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Axcunonononobusie yactunpl (ALP) — 910 rumorerndeckne mceBocKaaspHble 6030HBI, €CTECTBEHHBIM 00-
pa3oM mnosBisgIuecs B paciupenusx Crangapraoil momesu. VIx B3ammogeiicTBue ¢ oObIYHOM MaTepuei u
U3JIyYeHUEM TOJIABJIEHO, YTO 3aTPY/HIET UX obHApY KeHre B J1abopaTOpHbIX dKciepuMeHTax. OHAKO 9TH dac-
THUIBI, 00pa3yloniyecss B HeApax 3Be3Jl, MOIyT 0DeCIeuMBATH JOIIOJIHUTE/IHHBI MEXaHU3M IIOT€pU SHEPIHH,
[TOTEHIMAJILHO BJINsisl HA 3BE3IHYIO 9BOJIIONMIO. VI3BecTHBIE METOMBI TOMCKA TaKUX 3P @HEKTOB BKIIOYAIOT B Ce-
0s1 M3MepeHne CBOMCTB KPACHBIX I'MIAHTOB U NEJIMEBBIX 3B€3J] B IMIAPOBBIX CKOIUIEHUSX. 3€Ch MBI HCIIOIb3yeM
OITyOJIMKOBAHHBIE KATAJIOI'M 3Be3/I, OTOOPAHHBIX B KadeCTBE WJIEHOB CEMH IIapOBBIX CKOIIEHHN Ha OCHOBE Ia-
PaJJIAKCOB M COOCTBEHHBIX JBUKEHNIT, n3MepeHHbIX nHCTpYMeHToM Gaia (Data Realease 3). Vcnonbsys panee
BBIBE/IEHHBIE TEOPETUIECKIE COOTHOIIEHNS ¥ HOBBIE JaHHbIE, Mbl HAXOJAUM OUPDAHUYEHUE CBEPXY HA KOHCTAHTY
ceazu ALP ¢ sekTponaMu, gee < 5.2 X 107 (95% CL), u ykasanue (3.30) Ha HEHyJIeBYIO KOHCTAHTY CBSA3H

ALP ¢ doronamu, gay = (65f}§) x 1071 I'B~!. YuursiBas T04HOCTE COBPEMEHHBIX HAOIIOIATETbHBIX JTaH-

HBIX, B OyayiemM HeoOXOAMMO yTOUHUTH orpanndenns Ha ALP ¢ momorpio Gostee CIIOKHBIX aHAJIM30B.

DOI: 10.31857/S0370274X25020012, EDN: XRTCRP

1. BBengenue. Bo muorux pacmupennsx Cranmapr-
Holt momesmu (CM) dusuku wacTur npencKasbBarOT-
ca akcroHonozo0uble dacTuip! (ALP). Onn asisiorcs
[ICEBJIOTOJIICTOYHOBCKUMHI OO30HAME B JIBYXMACIITA0-
HBIX TEOPUSIX, B KOTOPHIX riobasbHas U(1) cummerpust
HAPYIIAeTCsl KK CIIOHTAHHO (HOpoxKast abdekTuBHOE
B3aumozeiicrsue Mexkay ALP u doronmamm, a Takke,
BO3MOXKHO, ¢ npyrumu vacrtunamu CM), Tak u siBHO
(obecneunsast Hebosbiryio Maccy ALP). Dru nsa mac-
mraba MOryT OBITH JINOO CBA3AHBI IPYT C JAPYTOM, KaK
B CJlydae KAHOHMYECKOTO aKCHOHA M3 KBAHTOBON Xpo-
MOJIMHAMUKH, JIUOO OCTaBaTHCs JIBYMsI HE3aBUCUMBIMU
mapaMerpaMu MO [jisi 00miero ciydas. Kak Teo-
pusi, TAK M IKCIEPUMEHT YKA3bIBAIOT HA TO, YTO ITH
YACTHIBI CJIA00 B3AUMOJIEHCTBYIOT ¢ OOBIYHBIM BeIlle-
CTBOM W U3JIyY€HUEM, UTO 3aTPYIHAET UX HKCIIEPUMEH-
TajbHoe obHapyxkenue. OqHako ux 3PHEKTB MOKHO
HAOJIIO/IATH B acTPOQU3UKe, CM. 00630pbI U JajbHene
ccblikn B [1-3]. OHIM 13 U3BECTHBIX HOXOJIOB SIBJISIET-
cst ouck Biusaust ALP na 3Be3nnyro ssosmonuio. Tern-
JIOBBIM 00OPa30M 00pa3ysiCh B IEHTPAJILHBIX O0JIACTIX
3Be3Jl, 3TU T'UIOTETUYECKHe YaCTUIBI MOI'YT CBOOOIHO
BBLIETATH HAPYXKY, YHOCs dHepruio. [ToMumo mpsMbrx
mouckoB Takux ALP, obpasyromuxcst B CoutHie, MOXK-
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HO PACCMOTPETD BJIUSIHUE II0TEPhb SHEPIUH HA IBOJIIOLIIO
JIPYTUX 3Be3JI, HAOJIOJAEMbIX B UX COBOKYIIHOCTH.
Oco6blil HHTEPEC TIPEICTABIIAIOT 3BE3/bl HA [IO3/IHUX
CTa/IUAX IBOJIOIMU B IIAPOBBIX 3BE3/HBIX CKOILJICHUIX
(IIIC), rae OHU UMEIOT CXOXKUIA BO3PACT W XUMIYECKUIT
cocras [4]. IIpexkie dem B IleHTPe HAYHYTCs DPEaKIUU
CJIMSAHUS TeJIUs, 3BE3/1a TPOXOJUT CTAIUI0 KPACHOTO I~
raHTa, U JIONOJHUTE/IbHBIE MOTEPH SHEPIMU MOTYT 3a-
JIepKATH MeJIMeBYIO BCUBIIIKY. B pesyibrare camblil sp-
KWl KPACHBI MIaHT MOXKET CTATh sApYe, 9eM OXKUIa-
JIOCh, CMEIIAs TI0JIOYKEHNAE BEPIIUHBI BETBU KPACHBIX TH-
rantoB (TRGB) na quarpamme nBeT—3Be3/HasI BEJIHIH-
na. [ocaenyromas cragus ropenus reaus (HB), xorma
3BE3/]a IIEPEXOJUT HA TOPU3OHTAJILHYIO BETBb TOH 2Ke
JIarpaMMbl, CTAHOBATCS KOPOYe B CJIydae GOJIbIINX 110
TEPh, a IUCJI0 3Be3/] Ha 3TOi BeTBU, NgB, YMEHBITAETCS
[0 CPABHEHUIO CO CTAHIAPTHBLIM ciydaem. O6e HabIIIO-
JIATe/IbHBIE BEJIMIUHBI UCHOJIb3YIOTCS JJIsi OPAHUYEHUST
koHcTauT cBsi3u ALP yxe HeckosbKO JecsaTuiieruii.
Besanas acrpoMerpus U GOTOMETPHS [IPETEPIIEN
PEBOJIIOIUIO B [IOCJIEHUE TOJbI, KOTJIA CTAJIM JOCTYIIHBI
nauuble Muccun Gaia [5]. B paHHUX BepcHsiX JaHHBIX,
TAKMe TECHO 3alloJIHeHHbIE 3Be3gamu mojd, kak 111C,
He ObLIM XOPOIINO DPA3PEIIEHbl, HO IIOCIEIHUN BBILYCK
nmauubix (DataRelease 3, DR3) [6], BMecTe co cnenumasib-
My uccsegoBanuaMu [IIC Ha ero oCHOBE, OTKpPbIBA-
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€T BO3MOXKHOCTH UCIOJIb30BATH 9T BHICOKOTOUYHBIE JIAH-
Hble jIsi orpanndenns ¢usuku ALP. 910 u spisercs
IIEJIBI0 HACTOSIIEH PabOThHI.

