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I'IonyHeHme nepBbIX VI306pa)KeHVIﬁ HEPHbIX AblPp OTKPbIZIO HOBbl€ BO3MOXHOCTU AN MPOBEPKN pPaCLLUNPEHHbIX

Teopuii rpaButaumun. Hamn paccmotpeno noctpoerune oHa TeHu chepuveckmn-CUMMETPUYHBIX YEPHbIX AbIP B

HaCTHOM cCJlyHae MEeTpuKun, B KOTOpOﬁ, gi1 = _9501' MeTO,EI,bI BblHNCNEHNA pacClUUpPEHbl Ha Hanbonee O6LLI,VIﬁ

cnyuail HeBpalatoLLeics HepHOl AbIPbl gi1 # —ggo - Pe3ynbTaTsl aHann3a CPaBHUBAKOTCS C NMPeACKa3aHUAMY
obueli TeEOpUN OTHOCMTENBHOCTM Npu y4eTe aanHbix Event Horizon Telescope. Pesynbtathl ansi mogenn XopH-
feckn ¢ uHsapuaHtom [aycca—BoHHe, neTnesoli KBaHTOBOI rpaBuMTaLmmn, CKansipHbix Mogeneii Bambenbu un
[aycca—BoHHe nonHocTbio cornacytotcs ¢ HabnogeHnamun M87*. B koHdopMHOl rpaBuTauum goaxHsl ObiTb
nckItoYeHbl bonblumne 3Havennst me u Q. B STEGR f(Q)-rpasutaunmn Habntogenns M87* orpaHuymBatoT 3Ha-
YyeHus napameTpa a cnegytowum obpasom: —0.025 < o < 0.04. Ons anbTepHaTneHOro obobLieHns MeTprkn
Bambenbu c npubnuxernem LLsapuwnnsga: —0.3 < I < 0.45. Pe3ynbTaTbl 4EMOHCTPUPYIOT TOT MaKCUMyM,
KOTOPOro MOXHO JOCTUYb 6e3 yyeTa BpalleHUst HepHOIi AbIpbi.
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1. BBEAEHUE

IlepBbie ceputdecKu-cUMMETPUYIHDBIE PEIICHUS THU-
mma 4epHas Jbipa Obun mosrydensbl 6osee 100 ser mHa-
3aj;. Ha cyrmmecTBoBanue 1moo0HBIX 00BHEKTOB yKAa3bI-
BAIOT DE3YyJIbTATHl JMHAMUKA JBOWHBIX cucreM [1],
IPaBUTAIMOHHO-BOJIHOBas acrponomusd [2; 3], a rak-
JKe TIpsiMble M300pazkeHWsl TeHeil YepHOH JabIpbl [4].
B nacrosiee Bpemsi ob1mast Teopusi OTHOCUTETLHOCTH
(OTO) ¢ 6oIBIIONH TOYHOCTBHIO ONUCHIBACT MOYTH BCE
acTpoHoMuYeckue mgaubie. OqHAKO Takue mpodJIeMBbl,
KaK TeMHAasl MATEPUsl, TEeMHAsT SHEPIUsl, IBOJIIOINS PaH-
ueit Beesiennoit, KBaHTOBaHUE TPABUTAIIAT U T. JI., KJIY'T
JIYYIIEro TeOPEeTUIEcKoro obocHoBanwus. VMeHHO 110
9TO IPUYNHE U PA3BUBAIOTCS HOBbIE TPABUTAIIMOHHBIE
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mozenu, Hanpumep, f(R)-rpasuranus [5], f(Q)-rpasu-
rarust [6], CKAJIAPHO-TEH30PHBIE TEOPUM, BKJIIOYAA 00~
mpil caydail ¢ ypaBHEHHAMHE II0JIsI BTOPOIO MOPSIKA:
reopuio Xopuecku [7—-10], TesenapasiiebHble MOJe
[11], rpaBuranmonnbie Mojean ¢ KOHGOPMHON CHMMeT-
pueii [12,13], nersiesas kBanToBas rpasuranus [14-16],
cKaJigpHag rpasuTanuga Laycca—Boune [17] u muorue
apyrue. g ganbneinero pa3sBuTus *KeJ1aTeIbHO IIPO-
BEPUTb HUX IIPEJICKA3AHUS B MAKCUMAJBHO MIHPOKOM
Jmama3oHe napaMeTpoB. Biarogaps HoIy9eHHIo H300-
paKeHuii TeHell YepHbIX JIbIp U3y4deHue IpeICKa3aHui
9TUX TEOPHH B OKPECTHOCTH YEPHBIX JBIP IIPEIOCTAB-
JIIET TaKyI0 BO3MOXKHOCTD.

KpaTtko obcyanm 0coOGEHHOCTH paccMaTpPUBAEMbIX
nasee mogeneit. Haunem ¢ mogesn Xopuuecku [18]. Dto
HanboJiee OOIUit Caydail CKaJIIPHO-TEH30PHONW T'DaBU-
TAlUKU € YPaBHEHHsIMHU [OJd BTOPOro mopgiaka [19].
Mogenbio XOpHIECKH MOYKHO MOJIEIUPOBATH TEMHYIO
SHEPrUi0 WA TEMHYIO MATEPHUIO, U 9Ta MOJIEJb IIPEeJ-
craBiisiercss Oojiee obmeit n QyHIAMEHTAIBLHON, YeMm
Teopusi Bpanca— lukke. ITocie cobbrruss GW170817
(camsiHus ABYX HETPOHHBIX 3B€3/] CPDABHUTEJILHO HeJa~
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JIEKO OT 3eMiin) Teopusi XOPHJIECKN ObLIa 3HATNTEb-
HO Cy2K€HA W HUCIIO0JIb30Bajach, B TOM 4ucJe, B popme
DHOST (BbIPOKIEHHBIX CKAJISIPHO-TEH30PHBIX BBICIIIE-
ro nopsiaka) Teopuit [20]. Jasee, Teopust XopHuecku
9aCTO UCIOJIB3YETCs B COUETAHNN ¢ MHBapuaHToM [ayc-
ca—Bownze [10]

ScB = RapyoR*P7 —4R,5R*P + R?,

rje Rogyo, Rap 1 R — Tensopsl Pumana, Puaun n cka-
JIsTpHAasl KPUBU3HA COOTBETCTBEHHO.

Creytomast paccMaTpuBaeMas HAMU MOJEIb —
nerJsieBast KBanrosas rpasurtaius (loop quantum gra-
vity, LQG) — mepcrekTUBHBI 110X0/ K [IOCTPOEHHIO
KBaHTOBOW Teopuu rpasurarmu. KirodeBas ujes 3To-
'O MOJXO/A 3aKII0YACTCS B IIOCTPOCHUHN KBAHTOBAHHO
TEOPHUN TPABUTAIINU HE3aBUCUMO OT KBAHTOBAHUS JIPY-
ruxX (PU3MIECKUX B3aUMOJECHCTBUI ¢ MOMOIIBIO IEPEX0-
Jla K IepeMeHHbIM Arrekapa. DT BeJTUIUHBI 00pa3y-
0T 3aMKHYTYIO aJrebpy OornepaTopoB, MMO3BOJISIS CTPO-
uTh nepeHopmupyeMyo teopuio. LQG maer Bo3MOK-
HOCTH COBMECTUTH CTAJIUU W OTCKOKA, U WHJISINN,
BOCIIPOM3BOJIsI TEOPUIO paHHell Beenennoii [21].

