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PaccmaTtpuBaetca npumeneHne napamerpusosanHoro noctkenneposckoro (MMNK) dopmanusma k rubpugHoii
meTpudeckoii—lNanatuun f(R)-rpasutaunun. B obwem cnyyae opbuTt ¢ HeHyneBbIM SKCLEHTPUCUTETOM MOJTyYe-
Hbl aHaNUTNYeCKMe BbipaxkeHust ansi veTbipex MMK-napametpos: w, By, 7 n s. C y4etom ganHbix cuctem PSR
J0737—3039 n PSR J1903+40327 Hak/agblBatoTCs OrpaHnyeHnst Ha napametpbl rubpugroit f(R)-rpasutauum
U MOKa3aHO, YTO TEOpWs He MPOTWBOPEHUT HabntofaTeNbHbIM JAHHBIM, MOJYHEHHbIM OT CUCTEM C CUJIbHBIM
rpaBUTALMOHHBIM MoNieM. TakXKe MoslydeHbl NPeAcKasaHust AN MacC KOMMOHEHTOB CUCTEM M MOKa3aHo, H4TO
paccMOTpeHHble acTpoduanyeckne obbekTbl ByayT nMeTb BGAbLUIME MAaCcChl OTHOCUTENBHO NpeackasaHuii ob-
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1. BBEAEHUE

O6mas reopust oraocuresnbaoctu (OTO) sBasiercs
OJIHOI M3 CAMBIX YCIIENTHBIX TEOPHil, N3BECTHBIX B Ha-
crosiuit MoMeHT. OHa MO3BOJISIET OMHUCHLIBATH OI'POM-
HOE KOJIMYECTBO SIBJICHUI B IIMPOKOM JUANA30HE Mac-
mrraboB u rpaBuTanuoHHbIX pexkuMoB. OTO ycnemrHo
[POIILJIa. MHOXKECTBO Pa3audHbIX npoBepok [1]. Omaum
U3 IOCJIeNHUX U, IIOXKaJy#l, OCHOBHBLIX €€ JOCTUXKCHU
SIBJISIETCS TTPEJICKA3aHIEe TPABATAIIMOHHBIX BOJIH, CyTIIe-
CTBOBaHME KOTOPBIX OBLIO 3aPErnCTPUPOBAHO JETEKTO-
pom LIGO [2].

O tHaKO, HECMOTPSI HA TAKOI YCIIEX, BCEBO3PACTAIO-
Imee BHUMAHUE YJIE/sieTCsl TeOPUSIM I'PaBUTAIUK, Pac-
mupstioruM OTO. OcHOBHOI npWYmMHON pacTyIero
uHTEpeca K MOIUMUITTPOBAHHBIM TEOPUSIM I'PABATAIIH
SIBJISIETCSI HEBO3MOYKHOCTD MOJIHOCTBIO ONUCATH HABJIIO-
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JlaeMO€e YCKOPEHHOe pacinupenue BceejenHoil B pam-
kax OTO. Hpyroii npuYnHOl SIBJISIETCS TEMHAs MaTe-
pusi, OIHA U3 OCHOBHBIX ITPOOJIEM COBPEMEHHON (husu-
ku [3,4]. B Hayunbix Kpyrax He BCe MOJJEPKHUBAIOT
U0 O HEOOXOJMMOCTU TOUCKA HOBBIX HEM3BECTHBIX
YacTull Jjist 06bsiCHeHUsT TeMHOM MaTepun. CyIecTBy-
IOT TEOPHUU I'PABUTAIMU, KOTOPBIE TIO3BOJISIIOT JATh YH-
CTO TeOMETPUIECKOE OIUCAHUE SIBJIEHUH, TIPUITICHIBAE-
MbIX TeMHOI marepuu. OJHON W3 TaKUX TEOpHil, KO-
TOpas MpeJIaraeT eIuHbIA MOAX0M K IpobieMaM TeM-
HOIl SHEPIUM U TEMHO} MaTepuu, siBJIAETCA rubpuIHAd
merpuueckag—Ilanarunn f(R)-rpasuraius |5, 6].
Tubpunnaa  f(R)-rpaBuranus — IPUHAJJIEIKUT
Gosnpmomy cemeiicrBy  f(R)-reopmit [7-9]. Mogenn
f(R)-rpaBuraiun peicTaBisior coboil  omuH 13
CaMBIX [IPOCTBIX CIIOCOOOB pacIIupeHus JjeficTBus
Qitamreiina— 'wisbepra. Bee f(R)-teopun crposres
myTeM OOODIIEHUSI TPABUTAIIMOHHON YacTh JeHCTBUSA
3a CYET BBEJEHUS IPOU3BOJIBLHON (DYHKIMYU CKAIAPHOM
kpuBu3Hbl R. Mogemu f(R)-rpaButanuu  yCIenHo
NPUMEHSTIOTCST JIJIsi  ONMCAHWS WH(MJIAIUE B DaHHeR
Bcenennoit [10]. Boxee Toro, f(R)-rpasuramus obec-
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[EYMBAET KPACUBOE M  €CTECTBEHHOE O0bICHEHUE
COBPEMEHHOI'0 YCKOPEHHOI'0 paciiupenus BceejeHHol,
KOTOPOE SIBJISIETCS] TPSIMBIM CJIEJICTBUEM ITOW TEOPUH.
Kpome storo, f(R)-rpaBuranusi IpHUBJIEKATEIbHA B
kadyectBe ajbrepHaruBbl Mojenun ACDM, nockonabky
OHAa MTO3BOJISIET OJTHOBPEMEHHO OINCHIBATH HHMJISIIIIO B
pamnneit BeeseHnoit n ycKopeHHOe pacIiupenne B O3/
nux sranax ssoyonun [11-18]. Takxe f(R)-momenn
XOPOIIO COIJIACYIOTC € HaBJIIOAATESbHBIMU KOCMOJIO-
TUYECKUMU JIAHHBIMU U TPAKTUIECKA HEOTIMIUMBI OT
ACDM [19].

Bece momenu f(R)-rpaBuranuu MOXKHO DPa3ZeIUTh
Ha J[Ba OCHOBHBIX KJjacca: merpudeckuii n [lamaru-
au. OHE pa3nYaloTCs METOOM TOJIyJeHUs ypaBHe-
Huit nosst. B Merpudeckux f(R)-T€OpUX gy, SABIITETCT
€JIMHCTBEHHOM JMHAMUYeCcKoi iepeMeHHoi. B f(R)-Mo-
nensax [lamaruan MeTpuka n cumBoJibl Kpuctodders
SIBJISIIOTCST HE3aBUCUMBIMU BeJMIMHAMEU. Takum obpa-
30M, METPHUYECKHUil monxoj maer auddepeHnnaabHbe
YPaBHEHUSI TI0JIsT 9€TBEPTOrO MOPsIIKA, TOTJIa KaK B Me-
toze IlasaTuHu 9T ypaBHEHUs] UMEIOT BTOPOIl MOpsi-
JIOK [20,21].

Bormpoc 06 3KBUBaJEHTHOCTH ABYX IOIXOJ0B OBLI
nompo6HO M3yveH BO MHOrHX paborax. B [22, 23] 6b1-
JIO TIOKA3aHO, YTO METPUIECKuil (popMasm3M He SKBU-
Basienrer (opmasmsmy [anaruau (B nepsom mpubJim-
»kenun). Bosee ofriee [10Ka3aTeIbCTBO OLLIO JAHO B
pabore [24,25]. fcno, aro obuias HeJuHEHHAS TEOPUs
rPaBUTAIMN MOYKET IIPUBECTU K HEIKBUBAJEHTHON I'pa-
BUTAIMOHHON (pU3UKe, B 3aBUCUMOCTH OT BBIOOpa MeT-
pudeckoro mojxoma mwin nojxona [lamaruan. OpHako B
pabote [26] aBTopsl jokazasnm, uro dopManusm Ilamna-
TUHU IIPUBOJUT K YCKOPEHHOMY pacuiupeHuto BcesieH-
HOI TeM K€ IIyTeM, KOTOPBIil peajin3yeTcd B MeTpude-
CKOM TIOJIXOJIE B CJIy4ae HEeJIMHEIHBIX IPABUTUPYIONIX
CHCTEM, OIMCHIBAEMBIX JIATPAHKUAHOM

L=+/—=g(R+ f(R)Lq) + k®Lpmat (),

rnme R — kpuBusHa, Ly — JarpaH:KuaH CKaJIIPHOIO
10tst, Lyat (V) — Jslarpamkuan martepun, k2 = 87G.
Torma B cayuae adbdekTuBHBIX (HAHTOMHBIX MOJIEEH
B BaKyyMHO} BCEJIEHHO}l INOSIBJISIOTCS CHHTYJISIPDHOCTH
Bousbiioro pazpeisa, B TO BpeMs KaK MOJIEIN KBUHTIC-
CEHITNU COJIEPYKAT CHHTYISAPHOCTH, MOA00HbIe BosbImo-
My B3pbIBY. Takzke ObIIO TIOKA3aHO, 9YTO B CJIydae Paiu-
AIIMOHHBIX MOJIeJIel, I/l JIOTIOJIHUTEIHBHO PACCMATPUBA-
eTcsl PaJINAIMOHHAS YKUJIKOCTh, TOSIBJISIOTCA 00a THIIa,
CUHT'YJIAPHOCTEH.

