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OnHo#t U3 npoGiieM (U3UKK KOCMHUYECKHX JIydueil sSBISETCS N3MEPEHUE YHEPreTHUECKOro CIIEKTpa B OKPECTHO-
CTH €Tr0 M3JI0Ma U OIpe/eeHNe XUMUYECKOro cocTaBa epBUYHBIX KocMuueckux aydeit (KJI). B mocnennue romst
MHTEHCHUBHO pa3BUBaJcS MeToJ ucccnenoBanus KJI, oCHOBaHHBIN Ha pETHUCTPAIlM YEPEHKOBCKOTO CBETa BTOPHY-
HBIX YaCTHUI], TCHEPHPYEMBIX B KacKaTHBIX Iporeccax mupokux arMmochepHpix muBHed (LLIAJI). dynkuus npo-
ctpancTtBeHHOTrO pacnpenenenus (PITP) gsepenkosckoro ceera B IIIAJ] 3aBHCHT OT 3HEprUH, THIIA IEPBUYHON Ha-
CTHIIBI, YPOBHSI HAaONIOIEHNS, BEICOTHI IIEPBOTO B3aUMOCHUCTBHS, 3eHUTHOTO yria u ap. B pabote [1] Opmia mpen-
noxena napamerpuzanus OIIP kak ¢pyaxmun paccrosaus (R) ot ocn IAJI u sreprun (E) nepBudHO YacTHIIH,
MPE/ICTABISIONIAs PE3YNIbTAaThl YHCIEHHOTO MoenupoBaHus PIIP uepeHKOBCKOTO M3IMydeHUs 3apsHKEHHBIX YacTHII,
POXKIAIOUIMXCS NPU pa3BUTUH Hpokoro arMochepHoro nuBHa (ILIAJD), renepupyemoro B armocdepe 3emin da-
ctuneit KJI oueHb BHICOKMX DHEPTHIA:

Coe® exp[—(R/y+(R—ro)/y+(R/y)2 +(R—r,)? /yz):|
y|:(R/y)2 +(R—r)?/v? +R<52/y]

Q(R,E) = ph/m?,

rae C=10°m ;R — paccTosiHUE OT OCH JIUBHSA; @, ¥, ©, lo— napaMmeTpbl OIIP uepeHKOBCKOro CBETa.

Hawmu ¢ ucnonp3oBanuem koga CORSIKA [2] ms ycmoswmii yecranoBku TyHKa-25 [3] ObIIO BHITOTHEHO MOICIH-
pOBaHME JMBHEH, T€HEPUPYEMBIX NEPBHYHBIMU IPOTOHAMHU M siapaMu skene3a. PIIP 4epeHKOBCKOro HM3ITydeHUs
paccuMTHIBATNCH B YHeprerHueckoM uatepsane 107°-10™ 5B ju1s HeCKONBKIX 3HAYCHHI 3EHATHOrO yria. B oriu-
yue ot [1], Mbl monyunnu napamerpsl OIIP yepeHKOBCKOTO CBeTa Kak HeNpepbIBHbIE (YHKIMH SHEPruH £ mnepBuy-
HOHM 9acTHIBL. 3aJaHue MapaMeTpoB a, Y, O, Ip Kak (QYHKIMA HEPTUHU MO3BOJISIET PACCUUTATh AJISL JTI000N SHEPTUH
MEePBUYHOI YacTUIBI (PYHKIHIO MPOCTPAHCTBEHHOT'O pacIpeAeieHHs YepPEeHKOBCKOI'O CBETa, KOTOpas XOPOILIO arl-
MPOKCUMHPYET pe3yJbTat, NoJIyueHHbIl ¢ nomouibto mporpammbl CORSIKA. O6mast ¢popmyna 1uis mapamerpos a,
Y, G, o, MOXKET OBITH MPECTABICHA B BUJE

K(E)=c,+c, Ig(E/1eV)+c,Ig°(E/1 eV)+c,Ig°(E/1eV),

rae K(E) = a, 1g(y/1 xm), Igo, lg(re/1 xm); Co, €1, Cp, C3 — KOIDPUIUESHTBI, TOTYyYCHHBIE ISl IUBHEH OT MEPBUYHBIX
MIPOTOHOB U siAep kene3a st 3eHuTHBIX yrioB 0°, 10° u 20°. OtmetnM, urto Teneps OIIP uepeHKOBCKOTO CBETa MO-
KeT OBbITh paccuuTaHa Jisl Jr00Oro 3Ha4YEeHUs YIHEPrUH (M3 33IaHHOTO MHTEpBaJia) U NPOU3BOJILHOTO HAIIPaBICHHUS
ocu IITAJI 32 o4eHb KOPOTKOE BpeMsI, UTO MO3BOJIAECT cO3/aTh Jjisi MoaenupoBaHHbix [IIAJI 6ubnauoreky oOpa3ioB
OTIIP, koTOpast MOXKET CIIY)KUTh OCHOBOMW ISl MICHTHU(DHUKAIMK COOBITHH, PETHCTPUPYEMBIX Ha KCIIEPUMEHTAIBLHOMN
YCTaHOBKE.
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One of the cosmic rays physics problems is the measurements of the energetic spectrum about the knee and de-
termination of mass composition for primary cosmic rays. In the last years, the investigation of the primary cosmic
rays, developed strongly, based on the registration of Cherenkov light secondary particles, which were generated in
cascade processes in extensive air shower (EAS).

The lateral distribution function (LDF) of Cherenkov light in EAS, depends on the energy and type of primary
particles, the observation level, the height of first interaction, the zenith angle, etc. In Ref. [1], was proposed the
parameterization for Cherenkov light LDF as a function of the distance (R) from the shower axis and the energy (E)
of the initial primary particle, to present the simulated LDF Cherenkov radiation of the charged particles, which be
born in EAS developments, and produce very high energy cosmic rays in atmosphere:
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—I:R/y+(R—r0)/y+(R/'y)2+(R—r0)2 /y2]

O(R,E) = Coe’e

- ph/m?,
yI:(R/'y)Z +(R—1,)2/v2 + Rc? /y]

Where, C = 10° m™ ; R is the distance from the shower axis; &, v, o and r, are parameters of LDF Cherenkov
light.

By using CORSIKA code [2] for Tunka-25 [3], the simulations for EAS that produce primary protons and irons
nuclei, have been performed .The calculations for LDF of Cherenkov radiation, be fulfilled in the energy range
(10%-10) eV for several zenith angles. Unlike ref. [1] we obtained energy dependence of LDF Cherenkov light
parameters. Gave the parameters a, y, o, Ip as a function of primary energy, allow to calculate the lateral distribution
function of Cherenkov light, that describes LDF obtained by CORSIKA program, for any given primary energy. The
energy dependence of LDF parameters was approximated by:

K(E)=c,+C Ig(E/1 eV)+c,Ig°(E/1 eV)+c,Ig°(E/1 eV),

where K(E) = a, Ig(y/1km), lgo, Ig (ro/1km), and ¢, ¢4, Cy, C3 are a coefficients obtained for EAS ,from primary pro-
tons and irons nuclei for zenith angles 0°, 10° and 20°. It’s worth to note, that now LDF of Cherenkov light can be
calculated for any primary energy (in the given energy range) in very short time. This allow to create many samples
of LDF for simulated EAS, which can use as a basis for identification of events recorded with Cherenkov array.
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W3yuyeHne sHEpreTHIECcKOro CIEeKTpa 1 3apsA0BOTr0 cocTaBa NMEepBUYHBIX KocMudeckux iy4deit (KJI) B uHTepBae
suepruii 10°-10" 5B npencrapnsier 0coObIil HHTEPEC B CBS3M ¢ OGHAPYKEHHBIM (1 10 CHX HEOOBSICHEHHBIM) H3Me-
HeHueM Tokasarens criektpa KJI npu sreprusix ~ 3-10" 5B (u3710M MM «K07I€HOY). OCHOBHBIM METOIOM HCCIIEN0-
BaHUs KJI BRICOKHX SHepruil sABISIETCS NETEKTHpOBaHHUE MUPOKUX atMocdepHbIX ymuBHEH (LIIAJ]), a oqHO U3 Bax-
HBIX HAaIlPaBJIEHUH 3TOTO METOJa — PErHCTpalys W HCCIENOBaHWE YEPEHKOBCKOTO M3JIyYeHHs 4YacTHI] JMBHA. B
IIIAJI GoIblle BCEro YepeHKOBCKHMX (JOTOHOB — 0KoIO 10° umcia 31ekTpoHOoB. IIMPOKOYroIbHAS YepeHKOBCKAS
yctanoBka «TyHka-25» [1, 2] opueHTHpOBaHa MMEHHO Ha n3ydenue crnekrpa KJI BOnm3u uznoma. Ycranoska « TyH-
Ka-25» mpeacTaBisieT 25 IeTEKTOPOB, pacnosiokeHHbIX Ha riomanu 340x340 M Ha BbicoTe 675 M Hall ypOBHEM
MOpSI, pPACCTOSIHUE MEXy JeTeKTOpaMu 85 M.

JI1s OIIeHKH SHEPruM YacTUIBI KOCMUYECKUX JIydeH, reHepupyromieit [ITAJ], HCrONb3yIOT IIOTHOCTh YEpEHKOBC-
Koro m3nydenus Bropudnsix dactuil Q(R, E) — dyukuuio npocrpanctBenHoro pacmpenenenus (OIIP). B Hacros-
meit padore ¢ nmomompio koga CORSIKA [3, 4] Beimonnen pacuer DIIP yepeHKOBCKOro cBeTa /s IIEPBUYHBIX
TPOTOHOB | siiep Kele3a B uHTepBane suepruii 107°-10" 5B s HeckobKIX 3eHHTHEIX yriIoB. Pacuer cuenan s
YCIOBHH W HapaMeTpoB YCTaHOBKH «TyHKa-25», ¢ 3KCIEPUMEHTAJIbHBIMH M3MEPEHHSMH KOTOPOH M INPOBEICHO
cpaBHeHHE pacdera. MonenupoBanue ¢ omomipio nmporpammbl CORSIKA mo3Bommno napamerpusoBats OITP we-
PECHKOBCKOTO CBETa C KCIOJB30BaHHEM IMPEIIOKEHHON B pabote [5] yerhipexnapamerpuueckoii dynkuun Q(R, E).
Tounocts anmpoxcumanuu OIIP uepeHKOBCKOToO cBeTa Ul NMEPBUYHBIX IMPOTOHOB M sIJIEp JKelle3a OKaszanach He
xyxe 10 % g BepTHKamy, a s 3eHUTHBIX yrioB 10° u 20° — He xyxe 15 %. PaccunranHOe I BEpTHKAIBHBIX
ITAJT otHomenne MITP yepeHKOBCKOro CBETAa OT MEPBUYHOrO MPOTOHA U AJpa Kelesa Q"/Q™ na PacCTOSIHUM OKO-
50 100 M OT ocu TMBHS HaAXOAUTCS B npenenax 3HadeHuit 1.40—-1.20 s uaTepBana sHeprui 10%°-10'° 5B. Jlns Hak-
nonHoro muBHs (0 = 10°) 310 oTHOIMIEHHE cTaHOBUTCS eme Gonee BhipasuTenbubiM: Q°/Q7 = 1.7 mpu E = 10™° 5B u
QP/QFe =12 mpu E = 10% 5B. Taxum o0pasom, B TaHHOM TIOJXOJI€ UMEETCS BO3MOXKHOCTh OTJIMYATh JIMBHU, TO-
POKIEHHbBIE IIEPBUYHBIM IIPOTOHOM B MHTEpBAJIE SHEPIuil 10"°-10" 5B, ot muBHEi OT IIEPBUYHOTO sAIpa JKeJe3a.

Paccunrannast nns BeptukayibHOTO JUBHSI DIIP depeHKOBCKOTO CBeTa OTNIMYAeTCs MpUMEPHO Ha 5% amns mep-
BiaHOro npotona mpu E = 10" 5B u na ~10 % npu 10'° 5B.ot m3mepentoii Ha ycranoBke «Tynka-25» OIIP st
MHTEepBasa paccTossHUK oT ocy uBHA 10-200 M. Jlnst HaksioHHBIX Hanpasienui (0 = 10°, 20°) TouHocTh HaxoaUTCS
B mpeaenax 10—15 % s unrepsana 10°-10% sB. Jlst IIIAJI ot mepudnoro spa xenesa OIIP paccunrtana npu-
OMU3UTENHFHO C TAKOH e TOYHOCTBIO.
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Takum o6pazom, pacuetrHsie PITP depeHKOBCKOTO CBETA YIOBIECTBOPUTEIBHO COTIIACYIOTCS C BOCTAHOBJICHHBIMH
Ha yctaHoBKe «TyHka-25» ®OIIP mist muBHEH, MOPOXKACHHBIX MMEPBUYHBIM NIPOTOHAMHU W SiApaMU kelle3a, Ha pacc-
tosiHUAX 10-200 M OT ocu JIMBHS AJI1 MHTEPBAJa SHEPTUN IEPBUYHOMN 4aCTULIBI 10°-10"5B. B nansHeiiurem npen-
roJiaraeTcs MpoBepKa pa3BUBaeMOl B padOTe METOIUKH Ha MpuMepe TaHHbIX u3Mepenus OIIP geperkoBckoro cae-
Ta, NOJy4YeHHbIX Ha SIKyTckoi yctaHoBke IITAJIL.
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Studying of the energetic spectrum and charge composition of the primary cosmic rays (CR) in the energy range
10™-10" eV is of a special interest in connection with discovering the change of CR spectrum index at energies ~
3-10" eV (named the knee). The main method in the high-energy CR research is the detection of extensive air show-
ers (EAS). One of the important part of this method is Cherenkov radiation studies.

The wide-angle Tunka-25 Cherenkov array [1, 2] is designated for studying the CR spectrum and mass composi-
tion near the knee. Tunka-25 consists of 25 detectors arranged on the square of 340x340 m? at 675 m above sea lev-
el, the distance between detectors is 85 m.

To estimate the energy of the primary CR particle, which generates EAS, one may use the secondary particle
Cherenkov light density Q(R, E) — the lateral distribution function (LDF). In the present work, with the help of
CORSIKA code [3, 4], the calculation of the Cherenkov light LDF was performed for primary protons and irons
nuclei in the energy range 10**-10' eV for different zenith angles. Calculations are compared with Tunka-25 Che-
renkov array measurements. The simulation with the CORSIKA program allowed us to parametrize the Cherenkov
light LDF, which was proposed in Ref [5].

The accuracy of the Cherenkov light LDF approximation for primary protons and irons nuclei is found about 10 %
for vertical showers, and the accuracy is close to 15 % for zenith angles 10° and 20°. The calculated Cherenkov light
LDF ratio for vertical showers from primary proton and iron nuclei in the energy range 10°-10% eV, Q"/Q", is
about 1.40-1.20 at the distance about 100 m from the shower axis. For slant showers (6 = 10°), this relation be-
comes more expressive: Q7/Q™ = 1.7 for E = 10 eV and Q°/Q™ = 1.2 for E = 10*®eV. Thus in this approach one has
potential to distinguish the showers, which produced by primary proton or by the primary iron nuclei.

The calculated Cherenkov light LDF for vertical showers slightly differs from the Tunka-25 measured LDF: the
distinction consists of near 5 % for primary proton at the energy E = 10*°eV and that of 10 % at 10°eV, at the distance
interval 10-200 m. For slant directions (6 = 10°, 20°), the accuracy is varied from 10-15 % for the energy interval
10™-10" eV. Thus computed Cherenkov light LDFs reasonably agree with the measured ones with TUNKA-25. In the
future, we intend to develop the above method for Cherenkov light LDF measured with Yakutsk EAS array.
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LIQUID-SOLID TRANSITION IN A HARD-SPHERE BINARY MIXTURE
Yu.V. Agrafonov, T.V. Biryulina

C moMoOmpbI0 MeToJa YaCTHYHBIX (DYHKIMH pacrpe/iesleHHs] pacCMaTpPHUBAeTCsl IBYXKOMIIOHEHTHAsl CHCTEMa
TBEpABIX cdep ¢ 3ambIkaHneM MapTeiHoBa—CapKucoBa B cilydae NpejenbHoro pasbasnenus (pg—p, pa—>0). Ilnot-
HOCTh KPHCTAJUIU3AINH ONPEIEISIeTCS 10 NCYE3HOBEHHIO IEMCTBUTENBHBIX peleHuit ypaBaeHus: OpHinreiina—Llep-
HUKE U IpU OMOLIM Kputepust XaHceHa—Bepiie, COrIacHO KOTOPOMY KHUJIKOCTb 3aMep3aeT, KOI/la MaKCUMaJIbHOE
3HaYCHHE €€ CTPYKTYPHOTO (hakTopa CTAaHOBHUTCS paBHBIM 2.85. JIist MOTyYEHHBIX IOTHOCTEH NMpUBENICHbI IpaduKu
paauanbHOU GyHKIMK pacnpenenenus G(r) u ctpykrypHoro ¢akropa S(K) nmpu pa3invHbIX COOTHOIICHUSX THaMeT-
poB yactHil (6,/0p=1/2 n 6,/cs = 2). TlonmydeHHbIe pe3yabTaThl CPABHUBAIOTCS C TUTEPATYPHBIMU JaHHBIMH.
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Hard-sphere binary mixture with Martynov—Sarkisov closure is studied with help of distribution function method
in case of the limit diluted solution (pg—p, p,—0). Crystallization density is determined as a disappearance of
Ornstein—Zernike equation real roots and following the Hansen—Verlet criterion, where a liquid point of freezing is
at maximum of structure factor S(k) = 2.85. The plots of radial distribution function G(r) and structure factor S(k)
are putted for some different particle diameters (c,/os = 1/2 u c,/os = 2). We also compare obtained results with
those of others theoretical and experimental data.

IPUMEHEHUE METOJIA ®YHKIIAW PACTIPEJAEJEHMS K ONMUCAHUIO
BBICOKOTEMIIEPATYPHOT' O KPUCTAJIUIA C IOTEHIIUAJIOM TBEPJbIX COEP

10.B. Arpadonos, T.B. buprwaunna

HpxyTckuii rocy1apCTBEHHBII YHUBEpCUTET, MpKyTCK
agrafonov@physdep.isu.ru

Merto yacTUUHBIX (QYHKIMH pacrpeiesieHns] IPUMEHSIETCS ISl OIMCaHKsl BBICOKOTEMIIEPAaTYPHOTO KpHCTalIa
BOJIM3M JIMHUM IIJIaBJICHUS. B 3TOM ciyyae Mbl IMeeM yCTOHYMBYIO CTPYKTYPY HEPBOTO MOpPsAIKa U penieHue Oyaer
MEPHOANYECKH 3aBHCETh OT pajguyc-BekTopa uactum. [lostomy oboOmenHOe ypaBHeHue OpnmreiiHa—LlepHuke
HEoOX0NMO paccMaTpHBaTh, pasiaras BXOIAIINE B Hero (GyHKIUH 1o creneHsM 1 u 111;. JInHeliHoe npubmkenne
IUIsL HyJIEBBIX KOMIIOHEHT BOJIHOBOTO BEKTOpa K MOXHO MPENCTaBHTh aHAJHTHYCCKH B BUJC UTEPALHOHHOTO pasiio-
JKEHUSI, TIe 32 HyJIeBOE NIPHONIIDKeHNE OepeTcs pelIeHne A KUAKOCTH TBepabIx cdep. Ho 3To mpubimmkenne onu-
CBIBACT C(EPUICCKU-CUMMETPHUYHYIO CHCTEMY (PKHIKOCTb) M HE YYHTHIBAET aHU30TPOINHUIO KPUCTAIIIA, TOITOMY HE
aeT BKJIAJa B UCKOMble (yHKUMHM. B raHHOM ciydae moiydaercs pacxonsiueecs pewenne st Q. Jlist Henysie-

I
BbIX KOMMOHEHT (K #0) nuHEHHOro NmpUONMKEHHs UCTONb3yeTCs pasjokeHue 1o mnoiaunHoMam Jlexanapa. s
HYJICBOTO WICHA Pa3JI0KeHUs BBIYUCICHO nepBoe npubmmkenue st 1. /s kBaapaTHaHOro NpHOIMKCHUS B MPH-
ONMKEHUH XaOTHIECKUX (pa3 TOTyIeHBI aHATUTHICCKIE BRIPAKCHI.

METOA JIN® AJIA MOHUTOPUHI'A PACTUTEJBHOCTH

ULA. boJabbacoBa, ’H.Jl.®arteeBa

“Tomcxkuit rOCyAapCTBEHHBIM YHUBEPCUTET, TOMCK;
2I/IHCTHTyT onrtuku arMochepsl CO PAH, Tomck
sla@iao.ru
METHOD LIF FOR MONITORING OF VEGETATION

'L..A. Bol’basova, N.L. Fateeva

B Hacrosimee BpeMst 00IbIIOe BHUMAaHHE YACSIETCS MPOOIeMe ONepaTHBHOTO MCCIICIOBAHUS JICCHBIX MAaCCUBOB
JTUCTAaHIIMOHHBIMHI METOJJAMH C TIOMOIIBI0 UCKYCCTBEHHBIX CITYTHHKOB 3eMin. OJHAKO MTPH HHTCHCUBHOM Pa3BUTHH
WCCIICIOBAaHUN PACTHTEIHHBIX MOKPOBOB KOCMHYESCKIMH CHCTEMaMH TUCTAHITMOHHOTO 30HIMPOBAHUS HEOOX0ImuMa
TaKKe Ha3eMHas MPOBEpKa W MPHUBs3Ka HAOIMIOAEHUI U3 KocMoca. KoMIekcHOe HCIoNhb30BaHUE NAaHHBIX AWCTaH-
[IUOHHOTO 30HAMPOBaHUS C MPHUBJICYCHUEM HATYPHBIX HUCCICAOBAHHUN ITO3BOIUT OOJiee pallHOHAIBHO HCIIOB30BATh
JIECHBIC PECYPChl U 3HAYUTEIFHO COKPATUTh 3aTPaThl HA OOHOBIICHUE HH(POPMAITUH O JIeCHOM (DOHIE, TOTPEOHOCTH
B KOTOPO BO3pacTaroT.

Merouka JazepHO-UHAYHpoBaHHOW (uryopecueHunu (JIND) mMoxer ciyxuTh 3Q(HEKTHBHBIM ITOIX0I0M HPU
pelIeHnH 3a]a4 NMPOBEACHUS MOJCIYTHHUKOBBIX KaJHOPOBOYHBIX M3MEPEHHMH I MOHMTOPWHIa pPAaCTUTEIHHOCTH.
Kpona, ocobeHHO ee TUCTOBas COCTABIIIONIAs, SIBISAETCS BAXKHON 4acThIO JIepeBa, Omaroaapst JIUCTY, a TOYHEE Ipo-
reccaM (OTOCHHTE3a, IPOTEKAIOINM B HEM, 00ECTIEYMBAETCS JKU3HB U IPUPOCT OHOMAacChl epeBa. MIHTEeHCHBHOCTb
nporeccoB (OTOCHHTE3a SBISETCS BAKHEHIIMM IOKazaTeseM (PU3MOJIOIMYECKOro COCTOSHMS pacTeHuil. Meron
JIa3epHO-NHIyLIUPOBAHHOM (TyopecieHIINY MTPEeAHA3HAYeH JJIsl OLIEHKH aKTHBHOCTH MPOLECcOB (POTOCHHTE3A.

B ocnoBy pa3zpaborok merona JIM® nonoxxeHs! npencraBieHus 0 HOTOCHHTETHYECKOM amiapaTe 3eJICHOTO JIH-
CTa KaK O IMHAMHUYECKOH CHCTEME ITUTMEHTOB, YTHIN3UPYIOIIHNX JIEKTPOMArHUTHYIO SHEPTHIO yIbTPa(roIeToBOro
Y BUAMMOTO JMAIla30HOB JUTMH BOJIH. [IpH TOTIIONIEHNN SHEPTrUM KBAaHTOB CBETA MOJIEKYJIaMH XJIOpO(HIIIa CyIie-
CTBYIOT TPU OCHOBHBIE ITyTH JAUCCHIIAIINN 3HEPTUU — 3TO (POTOXMMHUYECKHE PEaKIMH, TEIUIoBas auccunanus u iy-
OpECIEHIN. DTH MPOLECCHI SBIIIOTCS KOHKYPEHTHBIMH, BCIEACTBHE Yero m3MeHeHne 3()(heKTHBHOCTH OJTHOTO Be-
JIET K MPOTHUBOIIONIOKHOMY M3MEHEHHIO JBYX Ipyrux. [loaToMy BeTMYMHA MHTEHCHUBHOCTH (IYOPECLUEHIMH MPHU
(hoTocHHTE3€ 3aBUCHT OT IEJIOCTHOCTH M (DYHKIIMOHAIHHONW aKTHMBHOCTH (DOTOCHHTETHYECKOTO ammapara ¥ 4dyB-
CTBUTEJIbHA K U3MEHEHUSIM MHTEHCUBHOCTH (POTOCUHTETHYECKOW akTUBHOCTH. YeMm Ooitee a3 dexTuBeH poTocuHTe-
THYECKUH Tmpoliecc, TeM cinabee QuryopeciieHTHBIN oTKINK. Clie0BaTeIbHO, aHaIu3 (IYyOpEeCIeHTHBIX XapakK-
TEPUCTHK MOXET JaTh HHPOPMAIHUIO O (HU3NOIOTHIECKOM COCTOSHHM PACTEHHH, a TAKXKe CIY)KUTh KPUTEPHUEM
B OlIeHKe 3()(heKTOB 3arpsi3HEHNSI.

120



Cexyus «Acmpogusuxay

Jlnst pa3BUTHS M yCOBEPIICHCTBOBAHMS METOJA JA36PHO-WHIYIUPOBAHHON (DIyOpECIeHIINN Ba)KHBIM SBIISIETCS
UCCIIEJIOBAaHNE M MOHMMaHHUE JeTayieil criekTpa (IyopecleHIIMM WHTAaKTHBIX pacTeHUH. BaxkHbl cOop M co3nanme
6a3bl TaHHBIX OCHOBHBIX THIIOB CIEKTPAIbHBIX M3MEHEHMH (IIyOpECHEHINH, 3aBUCSIINX OT COCTOSIHUS 310POBBS
PaCTUTENFHOCTHU H CIICTYIONINX 32 H3MEHEHHUEM YCIIOBHI OKPY>KarOIIEH CPeIbl.

PaboTa HampaBieHa Ha pa3pabOTKy MOAXOAOB, MO3BOJAIOMINX OCYIIECTBUTH M3MEPEHUS (PIyOPECLECHIUH Ape-
BECHOW PACTUTENBHOCTH, a TAKXKE HA MCCIIEAOBATEIBCKIE PabOTHI IO M3yYEHUIO (DIyOPECIEHTHBIX XapaKTePHCTHK
JIPEBECHON PACTUTEIBHOCTH B PA3IMUYHBIX YCJIOBHUSIX OKPYXKAaIOIIEH cpelbl, B TOM YUCIIE MPU aHTPOIOTEHHBIX 3a-
rpsi3HEHUsX. [ TaBHBIM MHCTPYMEHTOM HCCIIEIOBaHMS SIBIISUICS (IIyOpecUEHTHBIN nuaap, paspadorannsiii B MOA
CO PAH.

B paGoTe npuBoaATCS SKCIIEpUMEHTANbHBIE TaHHbIE, YKa3bIBAaIOIINE Ha BO3MOXKHOCTh OOHAPYKEHHS OTKJIO-
HEHUIl B (U3MOJIOrMYECKOM COCTOSTHUU PAaCTEHHH C MOMOIIBIO0 METO/Ia JIa3epHO-UHIYIIUPOBAHHON (hIIyOpecIeHIIHH,
B TOM YHCJI€ TIPU aHTPOIOTEHHBIX 3arpsA3HEHUSIX, ONpPEeICHHs BUJOBOIO COCTaBa JIECOB U COJACPKAHUSA MUTMEHTOB
M0 OTHOIICHUIO (hIIyOPECLEHTHBIX OTKIMKOB IPEBECHBIX PACTEHHH. ['TaBHOE MpPENMMYIIECTBO pa3padaThIBAEMOTO
METOJIa — BO3MOXHOCTh BBISIBUTh HETaTHBHBIC M3MEHECHUS B (PM3MOJIOTMYECKOM COCTOSIHUHM PACTHTEIHLHOCTH B OT-
CYTCTBHE BU3yaTbHBIX PU3HAKOB IIOBPEKICHUSL.

Now the big attention is given a problem of operative research of large forests by remote methods with the help
of artificial satellites of the Earth. However at intensive development of space systems of remote sensing for re-
searches ground checkout and a binding of supervision from space is necessary also. Complex use of the data of
remote sensing with attraction of natural researches will allow to use more rationally wood resources and considera-
bly to reduce expenses for updating of the information on forest fund, needs in which grow.

The technique of laser-induced fluorescence (LIF) is effective approach at the decision of problems of carrying out
calibration measurements for monitoring vegetation. Crone, it is especial its leaf component, is the important part of a
tree, due to a leaf, to be exact the processes of a photosynthesis proceeding in it, life and a gain of biomass of a tree is
provided. Intensity of processes of photosynthesis is the major exponent of a physiological state of plants. The method
of a laser-induced fluorescence intended for an estimation of activity of processes of a photosynthesis.

Basis of development of LIF method are representations about the photosynthetic device of a green sheet as
about dynamic system of the pigments utilizing electromagnetic energy of ultra-violet and seen ranges of wave-
lengths. At absorption of energy of light quantum by chlorophyll there are three basic ways dissipation energy these
are photochemical reactions, thermal dissipation and fluorescence. These processes are competitive owing to what
change of efficiency of one conducts to opposite change of two others. Therefore quantity of fluorescence intensity
at photosynthesis depends on integrity and the functional activity of the photosynthetic apparatus and is sensitive to
changes of intensity of photosynthetic activity. The photosynthetic process, the more feebly the fluorescent response
is more effective. Hence, the analysis of fluorescent characteristics can give the information on a physio-
logical state of a plant. Some experimental results showing to an opportunity of the developed LIF method are a
subject given works.

For development and improvement of the method is important examination and fathoming of details of a spectrum
of intact plants. The collection and making of a database of the basic types of spectral changes of the fluorescence de-
pendent on a state of vegetation and following change of requirements of a surrounding medium are important.

