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IAPOKUM KJIACC MOJEJIEA CTATHYECKHUX 3BE3/]
B PAMKAX OJJTHOI'O TOIXOJIA

A. M. Bapanos ' , M. B. Jlykonenko 2

Kpacnospckuil 2ocyoapcmeennuiil ynusepcumem, kageopa meopemuyeckou usuxu, usuyeckuti paxyromen,
npocnexm Ceoboonwiil, 79, Kpacnospck, 660041, Poccus

PaccmaTpuBaeTcs knace CTaTHYECKHX CpepHYeCKH-CHMMETPHUHBIX 3Be3a. PemaeTcs cucTema ypaHeHwii DiiHinTeiina ¢
TEH30POM SHEPrHH-HMITYJIbCA B PUOIHKEHHH HACANBHOI JKHIKOCTH H C 3aKOHOM PACMpe/e/IeHUst IIOTHOCTH Macehl pu(z) =
po(1 —z®)" (o — UEHTpaNbHAS MIOTHOCTh, T = r/R, R — paanyc 38e31b1). C NOMOLIBIO METOAA MOCAEI0BATENBHBIX
npHONHKEHHH 10 MAIOMY NapaMeTpy KOMNAKTHOCTH 7) = 2M /R (M — macca 38e3/bl) IOYYEHO AHATTUTHYECKOE PeleH e
npuGIMKEHHBIX YpaBHEeHHH DifHINTeHHA 11 UenbIX 3HaYeHHil napameTpa n. PacCMOTpeHbl MOENH Tpex (yHIAMEHTANbHO
Pa3IMYHBIX aCTPO(PU3MUECKHX 0OBEKTOB: HeHTpoHHas 3Be3na (n = 1, v = 1, n = 0.147), Gensiii kapauk Cupuyc B (n = 5,
v=1,n=13-10"*), 38316l IIABHOI NOCNEOBATENLHOCTH TAKHe, Kak COHLE (n=1,v=1,7n=4.2-10"°). IIpose-
JIeH aHaIu3 CTabMIbHOCTH 3aIaHHBIX MoJeneit 38e31. OnpeseneHsl TAKHEe KPHTHYECKHE MapaMeTPhl PACCMOTPEHHbIX 3BE3THBIX
MOZ€NeH, KAK MAKCHMAJIbHO BO3MOKHAsA Macca, MHHHMAJIbHbIH PaIuycC 3Be3/bl, MAKCHMAJIbHO BO3MOXHAs KOMIAKTHOCTb. Pe-
3yABTaThl BHIYHUCIIEHHH COMIACYIOTCS € H3BECTHBIMH HAOMIOIAEMbIMH JaHHBIMH.

1. Bsenenme

IIpu MOnmETMPOBAaHHM TaKUX AacCTPO(YUIMUIECKHX
00BEKTOB, KaK 3BE€3JIbl, 3a9aCTYI0 MOKHO HE YUMTHI-
BaTh JMHAMUYECKHE MPOLECCH], IIPOTEKAIOLINE B HUX.
HeobOxonmuMocTh ydyera NHHAMHKH BO3HHMKAET TOTIA,
Korzia 3Be3fa mubo Bpamaercs, 6o GBICTPO TepseT
CBOIO MacCy 3a CYEeT PafHalOHHOM CyOIMMaliK Be-
mecTBa [1] u u3mydenus. B ocranbHBIX ciydasx H0-
MyCTHMO KOPPEKTHOE OIHCaHHe (HH3UKH 3BE3]1 B IIPEJi-
TIOJIOKEHHH MX CTATHYHOCTH MTOHMMAeMOH KaK KBa3H-
CTaTHYHOCTh. B HacTosmIel crartbe nenaercs MombIT-
Ka OMHCaHHsA (PU3HIECKHUX CBOWCTB 3BE€3J IPHHIIUITH-
aJBPHO Pa3MYHBIX THIIOB B PaMKaxX OIHOrO IOIXOJa.
[lpu MonenHpoBaHHMH, KPOME CTAaTHYHOCTH 3BE3JIHI,
JIeNIaeTCA MPENNOIOKEHHE O ee CHepuIecKoil CHM-
MeTpuH. ['eoMeTpus NMpOCTpaHCTBAa TAKOro OOBEKTA
B 00IIeH TEOPUH OTHOCHTENIEHOCTH OIMCHIBAETCS 4-
HHTEPBAJIOM