OpmHako m Merpuyeckuii moaxoa, n moaxoxn Ilasra-
TUHA UMEIOT psiji HeJocTaTKOB. OqHuM u3 dyHIaMeH-
TAJLHBIX U3bIHOB MeTpudeckoil f(R)-rpaBuranuu siB-
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JisleTcss mpobJieMa ¢ IIPOXOXKJICHUEM CTAHJIAPTHBIX Te-
cro B Conneunoii cucreme [27-29]. Tem He MeHee cy-
IECTBYET B METPUYIECKOM IOJIXO/IE KJIACC KUSHECTIOCOD-
HBIX MOJIeNIelt, KOTOPBIit ObLT MOAPOOHO N3ydeH B pabo-
rax [14,17,19]. VX *Ku3HECIIOCOGHOCTD JIOCTUIAETCS IIy-
TeM IPUMEHEHHsI XaMeJIeOHHOro Mexann3ma [13,30-32].

C apyroit croponsl, f(R)-rpasuranusa Ilajparunu
MO3BOJISIET YCIIENTHO OMUCHIBATH KAK COBPEMEHHOE yCKO-
pennoe pacmupenue Beenernoii, Tak n CostHedHyIO CH-
cremy. Ho, HecMOTpst Ha 3TO IpHUBJIEKATEILHOE CBOIi-
crBo, f(R)-momenu IlanaTunu UpUBOAAT K HEpHEM-
JIEMBIM OCODEHHOCTSIM B 3BOJIIOIUHA KOCMOJIOTMIECKAX
Bo3MyIIeHuit [33,34].

Henasro 6bL1 npeyioxken HOBbIH Kiace f(R)-Teo-
puit [6]. On oOGbenuHsier B cebe NPEUMYIECTBA MET-
puueckoit u Iamaruau f(R)-mMouesei, HO Upu ITOM
JIUIIEH WX HEJOCTATKOB. DTOT TOJAXOJ MOJYYUT Ha-
sBaHne rubpunoil f(R)-rpaButanuu. Momenu B pam-
Kax JAHHOTO IMOJXOJ4 MMEIOT KAaK METPUIECKYIO, TaK
u [Tagaruan gacts. CyiecTByeT TOJIBKO OIWH PEaJIu-
CTUYHBIN BapuaHT rubpuaHoii f(R)-rpaBuranun: B HeM
MeTpHrUecKas 9acTh IPEICTaBICHa CKAJIAPHON KPUBU3-
mo#t R, Torma kak uyactb llajmarwau saBjseTca mpous-
BoJbHON byHKumMeil kpususabl [Hanatuau R [5]. da-
nee, rubpunHas f(R)-rpaBuranysi MOXKeT OBITH IIPeI-
CTaBJIEHa KAK TUHAMUIECKN SKBUBAJIEHTHAS CKAJSPHO-
TEH30PHAsA MOJIENTb. B 3TOM CiIydae CKaJIspHOe II0JIe
HPOSIBJIAETCs Ha OOJBIINX MacmTabaX u UrpaeT aKTHB-
HYIO pOJIb B KocMmoJsiornn. Takske 0HO obecrieunBaeT pe-
AJIMCTUIHOE ONMCAHUE TAJAaKTHIECKOH nmuHamMuku. Bo-
Jiee TOrO, CYIIECTBOBAHNE TAKOT'O CKAJISIPHOIO TOJIsI CO-
[JIACYETCsT ¢ SKCIEPUMEHTAMA B JIOKAJBHBIX CHCTEMAX,
JlazKe eCJIU CKAJSIPHOE TTOJI€ OU€Hb JIETKOE.

T'ubpunnag f(R)-rpaBuraiius B pa3JudHbIX ACIIEK-
TaxX M3ydasach BO MHOrEX paborax. Hampumep, cra-
TUYeCKasd BCeJICHHAs JMHINTeiiHa Oblaa nccae0BaHa B
pabote [35]. TakKe n3ydaanch pas3IMIHble KOCMOJIOT -
geckue Mozenn [36,37]. Yekopennoe pacruupenue Bee-
JIeHHOH ommcaHo B crathe [38]. Kpome Toro, rubpu-
Hag f(R)-rpaBuranus 6bl1a MCCIEI0BAHA Ha DPA3JINd-
HBIX MacmTabax: OT 3Be3J[ JI0 CKOIUIEHUH rajlakTHK.
Breuio mokazano, 9To pasimune BUPHAJBHBIX U BU3Y-
AJIbHBIX MACC CKOTLIEHHUH TAJIAKTAK MOYKET ObITH 00bsC-
HEHO Yepe3 reOMeTPHUIECKUe IJIeHbI B 0000IEeHHOIT Teo-
peme Bupnada [39]. T'ubpunnas f(R)-rpasuraims Tax-
JKe€ T03BOJIZET OODbSICHUTH CKOPOCTU BpPAIIEHUSA ITPOO-
HBIX JaCTHII, JIBUXKYIIUXCs B IPABUTAIMOHHOM TIOJIE Ta-
JakTuk. [Ipu 3TO0M B paMKax JAHHON TEOPUM MOKHO U3-
6eKaTh BBEJEHNAs] OIPOMHOIO KOJIMYECTBA TEMHON Ma-
repun [40]. Kpome toro, B padore [41] Gbltu paccMor-
penbl (busmvecKme CBONCTBA HEHUTPOHHDBIX U KBAPKO-
BBIX 3B€3JI. [IOMUMO 3TOr0, OBLIN MOJIyIeHbI ACUMIITO-
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TUYECKU aHTUIECCUTTEPOBCKUE PEIIeHUs TUIA «KPOTO-
Basl HOPa», KOTOPBIE YIOBJETBOPSIOT HYJIEBOMY SHEpre-
TUYECKOMY YCJIOBHIO JIJIsT BCETO IIPOCTPAHCTBA-BPEMEHH
[42]. Taxke GbLTa PACCMOTPEHA YCTONUUBOCTD IEPHBIX
neip Keppa B 0606mennoit rubpuanoit f(R)-rpasura-
mun [43]. B menasHeit pabote [44] GbLT BBITIOIHEH T10JT-
HBIIl HOCTHBIOTOHOBCKUIT anauu3 rubpuuoii f(R)-rpa-
BUTAIMU. DBbUIM MOJIyYeHBl AHAJUTUIECKUE BBHIPAKE-
HUsI JIJIs TAPAMETPOB Y U 3, a Tak:Ke ObLIO JIOKA3aHO,
YTO OCTABINUECS] BOCEMb MOCTHBIOTOHOBCKUX ITapaMeT-
POB TOXKJIECTBEHHO paBHbI Hy/i0. [lokazaHo, 4To Jier-
KOe CKaJIgpHoe 1oJie B rubpuauoii f(R)-rpasuranuu He
[IPOTUBOPEYUT IKCIIEPUMEHTATHLHBIM JIAHHBIM Ha OCHO-
BaHUM BCErO HAOOpa MOCTHHIOTOHOBCKUX MMApaMETPOB.
Kpome toro, rubpunnas f(R)-rpasuranus ObLia 1mpo-
BepeHa Ha HAOJIOATEIHbHBIX TAHHBIX JTBOWHBIX CHCTEM
C TyJIBCAPOM B CIydae KBasWKDPYTOBOH opouTsr [45].
B0 noJryyeno BoIpazkenue Jjist U3MEeHEeHUsT OpOUTaIb-
HOTO TIEPHUOJA 33 CYeT TPABHUTAIMOHHOIO WU3JLYICHUS
u 1oKazaHo, 4ro rubpuanas f(R)-rpaBuranus mpei-
CKa3bIBAET HAJIMYUE TOJIHKO CKAJIIPHOIO U TEH30PHOTO
KBaJIPYIOJbHBIX YIeHOB. [loMrMO 9TOro, BlepBbie ObI-
JIO HalJIEHO OrpaHIIeHNE Ha MACCY CKAJISIPHOTO MOJIS B
rubpusoit f(R)-rpasuranun [45].

Panee ocHOBHOe BHUMAaHWE YIEJSIOCH HCCIIEIO0BA-
HU0 rubpuaHoil f(R)-rpaBUTAIMA B KOCMOJIOTMA U B
pesese caadboro nouid. JIumb HeOOIbIoe KOTUIECTBO
crareii [41,43,45] 6bLI0 OCBSIIEHO UCCIIETOBAHUIO MO~
JIeJI B PEXKUME CUJIBHOIO ToJist. B 910l pabore MbI nc-
cstetyeM nposisiienusi rubpuanoit f(R)-reopun B cuiib-
HOM TIOJI€ JBOWHBIX CHCTEM C Iyjbcapom. Jljas sToit
IeJTM MBI UCIIOJIb3YEM IapaMeTPU30BaAHHbBIN IIOCTKEILIe-
poscekuii (IITIK) dopmamusm [46,47].