Jlajiee, paccMOTPUM MOJEJIM TPABUTAIUU C KOH-
dopmuoii cummerpueit [11]. Hamuuue nogobuoii cum-
METPUH B JIEHICTBUU OTKPBIBAET [I€PCIIEKTUBBI MTOCTPO-
eHUsI IIePEeHOPMHpYeMOil Teopunm rpaBuranuu. 13-3a
npobJieM B MEPBLIX BEPCUSIX B HACTOSINEE BPEMsl Pac-
CMaTPUBAIOTCA MOJIEJIM C HeJUHEHHON peasmsanueil
koH(MOPMHOI cuvmerpun  (cM., Hampumep, [22-24]).
Wurepec K 9TUM MOJEJISIM MOSIBUJICS HE TaK JABHO, T10-
9TOMY MHOTHE TIPOOJIEMBI JI0 KOHIIA HE PEIIeHbI, HAIIPHU-
Mep, oTcyTcTBHE WHMJISIMOHHON acuMnToTukn [24].
Korma sru npobiieMbl Oy/IyT pEIeHbl, MEePCIEKTUBBI
TEOPUU BO3PACTYT.

Cuterytomiasi  pacCMOTPEHHasi TeOpUsi — MOJIEJb
Bambenbu, pacmupsiromas OTO ¢ nmomornpio BeKTOp-
Horo noJist. [Ipu BBIGOpE MOXOISIIIEro MOTEHITHAIA BEK-
TopHoe nosie Bambenbu B), npuobperaeT HeHyIeBOe Ba-
KyYMHOE CpeJlHee, TeHepUpYsl CIIOHTAHHOE HApYIIeHUe
Jopennesoit cummerpun [25]. O6cyKaaeMblil MOAX01
UMeEET MEPCIEKTUBY CTaTh «MOCTOM» MEXKJIy TeopHuei
crpys 1 OTO Ha mI1aHKOBCKUX MacinTadbax, perast 3a-
magn OTO B 06/1acT BBICOKUX SHEPIUi.

Jlajilee paccMOTpUM  Tejenapasie/bHbI  IKBUBA-
senT obmeit Teopun oraocurenbHoctn (TEGR). Do
pacmupenune OTO ¢ HeHy/IeBBIMU KPYYEeHUEM U HEMeT-
PUYIHOCTBIO, Tjie TeoMeTprdecKast 1edopMarus reHepu-
pyer rpasurarontoe mnojie. TEGR Britouaer j1omoJi-
HUTEJIbHBIE CTEIEeHN CBOOO/IbI, IPUMEHIMBIE JIJIsI OIUCA-
unusi HepereHnubix mpobiaem OTO. Hamu paccmorpena
f(Q)-rpaBuranus — cummerpuunas TEGR (STEGR),

B KOTOPOH HEMETPUIHOCTH () He paBHa HYIO [26].
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[Mocneusist MOsIESIb — 3TO CKAJIApHAs TPABUTAIUS
l'aycca— Bonne — Teopus rpaButainuu ¢ JAeficTBUEM,
BKJIIOYAIONIAM BCE BO3MOXKHbBIE KBAJIPATUIHBIE CKAJIs-
pPBI KPUBU3HBI [17]. DTH MHBApHAHTBHI UIPAIOT Ty Ke
POJIb, UYTO U B IIPEIBIAYIIEM CIIydae: Oymayan heHOMEHO-
JIOTMIECKOI aCHMIITOTON HEKOTOPOil 0OOOIEHHO reo-
METPUH, OHI UMEIOT MMEePCIIEKTUBBI IPE/JIOKUTD (DU3H-
4Jeckoe 00bsicHeHre HepelneHHbIX 1pobsiem OTO.

ITockonbKy Js1t00ObIE (hU3UIECKUIE N3MEPEHUT UMEIOT
KOHEYHYI0 TOYHOCTH, IKCIEPUMEHTAJbHBIN PE3yIbTaT
MOXKET WMETh AJIbT€PHATUBHBIE OObsICHEHUS HA OCHO-
BaHUN DPA3IMIHbIX Teopuii [27]. O6GbMHO Ha TEpPBOM
JTalle BLIOUPAIOT CAMYIO ITPOCTYIO MOJIEIb. B mabHeii-
meM, ¢ YTOYHEHHEM JAHHBIX, BO3MOXKEH OoJjiee y3Kuil
BBIOOD Teopuu. Takum oOpa3oM, pa3smMep TEHU UepHO
Jeipbl (Y1), SBJISTIONHICS TEPBBIM TAPAMETPOM, TIOJTY-
JaeMbIM U3 HAOJIIOJeHMIT, B HaIllell paboTe UCIOJIb3yeT-
Csl JIJIsT OIEHKU TIPEICKa3aHuil 00CyKIaeMoil MOIe .
ITosTomy B KavecTBe MePBLIX MPUOJIMZKEHIH HCIIOJIb3Y-
ercst cranmapraoe npocrpancTBo-spems OTO, omucsr-
Baemoit Merpukamu IIBapmmmabia n Keppa.

Panmee o6cy)knaiock MoOmeMpoOBaHUE TEHU Uep-
HOI IBIPBI, pacdeT IIapaMeTpPOB IOCJeIHENl yCTONdn-
BOIl OPOUTHI ¥ CHJIBHOTO I'PABUTAIIMOHHOTO JIHH3UPOBa-
HUsI IPU y4YeTe TPeTheil MONPaBKU B ChepruiecKu-CruM-
METPUYHOM MPOCTPAHCTBe-BpeMeHn. Takue MeTpuKu
MIPEICTAB/IAIOT cOOOit MpoIo/KeHne MeTpukn Peficcre-
pa—Hopacrpema Ha ciemyromuii HOPsiIOK PA3IOXKEHUST
no 1 [28]. Ilocko/bKy OJIHOI TEeHH HeBpaIlalomieii-
cst YJ1 me1ocTaToOMHO JIjIst TPOBEPKU MOJIE/IEH CITOXKHEee
Peiiccuepa—Hopacrpema, s onpesesnenns: Ko3hdu-
[IUEHTOB PA3JIOXKEHUS] METPUKU HEOOXOIMMO UCIIOTIH30-
BaThb pe3y/bTaThl Hab/IIOAeHU 1 pa3mepa Tenn U1, u
TocyeIHel yCTOWInBOi OpOUTHI, U CHJILHOIO TPaBUTa-
[IMOHHOTO JINH3WUPOBaHUsI. Pacder ciieryonmx mopsii-
KOB TpeOyeT yBeJInIeHnst KOJIMIecTBa n3mepenuit. B pa-
Gore [29] GbLIO TOKA3AHO, YTO NPH ydeTe BPAIIEHUS
yaeTa (hOPMbBL TEHH JIOCTATOTHO JIJIsl IPOBEPKU TEOPHii,
He BBIXOJISINX 3a pamMku MeTpuku Keppa— Hbiomena.

