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YHUBEP3AJIHU OBPACIUA HEHTPAJIHUX CHJIA
(S —cuHTEeTHYKH pan)

Mamemamuuxka ucmuna je ynueep3aina, nogesyje
meopujy u ekcnepumeHm y jeOuHcneeny UeaiuHy.

AIICTPAKT

OsBaj pan je KOHA4YHA CHHTE3a JBajy PaJoBa: TEOPHUjCKOT M EKCIIEPUMEHTAIHOT O YHHBEP3aJIHUM oOpacuuma
nentpanaux cuia [1, 2]. Kpos myHy unTerpanujy marematdkor popMani3Ma MaKkCBeIOBHX je/IHAUMHA 32
rpaBHUTAIMjy ca CBEOOYXBATHOM EKCIIEPUMEHTATHOM aHAJM30M, YCIOCTAaBJbaMO jeJlaH MOTIIYHO BaJHIaH M
eKCIIEPUMEHTAITHO TIOTBPl)EH OKBUP 32 yjeHILEHE ICKTPOMarHeTHEe M IPaBUTALIMOHE cuiie. TeopujcKH J1e0
ne(uHUIIE rPABUTAIIMOHE KOHCTAHTE €g U g M YBOJM aHTUTPABUTAIIMOHY KOMIIOHEHTY & €KCIIEPUMEHTAIIHH
npyxa noTnyHy Banuaanujy kpo3 LIGO mepema [3, 4, 5].[Tokazyjemo ia ce eKCHEpUMEHTAIHU MOAALH Y
MOTIYHOCTH TOKJIATajy ca TEOPUjCKUM MpeaBuhamuMa, 9uMe caMmo MOTBphyjeMo aa eneKTpoMarHeTHa U
rpaBUTALMOHA CHJIA MTPETCTAaBIbajy MaHU]ECTAIHje UCTE MAaTEMaTHYKE CTPYKTYpeE.

K/bYYUHE PEYM: cunrernuka Teopuja CuiIa, yjeIUmBEHE €JIEKTPOMAarHETU3MA U TPABHUTAIIU]j€, OTBP/IA
LIGO, MakcBenoBe jeHaYMHE 33 TPABUTAIN]y, AaHTUTPABUTAIIMOHA KOMIIOHEHTA

AMS knacudukanuja (2020):
83C40I'paBuraiyja u eJIeKTpOMarHeTu3am,
78A25EnekTpoMarieTHa TeopHja,

85A15 AcTtpodusuuka aerekiyja,
81V17Vjenumeme cuia.

1. YBOA —KOHAYHA CUHTE3A

OBaj pazx mpeacTaBiba KyJIMHHAIIHN]Y UCTPAXKUBAYKOT ITyTa 3alI09ETOT TEOPHjCKUM OTKprUheM MareMaTHIKOT
n3oMopdusma u3Mel)y enexkTpomarsetHe U rpaBuTanMoHe cuiie [1], a HACTABJBEHOT Ca CKCIIEPUMEHTATHOM
npoBepoMm Tor otkpuha [2].

V teopujckom pazay [1] usBenenu cy npunnunu cumetpuje (S) u muanmyma (M) u3 GH-akcuoma, koje cMo
MOTOM NMPUMEHWIN Ha [IEHTPaJHEe CUiie, MoKa3yjyhu ja neHTpaaHe cuiie Mopajy UMaThd UCTH MaTeMaTHYKH
o0nuk. Jlepunucane cy rpaBUTAlMOHE KOHCTAHTE €5 U Mg, @ U3BE/IEH j€ M 3aKJbY4aK Jla CE MOTY U3BECTH H
MakcBenoBe jeaHaunHe 3a rpaButanyjy. Kibydano otkpuhe je nocrojame aHTHTPABHTAHOHE KOMIIOHEHTE
— T'PaBUTOJMHAMHUYKE CHJIE KOja Jeiyje 0100jHO, Y MOTIIYHOM NaHIaHy ca eJIeKTPOJANHAMHUKOM, OJTHOCHO
ca MarHeTHOM CHJIOM Y €JIeKTPOANHAMUIIH.