IlepBoHavabHO TApPAMETPU30BAHHBIN MOCTKEILIE-
poBckuit hopmaan3m 66T pa3paboOTaH JJIsd Oy ICHUST
JIMHAMIYECKOH MH(MOPMAIUA U3 JAHHBIX MTYJbCAPHOTO
TaliMMHTa TEOPETUIECKU HE3ABUCUMBIM IIyTEM. DTa WH-
dopMaIms CoIEPKUTCA B OIIPEIETCHHOM HAOOPE ITOCT-
KEILJIEPOBCKUX IapaMeTpPoB. B COOTBETCTBUU C ITUM
dbopmam3MoM JTI06asT TEOPHUS IPABUTAIIIMN MOYKET OBITh
ommcana jesatHajnaTbio [ITIK-napamerpamu, xoTo-
pble ABJISIOTCH DYHKIMAME KEIJIEPOBCKUX IT1aPAMETPOB
U MHEPTHBIX MACC IIyJIbCapa M €ro KOMIIAHBOHA. DKC-
nepuMeHTaJbHbIe 3HaUennsa BocbMmu [IITK-napamerpos
MOTYT OBITH MOJIYYEHBI U3 IYJILCAPHOrO Ta¥iMHUHTA, a
OJIMHHA/IIATH — U3 (DOPMBI ITOCTYIAIONUX UMILYIIHCOB,
u Bce 19 mapamMeTpoB MOTYT OBITH U3MEPEHBI HE3ABUCH-
mo. Takum obpazom, IITTK-dbopmaansm siBisiercst morir-
HBIM HHCTPYMEHTOM J[IJIsI TIPOBEPKY MOAU(MDUIIIPOBAH-
HBIX TEOPUi TPABUTAIINN B PEKUME CUJIBHOTO TOJIsT, KO-
TOPLIA peajm3yercd B JABOMHBIX CUCTEeMaXx C IIyJibcapa-
mu [46,47].
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BazkHO O4epKHYTh, YTO PEKUM CUJIBHOI'O IIOJIS B
JIBOMHBIX CHCTEMAX C IIYJIbCAPOM HE sIBJISETCH HACTOJIb-
KO K€ CHJIBHBIM, KaK, HAITPUMep, B YEPHBIX Jibipax. Ha
caMOM JieJie, UCIOIb3ys TEPMUH PEXKUM CUJILHOTO IIO-
JIZ B JAHHOM KOHTEKCTE, MbI, CKODee, UMeeM B BUILY,
9TO B TAKWX CHCTEMax moje cujbHee, ueM B CoJiHed-
HOIi cucTeMe [47]. JefcTBUTENIBHO, TIOCKOJIBKY IIYJIbCAD
ABJISIETCS OBICTPO BPAIIAIONIEHCsT HEHTPOHHOM 3BE3/I01A,
Ha MOBEPXHOCTU TAKOI'0 OOBLEKTA IPABUTAIMOHHOE II0-
JIe COCTaBJIsIET (%) psr ~ 0.2, Torma xak juist Coin-
1a JIaHHasl BeJUYIUHA Oy/IeT MEHbIIIe: (ffé) o~ 106,
Kpowme Toro, ocb MaranTHOro moJis mmysabcapa cMeIeHa
OTHOCHUTEJILHO €TI0 OCH BPAIIEHUs. DTO BBI3BIBAET MO-

JYJIAIUIO IIEPUOIMYECKAX CUT'HAJIOB, IOCTYIIAIONIUX Ha
Semutio. Bosiee Toro, 6iiarogapsi BbICOKO# CTabUIIBHO-
CTU TPHUXO/Ia UMILYJIbCOB CTAHOBUTCS BO3MOYKHBIM Ha-
6JII0aTh JIMHAMUKY OPOMTAJIBHOTO JBUXKEHUS C TOY-
HOCTBIO, IPU KOTOPOil IIPOSIBJIAIOTCA TaKue TOHKHUE -
deKThI, KaK U3JIydYeHrne rpaBUTAIMOHHBIX BOJIH. Bee 310
JeJiaeT IBONHBIEC 3Be3JHbIE CHCTEMBI, KOTOPBIE COJEp-
XKaT MyJIbcap, He3aMeHUMOoi Jjaboparopueit mjisa nusy-
YeHUs IIOBEJIEHNUs] PA3/IMYHBbIX MOJesell 'paBUTAIlIN B
CUJIBHOM IIOJIE.

OCHOBHOI1 TIEJIBIO JJAHHOM CTATHU SBJISETCS TIPOBEP-
ka rubpuanoit f( R)-rpaBuUTanuu ¢ UCIOJIb30BAHUEM A~
PAMETPHU30BAHHOIO MMOCTKEILJIEPOBCKOTO (hopMam3Ma.
B wacrHOCTH, MBI CcOOMpaeMcs MOIYINTH aHAJIUTHIE-
CKHUE BBIPAXKEHUsI JJIsl YeThIPeX MOCTKEILIEPOBCKUX 1A~
PAMETPOB: & — U3MEeHEeHHe J0JIIOTH epHacTpa, L —
u3MeHeHne OPOUTAILHOTO IEPUOJIA, T' U § — [TapaMeTPhI
zagiepkku [lamupo. 3areM, UCIONB3YsT 3TH BhIpaXKe-
HUA U JaHHbIe Habmonenuit cucrem PSR J0737—3039
u PSR J1903-+0327, MBI TIOJIyIrM OFpAHUYEHUsT HA T1a-
pamerpsl rubpuauoii f(R)-rpaBuranmu.

Crarbst mMeeT CJeyIONyI0 CTPyKTypy. B pasm. 2
MBI PACCMOTPUM [€fCTBHE U ypPaBHEHU: IOJA I'HO-
pugaoit f(R)-rpasuraiuu B 00IIeM BHJIE W B CKa-
JISIDHO-TEH30PHOM IipeJicTaBjieHnu. B pasm. 3 obcymum
TIIIK-dopMmanm3M u MOJYIUM aHAJIATHIECKHAE BBIpa-
xenusa ang [IIIK-napamerpos. [lanee, B pa3a. 4 Mbl
HAJIOXKUM OrpaHudenus Ha rubpugnyio f(R)-rpasu-
TAIUIO, WCIOJIb3ys HAOJIOAATEIbHbIE JAHHBIE CHCTEM
PSR J0737—-3039 u PSR J1903+0327. B pa3z. 5 moza-

BeJeM UTOI'd U O6CY,ZLI/IM IIOJIYI€HHbIC PDE3Yy/JIbTaThI.

B pabore rpeueckue uHiueKCHl (i, V,...) mnpobe-
rator 3HadeHusa 0,1,2,3 m wucnonp3lyercss cUrHATypa
(—, =+, +, —l—). Bce BbIunc/ieHuST BBITIOJTHEHBI B CUCTEME
emuaut;, CI'C. B pabore ucrnonb3yercs mpeicTaBieHue
Nopnana.
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2. TUBPUJIHAS f(R)-TPABUTAIIN ST

MeTpuyaeckoii—IlamaTunm
OitHreii-

HeiictBue  rubpumHOM
f(R)-rpaBuraiyn
Ha—'nibbepra ¥ npou3BONIbHOM (DYHKIME KPHUBU3HBI
IManaruau [5,6]:

cocrouT U3 qJIeHa

g

5 [ V=g R+ FO)] + S,

(1)
rje ¢ — cKopocTh ceeta, k? = 87G, G — HbBIOTOHOBC-
Kasl TPaBUTAIMOHHAA TTocTogHHasA, B u R = g'" R, —
MeTpUYeCKas KpuBU3Ha u KpuBuizHa [lajaruau coor-
BETCTBEHHO, § — OIPEJIEJUTEIh METPUIECKOTO TEH30-
pa, S, — neiicrBue Marepuu. 3iech KpuBusHa Ilaja-
TuHU R onpeesaerca KaK (DYHKIUS ¢y, U HE3ABUCUMO
I o .
onpegensteMblx cumBosos Kpucroddens I, :

R =g"R.
— g,ul/ (fwoc

7 2Ne"

B

o A na T
po,v + Fa)\ruu - Fukroa/) : (2)
Kak mn B ciyqae amcro merpudecknx n [lamatuan
f(R)-reopuit, neiicreue (1) MOXKeT ObITH IIPEICTABIEHO
B T€PMUHAX CKAJSIPHOro 10 (6oJiee MOIPOOHBII BbI-
BOJI, TIpeJICTaBJIeH B paboTax [5,6]):

A

= o
3
<Jarors 2o,0000-vio) +5. ©)

S /d4;v\/—g><

riue ¢ — ckajagpHoe noje, V(¢) — cKaJsapHbIil 0TeH-
muai. B peiicrBun (3) ckajsipHOE MOJie HEMHHUMAJIb-
HO CBSA3aHO C MaTepueil, a KUHEeTUYeCKUl YjIeH ABJIdA-
€TCsl HEKAHOHUYIECKUM. Y PABHEHUS TI0JIs1, TTOJTydaeMble
u3 (3), umeror ciemyrommit Bu, [5, 6]:

3

k2
<TW‘ QWT) "3

1
(1 + QS)RMV == C_4
Guv [V(@ + VaVOQb} + V.V, (4)

5 0,90, +

1
2

P2V(6) — (1 + &)Vl
3

1
V. V¥ — %ama% -

k2
= 3aT"

(5)

rae Ty, u T — TEeH30p SHePrHU-UMIIYJIbCa U €T0 CIe
COOTBETCTBEHHO.