ds® = F(r)dt* + 2L(r)dtdr — r*(d6? + sin®0dy),

(1)
rne gysxmmu F'(r) m L(r) — Merpudeckue Kod3¢-
(GULHEHTHI, MOMTEXAIlHe ONpeNeNeHnio. B TaHHOI
paboTe HCIIONB3YETCs TeOMETPHYECKAs CHCTEMA E/TH-
HHII, B KOTOPOH CKOPOCTH CBETa W IPABHTALIMOHHAS
MOCTOsIHHAs paBHBI 1. B kauecTBe mpaBoii yacTu cH-
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CTEeMBI ypaBHEHHH DHHINTE!HA B3ST TEH30p SHEPrHHU-
HMMITYJIbCa HJ€albHOM HEBSI3KOH XHIKOCTH. Tak ke
NIPEINoNaraeTcsl 3aJaHHbIM paclpesieNleHue IUI0THO-
CTH 3HEPTUH BHYTPH 3BE3/IbI:

wz) = po(1 —z*)", ()
7€ flp — IUIOTHOCTB SHEPIHH B LIEHTPE 3BE3Mbl; T =
r/R; R — pamuyc 3Be3fibl; n, v — YIpPaBJsIoNnIue
napaMeTpsl. JlaHHbIHA BBIOOD BHZIA PACIIPENeNeHHs ILI0T-
HOCTH 3HEPTUHM He caydainsii: i n = 0 u {v =
1, n = 1} cucrema ypaBHeHui DUHIITeIHA pemaeTcs
a"ayuTHyecky. [Ipu n = 0 MBI ONTy49aeM BHy TpEHHEE
pemrenue lIBaprumbaa [2], anpu {v =1, n = 1} —
PpeleHte 1T 1apaboTHYecKOro pacipeeieHus IIoT-
HOCTH 3HepruH [3].

2. MaremaTu4yeckass MOIeJIb

Jlns 4-unTepBaina (1) ¥ TeH30pa SHEPrHU HUMITYIIh-
Ca ueaabHOH HEBSA3KOH JKHIKOCTH C paclpesesieHu-
eM (2) IIOTHOCTH JHEPrHH BHYTPH 3BE3Mbl, CHCTE-
Ma ypaBHeHHH DiHIITElHa OyIeT BBIISAETh CIIeNyio-
UM 00pa3om:
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pae—1)
2xe

~ 2
F:—i)’z3+ﬁ-(6 =i >+ , (3.0)
TE

mee = F/I?, G = VF, 5 = xp, 6 = xp»
x = 8mR?, p(z) — naBleHHe, LITPUX O3HAYAET IPOU3-
BOJIHYIO IO NepeMeHHoN x . [eHTpanbHas MIOTHOCTh
SHEPrUHU jlo CBS3BIBAETCS C LEHTPAIBHBIM [aBJICHH-
€M po ypaBHEHHEM COCTOSHHS BHIPOKAEHHOTO pelisi-
THBHCTCKOTO (pepmu-raza. CUIMBKH TPaBHTALHOHHO-
TO TN 3BE3MBI C TOJIEM BHEUIHero peuieHns [1IBap-
LIIAIBAA JAIOT CIEAYIOIIHE COOTHOIICHHUS:

e(x=1)=1-n; p(z=0) =0, (4.a)
Glz=1)=+1-7; G’(z:l):ﬁ,
(4.b)

e 7 = 2M /R — KOMITaKTHOCTb 3Be3/isl; M — Macca
3BE3MIBI.

Cucrema ypaBHeHu# (3.a) — (3.c) conepXur Tpu
ypaBHEHHs U YeThlpe HewsBecTHble (yHkumu: pu(z),
p(z), e(xz), G(z). Ina 3aMbIKaHUs TaHHOH CHCTEMBI,
n06aBUM K Hel SBHBIH BU QYHKIMH pacpeieNeH s
mwIoTHOCTH 3HepruH (2). Takum o6pa3oM, cooTHOIIIE-
HUsA (2) — (4) ABIAIOTCS MaTEMAaTHIECKOH MOJIEIBIO Ha-
1meit 3anagn. Heo6X0aMMO OTMETHTD, YTO PacCMaTpH-
BaeMas MoJIeNlb HE HMMEeT aHAMTHYECKHX peLIeHHI
JUTSL IIeTOYMCIIEHHBIX 3HAYeHHH mapamerpa n > 1.