VY ekcrepuMeHTaTHOM pany [2] usBpiieHa je cuctemarcka aHamuza LIGO momaraka. Tu ekcriepuMEHTATHH
NOJALM MOKA3aJlu Cy MOTIYHY CarJIACHOCT Ca TEOPUjCKUM IpeBulhamiMa, MITO ce KOPEKTHO U ofjalnmana
IPaBUTOMHAMHUYKOM KOMIIOHEHTOM KOje je u3BeaeHa y pany [1].

OBaj pan o0jenumyje Te pe3yaTaTe y jeHy jeJUHCTBEHY CHHTE3y, MOoKa3yjyhu aa Teopuja U eKCIepUMEHT
YHHE jeIHy KOXEPEHTHY LEJIHHY.

2. TEOPUJCKHU TEMEJb — PESUME B-PAJIA

V teopujckoM pany [1] ussenena cy cineneha kibyuHa npenBuhama:

2.1 MaTemaTuuku nzomopduszam cujia
EJ'IGKTpOMaFHCTHa M TpaBUTALIMOHA CUJIA ACJIC MACHTUYHY MAaTEMATUUKY CTPYKTYpPY.



» O6amK 0OpHYTOT KBajparta pacrojama (1/r?)
* [{eHTpaHN KapakTep

* [TosbckH OmUC KPO3 TOTEHIHjale

* TamacHy pupoly MPeHOCa UHTEPAKIIN]E

2.2 lepuHnumja rpaBUTAIMOHUX KOHCTAHTH

U3 aHasnoruje ca eIeKTpOANHAMHUKOM, Ne(GUHUCAHE Cy TPABUTAIIMOHE KOHCTAHTE:
* £, = 1/(42G) = 1.192 x 10 kg- s?/m3(rpaBuTaLOHa IEPMUTHBHOCT)
* g = 4nG/c? = 9.333 x 1% m/kg (rpaBuTamioHa mepMeabHIHOCT)
*Cg = 1/\/(£g Mg) = C = 299,792,458 m/$p3una rpaBUTALMOHKX Tajaca)

2.3 AHTHUTPABUTAIIMOHA KOMIIOHEHTA
Kibyuno otkpuhe Teopujckor paja [1] je mocTojambe rpaBUTOAMHAMHYKE CHJIe KOja Jeyje 0100jHO U YBEK
y TOTITYHO] aHAJIOTHjU Ca MATHETHOM CHJIOM:

* 'paBuTOCTAaTHKA: TIpUBIAaYHA KOMITOHEHTa (Ki1acuuHa HbyTHOBa rpaBuTaIyja)

* 'paBuTOIMHAMUKA: 0700jHA KOMIIOHEHTa (AHTUTPABUTALIN]A)
VYxymHa cuia je:

* Frota = G - (MM /12) - (1 - v2/c?)
[Tpu vV — C, Te cuite ce MOHUINTABAjy, ITO CYTepHIIE MOCTOjamhe KPUTHIHE Op3UHE N3HA/ KOje TpaBUTAaIja
nocraje 0100jHa.

3. EKCIIEPUMEHTAJIHA IOTBPJA —PE3SUME E-PAJIA

VY ekcnepruMeHTaIHOM pany [2] u3BplieHa je mpoBepa OBUX mpeaBulama.

3.1Bbp3uHa rpaBUTAIHOHUX TAJaca

* LIGO Collaboration (2016—2023)ioxamu [3, 4, 5]

* GW170817(ca enekTpoMarHeTHOM Kopenanujom): €¢g = (1.00 £ 10%%)c [3]

* Ocraim GWTC norahaju: ¢g = (1.00 + 0.01)¢4, 5]
OBH pe3y/aTaTH NOTBPhyYjy Ja TPaBUTALMOHM TaJacH MyTyjy OP3UHOM CBETJIOCTH, Y CKJIAAy Ca TEOPHjCKUM
npenBuhameM.

3.2 TpaHcBep3ajHa npupo/a Tajaca

* LIGO mnomnapuzaimona mepema [3, 4, 5]nokasyjy:

* VckspydnBo + M X mojapuzarje

* Hema nOHTUTYIMHATHUX KOMIIOHEHTH

* [TornyHa aHasoruja ca eJ1eKTpOMarHeTHUM TajlacCuMa
OBO TUPEKTHO TOTBPlyje MOCTOjarkbe aHTUTPABUTAIIMOHE KOMITOHCHTE.

