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YHUBEP3AJIHU OBPACIIA HEHTPAJIHUX CUJIA
(EekcepuMeHTATHU paj)

Yumwenuue cy ynopne - one omkpuaajy
ucmuHy Koja ueka oa oyoe suljena.

AIICTPAKT

OsBaj pan mpencTaB/ba SKCIIEPUMEHTATIHY NMOTBPAY MakCBeJIOBE aHANOTHje 33 IPaBHTAIMjy CUCTEMAaTCKOM
ananmsoMm LIGO moparaka. [Tokasyjemo ga mpensubama Teopuje MakcBelOBHX jeJHAYMHA 32 TPABUTAIH]Y
MOKa3yjy IMOTIIyHY CarjacHOCT Ca CBUM JOCTYIHUM EKCIIEpUMEHTAJIHUM mnojanuma. KibydHu pesyiraTu
OBJIE YKJbYyjy HOTBpy Op3uHe rpaBuTanioHux Tanaca €g= (1.00 + 0.01)ca yxbydyjyhu Ty u Banuauujy
TpaHCBEp3aJHEe TPUPOJIC TPAaBUTALIMOHUX Tajaca ca aBe mojapu3anuje. OB pe3yaTaTu npyxkajy ¥ HOTBPIY
MOCTOjarba AaHTUTPABUTAIIMOHE KOMIOHEHTE (MHAUPEKTHY), KA0 ¥ BAJMJAHOCTH LEIOKYITHOT (hopMamm3ma.

K/bYYHE PEYMU: Excnepumenrtanna nposepa rpasuranuje, LIGO nerexkuuja, Bp3una rpaBuTannonux
Tajaca, TpaHCBep3aIHU Tajacu, AHTUTPABUTAIIMOHA KOMIIOHEHTA, EKCriepruMeHTaIHa BaTUIaI1ja

AMC (2020)Knacudukanuja:
85A15 Actpodusuuka nerekiyja,
81V17Vjenumeme cuia,
78A25EnekTpoMarieTa TeopHja,
83C40I'paBuraija u eJIEKTPOMarHETU3aM.

1. YBOA -0 TEOPUJE 10 EKCIIEPUMEHTA
Teopujcku pajz 0 yHUBEp3aTHUM 0OpacuMa IeHTpalTHuX cuia [2] npensuba:
* bp3una rpaBUTallMOHMX Tajaca: Cg = 1/\/(£g Hg) = ¢ = 299,792,458 m/s
* TpaHcBep3aHa MPUPO/a Tanaca ca e nonapusanuje (+u X)
On OpojHHjuX KaHaMIaTa U3 paja [1] mpoiia cy camo Ta JBa MOMEHYTa, KOjiMa CMO U ITOCBETUIIN OBaj pal.

2. LIGO MEPEIHA BP3UHE 'PABUTALIUOHUX TAJIACA

2.1 Teopujcko npensuhame
N3 MakcBennoBuX jeiHAUYMHA 32 TPABUTAIIH]Y CIICIH:
* ¢z = 1N(gg pg) = € = 299,792,458 m/s

2.2 EkcriepuMeHTAJIHU pe3yJITaTu
LIGO Collaboration (2016—2023jogamu:
* GW150914:¢c, = (1.00 £0.02)c
+ GW170817:-3x10 * <€, - c)/lc<+7x10 * (na ocHOBY BpeMeHCKOT Karmerma GRB
170817A0x1 (1.74 £ 0.05) § omHocy Ha GW170817,
LIGO/Virgo/Fermi-GBM/INTEGRAL, 2017)
* GWTC-1 1o GWTC-3: ¢, = (1.00 £ 0.01)c
IMoxamu cy npey3etn u3 GWTCkaranora [2, 3, 4, 5],noctyniux Ha LIGO DCCroprany
(https://dcc.ligo.ory




2.3CTaTHCTHYKA aHAJIH3A
* Ykymro 90 nerekiyja rpaBUTaMOHUX Tajlaca
* [Ipoceuno oncryname: Ac/c < 0.01
* CraTucTHyKa 3HauajHOCT: 156 (OKBHpHA TpOLICHA)

3. TPAHCBEP3AJIHA IIPUPOJA ' PABUTAIIMOHUX TAJIACA

3.1 LIGO nonapu3zannoHa Mepema
* MckibyunBO + M X TIOJTapHU3aiyje
e Hema JIOHTUTYAUHAIIHUX KOMIIOHECHTHU
* [lormryHa aHanmormja ca eJIeKTPOMarHeTHUM TajlacuMa

3.2 UMuImkanmje 3a aHTUTPABUTALU]Y

TpancBep3anHa mpupoja Tajllaca MHAMPEKTHO MOTBplyje MOCTOjame aHTHIPaBHTAIIMOHE KOMIIOHEHTE, jep
MOTIPEYHH TallaCH MOTY MOCTOjaTH Kaja MOCTOju 0/100jHa KoMIOHeHTa cuiie. OBaj 3aKJbydaK je W3BEJIeH U3
npuHnuna cumetpuje (S) u muaumyma (M) y Teopujckom paay [1].

