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1. BBEAEHUE

OrkpbiTHE
HUsI — OJIHO W3 BaXHEWINUX COOBITUI IOC/I€IHUX

PABATAIIMOHHO-BOJIHOBOTO ~ U3JIyde-
jecarmiernil. CyIecTBOBaHREe IPABUTAIIMOHHBIX BOJIH
(TB) u ux upsiMoe JIETEKTUPOBAHNE CTAJM €Ile OJTHUM
JIOKA3aTeJIbCTBOM ~ O0Ilell  Teopuu
cru (OTO) [[ll. Bonee roro, mammmie, momyuenmbre
I'B-nerekTopaMu, MOTYT CIy>KHTh JIIS  [HPOBEPKH
MOUGbUIIPOBAHHBIX  TEOPHH O M

OTHOCUTEJIbHO-

IPABUTAIIMH.
n3 crmocobOB WCIOMB30BAHUS JAHHBIX OT I'B-merek-
TOPOB [JIs TPOBEPKHU TEOPHUIl TDABUTAITUHU SIBJISETCS
CpaBHEHUE IIOJIIPU3AIMOHHBIX COCTOSIHUMN, IIpEeJICKa-
3bIBAEMbIX Teopueil, ¢ HabJIFoIaTe/IbHBIMEI JIAHHBIMU.
Coberte GW170814 mamo BO3MOXKHOCTH KoJu1abopa-
musim LIGO u VIRGO nostyuuTh pesyJibTar, COryiacHoO
KOTOPOMY YHCTO TE€H30PHBIE TIOJISIPU3AIMOHHBIE COCTO-
SIHUST TPEAIOYTUTEIbHEE INCTO BEKTOPHBIX WA IUCTO
CKAJIIPHBIX [E] Jlannbre, OJIyIe€HHBIE B PAMKAX 9TOTO
COOBITHSI, MOI'YT OBITH WCIIOJIb30BaHBI B JlajIbHENIIIEM
st 6ojiee TOIHON KOJIMYEeCTBEHHOW MMPOBEPKU TEOPUl
rpaBUTAIIN [H] OpHako, B TEpPBYIO O4Y€pEb, CTOUT
VJIeJINTh BHUMAHME YHCJLYy IIOJISIPU3AIMOHHBIX MO,
MIPEICKa3bIBAEMBIX TEOPHEIi.

* E-mail: guldur.anwo@gmail.com
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B OTO rpasuranmonHast BOJIHA UMEET JIBE TEH30D-
HblE TOJIAPU3AIE, HAa3bIBaeMble «+» U «X». B ajb-
TEPHATUBHBIX K€ TEOPUSX I'PABUTAIMH MOYXKET IPHU-
CyTCTBOBATD JI0 IIECTH TOJISIPU3AIMOHHBIX COCTOSIHUIA.
B paborax |E,ﬂ] OBILTIO TIOKA3aHO, YTO JIJTsI TIJIOCKUX Tpa-
BUTAIMOHHBIX BOJIH IIECTH MOJISIPU3AIHT MOTYT ObITDH
KaccuUIMPoOBanbl MaJIoii rpyunoit F(2) rpymust Jlo-
penra. CoryracHo 310l Kiaaccudukanum, 6e3MaccoBoe
CKAJIIPHOE T0JI€ PACIPOCTPAHAETCS TOCPEJCTBOM TIO-
[epedHoll CKaJSIPHON MOJBI, B TO BpeMs KaK BTOpasd
CKaJIsIpDHAsT MOJI&, IPOJIOJIbHAS, IPOSIBJISIETCS TOJIBKO
B IIPUCYTCTBUU BCEX OCTAJIBHBIX ISATH MOJISAPU3AIHOH-
veix Moj. OHAKO, KaK MO37Hee OBLIO MOKA3aHO B Pa-
6ore [ﬂ], [IPUCYTCTBUE MACCUBHOI'O CKAJISIPHOIO IIOJIsT
[IPUBOJIUT K IOsIBJIEHUIO IIPOJIOJIBHON CKaJISIPHON MO-
JIbI, B JIOMIOJIHEHHE K TIOMIEPEYHOli, B TO BpeMsl KaK BeK-
TOPHBIE MOJIBI OTCYTCTBYIOT. VI TOJTEKO HEJIABHO BOIIPOC
0 HECOOTBETCTBUM YKCJIa CTeleHeil cBOOOJbI U dHCJIa
MOJITPU3AIMOHHBIX COCTOSTHUI B MACCHUBHBIX CKAJISD-
HO-TE€H30PHBIX TEOPUIX HAYAJ aKTUBHO HCCIIETOBATD-
st [ﬂ,. Dta mpobiema ObLIa PACCMOTPEHA HA TIPUMe-
pe TEOpUH IpaBUTAIN XOPHIECKU [H] Mogens Xopu-
JIECKU ABJISIeTCA HAanboJIee 00IIell CKaJIsIPHO-TEH30PHOM
Teopueil, KoTopasi IPUBOJINUT K YPABHEHUSIM II0JIsI BTO-
poro mopsijka. ABTOPBI IMOKA3aJIM, YTO IOJIsIPU3AIIU-
OHHOE COCTOSTHEE, BO30YKJIaeMOe CKAJISIPHBIM TI0JIEM,
Ipe/ICTaB/IsieT coO0it cMech TTPOJIOILHON U TOTIEPETHOM
CKaJISIDHOI MOJIBI M KaK Pe3yJIbTaT COOTBETCTBYET O/I-
noii crerernu csobost [f.
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Hacrogmas pabora mocBsImena n3yIeHnio THOPU/I-
Hoit Merpuueckoit-Ilagaruan f(R)-rpasuranyun [E,@]
B KOHTEKCTe I[OJISPU3allid T'PABUTAIMOHHBIX BOJIH.
Toaxox nocrpoenust f(R)-reopuii ozBosisier Moaudu-
muposath OTO manbosee nmpocrbiM criocobom. Cemeit-
ctBo f(R)-MoJeneil OCHOBBIBAaETCsT HA 0OOOIIEHNH TPa~
BUTAIMOHHOW YaCTU JEHCTBUS TPOU3BOJBHON (DyHK-
nueit oT ckajgpa Puaum [@ﬂ] Takume momesnn Imo-
JIyIHJIA TIIAPOKOE DPACIPOCTPAHEHHE IOCJEe TOro, Kak
f(R)-rpaBuraius Oblia yCHENIHO IPUMEHEHA JJisl OLK-
canust WHQIIATNN . Kpowme Toro, nonxon, f(R)-rpa-
BUTAIUN SIBJIETCSI IIPUBJIEKATEIBHBIM, TaK KaK YCKO-
peHHOe pacinupenre BceeseHHO# sIBISeTCS eCTeCTBEH-
HBbIM cJiejicTBueM Teopun. Kpome storo, f(R)-rpa-
BUTAIMS IIPUBJIEKATEIbHA B KadeCTBe AJIbTePHATUBBI
moziesin ACDM, 1OoCKOIbKY OHa ITO3BOJISIET OJTHOBPE-
MEHHO OIHCHIBATHL WHMJIAINIO0 B paHHeil Bcesennoit
U YCKOPEHHOE PACIIUPEHUe Ha TO3JHUX ITAIaX dBOJIIO-
I @—@] Taxxke f(R)-MO/€7IM XOPOIIO COMJIACYIOT-
¢ ¢ HABJTIOMATETLHBIMI KOCMOJIOTUYECKUMU JIAHHBIMU
u mpakTudeckn neoryuaumbl or ACDM @]

