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AHHOTaUA

B aroli cratbe paccMOTpEHBI JiBa TPAHANO3HBIX KOCMOJIOTMYECKUX COOBITHS: B3PBIB rOJy0Oro CBEPXIUIaHTA - 3BE3/IbI
Sanduleak-69° 202 ¢ oOpazoBanuem cBepxHoBoii SN1987A, xoropoe ocTajsoch HEOOBSICHEHHBIM, B CPAaBHEHUH C HE
MeHee TpaHIMO3HBIM coObiTHeM cimstHAs 4€pHBIX Aplp GW150914, or xoroporo komnabopammerr LIGO
3apErHCTPUPOBAHBl T'PABUTAMOHHBIE BOJNHBL. C TOYKM 3PEHHA 3HEPreTHUECKOM TEOpUH - SHEProAMHAMUKH,
pa3pabaTbiBaeMOi aBTOpPOM, B (PM3MUYECKOM IUIAHE 3TH /IBA COOBITHS HUYEM NPHUHLMITHAILHO HE OTJIMYAIOTCSA: BO BCEX
Cilydqasx ABWKECHHSI MaTepHH JOJDKHBI M3Jy4aThCS T'PAaBUTAILMOHHBIC BOJHBI B COCTAaBE BCETO CHEKTpa H3Iy4CHHH.
[Tporuosupyercs, HapsQy C TIpaBUTAlMOHHBIM, HEUTPUHHOE M ()OTOHHOE H3JIYYEHHE OT CIUSHHSA YEPHBIX JIBIP
GW150914. Ilo amanorum ¢ SN1987A, B ciydae co caussHueM ué€pHBIX Aelp GW150914 mocne rpaBUTanliOHHOIO
curnaia 4gepes 10720s £ 4000s (~3"00™ 00° + 1" 06™ 40%) noyxeH NpUHTH Ha 3eMJIr0 MEPBbId HEUTPUHHBIA curHaN (He
MCKIIIOYAETCS. ¥ BAPUAHT, YTO TMEPBBIA HEMTPUHHBIA CUTHAJ NPHUIIEN PAaHBIIE MPABUTAIMOHHOrO), yepe3 112,9-10° s
(~3,6 1€T) TMOCI€e TPAaBUTALMOHHOIO CHTHAlIA — BTOPOW HEHTPHHHBIA cUrHad, a depe3 66,031:10°s (~ 2,0924 ner)
MocJie KOTOPOTO JOJKHA HAOII0AaThCsl (POTOHHAS BCIIBIIIKA.

Heiirpunnble curHaimsl MoryT OBITH 3apeructpupoBanbl Ha IceCube Neutrino Observatory m Ha Apyrux HEHTpPHHHBIX
o0cepBaToOpHsX.

Kniouesvie cnosa u ¢pasvi: TpaBUTAIMOHHBIE BOJNHEL, ciusHHEe 4€pHBIX O6lp GW150914, cBepxuoBas SN1987A,
SHEPro-rpaBUTAIMOHHBIA MOTEHIIMAJ, HEUTPUHO.

Abstract

This article discusses two grand cosmological events: an explosion of blue supergiant - a star Sanduleak-69° 202 to
form Supernova SN1987A, which remains unexplained, compared with at least a grand merger event black holes
GW150914, from which the LIGO Collaboration account gravitational wave (GW). From the point of view of the
theory of energy - electrodynamics, developed by the author, in physical terms, these two events are not fundamentally
different: in all cases, the motion of matter must be radiated GW as part of the whole spectrum of radiation. It is
predicted, along with the gravitational, neutrino and photon radiation from GW150914. By analogy with SN1987A, in
the case of the merger of black holes after GW 150914 GW signal through 10720 s + 4000 s (~3"00™00° = 1" 06™ 40%) to
come back to Earth the first neutrino signal (if option is possible that the first neutrino signal came earlier gravity)
through 112.9-10°s (~3.6 years) after gravitational signal - the second neutrino signal through 66.031-10°s (~ 2.0924
years) after which the photon flash should be observed. Neutrino signals can be recorded on the IceCube Neutrino
Observatory and other neutrino observatories.

Key words and phrases: gravitational wave (GW), merging black holes GW 150914, Supernova SN1987A, energy and
gravitational potential, neutrinos.

Content

1. BBeaenue.

2. Supernova SN1987A.

3. Causinne 4épubix Asip GW150914.
4. 3aknioyeHue.

5. Cnucok auTepaTyphbl.

«Hac modcem unmepecoéamos mMoabKo 0OHO: NOZHAHUE G3AUMHOU 3ABUCUMOCHU DNIEMEHNO8)
OpHCT Max

«Huxaxum xonuuecmeom sKcnepumMennos 00Ka3ams meopuio Hewb3s, Ho O0CMAMOUHO 00OHO20,
umoobsl e€ onposepeHymb» Anp0ept DUHIITEHH

1. Introduction
B cBsi3u ¢ perucTparyeii rpaBUTallMOHHBIX BOJH OT CIIHMSIHUS JIBYX YEPHBIX JbIP KOJuTaboparuei
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kak coobrTue GW150914 [1], BO3HUKAIOT HOBBIE BOIIPOCHL. B 3TOM KpaTKOM HCCIIeI0BaHUH

MOMBITAEMCS. 0003HAYUTH UX U HAMETUTH oyt 00BsICHEHUS U peuicHus.

