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MOUCK FANAKTUYECKUX UCTOYHUKOB TPUMIETA KOCMUYECKUX NYYEN
C SHEPIMSIMU CBBILLE 10%° 5B

Cpedu 3apezucmpuposaHHbIX KOCMUYECKUX ny4qeli npedenibHO 8bIcoKux aHepauti (KIMB3, E > 10”° 3B) ebidensiemcs mpunnem cobbimuii
@ Kpyze paduyca 4° e o6nacmu anakmuyeckozo yeHmpa. C npuMeHeHuem memoda o6pamHoz0 paccyema mpaekmopuiil KIMB3 e MazHUMHOM
nosie lanakmuku rokKa3aHoO, 4mo nomeHyuanbHbIMU [anakmuyecKUMU UCMOYHUKaMu mpuniema mo2ym 6bimb MUKpoOkeasapbl SS433,
GRS1915+105, macHemap SGR1900+14 u wapoeoe 3e8e3dHoe ckonneHue NGC6760.

Kntoyesbie crioea: KocMu4eckue Jyqu, Ma2HUMHbIE M0J15l, MUKPOK8a3apbl, MazHemaphbl, Wapoeble CKOMIeHUs.

R. Gnatyk, postgrad. stud.,
V. Zhdanov, Dr. Sci., prof.
Taras Shevchenko National University of Kyiv, Kyiv

SEARCH OF THE GALACTIC SOURCES OF THE COSMIC RAY TRIPLET
WITH ENERGIES ABOVE 10%° eV

Among the registered extremely high energy cosmic rays (EHECR, E > 10”° eV) there is a triplet of events in a circle with radius of 4° in the
Galactic center region. With the use of the backtracking method for the calculation of EHECR trajectories in the Galactic magnetic it is shown that
potential sources of galactic triplet can be microquasars SS433, GRS1915+105, magnetar SGR1900+14 and globular star cluster NGC6760.

Key words: cosmic rays, magnetic fields, microquasars, magnetars, globular clusters.
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C. NapHoBcbkUN, A-p di3.-maT. HayK
AcTpoHoMiuyHa o6cepBaTopis KniBcbkoro HauioHanbHoOro yHisepcuteTy iMeHi Tapaca LLleBYeHka

METPUKA OOHOPIOHOI KOCMOOIYHOI MOAENI TUMY | 3A BIAHKI
3 AOBITbHUM PIBHAHHAM CTAHY MATEPII

3HatideHa mempuka oOHOpPiOHOT KOocMos102i4HOi Modeni muna | 3a BiaHki 3 0o8inbHUM pi8HAHHAM cmaHy Mamepii, ujo 3anos-
Hioe Bceceim.

Mpu po3rnsai KOCMONOriYHMX MOAENEeN 3HaYHy yBaru NpuBepTaTb OAHOPIAHI kKocMonoriyHi moaeni. BoHu npocriwi, 60
3aMiCTb YaCTKOBMX NOXiAHWX B PiBHAHHAX EVHWTEHa 3annwatoTeesa 3BuyariHi. Kpim Toro BeecsiT Ha Benukux macwtabax €
O0CUTb OHOPIOHUM, TOMY AOLINIBHO ONUCYBATK MO0 caMme OAHOPIAHMMM MogdensMu. YacTiwe 3a Bce 3aCTOCOBYOTb OOHO-
pigHi Ta i30TpOMHi Moaeni, ane iHTepec MalTb TaKOX aHi30TPOMHI MoAeni, Wo onucyrTbesa Knacudikauieto 3a Tunamm biaH-
ki [3]. MpocTiwa 3 Hux ue mogens Tvny | 3a BiaHki, WO Mae HyNbOBUIA TEH30P NPOCTOPOBOI KPUBUHU. 3HANOEMO METPUKY
Takoro NpoCTopy-4acy, Lo € 3arnoBHEHUI OLHOPIAHOK MaTepielo 3 AOBINbHUM PIBHAHHAM cTaHy P(p), oe P — Tuck, a p —
ryctuHa marepii. Lleii Bunagok € uikaBum He Tinbku TOMYy, WO BiH € HanbinbLl 3aranbHUM, ane i ToMy, WO HaM HeBigome
PIBHSIHHA CTaHy TeMHOI eHeprii, TOMY Npu AOCTIAXEHHAX CUHIYNSPHOCTEN MU MaeMO po3rnsgaTv caMme 3aranbHuUiA BUnagok.
HanpukiHui My nokaxemo, LWo oTpMMaHa MeTpuKa nepexoauTb B AesiKi BiGOMi TOUHI pO3B'A3KM piBHsIHb EMHLWITENHA.