2. Janubie. B cepun Hemasuux pabor [7-12], Ton-
YapoB W JIp. ONPEJEJIMIN CIUCKUA OTIEJbHBIX 3BE3] —
wienoB 14 rajakrudeckux 11C, ucrosnb3yst mapaJuiak-
cbl U cobcrBeHHble aBuxkeHusi Gaia. s 7 u3 srux
14 ckomnenuit, cm. tabu. 1, B [9-11] ony6iukoBannbie
crucKu wjeHTugUKATOpoB 31ux 3Be3x no Gaia DR3.
MpbI ucHoJib30Baji 3TU CIUCKH JIJIsi U3BJiedeHust po-
TOMETPHUH 3BE3/-UJICHOB CKOILUIEHUS U3 0a3bl JIAHHBIX
https://www.cosmos.esa.int/web/gaia/dr3. Jus corua-
COBAHHOCTH C IIPEJBILIYIIIMI UCCIEIOBAHUSIMUA MblI UC-
HOJIb3yeM KATaJIOl CUHTeTUIecKoil doromerpun [14],
9TOOBI IOJIYIATH 3BE3/IHbIE BenInHbl B iBetax UBVRI,
JIOCTYIIHBIX JJIsi 60JIee sSIpKUX 00’ bEKTOB, KOTOPBIE BKJIIO-
JaroT BCe KpacHbIe IUraHThl U 3Be31bl HB B mHTEpecy-
IONIUX HAC CKOILIEHUsTX. MBI TakKe MCIOJIb3yeM cojep-
skanue xkesesa [Fe/H| u nperossie nonpasku E(B —V),
upuseieHHble B [9-11], monpaeky Ha norsomenune Ay B
nostoce V' u3 [15] (momesns A) u paccrosiaus d jmo IIC
u3 [13], ¢ COOTBETCTBYIONMME CTATUCTUICCKIMHI U CH-
CTeMaTUIEeCKUMU HEOIPEeIeJIEHHOCTSIMU.

3. Anasm3s. MbI ciesryeM pekoMeHganusm [16] mpu
anamse TRGB u [17] npu ananuze HB nist oraenpHbIX
HIC. KombuHarust qaHHBIX 00CY2KIa€TCsi HUXKe B pa3-
nesie 3.4.

3.1. Oupeneserne napaMeTpoB 3BOJIFOIIHH.

(i) TRGB. CooTBercTBYOIIUM [APAMETPOM SIBJIsI-
ercs Gosomerpuieckas abcomornag semanna TRGB,
Mt()lllp), KOTOpasi OIPEJIESETCS CIEAYIONIM 00pPa30M.
Boibupaercss camblit spKuil KpacHBI THTaHT W OIpe-
JleJisieTcs ero abCOJIIOTHAS BeJIUYUHA B V -IHala3oHe,
Vo =V —u— Ay, no nabiromaemoii Bejquduune V'
u Mogymo paccrosuus i = 5logy(d/(10 uk)). Cie-
nys [16], Mmbl GepeM GOJIOMETPUYECKYIO MONPABKY b 13
[18], rme ona Tabymuposana kak dyakus or [Fe/H| u
(V-Io~V—-I+4+125E(B—-V) [16]. Torma abcotor-
Hasi DOJIOMETPUYIECKAsT BEJIMIUHA CAMOTO SPKOT0 Kpac-
HOT'O TUTAHTa PaBHA Mégz =Vy+0.

D10 eme He Bce, noromy uro TRGB onpenesnsiercst
HE CAMBIM SIPKUM KPACHBIM I'MT'aHTOM B HACTOSAIIEE BPe-
M, & CaMO#l APKOU TOYKOU, KOTOPOU 3TOT KPACHBIN I'M-
FaHT MOXKET JIOCTUYb B CBOEH BOJIIOIUI. DTO PeIIaeTcs
BBEJIEHUEM IOIIPABKHU 0 (N), ONpeiessieMoii MOIeIMpOBa-
HEeM B [16] u 3aBuCsINE OT YrucsIa 7 KPACHBIX TUTAHTOB
C BeJMINHAMA V ue cnabee Vo + 2.5™. Hakomerr, Haxo-
JIIM Méglp) = Még{ —d(n).