B nmammoit pabore 06CyKIAaeTCsT METOJ OrpDaHUIe-
HUsl DPACIIMPEHHBIX MOJeJIell TPABUATAINU, UCIIOJIb3Y-
ot coBpeMennble n306paxkenusi /1. 31aech Heob-
XOJUMO OTMETHUTB, YTO B HOBBIX, DACIHIUPEHHBIX MO-
JIeJIsIX TPABUTAIMU B IEPBYIO OYEpEIh PaCCMaTpUBa-
0T HeBpamatonecs perrennsd g I, mockombKy
¢ HUMH Tporrne paborarhb. IlodTomMy m MBI paccmar-
puBaeM bopMaIu3M it ChepUIeCKu-CUMMETPAITHOTO
[IPOCTPAHCTBA-BPEMEHH, YTOOBI M3BJIEYb MAKCUMYM HH-
dopmaruu B Gosiee pocToM ciaydae (B Kadecrse Iep-
Boro mara obuero uccienoBanus). MeTos npumMeHuM
u B caydae g1 # —gog- B paGore [30] Gbuto moka-
3aHO, YTO MPU yUeTe JOMOJHUTEIbHBIX TPUOIIAKEHII
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MaKCHMaJbHOE M3MEHEHHe pa3Mepa TEHH /I Bpalla-
romeiicas 9J1 cocrasur 5-7%. Ilpm manoii ckopoctm
BpallleHusT MOXKHO paccMmarpuBaTh U/l kak crarmye-
ckyto. IlepBoie orpannvdenus wa pazmep tenu U/ mpu
HaboieHnn rajakTukn M87* bl nosrydens! B [30]
(4.31M < D < 6.08M).

Pabora opranmsoBana cieayoomuMm obpasom. B
pa3za. 2 paccMaTpPHUBAIOTCS METPHKH C IIONPABKAMU B
Bujie paga Teitnopa B ciaydae gi; = —gaol, B paz3md. 3 —
[OCTPOEHUE TeHel /i paCIIUPEHHbIX TeOPU B ciydae
g1 # —g&}, B pa3a. 4 CpaBHUBAIOTCH TOYHOCTH
DPA3IMIHBIX METOMOB U MOABOJISATCS UTOTH.

2. PEIIIEHU S JJI1 CJIVYAL
PACIIIPEHHBIX TEOPUI I'PABUTAIIAN
(A(r) = B7'(r))

Ob6iiee  omnucanune  chepUIECKU-CUMMETPUIHOIO,
CTATUIECKOr0, aCUMITOTUYECKH ILJIOCKOTO ITPOCTPAH-
CTBa-BPEMEHU B PACIIMPEHHBIX TEOPUSX TI'DABUTAIIH
pejicTaB/sieT coboit MEeTPHuKy, OOODIIAIOILYIO IIPO-

crpancTBo-BpeMs IBaprmmisia:

ds® = —A(r) dt?+B(r) dr®+r? (d6*+ sin® 6 d¢?), (1)

riae A(r) u B(r) — merpuueckue dbyHKINM, 3aBUCSIITE
OT pasmaabHOi KoopauuaTel . Merpuka [saprmmin-
Ja B INTAHKOBCKOM crucreme eamaui G = ¢ = h = 1
uMeeT BHJ

Ay =B () =1- 22,

= )
riae M — macca IeHTPaIbHOrO 00beKTa. 3aMeTHM, UTO
merpuknu IlIBapmmmiasma, Peiicaepa—Hopacrpema, nx
[IPOJIOJIZKEHUsT MOYKHO TPEJCTaBUTh B BUJE Pa3JIOXKe-
uusi B psang Teiiopa B obmactu v > 2M. B kagecr-
Be IepBOr0 NpUOJMKEHUs] PACCMATPUBAETCS METPH-
ka [IBapmmuiabia, U B 9TOM TPUOJIUIKEHUA MOYKHO
OIucaTh, HAaIpUMep, TpaeKTopuu 3Be3n BOKpyr /1.
Caenyomuii mopsiiok — mMerpuka Peiicaepa— Hopg-
cTpeMa — IMO03BOJISIET OINCATH BIIMSHUE SJIEKTPHIEC-
KO0 WM TPUJIMBHOrO 3apsnaa [31], Beap yder upu-
JINBHOTO 3apsijla CIOCOOEH ITOMEHSITh CBOWCTBA TEHH
(28,29, 32,33].

Bragase paccMOTpUM BBIPOXKIEHHBIN CJIydail «CuM-
MeTPHYHBIX» MeTpudecknx dbynxmnmit A(r) = B(r)~! B
ypasaernu (1). ITosokeHne ropusoHTa ONpeIeIIseTCst
yciosuem A(r) = 0. Ecan pemenue mociie/iHero ypas-
HEHUS HE €IUHCTBEHHO, 38 (GU3NIECKUl TOPU30HT [IPHU-
HUMAIOT BHEIIHee pelenne. B TperbeM mopsijike pas-
noxkernst pan A(r) nmeer Buz
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e (Q — npuiuBHOU 3apsia, C3 — Ko PUImeHT pas-
JIOZKeHus TpH 7 °. JIjIf yIpoIIeHns BEIMUCICHIH HOp-
MupyeMm Bce 3Hadenud na maccy 1 7 = r/M, ¢ =
= Q/M? u c3 = C3/M?. B mIaHKOBCKO cucTeme
enuuaun (G h 1) mapamerpor M, @, Cs,
r 6e3pasmepnbl. Cjie10BATEIbHO, KOHMDUTYPAIIMOHHOE

C

IIPOCTPAHCTBO CTAHOBUTCH JAByMepHBbIM. Torjga merpu-
veckas byHkuus A(r) npumer Buj

2

A(f):l—;+ (4)

COBOKYITHOCTH HEYCTONYIUBBIX (DOTOHHBIX OpOUT 0Opa-
3yeT (GOTOHHYIO cdepy, a MepPexoIsInue B Hee Teoje-

q C3
= T =3
& 7

3uveckue onpeiensdior rpauuiy Tean Y. @oronsr ot
y/IaJIEHHOI'O NCTOYHUKA C IIPUIEJIHHBIM IIapaMeTpoM b,
GONBIIM KPUTHIECKOTO 3HAYEHUA bpp, OCTAIOTCA BHE
doTouHO# chephbl U Jajee JTOCTUTAIOT BHEITHETO Ha-
6urronarestst. Ocranpable POTOHBI ¢ b < by, 3aXBaTHIBA-
orcad YJ1 u 06pa3yroT Ha KapTUHHOM IJIOCKOCTU M300-
parkeHus CBETJIBII JNUCK C TEMHBIM IISITHOM B IIEHTDE,
KOTOpOe 1 HasbiBaeTcst Teubio /1. Takum obpaszom, Bu-
numas dpopma n300pazkeHus OT HeBpalaoieiics (uam
MeyienHo Bpamaomieiics) Y1 ayist yaaseHHoro HabJo-
Jareiisd uMeeT OpMY JIMCKA, PAIILYC KOTOPOro OIpee-
JIsTeTCsl KPUTUIECKUM 3HAYEHWEM IIPHUIEIBHOTO I1apa-
metpa (byn, = 3v3M mna U1 sapmmmmnsma [34]).
Paccvorpum ontuteckn TOHKUI, U3/Tydaonnii ak-
KPEIUOHHBI JTNCK, OKPYKAIOIMUH KOMIAKTHLIH 00b-
exr [35]. Cremyst mopxony [34], momudurmpyem ero
JUIsT cuMMeTpudHOro caydas A(r) B(r)™t (1) ¢
JIOIIOJIHUTEIbHBIMU IIOIIPaBKaMu. TakuM obpa3oM, u3-
JIyIEeHUE WCILyCKAeTCs W3 Bcero obbema (HOTOHHOMN
cdepsr Hagr ropuzonTom /1. Tlosromy nabromaemast

yZeJIbHAsT MHTEHCUBHOCTD [, (OGBIMHO m3MepseMast B
spr~' - em~2 - cp 2 T ') ma Buaumoit wacrore do-
TOHA Vg B TOYKe Ha KapTuHHON Iutockoctn (X,Y) na

