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b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManue bnarorBopurensheiii  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem cambiM crmocoOCTBYSl pOCTy 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pasMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ORHON M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsiii B cTpane 6usHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE MpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3all NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeIKeld u cryneHTam DoHp
CYUTAET BOXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyAyIIMX IMOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanblk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTasl peaju3yeMblii MPOEKT M0 OOYYECHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (UHAHCOBOH
IPaMOTHOCTH M NIPEAIPUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peNaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHoXuMust jKoHE MOJIEKYIAbIK TeHETHKA caaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opranbrbiHbH 0ac aupekrops! (Hyp-Cynran, Kasakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUTBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimuixrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3ePTTEY OPTabIFBIHBIH 0ac FHUIBIMI
Kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/bl, Ononorus reUIBIMAAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axagemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka FbUIbIMIApbIHBIH JOKTOpbI (Onoxumus), npodeccop, Cankr-IlerepOypr MEMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiuici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP ¥YFA akanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PEMPOIYKTONIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Owomorust FbUIBIMAAPBIHBIH —JOKTOpBL, —mpodeccop, Yysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBail MEMJICKETTIK arpapiiblK yHHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYyLIEpIK oHE Teparus KaeIpachlHbIH MEHIEPYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaap yHUBEPCHTETIHIH IIBFbIC MeuIMHa (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsiekcanIpoBHY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIMIBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSL, Ipodeccop, JIIoOMMH MenuimHa yHUBEPCHTETIHIH
(apmanepTika daxyasTeTiHiH AekaHsl (JIoommn, [onsma), H =22

BAUMYKAHOB [lacran Acbl16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBL, KP ¥FA koppecron-
JIeHT Myteci, "Mail mapyanibuibFbl KoHE BeTePUHAPHS FHUIBIMU-OHIIPICTIK opTaibibl" JKIIC man mapyarbuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, (hr3nka-MareMaTHka FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MooBa TexHUKaIbIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusnbik xoHe sSaponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak yinrTeik yHEBepeuTeti (Anmvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIporbIk FeuibMaap HHCTHTYTHI (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yauBepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, (r3Hka-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTreMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBI, mpodeccop, KP ¥FA
axanemuri, on-Dapabu arempars! Kazak yiTTeik yauBepenteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FhUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBuy, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 2024 o2
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akanemuk HAH PK, mupexrop
MemuumHckoro eHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASA KOJIJET US:

PAMA3AHOB Tiekkagya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPEeCIOHIeHT
HAH PK, Ph.D B obnact OHMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblid aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocodun (Ph.D, Gnoxnumusi, arpoxumus), mpodeccop, IIaBHbIi HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
Eppasuiickuii HarmoHanbHblii yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumirs), mpodeccop, 3aBemyronmii xkadenpoit «OnTHMusarms

XUMHYECKOW 1 OMOTEXHONIOTYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOT MYECKUI HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H = 14

JIOKIIIUH Bsiuecia HoraHoBu4, JOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropbeBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN e Te b HayKH
Yysarckoii PecryOnuku, 3aBeyroriiii kadenpoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTelbHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (hakyisTeT Boc-