(ii) HB-3Be3apr. COOTBETCTBYIOIIUM IAPAMETPOM
apigerca orHomenne R = Nyp/Nrgp uucia Npp
3pe3a HB Kk unciy NRgp 3Be37 B BepXHeil 9aCTH BETBU
KPACHBIX IUI'AHTOB Ha JUarpaMMe [[BeT—3Be3(Hasl BeJIu-

YMHA Ul CKOILIeHUsl. NRGB OLpEIesisieTcs KaK 9UcJIo
KPaCHBIX TUTAHTOB ¢ abCOJIOTHON Besuuuuoit V' sapue,
qem uysieBas Benumdauna HB Mzapp. Iocnenuss Benu-
ynHa olneHuBaeTcd o dopmyre (1) u3 [19] mis 3anan-
Hoit merasummanocru [M/H|, koropas, B cBOIO 0Ouepenp,
onennaercs 10 [Fe/H] ¢ momompio dopmynsr (2) us
[16]. Oraesursh KpacHble IUTAHTBL OT ACUMIITOTHYECKIX
[UIAHTOB U OIPEJIEJIUTh FOPU30OHTAJILHYIO BETBb Ha Jla-
rpaMMe HeOOXOAMMO BU3YaJIbHO.

3.2. Casb ¢ KoHCTaHTaMu B3aumoseticrusag ALP.

(i) TRGB u ssiekrponnasi koncranra. C yaeToMm nme-
IOIUXCS OTPAHUYEHUN CBEPXY HA KOHCTAHTHI B3AUMO-
neiicteusg ALP ¢ pas/iuaHbIME 9aCTUIIAME MOYKHO yBHU-
JIeTh, 9T0 HauboJiee CHILHOE BJIHMIHHUE HA IBOJIOIUIO
KPaCHBIX TUTAHTOB OKAYKET BO3MOXKHOE B3auMozIeiicTBue
ALP @ ¢ 371eKTpoHaMHU €, KOTOPOE BXOJUT B JIATPAHIKHA-
aH kak B3anmogeiicrsue FOkaBbl,

Eae = JaeQEY5E.

B paGore [16], Mézllp ) G HOJIy9eH U3 MOJIEIMPOBAHUS
JUTS PA3INIHBIX 3HaYeHuil gq ¥ [M/H]. Tlockombky a10
rajKas (PYHKIUs, Mbl UCIOJb3yeM WHTEPIOJIAINIO €€
sHaveHuii ¢ puc. 4 B [16].

(ii) HB-3Be3pr 1 (poToHHAST KOHCTaHTA. KCam npeHe-
Opedb gge (HUKE MBI YBUIMM, YTO ITO IPEIIIOIOKEHUE
onpaBJIaHo pesyibraTamu Hamero aHammsa TRGB), to
JIOMUHUPYIOIIH BKJIa1 B morepu sHeprun B HB-3Be3max
OyzeT cBA3aH CO B3aUMOAEHCTBHEM (o, ALP ¢ nByms
doronamu,

1 [V
»Ca'y = _Zga'yaFuuFM )

rie Fj,, — Ten30p HAIPAYKEHHOCTH 3JIeKTPOMArHUTHOTO
1oJId, a Fr — ero AyaJbHBIH Ten3op. B cucreme emm-
HUI GU3NKH JACTUI] PA3SMEPHOCTD g, PaBHA 0OpaTHOII
Macce. MBI HCIIOIb3yeM COOTHOIIEHNE, IIPEJJIOKEHHOE B
pabore [17] HA OCHOBE YUCJIEHHOIO MOJIEJIMPOBAHMUSI,

2
Gary

R=6.260Y —041 | —28
10-10 T3B!

—0.12, (1)
rie Y — HavyaJibHas JI0JIS IeJidsi B 3BE3JIHOM BEIIeCTBe,
CM. HIXKE.

3.3. Heompenenearocru. llepedncimM ucTOIHUKEI
HEOIIPE/IEIEHHOCTEH, KOTOPbIe BHOCAT BKJIAJ| B OLPETIe-
aenne R n Mézllp ) g oraeabasix HHIC. 3a uckirouenn-
€M HEOIIPE/IEJIEHHOCTH, CBSI3aHHOW ¢ Y, OHU CKJIa IbIBa~
I0TCsl B KBaJpaTypax, ITO0bI HAWTU OMIMOKA OIIpeIesie-
HUsl JIByX HaOJIFO/IaeMbIX BEJIUYNH, [IPUBEIEHHBIE HIXKE.

(i) Crarucrugeckme Heompegesennoctd. I R, u
Méglp) CTPaJIAIOT OT HAJIMYUSI TOJIBKO KOHEYHOI'O YUCIA
3Be3n B LIIC. UToObl OIEHUTH COOTBETCTBYIOIIYIO CTa-
THCTUYIECKYIO HEOIPEIEeJeHHOCTD i R, MBI mIpenoJio-
KuM, 9T0o Nygp 1 Nrgp cneayior cratuctuke [lyaccona.

TTucema B 2KOTO

Tom 121 BoII.3-4 2025
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Tabsuna 1. IllapoBble ckomieHUs, UCIOJBb30BaHHBIE B JaHHOUW pabore: HasBanus NGC, CCbLIKH, KOJIUYECTBO 3BE3[, UIEHTUDUIU-

posannbix B Gaia DR3, uncio 3Be3n ¢ onyGiukoBanHON cuHTeTmdeckoil doromerpueii Gaia, paccrosuue u3 [13], MeTa/IMuHOCTD U3
[9-11] (meonpenenennocTs ycranosnena B 0.1, eciim He yKasaHa) U IapaMeTPBI SBOJIIOLWN, OIPEIEJIEHHBIE 3/1ECh, C UX CTATHCTHIECKIMHE

Heompe/ieJleHHOCTIME (CM. paszert 3)