HebecHo cdepe onpeiessaeTcs Kak

I, :/Zgj(’/e) dlprop, (5)

v
[Jie Ve — W3JIydaeMasi dacrora, z = 1y/Ve — Kpac-
Hoe cMmernenue, j(v,) — U3JydaresbHas CIHOCOOHOCTH

MOKOATIET0CA UCTOTHNKA Ha eUHUILY 00beMa, dlprop =
—kould\ — nmuddepennuall eJUHUNBL JIHHBL B CHC-

TeMe IOKOsl m3jrydaress, k¥ — deTbIpexmepHasi CKO-
pocth doToHA, Ul — UYeTbIpexMepHas CKOPOCTDb U3JIy-
garess (B pamaom ciaydae I10), A — addunubii na-
pameTp BIIOIL TpaekTopun (orona . Unmexc vy o3na-
9aeT UHTEIPUPOBAHME TI0 H30TPOITHBIM Ie€0/IE3UIeCKIM.
Kpacuoe cmerrienne z onpejiensiercst Kak

- Lot (©)

B k@’ue



MITP, vom 162, Boim. 1 (7), 2022

TeHn 4epHbIX AbIp KaK UCTOYHUK OFpPaHUYeHNIA. . .

rae uf = (1,0,0,0) — geTbIpexMepHasi CKOPOCTH yia-
JIEHHOTO HaOJIIOIATEe ST Ha OECKOHETHOCTH.

PacemarpuBasi mpoctyio cdepuaecku-cuMMeTpud-
HOHYIO MO/IEJIb AKKPEIUH, [T0JIAaraeM, 9To ra3 CBODOIHO
aJiaeT B PaInaJbHOM HAIIPABJIEHUU B CTOPOHY IEHTPA
Y/I ¢ geThIpexMepHO CKOPOCTBHIO, OIIPEIE/IsIeMOt KaK

1 P 0
ul = A7) ul = 1-A(7), uw!=u®=0. (7)
Bennuuna k¥ = i# Oputa mosyueHa paxee B pabore

[34]. Jasee nconb3yeM ciefryroriee BhIparKeHue:

ol

rue 3uaku «+(—)» obozuavaior asuzkenue (GoroHa or

o
A P

ky

i

1

A(7) ®)

(x) maccusHOoro(My) obbekra(y). KpacHoe cmemenne,
TaKUM 06pa30M, JaeTCsl CJIe Y IOIIIM BhIpaykenue [36]:

1
ky
K+

e=— )

15 A(F)
O603HaUNM YACTOTY WM3JIy9IeHUs] HOKOSIIEroCs UC-

TOYHUKA KaK V.. i pacdera mpoduyis HHTEHCUBHO-

cru dona rean 11 paccMoTpuM MOI€/Tb, B KOTOPOii 13-

JIyIeHHe MOHOXPOMATHUYIHO U UMEET PaIUAJIbHBII IPO-

bums 1/72:

0(Ve — Vi)

Yz (10)

J(ve) o
rne 0 — penbra-pyHknus dupaka. JTuddepenmnmaln
€JIMHUIIBI JJIMHBI B CHCTEMEe HOKOs U3JIy9aTess Olpe-
JIeJISIeTCsT KakK

t

k
Alprop = —kqudX = —

dr .
zk" "

(11)

Wurerpupys ypasaenue (5) 1mo BceMm HabJIOJAEMbIM
qacTOTaM, TTOJIY IUM HAOJII0IaeMyI0 HHTEHCUBHOCTE (ho-
ToHOB B Touke (X,Y') Ha HebGecHoil cdepe [34]:

23ktdr

—. 12
T‘ri ( )

Tops(X,Y) O</

v

Kaxoit Touke Ha KapruaHOH mockoctn (X,Y) co-
OTBETCTBYET IMPUIIEIbHBIA TapaMerp b, KOTOPBIA paBeH
b? o< X2 +Y?2. Tlocie YICIEHHOTO HHTETPUPOBAHNIS TI0-
JiydaeM pod b naTeHCuBHOCTH hoHa Tenu I/1.
3aBUCHMOCTD pa3Mepa TeHU OT ¢ U €3 ObLIa MOJIy-
vyeHa paHee B pafore [28|, rme GBUIO MOKA3aHO, 4TO,
ecan pasmep TeHm Oosbine, deM 4N, s ee ommca-
HUsI HeOOXO/IUMA OJIHA JIOTTOJIHATEJIbHAS CTEIIeHb CBODO-
16l (a nmenHo, q). CreoBaTenbHO, BO BTOPOM HOPSIJIKE

111

I(x) o7

0.5

0.5

0.4

034

02 4

0.1 4

0.0

T
-10

q=0.2519 c3=-0.7515

Puc. 1. 3asucumoctb npocpunst unteHcmsHoctu (1) TeHu B
OTHOCUTENIbHBIX eAMHNLAX OT PaccTosiHus oT ueHTpa Y/ Ha
nnockocTn usobpaxenust X (B eguuuuax M). Y obnagaer
JOMONIHUTENILHBIMU NapamMeTpaMu ¢ U C3 U FeHepupyeT TeHb
Takoro »xe pasmepa, kak n 4/ LLsapuwwnnbga

pa3JI0XKeHNs TaKas TeHb MOYKeT OBbITh IIapaMeTpU30Ba-
na Metpukoil Peticnepa— Hopacrpema. dasee, mpu u3-
MeHEHUHN IPOMUId MHTEHCUBHOCTH, HEOOXOUMO yUU-
TBHIBATH IIOIPABKHU 0OJIee BBICOKUX HOPSIIKOB BO3MYIIIe-
HUSI.