3. IIMTK-®OPMAJIN3M

Orkpeitue cucrembl PSR B1913+16 B 1974 1. [48]
PEIOCTABUIIO HOBBIE BO3BMOXKHOCTH JIJIsl IPOBEPKU MO-
JUDUIUPOBAHHBIX TEOPUI IPABUTAIMHA. DTa CUCTEMA
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CcTaJia IIePBOMA OTKPLITOH ABOMHON cHCTEMOH, colep-
>Kameit myabcap. s aHAIM3a JaHHBIX MYJILCAPHOTO
TalMUHIa, TOJyIaeMbIX OT TAKUX CHCTEM, HEOOXO/IHU-
MO OBLTO pa3paboTaTb (POPMAaJIM3M, KOTOPBIH MTO3BO-
JAsT ObI M3BJIEKATH WHMOPMAIHIO O CHCTEME TEOPETH-
4ecKu He3aBUCUMBIM criocobom. B 1986 r. Tamyp u e-
PIO3JIBb co3aam Takoil (hopMauaMm. OH O3BOJISIT ONHU-
CBIBATH BCE PeJATUBHCTCKUE 3(P(PEKThl BILIOTH [0 IIO-
paaka (v?/c?) HesaBuCHMO OT BHIGOpA TCOPHH IpaBH-
raruu [46] 1 mosyuni HasBaHWE TApAMETPU30BAHHBII
nocTkemieposeknii popmanmsm. I1oz1Hee TpuMeHeHe
sToro opMau3Ma s OPOBEPKH MOIU(PUIIPOBAH-
HBIX TEOPU TPABUTAITIHN OBLIIO TOIPOOHO OMMMCAHO B pa-
6ore [47]. TITIK-dopMaansm mo3BoIIsieT NPOBEPSTH TEO-
PUM TPABUTAIMU B IPEAEe CUILHOIO II0JIs aHAJOIHY-
HO TTIAPAMETPU30BAHHOMY IIOCTHBIOTOHOBCKOMY (hOpMa-
am3My B ciabom modte [1,49,50]. OcuosHas ujest moct-
KETJIEPOBCKOTO (hOpMAIU3Ma, 3aKII0UAETCS B OTTACAHUM
opburanbHbIX 3¢ deKkToB caemyonmM obpazom [47]:

ty—to=F [T {p" L (""" 1:{d"%}].  (6)

re t, — GApUIEHTPUIECKOE BPEMsl MPUXOJIA UMILYJIb-
coB, T' — cobCcTBEHHOE BpeMsI MY/IbCapa C MOMPABKAME
Ha abepparmio. B Beipaxkennn (6) mpucyTCTByeT Tpu
nabopa napamerpos [47]:

{pK} = {vaT‘JvevavaO} (7)

— HabOP KEIUIEPOBCKUX IIapamMeTpoB, rae P, — opbu-
TaJIbHBIA TEPUOJ, € — IKCIEHTPUCUATET, W — IOJITOTA
TepuacTpa, & — MPOEKITHs OOJBIION TOyOCH OPOUTHI
myJIbcapa;

{p }—{Wa% b7y S, Gueuw} ( )

— HA0Op HE3ABUCUMO U3MEPSEMBIX ITOCTKEIJIEPOBCKUX
mapaMerpoB, TIe 7y — MapaMeTp 3aJep:KKu JWHIITel-
Ha, 09 — Oe3pa3MepHbIl MapaMeTp, OIPEIEIAIONIIi
PEJIATUBUCTCKYIO J1epOPMAITHIO OPOUTHI, € — BEKOBOE
U3MeHeHNe YKCIEHTPUCHUTETA, © — BEKOBOE CMEIEeHUe
IPOEKIMY OOJIBINON TOIYyOCH;

{d"*} = {0, A, B,D} (9)

— HabOP MOCTKEILJIEPOBCKUX ITapAMETPOB, KOTOPHI 3a-
BUCAT OT 3HadeHuit Besmuud (8), vae 6, — Ge3pazmep-
HBII HapaMeTp, OLPEACJAIONNNA PeJIATUBUCTCKYIO Je-
dopmanuio opouUThI, CBsI3aHHbI ¢ dg; A, B — mapamer-
pol abeppanun; D — noruieposekuii daxTop [47].

B »sroit pabore MBI OyaeM paccMaTpUBaTh TOJHKO
qeThIpe MOCTKEIJIEPOBCKUX MapaMerpa w, Pb,r, s. Ha-
Jiee 0OCyIMM KaXKIbIil U3 HUX TOIPOOHO.

3.1. IameHeHMe OOJITOTHI MMepUACTPa W

OrnpaBHON TOYKON HAaIero pacCMOTPEHUS sIBJIs-
eTcd IOJydeHHe JlarpaHKuaHa, ONMUCBIBAIOIIErO Op-
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ouTajabHOE JBUXKEeHUE. s 9TOi e M Mbl UCIOJIb-
gyem Mmeron Oitamreitna, WNudensna n Xodbdmana
(PUX) [49,51].

IIpex e weM NPUCTYNIUTD K MOy IEHUIO OPOUTATH-
HOTO JIArPAHXKHUAHA, MPEJICTABUM CKAJIAPHOE ¢ U TEH-
30pHO€ ¢, moJist rubpuaHoii f(R)-rpaBuTanun B cie-
JIYIOIIEM BUJIE:

¢:¢0+<pa

rae ¢p — aCUMITOTUIECKOe (DOHOBOE 3HAYCHIE CKAJISID-

uv = Nuv + h,uz/a (10)

HOT'O TOJIsl BJJAJM OT UCTOYHHKA, 1), — MeTpHuKa MunH-
KOBCKOTO0, h,,, 1 ¢ — MaJjble BO3MYIIEHNs TeH30PHOTO
U CKAJIAIPHOTO I0JIeil COOTBETCTBEHHO. B 0b6mieM ciry-
qae ¢ He SIBJIIETCS KOHCTAHTOM, a MPEJICTaABISIET COOOI
dyHukImo, 3aBucsLyo ot Bpemenn @(t). OmHako sToit
3aBHCUMOCTBIO MOYKHO MIPEHEOPEUb, €CJIN XapaKTepHAast
IIIKaJla BPEMEHU BeJIMKa 110 CPABHEHUWIO C JIMHAMUYe-
CKOIi IIKaJION BpeMeHH, CBA3aHHON C JIOKAJIbHOU CUCTe-
moit. Takum 06pazoM, ¢y IPeaIOIaAraeTCs OCTOSHHON
Besmannoit. Crasapubiii morernuan V(¢) npeacrasum
B Bujie pasjoxkenns Tefiopa oTHOCUTETHEHO (DOHOBOTO
3HAYEHUsI CKAJISIPHOTO TOJIs ()9 B CJIEIYIONIEM BUJIE:

vV © V”/(pB
V(o) . (1)
TOrJa €ro Ipou3BoAHasd 1o ¢ upumer sug Vy = V/ +
+ V"o 4+ V"2 /2; a macca CKaJSpHOTO TOJIS MO-
2KeT OBITh BBIPAXKEHA CJIEIYIONUM 00pa30M: mi
=12V = V' — (1 + ¢0)poV"]/3 [44].

Takum obpazom, DUX-jnarpamKkuaH TPUHIMAET
CJIeAYIOIUA BUAL:

", .2

=Vo+Ve+ + +...,

GM

1
Lre (R, V)=p 'L (R, V) = —V2 + %

4
( %0 _mw> %(1—31/)\074-

(3—!—1/—!—(;;

1+¢

GM
2Rc?

1
1+ ¢o
1 b0 _

1— —e ™M
1+¢0( 36

GM 9e>me —
R

me(1—y))V2+

+ R)u(N-V)2—

b0 (66m‘PR +1)
(3em<F — go)?

rmeR=r; —1r3, V=v;— vy, mm — Maccel myib-
capa u KoMmnanwona, M = m + m' — obmaa macca,
w=mm’/(m+m') — npusenennas macca, v = /M,

N — eMHUYHBIA BEKTOP B HAIPABJICHAU U3/IyYCHUS B
CHCTEME OTCYETa, CBA3AHHON C IYJIbCAPOM.

