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AHHOTANUA

Coo0rraercss 0 HOBBIX IKCIIEPUMEHTAIBHBIX METOJIAX MCCIIEIOBAHMS TPaBUTANMOHHBIX m3nydeHuid (I'N),
MyTéM PETUCTPALUK SHEPTUU PE30HAHCA MPOIECCOB PaBHOBECHUS MPOTOHOB C (PU3MUECKUM BAaKyyMOM.
UYactotel ['M B conneuHol cucreme nexar B nuamnazone ot S5 ' 1o 23 xI'u. AnuHbl BOJIH ONpeaesuiuch
no uHtepedepeniun ' u cocraBunmu s Jlyner > 9 kM, ComHma > 65 kM, st LlenTpa nHamei
lamaktuku (L") > 330 kM. Ckopocts ['M pasnuunas ¥ 3aBUCUT KaK OT MAacChl T€HEPUPYIOLIETO 3TO
W3JIy4Y€HUEe, TaK U OT paccTosiHus 10 Hero. s ConHna HalgeHo 15 10°? km/c, mist JIyHbl ~6-10" km/c.
Coobraercs 0 IpIMOM HabToeHHH GpoHTa yaapHoi Bomusl TU B paitone LI ((2.2...3.3)-10"" km/c).
Oneprust ' Takke 3aBUCUT OT MacChl U JUCTAHIIMU 10 UCTOYHUKA W HA YPOBHE MOBEPXHOCTH 3EMJIU
cocrapisier s JIyner > 225 JIxk, Connua > 1625 Ix u nua LI > 8250 k. OnuceiBaloTcs Apyrue
cBoiictBa ' (oTpakeHue, mperoMiIeHHE, MTPOHHUKAIOIMIA CIIOCOOHOCTh, MHTEPhEPEHINs, BIMSIHUE Ha
aHcamOu MoNeKyIspHBIX KiaactepoB). Coobmiaercs, uto 'l B MOMEHTHI MPOTHBOCTOSHUS HEOCSCHBIX TEI
MOTYT (POPMHUPOBATH TPABUTAIIMOHHBIA BBICTPEJ, Pa3pyIIAOIINA JadbHUN TOPSAIOK B MOJICKYJISIPHOU
Marepuu. Ilpupona I'MM noHumaercs Kak pe3ysibTar CBEPXCBETOBOM KOHJEHCALMM IIPOTOHA U3
(bu3MUecKoro BakyyMa U CBEpXCBETOBOT'O PaCTBOPEHHUS NMPOTOHA B (PH3MUECKOM BakyyMe. MoseKymspHas
Marepus XapaKTepu3aercs CI1a0bIM rpaBUTALMOHHBIM U3IIy4eHUEM aHcamOeit
PaCTBOPSIONINXCS/KOHICHCUPYIONTUXCS MpoToHOB. OO0HapyxkeHbl ABa Buaa [, pacnmopocTanstomerocs
CO CBEPXCBETOBOWC CKOPOCTHIO (TJIaBHAsI BOJHA) M CO CBETOBOWM CKOPOCTHIO (BTOpWUYHASI BOJIHA, PSIOB).
JlaHa MoJienb BpallleHUs Halllel rajlakTUKKU KaK Pe3ysIbTaT CBEPXCBETOBOIO BUXPs B Bakyyme B LI
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BBenenue

B [1,2] 610 3KCHEpUMEHTATHHO OOHAPY)KEHO CYIIECTBOBAHHWE JIBYX BHJIOB T'PAaBUTAIIMOHHBIX BOJIH,
[JIaBHOM, PACIpOCTPAHSAIOLIENCS CO CBEPXCBETOBOM CKOPOCTBHIO U BTOPUYHOM, pACHPOCTPAHSIOLICHCS CO
CBETOBOH CKOPOCTHIO. BTOpruHas rpaBUTAllMOHHAs BOJHA MPEICTABIACTCA «PsObI0» OT MEepBUYHOM [3].
[IpencraBnsier WHTEpeC MOHITH MEXaHU3M (OPMUPOBAHMS TPABUTALMU, a TAKXKE IMOIYYUTH oOOIIee
MPEACTABJICHUE O CTPYKTYPE U CBOKMCTBAX TOTO SIBJICHUS.



3KCHepI/IMeHTaJ'IbHaﬂ 4acTb

B kadyectBe OOBEKTOB HCCIEIOBaHUS BbIOpaHa OuoMarpuua sia Kypullbl, OMOMaTpuia KIyOHsS
KapTodens, TUAPOrenab araposbl, Moaenupyromuii 6uomarpunsl (97 Bec. % BOAbI), KapTOQETbHBIH
Kpaxmall (IOpOIIOK), TUCIWIIMPOBAaHHAs BOJAA, BOAHBINA pPacTBOpP MOBAapeHHOU coiu, nonudtuwieH (I19),
ataktnueckuii mosmctupo (allC, cpenuss MmonekymsipHas macca 15 k/la) v )KUIKHN TOTUITUIICHTIIUKOIb
(IT2or-400, «Mepx», 400 [Hanbton). I'paBuTanmoHHbI ceHcop Macc-cnekrpomerpa (I'MC, panee
Ha3BaHHBIN CIIEKTpoMeTp MepuaHuid B mymax, CMIIl) BBoamsics HEMOCPEACTBEHHO B OHOMATPHILY,
npwxkumancs (1-2 xlla) k mopomkaMm unu IUI€HKaMm, pa3MelIalics B Macce COCTapeHHOM B TE4YEeHHE 6
MECAIICB JUCIMILIMPOBAHHON BoABI W pactBopa. IIponenypa cHstus ['MC-criekTpoB U moapoOHOE
OMHMCaHWE METOAWKH aHamu3a JaHo B paborax [4,5,6,7]. B ocuHoBe paborel MC nexutr mu3MepeHue
OanmaHca HHEpPruil pacTBOpPEHHs] MPOTOHOB B (PU3MUYECKOM BaKyyMe€ M KOHACHCALlUU IPOTOHOB U3
¢usnyeckoro Bakyyma [8]. Macchl M 4YacTOTBHl OCHMJUISAIMI KJIacTEpOB B MpoOax pacuUTHIBAIM 10
ypaBHeHHI0 3yOoBa [1] ¢ HWcmob30BaHUEM OJHOMMEHHBIX KOHCTAHT 6.4-10"° H/™m ms OMOMAaTPHUIIBI
sitia, Kaprodens, Bomel, 6.8:10"° H/m mis kpaxmana u 5.2:10"° H/m ams allC. AHanu3s maabHero
MopsAZIKa B MpoOax Ha yPOBHE MX KJIACTEPHOTO MOCTPOCHHUS MPOU3BOIUIICS B MEPHOIbI, BOCXOAA U 3aX0/a
HEOeCHBIX Tel, MOMaJAaHus UX B IUIOCKOCTh I'PAaBUTALIMOHHOTO PE30HAHCa MPOTOHOB [2], HabmomaemMoe
Han Ttepputopueit CeBepnoit I'epmanum (53° 38" cam. m 12° 35" B.m.). IIpoOsl momemanuch B
METAJUTUYECKHUH, 3a3eMIEHHBI OOKC M MaKCHMAalbHO 3alllUIIAIUCh OT CBETa, LIYMOB, TETUIOBBIX H
MEXaHWYECKUX TNoJied. bokc pa3zMemancs B Jaad OT NPOMBIIUICHHBIX LIEHTPOB M HCTOYHUKOB
aHTPOIIOTEHHBIX UIYMOB, BHYTpH 3aaHus. [l moHumanus Merona, B pabore [1] mpeacraBieHo
CEeMEMCTBO KPUBBIX, OTPAXKAIOMIMX MOTOK IPABUTALMOHHOW SHEPruu (CymMMa OYMILIEHHBIX CUTHAJIOB)
JOCTHUTaloIIel rpaBUTAIIMOHHBIN ceHcop [2] B 3Tux npobax. [IoTok rpaBUTAIIMOHHON SHEPTUN HEOECHBIX
Tel BCTYNMAaeT B PE30HAHC CO CJa0bIM TPABUTAIMOHHBIM M3JIyY€HHEM TMPOTOHOB MpoO, 4YTO H
peructpupyercsi ceHcopoM. CryCTKH MOJIEKYJISIPHBIX Macc (CIYCTKH siiep) B 3TUX Ipobax (hopMUpyroTcs
B DHEPreTUYECKHX CrYCTKAaX CTOSYMX TIPAaBUTALIMOHHBIX BOJIH KOCMOCAa W OTPa)XarT COCTOSHHUE
IPAaBUTALIMOHHOTO TOJS B IMPOCTPAHCTBE MPOOBI. AJTOPUTM BBIICICHUS JEHCTBUTEIBHBIX CUTHAIOB
npeAcTaBieH B pabdote [5]. s moOHMMaHHS TONOKEHUS HEOECHBIX TE HCIIOIh30BaJM IMPOTPAMMY
3aiiueBa ZET 9 (www.astrozet.net). [lunamuueckytro BsizkocTh IIOIT m3mepsiam Ha BsICKO3UMETpE
“Reotest-2.1” ¢ KOMOBIOTEPHON MPUCTABKOM, MO3BOJIAIONICH onpeinTh cuity B niepBbie 0.16 ¢ ciBura,
IIOCJIECABUTOBOE BpEMS PEJIAKCALUU COCTaBIIsUIO 1 MUHYTY.

OO0cy:xaeHne pe3y1bTaTOB

Ha puc. 1 u puc. 2 mpencraBieHO Bo3/eiicTBUE HEOECHBIX Ted OJMIKHEr0 KOCMOCAa Ha YHCIO BUAOB
KJIACTEPOB B THJIPOTEJIE arapo3bl M CUTHAIOB 0a30BOr0 Kiactepa Boabl [9,10] Ha momagaHue MiaHeT u
3BE3/Ibl B IUIOCKOCTH I'paBUTAIMOHHOTO pe3oHaHca npoToHoB (III'PII). Hanmomuuwm, uro ITI'PII npoxoaut
4yepe3 OCh BPAILLEHUs 3€MJIM M MECTOM CEHCOpa Ha €€ MOBEPXHOCTH.
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Puc. 1. Xapakrep n3MeHeHus yncia BUAOB KJIACTEPOB BOJIbI B TUAPOrEse arapo3bl B IEPUOJ] IEPECCUEHHUS
Mepxkypuem (pacctostaue a0 miaHeTsr 201,555,000 km) u Comanem ITTPIT.