TOYHOM MeanIHbl YHuBepcuTera Xamuapaa (Kapauu, [Takucran), H=21

MIENETKWH Hrops AnekcaHapoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mtara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1okTOp (hapMareBTHIecKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJICTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapminy (Hyp-Cyirran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, 10KTOp (GU3HMKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monioss! (Kumimnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUYECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. In this paper, we perform a detailed examination of the eigenvalues
of the Riemann curvature tensor in a specific space-time configuration influenced by
a distorted mass distribution. Our focus is on a metric characterized by two crucial pa-
rameters representing the mass and the quadrupole moment of the central gravitational
source. This source is distinctly separated from the surrounding space-time by a naked
singularity at the Schwarzschild radius for the given mass. Our results show that as the
proximity to the central source increases, the effect of the quadrupole component be-
comes significantly more pronounced, leading to notable changes in the curvature eigen-
values. This includes cases where some eigenvalues switch signs, which we interpret as
an indication of repulsive gravitational forces. These findings advance our understanding
of the complex dynamics in such gravitational fields and emphasize the significant role
that higher-order mass moments, such as the quadrupole, play in shaping space-time
curvature. This research lays important groundwork for future studies on the behavior
of gravitational fields under the influence of intricate mass distributions, particularly in
extreme astrophysical conditions.
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AnHoTaums. byn  3eprreyne = PuMaHHBIH ~ KUCBIKTBIK ~ TEH30PbIMEH
OaiiTaHpICTBl ~ MEHIIIKTI ~ MOHJEpiHE  KEHICTIK  TeH  YaKbITTBIH  epeKIle
KOHQUTYpanusIapblHIa JKaH-)KaKThl Talfay >Kacalabl. Byil KeHICTIK MeH yaKbIT
MaccaHblH JeQopMalusiiaHFaH TapailyblHa OalaHBICTBl T'PAaBUTAIMSUIBIK dcepIi
KaMTUAbl. bBi3giH  TanmaybIMBI3ABIH — KUNTi-OPTaidblK TPAaBUTAIMSUIBIK  OOBEKTTIH
Maccachl MEH KBJPYIOJNAJblK MOMEHTIH CHIATTay YVIIH MaHBI3ABl €Ki HaKThI
rmapaMeTpMEH aHBIKTaJIFaH METpHKa. bipereil Hopce-OyiI OpTaNbIK OOBEKT CHIPTKBI
KEHICTIK  yaKpIThIHAaH Maccara coiikec keneTiH IlIBapmmmnsn — pannmyceiHma
OpHAJTaCKaH JKaJaHAIl CHHTYJISIPIBIKIICH OoJiHTeH. bi3TiH HoTHKenepiMi3 OpTaIbIK KO3Te
YKaKpIHJaFaH CalbIH KBaJPyIOJh KOMIIOHEHTIHIH ocepi aWTapibIKTail aifKbIH OOJIBIIL,
MEHIITIKTI KHCBHIKTBIK MOHICPIHIH OPEKeTIH alTapibIKTail ©3repTeTiHiH KOPCETEi.
Keit6ip >xarmaitmapaa keiOip MEHIIIKTI MOHIEPIiH OENTici e3repeTiHi ocepiti-0i3 OHbBI
WUTEPTIll TPABUTANMSIIBIK KYIITEPIiH OpEKEeTIHIH Oenrici peTiHme TyciHmipeMi3. by
uaesIap OCBIHIAW TPaBUTANMSUIBIK — epicTepli OackapaThlH Kypaeli JuHaMHKa
Typajibl TYCIHITIMI3ZI KEHEHTIm KaHa KOWMaMibl, COHBIMEH KaTap KBaJPyIOIb CHUSKTHI
JKOFaphl PETTI MaccalblK MOMEHTTEPiHIH KEHICTIK TeH YyaKbIT KHCHIFbIHA THTI3€TiH
MaHBI3/IbI dcepiiepiH KepceTeni. by 3eprTTey, acipece dKCTpeManbl acTpOPUIUKAIBIK
KarJainap/ia, MaccaHblH KYpAENi TapalyblHBIH SCEPiHEH TPaBUTANMSIBIK ©PiCTEepiH
KAaCHETIH Of[aH dpi 3epTTeYiH HETi31H Kajlaybl MyMKiH.