PaccmorpuM monpaBKu TPETHErO M IOCJIELYIOITe-
ro nopsakos. Ilpu 3ToM cTaHyT HOIyCTUMBIMU HOBbIE
KOMOUHAINY [1aPAMETPOB, TAK KaK C yBeJIMYEeHUEM I10-
psifika ypaBHeHuit pacrer u umco perneruit. CreoBa-
TEJIBHO, NI OI'PAHNYEHUs] TEOPETUIECKON MOJIEH 110~
TpedbyeTcst 60bIee KOJUIeCTBO HAOIIOATE/ILHDBIX JTaH-
HBIX. TakuMm 00pa3oM, B JOMOJIHEHUE K Pa3Mepy TeHU
HEOOXOMMO YUIUTHIBATH PAINyC MOCTAEIHeH yCcTondun-
BOIl OPOUTHI, CHJIbHOE I'DABUTAIMOHHOE JIMH3UPOBAHUE
sipkoro obbekTa BOM3u Y/l m pacrpeeneHne mHTEH-
cuBHOCTH (POHA.

st oneHKn HEOOXO MO TOTHOCTH HAOJIIOICHUH B
[IeEPBOM IpUOJIIKEHNN ucHoJsb3yeM MeTpuky [lIsapii-
mmibaa. Ha puc. 1 mokasaHbl pe3ysibTaThl MOIETHPO-
BaHUs POMUIs WHTEHCUBHOCTU B obsiactu Tenn /1
ans mapamerpos ¢ = 0.2519, ¢3 = —0.7515, ipu sTOM
pa3Mep TeHm — Takoil xke, Kak u 'y I IIBaprmumis-
na. Paccmorpum oriimane npoduiisi HHTEHCUBHOCTH OT
ciaygas Y/1 Isapumnmibia, HOPMAPOBAHHOTO HA MaK-
CUMAJIbHYIO HHT€HCUBHOCTD (14, & 0.6) (puc. 2). Kak
BUIHO U3 PHUC. 2, 9T PA3HUIA BO3PACTAET IIPU yBEJIU-
YeHNN 3HAYEHUIl JIOTOJIHUTENbHBIX ITapaMeTpos. Mak-
cumasibraoe orsuane ot caydas /I [Msaprmuibaa 1o-
cruraercs BOJIM3U T'DAHUIIBI TEHU, 3aTEM, [P yXOJe B
0OECKOHETIHOCTD, OHO UCUe3aeT. Pa3uniia BHyTPHU rpaHu-
npt Tean 4/I mocrosuua. /lasree, u3 puc. 2 crenyer,
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Puc. 2. 3aBI/|C|/|MOCTb pPa3HOCTN NHTEHCUBHOCTEN

([I = Isn|/Imaz) YO c pononHuTensHbiMM napameTpa-

MW @ W Cc3 W COOTBETCTBYIOLLEN LUBAPLWNIbAOBCKON OT

pacctositusi (X) ot uentpa Y[ Ha nnockocTu nsobpaxenus
B egunHmuax maccel Y4 M

qTO, JJI SKCIIEPUMEHTAIBHOM (DUKCAIINN TAHHOTO Pas3-
JIM9HsI, TPU 00pabOTKe HADIIOAATENHHBIX JAHHBIX Tpe-
Oyercsi IOCTUYIb PA3PEIIeHNs 10 THTEHCUBHOCTH [TOPS/I-
ka 0.1 % or makcumanbnoro snadenus dponma I, Or-
JIEJIBHO 3aMeTHM, 4TO KazK/iasg TO4YKa IPOMUIST NHTEH-
cuBHOCTH (DOHA MOKET CUUTATHLCS OTJIEJHHOM MPoOOoit
norenrmata I/1.

3. IOCTPOEHUE TEHU YEPHOM JIbIPHI
IIPU A(r) # —B~'(r), OBIIINIA METO/,

B obmem ciyuae B cdepuuecKu-CUMMETPUIHOM
npocrpancTee-spement A(r) # B7l(r) (ypasnenme
(1)), mosToMy Hallle pacCMOTpeHHe HeoOXOIUMO 0606~
[ATH. YPABHEHUs JIBUKEHUS JJIsT TAKONH METPHKH HMe-

10T BH/,
di\? L2 E?
(%) + B(f)#2 — A(R)B(#)’ (13)
do

e ¥ — sueprust hortona, L — yrjoBoit MOMEHT Iy 9Ka,
7 — addunnbiii napamerp. [Tocse noxcranosku (14) B
(13) ypaBHeHue IBUKEHUS IIPUMET BHT

dr

0=(%) =

rne D = L/E — upunenbHslii mapamerp GOTOHHOTO
mydKa. AHAJOIMIHO CHMMETPUIHOMY CJIy9aio Kpail Te-

4 52

7

B(#)’

72

(MB(F)

(15)

112

5.1970

5.1965

Puc. 3. 3aBncumoctb pasmepa Tewn D oT KOMOGMHaLMN KOH-
craHT mogenu C;7 pnsi Teopuu XOPHAECKM C MHBapMaHTOM
laycca—BoxHe (B eguuunyax macesl U4 M, M = 1)

HU COOTBETCTBYET IIEPEXO0/ly IACTHUIL CBeTa HA HEYCTOM-
quByio GoroHHyI0 opbury. Cucrema, OnmMChIBAaIOIIAs
9TOT MEPEXO/T, BBITVISIUT CJICIYIONIM 00pa30M:

du(r) d*u(r)

= 0.
dr d?r -

u(r) =0, (16)
it HAXOXKJIEHWsT pa3Mepa TeHU HEeOOXOIMMO HalTH
MaKCUMaJIbHBIH KopeHb ypasaenuit (16). g koukper-

HbBIX IIPUMEPOB IIPpoAeacM 3TO YHCJICHHO.

4. TEHb B PA3J/IMYHBIX TEOPUAX

4.1. Teopusa XopHaecKu

B nmammoit pabore paccMaTpuBaeTcsl pelieHne TUIa,
Y/I B Teopun XOpHIECKU, PACIIUPEHHON JIMHEHHO WH-
BapuanTom [aycca—Bonmne [10]. Merpuueckue ¢ynk-
MU 3aIMCHIBAIOTCS CIIEIYIONIM 00Pa30M:

2M  2Cy
Ar)y=1- — — — 17
(=1-=2-21, (1)
_ 2M %
B LI [ ———— 18
@ - (1)
rme C7 — KoMOMHAIMSA KOHCTAHT Mozenu. B pabo-

re [10] paccMaTPUBATIOCH TOIBKO HOJIOKATENHHOE 3Ha~
genne C7. O[HAKO yCjIOBHe, IIPU KOTOPOM TI'OPU30HT
(A(rp) = 0) nHaxomurcs Hast noBepxHOCTHIO (B(1) = 0),
BoosiHsieTcs Toabko pu Cr < 0. Ilpu C7 > 0 00b-
ekt He siByisiercss 1/1. CieoBaresibHO, Pa3yMHO IIpe/I-
[IOJIOXKUTH, 4TO MeTpuka (6) cupaselyinBa TOJIHKO BHE
doronnoit cheprsl. Béimsu ropuzonta tpebyercs: 60-
Jiee TOUYHOE PA3JIOXKEHUE, IIPH KOTOPOM OOBEKT MOXKHO
nazBarh 4/1. Pe3yabTaThl YuCI€HHOTO MOIETUPOBAHMS
3aBUCUMOCTH pa3Mepa TeHU OT METPUIECKUX (DYHKITHI
u3 ypasHenus (6) npejicrasieHsl Ha puc. 3. Pasmep re-
Hu 71t MeTpuky (6) HesHaunTensHO (Meree 0.01 % npn
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|C7| < 0.5) ormuaercs OT MIBAPIIAIILIOBCKOIO JazKe
npu 3uadeHusx Cr7, cpaaumbix ¢ M. Takum obpaszom,
9TU HADJIOATE/IbHBIE JAHHBIE HE UCKJIIOYAIOT TaKyIo
BEPCUIO TEOPUN XOPHIECKU.