Work is directed on development of the approaches, allowing carrying out measurements of fluorescence of veg-
etation, and also on exploratory operations on studying fluorescent performances of wood vegetation in various re-
quirements of an environment, including at anthropogenesis pollution. The main tool of examination was the fluo-
rescent lidar designed in Institute of Atmospheric Optics SB RAS.

The experimental data indicating an opportunity of detection of diversions in a physiological state of plants
with the help of a method of a laser-induced fluorescence are given; definition of a specific composition of forest
include at anthropogenesis pollution and content of colorants under the relation of fluorescent responses of forest
plants are in-process given. Main advantages of a developed method are an opportunity to reveal negative changes
in a physiological state of vegetation in absence of visual attributes of damage.

CIIEKTPOCKOIIMYECKOE UCCIEJOBAHUE ®OTOMETPUYECKUX AHAJIOT'OB COJIHIHA

A.U. I'ageeB, U.®. buxkmaes, B.B. lllumanckuii

Kasanckuii rocynapcTBeHHbIN yHUBepcuTeT, Kasanb
almaz@ksu.ru

SPECTROSCOPIC STUDY OF PHOTOMETRIC ANALOGUES OF THE SUN
A.l. Galeev, I. F. Bikmaev, V. V. Shimanski
Cpenu 3Be3]1 COJIHEYHOTO THTIA — OOITUPHON TPYIIIBI 3BE3]T CIIEKTPATBHBIX KJIACCOB OT mo3aHuX F 1o pananx K,
PacCIIOJIOKEHHBIX Ha TJIABHOM IMOCIENOBATEIFHOCTH AuarpamMmbl [ eprmmpynra—Peccena wim BONM3KM Hee — BBIC-

JIIOT TaK Ha3bIBACMBIC 3BC3/1bI-aHAJIOT COJ'IHIIa. HapaMeprl nux aTMOC(i)Cp HCHAMHOI'O OTJIIMYAKOTCA OT COJTHCYHBIX
3HAYCHHM. OI[HOﬁ N3 aKTYyaJbHbIX np06neM JAHHOTI'O THUIIA 3BE€3]] OCTACTCA 3aJjadya IIOMCKa ITOJIHOI'O aHajiora (,HBOfI-
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nuka) Comana. J[Boitnuk CosHIla — 3Be3na, BCe (PU3UUECKHE MapaMeTphl KOTOPOH — TeMIleparypa, CBETHMOCTD,
Macca, paJiyc BpaleHusl, 10Je CKOPOCTEH, BO3PACT, MArHUTOTHAPOIMHAMUYECKAsl CTPYKTYPa, XUMHIECKHUIT COCTaB
U T. 1. — B Ipeenax OMMOOK HAaOMIOACHUH, N3MEPEHNH, MoAenu aTMocdepsl U Mp. COBHNAJAlOT C COJHEYHBIMU.
HanbGonee BeposiTHBIM KaHAnWAaTOM B 1BOWHHKHM COJHIIA, O MHEHHIO OONBIIMHCTBA HMCCIENOBATENCH, CUMTAETCS
3Be3na 18 Cxoprmona (HD 146233), mpemioxkenHast B 3ToM KadecTBe B 1997 .

B nanHO# paboTe mpoBeNeHO BCECTOPOHHEE HCCIEIOBAaHNE 15 3Be3/, KOTOPBIE UMEIOT CXOTHBIE C COTHEYHBIMHU
(oToMeTpHrUeCcKHe XapaKTEPUCTUKH, T.e. (poTomMeTpuueckux aHamoroB CosHia u3 BeIOOpKH MupoHoBa n Xaputo-
HoBa [1]. CriekTphI 3THUX 3Be3] OBUTH MOJTy4YeHBI ieToM 1998 1., a Takke oceHbio 1999 r. ¢ MOMOIIBI0 KyI3-31IIeIIe
criekTpomeTpa [2], ycraHoBiIeHHOrO Ha 2-M Teneckore Zeiss-2000 o6GcepBaTopuu Tepckoi, pacmoioKeHHON Ha
rope DOmr0pyc (Ces. KaBka3). B xadectBe gerexkropa mcmoib3oBaiach I13C-kamepa WI 1242x1152 ¢ pasmepom
nikcena 22.5x22.5 mxM. CrieKTpsl SKCIIOHUPOBAHEI ¢ paspemenneM 45000 1 0XBaTHIBAIOT THAIA30H IJIHH BOJH OT
3500 no 10000 A. Bnaronaps xopoiueil 4yBCTBUTEIBHOCTH KaMephbl OTHOIICHHE CHUIHAI/IIYM B KPacHOM 4acTH
CIEKTPOB AaHHbIX 3Be3] gocturaet 200. M300paxkeHus! CIEKTPOB MepeBEACHb! B OHOMEPHBII BU U COOTBETCTBY-
I0IIMM 00pa3oM HOPMHPOBAHBI M KaHOpoBaHbl. B criekTpax ka0 3Be3/bl ObIIIM M3MEPEHbI SKBUBAJICH THBIE LIH-
PHHBI HECKOJIBKHX COTEH JIHHUIT mout 40 atomoB u noHoB oT Li | 1o Eu Il u ny4ueBbie ckopocTH 38311 10 mpUMep-
HO 130 CHIIBHBIM JTMHUAM Pa3IUYHBIX JIEMEHTOB.

Ha ocHOBe nuTepaTypHBIX JaHHBIX OBUTH BEIYUCICHBI 3(Q()EKTUBHBIE TEMIIEPATyPHI 3B€31 M JOTapU(MbI YCKOpE-
HUH CHUIIBI TsDKeCTH. J{iis mecty 3Be3x yHAaMEHTANbHBIE TapaMeTpbl aTMocdep MoIydeHb! BriepBhie. [1o sBomronn-
OHHBIM TpEeKaM M M30XpOHAM Ha TeopeTHdeckoi amarpamme [eprmmpyHra—Peccena, omyOanKoBaHHBIM B paboTte
oxupapan u np. [3], ObIIM OLEHEHBI Ba)kKHBbIE (PM3MUYECKUE XapaKTEPUCTHKU JAHHBIX 3B€3J — MAacChl M BO3PACTEHI.
3HaueHHs Macc y OOJBLIMHCTBA 3Be3]] ONM3KM K COJMHEYHBIM 3HAUCHMSIM, a BO3pacThl aHaioros ConHIa Jexar B
6onee mupokux npeaenax. Jse 3se3nsr, HD 133002 u HD 225239, He ABASIOTCS COMHEUHBIMH aHAJIOTaMH, OHU —
SIBHBIE CyOTUTAHTBI, IIOKa3bIBAIOIINE HOHIKEHHOE COJIep)KaHHE METAILIOB.

CopneprkaHusd kelle3a U APYTUX XUMHUECKUX JIEMEHTOB OINPEIeNIINCh 0 H3MEPEHHBIM SKBUBAIICHTHBIM IIUPH-
HaM HEeUTpPaJIbHBIX WM OJHAKAbl HOHU30BAaHHBIX aToMOB nocpeacTBoM mnporpammbel WIDTH9 ¢ ucnons3zoBannem
JITP-moneneit 3Be3aubix atMocdep Kypyua [4]. TIpu BEIYHUCICHUSX UCIOJB30BaHBI ATOMHBIC JTaHHBIC M3 CUCTEMBI
VALD. MeTonoMm «IHHUS—ITAHASD) OXydeHb! quddepeHnnansHple 3HaYeHHS COJACPKaHNH XUMUIECKUX 3JIEMEHTOB
otHocutesnsHO ConHna (ToyHee, colep KaHUK 3JIEMEHTOB, HAlICHHBIX aHAJOTMYHO MO 3KBHBAJICHTHBIM IIMPHHAM,
KOTOpBIC OBUIM M3MEPEHBI IT0 TOTOKOBOMY ariacy Kypyma).

AHanu3 pe3ynabpTaToB MOKA3bIBACT, YTO 10 XUMHUYECKOMY COCTaBY 3BE3JIbI OHOPOAHON BEIOOPKH (hoTOMETpHUe-
ckux aHasoroB CoyHIA pa3/eNsAioTCs Ha TPU IPYIIBL: MIECTh 3BE3/1 MMEIOT COJIHEYHBIM XUMUYIECKHH COCTAaB aTMO-
cdepsl, 4eThIPE 3BE3/bI C H30BITKOM, a IIATh — C IEPHUIIUTOM COAEPKaHMUS TSOKENBIX SIEMEHTOB [5].

Kpome Toro, OblIM BBHIYMCICHBI 3HAYEHUS IIPOCTPAHCTBEHHOM CKOpOCTH ABMkeHus B ['amakruke (Vspace) u ee
npoekuuii (U, V, W). OHu 1noiydeHbl Ha OCHOBE M3MEpPEHHH COOCTBEHHOTO JBMIKEHHSI MHOTHX TBICSY 3BE37, Clie-
JIAaHHBIX CIIyTHUKOM «[ MIIapkoc», 1 HalIuX U3MEPEHUI J1y4eBbIX CKOPOCTEHN 3TUX 3BE3L.

3Be3zna HD 225239 umeer 3HaueHust MOJTyieil KOMIIOHEHT CKOPOCTH JiBMKeHust B ['anakTuke Omn3kue k 100 km/c.
Orta 3Be3/1a OTHOCHUTCSA K 3BE3/aM TOJICTOTO JUCKA, B OTIMYHE OT APYTHX 3BE3J, 10 3TOMY KPUTEPHIO SBIISIOMINXCS
3BE3aMU TOHKOTO aucka. Emre mBa oobekrta ¢ Oombinnmu 3HaueHusmu U, V, W u Vspace na quarpamMmmax CKOpo-
cteii — 310 HD 159222 1 HD 34411, nmeromue cierka IMOBBIIIICHHOE COJICPKaHNE XUMHUUECKUX DIICMEHTOB.

Pesynprar Hame#d pabOTHI MOATBEPXkKIAET, YTO IPEUIOKECHHBIN paHee KaHauaarT B ABoiHMkKM Comnma HD
146233 ynoBieTBOpsieT KPUTEPHSIM MOTHOTO aHanora ConHIa — (pyHAaMEHTAIBHBIC MMapaMeTpPhl, BO3PACT H XUMU-
YecKuit cocTaB (3a NCKIIIOYEHNEM M30BITKA JIUTHST) 3TOH 3BE3/1bI OYEHB OJNN3KM K COJTHEYHBIM 3HAYCHUSIM.

JanHas paborta ObplIa moanepskana rpantamu Poccuiickoro ¢onma gyHmameHTanbpHEIX HccienoBanuii (02-02-
17174 u 01-02-06068), mporpammel «Bexyime Hayuansie mkoisl Poccun» (HI — 1789.2003.2).
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So-called solar analogues can be identified among solar-type stars, which make up a large group of late-F to ear-
ly-K dwarfs located on or near the main sequence of the Hertzsprung—Russell diagram. The parameters of their at-
mospheres are situated in small limits and differ from solar values a little. Searching for a full analogue (twin) of the
Sun remains an important problem. A solar twin is a star whose physical parameters — temperature, luminosity,
mass, radius, rotational velocity, velocity field, age, magnetohydrodynamical structure, chemical composition, etc.—
all coincide with the solar parameters within the errors. From 1997 the majority of the researchers considers a star
18 Sco (HD 146233) as the most probable candidate for the solar twin.

In this work, the all-round research of 15 photometric solar analogues from the sample [1] is carried out. The
spectra of these stars have been obtained by authors (A. G.) in summer of 1998 and autumn of 1999 with the echelle
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spectrometer [2] mounted at the 2-m telescope Zeiss-2000 of the Terskol Observatory in the northern Caucasus
(mountain Elbrus). The detector was a Wl 1242x1152 CCD with size of pixel 22.5x22.5 micrometers. Spectra have
a resolution 45000 and wavelength range from 3500 to 10000 A. The signal-to-noise ratio is 200 for the red part of
the spectrum. Images of the spectra are transformed into one-dimensional form, normalized and wavelength cali-
brated. The equivalent widths of several hundreds lines of almost 40 atoms and ions from Li | up to Eu Il and radial
velocities of each star have been measured.

The effective temperatures and surface gravities are derived from the published calibrations. For six stars fun-
damental parameters of atmospheres are obtained for the first time. Evolutional tracks and isochrones on theoretical
Hertzsprung—Russell diagram from paper [3] were used to evaluate a masses and ages of the stars. The masses of
most stars are close to solar value, but their ages lie in wide range. Two stars (HD 133002 and HD 225239) are not a
solar analogues; they are clearly subgiants and show metal deficiency.

Abundances of iron and other elements were calculated from the measured equivalent widths of the lines of neu-
tral and singly ionized atoms by means of the WIDTH9 program and the LTE model atmospheres of Kurucz [4]. For
these calculations gf factors from the VALD database were adapted. The differential abundances of elements rela-
tive to the corresponding solar abundances were derived using the “line minus line” method.

The analysis of results shows that on chemical composition homogeneous sample of photometric analogues of
the Sun is divided to three groups: six stars have solar chemical compositions, four stars show overabundances of
metals and five show underabundances. [5].

For 13 stars the values of space velocities and projections (U, V, W) were calculated. They are obtained on the
basis of measurements of proper motions made with the “HIPPARCOS” mission, and our measurements of radial
velocities for these stars.

The star HD 225239 has components of space velocity near of 100 km/s. This star relate to thick disc population
as against other stars which are objects of thin disc. Two objects with the larger values of U, V, W and Vspace on
the velocity diagrams are HD 159222 and HD 34411, they show slightly increased of chemical abundances.

In the end, our results confirm that the fundamental parameters, age and chemical composition (except lithium
abundance) of HD 146233 coincide with the corresponding solar values. Consequently this star is a genuine solar twin.

This work was supported by the Russian Foundation for Basic Research (projects 02-02-17174 and 01-02-
06068), the Program for the Support of Leading Scientific Schools (grant NSh-1789.2003.2).

MPUBOP JIJIsI MOHUTOPUHI A OITUYECKHUX CBOMCTB PABOYEI'O TEJIA
HEATPUHHOI'O TEJIECKOIIA HT-200+

A.H. isyok, H.M. Bynnes, P.P. Muprasos, b.A. Tapamanckmuii

UT'Y, HUU npukianuoii ¢pusmku, MpkyTck
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THE INSTRUMENT FOR NEUTRINO TELESCOPE NT-200+ OPTICAL PROPERTIES
OF WORKING BODY MONITORING

A.N. Dyachok, N.M. Budnev, R.R. Mirgazov, B.A. Taraschansky

OcHoBHOW 3amadeit bafikanbckoro riry0okoBogHOTO HeHTpHHHOTO Teneckoma HT-200+ sBisieTcs MTOUCK
HEUTPHHO CBEPXBBICOKHX YHEPTHH OT acTPOPH3MUSCKUX UCTOYHUKOB. Pabounm Temom HT-200+ siBrsieTcs riryOuH-
Has OalKanbCKas BOAA, B KOTOPOH pacrpoCTpaHsETCsl YePEHKOBCKOE M3ITyYEeHHE 3apsDKEHHBIX YaCTHIl KaCKaJIHBIX
JIMBHEH, POKJEHHBIX HEUTPUHO.

YCnoBuUs perucTpanyuy 4epeHKOBCKOTO CBETa 3aBUCAT OT ONTHYECKHX CBOMCTB MPHUPOJHOM BOAIBI: OT CIIEKTPOB
TIOTJIONIECHHS M PACCEsHHUS, a TaKke OT MHIUKATPUCHI PACCESHHS CBETA, KOTOPHIE IMOABEP)KEHBI BIUSHUIO ONOXUMH-
YECKHX MPOLIECCOB B 03€pe, MPOUCXOAIINX B OCHOBHOM Ha IMOBEPXHOCTHU. I3MEHEHHUS] ONTHYECKUX CBOWCTB BOJBI B
I'TyOMHHOH 30HE MOTYT NMPOUCXOIUTH B pe3yibTaTe BOJOOOMEHa, CeTUMEHTAIINH OpraHU4YecKoi B3BecH U T.1. Bpe-
MEHHOM MacmTad CYIIeCTBEHHBIX U3MEHEHUN ONTHYECKUX CBOMCTB cocTaBisieT 4—5 set. [lepuosl, korna HabmI0O-
JIaJIOCh MOBBILIEHHOE paccestHue B TITyOWHHOM 30HE, [UTMIINCH OKOJIO MOJIYroJia.

3aja4a MOHUTOPHHIA ONTHYECKUX CBOMCTB BOJHOM cpenpl HT-200+ peraercst ¢ momorupto npubopa ASP-15,
MMEIOIIETo Psii HEJOCTAaTKOB: CBETOBOHM (DOH, CO37aBaeMbIii MM TEJECKOIly, MaJloe CIEeKTpalibHOe paspemeHue. B
HOBOM pa3paboTKe MBI IONBITAIUCH YCTPAHUTh 3TH HEJOCTATKH, COXPAHHB OCHOBHBIE METO/IbI H3MEPEHHH.

Jlis u3MepeHus CreKTpa MOrJIoUIeHUs B Ka4eCTBE HCTOUHUKOB CBETa MPEATNOIIaraeTcsl UCIOIb30BaTh TPU KBa3U-
M30TPOITHBIX paccenBaTelsl, B KOTOPBIE IIOMIEPEMEHHO ITOMaIaeT CBET OT MOHOXPOMAaTopa uepe3 TpH CBEToBoa. /[Ba
W3 HUAX PacroIOKEeHBI HA MAKCUMAJIBHOM (~3 M) B MHHUMAaJIBHOM (~1 M) pacCTOSHMM OT IpHUEMHHKA, TPETHHl B pe-
KUMe KaIHNOPOBKH MMeEET BO3MOXHOCTh IEepeMelleHHus. B pexxnme M3MepeHus OH HAaXOAWTCS MEXIy MEepBBIM U
BTOPBIM H3ITydaTelleM JUIS MPOBEPKH KCIIOHEHIINAIFHOTO 3aKOHA MTOTJIOMICHHUS.

s m3MepeHus ToKaszaTesss U MHAWKATPUCHl PacCesHHS MPEAIoaraeTcsl UCIoIb30BaTh YETBEPTHIN TOUCUHBIH
paccenBaTenb, 3aTEHAEMBIN PKPAaHOM. DKpaH NepeMenaeTcs BI0JIb OCH MCTOYHHK — NMPHEMHHUK OT MCTOYHHKA JI0
MaKCHMaJIbHOTO PacCTOSHMS, PYU KOTOPOM JIMaMETp TEHH OT 3KpaHa paBeH AMaMeTpy NpHeMHHKa. B kpaiiHem mmo-
JI0)KEHHUH 3KpaH YAAISIETCsI C OCH, YTO HEOOXO MO sl aOCOIIIOTHON KaIMOPOBKH Iprdopa.
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M3menenne yria 3aTeHEHHS TOYEYHOTO W30TPOITHOIO MCTOYHHWKA CBETA IKBHBAJIEHTHO MOBOPOTY OCH Y3KOHA-
MPaBJICHHOTO MPHUEMHHKKA, puMeHsieMoro B ASP-15 st uamepenuns: nHaukarpuchl. OJTHOBPEMEHHO C 3THUM OMpe-
JIeNseTCs 30Ha BISHASA IU(PaKINK CBETa HA KpasX dKpaHa.

MoHoXpoMaTop MO3BOJIIET IDIABHO MEHSTH IJIHMHY BOJHBI H3IYYEHHA, 3TO HEOOXOIMUMO IS TIOMICKAa «TOHKOM
CTPYKTYPBI» CIIEKTPOB TOTJIOMICHHS M PACCESHUS, TSI HAXOXKICHNS KPUTEPHUEB OIICHKH XMMUYECKOTO COCTaBa BOJIHI.

The main task of Baikal deep underwater neutrino telescope NT-200+ is a searching of neutrino super high ener-
gy from astrophysical source. The working body of NT-200+ is a deep Baikal water, where the cherenkov emission
of charge particle of cascade shower, produce by neutrino is spreaded.

The condition of registration of cherenkov light are depended from optical properties of natural water: absorp-
tion, scattering spectruma, scattering phase function, which are depended from biochemical process on the lake sur-
face mainly. The variation of optical properties of deep water is due to water change, sedimentation of organic sus-
pended particles and others processes. The time scale of significant variations of optical properties is 4 — 5 years.
The periods of high scattering in deep water continues near half year.

Now the task of optical water monitoring solves by instrument ASP-15, which has some minuses: the back-
ground for telescope, the low spectral resolution and others. In last design we try to make away them, saving the
main ideas.

For absorption measurement as a source we will use tree quasi isotropic diffusers, in which the light come from
monochromator through tree optic fibers. Two of them situated on maximum (~3 m) and minimum (~1 m) distance
from receiver, third in calibration mode can move. In measure mode it stays between first and second sources, for to
check the exponent low of absorption.

For scattering coefficient and scattering phase function measurement we will use forth source, shadowed by
screen. The screen moves along source — receiver axis from source to maximum distance at which diameter of shad-
ow equal diameter of receiver. In extreme position the screen remove from axis, it is necessary for absolute calibra-
tion of device.

The variation of the shadow angle of isotropic source is equal to the rotation of narrow receiver, which use in
ASP-15 for phase function measurement. At the same time by this way the zone of influence of light diffraction on
screen edge is determined.

Monochromator allows change the wavelength of emission smoothly for to find the “fine structure” of absorp-
tion and scattering spectruma, for to find the criteria of estimation of water chemical composition.

PACYET HAKJIOHHBIX ITYUYKOB JIYUE# B 3EPKAJIbHO-JIMH30BOM TEJIECKOIIE
N.B. Epmakos

MockoBckuii rocyiapcTBeHHBIN TexHnYeckuit yHuBepcuteT uM. H.O. baymana, Mocksa
ermakov_ilia@mail.ru

SLOPING RAYS SOLUTION FOR THE MIRROR-LENS TELESCOPE

1.V. Ermakov

CTpOUTenbCTBO KPYITHBIX ONTHYECKUX TEIIECKOIIOB B HACTOAIICE BPEMs OYCHH aKTyallbHO. JIOCTaTOYHO OTMe-
TUTb, YTO B MOCIIEHUE TO/BI TIOCTPOEHA CEpusl TEIECKONOB Ha ['aBalickux ocTpoBax ¢ JUaMETPOM IJIaBHOTO 3epKa-
na 8.2 M. Heckonbko et Ha opOuTe paboTaeT aMepUKAaHCKUN TEJIECKON UMEHH acTpoHOMa XabbJia ¢ TIIaBHBIM 3e]-
KajoM 2.4 M; B HacTosIIee BpeMs pa3paboTaH MpoeKT Teneckona «EBpo-50» ¢ rmaBHEIM 3epKasioM JuaMerpoM 50 M
U WJIET €ro MHTEHCUBHOE CTPOUTENLCTBO; HaYaTa MpopaboTKa TeJecKoma ¢ a/IallTUBHBIM, IT0JICTPANBAEMbIM 3epKa-
joM auameTpoM 10 M.

Tema Moeit paboTH 3aKiFOYaIach B pacueTe KauecTBa M300pakeHUs YeThIpeX BapHAHTOB 3¢pKaTbHO-THH30BBIX
TeneckonoB. B kauecTBe 6a30Boii cucTeMbl BeIOpaHa adokanbHas nByx3epkaibHas cucrema (A/IC), 3anateHTOBaH-
Has npodeccopom JI.T. IlypsieBsm [1]. AJIC cocrout u3 cepuueckoro n achepuueckoro 3epkai. Kinaccuueckas
adokanpHas cucrema MepceHa — 3TO 3epKajibHasi CHCTEMA C JABYMs IIOBEPXHOCTSIMHM BTOPOTO MOps/Ka — rnapadosio-
unamu. B 3epkanbHON 4acTH MOEro MpoeKTa MCIOJb3YeTCs JIMIIb OJHO acepryecKkoe 3epKajo, YTO CyIIECTBEHHO
o0Jier4aeT TeXHOJIOTHUECKHH MpoLecC U3rOTOBICHMS, a TaK)Ke IOCTUPOBKY 3epkai. B pabore mcnonb3oBanach 3a-
(oxanmpHas cucTeMa, T.€. CHCTEMa, B KOTOPOH JIyd, HAYIIHH OT IJIABHOTO 3epKajia K BTOPHYHOMY, IIEpeceKaeT ONTH-
YECKYI0 OCh. BbIOpaH Takoil BapHaHT CUCTEMBI HE clTydaiiHO, @ IMEHHO 4T00BI K AJIC MOXHO OBLIO MPUCOEUHUTH
THH30BYI0 YacTh (JIU), ycraHaBmuBaeMyIo MEXIy 3epKalaMy, B INIOCKOCTH, JJIS1 KOTOPOH cedeHne KayCTHKH, 00pa-
30BaHHOE JIy4aMH OT TJIABHOTO 3epKaja, HauMeHblnee. Oomee pemenne AJIC Obl1o MONYyIeHO HA OCHOBE MPUHITUIIA
®epma ¥ 3aKITIOYAECTCSA B TOM, YTO TPH M3BECTHOH (popme omHOTrO M3 3epkai GopMa MEPHIMOHAIBHOTO MPOGUIIS
BTOPOTO MOKET OBITh OJTHO3HAYHO OMpeeieHa U3 CUCTEMBbl ypaBHeHUH, puseneHHou B [1] u [2]. AC abcomoTHO
cBoOo/iHa 0T cepruueckoil abepparun, HO HAKJIOHHBIE ITyYKH JIydel He TOMOLICHTPUYHBL. B Hacrosiiee Bpems: He
CYIIECTBYET IIPOTrPAMMBbI, PACCUMTHIBAIONIEH HAKIOHHBIC MYYKH JIydel B cucTeMax ¢ ac(epryecKUMH IOBEpXHO-
CTSMH, 33IaHHBIMU B NapameTpudeckoM Buje. Ilosromy ais aHanmm3a abeppaluii HAaKJIIOHHOTO ITy4Ka IMOJIb3YIOTCS
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OTCTYIUICHHEM OT BBIIOJHEHHs ycioBHs cuHycoB [2]. KoncTpykTuBHBIE mapaMerpsl paccunTaHHblx AJIC n ot-
CTYIUICHHS OT BBIIIOJHEHHS YCJIOBHS CHHYCOB (IS BCEX BApHAHTOB CHCTEM YIJIOBOE IapaKCHAIbHOE yBEIUYCHUE
npuHATO paBHEIM [ g = 4.4 xpar):

CucTeMsl ¢ TTIaBHBIM ac(hepHIecKUM 3ePKaJIOM U BTOPUYHBIM C(HEePUICCKIM:

d = 1500 MM, Ds = 216 MM, Dy = 846 mm, 'y, = 4.48 xpar, Agjng = 1.8 %;
d =2900 MM, D =242 MM, D = 845 MM, I'yox = 4.42 xpaT, Aginz = 0.49 %.

CHucTeMElI ¢ TIIaBHBIM C(hepHIeCKIM 3ePKAJIOM U BTOPHIHBIM ac(hepHICCKIM:

d =3000 mm, Dg = 845 MM, Dy =212 MM, [y, = 4.31 xpart, Agnz = —1.99 %;
d = 1500 mm, D = 845 MM, Ds =234 mm, 'y = 4.07 xpaT, Aging = —7.62 %.

3neck d — pacCTosHUE MEXKIY BEepIIMHAMHU 3epKai; Ds— auamerp chepudeckoro 3epkaia; Dy — auametp acdepude-
CKOTO 3€pKaJa; BEIH4INHA | ,,,x — OTHOIIEHNE MAKCHMAJBHBIX BEICOT Ha 3€pKajlax B TOUKaX OTPaKECHUS Iyda. BaxkHo
OTMETHUTH, YTO B CHCTEMaX C INIABHBIM ac()EPUUECKUM 3€pPKaJIOM MOXKHO TOJYIHTh OTCTYIJICHHE OT YCIOBHS CHHY-
COB CYILECTBEHHO MEHBIIIEE 110 a0COIIOTHON BEIMYHHE, YEM B CHCTEMaX C INIaBHBIM CEPHYECKUM 3EPKaIOM.

JIY cucrembl mpencTaBiseT coO0OH TPEXJIMH30BBIM KOMIIOHEHT, C OTBEPCTUEM B LICHTPAJIBbHOW YacTH JUISl MPO-
XOXJIEHUS JIyueil OT TIaBHOTO 3epKajla K BTOpUUYHOMY. J[MaMeTp OTBEpCTHUS ONpEeAeNseTcs] HAKJIOHHBIMU JIydaMH,
UYLIIMMU U3 Kpas 3pauka. [lapakcuansHoe dokycHoe paccrosiHue JIU cocrasisier 2283 MM, quadparMeHHOE YUCIIO
B 3aBucuMOcTH OT BapuaHta cxeMbl AJIC ot 10 mo 12, yrioBoe mone 5°. OOBEKTHB pacCUUTaH U padOTHl HA TIs-
TH JAJIMHAX BOJIH. AGeppanyy OCeBOro Imydka OTCYTCTBYIOT Ha JU(PaKIMOHHOM ypOBHE IO Becemy mnouto. uamerp
KpyXKa Dpu paBeH 12 MkM. AGeppal HaKJIOHHBIX ITyYKOB JIy4del Ha JiBa Iopsiika Oouiblie, ueM abeppanuu oce-
BOro Iydka. VX HEoOXOAMMO CKOMIIEHCHPOBATh a0eppalysiMH MPOTHUBOMOJIOKHBIMY 0 3HAKY 3€pKaIbHOM CHCTe-
MBI, 9TOOBI B TEJIECKOIE IOIyYUTh Hawiydilee kadecTBo. Pasmepsr msateH paccesHUs (Dyy,,) ¥ abeppanus koma
(Ay") nnst Haxmona W = —0.5° Ha OCHOBHOI#1 JUTHHE BOJIHBI (€) B MEPHIMOHATBHON TIOCKOCTH JUIS YETHIPEX BapHaH-
ToB JIY npuBeACHBI HIKE:

Dogrma = 545 MM, AY' = —-43.8;
D1 = 560 MxM, AY' = —46.6;
Digria = 582 Mxm, AY' = -51.3;
Digria = 606 MM, Ay' = -56.3.

