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KBAHTOBAS TEOPUSA I'PABUTAIIMOHHBIX BOJIH
QUANTUM THEORY OF GRAVITATIONAL WAVES

Aunomauun. B pabome nokazano, umo  KeaHmosas  meopus
2PABUMAYUOHHBIX BOJIH S6SeMCsl 8AJICHOU 8 Onpedelenuu KapmuHvl Bcenennoil.
Ilpusooumcs Oanmnvie 3apecucmpuposannvix LIGO  pezyromupyrowux macc

GW150914, GW151226, GW170104 u nonyuennvie 6cemu mpems 0emekmopamu

GW170814, sxnouas esponeiickuil 2pasumayuoHHo-601Ho601 demexkmop Virgo,
npucoeounuswutics k LIGO remom smozo 2ooa.

Kniueevle cnosa: xeammoeas meopus — 2pAGUMAYUOHHBIX  BOJIH,
960IOYUOHHBLI NOKazamenw, amnaumyoa epasumayuonnsix soan, aLlGO, Virgo,

pecucmpayus cpasumayuOHHbLX 60JIH.

Summary. The paper shows that the quantum theory of gravitational waves
IS important in determining the picture of the universe. The data of the registered
LIGO resulting masses GW150914, GW151226, GW170104 and received by all
three detectors GW170814, including the European gravitational-wave detector
Virgo, joined the LIGO this summer.

Key words: quantum theory of gravitational waves, evolutionary index,
amplitude of gravitational waves, aLIGO, Virgo, registration of gravitational

waves.
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1. DxcnepuMeHTaIBLHOE ONpe/iesieHre TPABUTAIIMOHHBIX BOJIH

Pacckakem 0 rpaBUTAIMOHHBIX BOJIHAX MPOCTO W 3aHUMATEILHO. YYCHBIS
MHOTHX CTpaH, pabOTalolIKUX B JIA3€pPHO-UHTEPPEPOMETPUUECKON TIpaBUTAIMOH-
HO-BOJIHOBO# oOcepBatopun advanced LIGO, 0OHaApy>KWBaJIX BOJIHBI,
UCXOJIANINE W3 CIUSHUW TMapbl MACCHUBHBIX YEPHBIX JBIP, BPAIIArOITUXCS
OTHOCUTEIIHO Jpyr japyra mno coupamu [1-4]. ['paBUTaliMOHHBIC BOJIHEI
MPEACTABIAIOT CcO0OM Bapuanuu METPUKH (HaTsKEHHs) ¢ Oe3pa3smMepHoi
AMIUTUTYZOH 3aBHUCSIIME OT BPEeMEHH Spe=AL/L, mokaspiBaromiee H3MEHEHHE
napamMeTpUuecKX KpUTEPUEB M3TYyYEHHON >HEPrud HOBOOOPA30BAHHOW MAaCCHI,

PaCIPOCTPAHSIONINECs CO CKOPOCTHIO CBETA.

CymMapHass Macca  PETHCTPUPOBAHHBIX  T'PAaBUTAIMOHHBIX  BOJH
GW150914, GW151226, GW170104 GW170814 COOBITHUH COCTaBJIsLIa
npumepro 65My, 20Mg, 49M,, 53M,  cootBercTBeHHO. (OKTIOpHCKOE
cooprtrie LVT151012 pesymprupytomieii maccoir 35M mokasaio, J0CTaTOYHO

CKpoMHOe TipeBbiicHre Haja poroM u BMecto GW (Gravitational Wave event),
nonyunino HasBanue LVT (LIGO-Virgo Trigger event.). I'paBuTanmoHHO-
BOJIHOBasE acTpo(u3MKa SBISETCS HHCTPYMEHTOM ONPEACICHHS 3BOTIOIIMOHHOTO

noka3zares [5-7] HoBoOOpa30BaHHOM MaTepuu:
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Puc. 1. Cxema perncTpanuy rpaBUTAHOHHO-BOJTHOBOH aMIuTyabl Maccsl GW ot
CJUSIHUSA ABYX MACCHBHBIX YePHBIX AbIP U (popMyJia IBOJIIOLMH HOBOOOPA30BAHHOI
MaccChl
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3nech:  ¥-mapaMmeTpuyeckue  Kputepunm — marepun, A ¥ gw-
HOBOOOpa30oBaHHAs Macca TMPUBOIAIIMN K OOpa30BaHUIO TPABUTAIMOHHBIC
BONIHBI, M; W My-Macca uYepHBIX [bIp YYacTBYIOHIMX B 00pa3OBaHUU
Pe3yABTUPYIOLIUX Macc, Yy Mgw -pe3yJbTUpYIONIas rpaBuTaliionHas mMacca. 10°

61 .
< A¥cw ¥ <1 - popmyna 3BOTIOLKN HOBOOOPA30BAHHOM MAaCCHI.