Tyiiin ce3mep: KUCHIKTHIKTBIH MEHIIIKTI MOHAEPi, KBAIPYIOIbIIK MOMEHT, (-
MeTpHUKa, TeOyIIi TpaBUTaLNs
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AnHOoTaumMs. B 2Tol cTaThe MPOBOIWTCS NETANBHBINA aHATU3 COOCTBEHHBIX
3HAUYCHWN TEH30pa KPWBHU3HBI PHMaHa B KOHKPETHOH KOH(HTypamuu MpOCTPAHCTBA-
BPEMEHH, MOJIBEPKEHHONW BO3JEUCTBUI0O MCKAKEHHOTO pacrpeneieHus maccbl. Hare
BHAMaHHE COCPEJOTOYEHO Ha METPUKe, XapaKTepu3yeMon ABYMS KIFOYEBBIMU
rapaMeTpaMu, TMPEACTABISAIONIMIMA MacCy W KBaAPYMOIbHBI MOMEHT IEHTPaTLHOTO
TPaBUTAI[MOHHOTO WCTOYHWKA. OJTOT HCTOYHUK SBHO OTHEIIEH OT OKPYIXKAIOIIETO
MIPOCTPAHCTBA-BpEMEHN O0OHAKEHHON CHHTYIISIPHOCTHIO Ha paanyce LlIBapimminsaa ams
JMAaHHOW Macchl. Hammm pe3ynbTaThl MOKa3bIBaIOT, UTO C MPUOIMKEHNUEM K IIEHTPATBHOMY
WCTOYHHUKY BIUSHHE KBAJIPYIIOJFHOTO KOMIIOHEHTa CTAHOBHTCS 3HAYMTEIHHO Ooee
BBIP@XEHHBIM, YTO TPHUBOJUT K 3aMETHBIM HM3MEHEHHMSIM COOCTBEHHBIX 3HAYCHUU
KPUBHU3HBL. DTO BKJIIOYAET CITydau, KOT/Ia HEKOTOPhIE COOCTBEHHBIE 3HAYEHHS] MEHSIOT
3HAaK, YTO MBI HHTEPIPETHPYEM KaK NPU3HAK OTTAJIKUBAIONIMX T'PABUTAIMOHHBIX
CWI. DTH BBIBOJABI DPACHIMPSAIOT Halle TOHUMAaHWE CIIOKHOW IWHAMUKA B TaKHX
TPaBUTAIIMOHHBIX TOJSAX M MOMYEPKUBAIOT BAXHYIO POJIb BBICIIMNX MOMEHTOB MAacChI,
TaKAX KakK KBaJpymoiab B (OPMHUPOBAHWH KPHUBHU3HBI MPOCTPAHCTBA-BPEMEHH. IJTO
WCCIIEIOBAHNE 3aKJIa/IbIBACT BAXHYIO OCHOBY JUIA OYIYIINX MCCIEIOBAHUI MMOBEICHUS
TPaBUTAIIMOHHBIX TIOJIEH MO BIUSHUEM CIIOXHBIX PACIpe/leIeHnii MacChl, 0COOEHHO B
IKCTPEMaJIbHBIX aCTPOPU3NIECKIX yCIOBHSIX.
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KnroueBbie ci10Ba: CcOOCTBEHHblE 3HAYEHUS KPHUBM3HBI, KBaJPYNOJIbHBII
MOMEHT, (-METPHKA, OTTAJIKUBAIOLIAs] [PAaBUTALIUS

Introduction

General relativity stands as a foundational theory elucidating the dynamics of
gravitational interactions. When dealing with compact celestial bodies, gravitational fields
arise from mass distributions, which may exhibit either rotational or stationary charac-
teristics. The most basic stationary solution to Einstein’s equations is the Schwarzschild
solution, portraying the gravitational field stemming from a spherically symmetric mass
distribution. A significant feature of this solution, per Birkhoff’s theorem, is its exclu-
sivity as the sole spherically symmetric vacuum solution to Einstein’s equations. This
theorem also implies the absence of spherically symmetric gravitational waves.

Following the discovery of the Schwarzschild solution, Weyl (Weyl, 2012:
779-810) derived the most general stationary, axially symmetric vacuum solution, ex-
pressed in cylindrical coordinates. The Weyl solution is formulated as an infinite series
with arbitrary coefficients, theoretically encompassing any axially symmetric solution.
The solution’s multipole moments are determined by these coefficients, as demonstrated
through the calculation of relativistic and invariant Geroch multipole moments. Notably,
the Schwarzschild solution emerges as a specific case within this framework, represented
by an infinite series with predetermined coefficients.

