJILHOM 3Tane BoJILmoro B3pLma npH
BnoJIHe onpe,tteJieHHhIX YCJIOBHHX, a HMeHHo, npH yCJIOBWIX 60JILlllHX nJIOTHOC­
Teii H TeMIIepaTYJ) aa BeC:&Ma KOpOTKOe BpeMH, TO B03HHKaIOT orpaHHqeHHH ua
me qffCJIQ H OOJIO'IO Macey. ECJIH nepBHtlH&Ie qepH&Ie ,ttbipLI H �eCT6yIOT B
HaCTomu;ee BpeMH, TO me .r.tOJI>KHO 01,ITL HeMHoro : ux o6�aH Macca ,l(OJDICHa 6LITL 
Ha MHOro nopJl):tKOB MeH:&me MaCCbl o6&NHOro Be�eCTBa. H y>Ke TOJI:&KO no 3TOH 
np�e HaJIHqffe nepBHtJHLIX qepH&IX ).'(Lip MaJlLIX Mace B 3eAtJie MaJIOBepOHTHO . 

Tpenm BapHaHT o6pa30BaHWI qepHI,IX ,ql>Ip K8K peJIHKTOB cep:&IX .r(hlp 6:&IJI 
npe,ttJIO>KeH B 1973-1978 rr. B . paAU<ax H,tteH MHO»:CeCTBa OTOHHhIX MHpOB B MHO­
roMepHOH BceJieHHOH ( OTOHHI,ni: CQCHapmt) 1 1  • 3 ) . B 3TOM cqeuapHH OTOH&I MaJiblX 
Atacc Moryr 06paaos1,maTLCJI ua mo6oM 3Tane pacmHpemm uameit MeraraJiaKTHKH, 
a U03TOMy He B03HHICaeT orpaHHtiemm ua KOJIHtreCTBO MaJibIX qepHLIX ,l.t&Ip. Kpo­
Me Toro, B OTOHHOM CQeHapIUI HeT orpaHHqeHHH Ha B03pacr KOCMHtleCKHX 06:&eK­
TOB. CJie,o;oBaTeJILHO, qepm,1e .t(btpLI 3Be3�IX Mace sa cqeT KBaHTOBOro Hcnape­
HHH MOryT 3H8tUITeJILHO yMem,IDHTI, CBOIO Macey H CTaT.& qepHLil\lH ,ql>IpaMH MaJILIX 
Mace, a saTeM npomnmyT.& B Hamy MeTaraJiaKTHKy qepes KpoToBLte Hop:&1. Ta­
KHM o6pasoM, B OTOHHOM CQeHapHH ,ttonyCKaeTCH cy�eCTBOBaHHe MHO>KCCTBa qep­
HbIX ,ql>Ip pa3JIHtm1,IX Mace, o6�8JI Macca lCOTOpLIX MO>KeT OhlT.& nopR,ttKa KPHTH­
qeCKoit H cocraaJVITL »CKPLITyIO Macey« BceJieHHoii3 • 1 1  > . Ho ,tta>Ke �eCTBo:saHHe
oqeHL 6ommoro tmCJia OTOHOB He 03HatmeT, 'tTO omr MOryT ObIT.& B 3eMJie, T.  K. 
o,ttHHotmL1e trepm,1e ,ttI,IpLt HMeIOT Kpaiiue MaJioe ceqeime 3axmtTa, trro .r.teJiaeT 
ueBepomm,IM SaxBaT mt KOCMHlleCKHMH TeJiaMH 1 2) .  IlOTOK O,l(HHOq}II:,JX qepHLIX 
,ql>Ip ManLIX Mace npOXO,ttHT CBOOO,ttHO CKB03L 3eMJIIO, no,tto6uo IlOTOKY ueiiTpmto. 
BcraeT Bonpoc: Ka.ICHM o6pasoM MaJILte qepm,1e ,tt1,tpLI Moryr oKasan,cn: B rpaBH­
TaQHoHHoii: noTeHQHaJILHoii >>JrMe« 3eMJIH? 

,llJm pemeHWI 3TOii TPY.r.tHOCTH CJie,ttyeT npHBJieqr, H.r(CIO O TOM, 'tTO OTOHLI 
JIBJUIIOTCJI yHHBepcam,HLIMH I(eHTpaMH (»aapo,tt1,11mum«) o6paaoBaHHH scex Koc­
MHtleCKHX 06-LeKTOB 1 1 ) .  ,Uaauo no.nytmJia H3BCCTHOCT.& ir.r.teH qepHLIXi ,ttl>lp KaK 
»aapo,t(bIII1eff:« raJiaKTHK H cKonJiemui raJiaKTHK 1 3 >, Meuee H3BeCTua H,tten: o qep­
H&IX �&Ipax KaK »sapo,q1>II1Iax« sBes,1(1 4> . B pRMICax OToHHoro cqeHapwr ywmep­
cam,HI:,IMH 1)3Bp0,t(bIIII8MHG Bcex KOCMHtleKHX o6'&eKTOB BnJIOTL .r.tO nJiauer, KOMeT
H 8CTep0H,tt0B CqffTaIOTCJI OTOHI,I 1 1  ' 3). JiorHtleCKHM CJie,ttCTBHeM 3TOH H.r.teH HBJIHeT­
CH npe,ttcraBJiemte O �eCTBOBamm MHO>KeCTBa OTOHOB B KOCMHtleCKHX TeJiax,
Haxo,tt�CXH He TOJILKO B QeHTpe 06:&eKTOB, HO H .r.tBIDKyIQHXCH B HX rpaBHTa­
QHOHHI,IX nomnc7> .
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B03MO>ICHa CJleAyIO�aH cxeMa non�amm OTOHOB B KOCMHqeCKHe TeJla. TaK, 
cllllTaeTcH, qTO 3eMJUI 06paaoBaJiac1, aa cqeT aKKpe� nnaueresHManeii: Ha »aa­
po,r.u,IIII<< IIpoT03eMJIH 1 5 > . Ho caMH nnaueTe3HMaJIH, KBK CJ1e.I07eT H3 oToHHoro 
CJ.leHapwr, TaK>«e o6pa30BaJJHCI, aa CtleT aKKpe� Belf(eCTBa Ha OTOH.&I, KOTOp.&Ie 
HBJUIIOTCH 1)3apOAbIIIIaMH« IlJiaHeTe3HMaJieii:. TaKHM o6pa30M, OTOH.'bl He JIBJVIIOTCH 
OAHHOtIH.&IMH, »rOJil>IMH<<, a H3Haq8JII,HO HaxO.tv.[TCH B COOTBeTCTBYIO� rpaBH­
TaqHOHHl>IX noTe�a.m.m,IX ))JIMaX(( H OKpy>KeH.&I Belf(eCTBOM. BOT 3TH OTOH.&I, 
HMeIO�e o6oJIOtUOI H3 Belll;eCTBa, MOryT aaxaaTbIBaTI,Cff KOCMHqecKHMH TeJIBMH. 
IlpHtieM Belll;eCTBO, uenocp�CTBellHO OKpy>KaIOir(ee OTOH.&I, MO>KeT 6&ITL B&IpO>K­
AeHH.&IM H o6JiaA8TI, aeci,Ma 60JII,IDOii IlJIOTHOCTLIO, a 3HatIHT, H CWILH&IM rpaBH­
Ta�OHHI,IM noJieM, KOTOpoe COOTBeTCTBYIO� o6paaoM CBH3:&IBaeT OTOH c Be­
w;ecrBOM. Bem;eCTBO IIJUlHeTe3:WUlJIH (o6oJIOql(a OTOHa) MO>KeT TOpM03HTLCH Be­
m;eCTBOM 3eMJIH, a CHJII,HOe rpaBHTaIU!OHHOe none B �eHTpe IlJiaHeTe3HMaJIH, B 
CBOIO oqepeAI,, MO>KeT TOpM03HTI, OTOH BIIJIOTJ, JI.O CKopocm, npH KOTOpoii: npOHC­
XOAH'f aaxaaT OTOHa rpaBHTaqHOBHLIM nOJieM 3eMJIH. 3Ta CXeMa ew;e Tpe6yeT 
,l(e'I'a.Jil,Hl,JX paCtieTOB H He HCKJIIOqeHo, tITO oHa MO>KeT OKa3aTLCH He pa5oTarow;ee:, 
HO B03MO>KH&I u ,rq,yrae CXeMbI non�amm OTOHOB B 3eAUIIO. HanpHMep, KaKrut-TO 
'tlaCTL OTOHOB MOryT HMeTI, a MOMeBT nepeceqeHRff 3eMJIH CKOPOCTL, OJIH3KyIO K 
seMHOii:, a sHattHT, MOryT 6:&ITI, aaxBaqem,I. B CHJIY OTCYTCTBHH orpamNemdi: no 
BpeMeHH B rpamrrQUHOHHOH IlOTe�aJII,HOH: »HMe<< 3eAIJIH OTOHT:,I MOryT ueorpa­
HHtieHHo AOJirO HBKanJ1HB8TLCH. 

HaKoHe�, MO>l<HO npOCTO nocryJIHpOBaT.& cyw;eCTBoaaim:e OTOHOB B 3eMJie, 
He craan Bonpoca 06 HX npoucxo>K,ttemm. 3aTeM npoaHaJIHsHpOBaTI, reocJ.>HaHqec­
KHe IlpOHBJiemm OTOHOB H B03MO>KHOCTI, HX perHCTpaqHH. H eCJIU OTOHbI 6YAYT 
06Hapy>«em,1 (mmpmtep, no pemcrpartHH OTOHllbIX rpaBHHM11YJII,COB), TO IlOCJie 
3Toro MO>«HO 6yAeT 6onee ocaoaaTeJILHo saHaTLCH BbIHCHeHHeM npupoA.&I HX 
npoHCXO)l(,l(eHHH. A noKa OTMeTHM, t!TO cym;eCTBOBaHHe MHO>«eCTBa OTOHOB B 
3eMJie He TOJU,KO He npOTHBopetIHT MHOrOtm:CJieHHLIM 3MilHpHqeCKHM cJ.>aKTaM 
reoq>H3HKH, HO H MHoroe MO>KeT npoRCHHTI>. Mueime O TOM, tITO, 6y,ttytm B 3eMJie, 
t1epm,Ie .z:tblP.&I AOJI>KH.'bI nerao ce6R o6Hapy>KHBaT.&, pacceHBaercn npH nepB:E:tIX >Ke 
rpy6bIX o�emcax npOH3BO�bIX HMH 3cl>cl>eKT0B. ,I(ame, eCJIH B 3eMJie HaXO,t:tHTCH 
MHJIJIHap,ttbI MaJibIX 'tlepHbIX JI.Lip, OOHapy>KRTr, HX Kpamle CJIO>«HO, T.  K .  HX rpaBH­
Ta�oma,1e nomr CJIHBaIOTCH C rpaBHT�OHHLIM noJieM 3eMJIH. KpoMe �eHTpa.JII,­
uoro 3apO,ttbIIDeBOro OTOHa Bee OCTa.Jil>HT:,Ie ,t:tOJI>KH&I ABHraT.&CR C 6om,IIIHMH CKO­
poCTHMH H Aa>Ke B cmyqae OJIH:30CTH anoneHTpOB opoHT OTOHOB K 3eMHOii: noBepx­
HOCTH o6HapymHTL me He npOCTO. )lml>Kemre OOJII,IIlHHCTBa OTOHOB OTHOCHTeJILHO 
3eMHoii: noBepXHOC'l'H Tpy,t:tHonpOI'H03HpyeMo, a caMH OTOHLI TPYAHOYJIOBHMLI, a 
pemCTpaI(IDI KpQTI<OBpeMemn,IX npOHBJieHJm HX rpaBHTatll!OHHbIX IIOJiett Haxo­
.r(HTCR Ha npeAeJie TOtJHOCTH COBpeMeHHofl: annapaTYJ)LI. 

KpaTKO oxapaKTepH3yeM CBOHCTBa M8J1bIX OTOHOB. 3aMeTHM, llTO H3 OTOHOB 
MaJibIX Mace B um6ommeii: creneHH HCCJie,t:toBaHLI TaK aaa1,maem,1e MHKpo-'tlepm,1e 
,t:tb:tpl,I, lCOTR Ha3:eamte AJIH 3THX o(h,eKTOB HB.IDieTCH HeT01DU,IM no AB}'M 06cro11-
TeJII,CTBaM. Bo-nepB.&tx, 3TH 061:,eKTbt ue 'tiepH.&te, T. K.  aa cqeT 3cJ.>cJ.>eKTa Xo:ramra 
OHR CBCTHTCH H »paCKaJIHIOTCR AO 6ena«. Bo-BTOpbIX, 3a cqeT OIDITL-TaKH 3cl>cJ.>eKTa 
Xoiamra MaCCbI (a 3HatmT, H pa3Mep.&t) 3THX 001:,eKTOB yMem,maroTCR, T, e. JI.bipa 
CTHI'HBaeTCH H HcqeaaeT. CJieAOBaTeJILHO, 3TH o5'&etcT.&I H ae qepH&Ie, H co ape­
MeHeM nepeCTaIOT OLITI, ,ltb:tpBMH. Ilo3TOMY BO MHOrHX CJIYtlaHX B CT8T&e HCII0Jll,-
3YeTCH AJIR 3THX 061:,eKTOB TepMHH »OTOHbH, KOTOpbtii He COJI.ep>KHT IlOAOOHbIX 
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HeCOOTBeTCTBHH. K OTOHaM OTHOCHTCH IUHpOKldi: KJiacc 061,eKTOB, TeopeTHqecme 
Mo,n;e.JIH 1<ooopDIX crpomCH ua ocuoae Toqm;nc peIDemm OTO 1 • 2 > .  3aMeTHM,
�o MHKpOCI<OmAeCIGUi auanor 6eJlldX ):(&Ip' MO:>KeT OIC83aTI>CH CTa6HJU,H&IM' T .  
K. HX IlOBe,l(eHHe ,U:OJDKHO 61>ITJ'J o6paTH&IM IlOBe,l(eHHIO Hcoap.R:IO�HXCH H B3p&I­
BBIOUUIXCH MHKpo-qepHbIX ,U:&Ip. Il03TOMY ,U:JUI reocpHSHKH OTOHOB npe.r(CTaBJUieT 
HHTepec Manouccne.ttoaamn,m auanor MHI<po-6em,xx .tt1>Ip .