2. YpaBHeHHs] KBAHTOBOM TeOPUH rPABUTALIMOHHBIX BOJIH

B mpenpinymux padorax [6-10] Mbl BBISICHHIIN, YTO MUK TPAaBUTAIIMOHHO-
BOJIHOBOM aMIUIATYJbl TApPMOHU3YETCS BBIYMCICHHBIA AHAIMTUYECKUM IIyTEM
OTHOLIEHWEM  KBAaHTOBBIX  YWCEI WU  NapaMETPUYECKUX  KPUTEPHUEB
HOBOOOpa3zoBaHHOW Macchl U BeenenHnoil. Beenennas sBisercss rpaBUTallMOHHO-
BOJIHOBOE TI0JIE CBOOOJHOIO  paclpOCTPAaHEHUs TI'PAaBUTALMOHHBIX  BOJH.
PaccMmoTpum, Kak MaTteMatuyeckas (popmyra UCHOJIb3yeTcs i1 POPMYIHPOBKH
¢uznueckux 3axkoHoB Bceenennoil. TpynHOCTh B CO3UMIaHMM KBAaHTOBOM Te€OpHUU
TPaBUTALMH SABJISIETCSA TO, YTO KBAHTOBOE YMCJIO 3aBUCUT OT MUPOBOW BPEMEHH, a
I'PaBUTALIMOHHAs MTOCTOsIHHAS HET. [loaTomMy mid co3uaaHusl KBaHTOBOM TEOPHUU
I'PaBUTALIUU Mbl PACCMOTPUM OTHOILIEHUE KBAaHTOBOE YHMCIIO HOBOOOPA30BaHHOM
Maccel 1 BeenmeHHOW. OTKPBITHE, BBIYMCIEHUE U PETUCTPALs TPABUTALMOHHBIX
BOJIH SIBJISIETCS NyTh K TNOHMMAaHUIO UAYIIUX MPOLECCOB B MHUPO3IAAHUHU.
OObeMHEHHE TEOpUM OTHOCUTEIBHOCTH C KBAHTOBOM MEXAHMKOW, HA OCHOBE
OTHOCUTEIBHOU JedopmManuu METPUKHM NPOCTPAHCTBA-BPEMEHU BAXKHO KakK C
TOYKH 3peHus GU3uku, TaKk u ¢ pusocoduu. OOIIast TEOPUS OTHOCUTEIHLHOCTH, U
KBAaHTOBAasI MEXaHMKa SBIIIOTCS E€OUHBIMHA NIPOLlECCaMH B  TNOHUMAaHHUH
IIPOUCXOJAIINX IPOLIECCOB BO BCeneHHOM.

I'paBUTalIMOHHBIE BOJIHBI OAHOBPEMEHHO SBJISIOTCS WHAMKATOpPaMH JUIS
oOHapyXeHUsI KBaHTOBBIX A((PEKTOB B cpelle MaKPOCKOMUUYECKUX OOBEKTOB.
OTO, 3aknaabIBa€T OCHOBBI €IMHOIO NPOCTPAHCTBA-BPEMEHU, IPEMATCTBYS
MMOHMMAHUIO JUCKPETHOW CTPYKTYpPhl IPaBUTALIMOHHOrO moJtiAd. [Ipm moHumMaHuu
CTPYKTYpbl Becenennoil, kak Obl, JOPOTOCTOSINEH U TPYIHBIMU, HAYKOEMKHUMU HE