NGC Ccebuika NGaia Nsynt Paccrosinue, Kk [Fe/H] Mt()gilp) R

288 [9] 3923 439 8.99 4+ 0.09 —-1.3+0.1 —2.770 £ 0.065 1.403 £0.139
362 [9] 4139 442 8,83+0,10 —-1.3+0.1 —3.547 £ 0.086 1.742 £0.185
6218 [9] 6231 830 5.11 4+ 0.05 —-1.3+0.1 —3.804 £0.102 2.900 £ 0.367
6362 [10] 5069 582 7.65 £ 0.07 —1.04 £ 0.07 —3.000 +£ 0.067 1.446 £ 0.155
6723 [10] 2207 373 8,27 +£0.10 —1.09 £ 0, 06 —3.591 £ 0.076 0.905 +£ 0.098
6397 [11] 17312 5281 2,482 +0.019 —-1.8+0.1 —3.806 £ 0.086 1.306 £ 0.138
6809 [11] 8828 724 5.348 + 0.052 —-1.7+0.1 —3.387 £ 0.098 1.035 £0.132

(tip)
Mg My aror apdekT yIuThIBaeTCsa HeoIpeIe/IeHHo-
crsimu B 6(n), npeacraBieHHbMA B [16].

(ii) Heonpenenennocru napamerpos. Heonpenenen-
HOCTH B PACCTOSTHUAX, METAJUIMIHOCTH M I[BETOBBIX IIO-
IpaBKaX OBIJIM [PUBEJEHBI BMECTE C UX 3HAYCHUSIMU.
31ecb MBI IIPEIIoJaraeM, 9To OHU CJIEJIYIOT TayCCOBBIM
pacnpeeseHusaM. Mbl UCIOIb3yeM HEOPeIeIeHHOCTH,
orenenuble B [16], mist 60710MeTPUYECKUX IOIPABOK.

(iii) Teoperndeckme HeompeseseHHOCTH. B Hacros-
[IEM HUCCJICIOBAHUU HUCIOJIL3YIOTCH YIPOUIEHHBIE YHC-
JIeHHBIE cooTHOMmeHus u3 pabor [16, 17|, ocnoBannbie
HA YUCJEHHOM MOJIEJIMPOBAHUM, BBIIOJIHEHHOM B PaM-
Kax OIpeJe/IeHHbIX Tpeosoxennii. CooTseTcrsyio-
asi TeOPeTUYIecKas HEOUPEJIEJIeHHOCTh B Még‘lp ) 6Buta
onernena B [16] kak 0.038™; MbI 3/1eCb, OJIHAKO, UCIIOJIb-
3yeM Gosiee kKOHCepBaTUBHYIO OeHKy 0.12™ u3 [20]. ITo-
CJIEJIHSIA OIEHKA YINTHIBACT BOZMOYKHBIE BADUAIU MAC-
CBl 3Be3JI, HOKUJAIONIUX IVIABHYIO [OCJIEJI0BATEILHOCTD
B HACTOSIIEe BPEMSI, CBI3aHHbBIE C COJEDPXKAHUEM IeJIUs.

B orHomennn R MHOrMe HeOIpe e IeHHOCTA COKpPa-
MIAI0TCsI, U TEOPETUIECKUE HEOIPEJeEHHOCTH it R
neBesuku [21, 22]. OcHOBHAsS TeOpeTUIeCKasl HEOIIPEIe-
JIEHHOCTD CBSI3aHA C IUCJEHHBIM OIMCAHMEM KOHBEKIIN.
Ouna 6buta unccienoBana B padore [23]; MbL OrneHHBaEM
9Ty CHCTEMATHYIECKYIO HEONpeJeaeHHocTh Kak 4.5% B
R w yunTbhIBaeM B aHAJIH3E.

(iv) Couepxkanme resmsi. Kak Bugno u3 (opmyiist
(1), R cujbHO 3aBUCUT OT COJIepXKaHUs rejusi Y, KO-
TOPOE TPYAHO M3MEPUTH B KOHKDPETHBIX MCTOUHHKAX.
[Tockombky HIC sBasiorcs crapeiMu obbekTaMu 06e3
HO3/HEro 3Be31000pa3oBanust [4], vacro npeanonaraer-
s, 9TO COJIeprKaHue reJlusl B HUX OJU3KO K IepBUIHOMY,
Yeen = 0.245 £ 0.003 [24]. B ouenb HemHOrux ciyda-
ax Y B IIIC ypaioch onpeseuTh CIeKTPOCKOIIMYeCKH.
K vumM, B vactHOCTH, oTHOCHTC NGC 6397, 61mkaiiniee
U3 CEMH UCIOJb3yEeMbIX HAMU CKOILJIEHUH, JIJIsT KOTOPOTO
Y =0.241+£0.004 [25], B nmoauroMm corytacuu ¢ Yppn. Ilep-
BUYHBIC 3HAYCHUS Y SIBJIAIOTCS KOHCEPBATUBHBLIMU JIJIsI
IMucbma B 2K9TD

ToMm 121 Bpm.3-4 2025

moucka ALP, ockosibKy 1pu Tex ke R st 6osbinux Y
norpebyercst 60TIbINEE Gqy. MBI IPUBOIUM PE3YJIBTATHI
aast Y = YN KaK OCHOBHBIE W ITOKA3bIBAEM, KaK OHU
MEHSIIOTCsI ¢ PocTOM Y, B pasieiie 4.

3.4. Obvenunenne uzmepenwuit. UTobObI yuecTb aH-
cambiib m3mepennit g pasubix [1IC, KoTOpble HMMEOT
Pa3HYI0 METAJLIMIHOCTD, Mbl HCIOJb3yeM DaileCOBCKMin
IIOJIXOJI, UCIIOJIb3Ysl YCJIOBUS Jqe > 0 M gqy > 0 B Kade-
crBe npuop. IlycTs g — omHA U3 9TUX KOHCTAHT CBS3W;
0003HAYNM 3a T COOTBETCTBYIOIIMIT ITAPAMETD IBOJIIO-
uu, u3MepsieMblii Kak x; + 0x; B i-m [11C. Teopernye-
CKOEe 3HaJYeHue HabJII0IaeMOil BEJIUYUHBI JjIs JAHHOI'O
ckouienns 3anaercs dbyuknueil oy, (k;, g) or g u 3Hade-
HUsA kj ]IS 9TOTO CKOIJIeHUs. A UMEHHO, JIIst § = Jae,
T = Méglp), k; =[M/H|;, a dyuruus zen(ki,g) =
= Méglp)([M/H]i,gae) B3sTa U3 [16], cM. pasnen 3.2(i).
Hna g = gay, v =R, ki =Y m ren(ki, g) = R(Yagav)
Jaercst BeiparkenueM (1).

