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AHHOTaIUA

MeTtoioM ~ TpPaBUTAIMOHHOM  MAacC-CIEKTPOCKOMHMHM  HWCCIENOBaH  PE30HAaHC  claboro
rpaButatimoHHoro  usnydenus (CI'M) rugporenss arapo3sl M MHOJIMATUJICHIJIIMKONSA €
rpaBuTannoHHbIMM u3inydeHusMu (I'M) nebecubix ten (Comuue, HOmutep, Ypan, Mepkypuii,
Jlyna). YcranoBneno, uro abcopuus CI'M npo6 ConHileM OT/IMYHAa B MOMEHT TIOTIaIaHUsI 3BE3/IbI B
IUIOCKOCTh ~ I'PaBUTAlMOHHOTO  pe3oHaHca mpoToHoB  (III'PIT). OOHapykeHbl — CHUTHAJIBI
rpasutanmontoro Connua (I'C), Mepkypus u Jlynsl. I'C cocTout u3 KOpoHsbl, IIEHTpa U cyObsipa,
nocneaHee OJIU3KO MO MPUPOAE K MATEPUH «TOJIBIX» MPOTOHOB BOJIOPOAHBIX MOCTUKOB (BM) mpo6
U PE30HAHCHO BCTYIAET C HUMU BO B3auMojelcTBue. [lonrepikieHa Moieab IPOTOHA KaK aHaJlora
yépHOU IbIpbl. CaenaH BBIBOA O KBAPKOBOM COCTaBe CyObsiipa M HEWTPOHHOM MOCTPOCHHUH s1pa
I'C. DkcnepumenTanbHO omnpeaeneHa ckopoctsh I'M B mpocTpaHcTBe MpoObI U BAMSHUS HA CKOPOCTh
nonokenus ra3oBeix rurantoB (I'T). B momentst ommosummu Conuna u I'T' oHa mpeBsimana
ckopocTh cBera B 2..8 pa3. IT 3amemnsaor ckopocTe TrpaBuTanuu B cropoHy ComnHia.
OKCIEPUMEHTAIBHO IOATBEPKACHA pOJIb 3€MJIM KaK T'PAaBUTALIMOHHOIO 3epkana. MccimenoBaHsl
MOAb!I (6) rpaBUTALlMOHHOTO PE30HATOpPa IPaBUTALIMOHHOTO BbICTpena JIyHbl B CTOPOHY 3eMIIM.
OOGHapy>keHO BIMSHMS Ha dHEPrui0 aHcamoOus kiaactepoB Boawl ' HebecHbIx Ten. JlaHa mMomaenb
renepauuu ' ancambiem npoToHoB 3emiu.
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BBenenne

Emgé B Hauane 90-x ro0B MpoLLIOro BeKa rpymmna pyCCKUX YUEHBIX MOl pyKOBOACTBOM aKaJIeMHKa
JlaBpeHTbheBa OOHapykuja peakuuio ¢GOToceHCopa W JaK€ MHUKpPOOPraHM3MOB Ha paHHeEe
MOSIBJICHHE HEOECHBIX TeN, JO HMX BHUIUMOTO TOSBICHUS, OJHAKO MPHUYMHBI HE OBUIM TMOHSTHI
[1,2,3,4]. Hayuynas oOIIeCTBEHHOCTh NPOUTHOPHpOBAIIA BCE 3TH cooOmeHus. Hamu mokaszaHa
BO3MOXXKHOCTh C TIOMOIIbIO TpaBUTAIIMOHHOTO Macc-cnekTpomerpa 3yboBa (I'MC3, panee
Ha3BaHHBIN CHEKTpoMeTp Mepuanuii B 1rymax, CMII) peructpupoBath rpaBUTAIMOHHOE
n3nyuenue (') HeGecHBIX TN M MPOBOIUTH 3aMEPhl CKOPOCTEH I'paBUTALUU [5,6] HEOECHBIX TeN
JIanbHEro kocmoca. [Ipu 3TOM CHrHambl 3THX TEJ MOSBIAIOTCS PAHBIIE WX BHAUMOTO TOSIBICHHUS.
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[IpencraBnser untepec ckanupoBanue ['MC3 CosHua Ha npeaMeT NOHHMMaHUs CTPYKTYphl U
CBOWCTB IpaBUTALUHN U CTPYKTYPHBIX OCOOEHHOCTEH 3BE3/1bI B CTOPOHY KOTOPOH MPOUCXOTUT OTTOK
I'"N nawer [6,7].