. 0.r(HOH H3 CSM&IX xapaKTepHI,IX ocooeHHOCTeii OTOHOB MaJI&IX Mace HBJIHeTCH 
scpcpeKT XoKHHra. CneKTP u3nyqeHHH qepH1>IX .tt&IP 6:&m pacc�aH nnepB&Ie 
IIeit,n;>KOM 1 6>' KOTOp&IH 3aTeM 6:&IJI yroquea2 > •! HHTerpam,uy10 MOl[(HOCTI, H3JIY­
qeHHH qepHOH W,Ip&I ,n;mr pa3J1HqHI,IX cnyqaeB MO)KHO B&Ipa3HT1' <f>opMyJIOH : 

PBH = (ko + k,, + k"I + ke + kN) · Pc ' (Mc/MBH)2,

kg + k,. + k"I + k� + kN = 1 (1) 

r.tte Ko3<f>cpHI.llleHT&I (k) oaHaqaror qacr1, MOl[(HOCTH HarryqeHHH qepHoit ):(&1p&1, 
KOTOp&Ie npHXO,n;HTCH Ha paaJIHt:IH&Ie Tml&I qacnn� : kg (rpaBHTOHhI), k,. (He:ihpu­
HO), k,, (<f>ooom,1), ke (JieIITOH&I), kN (6apHOHI,I). � MaJI&IX Mace (MBH < 10 1 O, s
Kr) H OOJil,IIIHX MOIQHOCTeii H3nyqeHHH qepH&IX )'.(&Ip IlpOJzyKTbl uanyqeHHH cy­
m;eCTBeHHO 3aBHCHT OT MO.r(eJIH CHJU,HOro B3aH1\10,l(eHCTBHH npH caepXB&ICOKHX . 
3HeprHHX H CDeKTpa Mace 3JieA1eHTapm,nc qaCTHI(, �o He,n;oCTaTO'IHO HCCJie,l(OBaHO. 
Il03TOMY ,U:JUI cneKTpa H3JlylleHHH qepHOH W,Ip:&I HMelOTCH ,l(aHH&Ie JIHIUI, ,l(JIH 
Tpex cnyqaen2 > , K0Topr:,1e npHBe.tteH&I B Ta6JI. 1 .  

Mall (I<r) 

Mall > 1014

S • 10 1 1 < Mall <  10 1 4

10 10, 5 < MaH < 10 1 1

Ta6�a 1. 

I M, (Kr) I P, (.ll>K·c- 1) I k, I k: 
1014 3,5 • 105 0.,014 0.,867
1012 · 6,3 • 109 0,009 0,549
101 1  10 1 2  0,01 0,48 

I k, I I k.

I 

k. 

0.,119 0 0 
0,076 0,366 0 
0,11 0,28 0,12 

Ho HCT011HHKOM 3Heprmt 3eMH:&IX qepm,xx ,l(blp MO:>KeT 6:&ITI, He TOJI:&KO HX 
icBaHTOBOe Hcnapem1e, HO H aKKpe� Bell{eCTBa. MOIQHOCTI, H3JiytfeHHJI aa C'leT 
rH,IQ)O,l(lmaAmqeCKOH ccpepuqecKH-CHMMeTPHtlHOH aKKpe� Ha qepuyro ,qr,rpy 
onpe,tteJIHeTC.SI'. BLipa:>KeHHeM 2 ) :

.D:mr TBep,ttoro nell{eCTsa seMHoii: Kop:&I aonpoc 06 aKKp� Ha qepuyro
A:&1PY B CHJiy HeKOTOpl>IX <f>aKTopoB npo6JieMaTHtieu. Ho (2) anoJIHe MO:>KHO HC­
nom,3oBaTb ):(JUI nepnoHallaJIJ,HOH o�eHICH MOII{HOCTH H3JIYlleHH.R: axxpe�Hpyrom;ero 
MarMaTH'leCKoro BemeCTBa, .z:tJm KOToporo HS (2) no.nyqaeM : 

(3) 
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Ms (1) H (2) H Ta6JI. 1 BH,l(HO, 'tlTO npH p BB � 101 0  .Il>« . c- 1 Tpy�o onpe­
,tteJIHT.&, tfrO ID3.JIHeTCJI OCHoBm,IM HCToqBJIKoM 3Hep.nm uanyqeHWI (amcpe� 
HJIH l<BaHTOBOe H3nyqemie), T.  K. H B TOAi, H B ,qpyroM cnyqamc BeJIHtmHa MaCCI:il 
qepHoi:t w,1p1>1 o�oro nop�a. IlpH PB8 > 101 1  ,ll,K • c- 1 Macc1>1 aKKpe�­
pyroIQUX H HSJIYtlaIO� qepm,IX W,Ip MOryT 3Ha1UITeJII>HO pas.JIH1laT.&CH, T. K .  
y arocp�py10IIU1X qepm»IX ,n1>1p P BR "" MIR , a y ucnapmo�cn qepm,IX w,ip 
PBs "" Mi&· Onpe,qemm Ataccy qepuoi:t ,ttI,Ip&I, Mo>KHo e,tteJiaT.& B&mo,q o ,tto­
MHHH.PYIO�eM HCTOtlHHKe 9HeprHH (aKKpei:nr.a: HJIH K:eaHTOBOe H3JIYqem{e). � 
MBH > 10 1 2  Kr HatmHaeT ,ttOMHHHpOBaT.& aKKpeQHOHIU,m: MeXaHH3M B&I,tteJiemM 
3Hepnm. 

3eMH&xe OTOH&I CKO�eHTpHpOBaHI>I B MHKpOCKOUHqeCl<HX o6'&eMax H ux 
MO)l(HO CtmTaT.& rpaBHTHpyIOiqHMH ToqeqH&IMH MaccaMH, KOTOp&Ie ,ttBHHcyTCJI no 
HI,IOToHoBCKOMY aaKouy T.a:rOTe:mm. A aim�, 3q,4>eKT&1 OTO CKaa&maIOTC.R: 
,qrur HHX JlHllllt Ha ypoBHe MBCIDTa6oB MHKpOMHl)a. Ho CBM&IM :sa>KHI>IM m3.IDleTC.9: 
TO, trro caM.a B03MO>KHOCT.& �eCTBOBaHH.R: no,qo6mIX MaCCHBH&IX ToqeqH&IX 
o6'&eKTOB .JIBmleTC.9: c,qeCTBHeM OTO. Mm<pOCKOUHqeCKHe paaMep&I 3eMH&IX OTO­
HOB -MO>KHO o�emrr.& no <l>OP.MYJie : 

(4) 

r,qe M0 - Macca Comma, pBBHa.a: 2 · 103 9 Kr, R0 - rpaB�omu,m p�c 
Co�a, pa:em,m 3 . 103 M. IlnoTHOCT.& Be�eCTBa OTOHOB O�eHHBBeTC.R: <l>OPMY­
JIOH : 

(5) 

r,qe (!0 - 1 ,85 . 10 1 9  Kr • .l\l- 3 eCT.L IIJIOTHOCT.& Be�eCTBa qepHOH ,tt&lpLI C Mac­
COH Co�a. XOT.9: MBJILie OTOH&I H JIOKaJIH3YIOTC.9: B MHKpOCKODHtleCl<HX 061,e­
Max, HO TeM He MeHee OHH MOryT C03,ttaBaT.& rpaBHT�OHIU,Ie acJ>cI>eKT&I, cpa:e­
HHM&Ie C 3<l><l>eKTaMH OT KOCMHtlecKHX Te.JI. TaK, Ha paCCTOj{m{H 

(6) 

CHJia npHTIDKeHHJI, C03,ttaBaeMa.a: OTOHOM, paBHa CHJie TIDKeCTH Ha aeMHOi:.t DOBepx­
HOCTH. OTOH c M0 = 2 • 101 7  Kr Ha pacCTo.a:HHH o�oro JCHJIOMerpa 6y,qer coa­
,qa:eaT.& CHJIY TIDKeCTH TaKylO >Ke, KaKYIO coa,qaer 3eMJIJI Ha CBOeA: noBepXHOC'l'H. 

'tlepm,1e ,ttI,IpI:iI HCnyCKBIOT qacTJU.U,I no,qo6Ho qepHOMy TeJIY' OOJia,ttaIO�eMY 
TeMnepacypoi:t2 > :  

(7) 

B Teqem1e BpeMeHH : 

tBB f:::J 101 0  (MB8/1015 r)3 JieT. (8) 

Ha IlOCJie,ttHeM 3Tane Hcnapemm qepHOH ,ttl>lpLI npOHCXO,ttHT B3p&m, Kor,qa aa
0,1 C B&J,ttemieTCH .Hepran 102 3  ,ll,K. 3To HeaHa'IHTeJI.&HaJI 3HeprHH no cpaBHeHUIO 
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C :u1eprOBLIJ(eJieHHeM 3Be3,q (CBeTHMOCTI, COJilll\Q 3,8 • 1025 � • c- 1), 110 Becr,­
Ma 31lQ'IHTeJil,HW1 BeJIHtmHa )];JDI 31lepreTmm IJJIQlleT (TeIIJIOBOit noTOK 3eMHLIX 
11e,qp - 3, 17 . 101 3  )l>l< . c- 1 , TeIIJIOBOit llOTOK IOmrrepa - 3 . 101 7 )l>l< • c - 1 )4) . 

HsnyqellHIO OT MHKpo-qepHLIX )];Lip COOTBeTCTBYI<>T 3HatmTeJIJ>HLie TeMIIepa-rypLI 
( I 06 I< H 6om,me)' a 31la11HT' B KOCMllqecI(HX TeJiax B03M0)l(H0 npoTeroume pa3JIHq­
Horo po.n;a TepMOH.IJ:epHLIX p� H .n;ame o6pasosaHHe I<BapKoBoro sem;ecrBa. 

Ycnem KBapKosofl: TeopHH1 7 >, oTKpldTHe nCH-tJaCTHll1 8>, 0611apymeime ,[(>l(.
<I>pu,ttMaaoM (J. I. Friedman), r. l<eH,ItaJIJioM (H. W. Kendall); P. TeitnopoM
-(R. E. Taylor) napToHOB )];a.mt OCHOBaHHe )];JUI l(,qeH O KBapKOBLIX 3Be3,qax H
n:,z:tpoHax1 9> . OroHLI MOryT npo,zzy�oBaTL KBapKOBOe Bem;eCTBO He TOJILKO B
�eHTpe HeiiTpomu,IX 3Be3,q2 0>, HO H, B03MO>I<HO, B 3eMJie. IIon:cmw 3TO. ,llmt 
MIIKpO-qepH&IX )];l,Ip (MBH � 101 0 Kr) aKKpel\HOHIU,Ie Al{CKH (B cnyqae Bep­
HOCTH coomome:mm ,q.JUI Ma«po-qepHLIX ,qLII)) ,qoJI.>I<HLI Haxo,qHTI,CH BHyTpH npo­
C'l'pallCTBa a,ttpOHOB. 3aTeM, TeMIIepazypa B03Jie MHKpo-qepm,xx )];Lip (7) TaK>I<e 
MO>I<eT COOTBeTCTBOBaTI, KBapKOBOMy COCTOmDUO Bem;ecma. TaKHM o6paaoM, 
OTOHLI, B03A10>I<HO, l\lOcyT npo�oBan CBepxnJIOTHLie, 3K30nN1U,Ie COCTOH­
·mm Bem;ecma: KBapKosoe, BLil)O>K,ItemtOe HeitTpOHHOe H 3JieKTPOHHOe. lfa 3Toro 

. CBepXIIJIOTHoro Bem;eCTaa MOryT COCTOHTL o6oJIOtlKH OTOHOB. 0TOHLI, B03MO>KHO,
nopo>K,ZtaroT B 3eMHLIX se.n;pax H ,qpyrue 3K30THt1HLie coCTomum sem;ecrsa Ka«
CBepXTeKytleCTr, H csepmpOBOAl{MOCTI, 2 1 ), KOTOpLre l\lOryT peaJJR30BLmancn: B
q>opMe KOpOTKO>KHBYII(HX CTpyfl: B,qom, ,qBH)1(eH1m COOTBeTCTBYIOIIJ;HX OTOHOB.
EcreCTBeHHo, c,qenamu,1e npe,qnoJiomemm Tpe6yror ,qonomurrem,uo amum:aa H
paet13TOB, 'tJT06LI O�eHHTI, BX BepHOCTI,.

HaKoH�, c,qer.raeM aaMeqamm no KJiaccuq>m<a� OTOHOB 3eMHoro cneKTpa 
B 3aBHCHMOCTH OT HX MaCCLI. 3el\tHLie OTOHLI B 3QBHCHMOCTH OT BeJIIAHIU,I MQCCLI 
Moryr npe,ttCTaBJUITJ', co6oit KaK npaKTHtleCKH seqm,re 061,eKT&I, TaK H 1q>aTKo­
BpeMe:mn,1e BspLmLI; OHH Moryr O:&ITI, HCTOllHHKOM 3Heprml KaK 3a cqer KBaH­
TOBLIX 3cpcpeKT0B, TaK H aa CtJeT aKKpel.lHH; OTOHLI MOryT HSnyqaT.r, KaK MacCH­
BHLie Tai( H Oe3MQCC0BLie 'llaCTHQLI II np. 0C03HaBWI YCJIOBHOCTL TaKOro po,zta KJIQ­
CCHc)>HK�, IIl)HBe)];eM B03MO>I<HLm ee sapHallT. 

1) Mo < 107 Kr. BspLmHLie 11epHLie ,q&Il)&I : Bpel\UI HX cym;eCTBOBamtH no­
. pn:,q«a HeCKOJILKHX CelC}'H,q, a cpopMa cym;eCTBOBamtSI - B3pLm. 