4. NIOPEBEBE TEOPUJE U EKCIIEPUMEHTA

4.1Tlopeheme Teopujcke U eKCepUMEHTAIHe OP3MHE IPABUTAIMOHUX TaJjiaca
Teopwujcku paz [1] npeasuba:
*cg = 1 /V(gg 1) = ¢ = 299,792,458 m/s
Excniepumenranuu pax [2] aaje:
* GW170817(ca eneKTpOMarHeTHOM KOPEJIaljoM):
€, =(1.00 10%%) ¢ [3]
* GWTC-1, GWTC-2, GWTC-3 (90+ nerexiuja):
€, = (1.00+£0.01) ¢4, 5]
3axsbyyak: CBU HaMa JIOCTYITHH MTOJIAIH TTOTBPYY]jy /1a TPAaBUTAIIOHH TAJIACH ITyTY]y OP3UHOM CBETIIOCTH.
Teopujcko npensuhame €g = Cje eKCNEpMMEHTAHO MOTBpheHo ca BUcokoMm mpenusHomhy (pexa o 107 15
3a GW170817.



4.2 Tlopeheme nonapusanuja rpaBUTAHOHUX Tajlaca
Teopwujcku paz [2] npeasuba, u3 yciosa cumerpuje (S)u munumyma (M):

» Camo 1Be TpaHCBep3aJiHe MoJiapu3anuje (+u X)

* Hema JIOHrUTYIHHAJIHUX HUTH CKAJAPHUX MO/I0Ba
ExcniepumenTanuu pax [3] nokasyje:

* LIGO/Virgo nerexuuje [4, 5, 6]peructpyjy HCK/bYYMBO + H X moJiapu3anuje

* Hema JeTeKuuje JOHTUTY IMHAIHUX, BEKTOPCKUX MITH CKaJTapHUX MOJIOBA

* Orpannuema Ha alTepHATHBHE Mosapu3anyje cy Ha HuBoy < 10%y oxnocy Ha GRnpensubhama
3akspyuak: OBa cariacHOCT HUje TpuBHjanHa — ctanaapAHa GR Beh npeasuha camo Te nBe TpaHcBep3aaHe
noyiapu3alije Kpo3 XeJIUKUTEeTHH apryMeHT (be3maceHo mosbe crnuna 2 y 4J] npocTop-BpeMeHny). AJn Hal
¢dopmanuzam, HE3aBHCHO, JI0Ia31 A0 MCTOT 3aKkJbyuyka kpo3 GH-npunnune. Tume ce nmotephyje na ce Ta asa
pasnuunta ¢popmanna anaparta —auHeapu3obana GRu GH-cTpykTypa — KOHBEprupajy Ka UCTOM peliey.

5. IMIIVIMKAIIMJE

S5.1Vjenumeme e1eKTPOMarHeTu3Ma U rpaBuTaIuje

OsBa cuHTe3a MoKa3yje Ja eJeKTpOMarHeTHa M IpaBUTAlMOHA CHJIa HUCY JIBE pas3innuuTe cuie, Beh camo aBe
MaHH(ecTanuje HcTe MaTeMaTHYKe CTPYKTYpe. Pasnika je y akTHBHUM KOMIOHEHTaMa (HaeleKTPpUCAEe
VS Maca) ¥ KOHCTaHTaMa, aJid 00JIHK je UCTH — ¥ TO HHje aHaioruja, Beh uzomopduzam.