JKCIepUMEHTA/IbHAs YaCTh

B kauecTBe 00BEKTOB HCCIIEI0BAaHUS BEIOPAHBL: TUAPOTEIb arapo3bl, MOAEIUPYIONINI OnOMaTpPHUIIbI
(97 Bec. % BOABI), TUCHMIUIMPOBAHHAs BOJA, BOIHBIN pacTBOpP MOBAPEHHOM CONM W KUIKHUN
o TIIeHrKoIb ([191-400, «Mepk», 400 Janston). TMC3 cencop pa3memancs B KUIKOCTH.
IIponenypa cusatust [ MC-ciekTpoB U moApoOHOE ONMUCAHHWE METOJUKU aHalIMu3a JAaHO B paboTax
[8,9,10,11]. Macchl 1 4acTOThl OCHWUISLMI KJIacTepoB B MpoOax pacUUTHIBAIM IO YPABHEHMIO
3y6oBa [11] ¢ ucnosb30BaHNEM KOHCTAHTBI 6.4:10"° H/M. AHanu3 1anbHero nopsiaka B mpodax Ha
YpOBHE HX KJIACTEPHOIO0 IOCTPOEHUS IMPOU3BOAMJICS B IEPUOJbI TONagaHUsl HEOECHBIX TEN B
IUIOCKOCTh I'PAaBUTALIMOHHOTO pe30HaHca MPOToHOB [5], Habmogaemoe Haj Tepputopueit CeBepHoit
I'epmanum (53° 38’ c.r. m 12° 35’ B.11.). [IpoObI momemanich B METAJTUIMYECKUMN, 3a3€MIIEHHBINA OOKC
U MaKCHMAJbHO 3alMIAJIUCh OT CBETa, LIYMOB, TEIUIOBBIX M MeXaHWMYecKux mojiei. bokc
pasmernaics B JAajd OT IPOMBIIIICHHBIX IIEHTPOB M UCTOYHHKOB aHTPOIIOTEHHBIX IIYMOB, BHYTPH
3nanus. s moHumaHus Merona, B pabore [6] MPeaCcTaBICHO CeMEHCTBO KPHUBBIX, OTPAXKAIOIIUX
MOTOK TPABUTAIIMOHHOW PHEPTUU (CyMMa OYHMIIEHHBIX CHUTHAJIOB) JOCTHTAIOMICH TPaBUTAIMOHHBIN
ceHcop [5] B »tux mpoGax. CrycTKM MOJEKYJSpHBIX Macc (CTyCTKHM sJep) B 3TUX Ipobax
(OpMUPYIOTCS B SHEPTETUYECKUX CTYCTKAX CTOSYMX T'PAaBUTALMOHHBIX BOJH KOCMOCA M OTPAKAIOT
COCTOSIHME TPaBUTALMOHHOIO IOJIA B MPOCTpaHCTBE MNpoObl. [IOTOK TrpaBUTAlMOHHON SHEPrUU
HEOECHBIX TeJl BCTYMAET B PE30HAHC CO CJIaObIM IPaBUTALMOHHBIM H3IYyYEHHEM IMPOTOHOB NPOO,
YTO U PETUCTPUPYETCS CEHCOPOM. AJITOPUTM BbIIEICHUS I€HCTBUTENIBHBIX CUTHAJIOB MPEACTaBICH
B pabote [10]. Jnga nmoHMMaHMs MOJIOXKEHHUS HEOECHBIX TeJ HCHoJb30Baiu nporpammy ZET 9
(www.astrozet.net).

Pe3yabTaThl U UX 00CyKIEHHE

Ha pucysnke 1 npeacraBiieHbl pe3ybTaThl ckaHupoBaHus CosiHIa 1 MepKypus IpH UX MOMaJaHuu
B IUIOCKOCTh TPaBUTALIMOHHOTO pe3oHaHca npotoHoB (ITI'PIT) macc-cniekTpomeTpa.
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Puc.1. CkanupoBanue nonudTwieHrmkonaemM-400 (II907) rpaBUTaIMOHHBIX M3ITy4YeHHN HEOECHBIX
ten nonagatomux B [II'PIL. Yucno BumoB kinactepoB (N) B aHcaMOJie KJIaCTEpOB BOJBI THIPOTEIIS.
[To-munyTHOE ckanupoBanue. Paccrosuue no CosHia 1.49-10° xm, 10 Mepkypus 2.02-10° xm.
HopmanbHoe unciio BHIOB KJIacTepoB B aHCcaMOJIe CTyCTKOB Mace 110 3 MuH. /la coctaBmser 55.



Kak BUIHO U3 3TOro pUCYHKa, YMCJIO BHJIOB KJIAcTEPOB B MOJIMMEpE MPUHUMAET HKCTPEMalIbHbIE
3HAYEHUS! B MEPHUOJbI IMOSBICHUS] BUJIMMBIX M T'PABUTALMOHHBIX CUTHAJIOB HEOECHBIX Tel. JTO
COIJIaCyeTCsl C HalJeHHON HaMM CTpYKTypod rpaBuTannoHHoro usnydenus (I'M), cocrosiero u3
JIBYX 4acTeil, COOCTBEHHO TIpaBUTAIlMOHHOM KOMIIOHEHThl M TIPaBUTALMOHHOM  psoOH,
pacrpocTpaHsIonecs co cKopocThio cBeta [12]. PaccMoTpuMm xapakTep CHrHajoB, B 00JIACTH
rpaButanmorHoro CoiHia, pu 0osee BhicokoM paspemennu [MC3 criekrpomerpa (puc. 2). U3
3TOro pucyHka cienyer, uto I'M ConHua rereporeHHO U MpEACTaBIEHO CEMEHCTBOM CHUTHAJIOB,
KOTOpble B 0030pHOM crnekTpe (puc. 1), ¢ HM3KUM paspemieHueM, oTcyTcTBYyrOT. Juck ConHua
(Bunumoro) nepecekaet I1I'PIT B Teuenune ~ 2 MuHyT, OyJieM cUUTaTh IPUMEHUMBIMU 3TH YCIOBUS
U JJi TpaBUTalMOHHOTO aucka CBetwna. M3 pucyHka 2 BHJHO NPUCYTCBHE CIipaBa M CJIE€Ba OT
LEHTPAJILHOTO CUTHAJA IPYMIIbl 60siee cadblX CUTHANOB. [[/1s MOHMMaHMsI TPUPOJIBI AITUX CUTHAJIOB
paccMOTpUM TOBeieHue OoJiee YyBCTBUTEIBHOW XapaKTepuCTHKH kiactepoB B [10I°, a mmenHo,
CPEIHIOI0 MOJIEKYJISIpHYI0 Maccy kiactepoB (Mryc) B ancambie no 3 muH. JlansToH (puc. 3).
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Puc. 2. CrpykTypa curHaioB B 001acTu rpaBuTanimoHHoro curHana Comama (puc. 1),
ckaHupoBanue ¢ maroM B 2 ¢. Llentp rpaButanmonnoro Connna B I1I'PIT yka3an 3HaukoM.