2) 107 Kr < M0 < 109 I<r·. l1pe,rtB3p&mHLie qepHLie ,qLipLI. BpeMH cym;e­
cmo6amm MeHee 10 JieT. 3TOrO 6peMeIIH )];OCTaTOtJHO, 'llTOO&I o6Hapy>l(HTI, no 
HempmmoMy H3JI}"leHHIO 9TH qepmre )];E,IpLI 3a HeCICOJII,KO JieT ,z:tO B3pLma. 3TH 
051,el(T:&I HaJiyqaroT no 3eMHLIM MacIIITa6aM BeCLMa 6ommoe KoJIHqecrso 3HeprHH, 
oLICTpo TepmoT Macey H, B KOHI.\e Kom:toB, B3p:&maroTcH. 3aperHCTpHposas Ta­
me oo"LeKT&I, MO>I<Ho np�CKaaaTL BpeMSI HX Bap1,ma. ECJIH r.tacca qepuoii: .IJ:&Ip&I
6y.n;er 6omme scero mnm, B HeCKoJILKo paa, speMH ee cym;eCTBOBaHHH 6y,qer 
H3Mepsrn,cn: CTOJieTWIMH, tJTO .n;enaer npaKTHtJeCKH HeB03MO>I<HLIM HQOJIIO,qeme 
BspLIBa. 

3) 109 Kr < M0 < 101 2 Kr. BpeMSI cym;eCTBOBaHWI 9THX qepm,rx )];E,Ip He 
npeBOCXO)];HT BpeMeHH cym;eCTBOBaHWI MeTara.JiaKTHKH H no 3TOMY npH3HaKY 
HX MO>I<llO Ha3BaTI, xa60JI0BCKHMH wm MeTara.JiaICTJAeCKHMH. OHH HaJiytJaIOT 
a,tq)OH&I, a ll03TOMY 3TH OTOJILI MO>KHO Ha3BQTI, a)];pOHllI,IMH. 

4) 101 2  Kr < MO < 10 1 8 Kr. BpeMH cym;ecmosamm 3THX 061,eKToB y>Ke
npeBOCXOAl{T BpeMH cym;eCTBOBaHHH MeTaraJiaKTHKH, T. e. ,qm1 MeraranaKm-
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t1eCKHX upoqeccoB - 3TO npaKTHlleCKH Betnn,1e oo"DeKTI>I. PasMep1,1 3THX oo'LeK­
TOB B 3aBHCHMOCTH OT MaCCLI MOryT 61,rrr, OT pasMepoB 3JICMeHTapHLIX qa� H 
8TOMH1>IX �ep ,n;o pasMepOB aTOMOB H MOJiel(}'JI, T. e. no npocrpaHCrBeHHOMY 
napaMerpy 3TO MHKpOCKOIIlttleCKHe OTOHLI. B CBOIO oqepe�, MHKpOCKOmAecKHe 
qepm,1e ,n;1,1p1,1 MO>mtO pa3,n;emrrr, Ha OTOHI,I C MO > 101 4 :KI', KOTOpLie H3JI}"l8IOT 
TOJILKO JIIOKCOHI,I (JIIOKCOHHLie OTOHI>I), H C Mo < 101 4 Kr, KOTOpLie H3.JIYtlaIOT 
eIQe JienTOHI,I (nenTOHHI,Ie OTOIU,I) . 

5) 10 1 8  KI' < Mo <  102 2  KI'. Ilo npocrpaHCTBCHHOMY napaMerpy - 3TO Ma­
KpOCKOillttleCKHe OTOHl>I, B03MO)KHOCTf, �ecTBOBaHHH KOTOpLIX B 3eMJie eIQe 
HMeeT CMI,ICJI o6cy>K'AaTL. 

qepm,xe .rtI>Ipl>I C MO > 101 1  KI' HMeIOT yme Macey nJiaHeT H me CnymHKOB
H He HMeeT CMLICJia pacCMaTpHBQTI, HX KaK BHy1'pH3eMHbie o6'beKT:&I. XoTj_I npe,n;­
CTaBJUIIOT co6oii mrrepec, HaupHMep, sa,n;atm Tuna npoxo>K,rtemtn (Tollltee, npo­
CKmamamm) qepes 3el\UIIO OTOHa c Mo > Mm H v0 > 107 M • c- 1 • Cwm>KeT JIH
IlO,t(OOHaH 0,n;HHOllHaff: qepHaH ,t(I,tpa, MI'HOBeHHO npOCKOl{HB qepes 3eMJIIO, OKa-
38TL KaKOe-JIH6o 3aMCTHOe BJIHmnte Ha nJiaa:ery? CMO>KeT JIH tleJIOBeK OIIzyTH'l'J, 
YBeJIH'tleHHe CHJII,I TJDReCTH, npOHCXO,D;j{IQee ,t(OJIH CeicyH.rtl>I? Ho OTJIO>I<HM 3TH 
BOnpOCLI Ha 6y,n;ymee H nepeA,z:teM l( aHaJIH3y ,ttBH>Kemm 3el\tHLDli OTOHOB, B03,n;efl:­
CTBHe KOTOPLIX Ha 3eMHylO noBepXHOCTf> XOTH H lCp8TKOBpeMeHHo, HO ,llOCTyIIIIO 
,n;JIH pemcrpaxnm coBpeMemtoii: rpaBHMeTpH'tleCKoft annapaTypoii:. 

3. Omonbz 6 zpaBumai,uoHHOM no11e 3e.M11u 

B rpaBHTaqHOHHOM none 3eMJIH OTOHl,I CBOOO.n;HO nepe,n;BHraIOTC.fI KaK TO­
t1et1HI>Ie rpaBHTatlHOHHLie MaCCbI ,n;a>Ke B 3eMH1>IX He,n;pax, T. l(. HeH3BeCTeH <l>H-
3HlleCKHfl: MexaHHSM, KOTOpl>Iii: l\tor ObI y,ttep>KaTr, B OTHOCHTeJILHOit HenO,n;BH>K­
HOCTH CTOJIL Heo61>It1H1>Ie Tena. KpoMe 38pO,t(I,ImeBoro �eHTpaJif,HOro OTOHa Bee 
OCTaJil,HI,Ie nepeMeiqaIOTCH B 3el\tJie CJIOBHO B nyCTOTe. Tollltoe onuaume ,D;BH­
>KeHWI OTOHOB B 3eMJie npe,n;CTa.BJIHeT coooii: Kpatta:e CJIO>KHylO sa,t:taqy' U03TOMY 
orpa.HHtmMcn JIHmL o6mett xapaKTepHcTHKoii. 

0TOH1>I MOryT ,n;BHraTLCH no 3.JlJIHil'l'HtleCKUM op6HTa.M, y KOTOPl>IX B O,n;HOM 
H3 cl>Ol(YCOB ,n;oJDKHo HRXO,n;HTLCH .sr,rwo 3eMJIH (�empam,Hl>m OTOH). Ano�eHTpI,I 
op6HT OTOHOB MOryT HaxO,n;HTLCH B r.JIY6HHax 3el\UIH, 6LITf, OOJIH3H ee nosepx­
HOCTH WIH BI:,txo,n;mr, ,n;aneico B OKOJI03eMHOe npoCTpaHCTBO . CKopOCTL B ano�eH­
TPe MHHHMaJI&Ha, a BpeMH HaxO>K,llemVI H ,n;ettCTBHe OTOHa - l\mKCHMaJI!,HJ,I. 
ECJIH anoqeHTp H8XOJ:(HTCH B rnyoHHe, TO reo«pHSH'tleCKoe npoHBJieHHe OTOHa Ha 
noBepXHOCTH 3eMJIH MaJIO, a BepOHTHOC'l'I, ero perHCTpaqHH HeBemnca. EcJIH 
ano�emp H8XO,n;HTCH ,n;aneKo B OKOJI03eMllOM npoCTpaHCTBe, TO npoxo>K,lleHHe 
qepes seMHyIO nouepXHoCTf> H reo«pHSHtleCKHe npoHBneHHH oToHa 6y,n;yT · Kpamo­
:speMeHHI,nm. IIOSTOMY TOJILKo Te OTOHI>I, anoqempa K0Top1>IX Jie>KaT B6JIH3H 
noBepXHOCTH 3eMJIH, l\iOryT 0Ka3I,IB8TL 3SMeTHOe reo«pH3H'tleCKoe B03,D;eHCTBHe. 
0I(eHHTf, nepHo,n; oopaiqeHHH OTOHa B,n;om, noBepXHOCTH 3eMJIH MO>KHO c noMOIQLIO 
H3BeCTHoro B1>Ipa>Kemm : 
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r,qe Re - 3KBaTopHaJI1,m,Iii paJ:tHYC 3er.tJIH, pamn,m: 6,378 • 106 M;  G - rpaBH• 
T�OHHWI noCTommaa; Me - Macca 3eMJIH. Ha (9) HMeeM cne,qyrolI{ee 3Haqeime 
.rtmI nepuo,qa o6p�emm OTOHa BOKpyr 3eMJIH Te = 5066 c (84,43 MHH).

Ho ,qame 6mt30CT!, ano�eHTpOB op6HT OTOHOB K 3eMHOA noBepXHOCTH He 
HBJIHeTCH rap8H'l'Heit me nericoro o6uapymemm. IIo,qaemnolI{aH qacr.& OTOHOB 
,ttOJI>Iata ,I:tBHraTLCH'. OTHOCHTenLHO 3eMHOii noBepXHOCTH Bee.&Ma xaOTHtlll&IM o6pa-
30M, UOHBJieHHe HX B 3TOD: HJIH HHOA o6naCTH 3eMHOfl: noeepXHOCTH TPYJ:tHOnpor­
H03HpYel'ttO, a C8.MH OHH TPYJ:tHOYJIOBHM&I. JI 3TO HeCMOTp.a: Ha TO, �o OTHOCHTeJIL­
HO y,qaJieam,IX aBea,tt ,ttOJDICHLI coxpamrr.& ceoe npoc-rpaHCTBemtoe nonomeime 
llJIOCKOCTJ, op6HTLI OTOHa H OC!, BpSII{eHWI 3eMJIH. ,IJ;eno B TOM, t!TO BCJie,ttCTBHe 
upalI{eHRH 3eMJIH OTOHLI 6y,zcy-r npH6JIIDKaTLCH I<a>K,ttbli pa3 K pa3JIHtml>IM 
o6JiaCTmt ae.mroit noeepXHOCTH. H TOJIT,KO He3HatnrreJII,HOe qHCJIO OTOHOB, KOTop1,1e 
OOJ1a,tt8IOT Kp8TH1,IMH nepHOJ:tllMH OTHOCHTeJILHO nepHO,tta o6palI{emm 3e MJIH BO­
Kpyr ceoeA OCH (KpaTHOCT.& MO>KeT 61,1TL H OTHOCHTeJILHO npoH3BOJILHOrO qHCJia 
nepHO,ttOB)' 6y,qeT IlOJmIDITI,CH B <f>HKCHpOBamtr:,IX MeCTax 3eMHOii noeepXHOCTH. 
KpaTHoCTJ, omoCHTeJILHO cyroK oauaqaeT TaIOKe qucno OOJiaCTeii B6JIH3H aeMHoii 
noeepxuoCTH, B KOTOpl,IX noJmJIJreTCJr KpaTHDili OTOH B Tet!eHHe cyTOK. KpaTHl,m 
OTOH qepea 3Be3.ttm,Ie cyTKH (mm Kpamoe HM qffCJIO) OKa31,mSeTCJr B anoQeHTpe 
ceoeii op6HTI>I B3JIH3H o,I:tHoii H Toii me o6nacm aeMHoA noeepxnocm. Jla,z:p1M 
OQeHKy 6JIH>Kaiimmc K SeMHOii noeepXROCTH KpaTHbIX op6HT' BOCilOJII,30BBBWHCI, 
BJ,tpa>KeHHeAI : 

( 10) 

Re H Te Hseecrm,1 H3 (9), T1c = T3c/k. Tse - epeAUI 3Be3,ttm,IX cyTOK. OmomeHHe 
(Tsc/T 9) = 16,998 roeopHT o TOM, ttto 6JIH>Kaimme K seMHoit noeepXHoCTH KpaT­
m,1e OTOHbI HMeIOT nepHO.tt, Kp8TH&Ii CeMHa,ttqaTH (k = 17). 3TOT nepHO,tt paeeH 
T 1 7 = (T3c/l 1) = 5068,48 c = 84,41 l\unl. llmr 6om,moA IIOJIYOCH H3 (10) HMeeM
R 1 7  = 6476,7 KM, ttto, npHMep:ao, :aa nomopa KWIOMeTpa Mem»me 9KBaTopHam,­
Horo pa,tteyca. <I>aKTJAeCKH anoQetrrp:&I 9THX KpBTH&IX OTOHOB ,ttO.TDKlll,I H8XO,ttHT&­
csr elI{e r.ny6me, T.  K ,  rpaBHT�OHmUI Macca, B none KOTOpoii ABH>KeTCH OTOH, 
ec�,qa MeHf>me Me , Jlpyrue 6JIH>Kattume 1<paTH1>1e opoHTLI (k = 18, k = 1 6)  
HMeIOT napaMerp1,1 : k = 18, T 18 = 4786,9 C (79, 78 MHH), R u  = 6139 KM (o6JiaCTh
acreuoc<f)ep1,1) ; k = 1 6, T1 6  = 538S,3 c (89,75 mm), R 1 6  = 6933 KM (o6JiaCTL 
TepMOCtpep1,1). 