Mpbr BBOAUM (DYHKIMIO ITPABIOTIOIO0MS

L(g) = 0(9) ] P(zilg).

rue 0(g) — rera-dyukuua Xesucaiiga, a P(x;|g) — rayc-
coBa dyHKIus pacrupenesenusi BepositHocreit (PDF),
nenTpupoBannas Ha (r; — xh (i, ¢)) 1 UMerormas mupu-
Hy 0x;. Ilocsie mocrpoenus L(g) Hamwirydinee 3Ha4eHue g
COOTBETCTBYeT MaKCUMaJbHOMY 3Hadenuto L. Jlosepu-
TeJIbHBI HHTEpBaJI JIJIs § IPU YPOBHE JOCTOBEPHOCTH &
ompegessiercs yegosuem L(g) > Lo Takum, 410

[e ]
/ L(g)dg =¢ /L(g) dg. (2)
L(g)>Lo —oo

4. PesynbraTbl. 3HaveHUs! Méglp) u R, mosyveH-
HbIe 3]1€Ch, NPEJCTaBJeHbI B Tabj. 1 BMecTe ¢ JIpyTHU-
MH IIapaMeTpPaMH CEMH OTIeIbHBIX CKomLleHwmit. Kax m
B IPEeIBIIYIINX HCCICIOBAHUAX, HAIIPDAMED, B TaOL. 2 B
[26], OHU IEMOHCTPHUPYIOT 3HAYMTENBHBIH pasbpoc, Ko-
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TOPBII MOYXKeT ObITh M3yUeH B Oy IyIieM ¢ OOJIbITNM KO-
smaectBoM I1TIC. OcHOBHBIE pe3yJIbTaThl HACTOSIIIEN pa-
60TDI TOJIyYeHbl U3 AHAJN3a IPABIONOI00US, OIHUCAH-
moro B paszene 3.4. Ha pucynkax 1 m 2 mpezncrasie-
HBI TIOJTy9eHHBIe Tpodmmn L A9 gee U gqy, COOTBET-

crBenHo. Hamr anaims oTJaeT mpeainodTenne ggze = 0

0 02 04 06 08 1.0

g.x 10"

Puc.1. (Usernoit onmaiin) Ilpodwuab HOpMHPOBAHHON
dbyukImn npasaononodus L st gae, MOJYIE€HHBINH B Ha-
CTOSIIIEM HUCCTAeAOBaHUM. [, MaKCUMaJjbHA MPH Gee = 0, &
3amTpuXxoBaHHasA obacTh npeactasiaser 95 % CL muana-
30H pa3peIeHHbIX KOHCTAHT CBSI3U
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Puc.2. (Lpernoit onsaiia) Ilpodunb HOpMHpOBaHHOI
dynkmn npasaonogodust L st gq~, IOJIyUeHHBIH B Ha-
CTOSIIIIEM HCCIE€IOBAHUM [t Y = YBBN. JHAYEHHUE (a~,
KOTOPOE MaKCHUMU3UPYET L, MOKa3aHO BEPTUKAJIBHON JIU-
HUeil, a 3aITpuxoBaHHas 0b61acThb npeacrasaser 68 % CL
UAITa30H PA3PENIeHHBIX KOHCTAHT CBSI3U

KaK HAWIydIleMy 3HAYEHUIO U yCTAHABJIUBAET OIPAHU-
qeHme cBepxy goe < 5.2 x 107 (95% CL), B TO Bpe-
Ms KaK B HamOoJIlee KOHCEPBATUBHOM IIPEIIIOJIOXKCHUH
Y = YppnN, HeHyseBOe 3HAYCHUE (g = (651‘1%) X
x 10711 TsB~! (68 % CL Heonpe/ieleHHOCTD) sIBJIsIeT-
CA IPEIIOYTUTEILHBIM. Y POBEHb TOCTOBEPHOCTH, C KO-
TOPBIM OTBEPraercs gqy = 0 mpm Y = YpBN, MOKHO
onpenenutsh, nogacrasus Lo = L(0) B yp. (2), uro maer

1—¢=1.0x 1073, 9ro cooTBeTcTByeT 3.30 AJId Tayc-
COBOIi CTATUCTUKU. DTO HADJIIOIEHNE YCTONYIUBO 110 OT-
HOIIIEHUIO K TEOPETUYECKUM HEOIIPEIeJIEHHOCTSIM: Tpe-
OyeTcs NCKYCCTBEHHOE yBEJUIEHUE MOJIEJIHbHBIX HEOIIpe-
nmestenrocreit B R B 21 wim 5 pa3, 4T0OBI CHU3UTH 3HA-
YUMOCTD JIO OJIHOM WJIM JIBYX CUT'M COOTBETCTBEHHO. Pe-
3yJIBTATHI I OOJIBIINX COJEPKAHUN TeJIUs MPEICTAB-
Jtenbl Ha puc. 3. Kak u apyrue pe3yabTaThl, CBI3aHHbBIE
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Puc. 3.

(crumomnast ymnust) u 68 % CL pomycruMerit (3ammrpuxo-

(IIsernoit oumaiin) Hawmmydmee coorsercrBue

BaHHas 00sacTb) mist ALP-doToHHONW KOHCTAHTHI CBA3U
Ja~ JUISI PA3JINYHBIX IIPETIONIOXKEHNNR O CONEPXKAHUU Te-
susg Y. BepTUKayibHble IIyHKTHUPHBIE JTHHUU yKa3bIBAIOT
[IEPBUYHOE U COJIHEYHOE 3HAYEHHU:A Y

C MOTEPSIMU 3BE3JHOI SHEPIUH, MOJIyYeHHbIE B JAHHON
pabore, He 3aBucaT ot Mmacchl ALP m npu ycmoBun, uro
OHA HAMHOI'O MEHBIIE TEMIIEPATYPhl B 3BE3IHBIX MHTE-
pbepax (~k3B).