MeTpuky LLyKaeMO y BUrnsai

ds? = dt? —e*dx? — e?*dy? — e2'Ndz? . (1)
CurHaTypa npocTopy-yacy, 3Haku Ta NO3HA4YeHHa Taki cami, Sk y Binomomy Kypci Jlangay Ta Nigpwuua [3]. BukopuctoByemo

CMUCTEMY OOMHMLB, B SIKMX rpaBiTauiiHa cTana Ta LIBUAKICTb CBiTNa AOPIBHIOTbL oavHULUI. ToMy ryctMHa marepii p cniBna-
AaTtume 3 rycTuHo. eHeprii. PiBHsIHHS EiHwWTEiHa HabyBaloTb BUrNaay:

-R} = d+a(a+p+7)=4n(p-P), 2)
-R: =B+P(a+p+7)=4n(p-P), 3)
-R; =y +7(6+p+7)=4n(p-P), 4)
R =6 +B+y+a®+p>+7° = —4n(p+3P), (5)
[ie Kparka 3Bepxy nosHadae noxigHy 3a KOCMOSIONYHMM YacoMm t. BBeeMo nosHaveHHs
f=a+B+y. (6)
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BenunumHa 3f mae npocTuin hisuyHMiA CeHc, Lie noxigHa 3a Yacom Big norapudgma o6'emy 4acTuHM npocTopy-yacy 3 di-

KCOBaAHUMM X,y,Z-KoOpAvHaTamu rpanuLi. Tomy f eksiBaneHTHa cTaniii Xa66na, a f - norapudmy maclutaGHoro daktopa
ans i3oTponHoi mogeni. AKLWo piBHAHHA (2-4) nonapHO BigHIMaTK odHe Big OOHOrO, TO MiCNSA IHTErpyBaHHA MaeMo
6+ P +7 = const+In(é—p) = const +In(c.—7) = const +In(B—7), (7)
abo
f

a=f+qe™, B=Ff+qe™, y=f+qge™, (8)

Ae niTepamy g, NO3Ha4YeHo cTani, Wo 3a40BOMbHSATb YMOBI

9,+9,+9;=0. )
MianctaBmumo (8) B (2-5) i oTprMaemo aBa piBHAHHA, KOMOIHYHOYM SKi MOXKHA OTPUMaTV [iBa CNiBBigHOLUEHHS:
p=-3(p+P)f, (10)
LLIO € TAKOX HacnigKoM 3i 3aKoHy 3bepeXeHHst eHepril Ta
8np = 3f> —Qexp(-6f)/2, Q=q2+q,2+q,°>0. (11)

AKLWo 3HaTK piBHAHHS cTaHy P(p), To MoxHa 3 (10) 3HaWTK 3anexHiCTb

“JP+P (12)

Ta 0BEepHEHy 3anexHICTb p(f). PiBHsHHS (11) 4O3BONSIE 3HANTW f Ta 3aNeXHICTb

(%o -

AKLWo NepenTn 40 YacoBOi 3MIHHOI f, TO OTPUMAEMO METPUKY, SIKY MU LUyKann

6af> Q)™
ds? = 775”—6”( e®5dx? + e*2%dy? + e*%°dz? ,,S I —pe® +=1| df. (14)
167p + Qe 6
3a BiacyTHoOCTI MmaTepii BoHa nepexoauTsb y BigomMy MeTpuky KasHepa [2]
ds® = dt? —t?Pdx® — t*2dy? — t*dz? (15)

Ae nokasHukn p; (i=1,2,3) nos'a3aHi 3 HabopoM cTanmx q; CniBBIAHOLUEHHAM

1. ]2
==+ [o=q 16

Ta 3a40BOJbHAIOTE YMOBaM
p+p,+P =1  pitpl+pl=1. 17
3asHaummo, wo npu P =0, p# 0 Mu oTpumaemo po3B'a3ok XekmaHa-LykiHra [1], a npn P = —p MK Maemo po3B'A30K 3
kocmororivHoto ctanoto A =8np = const . Mpu A >0 (14) nepeiine y METPUKY

oS — g ch““(kf){(m&mj " {@j " dy? +(@j : dzz}, he @ _ (18)

BoHa mae cuHrynapHicTb kasHepicbkoro tuny (15) npu t =0 Ta npu Benuknx t nepexoamte y meTpuky ae Citepa. MNpu
A <0 (14) nepenge y MeTpuky

ds? = dt? —cos**(\t)| u*dx? + u*2dy? + u*dz? |, u = M, poYSA (19)
A 2

BoHa kpim ka3HepiBcbKkoi ocobnueocTi npu ¢ =0 Mae apyry KasHepiBCbKy CUHIYNsapHicTb Npu t — T =n/+/-3A 3 Habo-
POM Ka3HepiBCbKWX MoKasHukiB P, =2/3—p; .