B HaCTORII{ee BpeMH anoQeHTpl,I op6HT OTOHOB C k = l 1 llOJ:tXO,t(JrT 6JIH3KO
K llOBepxuoCTH 3eMJIH. 3TO 03Haqaer, t!TO K8>1(,J:{&Ie cyTKH B onpe,tteJieHHoe BpeMJr 
B o.rpry H TY >Ke o6JiaCT.& 3eMHOii Kop1,t npOHCXO,ttHT >)BnpbICKHBaHHe<c 9HeprHH: B 
ano�empe CKopoCTL MHHHMaJILHa, a 3HallHT, Bh:r,tteJieHHe 3Hepnm Ha e,ItHHHizy 
pacCTomnm · MaKCHMaJILHO. Bb:r,ttemieMWI OTOHOM 3Hepmsr B TBep.rtOM BeII(eCTBe 
MO>KeT 3cf>cl>eKTHBHO BKKYMYJIHPOB8TltCJr H ee BIIOJIHe .rtOCTaTOqffO Aa>Ke �IDI o6ec­
neqeHWI 3uepreTHKH eyJIKaua. CaMo me >>enp1,1CKHBam1e<c s:aeprHH MO>Ker cn:y­
>KHTL CIIYCKOB:&IM Mexamt3MOl\t ,t(JIH seMJieTpHCelDlii. TaKHM o6paaoM, B MeCTax 
UO.SIBJieHWI Kp8THl,IX OTOHOB (k = 17) MOryT 61,ITL reonorHtieCKHe oco6eHHOCTH :
ByJIKaBLI, 31lH[(eBTpl>I 3eMJieTpJICeBHii, JCOJIL�eB:&Ie CTJ)YKTYp1,1, Mecropo>K,IteftIDI 
yrJieBOAOPOAOB' TellJIOBJ,Ie aHOMamm H .rtP. 
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Tmc KaK nepHO,tt Bp�emm 3eMJIH H nepHO,ttbl o6p�emVI OTOHOB MeWI­
IOTCH co BpeMeHeM, TO O,qHH OTOHLI MOryT nepeCTaT& 6&1T& KpaTHE>IMH, a ,qpyrHe 
mm CTaHyT. 3To MO>KeT npeBeCTH K H31\teHeHHIO H ,qame npeKpa�eHHIO Bym<a­
mAeCKOit aKTHBHOCTH B W3YX cnyqamc. Bo-nepB&IX, eCJIH anonemp&I Kj>BTHI>IX 
op6HT OTOHOB yii,qy'r ,qoCTaTOtIHO rnyoOKO B 3eMHI>Ie He,Itpa, llTO C,Ite.TiaeT HeB03-
MO>KHhIM B'.X reocpH3HqeCKoe npo.smJieHHe Ha IlOBepXHOCTH. Bo-BTop&IX, ecJIH 
anoneHTpI>I op5HT K})aTHhIX OTOHOB B&rli,zzyT B&IIIIe 3eMHOH noBepXHOC'l'H, llTO 
C,IteJiaeT HeB03MO>KHhIM arocyMymrt(HIO 9Hepnm. 3TO o6nHCHHeT TO, llTO B Ha­
CTOmI{ee BpeMH Jll{lll& ae6oJI&WOe qHCJIO nnaHeTH&IX Ten, y KOTOp:&IX anoneHTpLI 
KpBTHLIX op6HT 6JIH3KH K nouepmocm, o6Jia,ttaeT QKTHBHf,IM B}'JIKQHH3MOM. 

· 06p�eHHe 3eMJIH BOKpyr Co.JIHna npHBO.l(HT K TO.My., qTo B pa3JDAH&Ie
BpeMeHa rona KpaTHE>m: OTOH 6yner npoxo�r, B o,t:tHy H TY me o6naCTr, B paaJllttl­
Hoe BpeMH cyTOK. 3TO BpeMH 6yner MeHHTLCH Ka.>K,ItLie cyTKH, npe:MepHo, Ha 237 c 
H ero MO>KHo onpenemrrr, H3 CJie,qyro�ero npoCToro coomoweHHH tc = t0 - AtNc 

(to - BpeMH cyroK e:cxonaoro oTcqera, Ne - tmCJio npomenumx cyroK, At = 
= 236, SSS c). 

HaI(OHen, 38MemM, q,ro B npmtnmte MO)l(HO ,ttonyCTHT& cyineCTBOBaHHe He 
TOJl&KO O,ItHHOtlm,IX OTOHOB B 3eMJie, HO H C8MJ:,IX pa3JIH't1HJ:,IX rpaBHTanHOHHO­
CBH3aHHI:,IX CHCTeM OTOHOB (KPBTHl>IX CHCTeM, CHCTeM, no,tto6H:&IM nmmeTHLIM CHC­
TeMaM e: np.) . I<pol\te Toro, OTOHLI MOryT ,qBHraTLCH a 3eMJie OTOHHLIMH poHMH.
IIono6HL1e MO,tteJIH 3HatmTeJI&HO paCIIIHpmoT 9BPHCTHtleCKHe B03MO>KHOCTH OTOH­
HO:lt reocl>B3m<H. TaI<, B3Pl>IB onaoro H3 OTOHOB, uxonmnero B OTOmtylO CHCTeMy 
H BJ:,I3&maro�ero KaTaCTpocl>Ht1ecKoe H3BepmeHHe BYJIKaHa, ue 03aaqaer npeicpa-
11.leHHe BYJIKaHRqeCKOH a!CTHBHOCTH B 9TOH OOJl8CTH, T .  K.  6y,rcyT npo,qOJI)l(QTL 
BLI.IteJIHTL 9Heprmo npyrHe OTOHJ:,I CHCTeMI:,I. 

4. I'eo1102uttecKue Kamactnpo(,bi u B3Pbl8bl 6YJ1Ka110B 

Hau6oJI&nme 3HeproBLI.IteJiemm ua 3eMJie CBH3BHl,I c KaTactpocl>e:t1ecKHMH 
B3pLmBMH BYJIKaHoB6> . TaK, aueprWI B3P&moB BYJIKaHOB T&M6opa H CaHTopHH 
61,ma nopH,rtKa 102 0  ,Um. Amuma .t(BH>KeHHH OTOHOB B 3eMJie noKaa&maer, qTo 
3HeprIDI KaTaCTpocl>HtleCKHX B3pLmOB BYJIKaHOB MO)l(eT 6LITo ooyCJIOBJieHa auep­
rHeH B3pLmaIOI.QHXCH qepHLIX J:tblP . 

Ilpe>K,qe BCero OTMeTHM, 11TO yqer <!>aI<Topa ,I:tBH>KeHWI Kpamoro OTOHa Be­
,t'(eT K H3MeHeHHIO oneHKH 9HeprHH H nOToKa ueii'rpHHo, npHBe,tteuHLie pauee .t(JVI 
B}'JIKaHa KJiroqeBCKoro 7 >. Ha yqera cpaKTopa ,qeH>KeHHH KPaTHoro OTOHa cne,eyeT,
qTO trepmm .{t&Ipa He HaXO,qHTCH nOCTOHHHO B MarMaTHqeCKOH KaMepe BYJIKaHa, a 
no.smJIHeTCH TaM u Teqeime cyTOK, IIpHMepuo, Ha MHRYTY. CJie,qoBaTeJioHO, trro6&I 
06ecnet1HTL 3Heprenn<y BYJIKaHa, Mo�ocn, H3.JI}"leHWI ttepuoii: ,ttl,IpLI ,tton>KHa 
6I>ITL 6oJILme B COOTBeTCTByIO�ee lDICJIO paa, llTO ,qaer p BH = 2,6 . 101 3  ,Um •
· c- 1 • 3Toii Mo�oCTI>ro H3J1Yt1emm Momer o6na,ttan qepuan ,ttb:cpa c M BH =
= 2 • 101 0 Kr' KOTopaH H3nyqaer Be.HTpHHo C 3Hepraeit OKOJIO 1 r3B co CKOpOCTLIO 
nopH,ItKa � 102 2  c- 1 • 

.I(BH>K�ecg MHKpo-qepHLie .rtl,IpLI e�e u 6oJILwett CTeneHH COOTBeTC'fBYIOT 
KOHneonHH ropgqe:x TOlleK, KOTop1,1e, KaK CtmT&eTCH, no,ttqep>KHBalOTCH JIOKaJIH-
30BaHlU,IMH BOCXO,ttm:QHMH IlOTOKaMH MaH'J.'HABoro MaTepnana B nJIIOMax5) • .I(BH-
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�8HCH qepHWI .IJ;bipa BAOJll> CBOero ABH>Kemm nporpeBaer BeIQeCTBo, C03Aa­
BaH BOCXO,t:t� IIJIIOM, 

Pa3JIHtme 3HeprHH B3p&IBa qepHoii .IJ;bip&I (102 3  .I(>K) H MaKCHMa.JlI,HOH 3Hep­
mu B3P&IBa BYJlICaHa (102 0  Jl;K) 05':&HCHJleTCH CJie,qyIO� q>aKTOpaAUI. Bo­
nepB&IX, BepOHTHOCTI, Toro' llTO llepHan ,tt&Ipa OKa>KeTCR B MarMaTHtleCKOH Ka­
Mepe B MOMeHT B3P&ma, Heaenmca, T .  l(. B Teqemte cyTOK qepaan ,t{bipa H8XO'AHTC.R: 
B MarMaTHlleCKoii KaMepe, npmiepHo, MlfHYTY. IIoaTOMY, cKopeii Bcero, qepmur 
,ttLIJ)a OK83bIBae'l'CH B MarMaTHtleCKoii KBMepe He B MOMCHT B3P&ma, a B npe,ltB3p&m­
HOM cocromnm. B Teqemte cyroK cropaer qepHSH .zi;blpa c Msa F:::S 3 • 108 KI', a 
MOIQHOCTb ee usnyqeHWI nopH,t:tI<a 101 8  )l>K • c- 1 • TaKWI qepHa.R: ,q:1:,ipa y>1<e
6om,me He BepHeTC.R: B MarMaTl{qCCKyIO IC&Mepy' T .  I(. 3a cyTI(H oHa )J;OJI»CHa B30p­
BQTI,C.R: B rnyoHHax 3eMJIH. 3a apeMH nocnewrero no.R:Bnemm e MarMaTJAecKoit 
mwepe aTa tlepHan ,t:t:1:,ipa BLI,z:teJUieT aHeprmo nopa,qI<a 102 0  ,I(>K, T.  e.  aTa 3Hepma 
B3p&ma BYJlIC&Ha. 

Bo-BTOpblX, He BC.a: 3Hepnm Bap1,maroIQCHCH qepaoit ,t:t&Ip&I MO>KeT nepeiTH 
B 3Heprmo B3p&ma ByJIKaua. 0KOJIO nOJIOBHHbI 3HeprHH npmcoW{TCR Ha HeitTpH­
HO H rpaBHTOHbl, KOTOp&re oqem, cna6o B3auMO,l(CHCTByI0T C BCIQCCTBOM H B oc­
HOBHOM yxo,l(RT B KOCMINeCKOe IIpOCTpaHCTBO. 3aTeM, qacrr, 3Heprmr nepexo,t:(liT 
B Macey nOKOH po)l(,l(aro�c.a: l\taCCHBIII,JX qacT�. A eCJIH yqHT&maTb BTOpllllH&te 
IIJ)Ol{CCCl,I po>I<,t(emm MQCCHBHbIX qa�, TO 3Heprmr, CB.fI38HH8H C Maccoii no­
KOH ttaCTHI.l, MO>KeT OKa3aTI,C.fI 3Ha'IHTeJU,HOii. 

HaKoHel{, MOryT 6bITI, IlOB&IIIICHLI Ol{CHKH 3Hepnm B3P&m0B BYJIKaHOB. 
Bepxwm Ol{eHKa aHepnm BYJIKaHHtlecKHX eap&moa (102 0  .I(>K) CtmTaerc.a: npe­
,qem,aoit eIQe llOTOMY, ttro npO'IHOCTf> 3eMltOH KOpbI He ll03BOJI.a:eT CKOHl{empnpo­
BaTr, 6om,mee KOJDAeCTBo aaepnm B Teqeime ,qmrrem,uoro BpeMeHH. KpaTKO•
BpeMeHHan no,t:tmITKa 6omIIIHM l(OJIHqCCTBOM 3HeprHH (E > 102 0 .I(,K) OT qep­
Hoft ,ttl,!p&I, 38 'lel\t CJieAYeT H3Bep>KeHHe H paapR,l(Ka HanpmKemrii B Kope, Se 
HMeeT 3THX orpaHHqemtfl:. TaKHM o5paaoM, 3Heprerm<a uap1,maroll{HXCR 11epH&IX 
.zi;1,1p no nop� BeJIHtlHHl,I y,t:tHBHTCJir,HbIM o5pa30M OKa3LmaeTCR OJlHSI<Ofi: K 
3HepreH B3p&moe B}'JIKaHOB, llTO HBJIHeTCH eIQe O,t:tHHM l(OCBeHH&IM CB�eTem,­
CTBOM CYIQeCTBOBaHH.a: 11epn1x ,ttLip B 3eMJie. 

Oocy,ttHAt B03MO>l<HOCTf> peruCTpaQHH BCUJieCKa ueiTpmto, COIIpOBO>K,ZtalOIQe­
ro B3P&m qepHoit ,l(Llp&I. IlplAeM 3TOT B3P&m, CKopee Bcero, IIpOHCXO,ttRT B 
QCH'l'pam.aoit ooJiaCTH 3eMJIH, KOTopa.a:, eoaMo»CHo, npe,t:tCTaBJUieT cuoeotipaaHoe 
xpamtJIHiqe npe,ttBap1,mHLIX H B3pb1B11I,tx: qepHLIX .ttLIP. IIpoCTp8HCTBel!Ha.R: 06-
JIQCTI, H,lij)a 3eMJIH ,t:tmI rpaBRTallffOHHbtx oo':heKTOB HBIDieTC.R: B&t,t:te.JieHHoii --
3To· o5JiaCTr, HaHOOJiee ,qpeBHeii qaCTH rpaBHTal{ROHHOH nOTe�am.HO:U: >).JIMJ:,I(<, B 
KOTOpoit ,l(OJl>laU,I HaxO):(mf>CH HaH60Jiee ,ttpeBHHe H KOpOTKO>KHBYIQHe qepH&Ie 
,ttl,Ip&I. )4,yrmm CJIOBaMH, IIJIOTHOCTL . KOpOTKO>KHBYillHX qepm,IX ,ttbip B l{eH­
TPamHoii o5JiaCTH 3eMJIH ,l(OJI>l<Ha 6LITf> BbIIIIe (B03MO»CHO, Ha MHOro nopR,t:tKOB), 
qeM B npoCTpaHCTBe OICpf>KaIOIQero MHpa. 