®opma GW curnana coosrrust GW150914, mpumreaniero ¢ 10XHOTO MOTyIIapus Heba, COBHANA C IMPpeCcKa3aHusIMHU 00IIeit
teopun oTHocuTenbHOCTU (GRT) mist cinusHus nByx 4€pHbIX Ablp Maccamu 36 u 29 conHeuHbIX Ha pacctosHuu Degy= 410 Mpe.
Macca BO3HHKIIIEH YEPHOH BIPHI OLIEHUBAETCS B 62 COTHEYHBIE; 3HAYNT, IIPU CIUSHUH ABYX YEPHBIX ABIp 3a ~ 0,2 s MpeBpaTUIOCh B
u3nyuyenue Tpu mMaccel Connia 3M©O (4,62% oT CyMMBI Mace IBYX YEPHBIX ABIP). DTOT IPABUTALMOHHBIN 1e(eKT Macc IPUMEPHO 3a
20 mummucekysz (20 ms=0,02 s) HOIHOCTBIO MEpelleT B 3HEPTUI0 U3JIy4eHUs, B TOM YHCJIE TPAaBUTAL[IOHHBIX BOJIH. V3HayalbHO
JIBE YepHBIE ABIPHI HAXOAMIHICEH Ype3BbIUaiiHO ONMM3KO0 APYT OT Apyra — Ha pacctostHun 350 kM (mpu ToM 4to paauyc lIBapummmsaa
11 HUX Topsika 210 km). PacueTsl mokasany, 9To MUKOBas TPaBUTAIMOHHO-BOJHOBAsE MOIIHOCTE gocturana N = 3,6-10% erg/s =
3,6:10% J/s, mnm, B nepecuete Ha Maccy, puMepHO 200 CONHEYHBIX MAcC B CEKYHIy. BpeMeHHas 3a/epikKa MEXkKILy AByMs
nerexropamu B Hanford, WA and Livingston, LA (paccrosaue mexxay Humu 3002 km) cocraBuina npumepro 7 ms. Ha 3emie aTo
COOBITHE HABGIIIONAIOCH C «TPABUTALMOHHO-BOIHOBON» aMmunTy 04 1107 u wactoroii ot 35 no 350Hz [1]. Yepes 0,4 s nocie Toro,
Kak 4epe3 3eMitro pomnuty gravitational wave (GW), kocMu4eckuM TeneckonoM «Fermi» 3aukcupoBaHbI BCIIBIIIKA TaMMa-
U3JTydeHHs TaKXKe B I0)KHOM MONTyHIapuu Heba.

C TouKHM 3peHUs YHEPTETHUECKON TEOPHUH - SHEPTOAMHAMUKH, pa3padaTeiBAeMON aBTOPOM,
11000€ OTHOCUTENIbHOE JIBUYKEHNE MATEPUH MMPOUCXOIUT MPU U3MEHEHUHU MAcChl C MEPEX00M B
U3JTy4eHHUE, TO eCTh JII000e COObITHE, MPOUCXOAAIIEE B IPUPOJIE, JOIDKHO U3Ty4aTh BECh CIIEKTP
U3ITyYEHH: TPaBUTAIIMOHHOE, HEUTPUHHOE U JIEKTPOMArHUTHOE, TO €CTh JIBH)KEHUE MaTepUu
«IPOUCXOJIUT» BO BCEM JUaNa3oHEe B3aUMOJICUCTBUH, pEruCTpalksi KOTOPBIX €CTh TOJIBKO BOTPOC
UX SKCIIEPUMEHTaIbHOr0 0OHapy-keHus. [Ipoucxoast, koHeuHO, U 0OpaTHBIE MPOIIECCH —
porecchl 00pa3oBaHMs, KOHICHCAIMH, TTOTIOMICHHS] 0aPHOHHOM MaTepUH, KOTOPBIC MBI
paccMmaTpuBaeM B Apyrux cratbsix. Ciyuai co cnusgaueM 4y€pHbix apip GW150914, ot kotoporo
3aperuCTPUPOBAHBI TPABUTALIMOHHBIC BOJIHBI, B (PH3MUECKOM IUIaHE MIPUHIIMITAATHFHO HUYEM HE
OTJIMYAETCS, HAIIPUMED, OT B3pbIBa cBepxHOBOM SN1987A: Bo BceX MOJOOHBIX CITydasiX JTBUKCHUS
MaTepuH JAO0JKHBI U3JIy4aThCsl TPABUTALIMOHHBIE BOJIHBI B COCTaBE BCETO CIIEKTPA U3IYUYCHUH, U,
BO3MOHO, B PE3yJIbTaTe rPaBUTAIIMOHHOTO KoJuiarnca npeacBepxHoBoil SN1987A Takxke
oOpa3oBasiach 4€pHas Ablpa UM HEUTPOHHAs 3BE3/a MEHBIIEH MacChl, KOTOPbIE IT0KA HE
0OHApYKCHBI.

2. CepxHoBast SN1987A.

PaccmoTpuM rpaHano3Hoe coObITHE B3pBIBa TOIy0OT0 cBepXruranra - 3se3b6l Sanduleak -69° 202,
KOTOpOE MPOU30ILI0 Ha paccTossHuu ~ 168 thousand light years (~51,5 kpc) ¢ o6pa3oBanuem
cBepxHOBO SN1987A, 3aTeM cpaBHUM €ro ¢ HE MEHEE IPAHIMO3HBIM COOBITHEM CIUSHUS IBYX
yépHbIx 1p1p GW150914, obparas BHUMaHKHE TOJIBKO HAa HHTETPATbHBIC XapaKTEPUCTUKH
YKa3aHHBIX COOBITUH.