5.2 AHTHTpaBUTALIMja M TPAHCBEP3AJTHOCT IPABUTAIMOHUX Tajlaca

TpancBep3anHa npuposa rpasutanmonux tagaca (LIGO) Beh npejactaBiba ¥ M3BECHY MOTBPAY MOCTOjarba
aHTHUTPABUTALMOHE KOMIIOHEHTE. be3 0100jHe KOMIIOHEHTE, JTOHTUTYAHMHAIHNA MOJIOBH OW MOTJIH ITOCTOjaTh
— aJIM 3HAMO J]a HUCY OTKpHUBEHU. Ha murame Ja 1 ¢cMO TO OBJIE JOKA3alli MIOCTOjamhe aHTUTPABUTAIIMOHE
KOMITOHEHTE, MOTJIM OM OJITOBOPHTH J]a jeCMO JTOKa3aJi ali HUCMO TMoKa3anu. HucMmo mokasanu jep HICMO
JMPEKTHO M3MEPHUIIU HCHO TIOCTOjambe, HaKO CMO y SKIePHUMEHTAIHOM paay [2] mamu kako OM ce TO MOTJIO
ypaautu. [Tokazanu cMO HHIUPEKTHO BHUXOBO MOCTOjamke, a JOKA3aId CMO JUPEKTHO jep MPaBH JI0Ka3 MOXKE
MOCTOjaTH caMo y MaTeMaTH4dKo Jorunu. dunocodcku riaeqano, cBe Apyro cy camo norepae. Hucy nokasm.
WunupexkTHa mMOTBpAa KO3 TPAHCBEP3aTHOCT Tajaca je CacBUM JOBOJbHA 3a OBaj pan, MOK he AUpeKTHa
JIeTeKIMja OCTaTH U3a30B 3a Oyayhe ekcniepumente (mpemnoxeno y [punory A pana [2])

5.31los1apu3anuje rpaBUTANMOHUX Tajdaca U yciaoBu Su M

CrannmapaHa OomImITa peNaTHBHOCT NpeaBuha, HA OCHOBY JIMHEAPU30BAHMX AJHINTAjHOBHX jeqHaumHa y T T
(transverse-tracelessyejuy, TauHo Cy JBe TpaHCBEp3alHe Mojapu3aiyje (+ 1 X) 3a rpaBUTALIMOHU Tajac.
OsBaj pe3ynrar cieIy U3 YNmbEeHUIE Ja 0e3MaceHo MoJbe CuHa 2y 4-TUMEH3UOHOM MPOCTOP-BPEMEHY HMMa
TayHo JBa (U3MYKa (XCIMKUTETHA) CTEHEHA CI000/e — HMCTH THI apryMEHTa KOjH, Y eJICKTPOIMHAMUIIH,
orpann4aBa (pOTOH Ha JBa TpaHCBep3alHa CTamwa nojiapuszauuje. llupy knacudukanujy ox mect mMoryhux
HoJIApU3aLHOHMX MOJIOBa (IBa TpaHCBep3ajlHa TEH30PCKA, jeJaH TPAHCBEP3aJHH CKaJIApHHU ,Iucame’, JBa
JIOHTUTYANHATHO-TPAHCBEP3aiHa BEKTOPCKA U jellaH jecTe YUCTO JIOHTUTYIUHAIHK) He npensuba cama GR,
HETO0 je TO OMIITH OKBUP KOjH BaKH 32 alTepHATHBHE U MOJU(DUKOBAHE TEOpHUje TpaBUTaLUje (HIIp. cKanap-
TeH3op teopuje, Brans-Dicke, Horndeski) —etic Teopuje Koje yBojie I0AaTHA 1M0Jba WK CTENCHE ¢1000/1¢e
u3BaH uncte MeTpuke [5]. ¥V umcroj GR, mpeocranux meT MOAOBa CY MACHTHYKU HYJIa M MOCTajy (U3HYKH
Moryhu Tek ako Teopuja TpaBUTaIlje Caap>Ku I0AaTHY CTPYKTYpy Kojy GR Hema.

Ham ¢opmanmsam, He3aBHCHO, pEIPOAYKYje UCTO OrpaHuyee. [I[puMeHa yHUBEp3aIHUX yCIoBa CUMETpH]e
(S) u munnmyma (M) [1] Ha moryhe nonapuzanuje aaje:

Ycaos cumetpuje (S): Caka nonapusaimja Mopa UuMatu cBoj Aayai. TpaHcBep3anHe monapuszanuje (+u X)
TO 337I0BOJhaBajy (jenHa je ayai apyre). JIOHTUTyIMHAIHY U CKaJIApHU MOJIOBM HU HEMajy MPHUPOJIaH Iyan y
HareM GopManu3My.

Ycao munumyma (M): Enepruja cuctema Mopa TEXKUTH HYJIH. TpaHCBEP3aHU TaJlaCH MPEHOCE CHEPTH)y
U TO Ha HAYHMH KOjU TeKH MHHUMYMY; JIOHTUTYJAHHAIHA U BEKTOPCKH MOJIOBU OH, Y HAIlIEM OKBUPY, HOCHIIH
SHepTujy Ha HaYWH KOjH TO HapyIIaBa.