TakuM YMHOM, MU 3HaNLWNN METPUKY OOHOPIAHOI KOCMOSOriYHOT Mogeni Tuny | 3a biaHki 3 AOBINBHUM PIBHAHHAM CTaHy
mMaTepii Ta gocniaunu ii OkpeMi YacTKOBI PO3B'A3KU.

My6nikauis MiCTUTb pe3ynbTaT AOCHiAXEHb, NPOBEAEHUX NPU rpaHToBIN niaTpuMui depxaHoro doHay dyHOameHTa-
NbHUX JOCHIMKEHb 38 KOHKYPCHUM npoekTtom P64/42-2015.
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METPUKA OOHOPOAHOW KOCMOJIOrTMYECKOW MOOENN TUNA |
NO BUAHKU C NPOU3BOJIbHLIM YPABHEHUEM MATEPUU

HatideHa mempuka oGHopodHol kocmonozuyeckol modesniu muna Il no BuaHku ¢ NPou3eosibHLIM ypasHeHUeM Mamepuu, 3anosnHsowel BecenexHyro.

S. L. Parnovsky, Dr. Sci,
Astronomical observatory of National Taras Shevchenko University of Kyiv

METRIC OF THE HOMOGENEOUS ANISOTROPIC MODEL OF BIANCHI TYPE |
WITH AN ARBITRARY EQUATION OF STATE

We find the metric of the homogeneous anisotropic model of Bianchi type Il with an arbitrary equation of state. Its particular cases are the Kas-
ner metric, the Heckmann-Schiicking one and the metric with the cosmological constant.

YOK 521.9
M. NasopeHko, kaHA. di3.-MaT. HayK,
B. Kap6oBcbkui, Hayk. cniBpo6.,
J1. CBavin, kaHa. gi3.-maT. Hayk,
FAO HAH YkpaiHu,
M. BypoMCbKuUH, iHX.,
C. Kac'siH, iHx.
KHY imeHi Tapaca LLleB4YeHka, Kui

ACTPOMETPUYHUI OrNAAQ HEBA B 30HI +2°— +5.5° OTPUMAHUIA HA TENECKOIMI MAK

lMpueodumbcsi onuc nonepedHix pe3ynbmamie acmpomMempu4Hoz20 o2ndy Heba Ha komnnekci MAK e nepiod 2010-2014 pp.,
sIKUll npoeoduecsi cninbHo "onoeHor acmpoHomiyHor obcepeamopieto HAH YkpaiHu ma AcmpoHomiyHoro obcepeamopieto
Kuiecbko20 HayioHanbHo20 yHieepcumemy imeHi Tapaca LlleeueHka. 3a 118 Hoveli cnocmepexeHb ompumMaHo 6ins 6 MiH. 30-
6paxeHb He6ecHux 06'ekmie 0o 17" e ¢pinbmpi V dnsi ekeamopianbHoi 30HU & =+2.0°+ +5.5°. OmpumaHo nonepedHil kamanoz
nosnioxens KMAC2.0. 3a oyiHkaMu eHympiwHsi MOYHiCMb MOJsI0XeHb 3ip cmaHoeums 50-90 minicekyHd Ayau Ons 3ip V < 14" ma
80-250 minicekyHd dyau 0ns 3ip 14" <V < 16™.

Knroyoei cnoea: 133 cnocmepexeHHs1, acmpomMempu4HUll Kamajsoe 3ip, gpomomempisi 3ip.

Bctyn. B 2010 poui Oyna npoaoBxeHa [OBrOTEPMIHOBA Mporpama CrOCTEPEXEHb 3ipOK Ha acTPOMETPUYHOMY
komnnekci MAK 3 HoBoto 133-kamepoto Apogee Alta U47 B ekBaTopianbHili 30Hi Heba (8 = 2.0° +5.5°) 3 4-kpaTHUM nepe-
kpuTTa [1, 3] (puc. 1). BoHa 6yna posnoyarta B 2002 poLi 3 METOH CTBOPEHHSI ONMOPHOro acTpoOMETpUYHOro katanory. po-
rpama Mae Ha MeTi MoLMpeHHs! onopHoi cuctemn Hipparcos-Tycho Ha sopi fo V= 17", Ta oTpUMaHHs iX (DOTOMETPUUHIX
xapaktepucTuk. CTBOPEHHS BKa3aHOro KaTanory € BaXkNMBOK Npo6remoto, akTyanbHiCTb sKoi 36epiraeTbes i Hagani oo
OTPUMaHHS1 HOBUX KaTarorie 3a 4ONMOMOrol KOCMIYHMX MiCil, Takux, Hanpuknaa, sik GAIA [2].