CewmeiicrBo f(R)-reopuil moapasmiesngercs Ha JBa
kJracca: merpudeckuii u Ilajarunun. B merpuyeckom
[OJIX0JIe JIWCTBUE BapbUPYETCS TOJHKO OTHOCUTEIh-
HO METPHUKH, TOra Kak B moaxoze [lamarunn adbdun-
Hasl CBSI3HOCTH HE 3aBUCUT OT METPUKU U SIBJISIETCS J10-
MIOJTHUTEIbHOM Tepemennoit. K coxkasiennro, HeocTaT-
KI MIPUCYTCTBYIOT B 0bomx mogxomax. OmgHOi u3 rias-
HBIX IpoGsteM MeTpudeckoit f(R)-rpaBuUTaiun siBJiseT-
Csl CJIOXKHOCTB € MPOXOXKIeHrneM TecToB B COJTHETHO
cucTeme [@] Tem HE MeHee, CYMIECTBYET OTpAHMYICH-
HBII KJTACC MOJIesIel, KOTOPBIi ABJISIeTCS KIT3HECIIOCO0-
HBIM [@,@,@] OCOBEHHOCTBIO TAKUX MOJIEIEH ABIsIeT-
¢ XaMeJICOHHBIH MeXaHU3M [@,E—@] Bcee [TamaTunn
f(R)-Mozenu npuBOAgT K HENPUEMJIEMBIM OCOOEHHO-
CTSIM B 9BOJIFOIUN KOCMOJIOIMTIECKUX BO3MYIIEHUI [@]

He Tax jmaBHO ObLIa IpPEJIOKEHA TEOpUsi, KOTOPast
coBMeITaeT B cebe yrarpam:kuan Ditamreiina—1 mindep-
ta u f(R)-anen Hanarmu [L0). Mogeas nmomyunna na-
3BaHne TubpuaHOi Merpudeckoii-Ilanaruan f(R)-rpa-
puranuu. OHa oObeauHsieT B cebe JIOCTOMHCTBA MeT-
PUYECKOr0 MOJIXoIa U mojaxona [lamarunu, HO JuieHa
ux HegjoctarkoB. ['nbpuanas f(R)-rpaBuranust mo3B0-
JIsIeT OIKCHIBATH KPYITHOMACIITAOHYIO CTPYKTYpPY Bee-
JleHHO# Oe3 BiusiHus Ha punamuky CosiHedHON cucTe-
Mbl. [IpuBekaTebHON 0COOEHHOCTHIO TEOPUH SIBJISICT-
CsI TO, 9TO OHA IPEJICTABUMA B CKAJIsIDHO-TEH30PHOM BU-
Jle B TepMHUHAX AUHAMUYECKOTO CKAJISIPHOIO 1OJIsd (B OT-
mrare or Mmogeseit [lamarunu). [lpudem namHOE CcKa-
JISTPHOE TI0JIe He 00s3aTeIbHO JOKHO UMETh DOJIBIIYIO
Maccy Jist TPOXOXKIeHus TecToB B COTHETHO cucreme
(B orimume ot Merpuueckux Mojeneii). Takum obpa-
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30M, CKAJISIPHOE T10JI€ UT'PAET aKTUBHYIO POJIb B KOCMO-
JIOTMHU, OCTABAsICh B IIOJIHOM COTJIACUU C JIOKAJIHHBIME
sxcnepnventavu [B().

f(R)-rpaButanus  GbLIa
HA TMMITPOKOM JTMATIA30HE MACTITA0O0B: OT 3BE3] JI0 CKOTI-
JICHUHT TaJakTUK. DBbUIO IOKA3aHO, YTO pa3/udne