IapameTpbl cXeMbl 3epKaIbHO-TUH30BOTO Teneckona cienyromue: f'o = 10046 mm, k = 11.9, 2w = 1.0°, pazmep
Kajpa paBeH 124x124 mm. AnroputM pacueTa abeppaliii HAKIIOHHBIX ITYYKOB JTY9el CIIeAyIOIIN:

1. ITocTpoeHne TpacCHpPOBKU Jydeil OT TJIABHOTO K BTOPHYHOMY 3€pKally Ha BBICOTAX Ymax U Ymin AT JIyda
w =-0.5°

2. OnpenesneHne 0CEBOr0 PACCTOSHIS MEX/Ty BTOPHUHBIM 3€pKaJIoM M MEepBOH moBepxHOCTHIO JIY.

3. CoBmetenue BoxogHoro 3payka AJIC u BxoaHoro 3pauka JIY.

4. Onpenenenune NMoJI0KEHUs anepTypHoit auadparmsr JIY.

5. IlocTpoeHue TpacCUPOBKH JIydel /111 HECKOJBbKUX 30H OT INIaBHOTO 3€pKajla K BTOPUYHOMY.

6. OnpezneneHre HAKJIOHa HOPMAH B TOYKAX OTPa)XEHUS OT BTOPOro 3epkana. B ciydae ¢ BTopu4yHBIM chepuue-
CKUM 3epKaJIOM 3ajJaya OIpeeseH s HakJoHa HOpMall O4eHb npocra. Eciin Bropoe 3epkano — acdepudeckas mo-
BEPXHOCTh, HEOOXOIMMO pelaTh YpaBHEHHE B HESBHOM BHJE, YTO YCIOXHSET 33/1a4y pacdera W yMEHBIIAeT TOY-
HOCTb JaJIbHEHIINX oneparuil.

7. IlocTpoeHue TpacCUPOBKU JIydel JJis1 HECKOJIBKUX 30H OT BTOPUYHOI'O 3epKajia K nepBoil moBepxuoctu JIY.

8. Onpenenenue ux yria HaKJIOHa U KOOpIMHAT nepecedenus ¢ JIY.

9. Pacyer kaxzoro TpaccupoBaHHoro Jyda gepes JIU no gpopmynam denepa ¢ yaeToM ero HakJIoOHa.

10. Onpenenenre KOMBI.

ITonmydens! cnenyromue 3HaueHUs abeppanyii HaKJIOHHOTO ITyYKa JIyueil Ha OCHOBHOM JUIMHE BOJHEI (€) B MEpH-
JTUOHAJIBHON TUIOCKOCTH IS YE€TBIPEX BAPHAHTOB CHUCTEM:

Dugria = 591 MrM, AY' = =56 MKM;
Digrna = 556 MM, AY' = —58 MKM;
Disrna = 490 MM, AY' = —48 MKM;
Disrna = 369 MM, AY' = —43 MKM.
Ecnu nmpoBecTH mapasiens MeXIy OTCTYIUIEHHEM 0T ycioBusa cuHycoB B AJIC n abeppanmeii koma B TeJIeCKoIe,

TO BHM/IHO, YTO JUIS YMEHBIICHHS abeppaiyu KoMa B [[Ba pa3a HEOOXOIUMO YMEHBIIUTh OTCTYIUIEHHE OT YCJIOBHUS
cunycoB B AJIC Ha 10 %.
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Big optical telescope building is very relevant problem today. It’s enough to say that the following telescopes
with the big primary mirror have been built recently: a series of the telescopes in the Hawaiian Islands with the pri-
mary mirror diameter of 8.2 meters, the Hubble telescope with the primary mirror of 2.4 meters having been work-
ing on spatial orbit for more then ten years already. By now the project “Euro-50” has been completely designed and
now is being realized. The work under the telescope with the adaptive 10 meters mirror has been begun.

The theme of my work is concerns the image quality estimation for the four variants of the mirror-lens telescope.
The telescope based on the afocal two-mirror system, patented by professor Daniil T. Puryayev. It consists of spher-
ical and aspherical mirrors. Classical Mersen’s afocal system contains two reflecting second-order (paraboloid) sur-
faces. In the mirror part of our system only one aspherical mirror is used, therefore its production process and the
whole system adjustment are much easier. In the mirror system, which has been chosen as a basis the rays cross op-
tical axis after the primary mirror. This variant has been specially chosen to provide ray passing through the axial
hole lens part, which is located between two mirrors of the afocal system. The fundamental equation of the two-
mirror system was obtained by professor Daniil T. Puryayev on Ferma’s principle. If the either of mirrors is known,
then another can be exactly defined using the equations [1]. The mirror part is absolutely free from spherical aberra-
tion, but the sloping rays aberrations are not corrected. There is no computer program tracing the sloping rays in
systems including surfaces described by parametric equations nowadays. Therefore the offence against the sine con-
dition (OSC) is used to analyze sloping rays aberrations [2]. Parameters of the designed mirror systems and the OSC
are following (the paraxial magnification is equal 4.4 for all variants):

Systems with the aspherical primary mirror:

d = 1500 mm, Ds = 216 mm, D, = 846 mm, I',,.x = 4.48, OSC; = 1.8 %
d =2900 mm, Ds = 242 mm, D, = 845 mm, I',.x = 4.42, OSC, = 0.49 %

Systems with the spherical primary mirror:

d = 3000 mm, Dy = 845 mm, D, =212 mm, T, = 4.31, OSC3 =-1.99 %
d = 1500 mm, Dy = 845 mm, D, =234 mm, I, = 4.07, OSC, = -7.62 %

Where d is the distance between the mirrors, Dy is the spherical mirror diameter, D, is the aspherical mirror di-
ameter, T',., iS the maximum heights on mirrors ratio in beam reflection points. It is important to mark that the sys-
tems with aspherical primary mirror have OSC much lower then in case those with spherical primary mirror.

Lens part is a three-lens component with axial hole to pass beams coming from the primary mirror. Diameter of
the hole is defined by sloping rays, following from the pupil edge. Paraxial focal length is 2283 mm, /Dy ratio
is 10...12 (depends on the afocal system scheme variant), field is 5 degrees. The lens part was designed for 5 wave-
length (e, F*, C’, F, C). For the axial bundle lens part has diffraction-limited image quality. Airy disk has the diame-
ter of 1.2E-02 mm. But sloping rays aberrations are double-order greater. To obtain the whole telescope of good
quality it’s necessary to compensate them by means of the afocal system aberrations. The spot size (Dgpor) and the
coma (Ay") in tangential plane for the slope w = —-0.5° at e-wavelength for the four variants are following:

Dgpot = 545E-03 mm, Ay' = -43,8E-04 mm
Dgpot = 560E-03 mm, Ay' = -46,6E-04 mm
Dgpot = 582E-03 mm, Ay' = -51,3E-04 mm
Dgpot = 606E-03 mm, Ay' = -56,3E-04 mm

Parameters of the telescope are following: £’ = 10046 mm, £*¢/Dypi = 11.9, 2w = 1.0 degree, image frame size is
124x124 mm. Sloping rays aberrations (tangential plane) counting algorithm includes the following operations:

1. The ray from the primary to secondary mirror tracing (maximum Y . and minimum Y .., heights for the slope
w =-0.5°).

2. Distance between the secondary mirror and the first lens surface apexes definition.

3. Making the afocal system exit pupil and the lens part entrance pupil coincide.

4. The definition of the lens part aperture diaphragm position.

5. The ray from the primary to the secondary mirror tracing at the several zones for the slope w = -0.5 degree.

6. Perpendiculars slope with regard to the secondary mirror in reflection points definition. The definition task is
very easy in case of the secondary spherical mirror. However, if the secondary mirror is aspherical surface, it’s nec-
essary to solve implicit equation. This variant is more difficult and the precision of method is lower.

7. The ray from the secondary mirror to the lens first surface tracing at the several zones.

8. Later rays slope and their coordinates on the lens first surface definition.

9. These rays tracing through the lens part with regard to their slopes.

10. Coma definition.

The following slope rays aberrations in tangential plane at the e-wavelength were obtained for the four variants:

Doarma = D91E-03 mm, Ay' = -56E-04 mm
D1smma = D56E-03 mm, Ay' = -58E-04 mm
Dramma = 490E-03 mm, Ay' = —48E-04 mm
Dmma = 369E-03 mm, Ay' = —43E-04 mm
Comparison the OSC of the mirror part and the coma aberration whole telescope in the first and in the fourth vari-
ant makes it obvious that to reduce coma in double value it's necessary to reduce OSC of the afocal system by 10 %.
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M3YYEHMUE 3APAKEHHOW KOMIIOHEHTHI KOCMAUYECKHUX JIYYEN C TOMOIIBIO
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THE STUDY CHARGED COMPONENTS OF COSMIC RAYS BY MEANS OF WATER CHEREN-
KOV DETECTOR OF AN TUNKA INSTALLATION

O.A. Gress, A.V. Zagorodnikov

HHTepec k mccaenoBaHuio MUpokuX arMochepHbix guBHer (LLIAJ) ¢ moMoIipio METOIUKK PEerUCTPalliy BCIIbI-
IIEK YePEHKOBCKOT'O CBETA B YCJIOBHAX CBEUYCHHMSI HOYHOT'O 3BE3THOTO HeOa CBsI3aH C JOCTHI'HYTBIMH pE3yJIbTaTaMH B
W3YYEHHH TIEPBUYHOTO YHEPIEeTHYECKOTO CIEKTpa M SAEPHOTO COCTaBa KOCMUYECKOTO M3IydeHHs. Llenpro mmpoko-
YTOJBHOM aTMOC(epHOH YepeHKOBCKONW ycTaHOBKH «TyHKa-25» ¢ 2000 T. sBisieTcs M3y4eHHe KaK YHEePreTHIECKOro
CIIEKTpa ¥ SIEPHOTO COCTABA MIEPBHYHON0 KOCMHUUECKOT0 H3Ty4eHHs B auamasone 3-10™*-10" 5B, tak u mapameTpos u
xapaktepuctuk camux LAJL. YcranoBka «TyHka-25» pacnomoxeHa B TyHkuHCKOH nommHe BOMM3HM moc. Topsl
(A=103.04° E, ¢=51.49° N, h=952 r/cM?) Ha BbIcOTE 680 M Haj YPOBHEM MOPS.

Jln1s IOBBIIEHNST TOYHOCTH OIIPENICNICHUSI TIEPBUYHON 3HEPTHH MCHOJIB3YETCS] PETHCTPALST BBICOTHI 3apOsKIACHUS
ITAJI mo AMMTENPHOCTH HMITYJIbCa YEPEHKOBCKOTO CBETa aTMOC()EPHOro JMBHS Ha IOMOJHUTENBHBIX IETEKTOpax
(opmbl nmIynbca. JlanpHelnee TOBBIMICHHE HHPOPMATHBHOCTH M TOYHOCTH OMPEIEICHHUS ITapaMeTPOB IIEPBHIHOTO
KOCMHYECKOTO H3ITydEeHHsS BO3MOXHO MPH PA3ENbHON PErHCTpaliiy 3JIEKTPOHHO-MIOOHHOH KOMITOHEHTHL. C 3TOi
LeNbI0 [UTAHUPYETCS BBECTH B COCTaB YCTAHOBKM JETEKTOP PETHCTPAIMU 3apsDKEHHOW KOMIIOHEHTHI Pa3JeNIbHO IO
AJIEKTPOHAM M MIOOHAM, COCTOSIIIMI U3 IBYX BOJHBIX 0aKOB OOJIBILION TUIOIIA/H, PACTIONIOKEHHBIX OJIUH HaJl IPYTHM.

C ocenu 2004 r. B coctaBe yCTaHOBKH (DyHKIJMOHUPYET NEPBbIH BOJAHBINA YePEHKOBCKHIA AeTeKTOp «BOoHBINA OaK».
DTOT JIeTeKTOp MpeAcTaBisieT co0oit bacceitH ¢ uucToil Bomoi nuamerpom 3.5 M u BbicoToit 0.8 M, 00beM KOTOpOTro
npocmaTpuBatoT detbipe DIY. Jlerexrop «Boanblii 6ak» 3arimyOsieH B IPYHT Ha 2 M AJs OCNaOJeHUS SJIEKTPOHHON
komnoHeHTh! LITAJI 1 pacnosnoxen B 96.6 M oT ieHTpa ycTaHOBKH «TyHKa-25».

C nexadpst 2004 r. o ¢eBpans 2005 r. ObUIH IPOBENCHBI IKCIICPUMEHTAIBHBIC UCCIICIOBAHIS XapaKTEPUCTHK de-
PEHKOBCKOTO feTekropa «Bomubrii 6ak». Hax GaccelftHoM ObUT pacTioosKeH MIOOHHBIH TEJIECKOI U3 ABYX CLIMHTHILIS-
IIMOHHBIX CUCTYHMKOB JUISl BBIACICHHS MPOXOIIIMX KOCMUYECKHX MIOOHOB B TesiecHOM yrie 0.4 cp M Ui aMIUIATYA-
HOH KannOpoBKH (POTOYMHOXKHTENICH BOJHOTO YEPEHKOBCKOTO AETEKTOpAa. DJIEKTPOHHKA YCTAHOBKH JUIS KaXKIOTO
DDV cocrosma u3 yemwmutens, Gopmuposarens co ciemsmuM noporoM (PCII) u cyerdynka uMITyrbcoB. CHTHAIBL C
OCII nogaBanuck Ha cxemy 6-kpatHbx cornageHuii (CC) ¢ paspematommm BpemeHneMm 1 mxc. Tpurrep CC siBisiicst
MPU3HAKOM «COOBITH». [Ipn HamMuMK COOBITHS MPOM3BOAMIACH KOJUPOBKA aMIUTUTY]] UMITYJIECOB CUT'HAJIOB C TIOMO-
b0 3apsao-mudposoro mpeobdpazopatens (3LI1). Dnexkrponuka BeimosHeHa B cranaapte moayneit KAMAK u pa6o-
TaJia 1moJi yIpaBJieHUEM MepCoOHaIbHOro KoMibiotepa IBM PCI-486.

Meroauka U3MepeHHH 3aKII09anach B PErUCTPaluy aMIUTUTY A UMITYJIbCOB CUT'HAJIOB Bcex DIV netextopa «Boa-
HBIiT GaKky» PH cpabaTHIBAHMH MIOOHHOTO TENECKONa. B Xo/e sKcrepuMenTa Beero GbiIo 3aperncTpupoBano 1.46-10°
coObITH 32 229 4y HaOmoaeHui. OleHKa aMILIUTYIHOTO OTKJIMKA JieTeKTopa «BoiHbIi 6ak» Mpou3BOHiIach OTHOCH-
TEJILHO aMIUTUTYHOTO CIIEKTPa MIOOHHOTO TEJIECKOTIa, 00YCIIOBIEHHOTO ITPOX0XKAEHHEM KOCMUYECKHX MIOOHOB.

Interest in the Extensive Atmospheric Showers study (EAS) by means of strategies of registrations of flashes of
cherenkov light in conditions of phosphorescence of the night star sky is connected with reached by results in study-
ing a primary energy spectrum and nucleus composition of cosmic radiation. Take aim a wide-angle atmospheric
cherenkov TUNKA-25 installation from 2000 year is a study as an energy spectrum and nucleus composition of
primary cosmic radiation within the range of 3-10*-10"" eV, so and parameters and features EAS themselves.
TUNKA-25 installation situated in Tunka valley near village Tory (A=103.04° E, ¢=51.49° N, h=952 g/cm?) on the
height 680 m at the sea level.

For raising accuracy of determination of primary energy is used the registration of height of EAS generation on
duration of cherenkov pulse of light of atmospheric shower on additional detectors of the pulse shape. The most
further information increasing and accuracy of the parameters determination of primary cosmic radiation are possi-
ble under separated registrations of the electronic-muon components. It is for this purpose planned to carry in the
composition of installation a detector for registration charged components on electrons separately and muon sepa-
rately, costanding from two water tanks of big area, situated one on the others.

After 2004 autumn the first water cherenkov detector — "Water tank' is working in the composition of installation.
This detector presents from itself pool with clean water by the diameter 3.5 m and height 0.8 m, which volume ex-
amine 4 PMTs. 'Water tank' detector is at the depth of 2 m for the weakening electronic components of EAS and
situated in 96.6 metres from the centre of TUNKA-25 installation.

From the 2004 December to 2005 February there were conducted experimental reseaches of cherenkov “Water
Tank”. Muon telescope was situated above the pool consisting from two scintillation counters for the separation the
passing cosmic muons by solid angle 0.4 ster and for amplitude calibration of photomultipliers of water Cherenkov
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detector. Electronics of installation for each PMT consisted of the amplifier, constant fraction discriminators (CFD)
and scalers. Signals from CFD were served to the 6-fold coincidence circuit (TT) with 1 mks strobe time.

CC trigger was shown the sign as 'events'. Coding of amplitudes of pulses of signals was produced at presence of
event by means of charge-digital converter (CDC). Electronics is executed by the CAMAC standard and run under
the IBM PCI-486 personal computer.

Method of the measurements was concluded in registrations of pulses amplitudes of signals from all PMT for
'Water tank' detector when muon telescope operating. In the course of the experiment the 1.46-10° events for 229
hours of observations was registrated.

Amplitude response estimation of “Water tank™ detector was produced for muon telescope amplitude spectrum,
as cosmic muons passing.

YUCJIEHHOE MOJEJIMPOBAHUE PACITPOCTPAHEHUSA
3BYKOBBIX BOJIH B O3EPE BAHKAJI

A.T'. Yencknii, I'.C. Kopendaut

HpkyTckuii rocyjapcTBEHHBIN YHUBEPCUTET, IpKyTCK
korenb@ortel.ru

NUMERICAL MODELING OF SPREADING THE SOUND WAVES IN THE LAKE BAIKAL
A.G. Chensky, G.S. Korenblit

Ha ocHoBe MaccuBa 3KCIIEpUMEHTAIbHBIX JAHHBIX MO JaBJICHHUIO, TEMIIEpaType U COJICHOCTH BOJBI B 03epe baii-
KaJl MPOBEICHO YHCICHHOE MOJICIMPOBAHKE PACTIPOCTPAHCHHS 3BYKOBBIX BOJH. [Ipodunu 6putn u3mepensr CTD-30H-
oM SB-25. TlorpemHocTs u3Mepenus remmepaTtypsl He 6onee 0.002°. Conerocts o3epa 0.1 Kr/m, ©3MEHEHUS coJie-
HOCTH 10 ITyOMHaM o3epa He mpeBsimaeT 20 %, Mo3ToMy BIMSHHE ITOH COCTABIAIOIIEH Ha BEJIMYUHY CKOPOCTH
3ByKa IPAKTUUECKH OYEHb MaJjlo. [ TaBHasi IpUYMHA U3MEHUYNBOCTH NPodueii CKOpOCTH 3ByKa B 03epe — ITO CE30H-
HbIC N3MECHEHHS TEMIIECPATYPHI.

ITo popmymne Yena—Muepo [1] BoccTaHOBIIEHa 3aBUCHMOCTh CKOPOCTH 3BYKa OT TIIyOHWHEL. B 3uMHUIT epuos
HETIPEPHIBHO yBEIMYMBAIOMIAsICA C TIIyOMHOM CKOPOCTh 3BYyKa MPUBOAMT K 0OPa30BaHMIO IIPHIIOBEPXHOCTHOTO 3BY-
KOBOTO KaHana. B aBrycre—ceHT0pe BepTHKAJILHOE PACHPEACICHHE CKOPOCTH 3ByKa COOTBETCTBYET aCHMMETPHY-
HOMY, PacIoOJIOXKEHHOMY Om3K0 K moBepxHOCTH (50—70 M) MogBOAHOMY 3ByKOBOMY KaHAIy.

CIIUCOK JINTEPATYPbI

1. Chen C-T.A., Millero F.J. Precise thermodynamic properties for natural waters covering only limnological range // Lim-
nol.Oceanogr. 1986. 31(3). P. 657-662.

A numerical modeling of spreading the sound waves in the lake Baikal is presented on the base of experimental
date array about the water temperature, pressure and saltiness. The profiles were measured by CTD probe SB-25.
The inaccuracy of temperature measurement is no more than 0.002 degree. The saltiness of the lake water is 0.1 kg/I
with deviation on depths does not exceed 20 %. So, the influence of this parameter on the value of sound velocity is
practically very small. The main reason of sound velocity profile’s variability in the lake is the seasonal changing a
temperature.

On use of the Chen-Millero formula [1] the dependency of sound velocity on the depth is restored. The continu-
ously increasing with depth sound velocity at a winter period leads to formation of the near to surface underwater
sound channel. The vertical sound velocity distribution in the august—september corresponds to asymmetric under-
water sound channel very close to surface (50—70 m).

D®OPMHUPOBAHUSA KOMBUHAIIMOHHOI'O PACCEAHNSA B HEU3OTEPMHUYECKUX
ATMOC®EPAX HEIITYHA U YPAHA
H.M. Kocrorpsi3

I'maBHast actporommueckas obcepBaropust HAH Vikpannusl, Kues
kosn@mao.kiev.ua

THE FORMING RAMAN SCATTERING IN NON ISOTHERMIC ATMOSPHERES
OF URANUS AND NEPTUNE

N.M. Kostogryz
KomOunHanonHoe, Wiy paMaHOBCKOE paccestHne cBera 3(pQeKTHBHO HCHOIb30BaTh Ul W3yYEHUS! CTPYKTYPEI

MOJICKYJI, TIPH aHaIu3e aTMOC(HEPHBIX Ta30B MyTEM OTMpeEeNICHUsT KOJIeOATeNbHBIX HIIM BPAIIaTENIbHBIX CHEKTPOB
Mouiekya. B ynerpaduoneroBom (Y®) ydacTke crieKTpa TUIaHET-THTAHTOB, MOJYUYEHHOM JIaXKe ¢ HU3KHM pa3perie-
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HHMEeM, HAOJIONAI0TCs JeTaay KOMOMHAIIMOHHOTO paccestHus. [10CKONIbKY MPUYMHON STOTO SABISETCS paccesiHue Ha
MOJICKYJIaX BOJOPOZA, TO HHTEHCUBHOCTD JleTallel KOMOMHAIIMOHHOTO paccesiHus OyAeT YMEHbBIIATHCS C YMEHbLIe-
HHEM OTHOCHTEJIBHOI KOHIIGHTPAIMH BOAOPOJA MO0 C yBEIWYCHHUEM 3HAYCHHS adpO30JIbHOW COCTABISIOIICH aT-
Mocdepsl. HecoMHeHHO, TOsIBIICHIE KOMOMHAIIMOHHOTO PacCesTHUS IPUBOIUT K M3MEHEHUSAM JIL0SI0 OJHOKPATHO-
IO paccesHus aTMOC(HEPHBIX COCTABIIIIOLINX.

PamanoBckoe paccestHue paccMoTpeHo MoposkeHkoM (1997) mns cinydas m30TepMUYECKHX atMocdep IUaHeT-
THT'aHTOB.

VYuer addexra KOMOMHAITMOHHOTO paccesHUs AeNaics Ha OCHOBe aHaiu3a MoaudunupoBanHoro Jx. [Tomnakom
BBIPQKSHUS AU alib0e10 OXHOKPATHOTO PACCESHUS (O, IMEFOLIET0 BUL

S + O, +ZGR[/XOJ TR Ta +ZTR[%OJ )

or +OC, —l—G—l—EGR Tg + T, + T, —l—E'cR

o =

rae oy (TR)— yCpeaHEHHbIE MO Y4y 3peHust 00beMHbIe KOd(P(HUINEHThI (ONTHYECKHE ITyOUHbI) KOMOMHAIIHOHHOTO
paccesHus MOJIEKy/lamu; f, — MHTEHCHBHOCTH CONHEYHOrO M3Ty4eHHs Ha JUIMHAX BOJIH A; Aj — JUIMHA BOJHBI, C

KOTOPO#l COOTBETCTBYIOIIMMHE IIEPEXOJaMH B MPOLECCe KOMOMHAMOHHOTO PACCEsHUSI CBETOBOM (POTOH mepeHeceH
Ha JUTHHY BOJIHBI Ag.

Ecnu y4ects, 4T0 HE0OX0qMMasi TOYHOCTh y4eTa KOMOMHAIIMOHHOTO PACCESHUSI JOCTHIASTCS [IPH YIETE TOIBKO
crokcoBbIXx BpamarenbHbIX S(0), O(2), S(1) n xomebaremprHoro Q,(1) mepexooB M YTO peanbHBIC aTMOC(HEpPE

TUIAHET-TUTAHTOB SIBIISIIOTCS BOJOPOIHO-TEIMEBBIMU, TO COOTBETCTBYIOIIME CYMMBI BhIpaskeHus (1) 3amuchIBalOTCs B
BUJIC

A=0.85-(NyTy o) + N, To) + NiToy +Tgy 1) )/ Trs )

D'=1+0.85-[((NgTs0) + NyToez)) Fy, + Notory Fi, + 10,09 1)/ T, TR1- (3

Bo Bcex pabotax, rjie aHaJM3MPOBAINCH JaHHBIE 00 WHTEHCHBHOCTH JieTanell KOMOMHAIIMOHHOTO PACCEsHUs,
paccMmarpuBaiack MOJEIb H30TEPMUUECKON aTMoc(ephl, TOrJa Kak peajbHble aTMOC(hEphI IIaHET-THTIAHTOB Xapak-
TEPU3YIOTCS JOBOJIBHO CIIOKHBIMU TEMIIEPATYPHBIMHU ITPOQHISIMH.

Llenbro HacTOsIIEH PabOTHI SBISETCS HA MpUMeEpe TeMieparypHoro npoguis B atmocdepax HentyHna n Ypana
paccMOTpETh:!

1) m3meHeHne 3PPeKTOB KOMOMHAIIMOHHOTO PAacCesTHUS B 3aBUCHMOCTH OT () (eKTUBHOH rTyOuHBI (popMupoBa-
HUSI THTCHCUBHOCTH (P (y3HO OTPaskeHHOTO M3ITYICHHUS;

2) BIMSHHE HEydYeTa peaJbHOr0 TeMIepaTypHoro npodmis Ha onpenessieMble 3HAYeHHS OTHOLICHUH
To/Tri T /T M T/ Ts -

MopenbHble pacueThl BIMSHUS HEN30TEPMUYHOCTH aTMoc(ep rianeT YpaHa u HentyHa Ha MHTEHCHUBHOCTD Jie-
Tanel KOMOMHAIIMOHHOTO PAaCCEeSTHUS B MX CIIEKTPax MOKa3ald, YTO B ONTHYECKH OJHOPOTHON HEH30TEPMHUYECKON
aTMoc(epe MHTEHCHBHOCTh KOMOMHAIIMOHHOTO PacCestHNS 3aBHCUT OT ITyOMHBI ypoBHS ero ¢opmupoBanus. [Tomy-
YeH BBIBOJ], YTO HEYUYET PEabHBIX TeMIepaTypHbIX Mpoduield IpH MOJEIBHBIX pacdeTax NMPHUBOJUT K 3HAYUTEIb-
HBIM (10 70 % nust HenTyHa) OTpenIHOCTSIM OIIpeAeIIeMbIX 3HAUSHNH ONTHYECKHUX MTapaMeTpoB aTMOC(EpEI.

IIpu pacuerax ucnonb3oBaics crnektp CoiHLA AJis NOJHOrO AMCKAa B MHTepBajie MMH BojaH 320400 HM c pa3-
pemenneM 0.0005 HM, a Takke CTaHAAPTHHIC TEMIlEpaTypHbIE MPOQIIN IUIaHEeT-TUTaHTOB COJIHEYHOW CHCTEMBI,
TIOJTyYCHHBIE C TIOMOIIIBI0 KOCMHYECKHUX aIaparoB.

Raman scattering of light efficiently use for structure of molecules study, when we analysis atmospheric gases
by determination of vibration and rotation molecular spectra. Raman scattering is observing in the UV spectrum of
giant planets even with low (1nm) resolution. Since it condition is scattering on the hydrogen molecules that, it is
obviously, the intensity of Raman scattering details are lesser when the relative hydrogen concentration is lesser and
when the role of aerosol constituent of atmosphere is increaser. Undoubtedly, the appearance of Raman scattering
will lead to changing the single-scattering albedo.

Raman scattering in the isothermic giant planet atmospheres were considered by Morozhenko (1997).

Taking into account of the effect of the Raman scattering was done on base of the analysis modified by J.B. Pol-
lack expressions for single-scattering albedo , being of the form of

cneEa(f) e Ea(B)

w =
or +OC, —l—G—l—EGR Tg + T, + T, —l—E'cR

where 1}, — averaged of the linesight the optical depths of the Raman scattering molecule; f,, — the intensities of

Sun radiation on the wavelengths A, A; — the wavelength from which corresponding to transition in process of the
Raman scattering light photon is carried on wavelength ;.
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If take into account that necessary accuracy of the account of the Raman scattering is reached at account only
Stocks rotation S(0),0(2),S(1) and vibration Q,(1) transition and since real atmosphere of the planets-giant are

hydrogen-helium (with relative concentration these gas approximately 0.85 and 0.15, accordingly), that correspond-
ing to amounts of the expression (1) written in the manner of

A=0.85*(NqTyq) + Ny + NyTo) +To,) )/ T )

D'=1+ 0.85*[((N0‘cs(0) + NzTo(Z)) fx1 + Nty sz + T fx3)/ foTR]a 3)

In all works with analysis data about intensities of the details of the Raman scattering was considered model iso-
thermal atmosphere then real atmosphere of the planets-giant are characterized rather complex temperature profile.

The purposes of persisting report are on example of the temperature profile in atmosphere of the Neptune and
Uranus consider:

1. The effect of changing of Raman scattering depending on efficient depth of the shaping to intensities diffuse
reflected radiations;

2. The Influence failure to take account of real temperature profile on definied values of the rela-
tions t, /1,7, /T and Tt /15 .

We were computed the influence of non-isothermic atmosphere to intensity of Raman Scattering details in the
Uranus and Neptune atmosphere. There were shown that the intensity of Raman scattering will depend on the depth
of they forming level in the optical homogeneous non-isothermic atmosphere and that the mistakes will be large
when we don’t take into account real temperature profile in the upper levels of atmosphere.

Sun spectrum in the interval of wavelengths 320-400 nm with resolution 0.004 A was taking. Standard tempera-
ture profile of Neptune atmosphere was obtained from the observation data at space vehicle.