4.2. TleTnneBasi KBaHTOBast rpaBUTanud

Paccmorpum mersieByro KBAHTOBYIO TDABUTAIUIO C
moudunmposanHoi Merpukoit Xeiiopaa [15,16]. Do
perenne onucbiBaeT 1J1 6e3 CHHTYJISIDHOCTH B IIEHTPE,
TaK HazbiBaeMylo peryispuyio /1. lamnoe pacrupe-
HU€e BKJIIOYaeT BPEMEHHYIO 3aJIEPXKKY U OJIHOIIETIIEBYIO
KBaHTOBYIO IonpaBKy. Merpuueckue OyHKINN [T Hee
UMEIOT BT

2Mr? afM
Alr) = (1 Ty 2M12) (1 T ard BM)  (19)
_ 2Mr?
B =1 5 (20)

rme | — obozHadeHue i MEHTPAJIBLHONW IIJIOTHOCTH
suepruu 3/87%, KOHCTaHTa (v IpeJICTaBIACT COOOiT Bpe-
MEHHYIO 3aJIePyKKY MKy MEeHTPOM U OECKOHETHOC-
THIO, & [3 CBA3aHA C OJHOMETJIEBHIMU KBAHTOBBIMHE I10-
MpaBKaMU K HBIOTOHOBCKOMY TOTEHIUAJTY. DTU Mapa-
MeTpbl ObLiu orpanudennt B [15, 16] ciemyromum 06-
pasom: 0 < @ < 1, Biae = 41/(107). B cayuae | >
> /16/27M y obbekra mer ropusonta. Ilocie perre-
nug ypasaenuii (16) mosygaercs saBHBIA BuJ 3aBUCH-
MocTu (TIpe/ICTaBIeHHBIH HA PUC. 4) BEJUYUHBI Pas-
Mepa TeHu OT [, o u . BujHo, 9T0 1Ipu yBEIMYEHUN
! pasmep Tenm ymenbimaercs. Haobopor, yBeamdernue
« U [ NpUBOJWT K yBeJudeHWIo pasmepa Tenu. [Ipnm
£ > 0 MUHUMAJBHBIN pazMep TeHH JOCTUTACTCs IIPU
1 =+/16/27M, 8 = a = 0 paBaom 4.92M . Makcumaiin-
HbIil pasmep Tenu Bosumkaer npu | = 0, § = 41/(107),
@

1 u pasen 5.32M. 3amerum, 9TO TEHH TAKOI'O
pa3Mepa MOIYT OBITH OIUCAHBI TAKYKE ITPOCTPAHCTBOM-
BpemeneMm Peiicepa—Hopacrpema. Takum obpazow,
UCIIOJIB3Ysl TOJBKO Pa3Mep TeHU, HEBO3MOYKHO IIOJIy-
YUTH 3HAYEHUS BCEX TapaMeTPOB 0€3 JOIOTHUTETBHBIX
HaOJTIOIATEIbHBIX JTAHHBIX.

4.3. KoudopmHuasi rpaBuTaIUs

Eme onuH npumep acUMMETPUYHON METPUKH —
koudopmuas rpasuranus [11]. YV s1oit Mmogenu umeercs
MHOT'O pacClIUPEeHuil, HaIIpUMep, MO ¢ HeJNHEeHHOI
peasm3anueii cummerpun [22,23]. B mameii pabore B
KadeCcTBe TIPUMeEpa JJIsl pacteTa MapaMeTpoB TeHel nc-
nosib3yeMm MeTpuky UJI B HOBOIT MaccuBHON KOHMOPM-
HOft rpaBuranuu [13]:

8 ZKIOT®, Buin. 1(7)

113

a4

si3p

0z

as

Puc. 4. 3asucumoctn pasmepa TeHn D OT BpemMeHU 3agepx-

ku « npu l = 0.5M u 8 = 0.5 (BepxHee n3obpaxeHue),

OT OAHOMETNEBbIX KBAHTOBbIX MOMNpPaBok [3 npwu [ 0.5M,

a = 0.5 (ueHTpasbHOe n30bpa>keHne), OT LEHTPabHON NoT-

Hoctyn sHeprum [ npu a = 0.5, 8 = 0.5 (HuxHee n3obpaxerue)

ans Y s mogudmumposaHHoii meTprke Xelisopga B eaunHu-
uax maccel U4 M, M =1

2
A(r):1—¥+%+
Q3 (—M2+Q§+%>
+ o 2., (21)
B(r) 1_1—%+Q—2z
r r
203 (M7 + Q3+ )
+ o 224+, (22)

rme (Qs — CKaJAPHBIA 3apsia, ms — MACCHBHASA MOJIA
co crmaoM 2. Takas acMMITOTHKa CIPaBEJITHBA, BJa-
Ju oT Topu3oHTa. [I0CKOIBKY KJIIOYEBBIM MOMEHTOM
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Puc. 5. (B ugete oHnaiit) 3aBucumoctu pasmepa Teun D ot

CcKansipHoro 3apsiga (s ANs HOBOM MacCUBHON KOH(OPMHOIA

rpaBMUTaLMM C PasauyHbIMK 3HadeHusMu me (B eguHnuax M,

M = 1). YepHast nMHUA COOTBETCTBYET M2 — 0O, KpacHas —

ma = 2, cuHaa — meo = 1, 3eneHas — ma = 0.707, opaHxe-
Bass — mo = 0.577, duonetosass — ma = 0.5

JJI HAC SABJISETCH ydeT mepexojia (OTOHOB Ha (POTOH-
HYIO OPOUTY, IPUMEHEHNE 3TOH ACUMIITOTHI OITPABJIAHO.
Ha puc. 5 nmokasaHbl 3aBUCUMOCTH pa3Mepa TEHU OT
CKaJISIPHOTO 3apsifia (Qs JUIsl PA3/IMIHBIX 3HAUEHUN Mmeo.
KoHIBI acUMIITOT COOTBETCTBYIOT ONMCAHHOMY B pabo-
Tax [28,32] adpdekry: Gosbrne sHaveHus Q5 u 1/mo
BBI3BIBAIOT OTCYTCTBUE (DOTOHHOI cdepbl. YMeHbIe-
HUe 3HAYCHUs My NPHUBOJNT K YMEHBIIEHNIO pasMepa
Tenu. JIjs orpaHMueHMs mApamMeTpoB MOJETH TPely-
FOTCsI JIONIOJIHUTE/IbHBIE JIAHHBbIe Hab/ogennii. Orpanu-
Jenus, npusejieHuble B pabore [30], HCKIIIOUIAIOT TOJIBKO
GoJrblie 3HaueHnst Qs U mo (puc. 5).