BUPHUaJIbBHBIX 1 BU3YaJbHbBIX MaCC CKOILJIEHU! raJIaKTUK

I'ubpuanas U3ydeHa

MOXKET OBITH O0bSICHEHO YePe3 TeOMETPUIECKUE TIEHBI
B OOOOITIEHHOIT TeopeMe BUPHAJIA . Kpowme Toro,
rubpuaaast f(R)-rpaButaiysi M03BOJHIA OObICHUTH
CKOPOCTHU BpAIleHnsl MPOOHBIX YACTHUIL, JIBUKYIIAXCS
B IPABUTAIMOHHOM II0JI€ TaJaKTUK @] DTOT MOIXO,
JaJI  BO3MOXKHOCTH MU30€KaTh BBEJEHUsT OOJIBIITIOTO
KoJmmdecTBa TemMHOU Marepun. [lommmo 3Toro, ObLan
[IOJIyYEHBl DEIIEeHNs] THUMA <«KPOTOBasd HOPay [@]
U «dJepHasl JbIpar [@], a TakyKe ObLIN W3y4YeHbI
dusudeckne CBOWCTBa HEHTPOHHBIX U KBapPKOBBIX
3BE3T, [@] Taxzke uposepka rubpumnoii f(R)-rpa-
puranun B CoJiHeUHON cucTeMe ObLIa IIPOBEICHA
[TOCPEJICTBOM rapaMeTpu30BaHHOIO
nosckoro Gopmasmsma (IIITH). Beuin  nosydemns
anajuTnaeckne Bbipakenns aysa [ITTH mapamerpos «y
u [, a Tak»Ke OBLIO JIOKA3aHO, YTO OCTAJbHBIE BOCEMb

IIOCTHBIOTO-

TIITH napameTpoB TOXKIECTBEHHO PaBHBI HYJIO. BbLIO
[TOKA3aHO, UTO JIETKOE CKAJISIPHOE TI0Jie B TUOPUIHOI
f(R)-rpaBuTanum He POTUBOPEYNT
TaJbHBIM JIAHHBIM Ha OCHOBaHWHU IIOJIHOTO Habopa

KCIIEPUMEH-

nocrabioTonoscknx mapamerpos |BA, B4l Kpome To-
ro, rubpumHas f(R)-rpaBuranusi Obula IIPOBEPEHA
Ha HaBJIIOATENbHBIX IAHHBIX JIBOWHBIX CUCTEM C IIyiIb-
capoM. BbLIO BBIYHCIEHO W3MeHeHne OPOUTAIBHOIO
[epro/ia TAKUX CHCTEM BCJIEJCTBUAE TPABUTAIIMOHHOTO
MU3JIyYeHUsT B KBA3UKPYTOBOM HPHOJIKeHUH. B pam-
Kax peIIeHus ITOW 3aJa9i BIEPBbIE OBLIO MOJIYyIEHO
OTpaHWYEHHe Ha MacCy CKAJAPHOTO TOJIsi B THOPUIHOM
f(R)-rpasuranuu [38|. 3arem sTOT pesynbTarT GBI
0000TTIeH Ha CJaydail OpOUTHI € IKCIECHTPUCUTETOM.

s mpoBepKu Teopuu OBLT UCIOJIL30BAH TAPAMETPHU-
30BaHHBIN MOCTKeIIepoBeKuii popmasmam. OcHOBHOI
PE3YJIbTAT, MOJYYEHHDBI B XOJ€ 9TOr0 MCCJIEI0BAHUSI,
3aKJOUaeTcd B TOM, uro rubpuamas f(R)-rpaBura-
Iusl TIPEJCKa3biBaeT 0ojiee MUPOKUN IUAla30H Macce
KOMIIOHEHTOB JIBOMHBIX CHCTEM
oTO [BY.

T'ubpunnag f(R)-rpaBuranust MOXKET ObITh IIPEJI-
CTaBJIeHA KaK CKAJSIPHO-TEH30PHAsI TEOPUs ¢ MACCHB-
HBIM CKAJIAPHBIM I0JIeM. Pamee MoJIisspu3aioHHbIe CO-

C IIyJIbCApOM, YeM

crosiust yaKe n3ydamucs B 91oit reopmu [A(]. Bruro mo-
JaydeHo, uro rubpuianast f(R)-rpaBHTAINS COJCPIKHAT
YETBIPE NOJIAPU3ANUOHHBIE MOIBL: «+», «X», CKaJIAp-
HYIO TPOJIOJIBHYIO U MOIEPEYHYI0 MO/l OJHAKO B pa-
6ore [[tI]] 6BuT0 MOKAzaMo, UTO JAHHAA MOJETL HMe-
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erT Tpu crenenHn cBobomnl. TakmMm 006pa3oM, BOSHHUKAET
TO K€ caMoOe HEeCOOTBETCTBHUE, UTO U PaHee PACCMATPHU-
BaJIOCh B Teopun XopHaecku. lesbro JaHHON pabOThI
SIBJISETC PA3PEIeHne STOr0 MPOTUBOPEINUS.

Hpyrum 3 HeKTUBHBIM CTTOCOO0OM TTPOBEPKHU TEO-
puit TpaBUTAINH SBJISIETCS ONPE/IeIEHIEe CKOPOCTH pac-
[IPOCTPAHEHWsI TPABUTAIMOHHBIX BOJH. Permcrparius
KHTOHOBOH (cobprrme GW170817/SHB170817A [[E2))
TTO3BOJIMJIA TTOJIYIUTh CKOPOCTH T'PABUTAIIMOHHOTO W3-
JIVIEHHSI C BBICOKOH TOYHOCTBIO, UTO MPUBEJO K Orpa-
HAYEHUIO W JayKe 3aKPBITUIO OOJIBIIIOrO YHUC/Ia MOIIU-
(UIMPOBAHHBIX TEOPUil rpaBUTAIUN [@] DTa upoBep-
Ka ObLIa NPUMEHEHA U K MACCUBHBIM CKaJIsipHO-TEH-
30PHBIM TEOPHUSM. DBBIIO MOKA3aHO, 9TO TOJIBKO TEO-
pusi Bpanca—/Iukke ¢ MacCCHUBHBIM CKAJISIPHBIM I1OJIEM
MOXKET IIOJIHOCTBIO MPOWTU 3TOT TecT. B HacTosimeil
paboTe MBI BBIYUC/IAEM CKOPOCTH PACIPOCTPAHEHUST
IPaBUTAIMOHHBIX BOJIH B rubpuzanoit f(R)-rpaBuraiun
U CPAaBHUBAEM I10JTYIE€HHBIN PE3YIbTAT C HAOJIIOIATE /b
HBIMA JTAHHBIMU.