IIpe,ttIIIeCTByIOIQHe HCCJie,t:tOBamI.R: no perHCTpaQHH B3PbmOB qepHLIX �blp 2 2)
Be.JIHCf, u ,l(pyrOM HaI!paBJiemm. Bo-nepe&tx, HX HCKaJIH He u rny5HHax 3eMJJH, a 
B rJIYOHllaX KoCMoca. Bo-BTOpLIX, HX n&ITaJIHCf, pemcrpHpOBaTL He no Heitrpmt­
HOMy B3JIY'lemuo, a no sneKTpoMarHHTHoMY. ,1lJm perHCTpaQHH ueiTpHHHbtx 
BCilJieCKOB MO>I<HO HCnOJll>30BaTI, mo6&Ie HMCIOIQHeC.R: ueitrpmm:r,re ,tteTeKTOpbI, 
T .  l(. BCe OHH, npHMepHo, paBHOy,t:taneHE,I OT o5JiaCTH Hax:O)l(,l(emm qepsofl: ,t:tbipbI. 
3TOT 3KcnepHMCHT pasHTeJII,HO OTJIHllaerc.st OT 3KCnepmteHTa no perHCTpal{HH 

FIZIKA · 23 (1991) 3, 247-272 257 



TROFIMENKO : GENERAL RELATIVITY . ,  , 

IlOBLillleHHoro IlOTOKa Heirrpmto BOJIH3H BYJIKallOB : He Tpe6yerc.a: noCTpoemm 
�oporOCTOmI.lerO ueATpmmoro �ereKTopa B BeCI,MB TPYroll>IX YCJIOBHSIX BOJIH3H 
:eyJJKa11a, a MO>KHO Hcno.m.aoBaTI, �Jlll perHCTp� BCWICCKOB HeiiTpHHO OT 
B3p&moB qepm,IX w,xp r.nyo0Kono�1,1e Heih'pmm&te .u;ereKTopr,12 3 > .  )KenaTeJU,Ho 
.mnm, noHH3HTL Ha nop.R:,D;OK Be.JDNHHY 3HeprHH perHCTpupyeMMX HeiiTpHHO. B 
HMeIO�C.a: rnyOOKOBO,t:(HI,IX Heitrpmm&IX .U:eTCKTOpax 3Ta Be.JIHtmHa paBHa 50-100 
n�B, a HCOOXO,t:(HMO, �OObl yBepeHHO 3a<pHKCHpOBaTI, qepHyIO .D;&tpy 38 HeCKOJI&KO 
ner .u;o ee napi,ma, perHcrpuponaTL HeiiTpHHo c sueprHeit nop.a:nKa 10 rss . 

B CHJIY p.a:na o5CTOm'eJU,CTB (B03MO>l<HOCTL cyIQeCTBOBaHH.R: HOBLIX THllOB 
Heihpmto, Heonpe.u;eJieHHOCT.& p.R:):ta qlaKTOpOB B «pHSHKe BbICOlCHX 3Heprmt H 
3JieMeffl'apH1,IX l!a� H .u;p.) onpe.u;e.mrr& TOWO c�eaapd H3JIY'ICHIDI uempHHo 
B3pLmaIOIQeitcn llepHO:ii w,xpoii HeJU,3.sJ:. Ho MO>KHO HapHconan, npHMepHyro Kap­
THHY mmpaBJieHHOCTH npo�eccoB H o�eHHTL nop�OK BCJIH'IHH, � H H3JIO)KCHO 
HH)KC. 

Ilp�3p:&IBHa.a: tiepHruI �Ltpa C M BH � 109 !(I' Hanyqaer B TC'leHHe HCCKOJI&­
KHX HeHTpHHO C 3Hepmeii nop�a 10 rsn, UOTOK KOTOpLIX Ha nonepXHOCTH 
3eMJIH 'I'@ � 109 M- 2 • c- 1 • 3aeprH.a: H DOTOK HeiiTpHHO 6y,JzyT BoapaCTaTL co 
BpeMeHeM. B DOCJie,qllHe ,qHH nep� B3PLmOM qepHruI W,Ipa 6y�eT H3.JIYllaT& 
BeiiTpHHO C 3Hepmeu: 100 rsB H 'l'e � 101 0  M- 2 • c- 1 • 3Heprwr H IlOTOK Heii­
TpHHO Hatmy'l' pe3KO B03Pacran, H B noCJie�e MHHYTLI llepHruI �:&Ipa 6y�eT 
113JI}"mT& HeHTpmtO C 3Hepmeii ,ttO 10 Tsn, a UOTOK COCTaBHT BeJIHtmHy 'PED � 
� 101 2  M- 2 • c- 1 • 3ammtnmaerc.a: sap&m qepHoii ,ttLip&I TeM·, �o B .u;omt ce­
KyH.ttLI IIpOHCXO� BCllJiecK HeHTpHHO C 3Hepmeit 6onee 100 T3B 7> .  ,UeT.aJILHO 
Heihpmmoe H3Jl}"leHHe OT qepaoit .rt&IpbI npoa11aJIHaupoBa110 B pa6ore 24. 

OrKp:&rme B 1962 r. JI. M. Jie,ttepr.taHOM (L. Lederman), M. IIIBap�oM 
(M. Schwartz), ,Um. OreiiHoeproM (J. Steinberger) BToporo mna HeiiTpHHo ('Pµ), .
a TalOKe o611apy>Kem1e B 1975 r. M. JI. IlepnoM (M. L.  Perl) TpeT&ero Tuna Heii­
TpHHO (111') ronopm 06 ymma.m.HOCTH CIIeKTp8 HeiiTpHHO, H3nyqaeMoro l!CpHoit 
.u;1,1poit : OH COCTOHT H3 paBHOMOIQHLIX nOTOKOB pa3J1Ht1HLIX THIIOB HeihpHHO (1' e, 
;:, 'Pµ, vµ, """ ';T), MMero� O.u;HHaKOBYIO sHeprmo. 3Ta ymmam,HoCT& cneKTpa 
:seiiTpHHO RB.IDleTCR BQ>ICHLIM TecTOM .D:JIR OTO>K,qeCTBJieHH.a: nOTOKa HeihpHHO C 
H3.JIY'lemlCM OT t1epHO:ii ,tthip&I. 

ECJIH .u;ame npe,ttn3P1>IB111>IX qepm,nc .tJ:LIP ,ttOCTaTOtlHO MHoro, B3p1>IBaT&CH 
OHH �OJD!CHLI B O�HO'IKY. ,I(eno B TOM, 'ITO co BPeMeHeM pa3HH�a B Meece qepHbIX 
,ttLip C1CasLIBaeTcR uce CHJILHee ua npottecCLt HX Hcnapemm. t1To61,1 qepH:&te .u;r,1p:&1 
B3PLIB8JIHC& O'AffOBpeMeHHO, ux .l\laCCI,I �OJDI<Hbl 01,ITL paBH:&IMH c Bl>ICOKO:ii CTe­
nem.10 TO'IHOCTH : TaK, ,tt.Jlll qepHLlX W,Ip. C MaCcaMH nop.fI.ltl(a 101 2  Kr pa3JIH'IHe B 
BeJDAHHe Mace He ,ttOJDl<HO 6b!TL 6oJiee Tpex MHJIJIHOHHJ,IX ,ttOJI&. TaKHM o6paaoM, 
qepm,r ,ttl>Ipl,I IIpHOJIH>KaIOTC.R: K CBOeMY <l>BHHIIIY (B3pLmy) B O,ttHH011K}' H Heit­
TPHIIHoe HCJIYllemle OT HHX ,ttOJDKHO. uaqan, pe3KO BE,1',qeJDITl,C.R: OT ueihpHHHOI"O 
<I>oua, o6paaoBaHHoro .u;pyrmm npe,qmpLIBHLIMH qepm,IMH .u;i:,tpaMH. 

3KcnepHMeHTaJII,Hbie ,ttaHHhie no pemcrparom BeitrpHHO BLICOKHX 3Heprmi 
OT B3pLmOB qepHbIX ,ttblp nosnorurr He TOJil,KO yT01UDIT& KapTHUy KBaHTOBOro 
Hcnapemm H B3p&ma qepHOH .tJ:I,IpLI, BO H ,tta.u;yT HH<l><>PMat.lllIO O qa�ax IIpH 
CBepXBl>ICOKHX 3Hepmmc2 5>, npo.a:cwn npo6JieMY KOM6mmponmmott CHMMe­
TpHH26>. 3aMeTHM, 'ITO OTOHI,I MOryT npORBmlT1, ce6.a: He TOJI&KO B q>opMe reo­
JIOrH'lecKHX KaTaCTpO!p, HO u B q,opMe pa3JIHtlHLIX reoJiorH'leCKHX oco6eHHOCTeit, 
KOT0p1>IC MOryT npo�OBaT&C.R: OTOHaMH aa 6om,ume npOMemyTI(H BpeMeHH. 
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5. PeJtRmu1Jucmc«an, ( omoHHaR) 2eo11ozun, 

�eCTBOBaHHe OTOHOB B 3eMJie .t(OJOl<HO BeCTH K reo<pHSHqeCKHM u reono­
r.K"leCKHM CJie,ltCTBWIM • .IJ:eno B TOM, �o o6JiaCTH 3eMHoii: IIOBepXHOCTH, B6JIH3B 
KOTOpi>IX IIOHBJUilOTCH Iq)8THI>Ie OTOHbI, .t(OJDl<Hi>I 6LITI, oco6eHHbIMH B reonorH­
qeCl(OM OTHomemm, T.  K .  B03,tteiiCTBHe OTOHOB MO>I<eT arucyMyJIHpOB8Tl,CH B Te­
tJemte .ttJIHTem.Horo BpeMezm. TllKHl\llJ oco6eHHOCTHMH MOrYT 6I>ITL BYJIKaHbI, 
3IIHI.leHTpbI seMJieTpHcemdi: I<OJI&[(eBLie CTpyKTYPI>I, MeCTopo>K,D;eHHH IIOJiesH&IX 
HCKOilaeMLIX H np .  

Jiro61,1e MeCTopo�eHWI IIOJie3HblX HCKOIIBeMLIX 03HBtiaIOT onpe,tteJieHHYlO 
CTenem, JIOKBJIH3axvm, KOTOPBH, B03MO>I<HO, MO>I<eT 6I>ITI, OO'bHCeHHa TeM HJ'Ill 
HHl>IM B03Aeii:CTBHeM Iq)aTHI,IX OTOHOB. B reonorHH ,tt8BBO OTMeqanaeo Koppem1-
llHJI J:U)eBHero ByJIKaHHSMa C TeMH HJIH Hl:U,IMH MeCTopom.n;emmMH IIOJie3HbIX HC­
KonaeMLIX. A TaK KaK ByJIKaHHSM MO>I<eT 6LIT.& CBH3BH c ,tteiiCTBHeM KpaTHLIX 
OTOHOB, .t(BH>Kemte KOTOpLIX 38KOHOMepHO, a pacnOJIO>I<eHHe OTOHHbIX oco6eHHOC­
Teii Ha 3eMJie Onpe,lleJieHHhIM o6p830M ynop�oqeuo, TO MO>I<HO nporll03HpOBaT& 
pacnono>I<emte Mecropom.n;emdt Ha seMHoii noBepXHOCTH. 

3aTeM, TeMIIepaTypLI, AO KOTOphIX OTOHLI 
0

MOryT JIOKaJil,HO pasorpeBaTL 
Be�ecmo, .t(OCTQTOt!HLI .t(JIH npOTeKaHHH TepMoH,rtepHbIX p� u o6pasoBBHHll 
3JieMCHT0B. Ilo3ToMy He l(CKJIIOqeHo, �o B MarMaTuqeCKHX KaMepax ByJIKaHOB 
npOHCXO,l{HT o6p830BaHRC 3JleMeaTOB, Ha tJTO YJC83LmaroT Kopp� aHOMa.Jllffl 
3He C BYJIKaHaMU. IlpHMylO HH<pOpM� 0 TepMOH,rtepHLIX peaK� B 
MarMaTHtiecKHX Kar.1epax MO>I<eT ,ttaT.& ueirrpmmoe H3Jiyt1eHHe. Pacna.n; >I<e s.n;po­
HOB MO>I<eT BeCTH K o6p830BaHHIO MeCTopom.n;emrit TpaHcypaHOBLIX 3Jiel\teHTOB-. 

OroH:&I, HMelOII(He COOTBeTCTByrolI(He napaMeTpLI, MOryT 6LITL HCTOllHHI<aMH 
3Heprmr ,qJIH o6pasoBSHHH XHMIAecKHX coe.n;mteHHii, rasoBhIX H >I<H,ttKHX uocu­
TeJieii 3Heprim (yrJieBO,ttOpO,ttOB). BLIHBJIHH npoCTpmtCTBeHHOe pacnoJIO>I<eHHe B 
3eMJie OTOHOB, pemrrHBHCTCKaH (OTOHHBH) reonorrut MO>I<eT npomosupoBaTL 
pacnoJIO>I<eHHe MeCTopo>I<,ttemm: He<pTH H rasa B HeTpa,z:p{[(HOHHLIX reoJIOI'lAecKHX 
paiiouax. B moooii TeopHH npoucxo�eHWJ: yrmmo.n;opo.qoB ( oprmmqecKou: wm 
ueopramAecKoi) Tpe6yercn: ucro11HHK 3HeprHH .qJIH HX o5paao:eamm. TaKHMH 
HC'rOtlHHKaMH MOryT O&ITL OTOH:&I. IloHBJieHHe OTOHOB B MeCTOpO>I<,qeHHH yrJie­
BO.t(OpO,ttOB .t(OJl)f(HO conpoBO>I<,ttaT.&CH KpaTKOBpeMeHHLIMH BapHa[(WIMH rpaema­
�OHHoro u sneKTpor.1armrmoro noneii, qwro BHOCHT npHHQHIU{a.m,110 HOB&Ie sJie­
r.teHT&I B reo<pll3Ht!eCKylO PasBCAKY. IIo 3TBM 1<paTKOBpeMeHHLIM BapH� 
cpH3HtJeCI<HX DOJieii MO>I<HO perucrpHpOBaT& OTOHLI. 