IMockoubKy sarpanxkuan (12) nHBapuaHTEH OTHOCH-
TEJILHO CABUTOB BO BDEMEHU U IIPOCTPAHCTBEHHOTO BPa-
MIEHHs, CYIIECTBYET YETHIPE MIEPBLIX HHTEIPAJIA JIBUKE-
HUST: SHEPrUst CUCTEMBI F 1 MOMEHT MMITyJibca J:
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aLrel
OV

Ucnonbayst Beipaxenune (12),

aLrel

E=V. —rre (13)

, J=Rx

2

+

(bo —mv,R
3

1T o0 (3+l/+
(NV)Q( _@_va
7oy (L7 3¢

GM 962m¢R _
R

+

, (14)

1
J=RxV|l+5(1-3)—5+

@ -mon
3

(3+l/+

QHEPIruio 1 MOMEHT UMITYJIbCa B CJIEAYIOIIEM BHUJIE:
2 3
3
2
(1- u)) V4
(3emeR — ¢)°

X 1—v . (15
S 1-») ] (15)

MOXKHO IIP€JICTaBUTH
1 GM 1
E=- (1 — @e_m“’R) +
"R 1+ oo
vt GM
+-(1-3v —— X
8 ( ) 2Rc?
R) v+
do (6™ R +1)
V2 GM y
c? Rc?
CymecrsoBanue nepsoro uarerpaia (15) osnagaer,
9TO KOMIIOHEHTBI CUCTEMbI JBUXKYTCsSI B KOODIUHATHON
miockocTu. [loaTomy ymobHO OymeT mepefiTu K moJsip-

HBIM Koopauuatam {R,0}: R, = Rcosf, R, = Rsind
u R, = 0. Torga, ucrosib3ys ciemyromnue 0003HATECHNUS:

V2 _ @ 2 2 d_9 2
dt dt )’
|1:{>< V| _ 2%, (16)
dR

2
u npeHeGperasi BCeMHU WieHaMu 10 opsika (v/c)”,
MOZKEM IIPEJICTABATH yPABHEHNs] OTHOCUTEJILHOIO JIBU-
JKEHUsI B MOJISIPHBIX KOOPJIMHATAX C MIOMOITIBIO BBIPAZKe-

MBI

HU#l 77151 TIEPBBIX I/IHTeI‘paJIOB (14), (15):

dR 2B C D
<%) =A+ R +ﬁ+ﬁ’ (17)
do H I
rae
3 E
A=2E[1+§(3V—1)C—2:|, (19)
¢O — R
B=GM 1— —e ™M
G 1+¢0{ { 3 e +

+ [7u —6— %e—me (Tv — 2)]

c2

g
, (20)
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C=-J? [1+2(3u—1)£2} +
C

1-— @e_m%"R (b
3 0 —m — —
+{W|:5V—9—?€ R(5V 1):|

9e2melt — g (6e™e B +1) | GPM?
(3R — go)”

ERE (21)

1 $0 _m.R GM J?
_H%[ 3v (1 3¢ >+8] o (22)

H:J[1+(3u—1)CE—2}, (23)

1 $0 _m.r GMJ
I—1+¢O{2u<1—?e )-4] 5 (@9

Cuestyst MeTofy, onucanaomy B pabore [46], pemum
ypasaerus (17), (18) u mosyunM BbIpakKeHUe JUIs W3-
MEHEHUs! JOJITOTHI [IEPHACTPA:

w=n(K-1). (25)

B,ZLGCB N ABJIAdETCA Cpe,ILHI/IN[ JBU>KECHHEM:

1
{1 — 3 X
4 <1 - —0)
3

m%’}v (26)
H

K= ———— (27)

n(a”)%/@’

ep — 3O DEKTUBHDBIN SKCIIEHTPUCUTET,

(—2B)* (1 + ¢o)
¢
GM <1 - ?0>

Po E GM o
X {u—15—?(u+1)]c—2—m

n =

2F (1 + ¢o)°
=1+ (1+ o) ;
G2M2<1—@)
3
17 7 4
xq 14+ 2V 5~ ¢0{2u+1—

1-2
3

¢ E 1-%0 ¢

_ ¥ _ = 2 __ 3 |_7_ %

3 (2v 1)] = J 4+ (L1 d0)? [ 7 3] +
9 —T¢o G2 M2 n

200 (1 + ¢o) J?

sMy, (28)
26GM (1 - @>
3
a’ — sddexTuBHag 6obIIag IOIYOCh,
"o GM o E
== SEa [1—3] {1 — [1-3v] @} +
GM_ \*[, o] 200
+(smaay) 173 Fme @

DTOT PE3YILTAT MBI MOJIYIHIN B CJIydae JErKOro cKa-
asipaoro nosst meR < 1. B rubpunmnoit f(R)-rpasu-
TaIMKM MacCa CKaJSIPHOIO TOJIsl OTBEYaeT 3a OMUCAHUE
addekTa yckopeHHoro paciupennsi Beenennoit. Bin-
sTHUE 9TOr0 3P HEKTa CTAHOBUTCS 3aMETHO HA PACCTOsI-
HUSIX, 3HAYUTETLHO MIPEBBIIIAIONINX PACCTOSTHUE MEXK LY
KOMIIOHEHTAMU NBOUHBIX crucTeM. [TosToMy MBI MOXKeM
npenebpeyb WIEHAMH BHJIA T, /c? U UCTIOJIb30BATh Pas-
noxenue B pazx Teiinopa dyukunu exp(—myR).

B pesynbrare MBI TOJyYaeM CJIEIyIONIEe BbIparKe-
HUe Ul U3MEHEHUsI JI0JITOThI TIepUacTpa:

(GM)?3 7w @m) >3 (1 + ¢o)*/?

2P (1 - e?) (1 - @)4/3
3

110
73 |:7_|_ %:| _ 9_77(;502 _
9 (1_ @>
3
(GM)'? 4¢ (427)"/°

o & 2/3
3P (1+ ¢)/? <1 - ?0)

me.  (30)

3.2. IITIK-ntapameTpsbt s u T

Temepnb nepeiieM K BerIucAeHUIO 3a1ep2KKu [1amu-
po. B mepBy1o odepenp paccMOTpuM ImapamMeTp S, KOTO-
PBIif paBeH CHHYCY yTJIa HaKJOHA OPOUTHI Sin ¢.

JlBuskeHne B JBOMHON CHCTEME TOIUMHSIETCS Tpe-
TheMy 3akoHy Kemrepa:

a®(2n/Py)? = G, (31)
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rae a — OOoJIbINasi MOJYyOCh OPOUTHL B CUCTEME IIEHTPA
macce, G/ — sapdexTuBHAS rpABUTAIIMORHAS TOCTOIH-
qetf _ _G

mast [44],
- )

Mg paccmaTpuBaeM Ciiydail JIEFKOINO CKaJIIPHOTO IIO-
ag mell < 1. Tenepb Ha OCHOBAHUHM TPETLEI'O 3aKO-

1-— @e_m“’R

: (3

Ha Kemepa jyist rubpunsoii f(R)-rpasuraruu (32) Mbr
MOKeM HAHTH OOJIBIIYIO TIOJIYOCh OPOUTHI

GMP? 1/3 1/3
”:Qﬂuﬁw> O‘@>' (33)

3
Bosbinas mosyoch 0pOUTHI IIyJIbcapa OTHOCUTEIHHO
LIEHTPa MacCC CUCTEMbl BbIParKaeTCs KaK

mea  cx
= — = —
! M sini’
TOrJIA, UCIIOJIb3Ys Bhipaxkenue (33), mosryaum
.. cxM
s =sini = =
moa
1/3
ca (472) 2 M3 [ 1 4
B 2/3 (34)
G1/3Pb/ mao 1— @
3

Teneps mepeiizieM K BBIYUCIECHUIO CAEIYIOMIErO IMa-
pametrpa 3agepxkku [Hlammpo r. YToOBI BHIPA3UTH 9TOT
rapamMerp, HeoOXOIMMO HCIIOIb30BATh YPaBHEHUE BU-
JKeHns POTOHA IO Te0Ie3NIECKOIL:

—1nl + (8 + G )uied =0, (35)
e
o 2 g M
@ _ 2 e M
hy = 56728, (37)

— BO3MyIIEHUI MeTpuKU 10 mopgaka O(2) [44], §;; —
cumBost Kponekepa. Takxke HEOOXOIUMO yd9eCTh, UTO
ut = dat /dT, — 9eTBIPEXCKOPOCTD a-ii YacTuIsl, dT =
=V/—ds?/c, ds* = g, dx"dz” — unrepsad.

Takum 06paszom, ypasaenue (35) npuHuMaeT BUL

2 .
_1+_2Geff@_|_
c r

2 m
+ <1 + —QGeffWPPN—2> lu> =0, (38
c r
e
(bO _ R
14+ —e ™M
+ 3 e

YPPN = (39)

1-— @e_me

619

— 3¢ ek TuBHBLI HOCTHLIOTOHOBCKU napamerp v [44].