An alternative approach, introduced by Erez and Rosen, involves considering
only one additional multipole moment for the mass distribution. Specifically, the explicit
metric expression for a mass possessing a quadrupole moment was derived. Presently,
numerous solutions serve as generalizations of the Schwarzschild solution with a quad-
rupole (Frutos-Alfaro et al., 2018: 170826). This divergence arises from the absence of
uniqueness theorems, allowing for multiple exact solutions describing the gravitational
field corresponding to a point mass with a quadrupole.

This study concentrates on a particular solution, proposed as the simplest ex-
tension of the Schwarzschild solution incorporating a quadrupole (Quevedo, 2011:
1779-1787). This solution is derived by applying a Zipoy-Voorhees transformation to
the Schwarzschild solution, resulting in the Zipoy-Voorhees metric, also known as the
y-metric or d-metric. To underscore its interpretation as a quadrupolar metric (q-metric),
we designate it as such.

Our investigation delves into the properties of the g-metric by scrutinizing the
behavior of its associated Riemann curvature tensor. We employ the eigenvalues of the
curvature tensor, scalar quantities offering coordinate-independent results, as proposed
in (Quevedo, 2012: 35-52). This invariant approach facilitates the comparison of differ-
ent metrics along a given hypersurface. Research in this area remains ongoing (Gutiér-
rez-Piferes et, al., 2019: 135003; Gutiérrez-Pineres et, al., 2022: 035015). The curvature
eigenvalues have also been utilized to define the concept of repulsive gravity invariantly
(Luongo et al., 2012: 1029-1031; Luongo et al., 2014: 084032). In our study, we employ
this approach to identify regions within the g-metric’s spacetime characterized by repul-
sive gravity effects.

This article unfolds as follows: Section II presents the g-metric and reviews its
significant physical and geometric attributes. We interpret this vacuum solution as de-
picting the gravitational field of a naked singularity, implying that a mass distribution’s
quadrupole moment can be construed as a source of naked singularities. Section III elu-
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cidates the methodology for calculating curvature eigenvalues using the formalism of
differential forms and Cartan structure equations. In Section IV, we analyze the behavior
of the g-metric’s curvature eigenvalues, revealing locations within its spacetime where
these eigenvalues transition from attractive to repulsive, indicative of repulsive gravity.
Finally, Section V summarizes and discusses our findings.

Research object, materials and methods

The g-metric

We consider the line element of the g-metric in spherical coordinates (t , 7, 0, (p)
as follows (Boshkayev et al., 2016: 024024)

l+q -q 2 .2 *‘I(zﬂl) 2
ds? =[1-2) g —[122) || 14 2S00 LA ag? |+ sin® 0dg? |,
¥ —2mr ) (1) 1_2m
.

1)

where m and q are constant parameters. In the limiting case q = 0, the g-met-
ric reduces to the standard Schwarzschild metric in spherical coordinates. It is an exact
solution of Einstein vacuum equations with the property of being asymptotically flat.
The physical meaning of the parameters m and q can be determined by calculating the
corresponding multipole moments. We use the Geroch relativistic definition of multipole
moments, which leads to invariant results independently of the coordinates. The main
mass multipole moments , n =0, 1, are given by

M, = (1+ q)m,
. @
M, :—?q(l+ q)(2+ q).

Multipole moments of higher order are proportional to mq and, therefore, can
be completely rewritten in terms of M and M,. Consequently, the arbitrary parameters
m and q determine the mass and quadrupole, which are the only independent multipole
moments of the solution. In the limiting case q = 0, there remains only the monopole M0
= m as expected for the Schwarzschild spacetime. Moreover, as a consequence of the
symmetry of the solution with respect to the equatorial plane, all odd multipole moments
are identically zero.