6. Kpam«ospe.MeHHwe Baj)Uat,/uu npowBOOHblX zpammzaquoHH020 
nonteHtJUQ.llQ, U OtnOHbl 

3eMJU,Ie OTOH:&I MO>I<HO perHCTpllpOBBTL uenocpe,ttCTBeHHO no HX rp�OH­
HOMy IIOJIIO : OHH npo�ylOT Iq)&TKOBpeMeHHLie JIOKaJI&HLie rp8BHT�OHHLie 
aHOMaJIHH3 • 7 > . Cn�<pHKa HX npoHBJieHHH B yCJIOBHHX 3eMJIH 38KJIIOtJ&eTCH B
HX JIOKaJII,HOCTH (JIHIII& BOJIH3H OTOHOB HX rpaBHTaI\HOHHOe none 3HatlHTeJILIIO) 
u KpaTI<OBpeMeHHOCTH ( OHH MOryT BXO,t:(HTL B o6JiaCTL perHCTpa:qmr COBpeMemu»IMH 
npu6opar.m JIHm& Ha HeCKOJII,l(O MHH}'T). Bo3MO>I<HOCT& IIPHMOii rpaB�OHHOH 
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perHCTp� OTOHOB npe,ttCTaBIDie'l'CR BeCLMa 3aMaH'IHBOH H oua 6y,tteT o6cy�eHa
�eram,Hei. 

IloKa 3BMeTHM, tlTO OTOHLI, B np�e, TaKHe me OO'beKT&I <l>HSHKH, KO­
Top1,1e 01,IJDI npe,ttCKasam,1 B Teopmt H OTKpl>IT&I Ha 3eMJie, KaK, HanpHMep,
llpOMemyEOllHl>Ie BeKTOpHLie 6030H1>I (W+ , W-, Z0) . IJpoMe)l(fTOllHl>Ie BeKTOp­
H&Ie 6oaom,x 6:&I.JIH OTKpI,ITI,I B 3HaMCHHT&IX 3KcnepHMeHTax K. Py66Ha (C. Rubbia), 
AIDI KOT0p1>IX cn�am,uo roTOBHJiaCL CJIO)l(HaH H ,ttoporoCTOH�WI YCTaHOBKa (van
der Meer). XOTJI 3aMeTHM, t!TO B cnyqae perHCTp� OTOHOB CHT}'�H MO>KeT
OKa3aTLCH HHOH, a HMeHHO, TaKOii, KaKaH 6:bIJia llpH OTK}Jl>ITHH peJIHKTOBoro H3-
.nyqemm, Kor,tta HCIIOJI&sosanae1, HMero�ascH annapazypa (A. A. Penzias, R. W.
Wilson), .D;mr Toro, q,ro61,1 HcnoJI&soBaTL rpaBHMeTpuqecKYIO annapazypy ,ttJI.a
perHCTpaJ.UD{ OTOHOB, B03M0)l(HO, noHBA06HTCH JIHUIL ee HeaHaqffTeJII,HaH MOAH­
ciJHK�. CospeMeHHlUI rpammeTpuqeCKBH annapazypa 2 7> perHCTpHpyer nepB&Ie 
BepTHKSJI&Hl:,Ie npoH3BOAHI:,Ie rpaBHT�OHHOrO nOTeHQHaJia (g, rpaBHMeTp1,1) H
BTOpl>Ie ropH30HTaJILH1>Ie · llp0H3BO,t(H&Ie rpaBHT�OHHoro nOT�aJia (Wxx, Ba­
PHOMeTl)LI). Ilpoauaim:mpyeM noBe,qeHHe nepBOit H Btopoii npOH3BO,l(HI,IX rpaBH­
T�OHHoro no-reB1'1!aJia, npo�pyeM&IX OTOHaMH. 

rpaBHT�OHHOe B03Ae:UCTBHe OTOHa npe):(CTaBJUieT COOOH rpaBHT�OHH&:m 
HMIIYJI&C (BCllJieCK) npo,ttOJl>KHTeJI&HOCTLIO HeCKOJILKO MHHYT. P9AHYc perucrpa­
ItHH (Rr) OTOHHl>IX rpasHHMnyJILCOB 6yAeM ODpe,t(eJIHTI, He qepea TOtlHOCTL rpaBH­
MeTpHtlCCKOro npH6opa, a qepes MHIIHMBJII,H&Ie BapHaQHH rpaBHT�OHHOro UOJIH,
KOTOpLre yBepeHHo perHCTpHpyIOTCR H paapemaIOTCH BO BpeMeHH • .AMlunrry,ttLI 
pemcrpHpyeMl>IX rpaBHHMIIyJILCOB paBH&I Ami rpaBHMeTpoB : Ag = 0,1 Mran;
AJVI BapuoMerpOB: AW= 1 E. C yqeToM 3THX auaqeHHA p�c&I pemcrp�
6y.zzyT onpe):(eJIHTLCH CJie,tO'IOIQHM o6paaoM : 

Rr (Ilg) = 0,8 17 (Mo/M;) 112 (KM), (1 1)
R,. (AW) = 1 ,616 (M0/M�) 11 3 (rut), (12)

r,t:te M; = 10 1 0  Kr. 3uaqemm Rr npHBe,tteHLI B Ta6JI . 2. KaK B�o, OCHOBHlUI 
'llaCTL seMBLIX O'rOHOB pemcrpupyIOTCH Ha pacCTOHHWIX AO cra KHJIOMeTpOB. 3Ha­
qemm aMIIJIHTYA rpaBHHMnyJILCOB, BbI3LIBaeA1LIX OTOH8MH pa3HLIX Mace, B npe­
,tteJiax 3TOro pa,qHyca perHCTpHPYeMOCTH .z:tam,1 B Ta6JI. 3 .  AMlvmcy):(&I MoryT 6LIT1,
�OBOJILHO 3HaqHTeJILH1,IMH ( CAt. Ta6JI. 3), HO qeM 60J1Lme aMIJJIHTYAa, Tel\t 6oJiee
KP8TK0BpeMeHHLIM ,ttOJl)l(eH 6&ITL OTOHHLm rpaBWIMII}'JII,C H TeM pe>Ke OYAYT
UOHBJIHTLCJI TaKHe rpaBHHMDyJILCbI. 

IlpH aHaJIHSe BpeMemtl,IX Bap� nepBoi (Ag) H BT0p1>IX (A Wx,o Ll W:::) npOH3-
BO,t:pl1':,IX rpaBH�OHHOro llOTCHqHa.mt, KOTop1,1e JJ1,I3bmaIOTCR OTOHaMH, ABIDKY­
�CR B6JIH3H 3eMHOH noBepXHOCTH, 6yAeM yqm1,man, JIHllIL ADC COCTaBJIHIO­
IQHe B . .znm>KemlH OToua. Bo-nepBbIX, 3TO CB060AUOe nSAeHHe OTOHa B rpasHTa­
�OHHOM none 3eMJIH (.z:tBH>KeHHe B,t(OJI& OCH Z). Bo-BTOPLIX, ABB>KeHHe OTOHa
OTHOCHTeJIT,HO SeMHOH noBepXHOCTH (ABH>KeHHe ua 3ana.z:t BAOJIL OCH X), B03HH­
KaIO�ee sa cqer Bp�eHHH 3eMJIH. He 6y):(eT yquTLmaTLCH H3MCHeHHe rpasHTa­
�oHHoro noJIH c HSMeueHHeM Z: B npe):(en:ax Rr HSMeaeime ycKopeuue ceo6o.z:t­
Horo na,tteHHH BCero OKOJIO 0,03 g e .  He 6yAeT yqHT:&maTLCH TaK>Ke co6CTBeHHoe
ABH)KeHHe OTOHa B,ttOJII, ,t(OJirOTl,I Y, T. e.  paccMaTpHB8,eTCH ,l{ByMepuoe llJIOCKOe
,qBH>Kemte. i:vm OTOHOB, anonemp1,1 op6HT KOTOp&IX Hax:O,ttJITCH B6JIHSH 3eMHOH 
noBepXHoCTH, 9TH ynpo�emm BnoJIHe onpaBAaHl>I. 
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Ta6�a 2. 

Mo (Kr) I R, (Ag) l<M I R, (AW) 1<M 

1010 0.,82 1.,62 
101 1  2.,S8 3,48 
101 2  8,17 1,S 
101 3  2S.,84 16,16 
101 4 81.,7 34.,82 
101 5  2S8 75 
101 6  817 162 

3saqemm plWfYca peracrp� (Rr) � rpaeHMeTpOB R,, (/lg) = 0,817 (M0/M�) 1 '2 KM B
BBpDOJ\leTpOB Rr (AW) = 1,616 (Mo/Mo) 1 /3 KAt npH p83JIB1m:&IX 3Baqemmx M8CC&I OTOBa. 

IlpH TaI<HX ynpo�emmx 3aBHCHMOCTb BapH� np0H3BO,qa:&IX rpauHTa­
�OHHoro noTeHI:O{ana, BbI3&maeM&IX OTOHaMH, OT BpeMeHH onpe,tteJIHTCR Bbtpa­
>KeHHHMH : 

Ag = GMo (Z0 + gt2/2) R0 3, 

AW:: = 2GM0 (Z0 + gt2/2) R; 4,
AWxx = 2GM0 (X0 + V91 t) Ro- 4, 

R; = (Xo + V,,, t)2 + (Z0 + gt2/2)2 ,

(13) 

(14) 

(15) 

(16) 

X0, YO - KOOpW!ffaT&I anol{eHTpa op6HT:&I OTOH&:, M0 - Macca oToHa, V
91 

-
JJHHefi:Hrut CKOpOCTb �H>KeHWI TOllKH 3eAU!Oi:t nosepXHOCTH Ha mHpOTe <p (Ha 
WHpOTe 06mmCKa Vq, = 267 M • c- 1) .  Ilp0H3BO,:tm,Ie rpaBHTa:QHOHHoro noTeH­
�ana CBH3aH&I 1tte>K,Zzy COOO:i:t B&Ipa>KeHWIMH : 

AWsz = (Zo + gt2/2) (Xo + V11 t)- 1 AWxx>
Ag = (Ro/2) A Wu,

Ag = (Ro/2) (Zo + gt2/2) (X0 + Vq, t) - 1 AWxx ·

(17) 

(1 8) 

(19) 

Koop�aTbl anol{empa op6HT&I OTOHa BJIWIIOT He TOJIJ,KO KOJmtlecrseHHO, 
HO H KaqeCTseHHO Ha KapTHH}' OTOHHOro rpaBHHMIIyJILca. Ha pHc. 1 H 2 noKa3aHl,I 
TpaeKTOPHH op6HT OTOHOB, KOTOpbie HaXOJ:tHTCR s npe,t:tenax (BJIH B6JIH3H) pa­
J:tHYCa perHCTp� OTHOCHTe1ILHO CHCTeM:&I KOOPAHHBT Ha6JIIO.z:taTeJm, uaxo.z:tn:­
�erocn Ha 3eMHoi:t nosepXHOCTH. Y>Ke Hs xapaI<Tepa 3THX op6HT, ToqHee, Hs oco-
6eHHocrei HX pacnoJIO>KeHWI OTHOCHTeJU,HO aa6JIIOJ:t8TeJIH BH,l{HO, HaCKOJILKO pas­
H&IM MO>KCT 6bITb xapaKTep OTOHHOro rpaBHHl\mym,ca. KpaTKOBpeMeHHoe yseJIH­
qeHHe CHJI&I TH>KCCTH, CMeHHIOIQeeCR ee yMem,meHHel\'l - 3TO Ca.MJ,IH: npoCToit 
c.nytlai:t. A l\'lOryT 6bIT1, H 6onee CJIO>KH&Ie sapHaHT&I, KOr.z:ta 3a KOpOTKOe BpeMR 
B03MO>KH&I paam1qa1,1e, ):ta>Ke npOTHBOilOJIO.>KHI,Ie sapH� npoH3BOJ:tHl>IX rpa­
BHTartHOHHOrO IIOTeHqRana, HanpHMep : ( +Ag, +AW::), (-.6.Wxx),(-Ag,-AW::), 
(+AWxx) .  Ho HecMOTp.JI Ha CJIO>KHyIO CTPYKTYPY OTOHHoro rpaumomym,ca npo-
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TROFIMENKO : GENERAL RELATIVITY • • •

Puc. 1 .  Ha pucym<e OC& Z HBDp8BJieHa DO BepTHK8JIB., OC& X uanpasneua BAOJI& Dmpol'hl, OHB 
JIBJVleTCff KaCBTCJUdlOit K TOTU<e ua6JUOABTeJJJI (X = o., Z = 0), uaxo�eroca ua DOBepXHOCTB 
3eAtJIH. OAHU caBTBMeTp ua pucymce COOTBeTCTByeT 10 KBJIOMeTpBM. P83JD!tJHhie napa6olllJI 
03HB'll8IOT pUJI:Htm&Ie TpaeKTOpHH OTOHOB BByl'pB BJIB B6JIB3B PlWIYCB perBCTp8I(HH (Rr = 
= 100 KAt). Hs oco6eHHoCTeit pacnono>Kemm op6m OTouou omocmenmo ua6mo,ttaTeJV1 B&rre­
KaeT cneI(Hct,HKa sapua� rp�oHHoro noTeHI(Hana. P83JIH1mOMY nonomeumo napa6on 
COOTBCTCTBYJOT p83JIBtDlbie KOM6BH8I(HH sap� np0B3BOAH&IX rp8BBT�OHHOro n�: 
1) (+Ag, +AWu);  2) (+Ag., +AW.rs), (-AW.u), (-Ag, -AWu), (+AWu), (+Ag, +AW,.);

3) (+Ac, +.dWm +AWu); 4) (+AW:r.s); 5) (0, o, 0) •

.a;o.JDI<UTeJibHOCTI> ero B mo6oM cnyqae 6y,qer ueaemma: t /"--.I 2 (R,./g) 11 2, T. e.  
nop�a 200 C. 'lJTo6LI B 6onee SIDHOM BH.a;e BLip83HTb 3aBHCHMOCT.& np0H3B0,q1U,IX 
rpaBHT�OHI{OrO nOTe�ana OT BpeMeHH, paCCMOTPHM 6onee npOCTOH CJI}"laii 
(X0 = O; Z0 = 0). 3To ycJIOBHe npHBO,quT K ynpo�eim10 Bldpa>Kemtii (13)-(19)
H ,qaer : 

Ag = g (GMo/2) (� + 82t2/4)- 312 e- 1 ,

AW:: = gGM0 (V; + g2t2/4)- 2 e- 2 ,
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X 

,z 

Puc. 2. Ha pucymce B3MeHeu MQCIIIT86: OAUB CaHTHMeTp COOTBeTCTBYeT 100 KWIOMeTpaM., 'l'. e.
p�cy pemCTp�. 3�ea, pB3mNHOAlY noJio>KeBBIO napa6oJI cooTBeTCTBYIOT CJie.zzyroII{He 
Ko1t16� sapu� npoB3so,u;m,ix rpmnrr�oBHoro noreHI(H8Jia: 1) (+Ag, + AW •• ), 
2) (+Ag, +AWu), (-AW.u), (-Ag, -:AW •• )., (0., 0� 0),' (-Ag, -AW::), (+AWu), (+Ag, 

AW .. ); 3) (+Ag, +AWzz), (+AW��), (-Ag, -AWu); 4) (-AWxx); 5) (0, 0, O). 