I'EHEPAIIUSA IMOHOB B AIPOHHBIX KACKAJAX, MTHUITUUPYEMBIX
KOCMMYECKHAMH JTYYAMM BBICOKAX JHEPTUI B ATMOC®EPE 3EMJIN

‘ALA. Kouanos, 2T.C. CuHerosckas, 'C.H. Cuneropckmii

1I/IpKyTCKI/H‘/'I rOCYAapCTBEHHBI YHUBEPCUTET;
2I/IpKyTCKI/H‘/’I TOCYAapCTBEHHBIH YHUBEPCUTET MyTel coodenus, VipkyTck
kochanov@api.isu.ru

PION PRODUCTION IN HADRON CASCADES, INITIATED BY HIGH-ENERGY
COSMIC RAYS IN THE EARTH ATMOSPHERE

A A. Kochanov, *T.S. Sinegovskaya, *S.1. Sinegovsky

Bo B3anMoneiCTBUAX KOCMUYECKHUX JIydeil ¢ aTMocdepoil 3eMin reHepupyIoTCs TIOTOKH BTOPHYHBIX HYKJIOHOB,
a TaK)Ke HeCTaOMIBHBIX YaCTHIl, TAKUX KaK ITMOHBI, KAOHBI M OYapOBaHHBIE a/[pOHBI, B Paclafax KOTOPBIX POXKAAIOT-
csl HEUTPHHO M MIOOHBI. CpaBHEHHE H3MEPAEMbIX XapaKTEPUCTHK IIOTOKOB aTMOC(EPHBIX MIOOHOB C pacCUUTAHHBI-
MH JIa€T BO3MOXKHOCTH MCCIIC/IOBATh MTAPAMETPHI MEPBUYHBIX KOCMUYECKHUX JIydell (CIEeKTp, XMMHUUECKHH COCTaB) U
YTOUHSATH MOJIETH SJAEPHOTO Kackana B arMocdepe. OTAeNbHON M Ba)KHOW 3amadeil sIBISIETCSl pacyeT CHEKTPOB U
YIJIOBBIX pacrpezeeHuil aTMochepHbIX HEUTPHHO.

Lenbto nanHoi paboTsl sBIIsieTCs pacueT AudGepeHInaIbHbIX YHEPreTHYECKUX CIIEKTPOB TMOHOB ITPU SHEPTHAX
Bbiie | I'3B. OCHOBHBIM KaHANIOM I'€HEpalUd MHOHOB B aTMOC(epe SBISIOTCS B3aUMOJICHCTBUS HYKJIOHOB M ITHO-
HOB C AJpaMH aTOMOB BO37yXa M paclajabl KaoHOB. B pamxax Moxenu simepHoro kackama [1, 2] (mpubmxenue
«IPSIMO—BIIEPE», IIPEeHEOPEIKEHNE TeOMAarHUTHBIMH 3 deKkTaMu U MOTepsSIMH SHEPTHU B 3JICKTPOMArHUTHBIX B3aH-
MOJICUCTBHUSX) CUCTEMa ypaBHEHHH IIEpEeHOCca MHOHOB B aTMOC(Epe € YUETOM MPOLIECCOB pereHepaluy 1 Heynpyroi
nepe3apsiKi MMOHOB UMEET BUJ

ani(E, h, 9) __T[Zi(E’ h’ 9)_mnTCi(E, h, 9) " N
oh  A(E) pt_p(h, 0) +ZGM¢(E, h)+;GKni(E, h), 1)

e i=p, n, n, K, K’ K®; K=K*, K2, Kg; A ,— cpenHuil npoOer NuoHa 10 HEYNPYroro B3auMoAeicTBUA
B BO3IyXe, a M_, T, E U P — ero macca, BpeMs XH3HH, SHEPIUsI ¥ UMITyJIbC COOTBeTCTBeHHO; p(h, 0) — mwior-
HOCThH BO3/yxa Ha riryOuue h Bmoib HampaBieHus O (yroa O OTCUHTHIBAETCS OT BEPTUKAIH, MPOBEICHHON uepes
TOYKY MEPECCUCHHUs MPOJOJIKCHUS TPACKTOPUU YAaCTHIBI ¢ MOBEPXHOCTHIO 3eMJIH); Gii:tt(E, h) u Gie;(E, h) —
dyHKIMY reHepamiy MMoHOB YacTuiaMu | 1 K B mporecce B3aMMOEHCTBHIL C SAPaMH BO3IyXa H B pacragax Kao-

HOB. Bkylaj B NMOHHYIO KOMIIOHEHTY OT KAOHOB MaJl, MO3TOMY €r0 MOXKHO Y4eCTh B KauecTBE MONpPaBKU. Pemenue
cucremsl (1) C rpanndHbIMU yenoBusiMu 1 (E, h=0, ) =0 py OTCYTCTBUHM KAOHHOTO UCTOYHHKA ITMOHOB HILEM B

size 7t (E, h, 0) = %[H*(E, h, O)IT°(E. h, 6)].
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YuuTHIBasg N30TOMHYECKYI0O CHMMETPHIO Tt — B3aMMOACHCTBHM 1 TIpeHeOperas pacragaMi KAOHOB H POXKICHUEM

IMOHOB B IIpolieccax Biaumoneiicteus K* +A— 7° + X, npuxoauM K cieiylollel cucTeMe ypaBHEHHU s

Gynxuuit IT°(E, h, 0):
OIT*(E, h, ) TT*(E, h, ) m.IT°(E, h, 0)

1
+Gi(E, )+ —— [®%(E, %) TT*(E/x, h, )%,
X

oh )\‘n(E) meD(/’l, 6) A’n(E) o
e Gy (E, h)= Y G (E, hy+ Y G"(E, h), o
i=p.n i=p,n
d +_+ E,E . d . E’E
L (E ) = L - e aa L
csnA(E) d E d E .

Kak u B ciydae ¢ HyKJIIOHaMH, pelieHHe ypaBHEeHUi (2) OyaeM UcKaTh METOJ0M, H3JI0kKeHHbIM B [1, 2]. OcHOB-
Has Wjesi MeTo/a 3aKJIIoYaeTcs B CBeJeHHU HMHTerpoauddepeHnnanbHpIX ypaBHEHUH NepeHoca K HEeJIMHEHHOMY
MHTETPpaJIbHOMY YPaBHEHUIO, coepkamieMy Z-(hakTop — BEIWYMHY, HETIOCPEICTBEHHO CBSI3aHHYIO C 3((EeKTUBHBI-
MU npoOeramu norsomeHus. [1o3ToMy BBeeM BETHIHHBI

1
Z:(E, h, 0)=(IT*(E, h, 0)) " [@% (E, %) TT*(E/x, h, e)%, @3)

TOr/Ia ypaBHEeHUs (2) MOXHO 3amucaTh B cienyromieii gpopme:

OIT(E, h, ) IT*(E, h, ) m.IT*(E, h, 6) 1

+ Gy, (E, h)+7L B Z_ (E, h, 8) II°(E, h, 0). (4)

oh A (E) pt.p(h, 0) i
dopmanbHOE pelieHe ypaBHeHUH (4) JaeTcst HHTerpajoM
h h .
+ . 1-z_ (E, h", 0) m
IT°(E, h, )=|d h" G.(E, hyexp| — dh”( = + T j . (5)
{ ) I L(E)  prp(h', 0)

Kak 1 B ciydae HyKJIOHHON KOMIIOHEHTBI aIpOHHOIO Kackaja [2], pelaeM CUCTEMY Ul MMOHOB UTEPALlMOHHBIM
METOJIOM C HYJIEBBIM NPHOIHKEHUEM Z;SO)(E, h)=0. B mepBoM mpHOIIKEHHH UCTOYHHKOM MHOHOB SIBISFOTCS

HYKJIOHBI, a TTPOIIECCHI PereHepanuy 1 Mepe3apsaaKd IMHMOHOB HE YYUTHIBAIOTCS; Toraa nuddepeHnnanbHbIi Hepre-
THYECKH CIIEKTp IIMOHOB Ha IiyOuHe h B aTMOcdepe B HanpaBlIeHUH C 3¢HUTHBIM YoM 0 paBeH

B p 1 m
+(1) _ + _ 2 b
T (E, h, 9)_‘([dt G;.(E, t)exp{ !dh (M(E)+ — G)H, (6)

I Y(E/x, h, 0)
XITO(E, h, 0)

B cnenyromux npuONMKEHUSIX B KauyecTBE MCTOYHHMKA BKIIIOYAIOTCS MPOLECCHl PEreHEepald M Iepe3apsiIKu.
1 n-ro npuOIKeHUS UMeeM:

" h _ 7% "
Hi(n)(E, h, e):J'dh'GEn(E, h’)exp|:—jdh"(1 Z.,. "(E, h" 9)+ m, j:|, (8)
0 "

- ()

1
ZO(E, h, 0)=[@r (E, ) mP(E, x, h, 0)dx,  m:P(E, x, h, 6)=
0

A.(E) pt.p(h", 6)

IT*™(E/x, h, 0)

X2IT*™(E, h, 0)
TTony4eHHble TAKUM 00Pa30M CIIEKTPBI TMOHOB SIBJISIFOTCS TIEPBBIM IIArOM B pacdere (pyHKIHN reHepaIuu aTMo-

c(hepHBIX MIOOHOB M HEHTpHHO. CIeIyIomuM MaroM JOJDKEH CTaTh pacdeT CIIEKTPOB aTMOC(EPHBIX KAOHOB U TH-

KEJIBIX KOPOTKOXKHUBYIIIUX OYaAPOBAHHBIX aPOHOB, KOTOPHIC IIPU BBHICOKUX W OY€HB BBICOKHX DHEPTHUAX CTAHOBATCA
JOMHUHHPYIOIUMHU UCTOYHUKAMU MIOOHOB 1 HeﬁTpHHO.

1
ZAP(E, h, 0)=[@;.(E, x) n:"(E, x, h, 0)dx, ni"(E, x, h, 0)= (9)
0

CIIHCOK JINTEPATYPbI
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During the process of interaction of cosmic rays with the Earth’s atmosphere the fluxes of secondary nucleons,
unstable particles like pions, kaons and charmed hadrons are generated. A comparison between observations and
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calculations a way of testing the inputs of nuclear cascade models and can furnish valuable information about prima-
ry cosmic radiation and about the interactions of hadrons and nucleus at high energies.

The purpose is the calculation of pion differential energy spectra at energy above 1 GeV. The main channel of
generation of pions at the atmosphere are interactions of nucleons and pions with nucleus and kaon decays. On the
basis of nuclear-cascade model [1-2], one-dimensional approximation, in the absence of geomagnetic effects, the

problem of calculating the differential energy spectra of pions ©*(E, h, 0) reduces to solving the set of onedimen-
sional transport:

ani(E, h, 0) __Tci(E, h, 9)_mnni(E’ h, 6) - N
oh  A(E) pt_p(h, 0) +ZGM¢(E, h)+;GKni(E, h), 1)

where i=p, n, n*, K*, K% K° ; K=K*, K, Kg; A, — pion interaction length, m_, t_, E and p are the
mass, life time, the energy and momentum of a pion; p(#, 6) — the air density at the atmospheric depth h and zen-
ith angle; Gi‘:L(E, h) and Gi‘“;fi(E, h) — the source functions which describe the pion production resulting from

interactions of particles i, K and nuclei and kaon decays. The contribution of kaons is small, therefore it’s can be
taken into account as a correction. Neglecting kaon sources in Eq. (1) the solution of Eq. (1) with the boundary con-

dition ©*(E,0, 8) =0 one may search in the form
" (E, h, 0) = %[H*(E, h, )+ I1(E, h, e)].

Taking into account approximate isotopic symmetry of mm — interactions and neglecting the pion generation in
interactions K* +A— 7"+ X and kaon decays, it is possible to reduce the set of Egs. (1) to the equations for

IT*(E, h, 0):

+ * + 1
CHENY. TEDLD MITEDD, o & et _for € 0 mEx ot
a h 7\’TI(E) prnp(h7 e) KE(E)O X
where Gy (E, h)= > G (E, h)= > G"(E, h), 2
i=p,n i=p,n
d o, .(EE —.d o, (EE
@; (E,Xx)= inE { Oy O)iG)(EO—E(T'”)M} .

oW (E) d E d E EomE/x

Similar to nucleons, the solutions of (2) can be found with the method discussed in [1, 2]. Basically, the idea of
the method consists in reducing the integro-differential transport equation to a nonlinear integral equation with a so-
called Z-factor, a quantity that is directly related to the absorption range. Let us introduce

1
Z: (E, h, 0)=(IT*(E, h, 9))’1jq>;(E, x) IT*(E/x, h, 0)d X ©)
X
0
then Egs. (2) can be represented in the form
0 I(ENO_ ITENO MITENS o e, L 72 E b o) meE h o) @)
o h X (E) pt,.p(h, 0) AL (E)
Formal solution of Egs. (4) is given by
h h +
. . 1-z_ (E, h', 0) m
IT°(E, h, 6)=|dt G.(E, h)exp|— dh’[ u + - J . (5)
! " I % (E) pt,.p(l, 6)

Similar to the nucleon component of hadron cascade [2], pion transport equations can be solved by an iterative
procedure with the zero-order approximation Z(E, h)=0. In the first approximation, when pions are generated
by nucleons and the processes of regeneration and recharge of pions are not taken into consideration, we have

h h 1 m
O (E, h, 0)=[d h' G (E, hexp| —|dh” : : 6
(&0 J ( )exp{ hj (M(E)+ pr.p(h", e)ﬂ ©

I Y(E/x, h, 0)

CITOE n e O

1
Z:(E, h, 0)= [@L(E, 0 mP(E, x h, 0) dx, n;(E, x, h, 6)=
0

T

In the next approximation, the processes of regeneration and overcharging of pions are taken into consideration,
and for n-th approximation we obtain
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" h _ 7% "
Hi(n)(E, h, 9):J.d h' Gﬁn(E, h") exp —Idh"{l Z.(E, h" 9)+ mﬂ” j > (8)
g g AL (E) pr.p(', 0)

IT*™(E/x, h, 0)
X2IT*™(E, h, ) ©

A comparison of measured and calculated fluxes of cosmic ray hadron component, in particular pion fluxes, can
furnish valuable information about primary cosmic radiation and about the interactions of hadrons and nuclei at high
energies. Therefore along with the problem of calculation of atmospheric muon and neutrino fluxes the calculation
of hadron spectra is of importance.

Pion spectra obtained in that way are the first step in computations of atmospheric muon and neutrino source
functions. The next one is the calculation of spectra of kaons and short-lived charmed hadrons, which become the
dominant sources of atmospheric neutrinos at high and very high energies.

1
ZAP(E, h, 0)=[@;.(E, x) n:"(E, x, h, 0)dx, m;"(E, x, h, 0)=
0

SHEPTETHYECKHUE IOTEPU MIOOHOB U TAY-JIEIITOHOB
B HEYIIPYI'OM PACCESIHUU HA SIIPAX

K.C. JloxTun, C.1. CuHeroBcKuii

WpkyTtckuil rocyapcTBEHHBIN YHUBEpCUTET, IpKyTCK
lohtin@list.ru

MUONS AND TAU-LEPTON ENERGY LOSS
IN LEPTON-NUCLEUS INELASTIC SCATTERING

K.S. Lokhtin, S.I. Sinegovsky

B paborte [1] mocTpoena rubpuaHas MOAENb HEYIPYTOro PaccestHUs 3apsHKEHHBIX JICITOHOB Ha HYKJIOHE U s7pe, B
KOTOPOH XOpOIIIO BONIPOM3BOIMINCH JaHHBIE Koiuaiaepa HERA mo meynpyromy B3amMOAEHCTBHIO 3JEKTPOHOB U
TIO3UTPOHOB C MPOTOHOM. B HacToseii paboTe Ha OCHOBE 3TOI MOJIETHM PAaCCUUTAHBI IOTEPH MIOOHOB M Tay-JICTITOHOB
B TIpOIIeCcax HEYNPYTroro paccestHus Ha sApax B BoJe. AHAIM3HPYETCS POJb KaKAOH M3 KOMIIOHEHT THOPUAHON MoJe-
1, 06CYKIAETCA BKIAM TPOLIECCOB ¢ 00MeHOM Z’-G030HOM B 06IACTH OUCHB BBICOKHX SHEPIHil, BIMSHHE SACPHBIX
(hakTOpOB Ha CTPYKTYpHbIE DYHKIIMN HYKJIOHA, ¥, B KOHEYHOM CUETE, — Ha BEJIMYMHY SHEPIreTHYECKUX MOTEPb.

Kak u oxunanoch, Moaens 06o0mieHHoi BekTopHoi nomuHantHoctu (OBJI) [2] maer mpenckasanus, cymie-
CTBEHHO OTJIMYAIOIINECS OT Pe3yiIbTaTOB TMOPUIHON MOJeNH, MpUYeM OTIMYUS 3TH BO3pacTaioT ¢ 3Hepruei. Tak,
IIPU 3HEPIUU 10° B npecKa3aHue THOPHUIHON MOIENH Ul SHEpreTHYeCKHUX IOTeph MIOOHA B BOJE B JBa pasza
BBIIIIE COOTBETCTBYIOMIEH BemmuuHbl B Mosiean OBJI. Takum o6pazoMm, B UHTEpBaie SHEPTHA 10°-108 I'B mozenb
OB/l yxe m10X0 OMHICHIBAeT MOTEPHU MIOOHOB B BEIECTBE. B 0HOM M3 BapHaHTOB pacueTa saepHble 3PPEeKTH yIu-
ThIBAMHCH 1 Beex Q7 B cXxeMe, IPEUIOKeHHOH B paboTe [3], a B Apyrom ¢ (eKThl 3aTeHEHHs HyKIOHOB B 0671aCTH
maibix Q VYUTHIBAIHCH B paMKaxX HexuaroHanbHOH moxenn OB/l [2]. Takoe pa3nuume, 3aTparuBaromiee 00JacTbh
MasTbiX ObepKeHOBCKHX X (< 107°), IPHBOANT K 3aMETHOMY H3MEHEHHIO KOA((UIMEHTA CPEIHUX YHEPreTHUECKHX
T0Teph MIOOHOB B BOJIe B 001acTH sHepruii E>10° [B.

HccnenoBanue poiu c1aboro HEWTPaIEHOTO TOKA B HEPIETHUECKHX MOTEPSIX Ha HEYNPYToe paccessHie MIOOHOB
¥ Tay-JENTOHOB Ha AAPax B BOJE M TPYHTE MOKa3aso, 4To 3pMEKT pasandus ceueHnit paccesHust T U T BEJIUK MPH
CPaBHUTEIHFHO HEOOIBIINX YHEPTUSIX (10°-10° I'sB) u ouensb Gompmux Q (> 10* [9B?): orHowIeHKE ceueHuil Gim3-
Ko K 2. OmHaKo B MHTErpaie, ONpeeIAonleM CpeJHIe MOTepr YHEPTHH, 3((EeKT CTAaHOBUTCSA MPaKTHYECKH He3a-
METHBIM, gocturas mMakcumyma B ~ 0.01 % npu sHeprusix E<10° I'3B st paccestHus T-JientoHa. Takum oOGpaszom,
BKJIaJ c1aboro HEMTPaIbHOrO TOKa MPEJCTABISET JINIIb aKaJeMHUUeCKUil HHTepecC: pacdyeT SHepreTHIecKuX MoTeph
MIOOHOB M Tay-JISITOHOB B HEYNIPYT'OM pacCcesHUM Ha SIpax B BOJE M CTAHJApTHOM IPYHTE, BBITIOJIHEHHBIN B paMKax
rUOPUAHON MOJIEIIH, TTOKa3all, YTO MPAKTUYECKU Ba)KEH YUeT UMEHHO MaJlbIX U IPOMEKYTOUHBIX BUPTyallbHOCTEH (o-
tona, Q’<6 I'3B?. [ToTpeGHOCTH B IOCTATOYHO TOUHOH CTPYKTYPHOMN (BYHKIIHH, COTIACYIOMIGHCS C H3MEPEHHIMH B
3TOM KHHEMAaTHYeCKOM HHTepBaie, obecrieumBaeT pemkeBckag monxenb CKMT [4]. IloctpoeHsl mapaMmeTpu3annu
SHEPreTH4eCKON 3aBHCUMOCTHU NOTEPh MIOOHOB U Tay-JIENTOHOB B BOJIE U TPYHTE B HHTEPBAJIC YHEPTUid 10°-10° I'3B.

PaboTa BeIMOTHEHA IIpU TTO/Iep)kke MuHHCTEpCTBA 00pasoBanus U Hayku PD, rpant yp.02.01.063 «YHuBepcu-
TeTsl Poccum».
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In Ref. [1], the composite model was constructed to describe inelastic scattering of charged leptons on nucleons
and nuclei. The model describes the HERA collider data on e*p inelastic scattering. This composite model is used
here for calculation of muon and tau energy loss in inelastic scattering on nuclei of water. The role of the each of
model components is analyzed, as well as Z° exchange processes at very high energies and the influence of nuclear
effects on nucleon structure functions are discussed.

As one supposed, the results of generalized vector meson dominance (GVMD) model [2] differs from the com-
posite model substantially, and this difference grows with energy. At energy 10° GeV the result of the composite
model is twice as much as the corresponding value for GVMD model. Thus at energies 10°-10° GeV the GVMD
model describes scarcely the muon energy loss in the substance. In one version of the composite model nuclear ef-
fects was calculated in the whole range of Q? according to scheme, proposed in [3], in the other version of the model
shadowing effects at low Q? are taken into account according to GVDM. This distinction affects low Bjorken x re-
gion (x < 10%) and results in noticeable changing of the muon energy loss in the water at energies E > 10° GeV.

The study of the weak neutral current contribution to the energy loss due to inelastic muon-nucleus scattering in
water and standard rock reveals that effect, resulting from difference of v u ©* cross-sections, is noticeable at compara-
tively little energies (10*~10° GeV) and very high Q? (> 10* GeV?). The cross-section ratio in this case is nearly 2. But
this effect appears quite negligible in the energy loss integral, both for muons and tau-leptons. Maximum value of the
neutral current contribution to the enrgy loss is something like 0.01 % at energies E > 10° GeV for tau-lepton.

Calculation of muons and tau-leptons energy losses in inelastic interaction with nuclei of water and standard
rock using composite model showed that just accounting of low and moderate values of Q? (< 6 GeV?) is essential.
Regge model CKMT [4] gives structure function precise enough in the Q? range of few GeV?. Approximation for-
mulas for the muon and tau energy loss in water and standard rock for wide energy range are presented.

This work supported by the Russian Federation Ministry of Education and Science, the grant
ur.02.01.063,“Universities of Russia”.

POJIb HEYIIPYI'OI'O PACCEAHMUA HA SI/IPAX B TIPOLECCAX TIEPEHOCA
ATMOC®EPHBIX MIOOHOB B BEHLIECTBE
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PART OF THE MUON-NICLEUS INELASTIC SCATTERING IN THE PROPAGATION
OF ATMOSPHERIC MUONS THROUGH MATTER

K.S. Lokhtin, S.I. Sinegovsky

DHepruio MIOOHOB Kak aTMOC(EPHBIX, TaK U POXKICHHBIX NP B3aUMOJIEUCTBUU aTMOC(HEPHBIX WK acTpOhH3HU-
YECKMX HEWTPHUHO ¢ HyKIOHAMHM BEIIEeCTBA MOXKHO ONPENENIATh M0 YePEHKOBCKOMY CBETY YAaCTHI] KACKAIHBIX JIHB-
Hel, 00pa3yeMbIX MIOOHAMHU B 3JIEKTPOMArHUTHBIX B3aMMOJICHCTBUAX M B HEYNPYIOM paccesHHM Ha siapax. Ilpn
BBICOKMX JHEPTUAX TOPMO3HOE H3JIydeHHEe MIOOHA M €ro HEeyIpyroe paccesHHe Ha Aape MOpOXAAloT Hauboiee
MOIIIHbIE JTUBHH. PacueTsl mokaseiBatoT [1, 2], 4To B 00JaCTH MaJbIX OTHOCUTENBHBIX 3Hepromepenad (Y < 1073)
Npeo6IagaloT TUBHH 33 CYET 0Opa30BaHUs €' ¢ -Tap, TOrAa Kak B MHTEPBAJIE 102< Yy < 1 IOMUHUPYIOT JUBHH 32
C4eT TOPMO3HOTO M3IIy4eHHs U JUBHHU, BBI3BAaHHBIE HEYNPYIHMM MIOOH-JEpHBIM paccesHueM. Ilpeacrasnser uHTe-
pec OlleHKa 4acTOThl 00pa30BaHMs KacKaJHBIX JIMBHEH B BEIECTBE, POXKAAIOIINXCS B MIOOH-SJIEPHBIX B3aHMMOJEH-
CTBHSIX TIPH OYEHb BBICOKHX JHEPTHSIX, CPABHEHHE MPENCKA3aHUI Pa3HBIX MOJIENEH.

B nanHOIt paboTe paccuuTaHbl CIEKTPHI JUBHEH, 00pa3yeMbIX MIOOHAMH U Tay-JENTOHAMHU B BOJIE W TPYHTE B
npoleccax HEYNPYyroro paccessHus Ha siipax. PacueT BBINOJIHEH Ui ABYX MoJjenield — THOpHIHOM Mo/enu Heynpy-
TOTO paccesHusl JENTOHOB Ha snpax [3, 4] u, 1UIs cpaBHEHUS, U3BECTHOW MOJETH (POTOSIAEPHOTO B3aMMOIEHCTBHS
MIOOHOB [5]. ['ubpuanas, nnn ayxkommonenTHas (2K) monmens [4] oTBedaeT pa3OueHHIO qMana3oHa BUPTYaIbHO-
creit Q° Ha Ba maTepBana: ;i 0<Q’<5 5B HCIIONMB3yeTCs perKeBCKas MapaMeTpU3amus [6] CTpyKTypHBIX (yHK-
LUI HYKJIOHA, a Ui Q%5 I'sB? pacueT 6a3upyeTcsl Ha KBapK-TIAPTOHHON CXeMe M MapTOHHBIX PacIlpeesIeHUsIX
CTEQ®6 [7], momy4eHHBIX U3 TI00aIHHOTO (PUTa IKCIIEPUMEHTATBHBIX JAHHBIX.

OrnpeeiuM MHTErPaIbHbIA CIEKTP SACPHBIX JUBHEH, T. €. YUCIIO JTUBHEU B ciioe TomuHoit Ah = h, — h; ¢ anep-
rueit © > YoEq, 00pazyeMbIX JEMITOHOM ¢ 3HEprueii OosbIne 3alaHHOM:

hy o Ymax
do, (E
SI(E,.0,8h) =N, [dt [ dE Dy (Et,6) [ dy 99, (EY)  (om? cexct op ).
b Ep Yo dy
3neck do(E,y)/dy — muddepeHunansHoe cedenne JenToH-s1aepHoro paccesiaus, D, (E, h,0)— nuddepennmans-
HBII DHEPTETHIECKHI CIIEKTP JIENITOHOB ¢ Heprueil E Ha riry6Gure h, pactpocTpaHsomuxcs moj yriaoM 6 Kk BepTu-
Kanu, Y=o/ E — nosis sHepruu JientoHa, nepeannHoii nBHio, Nog— urciio sjep B 1 T BemecTsa.
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IIpu E = 10 T>B pe3ynbTaThl pacyeToB JUBHEH OT MIOOHOB IS IBYX MOJIENEH OTIIMYAIOTCS HE3HAYUTEIHHO (110
12 %). OgHaKo ¢ pOCTOM SHEPTUH OTIMYHE PE3yIbTaTOB pe3ko Bo3pacTaeT: i E = 100 TaB ono mocturaer ~30 %, a
npu sueprun 10° ToB pesyasrar 2K-Moenu B 061acTi GonbImuX Y B 2.4 pasa MPEBBIIIAET pe3yIbTaT MOeH GoTo-
ANEPHOTO B3anuMoaeHcTBUs. O4EeBUIHO, YTO HOCIEAHSS, YIOBICTBOPUTEIHLHO OMKCHIBAS CIIEKTPHI TUBHEH OT MIOOH-
SIEPHOTO B3aUMOICHUCTBHS B BOJE U IpyHTe mpu 3Heprusix Ao 10 TsB, craHoBuTCS HenmpuMmeHHMON B 00acTi 60-
Jiee BBICOKMX YHEPIHil. AHAJOTWYHYIO KapTHHY MBI BHOUM U UIS JUBHEH OT B3aUMOJCHCTBYIONINX C SAPAMH Tay-
nentoHoB: pu E = 10 ToB MakcumanbHOe paznnuue pe3ysbTaToB pacuyeToB B ABYX Mozesx cocrasisieT ~20 %, a
npu sueprid E = 10° T5B pesymbTaTsl pacuera B 061aCTH GONBIINX Y OTIHYAIOTCS yKe B 4.5-5 pas.

Jst atMocdepHBIX MIOOHOB B BoJie 00Jiee MOJTHBIN aHaIn3 MPEATIoNaracT HOBBIH pacyueT TiTyO0OKOBOJHBIX CIIEKTPOB
D,(E, h, 6), T.c. penieHre ypaBHEHNUS [IEPEHOCA, B HHTETPaJie CTOIKHOBEHHi KOTOPOro HEOOX0IMMO 3aMCHUTh CEUCHHE
(oTOs IEpHOTO B3aNMO/ICHCTBHUS BHOBb PACCUNTAHHBIM CeueHHEM [4] HEeynpyroro paccesiHusl MIOOHA Ha spe.

Pabora BhInONIHEHA TIpH MToAepkKe MuHKCTEpCTBa 00pazoBanust U Hayku P®, rpant yp.02.01.063 «YHuBepcu-
TeTsl Poccuny.
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Energy both of atmospheric muons and atmospheric or astrophysical neutrino induced muons can be derived
from Cerenkov radiation of cascade shower particles generated in electromagnetic interactions of muons as well as
in inelastic muon-nucleus scattering. At very high energies The bremsstrahlung and inelastic scattering produce
power cascades of particles. It was shown in [1, 2], that for low energy transfer (y < 10°%) showers from direct pair
production dominatel, while for the 10 2<y < 1 range the bremsstrahlung and inelastic scattering showers dominate.
Estimations of the shower rate generated in muon-nuclei interactions at very high energies as well as the comparison
of different model predictions seem to be of interest.

In this work, we compute spectra of cascade showers generated in inelastic scattering of muons and taus pass-
ing through layers of water and standard rock. Calculations performed using two models, the hybrid model for
lepton-nuclear inelastic scattering [3, 4] and the well known photonuclear interaction model [5]. In the hybrid
(two-component, 2K) model [4], the Regge parametrization [6] of the nucleon structure function is used for the
range 0 < Q%< 5 GeV?, and for Q?> 5 GeV/? quark-parton based scheme and the global fit CTEQ6 [7] of parton dis-
tribution functions was applied.