3. HHTerpupoBaHHe ypaBHEHHMH
JifHITeHHA

IIpu membix 3HAYSHHAX Mapamerpa n CKOOKH B
BbIp@KEHHH (2) pacKpbiBaloTCsA 1o Gopmyne GHHOMA
HeloToHa, U ypaBHeHHE (3.a) HHTErpHPYeTCs:

@) =1-n-0@/o(),  (5.0)
rae '
o@)=Y.¢i G )
b "2jv+3
1 UMEET MECTO CIICAYIOLIEE PABEHCTBO:
n = Xtoo(1) (6)

KoHcTaHTa MHTErpHPOBAHHS B BBIpaKEHUH (5.a) BBI-
OpaHa paBHOM HymIO s OOeCIeYeHHs OrpaHHYeH-
HOCTH GYHKUMH £(z) B IEHTpe 3Be3[bl. PaBeHCTBO
(6) mo3BossieT HaM B SBHOM BHJI€ BHECTH IapaMeTp
7 B cucteMy (2) — (4). To o6CTOATENBCTBO, YTO JUISA
peanbHBIX 3Be3n 1 <K 1 (mampumep, mwis ConHna
N = 4-107F), onpasnbiBaer KCIONB30BaHHE Ha-
MH METO/1a II0CIIeIOBATENbHBIX MPHOIHKSHUH U 110-
CTPOGHHSA aHATUTHIECKOTO IPHOIIKEHHOTO PeLIeHHT
cucremsl (2) — (4).

Jinsg yno6cTBa MOCHENYIOMHX BEIYHCTEHUH
BBenteM QyHKmo Y(z) = o(z)/ [z%0(1)]. Takum
obpazom,

e(z) =1~-n-z°)(z). (7)

ITo ¢uzngeckoMy cMBICITY (GYHKIHS ) €CTh OTHO-
LIeHHEe CpelHeH IUIOTHOCTH 3HEpruy BHYTpPEHHeH Ja-
CTH 3Be3/IbI paiiyca & K CpeHeH INTOTHOCTH SHEPTUH
BCEH 3BE3/IbI.

TToncranoBka paBeHcTBa (7) B ypaBHeHue (3.b) naer

(G'/z)' = nQ(z), (8)

e Q(z) = 2y(2)G" (z) + 2/ (2)G' () /2 + ¢/ ()
G(z)/2.

Pemrenue ypaBaenus (8) Oynem uckaTh B BUJE psia
no komnakTHOcTH: G(2) = 3 oo N* G () . Uenoms-
3ys METOX MaTeMaTHYecKOH HHIYKIUH, MOXHO IO-
Ka3aTh CIIPABEIMBOCTH CIEAyIolel (HopMyIbl, CBS-
3pIBaONIIEil moceayomee npuommkenne Gii1(z) ¢
npensinymmM G (z):

(Gosr/2)" = nQx(2), (10.a)
Go =1, (10.b)
roe
Qx(z) = z¢(2)G{(z)
+2¢/(2)Gi(2) /2 + ¢ (2)Gr(2) /2. (10.0)

Beipaxenue it @ynkuus F'(z) 3ammceiBaercs B
CIelyIoImuM 06pa3om:

F(z) = in"Fk(w) = G%(a), (1l.a)
k=0
rae
oo k
G @iy o ) G (11.b)
k=0 Jj=0

JIBaxxnp! nmpounTerpuposas (10.a), OkoHUATETEHO
NONTyJaeM

Fi(z) = [cjj(m) +C9g2/2 4 c§j>]

k
20

(Y

x [ék_j(x) +C*Ng2/0 4 Cé’“‘”] i § 7.,

KoL

Qj(z) = / z ( / Q@) dx) "

(12.5)

rae

(12.¢)
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cY ) u Céj ) HOCTOSHHEIE HHTETPHPOBAHHA, OTIpe-
JiersieMble Ha KaykZIOM 11are HTepamuii 1o k U3 CIuMBKH
(ynkumit Fi,(z) ¢ monem BHeuHero pemenus [11sap-
LUIHTTBAA:

Flz=1)=1-n= F(z =1) =462 =6%, (13.0)

Fllz=1)=n= Fi(x=1) =6}, (13.b)

e 6,{ — cuMBon Kponexkepa.