W3 puc. 1 BugHa peakius BOJbI Ha TPaBUTAIIMOHHOE M BUANMOE mosiBiieHre HebecHbix ten B [II'PIT. Poct
ylyclia BUJOB KJIACTEPOB CIEAYeT IIOHMMaThb Kak JECTPYKIMIO BOJOPOAHBIX MOCTHKOB (BM),
COCIMHSIIONIUX MOJIEKYJbl. AHAJOTHYHas peakius Oblia oOHapyxkeHa mis CarypHa (puc. 2) U Apyrux
rwraneT. OTTOK TI'paBUTALIMOHHON SHEPIHU B CTOPOHY Oosbliero ancam6iss macc — CarypHa 3ameTeH
paHbIlleé BOCXOJAa €ro TPaBUTAIMOHHOTO M BUIWMOTO JIHCKa SIBIIAETCS JOKA3aTeIbCTBOM CBOMCTBA
IpPaBUTALlUU IPUTATUBATHCS K IUIAHETE U «OTPBIBATHCS) paHblle, HE MO MPSIMOW (CTPENKH Ha puc. 2).
CrnenoBaTenbHO TPaBUTAIIMOHHOE U3TyYeHUE HE TTPSIMOJIMHEHO.

3aMeTuM, UTO paHee TpyIlma yu€HBIX MOJ] PYKOBOJACTBOM akaaeMuka JlaBpeHTheBa Takke OOHapyKuia
aHaJoruuHbele 3¢ (eKThl peakiuu (OTOCEHCOpa M Jake MHUKPOOPTaHM3MOB Ha paHHEe IOSBICHUE
HEeOECHBIX TeJ, OJHaKO MpUYWHBI He Obut moHATHI [11,12,13,14]. Ot 3ddexTs ecTb pe3ynbTat
BO3/ICHUCTBUS TPAaBUTALIMOHHBIX JTUHHUNA (CTPUMEPOB) HEOECHBIX TeNl HA MOJIEKYJISPHBIE CTYCKHU (KIacTephl)
ceHcopa [6]. ['paBuTarimoHHbBIC TUHUU HE MTOCTOSHHBI 10 MHTEHCUBHOCTH M BPEMEHH HAOJIOJICHUSI, OHU
OTPaXKalOT COCTOSIHME T'PAaBUTALIMOHHOTO TOJI MEXYy HCTOUHUKOM U TPaBUTALMOHHBIM CEHCOPOM.
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Puc. 2. [loBenenne kKpuBOW WHTEHCUBHOCTH CHUTHAJIOB 0a30BOTr0 KJIacTe€pa BOJBI B MEPUOJ MOTATAHUS
OTOKOB 060X BuAoB 3Hepruu ot FOnurepa B [1I'PII. PaccrostHue no minanerst 658,629,000 km.

Jlansble puc. 1 1 2 npuBenn HaC K HOHUMAHHUIO JIBYX BUJIOB IPaBUTALIMOHHBIX BOJIH, pUC. 3.
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Puc. 3. Mogenb rpaButaninonssix BoiaH K ConHiy. ['j— rimaBHas rpaBuTaliMoHHas BOJIHA (1aHO
TUIIOTETHYECKOE HarmpaBiieHue), [ ,— BTopuuHbIe rpaBUTAIMOHHBIE BOJIHBI (psiOb, ¢ = 300,000 xkm/c [3]).

B Takoii Monxenu rnaBHas TPABUTALMOHHAS BOJHA IPUHYKIAET MOJEKYJISIPHYI0 MATEpUI0 K
dbopmupoBannio cryctkoB Macc [1,2], a BropuuHas (psiOb) MPHHYXIAET 3TU CTYCTKU OCHMJUIMPOBATH.
3amMeTuM, 4YTO IJIaBHAs TIpaBUTALMOHHAs BOJIHA IPEACTABICHA HAa 3TOM PHUCYHKE HEKOEW cpeaHe
BEJIMYUHOM.

Peakuuro MONEKyNnsIpHONW MaTepuy Ha TPaBUTAIIMOHHOE BO3JCWCTBHE HEOECHBIX TEN MOXKHO 3aMETHTh
Jake TIpu u3ydeHuu Bs3KOCTH (puc 4). M3 3Tor0 prcyHKa BHAHO, YTO CIEIJICHHUE MOJICKYJ MOJIMMEPA,
MOCPEICTBOM BOJOPOJHBIX MOCTHKOB (BM) ¢ Bpamawommumcs UUIMHIPOM BACKO3UMETpa, PE3KO
ociabeBaeT B TEPHOIbI MCUYe3HOBEeHHWs BM 1o BO3meHCTBHEM OTTOKA TPABUTAIIMOHHOW SHEPIHH B
ctopony ConnHna u B cropony cryctka témHoit marepuu (TM, VIRGOHI21), compoBoxpatomieecs
PE3KHMM TMaJICHUEM JHMHAMHYECKOW BS3KOCTH (OTpUIIATEeNbHAS BSI3KOCTh). OTpPUIATENBHYIO BSI3KOCTH
clelyeT MOHMMAaTh KaK PE3KOE€ YMEHbIIEHHE B3aUMOJCHCTBUSI TUJIPOKCUIIBHBIX TPYII IOJUMEpPa CO
CTEHKAMHM IIJIMHJpA BICKO3UMETpa, KaK CJICACTBUE pacTBOpPeHUs MpoToHa BM B Bakyyme, mpuBosiiee
K MEHBIIEMY YCUJIMIO CIIBUTA YeM IWJIMHJPA B KOHTAKTE C BO3AYXOM. DTOT 3(h(HEeKT HAmpsIMyIO CBSI3aH C
nomnaganueM BUAUMBIX moJioxkenuit Comana u TM B III'PII. MoxHO monarath, 4YTo 00a 3TH COOBLITHSA
CTUMYJIMPYIOT pacTBOpeHHe MpoToHOB BM B Bakyyme. DTOT (peHOMEH yIOBIETBOPUTEIHHO OOBSICHICTCS
CXEMOM, TaHHOMW Ha puc. 3.
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Puc. 4. Xapakrep usmeHeHus auHamuueckoil Bsskoctu [IOIT B mepuon momananus VIRGOHI21 u
Counna B IIT'PII, npu 3TOM crycTOK TEMHOW MaTe€pyuu HaXOAWJICS B TUAMETPATBHO - MPOTUBOIOJIOKHOM
MECTE KOocMoca.

CnenoBarenbHO pacTBOpeHHME IpoToHa BM, B mnepuon HaxoXAEHMsI CrycTKa TEMHOW MaTepuu
VIRGOHI21 u Conuma B IIT'PII, HanmpsiMyro cBs3aHO ¢ (DEHOMEHOM OTPHIIATEILHOW BA3KOCTU. bonee
CHJIBHOE CEMEICTBO MPOTOHHBIX OCHMIUIATOPOB (OoJbIIas Macca U OOJbIIasi MOTEHIUANIbHAS SHEPTHUs) B
VIRGOHI21 u cemeicTBO MPOTOHOB HAIIEH 3BE3/1bI OTOMPAIOT YHEPTHIO TPABUTAIIMH OCIMITUPYIOMINUX B
BM nporoHOB monumepa (MeHbILIAs Macca U MEHblIas MOTEeHLuanbHas 3Heprus). Iloatomy pezonaHc
aHcaMOJIell CTYCTKOB MPOTOHOB, peructpupyeMbii ['MC, MOXHO TOHMMaTh KaK TpPaBUTAI[MOHHBIH,
CBSI3aHHBI C PACTBOPEHHEM INPOTOHA B (PU3MUECKOM BaKyyMe M €ro KOHJEeHcaruel u3 Hero. DPQexT
OTpULATENILHON BA3KOCTH COBIIAJAeT C BUAMMBIM IOJIO)KEHHEM HEOECHBIX TeJl, a 3HAUUT OOYCIIOBJICH



BIIMSIHUEM BTOPHYHBIX IpaBUTAlMOHHBIX BOJH (). CrenoBarenbHO BTOpUYHASI TPaBUTAIIMOHHAS BOJIHA
CIBHUTaeT paBHOBECHE MPOTOHA C BaKyyMOM B CTOPOHY pacTBOpeHHs mpoToHa. [IoHsATh 3TOT heHOMEH
MOKHO C TO3ULUH JUCTIEPTUPOBAHMS MPOTOHA B BaKyyMme, KaK CT'yCTKa SHEPIHH, pSObIO OT OCHOBHBIX
IPaBUTALMOHHBIX BOJIH.