Let us define the integral spectrum of nuclear showers as a number of showers with energy o > yoE, in a layer
Ah = h, — h; produced by lepton with energy E > Ej :

h Ymax
S1(E, 0,Ah) =N, [ dt [ dE D, (E,0) [ dy 9o (EY)  emet s,
by E Yo dy
Here do(E,y)/dy is the differential lepton-nucleus inelastic scattering cross-section, D, (E, h, 6) — the differen-

tial energy spectrum of the lepton at depth of h under zenith angle close to 6, y =®/E — the lepton energy portion

transferred to the cascade, No — number of nuclei per gramme.

For E = 10 TeV results of the two models differ slightly, ~12 % but for higher energies the discrepancy grows size-
ably, up to 30 % at E = 10° TeV and up by a factor 2.4 at E = 10° TeV for large values of y. We have similar results for
showers generated by tau-nuclear interactions: at E = 10 TeV the discrepancy of the models is close to 20 % and that
grows by factor 4.5-5 at E = 10° TeV.

Thorough studies of atmospheric muons underwater imply calculations for deep-water spectra D,,(E, h, 0), that is
the solving anew of transport equation with using the cross-section [4] of muon-nuclear inelastic scattering.

This work supported by the Russian Federation Ministry of Education and Science, the project
ur.02.01.063,“Universities of Russia”.
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HA ITOBEPXHOCTB I'MIIEPHOBOM 3BE3/1bI
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GAMMA-RAY FLASH FROM RELATIVISTIC SHOCK BREAK OUT AT THE
SURFACE OF HYPERNOVA STAR

V.V. Marchenko, B.l. Hnatyk

HIupokuit criekTp acTpou3NYEeCKUX SBICHUN CBSI3aH C B3PBHIBAMHU 3BE€3]] M BHIXOJOM Ha MOBEPXHOCTH 3BE3JIBI
yIapHO# BOJHBL. B wacTHOCTH, HanOoJee MOMyJIsipHas MOJIENb AN JUIMTEIbHBIX FaMMa-BCIJIECKOB CBSI3aHa C B3PbI-
BaMH MaCCHBHBIX 3B€3]l — THIIEPHOBHIX [ 1] win Komarcapos [2].

Teopust cBA31M raMMa-BCIUIECKOB € B3pBIBAMH 3BE3]] MOTydHIIa NIEPBOE HAOMIOAATENFHOE TOKAa3aTeNbCTBO, KOTA
cpasy mociue OTKphITHs ramMa-Beriecka GRB 980425 B ero okpecHOCTSX OblIa 3aMedeHa HEOOBIYHAS CYNEPHOBAS
SN 1998bw, xoropas Obu1a B 20—30 pa3 MoIIHee CyIIepHOBBIX ITOAOOHOTO Kiacca. Tako# KJIacC CyNepHOBBIX MOTY-
YWJI Ha3BaHNE THIICPHOBBIX.

JIBmkeHue yqapHOH BOJHBI BO BHEHIHHMX OOJACTSAX 3BE3/BI ONPEAETICTCS NPECHUMYIIECTBEHHO POGIIEM IIOT-
HOCTH BELIECTBA B 000JIOUKE 3BE3/IbI, M IIPH JOCTATOYHO OOJIBIIOM IPaJHeHTEe yapHask BOJIHA MOXKET YCKOPSTHCS 10
PEIATUBUCTCKUX CKOpOCTeﬁ. B cBoro Oo4epcC/ib, MIPH BbIXOI€ HAa MOBEPXHOCTD 3BE3bl Y/IapHas BOJIHA YCKOPACT 4aCTb
BEIlleCTBA O0OJIOUKHM 3BE37bl J0 PENSTHBUCTCKUX CKOpocTel. B3anmopeicTBUe YCKOPEHHBIX PESITUBUCTCKUX Ya-
CTHI] C Ta30M OKOJIO3BE3[JHOH Cpe/ibl MPUBOAMT K FeHEpAIlMi TaMMa KBAaHTOB ¥ HEHTPUHO.

B pabote uccnenoBana ruipoIMHaMHIKa BBIX0/1a PENISITHBUCTCKON YAapHOH BOJHBI HA MOBEPXHOCTH [ MITEpHOBOM
3Be3bl [3]. Paccuntanbl XapakKTepUCTHKY THAPOIMHAMUYECKN YCKOPCHHOW BHEUTHEH 000IOUKH 3BE3/bI (3HEPreTH-
YEeCKUI CIIEKTP YCKOPEHHBIX YacTHIl | 1p.). [y mcciaenoBaHus ABMKEHUS PENITHBUCTCKON yIapHON BOJHBI HC-
TIOJIH30BAJICS IPUONMKCHHBIA aHATTITHICCKUI METOI, FICTIOJIb30BAHHEIH B [4].

PaccmoTpeHo B3anMOJEHCTBHE YCKOPEHHBIX YaCTHI] 000JIOUKH 3BE3/bI C MEX3BE3HBIM BEUIECTBOM, B YaCTHOCTH
AQHAIM3MPOBAJIACh TCHEpalUs TaMMa-KBAaHTOB B PE3YJIbTAaTe HEYNPYTHX p—P-B3aMMOAEHCTBHN. DTH B3aMMOJCHCTBUS
MPHUBOJIAT K POXKICHUIO HEUTPAJIbHBIX ITHOHOB, KOTOPBIC PacHafaloTcsl Ha TaMMa-KBaHThl. OIIEHEHBI ITapaMeTphl IT0TO-
Ka raMMa-u3JIydCHUs U BO3MOKHOCTD €TI0 JETCKTUPOBAHNA COBPEMEHHBIMU 1 6y):lyIlII/IMI/I KOCMHWYCCKHMHU MUCCUSIMHU.
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A wide variety of astrophysical events are connected with stare explosions. The current opinion connects the na-
ture of long gamma-ray bursts (GRBs) with death of massive star - Hypernova [1] or collapsar [2].

The observational evidences of the connection between GRBs and SNe include a few cases, starting from GRB
980425, when an unusual Type Ic Supernova was revealed in the error box of this GRB. This Supernoa was 20-30
times more powerful than usual so it was called Hypernova.

The motion of shock wave in outermost layers of the star is influenced mostly by the density profile of star enve-
lope and in some cases the shock wave can become relativistic. After break out some amount of stellar matter is
accelerated to relativistic velocities and due to interaction with circumstellar matter the gamma radiation and neutri-
no are generated.

The observational signatures of relativistic shock break-out at the surface of Hypernova star [3] are investigated.
The motion of relativistic shock wave in the outer layers of the stellar envelope can be described by an analytical
approximation proposed in [4].

The interaction of accelerated particles with the particles of circumstellar medium is considered. Particularly we
analysed a gamma-ray flash as a result of inelastic proton-proton collisions. The parameters of the flash are calculat-
ed and conditions of its detection are estimated.

B3AUMO/JENCTBYIOIIUE T'AJJAKTUKH B TPUILJIETAX U T'PYIIIIAX
0.B. MeabHuK

Actporommueckas obcepsaropust KHY, Kues, Ykpanna
melnykov@observ.univ.kiev.ua
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INTERACTING GALAXIES IN TRIPLETS AND GROUPS
O.V. Melnyk

Bompoc o mpupone B3aMMOACHUCTBYIONINX TaJAKTHK OBUT 3aTpoHYT eme B KoHme 50-x rT. BOpoHIIOBBIM-
BenpsimuHOBBIM, ApnioM U Apyrumu aBTopamu. CoriacHo BopoHI0By-BenbIMHHOBY K B3aHMOJICHCTBYIOIIAM Ta-
JAKTUKaM OTHOCATCS CIEAYIOIINE OOBEKTHI: MOTPYKEHHBIE B OOIIYIO CBETSIIYIOCS 000IOUYKY; B3aMMOIIPOHUKAIO-
mye; ¢ HapymeHueM (GopMbl (ACUMMETPUs, HAJTMYHE XBOCTOB U NIEPEMbIUCK).

B aT0i1 paboTe MBI paccMOTpeEH HEKOTOpPhIe HaOII0AaTeIbHbIe, KHHEMAaTHUECKHE U BUPHAJIbHBIC XapaKTePHCTU-
K{ B3aUMOJICHCTBYIOIIMX FalakTUK B TPUILJIETaX U Ipynnax u3 kataiaora Boponmosa-Benssmuuosa u ap. [1] . OtoT
KaTtajgor cojepxut 2014 B3aMMOJECHCTBYIOIIMX TajlaKTUK W SIBISETCS OOBEAMHEHHWEM M MPOJODKEHHUEM JBYX
NpeABIIYIINX YacTel KaTajora, KOTopble ObuTH omy0irkoBaHbsl BopoHuoBsM-BenbsMuuoBbM B 1959 1 1977 r. Mb1
BBIOpasM 13 Kataiora [1] cuctemsl, KOTOpbIE KJIAaCCU(PHUIMPOBAHBI 110 THITy B3aUMOJAEHCTBHS Kak rHe3fna «N» uiu
rernouku «Chy ¢ KomM4ecTBOM WICHOB TpH U GOJee U ¢ M3BECTHBIMH JIy4EBBIME CKOPOCTSIMHU. Takum 00pa3om, BBI-
6opka comepxuT §7 B3aMMOACHCTBYIOIINX TAJIAKTHK, COAEPKALINX OT TPEX 10 BOCBMH KOMIIOHEHTOB.

Jst 87 B3anMOAEHCTBYIONINX TATaKTHK B TPYNNAX MbI MONXYYMIIM MEIUAHHBIE XapaKTEPUCTHKN CPEeIHEN Tyde-
BOH ckopoctu <V > = 7673 KM/C, cpemHel KBaapaTUIHOM ckopoctn S, = 166 KM/c, CpeqHero TapMOHHYECKOTO
pamuyca Ry, = 29 kmk, 6e3pa3MepHOro BpeMEHH NepecedyeHust CUCTEMbl B eIMHHUIAX XaO0J0BCKOrO BPEMEHU T =
0.03, BupnanpHO# Maccel M, = 2.29.10% Mg, cBetumocTH Tpymmsl L = 7.53.10% Lo ¥ OTHOIICHWS BHPHAIBHOU
Macchl K cBetumocTt My /L = 33M /L.

Bricokoe 3HaYeHHe CpelHei KBaApaTHYHON CKOPOCTH XapaKTepHO IUIS TPYIIT pa3HOH yucieHHoCTH C M, /L 60-
nee 40Mg/Lg. Pazbpoc 3uauenuii My /L ¢ HAceNEHHOCTHIO TPYIIIBI YMEHBIIACTCS, 4 MEIHAHBI YBEIUYHBAIOTCS.
3nauyenue M, /L CHIBHO 3aBHCHT OT CpeqHEil KBaJApPATHYHOW CKOPOCTH M HE 3aBHCHT OT CPEIHErapMOHHYECKOTO
panuyca rpynnbl. HekoTopble TPUILUIETHI UMEIOT BBHICOKOE 3HAYCHHE CPEHEH KBaJpaTHYHON CKOpOCTH — Oolee
300 xm/c, 9TO XapaKTEpHO VIS TPYIII, COCTOSIINX U3 4—8 WICHOB. DTH TPUIUIETHI MOTYT HAXOAUTHCS B CKOTUICHHAX
W/WIH Y HUX CYIIECTBYIOT OoJiee OTNAJICHHBIE CITyTHUKH Ha PacCTOSHUM HECKOJBKHUX PaanycoB rpymnmsl. Bo3pacra-
HHE OTHOIICHHS Macca/CBETHMOCTh C BO3pacTaHWEM CPEIHEH KBaJpaTHIHON CKOPOCTH TATaKTHK TPYIIITBI U KOIUYe-
CTBOM YJIEHOB MOJKET OBITh BBI3BAHO M CENEKIMOHHBIMH 3()(heKTaMH, IIOCKOJIBKY CYIIECTBYET 3aBUCUMOCTh MEKAY
Syu<Vig>: IgS, = 0.82lg <V, > - 1.03.

MBI Takke CpaBHIIIM HEKOTOPHIE XapaKTEPUCTHKH B3aMMOJICHCTBYIOIINX TPUILUIETOB C TPEMsI APYTHMH BBIOOD-
kamu: Tpumieramu MectHoro Cepxckorutenus [2] (Vi g < 3000 km/c), lupokumu Tpumeramu [3], o0beuHEHHON
BbIOOpKO# CeBepHBIX U HOxHBIX TpumeToB (S, < 300 km/c) [4, 5]. BanmoneiicTBytomue ranaktiuku, CeBepHBIC U
IOxHBIe TPUILIETH, UIMEIOT HAUMEHbBIINE 3HAYCHHS CPEAHErapMOHHUYECKOro paguyca U BPeMEHH NepeceueHus Cu-
CTEMBI, B T€YCHHE KOTOPOTO OHH YK€ MOTJIH JJOCTHYb BUPHAJIBHOTO paBHOBecus. Tpumiers: MectHOro CBepXCKOT-
nenus u lllupoxue ABIAIOTCA TUHAMUYECKH MOJOABIMH CHCTEeMaMHU. MeanaHHbIE 3HAYCHHUS OTHOIICHHS BUPHAIb-
HOM MAacChl K CBETUMOCTH JUISL 3TUX CHCTEM CHJIBHO pa3ianyaroTcs. /laHHbIE OTIHYIHMS MOXHO OOBSICHUTH UCIOJIB30-
BaHHEM PA3JIMYHBIX METOJI0B 0TOOpa raJlakTHK B TPYIIIHL.

BzaumopeiictByromue ranaktuku B Tpumierax (N =42 ¢ S, < 300 km/c) noka3blBalOT HAUMEHbIIIEEe OTHOLICHUE
macca/ceetumocth (Myi/L = 19M/Lg) Mo cpaBHEHHIO ¢ APYTUMH BBIOOPKAMH M HaWOOJIbIIEE KOJHYECTBO aKTHB-
HBIX TJIAKTHK C YJIbTPaQHOJIETOBBIM U30BITKOM. JlaHHBIE pe3yNbTaThl MOXKHO OOBSCHUTH CIEAYIOIMMHU ITPUIHHA-
Mu: 1) B 9THX cucteMax HaOIoJaeTcs aKTHBHOE 3Be31000pazoBaHME; 2) B3aMMOAEHCTBYIONMINE TaJaKTUKH MOTYT
HUMETh MEHBINNE Tajio M0 CPAaBHEHHWIO C HOPMANbHBIMU TaJJaKTHKaMM BCJIEACTBUE CIUSHHUS M IepepacipeneiIeHus
MaTepHH MEXy TaJaKTHKaMH.
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The problem of interacting galaxies nature was first discussed in the late 1950s by Vorontsov-Velyaminov, Arp
and other authors. According to Vorontsov-Velyaminov, the interacting galaxies are peculiar objects with tails and
bridges, in contact or nearly in contact, surrounded with a common luminous haze and merging galaxies.

We considered some observational, kinematical and virial properties of interacting galaxies in triplets and groups
by using the Catalog of Interacting Galaxies by Vorontsov-Velyaminov (2001) [1]. Actually, the catalog [1] is a
revised and updated version of its two earlier editions published in 1959 and 1977. It contains 2014 interacting gal-
axies. From the Catalog [1], we selected 87 interacting galaxies that VVorontsov-Velyaminov classified as the nests
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“N” or chains “Ch” with known radial velocities. Galaxy systems in our sample contain 3 to 8 members in each
group.

We obtained the median characteristics of 87 interacting galaxies in groups: mean group radial velocity <V ¢> =
7673 kml/s, dispersion of galaxy velocities with respect to the center S, = 166 km/s, mean harmonic projected distance
Rn = 29 kpc, dimensionless crossing time of the system expressed in units of the Hubble time t = 0.03, virial mass M,
= 2.29-10" M, group’s luminosity L = 7.53-10" L, and virial mass-to-luminosity ratio Mi/L = 33My/L.

High velocity dispersion relates to the groups with mass-to-light ratio above 40M/Lo. The range of mass-to-
luminosity values decreases as group members increase in number, while the median values become higher. Virial
mass-to-luminosity value depends highly on velocity dispersion and is invariant with harmonic radius. Some triplets
have high velocity dispersion of above 300 km/s such as the groups with 4-8 members. These triplets are possibly
not quite isolated and may have small satellites within a radius of few groups. Increasing mass-to-luminosity ratio as
group number and velocity dispersion increase could be also attributable to the selection effect, because velocity
dispersion is dependent on mean group radial velocity: IgS, = 0.82Ig<V,¢> — 1.03.

Then, we took some samples of triple systems and compare their properties Interacting triple galaxies in the Cat-
alog by Vorontsov-Velyaminov and triple systems in other samples: Local Supercluster [2] (radial velocities under
3000 km/s); sample of Wide triplets [3], united samples of isolated North and South triplets (S, < 300 km/c) [4, 5].
The interacting galaxies and the North and South triplets have both crossing time and harmonic radius small enough
to attain their virial equilibrium. Triplets of Local Supercluster and Wide triplets are dynamically young systems.
The median values of virial mass-to-luminosity ratios for these samples are quite different. The deterrence may stem
from the selection criterion for groups.

The interacting galaxies in triplets (N = 42 with S, < 300 km/s) show the smallest mass-to-luminosity ratio
(Myi/L = 19M,/L) when compared to other samples and excess of active galaxies with UV-continuum. We can
explain this result by the following reasons: 1) active starformation in these systems, 2) they may have a halo small-
er than that in normal galaxies due to merging.

JA3EPHASI CACTEMA BPEMEHHOM KAJIMEPOBKH BAMKAJIBCKOI'O
HEATPUHHOI'O TEJIECKOITA HT-200+

T.W. I'pecc, P.P. Muprasos, A.C. HemoJasieB

HUWU npuxnagnoit duzuku UT'Y, UpkyTck
tigress@api.isu.ru

NT-200+ BAIKAL NEUTRINO TELESCOPE LAZER SYSTEM OF TIME CALIBRATION
T.1. Gress, R.R. Mirgazov, A.S. Nemoljaev

BecHoit 2005 r. 3aBepiieHbl padoOThI 10 yBeNnueHHIO0 d3(PPeKTHBHOr0 00bemMa baiikanbCKoro riy00KOBOJHOTO
HelTpunHoro Teneckona HT-200 Gonee ueM B ¢TO pa3 AJsl PETUCTPAllMK HEUTPUHO CBEPXBHICOKUX dHepruit. s
3TOTO Pa3BEPHYTHI TPU JOIOIHUTEIbHBIE THPJITHIBI C ONTHYECKUMH MOJYJISIMU, KOTOPBIE PACIIOJIOKEHBI B BEPIIH-
Hax TpeyroyibHuKa Ha paccrosiHud 100 m ot HT-200, Haxonsmerocs B uentpe. HoBas ycraHoBka nosiy4uiia Ha3Ba-
e HT-200+. OcHoBHO# MH(DOpMAaIen 1T BOCCTAaHOBJICHUS COOBITHI SIBIITIOTCS BpeMeHa cpabaThIBaHUS ONTHYE-
CKUX MOJyJiell YCTAaHOBKH IIPHY TIOTIAJaHNH HAa HUX YEPEHKOBCKUX (POTOHOB OT MIOOHOB M KacKaJHBIX JIMBHEH, I1O-
POXKIEHHBIX HEHTPHHO.

OnHo#t U3 Hanbosee TPYIHBIX 3KCIEPUMEHTANBHBIX 337a4, CTOSIBIIMX IIPU NPOeKTHpoBaHnM HeWrpuHHOTO Te-
neckona HT-200+, 6pu10 co3maHue CHUCTEMbl BpEMEHHONH CHHXPOHHU3AIMH C TOYHOCTHIO TOPSIIKa HAHOCEKYH/IBI M3-
MEpUTENIBHBIX KAHAIOB YCTAaHOBKH, PACHOJI0KEHHBIX TIIyOOKO 1O/ BOIOH Ha 3HauuTensHOM (6osee 100 M) paccros-
HHUHM JpyT OT Jpyra. [TockoyibKy KOH(GUrypanusi yCTAaHOBKH HE MO3BOJISIET OCYIIESCTBISITh CHHXPOHU3AIUIO KaHAJIOB
HT-200 u BHEIIHUX TUPJSHA C TIOMOIIBIO CUTHAJIOB, TIEpeaBaeMbIX MO KaOensM, ObLIO TPEUI0KEHO MPOBOIUTH
M3MEPEHNUs] BPEMEHHBIX CABIDKEK KaHAJIOB (PaccoriacoBaHWK BPEMEHHBIX TPAaKTOB) IyTEM PETHUCTPAIINH CBETOBBIX
BCIIBIIIEK, CO3/IaBAEMBIX HAXOIAMNUMCS B Ipesenax 3¢ (peKTUBHOIO 00beMa YCTaHOBKH JlazepoM. [l mpakTHIecKon
peanu3any 3ToH uJien Heo0X0AMMO OBLIO ONpENeTUTh ONTHMAIbHOE MOJIO0KEHHE Jla3epa, YToO0bl MPH MHUHUMATb-
HOW MOIIHOCTH 3aCBEYMBAJINCH BCE KaHaNbl ycTaHOBKU. IlpudeM, maxe 10 cambIX JaJIbHUX OT Jla3epa KaHajJoOB
JIOJDKHBI IOXOJIUTH (POTOHBI, HE UCIBITABIINE CYNIECTBEHHON 3aJ€p)KKU 3a CUET PacCestHus 10 IyTH OT Jiazepa /o
ONTHYECKUX MOJyJeH, a Ul OJIM)KHUX KaHAJIOB 3aCBETKA HE JIOJDKHA OBITH upe3MepHOu. [Ipy mpoekTupoBaHuH CH-
CTEMBI JIa3epHOI CHHXPOHU3AIMN HEOOX0ANMO OBIIIO TAKXKe Y4eCTh TEXHHYECKHE BO3MOXXHOCTH U PEaIN3yeMOCTh
TEX WM MHBIX BAPHAHTOB pa3MelLIeHNs Jla3epa U Co3JaHus KaOelbHBIX JIMHUN JJIsl €T0 3JISKTPONHUTAHUS U yIpaBlie-
HUS peKUMaMH PaOOTHL.

C y4eToM NpUBEACHHBIX BbIILIE OOCTOSTENILCTB Jia3ep CHCTEeMbl CUHXpOoHHU3almu Heirpuntuoro Teneckorna HT-200+
pa3meneH Ha OyYHKOBOH CTaHIMH, PAcIIOIOKEHHOM B cepeinHe OTpe3Ka MEXIy ABYMS BHEIIHHMH THPIISTHAAMHU Ha
rryoune 1300 M. JIyiss CHHXpOHU3AIMN UCTIONB3YEeTCs a30THBIH J1a3ep ¢ niuHOK BoHBI 337.1 HM. Yncno ¢oToHOB B
ummynbee mopsiaka 10%, ero mmpuna oxono 0.5 e, s u3MeHeHHs dncia (pOTOHOB HCIIONB3YeTCs BPAIIaeMBbIil
IIarOBBIM JIBUTATEJIEM JIUCK C HOTJIOTHTENSIMH, YTO TO3BOJISIET CTYIIEHYATHIM 00pa3oM yMEHbIIATh YHCIO (POTOHOB
1o 0.3 % oT MakcHMaNbHOro WX uyucia. s casura (pOTOHOB B OOJIACTH OKHA MPO3PAYHOCTH OAWKaIbCKON BOJIBI
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a30THBIN J1a3ep BO30YKIAeT j1a3ep Ha KpacuTelle ¢ MAaKCHMYMOM HM3JTy4eHHS Ha JUTHHE BOJIHBI 475 HM. Jlanee cBeto-
BOM MMITYJIbC KOHBEPTHPYETCS B H30TPOITHBIN C TOMOIIBIO CHEIHATEHOTO PACCEHBAIOIIETO YCTPOMCTRA.

YCTpoiicTBO yIpaBiIeHUs MHTaHHEM KaTHOpOBOYHOTO Jla3epa CO34aHo Ha 0a3e THAPOIOTHIECKOT0 KOHTpoJriepa.
OHo pacro3HaeT KOMaH bl BKIIOUCHHUS U BBHIKITIOUCHHUS TI0 IIWHE TaHHBIX. KoMMyTarms kamnOpoBOYHOTO Jla3epa ocy-
IIECTBIISIETCS] KOHTPOJUIEPOM O KoMaH e ¢ Oeperooit OBM. Pabounii UK MPOMCXOAUT B JIBA OCHOBHEIX dTala: Iie-
penava koMaHIBI OT OeperoBoit IBM rumponornaeckoMy KOHTPOIUIEPY; (PUKCAHsI KOMAH/IBI B TAMSTH YCTPOHCTBA
Y KOMMYTAIUs KATHOPOBOYHOTO JIa3epa MOCPEACTBOM BHICOKOBOJIETHOTO ONTHYECKOTO pelie.

In spring 2005 year the effective volume of Baikal Deep Underwater Neutrino Telescope NT-200 was increased
more then in 100 times for super-high energy neutrino detection. Three additional strings with optical modules were
deployed in triangle corners at the distance 100 m from the NT-200 located in triangle center. New installation has
got a name NT-200+. Main information for the events reconstruction are times when the optical modules are hit by
the Cherenkov photons from muon or cascade showers generated neutrino.

Time synchronization of different channels of NT-200+ with accuracy of order one nanosecond is one of the
most difficult experimental problems. The channels are situated deep underwater at significant (more than 100 m)
distances one from other and from technical point of view it is impossible to use any cable lines for synchronization.
So, it was proposed to use the laser light flashes to measure time delays in different channels. For practical realiza-
tion of this idea it was necessary to determine an optimum position of the laser.

Taking into account the results of analysis the laser was installed on a string that located half between two exter-
nal strings at the depth 1300 m. Nitric laser with the wavelength 337.1 nm is used for synchronization. Number of
photons in the pulse is an order 10", its width near 0.5 ns. The disk with the absorbers is used reduce a number of
photons from 100% up to 0.3 % from maximum their numbers. To shift the photons wavelength in the Baikal water
transparency window the light pulse of nitric laser pumps a dye laser with emission maximum at wavelength 475
nm. After light pulse is converted into isotropic by means of the special diffusion device. Power control module of
calibration laser was designed on the base of hydrological controller. It is recognize commands of switching on and
off on the data bus. Switching of calibration laser is realized by the controller on the PC command from shore.
Working cycle consists from two main stages: the send of command from PC to hydrological controller; the writing
command into memory of device and commutation of calibration laser by high-voltage photo-relay.

HCCJEJOBAHUE ®OHOBBIX YCJIOBUM IS AKYCTHUYECKOM PETUCTPALIUA
HEWUTPUHO CBEPXBBICOKUX YHEPI'UI B O3EPE BAMKAJI

H.M. Bynnes, A.A. Kouanos, P.P. Mupra3zos, A.A. I1aBjos, I'.JI. [lTanbkoB, JI.B. [ITanbKoB.

HUMU npuxnanHo#t puzuku UT'Y, Upkyrck
pgeorg@api.isu.ru

STUDY OF BACKGROUND CONDITIONS FOR ACOUSTIC DETECTION OF HIGH ENERGY
NEUTRINO IN THE LAKE BAIKAL

N.M. Budnev, A.A. Kochanov, R.R. Mirgazov, A.A. Pavlov, G.L. Pankov, L.V. Pankov

Perucrpanust akyCTH4eCKMX CUTHAIOB OT KAaCKaJHBIX JIHBHEH SIBIIIETCS OJHMM M3 BO3MOJXKHBIX ITyTeH MOHCKa
HEWTPUHO CBEPXBBICOKMX PHEPIHH OT acTPO(U3NUECKUX HCTOYHUKOB. B mpeznonoskeHnu, 410 OCHOBHOW MEXaHU3M
TeHepalllu aKyCTUYECKHX CUTHAJIOB KaCKaJHBIMH JIMBHAMHM, POXIAIOIIMMUCS NPU B3aUMOAECUCTBUH HEUTPUHO
CBEPXBBICOKHX 2HEPrUil ¢ BOAOH, — TEPMOAKyCTUUECKUH, CO3[aBa€Mble UMM HMITYJIbCHI JIaBICHUS JOJKHBI IMETh
OMIOJIApHYI0 (GOPMY JITHTENLHOCTBIO MOPSKA HECKOJBKHUX JIECATKOB MUKpOCeKyHA. OCHOBHAsI CIIOXKHOCTh TpakK-
THYECKOH peann3aiiy 3TOr0 METOa COCTOHUT B TOM, UTO B JIFOOOM NPHPOJIHOM BOJIOE€ME IIPUCYTCTBYET 3HAUUTENb-
HBIN aKycTHYeCKUi (oH, co31aBaeMblil IPYTMMH MHOTOUHCIICHHBIMI HCTOYHUKAMU.

g onpeneneHns aMIUIUTYAHO-BPEMEHHBIX XapaKTEPHCTUK BBHICOKOUACTOTHBIX aKyCTHYECKHX IIYMOB B 03€pe
Baiikan kak (oHa A perucTpani HeUTpUHO cBepxBhICOKNX 3Hepruit B HUNII® UT'Y pa3paboTtan AByXKaHAIb-
HBII TITyOOKOBOJHBIN aBTOHOMHBINH IHdpoBoii mpubop. VM3mepurenpHas cuctema mprubopa M3rOTOBICHA Ha 0aze
¢dmt-muxpokontpoiuiepa — (MCU) MSP430F149 dupmbr «Texas Instrumentsy», B coctaB koToporo Bxoaut 12-pas-
psIHBIN aHanoro-1MpoBoil mpeoOdpa3zoBaTeIb ¢ MAKCUMAIBHON 4acToTOl npeodpazoBanus 200000 BrIOOpOK B ce-
KyHIy 1 MHOTOKaHAJIbHBII aHaIOroBEIA MynbTUILIEKCOp. st XpaHeHns: nH(opManus 3anuchIBacTCs HA BHYTPEH-
HIOIO NTaMsTh eMKOCThI0 1 ['GaiiT.