3Hauaj oBor nmokjaanama: OBo He MpencTaBiba OTKpuhe Heuer mTo cranaapaHa GR mpomymTa wim camo
703BoJbaBa a He Ou Tpebano — GR Beh, HE3aBHCHO M CHAKHUM XEIUKUTETHUM apTyMEHTOM, U UCKJbydyje
npeocTanux net MoaoBa. OHO IITO HAII Pe3yaTaT MoKa3yje jecTe Aa UCTa PECTPUKIHja TPUPOTHO H3TIA3U U
u3 GH-npunnuna (S, M), nornyno He3aBucHuMm mytem o1 GR-oBor reju-reoperckor usBohema. Tako aBa
pasnmuunta GpopmanHa anapara — nuHeapu3oBaHa GRu GH-cTpykTypa — cTHKy 10 UCTOT 3aKkJbydka. To je
KOHBEpIeHIja, He oTkpuhe ckpuBeHe mane y GR.

LIGO mepema, Koja moKa3yjy UCKJBYUHBO + U X Mojiapu3aliyje, cTora NojjeqHako noTephyjy npeaBuharma
grcte GR n npexsubama Hamer ¢popmanmsma — oba oBa GopManu3Ma 1ajy HACHTUYAH Pe3yJTaT y OBOM
JOMEHY, HCTO Ka0 U KOJ OCTAJINX CIIA00IMOJbCKUX TECTOBA.

5.4 KocmoJionike UMIJIMKAIIHje

[TocTojame aHTUrpaBUTAIIMOHE KOMIIOHEHTE UMa JaJEKOCEKHE IMOCIIEIHULIE 32 KOCMOJIOTH]Y:
* O0jammeme TaMHE eHepruje Kao MaHu(ecTalrje TpaBUTOIMHAMHUYKE CUJIe
* [llupeme ynuBep3yma 6e3 bur benra (kao npenas u3 HecTaOUITHE y CTAOWIHY KOH(UTYpaInjy)
¢ [loTeHjanHo objalmene KocCMAYKe HHGIaIuje

5.5byayha ucrpaxxuBama

HajBaxxHuje 0TBOpEHO MHUTamkE je eKCNepuMeHTATHA NMPOBepa MOHUIITaBakha cujaa npu V — C. OBaj Ou
edekar 3axTeBao Meperma M3BaH JJOMETa TPEHYTHO JOCTYIHHUX NOJAATaKa, ajH MPeICcTaB/ba KJbYYHHU TECT 3
pa3IMKOBame OBOT (popMasiu3Ma O] CTAHAAP/IHE OINIITE PEIaTUBHOCTH.

6.3AKJbYYAK — UCTOPUJCKA CUHTE3A
OBa cHHTeTHYKa TeopHja MPEJCTaB/ba HCTOPUjCKU TPEHYTAK Y (PM3UIM — KOPAK je Ka MPBOM IMOTIIyHOM
yjenumemhy B¢ GpyHIaMeHTaIHE Chile (€IEKTPOMArHeTu3Ma 1 rpaBUTalfje) Koje je mocpeiHo U MoTBpheHo.
Ksbyuna nocrurnyha ose Tpujane cy:
* MateMaTH4YKH U30MOP(U3aM — HUICHTUYHA CTPYKTYpa €JICKTPOMArHeTHE U TPABUTAIIOHE CHIIE jecTe
usBezeHa u3 npuniuna C, Su M [1].
* AHTHTPaBHUTAIHOHA KOMIIOHEHTAa — KOja je MHIUPEKTHO U MOTBpl)eHa KpO3 TPaHCBEP3ATHY PUPOTY
rpaBHTAIMOHUX Tanaca [2, 3].
* ExcnepuMeHTaina moTnyHocT — cBeoOyxBarHa Banuaanuja y LIGO [2].
* MateMaTH4Ka HY:KHOCT — CBH 3aKJbY4LIU Cy U3BEJICHH, a HE OCTYJIUpaHH. [2].
EnextpomarseTnsaM u rpaBUTaIfja HECY JBE OJIBOjeHE IPUYE — OHE CYy JBa MOTJIaBJba UCTE KIbUTE. A Ta
KIbUT'a j€ HallMCaHa Ha Je3UKy MaTeMaTHKe.
Kao mro je MakcBen yjeIMHMO €IEKTPUIIMTET U MarHeTu3aM, a AjHIITajH IPOCTOP U BpeMe, OBaj pai cal
yjelumyje eIeKTpOMarHeTu3aM U IpaBUTALU]y y JEJMHCTBEHY MaTeMaTU4Ky CTPYKTypy — mokasyjyhu na
Cy CBE LIEHTpaJIHe cuiie MaHudecTanrje UCTor pyHAaMeHTaIHOr o0pacia.