Ecsin doron uznyvascsa B TOUKE X, B HAIPABJICHAN
N B MOMEHT BPEMEHH t., TO €ro TPaeKTOPUs C yde-
TOM MOCTHBIOTOHOBCKHX MOIPABOK Ty (t) omuchizaert-
sl BBIDAYKEHUEM

2l (t) =z +n' (t—te) + Tpy (L) (40)

Wcnonb3yst TOXKIECTBO

dXPN (t)
2
=142n. ——— | =
|u] + (n i
dxll (¢
—1+ 2%() +O(), (41)
IOJIy UM
drpy (1) _ 1 epy hie”

= _c_2G (1+'7PPN)T- (42)

Torma BpeMst poxoKaeHUsT POTOHA OT X, JI0 X U 00-
paTHO OyIeT paBHO

t

D 1 [
= / Gl

t= E|X_XG|_ 3 (1+vppN) %dt/ (43)
te

u apameTp r u3 3aep:xkku Ilanupo, cooTBeTCTBEHHO,
nmeer Bug [47,52]

Gm2

IR S) 44

3.3. IameHeHune opburtasbHOoro nepuoga P,

B pa6ore [45] MBI mosTyunin BhIpasKeHUE JIsl [Ep-
BOI MPOM3BOJHON OPOUTAIBLHOTO IMEpUOJa B CJIydae
KBa3ukpyrosoit opburel. Ho B 3T0it crarbe Hammeit
[eJIBI0 ABJIAETCA MOJyYeHNe BbIPaKeHUdA JJId II0TOKa
SHEPTUM OT JBONHOM CUCTEMBI ¢ MYJIHCAPOM I DoJiee
00ITIero citydast OpOUTHI C SKCIEHTPUCUTETOM:

(Egran) )

rIe TeH30pHad 9aCThb 3allIChIBACTCA KaK

<Etensor> + <Escalar (45)

. G
<Etensor> = _7505(1 n (]50) X
X <Mklel - %(Mkk)2> ,  (46)

M;; =y m®(@)ri(t)r (1) (47)

— KB3JIPYIIOJIbHBI MOMEHT, U CKaJIgpHad 4aCTh UMeeT
CJIeAYIOIUA BUA:
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2C5G¢0

Esca ar ) = Z71 T L\

< : > 6(1+ ¢o)
1

< MOM1+ <2M M2+M0M3 +M1M2 )

L
). s

60c10
— dyuknusa Beccens mepsBoro mopsizika,
—|jr—r'|?n

/d21d22J1 (Zl)JQ(ZQ) X

<2M2 Mg +./\/12 Mg)

1
30c10

kll kll

+ <M1M4 + ME M,

3necy Ji(z)
z=mgy\/ 2t —1)2

ME = M2t z) =

(o (D) (D)

x M, (t-@)r (t—LZZ))) (49)

L
Ta

~D(r,2) %

L
a

rie
o 2 Gmb
Malt) = o 1‘272‘3; ra (L + b0)
Goo Mo R
21+ o) ; () » (50)
rh () = vl @)riz(t). . ri(t), u(r,z) = /14 (z/myr)?,

Mg U Vg — COOTBETCTBEHHO MAacCa U CKOPOCTh O0bEK-
Ta a. Touka Ha1 IEpeMeHHO 0003HAYAET TPOU3BOIHY O
110 BPEMEHU.

B orsimime or BBIBOJIA BBIPAXKEHNUS IS IEPBOIi I1po-
U3BOJIHON OPOUTAIBHOTO MEPHO/Ia, TTOKA3AHHOTO B [45],
3/IECh MBI PACCMATPHBAEGM CJIydail OpOUTBHI € IKCIECH-
TPUCHTETOM:

~a(l—é?) -
~ 1+ecosf’ (51)
[Tosyuast 910 ypaBHEHHe, Mbl TAKKe IPEJIIOJIarajm,
9TO CKAJSPHOE MOJIE SIBJISIETCS JIETKUM. 'Tenepb BbIauc-
JIIM TIOTOK SHEPIUH 32 CYET IPABHTAIMOHHOTO U3y Ie-
HUsI, UCIIOJIb3Ysl BhIpaxkeHue [45]:

E'_ 2 P,

T 35, (52)

Tora HaxoauMm, 9TO

620

b0
p (%)
BER (14 )5/
H ;19%—57)?; 57 N\
15552 (1 — =2 ) (14 ——e2 4 —et
555 < 3) <+24e+966)

X <1i9(15e4 + 64e% — 12)(3 — ¢0)? —

8973 (( ,  5538¢0 A
T 152 <<¢0+ 997 +9>6 +
220002 11752 22
(6220003 75200 , 62200
8973 2991 997
17440 342406, 1744042
* 997 2991 8973 - (53)

Takum obpazom, u3mMeHeHne OPOUTAIHLHOTO TIEPUOJIA
B JIBOWHBIX CHCTEMAaX C IIyJIbCAPOM MPOUCXOJUT M3-33
MOTEPU SHEPTUU Ha CKAJSIPHOE W TEH30PHOE M3JIyde-
uue. Boipaxkenue (53) comep:KUT TEH30PHYIO U CKAJIAD-
HYIO 9acTH. B TEH30PHOM BKJI&JIE TPUCY TCTBYET TOJIBKO
KBaJ[PYIOJbHBIA 4ieH. TeH30pHash 4acTh CX0¥Ka € BbI-
pasKeHUeM, OTPEIEISIIONM N3MEeHeHe OpOUTAILHOTO
nepuojia u npejackassiBaeMbiM OTO, oTimuasich b
npucyTcTBUeM 3POEKTUBHON TPABATAIIMOHHON TOCTO-
sunoit G mexxny xKommonenTamu cucremer. Ckaisp-
HBII BKJIQJ[ COJIEPXKUT MOCTHHIOTOHOBCKHE MOMPABKH
K MOHOIIOJIbHOMY 4JI€HY, MOHOIIOJIbHO-KBa/IPYIOIbHBII
9jleH W KBaJIPYNOJIbHBIA wieHbl. MOHOMOJIBHBINA YjIeH
ncvye3aer B KBa3UKPYroBoM mpubimkennu [45], HO B
CIIyYae JTUITHYIECKON OPOUTHI OH COXPAHSAETCs, TaK
JKe KakK ¥ MOHOIOJIbHO-KBaJPYIOJbHBIN BKIa . Bak-
HO [OJYEPKHYTh, 9To rubpunnag f(R)-rpaBuranus He
[IPEJICKA3BIBAET HAJUYNE CKAJSIPHOTO JIAMOJBLHOIO U3-
JIydeHUsI HU B KBa3UKPYTOBOM ciiydae, HU B OoJiee 00-
MeM CJIydae OpOUTHI C IKCIIEHTPUCHTETOM.

4. OTPAHUYEHUS 13 HABJIIOJATEJJILHBIX
JTAHHBIX

st nposepku rubpugnoit f(R)-rpasuraiun ¢ 1mmo-
morpio [TITK-dopmamm3ma Mbl UCTIOIB30BAIN JTAHHBIE
JIBYX JBOHHBIX cucteM ¢ mysnbcapom: PSR J0737—-3039
[63] u PSR J1903+0327 [54]. IlepBast u3 Hux upejacras-
JisieT coboit cucTemy, KoTopast COCTOUT U3 JIBYX IIyJIbCa-
poB. Bropag ke ABJIsIeTCA CMEIAHHON IBOWHON CHCTe-



MIT®, Tom 158, Brin. 4 (10), 2020

Mposepka rubpugHoii metpuyeckoii—Manatuun f(R)-rpasutayun. . .

MO#i, BKJIIOYAIOIIeil B cebsl IysIbcap M 3Be3Jy I[VIABHOM
[IOCJIE/IOBATETLHOCTH.

Cucrema PSR J0737—3039 — eauHCTBEHHBIN u3-
BECTHBIN JBOWHON myabcap. Heobbruaiinast 6J1M30CTH
KOMIIOHEHTOB CHUCTEMBI W MAJIbIii OpOUTAJIBHBIN TT€pu-
0JI, & TaKkKe TOT (DAKT, ITO Mbl BHJIUM CHCTEMY ITPaK-
THYeCKU ¢ pebpa, — BCe 3TO MO3BOJISIET UCCJIE0BATH
[IPOSIBJICHUST PEJISITUBUCTCKUAX 3MD@MEKTOB € BBICOYAli-
meit ToaHoCcThIO. ITocKOJIbKY 00a KOMIIOHEHTa CHCTe-
mbl PSR J0737—3039 saBisitorcst mysibcapaMu, CTaHO-
BHUTCs BOBMOXKHBIM U3MEPHUTH OOJIBIIYIO II0JIyOCh OpOu-
THI KaKJ0I'0 KOMIIOHEHTa. DTO JIaeT BO3MOXKHOCTD IO~
JIyIUTH CJIEJIYIOIIEe COOTHOIIEHNUE:

a@_m_ o

a1 ma

(54)

