I'Ipoucxox.u,eHMe nporto3se3nbl U BpeMsa XU3HU ConHua

WUBaHoBckui Oner BanepbeBuy

N3BecTHblE rMNOTE3bl MPOUCXOXAEHNS1 MPOTO3BE3Mbl, M3 KOTOPO BO3HWUKNA COMHEYHAs cUCTeMma,
NCXOOST M3 MEPBUYHOrO CyWECTBOBAHMSA rasonbineBoro obnaka. CoBepWEHHO OYEBUMAHO, 4YTO ecnu
rasonbinesoe obnako He obnagano BpalEHWEM - UCXOOHbBIM MOMEHTOM KONMYecTBa OBUXEHWS (nanee,
MOMEHTOM), TO BEPOATHOCTb 06pa3oBaHMsA CUCTEMbI NAAHET, obpawarolmxcs B OOHOM HamnpasieHUun
Bokpyr ConHua € cuctemamm CnyTHWKOB OOpallalowmxcs BOKPYr MnaHeT B TOW Xe aKBaTopuanbHOW
NNOCKOCTM 1 B TOM X€ HanpasneHun, NpocTo pasHa Hynto. OTcloa cneayeTt, 4TO UCXOOHOe COCTOAHME, N3
KOTOPOro BO3HMKAeT NPOTO3BE3[4d, B YACTHOCTM, BO3HWMKNA MPOTO3BE3LA CONIHEYHON CUCTEMBI, YyXe
obnagaet WCXOOHbIM MOMEHTOM, MOCKONbKY XaoTU4Yeckoe [MOBUXEHWe Hukorga camo no cebe He
opraHusyetcs B ynopsinoyeHHoe. Moatomy npu obpas3oBaHMM NPOTO3BE3Abl, Kak NepBoHaYanbHoOM asbl
BO3HUKHOBEHMWS CONTHEYHON CUCTEMbl, 0653aTeNbHO MPUCYTCTBOBAN YMNopsOouYMBalOWMA haKTOp M 3TO
ABNSETCS rNaBHbIM BONPOCOM NPOo6neMbl NPONCXOXAEHUS NPOTO3BE3[bl.

I'IpennaraeMaﬂ noesa npouncxoxaoeHmsa McxogHoro MomMeHtTa npoTo3Be3nbl CONMHEYHON CUCTEMBI U
Opyrmnx 3ee30HblIX CUCTEM 3aK/1t04aeTCs B clieaylolemM.

CanakTuyeckoe SOPO HEMNPEpbIBHO M31y4YaeT WHTEHCUMBHbIE TMOTOKM KOrepeHTHOro ceeta U
BUPTYyanbHbIX YacTuu [1]. Ha ynaneHHOM OT ranakTU4Yeckoro siapa pPacCTOSIHUM LT KOrePEHTHbIX Nyyei
PEHTrEHOBCKOrO W Aanekoro ynbTpadouMoneToBOro WU3NyyeHuin pacnagaroTcst Tak, YTO YeM Kopoye WuX
LNVHa BO/HbI (POTOHOB TEM BNMXe K SApy ranakTUKy NPOUCXOAT pacnaf uyra Ha oTaeNbHble POTOoHbI [2],
KOTOpble CTAHOBSITCS CaMOCTOSITENbHbIMK YacTMLAMW, XaOTUYECKM [HOBUXYLWMECS B CTaUMOHAPHOM
CKOMNeHMn POTOHOB, TOrAa Kak Niyynm BUAMMOro CBeTa pacnpoCcTpaHATCs 3HaunTenbHo ganbwe. Obwas
3KBMBANEHTHAs Macca POTOHOB, NMocne pacnaja LyroB KOrePeHTHOro CBeTa, He3HaunTesnbHa, HO 3aTeM
(POTOHbI, Kak CaMOCTOATENbHbIE YacTWUbl, MOrNOWAT U3 MNPOCTPAHCTBA BUPTYyanbHble YacTuubl. Mpwu
3TOM (POTOHblI TMOrNOWAT Pa3HOMONSIPHbIE BUMPTyaNbHble YacTuuubl M3OUpaTeNbHO B MOMEHThI
OCTaHOBOK B COOTBETCTBMM C MPOTMBOMOIOXHbBIMK has3amu 3apsifa nx Konbua [2] Tak, 4TO SKBMBANEHTHas
Macca (OOTOHOB MOCTOSIHHO BO3pPOCTaeT NPW HEU3MEHHOM CruHe.OKBMBANEHTHasi Macca (POTOHOB
HakannmeBaeTcsl OO KPUTMYECKOro 3HayeHus [3], 4To NpUBOOUT K Matepuannsaumm OTOHOB B HEATPOHDI.
Mocne croHTaHHOro pacrnafja HeMTPOHOB BO3HWUKAKOT MPOTOHbI, 3NEKTPOHbI 1, Aanee, aToMbl BOAOPOAA.
Takum 06pasoM, B TeyeHne ANUTENbHOrO BPEMEHW, U3MEPSEMOro MHOTMMU COTHSIMU MUNNMAPOOB NeT,
NPOUCXOOMNT HAKOM/EeHNe Macchl B NepBuYHoe obpasoBaHue - cpepuyeckoe BoOOPOAHOE 061ako BOKPYr
ranakTuyeckoro sgpa. 910 o06nako SBNSIETCS WCXOAHbIM MatepwanoMm Ans npoto3se3d. BekTopsbl
opbuTanbHbIX U CMUHOBLIX MOMEHTOB aTOMOB BOAOPOOHOro ob6naka, o6pa3oBaBlIerocs U3 KOrepeHTHoro
cBeTa, CTPOro COPMEHTMPOBaHbI B MPOCTPAHCTBE MO HaMpaBNeHNIo paananbHOro pacnpocTpaHeHus nyyen
13 appa ranakTukuy, 4To 1 SIBNSIETCA NePBUYHBIM YNOPSA0YMBAIOWMM (DAKTOPOM.