INPUJIOI" A: KPUTHUKE U OJArTOBOPU
VY oBOM mpuiIory 1ajeMo oAroBope Ha Moryhe KpuTHKe OBOTI pajia Jia pa3jaCHUMO Heke Moryhe HeoyMHuLe.

Kputuka 1: ,Bu TBpauTe na cre yjeIMHWIN €IeKTPOMAarHeTH3aM M TPaBUTALU]Y, ajld CTE caMO MOKa3aJIH
MaTeMaTHUYKy aHaJIoTHjy. 3ap TO HUje caMo Jierla MaTeMaTrka, a He puzuka?"

Onrosop: AHasoryja je rmojasHa Tayka, ajld OHO IITO MU PaJiuMO jecTe H30Mop(pu3aM — TO je HACHTHYHA
MaTeMaTUyYKa CTPYKTypa Koja MpOU3UIa3u U3 UCTuX npuHnuna (cumerpuja Su muaumym M). To Huje myka
CIIMYHOCT; TO je HyKHOCT. Du3nka je, Ha Kpajy KpajeBa, TeK MaTeMaTHKa MPUMEHEeHa Ha TPUPOIY. AKO J1Be
CHJIC UMAjy UCTY CTPYKTYpY, UCTY TaJlaCHY jeJIHAUYMHY, HCTE KOHCTAaHTE (CaMo Ipyrauuje cKajJupaHe), OHa
OHE M HHCY JIBE Pa3IMUHTEe CHUIIE — OHE Cy caMo JiBe MaHU(ECTalHje UCTOT 3aKoHa. To je ympaBo HCTO OHO
mTo je MakcBen ypaano ca elIeKTPHUIUTETOM U MarHETH3MOM.

Kpuruka 2: ,LIGO notephyje GR,a He Bamry Teopujy. Kako onna moxere tBpautu aa LIGO norsphyje n
aHTUTpaBUTAIN]Y?"

Onarosop: LIGO notephyje TpaHcBep3ajHOCT rpaBuTanioHnx tanaca. GR To o0jammaBa XeTUKUTCTHUM
aprymeHToM (0€3MaceHo MoJbe ClMHA 2), a MU TO O0jalikaBaMo MPUHIUIUMA cumeTpuje (S) 1 MUHHMYyMa

4



(M) — koju cy ny6spu on GR. Jlakiie, HCTH eKclepuMEHTAJTHH pe3yJTaT notephyje ta o6a Gpopmanuzma.
Paznuka je y Tome mTo Ham (hopmMann3zaM H3BOAM TPAHCBEP3aTHOCT M3 OMIUTHjUX NMpuHOUMNA, ToK GR TO
nocTtynupa kKpo3 reju-uaBapujanTaoct. LIGO wve 6upa n3melhy GR u Hamre Teopuje — oH ux ympaBo o0e u
notBphyje, jep ce o0e cimaxy ca HCTUM NojanuMa. Air Hamr popMaIn3aM UIe U KOpak Jajbe. OH MOBe3yje
TPAHCBEP3AITHOCT Ca TOCTOjalbeM aHTHTPABUTAIIMOHE KOMITOHEHTE.

Kpuruka 3: ,Bam pan ce ocnama Ha MareMatndky Joruky 1 GH-akcuome, ann pusnka HUje MaTeMaTHKa.
Kako mMokeTe TBpANUTH Ja CTe 00Ka3a1y aHTUTPABUTAIIN]Y aKO HUCTE M3BEIIH EKCIIEPUMEHT?"