T.€. OTHONIEHWE MAaCC MOXKEeT OBITb M3MEpPEHO Ha-
npsaMyo. Bce ymoMmMsHyTble OOCTOATENILCTBA JIEIAI0T
PSR J0737—3039 nezamenmmoit JgabopaTopueit jist
upoBepku Teopuit rpasutaruu [53]. Baxkuo 3amerursn,
YTO MbI WCIOJB30BAJIN 3Ty CHCTEMY JiJisi TPOBEPKH
rubpuasoit f(R)-rpaBuTanuu B cIydae KBa3UKpyroBoii
opbuTel. JlefCcTBUTEILHO, SKCIHEHTPUCHTET OPOUTHI
MaJl B ITOH CHCTEMe, OJHAKO, y4Ts €ro HeHyJIeBOe
3HAUEHMUE, YAYUIIAIA  TOYHOCTH OTPAHUIEHMUIA,
HAKJIabIBAEMbIX Ha PACCMATPUBAEMYIO MOJIEb.
Heobxomumo moauepkayTh, 90 Hab/ogaeMoe 3Ha-

MBbI

qeHre M3MEHEHUs OpOUTAJIBLHOrO mepuoja P, MoxKer
BKJIIOYATH PA3JIMIHBIE BKJAJbI, HMEIOINYI0 Pa3HyIo
PUPO/Ly: BHYTPEHHHE W KHHEMATHIECKHE 3(PPEKTHI
[47,55]. MBI 3anHTEpECOBAHBI TOJBKO B TAKUX CHCTE-
Max, [Jie JJOMUHUDYIONWHA BKJaj] B HADIOIAEMyIO Be-
smanHy P, aer u3MeHeHue opOuTaIbHOTO IePHOIA 3a
CYeT M3JIy4YeHUsI TPABUTAIMOHHBIX BOJIH. [o3TOMY MBI
HE paccMaTpUBaeM JIBOIHbBIE CUCTEMBI C IIYJIbCAPOM, TIe
3¢ dEKTHI TOTEPU MACCHI U IPUIUBHBIE 3P DEKTHI OYIy T
3HAYUTETHHBI OTHOCUTEIBHO IPABUTAIMOHHOTO U3JTY Ue-
HUSI.

MpbI HCTIOTF30BAIN METOJT, TIPOBEPKY TEOPHiA TPABU-
TaIlUK, IePBOHAYAJILHO U3JI0KeHHbIH B padote [47]. Ha
JIBYMEPHOH TLIOCKOCTH, TJIE IO OCU OPJIUHAT OTKJIA(bI-
BaIOTCsI BO3MOXKHBIE 3HAUEHST MACC KOMIIAHBOHA M2, &
10 OcH abCIACC — BO3MOXKHBIE 3HAUCHHS MACC IIyIbCapa
M1, CTPOSITCSI KPUBBIE, KOTOPBIE 3aJIAI0TCS BHIPAYKEHN-
SIMU JIJIsT TOCTKEIJIEPOBCKUX TTapamMeTpoB. Kaxk el ma-
paMeTp 3a/J1a€T CBOIO KPUBYIO. TOUKa Iepecevennst Beex
KPUBBIX Ha JIAHHON IIJIOCKOCTH B TIPEJIEax MOrPeITHo-
crefl u Oy/IeT MOKa3BIBATH 3HAYEHUST MACC IYJIbCapa 1
KoMIaHboHa. OHAKO, €CJU MPH KAKUX-TO 3HAUEHUSIX
MAapaMeTPOB MOJIEIN KPUBBIE PACXOJSITCS, 9TO O3HAYA~
€T, YTO MOJIE/Ib HETPUMEHUMA TIPU STUX 3HAUECHUAX 18-
PaMETPOB.
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Tabnuua 1. MNapamerpsl PSR J0737—3039 [53]

Qusnyecknil | IKCIEPUMEHTATHHOE
ITapamerp

CMBICJI 3Ha4YCeHHe

- -
Py, cyr | OPPTTIPIRI ) 0995156248 (5)

IIepuo/,

0.0877775(9)

IKCHHEHTPUCUTET

MIPOEKITHS
60JIBIIO
Z, CB. C [IOJIyOCH 1.415032(1)
OpOUTHI

myabcapa

BEKOBOE

, M3MeHeHne
@, rpaj./rox 16.89947(68)
JIOJITOTHI

[IepUacTpa

HU3MEHEHUEe

P, —~1.252(17) - 10712

opOUTATILHOTO

repuosia

mapamMerp
316 PAKKH 0.99974735

ITamupo

mapamMeTp
6.21(33)

T, MKC 3aJIePXKKUA

ITamupo

OTHOIIIEHHUEe
1.0714(11)

Macc

B aToi1t paboTe MBI TOJIYININ AHATUTAIECKNE BHIPa-
xkenus s gerpipex [HTTK-nmapamerpos: w, By, r, s. Ha-
Jiee MbI UCTIOJIBL30BaIN HABJIIOIATEIbHbIE JTAHHBIE CUCTE-
mbl PSR J0737—3039 (cm. tabur. 1). Ilosyvenusiii pe-
3yJpTaT 0TOOpasmwin Ha puc. 1. 3aTem, u3Mensisi mapa-
MeTpbl ruOpuHOl f(R)-rpaBuTanuu ¢g 1 Mg, Mbl Ha-
[T 3HAYEHUST TAPaAMETPOB, TPU KOTOPBIX KPUBBIE ITe-
pecekaroTcs B Ipe/iesiax MmorperrHocTei u3mepennii. Ta-
KuM 06pa3oM, Mbl orpannuman rubpugnyio f(R)-rpa-
puTanuo. [loyvyeHnble orpaHrdeHust CJIeLyOIIIe:

domg
2/
oo (1-%)

K coxkasennio, HaMm He yIajoCh HAJIOKUTH OFpaHUIe-

¢o < 0.001, 5 <1.3-107'7.

HHUS Ha MacCy CKaJIAPHOI'O IOJIs OTJEJIbHO, TOJIBKO Ha
KOMOWMHAIMIO ITapaMeTpoB, yKazauuyio Bbime. OjHa-
KO MBI IOJIYYUJIU NPEJCKa3aHusd JJId MacC KOMIIOHEH-
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m27 MG)

1.8
1.7-.
1.6-‘ ‘
1.5
1.4
1.3
1.2

1.1

1.27
1.26
1.25
1.24
1.23

1.22F

37 1.3

8 1.39 1.40
m17 MO

1.31 1.32 1.33 1.34 1.35 1.36 1.

Puc. 1. 3aBUCMOCTI Macchl KOMMaHbOHA OT MAacChl Mysbcapa

B cucteme PSR J0737—3039. Kaxaas KpuBas ykasaHa C yde-

Tom norpewHocTn t1o (wmpuHa kpusoii): a) cnyyain OTO,

6) cnydaii rnbpugroit f(R)-rpaBuTaLnm Ha rpaHNYHbIX 3Ha-
YEHUsIX NapaMeTPOB MOAENU

TOB CHCTeMBI B paMkax rubpuunsoit f(R)-rpaBuranuu:
1.3374My < my < 1.3440Mp u 1.2482My < myp <
< 1.2537TMg. B 1o xe Bpems OTO mnpenckasbiBa-
eT CJIEJIYIONe 3HAYECHUS MACC JUIS JTON CHCTEMBbL:
1.3374My < my < 1.3388Mp u 1.2482My < mp <
< 1.2496 M [53]. Kak MBI BUAUM, HAJIXYIHAE CKAISPHO-
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Tabnuua 2. Napamerpbl PSR J1903+0327

Qusnyecknii | DKCIIEPUMEHTAIBHOE
ITapameTp

CMBICJI 3Ha4YeHHe

GHTANEHED
Py, cyr | CPUTTIPERIL gg 174118753(14)

IIepuo/,

IKCHHEHTPUCUTET

0.436678409(3)

[IPOEKIIMS
00JIBIION

T, CB. C OJIyOCH 105.5934643(5)
OpOUTHI

myabcapa

BEKOBOE

, M3MeHeHne
W, rpaj. /o 0.0002400(2)
JIOJITOTHI

repuacTpa

napamMeTp
0.9760(15)

3a/1epKKU

ITamupo

mapaMeTp
1.03(3)

3a/1epKKI

ITamupo

OTHOIIICHHE

1.55(20)

Macc

r'O IOJIsl YBEeJIMIUBAET BO3MOYKHbBIE HAOJIIOIaEMbIe MaC-
CbI KOMITOHEHTOB CHCTEMBbI.