CraTbsi  TOCTOpOEHA  CJIEAYIONIAM  0OpPa30M.
B pazz. E paccMaTpUBAIOTCS JIEHCTBUE W ypaBHe-
Hust nostst TubpugHoil f(R)-rpaBuTanuu B 00IIEM BH/Ie
U B CKAJIAPHO-TEH30DHOM MpPECTABJICHUN. B pas.
OIIPEJIENIAIOTCS  TIOJIAPU3AIMOHHBIE  COCTOSTHUSI  T'pa-
BUTAIMOHHOW BOJIHBI, IIPeJICKa3biBaeMble T'UOPUIHOM
f(R)-rpaBuranueii. Hanee, B pas. E BBIUUCTIACTCS
CKOPOCTb PACIIPOCTPAHEHUS T'DABUTAIMOHHBIX BOJIH
B rubpuHoi f(R)-rpasuramuu. B pas. E ITO/TBEISATCS
ATOTH U OOCYKIAIOTMS [TOJIy9€HHBIE PE3YJIbTATHI.

B pabotre rpedeckue MHIEKCHI (fi,V,...) Ipobera-
ot 3Hadyenus 0, 1, 2, 3 m umcHosb3yercs CUrHATYDPA
(—, +,+, —|—). Bce Bbramcsennst BBIIOHEHBI B CUCTEME
equnuit h = ¢ = kg = 1. B pabore ucnonb3yercs mpe/i-
crasienne Hopana.

2. TUBPU/IHAS f(R)-TPABUTAILIVI S

MeTpudaeckoit-Ilanarnnn
U3 djaeHa OHHIITEH-

HeiicrBue  rubpuHON
f(R)-rpaBuTanum  cocTOUT
na—['mipbepra u TPOU3BOIBHON (DYHKITUH KPUBU3HBI

ITanaTunn , :

1
S= /d4x\/_—g[R F O]+ Sy ()
rae k? = 871G, G — HLIOTOHOBCKAS I'DABUTAIMOHHAL

nocroguHad, R n R = g""N,, — MeTpuIecKas KpH-
BU3HA W KpuBu3Ha llajlaTuHU, COOTBETCTBEHHO, § —
OTIPEIEJINTETh METPIUIECKOTO TeH30Da, Sy, — AeiicTBre
marepun. 3ech KpuBusdHa [lamaruau R onpenensercs
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KaK (YHKIWA G, T HE3ABUCHMO OIPEIE/ISeMBIX CHM-
AOt .
Bosios Kpucroddess I', -

7 v (T _ pa Pa A Ta P
R = g muu =49 (F#V,a F,ua,u +Fa/\r,uu F;L)\Fau)'
(2)
Ka.K n B CjlIydae 9UCTO METPpUYECKHUX U HaﬂaTI/IHI/I
f(R)-reopuii, neiicreue([[) Mmoxer 6bITH TIPEICTABIEHO
B T€PMUHAX CKAJAPHOTO 10 (6oJiee 10IpOOHbI BbI-

BOJT pesicTanen B padorax ([0, Bd)):

1

_ 3
T 2k2

S 2

0u0" 6~V (9)] +
(3)

rje ¢ — crajsipHoe nojte, a V(¢) — cKaJspHBLl HoTeH-

/d4x\/—_g[(1+q§)R+
+ S,

mwan. B peitersmn (f) examsproe mone memumimans-
HO CBSA3aHO C MaTepuell, a KUHETUYCCKUIl YJIeH ABJIA-
eTCs HeKAHOHMIECKUM. Y DaBHEHUs! [OJIsl, TI0JIyIaeMble

us (), mveror creyrommit suz [[Ld,BA):

1+ )R = k° (TW - %QWT) - % 0, 90u ¢ +
+ 50 [V(0) + VoV + V906, (4)

9[2V(9) — (1L +9)Ve] _
3

1
V. VHep — 2% 090" —

_%2 ¢Ta (5)

rjae 1), u T — TeH30p 3HePruu-UMILYJIbCa U ero ClIe,
COOTBETCTBEHHO.

3. ITIOJIAPN3AIINSA 'PABUTAIIMOHHBIX
BOJIH

['paBuTAIMOHHOE N3JTyYeHNE PACTIPOCTPAHSIETCS IO~
CPEJICTBOM IJIOCKUX BOJIH B BakyyMme. Jljist mosrydenus
JINHeApU30BaHHBIX yPaBHEHUIT 110J1 B OTCYTCTBUE Cpe-
16t (T, = 0) HeOOXOAUMO PACCMOTPETH BO3MYIIEHIT
CKaJIIPHOTO TOJIST ¥ METPUIECKOTO TEH30PA:

¢:¢0+S05 (6)

rJe ¢ — ACUMITOTUYECKOe (POHOBOE 3HAUEHHUE CKAJIAD-

uv = Nuv + hul/a

HOTO TIOJIAl BJIATM OT MCTOYHUKA, 1), — MeTpHuKa MmnH-
KOBCKOTO, h,,;, M ¢ — MaJjble BO3MYIIEHNsS TeH30PHOTO
U CKaJIIPHOTO II0JIel, COOTBETCTBEHHO. B obmem ciry-
qae ¢y He SABJISIETCS KOHCTAHTOI, a IIPE/ICTaBIISAeT U3 Ce-
6s1 dbyuximio, 3aBucdiryio or spemenu ¢(t). Omgaako
9TOi 3aBUCHMOCTBIO MOYKHO IIPpEHeOpeYb, €CJId Xapak-
TepHad IIKaJja BPEMEHHU BeJIMKa 110 CPABHEHUIO C JIMHA-
MIYECKON MIKaJION BpPEeMEHH, CBA3aHHOI C JIOKAJBHON
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cucremoii. Takmm 06pa3oM, ¢ MPeIIToIaraeTcs moCTo-
stHHOM BesmunHoi. Ckansipabrii norernuan V(@) mo-
2KeT OBITH pa3joxKeH B psj Teitsopa 0kosio (hOHOBOTO
3HAYEHUs] CKAJIAPHOTO TIOJIS (q:

", .2

V4 ) N VWQOB

2! 3! ™

a 3HAYUT IIPOU3BO/IHAA CKaJIAPHOI'O IIOTEHIINAJIa 110 OT-

V(e)=Vo+V'p+ +...,

HOIIEHUIO K ¢ 6y,[];eT UMETH BHJL
V¢ — V/ + VNQD + V/N(IDQ/Q-

C y4eToM BbIpazkKeHUi (E) JINHEAPU30BAHHOE YPaB-
HEHUe (E), OTMCBHIBAIONIEE CKAJISIPHOE TI0JIe, MTPUHIMA~
eT BUI

(8)
rae
m? = [2Vo — V' — (1 + ¢o)oV"] /3

— Macca CKaJAPHOTO TIOJIS.
Jluneapu3oBaHHBIN BUJ, yPABHEHU TOJIsT (H) Oyzer

CJICJTY TOTTIAM @] :

1
Gup=—
" 1+ ¢g

(VuVip — nuOp), (9)

rae G, — JAWHeapM30BaHHBIN TeH30p DHHIITeHHA!

G =T~ R (10)
R, = %(@L&lh,’f + 0y0ahy; — 0,0uh — DOhyy),  (11)
R =0,0,h"" —Oh. (12)
Hamee MoxKHO TIepeifiTi K
Opv = hyw — 51l — : NP
2 : 1+9¢ (13)
0= —4 m ©.
Bribop kammbposku
0,0"" =0
[IPUBOJUT YPABHEHUsI MOJIST (H) K BU/LY
06, = 0. (14)

Vpasuenus (@) u (E) OIIMCBHIBAIOT I'PABUTAIIMOHHY IO
Bosmy B rubpunuoit f(R)-rpasuranuu. Ilone 6, orse-
JaeT 3a 6e3MAaCCOBbI IPABATOH M MMEET JIBA TIOJISAPH-
BAIMOHHBIX COCTOSHUS: «+» U «X» MoApl. CKaaspHOe
[10JIe ¢ MACCUBHO M MOXKET OBITH PACCMOTPEHO OT/IEIIb-
HO OT 6€3MAaCcCOBOTO TEH30PHOTO moJisA. [Ipemomoxum,
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970 OEe3MaCCOBBLIE U MACCHUBHBIE MOIBI PaCIIpPOCTpPaHA-
10TCA B +2 HallpaBJIEHUN C BOJIHOBBIMH BEKTOpaMMt

k= (QaO’OaQ)’ p“ = (Ptaoaoapz), (15)

COOTBETCTBEHHO, ITpUYeM JITUCII€PCUOHHOE COOTHOIIIeHue
JJId CKAJIAPHOT'O IIOJIA MMEeT BHU/

2 2 2
Pt — D .
Torma cKOpoCTh pacmpoCTpaHeHUsT MACCHBHOTO CKa-
JIAPHOTO TIOJIsT OYIET UMETDh BUT

v =1/p; —m?/p;.

Periennst B Bujie 1JI0CKUX BOJH Jist ypasrenuit ([L4))
u (§) mveror Bux

—ikqx®
Op = quuexp™ """,

—ipax®

Y = ¢0 exp )

(16)

T7ie ¢g My ABIAIOTCA aMITATYIAME BOJIH, TPHTeM

E'quu =0, n"qu =0.

I'maBHoOlt 1emBbI0  HacTOAIEHl PabOTHI  SIBJSIETCST
OTpesieJIeHNe YNCIa TOJISIPU3ANNOHHBIX  COCTOSTHUM
IPABUTAIIMOHHOM BOJHBI B rubpuaHoi f(R)-rpaBura-
nun. Bce mosspu3anmoHHbIE COCTOAHUS COJIEPIKAT-
ca B TeHsope h;;. g BOJHEI, IIyTermecTBYIOMIel
B Z-HaIPAaBJIEHUU, TeH30D h;; MOXKHO Da3JIOXKUTh
CJTEITYTOIIM 0Opa30M:

hb + h-i- h>< hz
hij = hx hy-he  hy |, (17)
ha h, hi

e hy — «+» Moma, hy — «X» MoJia, hy — CKajsgpHAas
rornepedHas MoJia, iy, — CKaJspHasi IPOIOIbHAS MOJIA.

I"'paBuTarmonubie BOJHBI MOTYT BJIUITH HA PACCTO-
STHUE MEYKJTy CBOOO/IHO JTBUTAIONIUMUCS IPOOHBIMU TaC-
TUIAMA. DTO BJIMAHNAE OIMUCHIBACTCS YPABHEHUEM [€O-
nesudeckoil. Ilpenmosaras, 4ro paccrosHme ' < N,
rme A — gnuna ['B, a gBukenne mpoOHBIX UACTHUII sTB-
JISIETCS MEJIJIEHHBIM, YPaBHEHUE [e0/Ie3MIECKON MOXKHO
3ammcaThb B BHUJIE

d?z? j
P —Ro;o27,

riae Rojj — 9/7€eKTpHUYecKas 4acTb TeH3opa Pumana.
Taxzke mose h;; ompenenser Tensop Pmmvana cremyto-

MM 00Pa3oM:

62 hz]
ot?