Jpyrum mHTEepecHBIM CBOMCTBOM [l HEeOeCHBIX Ten SBISIETCS WX CIIOCOOHOCTH oTpakathbcs. Ha puc. 5
IIPEICTABICHBl BPEMEHHBIE 3aBHCHUMOCTH CHUTHAJIOB COJIHEYHOTO M JIYHHOTO KiacTepoB [1] B mepuon
3aTMeHus nucka JIynsl 3emi€il. PacMoTpuM MakCMMyMbl Ha KpUBOM JIJIsi COJIHEUHOTO Kiactepa. [lepBbiit
MakcumyM (1) coBmamaer ¢ pe3koll MHAMBUAYATU3aLMUEH W YIUIOTHEHHEM JIYHHOTO M Pa3pbIXJIEHUEM
conHeuHnoro kiactepa B 20:00 B mpoOe rumporens. B 3To Bpemsi MpOMCXOIUT OMImoO3uIus Mapca u
Hentpa nameit ranaktuku (180°) u nmomaganue ux B I[IT'PII, mpu stom Connue 3emns u JlyHa ne
HaxoasTcs Ha omHoW nuHUU (176°) m He momamator B III'PII. CnemoBarensHo muk Nel orpakaer
rpaBUTAlMOHHBIN BbicTpen Mapca u llentpa l'amakTuku 1o BceMy aHCaMOIIO KJIacTEpOB BOJABI U
CUTHAJIBI TYHHOT'O ¥ COJTHEUHOTO KJIacTepa BO30YXKIaroTcs ornocpeaoBarenbHo. Ciemyroniuii curaan Ne 2
B 4:57 oTpaxaeT rpaBUTallMOHHBIM BbICTpes B pe3yapTare ommo3uuuu ComHuma u Jlynsr (180°),
ycwienHon ommosunueit Conamna ¢ Carypuom (176°). 3ametum, uto coObITHUs B 4:57 HE moOmanamT B
III'PII. B Touke 3a Ne 3 mOBTOpPHO peayn3ylOTCS YCIOBMsI sl TPAaBUTALMOHHOIO BhICTpena, Mapc u
Hentp Hamei ranaktuku Haxonarcs B [IT'PIT u B onmosumuu 3emite (180°). B aTom cirydaae numeet mecTo
TOJIBKO peakiusi COoJHEeYHOro kiacrepa. B touke Ne 4 Benepa u Mepkypuil HaxoAsTCsl B KOHbIOTallUH
(4°, ¢ omnol ctoponsl) © oHu He momamaroT B II['PII. Omgnako, oba kiactepa pearupyrT Ha TaKylo
KOHbIOranuo. HekoTopoe yMmeHbIlIEHHE IUIOTHOCTH COJIHEYHOIO KJacTepa B TOYKE S5 HE HaXOAUT
00BSICHEHHUS, a pa3pbIXJIEHUE 3TOT0 KjacTepa B TOUKE 6, TO-BUIUMOMY, CBsI3aHO ¢ 3axo/10M CoJHIa.
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Puc. 5. Xapakrep HU3MEHEHUS HWHTEHCHUBHOCTEM CHUTHAJIOB COJHEYHOIO U JIYHHOIO KJAacTEpOB
(myHkTuUpHas 7auHUA) B Ouomarpuiie kaprodens B mepuwojn 3atMmeHus 3emuiéid aucka Jlyaer (04:15,
21.02.08, CEB). Bpewms (CEB) ¢ 20.02.2008. KomMmeHTapuii B TEKCTE.

Bepuémcst k nyHHomy 3atrmeHuto B 4:57 (touka Ne 2). OTCyTCTBHE peakIMU JYHHOIO KiacTepa U
HaJIMYue peaklMK COJIHEYHOTO KJIaCTepa MOKET CBHAETEILCTBOBATH 00 BiaMsHUU COJIHIIA HA THUAPOTeNb
IIOCPEACTBOM TI'paBUTAlMOHHOrO 3epkana JIyHel (puc. 8.13.2.3). PacunrtaeM Haxo)k[IeHUE IpenMeTa B
chepudeckom 3epkaie JIyasl o dhopmyne 1/s+1/S=2/r [15], rae s- pacTossHEE OT BEpIIUHBI 3e€pKaja 10
«peameTtay (1), S- pactostaue no ConHia (150-106 KM), - paauyc 3epkana, 1738 kM. CorjmacHo 3Toro
ypaBHEHUs s paBHO 869 kM (puc. 6).
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Puc. 6. CxemMa KOHIIEHTPUPOBAHUS TpaBUTAMOHHOTO H3aydeHUs: CoyHIa mapaboIouIoM IUIaHETHI B
nepuoy 3arMmeHus JIynel, puc. 5. [16].

3amerum, uro eui€ B 2000 roxy aBropamu pabGotsl [17] caenaH BBIBOA O HAIMYHMM y TUIAHETHI 3eMJIs
rpaBUTAIIMOHHOTO 3epkaja. Macca ero cocraBisieT 3.8107 maccsr 3emmu wn 2.27-10% kr (mns cpemuei
moTHOCTH B d=5520 Kr/M° 00BEM Macchl B 3epkane coctasut 4.1-10' m*). TIpocToit pacuér mokaspisaer,
YTO TAKUM BOTHYTBIM 3€pKaJIOM sIBJIsieTCs mapabosons [15], 06pa3oBaHHBIN 3eMHOM KOpOH (TIpH CpeIHen
TonmuHe B 33 KM) M TMOBEPXHOCTBHIO 3eMIIH A=n-D2, rae D=12742 xm. Torma macca 3epkaia
(momycdepsr) cocraBut A-33-d-10°/2=4.6-10" kr, a mapabomonna B xBa pasa MeHbmre, 2.3-10% kr.
CoBnazieHre 3HaYeHMsS Macchl 3epkaina, cienaHHoe MruarbeBbiM u Bonbkacom B pabote [17] ¢ atum
pacuérom, CBUJETEILCTBYET O KOPPEKTHOCTU MOJIENH, ITPE/ICTaBICHHON Ha puc. 6, u 1 JIyHbI.

Teopernueckas  ¢Qusnka OOBSICHAET TEHEPALUIO TIPABUTALMOHHOIO  M3JIy4eHUs  JIBUKECHUEM
CBEPXMACCUBHBIX TEJI CO CKOPOCTAMHU OJIM3KMMH K ckopocTu cBeta [18]. [loaromy pasymHO mosararts,
YTO JUIsl AJIEMEHTApHBIX YaCTHI BO3MOYKHA I'€HEpalys UMM CJIab0ro rpaBUTAllMOHHOIO HM3JIy4EHMs, HO
YK€ CO CBEPXCBETOBBIMU CKOPOCTSMHU.

N3 pucyrkoB 1 u 2 BHIHO, YTO CKOPOCTh T'PABHTALMUA B COJIHEYHOW CHUCTEME 3HAYUTEIHLHO OOJbIIe
ckopocTu cBeta. [lombITaemcst ommcaTh METOABI PETUCTPALlMM CBOWCTB TpaBUTALMM (JJIMHA BOJIHBI,
4acTOTa, CKOPOCTh, AHEpTHUsl), onpeaensiembie ¢ nomoiibio 'MC. K HUM MBI OTHOCMM METO/BI aHaIu3a
nHTephepeHnoHHbIX curanoB [’ u Meroas! npsiMoro HabmoneHus apmxeHust GporTo 'Y B nanbHeM
kocmoce. C pyroil CTOpOHBI CKOPOCTh (¢') B cpelle ¢ MoKaszaTesieM MpeinoMiieHHs (n) CBsi3aHAa C HUM
COOTHOIIIEHUEM: C'= ¢/n (¢ —CKOpOCTh cBeTa) U npu n — 0, ¢ — oo, {151 Bakyyma n MOXET OBITh HE paBHO
1, a OBITH 3HAYUTEIILHO MEHBIIIE YeM | TOr1a U CKOPOCTh MOXKET OBITH OOJIBIIIE CKOPOCTU CBETA. 3aMETHM,
yto emé Jlamac, u3yyass HepaBHOMEPHOCTb JABMKEHUS JIyHbI, TPUILIEN K BBIBOAY O CKOPOCTH IPaBUTALIMU
B 2-10° pa3 OoiblIel CKOPOCTHU CBETA.

Jlnsi oOHapyXeHHs TPaBUTALMOHHOM BOJIHBI, B PEAbHOM PEKUME BPEMEHH, HEOOXOJUMO «CIIBUHYTH
UHTEep(hEPEHIINIO TPABUTAIIMOHHON Taphl (B3auMorainieHus, [18]) BO BpeMeHH WJIH «PacTSHYTh» COOBITHS
AJUCTAHIINMOHHO. HOBTOMY MBI BBIHYX/ICHBL BECTHU IIOUCKHN T'paBUTAIMOHHBIX BOJIH n ux
UHTEpQEPEHIIMOHHBIE  B3aUMOJCHCTBUS ~ MEXIY MHKPO H  MaKpoOObEKTaMH, Hampumep, B
IPaBUTALIMOHHBIX Mapax — KJIACTEPhl BOJIBI - HEOECHBIE Tea/3BE3/IbI.

Ha pucynke 7 mpencrtaBieHbl KpUBBIE Uil aHcamOuisg kimactepoB 10 4 mipn. [laneToH B pacTBOpe
MOBAPEHHON COJIM, MOJACIMPYIOMIEH MOpPCKyI0 Boay. KpuBble HOCAT HE MOHOTOHHBIM XapakTep,
oOHapyXHBaeTcsi psa dKcTpemMyMmoB. Tak mMakcumymbl M; U My OJHO3HAUYHO OTHOCATCS K BIIHSHHIO
Connna. Ha pucynke He yka3aH CHIIBHBIN 3()QEKT MpsMoro BO3AEHCTBUS MU3ITYUYCHHUS 3BE3bI BO BpEMs
nonyass (12:00) B cuiy ero JOMUHHMPOBAHUS HAJA IpYruMH 3P@eKkTaMu, HO IJIeHO MOJIOCH! (KpuBas 2)
JIOCTaTOYHO YETKO YKa3bIBAIOT HA €ro MpUCyTCTBUE. MHTepeceH MUpOKUi MakCuMyM M, KOTOpBIit
CBS3aH C MOTOKOM rpaBuUTalMOHHOM sHeprun ot nomanawomux B [II'PIT Catypna (23:21), rurantckoro
cryctka TM B VIRGOIH21(0:56) u Bo3MOxHO HHTEep(hEPEHIIMOHHOM TOJIOCH (cM. HUXe). [[ns curnana



M; u curHana 000O3HAYEHHOTO CTPEJIKOHM, HET JOCTOBEPHOM KOPPEISAIMH C PACHOJIOKEHUEM HEOEeCHBIX
TeJl.
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Puc. 7. Xapakrep u3MeHeHHs cpeaHel MouieKylsipHoil Mmacchl (1) kmactepoB (ancambab a0 4 mipa.
JlanbToH) M ymMcla uxX BUAOB (2) B BOJHOM pacTtBope noBapeHHoi conu (3.5 Bec. % NaCl). [TynkrtupHbie
JUHUM — 0a30BbIC TUHUH CPETHUX 3HAUCHUH.