Pe3ynbraTel BHITOTHEHHBIX MU3MEPEHUN MOKA3alM, YTO CAMBIM MOIIHBIM UCTOYHHUKOM aKyCTHYECKOTO LIymMa Ha
Baiixaie siBisieTcs e, TouHee Tpeck Jbaa. CpeaHss BeIUIMHA 3BYKOBOTO JIaBleHUs B mojioce yactoT 1-50 k[t B
MepUoJI, KOTJa 03epo MOKPHITO Jb0M, cocTtaBisieT 0.1-0.2 [1a, 9T0 B HECKONBKO pa3 OOIbIIIE, YeM COOTBETCTBYIO-
11asi BeJIMUMHA BO BpeMsl, Korja Jipja Ha baiikane HeT. IHTerpanbHblil ypoBeHb IPUPOAHBIX IIyMOB B balikane cia-
00 3aBUCHT OT TIyOMHBI, €Tr0 MUHUMAaJIbHAS BETMYNHA CPEIHEKBAIPATHIHOTO OTKJIOHEHHS aKyCTHIECKOTO JaBIICHUS
HaxonuTcs Ha ypoBHe 10 mIla. CnexTpanbHas IUIIOTHOCTh MOIIHOCTH IIYMOB MPH CTAOMIIBHBIX YCIIOBHAX, KaK Ipa-
BIJIO, HA BCEX IIyOWHAX MPAKTHYECKH PABHOMEPHO yMeHbIIaercs Ha 5—6 nb ¢ pocToM 4acTOTHI Ha OKTaBY B Ha-
croTHOM nuanasoHe 1-50 x['n. B Baiikane BcTpedaroTcs NIyMOBBIE UMITYJIBCHI C CaMOW pa3HOH (GopMoH, aMILIUTY-
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JIOH, [UTMTEIIFHOCTBIO, MHTEPBaJaMH BPEMEHH MEXKIy CMEHOM 3HaKa aKyCcTHUecKoro maBieHua. HaOmromaercs 3Ha-
YUTEJIbHOE YUCJIO KOPOTKHUX (ITUTEIHLHOCTHIO OT 10 MKC) MMITYJIbCOB, B TOM YHCII€ OUMOJSPHBIX, (hOpMa KOTOPHIX
MOX0Xa Ha OKUIAaeMYI0 U aKyCTHYECKHX CHTHAJIOB OT KacKaIHBIX JIMBHEHW B BOZE, a aMIUIUTY/Aa Ha HECKOJBKO
CTaHJAPTHBIX OTKJIOHEHUI NpPEBBIIAET CPEAHUN YPOBEHb LIyMa B JAHHBIM MOMEHT BpeMeHU. Kak mokaszamu pe-
3YJBTATHl KOPPEISIIUOHHOTO aHaNHu3a, OOJBINAs YacTh TAaKUX KOPOTKHX HMIYJIHCOB BO3HHUKACT B pe3yibTaTe WH-
TepdepeHun akycTudecknx BoimH. OIHAKO HE HCKIIOYEHO, YTO HEKOTOPHIE M3 3apETUCTPHUPOBAHHBIX KOPOTKUX
UMITYJIbCOB OBLIN MOPOXK/ICHBI KBa3UJIOKaJIbHBIMU HCTOYHUKAMU 3BYKa.

The detection of the acoustic signals from the showers is one of the possible ways to search high energy neutrino
from astrophysical sources. Suggesting that main mechanism of production of acoustic signals by showers is ther-
moacoustic, the pulses must have a bipolar form and duration about tens microseconds. The main problem of the
method is extraction of neutrino induced acoustic signals from background, which exist in any natural water basin
due to other multiple sources..

In the Applied Physic Institute of Irkutsk State University the two channels deep underwater autonomous digital
instrument was designed for study of time- amplitude characteristics of high frequency acoustic noise in the Lake
Baikal. The flash-microcontroller MSP430F149 (made by Texas Instruments Company) with 12-bit ADC is used to
digitize the signals from both hydrophones with the frequency up to 200000 samples per second maximum. The
information is storaged into 1 Gb flash card. The results of measurements show that ice is the most powerful source
of the acoustic noise in Lake Baikal. The average value of an acoustic pressure in the frequency diapason 1-50 kHz
is about 0.1-0.2 Pa in time, when the Lake is covered by ice. It is in several times more, than one for time without
ice. The value of integral acoustic noise in the Lake Baikal weakly depends on depth and its minimum value is about
10 mPa. Under stable conditions spectrum power density, as a rule, at all depths decreases on 5-6 dB when frequen-
cy increase in two times in the frequency range 1-50 kHz. A number of acoustic pulses including bipolar one with
the most different form, amplitude, duration, time interval between changing of a sign of acoustic pressure are ob-
served in the Lake Baikal As well, there are many short (duration from 10 mks) pulses, which form is similar one
for acoustic signals from shower and amplitude is some standard deviation of background of acoustic noise at the
moment. The correlation analyze shows, that main part of such short pulses appears as a result of interferences of
acoustic waves. However, not excluded, that some of them were generated by quasilocal acoustic sources.

IPUBOP JUISI AKYCTUYECKOM PETUCTPAILIMUA KACKAHBIX JINBHEM, OBPA3OBAHHBIX
HEWTPUHO CBEPXBBICOKUX DHEPI' U

H.M. Bynnes, A.A. Kouanos, P.P. Mupra3zos, A.A. I1aBjos, I'.JI. [lanbkoB, JI.B. [ITanbkoB

HUMU npuxnanHo#t puzuku UT'Y, Upkyrck
pgeorg@api.isu.ru

THE DEVICE FOR ACOUSTIC DETECTION OF SHOWERS PRODUCED BY THE ULTRA HIGH
ENERGY NEUTRINO

N.M. Budnev, A.A. Kochanov, R.R. Mirgazov, A.A. Pavlov, G.L. Pankov, L.V. Pankov

B Hacrosimiee BpeMsi B MHUpE CYIIECTBYET JIMIIb ABAa KPYIHBIX JETEKTOpa HEHTPHHO BBICOKMX JHEPTHil. DTO
ycranoBka AMANDA u Baiikansckuii riry0OKOBOHBIN HEHTpUHHEIH Teneckon HT-200+, BBeACHHBIN B SKCILTyaTa-
o B 2005 1. ociie pa3BepThIBaHUs TPEX AOTOJHUTENIBHBIX TUPISIHI ¢ (POTONPUEMHHKA, KOTOPBIE PACHONI0KEHBI B
BEPIINHAX TPEYTOJIbHUKA, B IEHTPE KOTOPOTO HAXOAUTCS TIOCTPOCHHBIN paHee HeHTpuHHBIN Teneckonr HT-200. O6a
OCHOBAHBI Ha PErHCTPALNU YEPEHKOBCKOTO U3IY4YE€HHUS OT MIOOHOB M KaCKaJHbIX JIUBHEH, MOPOKICHHBIX HEHTPHHO.
B HacTosmmii MOMEHT 3(eKTHBHEIH 06beM HeiiTpuHHOro Teneckorma HT-200+ cocrasmser 107 KyGmueckux Met-
poB. OzHako nanbHellee yBennueHne 3hGeKTHBHOrO 00beMa TeJeCKOIa BeJeT K OTPOMHBIM TEXHHYECKUM U Ma-
TepUaJIbHBIM 3aTpaTaM.

Wpnes akycTHYecKO# periucTpaiii HEHTPHHO CBEPXBBICOKHX SHEpruil BocxoauT k padote I'.A. Ackapesaa 1957 1.
[ToTeHnuanbHble BO3MOXKHOCTH METOJA CBSI3aHBI C TEM, YTO IHOIJIOUIEHNE aKyCTHYECKHX BOJIH B BOJE 3HAUUTEIBHO
MEHBIIIE, YeM ITOTJIONIEHNE YEPEHKOBCKOTO M3JIydeHUsI. B 0COOEHHOCTH 3TO OTHOCHTCS K NMPECHOW BOJE, TIe JUIMHA
3aTyXaHHs yJIbTpa3ByKa ¢ yacToToi nopsaka 50 kI mpesbinaeT kuomerp. Bropoe obcrosTenscTBO, KoTopoe Oia-
TONPUATCTBYET BO3MOXKHOCTU PETHCTPALUU aKyCTHUECKUX CUTHAJIOB Ha PACCTOSIHMM B COTHU METPOB M Jake He-
CKOJIBKO KMJIOMETPOB OT KacKaJHBIX JIMBHEH, COCTOMT B TOM, YTO aMIUIMTY/Ja MMITYJIbCOB OT JIMBHEH B OJIMIKHEH
30HE YMEHBIIIAETCS TOIBKO KaK KOPEHb U3 PAacCTOSHUS, a B JaIbHEl — 00paTHO MPOMOPIIHOHATIFHO PACCTOSIHHAIO OT
nuBHA. [lo3TOMy, B ipuHIHIIE, TITyOOKOBOIHBIN aKyCTHYECKHI JETEKTOp HEUTPHHO CBEPXBBICOKUX YHEPTUI MOXKET
COJZIepXKaTh 3HAYUTEIHPHO MEHBINEE YHCIO N3MEPHUTENbHBIX KAHAJIOB, YeM YEPEHKOBCKHH AETEKTOP MpPU TOM Xe 3 -
(extuBHOM OOBEeMe. Ecim mpennoiaokuTh, 9T0 OCHOBHOW MEXaHH3M TE€HEepaIly aKyCTHYECKHX CHTHAJIOB KacKaj-
HBIMH JINBHSMH — TEPMOAKYCTUUECKHUH, CO3/1aBa€MbIe MU HMITYJIBCHI IABJICHUS IOJDKHBI IMETh OUTIOIAPHYIO (hopMy.

B noxnane npencrasieHo onucanue cozganaoro 8 HUUII® UT'Y rimy60KoBOAHOTO MHOTOKAHABHOTO MpHOOpa
JUISL aKyCTHYECKOH PErucTpalMy KacKaJIHbIX JHBHEH, 00pa30BaHHBIX HEWTPHHO CBEPXBBICOKHMX JHEPTHil, a Tarke
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TIPUBOISATCS PE3YJILTATHI TIEPBBIX HATYPHBIX U3MEPEHHH, BBITIOMHEHHBIX B MapTe—anpeie 2005 r. [Ipudop padoraer
B TPEX PEXKMMax:

1) HEnpepHIBHBII MOHUTOPHHT CTATUCTUYECKUX ITAPAMETPOB IIIYMOB;

2) HenpepbIBHBIN MOMCK CHUTHAJIOB 33IaHHOW CTPYKTYPHI M BOCCTAHOBIICHUE MECTOIOJIOKEHHS HCTOYHUKOB TIPHU-
HSTBIX CUTHAJIOB;

3) 3anuch HEMPEPHIBHOTO ()parMeHTa AAHHBIX NPH MOCTYIICHHH YHPaBJISAIOIIET0 CUTHAIA OT HEHTPUHHOTO Te-
neckona HT-200+.

Hcneitanus nmpubopa npoBoamiiMCh Ha o3epe baiikan B 3uMHuil nepuox Ha riryoune oxoio 100 M. I'mapod oHbl
npubopa ObUIM PACIOJIOKEHBI B BEPIIMHAX MTPABUILHOM YeThIpEeXIPaHHON MUpaMuibl ¢ pedpom nopsaka 144 cm. C
ruapodoHOB cUrHaN mocTynan Ha 16-paspsaHoe aenbra-curma-Allll, koTopoe ympaBisiaoch ¢ HOMOIIBIO MUHH-
kommsiorepa (Celeron-400, 256 M6). B 3aBHCHMOCTH OT TEKYIIEro pexkuma pabOThl IPOW3BOJMIACH NEPBUYHAS
00paboTka JaHHBIX, nocsie yero pesynbratsl mo TCP/IP-nporokony ornpasisuuch yepe3 DSL-moneM Ha moBepx-
HOCTb. VI3MepeHns mpoBoAMIach B TEUCHHE HECKOJIBKHUX CYTOK KaK B HOYHOE BPEMs, TaK M AHEM. BBIIHN 1MOITydeHs
JAHHBIC B PEXUME SMYJALMHA COBMECTHON PabOTHI C TEIECKOIOM, a TaKkKe HaOpaHa CTATHUCTHKA IO pe3yibTaTam
MOMCKA OHUIOIAPHBIX UMITYJIBCOB B OKPY’KAIOIIEM IITyME.

At present there are only two large arrays for high energy neutrino detection. AMANDA and Baikal Deep Un-
derwater Neutrino Telescope NT-200+. The last was put into operation in 2005 year after a deployment of three
additional strings with optical modules, which situated in corners of triangle around Neutrino telescope NT-200 in
the center. Both arrays detect Cherenkov light of muons and showers, produced by neutrino. At this moment effec-
tive volume of Neutrino Telescope NT-200+ is about 10" cubic meters. Further increasing of an optical neutrino
telescope effective volume leads to enormous technical and material problems.

The idea of the acoustic detection of high energy neutrino was proposed by G.A. Askarian in 1957. The acous-
tics pulse from shower must have a bipolar form. Advantage of the method are connected with two circumstance:
absorption of acoustic waves in water far less compare with Cherenkov radiation one (in particularities, this is im-
portant for fresh water, where an absorption length of acoustic waves with a frequency of order 50 kHz exceeds a
kilometer), the second, at near wave zone an amplitude of acoustic signal decreases as 1/VR, where R is a distance
from shower and as 1/R in far wave zone. So, a high energy neutrino deep underwater acoustic detector can contain
many times smaller number of measurement channels compare with Cherenkov one with the same efficient volume.

In the report we present the special instrument for detection of acoustic signals from neutrino produced showers.
The instrument was designed in Applied Physic Institute of Irkutsk State University and tested in March 2005 year
on the Lake Baikal. The instrument operates in three modes:

1. The long-term monitoring of statistical parameters of a background;

2. Search for acoustic signals with definite signature and reconstruction of its sources location;

3. Storage of data frame after receiving a trigger signal from Neutrino Telescope NT-200+.

Test of an instrument was done on the Lake Baikal from ice cover at depth 100 m. Four hydrophones of the in-
strument were set in the corners of the tetrahedral pyramid with the side of order 144 cm. The hydrophone’s signals
were digitized with 16 bit delta-sigma ADC, which was controlled by means of minicomputer (Celeron 400MHz,
256 Mb). The preprocessing analysis of data were done for different operation mode in situ and results were send to
the surface using the TCP/IP protocol with help the DSL modem. Measurements were done during several days,
both at a night and day time.

MO/JIEJIMPOBAHUE CTEKJIOBAHUSI APTOHA METOJ0OM MOJIEKYJISPHOM JMHAMUKHA
A.H. llapdenos, IHL.b. Hpiasmos, I.C. Canautos, 10.B. Arpadonos, A.C. Hectepos

BypsiTckuil rocyapCcTBEHHBIN YHUBEPCUTET, YJIaH-Y 13
ivc_mlitrid@bsu.ru

MOLECULAR DYNAMICS SIMULATION OF ARGON GLASS TRANSITION
A.N. Parfenov, S.B. Tsydypov, D.S. Sanditov, Yu.V. Agrafonov, A.S.Nesterov

3a mocneiHUe ABa—TPH JCCATWICTHS MOSBWIACH Ceprs padoT 10 YHCICHHOMY MOJICITUPOBAHHIO MPOIECcca CTEK-
JIOBaHUS MPOCTHIX KUAKOCTEH C MOTCHIUATIOM MEXMOJICKYJIIPHOTO B3aHMMOJICHCTBHS, OMMUCHIBAEMBIM YPaBHCHHUEM
Jlennapma—/xorca. OTHUM U3 WHTEPECHBIX PE3YJIBTATOB STHX HCCICIOBAHHNA SBISETCS PACIICIUICHHE BTOPOTO
MaKCUMyMa pafuaibHON (YHKINHU pactpeae]eHrs Ha ABa KA IPHU BIOJHE ONPEAETICHHON TeMIepaType, KoTopas
MOXeET ObITh HHTEPIPETUPOBAHA KaK TeMIeparypa mnepexo/ia )HAKOCTh—CTeKII0. B caMoM Jene, 1aHHoe paciieruie-
HHE BTOPOI0 MaKCHMyMa OTPaKaeT Pa3MbIBAaHHE BEPOSITHOCTHOTO PACIPEICIICHHS aTOMOB B IIPOCTPAHCTBE BTOPOWA
KOOPJIMHAIIMOHHOM c(hephl, 4TO BIOJHE JIOTHYHO CBS3aTh C MpoleccoM amopdusanuu. Tem Gonee, mpu3Hak amop -
HOTO COCTOSIHHSI B 00JIaCTH BTOPOTO MakcuMyMa (DYHKIIMH pactpeneieHns ITOATBEPKAAaeTCsl HaTYPHBIMH 3KCIIEpU-
MEHTaMH 110 HEUTPOHHOMY M PSHTT€HOBCKOMY PacCEsHUIO.

B HacTosimieli paboTe BBOAUTCS (DIYKTYallMOHHBIA 00BEM KHJIKOCTH M aMOP(HBIX Cpel, 00yCIOBICHHBIA CMe-
IICHUSIMH aTOMOB U3 PABHOBECHBIX MOJO0KECHUH B pe3yNIbTaTe TEIUIOBBIX (BiykTyanuii. OnpeneieHHbIH TakuM 00pa-
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30M (PIYKTyalMOHHBIH 00BEM CPAaBHHBAETCS C aHAJIOTHYHOW BEMYMHON B MOJETH BO30YXKIEHHOTO cocTostHus. C
MOMOIIIBI0 METO/Ia MOJIEKYJIIPHOM JMHAMUKH 110 TEMIIEPATYPHOM 3aBUCUMOCTH JI0JIM 3TOr0 00beMa HAXOAUTCS TOY-
Ka CTEKJIOBaHUs aproHa. JlaeTcsi cpaBHEHHE MONYYSHHON TEMIIEPaTyphl CTEKIOBAHHS C TEMIEpPaTypoil paciierie-
HHSI BTOPOTO MaKCUMyMa paraibHON (YHKINHU pacipeieeHus.

Temneparypa, HauuHasi ¢ KOTOPOW HAONIOAAETCS pacUICIUICHHE BTOPOTO MaKCHMyMa paauaibHOW (QyHKIUH
pachnpesieneHus aproHa Ha JBa IHKa, COBIAJaeT C TEMIePaTypoil CTEKIOBAHUS, MOJYICHHON O TeMIepaTypHOi
3aBHCUMOCTH (PIYKTYaIllMOHHOTO 00BbeMa.

For last two—three decades a series of works on computer simulation of glass transition of simple liquids with the
potential of intermolecular interaction described by Lennard—Jones equation has appeared. One of interesting results
of these researches is splitting the second maximum of radial distribution function to two peaks at quite certain tem-
perature that may be interpreted as temperature of liquid-glass transition. Really, the given splitting of the second
maximum reflects “erosion” of distribution of atoms in space of the second coordination sphere, it is quite logical to
connect this fact with process of amorphicity. Especially the attribute of an amorphous condition in the field of the
second maximum of function of distribution proves to be true natural experiments on neutron and X-ray dispersion.

In the present work fluctuation volume of a liquid and the amorphous environments is determined, caused by
displacement of atoms from equilibrium positions as a result of thermal fluctuations. With the help of molecular
dynamics method on temperature dependence of a share of this volume a point of argon glass transition was found.
Comparison of the received temperature of glass transition with temperature of splitting of the second maximum of
radial distribution function is given.

The temperature, since which splitting the second maximum of argon radial distribution function on two peaks is
observed, coincides with temperature of glass transition, received on temperature dependence of fluctuation volume.

MOJIEJIb IIYMOB B O3EPE BAMKAJI KAK ®OHA JIUISI AKYCTUHYECKOUN PETUCTPAIIMA
HEHTPUHO CBEPXBBICOKHX DHEPT U1

A.JL IlaxopykoBa

HpkyTckuil rocyJapcTBEHHBIN YHUBEpCUTET, VIpKyTCK
nbudnev@api.isu.ru

MODEL OF ACOUSTIC NOISE IN THE LAKE BAIKAL AS BACKGROUND FOR ACOUSTIC DE-
TECTION OF SUPER HIGH ENERGY NEUTRINO

A.L. Paharukova

Perucrpanusi akyCTU4eCKUX CUTHAJIOB OT KAaCKaIHBIX JIMBHEU SBJIIETCSA OJAHMM M3 NMOTEHLMAIBHO BO3MOXKHBIX
METOJIOB M3Y4YEHUs] HEHTPUHO CBEPXBBICOKUX JHEPrHi OT acTpOo(U3MUECKHX HMCTOYHHUKOB. [loTeHIMalIbHBIE BO3-
MOKHOCTH METOJIa CBSI3aHBbI C TEM, YTO MOMJIOIEHHE aKyCTUYECKHX BOJH B BOJIE 3HAYUTENIHO MEHBIIIE, YEM MOTJIO-
IIeHHEe YEPEHKOBCKOTO M3IydeHHUs. B 0COOEHHOCTH 3TO OTHOCHUTCS K NMPECHOH BOJE, I'/ie UTMHA 3aTyXaHHs YIbTpa-
3ByKa ¢ gactotod mopsaka 50 k[ mpeBeimmaer xuiioMeTp. BTopoe o0cTOSATENBECTBO, KOTOpOE OIAaronpusTCTBYET
BO3MOXKHOCTH PETUCTPALIMU aKyCTUYECKUX CUTHAJIOB Ha PACCTOSIHMU B COTHH METPOB U J1aXK€ B HECKOJBKO KHIIO-
METPOB OT KaCKa/IHBIX JINBHEH, COCTOUT B TOM, YTO aMIUIUTY/a UMITYJIbCOB OT JIMBHEH B OJIIDKHEH 30HE yMEHbIIAeT-
Csl TOJILKO KaK KOPEHb U3 PAacCTOSIHUS, a B AalbHE — 00paTHO MPOMOPIHOHATILHO pacCcTOsSHUIO OT JuBHL. [TosTomy,
B TIPHUHIMIIE, INTyOOKOBOJHBIN aKyCTHUECKHH JETEKTOP HEHTPUHO CBEPXBBICOKUX DHEPIHU MOXKET COJEpiKaTh 3Ha-
YUTEIHHO MEHBIIIEE YHCIIO0 H3MEPHUTENBHBIX KaHAJIOB, YeM YEPEHKOBCKHH JETEKTOP MPH TOM e 3(h(HEKTUBHOM 00b-
eMe. BO3MO>XXKHOCTb IPAaKTUYECKON peaIn3allMy UEU aKyCTUUECKOM pEerucTpaliy 3aBUCUT KaK OT BEJIMYUHBI CUTHA-
J1a, BOSHUKAIOIIETO IIPY B3aUMOJEHCTBUY HEUTPUHO WIN JAPYroil YacTULBI CBEPXBBICOKOM YHEPIUU C BOJOU, TAK U
OT XapaKTEePUCTHUK aKyCTHYECKHX IIYMOB B JaHHOM BojoeMe. DaKTHUECKH caMa BO3MOXHOCTH (WM HEBO3MOXK-
HOCTbB) aKyCTH4ECKOW PerucTpanyy HEHTPUHO BBICOKMX SHEPTHH M AHEPreTHUECKHH MOPOT PErHcTpanuy ompene-
JSIFOTCSI BO3MOKHOCTBIO (MU HEBO3MOXKHOCTBIO) BBIJIEJICHUS! CUTHAJIOB OT KAaCKa/IHBIX JINBHEH M3 LIyMOB, CO37aBa-
€MBIX JPYTUMH HCTOYHHKAMU.

Hawubosnee MomIHbIe HCTOYHUKH aKyCTHUECKHX IIyMOB: BOJHBI, BETED, JIOXK/b, JIEH, CyJOXOACTBO U T.JI. — HaX0-
JUITCSL B TIOBEPXHOCTHOM ciioe. Jisl olleHKH IryMoBOro (oHa B TOJIIIE 03€pa MPUIOBEPXHOCTHBIE HCTOUYHHUKH IIyMa
B XOpoIIeM NPUOIMKEHUH MOTYT OBITh 33JaHbl B BHJE PaBHOMEPHO pacIpe/IelIeHHbIX HEKOPPEINPOBAHHBIX dJIe-
MEHTAapHBIX HCTOYHUKOB 3BYKa C YACTOTHOM XapakTepPHCTHKOM, mamaromiei Ha K mennben Ha OKTaBy (Kak MpaBu-
10, k = 5-6) u guarpaMmoit H3ydeHHs IPONOPLHOHATbHOM C0S2"0, rae O — 3eruTHEI yrom, a 2n = 0.5-2. Kak cie-
IyeT W3 Pe3ysbTaTOB M3MEPEHHH, WHTETPAJIbHBIA yPOBEHB IIyMa cIa00 3aBHUCHT OT IIyOWHBI, YTO TaKXe MOYTH
OUYEBUIHO KadyecTBeHHO. OJIHAKO, YaCTOTHO-YTJIOBBIC XapaKTEPUCTHUKHU IITyMa MEHSIOTCS C TITyOMHOM m3-3a pedpax-
IIH 3BYKa, BO3HUKAIOIIEH M3-32 U3MEHEHUSI CKOPOCTH 3BYKa C TIIyOMHOM, U 3aBUCUMOCTH 3aTyXaHHs aKyCTHYECKUX
BOJIH OT YaCTOTHI.

B nmoxmazme mpeacTaBieHsl pe3yibTaThl pacdera IudepeHIHaIbHON M0 3¢ HUTHOMY YTy CIeKTPalbHON IUIOT-
HOCTH aKyCTUYECKUX IIyMOB Juis o3epa baiikan. PacueTsl BEINOIHEHBI I TPEX CIIy4aeB 3aBUCUMOCTH TeMIIEpaTy-
PHI, a CIIeA0BATEILHO U CKOPOCTH 3BYKa, OT IIIyOMHBI: roMOTepMHHM B auanazone riayoun 0-300 m, koTopas Habio-
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JTaeTCsl B MIOHE—HIOJIe U HOsIOpe—nexadpe, MpsIMOr B 0OpaTHOM TeMIepaTypHOU CTpaTU(GUKALMN B 3TOM THANa30HEe
rryoun. Ha rmy6unax 6osbmie 300 M MeKCE30HHBIMU U3MEHEHUSIMH TEMITEPaTyphl ¢ TOYKH 3pEHUS JTaHHOW 3a1a9u
MOJKHO TIpeHeOpeub. B pacderax ydTeHBI 4acTOTHAs 3aBUCHMOCTH KOd((HUIMeHTa 3aTyXaHusI u d3PPEKTH OTpaxke-
HUS 3ByKa OT JIHAa ¥ TOBEPXHOCTU BOAOEMA.

PesynbTaThl pacuyera UCIIOIB30BAHBI C HENBI0 (POPMUPOBAHMS ONTUMAIBHOM (C TOUKM 3pPEHHS BEIIMYUHBI OTHO-
MIEHWs CUTHAJ/IIYM ¥ amepTyphl) AUarpaMMbl HAIPaBICHHOCTH MPUEMHBIX aHTEHH ITyOOKOBOZAHOTO MOIYJS, CO-
3panHoro B HUUII® UI'Y nns nmoucka akyCTUYECKHX CUTHAJIOB OT KACKa[HbBIX JIMBHEH CBEPXBBICOKMX 3HEPIUH B
o3epe baiikai.

The detection of the acoustic signals from the showers is one of the possible ways to study super high energy
neutrino from the astrophysical sources. The advantages of the method are evident from two factors. First, absorp-
tion of the acoustic waves in water is far less, than one of Cherenkov radiation (especially, in fresh water, where a
length of the absorption of the ultrasound with frequency of the order 50 kHz exceeds the kilometer). The second, an
amplitude of acoustic pulse from a shower in the near-field zone (up to some hundreds meters in this case) decreases
inversely as the root from distance from shower R and in far-field zone inversely as the R. So, the deep underwater
acoustic detector of super high energy neutrino have to have not so large number of sensors as the Cherenkov array
with the same efficient volume. Will be possible or not to realize the method practically depends on the value of the
acoustic signal generated due to neutrino interaction with water and properties of acoustic noise in a basin.

The most powerful sources of acoustic noise are waves, wind, rain, ice, ships and so on, they are located in sur-
face layer. In a good approximation to estimate the acoustic background at large depths one can propose that
elementary sources are distributed uniformly at a surface. Its a spectral power density decrease on k dB (as a
rule, k = 5-6) if the frequency increases in two times, and angle of radiation is proportional to cos*'0, where 6 — a
zenithal angle and 2n = 0.5-2. As it follows from results of the measurements, integral level of the noise weakly
depends on a depth in the Lake Baikal. However, frequency and angular parameters of the noise change with depth
due to the refraction the absorption.

The results of the calculations of the differential spectral density of acoustic noise in the Lake Baikal are pre-
sented. The calculations are done for three different dependencies of the temperature from a depth: homothermy
take place within the range of depths 0-300 m (it is observed at June—July and November—December), direct and
inverse temperature stratification in this range of the depths. One can neglect by season changing of the temperature
at depths more than 300 m in this case. The dependence of the absorption coefficient from a frequency and a reflec-
tion from the bottom and the surface are taken into account as well.

The results of the calculations are used to optimize acceptance angle of antenna of the deep underwater device,
which was designed in API ISU to search the acoustic signals from the super high energy showers in the Lake Baikal.

MOJSAPUSAIIMOHHBIE PCAB-HABJIOAEHUSI AKTUBHBIX SITEP I'AJTIAKTUK
L2A,B. Iymkapes, *JI.K. TI'ady3na

TnaBnas acrpoHoMmdeckas ooceparopust PAH, [TymkoBo;
’KpbiMcKast acTpodu3Haeckas 06cepBaTOpHs;
3University College Cork
pushkarev@crao.crimea.ua

POLARIZATION VLBI OBSERVATIONS OF ACTIVE GALACTIC NUCLEI
12p B. Pushkarev, °D.C. Gabuzda

O6wekTsl THa BL Lacertae mpenctaBistroT co0oil KpaifHe AKCTpeMalbHBIN KJIACC aKTHBHBIX TaTaKTHYECKUX
S7Iep, XapaKTEPU3YIOLINXCS PSIOM MEKYIAPHBIX CBOUCTB: CIAOBIMH JTHOO0 MPAKTHUECKH HEOOHAPYKUMBIMU SMHUCCH-
OHHBIMU JIMHUAMH, OBICTPOH M CHIBHOM MEPEeMEHHOCTHIO BO BCEX y4acTKaxX 3JIEKTPOMArHUTHOTO CHEKTPA, BBICOKOM
CTETICHBIO TOJIIPU3AIlliY, KOMIIAKTHON Palio- U TOUYEYHOW ONTHYECKOW CTPYKTypou. M3ydeHue 3TUX OOBEKTOB C
GecrpenieIGHTHBIM YIJIOBBIM Pa3pelIeHHeM, COCTaBIISIONIUM OKOJIO OJHOW MMIUTUCEKYHIBI TyI'H, BO3MOXKHO C HC-
MOJIb30BaHUEM METO/Ia PAIMOUHTEPPEPOMETPHUH CO CBEPXIIMHHBIMH Oa3aMH.