B co6errrn SN1987A, onucannbim B ctaThsax [S5] [6] [8] [13], ecnu oTBiI€UbCS OT (PU3UIECKOTO
00BSCHEHHS CAaMOI'0 I'PaBUTAIMOHHOTO KOJIJIANca, MOPa)XaeT Leblid CIEKTP 3aperuCTPUPOBAHHBIX
Ha 3eMJie CUTHAJIOB, pa3HECEHHBIX MO0 BPEMEHHU Ha HECKOJIBKO YacOB, KOTOPHIE, Ha HAIIl B3TJISI,
HE00XO0MMO O/IHO3HAYHO paccMaTpUBaTh KakK MIPUHAJIEKAIINE OAHOMY COObITHIO. Perncrpanus
JBYXCTaJAMMHOTO HEUTPUHHOTO CUTHAJIA, HECOOTBETCTBYIOIIETO TEOPUU CTAaHAAPTHOTO KOJlIarca
CBEPXHOBOM 3BE3/IbI, TOJIKACT K Pa3pabOTKe TeOpUid ABYXCTAIUHHOTO KoJrIarca [7], Ho, Ha Hail
B3I, He oOpamaeTcs BHUManue Ha perucrpanuio B 2" 25™35,45° UT rpaBUTallMOHHOIO CUrHAIA
anteHHOM «GEOGRAV» B PuMmckoii rpymre [3], mycTh HEOOIBIIOTO U HEONPEAEIEHHOTO, HO B 6
pa3 MPEBBINIAIOINIETO CPEAHUMN LITyM, U, YTO YAUBUTENIbHO, Ha 1,34s £0,5s onepeauBiiero nepBbii
HEUTPUHHBIN curHAN Ha MoHuOMaHcko# HeTpuHHO obcepBaropuu LSD (Liquid Scintillation
Detector) B TyHHene moj ropoii Mont Blanc, 3apeructpupoBaHHOro ¢ 60IbIION TOYHOCTEIO B 2" 52™
36,79° UT [2, 3] (coobmenust E. Amaldi u M. Aglietta). [lepen mepBsIM HEUTPUHHBIM CUTHAJIOM U
rocJie BTOPOro HaOJII01aIiCh AHOMANIbHBIE TPaBUTAIIMOHHBIE CUTHATBI [4]. UyBCTBUTENBHOCTD
IPaBUTAIIMOHHOM aHTeHHbI B PruMe npunnManack pasuoii 2 =10"* [7, p.1130]. U3secTHO, 4TO
CBSI3aTh MOKA 3aPErUCTPUPOBAHHBIC TPABUTALIMOHHBIN cuTHaAN B Pume u HelTpuHHbINM curdHan LSD
oT SN1987A He ynaércsi, HOTOMY 4TO 3TO IPUBOJAUT B pacuéTax K SHEPTrUH B COTHH pa3 (B 2400
pa3) MPEBHIIAOILYI0 YHEPTUIO TPABUTALIMOHHOTO U3ITyUEHUs IPU CTAaHAAPTHOM KOJLIarce 3BE31,
HO 9TO HE MOKET HAC OCTAHOBHTD B MOIBITKAX OOBACHUTH (DAKTUUECKU MPOHCIIE IIIEe
HECTaHJIapPTHBIM criocoboM. TouHOCTh MpUBA3KHU K abcomoTHOMY BpemeHu UT B aTom



skcriepuMente LSD onenuBaercs £2 ms [2]. J. Weber (University of Maryland, USA) Taxke
COOOIIMI O PETUCTPAIIUH TIOBBIIIICHHOTO YPOBHS TPABUTAIIMOHHOTO CUTHAJIA, COBIAAIOIIETO 110
BPEMEHHU C NEepBOM HEUTPUHHOM BebIKo SN1987A, Ha rpaBUTAlIMOHHON aHTEHHE C
4yBCTBUTENBHOCTEIO Al/l ~107"° B monoce A f~10Hz. []

Nmeercs Taxoke coodmenue o BaussHud SN1987A Ha yBeIMYeHHE CKOPOCTH anbda-paciaa
w1yToHusa-239 Ha 1%, coBnagaroniee 1o BpeMEHHU € TPaBUTALIMOHHBIM U IEPBBIM HEUTPUHHBIM
curHaiom [11].

Bropoii HelTpuHHbIN curHan 3apeructpuposa B LSD B 7" 36™ 01° UT uepes 17004 s nocie
nepsoro B 2"52™36,79° UT.

Ko Bpemenu 9"21™36° [Feb. 23,39 UT] A. Jones (New Zealand) emé He 3aMeTHII KAKOTO-IMO0
HOBOTO 00BEKTa Ha 3BE3THOM HEOE C TIOMOIIBIO CBOETO MOMCKOBOTO TeJeckorna [8, p.563].

[TepBsiii ontryeckuit curaan ot SN1987A ObuT 3aperucTpupoBaH Ha POTOIUIACTHHKAX KaMepaMu
CJIe)KEHUS 3a CHYTHUKaMU B ABCTpaJIuu:

B 10"23™31° [23.433UT] (uepe3 7"30™54°=27054 s nocie nepsoro HEUTPUHHOIO CUI'HAIA B
LSD u uepes 2"47™30°= 10050 s nociie BTopoii HeWTpuHHOM Benbimku B LSD) Supernova
SN1987A nocturaer 3BE3aHOM BeanuMHbI V'=6,0, a

B 10"40™48° [23.445UT] (uepe3 3" 04™47°=11087 s nocie «BTOPOi» HEHTPUHHOMN BCIBIIIKU B
LSD) Supernova SN1987A nocruraer 3Bé3aH0i BenmuuHbl V'=6,2 — G. Gerradd u McNaught R.H.
obnapyxumu SN1987A na poromnénkax. [9], [6, p.726].

VYuursiBas B3pbIBHOW Xxapakrep pocta cBetuMocTd SN1987A (3B€3aH0M Bennuunsl ¢ 12.0 1o 6.0),
MO3KHO C OOJIBIIION TOYHOCTBHIO YCTAHOBUTH, UTO (POTOHBI HAYAIH «IIPUJIETATh» Ha 3eMIIIO 32
HECKOJIKO MUHYT 110 TIepBoii peructpamuu SN1987A na nepsoit pororpapuu B 10"23™31*
[23.433UT].