Benneck uncna BunoB kinactepoB B 04:30 (makcumyM M3 Ha KpuBOii 2) U cpelHEN MOJIEKYJIIPHOW MacChl
B 21:31 (o0o3HaueHO CTpenkolW Ha KpWBOW 1) HEOOXOAMMO paccMaTpUBaTh B CBSI3M C IOSBICHUEM
mupokoit mosocs ¢ 23:30 g0 01:00 yacoB (makcumym M,). BpemenHoit oTpe3ok Mexty M3 U curuania co
CTpENKOM coctaBisieT 6 yacoB. O0a curHajga MOXHO PACTOJOKHTh B OJTHOM IUIOCKOCTH IMapajuieIbHON
OoCH 3eMJIM U NEePHEHANKYIApHON npsiMoil coenunsitomeit Connie u 3emno. Toraa MakCUMyMbl MOXKHO
paccMaTpuBaTh Kak pe3yabTaT HHTepGEpeHLMH TpaBUTALMOHHBIX BOJMH yxoismmx K Ceeruny u
UCTOJIb30BATh KJIACCMYECKOE ypaBHEHHE B JKCIEpuUMeHTax nmo uHTepdepenuuit BonH HOura [19] ans
pacuéra IJTMHBI TPaBUTAIIMOHHBIX BOJIH. PoJb mieneit mpu 3ToM urpaet cioit armocdepsl, puc. 8.

04:30
vA¢ o6
poba
qb@f R
21:30

Semirst

Puc. 8. Mopens mna pacyéra ATUHBI TPABUTALMOHHBIX BOJH IO JBYM HHTEP(PEPECHIMOHHBIM
MaKCUMyMaM BO3JCHCTBHUS BOJH Ha IpoOy pacTBopa B 04:30 yrpa u B 21:31 Beuepa.

VYpaBHenust FOHra 3anuceiBaeTcs B BUJIE:

A>D-S/R,
re A cpeaHss JJIMHA TPAaBUTAIMOHHOM BOJHBI, R paccTosHUE OT McTOYHMKA 10 mpod (150,000.000 km),
D paccrosaue mexay M; u Ms paBroe 2-7+sin(53°)=7,125 kM (r = paauyc 3emiu kM), S — TUHEHHBIC
pasmepbl usnydarens (Comnne, 1,392,000 kM), mpu 3TOM pOJIb SKpaHA BBIMOTHAET THIIOTETUYECKAS



IJIOCKOCTh NEPHEHANKYJIApHAs MPsMOU cBsi3biBatoiield 3eMito U CoJIHIIE B KOTOPOM pacIionioKeHbl TOUKU
MakcumMymoB (puc. 8.13.3.3). Takum oOpa3zom HaiineHHOe A > 66 KM. AHajorWyHas Npoleaypa C
MCIOJIb30BaHueM B kKauecTBe ceHcopa allC mama A > 64 kM. 3ametrum, uto B padbote [20] coobmaercs: 06
TEOPETUYECKHU HAWJICHHOM 3HAYEHUU JJISl TPABUTAILIMOHHBIX BOJH paBHOM ~100 kM.
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Puc. 9. Peakumst nyHHOTO KiacTepa Ha BO3ACHCTBHE HEOECHBIX TEJI B TEpHOa (POPMHUPOBAHUS
nonHoayHus. CurHan B 22:57 — uHTEppEepeHIIMOHHBIN CUTHAN (TpaBUTALMOHHOE H3iydyeHue JIyHbI U
cnaboe m3iydeHune npoOsl Bojabl), curHanbl B 01:57 3axon FOmutepa, B 07:54 Bocxox CarypHa, Benepsr u
Mepkypusi, B 10:54 unTepdepeHIMOHHBI cHUrHal (IpaBUTallMOHHOE wu3nydeHue JIyHel u ciaboe
u3ydeHune mpoos-Bobl). Paccrosaue 1o Jynst 392940 km. Ceep OPT.

Paccrosinue (12 1) Mexxny naTep(EepeHIIMOHHBIMU CUTHANA (TpaBUTAIMOHHOE M3NTydeHue JIyHbI U crmaboe
u3nydeHue npooOsl B 22:57) cnenyet, ans BToporo curHana B 10:54, moHUMATh ¢ Yy4€TOM ABHKCHHUS
Jlynbr. OHo paBHO ipumepHO 10 gacam, a A > 15 kM.

JlJig moHMMaHMsI MPOLIECCOB OOPaTUMOM JE€3MHTETpallui JAIbHETO MOpsiIKa B Kpaxmalle, Ha YpOBHE €ro
KJIACTEPHOTO TOCTpoeHusi (Monenb TIpo3nu BuHOrpana [21]), Ha puc. 9 mpeacTaBieHbl XapaKTEpHBIC
m3meHeHnus B ['M-cmekTpax B mporecce Bocxona lOmurepa. M3 pucyHka BHACH Tpoliecc 0OpaTHUMOn
JE3WHTETPAIlii CTYCTKOB Macc (KIyOKOB) B Kpaxmalie, HAIOMHHAIOIIUN yAap MO JajbHEMY MOPSIKY
noncaxapuaa. PaccMoTpuM 3ToT mpornecc popmManbHo.
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Puc. 9. Ilpumep oOpaTUMOTo pa3pylIeHHs AAJbHETO MOpsIKa B KpaxMaje I'PaBUTALMOHHBIM BBICTPEIOM
IOnutepa B 19:13. O630pHBIe [ M-ciekTpsl mopomika. KommeHnTapuii B Tekcre.

Tax M3MeHeHUs: THTEHCUBHOCTH CUTHAJIOB 3BeHA O-D-rimroxonupanossl (1) MOXKET CBUIIETENBCTBOBAThH O
NPUHYIUTEIFHOM paclpsiMIIEHUH YacTH Lenei noiauMepa [22], a Bo3pacranue f, B Oonee ueM 6 pas amns
npocreimel cnupanu (2), ykasplBaeT 00 HHAMBUAYAIU3alMM W Pa3phIXJICHWH ATOTO KiacTepa Hu
ocialiieHusi B3aUMOJICHCTBHS €ro CO CBOMM OKpyKeHHeM mnocpenctBomM BM. Pacnpsmienue neneir u
ocnabjieHue B3aUMOJICHCTBUS KJIACTEPOB CO CBOMM OKpPYKEHHEM MOXET CBHAETEIbCTBOBATH O
paspymiennn BM usnydenueM, ucxonaumm oT HOmnurepa. AHanornuHoe BO3MOKHO TakKe, HaIpHUMeEp,
IIpYM HarpeBaHUM, IUIaBIEHUM WIM MeXaHudeckod nedopmanuu mnonumepoB. OHeprus HOmwurepa,
3aTpayeHHas Ha JIE3MHTErpaluio KIyOKoB B mpoOe kpaxmaine (puc. 9), B nmama3oHe macc A0 2 MIIH.
HanbToH, coctaBut 2.6 kJbx/Monb-0.5r/323=0.004 x/Ix, rtme 323 — wMoJeKyJIspHas macca
MOBTOPSIIOLIETOCA 3BeHa KpaxMmajia. JTo 3HaueHue s BepxHero mpexaena (100 % paspymieHue Bcex
CTYCTKOB MaccC-KIyOKOB), /I HUYKHETO OHO MOXET OBITh MPONOPIHOHATLHO yMeHbIeHO 10 0.002 kJIx,
B COOTBETCTBUU C YMEHbIIIEHHEM 4ucia kiactepoB (¢ 104 (BepxHuid mpenen) 10 59 (HMKHUM TIpesen)) B
MOMEHT Bocxoaa FOnurepa.

Tak kak ['M IOmnutepa Bnusier Ha BM, crabunmsupyronme aqbHUM HOPSAOK B Kpaxmaie, TO
MPEJICTABIISIET MHTEPEC MOHUMAHHUE YHEPIUU MpUXOoAsuIercs Ha paspyimieHue ogHoro BM. B cpennem
OJIHO MOBTOpSIOLIEECs 3BEHO (2 3BeHa 0-D-IIroKOnMpaHo3bl) B KpaxMmajle UMEET OJUH aKTUBHbIN BM,
MOCPEJCTBOM KOTOPOTO OHO B3aWMOJIEUCTBYET CO CBOMM OKpykeHweMm. Hampumep, B cnmpaie u3 12



3BEHbEB 0-D-rimokonupanossl unciao BM paBHo 6. OHM ynep:KHBalOT 3TOT CI'YCTOK Macc B CIUPaIbHOU
koHpopmanun. Torna B mpo6e umcino BM cocrasut N+0.5/323=9.32-10%°, (N, - mocrosiHHas ABorazupo),
a sHeprus lOmmrepa, BIUsIOMIAs HA MEPECKOK MPOTOHA 1Mo oxHoMmy BM, Oyner paBHa 432:10% Ik u
2.16:10%" Ik ms BEPXHETO M HIIKHETO MPEIesIOB, COOTBETCTBEHHO. OOBEM MPOCTpaHCTBA B KOTOPOM
MIPOUCXOUT MEPECKOK MPOTOHA B KpaxMayie OT OJHOTO aToMa KUCJIOpoJa K Apyromy 4yepe3 (pusnueckuit
BakyyM paseH [-m-D*/4= 8-10"*" M°, rue [ - mmHa «kopumopay mepeckoka ~ 107 m, D — nuamerp sygpa 10°
P om. Bynem cuutarh 3TOT 00bEM (pacTBOpEHHE M KOHJCHCALUS MPOTOHA) KaKk 00BEM SHEPreTUYECKOro
CTYCTKa B (pM3MUECKOM BaKyyMme, TOTJa SHEPIHsl CKOHIICHTPUPOBAHHAS B HEM COCTABUT: 5.5-10" xJix/m’
1 2.75-10"° kJI/M’, COOTBETCTBEHHO TSI BEPXHET0 U HUYKHETO IPEJENIOB.