5. O6cyxmenne. Bzanmoneiicrsue ALP ¢ 06bIu-
HBIM BEIECTBOM MOKET OBITH U3yYIEHO C IOMOIIHIO MHO-
2KeCTBa IIOJIXOJ0B, 0030p KOTOPBIX MOXKHO HaiiTh, Ha-
upumep, B [27]. VIX MOKHO pa3/ieJuTh Ha YeThIpe IPYTI-
IIBI.

Jlaboparopabre skcriepumenTbl. OHU 00BIYHO 06eC-
[IeYnBalOT HanboJiee HaJIeXKHbIE, XOTs U cJiabble, orpa-
HUY€HUS Ha KOHCTAHTHI B3AMMOIEHCTBYS.

Jlaboparopubrii mouck acrpogpusnideckux ALPs. K
HUM OTHOCSITCSI SKCIIepuMeHTabHbIe noncku ALP, obpa-
sytomuxcst B COJIHIIE B Pe3yJIbTATe XOPOIIO M3y YeHHBIX
IIPOTIECCOB B €r0 IEHTPAJbHON 00JIaCTH, a TAaKXKe pa3-
Jimaable npsMble oncku ALP B kadecrBe wacTur Tem-
HOI MaTepnu (B IPEIIONOXKEHNN, UTO TEMHASI MATEPUST
cocrour u3 ALP, uro B ofiem ciydae He Tax).

Acrpodusndeckne mOUCKH, He OMUPAIOUIAECS HA MO-
stesin MarauTHOro moJist. Cpejyu HUX IPeobJIalaloT WC-
CJIeJIOBaHUsI TIOTEPh SHEPIUU 3BE31aMU HA Pa3JIMIHBIX
STaIax BOJIONNN, BKJIIOYas B3PLIBLI CBEPXHOBBIX. OHI
OCHOBAaHBI Ha MIPEIIOJIOZKEHUSIX O IIPOIIECCAX B 3BE3IHBIX
HEJIPaX, KOTOPbIE KAYeCTBEHHO SIBJISIFOTCSI HAJIEZKHBIMU,

TTucema B 2K9T®  Tom 121 2025
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HO IIPU 9TOM JIOIIYCKAIOT KOJIMIECTBEHHYIO MOJIEIbHYIO
3aBucuMocTh. Hacrosiee nccienoBanne OTHOCUTCH K
9TOM rpyIIIe.

Iloucxk ALP-cporonnoii KOHBEpCHH B acTpO(H3H-
YecKux MarHuTHbIX (B) mosisix. DTa KOHBEpCHsl MO-
KEeT MPOSBJISTHCS B PA3JIMYHBIX OCODEHHOCTSIX BBICO-
KOYHEPTETUIECKNX CIEKTPOB aCTPOMPU3NIECKIX 00DHEK-
TOB, BKJIIOYas IMOJIABJIEHHE WU OTCYTCTBUE TAKOBOTO,
HEPETYJISPHOCTH ¥ T.JI. DTU OrPAHUYEHUS] UYACTO SIB-
JIIOTCS CAMBIMU CIJIBHBIMHU CPEH I€THIPEX TPYIII, HO
OHH 3aBUCAT OT IMPEIIOJIATaeMbIX 3HAYEHUN n KOH(DU-
rypanuii IJIOXO H3BECTHBIX KOCMUYECKUX MATHUTHBIX
[IOJIell, M COOTBETCTBYIOIINE HEOIPEIEICHHOCTH MOLYT
ObITh GOJILIIUME, CM., HapuMeD, [28, 29].

YT00bI 1Ipe/ICTaBUTH HAIIY PE3yJIbTaThl B KOHTEKCTE,
MBI CPABHUM IX (CM. TabJI. 2 IS Gqe U TAOI. 3 IS Gary) C
HauboJiee CTPOIrUMU paHee OIlyOJIMKOBAaHHBIMU OTPaHU-
YEHUSIMU B KaXKJIOW M3 YeTbIpeX I'PYIIL. durareis, HHTE-
pecyrorerocsi 6oJiee MUPOKUM CIIEKTPOM OTDAHUIEHUIH,
Mbl oTchuIaeM K [24, 30], riae upuBeseHbl JecaATKE JAPy-
rux pesysibTaToB. Jljisi ompe e/ leHHOCTH Mbl (PUKCUPYeM
m = 1078 5B 119 HECKOJILKUX CJIy4aeB, KOTJIA Pe3yilb-
TaTHI 3aBUCAT OT MAaCCHI.

Ta6auna 2. Haunbosee crporue orpaHuveHnst Ha Jge, HOJIYUIECH-
Hble pa3ju4HbIMKU MeTomamu. Ilpenmosaraercs, 9T0 gay = 0 u
m = 10~8 5B. Orpannuenne XENONNT mpusezeno Ha ypoBHe
90 % CL, npyrue orpanudenusi — na yposte 95 % CL

ALP-351ekTpOHHAsT KOHCTAHTA
I'pynna DKcrepuMenT Ccpuika Gae,
(Texnuka) 10713
JlabopaTopust KpyTuibHbIi [31] < 74500
MasgTHUK
Counnne XENONnT [32] <19
3Be3pl TRGB [16] < 1.48
HHauuasi pabora < 0.52

Tabauua 3. HaubGosee crporue orpanmdvenus (95% CL s
BEPXHUX IIPEJEJIOB) Ha Jq~y, Oy YEHHBIE PA3INIHBIMU METOJAMU.
IIpexamnonaraercs, 4To gae = 0 w m = 10~ 8 B

ALP-doToHHass KOHCTAHTa
I'pynna DKCIIEPUMEHT Ccpuika Jarys
(Texuuka) 10711 B!