B npunsTOif HaMK mapaaurme, paccMOTpUM COOBITHE B3pbIBa 3Be31bl Sanduleak-69° 202, xak
IpaBUTAIIMOHHBIN KoJjutarnc, koraa o ['amoBy I'.A. (George Gamow) yacTh 6apuOHHOM MaTepuu
3BE€3/IbI B PE3YJITATE KOJOCCAIBHOTO C3KATUS MPEBPATUIIACH B TPABUTAIIMOHHOE, HEUTPUHHOE U
(boTOHHOE M3ITYyUYEHUS, KOTOPHIE OJJHOBPEMEHHO OTOPBAIKCH OT MOBEPXHOCTHU 3BE3/bI, HO
MPUIETENN Ha 3eMITI0 C HEOOBSICHEHHOW IMOKa Pa3HUIICH MEXKIy HAOII0IaeMbIMH IPABHTAIIMOHBIM
CUTHAJIOM, HEHTPUHHBIMH BCTIBIIIKAMH U MOCJIEAYIONIEH ONTHYECKO (POTOHHOM BCIBIIIKOM.

J. Franson of University of Maryland B xxypuane New Journal of Physics ony0nmkoBai ctaTbio
[10], B kKOTOpOH, CChIIAsCHh Ha HAOIIOCHUS 32 CBEpXHOBOM 3Be370i SN1987A, monaraer, 4To
(OTOHBI MOTYT 3aMEJISATHCS Ha IyTH K 3eMJIe, U TAaKUM 00pa3oM OTCTaTh OT HEUTPHHO, B CBSI3U C
s dexkToM BakyyMHOI nossipuzanuu; HO J. Franson HUKak He 0OBACHSAET PETUCTPALIUIO
rPaBUTAIMOHHOTO CUTHAJIA U ABYX HEUTPUHHBIX CUTHAJIOB.

B HacToseit ctatbe Mbl 0OpaliaeM BHUMaHKE Ha CIEAYIOIIee pelieHne 3TOW mpoOiieMbl, Koraa
CKOpOCTB JIF000T0 U3TY4YEHHUSI B COOTBETCTBHHU ¢ Teopueil oTHocutenbHocT (GRT) siBnsiercs
(GYHKIHEH OT YHEPro-rpaBUTAIMOHHOTO NOTeHIMaIa Beenennol, uto mokazano A. Einstein emé B
1912 rony:

«Ecnu mvl 0603HauUM yepes ¢y CKOpocmsb cema 8 Hauaie KOOPOUHAm, mo CKOpOCHb C8emd C 8
HEeKOMopom mecme ¢ epasumayuoHHuim nomenyuaiom @ 6ydem pasna

c=cy(1+@/c?)» [12,p.172].
«...5l NPUOEPAHCUBAIOCH MHEHUSL, YO NPUHYUN NOCMOAHCINEA CKOPOCTU C8eMA MONCHO COXPAHUMb
00 mex nop, NOKA Mbl 02PAHUYUBAEMCS NPOCMPAHCNBEHHO-8PEMEHHBIMU 00IACMAMU C
HOCMOSHHBIM 2PASUMAYUOHHBIM nomeHyuanom. Ilo-moemy, 30ech nexicum epanuya npuUMeHUMoCmu
He NPUHYUNA OMHOCUMENIbHOCU, a NPUHYUNA NOCMOSIHCIBA CKOPOCMU C8ema U mem Camblm
Hawiell menepewitel meopuu omrHocumensnocmuy [12, p.219].
B cratee 1917 1. «O cnenuanbHOM W 00IIeH Teopun OTHOCHUTEIbHOCTH» A. Einstein mwucan, 4Tto
«3aKOH NOCMOAHCMBA CKOPOCMU c8ema 6 nycmome, npeocmasisaiowuil coobou 00Hy U3 OCHOGHbIX
npeonocviiok CTO, He Mmodicem npemeHO08aMb HA HEOSPAHUUEHHYIO NPUMEHUMOCMb...; ee
pe3yibmamsl  NPUMEHUMbl UMb 00 mexX Nop, NOKA MONCHO He YUUMbIBAMb GIUAHUE
2pasuUmMayuOHHO20 NoJisl Ha usuyeckue sa6ieHus (Hanpumep, ceemoswie)» [12, p.568].

B Hammem HenoKallbHOM MHpE, B KOTOPOM HET HUYEero abCOIFOTHOTO, MPOUCXOIUT HECKOIBKO
BCEOOBEMITIOIINX KOCMHUYECKUX MPOIIECCOB, OJIMH U3 KOTOPBIX — 00pa3oBaHue 0apUOHHOW MaTepuu,



pe3yJabTaTOM KOTOPOTO B KOCMHUYECKOM MaciTabe SBIIIeTCS U3MEHEHUE IPaBUTALIMOHHOTO
noreHuana BeeaeHHol BoO BpeMeHH, PaBHOTO B HACTOSIIUM MOMEHT @,=c;’. COOTBETCTBEHHO,
BMECTE C IPaBUTALIMOHHBIM MOTeHIIMaNoM coriiacHo GRT 10KHO U3MEHSTHCS U 3HAUYCHUE
CKOPOCTH CBeTa, paBHOE ¢,=(¢,)"*# const. DyHIaMEHTAIBHBIA KOCMMYECKHI (DAKTOP U3MEHEHHUS BO
BpPEMEHH BCeX MpoIleccOB BO BeeneHHOM corylacHo coBpeMeHHbIX HabmoaeHuit pasen Hubble
constant H,=2,3655 1085,