3nadenne Mryc otpaxaeT 3 (PEeKTHBHOE B3aUMOACHCTBHE KJIACTEPOB CO CBOUM OKpYKeHHEM [6.7]
IIOCPEJCTBOM BOJOPOAHBIX MOCTHUKOB (BM, romisix mporoHoB, no tepmuHonoruu [lomunra [13]).
Ha pucynke 3 mnpencraBieHa 3Ta KpuBas, KpuBas HU3MEHEHHS Mpryc B CEHCOpE B MOMEHT
nonananuss rpaButaimonHoro Comuna B IITPIT (puc. 2). Poct Mpyvc 6Gomee wem B 50 pas
CBUETENBCTBYET 00 WHAMBHUIyaIM3allud KJIAcTepOB, YMEHbBIIEHUS HX B3aUMOACHUCTBUS C
OKpPYXEHHEM IOCPEICTBOM MEKKIAacTepHbIX BM, koTopbie B MOMeHT | nuanasona II, npaktuuecku
ucye3nu. [Iporoust BM pactBopuiiuce B (pU3HuecKoM BaKyyMe U OKUHYJIU IMPOCTPAHCTBO CEHCOpa
B Hampaienuu Connua [6,7,14]. Ognako nuk 1 He sBasiercss neHtpoMm ['C, mpu MOBBIIEHUN
pazpemenus a0 0.5 ¢, OH, KaKk U MUK 3, CTAHOBUTHCS COMPOBOXKIAAIOIIMM MUK 2 KOTOPBIM MPU 3TOM
CTAHOBUTHCA LEHTpaIbHbIM. CUMMETPUYHOCTh MO OTHOIIEHHUIO K HEMY NUKOB |1 1 3 yKa3bpIBaeT Ha
MOCJIOMHOE CTPOEHUE s/1pa, TUMA JIYKOBULBL. [IoHATH Hamuuue 3-X nruana3oHOB OMOTAET puc. 4, HA
KOTOPOM YCJIOBHO MpeACTaBieHa MoJieab Aucka rpasutaimonHoro Coinnna B I1T'PTI.
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Puc. 3. Xapakrep usmeHeHMs CpeHEN MOJIEKyIIpHON Macchl kinactepos IO B ntuanazoHe BpeMEH
MOSIBJICHUSI CUTHAJIOB OT rpaBuTanmoHHoro ComHia (puc. 1). Pa3BépTka wactu cnekrpa (puc. 1) ¢
marom B2 cu 0.5 c.
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Puc. 4. Mogens mucka rpaButannonHoro Comana momnanatomiero B [IPI'TI (Oemas BepTukanbHas
JUHMS), CKaHUpPYIoLyro coObiTusi B auanazoHax BpeméH [, I u III (puc. 3). 'opusonTtanbHas
crpenka — aswkenue III'PII. KommenTtapuii B Tekcte. YUEpHBIN AUCK — KOPOHA I'PaBUTALMOHHOIO
ConHua.