AWxx = 2V91 GM0 (V; + g2t2/4)- 2 t- 3 , 

AW:,: = (gt/2V,,,) AWxx,

Ag = (R0/2) AW.i:s, 
!lg = (gt/2V,,) (Ro/2) llWxx• 

3BBHCHMOCT!t OT speMeHH pa3JIHt!Ha �JUI ,qayx cnyqaeB : 
1) t < 2V,,/g ; 2) t > 2V,,/g. IlepBoe ycnoBHe �JUI (20)-(22)

�II(He BLipa>KeHWI : 

ag F::4 g (GM0/2) V; 3 t- 1 , 

awu F::::J gGMo v; 4 i- 2, 

llWxx F::4 2GM0 V; 3t- 3 • 

(22) 

(23) 

(24) 

(25) 

�aeT cne,1zy-

(26) 
(27) 

(28) 

BLtpa>KeHWI (26)-(28) rosopm O TOM, 11'1'0 H3MeHeHHe np0H3BOAH1>IX rpa­
Birr�oHHoro noTeHQUana OT oToHa, uaxo�eroCH B6JIH3H anoqeHTpa, onpe­
�emiercn CK0p0CT1,I0 :ep�emm 3ewm. Ho DO IIpOWeCTBHH, IIpHMepHo, O.rtJIOi1 
MHHyTLI sa cqeT yCKopelUISI cBo6o�oro na.z:temm B rpaama�oBHoM none 3eMnH 
BepTIUCaJII>Haf.[ COCTaBnnIOII(BJI CKOpOCTH OTOHa CTaHOBHTC.f.[ 3H8lfflTenI,HOi1. 3TO 
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TROFIMENKO : GENERAL RELATIVITY . . .

coomercmyer BTOpOMY YCJIOBHIO, KOTopoe s npe,qem,HoM cnyqae H3 (20)-(22) 
,t:taer CJie,t:tyro�e B:&Ipa>KeHWI: 

Ilg s::::s 4GM0 g- 2 e- 4, 

llW.1 s::::s 16GM0 g- 3 e- 6,

llWxx P:::J 32GM0 v�-4 e- 1 • 

(29) 
(30) 
(3 1) 

B:&ipa>KeHWI (29)-(31) 03Ha'laIOT, 'ITO Ha ,I:taHHOM 3TaDe H3MeHeHHe OTOH­
Horo rpaBHmmyJII,ca onpe,t:te.IDiercs yCKopeHHeM oToHa B rpaBHTaI(HoHHoM none 
3eIMH. B:&Ipa>Kemm (26)-(31) .fICHO roBop.aT o TOM, 'ITO rpaBHTaI(HOHHOe npo.sm­
JieHHe OTOHa HOCHT HMnyJII,CHl,di xapaKTep. rpasHTaI(HOHH&Ie aHOMamm, B:&13:&I­
BaeM:&Ie OTOHOM, O:&IcrpO ,I:tOCTHraIOT MaKCHMyMa H TaK>Ke O:&ICl'pO ( o6paTHo npo­
nop!UIOHaJII,HO BpeMeHH B t.JerBepTO:lt - Ce,I:tl,MO:it CTeneHH) y6:&maIOT. 

B HeKOTOp:&IX CJIYqamc (CM. pHC. 1 ,  2) B anoI(eHTpe OTOH npO,t:tyI(Hpyer MaK­
CHMaJII,HOe SHaqeHHe rpaBHTaI(HOHHOii: aHOMaJIHH. PaCCAlOTpHM TaKOft cnyqait : 
X0 -< Z0, llWu � llW:: , ECJIH Ha pacCTOJUIRe Z0 6y,tter npo.z:tYI(Hp0BaT1>c.a MaK­
cHMam»Hoe 3Hat.JeHHe : 

llgo = GMofZ!, (32) 

TO Ha paCCTOmtHe R'/c 6y,tteT np0,7zyI(HpOBaTLC.fl k traCTl.t OT Ilg 0 

!lg" = k!lgo = GMofR:. (33) 

KpoMe Toro R'/c H Z o CBJl3aH&I Me>!Qzy co6oi Bbipa>KeHHeM :

R" = Z0 + gt2/2. (34) 

Ha Bbxpa>Kemlit (32)-(34) nonyqaeM : 

ti == (2Zo/c)112 [(l/k) 1,2 - 11 11 2 . (35) 

.I(mI rpy6oii: OI(eHKH (1 < 1/k) speMelUI OTOHHoro rpammMIIyJII,ca HMeeM:

t1c � (2Zog)11 2 (l/k) 114. (3Sa) 

Ms (35) H (35a) H Ta6JI. 4 B�HO, KaK paCCTO.fIHHe .rtO anOI(eHTpa BJIWier Ha 
OTOHH:&Iii: rpammMIJ.yJII,C : 'leM 6Jlll>ICe anoI(eH'rp op6HT:&I OTOHQ x Ha6mo,qaTeJIIO, 
TeM 6oJiee KpaTKOBpeMeHHbIM .sm.IDieTCJI OTOHH&IH rpaBHHMllyJII,C. CaMo 3HatreHHe 
np0H3BO,qff0H rpasHTa!UIOHHOro noT�ana ae BXO,I:tHT B B:&Ipa>KeHHe (35), a 
BXO,I:tHT TOJII,KO BpeMJI (t1c) ero YMeHLwemm ,qo BeJIHllHH:&I Meo, T. e. (35) cnpa­
Be,ttJIHBO wm OTOHHbIX rpaBHHMIIyJll,COB C pa3JIKqHOit BeJIHtmHO:lt 8MIIJIHTy)t&I.
IIo BpeMemtOMy noBe,qemno rpaBHHMIIyJILCOB np0H3BOJil,HO:lt aMIIJIHTy,tt:&I MO>KIIO 
onpe,ttemrrL paCCToJIHHe ,tto anoI(empa op6m1,1 OTOHa : 

Zo = (g/2) e: [{l/k) 1' 2 - 11 - 1 •

FIZIKA 23 (1991) Si 247-272 
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TROFIMENKO : GENERAL RELATIVITY . . .

IlpH ua6mo.r<emm BTopoii npOH3BO,t(Hoii rpaBHTaqHOHHoro noTeHI�mma nonyqaeM 
aHa.TIOrH1Dlbie (35) H (36) BLipa>KeHHJI : 

tit = (2Zo/g) 112 [(l/k) 1' 3  - 11 11 2,
Zo = (g/2) t! [(l/k) l/ 3 - 1 1 - 1 .

(37) 

(38) 

.I(JuI BT0p0H ropH30HTaJl&HOH npoH3BO,t(HOH rpaBHTa�oHHoro noTe�Ha.Tia 
HMeIOT MeCTo aHaJIOrHqJQ,Ie BI>Ipa>KeBHn : 

t1c = (Xo/V,,) [(1/k) 1 1 3  - 1 ] ,

Xo = V,,t.t [(1/k)1' 3 - I J - 1 • 

(39) 

(40) 

Hs C1Casamroro BE>Illle, Bbipa>KeHHH (20)-(3 1) H Ta6JI. 4 CJie,t(yeT, trro .rtru1 
perHCTp� OTOHm,IX rpaBHHMnyJILCOB Heo6xowmo IlOBbICHT.& BpeMeHHoe pas­
pemeime rpaBHMeTpOB H BBpHOMeTpOB C HenpepbmHoii 3aI1HC1,I0 rpaBHMeTpH'leC­
KHX .qamn,xx, no KpaHHeii Mepe, Ha ,t(Ba nopH,t(l(a. CHmtaT.&cn rpaBHMeTpHtleCI<He 
,rtaHHbie ,t(OJDICHbl e>KeceKYH,t(HO H He ,t(OJDICHO npOHCXO,rtHTI, ycpe,rtHeHWI no 6oJIL­
WHM BpeMeHHLIM mrrepBaJiaM, B peayJILTaTe KOTOporo OTOHHbIH rpasmmnym,c 
KaK 61,1 >)CTHpaeTCH« H rpaBHTa�OHitoe npommeHHe OTOHa He cl>mcCHpyeTCH npH-
6opoM. 3aTeM aMIJJIHTy,t(a rpaBHHMIIyJILCOB ,rtOJI>I<Ha 6:&ITI,, no Kpaimeii: Mepe, Ha 
nopH,rtOK BbIWe TOtm:OCTH npu6opa, 'lT06bI MO>KHO 6bVIO paapeWHTI, aper.1emry10 
crpYJCTYPY OTOHHoro rpamnmnyJI1,ca. Hs CKasaHHoro HCHO, t!TO COBpeMemtaH 
rpaBHMeTpHqeCI<aH annapaTypa2 7> He perHCTPH.PYeT OTOHULie rpaBHHMnyJILCbl. 
)LTm Toro, t1To61>1 06Hapy>!CHT1, OTOHH:ore rpasmmtnyJILcLI, Heo6xo,t(HMa, no iq,aii­
Heii Mepe, onpe,rteJieHHan MO,t(Hq>HKaqwI COBpeMeHHLIX rpaaHMeTpOB H BapHO­
MeTpOB C aenpepLmHOH sanHCE.IO rpaBHMerpHtleCKMX ,n;aHH&IX : H3MeHHT:& pe>1<HM 
pa6_0TbI H cooTBeTcmyro�e <l>HJILTpi.x. 

HMero�eCJI .qaHHLie no aenpWIHBHbIM H3MeHeHWIM CHJil,I TH)l(eCTH2 7 >, KO­
TOpbie npoHcxo.qm sa upoMe>KyrKH :epeMeHH Ha MHoro nopR,n;KOB 6oJII,me Bpe­
MeHH OTOHUbIX rpaBHHMIIyJII,COB, OO'LHCWllOTCH TeKTOl!H'lea<HMH ,t(BH>ReHWIMH H 
MHrp�eii <l>JIIOH,t(OB2 8 > . CpaBHln'eJILHO KOPOTKHe (a:ayrpHcyTOllH&Ie) BapHa�H 
CHJibI T.mKeCTH MOryT OO'LHCHHTI,CJI ABH>KeHHeM H,rq)OHOB, KOTOp:&Ie HBnHIOTCH 
o6oeKTaMH DpOMe>KyTOtIIU,IMH Me)l(,lty TeJiaMH H3 061,ItD{oro BeiqeCTBa H OTOHaMH·. 
H,zu,oHI»I COOTBeTCTBeHHO .t:tO.JDKHE,I o5Hapy.>KHBaTL npoMe>KyrO'lll&Ie CBOHCTBa : 
OHR MOryr uepeMerqaTI>CJI B seMHbIX He.qpax:, HO Me,r(JieHHee OTOHOB; H.ltPOHbI MO­
ryr upOJ:tyr(HpOBaTL BapH� CHm>X TIDKeCTH, HO C MeHI,IIJHMH aMIImtty,ttaMH H 
OOJII,IIIHMH BpeMeHaMH, qeM y OTOHOB. 0TOHHI>Ie rpaBHHMnyJILC&I me HMeIOT 
BecI,Ma oco6eimy10 CTpyKT}'py : .BpeAUI nopH,t(Ka MHHYI'LI: aMIIJIHTY.ItbI, COOTBeTCTBy­
IO�e rpamn�Omt&IM MaCCaM B MHJIJIHOHLI H MH.JIJIHap,t(l,l TOHH; BpeMeHH&Ie 
BapH� OTOHHoro rpaBHHMIIJII,YCU, COOTBeTCTByIOUUfe Kpaime 6LXCTpI>IM nepe­
M�eHWIM c:aepXMaCCHBH&IX Te.TI. Tarom o6paaoM, OTOHHbie rpaBHHMnyJII,C&I 
HMeIOT uaCTOJII,l(O HpKO BLxpamemtyIO :epeMeimyIO CTpYKTYPY' qro BX HCJII,SH 
CnyTaTI, HH C 'leM ,qpynm. 

KpoMe Toro, MO)l(HO }'l(a3aTL erqe ,t(OIIOJIHHTeJILHLie, xapaKTepHLie TOJII,KO 
,rtJIH OTOHHE,IXi rpaBUHMnyJII,COB oco6eHHOCTH (CM. pHc. 1 ,  2) . TaKHMH ,t(OnOJIHH­
TeJILHI,IMH oco6eHHOCTHMH, KOTOpbie MOryT CODpOBO>K,t(aT.& OTOHHbie rpaBHHMIIyJIL-
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TROFIMENKO : GENERAL RELATIVITY . . .