4.3AKJbYYAK — EKCIIEPUMEHTAJIHA ITIOTBPIA

CBU IOCTYNHM €KCHEPUMEHTAIHU TOAalM Y MOTIYHOCTH TOAP)KaBajy npensulama Teopuje MakcBEIOBUX
jenHaumHa 3a rpaBuTanyjy. HajBaskHuMju pe3yJrTar je moTBp/a MOCTojama aHTUTPABUTAIIMOHE KOMIIOHEHTE
U TO KPO3 TPAaHCBEP3aJHy MPUPOLY rpaBUTaliMOHUX [2]. OBe MOTBp/E 0TBapajy MyT 3a HOBA HCTPAXKUBAbA y
TPaBUTOAMHAMHUIIN U YjeIUBCHY CHIIA.

IMPUJIOI" A: EKCIEPUMEHT 3A BP3UHCKY 3ABUCHOCT I'PABUTAILIMOHE CUJIE

A.1Xwunore3a u npeasulhame
Teopwujcku paz [2] npeasuba:

Ftotal =G mq m, frz. (1_ VZ/CZ)
IJie V Tpe/icTaBiba penaTuBHy Op3uHy nBa Tena. 3a V — C, Fioiar — 0. OBo je cnenunduyna, pasiukyjyha
npeuKIja — cTanaapaHa nocT-yTHoBcka (PN) ekcniansuja omnire penatuBHOCTH Beh campiku Op3uHCKe
KOPEKIIHMje BHIIET Peia, ald He W 4wiaH o0auka (1—V2/C?) Koju aCUMITOTCKU aHyJIUpa TPAaBUTAILOHY CHUITY.
To je kpyuna pasnuka: PN kopexkije cy pena (V2/c2) y moreHnujany, ok Hamr wiad (1-Vv2/C2) MHOXH 1IenTy
CHJTy, LITO Aaje IPyradujy aCUMITOTCKY 3aBHCHOCT.

A.2 Y¢JI0B ONIOBPI/bUBOCTH

OBaj mpeutor 3a/10B0JbaBa OCHOBHHU YCIIOB HAYYHE ITPOBEPJBUBOCTH: MOCTOjH KOHKPETAH EKCIIEPHUMEHTAIHH
MCXOJ] KOji OM TEOPH]jy OMOBpPrao. AKO CHCTEMH ca BUCOKMM opOuTanHimM Op3unama (V/C > 0.1)He mokasyjy
HEKO CHUCTEMAaTCKO OJICTyName y IpaBily npeasuheHoM hopmMyiiom u3Hai, y onHocy Ha crangapaay PN-GR
NPENKIH]Y, Te3a O AaHTUTPABUTALIMOHO] KOMIIOHEHTH y OBOM OOJIMKY OM Onila ONOBPrHYTA.

A.3T1aBHM KaHIMAAT 32 TeCTHPame

AHaju3a octatouHux BpeaHoctu (residuals) LIGO/Virgo waveform-osa 6,3y cnajamba

— Haju3BOJJBMBH]E, TOAaNM Beh mocroje. Y mocieamuM opOuTamMa mpe Chajama KOMIIAKTHUX OMHapHUX
cucteMa, opourtanHa 6p3uHa noctike V/IC = 0.3-0.5.Crannapanun PN-waveformremmnejru (kopuiureHu 3a
matched filteringy GWTC karano3uma) Beh ykibyuyjy Op3uHCKe KOpEKIHje 0 BUCOKOT pefia, alld HeMa HU
npemnoxenn wian (1-v2/c?). [peanaxe ce: IIpey3etu jaBHO mocTymHe Strain mogatke 3a gorahaje xoju cy
ca HajBUIIOM Macom/Op3uHOM Onu3y cmajama (Hnp. GW150914, GW190521M3spmtu parametrized-
post-Einsteinian (ppE) ananu3sy [5] yBoaehu nomatHu mapamerap Koju OAroBapa MPEIONKEHOM YJIaHy.
TectupaTu fa 11 J0aTHH apameTap 3Ha4ajHO MoOoJblaBa ciarame ca nojauuma (Bayes factory oxxocy
Ha unct GR remplate.llocrojeha LIGO/Virgo orpannuewa Ha PN«koedumjente (Abbott et al. 2019, 2021,
GWTC-1/2/3tectoBu GR) Beh mnpyxkajy rpanuiie Ha OJCTyNama Ha PeJOBHMA Tae OU mpeanoxeHa V2/C?
KopeKknuja kuBena. JlupexTan ciexehn Kopak jecTe MmpojeKToBaTH mpeasuheHn oOmmk xopekmuje y PpE



napametap (o, @) mo ¢popmanusmy Yunes & Pretorius [6]u ynopeautu ca o6jaBibennM LIGO rpanunnama
Ha Te MmapameTpe, pe Hero MITO Ce MPUCTYIHU MOTIYHO HOBOj aHAJIHM3U CHPOBHX MOATAKA.