TonmuHa kaHaIa EpecKoka (TpaBUTAIMOHHBINA cTpuMep) B BM ruapOoKCHIIBHBIX TPy KpaxMaia Oosiee
geMm B 100 000 pa3 MeHblIE pacCTOSTHUS MEXIY PacTBOPAIOIIMMCS U KOHJAEHCUPYIOIIUMCS NMPOTOHAMM.
[To-BuguMomMy, TIpollecC TMEpecKoka TPOTOHOB  HAMOMHUHAET  BBICOKOYACTOTHBIM  OOpaTHMBINA
ANIEKTPUYECKUI pa3psil B razax, HO JBUXKYIIEW CHJIOM 3TOT0 IpoILecca SBISETCS YHEPrUs NEPEMEHHOTO
TpaBUTAIMOHHOTO ToJisA Oenoro myma [1,8], koTopoe coolIaeT mpoToHaM HEOOXOAUMYIO SHEPTHIO JJIS
pacTtBopeHus B hpuznueckoM Bakyyme. [lepeHOC Macchl, BKIIOYUTEIBHO ATAIbI €€ pa3roHa (pacTBOpEeHHE)
U TOPMOXKEHUS (KOHJIEHCAIUH), JOJHKEH MPOUCXOIUTH CO CKOPOCTSIMH 3HAUUTEIBHO MPEBBIIIAIOIIMMHU
CKOpOCTh CBeTa. TOJBKO TaKas MMOCIIEA0BATEIbHOCTh COOBITHH T0JIKHA 00YCIOBUTH HAIMYHE Y Kpaxmasa
CI'ul.

N3 puc. 9 Bunno, uro ' FOmutepa orOupaeT rpaBUTAIMOHHYIO YHEPTHUIO M3 MPOCTPAHCTBA MPOOHI B
MOMEHT MOsIBIIEHUS IIaHeThl. Kak cienctBue 3toro, mpoucxoaut ocnabienne BM u ux paspyuenue,
BeIyllee K BO3PACTaHUIO YMCIAa BUAOB KIJIACTEPOB. DTOT MPOILIECC MOKHO MOHMMATh KakK yBEJIWYEHHE
IUIOTHOCTH TPABUTAIMOHHOTO TIONISI W CO3JaHUSl ONaronmpusTHBIX YCIOBHM IS JOMHUHHUPOBAHUS
pacTBOpEHHUs] MPOTOHA THAPOKCWIBHBIN Ipynmbl Kpaxmana B (u3nuekoM Bakyyme. [IpeacraBineHue o
MPOCTOM, TPUHYIUTEITHHOM CMEIIEHUU TUAPOKCHIBHBIX TPYII, TOJ[ BIUSHUEM IUIAHETHI, BEAYyIIEe K
YBEJIMYEHHUIO PACCTOSHUSA MEXIy aToMaMH KHUCIOpoJa M TEM CaMbIM K IIpEKpalleHHIo Ipolecca
MEepecKOKa MPOTOHOB, HE OyJeT UMETh OCHOBAHUH, TaK KaK CIy4au C MEPECKOKaMU MPOTOHOB M3BECTHHI
JUIsL 3HAYUTENbHO Oonbimmx paccTosHuil. CriemoBarenbHo, 3Heprus [ muraneTrsl comocraBEMa ¢
SHEpruei pacTBOPSIOIIETOCsH/KOHICHCHPYIOLIerocs mpoToHa (2/3 ero maccel). OHa CIBUTAET paBHOBECHE
B CTOpOHY (HOPMHUPOBaHHUS OOBIYHON THUIAPOKCHIBHOUM rpymmbl 6e3 BM, cxema 1. IlosTomy MoXHO ¢
O0JBIION BEPOATHOCTHIO HPUHATH IUIOTHOCTH 3Hepruu ' FOmurepa paBHyto (4£2)'10"° kJix/m® B
pairioHe opOUTHI 3eMITH.

ww—qQ /H VWWA—(Q) /H
/"/,H“““““ O O L.

[lombiTaemcst uccnenoBaTth 3Ty BenUuMHY. B pabore pacumTaH TIpaBUTAMOHHBIN paauyc MPOTOHA
paBHBII 2:7:0.53-10"° m [23]. O6BEM IIPOCTPAHCTBA JUIsL 3TOrO Pajuyca COCTAaBUT 154.69-10°°M°, a
KOJIMYECTBO SHEPrMH B OTOM mpocrpadctBe 154.69-10°%(4+42)-10"° = 850.78:10"* k/Ix. Cuuy,
KOHIIEHTPUPYIOIIYIO SHEPTUIO B CTYCTKE, MOXKHO omnpenenuTh kak F = E/L, rae L - nuametp. Tlomygaem
3HaueHne paBHoe 56 H, xoTopoe Xxopoio cornacyercst ¢ 30J0Tol KoHcTtaHToM Bomnkoma (58 H, [24]).
CnenoBatenbHO B sApaX I'PAaBUTALMOHHBIE B3aMMOJECHCTBHS NPEBATUPYIOT HA AJIEKTPOMAarHUTHBIMH.
Takoe BO3MOXKHO TOJBKO €CIM TMPOLECCY KOHJIECHCAMM MPOTOHA COMYTCTBYET OJHOBPEMEHHOE
pacTBopeHHe  ONHM3BJIEXKAllero NpOTOHAa B BakyyMmMe. B Takoil  ocrouumMpylomed cucreme
MHOTOIPOTOHHOTO SIpa, KyJOHOBCKOE OTTAJIKMBaHUE Oy/IeT CBEACHO K MUHUMYMY.

O1IeHUTh CKOPOCTh PACIpPOCTPAHEHHUS TPABUTAIIMOHHBIX BOJIH MOYKHO TI0 YpaBHEHUI0 E=h - ¢y /A, toe h -
nocrostHHast IlmaHka, A -IJIMHA BOJHBI, M, ¢ — CKOPOCTh M/C. 3HayeHue sHepruu (E) MOxeT ObITh
OLICHEHO W3 JHEPTHH Pa3pyLICHHs TPABUTAIMOHHOTO TOJS M CYIIECTBYIONIMX 32 CYET €ro CTyCTKOB
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MOJICKYJISIPHOW MaTepuu, Hampumep, AC3HHTErpaluu CyOKIyOKOB Kpaxmana. Bo3pMéM B pacuér
u3BecTHOE 3HaueHue ~2 kJx/mMonb [25], comepkanue kpaxmaia B mpobe cbiporo kaprodens ~5 Bec. %.
Macca 1po6s1 B 0.05 T comepxkut 0.05:0.05/324= 0.77-10° moneii kpaxmana (324 r - macca 1 Mo
KpaxMaja), TOTr/la 3Ha4eHHe E MOXXHO TPHUHSATH PaBHBIM 2 kJDK/Moib0.77-10” mone= 1.54-107 [k u
HCIOJIb30BATh €ro AJIs pacuéra CKOPOCTU I'PaBUTALMOHHOM BOJIHBI H3itydyaeMoi CoHIEM:

cr=E N/h=15210% m/c

D10 3HaueHHe Oombmie CKOpOocTH cBera B 5-107" pas. PacumraHmas TakmM 06pasoM d€acToTa
IPaBUTAIMOHHBIX BOJIH COCTABHT C /A= 2.32-10°! c'l, YTO HE COOTBETCTBYET YACTOTaM I'PAaBUTALIMOHHBIX
BOJIH, TIPEJCTaBJICHHBIM B pabotax [17,26] u HammM BBIBOJAM O BJIMSHUM UX HAa JAIBHHUA TOPSIOK B
MOJICKYJIIpHON MaTepun (ypaBHeHHsS 3yOoBa) [1]. OgHAKo CHTYaIuio MPOSICHSAIOT PE3YNIbTaThl PAOOTHI
[3], coracHO KOTOpO TpH ABMKEHUH MACCUBHOTO TeJla TPAaBUTAIMOHHBIC BOJTHBI HHUIIUUPYIOT psiOb U3
MajJbiX BOJH (TPaBUTAIMOHHBIX IIIYMOB), KOTOpbIE ne(OpPMHUPYIOT MNPOCTPaHCTBO-BpeMs. Ps0b
pacIpoCTpaHsIETCS YKE CO CKOPOCTHIO CBETA. 3aBUCUMOCTh SHEPTUU OCHOBHBIX T'PAaBUTAIMOHHBIX BOJH,
BIIUSIIOLIUX Ha MOJIEKYJSPHYIO MaTepHIO (CTYCTKU Macc), OT UX JJIMHBI MOXHO MPEACTaBUTh CIEAYIOIINM
ypaBHEHUEM:
E=z-A,
e z~(2...3)-107 Iix/m, A>65,000...100,000 m.

Ha camowm e nene CounHile reHEpUPYET CEMENCTBO TaKUX BOJIH B CBOIO CTOPOHY. OHO XapaKTepu3yercs
orpeAeNéHHBIM paclpeesieHuEM, TOKE KacaTelbHO «PsiOM» BTOPUUHBIX IPaBUTALMOHHBIX BOJIH.

[Tonnmanue pacrpeneneHus KIacTepoB B MaJIEKYJIIpHOM MaTepuu, B pa3iMyHble BpeMeHa HaOJ0IeHUl,
MO3BOJIUT BBIPAOOTaTh MEXaHW3M OIICHKM OOOWX BHJOB T'PABUTAIIMOHHBIX BOJH U TOTYYHUTH
MpeACTaBICHUE 00 WX MPOCTPAaHCTBEHHOW HEOAHOPOAHOCTH. O MPOCTPAHCTBEHHOW HEOIHOPOIHOCTH
TPaBUTAIMOHHBIX MOJIEH coodmraercs Takxke B pabore CMmupHoBa [26].