B cootBeTcTBUU C Teopuel OTHOCUTEIBLHOCTH PACCMOTPUM COOBITHSI B3pbIBa CBEPXHOBOM
3Be376I SN1987A u peructpaiuv rpaBUTAIMOHHON, HEUTPHUHHOMN M (JOTOHHOM BCIBIIIEK OT He€ Ha
3emuie (Earth) B mokosimieiicst cucteme oTcuéra, NpuHUMasi 3a Hauaao KOOPAMHAT IPOCTPAHCTBA-
Bpemenn Supernova SN1987A ¢ Hampasiienuem ocu x Ha 3emutio (Earth) (¢=0, x=0, y=0, z=0, Agp).
B sToMm ciydae, mpuHMMas Hayallo 00HO8peMeHHO020 TPABUTALIMOHHOTO, HEUTPUHHOTO U (POTOHHOTO
M3JIy4YEHHs 3a Hayajao OTcuéTa BpEMEHH, B CUHXpOHU3aluu 4acoB Ha SN1987A u Ha 3emie HeT
HEO0OXO0JMMOCTH, IOTOMY YTO €IMHCTBEHHOE, YTO (PaKTUYECKU Mbl MOKEM U3MEPHUTH HA 3emiie —
ATO Pa3HUILY BO BPEMEHHU MEXKIY «IPHIETOM» Ha 3eMJTI0 IPaBUTAIIMOHHOTO, HEUTPUHHOTO U
(OTOHHOTO CUTHAJIOB, KOTOPYIO, €CTECTBEHHO, Oy/IeM U3MEPSATh 110 3eMHBIM YacaM; TOria COObITHE
peructpanuu HoTOHOB Ha 3emiie OyaeT uMetb koopauHatel (1=7, x=R, y=0, z=0).

N3BecTHO, uTO B HacToAIIEe BpeMs gravitational potential HaGirogaemMoit 6apuOHHONW MaTepun
BcenenHon cocrasisier

Ap.=c’.
['paBuTanmonHbi noTeHIMAN BeeneHnoit B MOMEHT B3pbIBa cBepXxHOBOM SN1987A 0603HauUM
yepe3 Apr, KoTophiii 168 ThIC. JleT Ha3a, B raakTuke bonbmoe MaremranoBo O6ako (Large
Magellanic Cloud) (LMC) cocrassin

Apr=A@.- Ap. THy=c’ (1-TH,)
rae T=168 thousand years =5,3017-10"?s — Bpems, npomie/ee 1Mo yacam Ha 3eMiie ¢ MOMeHTa B3pbiBa SN1987A,
Rsv=51,5 kpc — paccrosaue no SN1987A, H,=2,3655 10"®s™ — Hubble constant.
DHepro-rpaBUTAMOHHBIN MOTEHIIUAT «TEMHOM MAaTEPUN» COCTABIISIET

Qam =47/3-c*=4,18879-¢*
(c yuérom nanubix Muccut WMAP u kocmuueckoii ob6cepBatopunt Plank 1o cooTHOIIEHNIO OapUOHHO# U «TEMHOI
MaTepun» Bo BceneHHoi)

DHepro-rpaBUTAMOHHBIN MOTEHIIMAT «TEMHON SHEPTUUY» COCTABIISIET

_l16xz%c?

2O C o2
A@ge 15 10,527578c".

Kocmuueckwii (haktop m3mMeHeHus B 1 s TpaBUTAIIMOHHOTO MOTEHIMAIa OapUOHHON MaTEPHUH:
Vo =A@/p=H;~2,3655 10™"*
rjie Ag- U3MEHEHHE SHEPTONOTEHIMANA B 1s ceKyHy, p=c’
Kocmuueckuit pakTop u3meHeHus B 1s SHEPro-rpaBUTallMOHHOTO MOTEHIIMANA «TEMHON MaTepun»,
OTIpeIeNIAIONIEr0 HEUTPUHHOE U3IIyueHue, B 47/3 pa3a OoJblle U paBeH:
Van =A@ an/Pan=47/3- H,=9,908583-107"%,
Kocmuueckwnii pakTop u3mMeHeHHs B 1S SHEPro-rpaBUTAIMOHHOTO MOTEHIIMATA «TEMHON YHEPTUIY,
ONPEIENAIONIETO TPABUTAILIMOHHOE U3JIydenue, B 167°/15 pa3a Oomblie U paBeH:
Vae=ANPa/pac= 167°/15-H,=24,9029858-107"%,
Pa3nunia Bo Bpemenu i GOTOHOB Af;, HEUTPUHO Af, ¥ TPaBUTALIMOHHBIX BOJH Afg, MPUIETEBIINX
Ha 3eMIII0, B 3aBUCUMOCTH OT U3MEHSIIOLIUXCSI BO BPEMEHH HEPro-rpaBUTAIIUOHHBIX
XapaKTepUCTUK BceeHHOoM, COCTaBUT:
At=T"(yom)"* =T (Hy)"*= 8154 s, (upn (H;)">=1,538 10°)
At,=T(yam)"* =T (47/3 -H;)"*=16669 s,
Atse=T(y4e)"* =T (167°/15-H;)"*=26457 s,
Ate=T"(Yam+ Yae) =T ([4n/3+167°/15]-H,)"*=31281 s.
Y4u1éM 10 MyTH TPAaBUTOHOB, (JOTOHOB U HEUTPUHO JTOTIOTHUTEIHHBIE K SHEPTO-TPaBUTAIMOHHOMY
noTeHurany BeeneHHoN sHepro-rpaBUTallMOHHbBIE MOTEHIMANBI HamIen ["anmaktuku Mueunsrii [Tyt
(Milky Way galaxy), LMC galaxy (BMO) u ramaktuku Small Magellanic Cloud (SMC) (MMO), a