Otcoc mexkiactepHbix mpoToHoB BM B nientp Comnnua [6,7] MakcumaiieH B auanasose II (puc. 3),
KOTOpBIM NPUXOJIUTCS Ha LEHTPAIbHYIO YacTh 3Be3apl. Ho M B camoM 3ToM Juamna3oHe
OoOHapy’KMBAIOTCSl TPU CUTHAJA, OTPaXKalollue HaJlu4yhe Kak MUHUMYM BTOpOro cyOueHTtpa (2).
Pasmeper mentpa (1+2+3) um cyOmnentpa (2) MOXHO TPHONH3UTEIHLHO pPACYUTATh H3 BPEMEH
CKaHMpoBaHHUs rpaBuTanoHHoro ComHua. OHU cocTaBuiaM 26 U 4 CeKyH/bl, COOTBETCTBEHHO, WIN
282100 u 43400 kM. Bepuémcs k pucysky 3. Curnanel nuanazoHos | u Il umeror oanHakoByo
IPUPOJY C AMana3zoHoM I U, MO-BUAMMOMY, OHU SIBJISIOTCS CIEACTBHEM (PIYKTyalMii siipa WK ero
i Qy3HbIM, HE BBIPAKEHHBIM XapakTepoM. IIpoleccsl B siipe TPOSBIAIOTCA C HEKOTOPOU
BEPOSTHOCTHIO M B MHTepBaiax [ u II. AHamormuHoe MOXXHO YTBEpKAaTh U JUIsl cyOLeHTpa (2).
Pe3onancHoe B3ammopeiictBue mporoHoB BM ceHcopa m Marepuu CyOIeHTpa, pPErUCTPUpPYyEMOE
I'MC3, otpaxaer ux oaumHakoBylo mnpupoay. Torma, cormacHo pa0otel [15] u 3TOrO BBIBOAA,
ClemyeT, 4TO Marepus B cyOueHTpe (CyOsiape) mpencTaBiieHa KOHISHCUPYIOIIMMUCS KBapKaMu C
sK30TepMuUecKuM 3¢ dekTomMm 00pa3oBaHUs MPOTOHOB, BEAYIIMM 3aTeM K NPOTEKAHUIO BTOPUYHOU
TEPMOSIEPHON peakuuu cuHTte3a saep reaus. [Ipoueccel ke GaykTyauuu siipa ciaeayeT MOHUMAaTh
KaK pe3ynpTaT (pIyKTyallMOHHOHN JMHAMMKHM TPABUTAL[MOHHBIX ITOTOKOB OT OBICTPO MEHSIOLIECHCS
KOHCTEJJISIUU HEOECHBIX TeJ OKpYyKeHHs 3Be3Abl. C Apyroil CTOPOHBI Mbl MPUXOAUM K BBIBOIY,
41O s11po rpaBuTannoHHoro CoiHLA NpeACcTaBiIeHO HEUTpoHHOH kommoHeHTod (1 u 3), puc. 4.
OTOT BBIBOJ YJIOBJIETBOPUTEIBHO IOATBEPKAAET MECTO KBApPKOBBIX 3BE3J, KaK IEPEXOJHOIO
COCTOSIHMSI OT HEUTPOHHOMU 3BE€3/1bI K YEpPHOU abipe [16].

Panee ObulO MOKa3aHO, YTO HAa CKOPOCTh TI'PAaBUTALMU BIMSIET KOHCTEIUISAIMS HEOSCHBIX Tel, B
YaCTHOCTH, IOJIO)KEHUE TaJIaKTMK U MX LEHTpoB 1o oTHomeHuto k ConHuy [5]. Ecau B3sATh B
KauyeCcTBE JTAJIOHA CKOPOCTEW CHUTHajibl I CKOpocTH cBeTa oT CoyiHIA K 3emiie, TO BO3HHUKAET
MPUHIUIHATIBHAS BO3MOXKHOCTh pacuéra ckopocTeii rmaBHoro ' B 61mkHEM KOCMOCE € y4acTHEM,
HanpuMmep, 3emiaum ConHIa W ra3oBbIX THMraHTOB. /[l 3TOro wWcmonbs3yeM BpEMEHHBIE
XapaKTEpUCTUKU CUTHAJIOB rpaBUTalMOHHOro COJIHLIA M BIMSHUE HAa HUX ra3oBbIX rurantoB. Ha
PUCYHKE 5 TpeJCTaBiI€Ha KpHUBash SHEPruu aHcaMOJsg KJIacTepoB BOJABI B THJIpPOresie araposbl B
nepuon nepeceuenus [II'PII 3Be3n0i v ra3oBbIMM T'MTaHTaMHU, KOTOPBIE B 3TO BpeMs HaXOIWINCh
MOYTH B OMNNO3UIMKU Ha onHou JuHuU: Comnue-3emis-lFOmutep-Ypan. U3 pucyHka BUIHO, YTO
aHcaMOJIb KJIACTEPOB BOJIBI B THIIPOTeJie CEHCOpa TEPSET SHEPTHIO NPH MOMAJaHUN 3TUX HEOECHBIX
ten B II['PII. D10 cnemyer moHumaTh, B paMKax pa3BUBaeMoll Hamu mojenu [6,7], Kak OTTOK
IPAaBUTALIMOHHOM 3HEPTUU U3 TMPOCTPAHCTBA MPOObI B CTOPOHY THMIAHTCKUX CTYCTKOB MaccC B
ommxkaiimeM kKocMoce. DP(EKTHI MMEIOT SIBHO BBIPAKCHHBIM SHIOTCPMUUYECKHN XapakTep H
MOJTBEPXKIAIOT MOJETIh PACTBOPEHUS MPOTOHOB B PU3UUECKOM Bakyyme [14].
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Puc. 5. Bnusinue HeOecHBIX Tell Ha 3HEPruro aHcamOJIsl KjIacTepoB (TMaporeib arapossl, 97 Bec. %
BOJIbI, aHCamMOJ1b Macc 10 3 muH. [la). Paccrosiuue no Connana: 1.00173, no FOnurepa 3.96499 u no
Ypana 19.09932 a.e. Ckopocts rpasurarmu: 1.15:10° (1 rpasuranmonnoe Comnie) m/c, (ripple)
3-10° m/c (Bummmoe Commue, ckopocts cBera), 2.06:10° (2, 3aTopmoxennas IOmutepom I'M) n
1.77-10% m/c (3, 3aTopMokeHHas YpaHoMm u yactuyHo lOnurepom I'M). KanubpoBanue cnenano no
SHepruM ucmapenus Bogel mpu 298 K (2.45-10°, xJlx/M’), mpH KOTOPOH MPOMCXOMHMT MOJTHOE
pa3pylIeHue KJIaCTePHON CTPYKTYPhI XKHUJIKOCTH.