[TonyyenHoe 3HayeHUE JUIsi CKOPOCTH IJIaBHOM I'PAaBUTALMOHHOW BOJIHBI T'APMOHU3HUPYET YACpP:KaHUE
TUTAHTCKUX MAcC B rajlaKTUKaxX CHUJIOHN, PacHpOCTPaHSIONIMECS MPAKTHUYECKHW MTHOBEHHO. B mpoTuBHOM
cnyqae paCCTOHHI/ISI B COTHHU MWIJIMOHOB U HOaXE MI/IJIJII/IapI[I:I CBCTOBBIX JICT H CKOpOCT}IX 3Bé3l[ 158
TQJTAaKTUK B COTHH M TBHICSYM KM/C HE TO3BOJIAT YAEpX,aTh WX CHUJIOW, PACHPOCTPAHSIOIMIMICI C OYeHb
MEIJICHHOW U1 BeeneHHOoM CKOPOCThIO CBETA.

CKOpOCTh TpaBUTAIMOHHBINA BOJIH MOKHO HA0JI0aTh HEMOCPEICTBEHHO NPU CKAaHHUPOBAHUHU TEJIECKOTIOM
3yboBa [2] mpoctpanctBa 1ieHTpa Hamei [amaktukm (ILII)). Ha cnemyromem pucynke (puc. 10)
MIPEJCTaBIICHA YHEPreTHUECKAsl XapaKTEPUCTHKA CIEKTPa IPaBUTAIMOHHBIX MOTOKOB L{I". MakcuMyMsl u
MUHHMYMBI Ha Ha KpuBOH (puc. 10) CBHUIETENHCTBYIOT O AucOaTaHCe TPaBUTAIMOHHBIX SHEPTUN B
npocTpancTBe mpobbl (0komo 600 Mm). Tak, MHHHMYMbI CHTHAIM3HPYIOT 00 0TGOPE IPaBHTAIHOHHOMN
SHEPTUU U YMEHbILIEHUHU o01Iel sHeprun aHcamoOeil Ki1acTepoB BObI.

[Ipu BHUMATETBHOM PACCMOTPEHUH KPUBOM SHEPrUU HA pUcC. 10 MOXKHO 3aMETUTh, YTO CUMMETPUS KOJIEI]
HECKOJIbKO HAapyIlleHa, MPUYEM BO3MOXKHBI CIydal aCCUMETPHUUYHBIX MOTOKOB C UX MPOTHUBOIOJIOXKHBIX
CTOPOH, YTO MOXET yKa3blBaThb HAa OCLHWUIMPYIOIIUMN XapakTep Kosel (WM BUTKOB CIHMpaiM) U Ha UX
TETEPOreHHOE PHEPreTUUYECKOEe MOCTPOEHUE (Macchl U UX CKOopocTu). MccnenoBanue TUHAMHMKU TaKHX
CIEKTPOB TOATBEpAWSIO 00a 3TH mpenanoioxenus. B I[[T uMer0T MecTo CHOKOWHBIE COCTOSIHUS W
COCTOSIHMSI TIOBBIIIEHHOW akTUBHOCTU. CrHekTp AaHHbIA Ha puc. 10 MBI OTHOCUM K CIOKOHHOMY
cocrosiauio L', HO yXe 4depe3 HEeCKOJBKO CYTOK 3TOT CHEKTP M3MEHsieTcsl pamukanbHO (puc. 11). LI
PE30HAHCHO OTOHMPAET SHEPTrUI0 OT MPOOBI, YTO CBUAETEILCTBYET O mpoTekanmu B I[I" mporeccon
pacTBOpPEHUS MPOTOHOB B GU3UUECKOM BaKyyMe.

B «uropmoBoe» cocrostaue LI pa3Opoc sHeprum yBeNIWYMBAETCsS BABOE, NMPUYEM B IPABOM YacTH
JTOMUHHUPYIOT TPAaBUTALIUOHHBIE OTTOKM 3HEpruu ¢ MakcumyM B 00:37, a B JI€eBOM 4YacTU COCTOSIHHE
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MOXXHO TOHUMaTh Kak, MPEUMYIIECTBEHHO, CIOKOWHOE CO 3HAYUTEIBHBIM OCIa0JIeHHe OTTOKa
TPABUTAIIMOHHOW OHHEPTMM U3 TPOCTPAHCTBA TMPOOBI (MCKIIOYCHHEM SBIseTCS THUK B 23:54).
PazbanancupoBka «IITOPMOM» MOKET CBUACTEILCTBOBATh O HECTAOMIIBHOCTH pa0OTHI «MamuHby 1T

00:17
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Puc. 10. Xapakrep M3MEHEHHUS TPaBUTALMOHHON SHEPruM aHcaMOs KJIACTEPOB BOJBI B arapo3HOM
ruzaporene (97 Bec. % BOAbBI) B IEPHOJ] CKAHUPOBAHUSI «CIIOKOWHOTO» cocTtosiHus L™ (kpuBast alnbTUTY b1
naHa nyHktupoM). Bpems CEB. Iosicuenue cmotpu K puc. 11.
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Puc. 11. Xapakrep M3MEHEHHUS TPaBUTALMOHHON JHEPruM aHcaMOIs KJIACTEpPOB BOJBI B arapo3HOM
ruzaporene (97 Bec. % BOJIbI) B IEPUO]] CKaHUPOBaHUS «ITopMoBoroy coctostaust LI'. 293 K. Crpenkamu
[I0Ka3aHO HallpaBlIeHHE Bo3MyleHUs. HyneBas Touka oTcuéra COOTBETCTBYET 3HEPTUU UCHAPEHUS BOJIBI
(2.4510° xJDx/M’) HeoOXOOMMOH [isi pa3spylICHHs BCEX KIACTEPOB, OHA KCIIONb30BAHA JUIS
kanuOpoBanus npudopa. Jlyroodpasnas kpusas — anbtutyaa LI

Kak BunHO u3 pucyHka 11 ygapHas BojHA BO3MYILEHHS CMECTHJIACH 3@ CYTKM Ha 20 MMHYT BIIpaBoO, YTO
MO3BOJISIET PAcUMTaTh CKOPOCTh yaapHoro ¢poHTa, paBHyro 3.2E11 kmM/c. DTa CKOpPOCTH MpEBBINIACT
CKOpOCThH CBeTa B Oosiee yeM MHJUIMOH pa3. OZHO3HAYHO MOXHO CKa3aTh, YTO 3Ta CKOPOCTh KaKUM-TO
00pa3oM cBsi3aHa ¢ HOBOM (hOpMOI MPOTOHA U YTO OHA UMEET IPABUTALIMOHHYIO IIPUPOAY.

WuTepecHo mpoHalIr01aTh TUHAMUKY JBIDKEHHS CTYCTKOB Macc B Konblax (Butkax) LI'. Dto ynobHo
CleNaTh AaHaJIM3Upyd INPOLECCHl IepepacnpeieieHnus SHepruii B (QopMax KiIacTepoB aHcaMOms
IpaBUTALlMOHHOTO ceHcopa. Ha puc. 12 mpencraBieHbl pe3ylbTaThl HAOMIONEHHUS M3MEHEHHUS J0Jei
IUIOTHBIX KJIACTEPOB BOJBI B THUAPOreN€ arapo3bl B IEPUOJBl CKAHMPOBAHMWS TI'PaBUTALMOHHBIM
TEJIECKOIIOM LieHTpa ["anakTuku.

01:15 (MnyToR)

1,
0.5 -
00:47
o WAvAUR

025 0:30 0:34 0:38 043 QA7 051 056 1:00 1:04 1:09 1:13 1:17 122 126 1:3
Bpewmst (23.06.2009)
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Bpemsy(22.06.2009)

100% -
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0% - ‘
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Bpemst (21.06.2009)
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Puc. 12. XapakTtep u3MeHeHus 101€il TOTHBIX KiaacTepoB ([1;) B BoAe ruaporenis araposbl B mpoliecce
ckanupoBanus L{[" rpaBUTallMOHHBIM TEJIECKOIIOM.

Kak Bugno u3 puc. 12, 3a 24 yaca npou30IUIO0 CMEUIEHHE MOJOC Ha 14 MHUHYT, 4TO COOTBETCTBYET
CKOpOCTH JBM)KEHUS crycTkoB mMacc 2.2E11 km/c. Pa3ymHO monarare, 4To Takue CKOPOCTH OTPaXKAIOT HE
JBY)KEHUE W3BECTHON HAM KOPIYCKYJISIPHOW MaTepHH, a €€ HEKOTOPOro HOBOTO BHJa, HE U3BECTHOTO Ha
CeromHAMHNNA MoMeHT. Takoil ¢opmoil marepun MOXeT ObITh TEMHAs MaTepusi HE OapUOHHOTO
poucxXoXxaeHus. B3zanmopeiictBue 000MX BHAOB MaTepuu OapHOHOW M aHTHUOAPUOHHOW MPHUBOJMT K

OCUMWJUISIIIMM  JTUCKA TaJaKTHMKH U (HOPMUPOBAHHIO T.H.

crosunx BoOJIH (warps). Ocuumuisinuu

nepeepuiHbIX YacTel JUCKOB T'aJJakKTUK 3aMEUeHbl B BUAMMOMN YacTH MaTEpUU HA PACCTOSHUIX MOpsIIKa
65000 c.n. PazymMHO nosnarate, 4To TaKue MPOLECCH IPOUCXOAAT U B OKPYKEHUU LIeHTpa MileuHOoro nytu
puc. 11 u puc. 12 — nporieccyl B3auMOAEHCTBUS rajgo TEMHON MaTepUH U MAaTEPUU LIEHTPa TaJIAKTHUKH.