noTeHuuanbl, co3gasaeMele Connuem, 3emiéil u JIyHoil He OyzieM yuuThIBaTh KaK He3HAUUTEJIbHbIE
BTOPOT'O Y TPETHETO MOPSIIKOB.
DHepro-rpaBUTAIMOHHBIN MoTeHITMal Ha opouTe Cosnia (3emnn) B Hameld Galaxy paBeH
V=(2,2:10°)*=4,84-10" m’*s*=Agq.,
re V=220 km/s — ckopoctb 3emii B coctaBe COTHETHOH CHCTEMBI BOKPYT LIEHTPa TFaTaKTHKN
MaxkcuMasbHbII rpaBUTAIIMOHHBIN oTeHnuan 6apuonHoi Mmatepun LMC galaxy paBen
A(DLMC:GMLMJRLMC:2,883 . 10]0 1’1’12 S_z.
N3 pororpaduit, cuareix K. Manconom 23 ¢espans na FOxuoit EBponeiickoii o6cepBaTopuu B Jla-
Cwina (Yunm) mexxay momertamu Bpemenu Feb. 23,04 UT u Feb. 23,05 UT 3a HeckoabKO 9acoB
1o B3pbiBa SN1987A u 25 despans B Feb. 25,04 UT, Bunno, uto SN1987A BrbixHyNa Ha
otnanenuu ot neaTpa LMC galaxy okoso ogara akTHBHOTO 3BE3/1000pa30BaHUS - TYMAHHOCTH
Tarantula Nebula NGC2070 [8, p. 561-562]. [ToaToMy ¢ 6071611101 BEPOSTHOCTHIO MOKHO MTPUHSATH,
YTO I'paBUTAIMOHHBIN noTeHuan B Mecte B3pbiBa SN1987A ~50% ~ 0,5A¢ e + 10% =0,1A@1mc
=0,6A¢@.vc 0T Manoro Maremnanosa O6naka (SMC galaxy) u tymanHoct Tarantula Nebula :
Aprvc=2,883-10"-0,6=1,73-10""m*s?,
TOTJ]a pa3HULIA MEX/ly SHEPTO-TPaBUTALIMOHHBIMU [TOTEHLIMATAMU TJIaKTHK paBHA
ApG — Aprvc=4,84-10" - 1,73-10"°=3,11-10""m*s™
Hubble factor nyis n3MEHEHUs pa3HUIBI YHEPTO-TPABUTAIIMOHHBIX MTOTEHIMAJIOB MEXy HaIlei
Galaxy u LMC (c yu€rom SMC galaxy u Tarantula Nebula) paBen

o= (ApG — A@rac)/c>T=3,11-10""/8,987552-10'° -5,3017-102= 0,06527-10"'*

(76)"*= (0,06527-10" -107'%)"2= 0,2555-10°"1 (upu Ap =1-¢%)
(746)"*= 0,2555-10-2,0466= 0,5229-10° - Gonb1we B (47/3)"*=2,0466 pasa, (pu Ap =47/3-C?)
(7e6)"*= 0,2555-10° -3,2446= 0,8290- 10", - Gonpurre B (167°/15)"’=3,244623 paza, (upu A =167°/15-C7)

(Yecc)"*=0,2555-107 -3,8362=0,9802-107, - GonbIe B (47/3+167°/15)"*=3,83619 pasa, (npu Ap=(4x/3 +1677/15) )

At=T-(Vs6)"*=5,3017-10'-0,2555-10°=1355s

At,6=T(Yag)"*=5,3017-10"20,5229-10°=2772 s

At.=T(Vec)"*=5,3017-102:0,8290-10°=4395 s,

Atoo=T(Yecc)"*=5,3017-102:0,9802:10°=5197 s
TeopeTtnueckas pacu€THasi pa3HHIIA BO BpEMEHU MEX1y IPUIETOM Ha 3eMIIIO TPaBUTAIIMOHHBIX
BOJIH U BTOPBIM HEUTPUHHBIM CUTHAJIOM OT Supernova 1987A, B ipenrosiokeHnn N3MEHEHUs
CKOPOCTEH rpaBUTALIMOHHBIX BOJH U HEUTPUHO KaK (PYHKLHU SHEPreTUUECKUX MOTEHINAIOB
«TEMHOU DHEPrUm» U «TEMHOU MaTepun» BO BeeneHHoM, cOCTaBUT

Atn=(Atc+ Atogs) — (At,+ALG) = (31281 s+ 5197 5) — (16669 s+2772 s) = 17037 s= 4" 43™ 57°
(daxr mo LSD 4"43™23°=17003s) pacxoxaeuue 0,2%
TeopeTtnueckas pacu€THas pa3HHIIA BO BpEMEHU MEX/1y BTOPhIM HEHTPUHHBIM CUTHAJIOM U
npui€roM Ha 3eminto (oToHOB 0T Supernova 1987A, B penoaoKeHUN U3MEHEHUSI CKOPOCTEi
HEUTPUHO U (POTOHOB KaK (PYHKLIHUU SHEPro-rpaBUTAIMOHHBIX TOTEHLUATIOB «TEMHON MaTepuu» U
0apHOHHOM MaTepuu BO BPEMEHHU, COCTaBUT
At,yr= (At +ALG) — (At+At)= (16669 s+2772s) — (8154 s+13555)=9932s=2"45™ 32°.