N3 pucynka 5 takxke ciaeAyer, 4TO CIYCTKM MAacC B ra30BbIX TMTaHTax BJIMSIOT Ha ckopocTh ['U.
CrnenoBaTelbHO B KOCMOCE MPOUCXOAT MOCTOSTHHBIE W3MeHeHus1 ckopocTt ['U B 3aBUCHMOCTH OT
MecTa HaOMIOACHHS] U KOHCTEJUISIUU TI0 OTHOIICHHIO K HEMY BCEX BO3MOJXKHBIX CTYCTKOB Macc.
Bonpmme cryctkm mace B OJMDKHEM KOCMOCE pa3pylIaloT MOHOTOHHOCTH IMPSIMOTO/TJIABHOTO
notoka 'l u OH MOXeT pa3BauBaThCi C MOSBICHHEM Oojee MEIJICHHBIX KOMIIOHEHTOB. Ha
pUCYHKE 6 TIpEeICTABIICHBI Pe3yJIbTaThl PaCYETOB CBEPXCBETOBBIX CKopocTeid ['M B 3aBUCUMOCTH OT
yTJia OMMO3UIUil ra30BbIX rUranToB FOnuTepa u Ypana. BuaHo, 4to KprBas ©IMeeT BHU] TapaOoIIbl ¢
MHUHMMYM B TOYKE HE TOYHO COOTBETCTBYMOMIEH omnmo3uiiuu rianetT u Comxia B 180°. Munumym
CKOPOCTEH HECKONBKO CABUHYT B CTOPOHY MeHbIIUX YriioB (175...176°) mo nmpuunHe HE MOJHOTO
nonajaHusl ra3oBbIX ruraHToB, 3emuin u CoyiHIIA HAa OJHY JHHHIO. [Ipy HapylieHUW ycCIOBHS
onno3unuu ckopoctu ['M pe3ko Bo3pacraror.
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Puc. 6. Biuanue yrna (a°) onnosuunu FOnurepa, Ypana u CosiHila Ha CKOPOCTh I'paBUTALUH (V) IO
OTHOIIIEHUIO K CKOPOCTH CBETa (€) B MECTE HaXOXIeHHUs ceHcopa (puc. 5). JlaHHBIE TTOTyYSHBI TIPH
aHanu3e omnmno3unuii ConHua ¢ rasoBeiMu Turantamu: Hentyn, HOmutep u VYpan, a Takxke
koHbtoranui ConHie-Ypan B nnepuop ¢ 6.08.2009 o 29.9.2010. /lana moaens onmno3unuu ConHIa
— IOnurepa n HentyHa u konptoranuu Connua u CatypHa.

IIponiecc renepammu ['M HeOGecHBIMH TelaMU MOXHO pPAacCMaTpUBaTh KakK aKKyMYJIHMPOBAHHBIN
BBIOPOC 2HEPruM I'paBUTALMOHHBIMM J1a3epaMH HEOECHBIX Tel. MoaenupoBaHHE 3TOro Ipolecca
MPUHYKIAeT MOHUMATh IJIAHETy 3emiisi Kak OoJbIIoi Trupockom (puc. 7), a siapa aTroMOB U3
KOTOpBIX, NPEUMYLICCTBEHHO, COCTOUT IUIAHETAa KakK D3JEMEHTAPHBIE THPOCKOIBI - HIIEMEHTBI
OO0JIBIIIOT0 TUPOCKOMA. DJIEMEHTApPHbIE TMPOCKOIBI B HEBO30YX IEHHOM COCTOSHUM BPAILAIOTCS C
OCAMHU MEPNEHAUKYJSIPHBIMU OCH BpallleHus: 0ojblIoro rupockona. Mojens Bpallaromerocs



MPOTOHA, KaK aHaJora COBpeMEHHOH Moaenn «YEpHO IpIpbI», IpeaycMaTpuBaeT (GOpMUPOBAHHE B
HEM CTOSIYMX BOJIH M3 3-X, 4-X CTYCTKOB 3HEPruM WM KBapKoB (puc. 7). [Ipuuém, unciao KkBapkoB
3aBHCUT OT CKOPOCTH BpAIICHHs BOJHBI SHEPTHUH BHYTPH NPOTOHA, €€ paCTBOPEHUS B (PU3MUECKOM
BaKyyM€ M KOHJEHCAIlMd M3 HEro, YeM OHa BbIIIE TeM OOJIblIe YHMCIO BUPTYaJIbHBIX YaCTHUII-
kBapkoB. OOpa3oBaHUE CTOSIMMX BOJH BO BPAILAIOIIUXCS H30TPONHBIX XKHUAKOCTAX — XOPOIIO
u3BecTHbI (peHomen, [17,18,19], uTto mo3BoOsET, B MEPBOM MNPUOIMKEHUH, TOHATH MPUPOIY
KBapKOB KaK BHUPTyaJbHBIX YacTHll. B 3TuX paboTax MOXHO MO3HAKOMUTBHCS C THIPOJUHAMHUKON
JBYDKEHUSI KHUJIKOCTEH M Ta30B M NEPEeHECTH 3TO NPEeACTaBICHHE Ha JAWHAMHKY BpaLICHUS
SHEPreTUYECKUX CTYCTKOB BHYTPH IPOTOHA U BPAIIEHUS CaMOT'0 MPOTOHA.