JlabopaTopus OSQAR [33] < 3550
Connue CAST [34, 35] < 5.7
3BE3/bI AGB-3Be3ap [23] <47
Tlone B [Mynbcapbr [36] < 0.4
Hauuast pabora 6.5;*}1;

CpaBHeHME TTOKA3BIBAET, YTO HAII BEPXHUN IpeIes
HA (4 CUJIbHEE, YEM paHee IOJIyYEeHHBbIE. DTO MOXKET
IIucema B 2K9TD
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OBITH CBfA3aHO ¢ OoJiee 3(pDEKTUBHBIM OTOOPOM tJjIe-
voB IIIC ¢ momompoo jganabix (Gaia, 9TO yMEHBIIAET
BKJIaJl 3Be31, He oTHOcsmuxcs K [IIC u npoekTupyto-
muxca Ha nanpasienue [I1IC. Hame orpanmdenue mpo-
TUBOPEYNT YKA3AHUIM HA HEHYJIEBOE 3HAUYEHUE (ge =
=1.6703) x 1073 u3 anammsa ox/IasK IeHHs GETBIX Kap-
JKoB [37].

HemnyneBoe 3nadeHne ¢y, IPEAIOYUTAECMOE HAIIN-
MU pe3yJIbTaTaMU, COLJIACYETCS C TPEIbLIYIIUMEI Jia-
OOpPATOPHBIME U, ¢ HEOOJIBIIUM Pa3pPbIBOM, COJIHEYHBI-
MU U 3BE3HBIMY OrpaHuyeHusiMu. IIpuMedaresibHO, 9TO
OHU COIJIACYIOTCS C TIPEJILIYIIMMHA HCCTIeTOBAHUIMU,
KOTOPBIE HCIIOJIH30BaJIN TapaMerp R u naBajm ciaabbie
yKa3aHusd HA gqy > 0. B wacrmocrn, B [17] maitzeno
HAWTyITee 3HaMenne o, = (4.57]F) x 1071 5B~}
u ycramosieno 95% CL orpammuenme g,y < 6.6 X
x 107" T3B~!. B pa6ore 23] Gosee cuabHbI! Bepx-
HUN Tpezes, cM. Tabdur. 3, ObLI MOJyYeH U3 UCCIIEI0Ba-
HUIl 3Be3]] BeTBU acuMmnrorndeckux rurantos (AGB), a
napamerp HB 3Be3s R cHOBa yKasblBaJjl HEHYJIEBOE 3HA~
qenne gy ~ (4 —7) x 1071 TsB~1. Oxnako nexoro-
pble paHee OIyOJIMKOBAHHBIE aCTPOMU3NIECKUE HUCCTIe-
JIOBaHUsI, OCHOBAHHBIE HA IIPEIIOJIOXKEHUSIX O BeJIMINHE
U IIPOCTPAHCTBEHHOW CTPYKTYpPE KOCMUYECKUX MATHUT-
HBIX TI0JIeli, IPUBOAMIN OoJiee CUIbHBIE BEPXHUE MPeJie-
JIBI, TAK 9TO HAIIN PE3YJIbTATHI HAXOIATCS B IPOTUBOPE-
YUU C STUME MOJIEJIbHO-3aBUCUMbIMYU OTPAHUYEHUSIMHU.

Hekoropbie  HaOJIIOJEHWST HMCTOYHUKOB  TaMMa-
U3JIyYeHUsI TPU OYEHb BBICOKUX WJIH CBEPXBBICOKUX
SHEPrUsX MO3BOJISIIOT MPEIOJIOXKUTh, 4T0 Bceeslennas
MOXKeT ObITH 0oJiee IPO3PAdHON, YeM OXKUJIAJIOCH, U
9TO MOXKET 1oTpeboBaTh HOBOH busuku (cM. 0630pbI U
JaJbHelinme ccbulku B crarbax [38, 39| u, manpumep,
[40-43] must ommcaHus HEJABHUX IIPOJIBUKEHH). JTO
MOXKET HaiflTu CBoe OObsICHEHHE B IIPEOOPa30BAHUU
sHeprugyHoro ¢porona B ALP B MarauTHOM 110J1€ BO/IM3U
UCTOYHUKA U 0OPATHOM IIpeobpa3oBannu B GOTOH BOJIN-
3u Habuiogarens [44, 45]. BuadeHus g,, NOAXOASIINE
715t TaKoro obbscHenns, (4 —9) x 10711 5B, xopomnto
COIJIACYIOTCS C MOJIYYEHHBIMU B HACTOSAIIEH padbore.

[ToBbImIeHHAST TOYHOCTD IO CPABHEHUIO C TIPEIBIILY-
IIUMU HUCCJIEJOBAHUSIMUA OObSICHSIETCS [TPEUMYIIECTBa-
mu gauubix Gaia DR3, KoTOpbhIe mepeBennBaoT MaIyo
CTATUCTUKY BBIOOPKU CKOIUIEHUH. DTH MPEUMYIIECTBA
BKJIFOYAIOT B Ce0sl IIPUMEPHO Y/IBOEHHYIO TOYHOCTH I10-
JIYIEHHBIX C MOMOIIBIO MapaiiakcoB paccrosuuit DR3
[0 OTHOIIEHWIO K PA3JIMYHBIM HHIMKATOPAM PaCCTOs-
HU, WCIIOJIb30BaBIINMCSI paHee, U yMEHbIIIEHHE JUCja
3Be3J| I0JI Ha JuarpaMMe I[BeT—3Be3J[Has BeJINYNHA.
VaureiBasi pe3Koe MOBBIMIEHNE TOYHOCTH aCTPOMETPUN
HIC, HeobxoanMO yIIydInTh MOJIEIUPOBAHNE 3BE3IHON
9BOJIIONINU, KOTOPOE JIE)KUT B OCHOBE JIAHHOTO WUCCJIE-
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JIOBaHUS W B HACTOMAIIEE BPEMs JTOMUHUPYET B OIO/IKe-
Te omuboK. [IpsiMmoe Mojie/ImpoBaHe HADJIIOIAEMBIX Be-
JIMYWH, YYUTHIBAIOIIee OOJIbIe IOTEHIINAIbHBIX Bapu-
anuii 3Be3IHBIX Mo/Iieseit (BKJHoan OIIMCaHUE KOHBEK-
0Uu), JOJZKHO OBITH IPUMEHEHO K GOJIbIIEMY YHCILy Ha-
osromaBmuxcst Gaia IIIC. MogenupoBaHue, pOBeJIEH-
HO€ IIOJTHOCTBIO B TePMUHAX 1BeTOB (Gaia, IO3BOJIMIIO ObI
erre OOJIbINIE CHU3UTDH HEOIPEIEJIEHHOCTH, CBA3AHHBIE C
[IPOMEXKYTOYHBIMU STAITAMU aHAJIN3a. DTU IIyTH PA3BU-
THSI MBI OCTaBJIsIEM Ha JlajibHEMIIee UCCjie0BaHue.