B kagecrBe japyroii BBIOpaJIN
PSR J1903+0327, Tax kKak B 9TOil cucreme TpHU
TITTK-mapaMeTpa MOIYYEHBI ¢ BBICOKON TOYHOCTHIO U
crcTeMa uMeeT OOJIBITION dKcIeHTpucuTeT. K coxage-
HUIO, B 9TOIl CHCTEME HEBO3MOXKHO BBIJIEJUTH TY YaCTh

CHUCTEMBbI MBI

M3MEeHEHNsI OPOUTAIBHOIO II€PUOJia, KOTOPAasl CBSI3aHA
C TPaBUTAIMOHHBIM n3iydenueM. [losTomy Ham Tecr
OCHOBaH Ha IIapaMeTpax W, T, §, & TaAK»Ke Ha, OTHOIICHUH
Macc, KOTOpOe OBLIO IOJIyYeHO TEOPEeTUUECKH He3a-
pucuMbIM IyTeM [54]. Mcmonb3ys HabuiogaresbHbIe
Jansble cucreMbl PSR J1903+40327 (cM. Tabi. 2), Mbl
HOJIyYUJIN CJIEAYIOMIEe OrPDAHTYEHUA:

domg
%7
oo (12)

I'pacduueckuit pe3ysbrar HAIMX UCCIEIOBAHUN OTOD-

b0 < 0.02, - <2-107%,

paxen Ha puc. 2. Kak MBI BUAUM, OrpaHHYEHUs] HA
¢o 3 mauaubix cucreMbl PSR J0737—-3039 crpoxke, uem
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1.3

1.2

1.1

1.0
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1.0

Mo

m'ﬂLSé”

1.5

1.4

1.3

1.2

1.1

1.0

0.9

0.8

0.7F

0.6

1.8

2.0

m,, Mg

P

Puc. 2. 3aBucrMocTu maccbl KOMMaHbOHa OT MaccChl MyabCapa

B cucteme PSR J1903+0327. Kaxpas kprBasi ykasaHa € y4e-

ToM norpewHocTn t1lo (wwnpuHa kpueoii): a) cnydain OTO,

6) cnydaii rnbpugroit f(R)-rpaBuTaLnmM Ha rpaHNYHbIX 3Ha-
YeHUAX NapamMeTpoB MOAENN

orpannvenust n3 jganabix PSR J1903+0327. B mociie -
Hell cucTeMe MbI TaKKe TOJIYIHIN MIPEICKA3AHUs I
Macc KOMIIOHEHTOB cucteMbl: 1.021Mg < myss <
< 1.08 Mg u 1.646Mg < m, < 1.785M¢g (m, — macca
YJIbCAPA, Mynss — Macca KOMIAHBOHA). Bepxuuii mpe-
JIeJT TaK2Ke OyIeT MPEeBBINATh BEPXHUN IIPENEeI, IPEei-
ckazbiBaemblit OTO: 1.021Mg < myss < 1.037TMg u
1.646Ms < myp < 1.688M [54].
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5. SBAKJIFOYEHUNE

B macrosimeit pabore Mbl TPUMEHWIH TapaMeTPH-
30BAHHBIN MOCTKEIJIEPOBCKU (popMan3M K TrubpuI-
Hoil Merpuueckoii-Ilanarunu f(R)-rpasuramuu. Mer
[OJIY YU/ AHAJIUTHIECKHE BBIPAYKEHUsI JIJIsI YeThIPEX
IITIK-mrapamMeTpoB: w,Pb,r,s. B omymmame ot mpenbr-
nymieit paboret [45], Mbl paccMaTpuBasu JABOMHBIE CH-
CTeMBI C MYJIbCApPOM C JLUIMITUIECKOit opbutoit. UTo-
OBl HAJIOXKUTH OTPAHUYIECHUS] HA TTAPAMETPhI THOPUTHO
f(R)-rpaBuTaiuu, Mbl KCIIOJIb30BAJIN HADJIIOIATEIbHbIE
nannasle cucrem PSR J0737—3039 u PSR J1903-+0327.
Mpbr orpannauin (OHOBOE 3HAYUEHNE CKAJISPHOTO TIOJIsT
¥ KOMOWHAIMIO [TapaMeTPOB, COMIEPKAIILYIO MaCCy CKa-
JISIPHOT'O TIOJIS.

Kpome Toro, Mpl mosyumsid BbIpakKeHHE [IJIsI U3-
MEHEHHUsI OpPOUTAJBHOIO IIEPUOJA JIBOWHON CHUCTEMBI
C IyJIbCApOM B CJydae OpPOUTBHI € IKCIEHTPHUCUTE-
ToM. JlaHHOe BBIpaKEHHE COJIEPKUT TEH3O0PHBIH KBa/I-
PYLOJBHBIA U CKAJIAPHBIII MOHOIIOJIbHBINA, MOHOIIOJIb-
HO-KBa/JIPYIOJBHBI M KBAJAPYIOJbHBIA BKJIAILI. MbI
nokaszaJu, 4ro rubpunsas f(R)-rpaBuranus He Ipei-
CKa3blBaeT CYIIECTBOBaHUE CKaJIAPHOI'O JIUIIOJILHOI'O
U3JIyYeHUs.

Takzke HAMU MOJYYEHBI MACChl KOMIIOHEHTOB CHC-
tem PSR J0737—3039 u PSR J1903+40327 B pamkax
rubpuanoit f(R)-rpaBuranuu. Mbl 0Ka3au, 4TO -
Gpuanasi f(R)-rpaBuranus npejickasblBaeT OGOJIbIINeE
maccel, dem OTO. Dror pesymabrar 0XKuIaeM, Tak
kKak B [41] 6GbuIO MOKA3aHO, YTO B paMKaX HOPUIHON
f(R)-rpaBuTanuyu HeATPOHHBIE 3BE3/IbI TsIXKeJIee, YeM B

OTO.

OCHOBHOI1 TIETBIO JJAHHOW CTATHU ABJISETCS IIPOBEP-
ka rubpuaHoil f(R)-rpaBUTAMU C JIETKUM CKAJISIPHBIM
II0JIEM, UCIIOJIb3Ysl JIAHHBbIE HAOJIIOJIEHUI, [0y YeHHbIE
0T acTpOoU3NIECKAX 00BEKTOB C CHIILHBIM I'DABUTAIIN-
OHHBIM IT0JIEM, TAKUX KaK JIBOHHBIE CHCTEMBI C IIyJIbCA~
pom. PaHee MbI ITOKa3a/u peajuCcTUIHOCTD ITOMH MOIe-
Ju, IpoBepuB ee Ha ocHoBaHuu oxgHoro IITK-mapamer-
pa — m3MeHeHHs OPOUTAJIBLHOTO MEPUO/A — B CIyIae
KBa3sUKPYroebix opbur [45]. B Hacrosimeil craThe Mbl
niposestu 6ostee ostHbIH [ITTK-Tect B 0bI1ieM cityvae cu-
CTeM C JUIMNTUYIECKOi opburoii. Takum obpazom, sra
CTaThd MPOJOJIZKAET IUKJI Hammx pabor [44,45], rae Mbl
JIOKA3aJIM, YTO CyIeCTBOBAHKE JIEFKOT'O CKAJISIPHOT'O T10-
st B rubpugnoit merpudeckoii-Ilanarunu f(R)-rpasu-
TaIUuu, OTBETCTBEHHOT'O 38 MEHEPAINIO JAJTBHOIEHCTBY-
IONUX CHJI, HE IPOTUBOPEYUT HAOJIOIATEIHHBIM JTaH-
HBIM, IIOJIYYEHHBIM U3 JIOKAJbHBIX CHCTEM CO CJIA0BIM
(CosHeunast cucreMa) W CUIBHBIM (JIBOHHBIE CHCTEMBI
C TLyJIbCAPOM) IPABUTAIIMOHHBIM TI0JIEM.



H. A. Asgees, I. W. []aguna, C. [1. Jlabazosa

MITP, vom 158, Beim. 4 (10), 2020

B kauecTBe ciemyroriero mara Mbl ITAHEPYEM I10-
JIyIUTh TEOPETUIECKUN BUJ 3aBUCUMOCTHU MACCa-PaJIT-
YC-CBETHMOCTH B paMKax rubpuzanoit f(R)-rpaBuralmm
U HaJIOXKUTh OI'DAHMYEHUs Ha CBOOO/HBIE TTAPAMETPHI
9TOIl Teopuu U3 HADJIONATEBHBIX (POTOMETPUIECKUAX
JaHHBIX. Takoe HCCeOBAHUE TAaKXKe IIO3BOJIUT II0-
JYYUThb IpejcKasanus rubpuiauoit f(R)-teopum st
MacC 3Be3]] TJIABHOI 1mocjienoBaTeibHOCTA. [T0CKOIBKY
ciyTHUK mysibcapa B cucreme PSR J19034-0327 .-
JdeTcsl 3Be3JI0i TJIaBHOH 10CJIe/I0BATEeJIbHOCTH, CTAHET
BO3MOXKHBIM CPABHUTH MaCCy 9TOr0 00bEKTa, [OJLy 9€H-
HYIO U3 IIyJIbCAPHOI'O Ta¥iMHUHIa, C MACCOH, II0JIy YCHHONR
n3 (HOTOMETPUIECKUX JAHHBIX B paMKaxX THOpUITHOMN
f(R)-rpaBuraiuu, 4ro Oyler OHOIHATEIBHBIM Ha-
JIEZKHBIM TECTOM 3TOM TEOPHH.

®unancupoBanue. OCHOBHbIE peE3yJIbTAThI pa-
60THI  TOJyYeHbl TpU  NOjJepXKKe Poccuiickoro
douma dyHmamMeHTANIBHBIX  HCCIEAOBaHUN  (rpaHT
Ne18-32-00785). H. A. Asmees Gmaromapur Doms
PA3BUTHUS TEOPETUYECKONW (PUIMKK U MaTEMATUKH
«BA3UC», crunenmaToM KOTOPOro OH SIBJISIETCS.
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