Mo MCTeYEeHMI0 BPEMEHU, UCUYMCISIEMOrO OECATKaMU MUANMApPLOB /eT, HauyMHaeTcs MnocTeneHHas
MOPUMOHHAS aHHUTMASIUUS NPOTOHOB [3] C BblOENEHWEM 3HEPTMU U MeLNEHHbIi Pa3orpeBs, paccesiHoro
BoJopoaHoro obnaka. B pesynbTate rpaBUTAUMOHHOIO MPUTSXEHUS M KOHUEHTpauuMu B NOKabHbIX
obnacTtsix BoLOpoOHOro obnaka nNPOUCXOAMT BO3pacTaHWe CTONKHOBEHWA aTOMOB BOAOPOAA, YTO
NPUBOOMT K MOTEPE OPMEHTaUMM CMMHOB sSiAep Bo4opoAa. Takmm obpasoM, cnedyst 3aKOHY COXPaHEeHUs
MOMEHTa, CMHOBLIE MOMEHTbI MPOTOHOB NP X Ae30pueHTauun nepenatroTcs obuen macce obpasoBaHUs
B chopMe noKabHbIX LMK/IOHOB.

B pesynbTate NOCTOSIHHOIO M3Ny4YeHns BUPTyanbHbIX YacTuL U JOCTUXEHUS NPOTOHaMM Havana ux
AHHUTMNAUMM B pe3ynbTaTte rpaBUTaUMOHHON 3MUCCHM NPOUCXOANT noTepst obueit maccbl 06pa3oBaHus.



Mpy 9TOM MakcuMManbHbIA Pa3HOCTb Macc NMPOTOHOB B 06pa3oBaHMU AocTUraeT Hanbonbllero 3Ha4YeHns
max (m1 - m2) = m2, NOCKO/NbKY OTHOLWEHNE Macc NPOTOHA HavyaNbHOro 3HaYeHUs mi K ero KOHe4YHoMy
3HaYeHNI0O M2 Npu aHHUrMnauMmM pasHo Asym [3] (manee, MakCuManbHyl Pas3HOCTb Macc NPOTOHOB B
obpasoBaHnm m1 - m2 6yaem HasbiBaTb AMcnepcuert Macc NPOTOHOB).

HakonneHne macchl 1 yBeNMYeHe NNOTHOCTU CPEPMYECKOTO BOAOPOAHOro obnaka orpaHunyeHo. Mo
OOCTUXEHUN HEKOTOPOMN KPUTUYECKOM BEJIMYUHbBI MJIOTHOCTU €ro COCTOSAHWE CTAHOBUTCS HEYCTOMYUBBIM.
MNMonHas aHeprms BOOOPOAHOro obnaka obpasyetcs M3 CyMMbl MOTEHUMANbHOW SHEpruv OaBneHus B
BOJOPOAHOM o06nake W KUHETMYECKOW SHepruM BpaweHWs nokanbHblx obnactein - TpPexMepHoro
rMPOCKOMUYECKOro MOMeHTa (KOMMO3WUMSA W3 MEeCTHbIX UMKAOHOB). [lo OOCTUXEHUU KPUTUYECKON
BENMYMHBI NNOTHOCTM 00pas3oBaHWe ChNWMBAETCA W HEYCTOMYMBOE COCTOSIHME CCOepUyecKoro
BOJOPOAHOr0 obnaka CMEHAETCS YCTOWYMBBLIM COCTOSIHEM C OBYMEPHbLIM TMPOCKOMUYECKMM MOMEHTOM,
KoTopoe obnapjaeT HauMeHblleli MNOTEeHUWaNbHOW 3HEepPruei, Npu COXPaHEHWW MONHOW 3JHEPruu, 4TO
NMPVBOAUT K POCTY TUPOCKONUYECKOrOo MOMeHTa obpasoBaHus. JlokanbHble MOMEHTbl MEepPBUYHOI0
chbepuryeckoro obnaka reoMmeTpuYeCck CyMMUMPYOTCS, Npu gedoopmMaummn ero B COWEHHOE COCTOSHNE 1
OHO npuobpeTaeT rMPOCKOMMYECKMA MOMEHT, NMEPneHOMKYNSPHbIA ero nnockocTu, T.e. BO3HUKAET ero
BpalleHne BOKPYr ranaktuyeckoro agpa. 3ateMm crnegyeT pacnag Ha oTheflbHble 4acTu (OTAeNbHble
UMKNOHBbI) - MPOTO3BE3Mdbl, BpaWAlOWMEcs BOKPYr ranaktmyeckoro sagpa. CneposaTenbHO, Macca
NPOTO3BE3[ 3TO HaKoMieHHas aKBMBaNeHTHas Macca (OOTOHOB, KOTOPble MepedalT NPoTo3Be3naM He
TOJIbKO CBOKO Maccy, HO U MOMEHT, KaK CyMMY X CMNHOB.