C:&I HJIH xapBICrepHSOBaT!, HX caMHX, HBJIJUOTC1.t : 1) OTpHQaTeJII,H:&Ie BapH�H 
B epmKa.TILH:&IX npOH3BOAHJ,IX rpamttaQHOHHoro noTeHQHaJia ( - Ilg' - ll. W::)' 
2) KpaTKOBpeMeHH&Ie B8PH8IlHH ropH30HTaJII,H&IX IIpOH3BO.IJ:H:&IX rpaBHTa�OHU:Oro 
noTeHQHaJia ( +ll.Wxx, -ll.Wxx), 3) 6&ICTpruI CMeua (B npe.n;enax HeCKom,KHx MH­
uyr) pa3JIH1lltoro po.n;a BaPHa!UIH 1Ip0H3BO.z:tH1,IX rpaBHTaQHOHHOrO UOTeHQHaJia 
( +.ll8, +llW::;  -AWxx; -Ag, -AW:,:; +AWxx; +Ag, +AW::), 4) CIIHXpOHHLie 
c rpasHHMnyJThcaMH nommemm MHKpooy.m,caQHii: Marmmtoro H .n;pyrnx reo<I>u-
3HtleCKHX noJieit2 9>, S) CTporu nepuo,quqHoCT& (nepuo.n; - aBea.n;u:1,1e cyTKH) 
nommemm rpaBHWDiyJil,COB OT Kp8TH1,IX OTOHOB. IIo-BH,t(HMOMy, 3TOT CIIHCOK 
oco6eHHOCTeit OTOIIHI,IX rpaBHHMIIyJThCOB He HBJUICTCJI 38BepWeHH&IM., HO noKa 
orpaHHtmMC.R: C)];eJiaHHLIAIH aaMeqammMH. He Bee 3TH oco6eHHOCTH MOryT npo.R:B­
JIJITLCJI O)];HOBpeMeHHo, HO .rtJI.H BCex OTOHHLIX rpaBHHMnym,coB xapaKTepHLI TaKHe 
6:&ICTpOTC'flHI,Ie H3MeHemm rpaBHTaQHOHHOro fiOT�aJia, KOTOp1>1e COOTBeTCT:ey­
IOT nepeMeIQeHWIM c rpoMaAHJ,IMH acopOCTRMH Ten, c 11accaMH He MeHee MHJI­
JIHoHa TOHH. 

TalGIM o6p830M, AJIH perHCTpaIUffl OTOHOB >KeJiaTeJI&HO npose.n;emre KOMfiJICKC­
HOro reo<l>H3ffqeCKOro 3KCnepHMeHTa, B KOTOpOM C Bl>ICOKHM BpeMemtbll\t paape­
meHHeM .IJ:OJI>KHa npoBO.IJ:HTJ,C.SJ: perHCTp� reo<l.>HafftleCKHX noJieii: ue TOJibKO 
rpaBHMeTp8MH, HO H sapHOMeTPSMH, MarHHTOl\leTpBMH H .n;pyroii reoc}>HsHqecKoii 
annapaTYPoit. 

,IJ;onyCTHMoe 'llHCJIO OTOHOB B6JIH3H nosepXU:OCTH 3eMJIH 7) rosopHT O TOM,
t1To Ka>l<):{bie cyrKH B o6JiaCT& peruCTpaQHH Ha6mo.n;aTeJIR, Haxo.n;.a:IQeroc.a: B npo­
HSBomaoit TOtJKe 3eMHOit noBepXHOCTH, MO>KeT fiORBJDITltCJI HCCKOJil,KO OTOHOB. 
3To 3Ha'IHT, qTO )];JI.a: 3KcnepHMeirra MO>KHO B1>I6paT.& JIIOoyro reo4>HaHt1ecKyIO 
o6cepsaTOpHI0 H B Teqeime cyTOK saperHCTpHpOBBT.& OTOHIU,Ie rpammMnym,C:&I. 
ECJJH IVIOTHOCT& OTOHOB Ha TpH-tJeTl>tpe nop.a:.n;Ka Meu&me, TO llOTpe6yIOTC.R: ro.n;:&1, 
'1To51,1 aaperHCTJ)HpoBaTr, OTOHHbie rpasmmnym,c:&1. IIpH eIQe Memweii nnoT­
HOCTH OTOHOB perHCTpaQWI OTOHH:&IX rpaBHHMIIyJII,COB B IIpOH3BOJI&HOit OOJiaCTH 
3eMJIH MO>KeT OK838TLC.R: 6esaa,zte>KH1>IM .l(�OM. B 3TOM CJiytJae npH.IJ:eTC.R: . nepe­
ueCTH 3KcnepHMeHT B o6naCTH, npe;a;nonaraeMoro nommemrn KpaTH:&IX OTOHOB 
(:eyJIK8H:&I, ceitCMHtJeCKH aKTHBHble SOH:&I, MeCTOpO>K.[teHHR yrmmo,qopO,ltOB, paa­
JIOMbl, aCTPOOJieMJ>I u np.). B 3THX o6JiaCTHX yCJioBWI .l(JIR npose,qemm 3KcnepH .. 
MeRTOB ,ttaJieIW OT H)];eaJII,HldX, HO MO>KHO Ka>K.tt:&Ie cyTKH O>KBJ:{8TI, UO.R:BJieHHR 
OTOHHOro rpaBHHl\mym,ca. B JIIOOOM 3KCilepHMeirre no perHCTp� OTOHOB Heo6-
XO.ztRMO o�emrrL XOT.R: 6&1 nopB,qOK BeJIRtJHH:&I HX MBCCbI, qe.MY nOCB�eH 1lOCJie.n;­
mdi: paS.l(eJI. 

7. OnpeiJell6Hue MaCCbl omoHa no pB2UCmpupyeMbJM {PU3UttecKUM 
88/lU'tlUHQM 

HMeeTC.R: HeCICOJIJ,KO He3aBHCHM:&IX cnoco6oB onpe;a;enemm MaCCLI OTOHa qe­
pea Ha6mo.n;aeM:&1e 4>HSuqeCKHe BeJIHtlHIU,I (3Hepnm ueirrpHHo, BeJIHquaa Mar­
HBTH:&IX nym,c� D 11p.) .  Ho MO>KHO onpe;a;eJIHTL Mo H tiepe3 uenocpe,ltCTBeHH:&Ie 
rpaBHMeTpJAecKHe H3MepeHHR 1Ip0H3BO,lt1U,IX rpaBHTaQHOHHoro fiOT�ana, npo­
�YeMbIX OTOHBl\1H. 
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EcJIH perHCTpHpyroTCH B OCHOBHOM Bapu� BepTHKaJILHl,IX IIpOH3BO� 
rpaBHTat(HOHHOro UOTeHI(HaJia (.6.W.1C.1C � .6.W:,:s), TO HCU0Jl&30B8B B1>1pa>Kemm (13)­
(16) u (35)-(38), MO>KHO nonytIHTb auaqeuwi M0 qepea Ha5mo,qaeMble suaqemm: 
BeJIHtmH np0U3BOAH&IX rpamrra�OHHoro noTeHI(HaJia H BpeMeHH HX perHCTpa-
1:(HH (t.t) : 

Mo = (g2/4G) k.6.g (0) (1 - k 1' 2r 2 t!, 
M0 = (g3/16G) k.6.W:: (0) ( 1  - k 1' 3) - 3 i:.

(41) 
(42) 

MmccHMam.m,1e suaqemm BeJIH'IHH nepBoi H BTopoi npoHSBOAH&� rpaBH­
Tat(HoHHoro noTeHI(HaJia paBHbI COOTBeTCTBeHuo : .6.g (0)., .6.W:: (0) . IlpH pemc­
Tp� ropH30HTBJll,BblX OTOBHI>IX rpaamwnym,coa (.6.W.1C.1C > .6.W:.i), HCUOJI&-
3YH. (15)-(16) H (39)-(40)., Macey OTOHa MO>KHO onp�eJIHTL qepea BI>xpam:eHHe : 

Mo = (V;J2G) k .6.W,i:x (0) (1 - k1'3) - 3 e: . (43) 

.6. Wu (0) - MaKCHMBJll,HaH. BeJIHtmHa ropH30HTaJILH01i np0H3BOAH01i rpaBHT�OH­
Horo noTeHI(Hana. BoaMo>KHo onpeAeneime Macc:01 OTOHa qepea BLtpamemm, ue 
COAep>KaI.I(He B H.BHOM BHAe BpeMeHH. �H. 3TOro Heo5XOAHMO 0Aff0BpeMemu,1e 
H3M.epeHHH. paaJIHqaI:,IX llp0H3BO�b1X rpamrraI(HOHBOrO noTeHI(Hana H H3 (13)­
(16) ,l.'(JIH. MQCCbI OTOHa HMeeM :

Mo = 4a- 1 (.6.W!x + .6.W!.1) 11 2 .6.W.s'; 3 .6.g3 . (44) 

Ilpu .6.Wxx � AW11. ,

M0 = 4G- 1 Ag 3 .6.W.z-; 2 • (45) 

Tai<: KaK conpeMeim&1e BapHOMeTp:01 ue pemcTJ)Hpyror uenocpeACTBemto 
auaqemm uepnmam,uoro rpaAHeHTa CHJILI TH.>KeCTH <* W::), TO �JIH. ero onpeAe-

11eHHH. Hy>KHO HCDOJU,30BQTI, �a CHHXpOHHO pa60Ta10� rpa.BHMeTpa., paaue­
Cemt�IX no BLICOTe Ha h = llZ. B 3TOM cnyqae .6.W:: = [Ilg (2) - Ilg (l)] h- 1 • 

Ho HMeJI �a pHJ];a CHHXpOHHO onpe,l.'(emieMLIX 3Ba'tleHmi nepaoi BepT.BKam.Hoi 
npouaao,l(Hoi rpaBHTat(HOHHoro nOTeHI(HaJia oToHHoro rpaamwnymca (.6.g ( 1)., 

.6.g (2)) MO>KHO Henocpe,l.'(CTBeHHO .qepe3 HHX onpe.z:,;eJIHTI, Alaccy OTOHa : 

Mo = a- 1h2llg .CO {[Ag (l)//lg- (2)] 11 2 � 1}- 2 • (46) 

IlpH O,l.'(HOBpeMeHHoi perHCTpat(HH BTOpl>IX ropH30HTaJILH1,IX Dp0H3B0,l.'(IU,IX 
rpaBHT�oHHoro noTeHqH&Jia (AWxx (1), llW,i:x (2)) BapHOMeTpaMH, Haxo�­
MHCH Ha paCCTOH.HHH l J:tl)yr OT ,tipyra , BeJIH'IHHa Macce OTOHa onpe.z:,;emrrcn. qepe3 
Blixpa>KeHHe : 

Mo = a- 1z3 AWxx (1) {[llWxx (l)/.6.Wxx (2)]11 3 - 1r 3
• (47) 
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TROFIMENKO : GENERAL RELATIVITY . . .

H&KoHe�, npH pemcrpaium ueATpHHo c 3Heprueii: E., OT qepm,nc .J:t:&Ip me 
Macca onpe,qemrrcn t1epea B:&Iprul(eHHe : 

Mo = (Eo/ Ev) M�, 

r,1:te M; = 10 1 2  Kr, E0 = 2, 1 · 10- 12 ,I{>K. 

8. BbZBoow

(48) 

AHaJIH3 noBe,ttemm OTOHOB MaJII,JX Mace D 3eMJie H me reorpll3HtleCKWC npo­
HBJiemdi npHBeJI I( CJICAYl()IIVlltt B:&mOJ:(aM : 

1) 3Hepnm KaTaC'l'pO(pHtlCCKHX B3p:&IB0B BYJIKaHOB no nop� BeJIHtmll&I 
coBna.rtaeT c 3Hepmeii B3p:&maro�cn qepm,nc ,q:&Ip. 

2) rny6oKoBo.r(H:&Ie Jl:eTeKTop1,1 ueiiTpmto cnoco6H:&1 peracrpuposaT1, BcnJie­
CIQI HeiiTpmto B:&ICOKBX 3Hepnm OT B3p:&IBaIO�CH qepH:&IX ,tt:&Ip, uaxo,tt�CH 
BHyl'pH 3eAum. 

3) 0TOH:&I npo�yroT 1<pamo:epeMemn,1e sap� npOH3BOJ:(H:&IX rpaBH­
T�oHHoro noT�aJia (OTOHH:&Ie rpammMIIyJILCbI), KOTOp:&Ie, B03MO>KHO, MO­
ryT perucrpupoBaTbCH co:epeMemtoii rpaBHMeTpHtleCKoit annapaTYPofi:, eCJIH ee 
onpe,n;eJiemn,IM o6paaoM Mo,ttH4>uqupoBaT1,. 

4) Mace:&I OTOHOB MOryT 6:&ITI, onpe,n;eJieH:&I qepea Ha6mo,ttaeM&Ie (pH3H11ec­
KHe BeJIHtlHHI,I. 

ABTopoM B moue 11�e TeKylllero ro,tta o:&m npoee,tteH 3KcnepuMeHT ua 
eapHOMe-rpe E-60 no perHCTPat\HH OTOHH:&IX rpaBIUDUI}'JILCOB, peayJILTaT:&I KO­
TOporo o6pa6aT&IBaI0TCH. 

B 38KJllOtleHHe aBTop Bbiprul(aeT CBOIO r.ny6oKYIO 6naro,ttapuoCTL npo4>. 
XLiowy 3. (Hewish A.), npo<p. Canal\1y A. (Salam A.), ,ttoKTopy rpH66HHy ,Ilm. 
(Gribbin J .) aa H11Tepec, npommeHH:&m K npo6neMe cy�ecmoBamm t1epu&nc ,n;:&1p 
B KOCMHtleCKHX TeJUlXj J:(OKTOpy <l>orry M. (Fogg M. J.) aa npHC:&IJIKy OTTHCKOB ; 
,n;oKTopy I'ypUHy B. C. aa ero mo5eauoe cornaCHe nposeCTH .qeram,m,xe pact1eT&1 
HeiiTpmm:oro H3JIYt1emm OT qepH:&IX )];&Ip ,ttJIR roTOBm.IleHCH B net1aT1> COBitteCTHOH 
CTaTLH. 
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OPCA TEORIJA RELATIVNOSTI I FIZIKA ZEMLJE
ALEXANDER P. TROFIMENKO

Astronomical Section of Minsk Department of Astronomical-Geodesical Society of the USSR, 
Minsk-12, Abonent Box No. 7, 220012, USSR 

UDK S30.12 
Originalni znanstveni rad 

Diskutirane su geofizicke manifestacije otona (objekata opfe teorije relativnosti).
Odredeni su energija i tok neutrina iz mikro-crne rupe koja moze biti izvorom
energije vulkana. Istaknuto je da energija katastrofalne vulkanske eksplozije je
istog reda velicine kao i energija eksplodirajuce crne rupe. Postavljen je problem
opazanja visokoenergetskih neutrina koji potjecu od eksplozije crne rupe pomocu
detektora duboko u vodi. Kratkotrajne varijacije derivacije gravitacionog poten­
cijala ( otonski gravitacioni impulsi) posljedica su gibanja brzih otona unutar Zemlje.
Dobiveni su izrazi za masu otona pomocu mjerljivih fizikalnih velicina. Analiziran
je problem opazanja otonskih graviimpulsa. 
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