3a nepiog pobotu komnnekcy 3 2010 no 2014 pp. 6yno nposeaeHo
118 Houel cnocrtepexeHb, oTpumaHo 6inst 35000 3HiMkiB HeGa po3mi-
pom 19.3'x19.3' B ekBaTopianbHi 30Hi (8§ = +2.0° + 5.5°) Ta cTBOpeHUI
apxiB crnocTepexeHb, Wo mMae 06'em 6nusbko 72 6, Ta MicTuTL Ging
6 MnH. 306paxeHb 00'ekTiB.

O6pobka MN33-306paxeHb 3opsHux noniB Ha MAK. lNpoeeneHa
06pobka crnocTtepexyBaHUX OaHWX, BKIoyana B cebe MmiarotoBky Benu-
KOro KOMMSEeKCYy KOMM'IOTEPHUX Mporpam Ans 34iIMCHEHHSA Uinoro psgy
onepadin, Takux K inbTpauis WymMiB 3HiMKiB Heba, BpaxyBaHHS Mroc-
koro nons (flat-fielding), BusBnNeHHs 306paxeHb 3ip Ha [133-kagpax,
OTOTOXHEHHSI OMOPHUX 3ip, 0BYNCNEHHST IHCTPYMEHTANbHUX KoopAuHaT
Ta 30PSHUX BEMWUYMH, BHECEHHS IHCTPYMEHTanbHUX PeayKLii, KOHTPOrb
HAABHOCTi CUCTEMATUYHMX MOXMOOK, 3anexHux Bif 30psHOI BENUYMHW,
penykuis 4o ekBaTopianbHUX KOOpPAMHAT.

Puc. 1. N33-kamepa Apogee Alta U47 BcTaHoBneHa Etanu o6po6ku faHuX, Ta CTBOPEHHS kaTanory nomnoxeHs KMAC2.0
Ha MAK & 2010 p. rokasaHi Ha puc. 2.

[ns niaBULLEHHS IMOBIPHOCTI BUSIBIIEHHS rpaHNyHO cnabkux 3ipok 16—17™, Bianikv iHTEHCMBHOCTI nikcenis 3rnamKysa-
ncb inbTpoM 3x3 i K KpUTEPIN BUABIMEHHS 3ipku Gyno NPUIHATO BENWYMHY NEPEBULLEHHS yCepeaHeHoro Bianiky Hag,
doHom Ha 1.10", e ' — cepeaHbOKBagpaTUYHa BennYnHa nykTyauin poHa y He 3rnagxeHoMy 306paxeHHi. MNpoTe gesii
dnykTyauii oHy NOMUIKOBO peecTpyBanuchb SIK OiNCHi 3ipku. KinbKicTb Takux iKTUBHUX 3ipOK Pi3KO 3pocTana npu rpaHny-
HO cnabkmx 306paXKeHHsIX 3ipoK.

Takox CyTTeBUI BKNag B KiNMbKiCTb IKTUBHMX 3ipOK BHOCUIM Pi3HOro pody apTedakTu Ha 3HiMkax Heba (puc. 3a, 6, B, T).

B M33-kamepi Apogee Alta U47 BiacyTHiin aHTUBNYMIHT, TOMy 306paxkeHHs 3ipok sickpasilmx 8.5™ "poaTikanock" no cro-
BrusaM i ctpokam M33-maTpuui i3-3a nepenoBHEHHSA 3apsA0BMX NAKeTiB, Aal0uM BENUKY KiNbKiCTb (DiKTUBHMX 3ipok (puc. 3a).
Takox pisHoro pogy 6niku (puc. 36,8B) Ta cnigv Big MikpOMeTeopwuTiB (pyC. 3r) MOMOBHIOBANM CNMCOK (DIKTUBHUX 3ipOK.

Ha ocTtaHHbOMY eTani CTBOPEHHS kaTarnory BMKOHyBanach kpoc-igeHtudikaumsa 3 katanorom NOMAD [4] 3 meTowo Buny-
YeHHs1 PIKTUBHKX 3ipOK Bif LMX apTedaKTiB, MOXINBUX Y BUNAAKY OAVHWUYHOI pericTpauii 306paxeHHs.
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