4.4. Monens BambGeaonu

Cdepuueckn-cuMMeTPUYIHOE — pEIlieHHe  MOJIEJIN
Bamb6esion nmeer Bujr
2M
Alr) =1-—, (23)
r
141
B(r)= ———+ 24
)= =337 (24)

rae | = £b?, € — KoHcTanTa CBsA3M (C PA3MEPHOCTBLIO
Macca — 1), Koropasi oupee/geT HeMUHUMAIBHOE B3au-
MoJleficTBIEe MeXKy rpaBuTarueil u mojgem bambesnbun,
b> = B"B,,.

PacgeTsbl moKa3bBAIOT, 9TO pa3Mep TEHU He 3aBUCUT
ot mapamerpa l. Ha camowm seste, moJioxkenue (hoTOHHO
cdepsl He 3aBuCHT OT MeTpruecKoil byrknun B(r), ec-
JIM Ha paccMmarpusBaeMoM MacmTtabe B(r) > 0 m mer
JIPYTUX OCOOBIX TOYeK (peryisipHa HaJ TOPH30HTOM ).
Paccvorpum dynximio

114

rd

=———-r

D2A(r)

2

(r) = u(r)B(r) (25)

Oumna He 3aBucur ot Merpuieckoii dyuxiuu B(r). Mox-
HO TI0OKAa3aTh, YTO IIPU BBIIOJHEHUH YCIOBHI CYMIeCTBO-
Bauust GOoTOHHOM cepsl (16) BBITOIHSIIOTCS U yCIOBUS

d*a(r)
d?r

0, > 0. (26)
IIpu B(r) > 0 aBTOMATHYECKH BBIIOJHSETCH [IEPBOE
ycaoBue cucrembl (16), Tak kak Ha ¢oronnoil cdepe

u(r) =0,
()

Ho nma doronnoit chepe u(r) = 0 u v/(r) = 0. B pac-
cmarpuBaeMoM ciydae B(r) > 0 u Her Apyrux oco-
661X Tovek. CJIeMOBATEIBHO, BBIMOJIHIETCA W BTOPOE

u'(r)B(r) +u(r)B'(r). (27)

ycjioBre. AHAJOrUYHO U ¢ TpeTbuM ycjaoBueM. Cremno-
BATEIbLHO, TTOJIOKeHne (hOTOHHOM chepbl TaKKe He 3a-
Bucutr or Merpudeckoit dyuxmuu B(r). Ilpu yeiaosuu,
uro Ha Macmrabax dororHoit cdepsr B(r) > 0 u Her
JIDYTHX OCOOBIX TOUEK, JJIsi BEIYUCICHUST PAJINYCa TeHH
BMecTO cucreMbl (16) MOXKHO ucnosb30BaTh (26) st
YIPOIEHUsT BBIYUCICHUT.

WNurepecHo paccMOTpeTh aJibTepHATUBHOE 0000111e-
HUe, KOTOPOe MOYKHO 3aIicaTh KakK

A(r) = (L+1)A(r), (28)
B(r) = B}T). (29)

Merpuka IllBaprmmibia HCIOIB30BaHA B KATeCTBE
nepsoro npubsmkenns st B(r) n A(r) u 0606meHust
METPUKH CJIEYOIIETO BUIA:

A(r) = (1+1) (1 - ¥> , (30)
B(r)yt=1- % (31)

Bnusanue napamerpa | Ha pasmep teraun Y1 moxkaza-
wo na puc. 6. s npubmmxerns B(r) u A(r) sasucu-
MOCTB UMEET TaKOii Ke BUJI. YCTAHOBUB IPEIE/IBI HA OC-
HOBaHUM pe3ysbraros Habmogerns M87 [30] B npubin-
xxernn IBaprmmisaa, moxyanm, aro —0.3 < [ < 0.45.

4.5. f(Q)-rpaBuranus

f(Q)-rpaBuraryst — 5T0 CUMMETPUIHAS TEOPUST Te-
genapasuiesmsma (STEGR) ¢ HeHyseBbIM CKajsspoM
HemerpuaHOCTH () [6]. List 9108 MOe M OGBLIO IOy Te-
HO HECKOJILKO CEPUYECKH-CAMMETPUYIHDBIX DEIIeHUIA.
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Puc. 6. 3aBncumoctsb pasmepa tedn Y D ot napamertpa | B
anbTepHaTUBHOM 0606LeHnn mMeTpukn Bambenbu B npubnu-
xerun LWeapuwunsga (B egunnuax maccel Y4 M, M = 1)

sl

D

Puc. 7. 3aBucnmocTs pasmepa Ttedun Y D ot napametpa «
B f(Q)-rpaButauumn B egnHmnuax maccol Y Myen

Hamu BBIOpano mpubiamKeHHOE peIeHne, PacIiIupsiio-
mee OTO (I'"). KomnonenTsl Merpuku umeror su [6]

2Myen 32
2M, 96
Bryt=1-""" o= 33
(r) 6 (33)
DMyen = 2M — a0 [ 22 & (34)
ren — (&% 30 c,

rjie @ — napaMeTp Pa3jIoXKeHUsd, €] — IOCTOdAHHAS WH-
PEHOPMHUPOBAaHHAS Macca. 3a-
MEeTHM, 9TO JJIs V/IAJEHHOIO HAOJIIOJATesss HET pas-

TerpupoBanust, My e, —

HUIIBI MEXK/Iy TIePEHOPMUPOBAHHON M OOBIYHON Macca-
vu IBaprmunbaa. lasee 6ymnem ncrosib3oBatb Mep,
HOPMHUDYs BCe BEJIMYUHBI HA Hee. BiinsaHue a Ha pas-
Mep tern 1/ mokazano wa puc. 7. Boum ycranoBaeHb
CJIe Iy OIIIIie OIPAHIYEHNs Ha IIapaMeTPhl Ha OCHOBAHUHI
nabonennit M87 [30]: —0.025 < a < 0.04.

1 _ 4397¢
21870

D D=

49

a8l

arf | | | | Z

Puc. 8. HuxHsa kpuas npegcrtasnsier coboli 3aBMCUMOCTb

pa3smepa Tenn Y D ort napametpa ( B CKafisipHOI rpaBu-

Taunu lMaycca—bBonHe (B eguHuuax macesl Y4, M, M = 1).
BepxHsst nuHusi — ee nepsoe npubnvxeHve

4.6. CkansgpHas rpaButanus I'aycca—Bonne

Craruueckoe cheputiecKn-CUMMETPUIHOE PEIeHIe
B cKauisipHOil rpaButanuu [aycca—Bonne ObL10 mOJTY-
“YeHO aHasuTH4IecKn B [17] u umeer Bus

A=—f() [1 + %Mh(r)} , (35)
R
B=7 [1 ErOW )} ’ (36)

rae
26 66 96 80

h(T)=1+7+5?+5?—T—4, (37)
1 52 2 16 368
k(T‘)=1+;+3?+T—3 57—3?, (38)
2
fr=1-2 @)

( — mapameTp CBSI3H.