Bri0poc sHeprun

CrycTku 3Hepruu B
CTOSYHX BOJTHAX

Mogenb npoToHa,
BHJ COOKY

Ionspnas
3Be3zia

He B0o30yx1EHHbIN Bo30yxnénnblit
MIPOTOH MIPOTOH

Puc. 7. Mogenu cTpyktyp BO30YXAEHHOTO M HE BO30YKIEHHOTO MPOTOHOB. CTYCTKH DHEPTUH, B
BHUJE CTOAYUX BOJH (KBapKOB) BO BpalllalOIIEHCs BOKPYI ILIEHTpAa IPOTOHA BOJIHBI YHEPIUH,
MOKa3aHbl LIBETHBIMU «KarIIMW». BHU3Y BUI Ha MoJienb cBepXy. Mojens (crpaBa) IiaHeThl 3eMiIu
KaK BpaLIaloOIIEerocsi OOJBLIIOr0 THPOCKONA W MOJENH siiep (MPOTOHOB), KaK COCTAaBIAIONINX €€
3JIEeMEHTapHBIX THPOCKOMOB. ['0TyObIMU CTpeIKaMu U TOYKAMU MTOKa3aHbl MOTOKH TPaBUTALIMOHHOM
sHepruu. KoMmMeHTapuii B TekcTe.

B »3T0il Mozmenu TPOTOHBI SABISAIOTCS MPOTOTUNAMH  «4Y€pHOM AbIpb». OHU  OTOMpaIOT
I'PaBUTALIMOHHYIO SHEPrHI0O OKpY>XeHHUs [6] M BBIOpachIBalOT 4yacTh €€ B BMJE JpKeTa (aHaJIOT
MOJIEIM LMPKYJSIUM TPABUTAMOHHOW M OapUOHHON MaTepuil B HaIIeld COJHEYHOM). ITOT
IpoIeCcC, OJIHAKO, CHJIBHO 3aBUCHT OT OKPYXXEHHS U €ro PaBHOBECHE MOKET OBbITh CIBUHYTO
oTOOpaMM TpaBUTAIMM B TOJIB3Y OoJiee CHIBHBIX CEeMEUCTB ocumiiATopoB [5]. Takum obOpazom,
BpalllCHHE MOJENHU-3€MIIM TPUBOAUT K HEKOTOPOM AKTHUBALUH TAaKUX COCTOSHHN IPOTOHOB H
cOpocy MMM M30BITKAa TPABUTAIIMOHHON SHEPIUU MO BEKTOPY LIEHTPOOEKHOM CHIIBI IIAHETHI (3TO
MBI TaKxe HaOomanu mpu BpameHuud Ten [20]) u KOHIEHTpaIMy T'PaBUTAIMOHHOW DHEPTUU B
LEeHTpe IutaHeTsl. M3 3ToM Mojenu cliefyeT NPUHLMIIMAIBHAS BO3MOXHOCTb CYIECTBOBAHUS
I'PaBUTALlMOHHOIO JIa3epa M HAKAYKH €r0 DHEPTHEH TpaBUTALMM AAEP IO OCH IUIAHETHI, 4 TAKXKE