XoTsi HACTOSINEE UCC/IEIOBAHNE WHTEPIPETUPYETCS
B TepMHUHAX KOHCTaHT B3aumogeiicteus ALP, na camom
JieJle OHO OIPAHMYMBAET TOJIBKO aHOMAaJIbHBIE IIOTEPH
SHEPI'MH HA OIIPEJIEJIEHHBIX ITAllaX 3BE3IHOM IBOJIIOIIUN.
[IpuannOoit 3TUX TOTEPHh MOXKET OLITH U APyTras PU3NKA,
BKJIIOYAsi JIPYIUe€ TUIOTETUYECKHe YaCTHIIbI, CBOWCTBA
HEATPHUHO U T.JI. DTHU CIEHAPUH MOT'YT OBITH OrPaHUYE-
ubl apajgorunydo ALP no gannbiv Gaia ngsa 1IC.

6. BeiBoabl. Mbr mpoBein mMoncK HECTAHIAPTHOIO
OXJIAXK JIEHHsI KPACHBIX TUI'AHTOB U 3BE3]I C TOPEHUEM Ie-
JIUSI B CEMU TaJIAKTUYIECKUX [MAPOBBIX CKOILIEHUSIX, OC-
HOBBIBasich Ha BbIOope wrenos I1IC u3 pabor [9-11] mo
maaabiM Gaia DR3. Mbr He manumm yka3aHuii Ha Ta-
KOE€ JIOIIOJIHUTEIbHOE OXJIasKJEHUe Y KPACHBIX I'UI'aHTOB
U MHTEPIPETUPOBAIM ITO KAK OIDAHUYEHUE CBEPXY HA
koHcTaHTy cBst3u ALP ¢ snekTponamu, camoe CHIIBHOE
Ha CEeroJIHANIHUN JieHb. HampoTus, oxJiaKeHne 3Be3/I,
CXKUTAIOIIMX IeJINil, He COIJIACYeTCs C HYJIEBOIl KOHCTaH-
roit cBszu ALP ¢ doronamu wa yposue 3.30. IIpesmo-
YTUTEJIbHBIA JUAlla30H 9TOH KOHCTAHTBI COJIACyeTCd C
[MPEIbIAYIIAMA YKA3aHUSIME U3 3BE3IHOM IBOJIIOIUUA U
13 IPO3pavdHOCTH BeestleHHOI /1UTs raMMa-U3JIy 9€Husl, HO
IIPOTUBOPEYUT HEKOTOPHIM MOJEIBHO 3aBUCUMBIM ACT-
poU3NIECKUM OIpaHUYEHUsIM, OCHOBAHHBIM Ha IIPeJl-
ITOJIOYKEHUAX O KOCMUYECKMX MAarHUTHBIX HOJIsAX. Bo3-
BpallleHHe IIOJIOKUTEIHHOI0 YKA3aHAL Ha §qy 7 0 MOTH-
BUPYyeT JaJibHeiiine, 6ojiee HeTaJibHble HCCJIEI0BAHMSI,
KOTODBIE YK€ BEILyTCs.

Asrop npusnaresen K. [ToctHOBY 1 aHOHUMHOMY pe-
[EH3EHTY 3a MHTEPECHbIE O0CYKJICHUs JeTaJeil 3Be3I-
HOl 3BOJIIOIMKA U COOTBETCTBYIOIIUX CHUCTEMATUIECKIX
HeompeJiesieHHocTel, a Takxke [. PybroBy 3a Harsm-
HOe oObgcHeHne 6aieCOBCKOIO IIOAX0Aa B KOHTEKCTE Ha-
crosieil paboThl. JTa pabora ObLIA HAYATA U B OCHOB-
HOM BBIIIOJTHEHA BO BPEMsI MEXKJIYHAPOIHOIO CEMUHAPa
“Ksapku-2024” B Ilepecnanie, u armocdepa cemuHapa,
a TakKe JINCKYCCUU C €r0 YYaCTHUKAMHU, 3aCJIyKUBAIOT
OOJIBITION 6JIATOJAPHOCTH.

B nanHOII paboTe MCHOJIB30BAJINCH OTKPBITHIE JIaH-
Hble Muccnd EBpPOIEHCKOr0 KOCMUYECKOIO Are€HTCTBA
(ESA) Gaia (https://www.cosmos.esa.int/gaia),
obpaborannbie  Koncoprmymom Gaia 1mo  006-

paborke wu amasmsy Janabix  (DPAC,  https:
/ /www.cosmos.esa.int /web /gaia/dpac/consortium).
Q@unancuposarre DPAC ocyrecTBiisioch HalMOHAb-
HBIMU YUPEXKIEHUSIMHU, B YACTHOCTH YUPEKJICHUSIMIU,
yuaacTByomuMu B MuOrocroponnem corsamneranu Gaia.

dunancupoBaHue paborel. Pabora BbIIOIHEHA
mpu mogepkke Poccuiickoro HayqHOro (HOHIa, TPAHT
22-12-00253.
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