Two important limits of the multipoles of the g-metricare m —> Qwith # 0

and ¢ —> —1 with m # 0. In both cases, all the multipole moments vanish identical-
ly and the corresponding limiting metric can be shown to be equivalent to the Minkowski

metric. This means that the limit A/ 0 = 0 leads of a flat spacetime because it corre-
sponds to the case in which no mass 1s present. This suggests that as q approaches zero,
the spacetime tends towards flatness, indicating the absence of mass. Essentially, in the
absence of mass, there can be no quadrupole, reflecting a physically reasonable condition.
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The above results show that the g-metric describes the gravitational field of a

spherically symmetric distribution of mass with total mass M o and quadrupole M, . By
calculating the Newtonian limit of the g-metric with the corresponding quadrupole, one

can show that positive (negative) values of M , correspond to prolate (oblate) mass dis-

tributions.
The presence of curvature singularities can be confirmed by examining the Kret-

schmann scalar ' = R ; R™** which in this case becomes
UVAT

1

C16m>(1+q) (7 —2mr + m*sin? 0)""0 T Lr.6)

2 2
r4(2+2q+q ) (1 _ 2m / r)2(q +g+1) (3)

With

L(r,@) = 3(r —2m— qm)2 (rz —2mr + mzsinzé’) + q(2 + q)mzsinzﬁ X

x[q(z +q)m* +3(r—m)(r—2m- qm)]
“
The limiting Schwarzschild case (q = 0) corresponds to the value

K = 48m*/ 7”6, which shows only one singularity at # = 0. In general, the Kret-

schmann scalar (3) diverges at the origin (# =0) and at the Schwarzschild radius

(l’ = 2m) , which represents the exterior curvature singularity. Since no horizons are

present in this spacetime, the singularity at ¥ = 2m

(©)

Fig. 1: Curvature singularities of the q—metric.
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The singularities at # = 2mand at ¥ = 0 exist for any value of the param-

eter q. The singularity in the region 0 < 7 < 2m is present only for some values of
the parameter q

is naked. The singularity at the origin is present for all real values of
q- Moreover, the Kretschmann scalar diverges at the surfaces defined by the

condition 7> —2mr+m’sin°@=0 for those values of q in the interval

qe (—1,—1 + 3/ 2] \ {O} . Thus, we see that the presence of a quadrupole turns
the Schwarzschild horizon into a naked singularity. In Fig 1, we illustrate the locations of
singularities of the spacetime described by the q — metric. Of particular significance for

our subsequent analysis is the singularity at # = 2m separates the exterior spacetime,

r > 2m, fromthe interiorone 0 < 7 < 2m . Therefore, in the following sections
we will limit ourselves to the study of the exterior part of the spacetime.

Curvature eigenvalues

The primary reason for analyzing the eigenvalues of the Riemann curvature ten-
sor is that these scalar quantities allow for an invariant characterization of gravitational
interactions. To compute the eigenvalues, we will utilize the formalism of differential

forms, wherein the line element of a metric with coordinates X is represented in terms

of local tetrads (1-forms) G’ as (Bernard et al., 2009: 419; Hawking et al., 2023: 391)
ds* = g,dx" ®dx" =n,9'® 8, 65)

where 77, = diag (—1, L1, 1) is the local Lorentzian metric and the tetrads are

given in terms of the tetrad vectors €’ 4 a8
G =e" dx".(6)

The connection 1-form @* » and the curvature 2-form are determined through the
Cartan structure equations

d3 =-ao", NS, (1)

Q) =do", + 0, N, (8)

where d is the exterior derivative and A the exterior product. Finally, the components of

the Riemann curvature tensor Rabcb are determined in terms of the components of the
curvature 2-form as
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QQ;:%RQMSCAgf(%

The non-zero components of the curvature tensor can be put together as a 6 x 6
matrix

ROIOI R0102 R0103 R0123 R0131 R0112
RO20 1 R0202 R0203 R0223 R023 1 ROZ 12
RAB — 20301 20302 20303 20323 20331 20312 (10)
2301 2302 2303 2323 2331 2312
R3101 R3102 R3103 R3123 R3131 R3112
RIZOI RIZOZ R1203 R1223 Rl231 R1212

Furthermore, since the components of the curvature tensor satisfy the symme-

tryR, , = R, the matrix R, is symmetric and contains only 21 independent
components. If we take into consideration the algebraic Bianchi identity, the number of
independent components is further reduced.