Taxum oGpasoM, BelpakeHus (12) ects (opmy-
J1a IO CJIeI0BATETbHOr0 MPHOMKeHns GyHKuun F ()
0 MajoMy mapameTpy 7). B cBs3u ¢ TeM, 4rto IIO-
JbIHTErpatbHble QyHKIUH B (12.C) NPeACTaBIsIOT CO-
60ii CyMMBI pa3THYHBIX 1€HICTBUTENBHBIX CTETICHEH X,
npobreM ¢ nonydeHueM 1o popmyse (12.a) aHanuTu-
9EeCKOro BBIPaKEHHUs Ul k-oro mpubmwkeHus QyHK-
unu F(z) He Bo3HHKaeT. [IpHOMIDKEHHOE BBIpaKEHHE
JUTA BTOPOTrO MeTprdeckoro koadduurenta L(z) Haii-
JieM, T0Jb3ysich cooTHouerueM &(z) = F(z)/L%(z)
u paBeHCTBOM (7). Oco60 oT™MeTHM, YTO (DyHKIIHUS

Fla) =) Fy(s) (13.c)
k=0

SBJIAETCS TOYHBIM PELIEHHEM CHUCTeMSI (2) — (4) mpu
BBIOOpE IUIOTHOCTH 3Hepruu B Buze (2). [Ipubmmken-
HBIH XapakTep JaHHOE€ pelleHHe IMpHobperaer Toraa,
Korza cyMmmupoBanue 1o k B (13.c) mpousBoauTcs 10
(DHKCHPOBAHHOTO 3HAYEHHS.

4. MoaeaupoBaHue peajbHbIX 3Be3]

I'pannunoe ycnoBue (4.a) Ha (YHKIHIO U paBeH-
cTBO (6) BII€YeT COOTHOIIEHHE

S -1 oM i)
j=0

2jv+3  8muoR3’

JlaHHO€ PaBEHCTBO ITO3BOJISET YBA3BIBATH IIAPaMETPhI
7 | V, CTOAILME B JIEBOX YaCTH ¢ (PU3NIECKHMH Xapak-
TEPUCTHKAMH KOHKPETHOMH 3BE3IBI.

Beumi momydeHs! ciexyrolniMe 3Ha4eHHs Iapame-
Tpa n (Ipu v = 1) Iy Tpex pa3NHYHBIX THIIOB 3BE3],
0003HAUEHHBIX B IPUBEACHHBIX TabnuIax kak A, B,
C. Tun A oTBeyaeT HEHTPOHHOI 3Be3ze, THI B — Ge-
nomy kapnuky (Cupuyc B) u tun C cootBercTByeT
3Be3/1e MIaBHOH nmocienoBarenbHocTH (ConHLe).

3HaueHHs mapamerpa n, NpUBENEHHBIE B Tab.1,
HMEIOT HEKOTOPYIO HETOYHOCTB, CB3aHHYIO C 0COOEH-
HOCTBIO paBeHCTBa (15). JleBas yacTh 3TOro paBeH-
CTBa IMCKPETHA, a IpaBas — HenpepbiBHA. [ToaToMy
He BCerja CyLIeCTBYeT BO3MOKHOCTb IOA00paTh 1Jist
KOHKDETHOH 3B€3/Ibl IIEJIOYHCIICHHOE 3HAYeHHE Mapa-
Metpa n, yrosiersopsomee (15). Ilo dopmyrne (12)

Tab6auua 1. Iapamempor Moderupyemvix 36e30

Tun R, M, Lo, n
3BE3MBI cM Mg r/em®

A 1-10° 1 1.10® 1

B 2025102 0:89° 1:3:10 5

C 6.96::10%9 1 142.54 25

OBUTO TTONTYYEeHO aHATHTHIECKOE BBIPAKEHHE TIPHOITH-
JKEHHOTO peIlleHHs: CUCTEMBI (2) — (4) Juis 3Be31 Tpex
THIIOB, OTMEYEHHBIX Tabm.1. Hike B Tabi.2 mpuBo-
JIATCS 3HAYEHHS NaBICHHUS ¥ CKOPOCTH 3BYKA Vipund B
LIEHTPE 3BE3/bl, IOJyYSHHBIE B pe3yJIbTaTe MOACIUPO-
BaHHS.