Ha cnenyromem pucyHke npeacTaBieHbl JaHHbIE IO CKAaHWPOBAHMIO IIEHTPa Halllel TajJaKTUKUA [OJJ0M

ITI03KC.
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20 A

60 - GVG\A

4:14

80

4:22 4:29 4:36 4:43 4:50 4:58 5:05 5:12 5:19

Bpemsi CEB (24.04.2010)

4:13 4:20 4:27 4:35 4:42 4:49 4:56 5:03 5:11
Bpemsi CEB (25.04.2010)
80
®
60 -
Z 40 A
20 1
0 T T T T T T T T T
4:07 4:14 4:22 4:29 4:36 4:43 4:50 4:58 5:05 5:12

spems CEB (26.04.2010)
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Puc.13. Jlunamuka M3MEHEHMsI 4McClia BHJIOB KJIACTEPOB B BOJE arapo3HOIO THAPOTENsS OTpaXkarolas
JBIYKEHHE YHEPTeTHYCCKUX KIACTEPOB B BaKyyMe BOKPYT LieHTpa MiteuHoro mytu. CTpesikaMu MoKa3aHo
JBIDKEHUE PEAKOr0 CryCTKa MAacC/3HEPruM CTUMYJIHMPYIOIIETO KOHACHCAIMI0 MPOTOHOB B BM Boabl
ceHcopa. UYEépHblii kpyr — wneHTp ranakTukd. CKaHUpPOBaHWE OCYIIECTBICHO TI'PaBUTALIMOHHBIM
crieKTpoMeTpoM 3yOoBa.

PaccmoTrpuM xapakTep peakuuu KiaacTepos BoAbl Ha nonajganue B III'PII crycTtkoB sHepreTuueckux
KJ1actepoB 1ieHTpa Mieunoro Ilytu B Teuenue vaca (< 8637 c.i1.) ero ckanupoBanus ['T3 B Goiee
IIMPOKOM MHTEpBajie BpeMEH HabmoaeHus. [loa sHepreTnyeckuMu KiacTepaMu clieyeT IOHUMAaTh
CTYCTKH SHEpruu (U3NIECKOro Bakyyma, (hopMupyeMble rpaBUTallMOHHBIMU TToyisimu [ 1,2]. Ha pucynke
14 naHbl KPUBBIE HHTETPAITBHBIX XapaKTEPUCTUK aHCAMOIISl KJIAaCTEPOB BOJIBI B THAPOTENIE arapo3bl B
nepuo bl ckanuponanus LI

80 - T 800000
1
60 - -+ 600000
2 a
Z 40 - T 400000
=
20 - -+ 200000
0 T T T T T T T 0
22410 24410 264.10 28.4.10 304.10 2510 4510 6.5.10 8.5.10

Date

Puc. 14. Yucno BunoB kinactepos (1) u cpeaHsas MoseKysipHas Macca KJIacTepoB BOJIbI (2) B THIpoOrese
arapo3ssl B 'C3 B nepuobl ckanuposanus LI, 293 K.

Kak BUIHO W3 3TOro pucCyHKa, NOBEACHUE MHTETPATIbHBIX XapaKTEPUCTUK KJIACTEPOB BOJbI B TUAPOTENE
HOCHUT IEPUOJNYECKUI XapaKTep CBUAETEIbCTBYIOLIMI O mnepuoaudyHocty npoueccos B LI, K takum
MpolieccaM MOYKHO OTHECTH BpALIEHUE CTYCTKOB MAacC M CT'YCTKOB JHEPreTUYECKHX KIJIACTEPOB BOKPYT
ocu LII', mepnenaukynsipHoit e€ miockoctu (puc. 15...17). Buano, uyTo nepuoasl BpanieHus 0JIn3ku Kk 24
yacaM. CienoBaTelbHO MOXKHO OLICHUTh CKOPOCTh NIBMKEHHUs KiacTtepoB Bokpyr L. Jlns nuamerpa B
8637 c.r. oma cocraBur > 15-10'' km/c (puc.15), mpuuéMm, TpPH BHEMATEIBHOM PACCMOTPEHHH
pe3yJAbTaTOB CKAaHUPOBAHUS HA pUCYHKaX 15, 16 u 17 MOKHO 3aMETUTh NPUCYTCTBUE KAK MUHUMYM TPEX
BUTKOB BpAIIAIOIINXCS KIACTEPOB.
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4:07 4:14 4:22 4:29 4:36 4:43 4:50 4:58 5:05 5:12
26.04.2010

Puc. 15. M3meHenue sHepruu aHcaMmOIsl KJIACTEPOB BOABI B THAporene (KaauOpoBaHHE IO SHEPTUSM
OCYLIECTBISUIOCHh € MCIIOJIb30BAaHUEM 3HAYEHUs PHEPIrUU HUCHApEHUs BOABI (PHEPIUU pa3pyIIEHUS BCEX
Kk1acTepos ancamOus) pu 293 K, pasuoii 44.1 kJx/vMoms wiu 2.45-10° kJIk/M’) B IEpHOJT CKAHHPOBAHHS
LI (uépnas Touka) ¢ 23 mo 26 ampens 2010.

N3 pucynka 15 BumHO, 4TO OOMMPHBIN curHal, oOo3HaueHHBIM 23.04.2010 mHMpOKONH CTpEIKOM
BO3BpaImiaercs 26 ampelns, HO YK€ C ocjableHHOW Ha JBa TMOPSAKAa HHTEHCUBHOCTBHIO. TpymHO
UHTEpIpEeTUpYyEeMble CUTHaNbl 24 ampeniss OOYCIOBJEHBl pa3pylIeHHMEM TPaBUTAIIOHHOTO IOJIA
onno3uuusamu Carypna u Ypana, Ypana u VIRGOHI21, FOnurepa u VIRGOHI21. MbI nonaraem, 4to
rpynmna CUTHAJIOB, OO0O3HAa4YeHHAash IMUPOKOW CTpeNKoW, 3a oauH obOopor Bokpyr ILII' morepsima
3HAYUTEIbHYIO CBOCH PHEPIUU KaK CIIEJACTBUE HAXOXJIEHUs CrycTkoB Ha 03u3koit k LI opbure (< 8630
c.J1.). B manpHelimeM MHTEHCHBHOCTh CUTHAJIOB 3HAYMTENILHO ocliabmiach (puc 16), HO U OHa OoKasajiach
JIOCTATOYHOM JJIsI BBISIBIICHUSI BTOPOTO BUTKA C MUHUMAJIBHON CKOPOCTIO ~ 1.2-10" km/c.
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100 @
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100358 4:00 4:07 4:14 4:22 4:29 4:36 4:43 4:50
00 30.04.2010
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50 - 01.05.2010
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02.05.2010

Puc. 16. M3meHenue sHepruu aHcaMmOIisl KJIACTEPOB BOABI B THIpOrese B mepuoj] ckaHupoBanus LII°
(aépnas Touka) ¢ 30 ampens o 2 mas 2010, kommeHTapwHii cm. puc. 15.

N3 pucynka 16 MOXHO 3aMETHUTh MOBTOPEHHME T'PYIIBI CUTHAJIOB (0003HAYEHBI MITUPOKOW CTPEIIKON) B

cexkrope ckanupoBanus ['C3 c¢ mepuomom B 24 yaca. Ilpu sToM 1nuaMeTrp TMIOTETHUYECKOTO BHUTKA
MeHble Ha ~ 40% cexTopa ckaHupoBaHus 8637 c.J1.
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Jlpyroii BUTOK (IIEpHOJ IMOBTOPEHHUSI COOBITHS) MpencTaBlieH Ha pucyHke 17. Ha HEM BuageH maio
M3MEHSIOIMIACS 32 HEJEeNI0 HAOMIONEeHWH CUTHAT (0003HAYEeH IIMPOKOW CTPEIKON) IHEPreTHYECKHX
CTYCTKOB, KOTOpPBIE, ITO-BUMMOMY BpAIAIOTCS Ha OoJjiee MIMPOKON OopOuTe, YeM JBa MpenblIyIux (puc.
15 u 16). gt 3TOro Cryctka MHUHUMAJIbHYIO CKOPOCTh JBMIKEHHS MOXKHO OIIEHHUTH TPUHSB €ro
IOBTOPHOE MOsBJIeHHE B miockoctu nepex LIT'. Ona cocrasut > 15-10'" kv/c.
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Puc. 17. U3menenune sHeprun ancamOJIs1 KJIaCTEPOB BOJIBI B THAPOTENE B Tepro 1 ckanupoBanus LI
(u€pnas Touka) 28 anpens u 5 mast 2010, koMMmeHTapuit cM. puc. 15

[loHnMaHMe HaaM4Yus BUTKOB BPALIAIOIIMXCA SHEPreTUYECKUX KJIACTEpPOB U J.aHHBIE MO BPEMEHM HX
JBUKEHMSI TO3BOJISIOT IPEUIOKUTh MOJENb ABMXKYILLEH CHJIbI BpallleHHs Halled rajakTuku (puc. 18).
CoracHO 3TOM MOJIeNH, CBEPXCBETOBOE BpallleHUE MAaTepUU BaKyyMa ¢ 00OMX CTOPOH Oosiee THKENON
raJJakKTUKH BBIHYXKIAeT €€ Bpauarbes. BpalieHne marepun Bakyyma MOKET MOZEINPOBATHCS MOJIEIIBIO
aTMoc(epHOro BUxps, npu 3toM L' MOXKHO paccMaTpuBaTh Kak «IJ1a3» BUXPSI.
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30Ha KOHJCHCAINH
NpOTOHOB, Mieunslii [TyTh
CKOPOCTb BPAIICHUS
~ 420 xm/c

Du3NYEeCKUl BAKyyM

CKOPOCTb BpalllcHU ____——»
~(1.1...2)-10" xm/c

&

Puc. 14. Buxpb B ¢pusznueckoM Bakyyme BOKpYT IieHTpa MieuHoro [1yTn kak mpudrHa BpameHus
TaJIaAKTUKH.

[Tpuunsbl GOpMUPOBaHMS BHXPSI B BaKyyMme, MO-BUAMMOMY, SIBJISIIOTCS T'PAJAMEHTHI IJIOTHOCTH B CaMoOi

MaTepuM BaKyyMa, aHAJOTMYHO aTMOC(EpHBIM XappukeHaM Ha 3emie. Bo3Mo)kHO, yTO cam mporecc
(opMHUpOBaHMA HAIllEH TaTaKTUKU €CTh MPOIecC KOHACHCAlMA MaTepUH U3 (PU3MUECKOTO BaKyyMa.