2R0i0j-
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s manpHEmuX BBIYUCIEHUN OyIeM WCIOIb30BATD
JITHEAPU30BAHHYIO YacTh TeH30pa Pumana:

Eﬁwaﬁ =
1
= 3 (@ﬁghw + a,jaahug — 6H8ahl,ﬂ — &,aﬂhw). (18)
*mPf@ + % 92911

1 0%,
0

Roio; =

st onmcaHust TIOJISIPU3AIMOHHBIX MOJI, BO30Yy¥K-
JIAEMBIX CKAJIAPHBIM IIOJIEM, HEOOXOIUMO IIOJIOKHUTD
0,, = 0. B 6eamaccoBoM cayaae (m = 0) KOMIOHEeH-
Ta Terzopa Pumana R;.q, = 0, Ipogo/bHAs CKAIAPHAS
MOJIa MCYE3aeT W OCTAETCH TOJHKO CKaJsipHAsl IIOIe-
pedHas Moja. B ciydae MacCMBHOTO CKAJISIPHOTO TIOJIS
MOZKHO BBINIOJTHATH ITpeobpasosanue p, = 0 n mepeitn
B CHCTEMY TIOKOZ CKAJISIPHOTO MOJId. B 9T0it cucreme 1mo-
Ko, p% = m2 u thtm = Rtyty = thtz 7é 0. Bomee TOTO,
B 9TOM CJIydae MPOJOIbHAS W TONEPETHASA CKAIAPHDIE
MOJIbI CTAHOBATCSH IKBUBAJEHTHBIME. TaxuMm 0OpaszoM,
B BBIOPAHHOI CHCTEME OTCUETA IPOJIOJIbHAS CKAIAPHAS
MO/JIa HEe OTJIMIUMA OT TIOTIEPETHOM, a TAK KaK B TEOPUH
HET IPUBHJIETUPOBAHHON CHCTEMBI OTCYETA, TO MOXK-
HO CJIeJIATh BBIBOJI, YTO CKAJIAPHAA MOJIA [IPEICTABIISIET
u3 cebsi CMeCh MPOJOJIBHON U MOMEPETHON CKAJIAPHBIX
MOJ[ U B JIPYTUX CUCTEMaX OTCYETa, a 3HAYUT HET HUKA-
KOTO NPOTUBOPEYHs MEXKJLy IUCJIOM CTEIleHel ¢cBOOOIbI
7 9UCJIOM TOJISIPU3AIMOHHBIX COCTOSTHUIE B THOPUIHON
f(R)-rpaBurarmn.

IMoaseaem uror. B nanuom pas;iese GbLIH Oy YeHbI
[OJIPUBAIMOHHBIE COCTOAHUS, IIPEJICKA3BIBACMBIE T'H-
6punnoii f(R)-rpaBurarueii. g 910ii €11 B epByio
ouepeib ObLIM TIOJIyYeHbl JTMHEAPU30BAHHDIE yDABHE-
HUA [0JIg B BaKyyMe M MX pelienus. Bee mossipusanu-
OHHBIE COCTOSTHUS IPABUTAIMOHHON BOJIHBI CONEPKATCS
B Tensope h;;. Tak Kak MeKIy TeH30PHBIME BO3MYIIe-
HUSAME METPUKHU M 3JIEKTPUIECKOI 9acThio TeH30pa Pu-
MaH& CYIIECTBYET CBA3D

Ohiy _ _op
= - 0207
ot? 7
9TO IIO3BOJIMJIO Yepe3 olIpe/ie/IeHne TeH30pa Pu-
MaHa HalT! BUT IIOJIAPU3aITOHHBIX MO, nc-
IIOJIB3Yy <l perrenund ypaBHeHI/Iﬁ I10JI4. BHaSI7 9T0

B rubpuaHOiif ( R)-rpaBuTaliii BCE CHCTEMbI OTCUETA
PaBHOIIPABHBI, MBI IIEPEIIM B CUCTEMY OTCYeTa, B KO-
TOPO#l MACCUBHOE CKAJIAPHOE ToJie TiokouTcs. U B aroit
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Broraucienue snekrpudeckoit yactu rerzopa Puma-
Ha C y9eTOM BbIparKeHuit (E), (E) Jaer

0
0 (19)

1 2
T2t VP

cucreme orcdeTra Mbl yCTaHOBUJIU, 9TO

a 3HaYNT,
1 ) 1
IR SRS S
2(1+do)  ©  2(1+ o)

Ot BbIpazKeHusd B SHGKTpI/I‘IeCKOfI JaCTUu TeH30pa Pu-
MaHa, ObLIIM OTBETCTBEHHBI 34 CKaJIsIpHBbIE TTPOJIOJIbBHY IO

Pi .

U [OIEPEYHYI0 MOJIbI, COOTBETCTBEHHO. A pa3 3TH MO-
JBI PABHDBI, TO OHHU TIPEICTABIAIOT COOOH TTPOSIBICHUST
OJIHOM W TOM Ke CKaJISTPHON MOJbI. TeM caMbIM MBI I10-
JIYYWJIV, 9TO JIB€ TEH30pHbIC U OJHa CKaJigpHas CTelle-
HEI CBOOOBI COOTBETCTBYIOT JBYM TEH30PHBIM W OJIHO-
MY CKaJIAPHOMY IOJIAPU3AIUOHHBIM COCTOAHUAM, YTO
CHUMAaET BCE IIPOTUBOPEUNS.

4. CKOPOCTBb I'PABUTAIIMOHHBIX BOJIH

Cobbrrre GW170817 majto BOBMOXKHOCTE MOJTY IUTh
CKOPOCTh PaCIPOCTPAHEHUsI TPABUTAIMOHHBIX BOJIH
¢ OecrperieIeHTHON TOTHOCTHIO [ B pesysbrare muO-
IUe TeOPUU OBbLIN 3aKPBITHI WA CEPhE3HO OTPAHUIECHBI,
BKJIFOYAsT MOJIEJIb XOPHJIECKU [@] B pamkax Teopun
XOpHJIECKA CKOPOCTH  PACHPOCTPAHEHUST TEH30PHBIX
BO3MYyIIEHU Oblja TOJydeHa B paborax [@, @]
Okaz3ayioch, YTO BbBIPAYKEHHUE [IJIsI CKOPOCTU MOXKET
OBITH OTpeJie/IeHo uepe3 (MYHKIINU CKAJISIPHOTO TIOJIS,
BXOJISIIIAE B CTPYKTYPY Teopun XOPHIECKH:

2G4 —($)%Gs.4 — (6)26G5 x
2G4 —2($)2Ga.x +(4)2Gs,6— H(¢)3G5 x

JlanHoe BBIpaKeHNE OMMCHIBAET CKOPOCTH IDABUTAIM-

2 _
Cy =

(20)

OHHO BOJIHBI ¢, PACIPOCTPAHSIIOIIEIICST HA KOCMOJIOTH-
qeckoM (pome, 371ech

1
X = =5 000",

H — nocrognnasa Xao0J1a.
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Tubpunnag f(R)-rpaBuraius ABJISETCH YACTHBIM
cirydaeM Teopun XopHjiecku. QyHKIMN 1epexojia MexK-
JIy JIBYMsI MOJIEJISIMU MMEFOT CJIeJLYIOIIUil BUT ]:

3X
Go=——-V(¢), G3=0,
Gy = @ G5 = 0.