PesynbraThl pac4eToB OBUTH COOTHECEHBI C H3BECTHBI-

Tabauna 2. Pe3ynvmanvl MOOIUpO8anus
Tum 3Be316l g, JMH/cM?2  Vipuna(z = 0), ¢

A 5.84-10%3 0.21
B 2381022 6.68 1073
C 3.46 - 108 1.64-1073

MH HaOTIoaTe b HBIMU TaHHBIMH. Tak, HarpuMep, UIst
Corana OpUTH IOy YeHBI ClleyIoIHe (haKThl, OITHCaH-
HbIE B [4]:

1. 3HaueHne po U3 Tabl.2 OTIIMYAETCS OT U3BECTHO-
ro Ha 2%;

2. 3HayeHue NaBJIeHHUs Ha IPAHULIE COJTHEYHOTO s/Ipa
(z = 0.25) Ha MOPANOK MEHbIIIe 3HAYEHHS B IIEHTPE
ConHia;

3. 3HaueHHe IUIOTHOCTH Ha TIPAHHIE COTHEYHOIO
spa Ha OPAIOK MEHBbIIe 3HaYeHHs B ieHTpe CoMHIIa.

5. YcToH4YHMBOCTH MOJEIH

Br110 Mpon3BeneHo Ucce0BaHkne 00IacTH yCTOM-
YUBOCTH B IIPOCTPAHCTBE MapaMeTpoB {n, 7, v} ¢ uc-
TI0JIb30BAHHEM CIIEMYIOLINX KPUTEPHEB!

1. Kpurepuit  Onmnenreiimepa—BonkoBa  [5]:
dM/dug < 0;

2. TIpHHIIMIT SHEProJOMHHAHTHOCTH: p/pu < 1/3;

3. ITpuBIUI NPHYHHHOCTH (CKOPOCTH 3ByKa HE J0JI-
JKHA IPEBBIIATH CKOPOCTh CBETA): Vioyund < 1.

Ha ocHoBe 3THX KpHTEepHeB OBUTH IOIYYeHBI Orpa-
HMYEHHSA Ha MaKCHMaJIbHblE 3HAUYEHUS! KOMIIAKTHOCTH
Nmae A1 QUKCHPOBAHHBIX 3HAYECHUH TAPAMETPOB 7 U
v. OTH pe3ynbTaThl IpUBeeHs! B Tabn.3. {v = 1,0 <
n <5},
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Tabnuua 3. Ozpanuyenus Ha 3HAYEHUA KOMNAKMHO-

cmu
n 0 1 2 3 4 5

Dmaz: - 0-141:0:21, 0:20. 0.48; - 0:16' - 014

Kputepuit dM/dR < ( 3KBHBaIeHTEH KpHTe-
puto Onmenreiivepa—BonkoBa. OH 1M03BOJIAET HaX0-
JIUTh MaKCHMainbHBle Maccel M™* M MHHHMAIbHBIE
pamuycel R* 3Be3ll, KOTOpbIE ONpENeNsoTcs (GHK-
CHpOBAHHBIMU 3HAUEHHAMH IlapaMeTpoB » and n.
Takue orpanmuenns it {v = 1,0 < n < 5} u
{n=1,0.2 < v < 20} nomentexs! B Tab1.4.

Tabmuua 4. Kpumuueckue napamempbl 36e30

{n,v} M*, My R* kM
{02,1}  1.65 16.69
{14,1} 085 9.58
(26,1} 062 7.43
(38,1} 052 6.39
{1.0,1} 046 5.78
{20,1} 0.30 3.66
{1,02} 165 16.69
{1,14} 085 9.58
{1,26}  0.62 7.43
{1,38} 046 6.39
{1,1.0} 042 5.78
{1,20}  0.30 3.66

ComnocraBnsis JaHHBIE MOJenupoBaHus (Tabm. 1, 2)
U OrpaHHYEHHMA Ha HCIIOIb30BaHUe MozemH (Tab. 3, 4,
5) MOXHO clieNath BBIBOJA O PUMEHHMOCTH JAQHHOTO
MOJIX0/1a K ITHPOKOMY KJIaCCy 3B€3/1 — OT HEHTPOHHBIX
3Be3/1 M OeNbIX KapJIHKOB 10 3B€3Jl INIaBHOH MOCeNo-
BaTEIbHOCTH.