Tabn. CBoanas TabnauIa XapakTEpPUCTUK IPABUTALIMOHHBIX BOJIH Pa3HBIX HICTOYHHUKOB.

Hcrounuk | Paccrosinme, km | Cxopoctsb, kM/c | launa, km | Yactora**, I'n | Dueprus, /i
Jlyna 392,940 6-10" >(9...15) 28600 > 225
ConHue 150,000,000 15-10* > 65 5.5 > 1625
Hentp 3.1-10"7 *>(1...3.3)-10" > 330 > 8250
l"amakTukn
* - ynapHblii (DPOHT TPABUTAIMOHHOTO MPOUCXOXKACHUS B IICHTPE HAIICH TalaKTUKH, JBHKEHUE

3HepreTuyecux Kiactepos [1,2] B meHTpe Hamel ralakTuky, ** - st coOTBETCTBYIOLIEro Kiracrepa [1].
2 2

VYpaBHeHHe, CBS3bIBAIONIEE JJIMHY BOJHBI (A, KM) ¢ JorapudMoM pacCTOSHUS 10 00beKTa (S, MIH. KM),
BBITVIAAUT CICOYHOIIUM 06pa30M:

log(S) = 0.0364-\ - 0.4833.
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Nwmes mpencraBiieHne 0 CKOPOCTSIX TPABUTAIIMU B BaKyyMe KOCMOCA MOKHO TOJTYYHUTh MPEICTABICHHE O
ero kod(dunmente nperomiieHus (n = c¢/c'), KOTOPbI MOXKET UMETh BaXKHOE MPAKTHYECKOE 3HAUCHHE JIJIS
ACTpOHABUTAllUU.

PaccmoTpuM ciydail TOPMOMKEHMsS IOTOKA TI'PaBUTALMOHHOTO W3JIydeHHs. Tako ciydyall MOMKET
peanu3oBaTbcs B TMEPHOJBI OMMO3MIMK HeOecHbIX Ten. Ha pucynke 15 mpencraBieHBI pe3yiabTaThl
HAOMIOZCHUsT O3TUX TpoleccoB B mepuoxa omnmo3uiuu ComHua u  LleHTpa Hamed rajlakTUKW.
Hcnonp30BaHreM MAHHBIX MO BSICKO3UMETPHUM MO3BOJISIET MOJYYUTh MPEACTABICHUE O pacHpeieseHUun
SHEPTUM TPABUTALIMOHHOTO M3JyuyeHUs W HampasieHus notoka ['M. Kak BUIHO W3 3TOro pHCyHKa,
MIOJIO’KEHNWE CUTHAJIOB I'paBUTAIMOHHOTO COJIHIIA MPSMO MPOTUBOIOJIOAKHO €r0 CUTHAJIAM BO MEPHUOIBI
koHbtoranuu csetuwia U LI (puc 1), npuuém curxan, paBHbIN 10 MHTEHCUBHOCTH CHUTHAJIy BUJIUMOTO
Connua, nosBiseTcs 8 MHUHYTaMU I03KE, YTO MOXKET CBUICTEIBCTBOBATh O CHMXeHUU ckopoctu ['U B
JIBa pa3a [0 CPAaBHEHUIO CO CKOPOCTBHIO CBeTa. MOKHO NOBOPUTH O JOMUHUPOBAHUU B CTpykType I'M
Comana tpé€x BumoB I'M (I, II m IIl), koTopeie pa3nu4YarOTCs MO CKOPOCTSM, a CIEAOBATEIBHO IO
sHeprusaM. [Ipuunnoii Takoro heHomeHa siBisercs ocnadnenue noroka ' B ctopony CounHia BIUSHAEM
LI', koTophIli Tak)Ke BO3ACHCTBYET Ha MPOTOHBI BOJOPOIHBIX MOCTHKOB B CEHCOPE, CIIOCOOCTBYS W3
pacTBOpEHUIO B (PU3NUYECKOM BAKyyME M TE€M CaMbIM CHIDKCHHIO TUHAMUYECKON BS3KOCTH KHJIKOCTH.
KpuBas BS3KOCTHM TNIMIIEpHHA aJ€KBAaTHA CUTHAJIAM KJIACTEPOB BOJIbI, YTO SBIISIETCS MOATBEPKICHUEM
BiaustHug [V HeOecHBIX Tenm Ha BOJOPOAHbBIE MOCTHKHM B BOje M riuiepuHe. Kak ObU1o moka3zaHo Ha
pucynke 2, motok I['MM HOmurepa uMeeT MIMPOKYHO TMOJIOCY Pa3sHOCKOPOCTHBIX TI'PaBUTAIMOHHBIX
u3ny4deHui, a B coydae onmnosunmu Comuna u HI' ynaéres maentudunuposars pactpeneneane U mo
ckopoctsim (puc 15). PasHockopoctHeie ['M nmeTeKTHUpYIOTCS pa3IWdHBIMH BHJIAMH IPOTOHOB B
BOJIOPOJIHBIX MOCTHUKaX CECHOpPA, WX CIOCOOHOCTBIO PAacTBOPATHCS B (pusmueckoMm Bakyyme. Bce Tpu
adpdexra (I, II, III) cBsI3aHBI ¢ OYEHb CHIBHBIM YMEHBIICHHEM BSI3KOCTH, B TO BPEMs KaKk B TEPHOJ
nonaganus Buaumoro u3odpaxenus Comnua B [II'PII (0) BsI3KOCTh ruiieprHa NPUHUMAET HOPMAaJIbHBIE
3HAYEHMS.
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Puc. 15. XapakTep u3MeHeHHsI CpelHEl MacChl KJIACTEPOB B aHCAMOJIE KJIAaCTEpOB BOIBI B THAPOTEIE
araposbl (Mgm) U XapakTep U3MEHEHHUs JUHAMUYECKON BSI3KOCTU TiulepuHa (MEpBbII MOMEHT OTpbIBA
BpalIaroerocs MUIMHIpa BIcKo3uMeTpa) B iepuo onmnosunuu Conaia u Llentpa Mieunoro Ilyrtu. 1, 11
n III curnans! Tpéx Bunos I'M B cropony ceeruna. 0 — Touka nonaganus suaumoro Connna B IIT'PIL
Tlonneusn.

Ha pucynke 15 crpenkoit o6o3naueH curnan ['U peructpupyeMsiii TOJBKO BS3KO3UMETPOM, HO HE YETKO
I'C3, B cwiy, NO-BUOUMOMY, DPEIKOCTH H3MEPEHUN. OTOT curHain npuHamnexutr sBugy U co
cBepxcBeToBOM ckopocThio ( ~ 362,000,000 xm/c). Ocnabnennsie LII' ' B cropony CosiHIla uMeroT
3HAUUTENBbHO HU3KHEe ckopoctH, Tak: (I) - 254,000 xm/c, (II) — 195,000 km/c u (III) — 159,000 xm/c. Mbr
roJiaraéM, 4To 3TH 4 CUTHaja NMpUHaANexar 4-M BUJaM MPOTOHOB B JKUJKOCTH, @ UMEHHO, IPOTOHAM B
SJIpax 3JEMEHTOB (YIJIepol, KHCIOPO, 0003HAUEHBI CTPENIKOW Ha puc. 15), mpoToHaM B sapax BOAOpOIa
(I), mpoTroHam B BOAOPOMHBIX MOCTHKax BHyTpu kiactepoB (II) m mpoTroHamM B MEXKKIIaCTEPHBIX
Bogopoansix MocTukax (III), cooTBeTcTBEHHO.

HoBoe nonumanue cBoiicTB I’ HeGECHBIX T MOXKHO HCIIOIB30BATh JJIsl ONPEACTICHUs TPaBUTAIMOHHBIX
XapaKTePUCTUK OOBEKTOB B aTbHEM KOCMOCE.

3aKiaouyeHue

[Iporecc BUPTYaNbHOTO «IIEPEHOCA» MACC Yepe3 BaKyyM, a BEpHEe reHepalysi Macc M MOTJIOIIEHHE Mace
BaKyyMOM B Jt00OM TOYKE MPOCTPAHCTBA MPOUCXOAUT TMPAKTUYECKH MTHOBEHHO U SBISIETCA
YHUBEPCAJIBHBIM CBOMCTBOM OINYIIAEMOM HaMU MAaTEpUH, «IUIABAIOLICH» Ha IIOBEPXHOCTH OKEaHa
BaKyyMHOM 3HEPryud. DTOT HOBBIN KaHAJI aCTPOXMUMHYECKON MH(OPMAITUN MOXKET OBITh UCIIOIB30BaH JJIS
MOHUMAHUS COCTOSIHUSL MOJICKYJSIpHOW MaTepuu B T'yOMHaX KocMmoca. MeToabl SKCIEepUMEHTaIbHOM
perucTpanl TPAaBUTAIMOHHBIX BOJH Oymyr, Oe3ycioBHO, B OmrpkaifimieM OyaylieM 3HAYUTEIbHO
yAydlieHbl W OyayT MCHOJB30BaHbl Ui MHXKEHEPHBIX KOHCTPYKLIMU IO CBSA3HM, B PEAJbHOM PEXHUME
BPEMEHHU, C UHBIMHU ITUBWIM3AIUSAMU. 3aMETUM, YTO UMEIOTCS BO3peHHs cepbE3nbiXx pusukoB (R. Chiao,
2008, Berklay, USA) o mnpuHUMIIHAIBHOM BO3MOXKHOCTH CYIIECTBOBAHHUS JIIOOBIX CBEPXCBETOBBIX
CKOPOCTEM, KaK B 00JIACTH MOJIOKUTEIbHBIX, TaK U B 00JIACTH OTPULIATEIbHBIX 3HAYCHUH.
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