R =0,11)

a [bcd ]

which in terms of the components of the matrix R 4 can be expressed as

R, +R,,+R;,=0,(12)

the number of independent components reduces to 20, as expected for the Rie-
mann tensor in four dimensions. The eigenvalues of the curvature tensor can then be

easily determined as the eigenvalues of the matrix R .

Results

We now proceed to calculate the curvature matrix for the g-metric. The compo-
nents of the tetrad vectors can be selected as follows:

,(q ;

=1 f2 f2 ,(13)
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N q q q
N L
e, =12/, ,e, = f, *rsind, (14)

where

2m m’sin” 6
fi=1- =1+ 22 )
r r-—=2mr
To avoid confusion, in the above equations, we have marked the indices relat-
ed to local tetrads with a hat. The calculation of the connection 1-form and curvature
2-form is straightforward. Subsequently, the curvature matrix is constructed based on
the non-vanishing components of the Riemann tensor. It turns out that the only non-ze-

ro components of the curvature matrix are: R, R,, R,,, Ry;, R, R,5, Rq;

, andR66. We will limit ourselves to the analysis of the curvature on the equatorial

plane@ = 7r / 2, where the non-diagonal components of the curvature matrix van-

ish, i.e., R12 (19 =/ 2) = R45 ((9 =r/ 2) =0. Consequently, the eigenvalues

A, i =1, 2, .., 6,of the matrix R, coincide with the corresponding diagonal
components. Finally, we determine that on the equatorial plane, the curvature eigenvalues
can be represented as:

(4m2 +5m’q” +8m’q+m’q’ —2mrq® —8mrq —6mr +2r’q + 2 )m

h=h= r3(r2—3mr+2m2) *

Xfquzq(2+q) (16)

_m(m’q’ +4m’q’ +5m’q+2m’ —mrq® —4mrq —3mr+r’q+r?) y

b= r3(2m2 —3mr+r2)

q £q(2+q)
<H' 1

)

B (mq2 +3mq+2m—rq—r)m

:—ﬂ/ — q q(2+q)
4 ¢ r3(2m—r) g

(18)
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where the function f2 is evaluated on the equatorial plane. We see that all the

information about the curvature is contained in the eigenvalues /11 R ﬂz , and 23 . In the
limiting case with

i
m{w{
| .‘" IA'

Fig. 2: The curvature eigenvalues of the g-metric as functions of the radial co-

ordinate » and the quadrupole paramenter ¢ . The mass parameter has been chosen as

m =1
g = 0, the eigenvalues reduce to
m 2m
12:%2_37}1:__23 (19)
r r

which are the curvature eigenvalues of the Schwarzschild metric. Notice that

all the eigenvalues vanish for ¢ = —1 and arbitrary m and for 7 = 0 and arbitrary g,
indicating that the resulting spacetime is flat. This confirms the result obtained above by
using the expressions for the multipole moments and the g -metric.
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Discussion

Now, we explore how each eigenvalue behaves concerning both the radial coor-
dinate and the quadrupole parameter. The outcomes of our investigation are illustrated
in Fig. 2. It becomes evident that all eigenvalues exhibit divergence as the hypersurface

7 =2m as the hypersurface is approached, signaling the presence of a curvature sin-
gularity. Furthermore, as the radial coordinate increases, the eigenvalues tend asymp-
totically to zero, confirming the asymptotic flatness property of the g-metric. The most

intriguing behavior is observed at the singularity located at » = 2m is approached. In
fact, we see that /1, is always positive in the entire domain shown in Fig. 1. This is not

true in the case of /7,2 and 5. Indeed, we see that these eigenvalues reach a maximum

value and then change their sign close to the curvature singularity located at ¥ = 2m.
This behavior will be investigated in the next section.