Vcnonb3ysd 9Tu BBIpayKeHUs, MOYKHO TOJIYIUTH CKO-
POCTH PACIPOCTPAHEHNSI TEH30PHBIX BO3MYIIEHUI B TH-

Gpuaoit f(R)-rpaBuranun u3 (@)

1+

[\
8
S

¢ = ¢ (22)

[\
9
S

Takum 00pa30M, TpaBUTAIMOHHBIC BOJHLI B THOPHUJ-
Hoit f(R)-rpaBuranum pacrupoCTpaHSIOTCST €O CKOPO-
cTbio cBeTa. A 3mauur, rubpugnas f(R)-rpaBuranus
HAXOJIUTCS B TOJHOM COTJIACHU C UMEIOIIUMUCS SKCIIe-
PUMEHTAJbLHBIMA JIAHHBIMH.

5. SAKJIFOYEHUE

Hacrosimast pabora mocBsiiieHa 1poOJieMe  orpe-
JeJeHnsT 9HUCJa  CTeleHeil CBOOOABI B  THOPHUIHOMN
f(R)-rpaBuraiuu. Dra MOIEIb IPUHAIJIEKUT K Ce-
meitcrBy  f(R)-Teopuit m oObenuHsier B cebe MeT-
pudeckuit moaxon u moaxon I[lamarwnn. ['mbpummas
f(R)-rpaBuraius MOKeT ObITH [PEJICTABJICHA B BUJIE
CKaJISIDHO-TEH30PHOI TEOPUH C MACCUBHBIM CKaJIsip-
HBIM I10JIEM [E, Panee Bompoc o HecooTBETCTBUU
quCIa CTereHeil CBOOOIbI U YUC/IA TTOJISPU3AINOHHBIX
COCTOSIHUII TPaBUTAIMOHHON BOJIHBI yKe ITOJIHIMAJI-
Csl B MACCUBHBIX CKaJISIPHO-TEH30PHBIX TEOPUSIX [E]
Ora mpobiema ObLIa IETAJBHO M3yUeHA Ha IIPUMepe
TEOPUN TPABUTAINH XOPHIECKU [E] Bruto mokazamo,
9TO Teopusi XOPHIECKU MMeeT JIBe TEH30PHbIE U OJIHY
CKQJIIPHYIO CTeleHn cBOOOmbI. B TO ke BpeMmsi CKa-
JIsipHAs CTEIeHb CBOOOJBI MpEICTaBsgeT cODOil cMech
JIBYX  TOJISIpDU3AIMOHHBIX  COCTOSIHWIL:  IIOIEPETHOMN
U TPOJIOJIBHOM CKaJIsIpHBIX MojI. Kpome Toro, B pabo-
Te [ﬂ] OBLIO JTOKA3aHO, YTO Kiaccudukarus Mpmmm
JUISL  TIOJISIPU3AIMOHHBIX COCTOSIHUIT He I[pUMEeHUMa
B Cllydae CKaJIIPHO-TEH30PHBIX TEOPUNl ¢ MaCCUBHBIM
CKAJISIPHBIM TIOJIEM.

B pamkax rubpuanoii f(R)-rpaBuTanyuu 9ucso mo-
JISIpU3AIMOHHBIX COCTOSIHUI paHee yKe paccMaTpUBa-
JIOCh [@] ABTOpBI TIOKA3aJI, YTO B TEOPUU MOMU-
MO TIOJIIPU3AIMOHHBIX COCTOSTHUHN, MPEICKA3hIBAEMBIX
OTO, «+» 1 «X» MOmBI, Oy/IyT MPUCYTCTBOBATH TaK-
JKe CKaJIIpHBbIE MPOJOJIbHAS U morepednas Mombl. O-
HAKO B JIPyroif paboTe OBLIO TMOJIYIE€HO, 9TO THOPUIHAS
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f(R)-rpaurarus conep:xut Tpu crerenn csobost [[L]).
TTosToMy TJIABHOI 1IEIBI0 HACTOSAIIEH PADOTHI SABJIAETCS
pas3perieHne CymecTBYONEro MPOTHBOPEIHSI.

Bcee monsipuzanmonnbie MOJIBI, IIPEICKA3bIBAEMBbIE
Teopuell, CoJlepKaTcs B 3JICKTPUIECKON 9aCTh TEH30Pa
Pumana. TTocse mpoBeieHust COOTBETCTBYIONUX BBIUUC-
JeHnit 6pLI0 OOHADYIKEHO, uTO B rubpuHol f(R)-rpa-
BUTAIMK OyJIyT IIPUCYTCTBOBATH M IIPOJIOJIbHAS, U TIO-
nepedHas cKajsgpHbie MoJIbl. OIHAKO B CHCTEME TTOKOS
MAaCCHBHOTO CKAJISIPHOTO TOJIsT JIBA CKAJISPHBIX MTOJISIPU-
3aIMOHHBIX COCTOSIHUSI CTAHOBATCS UAeHTUIHbIMU. Ta-
KM 00Pa30M, MOYKHO CJI€JIATH BBIBOJL, 9TO 00€ CKAJIAD-
HbIE MOJIbI ABJIAIOTCSI MPOSIBJICHUEM OJIHOW U TOW Ke
CKAJISIPHOII CTereHu CBOOOJBI U MPEJICTABISIOT CODOi
CMECh MOJISIPU3AIMOHHBIX COCTOSTHUN TPaBUTAIIMOHHOM
Bosinbl. CuienoBarenbio, B rubpuanoit f(R)-rpaBura-
[IUU HE CYIIECTBYET IIPOTUBOPEUUST MEXKLY TUCIIOM CTe-
meHeit ¢BOOOJIBI W YUUCJIOM TOJISIPU3AIMOHHBIX COCTO-
AHAN.