(dakt no Bpemenu niepBoit pororpaduu 2"47™ 30°= 10050 s) TOUHOCTH OYEHb BHICOKAsE — pa3HUIIA
Bcero = 2™(1,2%), 1 370 npu npubIM3UTEILHON OIICHKE SHEPTO-TPaBUTALIMOHHOTO MTOTEHIIMAJIA B
MecTe B3pbIBa cBepXHOBOM B =50% =0,5 oT A@iyc +10% =0,1A@.c oT SMC galaxy u TymMaHHOCTH
Tarantula Nebula, uto ¢ 6osbioii Tounoctsio noaTBepxkaaeT GRT. C 6onpiioii BEpOATHOCTHIO
MOYKHO TaK)Ke MPEANONI0KUTh, YTO poToHbI 0T SN1987A npunerenu 3a ABe MUHYTHI 10 IEPBOH
perucTpanuu Ha nepsoit pororpaduu, T.e. B 10"21™30° (37290 s) [23.4316 UT]



3. Ciausinue yépHbix abip GW150914.

A Ttenepb BepHEMCs K coObiTuio GW 150914 B cpaBHenun ¢ SN1987A:
Tabanua 1. CpaBHuTENbHBIC SHEpreTHUeckue xapakrepucTuku SN1987A u GW150914 (LIGO)

Ne Supernova CnusHue OByX 4E€PHBIX JIbIP IIpumeuanus

n/n SN1987A GW150914 (LIGO)

1  Paccrosmmue -Bpemst 168,0-10° light-years =51,5 kpc 1.3 billion light-years = 410Mpc GW150914 ~
Tv=5,3017-10"s Ten=41,02-10"s B 8000 pa3 ganblie
R»=15,89-10"m Ren=12,65-10* m SN1987A

2 | Maccel 1 3HEprus =18Mo

Mou 29MO
E=MC Dueprus E =3,24-10% J 36Mon 29

Mmacca sipa 30% =5,4Mo,
Oneprus sapa E ~ 1,0-10%J

3 Macca B uziyucHue 4,6%=0,828M=1,66-10"kg 3Mo=6-10""kg
30%Msy smpo) 5,4Mo =10,8-10" kg | (4,6% GaprouHoit MaTepum)

4 DHeprus MamydeHHs ~30-10* J (30% ot suepruu sinpa)  3Moc’= 5410 B 1,8 pasa
~10% J=0,3% (sueprus 10% neiirpuuo?)

~14,9-10% J (4,6% OT 10MHO#i SHEPrUN)

5 IIpomomxuTeNnbHOCTH KOJIanca 9 0,2s
6 | MomHoCTh U3Iy4eHus 3,6:10¥ J/s
NKMKOBas TPABUTAILIMOHHO-BOJIHOBAS

7  Awmmmryna rpaButamuorroro 1) 2,125 107 (4,6%M), 1-10% SN1987A
curHana i (Yyscreurensocts  2) 1,355 1077 (30%M) =B 10°— 10* pa3
IPaBHTALIOHHON aHTeHHbI B PUMe | 10 HHTEpromsimu ot Ag Gosblie, 4eM
npuHEManack passoit 1 =107"%) GW150914

8 | Yacrora rpaBUTaMOHHOTO 35-250 Hz.
CHTHaja

9  UsmeHeHue 5HEpro- 1)6,97-10% m*s?, 3,256:10° m?s?

IPaBUTALIMOHHOrO NoTeHIMana 2) 4,54-10" m?s?,
Ha 3emne Ap=GM/R
1) 4,6%M, 2) 30%M

10 Usmenenue HampspkenHocTd- 1) 4,385-10% ms™ 2,647-10%° ms?
yckopenus Aa =GM/R’ 2)2,86-10% ms?

rae G=6,67384-10"" - rpaBuTanMonHas nmocrosHHas, ¢=2,99792458-10° m/s — ckopocts cBeta, Me=2-10* kg — macca Connua
«Vcniapenre» GapMOHHON MaTEPUH TIPU CIUSHUU YEPHBIX IbIp B 3Mo=M=6-10" kg nsmMenuso
OTHOCHUTEIbHBIN 3HepFO—FpaBI/ITaHI/IOHHBII71 IIOTCHLIKMAJI Ha 3eMiie Ha BCIIMYUHY

Ap=GM/R=3,256-10" m?s™
1 UBMCHCHUC YCKOpeHI/IH—HaprDKéHHOCTI/I Ha 3eMJIe COCTaBUT

Aa =GM/R>=2,647-10*° ms*
(UuTepecHO, HACKOIBKO H3MEHUT SHEPTO-TPABUTAIIMOHHBIHN IMOTSHITNAT Ha 3eMJIe «MCYe3HOBEHHE» JIyHBI, 4TO 1
«IPOUCXOAUTY (HAKTHUCCKU B SHEPTO-TPABUTAI[MOHHOM CMBICIIC TIPH JBMKCHUH JIYHBI BOKPYT 3€MIJIM M OTHOCHTEIIBHO
Connua ¢ yacroroii 1 pa3s B mecs (3,91943 107 Hz):

A@M:GMM/RM =1 ,2757 -1 04 mzs-z N
U YCKOpPEHHE

Aay =GMy/Ry7 =3,3187-10° m*s™
rae My=7,3477-10% kg - macca JIynsl, Ry =3,844-10° M - paccTosuue 10 JIyHsL.
A BeIb 3TO ¥ IPOUCXOJUT BO BpeMs oOpamenust JIynst Bokpyr 3emin!? [Touemy *xe 3TH H3MEHEHUS SHEPTO-
TPaBUTAIIMOHHOTO MMOTEHIINAJIA HE PETHCTPUPYIOT NETEKTOPEI TPaBUTAIMOHHEIX BOMH? ENWHCTBEHHOE OOBSICHEHHE:
JUIMTENLHOCTD (IIEPUOIMYHOCTB) 9TOrO MpoIlecca, KoTopas B ciydae ¢ JIyHol cocrapiser ogun Mecsn (2,549-10°s), a B
cilydae co CIUSTHHEM YEPHBIX JIbIPp — BpeMsl «BBIOpOCay SHEPruu B pe3yabTare kKomutanca ~ 0,05 —0,2 s.
I'paBUTAIMOHHBIC BOJIHBI, U3JIy4aeMble cucTeMoi Sun - Earth - Moon, BBUIY H3MEHEHUS SHEPrO-TPABUTAIHOHHOTO
HoTeHLMana Ha 3emie Ha Bennuuny Apy =v'=GMo /Ry 1 Apyrux B3aUMOCBA3aHHBIX IapaMETPOB, HAIIPUMEDP YCKOPEHHs
cBoGoaHOro naneHus g=GMy/r’, TOIKHBI U3MEHATD BEC MIPEIMETOB Ha 3eMIIe, 9TO MOYKHO U3MEPUTH Ha