Cnenyer oTMeTHTB, 4TO B pabote [6] paccmarpu-
BAJIUCh MOJIENH 3B€3Jl C pacrpeneleHHeM IIOTHOCTH
SHEpruM THma (2), 01Hako, HccaenoBaHue ObIIO orpa-
HHYeHO ciydasmu {v = 1,n =1,2,3}.

6. 3axuroueHue

CyMMHpys BBIIIE H3TI0XKEHHOE, HEOOXOIUMO O/
YEpKHYTb, YTO BEIOOP pacipeeNeH s INIOTHOCTH Mac-
CBI B BHZIE (2) HE OrpaHMYHBAET IIPUMEHEHHE HAIero
noaxona. Jls ycrenHo#i pean3aniy Takoro MeTosa
MOJIENIMPOBAHHS HEOOXOHMMO IMPOCTO IPOHHTETPHPO-
Bath BelpaxkeHHs (3.a) u (12.c).

Pa6ora BpmonHeHa B pamMkax DenepanbHoH mpo-
rpammsl Poccun ”Actponomus”.
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BROAD STATIC STAR CLASS MODELING
WITHIN SINGLE APPROACH

A. Baranov and M. Lukonenko

A class of static spherical stars is considered. The Ein-
stein equations with energy-momentum tensor in perfect
fluid approximation and with the mass density distribution
w(z) = po(l — )™ are solved ( o is the center den-
sity, £ = r/R, R is the star radius). By means of the
method of successive approximations with a small com-
pactness parameter n = 2M /R (M is the mass of a star)
an analytical solution of approximative Einstein’s equations
for integer value of n parameter is obtained. The models
of three fundamentally different astrophysical objects are
considered. These are a neutron star (n = 1, v = 1,
n = 0.147), the white dwarf Sirius B (n = 5, v = 1,
n = 1.3 - 10*), stars of main sequence such as the Sun
(n=1,v=1,n=4.2-10"°). The stability of the given
models is analyzed. Such critical parameters of considered
star models as the maximum mass, minimum star radius,
maximum possible compactness are determined. The re-
sults of calculations with known observation data were cor-
related.
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IHAPOKUN KJIAC MOJIEJIEX CTATHYHHX
3IPOK V¥ PAMKAX €IMUHOTO HNIIXOAY

A. M. Bapanos u M. B. JIykoHeHKO

PosrnsmaeTbesi  Kmac — CTAaTHYHMX  cepHyHO-
CHMETpHYHHX 3ipok. PO3B’s3yeThCs cHCTeMa PpiBHAHB
EiiHwTeiiHa 3 TEH30pOM eHeprii-iMny/bCy B HaGmHkeHHi
i1eanbHOT PiAMHH Ta 3 3aKOHOM PO3MOAiNY I'YCTHHH MacH
pu(z) = po(l —z®)", ne po — UEHTpanbHa rycTHHa,
z = r/R, R — paxiyc 3ipku. 3a JOMOMOTOK METOAA MO-
Ci1i10BHMX HAGMHKEHDb MO MAJIOMy mapaMeTpy 1 = 2M /R
(M — maca 3ipkH) oziepKaHO aHAJIITHYHE PIlICHHS PiBHAHB
EfiHmiTeiina 1nis 1inuX 3HaueHb napamerpa n. PosmisanyTo
MOzeNi TPbOX Pi3HHX acTPOdiznuHuX 006’ €KTIB: HEHTPOHHA
sipka (n = 1, v = 1, n = 0.147), Ginuit xkapauk
Cipiyc B(n = 5, v = 1, = 1.3 - 107*), 3ipku
roj0BHOT nocnigoBHocTi Taki sk Conue (n = 1, v = 1,
7 =4.2-107°). ITpoBeneHo aHani3 cTabinbHOCTI 3a1aHUX
Mmozeneii 3ipok. 3HaiiieHi Taki KPHTHYHI napamMerTpH
MOJEeH AK MAaKCHMaJbHO MOXKJIHMBA Maca, MiHIMalbHHit
paaiyc 3ipKH, MAKCHMAJIbHO MOXKJIHBA KOMIAKTHICTh. Pe-
3yJIBTAaTH PO3PAXYHKIB Y3rOKYIOTECS 3 BIIOMUMH JaHUMH
CIOCTEPEKEHb.
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