6BIJ'II/I, O6Hapy}KeHI/I$I I'paBUTAOUOHHBIX BOJIH  ABJIAIOTCA 3aHUMATEILHOM.
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CnabocTh  rpaBUTALlMOHHOTO  B3aUMOJEMCTBUSL HE  MO3BOJIIET  MPOCTO
pPErUCTPUPOBATh  KBAHTOBBIE  TI'PABUTAIIMOHHBIE  MPOIECCHI, YTO  JENaeT
HEBO3MO>KHBIM 3KCIIEPUMEHTAIBHYIO MTPOBEPKY Teopuid. [IpoOrema KBaHTOBaHUS
MaKpOTeJ pa3peiiruMa, OJJHAKO MOAX0 ] K KBAHTOBAHUIO JIOJKEH ObITh COBMECTHO
C MHKpPOTEI. OKCHEPHUMEHTAIBHOE OOHApPYKEHHWE TIPABUTOHOB IMOMOXET
pa3paboTarh «TEOPUI0 BCETO0» — YHUBEPCAIBHYIO TEOPHUIO, OMHCHIBAIOIIYIO
paboTy KocMmoca B LeaoM. B HacTosIee BpeMsi UCIOJIb3YIOT TEOPUIO KBAHTOBOM
MEXaHUKU, YTOObI 0OBSICHUTEH paboTy BeenenHol Ha caMOM KpOIIIEYHOM YPOBHE,
U OOIIYI0 TEOPUI0 OTHOCUTEIBHOCTU, YTOOBI OOBICHUTH pabory BcenenHoil B
Makpo MmacmTabax. KBaHToBasi MeXaHHMKa MOXKET OOBSCHUTH TOBEJEHUE BCEX
M3BECTHBIX YaCTHUIl, a 0OIas Teopus OTHOCUTEIHLHOCTH OMHUCHIBACT MPHUPOIY
MPOCTPAHCTBA-BpeMEHU U rpaButani. KBaHToBas MexaHuKa MperoaraeT, 4To
YaCTUIIBl — B TOM YHCJIE€ U HEYJIOBUMBI TPaBUTOH — MOTYT BECTH CeOs
OJTHOBPEMEHHO KaK YaCTHUIbI U BOJIHBI.

Hanurmiem ypaBHeHHs KBAHTOBOM TEOPHH IPaBHTAIMOHHBIX BOJIH [6,7,9]:
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rne L, t, M, E, f, h, J, p, p, T, - COOTBETCTBEHHO paauyc, BpeMs, Macca,
SHEPrusl, 4acToTa, TEMIIEPATYpPa, KBAHTOBOE YUCIIO, IIIOTHOCTh SHEPTETUYECKOTO
IO0TOKA, JaBJIeHHEe u3ydaeMoil meTpuku Bceenennoit m AL, At, AM, AE, Af, Ah,
AJ, Ap, Ap, AT COOTBETCTBEHHO M3MEHEHHE BBINICHA3BAHHBIX MMapaMETPOB BO
BpPEMSI SBOJIFOLINH.

@DaKTUUECKNE HEKOHTPOJIUPYEMBIE KBAaHTOBBIE HEONPEHAEICHHOCTH TOYHO
BBIUUCIISIETCS] TOJIBKO TOT/IA, KOTJa Mbl TPOBOJAMM MBICICHHBIN SKCIIEPUMEHT Ha
MPOU3BOJIBHO KOPOTKHX - MaciiTabax kopode uHbI [InaHka wim ke JyinHHee
nramerpa BceemenHon. KBaHTOBbIE 3aKOHOMEPHOCTH MCIIOJIB3YETCS HE TOJBKO
JUJISI MUKPOMUPA, a TAKXKe JJI1 MAaKpOMHpPA U MEraMupa.

N3mepenne ¢ MakCHMajabHO BO3MOXXHOM TOYHOCTBKO OTHOCHUTEIIbHBIC

nedopMan MeTpUYECKUX BEJIMYWH, BbI3BAaHHOE MTpoxokaeHueM I'B ctanoBUTCS
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AKTYaJIbHBIM, IIOCKOJIBKY IIHK FpaBI/ITaHI/IOHHO-BOJ]HOBOﬁ HaNpsA>KCHHOCTHU
SIBJIIETCS] MHIMKAIIUEH SBOIIOIMOHHBIM MOKa3aTensa BeeneHHoi.
3ak/oueHue

KBanToBas TCOPUA I'PAaBUTAIIMOHHBIX BOJIH JACT BO3MOKHOCTb I'OBOPHUT 00
HN3MCHCHHUHN HAYaJIbHBIX W KOHCYHBLIX 3HAUYCHHUAX IMApaAMCTPHUUYCCKUX KPHUTCPHCB
Bcenennon.

Omnpenensercs KapTuHA, CTPYKTypa, Onorpadus, a TakKe OTKIOHEHHE OT
«TPaIULMOHHON» CTpOCHU BCenmeHHou.

OnuceiBaeTcs Halle ITIOHMMAaHUE KBaHTOBOM TCOPHUN TI'PABHUTALIMOHHBIX
BOJIH.

B I[EUII;HCfIIHPIX pa60Tax 6y,HYT OCBCHICHBI MHOTHC BOIIPOCBHI, B TOM YHCJIC
MEXaHU3M CO3WJAHUE W 3BOJIOLMH, a TaKKe pa3pabOTKU (PyHIaMEHTAIbHBIX
MapaJnrM KacaTelbHO BceeneHHom.

BYIIGT ITOKa3aHO 06HII/I€ 3daKOHOMCPHOCTH, OIIPCACIIAIOIIUC 00JIHK
Bcenennoi.
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