To understand the change of sign in the curvature eigenvalues ﬂ,z and ﬂ3 , We
now consider a particular case for oblate, ¢ <0, and prolate, ¢ > 0, mass configura-
tions. The results are illustrated in Fig. 3. In the oblate case(q = —0.5) , we see that 4,

changes its sign as the singularity is approached. Instead, ﬂj increases its close to the

singularity, without changing its sign. In the case of prolate objects (q = —0.5), the

roles are interchanged and it is ﬂ.3 , which changes its value from positive to negative.
We obtained similar results for other arbitrary values of the quadrupole parameter q. We

conclude that, in general, the eigenvalue /12 (ﬂ,j ) describes the change of behavior in the

case of oblate (prolate) mass distributions.
|‘ 0.20

0.4

0.15

|
|
|

0.10

0.05

Fig. 3: The curvature eigenvalues 2,2 and 2,3 as functions of the radial coordi-
nate 7 for ¢ =—0.5 (left panel) and ¢ = 0.5 (right panel)
For specificity, let’s consider the scenario of an oblate object with g =—0.5.
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From Fig. 3 (left panel), it is evident that /12 increases as the singularity is approached,

reaching a maximum value at a specificradius ¥ = 7, - and and subsequently decreases

until it changes signat 7 = 7, . This behavior is interpreted as a manifestation of re-
pulsive gravity. The repulsion is characterized by two critical radii: the repulsion radius,

denoted as ¥, , which signifies the onset of repulsion, and the dominance radius, 7,
, indicating where repulsive forces outweigh attractive ones. Generally, the repulsion

radius can be defined as the location where the first local extremum appears in ﬂz as the
object is approached from infinity, i.e.,

oA
—= =0, (20
ar r=r,
whereas the dominance radius is determined by the condition
A, = 0. 21

In the particular case ¢ =—U , we obtain from the above conditions that

r, =24lmandr, ~2.15m.

In Fig. 4, we show the behavior of the eigenvalue /12 as representing the in-
tensity of the gravitational interaction. This illustration can be interpreted as follows. A
free particle moving to the central object from any direction on the equatorial plane will
experience first an increase of the gravitational attraction, which reaches a maximum at

¥, . Then, as the oblate object is further approached, the interaction decreases until it

vanishes at 7, and from this place on the particle starts to experience a repulsive force.

Fig. 4: Three-dimensional representation of the eigenvalue ﬂ,z on the equatorial
plane of the g- metric
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In the case of prolate objects (q > 0), similar conditions can be defined with /13

instead of A, . For the particular case of a mass distribution with ¢ =0, we obtain

r, =2.96mandr, =u m.

Conclusion

In this study, we have examined the curvature of the g-metric as a metric for
gravitational interaction. To achieve this, we computed the eigenvalues of the Riemann
curvature tensor using local tetrads and the formalism of differential forms, ensuring that
the results are independent of the coordinate system.

We derived the explicit form of all curvature eigenvalues on the equatorial plane
of the g-metric. Notably, we observed that some eigenvalues exhibit distinct behavior by
transitioning from positive to negative values in a region close to the curvature singular-

ity located at the hypersurface # = 2m . We interpret this phenomenon as indicative of
repulsive gravity near the naked singularity described by the g-metric.

Using the curvature eigenvalues, we characterized repulsive gravity in terms of
two specific distances: the repulsion radius, which marks the onset of repulsion, and the
dominance radius, indicating where repulsion surpasses attraction.

Our analysis focused exclusively on the equatorial plane. Future research should
explore the behavior of the eigenvalues as functions of the angular coordinate 66. This
remains a significant task for subsequent studies.
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