PE30HaHCHOTO B3aUMOJECHCTBUS ciaboro rpaBuTanronHoro usnydenust (CI'M) npoOsl BemiecTBa c
IPAaBUTALIMOHHBIMM W3IY4YEHUSMHU HMHbIX HeOecHbIX Tei, momajatomux B [II'PII. Ecam monens,
JaHHasi Ha pUC. 7, BEpHA TO CJIEAyeT OXKUIAaTb DHEPIeTUYECKUE BBICTPEIbl I'PABUTALMOHHOIO
Ja3epa, MHULHMUPYEMOIO ONpeAeNEéHHON KOHCTeIAUe HeOecHBIX Tell, a OOHapyXeHHe MOJ
TPABUTAIMOHHOTO PE30HATOpa, TUIMYHBIX JJIs BCEX JIa3epHBIX uU3NydeHuit [21], moarBepauT
IIPUPOAY TAKOIO Jla3epa U MOZEIb €ro TeHepalyy NIPOTOHAMH, KaK IPOTOTUIIAMHU «UYEPHBIX IBIP»,
OapuonHo Matepuu 3emian. Ham ynanock 3aperucTpupoBaTh raBUTALMOHHBIN BBICTPEN U ONUCATh
ero B pabote [22]. OH xapaKTepu30BaJICs BBIPAXKEHHBIMU MOJIaMU I'PaBUTALIMOHHOTO pe30HaTOpa U
naxe mpuBEN K aBuakaractpode. Pasymno nomarate, 4to npoiecc BeiOpoca ' Oyner 3HaUUTEIHHO
YCHUJIEH PE30HAHCOM €CIH MJIOCKOCTb, MPOXOIAIlas Yepe3 oCh BpaLeHUs 3eMJIM U MECTOM NpPOObI
Ha e€ moBepxHoctu (III'PII), coBnaaér ¢ HEOECHBIM TEIOM, TAK)KE€ HAXOASIIMMCS B SKIHUITHKE,
Hanpumep, Onurepa, Ypana win Connua (puc. 5). IIpu atom orrok I'M u3 sinep monexyn (mpoost
Wi 00BEKTa) B 3TOM IUIOCKOCTH Ha 3eMjie pe3KO 3aMEUINTCS WM YCUIMTCS B pe3yjbTare
pe3oHaHca c Oosiee KpPYNHBIMH MacCHBaMM KJacTepoB 3emuin U HebecHoro tena. CHUrHalbl
rpaButanimonHoro ConHua (puc. 3) Takke MOXKHO pacMaTpuBaThb KaK MOJIbl TPaBUTALIMOHHOIO
pe3oHatopa. OJHaKO TpaBUTALMOHHBIA BBICTPENl MOXXET OBITh HE TOJBKO MPSIMBIM, HO H
oTpax€HHBIM OT HebecHbIX Ten. Ha puc. 8 mpenctaBieHbl MOl FPaBUTALIMOHHOTO BhICTpena JIyHbl
yepe3 ILeHTp 3emiu (rpaBUTaluMOHHOE 3epkano) B cropoHy Comnma 18.09.2010. Curnan
rpaButalinoHHoro CosHia ObLIT 3aperMCTPUPOBAH 3a § MUHYT A0 BUAMMOIO CUTHaJIa OT MONaBIIeH
B [I['PII Jlynsl. CpaBHeHHEe HOaHHBIX puC. 5 (0TOOp TIpaBUTALMOHHOM SHEpPruM) W puc. 8, ¢
9K30TEPMHUYECKUM IIPOLECCOM HAaKaukKd B IPOCTPAHCTBO CEHCOpPAa TIpaBUTALMOHHOM »HEpPIuH,
CBUJETEIBCTBYET, YTO ABOWHAs Iu1aHeTa JIyHa-3eMis, ¢ JOMMHHUPYIOIIEH POJIbI0 3€MJIIU, BBICTYTAET
KaK €IMHBIM JOHOP IPaBUTALIMOHHON AHEPruu B cTopoHy CojHIA, PU 3TOM HM3HAYaIbHBIA MOTOK
ot JIyHbl HanpaBJIeH B LIEHTP 3€MJIM U Jajiee yepe3 Hero B ctopoHy Ceernna. [IpumedarensHo, 4TO
B oToM ciydae JlyHa Haxomwiach BOJW3M TUIOCKOCTH JSKIHANTHKA 2° 17 MUH B KOTOpOW
Pa3bIrphIBAIOTCS TJIaBHBIE TPABUTAI[MOHHBIE COOBITHS BHYTPHU COJIHEYHOM CHCTEMBI. DHEpPrus MOA
rpaBuTannoHHoro pezonaropa (I... VI, puc. 8) Jlynsl oTHOCHTENbHO cnada, 9ToObl BEI3BATh B MECTE
PacCIOJIOKEHUSI CEHCOpa CEPbE3HBIE pa3pyLICHUs NalbHETO IOPANKA BOABI, IO-BUIAUMOMY
BCJIEAICTBHE TONA/IaHUs B IPOCTPAHCTBO CEHCOPA TOJBKO YaCTU I'PAaBUTALMOHHOTO BBICTPEIA.

3ametum, uto emé B 2000 rogy aBTopamu padoThl [23] caenaH BHIBOJ O HATMYHUH Y TUIAHETHI 3eMJIs
rpaBUTAILIMOHHOTO 3epkaja. Macca ero cocTtaBiseT 3.8:10 maccer 3emun mwmm 2.27-10% kr (mos
cpenneit miotHocty B d = 5520 kr/™M> 00BEM Macchl B 3epkaie coctaBut 4.1-10'% a’). TIpocroit
pacy€T MOKa3bIBAET, YTO TAKUM BOTHYTBHIM 3€pKajoM SBISICTCS mapabosiony [24], oOpa3oBaHHBIN
3eMHOM KOpo# (npu cpeaHelt TonmuHe B 33 KM) U MOBEPXHOCTHIO 3eMIIH A=n-D? tie D=12742 kwm.
Torzxa Macca 3epkana (monycdepst) coctaBut A-33-d-10%/2=4.6-10* kr, a napaGononza B aBa pasa
Menbe, 2.3-10%* kr. CoBrajieHIe 3HAYCHHS MACChI 3epkaia, caenanHoe MruarseBeiM 1 Bosibkacom
B pabore [23] ¢ »OTUM pacuéTroMm, TaKKe CBHJACTEIBCTBYET O KOPPEKTHOCTH MOJIEIH,
IIPEACTABICHHON Ha puC. 7, U 11 JIyHsl.

B pabore [22] Ob110 TIOKa3aHO, YTO TPaBUTAIIMOHHBIC BBICTPENBI B COCTOSIHUM HapyIIaTh paboTy
KOMIIBIOTEPHBIX ceTel M Jaxke cOuBaTh caMonéThl. llpumep CHIIBHOTO KOHIIEHTPUPOBAHHOTO
TPaBUTAIMOHHOTO BBICTpesia MokeT garh ¢Gortorpadus Ilatomckoro xkparepa B Cubupe
(http://nauka.izvestia.ru/earth/article92975.html).
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Puc. 8. I'paButaninonnsiii Beictpen JIyHsl (geocentric latitude 2° 17 MuH) B CTOPOHY IPOCTpPaHCTBA
ceHcopa. B kauecTBe qaTumka MCIOIB30BaH arapo3HbIil ruporens. AHCaMOIIb KJIacTepoB 70 3

MIH. JIaabTOH.