B zaksouenne MOXKHO IPOBECTH CPaBHEHHUE De-
3yJILTATOB, MOJIYUEHHBIX Jyisi rubpuiuoii f(R)-rpaBu-
TalUu, ¢ AaHAJOTUYHBIMUA Pe3y/ibTaTaMu Jjis MeTpUuJe-
ckoit u [Manarunn f(R)-rpasuranmit. B pamMkax mMeTpu-
geckoii f(R)-rpaBuranuu ObLIO [IOKA3AHO, YTO CYyIIE-
CTBYIOT TPOJOJIbHAST U TIONEPeTHas CKAJISIPHAS MOJIBI,
[IOMHUMO TEH30PHBIX «+» U «X» MOJ, IPUYEM OHU SIB-
JISTIOTCST TOYKJIECTBEHHBIMU BO BCEX CHCTEMaX OTCYeTa,
TaK KaK CYIIECTBYET CBSI3b MEXK/Iy MacCOil CKaJIsTpHO-
rO TOJIsT B CKAJISIPHO-TEH30PHOM IIPEJICTABJIEHUH JTO
MozienT 1 mapamerpom Teopuu o m? = —1/6a [
Kpowme Toro, B Merpudeckoii f(R)-rpasuramuu moapot-
HO PACCMATPHUBAJICS BOIPOC O PACIPOCTPAHEHUU I1€p-
BUYHBIX T'PABUTAIIMOHHBIX BOJIH. BBIJIO MOKA3aHO, UTO
JIJIsT TAKUX MOJIEJIel SHepreTHIeCKuil CIeKTp TMepBUd-
HBIX T'DABUTAIMOHHBIX BOJH OBLI HECKOJHKO DPACIIU-
pen o cpasuennio co crekrpom OTO, ognako mpej-
CKA3aHHBIN CIIEKTP OKA3bIBACTCS HAMHOTO HUYKE CAMBIX
HUBKUX 3HAYEHUN 9yBCTBUTEIBHOCTH OYIYIIUX IKCIIE-
PUMEHTOB 10 JIETEKTUPOBAHUIO I'PABUTAIIMOHHBIX BOJIH
na Gopumx gacrorax [[L]. A B dopmammsme Ianaru-
HU TPUCYTCTBYIOT TOJIBKO TEH30PHBIE «+» M «X» MO-
JIbl, U Takue mMojeu HeoranauMbl or OTO [@]

OpauM w3 Hanbosiee 3 HEKTUBHBIX CIIOCOOOB IPO-
BEPKM TEOPUil rpaBUTAIUN SBJISIETCS BBIYUCIEHIE CKO-
POCTH PACIPOCTPAHEHUS TPABUTAIIMOHHOTO U3JTY Y€HUS.
Takast mpoBepKa MO3BOJINIA 3aKPBITH DOJIBIITOE KOJIU-
YeCTBO TEOPHUIl I'PABUTAINU, BKJIIOYAs CKAJSPHO-TEH-
3opHble. Bojiee TOro, HEKOTOPBIE ABTOPBI JIEJIAIOT BbI-
BOJI, 9TO TOJILKO Teopusi Bpamca—lukke ¢ MacCUBHBIM
CKQJIIDHBIM TI0JIEM MOKET IPONTH TakKOil Tect [@]
B macrosmeit pabore ObLIa OCYUTAHA CKOPOCTH Pac-
IPOCTPAHEHUsI TEH30PHBIX BO3MYIIEHUI B THOPUIHOM
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f(R)-rpaBuranuu 1 IIOKA3aHO, YTO I'PABUTAIUOHHDIE
BOJIHBI B 3TOH TEOPHU PACIPOCTPAHSIOTCA CO CKOPO-
cThio cera. Takum o6pasom, rubpuaHast f(R)-rpaBu-
TaIUst HAXOJAUTCS B MOJTHOM COTJIACHHU C CYTIECTBY IO~
MU 9KCHEpUMEHTAJbLHLIMUA JIAHHLIMU 110 TPABUTAIINOH-
HO-BOJTHOBOMY HU3JIyYeHHIO.

Hacrosamas paboTa siBIsSIeTCs IePBLIM IIArOM B U3Y-
YEHNN TPABUTAIMOHHO-BOJIHOBOTO WU3JIyUYeHUS B PaM-
kax rubpuguoii f(R)-rpasuramuu. g Gosee ToUHO-
ro CpaBHEHMs IpeJCKa3aHuil TeOPUH C MMEIOIIUMHU-
cs1 TPABUTAIIMOHHO-BOJTHOBLIMU JIAHHBIMHU HEOOXOIMMO
ITIOCTPOEHNE T'PABUTAIIMOHHO-BOTHOBBIX I1ab10H0B. Ta-
KOe HMCCJIeJIOBAHNE CTaHeT BasKHBIM 3TAIlOM B Pa3BUTHH
HOBOT'O MOIIHOrO (bOPMaJIM3Ma, Il IIPOBEPKHU TeopHii
IPABUTAIMA B CUJIBHOM TIOJIE CIAMBAIOIIUXCA JIBOMHBIX
CHCTEM.

Baarogapuoctu. ABTop BbIpakaer OJjarojap-
mocts H.A. AsneeBy m B.H. Jlatomry 3a mosesnbie
00CyXKIIeHNST 1 KOMMEHTAPHUH 10 TeMe PabOTHI.

dunancupoBanue. Pabora Obl1a BBITTOJTHEHA TIPU
nommepxkke PoHmga pa3BUTHST TEOPETUIECKON (HU3NKM
u MaTeMaTuku «basmcs.
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