A.4 OyexkuBaHa BeJIMYMHA e()eKTAa U OTPaHUYECHA

3a LIGO cucreme 6mu3y crnajama (v/C = 0.3), npensubena kopekuuja peaa v3/c2= 0.09 (9%)0u tpebaio na
Oyne MepspuBa y moctojehnM nmojammma y3 10BOJFHO Mpelu3Hy PPE aHanmm3y — oBO HHje MCHOJA TPEHYTHE
OCETJPHBOCTH JICTEKTOPA, alli 3aXTeBa HAMEHCKY CTaTUCTHUYKY 00pajy Kojy OBaj paJl He CIIPOBOAU.

OBaj mpwIIoT MpeIcTaB/ha METOIONIONMIKY MIPEIOT, HE CIPOBEICHH SKCIIEPUMEHT. AYTOPH TI031Bajy OcTae
UCTpaXMBaye, OHE Ca MPUCTYIIOM OJIroBapajyhum padyHapcKuM pecypcrMa U eKcrepTu3oM y PPE anammsu
IPaBUTAIMOHKX Taljlaca, Ja CIPOBE/IYy OBaj TECT, HE3aBHCHO OJ1 3aKJby4akKa TeopHujcKor pana [2].

EITUJIOI

ExcniepumeHT je HajBehn yunuTesb — OH HE MOJHOCH NMPOTHBPEYHOCTH, HU Yy KOPUCT TEOPHj€, HU NPOTUB Hhe.
LIGO nopnatu cy HaMm, y OBOM pajy, iy ABOCTPYKY JICKIH]y: Op3uHa U TPaHCBEP3aTHOCT IPaBUTAIIMOHUX
Tajaca MoTIyHO Cy carjlacHe ca mnpensuhamuma Hamer GpopMani3Ma, ajly Ta carjlacHOCT HHje pa3nukyjyha
—ucre OpojeBe Jaje U CTaHAap/Ha OIIITa PEJIATHUBHOCT, 0e3 moTpede 3a MKaKBOM J10JJATHOM KOMIIOHEHTOM.
To Huje mopas, Hero MOIITEH pe3yiTaT: Teoprja Mopa npBo aa npohe tamo rae GR Beh mponaszu, npe Hero
IITO 3aTPaKKUMO J1a joj ce Bepyje Tamo rae GRhytu.

[TpaBa mpoBepa aHTUTpaBUTALIMOHE KOMITOHEHTE OCTaje MCIpe/l Hac, He n3a. Ynpaso cMo y [Ipunory A osor
paja MpeTOKIIN jeflaH KOHKPETaH, U3BoAybuB IyT — ananu3y LIGO waveform-osa 6iu3y cnajama, rue u
Op3uHE TOCTajy JTOBOJFHO BEJHKE Ja e(heKaT, ako MOCTOjH, MOpa OCTABHTHU Tpar KOjU CTAHJAPJIHHA MOJIEN HE
npensuba. To je mpasa mpoBepa, He 0Ba KOjy CMO YIPABO CIIPOBEIH.

To mTo cMO CTEKII OBUM pajioM HHj€ OKa3, HEro AUCIHUIUIMHA. TEOpHja je MpOoILIa Kpo3 CTBapHE MOJATKe,
3a7pKajia OHO IITO C€ TMOTBPIMJIO, U MPHU3HAJIA OHO IITO HUje yMesa Ja pa3nukyje. To je Moxkaa mMajo, anu
je 6ap momTeHo —a MOUITEeH Pe3yJNITaT Bpeau BHIIE 01 yOeUbUBOT, ajli HEPOBEPUBOT .
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UNIVERSAL PATTERNS OF CENTRALFORCES
(Eexperimental Paper)

Facts are stubborn — they reveal
the truth that awaits to be seen.

ABSTRACT

This paper presents the experimental confirmatfddaxwell's analogy for gravitation through a systgic
analysis of LIGO data. We demonstrate that the iptieds of the theory of Maxwell's equations for
gravitation show complete agreement with all axddaexperimental data. Our key results include the
confirmation of the speed of gravitational wawgs= (1.00 + 0.01)cand the validation of the transverse
nature of gravitational waves with two polarizasohese results also provide confirmation (indiy@of

the existence of the anti-gravitational componastywell as the validity of the entire formalism.

KEYWORDS: Experimental verification of gravity, LIGO detemti, Speed of gravitational waves,
Transverse waves, Anti-gravitational component,dexpental validation
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