Onrosop: @usnka 0e3 MaTemMaTuke je ciena, a MaTeMaTnka 0e3 (usuke je mpaszHa. Ty aHTUTrpaBUTAIIHOHY
KOMITOHEHTY jecMo m3BeJu n3 GH-akcnoma — a To je MaTeMaTH4KH JI0Ka3. 3aTUM CMO TOKa3allu 13 HBheHa
nocyeanna (TpaHCBep3aTHOCT TpaBUTAMOHKX Tanaca) Beh moctoju y LIGO momarma — mito je moTBpia
eKCIIepUMEHTaIHe pupoe. Jlakie, MU cMO ypaauwin 00a: MaTeMaTH4KU CMO J0Ka3alli Ja MOpa J1a TIOCTOjH,
M TIOKa3aJu Jia je \beH oThcak Beh y moganuma. OHO MITO HEJOCTaje jecTe AMPEKTHA JIeTeKINja, aju TO He
yMamYyje CHary HHAMPEKTHOT JI0Ka3a. Y HayIM Ce PETKO IITa JUPEKTHO U JETEKTY]e.

EITKWJIOI

Tpu pana, Tpu kopaka. [IpBu je mokas3ao 1a aHTUTpaBHUTalLIKja MOpa NOCTOjaTu. JIpyru je mokasao aa meHUX
Tparosu Beh uma y LIGO nmomanmma. Tpehu je moBe3ao Te 1Be ucTHHE y jeHy nenuny. Hujenan o pagosa
cam o cebu He Ou OO TOBOJbAH. 3aje/THO, OHU YMHE apPTyMEHT KOjH je TEIIKO OMOBPTHYTH — HE 3aTO IITO
CMO MU MameTHH, Beh 3aTo mTo cMO IpaTHIM MaTeMaTHKY /10 Kpaja. A Ta MaTeMaTHKa, KaJia ce He MPEeKH/a,
YBEK BOJH JI0 UCTOT 3akJbydka. OBaj MyT, Taj 3aKJby4aK IJIach: IICHTPATHE CHJIC Cy jeJIHaKe, a CTBapHa je U
Ta pamMo3Ha aHTUrpaBuTanrja. M He camo cTBapHa — OHA je HyXHa. be3 me, TpaHCBep3a HU Tajacu He O1
owmm jequau MoaoBH, a LIGO 6u Buneo HemTo cacBum apyro. LIGO Huje Buaeo HUIITA APYTO jep HUIITA
apyro u HeMa. To je Hajjaun J0Ka3 Jja CMO Ha MPAaBOM IIyTY.

VY enmmiory TeOpeTcKor paja HaOMEHYIIH CMO J1a OTKprhe aHTUTpaBHTAIlHje OTBapa peaiHe MoryhHoctu ia
ce y OynyhHOCTH M3rpasy aHTHUTPAaBUTAIIMOHM IITHT 3eMJbE M TaKO HAIly OAO0paHy Of yaapa acTepouza of
pasHux (paHTAaCTHYHMX W/Eja KOHA4YHO y4nHHU cTBapHOM. [logcehamo na je mpe Hexux 65 mMunmona rogunHa
jenan mosehu acTepon]] ynapuo y oosactd MEKCHUYKOT 3aJIHMBa, 3a KOJH C€ Bepyje Ja MPOMEHHO KIUMY JI0 Te
Mepe J1a je TO JOBEJIO JI0 H3yMHpama JUHOCcAypa U OPOjHHUX IPYTUX BpCcTa. AJIM MU HUCMO JTHHOCAYPH, HITH?
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Mathematical truth is universal — it connects
theory and experiment into a unified whole.

ABSTRACT

This paper is the final synthesis of two works: tiieoretical and the experimental, on the univgragtkerns

of central forces. Through a full integration oftimathematical formalism of Maxwell's equations for
gravitation with a comprehensive experimental asialywe establish a fully valid and experimentally
confirmed framework for the unification of the ei@mmagnetic and gravitational forces. The theoadtart
defines the gravitational constantg and p,, introduces the anti-gravitational component, ehihe
experimental part provides complete validation digto LIGO measurements. We show that the
experimental data are in full agreement with theothtical predictions, thereby confirming that the
electromagnetic and gravitational forces are matateons of the same mathematical structure.
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