Takum obpasoM, cornacHo npennaraemMon naee, KOrepeHTHOCTb CBeTa U paavanbHas opueHTaums
CMUHOB (POTOHOB, M3/yYaeMblX ranakTUYecKUM SOpOM, SIBNSIETCH, WMEHHO, TeM NepBUYHbIM
ynopsaouMBaoLWmMM 0akTopoM, CO34atoLWEMY NCXOAHbIA MOMEHT NMPOTO3BE3 L.

Ssontouus npoTto3se3nbl COCTOUT B NOCTOSIHHOW noTtepe ee MacCbl B pe3dybTate WU3nyyeHus
BUPTYyanbHbIX YacTul Ww Hel'lpeprBHOI‘il I'IOle,I/IOHHOI?I aHHUrMnAaumMnm npoToHOB, T.e. MNOCTOAHHOMY
YMEHbLWEeHNO aucnepcnn Macc nNnpoToHOB.

Taknm 06pas3oM, co BPEMEHEM, C NPUONNXEHNEM K KOHLY XWU3HW CONIHEYHOW CUCTEMbI, AUCnepcus
Macc NPOTOHOB YMEHbLWAETCS 3a CYET YMeHbleHns maccol m1 1 NnpubnnxeHusi ee K BennYnMHe m2. 10
obbsicHseT HabnoaaeMblii COBPEMEHHbI Manblii pa3bpoc Macc MNPOTOHOB MPU  U3MEPEHUWN Ha
maccnekTtporpade.

Mockonbky m1/m2 =1 + (m1-m2)/m2, To 0603Ha4MB

X'=(m1- m2)/m2 , nony4ynm n3 oopMynbl Xn3HM NpoToHa [3]

Ln (1 + X) = H*(t2- t1) = H*To

roe To - OCTaBWWIACS PeCcypc XN3HM MPOTOHOB B COJTHEYHOW CUCTEME, Hanpumep, Ha 3emne, mi n t1
-Macca npoToHa W BPeMS, COOTBETCTBYIOWME COBPEMEHHOMY COCTOSHWMIO, mM2 u {2 macca u Bpems,

COOTBETCTBYIOWME KOHLY ero cywectsoBaHus, H = 2,29*107-18 c*-1 - nocTosiHHaa BpeMeHW pacnaga
NpoToHa (TOYHOE 3HaYeHne NocTosiHHOW Xabbna [1]).

Mo paHHbIM [4] pas3bpoc M3MepeHHOl Maccbl MPOTOHOB 3aknyeH B npegenax (1,67248 -
0,00031)*10"-24 r ... (1,67248 + 0,00031)*10"-24 r.

Y aBTopa HeT Apyron mHgopMauum O COBPEMEHHOWN Oucnepcun Macc npPoToHOB. MOXHO TONbKO
yTBEpXAaTb, 4TO COBPEMEHHAs AUCNepCcust Macc MPOTOHOB HECKONbKO Bonbwe. Ecnm oTHeCTw, ykasaHHble
npenenbl K AUCNepcrM COBPEMEHHOR Macchl MPOTOHOB, TO OHa ByneT, OpUEeHTMPOBOYHO, paBHa 6,2*107-28
r. Toroa

X =6,2*10"-28/1,67*10"-24 = 3,71*10"-4.