B pa6ore [37] 3aBucumoctu pajgmyca bOTOHHOI
cdhepol u pagmyca TeHn U/l or ( BBIYUCIEHBI B IEp-
BOM IOPSIJIKE OTHOCUTEIBHO KOHCTAHTBI CBSI3U:

. 961
Tpr—3[1—m :|7 (40)
4397¢
sGB __ _
BCB = 27 [1 —21870} . (41)

Hawmu mosryueno uuciennoe perenne ¢ 60jiee BbICO-
koii rounocrbio (puc. 8). Ilpu ¢ > 0.3 dboronnas chepa
orcyrcryer. B paborax [28, 32| 6bu10 mOKa3aHO, UTO
TaKoi OOBEKT HE UMEET TEHHU.

5. OBCY2KJIEHME " BbIBO/bI

Pazperenne nepBbix n3o0parkeHuit 9epHBIX JIbIP B
npoexTe Event Horizon cocraBisiio nmpuMepHO OJI0BU-

8*



B. A. lNpokonos, C. O. Anekcees, O. Y. 3eHun

XKITP, vom 162, Beim. 1 (7), 2022

Hy pa3mepa o0bekTa [4]. asbHeiimee coBepuieHCTBO-
BaHUE HA3E€MHOTO OOOPYIOBAHWS IO3BOJIAIO OBI yBe-
JIMYATDH Pa3pelleHue JIMIIb B HECKOJIbKO pa3 (He Ha
nopsiaku!). Kpome Toro, yke mOCTUIHYT MaKCHMAJIb-
HO BO3MOXKHBIII pa3Mep HA3EMHOI CeTH pauoTeIeCKO-
moB. Kax ObLIO IIPOIEMOHCTPUPOBAHO PAHEE B CTATHSX
[28,29] u pacmpeHO B IIPeBLAYIMX pa3/ensax HACTO-
dameit paboThl, OrpaHUYeHne Jisi PeaJbHBIX MOJIeJei
pPACIIUPEHHOM IPABUTAIIY TPEOYyeT MOBBIIIICHIS TOTHO-
CTH Ha HeCKOJIbKO mopsinikos (e pas!). ITosromy cite-
JIYIOIUM IIIaroM Morjia Obl CTaTh CETh U3 OPOUTAJIb-
HBIX TejieckonoB. Kpome Toro, m3amepenue pa3mepa Te-
HU 0e3 JIOTOJIHUTEIbHBIX JTaHHBIX OYIEeT TOCTATOYHBIM
TOJIBKO JIJIsT MOJIeJIel, OCHOBAHHBIX Ha MeTpuke Peficie-
pa—Hopacrpema. st Teopuii ¢ 60J1ee CII02KHOM CTPYK-
TYpPOil IPOCTPAHCTBA-BPEMEHN HEOOXOINMBI JTOTIOJIHU-
TenbHbIe BUALI HabmoneHusd. [Ipu paccmorpenun mo-
cJieJiHel yCTOWIMBON OPOUTHI, CUILHOTO TPABUTAIINOH-
HOI'O JIMH3UPOBaHUS APKUX 3Be31 [28] u pacupenese-
HUSI UHTEHCUBHOCTHU TeHeBOro (hboHa (Kak IIOKA3AHO BbI-
1) MUHUMAJIbHOE Da3pelleHre J0JZKHO OBbITh [OPsI-
ka 0.001 pasmepa TeHH. DTa OMEHKA CIIPABEIINBA, €C-
JIX JIOTIOJIHUTE/IbHBIE KO3 MUIIMEHTHI COTIACOBAHBI C
Maccoit uepHoit 1bIpbl. [loaToMy Gostee mepCcreK TUBHBIM
[IPEJICTABJISIETCS M3y I€HUEe TEHN OT OBICTPOBPAIIAIOIIE-
rocsi oobekra. [Ipu Tex ke 3HAYEHUSX JIOMOJHUTE b
HBIX KO3(DDUIIMEHTOB HEOOXO0IMMOE Pa3peIieHne cocTa-
Bur okosio 0.01 pasmepa renu [29]. Takum oGpasom,
MTOSABJISIETCS JIOTIOJIHATE/IbHAS IPUINHA PA3BUBATD TEO-
pHUIO TeHell HA OCHOBAHUU METPUK BPAIIAIOIIUXCS Yep-
HBIX JIBIP JJIS PA3BUTUS MOJIeJIeil pacIInpEeHHOI rpaBu-
Taluu B acTPOPUINKE.

Hamu takke ObLIM pacCINTAHBI 3aBUCUMOCTH Pa3-
Mepa TeHH 9€PHOIT IBIPHI OT APaMeTPOB MOJIEIN B Pa3-
JINYHBIX PACIINPEHHBIX TEOPHUAX I'DABUTAIUU U YCTa-
HOBJIEHBI OT'DAHUYEHNS HA HUX C MCIIOJIb30BAHIEM JIaH-
HbIX Habmomeruit M87. Pesyabrarst aia Momean XopH-
necku ¢ uaBapuanToMm aycca— Bonne, mereBoit kBaH-
TOBO#l IpaBHUTAINHN, CKAJIPHBIX Mojeseii Bambendou u
T'aycca — Borue OJIHOCTBIO COTTIACYIOTCsT C HADJTIOIEHU-
ssvmu M87*. Bepree ckazaTh, MpeICKa3aHUs ITUX MOJIE-
Jieil He BBIXO/IAT 38 OIPDAHUYEHNUs], YCTAHOBJICHHBIE NMe-
omuMucs naHHbIMu HabJroeHnit. Kak Hamu mokasa-
HO, B KOH(OPMHOII TPABUTAIIY JOJIZKHBI OBITH UCKJIIO-
YeHbl OOJIbINME 3HAUEHUs Mo U (s (Hampumep, ecian
ms = 2, 10 Qs < 0.9). B STEGR f(Q)-rpaBuranun
naburrogieanss M87* orpaHHYINBAIOT 3HAYEHUS (v CJIEJLY-
oM obpazom: —0.025 < o < 0.04. s anprepHa-
TUBHOTO 00001TIeHNsT MeTpukn bambendn ¢ mpudmxe-
nuem HIsaprmmisiga —0.3 < [ < 0.45. O1u pesysbra-
THI JIEMOHCTPUPYIOT TOT MaKCUMYM, KOTOPOTO MOXKHO
JIOCTUYb 0e3 ydeTa BPAIEHUs YePHO JIBIPHI.
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Ilogxom 6e3 yuera Bpamenus /I crpaseius,
KOTJIa CKOpPOCThH Bpamenusd /[ mana m €0 MOXKHO
npenebpeunb. [lpu yuere BpaleHust KOJIUIeCTBO IPOO
[IOTEHINAJIA YEPHON JbIPbI, HEOOXOIUMBIX IS IIPO-
BEepKH, yBeJndnBaercs. «B KadecrBe KOMIIeHCAIU»
TpeOOBaHMs K TOYHOCTU HAOJIOICHWII CHUZKAIOTCA Ha

MTOPSIJIOK.
®dunancupoBanue. Pabora BbIOJHEHA IpU
nojjiepkke  MeXIuciniimHapHoOi — HayIHO-00pa-

30BaTEIbHON  MIKOJIBI  MOCKOBCKOTO  YHUBEPCUTETA
«DyHnaMeHTaIbHBIE W TPUKJIAJIHBIE KOCMUYECKHE

HCCJICJOBAHMA».
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