OnHOBpEMEHHBIE MHOTOYACTOTHBIE ITOJISIPU3AlMOHHbIE HaOmonenust 24 u3 34 MCTOYHMKOB ITOJHOM paJrOBBI-
6opku I'. Kypa u I'. llmuara 6sutn nposenens! B despaie 1997 r. (1997.11) ¢ moMomipio JIecaTH aHTEHH CETH
VLBA (NRAO): St. Croix, Hancock, N. Liberty, Fort Devis, Los Alamos, Pie Town, Kitt Peak, Owens Valley,
Brewster m Mauna Kea; qnametp kaxaoi u3 anteHH 25 M. Habmroaenus ObUTH IpOBEICHBI OTHOBPEMEHHO Ha 5, 8 1
15 I'T'n B 1ByX 94acTOTHBIX KaHayax ¢ o0meil mmpuHoi monocs! 32 MI'n. Kaxknas u3 anTeHH Habmogana Kax JeByro,
Tak ¥ MPaByIO KPYroByr moispu3anuio. /lanapie Obutu mpoxoppenupoBansl Ha VLBA-koppenstope B Coxoppo.
Kanu6poska manubix mposoamiachk B makere AIPS (NRAO) ¢ ucmonp30BaHreM CTaHAAPTHBIX MPOIEAYpP. AMIUIH-
TyIHasT KaTHOpOBKa BBITIOJIHEHA C HMCIIOJIB30BAHWEM M3MEPEHHBIX Ha KaXKAOH aHTEHHE CHCTEMHBIX TEMIepaTyp H
KpHBBIX ycuieHus. [locie kannOpoBKy [Uis TOCTPOSHUS n300paxeHHii rcnosb3oBanuchk 3aaaun CALIB u IMAGR.

CuutbHblit nctounmk 3C 84, KOTOPBINH MOXKHO CUNTATh HEMOJISIPU30BAHHBIM Ha 3THUX YacTOTaX, ObLI HCIIOIb30BaH
JUISL OTIPEJeNICHNs] MHCTPYMEHTAIBHON MOJISIpU3aliy KaXK/JOH M3 aHTeHH Ha BCeX yacToTax. AOCONIOTHAs OpHeHTa-
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M1 TIO3UITMOHHBIX YTJIOB MOJIApU3anuy Oblna kanuopoBaHa mo V0LBA-HaOI0OACHHSIM KOMITAKTHOTO, CHIIBHOTIONS-
pU30BAaHHOTO WCTOYHHWKA 1823+568 BMecCTe ¢ M3MEPEHHUSIMH €T0 HHTErPaJbHOW MOJSAPHU3ANNHU, TMONYICHHOH W3
VLA-na"HBIX CITyCTS OJIUH JICHB MOCJe OKOHYaHMs HaOmonatensHoi ceccun Ha VLBA. Tlpu kanubpoBke mpeano-
jaraercs, 9To (paKTHIECKH BCA WHTETpalbHAs NOJsIpu3aIis BosHuKaeT Ha VLBA-macmTabax, mo3ToMy yIITbl MOJIs-
pm3ammu 11 VLBA- n VLA-maHHBIX ZODKHBI coBmanaTh. OKOHUYATENIbHAS HEOMPEACICHHOCTh B ITO3HUITMOHHBIX
yIJax MOJIIPU3AIiU COCTaBIsAeT 2—3° Ha BCEX YaCTOTaX.

B pabote o6cyxnaroTcs MOTyIeHHBIE H300pakeHHUsI B TIOJTHOH WHTEHCUBHOCTH W JMHEWHOW Tomspu3anun. Ps
MCTOYHHMKOB M3 TIOJIHOH BBIOOPKM MMEIOT TaKylo MOJSIPH3ALMOHHYIO CTPYKTYPY, KOTOpasi IIO3BOJISIET CENATh Mpe/-
TMIOJIOKEHHE O CYIIECTBOBAHMHM OOOJIOYKHM C HPOJOJNBHBIM MarHUTHBIM mosieM, ¢opmupytometrics Bokpyr PCJIb-
BBIOpOCA MCTOYHUKA Ha HEKOTOPOM PACCTOSIHUM OT sijpa (TOopsiAKa HECKOIBKUX MapceK B MPOEKLUUH Ha KapTHHHYIO
TUTOCKOCTh). DTO MOXET yKa3blBaTh U Ha BO3MOXKHOE B3aMMOJICHCTBHE BBHIOpOCA C OKpyKaromiel cpemoil. B He-
CKOJIBKHX 00BbeKTaX 00Hapy)KEHO HEOTHOPOIHOE paclpeesieHHe MEephl BpalleHUs, YTO YKa3bIBaeT Ha HAJIMYHE Tell-
JIOBOH TTa3MBI B HENIOCPEICTBEHHON OJM30CTH OT HCTOYHHKA.

BL Lacertae objects are members of an extreme class of active galactic nuclei characterized by a number of pe-
culiar properties: weak (sometimes undetectable) emission lines in their optical spectra, rapid and strong variability
in all parts of electromagnetic spectrum (from optical to radio), a high degree of linear polarization, point-like opti-
cal and compact radio structure. Very high resolution (about one milliardcsecond) probing of these sources is possi-
ble making use of the method of Very Large Interferometer Baseline (VLBI).

Simultaneous multifrequency polarization observations of 24 out of 34 sources from a complete sample defined
by G. Kuhr and H. Schmidt were obtained in February 1997 (epoch 1997.11) using all ten VLBA (NRAO) antennas:
St. Croix, Hancock, N. Liberty, Fort Devis, Los Alamos, Pie Town, Kitt Peak, Owens Valley, Brewster u Mauna
Kea; the diameter of each antenna is 25m. The observations were carried out simultaneously at 5, 8 u 15 GHz using
two intermediate frequencies with a total bandwidth of 32 MHz. Each of the antennas recorded both right- and left-
circular polarization. The data were correlated at the VLBA correlator in Socorro, New Mexico, and then reduced in
the NRAO AIPS package using standard procedures. Amplitude calibration was performed using system tempera-
ture measurements together with gain curves taken on each antenna. After the preliminary calibration, the AIPS
tasks CALIB and IMAGR were used iteratively to construct the images.

The strong source 3C 84, which is essentially unpolarized at these frequencies, was used to determine the in-
strumental polarizations of each of the antennas at each of the three frequencies. The absolute orientation of the po-
larization angles was calibrated using our VLBA observations of the compact, strongly polarized source 1823+568
together with measurements of its integrated polarization obtained on the Very Large Array one day after the end of
the VLBA observations. The polarization-angle calibration assumed that a large fraction of the integrated polariza-
tion arises on VLBI scales, so that the total VLBA and VLA polarization angles should coincide. The final uncer-
tainty in the polarization angles was 2—3° at all frequencies.

We discuss the total intensity and linear polarization images. A number of sources from the complete sample
showed the polarization structure that suggests the presence of sheath with longitudinal magnetic field forms around
the VLBI jet at some distance from the core. This can provide us with an evidence of possible interaction of the jet
and surrounding medium. Several objects demonstrated inhomogeneous rotation measure distribution. Therefore, it
means the presence of thermal plasma in immediate vicinity of the sources.

CIIEKTP ATMOC®EPHBIX HEUTPUHO BICOKUX SHEPT U:
PACYET U JAHHBIE U3MEPEHU

T.C. Cunerosckas, 2C./. Cunerosekwuii

1I/IpKyTCKI/II71 rOCyJapCTBEHHBIN YHUBEPCUTET ITyTeil coobmeHus, MpKkyTck
UpkyTckuil rocyjapcTBEHHBIN yHUBEpCUTET, pKyTCK
tanya@api.isu.ru

HIGH-ENERGY ATMOSPHERIC NEUTRINO SPECTRUM:
THE COMPUTATION AND MEASURING DATA

!T.S. Sinegovskaya, °S.1. Sinegovsky

Perucrpanus HOTOKOB HEHTPHHO BBICOKHX PHEPTHil OT acTPO(U3NIECKHX HMCTOYHHKOB — OJHA M3 BaKHEHIINX
3a7a4 COBPEMEHHOW acTpO(M3UKH, JUIS pEIICHHsS KOTOpOil co3iaHbsl OoJbIine TiIyOOKOBOJHBIE (TIO/UICIHBIE)
HelTpunHble Teneckonsl (HT-200+, AMANDA-II), a Takxe IpOEeKTHPYIOTCS IMTAHTCKHE JETEKTOPHI HOBOT'O MOKO-
nennst — ¢ sddexruBHbM 06beMoM 10 1 kM® (IceCube, NEMO). Heycrpannmbiii hOH B 3THX 3a1a4aX COCTABIAIOT
aTMoc(epHbIe HEWTPUHO, TeHepHpyeMble KOCMUUECKIMU JTydamu B atMocdepe 3emnn. B To sxe Bpemst armocdep-
Hble HEMTPUHO MOTYT CIIY)KUTh TECTOM JUUI YCTAHOBKH, IIOCKOJIEKY BO3MOXKEH PacdeT IMOTOKOB HEHTPHHO W MIOO-
HOB, B CBOIO O4€pe/Ib NPOBEPsSiEMbIil Ha OCHOBE M3MEPEHHI TTOTOKOB aTMOC(EPHBIX MIOOHOB.
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B HenaBueli pabote [1] ObITH OMyOJMKOBAHEI MPEIBAPUTEILHBIC PE3YJIbTAThl H3MEPEHHS YHEPTETUUECKOTO CIICK-
Tpa aTMOC(EPHBIX MIOOHHBIX HEHTPUHO, 3apETHCTPUPOBAHHBIX B HANPABICHUH CHHU3Y BBEPX. DTO MEPBBIA M3MEPECH-
HBIH CHEKTp aTMOC(epHBIX HEHTPHHO B 00MacT BBHICOKMX 3Hepruit — ot 1.5 mo 300 T»B. IlpencraBiser mHTEpec
CpaBHEHHE HTHX M3MEPEHUl ¢ paHee Mpe/cKa3aHHbIME crekTpaMu. [lockonbKy B paboTe [2] mpHuBeneHO CpaBHEHHE
pacyeToB pa3HBIX aBTOPOB, 3/1€Ch MBI OTPAHUIHNMCS CpaBHEHHEM ¢ u3MepeHHBIM Ha ycraHoBke AMANDA criektpom
TOJIEKO OJIHOTO pacyera, BHITOJHEHHOTO B PAMKaX MOJIEITH aTMOC(EPHOTo aJpOHHOTO Kackana [2-3].

Herexrop AMANDA-II npencrasisier 677 onTHYECKUX MOAYJICH, 3aKpEIJICHHBIX Ha 19 BepTHKaNIbHBIX CTPUH-
rax U HOrpy>KeHHbIX B JieA Ha FOxxHOM momtoce Ha riryouny ot 1500 go 2000 M. OnTHueckue MOIYIH PETUCTPUPY-
IOT YEPCHKOBCKHII CBET 3apSIKCHHBIX MIOOHOB, POXKAIOIIMXCS BOIM3H IETEKTOpa B peakuusix v, + N — p+ X.

Tak kak B padote [1] He MpUBeEHBI JaHHBIE O 3€HUTHBIX yIJIaX, KOTOPBHIM OTBEYAIOT 3apErUCTPUPOBAHHBIE COOBITHS,
MBI paccuutanu auddepeHnnanbHble CeKTPbl aTMOCHEPHBIX MIOOHHBIX HEHTPHHO OT PAcliafoB MHOHOB, KAOHOB U
MIOOHOB JJIs AMana3oHa 3eHUTHBIX yraoB 0—89° npu sueprusax ot 500 mo 10° I'3B. B KauecTBe HCTOYHHKOB MIOOH-
HBIX HEHUTPUHO JONOJHMUTENIBHO PacCMaTpUBAINCh TPEXUYACTUUHBIC MOIYJNENTOHHBIE pPAcHajabl 3apsHKEHHBIX U
HEWTpPaIbHBIX KAOHOB, a TAK)KE IHOHBI OT PacliaioB KAOHOB. PaccunTaHHbIE CIEKTPHI MIOOHHBIX HEHTPHUHO B LIEIOM
HE MPOTUBOPEYAT SKCIepIMEHTANEHBIM NaHHBIM ycTaHOBKH AMANDA-II 1 HaxomsaTcs B HEIIOXOM COTJIACHH C pe-
3yJIbTaTaMH U3MEPEHMH JUIsl 3eHUTHBIX YIIIOB B UHTepBaie 70—75°. HeonpeneneHHOCTH U3MEPEHHBIX CIIEKTPOB aTMO-
cdepHbIx HelTpuHO 1pu HEPrIax 10 300 ToB He MO3BOMSIOT cAeTaTh ONPEIeICHHBIX 3aKITIOYSHIA 0 BKJIae HEUTpH-
HO OT PacIajioB OYapOBAaHHBIX YACTHI], OJHAKO HE MCKIIIOYAIOT, TO-BHIMMOMY, NIpecKa3aHuii [4] peKoMOMHAIMOHHOH
KBapK-TIapTOHHOM MOZAENN W MOJENH KBapK-TJIOOHHBIX CTpyH. Pemarommmuy Ui ompeneneHHs BKJIaga HPsIMBIX
HEUTPHUHO CTAHYT, BO3MOXKHO, H3MEPEHUS IIPU GoJIee BRICOKHX 3Heprusix E > 10°I'aB.
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The detection of high-energy neutrinos from astrophysical sources becomes the problem of a great importance
and of a progressive interest as large underground detectors (Frejus, MACRO) and deep-sea neutrino telescopes
(Baikal NT-200+, AMANDA-II) come into play and future huge

installation projects (IceCube, NEMO) start to being intensively discussed. Neutrinos originated from interac-
tions of primary cosmic rays with the Earth’s atmosphere present an irreducible background for these studies. At the
same time, the atmospheric neutrinos along with atmospheric muons may be applied to test for the installation.

The preliminary energy spectrum for up-going muon neutrinos from the neutrino detector AMANDA-II was pre-
sented at [1]. This is the first atmospheric neutrino spectrum above a few TeV, and it extends up to 300 TeV. Of
interest is the comparison between this experimental result and previously predicted energy spectra. Since at [2] was
presented the comparisons among the calculations different authors? We restrict our attention to comparison
AMANDA data with energy spectrum, calculated on basis of the nuclear-cascade model refined at [2-3].

The AMANDA-II detector consists of 677 optical modules arranged along 19 vertical strings buried deep in the
glacial ice at the South Pole, mainly at depths between 1500 and 2000 m. The optical modules record Cherenkov
light of muons created near the detector in neutrino-nucleon interactions, v, +N —u+ X . Since zenith angle data

was not specified in Ref. [1], we computed differential energy spectra of muon neutrinos originated from pion and
kaon decays for zenith angle range 0-89° at energies 500-10° GeV. Semileptonic decays of charged and neutral
kaons and pions from decays those kaons has to be taken into account as additional sources of muon neutrinos. Cal-
culated muon neutrino spectra and AMANDA-II measurements are in reasonable agreement. The calculation for
zenith angles 70-75°. does not contradict the experimental data Measurement uncertainties prevent us from certain
conclusions concerning the charmed particle decay contribution to the neutrino flux, however predictions [4] both of
the recombination quark-parton model and the quark-gluon string model are still not be ruled out. The crucial experi-
ment to detect atmospheric prompt neutrinos will become possible when reaching higher energies, E, > 10°.
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JANHAMMWYECKHUE OIIEHKN MACC U YNCJIEHHBIE MOJEJIN INCKOB I'AJIAKTHUK
H.B. Twpuna, A.B. 3acoB, A.B. Xonepckon

T'ocynapctennsrii actpoHomMudecknid HHCTUTYT HM.I1.K. [llTepabepra, Mocksa
tiurina@sai.msu.ru

3Be3/HO-Ta30BbIE AUCKH TaJAKTHUK SBISIOTCS CIO0XKHBIMU IO CTPYKType KOMIIOHEHTaMH, COJEp KAIIUMU OCHOB-
HYIO MacCy 3Be€3]] ¥ T'a3a B OOJIBIIMHCTBE TUCKOBBIX (JIMH30BUIHBIX, CIIUPAIBHBIX, HEIIPABIWIBHBIX) raakTuK. OT nx
Macchl ¥ BHYTPEHHEH CTPYKTYpPbI 3aBUCST IPAKTUYECKH BCE KPYMHOMACIITAOHbIE MPOLECCHl B rajaKTHUKaX, TaKue
KaK PacHpOCTpaHEHUE BOJIH IUIOTHOCTH, CTENEHb CXKaTHA Ta30BOr0 OHMCKA, BO3MOXKHBIM OTKIMK TaJlaKTUKU Ha
BHEIITHUE IPaBUTAIIMOHHBIC BO3MYIIEHHUS, 3B€3/1000pa30BaHue, U CBSI3aHHBIC C HUMU SIBJICHUSL.

HccnenoBanne pacnpeeneHus MacC B JUCKOBBIX TaJJaAKTHKaX OCHOBAHO, B IIEPBYIO OY€pe/lb, HA aHAIIN3E UX KPH-
BbIX BpameHus. CTaHAapTHBIN NOAX0 K IOCTPOCHUIO MOJEIH KPUBOM BpallleHUs FaJlakKTHKU — 9TO CyMMHpPOBaHUE
€€ OCHOBHBIX KOMITOHEHT: JTMCKa, Oaimpka u rano. B obmem cirydae ee popma MOXKeT OBITH OOBIACHEHA MIPH Pa3Ind-
HBIX COOTHOIICHHUAX MEX/Yy MaccaMy AUCKOBOW U chepuuecKuX KOMIOHEHT, TaK KaK KaX/Jblil U3 HUX XapaKTepHu3y-
€TCsl HECKOJIBKUMHU MapaMeTpaMH.

doTomeTpudecKHii TPO(IIE XOPOIIO ONMUCHIBAETCS JUCKOM U OaJIIKeM, HO €CIIM CUUTATh, YTO Macca B rallaKTH-
Kax paclpejesieHa TakXke, Kak SpKOCTb, TO NPAaKTUYECKU HU OJHA U3 M3BECTHBIX JOCTAaTOYHO IJIMHHBIX KPHUBBIX
BpamieHus He OyneT oOBSCHEHA: B IOMAABISIONIEM OOJBIIMHCTBE CIIydacB IallaKTUKH MMEIOT INIOCKYIO KPHUBYIO
BpalieHus Ha nepudepuu, 4o TpeOyeT MPUCYTCTBUS HECBETSILEHCS MacChI.

Ho MBI MOXeM HCIonb30BaTh XapaKTepHbIE pajualbHbBIC IIKaIbl PaclpeAeieHus SIPKOCTH IS IUCKa W Oamka,
CYHTAsl, YTO OHH XapaKTEePU3YIOT U paclpeeseHle MIOTHOCTH 3TUX KOMIIOHEHT, YTO CY)KaeT BO3MOXKHBIH KpyT pe-
IIEHUH 1 00JIeTYaeT OLCHKY CKPBITOI MacChl B rajlaKTHKE.

Jlis MHOTHX raJakTHK M3BECTHA HE TOJBKO KpHBas BpalCHUSA, HO M IHUCIEPCUS CKOPOCTEH 3BE3Nl B CTApBIX
3BE3AHBIX JUCKaX. AHAIU3 JUCIIEPCUU MO3BOJSAET PE3KO CY3UTh KPYT BO3MOXKHBIX MOJEIEH pacnpeneacHus: Macc B
rajlakTHKax, OOBSCHSAIONINX HAOII0IaeMyI0 KPUBYIO BpallleHHs: HaOIoqaemMast TUCTIEPCHsi CKOPOCTEH CTaphIX 3Be3]
JIMICKa Ha Pa3IHMYHbIX PACCTOSHUAX OT IIEHTPa JOKHA OBITh HE HIKE TeX MHHUMAIBHBIX 3HAYEHHH, KOTOpbIe 00yc-
JIOBIIMBAIOT IPAaBUTAIIMOHHYIO YCTOWYMBOCTH IUCKA, T.€. YCTAHABIMBAIOTCA B NEPBOHAYAIBHO TPABUTAI[MOHHO He-
YCTOWYMBOM JMCKE TOCIIE €T0 BBIXOJa Ha CTalMoHapHOoe cocrosHue. [Ipobiema 3axiodaeTcs B TOM, YTO CTPOTHX
AQHAJIMTHYECKUX KPUTEPHEB I'PAaBUTALMOHHOW yCTOWYHMBOCTH HE CYLIECTBYET. DTO JENaeT OCOOCHHO BaKHBIM HC-
MOJb30BAHUE YUCICHHBIX Moene N-Ten.

[Monxox, anbTepHaTHBHBINA UCIIONIb30BaHUIO HAOMIOIAEMOH IUCTIEPCUH CKOPOCTEH MPH YHCICHHOM MOJIEJINPOBaHHH,
3aKJIFOYaeTCsl B UCHOJIb30BAaHNH TIPH TIOCTPOSHUH THHAMHYIECKHUX MOJETIeH HaOr01aeMOi TONIMHBI 3BE3JHOTO AuCKa. B
OCHOBE TaKOl BO3MO>KHOCTH JISKUT 3aBUCHUMOCTh BEPTHKAJILHON IMIKAJBI JUCKa (TIpU JaHHOW TUCHEPCHUH CKOPOCTEH) OT
JIOKAJIBHOW TUIOTHOCTH AWCKA M OT Macchl cheponaabHOi noacucTeMsl. [Ipn 3ToM ecim uctiepenst CKopocTel 3Be3/I-
HBIX JMCKOB OJM3Ka K TpeOyeMoil 1 MoOporoBoil (MapyKUHAIBHONW) YCTOMYMBOCTH, TO TONIIIMHA 3BE3HBIX FICKOB OKa-
3bIBAETCS TECHO CBSI3aHHOMN C OTHOCHTEIBEHONW Maccoii Jicka 1 c(h)epruecKiUX KOMITIOHEHT.

Vcnonp3ys 4YnCIEHHBI METOJ| MOCTPOCHHS TPEXMEPHBIX JUHAMUYECKHX MOJeNIell TajJaKTHK, MBI IOJIYYHIH
OIIEHKH MaccC JIUCKa, Oajka M TEMHOTO Tajio Ul CHHMPAJBHBIX TaJAKTHK PAa3JIMYHBIX TUIIOB C M3BECTHBIMU KpU-
BBIMH BpaLICHUs U JTUCTIEPCHSIMUA CKOPOCTEH 3Be31 AHMCKa. B OOJIBIIMHCTBE PACCMOTPEHHBIX TAIAKTHK CyMMapHas
Macca 6anmKa 1 TEMHOTO Tajio (B peenax ONTHYEeCKOTO pajinyca) MPEBHIaeT Maccy AUCKa.

Ha ocHoBanum aHanmn3a HaOMIONATENFHBIX AAHHBIX ITOKa3aHO, YTO OTHOCHTENIbHAS TOJIIMHA 3BE3IHBIX IHCKOB
rajJakTHK YMEHBIIAeTCAd ¢ POCTOM OTHOCHUTEIBHONW MAacChl TEMHOTO Tajl0 — B XOPOILIEM COIJVIACHH C pe3yiIbTaTaMi
MOJIETIMPOBAHNS TalakKTHK, 00JIaJaloIINX Map>KUHAJIBHO YCTOWYNBBIMH JUCKAMH.

Oco0BIit HHTEpEC MPEACTABIISAIO HCCIeIOBAaHNE AWHAMMKY 3BE3IHOTO JVCKA Hameid [asakTuku u pacmpeserne-
HHS Macc B HEM Ha 0a3e CyNIeCcTBYIOIINX KHHEMAaTHIECKNX OLEHOK XapaKTepHCTHK CTapbIX 3Be3] Anucka. C ucmoib-
30BaHHEM YHCJICHHBIX PKCIIEPIMEHTOB ITOCTPOEHA TUHAMHUYECKas MO/IeNb Hamel ['aJakTuky, ¥ Ha ee OCHOBE IOJTY-
YEH psJ OFPaHUMYEHUH Ha JUHAMUYECKHE M KHHEMAaTHYECKHE TapaMeTPhl TaTaKTUYECKUX MOACUCTEM.

Pabora noanep:xana rpantom PODU 04-02-16518.

NCCJIENJOBAHUE PEHTTEHOBCKUX IYJIbCAPOB 110 JAHHBIM KOCMHUYECKHUX
OBCEPBATOPUU

C.C. IlpirankoB, A.A. JIyTOBUHOB

Hucrutyt kocmuueckux uccinenosanuii PAH, Mocksa
st@hea.iki.rssi.ru

STUDIES OF X-RAY PULSARS WITH SPACE OBSERVATORIES
S.S. Tsygankov, A.A. Lutovinov
B pa60Te Hpe}ICTaBJ'IeHLI peSyanaTBI JAC€TAJIBHOI'O UCCIICJOBAaHUS I/IBJ’Iy‘IGHI/Iﬂ peHTFeHOBCKI/IX Hyan&pOB 110 AaH-

HBIM pa3HBIX KOCMHUeCKHX oOcepBaropwmii, TakuxX Kak «[ PAHAT», «RXTE», «MHTEI'PAJI», n Ha3eMHOTO ONTH-
yeckoro teneckona PTT-150. K ocHOBHBIM pe3yibTaTaM UCCIEI0BAHUS MOKHO OTHECTHU CIIEyIOIIEe:
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SMC X-1: B ciyuae mynbcapa SMC X-1 ucciieioBaHa nepeMeHHOCTh M3JTyYCHHS HCTOYHUKA Ha MacmTabax me-
CATKOB AHeW 1mo maaHHbIM Teneckoma APT-IT o6cepBatopun «[PAHATY. IlokazaHo, 9TO €ro MHTEHCHBHOCTH TI0I-
BEpXKEHa OJM3KUM K NMEPUOJMYECKHM BaphalMsAM C XapaKTepPHBIM BpeMeHeM ~ 61 neHb. OnHON M3 BO3MOXKHBIX
NPUYUH HAOII01aeMOM IIEPEMEHHOCTH MOJKET OBITh IPETECCHSI HAKIIOHEHHOTO aKKPEIIMOHHOTO ANCKA, YTO KOCBEH-
HO TIOATBEP)KIAETCS OTCYTCTBUEM ITyIbCAINi M3IYyIEHHS B «HHU3KOM» COCTOSIHHHU. CIIEKTpP HCTOYHHKA XOPOIIIO OIH-
CBIBAETCSI CTEIICHHBIM 3aKOHOM 3aBHCHMOCTH IUIOTHOCTH IOTOKAa (DOTOHOB OT SHEPTHH C HAKIOHOM ~ 1.5 m 3Kcmo-
HEHIMANbHBIM 3aBaJIOM Ha JHeprusx Bbimie ~14—18 x3B. IlodydeHsl OIeHKM yrila HaKJIOHA MEXIy IUIOCKOCTSIMU
OpOUTHI N AKKPEIIMOHHOTO JIMCKA M MAarHUTHOT'O I0JIs1 HEHTPOHHOMU 3BE3/IBL.

GX 301-2: MccnenoBaHa epeMEHHOCTh HHTEHCUBHOCTH M3inydeHus mynbcapa GX 301-2 o JaHHBIM TeslecKona
APT-II o6cepBaropun «I'PAHAT)» ¢ XxapakTepHbBIMU BpeMEHaMH HECKOJIBKO THICSY CEKYHJ B Pa3HBIX (ha3ax opOu-
TaJIbHOTO LMKIa. [IpeBhIlIeHne MOTOKA, PEruCTPUPYEMOTO OT UCTOYHHKA B «BBICOKOMY COCTOSIHUH, JOCTUTAeT (ak-
Topa 10 Mo CpaBHEHUIO C «HU3KUM» cOCTOsiHHEM. [loka3aHO, 4TO B 3aBHCUMOCTU OT MHTEHCUBHOCTU M3Iy4YEHUS
MCTOYHMKA CHIIBHO MEHSETCS €T0 )KECTKOCTh U (hopMa crieKTpa. Takue BapHaly HHTCHCUBHOCTH CKOpPEE BCETO CBA-
3aHBI C CYIIECTBEHHBIMH HEOTHOPOJHOCTSIMU B 3BE3THOM BETPE 3BE3ABI-KOMINAHbOHA. [IpOoBEICHHBIE OIIEHKN MOKa-
3BIBAOT, YTO HEOJHOPOJHOCTH PacCMaTpPUBAEMOT0 HAMHU MacIuTada IMIOTHEE CPEAHETO SKBATOPHUAIBLHOTO 3BE3THOTO
BETpa, XapaKTePHOTO IS 3Be3]] CIIEKTpaIbHOTO Kitacca Be, mpumepHo B 40-50 pas.

LMC X-4: ITynecap LMC X-4 nabmonancs obcepBatopuert « MTHTETPAJI» nu moruTopom Bcero Heba ASM 06-
cepBatopun «RXTE» B saBape 2003 r. [IpoBeneHHbIC HAOMIOACHUS TOKPHIBAIOT MPAKTUYeCKH Bech 30.5-THEBHBIH
IIUKJI, CBA3aHHBIN C Ipereccueil HaKIIOHEHHOT'0 aKKPEIMOHHOI0 UCKA, YTO MO3BOJIMIIO HaM HCCIIeIOBAaTh NTEPEMEH-
HOCTh M3JIy4eHHs ICTOYHMKA Ha pa3HbIX MaciTabax BPeMEHH.

IToxa3aHo, 4TO MOTOK M3IIyYEHUs, PETUCTPUPYEMBIH OT UCTOYHHKA B )KECTKOM PEHTI'€HOBCKOM JHaIla30HE YHEP-
ruit, Mensiercs 6onee yeM B 50 pa3 (ot ~ 70 MKpab B «BbIcOKOMY» cocTosiHuu 10 ~ 1.3 MKpab B «HU3KOM» COCTOSTHUM)
Ha MacmrTabe nmepuoja MpeleccHy aKKPeIMOHHOTO JHCKA, CPeAHss BeIM4MHa KoToporo 3a nepuon 1996-2004 rr.
OTpEJIENIeHa ¢ BBICOKOH TOUHOCTBIO Pyrec = 30.275 £ 0.004 cyT. B «HM3KOM» COCTOSIHMM OT HCTOYHHKA 3aPETUCTPH-
pOBaHa BCIIBIIIKA M3IYYEHUS JUIUTENBHOCTRIO 0KoJIo 10 9, BO BpeMs KOTOPOH MOTOK OT MCTOYHHKA YBEIHUMIICA
Gosiee yeM B 4 paza. PopmMa IIMPOKOIIOIOCHOTO CIEKTpa IIyJibcapa MPaKTHYECKH HE MECHSAETCS C M3MEHEHHEM €ro
MHTEHCHUBHOCTH; B CIIEKTPE MCTOYHNKA HE OOHApPYKEHO 3HAYNMBIX OCOOCHHOCTEH, CBSI3aHHBIX C BO3MOXHOW JIMHHUEH
PE30HAHCHOTO [IUKJIOTPOHHOTO MOTJIONICHUS.