OTctoga, Ucnonb3ys pasnoxeHne HaTypanbHoro norapudgma B 6eckoHeuHblli psg Ln(1 + X) = X -



X72/2 + ... n oT6pacbiBas HAYTOXHO Masnble YNeHbl PasnoXeHus, Nonyynm
To = X/H =3,71*10"-4/ 2,29*10*-18 =1,62"10"14 ¢ = 5.1*10"6 net

Taknm 06pa3om, ocTaBWKIACA pecypc BpeMeHu XunsHum ConHua, cgopMMpoBaBLIErOCs, Kak 3Be3Aa,
paBHbIN, NPUMEPHO, BPEMEHM XWU3HM MPoToHa 9,62 Mmnpa.net [3], cokpaTunacs, OPMEHTUPOBOYHO, A0
COBPEMEHHOr0, 0KONI0 5 MAH.NeT.

KoHeuyHo, B MmacwTabe BpeMEHW XW3HM 4enoBeka 3TOT PECYPC BPEMEHM XWU3HWM - OrpoMHas
BENMYMHA W, Kasanocb Obl, B HACTOSIWEE BPEMSI HE SBNSIOTCS YrpoXalowmm, HO 3TO HEe COBCEM Tak,
MOCKONbKY, pacnag W aHHUrUAsAuMs NPOMOHOB 3TO CTUXWUIAHBIA MPOLECC M MOXET MPOUCX0OUTb C
[OCTaTOYHO 6ONbWMMK PNYKTYyaLMSMK.

Ortciopa cnenyeT, 4To B Oylywem He WCKNOYeHbl CylwecTBeHHO 6onblwue Bbibpocbl ConHuem B
KOCMOC KOPMYCKYn W 3HEeprum OOTOHHOrO M3nyyeHus. Takxe BO3MOXHbl CylWecTBeHHO 60nblune
CTUXMIHbIE 3EMNIETPSICEHUSI U M3BEPXKEHUS BYyNKAHOB Ha 3eMie, NoaTOMy Mo Mepe ucyepnaHns pecypca
BPEMEHM XW3HM MPOTOHOB BeCbMa BEPOSITHbl MOBTOpeHwWs Tpareamn [lomnen, xots camu no cebe
By/IKaHbl, NOAOOHO nNpemoxpaHWTEeNbHOMY KnamaHy napoBOro KOTNna, NpenoxpaHsalT 3emMiio  oT
rnobanbHoro B3pbiBa. Kpome Toro, onpeneneHHas yrposa CylwecTByeT U OT CnyTHuUKa 3emnu - JlyHbl, Ha
koTopoit obHapyxeH  H.A.Ko3blpeBbiM Cnyyail ByNKaHWYECKOrO W3BEPXEHWUS, M HEU3BECTHO, YTO B
6yaywem npounsoinget ¢ JlyHolh. He ncknioyeHa BepossTHOCTb rnobanbHOro B3pbiBa JlyHbl, €Cnu ee MaHTusi
He BblAEPXWUT BHYTPEHHEro HaBfeHusl, YTO MNpuBEAeT K NafeHU0 ee OrPOMHbIX OCKOJIKOB Ha 3eMJio.
Takoli npeueHaeHT B CONMHEYHON CMCTEME, NO-BMANMOMY, yXe Bbin - nosc acteponioB mexay Mapcom u
tOnnTepomM BO3MOXHO SABNSIETCS pe3ynbTaToM rnobanbHoro B3pbiBa HEHONbWON NNaHeThI.

Takum o06pa3oMm, MO KOCMWUYECKMM MepKaM BpPEMEHW, WCHACNSEMOro Muanvapnamu ner,
CYylleCTBPBaHME CONMHEYHON CUCTEMbl MPUXOAUT K KOHUYy. OTO MOATBEPXJOaeTcs Manol COBPEMEHHOW
BE/IMYMHOW IOMCMepcum Macc ee NpOTOHOB. Bnpouem, B 0603puMblii MCTOPUYECKMIA MEpPUOL TONbKO
3eMNeTpsaceHns 1 WN3BEepPXeHua ByNKaHOB MNPELCTaBNsANM peanbHylO Yrpody, HO HacTopaxXxwusaet
HUYTOXHO Manas OMcrepcust Macc NPOTOHOB - MEHbLUE MacCbl 3/IEKTPOHA.

Y aBTopa cTaTbW HET MOJSIHOM YBEPEHHOCTM B YMC/IOBOM OLIEHKE, OCTAaBLIEroCs pecypca BpeMeHu
XW3HN  COMIHEYHOW CUCTEMbl, MOITOMY CTaTbi0 HAOO OTHECTW K paspsdy runotes. ScHO OOHO, 4TO
rpaBUTaUMOHHAA 3MUCCUS Maccbl U pacnag NpPOTOHOB NpuBedeT HemsbexHo B Gyayuem K rnodanbHbiM
Kataknuamam u rubenu ConHeyHol cuctemol. Bee, 4To MMeeT Hayano Bceraa nMeeT KOHeL.
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