BBICOKOTOYHBIX 3JICKTPOHHBIX BECaAX. Konebanus 3HaueHUi YCKOpE€HUA CBOOOIHOTO nmaacCHus Ag U COOTBECTCTBCHHO

Beca MpeJIMEeTOB Ha 3emiie AP:mAg JIOJDKHBI cocTaBisATh =~ 0,5% B Mecsll, a NEPUOAUYHOCTh TAKUX U3MEHEHUI
JTOJDKHA COCTABJISITh MECSIT U TOJ)



Pa3uuna Bo Bpemenu Juist poToHOB Afy, HEUTPUHO A, ¥ TpaBUTALIMOHHBIX BOJH Afg,
npuieteBmux Ha 3eminto oT GW150914 3a Bpems 7, B 3aBUCUMOCTH OT U3MEHSIOLINXCS BO
BPEMEHH SHEPro-rpaBUTALIMOHHBIX XapaKTepucTUK BeceneHHol, cocTaBuT:

At=T-(H;)"*=63,09-10°s

At,=T-(4n/3-H;)"*=129,12-10°s

At =T-(16°/15-Hy)"?=204,70-10°s

Ato=T-((4z3+16215)-H,)"*=242,02-10°s
Brnmstaue sHEpro-rpaBUTaMOHHBIX OoTeHIHanoB Hameil Milky Way galaxy u apyrux ramakTuk
Oy/leT He3HaYUTENbHBIM U YUUTHIBATh UX He OyaeM. Torna pa3Huiia mo BpeMeH! MEXTy
IPaBUTALMOHHBIM CUTHAJIOM U MEPBBIM HEUTPUHHBIM CUTHAJIOM COCTABUT

AtG,=(1,34 £ 0,58) Row/Rsy =(1,34 £ 0,55)-:8000 =10720 s = 4000 s = 3"00™00° = 1"06™ 40",
MEXly TPaBUTALIMOHHBIM CUTHAJIOM U BTOPBIM HEUTPUHHBIM CUTHAJIOM COCTABUT

AtGu=NAt,~At=T((4n3+162°/15)H, )" - T-(4x/3-Hy)'"? =T-(Hy)"((4n/3+167/15)"” - (47/3)"? )=112,9-10°s
=1306 cyrok +17"+7™ 3,6 ner,

MEX/y BTOPHIM HEUTPUHHBIM CUTHAJIOM U (POTOHHBIM CHUTHAJIOM

Aty =At—At,=T-(H,)"” ((473)”- 1) = 66,031-10°s = 2,092 net
Houtro xxath, k coxxasienuto. [Ipapaa, DUHIITENH X 1a1 CTO JIeT.

4. Conclusion

CornacHo SHEPreTUYECKON TEOpUH, Mo aHAJIoruu ¢ Supernova 1987A, B ciydae co ClIUsIHUEM
y€pHbIX Ablp GW 150914 nocne rpaButannonHoro curnaina yepes 10720s = 4000s

(~3"00m00° £ 1"06™40°) morKeH NpUHTH HA 3eMITIO NEPBbI HEWTPUHHBIN CUTHAI (He
UCKJIIOYAeTCs U BapUaHT, YTO NEPBbIIl HEUTPUHHBIN CUTHA MPUIIET paHbLIE IPABUTALIMOHHOIO),
yepes 112,9-10°s (=3,6 j1€T) mOCII€ TPABUTALMOHHOIO CUTHAIa — BTOPON HEMTPUHHBINA CUTHAT, a
uepes 66,031-10°s (= 2,0924 neT) mocie BTOpOro HEUTPUHHOIO CUIHAIA JOJDKHA HAOIIOATHCS
(boTOHHAs BCIBILIKA.

HeiirpunHbie curHansl MOTYT OBITh 3apeructpupoBansl Ha IceCube Neutrino Observatory u Ha
JIPYTUX HEUTPUHHBIX 00CEPBATOPUSX.

Bo3MokHBI 1 Ipyrue HaOmo1aTebHbIe KOCMOJIOTHYECKUE SKCTIEPUMEHTHI IS TIOATBEPIKICHHUS
GRT: mo BpeMeHu OKOJIO 3aperuCTPUPOBAHHOTO IPABUTALIMOHHOIO CUTHAJIA IOJKHBI OBITH

3apErUCTPUPOBAHBI U HEUTPUHHBIE CUTHAJIBI, @ Yepe3 Bpems 1| (Ho)”((47r/3+167r’/15)’/2-(47r/3)”2)
seconds JoKeH OBITh 3apErMCTPUPOBAH BTOPOH, 00Jiee MOIIHBINA, HEUTPUHHBIN CUTHAJ; TIOCIIE

BTOpO#i HeHTpUHHO# Benbimky yepes Bpems T(Hy)’((4z/3)?1) seconds (+ yuéT rpaBUTAIMOHHBIX
HOTEHIMAJIOB TAIAKTHK) JOJKHA IIPOM30UTH ONTHYECKas (POTOHHAS BCIIBIIIKA.
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