KS1947+300: Taxxe B paboTe MpPEICTABICHHI PE3yNbTaThl aHAN3a HAOMIOACHUN TPaH3WEHTHOTO PEHTICHOB-
ckoro mynscapa KS1947+300, sermonaenHOro o ganHeiM obcepBatopuii « IHTETPAJ» u «RXTE» B mmpokom
peHTreHOBCKOM nuamazoHe sHepruit 3—100 kaB. OOHapykeHa 3aBUCHMOCTE (POPMBI TIPODUIIST UMITYITbCa OT CBETH-
MOCTH HCTOYHUKA. Ilo M3MEHEHHUIO TeMIa YCKOPCHMS BpAIleHUs HEMTPOHHOM 3Be3/bl MPOBEACHO HCCIIEAOBaHUE
XapaKTEePUCTHUK MyJbcapa Ha OCHOBAHUM MOJIEJIM 3aMarHM4eHHON HEUTpOHHOM 3Be3/bl. [loayUeHbl OIleHKH BEeIU4u-
HBI MAarHATHOTO TOJIS IMyJIbCcapa M PacCTOSIHUA 0 IBOWHON cucTeMbl. CpeHHI CIEKTp M3ITY4EeHUS UCTOYHUKA OITH-
CBIBAETCSI MIPOCTHIM CTETIEHHBIM 3aKOHOM C 3aBAJIOM Ha BBICOKHX DHEPTHUAX, IPH 3TOM IapaMeTphl HawIydllen ai-
MPOKCHUMAIIMH 3aBUCSIT OT CBETUMOCTH O0BEKTA.

V0332+53: B mocnemHeit 4acTH 0030pa MPUBOIATCS PE3yNbTATHl HAONIONCHHUH PEHTTCHOBCKOTO ITyIIbCapa
V0332453 obcepparopusimu « MHTEI'PAJI» u «RXTE», BeimonaeHHbIX B nekadbpe 2004 — saBape 2005 rr. Bo Bpe-
MsI MOIITHOH BCIIBITIIKY M3ITyYSHHS ¢ MAKCHMAIBHBIM TOTOKOM okoio 1 Kpab B nuamasone suepruii 2—12 x3B.

Bouto obHapyskeHo, uTo opma mpoduiIs UMITYJIbCa 3aBUCHT OT CBETUMOCTH OOBEKTA M 3HEPreTHYECKOTo Ana-
na3oHa HaOmoJeHUH. B wacTHOCTH, MPOQUIs WMITYJIbCA CTAHOBUTCS OJHONMKOBBIM BMECTO ABYXIHKOBOTO IIPH
YMEHBIIEHNH CBETUMOCTH OOBEKTa Ha 3HEPTHHU NPUMEPHO 25 K3B.

CpenHuil CrieKTp M3Iy4eHHUs] HICTOYHUKA OTIMCHIBACTCS MPOCTHIM CTENIEHHBIM 3aKOHOM C (POTO-3JIEKTPOHHBIM T10-
TJIOIIIEHUEM, 3aBaJIOM Ha BBICOKMX JHEPTHSIX M JMHHEH PEe30HAHCHOTO LUKJIOTPOHHOTO IMOTJIOIIEHHS C IBYMs BbIC-
IIMMHU TapMOHMKAMU Ha SHepTusax 26.3, 49.1 u 74 k3B, cooTBeTCTBEHHO.

ITapannensHO ¢ PEHTTeHOBCKUMH MUCCHSIMH HaOJIOAEHUS MPOBOAMINCH Ha ONTHYECKOM POCCHUICKO-TYpeIKoM
teneckonie PTT-150 B stuBape 2005 r. Bo Bpemst 3Tux HaOM0AEHUN SIPKOCTh UCTOYHMKA B R-uibTpe He M3MeHs-
Jach W Haxojuiach Ha ypoBHe 14.12 BennumHbl. OCHOBBIBasiCh Ha OBICTPOM (POTOMETPHHM, MOKA HENb3sl CHEATh
OKOHYATEJIbHOTO 3aK/IIOUEHHs O MPUCYTCTBUH IMylbcalyil B ONTUYECKOM AMANa3oHe JUIMH BOJH. [IpuBeneHs! oneH-
KU BKJIaJ1a IEPEOTPAKEHHOI0 PEHTI€HOBCKOT0 M3ITyU€HHsI B OIITUYECKOM JUAIa30HEe.

The work presents the results of extended studies of X-ray pulsars radiation obtained with various space observa-
tories, such as GRANAT, RXTE, INTEGRAL and ground-based telescope RTT-150. One may found next main
results:

SMC X-1: For the pulsar SMC X-1 using the ART-P telescope onboard the Granat observatory data we investi-
gated the variability of the flux from the source on time scales of several tens of days. The intensity variation of the
pulsar are shown to be consistent with the presence of a periodicity in the system with a characteristic time scale of
~ 61 days. The precession of an inclined accretion disk, as indirectly confirmed by the absence of low-state pulsa-
tions, may be responsible for the observed variability. The spectrum of the source is well described by a power-law
energy dependence of the photon flux density with a slope of ~ 1.5 and an exponential cutoff at energies above
~ 14-18 keV. We estimated the inclinations between the planes of the orbit and the accretion disk and the magnetic
field of the neutron star.
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GX 301-2: The variability of the X-ray flux from the pulsar GX 301-2 is analyzed by using data from the ART-P
telescope of the Granat Observatory. The intensity variations with time scales of several thousand seconds are stud-
ied at various orbital phases. The high-state flux from the source exceeds its low-state flux by as much as a factor of
10. The hardness and spectrum of the source are shown to change greatly with its intensity. These intensity varia-
tions are most likely caused by substantial inhomogeneities in the stellar wind from the companion star.

LMC X-4: LMC X-4 was observed with the INTEGRAL observatory several times on Jan 2003 during the ob-
servations of the Large Magellanic Cloud. Total useful exposure was more than 1 million sec. Performed observa-
tions covered practically whole 30.5-days cycle and allowed us to investigate a source behavior in hard X-rays on
different time scales. The measured turn-on moment is not coincident with ones, that can be predicted from previous
determinations of the 30.5-days cycle parameters. It seems that such instability of the precessing period is typical for
all binary systems where it is observed.

On the orbital period time scale we can note a short increase of the source intensity just after the eclipse and
smooth output from the eclipse.

We performed an analysis of the LMC X-4 spectrum obtained with INTEGRAL observatory during ~ 300 ksec
in the source high-state. This analysis showed that the source average spectrum can be well fitted by a simple pow-
erlaw model with the photon index of a = 0.20 £ 0.15 and a high energy cutoff at Ecut = 9.1 + 0.8 keV with
Ef=11.0 £ 0.6 keV.

We have not detected any indications of the cyclotron resonance absorption feature presence in the source spec-
trum up to 80 keV. Formal addition of such feature with a centroid energy of ~90 keV into our model has also small
significance ~ 2c. Thus at the moment we cannot make a final conclusion about the magnetic field value of the
source.

KS1947+300: X-ray pulsar KS 1947+300 was studied with the INTEGRAL and RXTE observatories in the
broad energy band 3-100 keV. The performed observations covered several powerful outbursts and allowed us to
investigate the source behavior in hard X-rays on different time scales. Variations of the pulse profile shape are
shown to be consistent with changes of the source luminosity. The spectral analysis showed that the source average
spectrum can be well fitted by a simple powerlaw with a high energy cutoff model, with parameters depending on
the source luminosity. Based on the magnetized accretion disk model we estimated the magnetic field on the surface
of the neutron star and the distance to the system.

V0332+53: In this part of the work we present results of observations of the transient X-ray pulsar V0332+53
with the INTEGRAL and RXTE observatories in a broad energy band 1-100 keV performed on December 2004 —
January 2005 during a powerful outburst with the peak flux about 1 Crab in the 2-12 keV energy band .

The pulse profile dependences on the source luminosity and energy band were revealed; particularly, the source
pulse profile becomes one-peaked instead of two-peaked at energies above 25 keV with the object luminosity de-
creasing.

The source average spectrum can be well fitted by a simple powerlaw model with a photoelectric absorption at
low energies, high energy cutoff and cyclotron line with two higher harmonics.

Pulsar observations with the Russian-Turkish optical telescope RTT-150 were performed on January 2005 sim-
ultaneously with X-ray observatories. During these observations the brightness of the object in the R filter was con-
stant and about of 14.12 magnitude. Based on a fast photometry we cannot make at the moment a final conclusion
about possible pulsations in the optical band. Estimations of the reflected X-rays contribution to the optical radiation
are given.

BS3KOCTHAS MOAEJIb ITOTI'JIOIEHU ST JTMUCKOBOM T'AJIAKTUKOM KAPJIMKOBOJW I'A-
JAKTHUKMU C BOJIEE HU3KUM YPOBHEM COAEPKAHUSA TSAXKEJBIX JIEMEHTOB
T.A. lllymakosa, IL.I1. Bepuuk

I'maBHas actpoHomudeckas odceppatopust HAHY, Kues, Ykpauna
aphina@mao.kiev.ua

VISCOSITY MODEL OF DISK AND DWARF GALAXY WITH LOWER HEAVY ELEMENTS
ABUNDANCE MINOR MERGER

T.A. Shumakova, P.P. Berczik

B nocnennee Bpems Bce Oosiee u Gosiee MOMYIISIPHBIMU CTAHOBSITCSI MCCIIEOBaHUS SBJICHUI CIUSHUS TajaKTHK.
Kak kocMosnorniyeckue MoJIen, Tak M JieTaJIbHbIe HaOIIOJeHUS BBIIBUTAIOT HIICIO O CYIIECTBEHHOM BIIMSHUM TaKHX
SBJICHUH Ha HBOJIOLUIO TalaKkTHK. bosee oOmuii ciaydail CIMSIHUI NPENCTABISIOT CIMSAHUS TalakTHK Pa3HBIX Macc.
[Ipennonaraercs, 4TO MOTJIOIIEHHE MACCUBHOM TUCKOBOH ralakTUKOI MEHBbIIEH — CBOETO CIIyTHHUKA — JJOJKHO MPO-
M30MTH XOTSI OBI OIMH pa3 HA MPOTHKEHHUH ee JKU3HU. [0TTIomeHns TaJakTHKaMy MaJIOMAaCCUBHBIX CITyTHHUKOB TP O-
HCXOJIAT JOBOJIBHO YacTO, M MX CJIEICTBHSA MOTYT OBITh 3aMEUEHBI Jake B Hameil [ amakTuke: MareuiaHOB HOTOK,
MOJIO/IbIE IIAPOBBIE CKOIUIEHUS B rajo l'ajakTuku, kKapnukosas ramaktika B Crpensie. Ilormomenue 6osnee mMac-
CUBHBIMH TaJIAKTUKAMH MEHBIINX HTPaeT BaXXHYIO POJb HE TOJBKO JUIL SBOJIIOIUHM MEHBIINX TalaKTHK, HO M JUIA
SBOJIIOIMM MAaCCHBHBIX TaJIAaKTUK. B oTnmdme oT ciamsHus OONBIIMX TaJaKTHK PaBHBIX Macc, TAe JUHAMHYECKOe
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TpeHHE HACTONBKO 3(PPEKTUBHO, UYTO TATAKTHUKH CIMBAIOTCS YK€ IMOCIe HEMHOTHUX 00OpPOTOB, OOJIBIIIOE MAacCOBOE
OTHOIIICHHE TIPH TIOTJIONICHUH TJIAKTHKAMH MaJIOMAaCCHBHBIX CIYTHHUKOB (>10:1) rapaHTHpyeT TO, 4TO OpOHMTATb-
HBIH pacraj COyTHHKA OYIeT MPOUCXOAUTH JOCTATOYHO A0ir0. CIIyTHHK MOXET OBITh IOJTHOCTBIO pa3pylleH Mpu-
JUBHBIMH BO3JICHCTBHAMH TaJaKTHKH, HAXOMISCH €IIle B e rajio, Tiu00 ymaB Ha IUCK, HAXOIUTHCS B HEM eIlle JJOCTa-
TOYHO JIOJITOE BpeMs, TIOKa IMOJTHOCTHIO He paszpymmrcsi. OpOuTanbHbIe IBHKEHUS CIIyTHHKA BO30YKIAIOT B IUCKO-
BOM ramaktuke (GOpMHUpPOBaHWE CHHPAIBLHOTO y3opa. HekoTopast 1ot BRIPBAaHHBIX W3 CITyTHHKA MPUJIMBHBIM BO3-
JISHCTBUEM TaJIAKTUKHU OTIEIbHBIX €r0 YacTeil 0CTaeTCsl B rajio rajakTHKH, a Ipyrasi 10Jis BEIIeCTBa CIIYTHUKA BBI-
majiacT Ha ee JHCK. B pe3ympTare TaKOro MOTJIONICHUS MEHSCTCS CTPYKTYpa, JOpMa U XUMHUYCCKUIA COCTaB ITUCKA
TaJaKTHKH.

YToOBI BBISICHUTH, KAKMM 00pa30M MEHSICTCS pachpeieiicHHe XMMUYECKUX 3JICMEHTOB B JIMCKE MAaCCHBHOM ra-
JIAKTUKU B PE3yJbTaTe €€ CIUSHUS C MAJIOMAaCCHUBHBIM CITYyTHUKOM, MbI YHCJICHHO CMOJICITUPOBAIIN IBOJIIOIMH CIIOXK-
HOM T'PaBUTHUPYIOLLEH CUCTEMBI JUCKOBON U KapJIMKOBOM I'aJIaKTHK.

B nmanHO#t paboTe myTeM BBOJA BA3KOCTH MEXAY CTAIKHUBAIOIIMMUCS YaCTHLAMH (TelaMHu MO0 TpaBUTHPYIO-
IIMMH CETMEHTAMHU, BKIIFOYAIOIIAMH B ce0s KaK 3BE3/IbI, TAK U MEK3BE3IHYIO Cpexy) B MoAend N Tel MbI IOTydHIn
nepepacnpeeNieHle YacTHII B TUCKE TATaKTHKH B TIPOIIECCE €€ IBOJIONHUH. B pe3yipraTe mepeMenmBaHus YacTHII C
Pa3IMIHBIMY 3HAYCHUSAMH COACPIKaHMUA B HUX TSDKEIBIX 3JIEMEHTOB OOIIMI YPOBEHD CONEPKAHUS TSDKENBIX dIIEMEH-
TOB B JMCKE TAJIAKTUKH CO BPEMEHEM IMOBHIMAETCA. TakuM 00pa3oM, 3a/1aBasi pa3IMdHbIe 3HAYCHUS JUCCUIIATHBHO-
ro ko3 dumnuenta (ko3 dunnenTa BI3KOCTH), MBI MOKEM TIOIYIUTH TEMII TIEPEMEIITUBAHISI YACTHUI] U TEMI MOBBI-
IICHUSI COACPIKAHUS TSHKENBIX SJIEMEHTOB B JUCKE, COOTBETCTBYIOIINI KaKOM-TO OMpeeIeHHON rajJakTHKe.

Hcrnonb3ysl Hall BSI3KOCTHBIMA alTOPUTM, Mbl CMOZEIUPOBAIM 3BOJIOLHUIO CIIOKHON IPABUTUPYIOLIEH CHCTEMBI
JIMCKOBOM U KapJIMKOBOW TaJlaKTUK U TMOJNYYMIIM, YTO OCHOBHAsI Macca KapJUKOBOW raJlaKTHKHU B MpoIlecce ee pas-
PYyILIEHUS! TPUIUBHBIMUA BO3JIEHCTBUSIMU JAMCKOBOW TaJlaKTUKH BBITIAZAET HA JWCK B ONpPEACICHHOM MECTE — MeCTe
MIPOXOXKACHUS CITyTHHUKA uepe3 AucK. OcTaBiiasics e 0JIs YacTUIl CITyTHUKA BBITIAAAET Ha JUCK B COCEHUX C ATHM
MECTOM IPOXOKICHHUS 00TACTSIX U MIOYTH PABHOMEPHO PACIIpeaesieTcs 0 BCEMY IHCKY.

[IyreM mocTpoeHHsT YHUCICHHON MOAEIN MBI TIOXYYHIN PaCIIpeIeICHNE TSUKENbIX SIIEMEHTOB B IUCKE TaJaKTHKH
W WCCIICIOBANIN BIMSTHHE MTOTIIOMICHHUS KapJIUKOBOH TaJaKTHKH ¢ 0oJliee HIU3KUAM COJEPKAHUEM TSDKENBIX SJIEMEHTOB
Ha €r0 IBOJOIHIO.

B pesynpraTe TaKoTO MOTJIOMICHUS B MUCKE TANAKTUKH IOBBIMIACTCSA OOIINH YPOBCHB CONEPIKAHUS TSKEIBIX
3JIEMEHTOB M 00pa3yeTcsi KOMIIaKTHAsI 00J1acTh ¢ MOHMKEHHBIM UX coaepykaHueM. [IpndaeM 3Ta koMImakTHas 001acTh
BUJIHA Ha TpaduKe pagualbHOrO PACIpEICICHUs KaK B MOMEHTHI MPOXOXKICHHS CIYTHHKA Yepe3 TUCK B MPOIECcCe
€ro OpOUTaNBHBIX JBM)KEHUH BOKPYT TrajakTHKH, TAK U B MOMEHTHI BpEMEHH, KOT/Ia CITyTHUK O0paiaeTcsi BOKpYT
LIEHTpa TaJaKTUKU y>ke B camoM aucke. CiesoBaTeIbHO, COMJIACHO C JaHHBIMHU O PacHpe/leICHUH COJEPKaHus Ts-
JKENBIX SJIEMEHTOB B JUCKaX CIUPAIbHBIX TaJIaKTUK, MOKHO BBISIBUTH B HUX HaJU4Me MOTJOMIEHHBIX KapJIHUKOBBIX
TaJIaKTHK C TIOHKEHHBIM COJIEPKaHUEM TSKEIBIX JIEMEHTOB.

ITonmy4yeHHsle pe3yabTaThl MBI CPABHUJIM C JAaHHBIMU HabmroxeHuit st nuckoBoit ramaktuku NGC 2903 u Beisic-
HUIIM, YTO B HEH HAOIFOMAIOTCS MPOSIBICHHS IOTJIOMICHUS KapJIUKOBOH TaJaKTHKU C MOHIKCHHBIM COJACpKaHHEM
TSDKEIBIX 3JIeMEeHTOB. Ha OCHOBAaHWM TOYYEHHBIX PE3yIbTATOB MBI MOYKEM TOBOPHUTH O TOM, YTO OKOJIO 3.5 MIJITH-
apIIoB JIeT TOMY Ha3zaja AuckoBoi raimaktukoii NGC 2903 Opiia 3axBaueHa U TOTJIONICHA KapiHKOBas TaJaKTHKA C
MOHMKEHHBIM COJICP’KaHMEM TSDKEINBIX JIEMEHTOB, U B PE3YJIbTAaTe TAKOTO IOTJIOMICHUST OOMIMA YPOBEHb COJepKa-
HUS TSDKEIBIX AJIEMEHTOB B TUCKE 3TOW TaTaKTHKH CYIICCTBEHHO MTOBBICHIICS.

Last times investigations of galaxies minor mergers become more and more popular. Both cosmological models
and detail observations bring forward an idea about its essential influance on galaxy evolution. More general are the
mergers of galaxies with different masses. As assumed, the absorption of dwarf galaxy (massive galaxy satellite) by
massive disk galaxy must take place at least one time for massive galaxy life. Satellite absorptions by disk galaxies
happen very often and their consequences may be seemed even in our own Galaxy: Magellanic Stream, young
globular clusters in Galaxy halo, dwarf galaxy in Sagittarius. Dwarf galaxies absorption by massive galaxies play an
important role not only for dwarfs evolution but for massive galaxies evolution. Unlike major mergers of equal
masses galaxies, where dimanical friction is so efficient that the galaxies merge after only a few perigalactic passag-
es, the extreme mass ratio (>10:1) of minor mergers ensures that the orbital decay of the satellite's orbit is slow. The
companion may be totally destroyed before reaching the inner portion of host galaxy or it may reach the inner por-
tion and live there still for much time. Satellite orbital motions simulate the formation of spirals in disk galaxy.
Some part of satellite material stripped by host galaxy tidal field stay in galaxy halo but other its part fall into galaxy
disk. In result, it occur the changes in structure, form and chemical composition of galaxy disk.

To find out how chemical elements distribution in the massive galaxy disk changes in result of its minor merger
we numerically modelled the evolution of complex disk and dwarf galaxies system.

In this work we got particle redistribution in galaxy disk in the process of its evolution due to viscosity imple-
mentation between colliding particles in N-body model. In result of particles mixing with different values of heavy
elements abundance in them we obtained the rising of heavy elements abundance in disk.

Using our viscosity algorithm we modeled the evolution of complex disk and dwarf galaxies system. In result we
got that the major part of dwarf galaxy mass in the process of its destruction by disk galaxy tidal effects fell into disk
at the place of satellite passing through the disk. The rest of satellite particles fall into disk in the near places of these
satellite passing through places and almost uniformly distribute through whole disk.

149



Cexyusi «Acmpogusuxa»

By means of numerical modelling we received the heavy elements abundance in galaxy disk and investigated its
evolution due to minor merger of disk galaxy and dwarf galaxy with lower heavy elements abundance. In result of
such minor merger galaxy disk becomes richer on the maintenance of heavy elements and the compact area with the
lowered heavy elements abundance forms in disk. But the presence of a dwarf galaxy with lower abundance of
heavy elements in the halo of disk galaxy as well as its presence in disk give in result the formation of the compact
area with the lowered abundance of heavy elements on the schedule of heavy elements radial distribution. This re-
sult says that it is the possibility to find the satellite with lower abundance of heavy elements in disk galaxy owing to
its radial distribution.

We have compared received results with the observational data for disk galaxy NGC 2903. In this galaxy the
manifestations of its minor merger with dwarf galaxy with lower abundance of heavy elements are observed. On the
basis of our results we can say that about 3.5 billions of years ago disk galaxy NGC 2903 caught and absorbed dwarf
galaxy with lower heavy elements abundance, and in result the galaxy disk became richer on the maintenance of
heavy elements.

BPEMSI 3AJIEPKKH 1 OTKJIOHEHUE BHETAJIAKTHYECKUX KOCMAYECKHUX JIVYEW B
MATHHUTHOM HOJIE T'AJIAKTUKH

A.A. DabiuB, b.W. 'naTeik

Actporommueckast O6cepBaropust KHY, Kues, Ykpanna
elyiv@observ.univ.kiev.ua

THE TIME DELAY AND DEFLECTION OF EXTRAGALACTIC COSMIC RAYS IN THE GALAC-
TIC MAGNETIC FIELD

A.A. Elyiv, B.l. Hnatyk

HecmoTps Ha TONTYIO0 HCTOPHIO UCCIENOBAHUSA KOCMHYECKHUX JIy4el, UX MPOUCX0KIEHHE OCTAETCA OJHON U3 aK-
TyaJlbHBIX NMPOOJIEM COBPEMEHHOW acTPO(QU3MKH. DHEPreTHUECKUI CIEKTP KOCMHUYECKHX JIydeil O4eHb IIUpOKHH,
BIIOTH 710 Hepruii 3-10%° 5B, 6e3 oxmmaemoro I'3K-o6pesanus [1]. Hanpasienus npuGbITHS KOCMHUECKHIX Tydeii
cBepxBricoknx dHepruil (KJICBD), BeposiTHO, pacmpeneneHbl CIy9allHO M HE KOPPENUPYIOT ¢ MOTCHIHATHHBIMHI
ucrounnkamu KJICBD. Hanbonee moaxonsamum oObsIcHeHHEM siBIsieTcs AudQy3HBIN XapakTep pacmpocTpaHEeHUS
KJICBD B cimy4ailHOM raJaKTHYECKOM M BHETANaKTHYECKOM MAarHUTHBIX MONSX. PerymsapHas KOMIIOHEHTa MarHuT-
HOTO TToJist ["anakThKy U1t 36MHOTO HaOIIoaTess yBeJININBacT HEKOTOPBIH YPOBEHb aHU30TPOINH IIEPBOHAYAIBHO
M30TPOIHOTO BHeraslakTuaeckoro noroka KJICBO. [Ipennonaraercs, 4To MpH 3HEPTUAX E>10" 5B Bueranaktmue-
CKasi KOMIIOHEHTa KOCMHYECKHX JIydeil COCTOUT IPEUMYIIIECTBEHHO U3 IIPOTOHOB.

MBI uccneyeM pacipocTpaHeHHe BHETAIAKTHIeCKUX KocMudeckux yrydeit (BKJI) B marautHOM nosne ["amaxTu-
K{. I’ TaBHBIM 00pa30M MBI YHCIICHHO pacCUUThIBaeM BPEeMEHHYIO0 3a1epkky BKJI BciencTBre HCKpUBICHHUS UX Tpa-
extopud. [IocTpoeHs! KapThl BpeMeHH 3aJep KK U aHn3oTpornuu BKII ams TypOyneHTHOro MarHMTHOTO IO, KO-
Topoe 3anaerca KonMoropossim crektpoM. IlpencraBiaeHbl 3aBUCHMOCTH BPEMEHH PAcIPOCTPAHEHHs OT 3HEPrUu
BKJI q1 pa3HbIx Mojenelt MarHUTHOro noist ['anaktuku. Mbl mokasanu, 4To peryjspHas KOMIIOHEHTA TajJakTH4e-
CKOTO MarHHTHOTO TI0JIsl yBeTHUMBaeT BpeMs 10 700 ThIC. JIeT [T HU3Ko3HepreTHaeckoi yactu E>3-10" 5B BKJL.
Ota BeIWYMHA 3HAYUTEIFHO OOJIBINE, YEM OJKHJIAaEMOE BPEMS 3aI€PXKKH B CIyJaiHOH (TypOyJICHTHOH) KOMIIOHEHTE
rajJakKTH9eCKOro MarHUTHOTO Toiisl. PerynspHas u TypOyneHTHass KOMIOHEHTHI TaJlaKTHI€CKOTO MarHUTHOTO TT0JIS
3HAYHUTENHEHO He MomuduuupyioT motok BKJI u cnekrp ans suepruii E > 10" 5B. Mbr Takske MIPUBOJUM OLIEHKY
MaKCHMaJIbHOTO PacCTOSIHUS A0 UCTOYHHKOB, KOTOpbIe JatoT BKIaa B noTok BKII ¢ sneprueit 10Y-10%5B.

Ilepexoa OT rajgakTHYECKON K BHETAJaKTHYECKOH KOMIIOHEHTE CyMMAapHOTO IOTOKAa KOCMHYECKHX Jyded 00-
cyxzaercs B padote [2]. Kak n oxumanocs, BKJI JOMHHHPYIOT B IOTOKe KOCMHYECKHX Jydeil mpu sHeprusx E > 10 5B
U COCTOAT IPEUMYIIIECTBEHHO U3 MIPOTOHOB. ['anakTudyeckoe M BHETAIAKTHUECKOE MarHUTHBIE TIOJSI BIUSIOT Ha Tpa-
exTopHio U BpeMms pacnpoctpaHeHns BKJI u 3HaunTensHO M3MEHSAIOT cyMMapHBIH moTok u cnektp BKII [3, 4].
Hanpumep, oxunaercs, 9To ciydaifHOe BHETaJaKTHYECKOE MOJIe M MarHUTHOE ToJie [ anakTuky (perynspHas u ciry-
yaifHas KOMIIOHEHTHI) 3HAYUTEIHHO YBEIWIHBAIOT BPeMs PAacIpOCTpaHEeHUs] HU3KodHepreTudeckoi gactu BKII no
Macmraba OOJIBIIMX PHEPreTHUECKUX IOTEPh, pe3yJbTaToM 4ero OyJeT oOpe3aHue CIeKTpa B 00JacTH HHM3KHX
9HEPTHii — TaK Ha3bIBaEMBIH HU3KOHEpreTHdecKuit Gpuibtp [4].
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Despite the long history of investigations of cosmic rays, they still challenge the modern astrophysics. Cosmic
rays possess a very wide power-low energy spectrum with maximum energy up to 3-10%V, perhaps without ex-
pected GZK cutoff. Arrival directions of ultra high energy cosmic rays (UHECRS) are, probably, randomly distrib-
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uted and do not correlate evidently with potential sources of UHECRs. The most appropriate explanation of this is
the diffusive character of UHECR propagation in random Galactic and extragalactic magnetic fields. At the same
time, regular component of the galactic magnetic field should create for terrestrial observer some level of anisotropy
of initially isotropic extragalactic flux of UHECRS. It is expected that at energies E > 10*® eV extragalactic compo-
nent of cosmic ray consists, predominantly, of protons and dominates in the total CR flux.

We investigate the propagation of extragalactic cosmic rays (ECRSs) in the Galactic magnetic field. Especially we
numerically calculate the expected time delay of ECRs due to curvature of trajectories. For Kolmogorov spectrum of
turbulent magnetic field the maps of time delay and an anisotropy of the ECRs have been constructed. The depend-
ence of the propagation time on energy of ECRs is presented for different models of galactic magnetic field. We
show that regular component of Galactic magnetic field increases the time delay up to 700 kyr for low-energy part E
> 3.10""eV of ECRs. This value is noticeably larger than the expected time delay in a random (turbulent) component
of the Galactic magnetic field. Both regular and turbulent components of Galactic magnetic field do not modify con-
siderably ECR flux and spectrum at energy E > 10*®eV. The field-limited maximum distance to sources contributed
to the extragalactic ECRs flux in the energy range 10~10' eV is estimated.

Transition from Galactic to extragalactic component in total flux of cosmic rays is still a point at issue [1, 2]. As
it is argued in [2] extragalactic cosmic rays (ECRs) are expected to dominate in the total flux of cosmic rays at ener-
gy E > 10*® eV and are comprised predominantly of protons. Galactic and extragalactic magnetic fields affect the
trajectories and propagation time of ECRs and can considerably change the total flux and spectrum of ECRs [3, 4].
For example, it is expected that the random extragalactic magnetic field and both regular and random components of
Galactic magnetic field considerably increase the time-in-flight of low energy part of ECRs outside and inside Gal-
axy - up to the energy loss time scale, which can result in suppressing of ECR flux (low-cut filter [4]).