PaccMoTpuM cTpyKTypy IpaBUTallMOHHOIO BBICTpENa B nepuof nomnaganus JIyHsl B sxauntuxky. Ha
pUCYHKE 9 mpeicTaBlieHbl JaHHbIE IO AHAJINW3Y 4YMCIAa BHUAOB KJIAacTEpOB BOJbl B arapo3HOM
rugporenie B nepuoa nonananus Jlynsl B III'PII m sximnTuky comHeuHol cucteMbl. B MOMEHT
BXOJIa CITyTHUKA B TUIOCKOCTh SKIUITHKH MPOU30MIEN pe30HaHC MPOTOHOB 1poOsl, JIynsl n ConHia,
MIPUBEAIINI K PE3KOMY YMEHBIIECHUIO YKCIIAa BUIOB KJIACTEPOB B CEHCOPE. 3AMETHUM, UTO B IIEPUOJ
BXoza JIyHBI B SKIIMIITUKY ITPOU3OIIIA AKTUBALMS IEATEIBHOCTH KPYIHEHMIIEro ByJKaHa Ha fIBe u
2-x ByJIkaHOB Ha KaMuyarTke, a Takke CHIIBHBIX 3€MJIETPACEHUI U I[yHaMHu B pailoHe ocTpoBa fIBa.
[o-BuamMoMy 3TH KaTtacTpodbl CBA3AHBI C OIBEMOM JKUIKOW YacTH MaHTUU 3eMiH [6]. XapakTep
CUTHAJIOB Ha KPUBOH € pa3pelieHHeM B 2 C THUMHMYEH I JIA3EPHOTO M3IYyYEHHsS U MOXKET OBbITh
MIOHAT KaK IPOSBJICHUE MO/ I'PAaBUTALIMOHHOIO PE30HATOPA.
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Puc. 9. Xapakrtep M3MeHEHUs 4HCIIa BUIOB KJIACTEPOB BOJbI B THUAPOresie arapo3bl B MEPHUO]
nornafganus Jlyner B III'PII u mepeceuenust e€ skiuuntuku (geocentric latitude 0° O mwuH).
I'opu30oHTaNBHBIMU CKOOKAaMHU YKa3aHbl MOJblI I'PaBUTALMOHHOTO PE30HATOpa IPABUTAL[MIOHHOI'O
nazepa B ctopony JlyHsl u nanee B cropony Connua. Bepxuuii rpaduk — ckaHupoBaHME C I1arOM B
1 MUHYTY, HUKHUM C 11aroM B 2 CEKYH/bI.

3akarouyenue
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ConHIle ancopOMpyeT TPaBUTAIMOHHOEC U3IYYCHUE OKPYXKAIOIMIMX HEOCCHBIX TeNl OJIFKHETrO
kocmoca. Crpykrypa mnoroka [I'MM npencraBineHa  1ByMs — HalpaBiICHUWSIMH, TJIaBHBIM
IPaBUTALlMOHHBIM TOTOKOM B cTOopoHy CoJHIIa, pPAaCIpPOCTPAHSIONIMMCS CO CBEPXCBETOBOM
CKOpPOCTBIO M €ro CleJJaMH B BHJE I'PAaBUTALIMOHHOMN PsIOHM, pacIpOoCTpaHSIOIIEHCS CO CKOPOCTBIO
cBeta. CoyHIlE PETUCTPUPYETCS B BHUJIE JIByX CUTHAJIOB: I'PaBUTALMOHHOIO M Buaumoro ConHua.
I'paButanmonnoe CoiHIIE MMEET MHOTOCIOWHYIO CTPYKTYpy B BHJE KOPOHBI, f1pa U cyOspa.
Marepust B cyOsape pe30HAaHCHO B3aUMOJCHCTBYET ¢ Marepueil B mpotoHax BM u mo cBoiicTBam
aHAJIOTMYHA TaKOBOM B IIPOTOHAaX ceHcopa. TepmosaepHbli cuHTe3 Ha ConHIE ABIAETCA
BTOPUYHOM peaKIfeld MoyJyarolieil SHepPTruio OT Mpolecca KOHACHCAIlMA POTOHOB B cyosape. B
KOCMOCE MPOUCXOST MOCTOSIHHBIE U3MeHeHUs! ckopocT ['U B 3aBHCHMOCTH OT MecTa HaOIIOACHUS
1 KOHCTCJUIAUHA IO OTHOHICHUIO K HEMY BCCX BO3MOKHBIX CI'YCTKOB Macc. OT1TOK FpaBHTaHHOHHOﬁ
sHepruu B cTopoHy CoONHIA, B BUJIE PAaCTBOPSIOLUINXCS NMPOTOHOB BOJOPOJHBIX MOCTHKOB B BOJE,
MOXCT YCHIMBATLCA INIAHCTAMHU W JOCTUraTb YPOBHA TI'PaBUTAIMOHHLIX  BBICTPCIIOB C
KaTacTpO(PUUECKUMHU MOCIIEICTBUIMH.
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